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THE  NEW  AMERICAN 

PRACTICAL    NAVIGATOR; 
BEING    AN 

EPITOME  of  NAVIGATION  ; 
10NTAINING     ALL      THE      TABLES    NECESSARY    TO     BE    USED    WITH    THE 

NAUTICAL    ALMANAC, 
IN    DETERMINING    THE 

LATITUDE; 
AND    THE 

LONGITUDE  BY  LUNAR  OBSERVATIONS  5 
AND  , 

KEEPING  A  COMPLETE  RECKONING  AT  SEA  i 
ILLUSTRATED     BY 

f ROPER    RULES    AND    EXAMPLES; 
THE    WHOLE    EXEMPLIFIED    IN    A 

JOU     R     N     A     L, 
KEPT    FROM 

BOSTON  TO  MADEIRA, 
JN  WHICH  ALL  THE  RULES  OF  NAVIGATION  ARE  INTRODUCED  i 

A    L    S     6 

Tiie  Demonftration  of  the  mod  ufeful  Rules  of  Trigonometry  :  With  many  ufcful  Problems  in  Mosiiraiiok,  Surveying!, 

and  Gauging:  And  a  Diaionaiy  of  Sea-Terms  ;  with  the  Manner  of  performing  the  mod  common  Evolutions  at  Sea. 
TO    WHICH    ARE    ADDED, 

2on-.e  General  Isstk.uctions  and  Information  to  Merchants,  Masters  of  Vessels,  and  others  concerned  in  Naviga- 
tion, relative  to  Maritime  Laws  and  Mercantile  Customs. 

FROM    THE    BEST   AUTHORITIES. 

ENRICHED      WITH    A.      NUMBER      OF 

NE  W   TABLES, 
•\~U    ORIGINAL      IMPROVEMENTS     AND     ADDITIONS,     AND    A    LARGE 

VARIETY    OF    NEW    AND     IMPORTANT    MATTER   '. 
A   l    s1   O, 

MANY  THOUSAND  ERRORS  ARE  CORRECTED, 
WHICH    HAVE    APPEARED    IN    THE  .BEST    SYSTEMS    OF    NAVIGATION    YET    PUBLISHED. 

by  NATHANIEL  BOWD1TCH, 
5FJ-LOW     OF    THE     AMERICAN     ACADEMY     OF     ARTS     AND     SCIENCES. 

ILLUSTRATED    TflTH   COPPERPLATES. 

Ifrll  eutim. 
PS.INTED  AT  NEvVBURYPQRT,   (Mass,)   1802, BY 

EDMUND    M.    BLUNT,     (Proprietor) 
For  CUSH1NG  £f  AFPLETON,  Salem. 

bv   EVEiV   bookjsei,ler,   s;-np-cHAMDT.Fn,  and  mathtmatical-instrumenxmaker, 
JN    THF,    UNITED    STATES    AND    WEST-INDIES. 





Qs  the  Committee,  appointed  by  the  East-India  Marine  Society  of 

Salem,  at  their  meeting  on  the  6th.  of  May,  1S01;  to  examine  a  work 

called,  "The  New  American  f radical  Navigator,  by  Nathaniel 

Bowditch,  F.A.A." 

AFTER  a  full  examination  of  the  fyftem  of  Navigation  prefented  to 

the  fociety  by  one  of  its  members,  (Mr.  Nathaniel  Bowditch)  they  find, 

that  he  has  corrected  many  thoufand  errers,  exifting  in  the  beft  European 

works  of  the  kind  ;  efpecially  thofe  in  the  Tables  for  determining  the 

latitude  by  two  altitudes,  in  thofe  of  difference  of  latitude  and  departure, 

of  the  fun's  right  afcenfion,  of  amplitudes,  and  many  others  neceffary  to 

the  Navigator.  Mr.  Bowditch  has  like  wife,  in  many  inftances,  greatly 

improved  the  old  methods  of -calculation,  and  added  new  ones  of  his  own. 

That  of  clearing  the  apparent  .diftaiice  of  the  moon,  and  fun  or  flars, 

from  the  effect  of  parallax  and  refraction,  is  peculiarly  adapted  to  the  ufe 

of  feamen  in  general,  and  is  much  facilitated  (as  all  other  methods  are) 

in  the  prefent  work,  by  the  introduction  of  a  proportional  table  into 

that  of  the  corrections  of  the  moon's  altitude.  His  table  nineteenth,  of" 
corrections  to  be  applied  in  the  lunar  calculations,  has  the  merit  of  being 

the  only  accurate  one  the  committee  are  acquainted  with.  He  has  much 

improved  the  table  of  latitudes  and  longitudes  of  places,  and  has  added 

thofe  of  a  number  on  the  American  coaft  hitherto  very  inaccurately 
afcertained. 

This  work,  therefore,  is,  m  the  opinion  of  the  committee,  highly  de- 

ferving  of  the  approbation  and  encouragement  of  the  fociety,  not  only 

as  being  the  moft  correct  and-ampk  now  extant,  but  as  being  a  genuine 
American  production  ;  and  as  fuch  they  hefitate  sot  tov  recomrcend  it  to 

She  attention  of  Navigators,  and  of  the  public  at  large. 

JONATHAN  LAMBERT,    - 
BENJAMIN  CARPENTER, 

JOHN  OSGOOD*  ^Committee. 

JOHN  GIBAUT, 

JACOB  CROWNINSHIELD, 

Approved.         BENJAMIN  HODGES,.  Prefident. 

A  true  copy.         MOSES  TOWNSEND,  Sec'y, 

Salem,  May  13,  1S01, 



JL  HE  decided  preference  given  the,  American  editions  of  the 

«*New  Practical  Navigator,"  fince  its  appearance  in  1799,  calls  oi\ 
the  proprietor  for  his  acknowledgments  of  gratitude.  To  the  honour  of 

the . American,  mariners,  and  through  the  good  offices  of  the  American  book, 

fcllers,  be  it  faid,  that  within  two  years  feven  thoufand  copies  have  been 

fold  in  the  United  States.  He  was  preparing  to  put  a  third  edition  of  the 

fame  work  to  prefs,  but  has  fince  been  induced  to  reiinquifh  Moore's  trea- 

tife  for  the  prefent  more  correal:  and  perfeel;  work,  furnifhed  by  Mra 
jBowditch. 

While  he  is  tendering  his  thanks  to  ftich  as  have,  affifted  in  the  eftab- 

Timment  of  the  work,  it  would  be  highly  criminal  to  omit  thofe  due  to 

John  Hamilton  Moore  \  and  with  the  greatelt  franknefs  it  is  acknowledged 

that  he  contributed  largely  to  its  eftablifnmentj  as  his  late  editions  have 

been  fo  erroneous  that  no  perfon  would  hazard  his  intereft,  much  lefs  lifea 

in  navigating  his  vefTel  by  the  rules,  there  laid  down,  and  it  is  well  known 

that  in  all  the  Englifn  Weft. India  ifiands  the  American  edition  has  inva, 

^iably  been  purchafed  when  a  fupply  could  be  obtained, 

EDMXJND,  M.  BLU^, 

•  Ne<wburvports  J  an*   i8pz.  .  j, 
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PREFACE. 

JL  HIS  work:  was  originally  intended  for  a  third  American  edition  of 

the  Practical  Navigator  of  John  Hamilton  Moore,  which  had  already 

paffed  through  two  large  impreffions  in  this  country  ;  but  on  a  careful, 

examination  of  that  treatife,  it  was  found  fo  erroneous  in'  the  tables,  and 
faulty  in  the  arrangement,  that  it  was  concluded  to  take  up  the  fubjedl 

anew,  and,  without  being  confined  to  Moore's  work,  to  have  recourfe 
to  thofe  authors  whofe  writings  would  afford  the  beft  materials  for  the 

purpofe- — to  introduce  fuch  additions  and  improvements  of  ogr  qwn  as  a 

clofe  attention  to  the  fubject  fuggefted^-and  to  enfure  the  accuracy  of 

the  Tables,  by  actually  going  through  all  the  calculations  neceflary  to  a 

complete  examination  of  them.  From  thefe  labours  has  refulted  the 

work  now  offered  to  the  public.  The  particulars  in  which  it  differs 

from  other  works  of  the  kind  will  be  briefly  ftated,  after  giving  a  fhort 

account  of  the  moll  popular  treatifes  of  Navigation. 

-  The  mod  complete  treatife  we  are  acquainted  with,  is  called  the 

<<  Elements  of  Navigation,"  by  John  Robertfon,  publifhed  at  London  in 
1 750,  in  2  vols.  8vo. ;  it  contains  the  demonftrations  of  rnoft  of  the  theorems 

of  navigation,  with  many  practical  examples,  arranged  in  a  natural  order, 

but  the  collection  of  tables  is  very  incomplete.  The  "  Requifite  Ta- 

bles," publifhed  in  1766,  1781,  and  1799,  by  Dr.  Mafkelyne,  the  pref- 
ent  Aflronomer  Royal  at  Greenwich,  who  has  rendered  fuch  important 

fervices.to  navigation  by  his  various  publications,  contained  nearly  all 

that  was  wanting  in  Robertfon's  work  ;  fo  that  both  of  them  combined 
formed  a  complete  fyftem  of  navigation  both  in  theory  and  practice,  but 

fingly  neither  of  them  was  complete  ;  and  much  of  Robertfon's  work 
was  ufelefs  to  moft  feamen,  who  in  general  care  but  little  for  the  demon- 

ftrations of  the  rules  they  work  by.  Moore,  noticing  this  circum- 

ftance,  refolved  to  make  his  work  on  a  different  plan,  to  contain  only 

fuch  matter  as  might  be  ufeful  to  the  mere  practical  navigator.  To  ef- 

fect this,  he  copied  moft  of  the  pradical  rules  of  Robertfon,  and  the  ta- 

bles of  Mafkelyne,  and  formed  a  treatife,  of  moderate  fize  and  price, 

called,  "  The  Practical  Navigator,"  which  had  a  great  run  in  England 

and  America,  but  rather  from  the  principle  of  its  conflruction,  than  from 
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the  execution  of  the  work,  which  in  many  inftances  was  extremely  faulty  : 

for,  without  correcting  any  errors  in  the  works  he  copied  from,  he  added 

many  of  his  own,  one  of  which  has  been  fatal  to  feveral  veffels.  The 

error  alluded  to  is  that  in  the  tables  of  declination,  which  was  cor- 

rected by  the  author  of  this  work  in  the  firft  and  fecond  American 

editions.  In  addition  to  thefe  faults  of  Moore's  work,  it  may  alfo  be 

mentioned,  that  he  abridged  fome  of  the  tables,*  and  neglected  otherst 
of  great  importance.  To  remedy  this  defect,  the  author  of  this  work 

has  added  forty-four  pages  to  the  tables  ufed  by  Moore,  and  re-cal- 

culated rhe  whole  of  them,  making  the  laft  figure  exact  to  the. 

neareft  unit,  a  circumftanee  very  conducive  to  the  accuracy  of  any  calcu- 

lation. In  performing  this,  no  lefs  than  eight  thousand  errors  were, 

difcovered  and  corrected  in  Moore's  work,  and  above  two  thousand 

In  Malkelyne's  Requiftte  Tables.  Moil  of  the.  errors  in  Mafkelyne's 
collection  were  in  the  laft  decimal  place,  and  the  corrections  in  many  in. 

Sances  would  but  little  affect  the  refult  of  any  nautical  calculation  ;  but 
when  it  is  considered  that  mofl  of  thefe  tables  are  ufeful  on  other  occa- 

sions, where  great  aecuracy  is  required,  it  will  not  be  deemed  a  ufelefs. 

improvement  to  have  corrected  fo  great  a  number  of  fmall  errors* 

The  author  had  once  flattered  himfelf,  that  the  tables  of  this  collection 

which  did  not  depend  on  obfervations  would  be  abfolutely  correct ;  but  in 

the  courfe  of  his  calculations  he  has  accidentally  difcovered  feveral  errors 

in  two  of  the  mod  correct  works  of  the  kind  extant,  viz.  Taylor's  and 

Mutton's  Logarithms,^  notwithftanding  the  great  care  taken  by  thofe 
able  mathematicians  in  examining  and  correcting  them  :  he  therefore 

«ioes  not  abfolutely  alfert  that  thefe  tables  are  entirely  correct,  but  feels 

eonfeious  that  no  pains  have  been  fpared  to  make  them  fo.  Any  one 

who  wifhes  to  examine  thefe  calculations  may  do  it  by  the  formulas  ufed 

for  this  purpofe,  which  will  now  be  given  with  fome  additional  remarks. 

The  copy  of  Tables  I.  and  II.  was  calculated  by  means  of  the  natural 

lines  taken  from  the  fourth  edition  of  Sherwin's  logarithms,  having  pre- 
rioufly  examined  them  by  differences  ;  when  the  proof-fheets  were  ex- 

amined, the  numbers  were  again  calculated  by  the  natural  fines  in  the 

fecond  edition  of  Hutton's  logarithms  ;  and  if  any  difference  was  found, 

they  were  compared  and  calculated  a  third  time  by  Taylor's  logarithms. 

By  comparing  thefe  tables  with  thofe  publifhed  in  Moore's  Epitome,  it 

«  As  Tabic  XXI.  of  this  collection,  which  wai  only  publifhtd  to  ever)'  30". 

t  As  Tables  X#i( f  XXVI.  XXVIII.  and  XXIX.  of  ihis  colkaion. 

i  As  it  will  be  uTcM  to  ihoCe  who  own  ihcfs  works  to  have  a  liit  of  thefe  crron,  it  is  given  in  th*  lift  page  of  this  worf:. 
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was  found  that  there  were  above  3500  errors  in  that  part  of  his  work  j 

moft  of  them  in  the  laft  decimal  place,  but  many  of  greater  moment. 

Table  III.  contains  the  meridional  parts  for  every  degree  andminuts 

of  the  quadrant.     The  rule  ufed  in  calculating  this  table  is, 

M=T  X  0.00079 1 5704468, 

in  which  T  is  the  log-tangent  of  half  the  latitude  increafed  by  45% 

taken  to  feven  places  of  figures  reckoned  as  integers,  and  M  is  the 

meridional  parts  of  that  latitude  in  miles.  In  Moore's  editions  of  this 
table  were  found  fifty-feven  errors.  In  this  table  (and  in  moil;  of  the 

ether  tables  of  this  work)  the  degrees  are  marked  at  the  bottom  as  weU 

as  at  the  top,  and  the  fpace-lines  are  placed  at  every  five  lines  diftance, 
inftead  of  ten  as  in  Moore,  which  much  facilitates  the  ufe  of  the  tables, 

particularly  when  the  numbers  fall  towards  the  bottom  of  the  page. 

Table  IV.  contains  the  latitudes  and  longitudes  of  leveral  hundred 

places  more  than  in  Moore's  table,  and  above  one  hundred  on  the  eoaft  of 
America,  which  are  not  in  any  European  publication  of  the  kind.  Not- 

withftanding  the  care  taken  in  correcting  this  table,'  it  muft,  from  the 
mature  of  it,  be  in  a  degree  erroneous,  owing  to  the  uncertainty  of  the 

obfervations  on  which  it  is  founded.  Should  any  errors  be  difcovered 

in  this  table  by  any  perfon,  he  is  requefted  to  give  information  to  the 

author  or  proprietor  (by  poft  or  any  way  that  may  be  convenient),  in 

dding  which  he  will  render  an  effential  fervice  to  them  and  to  the  public. 

Table  V.  contains  the  declination  of  the  fun,  which  was  compared 

with  the  Nautical  Almanacs  for  the  years  1801,  1802,  1803,  and -1804, 
and  marked  to  the  neareft  minute.  This  table  is  one  of  the  moft  im- 

portant in  this  collection,  becaufe  the  latitude  is  generally  determined 

by  it  :  it  was  therefore  a  very  criminal  inattention  of  Moore,  in  pubu 

lifhing  it  fo  incorrectly  in  moft  of  the  late  editions  of  his  work  ;  for  by 

reckoning  the  year  1800  as  leap-year,  he  had  made  an  error  of  23.  miles 

in  fome  of  the  numbers.  This  error  was  the  caufe  of  lofmg  two  vejfels 

fo  the  northward  of  Turk's  Iftand,  and  bringing  others  into  ferioas  dif- 
ficulties. 

Table  VI.  contains  the  correction  of  the  fun's  declination,  as  was- 

pu'ulifhed  by  Dr.  Malkelyne,  excepting  a  fmall  alteration  in  the  bottom 
finei  The  correction  taken  from  this  table  will  never'  differ  more  than 

t c)  or,  1 7  feconds  from  the  truth- 
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Table  VII.  contains  the  mean  of  the  fun's  right  afcenfion,  tafcch 
from  the  Nautical  Almanacs  for  the  years  1801,  1802,  1803,  an<l  1804* 
This  table  is  lifeful  in  rinding  the  approximate  time  of  the  rifino-  or  fetting 
of  the  ilarsi  when  a  Nautical  Almanac  cannot  be  obtained.  There  is 

not  a  fingle  number  in  Moore's  table  that  agrees  with  that  publifhed  iri 
this  work,  his  numbers  being  too  great  by  ii  2,  3,  or  4  minutes. 

Table  VIII.  contains  the  amplitudes  cf  the  fun  for  various  latitudes 

and  declinations^  which  was  calculated  by  Taylor's  logarithms,  by  this 
iulei 

Log.fec.lat.-|-Lcg.  fine  declination— 10. coooooa=Log.  fin;  amplitude; 

In  Moore's  table  of  amplitudes  are  434  errors  of  different  values  front 
1'  to  23^ 

Table  IX.  contains  the  right  afcenfibns  and  declinations  of  76  ftars 

©f  the  firft  and  fecond  magnitudes,  with  their  annual  variation,-  adapted 
20  the  beginning  of  the  year  1800.  This  table  was  extracted  from  thofe 

Jmblifhed  by  Dr.  Zach. 

Table  X.  contains  the  time  of  the  fun's  rifmg  and  fetting,  which 

■fc^as  calculated  by  Taylor's  logarithms,  by  this  rule  : 

Log.  cof.  hour  ==  Log.  tang.  deelin.4-Log.  tang,  latitude — io.ooooooo« 

In  Moore's  table  are  feventy  errors. 

Table  XI.  contains  the  diftanccs  at  which  any  object  is  vifible  atfea„ 

It  was  calculated  by  the  rule  given  in  §,  195  of  Vince's.  Aftronomy,  in1 
which  the  terreftrial  refraction  was  noticed  ;  this  circumftance  was  ne- 

glefted  by  Robeftfon,  Moore,  and  others,  and  of  courfe  their  tables  arc 

erroneous.  The  rule  given  by  Mr.  Vincey  expreffed  in  logarithms,  k 
this  : 

0.121 55  -f-  Half  log.  of  height  in  feet  rr:  Log.  of  dift.  in  ftatute  miles  J 

in  reducing  the  rule  to  logarithms,  I  have  called  the  radius  of  the  earth 

2091 1 790  feet,  which  agrees  nearly  with  the  mean  value  given  in' 

La  Lande's  Aftronomy. 

Table  XII.  is  a  common  table  of  proportional  parts,  the  conftrucv 

tion  of  which  dees  not  need  any  explanation. 

Taele  XIII.  contains  the  refraction  of  the  heavenly  bodies,  cal- 

culated by  Br.  Bradley's  rule,  fuppofmg  the  ref?a£tion  to  be  as  the  taiy 
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gent  of  the  apparent  zenith  diftance  of  the  objeft  decreafed  by  three  time3 

the  refra&ion,  the  horizontal  refraction  being  fuppofed  equal  to  3$'* 
The  rule  expreffed  in  logarithms  is  this  : 

Log.  tang,  (app.zen.dift. — 3 .  refraction} — 8.2438534=!^. of ref.infec; 

The  numbers  calculated  by  this  rule  agree  nearly  with  thofe  publifhed 

in  Table  I.  of  Mafkelyne's  P.equiiite  Tables, 

Table  XIV.  contains  the  dip  of  the  horizon  for  various  heights,;' 
which  was  calculated  by  the  rule  in  §  197  of  Vince's  Aftronomy,  in  which 
the  terreftrial  refraction  is  allowed  for  :  All  the  numbers  of  this  table 

differ  a  little  from  thofe  publifhed  by  Dr;  Mafkelyne,  who  had  made  a 

different  allowance  for  that  refraction.  The  rule  given  by  Mr.  Vince, 

expreffed  in  logarithms,  is : 

1.77x2711  +  hatf tne  l°g«  or* tne  height  in  feet  =  Log.  dip  in  feconds. 

Table  XV.  contains  the  fun's  parallax  in  altitude,  calculated  by 

multiplying  the  natural  line  of  the  apparent  zenith  diftance  by  the  fun's 

horizontal  parallax  %i"°  The  numbers  in  this  table  agree  with  thofe 
publifhed  by  Dr.  Mafkelyne. 

Table  XVI.  contains  the  augmentation  of  the  moon's  femi-diame„ 

ter=i5//.6z6X  fine  ]) 's  altitude.  This  table  agrees  nearly  with  that 
publifhed  by  Dr.  Mafkelyne, 

Table  XVII.  contains  the  dip  for  various  diftahces  and  heights., 

calculated  by  this  rule, 

7  d 

nearly  ;  in  which  D  reprefents  the  dip  in  miles  or  minutes,  d  the  diftance 

of  the  land  in  fea  miles,  and  h  the  height  of  the  eye  of  the  obfe'rver  in 

feet.  Thefe  numbers  differ  a  little  from  Dr.  Mafkelyne's,  fcr  the  fante 
reafon  that  caufes  the  difference  in  Table  XIV, 

Table  XVIIL  contains  the  corrections  of  the  moon's  altitude  for 

parallax  and  refraction,  and  is  fimilar  to  Table  VIII.  of  the  Requifits- 

Tables,  but  more  correct.  The  argument  at  the  top  is  the  moon's  ze- 
nith diftance,  which  was  preferred  to  her  altitude,  becaufe  the  fiorrec- 

B 
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Table  XXVI.' was  calculated  by  proportioning  the  daily  variation 
p£  the  time  of  the  moon's  paffing  the  meridian.  This  table  is  not  given 

in  Moore's  work,  but  there  is  a  fimilar  one  in  the  Requifite  Tables, 
though  very  inaccurately  printed. 

Table  XXVII.  contains  the  mean  correction  of  the  moon's  altitude 

for  parallax  and  refraction,  correfponding  to  the  parallax  57'  30" 

Tables  XXVIII.  and  XXIX.  are  taken  from  the  Requifite  Tables, 

with  a  few  corrections,  being  common  tables  of  proportional  parts, 

They  are  not  given  by  Moore. 

Besides  there  alterations  in  the  tables,  there  are  alfo  great  additions  to 

the  body  of  the  work,  taken  from  ufeful  publications  ;  the  moft  remarkable 

of  which  are — The  demonftrations  of  the  moft  ufeful  proportions  of  Ge- 

ometry and  Trigonometry,  from  Patoun's  Navigation,  with  alterations — 
The  Dictionary  of  Sea- Terms,  compiled  from  various  authors — The  man- 

ner of  performing  the  moft  common  evolutions  at  fea,  taken  from  a  fmall 

treatife  on  u  Seamanfhip,"  publifhed  at  London  in  1795 — The  laws  and 
cuftoms  relative  to  marine  infurance  and  mercantile  matters,  taken  from 

the  si  Ship-Mafter's  Aftiftant,"  publifhed  at  London  in  1798,  with  fome 
alterations  to  adapt  them  to  our  laws — A  collection  of  ufeful  queftions 

in  menfuration,  gauging,  and  furveying— And  a  variety  of  pieces  taken 

from  P.obertfcn,  Mafkelynej  &c.  on  various  fubjects. 

All  the  examples  of  theprefent  work  are  adapted  to  American  places. 

The  method  of  conftructing  the  problems  of  Middle-Latitude  Sailing  is 

more  fimple,  than  in  Moore's  work.  The  Journal  is  entirely  new.  The 

examples  of  the  Lunar  Obfervations  are  adapted  to  the  year*  1 804,  which 
will  fave  the  learner  the  expenfe  of  purchafing  an  old,  andotherwife  ufe- 

lefs,  Nautical  Almanac.  A  new  method  of  working  a  Lunar  Obferva- 

tion  is  given  in  this  work,  which  was  publifned  in  both  American  edi- 

tions of  Moore's  treatife;  it  was  invented  by  the  author  of  this  work 

in  the  year  1795,'  and  taught  by  him  to  a  number  of  perfons  in  the  year 

1796,  he  not  having  then  feen  any  method  poffeffing  the  peculiar  advan- 

tage of  uniformity  in  applying  the  corrections ;  but  iince  that  time  he  has 

feen  a  method  fomewhat  fimilar,  publifhed  by  Mr.  Mepdozo  J  R-ios  in 

the  Philoi'ophicai  Transactions  for  the  year  1797. 

From  the  great  care  taken  in  examining  the  proof- fheets,  the  author 

prefumes  that  there  are  not  many  errors  in  the  work  :  fhould  any  here- 

after be  difcovered  they  will  be  carefully  corrected. 
Salem,  Dec.  1S01,  .  N.  BOWDITCLL 
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MARKS  and  ABBREVIATIONS  used  in  this  WORK. 

4-  Signifies  more,  or  the  fign  of  addition  :  it  (hews  that  whatever  number 
or  quantity  follows  this  fign,  muft  be  added  to  thofe  that  go  before  it, 
thus  94-8,  fignifi.es  that  8  is  to  be  added  to  9.  Or,  A4-B  implies  that 
the  quantities  reprefented  by  A  and  B  are  to  be  added. 

—  Signifies  lefs,  and  is  ufed  as  the  fign  of  fubtradlion  ;  it  denotes  that  the 
number  following  it  muft  be  fubtra&ed  from  thofe  going  before  it,  as 

7 — .£,  or  £  fubtra&ed  from  7. 
X  The  fign  of  Multiplication,  and  (hews  that  the  numbers  placed  before 

and  after  it  are  to  be  multiplied,  thus  7X9  fignifies  7  multiplied  by  9, 
which  make  63,  and  7X8X2  which  make  112.  Multiplication  is 
alfo  denoted  by  placing  a  point  between  the  quantities  to  be  multi- 

plied ;  thus,  A .  B  fignifies  that  A  is  to  be  multiplied  by  B. 
.—.  This  mark  (lands  for  Divifion,  and  fignifies  that  the  number  that  (lands 

before  it  is  to  be  divided  by  the  number  following  it,  as  73  -f- 12  (hews 

...  72 
that  72  is  to  be  divided  by  12*     Or  thus,  - — •     It  is  alfo  denoted  bv 

12 

placing  two  points  between  the  numbers,   thus,  72  *  12  reprefents  72 
divided  by  1 2* 

I     )    or   .     Either  of  tthefe  marks  is  ufed  for  connecting  numbers 

together,  thus,    34-4X6,  or  /34~4)  X  6,    fignifies  that  the  fum  of 
3  and  4  is  to  be  multiplied  by  6. 

s=  The  fign  of  equality  :  it  (hews  that  the  numbers  or  quantities  placed 
before    it   are   equal   to   thofe   following  it,   thus,  8  X  12=96.     Or 

8  multiplied  by  1 2  are  equal  to  96,  and  74-2X4=  36. 
1  XX  X  Proportion,  and  is  read  thus,  7  t  14  XX  10  X  20,  that  is,  as  7  is 

to  14,  fo  is  10  to  20.  OrAJBttCtD,  that  is,  as  A  is  to  B,  fo  is 
C  toD. 

0  Signifies  Degrees  ;  thus,  45  °  reprefents  45  degrees. 
*  Signifies  Minutes  ;  thus,  24',  or  24  minutes, 

^  Signifies  Seconds  ;  thus,  44",  or  44  feconds. 
S.  Signifies  Sine.     N,  S,  Signifies  Natural  Sine. 

Sec.  Signifies  Secant. 

Tan.  Signifies  Tangent. 
Each  of  thefe  laft  with  Co-  before  it,    fignifies  the  complement,  as 

Co-fine,  Co-tangent,  Co-fecant. 

Z.   Signifies  Angle  ;  with  an  s  at  top,  Angles,  £. 

^d  Angled. 
A  Signifies  Triangle.      As  Triangles, 

Q  Signifies  a  Square. 

Z  is  frequently  put  to  fignify  the  fum  of  two  lines  or  numbers, 

X  Signifies  their  difference. 

Q  The  Sun.     (J  the  Moon,     sfc  a  Star.     L.  L.  Lower  Limb.    U.  L.  Up- 
per Limb.     N.  L.  Neareft  Limb.     S.  D.  Semidiameter.     P.  L.  Pro- 

portional Logarithm.     N.  A.  Nautical  Almanac.    Z.  D.  Zenith  Dif, 
fance.     D.  R.  Dead  Reckoning. 

C 
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DECIMAL   ARITHMETIC 

■  1 1&S&&&  ig$  Q<«s«« 

M^ .ANY  perfons  who  nave  acquired  cbnfidefable  (kill  in  ccrnrndri 
Arithmetic,  are  however  unacquainted  with  the  method  of  calculating  by 
decimals,  which  is  of  great  ufe  in  navigation  ;  for  which  reafon  it  wai 
thought  proper  to  prefix  the  following  brief  explanation  of  their  ufe  : 

Fradions  or  Vulgar  Fractions  are  expreffions  for  any  affignable  part  of  an 
unit  ;  they  are  ufually  denoted  by  two  numbers,  placed  one  above  the  Other, 
with  a  line  between  them  ;  thus,  ±  denotes  the  fraction  one-fourth,  or  one 
part  out  of  four  of  fome  whole  quantity,  confidered  as  divifible  into  four 
equal  parts*  The  lower  number  4  is  called  the  denominator  of  the  frac- 

tion, (hewing  into  how  many  parts  the  whole  or  integer  is  divided  ;  and 
the  upper  number  1 ;  is  called  the  numerator,  and  (hews  how  many  of  thofe 
equal  parts  are  contained  in  the  fraction.  And  it  is  evident  that  if  the 
numerator  and  denominator  be  varied  in  the  fame  ratio,  the  value  of  the 
fraction  will  remain  unaltered  i  thus  if  the  numerator  and  denominator 

of  the  fraction  i  be  multiplied  by  2,  3  or  4,  &c„  the  fractions  arifmg  will 
be  ■§,  -j^-,  -A-,  &c.  which  are  evidently  equal  to  |. 

Decimal  Fraction  is  a  fraction  whofe  denominator  is  always  an  unit  with 
fome  number  Of  ciphers  annexed,  the  numerators  of  which  may  be  any 
numbers  whatever  ;  as  -2^,  T|^,  -1-^.|j,  &c.  And  as  the  denominator  of 
a  decimal  is  always  one  of  the  numbers  1  o,  100,  100O;  &c.  the  inconve- 

nience of  writing  thefe  denominators  may  be  avoided  by  placing  a  point 

between  the  integral  and  the  fractional  part  of  the  number  ;  thus  T3^-  is 
written  .3  ;  and  -j1^  is  written  .14;  the  mixed  number  %-£ £■$>  confiding 
ef  whole  numbers  and  fractional  ones  is  written  3.14. 

In  fetting  down  a  decimal  fra&ion^  the  numerator  muft  confift  of  as  many 
places  as  there  are  ciphers  in  the  denominator  ;  and  if  it  has  not  fo  many 
figures  the  defect  mult  be  fupplied  by  placing  ciphers  before  them  :  thus, 

tco=  «i6j Voc-b-—  «oi6,  -n:,c6Q-cj=-.ooi6:,  &c.  So  that  as  ciphers  On  the 
fight  hand  fide  of  integers  increafe  their  value  in  a  tenfold  proportion,  as 
2,  2c,  200,  &c  fo  when  fet  on  the  left  hand  of  decimal  fractions,  they  dc 
creafe  their  value  in  a  tenfold  proportion,  as  .1;  .02,  .002^  &c.  but  ciphers 
fet  on  the  right  hand  of  thefe  fractions  make  no  alteration  in  their  value, 
neither  of  increafe  or  decreafe  ;  thus  .2  is  the  fame  as  .20  or  .200.  The 
common  arithmetical  operations  are  performed  the  fame  way  in  decimals,  as 
they  are  in  integers  ;  regard  being  had  only  to  the  particular  notation,  t<s 
diltinguilh  the  integral  from  the  fractional  part  of  a  fum. 

ADDITION  OF  DECIMALS, 

Addition  of  decimals  is  performed  exaftly  like  that  of  whole  numbers* 
placing  the  numbers  of  the  fame  denomination  under  each  other,  in  which 
e^fe  the  decimal  feparatir.g  points  will  range  ftraight  in  one  column,. 



1Q DECIMAL    ARITHMETIC. 

EXAMPLES. 

Miles. Feet, Inches., 26.7 
1.26 -72.3267 

32-i£ 2.31 

.0134 

143.206 

1.785- 

2.1576 

.003 
2*.0 

31-4 

Sum-        razr.oj?  7-355  3°5-8977 
SUBTRACTION  OF  DECIMALS. 

.  Subtraction  of  decimals  is  performed  in  the  fame  manner  as  in  whole 

.numbers,'  by  obferving  to  fet  the  figures  of  the  fame  denomination  and  the 
feparating.  points  directly  under  each  other. 

EXAMPLES. 

From 
Take 

31.267 
2.63 

Diff.      28. 637 

36.75 

.026-' 

36.724 

1.254 

.316 064-2 

25.165 

1339-037 

MULTIPLICATION  OF  DECIMALS. 

Multiply  the  numbers  together  the  fame  as  if  they  were  whole  numbers, 
and  point  off  as  many  decimals  from  the  right  hand  as  there  are  decimals  in 

both  factors  together^ ;  and  when  it  happens  that  there  are  not  fo  many 
figures  in  the  product  as  there  muft  be  decimals,  then  prefix  as  many  cipher*, 
to  the  left  hand  as  will  fupply  the  defect. 

Example  IW  Mult.. 17  by  .06 »' 

•I? 

.06 

Example  I. 
Multiply 3.25  by  4.5, 

3-25' 
4-5 

1.625: 

13.00 

Anfwer        14.625: 
In  one  of  the  factors  is  one  decimal 

and  in  the  other  two,  their  fum  3  is 
the  number  of  decimals  of  the  pro. 
dud. 

Example  II. 

Multiply  0.5  by  0.7. 

0.5 

0.7 

0.35 

Anfwer. 

Ej .AMPLE III. 
Vlultiply  3 .25  by .05 

.05 

,162c  Product. 

Anfwer  .0102 

In  each  of  the  factors  are  two  deci.. 

mals,  the  product  ought  therefore  to 
contairi  4,  and  there  being  only  3 

figures  in  the  product  I  prefix  a  ci«^ 

pher. 

Example  5.  Multiply  .18  by  24, 

.18 

24 

72 36 

Anfwer     4.32 

Example  Vl.  Mult',  36.1  by  2.5 

36.1 

2-5 

18.05 

72.2 

Anfwer       50.25 
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DIVISION  OF  DECIMALS. 

Diviuon  of  decimals  is  performed  in  the  fame  mariner  as  in  whole  num- 

bers ;  only  Obfcrving  that  the  number  of  decimals  in  the  quotient,  muft  be 

equal  to  the  excefs  of  the  number  of  decimals  of  the  dividend  above  thofe  of 
the  divifor. 

Example  I. 

Divide  14.625  by  3.25. 
3.25)14.625(4.5 

1300 
1625 
1625 

In  this  example  there  are  2  deci- 
mals in  the  divifor  and  3  in  the  divir 

dend,  hence  there  is  one  decimal  in 

the  quotient.- Example  II. 

Divide' 0.35  by  0.7 •35 

Example  III. 

Divide  3.1  by  .0062. 
Previous  to  the  divifion  I  affix  a 

number  of  ciphers  to  the  right  hand 
if  3.1,  which  does  not  alter  its  value. 

.0062)  3 . 1  ooooo(  500.00 

310 
0000 

Therefore  the  a«f„  is  500.00  or  500 

Example  IV. 

Divide  9.6  by  .06 
.06)9.60 

160.  Anfwer, 

Here  by  affixing  a  cipher  to  9.6  it 
becomes  9.60,   and  has  then  2   deci- 

mals in  ity  which  is  the  fame  number 
as  is  in  the  divifor,  therefore  the  quo- 

tient is  an  integer  number. 
ExamfleV.  Divide  17.256  by  1.-16 

1.16)17.25600(14.875 
116 

56$ 464 

1016 

92S 

880 

812 

100 

REDUCTION  OF  DECIMALS, 

If  you  wifh  to  reduce  a  vulgar  fraction  to  a  decimal,  you  may  add  any 
number  of  ciphers  to  the  numerator,  and  divide  it  by  the  denominator,  the 
quotient  will  be  the  decimal  fraction  ;  the  decimal  point  muft  be  fo  placed 
that  there  may  be  as  many  figures  to  the  right  hand  of  it  as  you  added  ci- 

phers to  the  numerator  ;  if  there  are  not  as  many  figures  in  the  quotient, 
you  muft  place  ciphers  t6  the  left  hand  to  makeup  the  number. 

Example  I.  Reduct  -|  to  a  decimal, 

5j_KO
 

„'2   Anfwef. 

Example  II.  Reduce -§  to  a  decimal. 

8)3.060 

.375  Anfwef, 

Example  III.  Reduce  3 ; inches  to 
the  decimal  Of  a  foot. 

Since  1 2  inches  =  1  foot,  this  frsc- 
t?bn  is  X; 

1-2J3.00 

,25  Anfaer c 
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Example  IV.  Pveduce  3^  inches  to 
the  decimal  of  a  foot. 

3A  — I-  this  divided  by  12  is  2V. 
24.)7-ooo(.29i  Anfwer. 

48 

220 
2i6 

40 

24 

16 

Example  V. 
Reduce  1  foot  and  6  inches  to  t/i£ 

decimal  of  a  yard. 
Here    1   foot   6   inches  —    18  in- 

ches. 
And  i  yard  =  36  inches,  therefore 

this  fraction  is  £§; 

36ji8.o(.5  Anfwer. 
180 

If  you  have  any  decimal  fraction,  k  is  eafy  to  find  its  value  in  the  lowe? 
(denominations  of  the  fame  quantity  ;  thus  if  the  fraction  was  the  decimal  of  a 
yard,  by  multiplying  it  by  3  we  have  its  value  in  feet  and  parts,  if  we  mul- 

tiply this  by  12,  the  product  is  its  value  in  inches  and  parts  ;  and  in  the 

fame  manner  the  values  may  be  obtained  in  -other  cafes. 

Example  VI. 

Required  the  value -of  3.25  yards. 
3-25 

•75 

12 

9.00 Anfwer  3  yards  o  feet  9  inches. 

Example  VII. 

Required  the  value  of  7.231  days  $ .231 

24 

924 

462 

5-544 
60 

32.640 
66 

38.400 
Anfwer  7  days  5  hours  3  z  minute* and  38  fccondss 
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GEOMETRY, 

VjTEOMETRY  is  the  Science  which  treats  of  the  Defcription,  Proper, 
ties  and  Relations  of  Magnitudes  in  general,  of  which  there  are  three  Kinds 
or  Species,  viz.  a  Line  which  has  only  length  without  either  breadth  or 
thicknefs  ;  a  Superficies,  comprehended  by  length  and  breadth  ̂   and  a  Solid, 
which  has  length,  breadth,  and  thicknefs. I. 

A  Point  confidered  mathematically,  is  incapable  of  being 
divided,  and  therefore  hath  no  parts,  or  it  is  the  fmalleft  part 
of  fpace  that  can  be  afligned,   and  may  be  conceived  fo  infi-         A  y 
nitely  fmall,  as  to  be  void  of  length,  breadth,  or  thicknefs, 
being  always  denoted  by  a  dot,  as  at  A. 

II. 
A  Right  Line  is  the  neareft  diftance  between 

two  points  which  limits  its  length,  without  any  fup-       A   C 
pofed  breadth,  or  thicknefs,  as  A  C  ;  it  may  be  fup- 
pofed  to  be  the  fluxion  of  a  point, 

III. 

A  Plane  Superficies  is  that  which  lies  evenly  between  its  extreme 
points,  refembling  a  fmooth  table,  or  polifhed  glafs,  bounded  by  lines  ; 
having  length  and  breadth  but  is  conceived  to  have  no  depth  or  thicknefs, 
and  may  be  conceived  to  be  generated  by  the  fluxion  of  a  Right  Line. 

IV. 

Parallel  Lines  are  fuch  as  are  equally  diftant  in       A-   B 
all  their  parts,  which  extended  infinitely  on  the  fame 
plane  would  .never  meet,  as  the  lines  AB,  BC.  B   C V. 

A  Plane  Angle  is  the  inclination  or  meeting 
of  two  right  lines  in  one  point ;  the  point  where 
they  meet  is  called  the  angular  point,  and  the  lines 
AB  and  AC  are  called  fides  or  legs  ;  it  is  gener- 

ally expreffed  -by  three  letters,  as  BAC,  the 
middle  one  always  denotes  the  angular  point, 
as  A,  and  the  two  others  the  extremities  of  the 
legs,  as  B,  C. VI. 

A  Circle  is  a  plane  figare,  bounded  by  an  uniform  curve  line,  it  is  ordi«- 
narily  defcribed  by  a  right  line,  taken  with  a  pair  of  compafles  ;  one  point 

thereof  being'  fixed,  whilft  the  other  is  turned  round  to  the  place  where  the 
motion  firfl  began  ;  the  fixed  point  is  called  the  centre,  and  the  linede, 
imbed  by  the  other  point  is  called  the  circumference. 
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vii. 

The  Radius  of  a  circle,  or  Semidiam- 
eter,  is  a  right  line  drawn  from  the  centre 
to  the  circumference,  as  AC  ;  or  it  is  that 
line  which  is  taken  between  the  points  of 
the  compares  to  defcribe  the  circle. 

A  Diameter,  of  a  circle  is  a  right 

line  drawn  through  the  centre  and  termir 
nated  at  both  ends  by  the  circumference,  as 
ACB,  which  is  the  double  of  the  radius 
AC,  A  diameter  divides  the  circle,  and  its 
circumference  into  two  equal  parts, 

VIII, 

An  Arch  of  a  circle  is  any  part  or  portion  of  the  circumference^ 
as  DFE. 

IX. 

A  Qhord  of  a  circle  is  the  fubtenfe  of  an  arch,  or  it  is  a  right  line 
Joining  the  ends  of  an  arch  :  it  divides  the  circle  into  two  unequal  parts, 
called  Segments,  and  is  a  chord  to  them  both,  as  DE  is.  the  chord  of  the 
arches  DFE  and  DGE„ X. 

A  Semicircle,  or  half  a  circle,  is  a  figure  contained  under  the  diam« 
eter,  as  AGB  or  AFB,     Any  part   of  a   circle  contained  between   two 
radii  and  an  arch,  is  called  a  Sector, 

XI. 

A  Quadrant  is  half  a  Semicircle,  or  one  fourth  part  of  the  whole  cir<* 
cle,  as  the  figure  C AG. 

Note,  All  circles  whether  great  or  fmall,  are  fuppofed  to  have  their- 
circumference  divided  into  360  equal  parts,  called  degrees,  and  each  dc 
gree  into  60  equal  parts,  called  minutes,  and  each  minute  into  60  equitl 
parts,  called  feoonds,  and  fo  on  into  thirds,  fourths,  &c. 

XII. 

If  a  right  line  AC,  fall  upon  another  DB,  fo 
as  to  incline  neither  to  the  one  fide  nor  the 

other,  butmakes  the  anglesACD,  ACB,  on  each 
£de  equal  to  each  other  ;  then  the  line  AC  is 
faid  to  be  perpendicular  to  the  line  DC  ;  and 
the  two  angles  are  called  right  angles. 

An  Acttte  Ancle 

angle,  as  ABC, 

XIII, 

is   lefs   than   a   right 
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XIV. 

An  Obtuse  Angle  is  greater  than  a 

right  angle,  as  GEH, 

t:  h 

The  feweft  number  of  right  lines  that,  cart  include  a  ipace,  are  three^ 
which  form  a  figure  called  a  triangle,  or  three-cornered  figure,  which  confifts 
of  fix  parts,  viz.  three  fides  and  three  angles  :  It  is  diftinguifhed  into 
three  forts,  viz.  a  right-angled  triangle,  an  obtafe-angled  triangle,  and  an 
acute-angled  triangle. 

XV. 

A  Right-angled  Triangle  has  one  of  its  angles 
right ;  the  fide  oppofite  the  right  angle  is  called  the 
hypotenufe  ;  and  the  other  two  fides  are  called  legs  j 
that  which  (lands  upright;  is  called  the  perpendicular, 
and  the  other  the  bafe  ;  thus  BC  is  the  hypotenufe, 
AC  the  perpendicular,  and  AB  the  bafe  j  the  angles 
oppofite  the  two  legs  are  both  acute*, 

XVI. 
An  Acute-angled  Triangle  has  all  its 

Jingles  acute,  or  none  of  them  equal  to  a  right 

angle,  as  D'EG, / 

E/- 

/ X 
i(? 

XVII. 

An  Obtuse-angled  Triangle  has  one 

of  its  angles  obtufe,  or  greater  than  a  right 
angle,  as  RAF  j  the  other  two  angles  are 
acute. 

Note.  All  triangles,  that  are  not  right  angled,  whether  they  are  acute 
€>t  obtufe,  are  in  general  terms  called  oblique-angled  triangles,  without  sny 
other  diftinclion. 

XVIII. 

A  Quadrilateral  figure  is  one  bounded 
by   four   fides   as  ACDB.      If  the   oppofite 
fides   are  parallel  they    are   called   paralle- 

lograms,;    Thus  if  AC  be  parallel  to  B  D, 
and  AB  parallel  to   C  D,  the  figure  ACDB 
is  a  parallelogram.     A  parallelogram  hav- 

ing all  its  fides  equal  and  its  angles  right 
is  called  a  square,  as  B.     When  the  an- 

gles are  right  and  the  oppofite  fides  only 
equal,  it  is  called  a  rectangle,  as  A* 

D I> 

A B 
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XIX. 

Tile  Sine  or  Right  Sine  of 

an  arch  )  is  a  line  drawn  front 

one  end  of  the  arch  perpen- 
dicular to  a  diameter  drawn 

through  the  ether  end  of  the 
fame  arch  ;  thus  R  S  is  the 

right  fine  of  the  arch  AS,  it 
being  a  line  drawn  from  one 
end  of  the  arch  S,  perpendicu- 

lar to  DA  which  is  the  diam- 

eter palling  through  the  other 
end  of  the  arch  A. 

XX. 

The  Co-siNE  of  an  arch  is  the  line  of  the  complement  of  that  arch,  or 
of  what  that  arch  wants  of  a  quadrant ;  thus  A  H  being  a  quadrant,  the 
a-reh  S  H  is  the  complement  of  the  arch  AS;  S  Z  is  the  fine  of  the  arch 
SH,  or  the  co-fine  of  the  arch  ASS 

XXI. 

The  Versed  Sine  of  an  arch  is   that  part  of  the  diameter  contained 
between  the  right  fine  and  the  arch  ;   thus  R  A  is  the  verfed  fine  of  the  arch 
A  Sf  and  D  C  R  is  the  verfed  fine  of  the  arch  D  H  S. 

XXII. 

TheTA'NGENTofanarch  is  aright  line  drawn  perpendicular  to  the  diameter 
paffing  through  one  end  of  the  arch,  and  terminated  by  a  line  drawn  from  the 
centre  through  the  other  end  of  the  arch  ;  thus  A  T  is  the  tangent  of  the 
arch  A  S. 

XXIII. 

The  Co-tangent  of  an  arch  is  the  tangent  of  the  complement  of  that 
arch  to  a  quadrant;  thus  HG  is  the  tangent  of  the  arch  HS,  or  the  co-tan- 

gent of  the  arch  AS. 
XXIV. 

The  Secant  of  an  arch  is  a  right  line  drawn  from  the  centre  through 
one  end  of  the  arch,  to  meet  the  tangent  drawn  from  the  other  end  ;  thus, 
CT  is  the  fecant  of  the  arch  AS. 

XXV. 

The  Co-segant  of  an  arch  is  the  fecant  of  the  complement  of  that 
arch  to  a  quadrant,  thus  CG  is  the  fecant  of  the  arch  SH,  or  co-fecant  of 
the  arch  AS. 

XXVI. 

What  an  arch  wants  of  a  femicircle  is  called  the  Supplement  of  that 

arch;  thus,  the  arch  DHS  is  the  fupplcment  of  the  arch  AS.  The  fine, 
tangent,  or  fecant  of  an  arch,  is  the  fame  as  the  fine,  tangent,  cr  fecant  of 

its  fupplement  ;  thus}  the  fine  of  8o,=fine  of  ioo°,  and  the  fine  of  70°== line  of  110%  &e. 
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ABD 

B 
is   faid  te  be  an 

A  rio-ht  lined  angle  is  meafurcd  by  an  arch  of 
a  circle  comprehended  between  the  two  legs  that 
form  the  angle  ;  the  centre  of  the  circle  being 

.the  angular  point  ;  thus,  the  angle  ABD  is  meaf- 

ured  by  the  arch  AD  of  the  circle  CADE,  de- 
fcribed  upon  the  point  B  as  a  centre,  and  the  angle 

is  faid  to  be  of  as  many  degrees  as  '  the  arch  is  ; 
that  is,  if  the  arch  AD  be  45  °,  then  the  angle 
angle  of  45  degrees.  And  the  line,  tangent,  &c.  of  any  arch  is  called  alfo 
the  line,  tangent,  dec.  of  the  angle  whofe  meafure  the  arch  is, 

XXVIII. 

If  the  line-  AB  be  drawn  perpendicular  to 
the  line  GBD,  and  upon  B  as  a  centre,  a  femi- 
circle  CAD  be  defcribed  ;  the  arches  CA, 

AD  will  be,  each  equal  to  a  quadrant,  or  go 

degrees.     For  (by  art.  12  J  the  angle  ABD  is 

equal  to  ABC  ;  but  thefe  angles  are  meafured  *-'  B         D 
by  the  arches  AC,  AD,  therefore  thefe  arches  mull  be  equal  ;  but  the 
whole  CAD  is  a  femicircle,  (fince  CD  a  line  paffing  through  the  centre 

B  is  a  diameter,]  therefore  each  of  the  parts  AC,  AD  is  a  quadrant 

or   90°. 
.  XXIX. 

If  one  line  AB  fall  any  way  upon  another 

CD,  the  fum  of  the.  two  angles'  ABD,  ABC  is always  equal  to  two  right  angles.  For  on  the 
point  B  as  a  centre,  defcribe  the  circular  arch 
CAB,  cutting  the  line  CD  in  C  and  D  ;  then 

(by  Art./])  this  arch  is  equal  to  a  femicircle, 
but  it  is  alfo  equal  to  the  fum  of  the  arches  CA,  and  AD,  the  meaf- 
ures  of  the  two  angles  ABC,  ABD  ;  therefore  the  fum  of  the  two  an^ 

gles  is  equal  to  a  femicircle,  or  two  right  angles.  Hence  it  is  plain  that  all 
the  angles  which  can  be  made  from  a  point  in  any  line,  towards  one  fide  of 

the  line,  are  equal  to  two  right  angles,  and  that  all  the  angles  which  can  be 
made  about  a  point  are  equai  to  four  right  angles. 

XXX. 

If  a  Vine  AC  crofs  another  BD  in  the  point  E, 

the  oppojite  angles  Jhall  be  equal,  viz.  BEA~ 
CED,  and  BEC=AED.  Upon  the  point  E 
as  a  centre,  defcribe  the  circle  ABCD  ;  then 

it  is  plain  that  ABC  is  a  femicircle,  as  alfo 
BCD  (by  the  ph.)  therefore  the  arch  ABC= 
arch  BCD,  taking  from  both  the  common  arch 
BC,  there  remains  AB=CD,  that  is,  the  an- 

gle BEA  equal  to  the  angle  CED  (by  art.  z*j.)  After  the  fame  manner 
we  may  prove  that  the  angle  BEC  is  equal  to  the  angle  AED.. 

C B       D 
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If  a  line  GH  erofs  two  parallel 
lines  AB,  CD,  it  makes  the  exter* 

nal  oppojite  angles  equal  to  each 
other  ;  viz.  GEB=CFH,  and 
AEG=HFD.  For  face  AB  and 

CD  are  parallel  to  each  other,  they 
may  be  confidered  as  one  bread 
line,  and  GH  crofling  it ;  then 
the  vertical  or  oppofite  angles 
GEB,  CFH  are  equal  (by  art.  3o,J  as  alfo  AEG=HFD, 

XXXII. 

If  a  line  GH  erofs  two  parallel  lines  AB,  CD,  (fee  the  preceding  figure) 
the  alternate  angles  AEF  and  EFD,  or  CFE  and  FEB  are  equal.  For 
GEB=AEF  (art.  3oJ  as  alfo  CFH=EFD  (by  the  fame  art.  J  but  GEB= 
CFH  by  the  laft.  Therefore  AEF  is  equal  to  EFD  ;  the  fame  way  w& 
may  prove  FEB=CFE, 

XXXIII. 

If  a  line  GH  crofs  two  parallel  lines  AB,  CD,  (fee  the  preceding  figure) 
the  external  angle  GEB  is  equal  to  the  internal  oppojite  one  EFD,  or  AEG 
equal  to  CFE.  For  the  angle  AEF  is  equal  to  the  angle  EFD  by  the  laft  ; 
but  AEF=GEB  (by  art.  3q,J  therefore  GEB=EFD  j  the  fame  way  we 
may  prove  AEGrzCFE. 

xxxiv. 

If  a  line  GH  erofs-.  tnyo  parallel  lines  AB,  CD,  (fee  the  preceding  figure) 
the  fum  of  the  two  internal  angles  BEF  and  DFE,  or.  AEF  and  CFE  is 
equal  to  two  right  angles  ;  for  fmce  the  angle  GEB  is  equal  to  the  angle 

EFD  (by  the  lafi)  to  both  add  the  angle  BEF,  and  we  have  GEB-f-BEF 
=BEF+EFD,  but  GEB-fBEF  =  two  right  angles  far/.  297.  Hence 
BEF-f-EFD— two  right  angles  ;  and  in,  the  fame  manner  we  may  prove 
AEF-J-CFE==  two  right  angles. 

xxxv. 

In  any  triangle  ABC,  one 
of  its  legs,  as  BC  being  pro. 
duced  towards  D,  the  extern- 

al angle  ACD  is  equal  to  both 
the  internal  and  oppojite  angles 
ABC,  BAC  taken  together. 
To  prove  this,  through  C 
draw  CE  parallel   to   AB  ; 
then  fince  CE  is  parallel  to  AB  and  the  lines  AC,  BD  crofs  them,  the  angle 
ECD=ABC  (by  art.  33, J  and  ACE=BAC  (by  art.  3zJ  adding  thefe 
together  we  have  ECD+ACEssABC+BAC  ;  but  ECD+AC&cACD 
therefore  ACD=ABC-LBAC. 
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XXXVI. 

Hence  it  may  be  proved  that 
if  any  two  lines  A  B  and  C  D,  be 
crofted  by  a  third  line  E  F,  and 
the  alternate  angles  A  E  F  and 
E  F  D  be  equal,  the  lines  A  B  and 
C  D  will  be  parallel ;  for  if  they 
are  not  parallel,  they  muft  meet 
each  other  on  one  fide  of  the  line 

EF(fuppofe  atG)  and  fo  form  the 
triangle  E  G  F,  one  of  whofe  fides 
G  E  being  produced  to  A,  the 
exterior  angle  A  E  F  muft  (by  the  preceding  article)  be  equal  to  the  fum  of 
the  two  angles  EFG  and  EGF  ;  but  by  fuppofition  it  is  equal  to  the  angle 
E  F  G  alone  ;  therefore  the  angle  A  E  F  muft  be  equal  to  the  fum  of  the  two 
angles  EFG  and  EGF,  and  at  the  fame  time  equal  to  E F G  alone,  which 
is  abfurd ;  therefore  the  lines  A  B,  C  D  cannot  meet  ̂ nd  muft  be  parallel. 

XXXVII. 

In  any  right  lined  triangle  ABC,  all  three  angles  taken  together  are 
equal  to  two  right  angles.  To  prove  this  you  mini  produce  BC  (In  the 
fig.  art.  3$,  J  one  of  its  legs  to  any  diftance,  as  to  D,  then  (by  art.  3$,J  the 
external  angle  ACD=ABC-{~BAC,  to  both  add  the  angle  ACB  and  we 
have  ACD-f-ACB=ABC-f-BAC+ACB,  but  ACD+ACB=two  right 
angles  (by  art.  2oJ„  Hence  ABC-4-BAC-f-ACB=two  right  angles; 
that  is,  the  fum  of  the  three  angles  of  any  plane  triangle  ACB  is  equal  to 
two  right  angles„ 

XXXVIII. 

Hence  in  any  plane  triangle,  if  one  of  its  angles  be  known  the  fum  of 
the  other  two  is  alfo  known  ;  for  by  the  laft  article  the  fum  of  all  three 

angles  is  equal  to  two  right  angles  or  180°,  hence  by  fubtracling  the  given 
angle  from  1 8o°  the  remainder  is  the  fum  of  the  other  two, 

In  any  right  a?tgled  triangle,  the  tcwo  acute  a?zgles  taien  together  arejujl 

equal  to  a  right  angle  ,•  for  all  three  angles  being  equal  to  two  right 
angles,  and  one  angje  being  right  by  fuppofition,  the  fum  of  the  other  two 
muft  be  equal  to  a  right  angle,  consequently  any  one  of  the  acute  angles  be- 

ing given,  the  other  one  may  be  found  by  fub  tracking  the  given  one  from 
go  degrees. 

XXXIX. 

If  in  any  two  triangles  ABC,  DEF,  two  legs  of  the  one,  AB,  AC,  be 
equal  to  two  legs  of  the  other  DE, 
DF,  each  to  each  refpectively,  that 
is,  AB=DE  and  AC  =  DF,  and 
the  angles  BAC,  EDF  included 
between  the  equal  legs  be  equal  ; 
then  the  remaining  leg  of  the  one 
fnall  be  equal  to  the  remaining  leg 
of  the  other,   and  the  angles  op-  -E 
pofite  to  the  equal  legs  (hall  be  equal ;  that  is,  BC=EF,  AEC=DEF,  and 
ACB=DFE  ;  for  if  the  triangle  ABC  be  fuppofed  to  be  lifted  up  and  put 
upon  the  triangle  DEF,  with  the  point  A  on  the  point  D  ;  it  is  plain  fince 
AB=DE,  that  the  point  B  will  fall  upon  E,  and  fince  the  angles  BAC, 
EDF  are  equal,  the  line  AC  will  fall  upon  DF,  and  thefe  lines  bein?  of 
fcc'-al  length,  the  point  C  will  fall  uoon  F,  confequently   the  line   BCwil! 
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exaftly  agree  with  the  line  EF,  and  the  triangle  ABC  will  in  all  refpecU 
be  exactly  equal  to  the  triangle  DEF;  and  the  angle  ABC  will  be  equal 
to  the  angle  DEF,  alio  the  angle  ACB  will  be  equal  to  the  angle 
DFE. 

XL. 

After  the  fame  manner  it  may  be  proved,  that  if  in  any  two  triangles 
ABC,  DEF  (fee  the  preceding  figure  J  two  angles  ABC  and  ACB  of 
the  one,  be  equal  to  two  angles  DEF,  DFE  of  the  other,  and  the  includ- 

ed fide  B  C  be  equal  to  E  F  ;  the  remaining  fides  and  included  angles  will 
alfo  be  equal  to  each  other  refpectively,  that  is  A  B=D  E,  A  C=D  F, 
and  the  angle  BAC=angle  EDF.  For  if  the  triangle  ABC  be  fuppofed 
to  be  lifted  up  and  laid  upon  the  triangle  DEF,  the  point  B  being  upon 
the  point  E,  and  the  line  BC  upon  the  line  EF  ;  then  fince  BC^:EF,  the 

pcint  C  will  fall  upon  the  point  F,  and  fince  the  angle  AC  B= the  angle 
DFE,  the  line  C  A  will  fall  upon  the  line  FD,  and  by  the  fame  way  of 
xeafoning,  the  line  B  A  will  fall  upon  the  line  E  D,  therefore  the  point  of 
interfectioh  A  of  the  two  lines  B  A,  C  A,  will  fall  upon  D,  the  point  of 

interfe/tion '•  of  the  lines  ED,  FD,  confequently  A  B— DE,-AC=DF, 
and  the  angle  BAC==the  angle  EDF, 

XLI. 

a  t .-'.angle  are  equal,  the  angles  oppofite  to  ihefe  fides  <wiQ if  i-wpftd 
aljo  be  equal;  that  is  if  AB=AC,  the 
angles  ABC,  ACB  will  alfo  be  equal  ;  for 
fuppofe  the  line  AD  bifects  the  angle  BAC, 
cr  divides  it  into  two  eqaal  angles  BAD, 
CAD,  and  meets  the  line  BC  in  D,  di- 

viding the  triangle  BAC  into  two  triangles 
ABD,  A  CD,  m  which  the  fide  AB=AC, 

the  fide  A  D  is  common-  to.  both  triangles,  and 
the  included  angle  BADrrthe  angle   DAC, 

therefore  (by  art.  39, )  the  angle  ABD  muft  be  equal  to  the  angle  ACD, 

The  conveife  of  this  propofition  is  alfo  true  ;  that  is,  If '  t<wo  angles  of  a 
triangle  ar-e  equal,  the  eppqfite fides  are  alfo  equal.      This  is  demonitrated  in 
nearly  the  fame  manner  by  means  of  art.  40. 

XLII. 

Any  angle  at  the  circumference  of  a  circle  is  but  half  the  angle  at  the- 
centre  /landing  upon  the  fame  arch.  Thus,  the  angle 
BAD  is  half  the  angle  BCD  {landing  upon  the  fame 
arch  BD  of  the  circle  BE  DA,  whofe  centre  is  C. 

To  demonftrate  this,  draw  through  A  and  the  centre 
C  the  right  line  ACE,  then  (by  art.  35,)  the  angle 

C  A  D-f  angle  CDA  =  angle  E CD,  but  AC-CD 

{"being  two  radii  of  the  fame  circle)  therefore  (by 
art.  4.I3  ,  the  angle  CAD=the  angle  CD  A,  and 

the  .- :   thefe  two  angles  h  the  double  of  either  of 
them,  that  is,  C  AD+CD  A  =  twice  CAD,  therefore  EC D= twice 

CAD  ;  In  the  fame  manner  we  may  prove  that  BCE= twice  BAC,  and 
therefore  by  adding  thefe  together  we  have  ECD-f-BCE  =  twice  CAD-|r 
twice  BAC,  that  is,  BCD^rtwice  BAD,  or  BAD  equal  to  half  of 
BCD,  -  • 
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XLIII. 

Hence  an  angle  at  the  circumference  is  meafured  by  half  the  arch  it  fub' 
tends;  for  an  angle  at  the  centre  ftanding  on  the  fame 
arch  is  meafured  by  the  whole  arch  (by  Art. z^)  ;  but 
fince  an  angle  at  the  centre  is  double  that  at  the 
circumference,  it  is  plain  that  an  angle  at  the  cir- 

cumference mult  be  meafured  by  only  half  the  arch  it 

ftands  upon.  Hence  all  angles  ACB,  A  D  B, 
AEB,  Sec.  at  the  circumference  of  a  circlefiand- 
ing  on  the  fame  chord  A  B  are  equal  to  one  another  ; 
for  they  are  all  meafured  by  the  fame  arch,  viz.  half 
the  arch  AB  which  each  of  them  fubtends. 

XLIV. 

Hence  an  angle  in  a  feg?nent  greater  tha?i  a 
fetnicircle  is  lefs  than  a  right  angle  ;  thus  if  A  B  C 
be  a  fegment  greater  than  a  femicircle,  the  arch 
AC  on  which  it  ftands  muft  fee  lefs  than  a  femi- 

circle, and  the  half  of  it  lefs  than  a  quadrant  or 

a  right  angle  ;  but  the  angle  A  B  C  in  the  fegment 
is  meafured  by  the  half  of  the  arch  A  C  ;  therefore 
it  is  lefs  than  a  right  angle. 

An  angle  hi  a  femicircle  is  a  right  angle  ;  for 
fince  D  E  F  is  a  femicircle,  the  arch  D  K  F  muft 

alfo  be  a  femicircle  ;  but  the  angle  D  E  F  is  mea- 
fured by  half  the  arch  D  K  F,  that  is  by  half 

a  femicircle  or  by  a  quadrant  ;  therefore  the  an- 
gle  D  E  F  is  a  right  one. 

An  angle  in  a  fegment  lefs  than  a  femicircle 
is  greater  than  a  right  angle ;  thus  if  GHI 
be  a  fegment  lefs  than  a  femicircle,  the  arch 
GLI  on  which  it  ftands  muft  be  greater  than 

a  femicircle,  and  its  half  greater  than  a  quad- 
rant or  right  angle  ;  therefore  the  angle  GHI 

which  is  meafured  by  half  the  arch  GLI  is 

greater  than  a  right  angle. 

XLV. 

If  from  the  centre  C  of  the  circle  A  B  E,  the  '  IE 
let  fall  the  perpendicular  CD  on  the  chord  A  h 
will  bifeft  the  chord  in  the  point  D.      For  to  cwift§ 
onftrate  this,  draw  from  the  centre  to  the  extremities 

of  the  chord  the  lines  C  A,  C  B  ;  then  fince  C  A= 

C  B,   the  angles  which  they  fubtendCBA,  CAB 

muft  be  equal  (by   Art.  \\,J  but  the  perpendicular 
C  D  divides  the  triangle  ACB  into  two  right  ang- 

led triangles  ADC,    CDB,  in  which  the  fum  of 

the   angles   A  C  D,  C  A  D,   in  the  one  is  equal  to  the  fum  of  the 

DC  B  and-CBD  in  the  other,  each  being  equal  to  a  right  angle  (by  Art. 

3  : , .  but  C  A  D  is  equal  to  C  B  D  (by   An.   4.1 ,,'  therefore  A  C  D  is  equal 

les 
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to  DC  B  ;  therefore  in  the  two  triangles  ADC,  CDB,  the  two  legs  C  A$ 
CD,  in  the  one,  are  equal  to  the  two  legs  C B  and  C  D  in  the  other,  each 
to  each  refpectively,  and  the  included  angles  A  C  D,  D  C  B  are  equal ;  there* 
fore  the  remaining  legs  A  D  and  B  D  are  eaual  (by  Art.  39, )  confequently 
ABisbife&edinD. 

XLVL 

If  from  the  centre  of  a  circle  there  be  drawn  a  perpendfoular  to  a  chord 
line,  and  it  be  continued  to  meet  the  circle,  it  will  bifecf  the  arch  corref* 
ponding  to  that  chord.  Thus  (in  the  preceding  figure)  if  the  line  C  D  be 
drawn  perpendicular  to  the  chord  A  B,  and  continued  to  meet  the  circle  in 
F,  the  arch  A  B  will  be  bifeded  in  the  point  F  j  for  joining  AF,  F  B,  we 
have  in  the  triangles  ADF,  BDF;  AD  equal  to  D  B  (by  the  lafi  art.) 
2nd  D  F  common  to  both,  therefore  A  D,  D  F,  two  legs  of  the  triangle 
ADF,  are  equal  to  BD,  and  DF,  two  legs  of  the  triangle  BDF,  and  the 
included  angles  ADF,  BDF  are  equal  being  both  right,  therefore,  {by  art  B 
39,)  the  remaining  legs  AF  and  F  B  are  equal,  but  in  the  fame  circle  equal 
Lines  are  chords  of  equal  arches,  therefore  the  arches  A  F  and  F  B  are  equal, 
confequently  the  whole  arch  AFB  is  bifected  in  F„ 

XLVIL 

Any  line  bifecting  a  chord  at  right  angles  is  s  diameter  ;  for  fince 
(by  art.  45,)  a  line  drawn  from  the  centre  perpendicular  to  a  chord  bifefts 
that  chord  at  right  angles,  therefore  converfely  a  line  bifecling  a  chord  at 
right  angles,  muft  pafs  through  the  centre  and  confequently  be  a  diameter, 

XL  VIII* 

The  fine  of  any  arch  is  equal  to  half  the  chord  of  twice  that  afch  5  for 
(in  the  lafi  fc  he  me )  A  D  is  the  fine  of  the  arch  A  F,  by  the  definition  of  a 
line  [art.  19,)  and  AF  is  half  the  arch  AFB,  and  AD  half  the  chord  ABjj 
{by  art.  45,)  whence  the  proportion  is  manifeft* 

XLIX* 

ffi  two  equal  and  parallel  I  wen  AB,  CD,  be  joined  by  two  others  AC» 
BD,  then  thefe  /ball  alfo  be  equal  and  parallel. 
To  demonftrate  this,  join  the  two  oppofite  an- 

gles A  and  D  with  the  line  AD  ;  then  it  is 

plain  that  the  line  AD  divides  the  quadrilat- 
eral AC  D B  into  two  triangles  A  B  D,  A  C  D, 

sft  which  AB  a  leg  c^  the  one,  is  equal  to 
CD  a  leg.  of  the  at  ̂ cS'  fuppofition,  and 

AD  is  common  to1^  R.-. -nangles  ;  and  fince  AB  is  parallel  to  CD,  the 
angle  BAD  will  be  eqCl  to  the  angle  ADC,  [by  art,  32,)  therefore  in 

the  two  triangles,  the  fides  A B,  A D  and  the  angle  BAD,  are  equal 

refpeftively  to  the  fides  CD,  AD,  and  the  angle  ADC;  that  is,  two 

legs  and  the  included  angle  of  the  one,  are  equal  to  two  legs  and  the  in- 

cluded angle  of  the  other  ;  therefore  [by  art.  39,)'  BD  is  equal  to  AC, and  the  angle  D  AC  is  equaj  to  the  angle  ADB;  therefore  {by  art.  36) 
the  lines  BD,  AC  muft  be  parallel. 

Cor.  Hence  it  is  plain  that  the  quadrilateral  A B' DC  is  a  parallelo- gram, fince  the  oppofite  fides  are  parallel.  It  is  alfo  evident  that  in  any 

parallelogram,  the  line  joining  the  oppofite  angles  (called  the  Diagonal) 

as  A  D,  divides  the  figure  into  two  equal  parts,  fince  it  has  been  proved 
that  the  triangles  ABD,  A  CD,  are  equal  to  each  other.. 
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It  follows  alfo  from  the  preceding  article,  that  a  triangle  AC  D  (fee  the 
preceding  figure)  en  the  fame  bafe,  and  between  the  fame  parallels  with  a 
parallelogram  ABDC,  is  the  half  of  that  parallelogram. LI. 

From  the  fame  article  it  alfo  follows,  that  the  oppofite  fides  of  a  paraL 
lelogram  are  equal ;  for  it  has  been  proved  that  ABDC  being  a  parallel- 

ogram, A  B  will  be  equal  to  C  D,  and  A  C  equal  to  B  D. LII. 

All  parallelograms  on  the  fame  or  eqiial  bafes,  and  between  the  fame  par- 
allels, are  equal  to  each  other  ;  that  is,  if  BD  and  GH  be  equal,  and  the 

lines  B  H,  A  F  be  parallel,  the  par- 
allelograms ABDC,  EDFE  and 

EFHG  are  equal  to  each  other. 
For  AC  is  equal  to  EF  each  being 
equal  to  BD  (by  art.  p,)  to  both 
add  C  E  and  we  have  A  E  equal  to 
C  F  ;  therefore  in  the  two  triangles 
ABE,  CDF  ;  AB,  a  leg  of  the 
one,  is  equal  C  D,  a  leg  of  the  other, 
and  AE  is  equal  to  CF,  and  the  angle  BAE  is  equal  to  DCF  (by  art.  33) 
therefore  the  two  triangles  ABE,  CDF,  are  equal  (by  art.  39,)  and  tak- 

ing the  triangle  C  K  E  from  both,  the  figure  ABKC  will  be  equal  to  the 
figure  K  D  F  E,  to  both  which  add  the  little  triangle  K  B  D,  and  we  have 
the  parallelogram  ABDC  equal  to  the  parallelogram  BDFE.  In  the 
fame  way  it  may  be  proved  that  the  parallelogram  EFHG  is  equal  to  tne 
parallelogram  BDFE ;  therefore  the  three  parallelograms  ABDC,  BDFE, 
and  EFHG  are  equal  to  each  other. 

Cor.  Hence  it  follows,  that  triangles  on  the  fame  bafe  and  between  the  fame 
parallels  are  equal,  fince  they  are  the  half  of  the  parallelograms  on  the 
lame  bafe  and  between  the  fame  parallels  (by  Art.  50). 

LIII. 

In  any  right  angled  triangle,  the  fquare  of  the  hypotenufe  is  equal  to  the 
fum  of  the  fquares  of  the  two  fides.  Thus  if  BAG  be  a  right  angled  tri- 

angle, the  fquare  of  the  hypotenufe  B  C,  viz.  BCMH,  is  equal  to  the  fum 
of  the  fquares,  made  on  the  two  fides  A  B  and  A  C,  viz.  to  A  B  D  E  and 

ACGF.  To  demonftrate  this,  through  the  point  A,  draw  AKL  per- 
pendicular to  the  hypotenufe  B  C.  .  Join  A  H,  A  M,  D  C,  and  B  G  ;  then 

it  is  evident,  that  D  B  is  equal  to  B  A  (by  Art.  18,)  and  BH  equal  to  BC, 
therefore  in  the  triangles  D  B  C,  A  B  H,  the 
two  legs  D  B,  B  C  of  the  one  are  equal  to  the 
two  legs  A  B,  B  H,  of  the  other  ;  and  the  in- 

cluded angles  D  B  C  and  A  BH  are  alfo  equal, 
(becaufe  D  B  A  is  equal  to  C  B  H  being  both 
right,  to  each  add  A  B  C  and  we  have  DEC 
equal  to  A  B  H)  therefore  the  triangles  D  B  C, 
ABH  are  equal  (by  Art.  39,)  but  the  triangle 
D  B  C  is  half  of  the  fquare  A  B  D  E  (by  Art. 50) 
and  the  triangle  A  B  H  is  half  the  parallelogram 
BKLH  (by  the  fame  Art.)  confequently  the 
fquare  A  B  D  E  is  equal  to  the  parallelogram 
BKLH.  In  the  fame  way  it  may  be  proved,  that  the  fquare  ACGF  is 
equal  to  the  parallelogram  K  C  M  L.  Therefore  the  fum  of  the  fquares 
ABDE  and  ACGF  is  equal  to  the  fum  of  the  parallelograms  BKLH 
a^d  KCML;  but  the  fum  of  thefe  parallelograms  is  equal  to  the  fquare E 
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BCMH,  therefore  the  fum  of  the  fquares  on  AB  and  AC  is  equal  to  the 

fquare  on  BC. 
Cor.  Heuce  in  any  right  angled  triangle,  if  we  have  the  hypotenufe 

and  one  of  the  legs,  we  may  eaiily  find  the  other  leg,  by  taking  the  fquare 

of  the  given  leg  from  the  fquare  of  the  hypotenufe,  the  fquare  root  of  the 

remainder  will  be  the  fought  leg.  Thus  if  the  hypotenufe  was  i  3,  and 

one  leg  was  5,  the  other  leg  would  be  12,  for  the  fquare  of  5  is  25,  and 

the  fquare  of  1 5  is  169,  fubtracjting  25  from  169  leaves  144,  the  fquare 

root  of  which  is  1*2 .  If  both  legs  are  given,  the  hypotenufe  may  alfo  be 
found  bv  extracting  the  fquare  root  of  the  fum  of  the  fquares  of_  the  legs  ; 

thus  if  one  leg  was  6,  and  the  other  8,  the  fquare  of  the  firft  is  36,  the 

fquare  of  the°fecond  is  64,  adding  36  and  64  together  gives  100,  whofe fquare  root  is  10,  which  is  the  fought  hypotenufe, H  LIY. 

Four  quantities  are  faid  to  be  proportional  when  the  magnitude  of  the  firft 

compared  with  the  fecond,  is  the  fame  as  the  magnitude  of  the  third  com- 

pared with  the  fourth  ;  thus  4,  8,  12  and  24,  are  proportional,  becaufe  4  is 

half  of  8  and  12  is  half  of  24  ;  and  if  we  take  like  multiples  A  X  a,  Axb, 

of  the  quantities  a  andb,  and  other  like  multiples  B  X  a,  B  X  b,  of  the  fame 

quantities  a  and  b,  the  four  quantities  A  X  a,  Axb,  BXa  and  Exb  are 

proportional,  for  AXa  compared  with  AX b  is  of  the  fame  magnitude  as  a 

compared  with  b,  and  B  X  a  compared  with  Bx  b  is  alfo  of  the  fame  mag- 
nitude as  a  compared  with  b. LV, 

In  any  triangle  A  G  g,  If  a  line  E  e  be  drawn  parallel  to  either  of  the 

fides  as  Gg,  the  fide  KG  will  be 
to  AE,  as  Ag  to  Ae,  or  as  Gg 
to  Ee.  To  demonftrate  this,  up- 

on the  line  AG  take  the  line  A  B 

fuch  that  a  certain  multiple  of  it 

may  be  equal  to  AE,  and  another 

multiple -of  it  may  be  equal  to 
A  G ;  this  may  be  always  done 
accurately  when  AE  and  AG 
are  commenfurable  ;  if  they  are 
not  accurately  commenfurable,  the 

quantity  A  B  may  be  taken  fo  fmall,  as  that  certain  multiples  of  it  may  dif- 
fer from  AE  and  AG,  only  by  quantities  lefs  than  any  affignable.  On  the 

line  AG,  take  BC,  CD,  DE,  EF,  FG,  &c.  each  equal  to  AB,  and  through 
thefe  points  draw  the  lines  Bb,  Cc,  Sec.  parallel  to  Gg,  cutting  the  line 
Ag  in  the  points  b,  c,  d,  e,  &c.  draw  alfo  the  lines  BM,  CL,  DK,  &c. 
parallel  to  Ag,  cutting  the  former  parallels  in  the  points  N,  O,  P,  &c.  and 
the  line  Gg  in  the  points  M,  L,  K,  &c.  Then  the  triangles  A  Bb,  BC  N, 
C  D  O,  &c  are  fimilar  and  equal  to  each  other  ;  for  the  lines  Bb,  Cc  are 

parallel,  therefore  the  angle  ABb=BCN  (by  Art.  33,)  and  by  the  fame 
article  the  angle  BA  b  is  equal  to  CBN  (becaufe  BN  is  parallel  to  A  b,)  and 
by  conitruclion  AB=BC,  therefore  (by  Art.  39,)  the  triangles  ABb  and 
B  C  N  are  equal  to  each  other  ;  and  in  the  fame  manner  we  may  prove  that 
the  others  CDO,  DEP,  EFQ,  Sec.  are  equal  to  ABb.  Therefore  Ab= 
BN=CO=DP,  &c.  and  Bb=CN=DO=EP,  Sec.  but  (by  Art.  51) 
BN=bc,  CO=cd,  DP=de  ;  therefore  the  line  Ab=bc=cd=de,  &c. 

and  fince  (by  conjlruftion)  AB=BC=CD,  Sec.  any  line  AE  will  be  the 
fame  multiple  of  A  B  as  the  correfponding  line  A  e  is  of  A b  ;  and  AG  is 
the  fame  multiple  of  A  B  as  A  g  is  of  A  b  ;  therefore  the  lines  AG,  A  E, 

Ag,  Ae  will  be  proportional  (by  Art. 5  4.)  ;  that  is,  AG  will  be  to  AE  as 
A  g  is  to  Ac,  and  in  a  ilmilar  manner  we  may  prove  that  AG  is  to  AE 

as  G  g-  is  Ui  E<% 
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•  »'/ 

tf  any  two  triangles 
ABC,  abc,  ZTizJimilar, 
<ar  have  all  the  angles  of 
the  one,  equal  to  all  the 
angles  of  the  other,  each 
to  each  refpectivelvj  that 
isCAB=cab,  ACB= 
acb,  ABC=abc  ;  the 
legs  oppofite  to  the  equal 
angles  will  be  proportion- 

al, viz-  AB:  ab  n  AC  t  ac  ;  and  AB  t  ab H  BC  ♦  be  ;  and  AC  t 
ac  tl  BC  t  be.  To  prove  this,  fet  off  upon  a  fide  AB  of  the  largcir 
triangle  AE=ab,  and  through  E  draw  ED  parallel  to  BC,  meeting  AC 
in  D,  then  fince  DE,  BC  are  parallel,  the  angle  AED  is  equal  to  ABC 
(by  Att.j,^)  and  this  (by  Juppojition)  is  equal-to  the  angle  abc  ;  alfo  the 
angle  DAE  is  [by  juppojition)  equal  to  cab,  therefore  in  the  triangles  ADE, 
abc,  the  two  angles  DAE,  AED  of  the  one,  are  equal  to  the  two  angles 
cab,  abc  of  the  other,  each  to  each  refpectively,  and  the  included  fide 
AE  is  (by  conjlrugion)  equal  to  the  included  fide  ab  ;  therefore  (by  Art. 
40)  A  D  is  equal  to  a  c,  and  D  E  equal  to  b  c  ;  but  fince  in  the  triangle 
ABC  there  is  drawn  DE  parallel  to  BC  one  of  its  fides,  to  meet  the 
otheftwo  fides  in  the  points  D.  E  ;  .therefore,  (by  the  preceding  Art.)  AB  t 

ae  :»  ac  :  ad,  and  ab':  ae  :;  bc  ;  de,  and  ac  :  ad  :: BC  t  DE  ;  if  in  thefe  three  proportions  for  DE  we  put  its  equal  bc,  for 
AE  put  ab,  and  for  AD  put  ac  ;  they  will  become  AB  \  ab  \\  AC  \ 
ac,  and  ABUbJJBCJ  bc,  and  AC  JacJtBC;  bc. 

LVII. 

The  chord,  fine,  tangent, 
<&c.  of  any  arch  in  one  circle, 
is  to  the  chord,  fine5  tangent, 
&c.  of  the  fame  arch  in  a- 
nother,  as  the  radius  of  the 
one  is  to  the  radius  of  the 
other.  Let  ABD,  abd, 
be  two  circles  ;  BD,  bd, 
two  arches  of  thefe  circles, 
equal  to  one  another,  or 
confifting  of  the  fame  num- 

ber of  degrees  ;  F  D,  f  d, 
the  tangents  ;  B  D,  b  d,  the 
chords ;  B  E,  b  e,  the  fines, 
&c.  of  thefe  two  arches 

BD,  bd  ;  and  CD,  cd,  the 
radii  of  the  circles  ;  then 
CD  will  be  to  c  d  as  FD  to 

fd,  and  CD  t  cd  :♦  BD  \ 
bd,  andCD  *  cd  \\  BEt 
b  e,  Sec.  For  fince  the  arches  B  D,  b  d,  are  equal,  the  angles  B  C  D,  b  c  d, 
are  alfo  equal,  and  FD,  fd,  being  tangents  to  the  points  D  and  d,  the  an- 

gles CDF,  cdf  are  each  equal  to  a  right  angle  (by  art.  22)  ;  therefore, 
imce  in  the  two  triangles  C  D  F,  c  d  f,  the  two  angles  F  C  D,  C  D  F  of  the 
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one,  sre  equal  to  the  two  angles  fed,  cdf,  of  the  other,  each  to  each,  the 
remaining  angle  CFD  is  alfo  equal  to  the  remaining  angle  cfd  (by  art, 
38 j  ;  consequently  the  triangles  CFD,  cfd,  are  fimilar.  The  triangles 
BCD,  bed,  are  alio  fimilar,  for  the  angle  CBD  is  equal  to  the  angle  CDB, 
being  each  fubtended  by  the  radius ;  therefore  (by  art.  38)  each  of  thefe  an- 

gles is  equal  to  half  the  fupplement  of  the  angle  BCD  ;  and  in  the  fame 
manner  the  angle  cbd  or  cdb  is  equal  to  half  the  fupplement  of  the  angle  bed, 
and  fmce  the  angle  BCD  is  equal  to  bed,  the  angles  of  thefe  two  triangles 
muft  be  equal,  confequently  they  are  fimilar.  The  triangles  BCE,  bee  are 

alfo  fimilar,  becaufe  BE  is  parallel  to  FD,  and  be  parallel  to  fd.  Hence  we' 
obtain  (from  art.  56 )  the  following  analogies.  CD+cdt+FDtfd; 
CD  t  cd  \\  B.D  :  bd,  CB  ;  cb  n  BE  :  be,  &c. 

LVIII. 
Let  A  B  D  be  a  quadrant  of  a  circle  defcribed  by 

the  radius.  CD  j  BD  any  arch  of  it,  B  A  its  comple- 
ment, BGor  CF  the  fine,  CGorBF  the  co-fine, 

DE  the  tangent,  AH  the  co- tangent,  CE  the  fecant, 
and  CH  the  co-fecant  of  that  arch  B  D.  Then  fince 

the  triangles  C  D  E,  C  G  B  are  fimilar  or  equi-angular 

we  fhall  have  [by  art.  56)  DE  J  CE  ♦  \  BG  :  CB, 
that  is,  the  tangent  of  an  arch,  is  to  the  fecant  of  the 

fame,  as  the  fine  of  it  is  to  radius.  Alfo,  C  E  *  C  D  *  * 
C  B  \  C  G  ;  that  is,  the  fecant  is  to  radius  as  the  radius 
to  the  confine  of  an  arch-  Alfo,  CFJCAJJCBJCH,  that  is,  the  fine 
is  to  radius  as  radius  to  the  co, fecant  of  an  arch  ;  and  fince  the  triangle 
C  AH  is  fimilar  to  the  triangle  CDE,  we  have  AH  {  CA  tj  CD  J  D^, 
that  is  the  co-tangent  is  to  the  radius  as  the  radius  to  the  tangent  of  an arch. LIX. 

In  all  circles,  the  fine  of  900,  the  tangent 
cf  45°,  and  the  chard  of  609,  are  each 
equal  to  the  radius.  For  in  the  circle 

DFAEB,  let  the  arch  BE  be  45  °,  the 
arch  BA  6o°,  and  BF  900.  Draw- 
through  the  centre  C  the  diameter  D  C  B, 
and  perpendicular  thereto  the  tangent  BG 
meeting  C  E  produced  in  G  ;  draw  the 
chord  B  A,  and  joinCF,  CA.  Then 

fmce  the  arch  B  F  is  900  and  the  arch 
BFD  is  1  So0  (being  a  femicircle)  the  arch 
D  F  muft  be  900,  and  therefore  the  angles  D  C  F,  B  C  F,  are  equal,  hence 
(by  art f  12)  C¥  is  perpendicular  to  DCB,  and  is  therefore  the  fine  of  the 
arch  BF  [by  Art.  19,)  hence  the  radius- C  F  is  equal  to  the  fine  of  the  arch 

BF  or  fine  of  900.  Again  in  the  triangle  C  BG,  fince  the  angle  CBG  is 
90°,  andBCG  is  450  by  fuppofition,the  angle  CGB  is  alfo  450  [by  Art. 38.) 
therefore  [by  Art.  41,)  BG  is  equal  to  CB,  that  is,  the  tangent  of  450  is 
equal  to  the  radius.  Again,  fince  the  angle  ACB  is  60°  (being  meafured  by 
the  arch  B  A,)  thefum  of  the  angles  CAB,  CB  A,  muft  be  equal  to  120° 
[by  Art.  38,)  and  fince  C  A  is  equal  to  CB,  (being  both  radii  of  the  fame 
circle)  therefore  [by  Art.  41,)  the  angle  CAB  is  equal  to  CB  A  :  Hence  ei- 

ther of  thefe  angles  is  equal  to  the  half  of  1 200,  or  equal  to  6o°  ;  confe- 
quently, each  angle  of  the  triangle  ABC  is  equal  to  60 °  ;  therefore  (by 

J$k.  41.)  the  fides  are  alfo  equal ;  hence  the  chord  of  6o°,  or  BAj  is  equal $0  the  radius  CB. 
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THE  four  following  propofitions  contain  the  demembration  of  the  rules 

by  which  all  the  calculations  of  trigonometry  may  be  made:  they  were  in- 

fe'rted  here,  in  order  to  prevent  any  embarraffment  to  the  young  calculator, 
from  the  introduction  of  the  demonftrations  among  the  precepts  forcalcuhu 
tion, 

LX. 

Ik  any  plane  triangle,  thefdes  are  proportional  to  the  fine:  of  the  cppofte 
angles. 

Let  A  B  C  be  the  triangle  ; 
produce  the  lefler  fide  A  B  to 
F,  making  A  F  equal  to  B  C  ; 
from  B  and  F  let  fail  the  per- 

pendiculars BD,  FE,  upon  AC 
(produced  if  neceffary)  ;  then 
F  E  is  the  fine  of  the  .angle  A, 
and  BD  is  the  fine  of  the  angle 
C,  the   radius  being  BC  equal 
toAF:  now  the  triangles  A  B 
D,  AFE,  having  the  angle  A 
common  to  both,  and  the  angle 
D  equal  to  the  angle  E  (being 
each  equal  to  a  right  angle) 
arefimilar  ;  hence  (by  Art. 56.) 
as  AF  (or  its  equal  BC)  is  toQ 
AB,  fo  is  FE  to  BD  ;  that  is, 

EC  is  to  AB  as  the  fine  of  the  angle  A  is  to  the  fine  of  the  angle  C* 

LXI. 

In  any  triangle  (fuppojing  any  Jide  to  be  the  bafe,  and  calling  the  other 
tive  the  Jldet)  the/um  of  the  Jides  nvill  be  to  their  difference,  as  the  tangent  of 
half  the  fum  of  the  angles  at  the  bafe.  Is  to  the  tangent  of  half  the  difference 
of  the  fame  angles. 

Thus,  in  the  triangle  ABC,  if  we  call 
AB  the  bafe,  it  will  be  as  the  fum  of  AC 
and  CB  is  to  their  difference,  fo  is  the  tan- 

gent of  half  the  fum  of  the  angles  ABC, 
BAC,  to  the  tangent  of  half  their  difference. 
Dem.  With  the  longeft  leg  CB  as  radi- 

us, defcribe  a  circle  about  the  centre  C, 

meeting  the  ihorter  fide  AC  (produced  on ' 
each  fide)  in  the  points  D  and  E,  join 
EB,  DB  ;  draw  AH  perpendicular  to  DB, 
and  AF  perpendicular  to  EB ;  then  [by  Art. 
44..)  the  angle  EBD,  being  in  a  femicircle,  is 
a  right  angle  ;  and  fince  AH  is  perpendicu- 

lar to  DB,  the  lines  AH  and  EB  are  parallel  (by  Art.  36.};  therefore  (by 
Art.  35.)  the  angle  D AH  is  equal  to  DEB,  and  (by  Art.  32.)  the  angle 
ABE  is  equal  to  BAH,  and  fince  AF  is  perpendicular  to  EB,  the  tri- 

angles AHD,  AFE,  are  fimilar,  and  AF  is  equal  to  HB.  Moreover 
fince  C  B  is  equal  to  C  D  or  C  E ;  A  D  is  the  fum  and  A  E  is  the  difference 
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of  the  legs  AC,  CB  :  likewife  (by  Art.  35,)  the  angleBCDis  equal  to  the 

ikra  of  the  angles  B  AC,  ABC,  and  therefore  (by  Art.  4.2,)  the  angle  DEB,  or  it?' 
equal  I>  A  H,  is  equal  to  half  the  fum  of  the  angles  at  the  bafe  ABC,  B  A  C. 
Again  (by  Art,  35,)  the  angle  BAG  is  equal  to  the  fum  of  the  angles  CE  B 
£or  CBEj  and  ABE,  and  therefore  is  equal  to  the  fum  of  the  angle  ABC, 
and  twice  the  angle  ABE;  hence  the  angle  A  B  E  or  its  equal  BAH,  is 

equal  to  half  the  difference  of  the  angles  at  the  bafe.  But  in  the  right  an- 
gled triangles  AHD,  AHB,  making  AH  radius,  the  legs  DH,  HB  are 

ihe  tangents  of  the  angles  DAH,  BAH,  or  the  tangents  of  half  the  fum 
and!  half  the  difference  of  the  angles  at  the  bafe  ;  but  by  reafon  of  the  fimi- 

lar  triangles  AHD,  AFE,  we  have  ADJAEJ  tDHJAF  or  HB  ;  that 
is,  A  D,  the  fum  of  the  legs  A  C  and  C  B,  is  to  A  E  their  difference,  as  D  H 
the  tangent  of  half  the  fum  of  the  angles  at  the  bafe  (the  radius  being  A  H) 

isto-HB  the  tangent  of  half  the  difference  of  the  fame  angles,  (to  the  fame 
radius,):  and  therefore  (by  Art,  57,]  as  the  tabular  tangent  of  half  the  fum 
cf  the  angles  at  the  bafe,  is  to  the  tabular   tangent  of  half  the  difference  of 
the  fame  angles. 

LXII. 

If  to  half  the  difference  of  f<wo  quantities  he  added  half  their  fum,  the 
fum  Hizdl  be  the  greater  of  them  ;  and  if  from  half  their  fum  be  JubtraElstt 
the  half  of  their  difference,  the  remainder  nvill  be  the  leaf  of  them. 

jy 

i 
B C Dem.  Let  the  two  quantities  be  a 

reprefented  by  the  lines  AB  and  BC  j_ 
(malting  one  continued  line)  whereof 

AB  is  the  greater,  and  BC  the  letter  ;  bifeft  AC  in  E,  and  make  AD  equal 
to  BC  ;  then  it  is  plain  that  AC  is  the  fum  and  DB  the  difference  of  the 
two  quantities,  and  AE  or  EC  the  half  fum,  and  DE  or  EB  their  half  dif- 

ference :_  now  if  to  AE  we  add  EB,  it  is  evident  that  the  fum  will  be  AB  j 
that  is,  if  to  half  the  fum  we  add  half  the  difference,  the  fum  will  be  the 
greater  quantity  \  alfo,  if  from  EC  we  take  EB,  the  remainder  will  be  BC, 
that  is,  if  from  half  the  fum  we  take  half  the  difference  of  two  quantities, the.  remainder  will  be  the  leaft  of  them. 

LXIII. 

In  any  plane  triangle  ABC,  hi  fall  from  C,  the  line  CD  perpendicular  to 
the  bafe  AB,  dividing  it  into  two  fegments  AD,  DB;  bifeft  the  bafe  AB. in  the  point  H  ;  then, 
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As  the  bafe  AB  is  to  the  fum  of  the  fide:,  AC,  EC,  fn  is  the  difference  of 
tbefidts  to  twice  the  difiance  DH  of  the  perpendicular  from  the  middle  cf  the 
bafe. 

Dem.  With  the  greater  fide  CR  a*  radius,  defcribe  about  the  centre  C  the 
circle  BFGE, meeting  the  other  fide  produced  in  the  points  E  and  F,and  the 
bafe  AB  produced  in  G  ;  join  GF  and  BE.  Then  AE  is  the  fum,  and  AF 
the  difference  of  the  fides  AC,  CB  ;  and  fince  CD  is  perpendicular  to  GB0 
the  line  GB  is  bifefted  in  D  [bj  art.  45)  and  as  AB  is  bifeclcd  in  H,  the  line 
AG  is  equal  to  twice  DH.  Now,in  the  triangles  B  AE,GAF,  the  angles  ABE, 
GFA  are  equal  [by  Art.  43),  and  the  angle  BAE  is  equal  to  GAF  [by  An. 
30.)  therefore  the  remaining  angles  AEB,  AGF,  mud  be  equal  ;  hence 
the  triangles  BAE,  GAF,  are  fimilar  ;  confequently  (by  Art.  $6.)  AB  ; 
AE  :  :  AF  :  AG,  or  twice  HD,  which  is  the  propofition  to  be  demonftra- 
ted.  Having  thus  obtained  HD,  we  may  find  the  fegments  AD,  DB,  by 
adding  HD  to  the  half  bafe  HA  or  HB,  and  by  taking  their  difference. 

LXIV. 

In  any  plane  triangle)  the  fquare  of  radius  is  to  the  fquare  of  the  co-fine  of 
either  of  the  angles ,  as  the  reclangle  contained  by  the  t-ivo  fides  including 
that  angle  is  to  the  reclangle  contained  by  the  half  fum  of  the  fides  s  and  that 
halfjum  decreafed  by  thejide  oppofite  to  that  angle. 

Thus  in  the  triangle  CBE, 
the  fquare  of  radius  is  to  the 

•fquare  of  the  co-fine  of  half 
the  angle  C,  as  the  rectangle 

CB+CE+BE 
CBxCEisto   

2 

CB-fCE— BE 

X   .     For  continue  EC  to  A,  making  C  A  —CB,  draw  ED  per- 
2 

pendiculartoCE,bifecl:CEinH,andjoin  AB.  Then(fuppofingCB  to  be  great- 
er than    EB)     we   have    [by Art.  63.)    CE    :    CB-fBE    ::    CB  — BE 
CB2— BE2 

:     ■      =    2  •  H  D  ;     by    adding    half   of   this    to    Cli    half 

CE  
° 

CB2— BE2-fCE2 
the     bafe,     we    have    the    fegment    C  TV  —     .     t0> 2-CE 

CB2—  BE2-fCE2-f2CE-C3 

this,  adding  CA  or  CB,   we  have  AD—   —   _  — - 

_____    ""  ________        2*CE CB+CE!2— BE2        CB+CE-f-BExCB-r-CE— BE 
  .       Again,    AD  _ 

-CE  2-CE 

AC+CD  _  CB-fCD  ;  hence  Ti5]2_  CB2+  _  CB-  CD+CD2  ;  alfo, 
BD2  _  CB»  — CD2  ;  hence  AB2  __  AD2 -f-  BD2  _2-CB2  +l  CB  •  CD— 
?.-CB,  CB-f-CD  —  zCB  •  AD  :  hencq  AB2  ;    AD2    : :  z'CB  :  AD  __ 
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CB-f-CE-f-BE  *  CB+CE— BE 
  •   ;  but  AB  being  radius,  AD  is  the  co-fine 

2CE 
of  the  angle  A,  which  is  equal  to  half  the  angle  C  {by  Art.  42.) ;  therefore 
the  fquare  of  radius  is  to  the  fquare  of  the  co-fine  of  half  the  angle  C,  as  the 

CB-r-CE-fBE       CB-fCE— BE 
?e£langle  CE  •  CB  is  to  the  re&angle     .    0 

2  2 

The  other  cafes  of  this  proportion  are  demonftrated  in  the  fame  manner* 
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GEOMETRICAL  PROBLEMS. 

>  xtltUIUIiUI*  < 

,      PROBLEM     I. 

To  drain  a  Right  Line  CD  parallel  to  a  given  Right  Line  AB,  at  any  giv* 

en  dtfiances  a;  at  the  -point  D. 

y  \f  ITH  a  pair  of  compafles  take  the  near- 
eft  diftance  between  the  point  D  and  the  giv- 

en right  line  AB ;  with  that  diilance  kt  one 

•-  C 

\) A 

— *— B 

/ 

(V
 

\ 

f\ 

/ 
/ 

y"
 

foot  of  the  compafles  any  where  on  the  line  AB,  as  at  A,  and  draw  the 
arch  C  ;  from  the  point  D  draw  a  line  fo  as  juft  to  touch  the  arch  C,  and  it 
Is  done  ;  for  the  line  CD  will  be  parallel  &>  the  line  AB.,  and  at  the  diftance 
of  the  point  given  D/as  was  required, 

PROBLEM    II. 

To  bifeft  or  divide  a  given  line  AB  into  two  equal  parts. 

Take  any  diftance  in  your  compafles 
greater  than  half  the  line  A  B,  then  with 
one  foot  in  B,defcribe  the  arch  CFD  ;  with 
the  fame  diftance,  and  one  foot  in  A,  des- 

cribe the  arch  C  G  D  ;  cutting  the  former  A. 
arch  in  C  and  D  ;  draw  the  line  C  D,  and 
it  will  bifeft  A  B  in  the  point  E. 

PROBLEM     IIL 

"To  ereSia  perpendicular  BA  on  the  end  of  a  given  Right  Line  DB. 

Take  any  extent  in  your  compafles,  and  with 
one  foot  in  B  fix  the  other  in  any  point  C  with- 

out the  given  line  ;  then  with  one  point  of  the 
compafles  in  C,  defcribe  with  the  other  the  cir= 

■cle  ABD  ;  through  D  and  C  draw  the  diameter 
DCA  meeting  rhe  circle  in  A  j  join  B  and  A 
and  it  is  done  ;  for  B  A  will  be  the  required  line 
(by  Art.   44,  GeomJ 

Or  thus, 

Take.any  convenient  diftance  as  DA  in  your 
compafles,  and  with  one  foot  in  D  defcribe  the 

arch  AFG,  upon  v/hich  fet  off"  the  fame  diftance 
from  A  to  F,  and  from  F  to  G  ;  upon  F  and  G 
defcribe  two  arches  interfering  one  another  in 
H  ;  draw  a  line  from  H  to  D,  and  it  is  done  j 
for  HD  will  be  the  perpendicular  required. 
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PROBLEM  IV. 

From  a  given.  Point,  as  C,  to  let  full  a  Perpendicular  CO  on  a  given  Right 'Line  AB. 

Take  any  extent  in  your  compares  greater  {% 
than  the  leaft  diftance  between  C  and  the  giv- 

en line  AB  ;  with  one  foot  in  C,  defcribe  an 
arch  to  cut  the  given  line  AB  in  F  and  G  ;         ._ 
with  one  foot  in  G  defcribe  an  arch,  and  with 

the  fame  diftance,  and  one  foot  in  F,  defcribe     Ajs—   

another  arch  cutting  the  former  inD;  from  *%^  ,,.••'     ** 

C  to  Ddraw  the  line  COD,  cutting  AB  in  Q  j  '"*"''"- "T«* then  CO  will  be  the  perpendicular  required. 

PROBLEM  V. 
D 

From  a  given  Point  C  to  let  fall  a  Perpendicular.  CB  on  fl  given  Line  AB, 
<zvhen  the  f aid  Perpendicular  is  to  fall fa  near  the  end  of  the  given  line  that 
it  cannot  be  done  as  above. 

Upon  any  point  A'  of  the  line  AB  as  a centre,  and  with  the  diftance  AC  defcribe  an 
arch  E  ;  chufe  any  other  point  in  the  line 
AB,  as  D,  and  with  the  diftance  DC  defcribe 
another  arch  interfering  the  former  in  E, 
jqiii  CE  cutting  AB  in  B,  and  it  is  done  ;  for 
CB  will  be.  the  perpendicular  required? 

2>\ 

>*IC 

IB 

PROBLEM  VI. 

<sffc 

To  make  Plane  Angles,  and firft  a  Right  Angle,  containing  90  Degree^ 
Draw  the  line  C  A  ;  on  C  erefl  a  perpendic,  1> 

ular  CD,  and  it  is  done  ;  for  the  angle  DCA 

is  an  angle  of  90°.  Or  thus,  on  the  point  C,  H 
with  the  chord  of  6q°*  defcribe  an  arch  GH, 
and-fet  off  thereon  from  G  to  H  the  diftance  cf 

the  chord  of  900  and  from  C  through  H  draw 
CHD,  which  will  form  the  angle  DCA.  of  990 
yequjred» 

FROBLEM  VII. 

To  make  an  Acute  Angle  equal  to  any.  number  of  degrees , 

Draw  the  line  BC  ;  with  the  chord  of  60  °  or 

radius,  in  your  companies,  and  one  foot  on  C draw  the  arch  FB,  on  which  fet  off  from  B  to  F, 

the  given  angle36|Qtaken  from  the  line  of  chords ; 
through  F  and  the  centre  C  draw  the  right  line 
AC,  and  it  is  done;  for  the  angle  ACB  will  be  ̂  

an  angle  of  36°  30',  as  was  required. 
t  For  a  description  of  the  line  of  chords,  fee  pafje  4.5. 
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PROBLEM  VIIL 

To  make  an  Gbtnfe  Angle  that  /hall  contain  It'f  2«/, 

Draw  GB ;  take  the  chord  of  6o°  in  your 
Compaffes,  and  with  one  foot  on  G  defcribe 
an  arch  BGHE*  upon  which  fet  off  the  chord 

of  66°  (which  70a  already  have  in  your  com- 
p^affes)  from  B  toGj  and  from  G  toH  ;  then 
fet  offfrbm  G  to  E,  the  excefs  of  the  given 

angle  above  6o°,  which  is  6y^°  taken  from 
the  line  of  chords  ;  or  you  may  fet  off  from 

H  to  E,  the  excefs  of  the  given  angle  above  1200,  which  is  y^°  ;  draw  the 
line  CE,  and  it  is  done ;  for  the  angle  ECB  will  be  an  angle  of  1270  2c/« 

PROBLEM  IX. 

To  blfe  8  a  gi<i>en  arch  of  a  circle  AB>  ivhofe  centre  is  Ci 

Take  in  youocompaffes  any  extent  greatef 
than  the  half  of  AB,  and  with  one  foot  in  A^ 
defcribe  an  arch  ;  with  the  fame  extent  and 

one  foot  in  B,  defcribe*  another  arch  cutting 
the  former  in  D  ;  join  CD  and  it  is  done  ;  for 
this  line  will  bifeft  the  arch  AB  in  Che  point 
E.  It  is  alfo  evident  that  the  line  CD  bifecls 

the  angle  BCA,  or  divides  it  into  two  equal 

parts. 

PROBLEM    X 

To  find  the  centre  of  a  given  circle* 

With  any  radius^  and  one  foot  in  the  cir- 
cumference as  at  A,  defcribe  an  arch  of  a 

circle,  as  CBD,  cutting  the  given  circle  in  B  ; 
with  the  fame  extent,  and  one  foot  in  B*  de- 

fcribe another  arch  CAD,  cutting  the  former 
in  C  and  D ;  through  C  and  D  draw  the  line 
CD,  which  will  pafs  through  the  centre  of 
the  circle  ;  in  like  manner  may  another  right 
line  be  drawn,  as  EFG,  which  fhall  crofa 
the  firft  right  line  at  the  centre  required. 
This  conftruclion  depends  upon  Article  4$ 
of  Geometry, 
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PROBLEM    XI.    • 

To  draw  a  circle  through  any  three  given  points  not  Jituatcd  m  a  right  line* 

Let  A,  B,  and  D  be  the  given  points  ; 
take  ia  your  compaffes  any  diitance  greater 
than  half  A  B,  and  with  one  foot  in  A,  fweep 
an  arch  EF  ;  with  the  fame  extent,,  and  one 
foot  in  B,  fweep  another  arch  cutting  the 
former  arch  in  E  and  in  F,  through  which 
points  draw  the  indefinite  right  line  EFC  ; 
then  take  in  your  compafles  any  extent 
greater  than  half  BD,  and  with  one  foot  in  B 
fweep  an  arch  GH  ;  with  the  fame  extent,, 
and  one  foot  in  D,  fweep  an  arch  cutting  the 
former  in  the  points  G,  H,  through  which 
draw  the  right  line  GHC,  cutting  the  former 
right  line  EFC,  in  the  point  C  ;  upon  the 
point  C  as  a  centre,  with  an  extent  equal  to  CA,  CB 
defcribe  the  fought  circle. 

PROBLEM    XII. 

To  divide  a  circle  into  2,  4,  8,  l6}  or  32  equal  parts» 

Firft  draw  the  diameter  through  the 
centre,  which  will  divide  it  into  two 
equal  parts  ;  bifeft  the  diameter  with 
another  right  line  perpendicular  there- 

to, and  the  circle  will  be  divided  into 
four  equal  parts  or  quadrants  :  bifect 
each  of  thefe  quadrants  again  by  right 
lines  drawn  through  the  centre,  and  it 
will  be  divided  into  eight  equal  parts  \ 
and  fo  you  may  continue  on  your  bifec- 
tions  any  number  of  times .  This  prob- 

lem is  ufeful  in  conftructing  the  mari- 
ner's compafs. 

or  CD,   as  radius^ 

PROBLEM    XIII. 

To  divide  a  given  line  into  any  number  of  equal  parts. 

Let  it  be  required   to  divide  the  line 
AB   into  five  equal  parts  :  From   the 
point  A  draw  any  line  AD,  making  an 
angle  with  the  line  AB  :  then  through 
the  point  B  draw  a  line  BC  parallel  to 
AD ;  and  from  A,  with  any  fmall  open- 

ing in  your  compaffes,   fet  off  a  number 
of  equal  parts  on  the  line  AD,  lefs  by  one  •-» 
than  the  propofed  number  (which  in  this   _^. 
example  is  4) ;   then  from  B  fet  off  the 
fame  number  of  the  fame  parts  on  the  line  BC  ;  then  join  4  and  1,  3  and  2, 
2  and  3,  1  and  4,  and  thefe  lines  will  cut  the  given  line  as  required. 

CONSTRUCTION 
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CONSTRUCTION 
OF      THE 

PLANE     SCALE. 

_   <^*505£?*s-?   

I  {I.  VV  ITH  the  radius  }rou  intend  for  your  fcale,  defcribe  a 
semicircle  ADB,  and  upon  the  centre  C  raife  the  perpendicular  CD,  ( which 
will  divide  the  femicircle  into  two  quadrants,  AD,  BDj  continue  CD  direct- 

ly to  S,  and  upon  B  raife  the  perpendicular  BT,  then  draw  the  right  lines 
BD  and  AD. 

2dly.  Divide  the  quadrant  BD  into  9  equal  parts,  then  will  each  of 
theft  be  10  degrees.  Again  you  may  fubdivide  each  of  thefe  parts  into 
£ngle  degrees  ;  and  thefe  again,  if  your  radius  admits  it,  into  minutes  or 
fome  aliquot  parts  of  a  degree  greater  than  minutes. 

3dly.  Set  one  foot  of  the  compaffes  in  B  and  transfer  each  of  the  divi- 
fions  in  the  quadrant  BD  to  the  right  line  BD,  then  is  BD  a  line  of  Chords. 

4thly.  From  the  points  10,  20,  30,  &c.  in  the  quadrant  BD  draw 
right  lines  parallel  to  CD,  till  they  cut  the  radius  CB,  then  is  the  line  CB 
divided  into  a  line  of  lines  which  muft  be  numbered  from  C  towards  B. 

5 thly.  If  the  fame  line  of  right  fines  be  numbered  from  B  towards  C,  it 

will  become  a  line  of  verfed  fines,  which  may  be  continued  to  1 3o°,  if  the fame  diviiions  be  transfered  on  the  fame  line  on  the  other  fide  of  the  centre  C. 

6thly.  From  the  centre  C,  through  the  feveral  divifions  in  the  quadrant 
BD,  draw  right  lines  till  they  cut  the  tangent  BT,  fo  will  the  line  BT 
become  a  line  of  tangents. 

7 thly.  Setting  one  foot  of  the  compaffes  in  C,  extend  the  other  to  the 
feveral  divifions  10,  20,  30,  &c.  in  the  tangent  line  BT,  and  transfer  thefe 
extents  feverally  into  the  right  line  CS,  then  will  the  line  CS  be  a  line  of 
fecants. 

Sthly.  Right  lines  drawn  from  A  to  the  feveral  divifions  10,  20,  30, 
&c.  in  the  quadrant  BD,  will  divide  the  radius  CD  into  a  line  of  femi- 
iangents. 

Qthly.  Divide  the  quadrant  AD  into  eight  equal  parts,  and  from  A 
transfer  thefe  divifions  feverally  into  the  line  AD,  then  is  AD  a  line  of 

Rhumbs,  eachdivifion  anfwering  to  n°  15'  upon  the  line  of  chords.  The 
ufe  oi  this  line  is  for  protracting  and  meafuring  angles,  according  to  the  com- 

mon divifion  of  the  mariner's  compafs.  If  the  radius  AC  be  divided  into 
100  or  1000,  Sec.  equal  parts,  and  the  lengths  of  the  feveral  fines,  tangents, 
and  fecants,  correfponding  to  the  feveral  arches  of  the  quadrant,  bemeafured 

thereby,  and  thefe  numbers  be  fet  down  in  a  table,*  each  in  its  proper  column, 
you  will  by  thefe  means  have  a  triangular  canon  of  numbers  by  which  the 
feveral  cafes  in  Trigonometry  may  be  folved.  Right  lines  graduated  as 
above,  being  placed  feverally  upon  a  ruler,  form  the  inftrument  called  the 
Plane  Scale,  by  which  the  lines  and  angles  of  all  triangles  may  be  mealured- 

All  right  "lines,  as  the  fides  of  plain  triangles,  Sec.  when  they  are  considered fimply  as  fuch  without  having  any  relation   to   a  circle,    are   meafurcd  by 

*  la  Table  XXII,  is  given  the  Cms  and  EO-fme  to  every  minute  of  tjc  quadrant,  to  fi ce^of  decimal?. 
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fcales  of  equal  parts^  one  of  which  is  fubdivided  equally  into  10,  ana  this 
fervcs  as  a  common  divifion  to  all  the  reft.  In  rhoft  fcales  an  inch  is  tak-r^ 
for  a  common  meafure,  to  determine  their  largenefs  and  number  of  parts  i 
what  an  inch  is  divided  into,  is  generally  fet  at  the  end  of  the  fcale,-  By  any 
fcale  of  equal  parts^divided  as  above,  any  number  lefs  than  1 00  may  be  readily 
taken;  but  if  the  number  mould  confift  of  three  places  offigures,  the  value  of 
the  third  figure  can  only  beguefled  at ;  wherefore  in  thefe  fcales  it  is  better  toi 
ofe  a  diagonal  fcale,  by  which  any  number  of  three  figures  may  be  exactly 
found.  The  figure  of  this  fcale  is  given  in  the  adjoined  plate  j  its  con- 
flruftion  is  as  follows  : 

Having  prepared  a  ruler  of  convenient  breadth  for  your  fcale,  (which 
may  be  an  inch  more  or  lefs)  Firft,  near  the  edges  thereof,  draw  two  right 
lines,  afT  eg,  parallel  to  each  other  ;  then  divide  one  of  thefe  lines  as  af,  in- 

to equal  parts,  according  to  the  largenefs  you  intend  your  fcale  ;  and 
through  each  of  thefe  divifions  draw  perpendicular  right  lines  as  far  as  the 
line  eg  ;  next  divide  the  breadth  into  1  o  equal  parts,  and  through  each  of 
thefe  divifions  draw  right  lines  parallel  to  the  former  af  and  eg  ;  again  di- 

vide the  lengths  ab,  cd,  each  into  10  equal  parts,  and  from  the  point  a  to 
the  firft  divifion  in  the  line  cd,  draw  a  right  line  ;  then,  parallel  to  that 
•line,  draw  right  lines  through  all  the  other  divisions*  and  the  fcale  is  done* 

Befides  the  lines  already  mentioned,  there  is  another  on  the  plane  fcale 
marked  ML,  which  is  joined  to  a  line  of  chords  j  and  fhews  how  many 
miles  eafting  or  wefting  make  a  degree  of  longitude  in  every  latitude  ;  thefe 
feveral  lines  are  generally  put  on  one  fide  of  a  ruler,  two  feet  long  ;  and  on 
the  other  fide  is  laid  down  a  fcale  of  the  logarithms  of  the  fines,,  tangents-, 
and  numbers,  which  is  commonly  called  Gunter's  Scale,  and  as  it  is  of  gen« 
eral  ufe,  it  requires  a  particular  defcription,, 
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GUNTER's     SCALE. 

G 
"UNTER's  Scale  hath  fet  upon  it  thefe  eight  lines  following  : 

ift.  Sine  Rhumbs  marked  (SR)  is  a  line  which  contains  the  logarithms* 

of  the  natural  fine  of  every  point  of  the  mariner's  Compafs  figured  from  the 
left  hand  towards  the  right,  with  i,  2,  3,  4,  c,  6,  7,  to  8,  where  is  a  brafs 
pin.   This  line  is  alfo  divided,  where  it  can  be  done,  into  halves  and  quarters. 

2d.  Tangent  rhumbs  marked  (TR)  alfo  corrcfponds  to  the  logarithm  of 
the  tangent  of  every  point  of  the  compafs,  and  is  figured  1 ,  2,  3,  to  4,  at  th$ 

right  hand  where  there  is  a  pyi,  and  from  thence  towards  the  left  hand  with ' 
5»  6,  7  ;  it  is  alfo  divided,  where  it  can  be  done,  into  halves  and  quarters. 

3d.  The  Line  of  numbers  marked  (Num.)  contains  the  logarithms  of 
the  numbers,  and  is  figured  thus  ;  near  the  left  hand  it  begins  at  1,  and  to- 

wards the  right  hand  are  2,  3,  4,  5,  6,  7,  8,  9  ;  aud  then  1  in  the  middle,  at 
which  is  a  brafs  centre  pin,  going  ftill  on  2,  3,  4,  £,  6,  7,  S,  9,  and  10  at  the 
end,  where  there  is  another  centre  pin.  The  values  of  thefe  numbers  and 
their  intermediate  divifions  depend  on  the  eftimated  values  of  the  extreme 

numbers  1  and  10;  and  as  this- line  is  of  great  importance,  I  {hall  be  more 
particular  in  the  defcription  cf  it  and  its  ufes.  The  firft  1  may  be  counted  for 
1  or  10,  or  100,  or  iooo,  and  then  the  next  2  is  accordingly  2,  or  20,  or  200,  or 
2000,  fee.  Again,  the  firft  1  may  be  reckoned  1  tenth,  or  1  hundredth,  or 
1  rhoufandth  part,  fee.  then  the  next  is  2  tenth,  or  2  hundredth,  or  t; 
thoufandth  parts,  &c.  fo  that  if  the  firft  1  be  efteemed  1,  the  middle  1  is 
then  10,  and  2  to  its  right  is  20,  3  is  30,  4  is  40,  and  ten  at  the  end  is  100  ; 
again  if  the  firft  1  is  1  o,  the  next  2  is  20,  3  is  30,  fo  on,  making  the  middle  1 
now  100,  the  next  2  is  20c,  3  is 300,  4  is  40c,  and  10  at  the  end  is  now  _ioo9. 
In  like  manner  if  the  firft  1  be  efteemed  1  tenth  part,  the  next  2  is  2  tenth 
parts,  and  the  middle  1  is  1,  and  the  next  2  is  2,  and  10  at  the  end  is 
now  10.  Again,  if  the  firft  1  be  counted  1  hundredth  part,  the  next  is* 
hundredth  parts,  the  middle  one  is  now  10  hundredth  parts  or  one  tenth 
part,  and  the  next  2  is  two  tenth  parts,  and  10  at  the  end  is  now  but  one 
whole  number  or  integer. 

As  the  figures  are  increafed  or  diminifhed  in  their  value,  fo  in  like  man. 
ner  muft  all  the  intermediate  ftrokes  or  fubdivifions  be  increafed  or  dimin- 

ished ;  that  is,  if  the  firft  one  at  the  left  hand  be  counted  r,  then  2  (next 
following  it)  is  2,  and  each  fubdivifion  between  them  now  is  1  tenth 
part,  and  fo  all  the  way  to  the  middle  1,  which  now  is  10,  the  next  two  is 
20,  now  the  longer  ftrokes  between  1  and  2  are  to  be  counted  from  1  thus 
n,  12  (where  is  abrafspin)  then  13,  14,  15,  fometimes  a  longer  ftroke  than 
the  reft,  then  16,  17,  18,  19,  20,  at  the  figure  2;  and  in  the  fame  manner 
the  fhort  ftrokes  between  the  figures  2  and  3,  3  and  4,  4  and  5,  &c.  are  to 
be  reckoned  as  units.  Again,  if  1  at  the  left  hand  be  10,  the  figures  between 
it  and  the  middle  1  are  common  tens  ;  and  the  fubdivifions  between  each 
figure  are  units  ;  from  the  middle  1  to  10  at  the  end,  each  figure  is  fo  ma- 

ny hundreds  ;  and  between  thefe  figures  each  longer  divifion  is  10.  From 

tr*iis  defcription  it  will  be  eafy  to  find  the  divifions  reprefenting  any  given 
number,  thus  ;  Suppofe  the  point  reprefenting  the  number  12,  were  re. 
quired  :  Take  the  divifion  at  the  figure  1,  in  the  middle  for  the  firft  figure 
pt  12  ;  then  for  the  fecond  figure  count  two  tenths,  or  longer  ftrokes  to  the 
fight  hand,  and  this  laft  is  the  point  reprefenting  1 2,  where  the  brafs  pin  is. 
r   —     .   . 

*  The  defcription  and  ufei  of  thefe  logarithms  will  be  given  in  pg?  54,  et  fe<j. 
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Again,  fuppofe  the  number  22  were  required ;  the  firft  figure  being  2,  I 
tike  the  divifion  to  the  figure  2,  and  for  the  fecond  figure  2,  count  2  tenths 
onwards,  and  that  is  the  point  reprefenting  22. 

Again,  fuppofe  1 728" were  required;  for  the  firft  figure  r,  I  take  the 
middle  1,  for  the  fecond  figure  7,  count  onwards  as  before,  and  that  is  1700. 
And  as  the  remaining  figures  are  28  or  nearly  30,  I  note  the  point  which 
Is  mmly  -£?  of  thediftanee  between  the  marks  7  and  8,  and  this  will  be  the 
point  reprefenting  1728. 

If  the  point,  reprefenting  435,  was  required  ;  from  the  four  in  the 
fecond  interval  count  towards  5  on  the  right,  three  of  the  larger  divifionsr 
3?.d  one  of  the  fmaller  (this  fmailer  divifion  being  midway  between  the  mark;; 

g  'ltd  4)  and  that  will  be  the  divifion  exprefling  435,  and  the  like  of  other 
numbers,  which  by  a  little  practice  is  readily  done* 

All  fraction^  found  in  this  line  muft  be  decimals;  arid  if  they  are  not, 
th^y  mail  be  reduced  into  decimals,  which  is  eafily  done  by  extending  the 
compafles  from  the  denominator  to  the  numerator;  that  extent  laid  the 
fine  way,  from  1  in  the  middle  or  right  hand,  will  reach  to  the  decimal 
sequired. 
Example.  Required  the  decimal  fraction  equal  to  \  :  Extend  from  4  to 

3  ;  that  extent  will  reach  from  1  on  the  middle  to  ,75  towards  the  left 
inziid  ;.  the  like  may  be  ohferved  of  any  other  vulgar  fraction,. 

Multiplication,  is  performed  on  this  line,  by  extending  from  one  to  the 
multiplier  ;   that  extent  will  reach  from  the  multiplicand  to  the  product. 

.Suppcfe,  for  example,  it  were  required  to  find  the  product  of  16  multi- 
plied by  4,  extend  from  1  to  4,  that  extent  will  reach  from  1 6  to  64,  the 

product  required. 
Divifion  being   the  reverfe  of  multiplication,  therefore  extend  from  the 

dtviicr  to  unity,  that  extent  will  reach  from  the  dividend  to  the  quotient. 
.  Strppofe  64  to  be  divided  by  4  ;   extend  from  4  to  1,  that  extent  will 

resch  from  64  to  16,  the  quotient. 
N.  B.  This  extent  in  divifion  is  to  be  taken  backwards,  or  to  the  left 

band,  from  the  dividend  to  the  quotient ;  but  in  multiplication  it  is  taken 
fcr-y aid,  or  to  the  right  hand,  from  the  multiplicand  to  the  product,  they 
being  contrary  to  one  another. 

•Proportion,  or  the  Rule  of  Three,  being  performed  by  multiplication  and 
idlvifion,  therefore  extend  from  the  firft  term  to  the  fecond,  that  extent  will 
reach  from  the  third  term  to  the  fourth.  And  it  ought  to  be  particularly 
noted,  that  if  you  extend  to  the  left,  from  the  firft  number  to  the  fecond, 
you  muft  alio  extend  to  the  left,  from  the  third  number  to  the  fourth  ;  and 
the  contrary. 

Example,  If  the  diameter  of  a  circle  be  7  inches,  and  the  circumference 
22,  what  is  the  circumference  of  another  circle,  the  diameter  of  which  is 

14  inches  ? — Extend  from  7  to  22,  that  extent  will  reach  from  14  to  44  the 
fame  way. 

In  like  manner  may  any  other  proportion  of  any  denomination  be  work- 
ed, which  makes  this  line  of  general  ufe,  particularly  in  meafuring  fuperfices 

and  folids,  which  is  done  by  extending  from  one  to  the  breadth,  that  extent 
will  reach  from  the  length  to  the  fuperficial  content. 

Example.  Suppofe  a  plank  or  board,  15  inches  broad,  and  27  feet  long, 
tilt;  content  of  which  is  required. — Extend  from  1  to  1  foot  3  inches  (or 
1,25)  ;  that  extent  will  reach  from  27  feet  to  3 3,75  feet,  the  fuperficial  con- 

tent.    Or  extend  from  12  inches  to  15,  &c. 
.   The  foiid  content  of  any  bale,  box,  cheft,  &c.   is  found  by  extending 

from  1   to  the  breadth  ;  that  extent  will  reach  from  the  depth  to  a  fourth' 
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number,  and  the  extent  from  1  to  that  fourth  number  will  reach  from  the 
length  to  the  folid  content. 

Example  ift.  What  is  the  content  of  a  fquare  pillar^  whofe  length  is  21 
feet  9  inches,  and  breadth  1  foot  3  inches  ? — The  extent  from  1  to  i,2£ 
will  reach  from  1,25  to  1,56,  the  content  of  one  foot  in  length  ;  again,  the 
extent  from  1  to  1,56  will  reach  from  the  length  21,75  to  33,98  or  34,  the 
folid  content  in  feet. 

Example  2d.  Suppefe  a  fquare  piece  of  timber,  1^25  feet  broad,  ,r6 
deep,  and  36  long,  be  given  to  find  the  content. — Extend  from  1  to  1,25  ; 
that  extent  will  reach  from  ,56  to  ,7  ;  then  extend  from  1  to  ,7  ;  that  ex- 

tent vv  ill  reach  from  36  to  25,2,  the  folid  contents  In  like  manner  may  the 
contents  of  any  bales,  &c.  be  found,  which  divided  by  40  will  give  the  ton- 
nage. 

4thly.  The  line  of  fines  marked  (Sin.)  begins  at  the  left  hand,  and  is 
figured  to  the  right  thus,  i,  2,  3,  4,  5,  &c.  to  10;  then  20,  30,  40,  &c„ 
ending  at  90  degrees,  where  is  a  brafs  centre  pin,  as  there  is  at  the  right  end 
of  all  the  lines. 

5thly.  The  line  of  verfed  fines,  marked  (V.  S.)  begins  at  the  right 

hand  againft  900  on  the  fines,  and  from  thence  figured  towards  the  left  hand 
thus,  10,  20,  30,  40,  &c.  ending  at  the  left  hand  at  about  1690  ;  each  of  .the 
fubdivifions,  from  10  to  30,  is  in  general  two  degrees,  and  from  thence  to 
90,  is  fingle  degrees,  and  from  thence  to  the  end,  each  degree  is  divided 
into  15  minutes.  _  * 

6thly.  The  line  of  tangents,  marked  (Tang.)  begins  at  the  left  hand,  as 
do  the  fines  ;  from  thence  it  is  figured  to  the  right  hand,  thus :  1,2,  3,  &c. 
to  10,  and  fo  on  20,  30,  40,  and  45,  at  the  right  hand,  where  is  a  little  brafi? , 

pin,  jufc  under  and  even  with  900  in  the  fines  ;  from  thence  back  again  it  is 
figured  50,  60,  70,  80,  &c.  to  89,  ending  at  the  left  hand  where  it  began  at 
1  degree.  The  fubdivifions  are  nearly  the  fame  as  thofe  of  the  fines,, 
When  you  have  any  extent  in  your  compaffes,  to  be  fet  off  from  any  number 

lefs  than  45  °  on  the  line  of  tangents,  towards  the  right,  and  it  is  found  t3> 
reach  beyond  the  mark  of  450,  you  mnft  fee  how  much  it  extends  beyond  that 
mark,  and  fet  it  off  from  45 °  towards  the  left,  and  fee  what  degree  it  jalb 
upon,  which  will  be  the  number  fought,  which  mufc  exceed  45 °  ;  if,  on  \ht 
contrary,  you  are  tofet  offfuch  adiftance  to  the  right,  from  a  number  great- 

er than  450,  you  muft  proceed  as  before,  only  remembering  that  the  anfw-er 
muit  be  iefi  than  45  °. 

7thly.  The  line  of  the  meridional  parts,  marked  (Mer.)  begins  at  the 
right  hand,  and  is  numbered  thus :  1  o,  20,  30,  to  the  left  hand,  where  it  ends 
at  87  degrees.  This  line,  with  the  line  of  equal  parts  marked  (EP)  under  it, 

are  ufed  together,  and  only  in  Mercator's  failing.  The  uppermoft  line  con- 
tains the  degrees  of  the  meridian,  or  latitude  in  a  Mercator's  chart  ;  and  the 

lower  is  the  eqtator  and  contains  the  degrees  of  longitude. 

G 
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DESCRIPTION    and    USE 

SECT  O  R. 

T  - JL.  HIS  inftrument  confifts  of  two  rules  or  legs,  representing  the  ra^ir, 
moveable  round  an  axis  or  joint,  the  middle, of  which  reprefents  the  centre  ; 
from  whence  feveral  fcales  are  drawn  on  the  faces  ;  fome  of  thefe  fcales  are 
fingle,  others  double;  the  fingle  fcales  are  like  thofe  upon  a  common  Gun- 

ter's  fcale,  the  double  fcales  are  thofe  which  proceed  from  the  centre  ;  each 
of  thefe  being  laid  twice  on  the  fame  face  of  the  inftrument,;  viz.  once  on 

each  leg.  From  thefe  fcales  dimenfions  or  diftances  are  to  be  taken,,- when 
the  legs  of  the  inftrument  are  fet  in  an  angular  pofition. 

The  fingle  fczles being  ufed  exactly  like  thofe  on  the  common  gunter's 
fcale  it  is  unneccCary  to  notice  them  particularly  ;  we  fhall  therefore  only 
enumerate  a  few  of  the  ufcs  of  the  double  fcales  ;  the  number  of  which  is 
feven,  viz;  the  fcale  of  Lines  marked  Lin,-  or  L,  the  fcale  of  Chords 
marked  Chd.  or  C„  the  fcale  cf  Sines  marked  Sin.  or  S.'  the  fcale  of  Tan-' 

gents  to  4j°v'and  another  fcale  of  tangents  from  450  to  about  76  °,  both  of 
which  are  marked  Tan.  or  T.  the  fcale  of  Secants  marked  Sec.  or  S.  and- 
the  fcale  of  Polygons  marked  Pol. 

The  fcales  of  lines,  chords, .  lines  and-  tangents  under  450,  are  all  of  the 
fame  radius,  beginning  at  the  centre  of  the  inftrument,  and^terminadng  near 
the  other  extremity  of  each  leg,- viz.  the  lines  at  the  divifibn-  loathe  chords 

at  60°,  the  fines  at  90%  an&  tne  tangents  at  450  ;  the  remainder  of  the 
tangents  or  thofe  above  45%  are  on  ether  fcales  beginning  at  |  of  the 

length  of  the  former,,  counted  from' the  centre,  where  they  are  marked  with 
4£°,  and  run  to  about  76  degrees.  The  fecants  alfo  begin  at  the  fame 
diftance  from  the  centre,  where  they  are  marked  with  o,  and  are  fromthence 

continued  to  750.  The  fcales  of  polygons  are  fet  near  the  inner  edge  of  the' 
legs,  and  where  thefe  fcales  begin,  they  are  marked  with  4^  and  from  thence 
are  figured  backward  Of  towards  the  centre,  to  1  z. 

In  defcribing  the  ufe  of  the  feclor,the  terms  lateral 'diftance  2.n&tra?;f<verfe 
diftance  often  occur.  By  the  former  is  meant  the  diftance  taken  with  the 
compafies  on  one  of  the  fcales  only,  beginning  at  the  centre  of  the  fector  ; 
and  by  the  lattery  the  diftance  taken  between  any  two  correfponding  divi- 
fions  of  the  fcales  of  the  fame  name,  the  legs  of  the  fector  being  in  an  angular 
pofition. 

The  ufe  of  the  Se&or  depends  upon  the  proportionability  of  the  corref- 
ponding fides  of  fimilar  triangles,  demonftrated  in  art.  55,  Geometry  ;  for 

if  in  the  triangle  ABC  we  take  AB=AC 
and  AD=AE,  and  draw  DE,  BC,  it  is 
evident  that  DE  and  BC  will  be  parallel, 
therefore  by  the  above-mentioned  propo- 

rtion AB  :  BC  ::  AD  :  DE  ;  fo  that  what- 
Tver  part  AD  is  of  AB,  the  fame  part  is 
DE  of  BC  ;  hence  if  DE  be  the  chord,  fine 
or  tangent,  of  any  arch  to  the  radius  AD, 
thenBC  will  be  the  fame  to  the  radius  AB. 
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U/e  of  the  Line  of  Lines. 

The  line  of  lines  is  ufeful,  to  divide  a  given  line  into  any  number  of 
equal  parts,  or  in  any  proportion,  Or  to  find  3d  and  4th  proportionals,  or 
mean  proportionals,  or  to  increafe  a  given  line  in  any  proportion. 

Example  i.  To  divide  a  given  line  into  any  number  of  equal  parts,  as 
fuppofe  9  :  make  the  length  of  the  given  line  a  tranfverfe  diftance  to  9  and 

9,  the  number  of  parts  propofed  ;'  then  will  the  tranfverfe  diftance  of  1  and 
1  be  one  <of  the  parts,  or  the  ninth  part  of  the  whole  ;  and  the  tranfverfe 
diftance  of  2  and  2  will  be  2  of  the  equal  parts,  or  -|  of  the  whole  line,  &c. 

Example  2.  If  a  fhip  fails  52  miles  in  8  hours,  hew  much  would  me 
fail  in  3  hours  at  the  fame  rate,-? 

Take  52  in  your  compaffes  as  a  tranfverfe  diftance  and  fet  it  off  from  S  to 
8,  then  the  tranfverfe  diftance  3  and  3  being  meafured  laterally,  will  be 
found  equal  to  1 9I,  which  is  the  number  of  miles  required. 

Example  3.  Having  a  chart  conftrufted  upon  a  fcale  of  6  miles  to  an 
Inch,  it  is  required  to  open  the  feclor,  fo  that  a  correfponding  fcale  may  be 
taken  from  the  line  of  lines  -? 

Make  the  tranfverfe  diftance  6  and  6,  equal  to  1  inch,  and  this  pofition 
of  the  fe&or  will  produce  the  given  fcale. 

Example  4.  It  is  required  to  reduce  a  fcale  of  6  inches  to  a  degree, 
Jo  another  of  3  inches  to  a  degree  ? 

Make  the  tranfverfe  diftance  6  and  6,  equal  to  the  lateral  diftance  3  and 
3  ;  then  fet  off  any  diftance  from  the  chart  laterally,  and  the  correfponding 
tranfverfe  diftance  will  be  the  reduced  diftance  required. 

Example  5.  One  fide  of  any  triangle  being  given,  of  any  lengths  to 
■meafure  the  other  two  fides  on  the  fame  fcale. 

B 

Suppofe  the  fide  A  B  of  the  triangle 
ABC  meafures  50,  what  are  the  meafures 
o£  the  other  two  fides  ? 

Take  A  B  in  your  compaffes,  and  apply  it  tranfverfely  to  $0  and  jo  % 
to  this  opening  of  the  fe&or  apply  the  diftance  A  C  in  your  compaffes  to 
the  fame  number  on  both  fides  of  the  rule  tranfverfely  ;  and  where  the  two 
points  fall  will  be  the  meafure  on  the  line  of  lines  of  the  diftance  required  ; 
the  diftance  A  C  will  fall  againft  63,  63,  and  B  C  againft  45,  45  on  the  line 
of  lines. 

U/e  of  the  line  of  Chords  on  the  Sefior, 

The  line  of  chords  upon  the  feclor  is  very  ufeful  for  protrafting  any  angle, 
when  the  paper  is  fo  fmall  that  an  arch  cannot  be  drawn  upon  it  with  the 
radius  of  a  common  line  of  chords. 

Suppofe  it  was  required  to  fet  off  an  arch  of  30%  from  the  point  C  of  the 
fmall  circle  ABC? 
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Take  the  radius  D  C  in  your  compares,  ** 

and  fet  it  off  tranfverfely  from  6o°  to  6o°  on  .»•***"*"**•♦,. 
the  chords  ;  then  take  the  tranfverfe  extent  S  '\    _ 
from  300  to  300  on  the  chords  ;  and  place  one  /*  J*\ 
foot  of  the  compaffes  in  C,  the  other  will  reach         «   ,  s'      \ 
to  E,  and  C  E  will  be  the  arch  required.  And    A  j  J>  ̂ _   i  C 
by  the  converfe  operation  any  angle  or  arch  ;  » 
may  be  meafured,    viz.    with  any  radius  de-  \  / 

fcribe  an  arch  about  the  angular  point ;  fet  \^  y* 
that  radius  tranfverfely  from  6o°  to  6o°  ;  '**   *' 
then  take  the  diftance  of  the  arch  intercepted  between  the  two  legs  and  ap- 

ply it  tranfverfely  to  the  chords,  which  will  mew  the  degrees  of  the  given 
angle. 

Note.  "When  the  angle  to  be  protracted  exceeds  6o°,  you  muft  lay  off 
6o°  and  then  the  remaining  part ;  or  if  it  be  above  120°,  lay  off  6o°  twice, 
and  then  the  remaining  part.  And  in  a  fimilar  manner  any  arch  above  6o° 
may  be  meafured. 

Ufes  of  the  lines  of  Sines,  Tangents  and  Secants, 

By  the  feveral  lines  difpofed  on  the  fe&or,  we  have  fcales  of  feveral  ra- 
dii.    So  that, 

1  ft.  Having  a  length  or  radius  given  not  exceeding  the  length  of  the 
feclor  when  opened,  we  can  find  the  chord,  fine,  &c.  of  the  fame  :  thus, 
fuppofe  the  chord,  fine,  or  tangent  of  20  degrees  ro  a  radius  of  2  inches  be 

required.  Make  2  inches  the  tranfverfe  opening  to  60°  and  6o°  on  the 
chords  ;  then  will  the  fame  extent  reach  from  45 °  to  45  °  on  the  tangents, 
and  from  90°  to  900  on  the  fines  :  fo  that  to  whatever  radius  the  line  of 
chords  is  fet,  to  the  fame  are  all  the  others  fet  alfo.  In  this  difpofition 

therefore,  if  the  tranfverfe  diftance  between  200  and  200  on  the  chords  be 
taken  with  the  compaffes,  it  will  give  the  chord  of  20  degrees  ;  and  if  the 

tranfverfe  of  200  and  200  be  in  like  manner  taken  on  the  fines,  it  will  be 
the  fine  of  20  degrees  ;  and  laftly,  if  the  tranfverfe  diftance  of-20Q  and  20° 
be  taken  on  the  tangents,  it  will  be  the  tangent  of  20  degrees  to  the  fam$ 
radius  of  2  inches. 

2dly.  If  the  chord  or  tangent  of  700  were  required.  For  the  chord, 
you  muft  firft  fet  off  the  chord  of  6o°  (or  the  radius}  upon  the  arch,  and 
then  fet  off  the  chord  of  io°.  To  find  the  tangent  of  70  degrees,  to  the 
fame  radius,  the  fcale  of  upper  tangents  muft  be  ufed,  the  under  one  only 

reaching  to  45  °  ;  making  therefore  2  inches  the  tranfverfe  diftance  to  45" 
and  450  at  the  beginning  of  that  fcale,  the  extent  between  70°  and  700  on 
the  fame  will  be  the  tangent  of  70  degrees  to  2  inches  radius. 

3dly ,  To  find  the  fecant  of  any  arch  ;  make  the  given  radius  the  tranf- 
verfe diftance  between  o  and  o  on  the  fecants  ;  then  will  the  tranfverfe  difi, 

tance  of  200  and  20°,  or  700  and  700,  give  the  fecant  of  200  or  70°, 
4thly,  If  the  radius  and  any  line  reprefenting,  a  fine,  tangent  or  fecant, 

be  given,  the  degrees  correfponding  to  that  line  may  he  found  by  fetting  the 
feftor  to  the  given  radius,  according  as  a  fine,  tangent  or  fecant  is  concern., 
ed  ;  then  taking  the  given  line  between  the  compaffes,,  and  applying  the  two 
feet  tranfverfely  to  the  proper  fcale,  and  Aiding  the  feet  along  till  they  both 
reft  on  like  divifions  on  both  legs ;  then  the  divifions  will  lhew  the  degrees 
and  parts  correfponding  to  the  given  line, 

XJfe   of  the  Vine  of  Polygons. 

The  ufe  of  this  line  is  to  inferibe  a  regular  polygon  in  a  circle.     For  ex- 
ample let  it  be  required  to  inferibe  an  octagon  in  a  circle.     Open  the  fe&oj 
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till  the  tranverfe  diftance  6  and  6  be  equal  to  the  radius  of  the  circle  ;  then 

will  the  tranfverfe  diftance  of  8  and  8  be  the  fide  of  the  inferibed  polygon. 

Ufe  of  the  Sector  In  Trigonometry. 

All  proportions  in  trigonometry  are  eafily  worked  by  the  double  Hnes 

on  the  fedor  ;  obferving  that  the  fides  of  triangles  are  taken  off  the  line 

of  lines,  and  the  angles  are  taken  off  the  fines,  tangents  or  fecants, 

according  to  the  nature  of  the  proportion.  Thus,  it  in  the  triangle 

ABC  we  have  given  AB—  $6y  AC±  64,  and  the  angle  A.BC 
.30',  to  find  the  reft.  In  this  cafe  we  have  (by 
art.  60,  Geometry)  the  following  proportions,  as 

AC  (64)  t  fineZB  (460  30')  \\  AB(5o)  \  fine 
ZC,  and  as  fine  B  :  AC  1 1  fine  A  X  BC.  There- 

fore to  work  thefe  proportions  by  the  fector,  take 
the  lateral  diftance  64  nr  A  C  from  the  line  of  lines,  and  open  the  fedor  to 

make  this  a  tranfverfe  diftance  of  460  30  'z=.  Z  B  on  the  fines  ;  then  take 
.the  lateral  diftance  56  -m  AB  on  the  lines,  and  apply  it  tranfverfely  on  the 
fines,  which  will  give  390  24'  — /C.  Hence  the  fum  of  the  angles  B  and 
£.  is  8$°  54',  which  taken  from  1800,  leaves  the  angle  A  -zr.  940  6'. 
Then  to  work  this  fecond  proportion,  the  fedor  being  fet  at  the  fame 

opening  as  before,  take  the  tranfverfe  diftance  of  940  6'  -zzz.  the  angle 
A,  on  the  fines,  or  which  is  the  fame  thing,  the  tranfverfe  diftance  of  its 

Supplement  850  54';  then  this  applied  laterally  to  the  lines,  gives  the  fought 
iide  BC  rr  88.  In  the  fame  manner  we  might  folve  any  problem  in  trig- 

onometry, where  the  tangents  and  fecants  occur ;  by  only  meafuring  the 
tranfverfe  diftances  on  the  tangents  or  fecants,  inftead  of  meafuring  them  on 
jhe  fines  as  in  the  preceding  example. 
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LOGARITHMS. 

I lN  order  to  abbreviate  the  tedious  operations  of  multiplication  and  di- 
vifion  with  large  numbers,  a  feries  of  numbers,  called  logarithms,  were  in- 

vented by  Lord  Napier,  Baron  of  Marchinfton  in  Scotland,  and  pub- 
lished in  Edinburgh  in  1614  ;  by  means  of  which  the  operation  of  multipli- 
cation was  performed  by  addition,  and  divifion  by  fubtradlion  ;  numbers 

were  involved  to  any  power  by  fimple  multiplication,  and  the  root  of  any 
power   was  extracted  by  fimple  divifion. 

In  Table  XXIV.  is  given  the  logarithm  of  every  number  from  I  to 
9999  ;  to  each  one  ought  to  be  prefixed  an  index,  with  a  period  or  dot  to 
feperate  it  from  the  other  part,  as  in  decimal  fractions ;  the  numbers  from 
t  to  100,  are  publifhed  in  that  table  with  their  indices;  but  from  100  to 
9999  the  index  is  left  out  for  the  fake  of  brevity,  but  it  may  be  fupplied  by 
this  general  rule,  viz.  the  Index  of  the  logarithm  of  any  integer ,  or  mixed 
number,  is  always  one  lefs  than  the  number  of  integer  places  in  the  natural 
number.  Thus  the  index  of  the  logarithm  of  any  number  (integer  or  mix- 

ed) between  10  and  100  is  1,  from  100  to  1000  it  is  2,  from  1000  to  1000© 
is  3,  &c.  the  method  of  finding  the  logarithms  from  this,  table  will  be  evi. 
dent  from  the  following  examples. 

Tofnd  the  logarithm  of  any  number  lefs  than  IOO. 

Rule.     Enter  the  firfl  page  of  the  table,  and  oppofite  the  given  number 
will  be  found  the  logarithm,  with  its  index  prefixed. 

Thus,  oppofite  71  is  1.85 126,  which  is  its  logarithm. 

Tofnd  the  logarithm  of  any  number  betiveen  too  and  looo. 

Rule.  Find  the  given  number  in  the  left  hand  column  of  any  table  of  log- 
arithms and  immediately  under  o  in  the  next  column  is  a  number,  to  which 

muft.  be  prefixed  the  number  2  as  an  index  (becaufe  the  number  coniifts  of 
three  places  of  figures,)  and  you  will  have  the  fought  logarithm. 

Thus,  if  the  logarithm  of  649  was  required  ;  this  number  being  found  in 
the  left  hand  column,  againft  it  in  the  column  marked  o  at  the  top  (or  bottom) 
is  found  81224,  to  which  prefixing  the  index  2,  we  have  the  logarithm  of 
649  =  2.81224. 

Tofnd  the  logarithm  of  any  number  bet-ween  lOOO  and  IOOOO. 

Rule.  Find  the  three  left  hand  figures  of  the  given  number,  in  the  left 
hand  column  of  the  table  of  logarithms,  oppofite  to  which  in  the  column 
that  is  marked  at  the  top  (or  bottom)  with  the  fourth  figure,  is  to  be  found 
the  fought  logarithm  ;  to  which  muft  be  prefixed  the  index  3,  becaufe  the 
number  contains  4  places  of  figures. 

Thus,  if  the  logarithm  of  6495  was  required  ;  oppofite  to  649,  and  in 
the  column  marked  5  at  the  top  (or  bottom)  is  81258,  to  which  prefix  the 
index  3  and  we  have  the  fought  logarithm  3.81258. 



LOGARITHMS.  C£ 

To  find  the  logarithm  of  any  number  aboi>e  iooocv 

Rule.  Find  the  three  firft  figures  of  the  given  number  in  the  left  hand 
column  of  the  table,  and  the  fourth  figure  at  the  top  or  bottom,  and  take 
out  the  correfponding  number  as  in  the  preceding  rule  ;.  take  alfo  the  differ- 

ence between  this  logarithm  and  the  next  greater,,  and  multiply  it  by  the 
given  number  exclufive  of  the  four  firft  figures,  crofs  off  at  the  right  hand  of 
the  product  as  many  figures  as  yonhad  figures  of  the  given  number  to  multi- 

ply by  ;  then  add  the  remaining  left  hand  figures  of  this  product  to  the  log; 
arithm  taken  from  the  table,  and  to  the  fum  prefix  an  index  equal  to  one  lefs 
than  the  number  of  integer  figures  in  the  given  number,  and  you  will  have 
the  fought  logarithm. 

Thus,  if  the  logarithm  of  649.57  was  required  ;  oppofite  to  649  and  under- 
5  is  81258,  the  difference  between  this  and  the  next  greater  number  81265 
is  7,  this  multiplied  by  7  (the  laft  figure  of  the  given  number)  gives  49^ 

eroding  off  the  right  hand  figure  leaves  4,9  or  5  to  be- added  to  81258,, 
which  makes  8 1 263,.  to  this  prefixing  the  index  4,  we  have  the  fought  loga- 

rithm 4.81263. 
Again,  if  the  logarithm  of  6495738  was  required  ;  the  logarithm  cor- 

refponding to  649  at  the  left,  and  5  at  the  top,  is  as  in  the  laft  example' 
81258,  the  difference  between  this  and  the  next  greater  is  7.,-  which  mul- 

tiplied by  738  (which  is  equal  to  the  given  number  excluding  the  four  firft 
figures)  gives  5166,  crofling  off  the  three  right  hand  figures  Of  this  product 
(becaufe  the  number  738  confifts  of  three  figures)  we  have  the  correction  £ 
to  be  added  to  81258  ;  and  the  index  to  be  prefixed  is  6  becaufe  the  given 
number  confifts  of  7  places  of  figures,,  therefore  the  fought  logarithm  is 
6.81263. 

To  find  the  logarithm  of  any  mixed  decimal  number. 

Rule,  Find  the  logarithm  of  the  number  as  if  it  was  an  integer  by 
the  laft  rule,  to  which  prefix  the  index  of  the  integer  part  of  the  given- 
number. 

Thus,,  if  the  logarithm  of  the  mixed  decimal  649,5738  was  required  y 
find  the  logarithm  of  6495738  without  noticing  the  decimal  point ;   this- 
in  the  laft  example  was  found  to  be  81263,  to  this  we  muft  prefix  the  index 
2  correfponding  to  the  integer  part  649  ;  the  logarithm  fought  will  there  . 
fore  be  2.81263. 

To  find  the  logarithm  of  any  decimal  fracllon  lefs  than  unity. 

The  index  of  the  logarithm  of  any  number  lefs  than  unity  is  negvavey 
but  to  avoid  the  mixture  of  pofitive  and  negative  quantities,  it  is  com- 

mon to  borrow  10  or  100  in  the  index,  which  muft  afterwards  be  neglected? 
in  furnming  them  with  other  indices  ;  thus  inftead  of  writing  the  index 

—  1,  it  is  generally  written  -J~9  or  -f-99  ;•  but  in  general  it  is  fufficient  to-' 
borrow  10  in  the  index,  and  it  is  what  we  fhall  do  in  the  reft  cf  the  work. 

In  this  way  we  may  find  the  logarithm  of  any  decimal  fraction  by  the  fol- 
lowing rules. 

Rule.  Find  the  logarithm  of  a  fraction  as  if  it  was  a  whole  number  ; 
fee  how  many  ciphers  precede  the  firft  figure  of  the  decimal  fraction,  fub~ 
tract  it  from  9  and  the  remainder  will  be  the  index  of  the  given  fraction. 

Thus  the  log.  of  0,0391  is  8.59218;  the  log.  of  0,25  is  9.39794-; 
the  log.,  of  0,0000025  is  4.39794,  &c. 
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To  find  trie  logarithm  of  a  vulgar  fraB'ion. 
Rule.  Subtract  the  logarithm  of  the  denominator  from  the  logarithm  of 

the  numerator,  (borrowing  10  in  the  index  when  the  denominator  is  the. 

greateft)  the  remainder  will  be  the  logarithm  of  the  fraction  fought. 
Example  II. Example  I. 

Required  the  log.  of  ±  ? 
From  log.  of  3  0.47712 
Take  log.  of  8  0.90309 

Rem.  log.  -i  or  ,375  9-57403 

Required  the  log.  of  3 |  or  J^3  ? 
From  log.  of  13  1.1 1394 

Take  log.  of  4  0.60206 

Rem.  log.  of  3!  of  3,25     0.5 11 88 

To  find  the  mimher  correfponding  to  any  logarithm. 

Rule.  In  the  column  marked  o  at  the  top  (and  bottom]  of  the  table., 
feek  for  the  next  lefs  logarithm,  neglecting  the  index  ;  note  the  number 
againft  it,  and  carry  your  eye  along  that  line  until  you  find  the  neareft  lefs 
logarithm  to  the  given  one,  and  you  will  have  the  fourth  figure  of  the 
given  number  at  the  top,  which  is  to  be  placed  to  the  right  of  the  three 
other  figures  ;  if  you  wifh  for  greater  accuracy,  you  muft  take  the  differ- 

ence between  this  tabular  logarithm  and  the  next  greater,  alfo  the  differ- 
ence between  that  lead  tabular  logarithm  and  the  given  one  ;  to  the  latter 

difference  annex  2  or  more  cipher**  at  the  right  hand,  and  divide  it  by  the 
former  difference,  and  place  the  quotient  to  the  right  hand  of  the  four 

figures  already  found,  and  you  will  have  the  number  fought  expreffed  in  a 
mixed  decimal,  the  integer  part  of  which  will  confift  of  a  number  of  figures 

(at  the  left  hand)  equal  to  the  index  of  the  logarithm  increafed  by  unity.* 
Thus,  if  the  number  correfponding  to  the  logarithm  1.52634  was  re- 

quired ;  I  look  for  52634  in  the  column  marked  o  at  the  top  or  bottom, 
and  find  it  Handing  oppofite  to  336  ;  now  the  index  being  i,  the  fought 
number  muft  confift  of  two  integer  places,  therefore  it  is  23)^' 

If  the  given  logarithm  was  2.32838  ;  I  find  that  32838  flands  in  the 
column  marked  o  at  the  top  or  bottom,  directly  oppofite  to  2  1 3  which  is 

the  number  fought,  becaufe  the  index  being  2,  the  number  muft  confift  of  3 
places  cf  figures. 

If  the  number  correfponding  to  the  logarithm  2.57345  was  required  ;  I 
look  in  the  column  o,  and  find  in  it,  againft  the  number  374,  the  logarithm 

57287,  and  guiding  my  eye  along  that  line,  I  find  the  given  logarithm 
57345  in  the  column  marked  5  ;  therefore  the  mixed  number  fought  is 
3745,  and  fmcc  the  index  is  2,  the  integer  part  muft  confift  of  3  places, 

therefore  the  number  fought  is  374,5.  If  the  index  had  been  1,  the  num- 
ber would  have  been  37,45  ;  and  if  the  index  had  been  o,  the  number 

would  have  been  3,745.  If  the  index  had  been  8  correfponding  to  a  num- 
ber lefs  than  unity,  the  anfwer  would  have  been  0,03745,  Sec. 

Again,  if  the  number  correfponding  to  the  logarithm  5.5781 1  was  re- 
quired; I  look  in  the  column  o,  and  find  in  it  againft  378,  and  under  5, 

the  logarithm  57807,  the  difference  between  this  and  the  next  greater 
logarithm  57818  being  11,  and  the  difference  between  57807  and  the 
given  number  5781 1  being  4,  to  this  4  I  affix  two  ciphers,  which  make 
400,  and  divide  it  by  1 1  the  quotient  is  $6  nearly  ;  this  number  connected 
with  the  former  four  figures  make  378436,  which  is  the  number  required, 
fince  the  index  being  5  the  number  muft  confift  of  fix  places  of  figures. 

*  If  rhe  iiusx.  correfpoiids  to  a  fradion  lefs  than  unity,  you  muft  place  as  many  ciphers  t» 
the  lett  of  that  number  as  are  eqcral  to  the  index  fubtratted  from  g»  the  decimal  point  being 

placed  to  the  leftcf  thef;  ciphers  ;  in  this  manner  yau  will  o'btaintne  fought  number.     ' 
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MULTIPLICATION   by  LOGARITHMS. 

Rule.     Add  the  logarithms  of  the  two  numbers  to  be  multiplied  and 
the  fum  will  be  the  logarithm  of  theiif  product. 

Example  I. 

Multiply  25  by  35. 
25  loS-  1-39794 

•     3S  tog-  '-54407 

Product  875  log. 2.94201 

Example  II. 

Multiply  22,4  by  i,g. 
22,4  log.  1.3502$ 
1,8  log.  0.25527 

Example  III. 

Multipy  3,26  by  0,0025. 
3,26     log.         0.51322 
0,0025  log.       7.39794 

Product    40,32  log.         I.60552 

Example  IV. 

Multiply  0,25  by  0,003. 
0,25  log.  9-39794 

0,003  log.        7.477 12 

Product     0,00075  log;     6.87506 Product     0,00815  log.     7.91 1 16 

In  the  laft  example  the  fum  of  the  two  indices  is  16,  but  fince  10  was 
borrowed  in  each  number,  I  have  neglected  10  in  the  fum,  and  the  remain- 

der 6  being  lefs  than  the  other  10,  is  evidently  the  index  of  the  logarithm 
of  a  fraction  lefs  than  unity. 

DIVISION   by   LOGARITHMS. 

Ru  l  e  .  From  the  logarithm  of  the  dividend  fubtract  the  logarithm  of 
the  divifor,  the  remainder  will  be  the  logarithm  of  the  quotient- 

Example  I. 

Divide  875  by  25. 
875  log. 
25  iog. 

2.94201 '•39794 

uotient 
35  log- 

1.54407 

Example  III. 
Divide 0,0081 5 by  0,6025. 

0,00815 log. 

7.91116 0,0025 log. 7-39794 

Example  II, 

Divide  40,32  by  22^4. 

40,32  log.         1.6055* 

22,4     log.         1.35025' 

Quotient     1,8     log.         0,25527 

Example  IV. 
Divide  0,00075  by  0,025. 

0,00075  log.       6.87506 
0,025     log.         8.39794 

Quotient  3,26    log.  0.51322    Quotient  0,03     log*  8.47712 

In  Example  III.  both  the  divifor  and  dividend  are  fractions  lefs 
than  unity,  and  the  divifor  is  the  leaft,  confequently  the  quotient  is 
greater  than  unity.  In  Example  IV.  both  fractions  are  lefs  than  unity, 
and  fince  the  divifor  is  the  greateft,  its  logarithm  is  greater  than  that  of  the 
dividend  ;  for  that  reafon  it  was  neceffary  to  borrow  10  in  the  index  pre- 

vious to  making  the  fubtraction,  hence  the  quotient  is  lefs  than  unity. 

INVOLUTION   by   LOGARITHMS. 

Rule.     Multiply  the  logarithm  of  the  number  given,  by  the  index  of 
the  power  to  which  the  quantity  is  to  be  raifed,  the  product  will  be  the 
logarithm  of  the  power  fought.     But  in  raifing  the  powers  of  any  decimal 

H 
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fraction  it  muft  be  obferved,  that  the  firft  fignificant  figure  of  the  power  be 
put  as  many  places  below  the  place  of  units  as  the  index  of  its  logarithm 
wants  of  io  multiplied  by  the  index  of  the  power. 

Example   I. 

Required  the  fquare  of  1 8  ? 
i'8  log.  1,25527 

Anfwer  324     log.  2.51054 

Example   III. 

Required  the  fquare  of  6,4  ? 

Example  II. 

Required  the  cube  of   13? 
13.  log.  1. 1 1394 

3 

6,4  log. 0.80618 

Anfwer     2197     log,        3.3418s 

Example  IV. 

Required- the  cube  of  0,25  ? 6,25  log.  9-39794 

Anfwer  40,96-    log.  1-.61236      Anfwer  0,015625  28.19382- 
In  the  laft  example  the  index  28  wants  2-  of  30  (the  product  of  10  by 

the  power  3)  therefore  the  firft  fignificant  figure  of  the  anfwer,  viz.  ij, 
is  placed  two  figures  diftant  from  the  place  of  units. 

EVOLUTION   by   LOGARITHMS. 

Rule.  Divide  the  logarithm  of  the  number  by  the  index  of  the  pow- 
er, the  quotient  is  the  logarithm  of  the  root  fought.  But  if  the  power 

whofe  root  is  to  be  extracted  is  a  decimal  fraction  lefs  than  unity,  prefix 
to  the  index  of  its  logarithm  a  figure  lefs  by  one  than  the  index  of  the 

power,,  and-  divide  the  whole  by  the  index  of  the  power,  the  quotient  will 
be  the  logarithm  of  the  root  fought.^ 

Example   I. 

What  is  the  fquare  root  of  324  ? 
,     324  log.  2)2.51055 

Anfwer    18  log.     1.25527 

Example  II. 

Required  the  cube  root  of  2197  ? 

■    '     2  197  l°g-   3)3-34l83 

Anfwer  13  log.      1. 11 394 

Example    III. 

Required  the  fquare  root  of  40,96  ? 

40,96  log.  2)1.61236 

Anfwer  6,4  log.  0.80618 

Example-  IV. 
Required  the  cube  root  of  0,015625  ? 

0,015625  log.     8419382 
Prefix  2  to  the  index  3)28.19382 

Anfwer  0,25      log.     9.39794 

To  work  the  RULE  of  THREE  by  LOGARITHMS: 
When  three  numbers  are  given  to  find  a  fourth  proportional  in  arithmetic 

we  make  a  ftatement  and  fay,  as  the  firft  number  is  to  the  fecond  fo  is  the 
third  to  the  fourth  ;  and  by  multiplying  the  fecond  and  third  together,,  and 

dividing  the  product  by  the  firft,  we  obtain  the  fourth  number  fought.  To 
obtain  the  fame  refult  by  logarithms,  we  muft  add  the  logarithms  of  the 
fecond  and  third  numbers  together,  and  from  thefmnfubtracl  the  logarithm  of 

the  firft  number,  the  remainder  will  be  the  logarithm  of  the  fought  fourth 
number* 
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Example  I. 

If  6  yards  of  cloth  coft  5  dollars, 
what  will  20  yards  coft  ? 

As  6  log.  0.77815 

Is  to  5 
So  is  20 

Sum  of  2d.  and  3d. 
Subtraft  firft 

log.  0.69897 

log.   1. 30103 

2.00000 
0.77S15 

To  16,67 log.   1.2 2 1 85 

The  anfwer  therefore  is    16. dollars 

and  -j—oj,  or  16  dollars  and  67  cents. 

Ex  AMP  M  lie 

If  a  ftiip  fails  20  miles  in  7  hours, 
how  much  will  fhe  fail  in  21  hours  at 
the  fame  rate  ? 

As  7  log.  c  845 10 

Is  to  20 

So  is  2.1 

log.   1. 30103 

log.   1.32222 

Sum  of  2d.  and  3d,,  2.62325 
Subtract  the  firft  0.84510 

To .60  log.    i. 778 15 

The  anfwer  is  60  miles. 

To  calculate  COMPOUND  INTEREST  by  Logarithms. 

To  100  dollars  .add  its  intereft  for  1  year;  find  the  logarithm  of  this 
firm  and  reject  2  in  the  index,  then  multiply  it  by  the  number  of  years  or 
parts  of  a  year  for  which  the  intereft  is  to  be  calculated  ;  to  the  producl  add 
the  logarithm  of  the  fum  put  .at  intereft ;  the  fum  of  thefe  two  logarithms 
will  be  the  logarithm  of  the  amount  of  the  given  fum  for  the  given  time. 

Example. 

Enquired  the  amount  of  the  principal  and  intereft  of  355  dollars,  let  at  6 
per  cent,  compound  intereft  for  7  years. 

Adding  6  to  ico  gives  106,  whofe  logarithm,  rejecting  2  in  the  index, 

is  -  -  0.02531 Multiplied  by  7 

Product  ©.17717 

Principal  355  dollars.         log.         2.55023 

Sum  gives  the  log  of  533,23. 

log;. 
2.72740 

Therefore  the  amount  of  principal  and  intereft  is  533  dollars  and  S3  cents,, 

To  find  the  Logarithm  of  the  Sines,  Tangents,  and  Secants,  Sifr.  belonging  to 
any  number  of  Degrees  a?id  Minutes^   by  Table  XXV. 

If  the  required  degrees  be  lefs  than  45,  or  more  than  1 35,  the  degrees  are 

marked  on  the  top,  but  between  45P  and  135°  are  marked  on  the  bottom,  the 
minutes  being  found  in  the  column  marked  M,  which  ftands  on  the  fame 

fide  of  the  page  on  which  the  degrees  are  marked  ;  thus  if  the  degrees  are 
lefs  than  45,  the  minutes  are  found  in  the  left  hand  column,  &c.  and  it 

mull  be  noted  that  if  the  degrees  are  found  at  the  top,  the  names  of  hour, 

fine,  co-fine,  tangent,  &c.  muft  alfo  be  found  at  the  top :  And  if  the  de- 
grees are  found  at  the  bottom,  the  names  fine,  co-fine,  &c.  muft  alfo  be 

found  at  the  bottom. 
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Example  I. — Required  the  log.  fine 

of  280  37'? 
Find  280  at  the  top  of  the  page, 

dire&ly  below  which  in  the  left  hand 

column  find  37' ;  againft  which  in 
the  column  marked  fine  is  9.68029, 
the  fine  of  the  given  number  of  de- 

grees :  and  in  the  fame  manner  the 
tangents,  &c.  are  found, 

Example  II.— Required  the  log* 
fecant  of  1 260  20'  ? 

Find  1260  at  the  bottom  of  the 
page,  dire&ly  above  which  in  the  left 

hand  column  find  20'' ;  againft  which 
in  the  column  marked  fecants,  i$ 

10.22732  required. 

To  find  the  Logarithm-Sine,  Co-fine,  &c.  for  Degrees,  Minutes  and  Seconds* 
by  Table  XXV. 

Find  the  logarithms  correfponding  to  the  even  minutes  next  above  and, 
below  the  given  degrees  and  minutes,  and  take  their  difference  ;  then  fay, 

as  60"  is  to  the  odd  number  of  feconds,  fo  is  that  difference  to  a  correftion 
to  be  applied  to  the  logarithm  of  the  leaft  number  of  degrees  and  minutes 
additive,  if  it  is  the  leaft  of  the  two  logarithms  taken  from  the  table,  other- 
wife  fubtractive. 

Example  II. — Required  the  log.  fe- 

cant of  1050  20'  16"  ? Secant  of  105.20  log.      10. 5776S 
105.21  10.57722 

Example  I. — Required  the  log,  fine 

of  240  16'  48"? 
Sine  of  240  16'  9.61382 
Sine  of  24  17  9.61411 

Diff.         29 

Then,  as  60"  \   48"   *  t    29  t  23, 
which  added  to  the  log.  of  24®  16', 
gives  9.61405  the  log.  of  240  i6/48//. 

Diff.  46 

Then  6o// 1  16"  t  J  46  t  I2,whichfub» 
traded  from  the  log.  of  1 050  20 ',  gives 

10.57756,  thelog.fec.ofio5°20/i6//. 

If  the  given  feconds  be  £>  f>  i>  f  or  h  or  anY  otner  even  parts  of  a 
minute,  the  like  parts  may  be  taken  of  the  difference  of  the  logarithms,  and 
added  or  fubtracled  as  above,  which  may  be  frequently  done  by  inflection, 

To  find   the  Degrees,    Minutes   and  Seconds   correfponding    to    any  given 

Logarithm-Sine,  Co-fine,  &c.  by  Table  XXV. 

Find  the  two  neareft  numbers  to  the  given  logarithm,  one  greater  and 
the  r*her  lefs,  and  take  their  difference  j  take  alfo  the  difference  between 
the  given  logarithm  and  the  logarithm  correfponding  to  the  leaft  number  of 
degrees  and  minutes  ;  then  fay,  as  the  firft  found  difference  is  to  the  fecond 

found  difference,  fo  is  60 ''  to  a  number  of  feconds  to  be  annexed  to  the  fmalL 
eft  number  cf  degrees  and  minutes  befor e  found, 

Example  I. — Find  the  degrees,  minutes,  and  feconds  (lefs  than  900) 
correfponding  to  the  log.  fine  9.61405. 

Next  lefs  log.  24?  16' 
Greater  24    17 

9.61382 
9.61411 

?9 
Log.  of  leaft  numb,  24°  16'is  9.61382 
Given  log.  T  9.61405 

25 

Thenfay,  as  29  \  23  \  \  6of'  %  48" which  annexed  to  240  16' give  24°i6'48//, 
anfwering  to  log.  fine  9.61405,  Subtracting  240  16'  48"  from  1800,  and 
there  remains  1550  43'  12",  the  log.  fine  of  which  is  alfo  9.61405. _ 



LOGARITHMS., 

6i Example  II.: — Find  the  degrees,  minutes  and  feconds  (above  9c0)  cor- 
refponding  to  the  log.  fecant  10.56703  ? 

Secant  105 °  43'  log.  10.56722     Log.of  leaftnumb.  1050  43'     10.567-22 
Secant  105    44  10.56677     Given  log.  -  10.56703 

45  19 

Then  as  45  is  to  19,  fo  is  60"  to  25",  which  annexed  to  105°  43'  gives  1050 
43'  25",  the  degrees,  minutes,  and  feconds  required. 

To  find  the  Arithmetical  Co?nplemenl  of  'any  Logarithm, 

The  arithmetical  complement  of  any  logarithm,  is  what  it  wants  of 
J  0,00000  or  20.00000,  and  is  ufed  to  avoid  fubtra&ion  ;  for  when  work- 

ing any  proportion  by  logarithms,  you  may  add  the  arithmetical  comple- 
ment of  the  logarithm  of  the  firft  term,  inftead  of  fubtracling  the  logarithm 

itfelf ;  only  obferving  that  10  or  20  muft  be  neglefted  in  the  index  of  the 
fum  of  the  logarithms.  The  arithmetical  complement  of  any  logarithm  is 
thus  found.  Beginning  at  the  index,  write  down  what  each  figure  wants 

of  9,  except  the  laji  Jign'ificant  figure ,  which  take  from  10.* 

Example.    Required  the  arithmetical  complement  of  9.62595  ? 

For  the  firft  figure  9,  write  o  ;  for  6,  3  ;  for  2,  7  ;  for  5,  4  ;  for  9,  o  ; 
and  for  the  laft  figure  5  write  5  ;  thus  the  arithmetical  complement  is 
0.37405. 

In  the  fame  manner  the  arithmetical  complement  of  1.86563  is  8.13437, 
the  ar. co.  of  10.33133  is  9.66S67,  and  the  ar.  co.  of  1.22800  is  8.77200. 
To  illuftrate  the  method  of  ufing  the  arithmetical  complement  of  any  log-, 
arithm,  I  fhall  here  calculate  the  examples  given  in  page  59. 

Example  I. 

As  6  log.  ar.  co.  9.22185 
Is  to  5  log.  0.69897 
So  is  20        log.  1.30103 

To  16,67      log. 
1. 22185 

Example  II. 

As  7             log.  ar.  co.  9.15490 
Is  to  20                    log.  1. 30103 
So  is  21                    log.  1.32222 

To  60 log,     1.778:5 

*  When  the  index  of  the  given  logarithm  U  greater  than  10,  the  left  hand  figure  of  it  m*y  be  neglefled  ;  and  when  there  are 
*ny  ciphers  to  the  right  hand  of  the  laft  fignificanl  figure,  you  may  place  the  fann  number  of  cipher)  to  the  right  hand  of  &• 
■dker  figures  vt  the  arithmetical  complement. 
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PLANE  TRIGONOMETRY. 

LANE  TRIGONOMETRY  is  the  art  which  mews  how  to  find  the 

meafures  of  the  fides  and  angles  of  plane  triangles,  fome  of  them  being  al- 
ready known.  It  is  divided  into  two  parts,  right-angled  and  oblique-an- 

gled :  in  the  former  cafe,  one  of  the  angles  is  a  right  angle,  or  900  ;  in 
the  latter,  they  are  all  oblique. 

In  every  plane  triangle  there  are  fix  parts,  viz.  three  fides  and  three  angles ; 
any  three  of  which  being  given  (except  the  three  angles)  the  other  three 
may  be  found  by  various  methods,  viz.  by  Gunter's  fcale,  by  the  feclor, 
by  geometrical  conftru&ion,  or  by  arithmetical  calculation.  We  lhall  ex- 

plain each  of  thefe  methods  ;  but  the  latter  is  by  far  the  moft  accurate  ;  it 
is  performed  by  the  help  of  a  few  theorems,  and  a  trigonometrical  canon, 
^exhibiting  the  natural  or  the  logarithmic  fine,  tangent,  and  fecant,to  every 
degree  and  minute  of  the  quadrant.*  The  theorems  alluded  to  are  the  fol- 
lowing. 

THEOREM     I. 

In  any   right-angled  triangle,   if  the  hypotenufe  he  made  radius,  one  fide 
ivill  be  theji?ie  of  the  oppoftte  angle,  and  the  other  Its  co-Jine  ;   but  if  either 
•f  the  legs  be  made  radius,  the  other  leg  ivlll  be  the  tangent  of  the  oppojitf- 
angle,   and  the  hypotenvfe  ivill  be  thefecantofthefame  angle. 

Ftf- 

For,  ift.  If  in  the  right-angled  plane  triangle  ACB  (fig,  r.)  we  make 
the  hypotenufe  AB  radius,  and  upon  the  centre  A  defcribe  the  arch  BE,  to 
meet  AC  produced  in  E  j  then  it  is  evident,  that  EC  is  the  fine  of  the  arch 
BE  (or  the  fine  of  the  angle  BAC)  and  that  AC  is  the  co-fine  of  the  fame 
angle  :  and  if  the  arch  AD  be  defcribed  about  the  centre  B  ;  AC  will  be 
the  fine  of  the  angle  ABC,  and  BC  its  co-fine. 

"  2dly.  If  the  leg  AC  (fig.  2.)  be  made  radius,  and  the  arch  CD  be  de- 
fcribed about  the  centre  A ;  CB  will  be  the  tangent  of  that  arch,  or  the 

tangent  of  the  angle  CAB  ;  and  AB  will  be  its  fecant. 
3dly.  If  the  leg  BC  (fig.  3.)  be  made  radius,  and  the  arch  CD  be  de- 

fcribed about  the  centre  B  ;  CA  will  be  the  tangent  of  that  arch,  or  the 
tangent  of  the  angle  B  ;  and  AB  will  be  its  fecant. 

*  See  Tables  XXII.  and  XXV, 



PLANE    TRlCONOMEf  RV.  63 

&ow  it  has  been  already  demonftrated  (in  Art,  57,  Geom.)  that  the  fine,, 
tang.  fee.  &c.  of  any  arch  in  one  circle,  i3  to  the  fine,  tang.  fee.  &c.  of  a 
fimilar  arch  in  another  circle  as  the  radius  of  the  former  circle  to  the  radius  of  the 

latter.  And  fmce  in  any  right-angled  triangle  there  are  given  either  tv/o  fides, 
or  the  angles  and  one  fide,  to  find  the  reft  ̂   we  may,  if  we  wifh  to  find  a  fide? 
make  any  fide  radius  ;  then  fay,  as  the  tabular  number  of  the  fame  name 
as  the  given  fide  is  to  the  given  fide  of  the  triangle,  fo  is  the  tabular  num- 

ber of  the  fame  name  as  the  required  fide,  to  the  required  fide  of  the  tri- 
angle. If  we  wifh  to  find  an  angle,  one  of  the  given  fides  muft  be  made 

radius ;  then  fay,  as  the  fide  of  the  triangle  made  radius,  is  to  the  tabular 
radius,  fo  is  the  other  given  fide  to  the  tabular  fine,  tangent,  fecant,  &c. 
by  it  reprefented  ;  which  being  fought  for  in  the  table  of  fines,  &e.  will 
correfpond  to  the  degrees  and  minutes  of  the  required  angle. 

THEOREM     IL 

In  all  plane  triangles,  the  Jides  are  hi  direct  proportion  to  the  fines  of 
their  oppojite  angles  (by  Art.  60,  Geom.) 

Hence,  to  find  a  fide,  we  muft  fay,  as  the  fine  of  an  angle  is  to  its  appo- 
fite  fide,-  fo  is  the  fine  of  either  of  the  other  angles  )to  the  fide  oppofite 
thereto.  But  if  we  wifh  to  find  an  angle,  we  muft  fay,  as  any  given  fide 
is  to  the  fine  of  its  oppofite  angle,  fo  is  the  fine  of  eitkex^otthe  other  fides 
to  the  fine  of  its  oppofite  angle. 

THEOREM     III. 

In  every  plane  triangle,  it  will  be,  as  the  fum  of  any  ttvofider  is  to  their 

difference,  fo  is  the  tangent  of  half  the  fum  of  the  t<iuo  oppojite  angles  to  the 
tangent  of  half  their  difference  (by  Art.  61,  Geom*  J 

THEOREM     IV. 

As  the  bafe  of  any  plane  triangle  is  to  the  fum  of  the  tivo  fides,  fo  'is  the 

i'fference  of  the  tnuo  fdes  to  twice  the  dijlance  of  a  perpendicular  (let  fall1 
upon  the  bafe  front  the  oppofite  angle )  front  the  middle  of  the  bafe  (by  Art* 
63,  GeonuJ 

THEOREM    V. 

In  any  plane  triangle,  as  the  reclangle  contained  by  any  tiuo  fides  include 
ing  a  fought  angle,  is  to  the  reclangle  contained  by  the  halfjum  of  the  jides 
and  the  half  fum  decreafed  by  the  other  fide,  fo  is  the  fquare  of  radius  to  the 

fquare  of  the  co-fi7ie  of  half  the  fought  angle  (by  Art,  64.,  Geom.) 

IN  addition  tothefe  Theorems,  it  will  not  be  amifs  for  the  learner  tc 
recall  to  mind  the  following  articles,  moft  of  which  have  been  already 
demonftrated. 

1.  In  every  triangle,  the  greateft  fide  is  oppofite  to- the  greateft  angle  ; 
•  and  the  greateft  angle  oppofite  to  the  greateft  iide. 

2.  In  every  triangle,  equal  fides  fubtend  equal  angles.   (Art.  4.1,  Geom.J 

3.  •  The  three  angles  of  any  plane  triangle  are  equal  to  1800.  (Art.  37, Geom.) 

4.  If  one  angle  of  a  triangle  be  obtufe,  the  reft  are  acute  ;  and  if  one 

angle  be  right,  the  other  two  together  make  a  right  angle,  or  go°  ;  where., 
fore,  if  one  of  the  acute  angles  of  a  right-angled  triangle  be  known,  the 

other  is  found  by  ffntrafting  the  known  angle  from  900.  If  one  angle  of 
any  triangle  be  known,  the  fum  of  the  other  two  is  found  by  fubtraclir.g 

the  given  angle  from  180°  ;  and  if  two  of  the  angles  be  known,  the  third 
is  found  by  fubtracting  their  fum  from  1800. 
5.  The  complement  of  an  angle  is  what  it  wants  of  900,  and  the  (up- 

plemeat  of  an  angle  is  what  it  wants  of  1800. 
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JnthetwofolhiuingTables  ive  have  collected  all  the  rules  necejfary  forfobv* 

zng  the  various  cafes  of  Right. Angled  and  Oblique-Atigled  Trigonometry, 

A  * 

RIGHT-ANGLED  TRIGONOMETRY. 

Solutions. 

|Leg.  BC. 

&3  [Angles. 

hyp.  AC     :  ;     fine  A     :     leg.  BC. 
hyp.  AC     :  :      fine  C     :     leg.  AB. 

leg.  BC     : :     tang.  C     :     leg.  AB. 
leg.BC     ::     fee.  C     i     hyp   AC. 

I  Or  fine  A     :     leg.  BC     :  :     rad.      :      hyp.  AC. 

Hyp.  AC  :  rad.  :  •.  leg  AB  :  fine  C,  whofe  comp.  is  A* 
Rad.     :     hyp.  AC     :  :     fine  A     :     leg.  BC. 

Hyp.  AC. 
*5|LegAB. 

Angles. 
Leg.  BC. 

Both    legs 
6  TAB  &  BC. 

Angles. 

Hyp.  AC. 

Leg.  BC  •.  rad.  :  :  leg  AB  :  tang.  C,  whofe  comp.  is  A 
SineC     :     leg  AB     ::     rad.     :     hyp.  AC. 
4>r  Rad.     ;     leg  BC     :  5     fee.  C     :     hyp.  AC. 

OBLIQUE-ANGLED  TRIGONOMETRY. 

1 
Cafe Given. Sought. Solutions. 

1 
i 

The    Angles 
and  fide  AB. 

Side  BC. 
Side    AC. 

SineC     :     fide  AB      ::     fine  A      ;     fide  BC. 
SineC      :     fide  AB      :;     fine  B      :     fide  AC. 

2&3 

i 
1 

1 

1 

4&5 

Two       fideb 

AB,  BC,and 

angle  C  op- 
polite  to  one 
of  rhem. 

Angle  A. 
Angle  B. 
Side  AC. 

Side  AB  ;   Sine  C    :  :  fide  BC    :    fine  A.  which  added 

to  C,  and  the  fum  fubrracted  from  1800,  gives  B. 
SineC      :     fideAB     :;     fine  B     :     fide  AC. 

Two       fides 

AC,AB,and 
the   included 

angle  A. 

Angles    C 
and  B. 

Side  BC. 

Subtract  half  the  given  angle  A  from  900,  the  remainder 
is  half  the  fum  of  the  other  angles.  Then  fay,  as  the  fum 
of  the  fides  AC,  AB  is  to  their  difference,  fo  is  tangent 
of  the  half  fum  of  the  other  angles  to  the  tangent  of  half 
their  difference  ;  which  added  to,  and  fubtracled  from  the 
half  fum,  will  give  the  two  angles  B  and  C,  the  greateft  an- 

gle being  oppofite  to  the  greateft  fide. 
SineB      ;     fide  AC      :;      fine  A      :     fide  BC. 

G All    three 
fides. 

1 

All    the 

angles. 

Let  fall  a  perpendicular  BD  oppofite  to  the  required  an- 
gle;  then  as  AC  ;  fum  of  AB,  BC  :  :  their  difference 

:  twice  DG,  the  diftance  of  the  perpendicular  from  the  mid- 
dle of  the  bafe  ;  hence,  AD,  CD  are  known,  and  the  tri- 

angle ABC  is  divided  into  two  right  angled  triangles  BCD, 
BAD  5  hence,  by  cafes  4  and  5  of  right-angled  trigonom- 

etry, we  may  finfi  the  angle  A  or  C. 

Either  angle, 
as  A. 

Either  of  the  angles,  as  A,  may  alfo  be  found  by  the  fol- 
lowing rule.  From  half  the  fum  of  the  three  fides  fubtraft  the 

fide  BC  oppofite  to  the  fought  angle  5  take  the  logarithms 
of  the  half  fum  and  remainder,  to  which  add  the  arithmetical 

complements  of  the  logarithms  of  thi  fides  AB,  AC  (includ- 
ing the  fought  angle)  j  half  the  fum  of  thefe  four  logarithms 

will  be  the  logarithmic  co-fine  of  half  the  fought  angle. 
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In  working  by  logarithms  with  any  of  the  preceding  rules,  youmuft 
femember,  that  the  logarithm  of  the  firft  term  of  the  analogy  is  to  be  fub- 

n-afted  from  the  fum  of  the  logarithms  of  the  fecond  and  third  terms,  thfi 
remainder  will  be  the  logarithm  of  the  fought  fourth  term. 

When  the  firft.  term  is  radius  (whofe  logarithm  is  10.00000)  you  need 
Only  rejecl  an  Unit  in  the  fecond  left  hand  figure  of  the  index  of  the  fum 
of  the  fecond  and  third  terms*  But  when  the  radius  occurs  in  the  fecond 

<?r  third  term)  you  mull  fuppofe  an  unit  to  be  added  to  the  fecond  left  hand 
figure  of  the  index  of  the  other  term,  and  fubtrad  therefrom  the  logarithm 
of  the  firft  term. 

RIGHT  -ANGLED  TRIGONOMETRY. 

Solution  of  the  fix  c&fes  in  right-angled  trigonometry* 
CASE     h 

The  angles  and  hypotenufe  given,  to  J: fid  the  legs. 

Given  the  hypotenufe  AC  250  leagues,  and  the  angle  C   oppofite  to  the 

fide  ABri35&  30',  to  find  the  bafe  CB  and  perpendicular  AB*. 

By  PROJECTION, 

Draw  the  bafe  CB  ofany  length  ;  on  C 
as  a  centre,  defcribe  the  arch  DE  ;  fromE 

to  D  lay  off  35°  30'  ;  through  C  and  D  draw 
the  line  AC,  which  make  equal  to  250  ;  from 
A  let  fall  the  perpendicular  AB,  to  cut  CB 

in  B,  and  it  is  done •  for  CB  will  be  203:5, 
and  AB:rr  145.2. 

By  LOGARITHMS. 

By  making  the  hypotenufe  CA  radius,  it  will  be, 
To  find  the  bafe  BC; 

As  radius  10.00000 
Is  to  the  hypot.  AC  256        2.39794 
So  is  fine  ang.  A  540  3©'        9.9 1069 

To  find  the  perpendicular  AB, 
As  radius  16.00000 
Is  to  the  hypot.  AC  256       2.39794 
So  is  fine  ang.  C  35s  30'        9*76395 

To  the  bafe  BC  203,5  2.30863  To  the  per.  AB  145,2  2.161S9 

By  GUNTER's  SCALE, 

In  all  proportions  wrought  by  gunter's  fcale,  when  the  firft  and  fecond 
terms  are  of  the  fame  kind,  the  extent  from  the  firft  term  to  the  feeond, 
will  reach  from  the  third  to  the  fourth  ; 
Or  when  the  firft  and  third  terms  are  of  the  fame  kind, 
The  extent  from  the  firft  term  to  the  third  Will  reach  from  the  fecond  to 

the  fourth  •  that  is,  fet  one  point  oi  the  compaffes  on  the  divifion  expfefF- 
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ing  the  firft  term,  and  extend  the  other  point  to  the  divifion  exprefimg 
the  third  term  ;  then,  without  altering  the  opening  of  the  compaffes,  fet 
one  point  on  the  divifion  reprefenting  the  fecond  term,  and  the  other  point 
will  fall  on  the  divifion  (hewing  the  fourth  term  or  anfwer. 

In  the  prefent  example  the  work  will  be  as  follows : 

Extend  from  radius,  or  go°,  to  540  3c/  on  the  line  of  fines  ;  that  extent 
will  reach  from  250,  the  hypotenufe,  to  203.5,  f^e  bate,  on  r^e  llne  °^ 

numbers  ;  and  the  extent  from  radius,  or  900,  to  350  30'  on  the  line  of 
fines,  will  reach  from  250  to  i45>2  on  the  line  of  numbers. 

Obferve  the  like  in  all  that  follows,  except  in  thofe  proportions  where 
the  word  fecant  is  mentioned,  which  cafes  mud  be  wrought  by  consider- 

ing the  hypotenufe  radius,  there  being  no  line  of  fecants  on  the  common 

Gunter's  fcale,  although  it  might  eafily  be  marked  on  the  line  of  fines. 
Note.  The  radius,  according  to  the  nature  of  the  proportion,,  may  be 

any  of  thefe  : 
8  points  on  the  line  of  rhumbs. 
4  points  on  the  line  of  tan.  rhbs. 

900  on  the  line  of  fines. 
450  on  the  line  of  tangents. 

CASES  II.  and  III. 

The  angles  a?id  one  leg  given,  to  find  the  hypotenufe  and  other  leg. 

The  angle  ACB  330  15'',  the  leg  BC  325  miles,  given,  to  find  the  hj, potenufe  and  the  other  leg. 

By   PROJECTION. 

Draw  the  line  BC,  which  make 
equal  to  325  miles  ;  on  B  erect,  the 
perpendicular  BA  ;  on  C,  as  a  cen- 

tre, with  the  chord  of  6o°  fweep 
the  arch  BD,  which  make  equal  to 

$3°  15';  draw  CD,  and  continue 
it  to  cut  AB  in  A,  and  it  is  done  ; 
for  AB  being  meafured  on  the  fame 
fcale  that  BG  was,  will  be  213.1, 
and  AC  38S.6  miles. 

By  LOGARITHMS. 

By  making  the  bafe  BC  radius,  it  will  be, 

To  find  the  perpendicular  AB. 

As  radius  450  10.00000 
Is  to  the  bafe  BC  325  2.5 11 88 

So  is  tang.  ang.  C  33°  15'    9.8 1666 

To  the  perpen.  AB  213,1      2.32854 

To  find  the  hypotenufe  AC. 

As  radius  900  10.00000 
Is  to  the  bafe  BC  325  2.51 188 

So  is  fee.  ang.  C  33°  1 5'      10.07765 

To  the  hypot.  AC  388,6      2.58953 

By  GUNTER. 

Extend  from  450  to  33  I5/  on  the  line  of  tangents  ;  that  extent  will 
reach  from  the  bafe  325  to  the  perpendicular  213,1  on  the  line  of  numbers. 

2dly.  Extend  from  560  45'  to  radius  on  the  line  of  fines  ;  that  ex- 
tent will  reach  from  the  bafe  325  to  the  hypotenufe  388,6  on  the  line  of 

numbers. 
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CASES    IV.  and  V. 

The  hypotetmfe  and  one  leg  given,  to  find  the  angles  and  other  leg. 

The  leg-  AB  91,  the  hypotenufe  AC  170,  given,  to  find  the  angle  ACB, 
tx  BAC/and  the  leg  BC. 

By  PROJECTION. 

Draw  BC  at  pleafure ;  on  B  erect 
the  perpendicular  B  A,  which  make 
equal  to  91  ;  take  170  in  your 
compaifes,  and  with  one  foot  on  A, 
iweep  an  arch  to  cut  BC  in  C  j 
join  A  and  C,  and  it  is  done  :  for 

the  angle  C  will  be  320  22',  the 
angle  A  570  38'  and  BC  143,6. 

By  LOGARITHMS. 

By  making  the  hypotenufe  radius,  it  will  be, 

To  find  the  bafe  BC* 
As  radius,  10.00000 
Is  to  the  hypotenufe  170       2.23045 

So  is  fine  ang.  A  570  38'       9.92667 

To  find  the  angle  C. 
As  the  hypotenufe  170  2.23045 
Is  to  the  radius  10.00000 

So  is  the  perpendicular  9 1      1 .95904 

To  fine  angle  C  320  22'        9.72859  To  the  bafe  BC  143,6 
2.IC7I2 

By  GUNTER. 
Extend  from  the  hypotenufe  1 70  to  the  perpendicular  9 1  on  the  line  of 

numbers  ;  that  extent  will  reach  from  radius  to  the  angle  C,  or  the  comple- 

ment of  angle  A  —  320  22/  on  the  line  of  fines. 
2dly.  Extend  from  radius  to  the  angle  A  570  38'  on  the  line  of  fines  ; 

that  extent  will  reach  from  the  hypotenufe  170  to  the  bafe  143,6  on  the 
line  of  numbers. 

CASE     VI. 

The  legs  given,  to  find  the  angles  and  hypotenufe. 

The  legs  AB  890,  BC  707,  given,  to  find  the  angle  BAC,  or  ACB,  and 
the  hypotenufe  AC, 

By  PROJECTION. 

Make  BC  rr  707,  and  on  B  erect  the  perpen- 
dicular BA,  which  make  equal  to  890  ;  join  AC, 

and  it  is  done  ;  for  the  angle  C  will  be  519  32''; 
confequently,  the  angle  A  380  z%f,  and  the  hypot- 

enufe  1 137. 

707 

*  When  you  uke  the  log,  fme«  or  tangents  to  the  nearcft  minmc  only,  it  ii  bell  to  life  (hi?  canon  for  finding  BC,  which 
5s  more  correct  tV.an  the  one  found  by  making  the  perpendicular  radius;  becaufe  the  variation  of  the  log.  fine  of  an  archti 
left  than  the  coxfcf^cndtpg  Variation  A  the  lug.  tangent. 
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By  LOGARITHMS. 

By  making  the  bafe  radius,  it  will  be, 

To  find  the  angle  C. 

As  the  bafe  70;  2.84942 
Is  to  radius  10.00000 

Soi?  the  perpend.  S90  2.94939 

To  find  the  hypoth.  AC* As  radius  io.oooodi 

Is  to  the  bafe  707  2.84943 

So  is  fee.  ang.  C  510  32'       10.20617 

To  tan.ang,  C™ ;i°  32/     1  c. 0999 7  To  the  hyp.  AC cr  11 37        3«°5559 

By  GUNTER, 

The  extent  from  707  to  890  on  the  line  of  numbers  will  reach  from  ra-*. 

dius  (or  45  degrees)  to  tl*e ■angle  C  510  32'  on  the  line  of  tangents. 
2dlv.  The  extent  from  the  angle  C  51°  32'  to  radius,  or  900,  on  the 

line  of  fines,  will  reach  from  the  bafe  890  tp  the  hypotenufe  1 1 3-7^  on  the line  of  numbers. 

QUESTIONS 

To  exert'ife  the  Learner  in  Right. Angled  Plane  Trigonometry. 

Queft.  1.  The  hypotenufe  496  miles,  and  the  angle  pppofite  to  the 

bafe  560  1 5/,  given,   to  find  the  bafe  and  perpendicular. 
Anf.     Bafe  412.4,  and  the  perpendicular  275.6  miles. 
Queft.  2.  The  perpendicular  275  leagues,  and  the  angle  oppofite  to  the 

bafe  56"  I57,  given",  to  find  the  hypotenufe  and  bafe. 
Anf.     The  hypotenufe  495,  and  bafe  41 1.6  leagues. 
Queft.  3.  The  bafe  33  yards,  and  the  angle  oppofite  to  the  perpendic* 

ular  530  267,  given,  to  find  the  hypotenufe  and  perpendicular. 
Anf.     Hypotenufe  55.39,  and  the  perpendicular  44.49  yards. 

Queft.  4.  The  hypotenufe  575,  and  perpendicular  50  miles,  given,  to 
find  the  bafe. 

Anf.     Bafe  572.8  miles, 

Queft,  5.  The  hypotenufe  59,  and  the  bafe  ̂   miles,  given,  to  find  the 
perpendicular. 

Anf.     Perpendicular  48.9  miles. 

Queft.  6.  The  bafe  ̂ ^,  and  perpendicular  52  leagues,  given,  to  find, 
{he  hypotenufe. 

Anf.     Hypotenufe  61.59  leagues. 

OBLI  QU  E    TRIGONOMETRY. 

CASE     I. 

T'U.'Q  angles  and  cjis  fide  given3  ip  find  either  of  tin  legs. 

The  angle  B  AC  —  ioo° 
and  angle  ACB  =54° 
and  the  leg  AB— :22a 
are  given  to  find  the  fides. 

0   J| 
•Wh,r  you  3:c  finding  AC  it  is  belt  -.o  m&c  .be  gr«wfl  fide  radius,  for  ihc  «*&„  mentioned  in  ,Jk  Ufl 
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By  PROJECTION. 

Subtraft  the  fum  of  the  angles  A  and  C  from  1 8o°,  the  remainder  will  be 

the  an^le  B=  260.  Draw  the  indefinite  line  GE  ;  and  from  any  point  of  it 

as  B,  draw  the  line  BH  making  the  angle  EBH=z6%  on  BH  fct  off  BA 

220.  On  A  make  the  angle  BAC  ioo°  ;  then  AC  will  interfeft  the  line 

GE  in  the  point  C,  which  completes  the  triangle,  and  BC  will  meafure  on 

the  fame  fcale  from  which  BA  was  laid  down  26S  nearly,  and  AC  1 19  alfo 
on  the  fame  fcale. 

By  LOGARITHMS,  by  Theorem  II. 

To  find  BC.  • 
As  the  fine  of  the  angle  C  54" 
Js  to  the  fide  AB  220 

go  is  the  fine  of  the  ang,  A  100° 

To  the  fide  EC  267.3 

9.90796 2.34242 
9  99335 

12.33577 

9.9079C 

To  find  DC 
As  fine  ang.  C  54' 
Is  to  the  fide  AB  210 

So  is  fine  ang.  B  260 

9.90796 2.34242 

9.64184 

1 1.98426 

9.90796 2.07630 

2.42781  To  fide  AC  119. a 

By  GUNTER. 

The  extent  from  the  angle  Cr=:540  to  the  angle  A  or  its  fupple- 
rnent  So°,  on  the  fines,  will  reach  from  AB— 220  to  BC=z6S  on  the 
}ine  of  numbers. 

2dly,  The  extent  from  the  argle  0=54°  to  the  angle  B— 260,  on  the 
fines,  will  reach  from  AB=2  20  to  AC=i  19  on  the  line  of  numbers. 

CASES  II.   and  III. 

ftvojtdes  and  an  angle  oppojite  to  one  of  them  being  given,   to  find  the  other 
angles  and  the  third  Jide* 

Note.  It  may 
be  proper  to  ob. 
ferve,  that  if  the 

given  angle  be  ob- 
tufe,  the  angle 
fought  will  be  a- 
cute  ;  but  when 
the  given  angle  is 
acute  and  oppofite  to  a  leffer  given  fide,  then  it  is  doubtful  whether  the  re- 

quired angle  is  acute  or  obtufe,  it  ought  therefore  to  be  given  by  the  con- 
ditions of  the  problem. 

Example.  Let  there  be  given  the  fide  BC  410,  the  fide  AB  640,  and 

the  angle  A  23^°,  to  find  the  other  fide  AC,  and  the  angles  ABC,  BCA  ? 

By   PROJECTION. 

Draw  the  indefinite  line  FE,  and  on  any  point  therein,  as  at  A,  make 

the  angle  DAE— 23-!°,  on  AD  fet  off  AB— 640,  then  on  B,  with  410  in 
your  compaffes  taken  from  the  fame  fcale,  defcribe.  an  arch  cutting  FE 
in  the  points  C  and  G,  join  BC,  BG,  and  it  is  done  ;  for  the  triangle  may 
be  either  ACB,  or  AGB,  according  as  the  angle  C,  or  G,  is  acute  or  ob- 

tufe ;  if  that  angle  be  acute,  the  triangle  will  be  ABC  ;  the  fide  AC  will 

meafure  90S,  the  angle  ACB  will  meafure  3 %\° ,  and  the  angle.  ABC  will 
meafure  11 8°  nearly  ;    but  if  the  angle  at  the  bafe  be  obtufe,  the  triangle 
will  be  AGB  ;  the  fide  AG  will  meafure  266,  the  angle  AGB  will  meafure 

J4ii°,  and  the  angle  ABG  150. 
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If  the  fide  BC  had  been  given  greater  than  AB,  there  could  have  heen 
only  one  anfwer  to  this  problem  ;  for  in  that  cafe,  the  point  G  would  have 
fallen  on  the  continuation  of  the  line  CA  towards  F,  in  which  cafe  the  angle 

A  of  the  triangle  would  become  equal  to  FAB,  inftead  of  being  equal  to  its 

fupplement,  as  is  required  by  the  conditions  of  the  problem. 

By  LOGARITHMS,  by  Theorem  II. 

To  find  the  angle  C  or  G. 

As  the  fide  BC  410  2.61278 

Is  to  the  fine  of  angle  A 2 3|° 9.60070 
So- is  the  fide  AB  640  2.8061S 

12.4068S 
2.61278 

To  fi.  an.C3S  300^141  309.79410 

Ang.Aadd  2330  2330 

Subtract      62    o  or  165    o 
From         1 80  00        1 80  00 

Ang.AECii3    0ABG15    o 

To  find  AC. 

As  fine  angle  C  38°3o' Is  to  AB  640 

So  is  fine  angle  ABC    11 8° 
9.79410 
2.80618 
9-94593 

12.7521 1 

9.79410 To  the  fide  AC  907,8  2.95801 

To  find  AG. 

As  fine  angle  G  141  °  30'  9.79410 
Is  to  AB      640  2.80618 

So  is  fine  angle  ABG  150  9.41300 

12.21918 

9.79410 
|To  the  fide  AG  266,1  2.4250S 

By  GUNTER. 

ifL  The  extent  from  BC=4io  to  AB— 640,  on  the  line  of  numbers, 

•$dll  reach  from  A— 2340  to  3<S4-°,  on  the  line  of  fines,  which  is  equal  to 

the  angle  C  ;  its  fupplement  1410  30'  being  equal  to  the  angle  G. 
zdly.  The  extent  from  the  angle  C— 380  30'  to  62°  o'  (the  fupple- 

jnent  of  the  angle  ABC,  11 8°  o')  on  the  fines,  will  reach  from  AB— 640 
to- 90S,  on  the  line  of  numbers  ;   therefore  the  fide  AC=9o8. 

Or,  the  extent  from  38°  30 '  (the  fupplement  of  the  angle  G)  to  the  angle 
ABG=ir0  o'  on  the  fines,  will  reach  from  AB=64o  to  266,  on  the  line 
ef  numbers  ;  hence  AG  =  266. 

CASES    IV.  and  V. 

Tica  fides  and  their  contained  angle  being  given,  to  find  either  of  the  other 
angles  and  the  third Jide, 

% 

\ 

Given  the  fide  AB  110  m.   AC         c  \ 

So  m.  and   angle  BAC  96°  o'}  to 
Sndihe  angle  BCA  and  CBA. 

i---    x  ̂  

\  *    v,  ■/ 

o\ 

',     no      ii 

•D 



OBLIQUE    TRIGONOMETRY, w 
By  PROJECTION, 

Draw  the  indefinite  right  line  AD,  on  which  fet  off  AB=no;  make 

the  angle  EAB=95°  ;  and  on  AE  fet  off  AC=8o  :  join  BC,  and  it  is 
done  ;  for  BC  will  meafure  on  the  former  fcale  143,  and  the  angles  B 

and  C  will  meafure  330  $$'  and  500  5'  refpectivcly  on  the  line  of chords. 

By  LOGARITHMS. 

To  find  the  angles  B  &  A,  by  Th.  III.  To  find  the  fide  AB,  by  Theor.  lit 

As  fum  of  fides  AC&AB190  2.27875 
Is  to  their  difference  30  1.477 12 

Soistan.|fumop.  -^s-,   ̂ <, 

or  comp.  I  ang.  A*"*"  9-9544
4 

11. 43156 2.27S75 

To  tang,  half  diff.    8°  f'  =9 . 1 5  2 S 1 

Sum  is  angle  C 
Diff.  is  an^le  B 

5°     5 
33  55 

As  fine  ang.  B  S3°55f Is  to  AC  80 

So  is  fine  ang.  A  9 6° or  its  fup.  84 

To  fide  BC  142.6 

:'} 

9-74662 

j.  90309 

9.99761 
u.90070 

9.74662 2.15408 

By  GUNTER. 
1  ft.  The  extent  from  the  half  fum  of  the  fides  190  to  their  half  difference 

30,  on  the  line  of  numbers,  will  reach  from  the  half  fum  of  the  angles  B  and 

C  42  °  to  their  half  difference  8°  5'  on  the  line  of  tangents.  The  fum  of 
which  half  fum  and  half  difference  gives  the  angle  C  500  5' and  their  difference 
the  angle  B  3 30  $$' ;  the  greateft  angle  being oppofite  to  the  greateft  fide*. 

2dly.  The  extent  from  the  angle  B  330  55,  to  the  angle  A  960  (or  its 
fupplement  840)  on  the  line  of  fines,  will  reach  from  the  fide  AC  80  to  the 
fide  BC  142,6  on  the  line  of  numbers. 

CASE     VI. 

The  three  fides  cf  a  plane  triangle  given,  to  find  the  angles. 

The  fide  AB  $^  BC  57,  AC  108,  given,  to  find  the  angles  ABC,  BAC* 
BCA. 

By    PROJECTION. 

\B  i- 

Draw  the  indefinite  right  line  FH,  on  which  fet  off  AC=io8  ;  take  8  J 
in  your  companies,  and  with  one  foot  on  the  point  A,  fweep  an  arch ;  then 
take  the  diftance  57  in  your  compafles,  and  with  one  foot  on  C,  fwecD 
another  arch  interfering  the  former  arch  in  the  point  B  ;  join  AB,  CB  and 

it  is  done.  For  the  angle  A  being  mcafured  will  be  found=3i-*°,  Brroy0 
and  the  angle  C=5 1\°  nearly. 
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By  LOGARITHMS,  by  Theorem  IV. 

Suppoft  BD  to  be  drawn  perpendicular  to  AC,  and  that  AGrfGC, 
SideAB==   85 
SideBC  =    57 

Sum  of  the  fides 

Dirt',  of  the  fides 

Half  bafe  AC 
DG 

Sum  is  greater  feg.  A  D 

Dirt*,  is  leaft  feg.  1)  C 

14* 
28 

54 

18,4 

72.4 

35.6 

As  the  bafe  A  G     108 

Is  to  the  fum  of  the  fides  A  B  and  B  C    14s 

So  is  dirt",  of  the  fides  A  B  and  B  C  28 

To  twice  DG 

Its  halfc-LDG 

36.S 

20334* 
2.15229 

1.44716 
3-59945 2.03342 

1.56603 

Having  divided  the  triangle  into  two  right  angled  triangles,   the  hy^ 
potenufes  and  bafes  of  which  are  given,  we  may  find  the  angles  by  Theor.  L 

To  find  the  angle  BAD. 

Asrhe  hypotenufe  AB  S5  1.92942 
Is  to  radius     90°  id.60000 
So  is  the  greater  feg.  A  D  72,4  1-85974 

To  co-fin6  B  AB  =  315  36*  9-93031 

To  find  the  angle  BCD. 
As  the  hypotenufe  B  C     57 

Is  to  radius     900 
So  is  the  leflcr  feg.  D  C     35,6 

To  co-fine  of  BCDt=5i°  21' 
BAD=3i 

I-75587 

10.00000 i-55  "45 

9-79558 
Sum 

Subtract  from 

Remains  Angle  ABC  97       3 

By  GUNTER. 

rft.  The  extent  from  the  bafe  AC— 108,  to  the  firm  of  the  fides  142^ 
on  the  line  of  numbers,  will  reach  from  the  difference  of  the  fides  28,  to 
twice  DG  36.8  on  the  fame  line  of  numbers. 

.  sdly.  The  extent  from  the  hypotenufe  ABrsS^  to  the  greater  feg- 
ment  AD  72.4,  on  the  line  of  numbers,  will  reach  on  the  fines  from  the  ra- 

dius go°  to  58°24',  which  is  the  complement  of  the  angle  BAD. 
3dly.  The  extent  from  the  hypotenufe  CB  57  to  the  lefler  fegment 

DC  35.6,  on  the  line  of  numbers,  will  reach  on  the  fines  from  the  radius 

go°  to  380  39',  which  is  the  complement  of  the  angle  BCA. 

This  c^fe  may  be  folved  without  dividing  the  triangle  into  two  right 
angled  triangles  by  Theorem  V, 

To  find  the  angle  A. BC=:  57 

AB=  85     log.  co,  ar.      8.07058 
AC:=ro8     log.  co.  ar.     7.96658 

Sum     250 

Half  fum  125     log. 
Half  fum  left  BC  68     log. 

2.09691 
1.83251 

Half  fum     15048" 2 

Sum)  19.96658 

Co- line     9.983^ 

Doubled   is  310  36*=»ngle  A. 

Having  the  angle  A,  we  may  find  the  angle 

C  by  Theorem  II. 
As  BC     57 

Is  to  fine  angle  A     310  36' So  is  AB     85 

To  the  fine  of  angle  C  5 1°  23* 

1-75587 

9.7193-2- 

1.92942 

11.64874 

i-75587 

9.89287 
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Or 
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AnEclipse  of  the  Sun 

NewburypoTt   Tuhlished,    by  Edmund  3f.Blunl. 
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A  SHORT  INTRODUCTION  TO 

ASTRONOMY  and  GEOGRAPHY, 

>^@Q®Oe«a>. 

A 
^/jI^STRONOMY  is  a  fcience  which  treats  of  the  motions  and  diftances 
of  the  heavenly  bodies*  and  of  the  appearances  thence  arifing. 

The  common  opinion  of  aftronomers  of  the  prefent  day  is,  that  the  uni- 
verfe  is  compofed  of  an  infinite  number  of  fyftems,  or  worlds ;  in  every 
fyftem  there  are  certain  bodies  moving  in  free  fpace,  and  revolving  at  dif- 

ferent diftances  round  a  fun,  placed  in>  or  near,  the  centre  of  the  fyftem  ; 
and  that  thefe  funs  and  other  bodies  are  the  ftars  which  are  feen  in  the 
heavens. 

The  Solar  System,  fo  called,  is  that  in  which  our  earth  is  placed,  and 
in  which  the  fun  is  fuppofed  to  be  fixed  near  the  centre,  with  feveral  bodies 
fimilar  to  our  earth  revolving  round  him  at  different  diftances.  This  hy- 

po thefis,  which  is  fully  confirmed  by  obfervatior^  is  called  the  Copernican 
Syftem,  from  Nicholas  Copernicus,  a  Polifh  philofopher^  who  revived.it 
about  the  year  icoo,  after  it  had  been  buried  in  oblivion  many  ages. 

Stars  are  diftinguifhed  into  two  kinds,  fixed  and  wandering.  The  for- 
mer are  fuppofed  to  be  funs  in  the  centres  of  their  fyftemSji  Ihining  with 

their  own  iight>  and  preferving  always  the  fame  fituation  with  reipect  to> 
each  other.  They  are  ufually  diftinguifhed  by  their  brightnefs,  the  larg- 
eft  being  called  of  the  firft  magnitude,  and  the  fmalleft  vifible  to  the  naked 
eye  being  of  the  fixth  or  feventh  magnitude.  A  Conjiellation  is  a  num- 

ber of  ftars  lying  in  the  neighbourhood  of  one  another  on  the  furface 
of  the  ceieftial  fphere,  which  aftronomers;  for  the  fake  of  remembering 
with  greater  eafe,  fuppofe  to  be  circumfcribed  by  the  outlines  of  fome  an- 

imal, or  other  figure.  The  wandering  ftars  are  thofe  bodies  within  our 
fyftem,  or  ceieftial  fphere,  which  revolve  round  the  fun  ;  they  appear  lu- 

minous by  reflecting  the  light  of  the  fun,  and  are  of  three  kinds,  namely,, 
primary  planets,  fecondary  planets,  and  comets. 

The  Primary  Planets  are  thofe  bodies^  which,  in  revolving  round  the 
fun,  refpeel  him  only  as  the  centre  of  their  courfes ;  the  motions  of  which, 
are  regularly  performed  in  tracks  or  paths  (called  orbits)  that  are  nearly 
circular  and  concentric  with  each  other.  A  Secondary  Planet,  Sattlilte, 
or  Moon,  is  a  body;  which,  while  it  is  carried  round  the  fun,  does  aifo  re- 

volve round  a  primary  planet,  which  it  refpe<5ls  as  its  centre*  Ccmeti 
are  a  fort  of  planets  moving  round  the  fun  in  very  eccentric  orbits,  with 
vail  atmofpheres  about  them,  and  tails  derived  from  the  fame,  efpeciaily 
when  they  come  near  the  fun. 

There  are  feve'n  primary  planets,  which,  reckoned  in  order  from  the  far., 
are  as  follows  :  Mercury,  Venus,  the  Earth,  Mars,  Jupiter,  Saturn,  and 
Herfchel. 

Mercury  and  Venus  are  called  inferior  planets,   becaufe  their  orbits  are 

within  the  earth's ;  the  others  are  called  fuperior  planets,  as  their  orbit* include  that  of  the  earth. 
K 
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The  Sun  is  the  firft  and  greateft  cibjeft  of  agronomical  knowledge  ;  ]fi 
is  placed  near  the  centre  pf  the  orbits  of  all  the  planets,  and  turns  round 

its  axis  in  25 j  days;  its  diameter  is  883,060  Enghfh  miles',  and  its  mean 
diftance  from  the  earth  is  95  millions  of  miles. 
Mercury  is  the  leaft  of  all  the  planets,  and  is  neareft  to  the  fun,  hi? 

mean*  diftance  frdm  that  luminary  being  37  millions  of  miles.  His  peri- 
odic revolution  in  his  orbit  round  the  fun  is  performed  in  87  days  23 

hours.     The  diameter  of  Mercury  is  about  3200  miles. 

Venus  is  the  brighter!:  of  all  the  planets.  Her  diameter  is  7687  miles  ; 
her  mean  diftance  from  the  fun  is  68  millions  of  miles ;  and  her  periodic 
revolution  is  performed  in  224  days  17  hours.  When  this  planet  is  in  that 
part  of  her  orbit  which  is  weft  of  the  fun,  fhe  rifes  before  him  in  the 

morning,  and  is  calied:  the5  moruing^fiar ,-  when  fhe  is  in  trie  e'aftern  part  of 
her  orbit,  ihe  Alines-  in  the  evening  after  he  fets,  and  is  called  the  evening* 

jtr.7-r The  Earth  is  newt  to  Venus  >  its  diameter  is  7964  milesr  i*s  diftance 

irom  the  fun  96-  millions  of  miles,  and  goes  round  him  in  a  year,  or  36$ 
days,  6  hours;  It  turns  round  its  axis  from  weft  to  eaft  in  23  b.  r6m( 

winch  occafions  the,  apparent  diurnal  motion  of  the  fun  and  all  the  heav- 
enly bodies  round  it,  from  eaft  to  weft,  in  the  fame  time  ;  it  is,  of  courfe, 

th<^  eaufe  of  their  rifing  and  fetring,  of  day  and  night.  The  axis  of  the 

earth  is  inclined  230  28''  to  the  plane  cf  its  orbit,  and  keeps  in  a  direction 
parallel  to  itfelf,  throughou-t  its-  annual  epusfej  v/hich  caufts  the  return  of 
fpnng  and  fummer,.  autumn  and:  winter-,  Thus  the  diu;nal  motion  gives 

us  the  grateful  viciffrtode-  ©f  night  ar,d  day*  and  the  annual-  motion  the 
regular  fucceifton  of  the  ftrafons.  The  earth  is  attended-. by  a  fatellite  call- 

ed the  Muo-n,  whofe  diameter  is  2 161  mires  ;  her  diftance  from  the  centre 

®i  the  earth  is  24o,ooom<iles  :.  ihe  goes  round  her  orbit, in  2:7  days  8  hours  ; 

but- reckoning  from  change  to  change,, in  29.*  days.  Her  orbit  is  inclined  to 

the  ecliptic  in  an  angle  of  50  18',  cutting  it  in  two  poiats  diametrically  op^ 
pofite  to  each  other,  called  her  nodes*  As  the  moon  fhines  only  by  the 

reflected  light  of  the  fun,  fhe  muft  appear  different  when;  in  different  fttua- 
tions  with  refpeft  to  thit  luminary.  When  lhe  is  in  conjunction  with 
the  fun,  her-  dark  fide  is  turned  towards  the  earth,  v/hich  renders  her  in- 
viiible  ;  this  is  called  neiA  moon  :  when  lhe  is-  in  opposition,  hex  light  fide 
is  wholly  vifble  from  the  earth  ;  this  is  called  full  mptm^ 

It  at  the  time  of  new  moon  ihe  is  near  to  either  of  her  nodes,,  fhe  ma>* 

intercept  a  part  of  the  fun's  light,  and.  thus  caufe  an  eclipfe  of  the  fun  ; 
and  if  fhe  is  near  either  of  her  nodes  at  the  time  of  full  moon,,  fhe  may  pafs 
into  the  ihadow  of  the  earth,  and  caufe  an  eclipfe  of  the  moon.  Thefc 

eclipfes  are  of  im-menfc  importance  in  afeertaining  the  longitudes  of  places 
on  the  earth.  Thev  alfe  furniih  a  convincing  proof  of  the  rotundity  of 
she  earth,  fmce  the  ihadow  of  the  earth  feen  upon  the  moon  when  eclipf. 

ed,  is  always  circular.  This  is-  farther  confirmed  by  the  appearance  of  ob- 

jects at  fea  ;  for  when  a  fhip  is  making  towards  the  land,  the-  mariners 
firft  defcry  the  tops  of  fteeplc?,  trees,  &c.  pointing  above  the  water  ;  the 

lower  parts,  being  hid,-  bv  re-afon  of  the  curvature  of  the  earth. 
The  earth  is  not  a  perfect  globe  or  fphere,  but  is  a  little  flatted  at  the 

poles,  being  nearly  of  the  figure  of  an  oblate  fpheriod,  the  equatorial  di- 

ameter being  about  34  m-iks  longer  than  the  polar  ;.  but  fmce  this  differ- 
ence bears  but  a  fmall  companion  to  the  whole  diameter,  w-e  may,  for  all 

the  practical  purpofes  of  navigation,  confidcr  the  earth  as  3  jperfcil  fpri  t 
lhe  natural  di  virions  a£  the  earth  will  be  given  he$eaf$er. 
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.  TvIars  is  the  next  planet  to  the  earth  ;  his 'diameter  is  4 1 S 9  miles,  his 
diftance  from  the  fun  144  millions  of  miles,  and  his  periodic  revolution  is 
performed  in  about  6S7  days.  He  revolves  round  his  axis  in  24  hours 
40  minutes,  appearing  of  a  dulky  reddifh  hue,  and  is  fuppofed  to  be  011- 
compaffed  with  a  very  great  atrnofphere. 

juPfTEP.  is  fituated  itill  higher  in  the  fyftem.  Pie  is  the  largeft  of  all' 
the  planets,  and  eafily  diflinguiihed  from  them  by  his  peculiar  magnitude 
stnd  light.  His  diameter  is  So,  1 70  miles,  his  diftance  from  the  fun  490 

iniiliens  of  -miles-,  and performs  his  periodic  revolution  in  4-3 3 z\  days. 
Though  Jupiter  is  the  lirgelr  of  all  the 'planets,  yet  his  diurnal  revolution, 
is  the  fvvifteft,  being  only  9  hours  and  <6  minutes. 

Jupiter  is  attended  by  four  Tatellites,  in-viftble  to  the  naked  eye  ;  but 
through  a  telefeope  thev  make  a  beautiful  appearance.  In  fpeaking  of 

them,  we  diftinguifh  them,  '-according  to  their5  places,  into  the  fell,  the  fec- 
ond,  and  fo  on  ,  by  the  rirft  we  mean  that  which  is  nearer!  to  the  planet. 

The  appearance  of  theft  farellites  is  marked  in  the  Xllth.  page  of  the  Nau- 

tical Almanac,  for  fome  particular  hour  of  the  night  ;  the  times  when' 
they  are  eclipfed  by  palling  into  the  Ihadow  of  Jupiter,  are  alfo  ••■given  in 
the  Nautical  Almanac  ;  thefe  eclipfes  are  of  confiderable  ufe  in  determine 
kig  the  longitudes  of  places  on  the  earth, 
Saturn  was  reckoned  the  rfibft  remote  planet  of  our  fyftem,.  before  the 

difcovery  of  the'  planet  Herfchel.  Ke  Ihines  but  with  a  pale  and  feeble 
light.  His  diameter  is  79,04.2  miles,  his  diftance  foom  the  fun  900  mill- 

ions of  miles,  and  his  periodic  revolution  in  his  orbit  is  performed  in  about 

29  years  1 67  days.  This  planet  is  furrounded  with  a  broad  ?at.ringa  fuf. 

pended  round  the  body  of  the  planet,  and  is  quite  different  from  all-  other- 
planetary  phenomena  with  which  we  are  acquaintedi  This  planet  has  a 
diurnal  revolution  round  its  axis,  and  is  attended  by  feven  fatellitcs.. 

Herschel,  which  is  alfo  called  -Georgium  Sidus,  and  Uraku:,  is 
the  moft  remote  planet  of  our  fyftcm.  It  was  difcovered  in  the  year  1781, 

bv  Dr.  Herfchel  ;  though  there  are  many  reafons  to  Tuppofe  it  had  be'en* 
{^tn  before,  but  had  been  confldered  as  a  fixed  ftar.  It:  diameter  is  35, 109 
miles,  its  diftance  from  the  fun  1S00  millions  of  miles,  and  its  periodic 

revolution  in  its  orbit  is  performed  in  S3I  years.  'Dr.  Herfchel  has  alfo- 
difcovered  fix  fateliites  attending  this  planet. 

The  aftronomy  of  comets  is  yet  in  its  infancy:  the  return  of  one  of 

them  in  the- year  1758,  was  foretold  by  Dr.  Halley,  and  it  happened  near. 
ly  as  he  predicted.  He  alfo  -foretold  the  return  of  another  in  the  vea.r 
1790,  but  it  never  appeared.  Probably  this  miftake  of  Dr.Hallev  was 

cwing  to  the  inaccuracy 'Of  the  obfervations  of  the  comet  at  its  former  ap- 
pearance ;-  for  Mr,.  Mochain  having  collected  all  the  obfervations,  and  cal- 

culated the  Oibit  again,  found  it  to  differ  cffcntiall-y  from  that  determhi^i ' 
by  Dr.  Halky. 

Comets  move  round  the  fun  inalldiredlions  •  but  the  planets  -all  m^v- 
from  weft  to  eaft,  when  feen  from  the  fun  j  but  if  viewed  from  any  other 

of  the  planets,  as  the  earth,  they  would  appear  to  revolve  round  it  as  &* 
centre  ;  but  the  fun  would  be  the  only  one  that  moved  uniformly  the  fame- 
way  :  for  the  other  planets  would  fometimes  appear  to  move  from  weft  to 
eaft,  and  then  to  ftand  itill ;  then  they  would  feem  to  move  from  eaft  to 

vsrft  ;  and  after  ftanding  fome  time,  they  would  again  move  from  weft  to 
eaft,  and  fo  on  continually.  The  motion  of  a  planet  from  weft  to  eaft  is 

calkd  the  dir$£l  motion,  or  accord'ui^  to  the  c'r.Ier  of  the-  /.'?■'/;,  The  con- 
nary  motion,  from  eaft  to  weft,  is  called  retrograde,  When  the plarnetapl 
y-iTi  tc  ftand  ftiil,  it  is  faid  to  be '.  Jlationar} \ 
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In  noting  the  fituations  of  the  ftars  and  planets,  aftronomers  have  been 
under  the  neceffity  of  imagining  various  lines  and  circles  on  the  fphere  ; 
and  geographers  have  done  the  fame  for  fixing  the  fituation  of  places  on  the 
earth.     The  moft  remarkable  of  thefe  are  the  following. 

1.  A.  great  circle  is  that  whofe  plane  paffes  through  the  centre  of  the 
fphere ;  and  a  f mall  circle  is  that  whofe  plane  does  not  pafs  through  its 
centre. 

2.  A  diameter  of  a  fphere,  perpendicular  to  any  great  circle,  is  called 
the  axis  of  that  circle  ;  and  the  extremities  of  the  diameter  are  called  its 

foles.  Hence  the  pole  of  a  great  circle  is  90°  from  every  point  of  it  upon  the 
furface  of  the  fphere  ;  hut  as  the  axis  is  perpendicular  to  the  circle  when 

it  is  perpendicular  to  any  two  radii,  a  point  on  the  furface  of  a  fphere,  90°* 
diftant  from  any  two  points  of  a  great  circle,  will  be  the  pole. 

3.  All  angular  diftances  on  the  furface  of  a  fphere,  to  an  eye  at  the 
centre,  are  meafured  by  arcs  of  great  circles,  Hence  all  triangles  formed 
upon  the  furface  of  a  fphere,  for  the  folution  of  fpherical  problems,  muft  be 
formed  by  the  arcs  of  great  circles, 

4.  Secondaries  to  a  great  circle  are  great  circles  which  pafs  through  its 
poles ;  and  ccnfequently  muft  be  perpendicular  to  their  great  circles. 

*  5.     The  axis  of  the  earth  is  that  diameter  about  which  it  performs  its 
diurnal  motion  ;   and  the  extremities  of  this  diameter  are  called  the  poles, 

6.  The  terrejirial  equator  is  a  great  circle  of  the  earth  perpendicular  to 
its  axis.  Hence  the  axis  and  poles  of  the  earth  are  the  axis  and  poles  of 
its  equator.  That  half  of  the  earth  which  lies  on  the  fide  of  the  equator 
we  inhabit,  is  called  the  northern  hemifphere,  and  the  other  th&f out  hern  ; 
and  the  poles  are  refpe&ively  called  the  north  and  fouth  poles. 

7.  The  latitude  of  a  place  upon  the  earth's  furface  is  its  angular  did 
tance  from  the  equator,  meafured  upon  a  fecondary  to  it,  Thefe  feconda, 
ries  to  the  equator  are  called  meridians, 

8.  The  longitude  of  a  place  on  the  earth's  furface  is  an  arc  of  the  equa, 
tor  intercepted  between  the  meridian  pairing  through  the  place,  and  another, 
called  the  firjl  meridian,  paffing  through  that  place  from  which  you  begin 
to  meafure.  The  Americans  and  Englifh  generally  place  the  firft  meridian 
at  London  or  Greenwich,  the  French  place -it  at  Paris,  the  Spaniards  at  Cadiz  ; 
fome  Geographers  place  it  at  TenerjrFe,  and  others  at  other  places.  The 
longitude  is  counted  from  the  firft  meridian,  both  eaftward  and  weftward,  till 
it  meets  at  the  fame  meridian, on  the  oppofite  point ;  therefore  the  longi- 

tude (and  alfo  the  difference.  q(  longitude  between  any  two  places)  can  never 
exceed  1S00, 

9.  If  the  plane  of  the  terrejirial  equator  be  produced  to  the  fphere  of 
the  fixed  ftars,  it  marks  out  a  circle  called  the  cehflial  equator  ;  and  if  the 
axis  of  the  earth  be  produced  in  like  manner,  the  points  of  the  heavens  to 
which  it  is  produced  are  called  poles,  being  the  poles  of  the  celeftial  equa- 

tor.    The  ftar  neareft  to  each  pole  is  called  the  pole  ftar. 

10.  'Secondaries  to  the  celeftial  equator  are  called  circles  of  declination  • 
of  thefe,  24.  which  divide  the  equator  into  equal  parts,  each  containing  15°^ 
are  called  hour  circles, 

1 1 .  Small  circles  parallel  to  the  celeftial  equator  are  called  parallels  of 
decimation* 

12.  The  fenjihle  horizon  is  that  circle  in  the  heavens  whofe  plane 
touches  the  earth  at  the  fpeftator.  The  rational  horizon  is  a  great  circle 

in  the  heavens,  palmier  through  the  earth's  centre,  parallel  to  the  fenfible horizon, 



ASTRONOMY    AND   GEOGRAPHY.  Jj 

13.  If  the  radius  of  the  earth  to  the  place  where  the  fpeftator  Hands  be 

produced  both  ways  to  the  heavens,  the  point  vertical  to  him  is  called  the 
xeniih,  and  the  point  oppofite,  the  ?iadir.  Hence  the  zenith  and  ?iadir  are 
the  poles  of  the  rational  horizon. 

14.  Secondaries  to  the  horizon  are  called  vertical  circles,  becaufe  they 

are  perpendicular  to  the  horizon ;  on  thefe  circles,  therefore,  the  altitude 
of  an  heavenly  body  is  meafured. 

15.  The  fecondary  common  to  the  celeftial  equator,  and  the  horizon  of 
any  place,  is  the  celeftial  meridian  of  that  place.  This  meridian  corres- 

ponds with  the  terrejirial  meridian  of  the  fame  place,  which  pafTes  through 
the  poles  of  the  earth,  the  zenith  and  nadir  crofting  the  equator  at  right 
angles,  and  cutting  the  horizon  in  the  north  and  fouth  points ;  that  point 
being  called  north  which  paiTes  through  the  north  pole,  and  the  oppofite 
direction  is  called  Jouth.  Hence  the  meridian  of  any  place  divides  the 

heavens  into  two  hemifpheres  lying  to  the  eaft  and  well ;  that  lying  to  the 
eaft  is  called  the  eaftern  hemifphere,  and  the  other  lying  ,to  the  well  is 

called  the  nveftem  hemifphere.  When  the  fun  is  upon  the  meridian  of  any- 
place, it  is  noon  or  mid-day. 

16.  The  vertical  circle  which  cuts  the  meridian  of  any  place  at  right 

angles,  is  called  the  p rime  vertical ;  and  the  points  where  it  cuts  the  hori- 
zon are  called  the  eaft  and  iveft  points.  Hence  the  eaft  and  weft  points 

are  900  diftant  from  the  north  and  fouth.  Thefe  four  are  called  the  cardi- 
nal points. 
17.  The  azimuth  of  an  heavenly  body  is  its  diftance  on  the  horizon, 

when  referred  to  it  by  a  fecondary,  from  the  north  or  fouth  points.  The 

amplitude  is  its  diftance  from  the  eaft  or  weft  points,  at  the  time  of  riling 
or  fetting. 

18.  The  ecliptic  is  that  great  circle  in  the  heavens  which  the  fun  ap- 

pears to  defcribe  in  the  courfe  of  a  year.  The  ecliptic  and  equator,  being 
great  circles,  muft  bifecl  each  other,  and  their  angle  of  inclination  is  called 

the  obliquity  of  the  ecliptic  ;  and  the  points  where  they  interfeci  are  called 
the  equinoclial  points.  The  times  when  the  fun  comes  to  thefe  points  are 
called  the  equinoxes.     The  ecliptic  is  divided  into  12  equal  parts,  called 
Jigns;  viz.  Aries  Tt  Taurus  ft,  Gemini  II,  Cancer  53,  Leo  $.,  Virgo  nj, 
Libra  £i,  Scorpio  1T\,  Sagittarius  J,  Capricornus  Vf,  Aquarius  ZZM 
Pifces  X .  The  order  of  thefe  is  according  to  the  apparent  motion  of  the 
fun.  The  firft  point  of  Aries  coincides  with  one  of  the  equinoctial  points, 
and  the  firft  point  of  Libra  with  the  other.  The  firft  fix  figns  are  called. 
northern,,  lying  on  the  north  fide  of  the  equator  ;  and  the  laft  fix  are  called 

j'outhern,  lying  on  the  fouth  fide. 
19.  The  zodiac  is  a  fpace  extending  8  degrees  on  each  fide  of  the 

ecliptic,  within  which  the  motion  of  all  the  planets  is  contained. 
20.  The  right  aJce?iJion  of  a  body  is  an  arc  of  the  equator  intercepted 

between  the  firft  point  of  Aries  and  a  declination  circle  palling  through  the 
tody,  meafured  according  to  the  order  of  the  figns. 

2i.  The  afcet?Jional  difference  of  any  object  is  the  difference  between 

the  right  afcenfion  of  that  object  and  that  point  of  the  equator  which  rifes 
©r  fets  with  it. 

22.  The  declination  cf  a  body  is  its  angular  diftance  from  the  equator, 
meafured  upon  a  fecondary  to  it  through  the  body. 

23.  The  longitude  of  a  ftar  is  an  arc  of  the  ecliptic  intercepted  between 

the  firft  point  of  Aries  and  a  fecondary  to  the  ecliptic  palling  through  the 
body,   meafured  according   to   the  order  of  the  figns.     If  the  body  be  in 
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our  fyftem,  and  feen  from  the  earth,  it  is  called  the  geocentr'tc  longitude  ; 
but  if  feen  from  the  fun  it  is  called  the  heliocentric  longitude  ;  the  body  ift 
each  cafe  being  referred  perpendicularly'  to  the  ecliptic  in  a  plane  patting 
through  the  eye. 

24.  The  latitude  of  3  ftar  is  its  angular  diftance  from  the  ecliptic, 
m.eafared  upon  a  fecondary  to  it  drawn  through  the  body.  If  the  body  be 
In  our  fyften;,  its  angular  diftance  from  the  ecliptic  feen  from  the  earth  is 

.  called  the  geocentric-  latitude  ;  but  if  feen  from  the  fun  it  is  called  the  btll- 

c-.entric  latitude,  The  fecondary  circle  drawn  -perpendicular  to  the  ecliptic 
2s  called  a  circle  of  latitude. 

:r.  The  ifbpk's  are  two  parallel's  of  declination  touching  the  ecliptic. 
One,  touching  it  at  the  beginning  of  Cancer,  is  called  the  tropic  of  Cancer; 

and  the  other  touching  it  at  the  beginning  of  Capricorn,  is  called  the  tropic 
cf  Capricorn.  The  two  points  where  the  tropics  cut  the  ecliptic  are  called 
the  folpiHai  points. 

26.  Colure!  are  two  fecondaries  to  the  celeftial  equator;  'one  patting 
through  the  equinoctial  points,  called  the  eoulnocllal  colure  ;  and  the  other 

patting  through  the  folftitial  points,  called  the  folftitial  colure.  The  times 
when  the  fun  comes  to  the  folftitial  points  are  called  the  folfticcs. 

27.  The  artic  and  (intarcllc  circles  are  two  parallels  of  declination,  the 
former  about  the  north,  and  the  latter  about  the  fouth  pole,  the  diftance 

6f  which  from  the  two  poles  is- equal  to  the  diftance  of  the  tropics  from  the 

equator,  which  is  about  23°  2 S',  Thefe  are  alfo  called  polar  circles,, 
The  two  tropics  and  two  polar  circles,  when  referred  to  the  earth,  divide- 
it  into  five  parts,  ealled  zones ;  the  two  parts  within  the  polar  circles  are 

called  the  frigid  zones  -,  the  two  parts  between  the  polar  circles -and  tropics 

are  called  the  temperate  zones  •  and  the  part  between  the  tropics  is  called 
tile  torrid  zone. 

Befides  thefe  imaginary  divifions  of  the  earth,  the'?e  are  various  "natural 

divifions  of  its  furface,  forVrred  by  nature  ;  fuch  as  'continents,:  ocfe'ns^ 
iilands,  feas,  rivers,  &cr; 

A  Continent  is  a  great  quantity  of  land;  wherein  are  feveral  empires, 

kingdoms,  and  countries'  conjoined  ;  as  Europe,  Alia,  Africa,  and  A- merica. 

An  Iff  arid  1$  a"  part  of  the  earth  that  is  environed  orencOrripaffed  round 
hy  the  fea,  as  Long  Ifland,  Block  Ifland,  Sec. 

A  Peninfula  is  a  part  of  land  almoft  furroundedwith  water,  fave  one  nar~ 
row  neck  which  joins  it  to  the  continent. 

An  Ifthmus  is  a  narrow  neck  of  land  joining  the 'peninfula  to  the  adja- 
cent land,  by  which  the  people  may  pafs  from  one  to  the  ofher, 

A  Promontory  is  a  high  part  of  land,  Kr etching  icfelf  into  the  fea,  the 

extremity  of  which  is  called  a  Cape  or  Headland.' 
A  Mountain  is  a  rifing  part  of  dry  land-  over-topping  the  adjacent  coun- 

try, and  appearing' ttrft  at  a  diftance. 
An  Ocean  is  a  vaft  collection  of  fait  water,  fcparating  continents  from 

one  anqther,  and  walking  their  borders  or  fhores. , 
A  Sea  is  part  of  the  Ocean,  to  which  we  mull  fail  through  fome  Strait, 

as  the  Mediterranean  and  Baltic  feas. 

A  Strait  is  a  narrow  part  of  the  Ocean  lying  between  two  fhores,  and 
opening  a  wzy  into  fome  fea,  as  the  Straits  of  Gibraltar  that  lead  into  the 
Mediterranean  Sea,  and  the  Sound  which  leads  into  the  Baltic  Sea. 

A  Creek  is  a  fmali  narrow  part  of  the  fea  or.  river,  that  goes  up  but 
a  little  wav  ini 
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A  Bay  is  a  great  inlet  of  the  land,  as  the  Bay  of  Bifcay,  and  the  Bay 
of  Mexico  ;   othcrwife  a  bay  is  a  Nation  or  road  for  fhips  to  anchor  in. 

A  river  is  a  confiderable  ft  ream  of  water  iffuing  out  of  one  or  various 

fprings,  and  continually  gliding  along  in  one  or  more  channels,  till  k  dis- 
charges itfelf  into  the  ocean  :   The  leifer  ftreams  are  called  rivulets. 

A  Lake  is  a  large  collection  of  waters  in  an  inland  place,  as  the  lakes 

Superior'  and  Huron  in  America. 

A  Gulf  is  a  part  of  the  ocean  or  f'ea,  contained  between  two  mores, 
and  is  every  where  environed  by  land,  except  its  entrance,  where  it  com- 

municates with  other  bays,  leas,  or  oceans. 
There  are  five  Oceans,  namely,  the  Northern,  the  Atlantic,  the  Pacific, 

the  Indian,,  and  the  Southern. 
The  Atlantic  Ocean  is  ufually  divided  into  two  parts,  one  called  the 

North  Atlantic  Ocean,   and  the  other  South   Atlantic  or   Ethiopic  Ocean, 
The  Northern  Ocean  ftretches  to  the  northward  of  Europe,  Afia,  ana 

America,  towards  the  north  pole. 
The  Atlantic  Ocean  lies  between  the  continents  of  Europe  and  Africa, 

on  the  eaft,  and  America  on  the  weft.  That  part  of  the  North  Atlantic 

Ocean  lying  between  Europe  and  America,  is  frequently  called  the  Weft. 
era  Ocean. 

The  Pacific  Ocean,  or,  as  it  is  fometimes  called,  the  South  Sea,  is  bound, 

ed  by  the  weftern  arid  north-weft  fhores  cf  America,  and  by  the  eaftern 
and  north-eaft  fhores  of  Afia* 

The  Indian  Ocean  wafhes  the  fhores  of  the  eaftern  coafts.  of  Africa,  and. 

the  fouth  of  Afia,  and  is  bounded  on  the  eaft  by  the  Indian  iflands,  New.. 

"Holland  and  New- Zealand. 
The  fauthern  Ocean  extends  to  the  fcuthward  of  Africa  and  America 

towards  the  fouth  pole. 
Thus  we  have  given  the  moft  ufeful  definitions  of  Aftronomv  and  Ge- 

ography ;  in  addition  to  which,  it  may  be  obfer.ved,  that  as  the  latitude 
of  any  place  upon  the  earth  is  counted  from  the  equator  upon  an  arch  of  the 
meridian  north  and  fouth,  the  difference  of  latitude  between  two  placer., 

both  north,  or  both  fouth,  is  found  by  fubtracPing  the  lefs  latitude"  Ffofft 
the  greater  ;  but  if  one  latitude  be  north,  and  the  other  fouth,  the  differ- 

ence is  found  by  adding  both  latitudes  together. 
Consequently,  if  a  fhip  in  north  latitude  fails  northerly,  or  in  fouth  lati- 

tude foutherly,  fhe  incfeafes  her'  latitude  ;  but  in  north  latitude  failing 
foutherly,  or  in  fouth  latitude  failing  northerly,  Ihe  decreafes  her  latitude, 

becaufe  file  fails  nearer  to  the  equator,  from  whence  the  latitude  is  re:k" ov.cd. 

Wherefore,  in  north  latitude  failing  norrherlv,  or  in  fouth  latitude  fail- 
tude  failing  foutherly,  the  difference  of  latitude  added  to  the  latitude  kiT 
gvvgs  the  latitude  in. 

In  north  latitude  failing  foutherly,  or  in  fouth  latitude  failing  northerly, 
til  difference  of  latitude  fubtracted  from  the  latitude  left,  'gives  the  latitude 
in. 

WJhsn  fck^. latitude  decseafes,  and  the  difference  of  latitude  is  greater 
than  the  latitude  failed  from,  fub tract  the  latitude  left  from  the  difference, 
and  the  remainder  will  be  the  latitude  in,  and  of  a  different  name  :  for  it  ig 

plain,  in  this  caf-,  that  the  fhip  has  croffed  tne  equator. 
Phe  difference  of  longitude  between  two  places,  being  both  eaft  or  weft , 

i>  found  by  fi^raftaavtlie  lefs'  ie::~;:ude  from  \&ii  gfeStcr  i  but  i£cfc€  be 
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fa  eaft  longitude  and  the  other  in  weft,  their  fum  is  the  difference  of  longl. 
fade,  when  it  does  not  exceed  1800  ;  but  if  it  exceeds  1800,  that  fum  muft 
be  fubtraded  from  3600,  and  the  remainder  will  be  the  difference  of  lon~ 
gifude. 

Therefore,  in  eaft  longitude  failing  eafterly,  or  in  weft  longitude  failing; 
wefterly,  the  difference  of  longitude  added  to  the  longitude  left,  gives  the 
longitude  in,  when  that  fum  does  not  exceed  1800  ;  but  if  it  exceeds  180% 
the  fum  fubtracted  from  3600  leaves  the  longitude  in,  of  a  different  name from  that  left. 

In  eaft  longitude  failing  we'fterlyj  or  in  weft  longitude  failing  eafterly, the  difference  of  longitude  fubtracled  from  the  longitude  left,  gives  the  lon- 
gitude in  ;  but  when  the  difference  of  longitude  is  greateft,  the  longitude 

left  muft  be  fubtra&ed  from  that  difference,  and  the  remainder  will  be  the 
longitude  in,  of  a  different  name  from  the  longitude  left. 

What  has  been  faid  will  be  rendered  familiar  to  the  learner  by  the  fols 
lowing  examples  : 

Exam,  I ;     What  is  the  difference  of 
latitude  between  Bofton  in  the  lati 

tude  of  420  2$f  N.  and  Richmond 

(Virginia)   in  the  lati  of  370  30'' North  ? 

From  Bofton's  Iat.s  42°  23'  N, 
Subtract  Richmond's  lat.    37     30  N, 

Remains  the  diff.  of  lat. 

til  mile's 

4    55 
60 

'■93 

Exam.  III.  Required  the  difference 
of  latitude  between  Georgetown 
and  Cape  Frio  in  South  America^ 

Exam.  II.  A  fhip  from  latitude 

590  27'  S.  fails  fouthward  until 
her  difference  of  latitude  be  374 
miles,  what  latitude  is  fhe  come 
to  ? 

Latitude  failed  from  590  zf  S. 
Diff.  of  lat.  374  -~  60=    6     14  Si 
Lati 

65    41   S* 

Georgetown's  lat. 
Cape  Frio's  lat. 

Diff.  of  latitude 

In  miles 

3?  H'N 
22    3;    S 

55    49 60 

3349 

Exam.  IV.  A  fhip  from  latitude 
280  25'  N.  fails  fouth  1S00  miles, 
what  latitude  is  fhe  in  ? 

From  diff.  of  lat.  1800 
miles,  or 

Sub.  lat.  left 

Diff.  ==  lat.  in 

300  oo'  S* 28    25  N,; 

35    s° 

In  the  laft  example  it  is  plain,-  that  as  the  difference  of  latitude  is  more 
than  the  latitude  lefty  the  fhip  muft  have  croffed  the  equator,  and  confe- 
quently  come  into  fouth  latitude. 

Nqte.     When  one  of  the  places  has  nO  latitude,   or  is  on  the  equators 

the  latitude  of  t'     ̂ fh^  place  is  their  difference  of  latitude* 
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s. Exam.  V.     What  is  the:  difference  of  Exam.    VI,      A    fhip    from    Cape 

longitude  between  Cape  Ann  light- 
houfe  and  Lifbon  ? 

C.Ann  light  -houfe's  long.  700  33'  W. 
Lifbon's  long,  9      7  W; 

Diff.  of  long. 

In  miles 

61    26 60 

Charles  in  Virginia  fails  eafU 
ward,  till  her  difference  of  longi* 
tude  be  400  miles,  what  longitude 
is  fhe  in  ? 

Cape  Charles'  longi .         760  i  o'  Wi, 
Diff.  of  long.  400  miles=  6    40    E» 

3686 
Exam.  VIL  What  is  the  difference 

of  longitude  between  Barcelona  and 
Salem  ? 

Barcelona's  long* 
Salem's  long. 

Diff.  of  long. 

20  18'  E. 

70    50  W 

73 

8  W; 

of  longitude  between  Manilla  and 
New- York  light-houfe  ? 

Manilla's  long.  1 20°  59/  E. 
New- York  light-houfe     74    07  W 

Slim  exceeds  i8oG 
Sub  trad  it  from 

Diff  of  long. 

195    06 
360    00 
164   54 

Long,  in 
69    30  W» 

Exam.  VIII.  A  fhip  from  150  40'' 
E.  long:  fails  weftward  till  her  diff* 

of  long,  be  270  ij'j  what  long,  is (he  in? 

Long*  left 
Diff.  of  long. 

Long. in 

15"  40'  E. 27    15  W« 

11    35  Wi. 

Exam.  IX.     What  is  the  difference  Ex  am..  X.     A  fhip  from  longitude 
1600  20'  W.  fails  weftward  until 

fhe  differs  her  longitude  41  °  20'  £ 
what  longitude  is  fhe  in  ? 

Long,  left 
Diff.  of  long* 

Long,  in 
i6oa 

41 

20' 

20 

Wi1 

201 

366 

40 

00 

158 

20 £. 

In  the    laft  example  the  fhip  has  croffed  the  oppoftte  meridian,  arid 
therefore  has  come  into  a  longitude  of  a  different  name„ 
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LANE  SAILING  is  the  art  of  navigating  a  fhipupon  the  principles 

deduced  from  the  fuppofition  of  the  earth's  being  an  extended  plane,  on 
which  the  meridians  are  all  parallel  to  each  other,  and  the  length  of  a  de- 

gree of  latitude  and  longitude  is  every  where  equal.  A  map  of  the  feveral 
parts  of  the  earth  conftru&ed  upon  thefe  principles  is  called  a  Plane  Chart. 

When  the  parts  of  the  earth  are  thus  delineated  on  a  plane,  it  is'eafy  to  fee 
the  track  by  which  a  fhip  may  go  from  one  place  to  another  ;  and  alfowhat 
angle  this  track  makes  with  the  meridian  :  Ships  at  fea  are  kept  in  this 

track  by  means  of  an  inftrument  called  the  mariner's  compafs. 

The  Mariner's  Compass  is  an  artificial  reprefentation  of  the  horizon, 
of  any  place.  It  confifts  of  a  circular  piece  of  paper,  called  a  card,  divided 
(like  the  horizon]  into  360  degrees  or  32  points.  This, is  fixed  to  a  piece 
of  fteel  called  a,  needle,  to  which  a  magnetic  virtue  has  been  communicated 
by  means  of  a  loadftone,  which  has  the  property  of  pointing  fteadily  to- 

wards the  north,  and  carrying  the  card  with  it,  when  turning  freely  on  a 
pivot  or  any  thing  to  fupport  it.  Thus  will  every  point  of  the  card  cor- 
refpond  with  the  fame  points  of  the  horizon  ;  confequently  by  help  of  the 
compafs  a  fhip  may  be  kept  in  any  propofed  track  or  courfe. 

A  PvHumb  Line  is  a  right  line  drawn  from  the  centre  of  the  compafs  to 
the  horizon,  reprefented  by  the  circumference  of  the  card.  It  has  different 
names  according  to  the  point  of  the  horizon  it  is  drawn  to. 

The  Course  is  the  angle  which  any  rhumb  line  makes  with  the  meri- 
dian ;  fometimes  it  is  reckoned  in  points,  half  points,  &c.  and  fometimes 

in  degrees.  A  table  of  the  feveral  angles  which  every  point,  and  quarter 
point,  makes  with  the  meridian  will  be  given  in  the  next  page. 

Distance  is  the  number  of  miles,  leagues,  &c.  intercepted  between  two 
places  reckoned  on  a  rhumb  ;  or  it  is  the  way  or  length  a  fhip  has  gone  on 
a  direct  courfe  in  a  given  time.  The  method  of  meafuring  this  diftance  by 
the  leg  will  be  explained  hereafter. 

Difference  of  Latitude  is  the  diftance  which  the  fhip  has  made 

north  or  fouth  of  the  place  failed  from  ;  and  is  generally  reckoned  in  miles 
and  parts  of  a  mile  on  a  meridian. 
Departure  is  the  eaft  or  weft  diftance  a  fhip  has  made  from  the  me- 

ridian of  the  place  fhe  departed  from,  and  in  the  plane  chart  is  the  fame 
as  the  difference  of  longitude. 

If  a  fhip  fails  due  north  or  fouth,  fhe  fails  on  a  meridian,  makes  no  de- 
parture, aud  her  diftance  and  difference  of  latitude  are  the  fame.  If  fne  fails 

due  eaft  or  weft,  fhe  goes  on  a  parallel  of  latitude,  makes  no  difference  of 
latitude,  and  her  departure  and  diftance  are  the  fame. 

The  difference  of  latitude  and  departure  make  the  legs  of  a  right-angled 
triangle,  the  hypotenufe  of  which  is  the  diftance  the  fhip  has  faiied  ;  the 
perpendicular  is  the  difference  of  latitude  counted  on  the  meridian  ;  the  bafe 
is  the  departure,  which  is  eafting  or  welting  counted  from  the  meridian  ; 
the  angte  oppofite  to  the  bafe  is  the  courfe,  or  angle,  that  the  fhip  makes 
with  the  meridian  .;  and  the  angle  oppofite  the  perpendicular  is  the  comple. 





Fat-.  Peye.llZ- 

the  Mariners  Compass. 

TFT' 
TKe   Lo 

Tine   Log 

in  the  ̂ 4ct  of  heavinef 

E?  There  are  many  kinds  of  Logs,  hat  the  above,  is  the  most  Common. 
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3nant  of  the  courfe,  which  being  taken  together,  make  always  eight  points 

<ot  90  degrees. 

In  conftrufting  figures  relating  to  a  fnip's  courfe,  let  the  upper  part  of 
the  paper,  or  what  the  figure  is  drawn  upon,  always  reprefent  the  north  ; 
the  lower  part  will  be  the  fouth  ;  the  right  hand  eafr,  and  the  left  weft. 

Draw  the  north  and  fouth  line  to  reprefent  the  meridian  of  the  place  the 

Chip  fails  from  ;  then,  if  the  fnip's  courfe  is  to  the  fouthward,  mark  the  up. 
per  end  of  the  line  for,  the  place  failed  from  ;  but  if  the  courfe  is  northward, 
mark  the  lower  end  for  that  place. 

When  the  courfe  is  eafterly,  defcribe  the  arch,  and  lay  off  the  courfe  and 

departure  on  the  right-hand  fide  of  the  meridian  ;  but  when  wefterly,  on 
the  left-hand  fide. 

When  the  courfe  is  given  in  degrees,  the  degrees  expreffing  it  muft  be 
taken  from  the  line  of  chords  ;  but  when  in  points,  from  the  line  of  rhumbs ; 

and  is  always  to  be  laid  off  upon  the  arch,  beginning  at  the  meridian. 
When  the  courfe  is  given  in  points,  it  may  be  fet  down  with  its  corref- 

ponding  logarithm  in  points  in  the  calculation,  as  found  in  the  firft  page  of 
the  logarithms,  without  reducing  it  into  degrees. 

In  all  cafes,  wherever  the  complement  of  courfe,  or  co-fine,  &c.  is  ufed, 

the  degrees  or  points  put  down"  is  the  courfe  itfelf ;  yet  the  logarithm  be- 
longing to  the  complement,  or  co-line,  &c.  of  that  courfe  is  taken. 

^i  Table   of  the  Angles   ivhich   every   Point  of  the    Compafs   makes  luith 
the  Meridian. 

North. South. Points, 
DM. 

North. 
boiith. 

N.  by  E, S.    by  E. I l! 

,  I 

1 
3 
4 

2.49 

5  37 8.26 
11. 15. 

N.  by  W. 
S.  by  W. 

N.  N.  E. S.  S.  E. 

I 

I 

1 

2 

i 

'  i 

2 
3 
4 

14.  4 

16.52 

19.41 22.30 
N.N.  W. s.  s.  w. 

V.  E.by  N. S.  E.  by  S. 

2 

2 

2 

3 

i 
4 
i 
2 
3 

2f 

25.19 28,  7 

30.56 33-45 N.  W.  by  N.. 
S.  W.  by  S. 

N.    E. S.  E. 

3 
3 
3 
4 

I 

I 

T, 

'A. 

4 

36-34 

39-22 
42.11 

45.  0 

- 

N.   W. 
s.  w. 

M.  E  by  E. S.  E.  by  E. 

4 
4 
4 
5 

I 

«■ 

I 
47-49 
5°-37 

56.15 -N.  W.  byW. 

I 

S.  W.  by  W. 

E-  NT.  E. E.  S.  E. 

5 

5- 

5 
6 

I 

I 
1 

4  "
 

59/  4 61.52 

€4.41 
67.30 W.  N.  W, w.  s.  w. 

E.  by  N. E.  by  S, 

6 
6 
6 

7 

1 % 
I 
1 
3 » 

70.19 

73-  7 

75-56 

73-45 81.34 

84.22 

87.11 

90.  0 

W„by  N. 
W.  by  S, 

Eaft. 

7 
7 
7 
8 

I 

1 
2 

1 
Weft.   -5,   



PLANE   SAILING* 

Jit  the  following  Table,  the  rules  for  Joining  the  various  cafes  of  Platte  Sail* 
big  are  collected, 

PLANE  SAILING. 

Cafe. Given. 
Required. 

Solutions. 

I 
Courfe 

and  Diftance. 
Diff.  Lat. 

Departure. 

Rad.     :     Dift.     :  :     Cof.  Courfe     :     Diff.  Lat. 

Rad.     :     Dift.     :  :     Sine  Courfe     :     Departure. 

a Co  ;rfe  and 
Diff.  of  Lat. 

Diftance 

Departure. 

Co-fine  Courfe     :     Diff.  Lat.     :  :     Rad.     :     Diftance. 

Radius     :     Diff.  Lat.     :  :     Tang.  Courfe  :   Departure. 

3 
Courfe  and 

Departure. 

Diftance 

Diff".  Lat. 
Sine  Courfe     :      Departure     :  :     Rad.     :     Diftance. 
Radius     :     Departure     :  :     Co-tang.  Courfe  :   Dif.Lat. 

4 
Diftance  and 
Diff.  Lat. 

Courfe 

Departure. 

Diftance    :    Radius    :  :    Diff.  Lat.     :     Cof.  Courfe. 

Radius     :     Diftance     :  ;     Sine  Courfe     :     Departure. 

5 

6 

Diftance  and 

Departure. 

Courfe 
Diff.  Lat. 

Diftance    :    Radius    :  :    Departure     :     Sine  Courfe. 
Radius     :     Diftance     :  :     Cof.  Courfe     :     Diff.  Lat. 

Diff.  Lat.  & 

Departure. 

Courfe 

Diftance. 
Diff.  Lat.     :     Radius     :  s     Dep.     :     Tang.  Courfe. 

CSineCoutfe     :     Departure     ::     Rad.     :     Diftance, 
(  Radius     :     Diff.  Lat.     :  :      Secant  Courfe    :    Diftance. 

CASE    I. 

Courfe  and  dlfiance  failed  given,    to  find  the  difference  of  latitude  and  de- 
parture from  the  meridian. 

A  Chip  from  the  latitude  490  57'  N.  fails  S.  W.  by  W.  48S  miles  ;  re- 
quired the  latitude  {he  is  in,  and  her  departure  from  the  meridian  fhe  failed 

fwrnc 

By  PROJECTION. 



PLANE    SAILINC.  8^ 

Draw  the  line  CA  to  reprefent  the  meridian  of  the  place  C,  from  whence 
the  ftiip  failed. 

With  the  chord  of  6o°  in  your  compares,  and  one  foot  in  C,  defcribe  the 
compafs  NWSE, 

Take  5  points  in  your  compaffes  from  the  line  of  rhumbs  on  the  plane 
fcale,  and  fet  it  off  on  the  arch  from  S,  towards  W,  for  the  courfe  ;  through 
this  point  and  C  draw  the  line  CB,  which  make  equal  to  the  diftance  488  ; 
draw  BA  parallel  to  the  E.  and  W.  points  WE  to  cut  the  meridian  in  A* 

Then  will  CA  be  the  difference  of  latitude  271.1,  and  AB  the  depart- 
ure 405.8. 

By  LOGARITHMS. 

By  making  the  diftance  radius, 

To  find  the  departure. 
As  radius  8  points  10.00000 
Js  to  the  diftance  4S8  2.68842 
So  is  the  fine  courfe  5  pts,,       9.9 1985 

To  find  the  difF.  of  latitude. 

As  radius  8  pts,  io.oocoa 
Is  to  the  diftance  4S8  2.68842 
So  is  co-fine  courfe  5  pts.      9-74474. 

To  the  departure  405. 8          2.60827IT0  the  diff.  of  lat.  271. 1      2.43316 

Now  as  the  fhip  is  in  north  latitude  failing  foutherly  ;  from  the  latitude 

left  —  U  490  Sf  N. 
Take  the  difference  of  latitude  271.1=  4     31     S. 

Gives  the  latitude  in  45     26   N« 

And  the  departure  from  the  meridian  is  405.8  miles. 

Though  this  method  of  working  by  logarithms  is  certain,  yet  the  fame 

may  be  wrought  by  Gunter's  fcale  and  compaffes,  much  more  expeditiouSy* 
and  exaft  enough  in  the  practice  of  navigation. 

By  GUNTER. 

Extend  from  radius  or  8  points*  to  5  points  on  the  line  marked  S  R  ; 
that  extent  will  reach  from  the  diftance  488  to  the  departure  405.8  on  the 
line  of  numbers. 

2dly.  Extend  from  radius  or  S  points  to  3  points,  the  complement  of 
the  courfe,  on  the  line  S  R  ;  that  extent  will  reach  from  the  diftance  48  8  to 
the  difference  of  latitude  271  on  the  line  of  numbers. 

Thus  may  all  the  operations  be  performed  in  the  feveral  cafes  of  Naviga- 
tion. 

By  this  cafe  are  calculated  the  tables  of  latitude  and  departure  (Tables 

I.  and  II.)  for  every  degree,  point  and  quarter-point  of  the  mariner's  com- 
pafs, to  the  diftance  of  300  miles,  which  are  of  excellent  ufe  in  working  day's 

works  at  fea,  and  may  be  applied  both  to  Middle  Latitude  and  Mercator's 
Sailing,  as  ihall  be  {hewn  hereafter ;  the  prefent  cafe  is  worked  by  thefe 
tables  in  the  following  manner, 

By  INSPECTION. 

Find  the  given  courfe  at  the  top  or  bottom  of  the  tables,  either  among 
the  points  or  degrees,  and  in  that  page,  and  right  againft  the  diftance  taken 
in  its  column,  ftand  the  difference  of  latitude  and  departure  in  their  col- 

umns. + 

*  When  the  courfe  is  given  in  points,  make  ufe  of  the  lines  marked  fme  rhumbi,  and  tangent  rhumbs,  ou  the  upper  Tide  of  the 
fcale  ;  when  in  degrees,  make  ufe  of  the  lines  marked  fine  -ind  tangent. 
+  When  the  diftance  is  too  great  to  be  found  in  the  tables,  yon  muft  divide  it  by  ?,  3,  4,  or  any  convenient    curlier,  the  fu:iau. 

ben  correfnonding  to  the  Quotient  bein£  multiplied  by  the  divifjr  will  give  the  fought  numbers. 
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•  It  muft  be  obferved,  that  in  tiling  thefe  tables,  the  names  Dift.  Lat,  Dep. 
mull  be  found  ac  the  top  if  the  courfe  is  found  there,  but  if  the  courfe  is 
found  at  the  bottom,  thofe  names  muft  be  found  at  the  bottom. 

Thus,  the  courfe  S.  W.  by  W.  or  5  points,  is  found  at  the  bot- 
tom of  the  table  of  difference  of  latitude  and  departure  for_  points :  and  as 

the  diftance  488  is  too  great  to  be  found  in  the  tables,  divide  it  by  2  (or 
any  other  convenient  number)  and  that  gives  244,  which  look  for  in  the 
diftance  column,  and  right  againft  it  ftand  135.5  for  the  difference  of  lati- 

tude, and  202.9  for  the  departure,  which  being  doubled  (becaufe  divided 
by  2)  give  271  for  the  difference  of  latitude,  and  405.8  for  the  departure, 
the  fame  as  before. 

Any  of  thefe  methods  will  do,  but  the  lafl  is  chiefly  prattifed  at  fea. 

CASE     II. 

Courfe  and  difference  of  latitude  given,  to  find  the  diftance  run,  and  depart- 
ure from  the  meridian. 

If  a.fhip  runs  S.  E.  b.  E.  from  i°  45'  north  latitude,  and  then  by  ob- 
fervation  is  in  20  46'  fouth  latitude,  what  is  her  diftance  and  departure  ? 

In  this  cafe,  as  the  fhip  has  croffed  the  equator,  the  fum  of  the  two  lati, 

fudes  i°  45/  and  20  46''  is  the  difference  of  latitude  40  31 '1=271  miles. 
By  PROJECTION. 

Draw  BC=27i,  and  BA  making 
an.  angle  with  BC=the  courfe  5 

points,  or  560  15' ;  upon  C  erect  the 
perpendicular  CA  cutting  BA  in  A, 
and  it  is  done  ;  for  CA  will  be  the 
departure=4o6,  and  AB  the  dif- 
tance=4S8. 

By  LOGARITHMS. 

By  making  difF.  of  lat.  BC  radius 
To  find  the  departure. 

As  radius  4  points  .  10.00000 
Is  to  diff.  of  lat.  271  2.43297 
So  is  tang,  courfe  5  pts.        10. 175 11 

By  making  the  Dep.  AB  radius. 
To  find  the  diftance. 

As  co-fine  courfe  5  points  -  9.74474 
Is  to  the  diff.  of  lat.  271        2.43297 
vSo  is  radius  1 0.00000 

To  the  departure  405.6         2.60808  To  the  diftance  487.8  2.68823 

.  Hence  the  fhip's  diftance  run  is  487.8  miles,  and  her  departure  from  the 
meridian  is  405.6  eafterly. 

By  GUNTER. 
Extend  from  radius  or  4  points  to  the  courfe  5  points  on  the  line  marked 

TR  ;  that  extent  will  reach  from  the  difference  of  latitude  27 1  to  the  de- 
parture 405.6  on  the  line  of  numbers. 

2dly.  Extend  from  the  complement  of  the  courfe  3  points  to  the  radius 
8  points  on  the  line  SR,  that  extent  will  reach  from  the  difference  of  lat- 

itude 271  to  thediftance  4S8  on  the  line  of  numbers. 

By  INSPECTION. 

Find  the  courfe  among  the  points  or  degrees,  and  the  difference  of  lati- 
tude in  its  column,  right  againft  which  ftand  the  diftance  and  departure  in 

their  columns. 
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Now,  as  the  difference  of  latitude  271  is  too*  great  to  be  found  in  the  ta- 

bles, I  divide  it  by  2,  and  that  gives  135.5  w>h'ieh  I  find  over  5  points  in 
the  latitude  column  ;  againft  that  ftand  24.4,  for  the  diftance,  and  202.9 
for  the  departure,  which  multiplied  by  2  give  the  diftance  4.88,  and  the 
departure  405.8. 

CASE    III. 

Courfe  and  departure  from  the  meridian  given,  to  find  the  diftance  and  dif~ 
ference  of  latitude. 

If  a  fhip  fails  N.  E.  b.  E.  \  E.  from  a  port  in  $°  15'  fouth  latitude,  un- 
til (he  depart  from  her  firft  meridian  406  miles,  I  demand  her  diftance,  and 

what  latitude  fhe  is  in  ? 

Def*-4  06E. 

By  PROJECTION. 

Draw  the  meridian  AB,  upon  which 
erecl;  the  perpendicular  EC,  and  fet  off 
thereon  from  B  her  departure  406  eafter- 

ly  from  B  to  C  ;  with  the  chord  of  6o°, 
on  C  defcribe  an  arch,  and  fet  off  thereon 
the  complement  of  the  courfe,  as  DE ; 
through  D  and  C  draw  the  line  CDA, 
cutting  the  meridian  in  the  point  A  ; 
then  AC  meafured  on  the  fame  fcale  before  ufed,  gives  the  diftance  449, 
and  AB  192,  the  differ  nee  of  latitude. 

By  LOGARITHMS. 

By  making  the  departure  BC  radius.  By  making  the  diftance  AC  radiys, 
As  radius  4  points  10.00000 
Is  to  the  departure  406  2.60853 
So  is  co-tang,  courfe  5|  pts.  9.67483 

To  the  diff.  of  lat.  192  2.28336 

As  fine  courfe  5^  pts. 
Is  to  departure  406 
So  is  radius 

To  the  diftance  449.? 

From  the  latitude  left  — 
Subtract  the  difference  of  latitude  192  miles,  or 

9.95616 

2,60853 

10.00000 2,65237 

3°  15'  S. 

3  1  z  N. 
The  remainder  being  3,  fhews  the  fhip  is  in  the  latitude  of  o     05    Sa 

Ey  GUNTER. 

Extend  from  radius  or  4  points  to  the  co-courfe  t\  points  on  the  line 
marked  T  R  ;  that  extent  will  reach  from  the  departure  406  to  the  differ- 

ence of  latitude  192  on  the  line  01  numbers. 
2dly.  Extend  from  the  courfe  5!  points  to  radius  on  the  fines,  that  ex- 

tent will  reach  from  the  departure  406  to  the  diftance  449  miles  on  the  line 
of  numbers. 

By  INSPECTION. 

Find  the  courfe  either  among  the  points  or  degrees,  and  the  departure  in 
its  column,  right  2gainft  which  ftand  the  diftance  and  difference  of  latitude 
in  their  respective  columns. 
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Thus,  with  the  .courfc  5^-  points,  and  half  the  departure  203,*  I  find 
524.5  for  the  tiiftance,  and  96.0  for  the  difference  of  latitude,  which  being 
doubled,  give  the  diltance  44.9,  and  the  difference  of  latitude  192.0,  as 
before, 

CASE    IV, 

J}'ifiance  and  difference  of  latitude  gi<ven}   to  find  the  couife  and  departuree 
Suppcfe  a  fhip  fails  488  miles,  between  the  fouth  and  the  eafl,  from  a  port 

in  20  52'  fouth  latitude,  and  then  by  dbfervation  is  in  70  23'  fouth  lati- 
tude ;  what  courfe  has  fhe  fleered,  and  what  departure  has  fhe  made  ? 

From  the  latitude  by  obfervation  70  23'  take  z°  52'  the  latitude  leftj 
the  remainder  40  yj=.z^\  miles  is  the  difference  of  latitude. 

By  PROJECTION, 

Draw  the  meridian  AB=27i  5  upon  B  erecT: 
the  perpendicular  EC;  take  488  in  your  com. 
paffes,  and  with  one  foot  on  A,  lay  the  other  ori 
the  line  BC  ;  join  A  and  C  ;  then  will  BC  be 
the  departure  406,  and  the  angle  BAG  the 

ccurfe=560  16'  or  five  points  nearly. 

By  LOGARITHMS. 
To  find  the  courfe. 

As  the  diflance  488  2.68842 
Is  to  radius  1 0.00000 

So  is  the  diff.  of  lat.  271        2.43297 

To  find  the  departure. 
As  radius  10.00006 
Is  to  the  diflance  488  2.68842 

So  is  fine  courfe  560  16'         9.91993 

To  co-fine  courfe  56°  \6f       9.74455  To  the  departure  405.8         2.60835 
Hence  the  courfe  is  S.  E.  b.  E.  and  the  departure  405.8^ 

By  'GUNTER. 

The  extent,  from  the  diflance  488,  to  the  difference  of  latitude  iyi;  on 

the  line  of  numbers^  will  reach  from  radius,  or  90°  to  330  44'  the  co-courfe' on  the  line  of  fines. 

And  the  extent,  from  radius  to  5  6°  16'ort  the  line  Of  fines,  will  reacli 
from  the  diflance  48  8  to  the  departure  405,8  fan  the  line  of  numbers. 

By  INSPECTION. 

Seek  in  the  tables  till  againfl  the  diflance,  taken  in  its  column,  be  found 
the  given  difference  of  latitude  in  one  of  the  following  columns  ;  and  adjoining 
to  it  Hands  the  departure  3  which^  if  lefs  than  the  difference  of  latitude,  the 
courfe  is  found  at  the  top ;+  but  if  greater,  the  courfe  is  found  at  the  bottom. 

Now  with  half  the  diflance  244,  and  half  the  difference  of  latitude  135, 5, 
look  in  the  tables  till  they  are  found  to  agree  in  their  refpeftive  columns, 

'which  they  do  over  5  points  ;  againfl  them  ftand  202,9  for  the  de- 
parture, which  being  doubled,  give  405,8,  as  before. 

*  The  nearrft  numbers  in  the  table  arc  20c .5  arid  207.4,  and  as  the  number  203  is  nearly  a  mean  of  thefe  two  values,  I  tafctf 
the  mean  224. 5  of  the  coirefponding  diftances  224,  225,  and  the  mean  96  uf  the  correfpondiiur  departures  95/8  and  96.2  ;  thefa 
doubled  give  the  true  diltance  449,  and  departure  192. 

+  It  may  alfo  be  known  whether  the  courfe  he  marked  at  the  top  or  bottom  of  the  table,  by  obfervirrj  whether  the  difference  of 

latitude  or  departure  corresponds  with  the  marks  at  the  top  or  bottom.  Thus  the  bah' diltance  244,  and  half  diff.  of  lar.  13,5,5  cor* 
refp-jnd  to  the  courfe  5  points,  becaufe  the  column  in  which  sj^.5  is  found,  is  marked  lat.  at  the  butlora  :  the  fame  may  be  oW 
fc-rviid  in  the  fallowing  cafes. 
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CASE  V. 

t>iftance  and Departure  given,  to  find  the  Courfe  and  difference  of  Latitude* 

Admit  a  fhip  fails  48 8  miles  between  the  north  and  weft  from  the  lat.of 

-32°  25'  north,  until  her  departure  is  405  miles  1  what  courfe  has  fhe  fteer^. 
ed,  and  what  latitude  is  Ihe  in  ? 

By  PROJECTION, 

Draw  the  line  AB  equal  to  the  departure  405, 
and  perpendicular  thereto  the  line  BC  to  reprefent 

the  meridian,  then  take  the  diftance  48  8  in  your-™- ' 
compaffes,  and  fixing  one  foot  in  A  lay  the  other 
on  the  line  BC,  join  AC  and  it  is  done  ;  for  the 
angle  AC  B  will  be  the  courfe,  and  BC  the  differ- 
ence  of  latitude. 

By  LOGARITHMS. 

T)ep 

To  find  the  Courfe. 

As  the  diftance  488  2.6S842 
Is  to  radius  10.00000 

So  is  the  departure  405  2.60746 

To  find  the  difF.  of  Lat. 
As  radius  10.60006 

Is  to  the  diftance .48 S  2.68842. 

So  is  co-fine  courfe  56°  6f      9.74644 

To  the  fine  of  cou.  $6°  6'    9.91904  To  the  difF;.  of  lat.  272,2      2.43486 

Hence  the  Courfe  is  N.  560  6'  W;  or  N.  W.  by  W;  nearly. 

,  To  the  latitude  failed  from  320  25'  add  the  difference  of  latitude  272,  or 
40  32',  the  fum  360  5 7'  is  the  latitude  the  fhip  is  in. 

By  GUNTER. 

Extend  from  the  diftance  488  to  the  departure  405  on  the  line  of  num- 

bers, that  extent  will  reach  from  radius  to  the  courfe  560  6r  on  the  line  of fines. 

2dly.  Extend  from  radius  to  the  complement  of  the  courfe  33°  54'  on 
the  line  of  fines,  that  extent  Will  reach  from  the  diftance  48  8  to  the  difF.  c£ 
lat.  272  on  the  line  of  numbers. 

By  INSPECTION. 

Seek  in  the  tables  till  againft  the  diftance,  taken  in  its  column,  be  found 
the  given  departure  in  one  of  the  following  columns  ;  and  adjoining  to  it 
ftands  the  difference  of  latitude  ;  which,  if  greater  than  the  departure,  the 
courfe  is  found  at  the  top  ;  but  if  lefs,  the  courfe  is  found  at  the  bottom. 

Now,  with  half  the  diftance  244,  and  half  the  departure  202,5, 1  lock  in 
the  tables  j  and  find  them  to  agree  in  their  columns,  nearly  over  5  points, 
againft  which  is  latitude  135,5,  which  being  doubled,  is  271,  the  difference 
of  latitude  nearly,'  as  before, 

CASE  VI. 

Difference  of  Latitude  and  Departure  given,  to  find  the  Courfe  and '  Diftance  t 
A  fhip  fails  between  the  north  and  weft  till  her  difference  of  latitude  is  27? 

toiles,  and  her  departure  is  406  miles  ;  I  demand  her  courfe  and  diftance  i 
M 
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By  PROJECTION. 

C<% 

Departure  4.06. 

Draw  AB=27i,  and  perpendicular  to  it 

BC— 406  ;  join  C  and  A  ;  then  will  the 
angle  CAB  be  the  courfe=56°  i"/,  and 
AC  the  diftancc=48S  miles. 

By  LOGARITHMS. 

To  find  the  courfe. 

As  the  diff.  of  la't.  271  2.43297 Is  to  radius  10.00000 

So  is  departure  406  2.60853 

To  find  the  diftance. 
As  radius  10.OOOOO 
Is  to  the  diff.  oflat.  271        2.43297 

So  is  fee.  of  courfe  560  1 7'  10.25564 

To  tang,  of  courfe  5 6°  1 7/   10.17556  To  the  diftance  488.2  2.6S861 

Hence  her  courfe  is  N.  560  17'  W.  or  N.  W»  bv  W.  and  the  diftance 
failed  is  488.2  miles. 

By  GUNTER. 

Extend  from  the  difference  of  latitude  271  to  the  departure  406  on  the 

line  of  numbers,,  that  extent  will  reach  from  radius  to  560  17'  the  courfe' 
on  the  line  of  tangents. 

2dly.  For  the  diftance  we  muft  confider  it  as  radius,  (unlefs  there  is  a 

line  of  fecants  on  the  fcale)  and  extend  from  the  courfe  560  17'  to  the  radius 
or  900  on  the  line  of  fines,  that  extent  will  reach  from  the  departure  406,  to 
the  diftance  488  on  the  line  of  numbers. 

By  INSPECTION. 

Seek  in  the  tables  till  the  given  difference  of  latitude  and  departure  are 
found  together  in  their  refpeftive  columns,  then  right  againft  them  will  be 
the  diftance  in  its  column,  and  the  courfe  will  be  found  at  the  top  of 
that  table  if  the  departure  be  lefs  than  the  difference  of  latitude,  otherwife 
at  the  bottom. 

Thus  with  half  the  difference  of  latitude  135.5,  an^  half  the  departure 

203,  enter  the  tables  and  thefe  numbers  will  be' found  to  correfpond  nearly 
to  a  5  point  courfe,  and  a  diftance  equal  to  244  milesr  which  being  doubled 
gives  the  fought  diftance,  48  8. 

The  fix  foregoing  Problems  are  common  cafes  of  Plane  Sailing,  which  the 
learner  ought  to  be  well  acquainted  with  ;  and  for  that  end  I  here  add  tea 
more  for  practice,  whofe  anfwers  may  be  found, by  the  foregoing  rules. 

Quejilon  I,  A  fhip  in  2°  ioJ  fouth  latitude,  fails  N.  by  E.  89  leagues  j 
what  latitude  is  fhe  in,  and  what  is  her  departure  ? 

Anf'wer.     Latitude  in  2°  11'  N.  and  departure   17,36  leagues. 
Qjtejiion  II.  A  fhip  fails  S.  S.  W„  from  a  port  in  41  °  30' north  latitude, 

and  then  by  obfervation  is  in  360  57'  north  latitude,  I  demand  the  diftance 
run  and  departure  ? 

A>tf<wer,     Diftance  run  98,5  leagues,  departure  37,7  leagues , 



PLANE    SAILING.  $T 

thtefiion  III,  A  fhip  fails  S.  S.  W.  half  W.  from  a  port  in  2°  30'  fouth 
latitude,  until  her  departure  be  59  leagues  ;  I  demand  her  diftance  run  and 
latitude  in  I 

Anfcwtr.     Diftance  run  12^,2  leagues,  latitude  in  8°  1'  fouth. 

Queftion  V7.  If  a  Ihip  fails  360  miles  fouth  weft  ward  from  210  5-9' 

fouth  latitude,  until  by  observation  Ihe  be  in  240  49'  fouth  latitude,  what 
is  her  courfe  and  departure  ? 

Anfiuer.  The  courfe  is  S.  W.  by  W.  half  W.  or  S.  6i°  49'  W.  and 
her  departure  from  the  meridian  is  317,3  miles. 

Ouejl'ion  V.  Suppofe  a  fhip  fails  354  miles  north  eaftward  from  20  9' 
fouch  latitude,  until  her  departure  be  150  miles  ;  what  is  her  courfe  and 
latitude  in  ? 

An/kver,  Her  courfe  is  N,  250  4'  E,  or  N.  N.  E,  |  E.  nearly,  and  Ihe 
Is  in  latitude  30  izf  north. 

Queftio?i  VI.  Sailing  between  the  north  and  the  weft,  from  a  port  In 

1°  59'  fouth  latitude,  and  then  arriving  at  another  port  in  40  8/  north  lati- 
tude, which  is  209  miles  to  the  weft  ward  of  the  firit  port ;  I  demand  the 

courfe  and  diftance  from  the  firft  port  to  the  fecond  ? 

AnJ<wer.  The  courfe  is  N.  290  40'  W.  or  N.  N.  W.  \  W.  nearly,  and 
the  diftance  of  the  ports  is  422,4  miles,  or  140,8  leagues. 

Queftion  VII.  four  days  ago  we  were  in  lat.  30  25'  S.  and  have  fince 
that  time  failed  in  a  direct  courfe  N.  W.  by  N.  at  the  rate  of  8  miles  an 
hour  ;  required  our  prefent  latitude  and  departure  ? 

A?ifnuer.     Latitude  in  70  14'  N.      Departure  426.7  miles. 

Queftion  VIII.  A  Ihip  in  the  latitude  30  52'  S.  is  bound  to  a  port  bear- 

ing N.  W.  by  W.  {W.  in  the  latitude  of  40  30'  N.  how  far  does  that 
port  lay  to  the  weftward  ;  and  what  is  the  fhip's  diftance  from  it  ? 

Aufnxier.  The  port  lies  939.2  miles  to  the  weftward,  and  the  direft 
diftance  1065  miles. 

Queftion  IX.  A  fhip  from  the  latitude  of  480  if  N.  fails  S.  W.  by  S. 
until  ihe  has  depreiTed  the  north  pole  two  degrees  ;  what  direct  diftance  has 
Ihe  failed,  and  how  many  miles  has  fhe  got  to  the  weftward  ? 

Anpwer.  Diftance  run  144,3  miles.*  a*id  has  got  to  the  weftward  8o>Z 
miles. 

Queftion  X.  Two  ports  lie  under  the  fame  meridian^  one  in  the  latitude 

of  520  3o/  N.  and  the  other  in  the  latitude  470  io/N.  A  fhip  from  the 
fouthernmoft  fails  due  eaft  9  knots  an  hour,  and  two  days  after  meets  a 

{loop  that  had  failed  from  the  northernmoft  port  :  required  the  floop's  direct 
courfe  and  diftance  run  ?. 

AnJ<wer,     The  floop  failed  S.  530  28' E.  and  diftance  run  537,6  miles,, 
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TRAVERSE  is  an  irregular  track  which  a  fhip  makes  by  failing, 
on  feveral  different  courfes  ;  thefe  are  reduced  to  a  fingle  courfe  by  means 
of  two  or  more  cafes  of  plane  failings  either  by  geometrical  conftruciions 
or  by  arithmetical  calculation. 

The  geometrical  conftruftion  is  performed  as  follows  :  Defcribe  a  circle 

with  the  chord  of  fq°,  to  reprefent  the  compafs,  and  lay  off  on  its  circum- 
ference the  various  courfes  failed.  From  the  centre,  upon  the  firfl  courfe. 

fet  off  the  firft  diftance,  and  mark  its  extremity  ;  through  this  extremity, 
and  parallel  to  the  feccnd  courfe,  draw  the  fecond  diftance  of  its  proper 
length  ;  through  the  extremity  of  the  fecond  diftance,  and  parallel  to  the 
third  courfe,  draw  the  third  diftance  of  its  proper  length  ;  and  thus  pro- 

ceed till  all  the  diftances  are  drawn.  A  line  drawn  from  the  extremity  of* 
the  laft  diftance,  to  the  centre  of  the  circle,  will  reprefent  the  diftance  made 
good ;  a  line  drawn  from  the  fame  point,  perpendicular  to  the  meridian, 
v/ill  reprefent  the  departure  ;  and  the  part  of  the  meridian  intercepted  be- 

tween this  and  the  centre,  will  reprefent  the  difference  of  latitude. ' The  arithmetical  calculation  to  work  a  traverfe  is  as  follows  :  Make  a 

traverfe  table  confifting  of  fix  columns ;  title  them,  Courfe,  Dift.  N.  S, 
E.  W.  ;  begin  at  the  left  fide,  and  write  the  given  courfes  and  diftances 
in  their  refpeclive  columns.  Find  the  difference  of  latitude  and  departure 
for  each  of  thefe  courfes,  by  Table  I.  or  II.  (as  in  Cafe  I.  Plane  Sailing) 
and  write  them  in  their  proper  columns  ;  that  is,  when  the  courfe  is  foutru 
«rly,  the  difference  of  latitude  muft  be  fet  in  the  column  S.  ;  but  if  north- 

erly, in  the  column  N.  ;'  when  wefterly  in  the  column  W.  '3  and  when  eaft» 
<erly  in  the  column  E.  Add  up  the  columns  of  northing,  fouthing,  eafting 

andwefting  ;  take  the  difference  between  the  northing  and  fouthin^,  and' 
the  eafting  and  wefting  ;  the  former  difference  will  be  the  difference  Of  lat, 
itude,  of  the  fame  name  as  the  greater  ;  and  the  latter  v/ill  be  the  depart 
ture,  which  is  alfo  of  the  fame  name  as  the  greater.  With  this  difference. 
of  latitude  and  departure,  the  courfe  and  diftance  made  good  are  found  as  jj^ 
Cafe  VI,  Plane  Sailing. 

example;   J. 

Suppofe  a  {hip  takes  her  departure  from  Block  Ifland  in  the  latitude  of; 

410  10'  N.  the  middle  of  it  bearing  N.  N.  W.  diftance  by  eftimation  5 
leagues,  and  fails  S.  E.  34,  W.  by  S.  16,  W.  N.  W.  39,  and  S.  by  E.  40 
miles ;  required  the  latitude  fhe  is  in,  and  her  bearing  and  diftance  from 
Block  Ifland  ? 
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By  PROJECTION, 

S?. 

Let  L  reprefent  the  middle  of  Block-Ifland  ;  draw  the  meridian  LM,  and 

pn  L  as  a  centre,  with  the  chord  of  6o°,  fweep  a  circle  to  reprefent  the 
compafs,  on  which  mark  the  various  courfes  failed,  and  the  bearing  of  the 
land  at  the  time  of  taking  the  departure  ;  oppofite  to  this  bearing  draw  the 
S.  S.  E.  line  LA,  which  make  equal  to  15  miles,  the  eftiinated  diftance  of 
the  land  ;  then  will  A  reprefent  the  place  of  the  fhip  at  the  time  of  taking 
the  departure  :  through  A  draw  AB  =  34  miles  parallel  to  the  S.  E, 
line  ;  then  will  B  be  the  place  of  the  fhip  after  failing  her  full  courfe  :  io 

like  manner,  draw  BC=i6  miles  parallel  to  the  W.  by  S.  line;  CD-rrjj 
miles  parallel  to  the  W.  N.  W.  line,  and  DE=4o  miles  parallel  to  the 
S.  by  E.  line  ;  then  will  E  reprefent  the  place  of  the  fhip  after  failing  her 
feveral  courfes.  Join  EL,  and  draw  EM  perpendicular  to  LM  ;  then  will 

LE  be  the  diftance  of  Block-Ifland  66.8  miles,  and  the  angle  ELM — 
120  i6/wiilbe  the  courfe  made  good,  LM  the  difference  of  latitude,  and EM  the  departure. 

To  find  the  fame  by  LOGARITHMS. 

For  the  firft  courfe,  So  S.  E.  15  miles. 
For  departure.. 

As  radius  90"  10.00000 
Is  to  diftance  15  1. 17609 

a.  To  find  the  diff.  of  latitude. 

As  radius  900  10.00000 
Is  to  diftance  15  1. 17  609 
So  is  co-fine  courfe  2  pts.       9.96562 

Todiff.  Ut.  13.9 1,14171 

So  is  fine  courfe  2  pts.  9.5828. 

To  departure  5.7 
O.75893 
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Second  Courfe  S.  E.  34  miles. 

For  difference  of  latitude. 

As  radius  go°  10.00000 
Is  to  co-fine  courfe  45*  9.S4949 
$0  is  diftance  34  1. 53148 

To  diff.  latitude  24 

1.38097 

For  departure. 

As  radius  900 
Is  to  fine  courfe  450 So  is  diftance  34 

To  departure  24 

Third  courfe  W.  by  S.  16  miles. 

For  diiference  of  latitude. 

As  radius  900  10.00000 
Is  to  co-fine  courfe  7 8°  45'    9.29024 
$0  is  diftance  16  1. 20412 

To  diff.  latitude  3.1 ©•49436 

For  departure. 

As  radius  90° 
Is  to  fine  courfe  7 8°  45' So  is  diftance  16 

Tq  departure  15.7 

Fourth  courfe  W,  N.  W.  39  miles. 

For  difference  of  latitude. 

As  radius  900  10.00000 
Is  to  co-fine  courfe  670  $0'.    9.58284 
£q  i§  diftance  39,  1.59 106 

"To  diff.  lat.  14.Q 
1. 17390 

For  departure. 

As  radius  900 
Is  to  fine  courfe  67  °  30' Sq  is  diftance  39 

T9  departure  36 

Fifth  courfe  S.  by  E.  40  miles. 
For  difference  of  latitude. 

As  radius  900  10.00000 
Is  to  co- fine  courfe  xz°  15''  9-99157 So  is  diftance  aq  1.60206 

To  diff.  lat.  39.2 
I-59363 

For  departure. 

As  radius  900 
Is  to  fine  courfe  1 1     15' So  is  diftance  40 

To  departure  7.8 

io.ocoocj. 9.84949 

1. 53148 1.38097 

IO.OCOOCi 
9-99157 
1. 20412 1. 19569 

1 0.00000 

9.96562 1. 59 106 

1.55668 

10.00000, 

9.29024 
1.60206 

0.89230 

Though  this  method  of  finding  the  difference  of  latitude  and  departure 
by  logarithms  is  certain,  yet  the  fame  may  be  more  readily  found  by  the 
tables  of  difference  of  latitude  and  departure^  as  in  Cafe  I.  Plane  Sailing. 

TRAVERSE  TABLE. 

Place  all  thefe  courfesx  dis- 
tances, &c.  in  the  traverfe  ta- 

ble, then  add  up  all  the  weft. 
ings,  eaftings,  northings,  and 
fouthings,  feparately,  and  fet 
down  their  refpective  fums  at 
the  bottom  of  each  column  ; 
and  as  the  welling  is  greater 
than  the  eafting,  fubtracT:  the 
eafting  therefrom  ;  the  differ- 

ence 14,2  fhews  that  the  fhip's 
departure  is  fo  much  weft  of 
her  firfl  meridian. 

Courfes. 
iDiff.   Lat. 

Departure. 
N. 

S. 
E. W. 

S.  S. E.
' 

*5 

i3-9 

5-7 S.  E. 

W.  by  S. 
W.  N.  W. 
S.byE. 

From  fum 
Take 

34 16 
39 

40 

H-9 

24.0 

3-i 

39.2 

24.0 

7.8 

'5-7 

36.0 

— 

14.9 

80.2 

14.9 

37-5 

5*v7 

37-5 
Refts — — 

65-3 

14.2 
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9$ 

fouthward 
Again/  the  fouthing  being  greater  than  the  northing,  fubtraft  the  nor 

ihg  from  it,  and  the  remainder  fhews  how  far  the  fhip  is  to  the  fouthw 
of  her  firft  place. 

To  find  the  direel  Courfe  or  Bearing  of  To  find  the  diftance  of  the  Ifland. 
Block  Ifland  from  the  fhip. 

As  the  difF.  lat.  65,5 

Is  to  radius  45  ° 
So  is  the  departure  14,2 

1.81491 

10.00000 
1. 15229 

To  tang.  cou.  12*  16'  9*33738 

Whichj  becaufe  the  difference  of  lat- 
itude is  foutherly,  and  the  departure 

wefterly,  is  S.  120   i6/  W.     Whence 
Block  Ifland  bears  from  the  fhip  N 

13°  i6yE.  or  N.  by  E.  t°  i'E. 

As  fine  of  cou.  120  i6' 
Is  to  the  depart.  14,2 

So  is  radius  900 

To  the  diftance  65*8 

9.3272S 

1. 15229 

jo. 00000 

1. 82501 

Ey  INSPECTION. 

Find   the   courfe  and  diftance  by- 
Cafe   6th  of  Plane  Sailing. 

EXAMPLE     II. 

A  fhip  from  Mount-Defert  Rock  in  the  latitude  of  430  52'  N.  fails  for 
Cape-Cod  in  the  latitude  of  420  5'  N.  whoie  departure  from  the  meridian 
of  Mount-Defert  Rock  is  94  miles  weft  ;  but  by  reafon  of  contrary  winds 
fhe  is  obliged  to  fail  on  the  following  courfes,  viz.  South  10  miles,  W.S.W 
25  miles,  S.W.  30  miles,  and  Weft  20  miles.  Required  the  bearing  ancl 
diihtnee  of  the  two  places,  the  courfe  and  diftance  failed  by  the  fhip,  and 
the  bearing  and  diftance  of  her  intended  port  ? 

By    PROJECTION 

Lat.  Mount-Defert  Rock  43°  52'N. 
Latitude  of  Cape-Cod  —  42      5  N. 

Diff  ©flat, 1   47=107  miles. 

VCJA. 

CC»a  fji  £ D h 
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Let  C  reprefent  Mount-Defert  Rock,  draw  the  meridian  CF,  whicii 
taake  equal  to  1 07  miles  the  difference  of  latitude  between  the  two  places  5 
and  perpendicular  thereto  the  line  FE  equal  to  the  departure  94  miles,  then 

is  E  the  place  of  Cape-Cod.  With  the  chord  of  6o°,  fweep  about  the  cen- 
tre C,  a  circle  ESW  to  reprefent  the  compafs,  and  upon  it  note  the  various 

courfes  failed.  The  firft  courfe  being  South,  the  diftance  10  miles  is  fet 

'©fFfrom  C  towards  F  upon  the  meridian,  and  this  point  reprefents  the  place 
of  the  fhip  after  failing  her  firft  courfe;  continue  fctting  off  the  various 
courfes  and  diftances  as  iri  the  laft  example,  viz.  W.S.W.  25  miles,  S.W* 
30  miles,  and  Weft  20  miles  to  the  point  A  ;  then  will  A  reprefent  the 
place  of  the  fhip  after  failing  thefe  courfes.  Join  CEj  AC,  AE;  draw 
A  B  perpendicular  to  the  meridian  C  F,  and  A  D  parallel  thereto  ;  then 
vill  AC=76,z  miles  be  the  diftance  made  good,  AE  =  72,6  miles  the 
diftance  of  Cape-Cod  from  the  fhip  ;  CE  the  diftance  of  the  two 

jf]aces=  1 4.2,4  miles  ;  ACB=$7°36/,  the  courfe  made  good  ;  EAD=24° 
to'  the  courfe  to  Cape-Cod,  and  EC F  the  courfe  from  Mount-Defert 
Hock  to  Cape-Cod  r~4i°  18^  &c. 

By  LOGARITHMS. 

To  find  the  bearing  and  diftance  of  the  two  places  by  Cafe  VI.  Plane Sailing. 

To  find  the  diftance. 

As  radius  900  „  io.coood 

To  find  the  bearing. 
As  diff.  lat.  107 

Is  to  radius  45  ° 
So  is  departure  94 

To  tang,  courfe  41  °  iS' 

2.02958 

10.00000 Is  to  diff.  of  lat.  107  2.02938 

1.973 1 3JS0  is  fee.  courfe  41  °  iS'      10.12421 
9. 94375I To  the  diftance  142,4  2-I5359 

Whence  the  courfe  from  Mount-Defert  Rock  to  Cape-Cod  is  S.  41  ° 
iS'W,  diftance  142  miles.  The  fame  may  be  found  by  the  fcale,  or  by 

infpedlio'ns 
The  difference  of  latitude  TRAVERSE  TABLE. 

and  departure  for  the  feveral 
courfes  being  calculated,  by 
Cafe  I.  Plane  Sailing,  and  ar- 

ranged iri  the  traverfe  table, 
it  appears  that  the  difference  of 
latitude  made  good  by  the  fhip 
is  40,8  miles,  and  the  depar- 

ture 64,3  miles  ;  now  by  Cafe 
VI.  Plane  Sailing,  thefe  num- 

bers are  found  to  correfpond  to 

a  courfe  of  S.  57°  36'  W.  and 
diftance  76,2  miles ; 

Subtract  the  difference  of  latitude  made  good  by  the  fhip,  40,8  miles, 
from  the  whole  difference  of  latitude,  107  miles,  and  there  remain  66, i 

mile'sy  which  is  the  difference  of  latitude  between  the  fhip  and  Cape-Cod. 
In  the  fame  manner  by  fubtrafting  the  fhip's  departure,  64,5  miles,  from 
the  whole  departure,  94  miles,  there  remain  29,7  miles  for  the  departure 
between  the  fhip  and  Cape-Cod.  With  this  difference  of  latitude,,  66,2, 

and  departure,  2*9,7,  ̂ e  bearing  of  Cape-Cod  is  found,  by  Cafe  VI.  Plane 
Sailing,  S.  24°  10'  W.  and  its  diftance  72,6  miles. 

Courfes. Dift. 
Diff. Lat. 

Depart. 

N. 

S. 

E. 

w. 

South. 
W.  S.  W. 

S.  W. W. 

10 

2S 

30 

20 

10. 0 

9.6 

21.2 
23.1 
21.2 20.0 

Diff.  Lat. 

40.8 

Dep. 64.3 
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All  the  preceding  calculations  may  be  made  by  logarithms,  by  the  fcaie, 
Or  by  infpeclion  ;  but  we  fhall  leave  them  to  exercife  the  iearner  ;  and  for 
tht  fame  purpofe  fhall  add  the  following  example. 

Example  III. 

A  fh'iD  in  the  latitude  of  370  ic/  N.  is  bound  to  a  port  in  the  latitude  of 
330  o'  N.  which  lies  1S0  miles  weft  of  the  meridian  of  the  fhip  ;  but  by 
reafon  of  contrary  winds  ihe  fails  the  following  courfes,  viz.  S.  W.  by  W. 

27  mile*— W.  S.  W.  f  W.  30  miles — \v\  by  S.  25  miles — W.  by  N.  18 
miles — S.S.E.  32  miles^-S.S.E.  f  E.  27  miles— S.byE. 25miles — South  3r 
miles,  and  S.S.E.  39  miles.  Required  the  latitude  the  fhip  is  in,  and  her  depar- 

ture from  the  meridian,  with  the  courfe  and  diftance  to  her  intended  port  ? 

TRAVERSE  TABLE. 

The  difference  of  latitude 

and  departure  made  on  each 
courfe,  are  given  in  the  adjoin- 

ed traverfe  table  :  hence  it  ap- 
pears that  the  difference  of  lat- 

itude made  good  is  169.4 
miles,  the  departure  47.4 
miles,  and  by  Cafe  VI.  Plane 

Sailing,  the  courfe  S.  1 50  38'  W. 
and  diftance  175.9  m^es  J  a°d 
the  courfe  to  the  intended  port 

S.  58°  42'  W.  diftance  155.2 
miles ;  the  latitude  in  being 

340  ax'N. 

Courfes. Dill. 

Diff.  Lat. Departure. 

N. 

S. 

E. 

W. 

S.  W.  byW. 
W.S.W.fW 
W.  byS. 

W.  bvN. 

S.  S.  E.* S.  S.E.f  E. 
S.  byE. 
South. 

S.  S.  E.* 

27 

3° 

25 

18 

32 

27 
25 

31 

39 

3-5 15.0 

8.7 

4.9 

29.6 
23.2 

Z4.5 

31-0 

36.0 

12.2 

13-9 

4.9 14.9 

22.4 

28.7  _ 

24.5' 

17.7 

93-3 45-9 

3-S 172.9 

3-5 45-9 

Diff. Lat. 

169.4 Dep. 

47-4 

«  tnScad  of  pu::in£  the  ejirfe  S.  S.  £.  32  miles,  and  S,  S.  E.  39  niles,  you  might  make  one  entry  enlj',  cajlipg  it  S.  S.  3. 

N 
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PARALLEL     SAILING. 

I N  Plane  Sailing  the  earth  is  confidered  as  an  extended  plane,  in  which 
the  degrees  of  latitude  are  equal  ;  but  this  fuppofition  is,  very  erroneous,, 
beeaufe  the  earth  is  nearly  of  a  fpherieal  figure,  in  which  the  meridians  all 
meet  at  the  poles,  and  of  courfe  the  length  of  a  degree  of  longitude  de- 
crcafes  in  receding,  from  the  equator.  To  illuftrate 
thi^let  PB  reprefent  the  femi-axis  of  the  earth,  B 
the  centre,  P  the  pole,.PCA  a  quadrant  of  the  merid- 

ian, AB  the  radius  of  the  equator,  and  CD  (parallel' 
thereto)  the  radius  of  a  parallel  of  latitude.  Then 
it  is  evident  that  CD  will  be  the  co-fine  of  AC,  or 
the  co-fine  of  the  latitude  of  the  point  C,  to  the  ra- 

dius AB  :  now  if  the  quadrantal  arch  PCA   be  fup- 
pofed  to  revolve  round  the  axis  PB,the  point  A  will  defcribe  the  circumference 
of  the  equator,  andC  theeircumference  of  a  parallel  of  latitude  ;  and  the  for- 

mer circumference  will  be  to  the  latter  as  AB  to  CD  (as  may  eafily  be  deduced 
from.  Art.  57.,.  Geometry)  ;  that  is,,  as  radius  to-  the  co-fine  of  the  latitude 
of  the  point  C  ;  and  fince  both  thefe  circumferences  are  fnppofed'  to  be  di- 

vided into  3600,  it  follows  that  the  length  of  a  degree  of  the  equator  is  to 
the  length  of  a  degree  of  any  parallel,  as  radius  is  to  the  co-fine  of  the  lal- 
itudeof  that  parallel.     Hence  we  obtain  the  following  theorems, 

THEOREM     I. 

The  circumference  of  the  equator  is  to  fhe  circumference  of  any  other  par* 
allel  of  latitude,  ax  radius  is  to  the  co-fne  of  that  latitude,- 

THEOREM     IL. 

As  the  length  of  a  degree  of  the  equator  is  to  the  length  of  a  degree  on 

any  ether  parallel  of  latitude,  fo  is  radius  to  the  co-fine  of  that  parallel  of 
latitude. 

THEOREM    III. 

As  radius  is  ta  the  co-fne  of  any  latitude,  fo  are  the  mile?  of  difference  of 
longitude  between  two  meridians  (or  their  diftance  in  miles  upon  the  equa- 

tor) to  the  diflance  of  thefe  two  meridians  on  that  parallel  of  latitude  vt 
miles. 

THEOREM     IV. 

As  the  co- fine  of  any  latitude  is  to  radius,  fo  is  the  length  of  any  arch  en 
that  parallel  of  latitude  (intercepted  between  two  meridians)  in  miles,  to 

the  length  of  a  fimilar  arch  on  the  equator,  or  miles  of  difference  of  lon- 

gitude. 
THEOREM     V. 

As  the  co-fne  of  any  latitude  is  to  the  co-fine  of  any  other  latitude,  fo  ts 
the  length  of  any  arch  on  the  firjl  parallel  of  latitude  in  miles,  to  the  length 
of  the  fame  arch  on  the  other  in  miles. 
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By  means  of  Theorem  IT.  tfce  following  table  was  calculated,  which 
{hews  the  breadth  of  a  degree  of  longitude  in  every  latitude  :  and  may  be 
made  to  anfwer  for  any  degrees  or  minutes  by  taking  proportional  parts. 

The  following  Table  foetus  how  many  Miles   anfwer   to  a  Degree  of  Long r- 
t.ude  at  every  Degree  of  Latitude, 

O.  L. MILES. D.  L.j  MILES. 
D.  L. MILES. D.  L. MILES. D.  L. 

MILES. 

I 59 

.  99 

*9 

56  •  73 
37 

47  •  92 
SS   134- 

41 

73 

n  •   54 
2 59 .  96 20 

56  -  3* 

38 

47  .  28 

56 

33 55 

74 

l6  .  54 

3 59 .  92 21 

56  .  01 

39 

46  .  63 
57 

32 

.  6-8 

■75 

lS  -  53 

4 59 
.  85 

22 

55  •  fiS- 

40 

45  •  96 

58 3
1 

80 

76 

14  .  52 

5 59 
-   77 

23 

tS  -   23 

4i 

4;  .  28 

59 

30 

90 

77 
13  •  5° 

6 59 

.  67 

24 

54  •  81 

42 

44  •  59 

60 

30 

00 

78 

12  .  47 

7 59 
•  55 

25 

54  •  3S 43 

43  •  88 

61 

29 09 

79 

11  .  45 

8 59 .  42 26 
S3   •  93 44 

43  •  16 

62 
28 

ll 

80 10  .  42 

9 59 .  26 

27 

53  •  46 

45 
42  ■  43 

63 

27 

.  24 

81 
9  •  39 

IO 59 
.  09 28 

52  .  98 

46 

41  .  68 

64 

26 
•  3° 82 

8  •  35 

ii 

5« 

.  90 

29 

52  .  48 

47 

40  .  92 

65 
25 

•  36 

S3 

7   •  3i 
12 

58 

.  69 

30 

51  .  96 

48 

40  .  15 
66 

24 

.  4° 

84 

6  .  27 

13 

?s 

.  46 

3i 

51  •  43 
49 

39  •  36 

67 
23 

■  44 

85 

5   •  23 

»4 

58 

.  22 

32 

50  .  88 

5° 

38  •  57 68 
22 .  48 

86 
4  .  19 

'5 
57 .  96 33 

5°  •  32 

5l 

37  •  76 

69 

21 

•  5° 

87 

3  •  14 
16 57 .  68 34 

49  ♦  74 

52 

36  .  94 

70 

20 

•  52 S8 

2  .  09 

*7 
57 •  38 

35 

49  •  15 

S3 
36  .  11 

71 

r9 

•  53 

89 

1  .  05 

iS 57 
.  06 
0 

36 

48  •  54 

54 
35  •  27 

72 

18 

•  54 

90 

0  .  00 

From  what  has  been  faid,  arife.s  the  folution  of  tUe  following  cafes  of 
parallel  failing. 

CASE   I. 

The  difference  of  longitude  between.  t<wo  places  in  the  fame  parallel  of 
latitude  being  given,  to  find  the  dijlance  between  thtm. 

Suppofe  a  fhip  in  the  latitude  of  490  3o'norfh  or  Touth,  fails  direftly 
eaft  or  weft  until  her  difference  of  longitude  be  50  30',  required  the  dif- C-ance  foiled  r 

By    PROJECTION. 

..%'     Dcrj/3dri\ 
Si; 

0 ...,"? 
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Take  the  fine  of  900  from  the  plane  fcale,  and  with  one  foot  of  the  com- 
paffes in  P  (Fig.  ij  defcribe  the  arch  EQ;  with  the  difference  of  longitude 

210  miles  in  the  compaffes,  and  one  foot  in  E,  fweep  an  arch  cutting. EQ. 
in  Q;  join  PE,  PQ,  which  reprefent  two  meridians,  P  being  the  pole  and 
EQ  the  equator.  Take  the  fine  of  the  complement  of  the  Satit.ude- 

40'  jc/  in  your  compaffes^  and  with  one  foot  in  P,  defcribe  the  arch  ¥Gt 
cutting  PJ£,  FQ,  in  F,  G  ;  the  length  of  the  chord  FG  being  meafurcd  on 
the  fcale  of  equal  parts  will  be  the  departure  136.4  mites. 

Or  this  projection  may  be  made  in  the  following  manner.  Draw  AD  (Fig, 

2.)  of  an  indefinite  length,  make  the  angle  DAC  equal  to  the  latitude  49  °  30', 
and  AC  equal  to  the  difference  of  longitude  2 10.' miles  ;  draw  CD  perpen^ 
picuiar  to  AD  ;  then  will  the  line  AD  be  the  diftance  or  departure  re* 
Quired.. 

By   LOGARITHMS. 

To  find  the  departure  or  diftance. 

As  P-adius  90®  io.coooQ- 
Is  to  the  difference  of  longitude  210  2.32222 

So  is  Co-iine  latitude  490  30'  9.81254 

To  the  diftance  or  departure  136,4  2.13476 

By  GUNTER. 

The  extent  from  radius  to  the  complement  of  the  latitude  400  30''  on  the line  of  fines,  will  reach  from  the  difference  of  longitude  210  to  the  diftance 

136,4  on  the  line  of  numbers,, 

By  INSPECTION. 

Find  the  latitude  among  the  degrees  in  table  II,  and  in  the  diftance  col, 

timn  the  difference  of  longitude,  opp'ofite  to  which  in  the  column  of  lati- tude, is  the  diftance  required. 

In  the  prefent  example  the  latitude  is  49°  30'  3  and  as  the  table  is  only 
calculated  to  Tingle  degrees,  I  find  the  numbers  in  the  tables  of  490  and  50% 
and  take  the  mean  of  them  ;  the  former  is  137,8,  the  latter  135,0,  the 
mean  of  which  is  the  fought  diftance  or  departure  136,4, 

CASE  II. 

The  diftance  between  tivo  places  on  the  fame  parallel  of  lath  tide  givens  to 
find  their  difference  of  longitude. 

Suppofe  a  lliip  in  the  latitude  of  490  30''  N.  or  S,  and  long.  360  40'  W, 
fails  directly  weft  I36j4  miles  ;  required  the  difference  of  longitude  and 
longitude  in  ? 

By  PROJECTION, 

With  the  fine  of  the  complement  of  the  latitude  400  3o/  in  your  com- 
paffes, and  one  foot  in  P  (Fig.  ift.  of  the  preceding  cafe)  defcribe  the  arch 

FG,  upon  which  fet  off  the  departure  136,4  miles  upon  the  chord  FG,  and 
through  the  points  F  and  G  draw  the  lines  PE  and  PQ  ;  then  with  the  fine 

of  900  in  the  compaffes  and  one  foot  in  the  centre  P,  defcribe  an  arch  to 
cut  PE,  PQ,  in  E  and  Q  ;  then  the  chord  EQ  being  meafured  upon  the 
fame  fcale  of  equal  parts  that  the  departure  was,  will  be  the  difference  of 
longitude  210  miles, 
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Or  thus,  draw  the  line  AD  (Fig.  2d.)  which  make  equal  fo  the  given 
diftance  136,4.  at  D  creel  DC  perpendicular  to  DA,  make  the  angle  DAC 
equal  to  the  latitude  ;  then  will.  AC  be  the  fought  difference  of 
Ioi:gitude  210  miles. 

By  LOGARITHMS. 

As  Co-fine  oflatitude  49  °  3c/       9.S1254               Long,  left  360  4c/  W. 
Is  to  the  diftance  136,4                 2.1 3481               Diff,  long.  3    30  W. 
So  is  radius  10.00000    

Long,  in  40     10  "W. To  the  difference  of  long.  210      2.32227 

By  INSPECTION. 

Look  for  the  latitude  among  the  degrees  as  if  it  was  a  courfe,  and  the 
departare  in  the  column  of  latitude  ;  right  againft  which  Hands  the  differ- 
ecce  of  longitude  in  the  diftance  column. 

Thus  in  the  courfe  490,  I  feek  for  136,4  in  the  latitude  column,  and. 
find  it  correfponds  to  the  diftance  20'S  ;  and  in  the  courfe  500,  I  find  it 
nearly  correfponds  to  212  ;  half  the  fum  of  208  and  212  is  210,  which  is 
the  fought  difference  of  longitude, 

QUESTIONS  TO  EXERCISE  THE  LEARNER. 

Qjieft'ion  I.  A  fhip  in  the  latitude  cf  32'  N.  fails  due  eaft  till  he?, 
difference  of  longitude  is  384  miles  ;  required  the  diftance  failed  ,? 

Anf-ouer.      325.7  miles, 
Ouefiion  II.  A  fhip  from  the  latitude  of  530  $6'  S.  longitude  1  o°  I  %'  E. 

fails  due  weft  236  miles  j  required  her  prefent  longitude  ? 

Anjhver.      30  40'  E. 
Qiteftian  III.  If  two  fhips  in  the  latitude  of  44.0  3c/  N.  diftant  216 

miles,  fhould  fail  dire&ly  fouth  until  they  were  in  the  latitude  of  320  17'' 
jNT.  what  diftance  are  they  from  each  other  ? 

An/vjer.     By  Theorem  V.  256  miles. 

Queji'1011  JV.  A  fhip  having  run  due  eaft  for  three  days,  at  the  rate  of 
I  knots  an  hour,  finds  fhe  has  altered  her  longitude  8°  16',  what  parallel 
pf  latitude  did  fhe  fail  in  ? 

A;[f-v::r.     43°  28''  N,  or  S, 
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HEN  a  fliip  fails  due  eaft  or  weft,  or  in  the  fame  parallel  of  lat- 
itude^ we  may,  by  the  foregoing  theorems  in  parallel  failing,  calculate 

the  difference  of  longitude  from  the  departure,  or  the  departure  from  the 
difference  of  longitude.  But  in  general  .1  fhip  croffes  feveral  meridians 
and  parallels,  and  then  arrives  at  a  different  latitude  from  that  fhe  left  ; 
therefore  fmce  the  miles  that  make  a  degree  in  one  parallel  are  different 
from  thofe  in  another  parallel  on  the  fame  fide  of  the  equator,  we  mult  not 
make  our  calculations  for  either  the  greateft  or  the  leaft  of  the  latitudes, 
but  for  fome  intermediate  one.  The  latitude  generally  ufed  is  the  arith- 

metical mean  between  the  latitude  left  and  the  latitude  arrived  at ;  and 
with  this  mean  or  middle  latitude,  the  difference  of  longitude  is  found  from 
the  departure,  or  the  departure  from  the  difference  of  longitude,  as  in  pa- 

rallel failing.  This  method  is  very  much  ufed  in  fhort  runs  and  day's 
works  ;  but  in  calculating  large  diftances  acrofs  diftant  parallels,  it  is  not 

fo  accurate  as  Mercator's  Sailing,  which  will  be  explained  hereafter.  The 
calculations  of  middle  latitude  failing  are  performed  by  means  of  the  fol- 

lowing theorems,  of  which  the  two  firft  are  the  fame  as  Theorem  III.  and 

IV.  of  parallel  failing,  only  writing  departure  for  diftance  and  middle  latj, 
tud'e  for  latitude.  • 

THEOREM   I,      • 

As  Radius  is  to  the  co-fine  of  the  middle  latitude,  fo   is   the  difference  of 
longitude  to  the  departure. 

THEOREM  II. 

As  the  co -fine  of  the  middle  latitude  is  to  the  radius,  fo  is  the  departure  tcs 
the  difference  of  longitude. 

In  which  it  mull  be  remembered,  that  the  middle  latitude  is  found  by 
adding  both  latitudes  together  and  taking  half  their  fum. 

Again,  hnce  (by  cafe  1.  plane  failing)  the  radius  is  to  the  fine  of  the 
coarfe,  as  the  diftance  failed  is  to  the  departure,  if  we  combine  this  anal, 
ogy  with  that  of  Theorem  II,  we  Ihail  have, 

THEOREM    III. 

As  the  co-fine  of  the  middle  latitude  is  to  the  fine  of  the  eourfe,  fo  is  the 
diftance  failed  to  the  difference  of  longitude. 

And  by  cafe  II.  plane  failing,  we  have  this  analogy  ;  as  radius  is  to  the 

tangent  of  the  courfe,  fo  is  the  difference  of  latitude  to  the  departure  ;■  by 
combining  this  with  Theorem  II.  we  have, 

THEOREM    IV. 

As  the  co -fine  of  the  middle  latitude    is  to  the  tangent  of  the  courfe .  fib    it. 
t>hr  difference  of  latitude  to  the  difference  of  longitude. 

Whence  we  eaftly  deduce  the  following^ 
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THEOREM  V. 

As  the  difference  of  latitude  it  to  the  difference  of  longitude,  fo  is  the  co- 
f.ne  of  the  middle  latitude  to  the  tangent  of  the  courfe. 

By  means  of  the  preceding  theorems  we  have  formed  the  following  table, 
which  contains  all  the  rules  necefTary  for  folving  the  various  eafes  of  mid- 

dle latitude  failing. 

MIDDLE  LATITUDE   SAILING. 

Cafe. Given. Sought. Solution. 

I 

i 

Both  Latitudes 

and 

Longitudes. 

Departure 
Courfe, 

Diftance. 

Had.   ;  Diff.  Long.   :  :   Co-fine  Mid.  Lat.   :   L>ep. 
v  Diff.  Lat.  :  Rasd.  :  :   Dep.    :   Tang.  Courfe, 
I  Dif.Lat.  :  Dif.Lon.  :  :  Cof.  Mid  .Lat.  :  TangXou. 
C  Rad.  :    DifF.  Lat.   ;  ;   Secant  Courfe  :   Diftance. 

1  Sine  Courfe    :    Depart.   :  :   Rad.  :   Diftance. 

Both  Latitudes, 
and 

Departure. 

Courfe 
Diftance 

Diff.    Long. 

Diff.  Lat.   :   Rad.    :   :  Dep.    :   Tang.  Courfe. 
Sine  Courfe  :   Dep.   :  :   Rad.   :    Diftance. 
Co-fine  Mid.  Lat.   :   Dep.  :  :  Rad.   :   DifF.  Long. 

3 

One  Latiude, 

Courfe  and 

Diftance. 

Diff.  Lat. 

Departure. 

DifF.    Long. 

Rad.    :   Dift.   :  :   Co-line  Courfe  :   Diff.  Lat. 
Hence  the  other  latitude  and  middle  latitude  are  found. 

Rad.    ;   Did.  :  :   Sine  Courfe  :   Departure. 

|  Co-fine  Mid.  Lat.   s  Dep.   :  :  Rad.  :    DifF.  Long. 
1  Co-line  Mid. Lat.  :  Sine  Courfe  :  :  Dift. :  Dif.Lon, 

4 

Both  Latitudes 

and  Courfe. 

Departure 
Diftance 

DifF.   Long. 

Rad.   :  DifF.  Lat.  :  :  Tang.  Courfe  :   Departure. 
Co-fine  Courfe  :   Diff.  Lat.  :  :    Rad..  :   Diftance. 

f  Co-fine  Mid.  Lat.  :  Dep.   :  :   Rad.  '.  Diff.  Long. 

1  Cof.  Mid. Lat.  '.  Tang.Cou.  I'tBif.Lati*.  Dif.Lon. 

5 
Both  Latitudes 
and  Diilance. 

Courfe 

Departure 
DifF.  Long. 

Dill.  :  Rad.  ::  DifF.  Lat.  '.  Co-fine  Courfe. 

Rad.  1  Dift.  1',   Sine  Courfe  I  Departure. 
Co-fine  Mid.  Lat.  :  Dep.  '.'.  Rad.  :  DifF.  Long. 

6 
One    latitude, 
Courfe   and 

Departure. 

DifF.  Lat. 

Diftance 
DifF.  Long. 

Rad.  !  Dep.  11  Co-tang.  Courfe  I  DifF.  Lat. 
"Hence  the  other  latitude  and  middle  latitude  are  known; 

Sine  Courfe  I  Departure  1 '.  Rad.  1  Diftance. 
Co-fine  Mid.  Lat.  '.  Dep.  '.'.  Rad,  '.  Dift".  Long. 

7 

One  Latitude, 
Diftance  and 

Departure. 

Courfe 
DifF.  Lat. 

DifF.  Long. 

Dift.  t  Rad.    '.  '.  Dep.  :  Sine  Courfe. 
Rad.  1  Dift.  '.  '.  Co-fine  Courfe  I  DifF.  Lat.      HenCe 

we  obtain  the  other  latitude  and  middle  latitude. 

Co-fine  Mid.  Lat.  :  Dep,  ::  Rad.  !  Diff.  Lonjr. 

We  mall  now  proceed  to  illuftrate  thefe  rules,,  by  working,  an  example 
in  every  cafe, 

CASE  I. 

1  he  latitudes  and  longitudes-  of  tivo  places  gioen,  fo  find  their  hearing  and 

diftance..' 
Required  the  bearing  and  diftance  between  Cape-God  light-houfe,  in  the 

latitude  of  42'  5'N.  longitude  700  14/  W.  and  the  Ifland  of  St.  Mary, 
(one  of  the  Wcftern-Iflands)  in  the  latitude  of  37°  N.  and  longitude 
25  °  &  W. 

Cape-Cod's  lat.  42"  5'  N. 
St.  Mary's  lat.   3.7     o  N, 

Long.      700  1 4'  W. 
Lang.      25;      6    W. 

Diff.  ht. 

In  miles       30c 

5     S 60 Sum     79      r; 

Mid.  lat. 

>9   32 

4?     J> 

60 

DifF.  long.      2708  miles. 
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By  PROJECTION. 

'Cape-Cod  ̂ +A  ^. 

B 
^    St.  Mary 

Draw  the  eaft  aitft.  weft  line  DC  •  with  the  chord  of  6o°  defcribe  the 
arch  OS  about  the  centre  D,  cutting  DC  in  Q  ;  upon  this  arch  fet  off,  frora 

Q  to  S,  the  middle  latitude  390  32' ;  through  D  and  S  draw  the  line  DB, 
which  make  equal-- to  the  difference  of -longitude  2708  miles  ;  from  B  let 
fall  upon  DC  the  perpendicular  BC,  which  continue  towards  A  making 

AC  equal  to  the  difference  of  latitude  305  miles ;  *  join  AD,-  and  it  is 
done.  For  A  will  be  the  fituation  of  Cape-Cod,  D  the  fituation  of  St. 
Mary  ;  CD  will  be  the  departure,  which  being  meafured  will  be  found  to 
be  2089  miles  ;  the  diftance  will  be  reprefented  by  AD}  which  being 
meafured  will  be  found  to  be  21 1,3  miles,  and  the  courfe  from  Cape-Cod  to 

St.  Mary  will  be  reprefented  by  the  angle  CAD=8i°  42/ ;  therefore 
the  courfe  will  be  S.  8i°  42'  E.  or  E.  |  S.  nearly. 
Note.  This  courfe  is  put  S.  8i°  42'  E.  becaufe  St.  Mary  being  in  a 

lefs  northern  latitude  than  Cape  Cod  is  to  the  fouthward  of  it ;  it  is  alf© 
to  the  eaftward  of  Cape  Cod,  becaufe  it  is  in  a  leffer  weftern  longitude. 

By  LOGARITHMS. 
To  find  the  departure,  (by  Theo.  I.j 

As  radius  90°  10.00000 
Is  tOrdiiT.  of  long.  2708         3.43265 

So  is  co-fine  mid.  lat.  39°327  9.88720 

To  find  the  courfe. 
AsdifF.  of  lat.  305  2.48430 

Is  to  radius  450  1 0.0000;? 
So  is  the  departure  2089        3.3 1985- 

To  the  departure  2089 3.31985 

To  find  the  diftance. 

As  radius  900  10.00000 
Is  to  the  difF.  lat.  305  2.48430 

So  is  tec.  of  courfe  8i°42/    10.84056 

To  the  diftance  2 1 1 3 12486 

Note.    The— lop.  of  the  departure  above  found  3.31985 
amer  l*fs  than  the  log.    of  2089  =  3-31994;    out  in  iiuding 
lic  courfe  by  the  departure,  I  have  ufed    the  quantity    fuund    ai 
fie  firil  operation,  and  ihall  do  the  fame   in  any  future  cal:u 

To  tang,  of  courfe  8 1°  42'  10.83555 

Note.     The  courfe  may  be  foand 
without  the  departure,  by  Theo.  V. 
Middle  Latitude  Sailing. 
As  the  difF.  of  lat.  305  2.48430 
Is  to  the  difF.  of  long.  2708  3.43265 

So  is  co-fine  mid.  lat.  390  32'  9.88720 

2.48430 

To  tang,  of  courfe  8 1°  42'   10.83555 
If  the  place  A  is  [a  the  f  juihward  of  »,  the  line  AC  IbouU  bt  let  off  upon  the  line  CB,  from  C  t 
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IOl By  GUNTER. 

Extend  from  the  radius,  or  900,  to  500  28'  the  complement  of  the  mid- 
dle latitude,  on  the  line  of  fines  ;  that  extent  will  reach  from  the  differ- 

ence of  longitude  2708,  to  the  departure  2089,  dn  the  line  of  numbers,; 
2dly.  Extend  from  the  difference  of  latitude  305,  to  the  departure 

3089  On  the  line  of  numbers;  that  extent  will  reach  from  radius,  or  450, 
to  the  courfe  Si°  42'  on  the  line  of  tangents. 

3dly-  Extend  from  the  courfe  8i°  42',  to  the  radius  900,  on  the  line  of 
fines  5  that  extent  will  teach  from  the  departure  2089,  to  the  drftanse 
21 13  miles  on  the  line  of  numbers^ 

By  INSPECTION. 
Rule.  Look  for  the  middle  latitude,  as  if  it  was  a  courfe  in  plane 

failing,  and  the  difference  of  longitude  in  the  diftance  column,  oppofite  to 
which,  in  the  column  of  latitude,  will  Hand  the  departure  ;  having  the  dif- 

ference of  latitude  and  departure,  the  courfe  and  diftance  are  found  (as  in 
Cafe  VI.  Plane  Sailing)  by  feeking  in  Tab.  II.  with  the  difference  of  lati- 

tude and  departure,  until  they  are  found  to  agree  in  their  refpecfive  col- 
umns ;  for  oppofite  to  them  will  be  found  the  diftance  in  its  column,  and 

the  courfe  will  be  found  at  the  top  of  that  table^  if  the  departure  be  lef& 
than  the  difference  of  latitude,  otherwife  at  the  bottom. 

Thus  with  one  tenth  of  the  difference  of  longitude  270. S,  or  271,'  I  enter 

Table  II.  and  oppofite  to  it,  in  the  diftance  column  of  the  tables  of  390  and 
40°,  I  find  2 10.6  and  207.6  in  the  latitude  column  ;  now  the  middle  latitude 
being  nearly  39!°,  I  take  the  mean  of  thefe,  209.1,  for  the  departure,  which 
being  multiplied  by  10  gives  the  whole  departure  209  f„  Again  I  enter 
Table  I.  with  one.  tenth  of  the  departure  209. 1,  and  one  tenth  of  the  dif- 

ference of  latitude  30.5,  and  find  that  they  agree  nearly  to  a  courfe  of  7! 
points,  dnd  a  diftance  of  21  r,  whieh  multiplied  by  io;  gives  the  foughs 
diftance  21 10  miles  nearly. 

CASE     II. 

Both  latitudes  and  departure  from  the  merididn  given  i    to  find  the  courfe, 
diftance \  and  difference  of  longitude. 

A  fhip  in  the  latitude  of  490  57'  N.  and  longitude  of  ft*  i6/  W.  fails 
ftuth-wefterly  till  her  departure  is  789  miles,  and  latitude  in  390  2c/  N- 
Required  the  courfe,  diftance,  and  longitude  in. 

Latitude  left  49 °  57'  N. 
Latitude  in    39     20  N. 

Diff.  of  lat.     10     37  —  637  mires. 

Sum  of  lats.    £9     17 
Middle  lat.    44    38 

o 
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By  PROJECTION. 

Draw  the  meridian  ACD,  on  which  take  AC  equal  to  the  difference  of- 
latitude  637  miles  ;  draw  CB  perpendicular  to  AC,  and  make  it  equal  to 
the  departure  789  miles  ;  about  B  as  a  centre  defcribe  an  artjh  a  b,  on  which 

fet  off  the  middle  latitude  440  ̂ S' ;  through  B  and  b  draw  the  line  BD, 
meeting  ACD  in  D  ]  join  AB  and  it  is  done  :  for  AB  will  be  the  diftance 
failed,  which  being  meafured  will  be  found  =  to  14  miles;  BD  will  be 

the  difference  o:  longitude  —  1 109  miles,  and  the  angle  CAB  will  repre- 
fent  the  courfe  from  the  meridian  510  5'. 

By  LOGARITHMS. 

To  find  the  courfe. 

As  thediff.  of  lat.  637  2.80414 

Is  to  radius  450  10.0000c 
So  is  the  departure  789  .        2.8970S 

To  find  the  diftance. 

As  fine  courfe  5i°5/  9.8910? 
'Is  to  the  departure  789  2.89708 
So  is  radius  900  10.00000 

To  tang,  courfe  5 1  °  5 

10.09294 
To  the  diftance  10 14 

To  find  the  difference  of  longitude. 

As  co-finemid.  lat.  440  38'    9.85225 
Is  to  the  departure  789  2.89708 

So  is  radius  900  10.00000 

To  diff.  of  long.  1 109  3.04483 

3.00607 

Longitude  failed  from        150  \6f  W, 
Diff.  long.  1 109  miles       18    29  W» 

Longitude  in 

33    45  W, 

By  GUNTER. 

ift.  The  extent  from  the  difference  of  latitude  637  to  the  departure  789,, 

on  the  line  of  numbers,  will  reach  from  radius,  or  45 °,  to  the  courfe  5 1°  ̂  
on  the  line  of  tangents. 

2dly.  The  extent  from  510  5'  to  radius,  or  900,  on  the  line  of  fines, 
will  reach  from  the  departure  789,  to  the  diftance  10 14  on  the  line  of  num- 
bers. 

3dly.  The  extent  from  the  complement  of  middle  latitude  450  22/,  -to 
radius,  or  90°,  on  the  line  of  fines,  will  reach  from  the  departure  789,  to 
the  difference  of  longitude  1 109  on  the  line  of  numbers. 

By  INSPECTION. 

Rule.  With  the  difference  of  latitude  and  departure,  find  the  courfe 

and  diftance  (as  in  Cafe  VI.  of  plane  failing)  by  feekin»  in  Tab.  II.  until 
the  difference  of  latitude  and  departure  are  found  to  eorrefpond,  right  againft 
which  in  the  diftance  column  will  be  the  diftance  ;  and  if  the  departure  be 
lefs  than  the  difference  of  latitude,  the  courfe  will  be  found  at  the  top  of 
that  table,  otherwife  at  the  bottom. 

Then  take  the  middle  latitude  as  a  courfe,  and  find  the  departure  in  the 

latitude  column,  the  number  conefponding  in  the  diftance  column  will  be 
the  difference  of  longitude. 

In  the  prefent  example,  I  take-  one  tenth  of  the  difference  of  latitude 

6j7j  and  the  departure  789  ;  that  is  63,7  and  78,9,  the  neareft  numbers 

to  thefe  are  63,6  and  78,5,  ftanding  together  over  510,  againft  the  diftance 
10 1,  which  being  multiplied  by  10  gives  1010  ;  whence  the  courfe  by  in- 

fpeftion  is  S.  51°  W.  and  the  diftance  1010.     Then  I  take  one  tenth  of 
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the  departure,  that  is  78,9  and  feck  it  in  the  column  of  latitude  of  45  ° 
( which  is  the  neareft  to  the  middle  latitude  440  3S')*,  the  neareft  number  I 
rind  is  79-2,  oppofite  which  in  the  diftance  column  ftands  1 12,  which  being 
multiplied  by  10  gives  11 20  for  the  difference  of  longitude;  this  value 
differs  a  little  from  that  found  by  logarithms,  which  is  owing  to  the  odd 
miles  of  middle  latitude  neglefted,  for  if  we  were  alfo  to  find  the  difference 

of  long,  for  the  middle  latitude  440  and  to  proportion  for  the  odd  minutes, 
the  refult  would  come  out  nearly  the  fame  as  by  logarithms. 

CASE  III. 

One  latitude,  courfe  and  d fiance  given,  to  find  the  difference  of  latitude 
and  difference  of  longitude. 

A  fhip  in  the  latitude  of  420  3o'N.  and  longitude  of  5S0  51'  W.  fails 
S.  E.  by  S.  591  miles.     Required  the  latitude  and  longitude  in  ? 

By    PROJECTION. 

Draw  the  meridian  ADE  (as  in  cafe  VI.  plane 
failing)  upon  A  as  a  centre  defcribe  an  arch  with 

the  chord  of  6o°,and  upon  it  fet  off,  from  where 
it  cuts  AD,  the  courfe  S.  E.  b.  S.  or  3  points, 
through  that  point  of  the  arch,  and  the  point  A, 
draw  the  line  AC  which  make  equal  to  the  dif- 

tance 59  r  miles  ;  from  C  let  fall  upon  AD  the 
perpendicular  CD  ;  then  will  CD  be  the  depar- 

ture 328  miles,  and  AD  the  difference  of  latitude 
49  r  miles.  Hence  we  obtain  the  latitude  ar- 

rived at,  and  the  middle  latitude  ;  draw  the  line 

CE  making  an  angle  with  DC  of  3 8°  24'  — 
the  middle  latitude  ;  and  the  diftance  CE  will 
be  the  difference  of  longitude  419  miles,  hence 
the  longitude  in  is  obtained. 

By  LOGARITHMS. 

To  find  the  difference  of  latitude.  To  find  the  departure 
As  radius   8  pts 
Is  to  the  diftance  59  r 
So  is  co-fine  courfe  3  pts. 

10.00000 2.77159 

9.91985 

To  the  diff.  of  lat.  491.4      2.69144 

Latitude  left     420  3o/N. 
Diff.  of  lat.         8    1 1  S. 

Latitude  in 
Sum  of  lats. 
Middle  lat. 

34    19  N. 
76    49 
38    24 

Long,  left  5S°5i'W. 
Diff.  of  long.  419=    6  59  E. 

Longitude  in 
51   52 

W. 

As  radius  8  pts.  10.00003 
Is  to  the  diftance  591  2,77I59 
So  is  fine  courfe  3  pts.  9.74474 

To  the  departure  328.3  2-Sl^33 
To  find  diff.  long,  with  departure. 

As  co-fine  mid.  lat.  380  24'  9.89415 
Is  to  the  departure  328.3*     2.51633 
So  is  radius  900  10.00000 

To  diff.  of  long.  419  miles    2.62218 
Without  the  departure. 

Asco-fi.m.lat.38°24/ar.co.  0.10585 Is  to  fine  courfe  3  pts.  9-7+474 
So  is  diftance  591  2*77 x59 

To  diff.  of  long.  419  miles  2.62218 

d>p«iure  wis  found  by  the  preceding  r  Jr.cn  to  l>e  2.51633,  dilfuring  a  little  from  the  logarithm  of  3-3.J' »  The  legjrithniaf  the 
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By  GUNTER. 

ift.  The  extent  from  radius  8  points  to  the  complement  of  the  courfe  £ 
points  on  the  line  marked  S  R,  will  reach  from  the  diftance  591  to  the  dif- 

ference of  latitude  491  on  the  lfne  of  numbers. 
2dly.  The  extent  from  radius  8  points  to  the  courfe  3  points  on  the 

line  SR,  will  reach  from  the  diftance  591  to  the  departure  328  on  the  line 
of  numbers. 

3d)y.  The  extent  from  the  complement  of  middle  latitude  510  36''  to 
radius  900  on  the  line  of  fines,  will  reach  from  the  departure  328  to  the 
difference  of  longitude  419  on  the  line  of  numbers. 

By  INSPECTION. 
Rule.  With  the  courfe  and  diftance  find  the  difference  of  latitude  and 

departure  (as  in  Cafe  I.  of  plane  failing)  by  finding  the  given  courfe  at  the 
top  or  bottom  of  the  tables,  either  among  the  points  or  degrees  ;  in  that 

page  and  oppofite  the  diftance'  taken  in  its  column,  Hand  the  difference  of latitude  and  departure  in  their  columns.  Then  take  the  middle  latitude  as 
a  courfe  and  find  the  departure  in  the  latitude  column,  againft  it  in  the  dif- 

tance column  ftands  the  difference  of  longitude. 
Thus,  under  the  courfe  three  points,  and  againft  the  tenth  of  the  diftance 

591=59,1  Qr  59  ftand49,i  and  32,8  ;  thefe  multiplied  by  10  give  491 
for  the  difference  of  latitude  and  328  for  the  departure.  Now  taking  the 

middle  latitude  380  24''  or  380  as  a  courfe,  and  a  tenth  of  the  departure  328 
=  32,8  in  the  column  of  difference  of  latitude  (theneareftis  33.1)  againft 
which  ftaisds  42  in  the  diftance  column  ;  this  multiplied  by  10  gives  420 
for  the  difference  of  longitude  nearly, 

CASE     IV. 

Both  latitudes  and  courfe  given ,  to Jijid  the  departure?  diftance^  and  differ^ 
ence  of  lonsntude. 

Suppofe  a  fhip  failing  from  a  place  in  the  latitude  of  490  57'  N.  and  Ion, 
gitude  of  300  W.  makes  a  courfe  good  of  S.  390  W.  and  then  by  obferva., 
tion  is  in  the  latitude  of  45°  3 1/  N. ;  it  is  required  to  find  her  diftancq 
run,  and  longitude  in. 

Latitude  from      490  57''  N- 
Latitude  by  obf.  45    31  N. 

Biff.  lat. 

.  4  26 

266 

Sum  of  lats. 

Mid,  lati' 95°  28' 
47    U 
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By  PROJECTION. 

Draw  the  meridian  ACD,  on  which  fet  off  AC  equal  to  the  difference  of 

latitude  266  miles  ;  draw  CB  perpendicular  to  AC  ;  draw  the  line  AB, 

making  an  angle  equal  to  the  courfe  390  with  AC,  and  meeting  EC  in  B  ; 

through  B  draw  BD,  making  an  angle  equal  to  the  middle  latitude  470  44' 
with  the  line  BC,  and  it  is  done  ;  for  AB  will  be  the  diftance  342.3  miles, 

BC  the  departure  215.4  miles^  and  BD  the  difference  of  longitude.  320.3 
miles. 

By  LOGARITHMS. 
To  find  the  departure.  jTo  find  the  difference  of  longitude  by 

As  radius  450  10.00000  the  departure. 
Is  to  the  diff.  lat.  266  2.42488  As  co-fine  mid.  lat.  470  44'   9-82775 
So  is  tang,  courfe  390  9.90837  Is  to  the  departure  215.4      2.33325 

To  the  departure  215.4         2.33325 

To  find  the  diftance. 

As  co-fine  of  the  courfe  390  9.89050 
Is  to  the  diff.  lat.  266  2.42488 

§0  is  radius  900  10.00000 

So  is  radius  900 

To  the  diftance  342.3 2,53438 

To  find  the  longitude  in. 

Longitude  failed  from       300    0/  W. 
Diff.  long.  320  miles  or     5    20  W. 

Longitude  in 

10.00000 

To  the  diff.  of  long.  320. 3    2.50550 

The  diff.  of  long,  may  be  found  with- 
out the  departure,  bv  Theo.  IV. 

Mid.  Lat.  Sail,  thus ': As  co-fine  mid.  lat.  470  44.'  9.82775 
Is  to  tang,  of  courfe  390  9-90837 
So  is  the  diff.  lat.  266  2.424SS 

32.3332; 9.82775 

35    20  W.  To  die  diff.  long.  320.3        2-50550 

By  GUNTER. 

lit.  The  extent  from  radius  450  to  the  courfe  390  on  the  line  of  tan- 
gents, will  reach  from  the  difference  of  latitude  266  to  the  departure  215.4 

on  the  line  of  numbers. 

2dly.  The  extent  from  the  complement  of  the  courfe  5i°tothe  radius 
900  on  the  line  of  fines,  will  reach  from  the  difference  of  latitude  266  to 
the  diftance  342.3  on  the  line  of  numbers. 

3dly.  The  extent  from  the  complement  of  the  middle  latitude  420  16' 
to  radius  900  on  the  line  of  fines,  will  reach  from  the  departure  215.4  to 
the  difference  of  longitude  320.3  on  the  line  of  numbers* 

By  INSPECTION. 

Find  the  courfe  among  the  points  or  degrees  (in  Tab,  I.  or  II.  as  in 
Cafe  II.  Plane  Sailing)  and  the  difference  of  latitude  in  its  column,  againft 
which  ftand  the  diftance  and  departure  in  the-ir  columns ;  then  take  the 
middle  latitude  as  a  courfe,  and  find  the  departure  in  the  latitude  column, 
againft  which,  in  the  diftance  column,  ftands  the  difference  of  longitude. 

Thus,  with  the  courfe  39s1,  and  half  the  difference  of  latitude  133, 1  en- 
ter Table  I. ;  the  neareft  number  in  the  table  is  152.9,  which  corresponds  to 

the  diftance  171,  and  to  the  departure  107.6  ;  thefe  doubled  give  the  dif- 
tance 342,  and  the  departure  215.2  miles. 

Then  with  the  middle  latitude  470  44'  or  480  as  a  courfe,  I  enter  Ta- 
ble II.  and  feek  for  half  the  departure  107.6  in  the  latitude  column,  the 

xseareft  number  to  which  is  107.7,  which  correfponds  to  the  diftance  161  ; 
this  doubled  gives  the  difference  of  longitude  322  milei  nearly. 



IX  <$ Middle  latitude  sailing; 

CASE    V. 

"hath  latitude*  and  defiance  given,  to  find  the  courfe,  departure,  and  differ* 
ence  of  longitude. 

Suppofe  a  fhip  fails  300  miles  north-wefterly,  from  a  place  in  the  latitude 

of  570  N.  and  longitude  32°  16'  W.  until  me  is  in  the  latitude  of  41°  N. 
what  are  her  courfe  and  longitude  in  ? 

'  Latitude  left 
Latitude  in 

DifF.  lat. 

A.I      O 

o'N. 

57°  o'N. 

41    o 
4    o       Sum    78   o 
60      Mid. lat. 39   o 

240 

By  PROJECTION. 

T)tzw  the  meridian  ACD,  on  which  fet  off  DC  equal  to  the  difference  of 
latitude  240  miles  ;  draw  the  line  CB  perpendicular  to  DC  ;  take  the 
diftance  300  Li  your  compaffes,  and  with  one  foot  in  D  fvveep  an  arch  cut- 

ting CB  in  B  ;  join  DB  ;  make  the  angle  CBA  equal  to  the  middle  lati- 

tude 390  and  draw  BA  cutting  DC  A  in  A,  and  it  is  done  ;  for  BC  will 
be  the  departure  180  miles,  BA  the  difference  of  longitude  231.6  miles, 

and  the  angle  BDC  will  reprefent  the  angle  of  the  fhip's  courfe  with  the 
meridian,  which  will  therefore  be  N.  360  52'  W. 

By  LOGARITHMS. 
To  find  the  courfe. 

As  the  diftance  300  2.47712 

Is  to  radius  900  1 0.00000 
So  is  difF.  lat.  240  2.38021 

To  co-fine  courfe  36°  tii     9.90309 

To  find  the  departure. 

As  radius  90°  10.00000 
Is  to  the  diftance  300  2.47712 

So  is  fine  courfe  36°  52'        9.77812 

To  the  departure  180.0         2.25524 

To  find  the  difference  of  longitude 

by  the  departure. 
As  co- fine  mid.  lat.  390        9.89050 
Is  to  the  departure  xBo.o    * 2. 25 5 24 
So  is  radius  900  10.00000 

To  difF.  of  long.  231.6  2.36474. 

To  find  the  longitude  in. 

Long,  left  320   i6'W. Difference  of  longitude      3     52  W. 

Longitude  in 
36     08  W. 

*  This  logarithm,  by  the  preceding  o^craticr.,  was  fouijti 25314,  diir«ring  a  little  fwai  th«  Ugari.ibm  of  iSt.e, 
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By  GUNTER. 

ift.  The  extent  from  the  diftance  300  to  the  difference  of  latitude  24c, 

on  the  line  of  numbers,  will  reach  from  radius  900  to  the  complement  of 
the  courfe  =  53°  8',  on  the  line  of  fines. 

2dly.  The  extent  from  radius  900  to  the  courfe  360  52'  on  the  line  cf 
fines,  will  reach  from  the  diftance  300  to  the  departure  180  on  the  line  of 
numbers. 

3dly.  The  extent  from  the  complement  of  the  middle  latitude  510  to 
the  radius  go0  on  the  line  of  lines,  will  reach  from  the  departure  180  to- 
the  difference  of  longitude  231.6  on  the  line  of  numbers. 

By  INSPECTION. 

Find  the  courfe  (as  in  Cafe  IV.  Plane  Sailing)  by  feeking  In  Table  II, 
till  againft  the  diftance  taken  in  its  column,  be  found  the  difference  of  lat- 

itude in  one  of  the  following  columns  ;  then  adjoining  to  it  ftands  the  de- 
parture ;  which,  if  lefs  than  the  difference  of  latitude,  the  courfe  is  found 

at  the  top  of  the  table,  but  if  greater,  at  the  bottom  ;  then  take  the  mid- 
dle latitude  as  a  courfe,  and  find  the  departure  in  the  column  of  difference 

of  latitude,  againft  which,  in  the  diftance  column,  ftands  the  difference  of 
longitude. 

Thus  the  diftance  300,  and  the  difference  of  latitude  240,  are  found  to 

eorrefpond  nearly  to  a  courfe  of  370,  and  a  departure  of  180.5  »  t^ien  ta'c- 
tng  the  middle  latitude  390  as  a  courfe,  I  feek  the  departure  180.5  *n  tiie 
latitude  column,  correfponding  to  which,  in  the  diftance  column,  is  the  dif- 

ference of  longitude  232. 

CASE  ;  VI. 
t 

One  latitude,  courfe,  and  departure  gin: en,  to  find  the  difference  of  latitude, 
diftance,  and  difference  of  longitude. 

A  fhip  in  the  latitude  500  io'  S.  and  longitude  of  300  oo'  E.  fails  E.S.E, 
until  her  departure  is  957  miles  ;  required  her  diftance  failed,  and  latitude 
and  longitude  in. 

By  PROJECTION. 

Draw  the  meridian  ACD,  and  parallel  thereto,  •A- 
at  a  diftance  equal  to  the  departure  957  miles,  draw 
the  line  EB  ;  make  the  angle  CAB  equal  to  the 

courfe  6  points,  and  draw  AB  meeting  EB  in  B  ;  C- 
from  B  let  fall  upon  AD  the  perpendicular  BC  ; 
then  will  AC  be  the  difference  of  latitude  396.4 
miles,  and  AB  the  diftance  failed  1036  miles  ; 

having  thus  obtained  the  middle  latitude  530  28', 
make  the  angle  CBD  equal  thereto,  and  draw  BD 
meeting  ACD  in  D  ;  then  will'  BD  be  the  differ- 

ence oflongitude  1608  miles. 
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By  LOGARITHMS. 
To  find  the  difF.  of  latitude. 

As  radius  4pts.  10.00000 
Is  to  the  departure  957         2.98091 
So  is  co-tang,  courfe  6  pts.  9.61722 

To  difF.  of  lat.  396,4  2.59813 

Latitude  kit  50°  io'S* 
Diff.  of  lat.  396  miles  6   36  S 

Latitude  in  56    46  S. 
Sum  ol  latitudes  106    56 
Middle  latitude  53    28 

To  find  the  diftance. 
As  fine  courfe  6  pts.  9.96562 
Is  to  the  departure  957  2.98091 
So  is  radius  8  pts.  10.00000 

To  the  diftance  1036  3.01529 
To  find  the  difF*  of  longitude. 

As  co-fine  mid*  lat.  530  28'  9.77473 
Is  to  the  departure  957         2.9809 1 

So  is  radius  900  10.00000 

To  the  difF.  of  long.  1 608     3.20618 

Longitude  left  300  oo'E. 
DifF,  of  long.  1608  52   26    48  E* 

Long,  in  56    48  E. 

By    GUNTER. 

tft.  The  extent  from  the  courfe  6  points  to  the  radius  4  points,  on  the 
line  marked  T.  R.  will  reach  from  the  departure  957,  to  the  difference  of 
latitude  396,4  on  the  line  of  numbers* 

idly.  The  extent  from  6  points  to  the  radius  or  8  points*  on  the  line 

marked  S.R.  will  reach  from  the  departure  957,-  to  the  diftance  ̂ 036,  on' 
the  line  oi'  numbers. 

3<ily.  The  extent  from  the  complement  of  the  middle  latitude  360  32' 
to  the  radius  900,  on  the  fines,  will  reach  from  the  departure  957,  to  the difference  of  longitude  1608,  on  the  line  of  numbers,. 

By  INSPECTION. 

Fine!  the  courfe  among  the  points  or  degrees,  Tab.  L  or  Tab.  II.  (as  iri 
cafe  3d.  of  Plane  Sailing)  and  the  departure  in  its  column,  correfponding  to 
which  in  the  columns  of  diftance  and  difference  of  latitude,  are  to  be  found 
the  diftance  and  difference  of  latitude  reflectively  ;  then  with  the  middle 

latitude  as  a  courfe,  feek  the  departure  in  the  column  of  latitude,  corres- 
ponding to  which  in  the  diftance  column,  ftands  the  difference  of  longitude,,' 

Thus,  I  enter  Table  I.  above  6  points  and  feek  for  TVh  of  the  departure 
95,7,  the  neareft  to  which  is  96.1  and  the  correfponding  numbers  are  104 
and  39»8,  which  multiplied  by  10,  give  the  diftance  1040,  and  the  differr 

ence  of  iatitude  398  nearly  ;  the  middle  latitude  being  nearly  $3\°,  I  feek 
in  the  tabl*  of  53  °,  for  the  diftance  correfponding  to  a  tenth  of  the  depar- 

ture =  95,7,  and  find  it  to  be  159  ;  then  I  feek  for  the  fame  number  95,7 

in  the  table  of  54°,  and  find  the  number  correfponding  in  the  diftance  col- 
umn to  be  163,  half  the  fum  of  thefe  two  numbers  is  161,  which  multiplied 

hy  ic>  give's  the  difference  of  longitude  1610- nearly. 

.  CASE  VIL 

One  latitude^  diftance  failed,  and  departure  from  the  meridian  given,  to 
find  the  courfe,  difference  of  latitude  and  difference  of  longitude. 

A  {hip  in  the  latitude  of  49  °  30' N.  and  longitude  of  25°  c/  W.  faite 
fouth  eafterly  64$  milesy  until  her  departure  from  the  meridian  be  500  miles  y 
required  the  courfe  fleered,  and  the  latitude  and  longitude  the  {hip  is  in  2 
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By  PROJECTION. 

113 

Draw  the  line  BD  equal  to  the  departure 
500  miles,  and  perpendicular  thereto  draw 
the  meridian  line  ABC  ;  take  an  extent  equal 
to  the  diftance  645  in  your  compares,  and 
with  one  foot  inDfweep  an  arch  cutting  AB 
in  A,  join  AD,  then  will  AB  be  the  differ- 

ence of  latitude  407,5  miles,  and  BAD  the 

courfe,  S.  500  49/  E.  ;  hence  we  have  the 
latitude  in,  and  middle  latitude  ;  make  the 
angle  BDC  equal  to  the  middle  latitude  and 
draw  DC  cutting  ABC  in  C,  then  DC  will 
be  the  difference  of  longitude  721,1  miles. 

By  LOGARITHMS, 
To  find  the  courfe. 

As  the  diftance  645  2. S 09 5 6 

Is  to  radius  900  10.00000 
So  is  the  departure  500         2.69897 

To  fine  courfe  500  49'  9,88941 

To  find  the  diff.  of  lat. 

As  radius -900  1 0.0000c 
Is  to  the  diftance  645  2.80956 

So  is  confine  courfe  500  49'  9.8005S 

To  the  diff.  of  lat.  407,5       2.61014 

To  find  the  difference  of  longitude 

As  co-fine  mid.  lat.  460  6'    9.84098 
Is  to  the  departure  500  2.69897 
So  is  radius  900  10.00000 

Latitude  left 
Diff.  lat.  408 

Latitude  in 

Sum  of  the  latitudes- 
Middle  latitude 

"6 

3°'
 

48 

N. S. 

42 42 

N, 

92    12 
46     6 

Longitude  left Diff.  long,  721 

Longitude  in 

12 

o'  W. 

1  E. 
*2  59 W, 

To  the  diff.  of  long.  721,1     2,85799 

By  GUNTER, 

1  ft.  The  extent  from  the  diftance  645,  to  the  departure  500,  on  ths 

line  of  numbers,  will  reach  from  the  radius  90°,  to  the  courfe  500  49'',  on the  line  of  fines. 

2dly.  The  extent  from  radius  900,  to  the  complement  of  the  courfe 
390  1  i'y  upon  the  line  of  fines,  will  reach  from  the  diftance  645  to  the 
difference  of  latitude  407,5  on  the  line  of  numbers, 

3dly.  The  extent  from  the  complement  of  the  middle  latitude  430  54% 
to  the  radius  9*°,  on  the  line  of  fines,  will  reach  from  the  departure  500, 
to  the  difference  of  longitude  721,1,  on  the  line  of  numbers. 
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By  INSPECTION. 

As  in  Cafe  V.  Plane  Sailing,  find  the  courfe  by  feeking  in  Table  II.  till 
againft  the  diftance,  in  its  column,  be  found  the  given  departure  in  one  of 
,tfce  following  columns.,  adjoining  to  which  in  the  other  column  will  be  the- 
difference  of  latitude,  which  if  greater  than  the  departure  the  courfe  will 
be  at  the  top,  but  if  lefs  the  courfe  will  be  found  at  the  bottom.  Then 
take  the  middle  latitude  as  a  courfe,  and  find  the  departure  in  the  column 
of  difference  of  latitude,  againft  which,  in  the  diftance  column,  will  be 
found  the  difference  of  longitude. 

Thus,  one  third  of  the  diftance,  2,15,  and  one  third  of  the  departure, 
166,7,  are  f°un(i  nearly  to  ccrrefpond  to  a  courfe  of  51  degrees,  and  5 
difference  of  latitude  of  135,3  wkich  multiplied  by  3  gives  the  fought 
difference  of  latitude  406  nearly  ;  then  with  the  middle  latitude,  46%  as  * 
courfe,  I  enter  the  table  and  feek  for  one  fifth  of  the  departure  ̂ zioo,  in, 
the  latitude  column,  the  diftance  correfponding,  144,  being  multiplied  by 

5  gives  the  difference  of  longitude  720  nearly.' 

QUESTIONS  FOR  EXERCISE,. 

QucJ}'ion  L  Required  the  bearing  and  diftance  between  two  places ;  one 
5n  the  latitude  of  370  55'  N.  and  longitude  of  540  23'  W,  the  other  in  the 
latitude  of  320  38' N.  and  longitude  of  170  j'W.  ? 

An/kver.     S."8o°  9/  E.  and  N0  8o°  9/  W.  diftance  1855  miles. 
Qjiefk'ion  II.  Required  the  direct  courfe  and  diftance,  from  a  place  in  the 

latitude  of  36°  55'  S.  and  longitude  of  209  o'  E.  to  another  place  in  the  lat- 
itude of  32p  38'  S,  and  longitude  of  8°  54'  W. 

A?ifwer,    'Nf  79°46/W.  diftance  1447  miles. 
Quefi'ion  III.  A  fhip  from  the  latitude  of  37°3o'S,  and  longitude  of 

6o°E.  fails  N,  79^56'  W,  202  miles,  required  the  latitude  and  longitude  in  ? 
Avjhver,     Latitude  360  55'S.  longitude  550  co'E. 
Quejiion  IV.  A  fhip  from  the  latitude  of  340  35'  N,  and  longitude  of 

45°  i6'W,  fails  S.  83G36/E.  10.1  miles  ;  required  her  latitude  and  lon- 
gitude ? 

fin/iver*     Latitude  340  24/  N,  longitude  430  I4/Y>\ 
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MERCATGR'S   SAILING, 

jg^gsss^---  ^ 

HE  errors  of  the  plane  chart  ar^l  plane  failing  are  In  part  corrected 
by  the  preceding  method  of  middle  latitude  ;  but  in  calculating  the  filia- 

tions of  diftant  places  in  high  latitudes,  this  method  is  liable  to  great  er- 
rors :  to  remedy  this  inconvenience,  a  chart  was  invented  and  publifhed 

in  the  year  1566,  by  Gereard  MercatoE^  a  Flemifh  Geographer,  in 
which  all  the  meridians  are  parallel  to  each  other,  but  proportionally 
lengthened  10  as  to  conforralo  the  fpherical  figure  of  the  earth*  The  prin- 

ciples on  which  this  chart  was  conftru&ed  were  firft  explained  in  the  year 
1599,  by  Edward  Wright,  an  EngUfhman,  and  are  as  follows. 

-  By  Theorem  II.  of  parallel  failing,  the  length  of  a  degree  or  mile  of 
longitude  is  to  the  length  of  a  correfponding  degree  or  mile  of  the  merid- 

ian, as  the  co-fine  of  the  latitude  is  to  the  radius,  that  is  (by  art.  £8  Geo.) 

as  radius  is  to  the  fecant  of  the  latitude'.  Hence  if  the  meridians  are  fup- 
pofed  to  be  parallel  to  each  other,  or  the  length  of  a  degrde  Or  mile  of  lon- 

gitude to  remain  the  fame  in  every  latitude,  the  degree  or  mile  of  lati- 
tude mat  be  increafed  in  proportion  to  the  fecant  of  the  latitude*  Hence* 

the  length  of  the  firft  mile  of  latitude  from  the  equator  will  be  reprefented 

by  the  fecant  of  \r ,  the  fecond  mile  by  the  fecant  of  zr,  the  third  mile  by 

the  fecant  of  3',  &c.  Therefore  the  length  of  the  expanded  arch  of  the 
meridian  may  be  found  by  a  continual  addition  of  fecants,  to  every  degree 
and  minute  of  the  quadrant,  as  in  Table  III.  by  means  of  which  this  chart 

(called  Mercator's  chart)  may  be  conftrufled,  and  all  the  cafes  of  Merca- 
tor's  failing  may  be  projected  and  calculated. 

In  ufing  this  table,  the  degrees  are  to  be  found  at  the  top  of  bottom, 

and  the  miles  at  the  fide  :  in  the  angle  of  meeting  is  the  length  of  the  cor- 
refponding expanded  arch,  ufually  called  the  meridional  parts.  If  you  wifh. 

to  find  the  arch  of  the  expanded  meridian  intercepted  between  any  two 
parallels,  or$  as  it  is  ufually  called,  the  meridional  difference  of  latitude, 
you  muft,  when  both  places  are  on  the  fame  Jide  of  the  equator,  fub  trail  the 
meridional  parts  of  the  lejfer  latitude  from  the  meridional  parts  of  thg 

greater,  the  remainder  ivill  be  the  meridional  difference  of  latitude  ,•  but 
if  they  are  on  different  fides  of  the  equator,  the  fum  of  the  meridional  parts 
of  both  latitudes  is  the  meridional  difference  of  latitude  required* 

Example  I* 

Required  the  meridional  parts  correfponding  to  the  latitude  420  34'  ? 

^  Look  in  the  bottom  or  top  of  the  table  for  42  tf,  marked  42d.  and  in  the 
right  or  left  hand  column  marked  (Mj  for  34',  in  the  former  and  oppofite 
the  latter  ftand  282 S,  the  meridional  parts  correfponding  to  420  34'. 

ExAMPH    III. 

Required  the  meridional  difference  of  latitude 
between    Cape-Hatteras,    in    the    lat.    of 

350  8'  Nj  and  the  Cape  of  Good  Hope,  in 

the  latitude  of  34"  29 '  S.  ? 
C.  Hatteras's  lat.  35°   8'N.    Mer.par.  2254 

C.ofG.Hjpe'slat.  34°29'S.    Mer.par,  2207 

EXAMPLX    II.  .. 
Required  the  meridional  difference  of  latitude 

between  Cape^Cod,  in  the  lat.  of  420  51  N. 
and  the  Ifland  of  St.  Mary,  in  the  latitude  of 
37Q  N.  ? 

Cape-Cod's  lat.  42*  5'N.    Mer.  parts    2788 
St.  Mary's  lat.  37*  o'  N.    Mer,  parts    2393 

Meridional  difference  of  latitude         39c Sum  is  meridional  difference  of  lat,     446* 



xi6 MERCATORS   SAILING. 

From  thefe  principles  it  follows,  that  in  failing  upon  any  rhumb,  the 
true  cr  proper  difference  of  latitude  is  to  the  departure  as  the  meridional 
difference  of  latitude  is  to  the  difference  of  longitude.  Hence  if  MI  (in  the 
figure  of  Cafe  I.  following)  be  the  proper  difference  of  latitude,  10  the 
departure,  MO  the  diftance,  the  angle  IMO.  the  courfe,  and  we  take  MT 
equal  to  the  meridional  difference  of  latitude,  and  draw  TH  parallel  to  IO 
to  cut  MO  continued  in  H  ;  the  line  TH  will  reprefent  the  difference  of 
longitude  ;  for  (by  art.  c$  geom.J  MI  :  IO  :  :  MT  :  TH.  Now  in  the 
-triangle  MTH,  by  making  MT  radius,  we  have  MT  :  radius  : :  TH  :  tang. 
TMH,  that  is,  the  meridional  difference  of  latitude  is  to  radius  as  the 
difference  of  longitude  is  to  the  tangent  of  the  courfe.  By  making  MH  or 
TH  radius  we  have  other  analogies,  which  combined  with  thofe  in  plane 

failing,  furnifh  the  folutions  of  the  various  cafes  of  Mercator's  failing  con- 
tained in  the  following  table. 

MERCATOR'S  SAILING. 
Cafe, Given.       !      Sought.     - Solutions. 

I 

Both     Lati- 

tudes and 

Longitudes, 

Courfe 

Diftance 

Departure. 

Having  both  la;,  the  mer.  diff.  lat.  is  found  by  Table  III. 
Mer.  Diff.  Lat.  :   Rad.  11   Diff.  Long,  t   Tang.  Courfe. 

t  Rad.  I   Prop.-  Diff.  Lat,  '.t   Secant  Courfe   :    Diftance. 
1  Co-fine  Courfe   :    Prop.  Diff.  Lat.  11  Rad.   :    Diftance. 
1  Rad,  I   Prop.  Diff.  Lat.  11    Tang.  Courfe   I    Departure. 
1  Mer.  Diff.  Lit.  :   Diff.  Long.  ::    Prop.Diff.Lat.  :    Dep. 

2 

Both  Lati- 

tudes and 

Departure. 

Courfe 

Diftance 

Diff.  Long. 

Merid.  Diff.  Lat.  being  found  by  Table  III.  we  have, 

Prop.  Diff.  Lat,  '.    Radius   ".'.   Departure   I   Tang.  Courfe. 

C  Radius   '.  Prop.  Diff.  Lat.  '."   Sec.  Courfe   I  Diftance.  J 
£  Sine  Courfe   *   Departure   ",  *   Radius    I    Diftance.            J 
C  Rad.  :   Mer*  Dif.  Lat.  ::   Tang.  Courfe   :   Diff.  Long,  1 
I  Prop. Diff.  Lat.  :   Dep.  11   Mer.Diff.Lat.  :   Diff.Long. 

3 

One  Latitude 
Courfe  and 
Diftance. 

Departuie 
Diff.  Lat. 

Diff.    Long. 

Radius   I   Diftance   1 1   Sine  Courfe    I    Departure. 
Rad.  :   Dift.  :  I  Co-fine  Courfe  :   Prop.  Diff.  Lat.  Hence 

we  have  the  other  latitude  and  mer.  diff.  iat.  by  Tab.  III. 
Rad.  J  i  Mer;  Diff.  Lat.  ::    Tang.  Courfe   :   Diff.Long. 

4 
Both  Lati- 

tudes and 
Courfe. 

Diftance 

Departure 

Diff.    Long. 

Co-fine  Courfe   1    Prop.  Diff.  Lat.  1  i   Rad-  I   Diftance.       J 
Rad,  I   Prop.  Diff.  Lat.  '. '.  Tang.  Courfe  I  Departure. 

Mer.  diff.  lat,  being  found  in  Table  III.  we  have, 

Rad.  :   Mer.  Diff.  Lat.  '.'.   Tang.  Courfe   I   Diff.Long.  { 

5 

— — 

6 

rioth  Lati- 
tudes   and 

•Diftance. 

Courle 

Departure 
Diff.  Long. 

Dift.  :  Rad.  :i  Prop.  Diff.  Lat.  :   Co-fine  Courfe. 

Radius    *   Diftance    *  I   Sine  Courfe   t   Departure. 
Rad.   I   Mer.Diff.Lat.  !!   Tang.  Courfe   t   Diff.Long, 

One  Latitude 

Courfe  and 

Departure*", 

Diff.  Lat. 

Diftance 

Diff.    Long. 

Rad.  t  Dep.  tl   Co-tang.  Courfe   I    Prop.  Diff.  Lat. 
Hence  we  have  the  other  latitude  and  merid,  diff.  lat. 

Sine  Courfe   I   Departure   11   Radius   *    Diftance.                 I 
C  Rad.  I    Mer.Diff.Lat.::   Tang.Courfe   :   Diff.Long. 

1  Prop.Diff.Lat.   :    Dep.  ::    Mer.Diff.Lat.  :    Diff.Long .{ 

7 

One  Latitude 

Diftance  and 

Departure. 

Courfe 

Diff.  Lat. 

Diff.    Long. 

Drft.  :    Rad.  :  :    Dep.    :    Sine  Courfe, 
Rad.  :    Dift.  ::   Co-fine  Courfe   :    Diff.  Lat.     Hence  we 

obtain  the  other  latitude  and  merid.  difF.  lat. 

C  Rad.  :   Mer.Diff.Lat.  '.:  Tang.  Courle   I   Diff.Long. 
^Prop.Diff.Lat.  :   Dep.  tl   Mer.Diff.Lat.  :   Diff.Long. 

CASE   I. 

The  latitudes  and  longitudes  of  two  places  given,  to  find  the  direel  courfe 
attd  diftance   between  them. 

Required  the  bearing  and  diftance  from  Cape  Cod  Light-Houfe  in 
the  latitude  of  42°  5'N.  and  longitude  of  700  14'  W.  to  the  ifland  of  St. 
Mzty,  one  ®f  the  Weftern  Iflands,  in  the  latitude  of  37°.  N.  and  longitude 
of  7?"  6'  W.  ? 
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Cape  Cod's  lat.  42°c>5'N.      Meridional  parts  2788      Long.  709  14  W. 
St.  Mary's  lat.  37    00  N.      Meridional  parts  2393  25    06  W, 

5    °S 60 

Difference  of  lat.  305 

Mer.  diff,  lat* 

By  PROJECTION, 

395 

45    o* 

66 

DifF.  long.     2708 

Draw  the  meridian  MT '  equal  to  the  meridional  difference  of  latitude 
395  miles,  fet  off  alfo  upon  it  MI  equal  to  the  proper  difference  of  latitude 
305  miles  ;  perpendicular  to  MT  draw  TH  and  IO,  make  TH  equal  to  the 

difference  of  longitude  2708  miles,  draw  MH  cutting  IO  in  O";  then  will 
the  angle  TMH  be  the  courfe  S*  8i°42'E,  and  OM  the  diftance  21 13 
miles.  • 

By  LOGARITHMS* 
To  find  the  courfe. 

As  the  mer.  dif.  lat.  395       2.59660 

Is  to  radius  450  10.00000 
Scis  the  dif.  of  long.  2708   3.43265 

To  tang,  of  courfe  8i°42*    10.83605 

To  find  the  diftance. 

As  radius  900  10.00000 
Is  to  the  proper  dif.  lat. 305   2.48430 

Soisfecant  of" courfe 8 1°  42'  10.84056 

To  the  diftance  21 13  miles    3.32486 

-      By  GUNTER. 

1  ft.  Extend  from  the  meridional  difference  of  latitude  395  to  the  dif- 
ference of  longitude  2708,  on  the  line  of  numbers  ;  that  extent  will  reach 

from  the  radius  or  45°,  to  the  courfe  8i°42/  on  the  line  of  tangents. 
2dly.  Extend  from  the  complement  of  the  courfe  8°  18'  to  radius  900 

on  the  line  of  fines,  that  extent  will  reach  from  the  proper  difference  of 
latitude  305,  to  the  diftance  21 13  on  the  line  of  numbers. 

By  INSPECTION. 

With  the  meridional  difference  of  latitude  and  difference  of  longitude, 
ufed  as  difference  of  latitude  and  departure,  find  the  courfe,  by  infpe&ing 
the  tables  until  thofe  numbers  are  found  to  correfpond  ;  with  this  courfe 
and  the  proper  difference  of  latitude,  find  the  correfponding  diftance. 

Thus  one  tenth  of  the  merid.  diff.  lat.  and  diff.  long,  are  found  to  agree 
nearly  to  a  courfe  of  y|  pts.  with  this  courfe  and  one  tenth  of  the  proper 
difference  of  latitude  30,5  is  found  to  correfpond  to  the  diftance  208  ;  this 
multiplied  by  10  gives  the  diftance  2080,  differing  a  little  from  the  refult 
by  logarithms,  owing  to  the  ncglecl  of  a  few  minutes  in  the  courfe. 
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CASE   II. 

yloth    Iniliudeh    and the  departure  gi-vcH,    to  find  the   eourjc,  d fiance,  and 

difference  of  longitude. 

A  flap  in  the  latitude  .of  49°  5/  N.  and  longitude  of  150  i6/W.^  fails 
fouth-weflerly  until  her  departure  is  789  miles,  and  then  by  obfervation  is 

in  the  latitude  of  390  20'  N*  required  her  courfe,  diftance  and  longitude  in  ? 

Lat.  left  49°57;N-     Mer,  parts      3470 
Lat.  in     39    20  N.     Mer.  parts      257! 

Diff.  lat,  10    37=2637101.  M*diOat.899 

XLong*. 
By  PROJECTION, 

With  the  proper  difference  of  latitude  and  departure,  project  as  in  Cafe 
VI.  Plane  Sailing  ;  by  drawing  the  meridian  AEB,  on  which  take  AE 

equal  to  the  proper  difference  of  latitude  637  miles ;  ereft  ED  perpendicular' 
to  AE  and  make  it  equal  to  the  departure  789  miles ;  join  AD  and  continue 
it  towards  C  ;  make  AB  equal  to  the  meridional  difference  of  latitude  S99; 
miles,  and  draw  BC  perpendicular  to  AB,  to  cut  AC  in  C,  and  it  is  done* 
For  AD  will  be  the  diftance  10 14  miles,  BC  the  difference  of  longitude 

5 1 14.  miles,  and  the  angle  BAC  will  be  the  courfe  S.  5 1°  5'  *W, 
By  LOGARITHMS. 

To  find  the  diftance. 
As  radius  1 0.06000 

Is  to-. prop.  diff.  lat.  637        2.80414 
So  is  fee.  courfe  5 ■1*5'  10-.20191 

To  find  the  courfe. 

As  the  prop.  dif.  of  lat.  637  2. S 041 4 

Is  to  radius  450  10.00000 
£e-  is  the  departure  789  2. 89 70S 

To  tang,  courfe  510  5''        10.09294 

To  find  the  diff.  of  long. 

As  radius  450  10.00000 
Is  to  mer.  dif.  lat.  899 

So  is  tang,  courfe  £  1  °  5/ 

2.95376 10.09294 

To  diff.  of  Ions:. 

■14 

.04670 

To  the  diftance  to  1 4 
3.00605 

Longitude  left  15"0  i6/W<f Diff.  of  long.   1114=     18  34  W. 

Longitude  in  33   50  W* 
The  diff.  of  long,  may  alfo  be  found 

by  faying,  as  prop. dif.  oflat.  J  dep.J  J 
mer.  diff.  lat.  }  diff.  of  long. 

By  GUNTER. 

*ft.  The  extent  from  the  diff.  oflat.  637  to  the  dep,  789  on  the  line  of 
numbers,  will  reach  from  radius  450  to  the  courfe  51s  5'  on  the  line  of  tan- 
gents. 

zdly.  The  extent  from  the  courfe  5 1°  5/  to  radius  90°  on  the  fines,- 
will  reach  from  the  departure  789  to  the  diftance  1O14  on  the  line  of 
numbers . 

3diy.  The  extent  from  the  radius  450  to  the  courfe  510  5'  on  the  line 
of  tangents,  will  reach  from  the  merid.  diff.  of  lat.  899  to  the  difference  of 
Longitude  1 1 14  on  the  line  of  numbers, 
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By  INSPECTION. 

Find  the  courfe  by  Plane  Sailing,  Cafe  VL  by  feeking  in  the  tables  with 

the  proper  difference  of  latitude  and  departure  till  they  are  found  to  agree' 
in  their  refpective  columns,  correfponding  to  which  will  be  the  diftance  in, 
its  column,  and  the  courfe  will  be  round  at  the  top  of  that  column  if  the  de- 

parture is  lefs  than  the  proper  difference  of  latitude,  otherwife  at  the  bot- 
tom j  with  the  fame  courfe,  find  the  meridional  difference  of  latitude  in  the 

latitude  column,  correfponding  to  which  in  the  departure  column  is  the 
true  difference  of  longitude. 

Thus  with  one  tenth  of  the  true  difference  of  latitude  and  departure  63,7 

and  78,9,  I  find  the  courfe  51°,  and  the  diftance  101  which  multiplied  by 
jo  gives  nearly  the  true  diftance  10 10  ;  in  the  fame  table,  oppoiite  to  one 
tenth  of  the  meridional  difference  of  latitude  89,9, 1  find  the  departure  m.it 
which  multiplied  by  10  gives  the  difference  of  longitude  1 1 1 1  miles, 

CASE  III. 

One   latitude,   courfe  and  diftance  given,    to  find  the  difference  of  latitude 
and  difference  af  longitude. 

A  fhip  in  the  latitude  of  42°  30'  N.  and  longitude  of  58°  p/  W,  fails 
S,  W,  by  S,  591  miles  ;  required  the  latitude  and  longitude  in  ? 

By  PROJECTION, 

Draw  the  meridian  ABC,  and  ADE,  making 
an  angie  with  it  equal  to  the  courfe  3  points, 
make  AD  equal  to  the  diftance  failed,  59: 
miles,  and  from  D  let  fall  upon  AB  the  perpen- 

dicular BD ;  then  will  BD  be  the  departure, 
and  AB  the  difference  of  latitude,  491  miles, 
Hence  we  have  both  latitudes,  and  the  meridi- 

onal difference  of  latitude  to  which  make  AC 

equal,  and  draw  CE  parallel  to  BD  meeting 
ADE  in  E,  then  will  CE  be  the  difference  of 

longitude,  419,6  miles. 

By  LOGARITHMS. 

To  find  the  diff.  of  latitude,       j      To  find  the  difF.  of  longitude. 
As  radius  8  points  icooooojAs  radius  4  points  10.00000 
Is  to  the  diftance  591  2.77159'ls  to  the  mer.  dif,  lat.  628    ,2.79796 
So  is  co-fine  courfe  3  pts.      9.9 1985  So  is  tang,  courfe  3  points     9.824^9 

To  prop.  diff.  lat.  491,4       2.69144 

I. at.  left         42°3o'N.      Mer,  parts  2822 
Dif.  lat.  491^=8    u  S. 

Lat,  in 

To  diff.  of  long.  419,6         2.62285 

Long,  left  $8*p'"W, Diff.  of  long,  420:^:7   00   W. 

Long,  in     65  51     W. 
34    19  N.       Mer.  parts  2194 

Mer,  diff.  lat,         628 

By  GUNTER. 

ift,     The  extent  from  radius  8  points  to  the  complement  of  the  courfe 
5  points,  on  the  line  marked  S  R,   will  reach  from  the  diftance  591  to  the 
difference  of  latitude  491.4  on  the  line  of  numbers, 
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sdly.  The  extent  from  the  radius  4  points  to  the  courfe  3  points,  on 
the  line  marked  T  R,  will  reach  from  the  meridional  difference  of  latitude 
628  to  the  difference  of  longitude  419.6  on  the  line  of  numbers. 

.  By  INSPECTION. 

As  in  Cafe  I.  Plane  Sailing,  find  the  courfe  at  the  top  or  bottom  of  the 
tables,  either  among  the  points  or  degrees,  and  in  that  page,  oppofite  the 
diftance,  will  be  found  die  difference  of  latitude  and  departure  in  their  re* 
fpeclive  columns  ;  then  in  the  fame  table  find  the  meridional  difference  of 
latitude  in  the  latitude  column  ;  correfponding  to  which,  in  the  departure 
column,  will  be  the  difference  of  longitude. 

Thus,  under  the  courfe  3  points,  and  oppofite  one  third  of  the  diftance 
197,  Hands  163.8  in  the  latitude  column,  which  multiplied  by  3  gives  the 
difference  of  latitude  491.4  miles  ;  then  find  one  fourth  of  the  meridional 
difference  of  latitude  157  in  the  latitude  column,  againft  which  ftands  105 
in  the  departure  column,  which  multiplied  by  4  gives  420,  the  difference 
of  longitude, 

CASE     IV. 

Both  latitudes  and  courfe  given,   to  find  the  difiance^  and  difference  tf 

longitude, 

A  fhip  from  the  latitude  of  490  $7'  N,  and  longitude  of  300  W.  fails  S, 
390  W.  till  fhe  arrives  in  the  latitude  of  450  31'N.  required  the  diftance 
run  and  longitude  in  ? 

Lat.  left  490  §fN.  Mer.  parts 
Lat.  in     45    31  N.  Mer.  parts 

Diff.  lat.  4    26:s266miks.  Mer,  dif,  lat. 

By  PROJECTION. 
Draw  the  meridian  AEB,  on  which  take  AE  equal  to  the  proper  differ, 

face  of  latitude  266  miles,  and  AB  equal  to  the  meridional  difference  of 

latitude  396  miles  ;  make  the  angle  BAC  equal  to  the  courfe  390,  and 
draw  ED,  BC,  perpendicular  to  AB,  cutting  ADC  in  D  and  C  ;  then  will 
AD  be  the  diftance  342  miles,  and  BC  the.  difference  of  longitude  321 
miles. 

By  LOGARITHMS. 
To  find  the  diftance. 

As  the  co-fine  courfe  390      9,89050 
Is  to  the  prop.  dif.  of  lat. 266  2.42488 

So  is  radius  90°  10.00000 

To  find  the  diff.  of  longitude. 

As  radius  450  io.oooco Is  to  mer.  dif.  of  lat.  596     2.5977Q 

So  is  tang,  courfe  390  9.90837 

To  the  diftance  342.3  2-53438  To  the  diff.  of  long.  320,7  2.50607 

Longitude  left  300  o'  W. 
Diff.  of  long,   321=   5    21W. 

Longitude  in  3S    il^» 
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By  GUNTER. 

ift.  The  extent  from  the  complement  of  the  courfe  5  1  °  to  the  radlu9 
90°  on  the  fines,  will  reach  from  the  proper  difference  of  latitude  266,  to 
the  diflance  342,3  on  the  line  of  numbers. 

2dly.  The  extent  from  radius  450  to  the  courfe  390  on  the  line  of  tan- 
gents, will  reach  from  the  meridional  difference  of  latitude  396,  to  the  dif- 

ference of  longitude  3^2 1  on  the  line  of  numbers. 

By  INSPECTION. 

As  in  Cafe  II.  Plane  Sailing,  find  the  courfe  among  the  points  or  degrees 
and  the  proper  difference  of  latitude  in  its  column,  adjoining  to  which  are 
the  diflance  and  departure  in  their  refpe&ive  columns  ;  then  in  the  fame 

table,  find  the  merid.  diff. 'lat.  in  the  lat.  column,  adjoining  to  which  in 
the  departure  column  is  the  difference  of  longitude. 

"  Thus  under  the  courfe  390  and  oppofite  the  half  diff.  of  lat.  153  (the 
neareft  to  which  is  132.9)  Hand  171  and  107.6,  thefe  doubled  give  the 
diflance  342  and  departure  215.2  ;  and  in  the  fame  table  oppofite  the  half 
mer.  diff.  of  lat.  198  found  in  the  latitude  column,  ftands  160.5  m  t^ie  deP° 
column,  which  doubled  gives  the  difference  of  longitude  321  miles  ̂   nearly 
as  before.  - 

Case'  v. 
Both  latitudes  and  diflance  glven^   to  find  the  cokrfe  and  difference  of  lew* 

gitude. 
A  fhip  from  the  latitude  of  370  N.  and  longitude  of  320  i6/  W.  fails 

300  miles  north-weflerly,  until  fhe  is  in  the  latitude  of  41  °  N.  ;  required 
the  courfe  fleered,  and  longitude  in  ? 

Lat.  left  370  N. 
Lat.  in     41    N. 

Mer,  parts     2393 

Mer.  parts     2702 

Diff,  lat=    4°=24om5  Mer.  diff,  lat.  309  miles, 

By  PROJECTION.,        - 
Draw  the  meridian  ABC  ;  make  AB  equal  to  the  proper  difference  cf 

latitude  240,  and  AC  equal  to  the  meridional  difference  cf  latitude  309  miles  ; 
draw  BD  and  CE  perpendicular  to  ABC  3  with"  an  extent  equal  to  the  dis- 

tance 300  in  your  compaffes,  and  one  foot  in  A,  fweep  an  arch  cutting  BD 
in  D  ;  draw  AD,  which  continue  to  cut  CE  in  E,  and  it  is  done :  for  the 

angleBAD  is  equal  to  the  courfe  360  52',  BD  h  the  departure,  and  GS  » 
<&e  difference  of  longitude  231,7  rr.JLie'3, 
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By  LOGARITHMS. 

To  find  the  courfe,  |       To  find  the  difF.  of  longitude, 

As  the  diftance  300  2.47712  As  radius  45°  io.oooo* 
Is  to  radius  900  io.oooools  to  mer.  difF.  of  lat  309      2. 48996 
So  is  prop.  difF.  lat.  240        2.38021  So  is  tang,  cpurfe  ̂ 3C '52'      9.87501 

To  co-fine  courfe  360  52'      9.90309  To  the  difF.  long.  231.7 

Longitude  left         -  3 20   16'  W. 
DifF.  of  longitude  232  =  3    52  W, 

2-36497 

Longitude  in 
36    08  W. 

By  GUNTER. 

1  ft.  The  extent  from  the  diftance  3.00  to-  the  proper  difference  of  lat. 
itude  240,  on  the  line  of  numbers,  will  reach  from  the  radius  or  90°  to  . 
530  8',  the  complement  of  the  courfe,  on  the  line  of  fines. 

2dly.  The  extent  from  radius  450  to  the  courfe  3-6°  £2.',  on  the  line  of 
tangents,  will  reach  from  the  meridional  difference  of  latitude  309  to  the 
diiference  of  longitude  231.7,  on  the  line  of  numbers* 

By  INSPECTION. 

As  in  Cafe  IV.  Plane  Sailing,!  feek  in  the  tables"  till  againfl  the  diftance: 
taken  in  its  column  be  found  the  given  difference  of  latitude  in  one  of  the 
following  columns  ;  adjoining  to  it  ftands  the  departure,  which  if  lefs  than 
the  difference  of  latitude,  the  courfe  is  found  at  the  top,  otherwife  at  the 
bottom ;  in  the  fame  table  find  the  meridional  difference  of  latitude  in  the 
latitude  column,  adjoining  to  which  in  the  departure  column  ftands  the  dif- 

ference of  longitude. 
Thus  the  diftance  300  and  the  difference  of  latitude  240,  are  found  to 

correfpond  to  a  courfe  of  370,  and  a  departure  iSo,5  >  anc^  *n  t^-e  latitude 
column,  oppofite  half  the  meridional  difference  of  latitude  154^5  (theneareft 
to  which  is  154. 1),  ftands  116.2  in  the  departure  column^  which  doubled 
gives  the  difference  of  longitude  232.4. 

CASE     VI. 

One  latitude,    courfe   and  departure  given,    to  find  the  diftance,  difference  of 
latitude  and  difference  of  longitude. 

A  fhip  from  the  latitude  of 

<o°  io'S.  and  longitude  of  300 
E.  fails  E.  S.  E.  until  her  de- 

parture is' 9 57  miles ;  required the  diftance  failed,  and  the  lat. 
itude  and  longitude  in  ? 

Cu-   — 
X  -Lon£. 

By  PROJECTION. 

Draw  the  meridian  ABC,  and  at  a  diftance  from  it  equal  to  the  depar- 

ture 957  miles  draw  the  line  FD  parallel  to  ABC  ;  make  the  angle  BAD 
equal  to  the  courfe  6  points,  draw  AD  cutting  FD  in  D  ;  from  D  let  fall 

upon  AB  the  perpendicular  DB  ;  then  will  AD  be  the  diftance  1036  sales', 
AB  the  difference  of  latitude  396  mi-Ies  :  hence  we  have  both  latitudes,  and; 



^CERCATQR's   SAILING, 

3  23 

tsic  meridional  difference  of  latitude  667  miles,  make  the  line  AC  equal 
thereto,  and  draw  CE  perpendicular  to  AC  meeting  AD  continued  in  E  ; 
*hen  will  CE  be  the  difference  of  longitude  1 610  miles. 

By  LOGARITHMS. 
To  find  the  diftance. 

As  the  line  courfe  6pts.        9.96562 
Is  to  the  departure  957         2.98091 
So  is  radius  8  Dts.  10.00000 

Lat.  left  50°  io'S.  M.partS349a 
Dif.lat.  39 6 '=6   36  S. 

Lat.  in  56  46  S.  IVl.parts4.157 

To  the  diftance  1036 3.01529 

To  find  the  diff.  of  lat. 

As  radius  4  pts.  10.00000 
Is  to  the  departure  957         2.98091 
So  is  co-tang,  courfe  6  pts.    9.61722 

roprop.dif.  of  lat.  396.4m.  2.59S  13 

Merid.  diff.  lat. 

667 

As  radius   4 pts.  ro. 00000 
Is  to  the  merid. dif.  lat.  667   2.82413 
So  is  tang,  courfe  6  pts.       10.38278 

Todif.lon.t6io/=26°5o/E.  3.20691 
Long,  left  30  00  E. 

Long,  in 

56  50  E. 
By    GUNTER. 

ift.  The  extent  from  the  courfe  6  points  to  radius  8  points  on  the  line 
marked  S.  R.  will  reach  from  the  departure  957  to  the  diftance  1036  on 
the  line  of  numbers. 

zdly.  The  extent  from  radius  4  points  to  the  complement  of  the  courfe 
2  points,  on  the  line  marked  TR,  will  reach  from  the  departure  957  to  the 
difference  of  latitude  396  on  the  line  of  numbers, 

3dly.  The  fame  extent  (from  the  radius  4  points  to  the  courfe  6  points 
on  the  line  marked  T  R)  will  reach  from  the  meridional  difference  of  lati- 

tude 667,  to  the  difference  of  longitude  1610,  on  the  line  of  numbers. 

By  INSPECTION. 

As  In  Cafe  III.  Plane  Sailing,  find  the  courfe  either  in  Table  I.  or  Table 
II.  and  the  departure  in  its  column,  correfponding  to  which  ftand  the  dif- 

tance anefdifference  of  latitude  in  their  refpeclive  columns  :  in  the  fame  ta- 
ble  find  the  meridional  difference  of  latitude,  in  the  latitude  column  ;  cor- 

refponding to  which  in  the  departure  column  will  be  the  difference  of  lon- 
gitude. 

Thus  over  the  courfe  6  points,  and  againft  one  fifth  of  the  departure 
191,4  ftand  79,2  and  207,  which  multiplied  by  5  give  the  difference  of 
latitude  396  miles,  and  the  diftance.  1035  m^es  5  tnen  in  tne  latitude  col- 

umn find  a  tenth  of  the  meridional  difference  of  latitude  66,7,  the  nearefl 
to  that  is  66,6,  againft  which,  in  the  departure  column,  ftands  160,8, 
which  multiplied  by  10  gives  1608,  the  difference  of  longitude. 

CASE     VII. 

One  latitude,  diftance  failed,  and  departure  given,  to  find  the  courfe,  differ, 
ence  of  latitude  and  difference  of  longitude. 

A  fhip  in  the  latitude  of  490  30'  N.  and  the  longitude  of  25°  W.  fails 
fouth-eafterly  645  miles,  making  500  miles  departure  ;  required  the  courfe 
fteered,  and  the  latitude  and  longitude  in  I 
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By 'PROJECTION. 

Draw  the  meridian  ABC,  on  any 
point  of  which  erecl  the  perpendicu-  A 
lar  BD  equal   to  the  departure  500 
miles,   with  an  extent  equal  to  the    j 
diftance  645  miles  in  your  compaffes,  ̂  
and  one  foot  in  D  fweep  an  arch  cut-  X 
iug  AB  in  A,  join  AD  ;    then  will 
AB  be  the  proper  difference  of  lati- 

tude 407,5  miles,,  and  the  angle  BAD 

will  be  the   courfe   500  49/  ;  hence 
v/e  have  the  other  latitude,   and  the 
meridional  difference  of  latitude,  to 

which  make  AC  equal ;  and  drawCE  parallel  to  BD,  meeting  AD  produced 
in  E  ;  then  will  CE  be  the  difference  of  longitude,  722,6  miles. 

By  LOGARITHMS.       . 

B  . 

To  find  the  courfe. 

As  the  diftance  645  2.80956 

Is  to  the  radius  90^  10. 00000 
So  is  the  departure  500  2.69S97 

To  fine  of  courfe  500  49'      9.8S941 

To  find  the.  diff.  of  long, 

As  radius  450  lo.oooQo 
Is  to  the  mer.  dif.  lat.  589    2.7701  2 

So  is  tang,  courfe  50°  49'    10.08S79 

Or  thus, 

As  prop,  dif.  lat.  407,5*     2.61014 
Is  to  the  departure  500  2.69897 
So  is  the  mer.  diff.  lat.   5S9  2. ,770 12 

5.46909 2.61O14 

To  diff.  long.   722,7 

To  find  the  diff.  of  lat. 

As  radius  900  lo.ooeaa 
Is  to  the  diftance  645  2.80956 

So  is  co-fine  courfe  500  49'  9.8005S 

Todif.l.407,5=6c'48/S.        2.6 10 14 
Lat.  left  49  30N.M-par.3428 

Lat.  in 
42  42N.  M  .par.  28  39 

Mer.  diff.  lft,  589 

—  Long,  left  '       250  oo/  W. 
To  diff.  long.  722,6  2.85891  Diff.  long.  12   03  E. 

ong.  m 12   57  W. 

Hence  the  fhip's  courfe  is  S.  50" 
49'E.  Lat.  in  420  427N.  Long,  ir^ 
120  57'W. 

.85895 

Bv   GUNTER. 

■  1  ft.  The  extent  from  the  diftance  645  to  the  departure  500  on  the  line 

of  numbers,  will  reach  from  the  radius  9Q0  to  the  courfe  500  49'  on  the,  line 
pf  fines. 

2dly.  The  extent  from  radius  90°  to.  the  complement  of  the  courfe. 
390  1 1/  on  the  line  of  fines,  will  reach  from  the  diftance  645  to  the  differ- 

ence of  latitude.  407,5  on  the  line  of  numbers. 

3dly.  The  extent  from  the  radius  450  to  the  courfe  50°  49'  on  the  line 
ef  tangents,  will  reach  from  the  mer,  diff.  of  lat.  589  to  the  difference  of 
longitude  722.6  on  the  line  of  numbers.     Or,   the  extent  from   the  proper, 

jg.  was  found  abovt,  it  differs  i  little  from  tlje  log.  of  4o;,5. 
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difference  of  latkude  407,5  to  the  departure  500,  will  reach  from  the  me* 
ridional  difference  of  latitude  5S9  to  the  difference  of  longitude  7Z2.7  on 
the  line  of  numbers,  / 

Ey   INSPECTION. 

Find  the  courfe  and  difference  of  latitude,  as  in  Cafe  V.  Plane  Sailing,  by 
fceking  in  Tab.  II.  till  the  diftance  and  departure  are  found  to  correfpond 
in  their  refpeftive  columns,  adjoining  to  which  in  the  column  of  latitude 
will  be  found  the  true  difference  of  latitude  ;  which  if  greater  than  the  de-  . 
parture  the  courfe  is  found  at  the  top  ;  but  if  lefs,  the  courfe  is  found  at  the  . 
bottom  ;  with  this  courfe  feek  the  meridional  difference  of  latitude  in  the 
latitude  column,  adjoining  to  which  in  the  departure  column  will  be  found 
the  difference  of  longitude. 

Thus  one  third  of  the  diftance  21J,  and  one  third  of  the  departure  166,7 
are  found  nearly  to  correfpond  to  a  courfe  of  5 1  degrees,  and  a  difference  of 
latitude  of  135.3,  which  multiplied  by  3,  gives  the  true  difference  of  lati- 

tude 406  neary. 
Then  one  fourth  of  the  meridional  difference  of  latitude  147,  in  the  lat- 

itude column,  is  found  nearly  to  correfpond  to  the  departure  18 1.9  ;  this 
multiplied  by  4,  gives  727.6  the  difference  of  longitude  nearly. 

•  Having  explained  the  method  of  calculating  fingle  courfes  by  Middle 

Latitude  and  Mercator's  Sailing,  it  now  remains  to  explain  the  method  of 
calculating  compound  courfes.  To  do  this,  you  muft  conffrucl:  a  traverfe 

table,  and' find  the  d-fference  of  latitude  and  departure  for  each  courfe  and 
diftance,  as  in  Traverfe  Sailing  ;  and  from  thence  the  whole  difference  of 
latitude,  departure  and  latitude  in  ;  with  the  departure  and  latitudes,  find 
the  difference  of  longitude  and  longitude  in,  as  in  Cafe  II.  of  Middle  Lat- 

itude or  Mercator's  Sailing. 
This  method  is  exact  enough  for  working  any  fmgle  day's  work  at  fea, 

except  in  high  latitudes,  where  it  will  be  a  little  erroneous  ;  in  this  cafe, 
the  difference  of  longitude  and  longitude  in  may  be  calculated  for  every 
iingle  courfe  and  fnort  diftance  ;  but  in  general,  this  nicety  in  calculation 
may  be  neglected. 

To  illuitrate  the  method  of  working  compound  courfes,  we  fnall  here 

work  an  example,  by  Middle  Latitude  and  Mercator's  Sailing. 
EXAMPLE. 

A  fhip  from  Cape  Henlopen, 

in  the  latitude  of  3 8°  47'  N. 
longitude  750  io'W.  fails  the 
following  true  courfes,  viz.  E. 
by  S.  20  miles,  E.  N.  E.  15 
miles,  S.  E.  26  miles.  South  16 
miles,  W.  S.  W.  6  miles,N.W. 
10  miles,  and  Eaft  30  miles  ; 
required  her  latitude  and  longi- 

tude ? 

By  conftructing  the  Traverfe 
Table  with  thele  courfes  and 

diftances,    it  appears    that    the 

Tr.avek.se  Table:. 

„      .     1 

Diff.  LatT 
Departure. Courfes. Dis. N. 

0. 

E.  . 

w. 

E.  by  S. 
20 

3-9 

19.6 E.N.E. 
f? 

5-7 

13.9 

S.  E. 
26 

18.4 18.4 

South. 16 
16.0 

W.S.W. 6 

2-3 

J-5 
N.  W. 10 

7-1 

7-1 

Eaft.   - 

3° 

30.0 

1 2.8 

40.6- 

81.9 

12.6 

12.S 

12.6 69.3 

D^ 

D.Lat. 

27.  8 fhip  has  made  27.8  miles  of  fouthing,  and  69.3  miles  of  calling  ;  and  by 
fubtra&ing  the  fouthing  from  the  latitude  of  Cape  Henlopen,  there  remains 

the  latitude  in  38°  19'  N. 
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Cape  Henlopen's  latitude  3S0  47'  N.  Meridional  parts  252$ 
Latitude  in  38    19  N.  Meridional  parts  249Z 

Sum  of  latitudes  77      6  36 
Middle  latitude  38    33 

By  infpe&ion  of  Table  II.  it  appears  that  the  difference  of  latitude  27.8 

and  departure  69.3  correspond  to  a  courfe  of  68°  nearly  and  a  diftance  of 
1$  miles  ;  and  in  the  fame  page  of  the  table,  oppofite  to  the  meridional 
difference  of  latitude,  found  in  the  column  of  latitude,  ftands  the  difference 
of  longitude  89  miles  in  the  departure  column ;  this  fubtrafted  from  the 

longitude  of  Cape  Henlopen  750  10'  W.  leaves  the  longitude  ih  73^41'W. 
by  Mercator's  Sailing.  Or,  with  the  middle  latitude  380  33'  to  390  as  a 
courfe,  find  the  departure  69.3  in  the  latitude  column,  oppofite  to  which 
is  89  in  the  diftance  column,  which  is  the  difference  of  longitude  by  Mid-, 

$le  Latitude  Sailing;  confequently  the  longitude  in  is  730  41'  W.  as  above. 
Thus  we  fee  that  fuch  examples  are  performed  as  in  Traverfe  Sailing  and 

Cafe  II.  of  Mercator's  or  Middle  Latitude  Sailing,  either  by  infpe&ion  a% 
sbove^  or  by  the  fcaleor  logarithms. 

Having  gone  through  the  necefTary  problems  in  Mercator's  Sailing,  we 
Shall  now  fhew  how  Mercator's  Chart  may  be  conftru&ed  by  means  of  th$ 
Table  of  Meridional  farts, 

To  corrJiruS  a  Mercator'1}  Chart  to  commence  at  the  Equator. 
Suppofe  it  was  required  to  conftruft  the  Chart  in  the  plate  affixed  ta 

this  work,  which  begins  at  the  equator,  and  reaches  to  the  parallel  of  50 
degrees  \  and  contains  9.3;  degrees  of  longitude  weft  of  the  meridian  of 
London. 

Draw  the  lino.  AD  reprefenting  the  equator,  then  take,  from  any  fcale  of 
rquil  parts,  the  number  of  minutes  contained  in  95  degrees,  viz.  570O3 
which  fct  off  from  A  to  D  ;  fubdivide  this  line  into  95  equal  parts  repre- 

senting degrees  of  longitude.  Through  A  and  D,  draw  the  lines  AB,  DC 
perpendicular  to  AD,  and  make  each  of  them  equal  to  3474  which  are  the 
meridional  parts  correfponding  to  50  degrees.  Join  BC  which  mull  be 
Subdivided  in  the  fame  manner  as  the  line  AD  ;  and  through  the  corref- 

ponding points  of  the  lines  AD,  BC,  muft  be  drawn  (at  the  diftance  of  10^ 
<pr  200)  the  lines  parallel  to  AB,  reprefenting  meridians  of  the  earth  ; 
shefe-  lines  muft  he  numbered  o,  10,  20,  Sec.  beginning  at  the  line  AB 
which  reprefents  the  meridian  of  London.  Set  off  in  like  manner  upon  the 
.meridians  AB,  DC,  (beginning  from  the  equator  AD)  the  meridional  parts, 

correfponding  to  each  degree  of  latitude  from  o°  to  50°  ;  and  through  the 
correfponding  points  (at  the  diftance  of  io°  or  200)  draw  lines,  parallel  to, 
the  equator  AD,  to'  reprefent  the  parallels  of  latitude.  Then  the  upper 
part  of  the  Chart  will  reprefent  the  north,_  the  lower  the  fouth,  the  right 
hand  the  eafts  and  the  left  hand  the  weft  (which  is  generally  fuppofed  in 
Charts  unlefs  the  contrary  is  expreflly  mentioned). 

If  the  Chart  does  not  commence  at  the  equator,  but  is  to  ferve  for  a  cer- 
tain portion  of  the  globe  contained  between  two  parallels  of  latitude  on 

the  fame  fide  of  the  equator  ;  you  muft  draw  the  meridians  as  directed  in 
the  laft  example  ;  then  fubtract  the  meridional  parts  of  the  leaft  latitude  of 
the  Chart,  from  the  meridional  parts  of  the  other  latitudes,  and  fet  off  thefe 
differences  on  the  extreme  meridians,  draw  lines  through  the  correfponding 
points  and  they  will  be  the  parallels  of  latitude  on  the  Chart, 
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If  the  Chart  is  to  be  bounded  by  parallels  cflatitude  on  different  fides  of 
the  equator  ;  you  muft  draw  a  line  reprefentir.g  the  equator,  and  perpen- 

dicular to  it  draw  lines  to  reprefent  the  meridians,  continuing  them  on  both. 
fides  of  the  equator  ;  then  fet  off  the  parallels  of  latitude  on  both  fides  of 
the  equator,  in  the  fame  manner  a:  in  the  firft  example. 

Take  from  the  table  of  latitude  and  longitude  of  places,  the  latitude  and 
longitude  of  each  particular  place  contained  within  the  bounds  of  the  Chart, 
and  lay  a  ruler  over  its  latitude  and  another  crofting  that  over  its  longi- 

tude; the  point  where  thefe  crofs  will  reprefent  the  propofed  place  upon 
the  Chart.  The  moil  remarkable  points  of  a  fea-coafl  being  thus  laid 
down,  lines  may  be  drawn  from  point  to  point  which  will  form  the  out- 

lines of  the  fea-coaft,  iflands,  &c.  to  which  may  be  annexed,  the  depths  cf 
water  expreffed  in  common  arabiac  numbers  ;  the  time  of  high  water  on 
the  fall  and  change  days  expreffed  in  roman  numbers  ;  the  fetting  cf  the 
tide  expreffed  by  an  arrow  ;  and  whatever  elfe  may  be  thought  convenient 
for  the  chart  to  contain. 

This  chart  is  not  to  be  confidered  as  a  juft  reprefentaticn  of  the  earth's 
furface,  for  in  it  the  figures  of  iflands  and  countries  are  diftorted  towards  the 
poles,  as  is  evident  from  its  conftru&ion.  But  as  the  degrees  cf  latitude  and 
longitude  are  increafed  in  the  fame  proportion.,  it  is  plain  that  the  bearings 
between  places  will  be  the  fame  on  the  chart  as  on  the  globe  :  aad  fince  the 
meridians  are  right  lines,  it  follows,  that  the  rhumbs,  which  form  equal  an- 

gles with  the  meridians,  will  be  ftraight  lines,  which  render  this  projection 

cf  the  earth's  furface  much  more  eafy  and  proper  for  the  mariner's  ufe  than 
any  other. 

Having  the  latitude  and  longitude  of  afi/ip  or  place,  ts  find  the  correfpond- 
ing  point  on  the  chart. 

Rule.  Lay  a  ruler  acrofs  the  chart  in  the  given  parallel  of  latitude ; 
take  in  your  compaffes  the  neareft  diftance  between  the  given  longitude  and 
the  neareft  meridian  drawn  acrofs  the  chart ;  put  one  foot  of  the  compaffes 
in  the  point  of  interferon  of  the  ruler  and  meridian,  and  extend  the  otber 
along  the  edge  of  the  ruler  on  the  fame  fide  of  the  meridian  as  the  place  lie;, 
and  that  point  will  reprefent  the  place  of  the  fliip; 

If  the  longitude  on  the  Chart  be  counted  from  a  different  meridian  from 
that  you  reckon  from>  you  muft  reduce  the  given  longitude  to  the  longitude 
Of  the  Chart,  by  adding  or  fubtra&ing  the  difference  of  longitude  of  thofc 

meridians  ;  and  then  prick  off  the  fhip's  place  as  before  directed.  Or,  yon 
may  draw  a  meridian  line  through  the  place  you  reckon  your  longitude 

from ;  then  meafure  off  the  fhip's  longitude  on  the  equator,  and  apply  it  to 
the  edge  of  the  ruler,from  this  meridian,  and  you  will  obtain  the  flip's  place 

To  find  the  bearing  of  any  place  from  the  Jhip« 

Run 2.  Lay  a  ruler  acrofs  the  given  place  and  place  of  the  fiiip  ;  fet  one 
foot  of  the  compaffes  in  the  centre  of  fome  compafs  near  the  ruler,  and  talc e 
the  neareft  diftance  to  the  edge  of  the  ruler  ;  Aide  one  foot  of  the  com- 

paffes along  that  edge  keeping  the  other  extended  to  the  grcateft  diftance, 
and  obferve  what  point  of  the  compafs  it  comes  neareft  to,  for  that  will  be 
the  bearing  required. 

To  find  the  dijiance  of  any  place  from  thefijip. 

Rule.     Take   the  diftance  between  the  fhip  and  given  place  in  your 
compaffes  and  apply  it  to  the  fide  cf  the  chart  or  graduated  meridian,  fett- 

\ 
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ing  one  foot  as  much  above  one  place  as  the  other  is  below  the  other  place,' 
the  number  of  degrees  between  the  points  of  the  compaffes  will  be  the  dif» 
tance  nearly. 

When  the  places  bear  north  and  fouth  of  each  other  this  rule  is  accurate? 
but  when  they  bear  nearly -eaft  and  weft,  and  the  diftance  is  large,  it  will 
err  considerably  ;  but  in  general  it  is  exacl  enough  for  common  purpofes  ; 
if  greater  accuracy  is  required,  it  is  beft  to  find  the  diftance  by  calculation* 

'  If  any  one  wifhes  to  eftimate  the  diftance  accurately  by  the  Chart,-  he 
muft  proceed  in  the  following  manner  : 

r.  If  the  place  be  in  the  fame  longitude  that  the  fhip  is  in,  then  the 
preceding  rule  is  accurate. 

2.  If  the  place  be  in  the  fame  latitude  as  the  fnip,  or  bear  eaft  of  weft, 
the  diftance  cannot  be  obtained  without  calculating  it  by  Cafe. I.  of  Parallel 
Sailing. 

5.  If  the  place  be  neither  in  the  fame  latitude,  nor  in  the  fame  longi- 
tude as  the  fhip,  the  diftance  muft  be  found  in  the  following  manner  :  Lay  a 

yuler  over  both  places,  and  draw  through  one  of  them  a  parallel  to  the 
equator  ;  take  the  difference  of  latitude  between  both  places  in  your  com- 

paffes from  the  equator  ;  Hide  one  foot  on  that  parallel,  keeping  the  other' 
extended  fo  that  both  points  fhall  be  on  the  fame  meridian,  and  note  the  point 
of  the  ruler  which  is  touched  by  the  ether  foot  of  the  compaffes,  take  the 
diftance  from  this  point  to  the  given  place  through  which  the  parallel  was 

drawn  and  apply  it  to-the  equator,  and  you  will  have  the  fought  diftance. 
The  bearing  and  diftance  of  any  two  places  from  each  other  are  found  in 

the  fame  manner  as  the  bearing  and  diftance  of  any  place  from  the  fhip. 

EXAMPLE.  . 

Required  the  bearing  and  diftance  between  the  eaft  end  of  Long^Hland 
and  the  north  part  of  Bermudas  ? 

A  ruler' being  laid  over  both  places  as  directed  in  the  preceding  rule,  it 

will  be  found  to  lay  parallel  to  the  N.  W.  by  N.  and "S.  E.  by  S.  line  ;  and 
the  diftance  between  the  two  places  being  taken  in  the  compaffes,  and  ap* 
plied -to  the  graduated  meridian,  will  meafure  about  10  degrees  or  600 
miles  ;  therefore  thefe  places  bear  from  each  other  N.  W.  by  N,  and  S,  E, 
by  S.  and  their  diftance  is  600  miles  nearly. 
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OF      THE 

Log-Line  and  Half-Minute  Glafs, 

ARIOUS  methods  have  been  prdpofed  for  meafuring  the  rate  at 

which  a  fhip  fails,  but  that  rnofl  in  ufe  is*  by  the  Log  and  Half- Minute5 Glafs. 

The  Ldg  is  a  fiat  piece  of  thin  board,  of  a  fedtoral  or  quadrantal  form 
{fee  the  annexed  plate  J  loaaed  in  the  circular  fide  with  lead  fufficient  to 

Snake  it  fwim  upright  in  the  water  :  to  this  is  fattened  a  line  about  150 
fathoms  long}  called  the  Log-linej,  which  is  divided  into  certain  fpaces  call- 

ed knots,  and  is  wound  on  a  reel  which  turns  very  eafily.  The  Half- 
Minute  Glafs  is  of  the  fame  form  as  an  hour  glafs,  and  contains  fuch  a 

quantity  of  fartd  as  will  run  through  the  hole  in  its  neck  in  half  a  minute 
of  time. 

The  miking  of  the  experiment  to  find  the  velocity  cf  the  fhip  is  called 

heaving  the  log,  which  is  thus  performed. — One  man  holds  the  reel,  and 
andther  the  half-minute  glafs  ;  an  officer  of  the  watch  throws  the  log  over 

the  fhip's  item,  on  the  lee  fide,  and  when  he  obfs'rves  the  ft  ray  line  is  run 
off  the  reel  (which  is  about  ten  fathoms,  this  diitance  being  ufually  allow- 

ed to  carry  the  log  out  of  trie  eddy  of  the  fhip's  wake)  and  the  nrft  mark 
(which  is  generally  a  red  rag)  is  going  off,  lie  cries  thru  !  the  glafs  holder 

anfwers  done/  who  witching  the  glafs,'  the  moment  it  is  run  out  {afsjSap/. 
the  reel  being  immediately  flopt,  the  laft  mark  run  off  mews  the  number  of 

knots,  and  the  diflancc  of  that  riiark  from  the  reel  is  eftirnated  in  fathom's* 
Then  the  knots  and  fathoms  together,  fhew  the  diftance  the  fhip  has  run 
the  preceding  hour,  if  the  wind  has  been  conftant;  But  if  the  gale  has  not 

been  the  fame  during  the  whole  hour;  or  time  between  heaving  the  log,  or 
if  there  has  been  more  fail  fet  Or  handed,  there  mult  be  allowance  .made  for 

it  according  to  the  difcretion  of  the  artift:  Sometimes  when  the  fhip  is 
before  the  wind,  and  a  great  fea  fettirig  after  her;  it  wiil  bring  home  the 
log  ;  in  fuch  cafes  it  is  cuftomary  to  allow  one  mile  in  ten,  and  lefs  in  pro- 

portion, if  the  fea  bo  not  fo  great  %  &  proper  allowance  ought  aifo  to  be 
tnade  if  there  be  a  head  fea. 

This  practice  of  meafuring  a  fhip's  rate  6f  failing  is  founded  upon  the 
following  principle  :  That  the  length  of  each  knot  is  the  fame  cart  of  a  fea 
mile,  as  half  a  minute  is  of  an  houpj  Therefore  the  length  of  a  fea  knot 

fnould  be  —-$  of  a  fea  mile  ;  but  by  various  admesJur.emefits  it  lias  beeh 
found  that  the  length  of  a  fea  mile  is  about  6120  feet ;.  hence  the  length  cf 
A  knot  ought  to  be  51  feet  :  each  of  thefe  knots  is  divided  into  10  fathoms. 
If  the  glafs  be  only  28  feccto&s  in  running  out,  the  length  of  the  khot  ought 
to  be  47  feet  and  6  tenths;  Thefe  are  the  lengths  generally  recommended 

in  books  of  n-ivigition,  but  it  may  be  obferred;  that  in  many  trials  it  hag 

b"en  found,  that  a  fhip  v/ill  generally  over-run  her  reckoning  with  a  log- 
line  thus  marked  r  and  fince  it  is  befl  to  err  en  the  fafe  fide,  I  fhould  re- 

©wtimend  to  iherten  the  above  mcrihres  by  5  oca  feet ;  making  the  lengjb 
ft  . . 
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of  a  knot  7  or  7I  fathoms  of  6  feet  each,   to  correfpond  with  a  glafs  that 
runs  28  feconds. 

In  heaving  the  log  you  muft  be  careful  to  veer  out  the  line  as  fail  as  the 

log  takes  it  ;  for  if  the  log  is  left  to  turn  the  reel  itfelf,  the  log  will  come 
home  and  deceive  you  in  your  reckoning.  You  muft  alfo  be  careful  to 
meafure  the  log-line  pretty  often,  left  it  ftretch  and  deceive  you  in  the  dif- 

tance.  The  like  regard  muft  be  had  that  the  half-minute  glafs  be  juft  30 

feconds,  otherwife  no  account  of  the  ihip's  way  can  be  kept ;  the  glafs  is 
much  influenced  by  the  weather,  running  flower  in  damp  weather  than  in 
dry.  The  method  ufually  recommended  to  try  if  the  glaffes  are  accurate 
is  this  ;  on  a  round  nail  or  peg  hang  a  fmall  thread,  that  has  a  mufket  ball 

fixed  at  one  end,  ̂ ~  inches  being  carefully  meafured  from  the  centre  of 

the  ball  to  the  loop  which  goes  over  the  peg  ;  then  make  it  fwing,  "and  count 
one  for  every  time  it  paflfes  under  the  peg,  beginning  at  the  fecond  time  it 
paffes,  and  the  number  of  fwings  which  it  makes  during  the  time  theglafs 
is  running  out  fhews  the  feconds  which  that  glafs  runs.  For  experience 
ihews  that  a  fecond  pendulum  is  about  59  §  inches  in  length. 

To  cor  reel  the  diftance  luheu  the  log-line  .and  half -minute  glafs  are  faulty* 

If  there  be  any  error  in  the  log-line  or  glafs,  the  meafured  diftance  mull 

be  corrected  in  the  following  manner,  fuppofing  that  a  30"  glafs  requires 
50  feet  to  a  knot. 

(1.)  If  the  glafs  only  is  faulty,  you  muft  fay,  as  the  feconds  run  by  the 
glafs  are  to  30  feconds,  Jo  is  the  diftance  given  by  the  log  to  the  true  diftance. 
Thus,  if  a  fhip  fails  8|  knots  per  hour,  by  a  glafs  of  $6  feconds,  the  true 
number  of  knots  per  hour  will  be  7,1;  for,   36  :   30  :  :   8,5   :   7,1. 

(2.)  If  the  log-line  only  is  faulty,  you  muft  fay,  as  50  feet  is  to  the 
diftance  of  a  knot  on  the  line,  fo  is  the  diftance  run  by  the  log  to  the  true  diftance. 

Thus,  if  a  fhip  fails  7  knots  per  hour  by  a  log-line  meafuring  53  feet, 
her  true  diftance  will  be  7,4  miles  per  hour,  becaufe,  50  :   53   :  :   7   :   7,4. 

(3.)  If  the  log-line  and  glafs  are  both  faulty,  you  muft  fay,  as  50*  mul- 
tiplied by  the  length  of  the  glafs  is  to  30  multiplied  by  the  length  of  the 

line,fo  is  the  meafured  to  the  true  diftance.  Thus,  if  a  fhip  fails  6  knots 

per  hour,  with  a. glafs  of  24  feconds  and  a  log-line  of  60  feet  per  knot,  her 
true  velocity  willie  9  miles  per  hour;  becaufe  50 X  24  :  30X60  :  :  6  :  g« 

•  Tr. field  of  in. .Implying  the  lenSth  of  the  .rlnPibv  .50.  and  the  line  by  3D,  you  miy  multiply  the  former  by  5  and  the  latter  by  3. 
It  any  one  cL.infi ■•.  tu  mark  the  loR-liuc'St  lets  dwji  53  feet  fur  a  glafs  of  30 fecouds,  he  rnufi  put  Uls  elbruJied  lc.^Lh  ul  the  knot. 
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Parallax,  Refra£tion,  and  Dip  of  the 
Horizon. 

:«CS©03«^ 

ARALLAX  (or  diurnal  parallax),  is  the  difference  between  the  true 

altitude  of  the  fun,  moon,  or  ftas,  obferved  at  the  centre  of  the  earth,  and 

its  apparent  altitude,  obferved  at  any  point  of  the  earth's  furface. The  true  place  of  any  ftar  S,  is  that  point 
of  the  heavens  H,  in'  which  it  would  be  {een 
by  an  eye  placed  in  the  centre  of  the  earth 
at  C.     And  the  apparent  place  is  that  point 
of  the  heavens  I,  where  the  flar  appears  .to 
an  eye  upon  the  furface  of  the  earth  at  M. 
This  difference  of  places,   is  what  -is  called 
abfolutely  the  para/lax,  or  the  parallax  in 
altitude.  This  parallax  diminifhes  the  al- 

titude of  a  ftar,  or  increafes  its  zenith  dif- 
tance.  The  parallax  is  greateit  in  the  hori- 

zon, called  the  horizontal  parallax,  COM. 
From  hence  it  decreafes  all  the  way  to  the 
zenith  A  or  G,  where  it  is  nothing  ;  the 
real  and  apparent  places  there  coinciding. 
Having  the  horizontal  parallax,  the  parallax  in  altitude  is  eanly  calculated 
by  the  following  rule  :    As  radius  is  to  the  co-fine  of  the  apparent  altitude, 
Jo  is  the  horizontal  parallax  to  the  parallax  in  altitude.  This  rule  is  eafily 
proved  ;  for  in  the  triangle  CMO,  we  have  CO  to  CM  as  radius  to  the 
fine  of  theangle.COM  (which  is  equal  to  the  horizontal  parallax) ;  and 
in  the  triangle  CMS  we  have  CS  (which  is  equal  to  CO)  is  to  CM  as  the 

fine  of  the  angle  CMS  (or  the.  fine  of  the  ftar's  apparent  zenith  diftance) 
to  the  fine  of  the  angle  CSM  (which  is  equal  to  the  parallax  in  altitude.,) 
Hence,  radius  is  to  the  co-firie  of  the  apparent  altitude  as  the  fine  of  the 
horizontal  parallax  to  the  fine  of  the  parallax  in  altitude.  But  fince  the 
horizontal  parallax  is  fmall  in  all  the  heavenly  bodies,  the  fines  of  the  par- 

allaxes mull  be  nearly  proportional  to  the  arches  ;  hence  we  may  fay,  as 
radius  is  to  the  co-fine  of  the  apparent  altitude,  fo  is  the  horizontal  parallax 
to  the  parallax  in  altitude. 

.  The  fun's  parallax  in  altitude  is  given  in  Table  XV.  for  every  50  or  io° 
of  altitude.  The  moon's  horizontal  parallax  is  given  in  the  7  th.  page  of 
the  month  of  the  Nautical  Almanac,  for  every  noon  and  midnight  at  the 
meridian  of  Greenwich. 

REFRACTION  OF  THE  STARS, 

Is  an  inflexion  of  the  rays  of  thofe  luminaries,  in  palling  through  our 
atmofphere,  by  which  their  apparent  altitudes  are  incrcafed.  This  refrac- 

tion of  the  rays  of  light  takes  place  in  paffing  from  any  medium  into  an- 
other ;.  and  it  may  be  illuftratcd  by  the  following  experiment.  Make  a 

mark,  or  place  any  thing  at  the  bottom  of  a  bafon  or  bucket,  then  retire 
till  the  hither  edge  of  the  bafon  juft  hides  the  mark  from  your  fighc;  then 
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keeping  your  eye  fteady,  let  another  perfon  fill  the  bafon  gently  with  wa^ 
iter  ;  as  the  bafon  fills  you  will  perceive  the  mark  come  into  view,  and  ap- 

pear to  be  elevated  above  its  former  fituation.  In  the  fame  manner  the  re- 
fraction  of  the  atmofphere  caufes  all  the  ftars  and  planets  to  appear  more. 
elevated  than  they  really  are.  The  mean  quantity  of  this  refraction  is 
given  in  Table  XJ.II.  All  obferved  altitudes  of  the  fun,  moon,  planets,, 
Or  fixed  ftars,  muft:  be  decreafed  by  the  numbers  taken  from  this  table, 
which  are  to  be  taken,  out  with  the  obferved  altitude  of  the  object. 

The  refraction  varies  with  the  temperature  and  denfity  of  the  air,  increas- 
ing by  cqld  of  greater  denfity,  and  decreafing  by  heat  or  rarity  of  the  atmof- 

phere. By  means  of  Table  XIII.  and  the  obferved  heights  of  the  barome- 
ter and  thermometer,  we  may  calculate  the  true  refraction  at  any  time,  by 

the  following  rule,  given  by  Dr.  Bradley. 
As  the  mean  height  of  the  barometer  29,6  inches  is  to  the  true  height,fois 

the  mean  tabular  refraction  to  the  corrected  refraction  ;  and  as  350  in- 

creafed by  the  height  of  Farerftieit's  thermometer  is  to  400,  fo  is  the  cor- rected refraction  to  the  true  refraction.  Hence  if  the  barometer  be  at  its 

mean  height,,  and  the  thermometer  be  at  io°,  the  refraction  will  be  in- 
creafed  one-hinth  part  (becaufe,  350+10  •  400  :  :  1  :  ii).  In  this 
cafe  the  horizontal  refraction  would  be  increafed  from  ̂   to  36''  40" ;  and 
the  refraction  for  the  altitude  of  50  would  be  increafed  from  9'  53"  to  10' 
59//.  In  addition  to  the  above,  we  may  alfo  obferve,  that  there  is  fome- 
times  an  irregular  refraction  near  the  horizon,  caufed  by  the  vapours  near 
the  earth's  furface. 

The,  refraction  makes  any  terreftrial  object  appear  mare,  elevated  than 
it  really  is  :  the  quantity  of  this  elevation  varies  at  different  times,  but  is 
in  general  about  -£%  of  the  angle  formed  at  the  centre  of  the  earth,  between 
the  object,  and  the  eye  of  the  obferver. 

In  Table  Xv  III.  is  given  the  correction  of  the  moon's  altitude  for  the 
combined  effect  of  parallax  and  refraction.  The  numbers  of  that  table 
are  to  be  added  to  the  obferved  altitudes,  to,  obtain  the  true  altitudes. 

That  table  is  to  be  entered  with  the  apparent  zenith  diftance  of  the  moon's 
centre  at  the  top,  and  the  moon's  horizontal  parallax  in  the  fide  column  .$ 
under  the  former  and  oppofite  to  the  latter  is  the  correction  fought. 

DIP.  OF  THE  HORIZON, 

Is  the  angle  of  deprefiion  of  the  viable  horizon  below  the  true,  arifin|j 

from  the  elevation  of  the  obferver's  eye  above  the  furface  of  the  fea. 
Thus, "  let  AFB  be  the  furface  of  the 

earth,  C  its  centre,  D  the  eye  of  the  obferver  ; 
join  CD,  draw  DB  touching  the  furface  in  B, 
and  draw  alfo  DE  perpendicular  to  CD. :  then 
will  DE  be  the  true  horizon,  and  DB  the 
yifible  horizon  (excluuve  of.  the  terreftrial 

refraction,)  '  But  in  observing  an  altitude  with, 
a  Hadley's  quadrant,  the  image  of  the  object 

is  brought  down  to  the  virible' horizon  in  the 
direction  DB  ;  therefore  the  angle  of  eleva- 

tion given  by  the  quadrant  is.  too  great  by 
the  angle  BDE,  This  angle  is  decreafed  a 

little'by  means  of  the  terreftrial  refraction,  which  makes  the  point  B  appear 
within  the 'limit' of  the  vifible  horizon  of  the  obferver  at  the  point  D,  The quantity  of  this  dip  is  given  in  Table  XIV.  for  every  probable  height  of 
the  obferver  exprefted  in  feet,  and  is  evidently  fubtractive  from  the  obferv« 
ed  altitude, 
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When  the  limit  B,  of  the  horizon,  is  not  vifible  by  reafon  of  the  land  at 
F,  an  obfervaticn  cf  the  altitude  of  any  object  may  be  made,  by  bringing 
its  reflected  image  to  the  furface  of  the  water  at  F.  Ihe  dip,  in  that  cafe, 
will  be  equal  to  the  angle  EDF  ;  and  its  values  for  various  altitudes  and 
diftances  of  the  land,  are  given  in  Table  XVII.  which  numbers  are  to  be 
ufed  inftead  of  thofe  of  Table  XIV.  when  occafion  may  require,  This 
table  is  to  be  entered  in  the  top  column,  with  the  height  of  the  eye  above 
the  furface  of  the  fea  in  feet,  and  in  the  left  hand  column  with  the  diftance 
of  the  (hip  in  fea  miles  ;  and  direftly  under  the  former,  and  oppcfite  to  the 
latter,  ftands  the  dip  of  that  point  in  minutes  of  a  degree,  which  is  to  be 
fubtra&ed  from  the  obferved  altitude  inftead  of  the  numbers  of  Table  XIV, 

In  calculating  this  table,  attention  was  paid  to  the  terreftr-ial  refraction. 
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To  find  the  Sun's  Declination, 
iX® 

HE  declination  of  the  fun  is  given  to  the  neareft  minute  in  Tab.  V. 
for  every  noon  at  Greenwich,  from  the  year  i'8oo  to  1804  ;  and  this  table 

will  anfwer  for  fome  years" beyond  that  period,  without  any  material  error  : 
if  great  accuracy  is  required,  the  declination  may  be  taken  from  the  fcccnd 

page  of  the  month  of  the  nautical  almanac,*  where  it  is  marked  to  feconds. 
This  declination  may  be  redaced  to  any  other  meridian,  by  means  of  Ta- 

ble VI.  in  the  following  manner. 

To  find  the  fifa's  declination  at  noon,  at  any  place. 
PvULE.  Take  out  the  declination  for  noon  at  Greenwich  from  Table  V, 

(or  from  the  nautical  almanac)  ;  find  your  longitude  in  from  Greenwich 
(.or  London]  in  the  top  column  of  Table  VI.  and  the  day  of  the  month  in  the 
iide  column  ;  under  the  former,  and  oppofite  to  the  latter,  is  a  correction  in 
minutes  and  feconds,  which  is  to  be  applied  to  the  declination  taken  from 
Table  V.  ;  to  know  whether  it  is  additive  or  fubtraftive,  you  mull  look 
at  the  top  of  that  column  where  you  found  the  day  of  the  month,  and  you 
will  fee  it  noted  whether  to  add  or  fubtraft,  according  as  your  longitude  i$ 
eaft  or  weft.  This  correction  being  applied,  you  will  have  the  declination, 
£t  noon  at  the  given  place, 

EXAMPLE    I. 

Required  the  true  declination  of  the  fun  at  the  end  of  the  fea-day,  Otto* 

ber  10,  1S04,  in  the  longitude  of  520  E.  of  Greenwich. 

Sun's  declination  Oct.  10,  at  Greenwich  at  the  end  of  thefeaday, 
or  beginning  of  the  day  in  the  N.  A.  by  Tab.  V.  6°  40'  S. 

Variation  of  dec.  Tab.  VI.  Oft.  10.  in  52°  E.  long,         fub.         o      3 

True  dec.  noon  Oft.  iOjinlong.  520  E.  6    37    S, 
EXAMPLE     II. 

Required  the  fun's  declination  at  noon  ending  the  fea  day  of  March  i2t 
1 804,  in  the  longitude  of  1 1 50  W.  of  Greenwich. 

'  Sun's  declination  March  1 2,  by  Tab.  V.  „  -  30    16'  S, 
Var.  Tab.  VI.  March  12,  long.  1150  W.  fub.  7 

True  declination,  noon  March  1 2,  long.  1 1 50  W.  3      9    S. 
The  preceding  correction  ought  always  to  be  applied  to  the  declination 

ufed  in  working  a  meridian  obfervation  to  determine  the  latitude,  though 
many  mariners  are  in  the  habit  of  neglefting  it. 

*  In  finding  the  declination,  or  any  other  quantity,  in  the  nautical  almanac,  you  mud  he  careful  to  note  the  difference  he. tween  the  cml,  nautical,  and  attronomical  account  „f  ,imc.  The  civ  ,1  .lay  begin;  at  midnight,  and  end.,  the  following  midnight, 
re  interval  being  oivmed  into  &j  hours,  and  is  reckoned  in  numeral  fucceffion  from  1  to  m,  then  beginning  again  at  ,  and at  ivi.  Theita.itica  or  fea  day  begins  at  noon,  12  hours  before  the  civil  dav,  and  ends  the  following  noon  :  the  firil  ik 
•  o  ...  arc  marked  P.  M.  the  latter  A.  M.  The  allronon.ical  day  begins  at  noon,  12  hours  after  the  civ,!  dav,  and  24  hours  after 
I™  ;„  J  "  .,, 'ided  :"LU,  "*  hours'   ™»>»<>'«n=n   in    numeral  fucceffion  from  1  to  24,  beginning  at  noon,  and  ending  the  fol- lowing  noon.  All  the  c:.cula,.ons  of  the  nautical  almanac  ire  adapted  to  agronomical  time  ;  the  declination  marked  in  tlie 
J'-'d.f,h'^nT'"\'n'-  ;' aiiaP:vd  to  the  beginning  of  the  aftronomical  dav,  or  to  the  end  of  the  fea  day  )  it  being  '.hit ciu  01  me  .ca  uay  i»iicr:  canneri  want  th<_  dedinaiioit  to  determine  their  latitude. 
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•To  find  the  fun's  declination  at  any  time,  under  any  meri&an. 

Rule.  Reduce  the  fun's  declination  from  noon  at  Greenwich  to  the 
noon  under  the  given  meridian,  by  the  preceding  rule.  Then  enter  Ta- 

ble VI.  with  the  time  from  noon  at  the  top,  and  the  day  of  the  month  in. 
the  fide  column ;  under  the  former,  and  oppofite  to  the  latter,  is  the  cor- 

rection to  be  applied  to  that  reduced  declination.  To  know  whether  it  is 
additive  or  fubtraftive,  you  muft  look  at  the  top  of  the  column  -where  you 
found  the  day  of  the  month,  and  you  will  find  it  noted  whether  to  add  or 
fubtraft,  according  as  the  time  is  before  or  after  noon. 

EXAMPLE     III. 

Required  the  fun's  declination  Oftober  10,  1804,  fea  account,  at  8h.  z\f 
in  the  forenoon,  in  the  longitude  of  52°  E.  of  Greenwich. 

Sun's  declination  Oft.   10,  at  Greenwich,  at  noon,  by  Tab.  V.        6°  40'  S, 
Variation  for  5 20  E.  long.  -       .  .     »    -  fub.  3 

Declination  at  noon,  Oftober  10,  in  long.  52°E.  6    37    S* 
Variation  of  dec.  for  3I1.  39/  from  noon*  Oft.  10.                fub.  3 

True  declination  Oft.  10.  in  long.  520  E.  at  8h.  21'  A.  M.  6    34    S, 

EXAMPLE  IV. 

Required  the  fun's  declination  May  10,  1804,  fea  account,  at  ch.  30m, 
P.  M.  in  the  longitude  of  350  30'  W.  of  Greenwich  ? 

Variation  of  declination  May  10,  in  long.  350  3o/W.  additive  i'  37" 
Variation  of  declination  for  $h.  30'  P.  M.  additive  3   44 

Sum  additive  5   21 

May  10,   fea  account,  is  May  9,    by  N.  A.  at  which  time 

fun's  declination                    -                         -                     17  22  42 

True  declination  May  10,  5I1.  30'  Pi. M,  fea  account  in  long. 
35°3o/W.  .  "  *    '  17  28  03  N, 

EXAMPLE  V. 

P     uired  the  fun's  declination  March  26,    1804,  fea  account,   at  3k. 
P.  M.  in  the  longitude  of  i20°E.  of  Greenwich  ? 

Variation  of  declination  March' 26,  in  long.  1 20°E.         fub*  7'  50" 
Variation  for  3  hours  P.  M.  add         2    56 

DifF.  is  fubtraftive  becaufe  the  greateft  number  is  fo  04    54 

March  26,  fea  ace.  is  Mar.  25  by  N„  A.  at  which  time  fun's  decl.  1    5 1     1  t  N 

True  declination  March  26,   3  h.  P,  M.  fea  account  1   46   17N. 

•  In  *hc  prcrtnl  "xarnpU-,  lb( 
.:  which  urnc  die  dediadtiou  i 
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Defcription  and  Ufe  of  the  Quadrant  or 
Sextant  of  Reflexion. 

.R.  JOHN  HADLEY  was  the  firft  publifher  of  the  defcription  of 
the  Quadrant  of  Reflexion,  for  meafuring  angular  diftances  ;  and  the  in- 

ftrument ft  111  bears  his  name,  although  it  has  been  afcertained  that  Sir 
Ifaac  Newton  invented  a  fimilar  inftrument  many  years  before,  but  never 
made  it  public  :  one  of  our  countrymen,  Mr,  Thomas  Godfry,  of  Phila- 

delphia, had  alfo  contrived  an  inftrument  on  the  fame  principles  fome  time 
before  Hadley  made  known  his  difcovery. 

In  the  adjoined  plate  we  have  given  a  figure  of  the  quadrant  ;  the  prin- 
cipal parts  of  which  are,  the  graduated  arch  BC,  the  index  D,  the  ver- 
nier, the  index  glafs  E,  the  horizon  glaffes  G  and  F,  the  dark  glaifcs  of 

fcreens  H,  and  the  fight  vanes  K  and  I. 

The  graduated  arch  BC  contains  only  4.50;  but  is  to  be  efteemed  as  90°, 
and  fo  divided,  becaufe  by  the  double  reflexion  the  angle  is  doubled.  Each, 
degree  is  divided  into  three  parts  of  to  minutes  each  ;  and  the  arch  is  numJ 

focred  from  the  right  to  the  left,  beginning  at  0°  and  ending  at  90 °.  The 
index  D  is  a  flat  bar  moveable  round  the  centre  of  the  inftrument,  where  is 
fixed  the  index  glafs  E  ;  at  the  other  end  is  fixed  the  vernier  fcale  i  from 

the  bottom  of  the  index  a  piece  of  brafs  turns  up  againft  the  back  of  the' inftrument,  with  a  fcrew  to  it,  ferving  to  faften  the  index  againft  any  di- 
•vifion.  The  vernier  is  a  fmall  narrow  flip  of  brafs  or  ivory,  fixed  to  that 
part  of  the  index  which  Aides  over  the  graduated  arch  :  its  ufe  is  to  fub- 
divide  the  arch  into  minutes,  and  in  common  quadrants  the  breadth  of  it 
is  equal  to  7  degrees  of  the  arch,  which  on  the  limb  of  the  quadrant  is  di- 

vided into  21  equal  parts,  but  on  the  vernier  is  only  divided  into  20  equal 
parts  ;  confequently  each  divifion  of  the  fcale  of  the  vernier  is  greater  than 

a  divifion  of  the  limb  by  4o  Part  0I* one  °^  thefe  divifions,  that  is,  by  one 
miaute.  Therefore  the  difference  between  the  firft  divifion  of  the  verifier1 

and  limb  is  \' ;  the  difference  of  the  fecond  divifion  is  2' ;  the  difference 
of  the  third  divifion  is  3',  &c.  And  thefe  divifions  of  the  vernier  are 
marked  in  fuch  manner,  that  having  found  the  lines  which  coincide  on  the 

limb  and  vernier^  the  mark  correfponding-will  be  the  excefs  of  the  meafured 
£ngle  above  that  divifion  of  the  arch  of  the  quadrant  which  immediately 
precedes  the  mark  o  of  the  vernier.  Thus  if  the  mark  o  of  the  vernier 

pointed  exactly  to  the  firft  divifion  of  the  arch  between  6°  and  70,  the  an- 
£:le  would  be  6°  zo'  ;  if  it  pointed  to  the  fecond  divifion  it  would  be  6°, 
40'  ;  if  the  mark  o  had  parted  juft  beyond  this  fecond  divifion,  6°  40',  and 
the  mark  7  of  the  vernier  was  found  to  touch  a  mark  of  the  arch,  the  angle 
v.*ould  be  6°  47'. 

The  index  giafs  E  is  a  piece  of  glafs  truly  ground,  filvered  on  the  back, 

snd 'fixed  in  a  brafs  frame  perpendicularly  to  the  index  :  its  ufe  is  to  receive 
the  rays  proceeding  from  any  objecl:,  and  reflect-  them  to  the  horizon  glaffes 
F  and  G.  At  the  back  of  the  brafs  frame  of  this  glafsy  are  two  fcrewi 

ferving  to  adju'ft  the  glafs  perpendicularly  to  the  index.- 



Face   Prr/jr  I.Jg 

The  principal  farts  of  this  Inftrumeni  are 

Thelndear_     J). 
T/telndeoc  Crlafs     E . 

JheJforixoTi  Glafieej  Cr  anct.JF. 
The  dark  Glafee?  or >J^?r<?/?j?...H, 

The  Sight  lanesY^aud  I . 

Newburyport  Published    hi/  Edmund  2*[.  Bta»t. 





DESCRIPTION    AND    USE    OF    THE    QUADRANT.  ij? 

The  horizon  glaffes  F  and  G  are  fmaller  pieces  of  ground  glafej  one 
part  of  which  is  filvered,  and  the  other  p?.rt  open  or  unfilvered,  in  order  to 

look  at  an  objed  through  it.  Thefe  are  fet  in  frames  and  placed  perpen- 
dicularly on  the  limb  at  G  and  F,  with  fcrews  at  the  back  to  adjuft  them  : 

their  ufe  is  to  receive  the  rays  of  any  object  reflected  from  the  index  glafs, 

and  again  to  reflect  them  to  the  eye  through  the  holes  of  the  fight  vanes  K 
and  I.  The  fight  vane  K,  and  the  horizon  glafs  F,  are  ufed  in  the  common  or 

fore  objer-vatlon,  where  the  bbferver's  face  is  turned  towards  the  objects  ; 

the  others  are  ufed  in  the  back  obferilation,  in  which  the  obferver's  back 
is  turned  towards  the  objects.  The  fight  vane  K,  of  a  common  quadrant, 
has  two  holes  in  it ;  that  farther!  from  the  plane  of  the  inftrument  is  ufed 

in  obferving  any  object  in  the  unfilvered  part  of  the  glafs  ;  the  other  is 
ufed  in  obferving  the  object  in  the  filvered  part. 

A  Sextant  is  exaftly  fimilar  to  a  quadrant,  only  the"  arch  BC  is  66°  (but 
is  counted  1200,  by  reafon  of  the  double  reflexion)  the  adjustments  of  both 
inftruments  being  exactly  the  fame.  The  fextaht  being  defigned  for  more 
accurate  obfervations  than  a  common  quadrant,  there  is  generally  a  greater 

degree  of  attention  paid  to  make  the  work  accurate,  arid  to  add  fuch  things 
as  render  it  more  convenient  for  ufe  :  among  thefe  additions,  are  (1)  the 
fcrew  fixed  at  the  lower  end  of  the  index  to  regulate  its  motion  ;  (2)  the 

teiefcope  to  direct  the  fight  and  magnify  the  object  and  (3)  the  handle  t» 
hold  the  fextant. 

.    To  adjujl  the  quadrant  or  fextant  for  the  fore  ohfetniatiom 

FirfL  The  index  glafs  mult  be  perpendicular  to  the  plane  of  the  quad- 
rant. To  do  this,  you  muft  hold  the  index  glafs  near  the  eye,  and  look 

right  down  the  quadrant  in  fuch  manner  as  to  fee  the  arch  of  the  quadrant 
direct,  and  at  the  fame  time  reflected  by  the  index  glafs  ;  then  if  the  arch 
feen  direct,  together  with  its  reflected  image,  appear  to  be  in  one  line,  the 
index  glafs  is  truly  adjufted  ;  if  not,  it  muft  be  rectified  by  means  of  the 
fcrews  placed  at  the  back  of  the  index  glafs  ;  it  is  eafy  to  difcover  which 

way  the  inclination  is,  by  preffing  the  index  glafs  with  your  thumb  while 
you  obferve  the  arch. 

Secondly,  The  horizon  glafs  muft  be  perpendicular  to  the  plane  of  the 
inftrument.  To  effect  this,  you  muft  (after  adjufting  the  index  glafs)  hold 
the  plane  of  the  quadrant  parallel  to  the  horizon^  the  index  being  fet  to  o> 
and  obferve  whether  the  horizon  feen  by  reflexion  in  the  horizon  glafs  co- 

incide with  the  direct  image  ;  if  it  does,  then  it  ftands  perpendicular  ;  but 
if  it  fall  above  or  below,  it  muft  be  adjufted  by  the  fcrews  of  the  glafs  to> 
fet  it  perpendicular. 

Thirdly.  The  horizon  glafs  muft  be  parallel  to  the  index  glafs  when 
o  on  the  vernier  ftands  againft  o  on  the  limb*  To  effect  this,  you  mull 

fet  the  index  to  o,  and  bring  the  image  of  any  diftant  object  to  coincide 
with  the  object  itfelf,  by  means  of  the  lever  attached  to  this  glafs.  The 

horizon  may  be  ufed  for  this  purpofe  in  the  following  manner  ::  hold  the 
plane  of  the  quadrant  vertical,  and,  by  the  lever  on  the  back,  bring  the 
image  of  the  horizon  to  coincide  with  the  horizon  feen  directly  at  the 

edge  of  the  filvered  part  of  the  glafs,  and  this  adjustment  is  completed- 
Iniiead  of  fixing  the  glalfes  parallel  in  this  manner.,  you  may  examine  the 

error;/ the  adjujlment,  or  index  error,  and  allow  it'On  all  the  meafuied  angles . 

"i  he  index  error  is  found  as  follows  :  hold  the  inftrumewt  in  a  vertical  po~ 
fition,  and  move  the  index  till  the  reflected  image  o£  the  usriian,  feen  »«i 
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the  filvered  part  of  the  horizon  glafs,  forms  a  ftraigbt  line  with  the  direc% 
linage  of  the  horizon  feen  in  the  unfilvcred  part  ;  then  the  number  of  min- 

utes by  which  o  on  the  index  differs  from  o  on  the  arch,  is  the  error  of  the 
instrument.  If  p  on  the  index  be  to  the  left  hand  of  o  011  the  arch,  that 
number  of  minutes  is  to  be  fubtracted  from  all  obfervations  ;  but  if  it  ftand 
off  the  arch,  or  to  the  right  hand  of  o  on  the  arch,  it  muft  be  added  to  the- 
ohfervations.  Inftead  of  the  horizon  you  may  make  ufe  of  the  moon  or 
fun,  by  bringing  the  direct  and  reflected  image  of  their  limbs  together,  and 
by  this  means  difcover  the  index  error  as  in  the  former  method.  Inhere  is 
aifq  another-  very  accurate  way  of  finding  the  index  error,  by  meafuring 
the  diameter  of  the  fun,  before  and  behind  the  mark  o  on  the  arch  ;  that 
is,  bring  the  upper  limb  of  the  object  to  coincide  with  the  lower,  and  note 
the  angle  on  the  arch  of  the  quadrant  or  fextant ;  then  move  the  index  to 
the  right  hand  of  o  on  the  arch,  fo  as  to  bring  the  lower  limb  of  the  fua 

to  coincide  with  the  upper,  and  note  the  angle*  on  the  extra  or  right  hand 
limb  of  the  inftrument  ;  half  the  difference  of  thefe  two  angles  will  be  the 
true  correction^  cr  the  index  error.  This  correction  is  to  be  added  to  all 
the  angles  when  the  diameter  meafures  moft  on  the  right  hand  of  the  arch  ; 
but  if  it  meafures  leaft  on  that  arch,  the  correction  is  fub tractive.  Thus  if 

it  meafured  38'  on  the  arch,  and  z6'  on  the  extra  arch*  half  the  difference 
of  thefe  two,  or  6/,  is  the  correction  fubtractive. 

Fourthly.  There  is  another  adjustment  nccefTary  in  nice  admeasure- 
ments, particularly  in  meafuring  the  lunar  diftances  to  determine  the  lon- 

gitude. This  adj  liftmen  t  confifts  in  placing  the  telefcope  parallel  to  the 

plane  of  the  inib.-um.ent.  The  method  of  doing  this,  is  by  meafuring  the 
angular  diftance  of  any  two  objects  (as  the  fun  and  moon)'  diflant  above 
90  degrees  j  in  doing  of  which,  the  wires  in  the  focus  of  the  eye-glafs  of 
the  telefcope  muft  be  firft  placed  parallel  to  the  plane  of  the  inftrument  ;  then- 
the  index  muft  be  moved,,  and  the  fextant  held  in  fuch  a  pofition,  that  the 
reflected  image  of  the  fun  may  appear  in  nice  contact  with  the  moon  on.  the 

centre  of  the  wire  neareft'  the  fextant  ;  then  taking  care  that  the  index  is 
not  the  leaft  moved,  direct  the  telefcope,  in  an  inftant,  {o  that  the  images 
may  appear  in  the  centre  of  the  outer  wire  which  is  fartheft  from  the  fex- 

tant, and  if  the  contact  appear  the  fame  at  this  wire,  the  axis  of  the  tele- 

fcope is  parallel  to  the  plane  of  the  fextant  ;  on  the  contrary,  if  the  limbs  " 
of  the  objects  appear  to  feparate  or  lap  over  at  the  wire  which,  is  fartheft 
from  the  fextant,  the  telefcope  is  not  parallel,  and  muft  be  corrected  by 
turning  one  of  the  two  fcrews  of  the  ring  into  which  the  telefcope  is  fcrew- 
cd  and  fixed,,  having  previoufly  unturned  the  other  fcrew  ;  and  this  meth- 

od "muft  be  purfue'd  until  the  diftance  of  the  objects  is  found  perfectly  the 
fame  on  each  wire,,  which  ftands  equidiftant  from  the  centre  of  the  tele- 

fcope and  parallel  to  each  other,,  in  which  cafe  the  axis  of  the  telefcope  will 

'be  exactly  parallel  to  the  plane  of  the  fextant.  Then  you  may  proceed  to 
meafure  the  angles  for  the  obfervations,  obferving  to  bring  the  limbs  of  the 
objects  in  exact  contact,  in  the  centre,  between  the  two  wires  beforemen- 
tioned,.,  and  never  above  or  below. 

As  the_  adjuftment  of  the  parallelifm  of  the  telefcope  is  often  neglected  in, 
taking  a  lunar  obfervation>  I  fhall  make  a  few  remarks  upon  the  fubject,. 
in  order  to  ihow  the  neceffity  of  guarding  againft  the  error  arihng  from  this 
fource.     In  meafuring  any  angular  diftance  by  a  quadrant  or  fextant,,  the 

reading  off  the  decrees  and  minutes  of  ..lis  -extra  arch,  you  nyift-ohferve  that'  tin 
U.H  from  the  degrees  and  minutes  denoted  hy  that  mark  of'tn'e  arch  ivh.ic.li  fails 
r  i  the  remainder  wrli  ijc  the  true  value  of  the  uctra.  atgh. 
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£Vf  of  the  obferver  ought  to  be  at  the  fame  diftance  from  the  plane  of  the  tn- 
Jirjtmcnt,  as  that  point  of  the  horizon  glafs  where  the  objecls  are  feen  in  con- 
ta&  ;  if  the  eye  be  more  or  lefs  elevated  above  that  plane,  the  angular  dis- 

tance (hewn  by  the  inftrument  will  always  be  too  great ;  the  quantity  of 
this  error  may  be  eftimated  by  means  of  the  adjoined  table,  in  which  the 

numbers  at  the  top  reprefent  the  angle  formed  by  a  parallel  to  the  plane  of 
the  inftrument,  and  the  line  drawn  from  the  eye  of  the  obferver  to  the  point 
of  contact  of  the  horizon  glafs ;  the  numbers  at  the  left  fide  are  the  angular 
diftances  meafured ;  the 

correfponding  numbers 
are  the  corrections, 

which  are  always  to  be 
fubtracled  from  the  ob- 
ferved  diftances.  In- 

stead of  the  angle  of  el- 
evation given  in  the  top 

column,  we  may  ufe  the 
•difference  of  elevation 

exprefled  in  hundredth 
parts  of  an  inch,  in  the 
Second  horizontal  col- 

umn ;  the  correfponding 
tabular  numbers  being 
the  correction  of  a  com- 

mon fized  inftrument, 
in  which  the  diftance 

between  the  eye  of  the 

obferver  and  the  proper  point  of  contact  of  the  horizon  glafs  is  6  inches.  If 
that  diftance  be  greater  or  lefs  than  6  inches,  the  numbers  of  the  table  muft  be 

varied  in  the  inverfe  proportion  of  that  diftance.  Thus  if  the  angle  of  ele- 

vation is  20  52',  and  the  diftance  meafured  is  ioo0,  the  correction  ccrref. 

'  ponding  will  be  ic/  13",  to  be  fubtrafted  from  the  obferved  diftance  ioo°. 
If  the  elevation  of  the  eye  is  one- tenth  of  an  inch  above  the  point  of  con- 

tact, the  correction  for  an  obferved  diftance  1200  will  be  \'  39"  for  a  com- 
mon fized  inftruraent  ;  but  if  the  inftrument  be  fmall,  fo  that  the  diftance 

of  the  eye  from  the  point  of  contact  is  only  4  inches,  this  correction  muft 

be  increafed  in  the  ratio  of  6  to  4,  and  will  therefore  be  z!  29/*; 
The  angular  diftance  of  the  wires  of  the  teiefcope  is  ufeful  in  eftimating 

the  correction  to  be  taken  from  the  preceding  table.  This  angle-  may  be 
meafured  in  the  following  manner  :  fix  the  teiefcope  in  the  fextant  fo  that 
the  wires  may  be  perpendicular  to  the  plane  of  the  inftrument,  the  index 
being  fixed  at  o,  hold  the  inftrument  in  a  vertical  pofition,  and  fix  the  in- 

dex fo  that  the  direct  and  reflected  image  of  the  horizon  may  appear  in  the 

fame  line,  which  it  will  do  when  the  index  is  at  o,  if- the  inftrument  is 
rightly  adjufted  ;  then  move  the  index  till  the  reflected  image,  be  at  one 

wire,  and  the  direct  image  at  the  other  ;  the  angle  moved  through  by  the 
index,  as  (hewn  by  the  divifions  of  the  arch,  will  be  the  angular  diftance  of 

the  two  wires  ;*  half  of  which  will  be  the  elevation  of  the  upper,  or  de- 
preffion  of  the  lower  wire  (they  being  placed  at  equal  diftances  from  the 
axis  of  the  teiefcope,  which  is  fuppofed  parallel  to  the  plane  of  the  inftru- 

ment.)     Thus  if  the  arch  fhewn  by  the  index  is  z°  52',  its  half,  or  i°  26', 

Diftance 

meafured. 

Angle  of  elevation 

-    29'    lo^y1  |   i°26'  |  1%'c'  [ 
2°23'   j   2°<r2' Elevation  in  hundredths  of  an  inch: 

5      |      JO     |      15   .       20     |      25           30 
Dig- 

m.   s.    ]  til.   s.      m.  -s. 

m.  s.    j 
m.  s. 

ni.   s. 

30 

O     4  J  0   15 

0  35 

0  47 
1      1   i 

1   36 

2   18 

40 

0     5   |  O   21 

1  *3  ! 

2    iO   j   3      7 

5° 

6d 
0     7  . 

0  27 

1     0 

-i  47  ! 

2   47       4      0 
0      8 

0   10 

0  33. 

0  40 

1   14 
2  12  | 

3  *6 

4   57 

70 

1  30 

2.40 

4   10 

6     0 80 
O     J2 

0  48 
1  48 

3     12 

5     0  |  7   12 

90 

0     I  J. 

0  57 
2     9 

3  49  i 
5    57 

7     6 

8  34 

100 

i~io 
0  17 

0    20 

1      S 

2  34 

4  3P> 

10   13 

1   22 3     4 

3  43 5  27 
6  36 

8  30  Ii2   14 

120 0  25  j   1  39 

10  19 

14  50  j 

*  This  ni}  alfo  be"  obtained  by  bringn_  ib*-   liieftJma^c  of  ihc 
y«4:  ihe  filter,  n'Uad  &i  miking  -fe  ot  tl".*  horiz«n.# 

r  an)    diftam  objeftj  at  om  ■wire,  and  tiic  refected  iia* 
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will  be  the  elevation  of  the  upper  wire  :  if  the  contact  of  the  objects  be 

obferved  at  that  wire,  and  the  meafured  diftance  is  8o°,  the  tabular  correc- 
tion to  be  fubtracted  will  be  j '  4S".  If  the  contact  be  obferved  mid-way 

between  the  centre  and  outer  wire,  the  angle  of  elevation  will  be  the  half 

of  l°  26/,  or  43''  ;  the  tabular  correction  correfponding  to  this  elevation 
and  the  diftance  So°  is  about  27''''. 

Moft  navigators  have  obferved,  that  when  the  fun  is  near  the  zenith,  his 
obferved  meridian  altitude,  and  the  latitude  deduced  therefrom,  are  often 
erroneous  :  the  chief  fource  of  this  error  is  the  correction  we  have  Jtift  fpo- 

ken  of.  For  if  the  fun's  altitude  was  So0,  and  his  image  was  feen  at  the 
horizon  glafs  (in  contact  with  the  horizon)  at  three-tenths  of  an  inch 
greater  diftance  from  the  plane  of  the  inftrument  than  the  eye  of  the  ob- 
ferver,  the  obferved  altitude  (by  a  common  fized  inftrument)  would  be  too 

great  by  f  i2//,  as  is  evident  from  the  table.  This  fing'ie  example  mows the  necefiity  of  attending  to  this  correction,  when  taking  an  obfervation  to 
determine  the  latitude  by  an  object  near  the  zenith. 

To  take  the  altitude  of  the  fun  by  the  fore  obfervation. 

If  the  fun  is  bright,  turn  down  the  fcreens  ;  hold  the  inftrument  ver- 
tical, and  turning  towards  the  fun,  direct  the  fight  to  that  part  of  the  hori- 

zon beneath  it,  and  moving  the  index  you  may  bring  the  image  of  the  fun 
towards  the  horizon  ;  if  the  image  fhould  be  faint  you  may  turn  back  the 
fcreens  to  fee  the  better,  Then  fwing  the  inftrument  backwards  and  for- 

wards, making  your  eye  the  centre  of  motion,  keeping -the  fun  in  that  part 
of  the  horizon  glafs  which  is  at  the  fame  diftance  as  the  eye  from  the  plane 

of  the  quadrant,  and  keep  moving  the  index  at  the  fame  time  till  the  fun's 
lower  edge  juft  touches  the  horizon  ;  the  apparent  altitude  of  the  fun's 
lower  limb  will  be  had  at  that  inftant  on  the  arch  of  the  quadrant.  To 
this  obferved  altitude  muft  be  applied  the  five  following  corrections.  (1) 
The  index  error,  if  there  he  any.  (2)  The  refraction,  which  is  to  be  fub- 

tracted. (3)  the  parallax,  which  is  to  be  added,  (4)  The  dip  of  the 
horizon,  which  is  to  be  fubtracted,  (5)  The  femi-diameter  of  the  fun, 
which  is  to  be  added  when  the  lower  limb  was  obferved,  but  fubtracted, 
when  the  upper  limb  was  obferved,  Thefe  corrections  being  properly  ap- 

plied, you  will  obtain  the  true  altitude  of  the  fun's  centre.  But  it  may  be 
obferved,  that  it  is  cuftomary  at  fea  to  add  1 2  miles  to  the  obferved  alti„ 
tude,  for  the  femi-diameter,  dip,  and  parallax, 

To  tale  the  altitude  cf  the  moon  by  the  fore  obfervation, 

■  The  moon's  altitude  may  be  taken  by  the  fore  obfervation,  exactly  in  the 
fame  manner  as  the  fun's  altitude,  only  here  you  muft  bring  that  edge  of 
the  moon  into  contact  with  the  horizon  which  is  round  and  well  defined, 
whether  it  be  the  upper  or  lower  edge,  and  the  fame  corrections  muft  be 

applied  as  to  the  fun's  altitude,  viz.'  (1)  Index  error..  (2)  Parallax  and  re- 
fraction from  Tab,  X  VIII, *  to  be  added.  (3)  The  moon's  femi-diameter  is  to 

be  found  in  page  7th.  of  the  month  of  the  Nautical  Almanac,  and  corrected 

for  the  augmentation  Tab.  XVI.  -3  this  corrected  femi-diameter  is  to  be 
added  if  the  lower  limb  was  obferved,  but  fubtracted  if  the  upper  limb  was 
obferved.  (4)  The  dip  of  the  horizon  is  to  be  fubtraftedV  Thus  yo\\ 
will  obtain  the  correct  altitude  of  the  moon's  centre. 

lich  is  one  of  the  argument,  of  thi<  table,  i<  found  in  pape  7ih   of  the  month  cf  &% 
»£  the  apparent  altitude  of  till'  nan  of  the  moon  which  was  ubfenxd. 
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To  find  the  altitude  of  a  ftar  by  the  fore  obfervation. 
Set  the  index  at  o,  and  holding  the  plane  of  the  quadrant  vertical,  direcl 

the  fight  to  the  ftar,  and  at  the  fame  time  look  for  the  reflected  image  of"  the 
ftar  in  the  filvered  part  of  the  horizon  glafs ;  move  the  index  a  little, 
which  will  feparate  the  reflected  image  from  the  direct  image,  the  former 
being  diftinguiihed  from  the  latter  by  its  motion  ;  continue  to  advance  the 
index,  and  follow  the  reflected  image  with  your  eye,  directing  the  fight 
lower  and  lower,  and  changing  the  pofition  of  the  quadrant,  as  the  ftar 's 
image  defcends,  till  you  have  brought  it  down  to  the  horizon  ;  then  yci 
mult  fwing  the  quadrant,  as  in  obferving  the  fun,  to  fee  that  the  ftar  does 
not  dip  below  it ;  the  index  will  then  {hew  the  obferved  altitude  of  the  ftar  ; 
tiiis  altitude  mull  be  corrected,  (i)-.for  the  index  error  ;  (2)  the  refraction 
to  be  fubtracled  ;  (3)  the  dip  to  be  fubtracted  ;  and  you  will  have  the  true 
altitude  of  the  ftar  ;  for  none  of  the  liars  have  either  ferni-diameter  or  par, 
allax,  worthy  of  notice. 

To  tale  the  meridian  altitude  of  an  objeEl. 
In  places  where  the  objeel  does  not  fet,  it  comes  to  the  meridian  twice 

in  2 4' hours ;  once  above  the  pole  at  its  greateft  altitude,  and  once  below  it 
at  its  leaft  altitude.  To  obferve  the  greateft  meridian  altitude,  you  mail 

begin  a.  few' minutes  before  the  time  of  palling  the  meridian,  and  obferve  the altitude  from  time  to  time ;  when  it  remains  for  fome  time  without  any 
confuierabie  increafe,  you  mud  be  attentive  to  obferve  the  coincidence  of 
the  objeel  with  the  horizon  till  it  perceptibly  dips  below  the  edge  of  the 
fea  ;  the  quantity  thus  obferved  is  the  greateft  meridian  altitude.  But 
when  you  want  ro  obferve  the  leaft  meridian  altitude  (below  the  pole)  yon 
muft  begin  a  few  minutes  before  the  time  of  paffing  the  meridian,  and  ob- 

ferve from  time  to  time  till  you  obtain  the  leaft  altitude.  In  making  thefe 
bbfervations  it  would  be  convenient  to  have  a  watch  well  regulated,  by 
which  ycu  could  tell  within  a  minute  or  two  when  to  begin  your  obfervaiions. 

To  me  af ure  the  difiance  between  the  fin  a?zd  moo?i. 
Turn  down  one  of  the  fcreens,  and  hold  the  quadrant  or  fextant,  fo  that 

its  plane  may  pafs  through  the  fun  and  moon  ;  look  at  the  moon  tlirough 
the  tranfparent  part  of  the  horizon  glafs,  and  keeping  her  there,  move  tb.3 

index  gently  until  the  fun's  image  is  brought  into  the  fame  part  of  the 
horizon  glafs ;  bring  the  neareft  limbs  of  both  objects  into  contact;  more 
the  arch  of  the  inftrument  gently  up  and  down,  and  the  fun  will  appear  to 
rife  and  fall  by  the  fide  of  the  moon.  Move  the  index  until  their  limbs 
exactly  touch  each  other ;  when  this  is  done,  the  obfervation  is  made,  ar.d 
the  index  will  ftiew  the  angular  diftance,  which  is  beft  read  off  by  a  mag- 

nifying glafs.  But  you  muft:  be  careful,  in  making  this  obfervation,  to 

bring  the  point  of  contact  of  the  moon's  limb  in  the  centre  of  the  telefcope, 
or  at  the  fame  diftance  from  the  plane  of  the  inftrument  that  the  eye  of  the 
©bferver  is. 

To  menfure  the  difiance  between  the  moon  and  a  fiar. 

Turn  down  the  green  fcreen  if  the  moon  is  bright,  and  direct  the  pla::e 
of  the  inftrument  through  both  objects  ;  look  ;at  the  ftar  through  the  tram- 

parent  part  of  the  horizon  glafs  ;  keep  it  there,  and  bring  the  moon's  im- 
age into  the  fame  part  of  the  glafs ;  let  the  inftrument  gently  librate  about 

the  ftar's  ray,  and  the  moon  will  appear  to  rife  and  fail  by  the  ftar  ;  be- 
tween the  librations  move  the  index  till  the  moon's  enlightened  limb  is 

touched  by  the  middle  of  the  ftar,  and  the  obfervation  is  made. 
The  round  or  enlightened  limb  of  the  moon,  whether  it  be   the  neareft 

•r  fartheft  from  the  ftar,  muft  be  brought  into  contact  with  it ;  the  point 
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cf  contact  being  in  the  centre  of  the  telefcope,  or  equally  diftant  with  ihq 
eye  from  the  plane  of  the  inftrument. 

When  the  object  to  be  feen  by  reflexion  is  to  the  right  hand  of  that  feea 
directly,  the  inftrument  is  held  with  its  face  upward  ;  but  when  the  object 
to  be  feen  by  reflexion  is  to  the  left  hand  of  that  feen  directly,  the  inftru- 

ment is  held  with  its  face  downward. 

A  readinefs  in  the  ufe  of  the  quadrant  and  fextant  is  beft  gained  by  prac- 
tice, which  the  learner  may  render  familiar  to  himfeif  by  obferving  the  an- 
gular diftance  of  objects  on  land,  or  by  candles  placed  in  various  poiitions 

of  a  room. 

All  the  preceding  directions  refer  to  the  fore  obfervation,  we  fhall  now 
add  a  few  remarks  on  the  method  of  adjufting  and  obferving  by  the  back 
obfervation. 

To  adjnjl  the  quadrant  for  the  back  obfer-vat'ion. 
( 1)  The  index  glafs  mult  be  fet  perpendicular  to  the  plane  of  the  inftru- 

jnent  as  in  the  fore  obfervation.  (2)  The  horizon  glafs  G  muft  be  fet  per- 
pendicular to  the  plane  of  the  quadrant,  by  taking  off  the  fore  fight  vane 

and  moving  the  index  off  the  arch  of  the  quadrant  till  the  image  of  any 
diftant  object  (as  the  horizon  of  the  fea)  and  the  object  itfelf  lie  in  a  line 
perpendicular  to  the  plane  of  the  quadrant,  and  then  this  part  of  the  adjuft- 
scent  is  made  the  fame  as  for  the  fore  horizon  glafs,  by  bringing  the  image 
and  object  together  by  the  two  fcrews  of  the  glafs.  (3)  The  other  part  of 
the  adjuftment  is  to  fet  the  plane  of  the  back  horizon  glafs  perpendicular  to 
the  plane  of  the  index  glafs  when  o  of  the  vernier  ftands  againft  o  on  the 
limb  ;  this  is  done  as  follows  :  {et  the  index  on  twice  the  dip  of  the  hori- 

zon (found  in  Tab.  XIV.)  to  the  right  hand  of  o  on  the  arch  ;  then,  hold- 
ing the  quadrant  vertical,  look  at  the  fore  horizon,  directly  at  the  edge  of 

the  filvered  part ;  and  by  means  of  the  lever  on  the  back,  bring  the  image 
cf  the  horizon  behind  you  to  coincide  with  it,  and  this  adjuftment  is  made. 
Or  you  may  take,  by  the  fore  obfervation,  the  meridian  altitude  of  the 
lower  limb  of  the  fun,  and  immediately  move  the  index  back  through  an 

2rch  equal  to  twice  the  dip,  and  make  the  back  obfervation  of  the  fun's 
lower  limb  (which  in  this  cafe  appears  the  uppermoft)  and  if  that  limb  juft 
touches  the  horizon,  the  index  glafs  ftands  right  ;  but  if  it  do  not  touch, 
you  muft  make  it  to  do  fo,  by  means  of  the  lever  on  the  back,  and  the  ad- 

juftment is  made.  This  laft  method  of  adjufting  muft  be  done  quickly, 
before  the  fan  fenfibly  alters  in  altitude  ;  and  may  be  frequently  repeated 
to  make  the  fore,  and  back  obfervations  agree. 

To  take  the  fun's  attitude  by  the  back  obfervation. 
Put  the  ftem  of  the  fcreens  H  into  the  hole  next  the  horizon  glafs  G, 

ufing  them  according  to  the  ftrength  cf  the  fun's  rays.  Then,  the  back 
being  turned  to  the  fun,  hold  the  inftrument  in  a  vertical  pofition  with  the 
arch  downwards  ;  put  the  eye  clofe  to  the  hole  in  the  vane  I,  look  for  the 
horizon  through  the  tranfparent  flit  in  the  glafs  G  ;  with  the  right  hand 
move  the  index,  untij  the  image  of  the  fun,  feen  in  the  filvered  part  of  the 
glafs,  ftands  even  with  the  horizon,  feen  through  the  tranfparent  flit,  ufmg 
either  the  unper  or  lower  edge  of  the  fun  as  is  molt  convenient.  Swing 

your  body  gently  to  the  right  and  left  to  fee  if  the  fun's  limb  juft  touches 
the  edge  of  the  horizon  ;  if  it  does,  the  obfervation  is  well  made  ;  and 

the  degrees  read  off  will  be  the  apparent  altitude  of  the  fun's  limb.  The 
altitude  of  the  moon  or  a  ftar  is  obtained  in  the  fame  manner,  only  obferv- 

ing to  bring  the  round  edge  of  the  moon  to  the  horizon.  The  altitude  ob- 
tained in  this  manner  requires  the  following  corrections,  viz.  (1)  The  dip 

muft  be  added,     (z)  The  refraction  fubtracted,     (3)  The  parallax  adde^ 
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(4)  The  femidiametcr  of  the  fun  or  moon  muft  be  fubtracted,  if  the  lower 
limb  was  obferved  ;  but  added  if  the  upper  limb  was  obferved.  The  re- 

fraction and  parallax  of  the  moon  is  found  in  Tab,  XVIII,  The  fixed  ftars 
have  no  fenfible  parallax  or  femidiameter. 

The  back  obfervation  is  but  little  ufed,  upon  account  cf  the  difficulty  of 
adjufting  and  obferving ;  various  remedies  have  been  propofed  for  thefe  de- 

fects, but  none  have  yet  been  generally  adopted.  The  back,  obfervatioa 
of  the  altitude  of  any  object  is  ufeiul  only  when  there  is  not  an  open  hori- 

zon for  the  fore  obfervation  ;  but  even  in  this  cafe  the  fore  obfervation 
might  be  often  ufed,  provided  you  know  the  diftance  of  the  horizon,  for 
the  dip  correfponding  might  be  taken  from  Tab.  XVII.  and  the  true  alti- 

tude obtained.  With  a  fextant  you  may  obferve  any  altitude  above  6a* 
by  the  back  horizon,  this  altitude  being  corrected  for  the  dip  and  femi- 

diameter,  as  in  the  fore  obfervation,  and  fubtracted  from  1800,  leaves  tie 
apparent  altitude,  which  leiTened  by  the  refraction,,  leaves  the  true  altitude; 
this  method  I  once  made  ufe  of  to  determine  the  fun's  meridian  altitude, 
when  near  Cape  Cod  looking  out  for  the  land  ;  the  fun  fhone  bright  and 
the  northern  horizon  was  clear,  but  it  was  fo  foggy  to  the  fouthward  that 
it  was  impoffible  to  fee  a  quarter  of  a  mile. 

Advice  tofeameu  bt  the  choice  of  their  quadrants  or /extant:. 

The  joints  of  the  frame  muft  be  clofe,  without  the  leaft  opening  or  loofe- 
nefs,  and  the  ivory  on  the  arch  and  vernier  inlaid  and  fixed,  foas  not  to  rife 
at  the  ends,  nor  above  the  plane  of  the  inftrument  ;  all  the  divifiens  on  the 
arch  and  vernier  muft  be  exceeding  fine  and  ftraight,  fo  that  no  two  divi- 
fions  of  the  vernier  (except  the  fir  it  and  laftj  may  coincide  at  the  fame  time 
with  the  divifions  of  the  arch.  All  the  glaifes  belonging  to  the  quadrant 
fhould  have  their  furfaces  perfectly  plane,  and  their  fore  and  back  furfaces 

exactly  parallel  ;  to  examine  the  index  or  horizon  glafs,*  you  muft  hold  it 
about  10  or  12  inches  from  the  eye,  and  looking  flantways  obferve  the  im~ 
sge  of  fome  diftant  object  ;  if  the  image  appears  clear  and  diftinct  in  every 
part  of  the  glafs,  it  is  good  ;  but  if  it  appear  notched,  or  drawn  with  fmall 
lines,  the  glafs  is  veiny,  and  muft  be  rejected  ;  if  more  than  one  image  is 
feen,  the  furfaces  are  not  parallel,  and  the  glafs  muft  alfo  be  rejected.  To 
examine  the  dark  glaifes,  you  muft  bring  the  image  of  a  bright  diftant  ob- 

ject to  coincide  with  the  object  feen  directly  ;  examine  their  coincidence 
through  the  different  dark  glaifes,  and  if  they  do  not  feparate  they  are  pro- 

bably not  defective*  Or  you  may  turn  the  glaifes  (if  pnfliblej  in  their 
cells,  and  if  there  be  no  feparation,  they  are  perfett.  If  you  cannot  turn 
them  in  their  cells,  you  may  place  them  at  various  angles  with  the  index 
glafs*  and  fee  if  there  be  no  feparation.  In  making  this  obfervation,  you 
muft  be  careful  to  take  objects  whofe  angular  diftance  does  not  vary  during 
the  time  of  obfervation.  If  you  ufe  the  fame  dark  glaifes  in  the  obferva- 

tion as  in  the  adjuftment,  there  can  be  no  error  in  the  obferved  angle. 
Various  improvements  have  been  made  in  the  conftruction  of  quadrants 

and  fektants  ;  the  moft  remarkable  is  that  made  by  extending  the  graduated 
arch  through  the  whole  circumference  ;  an  inftrument  of  this  kind  is  called 
a  circle  of  reflexion  and  has  many  peculiar  advantages,  but  not  being  gene- 

rally ufed,  we  (hall  not  here  give  a  description  of  it. 

T^nllcHrm  nfilie  rirfares  of  :Vk  b<rmnn  glafs  will  nor  rr  ttcrinlly  Cfft-R  *  m<v.f,.-ed  angle,  )  eoasja  *« 
-!/  '!.c  famr  in  all  obfervatitfhs  ;  bat  iljb  ag  great  importance  tnL'O&e  the  Surfaces  of  tr.e  in-lcr  glafc  *x- 
j  11  i.-v_:.r'jrinf<  £rc2t  insular  diflanccs-  To  rcrrred;  rhia  defect  of  parAlltUfxu,  &r-.ftUflatiwb«  'eco2> 
be  left  unCIveietl  on  the  bad.,  ami  made  rough  ai!d"bi»tk*d- 
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T  was  many  years  after  the  difcov.ery  of  the  compafs,  before  it  was  even 
fufpccted  that  the  needle  did  not  accurately  point  to  the  north  pole  of  the 
world  ;  the  idea  of  any  deviation  from  it  being  treated  with  .  contempt. 
But  about  the  middle  of  the  fixteenth  century,  obfervatiOns  were  made  in 

England  and  France,  which  fully  proved  that  the  needle  pointed  to  the 

£ait\vard  of  the  true  north.  This  difference  is  called  the  'variation  of  the 
compafs,  and  is  named  eaft  when  the  north  point  of  the  compafs  [ox  magnetic 

■north)  is  to  the  eailward  of  the  true  north ;  but  when  the  deviation  is  to. 
the  weft  of  the  true  north,  it  is  called  nveji  'variation.  The  quantity 
of  this  variation  is  found  by  obferving  with  the  compafs  the  bearing  of  any 
celeflial  object  when  in  the  horizon  (or,  as  it  is  called,  the  magnetic  ampli- 

tude) j  the  difference  between  this  and  the  true  amplitude  found  by  calcu- 
lation, is  the  variation.  The  fame  may  be  .obtained  by  obferving  the  mag. 

retic  azimuth  of  any  celeflial  object  (that  is,  its  bearing  by  the  compafs 
when  elevated  above  the  horizon)  ;  the  difference  between  this  and  its 
true  azimuth  found  by  calculation,  is  the  variation. 

Some  years  after  the  difcovery  of  the  variation,  it  was  found  that  it  did 
not  remain  conftant  ;  for  the  eafterly  variation  obferved  in  England  grad- 

ually decreafed,  till  the  needle  pointed  to  the  true  north;  then  it  increafed 
to  the  weftward,  and  is  now  above  two  points. 

As  all  the  coirrfes  fleered  by  the  compafs  muft  be  corrected  for  the  varia- 
tion, it  is  of  great  importance  to  the  navigator  to  know  how  to  find  it  at 

any  time  ;  to  do  this,  it  is  necelTary  to  find  the  amplitude  or  azimuth  of  a 

celeflial  object,  which  may  be  done  as  follows  : 

To  phfer--oe  an  amplitude  by  the  azimuth  compafs. 

When  the  centre  of  the  fun  is  about  one  of  his  diameters*  above  the 

horizon,  turn  the  compafs  round  in  the  box.,  until  the  centre  of  the  fun  is- 

i'ecn  through  the  narrow  flit  which  is  in  one  of  the  fight  vanes,  exactly  oh- 
the  thread  which  bifects  the  flit  in  the  other ;  at  that  inflant  pufh  the  flop 

which  is  in  the  fide  of  the  box  againfl  the  edge  of  the  card,  and  the  degree 

■and  parts  of  a  degree,  which  fland  againfl  the  middle  line  on  the  ltop,. 
are  the  magnetic  amplitude  of  the  fun  at  that  time  ;  which  is  generally  reck- 

oned from  the  eafl  or  wefl  point  of  the  compafs. 

To  obferve  an  azimuth  by  the  azimuth  comprfs. 

Turrf  the  compafs  round  in  the  box  until  the  centre  of  the  fun  i* 
feen  through  the  narrow  flit,  which  is  in  one  of  the.  fight  vanes,  exactly 
on  the  thread  which  bifects  the  flit  on  the  other  ;  cr  until  the  fhadow 

of  the  thread  falls  directly  along  the  line  of  the  index  :  when  either  of 

tliefe  is  effected,  pufh  in  the  flop  againfl  the  edge  of  the  eard,  and  that  de- 
gree and  part:,  of  a  degree,  which  fland  againfl  the  middle  line  of  the  flop,  are 

the  m.aog.ecic  azimuth  of  the  fun  at  that  time,  which  is  generally  reckoned  from 

Th-  obCrrvaHnn  is  m.idc  at  this  elevation'  uoon  account  of  the  horizontal  rcfraflioii,  which  is  r.carlv  eqi-al  to  the  (Ws  Ami • 
r.     F.t  greater  accurjicj',  you  muj  take  the  niton  of  wtr=i-  or  lour  obfcVvatiuhs  before  and  after  (to  fun  jalfo  that  attitude. 
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the  north  in  north  latitudes,  and  from  the  fouth  in  fouth  latitudes.  At  the 
time  of  making  this  obfervation,  you  muft  alio  obferve  the  altitude  of  the 
fun,  in  order  to  obtain  the  true  azimuth. 

What  is  here  faid  of  the  fun,  is  in  like  manner  to  be  applied  to  the  moon 
and  ftars. 

To  find  the  true  amplitude* 
RULE; 

By  Logarithms.  To  the  fecant  of  the  latitude  (rejecting  10  in  the 

index)  add  the  log.  fine  of  the  fun's  declination  ;  the  fum  will  be  the  log. 
fine  of  the.  true  amplitude,  or  diftance  of  the  fun  from  the  eaft  or  weft  point, 
towards  the  north  in  north  declination,  but  towards  the  fouth  in  fouth 
declination. 

By  Inspection.  Find  the  declination  at  the  top  of  Table  VIIL 
and  the  latitude  in  the  fide  coljrmn  ;  under  the  former,  and  oppofite  to  the 
latter,  is  the  true  amplitude.  When  great  accuracy  is  required,  you  may 
proportion  for  the  odd  minutes  of  latitude  and  declination. 

EXAMPLE     I. 

Required  the  fun's  true  amplitude  at  rifing,  at  Annapolis  (Maryland)  on 
the  2  2d  December,  1804. 

By  Logarithms.  By  Infpe&iori. 

Lat.  of  Annapolis    390  o'  log.  fee.  0,16950 
Sun's  declination     23    2$    log.  fine    9.60012 

Under  the  declination  230  28'  and  oppofite 
he  latitude  390,  ftands  the  true  amplitude 

300  49'. True  amplitude        30  49    log.  fine    9.70962J 

Hence  the  true  bearing  or  amplitude  of  the  fun  at  rifing  is  E,  300  49/  So 
and  at  fetting  it  is  W.  300  49/  S; 

EXAMPLE     II. 

Required  the  moon's  true  amplitude  at  fetting,  off  Cape  Hatteras  in  the 
latitude  of  350  8'  N.  when  her  declination  is  130  N. 

By  Logarithm's.  1  By  InfpeQion. 

Cape  Ha'teras'  Lat.  35 °   8'  log.  fee.  0.08734      Under  the  declination  13*,  and  oppofite  the 

Moon's  declination     13     O  log.  fine  g.^ojjlatitude  35°,  ftands  150  56*,. which 'is  nearly1 the  true  amplitude  :  the  exadr.  value  may  be 

True  amplitude         15  j8  log.  fine  9.43943  found,  by  finding  the  amplitude   for   360  lat, 
and  proportioning  the  difference  for  the  odd 

.    Hence    the    true    amplitude,  at   fetting   is  miles'  in  the  latitude. 
W.  1  f  58'  N.  and  at  riling  E,  15°  $8"  N.| 

EXAMPLE    III. 

Required  the  fun's  true  amplitude  in  the  latitude  of  4.2'  jo'  N:  when the  fun's  declination  was  200  N. 

By  Logarithms. 

Latitude    ̂   420  30'     log.  fee.  0.13237 
Sun's  declination   20°  N.     log.  fine  9.53405 

True  amplitude     270  38'     log.  fine  9.66642 

Hence  the  amplitude  a(  fetting  is  W.-27°>iS'  N* 
and  at  riling  E.  27*  3*'  N\  j t 

By  In/peHitn. 

Under  the  declination  20°,  and  oppofite  the 

latitudes  420  and  43°,  ftands  27"  '24'  and 
27°  S3  'i  the  mean  of  theft  gives  the  true  am- 
piitud'^  for  the  latitude  of  41°  30'  ac  ■?*  38'- 
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To  find  the  true  azimuth  at  any  time. 

At  the  time  of  obferving  the  magnetic  azimuth,  you  muft  alfo  obfe?v£ 
the  altitude  of  the  object  ;  this  muft  be  corrected  as  ufual  for  the  dip,  par- 

allax, refraction,  &c.  in  order  to  obtain  the  true  altitude  :  you  muft  alfo 
find  the  declination  of  the  objeft,  and  the  latitude  of  the  place  of  obferva- 
ticn  ;  and  then  the  true  azimuth  may  be  calculated  by  the  following  rule* 

Rule.  Add  together  the  complement  of  the  latitude,  the  complement 

of  the  true  altitude,  and  the  polar  diftance*  ;  from  half  the  fum,  fubtracl:  the 
polar  diftance  and  note  the  remainder-..  Then  add  together  the  log  co-fecant 
of  the  co-latitude,  the  log  co-fecant  of  the  co-altitude,  the  log  fine  of  the 
half  fum  and  the  log  fine  of  the  remainder  ;  half  the  fum  of  thefe  four  loga- 

rithms, is  the  log.  co-fine  of  half  the  true  azimuth,  which  being  deubled 
gives  the  true  azimuth,,  reckoned  from,  the  north  in  north  latitudes,  but 
from  the  fouth  in  fouth  latitudes. 

EXAMPLE     I. 

In  latitude  £i°  32'  N.  the  fun's  true  altitude  wasobferved  to  be  39°28/> 
his  declination  being  then  160  37'  N.  ;  required  the  tine  azimuth  ? 

90°  00' 

Altitude   
  

39    28 

Co-alt,       50    32 

Declination 

Polar  dift. 

900  oc/ 

16"    37 

900  00' Latitude      51    32  N. 
73    23 

Co-fecant  0,20617 
Co-fecant  0,1 1239 

Log.  fine   9.99484. 

Log.  fine  9,13265 

Co-lat.        38    28 
Co-alt.         50    32 
Polar  dift.    73    2.3 

Sum            162    23 

\  Sum          8 1    11 
Polar  dift.    73    23 

Remainder     7   48 

19,44603 

f  Sum         Log.  co-line  58°'  06'     9,72301 2 

True  azimuth 116    12  from  the  north. 

The  logarithm  9.7.2301  in  this  example,  is  alfo  the  co-fine  of  i-ii*  ̂ /F 
which  being  doubled  gives  the  azimuth  =  2430  48'  ;  and  it  is  evident 
that  this  value  is  the  fame  as  the  other,  for  243°  48'  counted  from  the  north,- 
wefterly,  is  the  fame  as  1 160  I2/  counted  from  the  north,,  eafterly. 

•  The  polar  diftAnee  of  the  fua,  moon  or  ftar,  i<  the  diftance  from  the  elevated  psle  ;  and  is  found  Iiv  fubtr&ELing  the  declinatio* 
of  hi  ohj..a  frum  30°,  when  the  latitude  and  declination  a;c  at  the  Umt  nunc,  tut  by  addicg  iitooc',  when  liiey  »;c  of  diffc»taP 



Variation  of  the  compass}  X47 

EXAMPLE    II. 

In  latitude  420  16'N.  the  fun's  altitude  was  obferved  to  be  18*40',  his 
declination  being  then  70  38'  S. ;  required  the  true  azimuth  ? 

900  00'                          «  90*  oo' 
Altitude    18    40                  Declination  7    38  S. 

909  00'      Co-alt.      71    20  Polar  dift.        97    38 
Latitude     42    16  N„    

Co-Iat.        47    44       Oo-fec.  .0,13076 
Co-alt.        71    zo       Co-fee.  0,02347 
Polar  dift.  97    38 

Sum  216    42 

I  Sum        108    21       Log.fine  9,97734 
Polar  dift.  97    38 

Remainder  10    43       Log.fine  9,26940 

Sum         19,40097 

I  Sum  log.  co-fine  590  53/==9> 70048 

2       !   

Trueazimuth         z  19  46  from  the  north. 

QUESTIONS  TO  EXERCISE  THE  LEARNER. 

Quejlion  L  Given  the  fun's  altitude  corrected  for  dip,  refraction,  Arc. 
20°  46',  his  declination  170  10'  S.  and  the  latitude  of  the  place  400  38'  N. 
required  the  true  azimuth  ? 

Anfvjer.     1 370  50'  from  the  north. 
Quejlion  II.  What  is  the  fun's  azimuth  in  the  latitude  of  260  30'  N.  in 

the  forenoon,  when  his  correct  central  altitude  is  24°  28',  and  his  declina- 
tion 22°  40/N.  ? 

An/vuer.     750  44'  from  the  north. 
Quejlion  III.  At  the  ifland  of  St.  Helena,  the  fun's  true  central  altitude 

was  obferved  to  be  300  22'  in  the  forenoon,  his  declination  being  then  22° 
56/S. ;  required  the  azimuth  at  that  time  ? 

An/hver.     720  21'  from  the  fouth, 
Quejlion  IV.  What  true  point  of  the  compafs  will  the  ftar  Aldebaran 

bear  on,  at  the  Cape  of  Good  Hope,  January  1 ,  1 804,  when  its  correct  alti- 

tude is  22°  25'  ? 
Anfwer.  1 30°  20'  from  the  fouth,  The  anfwers  to  fome  of  thefe  quef- 

tions  differ  1'  or  2'  from  the  values  obtained  by  taking  the  logarithms  to feconds. 

Having  the  true  and  magnetic  amplitude  or  azimuth ,  to  find  the  variation. 
Having  found  the  true  and  magnetic  amplitude  or  azimuth,  the  variation 

is  eafily  deduced  therefrom  by  the  following  rule ;  in  which  it  may  be 
proper  again  to  obferve,  that  the  amplitude  of  any  celeftial  object  is  reck- 
•oned  from  the  eaft  or  weft  point  of  the  horizon,  and  is  called  north  when  to 
the  northward  of  thofe  points,  but  fouth  when  to  the  fouthward.  The  azimuth 
is  reckoned  from  the  north  in  north  latitudes,  but  from  the  fouth  in  fouth. 



248 
VARIATION   OF   THE   COMPASS.' 

latitudes  ;  when  it  falls  on  the  eaft  fide  of  the  meridian,  it  is  named  eaft3 
but  when  on  the  weft  fide,  is  named  weft.  If  the  obferved  and  true  ampli- 

tude be  both  north  or  bothfouth,  their  difference  is  the  'variation  ;  but  if  om 
be  north  and  the  other  fouth,  their  f urn  is  the  variation  ;  if  the  true  and  ob- 
ferved  azimuth  be  both  tajl  or  both  <weft>  their  difference  is  the  •variation^ 
othernxiife  their  f urn  ;  and  the  variation  is  eaferlj,  nvhen  the  point  of  the 

compafs  reprefenting  the  true  bearing  is  to  the  right  hand  of  the: point  repre* 
fenting  the  magnetic  bearing,  but  is  -weferfj)  nvhen  to  the  left  hand. 

EXAMPLE  I. 

Sappofe  the  fun's  magnetic  amplitude  at  riftng  is  E.  z6°  i  x'  N.  the  true, 
amplitude  is  E„  140  z<f  N.  required  the.  variation  ? 

From  the  greater   E.26°.i2'No 
Take  the  lefler      E.  14  20  N. 

Remains  variation     1 1 ^52  E, 
The  variation  in  this  exam- 

ple is  eafterly  becaufe  the  true, 

amplitude  falls  to"  the  right  of the  magnetic,  and  ccofequently 
the  magnetic  pole  falls  to  the 
eaft  ward  of  the  true  pole  ;  as  is 
evident  by  the  adjoined  figure, 
which  reprefents  the  compafs 
en  which  thofe  amplitudes  are 
marked,  and  which  needs  no 

defcription» 

EXAMPLE  II. 

The  moon's  true  amplitude  at  rifmg 
was  found  to  be  E.  1 50  20'  N.  andher 

magnetic  amplitude  E.'  jo°  o  S,  re- 
quired the  variation  ? 

True  amplitude 
Magnetic  amplitude E.  i502o'N. £.  10    pS. 

The  fum  is  the  variation.    2^   jp  W. 

EXAMPLE  IV, 

-The  ftar  Aldebaran  was  obferved 

at  rifing  to  bear  by  compafs  E.  N.  E. 
when  his  true  amplitude  was  N.E. 
b.y.E.  required  the  variation  £ 

Trueampl.  N.E. by E.  orE.^^'N. 

Mag.  ampl.  E.  N.  E. '  or  E.22  30  M, 

Difference  is  the  variation    1 $  1 5W. 

EXAMPLE  III 

The  fun's  true  azimuth  being  N« 
8o°  E.  and  his  magnetic  azimuth  NV 
6o°  E.  it  is  required  to  find  the  va^ 

riation.  ?,  - 
True  azimuth 

Mag.  azimuth 

DifF.  is  the  variation. 

N,  8o°E. 

^.  9*0.  E, 
20  Ew 

EXAMPLE  V. 

The  true  amplitude  of  the  planet 

Jupiter  was  E.  ioQ  N.  when  his  mag- 
netic amplitude  was  E.  200  S.  required the  variation  I 

True  amplitude 

Mag.  amplitude 

Sum  is  variation 

E.  ioeN. E.  20  S. 



VARIATION   OF   THE   COMPASS; 

I49 

The  variation  thus  found,  is  to  be  allowed  in  all  courfes  fleered  by  the 
compafs  in  order  to  find  the  true  courfes  ;  to  make  this  allowance,  you  muft 
look  towards  the  point  of  the  compafs  the  (hip  is  failing  upon,  and  allow  the 
variation  from  it,  towards  the  right  hand,  if  the  variation  be  tajl  j  but  to 
the  left  handy  if  the  'variation  be  tueji.  Thus,  if  the  fhip  fleers  S.  E.  with 
one  point  wefterly  variation,  the  true  courfe  is  S.  E.  by  E.  if  the  vari- 

ation be  one  point  eaflerly,  the  courfe  is  S.  E.  by  S. 

In  the  following  table  is  collected  a  few  obfervations  of  the  variation^ 
made  at  different  times,  and  in  different  places. 

Places  obferved  at. Latitude. Longitude from 
London. 

Year  of 

Obfer- vation. 

Variation      I 
Obferved. 

Cambridge,  (Mail) 
42°23/N. 1 70S 1742 

*757 

1761 

1763 

17S2 

90  o'W. 8     oW. 

7  20  w.      J 

7  H  W. 

7     °  W»       j 

6  46  W. Bofton, 
42  23 N. 

70  58  V/. 
1742 8     oW. 

Beverly. 
42  36 N. 70  50  w. 1781 

7     2W. London, 
51  32 N. 

0  0 
1580 
1672 

1780 

11   ijj  E. 

2  30  W,       i 
22  41  w. Paris. 

48  51N. 
2  25  E. 1550 

1660 1769 8     oE. 0    0 

20    0  w. 
Funchal  Road. 

32  38N. 17     jW. 
1792 iS  35  W. 

St.  Cruz  Road. z8  28N. 16  21  W. 1792 

17  35  W. Bonavifta. 16     6N. 22  41  w. 1792 1 2  36  w. 
St.  Jago  (Praya  Bay) 

14  56N. 23  24W. 

1769 

1792 
1 1  10  w. 

12    48  W.    ' 
I  fie  of  May. 15  10N. 23  00  w. 1792 12  00  W.      ; 
Afcenfion. 

7  56  S. 
14  16  w. 

167S 

1776 
1     oE. 

10  45  W. 
St.  Helena. 

tS  55s. 
5  46  W. 

1677 

0  40  E. 1776 

*794 

13  15  w. 16  16W. 
Rio  de  Janeiro. 22  54S. 

42  38  w. 
1792 

4  55  W. 
Triflan  d' Acunha. 

37     6S. 
11  38  w. 

i?92 
7    0  w. Cape  of  Good  Hope, 

34  29  S. 

18  29  E. 
1776 

21    0  w. 

Cape  Lagullas. 

34  44s- 

20  15  E. 1600 
0     0 

- 
1692 

1776! 1790 

11    0  w. 

2  1     40  W. 

23  30  w. I  fie  of  Bourbon, 20  52  S. 

55  36  E. 

J795 

15  33  w« Bombay. 18  57N. 
72  43  E. 

1676 

12    0  w. 
Java  Head. 6  45  S. 104  55  E. 

1676 

1786 
3   10  W. 

0  54  w.       - 
Batavia. 6  10S. 106  57  E. 

'793 

0  30  w. At  Sea. 
29  10N. 28  47  W. 

J795 

15  00  w. At  Sea. 
27  00  N. 23  38  W. 

17QT 

1?  44  W. 



1^0 VARIATION    OF    THB   COMPASS, 

Places  obferved  at. Latitude. 
Longitude from 
London. 

Year  oi 

Obfer- vation. 

Variation  . 

Observed. 

At  Sea. 
i5°28'N. At  Sea, 12    14  N. 

At  Sea. 

9  47  N- 
At  Sea. 

8  54  N. At  Sea. 

S  46  N. 
At  Sea. 

3   16  N. At  Sea. 
0     0 

At  Sea. 
2  33  s. At  Sea, 

S  48  s. 
At  Sea. 

7  59  s- 
At  Sea. 

9  27s- 
At  Sea. 

13  *9S- At  Sea. 
19  47  S. At  Sea,  near  Trinidad. 20  28  S. 

At  Sea. 21  32  s. 
At  Sea. 

*3  43  s- At  Sea. 28  ii  S. 

At  Sea. 
3$  0;  S. At  Sea. 
36  3S  S. At  Sea. 
36  12  S. At  Sea. 

37  20  S. 
At  Sea. 

36  45  S. At  Sea. 21  54  S. 
At  Sea. 0     0 

20° 

20 

43'W, 

00  W. 
20  10  w. 
20  10W. 

20  49  w. 
21  22W. 

24  15  w. 

24  49  W. 26  49  W. 

27  49  W. 
27  50 W. 26  53  w. 

25  51  W. 28  39  w. 

25  22  W. 

23  40  w. 1 8  40  W. 

5  SS  W. 

o  20  E. 

4  21  E. 

30  E. 
32  E. 

46  E. 
30  W. 

7 

19 

S3 

32 

795 

795 

795 
795 

795 
795 
795 
795 

795 
795 
795 
795 
795 

796 

795 795 
795 
795 
795 
795 

795 795 
795 795 

I2°05'W. 

ii  39  W. 
11  48  W. 
10  50  W. 
1 1  00  w. 

10  47  W. 

8  43  W. 

7  05  W. 
5  24  W. 

4  14  W. 

3  33  W. 

3  54  W. 
2  50  W. 
2  35  W. 2  25  w. 

2  31  W. 

5  28  W. 
11  xo  W. 

13  40  W. 15  19  w. 16  57 W. 

24  33  W. 
13  59  w. 

3  oW. By  the  preceding  table  it  appears  that  the  variation  at  Cambridge,  in  the 
Sate  of  MafFachufetts,  is  decreafing  at  the  rate  of  about  i|  minutes  per  year  ; 
at  London  and  Paris  it  is  increafing  10  or  1 1  minutes  per  year  ;  and  off 
the  Cape  of  Good  Hope  it  increafes  annually  about  7  minutes. 

Ships  failing  for  India,  generally  endeavour  to  crofs  the  equator  between 

the  longitude  of  180  and  240  weft.  The  variation  at  the  latter  place  was 
8e  43'  W.  in  the  year  1795,  as  I  have  found  by  repeated  obfervations,  its 
annual  increafe  being  about  6  minutes.  If,  in  eroding  the  equator,  you 

fhould  find  a  greater  variation,  you  are  to  the  eaftward  of  24°  W.  but  if  a 
iefs  variation,  you  are  to  the  weftward  of  240  W.  the  alteration  in  the  lon- 

gitude being  in  that  place  about  2  degrees  for  1  degree  of  variation.  But 
there  is  always  a  great  uncertainty  attending  this  kind  of  obfervations, 
£nce  it  is  not  uncommon  to  find  2  or  3  degrees  difference  between  an  azi- 

muth in  the  morning  and  evening,  when  the  (hip  during  that  time  has, 
been  nearly  ftationary  ;  the  fame  difference  will  fometimes  be  found  merely 

from  making  the  obferv-ation  when  the  fhip  is  on  a  different  task. 
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To  find  the  LATITUDE  by  the  Meridian 

Altitude  of  any  objeft, 

HP 
8  O  obtain  the  latitude  of  any  place,  you  muft  obferve  with  a  quadrant  or 

{extant,  the  meridian  altitude  of  fome  heavenly  body  ;  from  this  obfervedalti- 
tude,  you  muft  deduce  the  correct  altitude,  in  the  manner prefcribed  in  the  ex- 

planation of  the  ufes  of  the  quadrant  ;  viz.  (i)  by  fubtracting  the  dip  in 
the  fore  obfervation,  but  adding  it  in  the  back  obfervation  ;  {2)  adding 
the  femidiameter  when  the  lower  limb  was  obferved  by  a  fore  obfervation, 
but  fubtrafting  it  when  the  upper  ;  and  the  contrary  when  the  back  obfer- 

vation was  ufed  ;  (3)  fubtractirig  the  refraction  ;*  (4)  adding  the  parallax  ; 
(5)  applying  the  index  error,  if  there  be  any.  Having  thus  obtained  the  cor- 

rect central  altitude  of  the  object,  you  muft  fubtract  it  from  900,  and  you 
will  have  the  true  zenith  diftance,  with  which,  and  the  true  declination  at 
the  time  of  obfervation,  the  latitude  is  found  by  the  following  rules, 

CASE     I. 

When  the  objeel  rife:  and  fets* 

Rule.  If  the  object  bear  fouth,  when  upon  the  meridian,  call  the  ze- 

riith  diftance  north;*  but  if  it  bear  north,  you  muft  call  the  zenith  diftance 
fouth.  Place  the  zenith  diftance  under  the  declination,  and  if  they  are  of 
the  fame  name,  add  them  together  ;  but  if  they  are  of  different  names,  take 
their  difference  ,•  this  fum  or  difference  will  be  the  latitude,  which  will  b« 
of  the  fame  name  as  the  greateft  number; 

CASE     II. 

When  the  objeel  never  fets. 

Many  ftars  never  fet,  and  in  high  latitudes  the  fun  is  fometimes  above 
the  horizon  for  feveral  days,  in  which  cafe  the  meridian  altitude  may  be 
obferved  twice  in  24  hours ;  that  is,  once  at  the  greateft  height  above  the 
pole,  and  again  when  at  their  loweft  height  upon  the  meridian  below  thtf 
pole.  In  the  former  cafe;  the  latitude  is  found  by  the  preceding  rule  ;  but 
in  the  latter  by  the  following. 

Rule.  Add  the  complement  of  the  declination  to  the  meridian  alti- 
tude ;   the  fum  is  the  latitude,  of  the  fame  name  as  the  declination. 

Note.  When  the  fun  or  ftar  is  on  the  equator,  or  hath  no  declination, 
the  zenith  diftance  is  the  latitude  of  the  place,  which  is  of  the  fame  name 
as  the  zenith  diftance. 

When  the  fun  or  ftar  is  in  the  zenith,  the  declination  is  the  latitude,,. 
and  it  is  of  the  fame  name  as  the  declination. 

•  In  *hi*  rule  '\\-  fur.  il  f'rppafed  to  r»>-  the  firH  p"ifif,  and  the  zenith  is  referrr.-l  to  it.     Thus  if  she  fan  hears  ft,uth  frcm  *n 
«fcfcr7er(cr  front  big  ttr...v  ifae  icr.ith  bears  north  from  the  fun,  and  it  is  this  Utter  bearing  which  is  vied  in  ih«  nita. 



E£2  TO    FIND    THE    LATITUDE    BY    THE 

To  find  the  Latitude  by  the  Meridian  Altitude  of  the  Sun  or  Star» 
EXAMPLE  I. 

At  the  end  of  the  fea  day,  June  z  i , 

1 804*  in  the  longitude  of  6o°  W.  the 

EXAMPLE  II. 
At  the  end  of  the  fea  day,  Apr.  14^ 

1S04,  in  the  longitude  of  1350  E.  of 
meridian  altitude  of  the  fun's  lower  Greenwich,  the  altitude  of  the  fun's 
limb  bearing  fouth,  was  found  by  a  lower  limb  by  a  fore  obfervation  was 

fore  obfervation  to  be  400  6'  ;  re-  6o°  25'  when  on  the  meridian  to  the 
quired  the  latitude  in,  fuppofing  the  fouth  of  me,  the  correction  for  dip 17 

00 

43  N 

28  N. 

correction  of  the  obferved  altitude  for 

dipandfemidiameter,  to  be  12  miles 
Obferved  altitude  4O0      6' 
Lip  and  femi-diameter  add  T2 
Sum  4^     iS 

Refraction  fubtiact    r_ 
True  altitude  40 
Subtract  from  90 

True  seen.,d|ft.  49 

Sun's  declination,  Tab.  V.  23 
latitude  in  .       t      73     n  N. 

EXAMPLE  III. 

At  the  end  of  the  fea  day,  May  1 5, 
1 S04,  in  the  meridian  df  Greenwich, 
obferved  the  fun  on  the  meridian  to 
the  north  of  mei  the  altitude  of  his 

lower  limb  being  300  6/  by  a  fore 
obfervation,  the  correction  for  dip 
and  femi-diameter  being  12  miles 
required  the  latitude. 

&c.   being   1 2  miles ;  required   the 
latitude  in. 

Obferved  altitude 
I>\b  and  femidiamefer add 

3°c 

Sum 

Refraction  fiibtract 

True  altitude 
Subtract  from 

30     18 

True  zenith  diftance 
SuiPs  declination 

3° 

90 

59 
18 

16 

00 

"44    S 

53  
N. 

40     51    S 
Latitude  in    . 

EXAMPLE  V. 

By  a  fore  obfervation,5  the  merid- 
ian altitude  of  the  fun's  lower  limb 

was  found  to  be  400  2o/  bearing  fouth 
of  the  obferver,  the  declination  being 

90  $&  N.  and  the  eye  2,6  feet  above 
the  horizon  ;  required  the  latitude  of 
the  place. 

Obferved  altitude 
Scmkiumetcr 

Obferved  altitude 
Correction 

True  altitude 
Subtract  from 

add 

DO" 

*5 

IX So 

90 

37 
0 

29 

9 23  N, 
18  N. 

38 

41  Hi 

,\  -L. 

Refraction  1 '      fub'.1 Dip  5' 
True  altitude  fun's  centre 
Subtract  from 

Zenith  diftjnee 
Declination 

Latitude 

40
" 

20' 

16 

40 

36 

6 

40 

90 
30 

0 

49 
9 

30 

56 

59     a6  N 

True  ienith  diftance 

Sun's  declination,  Tab.  V. 
cor.  by  Tab.  VI.  for  long. Latitude  in 

EXAMPLE  IV. 
At  the  end  of  the  fea  day,  Nov.  1 7,, 

1804,  in  tne  longitude  of  8o°  E.  of 
Greenwich,  by  a  fore  obfervation 
found  the  meridian  altitude  of  the 

fun's  lower  limb  500  6',  bearing  S. 
of  me,  the  eye  being  1 7  feet  above 
the  furface  of  the  fea  ;  required  the latitude. 

Obferved  altitude 

Sun's  femidiameter  add 

Subtract  dip  and  refraction 

True  altitude 
Subtract  from 

True  zenith  d*ftance 

Sun's  dec.  corrected  by  Tab.  VI.  18 

Latitude  in   ,     .  ,        20     44  N, 
EXAMPLE  VI. 

By  a  back  obfervation  with  a  quad- 
rant of  reflexion,  the  meridian  alti- 
tude of  the  fun's  lower  limb  was 

250  12'  when  the  declination  was 
210  14'  S.  and  the  eye  40  feet  above 
the  horizon,  the  fun  bearing  fouth  of 
the  obferver  ;  required  the  latitude 
of  the  place  of  Obfervation. 

50°
 

6' 

16 

5° 

22 

i 

50 

,9a
 

17 
0. 

39 

.  18 

43  N. 

59  s: 

Obferved  altitude 
SemLiameter 

Dip 

fub. 

add 

25 

16 

RefraSion  fub. 

True  altitude  of  fun's  centre 
True  zenith  diftance 
Declination 

Latitude  in  43     46  N, 

24 

56 

6  . 

25 

2 

4.  - 

25 

0 ._ 

6.5 

21 

0  N: 

.14.  s. 
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EXAMPLE  VII. 

Jan.  1,  1804.J  an  obferver  35  feet 
above  the  waier,  finds  by  a  fore  ob- 

fervation, that  the  altitude  of  Sirius 

is  530  35'  when  paffing  the  meridian 
to  the  fouthward ;  required  the  lati- 

tude of  the  place  of  observation. 

Obferved  altitude 

Dip  of  horizon 

Refraction 

fub. 

fub. 

True  zenith  diftance 

Sinus's  declination.  Tab.  IX, 

Latitude  in 

Si     28 
36     32  N. 
16     27    S. 

SN. 

EXAMPLE  IX. 
January  10,  1S04,  an  obferver  28 

feec  above  the  water,  finds  the  alti- 
tude of  the  north  ftar,  when  on  the 

meridian  below  the  pole,  to  be  36°  24' 
by  a  fore  obfervation  ;  required  the 
latitude  of  the  place  of  obfervation. 

EXAMFLE  VIII. 

Suppofe  on  the  13th  June>  1S04, 
fea  account,  an  obferver  in  a  high, 
northern  latitude^  and  in  the  longi- 

tude of  6 50  W.  of  London,  his  eye 
being-  2S  feet  above  the  furfaceofthe 
water,  obferved  by  a  fore  obfervation 
the  altitude  of  the  fun's  lower  limb 

on  the  meridian  below  the  pole  8°  1 5' ; 
required  the  latitude. 

The  fun  being  obferved  beloW  the  pole  at 
12  hours  before  the  end  of  the  fea  day  June  13, 
:he  corredYioii  of  declination  correfponding  in 

Tab.  VJ.  is  — 1'  46/,/,  and  the  correction  for 
650   W.   long,  is  4*°'  ̂ fri  hence  both  cor- 
e£lons  make  i'  to  <be  i'ubtra&ed  from  the 
leclination  at   noon  23"  14'  N.  which   gives 
he  declination  at  the  time  of  obfervation 

23°  13'  N.  whofe  complement  is  66'  47/. 

Obferved  alt.  fun's  low.  limb  88  15' 
Semidiameter  add  16 

Obfer  red  altitude 

Subtract  dip  5',  ref.  I ' 

True  altitude 

Comp.  declination  Tab,  IX; 

Latitude  us 
36< 

6 

Dip 

RefradYion 

8  3£ fubtratt  5 

8  26 fubtraft  6 

36     18 

x     45  N. 

58      i  N. 

True  altitude  fun's  centre  8 
Complement  of  declination  66 

Latitude  in  75       J  N, 

20 

47  & 
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o  find  the  Latitude   by  a  Meridian  Alti- 
tude of  the  Moon* 

HE  latitude  may  be  found  at  fea  by  the  moon's  meridian. a! thuds 
more  accurately  than  by  any  other  method,  except  by  the  fun  ;  but  to  do 
this  it  is  neceffary  to  find  the  time  of  her  paffing  the  meridian,  and  her 
declination  at  that  time.  To  facilitate  thefe  calculations  we, have  given 
the  Tables  XXVI.  XXVII.  and  XXVIII.  the  ufe  of  which  will  evidently 
appear  from  the  following  rules  and  examples. 

To  find  the  true  time  of  the  moon* &  pojjing  the  meridian. 

In  the  6th  page  of  the  Nautical  Almanac  find  the  time  of  the  moon's 
coming  to  the  meridian  of  Greenwich  for  one  day  earlier  than  the  fea  ac- 

count ;*  and  alfo  the  time  of  her  coming  to  the  meridian  of  Greenwich  the 
next  day,  when  you  are  in  weft  longitude,  but  the  preceding"  day  when  in 
eaft  longitude  ;  take  the  difference  between  the{c  times,  with  which  you 

mud  enter  the  top  column  of  Tab.  XXVI.  and  againft  the  (hip's  lorgitude 
in  the  fide  column  is  a  number  of  minutes,  which  is  a  correction  to  be  ap- 

plied to*  the  time  taken  from  the  Nautical  Almanac,  for  the  day  immedi- 
ately preceding-  the  fea  account,  by  adding  it  when  you  are  in  weft  longi- 
tude, but  fubt ratting  it  when  in  eaft  longitude  ;  the  fum  or  difference  is 

the  true  time  of  paffing  the  meridian  of  the  given  place. 

Example.  Required  the  time  of  the  moon's  paffing  the  meridian  of 
Philadelphia,  April  4th,  1804,  fea  account  ? 

The  day  preceding  the  fea  account  is  April  3,,  on  which  day  the  moon 
paiTes  the  meridian  ©f  Greenwich  at  iSh.  55m.  ;  and  being  in  weft  longi- 

tude, I  find  alto  the  time  of  her  paffing  the  meridian  the  next  day,  which 
k  igh.  46m.;.  the  difference  of  thefe  two  numbers  is  51m.;  with  this 

I  enter  Tab-  XXVI.  and  the  neareft  number  at  the  top  I  find  is  52'  ;  under 
this  and  oprofite  750  (the  longitude  of  Philadelphia)  is  the  ccnre&ion  u',. 
to  be  added  to  i8h.  55m.;  therefore  the  time  -of  paffing  the  meridian  of 

Philadelphia  is  April  4d..  ic/a.  6m.  fea  account';,  or  April  4th..  7I1.  6m,. A.  M.  civil  account. 

1:0  find  ffi-e  'taoasi'i  declination  when  on  the  meridian.. 

Find  the  time  of  her  coming  to  the  meridian  as  above  ;  turn  the  fhip's 
longitude  into  time,  (by  Tab.  XX. +)  and  add  it  thereto  if  in  weft  longi- 

tude, but  fub  tract  it  in  eaft,  the  fum  or  difference  will  be  the  time  at 

Greenwich.  Take  out  the  moon's  declination  from  page  6th.  of  the  Nau- 
tical Almanac,  for  the  neareft  noon  and  midnight  ;  and  note  their  differ- 

ence if  of  the  fame  name,  but  their  fum  if  of  different  names  ;  enter  Table 

rlier  than  ;he  fea  account  reduces  it  to  aflronomiral  time,  which  is  ufed  in  the  Nautical  Almanac. 

turned  into  ti:ne  wJtfaotK  the  help  of  Table  XX.  by  multiplying  by  4  ftxagefimallv,  putting  the  produft 

■:    and    ly  dividing   by   4,   lime   may   Le   turned    into   degree?,  Sec     Thus,  6o°'X4-«='^o'=<h.  som.  and 
nn.^f.;  in  like  manner  ib.-soru.  or  6ora.  divided  by  4  gives  acAj    3b.  ;f>m     or>  196m,  divided  by  4 ith  the  Table. 
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XXVIII.  with  this  fum  or  difference  at  the  top,  and  the  time  at  Green- 
v/ch  in  the  fide  column,  under  the  former  and  oppofite  the  latter  is  the 

correction  to  be  applied  to  the  declination  which  ftands  find  in  the  Nauti- 
cal Almanac  ;  add.cive,  if  that  decimation  be  incrcafmg  ;  fubtractive,  if 

decreafmp  :   the  fam  or  difference  will  be  the  ti'ue  declination  at  the  time 
01  pailine  .he  meridian. 
r  NOTES. 
1.  Ey  :he  asove  rule,  the  day  of  the  month  on  which  the  moon  pafcs  the  meridian  muft 

b>  utcen  o-.e  left  '.an  t'^e  tea  account  5  when  you  add  to  it  the  longitude  (turned  into  rime)  and 

tlic  r.u  rrs    r  the  ium  exceed  24,  you  mult  fubtfatS  "24'n.  and  add  one  to  the  day  of  the  month  ; 
".- -JtuJe  is  to  be  lubtraited,  and  is  greater  than  the  time  of  palling  the  meiidian,  you 

mu:r,  pievinus  to  the  fubrradtion,  add  24.  hours  to  the  lime  of  palling  the  meridian  and  fuh- 

■V.a~~t  o  e  from  the  day  of  the  month:  the  fum  or  iJirlirence  will  be  the  time  at  Greenwich. 
It  ihis  d.ne  be  left  than  12  hours,  you  muft  take  out  the  declinasion  tor  the  preceding  noon 

and  the  following  midnight •  but  if  it  exceed  12  hours,  you  mult  take  out  the  declination 
foi    he  preceding  miiinigi.t  and  the  following  noon. 

2.  -Wnen  o..s  of  the  declinations  taken  fiom  the  Nautical  Almanac  is  north  and  the  other 

fo'.i  1,  the  difference  between  the  correction  1  f ']  abie  XJXVIIJ.  and  that  declination  which 
ftan.'.s  firft  in  the  Nautical  Almanac,  will  be  the  true  decimation  ;  which  wi  1  be  of  the  fame 

name  as  that  firlf  declination  when  the  correction  of  Table  XXViii.  is  Id's  than  that  firft 
declination,  but  if  greater  it  will  be  of  a  contrary  name. 
3.  In  the  fame  manner  we  may  find  the  declination  for  any  time  in  the  day,  by  making 

liiz  <,f  the  gAven  time  inltead  of  the  time  of  the  moon's. gaffing  the  meridian. 

Example.  Required  the  moon's  declination  at  the  time  of  her  palling 
the  meridian  of  Philadelphia,  April  4,  1S04,  ̂ ea  account  ? 

The  time  of  paffing  the  meridian  of  Philadelphia  was  found  in  .the  pre- 

ceding example  to  be,  April  4d.  19b.  -61m  fea  account,  or,  April  3d.  ]gh, 
6rn.  by  Nautical  Almanac  account  5  to  this  I  add  the  longitude  of  Phila- 

delphia, in  time  5b.  im.  ;*  the  fum  is,  April  4d,  oh.  7m.  The  de- 

clination April  4d.  at  noon  is  210  $6'  S.  and  on  April  4d.  i2h.is  190  59'S,' 
their  difference  is  i°  57'  ;  th:s  being  found  at  the  top  of  Table  XXVIII. 
and  the  time  oh.  7m.  in  the  ftde  column,  the  number  covrefponding  is 

i',  which  fubtracted  from  the  firft  declination  210  $6'  S.  leaves  the 

declination  required  %i°  55"'  S, 
At  the  time  of  the  moon's  paffing  the  meridian,  you  muft  obferve  the 

altitude  of  her  upper  or  lower  limb,  and  correct  it,  bv  the  rules  given  irr 
page  140.  Whir  her  correct  central  altitude  and  the  declination,  find 
the.  latitude  by  the  rules  of  page  151.  Inftead  of  correcting  the  ob- 
feEved  aliitude  by  the  above  mentioned  rule,  you  may  correct  it  by  the 

King  approximate  metltod,  which  fhortens  the  calculation,  and  comes 
jjcar  to  the  truth  when  the  dip  is  about  4  or  5  miles,  which  is  nearly  the 
value  in  common  obfervations  at  fea. 

To  find   the    latitude  by  the  moon 's  meridian  altifudej   obtained  hy    a  fore 
Qjbfervation. 

To  the  obferved  altitude  of  the  moon's  lower  limb  add  1 2  miles,  but 
if  her  upper  limb  was  obferved  fubtract  20  miles  ;  with  this  altitude  enter 
Table  XXVII.  and  take  out  the  miles  corresponding  and  add  thereto,  the 
fam  will  be  the  central  altitude  of  the  moon  ;t  with  this  altitude  and  the 

moon's  declination  found  as  above,  the  latitude  may  be  found  as  by  a  mer- 
idian altitude  of  the  fun* 

•  Philldelphia  is  7«0  ,.;•  \v.  of  London,  or  75°  to'  W.  of  Greenwich  ;  this  lad,  turned  into  time  by  Table  XX.  is  511.  im.  i6f. 
U.t  difference  ariling  rrom  calculating  the  longitude  from  London  inlUad  of  Greenwich  is  very  trifling. 

+  Tne  altitude  obtained  in  thi-.  way  will  fonjetime*  err  2  or  3  miles.  If  you  wifu  to  calculate  it  accurately  proceed  33  follows  : 

Find  the  time  of  "palling  ih.e  meridian,  reduced  to  Greenwich  time,  as  before  ;  tike  out  the  moon's  horizontal  parallax  and  femi- 
di»me'er,  f..r  ibis  time,  fr.rrt  the  7ih.  [.age^of  the  10011th  of  the  Nautical  Almanac  ;  increafe  the  feinj.diameter  b)  tlie  corretticn 
«fTsWt  XVJ.  and  add  it  or  fubtratt  it,  acervre-ing  is  the  lower  or  upper  limb  was  obferved  ;  rul.trtrtt  the  dip  of  the  horizon 

taken  fr^Ti  -fable  XIV.  and  add  the  correction  for  parallax  and  relraaion  taken  frgra  Table  XVUl.  this  illt  tuta  will  belie 
<.ji:.'r.  altitude  ;    with  Nbwh  arti  U»e  declination  die  lati'.uit  may  be  found  u  shove. 
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EXAMPLE  I. 

Suppofe  that  on  the  21ft.  June,  1804,  fea  account,  in  long.  8o°  W.  of 
Greenwich,  the  meridian  altitude  of  the  moon's  upper  limb  was  obferved 
to  be  400  o/  to  the  fouthward  of  me,  required  the  true  latitude  ? 

June  21ft.  fea  account,  is  June" 20th.  by  Nautical  Almanac,  on  which 
day  the  moon  paifes  the  meridian  of  Greenwich  at  roh.  8rn.  and  the  next 
day  at  ioh.  59m.  the  daily  difference  being  51m.  In  Table  XXVI,  un- 

der 52  (which  is  the  neareft  number  to  51  in  the  table)  and  oppofite  to  the 

long.  So0  ftand  12m,  which  added  to  joh.  Sin.  gives  the  time  of  paffmg 
the  meridian,  June  2od.    ioh.  20m. 

d.    h.    m." 
]>  paffes  mend.         June  20  10  20 

Ship's  long.  8o°  in  time  5   20 

Time  at  Greenwich  June  20   15  40 

June  20,  midnight  dec!. 
June  21,  at  noon 25°34/S. 26   27  So 

Difference  o  43 

With  this  difference  o°  43',  and  the  time 
at  Greenwich  15I1.  40m.,  I  enter  Tab. 

XXVIII.  and  find  the  corr.    o°  13' 
this  added  to  25  34  S. 

Alt.  J 's  upper  limb  400  o' ,  Subtract  20 

3  a 
Add  Tab.  XXVII. 

])  's  true  alt. 

5  's  fcenV  dift. 
3)  's  declination 

Latitude 

39  4o 

43 

40  23 

49  37 N- 25  47  S. 

23  50  N. 
gives  the  required  decL         25  47  S, 

EXAMPLE  II. 

Suppofe  that  on  the  25th  September,  1804,  fea  account,  in  long.  900  E. 
the  meridian  altitude  of  the  moon's  lower  limb  v/as  obferved  500  o'  to  the 
fouth  of  me,  required  the  true  latitude  ? 

September  25  fea  account,  is  September  24  by  the  Nautical  Almanac, 
on  which  day  the  moon  paffes  the  meridian  of  Greenwich  at  i6h.  57m.  and 
the  preceding  day  at  15I1.  55m.  differing  ih.  2m,  or  62m.;  in  Table 

XXVI.  under  62'  and  oppofite  the  long.  900  is  15m.  which  fubtradted 
from  i6h.  57m.  leaves  i6h.  42m.  the  time  of  paffing  the  meridian  of  the 
place  of  obfervation.  d.  h.  m. 
])  paffes  merid,  Sept.  24  16  42 

Long.  900  E,  in  time  6     o 

Time  at  Greenwich  Sep,  24   10  42 
})  's  obf.  alt.  low.  limb  500   o' Add  it 

4_>eei, Sep,  24  at  noon 
at  midnight 25°43/N. 26  22 N. 

difference  o  39 

With  this  difference  o°  39',  and  the 
time  at  Greenwich  ioh.  42m,  I  find  the 

correction  of  Table  XXVIII.  o°  35' 
Declination  at  noon  25  43  N. 

Sum  50   12 

Corr.  Tab.  XXVII.  add      36 

J)  Js  correct  alt. 

))  's  zenith  diftance 

])  's  declination 

50  48 39 

26 

12N. 18N. 

.True  declination i6  18N.    Latitude 

6$  30N, 
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EXAMPLE  III. 

Suppofe  on  the  2Cth  November,  1804,  fea  account,  in  the  longitude  of 

1500  W.  the  meridian  altitude  of  the  moon's  upper  limb  was  obferved  6o° 
26',  bearing  north  of  me,  required  the  true  latitude  ? 
Nov.  25,  fea  account,  is  Nov.  24,  by  the  Nautical  Almanac,  on  which 

day  the  moon  panes  the  meridian  of  Greenwich  at  i8h.  59m.  and  the  next 

da/  at  19b.  41m.  differing  42m.  In  Table  XXVI.  under  42'  and  oppo- 
fite  the  longitude  1500  Hands  17m.  which  added  to  iSh.  59m.  gives  igh, 
1 6m.  the  time  of  paffing  the  meridian  of  the  place  of  obfervation. 

d.    h.  m. 

Jpaffes  merid.  Nov.    24  19  16  Obf. alt.}) 'supper limb  6od 26 
Long.  15 o°  W.  in  time         10     o  Subtract  20 

Time  at  Greenwich  Nov. 2 5     5   16  60     6 
Corr.  Tab.  XXVII.  add      28 

0  's  decl.  Nov.  25:  at  noon        o°49/N. 
at  midnight       1  56  S.  })  's  corr.  alt.  60  34 

Sum  2  45  2)  's  zen.  dill.  29  26  S« 
With  this  fum  20  45',  and  the  time  at  ]>  's  declination  0  23  S„ 
Gieenwich   5h.    16m.   I    enter    Table  ■■■  v"  r  j  ■ 
XIVIII.  and  find  the  correction  of  Latitude  2§  49  S« 
declination  j  °  1 2' 
Del.  Nov.  25  at  noon  o  49  N.  In  this  example  you  jauS 

   refer  to  Notes  1 .  and  2« 
Trie  declination  o  23  S. 
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To  find  the  Latitude  by  the  Meridian  Alti- 
tude of  a  Planet. 

ROM  page  4,th.,  of  the  month  of  the  Nautical  Almanac,  take  out  the . 

time  of  the  planet's  paffing  the  meridian  on  the  day  neareft  to  that  on  which 
the  cbfervaiionwas  made  ;  this  will  he  nearly  the  time  of  paffing  the  mer- 

idian of  the  place  of  observation. 

Turn  the  fhip's  longitude  into  time,  and  add  it  to  the  time  of  paiTng 
the  meridian,  when  in  weft  longitude,  but  fubtraci  it  in  eaft,  the  fum  or 

difference  is  the  time  at  Greenwich  nearly.  Take' out  the  planet's  decii- 
ration,  from  the  Nautical  Almanac,  for  the  time  immediately  preceding, 
and  following  the  day  of  obfervation ;  and  note  the  difference  of  the  decln 
nations  when  they  are  of  the  fame  name,  but  their  fum  when  of  diflererfl 
names  i  and  find  the  interval  between  thefe  times  marked  in  the  Nautical 
Almanac  ;  take  alfo  the  difference  between  the  time  firft  marked  in  the 

Nautical  Almanac  and  the  time  of  obfervation  at  Greenwich*  (remarkitg 
that  this  time  is  one  day  lefs  than  the  fea  account)  ;  then,  as  the  former  h-" 
terval  of  time  is  to  the  latter,  fo  is  the  fum  or  difference  of  declinations  to 
the  correction  of  the  declination  taken  firft.  from  the  Nautical  Almansc, 
additive  if  that  declination  is  increafing,  but  fubtractive  if  decreafirg  : 
the  fum  ox  difference  is  the  declination  of  the  planet  at  the  time  of  obfera-; 
tlon.  But  you  muft  obferve  that  if  the  correction  of  declination  be  greater 
than  the  declination  firit  marked  in  the  Nautical  Almanac,  their  difference 
fs  the  declination  which  is  of  a  different  name  from  that  firft  declination. 
.  From  the  obferved  altitude  of  the  planet  (taken  by  a  fore  obfervation) 

fob  trail  the  refraction  a»d  dip,  the  latter  being  in  general  about  4  miles, 

and  the  remainder  fubtracted  from  90°  gives  the  correct  zenith  diitance  1 
with  which,  and  the  declination,  the  latitude  may  be  found  as  by  an  ob- 

fervation of  the  fun. 
EXAMPLE. 

Suppofe  that  on  the  23d  May,  1804,  in  long.  700  W.  Jupiter  pafTed  the 
meridian  to  the  fouthward  of  mc  ;  his  meridian  altitude  being  obfervid, 

was  4c0  2o/,  and  the  dip  4';  required  the  true  latitude. 
May  23,  fea  account,   is  May  22  by  the  Nautical   Almanac;  nowloa 

May  19,  by  the  N.  A.  Jupiter  paftes  the  meridian  at 

To  this  add  the  long.  700  W.  in  time 
Time  at  Greenwich  May  23d. 

Jupiter's  declination  May  19, May  25, 

Difference  10 

Then  fay,  As  6  clays  (which  is  the  interval  between  May  19  and  May  25} 
is  to  3  days  14}  hours  (which  is  the  time  elapfed  between  May  19.  and 

May  22d.  14-jh.)  fo  is  10  miles  to  6  miles,  which  fubtracled  from  90  19'  S» 
gives  90  13''  S.  the  true  declination  at  the  time  of  obfervation. 

tan  at 

9h 

59m 

4 

40 

90    19'  S. 

9      9    S. 

H 

39 

Jupiter's  obferved  altitude 

4:j  • 

2  c/ 

Subtract  4''  for  dip,  and  ir  for  r 
ef»  action 5 

True  altitude 49 

15 

Zenith  diftance 44 
45  N.      . Declination 9 
13  s. Latitude 

35 

32  N. 
•If  you  want   it  more  accurately,  you   read  take  l  prnponional  part  of  tbe  rfilfrrerilS  ot  tii«  list!  of  SSSling  W  iiic  rueridiMl 

given  in  ±e  Nimic.il  Aii.iir.ac,  in  ike  frae  ra»;;:.c;  n  in  (lading  the  dcslicKisa. 
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To  find  the  Latitude  by  Double  Altitudes, 

-ss^3i3s>8ss»- 

HEN  by  resfon  of  clouds  or  other  caufes,  a  meridian  obfervatiori 

cannot  be  obtained,  you  may  find  the  latitude  by  means  of  two  altitudes' c£ 
the  fun  (or  of  any  ceieftial  objeel)  taken  either  in  the  forenoon  or  afternoor.„ 
the  intermediate  time  being  meafured  by  a  common  watch.  This  method 
was  much  improved  by  Mr,  Douwes  of  Amiterdam,  who,  about  the  year 

1 74.0,  conftrufted  a  (tt  of  tables  fimi'iar  to  thofe  of  Table  XXL  of  this  col- lection, by  means  of  which  the  true  latitude  may  in  moft  cafes  be  obtained, 
from  the  latitude  by  account,  by  the  following  rule,,  which  is  adapted  to 
double  altitudes  of  the  fun. 

RULE, 

To  the  log.  fecant  of  the  latitude  by  account  (Table  XXV.).  add  the  leg, 

fecant  of  the  fun's  declination  (Table  XX V.J  rejecling  10  in  each  indexa 
the  fum  is  the  log.  ratio. 

From  the  natural  line  of  the  greateit  altitude  (Table  XXII.)  fubtr-ac't,'  file 
natural  fine  of  the  leaft  altitude  (Table  XXII. j  find  the  logarithm*  of 
their  difference  (in  Table  XXIV.)  and  place  it  under  the  log.  ratio. 

Subtract  the  time  of  taking  the  firft  obfervation  from  the  time  of  taking 
the  fecond,  having  previoufiy  increafed  the  latter  by  12  hours  when  the 
obfervatioas  are  on  different  fides  of  noon  ;  take  half  the  remainder  which 
sail  half  the  eiapfed  time. 

With  half  the  eiapfed  time  enter  Table  XXI.  and  from  the  column  of 
half  eiapfed  time  take  out  the  logarithm  anfwering  thereto,  and  write  it 
under  the  log.  ratio* 

Add  thefe  three  logarithms  together,  and  with  their  fum  enter  Table 
XXI.  in  the  column  of  middle  time,  where,  having  found  the  logarithm 
neareft  thereto;  take  out  the  time  correfponding  to  it  and  put  it  under  half 
the  eiapfed  time.  The  difference  between  thefe  rimes  will  be  the  time  from 
noon  when  the  greater  altitude  was  taken. 

With  this  time  enter  Table  XXI.  and  from  the  column  of  log.  riling* 
take  out  the  logarithm  correfponding  to  it  ;  from  this  logarithm  fubtract 
the  log.  ratio,  the  remainder  will  be  the  logarithm  of  a  natural  number,, 
which  being  found  in  Table  XXI  V.+  and  added  to  the  natural  fine  of  the 

greater  altitude,  will  give  the  natural  fine  of  the  fun's  meridian  altitude, 
which  from  hence  may  be  found  in  Table  XXII.  Having  obtained  the 
meridian  altitude,  the  latitude  is  found  by  the  ufual  method* 

NOTES. 

T.  If  this  computed  latitude  thould  differ  comlderably  from  the  latitude  by  account,  it 
win  be  proper  to  repeat  the  operation,  ufing  trie  latitude  laft  found  inftead  of  the  latitude  by 
account,  till  the  refult  gives  a  latitude. nearly  agreeing  with  the  latitude  ufed  in  ih;  compu- 
tation, 

.    2.     This  problem  is  bed  fuited  to  fituations,  where  the  fun's  meridian  zenith  diftance  is  rot 
much  lefi  than  half  the  latitude  ;•  for  in  latitudes  where  the  fun  approaches  near  to  the  zer.ith, 

•  The  indcv  of  this  logarithm  being  one  let.-,  ihm  the  number  of  figures  contained  ,n  the  dtfeTcrer  cc  »(*tfcofe  natural  Cnet.     Yor Buft  alf?  ofcferve  i£at  ti.cakitudei  Ut  tc  >lfed  arc  the  correft  central  altitude:. 

t  Ti/.r.j  a  n^riit;  ;:' £g .res  c:;*-l :-.  is  index  si  lliat-Jcgarithra  iscrtifed  by  u-.ity. 
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the  o'ofervatiofts  are  to  be  taken  much  nearer  to  noon  ;  and  the  preceding  rule  Inftead  of  ap. 
proximating,  will  in  fome  cafes  give  the  refult3  of  fucceffive  operations  wider  and  wider  fron 
the  truth.  To  remedy  this  diffkuly,  a  fet  of  tables  has  lately  been  puhlifhed  by  Mr.  Brinkley 
at  the  end  of  the  nautical  almanac  for  1799;  but  the  great  variety  of  cafes  incident  to  hi: 
method,  will  hinder  it  from  being  generally  ufed. 

3.  The  times  of  obfervation  ihould  be  taken  to  feconds,  or  at  leaft  to  quarters,  or  thirds  o 
a  minute  of  time  ;  and  the  nearer  the  fun  paffes  to  the  zenith,  the  more  exaft  you  mull  be  ir 
Obferving  the  altitudes  and  noting  the  times. 

4.  The  logarithms  of  Table  XXI.  are  only  calculated  to  to  feconds,  and  for  any  interme- 
diate number  are  found  by  taking  the  difference  between  the  log.  next  greater  and  next  lefs  j 

and  faying,  as  10  feconds  is  to  that  difference,  fo  is  the  given  feconds  to  the  correction  to  be 

applied  to  the  tabular  logarithm  ;  but  when  the  fun's  meridian  zenith  d'iflance  is  great,  the aeareft  tabular  numbers  may  generally  be  taken  without  proportioning  for  the  odd  feconds. 
5.  The  nearer  to  noon  that  one  of  the  obfervations  is,  the  better,  and  in  general  the  elapfed 

time  between  the  obfervations  ought  to  be  as  great  or  greater  than  the  time  of  the  neareft  obfer- 
vation from  noon. 

6.  The  operation  is  the  fame  whether  the  fun  hath  north  or  fouth  declination  :  and  alfs 
whether  the  fhip  be  in  north  or  fouth  latitude.  When  the  fun  hath  no  declination  the  log. 
fecant  of  the  latitude  (rejecting  10  in  the  index)  will  be  the  log.  ratio  ;  and  when  the  latitude 
by  account  is  nothing  the  fecant  of  the  declination  (rejecting  10  in  the  index)  will  be  the  log. 
ratio. 

EXAMPLE   I. 

Being  at  fea  in  latitude  46°  30'  north  by  account,  when  the  fun's  decli- 
nation was  ii°  i'j*  N.  at  ioh.  2m.  in  the  forenoon,  the  fun's  correct  ceo* 

tral  altitude  was  460  55',  and  at  1  ih.  27m.  in  the  forenoon,  his  correct 
central  altitude  was  540  9/.  Required  the  true  latitude,  and  true  time  of 
the  day  when  the  greater  altitude  was  taken  ? 

Times.  Altitudes.  Nat.  Si.  Lat.  by  scc.460  30'  Sec.  0.16219 
H.  M.     $. 

*OW.       11  27  o  540  9'  81055  Dec«  ll    *7  Sec-  0-00848 

3  Obf.        xo     2  O  46  55  73036  Log.  ratio  0.17067 

Slap. Time  1  15   a  Diff.  Nat.  Sines     8019  Log.  Dif.  N.  Sines  3,9041a 
J  EI.  Time  o  4230.  Log.  |  El.Time  0.73429 

H.   M.    S.   

Middle  Time         1   15   10  4.80908 

1  El.  Time  42  30  ■ 

2  Obf.  from  noon  o  32  40     its  log.  rifing  3.00608 
Log.  ratio  fub.  0.17067 

Nat.  numb.  685  correfp.  to  log.    2.8354I 
Nat.  iine,  greater!  alt.  S1055 

-■■  90°oo' 
Sumisnat.fi.  fun's mer.  alt.  81740  equal  to     5450 

Sun's  zenith  diitance  35   10N, 
Sun's  declination  11   17N, 

Latitude  in  46  27 N. 

This  latitude  460  2  f  differing  only  3'  from  the  latitude  by  account, may  be  affumed  as  the  true  latitude. 

By  means  of  the  time  of  the  obfervation  from  noon  above  found  3  2' 40", 
the  error  of  the  watch  may  be  found  ;  for,  in  the  prefent  example,  by  fub- 
trading  32'  40"  from  izh.  we  have  the  time  of  the  laft  obfervation  nh. 
27'  20"  ;  but  the  time  by  the  watch  is  iih.  zf  o"  ;  therefore  the  watch is  20  feconds  too  flow  ;  a  fmall  difference  would  be  found  in  thefe  num- 

bers, if  we  were  to  proportion  the  logarithms  of  Tab.  XXI.  to  feconds.  In 
the  fame  manner  the  error  of  the  watch  may  be  found  in  the  following  examples. 
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EXAMPLE    II, 

Being  at  fea  in  lat  470  19'  N.  by  account,  when  the  fun's  declination 
Tvas  120  i6f  N.  at  ioh.  24m.  A.  M.  per  watch,  the  fun's  correct  central 

altitude  was  490  9',  at  xh.  14m,  P.  M.  his  aft.  was  510  59'.  Requirsd the  latitude. 
k.     at. 
12    0 1   14 

s. 
<? 

0 

Alt.           N'at.  Si,            Lat.  by  ace, 
51  59         78783              Sun's  dec !in. 
49     9         7564* 

—                     Log.  ratio 
DifF.  N.  S.  3 141             Its  log. 

Its  log.  In  col.  of  half  elapfed  time  is 

Col.  of  mid.  time  correfpanding  to 

Its  log.  in  col.  of  rifing  Is 
Log.  ratio  fubtra& 

47°
 

16 

0.16880 
OCIOC3 

t  Obf, 
I  Obf. 

13  14 
10  24 

0 

0 
0.17883 

3.49707 Elapf.  time 2  50 0 

0 

6 

f  E!a.  time 

Subtract 

1  2> 

0  tj 

0.44077 

4. 1 1667 

True  time t  10 0 366543 

0.17883 

3066     the  nat,  num..  gjftkia  Io&  348659 
Nat.  fine  fun's  greateft  alt.        78783 

         qo°  oo' 

Nat.  fine  fun's  merid.  alt.  81849    ~  54     56 

Sun's  zenith  dift.  35       4     N» 
Sun's  declination  12     16     N„- 

Lat.  in  47     20    N. 

j    Here  the  latitude  found  by  computation  may  be  relied  on,  as  it  differs 
but  one  mile  from  that  ufed  in  the  operation. 

EXAMPLE     III. 

Being  at  fea  in  lat.  500  40'  North  per  account,  when  the  fun's  declined 
tiao  was  200  o'  South,  at  ioh.  17m.  A.  M.  per  watch,  the  fun's  correct 
central  altitude  was  found  170  13'  ;  at  nh.  17m.  A.  M.  per  watch,  it 
#as  found  190  4.1'.     Required  the  latitude. 

Times.  Alt.         Nat.  Si.  Lat.  by  ace.  500  40'         6.I9805 
h.    m.    s.  Decl.  ao    ©3  0.02701 

i  Obf.         11  17    o  io19  $i'z±  33682  ■   • 
i  Obf.          10  17     o  17     13  ■=.  29599  Log.  ratio  0.22504 

Elapf.  time     100        DifF.  Nat. Si,  4083  ltscom.log,  3.61098 

I  E lip.  rime  o  30    o        its  log.,  from  col.  half  elapfed  time  is  0.88433 

1     o  50         In  col.  of  mid.  time  correfpbnding  to  ■        4.7203* 

Tree  time     o  30  50  From  noon.     Its  log.  from  sol,  of  rifing  a.95599 
Log.  ratio  fubtratt  0.22504 

538  Nat.  num.  of  *-73v?jS 
33682  Nat.  fine  greateft  alt. 

"$o°  0'        

20     1  34220  Nat.  fine  of  fun 's  met,  alt*"*p*  x'i 

Zen.  cifr,     69  59     N. 
Declinarion  20     o     S.  « 

Latitude       49:  59     N. 
% 
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But  as  this  latitude  differs  41  miles  from  that  by  account,  it  will  Be 
proper:  to  repeat  the  operation,  ufing  the  latitude  laft  found  inftead  of  the 
iatitude  by  account. 

Lat.  laft  found  490  59'         0,19178 Bed. 20     o 0,02701 

Log  ratio  0,21879 
h.  m.  s.         Log.  diff.  N.  fines  3,61098 

-|  Elapfed  time  o  30  o         Its  log.  0,88430 

Middle  time  100         Its  log.  4,71407 

True  time  from  noon  o  300         Its  log. in  coh  of  fifing  is  2,93223 
Log.  ratio  0,21879 

Nat.  S.  fun's  mer.  alt.  34199=20     © 

5T7  Nat.  num.  of         2,71344 
33682  Nat.  fine  gr,  alt, 

900  & 

Zen,- dift,  70     6'N. Decl.  20    o  S* 

The  lat.  50     o  N. 

The  latitude  laft  found,  differing  only  one  mile  from  that  ufed  in  the  op* 
eratLon,  may  be  depended  on  as  the  true  latitude.  Hence  it  is  plain,  that 
the  operation  is  repeated  with  very  little  additional  trouble,  but  few  alter- 

ations being  neceffary. 

EXAMPLE  IV. 

Being  at  fea  in  the'  latitude  6o°  o'  north  by  account,  when  the  fun  was 
on  the  equator,  and  confequently  had  no  declination,  at  1  h.  o  m.>  P.  M. 

per  watch,  his  correct  centraT  altitude  was  28°  53',  and  at  3  h.  o  m.  P.  M, 
per  watch,  it  was  200  42'.     Required  the  true  latitude  ? 

Times.  Lat.  by  ace.  6o°  o  =  0,30103 
h.  Nf.  s,  Alt.         Nat.  Si.  Decl.  o     o  =  0,00000 

1  Obf,         1     o    o  28  c-3  =  48303    — 
2  Obf.         300  20  42  =35347  Log.  ratio         0,30103 

Elap.  T.     200  12956  Its  log,  4,11247 

|  Ela„  T.    100     It6  log.  in  col.  of  ■§  Elap.  time  0,5870b 

2     o  10     Its  log.  in  col.  of  mid.  time  5,00050 

TL'  fivN.   1     o  10     Its  log.  from  col.  of  rifing  3,5348s Log.  ratio        0,30103 

1713  Nat.  num.  3>23379 
483=5 

900  o' 

Nat.  SI.  Sun's  mer,  alt.  50016  r=3o    1  Sun's  meridian  alt, 

59  59  Latitude,, 
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1 6% 

EXAMPLE  V. 

Wanting  to  go  through  the  N,  Channel  among  the  Maldives,  and  by 

account  being  in  latitude  70  40'  N.  the  declination  being  then  zz°  47'  N. 

at  7h.  25m.  40s.  A.  M.  the  true  altitude  of  the  fun's  centre  was  220  $o/ 
and  at  ioh.  31m.  48s.  A.  M.  it  was  found  63°  40' ;  required  the  (hip's 
*rue  latitude  ? 

*  Obfer. 

8   Obfer. 

Times. 
H.    M.      S. 

10  31  48 

7  25  40 

JElaps.Tinae  368 

I  EL  Time  t  33    4 

First  Operation* 

Altitudes.  Nat.  Sine.         Lat.  by  ace.  7°  40'    See.  0,00390 

63°4o'  89623  Declin.       22    47      Sec.  0,03528 

23    30  38268  Log-  ratio.  0,03918 

Log.  of  tlie  difference  4,7x058 Diff.  Nat.  Sines  51355 

Its  logarithm h.   m.  s. 

Middle  Time  3      1   24 
A  Elaps.  Time  fub.  1   33,04 

a  Obf.  before  noon   1    28  20 

Its  log.  in  col.  of  riling 
Lag,  ratio  fubt. 

Nat.  numb,  correfpond. 
Nat.  fine  of  gr.  Altitude  add 

6703 

89623 

^40339 

3,86547 

0,03918 

3,82629 

900  00' 

Nat.  fine  of  Sun's  mer.  alt.      96326  equal  to  74  25 

Sun's  zenith  difrance 
Sun's  declination 15    35  S- 22   47  N„ 

Snip'3  latitude  refultlng       7   12N. 

As  the  latitude  by  account  differs  from  the  computed  latitude,  the  oper- 
ation muft  be  repeated 

Secon-d  Operation. 

Lac.  laft  found     70  ia' 
Sun's  decl.  22     47 

Lng,  ratio 
Log.  of  diff.  of  Nat.  Sines 

Sec.  0,00344 

Sec.   0,03528 

Log.  of  I  Elaps.  Time 

Middle  Time 

J  Elaps.  Time 

%  Obf.  before  noon    1  28  5 

h.  m.  s. 
3  1  9 1  33  4 

H.    M.    S. 

Lo^.  of  I   28  5 

Log.  ratio  fubt; 

3.S6304 O.0387Z 

3,82432 
0,03872      Nat.  Number  6673 
4,71058       Nat.fineofgr.alt.    89623 

  .  900  00' 
0,40339      Sun's  mer.  al.nat.fi.96  296  equal  to  74    21 

5,15269      Sun's  zenith  diftance Sun's  declination 

Ship's  lat.  refulting 

15  39s* 22  47  N. 

7  oSN, 

In  the  former  examples  we  have  confidered  both  altitudes  as  taken  at  the 
fame  place  or  ftation  ;  but  as  that  is  feldom  the  cafe  at  fea,  the  necefTary 
correction  for  any  alteration  of  ftation  muft  be  made  as  follows  ; 

Let  the  bearing  of  the  fun  be  obferved  by  the  compafs  at  the  ir,ftant  of 
.the  firft  obfervation  :  take  the  number  of  points  between  it  and  the 

ihip's  courfe,  corrected  for  leeway,  if  (he  makes  any  ;  with  which,  if  lefs 
than  eight,  or  with  what  it  wants  of  16  points  if  more  than  eight,  enter 
the  traverfe  table,  and  take  out  the  difference  of  latitude  correfpending  to 
the  diftance  run  between  the  obfervation s.  Add  this  difference  of  latitude 

to  the  firft  altitude,  if  the  number  of  points  between  the  fun's  bearing  and 
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the  fhip's  courfe  was  lefs  than  eight ;  but  fuhtraft  it  from  the  firft  altitude, 
i£  the  number  of  points  was  more  than  eight,  and  it  will  be  reduced  to, 
what  it  would  have  been  if  obferved  at  the  fame  place  where  the  fecond 
was.*  The  latitude  deduced  from  thefe  corrected  altitudes  will  be  that  of 
the  fhip  at  the  time  of  taking  t\\t/eco?id  altitude3  and  muft  be  reduced  to, 
lioon  by  means  of  the  log. 

EXAMPLE    VI. 

Suppofe  a  fhip  from  the  Bay  of  Bifcay,  bound  to  the  Engliih  Channel,  in, 
a  brifk  gale  running  N.  by  E.  |  E.  per  compafs,  at  the  rate  of  9  knots  per 

hour,  at  ioh.  om.  A.  M.  per  watch,  obferved  the  fun's  correct  central  alti- 
tude 1 3°  1 S7  bearing  S.  |  E.  by  compafs,  and  at  ih.  40m.  P.  M.  per  watch 

the  fun's  altitude  again  was  found  140  15',  the  latitude  by  account  being 
49°  17'  N„  and  the  fun's  declination  23°  ?8'  S.  Required  the  trua latitude  ? 

The  corre&ian  to  the  jirjl  altitude* 

The.  time  elapCed  between  the  obfervations  is  3I1.  40m.  and  in  that  time 
trie  fhip  failed  33  miles  upon  the  courfe  N.  by  E.  |  E.  which  makes  an  an- 

gle of  1 $\  points  with  the  fun's  bearing  at  the  firft  obfervation  S«  -|  E.  the 
complement  of  which  to  16  points  is  z\  points.  Now  in  Tab.  I.  the 
courfe  z|  points,  and  diftance.  33m,  give  29  miles  difference  of  latitude, 

which  muft  be  fubtra&ed  from  the  firft  altitude  13^  1  %'  becaufe  the  fhip 
fails  above  S  points  from  the  fan  ;  therefore  the  firft  altitude  corrected'  is, 
320  49/-,  which  muft  be  ufecj,  in.  the  reft  of  the  work, 

H.  u,  5,  Alt.         Nat.  Si.  Lat.  by.  ace. '490  if  0,18554 
%  Obfi     13  40     o  140  15' '  ■==.  24615  peel.              23    23    0,03749' 
1  Obf.     10     o     o  12    49  =  22183                                        - — —   

« — ■-- — — -'  ~ — — »  Log.  ratio                    0,22303 
Ila.  f.     340    p..  P^.N^'.^.H^.  Its  log.                       3,3859^ 

I  El.  T.    x  50    q.  Itslo§v  o>335S9 

o  ro  10     Time  correfponding  to  3>94.458 

j   39  50     Its  log.  in  coL  of  rifing  is,  3,9702,8 
Log.  ratio  0,22303 

5588    Nat,  num.  of     3,747 2|. 24615 

900  of- 

Nat.  Si.  M.Alt.  30203  =  17  35 

Zen.  dift.  72  25  No 
Pectination  23  28  S. 

Laitude.  48  57  N. 

— i 

*  This  is  the  only  correftion  neceffary  for  to  make  full  allowance  for  the  run  of  the  fhip  j  and  the  unexperienced  calculator 
rouft  take  care  not  to  fall  i'.no  the  fame  error  .as  Moore,  in  applying  a  correRion  to  the  elapfcd  time  ;  (vid.  Moore's  Epitome, 

Edit.  14,  page  212).  A  1'mall  correftion  might  aifo  be  applied' upon  account  of  the  vitiation  of  tie  fan's  declination  during' tap' interval  between  the  obfcrvationse 
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^s 

But  as  the  latitude  by  computation  differs  considerably  from  that  by  ac 
die  work  muft  be  repeated. 

Latitude  laft  found  480  57*=o,  18262 Declination  23    28=0,03749 

!~Xlapf    .    • 

7     Idle  time 

H.   M.   5, 

I  50  0 

O    IO  O 

Log.  ratio 
Dirt,  N,  S,  2432    Its  log. Its  log. 

Its  Ipg. 

Its  log.  in  coL  of  riling 

Log.  ratio 

Nat.  num.  of 

900
 

Nat
.  

Si. 
 
mer

.  
alt.

    
    

  

17 

0,22011 
3*38596 

°>33S59 

3,94166 %     3  from  noon I    40  O 

5644 24615 

3*97 x  7° 6,22011 

3>75i59 

30259 

37 

Zen.  dill.  72 
Declina.    23 

23  N, 28  S. 

Tr.  lat.    48    55  N. 

This  latitude  differing  only  2  miles  from  that  ufed  in  the  computation 
it  may  be  depended  upon  as  the  true  latitude  of  the  {hip  at  the  time  of  the 
fecond  obfervation.     If  we  had  not  corrected  the  firft  altitude,  the  com- 

puted latitude  would  haye  been  found  -zz  480  40''  N. 

EXAMPLE    VIL 

Sailing  N.  E.  \  E.  by  compafs',  at  the  rate  of  9  knots  an  hour,  a$ 
oh.  31m.  40s.  P.  M.  per  watch,  I  found  the  altitude  of  the  fun's  lower 
limb  2 8°  zo'  above  the  horizon  of  the  fea,  the  eye  being  elevated  20  feet 
above  the  furface  of  the  water,  and  the  fun's  bearing  by  compafs  being  at 
the  fame  time  S.  by  W.  and  at  2I1.  58m.  20s.  P.  M.  by  watch,  the  altitude 

of  the  fun's  lower  limb  was  160  41'  above  the  horizon,  the  eye  being  ele- 
vated as  before,  and  the  latitude  by  account,  at  the  time  of  the  laft  obfer- 

vation, was  480  o'  north,  and  the  declination  130  17''  fouth.  Required  the 
true  latitude  at  taking  the  laft  obfervation. 

The  correction  of  thefe  altitudes  for  femi-diameter  and  dip  is  1 2  miles 

additive,  which  makes  them  280  32'  and  160  53';  the  refraction  corref- 
ponding  to  the  firft  is  2  miles,  and  for  the  fecond  3  miles,  by  fubtra&ing 

which  we  have  the  true  central  altitudes  2S0  30'  and  160  50'.  Now  the 
elapfed  time  between  the  obfervations  is  2h.  26m.  40s.  during  which 

the  Ihip  failed  22  miles  (at  9  miles  per  hour)  in  the  direction  of  N.  E.  ~  E. 
per  compafs,  the  bearing  of  the  fun  at  the  firft  obfervation  being  S.  by  W. 

which  is  i2{  points  diftant  from  the  {hip's  eourfe  ;  new  as  12^  points  want 
3 \  of  16  points,  I  enter  table  I.  and  find  the  eourfe  37  points,  and  diftance 
22,  correfponding  to  which  in  the  latitude  column  is  17  miles,  which  fub- 

trafted  from  the  firft  altitude  28°  30',  leaves  the  corrected  firft  altitude 
280  13';  with  this,  and  the  fecond  altitude  16°  50',  I  calculate  the  lati- 

tude in  the  following  manner  ; 
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h.    M.  s.  Alt.         Nat.  Si.      Lat.  by  ace.  480  o*    0,17444 

1  Obf.    o  31  ij.o       28°  13'       47281         Declin.           *3  17  o,otij% t  Obf.    2  58  20       16    50        28959    1 

                                Log.  ratio  0,18627 
Ela.  T.  2  26  49    Piff.Nat.Si.  1S322        Its  log.  4,2629$ 

fEiaT.  1   13  2o     Its  log.  from  coL  of  \  elapfad  time  0,5023^ — —  * 

1  46  20  .  In  col.  of  mid.  time  correfponding  to  4*95 '57 

9  33  00     Its  log.  from  col.  of  rifing  3,oj4S& 
Log.  ratio  0,18627 

Nat.  Si.  gr.  alt.     472S1  n   .   
674  Nat.  num.  of  2,82865 

©    .-./ 

900  O 

Nat.  Si.  mer.  alt.  47955:2^28  39 

Zen.  dill.   61  21  N. 

Peel,  13  17  S. 

Lat.  48    4  N. 

And  as  it  differs  but  four  miles  from  the  latitude  by  account,  it  may  b« 
taken  as  the  true  latitude  of  the  fhip  at  the  time  of  the  2d.  obfervation, 

QUESTIONS  FOR  EXERCISE. 

1.  Being  at  fea  in  latitude  by  account  390  28'  N.  when  the  fun's  dec- 
lination was  200  41'  N.  at  1  ih.  30m.  15s.  A.  M.  per  watch,  the  altitude 

of  the  fun's  lower  limb  was  obferved  to  be  68°  18'''  45",  and  at  12b.  26m, 
28s.  P.  M.  it  was  700  58',  the'  height  of  the  eye  being  21  feet  above  the, 
furface  of  the  fea.     Required  the  true  latitude,  of  the  fhip* 

Anfwer,  390  28'  N. 
•  z.  Being  at  fea  in  latitude  50°  40/  N.  by  account,  at  ich.  17m.  30s, 
A.  M.  per  watch,  the  altitude  of  the  fun's  lower  limb  was  obferved  to  fee 
170  4|/,  and  at  nh.  17m.30s.it  was  190  3 i\' ,  the  declination  being 
then  20°  N.  and  the  height  of  the  eye  zi  feet  above  the  fea.  Required 
the  latitude  in.  Anfwer,  500  1'  N. 

3.  Suppofe  a  fhip  at  fea  in  latitude  470  34/  N.  by  account,  at  9b.  55m., 
30s.  by  watch,  the  altitude  of  the  fun's  lower  limb  was  17°  24'  bearing 
hy  compafs  S.  by  E.  ±  E.  and  at  12b.  54m.  10s.  his  altitude  was  21°  45f'» 
the  declination  being  then  190  30'  S.  the  height  of  the  eye  20  feet  above 
the  fea,  and  the  (hip's  courfe  by  compafs  was  E„  \.  S,  at  the  rate  of  7  knots 
per  hour.     What  was  the  true  latitude  ?  Anfwer,  470  24'  N«. 

4.  At  1  ih.  28m.  20s.  A.  M.  per  watch,  the  altitude  of  the  fun's 
lower  limb  was  280  I8',  the  fun  bearing  then  S.  by  W.  by  compafs.  At 
2h.  58m.  20s.  P.  M.  his  altitude  was  160  40',  the  height  of  the  eye  20  £eeta 
his  declination  being  then  130  17'  N.  and  the  latitude  by  account 
470  50'  N.  the  fhip's  courfe  during  the  elapfed  time  was  N.  E.  with  her 
larboard  tacks  on  board,*  failing  at  the  rate  of  6  knots,  and  made  half  a 
point  lee-way.     What  latitude  was  fhe  in  when  the  laft  altitude  was  taken  ? 

Anfwer,  480  9'  N. 

.  The  larboard  fide  of  a  fliiv  is  the  lfftide,  when  the  obferver  is  aft  looking  towards  her  bead,  and  (larboard  is.  the  right  fide- 
When  a  (hip  is  failing  with  her  larboard  tacks  onboard,  the  let-way  is  allowed  to  the  right  band;  but  if  her  flarboard  tacks  »r« 

onboard,  it  is  allowed  to  the  left  Hand-  1.  "\"  .""' In  calculating  the  anf  .vers  to  thefe  q;ieftions,  propuylianal  £}JU  were  taken  for  the,  odd  fecondj  ;  &  fraill  djfTerenc,  Weill. fc, 
foiiau  if  the  r.ca,-ci»  logarithms  only  were  taken, 
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To  find  the  Latitude  by  one  Altitude  of  tae 
Sun,  having  your  watch  previouflj  regulated. 

AR
  

U  L  E.* DD  together  the  log.  co-fine  of  the  latitude  by  account,  (Table 

XXV.)  the  log.  co- fine  of  the  declination
,  

(Table  XXV.)  the  logarithm 

in  the  column  of  rifing  (Table  XXI.)  correfpondi
ng  

to  the  time  from  noon 

when  the  obfervation
  
was  taken,  rejecting  20  in  the  index  ;  the  natural 

number  of  the  remainder  (found  in  Table  XXIV.  and)  added  to  the  natural 

fine  of  the  obferved  altitude  (Table  XXII)  will  give  the  natural  fine  of  the 
meridian  altitude,  from  which  the  latitude  may  be  obtained  by  the  common 
rules. 

If  the  computed  latitude  differs  confiderably  from  the  latitude  by  ac- 
count, it  is  beft  to  repeat  the  operation,  ufing  the  latitude  laft  found  in- 

Head  of  the  latitude  by  account.  This  method  of  rinding  the  latitude  by 
a  fingle  altitude  of  the  fun,  may  be  applied  to  any  other  ceieftial  object,,, 

EXAMPLE     I. 

Being  at  fea  in  latitude  4.90  co/  N.  by  account,  when  the  fan's  declina- 
tion was  200  S.  at  nh.  28m.  per  watch  well  regulated,  the  fun's  cor- 
rect central  altitude  was  190  41'  to  the  fouthward  of  me,  Required  the true  latitude. 

Lat.  490   co'  Co-fine     9.80957 
Decl.  20      o  Co-fine     9.97299 

Time  from  noon  oh.  32m.    Log,  rifing  2.98820         Mer.  alt.     zo°  3' 

590  Nat,  num.  2,77076         Dech  20     o 

Obf.alt.  1 9°4 I'Sine  33682   1 

Zen.  dift.    69  57  N, 
Decl.  20     o   S. 

Latitude      49  57  N. 

Mer.  alt  200  3'  Sise34272 

EXAMPLE    II. 

At  fea  in  latitude  by  account  6o°N;  when  the  fun  was  on  the  equator  at 
tq.  om.  P.  M.  per  w^tch  well  regulated*  The  fun's  correct  central  altitude 
was  z8°  £3'  to  the  fouth  of  me.     Required  the  latitude, 

Lat.       6o°  N.  -  Co-fine     9.69897 
Decl.       o  Co-fine   10-.00000 

Time  from  noon  1  h.  log.  rifing  3.C.3243  Mer.  alt.  300  o'   ■  Zen.  dirL  60   o  N, 

1704.  Nat.  num.   3.23140  Decl.  o   o 

Obf.  a!t.  2 8°  £«'  Sine  48303    ■       Lat.  60  o   N, 

Mer.  alt.  30    6    Sine  50007 

«  In  calculating  bv  this  rule,  it  ii  oeceltary  to  have  veur  -watch  well  regulated  ;  this  may  be  done  by  an  obfervation  ta^on  the 
yrt-"iir.jmirt!tng,  or  in  the  evening  following  the  obfervation;  it  being  irnpol&bla  to  regulate  the  watch  and  determine  the 
latitude  by  a  ftr.gle  altitude  without  other  da-a  ;  though  Moore  (in  his  fcpHome,  page  %\%  nB,  EAitian  ti)  fecrws  to  think  If 
may  tt  lone  ;  foe  ill  his  cramples  act  calculated  on  that  fupfxjiuion. 
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To  find  the  Time  at  Sea,  and  regulate  a  Watctii 

-   ^^35^5^r   

E  have  already  noticed  the  difference  between  the  civil,  aftronom- 
ical  and  nautical  computation  of  time  ;  but  as  it  is  a  fubject  of  great  irn*. 
portance,  it  may  not  be  unnecefTary  again  to  repeat,  that  a  civil  day  is 
reckoned  from  midnight  to  midnight,  and  is  divided  into  24  hours]  the 
firft  12  hours  are  marked  A.  M.  the  latter  12  hours  P.  M.  being  reckoned 
from  midnight  in  a  numeral  fucceffion  from  1  to  12;  then  beginning  again! 
at  1  and  ending  at  12.  Aftronomers  begin  their  computation  at  the  noon 
#f  the  civil  day,  and  count  the  hours  in  a  numeral  fucceffion;  from  1  to  24, 
fo  that  the  morning  hours  are  reckoned  from  1 2  to  24.  Navigators  begin 
their  computation  at  noonj  12  hours  before  the  commencement  of  the  civil 
day  (and  24  hours  before  the  commencement  of  the  aftronomical  day)  ; 
marking  their  hours  from  1  to  12,  A.  ML  and  P.  M.  as  in  the  civil  com-, 
putation. 

There  are  two  kinds  of  time,  mean  and  apparent.  Mean  Time  is  that 
fhewn  by  a  clock  regulated  to  mean  folar  time.  Apparent  Time*  is  that 
ihewn  by  the  fun  ;  commencing  at  the  paffage  of  his  centre  over  the  me- 

ridian of  any  place;  There  is  fometirries  a  difference  of  a  quarter  of  an  hour 
between  mean  and  apparent  time  ;  which  is  owing  to  the  unequal  motion  of 
the  earth  in  its  orbit,  and  the  inclination  of  its  axis;  This  difference  is 
called  the  equation  of time ;  and  is  contained  in  page  2  of  the  nautical  al- 

manac. It  is  neceffary  to  take  notice  of  it,  in  determining  the  longitude 

by  any  time-keeper  like  Harrifon's  ;  but  is  not  neceffary  in  any  other  nau- 
tical obfervation,  becaufe  the  calculations  of  the  nautical  almanac  are  adapu 

ed  to  apparent  time. 
We  may  obtain  the  apparent  time  at  fea,  when  the  fliip  makes  no  way 

through  the  water,  by  obferving.  an  altitude  of  the  fun  in  the  morning  and 
noting  the  time  of  obfervation  by  a  watch,  and  in  the  afternoon  obferving 
when  the  fun  is  ait  the  fame  altitude  and  noting  the  time  by  the  farce 
watch  ;  for  half  the  fum  of  thefe  times,'  increafed  by  6  hours  when  one  of 
the  times  noted  by  the  watch  is  before.  I2h0-  and  the  other  after  izh« 
is  the  true  time  of  the  fun's  paffage  by  the  meridian  as  fliewn  by 
the  watch  ;  hence  the  error  of  the  watch  may  be  found.  A  fmall  correc- 

tion is  neceffary  for  the  variation  of  the  fun's  declination  during  the  inter- 
val between  the  obfervations  ;  but  it  is  unnecefTary  to  give  any  examples 

of  this  method,  fince  it  can  be'  but  of  little  ufe  at  fea,  by  reafoii  of  the motion  of  the  veffel.  ( 

The  beft  method  of  obtaining  the  apparent  time  at  fea,'  is  by  obferving 
by  the  fore  obfervation,  the  altitude  of  the  fun's  lower  limb'  when  it 
changes  its  altitude  fafteft,-  or  bears  nearly  eaft  or  weft  ;  to  this  we  muft 
add  the  femi-diameter  and  fub  tract  the  dip  (or  inftead  thereof  add  12 

miles,*  which  anfwers  very  well  for  a  common  fized  veffel)  ;  fubtract  alfo 
the  refraction  taken  from  Tab.  XIII.  and  the  remainder  will  be  the  cor- 

real altitude.-     The  fhip's  latitude  muft  be  found  at  the  time  of  obferva- 

*  Thefr  1a  mi!ct;art  taken  inftesd  rf the  difference  between  the  fcrni-diamctcr  and  Jiri  l.id  is  in  genera!  fuflkier.tly  cxiCU 
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tion  by  carrying  the  reckoning  forward  to  that  time.  The  declination 
muft  be  taken  from  Tab*  V.  or  from  the  Naiitical  Almanac,  and  corre&ed 

for  the  fhip's  longitude,  and  the  diftance  of  the  fun  from  the  meridian  (by- 
Tab.  VI.)  Then  if  the  latitude  and  declination  be  both  north  or  both 

fouth,fubtrail  the  declination  from  900  and  you  will  have  the  polar  dijlance  ; 
but  if  one  be  north  and  the  other  fouth,  add  the  declination  to  900  and  you 
naill  have  the  polar  dijlance* 

Having  thus  found  the  correct  altitude,,  latitude,*  and  polar  diftance,  the 
apparent  time  of  obfervation  may  be  found  by  either  of  the  three  following 
methods,  of  which  the  firft  is  the  mod  fimple,  lince  it  does  not  require  the 
table  of  natural  fines,  all  the  logarithms  being  found  in  Tab.  XXV.  This 
method  is  Amplified  by  means  of  the  table  of  hours  affixed  to  the  table  of 
log.  fines  ;  in  ufing  which,  you  muft  obferve,  that  if  the  fine  or  co-fine  of 
the  logarithm  fought  is  marked  at  the  top  of  the  table,  the  name  of  hour 
either  A.  M.  or  P*  M.  is  alfo  to  be  found  at  the  top>  and  the  contrary  if 
the  fine  or  co-fine  is  marked  at  the  bottom. 

To  find  the  apparent  time  by  the  fun's  altitude* 
First  MethoeI. 

Add  together  the  correcl  altitude  of  the  fun' s  centre ±  the  latitude  and  the 
polar  dijiance  ;  from  the  half fum  fubtracl  the  fun's  altitude  and  note  the  re- 
mainder.  Then  add  together  the  log.fecant  of  the  latitude  (this  and  all  the 
other  logs,  being  found  in  Table  XXV.  J  the  log.  co-fecant  of  the  polar  dijl* 
(rejecting  10  in  each  index  J  the  log.  co-fine  of  the  half  f urn,  and  the  log*  fine 
of  the  remainder,  half  the  fum  of  thefe  four  logarithms  being  fought  for  in  the 
column  cf  log.fineS,  <will  correfpond  to  the  hour  of  the  day  in  the  hour  columns. 

EXAMPLE  I, 

Suppofe  on  the  10th  of  October,  1804,  fea  account,-  at  8h.  zim.  A.  M* 

per  watch,  in  the  latitude  of  510  30'  N„  long.  520  E.  of  Greenwich  per  ac- 
count, the  altitude  of  the  fun's  lower  limb  by  a  fore  obfervation  was  1 3* 

32',  and  the  correction  for  femi-diameter  and  dip  12  miles  ;  required  the 
apparent  time  of  the  obfervation  ? 

By  Example  III;  page  135,  the  declination  is  6°  34/  S;  this  added  to  go* 
gives  the  polar  diftance  960  34/.  To  the  fun's  obferved  altitude  130  32',  I 
add  12  miles  and  fubtracl  the  refraction  4',  the  remainder  is  the  correct  alt- 
13°  4°'- 
O's  Cor.  alt;   13°  40' 
Lat.  ci    30         Secant       o. 20585= 
Pol.  dirt,         96    34         Co-fecant  0.002S& 

Sum 161 44 

-|  Sum 
G's  Alt. 

80 

'3 

40 

Co-fine     9.20067' 

B.em. 

67 

12 Sine           9.96467 

2)19.37405 

Sine  9.68702    corresponding  to  Whitfk  lz 
the  column  marked  A.  M.  is  8h.    7m.  9s. 

Time  per  watch  8h.  21m. 

Watch  too  fall  13      5; 
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Hence  the  time  of  taking  this  obfervation  is  Oft.  10,  8h.  7'  9"  A.M„ 
fea  account,  or,  which  is  the  fame  thing,  Oft.  10,  2oh.  7'  9",  reckoning 
from  noon  to  noon  ;  the  time  by  the  nautical  almanac  being  October  9c!. 
20k,  7m.  9s. 

EXAMPLE  II. 

Suppofe  on  the  iothof  May,  1804,  fea  account,  at  5h.  30m.  P.  M*  per 

watch,  in  lat.  390  54/  N.  long,  by  account  350  30'  W.  of  Greenwich,  the 
altitude,  of  the  fun's  lower  limb  by  a  fore  obfervation  was  150  45',  the  dip 
and  femi-diamefer  being  12  miles,  and  confequently  his  correct  altitude  150 
54/-;  required  the  apparent  time  of  the  obfervation  ? 

By  Example  IV.  page  135,  the  fun's  declination  is  170  28' N.  which 
fubtracled  from  90  °  leaves  the  polar  diftance  72°  32'. 

G's  Alt;         150  54' 
Lat.  39    54         Secant       o.ii^ri 
Pol.  dift.         72    32         Co-fecant  0.02050 

Sum  128    20 

^  Sum  64    10         Co-fine     9.63924 
O's  Alt.         15    54 

Remainder      48    16         Sine  9.87288 

2)19.64773 

Sine  9.82386  correfponding  to  which 

in  the  column  P.  M.  is  i;h~  34*"  z6//  the  true  time  of  day  ̂ Time  per  watch     5     30 

Watch  too  flow  4'  26" 

EXAMPLES  TO  EXERCISE  THE  LEARNER. 

1.  In  lat.  360  39' S.  @'s  declination  90  27'  N.  the  altitude  of  the  fun's 
lower  limb  in  the  morning  was  obferved  io°  33'.*  Required  the  apparent 
time  ?  Anfwer,   7h.  23m.  51s. 

2.  In  lat.  360  21'  S.  O's  declination  8°  44'- N.  alt.  0'sL.  L.  in  morn- 
ing io°  48''*.     Required  the  apparent  time  ?         Anfwer,  7I1.  22m.  1  is. 

3.  In  lat.  29  °  25' N.  O's  declination  23°  20'  N.  obferved  alt.  of  fun's 
lower  limb  in  the  afternoon  140  $8'*.     Required  the  time  ? 

Anfwer,  5I1.  41m. 

4.  In  lat.  30  31'  S.  O's  declination  200  03''  S.  obferved  alt.  0's  L.  L. 
38°  41'*  in  the  afternoon.     Required  the  time  ?       Anfwer,  3h.1Sm.47s. 

5.  In  lat.  1 30  17''  N.  0's  declination  220  io'  S.  in  the  morning  obferved 
altitude  of  Q's  L.L.  360  26/.*   Required  the  time  ?         *Anf.  9b.  17m.  Ss. 

6.  In  lat.  210  36/S.rfun's  declination  30  3")'  S.  in  the  morning  obferved 
altitude  of  the  fun's  L.  L.  350  48'.*     Required   the  time? 

A*nfwer,  8h.  29m.  502. 

•  The  cotrcfuon  fcf.4jr  and  feml-damcer  tciag  it'  additive 
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Second  Method. 

Find  as  In  the  former  method,  the  fun's  correct  altitude,  the  fhip's  lati- 
tude, and  the  polar  diftance  ;  thence  the  fun's  correct  zenith  diftance  and 

the  complement  of  latitude  ;  then  add  together  the  zenith  diftance,  co-lati- 
tude  and  polar  diftance ,  from  half  their  fmn  fubtracl  the  zenith  diftance  and 
note  the  remainder  ;  then  add  together  the  log.  co-fecant  of  the  co.lat.  (this 
and  all  the  other  logs,  being  found  in  Table  XXV.)  the  log.  co-fecant  of  the 
polar -diftance  (reje-cling  io  in  each  index)  the  fine  of  the  half fum,  and 
the  Jine  of  the  remainder,  half  the  fum  of  thefe  four  logarithms  being  found 

among  the  hpg*  co-fines,  correfponds,  in  the  adjoined  column,  to  the  time  ofdaj  „ 

I  mall  work  the  two  preceding  examples  by  this  method. 

EXAMPLE  I. 

900   o'  9°°.^  90*   o' 
©'s  cor.  alt.  13  40  Latitude     51   30       ©'s  dec.     6  34 

Zen.  dift.     76  20  Co-l&.        38  30      Pol.  dift.  96  34 
Co-lat.         38  30    Co-fecant  0.2058c 
PoL  dift.      96  54     Co-fecant  0.00286 

Sum 211  24 

Sine 
4  Sum  ' Zen.  dift. 

105  42 

76  20 

9.98349 

Rem. 
29  22 

Sine 9.690c; 

2)19. 88275 

Co-fine  9.94137  correfpqnding  to  which  in  the 

column  A.M.  is  8h.  7'  9"  the  time  of  day,  which  agrees  with  the  other 
method. 

•    EXAMPLE  II.  ■ 

90°  q'  900  o'  900  o* 
©'scor.alt.  15  54  Lat.       39  54       Q's  dec.  17  28 

Zen.  dift.      74     6  Co-lat.  50     6      Pol.  dift.  72  32 
Co-lat.  50     6         Co-fee.  O.i  15 1 1 
Pol.  Dift.      72  32         Co-fee,  0.02050 

Sum  196  44 

\  Sum       -    98  22         Sine       9*99535 
Zen.  dift.      74     6 

Remainder    24  16         Sine       9.61382 

•     •     •  2)19.74478- 

Co-fine  9.S7239  corresponding  to  which  in  the 
column  P.M.  is  5I1,  34m.  27%  the  time  of  day,  which  agrees  nearly  with 
the  firft  method, 
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By  the  preceding  method  you  may  find  the  beginning  or  ending  of  the 

twilight,  by  calculating  the  hour  when  the  fun's  zenith  diftance  is  1080 
{or  when  the  fun  is  i8°  below  the  horizon) ;  for  by  obfervation  it  has  been 
found  that  the  twilight  begins  or  ends  when  the  fun  is,  at  that  diftance  from 
the  zenith, 

EXAMPLE, 

Required  the  time  of  beginning  and  ending  of  the  twilight,  June  23,  1 804, at  Bofton  ? 

Zen.  dift, 
Co-lat. 
?ol.  dift. 

:o8»  q' 47  37 66  33 Co-fecant 
Co-fecant 

Sine 

Sine 

Sum 

0.13156 0.03744 

Sum 222    JO 

|  Sura Zen.  dift. 

1 1  r     5 

108     0 $.96991 

Remainder 3    5 8.73069 

18.86960 

Half  fum  Co-fine        9.43480  which  correfponds  to 

■zh.  6'  20"  A.  M.  and  9I1.  $%'  40"  P.  M.     Therefore  the  firft  appearance 
of  the  twilight  in  the  morning  is  at  zh.  6/  20'' ;  and  the  end  of  it  in  the 
(Evening  is  at  9b.  $$'  40^. 

Third  Method. 

When  the  fun  or  ftar's  declination,  and  the  complement  of  the  latitude 
are  both  north  or  both  fouth,*  their  fum,  but  if  one  be  north  and  the  other 
fouth,  their  difference  is  the  meridian  altitude. 

From  the  natural  fine  of  the  fun's  or  ftar's  meridian  altitude,  fubtraft  the 
natural  fine  of  the  true  altitude  (both  being  found  in  Tab.  XXII.)  then 
add  together  the  log.  co-fecant  of  the  co-latitude  (from  Tab.  XXV.)  the 

log.  fecant  of  the  fun  or  ftar's  declination,  (from  the  fame  table)  reje&ing' 
10  in  each  index,  and  the  log.  of  the  difference  of  the  natural  fines  (Tab. 
XXIV.).  The  fum  of  thefe  three  logarithms  being  found  in  the  column  of 
rifing,  (Tab.  XXI.)  the  hours,  minutes  andfeconds  correfponding  will  be 
the  apparent  time  from  noon,  if  it  was  an  altitude  of  the  fun  that  was  taken  5 
but  if  it  was  a  ftar,  it  will  be  the  horary  diftance  of  the  ft^  from,  the  me* 
vidian. 

The  two  preceding  examples  are  thus  worked  by  this  third  method. 

„  *  If  the  Aim  exceed  9;0  luMraft  it  from  i8e»,  the  remainder  Will  be  lit  Meridian  dtituae.    Jn  to  rule  tie  eomfleBMotof. 
:£e  latitude  is  called  by  the  lame  name  is  thelatiAidc.   



$Q   FIND    THE    TIME   AT  SEA.* 

EXAMPLE  I. 

Latitude 

1^3 

900    o' 

51    30 N. 

Co-latitude  380  3.0'  N. 
Declination     6    34  S. 

Co-fee,  0.20585  Co-lat.38     30  N. 

Secant    0,00286   ^~ 

Dif.mer.alt.  31     56  N.  fine  52893 

(•) 's  cor.  alt.  1 3    40  N.  line  23627 

Differ.    29266  log.4,46636 

which  in  the  column  of  rifing  is 
4.67507     correfponding    ta 

3h.  52'  51 12 

Subtracted  from  1 2b,  leaves  the  true  time 
Time  per  watch 

*        7 

8      21 

with  the  former  methods, 

Watch  too  faft 
13   $i      agreeing 

Co-latitude  50  06  N. 
Declination  17  28  N. 

M.  alt.  67  34 
Correct  alt.  15  54 

EXAMPLE  II, 

900    o' 

Co-fee.  0.1 15 11      Lat.     39    54 

Secant     0.02050   
Cp-lat.  50    06 

N.  line  92432    h* N.  line  27396 

Differ.  65036    log.  4.81315 

4.94S76  correfponding  t$ 
which  in  the  column  of  rifing  is  5I1.  34'  27"  agreeing  nearly  with  the 
other  methods.        Time  p. watch  5      30 

"Watch  too  flow 
4    27 

To  find  the  apparent  time  ly  an  altitude  of  a  fixed  fiar, 

•Correct  the  obferved  altitude  for  the  dip  and  refraction  (the  dip  being 
generally  4  miles,  in  a  common  fized  veflel.)  Find  the  fhip's  latitude  at 
the  time  of  obfervation,  and  the  liar's  right  afcenfion  and  declination  in, 
Tab.  IX.*  then  add  together  the  ftar's  correct  altitude,  the  fhip's  latitude,  and 
the  polar  diftance  ;  from  the  half  fum  fubtract  the  ftar's  altitude  and  note 
the  remainder.  Then  add  together  the  log.  fecant  of  the  latitude,  the- log. 
co-fecant  of  the  polar  diftance,  rejecting  10  in  each  index,  the  log.  co-fine 
of  the  half  fum,  and  the  log.  fine  of  the  remainder,  half  the  furh  of  thefe 
four  logarithms  will  be  the  log.  fine  of  half  the  hour  angle  ;  take  out  the 
correfponding  time  in  the  column  marked  P.  M.  Table  XXV.  and  apply 

it  to  the  ftar's  right  afcenfion,  by  fubtracting  it  when  the  ftar  is  eaft  of  the 
meridian,  or  adding  it  when  weft  of  the  meridian,  the  fum  or  difference  will 
be  the  right  afcenfion  of  the  meridian  or  mid  heaven.  From  the  right  af- 

cenfion of  the  meridian   (increafed  by  24  hours  if  neceffary)  fubtract  the 
*  The  right  afcenfion  and  declination  of  iliu  Bars  obtained  from  Tab.  IX.  arc  the  mean  values,  which,  when  very  great  arc:. 

racy  is  required,  inuft  be  corrected  for  two  finall  apparent  motion',  difcovercd  by  Dr.  Bradlev  :  one  called  the  Aberration,  depend. 
Sngon  the  velocity  of  light  ;  the  other,  called  the  Notation,  depend. n-  on  a  imall  motion  of  the  car;h's  axis,  caufetl  by  the  itt:.:c. 

fiahof  the  moon.    *Tte  methods,  of  aifovang  f  jr  the-  Aberration  andNuuiie^,  are  tae^ht  in  molt  trwufcsof  Ailronomv, 
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fun's  right  afcenfion  the  preceding  noon  at  Greenwich,  taken  from  page  zd. 
of  the  month  in  the  Nautical  Almanac,  the  remainder  will  be  the  apparent 
time  at  the  fhip  nearly.  To  this  time  apply  the  longitude  of  the  fhip  from 
Greenwich,  turned  into  time,  by  adding  it  when  it  is  weft,  or  fubtra&ing 
it  when  it  is  call,  the  fum  or  difference  will  be  the  apparent  time  of  the 
obfervatiori  nearly  by  the  meridian  of  Greenwich.  Then  enter  Table 

XXIX.  with  the  daily  variation  of  the  fun's  right  afcenfion  at  the  top,  and 
♦he  time  at  Greenwich*  in  the  fide  column,  and  in  the  angle  of  meeting  is 
a  number  of  minutes  and  feconds,  which  fubtra&ed  from  the  above  time 

at  the  fhip,  leaves  the  corrected  apparent  time  required. 
EXAMPLE  I. 

Suppofe,  Sept.  9,  1804,  fea  account,  inlat.  7°45/S.  longitude  3o°i8/E.  of 
Greenwich,  the  altitude  of  the  ftar  Procyon,  being  then  eaft  of  the  merid- 

ian, mould  be  280  i6/  and  the  dip  4' ;  required  the  time. 
J5yTabJX.foryearj8ooProcyon's  right  afc'.  7112  8' 49"     Dec.5°44/  c/'N. 

Variation  in  4!  years  Add         15       Sub,       o  36 

For  the  year  1S04,  Sept.  right  afeen. 

Star's  obf.  alt.     2§°  16' 
Dip  4 

7  29  04 
Dec.5  43  24  N. 

90 

Kef.  Tab.  XIII, 

Cor.  alt. 
Latitude 
Pol.  dift. 

Sam 

I  Sum Alt. 

Remainder 

28 
12 

I, 
2 

28 
16 

7 

45 

95 43 

)*3» 

38 

65 

49 

28 10 

Pol.  dift.       95  43 

Seirant     0.00399 
Co-fee.  0.00217 

Co-fine  y&\2\% 

37    39        Sine        9-7859* 

\  Sum. fn  the  column  P.  M.  is 

Sum  2 j  19.40450 

Sine        9.70225  corresponding  to  which 
4I1.  2m.  os. 

Star's  right  afcenfion    '■ 
Right  afcenfion  of  the  meridian 
Increafed  by 

Sept.  9,  fea  ace.  is  Sept.  8,  by  N.  A.  Sun's  right  af.  nopn   1 1 
Time  at  the  fhip  nearly 

Ship's  longitude  300  i8/  in  time 
Time  at  Greepwich  nearly  14     18     59 

Sun's  right  afcenfion  Sept,  8  uh.  6/  53" 
Sept.  9  1 1     10    29 

Daily  difference  3     36      The  corre&ion  of  Ta- 

ble  XXIX,  correfponding  is  2m.  9s,  which  fubtrafted  from  i6h.  2c/  1  i/A 
leaves  i6h.  18m.  2s.  the  true  time  at  the  fhip  or  4h.  18m.  2s.  paft  mid- 

night. 

T 

29 

4 

3 

27 

4 

24 

27 27 

4 

1 1 

6 

S3 

16 

20 

1 1 

2 1 

12 

«TaM>  XXIX.  is  only  calculated  to  iah.     If  the  time  ̂ t   Greenwich  exceeds  uh 
and  add  it  Co  the  corre&ion,  taken  cut  for  the  reft  of  that  time ;  the  fum  will  be  the  fought  correction. 

nft  firft  take  out  th«  correction  for  J* 
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EXAMPLE  II. 

Sappofe  April  16,  1804,  fea  account,  inlat.  480  56'  N.  long.  66°  W. the  obferved  altitude  of  Aldebaran  when  weft  of  the  meridian,  fhould  be 

220  25',  and  the  dip  4'  ;  required  the  apparent  time  at  the  fhip  ? 
*          '        h-  '  /  // 

By  Table IX.  for  the  yean  80a,  R.Af.    Aldeb.4  24  27     Dec.i6*   C  o"N 
Variation  for  4I  years  Add      15     Add  o  36 

42442     Dec. 16     6  36N. 

9° 

For  the  year  1 804,  R.  Afc, 
Obs.  alt.  Aldeb. 

Dip 

Refraetion 

Cor.  alt.  Aldeb. 
Latitude 
Pol.  dift. 

Sum  2 

-§■  Sum 
Alt. 

Remainder 

22"  25' 
4 

22 21 

2 

22 

*9 

48 

5* 

73 53 

I145 
8 

72 

34 
22 

*9 

P.  dift.  73  53  24 

50     15 
Sum 

Secant     0.1S248 
Co-fee.  0.01741 

Co-fine  9.47654 

Sine        9.8S584 

2)19.56227 

in  the  column  P.  M.  is 
-§  Sum.     Sine  9 .  78 1 1 3  correfponding  to  which 

4I1.  57/  20" 
Star's  Right  Afcenfion  4      24    42 

Right  Afcenfion  of  the  raerid.     9      22      2 

April  16,  fea  ace.  is  Ap.  15,  by  N.  A.  when  ©'srt.af.  noon   1       33    46 

App.  time  at  fhip  nearly 
Long.  66  W.  in  time 

App.  time  at  Greenwich 
Sun's  Rt.  Afcen.  April  15      ih.    -$i'  46" 

April  16     1      37    27 

7      48    16 
4     24 

12      12    16 

Daily  difference  3    4 r. The  correction  cf  Tab. XXIX, 

correfponding  is  \'  51" ,  which  fubtraded  from  7I1..  48'  16"  the  app.  time 
at  the  fhip  nearly,  leaves  7b.  46m.  24s.  the  correct  time  at  the  fhip. 

This  method  of  obtaining  the  time  by  the  ftars  is  certain,  could  a  good 
horizon  be  obtained  ;  but  as  that  is  not  always  the  cafe.,  it  is  beft  t(3  regu- 

late your  watch  by  the  fun. 
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To  find  the  LONGITUDE  at  Sea,  by  the 
Lunar  Observations. 

A  • 
JLJL  MONG  the  various  methods  propofed  for  finding  the  longitude  at 
fca,  none  has  been  more  juftly  celebrated,  nor  is  of  greater  utility,  than 
that  by  meafuring  the  diftance  of  the  moon  from  the  fun  or  a  fixed  ftar? 
nfually  called  the  Lunar  Observations.  To  facilitate  this  method,  a 
work  is  annually  publifhed  by  the  Commiflioners  of  Longitude  in  England, 
which  contains  the  diftance  of  the  moon  from  the  fun  or  a  fixed  ftar,  for 
every  three  hours,  calculated  for  the  meridian  of  Greenwich.  An  obfer- 
vation  of  thefe  diftances  being  made  in  any  place,  the  time  at  Greenwich 
may  be  deduced  therefrom,  which  compared  with  the  apparent  time  of  ob- 
fervation,  will  give  the  difference  of  meridians. 

The  diftances  of  the  moon  from  the  fun  and  proper  ftars,  are  generally  given: 
in  the  Nautical  Almanac  from  one  object  on  each  fide  of  her,  to  afford  a 
greater  number  of  opportunities  of  observation,  and  to  enable  the  obferver 
to  correct,  in  a  great  degree,  the  errors  of  the  inftrument,  or  of  the  adjuft- 
snents,  or  a  faulty  habit  of  obferving  the  contact,  of  the  limbs  ;  becaufe  the 
errors  have  a  natural  tendency  to  correct  each  other,  in  taking  the  mean  of 
©bfervarions  made  with  ftars  on  different  fides  of  the  moon.  Previous  tcV 

making  the  obfervation,  the  Nautical  Almanac  muft  be  examined,  to  fee 
from  what  objects  the  diftances  are  computed,  and  it  is  from  them  only  the 
diftances  muft  be  meafured. 

There  are  only  nine  ftars  from,  which  the  diftances  are  computed  in  the 

Nautical  Almanac  ;  and  as  it  is  of  the  greateft  importance  to  be  able  to' 
difcover  them  eafily,  I  fhall  here  add  a  number  of  remarks  which  will  be 
found  ufeful  for  that  purpofe. 

The  beft  way  of  difcovering  any  ftar,  is  by  means  of  a  celeftial  globe  ? 

If  that  cannot  be  obtained,  the  time  of  the  ftar's  pafling  the  meridian,- and 
its  meridian  altitude,  may  be  calculated,  and  by  obferving  it  at  that  timey 
it  may  be  eafily  difcovered.  The  diftances  marked  in  the  Nautical  Alma- 

nac afford  alfo  to  the  obferver  a  ready  means  of  knowing  the  ftar  from  which? 

the  moon's  diftance  is  to  beobferved  ;  for  he  has-  nothing  to  do  but  to  fet  his 
quadrant  or  fextant  to  the  diftance  computed  roughly  at  the  apparent  times< 
tftimated  nearly  for  the  meridian  of  Greenwich,  and  direct  his  fight  to- 
the  earl  or  welt  of  the  moon,  according  as  the  diftance  at  Greenwich  was 
found  in  the  8th  and  9th,  or  10th  and  1  ith  pages  of  the  month  ;  and  hav- 

ing found  the  reflected  image  of  the  moon  upon  the  horizon  glafs,-  fweep? 
the  fextant  to  the  right  or  left,  and  that  image  will  pafs  over  the  fought 

fiar,  if  above  the  horizon  and  the  weather  clear :  tbe  ftar  is  always  one' 
of  the  brighteft,  and  is  fituated  nearly  in  a  line  perpendicular  to  tie  moon's 
herns,  or,  which  is  the  fame  thing,  in  the  line  of  the  mootf  s  fhorter  axis' 
produced. 

The  computed  diftance  made  ufe  of  in  fweeping  for  the  ftar,-  is  found  inV 
this  manner.  Reckon  the  apparent  time  at  the  fhip  in  the  manner  of 
afhcnoiners  (by  counting  24  hours  from  noon  to  noon,  and  taking  tlie  day 
one  lefs  than  the  fea  account)  ;  to  this  time  apply  the  longitude  turned  in- 
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to  time,  by  adding  in  weft,  and  fub trading  in  eaft  longitude  ;  the  fum  or 
difference  will  be  the  apparent  time  at  Greenwich  nearly.  .  Take  the  dif- 

tances from  the  Nautical  Almanac  for  the  time  immediately  preceding  and 
following  this  eftimated  time,  and  note  the  difference  of  thefe  diftances.  Then 

fay,  as  3I1.  or  1 8o/is  to  the  difference  of  the  diftances,  fo  is  the  difference  be- 
tween the  apparent  time  at  Greenwich  and  the  next  preceding  time  fet  down 

in  the  Nautical  Almanac,  to  a  number  of  minutes,  which  is  to  be  added  to 

the  next  preceding  diftance  taken  from  the  Nautical  Almanac,  if  it  is  in- 
crealing,  but  fubtradted  if  decrealing ;  the  fum  or  difference  will  be  the 
diftance  to  which  the  quadrant  or  fextant  is  to  be  fixed. 

In  fweeping  for  the  ftars  by  this  method,  it  will  often  happen  that  two 
or  more  are  fwept  upon  at  once  :  this  might  caufe  fame  difficulty  to  an  in- 

experienced obferver,  who  would  be  at  a  lofs  to  know  which  to  make  tlfe 
of.  To  remove  this,  the  following  defcriptipn  of  thefe  ftars  is  added, 
which  is  an  improvement  of  that  formerly  publilhed  in  the  American  edition 

of  Moore's  Navigation.  The  defcription  of  Regulus  was  given  by  an  in- 
genious correfpondent. 

x  Arietis.  This   itar  bears  about  weft,   diftant  23°   from 
the  Pleiades,   or  Seven  Stars ;   it  is  of  the  fecond 

^  x  magnitude,  and  m2y  be  known  by  means  of  the 
ftar  7r  of  the  third  magnitude,  fituatedS.W.of  it,  3J 

*  "■  degrees  diftant.     South  of  the  ftar  tt,  at  the  dif- 
+  y  tance  of   if0,  is  the  ftar   v,  of  the  fourth   mag-, nitude.        The   northernmoft   of    thefe   ftars    is 

a,  Arietis. 

Aldebaran.  About  350  E.  of  a  Arietis,    and    140  b.  E;  of 
the  Pleiades  or  Seven  Stars,  lies  the  bright   ftar 

«  if:  *  Aldebaran.      Near   this    ftar,   to   the  weftward, 
are  fix  or  feven  ftars  of  the  third  and  fourth  mag- 

«*         **  nitude,  forming  with  it  a  figure   refembling   the 
letter  V,   as  is  reprefented  in  the  adjoined  figure, 

*  where  Aldebaran  is  marked  ct.     At  the  diftance 

of  230  from  Aldebaran,  in  a  S.  E.  direction,  arc 
three  very  bright  ftars,  fituated  in  a  ftraight  line 
near  to  each  other,  forming  the  belt  of  Orion. 

Pollux.  ;   At  the  diitance  of  45°  from  Aldebaran,  in  the 
direction  of  E.  N.  E.  lies  the  ftar  Poliux,  which 

is  a  bright  ftar,  though  not  of  the  firft  magnitude. 

N.  W.  of  it,  diftant  50,  is  the  ftar  Callor,  of 
nearly  the  fame  magnitude,  and  you  will  almoft 
always  fweep  both  at  Once:  the  fouthernmoft  is 
the  one  to  be  ufed. 

Kegulus.  E.  by  S.  ~  S.    from  r'ollux,  ac  the  diitance  or 

37f  °,  lies  the  ftar  Regulus,  of  the  hjft  magnitude  ; 
4        +  ̂   to  the  northward  of  which  (at  the  diftance  of  8°) 

*  is  a  ftar  of  the  fecond  magnitude  ;  near  to   thefe 
^  site  five  ftars  of  the  third  magnitude  ;  the  whole 

^  forming  a  clufter  refembling  a  fickle,  reprefented 
in  the  adjoined  figure,  R^egulus  being  in  the  ex- 

;fc  Regulus.       tremity  of  the  handle.     A  line  drawn  from  the 
northern  polar  ftar,   through  its  pointers,  paflsa 

about  i?.°  to  the  eaft  ward  of  Regulus, Z 
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Spica,  E.  S.  E.  from  Regulus,  at  the  diftance  of  £4*^ 
lies  the  ftar  Spica,  of  the  firft  magnitude,  with  no 

*  bright  ftar  near  it  :    S.  W.  of  this  ftar,  at  the  dif- 

tance of  about  160,  are  five  ftars  of  the  third  and 
v  fourth  magnitude,  fituated  as  in  the  adjoined  fig- 

*  ̂   9  ure  ;  the  two  northernmoft  of  thefe  ftars  »,  v9 
form  a  ftraight  line  with  the  ftar  Spica,  and  by 
this  mark  it  may  be  eafily  difcovered.  A  line 

*  •  drawn  from  the  northern  polar  ftar,  through  the 
middle  ftar  of  the  tail  of  the  Great  bear,  will  pafs 
near  to  Spica. 

Antares.  E.  S.    Ei  from  Spica,    at   the  diftance  of  46 
degrees,  lies   the  ftar   Antares,  in  26  degrees  of 

4  fouth  declination  ;  it  is  a  remarkable  ftar,   of  a 
reddifh  colour ;  on  each  fide  of  it,  to  the  W.  N.  W„ 

and  S.S.  E.  about  20  diftant,  is  a  ftar  of  the  third 
or  fourth  magnitude,  forming  an  obtufe  angle 
with  it,  no  bright  ftar  being  near. 

a.  Aouil'jE.  N.  E.  from   Antares,  at   the  diftance  of  60°^ 
lies  the  very  bright  ftar  «  Aquilas ;  N.  N.  W.  of 

which,  at  z°  diftance,  is  a  ftar  of  the  third  mag- 
^f.  nitude,  and  S.  S.  E.  of  it,  at  3°  diftance,  another 

ftar  of  a  lefTer  magnitude,  forming  a  ftraight  line 
with  it.  The  ftar  «  Aquilae  is  nearly  of  the  fame 
colour  as  Antares. 

Fomalhaut.  S.  E.   from  «  Aquila?,    at  the  diftance  of  60% 
lies  the  ftar  Fomalhaut,  which  is  a  bright  ftar  of 

high  fouthern  declination,  its  altitude  in  northern 

latitudes  being  fmall,  never  exceeding  200  in  the 
latitude  of  400.  It  bears  nearly  fouth  from  the 
ftar  ct  Pegafi,  diftant  45  degrees.  A  line  drawn 
from  the  pointers,  through  the  northern  polar 
ftar,  and  continued  to  the  oppofite  meridian,  will 

pafs  very  near  to  «  Pegafi  and  Fomalhaut. 

Pegasx.  E.  by  N.  from  «  Aquilae,   at   the  diftance  of 

+  jj  "^  480,  and  weft  from  «  Arietis,  at  the  diftance  of 
/S  •%.  440,  lies  the  ftar  *  Pegafi,  which  may  be  known 

by  means   of  four  ftars  of  different   magnitudes, 
is  ♦  fituated  as  in  the  adjoined  figure,  in  which  a  rep- 

X  *  refents  a  Pegafi,  (5  a  ftar  of  the  fecond  magnitude 

bearing  north  of  it  diftant  r 30  ;  the  others  are  of 
lefTer  magnitude,  and  two  of  them,  %,  ft,  form  a 
ftraight  line  with  the  ftar  x  Pegafi,  and  by  this 
mark  it  may  be  eafily  difcovered. 

General  obfervations  on  the  taking  of  a  Lunar  Qbfer-jatlciz. 

The  accuracy  ef  a  lunar  obfervation  depends  chiefly  on  the  regulation 
of  the  watch,  and  on  the  exact  meafurement  of  the  diftance  of  the  moon 
from  the  fun  or  ftar  ;  a  fmall  error  in  the  obferved  altitudes  of  thofe  ob- 

jects does  not  much  afFecl:  the  refult  of  the  calculation. 
The  beft  method  of  regulating  a  watch  at  fea,  is  by  taking  an  altitude 

of  the  fun  when  it  changes  quickeft,  or  when  it  bears  nearly  eaft  or  weft,  and 

* 
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Itotm?  the  time  by  the  watch.  With  this  altitude,  the  latitude  cf  the  place, 

and  the  fun's  declination,  find  the  apparent  time  of  obfervation  by  either, 
of  the  preceding  methods  ;  the  difference  between  this  time  and  that  fhewn 
by  the  watc-h,  will  mow  how  much  the  watch  is  too  faft  or  too  flow.  A 

iino-le  obfervation  taken  with  care  will  generally  be  exact  enough  ;  but  if 
greater  accuracy  is  required,  the  mean  of  a  number  of  obfervations  may  be 
taken.  If  the  diftance  of  the  fun  and  moon  be  obferved  when  the  fun  is 

three  or  four  points  diftant  from  the  meridian,  the  apparent  time  of  ob- 
fervation may  be  deduced  from  the  altitude  of  the  fun  taken  at  the  precife 

time  of  meafuring  the  diftance  ;  this  wiil  render  .  the  ufe  of  a  watch  un- 

neceffary,  and  will  prevent  any  irregularity  in  its  going  from  affecting  the 
refult  of  the  obfervation.  If  a  night  obfervation  is  to  be  taken,  the  watch 

mould  be  regulated  by  an  altitude  of  the  fun  taken  the  preceding  even- 
ing, and  its  going  examined  by  means  of  another  obfervation  taken  the 

next  morning  ;  for  the  time  found  by  an  altitude  of  a  ftar  cannot  be  fo 
well  depended  upon,  as  the  atmofphere  in  the  night  is  precarious,  and  the 

horizon  generally  ill-defined  ;  but  the  altitude  may  be  fufficiently  exact 
for  rinding  the  correction  ufed  in  determining  the  angular  diftance. 

Although  all  the  inftruments  ufed  in  thefe  obfervations  ought  to  be  well- 
adjufted,  yet  particular  care  ought  to  be  taken  of  the  fextant  ufed  in  meaf- 

uring  the  diftance  of  the  moon  from  the  fun  or  ftar,  fince  an  error  of  i' 
in  this  diftance  will  make  an  error  of  nearly  30'  in  the  longitude  deduced 
therefrom.  When  a  great  angular  diftance  is  to  be  meafured,  the  adjuftment 
of  the  parallelifm  of  the  telefcope  is  of  primary  importance  ;  but  when  the 

diftance  is  lefs  than  50°,  the  telefcope  may  be  difpenfed  with,  ufmg  a  Am- 
ple fight  tube,  taking  care,  however,  that  the  eye  and  point  of  contact  of 

the  objects  on  the  horizon  glafs  be  equally  diftant  from  the  plane  of  die  in- 
strument. 

Whilft  one  perfon  is  obferving  the  diftance  of  the  objects,  two  others 
ought  to  be  obferving  their  altitudes  ;  and  the  watch  either  fjfpended  near 
one  of  the  obfervers,  or  put  into  the  hands  of  a  fourth  perfon  appointed  to 
note  the  times.  The  obferver  who  takes  the  angular  diftance  giving  pre- 

vious notice  to  the  others  to  be  ready  with  their  altitudes  by  the  time  he 
has  finifhed  his  obfervation,  which  being  done,  the  time,  altitudes,  and 
diftance  fhould  be  carefully  noted  ;  and  other  fets  of  obfervations  taken, 
which  muft  be  done  within  the  fpace  of  15  minutes,  and  the  mean  of  all 
thefe  obfervations  muft  be  taken  and  worked  as  a  Angle  one. 

When  a  fhip  is  clofe  hauled  to  the  wind,  with  a  large  fea,  or  when  fail- 
ing before  the  wind,  and  rolling  confiderably,  it  is  difficult  to  meafure  the 

diftance  of  the  objects  ;  but  when  the  wind  is  enough  upon  the  quarter  to 

keep  her  fteady,  it  is  eafy  to  do  it,  efpecially  in  fmall  diftances,  which  are 
much  more  eafily  meafured  than  large  ones,  and  are  not  fo  liable  to  error 
from  an  ill  adjuftment  of  the  telefcope:  an  obferver  would  therefore  do 
well  to  chocfe  thofe  times  for  his  obfervations  when  the  diftance  of  the 

objects  is  lefs  than  700.  An  obfervation  of  the  fun  and  moon  is  generally 
much  eafier  to  take  when  the  altitude  of  the  moon  is  lefs  than  that  of  the 

fun,  becaufe  the  fextant  will  be  held  in  a  more  natural  and  eafy  manner. 
When  the  moon  is  near  the  zenith  the  obfervation  is  generally  difficult  to 

make,  becaufe  the  obferver  is  forced  to  place  himfelf  in  a  difagreeable  pof- 
ture.  For  the  fame  reafon  an  obfervation  of  the  moon  and  a  ftar  is  gene- 

rally much  eafier  to  take  when  the  ftar  is  lower  than  the  moon.  This  fit- 

uation  of  the  objects  may  in  moft  cafes  be  obtained  by  making  the  obfer- 

•  vations  at  a  proper  time  of  the  day.  But  it  muft  be  obferved  that  neither 

of  the  objects,  ought  to  be  at  a  lefs  altitude  than  io°3  upon  account  of  the 
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uncertainty  of  the  refraction  near  the  horizon  ;  for  by  the  Example,  page 

132,  it  appears  that  the  refraft-ion  varies  from  33'  to  36'  40"  only  by  an 
alteration  of  400  in  the  thermometer.  This  alteration  might  caufe  an 
error  of  two  degrees  in  the  longitude. 

In  taking  the  altitude  of  the  moon,  the  round  limb,  whether  it  be  the 
upper  or  lower,  muft  be  brought  to  the  horizon.  In  damp  weather  it  is 
rather  difficult  to  obferve  the  altitude  of  the  ftars,  on  account  of  their  dim- 

riefs,  particularly  a  Pegafi  and  a.  Arietis.  Sometimes  they  are  fo  dim  that 
they  cannot  be  feen  through  the  holes  of  the  fight  vane ;  in  that  cafe  it 
muft  be  turned  afide,  and  the  eye  held  in  nearly  the  fame  place. 

We  have  here  fuppofed  that  there  were  obfervers  enough  to  meafure  the 
altitudes  when  the  diftance  was  obferved  ;  but  if  that  is  not  the  cafe,  the 
altitudes  may  be  calculated  in  a  manner  that  will  be  explained  hereafter. 

F reparations  necejfary  for  nuorkiug  a  Lunar  Obfewation. 

Find  the  apparent  time  of  obfervation  by  aftronomical  account,  which  is 
pne  day  lefs  than  jhe  fea  account  ;  to  this  time  apply  the  longitude  turned 

into  time  by  Table  XX.*  by  adding  it  if  it  be  weft,  but  fubtracling  it  if  it 
be  eaft  ;  the  fum  or  difference  f  will  be  the  fuppofed  time  at  Greenwich, 
or  reduced  time. 

In  page  7  th,  of  the  month  of  the  Nautical  Almanac,  find  the  neareft, 
noon  and  midnight  both  before  and  after  the  reduced  time,  take  out  the 

moon's  femi-diameter  and  horizontal  parallax  for  this  noon  and  midnight and  find  their  differences. 
Then  enter  Table  XII.  with  thefe  differences  in  the  fide  column,  and 

the  reduced  time  at  the  top  ;  oppofite  the  former  and  under  the  latter  are 
the  corrections,^;  to  be  applied  refpeclively  to  the  femi-diameter  and  hori- 

zontal parallax,  marked  down  firft  in  the  Nautical  Almanac  ;  additive  if 
increasing,  fubtractive  if  decreasing  :  the  fum  or  difference  will  be  re., 
fpeftively  the  horizontal  femi-diameter  and  the  horizontal  parallax.  To 
this  femi-diameter  muft  be  added  the  augmentation  from  Table  XVI.  and 
the  fum  will  be  the  correct  femi-diameter  of  the  moon.  The  fun's  femi, 
diameter  is  found  in  the  3d.  page  of  the  month  of  the  Nautical  Almanac. 

To  the  obferved  altitude  of  the  fun's  or  moon's  lower  limb  add  iz 

miles  ;  if  their  upper  limb  was  ufed  fubtract  20  miles  ;  and  from  the  ftar's 
obferved  altitude  fubtrafl  4  miles,  and  you  will  have  the  apparent  altitudes 

nearly  ;  §  and  by  fubtracfin?  them  from  900  you  will  hare  the  apparent zenith  diftances. 

To  the  obferved  diftance  of  the  moon  from  a  ftar  add  the  moon's  femi- 
diameter,  if  her.  neareft  limb  ̂ was  obferved,  but  fubtracf  it  if  her  fartheit 
limb  was  obferved  ;  the  fum  or  difference  will  be  the  apparent  diftance. 
But  to  the  obferved  diftance  of  the  fun  and  moon  add  their  femi-diameters3 
the  fum  will  be  the  apparent  diftance, 

»   Or  by  multiplying"  it  by  4  fcxagenmally,  in  the  manner  dirtBcd  in  the  note  page  154. 

+  When  the  fi.ni  exceeds  24  hour-,  yon  mnft  fubtraft  twenty-Tour  hours,  and  add  one  to  the  dav  of  the  month.  And  when 
Ihe  hour,  to  be  fublratted  ire  more  than  the  hours  nl  the  apparent  time,  24  hours  mull  be  added  tu  the  latter  previous  to  the  nib. 

fraction,  and  one  day  taken  from  the  day  of  the  month.  _    ' 

*  Thefe  corfcElinns  may  be  found  eafilv  without  the  table,  by  faying,  as  12  hours  is  to 
when  trtoro  than  12  hours)  di  is  the  difference  of  parallax  or  femi-diameter  for  12  hours  to 
uSng  the  table  the  redueed  time  may  be  found  to  the  neareft  hour,  or  if  falls  mid-way  bet 
reftions  for  both  hours  may  be  taken. 

s,  Thefe  altitudes  are  fuppoftd  to  be  taVen  by  a  fore  obfervation  ;  and  if  you  wifh  to  obtain  the  apparent  altitudes  to  a  greater 
degree  of  ekaftneft,  yon  ought  to  liihfraft  the  dip  of 'the  horizon,  and  add  or  fitbtraa  the  feuii-diameter  of  the  orje-a  accord- 
Jog  as  the  lower  or  upper  limb  was  obferved,  but  the  application  of  the  above  numbers  will  give  the  altitudes  in  a  common  fi-ed 
veifel,  where  the  dip  is  4  or  4  minutes;'  but  if  the  eye  11, ould  be  vert  hi.*  above  the  water,  you  might  fublraft  1  or  2  minuses 
from  thefe  altitude.;  according  10  the  dip  ill  Table  XIV.  In  the  following  examples  of  lunar  observations  wc  .'hall  luppoie  fee 
dtp  10  :ircord  wi'.k  the  above  numbers 

need  ti 
me  (rejefrtng   12  hours 

■refpont 

lingcorreftion.    WEcr^ .0  hour: 
,  the  mean  of  the  cor. 
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From  the  fun's  refra&ion  in  Table  XIII.  take  his  parallax  in  altitude  ia 

Table  XV.  the  remainder  will  be  the 'fan's  correftion. 
The  ftar's  refraftion  in  Table  XIII.  is  his  correction. 

With  the  moon's  horizontal  parallax,  and  apparent  zenith  diftance,  find 
her  correction  in  Table  XVIII.  which  is  to  be  entered  at  the  top  with  the 

moon's  zenith  diftance,  and  at  the  fide  with  her  horizontal  parallax  •  under 

the  former  and  oppofite  the  latter  is  the  fought  correction.* 
Moft  of  thefe  preparations  are  neceffary,  whatever  method  is  ufed  in 

working  the  obfervation.  The  moft  noted  methods  are  thofe  of  Dujv- 

thorns,  Lyons,  Witchel,  &c.  and  improvements  on  thefe  methods  by- various  authors. 

Dunthorne's  and  fimilar  methods  have  one  great  advantage,  there 
beino-  no  difference  of  cafes ;  but  their  methods  are  tedious  by  reafon  of  the 

o-reat  exa&nefs  required  in  proportioning  the  logarithms  to  feconds.  Lyon's 
and  Witchel's  methods  do  not  labour  under  this  inconvenience  ;  but  they 
are  embarraffed  with  a  variety  of  cafes  :  fometimes  the  corrections  are 

additive,  fometimes  fubtraftive,  and  learners  find  a  difficulty  in  right- 

ly applying  them.  The  following  method  has  all  the  advantage  of 

Witchel's,  without  labouring  under  this  inconvenience.  The  corrections 

being  always  applied  in  the  fame  manner,  the  logarithmic  fines  and  co-  ; 
fecants  need  be  taken  only  to  four  places  of  figures  and  to  the  neareft 

minute  ;  it  being  in  general  quite  unneceffary  to  proportion  for  the  odd, 
feconds. 

Rule  for  correcting  the  apparent  Diftance  of  the  Moon  from  tl:e  San.3? 

Add  together  the  apparent  zenith  diftances  of  the  fun  and  moon  ari 
their  apparent  diftance,  and  note  the  half  fum  of  thefe  three  numbers. 

From  this  half  fum  fubtrac~t  the  moon's  zenith  diftance  and  call  the  dif- 
ference the  firft  remainder.  From  the  fame  half  fum  fabtracl  the  fun's  ze- 

nith diftance  and  call  this  difference  the  fecond  remainder. 

*  This  table  contains  the  correction  of  the  moon's  altitude  for  every  to"  of  parallax  from  53'  to  6«\  and  for  every  degree  of 
zenith  diftance  from  101087°;  and  may  be  found  for  any  intermediate  angle  by  means  of  the  tables  of  proportional  parts  pl.ieeeL, 
5t  the  right  hand  of  every  page.    As  this  table  is  printed  in  a  new  form  we  fhall  give  a  few  examples  to  explain  its  ufe. 

In  finding  the  correaion  from  this  table,  the  degrees  of  zenith  diftance  mull  be  found  at  the  top  (negleBing  the  odd  minutes! 
and  the  next  lefs  parallax  at  the  fide  ;  the  number  under  the  former  and  oppofite  the  latter  is  to  he  referved.  Take  the  difference 
between  this  referved  number  and  the  one  next  below  it  in  the  fame  vertical  column,  and  call  it  d  ;  take  alfo  the  difference, 
between  that  referved  number  and  the  number  in  the  next  right  hand  column  on  tbc  fame  horizontal  line,  (currefponding  to  the 
next  greater  degree  of  zenith  diftance,  which  fometimes  falls  on  the  firil  column  of  ifce  next  page.)  and  call  it  B.  Then  find  d  at 
the  toj)  of  the  little  table  of  parallax  in  the  right  hand  of  the  page  j  under  this  and  oppofite  the  odd  feconds  of  parallax  (found  iet. 
the  column  marked  S.)  is  the  correaion  arifing  therefrom,  which  is  to  be  added  to  the  former  referved  number.  Then  in  the 
other  fide  tables  for  the  zenith  diftance  find  II  at  the  top  and  the  minutes  of  zenith  diftance  at  the  fide,  (being  marked  M  at  the 
top),  under  the  former  and  oppofite  the  latter  is  the  correction  for  the  odd  minutes  of  zenith  diftance,  which  is  additive  except  iia 
the  two  lad  pages  of  the  tables.  Thefe  fide  tables  are  marked  at  the  top  Add  or  Subtract,  fi.  that  there  can  be  fit)  difficulty  in  apply- 

ing thefe  tv.'o  corrections  10  the  referved  number,  in  order  to  obtain  the  correction  of  the  moon's  altitude  for  parallax  ana 
refraction. 

At  the  top  of  the  fide  tables  in  every  page  are  marked  all  the  numbers  that  can  be  wanted  on  that  page  :  in  the  fide  columns  the 
?er.:'h  diftance  is  marked  to  everv  5  minutes  ;  the  correction  for  any  intermediate  minute  may  be  found  by  inlpection.  Tint 
zenith  diftmcesare  marked  at  the  top  of  Table  XVIII.  inllead  of  the  altitudes  ;  by  tbis  means  the  correction  for  the  odd  minutes 
is  additive  in  the  molt  tifeful  part  of  the  table  :  for  a  lunar  obfervation  ought  not  to  be  taken  when  the  moon's  zenith  tliftarm  £ 
a-,  great  as  is  marked  in  the  lalt  page  of  the  table. 

•\fter  a  little  praftice  the  corrections  mav  be  taken  from  thefe  tables  in  a  verv  expeditious  manner- 
Example  I.     Required  the  correaion  ofthe  j)'s  altitude  for  the  zen.  dilt.  55°,  and  parallax  SS'  10"  ? 
Under  .55°  and  oppofite  to  58'  10"  is  the  fought  correaion  46'  18". 
ExAMpr.it  II.    Required  the  correFtion  of  the  J)'s  altitude  for  the  zen.  (lift.  .550  and  parallax  <;8'  16"? 
tinder  5;o  Pn,|  oppofite  to  58'  10"  is 46'  18",  the  difference  between  this  and  the  number  t 

table  of  parallax  marked  9"  at  the  top,  and  oppofite  to  the  odd  feconds  (6)  of  the  moo: 
which  added  to  46'  18"  gives  the  correaion  required,  46'  23". 

>x  ample  III.     Required  the  correaion  of  the  j's  altitude  for  the  zen.  dill.  55°  t  5' and 
Under  55o  ar,d  app„|„.  ,„  5>jo  ,0'  :s  46-  ,8",  the  difference  between  this  and  the  number 

ference  between  it  and  the  number  in  the  right  hand  coluinn  oppofne  to  it  is  ji"=D.  Irrl 
hand  under  d=a",  and  oppofite  6  the  odd  feconds  of  parallax  Hand  5",  additise.  In  the  tal 
oppofite  the  odd  minutes  of  zenith  diftance  1.5  (land  8"  additive.     Therefore  by    adding  .5"  and  8"  to  46'  18",  the  fought  cu, -recti  tra 

•    Exajtoi  IV.  'Required  the  correction  of  tilers  altitude  for  the  zen.  did.  ig°20%  ami  horizontal  parallax  SV  i Oppofite  ,53'  and   under    inO  ftand  16'  50"  ;    the   difference   between    this   and    the    number  oppofite  to  it  in  the  nexr  column  is 
*>=.;>"■     Under  ,51"  in  the  tables  of  zenith  Ji    ar.c-:,  and  oprj  ,fiic  -20'  (the  odd  minutes  of  zenith  rj.ift.ance)  is   17".  to   be  added    to 
jv  -/;-  to  obtain  the  fought  correction,  17'  1 1". 
Exakpek  V.    R-quir.-d  she  correaion  ofthe  Jys  altitude  for  the  zen. did  80O3;',  and  parallax  5  ■:  ? 
Oppofite  5,;'  and  ur.dt'8  0;    48'  56",  to  the  ri.ht  of -which,  in  the  column  marked  81°.  (which  fail,  in  >he  next  nag-)  is  48'  .,.-- 

Their  difference  is  d=z4".     Now  in,h.  file  -v  !■  .  f  ,,  tU  zeniih  diftance,  under -4"  and  opnofite   |   ■  ,,-.     odd  minute   of  zen.  dill.j 
JVind  14",  and  .1-  at  the  top  it  is  marked  fubtr^sl,  11  moil  ie  fubtiafted  from  .;!!'  56",  to  obtain  tlu    i-  .1  u :  I  cot  1  <  .ji  111  48'  41  ", 

*  'In.  rule    is  firuiiar  10  that  for   correfting   be  moon's  diftance  from  a   Oai  ;  the  only  difference  confifts  in  reedimj,  S      .- 

(46'  27") isr/WI. 

rallax  58' 

inthclr-l. 

lfi"  Hand  t" 

[  ,,8'  is" ; 

,146-7-' 

is  Q"=d  s 

and  the  et" 
:  Bible  o( 
euith  dill 

parallax 

at  the  vigil 

r  D=32'>ari 
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To  the  conftant  log.  9.6990  add  the  log.  co-fee.  of  the  half  fum,  and. 
the  log.  fine  of  the  apparent  dift.  (both  taken  from  Tab.  XXV.)  the  fum, 
rejecting  20  in  the  index,  is  a  referred  logarithm. 

To  this  referred  logarithm  add  the  log.  fine  of  the  fun's  zenith  diftanoe, 
the  log.  co-fecant  of  the  firft  remainder,  (both  taken  from  Tab.  XXV.)  and 

the  proportional  log.  of  the  correction  of  the  fun's  or  liar's  altitude  (from 
Table  XXIII.)  ;  the  fum,  rejecting  30  in  the  index,  will  be  the  propor. 
log.  of  the  firft  correction,  to  be  found  in  Table  XXIII. 

To  the  referred  logarithm  add  the  leg.  fine  of  the  moon's  zenith  diftance, 
the  log.  co-fecant  of  the  fecond  remainder  (both  taken  from  Table  XXV.), 

and  the  prop.  log.  of  the  correction  of  the  moon's  altitude  (from  Table 
XXIII.) ;  the  fum,  rejecting  30  in  the  index,  will  be  the  prop.  log.  of  the 
fecond  correction,  to  be  found  in  Table  XXIII. 

Then  to  the  apparent  diftance  add  the  correction  of  the  moon's  altitude 
and  the  firft  correction,  and  fubtract  the  fum  of  the  fecond  correftion  and 

the  correction  of  the  fun's  altitude  ;  the  remainder  is  the  corrected  diftance. 
Take  the  difference  between  the  correction  of  the  moon's  altitude  and 

the  fecond  correction ;  with  that  enter  Table  XIX.  and  under  the  correct- 

ed diftance  take  out  the  number  of  feconds  correfponding ;  and  in  the  fame 

column,  oppofite  the  correction  of  the  moon's  altitude,  take  out  the  number 
of  feconds  correfponding  ;  the  difference  between  thefe  two  numbers  is  a 
number  of  feconds  to  be  added  to  the  corrected  diftance,  when  lefs  than  90 
degrees ;  but  fubtracted,  when  abore  90  degrees  :  the  fum  or  difference 
•will  be  the  true  diftance,* 

To  determine  the  longitude  from  the  true  dAJiance, 

In  the  Nautical  Almanac,  among  the  diftances  of  the  objects,  from 
page  8  to  11,  look  for  the  computed  diftance  between  the  moon  and  the 
other  obferred  object  for  that  giren  day  ;  if  it  be  found  there,  the  time  at 
Greenwich  will  be  found  at  the  top  column  ;  but  if  it  falls  between  them, 
as  it  generally  will,  take  the  difference  between  the  diftances  that  ftand 
immediately  before  and  after  the  computed  diftance,  and  alfo  the  difference 
between  the  diftance  ftanding  before  it  and  the  computed  diftance. 

Then  from  Table  XXIII.  take  the  prop.  log.  of  the  firft  found  difference,, 
and  the  prop.  log.  of  the  fecond  found  difference,  and  the  difference  be- 

tween thefe  two  logarithms  will  be  the  prop.  log.  of  a  number  of  hours, 
minutes,  and  feconds ;  which,  being  added  to  the  time  ftanding  orer  the 
firft  diftance  in  the  Nauticai  Almanac,  will  give  the  true  time  at  Green- 
wich. 

The  difference  between  this  Greenwich  time  and  that  at  the  fhip,  turned 
into  degrees  by  table  XX.  will  be  the  longitude  of  the  place  of  obfervation, 
reckoned  from  the  meridian  of  Greenwich,  which  will  be  eaft  if  the  time  at 
the  fhip  be  greater  than  that  at  Greenwich,  but  if  it  be  lefs,  the  longitude 
■will  be  weft. 

*  The  didance  obtained  bv  this  rule  is  not  exacYly  the  - rue  diftance,   for  it  requires  feveral  fmall  cnricflions  to  obtain  it  true  to 
the  nearett  fecund,  viz.  |  i  ,  The  refraaion  taken  from  Ta 

bJe'-Xili.    iliould  be  corrcded  for  the  different  heights  of  the  Barometer and  Thermometer,  as  directed  in  pace  132.     (1)    A  c/rreri ion  fhould  beapnlicd  firthe  fpheriodical  figure  of  the  earth.       And  f.; 

a  correaion  equal  to  the  fourth  currcaton  of  "vViichci's  nv :thod  given  in  page  6a  of  the  appendix  of  the  fecond  edition  of  the  H,". qnifite  TabJcs  of  Mifkelvne,  llmnld  aifo  be  applied.— But to  notice  all  thefe  corrections  would  increafe  the  calculation  vcrv  much. 
and  die  refullof  a  fin-le  obfervation,  in  which  all  thefe  tl .inj;.  were  noticed,  would   probably  not    he  fo  accurate  as  the  mean    of 
two  01  three  obfervation:,  5ake.11  at  uifferem  litaes  of  the  i a>,  in  which  dide  corrcaiuiK  were  neglected. 



XUNAR    OBSERVATIONS. 

Example    I. 

Suppofe   the    igth  Feb.  1804,   fea  account,  the  diftance  of
  the  farthefr. 

limb  of  the  moon  from   the  ftar  Regains  was  obferved  76°  36
'  o",    the 

altitude  of  the  moon's  lower  limb  86°  28',  the  altitude  of  Regulus  14    1
3-. 

the  apparent  time  of  obfervation  6h.  zSvn.  P.M.  the  long,  by-ac
count  njj 

W.  of  Greenwich.     Required  the  true  longitude  ? 

Preparation, 

Feb    19,  Scaaocatrm,  i 

ft':,  3  D.  at  midnight 
Noon,  Feb-  19, 

Difference 

Tab  XII. 

Aug.  (Tab.  XVI.) 

J--.S.  D. 

,6>    3» 

»5    ':* 

eb.  lS,  by  Nautisal  Aln 

Longitude  1 150  in  1 

Reduced  time 

J$  Hor.  Par. Noon 

Difference 

Tib.  XII. 

Hor.  Par. 

lidnight 

58     5' Cor.  for  Par  58'  50"  and  7..  D-  3' 
d.  =  o  and  Par.  1" 
D.  =  60"  and  Z.  D.  20' 

Cor    fsall. 

«•    3'43"  is  its  correction  in  alt. 

J)'s  app.  alt. 

>jt's  obf.  alt. Dip. 

*  app.  alt. 

*zen.dift. 

Ohf.  did    76O  36'  o" 
D'sS.  D.  16  iS 

App.  di(S.  76    >o  4? 

To  find  the  correel  diftance  and  longitude. 

arent  diftanee 
h  diftance 

TJt'i  zenith  diftance 

SP?. 

Half  Turn 

2>-s  zcn.  dill. 

Firft  remainder 

Halffum 

%'szen.  dift. 

Apparent  diftance 
A  j j       5  Fttfl  correction 
Add      Jcorr.jsah. 

SSee<.nd<orre; 

JCorr.  3(:alt. 

77 
3 

45 

74 

=  5 

77 

7.5 

45 

51 

1      ,54 

3! 

Corr.  Tab.     XIX. 

OrreP.  diftance 

?:?.» 

Conflant  lop. 
Halffum  77°  45' 
Diftance  76020 

Refervcd  logarithm 

*  zerV.  dift.  75°  5.' Firft  rem.        74    55 

*  Corr.  in  ah.  3-43 

Firftt 

Sine 

Co.  fee. 

PL. 

7.26        P.  L. 

9.6900 

9.61165 

C)  y!!Wj 

,0.0.63 
'■fi8.j» 
'■3845 id  Iog-mthn 

:2b.  =770 

ljh.  =76 

'  at  Green 
at  (hip 

'     44     7 

76 

48 

5  5 

1     2,5  43 

ah 

28' 

12" 

Mh 

6 

.  28' 

28 

12" 

3  S*   p'  L- 

P.  L. 

P.  I.. 

.- ^Mia'S"  W 



184. LUNAR    OBSERVATIONS, 

Example  II. 

Suppofe  the  19th  January,  1804,  fea  account  at  4I1.  3  5:'  P.M.  in  the 
long,  of  S8°  E.  of  Greenwich  by  account,  the  diftance  of  the  fun's  and 
moon's  neareft  limbs  was  obferved  700  26'  io",  altitude  of  the  moon's 

upper  limb  520  33',  altitude  of  the  fun's  lower  limb  270  55'.  Required 
the  true  longitude  ? 

Preparation, 

Jan.  19th  fea  ; ,  is  Jan.  lSihbv  N.  A. 

Long.  8S°E.  fubtraa, 

8'iS.D.  Jan.  ,TatI 
Jan.  i3atn 

Difference 

Table  XII. 

Aug.  Tab.  XVI. 

J's  femUiam. 

0'srefraaii 

©'spar. 

idnigbt 

Corr.  0's  alt 

J)'s  Hor.  Par.  midnight     59' Noon  59 

Difference 

Tab.  XII. 

J's  Hor.  Par.  59 

Cor.  for  Par.  59!  10"  and  Z  D.3 
d.  =  6"  and  Par   5" 

D.  =  48"  andZ.D.  47' 

Olif.  dift. 
»'-  S,  D. 

0'sS  D 

App.dift. 

Corr.  J's  alt.  3,5    35 

70O2S'  to" 

J's  app.  alt. 

0's  app.  alt. 

O's  zen.  did. 

To  find  the  eorrecl  diftance  and  longitude* 

;=°  3.3' 

37  47 

27°  5.5' 

Aypart T.-  sen 
ml  diftance 
ith  dillance 
nith  diilance 

Sum 

Half  [i 

2*  *er 
1.  diftance 

iftrerr .ainder 

IMff, 

0's  re; 
a.  dift. 

2nd  rei aainder 

Appar, Add  < 

:ntnitfanre 

iftcorr-Bior 

Corr.  J's  alt. 

Sub.  5 cr.d  SCTr.  48' 
Cor.  0's  al.  1 

Cor.T.XiX.  S^Difl 

Correct  diftance 

=3 

26 

7«0  58' 

.35 

49"
 

.5.5 
3.5 71     37 

•9 

70    46 
add 

5« 

3 

70    47      . 

Conftamlog. 

Half  fum  8.50  19'  co-fee. 
Diftance  70    59  line 

Rcftrved  log. 

0's  zen.  dift.' 61°  53' fine 
lit  rem.  47    32  co-fee. 

Corr.  0's  alt.  ,'  39"  P.  L. 

9.6990 
10.0014 

997.5s g.6760 

9-94.55 

10.1321 
2.0378 

lftcorrcftions  55  P.  L.        1.7914 

BvN.A.  Dif.  i7d.2in. 

Differ. 

Time 
Add 

Referred  lop.  9  6-60 
J's  zen.  dift.  37°  47' fine  9. 787a 

Corr.  J's"alt.  35'  35"  P.  L.'jxiJ 

uid  1 

.48'42"P.L. 

Diff.Iong.ml 

690 

.5.5'
 

33 

26" 

¥7 

1  38   > 

6y 

7°. 

55 

4' 

2S 

51 

3.5 

ih. 

34'
 

44"
 

22ll. 

4 

34'
 

35 

44"
 

" » l6=K 

P.L. 
P.L. 

5S77 



JLUNAR    OBSERVATIONS, 

*85 

EXAMPLE    III. 

Suppofc  the  31ft  March,  1804,  at  3I1.  48'  A.  Mi  fea  account,  in  the 
longitude  of  1550  W.  of  Greenwich  by  account,  the  diftance  of  theneareft 
lirab  of  the  moon  from  the  ftar  Fomalhaut  was  8o°  48'  3",  the  altitude  of 
the  ftar  230  59'",  the  altitude  of  the  moon's  lower  limb  55°  36'.  Required 
the  true  longitude  ? 

Preparation* 

March  31,  fez  account  r,  March  39  bv  ttf.  A.  jh.  48'  A.  M  or  Mar.  301!.  15b,.  4811 
Longitude  155°  W.  in  time  Acid  .  10     ao 

5':  S.  S.  at  noon rnTdnigl 

Difference 

Table  XII. 

Augm.Tab.XVi. 

fcs  Si  v. 

Reduced  ti 

i-4'  50" J'iHor.Par lidnight         54     36 

Table  XU, 

2)\  Hor.  Par 

Cott.  for  Par.  54'  ao"  a 
d.  =  6"  and  Par  8" 
D.  =  45"  and  Z.  D.  Is 

Corr.  fa  alt. 

Obf.  Did.    80° 48'   3" J)-sS.D.  15     3 

d  Z.  D.  34° 

J's  app.  air. 
J's  zcn.  dill -■£'s  obf.  alt. 

Dip 

^:'s  app.  alt. 
J(c's  zen.  dift. 

Jfc's  refraction  a*  8"  is  its  correction  in  alt. 

App.  difl.     8i     3    S 

To  find  the  correel  diftance  and  longitude* 

5.5°  38-* 
55  48 

34 12 

Auyarem  diftance 
£■;  zenith  diftaucc 
.£•;  zenith  diftance 

Sura 

Half  fum 

2>'a  zen.  diftance 

•.ft  remainder 

Half  fum 

A's  zen.  diftance 

2nd  remainder 

8:0  3. 

181 
M 

93 

34 

40 

56 

28 

Conftant  logarithm  9. logo 

Half  fum  90O  40'  co-fec.  lo.oooo 
Diftance  Si     3  fine  9.9947 

Referved  log.  9-6937 

%'szen.  dilt.650  5'Gne  9.9610 
ill  rem.  56  28  co-fec.  10.0791 

9fc'scor.inait.a>6"P.L.   1,9262 

jft  corr.  3'  56"  P.  L.         1.6600 

By  If.  A- dif.  Mar.  31am 

Referred  Ior. 

£'«  zen.  dill.  340  ,,-fine 
and  rem.  24    35  co-fec. 
Cor.  j)'s  alt.  29'  59"  P.  L. 

2nd  cor.  44'  ,55"  P.  L. 

81O39'  18" 

80  17     7 

5,691.7. 

9-7498 

10,3809 

^  7784 

6008 

Apparent  diftance 

£<~orr.  £s  altitude 

8i"  3'  6 

3  £8 

29  5» 

Sub. and  corre&iou  44'  eg'  5 
Corr.  *'s  alt.    \>    8"  J 

Table  XIX.    5  '  < 

Corr/>£  diaancs 

80  49  58 

80  49  59 

:firftdir.  Mar.  3ld. 
ih.  43'  0" 

t  Greenwich  Mar.  31      1 
tfhip  Mar.  30   15 

P.t. 
P.t, 

DilTi  is  long-  in  tic 
"li'fi  0'  W, 

SSl3 

«2l8 

Aa 



K&t 1UNAR    OBSERVATION-!* 

EXAMPLE    IV. 

Suppofe  the  following  obfervatiorrs  were  made  May  18,  1S04,  fca  ac» 
count  at  7I1.  15m.  25s.  P„  M.  the  diftance  of  the  nearcft  limbs  of  the  fun 

and  moon  1060  $r  S&")  altitude  of  the  moon's  upper  limb  230  30',  altitude- 

©f  the  fun's,  lower  limb  ii°54a;  the  longitude  by  account  being  24.0  W'» 
Required  the  true  longitude  I 

Preparation* 

?psS.  D-  at  norm 
at  midnight 

Difference 

Xible  XII. 

Augro.  Table  XVI'.. 

fifern.  diam. 

5'S  refraftion 
9*s  parallax 

Corr.  ©'s  alt. 

>5    7 
6 

>5   >3 

Cor,  J)'s  alt 48    30 

May  18,  Sea- account  is  May  i 
f.  by  the  r&n 

longitude  '. 

itiral  Al 
!4°-W. ; 

h.  m.  r. manae,  at  7   15  25 

n  time         1  36 

Reduced  time May  i7d.  B  51  >5 

JysHor.  Par.  noon midnight 

Difference 

Table  XII. 

55'    45" 
5.5     n6 

19 

»4 

J'lObf.  alt. 

gjbtraa 

}\  app.  alt. p"s  rcn.  did. 

IPs  Kor.  Par. 

5S    3' 

©'s  obf.  alt. 

Add 
©•s  app.  alt. 
©'sicn.tlift. 

for.  Tor  Par.  55'  30"  and  Z.  t>.  660 
d.  =  10"  and  Par.  1" 
IV  =17"  and  Z.  D.  53' 

48'    35" 

'4 

Ohr.  d;r. 
D'sS.  D. ©•5  s.  n, 

App.  din. 

10GO    3'  ,58" 

To  find  the  correal  diftance  and  longitude** 

Apparent  diflanci 
JV<  zenith  rtiitant 
©•»  zenith  d.ftan 

Hairfum 

J)'s  «...  dift. 

Half  fum 

©'s  zenith  diflance 

end  remainder - 

60,50 

Conflant  lofprith'm Half  fojnwy>  .•<»,' co-fee. 
Dillance    .06  3.5  line 

Referred  logarithm 

©•szen. did.  7,0,54. fifre 
id  rem.  ,58  49  co-fee. 

©•s  all.  4'  is".  P.  L. 

Co 
ill  correction  6'  14"  P.  L-. 

Diftance  at    oh- 

.9.6.790 

9.981-5 

9.7706 

9.999.". 

10.0078 '■6yo 
Refervcrl  log. 

J's  zcn.  dift.  660^0'  fine ■2nd  rem.         47    45  co-fee. 

Corr.  J)',  alt.       48'  50" 
2nd 

l=-6'  41" 
P.L. 

r.  l. 

9.77*.  <!■ 

9.9035 

5S6S 

«'3 

Apparent  riiftanr 

Add  \  i'1  corr?f ' 

Sjt. 
nd  corrcft 

:orr.©'Sa 

06'4i" 

Table  XIX.    S'^?Sub 
Correft  diMnco 

48.50 
Diftance  SI  9h. 
Currecl  diiUiice 

Time  at  (iiip 

Longitude  in  time 

• 

=■•4 

54 loft 

u, 

<» 

icf> 

>9 

H 

6 59 

oh. 

»4' 

48"
 

5 

9 

•4 

,8 

" 

•# 
*5 

59  ?-3=s9a  5>'  W 

2^4 



1..UNAR    OBSERVATIONS. 

187 

EXAMPLE    V. 

■Suppofe  that  on  the  17th  July,  1804.,  ̂ a  account.,  at  yh.  21m.  P.  M. 
in  the  longitude  o£  85°  W.  per  account,  the  diflance  of  the  farthoft 
iimb  of  the  moon  from  the  ftar « Aquilae  was  74°  46'  48",  altitude 
of  the  liar  210  32',  altitude  of  the  moon's  upper  limb  260  52'.  Required 
the  true  longitude  ? 

Preparation, 

iangi 
17,  *a lude  8 50  Well, 

Rcdut :edtiir 

l<! 

£v  S.  D.  at  midnight 

»*'  48" 
July  17,  at  noon M  49 

Difference > 
Table  XII. o 

Aug     Tab.  XVI. 
>4  4» 

7 

J)'s  feraidiamctcr 

'4   55 

s  July  16  by  N.  A. 

July  i6d.    13      t 

5's  Hor.  Par.  midnight       54'    Bo" noon              ,54    21 Ali.JMJ.I.. SubnaS 

13 

Difference                                             1 

Tab.  XII.                                            o 
It*  ajp.  alt. ,»'j  zen.  dill. 

26    32 

63    =8 
*  Fom.  alt. 
Subtract 

*  App.  alt. *  zeu.  dift 

11032' 

4 D'sHor.Par.                            54     ,0 

;«.  Tor  Par  54?  20"  and  Z.D.Sj°  is  46'    34" 
D.  b  ao"  and  Z.  D.  28'                               u 21    28 

68  31 

Cor.  J\  alt,                                         46    43 

*'s  refraction  2'  24"  i 
Ohf.  diB.     74046-48" 
D'sS.D.              .455 

s  its  correction. 

App.  dif.     74  31  53 

To  find  the  correal  dijlancc  and  hngitu.de » 

Apparent  diflance 
J-»  zeniihdiftance 
Jfc's  ren.  diilante 74032' 

63  28 68  32 
Conftant  logarithm             9.S990 
Half  ruin  10,,0,6'co-fec.  10.0117 
Diflance    74  32  line          0.584a 

Turn 

Half  Turn 

J"s  zenith  diftance 

226  32 

103  16 
63  28 

Referred  logarithm             9-6947 

Jfr's  zcn.  dill.  68=  32'  fine  o,.u688 
it*  rem.  39O  48'  co-feel   10.1937 
Cor.  ~Jf.\  alt.  2'  24" 2.  t.  1.8751 

Refcrvcd  logarithm     • 
D'jzen.  di(l.-6-,°28'     fine 
2nd  rem.        34  44  co-fee 

Corr.  D's  alt.  46-4  j"  P.L- 

9-S947 

99.517 

.ro.2443 

5058 

.ill  remainder 

39  48 

Firftcorr.    3' 20"  P.  L.    1.7323 Second  cor.  i°  o'  5"  P,  iL. 476/j 

Half  Turn 

*'s  tenith  dill. 
>o,  16 68  32 

Second  remainder 

Apparent  diftance 
...JFirftcorreaic 
A'd*  Correction  ))': 

34  44 

.alt. 

Diftance  at 

74°  3i'mS3" 

3    « 

4<>     43 

i2h.  74O  54'  s» ■5h    73    37  57 

1     16      8           P.  L.  3737 

Tab.  KIX  <  J  J   di.T.  ; 

Cotrcet  difhncc 

75    ! 
•1     56 

2      21) 

74 
19    27 

s 
74 

»9  3* 

at  Creenwi at  the  (hip 

Differ,  is  the  long,  in  time    6    041— ocO    10'W, 

74 
54 

'9 

5"
 

94 

33 

lh. 

l? 

41"
 

«3 

2. 

4' 

:    6 

; 

1<  = 

PL.  716S P-L.  3I3T 



lis lunar  Observations* 

EXAMPLE    VI, 

Suppofe  that  on  the  12th  of  Auguft,  1804,  at  4*1-  Sm-  f\M.  lea  account, 

in  the  longitude  of  950  E.  of  Greenwich  by  account,  the  diftance  cf  the 
neareft  limbs  of  the  fun  and  mpon  was  obferved  to  be  68°  3*  56",  the  alti- 

tude of  the  fun's  lower  limb  310  27',  the  altitude  of  the  mcon's  upper 
limb  440  33'.     Required  the  (hip's  longitude  f 

,     Preparation? 

P's  S-  D.  Aug,  10,  midnight      14'  j&J 
Aug.  n,  at  noon         14  55 

Difference 

Tibls  XII. 

Ai.gn.  Table  XVI. 

8'ss.n. 

Aug.  12,  fea  account  is  Aug.  11,  by  U.  A. 
J-ongitudc  g^oEall  in  time 

J)'s  Hor.  Par.  1 
nidn 

ight 

Reduced  tirrje 

54'    55" 

54     43 

Difference 

>« 

Table  XII. 

to 
Jl'5  Hor.  Par. 

54     45 

Cor-  for  Far.  54'  40"  and  Z.  D.  4,JJ°  37'    43" 
.l.=7"and?ar.5"  .  g 
D.  =38"  and  Z.  D,  47*  30 

Cor.  ps  islt'itude  38~ 

a.  h.  m 

,148 
Aug. 

2)"i  app.  Alt.         44   13 Jl'-i  Zen.  Dill.      45  47 

Q'".  app.  Alt.      31  39 

0's  Zen.  dill.    58  « 

Corr.  O'sAlt. 

o      8 
Obf.  did.  6S0    3'  56" 
l's  S.  D  15    7 
©•sS.  D.  15  50 

App.  Pift.  68    34  .53 

To  _/£*^  the  co?recl  dufance  and  longitude* 

Apjnreri 
frs  #-.e«il 

©'s  Zen 

[(liftviee 

h  diftai.ee 
nh  diliance 

did. 

<"P°  3 3" 

45  47 

S72  43 

ConfUntlosrarirfcm 

Half  turn  B6O21'  ro.fee. 
Iliilance     68  33    line 

Kcfcr-.cd  logarithm 

©'<  Zen.  did.  580  21'    Sine 
Kirll  rem.           40  14  Co-fee. 

Corr.  QH  alt.       J'  *4"  P.  L, 

9.609? 
100009 

9.9680, Sum 

9.6686 

9.9301 

10.186a «.io9< 

Half  fun 

J)':  Zen. 

80  m 

45  47 

firftHrem. 

Half  Cum 

©'s  Zenith  di(ta:i 

S,?eond  rcmainde 

Appa 

86  2l 

5»" 

!  Firft  cprVeftion 

(Corr-D's  alt, 

e  ,     ̂   Second  correrl 
$uk-JCorr.©salt. 

680  34'  5Tx 
a  1* 

38  16 

53'  44"  ? 
J  J4   J 

forr.  Tab.  XIX.  \  J?  DilT.  add 

Cgrre&  dtfauce  61 

»'|8"  P.L.  1.8948 

Ri 

■feme 1  lop 

irithm 

f.Ko&S 

J>'
 

.  Zen. 
dill. 

♦4?  47' 

Si 

ne 

9-8.56.1i 
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<-(< 

10.3,84, 
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ah. 
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p. 
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Se 
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err. 
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LUNAR    OBSERVATIONS,  iof) 

We  mall  now  give  Mr.  Witchell's  method  of  correcting  the  apparent 
.diftance  of  the  moon  from  the  fun  or  a  liar,  in  order  that  any  one  may  prove 
his  calculations  to  be  juft,  by  working  by  both  methods.  In  this  method 
rha  obferved  altitudes  and  diftance  muft  be  corrected  for  the  femidiaraeters, 

§cc,  as  in  the  former  method,  and  the  correction  of  the  moon's,  fun's,  or 
ftar's  altitude,  for  refraction  and  parallax,  muft  be  found  in  like  manner. 
Then  the  true  diftance  is  found  by  the  following  rule, 

Witchell's  method  of find'ing  the  true  dijiatice, 
Firft.  Add  the  0's  or  ;fc's  and  )  's  apparent  altitudes  together,  and 

take  half  the  fum  ;  fubtract  the  lefs  from  the  greater,  and  take  half  the 
difference  ;   then  add  together 

The  co-tangent  of  half  the  fum, 
The  tangent  of  half  the  difference,  and 
The  co-tangent  of  half  the  apparent  diftance. 

Their  fum,  rejecting  20  in  the  index,  will  be  the  log,  tangent  of  an  an- 

gle, which  call  A,  this  angle  being  always  lefs  than  go". 
,    Secondly.     When  the  ©'s  or  >fc's  altitude  is  greater  than  the  2).*s,  take 
the  difference  btftween  the  angle  A  and  half  the  apparent  diftance  ;  but  if 
iefs,  take  their  fum.     Then  add  together 

The  co. tangent  of  this  fum  or  difference, 

The  co-tangent  of  ©s  or  ̂ f's  apparent  altitude,  and 
The  proportional  log.  of  the  correction  of  0's  or  >j<'s  altitude  ; 

Their  fum,  rejecting  20  in  the  index,  will  be  the  proportional  logarithm 
of  the  firft  correction. 

Thirdly.  If  the  fum  of  angle  A  and  half  the  apparent  diftance  was 
taken  in  the  laft  article,  take  now  their  difference  :  but  if  their  differences 
take  now  their  fum.     Then  add  together 

The  co-tangent  of  their  fum  or  difference, 

The  co-tangent  cf  >'s  apparent  altitude,  and 
The  proportional  log.  of  the  correction  of  the  $  's  apparent  altitude  ; 

Their  fum,  rejecting  20  in  the  index,  wi}l  be  the  proportional  log.   of 
the  fecond  correction. 

Fourthly.  When  the  angle  A  is  lefs  than  half  the  apparent  diftance, 
the  firft  correction  muft  be  added  to,  and  the  fecond  fubtraded  from  the 
apparent  diftance  ;  but,  when  the  angle  A  is  greateft,  their  fum  muft  be 

added  to  the  apparent  diftance,  when  the  ©'s  or  ̂ 's  altitude  is  lefs  thau 
the  >  Js  ;  but  when  the  }  's  altitude  is  leaft,  their  fum  muft  be  fubtractcd 
to  give  the  corrected  diftance, 

Fifthly,  In  Table  XIX.  look  for  the  corrected  diftance  in  the  top 

column,  and  the  correction  of  }  's  alt,  in  the  left-hand  fide  column  ;  take 
put  the  number  of  feconds  that  ftand  under  the  former  and  oppofite  to  the 
latter.  Look  again  in  the  fame  table  for  the  corrected  diftance  in  top  col- 

umn, and  the  fecond  correction  in  the  left  hand  fide  column  ;  take  out  the 
number  of  feconds  that  ftand  under  the  former  and  oppofite  the  latter  ;  the 
difference  between  thefe  two  numbers  will  be  the  third  correction,  which 

muft  be  added  to  the  corrected  diftance  if  lefs  than  900,  but  fubtractcd 
from  it  if  more  than  90°,  the  fum,  or  difference,  will  be  the  true  diftance. 

To  iliuftrate  this  method,  we  (hall  add  a  few  examples,  of  which  the 
£rft  and  fecond  are  the  fame  as  Ex,  I.  and  II.  preceding, 



19©  LUNAR    OBSERVATIONS. 

EXAMPLE    I.     (See  Example  I.  page  183.) 

Given  the  apparent  altitude  of  the  moon's  centre  86°  40' ;  app.  alt.  of 
Regulus  1 40  9' ;  diftance  of  the  centres  of  the  J  and  Regulus  760  19'  42"  ; 
the  moon's  horizontal  parallax  58'  51".     Required  the  true  diftance. 

Find  the  correction  of  the  moon's  altitude  3'  22",  and  the  correction  of 
5j?'s  alt.  3y  43//,  as  in  Example  I.  preceding  ;  then  proceed  as  follows* 

])  's  app.  alt.     S6'   40' 
jjc's  app.  alt.      14       9 

Sum  100     49     Halffum  50*   24?  Co-tan.    9.9176 
Difference         72     31     Halfdiff.  36     15  Tang.      9.8652 

Half  app.  dift.     38     10  Co-tan.  10.1046 

Angle  A    =     37 

39 

43"
 

42 

22 

3* 

Tang. 

Co- tan. 
Co-tan. 
P.L. 

P.L. 

Co- tan. 
Co- tan. 

P.L. 

P.L. 

9.8874 

Sum                     75 

^fc's  alt.               14 

Cor,  ;fc's  alt. 

Firft  correction 

49 

9 
3 

3 

3i 

40 

3 

0 

9.4027 

10.5984 

1.6851 

1.6862 

Difference             0 

])  's  app.  alt.       86 
Cor.  >  's  alt. 

12.0449 

8.7652 

1.7281 

Second  correction 
2.5382 

As  the  angle  A  is  lefs  than  half  the  apparent  diftance,  the  firft  correc. 
tion  is  additive,  the  fecond  fubtraftive  : 

Apparent  diftance  76*    19'    42" Firft  correction         add  3     42 

Second  correction    fub tract 

Correction  Tab.  XIX. 

Correct  diftance  76     22     53     Hence  we  naa/ 
deduce  the  longitude  as  in  Example  I.  preceding. 76 

23 

24 

51 76 

22 

S3 

0 



LUNAR    OBSERVATIONS.  tQl 

EXAMPLE    II.     (See  Example  II.  page  184.) 

Given  the  apparent  altitude  of  the  moon's  centre  r;?°  13'  ■  the  appar- 
ent altitude  of  the  fun's  centre  280  7';  apparent  diftance  of"  their  a:  .  s 

700  58'  49";  moon's  horizontal  parallax   59/   re".     Required  a diftance. 

Find,  as  in  Example  II.  preceding,  the  correction  of .the  fun's 

5 '  39//,  and  the  correction  of  the  moon's  altitude  35'  35". 

J 's  App.  alt.     5 20    13' 
O's  app.  alt.      ■  28       7 

Sam  80     20     Half  fum  40^10'  Cotan„   16.0736 
Difference  24       6     HalfdifF.  iz     3  Tang.      9.5293 

Half  app.  dift.        35  29  Co-tan.  10.147a 

Angle  A  19  32  Tang.      9.5499 

Sum  55*     1  Co-tan.    9.8450 
O's  alt.  28     7  Co-tan.  10.2723 
Cor.  ©'salt.  1   39"     P«L.        2.0378 

Firft  correction             1   i6~  P.  L.  2.155*0 

Difference             15  57  Co-tan.  10.5439 

J'salt.                 52   13  Co-tan.  9.8S94 
Cor.  J'salt.              35  3$  P.  L.  7040 

Second  corre&ion       13     7  P.  L.  *«i373 

As  the  angle  A  is  Iefs  than  half  the  apparent  diftance,  the  firft  correc- 
tion is  additive,  and  the  fecond  fubtra&ive  : 

Apparent  diftance  70°   58'    49^ Firft  correction  add  1     to 

Second  corre&ion      fubtract 

Correaion  Tab.  XIX m 
7' 

0 5 

*3 

7 

70 
46 

58 

add 3 

Correft  diftance'  70     47       1      Hence  we  may 
deduce  the  longitude  as  in  Example  II.  preceding. 



tgZ  LUNAR   OBSERVATIONS* 

EXAMPLE    III. 

Given  the  apparent  altitude  of  the  moon's  centre  40°  1  -  ;  apparent  at- 

titude of  Regulus  340  z6f  ;  apparent  diftance  of  their  centres  230  29'  o/-' 5 
Moon's  hor,  par.  54'  58" '.     Required  the  true  diltance. 

Find  the  correction   of  the  moon's  altitude  4c7    52''',  and  correction  of 
-the  itar's  altitude  1/  2  3v,  as  in  the  preceding  Examples; 

j'sapp.  alt,     400    ii* 
Sjt's  app.  alt.     34     26 

£urn  74     38     Halffum  370  19'  Co. tan.    to'. ii 79 
PUS  5     46     HalfdifF.  2  53  Tang.        8.7021 

Half  difu  11   45  Co-tan.   10.6819/ 

Angle  A.  17   37  Tang.       9.5019 

Sum  29   22  Co-tan.    10.2497 

if'%  app.  alt.        34  26  Co-tan.   10.1639' 
Gor.  4*'salt6  1   23''      P.  L.  2.1143' 

Firft  correction  o  32         P.-  L.  2.5279'' 

Dift.-                      5:  52               Co-tan.  10.988s 

$'sapp.alf.       40"  12               Co~tan.  10.0731 

Cor.  >'s  ait.  40  £2         P.  L.  6439' 

Second  correction  3  33         P.  L.  1.7052 
*r 

29' 
9'
 

0'
 

33 

5 35 
33 

23 

33 

47 

As  the  angle  A  is  greater  than  half  the  apparent  diftance,  and  the  {tar' 
altitude  is  lefs  than  the  moon's,  both  corrections  are  additive: 

Apparent  diitance 
Firft  correction  add 
Second  correction       add 

Tab.  XIX.  correction 

Correct  diftance 

Method of 'taking  a  Lunar  Gbfervat'ion  tvhen  you  have  only   one  ohferver* 

Three  obfervers  are  required  to  make  the  neceffary  obfervations  for  de- 
termining the  longitude  ;  one  to  meafure  the  diitance  of  the  bodies,  and 

two  others  to  take  their  altitudes.  If  the  altitudes  were  not  obferved,  on 

account  of  not  having  a  fufficient  number  of  inftruments  or  obfervers,  it 
lias  been  cufloraary  to  calculate  them  ;  there  being  given  the  latitude  of 

the  place,  apparent  time,-  right  afcenfions  and  declinations  of  the  objects. 
Theie  calculations  are  lengthy  for  the  llarsy  and  more  fo  for  the  moon  ;  and 

a  conilderable  degree  of  accuracy  is  required  in  finding  the  moon's  right 
aieenfion  and  declination  from  the  Ephemeris,  which  mull  be  liable  to  fome 

error  en  account  of  the  uncertainty  of  the  fhip's  longitude.  The  follow- 
ing method  for  obtaining  thofe  altitudes  is  far  more  iimple  :  it  depends  on 



LUNAR    OBSERVATIONS." 

IQ; 

<l\e  fuppofition  that  the  altitudes  increafe  or  decreafe  uniformly,  which  will 
give  them  fufficiently  near  for  any  nautical  purpofes. 

Before  you  raeafure  the  difcance  of  the  bodies,  take  their  altitudes,  End- 

note the  time  by  a  watch,  then  meafure  the  diftance  and  note  the  time  (or" 
you  may  meafure  a  number  of  diftances  and  note  the  correfpondino-  time.-, 
and  take  the  mean  of  all  the  times  and  diftances  for  the  true  diftance  and 

time  ;)  after  you  have  meafured  the  diftances,  again  meafure  the  altitudes, 
and  note  the  times  ;   Then 

Add  together  the  proportional  logarithm  (Tab.  XXIII.)  cf  the  varia-: 
tion  of  altitude  of  either  of  the  objecls  between  the  two  times  of  obferv- 
ing  the  altitudes  and  the  prop. Tog.  of  the  time  elapfed  between  taking  the 
iirft  altitude  and  meafuring  the  diftance  ;  from  the  fimi  fubtracl  the  prop. 
log.  of  the  time  elapfed  between  obferving  the  two  altitudes  ;  the  remain- 

der will  be  the  prop„  log.  of  the  correction  to  be  applied  to  the  lirft  altitude, 
additive  orfubtraftive,  according  as  the  altitude  was  increafing  or  decreaf. 
ing  ;  to  the  altitude  thus  corrected  we  muft  apply  the  correction  for  dip 
q{  the  horizon  and  femidiameter  as  ufual, 

EXAMPLE. 

Suppofe  the  diftances  and  altitudes  of  the  bodies  were  obferved  as  follows : 
It  is  required  to  find  the  altitudes  at  the  time  of  meafuring  the  mean:  dif- 

tance ? 

Time, Dift.  ©  &  j) 
N.  L. 

■ ah.  3  m.  20s. 

4  20 
5  5° 

400  0 '  00" 0  30 
1  30 

Mean. 2     4      30 40     0     40 

Obferved 

Time.      Alt.'j's  L.L. 
2h.  2m. os.     200  46' 6    10        21     20 

4    J° 

34 

Obferved 

Time.      Alt.G'sL.L. 

ih.  2m. 30s.         40°2o' 
70  39   ia 

Var.  ])  's  alt. 
Time  ift  obf. 
Mean  obf. 

Difference 

2h. 

54'
 

2' 

4 

2 

Elapfed  time  between 
the  two  obfervations 

Correction  in  alt. 

sft  alt.  of  Moon 

P. L. 

0 • 

30 

30 

P. 
L.     1 

2 

■hn 

.5811 

4'
 ID" 

20 

45 

P.L.  1 

P.L. 

add 

•6355 

o° 

9456 
20 

Variation  0's  alt. 
Time  ift  obf.  fun 
Time  mean  obf. 

DilTerence 

Sum 

Elapfed  time  between  ' the  two  observations '_ 

Correction  of  alt. 

i°  S7 :h.  2'  30" 

2     4    30 

P.L.     422S 

i     0    P.  L.  1-9542 

2.3770 

4'  30'*  P.L.  1.6021 

50'  P.L.     7749 

's  ait.  at  time  of  obf.  21 

Sub.  from  fun's  id  alt.  40     20 

Sun's  true  alt.  at  time  ? 

of  obf.  k    39     5° 

Thus,  at  the  time  2I1.  4/  30",  the  mean  obferved  diftance  is  400  o/  4o//, 
the  altitude  of  the  moon  2 1°  6',  alt.  of  the  fun  390  50'  ;  thefe  altitudes 
muft  be  corrected  for  dip  and  femi-diameter. 

In  this  manner  I  have  often  obtained  the  altitudes  in  much  iefs  time  than 
I  could  have  obtained  them  by  other  calculations. 

I   have  made  ufe  of  the  fame  method  of  finding  the  fun's  altitude,  when 
taking  an  azimuth,  noting  the  times  of  taking  the  obfervations  by  a  watch, 
and  taking  two  altitudes,  one  before,  the  outer  after  the  obfervaticn,  and 
proportioning  the  altitudes  as  above.. £  b 



TO   CALCULATE    THE    ALTITUDES    02? 

•     If -any  perfon  wifhes  to  calculate  ftriftfy  the  altitudes,  it  may  be  dpn? 
by  the  following  rules. 

The    apparent  time,    the  flip's  latitude,    longitude,  and, fun's   declination 
given 3  to  find  the  true  altitude  of  his  centre, 

RULE. 

If  the  {hip's  co-latkude  and  the  fun's  declination  be  both  north  or  both 
fputh,*  take  their  fum  ;  but  if  one  he  north  and  the  other  fouth,  their. 

difference  is  the  fun's  meridian  altitude.. 
With  the  apparent  time  from  noon,  enter  Table  XXI.  and  from  the 

Column  of  riling  take  out  the  logarithm  correfponding  to  it,  to  which  add, 

the  log.  co-fine  of  the  latitude,  and  the  log.  co-fine  of  the.  fun's  declina- 
tion ;  their  fum,  rejecting  20  in  the  index,  will  be  the  logarithm  of  a 

natural  number,  which  being  fubtradled  from  the  natural  fine  of  the  fun's 

meridian  altitude,  will  leave  the  natural  fine  of  his  true  altitude  at  the' 
given  time. 

EXAMPLE  I. 

Required  the  true  altitude  of  the  fun's  centre,  in  lat.  49°  57'  N.  and 

long.  Y2£°~W.  July  2.6,  1804,  at  6h.  56m.  30s.  in  the  morning,  fea,' account  ?,  h.  m.-    s. 
12     o    o 

App.  time                6  56  30 

Time  from  noon       5     3   36' 
latitude                  49  57  N. 

Its  log.  in  col.  of  riling 
Its  log.  co-fine 

4.87850 

9.80852 

Deck  at  that  time  19  26  N.' Its  log.  co-line 
9-97453 

Go-lat.                   40     3.N, Rejed  20  N.  N.  45872  its  log.: 

=  4.66155 

Mer.  alt.               59  29 Nat.  fine              86148 

Nat.  fjne  true  alt.  40276=23°  45' 

EXAMPLE  II, 

What  will  be  the  true  altitude  of  the  fun's  centre  at  Baltimore,  Novem,, 

ber  26,  1804,  at  3b.  21m.  30s,  apparent  time  in  the  afternoon,  fea  ac-' count  ?  h.  m.    s. 

App.  time  from  noon   3  21   30         Its  log.  in  col.  of  riling  4.55900 

Latitude  39°2o/N.        Log.  co- fine  9.88844 

Deck  at  that  time  20  52  S.  Log.  co-fine                             9.97054 

Co.  lat.  50  40  N.  Nat.  numb.  261 81  its  ̂ .=4.41798 

Mer.  alt.  29  48  Nat.  fine       49697 

Nat.  fine  true  alt.  13  ̂ 6  Nat.  fine       23516 

The  apparent  time,  {he  latitude  and  longitude  given,  to  find  the  Altitude  of 
any  of  the  known  fixed  jlars* 

RULE. 

Turn  the  longitude  into  time,  and  add  it  to,  or  fubtraft  it  from,  the 
time  at  the  flrip,  according  as  it  is  weft  or  eaft,  the  fum  or  difference  wilj 

be  the  time  at  Greenwich.  "  '  ' 

*  The  »rm;>lement  of  latitude  i<  called  by  the  fame  name  as  the  latitude ;  and  if  tec  j'uaa  exceeds  gcO  take  it  from  j8o°,  and the  remainder  is  the  meridian  altitude*  ..-,,. 
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Take  the  fun's  right  afcenfion  from  the  Nautical  Almanac  and  propor- 
tion it  to  the  time  at  Greenwich,  by  means  of  Table  XXIX.  and  add  it  to 

the  apparent  time  at  the  ihip,  which  will  give  the  right  afcenfion  of  the 
meridian,  or  mid-heaven. 

Find  the  ̂ 's  right  afcenfion  and  declination  in  Table  IX.  and  take  the 
difference  between  its  right  afcenfion  and  the  right  afcenfion  of  the  merid- 

ian, which  will  be  the  diftarice  of  the  ifc  from  the  meridian. 

Having  the  ;fc's  diftance  from  the  meridian,  with  it's  declination,  and 
the  (hip's  latitude,  the  true  altitude  is  found  in  the  fame  manner  as  has  been 
fhewn  in  the  laft  examples  of  finding  the  true  altitude  of  the  fun. 

EXAMPLE. 

What  will  be  the  true  "altitude  of  Aldebaran  at  Philadelphia,  April  12, 
1 S04,  fea  account,  at  5I1.  57m.  12s.  in  the  afternoon,  apparent  time  ? 

In  Table  IX.  the  right  afcenfion  of  Aldebaran  for  1S00  is  4I1.  24m.  27s, 

its  variation  for  4-i.  years  is  15",  which  added,  gives  the  right  afcenfion  at 
the  given  time  4I1.  24m.  42s.  The  declination  of  the  ftar  for  1800  is 

1 6°  6'  N.  its  variation  for  ̂ \  years  is  -j-  "3  6",  which  makes  the  dec/ink.-, 
tion  nearly  160  7'  N»       — - h.  in.  c 

Apparent  time  by  N.A.April  11,  5  57  12 

Longitude  75°  19/ W.  5      1    16 

Time  at  Greenwich  April  n,  ic  58   28 

G's  R.A.  Apr.  i  1  atnoonbyN.A.     1    19     2 
Var.forioh.5S/28"byTab\XXIX.         1  4r 

©'3  R.  A.  at  time  of  obfi,  1   20  43 
Apparent  time  *  5!  .57   12  f 

R.  A!  Men  7    17   5-5 
ifc's  R.  A.  4  .24  47- 

.^k's  dift.  from  merid;  z  53    13    its log.incol.rifin'g  4.43501 
Latitude  of  Philadelphia     39°  5fN'«     Co-fine  9-S8457 

%'s  declination  16  7  N.       Co-fine                                 9.9S259 

Co-latitude  50  ,3  N.    Nat.  numb.  3^053  'lK  l°g-  %'2°*l7 
Mer.  altiiude  <56  id         Nat.  fine        91472 

True  altitude  4c  ?$         Nat.  fine        7141a" 

The   apparent  time,  the   latitude  and  longitude  of  the  Jblp  being  given)   ti? 
find  the  true  altitude  of  the  moon's  centre, 

....       .  PULE.  ... 
By  fable  XX.  turn  the  longitude  into  time,  and  if  it  be  weft  add  it  to, 

out  if  it  be  eaft  fubtraft  it  from  the  apparent  time  at  the  fhip,  and  it  win give  the  time  at  Greenwich. 

.  #Take  the  ©'s  Right  Afcenfion  out  of  N.  A.  and  proportion  it  to  Green- wich time,  by  means  of  Table  XXIX,  and  add  it  the  apparent  time  at  the 
ftup,  the  fum  will  be  the  right  afcenfion  of  the  meridian  or  mid-heaven. 

-  in  pa-T  •■  -:4.  Ed.  ,.,,  of  Wook's  Epitome,  the  lime  at  Cr^nvkb  is  cr:ot,Cjfl,  ajdrd  ,o  ;l.c  fur.U  ri«t    '   -'.  ...i..^    lie  ajioaiem.  lias    si  the  E!ice  of  0tr«7Stipn  ' 
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Take  out  of  the  N.  A.  the  3'sRt.  Afcen.  and  declination,  and  propor- 

tion them  to  the  time  at  Greenwich,  by  means  of"  Table  XXVIII.  Turn, 
the  J'sRt.  Afcen.  into  time,  and  take  the  difference  between  it  2nd  the 
Rt.  Afcen..  of  the  mid-heaven,  which  will  be  the  diftance  in  time  of  the  > 
from  the  meridian, 

Having  the  fhip's  latitude,  together  with  the  ~)'s  declination  and  diftance 
from  the  meridian,  the  true  altitude  is  found,  in  the  fame  manner  as  has  been 

lhewh  in  finding  the  true  altitude  of  the  ©  and  Jfc. 

EXAMPLE. 

"What  will  be  the  moon's  true  altitude  April  14,  fea  account  at  6h.  zcf 

S"  P'JVL  at  Salem,  in  lat.  420  34/  N.  long.  70*  55'  W.  of  Greenwich? 
April  14,  fea  account  is  April  13,  by  N.  A.  at  6h.   20'     &/r 

Long.  700  $$'  W.;in  time  4      43    40 

App.  time  at  Greenwich 

Sun's  Rt.  Afcen.  April  r&  at  nh.  f  4S"  P.M..  by  N.A. 
Apparent  time  at  the  fhip 

Right  afcenfion  of  the  meridian 

D  's  right  afcenfion  in  time 

I 's  diftance  from  the  meridian: 

Correfpcnding  to  which  in  the  col.  log*  riling  is  4.45107 

Latitude  42°  34/  Co-line     9.S6717 

>  's  declination         26°  45'  N.  Co-fine     9.9-5084 

Co-latitude         '        47    26  N.      Natmum,   185 81         log.  4.2690S 

Merid.  altitude  74    11  Nat. fine     96214 

II 
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$  3s  mcrid.  alt.  50     56  Nat. fine     77633 
By  the  preceding  calculations  the  true  altitudes  of  the  objects  are  found;. 

if  the  apparent  altitudes  be  wanted  (as  is  the  cafe  in  working  a  lunar  ob- 

iervation;  the  difference  between  the  0's  parallax  and  refraction  mult  be' 
added  to  the  ©'s  true  altitude,  the  refraction  mult  be  added  to  the  true  al- 

titude of  a  ftar,  and  the  difference  between  the  )'s  refraction  and  parallax 
in  altitude  mult  be  fubt  rafted  from  the  true  altitude  of  the  )  thus  foundy 

to  obtain  the  tefpeftive  apparent  altitudes  of  their  centres. 

To  find  the  longitude  by  the  ecl'ipfes  of  Jupiter's  Satellites. 
Find  in  page  3d.  of  the  Nautical  Almanac,  the  time  at  Grccnwieh,  of  as* 

ii.'i??ierjio?i  (or  inftant-  of  the  difappearance  of  the  fatellite  by  entering  into 
the  fhadow  of  Jupiter)  or  an  emerfion  (which  is  the  inftant  of  its  appearance 

in  coming  from  the  fame  J' — turn  the  longitude  of  the  place  from  Greenwich 
into  time,  and  add  it  thereto,  if  in  call  longitude  ;  but  fubtraft  it,  if  in; 

■^  eft  :  the  furn  or  difference  will  be  nearly  the  time  when  the  eclipfe  is  to 
be  obferved  at  the  given  place  ;  if  there  is  any  uncertainty  in  the  longitude 
of  the  place  of  cbfervation,  you  rnuft  begin  to  look  out  for  the  eclipfe  at  an 
earlier  period. 

The  watch  being  well  regulated,  you  mini  obferve  the  inftant  of  immer- 
fon  or  emerfion,  the  difference  between  this  time  and  that  fhewn  by  the 

Nautical  Almanac,  turned  into  degrees,  will  be  the  difference  of  longitude 
irem  Greenwich. 
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The  immerfons  and  •emerfions  generally  happen  when  the  fatellite  is  at 
fame  difbmce  from  the  body  of  Jupiter,  except  near  the  oppoiitiori  of  Jtipi- 
•:er  ro  the  fun,  when  the  fatellite  approaches  nearer  to  his  body.  Before 
the  Opposition  they  happen  on  the  well  fide  of  Jupiter,  and  alter  the  oppo- 
fition  to  the  eaft  lide  ;  but  if  an  aftronomkal  telefcope  is  ufed,  which  re. 

-verfes  the  objecls,  the  appearance  will  be  directly  the  contrary.  The  con- 

figurations, or  the  pofitions  in  which  Jupiter's  fatellites  appear  at  Green- 
wich, are  laid  down  every  night  when  viiible,  in  page  12th  of  the  month 

of  the  Nautical  Almanac. 

EXAMPLE. 

•  Suppofe  that  on  the  19th  of  Auguft,  1SC4,  fea  account  in  long.  1370  55* 
weft  by  account,  an  immerfion  of  Jupiter's  fir  ft  fatellite  was  obferved  at  i2h, 
29m.  20s.  apparent  time.     Required  the  longitude  ? 

H.       M.       S. 

At  Greenwich  the  immerfion  of  ill  fatellite  that  day  will  be     21     50     o 
Obferved  immerfion  at  12     29  20 

Difference  in  time  9     20  40 

Turned  into  longitude  gives  1400  io/,  and  is  weft,  becaufe  the  time  at 
Greenwich  is  more  than  at  the  place  of  obfervation.  Therefore  the  error 

in  longitude  by  account  is  20  15'. 
As  thefe  eclipfes  happen  almoft  daily,  they  afford  the  moft  ready  means 

of  determining  the  longitude  ©f  places  on  land  ;  they  might  alfo  be  applied 
at  fea,  could  they  be  obferved  with  fufficient  accuracy  in  a  fhip  under  fail  ; 

which  can  hardly  be  done,  fince  the  leaft  motion  of  a  telefcope  that  mao-m- 
fies  fufneiently  to  make  thefe  obfervations,  would  throw  the  objecls  out  of 
the  field  of  view. 

The  eclipfes  of  Jupiter's  fatellites  may  be  well  obferved  by  one  of  DoL 

land's  achromatic  telefcopes  of  three  feet  in  length,  or  by  a  reliefting 
telefcope  of  18  or  20  inches  focal  length. 

To  find  the  longitude  by  the  eclipfes  of  the  moon. 

This  is  performed  by  comparing  the  times  of  the  beginning  or  ending, 
as  alfo  the  times  when  any  number  of  digits  are  eclipfed,  or  when  the 

earth's  fnadow  begins  to  touch  or  leave  any  remarkable  fpot  on  the  moon's 
face  ;  the  difference  of  time  between  the  like  obfervations  made  at  differ- 

ent places,    turned   into  degrees,  will  be  their  difference  of  longitude. 
When  the  beginning  or  end  of  an  eciipfe  of  the  inoon  is  obferved  at 

any  place,  the  longitude  of  that  place  may  be  eafdy  found  by  comparing 

the  time  of  obfervation  with  the  time  given  in-  the  N.  A. — for  the.  differ- 
ence between  the  obferved  time  of  beginning  or  ending  and  the  time  given 

in  the  NauticalAlmaiiac  will  be  the  imp's  longitude  in  time,  which  may  be 

turned  into  degrees  by  Table  XX.  Thus  if  the  beginning  of  an  eciipfe  of" 
the  moon  was  obferved  Jan.  27,  1804,  fea  account  at  9b.  59-lnu  P.M. 
the  time  by  the  N.  A.  being  Jan.  26,  or  Jan.  27,  fea  account  at  7I1.  Sj¥* 

their  difference  zh.  2m.  is  the  longitude  of  the  place  of  obfervation=3fo° 
30',  which  is  eaft  of  Greenwich,  becaufe  the  time  at  the  place  of  obferva- 

tion is  greater!. 

The  longitude  may  alfo  be  obtained  in  a  very  accurate  manner,  by  ob~ 

ferving  the  beginning  and  end  of  a  folar  e'clijpfe  ;  and  the  calculations  ne- 
ceffary  for  the  purpofe,  are  explained  in  moft  books  of  aftronomy.  But  th* 
eclipfes  of  the  fun  and  moon  happen  too  feldom  to  be  of  general  Sfe  at  fea. 
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To  find  the  longitude  by  a  perfeft  time.keeper. 

If  a  clock  or  watch  was  fo  contrived,  as  to  go  uniformly  in  all  feafons> 
and  in  all  places,  the  longitude  might  eafily  be  deduced  therefrom,  by  com- 
faring  the  time  fhewn  by  the  watch,  regulated  to  fome  given  meridian,  to 
the  mean  time  at  the  place  of  obfei  vation  ;  for  the  difference  would  be  the 
difference  of  longitude  between  that  meridian  and  the  place  of  obfervation. 

When  you  mean  to  ufe  a  time-keeper,  you  muft  examine  its  rate  of  go- 
ing before  you  leave  the  land,  and  ad ju ft  it  to  the  meridian  of  the  place 

from  which  you  reckon  your  longitude.  To  do  this,  you  muft  afcertain  the 

apparent  time  by  the  fun's  altitude  (or  by  fome  other  method)  and  apply  to 
it  the  equation  of  time,  taken  from  page  2d  of  the  Nautical  Almanac,  ac- 

cording to  its  title  of  add  or  Jubtratt  ;  the  fum  or  difference  will  give  the 

mean  time  of  obferVation  •  this,  compared  with  the  watch,  will  fhew  how- 
much  it  is  too  faft  or  too  flow  ;  and  by  obferving  for  feveral  days  fuccef- 
ffve-lyf  you  may  afcertain  its  rate  of  going  :  if  you  find  it  gains  or  lofes  a, 
few  feconds  per  day,  you  muft  make  that  allowance  on  all  future  obferva- 
tions  at  fea.  Inftead  of  comparing  the  time  fhewn  by  the  watch,  to  the 
mean  time  at  the  place  of  obfervation,  found  as  above,  you  may  compare 
It  with  that  mean  time  reduced  to  Greenwich  time,  by  adding  to  that  mean 
time  the  difference  of  longitude  between  Greenwich  and  the  place  of  obfer- 

vation^ when  it  is  to  the  weftward  of  Greenwich,  but  fubtra&ing  it  when 
to  the  eaftward  ;  and  by  this  means  you  will  find  how  much  your  watch 
differs  from  Greenwich  time.  Having  thus  regulated  your  watch,  the 
longitude  at  fea  is  eafily  found  by  it,  as  will  evidently  appear  by  the  fol= 
lowing  examples. 

EXAMPLE    I. 

Suppofe  that,  July  26,  1804,  fea  account,  the  apparent  time  was  found! 

by  an  altitude  of  the  fun  to  be  ih.  5'  9"  P.  M.  when  by  a  watch,  well  reg- 
ulated to  mean  Greenwich  tirriej  it  was  4I1.  3'  &'  P.  M.  Required  the 

longitude  I 

Apparent  time  ih.    5'      9" 
Equation  of  time     add  6       5 

Mean  time  1      11     14. 
Time  per  watch  436 

Difference  is  long.  2     51     52  ==  420   58'  W.j    the" 
.  longitude  being  weft,  becaufe  the  time  at  Greenwich  is  the  greateft. 

EXAMPLE    II. 

Suppofe  that,  May  15,  1S04,  fea  account,  the  apparent  time  was  found 

by  an  altitude  of  the  fun  to  be  4I1.  3'  6//  P.  M.  when  the  time  by  the 
watch  was  2h.  P.  1VL  the  Watch  being  too  flow  for  mean  Greenwich  time 

11'  9".     Required  the  longitude  ? 

Apparent  time         4I1.    3'      G"  Time  pet  Watch      zh;  o/  o" 
Equation  of  time  fub.        3     57  Watch  error     add        n   9 

Mean  time  3     59       9  P.  M,       Time  at  Greenwich  2   1 1  9  P-M, 
Time  at  Greenwich  211        9 

Diff.  is  longitude     1     48       o  s  2J°  o'  Ev 
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EXAMPLE    III. 

Suppofe  that  June  14,  1804,  fea  account,  in  a  place  whofe  longitude 
from  Greenwich  was  known,  a  number  of  obfervations  were  taken,  to  afL 
certain  the  going  of  the  watch  ;  and  it  was  found  that  on  that  day  it  was 

io//  too  flow  for  mean  Greenwich  time,  and  that  it  loft  time  2"  per  day  ;  and 
that  July  14,  1S04,  ̂ ea  account,  the  time  per  watch  was  6h.  o/  6"  P.  M. 
when,  by  an  obferved  altitude  of  the  fun,  the  apparent  time  was  ih.  i6/  14" 
J*.  M.     Required  the  longitude. 

Error  of  watch,  June  14,       c/  10" 
Apparent  time         ih.  16'    14"  30  days  at  2"  1     o 
Equation  of  time  add        5     1 8 

Error,  July  14,  1    10 
Meantime  1     21     32  Time  per  watch  606 
Cor.  time  per  watch  6       1     16 

Correct  time  per  watch,  6     J,   16 

Longitude  4    39     44  —  690  56'  W. 

To  find  the  longitude  by  a  <vartatlon  chart. 

In  the  year  1700,  Dr.  Halley  propofed  to  find  the  longitude  by  a  chars; 

on  which  the  lines  of  the  variation  of"  the  compafs  were  drawn ;  this  meth,- od  is  Ample,  but  is  not  fo  accurate  as  could  be  wifhed. 
The  method  of  ufing  this  chart  is  as  follows :  On  the  parallel  of  latitude:, 

which  you  are  in,  find  the  obferved  variation,  and  that  point  will  be  tha„ 
clace  of  obfervation* 



PROBLEMS  useful  in  NAVIGATION, 

C 
PROBLEM  I. 

'OASTING  along  f>ore,  I  fanv  a  cape  of  land  hearing  N.  N.  E.  and 

after  failing  W .  N.  TV.  20  miles,  It  bore-  N.  E.  by  E. — required  the  d'tftance 
of  the  fhlp  from  the-cape  at  both  fat  Ions  $ 

By  PROJECTION. 

Describe  the  compafs  ESW, 
and  let  its  centre  A  reprefent  the 
place  of  the  fliip  at  the  firft  ftation ; 
draw  the  W.N.W.  line  AB  equal 
to  20  miles,  and  B  will  reprefent 
the  fecond  ftation.  Draw  the  N. 

N.  E.  line  AC,  of  an  indefinite 

length,  and  the  line  EC  parallel  to 
the  N.  E.  by  E.  line  of  the  com- 

pafs ;  -  the  point  of  interferon  C, 
iviil  reprefent  the  place  of  the  cape  ; 
and  the  diftance  BC  being  measur- 

ed will  be  found  36  miles,  and  AC 
30.  miles. 

By  LOGARITHMS— (by  Cafe  I.  Obi.  Trig.) 

The  difference  between  N.  N.  E.  and  W.  N.  W.  is  8  points  or  90°* 
therefore  BAC  is  a  right  angle  •  alfo  the  difference  between  the  N.  E.  by 
E.  and  N.  N.  E.  is  3  points  =  angle  ACB,  and  the  difference  between  the 

N.  E.  by  E.  points  and  the  point  oppofite  to  W.  N.  W.  is  5  points,,  equal 
to  the  anode  ABC. o 

To  find  the  diftance  AC. 

As  line  ACB  3  pts.  ar.co.     0.255:26. 
Is  to  the  diftance  AB  20        1.30103: 
So  is  fine  angle  ABC  5  pts.  9.91935: 

To  find  the  diftance  BC. 

As  fi.  angle  ACB  3  pts.  ar.co.  0.25' 5; 26 
Is  to  the  diftance  AB  20        1. 30103 
So  is  fine  angle  BAC  8  pts.    10.00000 

To  the  diftance  BC  36.0        1.55629  To  the  diftance  AC,  29.93     1. 47614 

The  above  folutions  are  by  Cafe  I.  Oblique  Trigonometry,  though  they 

might  hare  been  done  in  this  example  by  Cafe  II.   of  Right- Angled  Trig- 
onometry, becaufe  the  angle  BAC  is  a  right  angle, 

PROBLEM  II.. 

Being  at  fea,  I  fa<w  tnvo  head  lands  ivhofe  hearing  from-  one  another  by 
the  Chart  iuas.  W.  by  N.  and  E.  by  S.  diftance  15  miles  ;  the  •weftemmoft 
bore  from  me  S.  S.  TV.  and  the  eafternmoft  St  E,  by  E. — required  my  diftance 

from  each  of '  thofe  head  lands  f 



Problems  Useful  in  navigation sit 
By  PROJECTION. 

Draw  the  cdmpafs 
NESW,  and  through 
the  centre  A,  draw  the 
E.  by  S.  line  AR,  the 
S.  S.  W.  line  AB,  and 
the  S.  E.  by  E.  line  AC; 
and  continue  the  two 

latter  indefinitely;  but  -A* 
upon  the  former  AR 
take  AD  =  1 5  miles  5 
through  D  draw  DC 
parallel  to  AB,  meet- 

ing AC  in  C,  draw  CB 
parallel  to  AD  and  it  is 
done  ;  for  A  will  be  the 

place  where  the  headlands  B  and  C  were  obferved  j  the  diftance  AB  of  the 
wefternmoft  head  land  being  meafured  will  be  found  to  be  5,8  miles,  an<£ 
the  diftance  AC  of  the  eafternmoft  headland  i£  miles. 

By  LOGARITHMS, 

Between  the  S;  S.  W*  line  AB  arid  the  S.  E.  by  E;  line  AC  are  7  points^ 
S=  ZBAC-;  and  between  the  S.  E.  by  E.  line  AC  and  the  E.  by  S.  line  A 
D  are  two  points  =  ̂ CADzrr  £  ACB  (becaufe  AD,  BC  are  parallel] — • 
therefore  ACB  -J-  BAC  =  9  points,  and  finee  all  three  angles  ACB;  BAC, 
ABC  are  equal  to  16  points,  the  angle  ABC  is  alfo  equal  to  7  points,  there- 

fore (by  art.  41  Geom.)  the  fides  AC,  CB  are  equal,  being  oppofite  to  the 
equal  angles  ABC,  BAC.  If  thefe  angles  had  not  been  equal,  the  fide  AC 
might  have  been  calculated  in  the  fame  manner  as  we  fhall  now  calculate  the 
fide  AB, 

To  find  the  fide  AB. 

As  fine  BAC  7  points;  cb,  ar;     6. 0084 j 
Is  to  BC  i$  miles  1. 17609 
So  is  fine  ACB  2  points  9.58284 

To  AB  5,85  0.76736 

This  problem  and  the  firft  may  be  ufed  for  finding  the  diftance  cf  a  ffnjj 
from  any  head  land,  &c,  when  taking  her  departure  from  the  land, 

PROBLEM  IIL 

Tivo  Jbip:  fail front  the  fame  fort,  one  fails  N.  £.  |  g.  16  miles, 
fails  eajlerly  20  miles}  and  then  finds  that  the  firft  bears.  N.  N.  Wt~ 

the  other  Jfctp's  courfe,  and  the  difiance  between  the  tn*jp  fl>ift  t 

the  othet 
-required 
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By  PROJECTION. 
Draw  the  compafs  ESW,  and 

let  its  centre  A  reprefent  the 
port  failed  from  ;  draw  the  N. 
E.  -f-  E.  line  AB=  1 6  miles,  and 
through  B,  the  line  BC  parallel 
to  the  N.  N.  W.  line,  and  con.. 
tinue  it  indefinitely  ;  take  zo 

miles  in  your  compaffes,  and vv 
putting  one  foot  in  A,  fweep 
with  the  other  the  line  BC  in  C, 
join  AC  and  it  is  done  ;  for  A 
C  is  the  courfe  fleered  by  the 
fecond  fhip,  which  is  nearly  E. 
S.  E.  i  E.  and  BC  is  the  diilance  V 

of  the  fhips  17^  miles. 
By  LOGARITHMS. 

■  The  courfe  from  B  to  G  is  S.  S.  E.  (oppofite  to  N.  N.  W.)  and  from  B 
to  A  is  S.  W.  \  W.  (oppofite  to  N.  E.  £  E.)  the  difference  between  thefe 

bearings  is  6{  points=73°  yi±±the  angle  ABC  ;  having  this  angle  and  the 
fides  AB,  AC,  the  other  angles  and  fide  are  found  by  Cafes  II.  and  III.  of 
Oblique  Trigonometry  as  follows  : 

To  find  the  ang-le  C. i. 30103 

9.98087 1. 20412 1 1. 1 8499 

1. 30103 

9.88396 

To  find  the  diilance  of  the  fhips  BC. 

.  Add  the  angle  C±=49°  57'  to  the 
angle  B  730  7',  the  fum  1230  4'  being 
fubtradled  from  1 80°  leaves  the  angle 

CAB  560  S6;. 

As  fi.  ang.ABC  7  3° 7  'ar.cc-0.01913 
Is  to  the  fide  AC  20  miles  1. 30103 

So  is  fine  CAB  560  56'  9.92326 

To  the  fide  BC   17.5  miles    1.2434: 

As  the  fide  AC  20  miles 

Is  to  fine  ABC  730  7' So  is  fide  AB  1 6  miles 

Subtract 

To  fine  angle  C  49°57/ 

ForN.N.W.add'22  30 
Sum  makes    N.   7227  W.  the  bear- 

ing of  A  fromC,  whence  the  courfe  of 
the  (hip  from  A  towards  C   is  S.  72 

27'  E.  or  E.  S..E.  |  E.  nearly. 
PROBLEM  IV. 

Ttvo  fhips  fail  from  the  fame  port,    one  JV.  W~.  30  miles,  and  the  other  N, 

E.  bj  N.  40  miles'  ;   required  their  bearing  and  difiance  from  each  other  ? 

By  PROJECTION. 

Draw  the  compafs  NESW,  and  let  its 
centre  A  reprefent  the  port  failed  from  ; 
draw  the  N.  W.  line  AB=30  miles,  and 
the  N.  E.  by  N.  line  AC=40  miles,  join 
BC,  which  will  be  the  bearing  and  difiance  ,. 

of  .the  two  fhips,  which  being  meafured  ' 
will  be  found  W.  S,  W.  \  W.  45.1  miles 
nearly. 
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'    By  LOGARITHMS,  (by  Cafes  IV.  V.  Ob.  Trig.) 
Between  the  N.  W.  line  AB  and  the  N.  E.  by  N.  line  AC,    there  are'  7 

points  =  angle  BAC,  half  the  fupplement  of  which  to  1800  is  500  37!'  rz: 
half  fum  of  the  angles  C  and  B. 

To  find  the  angles. 
As  fum  of  AB  &  AC  70    log. ar.co.  8.15490 
Is  to  their  difference      10  I.OOOCO 

So  is  tang.  |  fum  angles     50  37I     10.081; 

To  tang,  i.diff. 9  SH      9-MO-73 

To  find  the  diftance  BC. 

As  fine  angle  B         6o°  30'     ar.  co.  0.06030 
Is  to  fide  AC ,  40  1.60206 

So  is  fine  angle  A  ?8C  45*  9-99^S7 

To  the  diftance  BC  45,1 

I-65393 

Sum  =:  angle  B  60  30 
Diff.  =  angle  C  40  45 

To  the  angle  C  =  400  4.5',  add  the  courfe  from  C  to  A  ==  330  45',  the 
fum  is  740  30',  which  is  the  bearing  of  B  from  C,  viz.  S.  740  jo'  W.  or 
W.S.W.  I  W.  nearly. 

PROBLEM  V. 

Two  forts  bear  from  each  other  E.  by  N.  and  W.  by  $.  difiant  400  miles ; 

a  Jhip  from  the  eajiernmojl  fails  northerly  450,7  miles,  another  from  the 

njjejlernmojl  fails  300  miles  and  meets  the  firji  ,•  required  the  courfe  fleered 

by  each  Jh'tp  f By  PROJECTION, 
Draw  the  compafs  ESW,  and  let 

the  centre  B  reprefent  the  weftern- 
moit  port,  draw  the  E.  by  N.  line 
BD=4oo  miles,  and  D  will  be  the 
eafternmoftport ;  with  300  in  your 
compaffes,  and  one  foot  in  B,  de- 
fcribe  an  arch  ;  with  450,7  in 
your  compaffes,  and  one  foot  in  D, 
defcribe.  another  arch  cutting  the  W 
former  in  C  ;  join  DC,  BC  and  it 
is  done ;  for  EC  will  be  the  courfe 
failed  by  the  wefternmoft  lhip,  and 
DC  the  courfe  failed  by  the  eaftr 
ernmoft,, 

By  LOGARITHMS. 

To  find  the  angle  CBD. 
By  Theo.  IV.  Trig. 

Divide  the  triangle  BCD  into  two  right  an- 
gled triangles  by  means  of  the  perpendicular 

C'A,  and  bifeclBD  in  a,'   then 
AsthebafeBD  400     ar.  co.  7.39794 
Is  tothelumof  BC.CD,  750.7  2.87547 
Soisdiff.  ofBC,  CD,     150.7  2.17811 
To  twice  A  a  282.   8 2.45152 

Half  or  A  a 

\  BDz=Ba= 
Diff.  is  BA 

141. 200 

58.   6 Then  in  the  triangle  ACB, 
As   hypot.  DC    300 

Is  to  radius  900 
So  is  AB  58.6 

Tc  co-fine  CBD  780  44' 

2.47712 
10.00000 

j.76790 9.29078 

By  Theo.  V.    Trig. 
CD  ==  450.7 
ED  =  400  Log.  ar.  co.  7.59794. 
BC  =  300  Log.  ar.  co.  7.5 2.28 S 
Sum    1150.7 

iSum  575.35       LoS«  2-7599* 
|fumlefsCDi24.65       Log,  2.09569 Sum  19.77644 

Half  fum     390  22'         Co-fine         9.88822 
\    *j 
Doubled  is  78  44  =  Angle  CBD.  Having 
found  this  angle,  we  may  find  either  of  the 
others  thus, 

To  find  the  angle  CDB. 
As  CD  450.7  ar.  co.  7.3461  i 

Is  to  fine  CBD  780  44'  9.9915^; 
So  is  BC   300  2.477 iz 

|.To  fine  CDB    400  45/  "  9.81478 
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As  the  angle  CBD  is  780  44/  or  7  points  nearly,  and  the  courfe  from  1$ 
to  D  is  E,  by  N.  the  courfe  from  B  to  C  mull  be  north.  The  courfe  from 

D  to  B  being  W.  by  S.  or  W.  11°  15'  S.  and  the  angle  BDCr=4o°  45', 
the  bearing  of  C  from  D  muft  be  W.  290  30'  N.  becaufe  400  45' — 1 1°  1  c> 
=?9°  3°'? PROBLEM  VI. 

Coafting  along  fjore,  Ifaiv  tnxio  headlands,  the  firjl  bore  from  we  N.  E, 
thefecond  E.  JV.  E.  after  failing  E.  by  S.  IO  miles,  the  firfl  bore  N.  by  £. 
and  thefecond  N.  E.  by  N .—required  the  bearing  of  the  t<w>  headlands 
from  each  other  and  thei?  dijiance*, 

Draw  the  compafs  N 
ESW,  and  let  its  centre 
A  reprefent  the  place  of 
the  fhip  at  the  flrft  Na- 

tion, draw  the  E.  by  S, 
line  ABmo  miles,  and 
33  will  be  the  place  of  the 
fhip  at  thefecond  ftation ; 
draw  the  N.  E,  line  AC, 
and  the  E.  N.  E.  line 

AD ;  through  the  point 
Bdraw  the  lines  BC,BD,^l 
parallel  to  the  N.  by  EJ 
and  N.  E.  by  N.  lines, 
and  the  points  C  and  D 

•where  they  interfeel  the 
lines  drawn  from  A  to 
the  fame  headlands,  will 

be  the  points  reprefenting  them  refpettively  ;  join  the  points  C  and  D  j 

then  will  CD  be  the  diftance  of  the  two  head  lands,'  and  a  line  drawr^ 
through  A  parallel  to  CD  will  reprefent  the  bearing  of  thofe  places  from, 
each  other  on  the  compafs. 

By  LOGARITHMS. 

In  the  triangle  ABC,  we  have  all 
the  angles  and  the  fide  AB  to  find 
BC.  For  the  bearings  of  B  and  C  from 
A  are  E.  by  S.  andN.  E.  the  differ 
ence  being  5  points=BAC  ;  and  the 
bearings  of  B  and  A  from  C,  are  S 

by  W."  and  S.  W.  the  difference  be- 
ing 3  points  equal  to  the  angle  ACB 

To  find  the  fide  BC„ 

As  fine  of  ACB  3  pts.  ar.co.  0.25526 
1. 00000 Is  to  the  fide  AB 

So  is  fine  angle  BAC  5  pts 

To  BC     14*97 

9.91985 

I.17511 

In  the  triangle  ABD,  we  have  all 
the  angles  and  the  fide  AB  to  find  BD,, 
For  the  bearings  of  B  and  A  from 
D  are  S.  W.  by  S.  and  W.  S.  W.  the 
difference  being  3  points=BDA ;  and 
the  bearings  of  B  and  D  from  A,  are 
E.  by  S.  and  E.  N.  E.  the  difference 
being  alfo  3  points,  equal  to  the  angle 
BAD  ;  therefore  the  angle  BADrr 

BDA,  and  (by  art.  41  Geo. J  BD~ 
AB=  10  miles.  If  thefe  angles  had; 
not  been  equal,  you  might  have  cal- 

culated the  fide  BD  in  the  fame  marie 
ner  as  BC. 

k Now  in  the  triangle  CBD  we  have,  BD==io,  BC=  14.97  anc*  tn?an|l< 

CBD=22°  30';  for  the  bearings  of  C  and  D  from  B  are  N.  by  E.  and  N. 
E.  by  N.  differing  2.  points  or  220  30' ;  hence  we  have  the  other  angles 

£id  fide  CD  as  in  Cafe  IV,  ObL  Trig,         ".•".'    './•'-.  ;   • ' 
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To  find  the  angles  BCD,  BDC. 
As  fatn  of  BC,BD     24,97     ar.co.  8.60258 
Is  to  their  difT.  4,97  0.69636 

So  is  tang,  i  fumop.angles  7S0  45'  10.70134 

To  tang,  i  diff". 
45 10.00028 

To  find  the  diftance  CD. 

As  fine  angle  BCD     330  44/     ar.co.  0.25545 
Is  to  fide  BD  10  1.00000 

So  is  fine  angle  CBD  Xa°  30'  9.58284 

To  the  diftance  CP  6,89 

0.83829 

Sum  is  angle  BDC    =      .123   46 
Diff.  is  angle  BCD  =         33    44  or  nearly  3 
points,  and  as  the  bearing  of  B  from  C  is  S.  by 
W.  the  bearing  of  D  from  C  muft  be  S.  S.  E. 

PROBLEM    VII, 

Being  96  fathoms  from  the  bottom  of  a  tower,  1  find  its  altitude  aho<ve  th» 

horizontal  line  drawn  from  my  eye  is  k°  ic/,%  required  the  elevation  above 
that  line  £ 

By  PROJECTION, 
Draw  the  horizontal  line  ABrr96 

fathoms,  and  perpendicular  thereto, 
the  line  BC  ;  make  the  angle  BAC= 

1 50  10',  and  draw  AC  to  cut  BC  in 
C,  then  will  BC  be  the  height  of  the 
tower  26  fathoms. 

By  LOGARITHMS, 
As  radius   90°  10.00000 
Is  to  the  dift.  AB  96  fath.     1,98227 

So  is  tang,  angle  A  150  io'  9.43308 

To  the  height  BC  26^0 fath.  1. 41535 

PROBLEM  VIII, 

Sailing  towards  Cape-Cod,  I  dlf covered  the  llght-houfe  Juft  appearing  in 
the  horizon,  my  eye  being  elevated  20  feet  above  the  fea  ;  it  is  required  to 

find  the  diftance  of  the  light-hoife,  fuppofing  It  to  be  elevated  200  feet  above 
fhefurface  of  the  fea  ? 

The  folution  of  this  problem,  depends  on  the  uniform  curvature  of  the 
fea,  by  means  of  which  all  terreftrial  objefts  difappear  at  certain  diftances 
from  the  obferver.  Thefe  diftances  may  be  computed  by  means  of  Table 
XI.  in  which  the  elevation  in  feet  is  given  in  one  column,  and  the  diftance 
at  which  it  is  vifible  is  expreffed  in  ftatute  miles  in  the  other  column.  If 
the  place  from  which  you  view  the  object  be  elevated  above  the  horizon, 
you  muft  add  together  the  diftances  corre [ponding  to  the  height  of  the  obfer- 

ver and  the  height  of  the  objecl,  the  fum  will  be  the  greateft  diftance  at 

•which  that  object  is  vifible  from  the  obferver. 
In  the  prefent  example  the  height  of  the  obferver  is  20  feet,  and  the 

freight  of  the  object  200  feet. 

In  Table  XI,  oppofite  20  feet  is     5,92  miles, 
200  feet        18,71 

.  Diftance       24,63  ftatute  miles  of  about  69I  to  a 

degree,  the  diftance  in  nautical  leagues  of  20  to  "a  degree  being  about  7. 
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PROBLEM  IX. 

A  man  being  ott  the  main-top  -gallant -majl  of  a  ■man  of<war  20b  feet 

above  the  <voater,fees  an  1 00  gun  flj'ip  Jhe  had  engaged  the  day  before,  hull*, 
to  ;  him)  far  were  thbfe  Jbips  difiant  from  one  another* 

A  (hip  of  100  guns,  or  a  firft-rate  man  of  war,  is  about  60  feet  from  the 
keel  to  the  rails,  from  which  deduft  about  20,  leaves  40  for  the  height  of 
her  quarter-deck  above  water.  Now  a  Ihip  is  ken  to  hull  to  when  hec 

Upper  works  juft  appear. 

In  Table  XI.  oppofite  200  feet  ftand         1S.71 
40  feet  8.37 

Diftance  27-08  miles, 

PROBLEM    X. 

Upon  feeing  the  flajh  of  a  gun,  I  counted  30  feconds  by  a  tvatch  before  T 
heard  the  report  ;  ho<w  far  ivas  that  gun  from  me,fuppofing  that found  monjek 
at  the  rate  1 142  feet  perfecond  f 

The  velocity  of  light  is  fo  great,  that  the  feeing  of  any  aft  done  at  even 
a  number  of  miles  diitance  is  inftantaneous  ;  but  by  obfervation  it  is  found 
that  found  moves  at  the  rate  of  1 142  feet  per  fecond,  or  about  one  ftatute 
mile  in  4,6  feconds  ;  confequently  the  number  of  feconds  elapfed  between 
feeing  the  fiafh  and  hearing  the  report,  being  divided  by  4,6  will  give  the 
diftance  in  ftatute  miles.  In  the  prefent  example  the  diftance  is  a£6u.t  6-|. 
pules,  becaufe  30  divided  by  4,6  quotes  6§  nearly* 
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MENSURATION.
 

PROBLEM  I. 

7h  find  the  Area  of  a  Vnrallehgram, 

MR
UL
E.
 ULTIPLY

  
the  bafe  by  the  perpendicu

lar  
height,  the  produft  is 

the  area. 

Note.  If  both  dimenfions  are  given  ih  feet,  inches,  &c.  the  producl 
will  be  the  area  expreffed  in  fquare  feet,  fquare  inches,  &c.  refpeclively  ; 
if  one  of  the  dimenfions  be  given  in  feet  and  the  other  in  inches,  the  pro- 
duel  divided  by  1 2  will  be  the  anfwer  in  fquare  feet  ;  if  both  dimenfions 
are  given  in  inches,  the  producl  will  be  fquare  inches,  which  divided  by 
1 44  will  be  the  anfwer  in  fquare  feet.  The  fame  is  to  be  underftood  in 
finding  the  area  of  other  furfaces. 

Example  I.  Suppofe  the  bafe  DB  of  the  reel- 
angular  parallelogram  ACBD  is  7  feet,  and  the  per- 

pendicular BC  3  feet  ;  required  the  area  ? 
Multiply  7 

By  3 

A 

B B 
Producl   21  fquare  feet,  the  area  required. 

Example  II.     Suppofe  ACBD  is  a  board  whofe  length  DB  is  22  feet 
and  breadth  BC  is  14  inches  ;  required  the  number  of  fquare  feet  ? 

Multiply       22 
By  14 

88 

22 

Div.by  12)308 

25!  fquare  feet  the  area  required. 
Example  III.     If  DB  be  25  inches  and  BC  20  inches ;    required  the 

area  in  fquare  feet  ? Multiply  25 

By  20 

144)500(3,47,  fo  that  the  area  is  3  -^  feet. 

432 

6S0 

576 

1040 

iq©8 

32 
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Example  IV.  Given  the  bafe  AD  of  the  oblique  angular  parallelograr/3 
ABCD,  equal  to  30  feet,  and  the  perpendicular  height  BE  ir  feet  j  re. 
quired  the  area  of  the  parallelogram  ? 

Multiply    15 

By  30 

Produft     450  fquare  feet. 

PROBLEM  II. 

To  find  the  area  of  a  Triangle, 

r   Rule.     Multiply  the  bafe  by  half  the  perpendicular  height,  and  th$ 
product  is  the  area  required.  -r> 

Example.  Given  the  bafe  AC  30 
feet,  and  the  perpendicular  DB  20  feetj 
required  the  area  of  the  triangle  ? 

Multiply  the  bafe  30  feet 
By  half  the  perpendicular    10  feet 

Producl       300  fquare 
feet  is  the  area  required, 

PROBLEM  III. 

To  find  the  area  of  any  Irregular  right-lbied figure  i 

Rule.  Reduce  the  figure  to  triangles  by  drawing  diagonals  therein  ; 
then  find  the  area  of  each  triangle,  and  the  fum  of  them  is  the  area  of  the 
propofed  figure.  Or,  inftead  of 
finding  the  area  of  each  triangle 
feparately,  you  may  find  at  one 
operation  the  area  of  two  tri- 

angles having  the  fame  diagon- 
al, by  multiplying  the  diagonal 

by  half  the  fum  of  the  perpen- 
diculars let  fall  thereon. 

Example.  Required thearea 
of  the  figure  ABCDE,  in  which 

EC==33  feet,  EB— 22  feet,  and 
the  perpendicular  AF  =:  1 3  feet,  BG 

EB=22 

HaifofAF—     6,? 

1 1,  a1 
132 

?'i4  feet,  and  L>H=:i2  feet  ? BG=i4 

DH=i2 
Sum         26 
Half  fum  13 

Area  EAB        143- 

EC 

Area'BCDE 
EAB 

33 

39 

,39 

429 

H5 
Area  of  the  figure        572 
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PROBLEM  IV, 

To  find  the  area  of  a  circle. 

Rule.  Multiply  the  diameter  of  the  circle  by  itfelf,  then  multiply  this 

product  by  the  quantity  0.7854,  and  you  will  have  the  fought  area. 
Note.  Inftead  of  multiplying  by  0.7854  yoU  may  multiply  by  1 1  and 

divide  by  14,  the  quotient  will  be  the  area  nearly;  This  quantity  .7854 
reprefents  the  area  of  a  circle  whofe  diameter  is  r.  The  circumference  of 
the  fame  circle  being  3.1416  nearly.  The  proportion  of  the  diameter  to 
the  circumference  is  expreifed  in  whole  numbers  by  the  ratio  of  7  to  22- 
nearly  ;  or  more  exactly  by  113  to  3^. 

Example.  Required  the  area  of  a  circle  ABCD,  whofe  diameter  BB 
is  to>6  feet  ? 

Diameter         10,6  feet 
10,6  c 
6,36 

106,0 

112,36  product. 

44944 

56180 §9888 
78652 

S 8. 247 5 44  area  in  feet, 

PROBLEM   V. 

To  find  the  area  of  an  EllipJiS  or  'Oval. 
Rnt.  Multiply  the  longeft  diameter  by  the  leafl  ;  snd  the  prridiift 

by  .7854,  this  laft  product  is  the  area"  required. 

Example.     Required  the  area  of  an  Ellipfis  or'  Oval   ABCD,   whofe iongeft  diameter  AC  is  12  feet,  and  the  fhorteft  diameter  BD  10  feet  I 
Multiply     i  2    feet 
By  10  1> 

Product 120 

.7854 

480 
600 

960 
840 

94.2480  area  in  fq.  feet. 

a  he  area  of  a  fector  of  a  circle  is  found  by  means  of  the  whole  area  cf 
the  circle  obtained  in  Problem  IV.  by  faying,  as  360  degrees  is  to  the 
angle  contained  between  the  two  legs  of  the  factor.,  fa  is  the  whole  area  of 
tfie  circle  to  the  area  of  the  fector. 

There  are  various  regular  folids,  the  moft  noted  are  the  following.   
(1)  A  Cube,  which  is  a  figure  bounded  bv  fix  equal  fuuares,  (21  A  F*- 

Dd 
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r allele piped,  which  is  a  folid  terminated  by  fix  quadrilateral  figures,  of 
which  the  oppoiite  ones  are  equal  and  parallel.  (3)  A  Cylinder,  which  is 
a  figure  formed  by  the  revolution  of  a  rectangular  parallelogram  about  one 
of  its  fides.  (4)  &  Pyramid,  which  is  a  foiid  decreafing  gradually  from 
the  bafe,  till  it  comes  to  a  point ;  there  are  various  kinds  of  Pyramids  ac- 

cording to  the  figure  of  their  bafes.  Thus  if  the  bafe  be  a  triangle,  it  is 
called  a  triangular  Pyramid  ;  if  the  bafe  be  a  parallelogram,  it  is  called  a 

parallelogram'ic  Pyramid  ;  and  if  the  bafe  be  a  circle,  it  is  called  a  circular 
Pyramid,  or  limply  a  Cane.  The  point  in  which  the  Pyramid  ends,  is 
called  the  Vertex,  and  a  line  drawn  from  the  vertex  perpendicular  to  the 
bafe  is  called  the  height  of  the  Pyramid. 

PROBLEM   VI. 

To  find  the  fohdity  of  a  Cuhe. 

Rule.  Multiply  the  length  of  a  fide  of  the  Cube  by  itfelf,  and  that 
product  by  the  fame  fide,  and  you  will  have  the  folidity  required  ;  which 
will  be  exprefied  in  cubic  feet  if  the  dimsnfions  are  given  in  feet  ;  but  in 
cubic  inches  if  the  dimenfions  were  given  in  inches,  &c. 

Example.     If  the  fide  AJB  of  the  Cube  be  6y3  feet,  it  is  required  to 
determine  its  folidity  ? 

6,3 
6,3 

39>69 

1 1,907 

250,047  folidity  in  cubic  feet.: 

PROBLEM  VII. 

To  find  the  folidity  of  a  Parallelepiped, 

Rtr.LE.  Multiply  the  length,  breadth  and  depth,  into  each  other  ;.  and 
the  product  is  the  folidity  required. 

Example.  Suppofe  in  the  parallelepiped  ABCDFGHE,  the  length  EF 
is  36  feet,  the  breadth  GF  16  feet,  and  the  depth  FD  12  feet  ;  it  is  re- 

quired to  find  the  folidity  ? 

EF- 

-GF 
=  36  feet 
=.16 

216 

36 
FD= 

Sl6 

S     12 

Solidity  6912  cubic  feet. 
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PROBLEM  VIII. 

To  find  the  folidity  of  a  Cylinder. 

Rrr-E.  Multiply  the  diameter  of  the  bafe  by  itfelf,  and  this  produd  by 
the  length,  and  by  die  conftant  quantity  .7854  ;  this  laft  product  will  be 
the  folidity  required. 

Example.     Required  the  folidity  of  a  cylinder  ADHF,   whofe  length 

HD  is  13  feet,  and  diameter  of  the  bafe  AD  is  11  feet  ? 
AD  =  11  — , 

F    ,,;     A '  mnmrnmrnm 
121 

1235.4342  folidity  in  cubic  feet. 

PROBLEM  IX. 

To  find  the  folidity  of  a  Gruidjlone, 

Grindftones  in  the  form  of  cylinders  are  fold  by  the  ftone  of  24  inches 
diameter  and  4  inches  thick  ;  the  number  of  ftones  that  any  one  contains 
may  be  obtained  by  the  following  rule. 

Rule.  Multiply  the  diameter  in  inches  by  itfelf  and  that  product  by 
the  thicknefs  in  inches,  divide  this  laft  product  by  2304,  and  you  will  have 
the  number  of  ftones  required. 

Example.  Required  the  number  of  ftones  in  a  Grindftone  whofe  diam. 
eter  is  36  inches  and  thicknefs  S  inches  1 

216 
108 

1296 

2304)10368.(4,5  The  anf.  is  4  ftones  and  T5^  or  4*-  ftones. 

9216 
1152.0 
1152.0 

This  problem  may  be  folved  by  means  of  the  line  of  numbers  on  Gun. 

ter's  Scale,  in  a  very  expeditious  manner,  by  the  following  rule. 
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Rule.  Expend  from  48  to  the  diameter,  that  extent  turned  ove*  twice^ 
the  fame  way,  from  the  thicknefs,  will  reacli  to  the  number  of  ftones  re- 

quired. 
Thus  in  the  preceding  example,  the  extent  from  48  to  the  diameter  36, 

turned  over  twice,  from  the  thicknefs  8,  will  reach  to  4,5,  or  4},  which  is 
the  number  of  ftones  fought. 

PROBLEM   X. 

To  find  the  foh dity  of  any  Pyramid  or  Cone. 

Rule.  Multiply  the  area  of  the  bafe  by  one  third  of  the  perpendicula? 
fieight  of  the  Pyramid  or  Cone,  the  product  is  the  folidity  required, 

Exam  p  l  e  I.  If  the  Pyramid  hath  a  fquare  bafe, 
the  fide  of  which  is  4  feet,  and  the  perpendicular 
height  is  6  feet  ;  it  is  required  to  determine  its 
folidity  I 

The  area  of  the  bafe  is  4X4— 16  fquare  feet  ; 
this  multiplied  by  one  third  of  the  height  or  2  feet, 
gives  32  feet  the  folidity  required. 

Example  II.  If  a  cone  hath  a  diameter  at  the  bafe 

©f  io.)6  feet,  and  a  perpendicular  height  of  30  feet  ;  it 
is  required  to  find  its  folidity  ? 

The  area  of  this  bafe  was  found  in  Problem  IV.  equal 
to  88. 247544  ;  this  multiplied  by  one  third  of  the 
height  or  10  feet,  gives  the  folidity  required  equal  to 
882,47544  cubic  feet. 

Having  obtained^  by  the  foregoing  rules,  the  number, 
of  cubic  feet  in  any  body,  you  may  find  the  number  of 
tons  it  meafures,  by  dividing  the  number  of  cubic  feet 
by  40,  which  is  the  cubic  feet  contained  in  one  ton. 
Thus  the  folidity  of  the  abovementioned  cone  882,47544, 
being  divided  by  40,  quotes  22,061886,  which  is  theB 
number  of  tons  in  that  cone. 

PROBLEM  XI. 

To  find  the   tonnage  of  a  jhip. 

By  a  law  of  the  Congrefs  of  the  United  States  of  America,  the  tonnage 
©fa  ihip  is  to  be,  found  ih  the  following  manner. 

If  the  veffel  be  double-decked,  take  the  length  thereof  from  the  fore 
part  of  the  main  ftem  to  the  after  part  of  the  ftern  poft  above  the  upper 
deck  ;  the  breadth  thereof  at  the  broadeft  part  above  the  main  wales,  half 
of  which  breadth  mail  be  accounted  the  depth  of  fuch  veffel  ;  then  deduct 
from  the  length  three  fifrhs  of  the  breadth,  multiply  the  remainder  by  the 
breadth,  and  the  product  by  the  depth  ;  divide  this  laft  product  by  ninety-, 
live.,  and  the  quotient  is  the  true  content  or  tonnage  of  fuch  veffel, 
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If  the  veflel  be  fingle-decked,  take  the  length  and  breadth  as  above  dl«, 
jcfted,  in  refpect  to  a  double-decked  veffel,  and  deduft  from  the  length 
three  fifths  of  the  breadth,  and  taking  the  depth  from  the  under  fide  of  the 
deck  plank  to  the  cieling  in  the  hold  ;  multiply  and  divide  as  aforefaid, 
the  quotient  is  the  true  content  or  tonnage  of  fuch  veffel. 

Example.  Suppofe  the  length  of  a  double-decked  vefTel  is  80  feet, 
and  the  breadth  24  feet ;  what  is  her  tonnage  ? 

Length  80    feet 
Subtraft  -§•  of  the  breadth     14.4 

65.6 
Multiply  by  the  breadth         24 262.4 

1312 

J574-4 
Multiply  by  the  depth  1 2 

Pivideby  95)18892.8(198.8 
95 

939 

842 

760 

S28 

760 
68 

Carpenters,  in  finding  the  tonnage,  multiply  the  length  of  the  keel  by 
the  breadth  of  the  main  beam  and  the  depth  of  the  hold  in  feet,  and  divide 
the  product  by  95  ;  the  quotient  is  the  number  of  tons.  In  double-decked 
yeffels,  half  the  breadth  is  taken  for  the  depth. 
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AVING  fo'und  the  number  of  cubic  inches  in  any  body  by  the  pre- 
ceding rules,  you  may  from  thence  determine  the  number  of  gallons,  hum- 

els,  &c.  it  will  hold,  by  dividing  that  number  of  cubic  inches  by  the  num- 
ber of  cubic  inches  in  a  gallon,  bufhel,  &c. 

A  wine  gallon,  by  which  moft  liquors  are  meafured,  contains  231  cubic 
inches.  A  beer  gallon,  by  which  beer,  ale,  and  a  few  other  liquors  are 
meafured,  contains  282  cubic  inches.  A  bujhel  of  corn,  malt,  &c.  con- 

tains 2150.4  cubic  inches  ;  this  meafure  is  fubdivided  into  8  gallons,  each, 
of  which  contains  268.8  cubic  inches. 

In  all  the  following  rules,  it  <will  be  fuppofed  that  the  dimenfions  of  the 
itody  are  given  in  inches,  and  decimal  parts  of  an  inch* 

PROBLEM    I. 

To  find  the  number  of  gallons  in  a  body  of  a  cubic  form, 

"Rule.  Divide  the  cube  of  the  fjde  AB  (fee  the  fig.  Prob.  VI.  of  Men- 
furation)  by  231,  the  quotient  will  be  the  anfwer  in  wine  gallons ;  if  we 
divide  it  by  282,  the  quotient  will  be  the  anfwer  in  beer  gallons  ;  and  if 

we  divide  it  by  2150.4  the  quotient  will  be  the  number  of  bufhels. 

Example.  Required  the  number  of  wine  gallons  contained  in  a  cubig 

tciftern,  the  length  of  whofe  fide  is  62  inches, 

62 
62 124 

372 
3*44 

62 

23064 

231)238328(1031  wine  gallons;  the  remainder  of  the  divifion 

231  167  being  about  |  of  231,  (hews  that  the 
  -  ciftern  contains   |  of  a  gallon  more  than 

732  1031. 

693 

398 
231 
1.6? 
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PROBLEM    II. 

To  find  the  number  of  gallons  contained  in  a  body  of  the  form  of  a  ParaMeh 
ofrped.     (See  the  figure  of  Problem  VII.  of  Menfuration.) 

Rule.  Multiply  the  length,  breadth,  and  depth  together;  divide  thi3 
laft  product  by  231,  for  wine  gallons  ;  by  282  for  beer  gallons  ;  and  by 
2150.4  for  to  find  the  number  of  bufhels. 

Example.  Required  the  number  of  wine  gallons  contained  in  a  ciftern 
ABCDFGHE  (fee  fig.  Prob.  VII.  of  Menfuration)  of  the  form  of  a  par-, 

allelopiped,  whofe  length  EF  is  66  inches,  its  breadth  GF  35  inches^  and 
its  depth  FD  24  inches. 

Length  EF 
Breadth  GF 

=     66 =     3S 

33o 

198 

Depth  FD 

2310 
=      24 

9240 

4620 231)55440(240  wine  gallon?, 

462 924 

924 

PROBLEM  III. 

To  find  the  number  of  gallons  co?itained  hi  a  body  of  a  cylindrical  form. 

Rule.  Multiply  the  diameter  by  itfelf  and  that  product  by  the  height 
of  the  cylinder,  divide  this  laft. product  by  294.12  and  the  quotient  will 

be  the  number  of  wine  gallons  ;  if  you  divide  it  by  359.05  the  quotient 
will  be  the  number  cf  ale  gallons  ;  and  if  you  divide  it  by  2738  you  will 
have  the  number  of  bufneis. 

Note.  Thefe  divifors  are  found  by  dividing  231,  282,  and  21^0,4 
by  .7854. 
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F  Example.     Required  the  number  of  wine  gallons  contained  in  the  cy« 
linder  AFHD  (fee  the  Fig.  of  Prob.  VIII.  of  Menfuration),  the  diamete; 
AD  of  its  bafe  being  26  inches,  and  length  HD  18  inches  ? 

Diameter  AD  =  26 26 

156 

5* 

676 
Length,  HD  2=    18 

5408 

676 

394.12}  12 168.00(4.1  gallons 
1 17648 

40320 29412 
10908 

thave  affixed  two  ciphers  to  the  produft  12168,  which  makes  the  fame 
number  of  decimals   in  the    divifor  and  dividend,  and  confequently  the 
quotient  is  the  number  of  gallons. 

PROBLEM   IV. 

To  find  the  numher  of  gallons  contained  in  a  body  of  the  form  of  a  pyramid 
or  cone.     (See  figures  of  Prob;  X.  of  Menfuration.) 

Rule.  Multiply  the  area  of  the  bafe  of  the  pyramid  or  cone 
by  one  third  of  its  perpendicular  height ;  the  product  divided  by  2  3 1 
gives  the  anfwer  in  wine  gallons  ;  if  divided  by  282,  the  quotient  is  the 
number  of  beer  gallons;  and  if  divided  by  2150.4,  the  quotient  is  the 
number  of  bumelsi 

Example.  Required  the  number  of  beer  gallons  contained  in  a  pyra- 
mid DEFGK  (fee  Fig.  Prob*  X.  Exam.  1.)  whofe  bafe  is  a  fquare  EFGK3 

a  fide  of  which,  as  EF,  is  equal  to  30  inches,  and  the  perpendicular  height 
of  the  pyramid  is  60  inches  ? 

Bafe  EF=3o 

So 900 

One  third 
 
of  60   =    20 

282)18000(63,8  Ale  gallons 1692 

1080 
846 

234.0 
225.6 

8„4 
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PROBLEM  V. 

£l;  find  the  number  of  gallons  cwtained  in  a  body  of  the  form  of  a  frujlunt 
of  a  cone.     (See  the  Figure  belonx>.) 

Rule.  Multiply  the  top  and  bottom  diameters  together,  and  to  the 
product  add  one  third  of  the  fquare  of  the  difference  of  the  fame  diameters  ; 
multiply  this  fum  by  the  perpendicular  height  ;  and  divide  the  produdt  by 

294.12  for  wine  gallons^  by  359.05  for  ale  gallons,  and  by  2738  for' bulb  els. 

Example.  Given  the  diameter  DC  of  the 

bottom  of  a  fruftum  of  a  cone  36  inches,  the 
top  diameter  AB=s27  inches,  and  the  perpen- 

dicular height,  FE,  50  inches.  Required  the 
number  of  wine  gallons  it  will  hold  .? 

Multiply    AB  ±£  27 
by  DC  ==  36 

162 
Si 

Difference      9 Multiplied  by       9 

Product 
Add 

972 

27 

Divided  by    3)  81 

Multiply  by  FE  = 
999 

=      50 

27 

294.12 149950.00(169 

29412 

wine  gallons 

205380 
176472 

289080 
264708 

1 

24372 

PROBLEM  VI. 

To  gauge  a 

cafe. 

To  gauge  a  caflc,  you  muft  meafure  the  head 
diameters  FA,  DC,  and  take  a  mean  of  their 
meafures  when  they  differ  ;  meafure  alfo  the  di- 

ameter EB  at  the  bung,  (taking  the  meafure 
within  the  caflc)  ;  then  meafure  the  length  of  the 
calk,  making  due  allowance  for  the  thicknefs  of 
the  heads.  Having  thefe  dimenfions  you  may 
calculate  the  number  of  gallons  it  will  hold  by 
the  following  rulet 

Rule.     Take  the  difference  between  the  head  and  bung  diameter,  mul- 
tiply this  by   .62,  and  add  the  produft  to  the  head  diameter,  the  fum  will Ee 
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be  the  mean  diameter;  multiply  this  by  itfelfand  by  the  length  of  the 
,  calk,  and  divide  the  produdr.  by  294.12  for  wine  gallons,  by  359.05  fqtf 
beer  gallons,  and  by  2738  for  bufhels. 

The  quantity  .62  is  generally  ufed  by  gaugers  in  1  finding  the  mean  di- 
ameter of  a  cafk  ;  but  if  the  ftaves  are  nearly  ftraight,  it  would  be  more 

accurate  to  take  .60  or  lefs ;  if  on  the  contrary  the  cafk  is  full  on  the 

quarter,  it  would  be  beft  to  take  .64  or  .65. 

Example.  Given  the  bung  diameter  EB=3'4.5  inches,  the  head  diam- 
eter FA— 30.7  inches  and  the  length  59.3  inches;  required  the  numbs* 

of  wine  gallons  this  cafk  will  hold  ? 

Bung  diameter     34.  ̂   Mean  diameter     33.1 
Head  diameter     30.7  33, 

Difference 
Multiply  by 

3.8 
.62- 

76 

2.2
8 

Add  head  diameter 

2.3.56 

30.7 

3-31 
99-3 993 

1095.61 Length         59.3 

328.683 
9860.49 

Mean  diameter        33.056  or  33, r  54780.5 

294.12)64969.673(220.8 
58824  Galb* 61456 

58824 

263273 

235296 

27977 

1 '0  gauge  a  cafk  by  means  of  the  line  of  numbers,   on  Gunter's  Scale,  or  ots the  calipers  ufed  by  gangers. 

Make  marks  on  the fcale  at  the  points  17.15,  1S.95,  and  52.33  which 

numbers  are  the  fquare  roots  of  294.12,  359.05,  and,  2738.  A  brafs  pin- 
is  generally  fixed  on  the  calipers  at  each  of  thefe  points,  which  are  called 

the  gauge  points.  Having  prepared  the  fcale  in  this  manner,  you  may  cal- 
culate the  number  of  gallons  or  bufhels  by  the  following  rule. 

Rule.  Extend  from  1  towards  the  left  hand  to  .62  ;  that  extent  will 

reach  from  the  difference  between  the  head  and  bung  diameters,  to  a  num- 
ber which  added  to  the  head  diameter  will  give  the  mean  diameter  ;  then 

put  one  foot  of  the  compaffes  upon  the  gauge  point — which  is  17.15.  for 
wine  gallons,  18.95  for  ale  gallons,  and  52.33  for  bufhels — and  extend  the 
other  to  the  mean  diameter ;  this  extent  turned  over  twice  the  fame  way, 

from  the  length  of  the  cafk,  will  give  the  number  of  gallons  or  bufhels  ref- 
pedtivejy. 

In  the  preceding  example  the  extent  from  1  to  .62  will  reach  from  3.8 
to  2.4  nearly,  which  added  to  30.7  gives  the  mean  diameter  33.1. 

Then  the  extent  from  the  gauge  point  17.15  to  33,1,  turned  over  twice 
from  the  length  59.3,  will  reach  to  220.8,  wine  gallons. 

If  you  had  ufed  the  gauge  point  1S.95  t^e  anfwer  wcflld  have  been  in  ale 
gallons  ;  and  if  you  had  ufed  52.33  the  anfwer  would  have  been  in  bufhels. 
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U  R  V  E  Y  I  N  G. 

-^Sr^j^^*^^" 

\  AND  is  generally  meafured  by  a  chain  of  66  feet  in  length,  which 
Is  divided  into   ioo  equal  parts  called  links,  each  link  being  7.92  inches. 

A  pole  or  rod  is  1 6\  feet,  or  25  links,  in  length  ;  hence  a  fquare  pole 

contains  272.J  fquare  feet,  or  625  fquare  links. 
An  \acre  of  land  is  equal  to  1 60  fquare  poles,  and  therefore  contains 

43560  fquare  feet,  or  1 00000  fquare  links. 
To  find  the  number  of  fquare  poles  in  any  piece  of  land,  you  may  take 

the  dimenfions  of  it  in  feet,  and  find  its  area  in  fquare  feet,  as  in  the  pre- 

ceding Problems ;  divide  this  area  by  43560,  the  quotient  will  be  the  num- 
ber of  acres;  or  dividing  it  by  272,25  the  quotient  wiil  be  the  num- 
ber of  fquare  poles.  If  the  dimenfions  be  taken  in  links,  and  the  area  be 

found  in  fquare  links,  we  may  obtain  the  number  of  acres  by  dividing  by 
1 00000  (that  is,  by  croffing  off  the  five  right  hand  figures}  ;  and  the  num- 

ber of  fquare  poles  may  be  obtained  by  dividing  by  625. 

PROBLEM    I. 

1  0  fund  the  riumhev  of  acres  and  poles    tn  a  piece   of  land  in  the  form  of  a 
reclangular  parallelogram. 

Rule.  Multiply  the  bafe  by  the  perpendicular  height,  and  divide  by 

625  if  the  dimenfions  were,  taken  in  links,  but  by  272.25  if  they  were  taken 
in  feet ;  the  quotient  will  be  the  number  of  poles,  which,  divided  by  160* 
gives  the  number  of  acres. 

Example  I.  Suppofe  the  bafe  DB  (fee  the  figure  of  Ex.  I.  Prob.T.  of 
Menfurationj  of  the  rectangular  parallelogram  ACBD  is  60  feet,  and  the 
perpendicular  BC  25  feet ;  required  the  area  in  poles. 

Multiply         25  To  ihe  preduft  1500,  I  have 
By  60  affixed  three  ciphers  to  the  right, 
   in  order  to  obtain  the  area  in 

Divide  by    272.25)1500.000(5.5  poles   and   decimal    parts  of  a 
136125  pole;  hence  the  fought  area  is 

5  poles  and  5  tenths. 138750 
136125 

2625 

PROBLEM    
II. 

To  find  the  number  of  acres  and  poles  in  a  piece  of  land  in  the  form  of  ait 
oblique-angular  parallelogram.  (See  the  figure  of  Prob.  I.  Ex.  IV.  of 
Menfuration.) 

Rx/le.  This  area  is  found  in  exactly  the  fame  manner  as  in  the  preced- 

ing Problem,  by  multiplying  the  bafe  AD  by  the  perpendicular  height  BE, 
and  dividing  by  625  when  the  dimenfions  are  taken  in  links,  but  by  272.25 
when  they  are  taken  in  feet  ;  the  quotient  is  the  anfwer  in  poles,  which 
divided  by  160  gives  the  anfwer  in  acres. 
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Example*     Suppofe  the  bafe  AD  is  632  links,  and  the  perpendicular 
BE  326  links  ;  required  the  number  of  poles. 

Multiply     63Z 

By  326 

379* 

1264 

1896 

625)206032(329  polesa 

3875 

1853 

1250 

6032 

S6lS 
407 

PROBLEM    III, 

To  find  the  number  of  acres,  and  poles  in  a  piece  of  land  of  a  triangulat fbrm* 

Rule.  Multiply  the  bafe  by  the  perpendicular  height,  and  divide  the 
produd  by  1250  when  the  dimenfions  are  given  in  links,  but  by  544.5 
when  they  are  given  in  \fejf  ;  the  quotient  is  the  anfwer  in  poles. 

Note.  Inftead  of  dividing  by  1250,  you  may  multiply  by  8,  and  crofs 
off  the  four  right  hand  figures. 

Example.  Given  the  bafe  AC  (fee  fig.  of  Prob.  II.  of  Menfuration) 
equal  to  300  feet^  and  the  perpendicular  BD  150  feet ;  required  the  area  m, 
poles. 

Multiply     150  ^ 
By  300 

544.5)45000.00(82.6  poles, 

4356° 1 4400 10890 

35IO° 
32670 

2430 

PROBLEM    IV, 

To  find  the  number  of  acres  and  poles  In  a  piece  of  land  of  any   Irregular 
right-lined  figure. 

Rule.  Find  the  area  as  in  Problem  III,  of  Menfuration,  by  drawing 
diagonals,  and  reducing  the  figure  to  triangles  :  the  bafe  of  each  triangle 
being  multiplied  by  the  perpendicular,  (or  by  the  fnm  of  the  perpendiculars 
falling  on  it)  and  the  fum  of  all  thefe  produds  divided  by  1250  when  the 
dimenfions  are  given  in  links,  but  by  544.5  when  in  feet,  will  give  the 
area  of  the  figure  in  poles, 
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Example.  Suppofe  that  the  piece  of  land  is  of  the  fame  form  as  the  fig- 
ure in  Problem  III.  of  Menfuration,  and  that  EB  =  22  feet,  ECrrr  33  feet, 

AF==  13  feet,  BG=  14  feet,  and  DH— 12  feet ;  it  is  required  to  find  the area  in  poles. 

EB  ==22  BG  =   14 
AF=  13  DHr  12 

66 
22 

Sum         26. 
£C  =  33 

EAB  - 
286 

78 

BCDE  r=r  858 
EAB      =  2S6 

544.5)1144.00(2.1 ioSgo Anf.  2-jiy.poles, 

5500 

5445 

55 

The  manner  of furweylng  Coajis  and  Harbours ■.*. 

From  what  has  been  already  faid,  an  intelligent  reader  would  fee  how 
the  bufinefs  of  taking  the  bearings  of  part  of  a  coaft,  and  of  plotting  or  de- 

lineating it  might  be  done.  But  as  there  are  fome  particulars  which  can 
be  gained  only  by  experience  in  the  art  of  furveying,  it  will  not  be  im- 

proper to  apprize  the  learner  concerning  them  to  qualify  him  to  go  more 
xeadiiy  to  work. 

To  take  a  draught  of  a  eoaji  hi  failing  along  Jhore, 

Having  brought  the  {hip  to  a  convenient  place,  from  which  the  principal 
points  of  the  coaft,  or  bay,  may  be  feen,  either  cifc  anchor,  if  it  is  conve- 

nient, or  lie  too  as  fteady  as  pofiible  ;  or  if  the  coaft  is  too  fnoal,  let  the 
obfervations  and  meafures  be  done  in  a  boat.  Then  while  the  veflel  is 

ftationary,  take  with  the  azimuth  compafs  the  bearings  in  degrees  of  fuch 
points  of  the  coaft  as  form  the  moft  material  projections  or  hollows  ;  write 
down  thefe  bearings  and  make  a  rough  fketch  of  the  coaft,  obferving  care- 

fully to  mark  the  points  whofe  bearings  were  taken,  with  letters,  for  the 
fake  of  reference. 

Then  let  the  fhip  or  boat  run  in  a  direct  line,  which  muft  be  very  care- 
fully meafured  by  the  log,  or  otherwife,  one,  two  or  three  miles,  until  (he 

comes  to  a  fituation  from  which  the  fame  points  before  obferved  can  be  feen 
again  with  quite  different  bearings  :  then  let  the  vefiel  lie  fteady  as  at  the 
former  ftation,  and  obferve  again  the  bearings  of  the  fame  points,  and  make 
a  rough  fi^etch  of  the  coaft  ;  this  fketch  may  be  made  more  accurately 
while  the  veffel  is  running  the  bafe  line. 

*  Moft  of  this  piece  is  from  Robertfon's  Navigation! 
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To  defcribe  the  chart  from  thefe  observations,  yon  mull  in  feme  conveS 

intent  part  of  a  fheet  of  paper  draw  the  magnetic  meridian,  and  lay  off  the 
feveral  bearings  taken  at  the  firft  ftation,  marking  them  with  their  proper 
letters  ;  lay  down  alfo  the  bearings  taken  from  the  fecond  ftation.  Draw 

a  line  to  represent  the  (hip's  run  both  in  length  and  courfe,  and  from  that 
end  of  it  expreifing  the  firil  ftation,  draw  lines  parallel  to  the  refpective 
bearings  taken  from  that  end  ;  alfo  from  the  other  end  draw  lines  parallel 
to  the  bearings  taken  at  that  end,  and  note  the  interfection  of  each  pair  of 

lines  directed  to  the  fame  point  ;  and  through  thefe  interfecfions,  draw  by- 
hand,  a  curved  line,  ©bferving  to  wave  it  in  and  out  as  near  as  can  be  like 
the  bending  of  the  coaft  itfelf.  Then  mark  off  the  variation  of  the  com- 
pafs  from  the  north  end  of  the  magnetic  meridian,  towards  the  right  hand, 
if  it  be  weft,  or  towards  the  left  hand,  if  it  be  eaft,  and  draw  the  true  me- 

ridian through  that  point  and  the  centre  of  the  circle. 

Againit  each  part  draw  the  appearance  of  the  land  marked  in  the  fketches, 
diftinguifhing  rocks,  cliffs,  high-lands,  fand-hills,  &c.  If  there  are  any 
currents,  exprefs  them  in  their  proper  places  by  darts  or  arrows,  the  points 
being  turned  that  way  the  current  fets.  Put  in  the  feveral  foundings  at 
low  water,  in  fmall  figures,  diftinguilhing  whether  they  are  fathoms  or 
feet  ;  fhew  the  time  of  high  water  on  the  full  and  change  days  by  roman 
figures,  and  tell  the  rife  in  feet.  Put  in  a  compafs,  and  a  fcale  of  miles 
or  leagues,  fuch  as  the  veffels  run  was  laid  down  by  ;  add  the  name  of  the 
place,  and  the  latitude  and  longitude  as  true  as  can  be  obtained. 

If  there  are  fhoals  or  fands  on  the  coaft,  let  them  be  taken  by  a  boat  fail- 

ing round  them,  keeping  account  of  the  courfes,  diftances,  and  foundings. 
But  to  put  them  in  the  draught,  the  boat  mult  take  the  bearings  of  two 
points  on  the  coaft  ;  the  bearings  of  which  have  been  taken  from  the  (hip, 
from  forne  part  of  each  fand  or  fhoal  fo  failed  round;  or,  the  bearing  of 
the  boat  at  fome  part  of  the  fhoal,  or  of  fome  beacon  in  that  place,  mult  be 
taken  by  the  (hip  at  each  of  the  ftations  where  fhe  took  the  bearings  of  the 
fhore  ;  for  by  either  of  thefe  means,  one  point  of  the  fand  being  obtained, 

the  reft  of  it  can  be  laid  down  from  the  boat's  account. 
If  the  coaft  to  be  drawn  is  a  bay  or  harbour  winding  in  fuch  manner 

that  all  its  parts  cannot  be  feen  at  two  ftations,  let  as  many  bales  or  lines 
be  run  and  meafured  exactly  as  may  be  found  neceffary,  observing  that  the 

rfieveral'  diftances  run  fhould  join  to  one  another,  in  the  nature  of  a  travcrfe  ; 
that  each  new  fet  of  objects,  or  points  obferveci,  fhould  be  taken  from  tv,  y 
ftations  at  the  end  of  a  known  diftance,  and  that  the  objects  whofe  bearings 

are  taken  do  not  fo  much  extend  beyond  the  limits  of  the  bafe  as  to  make 

angles  with  it  iefs  than  about  |  or  |  of  a  point,  but  rather  referve  fuch 
objects  for  the  next  meafured  bafe  line  ;  for  when  lines  lie  very  obliquely 
to  one  another  their  interfections  are  net  eaniy  afcertained. 

If  any  canicular  parts  of  the  harbour  cannot  be  conveniently  feen  from 
either  of  the  ftations,  take  the  boat  into  thofe  places,  and  having  well  ex- 

amined them,  make  fketches  thereof,  eiliroating  the  lengths  and  breadths 
of  the  feveral  inlets,  either  by  the  rowing  or  failing  of  the  boat,  take  as  many 

bearings,  foundings,  and  ether  notes,  as  may  be  thought  neceffary  ;  then 
annex  thefe  particular  views  in  their  proper  places  in  the  general  draught. 

If  there  are  any  dangerous  fands  or  rocks,  befides  inferting  them  in  their 

proper  places,  you  muft  fee  if  there  be  any  two  objects  aihore  (fuch  as  a 
church,  mill,  houfe,  noted  cliff,  Szc.j  which  appear  in  the  fame  right  line 

when  on  the  fhoal ;  and  thefe  objefts  muft  be  noted  on  your  chart. ^  If 
none  can  be  found,  you  muft  take  the  bearings  of  feme  remarkable  points, 
and  note  them  on  your  charts  by  which  means  a  fhip  will  know  how  to 
avoid  the  danger. 
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It  mould  be  remarked  in  the  draught  what  places  are  unfit  for  anchor- 

age, and  what  fit,  by' 'writing  rocky  ground,  foul  anchorage,  good  anchorage, 
&c.  and  in  the  latter  to  draw  the  figure  of  an  anchor.  Alfa,  if  there  is 

any  particular  channel  more  convenient  than  another,  it  is  to  be  pointed 
out  bv  lines  drawn  to  its  entrance  from  two  or  .more  noted  marks  afhore. 

The  pofitibns  of  objects  taken  by  a  magnetic  compafs  being  liable  to 
great  uncertainties,  as  is  well  known  to  thofe  who  have  had  any  expe- 

rience, efpecially  at  fea  ;  an  obferver  would  therefore  do  well  to  obferve 
only  the  bearings  of  the  ftation  lines  by  the  compafs,  and  then  meafure 
the  angles  which  the  other  objects  make  with  thefe  lines,  by  a  quadrant  or 
fextarrt,  which  for  this  purpofe  muft  be  held  in  an  horizontal  politicn. 

EXAMPLE  I.     (See  Fig.  1.  adjoined  plate.) 

".  a  fllip  at  A,  obferves  the  bearings  of  the  moil  remarkable  point's 
',  E,  F,  G,  H,  and  I,  and  fails  S.  6f  E.  i|  miles  to  B  ;   at  B 
3  the  bearings  cf  the  fame  points ;  from  hence  it  is  required 

te  chart. 

1  of  C 
from  1 \  S.  ?XS°W. Eea: 

•ing 

of  C  i 
rora B s.  so°  w: 

D N."  90  W. D 
N. 48 3  W. E N.  260  E. E 
N.  24°  W. F 

N. $y°  E. 
F 

N.  1 50  E. G Eaft. G 

N.  47tfE. 
H 

S.  4o°  E. 
H 

S.  380  w. I 
S.  190  E. 

I 
S.  46°  W. 

Draw  the  line  AB,  S.  630  E.  i-§  miles.  Through  the  points  A  and  B 
draw  the  lines  AC,  AD,  AE,  AF_,  AG,  AH,  AT,  BC,  BD,  BE,  BF,  BG, 
BH,  and  BI,  at  their  refpective  bearings,  and  where  the.  correfponding  lines 
cut  each  other,  will  be  the  points  C,  D,  E,  F,  G,  H,  and  I,  required  ; 
through  which  the  different  curvatures  of  the  land  muft  be  drawn,  corref- 

3  .-  iing  with  your  eye-draught.  In  this,  manner  may  a  chart  be  conftruct- 
ed  by  obfervations  taken  upon  the  water.  The  manner  of  furveying  upon 
land  is  exactly  fimilar. 

To  fur~jsy  a  hdrhour  hy  ohfer-vations  on  foore. 

Make  an  eye-draught  of  the  place  to  be  furveyed,  and  in  going  round 
its  coail  fix  ftation  ftaves,  or  ftraight  poles,  tall  enough  to  be  feen  at  a 
oonfiderable  diftance,  in  the  moft  remarkable  points  and  bendings  of  the 
fhore  ;  but  if  at  any  of  thofe  places  there  is  a  noted  tree,  houfe,  or  any 
other  remarkable  thing,  that  object  may  ferve  inftead  of  a  ftation  ftaff; 
and  it  will  be  convenient  to  black  the  ftaves,  and  tie  a  piece  of  white  bunt- 

ing at  the  top  of  each  ;  then  in  the  eye-draught  put  letters  at  the  noted 
points  or  marks,  for  diftinctioh  fake. 

Choofe  the  moft  extenfive  and  level  fpot  of  ground  vou  can  meet  with 
to  meafure  your  bafe  line  upon,  which  mould  not  be  leis  than  a  tenth  part 
of  the  diftance  of  the  two  extreme  objects  which  are  to  be  obferved  ;  and 
let  the  direction  of  the  meafured  bafe  line  be  fuch  that  as  many  of  the  fta- 

tion ftaves  as  poffible  maybe  feen  from  each  end  of  it.  The  bearing  or 
pofition  of  this  bafe  muft  be  well  determined  in  degrees  and  minutes,  and 
its  length  accurately  meafured,  either  by  a  meafuring  chain  or  a  piece  of 
log-line. 

From  each  end  of  the  bafe  obferve,  with  the  azimuth  compafs,  the  bear- 
ings of  each  of  the  ftation  ftaves  ;  or  elfe  with  a  fextant  meafure  the  angles 
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Contained  between  thefe  ftavcs  or  remarkable  objects,  and  the  other  end 
of  the  ftation  line,  and  write  them  down  in  order  in  your  book.  Thefe 

meafures  and  agles  being  plotted  down,  as  before  directed,  will  give  the 
moft  conipicuous  points  of  the  more  ;  the  intermediate  fpaees  are  to  be 
filled  up  from  the  fketches  made  on  the  fpot. 

Eiit  if  either  of  thefe  objects  fhould  fpread  on  either  hand  fo  far  beyond 
the  limits  of  the  bafe,  that  at  either  end  thereof  the  other  end  and  thofe  ob- 

jects mould  appear  nearly  in  the  fame  direction,  or  to  make  angles  not  ex- 

ceeding io°  ;  or,  if  fome  of  the  remarkable  objects  can  be  feen  only  from 
one  end  of  the  bafe  ;  then  let  the  bearings  of  fuch  objects  be  taken  from 

a  place  whofe  polition  has  been  determined  from  both  ends  of  the  meafured 

bafe  ;  or,  if  there  are  feveral  remarked  objects  which  cannot  be  feen  from' 
either  end  of  the  bafe  lines,  let  the  bearings  of  fuch  objects  be  taken  from 
each  of  the  two  points  whofe  polition  has  been  taken  from  both  ends  of  the 
bafe,  or  it  may  on  fome  occaiions  be  proper  to  chobfe  another  place  on 
which  another  bafe  of  a  convenient  length  may  be  meafured,  and  from  the 
extremities  of  which  the  ends  of  the  firft  bafe  may  be  feen  ;  and  alfo  as 

many  as  can  be  of  the  remaining  objects  which  lay  too  obliquely  for  the 
firft  bafe,  or  which  could  not  be  feen  from  it.  In  fuch  manner  proceed  un- 

til the  bearings  are  taken  of  all  the  points  judged  neceifary  for  completing 
the  furvey  of  the  limits  of  the  harbour. 

If  a  bafe  line  of  a  fufficient  length  cannot  be  meafured  in  one  right  line, 
it  may  be  taken  in  two  adjoining  lines  as  the  two  fides  of  a  triangle,  the 
included  angle  being  accurately  taken,  and  the  bearing  of  either  line. 

WMen  the  outlines  or  limits  of  a  harbour,  bay,  road,  &c.  are  delineated 

by  the  preceding  precepts,  let  a  fmall  veffel  go  out  to  fea  to  take  drawings 
of  the  appearance  of  the  land,  and  its  bearings  ;  fail  likewife  into  the  har- 

bour, and  draw  the  appearance  of  its  entrance  ;  take  particular  notice  if 
there  be  any  falfe  refemblance  of  the  entrance,  by  which  {hips  may  be 
deceived  and  run  into  danger  ;  or  when  any  two  objects  being  brought 

in  a  line,  or  in  one,  will  lead  into  the  harbour  without  danger  ;  -fearch 
for  the  beft  anchoring  places,  and  if  poiiible,  denote  thofe  place  by  bring- 

ing two  objefts  in  one,  if  not  take  the  exact  bearings  of  two  or  three  other 

objects,  fo  that  the  places  may  be  eafily  determined.  The  chart  being 
correctly  drawn,  a  compafs,  with  the  variation,  and  fcale  properly  fitted  to 
the  plan,  the  ifies,  rocks,  fands,  &c.  marked  in  their  proper  places,  with 
their  foundings  at  low  water,  and  the  winds  open  to  them,  the  beft  track 
with  the  foundings  all  the  way  to  thofe  anchoring  places  ;  the  proper  failing 

marks  to  avoid  dangers  ;  the  winds,  if  any  troublefome  ones,  which  pre- 
vail, and  at  what  feafons  ;  the  places  where  frefh  water  can  be  got  ;  the 

name  of  the  place,  the  country  in,  on  what  fea  ;  the  latitude  and  longi- 
tude ;  a  {ketch  of.  the  appearance  the  place  makes  at  fea  upon  a  known 

rhumb,  and  at  an  eftimated  diftance  ;  and  whatever  elfe  a  judicious  fea- 

man  fhail  think  proper  to  infert.  Then  is  the  plan  fit  for  all  nautical  pur« 
pofes,  and  may  be  embellifned  with  proper  colours  if  neceflary. 

EXAMPLE  II.     (See  Fig.  2.  of  the  Plate.) 

From  each  end  of  a  bafe  line  AB  of  1200  fathoms,  were  ob- 

ferved  the  points  C,  D,  E,  F,  and  G ;  and  as  the  points  I,  K,  2nd  L 
were  not  vifihle  from  the  extremities  of  the  bafe  line,  another  bafe  line  was 

, meafured  from  the  point  D  to  H  of  6S0  fathoms,  from  which  points  the 
bearings  of  I,  K,  and  L  ware  cbferved  :  from  hence  it  is  required  to  con- 

tract a  chart  of  the  place. 
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SURVEYING. 

11$ 

Bearing  of  B  from  A  Eaft. 
C  North. 
D  N.  E.  b.  N. 

E  N.  E.  I  N. 
F  N.E.b.E.-fE. 
G  E.b.N.-|-N. 

Bearing  of  H  from  D  N.  W. 

I  "  N.  b.  W. 
K  N.  b.E.fE. 
L  N.N.E.IE. 

Bearing  of  C  from  B  N.  W.  b.  W. 
D  N.  N.  W. 
E  North. 
F  N.  b.  E. 
G  N.  E. 

Bearing  of  I  from  H 
K 
L 

N.E.b.N. 

N.E.iE. 
E.  N.  E. 

Draw  the  eaft  line  AB=i2oo  fathoms;  from  each  end  of  this  line 

draw  the  lines  AC,  AD,  AE,  AF,  AG,  BC,  &c.  at  their  refpettive  bear- 
ings ;  the  points  of  interferon  will  give  the  points  C,  D,  E,  F,  and  G. 

From  the  point  D  (which  was  found  in  this  manner)  draw  the  N.  W.  line 
DH  r=:  680  fathoms ;  and  through  thefe  points  draw  the  lines  DI,  DK, 
DL,  HI,  &c.  at  their  refpective  bearings  5  the  points  of  interfe&ion  of  the 
correfponding  lines  will  be  the  fituation  of  the  points  I,  K,  L.  Between 
thefe  remarkable  points  draw  the  outlines  of  the  land  conformable  to  your 
rough  draught. 

In  order  to  determine  the  fituation  of  the  point  M,  which  is  feen  too  ob- 
liquely from  the  bafes  AB,  DH,  you  may  take  the  bearing  of  that  point 

from  B  and  then  from  G  (whofe  fituation  has  been  determined  by  bearings 
taken  from  the  points  A,  B),  the  interfedlion  of  the  lines  BM,  GM,  will 
determine  the  fituation  of  M. 

To  reduce  a  Draught  to  a/fHaller/cale, 

With  a  black-lead  pencil  draw  the  draught  to  be  reduced  all  over  with 
crofs  lines,  forming  exact  fquares  ;  draw  the  clean  paper  for  the  copy  all 
over  with  the  fame  number  of  fquares,  but  their  fides  larger  or  fmaller  in 

proportion  to  the  intended  fize  of  the  fcale  fuch  as  f,  ±,  &c.  length  of 
the  other ;  diftinguifh  by  a  ftronger  mark,  every  fifth  or  fixth  row  of 
fquares  in  both,  fo  that  the  feveral  correfponding  fquares  may  be 
readily  perceived  ;  then,  in  each  of  the  fquares  of  the  draught,  draw,  by 
the  eye,  a  curve  on  the  paper,  fimilar  to  that  in  the  fquare  of  your  copy- 

ing draught,  till  the  whole  is  copied  ;  when  the  black-lead  lines  may  be 
rubbed  out  with  bread  or  India  rubber. 

A  chart  may  alfo  be  reduced  in  the  following  manner  :  thus,  fuppofe 
you  would  reduce  a  chart  in  the  ratio  of  the  line  MN  (figure  plate  fronting 
page  45)  to  HI.  Draw  the  line  AC,  which  make  equal  to  HI ;  upon  A 
as  a  centre  fweep  the  arch  CE,  and  make  the  chord  CE=MN,  join  AE  ; 
then  if  you  take  any  diftance,  AB  you  want  to  reduce,  and  upon  A,  as  a 
centre,  fweep  an  arch  BD  ;  the  chord  BD  intercepted  by  the  lines  AC, 
AE,  will  be  the  reduced  diftance  correfponding  to  AB.  This  reduced  dif- 

tance can  alfo  be  obtained  by  another  method,  which  is  more  fimple  than 
the  former  :  Take  any  extent  from  the  large  chart  which  is  to  be  reduced 
to  a  fmaller  fcale,  and  apply  it  from  A  to  O  (fee  figure  of  fame  plate)  3  take 
in  your  compafTes  the  correfponding  diftance  on  the  fmall  chart,  and  with 
one  foot  in  O  fweep  an  arch  P  3  draw  the  line  AP  juft  touching  the  arch 
in  P  3  then  if  you  take  any  diftance  from  the  great  chart,  and  apply  it  from 
A  to  Pv,  and  at  the  point  R  fweep  an  arch  S  to  touch  the  line  AE  3  the 
extent  RS  will  be  the  reduced  diftance  of  the  line  AR. 

F  £ 
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OF     WINDS, 

^^5?^ 

Jg_  HE  earth  is  furrounded  by  a  fine  invifibie  fluid,  called  Air,  extend- 
ing feme  miles  above  its  furface.  By  its  weight  it  is  capable  of  fupporting 

the  vapours  raifed  by  the  fun  ;,  and  by  its  elaiticity  it  is  capable  of  expand- 
ing or  fpreading  itfelf,  fo  as  to  fill  up  a  larger  fpace.  When  the  elafti- 

city  of  any  portion  of  the  air  is  changed,  by  the  heat  of  the  fun  or  by 
other  caufes,  the  neighbouring  parts  are  put  in  motion  to  reftore  the  equi- 

librium ;  in  this  manner  a  current  of  air  is  formed,  called  the  Wind> 

which  is  diftinguifhed  by  feveral  names,  viz.  trade-wind,  monfoon,  va- 
riable wind,  &c.  The  trade  nj/iuch  blow  conftantly  from  the  fame  part ; 

the  vtonfoons  blow  half  the  year  one  way,  and  half  the  other  ;  and  the  va- 

riable Nina's  are  fuch  as  blow  without  any  regularity  either  as  to  time,, 
place,  or  direction.  The  following  obfervations  on  the  wind  have  been 
made  by  Doctor  Halley,  and  others. 

There  i?  a  conftant  trade  wind,  blowing  from  the  eaft,  in  moft  parts  of 

'  the  Atlantic  and  Pacific  Oceans,  between  the  latitudes  of  300  N.  arid 
300  S.  Near  their  northern  limits,  they  blow  between  the  north  and  eaft  ; 
and  near  their  fouthern  limits  they  blow  between  fouth  and  eaft. 

■  In  the  Atlantic  Ocean,  at  about  100  leagues  from  the  coafts  of  Africa, 

between  the  latitudes  of  *8°  and  iq°  north,  there  is  generally  a  frelh  gale 
of  wind  blowing  from  the  N.E; 

Thofe  bound  to  the  Carribee  Iflands  acrofs  the  Atlantic,,  find,  as  they 
approach  the  American  fide,  that  the  N,.  E.  wind  becomes  cafterly,  or  fel- 

dom.  blows  more  than  a  point  from-  the  eaft,  either  to  the  Northward  or 
Southward. 

Thefe  trade  winds  on  the  American  fide  are  extended  to  300,  3 1  °,  or  even- 

to  3  20  of  north  latitude,  which  is  about  4.0  further  than  what  they  extend  to 
on  the  African  fide  ;  alfo  to  the  fouthward  of  the  equator,  the  trade  winds 

extend  3  or  4  degrees  further  towards  the  coaft  of  Brazil  on  the  American 

fide,,  than  they  do  near  the  Cape  of  Good  Hope  on  th<s  African  fide. 

Between  the  latitudes  of  4.0  north  and  4°  fouth,  the  wind  always  blows 
between  the  fouth  and  eaft  :  on  the  African  fide  the  winds  are  neareft  the 

fouth,  and  on  the  American  fide  neareft  the  eaft..  In  thefe  feas,  Dr.  Hal- 

ley  obferved,  that  when  the  wind  was  eaftward,  the  weather  was  gloomy, 

dark,  and- rainy,  with  hard  gales,  of  wind  ;,  but  when  the  wind  veered  to 
the  fouthward,  the  weather  generally  became  ferene,.  with  gentle  breezes 
next  ts-a  calm. 

Thefe  winds  are  fomewhat  changed  by  the  feafons  of  the  year  :  when  the 
fun  is  far  northward,- the  Brazil  S.  £.  wind  gets  to  the  fouth,.  and  the  N.  E. 

wind  to  the  eaft  ;  and  when-the  fun  is  far  fouth,  the  S.-E.  wind  gets  to  the 
eaft,  and  the  N.  E.  wind  on-  this  fide  of  the  equator  veers  more  to  the  north. 

Alono-  the  coaft  of  Guinea,,  from  Sierra  Leonto  the  iftand  of  St..  Thomas,, 
under  the  equator,  the  Southerly  and  S.  W.  winds,  blow  perpetually  ;  for 
the  S.  E.  trade  wind  having  puffed  the  equator,,  and  approaching  the  Guinea 
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coaft,  within  80  or  100  leagues,  inclines  toward  the  fhore,  and-  becomes 
Si  S.  E.  then  fouth,  and  by  degrees,  as  it  comes  near  the  land,  it  veers  about 
to  S.  S.  W.  and  within  the  land  it  is  S.  W.  and  fometimes  W.  S.  W. 

This  track  is  troubled  with  frequent  calms,  and  violent  fudden  guft.s  oi 
wind,  called  Tornadoes,  blov/ing  from  all  points  of  the  horizon. 

The  reason  of  the  wind  fetting  in  weft  on  the  coaft  of  Guinea  is,  in  all 

probability,  owing  to  the  nature  of  the  coaft,  which  being  greatly  heated 
by  the  fun,  rarefies  the  air  exceedingly,  and  confequently  the  cool  air  from 
off  the  fea  will  keep  rufhing  in,  to  reftore  the  equilibrium. 

Between  the  4th  and  10th  degrees  of  .north  latitude,  and  between  the 
longitude  of  Cape  Verd  and  the  eafternmoft  of  the  Cape  Verd  Iflands,  there 
is  a  track  of  fea,  which  feems  to  be  condemned  to  perpetual  calms,  attended 
with  terrible  thunder  and  lightning,  and  frequent  rains. 

The  caufe  of  this  feems  to  be,  that  the  wefterly  winds  fetting  in  on  this 

coaft,  and  meeting  the  general  eafterly  winds  in  this  tracf,  balance  each 
other,  and  fo  caufe  the  calms ;  and  the  vapours,  carried  thither  by  each 
wind,  meeting  and  condenfing,  occafion  the  almoftconftant  rains, 

Thefe  obfervations  fhew  the  reafon  of  the  difficulty  which  fhips  find  in 

failing  to*  the  fouthward,  between  the  coafts  of  Guinea  and  Brazil,  particu- 
larly in  the  months  of  July  -and  Auguft,  notvvithftanding  the  width  of  the 

fea  is  more  than  500  leagues.  For  the  S.  E.  winds  at  that  time  of  the  year 

commonly  extend  fome  degrees  beyond  the  ordinary  limits  of  40  N.  latitude, 

beficles  coming  fo' much  foutherly  as  to  be  fometimes- fouth,  fometimes  a 
joint  or  two  to  the  weft;  it  then  only  remains  to  ply  to  windward  :  And 

if  on  the  one  fide  they  fteer  W.  S.  W.  they  get  a  wind  mor>e  and  more 
eafterly,  but  then  there  is  danger  of  falling  in  with  the  Brazilian  coaft  or 
fhoals  ;  and  if  they  fleer  E.  S.  E.  they  fall  into  the  neighbourhood  of  the 
coaft  of  Guinea,  from  whence  they  cannot  depart  without  running  eafterly 
2s  far  as  the  ifland  of  St,  Thomas  ;  and  this  is  the  conftant  pra&ice  of  all 
the  Guinea  (hips. 

All  fhips  departing  from  Guinea  for  Europe,  their  direct  courfe  is  north- 
ward ;  but  on  this  courfe  they  cannot  go,  becaufe  the  coaft  trending  nearly 

eaft  and  weft,  the  land  is  to  the  northward ;  therefore,  as  the  winds  on  this 

coaft  are  generally  between  the  fouth  and  W,  S.  W.  they  are  obliged  to  fteer 
S.S.  E.  or  fouth,  and  with  thefe  courfes  they  run  off  the  fhore  ;  but  in  fo 
doing  they  always  find  the  wind  more  and  more  contrary  ;  fo  that  when 
near  the  fnore  they  can  lie  fouth  ;  at  a  great  diftance  they  can  make  no 
better  than  S.  E.  and  afterwards  E.  S.  E.  with  which  courfes  they  generally 
fetch  the  ifland  of  St.  Thomas,  and  Cape  Lopez,  where  finding  the  winds 
to  the  eaftward  of  the  fouth,  they  fail  wefterly  with  it,  till  coming  to  the 

latitude  of  four  degrees  fouth,  where  they  find  the  S.  E.  wind  blowing  per- 
petually. 

On  account  of  thefe  general  winds,  all  bound  from  Europe  to  the  Weft, 
Indies,  or  to  the  fouthern  ftates  of  America,  reckon  it  their  beft. courfe  to 

get  as  foon  as  they  can  to  the  fouthward,  that  fo  they  may  be  certain  of  a 
fair  and  frefh  gale,  to  tun  before  it  to  the  weftward.  For  the  fame  reafon 
thofe  bound  from  America  to  Europe  endeavour  to  gain  the  latitude  of  30 

degrees,  where  the}'  firft  find  the  wind  begin  to  be  variable,  though  the  moft 
ordinary  winds  in  the  North  Atlantic  Ocean  come  between  the  fouth  and 
weft. 

And  for  the  fame  reafon,  thofe  bound  to  India  from  America  run  to  the  caft- 

vard  in  the  variable  winds,  fo  as  to  be  in  the  longitude  of  35°  or  380  \V„ 
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when  in  the  latitude  of  300  N.  From  thence  they  fteer  fouth- easterly  to- 

wards the  Cape  de  Verds,  paffing  zJ  or  30  to  the  weftward  of"  them,  unlefs 
they  want  to  flop  for  fupplies,  or  to  correct  their  longitude.  Being  then 

in  the  common  route  of  the  European  Indiamen,  they  fteer  fouth-'eafterly 
to  crofs  the  equator  between  the  longitude  of  180  W.  and  250  W.  where, 
meeting  the  S.  E.  winds,  they  muft  brace  up  and  fail  upon  a-wind  till  they 
get  through  them,  and  come  into  the  variable  winds,  where  they  may  fteer 
to  the  eaftward.  Near  the  equator,  the  trade-wind  is  generally  ftronger 
to  the  weftward  than  to  the  eaftward ;  and  were  it  not  ibr  the  fear  of  tail- 

ing in  with  the  Brazil  coaft,  a  fhip  might  crofs  the  line  further  to  the  weft- 
ward than  what  we  have  recommended  above.  When  homeward  bound, 

from  the  Cape  of  Good-Hope  towards  America,  they  might  deviate  a  lit- 
tle to  the  weftward  of  their  ftraight  courfe,  in  order  to  take  advantage  of 

this  frelher  trade-wind. 

Between  the  fouthern  latitudes  of  io°  and  300  in  the  Indian  Ocean,  the 
general  trade-wind  about  S.  E.  by  S.  is  found  to  blow  all  the  year  round, 
in  the  fame  manner  as  in  the  like  latitudes  in  the  Ethiopic  Ocean  ;  and 
during  the  fix  months,  from  May  to  December,  thefe  winds  reach  to  with- 

in 2  degrees  of  the  equator  ;  but  during  the  other  fix  months,  from  No- 
vember to  June,  a  N.  W.  wind,  called  the  little  monfoon,  blows  in  the 

track  lying  between  the  3d  and  10th  degrees  of  fouth  latitude,  in  the  mer- 
idian of  the  north  end  of  Madagafcar,  and  between  the  2d  and  12th  de- 
grees of  fouth  latitude,  near  the  longitude  of  Sumatra  and  Java, 

In  the  track  between  Sumatra  and  the  African  coaft,  and  from  30  of  fouth 
latitude,  quite  northward  to  the  Afiatic  coaft,  including  the  Arabian  fea 
and  the  bay  of  Bengal,  the  monfoons  blow  from  September  to  April  on  the 
N.  E.  and  from  March  to  Qclober  on  the  S.  W.  In  the  former  half  year, 
the  wind  is  more  fteady  and  gentle,  and  the  weather  clearer  than  in  the  lat, 
ter  fix  months ;  and  the  wind  is  more  ftrong  and  fteady  in  the  Arabian  fea 
than  in  the  bay  of  Bengal. 

Between  the  iftand  of  Madagafcar  and  the  coaft  of  Africa,  and  thence 
northward  as  far  as  the  equator,  there  is  a  track,  wherein,  from  April  to 
October,  there  is  a  conftant  frelh  S.  S,  W.  wind,  which,  to  the  northward, 
changes  into  the  W.  S,  W.  wind,  blowing  at  that  time  in  the  Arabian  fea. 

To  the  eaftward  of  Sumatra  and  Malacca,  on  the  north  of  the  equator, 
and  along  the  coafts  of  Cambodia  and  China,  quite  through  the  Philippines 
as  far  as  Japan,  the  monfoons  blow  northerly  and  foutherly  ;  the  northern 
fetting  in  about  October  or  November,  and  the  fouthern  about  May.  Thefe 
winds  are  not  quite  fo  certain  as  thofe  in  the  Arabian  fea. 

Between  Sumatra  and  Java  to  the  weft,  and  New-Guinea  to  the  eaft,  the 
fame  northerly  and  foutherly  winds  are  obferved  ;  but  the  firft  half  year 
the  monfoons  incline  to  the  N,  W,  and  the  latter  to  the  S.  E.  Thefe 
winds  begin  a  month  or  fix  weeks  after  thofe  in  the  Chinefe  feas  fet  in,  and 
are  quite  .as  variable, 

Thefe  contrary  winds  do  not  fhift  from  one  point  to  its  oppofite  all  at; 
once  :  in  fome  places,  the  time  of  the  change  is  attended  with  calms,  in 
others  by  variable  winds ;  and  it  often  happens,  on  the  fhores  of  Coroman- 
del  and  China,  towards  the  end  of  the  monfoons,  that  there  are  moft  vio- 

lent ftorms,  called  Tuffons,  greatly  refembling  the  hurricanes  in  the  Weft- 
Indies,  wherein  the  wind  is  fo  vaftly  ftrong,  that  hardly  any  thing  can  re. 
fift  its  force, 
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TIDES. 

T 
J  IDE  is  a  periodical  motion  of  the  water  of  the  fea,  by  which  it  ebbs 

and  flows  twice  in  a  day.  The^?<jw  continues  about  6  hours,  during  which 
the  water  gradually  rifes  till  it  has  arrived  at  its  greateft  height ;  then  it 
begins  to  ebb  or  decreafe,  and  continues  to  do  fo  for  about  6  more,  till  it  has 
fallen  to  nearly  its  former  level ;   then  the  flow  begins  again  as  before. 

The  caufe  of  the  tides  is  the  unequal  attraction  of  the  fun  and  moon  upon 

different  parts  of  the  earth.  For  they  attract  the  parts  of  the  earth's  furface 
neareft  to  them,  with  a  greater  force  than  they  do  its  centre  ;  and  attract 
the  eentre  more  than  they  do  the  oppofite  furface.  To  reftore  this  equilib- 

rium the  waters  take  a  fpheriodical  figure,  whofe  longer  axis  is  directed 
towards  the  attracting  luminary.  If  the  moon  only  acted  upon  the  water, 
the  time  of  high  water  wo;j!d  be  when  the  moon  was  upon  the  meridian, 
above  or  below  the  horizon  ;  or  rather  at  an  hour  or  two  after,  {becaufe 
the  moon  continues  to  act  with  confiderable  force  for  fome  time  after  paf- 
iing  the  meridian.)  But  the  moon  paiTes  the  meridian  about  49/  later  eve- 

ry day  ;  of  courfe,  if  fhe  only  acted  on  the  tides,  they  would  be  retarded 
every  day  49/,  and  it  would  be  high  water  at  the  fame  diftance  from  her 
faffing  the  meridian  :  and  it  is  upon  this  principle  that  the  time  of  high 
water  is  calculated  in  moft  books  of  navigation,  although  it  will  fometimes 
differ  an  hour  from  the  truth,  owing  to  the  neglect  of  the  difturbing  force 
of  the  fun.  The  effect  of  the  moon  upon  the  tides  is  greater  than  that  of  fun, 
notwithftanding  the  quantity  of  matter  in  the  latter  is  vaftly  greater  than  in 
the  former  ;  but  the  fun  being  at  a  much  greater  diftance  from  the  earth  than 
the  moon,  it  attracts  the  different  parts  of  the  earth  in  a  more  uniform 
manner.  According  to  the  lateft  obfervations,  the  mean  force  of  the  fun 
for  raifmg  the  tides  is  to  the  mean  force  of  the  moon  as  1  to  %\.  By  the 
combined  effect  of  thefe  two  forces,  the  tides  come  on  footier  when  the  moon 
is  in  her  firfi  and  third  quarters,  and  later  in  the  fecond  arid,  fourth  quarters, 

than  they  would  do  if  caufed  only  by  the  moon's  attraction.  The  quan- 
tity of  this  acceleration  and  retardation  is  given  in  the  Table  B,  adjoined  ; 

the  ufe  of  which  will  be  explained  hereafter. 
The  tides  are  greater  than  ordinary  about  three  days  after  the  new  and 

full  moon  ;  thefe  are  called  fpriqe-tia.es.  And  they  are  lower  than  com- 
mon about  three  days  after  the  firft  and  laft  quarters  ;  thefe  are  called  the 

?;eap-t:des.  In  the  former  cafe  the  fun  and  moon  concur  to  raife  the  tide 
in  the  fame  place,  but  in  the  latter  the  fun  raifes  the  water  where  the  moon 
depreffes  it.  When  the  moon  is  in  her  perigee,  or  neareft  approach  to  the 
earth,  the  tides  rife  higher  than  they  do,  under  the  fame  circumftances,  at 
other  times  ;  and  are  loweft  when  ihe  is  in  her  apogee,  or  fartheft  diftance 
from  the  earth.  The  fpring-tides  are  greateft  about  the  time  of  the  equi- 

noxes, in  March  and  September,  and  the  neap-tides  are  lefs.  The  morning- 
tides  generally  differ  in  their  rife  from  the  evening  tides.  All  thefe  things 
would  obtain  exactly,  were  the  whole  furface  of  the  earth  covered  with  fea  ; 
but  the  interruptions  caufed  by  the  continents,  iilands,  fhoals,  &c.  entirely 
alter  the  ftate  of  the  tides  in  many  cafes.  A  fmall  inland  fea,  fuch  as  the 
Mediterranean  or  Baltic,  is  little  fubject  to  tides ;  becaufe  the  action  of 
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the  fun  and  moon  is  always  nearly  equal  at  the  extremities  of  fuch  feas.     In 
very  high  latitudes  the  tides  are  inconfiderable. 

From  the  obfervations  of  many  perfons,  the  times  when  it  is  high-water 
on  the  days  of  new  and  full  moon,  in  the  raoft  noted  places  of  the  globe, 
have  been  collected.  Thefe  times  are  ufually  put  in  a  table  againft  the 
names  of  the  places,  arranged  in  an  alphabetical  order ;  this  is  generally  called 
a  Tide  Table.  We  have  here  given  one  for  the  moft  remarkable  places  of 
the  coaits  of  America  and  Europe,  by  means  of  which  the  times  of  high- 
water  may. be  found,  by  various  methods.  The  moft  common  rule  pre- 
feribed  for  this  purpofe,  in  books  of  navigation,  is  that  depending  on  the 

golden  number  and  cpact  •  in  which  the  tide  is  fuppofed  to  be  uniformly 
retarded  every  day.  This  method  will  fometimes  differ  2  hours  from  the 
truth,  for  which  reafon  I  mail  not  infert  it  ;  but  fhall  proceed  to  explain 
the  calculation  by  the  adjoined  tables  A  and  B,  and  the  Nautical  Almanac  ; 
by  means  of  which  the  time  of  high-water  may  be  obtained  to  a  greater 
degree  of  exaftnefs  than  from  our  common  almanacs. 

RULE. 

Find'  the  time  of  the  moon's  coming  to  the  meridian  of  Greenwich  on 
the  given  day,  in  page  6th.  of  the  Nautical  Almanac.  Enter  the  Table 
A,  and  rind  the  longitude  of  the  given  place,  in  the  left  hand  column,  cor- 
refponding  to  which  is  a  number  of  minutes  to  be  applied  to  the  time  of 
pairing  the  meridian  of  Greenwich,  by  adding  when  in  weft  longitude,  but 

JubtraB'ing  when  in  eajl  longitude  ;  the  fum  or  difference  will  be  nearly 
the  time  that  the  moon  paffes  the  meridian  of  the  given  place.  With  this. 
time  enter  Table  B,  and  take  out  the  correfponding  correction,  which  is 
to  be  applied  to  the  time  of  paffmg  the  meridian  of  the  place  of  obfervation, 
by  adding  or  fubtradling,  according  to  the  directions  of  the  table. 

To  this  corrected  time  add  the  time  of  full  fea  on  the  full  and 

change  days  ;  the  fum  will  be  the  time  of  high-water  at  the  given  place, 
reckoning  from  the  noon  of  the  given  day.  If  this  fum  be  greater  than 

12b..  24m.  you  rauft  fubtracl:  12I1.  24m.*  from  it,  and  the  remainder  will 
be  the  time  of  high  water  nearly,  reckoning  from  the  fame  noon  ;  or  if  it 
exceed  24b.  48m,  you  mufi:  fubtract  24I1,  48m.  from  that  fum,  and  the  re- 

mainder will  be  the  time  of  high-water,  reckoning  from  the  fame  noon, 
nearly* 

EXAMPLE  I. 

■Required  the  time  of  high-water  at  Charleuon  light-houfc  (S.C.)  March 15,  1804,  in  the  afternoon,  civil  account  ? 
By  the  Nautical  Almanac  I  find  that  the  moon  paffes  the  meridian  of 

Greenwiclrat  &,  6m.;  to  this  I  add  urn.  taken  from  Table  A,  corref- 
ponding to  the  longitude  of  Charlefton  light-houfe.  With  the  fum  3b. 

17m.  I  enter  Table  B,  and  find  (by  taking  proportional  parts)  that  the 
correction  is  54m.  which  is  to  be  fubtrafted  from  3b..  17m.  (becaufe  imme„ 
diately  over  k  in  the  table  it  is  marked  Sub.)  ;  to  the  remainder  2I1.  25m, 
I  add  the  time  of  high-water  on  the  full  and  change  days  7I1.  pm.  (which 
is  found  in  the  tide  table  following)  ;  the  fum  oh.  23m.  is  the  time  of 
high-water  on  the  aftenToon  of  March  15,  1804,  civil  account. 

n  of th ?,r  I  •  ̂   \  24^.  you  may,  when  great  accuracy  h  required,  mb.raft  12  hour,  iacreafcd  by  half  .he  daily  vara 
n  ot  ins imoun  ,  paninK  *?  meridian  found  in  die  N™,m!  Almanac  ;  with  ibis.enter  TanlcB,  and  corrcft  ii,  and  hniflM 
i  tfrtufnZr?  T  "V  3S  at°-Ve-  ;Vn'1jn(Uad  °f  fubtratiinp  24h.  48,n.  you  may  fufcirnfl  aah.  incrcfed  by  ,hc  daily  varia 
■■  o.  uic  moon  s  uaHing  the  meridian  ;  then  find  the  cocreftion  of  Table  B,  and  the  time  ol  high-waiei  from  mon  as  above. 
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EXAMPLE  IE 

"Required  the  time  of  high-water  at  Portland  light -hcVfe,  May  20,  1804, in  the  afternoon,  civil  account  ? 

By  the  Nautical  Almanac  the  moon  paiTes  die  meridian  of  Greenwich  at 

9I1.  14m.  The  correftion  from  Table  A,  correfponding  ro  700,  the  longi- 
tude of  Portland  light-houfe,  is  9m.  which  added  to  9I1.  14m.  gives  the 

time  of  the  moon's  fourhing  at  Portland  9-h.  23m.  nearly.  The  number  ia 
Table  B  correfponding  to  9b.  23m.  is  23m.  which  is  to  be  added  to  9h. 

23m.  (becaufe  immediately  over  it,  in'  the  table,  is  marked  Add).  To 
the  fum  9I1.  46m.  I  add  the  time  of  high-water  on  the  full  and  change  days 
1  oh.  45m.  and  the  fum  is  2oh.  3  im.  confequently  the  high-water  happens  at 
20I1.  31m.  paft  noon  of  May  20,  that  is  at  8h,  31m.  A.  M.  of  May  21, 
And  by  fubtrafting  12b.  24m.  from  2oh.  31m.  we  have  8h.  7m.  which  is 
nearly  the  time  of  high-water  on  the  afternoon  of  May  20,  1804. 

In  this  manner  we  may  obtain  the  time  of  high-water  at  any  place,  to  a 
confiderable  degree  of  accuracy.  But  the  tides  are  fo  much  influenced  by 
the  winds,  freihets,  &c.  that  the  calculated  times  will  fometimes  differ  a 
little  from  the  truth. 

Many  pilots  reckon  the  time  of  high-water  by  the  point  of  the  compafs 
the  moon  is  upon  at  that  time,  allowing  45  minutes  for  each  point.  Thus 
on  the  full  and  change  days,  if  it  is  high-water  at  noon,  they  fay  a  north 
and  fouth  moon  makes  full  fea  ;  if  at  1  ih.  15m.  they  fay  a  S,  by  E.  or  N. 
by  W.  moon  makes  full  fea  ;  and  in  like  manner  for  any  other  time.  But 
it  is  a  very  inaccurate  way  of  finding  the  time  of  full  fea  by  the  bearing 
of  the  moon,  except  in  places  where  it  is  high-water  about  noon  on  the 
full  and  change  days. 

When  you  have  not  a  Nautical  Almanac,  you  may  find  the  time  of  high 
water  by  means  of  the  following  Tables  C  and  D  ;  and  although  this  meth- 

od is  not  fo  exaft  as  the  former,  yet  it  may  be  ufeful  in  many  cafes. 
To  calculate  the  time  of  full  fea  by  this  method,   obferve   the  following 

RULE. 

Enter  Table  C,  and  take  out  the  number  which  {lands  oppofite  to  the 
year,  and  under  the  month  for  which  the  tide  is  to  be  calculated  ;  this 

number,  added  to  the  day  of  the  month,  gives  the  moon's  age,  taking  care 
to  reject  30  when  it  exceeds  that  number.  Againft  her  age  found  iri  the 
left  hand  column  of  Table  D,  is  a  certain  number  of  hours  and  minutes  in 
the  adjoined  column,  which,  being  added  to  the  time  of  high  water  at  the 
given  place  on  the  full  and  change  days,  will  give  the  time  of  high  water 
required;  which  will  be  on  the  afternoon  of  that  day,  civil  account,  if  lefs 
than  12  hours;  but  if  above  12  hours,  and  lefs  than  24  hours,  fubtract  12 
hours,  and  the  remainder  will  be  the  time  of  high  water  on  the  next  morn- 

ing :  if  above  24  hours,  fubt  raft  24  hours,  and  the  remainder  will  be  the 
time  of  high  water  in  the  following  afternoon.  And  the  time  of  the  pre- 

ceding high  water  may  be  obtained  nearly,  by  fubtrafting  izh.  24m. 
By  this  rule  I  ftiall  work  the  two  preceding  Examples.  '  . 

EXAMPLE    III. 

Required  the  time  of  high  water  at  CharleOon  light-houfe  (S.  C.) 
March  15,  1804,  in  the  afternoon,  civil  account  ? 

In  the  Table  C,  oppofite  1804,  anc^  ""der  March,  ftand  19,  which,  added 

to,  the  day  of  the  month  15,  gives  34,  and  by  fubtra'ftrng  30,  leaves  4,  the 
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moon's  age  :  oppofite  4  in  Table  D,  is  jh.  22m.  which  added  to  7I1.  tlir time  of  high  water  on  the  full  and  change  days,  gives  cjh.  22m.  for  the 
time  of  high  water  ;  differing  only  one  minute  from  the  former  method. 

EXAMPLE    IV. 

Required  the  time  of  high  water  at  Portland  light-houfe,  May  20,  1804, 
in  the  afternoon,  civil  account  ? 

In  the  Table  C,  oppofite  1804,  and  under  May,  ftand  21,  which  added  to 

the  day  of  the  month  20,  and  30  fubtra&ed  from  the  fum  leaves  the  moon's 
age  11  ;  oppofite  to  this,  in  Table  D,  is  9b,  19m.  which  added  to  ioh, 
45m.  the  time  of  high  water  on  the  full  and  change  days,  gives  2oh.  4m. 
or  Sh.  4m.  A.  M.  of  May  21  ;  or  by  fubtra&ing  izh.  24m.  from  2oh.  4m. 
we  have  7I1.  40m.  for  the  time  of  full  fea  on  the  afternoon  of  May  20, 
1804  ;   this  differs  27  minutes  from  the  former  method. 

In  the  third  column  of  Table  D  is  given  the  time  of  the  moon's  comino- 
to  the  meridian,  for  every  day  of  her  age:  thus,  oppofite  1 1  .days  ftand 
Sh.  57m.  which  is  the  time  of  her  coming  to  the  meridian  on  that  day. 
This  table  may  be  of  fome  ufe  when  a  Nautical  Almanac  cannot  be  pro- 

cured, but  as  it  is  calculated  upon  the  fuppofition  that  the  moon  moves  uni- 
formly in  the  equator,  it  cannot  be  very  accurate.  The  numbers  in  this 

Table  are  reckoned  from  noon  to  noon  ;  thus,  ih.  A.  M.  is  denoted  by 
13b..  ;  2h.  A.  M.  by  14b.  &c. 

The  time  of  new  moon  is  eafily  found,  by  fubtra&ing  the  number  taken 
from  Table  C,  from  30.  Ex.  Suppofe  it  was  required  to  find  the  time  of 
new  moon  for  May,  1 804.  By  examining  the  table,  we  find  the  number 
correfponding  to  that  time  is  21  ;  this  fubtracled  from  30  leaves  9  ;  there- 

fore it  is  new  moon  the  9th  May,  1804.  This  table  is  calculated  to  give 
the  true  time  of  new  moon,  and  not  the  mean  time. 

When  the  time  of  high  water  is  known  for  any  dav  of  the  moon's  age 
-we  may  from  thence  find  the  time  of  high  water  on  the  full  and  change 
days,  by  the  following 

RULE. 

Find  the  time  of  the  moon's  coming  to  the  meridian  of  Greenwich,  in 
the  6th  page  of  the  Nautical  Almanac  ;  to  this  time  apply  the  corrections 
taken  from  the  tables  A  and  B,  (in  the  fame  manner  as  directed  in  the  pre- 

ceding rule  for  finding  the  time  of  high  water] — fubtradfc  this  corrected 
time  from  the  obferved  time  of  high  water,  and  the  remainder  will  be  the 
time  of  high  water  on  the  change  and  full  days. 

Note..  If  the  time  to  be  fubtrafted  be  greater  than  the  obferved  time 
of  full  fea,  you  muft  increafe  the  latter  by  izh,  24m.  or  by  24b.  48m. 

nearly.* 
EXAMPLE. 

On  the  15th  March,  1S04,  the  time  of  high  water  at  Charlefton  light- 
houfe,  was  found  to  be  at  9I1.  23m.  P.  M.  required  the  time  of  high  water 
on  the  full  and  change  days  ? 

I  find,  as  in  example  ift  preceding,  that  the  number  to  be  fubtrafted  is 
sh.  23m.-r-taking  this  from  9b.  23m.  leaves  7b.  which  is  the  time  of  high 
water  on  the  full  and  change  days. 

and  9.$h,  48' — yoa  may  make  the  calculation  accurately  by  a  method  Cmihr  to  ttat  aS 
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When  you  have  not  a  Nautical  Almanac,  yoii  may  find  this  time  by 
fneans  of  the  Tables  C  and  D.  For  in  the  prefent  example,  I  find  by  Ta- 

ble C,  that  the  moon's  age  was  4,  correfpondiag  to  which  in  the  fccond 
column  of  Table. D,  is  zh.  22m.  this  fubtra&ed  from  9I1.  23m.  leaves  7h. 
im.  for  the  time  of  high-water  oh  the  full  and  change  days. 

Tab.  A.     Tab.  B. Table  C. 
Table  D; 

Cor. Time  or 

Lon^ 
of SfJ-S 

paffi. 
Moon's 
pafling 

Cor. 

the the the 

olace mer. merid. 

■Xg. ;\)L~. HOURS. 
H.M 

0 O Sub. 

10 I 
c 

i 
0      0 0  17 

20 3 2 

o  34 

30 

4 
4 

0  50 1  3 

40 

5° 60 

5 

7 

8 

5 
6 

7 

1  9 

1  3 

0  35 

Add. 

70 
9 

8 

9 

0  2 0  23 

So 11 
10 

0  24 

90 

12 
11 

)2 

0   14 

0      Oj 

,0= 

'4 
13 

buu.l 

0    17 

IIC 

!5 

14 

^  34 

120 16 

15 

16 

0  50] 1  3i 

130 18 

17 

1     9 

140 

150 

19 

20 

18 

*9 

1  3 

^  35 

Add. 

160 22 

20 

21 
0     21 

3  23j 

1  170
 

23 

22 

0  24 

180 

_H 

23 

0  rj 

0      Oi 

[ 

A  tab-lb  for  finding  the  Moon's  Age. 

Add  the  number  taken  from  this  table  tc 

the  day  of  the  month  ;   the  fum  (reject- 

ing 30  if  necefiury)  is  the  moon's  aga. 
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'J 

e 

16 
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7 

is 
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18 

8 

l9 

9 

20 

IG 

21 

12 

2  2 

Q|2 

23.24 

p 

'4 

25 

1800 7 

(8 

s 
16 

1801 

180226 

28 26 
28 

29 

1 1 2 4 

4J  5 

6 

1803I  7 
9 7 9 IC 1 1 12 

13 

15 

1516 

17 

180J18 
1 

r9 
19 

.0 

IG 

20 

r 
12 

21 

2 

12 

z3 

4 

f4 

23 

4 

•5 

25 

6 

16 

27 

8 

[8 

2728 1 

8    9 
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28 
IC 

21 

1805 

0 1 

12 1806 

■■ 

1807 
22 1 

4}  4 

2_- 

5 

16 

*7 

23 

5 

16 

27 

*4 

•7 

18 

28 

25 

7 

iS 

27 

9 

19 

28 

10 

21 

2 

u  13 

21  23 

1 

2|  4 

2 

'3 

24 

4 

1808 3 
1809 

*5 
(s 

a5 

l8  10  2< 

1     3 

27 

29 

l 

i» 

Moon 

§  w 

High 

pafles 

2<*. 

Water 

nerid. 

Days 
H.    M. 

H.   M. 

0 0     0 0     0 

1 

0  35 

0  49 

2 I     JO 

2  26J 

3 

1  46 

4 
2  22 

3    15! 
5 

3     1 

4     4\ 

6 3  44 4  53! 

/ 
4  35 5  42| 

8 5  39 

6'  30 

9 

b  s7 

7   19 

10 

*  15 

8     8 

1 1 
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8  57 

12 10  10 

9  46 

13 

to  54 

10  34 
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n  32 
11   23 

15 

16 

12     9 
12  12 

13  1 

12  44 

17 

'3   19 

13  50 
18 

'3  54 

I4.3K 

19 

14  3i 

15  27 

20 

15  11 

16  16 

21 

15  50 

r7     5 

22 

16  49 *7  54 

23 

'7  57 
18  42 

24 

19   17 
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^5 

20  32 
20  20 

26 
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27 

22  22 

21  58 

28 

23     4 
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29 

23  42 

23  35 
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0 
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TIDE   TABLE, 

Shewing  the  time  of  high  wetter  at  the  full  and  change  of  the  moon  at  'va- 
rious places  on  the  conjl  of  the  United  States  of  America,  and  in 

Europe  ;   with  the  vfual  rife  of  the  tide  expreffed  in  feet. 

Places  on  the  Coaft  of  the  United 
Time  of 
High 

Wafer. 
Eleva- tion in 

Places  in  various  parts  of  the 
Time 
of  H. 

States  of  America. Feet. 
world. 

Watfi 
H.    M. 

H.     M. 

Block  Ifland 7  37 5 Aberdeen  (Scotland) 

0  45 

Bofton  Light-Houfe 
n  30 

12 Amazon's  River  (Am,) 
6     0 

Broad  Bay 

10  45 

9 Amfterdam  (Holland) 

3     0 

Cape  Ann 
ri  30 

12 

Amfterdam,  Ifl.  of  (South  feas) 

8  30 

Cape  Charles 

7     0 

Anholt  (Denmark) - 
0     0 

C-pe  Cod 
11  30 

6| 

Antwerp    (Flanders) 6     0 

Cape  Henloperi 

8   s4 

5 Archangel  (Ruilia) 
6     0 

Cape  Henry 

7     0 

4 Bayonne  (France) 

3   30 

Charlefcon 

7     0 

6 Beachy-Head   (England) 

10   15 

Elizabeth-Town-Point 

8  54 

5 Bc-lfair  (Ireland) 10     0 

Florida  Keys 

8  50 
Bermudas  Ifland 

7     0 
;"ox  Ifland  (Mall".) 

10  45 

10 

Blanco  Cape  (Negroland) 
9  45 

Gay  Head 
7  37 

7 Bordeaux   (France) 

3     0 

George's  River 

ID   45 

9 Bremen   (Germany) 6     0 

Goulsborough 
II      0 

12 

Briftol   (England) 

6  45 

Kennebeck 

10  45 

9 
Cadiz  (Spain) 

3  30 

Machias 
11     0 

12 

Canaria  Ifland 

3     0 

Manomy  Point 
11  30 

6f 

Q.  Charlotte's  Sound  (N.Zeal.) 

9     0 

Marblehead 
11  30 

12 

Cape  Clear  (Ireland J 

3     0 

Moote  ifland  (Ma(T.) 

11  30 

25 

Dort  (Holland) 

3    0 

Mount  Defert  (Mail) 
11     0 12 Dunkirk  (France) 0     0 

Nantucket 

12   3_ 

7  37 

6 Gibralcar  (Spain) 0     0 

New  Bedford 5 
Grave  fend   (Eng.) 1   30 

Newburyporc 

11   15 

10 Hague   (Holland) 

8  15 

New-Haven in     0 8 Havre  de  Gra:e  (France) 

9     0 

New- London 

8  54 

5 
Lisbon   (Portugal) 

2  J5. 

New,-  York 

8  54 

5 Loire  River  (France) 

3     0 

PafTamactuodriy-River 

ii   30 

*S 

London  (England) 

3     0 

Penobfcot- River 

10  45 

10 

Madeira  I  /land 

12    4 

Plymouth 
11   30 

64 

Naze   (Norway) 

11   15 

Portland 

10  45 

9 Oitend   (Flanders) 12     0 

Port-  Royal 

8   ,5 

Port  Praya   (Cape  de  Verd) 
11     0 

Port  ("mouth 

IT     I? 

10 

Portfmouth  (Eng.) 

11   15 

Race-Point  (Cap:;-Cod) 

to  45 

Quebec   (Canada) 

7  3° 

Rhode-1  Hand -Harbours 7   37 5 Rochelle  (France) 

3  45 

' 
St.  Anafta[ia"s-lfiand 

7  30 

Rotterdam  (Holland), 

3     0 

St,  Simon's  Bar .  7  30 
Rouen   (France) 

1   15 

St,  Simon's  Offing 

6  45 

Sierra  Leona  (Guinea) 

8  15 

St.  Simon's  Sound 

9     0 

Shetland  I.   (Scotland) 

3     0 

Salem 
11  30 

12 

Uihant  (France) 

4  30 

Sandy  Hook  (New- York). 

6  37 

5 
Sheepfcut 

•10  45 

9 

Tarpaulin  Cove  (Mail'.) 

9  52 

5 _ 
Town  fend   (MaiT.) 

10  45 

9 f 

In  the  Table  of  latitudes  and  longitudes  (Tab.  IV.)  there  is  alio  given 

the  time  of  high. water  at  a-  number  of  places,,  on  the  day  of  full  or  change 
of  the  moon. 
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CURRENTS. 

A CURRENT  is  a  progrefiive  motion  of  the  water,  caufmg  all  fioat. 

ing  bodies  to  move  that  way  towards  which  the  ftream  is  directed.  The 

Jet  of  a  current,  is  that  point  of  the  compafs  towards  which  the  waters  run, 

and  its  drift  is  the  rate  it  runs  per  hour.  The  moft  ufual  way  of  discover- 
ing the  fet  and  drift  of  an  unknown  current,  is  thus  : 

Let  three  or  four  men  take  a  boat  a  little  way  from  the  (hip  ;  and  by  a 

rope  fattened  to  her  ftern,  let  down  a  heavy  iron  pot  or  loaded  kettle  into 
thefea  to  the  depth  of  So  or  ico  fathoms  ;  then  heave  the  log,  and  the 
number  of  knots  run  out  in  half  a  minute  will  give  the  miles  the  current 

fets  per  hour,  and  the  bearing  of  the  log  fhows  the  fet  of  it. 
There  is  a  very  remarkable  current,  called  the  Gulf  Stream,  which 

fets  in  a  norfh-eaft  direction  along  the  coaft  of  America,  from  Cape  Flo- 
rida towards  the  Ifie  of  Sables,  at  unequal  diftances  from  the  land,  being 

about  75  miles  from  the  ihores  of  the  fouthern  ftates,  but  is  morediftant  as 
it  proceeds  to  the  northward  ;  the  width  of  it  is  about  40  or  50  miles, 
widening  towards  the  north  ;  its  velocity  is  various,  from  one  to  three 
knots  per  hour,  or  more  ;  being  greater!  in  the  channel  between  Florida 
and  the  Bahamas,  and  gradually  decreafing  as  it  paffes  to  the  northward  ; 

but  is  greatly  influenced  by  the  winds  both  in  its  drift  and  fet. 
We  are  chiefly  indebted  to  Doctor  Franklin,  Commodore  Truxton,  and 

Mr.  Jonathan  Williams,  for  the  knowledge  we  poffefs  of  the  direction  and 

velocity  of  this  ftream  ;  whole  general  courfe,  as  given  by  them,  is  marked 
on  the  chart  affixed  to  this  work.  They  all  concur  in  recommending  the 
ufe  cf  the  thermometer,  as  the  beft  means  of  difcovering  when  you  are  in  or 
near  the  ftream.  For,  it  appears  by  their  obfervations,  that  the  water  is 
warmer  than  the  air  when  in  the  ftream  ;  and  that  at  leaving  it,  and  ap- 

proaching' towards  the  land,  the  water  will  be  found  fix  or  eight  de- 
grees colder  than  in  the  ftream,  and  fix  or  eight  degrees  colder  frill  when 

on  foundings.  "  Veffels  coming  from  Europe  to  America,  by  the  northern 
paffage,  mould  keep  a  little  to  the  northward  cf  the  ftream,  where  they  may 
probably  be  affifted  by  a  counter  current,  as  is  obferved  by  Commodore 
Truxton.  When  bound  from  America  to  Europe,  a  fhip  may  generally 
fhorten  her  palTage  by  keeping  in  it.  By  fleering  N.  W.  you  will  gen- 

erally crofs  the  gulf  in  the  fnoi-teft  time,  as  its  direction  is  nearly  N.  E. 
Thofe  who  wifh  for  further  information  on  this  fubjeci,  may  coufult  an 

ingenious  treatife  on  "  Therniometrical  Navigation,"  publifhcd  by  Mr. 
Jonathan  Williams,  at  Philadelphia,  in  1799. 

In  the  other  parts  of  the  Atlantic  ocean  the  currents  are  variable,  but  are 

generally  fouth-eafterly,  :<Iong  the  coaft  of  Spain,  Portugal  and  Africa,  from 
the  bay  of  Bifcay  towards  Madeira  and  the  Cape  de  Verds.  Between  the 
tropics  there  is  generally  a  current  fetting  to  the  Weftward. 

There  is  alfo  a  remarkable  current  which  fets  through  the  Mozambique 
channel,  between  the  Ifland  of  Madagafcar  and  the  main  continent  of  Afri- 

ca, in  a  fouth-wcfterly  direction  ;  as  it  proceeds  towards  Cape  Lagullas  it 
takes  a  more  wefterly  courfe,  and  then  tends  round  the  Cape  towards  St. 

Helena,     Ships  bound  to  the  weftward  from  India,   may  generally  fhorten 
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their  paffage,  by  taking  advantage  of  this  current. — On  the  contrary,  when 
bound  to  the  eaftward,  round  the  Cape  of  Good  Hope,  they  ought  to  keep 
far  to  the  foathward  of  it.  However  there  appears  to  be  a  great  difference 
in  the  velocity  of  this  current  at  different  times  ;  for  fome  fhips  have  been 
off  this  Cape  feveral  days  endeavouring  to  get  to  the  welhvard,  and  have 
found  no  current  ; — others  have  experienced  it  fetting  conftantly  to  the 
weftwafd  during  their  paffage  from  the  Cape  towards  St.  Helena,  Afcen- 
iion  and  the  Weft-India  Iflands. 

All  cafes  of  failing  in  a  current  are  calculated  upon  the  principle,  that 
the  fhip  is  affefted  in  the  fame  manner  by  the  current^  as  if  me  had  failed 
in  ftiil  water,  with  an  additional  courfe  and  diftance;  exaftiy  equal  to  the 
courfe  and  fet  of  the  current  ;  on  this  principle  the  projection  and  calcula- 

tion of  any  problem  may  be  eafily  made. 

EXAMPLE. 

If  a  flip  fails  98  miles  N.  E.  by  N.  in  a  current  which  fets  S.  by  W~.  2J 
miles  in  the  fame  time  ,•   required  her  true  courfe  and  dijiance  ? 

By  PROJECTION, 

Defcribe  the  compafs  NESWS 
through  the  centre  A  draw  the 
N.  E.  by  N.  line  AC  =  98  miles, 

-through  C  draw  the  line  CB  par- 
allel to  the  S.  by  W,  line,  and 

on  it  fct  offCB=:27  miles ;  join 
AB,  and  it  is  done  :  for  AB  will 
be  the  courfe  and  diftance  made 

good,  which  by  measuring  is 
N.  E.  f  N.  74.  miles,. 

SbW    $ 

By  CALCULATION, 

The  fhorteft  method  of  calculating 

this  problem  is  by  the  adjoined  Trav- 
erfe  Table  :  putting  in  it  the  courfe 

failed  by  the  fhip,  and  the  fet  of  the 
current,  and  finding  the  difference  of 
latitude  and  departure,  by  Table  I. ; 
then  find  the  courfe  and  diftance  made 

good,  as  in  Cafe  VI.  Plane  Sailing,,— 
In  the  prefent  example  the  courfe  is 
N.  E.  i  N.  and  the  diftance  74  miles 
nearly. 

Traverse    Table. 
Courfes. Dilt. 

N. 
S. 

£. 

54-4 

54' 4 

5-3 

49.1 

vv . 

5-3 5-3 

NJ.  E.  byN. 
S.  by  W. 

98 

27 

Lat. 

81.5 

81.5 26.5 

5<-° 

26.5 

26.5 

Dep. 

DMF. 
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Method  of  keeping  a  fhip's  Reckoning,  or 
Journal,  at  Sea. 

H. 

K. 

F. Courfes, Winds. 

Lee- 

way. 

Tranfa&ions. 

2 6 S.  W, N.  E. 

4 
6 

5 
5 

5 

N.W.byW. 8 5 Moderate  gale? 
10 

4 s E.  N.E. N.  VV. Sc  fair  weather ; 
12 

4 5 it  8  A.M.  faw 
2 4 5 a    (hip    to    the 

4 4 5 
uorihwar  d. 

6 
8 

4 
5 

5 S.  W, 
W,  N.  W. I 

i IO 

4 5 Ho  obfervatlon. 12 

4 ■ 

_/~\^  SHIP'S  Reckoning  is  that  account,  by  which  it  can  be  known 
at  any  time  where  the  (hip  is,  and  on  what  courfe  or  courfes  fhe,  muft  fteer 
to  gain  her  port.  Dead  Reckoning  is  that  account  deduced  from  the 

Chip's  run  from  the  laft  obfervation. 
THE     LOG-BOARD. 

The  daily  occur- 
rences on  board  a  Ihip 

.are  marked  on  a  board 

or  Hate,  called  the  log- 
board,  or  log-flate, 
kept  in  the  fleerage  for 
that  purpofe,  which  is 
ufually  divided  into 
feven  columns  ;  the 
firft  contains  the  hours 

from  noon  to  noon,  be- 

ing marked  by  fome 
for  every  two  hours, 

but  by  others  for  every -{ingle  hour  ;  in  the  fecond  and  third  columns  are 
the  knots  and  fathoms  the  ihip  is  found  to  run  per  hour,  fet  againil  the 

hours  when  the  log  was  hove,  Some  navigators  do  not  divide  the  knot  in- 
to ten  fathoms,  but  into  half  knots  only,  marking  the  third  column  H.  F. 

The  fourth  column  contains  the  courfes  fleered  by  compafs  ;  the  fifth,  the 
winds  ;  the  fixth,  the  leeway  ;  and  in  the  feventh,  the  alteration  of  the 

fails,  the  bufinefs  done  a-.-board,  and  what  other  remarks  the  officer  of  the 
watch  thinks  proper  to  infert.  For  it  mould  be  obferved,  that  it  is  ufual 

to  divide  a  fhip's  company  into  two  parts,  called  the  ftarboard  and  larboard 
watches,  who  do  the  duty  of  the  fhip  for  four  hours  and  four  hours,  alter- 

nately, except  from  4  to  8  P.  M.  which  is  divided  into  two  watches. — ■ 
The  remarks  made  on  the  log-board  are  daily  copied  into  a  book  called 

the  log-book,  which  is  ruled  like'  the  log-board.  This  book  contains 
the  only  authentic  record  of  the  fhip's  tranfacfions,  and  the  perfons  who 
keep  a  reckoning  tranferibe  them  into  their  journals,  and  from  thence  make 

the  neceffary  deductions  relative  to  the  fhip's  place.  There  are  various 
ways  of  keeping  thefe  journals,  according  to  the  different  taftes  of  naviga- 

tors. Some  keep  only  an  abflract  of  each  day's  tranfaftions,  fpecifying  the 
weather,  what  fhips  or  lands  were  fcen,  accidents  on  board,  the  latitude, 

longitude,  courfe,  and  run:  thefe  particulars  being  drawn  from  the  fhip's 
log-book.  Others  keep  a  full  copy  of  the  log-book,  and  the  deductions 
drawn  therefrom,  arranged  in  proper  columns  at  the  bottom  of  it  :  this  is 
the  molt  fatisfadiory  method  to  thofe  who  may  have  occafion  to  infpedt.  it, 
and  we  have  adopted  it  in  the  following  journal,  but  fhall  give  an  abftracl; 
at  the  end  conformable  to  the  former  method. 
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When  a  {hip  is  about  lofmg  fight  of  the  land,  the  bearing  of  fome  noted 
place  (whofe  latitude  and  longitude  is  known)  is  obferved,  and  its  diftanee 

eftimated  and  marked  'on  the  log-book  :  this  is  called  taking  a  de- 
parture. In  working  this  firft  day's  work,  the  calculation  is  made  in  the 

fame  manner  as  if  the  {hip  had  failed  that  diftanee,  from  that  place,  upon  a 

courfe  oppofite  to  its  bearing';  and  it  is  entered  accordingly  into  the 
Traverfe  Table,  after  correcting  it  for  the  variation.  The  other  courfes 
failed,  till  the  following  noon  (which  ends  the  fea  day,  as  we  have  before 
obferved),  corrected  for  the  variation,  are  alfo  put  in  the  Traverfe  Table, 
villa  their  correfponding  diftanees.  From  hence  the  latitude  and  longi- 
tude  of  the  ihip  are  found,  as  in  the  Example  page  125,  and  are  marked  in 

the  journal.  The  next  and  following  days'  works  are  calculated  in  a 
fimilar  mariner  ;  finding  the  latitude  and  longitude  of  the  {hip  by  means  of 
-her  latitude  and  longitude  at  the  preceding  noon. 

Having  thus  explained  the  general  manner  of  keeping  a  {hip's  journal, 
we  fhall  now  give  a  number  of  examples— Of  allowing  for  the  variation  ; 
of  the  estimation  and  allowance  for  leeway  ;  of  the  rules  for  correcting  the 
dead  reckoning  by  an  obfervation — and  then  will  follow  a  number  of  fingle 
days  works,  and  a  continued  journal  of  a  voyage  from  Bofton  to  Madeira, 
in  which  the  various  rules  of  Navigation  will  be  exemplified. 

To  allow?  far  the  Variation. 

We  have  already  taught  the  methods  of  finding  the  variation,  which 
muft  be  allowed  on  all  courfes  fteered,  and  on  all  bearings  taken  with  the 
pompafs  ;  to  the  right  hand,  if  the  •variation  be  eafi  ;  hut  to  the  left  hand,  if 
it  he  *wej} ;  the  obferver  being  fuppofed  to  be  placed  in  the  centre  of  the 
compafs,  looking  towards  the  point  on  which  the  variation  is  to  be  al- 
lowed. 

EXAMPLES. 

Points. 

Courfe  by  compafs  N.  E.  by  E.     V ariation .  2  W. True  courfe  N.  E.  by  N. 
N.  E. 

rjf'E. 

N. .E.byE.  |E. 
N.W, 

3W. 

W.  by  N. 

S.  E. 

BE. 

S.  by  E. 
s.s.w. 

i|  w. 
s.  1  w. 

E.  S.  E. 

i'iW. 

E.|S. 
s.  w.  1  w. 

fw. 

S.  W.  |  S. 

N.  N.  E.  i  E. 

if  E. 

N.  E.  ]  E. 

To  find  the  Leeway  and  allbav  for  it. 

.Leeway  is  the  angle  the  {hip's  real  courfe  makes  with  her  intended  courfe, 
occafioned  by  contrary  winds  or  a  rough  Tea  ;  and  may  be  eftimated  by 
obferving  the  angle  which  the  wake  of  the  fnip  makes  with  the  point  right 
a-ftern,  or  in  the  direction  of  her  keel.  This  may  be  done  by  a  compafs 
cut  in  lead  (or  other  metal)  on  the  poop,  or  fome  other  convenient  part  of 

the  {hip's 'ftern.  It  would  be  very  conducive  to  the  accuracy  of  a  {hip's 
reckoning,  if  the  leeway  was  marked  on  the  log-board  every  watch,  ac- 

cording to  an  eftimation  made  at  the  time,  inftead  of  leaving  it  till  the 

day's  work  is  calculating,  and  then  gueffing  at  it,  as  is  the  general  practice, 
*  Lee-way  is  to  be  allowed  on  all  courfes  fteered,  in  the  following  manner : 

Count  the  neareft  way  of  the  compafs  from  the  wind  to  the  courfe  fet,  and 
as  many  points  and  parts  beyond  as  the  lee-way  amounts  to,  and  it  gives 
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the  correft  courfe  :  or,  allow  it  to  the  right  hand  of  the  coitrfe  fleered  ivhen 

the  larboard  tacks.*  are  aboard,  and  on  the  left  hand  when  the  ftarboard 
tacks  are  aboard,  the  perfon  making  the  allowance  being  fuppofed  to  be 
looking  towards  the  point  of  the  compafs  the  fhip  is  failing  upon. 

The  lee-way  made  by  different  (hips,  under  the  fame  circumftances  of 

wind  and  fails,  will  be  different ;  and  even  the  fame  fhip,  when  differently- 
laden,  and  having  more  or  lefs  fail  abroad;  will  make  more  or  lefs  lee-way. 
However,  the  following  precepts  for  allowing  for  lee-way  are  generally 
given  by  writers :  they  were  firft  publifhed  by  W.  Jones,  Efq.  who  had 
them  from  Mr.  John  Buckler. 

1  ft.  When  a  fhip  is  clofe-hauled,  with  all  her  fails  fet,  the,  water 

fmooth,  and  a  moderate  gale  of  wind,  fhe  is  then  fuppofed  to  make-  little  or 
no  lee- way. 

2d.    ,  Allow  1  point,  when  the  top-gallant-fails  are  taken  in. 
3d.     Allow  2  points,  when  the  top-fails  muft  be  clofe- reefed. 
4th.     Allow  i\  points,  when  one  top-fail  muft  be  handed. 

5th.     Allow  -i,\  points,  when  both  topfails  muft  be  taken  in. 
6th.     Allow  4  points,  when  the  fore  courfe  is  handed. 

7th.     Allow  5  points,  when  trying  under  the  main-fail  only. 
Sth.     Allow  6  points,  when  both  main  and  fore  courfes  are  taken  in. 

9th.     Allow  7  points,  when  the  fhip  tries  a-hull,  or  all  fails  handed. 
10th.  When  a  fhip  is  lying-to,  under  her  main-fail,  mizen,  &c.  then 

obferve  how  fhe  comes  up  and  falls  off,  and  take  the  middle  between  the 
two  points,  and  from  that  allow  the  lee- way  and  variation. 

When  the  wind  has  blown  hard  on  any  point  of  the  compafs,  and  fhifts 
to  the  oppofite  point,  the  fhip  will  make  lefs  lee-way  than  fhe  did  before. 
But  in  all  thefe  cafes  refpedl  muft  be  had  to  the  roughnefs  of  the  fea,  and  the 
trim  of  the  fhip. 

EXAMPLES. 

Courfe  fleered. Wind Lee-way. True  courfe. 

N.  W. N.  N.  E. 
1  point. 

N,  W.  by  W. 
E.  N.  E. North. 2 

Eaft. 

E.  S.  E. South. 1 
E.  by  S. 

W.  by  N. N.  by  W. 
jr. W.  4  N. 

'  E.  N.  E.  f  E. 
S.  E. 3 

N.  E.  |  N. 

When  variation  and  lee-way  are  both  to  be  allowed  on  a  courfe,  you 
may  do  it  at  once,  by  allowing  their  fum  when  they  are  both  the  fame  way, 
and  their  difference  when  the  allowance  is  to  be  made  in  different  wavs, 

taking  care  to  make  the  allowance  in  the  fame  way  as  the  greater  quantity 
ought  to  be,  whether  it  be  the  variation  or  lee-way. 

EXAMPLE  I. 

A  fhip  fleers  W.  by  N.  with  her 
larboard  tacks  aboard,  and  makes 

one  point  lee- way,  there  being  two 
points  wefterly  variation  ;  required 
the  true  courfe. 

Lee-way  to  the  right  hand 
Variation  to  the  left iPt. 

2  pts, 

Difference  allowed  to  the  left      1 
Whence  the  courfe  is  Weft. 

pt. 

EXAMPLE  II. 

A  fhip  fleers  E.  S.  E.  with  her 
ftarboard  tacks  aboard,  and  makes 

two  points  iee-way,  there  being  one 
point  wefterly  variation  ;  required 
the  true  courfe. 

Lee-way  to  the  left 
Variation  to  the  left 

2  pts. 
1  pt. 

Sum  allowed  to  the  left  3  pts. 
Whence  the  courfe  is  E.  bv  N. 
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EXAMPLE  III. 

A  fhip  lying-to  under  her  main-fail,  with  her  ftarboard  tacks  aboard^ 
comes  up  E.  by  S.  and  falls  off  N.  E.  by  E.  theiei  being  one  point  wefterly 

variation^  and  ihe  makes  5  points  lee-way ;  what  courfe  does  (lie  make  good  ? 

The  middle  between  E.  by  S.  and  N.  E.  hy  E.  is  E.  by  N.  ;  and  by  al- 
lowing 6  points  to  the  left  hand  (viz.  5  for  Ice-way  and  1  for  variation; 

the  true  courfe  will  be  obtained  N.  by  E. 

To  exercife  the  learner,  we  fhall  add  the  examples  contained  in  the  fol- 
lowing Table. 

THE  TABLE. 

If  the  fhip  has  been 

afted  upon  by  a  cur- 
rent or  a  heave  of  the 

fea,  you  muff  allow 
the  fet  and  drift  as  a 
courfe  and  dillance  in 

your  traverfe  table,  as 
directed  in  page  236, 
where,  we  have  alrea- 

dy treated  on  this 

fubjecl. 

Ta   correct    the     dead 

recko?nug. 

After  having  cal- 

culated your  day's- 
work,  you  m-uft,  com- 

pare the  latitude  by 
dead  reckoning  with 
the  latitude  by  obfer- 

vaticn  ;'  if  they  agree 
your  day 's-work  is 
probably  correct,  but 
if  they  differ  you  muft 
fry  to  difcover  the 
ouifes  of  it.  Examine 

your  log-line  and  ha'lf- 
ininate-glafs,  to  find  whether  the  diftance  is  given  'exactly  by  the  log  ;  in- 

tra! re  whether  the  fhip  came-to  or  fell-off  her  courfe,  by  bad  flee  rage  or 

i'-idden  fqualis,  &c. ;  fee  if  you  have  made  fuiricient  allowance  for  variation 
.ma  lee-way;  but  above  all,  you  ought  to  difcover  (if  pcfhble)  whether 
there  is  a  current,  with  its  fettirig  and  drift.  If,  after  making  proper  allow- 
stocefor  thefe  things,  there  is  fliiJ  a  difference  between  the  latitude  by  dead 
reckoning  and  by  obfervation,  and  you  feel  confident  that  the  error  does 

nut  arifeirom  an  unknown  current,  you  may  make  a  further  correction,  de- 
psftding  en  the  following  principles :  When  the  courfe  is  within  three 
pjints  of  the  meridian,  the  error  is  probably  in  the  diftance,  becaufe  it 

~..\~uld  require  a  greater  error  in  the  courfe,  to  caxrfe  that  difference  of  lati- 
i::it"3  than  can  be  fuppofed  probable  to  have  been  committed. — When  the 

>a:ie  is  above  five  points  from  the  meridian,  the  error  is  probably  in  the' 
ccr:::fv,  becaufe  a  fmail  error  in  the  courfe  would  caufe  a  confiderable  error  in 

•-  W  difference  of  latitude,  but  an  error  in  the  diftance  would  affect  it  but  little. 

'  l  -     :::v  cfrjife  is  between  three  and  Eve  points,,  the  error  may  be  either 

Lee- 

Vari- 

- 
Courfes  fleered Winds. 

way, 

point 

ation. 

Point; 

Courfes  correfted. 

N.  VV.    £  W. N.  N.  E. x 

iw": 

N'sjw: 
w. 

N.  N.  VV. 3 

|W. 

S.  6\  VV. w.  s.  w. 

S. 

I 

fW. 

S,  6{-  W. 
w. 

s.  s.  w. * 

JW. 

VV. 

W.  by  N. N.  by  W. 

ll 

:|F- 

.  S.  7  W. 
s.  w. W.   N.   W. 

'I 

|W. 

S.  i|W. 

s. w.  s.  w. 

3_ 

iJ-W. 
S.  S.  E. 

s.  s.  w. 

w. 

I 

i|w. 

S.  $  E. 
s.  vv. M.  W.  by  W. I 

r^W. 
S.S.W.iW. w. 

S.  S.  VV. 4 
iiW. 

W.£N. 
W.  by  N. 

N.  by  W. * 
iiW. 

W.  S.\V.|W. 

s. 
E.  S.  E. 

2 

ii\V. 

S.|W. 
E.  by  S. S.  IE. 1 i-;w. E.byN. 

E.  N.  E. 

N. 

if 

i-I-W. 

E.N.E.iE. E. 

N. 
3 

■1 

i*W. 

E.1N. 

E. 

S. 

0 

i£W. 

E.  N.  E.  JE. S. 

E.  S.  E. 1 

i|W. 

S.  byE.JE. 
E.  S.E. 

N.  E. 
1 

liW. 

E-l-S. W.  S.  W. 

S. 

i 
i-iVV. 

S.  W.by  W. 
W.  by  N. S.  W.  by  S. i 

i|W. 

VV.  x  n. 

N.  VV. W.  S.  W. 1 

i^-W. 

N.W.I  VV. S. 

\V.  s.  w.. 1 3  TT 

4  *-• 

S.|E. 

N.  by  E. 
NT.  W.  by   VV". 

3 s 1     E. N.  N.  E.  {-E. 
M.    W.  by  N. W.  by  S. 

li 

r    E. N.  |  W. N.  W.   bv  W. N.   by  E. 

li 

.IE. 

NT.  VV.  by  W.  J*  W.. :     VV.  b.  S. N.  W.    by   N. ii 

2|C 

W.  AS."
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in  the  courfe,  or  in  the  diftance,  or  in  both;  and  an  allowance  ought  to  be 
made  on  both  of  them.     The  method  of  making  this  correction  is  therefore 

naturally  divided  into  three  different  cafes,  each  of  which  we  {hall  explain 
by  proper  examples. 

\  CASE  I. 

Jf  the  courfe  fonnd    by  dead  reckoning  is   lefs  than  three  points,  or  330  45'; 
Rule.  With  the  difference  of  latitude  and  departure  by  account,  find 

the  courfe,  by  Cafe  VI.  Plane  Sailing  ;  with  this  courfe,  and  the  difference 
of  latitude  by  obfervation^  find  the  difference  of  longitude,  by  Cafe  IV.  of 

Middle  Latitude  or  Mercator's  Sailing. EXAMPLE. 

Yefterday  at  noon  we  were  In  the  latitude  of  390  i8/  N.  ;  by  an  obfex- 
vation  this  noon  we  are  in  the  latitude  of  370  48'  N.  and  our  dead  reckon- 

ing gives  107  miles  fouthing,  and  6f  miles  wetting  ;  required  the  true  dif- 
ference of  longitude. 

To  the  difference  of  latitude  107,  and  departure  64,  I  find  the  ccurfe  2^ 
points  ;  with  which,  and  the  difference  of  latitude  by  obfervation  90  miles 

(which  is  the  difference  between  370  48'  and  390  18')  I  find  the  departure 

54  miles  ;  with  this  departure  and  the  middle  latitude  380  33',  I  find  the 
difference  of  longitude  69  miles. 

CASE  II. 

If  the  conrfe  by  dead  reckoning  be  more  than  three  points,  or  ̂ -f  4^,  end  lefs 

than  five  points,  or  $6°  15' '. 
Rule.  With  the  difference  of  latitude  and  departure  by  account,  find 

the  diftance  (by  Cafe  VI.  Plane  Sailing)  ;  with  this  diftance,  and  the  dif- 
ference of  latitude  by  obfervation,  find  another  departure,  by  Cafe  IV„ 

Plane  Sailing  ;  take  half  the  fum  of  this  departure1,  and  the  departure  by 

account,  for  the  true  departure,  'with  which,  and  the  difference  of  latitude 
by  obfervation,  find  the  difference  of  longitude  by  Cafe  IL  of  Middle  Lat- 

itude or  Mercator's  Sailing. 
EXAMPLE. 

Yefterday  at  noon  we  were  in  the  latitude  of  $z°  40'  N.  and  this  noon 
are  in  the  latitude  of  540  22'  N.  having  made  by  account  84  miles  north- 

ings and  76  miles  wetting  ;   required  the  true  difference  of  longitude  ? 
With  the  difference  Of  latitude  84,  and  departure  76,  I  find  the  courfe 

420,  and  diftance  1 13  miles  ;  with  this  diftance,  and  the  difference  of  lat- 
itude by  obfervation  102  miles,  I  find  the  departure  47.85  which  added  to- 

76,  and  di'vided  by  2,  gives  the  true  departure  61.9  ;  with  this  departure 
61.9,  and  the  middle  latitude  530  3i/,  I  find  the  difference  of  longitude 
105  miles. 

CASS  IIL 

If  the  courfe  by  dead  reckoning  be  more  than  five  point:;  or  rS°  I  •/. 

Rule.  With  the  difference  of  latitude  and  departure  find  the  diftance^ 
by  Cafe  VI.  Plane  Sailing  \  with  this  diftance,  and  the  difference  of  lati- 

tude by  obfervation,  find  the  difference  of  longitude,  by  Cafe  V„  of  Mid- 

dle Latitude  or  Mercator's  Sailing. 
EXAMPLE. 

Yefterday  at  noon  we  were  in  the  latitude  of  3S0    ctz!  N.  3   this  day  at 
noon  we  were  in  the  latitude  of  40°  iS7  N.  and  by  account  have  made  6£ 
miles  northing,  and  1 1 3  miles  of  wetting  ;  required  the  true  diff.  of  longitude.' 

With  the  difference  of  latitude  68,  and  departure  113,   I  find  the  eourfe 
'hich,  and  the  difference  ©f  Ia£i»iid£ 

Kh 
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by  obfervation  86  miles,  I  find  the  courfe  490  nearly,  and  the  departoyfc 

99.6  ;  with  this  departure,  and  the  middle  latitude  390  35^  the  difference 

oi'  longitude  is  found  equal  to  130  miles  nearly,, 
To- correil  for  federal  days. 

The  preceding  rules  will  ferve  for  correcting  any  fmgle  day's  work  ; 
but  if  aii  obfervation  has  been  wanting  for  feveral  days,  you  mull  proceed 
in  the  following  manner. 

Take  the  latitude  by  obfervation  and  longitude  in  at  the  time  of  Lift 
obfervation  (  or  the  latitude  and  longitude  of  the  place  you  took  your  de- 

parture from,  if  you  have  had  no  obfervation- fince)  and  alfo  the  latitade  in 
by  obfervation,  and  the  longitude  by  account  -y  find  the  differences  of  thefe 
latitudes  and  longitudes,  and  the  middle  latitude  ;  with  the  middle  latitude 

and  difference  of  longitude^-  find  the  departure  ;  with  this  departure,  and 
the  difference  of  latitude  by  account  (which  is  found  by  taking  the  differ- 

ence between  the  latitude  left  by  obfervation  and  the  latitude  in.  by  ac- 
count) find  the  courfe  and  cliftance  correfponding,.  and  fee  what  cafe  this 

courfe  falls  under,,  and  correct  the  departure-  by  it ;  then  having  the  correct 
departure,  you  may  find  the  tree  difference  of  longitude  and  longitude  in.. 

EXAMPLE. 

Three  days  ago,.- 1  was  in  the  latitude  of  400  o*  N.  and  longitude  of  58* 
20'  W.      This  day  by  account  my  latitude  is  3 8°  io/  N.  and  my  longitude 

570  20'  W^but  my  latitude  by  obfervation  is  3 8°  c/'JSL  what  is  my  true 
longitude  in  ? 

Latitude  left  40°  </N..  Latitude  left  400  o'  N.  Long,  left  ̂ 8°20-'W. 
Lat.  by  obf.    38    o  N.     Laubyacc    3810N.     L0.inbyacc.57  2°w- 

Diff.lat.by  obf.  2   o        Dif.lat.  byacc.   1  50  Dif- of  long-    1     o 
60  60  60 

In  miles  izo  In  miiss   1  iq  In  miles  60- 

Sum  oflatitud.es  78   o 

Mid.  latitude     39  o 

With  the  middle  latitude  39*" and  difference  of longitudeSo  miles,  I  fra<& 
the  departure  46^6*;  with  the  difference  of  latitude  by  account  1 10  and  the 

departure  AJb.for  I  find  the  courfe  230  ;  therefore  it  muft  be  corrected  by- 

Cafe  I.  by  finding,  the  departure  5.0,8  correfponding.  to  the  courfe  2-3  °  and 
the  difference  of  latitude  by  obfervation  120  ;  and  then  with  the  middle  lat- 

itude 390,  and  the  correct  departure  50,8,  1  find  the  correct  difference  of 

longitude  65  miles  or  i°  5^  which  fubtrafted  from  the  longitude  left  58* 

zo',  leaves  the  correct  longitude  in  570'  15'  W.  In  the  preceding  examples 
we  have  taken  the  courfes  and  mid.  iat.  to  the  neareft  degree  ;.  a  fmall  dif- 

ference would  be  found  if  we  had  taken- them  to  minutes. 

A  journal  being  kept  in  the  preceding. manner^  the  fituation  of  the  ffiijy 
may  be  known  nearly  at  any  time,  and  the  bearing  and  diftance  of  the 
place  of  deftination  may  be  found.  When  the  mariner  is  fearful  that  his 

longitude  by  account  is  inaccurate,  and  he  has  no  lunar  obfervations  to  cor- 

rect it  ;  he  muft  get  into  the  latitude  of  the  place,  and  (ifpofiible)  run  e  a  ft 
or  weft  according  to  his  fituation  and  the  prevailing  ftate  of  the  winds.. 
To  iliuftrate  what  has  been  faid  on  thefe  fubjects  we  fhall  now  add  exam., 

pies  of  a  number  of  feparate  day's  works,  and  then  proceed  to  a  connected:, 
journal. 
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EXAMPLE  L 

Yefterday,  at  noon,  we  were  in  the  latitude  of  48"  21'  N.  and  the  lon- 

gitude of  j6°  2  8'  W.  and  have  failed  till  this  day  at  noon,  as  per  log-board ; 

required  the  courfe  and  diftancc  made  good,   with  the  latitude  and  longi- tude in. 

Log-Board. 

h|k 
p Courfes. Winds. 

Lee- 
way. 

Remarks. 

z    6 S.W.byW.|W. 
N. 

Thefe  24  hours  moderate  gales 

4  <r J and  cloudy  weather. 
6;  5 N.  W. 

At  4P.M.fpoke  the  fhip  Waft- Si   s 
ing  ton  from  New- York  bound 

10    3 6 S.  W.  |  W. to  Cork. 

H   3 4 
.'  2:    1 4 J  4 J At  6  A.  M.  got  the  bower  an- 

6i 4 6 chors  on  the  gunnel,  and  un- 
8   ? J S.W..byS,fW. W.N.W. bent    the  cables  and    flowed 

10    4 1 them. 

1,2]  4 
Variation  2i  points  wefterly.-r 
Traverse Table. 

Courfes. Dift. N. 

s. 

E. 

w. 

S.W.byS.  IW. 
S.  S.  W.  I  W. 
S.  by  W.  \  W. 43 

39 

27 

33-2 

34-4 

25^8 

27-3 
18.4 

7.8 

Diff. 
Lat. 

93-4 

Dep. 

S3-5 

:  By  examining  the  log- 

•board,  it  appears  that  the  (hip 
goes  large,  and  makes  no  lee- 

way ;  therefore,  by  allow- 
ing the  variation  on  each  of 

the  courfes,  they  will  Hand 
as  in  the  adjoined  traverfe 
table*  Then  the  diftances 

marked  on  the  log-board 

jnuft  be  fu'mmed  up,  and  dou- 
bled, becaufc  marked  only  for 

-every  two  .hours.*  In  allowing  for  the  knots,  you  muft  reckon  10  to  a  mile  ; 
and  when  the  tenths  are  above  5,  you  muft  add  1  mile  to  the  diftancc. 
Jiaving  found  the  diftances,  you  muft  find  the  correfponding  differences  of 
latitude  and  departures^  in  Table  I.  or  II.  and  then  with  the  whole  differ- 
£nce  of  latitude  and  departure,  find  the  courfe  and  diftance  made  good,  and 

the  difference  of  longitude,  by  Cafe  II.  Mercator's  Sailing. 

Jn  theprefent  example,  the  difference  of  latitude  is  93'  =   1°   33'  S. 
YefterdayJs~  latitude  ^48     2  r  N. 

The  difference  is  the  latitude  Ih  46     48  N. 
Sum  of  latitudes  95       9 
Middle  latitude  47     34 

With  the  difference  of  latitude  made  good  93.4  S.  and  the  departure 
53.5  W.  I  enter  Table  II.  and  find  they  correfpond  nearly  to  a  courfe  of 

S»  300  W.  and  diftance  108  miles*  Then  with  the  middle  latitude 

470  34'  or  480,  I  enter  Table  II.  and  find  the  departure  55.5  in  the  Lat. 
column,  oppofitc  to  which  in  the  diftance  column,  is  the  difference  of  lon- 

gitude So7"  sec  i°  20'  W. 
Longitude  left             36     28    W, 

Sum  is  the  longitude  in       37     48    W. 
ik  the  log.board  cvciy  bo in  thai  cWc,  the  difta 

ard  uf),  will  be  Lh.  iruc  difiance  failed. 

*  Aiditf^  txjiapii:!  vcrr  g]yfn  only  :a  illulUne  (he  rv'.f.,  ».•«  lave  not  Uen  attentive  to  mark  the  true  vaii 
logbcij^i'u 
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EXAMPLE  II. 

Yefterday  at  noon  we  were  in  the  latitude  of  350  46'  N.  and  the  long!, 
tude  of  1 70  36'  W,  and  have  failed  till  this  noon   as  per  log,board  ;  re- 

quired the  latitude  and  longitude  in,  and  the  bearing  and  diftance  of  Cape 
St.  Vincent  ? 

Log-Board. 

H. 

2 

K. 
F. Courfes. Winds. 

Lee- 

Way 

6 6 S.b.E.fE. S.  W.  |  W: 

t* 

Thefe  24  hours  moderate  gales  and 
4 < 8 clear  weather. 
6 9 8 
S 

10 
5 
5 

g 
S.  S.  E. S.  W. 

1 1 

At  S  A.  M.  faw  a  fhip  to  wind- 
12 5 2 ward,  fleering  eaft. 
2 

4 
5 3 

5 S.S.E^E. S.W.b.S.fW. 
H? 6 5 5 

S 5 
1 

5 
6 S.E.b.S. S.  W.  b.  S. 

i* 

12 5 4 Variation  £  point  eafterly. 

The  courfes  being  corrected 
for  lee-way  and  variation,  and 
the  diftances  fumrned  up  and 
doubled,  will  {land  as  in  the  ad- 

joined Traverfe  Table.  Hence 
the  difference  of  latitude  made 

£ood  is  105.4 S.  and  the.  depar- 
ture 81.7  E. ;  confequently  the 

courfe  is  S.380  E.  and  the  diftance 
133  miles  nearly. 

Latitude  left  350  46''  N. 
Diff.  ofUt.        1  45   S. 

Traverse   Table. 
Courfes. Dift. 

48 

3i 

33 22 

N. 

S. 

E. 
W. 

S.S.E.|E. 
S.E.|S. 

S.E.iS. 
S.  E.  1  E. 

41.2 

24.9 24.5 

14.8 

24.7 
18.5 

22.2 

16.3 

Diff.  Lat. 

105.4 
8*1-7 

Dep. 
— — . 

Latitude  in 
Sum  of  lat. 

Middle  lat. 

34     *  N, 

6.9  47^ 
34  S3 

With  the  middle  latitude  340  53'  or  350, 
and  the  departure  81.7,   the  difference  of 

ipng.'is  found  to  be  ioq  miles, =1?  40' E. Longitude  left      17   36  W. 

Longitude  in        15-  56  W» 

To  find  thg  hearing  and,  diftance  sf  Cape  St.  Vincents. 

Latitude  in  340  i/  N.     Mer.  parts  2173     Long,  in         150  $6'Wa 
C.St.  Vincent's  lat.  37  2  N.      Mer.  parts  2395     C.St.V.  Ion.    8  56  W, 

3   1=181' M.dif.  lat,     222     Diff.  long. Diff.  of  lat. 
,—  Alcf 

7  0=420/ 

By  LOGARITHMS. 
To  find  ihe  bearing.  To  find  the  diftance 

As  Mer.  diff.  lat.   222  log.  2.34635  As  radius  450      10. 
Is  %o  radius  45"  jo. 0000c 
So  is  diff.  long.     420    log.  2.62325 

Is  to  prop.  diff.  lat.    181        2.25768 

So  is  fecant  courfe  620  8'     10.33030 

To  tang,  courfe  620  8'        10.27690  To  the  diftance       387.2       2.58798 
Hence  the  bearing  of  Cape  St.  Vincent  is  N.  62  °  S'E.  and  diftant  387,2 cities, 
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EXAMPLE  III. 

Suppofe  that  at  the  end  of  the  fea-day,  March  10,  1804,  we  were  in  the 

latitude  of  430  34'  N.  and  the  longitude  of  350  16'  W.  and  have  failed 
till  next  noon  as  per  log-board  ;  required  the  latitude  and  longitude  in, 
and  the  variation  of  the  compafs. 

L0G-B0ARD- 

H 

2 

4 

K 

4 
4 

F 

5 

Courfes. Winds. LW. Remarks. 

W.S.  W. South. Thefe  24  hours   moderate  gales,  found  a  fmall  current 
fetting  N.  E.  at  the  rate  of  1  mile  in  4  hours. 

6 
8 

4 
4 

S 

IC 4 * 
12 4 
a 

4 
6 
S 

to 

3 
3 
3 
I 

\ 

5 
5 S.  W.  by  W. 

S.by'E. 
At  8  A.  M.  fun's  magnetic  azimuth  N.  125*  19'  E. 

Alt.  of  Q  s  L.  L.  18'  40'  ;   correction  for  dip  and 
femi-diameter  12'  additive. 

[12 
3 5 

In  calculating  the  variation  from  the  above  obfervation  it  is  neceffary  to  find  the  declination 
and  latitude  at  the  time  of  obfervation.  The  former  at  noon  ending  the  fea-day  March  11, 

1804, is  3°  40'  S.  by  Table  V. ;  the  correction  for  the  long.  35°  W.  is  —  z'  14",  and  for 
the  time  from  noon  4h.  is  -J-35 '  1 '  7»  therefore  the  whole  correction  is  4-1' 3  7' '  or  nearly  z't 
which  added  to  30  40'  gives  the  declination  at  the  time  of  obfervation  30  42'  S.  confequent- 
ly  the  polar  diftance  930  42'.  To  find  the  latitude  we  mult  fee  by  the  log-board  what 
courfes  and  diftances  the  (hip  has  failed  from  noon  to  the  time  of  obfervation  8  A.  M.  viy. 
W.  S.  W.  58  miles,  and  S.  W.  by  W.  19  miles ;  the  current  fetting  in  the  fame  time  N.  E- 
5  miles ;  thefe  courfes  muft  be  corrected  for  1  point  wefterly  variation,  which  is  found  to  be 
nearly  its  value,  by  a  rough  calculation  made  with  the  latitude  in  at  the  preceding  noon ;  and  by 
arranging  them  in  a  traverfe  table  we  find  that  the  difference  of  latitude  made  good  at  8  A.  M. 

is  about  41  miles,  confequently  the  latitude  in  at  the  time  of  obfervation  is  nearly  420  53'  N. 

and  the  co-latitude  47  °  y'  ;  the  obferved  altitude  of  the  fun's  L.  L.  is  180  40':  the  cor- 
rection for  dip  and  femi-diameter  being-j-i2',and  the  refraction  by  table  XIII. — 3'  nearly, 

confequently  the  fun's  correct  altitude  is  180  49'  and  its  co-altitude  7 1°  11 '.  With  thefe 
data,  the  true  azimuth  is  calculated  as  in  page  146. 

Co-lat.    47O  7' 
Co-alt.     71   11 
* ol.difl.  93  42 

57°
 

Co-fecam 
Co-Decant 

Sine 

Sine 

Sum 

5' 

°<35°5 
0.02385 

H.  fum  106  00 
Pol-dift.  93  42 fl.98284 

P. cm.        u  iS 9-32844 

19.47018 

Half  fum  log.  co-iinc 9-735<>9 

True  azimuth       N. 

Mag.  azimuth       N. .'4 

'-5 

loF.. 

19.E. 
Variation 11 

9  W.  or  nc 
arly  1  poi 

The  variation  being  allowed  on  all  the  courfes 
and  current,  and  the  diftances  fummed  up,  the  trav- 

erfe table  will  be  as  adjoined  ;  and  the  difference  of 

latitude  made  good  =49,8  S.  departure— 67,5  W. 
hence  the  courfe  made  good  S.  53^°  W.  and  diftance 
=r84  miles.  And  by  fubtracling  the  difference  of 

latitude  50'  from  latitude  left  430  34',  there  re- 
mains the  latitude  in  420  44'  N.  Hence  we  have 

the  middle  latitude  43"  9',  with  which  and  the  de- 
parture 67,5,  the  difference  of  longitude  is  92' or  i° 

32/  W.  nearly;  and  by  adding  it  to  the  longitude  left  3s0  16'  W.  we  have  the  longitude 

36°4VW, 

Traverse    Table.          j 
Courfes. 

Dift. 

5.8 

N. 

S. E. 

W.  I 

S.W.b.W. 

12.2 

s.  w. 

3* 

12.6 

22. 6] 

N.E.b.N. 6 

5.0 

3-3 

| 
1    »  n 

j  $0
 

54.8 

3-3 

70.81 

1 

5.O 

3'3 

Diff,  Ut.  49.8  (Dtp.!  67. si 



^4$        METHOD  6£  KEEPING   A  JOURNAL   AT  SEA* 

EXAMPLE  IV. 

Yefterday  at  noon  we  were  in  the  lat.  of  400  10/  N.  and  in  the  long,  of 
6S°  S7  W.  and  have  failed  till  this  noon  as  per  log-book  ;  required  thq 

bearing  and  diftanee  of  Cape  Cod  ? 

Log-Board. 

H.'lK.' 1 
F. 

1 1 

2 1 

3 1 

4 r 

5 
6 

2 

3 
5 

7 1 

1 
5 
5 

9 1 5 
10 

1 

n 1 

12 1 

1 2 5 
2 2 5 
3 2 5 
4 2 S 
5 
6 

3 
3 

7 
8 

3 
3 

9 4 

,.
0 

4 

Courfes. 

W.  N.  W. 

Winds. 

North. 

4 
|i  2!   4 

N.W. 

N.W.£N. 

N.  N.W 

Lee- 

way, Remarks. 

N.  N.  E. 

NT.  N.  E.JE 

N.  E.by  E. 

E.N.  E. 

Firft  part  of  thefe  24  hours  light  breezes 
and  fine  weather  ;  latter  part  pleafant 

gales  and  cloudy. 

Saw  great  quantities  of  gulf-weed,   and 
rock-weed. 

At  7  A.  M.  water  difcoloured,  founded 
no  bottom. 

Latitude  by  obfervation  40  °  52'  N. 
Variation  |  point  W. 

The  diftances  are  fummed  up, 

and  marked  in  the  Traverfe  Ta- ' 
ble  without  doubling,  becaufe  the 

log-board  is  marked  for  every 

hour.  By  working  this  day 's  work 
like  the  others,we  find  the  diff.  of 

lat.  made  good=  31,6m.  N.  &  the 

dep.  40. 3111.W.— -  hence  the  courfe 

N.  520  W.  nearly,  and  diftance  51  miles. 

Latitude  left     400  \gfN. 
Diff.  of  lat.  32  N. 

TRAVERSE  TABLE. 

Courfes. Dirt. 

15 '  2 

10 

29 

N. 

0  7 
0  9 

5  ' 

24  9 

31   6 

S. 

E. 

Dep'. 

W. 

  |i 

15  0 
1  8 
8  6 

14  9 

40  3. 

W.  IN. 
N.W.  by W.|W. 
N.W.  byW.JW. 
N.  N.  W.  |  W. 

D.Lat. 

Lat.  in  by  D.R.40     5 1  N. 
Sum  of  lats.        Si     10 

Mid.  lat.  40     35 

With  the  mid.  lat.4o|°  and  the  departure 

40,3,   the  diff.  of  long,  is     o°   53'W, 
Long-,  left 

68       8W. 

Long,  in 

To  find  the  hearing  and  d'1  fiance  of  Cape -Cod. 

69       iW, 

Lat.  in  by  obf.     400  52'  N. 
Lat.  of  Cape  Cod  42      5  N. 

Diff.  of  lat. 1    13  =  73  miles. 

Long,  in  by  D.  R. 
Long,  of  Cape  Cod 
Biff,  of  long. 

69°.  i'W, 
70  14  W. 
1  i3=73ml« 

Mid,  lat.  41   23 

With  the  difference  of  longitude  73  miles,  and  the  middle -latitude  41  ° 

28',  or  4i-f°,  I  find  the  depart.  54,6  nearly,  with  which  and  the  diff.  of  latB. 

73  miles,  the  bearing  of  Cape  Cod  is  found' N.  370  W.  dift.  91  miles. 



JOURNAL OF  A  VOYAGE  FROM  BOSTON  TO  MADEIRA. 

KiF 

4 
6 
8 

IC 6 " 
12 

2 

6 
6 

5 
6 

4 
6 
8 

6 

1  7 

4 

IC 7 

Courfes. 

E.  by  S. 

Wiads. 

N.  W. 

itforth. 

Lee- 

way, Remarks  on  board,  Wednefday,  March  2.5,  1801. 

At  noon  got  under  way,  with  a  line  breeze  from 
the  N.  W. 

At  8JP.VM.  Cape  Cod  light-houfe  bore  S.  S.  E. 
dlttant  4  leagues  5  from  which  I  take  my  de- 

parture. 

Variation  f-  point  wefterlv. 

Courfe. Dift. 

On'. 

tat. 

■>ep, 

N.87*  iTE. 

E. 

102 

Lac.  by 

p.  r! 
N. 

42?IO 

Lac.  by 

Obf. 

■Diff. 

XonjgT 
E. 

17' 

Long.  in. 

67°  57* 

Bearing  and  diftance 

Funchal  S.76°4i'E dift.  2485  miles 

Traverse  T ABLE. 

Courfes. Dift. 

N. s. 
E. W. 

N.  N.W.  |  W. 
E.  i  S. 

(2 IO8 

D.Lat. 

10.3 

5-3 

107.9 
6.2 

10.3 

5-3 

5-3 

Dep. 

107.9 

6.2 

IOI.7 

6.2 

5.0 

Cape  Cod  bearing  from  the  (hip 

S.S.B*.  dift.  4  leagues,  is  the  fame 
as  if  the  (hip  had  failed  from  Cape 
Cod  4  leagues  or  12  miles  upon  the 

opposite  or  N.  N.  W.  point  of  the' 
compafs,  and  allowing  for  the  va- 

riation, it  becomes  N.  N.  W.  -|  WV 
dift.  12  miles,  which  is  to  be  fet  in 
the  traverfe  table  as  the  firlt  courfe 
and  diftance. 

The  (hip  failed  all  day  upon  an 
E.  by  S.  courfe  by  compafs,  which, 

by  allowing  the  variation,  becomes  E.  ̂   S.  The  fum  of  all  the  diftances  is  54  miles,  which- 
heing  doubled  becaufe  the  table  is  marked  for  every  two  hours,  gives  the  whole  diftance  failed 
108  miles.  With  thefe  courfes  and  diftances,  I  find  the  correfponding  differences  of  latitude 
and  departures  ;  and  by  fubtradling  the  fouthing  from  the  northing,  and  the  wefting  from  the 
eafting,  find  that  the  difference  of  latitude  made  good  is  5.0  N.  and  the  departure  101.7  W. 

which  correfpond  to  a  courfe  of  N,  870  n'  E.  and  <iiiLince  102  miles* 
L«it.  failed  from,  or  Gape  Cod's  lat,  .42°  05'  N.  Then  with  the  middle  latitude  42-°  as  a 

Diff*.  of  lat.  O     05  K.      courfe,   I  enter  Table  II.    and  againft  the 
departure  10 1.7  (or  10 1.8  which  is  the 
neareft  tabular  number)  found  in  the  lati- 

tude column,  is  137  =  the  difference  of 
longitude  in  the  diftance  column. 

Long-  from,  or  C. Cod's  long,  700  14'  W. Diff.  long,         2     17   E. 

Latitude  in 

Sum  of  lats. 
fcliddle  latitude 

42     10  N. 

84     15 
4.2         7 

Latitude  fn 

Funchal'i  lat. 

Diff.  of  lat. 

In  miles 

To  find  the  bearing  and  diftance  of  Funchal. 

420    to' N.  Mer.  parts  2795  Longitude  in 
32     38   N.  Ivler.  parts  2073 

Dift'.  ion? 

67     v   W: 

67°  57' w. Funchal's  long,     17       5   VVr, 

9     31 
60 

Mer.  dirf.  lat, 

In  miles 

With  the  mei id.  diff.  of  lat.  72a  miles,  and  diff.  of  long.  3052  miles,  the  bearing  Is 

found  S.  id0  41'  E.  and  with  that  bearing  taken  as  a  courfe,  and  the  proper  difference  q:  lati- 

tude 57a  miles,  the  diftance  is  found  .2485  miles,  as  in  9v'z  {',  o.v  Ntefcutjjf's  Sailing. 
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H 
I 
K. F 

2 7 
4 7 
6    7 

8 7 
IO 7 
12 7 
2 

*> 

4 6 6 
6 6 4 
8 6 4 

to 6 

(j 

12 6 S 

Couifes. 

£.  by  S« 

E.  by  S.  1  S. 

E.S.  E. 

Winds. Wai 

N.  by  E.j 

N.  N.  E 

Remarks  on  board,  Thurfday,  March  26,    1801, 

Frelh  gales  and  pleafant  weather. 

Saw  a  number  of  fiftting  veflLls  to  the  fouthward. 

At  noon  obferved  [he  altituds  of  the  fun's  lower 
limb  to  the  fouthward  of  me  <$a  i->t 

Add  for  femidiameter  and  dip  l2 

The  rcfraftion  being  fmall,  is  ntgURei  ___ 
Correa  altitude  50    29 

t^ubtraft  from  go    oo 

©'*  Zenith  diftance  39    gt  N. 
0's  correft  declination  4     12  N. 

Latitude  by  obfervatton  41    43  N. 

Variation  J  point  wefterly. 

Courfe. Dili. Dif. 
Lat. 

/;p. 
Lat.  bv 

D.  R.' 

Lat.  by 

Obf. 

Diff. 
Long. 

Long,  in.)     Bearing  and  Diftance. 

S.8o°i5'E. 
1 5: E-.- 160 

N. 

,4.i°  43' 

N. 
4l043l 

E. 

3°35' 

W. 

640  22' 

Funchal  S.  760  24'   E. 
dift.  23  19  miles. 

!                            Traverse    Table. 

\       Courfes. 
1 

Dift. 
N. 

I 

s. E. 
W. 

\      E.  i  S. 
|      E.  2  s. 

1  E.b'yV  IS. i     ■ 
! 42 

42 

79 

D.  Lat. 

2.1 
6.2 

19.2 

41.9 

41.5 
.  76.6 Dep. 27.5 

160.0 

The  variation  being  allowed  on  each 
courfe,  and  the  diftances  fummed  up, 

they  will  ftand  as  in  the  adjoined  trav-. 
erfe  table  ;  from  hence,  by  means  of 

Table  I.  I  find  the  difference  of  latj-  j 
tude  27,5  and  the  departure  t&0,O; 

which  correfpond  to  the  courfe  S.  • 
So0  15'  E.  and  the  uiflance  162  miles,. 

Yefterday's  latitude 
Diff.  of  latitude 

Latitude  iri 
.Sum  of  latitudes 
Middle  latitude 

4*'
 

io' N. 

27  S. 

41     43  N. 83     S3 

4i     56 

With  the  middle  latitude  41  °  56'  or  420 
as  a  courfe,  I  enter  Table  II.  and  feek  for 
the  departure  160,0  in  the  latitude  column  5 

the  neareft  number  to  which  is  159,8  cor-1 
refponding  to  the  diftance  215,  which  is  there- 

fore the  diff.  of  long,  equal  to  3-0  35' E. 
Yefterday's  long.  67      57    W« 

Long,  iii 

To  find  the  bearing  and  diftance  of  Funchal. 

64         22      Wo 

I>a    '  i$.e  in 
Fuacbal's  lat. 

41°  43'N. 

32     3S  KT. 

jvler    parts 
Aler.   parts 

"Diff.  of  lat. 

9       3' 
60 

Mer.  diff.  lat 

In  milts 54J 

2759  Longitude  in  64**   22'  W.- 
2073  Funchal's  long.      17        5   Wg 

686 
Diff.  of  long 

In  miles 47 

60 

2837 

17 

By  Cafe  I.  of  Mercator's  Sailing,  I  find  the  bearing  of  Funchal  S.  760  24'  E.  and  its  d!f« 
tance  23  19  miles. 

When  the  fun  was  upon  the  meridian,  the  altitude  of  his  lower  lirn'b  was  50"  17',  to  which 
add  12  miles  for  bis  fems-d'a  meter  and  the  dip  of  the  horizon;  the  refraction  [given  in  Ta- 

ble XIII.)  for  this  altitude,  being  fmall,  is  neglected;  hence  his  correel:  central  altf- 

fcude  =  50'  29',  which  fubtracted  from  90"  leaves  his  zenith  diftance  39*  3V,  which  muft 
be  called  north,  becaufe  the  fun  bore  fouth  when  on  the  meridian;  then  in  Table  V.  I  find  the' 
fun's  declination  at  noon  at  Greenwich  =  2°  8'  N.  to  this  add  the  correction  4  miles,  taken 
from  Table  VI.  correfpondVng  to  the  ftiip's  longitude  ;  the  fum  is  2°  l?1  N.  =  his  correct 
declination  ;  and  iince  the  declination  and  zenith  diftance  are  both  north,  \  add  them  together, 

and  the  fun?  is  the  latitude  by  obfervation  =  4i°j.3'  N.  which  agrees  with  the  latitude  by account. 
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•- 

r   ' 

■H 
K J 

2 7 
4 8 
6 K 
8 8 

10 8 

12 8 
2 8 

eJ 4 8 6 
6 8 6 

8| 

8 6 
io    8 i 

12    8 

Courfes, 

E.  S.  E. 

Winds. 

N.  by  E, 

N.  N.  E. 

N.E.byN. 

Lee- 

Way 

Remarks  on  board,  Friday,  March  27,  1801. 

All  theie  24  hours  irefh  breezes,  ajjd  clear. 

Meridian  alt.  fun's  lower  limb 
Add  for  feoiidiamctcr,  dip,  fiic. 

Sun's  correft  altitude 
Subtract  from 

Sun's  zenith  diftance 

Sun's  correal  declination 

Latitude  obferved 

6'°  3» 

Sl 

S> 

90 

<x> 

38 

10  N. 

■ 

;i&  N. 

Variation  ̂   point  wefterly,  per  amplitude. 

Courfe.        Dift 

L)lt. 

Lat.   Dep. 

Lat.  by 

D.  R. Lat.  by  Dift". Obf.     Long.   Long.   in. Bearing  and  Diftance. 

S.  73°  E.   I    t95      57 

E.         N. 

186  400  56' 

N. 

40°46' 

E. 

40  S' 

w. 

6o°  14' 

Funchal,  S.  76°  45'  E. 
dift.  2129  miles. 

Traverse Table. 

Courfes, Dift. N. 
S. E. 

W. 

E.  by  S.  i  S. 

*95 

D.Lat. 
47-4 

189.2 

Dep. 

The  {hip  failed  all  day  upon 
the  fame  courfe,  which,  corrected 

for  the  variation,  is  E.  by  S.  i  S. 
the  whole  diftance  failed  is  19  c, 
mile%  and  the  difference  of  lati- 

tude is  47  miles.  o9  47'  S. 
Yefterday's  latitude   41     43    N". 

Latitude  by  D.  R.       40     56    N. 

Hence  the  latitude  by  account  differs  10  miles  from  the  latitude  by  obfervation  ;  therefore 

I  correct  this  day's  work  by  Cafe  III. 

Latitude,  yefterday,  by  obf.     410  43*  N,         With  the  diftance    195,   and  difference  of 
Latitude  obf.  this  day  40     46    N.     latitude   57,  I  find  the  courfe  S.   730  E.  and 

the  departure  186.5  ;  then  with  the  middle 

latitude  410  14'  as  a  courfe,  and  the  depar- 
ture 186.5  as  difference  of  latitude,  1  find  the 

correfponding  diftance  248,  which  is  equal  to 

the  difference  of  longitude  40      S'   E. 
Yefterday's  long.  64     22  W. 

Dift*.  of  lat.  by  obf. Sum  of  latitudes 
Middle  latitude 

-7 

82 

29 

41 

«4 

Longitude  in 60     14  W. 

NoTr.     As  this  journal  is  only  defigned  to  exemplify  the  rules  of  navigation,  we  have  no; 
endeavoured  to  give  the  true  variation. 

To  find  the  bearing  and  diftance  of  Funchal. 

Latitude  in 

Funchal's  lat. 
400  46'  N. 
32     38   N. 

Mer.  parts 
Mer.   parts 

M.  D.  Lat. 

2683 2073 

Diff.  of  lat. 8       8 
60 

6jo 

Longitude  in         6o°   14'  W. Funchal's  long.     17        5  W» 

In  miles 

488 

Diff.  long. 

In  miles 

4."       9 

60 
2589 

•  With  the  mend.  difF.  of  lat.  and  dift*.  of  long,  the  bearing'  is  found  S.   760  45'  E.     With 
that  and  the  proper  dift*.  oflat.  the  diftance  is  found  to  be  2129   miles,*  by  Cafe  i.  Mercator. 

Tf  the  courfe  was  cakulated  to  fernnrl'.  and  the  m 
kc  1  diScrtnce  of  a  few  milcl  in  the  calculated  dill 

1  parts  tak"n  to  one  ot  two  phc 

[A  Journal.] 

decirr.als,   it  w;  t!d  .fomctireis 
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K F 

7 
6 6 
6 

S 4 
5 b 

5 6 

5 3 
5 ) 
6 
6 
6 

5 

Courfes. 

S.   E.  by  E. 

S.  E. 

S.  E.  by  S. 

Winds. 

N.E.byE. 

E.  N.E, 

E.byN. 

Lee- 

Way 

Remarks  on  board,  Saturday,  March  28,  1801. 

J"re(h  gales,  with  rain. 
At  4  P.  M.   fpoke  the  fliip  Franklin,  from  PhiU' 

delphia,  bound  to  Lifbon. 

U  noon,  obferved  merid.  alt.  fun's  lower  limb 
Add  for  femidiameter,  &c. 

Sun's  eorreft  altitude 
Subtract  from 

Sun's  Zenith  difta 
Sun's  correfl  decl 

Latitude  obferved 

Variation  ̂   point  wefterly. 

53s  43' 

39     4N- 

Courfe. Dift. 
Dif. 
Lat, Dep. 

S.42°29'E. 138 

E. 

93 

Lat.  by|Lat.  by  Diff. 
D.  R.  J  Obf,    Long. Long.   in. Bearing  and  Diftance. 

N. 

39°  °4   39*  °4 

N. E. 

W. 

5S8  12' 

Funchal,  S.  790  4'  E. 
dift.  203,7  miles. 

Traverse  Table, 

Courfes. Dift, 
N. S. 

E. 

w. 

S.  E.  £  E. 
S.  E.  i  S. 

S.  S.  E.  %  E. .  5° 
44 

46 

D.  Lat. 

29.8 

3.2-6" 

39-5 40.2 

29.5 

23.6 Dep. 
101.9 

93-3 

The  leeway  and  variation  being 
allowed  on  the  courfes,  they  will 
ftand  as  in  the  adjoined  traverfe 
table.  Then  with  the  difference 
of  latitude  and  departure  the  courfe 

is  found  to  be  S.  420  29'  E.  dif- 
tance 13 8  miles. 

Yefterday's  latitude 
Diff.  of  latitude     10  z' 

Latitude  m 
Sum  of  lats. 

Middle  lat. 

40°
 

1 46'  N. 

42    S. 39 

79 04  N. 

50 

39     5S 

With  the  middle  latitude  39'  55'  or  40° 
as  a  courfe,  and  the  departure  93,3  taken  as 
difference  of  latitude,  the  difference  of  lon- 

gitude is  found  122  miles    =    a5     2;  E. 
Yefterday's  long,  60     14  W, 

Longitude  in 
5.8     12  W. 

The  courfe  made  good  each  day  is  marked  in  the  journal  to  degrees  and  minutes,  as  they 
wsre  calculated  by  the  logarithms  j  but  for  practical  purpofes,  it  is  fufficiently  exact  to  find  it 
to  the  neareft  degree  by  inlpection  of  Table  II. 

To  find  the  bearing  and  diftance  of  Funchal. 

By  Cafe  1.  Middle  Latitude  Sailing. 

Latitude  in  390  04'  N. 
Funchal's  latitude  32     38    N. 

Longitude  in FunchaPs  long. 

Diff.  of  lat. 

Sum  of  latitudes 
Middle  latitude 

6     26  =  386  miles.     Diff  of  long. 

7i 

35 

42 

5* 

In  miles 

58°  12'  W. 17     05    W. 

4i 

60 

2467 

With  the  middle  latitude  350  51'  or  360  as  a  courfe,  and  the  difference  of  longitude  246- 
as  a  dillance,  1  calculate  the  departure  ;  with  that  and  the  difference  of  latitude  I  rind  the  dif- 
fcanceand  courfe,  by  Cafe  1.  of  Middle  Latitude  Sailing. 



FROM  BOSTON  TO  MADEIRA. 

K    F      Courfes. 
Winds 

Lee- 

way, 
Remarks  on  board,  Sunday,  March  29,  1S01. 

South. 

S.  \  E. 

E.  S.  E. 

E.byS.fS 

Thefe  24  hours  moderate,  pleafant  weather. 

Merid.  Alt.  ©'<  lower  limb 
Add  for  femidiaincte-r,  dip,  &e 

©'s  correct  Altitude 
Subtrafl  from 

©'s  Zenith  diftance 
©'s  corrcft  declination 

Latitude  obferved 

Variation  1  point  wefterly. 

37    48  N 

Courfe. Dift, 
Dif. 
Lat. Lat.  by  I  Lat.  by 

Pep.    D.R.    j     Obf. 

DifT. 
Long. 

Bearing  and  Diftance. 

South. 

76 

N.       I     N. 

370  38'  37p4«' 

W.  Funchal,S.  8;y  15'E 
>"    l^'     Diftance,     2038  miles. 

Traverse  Table. 

Courfes. Dift. 
N. 

S. 

E. 
W.   1 

South. 86 

|    86.0 

Diff. 
Lat. 

'           | 

The  leeway  and  variation  being 
allowed  on  both  courfes,  they  be- 

come South  ;  the  whole  diftance 
failed,  or  86  miles,  is  therefore  the 
difference  of  latitude  by  account  ; 
the  departure  being  nothing  ;  con- 
fequently  the  fnip  is  in  the  fame 
longitude  as  yefterday. 

Yefterday's  lacitude Difference  of  latitude 

Latitude  in  by  D.  R. 

86     = 04' N. 26  S. 

37     38  NT. The  latitude  by  obfervation  is  37'  48'  NT.  differing  10  miles  from  the  account  ;  and  this 
is  probably  an  error  in  the  diftance  marked  in  the  log-book,  I  therefore  take  10  miles  from 
that  diftance,  and  reckon  it  76  miles. 

To  find  the  bearing  and  diftance  of  Funchal. 

Latitude  in  370  48 '  N.     Mer.  parts       2453  Longitude  in  58°   12'W. 
Funchal's  latitude    32     38  N.     Mer.  parts       2073         FunchaFs  longitude    17       5  W. 

DifT.  of  lat. 

5     »° 
60 

In  miles       31c 

Mer.  diff.  lat.    380 Diff.  of  long.       41       7 
60 

In  miles 

2467 

Hence  the  bearing  is  S.  8i"  15 'E, diftance  2038  mjles.by  Cafe  I.  of  Mercator's  failing  j 
and  the  fame  may  be  found  by  middle  latitude,  which  is  the  moft  exadl  method  when  the  two 
latitudes  differ  but  little  ;  and  it  is  the  way  in  which  the  calculation  will  be  made  in  the  reft 
of  the  journal. 



JOURNAL  OF  A  VOYAGE. 

H K ¥ Coutfes. Winds. 

Lee- 

way. 
Remarks  on  board,  Monday,  March  30,  1801. 

2 

4 

3 Eaft. N.  N.  £. 3 Thefe  24  hours  frefh  gales  and  fqually. 
Handed  the  Fore  and  Main  Courfes. 

6 

15 
10 

12 

2 

La 
S.I 

Ul 

pe 

2 

y  t 
;.b 

s, 

h 

5 

00,    up    S.  E. 

yS.  Drift  i|  mil 
off  S.W.   Dri 

our. 

E.  by  N. 

by  E.   off 
;s  per  hour, 
ft  1 1  miles 

S.  E.  byS. 

5 

5 
At  midnight  mote  moderate  ,  wore  (hip,  and  fet 

the  Courfes  clofe  reefed. 

4 
6 
8 

10 
12 

3 5 
5 
5 

At  6  A.  M.  fet  the  Topfails  clofe  reefed. 

2 

Variation  1  point  wefterly. 

Courfe. 
DVft. 

biff. 
Lar. 

Dep. 
Lat.      by 

D.   R. 
Lat.  bvl 

Obs."  jDif.Long. Long.  in. Bearing  &  Dift. 

N.760  17'E. 

3i 

N. 

7 

E. 

30 

N. 

37°  SSL 

E, 

o°  38' 

W.       |fun.  8.80"  5S'E. 

57°  3.4'  l^'ft-   20°8   miles: 

|                             Traverse  Table, 

1       i      r Courles. Dift. 

N, 

S. E. 
W. 

E-  s.  e: 
South 

W.  S.  W, 

N.  E.  |  E. 

12 

6 
6 

33 D.  Lar. 

20.    3 
4.    6 6.    0 

*•    3 11.    1 

24.    7 

5-    5 

20.    3 
12.    9 

12.    9 

Dep. 35-    8 
5-    5 

5.    5 

7.    4 3°-    3 

Taking  the  middle  points  (viz. 
S.  E.  and  S.  S.  W.)  between  the 
point  to  which  the  fhip  com.es  to 
and  falls  off,  as  taught  in  the  rules 
of  lying  too,  and  then  allowing  as 
before  for  thq  variation  and  leeway, 
the  traverfe  table  will  ftand  as  ad» 

joined. 
With  the  difference  of  latitude 

and  departure  the  courfe  is  found 

N.  76"  i7;E.  diftance  31  miles. 

^Yefterday's  latitude 
Difference  of  latitude 

Latitude  in 
Sum   of  latitudes 
Middle  latitude 

3?
9 

48'
 

M, 

7 

N. 

37°
 

55 

KT, 

75 

43 
37 

Si 

With  the  middle  latitude  370  5 1'  (or  380)  as  a  courfe,  and  the  departure  30.    3  ufed  aa 
difference  of  latitude,  I  findth,e  difference  of  longitude  o.  38  E. 

Yeftcrday's  longitude  58.  12  W. 

Longitude  in 
57.  34  W. 

Latitude  in 

Funchal's  latitude 

To  find  the  bearing  and  diftance  of  Funchal, 

37v
 32 

5S;N. 
38  N. Diff.  of  latitude      5     17=317  miles. 

Sum  of  latitudes 
Middle  latitude 

70 

35 
3Z 16 

Longitude  in  570   34'  W. 
Funchal's  longitude  17       5  W, 

Diff.  of  longitude  40     29 
60 

In  miles 

2429 

With  the  middle  latitude  35°  16'  and  the  difference  of  longitude  2429,  the  departure  is 
found=i983  5  with  that  and  the  difference  of  latitude  3 17,  the  bearing  of  Funchal  is  fauni 

5,  8.0°  55'  E.  diftance  2008  miles. 



FROM   BOSTON    TO    MADEIRA. 

H 

z 

1 

T Courfes. Winds. 
Lee- 
way. Remarks  on  board,  Tuefday,  March  31,  1801. 

5 E,  S.  E. South. 1 Fleafant  gales  and  fair  weather. 

4 
6 
S 

IC 

12 
2 

3 
5 
5 

's 

6 

7 

6 

4 

<• 

E.  by  S.  \  S. S.lE. I 

This  day  took  a  lunar  observation,   by  meafuring 
the  diftance  of  the  moon  from  the  ftar  Antares  ;  the 

4 
6 
£ 

7 
7 

longitude  at  noon,  deduced  from  this  obfervation,   is 

540  23*  W«    which  agrees  with  the  longitude  by account. 

to 
12 

7 
8 . Variation  1  point  wefterly,  per  azimuth. 

Courfe. Dift. 
Diff. 
Lat. 

Dep. 

Lat.     by 

D.  R. 

Lat.  byj 

Obs.    JDif.Long. Long,  in Beating  &c  Dift. 

Eaft. 

E. 

N. 
E. 

W.      |Fun.S.8o°97E.j 

M1 

o 151 

37°  SS' 

3C   11' 

540   23'jdift.  i855mik'=.J 

The  variation  and  leeway  being  allowed  on  both  courfes,  it  appears,  that  the  mip  has  made 
a  due  eaft  courfe,  the  diftance  failed  151  miles  is  the  departure,  and  the  difference  of  longitude 

is  found  by  Cafe  II.  of  Parallel  Sailing.  The  latitude  in,  is  the  fame  as  yefterday's  latitude, 
37°5$'N.  Taking  this  as  a  courfe,  and  the  departure  151  as  difference  of  latitude^  the 
diftance  which  correfponds  is  the  difference  of  longitude,  191  miles  =  30  1 1'  E. 

Yefterday's  longitude       57    34  Wi 

longitude  irj 

54  *3  W. 

To  find  the  bearing  and  diftance  of  Funchal* 

Latitude  in  37*  55'  N. 
Funchal's  latitude     32     38  N. 

Longitude  in  54'  23'  W„ 
Funchal's  longitude      17     05    W„ 

Piff.  of  latitude 5     17=317  miles Diff.  of  longitude 

In  miles 
37     18 

60 

3238 
Sum  of  latitudes 
Middle  latitude 

7°     33 

35     16 

Hence  by  Cafe  T.  of  middle  latkude  failing,  the  departure  is  1827  miles,  the  bearing  of 

Funchal  S.  8o°  y'E,  diftance  1855  miles. 



JOURNAL    OF    A    VOYAGE 

Courfes. 

E,  S.  E. 

E.  by  S.  £S 

Eaft. 

Winds. 

(Lee- 

way 

S.  S.   W 

S.  by  W. 

South 

S.  by  E. 

Remarks  on  board,  Wednefday,   April  r,  1801 

Freih  gales  and  pleafant  weather. 

Obs.  mcr.  alt.  fun's  lower  limb  560    401 
Correct  for  femidiainetcr,  dip,  Sec.  12 

Sun's  correft  altitude 
Subtract  from 

Sun's  Zenith  diftance 
Sun's  declination 

S9N. 

31N. 

Latitude  obferved 

Variation  1  Doint  wefterly. 

Courfe. 
Diffl 

DiH-.     Lat. 
Dep. 

Lat.  by 

D.R. 
Lat.  by  I   Oiff. 
Obs.    J  Long. 

Long. 

Bearing  &  Diftance 

|s.'8s°   24' E, 

£. 

201 N. ?7°  39 

N. 
E       I      W. 

4°  m   5°°  [? fun.  S.  790  48 'E. Dift.  1649  m''es. 

Tbaverse  Table. 

Courfes. Dift. N. s. E. 

w. 

E.    by  S. 
E.  1  S. 

E.  by  N.  -5N. 

100 

70 

3S 10.  2 

19.5 
6.9 

98.1 

69.  7 

33-5 Dep. 

10.  2 

Diff. 

Lat. 

26.  4 

10.  2 

16.  2 

201.  3 

The  courfes  being  corrected  for 
leeway  and  variation,  the  traverfe 
table  will  be  as  here  given. 

Hence  the  courfe  is  8.85"*  24'E. 
diftance  202  miles, 

Yefterday's  latitude  37"  55;N. 
Diff.  of  latitude  16  S. 

Lat.  in  by  account 
Sum  of  latitudes 
Middle  latitude 

Yefterday's  longitude  540   23  '  W„ 

37 

39,  N 

75 

34 

37 

47 

With  the   middle  lat.  and  the  dep.  201.3  the  difference  of  longitude  is  255=  4     15  E„ 

Longitude  in  by  account  50       8  W, 
As   the   latitude  by   obfervation  differs  from  the  latitude  by  account,  I  correct  as  follows,, 

It  being  three  days  fince  I  had  an  obfervation. 

Laftobsjat.  Mar.  29,  370  48'     Lat.  obs.  Mar.  29,  370  48' Lat.  in  by  obs.        37     30 Lat.  in  bv  account J7     39 
Long,  in  Mar.  29,  58*  I2'WC 
Long,  in  by  ace.     50      8 

Dif.  of  lat.  by  obs.  18      Diff.  of  long.  8      4 
60 

Dif.  of  lat.  by  account  9 
Sum  of  latitudes  75     27 

Middle  latitude  37     43  •    • In  miles  484 

With  the  middle  latitude  370  43',  and  the  difference  of  longitude  by  account  484,  I  find 
the  departure  382.  9  ;  with  this  departure  and  the  difference  of  latitude  by  account  9,  I  find 

the  courfe  S.  SS°  39'  E.  and  diftance  383  ;  with  this  diftance  383,  and  the  difference 
of  latitude  by  obfervation  18,  I  find  the  true  courfe  S.  870  18' E.  and  the  departure 
382.5.;  with  this  departure  and  the  middle  latitude,  I  find  the  true  difference  of  longitude 

483. 6. miles— 8°  4',  this  fubtracted  from  58°I2'W.  the  longitude  in  March  29,  gives 
the  longitude  in  this  day  500  8' W.*  The  preceding  calculations  were  made  by  logarithmss 
to  a  greater  exattnefs  than  is  neseffary  at  fea. 

To  find  the  bearing  and  diftance  of  Funchal. 

Latitude  in  370  30'  N. 
Funchal's  latitude  32  38   N. 

Sum  of  latitudes    70       8  „ 
Midalc  latitude       35        4 
Diff.  of  latitude       4  52=292 

Longitude  in 
Funchal's  longitude 

Diff.  of  longitude 

ro°  08*  W. 

17       5  W. 33 

60 In  miles  1983 

Hence  by  Cafe  I,  middle  latitude  failing,  the  bearing  of  Funchal  is  S.  790  48'  E.  and  itj 
diftance   1649  miles. 

•  The  courfe  being  nearly  „{»  mai^s  the  comftion  cf  longitude  only  .j  tenths  of  a  mile,  Co.  that  the  longitude  ty  dead  reckon* 
Jng  is  the  fame  as  ta«  t2^r<-fted  lengitudr. 



FROM   BOSTON    TO    MADEIRA. 

H 

2 

K ~~6 

F Courfes. Winds. 

Lee- 

Way   — —   

Remarks  on  board,  Thurfday,  April  2,  1801. 

E.  S.  E. South. $ Frelh  gales,  with  rain. 

4 
6 

7 5 - 
S 8 E.  S,  E. s.  w. 0 

10 S s Saw  a  fhip  to  the  fouthward. 
12 8 1 
2 9 
4 
6 
S 

9 

9 

9 
1C q 5 
12 9 5 Variation  1  point  wefterly. 

Dif 
Lat.  by 

Lat.  by 

Diff. j 
Courfe. Dift. Lat 

Dep. 
D.  R. 

Obf. 
Long. 

Long.  in.  [Bearing  and  Dlftance. 
S. E. 

N. 
E. 

W. 

Funchal,   S,  790  46'  E. 

S.79*  56'E. 
202 

35 

199   36°55' 

4°9' 45°  59' 

dift.  1447  miles. 

r- 

Tbavebse  Table. 

Courfes, Dift. 
K. S. 

E. W. 

E.fS. 
E.  by  S. 

42 

160 

D.  Lat. 

4.1 
31.2 

41.8 

156.9 

198.7 
Dep. 

35-3 

The  leeway  and  variation  being 
corre&ed  on  the  courfes,  the  trav- 
erfe  table  will  be  as  here  given  3 

hence  the  courfe  S.  790  56'  E.  dif- 
ta-nce  202  miles. 

Yefterday's  latitude 
Diff.  of  lat. 

Latitude  in 
Sum  of  latitudes 
Middle  latitude 

37°  3°'  N. 

35     S. 

36  55    N. 
74     25 

37  1* 

With  the  middle  latitude*^  7°  ia'  and  the 
departure  1 98. 7,  the  difference  of  longitude  is 

found  249  miles  —  40  9'   E. 
Yefterday's  longitude  50     8  W. 

Longitude  in 

45  59  W. 

To  find  the  bearing  and  diftanee  of  Funchal. 

Latitude  in  3 6°  55'  N, 
Funchal's  latitude        32     38    N. 

Diff.  of  lat. 4     17  =r  257  miles, 

Sum  of  latitudes  69     33 
Middle  latitude  34     46 

Longitude  in  450  59'  W. 
Funchal's  longitude       17     05    W. 

Diff.  of  long, 

In  miles 

28     54 

60 1734 

Hence,  by  Cafe  I.   of  Middle  Latitude  Sailing,  the  bearing  of  Funchal  is  S.  790   46' E, 
and  its  diftanee  1447  miles, 
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1- * F 

" 
9    6 >* 

8 

9   4 
9 
9 

(O 9    5 
12 9    5 
2 9 

i 
S 

Q 

9 
9 

ro 9 
12 o 

Courfes. 

E.  S.  E. 

Winds. 
Lee- 

Way 

Welt 

N,  W. 

North 

Remarks  on  board,  Friday,  April  3,  1B01. 

Frem  gales  and  rainy  weather ;  latter  part  clear. 

A  great  fwell  from  the  N.E.tor  which  I  allow  9  miles. 

Obf.  alt.  fun's  tower  limb  at  noon 
Correction  for  feemdiameter,  8cc. 

Sun's  corref*  altitude 
SubtraCt  from 

Sun's  zenith  diftance 
Sun's  declination 

Latitude  obferved 

56'  48' 

31       o  N. 

5     '7  N. 
36     17  N. 

Variation  ij  points  welter" y  per  azimuth. 

Courfe. Did. 
Dir. 

Dep. 
Lat.  bv 

D.  R. 

Lat.  by  1  Diff. 
Obf.    I  Long. Long.  in. Bearing  and  Diftance. 

|S.  79°22' E. 

217 
S.  I  E. 

40  J  2 1 3 

N.    N.  I  E. 

36°  i5i360i7M40i5. 

W. 

4i  °  34' 

Funchal,   S.  790  45  '  E. 
diftance  123 1  miles. 

Traverse  Table. 

Courfes. Dift. 

N, 

S. 
E. 

W. 

E.  |-  S. 
S. S.W.|- W. 

220 

9 

D.  Lat. 

32-3 
7-7 

217.6 

4.6 

40.0 Dep. 

217.6 

4.6 
4.6 

213.0 

With  the  middle  latitude  360  35%  and  the 
departure  213  miles,  the  difference  of  longitude 

is  found  265  miles  —       40  25'  E. 
Yefterday's  long.  45     59   W. 

Longitude  ia  41     34  W. 

In  this  day's  work  the  fwell  is  con- 
fidered  as  a  current  fetting  the  fhip  3 
miles  per  day  ;  and  fince  it  comes  from 
the  N.  E.  it  muft  fet  the  fliip  S.  W. 
and  allowing  the  variation  S. S.W.J  W. 
9  miles,  this  is  placed  as  a  courfe  and 
diftance in  the  traverfe  table. 

With  the  difference  of  latitude  and 

departure  the  courfe  is  found  to  be 

S.  790  22'  E.  and  diftance  217  miles., 
Yefterdav's  lat. 
Diff.  of  lat. 

Latitude  in 
Sum  of  latitudes 
Middle  latitude 

36c
 

55*  N. 
40  S. 

36 

73 

36 

35'  N. 10 

35 

The  latitude  by  obfervation  is  360  17'?^. 
differing  only  %  miles  from  the  computed 

latitude  ;  for  that  reafon,  this  day's  work 
dees  not  want  any  correction. 

Latitude  in 

Funchal's  lat. 

Diff.  of  latitude 

To  find  the  bearing  and  diftance  of  Funchal. 

360   if  N. 
32     38   N. 

3     39=219  miks. 

S'jti  of  latitudes    68     55 
Middle  latitude      34     27 

Hence,  by  Cafe  I.  of  Middle  Latitude  Saili 
diftance  1 23 1  miles. 

Longitude  in 
Funchal's  long. 

Diff.  of  long. 

In  miles 

4i°  34' .W. 

n   5_W. 

24    29 
60 1469 

the  bearing  of  Funchal  is  S.  790  45'  E,  and 

To  fmd  the  bearing  and  difcance  of  Funchal  by  Mcrcator's  Chart. 

Having  pricked  off  the  place  of  the  fhip  at  noon,  lay  a  ruler  from  that  point  to  Funchal  j 
take  the  mareft  diftance  between  I  he  centre  of  the  compafs  and  the  ruler  ;  then  Hide  one  foot 

of  the  compafH-s  along  the  edge  of  the  ruler,  keeping  the  other  foot  at  the  greateft  diftance  from 
it,  and  it  will  He  found  to  run  nearly  upon  the  E.  by  S.  line,  which  is  therefore  the  bearing  of 
Funchal ;  then  take  in  your  compaffes  the  extent  from  the  place  of  the  (bip  to  Funchal,  and 
apply  it  to  the  graduated  meridian,  fetting  one  foot  as  much  above  one  pbee  as  the  other  is  be- 

low the  other  place,  and  it  will  be  found  to  meafure  20|  degrees,  or  1230  miles  ;  which  .;  1 
the  diftance  of  the  (hip  frosi  Funchal  nearly. 
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frROM    BOSTON    TO    MADEIRA, 

H 

'- 

i 

2 7 4 
4 6 6 
6 6 
8 5 4 

10 4 6 
12 4 
2 4 
4 4 
6 4 $ 
S 4 

10 4 
11 4 

Courfes, 

E.  S.  £. 

S.  E. 

S.  S.  E, 

S.  by  E. 

S.  by  W. 

Wfnds. 

N.  E. 

E.  N.  E. 

Eaft. 

E.  by  S. 

S.E.byE. 

Lee- 

VVay 

■*""• 

Remarks  on  board,  Saturday*  April  4,   1801. 

Firft  part  frefh  gales }  latter  part  rhore  moderate, 
a  heavy  fea  running. 

Mer.  alt.  fun's  lower  limb 
Correftion  (at  fetnidiameter,  tie. 

Sun's  correft  altitude 
S-ibuaft  from 

Sun's  zenith  diftanco 

Sun's  decimation 

Latitude  ODfcrved 

Variation  1^  points  wefterty. 

»8    55  N. 

S    40  V. 
3*    35  K. 

Gourfe; Dift. 
Dif.  Lac.  by 
Lat.    Dep.    D.  R. 

Lat.  by  I   Diff. 
Obf.  JLong. Long,  in.   Bearing  and  diftance. 

s-3'bS74E. 

!  s- 
102 

N. 

34°5S' 

N.  E. 

34°3S'h°»l 

W.        Funchal,  S.  84t>i4*  E; 
4O0  16'      diftance  1 164  miles. 

Traverse   Table. 

Courfes. Dift. N. 

S; 

E. 
W. 

E-  by  S,  £S, 
S.  E.  1  E. 

S.  S.E.  i  E. 
S.  by  E. 

S.  by  W.  %  W. 
40 

20 

8 
16 

33 

D.Lac. 

*3-S 

13.4 

7.2 

'5-7 

32.0 

37-7 
14.8 3-4 

3-i 

g.o 

81.8 

Dep. 

59.0 

8.0 

51.0 

8.0 

The  co'uffeJ  being  corrected  for 
lee-way  and  variation,  will  ftand  as 
in  the  adjoined  traverfe  table, 

Then  with  the  difference  of  lati- 
tude 81.8,  and  the  depdrMire  51. Oj 

I  find  the  courfu  S.  310  57'  E. 

Yefterday's  latitude       360   17' Ni 
Difference  of  latitude     1     22  S. 

Latitude  by  accoant       34     55  N  4 

But  the  latitude  by  obfarvation  being  340  35'  N.  I  cowect  by  Cafe  I. 
Yefterday's  latitude  360   17*  N. 
Latitude  in  by  obf,  34     3  5  tf . 

Diff.  of  lat.  by  obf. 
Sum  of  latitudes 
Middle  latitude 

1     42=  102  miles, 
7<3     52 

35     26 
With  the  cdurfe  310  57'  (or  32')  and  the  difference  of  latitude  by  obfervation  102  mile's,, 

I  find  the  diftance  120  miles,  and  the  departure  63.6  miles  ;  with  this  departure,  and  the  mid- 

dle latitude  350  26',  1  find  the  difference  of  longitude  78  miles      z=z       1°  l8'  E. 
Yefterday's  longitude  41     34  W. 

Longitude  in  40     16  W. 

To  find  the  bearing  and  diftance  of  Funchah 

Latitude  in  340  35'  N\ 
I uachal's  latitude    32     38  N, 

Longitude  in 
Funchal's  long. 40'    16'  W; J  7     05   W, 

Diff.  of  lat.       ' Middle  latitude 
1     57=117  miles,  Diff.  df  long, 

2i     36 
23      IX 

60 
In  miles       1391 

_  Fferice,  by  Cafe  I.  of  Middi-  Latitude  bailing,  the  bearing  of  F'jnehal  :s  S<  84"  14.'  S*< 
diftance  U04  m;.'es. 

I  B  Journal.] 



JOURNAL   OF    A    VOYAGE 

Courfes. 

S.  E. 

Calm. 

E.  S.  E. 

Winds. 

T.N.  E 

N.  N.  E. 

Lee 

Way 

Remarks  on  board,  Sunday,  April  5,  1801. 

Firft  part  of  thefe-  34  horn*  fmall  breezes,  and 
calm  ;  latter  part  frefh  gales. 

At  4  P.  M.  got  out  the  boat  and  tried  the  cur. 

rent  ;  found  it  running  E.  1  mile  per  hour,  and 
fuppofe  it  has  been  fetting  in  that  direction  all  thefe 

24  hours. 
Mer.  alt.  Sun's  lower  limb  do  30* 
Correction  for  remidiamctci1*  &:<  o    12 

Sun's  correct  altitude  6»     4a 
SubtraA  from  90    00 

Sun's  zenith  diflanciy  28  18  N 

Sun's  declination  6  3  N» 

Obs.  latitude  34  2  a  N. 
ami  one  fourth  of  a  print  weRerly.   

Courfe. Dift. 
Diff.       _,  Lat.  by 

Lat.    [  PeP-    J  P.  R 

Lat.  by  I  Diff. 
Obs.    j  Long, Long.in Bearing  &  diftance. 

S.  83°  36' E. 

E. 

ioo'
 

N.      ■     N.     J     E. 

34024'34°ai,f2t>i' 

W. 

Fun.  S.  »4°  27'  E. ; 
I380  i$'    dift.  1064  miles. 

Traverse  Table. 

Courfes. Dift. N. S. 
E. 

W. 

S.  E.  |E. 
E   |S. 

E.  by  N.  |  N. 

10 

70 

24 

5.  8 

6.  7 

10.  3 
7-  4 

69.  % 

*3-  3 

Dep. 

5-  8 
Diff. 
Lat. 

17.   O 

5.   8 

99-  9 

11.  2 

In  addition  to  the  courfes  hrle$r 

I  alfo  allow  24  miles  for  the  fet  of 
the  current  in  the  direction  of  eafit 

per  compafs  or  E.  by  N.  £  N.  trus courfe. 

With  the  difference  of  latitude  n.  2  and  the  departure  99.  9,  the  courfe  Is    S„  830  36'  £„ 
and  the  diftance  nearly  10 1  miles. 

Vefterday's  latitude  340  35'  N. 
Difference  of  latitude  o     u   S, 

Latitude  in  by  account  34     24  N. 

And  ss  this  differs  only  3  miles  from  the  obferved  latitude  34"  21'  N.  this  day's  work 
wiii  not  require  any  correction  ;  therefore  with  the  middle  latitude  340  281,  and  the  depart 
ta*e  99.  9, 1  find  the  difference  of  longitude   121  miles  :=:  20     1'  E. 

Yefterday's  longitude  40     16  W. 

Longitude  In 
38    15  w. 

To  find  the  bearing  and  diftance  of  Funchal. 

latitude  in  34°   2t'  N, 
Funchal'slatTtucie  3a     38  N, 

Difference  of  latitude      1     43—103  milef, 
Sum  of  latitudes  66     59 

Middla  latitude 
33     30  neajly, 

Longitude  in 
FunehaVfe  longitude 

3.80  ic-'W, 
17       5  W. 

DrSfereftefe  of  longitude       21     10 
60 

In  miles       1270 

Hence  by  Caff  1  of  middle  latitude  foiiingj  jbe,  bearing  of, Funchal  is  £.  84'  27'  E.   difH ice  1064  rnHcs 



FROM  BOSTON  TO  MADEIRA. 

K  F        Courfes. 

E.  S.  S, 

Winds 

North. 

Lee- 

way 

Remarks  on  board,  Monday,  Apiil  6,  1801. 

Fine  fre/h 'gales  and  clear  weather. 

Mer.  all.  San';  ffwer  limb 
Curreftion  for  dip,  Ike. 

2,5  if; 
Obferved  Luitude  3;j    4tf  N. 

Variation  per  Amp.  1  £  point  wefterly. 

Courfe.       Dift. 

Diff. 

Lat. Depart. 

Lat.  by 

D.  R. 

Lat.  by 

Obs. 

Diff. 
Long. 

Long,  in Bearing  and  Diftance. 

E.  |  S. 216 
E.     I    N.     I     N.  E. 

214    J33049'J3304S'    4"  iS' 
W.       jFunch.S.  850  16'  £. 

33°  571]   diftance  850  miles. 

The  courfe  corrected  for  variation  is  E.  A  S.  diftance  216  miles  ;  hence  the  difference  of 
tstitude  is  31,  7,  and  the  departure  213.  7  miles. 

Yefterday's  latitude Difference  of  latitude 

Latitude  in 
Sum  of  Latitudes 
Middle  latitude 

34'  21' N, 

33  49  N. 68     10 
34  S 

With  the  middle  latitude  34° 

longitude  258  miles  =2' 

and  the  departure  213.  7  miles,  I  find  the  diff: 

40  18' E. Yefterday's  longitude      38     15   W. 

rer.ee  of 

Longitude  in 

33     S7  w« 

To  find  the  bearing  and  diftance  of  runcha!. 

Latitude  in  33s  48'  N, 
Funchal's  latitude  32  38  N. 

Diff.  of  latitude  1  lOt^-jO  wHt 3 
Sum  of  latitudes  66  26 
Middle  latitude  33  13 

Longitude  In 33c  ti W 

Funchal's  longitmds      17     05  W. 

Diff  of  longitude        26     52 
6c 

In  miles  ioii 

Hence  the  beating  of  Funchal       ■'.*£<?  ,gi  £  diftance  850  miles.. 



JOURNAL  OP  A  VOYAGE 

H K F Gourfes. Winds. 

Lee- 

way. 

                                   .1     ,  i,   

Remarks  on  board,  Tuefday,  April  7,  1801. 

2 10 

E."S.  E" 
N.N.  W. Frefti  gales  and  pleafaRt  weather,  with  a  large  fea. 

4 10 . 
6 10 
S 8 4 E.  S.  £.  |t  S. North. 10 8 6 

ia 8 < 
2 8 

4 8 5 
6 8 4 
2 8 6 

10 8 
12 8 Variation  per  azimuth  I  |  point  wefterly. 

Dift'. 

Lat.  by 
Lat.  by 

Dift". 

Courfe. Dift. Lac. 
Dep. 

D.  R. Obs. 
Long. 

Long.in Bearing  and  Diftance. 

S.    j     E. N. 

1    E- 

W, 

Fun.  S.  86°  53'  E. Q     Cn9    "■>«'  P. 2IC 

33a  T'' 
40  «• 

29°  49' 

diftance  64s  miles. .™ 
..  i  ii   i „M.i        '    ! 

1<IAV£«S8;     1  A£LE. 

Courfes. Dift. 
N. S. 

E. 

W. 

E.|S. 
E.  by  S. 

60 

150 

5-  9 
*9-3 

59-7 
147.  1 

35-  2 

206.  8 

By  the  adjoined  trayerfc  table, 
the  difference  of  latitude  is  a,  2, 
and  the  departure  206.  2,  hence  the 
courfe  S.  So*  so*  E,  and  the  dift? 
snee  209.  8,  or  210  miles. 

Ycfterday's  latitude 
Pifterence  of  latitude 

Latitude  in  by  account 
Sum  of  latitudes 

Middle  latitude 

33*  ft«'  N. 

is   n'.M: 67  01 

3,3    3° 
With  the  middle  latitude  33*  30'  and  the  departure  106.  8,  I  find  the  difference  of  Jo»» 

gitude  248  miles,  or  4?  8'E. 
v        Yefterday's  longitude  33  57  W. 

Longitude  in  $9  49  W. 

To  find  the  bearing  and  diftance  of  FunchaL 

Latitude  in 

Funchal's  latitude 

33s
 

32 

13'  N. 

38  rf: 

Longitude  in 
Fuichal's  longitude 490  49'  w- 

17     s  w. 
Piff.  of  latitude 
Sum  of  latitudes 

Middle  latitude 

65 

3a 

35 

55 

Biff,  of  longitude 

I      In  miles 

12    44 

60   
 ■' 

764 

fience  the  bearing  of  Funchal  is  S.  8(5?  $3'E.  diftance  f^z  g$ff. 



FROM  BOSTON  TO  MADEIRA. 

H & F Coutfes. w  j.     Lee- 
Winds. way. 

■■''■'■-      '  ■ 

Remarks  on  board,  Wednefday,  April  8,  iSoi, 

2 
4 
6 
S 

10 

12 

2 

4 
6 
S 

10 

12 

8 
S 
S 
s 

8 
8 
8 

T 
7 
7 
7 

5 
5 

5 
5 
5 
5 

E.  by  S.  £S. 

5.  E. 

Eaft. 

NT.  N.  E. 

E.  N.  E. 

S.    S.  E. 5. • 

Firft  part  irsfh  gales  and  clear.     Latter  part  Tain) 
weather. 

At  6   A.  M.   the  wind  hauled  fuddenly  to  th* S.  S.  E. 

Variation  1  1  point  wefterly. 

Coarfe. Dift. 

Diff.  I 

Lat. J   Dep. 

Lat.   by 

D.  R. 

Lat.   by 

Obs. 
Diff. Long. 

Long.in Bearing  &  Dift. 

S.S394;'E.|   i72 

S. 

*9 

E. 

171 

N. 

32"   54 E. 

3°   24' 

W.      Fun.  5.  88°  03'  £. 
z6°25'  Diltance47i  miles 

Traverse  Table. 

Courfes. Dift. 
N. 

S. 
E. W. 

Eaft. 

S.  E.  by  E. 
E.N.E.JN. 

5° 

80 

60 
25.7 44.  4 50.  0 

66.  5 

.54-  2 
Dep. 

» 

25.7 

Diff. 

Lat. 

44.  4 25.  7 

17c  7 

18.  7 

The  leeway  and  variation  being 
allowed  on  the  courfes,  they  will 
ftand  as  in  the  adjoined  traverfe 
table  ;  then  with  the  difference  of 
latitude  18,7,  and  the  departure 

170.  7,  the  courfe  is  found  S.  83* 
45'  E.  and  the  diftance  172 miles. 

Yefterday's  latitude 
Difference  of  latitude 

Latitude  in 

Sum  of  latitudes 
Middle  latitude 

33*
 

13' 

tt 

>9 

s. 

3* 

54 

N 
6b 

07 

32 

03 

With  the  middle  latitude  330  03',  and  the  departure   170.  7»  1  fa&  the  difference  of 
longitude  is  nearly  204  miles  r=  3     24  E. 

Yefterday  's  longitude  29     49  W. 

Longitude  in 
tcW, 

To  find  the  bearing  and  diftance  of  FunchaL 

Latitude  in 

Funchal's  latitude 

32°
 32 

54'  N- 
38  N. 

Longitude  in 
Funchal's  longitude 

26°  25'  w. 

17    05  W. 
Diff.   of  latitude 
Sum  of  latitudes 
Middle  latitude 

65 

32 

16 

32 

46 

Diff,  of  longitude 

In  miles 
9     20 

60 

560 

Hence  the  bearing  of  Funchal  is  S.  8S°  3'  E.  diftanee  471  miles, 



JOURNAL  OF  A  VOYAGE 

!HlK  F Courfes. 

5E.  byS.   £S 

fc  by  S. 

Winds. 

South. 

Lee 

way 

Remarks  on  board,  ThurTday,  April  9,  1801. 

Fine  breezes,  with  variable  weather. 

Mer.  ik.  fun's  lower  Usab 
Correction  for  dip,  &c. 

Sun's  eorreft  altitude 
Subtraft  from 

Sun's  renith  diftance 
Sun's  declination 

Obfervcd  latitude 

Variation  1  £  point  wefterly. 

«4»  iV 

6t    3S 

90    09 

3»    46  K. 

Courfe. 
Diff. 

Dift.    Lat. Dep, 
Lat.  bs 
D.  R. 

Lat.  by|  Diff. 
Obs.    I  Long. 

Long.in|  Bearing  8c  diftance. 

N.  8g< 

i'E. N. 210    3 E. 

209 

N.  N. 

E. 

4°  10' 

W. 

22°   15' 

Fuoch.  S.  86°  3'E. diftance  261  miles. 

Traverse  Table. 

Courfes. Dift. 
N. 

S. 
E. 

w. 

E,iS. 
E.±N. 

120 

Diff. 

Lat. 

8.  8 

5-  9 119.  9 

89.6 

Dep. 
8.  8 5-  9 

5-  9 
209.5 

2.  9 

The  variation  being  allowed  on 
the  courfes,  they  will  ftand  as  in 
the  adjoined  table  ;  then  with  the 
difference  of  latitude  2.  9,  and  the 

departure  209.  5,  the  courfe  it 
N,  870  12'E.  and  the  diftance 
210  miles  nearly. 

Yefterday's  latitude 
Difference  of' latitude 

;2°  54' N. 

3   N. 

Latitude  by  account  320  57   N. 

Which  differs  only  one  mile  from  the  latitude  by  obfervation  j  therefore  this  day's  work  needs 00  correction. 

With  the  middle  latitude  3 2°  55*,  and  the  departure  209.  J.  the  difference  of  longitude  is 
fpund  =  250  miles  ■  40  io'  E. 

Yefterday's  longitude       ,  26°.  25  W. 

Longitude  in 220  15  W; 

To  find  the  bearing  and  diftance  of  Funchah 

Latitude  irs 

I'unchal's  latitude 

Diff.  of  latitude 
Sum  of  latitudes 
Middle  latitude 

32°  £(>>  N. 
32   38  n; 

65     34 

3s    47 

Longitude  in 
Funchal's  longitude 

Diff.  of  Iongituiie 

In  miles 

Kenct  the  "bearing  of  Funchal  h  S.  66s  3'  £.  diftanoe  a6t  miles 

22°    15'W. 

17        jW. 

5     10 60 

310 



FROM    BOSTON    TO   MADEIRA. 

K  F[     Courfes. Winds. 

9  5 
9  5 
9 
9 
9 
9 
9 

S.  E.  by  E. 

69 
89 
10   9 
12I 

EbyS.|S. 

S.  S.  W. 

Lee 

way 

Remarks  onboard,  Friday,  April  10,  1801. 

All  this  day  fine   breeze,   with  very  clear 
weather, 

At  10  A.  M.  made  the  land.'  The  weftern  put 
of  Madeira  bearing  pet  compafs  E.  by  S.  £  S, 
diftant  ij  leagues. 

Variation  1  J  point  wefterly. 

Courfe. Dilt. Diff. 
Lat. 

Dep. 
Lat.  by 

D.R. 

Lat.  by 

Obs. 
Dif.  Long. 

Long. in  I  Bearing  &  dift. 

S.  83039,E.      244|  27 

E. 

243 N. 

320  29- 

E. 

4°  48' 

W. 

17°  IT 

Traverse  Tabu. 

Courfes. 

E.  byS.JS. 
Eaft. 
Eaft. 

Dift. 

in 

90 

4S 

N. 

27.  o 

27.  o 

W. 

107.  7 

90.  o 

45.  o 

242.  7 

Yefterday's  latitude 
Difference  of  latitude 

In  the  traverfe  table  is  placed  the 

bearing  and  diftance  of  the  land  at 
10,  A.  M.  (after  allowing  the  va- 

riation.) Hence  the  whole  differ- 
ence of  latitude  is  27  mjles,  the 

departure  242.  7,  the  courfe  S.  83* 
39'  E.  diftance  244.  miles. 

32"  56'  N. 

27  S. Latitude  by  account  32     29  N. 
Sum  of  latitudes  65     25 
Middle  latitude  32     42 

Wish  the  middle  latitude  3 20  42',  and  the  departure  242.  7,   the  difference  of  longitude  is 
foandto  be  288  miles  =2  40  48'  E. 

Yefterday's  longitude  22     15  W. 

17     27  W. 
Therefore  the  latitude  of  the  Weftern  point  of  Madeira  by  my  account  is  320  39'  N.  and 

its  longitude  170  27'  W.  thefe  values  differing  only  one  mil*  from  the  values  given  in  the 
cable  of  latitudes  and  longitudes ;  I  therefore  conclude  that  my  journal  was  nearly  exait ;  and 
that  the  latitude  and  longitude  of  that  part  of  Madeira  were  well  laid  down. 

H R F Courfes. Winds. 
Lee- 
way. Remarks  on  board,  Saturday,  April  it,  1801. 

21 
Pleafant  galea  and  fair  weather. 

4 . 
6 
8 

At  6  P.  M.  came  too,  off  FunchaJ, 

.": ■ 
[2 

At  8  P.  M,  went  afliore.. 
4 
b 
3 

to 
;  z 

Cour! 
5  7.        ,'Dift. 

Diff. 
Lat. 

Dep. Lat.  bv 
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Ta^le   I.     Difference  of  Latitude  and  Departure  for  \  Point, 

Dift.    Lat. Dep. Dift. 
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39-4 
22 

215-3 

53-9 
82 

273-5 

68.5 

43 41.7 

IO.4 

03 

99-9 25.0 

63 

158.1 

39-6 

23 

216.3 

54- 2 1 

^3 

274-5 

6X.S  . 44 42.7 

IO.7 

04 

100.9 25-3, 

64 

159.1 

39-8 

24 

217.3 

54-41 

84 

275-5 

60.0 

45 
43-7 

IO.Cj 

05 

(01. 9 
2  5-51 

65 

160.1 

40.1 

25 

218.3 

54- 7 1 

85 

2V6.5 

69.2 

46 
44.6 

II. 2 06 102. y 

25-8J 

66 

161.0 
40-3 

26 219.2 54-91 

86 277-4 

69.5 

47 
45.6 

II. 4 

0-7 

103.8 

26. oj 

67 

162.0 

40.6 

27 

220.2 

5  5-2 

87 

278.4 

69.7 

4ii 
46.6 

11. 7 

08 104.8 
26.2! 

-•68 

163.0 

40.  Ir 

28 221.2 
?5-4 

88 

279.4 

70.0 

49 
47-5 

11. 9 

eg 

105.7 

26. 5J 

69 

163.9 

41.] 

29 

222.  ! 

55.6 

'89  280.3 

70.2 

50 

5' 

48.5 

49-5 

J  2.  r 12.4 10 

11 1 

106.7 26.7! 

27.0! 

70 

171 

164.9 

4'-3 

41.5 

30 

23 1 

223.1 

224.1 

5  5--9J 
90281.3 

291282.3 

70-5  | 

107.7 

165.9 

70.7 

52 

50.4 
12.6 12 108.6 27.2! 

72' 

166.8 

41.8 

32 

225.C 

56. 4J 

92M3.2 

71.0  j 

53 51.4 

12.9 

'3 

109.6 

27-5. 

73 

167.8 

42. c 

33 226. c 

56.6! 

931284-2 
54 52.4 J3-i 

14 

no. 6 
27-7! 

74 
168.8 

42-3 

34 
227. c 

56.9I 941285.2 

7i-4  1 

55 53-41 

*3-4 

15 

1  (1.6 

27-9; 

7  5 
169.8 

42-5 

3  5 

228.Q 

57-i 

^5  286.2 71.7  I 
5^ 

54-3 
13.6 

16 "*■« 28.2, 

76 

170.7 

42.8 

36 

228.9 

57-3i 96,287.1 

71.9 

57 
5  5-3 

'3-X 

j- 

113. 5 

28.4! 
77 

I7I-7 

43 -c 

229.9 

57-6| 9-2SS.1 

72.2 
58 

5  b-: 14.  i 
1  >> 

"4-5 
28.71 

/ " 

172.7 

43-3 

38 

230.9 
S7.-8J 

98289,1 

72.4 

591 

57-2 

<4  3| 

'9:"5-4 
28.9I 

79 

173-6 43-5 

39 

231.8 

58.1 

99'290.o 
72.7 6of    cX.2 

14.n1 
20|I  16.4 

29.2 
8  c 174-6 

43-7 

40 

232.8  5S.5; 

300129 1. 0 

72.9 

Dm.' 

■ 
L-cp. Lit.  i 

Dijt 

Dt;p 

Lat.! 
Dift.l Dep. 

Lut. 

Dut:. 

Dep. 

Lat.1 

D.it. 

Dep. 

Lat. 

[For  61  Points. 



Table   I.     Difference  of  Latitude  and  Departure  for  i|  Points. 

©ift. Lat. 
Dep. 
00.3 Dirt. Lat. 

58.4 

Dep. 
17.7 .©■.ft 

121 

Lat. 

115. 8 

Dep. 
Dirt 

~78~i 

Lat. 

Dtp. 

Dift. 

241 

Lat. 

Dep. 

' 01. 0 61 '73-2|52-5 
23O.67O.O a 

01.9 

00.6 
62 

59-3 

18.0 
22 

116.7 
354 

82 
174.2  52.8 

42 

231.6J70.2 
3 

02.9 00.9 

63 

60.3 .8.3 

23 

117.7 

35-7 

83 

>75-i  53-i 43 232.5  7O.5 
4 

03.  J» 
01.2 

64 

61.2 18.6 

24 

118.7 

36.0 

84 

176.1  53.4 

44 233.5  70.8 
5 04.8 

ot. 5 

65 

6i.2 

18.9 

a  5 

1 19.6 3^-3 

85 

(77.0 

53-7' 

45 234.5  7  I.I 
6 

05.7 
01.7 

66 
63.2 19.2 

26 

120.6 

3b.b 

86 
178.0 

54.0 

46 

235-471-4 
7 

06.7 
02.0 .     67 

64.1 49-4 

27 

121. 5 

3"-9 

8/ 

178.9 

54-3 

47 

236.47I.7 
S 

07.7 
02.3 

68 65.1 

19.7 28 

122.5 

37-2 

88 

179.9 

54-6 

48 

237-3|72.o 9 08.6 02.6 

69 

]   66.0 
20.0 

29 

123-4 

37-4 

89 

180.9 

549 
49 238.372.3 

10 
O9.6 

02J3 

O3.2 
70 

67.0 
67.9 

20.3 

20.6 

30 

13' 

124.4 

37-7 

38.C 

90 

1 8 1. 8 
182.8 

5_5_2 55-4 

50 

239.2 

172.6 

1 1 

10.5 

7i 

125.4 

19! 
251 

240.2 
72.9 

ji 

n.5 03.5 

72 

68.9  20.9 

32 

126.3  3^-3 

92 

'83.7 

5  5-7' 

52 

241.1 

73-2 

*"3 

12.403.8 
73 6  9. 9I 2 1.2 

33 

127.3 

38.6 

93 

.84.7 

56.0 

53 
242.1 73-4- H 1 3.404. 1 

74 

70.8J21.5 

34 
.128.2 38.9 

94 

185.6:56.3' 

54 243.1 73-7 

*5 

14.404.4 
75 

71.8 

2I..8 

3  5 

-i  29. 2 

39-2 

95 
186.6156.6 

M 
244.0 

74-0 

i6 
15.304.6 

76 

72.7 

22.) 

30 

150.1 
39-5 

96 

187.6 

56.9 

-     56 
245.0 

74-3 

17 
16.3  04.9 77 

73-7 

22.4 

37 
131. 1 

39.8 

97 

188.5 

57-2 

57 

245-9 

74.6 

I  8'
 

17.205.2 

7« 
74.6 

22.6 

3« 

132.1 

40.1 

98 

189.5 

57-5 

58 

246.9 749 19 

1 .3. 2,105. 5 79 

75.6 

22.9 

39 
1330 40-3 99 

190.4 

57-8 

59 

247.8 

75-2 

20 
19. 1 05. s 

80 

76.6 

23.2 

40 

.'34-0 

40.6 

40-9 

200 

201 

191.4 

58.. 

58-3 
60 261 248.8 

249.8 

75-5 

7  5-8 

21 20. 1 06.1 81 
7.7-5 

■23. s 

14s 

1349 
192.3 

2  7, 21. 1 

06.4 

32 78,5 23.8 

42 

•35-9 

41.2 

02 

193-3 

58.6 

62 

250.7 

76.1 

23 

22.0 

06.7 

33 

794 
24.1 

43 
136.8 41-5 

03 

'94-.1 

58.9' 

63 

251.7 

76-3 24 

23.O 07.0 8<i ,80.4 

24,4 

44 137.8 

41.8 

04 

'95-2 

59-2 

64 

252.6 

76.6 

H 
23-9 07.3 

35 

81.3 
247 

45 
138-8 

42.1 

05 

196.2 59-5 

65 

253-6 

76.9 

26 
24.9 

-7.5 

86 

82.3 
25-Oj 

46 

'39-7 
42.4 

06 
197.1 

59.8 

66 

254.5  77-2 

27 

2.5,-8 07.3 

37 

83.3 

25-3, 

47 

140.7 

42.7 

07 

!  98.  I 

60. 1; 

67 

255-5 

77-5 
28 2.6-.S 

08. J 38 
84.2 

a.5.-  J| 

48 

141. 6 

43-0 

08 
I99.O 

60.4 

68 

256.5 

77.8 

29 

27.  8 

08.4 

89 

35.2 

25.8! 

49 142.6 
43-3 

09 

2OQ.0 

60.7 

6g 

257-4 

78.1 

2° 

2-3.7 

49- 1 

08.7 

90 

86.1 

26. ij 

5° 

'43-5 

'44-5 
43-5 

43-8, 

1C 

211 

201.0 
2OI.9 

6  t.o 

6'J 

7C 

27 1 

258.4 

78.4 
787  : 

2J 

09.0 

91 

87.1 26.4! 151 

259-3 

32 
30,6 

°9-3 

92 

88.0 26.7! 

5- 

'45-5 
44 1 1 

12 

2O2.9 

61.5 

72 

260.3 

79.0 

33 
31. 6 

09.6 

03 

3.9. q 

27.0 

53 

146.4 
444 

13 

2O3.8 61.8 
73 

261.2 

79.2 

'    34 
32.J 

09.9 

94 

90.0 

27-3! 

5  + 

147.4 

44-7 

14 

204.8 62.1 
74 

262.2 

79-5 

3-; 

33-5 10.2 95 
90.9 27.b 

5-1 

148.3 

45.0 

15 

2O5.7 

624 

75 

263.2 
79.8 

2*6 

34-4 

IO-5, 

96 

91.9I  27-9! 

56 

:49-3 

45-5 
16 

2O6.7 

62.7 

76 

264.1 

80. 1    ' 

77 

35-4] '0-7, 97 

92.8 

28.2 

57 

i.50.2 

45-6 

17 

2O7.7 

63.0 

77 

265.1 

80.4 

3* 

36.4111.0, 

9-8 
93-8 

28.4: 

5? 

151.2 45-9 

46.2 

18 208.6 

63-3 

63.6 

78 

266.0 
267.0 

So.  7   ' 

81.0 39 
37-3) l  '-3; 99 

94-7 

28.7 

S9 
152.2 

19 

79 

40 

38.3111.6 
100 

95-7 
29.O 

6g 1  53  1 

46.4I 

20 

210.5 
f>3-9 

80 

267.9 
81.3! 

4' 

39.2  11.9 
IOJ 

96.7 

J9-3. 

161 1 54. 1 
46.71 

221 
211.5)64.2 

281 

268.9 

3 1.6    I 

42 

40.21,12.2 
02 

97.6 

29.6 

62. 

r  5  5.0 

47-oj 

22 

212.4164.4 

82  269.9 

.81.9    j 

43 
41. 1 

12.5 

03 

98.6 

-9-9 

63,156.0 

1-7*-  3 1 

23 

213.4164.7 

831270.8 

82.2 

44 

42.1 

12.8 

04 

99-S 

30.2 

64]  1 56.9 

47-6 

24 

214.4:65.0 

84J271.S 

82.4 

45 

43 -J 

'3-i 

05 

100.  5j 

30.5 
65  157.9 

47-9 

25 

2 '5-3  p5-3 ■    851272.7 

82.7 

45 
44.0 

13-4 
06 

1OX.4 

30.8 

6-6j  1 5  8.9 

48.2 

20 

216  3  65.fi 86273.7  3.3.0    i 

47 
45-° 

'3-<f 

07 

102.413  1. 1 

67 

.59.8 

48- 5! 

27 

117.2:65.9 
87  274.6 

83-3 

48 

45-9 

rs4 
08 '03.3b  i-4 63 

160.8 

48.8. 28 

2l8. 2 

66.2 

88275,6 

83-6 49 46-9, 
14.2 

09 

104.3k  1.6 

69 

161.7 

49-1 

29 

2ig. I 

66.5 

891276.6: 

85-9    f 

50 
47-8 

48.S 

'45 

.48 

10 

11 1 

i°5-3 

3'-9 

70 

171 

162.7 
49-3| 

49-6 

■  30 

220. 1 66.8 

67.1 

90 

291
 

277.5 

278.5 

84.2    j 

84~5 

5' 

106.2 

32.2 

163.6 

231 

221. 1 

S2 

«■«, '5-' 12 107.2 

32.5; 

72 

164.6 

49-9 

32 

222.0 

67-3' 

92 

279-4 

84.8    ■ 53 50.7 

[5.4 

13 

108.1 

32.8 

73 165.6 

50.2, 

33 

223.O 
67.6 

93 

280.4 

85.1 
54 5'-7 

'5-7| 

14 

109. 1 

33-' 

74 

166.5 
50.5 

34 

223.9 

67-9 

94281.3 

85.3 

5^ 
52.6. 

16.0 

*5 

1 100 53-4 75 

167.5 

50-8 

3  5 

224.9 
68.1, 

9  5  282.3 
85.6    . 

56 
53-6 

[6.3 

16 
I  II.C 

33-7 

76 

168.4 

51.11 

36 

225.8 

E)8.5 

961283. 3. 

85.9 

.     57 54-  5. 

<M 
17 

1 1 2.0 

34-c 77 

169.4 5 1-4, 

37' 

226.8  68.8 

97 

284.2 
J>6.2 

58 

5  5-5 

16.8: 

18 

1 12.9.  34.3 

78 

170.3  51.71 

33 

227.8|6g.i 

-98 

285.2 

*6.5      : 

59 
56.5: H 

19 

"3-9  345, 

79 

17  1.3152.0 

39 228.7|69.4 
99 286.1 

86.8    1 

60 
57-4 

'7-41 

20 114.S  34.8  ! 
8ojr72.2|52.3. 

40 

229.7169.7 

300 

287.1 

S7..1    i 

Dirt. Dep. Dirt. 
Dap. [Lat. 

Dirt  J  Dep.  \lM.\ Dirt.    DepJLat. Dirt. 
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Lat. 
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Table   I.     Difference  of  Latitude  and  Departure  for  tf  Pointsv 

Dul.   Lat. 

-; 

[Dift. 

02.801.0 

21 19.8 07.. 
22 

20.7 07.4 
23 21.7 07.7 
24 

22.6 08.1 *5 z.M 
08.4. 

26 24.5 08.8 
27 25.4 

09.1 
28 

26.4 09.4 
29 

27.3 
09.8 

30 
28.2 10. 1 

31 
29.2 

10.4 

32 30.1 
10.8 

33 
31. 1 

11. 1 

24 
32.0 

"■5 

35 
33.0 

11. 8 

36 
33-9 

12.1 

•  37 

34-8 

12., 

J* 35-8 
12.8 

39 30-7 i3-i 

40 
37-7 

*.3-5 

41 38.6 
13.8 

42 
39-5 14. 1 

43 40.5 
14.5 

44 41.4 14.8 
45 42.4 IJ.2 

46 
43-3 

'55 

47 44-3 If.* 

48 45-2 
16.2 

49 
46.1 

16.5 

?o 47-1 
16.8 

51 48.0 
17,2 

5* 49.0 

1.7-5 

53 49.9 
17.9 

54 
50.8 

18.2 

55 
51.8 

i«.i 

5<> 
52.7 

18.9 

57 
5-3-7 19.2 

5« 54.6 

19.5 

59 
5  5-6 

19. q 

60 S6.s 20.2 

Dif. Dp. Lat. 

Liit. 

66.8 

67.8 

68.7 

69.7 

70.6 

7. .6 
72.5 

73-4 

74-4 
75-3 

76.3 

77.2 78.1 
70. 1 
80.0 
81.0 
81.9 
829 

83.3 84.7 

85-7 

86.6 

87.6 

88.5 

89.4 

90.4 
91-3 

92.3 

93.2 

94.2 

9i 

92 

93 
94 
95 

96 

97 

98 

99 

100 
1 0,1 

02 

03 04 

05 

06 

07 

08 

09 

10]  
103.6 

1  ii|  104.5 1a  105.5 

13  106.4 

14107.3 

15J108.3 
16:109.2 

171  ro.2 
18  in.  1 

19  112. 0 
20I1 13.0 

Dirt.i  Uep. 

95-1 96.0 

97.0 
97-9 
98.9 

99,8 

100.7 

101.7 

102.6 

20.6 20.9 ,,*! 

21.6 

21.9 

22.2 22.6 

22.9 

23.2 2.3.6 
23-9 

2*4. 6 
24.9 25o 

25.6 

25.9 26.3 

26.6 

27. c 
27-3 

27.6 

28.-0 

28.3 

28.6 

29.0 

29.3 

29.6 

30.0 

3Q-3 

30-7 

3L0 
3i-3 
3i-7 

32.C 
32.3 
32.7 

33-o 
33-4 

33-7 

34-0 

34-4 

34-7 

35-o 
35-4 

35-7 

36.0 

36.4 

36." 37-' 
37-4 37-7 

38-' 
38-4 

38.7 

39-' 
39-4 

39-'' 

40. 1 
40-1 
Lit. 

|Dift. 
121 

26 

3-c 

141 

42 

43 
44 
45 

46 

47 

48 

49 

50 

151 

52 

53 54 

55 

56 

5" 

58 

59 

60 

161 

62 

6? 

64 
65 

66 

67 

68 

69 

70 

Lat. 

171 

72 

73 
74 
75 

76 

77 

78 

79 

80 

Out. 

54 54 

54 55 
5  5 
5  5 

56 
56 

56 

J5_7 

57 

57 

58 

58 

59 
59 59 60 

60 
60 f7t7 

Dift 

82 

83 

84 

85 

86 

87 

88 

89 

.2? 
191 

92 

93.
 

94 
95 

96 

97 

98 

99 200 

201 

02 

03 04 
05 

06 

07 

Lat. 

De< 
61.C 

61.3 

61.7 

62.0 

62.3 
62.7 

63.0 

63-3 63-7 

64.0 
79-8|64-.> 
80.8J64.7 

81.7J65.0 82.71,65.4 

83.6J65.7 

84.5I66.0 
85.5J66.4 86.4166.7 

67.0 

67-4 

67.7 

68.1 

68.4 

'"  
7 

Dift. I  Lat. 
241  226.9 

42  227.9 

43  228.8 
44229.7 45230.7 
46  231.6 

47  232.6 

48  233-5 

49  234-4 
5Q|235-4 

236. 

[Dtp. 

81.2 

81.5 

81.9 

82.2 

82.5 

82.9 

83-2 

83-5 

83-9 

84.2 

"8176 

87.4 
88.3 

&9-3 

90.2 
9I.i 

92.1 

93.oj6
g.i 

94.0169.4 

6 

25  , 

52  237, 3j  84.9 

85.2 

85.6 

"•5-9 

53f38 54239-2 

55240.1 

-56, 241. c  86.2 
86.6 

86.9 

242.0 

242.9 
243-9 

244.8 
261  245.7 

62  246." 
63  247.6 

64248.6 
65249.5 
66I250. 5 

87.6 

87.9 

88.3 

88.6 

88.9 

89-3 

89.6 

89.9 

90-3 

90.6 
91.0 

{For  65  Points. 



Table   I.     Difference  of  Latitude  and  Departure  Tor  i  Points 

Dill 
!.;«. Dep. 

Did. 
Lat. Dep. 

181 

J6-7.2 

69.5 

241 

222.7 

92.2 

82 

168. 1 

69.6 

4: 

223  6 

92.6 

83 

169.1 

70. 0' 

43 

224.5 

93.0 

&4 

170.0 

7.0-4 
44 

225.4 

93-4 

Ss 

170.9 

70.8 

45 

226.4 

93-« 

to 
171.8 

71.2 

46 

227.3 

94.1 

»7 

172.8 

71.6 

4"
 

228.2 
945 

88 
'73-7 

71.9 

48 

229.1 

94-9 

a9 

i74.b 
72.3 

49 

(.230.0 

95-3 

90 

191
 

176.5 

72.7 

?9 

231.0 

9S-- 
73-i 

25  j 

i3i-9 

96.1 

92 

'77-4 

73-5 

S2 

232.8 
96.4 

93 

"7«-J 

■  73-9 

55 

=2-33-7 

96.8 

94 
179.2 

L  74-2 

54 

.234-7 

97.2 

95 

180.2 

74.6 

55 235.6 

97.6 

96 

181. 1 
•  75-0 

56 

236.5 

98.0 

97 

182.0 

7  5-4 57 

^37-4 

9»-3 

98 

1 82.9 

75.8 

5* 

238.4 

98.7 99 

.83.9 

7b.2 

59 

239-3 

99.1 

zoo 184.8 

76., 

60 
240.2 

99-5 
201 

105.7 

76.9 261 

241.1 
99-9 

02 
i8&.6 

77-3 

62 

242.1 

100.3 

03 

'87.5 

77-7 

63 

243.0 

100.6 

,  04 

188.5 

78.1 

64 

-243-9 IOI.O 

05 

189.4 

78.5 

6, 

244.8 

101.4 

06 190.3 

78.8 

66 

245.8 

I0I.8 

07 

[91.2 

79.2 

67 

246.7 
102.2 

08 

192.2 

79.6 

68 
247.6 

102.6 

09 

193-1 

80.0 

69 

248.5 

IO2.9 

10 

211 194.0 

80.4 

80.7 

70 

249.4 

250.4 

I03-3 

194.9 

271 

l03-7 

12 
T95-9 

81.] 

72 

25I-3 

104.1 

}3 

196.8 

8-1.5 

73 
252.2 

104.5 

14 

'97-7 

81.9 

74 

253.1 

104.9 

M 
198.6 

82.3 

75 

254.1 

105.2 

16 
199.6 

82.7 

76 

255.0 

105.6 

17 

20.0. 5 

83.0 

77 

255-9 

106.0 

18 

201.4 
83.4 

78 

256.8 

106.4 

'9 

202.3 

83.8 

79 

257.8 
106.8 

20 

203  3 

84.2 

8c 
258.7 

107.2 

221 
204.2 

84.6 

281 

259.6 

107.5 

22 

205.1 

85.0 
82 

260.5 107.9 

2.1 

206.0 

«5-3 

«3 

261.5 108.3 

24 

206.9 
85.7 

84 

262.4 108.7 

2> 

207.9 

86.1 

!     85 

263.3 

109.1 

26 208.8 

86.5 

86 
264.2 

109.4 

27 

209.7 

86.9 

87 

265.2 
109.8 

28 
210.6 

871 

88 
266.1 

1 10.2 

29 

211. 6 

87.6 

89 

267.0 1 10.6 

JO
 

231 

212.5 

213.4 

88.0 

9c 

267.9 

n  t.o 

88.4 

291 

268. S 

111.4 

3,1 

214-3 

88.8 

92 

269.8 

tll.7 

33 

21  v3 

89.2 91 

270.7 
112.1 

34 
216.2 

89.5 

94 

271.6 

112.5 

3  5 217. 1 

89.9 

95 

2725 

1 12.9 

3° 

ziS.o 

93.3 

96 

273-5 

^3-3 

J  ' 

219.0 

90.7 

97 

274.4 

U3-7 

3« 

219.9 

91. 1 

98 

.27  5-3 1 14.0 

39 
220.8 

91.5 

99 

'276.2 

114.4 

40 

221.7 

91.8 
300 

277.2 

1 14.8 

Di.t 

Dcp. 
Lat. Jut. 

Dep. 
Lat. 

[For  6  Points. 



Table  I.     Difference  of  Latitude  and  Departure  for  2|  Points. 

DHL! 

I 

Lat  . 
OO.9 

Dep.i Dift. Lat. 

55-1 

Dep. 
Dirt 

121 

Lac. 109.4 Dep. 

51-7 

Dift 

i8~i 

Lat. 

16376 

Dep. 

77-4 

Dift. 241 
Lat. 

217.9 Dep. 

00.41 
61 26.1 

103.0 

2 01.8 

00.9, 
62 

56.0 

26.5, 

22 

r  10.3 

52.2 

82 

164.5 

77.8 

42 

218.8 

303-5 

3 
02.7 

01.3 

63 

57-0 

26.9 

23 

1 1 1.2 

52.6 

«3 

165.4 

78.2 

43 

219.7 

'03-9 

4 03.6 
01.7] 

64 

57-9 

27.4 

24 

1 12. 1 

53-o 

84 

166.3 

78.7 

44 
220.6 

04.3 

5 
04. 5 02.1 

65 

58.8 

27.8 

25 

113.0 

.53-4 

85 

167.2 

79.1 

45 

221.5 

104.8 

6 
054 02. 6| 66 

59-7 

28.2 

26 

IT3-9 

53-9 

86 
168.1 

79-5 

46 

222.4 

105.2 

7 
06.3 

03.01 

6? 

60.6 
28.6 

27 

i  izi.8 

54-3 

87 

169.0 80.0 

47 

223-3 

105.6 

8 0.7.2 
0.3-41 

68 

61,5 

29.1 

28 

'M-7 

54-7 

88 

169.9 
80.4 

48 

224.2 
106.0 

9 08.1 
03.8 

69 

62.4 
29.5 

29 

116.6 

55-2 

89 

170.9 

80.8 49 
225.1 

106.5 

IO 
09.C 
09.9 

04-3 

70 

63-3 

64.2 

29.9 

30 

i3' 

117.5 
118.4 

55-6 56.C 

90 

191
 171.8 

172.7 
81.2 

81.7 

50 

251
 

2260 

226.9 

106. g 
307.3 

ii 04.7 

7i 

30-4 
12 10.8 05-1 

72 

65.1 

30.8 

32 

ri9-3 

56.4 

92 

173-6 

82.1 

52 

227.8 

107.7 

13 

n.8 
05.6 

73 
66.0 

31.2 

33 
120.2 

56.9 
93 

174-5 

82.5 

53 

228.7 

108.2 

14 12.7 06.0 74 

66.9 

31-6 

34 121.1 

57-.? 

94 

375.4 

82.9 

54 
229.6 

108.6 
15 

13.6 

06.4 

75 67.8 

32.1 

35 122. c 

57-7 
95 

176.3 

«3-4 

55 

230.5 1O9.0 

16 H-5 
o6.8| 

76 

68.7 

32.5 

36 

122.9 

58., 

96 

177.2 
83.8 

56 

233.4 

109.5 

17 

1.5-4 
07.3 

77 
69.6 

32.9 

37 

123.8 

58.6 

97 

178., 
84.2 

57 

232.3 

109.9 

'   18 16.3 07.7 

7« 

70.5 
33-3 

3« 

124.8 

59.0 

98 

179.0 

84.7 

58 

233-2 

1 10.3 

19 

17.2 
08.1 79 71.4 

3.1.8 

39 

125-7 

59-4 

99 

179.9 

85.1 

59 

234.1 

1 10.7 

20 18.1 08.6 

09.0 

80 

81 
72-3 

34-2 

_40
 

141
 

126.6 
127.5 

59-9 

200 

201 

180.8 181.7 

85.5 

85.9 

60 261 235-0 2  3  5-9 

1 11. 2 

in. 6 21 
19.0 

73-2 
34-6 

60.3 

22 
19.9 09.4 

82 

74.1 
35-1 

42 

128.4 
60.7 

02 

182.6 

86.4 

62 

236.8 

1 1 2.0 23 
20.8 

O9.8 

8.3 

75-o 

35-5 43 

129.3 

61. 1 

03 

183.5 

86.8 

63 

237-7 

1 1 2.4 

24 21.7 10.3 

84 

75-9 35-9 

44 
130.2 61.6 

04 

184.4 

87.2 

64 

238-7 

1 12.9 

25 
22.6 

io.7i 

85 

76.8 

36,3 
-45 

I3I-3 62.0 

05 

3*5-3 

87.6 

65 

239.6 

"3-3 

26 2.3-5 
1  i.i| 

86 
77-7 

36.8 

46 

133.0 

62.4 

06 186.2 88.1 66 

240.5 

313-7 

2-
 

24.4 

»•? 

8~ 

78.6 
37-2 

47 

132.9 

62.9 

07 

187.1 

88.5 

67 

241.4 

1 14-2 28 2  5-3 

12.0J 

88 

79-6 37-6 

48 

133-8 

63-1 

08 188.0 

88.9 

68 
242.3 114. 6 29 

26.2 
12.4I 

S9 

80.5 

38-1 

49 
134-7 

63.7 

09 

188.9 
89.4 

69 

243.2 

1 15.0 

3|0 

3' 

.  27.1 

I2..8- 
I3-3| 

9° 

81.4 

82.3 
38-5 

15' 
13.5.6 
136.5 

64.1 

IC 

21 1 

189.8 
89.8 

70 

271 

24±i 

245.0 

i£5j4 

335.9 

28. 0 

91 

38:9 

64.6 

190.7 

90.2 

J2 

28.0 

I3..7 

92 

83.2 39-3 

52 

J37-4 

65.0 

12 

191. 6 

90.6 

72 

245.9 
116.3 

33 29.8 14.1 93 84.1 

39-8 
53 

I38-3 65.4 

13 

192.5 

91. 1 

73 

246.8 

1 1 6. 7 

'      34 3°-7 14-51 94 
85.0 

40.2 

54 

'39-2 
65.8 

14 

193-5 

9i-5 74 

247.7 

117.2 

35 
31.6 15.0 95 

«5-9 

40.6 

55 140. 1 
66.7 

1.5 

194.4 

91.9 

75 

248.6 

1x7.6 

36 
32-5 

15.4 

96 

86.8 

41.0 

56 

141.C 

66.7 

16 

395-3 

92.4 

76 

249.5 
118.0 

3"
 

33-4 
1  -  ? 

15.6 

9^
 

87.7 

41.5 

1    57 

141. 0 67.1 

17 

196.2 

92.8 

77 

250.4 

118.4 

!« 
34-4 16.2 

98 

88.6 
41.9 

s« 

£42.i 67.6 

18 

197.1 

93-2 

7* 

253-3 

118.9 

39 
35-3 

16.7 99 
89.5 

42-3 59 
•43-7 

68.C 

19 

198.0 

93-6 

79 

252.2 

119.3 

4C 

4' 

3b-2 

37-!
" 

17. 1 '7-5 100 90.4 

9J-3 
42.8 

!  6c 

7<Fi 

^446
 

'45-5 

68.4 

20 

221 199.8 

94_|_ 

94  5 

80 

253J 

254.C 

LL9iL 120. 1 
101 

43-2 

68.S 
281 

4± 
3^-0 

18.0 
02 

92.2 

43-6 

62 

146.4 

69-3 

22 

200.7 
949 

82 
254.9 120.6 

43 38.9 

.8.4 

03 

93-i 
44.0 

63 

'47-4 

69.7 

23 

201.6 

95-3 

83 

255.8 

121.0 

44 

39-8 
18.8 

o-i 

94.C 

44-5 

64 

148.3 

70.1 

24 

202.5 

95.8 

84 

256.7 

121. 4 

45 40-7 19.2 

OS 

94-9 44.9 

65 

149.2 
70:5 

25 

203.4 

96.2 

85 

257.6 

121. 9 

46 41.6 

19-7 

06 

95.8 

45-3 
66 150.1 

71.C 

26 

204.3 

96.6 

86 
258.5 

1 22.3 

47 42-5 
20.1 

07 

96.7 45-7 

67 

151.C 
71. 4 

27 

205.2 

97.1 

87 

259.4 

122.7 

48 
43-4 

20.5 

08 

97.6 46.2 

68 

151.9 

71.8 

28 

206.! 

97-5 

88 

260.3 

123. 1 

49 
44-3 

21.0 

09 

98.5 

46.6 

69 

152.X 
72.3 

29 

207.0 

97-9 

89 

261.3 
123.6 

5° .    
 
5' 

45-2 

21.4 

10 
1 1  r 

_9$M
 

100.3 

47-0 70 
171 

'53-7 
72.7 

30 

.207.9 

208.8 

_9b\3 98.8 

90 

291
 
262.2 

2^3" 

124.4 

21.8 
47-5 154.6 

73-J 

I      5- 
47.c 

22.2 12 101.2 
47-9 

72 

'55-5 

73-5 

32 

209.7 

L99-2 

92 

264.0 

124.8 

53 47-9 

22.7 

13 

102.2 48.3 
73 

156.4 

74.C 

33 
210.6 

99.6 

93 

264.9 

125.3 

54 
48.8 

23-1 

*4 

103.1 48.7 

•7   1 

•57-3 

74-4 

34 

231-5 

100.0 
94 

265.8 

125.7 

55 
49-7 

23-5 

1 5 

104. c 

49.2 

75 
158.2 

74.8 

35 

212.4 100.5 

95 

266.7 

126.1 

56 50
.6 

23-9 
16 

'04-9 

49.6 

76 

159.1 

75.2 

36 

233-3 
100.9 

g* 

267.6 

126.6 

57 
5 '•  5 

24.4 

17 

105.8 

50.0 

77 

i6o.c 

75-7 
37 

214.2 

.301.3 

9~
 

268.5 127,0 

5« 
52-4 248 

18 106.7 
50.5 

78 

160.9 '  76.1 

38 

215. 1 
.101.8 

98 

269.4 

127.4 

59 
53-3 25-2 

19 

107.6 50.9 

V    79 

161. 8 76.5 

39 

216.1 102.2 99 270.3 127.8 
60 

54-2 

2?. 7 

20 IDilt. 

[08.5 

Dep. 5M 
]  Lac. 

Dift 

162.7 

De7. 

77-C 

40 

Dift
 

217.0 
Dep. 102.6 

Lac. 

300 

271.2 

Dep. 

128.3 

Lat. Dift.|Dcp. Lat. 
Lat. 

Dirt. 

■t-,.„,.^,..__  m_ 
(For  5I  fa 

nc  . 

(B.)     Tab. 



T.tolz  I.     Difference  of  Latitude  and  Departure  for  2f  Point' 

1 Dift.|  Lat.  | Dp.  n 3ift.|  Lat.j 
Dep. 

TO 
Dirt 

121 

Lat. 

Dep. 

57.0 

Dill T7i 
Lat. 

(59.6 

Dep. 85-3 

Dill 

241 

Lar.l 

Dep. 

J i    00.9 

00. 5 

61 

53-8 

106.7 

112.5113. 6    ! 

I, 
2 01.8 

00.9 
6z 

54-7    29.2 22 

107.6 

57-5 

82 

160.5 

85.8 

42 

113.4  114.1     , 
5 3 02.6 

01.4 

63 

5  5.6 

29.7 

23 

10$.$ 

58.C 

83 

161. 4 

86.3 

43 

114-3 114.5 

1 4 
03-5 

01.9; 

64 

56.4 

30.2 

24 

109.4 

58.5 

84: 

162.3 

86.7 

44 

215.2 

r'5-°      1 

115s    ; 

i 5 
04.4 

02.4 

65 

57-3 

30.6 

25 

no. 2 
58.9 

8s 

163,2 

87.2 45 

216. 1 
6 

°Y-3 
02.8 66 

SS.2 
3i-! 

26 
in.) 

59-4 86 

164.0 

87.7 

46 

417.0 
1 1 6.0    - 7 06.2 

03-3J 

67 

59-i 

j  1 .  6j 

27 

112.C 

59-9 

87 

164.9 

88.2 

47 

217.3 

1 1 6.4     | 

li 

8 
07.1 

03.81 
68 60.0 

32. 11 

28 

T  12.9 

60.3 

88 

165.8 88.6 

48 

218.7 

116.9    j 

9 
07.9 04. 2 1 

6q 60.9 

32.5 

29 

1 13-8 60.8 

89 

166.7 

89.1 

49 

2.9.6 

117.4     ! 

1 10 08.8 
04.7 

70 

61.7 

33.0I 

30 

1 14.6 

61.3 
9C, 

167.6 

89.6 

50 

220.5 

117. 8      ; 

1  : 

09." 

P'5.2! 

7i 

62.6 
33-5| 

1.3 1 

'15-5 

6!. 8 
191 

168.4 
9O.0J 

251 

221.4 i'8.3    I 

■ 12 10.6 

o-5-7\ 

72 

63-5 

33-9 

32 

!  I6.4 

62.2 

92 

169.3 

90-5 

52 

222.2 118.S    I 13 «,s 
06.1 

73 

64.4 

34-4 
33 

117-3 

62.7 

93 

170.2 

91.0 

53 

223.1 

"9-3     ; 

14 
12.3 

06.6 74 

65.3 

34-9 

34 Il8. 2 

63.2 

94 

171.1 91.5 54 

224.0 

H9-7     I 

15 

13-2 07.1 

7  5 
66.1 

35-4 

35 
U9.I 63.6 

9S 
172.0 

91.9 

55 

224.9 

120.2 

16'
 

14.1 

07.5 

76 

67.0 

35-8 

56 

II9.9 

64.1 

96 

172.9 

92.4 

56 

225.!- 

120.7 

17 

I  5-0 08.0 
77 

67-9 

36-3 
V i  20. 8 

64.6 
97 

173-7 

92.9 
57 

220.7 

121. I 

1.8    15.9 

08.5 

7£ 

68.8 
36.3j 

38 

121.7 

65.1 

9>'
 

174.6 

93-3 

1  58 

227.5 

121.6 

122. 1 19    i6.3 09.0 
79 

69.7 

37-2J 

39 122.6 

65.5 

9v 

'75-5 

93-8 

59 

228.4 

20|     17.6 

•0.5.4 
80 

70  6 
17;  • 

40 

123,5, 

66.0 20c 

176.4 

94-3 

60 

229.3 

122.6 

ill     13.5 
09.9 

8 1 71.4    38. 2J 141 
124.4 

.66.5 

20 1 

177.3 

94.8 

261 

230.2 

123-0      1 

i 22      I9.4 

10.4 

82 72.3 38-7 

42 

12=5.2 

66.9 

02 

178.) 

95.2 

62 

231. 1 

123-5    \ 

I 

23 
20.3 

10.8 

«3 

73-2 
3-9-y 43 

126.  1 

67.4 

03 

179.0 

95-7 

63 

231.5 

1 24.0    1 

1 
24 

21.2 

"•3 

84 

74-i    39-6 
44 127.0 

67.9 

04 

179-9 

96.2 

64 

232.81124.4    I 1 
25 

22.0 11. 8 

85 

75.CJ  40.1 

1  45 

I27.9 

68.4 

05 

180.8 

96.6 

65  233.7 

124.9  It 

1 2b 

22.9 
ii-3 

86 75-3    40-5 

-  46" 

128.8 68.8 
06 

181.7 

97.1 

66  234-6 

I25-4  ij 

1 

27 

23.8 

12.7 

87 

76.7 

41.0 

47 

I29.6 

69-3 

07  182.6 

97.6 

67235-5 

I25-9  |j 

I 23 24.7 
J3-2 

88 

77-6 

41-5 

48 

[l'.i'0.5 
69.8 08 

183.4 

98.1 

68236.4 
126.3    1 

29 

25.6 
13-7 

89 

78.5 

42.0 
49 

I3I-4 

70.2 

Of) 
184-3 

98.5 

69I237.2 

126.8  1 

3° 

2b.  5 

14.6 

90 

91 

79-4 42.4 

jo
 

'3.2-3 

'33-2 

70.7 

71.2 

IC 

21  1 

185.2 

186.1 

99.0 

99  5 70!2.38.i 

127.3 

127.7 

31 

27-3 

80.3 

42.9 
271 

239.0 

32 

28.2 
15. 1 

92 

81. 1 

43-4 

52 

134-1 
71.7 12 187.0 

99.9 

72 

239-9 

128.2 

33 29.1 15.6 
93 

82.0 

43-8 

55 

'34-9 

72.1 

15 

187.8 

100.4 

73 

240.8 

128.7 

34 

39-c 
1   16.0 

,   94 
82.9 

44-3 

54 

13  5-8 

72.6 

M 

188.7 100.9 

74J2.41.6 

129.2 
35 

3°-9 

'   16.5 J     9  5 

83.8 

44-8 

[  55 

136.7 

73-' 

M 
189.6 

101.4 

75J242-5 76|243-4 

129.6 
! 

3^ 

3  K7 
i   i7-o 

96 

84.7 

45-3 

56 

137.6 
73-5 

16 

190.5 

101.8 

130.1 
1      3"

 32.t 
1   17-4 

97 
8  5-5 

45-7 

57 

138.5 

74.0 

17 

191.4 102.3 

77  244-3 

130.6 
33-: 

j   r7-9 

98 

86.4 

46.2 

58 

r39-3 

74-5 

iS 192.3 

102.8 

78245.2 131.0 |l      39 34- \\   18.4 99 

87-3 

46.7 
59 

140.2 

75.0 

19 

'93-i 
103.2 

79J246.1 

i3i-5 

40 

3v-: 

36.. 

!  18.9 

•    1 9-3 

'TOO 

101 

83.2 

47.1 

6c 
76! 

141.1 

75-4 

2C 

221 

194.0 
194.9 

103-7 

80 

24-6-9 

132.0 

■3M 

I 
41 

89.1 

47.6 

142. c 
75-9 

104.2 
281 

247.8 

42 
37-C 

>    19.8 02 

90.0 
48.1 

62 

142.9 

76.4 
22 195.8 

104.7 

82 

248.7 

132.9 

'      43 

37-< 

)l  20.3 

03 

1  90.8 

4S.6 67 

1-1-3-8 

76.8 

23 

196.7 
105.1 

83  249-6 

'33-4 

.    '44 
38.J 

!    20.7 

04 

91.7 

49.0 

64 

144.6 
77-3 

24 

197-6 

105.6 84250.5 

133-9 

45 

39-'
 

i\  21.2 

05 

92.6 

49-5 

65 

'145-5 

77.8 

25 

'198. 4 

106. 1 

85 

25I-3 134-3 

|       4* 
40.  ( 

>    21.7 06|  93.5 

50.0 

66 
146.4 

78-3 
26 

'99-S 

106.5 

86 

252.2 
134.8 

'      47 

48 

4'- 
)i   22.2 

07 

94.4 
50.4 

67 

it47-S 78.7 

27 

200.2 107.0 

87 

253-1 

135-3 

4.?-. 5    22.6 
03 

9.5-2 

50.9 

63 

148.2 

79.2 

23 20 1. 1 

107.5 

83 
254.0 

135-8 

'       49 

43- 
i\  23.1 

09 

96.) 

51.4 

69 

149. c 

79-7 

20 202.  c 

107.9 

89 

254-9 

136.2 

5  = 
44. 

45-< 

!  23.6 
3    24.0 

IC 

97-C 
97-9 

5'-9 

7C 

149.5 

8o.t 
80.6 

;3,C 

23"  1 

202.8 

108.4 

■JE 

291 255.3 

136.7  • 

137.2 
5] 

11 1 

52-3 

171 

150.8 

203.7 

108.9 

256.6 
t       5  = 

45- 
)\  24-5 

12 

98.3 
52.8 

72 

i5i-7 81. 1 

32 

204.6 

109.4 

92 

257-5 

137.6 53 
4b. 

7|  25.0 

i] 

99-7 
1  53-3 

73 

152.6 

81.6 33 
,205-5 

109.8 

93 

258)4 

138.1 

54 

47- 
>\  25-5 

u 

100.5 

53-7 

7A 
r53-5 

82.0 
3A 

206.^ 

1 10.3 

94 

259-3 

138.6 

57 
48. 

5    25.9 
,  13 

101.4 

54-2 

.  7  5 
r54-.i 

82.5 

3- 

207-3 

110.8 

9> 

260.1 

I39-1 

49. 

t   26  4 
,    ie 

102.-: 

54-7 

7t 

155.2 83.0 

3( 

208.1 11 1.2 

9^ 

z6i.c 

139-5 

50. 

5    26  9 

17 

103.? 

55-2 

77 156.] 

83-4 

V 
209. c 

in. 7 

97 

261.9I140.0 
1       5f 

5!- 

tl  27.3 18 104.1 

55.6 

7c 

I57.C 

'    83.9 

ji
 

209.5 

112. 2 

9> 

^262.^ 

140.5 

[       5? 

52. 

3,  27.8 
19 104.5 

56.1 

7c 

157-c 

84-4 

3S 

21O.S: 

112.7 

9C 

263.7 

140.9 

r     6c [    Dili 52, 

Dep ?■  28.3 
.   L  at. 

20I105.3 

ijnt.)  Dt-p 

56.6 

8c 

Dii 

158.71  84.9 

Dep.  1   Lat. 

|  40  21 1.7 

iDiftlDep. 
113. 1 

30C 

lOilf 

>  264.  t 

141-4 

Lat.' 

Lat. 
Lat. 

t   Dep 

I, Vili.*  W1H — **rfrx 
(For  5|  Points. w'i^Whiiii   ii|||  Liii."  "  '„  V  »  V'^l.'-'iir'     »"'      ■','' — v^r-' ■■.  1^  ■..)■■■■:    .■"■     ■— *.^wnrH"j.i      «ii..]nhwh 



Table  I.     Difference  of  Latitude  and  Departure  for  2|  Points. 
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Table  I.     Difference  of  Latitude  and  Departure  tor  3  Points. 
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92 

71.1 

58.4 

52
 

117-5 

96.4 
12 

'63-9 

'34-5 

72 

210.3 

172.6 3o    25-5!  20-9 

'93 

71.9 

59.C 

53 

118. 3 

97.1 

13 

'64.7 

•35-1 

73 

211. 0 

173-a 

34 

26. 31  21.6 
94 

7?..  7 

59.6 

54 119.0 

97-7 

14 

'65-4 

135-8 74 
211. 8 

173-8 

3  > 

27. i'   22.2 9S 
734 

60.3 

-  55 

119.8 

98.3 

15 

166.2 

136.4 

75 

212.6 

174-5 

s 

36
 

27.81    22.8 

96 

74.2 

60.9 

56 

1.20.6 

99. c
 

ib 
167.0 

137.0 

76
 

213.4 

175. 1 

37 28.6!  23SS 

97 

7v° 

61.5 

57 

121:4 

99.6 

17 

.67.7 

137-7 

77 
214. 1 

'75-7 

J  H 

29.4 241! 

98 

- .  0 
62.2 

58 

122. 1 
100.2 

18 

168.5 

138.3 

78 

214.9 

"176.4 

39 

3C.  J 

24.7 

99 
76.5    62.S 

59 

122.9 1 00. 9 

19 

169.3 .38.9 

79 

215.7 

177.0  . 

4: 

30.9 
2v4    J  00 

77-31  63.4 

60 
123.7 101.5 

20 170.1 
139.6 

80 

2(6.4 

177.6 

4' 

3 1-7 26. ol 
101 

78.1!  64.1 161 

124.5 

102.1 

221 

170.8 140.2 

281 
217.2 

178.3 

45 

32.  s 
26.6 

02 

78.8 

64.7 

62 
125.2 102.J 

22 171. 6 140.8 

82 

218.0 

178.9 

4i 
3  3-2 

27.3 

°3 

79.6 

65.3 

63 

I"26.0 103.4 

23 

172.4 
141.5 

83 

218.8 

'79-5 

i 

4* 
34.0 

27.9 

04 

80.4 

66.0 

64 

126.8 
104.0 

24 

'73-2 
142. 1 

84 

219.5 

180.2 

| 

4-; 
34-? 

28.5 

05 

81.2 
66.6 

65 

127.5 104.7 

25 

'73-9 i42-7 

85 

220.3 

1180.8 

46 
35-6 

29.2 
06 

81.9 

67.2 

66  128.3 

i°5-3 

2b '74-7 
143-4 

,  8fc 

221. 1 

181.4 

47 
36.^ 29.8 

07 

82  7 

67.9 

67 

1 29. 1 

105.9 

27 

'75-5 

144.0 

87 

221.9 

182. 1 

48 

37-  J 

30.  S 08 8.3-9 
68.; 

68 

129.9 

106.6 28 

176.2 
144.6 

88 

222.6 

182.7 

4r
 

37-9 
3I-J 

09 

84-3 

69.) 

69 

130.6 

107.2 

29 

177.0 

145-3 

89 

223.4 183-3 

i 

5C 51 

^8.7 

39-4 

3  '-7 

32.4 

TO 

i77 85.0 

85. 8 

6q.8 

7O.4 

70 

i3i-4 
107.8 

30 

177-8 

145-9 

146.5 

90 

291
 

224.2 
184.0 

171 

132.2 

108..5 

231 178.6 

224.9 

184.6 

5? 

40.2 
33-o 

12 
86.6 

71. 1 

72  133-0 

109.1 

32 

'79-3 

147.2 

92
 

.225.7 

185.2 

S3 

41.0 
33-6 

13 

87.4 

71-7 
73  133-7 

ibg.8 

33 

1 80. 1 

147.8 93 

226.5 185-9 

54 4'-7 
34-3 

»4 

88.1 
72.3 

74  134-5 

1 10.4 

34 

180.9 

148.4 

94 

227.3 186.5 

5; 

42.5 
34-9 

15 

88.9 

73-C 

75 135-3 III.O 
35 

181.7 

149. 1 

95 228.0 187. 1 

5& 

43-3 35-5 

16 89.7 

73-6 

76 

136.0 

1 1 1.7 

36 

182.4 

149-7 

96
 

228.8 187.8 
) 57 

44. 
 i4 
36.2 

17 

90.4 

74.2 

77 

i3d.8 

1 1 2. 2 

37 83.2 

150.4 

97 

229.6 

188.4 

.   rf 

44.8 
36.8 

18 

9r.2 

74-9 

78 

137-6 

112. 9 

38
 

184.0 

151.0 

98
 

230.4 
189.0 

59 

45.6 
37-4 

19 

92.0 

75-5 

79 

138-4 
113. 6 

39 

84.7 

151.6 

99 

231.1 

189.7 

6c 46.4 

-3.8.1 

Lat- 

20 

Dilt 
92.8 

76.1 

80 

Dili 139. 1 

1 14.2 

40 

85.5 

152.3 

300 

Dm 231.9 
Dep. 190.3 

Lit.   . Dill. 
Dep- 

Dep, 
Lat. 

Dep: 

Lat. Diit|Dep. Lat. 

(For  4^  Points.  ' 

■■am «*«ma. 
ii  '.iji' y^jwtwg 

imnrgwiw 

ro»*ffr 



Table  1.     Difference  of  Latitude  and  Departure  for  3^  Points* 

r 
Dift Lat. Dep. Did Lat. 

Dep. Dift 
Lat. 

Dep. Dift 
Lat. 

Dep. 
Oift 

Lat. 

Dep. 

1 00.7 00.7 
61 

45-2 
41.O  ■ 

121 

89.7 
81.3 

181 

*34-i 

121.6 
241 

178.6 

61. 8 
2 01. s 01.3 

62 
45-9 

41.6 

22 
90.4 

81.9 

82 
r34-9 

122.2 

42 

179-3 

162.5 

3 02.2 02.0 

63 

46.7 42.3 

23 

9H 

82.6 

83 

135-6 

122.9 

43 
1 80. 1 163.2 

4 03-0 02.7 

64 

47-4 

43-0 

24 

91.9 

«3-3 

84 

13^.3 
123.6 44 

180.8 

163-9   f 

S 03 -7 03-4 

65 

48.2 
43-7 

25 

92.6 

83.9 

85 

137-1 
124.2 

45 

18,. 5 

64.5    J 

6 04.4 
O4.O 66 48.9 44-3 

26 

93-4 
84.6 

86 

137-8 

1249 

46 

1823 

65-2    1 

7 tfj.a O4.7 

67 

49.6 45-0 

27 

94.1 

8  5-3 

87 

138-6 

125.6 

47 

183.0 

65.9    j 

8 OvQ 05.4 
68 50.4 

45-7 

28 

94.8 

86.0 88 
'39-3 

126.3 

48 

183.8 

66.5    j 

9 O6.7 06.0 

69 

51.1 

4*>3 

29 

95-b 

86.6 

89 

140.0 

126.9 

49 

184.5 

67.2    J 

10 O7.4 06.7 

70 5  i.e. 47-0 

30 

96-3 

87.3 

9c 

140.8 
127.6 

.50 

185.2 

67.9    I 
1 1 08.2 

07.4 

7' 
52.6 

47-7 

iji 

97.1 

88.0 191 

I4I-5 

128.3 

251 
186.0 

68.6    j 

12 
08.9 08.1 

72 

53-3 48.4 

32 

97.8 

88.6 

92 

142.3 

128.9 

S2 

186.7 

69.2    I 
r3 

O9.6 
08.7 

73 

54.1 
49.0 

33 98.5 

89-3 

93 143.0 
1 29. 6 

53 

187.5 69.9 

14 IO.4 09.4 74 

54.8 
49-7 

34 

99-3 

90.0 

94 

143-7 130.3 

54 

188.2 

70.6 

M I  I.] 10. 1 
75 

5  5-b 

50-4 35 
100.0 

90.7 

95 

144.5 

131-0 

55 

188.9 

171.2 
16 II. 9 10.7 

76 

56.3 

51.0 

36 

100.8 

9'-3 

96 

145.2 
131.6 

56 

189.7 

71-9   , 

17 12.6 1 1.4 
77 

57-' 

51-7 

37 
101.5 

92.0 

97 
146.0 

132.3 

57 

190.4 

72.6 

18 133 12.1 

7* 
57-* 

52.4 

38 

102.3 

92-7 

98 

146.7 

i33-o 

58 

191.21 

'73-3 

19 
14.] 12.8 

79 

5«-5 

53-i 

39 103.0 

93-3 

99 
147.4 

133-6 
59 

191.9 

'73-9 

2C 14.8 
13.4 

80 

59-3 
53-7 

40 

103.7 

94.0 

200 

148.2 

134-3 

6oj 

192.6 

74.6 

21 
15.6 1.4,  j 81 box 

54-4 »4* 

104.5 

94-7 

201 

148.9 

135.0 
261 

193-4 

75-3     ! 22 ib.3 
14.8 82 6o.b 

5*-i 

42 

105.2 

95-4 

02 

149-7 135-7 

62 

1 94. 1 

[75-9 

23 
17.0 M-4 

83 

61.5 

5  5-7 43 
106.0 

96.0 

03 

15O.4 
136-  3 

63 

194.9 

[76.6 

24 
17.8 16.1 

84 

62.2 
56.4 44 

106.7 

96.7 

04 

151. 2 i37-o 

64 

195.6 

177-3 

25 18.5 
16.8 

«5 

63.C 

57-i 

45 

107.4 

97-4 

05 

I5I-9 

137-7 

65 

196.4 

178.0 
2b 19-3 I7-S 86 63-7 

57.8 

46 

108.2 

98.0 

06 

152.6 

138.3 66 

197.1 
178.6 

•27 
20.0 1 8. 1 

8/ 

04. 5 58.4 

47 

108,9 

98.7 

07 

153-4 

139.0 

67 

197.8 

179-3    J 

•      28 
20.7 

18.8 88 
65.2 

59-i 

48 

109.7 

99-4 

08 
I54-I 

139.7 68 

198  6 

180.0   1 29 21.5 19.5 

89 

6  5-9 

59-8 

49 

1 10.4 

1 00.1 

09 

154.9 140.4 

69 

199-3 

180.&J 

30 

31 

22.2 20.1 

20.8 QO 

91 

66.7 

67.4 

60.4 

~6i7i 

JjO
 

151 

in. 1 
111. 9 

100.7 10 

21  j 
155-6 141.0 

"0 

271 

200.1 

181.3    1 

23. c 

101.4 
i56-3 

i4i-7 

200'.  8 

182.0    I 

3* 
23-7 

21.5 

92 

68.2 61.8 

<J2 

112. 6 102. 1 12 

157. 1 

142.4 

72 

201.5 

182.7    I 

33 24.5 22.2 

"93 

68.9 62.5 

S3 

"3-4 102.7 

13 

157-8 
i43-o 73 

202,3 183-3    1 

34    25.2 22.8 
94 69.6 63.1 

54 1 14. 1 

103.4 

M 

158.6 

143-7 
74 

203.0 

184.0    1 35 25.9 2.3-5 
95 70.4 63.* 55 114.8 104. 1 

"5 

159-3 
144.4 

75 203.8 

184.7    | 

3b 

26.7 
24.2 

96 
71.1 

64.5 

56 

1 15.6 104.8 16 160.0 
145-1 

76 

204.5 185.4 

37 
27.4 

24.8 
97 

71.9 

6-5.1 

57 

rib. 3 105.4 

17 

16O.8 

145-7 

77 

205.2 
186.0    ; 

38 
28.2 25.5 

98 

72.6 

65.8 

58 

117. 1 106. 1 

18 
161. 5 

146.4 

78 

206.0 

186.7 

39 
28.5 

26.2 99 
73-4 

66.5 

59 
117.8 106.8 

19 

162.3 

147.1 
79 

206.7 
187.4 

40 
  

1   4' 

29.6 

26.9 

27-5 

100 

101 
74-' 

74-* 

67.2 

67.8 
1   60 161 

118. 6 

107.4 
20 

221 

163.0 
147.7 80 

281 

207.5 

188.0 

30.4 

119.3 

io8.i 163.8 

148.4 
208.2 188.7    ■ 

1  42 31.1 
28.2 02 

75.6 

68.5 

62 
120.0 108.8 

22 

164.5 

H9.1 

82 

208.9 

1894 

i   43 
3I-S 

28.9 

03 

76.3 69.2 

63 

120.8 

109-5 

23 

165.2 

149.8 

83 

209.7 

.90.1 

1   44 
32.t 

29.5 

04 

77-i 

69.8 

64 

121. 5 

1 10. 1 

24 

166.0 

150.4 

84 

210.4 

190.7    ; 

1   45 33-j 
30.2 

05 

77.8 

70.5 

65 

122.3 

1 10.8 

25 

166.7 

151.1 

85 

211. 2 

191.4 

-4* 

34..1 
3°-9 ofc 78.5 

71.2 

66 
123.C 

in. 5 

26 

167.5 

151.8 

86 

211.9 

192. 1 i  47 
34-* 31.6 

07 

79-3 71.9 

67 

123.7 

112.2 

27 

168.2 
152.4 

87 

212.7 

192.7 

|  4i 
35-< 32.2 

O't 

8o.c 72.5 68 

124-5 

1 1 2.8 28 

168.9 

153. 1 

88 

213.4 

193.4 

1  4< 36-: \    32.9 OC 
X0.8 

73-2 

6q 
125.2 

113.5 

29 

169.7 

153.8 

89 

214.1 

194.1 

1  SJ 

■   5 
>  37.C >    33-6 

J    34-2 

IC 

[I 

81.  c 
73-9 

74-5 

1    70 
1  17' 

126. c 
114,2 

1 14.8 

.30 

23  i 

170.4 154-5 

9C 
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2  J  4- 9 

215.6 

1948 
'95-4 

37.; 

"82.2 

126.  7 

171.2 155. 1 ■   5^ .  38. !    34-9 
1: .  83.C 

75-2 
I    72 

127.4 
115. 5 

32 

171.9 

155-8 

92 

116.4 

196.1 5 39-. !    35-6 
I 

83.7 

75-9 
73 128.2 116.2 33 

172.6 

156.5 

93 

217. 1 

196.8 
5- 

r    4°-( 
>    36-3 

It 

\  84- f 

76.6 

74 

128.1 

1 16.9 

34 

'73-4 

157-1 

94 
217.8 

'97-4 

!   5 
40. 

>    36.9 I 
85,5 

77.2 

75 

U29." 

117.5 

35 

174.1 157.8 

95 
218.6 

198.1 !  5< )  41. 5    37-6 
If )    86  c 77-9 

j    76 

130,/ 
1 18.2 

36 

174.9 158.5 

96 

219.3 

198.8 1   5 ?  42. *    3*-3 

I- 

86.- 78.6 

77 
*3t.i 

.118.9 

3"
 

.75-6 
159.2 

97 

220.1 

199.5 

j  5 
<   43- '    39c 

I i    87., 

79.2 

i    78 

l'31-t 

119.5 

3* 

176-3 

159.8 

98 

i20.8J200. 1 1   5 
5   43- 

1    39-fc !   k 
)    88.; 79-9 !    79 !l32.t 

120.2 

3C 

1.77.1 

160.5 

99|i2i.5'20o.8 

6 3    44. 
5|  4^-3 

2' 

)    8X.r 80.6 8c 

U&A 

120.9 

4C|I77.8 

161. 2 ;co  122.3  201.5 

iDil t  Dep 1  Lat. 

JDli 

-  Dep. 
Lat. 

j  Dili. Dep. Lac. Dl(!|Dep. 

Law  i  Diftjjep.  j   4.at'.  I 

(For  4^  Points. 



Table  I.     Difference  of  Latitude  and  Departure  for  4  Points. 

.  Dill Lat. 
Dep.  j Dili 

Lat. 
Dep. 

Dirt 
121 

Lar. 

Ts~6 

Dep. 
Dirt 

7«T 

Lat. 

128.0 

Dep. 

128.0 

|Dift 

241 

Lat. 

Dep. 

170.4 

. 

1 
OO.7 00.7 

43-' 
43-i 

85.6 

170.4 

2 

01.4 01.4 

62 

43.8 
43-8 

22 

86.3 
86.3 

82 

128.7 128.7 

42 

171. 1 
171. 1 

3 02.1 02.1 

63 

44-5 44-5 

23 

87.0 87.0 

83 

129.4 
129.4 

43 

.71.8 
171.8 

4 02.8 02.8 

64 

45-3 45-3 
..  24 

87.7 

87.7 

84 

130. 1 
130.1 

44 

172.5 
172.5 

1 5 
03.5 03-5 

&S 

46. c 
46.0 

25 

X8.4 
88.4 

85 

130.8 
130.8 

45 

173.2 173-2 
§\      6 04.2 CSJ..2 66 

46.7 46.7 

26 

89.1 89.1 86 

I3I-5 
1.31-5 

46 

•73-9 ■73-9 

7 
04.9 

O4.9 

67 

47*4 47-4 

27 

89.8 
89.8 

87 

132.2 132.2 

47 

174-7 
1747 

8 05.7 
05-7 

68 

48.  J 

48.1 

28 
90-5 90.5 

88 132.9 132.9 

43 

175-4 175-4 

'      9 
06.4 

06.4 

69 

48. 8 48.8 

29 

91.2 91.2 

89 

'33-6 133-6 

49 

176.1 

176.1 

10 

11 
07.1 

07.  8 

07.1 

7c 

71 

49-5 
49-5 

3C 

131
 91.9 

92.6 

gr.g 

90 

191 

[34-4 

•344 

5v 

251 

176.8 

177-5 

176.8 

'77-5 

O7.8 

SO.  2 

50.2 

92.6 

'35-i 
135-' 

12 
08.5 

08.5 

72 

50.9 
50.9 

32 

93-3 93-3 

92 

'35-8 135-8 

52 

178.2 178.2 

13 

09.2 00.2 73 

51.6 51. b 

33 

94.0 94.0 

93 

136.5 136.5 

53 

178.9 
178.9 

j    J4 

09.9 O9.9 74 

52-3 
S^-l 

34 

94.8 94.8 

94 
^37-2 

•37-2 
54 

179.6 179.6 
M 10.6 10.6 

75 

53-0 

53-0 

35 

95-5 
95-5 

95 137-9 
f37-9 

55 

180.3 

.80.3 

16 

"■3 
"•3 

76 

53-7 

53-7  | 

3& 

96.2 96.2 

96 

r.13.6 138.6 

56 

181.C 

18.1.0 

17 12.0 12.0 

77 54-4 

544 

37 

96.9 96.9 

97 

l39-3 
139-3 

57 

181.7 

181.7 

*8 
12.7 

12.7 

78 
55-2 55.2 

33 

97.6 

97.6 

98 

140.0 
140.0 

58 

182.4 

182.4 

'9 

i3-1 13-4 
79 

55-9 
55-9 

39 98.3 
98-3 

99 

140.7 I40-7 
59 

183.1 

183.1 

20 
14.) 14.1 

80 

T7 
46.6 
57-3 

56.6 

40 

141 

99.0 

99-7 

99.0 
99-7 

2G0 

201 Hi-4 

142.1 

141.4 

60 

2b  1 

183.8 

18JJS 

184.6 

21 14.8 14.8 
57.5 142.1. 

184.6 

22 15.6 15.6 
82 

58.0 

58.0 

42 

100.4 
100.4 

02 142.8 142.8 

62 

185.3 
185-3 

23 
16.3 16.3 

83 

58.7 58.7 

43 
101. 1 ioi.i 

03 

H3-5 

'43-5 

63 

186.0 
186.0 

24 

17.0 17.0 

84 

59-4 
594 44 101.8 101.S 

04 

144.2 144.2 

64 

186.7 
186.7 

25 

17.7 
17.7 

K 60.1 60.1 

45 

102.5 102.5 

0  5 

145.0 145.0 

65 

187.4 
187.4 

26 
18.4 

18.4 

86 60.8 60.8 

46 

103.2 103.2 

06 
145-7 '45-7 

66 188.1 
188.1 

.    27 19.1 
19. 1 

87 

61,5 
61.5 

47 

103.9 103.9 

07 

146.4. 

146.4 

67 

188.8 188.8 

28 
19.8 i9.8 

88 
62.2 62.2 

48 

104.7 
104.7 

f    OK 

147.1 147. 1 

68 

189.5 
.89.5 

29 
20.5 

20.5 

89 

62.9 62.9 

49 

105.4 
105.4 

09 

147.8 147.8 

69 

190.2 

190.2 

h  3Q 

3i 

21.2 21.9 21.2 

90 

9r 

63.6 63.6 

50 

!5' 

106. 1 106. 1 

"106T8 

10 

2  1  1 

148.5 

^8-5 

149.2 

7C 

271 

190.9 190.9 

21.9 
643 

64.3 

106.8 

149.2 191.6 
191.6 

32 

22.6 22.6 

92 

65.1 

6,5.1 

52 

107.5 
107.5 

12 

149.9 149.9 

72 

192.3 

192.3  1 

33 

23-3 23-3 

93 
65.8 65.8 

53 

108.2 108.2 

13 

150.6 150.6 

73 

193.0 
193.0 34 

24.0 24.0 
94 

66.5 
66.5 

54 

108.9 108.9 

14 

i5T-3 15I-3 

74 

193,7 

193-7 

35 
24.7 

24.7 

95 67.2 67.2 
55 

109.6 109.6 

J5 

152.0 152.0 

75 
194-5 194.5 

36 

25-5 25-5 

96 

67.9 
67.9 

56 

110.3 
1 10.3 

16 152.7 
152.7 

76 

195.2 195.2 
37 

26.2 26.2 

'97 

68.6 68.6 

57 

1  n. 0 III.O 

17 

153-4 15  3-4 

77 

195.9 
195.9 

3* 

269 
26.9 

98 

&9-3 
693 

53 

ru.7 

111. 7 

18 

1 54. 1 
1  54. 1 

78 

196.6 196.6 39 
27.6 27.6 99 

70.0 70.0 

59 

1 12.4 

112,4 

19 

154.9 154.9 

79 

197.3 

197-3 

40 

28.3 28.3 

100 

101 
70.7 70.7 60 

161 

113. 1 

113-8 

113.1 

.13-8 
2C 

221 
155.6 155.6 

8  c 
Z'A  J 

198.0 

198.7 

198.0 

198.7 

41 

29.0 29.0 71.4 
71.4 

<56-3 1 56.  J 

42 

29.7 29.7 

02 

72.1 72.1 

62 

1 14.6 
n4.b 

22 

157.0 
FS7-C 

.  82 

199.4 
199.4 

43 3°-4 30.4 

05 

72.8 72.8 

t»3 

U5-3 "5-3 

23 

157.7 
157-7 

83 

200.1 

200.1 

44 

3i-i 311 

04 

73-5 
73-5 

64 

1 16.0 1 1 6.0 

24 

158.4 158.4 

84 

200.8 
200.8 

45 

3i-» 31.8 

°5 

74-2 742 

65 

1 16.7 116.7 

2  5 

.59.1 159-1 

35 

201.5 
201.5 

46 

32-5 
32.  s 06 

75-0 75° 

66 

117.4 117.4 

26 

159.8 159-8 

86 
202.2 

202.2 

47 
33-2 33-2 

07 

75-7 75-7 

67 

118.1 118. 1 

2/ 

160.5 100.5 

87 

202.9 
202.9 

43 

33-9 33-9 

08 

76.4 76.4 68 1 18.8 
118.8 

28 

16.1.-3 

161. 2 

<?<; 

203.6 

203.6 

49 

34-6 34-6 

09 

77.1 

77-1 

69 

119.5 
119. 5 

29, 

161.9 1 6 1 . 9 

89 

204.4 

204.4 

50 

51 

3-<w4 

3  5-4 

36.1 

10 

i )  1 

77-8 

77.8 

■  7C 

•71 

120.2 1 20. 2 

30 

23  1 

162.6 
162.6 

90 

29  1 

205.1 

205.8 
205.  I 

3&.1 

78.5 
7«-5 

[20.9 

I20.q 

163.3 .63.3 

205. S 

36.8 36.8 

12 

79.2 79.2 

72 

[21.6 121. 6 

32 

164. c 164.0 

92 

2.Q6.5 

206.5 

53 37-5 37-5 

1.3 

79-9 79-9 
73 

122.3 r22.3 

33 

104,8 

164.8 

93 

207.2 
207.2 

54 

38.2 38.2 

M 80.6 80.6 

74 

123.0 
123.0 

34 

.65.5 165.5 

94 

207.9 

207.9 

55 38-9 33-9 

1 5 

81.3 81.3 

75 

'23-7 
123-7 

35 

166.2 
(66.2 

95 
208.6 208.6 

56 
39  6 

39.6 

16 82.C 82.0 

76 

124.5 124.5 

36 

(66.9 166.9 

96 

209.3 

209.5 

57 
40.3 40.3 

J7 
82.7 

82.7 

77 

125.2 125.2 

37 

167.6 
107.6 

97 

210.0 
210.0 

^0 

41.0 
41.0 

18 

83.4 83-4 

78 

125.9 125.9 

38 

168.3 
168.3 

98 

210.7 210.7 

59 
41.7 

41.7 

IC 
84.1 X4. 1 

79 
126.6 126.6 

39 
169.0 169.0 

99 

21 1.4 
211. 4 

66 
42.4 
Dep. 

42.4 
Lat. \£ 

84.9 

kP. 

84.9 

:   Lat. 8c|t27.3 

IDmlDep. 

127.3 

Lat. 

40 

Diit 

169.7 

Dep." 

169.7 

Lat. 

300 

Dirt 

212.1 
212. 1 Lat. 

• 
(For  4-  Points. ■  rn  ,!■».'■».  w>  in  fiMm»i.imi 



Table  iL    Difference  of  Latitude  and  Departure  for  1  Degree, 

ivep. 

OO.O 
Ditf|  Lat. 

Dep. 
Did 
I2J 

Lat. 
Dep. 

02.1 

|Difl 

jiTi
 

Lat. 
Dep. 

03.2 

Dift. La:. 

241.C 
|DeP 

1     I 01. 0 TT 61. C 01. 1 121.O 
181.C 

241 

!°4-2 

2 02.0 OO.O 
62 

62.O 01. 1 22  122.0 02.1 ^ 182.C 

03.2 

42 

242. c 04.3 
3 OJ-.O 

00. 1 

63 

63.O 
01.  I 

23 

123.O 
02.1 

1  83 

183-0 
03.2 

43 
243.C 

04.2 4 O4.O OO.  I 

64 

64.O 
OI. I M 124.O 02.2 

8^ 
184.C 

03.2 
44 

244.C 

04.3 

5 O5.0 OO.  I 

65 

65.O 
OI. I 

25 

125.O 
02.2 

«5 

185.C 

03.2 

45 245.C 

04-3 

6 06.0 OO.  I 
66 

66.0 OI.2 26 
126.O 

02.2 86 186.C 

03.2 

46 

246.C 

04-3 

7 O7.C 00. 1 

67 

67.0 01.2 

27 

127.0 02.2 

87 

187.0 

03-3 

47 
247.C 

°4-3 

8 08.0 00. 1 
68 

68.0 01.2 28 128.O 02.2 

88 

188.0 

03-3 
,     48 

248. c 

04.3 

9 O9.O 00.2 

69 

69.0 
01.2 

29 

129.O 

02.3 

89 

189.0 

03-3 

.     49 249.0 

04.3 

10 I  O.O 00.2 

7Q 

7i 

70.0 

01.2 

3C 

130,0 

O2.3 

O2.3 

90
 

190.0 

03-3 

50 

251
 250.0 

04.4 

ii II. 0 00.2 

71.0 

ok  2 
131 I3I-0 

191 

191. 0 

03.3 

251.0 

04.4 

12 I2.C 
•'00.2 

72 

72.0 

01.3 

32 

132.O 

O2.3 

92 

192.0 

03.4 

52
 

252.0 

04.4 

13 
I3-P 00.2 73 

73-0 

01.3 

33  133-0 

02.3 

93 
193.0 

03-4 

53 

253.0 

04.4 

14 

14.C 00.2 
74 

74.0 

01.3 

34134.0 

O2.3 

94 

194.0 

034 

54 

254.0 

04.4 

*5 

If.Q 

OO.3 
75 

75.0 

01.3 

35  J35-0 

O2.4 Q5 

195.0 

03-4 

55 
255-0 

04.5 

16 l6.0 
OO.3 

76 

76.0 

01.3 

36  136.0 

O2.4 

96
 

196.0 

03.4 

50 

256.0 

04.5 

17 

17.0 

OO.3 
77 

77.0 

01.3 

37 
.137-° 

O2.4 

97 

197.0 

o.3-4 

57 

257.0 

04.5 

18 l8.0 
OO.3 

78 
78.0 

01.4 

3* 

138.O 

O2.4 

98
 

198.0 

°3-5 

58 

258.0 

04.5 

19 

I9.O 

OO.3 79 

79.0 

01.4 

39 

139.O 

O2.4 

99 

199.0 

°3-5 

59 
259.0 

04.5 

20 

21 

20.  C 00.3 

Si 

80.0 

01.4 

40 

141 140,-0 

O2.4 

200 

201 

200.0 

03.5 

0.3-5 

60 
261 

260.0 

04.5 

2I.O 
OO.4 

81.0 

01.4 

141.0 

O2.5 

201.0 26J.O 

04.6 
22 22.0 

OO.4 
82 82.0 

01.4 

42 

142.0 

O2.5 

02 

202.0 

03-5 

62 
262.0 

04.6 
23 

23.O 
OO.  4,' 

83 

83.0 

01.4 

43 
143.0 

O2.5' 

0? 

203.0 

03-5 

63 

263.0 

04.6 .  24 2J-C 
OO.4 

H 84.0 

01.5 

44  144.0 

02. 5| 

04 

204.0 
03,6 

64 

264.0 

04.6 

25 

25.C 
OO.4 

*5 

85.0 

ei.f 

45 

I45.O 

02.51 

05 

205.0 

03.6 

<>5 

265.0 

04.6 26 26.C 
00;  5 86 86.0 

oi-5 

46 

146.0 

02.5 

06 

206.C 

03.6 
66 

266.0 

04.6 

*7 
27.0 

OO.5 

37 

87.0 

Oi-5 

47 

147.O 

02.6! 

07 

207.0 
03.6 

67 

267.0 

04.7 

28 28.0 
CO.  5 88 88.0 

01. < 

48 

14S.O 

02.61 
08 

208.0 
03.6 

68 

268.0 

04.7 

29 

29.O 

00.5 

89 

89.0 
01.6 49 

149.0 

02.6j 

OQ 

209  0 
03.6 

69 

269.0 

04.7 

•  30 

31 

30.C 

00.5 

90 

91 

90.0 

01.6 

01.6 

50 

I51
 

150.0 

151. c 

02. .6 
10 

211 

210.0 

03-7 

70 

271
 

270,0 
04.7 

04.7 

31.0 

00.5 

91.0 

02.6; 

21  I.O 

03-7 

271.0 
32 

32. c 
00.6 

92
 

92.0 

01.6 

52 

152.0 

02.7 

12 2I2.0 

03.7 

72 

272.0 

04.7 

33 
33-o 

00.6 

93 
93.0 

01.6 

53 
153-0 

02.7 

13 

213.O 

03.7 

73 273.0 
04.8 

34 
34-o 

00.6 94 

94.0 

01.6 

54 .54.0 

02.7 

14 

2I4.OI 

03-7 

74 
274.0 

04.8 
35 

35.0 
00.6 

95 

95.0 

01.7 

5-5 
155-0 

02.7 

>-5 

215.O 
03.8 

75 

275.0 04.8 
3* 
36.C 

00.6 

96
 

96.0 

01.7 

56 

156.0 

02.7 

16 
2l6.0 

03.8 

76 

276.0 

34.8'
 

37 
37-0 

00.6 

97 

97.0 

01.7 

57 
157.0 

02.7 

17 

217.0 

03.8 
77 277.0 

04.8 
3» 38.0 

00.7 

98
 

98.0 

01.7 

5* 

1  58.0 
02.8 

18 
2i  8.0 

03.8 

7« 

278.0 

04.9 

.  39 
39-° 

00.7 

99 

99.0 

or. 7 

59 1590 
02.8 

'9 

119.0 

03.8 

79 
279.0 

04.9 

40 

4' 

40,0 

41.C 

00.7 
100 

101 

100. 0 

10!. O 

01.7 

01.8 

bo 

160.0 
02.8 

02T8 
20 

22  1 

220.0 

221. G 
03-  8 80 

281 

280.0 

Q4-9 
D4.9 

00.7 
161 

161.0 

0.3-9 

281.0 

42 
42. c 

00.7 

02 
I02.0 01.8 

62 

162.0 02.8 22 
222.0 

03.9 

82 

282.0 

04.9 

43 
43-C. 

00.8 

03 

IO3.O 
01.8 

63 

163.0 

02.8| 

23 

22?.0 

03-9 

*3 

283.0 

04.9 

44 
44.C 

00.8 

04 

IO4.O 01.8 

64 

164.0 

02. 9I 

24 

224.O 

03.9 

84 

284.0 
05. 0 45 

45-C 
00.8 

05 

IO5.O 01.8 
65  165.0 

O2.9 

2S 

225.O 

03-9 

>>5 

285.0 

05.0 4* 46.C 

oo.8| 
06 ICo.O 01.8 

66 
166.0 

O2.9 

26 

226.0 

03-9 

86 

286.0 
05.0 

47 
47  -c 

00.8I 

07 

107.0 

01.9 

67 

167.0 

O2.9 

27 

227.0 

04.0 

«7 

287.0 

05.0 4* 48.0 
00.8 

08 108.0 

01.9 

68 168.0 

O2.9 

28 
228.0 

04.0 

88 288.0 

05.CJ 

49 

49.C 

00.9 

09 

109.0 

01.9 

69 

169.0 

O2.9 

29 

22Q.0 

04.0 

89 

289.0 05.0I 

.5" 50.0 

00.9 TO IIO.O 

01.9 

70 

170.0 O3.O 

30 

2JO.O 04.0 

90 

290.01 

Ov'l 

51 51.0 

00.9 
1  11 III.O 

01. 9 

171 

1-1.0 

O3.O 231 

23I.O 
04. c 

291 

291.0 

05. ij 

5? 
52.C 

00.9] 

12 H2.0 
02.0 

72 

172.0 O3.O 

32 

232.O 
04.0 

9?
 

•>-92.0j 

05.1 
53 

53-o 

00.9 

T3 

II3-0 
02.0 

73 173.0 O3.O 
33 

233.0 
04.1 

93 
293.01 

05.1! 
54 

54.0 

00. 9 1 

14 

I  I4.O 
02.0! 

74 174.0 03. o| 

34 

234.O 

04. 1 
94 

294.0I 

05. 1 1 
55 

*5-r 

01.  oj 

■*5 

115. 0 

02. oj 

75 175.0 
03- 1 1 

35 

235.0 04.1 95 295.0! 

05. ij 

5* 56.
 c 

01. 0 16 1 16.0 02. ol 

76 

176.0 03-i 

36 

236.0 
04.1 

96 

296.0! 

05.2 
5? S7.C 

01. 0'
 

17 

117.O 02.0 
77 

177.0 

03-i     37 

237.0 
04.1 

97 

297.0 05.2 
5« 58.O 

01. 0 
18 

118. 0 02.  II 

78 

178.0 03.1! 

J8 

238.O 

04.2 

98 

208.0 

05.2 

59 

59.O 
01. 0' 

'9 

II9. 0,   02.  ij 
79 

r79.o! 

03-1! 

39 

239.O 
04.2 99 299.0 05.2 

60 60.0 01.0! 
20 

I20.0     02.1. 
80 

180.0    03. ij 

40 

24O.O 

04.2 

30c 

300.0 
05.2 

DniiOep. 
Ln.  J OHt 

DepJ  Lat.  1 
Dift. 

Dep.     Lat.UDilt 

Dep. 

Lat.  >  Dift. 

Dep. 

Lar.j 

(For 

89  Dl 

grees. (C)     Tab, 



Table  II.     Difference  of  Latitude  and  Departure  for  2  Degr&s. 

;Di(t. 
I 

Lac. Dep. 

00.0 

Dill 
Lat. 
61.0 

Dep. 

Dift 
121 

Lat. 
120.9 

Dep. 

Dirt. 
Lac. 

Dep. 

Dill 
241 

Lat. 

Dep. 

01. 0 02.1 
04.2 

181 

180.9 
06.5 

240.9 

08.4 

1          2 
02.0 00. 1 

!  62 

62.0 
02.2 

22 

121. 9 
04.3 

82 

181.9 
06.4 

42 

241.9. 

0S.4 

3 03.0 00.  J 

!  63 

63.0 02.2 

23 

122.9 04-3 

83 

182.9 

06.4 

43 

242.9 

08.5 

!       4 04.0 
00. 1 

64 

64.0 02.2 

24 

123.9 °4-3 

84 

183.9 

06.4 

44 

243-9 

08.5 

5 05.0 00.2 

65 

65.0 

02.3 

25 

124.9 

04.4 

»S 

184.9 

06.5 

45 

244.9 

0S.6 6 06.0 00.2 1  66 66.0 

02-3 

26 

125.9 04.4 

86 

185.9 

06.5 

|  46
 

245.9 

08.6 
7 07.0 

-00.2 

67 

67.0 

02.3 

27 

126.9 
04.4 

87 

186.9 

06.5 

!  47 
246.  fc 

08.6 

a 08.0 

00.', 

!  68 
68.0 

O2.4 

28 

127.9 04.5 

88 
187.9 

06.6 

|  48
 

247.8 

08.7 

9 09. 0 

00.3 

,  69 

69.0 

O2.4 

29 

128.9 

04.5 

89 

188.9 

06.6 

49 

24a.  8 

08.7 

|       10 
10.0 

II.C 

QQ-3 

00.4 

70 

[71
 

70.C 

71.0 

02.4 
O2.5 

JO
 

131
 

129.9 
04.5 

90 

191
 

189.9 

06.6 

I251 249.8 

08.7 

1 1 

130.9]  04.6 

190.9 

06.7 

250.8 

08.8 

12 12.0 

00.4 

72 

72.0 

O2.5 

32 

131-9   °4-6 

92 

191.9 

06.7 

1  ̂ 

251.8 

08.8 

13 

13.0 

00.5 

1   73 

73-o 

O2..5 

33 

132.9   046 

93 

192.9 

06.7 

S3 

252.8 

08.8 

*4 

14.0 

00.5 

I?4 
\  7> 74.0 

02.6 
34 

I33-9|  °4-7 94 

'93-9 
06.8 

1  54 
253,8 

0S.9 

M 
.  15-0 

00  5 

.75-0 

02.6 
35 

134.9!  04.7 95 

194.9 

06.8 

1   " 

254.8 

08.9 

16 16.0 00.6 

7& 

76.0 

O2.7 

36 

135.9   °4-7 

96 

195.9 
06.8 

56 

25  c.  8 

08.9 

17 

17.0 
00.6 

77 

77.0 

O2.7 

37 
136.9   04.8 

1    97 
196.9 

06.0 

57 

256.8 
O9.O 

,     l8 
1 8.0 co.  6 

7« 

78.0 

O2.7 

3* 

137,9!  04.8 

98 

197.9 

06.9 

5*5 

257.8 
09.0 

19 

19.0 

00.7 79 

79.0 

82.8 

39 138.9 

04.9 

r    " 

198.9 

C6.9 

59 

258.8 09.0 zo 

21 

20.0 

21. 0 

oa.7 

00.7 

80 

Tr 
80.0 02.8 

_40
 

141 

'39-9 

04.9 
04.9 

200 

201 

199.9 

07. c 

,  60 
261 

259.8 
09.1 

81.0 02.8 

140.9 

200.9 

07.0 

260.8 

09.I 
22 

2*3.0 
00.8 82 82,0 

02.9 

42 

141. 9 

05.0 02 

201.9 

07.0 
62 

261.8 

09.I 
i     23 23.O 00.8 

8^ 

82.9 O2.9 

43 

142.9 

05.0 

1   03 

202.9 

07.1 

63 

262.8 

O9.2 
:      34 24.O 00.8 H 

83,9 
O2.9 

44 143-9 

05.0 

\   04 

203.9 

07.1 

64 

263.8 

O9.2 
!      2S 

25.O 

00*9 

»? 

84.9 

03.C? 45 

144.9 

05.1 

05 

204.9 

07.2 65(264.8 

O9.2 1      26 
26.O 

00.9 

86 

«5-9 

03.0 

46 

145.9 

05.1 

06 

205.9 

07.2 

66 
265.8 

09-3 

27 

27.O 

00.9 

«7 

86.9 

O3.O 

47 

146,9 

05.1 

07 

206.9 

07.2 

67 

266.8 

°9-3 

-.      28 28.O 01.0 
88 

87.9 

03.I 

4.8 

•47-9 

05.2 

.    08 

207.9 °7-3 

68 
267.8 

09.4 

:    29 
29.O 

01. 0 

89 

88.9 

03.I 

49 
148.9 

05-2; 

09 

208.9 07-3 

69 

268.8 

09.4 

j    30 

31 

30.0 

31.0 

01.0 

01. 1 
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Xab^e  II.     Difference  pf  Latitude  and  Departure  for  5  Degrees. 
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Table  II. Difference  of  Latitude  and  De Darture  for  6  Degrees. 
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0-3.1 

90 

8.9-  5 O9.4 

5° 

I4Q.2 

'5-7 

ro 
208.8 

22.0 
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'03.6 

94 

93-5 
09.8] 

54 153-2 
it> 1 

14 

212.8 

22.4 

74 

272.5 

28.6 
1   y,\ 

34-8 
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04.2 °4-3 

100 

101 
99-  S TOO.  4 

10.  5 
60 

i6j 
159. I I  60.  I 

16 16 

8 

20 

221 

218.8 

23.0 

80 

278.5 

29-3 

29.4 

10.6 219.8 

23.1 
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Table  II.     Difference  of  Latitude  and  Departure  for  7  Degrees 
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15.0 !  83 

181. 6 

22.3 

43 

241.2 
29.6 

4 04.O 
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29.9 

6 06.O 
00.7 

66 

<>55 
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01.5 

72 

71.5 08.8 

32 

131.0 
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01.6 
73. 72.5 

08.9 
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136.0 

16.7 

!  97 

'95-5 

24.C 
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199.5 

i   22 21.8 02.7I 82 
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263.0 32.3 
16 

03. 2| 86 
85.4 

10-5 

46 

144.9 

17.8 

06 

204.5 

25.I 
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03 

102.2 12.6 
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"^Able  It.     Difference  of  Latitude  and  Departure  for  8  Degrees. 
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259-5 

36 

s 
21 

22.8 
03.2 

«3 

82.2 11. 6 

43 
141.6 

19.9 

03 

20I.0 

28.3 

63 

260.4 

36 

6 
24 

23.8 

°3-3 

84 

83.2 

11. 7 

44 

142.6 

20.0 

04 

202.0 

28.4 

64 

261.4 

36 

7 

25 

24.8 

03.5 

85 

84.2 

11. 8 
45 

143.6 

20.2 

05 

203.0 

28.5 

65 

262.4 

36 

9 

26 27 
25-7 

03.6 

86 
85.2 

12.0 

46 

144.6 

20.3 

06 204.0 

28.7 66 

263.4 

37 

0 26.7 

C3.8 

»7 

86.2 12.1 

47 145.6 

20.5 

07 

2O5.O 28.8 

67 

264.4 

37 2 

28 
27.7 

c3-9 
88 

87.1 
12.2 

48 

146.6 

20.6 08 206.0 

28.9 

68 

265.4 

37 

3 

29 

28.7 

04.0 

89 

88.1 

12.4 

49 '47-5 

20.7 

09 

2O7.O 
29. 1 

69 

266.4 

37 4 

JO 

3' 

29.7 
04.2 04-3 

9° 

91 

89.  j 

12.5 

12.7 

5.0 

•51
 

■4«-5 

149.5 

20.9 

21.0 

10 

211 

208.O 

208.9 

29.2 

29.4 

70 

267.4 

37 

6 

30.7 

90.1 

271 

268.4 

37 

7 

32 

3i-7 

04.5 

92 

91. 1 

12.8 

52 

150.5 
21.2 

12 

2O9.9 

29.5 

72 

269.4 

37 9 

33 32-7 04.6 
93 

92.1 

12.9 

S3 

151.5 

21.3 

13 

210.9 

29.6 
73 

270.3 

3* 

0 

34 
33-7 

04.7 

94 

93-1 

131 
54 

152.5 

21.4 

14 

211. 9 

29.8 

74 27I-3 

38 

1 

35 
34-7 

04.9 
95 

94.1 

'3-2 
55 

!53-5 21.6 

'5 

212.9 29.9 75 

272.3 

38 

3 

36 
35-6 

05.0 

9b 

95-i 

13-4 

5fa 

'54-5 

21.7 

16 

213-9 

30.1 

76 

273-3 

38 

4 

7 

37 

36.6 
05.1 97 

96.1 

13-5 

57 

'55-5 

21.9 

17 

214.9 

30.2 

77 

274-3 

38 

P 
37-& 

©5-3 

98 

97-o 

13-6 

58 

156-5 

22.0 

18 

215-9 

30.3 

7« 

275-3 

38 

39 

38.6 

05.4 
99 

98.0 

13J 

59 

157-5 
22.1 

19 

216.9 

30-5 

79 

276-3 

38 

8 

40 

4' 

39-b 

40.6 

05.6 05.7 
100 

101 

99-Q 

100.0 

13-9 

14. 1 

60 

101 

158.4 

1 59.4 

22.3 

.  20 

221 

217.9 

30.6 
30.8 

80 

16 1 

277-3 

278.3 

39 39 

0 
f 1 

22.4 

218.8 

42 
41.6 

05.8 
02 101.0 

14.2 
62 

160.4 

22.5 

22 

219.8 30.9 82 

279.3 

39- 

2 

43 

42.6 

06.0 

03 

102.0 

14-3 

63 

16 1.4 

22.7 

23 

220.8 

31. c 

83 

280.2 

39 

4 

44 

43-6 

06.1 

04 

103.0 

14-5 

64 

162.4 

22.8 

24 

22  1,8 

31.2 

84 

281.2 

39 

5 
45 

44.6 

06.3I 

05 

104.0 14.6 

65 

163.4 

23.O 

2  5 

222.8 

31-3 

85 

282.2 
39 

7? 

46 
45-6 

06.4 

06 

tO*}.' 

14.8 
66 

164.4 

23.1 

26 

223.8 31-5 

86 

283-2 

39 

8 

47 
46.5 

06.5 

07 

to6.o 

14.9 

67 

165.4 

23.2 

27 

224.81    31.6 

87 

284.2 

39 

9'
 

48 

47-5 

06.7 

08 

106.9 

15.0 

68 
166.4 23.4 

28 
225.8 

31-7 

88 285.2 

40 

I    ! 

49 
4«-5 

06.8 

09 

107.9 

15.2 

69 

167.4 

23-5| 

29 

226.8 
3«-9 

89 

286.2 

40-
 

2 

5C 

5' 

49-5 
5°-5 

07.0 IC 

1 1 1 

108.9 

109.9 

J5-3 
15.4 

70 

171 

168.3 

.69.3 

2.3-71 
23.X] 

30 

231 

227.8 

228.8 

32.C 

32.1 

90 

29, 

287.2 
28T2 

40 

v 
07.] 

40 

5'! 

5.2 

51-5 07.2 
12 

1 10.9 

15.6 

72 

170.3 

239] 

32 

229.7 

32.3 

92 

289.2 

40 

6  '
 

53 52-5 

07.4 

13 

1 11. 9 
J5-7 

73 '7i-3 

24.1l 

33 23O.7 

32-4 
f  93 

290.1 

40 

8 

S4 53-5 

07.5 

'4 

112.9 
J5-9 

74 

[72-3 

24.21 

34 
231.7 

32.6 

94 

291. 1 

40 

9 

55 54-5 

07.7 

15 

ri3-9 

Ib.O 75 173-3 

24-4! 

35 

232.7 

32-7 

95 

292.1 

41 

1  ■ 

56 

55-5 
07.8 

16 

1 14.9 
16.1 

76 

174-3 

24.5 

36 

233-7 

32.8 

96 

293. 1 

4i 

2 

5"
 

564 
07.9 

17 

115.9 
ifa-3 

77 

175-3 

24.6; 

37 
234-7 

33-o 

97 

294.1 

41 

V 

5* 

57-4 
08.  i 

1 8 

1 16.9 

.6.4 

7$ 

176.3 24. 8 1 

38 

235-7 

33-' 

9H 

295.1 

4' 

S" 

59 5«-4 
0S.2 

19 

=  17.8 16.6 
79 ■77-3 

24.9 
39 

236.7 

33-3 

1   99 

296. 1 

4i 

6 

6c 

Dift. 59-4 Dep. 

08.4 
20 

O.it 
Dtp. 

16.7 

^Lat. 

80 
51ft 17S.2 

Dep, 
25.1! 40*237.7 

33-4 

Lat. 

300 

D~7t 

297.  T 

Dep. 

4* 

H-  i 

Lat. 

Lat.) 

Ditt'   Dep. 

Lat (For  82  Degrees. 

* 

-J 



Table  II .    D iffere nee  0 f  La itudt 
and Den; tfture for  9  Degrees 

Dirt Lat.  Dep. Dift. Lat. 
Dep. 

Dift. 
Lat.  iDep. Dift. 

Lat. 
Dep, 

Dift Lat. 

Dep. 

1 01. 0 00.2 61 60.2 

09.5 

121 
119. 5!   18.9 181 

178.8 

28. ■? 

241 

238.O 37-7 2 02.0 
00.3 

62 61.2 

O9.7 

22 

120.5 

19.1 

82 I79.S 

28.5 

42 

239.O 
37-9 

3 O3.O 
00.5 

63 

62.2    ©9.9 

23 

121. 5 

19.2 

»3 

180.7 

28.6 

43 
240.Q 

38.0 

4 O4.O 00.6 

64 

63.2 10.0 

24 

122.5 
19.4 

84 

181.7 

28.8 
44 

24I.O 

38.2 

5 04.9 00.8 

65 

64.2 
10.2 

25 

•23-5 

19.6 

85 

182.7 

28.9 

45 

242.O 

38.3 

6 05.9 
00.9 66 

65.2 

IO.3 26 124.4 
19.7 

86 

183.7 

2g.  1 

46 

243.O 38.5 

7 
06.9 01. 1 

67 

66.2 

10.  , 

27 

125.4 19.9 

&7 

184.7 
29-3 

47 

244.O 

38.6 

8 07.9 01.3 68 

67.2 
10.6 28 

126,4 

20.0 

88 

185.7 

29.4 

48 

244.9     38.8 

<? 

08.9 01.4 

69 

68.2 10,8 
28 

127.4 
20.2 

*9 

186.7 

29.6 49 245-9J   39-o 
10 

1 1 

°9:9 
10.9 

Ol.b 

01.7 

70 

69.1 

70.1 

1 1.0] 

11. 1 

30 

131
 

128.4 

129.4 

20.3 

20.5 

90 

191
 

187.7 

188.6 

2.9-7 

29.9 

251 

246:9]  Jo.i 
247-9I  39-3 

7» 

12 
1 1.9 

01.9 

72 

71. 1 

»i-3 

32 

1304 
20.6 

92 

189.6 

30.0 

52 

248.9    39.4 »s 
12.8 02.0 

73 

72.1 

11.4 

33 
131.4 

20.8 

93 19O.6 

30.2 53 

249-9 

39.6 

14 
i3-» 

02.2 74 

73* 

11. 6 
34 132.4 

21.0 

94 
191. 6 

30-3 

54 

250.9 

39-7 M 14.8 

02.3 
75 

74.1 

ii.'l 

35 
133-3 

21. 1 

95 

192.6 

30.5 

55 

251.9 

39-9 16 
itf 

O2.3 

76 
75-i 

11.9 

36 

■34-3 

21.3 

96 

193.6 30.7 

5* 

252.8 

40.0 

17 
16.8 

02.7 
77 

70.  1 

12.0 37 
'35-3 

21.4 

97 194.6 

30.8 

57 
2,3.8 

40.2 

18 
17.8 

02.8 

7* 

77.O 

12.2 

3« 

136.3 
21.6 

98 

195.6 

31.0 

5« 

2,4.8 

40.4 
19 

18.8 03.0 
79 

78.0 

12.4 
39 

J3Z-3 

i3*-3 

21.7 

99 

196.5 

31. 1 

59 

255.8 

40.5 

20 19.8 03.1 80 

79.0 

l2.f 

40 

21.9 

200 

1 97-.  5 
3i-3 

60 

256.8 
40.7 

2! 
20.7 03-3 

81 80.0 

12.7 

141 

139-3 
22.1 

201 

198.5 
31.4 

261 

2,7.8 

40.8 

22 
21.7 03-4 82 

81.0 12.8 

42 

140-3 22.2 

02 

{99.5 

31.6 

62 

258.8 

41.0 

23 22.7 
03.6 H 82.0 

13.0 43 141. 2 

22.4 

03 

200. 5 

31.S 

63 

2,9.8 

41.1 

24 
23.7 

03.8 

84 

«3-0 I3-I 
44 

142.2 

22.5 

04 

2OI.5 

3i-9 

64 

260.7 

41.3 2  5 24.7 °3-9 

»5 

84.0 

13-3 

45 143.2 

22.7 

05 

202.5 

32.1 

65 

261.7 

4i-5 

26 25-7 
04.1 86 

84.9 13-5 

46 

144.2 22.8 
G6 

203.5 

32.2 

66 

262.7 

41.6 

27 26.7 
04.2 

»7 

«5-9 

13-6 47 145.2 23.0 

07 

204.5 

32-4 

67 

263.7 

41.8 

28 27.7 04.4 88 
86.9 

*3i* 

48 

146.2 23.2 

08 

2G5.4 

32.5 
68 

264.7 

41.9 29 
28.6 

04.5 

89 

87.9 13-9 
49 

147.2 

^3-3 

09 

206.4 

32-7 

69 

265.7 

42.1 

3°! 

3  J 

29.6 

30.6 

04.7 

04.8 

90 

91 

88.9 

14. 1 

14.2 

50 

I5I
 148.2 

149.J 

23.5 

10 

211 

207^4 

208.4 r-3 

_7_o
 

271
 

266.7 

267.7 

■  42-2 

42.4 
89.9 

23.6 

32 
31.6 

05.C 

92 

90.9 
J4-4 

52 

1 50. 1 
23.8 

12 

2O9.4 

33-2 

72 

268.7 

42.6 

33 

32.6 
05.2 93 91.9 

14.5 

53 
151.1 

23-9 

13 

2IO.4 

33-3 

73 

269.6 

42,7 
34 

33-6 

05.3 

94 

92.8 

14.7 

54 1 5  2. 1 
24.1 

*4 

211. 4 

33-5 
74 

270.6 

42.9 

3  5 
34-6 

°5-5 

95 

93.8 

14.9 

55 I53-I 
24.2 

15  212.4 

33.6 

75 

271.6 

43-0 

3& 35-6 
05.6 

96 

94.8 

15,0 

5«> 

i54-i 

24-4 

16 

213.3 

33-t 

76 

272.6 

43.2 

37 36.5 05.8 

97 
95.8 

15.2 

57 
155.1 24.6 

»7 

214-3 

33-9 77 
273.6 

43-3 33 
37-5 

°5-9 

9« 

96.8 

*5-3 

5* 

156.1 

24.7 

18 

215.3 

34-i 

7« 

274.6 
43-5 M 3«-S 06.1 99 

97.8 

*S-5 

59 157.0 

24.9 

19 

216.3 

34-3 

79 

27  5-6 

43.6 

49 

4' 

39/5 

40.5 

06.3 

06.4 

100 

toi 
98.8 

i5-fa 
I5.8 

60 

161 
158.0 
159.0 

25.0 

25.2 

20 

221 

217^3 

218.3 

,14-4 

34-6 

80 
276.6 277., 

43-8 

44.0 

99.8 42 
4'-5 06.6 

02 100.7 
16.0 

62 
160. 0 

25-3 

22 

2i9-3|  34-7 

82 
278.5 

44.-1 

43 42-5 
06.7 

03 

101.7 
16.1 

&3 

161.0 

25-5 

23 

220.3    34-9 

«3 

279-5 

44-3 44 43-5 

06.9 

04 

102.7 
16.3 

64 

162.0 

25-7 

24 

221. 2|    35.O 

84 

2S0.5 

44-4 45 
44.4 07.0 

05 

103.7 
16.4 

<>S 

163.0 

25.8 

25 

222.2     35.2 

85 

281., 

44.6 

46'.  45.4 07.2 06 

104.7 
16.6 

66 
164.0 26.0 

26 

223. 2|    35.4 
86 

282., 

44-7 47 46.4 
07.4 

07 

IQ5-7 

16.7 

67 

164.9 

26.1 

27 

224.2 

35-5 

87 

283., 

44-9 
48 

47-4 
07.5 

08 

106.7 
16.9 68 165.9 

26.3 

28 

225.2 

35-7 

88 

284.5 

45.1 

49 48.4 
07.7 

09 

107.7 

vf.i 

69 

166.9 

26.4 

29 

226.2 

35-« 

89 

285.4 

45>* 

495 

50-4 

07.8 
08.0 

10 

11 1 

108.6 
17.2 17.4 

70 

171 

167.9 

168. 9 
26.6 

26.8 

3C 

227.5 

228.: 

36.0 

-    36-' 

9C 

291
 

286.4 
287.4 

45-4 

109.6 

231 
45.5 

12 
?'-4 08.  i 12 

1 10.6 

17-5 

72 

169.9 

26.9 

32 

229. 

3*>-3 

92 

288.4 

45-7 53 52-3 

08.3 

13 

11 1.6 
17.7 

73 
170.9 

27.1 
33 

230. 36.4 

93 

289.4 

45-8 

54 
53-3 

.08.4 

14 

11 2.6 
17.8 

74 171-? 

27.2 
34 231. 

36.6 

94 

290.4 

46.0 

?5 54-3 
08.6 

15 

113. 6 18.0 

1' 

172.5 

27.4 
35 

232. 

3<J.t 1  55 

291.4 

46.1 

56 
5  5-3 

08.8 16 1 14.6 18.1 

7i 

173. 1 

27.5 

3< 

»  233- 1    36.C 

t    9t 

292.4 
!     46.3 

57 56.? 

08.9 

17 

115. 6 

18.3 

7/ 
174.1 

27.7 

3/ 

234- 

1    37-i 

1  9- 

293-3 

46.5 

58 
57-3 09.1 

18 
116. 5 

18.5 

7> 

i7S.i 

«M 

3> 

23  5- 

'    37-5 
•    9* 

294-3 

46.6 

1   59 

<».-3 

•09.2 1     19 
117.3 

18.6 

7' 

>  }7<>-* 

28.C 

3< 

)  23  w 1    37-< 
H  9? 

1295-: 

46.S 

60 
59-3 

1  09.^ 

|La:. 

!     20 118.5    18.8 
8c I  l7lA 1  28.2 lLai- , 

4< 

>  237. .  Dep 
5    37-f 

30c 

)  296.; 46.9 

Lat. .Siftte^p. 
(Dnt.lDep.'|  Lat 

IDiftjDep. 
Dift 

Lat.  ''DiftlDep. 

(For  81  Degrees. 
urn   . 

( L>)     7 
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TrtBL2  It*     Difference  j3f  Latitude"  arid  Ju>eparture  for  id  Degree^ 

J     »;« Lar. 
Dep-. 00. 2 

IDift Lat. 

60.1 

Dep.j 

10.6 

Pjft 

1  21 
Lat. 

Dep. 

2l.C 

DJfi 

181 

Lar. Dep. 
Dift 
24a 

Lat. 
237-3 

  —  m* 

Dep.   I 

41.8 

1      '      ' Q.1-.C 
1 19.2 

178.3. 

31.4 

1            2 
02. C 

OO.3 

i  02 

61.1 10.8 
22 

f  20il 21.2 8: 
179.2 

3i 

6 

42 

238.3 

42.O 

3 
03. C 

OO.-5 

!  b3 

62. c 

10.9 

23 

121.  1 

21.4 

8; 

180.2 

3i 

8 43 

239-3 
42.2  j 

4 
O3.9 OO.7 

b4 

63-c 1 1. 1 

24 

122.1 

21    5 

84 

181.2 

32 

c 

4-1 

240.3 

42.4  j 

5 
O4.9 

OO.9 

65 

640 

1 1-3 

25 

I23.I 

21.7 

8: 

182.2 

32 

1 

4< 

241-3 

42-5 6 O5.9 
01. c 66 

65.0 

11. 5 

26 

I24. 1 

2I.g 

8^ 

183.2 

32 

3 

46 

242.3 

42.7 
•         7 

06-9 
01.2 

67 

66.0 11. 6 

27 

I2J.1 22.1 

8- 

184.2 

32 

5 

47 243.2 

42.9 

i       2 
07-9 

Ol. a 68 
670 11. 8 

28 

I  26. 1 

22.  r: 

8£ 185.. 

32 

6 

48 

244.2 

43-i 

9 
08.9 

01.6 1  69 68.0 12.0 

29 

127. C 

22.4 

89 

186.1 

32 

8 49 

245.2 

43-2 

JO 

O.9. « 

OI.7 

1   '° 

68.9 

12.2 

30 

'3i 

128.O 

129.O 22.6 _9£ 1 9,j 

187,1- 

33 

0 

5° 

25  > 

246.2 
43-4 

43-6 

10.8 

pi.o 

1  7' 

69.9 

12.3 

188.1 
33 2 

247.2 12 II. 8 
02.1 

j-72 

70.9 

12.5 

32 

13O.C 

22.9 

92 

189..  1 33 3 

52 

248.2 

43-8 

-  13 12.8 

02.3 

1  73 71.9 

12.7 

33 
1.3 1.0 

23.1 

93 

190. 1 

33 5 

53 

249.2 43-9 

14 

13.8 

02.4 

i  74 

72.9 
12.8 

34 

132.0 

23-3 

94 
191.1 

33 

7 

54 
250.  I 

44.1 

if 

14.8 
02.6 75 73-9 

13.0 

35 132.9 
23-4 

9  5 

192.0 

33 9 55 

25  1. 1 

44-3 

16 
15.8 

02.8 

|  7*> 74.8 

1,3.2 

30 

L33-9 

23.6 

96 

193.0 

34 

0 

56 

252.  1 44<5 

17 
16.7 

03.0 i  77 

75.8 

•3-4 

37 

134-9 

23.  £ 97 
194.0 

34 

2 

57 

253-1 

44-6 

18 
'  17-7 

03.! [  78 

76.8 

!3-5 

38 

'35-9 

24. G 

9.8 

195.0 

34 

4 

S» 

254.1 

44.8 

19 

18.7 
°3-3 

1  79 

77.8 

'3-7 39 136.9 

24.1 

9-9 

196. c 

34 

6 

59 

255.I 
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Table  11.    Difference  of  Latitude  and  Departure  for  25  Degrees 
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Table  II.     Difference  of  Latitude  and  Departure  for  i6  tfegreeft 
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28.9 

6s 

158.6 29.2 
66 

159.6 

29.5 

kg 

160.5 

29.8 

68 161., 

30-0 

69 

162.5 

30.3 

7C 

^7T 

163.4 

30.6 

1644 

30.9 

72 

1653 

3i-i 

73 

166.3 

3i-4 74 

167.3 

3i-7 

75 
i68.2 

32.0 

76 

169.2 

32.2 
77 

170.1 3*-5 

7* 

171. 1 

32.H 

79 

172.1 
33.il 

80 
Dift 173.0 

Dep.' 

Lat.l 

Dec. 

33-4! 

33-6 

33-9 34-2J 

34-5 

34-7 

35-o 

35-3 

35-6 

ill8 36. 

36.4
 

36.7 36.9 

37-2 

37-5 

37-8 38.0 

3*-l 78.6 

3»-9 

39-i 

39-4 
39-7 

40.0 

40.2 

40.5 

40.8 

4* 

41.
3 

41.6 

41.9 

42.2 

424 

42.7 

43-o 

43-3 

43-6 
43-8 

44-- ' 

44-4 

44-7 44.9 

45.2 

45-5 

45.8 46.0 

46-3 

46.6 

46.9 

47.1 

47-4 

47-7 

48.0 
48.2 

48.5 

48.8 

49.1 

49-3 

49.6 

Lac. 

Dift)   La 3J± 

82 

83 84 

85! 

86 

87 

101 

92 

93 

94 

95 

96 

97 

99 200 

201 

02 

03 

04 

<3 06 

07 

08 

09 

74-0 

74-9 

75-9 
76.9 

77-8 
78.8 

79-8 

80.7 

81.7 

83.6 

83.6 

84.6 

85.-5 

86.5 

87.4 88.4 

89.4 

9°-3 
91-3 

92." 

93-2 94-2 

95-i 
96.1 

97.1 
98.0 

99.0 

99.9 

200;  9 

201.9 

202.8 
203.8 

204.7 

20.5.7 

266.7 

207.6 
208.6 

209.6 

210.5 

211., 212.4 

213.4 

214.4 
215-3 

216.3 

217.2 

218.2 

2T9.2 
2  20.1 

21. 1 

222.1 
223.O 
224.O 

224.9 

225.9 

226.9 

227.8 

38*28.8 

229.7 

23O.7 

Oiit'l  Dep. 

49-9 

50.2 

5°H 

50.7 

51.0 

5f-3 5i-5 

51.8 

52.1 

52.4 

52.6 

52.9 

53-2 

53-5 

53-7 

54.0 

54-3 

54.6 

54-9 

55 

55-4 

55-7 

56. c 

56 

56-5 

56.8 

57-i 

57-3 

57.6 

57-9 

58.2 

58.4 

58.7 

59.0 

59-3 
59-5 

59.8 

60.1 

60.4 

60.6 60.  i) 

61.2 

61.5 

61.7 

62.0 

62.3 
■62.6 

62.8 

63.1 
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64.5 

64.8 
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65.9 
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241 
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42 
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234*5 

45 
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46 
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50 
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52 
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53 
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55 
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56 
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j8 
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59 
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60 

2499. 
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250.9 
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6.5 
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67 
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69 

258.6 

70 
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73 
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74 
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76 

265.3 

77 
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78 
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80 
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270.1 
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271.1  . 
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272.0  ■ 

84 
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85 
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274.9 

87 

275.9 

88 
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89 
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90 
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92 
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93 
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94 
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95 
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96 
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97 
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99 
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67.0 
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73-6 

73-9 

74.1 
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75.0 
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78.0 

78.3 

78.6 
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79J 
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80.5 

80.8 81.0 

'81.3 

8-1.6 

81.9 

82.1 

82.4 

82-7 

I.at. 

(For  74  Degrees. 
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Lat. 

Dep. 
Dif Lat. 

173-1 

Dep. 

52.9 

,  Dif 

24 

r     Lat. 

Pep.. ; 

70.5 
j 01. 0 j  7.8 

115.7 

35-4 

230-5 

2 
01.9 

00.6 62 

59-3 

18.1 

22 

1 1 6. 7 

35-7 8; i74.c 

53-2 

42  231.4 

70.8 

3 
02.9 00.9 

63 

60.2 

18.4 

2.3 

1. 1 7.6 

36.0 

8- 

175.0 

53-5 

4.'
 

232.4 

71:0 

4 03.8 
OI.2 

64 

61.2 

18.7 

24 

118.6 
36.3 

8. 

176.0 

53-8 

44 233-3 

71-3 

5 
•04.8 OI.i; 

65 

62.2 
19.0 

25 

119.3 

36.5 

8, 

176.9 

54-1 

4< 

234.3 

71.6 

6 05.7 01.8 66 
63.1 

19-3 

26 

120.5 

36.8 

8t 
177-9 

54-4 

4^ 

2J5-3 

71.9 
7 

06.7 
02.0 

67 

64.1 19.6 

2/ 

121. 5 

37-i 

«/ 

178.8 54-7 
47 

236.2 

72.2 

8 07.7 

02.3 
68 

65. c 

19.9 

28 

122.4 

37-4 

8.i 

179.8 

55.0 

48 

237.2 

72-5 1 

9 08.6 02.6 

69 

66.0 zo.2 

29 

123-4 

37-7 

h 

180.7 

55-3 

4S 

238.1 

72.8 1 

IO 
09.6 

02.9 

03.2 

70 

7' 

66.9 
20.5 

3C 

I24-3 

38.0 

9C 

181. 7 

55.6 

251 239.1 

.73-1  I 
1      ll 

10.5 

•67.9 

20.8 131 

'25-3 

38.3 
191 

182.} 

55.8 

240.0 
75-4 

|       12 

n.5 03.5 

72 

68.9 
21.1 

32 

126.2 

38.6 

92 

183.6 

56.1 

5-2 

241.0 
73-7 1       I3 

12.4 

03.8 73 69.8 

2I.3 

33 
127.2 38.9 

93 

184.6 
56.4 

S3 

241.9 

74.0 

14 
'3-4 

04.1 

74 

70.8 

21.6 
34 128.1 

39.2 

94 

.85.5 

56.7 
54 

242.9 

74-3 

15 

M-3 
04.4 75 

71.7 

21.9 
35 

129.) 

39-5 
95 

186.5 

57.0 

55 

243-9 

74-6 

!      16 
15-3 04.7 

76 

72.7 
22.2 

36J130.1 

39-8 

96 

187-4 

57-3 

56 

244.8 

74-8 

1  1
7 

ib.3 

05.0 
77 

73.6 

22.5 

37)131.0 

40.1 
97 

188.4 

57-6, 

57 

245.8 

75-1 

m 17.2 
05-3 

78 
74.6 

22.8 

3^ 

132.0 40-3 

98 

189.3 

57-9 

58 

246.7 

75-4 
!     »9 

18.2 
05.6 

79 
75-5 23.1 

39 

132.9 

40.6 

99 190-3 

58.2 

59 

247.7 75-7  j 

i        20 19. 1 05.8 
80 

81 

76.5 

77-5 

23-4 
23-7 

141 

r33-9 
40.9 

200 

201 

19I0 

192.2 

58.5 

60 

267 
248.6 
249.6 

76.0 

76.3 
21 20.1 06.1 134.8 

41.2 
58.8 

|       22 
21.0 

06.4 

82 78.4 24.O 

42 

135.8 41.5 02 

193.2 

59.1 

62 

250.6 

76.6 

|       23 
22.0 

06.7 

«3 

79-4 

24-3 

43 
136.8 

41.8 

03 

194.1 

59-4 

63 

251-5 

76.9  j 

I       24 23.O 
07.C 

84 

80.3 

24.6 44  '37-7 

42-1, 

04 

195.1 

59.6 

64 

252.5 

77.2 

!    25 
^3-9 

°7-3 

8c 

81.3 24.9 

45 

I38.7 

42.4 

°i 

196. c 
59-9 

6  5 

253-4 

77-5 
26 

24.9- 07.6 
86 82.2 

25.I 

46 

139.6 42.7 06 197.0 
60.2 

66 
254.4 

77-* 

i    2
? 

25.8 
07.9 87 

«3-2 

35.4 

47 

140.6 

43.0 

07 

198.0 

60.5 

67 

255-3 

78.1 

28 26.8 08.2 
88 

84.2 

25.7 

4S 

r4J-5 

42-3 

08 198.9 60.8 
68 

256.3 

78.4 i    29 
27.7 08.5 

89 

851 26.0 

49 

142.5 

43-6 

09 

199.9 

61.1 

69 

257.2 

78.6    I 30 

28.7 
08.8 

90 

86.1 

26.3 

50 

'Si 

'43-4 

_43;9 

44.1 

10 

21 1 

200.8 

201.8 

61.4 

70!  258.2 

271!  259-2 _7_L9 

79-2 

31 
29.0 09.1 

9' 

87.0 

26.6 
144.4 

tn.7 

■     32 
30.6 

09.4 

92 

88.0 

26.9 

52 

145.4 

44.4 12 

202.7 

62.0 

72 

2t>0. 1 

79-5 1     33 
3i.b 09.6 

93 

88.9 

27.2 

53 
146.3 

44-7 

13 

203.7 

62.3 

73 

261. 1 
80. 1 

-     34 32-5 
09.9 

94 

89.9 27.5 
54 

'47-3 

45.0 

H 204.6 62.6 
74 

262.O 

!     3  5 33-5 10.2 9  5 

90.8 

27.8 

55 

148.2 

45-3 

15 

205.6 

62.9 

75 263.O 

80.4 

1     3& 34-4 
10.  5 06 

91.8 

28.1 

56 

149.2 

45.6 

16 

206.6 

63.2 

76 

263.9 

80.7 

!     37 35-4 
10.8 97 

92,8 

28.4 

57 

150. 1 

45.9: 

17 

7.07.5 63.4 

77 

264.9 

81.0 

1      3* 
3<>-3 11.] 

98 

93-7 

28.7 

58 

15 1. 1 

46.2. 

18 

208.5 6.3-7 

78 

265.9 

Si. 3 

■     39 37-3 

1 1.4 
99 

94-7 

28.9 

59 
152.1 

46.5 

19 

209.4 

64.0 

79 

266.8 
81.6 

1     40 ill 
39-2 

17-7 

12.0 

IOC 

IOi 

95-6 

96.6 

29.2 

29.5 
60 

767 
153.0 

154.0 

46.8 

20 

221 

210.4 
64.3 

80 

7s7 

267.8 

81.9 

"82^2 

1     4  = 

47.1 

211.3 

64.6 

268.7 

i     42 
40.2 

12.3 
02 

97-5 29.8 
62 

'54-9 

47-4 

22 

212.3 

04.9 

82 

269.7 

82.4 

1     43- 
41a 

12.6 

03 

9.8-S 

30.1 

6.3 

'55-9 

47-7 

23 

213.3 

65.2 

83 

27O.6 

82.7 

44 
42.1 

12.9 

04 

99-5 
30.4 

64 

150.8 47-9 

24 

214.2 

65-S 

84. 

271.6 83.0 <i i 

43-o 
12.2 

Q: 

100.4 

30.7 

65 

r57-8 

48.2 

25 

215.2 
65.8 

85 

272.5 

83-3 

;     4  - 
44.0 

134 101,4 

3*-° 

66 
158.7 

48.5 

26 

216.  i 66.1 

86 
273-5 

83.6 47 44.9 

IV! 

07 

102.3 

3i-3 

67 

M9-7 

48.8 

27 

2 1 7. 1 

66.4! 

87 

274.5 

«3-9   j 

S'     4g 45-9 14.0 

c8 103-3 uM 
68 

160.7 

49- 1 

28 
218.0 

66.7  | 

8S 

275.4 

8^   i\\ 

« 40.9 
143 

09 

104.2 
31-9 

69 

161. 6 

49.4 

29 

219.0 

67.0  j 

89 

276.4 
S4-5  ;| 

  
" 

5J 

47.8 
4:1.2 

14.  (. 14-9 
10 

in iOf,.- 70 

162.fi 
49-7 

30 

231 

220. c 

67.2 ,' 

67-5' 

qo 

291 

278.3 

35.1 

106. 1 

y^\ 

J?; 

^3-5 

50,0 

220.9 

52 
49-7 15,2 

12 107,1 32-7! 

72 

164.5 

5°'3 

32 

221.9 

67.S! 

92 

279.2 

85.4 

S3 50.7 

I<H 

ii 

to8.i 

33-0 

73 

165.4 

50.6 

33 
222.S 

68.  il 

93 

280.2 

85.7 

54 
51.6 

15,8 M 109. 0 33-3! 74 

166.4 

5°-9 34 

223.8 68.4! 94 28l.2 86.0 

55 
52.0 

16.1 

15 

uo.o 

33.6 75 

167.4 

51.2 

35 

1247 

68.7J 

9  5 

282.1 86.2 

56 53-6
 

16.4 
16 

1 10.9 

33-9 

76 

168.3 

S*-S 

36 

225.7 

69.0I 

96 

283.1 

86.5 

57 54-5 

16.7 

17 

in. 9 

34>2 

77 

169.3 

51-/ 

37 226.6 

69.3 ' 

97 

284.O 86.S 
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55-5 17.0 18 112.8 

34-5 

78 

170.2 

52.0 

3± 
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69.6 
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285.O. 
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19 

11,3.8 

34-8 

79 

171. 2 
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228.6 

69.9' 

99 

285.9 
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57-4 
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35-i 

Xo 

172.1 

52.6 40 

229.5 

70.2 
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87.7 

Dift 
Dcp.l Lat.! Ulii Dep. 

Lat, 
Ditl 

Dep. 
Lat. Difi 

Dtp- 

Lat. Diltl  Dep. 

Lat. 

(For  73  Degrees. 
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16.0 

37-7!   821 

i73>3 

56.2: 

4  = 

230.2 

74-8    | 

| 3 
02.9 
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38.6    85 

'75-9 

57-2 

43 

233.0 
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_13 

:'4' 

133. r 

'34-1 

43-3 

:oo 

20  r 
rgo.  2 

191.2 

61.8 
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'37-0 
44-5! 

04 

194. c 63. c 

6.L2SI,1 
8l.6 
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Table  II.     Difference  of  Latitude  and  Departure  for  21  D;*gre<*s„ 
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21.9 

1 21 113.C 434 
181 

169.O 

64-9 

241 
225. c 

bo. 4 

2 
01.9 
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24.0 

27 

1 1 8. 6 454 

87 

174.6 

67.0 

47 
230.6 

8a. 5  1 

8 07-5 
02.9 
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TabIe  It.     Difference  of  Latitude  and  Departure  for  i%  D?greeJ, 
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169.3 

86.3 

cc 

"-22.8 

113. 5 

j  i 
O9.8 05.0 

71 

6J-5 

32.2 

13' 

1 16.7 

59-5 
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86.7 
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1 14.0 

12 IO.7 05-4 

72 

64.2 
32-7 

32 

1 17.6 

59-9 

92 

171. 1 
87.2 

52 

224.5 
"4-4 

13 

11. 6 
05.9 

73 
65.C 

33-1 

33 

118,5 

60.4 

93 
172.0 87.6 

53 

225.4 1 14.9! 

14 
12-5 

06.4 74 

65.9. 

33-6 

34 

119.4 

60.8 

94 

172.9 
88.1 

54 

220.3 
•15-31 
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13-4 06. 8 75 66.!: 

34.0 

35 

120.3 61.3 

95 

'73-7 

88.5 

55 

227.2 1 1.5.8 

16 14.3 07.3 

76 

67.7 

34-5 

36 

121. 2 61.7 

96
 

174.6 
8g.c 

56
 

228.1 116.2 

17 

J  5-i 

07-7 
77 68.6 

35-0 

37 122.1 
62.2 

97 

'75-5 

89.4 

57 

229.0 

116.7 

18 16.0 08.2 

7* 

69.5 

35-4 

J* 

123.0 

62.7 

98 

.76.4 

89.9 
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ip 16. c 

o8.6| 

79 
.70.4 

35-9 
39 

123.8 

63.1 

49 
'77-3 

90.3 59 130-8 
U7-6 

20 
17.8 09a 

80 7i-3 
36.3 

40 

124.7 

63.6 

200 

178.?. 

90.8 

60 
23'-7 

1.8.0 

21 
18.7 09.5 

81 

7Z.2 
36.8 

141 

125.6 

64.0 
201 

179. j 9'-5 

ib  1 

132.6 

•18.5 

21 19,6 
10.0 82 

73.1 37-2 

42 

.26.5 

64.5 

02 j  80.0 

91.7 

62 

233-4 

"8-9 

23 20.5 
10.4 

»3 

74.0 

37-7 
43 

127.4 
64.9 

03 

180.9 

92.2 

63 

234-3 

119.4 

24 21.4 
lo.g 

84 

74,8 3»-; 

44 

128.3 
65.4 

04 

181.8 

92.6 

64 

23  5-2 

119. 9 

2? 

22-3[ 1 1-3 

»S 

75-7 
38.b 

45 
129.2 

65.8 

05 

182.7 

93-i 

65 

236.1 

120.3 

25 

23.2 
1 1.8 

1  8b 

76.6 39-0 

461 1 30  1 

66.3 

06 

1*3-5 

93-5 

66 

237.0 

120.8 

r      27 24.I 

12.3 

&7 

77.5 
39-5 

47  131.0 

66.7 

07 

184.4 

94.0 

67 

237-9 .21. 2 

^      28 
24-9- 

12.7 88 
78.4 

40.01 

48  131.9 

67.2 

08 

'«5-3 

94.4 

6b 238.8 

121.- 

'      29 2, -.8 13-2 

89 

79-3 

40.4 

49J132.8 

67.6 

09 

186.2 

94.9 
1  69 

239-7 
122.1 

So 

26.7 
13.6 

00 

80.2 
40.9 5°|*33-7 

68.1 10 

187-' 
95-3 

70 

240.6 

122.6 

31 
27.6 14.1 

9* 

81.1 
41.3 151 

'34-5 

'68.6 

21 1 
188.0 

95.8 

271 

241.5 

123.0 

32 

28.5 14.5 

92 

82.C 

41.8 

S2 

•35-4 

69.0 

12 

188.9 

9.6.2 

72 

242.4 

'23-5 

33 
29.4 

1 5-o 
93 

82.9 

,  42.2 53 

136.3 

69.5 

•J3 

189.0 

96.7 

73 

243.2 

'23-9 

34 30.3 
15-4 

94 83.8 
42.7 54 

137.2 

69.9 
14 

.90.7 

97.2 

74 

244.1 

124.4 

£      35 
31.2 M-9 95 84.6 

43^ 

5  5 

J3«-i 
70.4 

»5 

19  i.b 

97.6 

75 

245.0 

124.0 

3& 
32.1 

16.3 

,  96. 

85.5 

43.6 

56
 

139.0 

70,8 

16 

192.5 

98.1 

76 

245-9 

'25-3 

37 

33.C 

16.8 

97 

86.4 

44.0 

■  57 
'39  9 

7J. 3 

17 

'93-3 

98.5 77 

246.8 

125.8 

32 
33-9 

17.3 

98 

87.3 

44-5 58  140.8 
71.7 

18 

194.2 

99.0 

78 

247-7 

126.2  j 

39 
34-7 

17.7 
99 88.2 44-9 59.147*7 

72.2 

19 

195.1 
99.4 

79 

248.6 

126.7  I 

40 35.6 

1X.2 100 

89., 
45-4 

6o|t42.6 

72.6 

20 

190. c 
99-9 

8c 249-5 

127.1  J 

41 

36-5 18.6! 101 

90.0 

45-9 

161  143.5 

73-' 

22) 
196.9 

100.3 

ibt 
250.4 

127.6 1 

42 

37-4 1 9.1 I  02 90.9 46-3 
62 

H4-3 
73-5 

22 

19,7.8 

100.8 

82 

2.5 1-3 

128.r.   j 

.      43 S«-3 

J9-5j 

°3 

91.8 

f.  46.8 

63 

145.2 

74-0 

23 

198.7 
101.2 

83 

252.2 

128-5  { 

128.9 .29.4 

44 

39-2 

20.  Oi 

04 

92.7 

47.2 

641146.1 

74-51 
2d 

19.9.6 

101.7 

84 

2>3-0 45 

40. 1 

20.41 

05 

93-t 

47-7 65I.47.0 749 

2,5 

200.5 

102.1 

85 

253-9 

46 

.  4J.0 

20.9 
06 

94.4 

48.1 
48.6I 

661147.9 

7  5-4 

26 

201.4 

102.6 

86 

254.8 129.-8    , 47 4I-9 

21.31 

07 

95-3 
67  148.8 

75.8 

27 

202.3 

103.] 

87 

255-7 

130.3: 

130-7 

48 42.8 

21.81 08 

96.2 
49.0 

68  149.7 

76.3 
1    28 

203. 1 

103-5 

gg 

256.6 

49 
43-7 

22.2; 

09 

97- J 

I  49. 5 

69  150.6 76.7 

2q 

204.0 104. c 

80 

257-5 
'3.1-1   1 

50 

51 

_44-6j 
Ay  A 

22.7 

23.2! 

10 

111 
qR.o 

49.9 
.  5°-4 

70  '5'-5 

1711152.4 

77-2 

-77.6 

I  3C 

23) 

2Q4-9 

205.0 

IQ4-4 

104.9 

go 

2gl 

258.4 .3i.-| 

132.1 

98.9 

259.3 

r     52 
.46.3] 

23.6, 

12 

99.8 50.8 

72.53-3 

78.1 

32 

206.7 105.3 

92 

260.2 
132-6  1 

53 

47.  2!
 

24.  1 1 

13 

100.7 

5'-3 
73|'54-' 

78.5 
33 207.6 105.8 

93 

261.1 

1 5  3  -c 54 
48.TI 

24. 5 1 

-  14 

iot.6 

51.8 

74|i55-° 

79.0 

34 

208.5 io6.2| 

94 

262.0 

'33-5 

55 
49-oi 

25. o| 

-  JS 

I02.<; 

52.2 

75  '55-9 

794 
3  5 

209.4 

106.7I 

95 262. 8 

'33-9 

56 
49. 9I 

2  5-4; 

'6 

IO3.4 

52.7 

■    76 

.56.8 
79-9 

i  36 

210.3 

107.1 

96
 

265.:- 

•34-4 

57 
50.8. 

25-9! 
:  17 IO4.2 

53' 

77 

J  C7.7 
J  j  I    1 

80.4 

1   37 

21 1.2 

107.6 
47 264.6 

•34-8  I 

$8
 
5  *-  7 

26.3! 

18 

IO5.  I 

53-6
" 7*

 

150.6 

80.8 

1   38 

212.1 
108.C 

98 

265.  s 
1 3  5-3 

59 
52-61 

16.39 

*9 

106.0 

54.0 

79 '59-5 

8M 

i   39 

213.0 

108.5 

99 

266.4 

'35-~ 

60 

Dift. 

-5M 
Dep.l 

27.2 

20 106.9 

Dep. 54-5 

Lat. 

80 

Dift. 

160.4 

Dtp". 

81.7 

7.7t
" 

;  40 

213.8 109.0 

Lat. 

;co 

267.3 

Dcp. 

136.2
" 

I.at.UDift 
Lift1  Dep. 

Lat. 

(For  6 3  Degr wr 

'■"""*" 



Table  II.  Difference  of  Latitude  and  Departure  for  28  Degrees; 

jDift. 

La  ., Dep;, 
Dirt 

Ti 

Lat. 

53-9 

Dep.M Dift Lat. 

Dep. 
Dili 

181 

Lat. 

159.8 

Dep. 

85.C 

Dirt 

241 

Lat. 

212.8 

Dep. 

113.1 1 00.9    00.5 28.6 121 106.8 

56.8 

2 

01.!' 

00.9 

62 547 29.1 22 

107.7 

57-3 

82 

160.7 

85.4 

42 

213-7 

113.6 

3 02.6 

01.4 

63 

55-6 

29.6 

23 

108.6 

57-7 

83 

161.6 

85.9 

43 214.6 
1 14. 1 

4 
03-5 

01.9 

64 

56.5 

30.0 

24 

109.5 

58.2 

84 

.62.5 

86.4 

44 

215.4 

1 146 

9 04-4 
02.3 

65 

57-4 3°-5 

35 

no. 4 

58-7 

85 

163.3 

86.9 

45 

216.3 
1 1 5.0 

. 
6 

05.3 
02.8 66 

58.3 

31.0 

26 

in. 3 

59.2 

86 

164.2 

87.3 

46 

217.2 

115. 5 

7 06.2 
03-3 

67 

59.2 

3M 

27 

112. 1 

59.6 

87 

.65.: 

87.8 47 

218.1 

116.0 

8 07.! 03.8 
68 

60.0 
3i-9 

28 

113. 0 60.1 
88 

1&6.C 

88.3 

48 

219.0 

U6.4 

9 
07.9 

04.2 

69 

60.9 

32.4 

29 

113.9 

60.6 

89 

166.9 

88.7 

49 

219.9 116.9 

10 

1 1 

oX, 
04. 7 

JO
 7i 

61.8 
62.7 

32-9 

33-5 

30 

13' 

114.8 US-  7 61.0 

9° 
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167.8 

89.2 

89.7 

50 

251 

220.7 

II7-4 

09.- 

os. 2 168.6 
221.6 

1-17.8 

12 10.6 
05.6 

72 

63.6 

33  8 

32 
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62.0 

92 

169.5 

9O.1 

52 

222.5 118.3 

'3 

11.', 06.1 
73 

64. 5 

343 
33 

117.4 

62.4 

93 
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9O.6 

53 

223.4 

118.8 

M 

12.4 
06.6 74 

65-3 

347 
34 

118.3 

62.9 

94 
I7I-3 

91. 1 

54 

224.3 

119.2 IS 

13  -  - 07.0 

75 

66.2 

3S-2 

35 
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9M 

55 

225.2 
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J6 
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07.  s 

76 
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35-7 

36 
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63.8 

96 

'73-1 

92.0 

56 

226.0 
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17 

15.0 08.0 77 68.0 

3*- J 37 

121. C 
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97 
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92.5 

57 

226.9 

120.7 

18 
'5-9 

08.5 

7B 

68.9 

36.6 

38 

121. 8 

64.8 

98 
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93.0 

58 

227.8 
iai.i 19 

16.8 

08.9 79 
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37-i 
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6S-3 
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59 
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2D 
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93-91 

bo 
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42 
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62 

231-3 123.0 23 
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»3 
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43 
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03 
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63 

232.2 
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24 

21.2 
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84 
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67.6 

04 
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64 

233-1 
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25 
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H 
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6S 
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46 
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C6 
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96.7 
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124.9 

27 
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12.7 

»7 
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47 
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69.0 

07 
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by 

235.7 

125-3 

28 
24-7 
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88 
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48 

130.7 

69.5 

08 
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97-7 

68 

236.6 

125.8 
29 

25.6 13.6 

89 
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41.8 

49 

131. 6 

70.C 

09 

1845 

98.1 

69 
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126.3 

30 

31 

26.5 

14.1 

_1° 
9' 

79-5 

80.3 
42.3 

50 

'51 

132.4 

70.4 

70.9 

10 
211 

18^.4 

98.6 

70 
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238.4 

126.8 

127.2 27.4 

14-6 42.7 

133-3 

.86.3 

99.1 

239-3 

3-2 

28.3 

15.0 

92 

81.2 

43-2 

52 

134.2 

71.4 12 187.2 

99-5 

72 

240.2 

127.7 

33 29.1 

'5-5 

93 

82.1 

43-7 
53 '35-i 

71.8 

13 

188. 1 
100.0 73 

241. c 

128.2 

34 

30.G 

16.0 
94 83.C 

44.1 

54 136.0 
72.3 H 189.C 

100.5 

74 
241.9 128.6 

35 3°-9 

16.4 

95 

83.9 

44.6 

55 

136.9 

72.8 

IS 

189.8 

100.9 

75 

242.8 

129. 1 

36 
31.8 

.6.9 

96 

84.8 

45.1 

56 
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73-2 

lb 190.7 

101.4 

76 

243-7 129.6 

37 
32.7 

17  4 

97 8, -.6 
45-5 57 138-6 

73-7 

17 
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101.9 

77 

244.6 130.0 

3* 
33-6 

17-8 

98 

86.5 

46.C 

58 

'39-5 

74.2 

18 
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102.3 

78 

245.5 130.5 

39 
34-4 

18.3 
99 

87.4 

46.5 
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74.6 

19 
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79 

24&-3 
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35-3 

36.2 

18,8 
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IOC 
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46.9 

60 
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75-i 

20 

221 
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103.8 

80 
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i3i-5 

i3i-9 

4' 

89.2 
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75.6 

195. j 
248.1 

42 
37-i 

19.7 02 

90.1 

47-9 
62 143.0 

76.1 

22 

196. c 

104.2 

82 249.0 

132.4 

43 
38.0 

20.2 

03 

90.9 
48.4 

f»3 

143-9 

76.5 

23 

196.9 

1-04.7 

83 

249.9 
!32-9 

1     44 

38.8 

20.7 

04 

91.8 

48.8 

64 

1448 

77.0 

24 
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84 
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45 
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21. 1 

°5 

92.7 
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6  5 
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77-5 

25 
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85 
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46 
40.6 
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06 
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49.8 

66 
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86 
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47 
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07 
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?0.2 
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27 
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87 
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4» 
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22.5 

08 
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09 

96.2 
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69 
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29 

202.2 

107.5 

89 
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'35-7 
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10 

97.1 
5..6 

70 
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79.8 

3C 
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9c 
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136.1 

51 
45.C 

23-9 
III 

98.0 

52.1 
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80.3 

231 
2O4.C 
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256.9 

136.6 

52 

45-9 

24.4 

12 98.9 

52.6 

7  2 

151. 9 

80.7 

32 

204.8 

108.9 

92 

257.8 

'37-i 

53 
46.8 

24.9 

13 

99.8 

53-i 

73 

152.7 81.2 
33 

205.7 109.4 

93 

258.7 

137.6 54 47-7 

2  5-4 

14 

1 00. 7 

53-5 

74 

'53-6 

81.7 

34 206.6 

109.9 

94 
259.6 

'38.0 
55 

48.6 
25.8 

'5 

101.5 

54-0 

7  5 

'54-5 

82.2 

35 

207.5 
110.3 95 260. 5 138-5 

5^ 

49-4 

26.3 

16 

102.4 
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76 

•55-4 

82.6 

30 

208.4 

110.8 

96 

261.4 

139.0 :57 50.3 
26.8 

17 

103.3 

54-9 77 

'56-3 

83.1 

37 

209.3 in. 3 

97 

262.2 

'39-4 

5« 
51.2 

27.2 

18 
104.2 

55-4 

78 

157.2 

83.6 

38 

2IO.I 

in. 7 

98 

263.1 

139-9 

59 

52.1 

27.7 

'9 

105. 1 

55-9 

79 

1 58.0 8a.o 39 2  1  I. C 
1 12.2 

99 264.0 

140.4 

60 

53.0 

28.2 20 
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Dep. 
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4° 
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264.9 
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(For  62  Degrees. 



Table  II.     Difference  of  Latitude  and  Departure  for  29  Degrees. 

■  IMMMIM 
m Lat. 

Depji Dift. Lat. Dep. 

Dili 

Lar. 
Dep.nDJm  Lai. I  Dep.. 

Dift Lat.;  Dep. 

1 
00.9 

00. 5: 

61 

53-4 
29.6 

12) 105.8 58.71  i8i|i58.3 
87,8 

241 210.8J116.8 2 
01.7 

01. c 
62 

54.2 30.1 

22 

106.7 

59-1 

82  159.2 

88. zj 

42 

211.7  117. 3 

3 02.6 

01.5 

63 

55-' 

30.S 

23 

107.6 

59.6 

8? 

160.) 

88. 7I 

43 
212.5117.8    I 

4 03-5 
01.9 

64 

56. c 31.O 

24 

108. s 

60.1 

84 

160.9 

89.2 

44 213.41118.3 
5 04.4 

02.4 

65 

56.9 

3J-.5 

2* 

109.3 

60.6 

85 

161. 8 

89.7 

45 
214.3118. 8 6 

05.2 

02.9 

66 

57-7 3  2.0 

2t 
1  10.2 bi.i 

86 162.7 

90.2 

46 

215. 2I1 19.3 

7 06.1 03.4 

67 

58.6 

32.5 

2/ 

Hi. 1 61.6 

87 

163.6 

90.7 47 

216.0J119.7 

3 
07.0 

03-9 
68 

59-5 

33-0 

2\ 112.0 
62.1 88 
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Table  II.     Difference  of  Latitude  and  Departure  for  31  Degsees, 
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Tajble  II.     DifFerence  of  Latitude  and  Departure  for  32  Degrees. 
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S2.b 57 

t3i-7 
85.5 

17 

182.0 
118.2 77 232.3 

150.9 

3* 31-9 
2O.7 

9* 

82.2 

53-4 

58 

132.5 

86.1 
18 182.8 

H6.7 

78 

233.2 

151.4 

39 
32.7 21.2 99 

83.0 53-9 
59 

133-3 
86.6 

19 

183.7 
ir9-3 

79 
234.0 

152.0 

4c 
33-5 
344 

Zl.t 
22.3 

roc 

101 

«3-9 

84.7 54-5 

5  5-0 

6c 

|i6i 

134-2 87.1 
87.7 20 

221 

184.5 

185.3 119.6 
120.4 

80 

281 234.8 

23  5-7 

1  52-5 

153-0 41 
135-0 

42 
35-2 

22. C 02 

85-5 

55-6 

62 

M5-9 

88.2 22 186.2 

120.9 

82 

236.5 

153.6 43 
36.1 

a.2-4 

03 

86.4 

5.6.1 

63 

136.7 
88.8 

23 

187.0 

121.5 

83 

237-3 

1 54- 1 44 36.9 24.C 

04 

87.2 

56.6 

64 

137-5 

«9-3 

24 

187.9 

122.0 

84 

238.2 

154-7 

45 
37-7 

24.5 

05 

88.1 

57- 

65 

138.4 

89.9 

25 

188.7 
122.5 

85 

239.0 
155.2 

46 
3«-6 

2<f.l 
c& 

88.9 

57-7 

66 
139.2 90.4 

26 

189.5 

123.1 

86 

239-9 

155-8 
47 39-4 25.6 

07 

89.7 

58.3 

67 

140. 1 

91.0 

27 

190.4 
123.6 

87 

240.7 

156.3I 

48 
40-3 

26.1 

08 

90.6 
58.8 

68 

140.9 
91.5 

2k 

191. 2 

124.2 

88 

241.5 

156.9! 
49 

41. 1 

26.7 

09 

91.4 
59-4 

69 

HL7 

92.0 

29 

192. 1 

124.7 

89 

242.4J157.4j 

50 

5' 

41.9 

42.8 

27.2 

27.8 

_I2 
in 

92.3 
59-9 
60.5 

70 

17' 142.6 143.4 

92.fi 

93-i 

_3f 

231 

192.9 

125   s 

291 

243.2l157.9j 

244.  ill  58. 5 

93- ' 

*93-7 

125.8 

52 43
-6 

28.S 

12 
93-9 

61.0 

72 

H4-3 93-7 

32 

194.6 

126.4 

92
 

244-9  '59-0 

53 
44-4 

28.9 

n 

94.8 

6i.S 

73 

145. 1 

94.2 

j  j 

195.4 

126.9 

93 

245-7i'59-6 

54 

45-' 

29.4 
H 

95-6 

62.1 74 145-9 

94-8 

34 

19b. 2 

127.4 

94 246.6J160. 1 

5  5 
46.1 30.C 

15 

96.4 62.6 

75 

146.8 
95-.3 

3  5 

I97-I 

128.0 

95 

247.4  160.7 

56 47.0 

3°-5 
16 

97-3 63.2 

76 

147.6 9  5-9 

30 

197.9 

128.5 

96 

248.21161.2 

S7 
47.8 3I.C 

17 

98.1 

63-7 
77 

148.4 

96.4 

37 
198.8 

I2<).I 

97 

249.1  161. 8 

5* 48.6 31.6 

18 

99.0 

64-3 

78 

'49-3 
96.9 

38 

199.6 

129.0 

|   98
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Table  II.    Di&rence  oi  Latitude  ahd  Departure  for  34  Degreed 
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Table  IL     Difference  of  Latitude  and  Departure  for  55  Degrees. 
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Table  II.     Difference  of  Latitude  and  Departure  for  36  Degrees. 
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Table   II.     Difference  of  Latitude  and  Departure  for  37  Degrees. 
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124.6 

67 

213.2 

160.7 

28 

22.4 I6.9I 88 
70-5 

53-o 

48 

118. 2 

89.1 

08 
166.1 125.2 

68 

2I4.C 

161. 3 

29 

23.2 

17-5! 

89 

71. 1 

53-6 

49 
1 1 9.0 

89.7 

09 

16-6.9 

125.8 

69 

214.8 

161.9 

30 

31 

24.0 

1 8. 1 J 

90 

91 

71.9 

S4.2 

cc 

119.8 90.3 

90.9 

10 

211 

167-7 

168.5 

126.4 

jo
 

27
1 

215.6 

iOm 

163.1 24.8 72-7 

54.8 

'51 
120.6 127.0 

216.4 

32 

25.6 
19-3 

92 

73-5 
55-4 

52 

121. 4 

9Mj 

12 

169.3 

127.6 
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Table  II.    Difference  of  Latitude  and  Departure  for  38  Degrees* 



Table  II.     Difference  of  Latitude  and  Departure  for  39  Degrees* 

Difi Lat. Dep. 

Difl- 

Lar. 
Drp.pirt Lat. Dep.jpift 

Lat. 

Dep. 

Difl 
Lat. 

Dcp. 

1 00.8 00.6 6i 
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76.1 
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79-3 

86 

144.5 

117.1 
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42.S 

28 

99-5 

80.6 

88 

146. 1 

118.3 

48 

192.7 

156. 1 
9 07.0 
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85.0 
95 

Mi-5 

122.7 

55 

198.2 

160.5 
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Table  II.     Difference  of  Latitude  and  Departure  for  40  Degrees, 

;  DiP Lat. Dep. 

00.6 

Difl 

T7 
Lat. 

0,p. 

Dirt 

12  1 

Lat. 

Dep.  ] 

Di(t|  Lat.  |D^p. Dill 

24 

Lat. 

184.6 

Dep. 

154.9' 

O0.8 46.7 

39.2 

92.7 

77 -8; 

181 138.7  116.3 01.5 
01.3 
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39-9 

22 
93-5 78.4 82 

139 

4 
1 17.0 

42 
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02.3 0.1.9 

63 

48-3 40.5 

23 
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83 
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2 
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43 
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02.6 

64 
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41. 1 

24 
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84 
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44 

186.9 
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5 03.8 O3.2 

65 
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25 

95. 8 
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7 
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45 
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04.6 
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66 
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26 96-5 
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46 
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7 
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67 
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27 
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81.6 

87 
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47 
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2o 
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88 
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48 
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06.9 
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69 

52.9 
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29 
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82.9 

89 
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8 
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49 
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08.4 
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7' 
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45-0 

30 
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90 
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5° 
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45.6 
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07.7 
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32 
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Table  IT.     difference  of  Latitude  and  departure  for  41  Degrees* 
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Tab ts   II.     Difference  of  Latitude  and  Departure  fcr  42  Degrees* 

■Sift'. 4 at.    fDe'p.   [L>ifl  Lat.     LVp.  || 
Dift 

sir.  il 

r'Tff'iMi'gg      1    1  ipi  nil  ujb.iiji,,  yw 

vcp.  I  Dift  Lat.    Dt-p.   ll Di'i.Lat.   |Dep. 

il  06.7I  00.7  1 611 
45-3 

40.8 

121 89.9    81.0   18 1  '134.51 
2i.n  24 1  [1 79. ih 

61.3 

2 01.5    01.3 
62, 

46.1 

4M 

22 
90.7 

81.6       82135-3 21.81    42)179.8 

61.9 

3 02.2    02.0  | 

6.5 

4.6.8 

42.2 

2  3 

91.4 

82.3 

83:136.0 

22-Si 

43  i8o.6| 

62.6 

4 03.0    02.7  1 

54 

47.6 
42.8 

24 

92.1    83.0! 
84!  1 36.7 

23-1 

44  181.3 

63-3 

e 
03-7    03.3 

65 

484 

43-  S| 

25 

92.9    83.6J 
8  J]  137- 5 

23.8. 

45 

82,1 

63.9 

6 
04. 5 j  04.OJ     66    49.0 

44-2 

26' 93-6 

84-3 

86,138.2 

•24.5 

46 

82.8 64.6    : 
7 05.2!  04. 7 n   67 

49.-8 

44.8 

27 

94-4 

85-O! 

87I139.0 

25.  1 47 
83.6 

65-3       ; 
65.9   i 

i 
05.9    05.4I    68 5°-5    45-5 28 

9;. 1 

8;.fe 

88  139-7 125.8 

48.
 

843 

9 06.71  06.0     69 

51.31  46.2 

29 

9  5-9 

86.3 

89  140.5 

26.5 
49 

85.0 

66.6   ' 

1     I0 
67.4   06.7 70 

71 

52.0'  46.8 

3C 

I31 

96.6 

87.0! 

90I 141. 2 19 1  j  141.9 

27.1 

2C,! 

X5.8 

67.^    (j 

in!  68. 2    O7-4  | 

52.8 

47 '5 

97-4 

87-7| 

I27.8 

86. 5 

l68.C  1^ 

1     12   08.9 0S.0 

72 

53-5 

48.2 

S1 

98.1 

88.3I 

92  142.7 

128.5 

52 

.87.3 

16S.6     ,-' 

1     IS   O9.7' 

08.7  [ 

73 

54-2 
48.8 

33 

98.8 

89.0! 93  143-4 

I29.I 

53l
 

188.0 

'69-3    ? 

I  + 
10.4 

09.4 
74 

55-° 

49-5 

34 

99.6 

S9.7J 

94144.2 

I29.8 54 
188.8 

170.0  I 

i,5 

11. J 10.0 

75 

55-7 

50.2 35  100.3' 

9°-3j 

95 
44.9 L3O.5 

55 

.89.5 

170.6  I ■      16 ij.9 
10.7 

76 

56-5 50.9 

36 

IOI.t 

91.0 

96 

45-7 

L3I-I 

56
" 

1 90. 2 

I7J-3   I 

1         17 12.6 

11.4 

77 

57-2 

SM 

37 

101.8    91.71 

97 

46.4 
131.8 

57 

191.0 172.0  I 1         l8 U-4 12.0 

78 

58.0    52.2 

3« 

102.6    92.31 

98 

47-i 

I32-5 

58 

191.7 

172.6   I 
I    is 

14. 1 

12.7 79 

58.7    52.9! 

39 
103.3    93.0 

99  147.9 
J33-2 

50 

192.5 
173-3 

20 
14-9 

134 

14.1 

59-5 
53-5 

40 

141 
104.0^9-3.71; 200;  148.6 

20  l|  149-4 '33-8 

134-5 6c 

261 

193.2 
174.0 

I     1 2I 
15.6 

63.2 

54.2 

1 04. 8 
94,3 

194:.0 

174.6 

I       22 
16,3 14.7 

82 

60.9 

54-9 

42 

105.5 
9  5. Of 

02!  I  50.I 

13  5-2 62 

194.7 

175.3 

'  27 

17. 1 

15-4 

83 

61.7 

5  5-5 
43 

106.3 95-7| 

O3U5O.9 

L35-8 

6-s 

195.4 

176.0  | 

24 

17.8 
16. 1 

84 

6Z.4 

56.2 

44 107.0 

96.4 04  151.6 

136.5 

64 

196.2 

I75-7  I 

.      25 
18.6 16.7     85 

17-4  1  86 
lS-3       87 

63.2]  56.9 45 107.8    97.0 05  U52.3 

137.2 

65 

196.9 

177-3   § 

26 
19-3 

63-9 

57-5 

46 

108.5I  97.7 

06 
•S3-' 1.37-8 

66 

197.7 1 7  8.0  if 

27 20.1 

64.7 

5:8.2 

47 

109.2    98.4 

07 

'53-8 

138.5 

67 

198.4 

178.71! 

28 20.8 18.7  |  8?, 

&S-4 

58.9 

48 

IIO.C 

99.0 

08 

154-6 139.2 

68 

199.2 

>79-3   I 
29 

21.6 19.41    ̂ 9 66.1 

59.6 

49 
1 10.7 

99-7 

o9 

r55-3 

139.8 

69 

199.9 180.0   j 

30 

22.3 

23.0 

20. 1 1 

90 

669 
~6T<5 

60  2 

50 

i'5J
 in. 5 100.4 

101.0 

10 

211 
1 56.1 

156.8 

14GX.5 

.41.2 

7C 

271 

200.6 

180.7 

1T1T3 

i       31 

20.7 

9' 

60.9 

1 1 2. 2 

201.4 

32 
23-« 

21.4 

92 

68.4 

61.6 

52 

1 13.0 

101.7 13 
r57-5 

141.9 

72 

202.1 
182.0 

33 
24.5 

22.1 

93 
69.1 

62.2 
53 

H3-7 102.4 

13 

i58-3 
142.5 

73 

2O2.9 182.7 

34 25-3 22.8 
94 

69.9 

02.9 

54 

U4.4I103.0 

14 

159.0 143.2 

74 

2O3.6 

i83-3 

3  5 
26.0 

^3-4 

95 

70.6 

6.3-6 

55 115.2  103.7 

15 

159.8 M3-9 
75 

204.4 

184.0 

3& 

26.8 

24.1 

96 

7i-3 

«.4-a 

5^ 

115. 9 
104.4 16 

160.5 
144.5 

76 

205.1 

184.7 

37 
27-'5 

24.8 
97 

72.1 

64.9 

57 

116. 7 

105.1 

17 

161.3 

145.2 77 

205.9 
185.3 

1* 
I      39 

28.2 
25.4 

98 

72.8 

65.6 

58 

1 17.4 105.7 

18 162.0 

'45-9 

7S 

206.6 186.0 

29.0 26.1 
99 

73-6 

66.2 

59 
118.2 

106.4 

19 

162.7 146.5 79 ,207.3 

186.7 

40 

4» 

29.T 

26.8 
IOC 

101 
74-3 

66.9 
6c 

7&i 

1 18.9 

119. 6 
107. 1 

20 

163-5 

147.2 

80 

l8l 

208.1 

208.8 

187.4 

SO.  5 

27.4 

7  5-i 

67.6 

107.7 

221 
164.2 

H7-9 

188.0 

42 
31-2 

28.1 
02 

75-8 

68.3 

62 

120.4 108.4 

22 165.0 
148.5 

82 
2O9.6 

1S8.7 

43 
32.0 

28.8 

03 

76.5 

68.9 

<>3 

121. 1 
109. 1 

23 

165.7 

149.2 

83 

210.3 
189.4 

44 
3^-7 

29.4 

.  04 77-3 69.6 

04 

121. 9 109.7 

24 

166.5 (49-9 

84 

211. 1 

190.0 
>     45 

33-4 

3°- 1 

05 

78.C 

70.3 

*>s 

122.6 

1 10.4 

25 

167.2 
150.6 

85 

2II.8 

190.7 

4t 
34-2 30.8 

oe 

78.8 

70.9 

66 

I23.4 

in. 1 
26 

168.C 

151.2 

86 

212-5 

191. 4 
47 34-9 

314 

07 

79-5 

71.6 

b7 

1 24.  i 

in. 7 

27 

168.7 
151. 9 

«7 

213.3 

192.O 

4* 

35-7 

32.1 

oa 

80.3 

72-3 

68 

124.8 

1 12.4 

28 

169.4 

152.6 88 

2I4.C 
I92.7 

4S 3M 

32.8 

oc 
8i.c 

72.9 be 125.6 11-3,1 

29 

170.2 153-2 8c 

214.8 

'93-4 

!   5= 37-2 
33-5 

IC 

1 1 J 

81.7 

73.6 
7C 

17] 

126.3 

<i.3.8 
1 14.4 

231 170.C 

171.* 

153-9 

29 

2T5.5 

2J6.' 

194.0 I      5' 37-9 

34-1 

82.5 

74-3 
1 27. 1 

154.6 

'94-7 

y- 

38.6 

34-8 

12 
83.2 74-9 

7« 

127.8 1 1 5. 1 

32 

172- 

.155.2 

9'
 

.2I7.C 

>  195.4 

5: 39-4 35-5 15 84c 

75.6 

7: 
128.6 115.8 

33 

173-5 

.  155.9 

9. 

217.' 

196. 1 

5- 

■  4°.-! 
3<?-i 

U 
r  84-7 76-3 

7- 

M29.3 

116. 4 

34 

i73-< )  156.6 

9' 

1-  218. 

•  196.7 

5« 

'   4°-9 

36.8 
1< 

85*5 

77.O 

7 . 

130.1 

117. 1 

35 I74.( 
>  157-2 9 

5219/ 

1197.4 

s( 

r    4J.6 37-5 
It >    86.; 

•    77-6 

7' 

,130.8 117. 8 

36 

175-' M57-9 
9 

5  220.( 

)  198. 1 
t   sl 42.4 

38.1 

I* 

86.c 7«-3 

7"
 

131. < 

118.4 

37 176. 

1  158.6 
9 

7  220. 
7  198.7 

58   43.1 

38-8 

Ii 
{    87-: 

79.0 

7! 

*i32-: 
119.1 

3* 

i-jb. 

?  159-3 9 
3  221. 

J  199.4 59   43-8 39-5 
I< 

)    88.. (.    79.6 

7> 

>  133.C 

)  119. 8 

3q 

177. 
3   I59-C 9 

9  222. 

I  200. 1 

6o|  44. 6  j  40.1 

6ift  |Dep.  ILat. 
aoj  89.: 

.    80.3 
8c 

>i33.i 

120.4 

4c 

178.. 

4|  i6o.e 

30 

0  222. 

J  200.7 DiftlDep. Lat. Dii 

i  Dep 

Lat. Difl 

Dep. 
'Lat. 

Idi 

*DqT 

'\i2tT\ 

(For  48  Degrees.     | 
1   '           1         1             1      .     1      1                 ,  ;  .          .-i  •                                                                                                             ,                         ,   



Table  II.     Difference  of  Latitude  and  Departure  for  43  Degrees, 

■to— 1  •*""* '  to  -  — ^B 
Dift L,at. Dep. 

00.7 Dili 
61 

Lac. 

44.6 

De 

p- 

Dift 

[21 

Lat. 

88., 
Dep. 
82.5 

Dift 

Lat. 
1  D'T- 

123.4 

,Dif 
241 

1   Lat, 
176.3 

Dep. 

j 
OO.7 

41.6 

1 8-1    I  ?2  A 
""  'J  *-H 

164.4 

2 
OI.5 

01.4 

62 45-3 

42 

3 22 

89.2 
83-2 82 

133-1 

124.1 

42 

[177.C 

165.0 

3 02.2 02.0 

63 

46. 1 

43 

o. 

23 

90.0 

83.9 

83 

<33-8 

124.8 

43 

177.7 

.65.7 

■       4 
O2.9 

O2.7 

64 

46.8 
43 

6 

24 

90.7 84.6 

84 

134.6 

125.5 

44 

178.5 

166.4 

5 03-7 
°3-4 

*>> 

47-5 44 
3 

25 

91.4 
85.2 

«5 

135-3 
126.2 

45 

U79.2 
167.1 

6 04.4 04.1 
66 

4»-3 
45 

0 
26 

92.2 

85.9 

86 136.0 

126.9 

46 

179.9 

167.8 

7 05.1 04.8 

67 

49.0 

45 7 

27 

92.  c 

86.6 

J   87 

136.8 

127-5 

47 

180.6 

.68.5 

8 05.9 05-5 68 

49-7 

46 

4 28 

9i-b 

87.3 

88 

137-5 

128.2 

48 

l8l.4 
169.1 

9 06.6 06. 1 

69 

jo.  5 47 
1 

29 

94-3 

88.c 

89 

138.2 

128.9 

49 182.] 
169.8 

'  IG 07.3 06.8 
07.5 

70 

7i 

51.2 51.9 

47 

48 

7 

4 

JO
 

'31 

95.1 

95.8 

88.7 

89.3 

90 

191
 

139-p 

J39-7 
129.6 

130-3 
_5£ 

251 

iSz.'i 

170.5 

11 08.0 
183.6 

171.2 12 08.8 08.2 

72 

52-7 

49 
1 

32 

96.5 

90.0 

92 

140.4 130.9 

52 

184.3 

171-9 

13 
09.5 

08.9 

73 
53-4 

49 0 
33 

97-3 
90.7 

93 
141. 2 131.6 

53 

185.G 
172-5 

14 
10.2 

09. S 
74 

54.1 

5° 

•5 

34 

98.0 

91.4 
94 

141. 9 ^32-3 

54 

185.8 

173.2 M 11. 0 10.2 7  5 

54-9 

5i 

•7 

3  5 98.7 

92.1 

9S 

142.6 '33-0 

55 

186.5 

173-9 

16 
11. 7 10.9 

76 
55.6 

5i 

.8 

36 

99-5 

92.8 

96 

M3-3 

J33-7 

56 

187.2 

174.6 

17 
12.4 U.6 77 5<M 

i3 

5 
37 100.2 

93-4 

97 

144.1 

'34-4 

57 

188.G 
175-3 

18 13.2 
12.3 

7« 
57-° 

53 2 

38 

100.9 

94.1 

98 

144.8 J35-0 

58 

188.7 

176.0 \9 
2G 

13-9 
13. c 79 

57.8 

53 

91
 

39 
101.7 

94.8 

99 

'45-5 
135-7 59 

189.4 

176.6 14.6 
15-4 

J3,b 
*4-3 

80 

~87 

58. s 

59.2 

54 

55 

6 

.40 

141 

102.4 

ioj.i 
95-5 

96.2 

200 

201, 

J46.3 

147.0 

'36.4 

'37- 1 

60 

ItU 190.2 

190.9 

177-3 

178.0 

21 

22 16. 1 
15.0 

82 60. c 
55 9 

4* 

103.9 

96.8 

02: 

'47-7 

137-8 62 191.6 

.78.7 

23 
16 8 ■5-7 

«3 

60.7 

56 

6 
43 

104.6 
97-5 

03 

148.5 138.4 

t>3 

192.3 

179.4 

24 
17 

6 
16.4 

84 

61.4 
57 

3 44 

io5-3 

98.2 

04 

149.2 1 39. 1 

64 

193. 1 

180.0 *5 
18 3 17.0 

«5 

62.2 

58 

0 
45 

106. c 

98.9: 

05 

149.9 

139.8 

65 

193. S: 

180.7 

26 

l9 

0 
17.7 

86 
62.0 

5« 

7 

46 

106.8 

99.6 

06 

150.7 140.5 

bb 

I94.5 

181.4 

27 
19 

7 
18.4 

»7 

63.6 

59 

3 

47 

107.5 

100.3. 

O7 

151.4 

141.2 

67 

'95-3 

182.1 

28 
20 

5 19. 1 
88 

64.4 
60 

0 

48 

108.2 

100.9 

08 152.1 

341.9 
68 

196.0 

182.8 29 
21 2 

19.8 

89 

65.1 

60 
7 

49 
109. c 

101.6 

09 

152.9 142.5 

69 

196.7 

183.5' 3C 
21 9 

20.5 

90 

65.8 
61 4 

5° 

109.7 
102.3 

ID 

'53-6 
'43-2 

70 

197-5 

1 84. 1 

■     '■ 

3> 

22 
7 21.1 

9i 

66.6 62 I '5' 

no. 4 

103.0 21  1 
154-3 

J43-9 
271 

198.2 
184.8 

32 

23 

4 21.8 
92    67.31 

62 

7 

52 

ixt.  2 

J03-7 

12 

155.0 144.6 

72 

198.9 

185-5 

33 

24 

1 

22.5 

93    68.0 

63 

4 K 

in. 9 104-3 

13 

155.8 H5-3 73 

199.7 186.2 

34 
3  5 

24 

9 23.2 
94 

68.7 

-64 

1 
54 

112. 6 
105.O 

14 

156.5 145.9 74 

200.4 186.9 

25 

b 
23>9 95 

69.5 

64 

8 55 

"3-4 
105.7 

i'5 

157.2 146.6 

75 

201.1 

187.5 

36 

26 3 
24.6 

96 

70.2 

65 

5 

56 

114. 1 

106.4 16 

158.0 

147-3 

76 

20 1. 9 

J  88,2 

37 

27 

1 
25.2 97 70.9 66 

57 
114.8 

107.1 

17 

158.7 

148.0 

77 
202.6 

188.9 

3» 

27 

8 
25.9 

98 

7i-7 

66 
8 

58 

115.6 107.8 

18 
159.4 148.7 

78 

203-3 

189.6 

39 28 5 26.6 99 
72.4 

67 

5 59 

116.3 
108.4 

19 

160.2 

149.4 

79 

204.0 

190.3 

40 

29 

3 
27-3 100 

73-i 

68 2 
60 

117. c 109. 1 
20 

160.9 

150.0 

80 
204.8 

191. 0 

4! 
30 

0 28.0 101 

73-9 
68 9 161 

117.7 

109.8 221 161.6 

150.7 
2.81 

2G5.5 

191. 6 

42 

3° 

7 28.6 02 

74.6 

69 

6 
62 

n8.5 
1 10. 5 

22 

162.4 

151.4 
82 20t>.2 

192.3 

43 

31 

4 
29.3 

03 

75-3 

70 

2 

6} 

119. 2 n  1.2 

23 

1&3.1 

152.1 

83 

2O7.O 

193.0 44 

32 

2 

30.0 

04 

76.  t 

70 

9 

64 

119. 9 

1 1 1.8 

24 

163.8 

152.8 

84 

2O7.7 

193.7 

45 

32 

9 30-7 

05 

76.8 

7i 

6 

6S 

120.7 
112.5 

25 

164.6 

■53-4 

85 

208.4 

194.4 

46 
33 

6 31.4 06 

77-5 

72 

3 
66 

121. 4 

113. 2 

26 

165.3 

i54-i 

85 
209.2 

195.1 47 34 4 
32.1 

07 

7*-3 
73 

0 

67 

122.  1 

H3-9 

27 

166.0 

154.8 

87 

2O9.9 

195-7 

48 

35 
1 32.7 0% 

79.0 

73 
7 68 

122.9 

1 14-6 28 

166.7 
155-5 88 

210.6 

196.4 

49 35 8 33-4 

09 

79-7 
74 

3 

69 

123.6 

H5-3 

29 

167.5 

156.2 

89 

211.4 

197-1 

50 

S1 

36 37 

6 

3 34.1 

34-8 

10 

1 11 

80.4 
75 

0 

70 

171. 

124.3 

125. I 

1 1 5-9 

30 

231 

J68.2 
168.9 157-5 

90 

291 

212.1 
212.8 

197.8 

198.5 

81.2 75 7 
116.6 

52 3« 

0 
35-5 12 

81.9 

76 

4 

72 

125.8 

"7-3 

32 

169.7 

158.2 

92 

213.6 

199.1 53 

3« 

8 
36.1 

13 

82.6 77 
ii 

73 

126.5 
1 18.0 

33 170.4 

i5*-9 

93 

2I4.3 

199.8 54 
39 5 

36.8 
H 

83-4 

77 

7| 

74 
127-3 

1.8.7 
34 

171. 1 

159.6 

94 

215.O 

200.5 

55 

40 

2 37-5 

T5 

84.1 

7* 

4; 

75 
128.0 

119.3 35 
I7I-9 

160.3 

95 

215.7 

201.2 

56 4i 

0 
38.2 

16 

84.8 
79 1 

76 

128.7 

120.0 

36 

172.6 

161. 0 

96 

216.5 

2OI.9 

57 

4i 

7 3*>-9 

*7 

85.6 

79 
8 77 

129.4 120.7 

37 

173.3 
161.6 

97 

217.2 

202.6 

5* 
42 

4 

39-6 

18 
86.3 

80 

5'
 

78 

I30.2 

121. 4 

38 

r74-i 

162.3 

98 

2I7.9 

203.2 

59 43 1 

40.2 

19 

87-0 
81 

aj 

79 
13O.9 

122. 1 

39 

[74.8 163.0 99 

218.7 
2O3.9 

60 43 9 40.9 
20 

87:8 

81 
8 

80 

131. 6 
122.8 

40 

'75-5 i6?-7 :oc 
219.4 

2O4.6 "bill Dep. Lat. Dift  D  ep. Lat.ilDitt 

Dep. 

Lat. Dift 

Dep» 

Lat.! Diil 

Dep. 

Lat. 

(F 

Dr4 

f  Degr 
:es. 



Table   II.     Difference  of  Latitude  and  Departure  for  44  Degrees. 
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2 

01.4 01.4 

62 

44.6 
43-' 

22 
87.8 

84.7! 

82 
SO.  9 

26.4 

42 

1 74. 1 68.1 
3 02.2 

02.! 

t>3 

45-5 

43-8 

23 

88.5 

85.4, 

83 

31.6 

127.1 

4< 

174.8 
168.8 4 

U2.9 

02.8 

64 

46.0 

44.5 

24 

89.2 

86.1! 

84 

32.4 
127.8 

44 

175-5 .69.5! 

j          5 Oj.5 
°3-5 

65 

46.8 

45-2 

25 

89.9 

86.8; 

«5 

33-' 

128.5 

45 176.2 

70.2 ; 
6 

04-3 

04.2 66 
47-5 

45.8 

26 

90.6 

87-5 

86 

i.3.3-y 

129.2 

46 

177.0 

70.9'
 

7 O5.O 04-9 

67 

4S.2 

46.5 

27 

91.4 
88.2 87 

M4-5 

129.9 

47 

177.7 

171. 6  - 

8 05.}i 
05.6 68 48.9 

47.2 

28 

9  2., j 

88. 91
 

88 

'3  5-2 
130.6 

48 

178.4 172.3 

■     9 
06.  5 06.3 

69 

49.6 

47-9 

29 

92.8 

89.6 

89 

136.0 

i3i-3 

49 

i"9.i 

173.0 
10 

07.2 

06.9 

70 
50.4 

48.6 

3° 

93-5 

9°-3; 

90 

'36.7 

132.0 

50 

179-8 

173-7  . 

11 

07.9 

07.6 

71 
51. 1 

49-3 
'3' 

94.2 
91.0 

191 

'37-4 '32-7 

251 

180.& 

174.4 

12 

08. b 
08.3 

72 

51.8 50.0 

32 

05. c 
9-T-7 

92 

138.1 

133-4 

52 

181.3 

175-1, 

13 

09.4 

09.0 73 
52.5 50.7 

33 

95-7 

92-4 
93 138.8 '34-i 

53 

182.0 
175-7: 

14 

10. 1 
09.7 

74 

53-2 

51.4 
34 

96.4 93-i| 
94 139.6 

134-8 

54 

182.7 176.4, 

IS 

10.8 

10.4 
7  5 

M-S 

52-1 

35 

97.1 

93-8, 

95 

1403 "35-5 55 

183.4 

'77-1  i 

16 

11:5 

11.] 

76 

54-7 

52.8 

3b 

97.8 

94.5 

96 

141.C 
136.2 

56 

.842 

177.8! 

i       17 12.2 1 1.8 77 

55-4 53-5 

31 98.5 

95-2, 
97 

141,7 

I3&-8 
57 

184.9 

178.5; 

I      18 
12.9 12.5 

78 

56.1 
54.2 

38 

99-3 

95-9' 

98 

142.4 
137-5 

58 

185.6 

179.2 

1    -19 
33-7 

13.2 

79 

56.8 

54-9 

39 

1 00.0 96.6; 
99 

'43-J 138.2 

59 

186.3 
179.9 

I       2C 
14.4 

139 
80 

57-5 

55.6 

40 

100.7 97-3| 

20c 

-r43-& 
138.9 60 

1S7.0 180.6 

1      21 
15.I 146 81 

58.3 
56-3 

141 

101.4 

97-9! 

201 
144.6 139.6 261 

187.7 181.3 

I        22 I5.8 

1 5-3 

82 

59-° 57.0 

42
 

102.1 

98.6) 02 

'45-3 
140.3 

62 

188.C 

182.0 

I      23 

I6.5 

16.0 

83 

59-7 
57-7 

43 

ioz.9 

99-3i 

03 

14&.C 141. c 

63 

189.2 

182.7 

24 

17-3 
16.7 

84 

60.4 

58.4 
44 103.6 

100-OJ 

04 

146.7 141. 7 

64 

189.9 183.4 

25 

I8.C 
17-4 

85 

bt.i 

59-° 

45 

104.3 100.7 

05 

'47-5 
142.4 

65 

190.6 

1 84. 1 

26 

18.7 

18. 1 
86 

61.9 

59-7 

46 

105.C 

101.4 

06 

.48.2 

H3- 1 

66 

'91-3 
184.8 27 

19.4 
18.8 

8/ 

62.6 

60.4 

47 

•05-7 

102.1! 

07 

148.9 

143.8 

67 

192.1 

185.5 

2S 
20.1 

I9/-5 
88 

65-3 

61. 1 

48 

106.5 

102.8 
08 149.6 

144.5 

68 
192.8 

186.2 
29 

2O.9 
20.1 

89 

64.0 

61.8 
49 

107.2 

'03-5 

09 

'5°-3 

145.2 

69 

193-5 

186.9 

30 

3> 

2  I.i 22.3 
20.8 

90 

9i 

64.7 

65.5 

62.5 

63.2 

50 

151
 

107.9 

108.6 
104.2 
104,9 

10 

21 1 151. 1 

.51.8 

145-9 

146.6 

70 

271 
194.2 

194.9 187.6 
21.5 

188.3 

3* 

23.C 
22.2 

92 

66.2 

63-9 

52 

109.3 

105.6 

12 

152.5 
147-3 

72 

195-7 

188.9 

33 
23-7 

22.9 

93 

66:9 

64.6 
53 

no. 1 

106.3 

13 

153-2 
148.0 

73 

196.4 
189.6 

34 
24.5 

23.6 94 
67.6 

65-3 

54 

1 10.8 

107.0] 

14 

153-9 
148.7 74 

197.1 

190.3 

3  5 
25.2 

24-3 

95 

68.3 

66.0 
55 

in.  s 107.7 

15 

154-7 

149.4 

75 

197.8 191. 0 

36 

25-9 

25.0 

96 

69.  j 

66.7 

56 

1 1 2. 2 

108.4 

16 

155-4 

150.0 

76 

198.5 I9I-7 

37 
26.6 

25.7 

97 
69.8 

67.4. 57 

112. 9 

109.1 

17 

156.1 

150.7 

77 

199-3 192.4 

38 

27-3 
26.4 

98 

70.5 
68.1 

58 

1 13-7 

109.8 

18 
156.8 

*5M 

78 

200.0 

193-1 

39 28.1 
27.1 

!  99 
71.2 

68.8 
59 

1 14.4 
110.5 

19 

157-5 

152.1 

79 

200.7 

193.8 

40 

4' 

28.8 
29. 5 27.8 28.5 

100 

101 

71.9 

72.7 

69.5 

70.2 

60 

i67 

115.1 in. 1 

in. 8 

20 
221 

158-3 

159.0 

152.8 

'53-5 80 
281 

201.4 •94-5 

115.8 202.1 

195.2 

42 

30.2 
29.2 

;  02 
73-4 

70.9 

62 

1 16.5 112.5 

22 

T59-7 

154.2 
82 

202.9 
■95-9 

43 30.9 
29.9 

j  03 74.1 

7i-5 

63 

H7-3 
113-2 

23 

160.4 

154.9 

83 

203.6 

196.6 44 
31-7 

30.6 

c4 

74.8 72.2 

64 

118. 0 

H3-9 

24 

161. 1 

155.6 

84 

204.3 

197-3 

45 3^-4 31-3 

05 

75-5 
72.9 

65 

118. 7 

114.6 

25 

161. 9 
1563 

85 

205.0 

198.0 

46
 

33-1 
32-0 

06 
7<>-3 

73-6 
66 

119.4 t*5-3 
26 

162.6 

157.0 

86 205.7 

198.7 

47 

3&» 

32.6 

07 

77.0 

74-3 

67 

120.1 
116. 0 

27 

•63-3 

157-7 

«7 

206.5 

199.4 

48 

34-5 33-3 
08 

77-7 

75-0 

68 120.8 

116.7 

28 
164.0 

158.4 

88 207.2 200.1 

49 35-2 34-o 

09 

78.4 

75-7 

69 

121. 6 

1 17.4 

29 

164.7 

i59-i 

89 

207.9 

200.8 

5° 

51 

36.C 34-7 

35-4 

10 

in 

79.1 

79.8 

76.4 

77.1 
70 

171 

122.3 

123.0 

118. 1 

118.8 

30 

231 

165.4 

166.2 159.8 

160.5 

90 

291 

208.6 

209.3 

20I.5 

36.7 202.1 

52 

^7-4 

36.1 

12 80.6 

77.8 

72 

123.7 
119.5 

32 

166.9 

161. 2 

92 

210.0 
202.8 

53 
38a 

36.8 

13 

81.3 

78.5 
73 

124.4 

120.2 

33 

167.6 

161.9 

93 

210.8 

203.5 

54 
38.8 37-5 

M 82.C 

79.2 

74 
125.2 

120.9 

34 

168.3 

162.6 
94 

211. 5 

204.2 

55 

^9-6 
38.2 

M 

82.7 

79-9 75 

125.9 

121. 6 

35 

169.0 163.2 95 212.2 

204.9 

56 

4°-3 38.9 
16 

83-4 

80.6 

76 

126.6 
122.3 

36 

169.8 

163.9 

96 

212.9 

205.6 

57 
41. c 

39-6 

17 

84.2 

81.3 

77 

127.3 

123.0 37 

170.5 

164.6 

97 

213-6 

206.3 

58 

41.7 40- 3 

18 
84.9 

82.0 

78 

128.0 123.6 

38 

171. 2 

i<>5-3 

98 

214.4 

207.0, 
59 42.4 

41.0 

19 

8<f.  6 

§2. 7 

79 
128.8 

124.3 

39 

171.9 
166.0 

99 215.1 

207.7 

60 

Dift. 
43-2 

Dep. 41.7 
Lat. 

20 

86.3 
Dep »3-4 

Lat. 
8c 

Dili 

129.5 

125.0 

Lat. 

40 

Dift
 172.6 

166.7 

300 

Dift 

215.8 Dep. 

208.4 

Lat. 

Dep- 

Dep.j   Lat. 

j                                                                                                                          (For  46  Degrees. 



Table  II.     Difference  of  Latitude  and  Departure  for  45  Degrees. 

Diit. 
1   Lat. 

Dep. Dirt Lac. 
Dep.||Ditt|La:.   Dep. 

Dirt 
Lat.  1 

Dep. 

Dirt,    Lat. 

Dep. 

1 

1 
00.7 00.7 

61 

43- * 41-J 

121 
85.6:   85.6 181 

128.O 128.0 
241 

170.4 
170.4 

2 
01.4 01.4 

62 

43-8 43-8 

22 

86.3    86.3 82 

128.7 128.7 

42 

171.1 171. 1 3 02.1 02. 1 

63 

44-5 44-5 

23 

87.01   87.C 

83 

129.4 129.4 

43 

171.8 171.8 
4 02.8 02.  L 

64 

•45-3 

45-3 

24 

87.7    87.7 

84 

130.1 130.1 

44 

172.5 
172.5 

'  5 
03-5 

Q.?-5 

65 

46.0 46.0 

25 

88.4    88.4 

85 

[30.8 130.8 

4\ 

173-2 

173.2    ■ 

1' 

6 
04.2 04.2 

66 

46.7 
46,7 

26 

89.1    89.1 

86 131-5 I3I-5 

46 

!73-9 173.9 

7 
04.9 04.9 

67 

47-4 47.4 

27 

89.8    SgA 

87 

132.2 

132.2 

47 

174-7 
'74-7 

8 05.7 
.05-7 68 

48. 1 48.1 

28 
90-51  9°-5 

88 132.9 132.9 

48 

175-4 175-4 

9 
06.4 0&.4 

69 

48.8 48.8 

29 

91.21  91.2 

89 

'33-6 
133.6 

49 

176.1 

176. 1   ' 

10 

u 
07.1 

07.8 

o-.i 

07.8 

?i 

49-5 

50.2 

49-5 

30 

131 
9'-9'   9*-9 

92. 6|  92.6 

9C 

191 

134-4 

'T5-» 

'34-4 

i3S-i 

50 

251
 

176.8 

177-5 

176.  S 

*77-5 

50.2 

12 
C8.5 08.5 

72 

50.9 50.9 

32 

93-3 93-5 

92 

J35-8 
I3S-8 

52. 

178.2 
178.2 

*3 

09.2 09.2 73 

51.6 
51.6 

33 

94.0 94.C 

93 

I3&-5 136.5 

53 

*7i8-9 
178.9 

14 
09.9 09.9 

74 52-3 52-3 

34 

948 

94.8 

94 
137-2 

.37-2 54 179.6 
179.6 

15 
10.6 10.6 75 

53-0 

53. c 

3S 
95-5 

95-1 

9< 

^37-9 137-9 

55 

180.5 

180.3 

16 

11. 3 
H-3 

76 

53-7 53-7 

36 

96.2 96,2 

96 

138-6 138.6 

56 

181.0 

181.0 

17 
12.0 I2.C 77 544 

54-4 

37 

96.9 96  5 97 

'39-3 139-3 

57 

181.7 

1 8 1.7 

18 
12.7 

12.7 

78 55
-2 55-2 

3* 

97-6 

97.6 

98 

140.0 
140.0 

58 

182.4 

182.4 

19 
13-4 I3.4 79 

55-9 55-9 
39 98.3 

98.3 
99 

140.7 140.7 

59 
183.1 

1 83. 1 
20 

21 

14. 1 

14.8 

14.1 

I4.8 

80 

81 

56.6 57.3 
56.6 
57-3 

40 

141 

99.0 99.C 

20c 

20 ) 

141,4 

'42-1 

i4i-4 

6cJ 

261 

183.8 

184.6 

183.8 

184.6 

99-7J   99-7 142.1 22 BfJ6 

M.6 

82 

58.0 S8.0 

42 

100.4  I00-4 

02 
142.8 142.8 62 

185.3 

185.3 

23 
16.3 16.3 

83 

5S.7 58.7 43 

101. 1  101. 1 

03 

H3-5 

143-5 

63 

186.0 
186.0 

24 

17.0 17. C 

84 

59-4 59-4 
44 

101. 8  101, £ 

04 

144.2' 

144.2 

64 

186.7 

186.7 

25 
*7-7 17-7 

8  5 

60.1 60.1 

45 

102.5U02.5 

O^i 

145.0 145.0 

65 

187.4 

187.4 

26 
18,4 

18.4 
86 

60.8 60.8 

46 

103.2J103.2 

06 145-7 145-7 

66 

188.1 188.1 
27 

19. 1 I9.I 

«7 

61.5 6i.s 

47 

103.9  103.9 

07 

146.4 146.4 

67 

188.8 
188.8 

28 19.8 
I9.8 

88 
62.2 62.2 

48 

104.7  104.7 08 
147.1 147.1 

68 

189.5 
189.5 

29 20.5 
20.5 

89 

62.9 62.9 

49 105.41 105.4 

09 

147.8 
.47.8 

69 

190.2 
190.2 

30 

3! 

21.2 21.2 
2I.C; 

_9°
 

9' 

63.0 64-3 63.6 64.3 

50 Mi 

106.  li  106.1 

106.8 106.8 

IC 
148.5 ,48.5 

70 

271 

190.9 

191. 6 

190-9 

191. 6 

21.9 
21  I 

149.2 
149.2 

32 

22.6 22.6 

92 

65.1 

6v 

52 

107.5J107.5 12 

149.9 

149.0 

72 

192.3 192-3 

33 
23-3 2-3-3 

93 

65.8 6,-. 8 

53 

ios.2'108.2 

13 

150.6 150.6 

73 

193.0 

193.0 
34 24.0 

24. c 
94 

66.5 66.  s 

54 

108.91108.9 M 
I5I-3 •5!-3 

74 
193-7 l93-7 

35 I  24.7 
24.7 95 

67.2 67.2 
55 109.6^109.6 

*5 

152.0 
152.0 

75 
194.5 

194-5 

3* 

25-5 25-5 

96 

67.9 67.9 

56 

110.3J110.3 

16 

152.7 152.7 

76 

195.2 
195.2 

37 26.2 26.2 
97 

68.6 68.6 57 III. 01 II. c 

17 

153-4 
1.53-4 

77 
195.9 195-9 

a» 

26.9 
26.9 

98 

69-3 69-3 

58 

iii. 7  in. 7 

18 

I54-I 154.1 

78 

196.6 196.6 39 27.6 27.6 99 

70.0 70.0 

59 1 1 2.4  1 1 2.4 

19 

154.9 154-9 

79 

•97-3 197-3 

40 

28.3 28.3 

100 
70.7 70.7 6c 113.11113.1 

20 

155.6 
155.6 

80 

198.0 198.0 

41 

29.0 29.0 
IOI 

71.4 71.4 
161 

I13-8JH3-8 221 

i56-3 
i56-3 

281 

198.7 198.7 

42 

29.7 
29.7 

02 

72.1 72.1 

62 1 14.6  1 14.6 22 

157.0 157.0 

82 

199.4 199.4 

43 3»-4 30-4 

03 

72.8 72.8 

63 

«5.;3"S-3 

23 

'57-7 157-7 

8.3 

200.1 200.  l 

44 
31-! 3<-i 

04 

73-5 
73-5 

64 

116.0,116.0 

24 

158.4 
158.4 

84 

200.8 
200.8 

45 
3-Jrf 

31.8 

05 

74.2 
74.2 

65 

116.7J116.7 

2  5 

159. 1 159.1 

85 

201.5 
201.5 

46 

3M 32-5 
06 

7  5-o 7  5-0 

66 
117.41117.4 26 

159-8 159.8 

86 
202.2 202.2 

47 

33-2 
33-2 

07 

75-7 75-7 

67 

iiS.ilnS.i 

27 

160.5 160.5 

87 

202.9 
202.9 

4* 
33-9 33-9 

08 
76,4 76.4 

68 
1 1 8.8  118.S 

28 

161.2 161. 2 

88 
203.6 

203.6 49 

34.6 34-6 

09 

77-i 
77.1 

6o 119.5119.5 

29 

161. 9 
161.9 

89 

204.4 204.4 

5C 

5i 

35-4 

36.  t 

35-4 

36.1 

10 

111 
77-8 
73.S 

77.8 78-5 

70 

171 
120.2;  I  20. 2 

I20.9]l20.g 

jo
 

23
1 

162.6 163-3 !62.6 
163-3 

90 

291
 

205.1 
205.1 
2o78 

205.8 

S2 
36.8 36.8 

12 

79.2 79.2 

72 

12I.6JI21.6 

32 

164.0 
(64.0 

92 

206.5 
206.5 

53 37-5 37-5 

13 

79-9 
79-9 

73 
122.31122. 3 

33 
164.8 164.8 

93 

207.2 207.2 
1 

54 
38.2 38.2 

14 

80.6 80.6 

74 

123.0123. 0 

34 

165-5 

I65.5 

94 

207.9 207.9 

55 3«-9 3«-9 

15 

81.3 81.3 
75 

123.71123.7 

35 

166.2 166.2 
95 

208.6 208.6 

sfl 
39-6 

39-6 

16 

82.C 82.0 

76 

124.5  124.5 

3* 

166.9 166.9 

96 

209.3 2O9.3 

57 4°-3 40-3 

17 

82.7 82.7 

77 
125.2  125.2 

37 

167.6 167.6 

97 
210.0 

2IO.O 

5* 4
1. c 41. c 

18 
83-4 83.4 

78 

(25.9I125.9 

38 

168.3 
168.3 

98 

210.7 210.7 

59 41.7 4i-7 

'9 

84.1 

84.1 

79 
126.6.126.6 39 169.0 169.0 

99 

211. 4 
211. 4 

6a 

|  42-4 
42.4 

20 84.9 84.9 
80I127.3J127.3 

40 

169.7 
169.7 

300 

212.1 
2 1  2. 1 

iDift] 
■ftep. Lat. Dut 

Dep. 
Lat. 

D:ft|Dep.l  Lar. 
Dift 

D<p. 

Lat* 

Dirt Dep. 

Lat. 

(For  4j  Degrees. 



Table  III.     Meridional  Part5« 

,vi.  f 
0  1. Id. 2d. 

3d.|  4d. 

5d. 

6d. 

[yd. |  8d
 

|  gd.  ] lOd. j 1  id 
.  1 12a 

— i-UJJPW 

.|'3d.|  M 
u 0 DO 120 i8G 240 

3oO 301 

42  j 
4&a 542 

603 6  64 

725 

787 

0 

I 1 

6l 
121 

l8l 241 

301 362 

422 

483 
543 

604 
669 

726 
788 

1 

2 2 62 122 I«2 
242 

302 

363 
423 

484 544 

605 

666 
727 

789 

2 

3 3 

63 
123 

183 243 

3°r 364 
424 

48  5 

545 

606 

667 

728 

790 

3 
4 4 

64 

I24| 

184 
244 

304 

3*5 
425 

486 540 

607 
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Table   IV.     Latitudes  and  Longitudes. 

N.  B.  la  the  following  Tables,  all 
vations  ;   Places  not  fo  marked,  are 

Places  marked  thus*  are  determined  by  Celeftial  Obfer'- 
from  the  beft  Charts,  compared  and  corrected  by  thcfe. 
River  ;  I.  for  Mand  ;  P.  for  Point  ;    and   C.  for  Cape. — The  Longitude  is 

Coaji  of  t lit  United   States   of 
Amer  ica. 

of 

JL-at. 

D.  M. 
*  ENTRANCE 

St.  Croix  River 

Ifland  of  Campo-Bello, 
(middle  or  Weft  paf- 
fage  of  PaiVamaquod- 
dy  Bay)  — 

Wolves'-Iflands 
E.  end  of  Grand-Manan 
Grand-Manan  N«  head 
do.   Weft  end  — 
do.    S.  W.    Ledge    of 

Seal-Rock 

Quady-HeadfN.E.P.; 
Entrance     of    Machias 

River 

Crofs-Ifland  off   Ma 
chias  Bay 

Machias  Seal-Iflands — 

Beal's  Ifland  fS.  point; 
Little-  Manan-lfland 

Goulrifboro'- Harbour 
*  Mount- Defert-Rock 
Cranberry  Iiland   (near 

Mount-Defert) 

Long-Ifland,  fSouth  of 

AIount-Del'ert  or  en 
trance  of  Blue-Hill Bay; 

Ifle  of  Holt 
Caftine    

(formerly  
Pe nobfcot) 

Matinicus -Ifland     - 
Wooden  Bald  Rock 

Ifland  of  Manheigin 
Penmaquid-Point 
Townfehd,   or    Booth 

Bay  entrance 
do.  South  point  Rock 
Bantum  Ledges 
*Kennebeck-River  en 

trance 

*Seguine  Ifland 

Cape -Small  point     - 

Caftie's-Ledge,(<hoaleft 
part) 

Alden's- Ledge,   ("off 
Cape- Elizabeth; 

Brunfwick 

*  Fort-Hill  (Portland) 
♦Portland  Light-Houfe 
•Cape-Elizabeth     - 
Saco  River  entrance 
Wood -Iiland  off  do. 
Biddeford  Town 

Agamenticus-Hill 
Cape-Porpoife 
Wells  harbour 
Bald-head 

45  co  N, 

44  5° 
44  48 
44  4° 44  43 

44  30 

44  25 44  43 

44  35 

44  3i 
44  27 
44  24 
44  19 

44  20 43  52 

44  14 

Long. 

D.  M. 

67  00  W. 

67  4 

66  50 

66  50 
66  si 

67  4 

66  56 

67  23 
66  52 67  37 

67  52 
67  56 

68  oc 

44  06 

68  22 

44  00 

68  5 

44  24 
68  46 

43  5° 
68  56 

43  45 

68  55 

43  44 69  15 

43  48 

69  27 

43  49 69  04 

43  26 

69  °7 

43  42 

69  03 

43  43 
69  42 

43  41 
69  41 

43  4° 

69  47 

43  04 

69  o(S 

43  28 

70  0? 

43  52 43  43 
43  39 

70  08 
43  33 

70  06 43  2? 
70  17 

43  27 70  *5 

43  30 70  21 

43  16 

70  36 

43  21 
70  20 43  19 
70  28 J43  13 
70  30 

r     Lat. 

p.  M. 

Cape-N
eddock

  
Nubbk 

 
43   10N 

York- River 
Boon- Ifland     - 
Boon-Illand- Ledge 

*Portfmouth     Light- 
Houfe •Portfmouth 

•Ifles  of  Shoals      - 
*Newburyport    Lights 

on  Plumb-Ifland 

•Ipfvvich  entrance 

*Squam   (Pigeon  Hill) 
Sandy  Cove  (or  Bay) 

*Cape-Ann  lightboufes 
on  Thatcher's   ifland 

*EaftPoint  of  CapeAnn 
Harbour 

•Light  houfe  onBaker's Ifland 
•Beverly 

*Salem 

•Marblehead 

•Nahant  Point  (N.  E. 
Point  of  Bofton  har 

bour) 

•Bolton  Light-Houfe 
•Bofton 

•Cambridge  (Mali'.) •Cape-Cod 

•Cape-Col  light-houfe 
Sandy  Point  or  Mai  aba 

Shoal  of  George's, E  end 
do.  of  do.  W.  end 

Nantucket  Great  round 
Shoal 

*  Nantucket  light  houfe 

*Sancoty  head  on  Nan- 
tucket-Ifland 

•Torn-Nevers-head 

•Nantucket  fouth-flioal 
Cape  Poge 

Squibnocket-head 
(fouthwefterly  part  of 
Martha's  Vineyard) 

*  Gay    Head    Light 

Houfe Noman's  Land -Ifland 
New-Bedford 

Buzzard's  Bay  entrance •New-Fort  entrance 

•Rhode-Ifland    Light 
Houfe 

•Point  Judith 
•Block-Ifland(Middle) 

Montock- Point,  Eaft 
end  of  Long-Ifland 

•New  London,  for  en- 
trance of  Thames  - RiverJ 

Norwich  on  do. 
•New-Haven  entrance 

43  07 

43  00 

43  04 

43  04 43  05 
*2  57 

42  48 
42  43 

42  42 
42  4l 

42  40 

42  38 
42  35 
42  35 

42  34 

42  32 

42  27 

42  21 

42  23 

42  23 42  05 
42  05 41  34 
4i  45 
4i  35 

41  25 

41  22 

41  16 

41  14 
40  44 

41  25 

41  19 

41  22 

41  16 41  41 

41  28 

41  29 

41  28 

41  24 

4t  10 
41  04 

Long. 

D.M. 

70  31W 

70  33 

70  26 
70  22 

70  39 

70  41 

70  33 

70  46 

70  44 

70  36 

70  34 

70  31 

■o   39 

70  45 

o  50 

70  50 

70  49 

70  52 

70  53 

70  58 7i  3 

70  14 
70  14 

70  00 

68  22 

68  54 

69  55 

69  58 

69  56 

69  57 69  55 

70  27 

70  48 
7°  53 

70  52 

70  57 

70  58 
7i  23 

7i  30 
7i  33 

71  40 

72  01 

41 

22 

72 

16 

41 

34 

72 

29 

4i 

18 

72 

57 



Table   IV.        Latitudes   and   Lokcitudes. 

*New  York  light  houfe 
on  Sandy  Point 

Perth-Ambcy 
Little  Eg?  Harbour 

Harbour Great  Eg 
Cape  May 
Philadelphia 

Cape  James 
Light-houfe   on  Cape 

Henlopen 

Falfe-Cape 
Cape  Charles    _   - 
Cape  Henry      fl*. 
Not  folk  (Vir.) 
Peterlburgh  (Vir.) 
York-Town  (Vir,) 
Richmond  (Vir.) 
Annapolis   (Mar.) 
Alexandria  (Vir.) 
Wa/hington  (City) 
Chincoteague  ihoals,(on 

Maryland  fbore) 
Baltimore 
Roanoke  Inlet 

Cape  Hatteras    fhoals 

(South    Weft  point) 
Cape  Hatteras 
Occacocke  Inlet     - 
Newbern  (N.  C.) 
Beaufort  (N.  C.) 
Cape  Lookout 
Shoals  off  do.  (S.  pare) 
Gore  Sound     (or     en- 

trance to  Beaufort) 
Bouge  Inlet 
Bear  do. 

New  River  do. 
Topfail  do. 
Wilmington  (N.  C.) 
Peterlburgh  (Geor.) 
Cape  Fear 
S.   end. of  do.    Shoals 

Fryingpan-Shoals     off 
ditto 

George  Town  (Geor.) 
Shoals  off  do. 

Cape  Roman 

Charlefton   light-houfe 
North  Eddifto   Inlet 
South  Eddifto  do, 
Beaufort  (S.C.) 
Port  Royal 

Tybee-Light 
St.  Catherine-Sound 

St.    Simon's    Sound 
Brunfwick    (Geor.) 
Amelia  Sound   (or   en 

trance  of  St.  Mary's river) 

Talbert's  Ifland  (Geo.) 

Lat. 

D.M. 

40  23N. 40  35 

39  30 

39  l8 
3«  57 
39  57 
33  47 

3§  47 8  27 

37  11 36  58 >6  si 

1  14 

37  12 

30 

39  °° 

49 

33  53 

38  00 

39  2° 
35  47 

34  43 

5  08 

34  54 

14 

34  42 
34  aa 

34  iz 

34  28 34  33 

34  31 34  27 

34  18 
34  11 
33  46 
33  5° 

40 

33  30 
33  14 

33  10 33  03 32  44 
32  33 

32  30 

32  28 32  05 

32  00 3i  37 

3i  01 

31  xo 

30  35 

30  20 

Long. 

D.M. 

74  07VV 

74  23 74  33 
74  55 

75  *4 

75  08 

75  10 

75  08  ' 
76  10 

76  17 

76  37 

77  54 

76  52 

7  50 

77  iS 77  14 

75  05 
76  50 

76  o3 

76  00 
76  7 

76  28 

77  06 

77  01 

77  18 77  38 
77  42 

77  5a 78  04 

78  21 
8l  32 

78  2S 
78  23 

78  17 

79  07 
79  03 
79  24 80  02 
80  16 80  24 

80  52 
80  57 

81  18 
81-48 

2  00 

82  00 

IJlands  in  the  Weft- Indies. 

1     I.at. 

Long. 

D.M. 
D.  M. 

Frinidada,  (N.  E.  P.)   10  45N. 60  36 W 
Tobago,  N.  E.  ditto 

it   29 

59  57 
S,  W.  d'tto 

n     5 

60  49 

Grenada,  (N.  E.Pt.)ii2  14 

61  49 

S.  W.  ditto 

11  57 

62   19 

Grenada  Bank,  Middle 

"  55 
62  45 

Barbadocs,    (S,   Point) 

>3     4 

59  45 E.  ditto 
13   12 59  37 

Bridge  Town 

13     9 

59  5' 

N.  W.   Point 
13  2i 

59  5* 

St.  Vincent, (N,  Point) 13  13 
61   16 

S.  ditto 

13     4 61   15 

St.  Lucia,    (S.  Point) 13  30 
61     0 

N.  ditto 13  56 
60  4S 

Martinico,  (S.E. Point) 
14  24 

60  s7 

Dimond  ditto 

14  24 
61     1 

Port  Royal 14  36 

6 1     4 

W.  Point 

14  25 
61    14 

N.  E.  ditto 14  58 
61     O 

Dominica,  (S.  Point) 

15     !5 

61   20 

N.  ditto 

15    29 

61   25 

Marigalante,  (N.E.P.) 

16     4 

61     O 

S.  E.  ditto 
?i  53 

60  59 

Guadaloupe,  (S.  Point) 

lS    54 
61  43 

N.  ditto 

16  30 61  42 

Grandetene,  (S.E.  P.) 

.6  i5 
61     4 

N.  ditto 

16  41 

61   25 

Defeada,  (N.  E.  Point) 

16  24 

60  56 

S.  W.  ditto 
16  18 

61     3 

Antigua,  (E.  Point^ 

17     3 

61  45 

MonUerrat,   (N.E.P.) 

16  47 

62   12 

S.  W.  ditto 

16  40 

62  15 

Redondo  Ifland 

'7     3 

62  20 
Nevis 

»7   17 

62  28 

St.  Chriftophers,  or  St. 
Kitts,  (S.  E.  Point) 

17   16 

62  31 

N.  W.  ditto 
17  26 

62  42 

St.Euftatia,(theTown) 

17  29 

63     4 

Saba 

'7  39 

63     8 Aves  Ifland 

15  33 
63  35 

Barbuda,  (S.  E.  Point) 
17  5° 

6 1  45 

St.  Bartholomew,  E.P. .7  56 

62  34 

W.  ditto 

17  54 

62  51 

St.  Martin's  (E.  Point) 

18     3 
62  50 

W.  ditto 

18  40 
63     7 

Anguilla,  (N.E.  Point) 

18  22 62  46 

S.  W.   ditto 

.8     9 63     5 

Prickly  Pear 
18  20 

63  10 Sombrero 
18  26 

63  21 Anegado,  (E.  Pointy 

18  36 
63  5° 

W.  ditto 

18  41 

64     r St. Croix,  or  SantaCruz, 

(E.  Point) 
17  36 63  40 

W.  ditto 

17  44 
64  25 

Virgin  Gorda,  E.  Point 
18  18 

63  40 
The  Fort 

18  18 

63  54 

!Tortola,  (E.  Point/ 18  21 

64  27 



Table  IV.      Latitude*  and  Longitudes. 

  —   

Lat. 

Long. 

Lat. 

Long. 

D.  M. D.  M. D.  M. 
D.  M. 

Tortoia,  (W.  Point) 18   18N. 64  39W I.  of  Pines,  (S.  W. 

St.  John's,  ( S.  Point) 

i8     5 

64  40 

Point) 

21  20N. 
83  12W 

St.  Thomas,  (S.  ditto) 
18  25 

64  41 Cape  Corientes 

21  46 

84  57 

The  Town 18    22 64  46 
Middle  Cape 

21  44 84  34 

Porto  Rico,  N.E.  Point 

i3  39 65  39 

Cape  Antonio 

21  49 

85  15 

S.  E.  ditto 18  10 
65  38 

Colorados  Rocks, 

N.  W.  ditto 18  41 
67  46 (N.  W.  P.) 22  30 

85  i4 

S.  W.  ditto 18   11 
67  45 

Havannah 

23   12 

82  12 

La  Mona  Ifland 18   10 

68  24 

Matanzas 

23  12 

Si   15 

Hifpanioia,  or  St.  Do- Iflands and  ShoalsNorth 
mingo of  Cuba  and  Jamaica 

Cape  Enganno 

18  27 68  47 

Eaft  Reef 
20  12 

68  43 

Saona  I.  (E. Point) 

J7  55 
68  48 North  Reef,  (E.  Point) 

20  18 69  10 
*  Altavela  Rock, W.  ditto 20  31 69  32 

off  ditto 17  23 7i  35 The  Triangle 
20  40 69  48 

Abacou  Point 17  52 

73  30 

Square  Handkerchief, 
*Port  au  Prince 

18  40 

72  10 

(N.  E.  Point) 

21  35 

70  14 

Cape  Tiberon 

18  15 

74  26 

S.  W.  ditto 

21     5 7o  43 

*Fort  St.  Louis 
18  19 

73   *5 
Grand  Turks  I.  (N.  E. 

Navaza  Ifland 18  18 74  55 

ditto) 

21  42 

70  49 

Cape  Dona  Maria 
18  38 

74  22 

The  Great  Caycos,S.P. 
21   20 

71  30 *  Petit  Grove 
18  27 

72  45 S.  E.  ditto 

21  43 

7i    17 

Cape  Nicolas 19  46 
73  25 W.  ditto 21  40 72  24 

*The  Mole 
19  49 

73  25 
Inagua  or  Heneaga,  (N. 

Tortudas,  E .Point 20     2 

73  32 

E.  Point) 

21  35 

72  59 

W.  ditto 
20     5 72  54 W.  ditto 

22    4 

73  40 

Monte  Chrifto 19  56 

7i  39 

Little  Inagua  or  Hene- 
*Qld C.  Francois 19  40 

69  57 

aga,   (S.  W,  Point) 

21    42 

72  56 ♦Cape  Samana 

19  15 

69   10 N,  ditto- 

21    56 

72  50 
Cape  Raphael 

18  56 

69  00 
Hogftyes,  (the  Middle) 

21    44 

73  50 

Ifland  of  Jamaica Mayaguana,  (E. Point) 

22   44 

72  33 

Movant,  S  .E,  end 17  58 75  37 N.  Point 
22    51 

72  53 

*Port  Royal 18     0 
76  40 S.  W.  ditto 

22   45 

72  55 

Portland  Point 

'7  44 

77     2 

French  Keys 

22    51 

73  27 '           Carlifle  Bay 
17  50 77   15 Miraperoos  Keys,  S.  P. 

22    14 

74  18 

Pedro  Bluffs 17  52 77  35 Caftle  I.  or  South  Key 22    20 

74    ° 

Black  River 

18     5 

77  40 
North  Key  Crooked  I. 

23     14 

74     2 

Savannah  la  Mar 

18  is 

78     6 
Atwood's  Key,  N.E.F. 

23  29 

73  25 
Negril  Point 

18  17 

78  31 Key  Verde,  S.  W.  do. 
22    12 

75  IO 

Montego  Bay 
18  40 

77  52 

The  Brothers 
22    38 

75    0 
j            St.  Ann's  Harbour 

'8  39 

76  56 
Long  Ifland  (S.  part) 

22   48 

74  34 Portia  Maria 
18  32 

76  35 
N.  ditto 23   38 74  45 

Port  Anthony 

18  25 
76    s Rum  Key 

23  54 

74  '5 
Ifiands  and  Shoals  lying 

Whatland  I.  (S.  part) 

24    0 

73  55 

off  Jamaica Little  I,  (its  Centre) 

24    4 

74  30 

Morant  Keys,E.P. 

*7  35 

75  25 
Cat   Ifland  (S.  part) 

24    4 

74  44 
W.  ditto 

17  27 

75  48 

N.  ditto        -     : 

a4  39 

75  J 2 

Pedro  Shoals, E.P. 17  20 

77     1 

Exuma,  (E.  ditto) 

23  54 

75  I0 

Little  Cayman,  S. 1 
Eleuthera,(  Power's  Pt. W.  ditto 19  32 80  10 
or  S.  part) 

24  4J 

76  10 

Great  Cayman,  S. Egg.  I.  or  ̂ W.  part) 

25  35 

77  10 

W.  ditto 19  n 81     8 New  Providence,  W.P. 

24  56 78     5 

N.  ditto 
19  18 

*NaiTau  Town  in  ditto 

25    4 

77  45 

Swan  I.  S.  W.  do. 
17     12 83  30 W.  P.  of  ditto 

24  57 

78     3 

Mefteriofa  Shoal 18       O 83  50 AndrosI.(S,  Point) 

24     5 

78     0 

A  dry  Bank 
l8    36 

73  15 

N.  ditto 
25  15 

78  30 
Pracel  Shoal 

18    50 

84  20 

Frozen  Key 

25  22 

78     0 

IdamJ  of  Cuba The  Hole  in  the  Wall 26  10 

77  40 

1           C.  Mayze 
20    16 

74    4 Little  Bank  of  Bahama 
St.  Jago 

•9  55 

75  35 (N.  W,  Point) 

27  45 

79  44 

Cabo  de  Crux ,'9  4* 

77  52      ' 

Sandy  Key 

26  33 

79  34 



Table  IV.      Latitudes  and   Lqncitude€. 

Great  Ifaac 
Little  ditto 

Cat  Keys  Harbour 
Orange  Key 
Double-Headed  Shot 

Keys,  (W.  Point) 
Key  Sal 
Anguilla,  E.  part 
111.  of  Bermudas,   Saint 

George's  Town     - 
N.  W.  Point 
S.  W.  Point 

Note.     Thislfland 

dangerous  Rocks  at  fix 
tance,  efpecially  on  the 

Long. 

D.  M. 

79  47 W 

79  lI 
79  36 

79  36 80  10 
80  3 

78  43 

64  48 
64  46 

65  o is  furrounded  with 
or  feven  Miles  dif- 
North  Side. 

Ls.t. 0. 
M. 

26 
oN. 26 
5 

25 

10 24  43 

*4 

0 

n 

31 

n 
22 

?2 

20 

r- 

^5 

r~ 

11    1 

Coo/?  of  Florida  towards  the  Mouth 

of  the  River  Mijfifippi. 
Lafc Long. D. 

M. D.  M. 

River  St.  John  (Ent.) 

.50 

09N. 
81  55W 

St.  Auguftine 

29 

40 

81  45 

Auguftine-Bay 

iq 

4t 

81  49 

Cape  Caneverel 7.8 12 80  52 

Shoals  off  do. 28 

11 

80  47 

Cooper's  Hill   (eaftern- 
moft  part  of  Eall  Flor- ida) 

16 

42 

80  23 

Cape  Florida 

25 

44 

80  34 

Dry-Tortuga-Shoah 

24 

22 
83  10 

Cape  Sable 

2.5 

00 

81  37 

Charlotte  Harbour 

26 43 

82  55 

Spiritu  Santo  Bay 27 

46 

83  22 
Bay  of  Apalache 

2Q 

40 

83  35 

Cape  St.  Blaze 

29 

3% 
85  00 Penfacola  Bar 

IO 

20 
86  42 

Mobiile  Point 

?o 

I? 

87  21 
Mouth  of  the  Miflifippi 
River 

29 

OO 

88  37 

Coaji  of  America  from  the  mouth 

of  the  River  MiJJifippi  to  Cape 
Horn,  with  the  adjacent  Iflands. 

Long. 

D.  M. 
88  37W 
90  49 

90  27 

99  4Z 
97  24 
92  54 
88  54 

87  26 87  14 
87  14 
87  34 

87  26 87  27 

Lat. 

D.M. 

Mouth  of  R.  Miflifippi 29    oN 
Mouth  of  Rio  Brava 

26     7 

New  St.  Ander 23  46 
Cape  Roxo 

21  57 

*Vera  Cruz 
19  12 

Campeche 19  41 
Praceles  Shoals,  N.  P. 23  5° 

*Cape  Catoche 

21  33 

*  Loggerhead  Key 
21  38 

Falfe  Cape 21  28 
Cozumel  I.  S.  Point 

20    3 

North  Triangles,  S,  P, 

18  25 

N.  Point 
*9     5 

!
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le
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pa
rt
) 

N.  ditto 
Sand  Key,  (N.  part) 

St.  Andrew's  Ifland 
Corn  Iflands,  (N.part) 

St,  John's  Point *  Porto  Bello 
Gulf  of  Darien 
*Carthagena 
*St.  Martha 

Cape  de  la  Vala 
Monjes  Iflands 
Cape  Coquibacoa 
Aruba  I.  (E.  Point) 
Curacoa  I.  (N.  Point) 
Cape  St.  Roman 
♦Point  Cabello 

*Aves  Ifland   (S.part) 
Roca  Ifland 

Orchilla  Ifland  (S.part) 
Salt  Tortuga,  E.  ditto 
Blanca  Ifland  N.  ditto 

Margarita  I.  N.  E.  P. 
N.  W.  ditto 

Cape  Three  Points 
Oroonoco  River 

EfTequebo  River 
Surinam  River 
*  Cayenne 

Cape  North 
Mouth  of  R.  Amazon 
St.  Louis  de  Maranhan 

Cape  Baxas 
Cape  St.  Roque 
Pernambuca  orPlende 

Cape  St.  Augufline 
St.  Francifco  River 
St.  Salvadore 
Porto  Seguro 
Abrolhos  Banks 

Efyirituo  Santo 
Cape  St.  T ho. r.c 
Cape  Frio 
*Rid  Janeiro 
Grande  Ifland 
Santos 

St.  Catherine's  Ifland 
Porto  St.  Pedro 

*Cape   St.   Mary,  (N. 
entrance  to  R.  Plate) 

Cape  St.  Anthony,    (S. 
entrance  to  ditto) 

(6 

33 

16 

1  1 

16 

25 

16 20 

16 

1 

16 

O 

IS 

56 

'5 

I 

16 

30 

i7 

O 

16 

30 

12 

32 

12 

10 

10 

33 

9 

33 
8 

40 

10 

27 

1 1 

27 

12 

10 
[2 

23 

12 5 
12 9 
12 

25 

I  I 

30 

10 

3i 

1  I 

54 

II 

45 

I  I 44 
I  I 

0 

I  1 

40 

I  I JO 

I  I 3 

10 

19 

8 

*5 

6 

3° 

52 

56 

48 

18 

15  S. 
0 

1 

o 

32 

o 

3 
5 
8 
8 

11 

12  46 
16  36 

18  o 
20  o 
21  51 

22  3S 
22  54 

23  15 
24  4 

27  IS 
3i  44 

34  4S 

36  31 

Long. 

D.  M. 
88  14W 
87  47 

17 

87  27 

86  30 
8  5  55 

9 

4 

4 79  55 

80  53 

78  20 

80  50 

82  2 
82  50 

79  44 

76  40 

75  21 

73  59 
7i  53 

71  21 
71  21 9  25 

9  7 
69  30 

67  26 
67  13 
66  17 
66  3 

64  44 

63  56 

3  13 

3  46 

62  25 

59  26 

58  30 

55  2 
52  10 

49  57 

5i  30 

46  34 

42  26 

36  17 

35  o 
35  o 

36  15 

38  38 

39  30 
38  30 39  45 

40  20 

41  15 

42  38 

43  30 

45  30 

49  o 

51  17 

S4  10 

5s  27 



Table  IV.      Latitudes  and  Longitudes. 

Buenos  Ayres  in  ditto 
River 

Cape  La  Matas 
Cape  Blanco 

Bay  of  St.  Julian 
Straits  of  Magellan 
Cape  Suceefs 
Staten  Ifland 

*  Cape  Horn 

58  25W 

65  45 

The  Weft  Cbajl  of  America,  from 

Cape  Horn  to  Bekring's  Straits. 

Cape  Horn 
Barnwell's  Ifland 
Cape  Diego 
Juan  Fernandez  Ifland 
Arica 

Conception  Bay 
Lima 

Gallapagos  Ifles 
Panama 

Aquapulco 
Cape  Corientes 
California,  (5.  point) 
Nootka,      or     Saint 

George's  Sound 
Pr.  William's  Sound 
Cook's  River 
Cape  Grevill 
Ahika,  S.  point 
Shallow  Water  point 
Cape  Stephens 
Norton  Sound 

Cape  Rodney 
Cape  Prince  of  Wales 

I 

-at. 

D. M. 

55 

58  S. 

55 
49 

54 33 

29 

54 18 

29 

36 

43 

(2 
i 

z.1 

30N. 

8 

48 

>7 

10 
12 20 

23 

30 

w 

36 

61 
5 

59 0 

57 
30 

54 
45 

°3 

0 

64 

21 

64 
15 

04 

35 

&5 

45 

Long. 

D.  M. 

67  20 W 
66  52 

64     6 

71  22 

7i     5 
72  34 

76  43 

85  o 

80  15 

10 1  40 

107  o 109  30 

126  42 
147  15 

2  O 

3  ° 

163  10 
162  45 

162  15 

162    o 164  24 
168  13 

Sable  I.  (Eaft  point) 
Weft  ditto 

Port  Rofeway 
Ifle  of  Hope 

Port  jackfon 

Charlotte  Bay,  Var.140 Weft 

C.  Sambro  Light-houfe 
Halifax  Harbour 

Port  Stephens 
Sandwich  Bay Torbay 

Port  Howe 

C.  Canibr,  Var.  ij'W. 

From  the  River  St.  Croix    to  Cape 
Can/or. 

!       ■ 

Lat. 

D.M. 
*Entranceof  St.  Croix 

River  -  45  00N. 

Mocgone's  I.  ( Entrant 
of  St.  Tohn's  River)  45   18 

Cape  Spencer  45   17 
C.  Chignedlo, (Entrance 
Bafon  of  Mines)  45   24 

Hauto  I;l3nd  45   19 
Annapolis  Royal  44  47 

Breyer's  1.     Var.   II0 
15' Weft  44   19 

St.  Mary's  Cape,   Var. 
rr<i  45 'Weft  44  10 

Cape  Forchu  43   52 
Seal  Ifles  43   27 

Cape  Sable, Var.  1 1°  15 '! 
Weft  ,'43  27 

ong. 

D.M. 

67  00W 
65  59 

65  so 
64  44 
64  47 

65  So 

66  20 
66  7 
66  4 

°S  55 

65  30 

Lat. 

D.M. 

44     8N. 

14    4 

43  40 

43  S3 

44  13 
44  34 63  5° 

44  30 

63  27 

44  36 

63  23 

45  0 

61  53 

45  8 

6i  31 

45  I2 

61  11 

45  13 

61  0 

45  l6 

60  50 

Long. 

D.  M. 

59  55W 

60  30 

65   12 

64  39 

64  22 

The  Gulf  of  St.  Lawrence. 

Chedabuflo  Bay 

Gut  of  Canfor,  (South Entrance) 

I.  Madam 

Cape  Hinchinbroke Louilburg 

2ape  Breton 
Scatari  Ifland 
Flint  Ifland 

panifh  Bay,  (oft' Cape 

Breton) 

Port  Dauphin,  tiitto 
C.  North  Ifland,  ditto 
Port  Hood 

fuftan  Corp  Ifland 
Gut  of  Canfor,  (North Entrance) 

Cape  St.  George  or    St. 
Lewis 

St.  John's  I.    N.  Cape Weft  point 

Eaft  ditto Bear  Cape 

Hilfoorough  Bay 

P.  Efcuminac 

Mifcou  I.   (Entrance  of Chaleur  Bay) 

Cape  Defpair 
Ifland  Boriaventure 
Flat  Point 

Cape  Gafpe  and  Bay 

Cape  Rozire 
Magdalen  R. 

Cape  St.  Ann 
Mount  Camille 

I.  de  Bik,  in  the  R.  St 
Lawrence 

L.of  Anticofta,  (E.  P.) 
S.  W.  ditto 
Weft  ditto 
North  ditto 

Deadman's  Ifland 

Lat, 

D.  M. 

46  23N. 28 

29 

34 

54 

57 

2 
1  r 
i3 

57 

56 

42 

5i 

2 

34 

27 

o 

24 

28 

3T 

4i 

47 

13 

3 
37 
3? 

8 

22 

4S 

53 

15 

Long. 

D.  M. 

60  46  W 6o  46 

60  44 

60  24 

59  49 59-  39 

59  27 
59  33 59  57 60  13 

60  10 61  20 

61  22 
61  22 

61  44 

63  49 

64  11 

61  48 

62  13 
62  55 

64  37 

64  16 
64  1 

63  53 

63  53 
63  53 

63  56 

65  18 
66  o 
67  15 

67  50 

61  34 

63  iS 

64  18 

63  58 

61  48. 



Table  IV.       Latitudes  and  LGkcitudes,, 

Entry  Ifland 

Magdalen  I.  S.  W.  P. 
N.  E.  P. 

Bnon  Ifland 
i?ird  Iflands 

St.  Paul's  Ifland 

Lat. 

D. 

M. 

47 15N. 
47 

12 

47 

41 

47 

52 

47 
55 

47 11 

Long, 

D.  M 
61  15W 
61  36 
60  55 60  55 

60  36 

59  55 

Nezofottndland. 

Lat. 
D.M. 

Limits    of   the    Great 
Bank  of  Newfound  - 

Jand,  North  point  50  15N 
South  point  41     o 

Outer  Bank  47     o 
Cape  Norman  514° 
Bay  St,  Barbe  51    15 
Point  FeTolIe  57      3 

St.  John's  Ifland  50  50 
Ingornachoix  bay  50  38 
Bay  St.  Paul  49  50 
Cape  St.  Gregory  49  22 
South  Head  49     7 
C.  St.  George  48  30 
God  Roy  Ifland  47  52 

C,  Ray,'  47   37 *Burges  Ifland  47  3  2 
Great  Barrifuay  47  37 
Runney  Ifland  47   32 

Penguin's  iflands  47   24 
Fortune  bay  47   16 
Eurnet   .  47-15 
Great  Miquelon  46   55 
Langley    Ifland  46  4a 

St.  Peter's  Ifland  46.  36 
Chapeau  Rouge  46   53 
Bay-of  Placentia  47     O 

Cape  St,  Mary's  46  52 
Sr.  Mary's  bay  46  50 
Cape  Pine  46  40 
Cape  Race  46  42 
Cape  Ballard  46  49 
Cape  Broyle  47     7 
Bay  of  Bull  47   21 
Cape  Spear    -  47   30 
*St.  John's  harbour  47  32 
Cape  Sr.  Francis  47   54 
P.  of  Grates  48  22 
Trinity  bay  48   30 
Cape  Bonavifta  48  52 
Barrow  harbour  48   50 
Funk  Ifland  50     1 

Long. 

D.  M. 

49  45w 

52  o 
45     ° 55  57 

56  48 

57  6 
57  18 

57  22 
57  5° 
58  12 
58  21 

59  8 

59  18 
59  to 
57  37 

57  4° 57  25 

57  o 
55  3° 

55  56 56  16 56  15 

56    6 
55  17 

54  3° 

54     2 
53  3° 53  15 52  44 

52  37 

52  30 52.24 

52  15 

52  20 
52  25 

52  30. 

53  o 
5*  J5; 

53  o 
52  12 

Cape  Freels 
Wadham  iflands 
Gander  Bay 

Fogo   Ifland 
Twillingate  iflands 

Bay  of  Notre  Darae 
Cape  St:  John 
Horfe  iflands White  bay 

Hooping  harbour 
Green  Ifland 
Groais  Ifland Hare  bay 

St,  Anthony's  Cape 
Quirpon  harbour 
Bell  Ifle 

Lat. 

D. 

M. 49 

34  N 

49 

54 
49 

40 

SO 

0 

SO 

3 

<;o 

0 

S6 

10N. 

S6 

li 

^0 

15 

5° 
46 

50  47 

50 

55 

5i 

15 

5' 

17 

5i 40
 

5i 

55 

Long. 

D.  M. 

52  55W 
53  25 

54  10 

5.3  49 
54  35 

55  30 
55  33W 56  46 

56  20 

56  13 

55  30 
55  40 55  56 
55  39 

55  34 

55  25 

From  Quebe'c  to  Hud/on's  Bay. 

Quebec St.  Paul's  bay 
Bay  of  Rocks Laval  bay 

St.  Nicholas's  bay Trinity  bay 

The  Seven  ifland  bay 

Grand  Bay,  St.  John's Mingan  Ifland 
Efkimaux  iflands 
Mount  Joli 

Little  Mecatina  iflands 
Great  Mecatina  point Haha  bay 

Efkimaux  bay 

Grand  point Forteau  bay 

Red  Cliffs Black  bay 
Red  bay 

York  point 

Cape  Charles 
Great  Bay  of  Eikimaux 
Cape  Harrifon 
St.  Peter's  harbour 
Inchanted  Cape 
Sadel  Iflands 
Eaft  Ifland 
Steel  point 
Cardinals  Ifland 
Falfe  Black  Head 
Black  Head 

Button's  Iflands 

Lat. 

D.  M. 

46  55N 

47  3° 

48  5 48  55 

49  28 

49  37 5°  7 

5°  22 

50  16 50  12 

56  5 

50  28 

56  42  
" 

5°  52 

51  28 

5I-24 

51  30 
51  33 

40 

44 
51  57 

13 

54  20 

54  54 

56  28 

6  40 

57  13 

57  45 

7 

58  50 

59  20 
59  50 

60  47 

Long. 

D.  M. 

69  46 VV 
69  10 
68  38 

68  o 

67  o 

66  27 
65  45 

64  o 

63  15 

63  o 
61  30 

59  27 

59  8 
59  2 

57.  45 

57  12 

56  55 

56  45 

56  4a 

61  25 

55  52 55  25 

57  30 

56  45 

60  45 

60  50 

60  45 

61  15 61  45 62  55 

69  j4 

63  32 

65  16 

(K-j  Ta», 



Table  IV.      Latitude*  ass  LoNGiTtruEffi 

Hudfon's   Bay. 

f    Cat. [Long. D.  M< 
D.  M. 

Button's  Iffes 60  47N. 
65   16W Lowe's  Savage  Ifland 

61  42 66  20 
Terra  Nieva 

62     4 
68     0 

Saddle  Back  Ifland 62  10 68   10 

Great  Bear  Ifland 54    4 

79  5<5 
Ice  Cove 62     0 

69     0 
taker's  Dozen 

57    0 
Great  Savage  Ifland 

62  2J 

70     0 North  Bluff 62  z6 

71    10 God's  Mercies 
62  28 

70  48 Salifbury  Ifland 
63  30 

76  50 
Nottingham  (E.  End^ 

63  35 
76  45 

CapeCharlesfEaftEnd; 

62  50 

74  15 Weft  End 
62  40 

76    0 
Cape  Walfingham 

62  40 

78    0 
Cape  Diggs 

62  45 

78  48 

Mansfield  ('North  end  J 

62  40 

78     0 South  end 

61  35 81  jo 

Sleeper's  Ifland 
60  10 

Si  30 

Great  ditto 
58  35 81  30 

Cape  Pembroke 

62  57 
82  10 

Large  Swan's  Neft 
62  20 

^3  30 Cape  Southampton 62  10 86   10 

Churchill  River 58  47 94     7 
Charlton  Ifland 52     3 

79     S 

Port  Nelfon's  Shoals 57  35 
92  30 Hay  River 

77  10 93     0 

Davis's  Straits. 

■ Lar. 

[Long. D.  M. D.  M. 

Cape  Refolutton 62  40N. 
46  38W Cape  Comfort 

62  45 

47  3° 
Hope  Harbour 

&3  55 

47  5° 
Gilbert's  Sound 

64  15 47  53 
Cooken  Sonrrd 64  50 

47  58 K.  Chtiftian's  River 
66    7 

47     8 Mufketto  Cove 
64  55 

52  51 Romel  Fort 

67  22' 

45  *3 

Difco.  I.fS.W.PoIntj 
69     6 

44  38 Waygate  Ifland 70  40 
44     8 James  I.  C.  .Bedford 

68  30 

50     8 Cumberland  Ifland  S.  P 66     0 60  30 

Bav  of  Good  Fortune 
64  20 

61   29 

Refolution  ifland,  Cape 
62     5 

64  30 
Warwick 

61     4 

64  30 

The  Coajl  of  Greenland, 

*  John  or  Manen's  I* Gael  Hamkes  JSajr 
/tontokoe  Ifland 

Cham  point 

Dangy  Ifland 
Herjoifs  Neft Whales  Ifland 

Cape  Difcord 
Cape  Prince  Chrrftian 
*  Cape  Fare wel 

Cape  Desolation 

The  Coajl  of  Iceland. 

Relklanefs  Cape 

Weftman's  Ifland 
Palrixftord 
*Straumnefe 
North  Cape 

Grims  Ifland 
*Rikefiord 

Long  Nofe 
Balanefs 
Enchmfon  Ifland 

Engelhoaft Wreeland  Ifland 

Cape  Hekla 

Lat. 

Long. 

D.  M. D.  M. 

63  55N. 

22  40W 

63     2 

21     4 

65  36 

24    4 

65  40 
24  26 

66  34 
23     5 

67     0 

2!    41 

67     0 

17    30 

66  45 

12    14 

64    2 
12    l6 

65    0 

10    0 

64  32 

r2  14 
64     5 

13  »4 

63  22 

16  49 

Englijh  Coajl  from  London  to  St. 
Mary's  Light,  Scitly. 

*  London  — 
♦Greenwich  Obf. 

Woolwieh  — 

Purfleet  — 
Gravefend  •*■>. 
Rochefter  — 
Nore  ~ 
N.  Foreland  fight 
S.  Foreland  lights 

*Dover  -  — ■ 

Dungenefs  — 

Haftings  — 
Beachy  Head 
Shoreham 



Tabl«  IV.    Latitudes  and  Lon6itudes, 

Arundel 

Selfey  Bill        — 
Owers  (S.E.Part) 
♦Portsmouth 
Town  ml ■ 

Hie  of  Wight 
♦Bembridge 

Ledge  or  Point 
•Dunnofe         — 
•Saint  Cathe- 

rine's Point  — 
♦Needles  Lights 
Pool  Harbour  — 

St.  Alban's  Head 
*Weymonth     — 
Portland  Lights 
Exmouth  Bar  — 

Torbav,  Berry 
Head  — . 

Dartmouth 

"Start  Point    — 
Praul  ditto 

♦Eddyftone  Light 
Hand  Deeps 
Ram  Head        — 
Plymouth 
Fowey  — 
♦Deadman'sPt. 
♦Falmouth       — 
Manacles  Rocks 
Black  Head      — 
♦Lizard  Point 

Mount's  Bay     — 
Runnel's  Stone 
Wolf  Rock       — 

Land's  End 
♦St.  Agnes  Light 

(Scilly)       — 
♦St.  Mary's  ditto 

Lat. 

D.  M. 

50  46  N 5°  43 

So  36 

5°  47 

SO  40 SO  33 

50  3° 
50  41 
50  4» So  37 
50  37 

50  31 S°  37 

SO    22 

SO   18 
50    22 SO  17 

SO    12 
SO  8 

50  2 SO     S 

49  57 

50  8 
SO     2 

49  S6 

50  6 
49  55 
49  57 

Long. 

D.   M. 

o  26W o  41 

o  36 

0  50. 

1  10 

14 
24 

5 
8 

30 
3i 

18 

22 
33 

40 

47 18 
21 

'S 

10 

47 
54 S 
6 10 

H 

37 

48 
30 

5  55 

6  42 
6  36 

H.W. 

H.M 

9  30 

9  3° 
9  3° 

11  15 

ii  45 

9 

6  30 

6  15 6  45 

6 

5 
5 
5 
6 

5 
5 
5 
5 
5 
5 
5 
5 

4  45 

4  3o 
4  45 

4  45 

French  Coajt  from  Calais  to  UJh- 
ant. 

♦Calais              — 
50  58N. 1  57E. 

Cape  Griz  Nez — 
50  58 

1  40 

3  15 
Bologne            — 5°  44 

1  44 

3  M 
Etaples 

50  31 

1  47 

1  is 
St.  Vallery      — 

49  52 

0  47 

3  15 *  Dieppe 49  55 0  10 11 

Fecamp             — 
49  5° 

0  30 
11 

*  Havre  de  Grace 
49  29 

0  12 9 
♦Paris                — 48  50 

2  is 

Mouth  of  Seine 
49  27 0  10W 9 

♦Caen  — 

Cape  Barrleur  Ls. 
Cherbourgh  — 
Cape  St.Germain; 
Alderney  I.   (W. 

Point)  — Cafkets  Lights 
Guernfey  I,  (W. 

Point)  — Sarkl.(N.Point) 

Jerfeyl.(N.  W.P.J ♦Coutance 
♦Granville 

*Avranches      — 
*St.  Maloe 

Cape  Frehel      — St.  Brieux 
De  Btahat  Ifland 
Roche  Blanche 

♦St.  Anthony's 

Lights  — ♦Ufhant,  W.  Pt. 

Lat. 

Long. 

H.W. 
D.   M. 

D.  M. H.M. 

49   11N. 
0  16W 

11 

49  44 

1     7 

10  30 

49  38 

1  3* 
7   IS 

49  46 

1  52 

9 

49  48 

a  12 9 

49  48 

2  25 

10 

49  3* 

2  36 

48  28 

2  16 

49  *6 

2  17 

6  30 
49     3 1  21 

6 

48  so 1  3i 
6 

48  41 

1  J7 

6  30 
48  39 1  56 

6  30 

48  48 2  22 
48  32 

2  48 

48  52 

2  52 

7  30 

48  59 

3  5a 

7  30 

48  40 
4  24 

6 
48  29 

4  58 

4  30 

The  Current  in  the  Mid.  Channel  is  N. 
E.  about  1  H.  30  M.  after  High  Water  j 
and  it  runs  off  Dungenefs  4  H,  to  4  and  an 
half  hours  ;  in  the  Downs  4  Hours  ;  and 

Eaft,  in  the  King's  Channel,  3  Hours  after 
High  Water. 

In  the  firft  column  of  the  following  table 
is  given  the  time  of  high  water  at  the  prin- 

cipal headlands,  Sec.  in  the  channel,  on  full 
and  chauge  days  :  In  the  fecond  column  is 
given  the  time  the  current  runs  after  high 
water :  And  in  the  third  the  time  the  cur- 

rent has  done  running. 

High  Water. 
At  the  Lizard,  at 
Off  the  Eddiftone 
Off  the  Start 

Off  Portland     — • 
Off  I.  of  Wight 
Off  Arundel    and 

Shoreham     -— Off  Beachy 

Off  Dungenefs 

H.M. H.M. 

5     ° 
3     0 

5  3° 
3     0 

6   10 
2  30 

7   15 

3     0 

8  14 

3   15 

9  15 

1  is 

9  45 

1   15! 

io  30 
4    oj 

H.M. 
8  o 8  30 
8  40 10  15 

11  29 

2   30 

Note.  The  Variation  in  the  Englifh  and  St.  George's  Channels,  is  25°  3»'.  'nd  ntt  trv  tat*.  Coaft  of  England  24O  Wert, 
and  about  the  Orkneys  and  Shetland  lllands  ahout  two  and  a  half  Points,  on  the  Weftcrn  Coaft  of  Ireland  two  and  »  quarter 
Point"  Weft,  and  is  found  to  vary  between  11  and  it!  Minutes  Wefterly  every  Year,  or  a  Degree  in  five  and  a  half  Years  j 
therefore,  by  adding  a  Degree  for  ever/  hve  and  a  half  Ytan  to  the  Variation  here  jivea  for  1793,  you  will  have  the  Vari. 
ation  nearly  for  any  fuccceding  Year 



Table  "  IV.       Latitudes   and  Longitudes. 

From  the  North  Foreland  to 

Duncan's  Bay  Head. 

*  North  Foreland 
Kentifh  Knock 

Long  Sand  Head 
Galloper  f  N.  P.; 
Ditto  ( South 
Shipwafh  (N.  P.J 
Ditto  fSouth  P.J 
Gabbard  — 
Orfordnefs 

Aldboro'     knaps 
('South  PointJ 

Southwold 

Leoftaft"  Lights *  Yarmouth 
Winterton     Nefs 

Lights  ' — Smiths  Knowl 
Hailborough 

Sand,  ( S,  P.; 
Ditto,fNorth  P.J 
Cromer  Lights — 
Lemon  and  Ower, 

North  Point  — 
Ditto,  South  P. 
Cromer  Bank  — 
Dudgeon  Lights 
Outer   Dow  lings 

Inner"  Dowfings 
Lynn  Deeps     — 
Spurn  Lights 
*  Flamborough 

Head   
Filey  Brig 

Scaroorough     • — 

Robin    Hood's 
Bay   

Whitby   

River  Tee's Mouth, 

Stockton        — 

River  Tee's 
Mouth,    New- 
caftle   

Coquet  Wand 

Staples  Illands — 
Holy  Ifland 
Berwick            — 

St.  Abb's  Head 
Dunbar   

Lat. 
D.  M. 

Si  2SN. 51  43 

Si  48 

51  58 
51  43 52  9 

52  2 
52  5 

52  13 

52  15 

52  28 52  38 52  45 

52  54 

52  57 

52  54 

53  06 
53     3 

S3  23 
53  13 

53  21 

53  26 
53  40 

53  22 
S3  o 
53  4i 

54  J° 54  17 

54  21 

54  3° 
54  34 

May  Ifland  Lights 
*  Edinburgh 
Fife  Nefs 

Mouth  of  Tay — 
C.  Rock,  oft! ditto 
Red  Head 
Montrofe 
New  Abeideen 

41 
55  2 

55  22 
55  39 

55  42 55  47 

55  57 
55  59 

56  11 
55  58 56  is 

56  26 56  29 

56  38 56  44 

57  7 

Long. 

D.  M. 

32E. 

45 

45 
o 

59'
 

43 39 

45 

40 

49 

37 49 
45 

40 

20 

48 
32 

16 

43 

4-5 

30 

o 
o 

5° 

27 

22 o     7 

o    5W 0  13 

0  22 
0  27 

59 

1  40 

1  48' 

2  1 

2  6 
2  29 

2  32 

3  9 
2  33 

2  38 
2  22 2  24 

2  28 

1  51 

H.W. H.M. 

11  45 

30 

11  30 

12 12 

12 

12 

12 

10  30 

9  45 
9 
9 

8  15 

7  30 

1  3° 
9 

7  30 

5  30 

6 

5  15 

12  45 

Peter  Head       — 
Buchan  Nefs 

Kinnaird's    Head 

Bamff  — Fort  St.  George 

Inver  Nefs       .— 
Cromartie 

Tarbet  Nefs     — 
Caithnefs 

Nofe  Head        *-- 
Duncanfbay  Head 

The  Orkney  IJlands. 

Pentland      Sker- 

ries — 
Stromo  — 
South  Ronaldfha, 

South  Point 

Copinfha  — Lambs  Head,    on 

Stronfal  llland 
North       Ronald- 

fha, North  Point 
Mould   Head, 

Patra      Weftra 

Ifland  — Noup   Head,     on 
Weftra  Ifland 

Maiwick     Head, 
on  Pomona  I. 

Hoy     Head,     on 

Floy  Wells  I. 
Slue  Skerry     — 
Fair  Ifland         — 

The  Shetland  Iflands. 
Sunbro  Head,       1 

South  Point  — |s9  47 N- 

Rofe  or  Hangclift")6o   1 3 BratTa   Sound, 

La;  wick       ■ — 60   12 
Out  Skerries  60  42 

WhalJ'ey  lfle  — 60  35 
Ulftl.  N.  E.  P.  61  7 
Foul  Ifland        —  !6o   18 

1  19W 

0  38 

o  56 
o  8 
o  32 

0  15 

2  16 
Ferro    IJlands. 

1  he  Munk  Rock 

appears  like   a 
Ship  under  fail 61   18N. 6  47W 3 

Fulae    I,    N.  E. 

part  of  Ferro 

62   12 

6     7 

4 
Eaft     Point      of 

Mygenes  Ifl. N.  W,   part  of 
Ferro             — 

62      3 

7  32 

4 

From  Duncan's  Bay  to  the  Head  oj 
the  Land's  End. 

Duucanihay  Head 
Ounnet  Head    — 
Farout  Head 

Cape    Wrath,     or 

Barre  Head  — 



Table  IV.  -Latitudes  and  Longitudes. 

Lat, Long. H.W. 
Lat.       iLong.      jH.W. 

D.  M. D.  M. H.M. . 3.  M.      D.  M.     |H.M.     i 
A  Rock  feen  at Lundy Ifland  En- 

I 1 

|  Ebb          — 58  45N. 
5  21W 

7 trance  of  Z?rif- 

Rona Ifland SS  55 

6    T5 

7 tol  Channel 

;i  15N. 

4  44W 

5   5 

Rockal              — 
St.  Kilda 57  28 

10  32 Mort  P.    S.  En- 
trance of  i?rif- 

5  30 
 '■ 

57  51 

8  56 

Butt  of  the  Lewis 58  29 

6  34 

5  30 

tol  Channel ;i  15 
4  15 Gallan  Head    — 

58  10 7  24 
4  15 

Hartland  Point 51   4 

4  38 

5  45 
Flannan  Ifland 58  13 

7  5° 

4  15 
Paditow 

50  42 

4  55 5  45    ! 

Hiikere  Ifland  — 57  23 

7  58 

5 
Towan  .Head 

50  30 
5     7 

5  45 

Na  Monich  I. 

57  22 

7  56 

5  45 
St.  Ives  i?ay 

50  17 
5  34 

4  30 

Bara  Head         — 56  56 7  44 

5  30 

Cape  Cornwall 

50  10 

5  55 

4  30 

Rocks  very  dan- 
The Seven  Stones 

50     6 

6  23 

4  30 

gerous 
56  55 

7     7 

5  30 

The  Wolf  Rock 
49  57 6     2 

4  30 

Cana  Iflands     — 57     3 6  58 

5  30 

The  Land's   End 

50     6 

S  55 

4  30 

Hy/ker  Iflands 
Rum  I.    Weft  P. 

Tircey  I.  S.  P,— 
Colt  I,    North  P. 

56  56 56  59 

56  30 

,6  42 

6  58 

6  46 
7  13. 

6  45 
5  3° 
5  30 

5 
5 

Ireland. i 

Bomflily  Rocks 56     9 
7     5 

5  30 

Cape  Clear 
51  15N. 

9  50W
 

3 

Skerryvore        — 56  17 

7    22 
5  30 

FafnetRock 5i    J3 
9  55 

3 
Ha  I.  S.  W.  P. 55  47 

6  44 30  30 
Crookhaven. 51   19 

10     5 

■* 
Ditto,  South  P. 55  39 

6  30 

10  30 

Mixen  Head 

51   18 

10  13 

3  45 Rachland  Ifl.  E. Sheep's  Head 51  24 

10  15 

3  45 ! 
Part               — 55  17 

6  17 

9  45 
i?antry  i?ay 

51  af5 
10  10 3  45 Mull  of  Cantire Gielagh  Rocks 

51  22 

10  41 

Light  Houfe 
55  21 

6     0 

11 

Duifey  I.  W.  P. 

51  26 

10  45 

3 

I.  of  Arran,  S.  E. 
Bull  Rock 

51  27 

10  45 

3 

Part               — 
55  32 

5  20 

11 
Cow  Ditto 51  27 10  48 3 

Cumray  I.      En- 
Cod's Head 

51   32 

10  32 3 

trance  of  Clyde 55  47 

5  J7 

11 Kenmare  i?ay 51  35 10  50 

3  30 

Elfa  Ifland       — 

55    16 5  24 

1 i 
•  Lamb's  Head 

5'  38 

10  37 

3  30 

Irvin                  — 

55  36 5     ° 

11  45 

Hog  Ifland 

51   37 

10  49 

3  30 

Air                    — 

55  26 

'4  57 11  45 

Hog's  Head 

51  41 

10  48 

3  45 
Loch  Ryan       — 55     3 

5  2I 

11  30 
.Solus  Head 

51  41 

10  55 

3  45 
- Port  Patrick  Lts. 

54  48 

5  20 

11 
Skelling's    Rock? 

51  40 II    io 
3  45 j  Mull    of    Gallo- 

Lemon Rock 

51  42 
11     2 

3  45 

way 
54  37 

5     8 

1 1 i?ray  Head fi  47 

10  49 

3  30 

i  Great  Scar  Ifland 
54  40 4  57 

1 1 Dingle  i?ay 
51  5  5 

11     0 

3  30 

Burrow  Head 
54  4i 4  3,9 

11 Foze  Rock 
5i   54 11   14 

3  30 

;  Solway  Firth 54  47 

4  3° 

11  3° Fretter's  Ifland 

51  56 
1 1   22 

3  30 

1 
;  St.    Bee's    Head 

TiraghtRocks 
51  57 

11  24 

3  45 

1 
Light          

54   SO 
3   5° 

11   15 

Great  ZJlafket 51  57 

11     9 

3  45 

3 
White  Haven 

54  32 
3  47 

11  30 
Ennis  Tufcan 

52    0 

11  23 

3  45 

j 
Selker  Rock 

54  J0 

3   39 
11 

Dunmore  Head 
S1   59 

10  55 

3  45 
i  Lancafler      — — 54     3 3     3 

11   15 

Dunorling  Head S2     5 

10  57 

3  45 

5 
Liverpool 

53   27 

3    12 

ir.*5 

•  Brandon  Head 
52     9 10  46 

3  45    | 

Great  Orrns  Heau 

53   20 
4     3 

10  30 
The    Seven  Hog; 

I  Skerries  L.ght  — 53   25 

4  5° 

9  45 Rocks 

52  11 

10  37 

3  45 
Holyhead 53    19 

4  52 

9  45 Kerry     Head,     S 
1  Brachy  Pool  Heac 

52.47 
4  57 

7  30 

Entrance       0) , 
!  Bardfey  IlUtnd    - 52  45 

5     0 7  3° 

Shannon  B.ive 52   15 
10  32 

3  45 Barmouth 
52  42 

4  12 

8 Loop  Head,   N. 
- 

Cardigan       Har- Entrance ditto 52  23 

10  33 

3  45 bour 
]Z    12 

4  47 7   15 North    P-.  rran,    0 
i  Strumble  Head -2     0 

5    <° 

7 

Killaney 

53     6 

10   17 

4 

j  St.   David's  Hea< 
51    55 

5  20 

6 
Gal  way  .Bny 

53     9 9   59 4 
l  Ramfey  Ifland  -- 

5'   48 
5  22 

6 S'ime  Head 

53   23 

10  49 

4 

■  Small's         Ligh 
Ennis  Shark  I. 

53  34 
10  52 

4 

Houfe 
5i   48 

5  36 

9 
F.nnisTurk  I. 

53  40 

10  42 

4 ! 
St.     Ann's    ditto 

Clare  Ifland 53  45 

to  36 

4  30 

Miiford    Haver 51  44 

5   I0 5  30 

Achill    Head 

53   56 

10  49 

4  30 

, 
1  Worms  Head    — 51   35 

4  22 

5   30II  Slack  Rock 

54     2 

10  S3 

5 

CaWj  Hand      --- 
51   43 

1  4  42 

5    15I'  Unis  Head 

54   18 

ho  37 5 ! 



Table  IV.    Latitudes  and  Longitudes; 

Lat. 
Long. 

H.W. 
D. M. 

D.  M. H.M. 
Broad  Haven 

54 15N 
10  29W 5 

Stag   Rocks,  (off 
Broad  Haven] 

54 
21 

10  24 

5 
Down    Patrick 

Head       
54 

18 

9  58 

5 

Sligo  Bay         — 54 

15 

9  18 
5  *5 Ennis  Murray    I. 

54 

24 

9  18 

5 

Donegal  Bay     — 

54  30 9     6 
5  30 

Tillen  Head     — 
54 

38 

9  25 

5  30 

Arranmore 

54 

58 

9     8 
5  30 

Tory  Ifland 55 

15 

8  48 

4  30 

Loch  Swilly 55 

17 

8    0 5 
Malin  Head 

55 

24 

7  48 

4 
Enniltrahul 

Rocks 55 

29 

7  35 4 
Inifhoan  Head, 

( Entrance    of 
Londonderry  ) 55 16 

7  16 

4 

Bengore  Head    -- 
55 18 

6  44 

4 

Rachlinl.  (Weft 
Point) 55 21 6  32 S 

Fair  Head 55 

l5 

6  22 
10  30 

The     Maid's 
Rocks 

54  S> 5  46 

10  30 

Bel  fail  Loch      — 54 43 5  45 

10  30 

Copeland     Lights 54 

4i 

5  33 

10  30 

St.  John's  Point 
54 12 

5  49 
11 

Dundrum         54 

13 

6    0 11 

Carlingford  Loch 
54 

0 6  12 
10  30 

Dundaik 
53 

57 

6  27 
10  30 

Drogheda  Bar  — 53 45 
6  22 

11 

St.  Patrick's  I. 53 

36 

6  10 

11 

Lambay  Ifland  — 53 

31 

6     7 
1 1 

Dublin 
53 

22 6  22 

11  45 

Wicklow    Lights 

r- 

59 

6     7 10 

Wexford 

52 

22 
6  30 8  30 

TufkerRock     -- 

52 

12 

6   14 

8  3° 
Carnfore  Point  — 

52 

11 

6  23 

8  30 

The  S'altee  Rocks 

5a 

5 6  36 

5  30 

Hook     Lights, 

fWaterford 
Harbour)     --- 

52 

3 7     3 

4  30 

Dungarvon    - — 

5i 

59 

7  36 

5 
Helwick  Head  -. 

51 

57 
7  36 

5 

Youghall 

5i 
SO 

7  53 5 
Cork  Harbour   — 

51 4
i 

8  23 

4 
Kinfale    Harbour 

51 

34 
.8  42 4 

Old      Head       of 

Kinfale      — - 

5i 3
0 

8  42 
4 

Seven  Heads 

5i 

27 

8  52 4 

Dundedy  Head  — 

5i 

25 

9     8 

4 
The    Stags,    (off 

Toe  Head)     -- 

5i 

19 

9  23 

4 
Baltimore      Har- 

bour            — 

51 

20 9  40  i 4 

The IjU  of Man. 

Calf  of  Man 

Douglas 
Ramfay  Bay 
Point  of  Air     — 
Peel  Hill 

54     iN. 54     7 

54  i7 
54  *5 

54  1* 

5     3W 

4  4* 
4  38 
4  34 
4  57 

10  30 

10  30 
10  30 

10  30 

From  Calais  to  the  Scato, 

Lat. Long. 
D.  M. 

D.   M. *  Calais 

50  57  N 

1   57E. Gravelines 

51     0 

2  15 

*  Dunkirk 

51     2 

2  28 
*Newport 

51     8 

2    51 

Oftend 

51  14 

3     a 

Walcherenl.fWeftP.) 

51  32 

3  26 

Goree  I  Hand 51  53 

3  58 

Schowen  Ifland 
S1  47 

3  43 
*  North  Gatt 

52     1 

4    9 
♦Rotterdam 

51  56 
4  34 

*Amfterdanj 

52  23 

4  51 

Texel 

53  *° 4  52 

Bremen 

53  23 

8  28 
Elbe  River,  Entrance  of 

54    4 

8     1 

Holmen 

57     1 

8  38 Robfnout 

57  30 

9  49 Scaw 

57  43' 

10  43 

From  the  Naze  to Peterjburg. 

*Naze  of  Norway         57 
Fer  Light  59 
Chriftiana  59 
Frederickftad  59 
Paternofters  57 
Marftrand  Light  57 
Wingo  Beacon  57 
Gothernburgh  57 

Lefibul.    (Eaft  Point)  57 
Weft  Point    57 

Trindelen  Rock  57 
Kummel  Bank  57 

Nidigen  Light  57 
War  berg  57 

Falkenburgh  56 
Halmftad  56 

Halland's  I.  (Wadero)  56 
Koll  Light  56 
Anholt  Light  56 
Hafelo  Ifland  56 
Hielm  Ifland  56 
Cronenburgh  Light         56 
*Elfeneur  56 
Huen  I.  [North  PointJ  55 
*Lendscrone  56 

I  *  Copenhagen  55 
Saltholmf  North  Point}  55 

Falftrebo  Light  '  55 Lubek  53 
Dars  Head  54 

J?arnholmI.('N.E.Pt.;55 S.  W.  Pt.  54 

*Dantzick  54 

59  N 

29 

50 

IO 

54 

54 

38 42 

20 

17 

28 

27 

18 

7 

54 

40 

26 

'9 

44 
12 10 

3 
1 

55 

8 

4i 

4i 

21 

5i
" 

28 

19 

57 

22 

i3E. 

20 
35 

32 

4° 
42 

45 

9 

51 

15 

21 

1 

19 

34 

56 
36 

33 

36 

48 

54 

42 41 

44 

2     5 

2  41 

2  51 

2  53 

o  50 

2  40 

4  54 

5  i7 

8  40 



Table  IV.     Latitudes  and  Longitudes. 

Oland  f  North  Point  J 
South  Point 

Gotland  ('North  Pointy South  Point 
Goltlke  Ifland 
Memel 

I  Swaferott  Lights 
]  Domes  Nefs  Lights 
i  Runoe  Light 
I  Riga 
Dagerort  Light 

I  Hengo  Light 
1  *Stockholm 

*St.  Peterlburgh      — 

Lat. 
Long. 

D.  M. D.  M. 

56  xiN. 
16  29E 

57  «4 

17  9 

56  55 18  16 
57  55 

19  37 

58  16 

19  27 

55  *4 
21  6 

57  55 22   X 

57  48 

22  3O 

57  49 
23  12 

57  * 

*3  45 

58  56 

22  3 

59  49 23  2 

59  21 

18  9 

59  56 

30  *5 

.From  Jta  Naze  to  Archangel. 

♦The  Naze 
Lifter  Land 

Judder,orWalbert 
Rutt's  Ifland 
Great  Wylingfoe 

Houfe 
Stavanger 

Ulfter's  Ifland 
.Bergen 
Mus  Sound 

SiJlewoog  Ifland 
Kate  Note 
♦Drontheim, 
♦Werro  Ifland 
♦North  Cape 
*  Archangel 

Weigate's  Straits 
Nora  Zembla 

Lat. 
D.  M. — 

57  59N. 
— 

58  9 
'sHd 

58  34 

58  42 
Light — 

58  56 
S8  56 — 
59  24 60  12 

— 60  18 
60  36 
61  25 

63  26 67  43 

71  10 64  30 
69  30 

78  0 

Long. 

D.    M. 

7   13E 

6  45 

5  55 

5  58 

5  5° 

6  5 

5  20 

5  50 

5  30 

5  21 

5  4« 

11  10 

9    7 
26  10 

39  ° 
62  2 

70    o 

From  UJhant  to  Cape  Spartel. 

Point  L'Abbe  — 
Ifles  de  Glenan L 'Orient 

Ifle  de  Groa 

Quiberon  - 
•■Belle  lite 

Houat  Ifle 
Dumet  Ifle *Nantes 

Nourmoufter  I  A. 
Dieu  Ifle 
*  Roche  Bon 

Ree  Ifle *Rochelle 
♦Rochefort 

Oleron  Ifle 

Cordovan     Light- 
Houfe ♦Bordeaux 

Cape  Feret ♦.Bayonne 

Cape  Machicaco 
Bilboa 

Cape  de  Lata 

Cape  Penas *Cape  Ortegal 

Cape  Prior 

Ferrol  — Corrunna 

Cape  .Belem 
Cape  Turiana 
*Cape  Finifterre 

Vigo  .Bay  - 
Cape  Faftlis *  Oporto 

Cape  Mondego 

Cape  Fiferaon 
The  Burlings 
♦The  Rock  of 

Lifbort  - *Li(bon 

Cape  Epichel 
St.  Ubes 
♦Cape  St, Vincent 
Cape  St.  Mary 
Point  Arenilla *Cadiz 

Cape  Trafalgar 
*  Gibraltar 

Ceuta 
*Cape  Spartel 

Lat. 
D.  M. 

4.7  48N, +7  44 

47  44 

47  36 

47  34 

47  17 

47  20 
47  IS 
47  13 

47  2 
46  42 46  14 
46  15 
46  9 
46  3 

46  3 

*Ufhant 
♦Breft 

Point  Raz 

Lat. 
Long. 

H.W. 
D.  M. D.  M. M.M. 

48  29  N 

5  oW 

4  3c 

48  23 
4  25 

3  15 I48   2 

4  40  ' 

45  36 44  50 
44  43 

43  29 

43  3i 43  15 43  34 

43  48 
43  46 

43  3i 43  30 
43  17 

43  10 

43  4 

42  52 42  14 
42  5 

41  20 

40  5 

39  24 

39  20 

38  45 

38  42 

38  21 

38  29 

37  2 

37  o 
37  6 
36  3i 

36  10 

36  s 

35  5° 
35  4^ 

Long. 

D.    M. 

11W 
o 

21 

28 

5 
57 

52 

25 

10 
16 

21 
28 

4 

53 

'9 

6 

30 

10 

24 »5 

1 

53 

48 

36 

8     8 

8     o 
8  12 

9  *3 

9  21 

9  H 

8  34 

8  50 

8  21 8  46 

9  10 

9  3i 

9  3i 

9  7 

9  15 

9  ° 

8  56 

7  55 

6  53 

6  6 

5  56 5'i6 

5  12 .5  4* 

H.W. 
H.M. 

a  30 

4  30 
3  30 

3  45 

4  30 

3 

3  3° 

30 

30 

3 
3 
3 
3 
3 
3 
3 

3  3° 

3 
3 

3  30 

3   

«»-"^"'  .'  1 1  11 1  ■■■   .*■ .  WUJwil n» 



Table  IV.     Latitudes  akd  Longitudes, 

The  North  Coafl  of  the  Mediter-' 
ranean  Seel,  from  Gibraltar  to 
Conflantinople. 

Lat.  . 

Long. 

D. .  M. D.   M. 

♦Gibraltar 36     5N 

5  16W 
Malaga 

36  42 4  15 
*Cape  de  Gatt 36  46 

2  24 

*Carthagena 37  37 1     2 

*Ca'peP  alios 
37  34 

0  58 

*A!icant 

38  18 

0     9 

Cape  St.  Martin 
38  47 0     5E. 

Valentia 

39  30 

0  32W 

Cape  Oropefo 
40     0 

0     7 

River  Ebro 
40  44 0  30E. 

*  Barcelona 

41  26 

2  18 

Cape  Sebaltian 4*  48 3   15 
Cape  de  Creux 

42  18 

3   23 
Perpignan 

42  30 

2  57 

Cette 
43  24 

3  46 

Narbonne  Road 

43     0 

2  55 

itlontpelier 43  37 3  49 

Mountfort 43  39 

5     ° 

*  Mar  fei  lies 
43   18, 

5  28 

*TouIon 43     7 

6     3 

Cape  Taillar 43     4 
6  56 

Cape  de  Oropes 
43  29 

7  21 

Villa  Franca 

43  4* 

7  25 

Cape  de  Mille 43  54 

7  56 

*  Genoa 
44  25 

8  41 

Point  de  Fino 

44  16 

9  '  0 

*Leghorn 

4?    27 

10  27 

Cape  M.  Nero 

43   18 

10     0 

Vada 
43    IS 

10  35 

Fiorablno 
43     0 

•o  33 

Point  Ercore 42  29 11     1 

*Civita  Vecchia 42     5 
11   52 

*Korne 
4i  54 

12  35 

Cape  Dazzia 
41  3s 

12  35 

*Naples 
40  51 » 4  20 Cape  de  Polonado 
4°     3 

15  28 PoHcaftro 41    17 

'5  53 

Cape  Batican 
38  47 

16  35 

Cape  GroiV 38   17 
16   16 

Cape  Spartevento 
38.    0 

16  57 

Cape  Col  Ionia 

39     0 

18     8 

Tarento 40   14 l8      2 

Galipoli 

39  5° 

18   36 

Cape  St.  Mary,  the  En- 

trance to  the  Gulf  oi" Venice 

39  40 

19    14 

Bihiici 
40  38 

18  45 

Barry 
41     4 17   18 

Mantredonia 
41  40 

10   10 

Caoe  Veitio 41  43 

16   34 

Pelcaia 

4j    12 

'4  30 
*Ancona 

43   38 

13  37 

Comacchio 44  25 
12     0 

*  Venice 

45   26 

12   10 

Tritfte 

46     0 

'3  34 

Rovigno 

45  11 

13  48 

St.  Maria 

P  efcera 

Cape  Sello Roiaro 
P  atero 
Dora  zo 

La  Vallona 
Cape  Liqueta 

Pogeni 
Larta 

Cape  de  Larta 

Lepanto 
Cape  Gallo 
Cape  Mantapan 
Cape  St..  Angelo 

Cape  Mala 
Corinth *  Athens 

Negropont 

Cape  Doro 
Cape  St.  George 
*Salonica  or  Salonique 

Cape  Ballouri 
Cape  Pellice 
Cape  Monte  Santo Adrianople 
Galipoli 
*Cunftantinople 

Lat. 

X  M. 

23  • 

44  42 

43  45 

42  48 
42  23 

41  40 

40  55 

40  42 
39  19 

38  55 

38  40 
38  15 

36  40 

36  35 
36  37 

37  34 

38  10 

38  4 

38  28 
38  o 

39  I0 

40  41 39  43 
39  57 

40  10 

40  44 

40  25 

41  1 

Long. 

D.  M. 

14  25E. 
15  40 

16  25 

17  40 
19  15 

18  45 

20  8 

19  50 21  28 

22  3 
21  44 
22  54 
21  49 
^2  37 

23  44 

24  J3 23  35 

23  58 

24  10 

25  o, 

23-44 

23  14 
23  55 

4  25 

24  57 
27  5 

27  11 
29  o 

The  South   Coaji  oj  the   Mediter- 
ranean Sea. 

Ceuta 

35   5.0  N 

5   12W 

Cape  Tetuan 

35  28 

5   14 

Cape  Negril 35  25 

4  24 
*Cape   Three  Forcas 

35  38 

:    2    45 

Cape  Fegalle 36  46 I       2 

Cape  Falcon 
36     6 

O    44 

Cape  Ft-rrat 

36     4 0     3E. 

Cape  Teiinis 

36  M 

1    12 *AIgiers 

36  49 

•  2  19 

Cape  Matifor 36  52 
3     3 

*Cape  Carbon 

36  53 

4  »S 
Cape  Tenes 

37     4 

5  44 Cape  Fyel 
3C   <8 

6  37 

Cape  Ferro 

37     4 

7  33 
Bona 

36  45 

7  53 
 ' 

Tabarca 

37     8 

8  55 

Cape  Scrra 
37  25 

■  9  35 

Cape  Slanc 
37  30 

9  35 

Tunis 

36  45 

10  10 

Cape  .Son 

37     9 
11     8 

Sufa 

35  44 
to  50 

Cape  Paul 

35     5 

11    15 

Cape  de  Zoara 

33  30 1 1   24  ■ 

*  Tripoli 

32  54 

13   11  . 
Magra 

3  2  29 

15     0 
Cape  Menfurato 

32  24  ■ 

r5  39 

Cape  JLorat 
3i     0 

16  30 

Cape  Stutiico 

3i  43 

17  37 

Stantores 

50  17     1 
18  40 



I^able  IVi    Latitudes  and  Lon&itudes. 

Cape  Lincorita 
Cape  Sarabion  . 
Zoara 

Cape  Bengaza 
Cape  Razat 
Derne 

Cape  Razatin 
Cape  Luco 
Cape  Soliman 
Point  Ramitan 

Cape  Lagofego 
Cape  Capopero 
Cape  Rofe 
♦Alexandria 
Cape  Brule 
Domiata 
Berella 

Cape  Gallo 

Jaffa M.  Carmel 

Cape  Vardo 
Tripoly 
Tortofa 

Cape  Satidin 
Cape  Canzia 

*Alexandretta,orScan- 
deroon. 

Aleppo 
Cape  Urico 
Porto  Cavelero 

Cape  Dranmont 
Satalia 

Cape  Seven  Capes 
Cape  Biabe 
Cape  Crio 
Cape  Petrera 
Cape  St.  Mary 
Cape  Blanc 
♦Smyrna 
Cape  Baba 
G.  Janefari 
Cape  Capitani 
Prufiias 

Lat. 
D.  M. 

30  57N. 

31  28 
31  12 

32  28 3     7 
32  59 

3a  45 2  15 

31  40 
3i  25 
31  13 
3i  3 

31  o 
31  11 
3i  44 

3i  36 

31  20 3i  34 

32  5 

32  50 

34  18 36  46 

35  20 36  o 36  24 

36  35 

35  45 
36  35 
36  33 

36  23 
36  58 

36  31 36  44 
36  45 

37  10 
37  45 

38  16 
38  28 
39  24 39  53 

40  13 
40  35 

Long. 

D.  M. 
18  10E. 

19  1 
19  0 20  2 

22  26 
22  21 
22  57 

25.25 

5  45 
26  27 

27  19 28  49 

29  40 

30  22 
3i  34 

32  1 
32  47 

33  55 

35  I0 

35  »6 
35  57 
36  24 
36  25 

36  o 35  47 

36  26 

37  26 

34  20 
33  17 32  7 
30  35 
28  54 

28  10 27  34 

27  30 

27  20 26  32 

27  26 26  20 
26  32 
28  O 
29  4 

JJlands  within  the  Straits. 

♦Alboran 
Zaftarine  Iflands 

Formentera,  W.  Point 
Ditto, (E.  ditto) 
Ivica, (S.  ditto) 
Ditto, (N.  E.  ditto) 
Salina 

Carbera, 
(S.  Point) 

Majorca, (S.  Point) 
Ditto, 

(N.  ditto) 
Ditto, 

(W.  ditto) 
Ditto, 

(E.  ditto) 
Minorca, 

(S.  ditto) 

36     iN. 

35  *3 
38  41 38  39 

38  48 

39  !° 38  50 

39  *° 

39  lS 
40  45 

39  40 
39  42 39  43 

48W 

8 

49E. 

10 

51 

11 

40 

23 

30 
40 

51 

2 

50 

*Minorca,(St.Phillip's 

Fort) 

Ditto,  (N.  ditto  point) 
Corfica,  

(W.  Point), 
Sardinia,  

(S.  W.  point) 
Ditto*        

(S.  E.  ditto) 
Ditto,  

(Ni  ditto) 
Ditto,      (N.  W.  ditto) 
Senera,  (N.  point) 
St.  Pelem 

Tovo 
Galite 
Elba 
Planofo 

Capraia 
Gorgona 
Ponza 

Lufterca 
Strombolo 
Leua2e 
Marelimo 

Faugnana 

Sicily, 

Ditto, 

Meflina,  in  ditto 
Pantelaria 
Linofa 
Pidufla Malta, 
Ditto, 

(W.  point) (S.  ditto) 

(N.  point) 
(S.  ditto) 

♦The  harbour  in  Malta 

Gozo,  (N.  point) 
Corfu,      (S.  E.  point) 
Fano,  entrance   of  tht 

Gulph  of  Venice 
Pelegofa 
Piani 
Tremilli Lifla 

Porno Longa, Scio, 

Cerigo, 

Cerigotte 
Milo 

Mitelene,     (W.  point) Goze 

S.  W.  point 

Cape  Spada 
S.  £.  point 
N,  E.  point 
Rhodes,    (S.  E.  point) 

Cyprus,  W.  point 

E.  point 
S.  point 

Lat. 

D.  M. 

39  51N 40  16 
42  30 39  4 

39  ° 

41  15 40  57 

41  13 

39  ° 
38  40 

37  5° 42  48 
42  34 

43  i° 

43  24 

42  32 

38  53 
38  57 

i2 

38  o 37  56 

38  11 

36  45 

38  15 36  54 

35  55 

35  4° 

36  o 

35  39 

36  o 36  12 
39  31 

(S.  E.  part) 

(S.  point) 
(S.  point) 

} 

40  8 

42  14 
42  9 

42  10 

42  47 

43  2 

43  53 
38  14 

36  22 

35  55 

36  41 
39  15 

35  * 35  17 35  45 

35  21 

35  35 

35  27 

35  o 

35  40 34  3° 

Long. 

D.M. 

3  54E. 
3  21 

I    45 

8  18 
9  54 

I55 

0  2 8  6 

1  5 

8  20 

8  55 

9  5° 

9  45 
9  35 

9  21 

9  55 
13  35 

15  52 

1 2  20 

12  11 

12  26 12  40 

15  36 

15  59 

12  o 12  38 

1%  40 

14  22 

14  35 
14  34 

14  50 
20  50 

21  6 16  30 
16  13 

15  50 

16  27 

15  55 

15  52 26  32 

23  21 

24  43 

25  6 
27  12 

24  5 

23  56 

24  18 3  55 

27  6 

28  45 

3i  55 

35  ° 

33_i6 

The,  Coajt  of   Africa  from  Cape 

Spartdto  Cape  Vera", ♦Cape  Spartel ♦Lararti 

♦New  Sale 
♦Mazagan 

3548N. 

35  " 

32  35 

33  13 
547W. 

6     8 

6  38 

8  xx 

(L)    Taj*. 



Table  IV.      Latitudes  and  Longitudes. 

''Cape  Blanco 
*Cape  Calritin 
*3afffa  Bay 

*Mogadore  Ifland 
*C  ipe  Gcer 
Santa  Cruz 

Cape  Nun 
*Cape  BajadOfc 
*Cape  das  Bavbas 
*Cape  Blanco 
Arguin 
Caps  Mirk 
Portendic 

Senegal  Bar 
*Caae  Verd 

Lat. 

D. 

M.   1 

13 

5N. 
3- 

3  5 

32 

20 

3i 

27 

30 

28 

30 

29 

i'8 

40  . 

20 

29 

22 

IS 

20 

41 

zo 
22 

r9 35 

18 b 

1? 

51 

14 

46 

Long. 

D    M. 
8  20W 

9  o 

8  40 

9  is 
9  47 9  34 
1    10 

!4  20 '6  34- 
.6  52 

(6  22 
16  16 
t6  58 16  9 

•7  47 

TAe  J-rc/Zsrn  IJles 
*Coryo 
*r  lores 

*  Fay  al,  the  Town *Pico 

Tercera 
St.  George 
Gvaciofa 

*St.  Michael,  E.  Point 
ditto  W.  Point 

*St.  Mary 

The  Madeiras. 

*  Porto  Santo  |  — 

Rock  (E.  of  ditto unde 

water)  — 
Madeira,  (Eaft  Point) 
Ditto,  (Weil  Point) 
*Fanchal  — 
The  Salvages  Ifland 

The  Canaries. 

*Lanzarote,  (North  P.): 

♦Ditto,'  (South  P.) 
Fortevantura,(Weft  P.)' 
Ditto,  (Eaft  Point) 
*Canaria,  (N.E.  P.) 

♦Ditto,  (South  P.) 

*ThePeakofTenerirr'e 
*  Ditto,         (North  P.) 
♦Orotavia  in  ditto 
Santa  Cruz  in  ditto 

Palma,     (North  Point) 
Tasicote  in  ditto 

Ditto,        (South  Point) 
Gomera,  at  the  Port 

*Ferro,         (the  Town) 
♦Ditto,        (Eaft  Point) 
Ditto,         (Welt  Point) 

25N 

51 

4 

40 

13 

42 

13 

39 

23 27 

36 

6 

26  w 

4* 

26 

40 

33 

54 

30 

3 
4 
3 
5 
5 
6 
6 
6 
6  18 

32 

3 

37 4 

40 

37 

5^ 

Cape  Verd  Ijlands. 

St.  Anthony 

St.  Vincent 

St.  Lucia 
St.  Nicholas 

*3al  — ♦Bonavifta 

*Mayo         — 

St.  Jagg,  (NorthPoint) 
Ditto,        (South  Point) 

'  Brava         — - 
*Fogo        — 

From  Cape^Verd  to   the ,  Cape  of 
Good  Hope. 

*Cape  de  Verd  I 

*Goree  Ifle  ' — 

Cape  Naze  • 
Cape  St.   Mary,    (Ent. 

to  the  river  Gambia) 

Cape  Roxo  — 

Cape  Vergue  ■ — 
Delos  Ifles  — 
*Cape  Sierra  Leon 

♦Cape  Ann    ■  — 
♦Cape  Mount  — 
*Cape  Mezurado 

Cape  Baxos  — Seiios  River  — 

Cape  Formofa  -— *Cape  Palmas 

St.  Andrew's  River 

Cape  Laho  -•- 
♦Cape  Appollonia 

*Axim 

♦Cape  Three  Points *Dix  Cove 

♦Sakondee  <•- 
*Elmina  --- 
♦Cape  Corfe  Caftle ♦Devil's  Hill 

*Anamaboe  Fort   *-  , 

*Acra 

♦Tibberacoe  --- 
River  Volta    

Cape  St.  Paul  --- Whidah 

Formofa  River  — 

Cape  Formofa 
New  Ca-llabar  River 
Cameron  R.iver 

Cape  St.  John  — 
Gabon  River  — 
C.  de  Lopas  Gonfalvez 
Sefto  River  — 

Alvary  Bay  --- 

Lat. 

14  46  N 
14  36 

14  24  ' 

3  27 



Table  IV.     Latitudes  and  Longitudes, 

Congo.  River 
Ambris  River 

Cape  Ledo 
St.  Philip  de  feenguela 

*Cape    Negro    (appears 
like  black  hommocks) 

*Tiger's  lfland 
Cape  Frio 

♦Elisabeth's  Bay 
Cape  Roltro  de  Pedro 

♦Angra  Pequena 
Cape  das  Vjlras 

♦Walv/ck  Bay  (N.  W. Point) 

Cape  Defeada 

*St.  Helen's  Bay  (C.St, 
Martin's) 

♦Saldanah  Bay 
♦Cape  of  Good  Hope 

Lat. 

D.  M. 

Long.      , 
D.  M. 

4  35$. 

8  55 

9  5° 
12  18 

11.    5E. 
'3  *3 12     3 12  35 

16    5 

16  30 
18  40 
26  12 

t2  44 

12      0 

'3  42 

'5  30 
23    0 
26  35 

29    0 

r4    0 
15  40 

16  45 

23    0 

32  20 

14  0 
15  24 

P  4? 
33  8 34  29 

17  45 

18  0 r8  29 

IJlands 
Cape 

Horn. 

between    Capt 

cf  Good  Hope\ 

Verd,     the 
and   Cap  t 

St.  Paul's 
*  Ferdinand  Noronha 
St.  Matthew 

Fernand  de  Po  (N.P.) 

Prince's  IfLnd 
*St.  Thomas,  (Man  of 

War's  3ay) 
♦Ditto  (S-..P.) 
*  Annabona 

♦Trinidad  (t) 
♦Martin  Vas  (largeft) 
*  Afcenfion 

♦St.  Helena  (James 
Town) 

Sa*embureh 

♦Trifrran  d'Acunha  (N 
-P)(t). 
*Inaccefliole  lfland 

♦Nightingale  ifiand 
Diego  Alvarez 

♦Gough's  illanrl 
Falkland's  1.  (N.E, :  P.) 
Ditto  (S.  \V.  point) 

♦lfland  Georgia    •    " 
♦Gape  Buiier 
♦C.  Difappointmer.t 
♦  Willis's  ifl^s 

♦Sandwich  Land  (Cap 
Montagu) 

r  Candlemas  Lies 
♦S'lih^rn  Thu'e 

0 

55N- 

3 

53  S. 

1 
33 

3 
23  N. 1 44 

0 

27 

0 s 
1 

33s. 

20 28 

20 

31 

7 

56 

f5 

55 

30 
41 

5  7 
6 

7*7 
J  4 

19 

37 

29 

39 7.0 

40 

*5 

51 50 
53 

0     1 

53 

<*  ! 

154 

58 

154 0 

[5
8 

35 

57 

10    I 
|J9 

34    ' 

27  40W 
32  32 

7  3° 8  50E. 
7  35 

7  o 

6  50 

j  42 

28  35 W 

28     8 

14  16 

5  46 

19  15 

11  38 '?  45 
11  43 

1  1     2 

2  30 

57  30 

01  45 

3"  3  5 

36  JO 

38  21 26  41 

27  8 27  40 

From   the    Cape   of  Good  Hope  to 
Cant  077. 

♦Cape  of  Good  Hope Falfe  Cap* *Falfe  Bay 

Cape  Agullias  * 
Bay  St.  Braze 
Cape  Talhado ♦Aigoa  Bay 

Cape  Delgado  (Mufclt 

Bay) 

♦Firft  
Point  

of  Natal 
♦Middle  

Point  
of  Natal Port  

Natal 
Srnoky  

Cape 

Cape  
St. Mary  

(entrance 
of  Delagoa  Bay) 

Cape  Corientes 
Cape  St.  Sebaftian Sofala 

Angoxa •Mozenbique 

Cape  Delgado 

Cjuiloa Momhas 

Melinda   < 
♦Magadofna 

Cape  BafTas 
♦Cape  Orful 

*Cape  Gnardafui 

♦  3  pe  Babelmandel(en 
trance  of  the  Pved  Sea 

fCape  Aden ♦Cape  Fartafp 

Cape  Morebet 
♦Socotra  lfland  (E.P.) 
Ditto  (W.  Point) 
♦Cape  Pedro 

*Moka  (in  the  Red  Saa) 

Jndda 

Cape  If>cJete 
Credit  Madeira  lfland 
C  ape  Rofelg^te 

Mul'cat 
C^pe  Jafii 
C.  Mufeldon  (entranced 

the  Gulf  of  Perfla) 

C.ipe  Birdifian 
Garnbaroon ♦BafTora 

Cape  M.:nzs ♦Point  Gigat 
D'nu  Point 

Cambaye 
S  u !  a  r 

Lat. 

1.011  g. 

D.  M., D.  M. 

34  29S. 

18  29  E 

34   16 

18  50 

34  JO 

18  39 

34  44 

20  15 

34  28 

21  59 

34   12 

23    17 

n  30 

26  35 

33  38 

24  10 

32  11 

28  51 

3°  45 

30  20 29  5° 

30  57 

27     7 

33   15 

25  5* 

33   16 

23   37 36  35 
21   35 

36  25 20    15 

35  32 

16    II 

39  27 14    56 
40  29 

10     6 
41   15 

8  41 

39  40 
3  34 

4i  30 

2  45 

4*  47 

2    20  M. 
46  25 

4  5° 

49     2 

10  27 

51  38 

ii  47 

Si  35 

12  3S 

43  47 

12  45 

45   i? 

15  29 

52     5 17     0 

54  19 

12   18 

54  23 

12  45 

53     2 

17  54 

55  27 

13   17 

43   i7 

21  29 

39  26 

19     4 

57   18 

20  15 

58   51 

22  36 

60  54 

23  30 

59  26 

'-5  57 

57  S5 
26  17 

^6    <7 
28     0 

hi     8 

27   18 

U-G     6 

30  31 
47  #? 

25     0 

66   jS 

23  30 

6S   35 

20  44 

69  5° >a  36 

-2   17 

[  2 1    10 

1-2     26 

;-■-  of  Trinidad  given  above  !•  ?  di*4zrers  lefs  iv.in  i:i  many  char  -.-,,- k»L.     P- 
••Tire,  ir  h's   vqytg*    rourd 

.,,    1,1...--,    ind  iWe    if  li  .:,-:•■■-!.    ■--    :     T    T  v-tt  -,■.-■.-.-  3 V    pf   1.  1 

m  ;    «likh  »Jre«  nearly 

Itiuus  I  Md  near  ih;5  it:-.::-  ...  i  .■    y<  _i   17    >.  which  luauc  :  .t 
I* .,...:. 

ibOjg'W.  of  London: 

f  Tr'.H.in  rl'Ac -nha 
1   in  jii^it  budks  and  c ir.  St^.Lir.tor.':  .tratalTy  to  Chi'1.-'',  prge  j^o,  vol 

^Lz)     T*  h 



Table  IV,     Latitudes  and  Longitudes. 

1 
1 Lat. 

D.  M. 

Long. 

D.    M. 
1 

Lat. 

Long. 

D.  M. 
1 

0. 

IVl. 

Cape  de  Sf.  Jpba 20     6N. 

7234E 
North  Point  (C.  Am- *Bombay 

18  57 
72  43 bro  or  Natal) 

12 

2S. 

50  19E. 

Dabul 
-17  48 

73     9 *St.  Auguftine's  Bay 

n- 

35 

43  30 

*Goa 

15  3i 
73  55 

Cape  St.  Vincent 

21 

46 

43  37 
Barcelore 

13  53 

75     * 

Cape  St.  Andrews 

16 

6 

45  32 

Mangalore 13     0 75  35 Cape  St.  Sebaftian m 

30 

49  44 Mo.mt  Dilly 
12     5 

75  35 Bay  Antongil 

16 

0 

50  3  <* 

*  Cochin 9  53 76  27 
Ifla'nd  St.  Mary 

j6 

54 

50  36 

*Cape  Comorin .7  5-7 

77  32 

*Foul  Point 

17 

41 

49  59 Dondra  Plead  (fouth  P. 
*Fort  Dauphin 

2S 

0 
47     5 

of  Ceylon)'. 5  47 81     2 J   Baffas  de  India 

22 20 

41  30 

*Trincomaky 

8  35 81  27 

Europa  Rocks 

21 

50 

40  17 Point  Pedro 
9   S7 

80  39 

Juan  de  Nova 

'7 15 

43     7 

|    Point  Calymere 
10  13 

79  54 
Suffex  Rocks 

2r 

29 

42  26 

*Negapatnam 10  32 
79  53 

Baz&ruto  Iflands 

21 

16 

3-6  30 
i    *Pondicherry 

11  43 
79  59 Englifh  Bank 

17 

30 

39  27 
j"'*  Fort  St.  David's 

11  29 

79  54 
Cbeflerneld  Shoa} 

16 

17 

44    ° 

j    *  Madras 

t3     5 

80  35 

*Mayotto  I  Hand 

12 

47 
45  3° 

|    Point  Divy                   i 16     2 

81  29 

*Mohilla  Ifland 

13 

30 

43  55 
j    *Mafu!ipatna-m 16   lb 

81  24 

* Johanna  Ifland 

!2 

15 

44  35 
|    *Coringa  Bay 

16  58 
82  30 *  Comoro 

3  I 

32 

43  3° 

'    *  Point  Gordeware 

16  45 
82  37 

Portuguefe  Shoals 

12 

33 

46  55 

J   *VHagapatam 
17  46 

83  35 

John  Martin's  Aland 

10 

9 

43   15 i    *Gamjam >9  a5- 

85     7 
Aldabra  Iflands 

9  4° 

46  5S 

j    *|agernaut  Pagoda 19  48 

85  57 

AfFumption  Ifland 9 

46 

*'B]ack  Pagoda 19  51 
86   10 Cofmoledo  Illand 9 

46 

48  38 

Fulfe  Point 
20  17 86  51 

St.  Peter's  I-fland 

9- 

34 
50  47 

J    *  Point  Palmyras 

20  44 

87   10 

Natal  Ifland 8 

30 

47   15 *Kadgiree 21  52 88   16 Sandy  Ifland 9 16 

48   12 

*Balafore 
21  21 

87  21 Zanzibar  Ifland 6 

10 

40  45 

*Ingellee 21  48 
$'   11 

Amirante Ifland  (N.  W. ^Calcutta 
22  34 

88  33 Point) 

5 

10 

53  45 
*Chandernagpr 22  51 

88  35 

Ditto  (S.  E.  P.) 6 10 

5S    0 

j    *lf!kmabad 22  20 

91  52 

Mahe   Ifland   (N.  W. 
Aracan  River 

20  17 

93     0 

Point) 

3 

40 

54    S Cheduba lfle 

18  45 

93  37 

Ditto  (S.  E.  P.) 5 

20 

56  30 

*Cape  Negrals. 16     8 
94     9 

*Ifle  Bourbon 

20 

52 

55  36 

*Gulf  of  Martaban *5  37 

96  30 

*Mauritius,  or  Ifle  of 
*Tavay  Point 

13  37 

97  44 
France 20 10 57  35 

*Junkfeylon 8   15 

98     2 

•Diego  Rais,or  Rodr'gne 19  40 63   10 *  Malacca 
2  12 i02    II 

*"St.  Brandon 
16 

34 62  50 

"Cape  Romania 
1   J5 104      5 

Nazareth  Bank  (S.  W. 
*-Siam  (in  GulfofSiam) 

14  18 

too  55 
Point) 

16 45 
60     0 

*Cambaja   Point 

8  45 
'03  45 

Ditto  (N.E.  P.) 

1 3 

35 

61  44- 
Avarella  Point 

12  54 

107  50 
Sandy  ifland 

'5 

10 

55    5 

Cape  Nord  or  Turon 

16     4 
106  30 

South  Roquepiz  (doubt- *Maca© IZ    12 113  52 

ful) 

10 

30 

64  3a 

*  Canton 
23     8 

113     8 Suppofcd  to  be  the  fame 
as  Galega 

John  de  Nova Providence  Ifland 

10 

10 

9 

30 

*S 

7 ;6  50 

53  30 

53  3-4 

56  30 

Ijlavds  \S  Shoals  ly  i 
ng  belt 

seen  the 

Caps  of  Good  HoJh 

•  Gf  Cap 
e  Ca?/i- St.  Francis  Ifles 7 

10 

eron. Peros  Bmhos 5 

30 

72  20 
*Diego  Garcia 7 

30 

72  35 

Shoal      difcovered      b) CanduIfLs 6 0 

76  35 

Capt.  Fortune  of  tin Ada  Ifles 5 

30 

76  20 

fhip  Commerce 
33     SS.i 

43   10E. 

Maldive  Ifles  (S.  E.  P.) 0 

40S. 

74  55 

Afhoal  v  ith  breakers  dif- Ditto (N.  W.  P.) 7 15N. 

73  40 

covered  by  the  Dutch 
3i  44 

44    0 

Malique  111. 
8 

»7 

72  59 

Ifland  of  Madigafcar. Laccadive    Ifles   (S.   E. 
♦South  Point  (Cape 

Point*) 

9 

50 

ft  55 

St.  Mary's) 

2-S  33 

44  55     \ Ditto  (N.W.  Point) 

'3 

36    1 
7°  3:5 



'Tabi/b  IV,     Latitudes  and  Longitudes. 

lHands  andjboals  to  the  J'outh<ward 

and  eaf  ward  of  the  Cape  cfGood  ' 
Hope.   

Denia  Ifl.  ?  exiilence 

Marfeveen  $  doubtful. 
Teleroaquelhoal 
Dutch  Bank 

Ditto 

Prince  'Edward  's  Iflands 
*Southernmoft 
*Northernmoft 

Marion  I  (lands 

Kerguellen's    -Land,   or 
lfle  of  Defolation 

*Bligh5sCap(NP) 
*Chrifrmas  liarb. 
*PortPa!lifer 

*  Cape  Digby 
*Cape  George 
I.   Solitaire 

Cape  Louis 
St,  Paul's   Mand 
Amfterdam,   (E.P.)f 

Lat. 

D.  M 

4.1    -oS 

&  50 

37  20 38  24 

46  53 

46  40 
47  15 

48  29 

48  41 
49  3 

49  23 
49  54 
49  49 

49     3 

37  53 38  42 

Long. 

D.  M. 

22     2 

38  30 

37  =5* 
38  13 

46     p 68  49 

69  9 

69  42 29 
o  15 

11 63  23 

77  " 

77   11 Ijlands   and  jboals    iveji    of    J)/env 
Holland. 

Danifh  Rock. 

Cloate's  .iiland,    Longi- tude uncertain 

Tryal  Recks 
Rofemary  lEands 
Abrolhos  Shoals 
Chriftmas  Ifland 

*Coco  I'st/Northernm 
Southernmoft 

a 
'it*. 

a 

45 

10 

40 

20 

•3° 28 

.3° 

10 

30 

1 1 

?p 
12 

23 

98  30E 
-93  27 
104  30 
no  45 
no  45 

104  27 

97  13 

97  24 

Ijlands   and  Jboah    between    Cape 
Cameron    and   Sumatra. 

*Ceylon,  (South  Point) 
♦NorthPoint 

*Trincoma!e,y 
Bale   of   Cotton    Rock 

(doubtful). 
Preparis  Iiland 
|Cocos  Ifland  (N.  Point) 
|*Great  Andaman  Ifl. 

North  Point. 
South  Point. 

;  Little  Andaman  I.  S.P. 

iN'icobar  Ides,  N.  P. 
South  Point. 

5 

47N. 

-9 

8 57 M 

% 

28 
14 14 

5° 

6 

l3 

30 

11 21 

10 

3i 

9 
6 

25 

Si 

8r     2E. 
80  39 
81  27 

86  15 

93  35 

93   10 
92  40 r-  35 

92  30 

93  w 
94  22 

Sumatra. 
Lat. 

Long. 

D.  M. 
D.  M. 

Weft -Point 

5  25N- 

95  32E 

*Acheen 

5  22 
9  5  40 

Cape -Felix 

'3  "58 

96     3 

Point  Labou 

2  55 

96  48 
Cape  Sitoe              . 

a    3 

97  34 Point  Batang 

0     5 

98  55 

*-Bencoolen 

3  49  s- 

102     6 

*  South  Point 
S  53 

104     7 

Hog's  Point 

5  48 

105   12 
Lucepera  Point 3     5 

ic6     5 

Tanjong  Bou 
1     0 

1 04  24 

Sangoa 
2     8N. 

100  22 

Diamond  Point 

5     0 97  38 

Ijlands  on  the  Wejlern  CoaJi  of  Su- 

matra, a?id  77i  the  Straits  of  Ma- 
lacca. 

*Fulo  Konda 

*PuloWay,  N.  Point 
*:Pulo  Erafle  N.  Point 

Hog  Ifland P  ulo  Nyas 
Pulo  Mintaon  Ifland 
Good  Fprtune  Ifl.   S.  P. 

Poggy  or  NalTau  S.  P. 
Erigano  or  Deceit  1:2. 
*r  ortune  Ifland 
Pulo  Sever 
*Pulo3uton 

*Prince  of  Wales  Ifland 

(Fort  Cornwall  is) 

Bintang   (S.  entrance  of 
theStraits  of  Sincapore 

5   59N- 

5  49 

3* 

2  30 

o  57 

0  25  S. 

1  57 

3  iS 

5  33 

6  47 

8  30N. 
6  30 

5  27 
1     o 

95 

95 95 

95 

97 

98 

99 

100 102 

104 

98 

99 

ioo 

104 

Ijland  oj  J-wva,  and  Ijlands  in 
Straits  of  Sun  da. 

21E 

33 

12  j 

45   i 

2  ! 

'Z\ 

49 

25   1 

25  ! 

O   ! 

OO 

24 

30 

_3_o
 

ibt 

*Java  Head  or  W.  P. 
*Anjer  Point 

*St.  Nichols^  Pom; 
*  Bantam  Point *Batavia 

Indermay  Point 
C.  Sandano 

E.  Point 
Winerow  Point 

*Peak  on  Prince's  Ifl.  J 
*Peak  on  Crocatoa  Ifl. 
*  Peak  on  Tamarind  Ifl. 
Pulo  Sornboricoo 
*PuIo  Salier 

*Cap 

*Buiton 

*Thwart-the-wav 

6  4S , 

6     2 

5  5' 

5  54 
6  10 

6  15 

7  39 
8  40 

7  25 

6  24 

6     8 

5  54 
5  44 

5  5° 

5  59 

5  5° 

5  55 

r04 

105 

106 

106 
106 

109 

114 

114 

106 

104 
105 

105 105 

to6 

105 10; 

10; 

45E 

53 

54 

48 

f  li.e  lai 
Embaflv  10  ( 
work,  it  is  7 
.v..,  and  a  f,: 
about  37O  39 
had  a  Rood  : 

i  Bcarinp 

AllM 
th^  Bo 

.il.o 
»■»  ">vi«Ted  l.y    Cant;   1 

o)    1.   page  110,  American  edit.     Its  longitude,  according   toCapt,B]jnh,  is  7:°2»'£.  an 
he  mean  being  77O  1 1"  K.     The  Mand  of  Amllerdam    is  about  four  miles  Ion);,  from    norl 
v  Ir ..m  eaft  10    well.     The    I/land  of  St.  Paul  lies  in  the    fame  meridian  as  Ainftcrdam,  its 

ppcars  bv  the  obfervaliuns  of   fcseral    navigators,  who  bade  tile  iiland  ihrce    or  ("our  hou n  obf,  rvaiion.    This  note  wa>  added  as  a  caution  to  navigators  in  running  Tor  this  iiland. 
c  northerly  in  molt  honks  and  charts. 

srk  on  which  the  Indoltan  flruck  in  theStraits  of  Snnda  :— Zeclip,  vV   5ON — Peak  on  Ciocatoo,  S.  -  5OW. 
nd   Ifland,  >,'.  60  W- Cap;.  M'Jntofh    rowed    round   the  rock  in    a  circle  often  fathoms,  and  the  beat  was 

I  after ;  marked 

—Peak   onTa 
never  in  lefs  than  ten  fatho 

A  funken  rncak,  on  which  the  fea  was  f»en  to  break,  was  difccvcrcd  at  the 
Barnard,  of  Bofiorj,  and  publifhed  in  the  Bofton  papers.  The  bearings  taken  fron 
dirtant  7  leagues. — South  uoint  of  Sumatra,  E.  N.  E.  two  and  a  half  leagues. — Ni 
Soun1ili£S7  fathoms,  within  ga  yards  of  the  eallcrn  lide  of  the  rock  To  keep  I 
not  fhoalcn  htr  water  to  lefs  than  ig  fathoros.  In  many  charts,  this  part  of  th 
h»e  fceu)  at  fo  <r<  at  a  diilanc^  from  the  more. 

of  .nostra S  of  Sunda,  by  Capt    Moles 

fortune  Mand,  N'.VV.bv  W. 
rite)  in  the  nighl  (hould 

cky  ;  bat  in  none  [that  I 

irtglTtrfcrrt  ^B^if^n 



Table  IV.     Latitudes  and  Longitudes, 

//lands  and  Shoals  from  the  Straits 

of  Sunda  to  the  -north  entrance  of 
the  Straits  of  Banca. 

*  Three  Sifters 
*Noith  Iihnd 
Two  Brothers 

*  Lucepesa  S.   entrance 
of  the  Straits  of  Banca 

*Nanku  Ifiands  in  the 
Straits  of  Banc* 

Banca  ffland  S.  E.  P. 

MonopinH.UN.W.P. 
North  Point 
Eaft  Point 

] Lat. 

D. 
M. 

5 
5 
5 42  S. 

38 

8 

3 11 

z 
22 3 4 

z 3 
i 
2 33 

3* 

Long. 

D.  M. 
105  47E 
105  48 106  9 

106  20 

105  46 

107  o 105  23 

106  o 

107  o 

IJIands   in   the  <wejiem  part  of  tht 
China  Sea  and  Gulf  of  Siam. 

Straits  of  Gafpar  and  Edition* 

Gafpar  Ifland 
Billiton Ifland  S.  E.  P. 

S.  W.  P. 
N.  P. 

Point    Sarnbar    S.   W. 
Point  Borneo 

Carimata  + 

2  24  S. 

3  16 
3  9 

2'  33 

3  45 

1   26 

[07  20E 
108  20 
107  46 
107  58 

109  50 108  54 

fiimang 

Spirit  lflands 
St.  Julian  lflands 
Timelans  lflands 
Small  Ifland 
Wood  Ifland 
Saddle  Ifland 
Great  Anambas  Ifland 
Great  Natunas  ifland *Pulo  Tirigy 

*PuIo  Acre 

*Pulo  Timon  Ifland 

*Pulo  Brata       '     " 
Pulp  Lazen 
Ridang  Ifland *Pulo  Uby 

*Pulo  Way 

Two  Brothers 
*Pulo  Condor? 

*Pulo  Sapata 

Hainan  (North  Ppint) 
South  Point 

*  Great  Ladron ■*Chook-choo 
*Afi"es  ears 

*Typa  Road 
*Pedra  Branca 

1     oN, 

0  39 

0  52 

1  o 
i  36 
1  41 

2  22 
2  56 

2  23 

2  30 

4  4§ 

4  45 

7  *  1 

6    o 8  30 
10    o 
8  30 
8  40 

10     z 

20  Z 
l8    12 21  52 

21    55 
21  55 

22  9 

22    19 

104 

IOfj 

106 

107 

106 
106 

106 

106 108 

104 

104 

104 
103 

101 102 

IO4 

102 

IO5 

106 

108 

I IO 

IO9 
"3 "3 

114 
"3 

iri5 

30E 

57 
33 

15 

!.7 
15 

o 

J5 

o 

25 

55 
35 

56 
40 

37 

30 

44 

55 

24 

42 

35 

20 

4i 

4i 

12 

54 

Daltymjile's   account   of  Shoals    in   the China  Sea. 

C  Mr.  Bayley, 

I  Capt.  King, C  Mr.  Bayley, 

I  Capt.  Kfing. 

The  fituation  of  Pratas'  Shoal  was  determined  by 
Capt.  King  and  Mr.  Bayley  ;  it  is  of  confider- 
able  extent,  being  6  leagues  from  N.  to  S.  and 
ftretching  three  or  four  leagues  to  the  eaitward 

of  Prata  Ifland.   "    '   *"  ' 
N.  E.  Extremity 

S.  W,  Extremity 

St.  Effrit  Bank,   nearly  round  18  or  20  leagues  in 
circuit,   on  the  north  part  rocks  eve/i  with  the 

water's  edge,   on  the  fouth  part  9,  10,  15  fath- 
oms, fand,  rocks  and  gravel  -     '      -  -  Ship  AfTeviedo,i755 

^uppofed  part  of  the  fame,  8  fathoms,  red  corai 
rocks  -  -  .  -      LaPaix,  1763. 

Ditto  12,  ic£,  6|,  8,  9,  12  fathoms  (none  at  20 
and  40)  fand,  with  fmall  ftones  and  coral  rock  ; 
fleered  on  it  N.  N.  W.  *  mile  and  N.  \  W.    i; 
miles  5  appearance  of  fhoal  water  to  the  weft 

ward  -  '  -  -  Grofvenor,  1765 
Breakers  andjome  rocks  above  water,   extending  N 
E.  and  S.  W.  3  or  4  leagues,  fuppofed  north-eafr 

fhoal  of  Amphitrite,  or  Triangles         -  '       -      E.  Sandwich,  1784. 
L',10  Black  Jjland,  "with  white    fand,  round   and long  bank  of  white  fand  to  the  north  and  break 
ers  E.  Lincoln,  17(14. 

High  black  rock  (ten  from  the  m'aft  head,  bear 
ing  W.  8  or  9  miles,  when  the  above  ifland  bore 
N.  W.  ̂   N.  8  or  9  miles  diftant 

Pyramid  Rock,   to  the  northward  of  it  a  low  fandy 
ifland,  and  another  to  the  N,  E.  -  -    Em.Elizabeth,i720 

Authorities. Lat. 

20  54N 
20  58 

20  39 
20  45 

19  33 
19  9 

116  55E. 

117  5 

1 16  40 

116  49 

113  6 

19  7 

112  22 17  4 
16  35 

112  57 

16  30 

+  The  American  Indian. 
the  N.W.  part  of  the  reef 
7  or  8  leagues  diflant— Cari 
Suoineinarrdjuft  joining 

5lliaric>  wa»lr)it  oo'a  reef  in  the  Straits  oi  Billiton  m  January,  1790  ;  the  Duaj  mys  taken  from 
!  theTe  :— N.  W.  part  of  Quoine  Ifland  bore  north— Eaitern  end  of  Soorooto  Ifland  bore  N.N.E. 
a  was  open  with  the  eaitern  part  of  Soorooto  about  one  quarter  of  a  point — Eaftern  part  uf 
weftern  part  of  Soorooto  ■       • 



Table  IV.    Latitudes  and  LongitudesJ 

Dairy  mple' 
account   of   Shoals 
China  Sea. 

t& Authorities. 

Soundings  13  fathoms,  rocky  -  E.. Lincoln,   1764. 
Scarborough  Jkoal  -  .Scarborough,   J748. 

Ditto  -  -  -  -  Affeviedo,  1755. 
Ditto,  extending   12  miles  from   S.   by  E.  to  N. 
by  W.    and   4  miles  broad,  breakers,  and  tw( 
fmall  rocks  juft  on  the  furface  about  the  middle  D       ir,       . 

of  the  fhoal  -  -  -     RoyalCap.am,  1773 
Shoal  of  Sand  extending  from  N.  E.  to  S.  W.  45 
fathoms  at  2  leagues  diftance         »  Sou. SeaCaftle,  1762 

Ditto  by   Nichelfan's  account  two  low  fan'y  ijl-  ij»  i ands  - 

Probably  the  fame  -  t  -       Ship  Luconia,  1764. 
Ditto,  two  Jhoa/s,  breakers  and  aryjand  with  ont 
or  two  fmall  rocks  -»  Capt.  Gafpar. 

Bank  of  Soundings  -  Saubut  Jung,  1763. 
Low  JJland,  about  1  mile  extent,  covered  with 
fhrubs  and  fea- wreck,  at  the  eaft  fide  a  dry  fane; 
bank,  about  a  mile  extent,  lfland  N.  N.  W, 

4  miles,  no  ground  at  85  fathoms.  Ditto,  1763. 
Bank  of  fundings  -  Falmouth,    1762. 

Ditto  9  fathoms,  rocky  -  -  SieurGofl'ard,  1741. 
Breakers  ,  Capt.  Eaton,   1605. 
JJland  ,  ,  Capt.  Bacon,  1768. 
Breakers  -  Dolphin,  1767. 
Low  lfland,  feen  in  company  by  the  ElTex  and 
Falmouth  -  Effex,  1762. 

Low  lfland  with  fand  to  the  fouthward  and  break- 

ers 2  miles  N.  W.  from  the  ifland         -         -     Falmouth,  1762. 
Low  Black  JJland  furrounded  with  breakers,  and 
has  a  bank  of  white  and  reddifli  fand  at  the  fouth 

point,  and  at  the  north  a  long  ledge  of  breakers 
and  green  water  ;  lies  N.  E.and  S.  W.  -      CavnlloMarino,i752 

Bank  of 'foundings  8,  9,  JO,  ii,  fine  white  fand and  coral  rocks,  about  a  mile  long  eaft  and  weft, 

and  i  mile  bioad  -  Sea  Horfe,  1776. 
Very  white Jand  above  water,  with  a  ledge  of  break- 

ers at  each  end  ftretching  about  \  mile  ;  it  lies 

N.  E.  and  S.  W.  about  zi  miles  -  CavalloMarino,i752 
Nortkmojl  of  twojands  juft  above :  water         -  RoyalCharlotte  1773 
Ledge  of  Breakers  -  -  -  Dolphin,  1767 
Small  JJland  with  two  reefs  of  breakers         -  Sieur  GoiTard,  1741 

Ledge  of  Breakers  -  Dolphin,  1767. 

JTirJl  JJland  by  Dolphin  -  -  Ditto,  1767 
Bnakers  lying  eaft  and  weft,    1   mile  long,  and 
very  narrow  - 
Breakers  .  -  -       . 

Small  low  lfland 
Sandbank  with  high  breakers,  lies  N.  N.  E,  and s.  s.  w. 
Andrade,  foundings  on  it 
Long  JJland  -  - 
Sand  like  a  handkerchief,  about  1  mile  long,  drj 
and  breakers 

Breaker's  - 
North  end  of  Great  Reef 
Sand  -  _ 
Breakers  w  _  - 
Sand  - 
Reef 

Ref  great  length,  all  feather  white,  nothing  a- 
bove  water 

Lat. 
16  i\ 

-5  6 

15     o 

515  11 

llS     5 

II  48N. Cn  4c 
III  34 n  39 

11  36 

11  34 

11  3^ 

n  25 
11  24 

1 1  20 
1 1  11 11   10 

it  a 
10  58 

10  57 

10  48 
10  47 

10  46 
10  42 

10  4 

10  39 10  35 

Ganges,  1759. 

Dolphin,  1767. 
Ganges,  1759. 

C  avalloMarino  1 7  52 
Bridgewater,  177 1. 
Dolphin,  1767. 

Capt.  Eaton,  1685 
Dolphin,  1767. 

Ditto. 

Capt.  Eaton,  1685. Haruwicke,  1744. 

Capt.  Eaton,  1685. 
Dolphin,  1767. 

Hardwicke,  1744. 

u 

Long. 

to  31 

10  22 
to  20 

10  18 

10  16 

10  17 

10  10 

10  8 

9  59 

9  54 

113     iE. 

117  46 

112  36 

iiz  21 
112  16 

113  56 
113  56 

"3  34 

114  20 
114  17 

JI3  13 
112  S9 

iu  45 

112  17 

115  22 

117  58 

115  18 

"4  34 

112  Sz 

1*3  31 
112   52 112   43 

112    36 

115    12 

no  39 

112   40 

112    20 
iis  14 

112  I 

112  I 

112      6 



Table  IV.    Latitudes  and  Longitudes* 

Lat. 

Long, 

'UalrympLc  S    flCCOTint    Oj     O /?OdlS    1?l     tldC 
China  Sea. 

Authorities* 

I Breakers,   fuppofed  Andrade,  25   fathoms,  rocky 

46E. 

'  and  no  ground 
Falmouth,  1762. 

9  50N. 

10S 

Shoal,  three  black  rocks  in  the  middle  }  at  the 
fouth   point  many  breakers,  and  at  the  north 
point  green  water,  but  fcarce  any  breaking  ;  lies 
N.  E.  and  S.  W.  6  miles  in  length 

CavalloMarino,i752 9  39 

"S 

3 
Breakers  two  thirds  of  a  mile  extent 

Ganges,  1759. 

9  22 

Breakers   in   three  places,   a  reef  under    water, 
ftretching  N.  N.  W.  and  S.  S.  E.  about  half  a 
mile,  8  or  9  leagues  from  Palawan 

Sea  Horfe,  1776. 

9  15 
Small  reef, one  quarter  of  a  league  long  from  eaft  to 
weft,  on  which  the  fea  broke  j  7  fathoms  at  the 
weft  point              - 

Sieur  GofTard,  1741. 

8  58 
no 45 

■ 

Breakers,  extending  W.  by  N.  and  E.  by  S.  fix ! 

miles  long  and  very  narrow  ;  eaft  end  appeared 
to  be  rocky,  as  the  fea  brcke  very  high  on  it ; 
weft  point  fuppofed  to  be  fand,  on  which  the  fea 
did  not  break  fo  high,  and  only  feemed  to  roll 
over  it                  -                  -                  ., Sea  Horfe,  1776. 

8  57 

ti6 

59 

Breakers,  lying  N.  E.  and  S.  W.  about  ten  or 
eleven  miles  long,  and  three  broad,  in  form  of  a 
half  moon,  with  the  curve  to  the  weftward,  and 
is  all  fine  white  fand  juft  above  the  furface  of 
the  water                  -                   -                  - 

Ditto. 

8  47 

116 

49 

Shoal  25  fathoms,  black  rocks  and  breakers,  lies 
N.  by  E.  and  3.  by  W.  nine  miles  long  and  three 
broad                   - CavalloMarino,  1752 

831 

114 

26 

Bank  cf  fourteen  fathoms,  failed  weft  four  or  five 
miles  on  it                 -•                 -                 - Pr.  of  Wales,  1755. 

8    4 
no 

35 

High  breakers Viper,  1769- 8     0 

"5 

3° 

\  Rocks  and  high  breakers             ■,- 
Walpole,  1783. 

7  50 

"4  35 

Bank  with  high  breakers 
Viper,  1769. 

7  30 

"5 

12 

Bank  feems  to  be  P.  Wale's-bank 
Viper,  1769. 7  24 

no 

55 
Rocks  and  breakers Royal  Charlotte. 

6  57 

"3 

46 

I  Northernmost  of  two  Jhoals,  two  and  a  half  fath- 
om?, about  four  leagues  afunder,  Borneo  in  fight Mr.  Barton. 

6  55 

116 

5 
Breakers,  N.  E.  and  S.  W.  one  and  a  quarter  mile 
long,  probably  the  fouthern  part  of  the  Royal 

i     Charlotte's  flioaJ 
I-ouifa,  1774. 

6  14 

113 

22. 

Forty  four  black  ftones,  the  breakers  N.  by  E. 
four  or  five  miles Ditto. 

6     9 

Shoal  about  4  miies  long,  north  and  fouth,  had  fix 
;    fathoms,  rock  ;  believe  as  little  as  three  fath- 

oms ;  had  55  and  60  (hells,  at  two  cables  length 

diftant          ;.'.-■- 
CavalloMarino,1 752, 

5  54 

114 

23 

"hoalof  four  fathoms  (doubtful) Capt.  Kirton. 5  49 

113 

7 

•  Shoal  of  rive  fathoms,  rocks,  (doubtful) Ditto. 5  39 

"3 

20 

Two  Shoals,  rocks  feen  on  the  northernmoft  £ 
Euphrates. 

5  39 
5  37 

"3 

29 

Sho.il  three  fathoms,  rocks,  then  10,  17  fathoms, 

:      (doubtful)                      -                           -                           -              " Capt.  Kirton. 
5  37 

"3 

16 

Reef  of  fand  and  rocks,  with  high  breakers,  lying 
N.  N.  W.  and  S.  S.  E.  half  a  mile  long,  and 
very  narrow                  - Sea  Horfe,  1776. 

5  35 

112 

33 
Bank  of  five  fathoms,  fand  and  rocks 
Shoals  fometimes  broke  N.  W.  and  S.  E.     Thefe 

appear  in  four  different   parts,  extending  about 
N.  W.  and  S.  E.  feven  or  eight  miles  in  length Ditto. 

Three  or  four  Jhoals  near  together CavalloMarino. 

5  28 

114  M 

Shoal  one  and  a  half  fathoms,  hard  rocks  N.N.E. 
and  S.  S.  W. Luconia,  1776. 

5  *4 

[12 

35 

Shoal  of  two  fathoms Ditto. 
S     5 112 

29 

Dry  fand  S.  37°  E.  from  the  laft  fhbal,    about 
eight  miles  diftant. 

Ditto. 

4  57 
112 

35 



Table  IV.     Latitudes  and  Longitudes.. 

Ijlands  in  the  JavaSea,  and Jiraiti 

eaft  of  Java. 
Lat. Long. 

D.  M. D.  M. 

Pulo  Babee 

5  42S. 

106  16E 

Carimon  Java 5  43 no  30 
I  lie  Lubeck 

5  40 

112  15 

Ifle  Madura  (N.W. P.) 
6  48 112  52 

Ditto  E.  P. 

6  54 
114  17 

Ballv  Ifle  (foath  Point) 
8  56 

115  22 

Bally  Straits  (ftHith  ent.) 

845 114  47 

Lombocklfl.  (S.W.P.) 

9     ̂  

116  12 

Peak  of  ditto 

8   14 
116  31 

Lombock  Straits(S.  ent.) 

9     0 

"5  55 

CumbavaIfl.(S.W.P.) 

8  54 116  57 

Straits  of  Alafs  (S.ent.) 

9     0 

116  50 

Straits  of  Salee 8   10 

"7  35 

Sraits  of  Sapy 8  30 119  20 
Sandlewood  Ifland 9  45 

120     0 

*Savu  Ifland 

10  35 122  25 

Rotto  Ifland 
11   17 123     7 

Timor  Ifland  S. 
10  15 

123  43 

Borneo,  Celebes,  Luconia,  and  the 
adjacent  ijlands. 

Borneo 

PointSambar(S.W.P.) 
TanjsngMora(W.P.) 
Tanjong  Daio 
North  Point 
Eaft  Point 

Monfieur  Ifland 
Three  little  iflands  near 

the  S.  E.  point  of  G 
Pulo  Laut.        *Two 
northernmofl: 
♦Southernmost, 

Great  Polo  Laut,  N.P. 

*The  three  alike  ifland* 
((traits  of  Macaflar) 

Celebes  (fouth  point) 
Macaflar 

North  point 

JiSooloo     (E.P.) 
♦Bafilan 

Sraits,  between  Bafilai 
and  Mindanao 

Cagayan  IQands,  (north- 
ernmofl) 

♦Negros  (fouth  point) 
Panay(S.P.orP.Nafog; 

*Quiniluban  Ifl.ind,  ly- 
ing between  the  north 

part3  of  Panay  ana 
Palawan,the  northern 
moll  of  the  group 

Cuyo  Ifle,  to  the  fouth 
of  the  above 

Dangerous  fhoal  marked 
eight  fathoms  on  form 
charts,at  7  or  8  league 
diftar.t  from  the  N.W 

part  of  Panay,  its  lati- 
tude being  nearly 

45S. 

45N 

2 
O 

15 

24S. 

36 

46 

9 

oN 

57 

*5 

6  40 

40 

8 

II  2  J 

109  COE 
I08  45 

no  15 116  45 

119  20 116  0 

120  o 
119  49 

124  o 
121  11 

rzi   50 

Palawan   (fouth  point) 
North  point 

♦Balambangan  (entrance 
to  the  Sooloo  Sea) Banguey 

*  I  (lands  lying  near  the 
fouth  point  of  Mindoro 

*  Wefternmoft 
♦Eafternmoft 

*  Mindoro  (P.  Ylilim) 

♦Apo  Bank,  large  rock 
above  water 
*Smaller  ditto 

■"Entrance  of  Manilla  B. 
*  Manilla  in  Luconia 
*Goat  Ifland 

Luconia  (N.  W.  P.) 

*  Bafhee  I. (northernmofl ) 
♦Formofa  (fouth  point) 

North  point 

Tayoan  in  Formofa *Tobaco  Sima 
♦Little  Tobol *VeIa-rete 

Marianne  or  Ladrone  7 
Iflands  3 

Tinian,  W.  P. 
St,  Bartholemi 
Pescadores 

Lat. 

Long. 

D.   M. 
D^   M. 

S  iSN 

117  3oE 
u  20 119  40 

7   17 

117  15 

7   17 

117  30 

12  14 

12  12 

1.2  29 
12  39 

1 2  42 

14  28 

H  36 

1 20  59 

l2.$5' 

1*  45  - 

120  45 

21     9 
122     7 

a  1  54, 121     5 

25  15 

1-22    13 

22  30 

120    35 

22    0 

121    43 21  57 121    43 

21  40. 

120    53 

20  30 

11   3° 

144     0 

14  59 t45  47 

14  20 

167   30    j 
10     3 

165     0    | 

New-Holland  and  the  adjacent 

Ijlands. *S.  W.  Cape *S.  Cape 

*Swilly  Iflani 
*Mew  Stone 

*Tafman's  Head 
*Adventure  Bay 

*Sr.  Maria's  Ifles 

*St.  Patrick's  Head 
♦Cape  Howe 
♦Cape  Dromedary 
♦Botany  Bay 

♦Port  Jackfon 
*Cape  Fiawke 
*  Smoky  Cape 

*Cape  Danger 

*  Cape  Morton ♦Sandy  Cape 

♦Kepple  Bav 
*  Cumberland  ifland 

♦Cape  Cleveland 
*Cape  Flatfety 
*Ca»e  York 

Well's  SJioil 

Murray's  !;i-s Wreck  Reef 

Van  lliemen's  B  ! y 
Nenv-Gumea.  and  a 

New-Guinea  (C.  Falfe) 

Eaft  P.m. Louiiiadc  llledj  E.  point 

W.  poi.i: 



Table  IV.     Latitudes  and  Loncitude»> 

n«« 
.Britain,  E.  point 

W.  point 
•Ireland,  E.  point 

D-M. 

4  53- 

N. Zealand  CSJ  Adjacent  ijla/ids. 
Cape  South 

Cape  Saunders 
Banks'  Iflani 

•Cape  Fillifer 

•Cape  Turnagain 
Cape  Eall 
•North  Cape 

1'ShipCove 

2- Charlotte's  Sound 

"Cap 

-; 

■^i 

4« 

0 

43  45 

41 
3« 40 

2fa 

37 31 

.14 

4' 

b 

4> 

6 

4= 

37 45 

47 

..) 
0 

'67  30E 

7*3 

iVe-zu  fjaleaonia   and  adjacent 
1  [lands  <Sf  Sfc/rt/.!  . 

P.  ot  Wa!e>  Foreland 
•Me  of  Pines 

•Botany  Idand 

22  3$ iSb  5oE 
•57  43 

167  2. 

•(^-Charlotte's  Foreland ■  07   18 

•Cape  Coronation 
•Cape  Colonel 
•Ballabea  Illand 

22     5 

20   SO 

167   13 

iSa  27 

N.  W.  Point 
20   18 

"•4  4b 

1S4  ,2 

Ifands'S Jboais  lately  aijco<vered 
in  the  twEi  from  New  Hol- 

land to  Canton. 

the  N.  W.  point  t 
Now  Caledonia,  ol 

ferved  by  Capt.  Bon 
in  1792 

'Walpole's  Ifland,  di 
covered   by  Capt  Bu 

794 

■Durand's  Reef 

end- ing 4  or  5  miles,    di  f. 
covered  bv  Capt  Bull. 

Baring's  Mauds 
Mufkillo  Group,  low? 

and  dangerous         5 
Brown's  Range 

Arthur's  I.  (northern) 

Park's  I.  (I'outhern* 

a    6 

535N 

62  48  F. 

:G9=o 

iV.  Hebrides,  & adjacentijlands 
•AnnltomlliMic 

•Sandwich  Mands 

•Hjnchingbroke  i 
«.\lo ■  Till 
The    Mo 

Shepherd's  Mauds 

Vae  Idc We  Kills 
F..oo„i  Iflmd 

Air-liryrn  Itland 

•Leper's  lfland 

•Efpiri-uSamo-CQu 

Cape  l.ifbor 

20    10S 
'9  3» 

19  3',. 

.9   ,6 1841 

17  41 
17  25 

17  26 
'7    14 
16    58 

16  46 ■  6  .59 

.6  30 
16    0 
16  r- 

16  a8 :S  25 

15  44 

15     » '■4  56 '4  39 

'5  4' 15  4^ 
15  33 
11     5D 11  37 

169  46 
169  Si 169  2S 

108  38 
168  43 

,68  37 

(68  43 

Friendly  and  other  IJlands 
the  Pacific  Ocean. 

'Willis's  Idand 

Probv's  Idand '1'iHlart 

Gardner's  Idand 'Hoonga-hapce 

Toofoa 

iTongaiobou,  Van 

r  Road 

■B.cke 
i's  Mand 

Pola(W.  P.) 

Duke  of  York's ■CalinafTe  (N.  P. 
Hot  Plat 

Duke  ofClartnc 
■Ovolava  (E.  V.) 

0 iiiuclah     . 
Mtioum  (E.  P.) 
«Sav 

;  liland  , 
le  (£;  P.) 
:/S.    P.) 

Opntn  'E.  P.) 

Palperftoij's  Mand Whvtutakee 

Hervcy's  Mand 
Wateeoo  Mand ->labo 

Kiaod 

,  Illar.d" 

(Uli 

•  Oharheneno  Harbour 

►Eimeo  (TalooHarbour •Toobouai 

■HuahinefOwharreBaj •Maiinin 

•OtahCite'OaiupehaBay) 

•Venus'  Point 

•Oznabufgh  or  Ivtiatca  I 
•Pallifer's  Wand 
'Adventure  Mand 

•Furneaux  Mand- 
•Refolution  Idand 
•Taoukae  Illand 

•OhitahoofRefolutionB. 
'Ohevahoa  Idand 
•Onateavo  Idand 

•Magdalene  Idand 
•Mood's  Idand 

•Carysfort   Idand 
•  Lord  Hood's  Illand 
•Dticie's  Idand 

•Eafter.T.  (Cook's  Bay) 

Juan  Fernandez  Id; 

Gallapagos  Ifles  t 
I.  Gallego 

•ChriftinasMand 

S..  Peer's  Ide 

d  + 

Lai. 
D.M. 

13  MS 

"5  53 

■7  57 

2Q   36 

19   46 

31       6 
18    48 20    14 
3!     34 
>9  34 

19  41 
.8  33 

■3  33 

8  33 

'3  45 

■3  51 

9    0 

'4     8 

■4  30 

'4   17 

■  9     2 
«4     5 

14     8 

'4     9 

18     0 

■85'. 19  17 

16  .16 

16  45 

,6  45 

17  3" 

lb  4, 

16  36 

•  7   46 

,17  39 

17  s» 

15    8 

'7     5 

17    It 

■  7   23 

14  3° 
9  55 

9  41 

9  58 

9  26 

20  49 

2«    31 

24   40 

37     9 

33  45 

3       ON 

1  40 
1 58 

Sandivich  IJlands. 

Owyhee,  M.  point •halt  point 

•South  point 

Mowee,  Eatt  point 
•Sniih.point 

•  Welt  point 'Marokinee 

i,  W.  po 'Woaho 

•Atooi  (W 

I  -Tahuora 

i-Necker  Mand 

h  Fr" 

-. 

1  iN 

11) 

34 
18 54 
iO 

50 

20 

34 

20 
,14 

39 

38 

20 

46 

21 43 

... 

5° 

21 

41 

23 

34 ! 

4-", 

!55  4° 

.5.5  51 

1.56  7 

■  5631 

5622 

56  28 

5"  47 
•57  9 

.57  46 

59  35 

From  Canton  to  Kamtjkatka, 
•with  the-  adjacent  ijlands. 

from  the  objeri'ationsof  Cap- 
tains Cook  and  La  Perouje. 

"Illand  Komi,  E.  poi 

•Hoapinfu  Illand 

•Tiaoyu.fn  Illand 

.„  ,   ,        fSouthernr 
•ouli.her  I  ._.,,, 

Ides       1 
 M'od|c 

i"'"s      \.Nor.h,-jnmon 

Great  Lieukieu,  N.  P, 
S.  P. •  ARocka 

•Ouelpaertl.S.  P. 
•fdand  Dagclct,.N.E.P 
•Niphon  Idand,  N.poin 

•Cape  Noto 

S.  point •Jootn  Sima 
•A  rock  welt  of  C.  Noto 

•Bay  dc  Ternai 

•Bay  do  Sud'ren 
Illand  Tchoka 

•South  P.  (C.  Crillon 

•Bay  de  I.angle 
•Bay  d'Eftaing 

•Bay  de  Callries 

C.  LnpatkaKamtfcatka 
B.  d'Avdl'cha,  in  Kamtf. 

•Cape  Tfchukolfkoi 

'Eaft  Cape 

•Cape  Serdze  Kamen 

North 

24 

■UN 

:,5 

44 

2.5 

55     J 

■4 

22 

1 

4« 

25 

14 

»8 

0 

■s  40 

30  45 

13 

a 

17 

25 

■u 

37 

30
 

33 

5 

■'- 

37 

36 

4.5 

:  1 

47 

51 

45  57 

4'' 

4<J 

j8 

59 

5l 

■■•■9 

5" 

0 

52 

52 

'4 

'3 

'■6 

b 

!,- 

3 

68 

.5" 

23  39 

J=3  52 

14'  25 

37  .59 

.36  o 

.37  45 

North  Wefl  coajl  of  America, 

from  the  obfcr-vatlons  of  Cap- 
tains Cook  and  La  Perouje. 

Port  ol"  St.  Bias ■Port  St.  Diego    ., 
•Port  of  Monterey 

•Port  St.  Franci.fco 

Cape  Mendocino Port  of  Trinidad 

Cape  Blanco 

Cape  Gregory      ' Cape  Foulwcathcr 

Cape  Rond Bay  of  Martyrs 
I.  desDilores 

Cape  Flattery 
Breakers  Point 

-Nootka 

Woody  foint 
Bav  St.  Louis 
Illes  de  Sartine 

Cape  Fleurieu 

Cape  HcBer 
Bay  de  la  Touche 

Bay  de  Clouard 
Cape  St.  Auguftin 

CapeTfchirikow 
'.irtGuibcn 
'on  Necl{:rr 

Cape  Engano 
Port  of  Guadaloupe 
'ortdc  losRemedios 

Cape  Crnfs Port  des  Francais 

Cape  Fairweather 
Behripgs  River  (entr 
Bave  de  Monu 
•Point  dc  la  BoufTolc 
'Mount  St.. El  ias 

"ape  Hinchiugliroke 
•Cape  Elizabeth 
E.i  rren  Ides 
?..int  Banks 

•CnpeDouglafs 
•Cape  Whulunday 

•Cape  Gre.ille 
Trinitv  Idand 

Foggy  Idand 
Halibut  Head  Idand 
DunaLafhka  Illand,  N.  P 

121  :■-. 

y-  3! 

l6  3! 
43  53 

43  30 

44  5.5 
45  43 

48  1,5 

49  15 

49  36 

57  24 

57  59 58  37 58  55 

58  4> 
58.5" 

50  30 56  10 
4  27 

104  50W 

16  54 

21  38 

24  23 

24  5° 

24  52 

26  35 

t-6  37 

27  55 28  47 
2853 

28  50 

r3t  12 32  r5 

33  3° 

33  43 

34  50 

35  50 

)6  24 

140  58 

esot  [uan  Fernatines  and  the  Gajlapago  Illand;  were  inc.irrcaiy  printed,  in  the  fifth  pag-e  of 
b  difrovered  in  the  lame  iheei.  whirh  the  reader  is  deGred  to  corrcB,  viz.— 

aj:.'.i:deofCa;.eSt,  Anthanv  fhould  be  ebOW.  nearly. 
[.Hide  of  Cape  Blanc 
ngitude  of  Bav  St.  Juli 

•1  M  land  lhould  beB'a 

46O   2,0'  S. 
66 

W. 

"  Roekal,  by   a  late  ohf<-rv .111  fr 
:  of  this  table. 

65      9  "vy. 

30     18  N. 
2    25  E. 

of  Capt    William  Story,' of  the  Ihip  Friendlhip,  is 

-  ,8'W. 

...  jnaehi..., 

oft  part  of  the 

mgittlde,  fo.md  from  his  run  from  Fair  Iflard,  is  14O  iS-  W. 
iven  iu  the  fourth  page  of  this  table,  is  about  one  degree  mote  than  in  moll  books  and  charts, 

e  ohlervations  of  Captains  Hnrd  and  Dixon,  viz. —  "  St.  George's,  the  caiternmoft  part  of  the 
'..2' 30-    N".  longitude   64O  1,8'  W    of  Lond'.n.     VVreck    Hill    (svelkromolt    land;   latitude 
W.     The  bed  latitude  to   run  for  Bermudas  is   s;8  8'N.     When  vefleh  bound   ilictt  mil.. 
lhould  keep    a  go...i  look  out,  a-,  the  ledge  of  rocks  extends  10  or  12    miles   from  the   land. 
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TABLE. 

oy     THR 

SUN's     DECLINATION 

For  the  Year  1800. 

Jan. 
South 

o    / 

a3- 
22.56 

22. 
22.44 
22.37 

30 

22.2
3 

22.1
5 

22.  
  
6 21.57 

2I.4 

39 

2J.28 
2I.l8 

7 

20.56 20.44 

20.32 
20. 1  g 
20. 
*9-5 

19.40 

19.26 
1 9. 1 1 ■8-57 
18.4 

[8.26 

18 
'7-55 

'7-3 

3:  17-21 

Feb. March. 

April 

May 

North June. 
July 

Aug. 

Sout; South. 

0   / 

North North 
North 
0     / 

North 

0    / 0   / 
0  / 

0     1 

0    , 

'7-   5 7-33 4-34 
'5-  5 

22.  4 

23.  8 

18.   3 

16.47 
7.10 457 

15.23 
22.12 

23.  4 

17.48 
16.30 

6.47 

5.20 

15.41 22.20 
23.  0 

17.32 

16.12 

6.24 

5-43 
15-59 

22.27 

22.55 

17.17 

'S-54 6.   1 6.  6 

6.28 

16.16 2_2:34 
22.40 

22.49 

22.43 

17.    0 
15-35 

W* 

10.33 

10.44 

15.17 
5-15 6.51 

16.50 22.46 

22.37 .6.27 

14.5b 

4.51 
7-13 

17.   6 

22.52 22.31 i6.ii 
'4-39 

4.22 
7-36 

17.22 

22.57. 
22.24 

1  5-  53 

14.19 4.  4 
7-5* 

17.38 

23.  1 

22.16 

15.1S 
14.  0 

3.41 

8.20 

'7-54 

23.  6 

22.   8 

I3-40 3-17 
8.42 

18.  9 

23.10 
22.  0 

15.  0 
13.20 

2.54 

9.  4 

18.24 23.14 21.52 
14.42 12.59 

2.30 9.25 18.38 
23-17 

21-43 

14.24 

12.39 
2.  6 9.47 

•8-53 

19.  7 23.20 

21.34 

21.24 
14.   5 

12.18 

i-43 

10.    $ 

23.22 

'3-4° 11.57 
1. 19 

10. 29' 

19.20 

23.24 

21.14 
13-27 

n.3b 

0.55 

10.50 
19-34 

23.26 

21.  4 

13-  8 11. 15 0.32 11. 11 

19.47 
23.27 

20.53 

12.4S io-53 
0.   8 

11.32 

11.52 

19.59 

23.28 

20.42 

12.29 

12.  9 

10.31 
0.16M. 

20.12 

23.28 

20.31 

10. 10 

o-39 
1 2. 1 3 

20. 2  ± 
23.28 

20.19 
11.49 

9.48 

i-  3 12-33 
20.36 23.27 

20.  7 

11.28 

9.26 

1.27 
I2-5i 

20.47 

23.26 

'9-54 

11.  8 9-   3 

8.41 

1.50 
13.12 
13-32 

20.58 

21.  8 

23.25 

23-23 19-41 

10.47 

2.14 

19.28 
10.26 

8.18 

2-37 

13.51 

21.19 

23.21 

19.15 

10.  5 

7.56 3.   1 14.10 

21.29 
23-19 

19.   1 

9-44 
3-H 14.29 

21.38 

23.16 

18.47 

9-23 3-47 
1447 

21.47 

21.56 23.12 

iK-33 

9.    1 

8.40 

4.11 

18.18 



Table     V. 

TABLE 

OF    THE 

SUN's    declination 

For  the  Years  1801,  1805,  1809. 

en 

0 

Jan. 
Feb. March 

April 

North 

Way. 

North 

June 

North 

0    / 

July, 

Aug. 

Sept. 
oa. 

Nov. 
Dec. 

South South South North 
North North 

South 
South South 

1 
0   / 0  / 0    / 

0   / 
0   / 0    / 0   / 

0   / 

0  / 0   / 

1 Z%.    2 
17.   9 

7-39 

4.28 

15.    1 
22.   2 

23-  9 18.   7 

8.23 

3-  6 

r4-^3 
21.48 

I 

2 

22.J7 16.51 

7.16 
4.51 

15.19 

22.10 

23-  5 

17.52 8.  2 

3-29 

14.42 

21.58 

2 

3 Z2-5I 
16.34 

6-53 

5.14 

15-37 

22.l8 

23.   1 

17-30 

7.40 

3-53 

15.   1 

22.  6 
3 

4 

22.45 
16.16 6.30 5-37 

*5-54 22.25 

22.56 

17.20 

7.17 

4.16 

15.20 

22.15 

4 
5 

22.32 
15.58 

6.  7 

6.   0 16.12 
22.32 22.50 

17.  4    6.55 

4-39 

*5-39 22.23 

5 

6 15.40 5-44 

6.23 16.29 
22.39 

22.45 

16.48 

6-33 

5-  2 

J5-57 

22.30 

6 

7 
22.24 

15.21 

5.20 

6.45 

16.46 

22.45 22.39 

16.31 
6.10 5-25 

16.15 

22.37 

7 
8 22.17 

15.    2 
4-57 

7.  8 
17.  2 

22.51 
22.32 

16.15 

-5.48 

5-4« 

16.32 

22.44 

8 

9 22.  8 
14-43 4-34 

7-30 
17.18 

22.56 

22.25 
15-57 

5.25 6. 1 1 

16.50 22.50 

9 to 
22.  0 I4.24 

4.10 

7-53 
17.34 

23.     I 
22.18 

15.40 
5-  3 

6.34 

17.  7 

22.56 

23.   1 

10 

II 21.50 14.    4 3-47 

8.15 

17.50 
23.    5|22.I0 15.22 

4.40 

6.57 

17.24 11 

12 21.41 
13-44 

3-23 

8-37 
18.  5 

23.    9J22.    2 

'5-  5 

4.17- 

7.20 

17.40 

23.  6 

12 

*3 

21.31 13-24 

2.59 
8.59 

18.20 23.i3j2i.54 
14.46 

3-54 

7.42 

17.56 

23.1- 

13 

14 

21.21 
'3-  4 

2.36 

9.20 

i«-35 

23.l62i.45 

14.28 

3-3* 

8.  5 

18.12 

23.14 

'4 

*5 

21.10 
T2.44 

2.12 

9.42 

1X.49 

23.i9l2i.36 

14.  9 

3-  8. 

8.27 

18.28 

23-17 

23.20 

r5 

16 

2O.59 12.23 1.48 
10.  3 »9-   3 

23.22 
21.26 i3-5« 

2.45 

8.49 

18.43 

16 

17 
20.47 12.    2 

1.25 10.24 
19.17 

23.24 

21.16 13-32 
2.21 

9.11 

18.58 23.23 

i7 

18 

2O.35 
II.4I 1.   1 

10.45 

I9-31 

23.25 

21.  6 
13-12 

1.58 9-33 

r9-i3 23.25 

18 19 

20.22 II.20 

o.37 

11.  6 
19.44 

23.27 20.56 

12.53 

i-35 

9-55 19.27 

23.26 

19 

20 20.10 

'9-57 

TO.  58 
IO.37 0.14S. 

0. 10N. 

11.27 

r7748 
19.56 23.28  2O.45 

23.28  20.33 

12.33 

1.1 1  - 

10.17 

19.41 

23.27 

20 

21 

20.  9 

12.13 

0.48 

10.38 

19.54 

23.28 

21 

22 '9-43 IO.I5 

0-34 

12.  8 20.21 
23.28 

20.22 

"•53 
0.25 

11.  0 

20.  7 

23.28 

22 

2-; 19.29 9-53 

0.57 

12.28 

20.33 

23-28 
20.10 

u-33 

0.  iN. 
11. 21 20.20 

23:28 

23 

24 

19.15 

9-3i 

1. 21 12.48 

20.44 
23.27 

19-57 

u. 13*  0.22S. 

11.42 

20.33 

23.27 

24 

*5 

19.  0 9.  9 
8.46 

1 .45 

13.  8 

20.55 
23-25 

19.45 
10.52 0.46 

12.03 

20.45 

23.26 

25 

26 

.8.45 
2.  8 

13-27 
21.  6 

23.24 

19.32 

10.31 

1.  9 

12.23 
20.56 

23.24 
26 

27 

18.30 
8.24 

2.32 
13.46 21.16 23.22  19.18 10.10 

1.32 

12.44 
21.  7 

23.21 

27 

28 
18.14 

8.  1 

2-55 

14.   5 
21.26 

23.19 

19-   5 

9.49 1.56 

I3<  4 

21. 18 

23.19 

28 

29 

17.58 
3i9 

14.24 21.36 

23.16 

18.51 

9.28 

2.19 

13.24 

21.29 

23.16 

29 

30 

1742 

3-42 

14.43  21.45 
23.I3 18.36 9-  7 

8.45 
2-43 

13-44 

21.39 

23.12 

30 

3» 
*7-26 

4-5     J 

121.54 
18.22 

14.  4 

23.  8 
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a— — ■miMin»mjiu.n.. 

T     A    B     L 

O   J?       THE 

SUN's    declination 

For  the  Years  1802,  1866,  1810. 

Jan. 

South 

~5    7~ 

23-   3 

1  Feb. March. 

April 

May. 

June 

July 

Aug 

Sept. Oit.  1  Nov. 

1  Dec 

1 

South South 

0   / 

North North 

°~7 

North 
0   / 

22.   0 

North 
North 

North 

South 
South South 

0 

0    / 

17-13 

0    / 
0    / 

23.10 

0    / 0   / 

0    1 

0    / 

0    / 

21.46 

i 7-44 
4.23 

'4-57 
18.10 

8.29 

3.  oj  14.19 I 

2 22.56 i6.£b 

7-ZI 4.46 

15.15 
22.   8 

23.  6 

|f7-S5 

8.  7 

3.24  14-38 

21.55 

2 

3 
22.53 10.3b 6.58 5-   9 

'5-33 
22.16 

23.  2 

17.40 

7-45 
3.47  14.57 

22.  4 

3 
4 
l22.47 1 6.2c 

b.35 

5.32 

15.50 

22.24 22-57 17.24 

7.23 

4.10 

15.16 

22.13 

4 
5 22.40 10.  2 6.12 

5-5  5 ib.  8 16.25 

22.37j22.46 
17..  8 
16.52 

7.   1 

6.38 
4-34 

!5-34 

i?-53 22.21 

22.28 5 
6 

22.34 *5-44 S-49 

6.17 
4- 57 

6 

7 22.2(3 15.2b 

5.26 
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SUN's    declination 

For  the  Years  1803,  1807,  1S11. 
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Table  V. 

TABLE 

OF        THE 

SUN's     DECLINATION 

For  the  Years  1804,  1808,  1812. 

?3-  7I31. 

•  N'OIE  to  Table  VI.  The  dav  of  the  mon 
erroneous  application  of  the  correction  of  decli 
March  19  to  March  2c,  and  front  September  17  t 
ing  rule  : — Ifatrhe  noon  of  the  given  dav  At  G 
from  North  to  S  >utb,  or  from  South  to  North)  yc 
for  ta  or  12  day*  afterwards  ;  but  if  the  fun  has 
in  the  Table  for  10  or  12  days  previous  to  the  gi' 

Thus,   if  the  declination  was  required  fur  March  21,   1800,  at  noon,   in  Long. 
noon  at  Greenwich  is  cp  l6-  N.  the  fun  having  then  nafTed  the  equinoctial  line.     1 
Table  VI.  for  the  Long.  to4o  js  ,.  ,  ,„  or  ?, .  to  know' whether  it  is  to  be  added  or  fubtraftcd,  I  examine  that  Tabic  and  find 
the  correaion  i-.  fubtraaive  on  March  31ft  {which  is  ten  days  after  the  given  time)  :  therefore  fubtraaing  the  correction  7' 
from  the  declination  0°  16",  I  obtain  the  true  declination  at  the  required  time  c/>0'  K. 

TVhen  the  correaion  is   fubtraftive,   and  greater  than  the  declination  taken   from  the  Table,  the   difference  between   the 
two  numbers  will  be  the  declination,  which  will  be  of  1  ditferent  name  from  that  taken  from  the  cable. 
A  umilar  alteration  might  have  been  made  in  the  top  column  of  the  Table  ;    but  the  cornftion  being  fnull,  it  was unnecelTiry. 

1  placed  in  the  bottom  column  of  this  Table,  as  it  often  leads  to  an 
The  numbers  in  the  bottom  column  reprefent  the  correaion  from 

1  September  24  :— to  know  whether  to  add  or  fubtraft  i:,  obferve  the  follow, 

eeriwirh  the  Pun  haspafl'ed  the  equinoaial  line  (or  changed  1m  dcclinairon 
a  mull  apply  the  correaion  in  the  fame  manner  as  i«  directed  in  the  Table 
not  palfei  the   cquino&ial  line,   you  mud  apply  the  correction  as  is  dircaetj 

0.5° £.— By  Table  V.  the  declination  at 



Tab,  VI. For  reducing  the  Su:?'s  Declination  as  given  In  the  N.  A.  for 
at  GsriNwicH,  to  any  other  Time  under  any  other  Meridian. 
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27 

16 

O.I9 
0.39 

0.58 1. 18 1.38 

i-57 

2.16 

2.36 
H 28 

• 

24 

19 

0.20 

0-39 

0.58 

1. 1.8 

1.38 

r-57 

2.16 

2.36 

17 

2.5 

'        - 
* * 0.20 

0.40 

0.59 1.19 
i-39 

1.58 

2.17 

2.36 * * 

f  See  the  Note  at  the  bottoa;  of  the  table  of  the  f.ic's  declbacio.i  fa:  the  year  1804 



Tad.  VI, For  reducing  the  Sun's  Declin,  as  given  in  the  N.  A.  for  Neon  at  Grej 
wiCH,  to  Any  other  Time   under  any  othc:r  M-ridian. 

J   Add  aft. 
N.  tSub- aft N.IH.  M|H.  M 

[H.  M|H.  M|H.   M 

h.  win.  m  Sub.  aft.  N 
Add  aft.  N. 

1  Sub.  bcl 
.  N,  Add  bet" 

Nj?.   c 

3 .  2C 

5° 

[3-4
° j  55 

4.  CJ4.2C 
60  1  05 

4.4c 

7  0 

75 
Add    bej.  N 

iub.    in    W Sift:  bef.  Iv- 

Add  in  W. 
'     Add  in \V.   Sub.    in 

W.  L5 

1     Sub.  in E.  j  Add   in 
E.  |de£, 

1  leg. 

0.  0 |.dejt. 

[M.S'
. 

|o.  0 

deg.|dej; 

M.S. I.M.S 

0.  ojo.  c 

deg. 

0.  c 

dcy. 
Addin  E. 

Sub.  in  F.. 

Days. 
Days- 

I.M.S 
Days. 

Ways. 
Dee. 

21 
Dec. 

2110.    C 

0.   c 
2  I    J  uue 2i   June 

20 
2  2  0.    3I0.    3 

P.  4 0.  40.  4 

0.   5 

|o.  IC 

0.  5 

22 

20 
19 

23P.  6o.  7 
0.   8 

0.  q 

0.  0 0.1  j 

23 

"> 

iS 24b.  ICiO.  I  I 
0,I2|0.C3 

0.14 

;o.i5 
0. 1 61 2.4 18 

17 

25b.13j0.15 
o.i6b.i8 

0.19 

0.2O|O.22  25 

17 

16 
260.160. 18 0.200.22 

0. 24 

0.26 

0.27 

26 

16 

15 

27IO. 200.22 0.24b.  26 

0.29 

0.31 

o-33 

27 

ii 

14 

28lO.23jO.25 0.28  0.3 1 

0-34 

O.36 
0.38 

23 

14 

13 

29  'o.2  6}0.2  (,, 

0.320.35 0.38 
O.41 

0.44 

29 

'3 

12 3O.Jp.3p 

0-33 

0-37 

0.3  6  0.40 
0.40,0.44 

0-43 

0.4s 

O.46 
0.51 

0. 50 

°-5S 

30  June 
1  July 

1  2 
II 

Dec. 
3i°-33 

!  I 

1 
10 

Jan. 

I 
0.36 0.40 

0.44J0.48 

Q-53 

O.57 

1.   1 
Z 10 

9 - 2 

°-39 
0.44 

0.48  p.  5  3 

°-57 

I.    2 1.   6 
3 9 

8 3  °-43 
0.48 

0-53 
0.57 

1.  2 

I.    7 

1. 11 4 8 
7 

40.46 

0.51 
0.56 

1.   11.  7 1. 12 

1.17 

5 7 

6 
5P-49  °-55 

1.  or,  6|i.i  1 

1. 17 

1.22 6 6 
5 60.520.58 1.  4|i.io|i.i6 

1.22 

L'27 

7 5 
4 

7I0.55  1.   1 
r.  71/141:20 

1.26 1.32 
8 4 

3 
8J0.58U.  5 

1.1 1  1.18  r.24 

■'•31 

1-37 

9 3 
2 

9|i.   1 

1.   § 

1.12 

1.1 5!/. 22  i.ag 

   ,   1   ■ 1.19,1.26  1.33 

I.36 

1.41 1 .43  10 2 

Dec. I i-oji.  4 i  -4i>j  1 1 1    June 
Nov. 

30 

- 
1 1 

r.  71:15 1.23,1.30 

1,37 

i,45 

1.52  12 

3  1    May 
29 

12 1.10I1.18 i 

1. 261. 34 

I.42 

1.50 i-57i'3 

30 

28 

13 

1. 13  1.22 
1.30  1.3811.46 

'■54 

2.  2  14 

29 

2? 

J4 

1. 1611.25 1.34,1.42  1.50 

1.58 

2-    7 

J5 

28 

26 

15J1. 1911.28 
1.37J1.46 

'•55 

2.  3. 2. 12 
16 

27 

-5 

16J1.22  1.31 

1,401.49 

1.59 

2.  8 

2.1; 

17 

26 24 

ifeii-35 
••44|[-53 

2-  3 

2.12 
2.21 iS 

25 

23 

18J1.28 1.38 «-47*'-57 

2.  7 

2.16 

-.26 

19            • 

24 

22 

19j1.3cji.41 
1.51I2.   1 

2. 1 1 2.21 
2.3  1 20 2.3                       ! 

21 

20:1.33 

1.44 

1.54k  4 

2-15 2.25 

2-35 

21 22                 "     j 20 21 

1.36 

1.47 

1.572.  8 

2.19 2.29 

2.40 22 21 19 

22 

1.39 

1.50 
2.    Q 

2.1 1 

2.44 

23 

20 

18 

23 

1.41 

f-53 2.  4 
2.15 

2.26 

2-37 

2.48 

24 

'2 

17 

24 

1.43 

[-55 2-    7 

2.18 

2.30 

2.41 

2.52 

25 

.s 

16 

25 

1.46 1.58 
2.10 

2.21.2.33 

2.45 

2.56 
26 17 15 

26 1.48 2.  1 2.13,2.2512.37 

2.49 

3-   1 

27 

16 
14 

27 

1. 51 

2.  4 

2.l6  2.28 

2.4c 
2.52 

3-   5 

28 

<5 

?3 
28 

1.54 2.  7 

2.I9'2.3I 

2.44 

2.56 3-  9 

29 

'4 

11 

Jan. 

_jp 

1.58 2. 1 1 
2.242.37 

2:302.43 

2.5.1 2-57 

3-  4 

5.11 

3-  '7 

3-24 

31    July 

12 9 
Fe£ 

1 
2,  32-17 

2  Aug. 
10 

7 3 

2.  7 

2.21 
2-35I2.49 

3-  3 

3-17 

3-32 

4- 

8 
5 5 2.1 1 

2.25 

2.40J2.54 
3-  9 

3-23 

3-38 

6 6 
3 7 

2.14 
2.29 

2.44J2.59 3-14 5-29 
3-44 

3 4 
1  Nov. 1 9 2.18 

2-33 

2.493.  4 3-i9 
3-35 

3-5C 

10 

2    May 

oa. 

30 

11  2.22 2.38 
2-53  3-  9 3-25 

3-4' 
5-56 

12 

30  April            , 
28 13U.25 2.41 2.58J3.14 

3-3C 
3-40 

4-  3 

H 28 

26 
152.29 

2-45 

3-  23.18 

3-35 

3-5' 

4.  8 

16 

26 

24 

172.32 

a.49 

3.  513.22 

3-39 

3-5f> 

4.13 

18 

24 

21 
20j2.36l2.53 

3.1 1.3.28 
3-i5;3-33 

3-45 

3-5' 

4-  3 

4.   8 

4.20 

4.26 

21 

21 

1&l      L 
232.40 

2.58 

24 

l8 

15'Feb. 

262.43 

3-   1 
3-203.38 

3.56 

4.14 

432 

27 

'5 

I  2  March 1  2.46 

3-  5 

3-233-42 

4.   1 

4.19 

43S 

30  Aug. 

12 

9 42.49 

3-  8 

3-26J3-45 4.  4 4-23 

44' 

2  Sept. 
9 

6 
712.513.10 3.293.48 

4-  7 

4.26 

445 
> 6 

pet. 
3 io!2.53J3.i3 3.3*3.51 

4.10 

4-29 
449 8 

3  ApriJ Sept. 

30 

JjU-55  3-141 
3-33;3-53 4-!3 

432 
45i 

11 

31  March 

27 

16J2.563.15 
3.343-54 f  14 

1-33 

452 

14 

28 

24 

J9|2-56i3-J5; 3-3  5)5-5  5i-4- J  5 

t-33 

4.52 

'7 

^ * 
♦l2.56j3.1si3.-3-5l3.55l4- J-5 

1-34 4-53 * 
\ 

*  Seethe  Note  at  the  bottom  of  the  tabic  of  the  fun's  declination  for  the  year  1804. 



Tab.  VI.     For  reducing  the  Son's  Dkclin.  as  given  in  the  N.  A.  for  Noon  at  Grirn* 
wick,  to  any  other  Time  under  any  other  Meridian, 

c= 
See  the  Note  at  the  bottom  of  the  table  ef  the  fun's  declination  for  the  year  1804. 



Ta3 
.  VI.    For  reducing  the  Sun's  Declin.  as  given  in  the  N.  A.  for  Noon  at  Grf.i 

wich,  to  any  other  time  under  any  other  Meridian. 

■      Add  aft.  N. Sub.  aft.  N.ih.  m 
H.  M 

H  .  M  H .  M H.  M H.  M B.  M  Sub.  aft.  N. Add  aft.  N.      1 
Sub.  bef.  N. Add  bet.  N-17-40 8.  0 8.20 

8.40 

9_0 9.2C 

9.4c 

Add  bef.  N. S..b.  bef.  N.      j 

Add. n  VV. Sub.  in  VV.j  1 15 120 

I25 

130 

135 

I4C 

'45 

sTb.~Tirw. Add  in  w  . 
Sub.  in  E. Add    in    E.ldeg. 

J  eg. 

M.S. 

0.    0 

iesj. 

M.S. 

O.   C 

Jeg. 

M.S. 

0.  0 

deg. 

M.S. 

O.    0 0.   c 

deft. 

M.S 

Addin£. 
Sub.  in  E. 

Days. Days. M.S. 

0.  0 

Days. Days. 

Dec. 
21 Dec.        21 O.     O 

21  June 2  1  June 
20 

22 |o.  9 

0.  9 
0.  9 

0. 10 
0.10 0.  IG 

0.1c 

22 

20 

19 

23b.i; 0.18 0.18 

0.19 
0.19 

0.2C 0.21 

23 

«9 

18 24p.25 
0.26 

O.27 

0.28 

0.29 

0.3C O.31 

24 

18 
»7 

250.34 

0-35 

O.36 
0.38 

0.39 

O.4I 

O.43 

25 

17 

16 26  0.42 

0.44 

p.46 

0.48 

0.49 

O.5I 

O.53 

26 

f6 

*5 

27 

0.51 

0-53 

O.55 3-57 

0..59 

I.     1 

i-  3 

27 

'5 

H 
28 

°-59 

1.  2 

»•    5 
'•  7 1.  9 

i.12 

1.(4 

28 

'4 

*3 

29 

r.  8 
1. 11 

1. 14 1. 17 

1. 19 

1.22 

1.25 

29 

'3 

12 

30 

1. 16 

1. 19 

1.28 

1-23 

1.32 

1.26 

'•35 
t. 29 '•39 

I.32 

'■43 

'•35 

1.46 

30  June 

12 

II 
Dec.         3 1 

1.34 
l  July 

1 1 

10 Jan.            1 

i-33 1-37 

1.41 

1.45 ■•49 '■53 
F-57 

2 10 

9 2 1.42 
1.46 1.51 

■•55 1.59 
2-   3 

2-  7 

3 9 
8 3 

1.49 
1.54 

1.59 2.  4 
2.  9 2.13 

2.18 
4 8 

7 4 
1.58 

2-  3 

2.    8 

213 
2.19 

2.23 

2.28 

5 7 
6 5 

*•  5 

2*11 2. 1 6 2.22 2.28 

Z-33 

2.39 

6 6 

5 6 

2.14 

2.20 2.26 
2.32 2.38 

2.43 

2.49 

7 5 
4 7 2.22 

2.28 

2-34 

2.41 

2.47 
z-53 

2.59 

8 4 
3 8 

2.29 

2.36 

2-43 
2-49 

2.56 3-  3 

5-  9 

9 3 
2 9 

2.3- 

2.45 

2.44 

2.52 

2-51 

2.59 

2.58 

3-  6 

3-   5 

3-^ 

3-12 

3.21 

3- '9 

3.28 

10 

2 

Dec. I 10 

11 

1  June Nov. 

30 

•            11 2.523.  0 
3-  7 3-iS 3-23 

3-3C 
3-38 

12 

31   May 

29 

12 

3-  0 3-  8 
3.16 

3.24 

3.32 

3-39 
3-47 

'3 

30 

28 

13 

3.  8 3-16 

3-24 

3.32 3.40 

3-49 
3-57 

'4 
29 

27 

M 
3.15 i-24 

3-32 
3.41 

3-49 

3-58 

4.  6 

'5 

28 

26 

15 

3.22 3-3i 

3-4o|3-49 

3-58 

4-  7 

4.16 

16 

27 

25 

16 

3-3° 

3-39 

3-48)3.57 
4-  7 

4.16 

4-25 

'7 

26 

' 

44 

17 

3-37 

3.46 3.56)4.  6 

4.16 

4.24 
4-34 

18 

25 

23 

18 

3-44 3-54 

4.  44.14 
4.24 

4-33 4-43 

'9 

24 

22 

19 

3-S'k-    1 

3.58J4.   8 
4.11 
4.19 

4-21 

4.29 4-3i 

4-39 

4-4' 

4.50 
4- S' 

20 

23 

21 
20 

5.  0 

21 

22 

20 

21 
4.  5J4.16 

4.27 
4-37 

4.48 

4-59 5-  9 

22 

21 

19 

22 

4.12 

4-23 

4-34 4-45 

4.56 

5-  7 

5.18 

23 

20 

18 

23 

4.19 

4-30 4.41 

4-53 
5-  4 5-i  5 

5.26 

24 

'9 

17 

24 

4-25 

4-36 4.48 

J.  0 5.12 

S-23 

5-34 

z5 

18 16 

25 

4.31 

4-43 

4-55 5-  7 
5.19 

S-30 5.42 

26 

'7 

*5 

26 
4-33 4.50 

5.  25.14 

5.26 
5.38 5.5c 

*7 

16 

14 
27 

4-43 

4.56 
5-  8  5.21 

5-33 

5.46 
5.5S 

28 

'S 

13 

28 
4.50 

5-  3 
5.165.28 

5.40 

5-54 

6.  6 

29 '4 

11 

9 
Jan.          30 

5.  2 
5'3 

5_15 

5.27 

5.285.41 

5.40J5.54 

5-54 

6.  8 

6.   8 
6T2 

6.21 

6-35 

31  Tuly 
12 

FcD.            1 
2  Aug. 

10 

7 3 5.24 

5-38 
5.526.  6 

6.20 

6-35 6.49 

4 8 j 
5 5 

S-34 5-49 
6.  46.18 

^■33 
6.47 

7.   2 

6 6 
3 7 5-44 

S-S9 6.146.29 

6.44 

6.59 

7.14 
8 4 

Nov. 1 9 5-5316.  9 6.24)6.40 

6.55 

7. n 

7.26 

10 2    May 

0&. 

30 

11 6.  36.18 6.346.50 

7.  6 7.21 

7-37 
12 

30  April 28 

*3 

6.126.28 
6.447.  0 

7.16 

7  32 7.48 

'4 

28 

26 

is 

6.206.36 
6.537.10 

7.26 

7.42 7.58 

16 

26 *4 

17 

6.2916.45 
7.  27.19 

7-36 7.52 

8.  9 

18 

24 

21 
20 

6.3Q 
6.56 

7.  0 

7-13 

7.24 
7-3i 

7.42 

7.48 

8.   0 

8-   S 

8.17 

8.22 

8.34 

21 

24 

21 

18 

23 

6.48 

18 *S 

Feb.         26 6.57I7.I5 
7-34 

7-52 

8.10 
8.28 

S.46 

27 

'5 

12 March       1 7.  6J7.24 
7.42 

8.  1 
8.20 

8.38 8.5, 

30  Aug. 

12 

9 4 7.127.3/ 
7.50 

8.  9 

8.28 

8.46 

9-  6 

2  Stpt. 
9 

0£h 
6 7 7-177-36 

7-55 
8.14 

8-33 
8-53 

9.12 

5 6 
3 

10 

7-237-42 8.  1 8.20 

8-39 

8.59 

9.18 

8 

3   April 
Sept. 

30 

13 

7.267.45 

8.  4 8.24 
8-43 

9-  3 

9.22 

11 

3 1    March 

27 

16 
7.297.48 

8-  7 8.27 

8-47 

9.  6 

9.25 
H 28 

*4 

19 

7.307.50 
8.10 

8.29 

8.499.  8 
9.27 

'7 

2> 

L   * 
*  7-3'l7-5° 8.108.30 

«-5019-  9 

9.28  * 

* 

See  the  Note  at  the  bottom  of  the  table  of  the  fun's  declination  for  the  year  1804. 



Tab.  VT. 
For  reducing   the  Sun's  Dkcltnation  as  given  In  the   N.  A.  for  Noon  at 

Gr  eenwich,  to  any  other    1  irac  imctt-r  any    other  Meridian. 

Sv-e  the  Note  at  the  bottom  of  the  table  of  the  fun's  declination  for  the  year  1804 



Table     VII, 

TABLE 

OF  THEj 

SUN's  RIGHT  ASCENSION. 

D 

Jan. 
Feb. Marc. 

^pril. 

May. 

June. J^y. 

Aug. 

Sept. 
Oct. 

Nov. Dec. «< 
H.   M. 
I8.45 

H.   M. H.    M. 

22.48 

H.  M. 

O.4I 
H.  M. 

2.32 

H.    M  . 
4-3  5 

H.   M  . 

6-39 

H.  M. 

8.44 

H.   M. 
IO.4O H.  M. H.  M. 

14.24 
H.  M. 
16.28 I I 

20.57 12.28 

2 
I8.49 21.    I 22.51 

O.45 

2.36 4-39 

6.43 

8.48 

IO.44 

12.32 

I4.28 

16.33 

2 

3 
18.54 21.    6 

22.55 
O.48 2.4O 4-43 

6.47 

8.52 

10.47 

12.36 
14.32 

16.37 

3 
4 18.58 21.10 

22.59 

O.52 

2.44 

4-47 6.5I 8.56 10.51 

12.39 

14.36 

16.4I 

4 
5 19.  3 

21.14 
23.    2 

O.56 2.48 

4-5i 

6.56 

8.59 

10-55 

12.43 

I4.4O 

16,46 

-5 

6 19.  7 2I.I8 23-  6 

O.59 

2-5' 
4-55 

7.    O 

9-  3 

IO.58 I2.4S 

I4.44 

16.5O 

6 
7 19.11 21.22 

23.10 

i-   3 

2-55 

4-59 7-  4 9-  7 
II.    2 

12.50 

14.48 

1 6. 54 

7 
8 

19.16 21.26 23.14 

i-  7 

2.59 

5-  4 

7.  8 

9.11 

II.    5 

12.54 

I4.52 

16.59 

8 
9 19.20 21.30 

23-i7 1. 10 3-  3 

5.  8 
7.12 

9.15 

II.    9 

12.57 

14.56 

17-  3 

9 
10 19.24 

21.34 

23.21 

1.14 

3-  7 

5.12 

.1:0 9.19 

U.13 
l3-   1 

15.  0 

17.  7 

10 

ii 19.29 21.38 23-25 1. 18 

3" 5.16 7.20 

9.22 

II. 16 

13.   5 
15.  4 

17.12 

11 

12 !9-33 21.41 
23.28 

1. 21 3-15 

5.20 

7.24 

9.26 

II.20 

13.  8 
15.  8 

17.16 

12 »3 
19-37 

21.45 
23.32 

1.25 

3.19 5.24 

7.28 9-30 

11.23 

13.12 15.12 17.21 

13 

14 

19.42 

21.49 
23.36 

1.29 

3-23 

5.28 

7-32 

9-34 

II.27 

13-16 

15.17 
17.25 

14 

J  5 19.46 
21.53 23-39 

1.32 
3-27 5-33 

7-36 

9-37 
II. 31 

13.20 

15.21 
1.7-30 

15 

16 19.50 

21.57 23-43 
1.36 

3-30 

5-37 

7.40 

9.41 

"•34 

13.23 
15.25 

!7-34 16 

17 
19-55 22.  1 

23-47 
1.40 

3-34 

5.41 

.7-45 
9-45 11.3X 

13-27 15.29 

x7-3« 

17 

18 19.59 
22.  5 

23.50 

i-43 
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This  Table  gives  nearly  the  Mean  of  the  Sun's  Right  Afcenfion  for  the 
years    1801,    1802,    1803,    and  1804,   and  is  fufficiently  exaft  for  finding 
when    any  flar  comes  to  the  meridian,  in  order  to  obtain  the  latitude  ;  but 

in  all  calculations  for  determining  the  longitude  by  celeftial  obfervations,  the 

Sun's  right  afcenfion  muft  be  taken  from  the  Nautical  Almanac,  where  it 
is  calculated  to  a  greater  degree  of  accuracy. 

(N)    Tab, 
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Table   IX. 

1            Right  Afcenfion  and  Declination  of  fome  of  the  principal  fixed  Stars  adapted 
to  the  beginning  of  the  year  1800,  with  their  annual  variation. 

Names  and  Dedinatiomof  the  STARS, 

O 

r-r    3" 2     3 

d-  u.  «r  (Ann.  var. 

Right  .-f-     R    A 

cenfion.             , 1     add. 

Declin. 
Annual variation. 

s.Tv 

H.M.S|S.T^ D.  M. 

Extremity  of  the  wing  of  Pe- 
galus,  Algenib y 2 o.  2.57   3.06 

14.4  N. 

+20.1 

In  the  head  of  the  Phenix cc 
2^3- 

0.l6.22 

2-99 

43.22  S. 

— 20.0 

Bright  Star  in  the  tail  of  the 
Whale i 

&S 

°-33-32  3°o 
19.5  S. 

—  J9-9 

Polar  Star,  tail  of  the  GreatBear a. 

2-3 

0.52.15 
12.50 

88.14N. 

+  19.6 In  the  girdle  of  Andromeda £ 2 

0.58.34 

3-30 34-33  N- 
+  l9-5 

The  fpring  of  the  river  Erida. 
Achemar a. 1 

1  30.16 

2.25 

58.15  S. 

-18.5 

f  Almaach  in  the  foot  of  Andro- 
1       meda % 2 1.51.41 

3.62 

41.22N. 

+  *7-7 

j  *  In  the  preceding  horn  of  the 
Ram,  «  ARIETIS u, 2 

l<55-55 
3-34 

22.31  N. 

+  17.6 
In  the  neck  of  the  Whale 0 2 

2.  9.15 

3.02 

3-54  s- 

— 17.0 

'  In  the  jaw  of  the  Whale 
* 2 

3.51.50 

3.12 

3-i8N. 

+  14.8 
In  the  head  of  Medula,   Algol 

■  fi 

2 
2.55.12 3.85 

40.1 1  N. 
+  14.6 

The  bright  Star  in  Perfeus X 2 3.10.  7 

4.20 
49.  8N. 

+  >3-6 

Thebright  Star  of  the  Pleiades. 
or  Seven  Stars n 3 3-35.37 3-54 

23.29N. 

+  11.8 
*The  Southern  eye  of  the  Bull. 
Alhebaran a i 4.24.27 

3-42 

16.  6N. 

+8.2 

!  In  the  left  fhoulder  oi  Auriga. 

Capella 

a. 

i 

5,  1.56 

4.41 45.47  N. 

-r-5.0 

'  The  bright  foot  of  Orion, Rigel 
£ i 

5.  4.56 

2.87 

8.27  S. 

-4-8 

The  nor i hern  horn  of  the  Bui1 

■fi 

2 
5.13.30 

3-78 

28.26  N. 
4-4-1 1  The  weflern  fhoulder  of  Orion V 2 5.14.25 

3.21 

6.  9N. 

+4-o 

In  the  belt  of  Orion              ̂  

t 2 
5.21.47 

3.06 

0.28  S. 

—3-3 

i 2 
5.26.  4 

3-°3 1.20  s. 

—3.0 

I t 2 
^.30.41 

3.02 

2.    4    S. 

—2.6 

Bright  Star  in  the  Dove 

ci 

2 

5-32-25 

2.7 

34.11  s. 

—2.4 

The  eaftern  fhoulder  of  Orion cc 1 

5.44.21 

3-24 

7.21  N. 

-ft-4 

In  the  foot  of  the  Great  Dog £ 

2-3 

6.13.54 

2.64 

i7-52  s- 4-1.2 In  the  poop  of  the  fhip  Argo, 
Canopus et i 6.19.31 

*-33 

52-35  s- 

4-1.7 

In  the  ancle  of  Pollux y 

2-3 

6.26.  9 

3-46 

16.34N. 

—2.3 

In   the  mouth  of  the  Greater 

Dog,  Sirius 
a i 

6.36.20 

2-65 

16.27  S. 

-f-4-3 

In  the  thigh  of  the  GreaterDog z 

'2-3 

6.50.46 

2-35 

28.42  S. 

+4-4 
In  the  back  of  the  GreaterDog S 

2  -3 

7.  0.15 

2.44 

26.  5  s. 

4-5-2 '  In  the  tail  of  the  Greater  Dog 
n 2 

7.16.1 1 

2.38 

28.55  s. 

4-6.5 

.In    the  head  of   the  northern 

Twin,  Cajior 

1 1 

: 

cc 

1.2 7.21.49 

3.86 

32.19N. 

—7.0 

-r^- 



Table  IX. 

Right  AfcenfionandDeclinationof  fomeof  the  principal  fixed  Stars  adapted  ] 
to  the  beginning  of  the  year  1 8oo}  with  their  annual  variation. 

Names  and  Declinations  of  tbe  STARS.  1.3  SJ 

The  Leffer  Dog,  Procyon 
*In  the  head  of  the  fouthern 

Twin,  Pollux 

In  the  row  lock,  of  the  fhip 
Argo 

In  the  poop  of  the  fhip  Argo 
In  the  middle  of  the  fhip  Argo 
In  the  oars  of  the  fhip  Argo 
The  heart  of  the  female  Hydra 

Alphard 

*  The  Lion's  heart,  Regulus 
South   pointer   in  the  fq.    of 

the  Great  Bear 

North    pointer   in  the    fq.   of 
the  Great  Bear 

The  Lion's  tail — Denebota 
S.  E.  Star  of    D  of  the  Great 

Bear 

N.  E.  Star  of  D  of  the  Great 
Bear 

In  the  foot  of  the  Crofs 

In  the  top  of  the  Crofs 
In   the  following  arm  of  the 

Crofs 

Alioth,    firft   Star  in   the  tail 
of  the  Great  Bear 

*  The  Virgin's  Spike — Sp;ca 
The  fecond  Star  in  the  tail  of 

the  Great  Bear 

Laft  Star  in    the   tail 
Great  Bear 

The  weftern  foot  of  the  Cen- 
taur 

In  the  tail  of  the  Dragon 
The    bright    Star    in    Bootes 

ArEiurus 
The  eaftern  foot  of  the  Centau 

The  louthem  fcale  of  the  bal- 
ance 

The  northern  fcale  of  the  bal- 
ance 

Bright    Star    in    the    Crown 
Gemma 

L 



Table  IX. 

Right  Afcenfion  and  Declination  of  fome  of  the  principal  fixed  Stars  adapted 
to  the  beginning  of  the  year  1800,  with  their  annual  variation. 

Names  and  Decimations  ef  the  STARS. 

In  the  neck  of  the  Serpent 
The  northernmoft  Star   of  the 

Scorpion's  forehead 
*  The  Scorpion's    heart,   An- 

Tares 

In  the  eaftern  knee  of  Ophi- 
uchus 

In  the  head  of  Hercules 

In  the  head  of  Ophiuchus 

In  the  head  of  the  Dragon 
In  the  bow  of  Sagittarius 

n 

« 2 

£ 2 

<& 

1 

» 

2-3 

K 2 

tt. 2 

y 

2-3 

8 

2-3 

Right  Af. cenfion. 

H.M.S. 

l5-53>5° 

1 6.17.10 
16.58.55 

l7-  5-3* l7-25-39 

17.51.58 
18.10.54 

Ann.var 
R.  A. 
add. 

2.94 

3-47 

3-65 

3-42 

2-73 2.77 

i-39 

3-98 

Declin. 

D.  M. 

7.  4M. 
19.15S. 

25.58  S. 

15.28  s. 
14.38N. 

12.43N 

51.31N. 

34.28  s. 

•11.9 

+ 

The  bright  otar  in  the  Harp, 
Wega,  Lyra 

*  Bright   Star  in    the    Eagle, 
Atair,  &  A.qu  11, m 

The  eye  of  the  Peacock 
The  tail  of  the  Swan,  Dtneb 

The  weftem  wing  of  theCrane 
*  In  the  mouth  of  the  fouthern 

fifh,   Fomalhaut 

In  the  fhoulder  of  Pegafus 

*  In  the  wing  of  Pegafus,  Mar- 
kab,  «  Pegasi 

In  the  head  of  Andromeda 

Near  the  fhoulder  of  Caffiopea 

ec l 

ee, 
1 <* 
2 

a. 1.2 

a, 

2 

et 1 

P 2 
et 

2 

0, 

2 

/3 

2 -3 

18.30.1c 

19.41.  1 

20.  9.44 
20-34-37 
21-55-32 

22.46.34 

22.54.  5 

22.54.48 

23.58.  4 23-58-34 

i-99 

38.36N. 2.q2 8.21H. 

4.85 

2.03 

3-85 
57.22  S. 

44.34N. 

47.55  s. 
3-33 

2.87 

30.41  s. 27.  oN. 2.96 

14.  8N. 
3-^7 

3-°5 27.59N. 

58.  3N. 

-f-   2.6 
-f  8.5 

10.8 

4-12.5 

17.2 

19.1 

+19.2 

+19.2 

-f-20.2 

4-20.1 
Note.  If  the  places  of  thefe  ftars  are  wanted  for  any  time  before  the  beginning  of  the 

year  1800,  multiply  the  annual  variation,  both  in  right  afcenfion  and  declination,  by  the 
number  of  years  before  1800,  and  fubtrad  the  product  from  the  right  afcenfion  {landing  in 
the  table  ;  but  the  product  of  the  annual  variation  in  declination  muft  be  addfd  to,  or  fub- 
tradTed  from,  the  declination,  according  as  the  fign —  or  -J-  precede  it  j  but  for  any  years  after 
1800,  the  variation  in  right  afcenfion  muft  be  added  to  the  right  afcenfion  in  the  Table,  and 
the  variation  in  declination  muft  be  either  added  to  or  fubtra&ed  from  it,  according  as  their 

figns  are,  to  fit  the  declination  to  any  fucceeding  year. — The  annual  variation  is  fet  down  for 
feconds,  and  decimals  of  a  fecond.  An  afterifk  is  prefixed  to  the  ftars  whole  d-iftances  from 
the  moon  are  given  in  the  Nautical  Almanac. 

EXAMPLES  TO  EXPLAIN  THE  USE  OF  THE  PRECEDING  TABLE. 

To  find  the  Right  Afcenfion  of  a  Star  at  any  time. 

EXAMPLE  I. 

Required  the  Right  Afccnfionof  Aldebaran, 
January  i^  1804?  h.  m.  fee. 
R.  A.  by  the  Table  in  1800  4  24  27 
Variation  in  4  years,  add  14 

R.  A.  in  January,  1804  4  24  41 

EXAMPLE  II. 

Required  the  Right  Afcenfion  of  Aldeba- 

ran, January  1,  1790  ?  .       h.  .m.  fee. 
RJ  A.  by  the  Table  in'1800  4  24  27 
Variation  in  10  years,             fub.  34 

R.  A.  in  January,  -1790  - 
4  *3  53 



EXAMPLE  III.  I 

Required   the  Right   Afcenfion  of  Splca, 
May  20,  1806  ?  h.  m.  fee. 
R.  A.  by  the  Table  in  1800  13    14  40 
Variation  in  6  years  4J  months,  add  20 

R.  A,  May  20,  1806  13   15     0 

EXAMPLE  IV; 

Required   the  Right  Afcenfion  of  Sirius# 
Nov.  6,  1797  ?  h.  m.  fee. 
R.  A.  by  the  Table  in  180O  6  36  20 
Variation  in  3  years,                 fub,  8 

R.  A.  in  January,  1797  6  36  iz 
Var.  for  10  months  and  6  days,  add  1 

R.  A.  Nov.  6,  1797 
6  36  14 

The  fun's  right  afcenfion  for  any  time  may  be  found  by  the  Nautical  Almanac  to  any  de- 
gree of  accuracy  ;  by  taking  proportional  parts  of  its  daily  difference  ;  as  will  be  explained  in 

the  precepts  of  Table  XXIX.  But  in  cafes  where  no  great  accuracy  is  required,  the  right 
afcenfion  may  be  obtained  within  a  or  3  minutes  by  means  of  Tabie  VII, 

Tojind  the  Declination  of  a  Star  at  any  timet 

EXAMPLE  I. 

Required   the    declination    of   Aldebaran, 
January  I,  1804  ? 

Declination  by  the  Table  in  1800  160  6'  N. 
Variation  in  4  years     33"     add  1 

Declination  in  1804 16     7  N. 

EXAMPLE  IT. 

Required  the  declination  of  Aldebaran,  Janti^ 
ary  1,  1790  ? 

Declination  by  the  Tab.  in  1800     165  6'  N. 
Var.  in  10  years     i'  2a"     fub.  1 
Declination  Jan.  i>  1790 16     S  N. 

EXAMPLE  III. 

Required  the  declination  of  Spica,  May  20, 
i8o6  ? 

Declination  by  the  Tab.  in  1800     10°  7'   S. 
Variation  in  6  years  4!  months  2 

Declin.  May  20,  1806 

10     9 
S. 

EXAMPLE  IV„ 

Required  the  declination  of  Sirius,  Nov.  6f 

1787  ? 
Declin.  by  Tab.  in  1800  160  27'  S. 
Var.iri  12  yrs.  1  mo.  24  d.  is,  fub.  1 

Declination  Nov.  6,  1787 16     26    S, 

The  right  afcenfions  and  declinations  obtained  by  the  preceding  calculations,  are  the  mean 
values,  to  which  muft  be  applied  the  corrections  for  the  Nutation  and  Aberration  in  cafes  where 
great  accuracy  is  required. 

To  find  taken  ajiar  will  be  on  the  meridian, 

RwtE.  Find  the  right  afcenfion  of  the  fun  and  ftar  in  the  preceding  table  ;  fubtraS  the 
fun's  right  afcenfion  from  the  ftar's,  having  previoufly  increafed  the  latter  by  24  hours  when  the 
fun's  right  afcenfion  is  the  greateft  ;  the  remainder  will  be  the  time  of  the  ftar's  coming  to  the meridian.  If  the  remainder  be  greater  than  12  hours,  the  ftar  will  come  to  the  meridian  after 
midnight ;  but  if  it  be  lefs  than  12  hours,  the  ftar  will  come  to  the  meridian  before  midnight., 

EXAMPLE  I. 

At  what  time  will  Aldebaran  be  on  the 
meridian  Jan.  1  ? 

Aldebaran's  right  afcenfion Add 

Sun's  right  afcenfion 

Aldebaran  fouths  in  the  evening 

on the 

h. 

m. 

4 

24 

24 

28 

24 

18 
45 

9 

39 

EXAMPLE    II. 
At  what  time  will  Pollux  be  on  the  merid- 

ian March  31?  h.  m» 
Pollux's  Right  Afcenfion  7  35 
Sun's  Right  Afcenfion                              o  3/ 

Comes  to  the  meridian  in  the  evening        656 



EXAMPLE  IIL 

At  what  time  will  the  ftar  Regulus  be  on 
the  meridian  December  12?  h.  m. 

Regulus'  Right  Afcenfion  9  58 

24   

33  58 17   16 

Add 

San*s  Right  Afcenfioa 

After  midnight 
Subtract 

In  the  morning 

16  42 

12 

4  4a 

EXAMPLE   IV. 

Required  the  time  when  the  ftar  Fornalhaut 
comes  on  the  meridian  June  i  ? 
Fomalhaut's  Right  Afcenfioa 
Sun's  Right  Afcenfioa 

After  midnight 

Subtract 

In  the  morning 

h, m. 

22 4? 
4  35 
18 

IS. 

12 
6  12 

To  find  what  Star  will  come  upon  the  Meridian  at  any  given  Timt, 

Role.  Add  the  time  from  nodn  to  the  right  afcenfion  of  the  fun,  the  fum  (rejecting  24 
hours  When  it  exceeds  24)  will  be  the  right  afcenfion  of  the  ftar  required  to  be  known  5  with 

V/hich  enter  the  table  of  the  liar's  right  afcenfion,  and  find  what  ftar's  fight  afcenfion  agrees 
with,  or  comes  the  neareft  to  it,  and  that  is  the  ftar  required. 

EXAMPLE   I, 
T  would  know  what  ftar  would  be  on  the 

meridian  about  10  at  night,  January  a6  ? 
h.  m. 

Sun's  Right  Afcenfion  January  26  20  33 
Given  time  10  hours  P.M.  10     o 

Subtract 

Nearly  anfwers  to  Sitius 

30  33 

24    o 

6  33 

EXAMPLE    II. 

What  ftar  will   be  upon  the  meridian  3G 
minutes  paft  4  ja  the  morning  May  10  ? 

h.  m„ 

Sun's  Right  Afcenfion  May  10  3     7 
Given  time  16  hours  30  minutes  16  3© 

Right  Afcenfion  of  mid.  heaven 
Anfwers  nearly  to  Ataif  in  the  Eagle. 

19  37 

EXAMPLE   nr. 
What  ftar  will  be  on  the  meridian  at  6  H 

51  M.  P.  M.  April  1  ?  h.  m 

Sun's  Right  Afcenfion  April  i  041 
Given  time  6  ci 

Right  Afcenfion  of  the  meridian 
Anfwers  nearly  to  Pollux. 

7  32 

EXAMPLE    IV.    ̂ 

What  ftar  will  be  on  the  meridian  Sept.  rj 

at  5H.  37  M.  P.  M.  ?  h.  m. 
Sun's  Right  Afcenfion  Sept.  I  10  40 
Given  time  5  37 

Right  Afcenfion  of  the  meridian 
Anfwers  nearly  to  Antares. 

16  17 

In  all  the  preceding  examples,  the  right  afcenfion  of  the  fun  ought  to  have  been  Calculated 
for  the  moment  of  pafling  the  meridian,  as  we  (hall  more  fully  explain  in  the  precepts  of 

,  Table  XXIX. 



Table  X. 

-a 

a 

-a  ̂  
13    O 
C    „ 

-a  g 

■.3  « 

3 

C/3    v.? 

-J 

pq 

-ft, 

*2    H    ro  vr <  q  q  q 

23  vd  vd  vc 
S  qqq 

3J  vo  vp  vd 

S  q  o  o 
33  <6  \6  vd 

S  o  o  o 
33  vd  vd  vd 

rf-  viv©  r»«0   Ov 

00>-<*HMMH  M      N      PI      Pi      rt     rt    j     «     (^M^«1M 
d  vd  vd  vo  d  vo    vdvdvovdvdvdvdvdvdvdvdvd 

vO  VO  vo  VO  VO  vo 

vo  VO  VO  vo  vo  VO 

VO  vo  VO  VO  VO  VO 

t*~  vO>»  O  P*  **" 

q  q  h  m 
 m 33  vo  vo  vo    vbvdvdvo'

vdvd 

2^2 
vO  vO  vo  VO  vo  vo 

3; 

vo  VO  VO vo  VO  'O  VO  VO  vd 

u-vVO    N  aO    h 

00  qq  »  n 
vd  vo  vd  vo'  vd  vd 

0 0 O 

vo 

vO 
-O 

O 

t-1 

0 O 
VO VO vo 

v/ivo    t-^OO    Ov  O 

q  q  q  q  q  « vo  vo  vo  vo  vd  vd 

vo  vo  VO  VO   vo  VO 

Bj 

9  9  9 
VO  VD  vo 

q  q  q  q  q  q 
0  vo  vo  vo  vo  vp 

w    c(     CO 

9  9  9 

vo  vd  vo* 

vO  VO  vo  vO  vO  VO 

vO  VO  vo  vO  vO  vo 

VO  vO  vO  VO  vo  vO 

Vp  VO  vp  vp  vp  vp 
vr»vo  OO    CT\  1 

VO  VO  vO  VO  vO  vo 

VO  VO  VO  vo  vO  vO 

co  <4-vo   o.  a>  o 
M      _      ̂       ̂       m      C* 

vO*  vo"  vd  vo"  vd  vd 

vo"  vd  vd  vd  vd  vd 
d    co  *3"  vivo  00 

vO  vo  vO  vo  vo  vO 

tS    co^f  m<o 

vO  vO  VO  VO  vo  VO 

Q    *"    vS    co  tlJ-  vn 

vd  vo  vo  vd  vo  vd 

0*\  O    •-»    c*    co  *$f 
©-"« m  m  w  m 

vd  vd  o  vd  v©  vd 
'Hi     C*     CO 

9  9  9 
VO  vo  vO 

CO   *+■  VJ-ivO     1^.00 
q  q  q  q  a  q vO  vo  vO  vO  vo  vO vO  vO  vO  vO  vo  vo 

vO  vO  vo  VO  vO  VO 

vO  VO  vO  vo  vO  vO 

vO  vO  vO  vO  vO  vO 

O  vo  vO  VO  vO  vO 

vO  VO  vO  vo  vp  vO 

•vO  VO  VO  VO  VO  vO 

vO  VO  so  VO  VO  vo 

vO  vO  vO  vO  vO  vO 

VO  VO  vo  vo  VO  vO 

M       NH       M       N      C*      C* 

vO  VO  vO  vO  vO  VO 

-,    ,-,    w    _    ̂     N 

sd  vd  vo  VO  vO  vD 

rj-  t-ovo    *>-00    Ov 

vQ  vO  vo  vo  vo  vo 

^-  ̂   -f  **•  rj- 
vp  vp  vp  vp  vo  vd      vd  vd  vO 

^  vd  vd  vd  vd  vd 

"cT^FI 

1^,  1*0  yi 

o  vo  vd 

00    CTs  H    co  w->oo      b    c*     . 
to  d  't  ̂ t  "t  *t     iv-,i40vo 
vdvdvdvdvdvd    -^o  ̂ c  ̂ S 

vO  co    p>  •-<    co  *o     1^  CT\  »■* 
cococo^t--^^*-     **•**•  wi 
\d>  <*o  ̂ &  \&  ̂   ̂o    vdvovd 
rj-vo    N  OM-    f^ 

co  co  co  CO  ̂ ^  ̂ " 
vO  vo  vO  vO  vo  vo 

\6  ̂ 6  <6 

VO  vo  vO  vo  SO  vO 

vO  vO  vO  vO  vO  vb 

O     N     co 

"f   ̂    *? 

vd  to  vd 

vp  vO  vp  vo  vO  vp 

vO  vO  vO  vO  vO  vC     vOvOV© 

vp  vO  vO  vp  vO  vp 

"id     t   vrisD     *-- tS    r>    N    f»   H    N 

vd  vo  vo  vd  vo  vd 

vO  vo  vO  vp  VO  VO 

N    C*    r* 
vd  vd  vp 

5  s 
1 

—    MM 

9    9    9 
vd  vd  vd VO  VO  VO  VO  vd  VO 

CO     Ov  ON  O    *m    c* 

vO  vO  VO  VO  VO  VO 

f>  ̂ "  ■*  «ivo   r~- 
vo  vo  ve  vp  vo  vo vo  vo  vo  vo  vo  vo 

o  Sqqq 
M    t  vd  vd  vd 

,*«  ■<*•  ■*■  vnvo  o 
o  q  q  q  c  o ^  \D  ̂ O   'ji  \o  ̂ D 

a   e*   <"->  -<f  vovo 

VOVOVOVOVOVO    I  VO  VO  VO  VO  VO  VO 

vo   j^oo    av  o 

vd  vd  vd  vd  vd  vd 

9  °  °. \6  <o  •& vO  vo  vo  vo  VO  vo 

vo  r>-oo  co  01O 

o  o  o  o  q  - 

vd  vd  vd  vd  vd  vo 

VO  vO  VO  VO  VO  vO 

«v-i  v^vsO     f^-OO     C 

VO  vo  VO  VC  VO  vO 

qqq ^6  ̂ i  ̂  q  q  o  q  q  q 
vO  vo  vo  vO  VO  VO vo  VO  VO  vO  VO  VO 

ffO    O   M    1   « 

q  «  «  «  «  « vd  vd  vo  vo  vd  vo 

m   ̂ -   Tt-  vriVO  VO    I   I^C*5     ̂ t 

vdvdvdvo^vdfvdvdo 

12  q  q  q 
1 33  '■o  vd  vd  !  vo  vd  vb  vd  vo  vd 

u-,  u-ivo  vo  r^oc 

q  q  q  q  q  q 
vd  VO  vd  VO  vO  vo 

IOO  ©v  Ov  
O  O  m 

q  q  q  «  «  « 

vd  vd  vd  vd  vd  vc 

b   H  «n  •<!"''*■  I 

vOVOvo^i'OvOvOVOO 

9  9  9 
*o  \6  ■■■6 vo  VO  VO  *0  vo  vO 

^-  vn  tovo  vO  VO 

q  q  q  q  q  q 
d  vd  vd  vd  vd  vd 

r^  r^oo  co   o>  cjv 

q  q  q  q  q  q 
vo  vo  vo  vo  vd  VO vO  vO  VO  vo  vo  vp 

2  q  o  o 
vo  vo  VO  vO  vo  vo 

Tj-^  +  vunif 
q  q  q  q  q  q 
vd  vo  vd  vd  vo  vo 

VO   vd     NJS   t^K o  q  q  q  q  q 

d  vd  vd  vd  vd  vc 

o  -  ~ 9  9  9 
VD  vo  vO 

-1    -*    a    c*    N    ro 

q  q  q  q  q-  q o  vd  vd  ̂ d  vo  vo 

§999 
►j;  <d  vd  vd 

3;  vo  vO  vp 

2  vo  vo  o 

Lat- 

vO  VC  vp  vp  vO  vO 

co  in  vr,vD  vO  vp 
o  o  q  q  q  q 

vd  vd  vp  vO  vp  sO 
—     -     ,-i     m     r-I     rl 

q  q  q  q  q  q 
vO  vp  vp   vo  vp  vp 

I   ci    c^    co  co  ro  CO 

q  q  q  q  q  q 
vp  vd  vd  vd  vd  vd VO  vO   vO   O  VO  vp 

9  9  9  9  9  9 
VO  vO  vO  vp  vp  vO 

vp  vp  vD  vO  vO  vO 

vo    r^   r-%  fv.oo  OO 

q  q  q  q  q  q 
vd  vO   vp  vp  vO  vp 
»-0  uo  vovO  vO  vO 

q  q  q  q  q  q 
vo  vo  vO  vO  ̂ O  vO      -O  vo  *0 

-<     N     N     C*     ̂      C-4 

q  q  q  q  q  q 
vd  vo  vo  vo  vo  vo 

<^    N    r*\  t*i  t*l  f*o, 

q  q  q  q  q  o vd  vd  ̂ d  vo  vo  vd 

q  q  q  q  q  q 
i^  ̂o  \o  ̂ o  •^  ̂  

vo  vo  vo  vO  vo  vo 
poqqqq I  vd  vd  vd  d  vo  vd 

I  q  q  q  q  q  q 
VC   VO  VO  VO   VO   vO 

qqqqqq    00 
vd  vd  vd  -d  vd  vd  I  vd  vd 

vo  vO  O  VO  VO  vo O  VO  VC   VO  vO  VO 

«*■  vn'^   t^oo    a]  O   «   f*   N5  "*■  *^  vo   r^oc    a>  O 
M.HM.M'M.W 

O  O  O  O  o  o 
0  9  9  9  o  o vD  vO  vo  vo  ̂   vd 

o  o  o  o  o  o 

q  q  q  5  o  q 
\o  ̂ o  ̂   \c  ̂ c,  ̂ o 

S  5 
n  n  *  vavc  n  go  «o 
m  ten  a  rt  t< 

{0)    Tab. 

—4 



.E       X. 

•a 

m 

•C     C: 

-3 

G 

r  "c 
>   _0J 

Lat. 
h   p»  .-nl  ,$.  vovc   tvce   olo   M   <*  csrt-^lo   ?>.oo   Ov  o 
p*>  m  c*>(  r»irofO<^>'^rlJT}-»}-"^-'>i--<l-^-|   <!"  *  ■>*■  '"*'  *" 

e»   M  «J"  "KVO 

V^OlC<vD^C1      I^HIAO^O        I^M     fvfl   D<o    I  vO     »*>.   ""> 
"^OOO     o    •*    m.    ~<    m<    «      rt    N   r^wimi-    'J'^'ao   O    "      "Mrt    n  +  '*(uiO 

rn  ifl    OO    M    *}*  vO     <3>  <vi 

tv  c*-  tv    tv  tv  tv  iv  rv  r~    tv  rv  *v  rv  tv  |v jv  r-~oo  ooco    mcocococooj    oo   ov  ct> 

^    ZC^*^^-    t>  tv  tv  *v  iv tv  rvoo  oo    co  co 
co  oo  oo    co    o>  o> 

I  o  ̂  
rv  tv  rv  tv  . 

r-    rv  iv  *v 

ONf^NM     Vo  O 

tv  iv  ri.  t-.  r-.oo    oo  co  co  oo  co  so    cooeoo 

pl   vo  rv  o    N 

rv  tv  tv  rv  tv p*..  ?v  tv  rv  iv    rv  t<  rv  tv 

'  m*"!  vd  vd  vd  '  vd  vd   r^.f~-t^-t^'iit^-r^t-^tir^ltitirit^.tit^.l 

1  d*   vO  kO^O    I  vO'  vO  VO rv  rv  rv 

(J 

G  -5 

1; 

j= (A c 
<u 

r. 

J-: 3 £ ao 

<«r5*^r--£^      -i     c^    i^  N    (^   h 

o  a  cj  -^  h  h 
H    M    rt    c-1    r^cnmrJ*^u>v>o 

O   »  .»* 

tE  vo  md  ̂ d    ̂ o^'^'^.K 
r^-  r--.  t-^  r-.  f^  r^ 

r^r^i>.r^r^r^'  r^r^r^-i^r^oo" 
CO  oo  oo 

«="     'T  5T  ■+  j  "vf  ■<*■ 
tC  vd  ■ 

vo  tv    (?>  w   *v}*vo   qv  * 

v&i^Jvd^vivC    vd   jv  iv. 

w    m    pi    oi    pt 

IV   N   N  f^      NM  M 

Ov  Pl    -t  n  o    PvVI 

vO  vo  vo     vovovOvOvOvolvOVO    NNM^InNM^ .  fv  I   N  Xv   N  N  N 

*g    n  o>  O  i  "    I^WNOO    Ol   N    +0  00    o    M 

I  I   M3   VO   >C    IvD   lO  «3  O  C  »0    '>C   «3   W3   *     N   K 

«    Pi     ft     fj  w)   t*1 

2.12 

Tj-NO     f»>  N 

>CkOO!vOlO**1OlOI>OlJ3lOl3>OkOllvtvM-. (xlNNN 

.  <g   n.  en  ri-  vo  n  a*o  pi  po I  vovq  oo  o  rt  t^i;  wnoi 

lv"Lvdvdvdvovdvdvdvdvd    vOM^vo'viivdvD    vis  .d  vd  i 
NN'NNb 

^    pi    co  ̂ i    '^O  e*i  ̂   ̂   r,i  *t 
Mtvvvdvdvd'vdvdvdvdvdvo lO  iO  KO  IO  VO  >J3 

j   ui  M  ui  i^  ui  o 
[  vO  vd  v©  vis  vd    tv 

m       N     pl    n 

■g   f-.co    cjNfO   ~   f   •*  iov©  ico    oo   w   po  »oi  vo  co   a  N   -i-vdi 
*=i    Cl     N     pl{^rnfOrnfOf^|(v>^'t't^Tj'rt^'v^v^vo1A 
X  ovdvo  fvrsvdvdvovovoivovD^vovjovo  ivdvdvdvd^xivd  ' 

I  <g     rj-  V1VC    i   JNM     (Jim     N,    wi.    ̂    VrtKOO     Oi-        NTf-u-irvCT>Ol 

'u^vdv,dvdlvdvd^dvd^sv^5i^oidvdvit)vdv£)    vo  vo  vo  vo  vo  d  ' 

*3-vtf  M    h    r^    (OOC    m 

ivnw-iii->oo     OO*-*' 

I  A  v£>  vl>  io vdvOvovDvOvOJvOvOvo^vCvd     vOvOvdvovdvolvovcvoovDVO 

I  Kg    CT>  O    - |«S    «    M    N 

f!U  >i5  vrs  vc 
vDvd^Ovdvcvdl^vrJkodvdvdldvdvdovdvofd 

or\  ijS^O  oo    O  I 

•*    T}-    Vj-    •*■   ̂ Vj 

VO  VO  vo  VC  vO   '  v rvco  co 

VO  vO  VC 

n    ̂     pt 

vdvdvo'vO"      vovOvOvovOvolvOvOvOVOVOVO 
O  vO  vo  vO  VO  VO 

>o  vd  >o' 

IvO  -O 

oo  oo    ovO  IO    m'  pi    r<    ro  ■+ 1  "* 

Mi    Mi  v  M    npi   r*   pi    pi    pi    pi  I  pi 

vOvDvOvdlvOvDvOvAvdvolvd VD  vo  vo  VO  vo VOOvovoOvolvovOvO 

vO  vjd  \0   '  ̂C  VG 

^o  v/-io  vo  I  iv  ivco   0s*  av  o 

i  1  "  ̂ 1";  i  "  "  :  ̂  vo  v6  vo  vd  fvd  v6  vd  vo  d  vo 

p^i  tJ-  »-^  I  \0 n   pi  -pi 

\d  vd  vd  vd  vd 

Pl    cs 

vd  vo m  po  po 
vO   vO   vO 

PI    p!    rt  rol  (O  *^  ̂ t 

>  vo  vd  vd  vd  f  vd  vo'  VD*  VC*  vo'vo' 

^  r%oo  CO    Ov  O 
M      «      -.      M      pl 

vd  vd  vd  vi>  vd 

h    i  n   m  >t 
pl     N    pl     N    pj    . 

vc  vo  vo  vo  vO  ys 

I  vo   tveo 
I  PI   pl  Pl 

I  vo  vd  vd 
a i  q  o 
vD  vO  vd 

o  q 

vd  vd 
J  JJOIO  O   «   "    «   rt vd  vd  vd q  q  q 
vo  vo  vd  vo'  I  vd  vd 

*•!    r/>POvtJ*,rf'Voj«ovO 

vOvovOvOvovo'vOvOvovOvovdl a\  o   -i 

M<        Pl        Pi 

vo  vd  vd 

vnviui 

O  q  o vd  ve  vd  I 

vivo 

O  O 
vd  vC 

Pl    Pl  j   <n  ro  kJ- VOvOvO'vO       NPNNOOMiM     CTvCJVCTvO     OO     - 

qqqq    q  q  q  q  q  q  J  q  q  q  o  «  -  |  •;  ► vO  o'vdvd    vdvdvo*vdvdvdl'dvo'vdvovdvd(vdvdvdvdvdvd'vdvdvd 
Pl 
o 
vD 

pj 

o vo 

p-i 

O 

vO 

p^  rn  pn  po  p^  po 
a  o:  O  O  O  O 
vd  vd  vd  vd  vd  vo 

S1 

vO 

CO  Kf-  rf  rd-  ■+ 
Q   O   O   O   O 
vo  vo  vo  vo  vo 

-+   vrj-    v-J-   vo  vrv>  xo 

o  o  o  o  o  o 
vd  vd  vd  vo  vo  vo, 

vo  "OvO   VO   VO 

o  o  o  a  o 
VO  VO  vD  VO  VO 

o 

vo 

VO 

o 
vo rv  r-v 

o  O 

VO  VO O 
o 

o 
o 

o 
o 

o  o  a  g  o  o 
o  o  o  5  o  o 

o 
o 

o  o  o  o  o 
o  o  o  o  o o  o  ci  o  o  o o  o  o  o  o  o 

O    Q    O    O   O o  5  o  o  o o 
o 

o 
0 

O    O 

o  o 

vo 

vo vO  VD  vo  vo  VD  vO vO  vO  vo  vo  vo vO   VO   VO   vO   vo   vO 
<c  <i  ̂ 6  kc  ̂ d 

vo 

VO  vo 

Lat. 



To  fad  the  Time  of  the  Sun's  Rifing,  Setting,  and  the  Length  of  the  $ay  . 
and  Night,  by  this  Table.    .  .     .,. 

Firft.  Find  the  fun's  declination  at  the  top  of  the  page  (marked  wifh  the  degrees  of  de- 
clination) and  the  latitude  in  the  right  or  left  hand  columns  (marked  lat.)  and  in  the  com- 

mon angle  of  meeting  is  the  time  of  fun  fetting,  if  the  latitude  and  declination  are  of  the  fame 
aime  J  but  if  they  are  of  different  names,  it  is  the  tirae  of  its  riling. 

EXAMPLE     I. 

Let  it  be  required  to  find  the  time  of  the  fun's  rifing  and  fetting,  with  the  length  of  the  day 
and  night,  in  latitude  510  north,  the  19th  of  July,  1804. 

I  firft  feek  the  fun's  declination  for  the  given  day,  and  find  It  20°  ̂ 2' north,  which  f  here 
call  Zi",  then  under  the  declination  21*,  and  againft  the  latitude  510,  ftands  7  H.  53  M.  the 
time  the  fun  fcts  on  the  given  day,  in  lat.  51  north,  which  being  doubled,  gives  15  H,  46 

M.  the  length  of  the  rfay  ;  and  if  7  H.  53  M,  the  time  of  the  fun's  fetting  be  fubtracted  from 
12  H.  the  remainder  4  H.  7  M.  gives  the  time  of  the  fun's  rifing,  which  being  doubled  gives 
S  H.  14  M.  length  of  the  night. 

But,  when  the  fun  has  2  i°  fuuth  declination  in  this  latitude,  the  time  of  fun  fetting  become? 
the  time  of  fun  rifing,  and  the  length  of  the  day  will  then  becqme  the  length  of  the  night. 

Thus,  the  20th  of  November,  1804,  the  fun's  declination  was  200  59'  fouth,  or  21*?, 
then  the  time  of  fun-rifing  is  7  rf.  53  M.  his  fetting  4  H.  7  M.  and  the  length  of  the  night 
lj  H.  45  M.  and  day  8  H.  14  M. 

EXAMPLE     II. 

Let  it  be  required  to  find  the  time  of  the  fun's 
rJfing,  fetting,  and  the  length  of  the  day  and 
aight,  at  Bolton,  the  12th  of  July,    1804. 

Under  22°  N.  the  declination  of  that  day, 

and  againft  420  23'  or  42°N.  the  latitude  of 
Bofton,   ftands  the  time  of  the  fun's?   h.  m. 

fetting  i    7  '2S 
Subtracted  from  12  h.  leaves  fun-rifing  435 
Sun-fetting  doubled  is  the  length  of  day  14  50 
5un-riling  doubled  is  the  length  of  night    9   10 

1     .      EXAMPLE     III. 

Required  the  time  of  the  fun's  rifing  and  fet- 
ting, and  length  of  day  at  the  Cape  of  Good 

Hope,  in  latitude  340  29'  S.  May  15th.  1804. 
Under  the  declination  180  53'  Qr  19"  N. 

and  againft  the  lat.  34  °  S.  12     O 
Stands  the  fun's  rifing  6  54 

Time  of  fun's  fetting  5     6 

The  length  of  the  day  JO  iz 

And  6h.  54m.  doub.  is  length  of  night   13  48  ' 

"When  a  greater  degree  of  accuracy   is  required,  proportional  parts  may   be  taken   for   the and  minutes  of  latitude  and  declination.  , 

To  Jind  the  Rifing  and  Setting  of  the  Stars. 

By  this  table  the  rifing  and  fetting  of  any  ftar  may  be  found,  whofe  declination  does  not  ex- 
ceed 230  30'north  or  fouth,  in  the  following  manner. 

If  you  are  in  north  lat.  and  the  ftar  has  north  declination,  look  for  the  declination  at  the 
top,  and  the  lat.  in  the  right  or  left  hand  columns,  in  the  angle  of  meeting;,  is  half  the  time. 

•f  the  ftar's  continuance  above  the  horizon  in  that  latitude,  or  the  time'  it  takes  in  afcending' 
from  the  eaftern  fide  of  the  horizon  to  the  meridian,  and  deft-ending  from  the  meridian  to  the 
weftern  part  of  the  horizon. 

Therefore,  if  thefe  hours  and  minutes  be  fubtracled  from  the  rime  of  the  ftar's  coming  to 
the  meridian,  the  remainder  will  be  the  time  o,f  the  ftai's  riling,  and  if  added,  the  fum  will 
hi  the  time  of  the  ftar's  fetting. 

EXAMPLE. 

Required  when  the  ftar  Arftutus  rifes  and  fets  December  1,  in  latitude  519  $1,  h.  m. 
The  time  of  the  ftar's  coming  to  the  meridian,  or  fouthing  in  the  morning  *  o  in* 

Then  under  ftar's  declination  20*  nearly,  and  againft  latitude  510  ftand,  7   aj ■■ 

Time  of  ftar's  rifing  in  the  morning  X   52 

Added,  gives  the  time  of  the  ftat's  fetting 

Star  fets  26  minutes  after  5  in  the  evening  5  25 
When  the  latitude  is  north,  and  the  ftar  has  fouth  declination,  or  the  latitude  fouth  and  the 

ftar  has  north  declination,  find    the  latitude  in  the  fide  columns  as  before,  againft  which  ami 
under 

To  find  tbit  time,  fee  the  fretegu  to  Table  IX. 



^nder  the  degrees  of  declination,  Hands  ha,lf  the  time  the  fiar  is  under  the  horizon,  which  be* 
Ing  fubtra&ed  from  12,  the  remainder  will  be  half  the  time  the  ftar  will  be  above  the  horizon 
in  that  latitude  ;  by  which  the  time  of  rifing  and  fetting  may  be  found,  as  in  the  laft  example. 

EXAMPLE.     ^ 

What  time  will  the  Dog-Star  Sirius  r'ife  and  fet  at  Philadelphia,  February  1  ? 
Under  the  declination,  which  is  nearly  16?  S.  and  againft  the  lati- 

tude, which  is  nearly  40?  N.  ftand 

Suhtra&ed  from  rah,  leaves  half  the  time  the  ftar  Is  above  the  horlson; 
The  ftar  comes  to  the  meridian  in  the  evening,  at 

Sum,  rejecting  ra  hours,  is  the  time  of  fetting  in  the  morning 
Difference  is  the  time  of  fifing  in  the  evening 

In  like  manner  may  the  rifing  and  fetting  of  the  planets  be  found  when  their  declination,- 

does  not  exceed  a3^9,and  the  time  of  their  paffage  over-the  meridian  is  known. 

Suppofe  it  was  required  to  find  the  time  of  Jupiter's  rifing  and  fetting,  March  2,  1804,  civil 
account,  in  the  latitude  of  520  N. 

In  the  Nautical  Almanac  for  i&04>  I -find  that  Jupiter  paffes  the  meridian  March  1  D, 
J5  H.  24  M-  or  March  a  D.  3  H.  24  M.  A.  M.  civil  account,  his  declination  being  120 

<>' S.  or  nearly  120.  Under  the  declination  12°,  and  oppofite  to  the  latitude  5 z",  ftand  7  H„ 
3  M.  which  is  half  the  time  Jupiter  is  below  the  horizon  ;  this  fubtradted  from  12  H.  leaves 
half  the  time  that  he  is  above  the  horizon  4  H.  57  M.  ;  this  fubtra&ed  from  3  H.  24  M, 

A.  M.  leaves  10  ¥{.  27  M.  P  .  M  of  March  1,  for  the  time  of  Jupiter's  rifing  ;  and  added  to. 

3  H.  24  M.  gives  8  H.  21  M,.  A.  M.  March  2,  for  the  time  of  Jupiter's  fetting. 
S  uppofe  it  was  required  to  find  the  time  of  the  moon's  rifing  and  fetting,  May  2,  1 804,  civil 

account,  in  the  latitude  of  J22  N. 
In  the  Nautical  Almanac  page  6,  I  find  that  the  moon  parTes  the  meridian  May  1  D.  17  H, 

45  M»  or  May  2D.  5  H.  45  M.  A.  M.  civil  account  ;  her  declination  being  about  21'  S. 
Under  the  declination  210  and  oppofite  to  the  latitude  520,  ftand  7  H.  58  M-  half  the  time  the 
moon  is  below  the  horizon,  which  fubtracted  from  12  H.  leaves  half  the  time  fhe  is  above  the 

horizon  4  H.  2  M-  this  fubtradted  from  5  H.  45  M.  leaves  1  H.  43  M.  A.  M.  the  time  0$ 

the  moon's  rifing,  and  added  to  5  H.  45  M.  give  9  H,  47  M.  A,  M.  the  time  of  her  fetting, nearly. 

If  greater  accuracy  is  required,  you  muft  find  the  time  at  Greenwich  correfponding  to  this, 

approximate  time  of  her  rifing  or  fetting  ;  then  find  the  moon's  declination,  and  the  difference 
between  the  right  afcenfions  of  the  fun  and  moon  for  that  moment  of  time  ;  and  with  thefe 
data  repeat  the  operation.  In  this  way  we  may  obtain  the  time  of  rifing  and  fetting  to  any  de- 

gree of  accuracy.  Inftead  of  taking  the  difference  of  the  right  afcenfions  of  the  fun  and 
moon,  you  may  take  the  daily  difference  in  the  time  of  her  coming  to  the  meridian  of  Green- 

wich, and  take  a  proportional  part  for.  the  longitude  of  the  place  of  obfervation  (by  means  of 
Table  XXVI)  ;  and  another  proportional  part,  for  the  interval  between  the  hour  of  palling  the 
meridian,  and  the  time  of  rifing  or  fetting. 

It  were  to  be  wifhed,  that  gentlemen  belonging  to  the  fea  would  carry  a  celeftial  globe  with 
them,  upon  which  all  the  above  may  be  found  in  aneafj  manner  ;  for  they  would  have  nothing 
more  to  do  but  to  fet  the  globe  horth  and  fouth,  raife  the  poles  as  many  degrees  above  the  hori- 

zon as  the  latitude  is ;  bring  the  fun's  place  to  the  brazen  meridian,  and  fet  the  index  to  the 
tipper  12, ;  then  turn  the  globe  round,  and  note  what  ftars  come  to  the  meridian,  and  the  hour 
index  will  point  to  the  time;  when  they  come  above  the  horizon,  it  will  point  to  the  time  of 
their  rifing,  and  when  they  defcend  below  the  horizon,  it  will  point  to  their  fetting  ;  for  as  each 
ftar  on  the  globe  will  point  dire&ly  to  one  of  the  fame  name  in  the  heavens,  they  may  be  viewed 
at  any  time  of  the  night  j  or,  if  a  planet,  turn  the  globe  until  the  index  points  to  the  time  of^ 
their  paffage  oyer  the  meridian,  and  make  a  mark  on  the  globe  with  a  pencil,  under  their  declin- 

ation, then  turn  the  globe  eaft  until  the  mark  comes  to  the  horizon,  and  the  index  will  point  to 
the  time  of  their  rifing  ;  and  turned  v/efterly  till  it  comes  to  the  horizon,  the  index  will  point  to, 

the  time  of  their  fetting.  '.'■'. 
It  may  be  noted,  that  the  numbers  of  this  fable  were  calculated  for  the  moment  of  the  fun's, 

centre  appearing  in  the  true  horizon  ;  where  the  tefraition  makes  that  luminary  appear  nearly 
Jjialf  a  degree  above  the  vifible  horizon*  ' 



Table  XI, 

For  finding  the  Diftance  of  Terreftrial  Objects  at  Sea* 

Height  in!  Diftance 
Feet.       Mil.  Dec. 

Heightinj  Diftance, 
Feet,    mill  Dec. 

Height  in    Diftance. 
Feet.        Mil. Dec. 

Height  in Feet. 
Diftance. 
M.  Tenths. 

I 
2 

3 
4 
5 
6 

7 
8 

9 
10 

ii 
12 »3 
«4 
IS 

16 17 

iS 
19 

20 
21 
22 
23 
«4 

25 

26 
27 

28 
29 

30 3i 3a 
J3 

34 
35 

36 
37 

38 
39 

40 
4i 

42 43 

1.32 44 
1.87 . 45 
2.29 

46 

2.6s 

47 2.96 

48 

3-24- 
49 

3.50 

5° 

3-74 55 
3-97 60 

4.18 

65 

439 

70 

4.58 

75 
4-77 80 
4-95 

85 

5.12 

90 

5.29 
,   95 5-45 100 

5.61 

105 

5-77 no 

5.92 

"S 

6.c6 120 

6.21 

125 

6-34 
130 

6.48 

135 

661 .  140 6.75 

145 

6.87 
150 

7.00 

1 60 

7.12 

170 
7.25 180 
7-37 

190 

7.48 
200 

7.60 

210 

7.71 

220 

7-83 230 
7-94 240 8.05 

250 
8.16 260 
8.26 270 8.37 

280 8.47 

290 
8-57 

300 

8.68 

310 

8.78 
8.87 

8.97 

9.C7 

9.17 

9.26 

9-35 

9.81 

0.2s 
0.67 
1.07 

1.46 
1.83 

2.20 

2-55 
2.89 

3-23 

3.56 

3-88 

4.19 
449 
4.79 

5.08 
5-37 
5-65 
5-93 

6.20 

6-73 

7-25 
7-75 8.24 

8.71 

9.17 

9.62 

20.06 20.50 
20.92 21.33 
21.74 

22.14 22.53 

22.91 
23,29 

320 

330 
340 350 

36Q 

•370 

380 
390 

400 
410 

420 
430 
440 
450 
460 

470 

480 
490 

500 
520 

540 

560 

580 

600 

620 

640 660 
680 

700 
720 
740 
760 
780 

800 

820 
840 
860 

880 

900 
920 

940 
960 
980 

23.67 

24.03 24.39 
24-75 

25.10 

25-45 

25.79 

26.13 

26.46 

26.79 

27.11 

27-43 

27.75 

28.06 

28.37 

28.68 

28.98
" 

29.29 

29.58 
30.17 3°-74 

31-31 

31.86 
32-41 

32-94 

33-47 
33-99 

3450 

35.00 35-50 
35-99 36.47 36-91 

37.42 

37.88 

38-34 

38.80 39-25 

39-69 
40.13 

40.56 

40.99 

41.42 

1000 
1100 

1200 

1300 
1400 
1500 
1600 

1700 1800 

1900 
2000 
2100 
2200 

2300 

2400 
2500 2600 

2700 2800 

2900 

3000 
3100 
3200 

3300 

3400 

3500 
3600 

3700 
3800 

3900 4000 
4100 

4200 

4300 

4400 

4500 
4600 

4700 

4900 

5000 

1  mile 

41.8 

43-9 

45.8 

47-7 
49-S 

51.2 

52.9 545 

56.1 

57-7 

59.2 

60.6 
62.1 

63-4 

64.8 66.1 

67.5 
68.7 

70.0 
71.2 

72.5 

73-7 

74-8 
76.0 

77.1 

78.3 

79-4 

80.; 

8i.6 82.6 
83.7 

84.7 

85.7 

86.8 

87.8 

88.7 

89.7 

90.7 
91.7 

92.6 

93-5 

96.1 



Table     Xir, 

1     Seek  the  neareft  hour  of  the  reduced  time  in  the  top  column,  and  the  difference  of  par- 
allax, proportional  logarithm,  or  femidiameter  for  iz  hours  in  the  fide  column,  the  corref-  | 

ponding  number  in  the  angle  of  meeting  i the  correction. 

Variation 
in  iz 
hours. 

Reduced  Time  in  Hours. 

1 2 
14 

3 

*5 

0 

4 5 

»7 

0 

b 
18 

O 

7 8 9 

10 

22 

1 
11 

23 

12 16 

0 

19 

1 

20 

1 

21 

1 

24 

1 0 0 1 1 

2 0 0 0 1 1 1 1 1 1 2 2 2 

3 
4 

0 

0 

0 

1 

1 

1 

I 

I 

1 

2 

1 

2 

2 

2 

a 

2. 

3 

2 

3 
3 
4 

3- 

4 3 

  5_ 
4$ 

0 

0 

1 1 2 2 2 3 3 4 4 5 

5 

5 
i 1 2 2 3 3 4 4 

!  5 
6 

7 1 % 2 2 3 3 4 5 5 b 6 7 
8 r l 2 3 3 4 5 5 6 7 7 8 

9 1 2 3 4 4 5 6 7 7 8 9 
JO 2 

2 

2 

3 

3 

4 

4 

5 

5 

5 

6 

b 

7- 

7 
7 
8 9 

9 

10 

10 

11 

12 2 3 4 5 b 7 8 9 

to 

11 

12. 

*3 
2 3 4 5 b 8 9 

10 

II 12 

l3 

14 
2 3 5 b 7 8 9 

10 

12 

*3 14 

*5 

*6-
 

2 

3 

4 

4 

5 

5 

b 

7 

7 
8 

9 

9 

10 

11 

1 1 

12 

12 

'3 

14 
15 

15 

16 

»7 

3 4 b 7 8 
1,0 

1 1 

*3 
14 

lb 

*7 

rt 3 4 b 7 9 

10 

12 

*3 

l5 

lb 

18 
19 

2 3 5 b 8 9 

11 

*3 
14 

16 

1-7 

*9 

20 2 

2 

3 

3 

5 

5 

7 

7 

8 

9 

to 

10 
12 
12 

*3 

14 

1L 

ib 

>7 
'7 

18 

J9 

20 
21 

21 
22 

2 4 5 7 9 

11 

*3 15 

16 

x8 

20 

22 

1       23 2 4 b 8 

10 

1 1 

»3 

15 

*7 19 

21 

23 

24 

2 4 b 8 
10 

1 2 

14 

16 18 

20 

22 

24 

25 

2 

2 

4 

4 

b 

6 

8 

9 

10 

1 1 

1  2 

»3 

15 

15 

17 
17 

l9 

19 

21 

22 

2  3 24 25 

26 

26 
27 

2 4 7 9 
11 

J3 

16 

18 

20 
22 

25 

27 

28 2 5 7 9 12 

14 

ib 

*9 

21 

23 

26 

28 

29 

2 5 7 
10 

1 2 

14 

l7 
l9 

22 

24 

27 
29 

30 

2 5 7 
8 

10 
10 

12 

J3 

»5 

l5 

l7 

18 

20 

21 

22 

23 
25 

26 

27 

28 

31 

1       3i 3 5 

32 

3 5 8 1 1 

*3 

ib 

19 

21 

24 

2? 29 

32 

33 3 5 8 1 1 
M 

ib 

l9 

22 

^5 

2? 

3° 

33 

34 3 b 

8. 1 1 

14 

x7 

20 

23 
25 

28 

3i 

34 
35 3 b 

b 

9 

9 

12 

12 

is 
l5 17 

18 

20 

21 

23 

24, 

2b 

27 

29 

30 

32 

33 

35 
36 

3 

36 

37 3 b 9 

•  12 

15 

18 

22 

25 

28 

31 

34 

37 

38-
 

'3 

b 9 

'3 

ib 

»9 

22 
*5- 

2  8 

3  2 

35 

38 

39 3 b 
16 

*3* 

ib 

*9 
23 

■  26* 

29 

32 

36 

39 
40 

3 7 

7 

10 

10 

13 '7 f7 

20 

20 

23 
24 

27 

27 

30 

3i 

33 

34 

37 

2l 

40 

41 

41 

3 

42 

3 7 

10 

14 

17 

21 

24 

28 

3i 

3S 

3« 

42 

43 

.    4 
7 

1 1 

14 

18 

21 

25 

29 

32 

3b
 

39 

43 

44 4 7 11 

15 

18 

22 

2b 

29 

33 37 

40 

44 
45 .    4 7 11 

15 

*9 

22 

26 

30 

34 

37 

41 

45 



Cables  XIII.    XIV.    XV.    XVI.    XVIL 

— — — 1—  ',.               
Tab.XIII.  The  Refraction  of  the Table    XIV. Table  XV. 

Heavenly  Bodies  in  Altitude. Depreflion  or  Dip 
of  the  Horizon 
of  rVie  fea. 

- 
rhe  Sun's   Paral- lax in  Altitude. APPf 

Alt, 

DM'1 
tof.    ' A.  S.  I 

Alt. 1 

AS 

Vpp. Ut. 

D. 

Ref. 

vTs! 
iun'a 

Alt. 
buns 

Parallax. 
).M.  » Height 

of  the 

Eve. 

Dip  of the 
E-Iorison. 

0.  o3 
3.  0 

6.307 .52 

3° 

[.38 
D. S. 

o.  53 
0.103 

o.is3 

2. 1 1 

1.22 

0.36 

6.407 

6.507 

7.  0/ 

.41 

•3« 
.21 

31 

32 

33 

'•35 

•31 
.28 

Feet. M.   S. 
0 

10 

20 

9 
9 
8 I 

O.59 

0.202 9.  JO 7.105 
■  12 

34 

.24 

2 

1.24 

30 

8 

0.255 .9.  6 7.20/ 

•  3 

35 r  .21 3 

1.42 

40 

7 

0.30  = 
.8.23 

7-30 ( 

►•54 

36 

1.18 4 
1.58 

50 

6 

0.352 
0.40 

-7.41 

.7.  0 7.40  * 

7.50^ 

.40 

.38 37 

38 

[.16 
1. 13 

5 
6 

2. 12 

2.25 

55 

5 

60 

4 

0.45- 
0.50 

t6.20 

15.42 
8.  o* 

8.10  * 

1.30 

).22 

39 
i .  10 7 

8 

2.36 

2.47 

65 

70 

4 
3 

40 

1.   8 
°-55 *5-  5 

8.20' 

).I5 

4i 

1.    5 

9 

2.57 

75 
2 

1.  0 14.29 

8.30* 

>.   8 

42 

I-    3 

10 

3-  7 

80 2 
i-  5 *3-54 

8.40 f 

).    1 43 1 .    1 11 

3.16 

85 

1 

1. 10 
1. 15 

53.20 12.47 
8.50 

9.  0. 

>-55 
;-49 44 

45 

3.59 

3-57 12 

13 

3*5 
3-33 

90 

0 

Table    XVI. 
I.2G 

12.15 

910 

>-43 

46 

3-55 

14 

3.41 

Auementation I.25 11.44 

9. 20 

5-37 
47 

3-S3 

»5 

3-49 

of  the  Moon's 1.30 
1-35 

1.4c 

21.15 

20.46 

20.18 

9-3° 
9.40 

9.50 

>-3i 

j.26 

5,20 

48  0.51 

49  P.50 

16 

17 

18 

19 

20 

3.56 
4-  3 

4. 1 1 

4.17 
4.24 

Semidiameter. 

Moon's  Auamen- 

5° 

0.48 
Alt. tation. 1.45 

1.50 1-55 

[9.51 
19.25 18.59 

10.  0 
10.15 

10.30 

5^5 

5.  8 

5.  0 

51 

53 

0.46 

0.45 

0.43 

D. 

S. 

21 

4.31 

0 O 

2.  0 
18  35 

10.45 
+•54 

54 0.41 
22 

4-37 5 I 

2.  5 18.11 11.  0 4-47 55 0.40 n 4-43 10 3 

-   2.10 17.48 
11. 15 

4.41 

56 

0.38 

24 

4-49 

15 

4 I 
2.15 

17.26 
11.30 4-35 

57 

0.37 

26 

5-  ? 
20 5 

2.20 '7-  4 
11.45 

4.29 

58 

0.36 

28 5-13 

*S 

7 
8 2.25 

16.44 12.  0 4.23 59 

0-34 

30 

5-23 

3° 

2.30 *-35 
16.23 
16.  4 

0.33 

0.32 

35 5-49 

35 

9 

12.40 4.  9 61 

40 

6.14 

6.36 

40 

10 

2.4c 15.45 
13.  0 

13.20 
4-  3 

62 0.30 
45 

45 11 
2.45 15.27 3-57 

63 

0.29 

50 

6.58 

50 

12 

2.50 [*$■  9 uj.40 
3-51 

64 

0.28 60 
7-37 

55 

13 

*-55 14-52 14.  0 
3.46 

65 

0.27 

70 

8.14 

60 

14 

3.  0 
14-35 

14.20 
3.40 

66 

0.25 

80 

8.48 

70 

*5 

3-  5 14.19 14.40 
3-35 

67 

0.24 

90 

9.20 

9-5'     1 
80 

15 

3.1c 

3.2c 
■'     3-25 

3-3C 
3-4< 
3-5c 

14.  3 

.3.48 
15.  0 

tJ-30 16.  0 
16.30 

17.  c 

3.3a 3-23 

3. 11 

3-   5 

2.5c 
2.54 

68 

69 

0.23 

0.22 • 
0.2J 

0.2C 
O.I9 

100 

9o 

iS 

Fable  XVU.     Dip  of  th*  Sea  at  different  Diftances 
from  the  Obferver» 13-33 

13.19 
'3-  5 

>  12.3c 
>  12.14 70 

7i 72 

73 ^  74 

3g'6 
T  P-  S1 

Height  of  the  Eye  above  the  Sea   in  Feet. I 

5   I    10 

15   |   20  |   25   |   30  |  35 

40 

•7-3C 

hi8.  c 

O.I7 

0-16 

•  3  £. 

Dip. Dip. 

Dip.)  Dip. 

Dip 

D'p.  [Dip. 

Dip. 

4.  c 
4.1c 

>  1 1.5c 

j  11. 2! 

>  18.3c 

>  19.  c 

2.4^ 

2.4^ 

75 

1   76 

o-i< 
O-lt v    r; 

M. 
IVI. 

M.  |  M. 
M. 

M.     j  >vi-. 

M. 

9r 

A 

1 1 

2} 

34 

4S 
S7 

68      79 

4.2c ;  u.  ' »9-3<- >  2.41. 

>   77 
o.t; 

X 6 12 

'7 
2} 

28 

34 

40 

45 

4-3< 
>  10.4 1  20.  c )2-3> >    78  lo.i- ^ 4 8 12 

15 
19 

23 

27 

30 

1  4-4' 

!  4-5 

5102 

3  10. 1 

i  20.3c 
3  2-3 1    79  |°  ■ ' I 3 6 9 12 

iO 

*5 

12 

14 •20 

16 

23 
*9 

3  21.    < >  2.2 i   So 0.1c 

'       I* 

3 5 7 

i  5- 
j    9.5 3  21.3c 3  2.2 

4    81 

0.  ( !    «4 3 4 6 8 IO 12 

14 

16 

1  S» 3    9-3 7  22.  < 3  2.2 
3    82 

0. 

5    2 

2 4 5 7 8 9 1 1 12 

S-2 5-3 

0     9-2 

31  9- 

1  23.  < 

7  24- 

3  2.1 
3  2. 4    83 7     84 

0. 

0.
* 

i    2* 

2 3 4 6 

.7 

8 9 

10 5-4 
5-5 o\  8.5 D     8.3 3  *5- 

9  26. 

3  2. 
3  1.5 

2      85 

6    86 0. 0. 

5    3 

34 

2 

2 
3 
3 

4 
4 

5 
5 

6 
6 

7 
6 

8 

7 

9- 

8 

6. 0    8. z 
7  27. 

3  r.5 
1     87 

0. 

3     4 

4 
—L 

4 5 5 6 V 

!  ! 

6.1 

6.2 
0    8.1 

528. 3  29- 

3  1.4 -    88 
0. 

2      J 

2 j 4 4 5 6 6 
3  1.4 

31  89 
0. i{     6 

2 3  (   4l;4 _J 
rv 6 6 i 

Note  to  Table  XVII. — 'I  he  numbers  of  this  table  below  the  black  lines,  are  the  far 
>5  are  given  in  Table  XIV.  For  the  vifible  homon  correfjponding  to  thofe  heights  1.  nut  f&  1 
fliftant  a  a  the  land. 



Table  XVIII.     For   finding  the  Corre&ion  of  the  Moon's  Altitude  fof 
Parallax  and  Refraftion. 

Apparent  Zenith  Diftance  of  the  Moon's  Centre. 
Par. Add. 

;  sj  §,o 9 

S. 

0 1 2 
— •  o  a.. 

:     ■    3    to I .0 

3°
 

4°
 

S°
 

6". 

7°- 

8° 

9°
 

0 n n 

:    *  g. Corr. Corr. 

M.S. 

Corr. 

M.S. 
Corr. Corr. Corr. Corr. 

M.S. 

Corr. 

M.S. 

Corr. 

M.S. 

2 0 0 

0 

0 

1 M. S M.S. 
M.S. M.S. M.S. 

3    0 

53 
0 

°-5S 
1.49 2.43 

3-1* 
4-32 

5.26 

6.21 
7- 1 5 

8.  9 

4|  0 

■  5    0 •  6i  0 

n 1 
iO 

0.55 
1.49 2.44 

3-39 
4-33 

5.28 

6.22 

7.16 

.  8.10 
1 f 20 

0.55 

1.50 

2.45 

3-39 
4-34 5.29 

6.23 

7.17 .  8.12 

7  0 

8  0 

1 1 

30 

0-55 
1.50 

2.45 

3-4° 

4-35 

5-30 

6.24 

7.19 

8.13 

1 2 

40 

0-55 
1.50 2.46 

M 1 

4-3& 5-31 

6.26 

7.20 

8.15 

9|o 

1 2 

p 

°-55 
1.51 

2.46 

3-41 

4-37 

,5-32 

6.27 

7.22 

8.16 _      ._. ; 
8.18 

Sen.Dis.  Add. 

54 n 0.56 
0.56 

1.51 
1.51 

247 
2.47 

3-43 
4-37 

4-38 

5-33 5-34 

7.23 
7.24 .o 

6.29 

8.20 M 

53 

54 

55 
: 

20 0.56 
1.52 

2.4)4 

3-43 4-39 

5-2-; 

6.3O 

7.26 

8.21 

<i 

4 4 5 ! 

30 

0.56 1.52 2.48 3-44 

4.4c 5-3* 

6.32 7.27 

.K.23 
io 

Q Q 9 i 

40 

0.56 .  J-53 

2.49 

3-45 

4.41 

5-37 

b-33 

7.29 

8.24 

fj 

n M 

'4 

55 
0 

o.<;6 

i-53 
'•53 

2.49 

3-4<i 4.4.2 
4-43 

5-3  » 

6-34 

7.30 
.  8.26 

-20 

25 

18 

22 

18 

22 

18 

23 

-: 

0.57 
2.50 

3-46 

5-39 

6-3S 

7-3i 

8.27 

10 

0-57 
1.54 

2.50 
3-47 •  4-44 

9.40 

6.36 

7-33 

8.29- 

30 

2b 

27 

27 

20 

°.r 
1.54 

2.-51 

3-4« 

4-44 

9.4. 

6.38 
7-34 8. 30 35 

3i 

3i 32
 

30 

o.<r 
1.54 

2.$r 

3448 

4-45 

9.42 

6.39 

7-3^ 

8.32 

40 

35 

30 

37 

4° 

o-sr 
i-55 

2.52 
3-49 

4.46 

5-43 6.40 
7-37 

8.34 4> 

40 40 

r4' 

SP 

0.57 

i-55 

2.52 

3-5° 

4-47 
5-44 6.  41 

7.3S 

S-3  5 

s<j 

44 

45 

4b 

56 

0 
10 

0.58 
o.5g 

i-55 

1.50 

2-53 
2.53 

3-5° 

3-5' 
4.48 

449 

5-45 

5.46 

6-43 
6.44 

7.40 

7.41 

8-37 

8.38 

5  3 49 4y 

>0 

M & 

57 

Sj 

20 

0.^ 

1.5b 

2.54 

3-<J2 
4-5° 

5-47 
6.4-; 7-43 

8.40 

— 
i     ! 

30 

0.5-8 
1.56 

2.54 

3-53 

4.51 5.48 

6.46 7-44 
8.41 

5 5 i 

40 

0:58 

1.  so 
2-55 

3-53 

4.51 

5-49 

6.47 

7-45 

8-43 

9 9 

p ?i$9 

'  1-57 
2.56 

3-54 ■  4.52 

5-5i' 

6.49 

7.47 

8.45 

'i 
14 

14  14 

57 

0 

0.59 

'  i-57 

2.56 
3-55 

'4-53 

5-52 

6.50 

7.48 

8.46 

25 

23 

19 

2'4 

1L; 
24 

13 

0.59 
1.58 

2-57 

3-55 4-54 
5-53 

6.S. 

7-49 
8.48 

30 

7.8 

?X 

29 

1 
20 

Oi.59 

1.5AS 

2-57 

3-5° 

4-55 
5-54 6.52 

7-5i 

8.49 

-,., 

33 

3* 

34 

30 

0.59 
i-SJB 2.58 

3-57 

4.56 

5-55 

6.54 

7.52 

8.51 

40 

V 

30 

1 

40 

0.59 
1.50 2.58 3-57 4-57 

5.5b 

b.55 

7-54 8.52 45 

42 

43 

43 

l 

5» 

0 

io 

I.  0 
1.50 

2.59 

2.59 

3.  0 

3-5* 

3-59 
■4.  0 

4.  0 

4.58 
5-57 

6.56 
6-57 

6.58 

7.  0 

7-5  5 

8.54 

50 

55 
47 

5i 

47 

52 

4^ 

53 
' 

1.  0 

1.  0 

1.59 

'  2.  0 ,  4.58 

.  4-59 

5.  0 

5.5K 

5-59 

6.  0 7.56 

7.58 

7-59 

8-55 
'  8-57 

8-59 

20 
1.  0 2.  0 

3-  0 

M 59 60  61 
■ 

P 1.  0 2.   1 

3-  1 

4,   1 5-  1 

6.  1 

7-  1 

8.   1 

9.  0 

S 5 5 5 
' 

4Q 
1,  c 2.  1 

3-  1 

4.  2 
5-  2 

b.  2 

7.  2 

8.  2 

9.  2 

to 10 
tO 

10 

59 0 

1.  1 
2.   1 

3-  2 
4.   2 

5-   3 

5-  4 

b.  3 

7-  3 

8-  3 

9-  3 9-  5 

*5 

20 

J5 

20 

13 

20 

15 

20 

2.  2 

3.  2 

4-  3 

6.  4 

7-   5 

8.   5 

!0 
r.  1 2.  2 

3-  3 
4.  4 

5-  4 

6.   < 

7.  6 

8.  6 

9.  6 

2  5 

25 
25 

-5 

20 1.   1 
2.  2 

3-  3 4.  4 
5-  5 

6.  6 
7-  7 

8.  8 

9.  8 

30 

29 

30 

30 

JO 

1.  i 

2-  3 

3-  4 4-   5 

5-  6 

6.  7 

7.  8 

8.  9 

9.10 

3S 

34 

35 

30 

40 

1.   1 

2-   3 

3-  4 

4.  6 

5-  7 
6.  8 7-  9 

8.10 

9. 11 

40 

.5  9 

40 

4i 

00 

1£ 
.  0 
10 20 

x.  2 

2.-  -3 

.3-  5 

4.  6 
5.   8 

6.   9 

7 -J  j 

7.12 

7-'3 7.14 

8.T2 

~sT3 

8.15 

8.i5 

9- 1 3 

9.14 

9.16 

9.17 

I 
1 

45 

44 

45 

50 

5  5 

46 

5' 

I6 

I.    2 

I.     2 

*».   4 
2,  4 
2.    4 

3-  5 

3-  6 
3-  7 

4-  7 

4.  8 

4-  9 

5-   9 

5.10 

5.  J  i 

6.io 
6. 1 1 

6.12 

5^-49 

55'54 
M 

62I53I64 

;o 

I.    2 

2.    ̂  

3-  7 4.  9 
<;.n 

6.14 

7-M 

8.17 

9.19 
— —  — 

■ 
■ 

40 

I-    3 2.    S 

3-  8 

4.10 
5.12 

6.  iS 

7.17 

8.iq 

9.21 

3 5 
51  5 5<? 

J;    3 

2.     C 

.3.  3 

4.11 

5-'3 6.16 

7.1? 

8.20 

9.22 

10 10 

'5 

21 
io|  1 1 (6/6 

21  21 

$6, 

0 

i-  3 

2.   6 
3-   9 

4.11 

5.14 

6.17 

7.19 
8.21 9-24 

15 

20 
1 10 

i-  3 

2.  6 
3-  9 

4.12 

?•»* 6.18 

7.20 

8.23 

9.25 

26 

26 

27 
2C 

t-  3 

2.  6 

3.10 

4-13 

?.i6 

6.19 

7.22 

8.24 

9.27 

?o 

3i 

3' 

32'
 

;o 

'•  3 2.  7 

3.10 

4.13 

5-i7 

6.20 7.23 
8.2b 

9.28 

Vi 

36 

T7 

37 

1 

40 

1.  4!   2.   7 

3.11 

4.14 

5.18 

6.21 

7.24 

8.27 

9-30 

4c 

41 

4a 

42 

1 
i   b2 50 

o 

.-l.-4[  .?•  & 

3. 11 

4.15 

S:*» 

6.22 

7.25 

8.28 

9-3' 

45 

46 

47 

52 

<8 

48 

53 

59 

-■-'■•  4 
2.   8 

3.12 4.16 

.5/'9 

6.23 

7.26 
7 

8.30 
9-33 

9°    ' 

50!  52 \ 

z" 

3'
 

4"
 

?°
 1— 

8° 

5  5 

57 



Tabie'XVIII. For  finding  the  Correction  of  the  Moon's  Altitude  fof 
Parallax  and  Refra£tion. 

54 

55 

56
 

57 

58
 

59 

60 

Apparent  Zenith  Diftance  of  the  Moon's  Centre. 

Co. 
M  S 

9-'3 

9.14 

9.16 

9.18 

9.20 
9.21 9-23 
9.25 

9.27 

9.28 
9.30 

9-3* 
9-34 
9-35 

9-37 
9-39 

9.40 
9.42 
9-44 

9.46 9-47 
9-49 

9.51 9-53 

9-54 

9.56 

9.58 10.  o 

10. 
10.  3 

10. 
ro. 

10. 

IO.IO 

10.12 
10.13 

10.15 

10.17 
10.19 

10.20 

10.22 
IO.24 

IO.26 
10.27 

IO.29 

IO.31 IO.33 

'Q-34 

10.36 

Corr. 

9.56 
9.S8 0.  0 
O.    2 
°-  3 
o-  5 

o.  7 
O.  9 

O.  II 0.13 
0.15 

0-i7 
0.19 

0.21 0.23 
0.24 

0.26 

0.28 

0.30 
0.32 0-34 

0.36 
0.38 
0.40 

0.42 
0.44 
0.45 

0.47 
0.49 

0.51 o-53 
0.55 

0-57 
0.59 

1.  1 
»■  3 
i-  5 

1.  6 
1.  8 
1. 10 

1. 12 1. 14 

1. 16 

1. 18 
1.20 

1.22 1.24 

1.26 1.27 
1.29 

'•3' 
i-33 

M5 
r-37 
'•39 

M  S 
0.49 

0.51 

0.53 
0.55 

0.58 

0 

2.  4 

2.  6 

2, 
2.10 
2.12 
2.14 

2.17 
2.19 

2.21 
2.23 
2.25 

2.27 
2.29 

2.31 

2-33 
a-35 

2.37 
2-39 

2.41 

13 

Corr. 

M   S 
1.42 

i. 45 
1.47 
1.49 

1. 
i- 54 

1.56 

1.58 

2.  0 
2.  3 2-  5 

2.  7 
2.  9 

2.12 

2.14 

a.  16 
2.18 
2.21 

2.23 
2.25 

2.2'7 2.30 
2.32 

2.34 

2.36 

2-39 

2.41 

M3 

2.45 

2.48 
2.50 

2.52 

2.54 
2-57 
2.59 

3. 

3 

3 

3 

3 

3.12 

3-15 

3-17 

3-19 

3.21 

3.24 

3. 26 

3.28 

3.30 

3-33 

3  35 
3-37 
3-39 

3-42 
3-44 

13" 

i4v 

Corr. 

M    b 

2.35 

2.38 
2.40 

2.43 
2.45 

2.47 

2.5O 
2.52 

2-55 

2.57 2.59 

3 

3-  9 

3-12 

3.14 

3.16 

3.19 

3.21 

3.24 

3.26 

3.29 

3-31 
3-33 

3-36 
3-38 

3.41 

3-43 

3-45 

3.48 

3-50 

3-53 3-55 

3-5* 

4.  0 

4.10 

4.12 

4.14 

4.17 
4.19 

4.22 

4.24 

4.27 
4-29 

4-3' 

4-34 

4.36 

4-39 

4.41 

4-44 

4-4° 

14° 

i$v 

Corr. 

M    S 

3.28 
3.31 

3-33 

3-36 
3.38 

3.41 

3-44 

3.46 

3-49 

3-5' 

3-54 

3.56 

3-59 

4 
4.  4 
4-  7 

4.  9 

4.12 

4-i5 

4.17 

4.20 

4.22 

4.25 

4.28 

43o 

4-33 

4-35 

438 4.40 

4-43 

4.46 

4.48 

4.51 
453 

4.56 

4-59 

5 5-  4 

5-  6 

5-  9 

5.12 

5.14 

5*7 5.19 

5.22 

5.24 

5.27 

5.30 

5.32 

5-35 

5-37 

5.40 

5-43 
5-45 

5-48 

»5" 

i6c 

Corr. 

M   S 

4.20 

4.23 

4.26 

4.29 

4.31 

4-34 

4-37 

4.4c 
4.42 

4-45 

4.48 
4-5' 

4-53 

4.56 

4-59 

5-  2 

S-  5 

5-  7 

5.10 

5-13 

5.16 

5.18 
5.21 

5.24 

5.27 
5.29 

5.32 

5-35 

5-38 
5.40 

S-43 

5.46 

5-49 

5-5> 

5-54 

5-57 

6.  o 

6.  2 

6.  S 

6.  8 

6.11 

6.13 

6.16 

6.19 

6.22 

6.24 

6.27 

6.30 

6.33 6.35 

6.38 
6.41 

6.44 

6.47 6-49 

16" 

17' 

Corr. 

M   S   M   S 

5*3 5-'5 

5.18 
5.21 

5.24 
5.27 

6.  5 

6.  8 
6.11 

6.14 

6.17 

6.20 

6.23 

6.26 

6.29 

6.31 

6.34 

6-37 

6.40 

6.43 

6.46 

6.49 

6.52 

6-5.5 

6.58 

1-  * 

7-iJ 

7.18 

7.21 

7.24 
7.27 

7  jo 

7-33 

7.36 

7-39 

7.42 

7-45 

7-48 

7-5° 
17'  1 

6.  4 

6.  7 

6.11 

6.14 
6.17 

6.20 

7.  o 

7-  3 

7.  6 

7-  9 

7.12 

7-15 

7.19 

7.22 

7.25 

7.28 
7-3' 

7-34 

7-37 

7.40 

7-43 

7.46 

7-49 
7-53 

7.56 

7-59 

8.rr 

Par 
.  Adrl 

b 1 2 J 4 

1 0 O c 0 

2 0 0 1 1 

3 6 I 1 I 

4 0 I 1 2 

5 0 1 ] 2 

6 1 J 2 2 

7 1 I 2 3 
Si 1 2 2 3 

2 1 2 3 4 

Ze 

).  Oilt.Add. 

M 

5» 52
 

53 

54 

5 4 4 4 4 

10 

8 9 9 c 

J5 

r3 
13 

'3 

l| 

2C 

J7 

17 

18 

l\ 

25 

21 

22 

22  22 

30 

25 

26 

26 

27 

35 

30 

30 
3i 

3; 
40 

34 35 

3  5 

36 

45 

3» 

39 

40 

J.C 

50 4
2 

43 

44 45 
55 

4748 

49 « 

JM 

5  5 

5,615-
7-' 

5 5 5 5 

10 

9 9 9 

'5 

M 

[4 
*4 

20 

18 

'9 

*9 

25 
23 

23 24 

30 

27 

28 28 

.>:> 

32 

33 33 

40 

37 

37 

38 

45 

4' 

42 

43 

5° 
46 

47 47 
55 

5° 

5' 
52 

MJ58J59 

60 

5 5 i 5 

10 
10 

IC 

10 

lS 
fef 

y 

'5 

20 

*9 

20 

20 

*5 
24 

25 
25 

30 

2929 

30 

35 

3434 

35 

40 

3939 

40 

45 

43W4 

45 

5° 

4849' 

5° 

t.LS 

53I54 

Si- in 01 

t>4Q'j 

5 5 

*l  5 

IC id 

10 10 

»5 
*5 

'5 

rfi 

20 2C 21 21 

25 
25 

26 

26 

30 3C 

31 
3i 

35 

36 

361,37 

40J41 

45,4° 

41.42 

4647 

5°  5' 
52U2 

55156  57158 

CP)     Tab. 



Table    XVIII. For  finding  the  Correftion  of  the 
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Table   XVIII.     For  finding  the  CoTre£lion  of  the  Moon's  Altitude 
Parallax  and  Refra&ion. 
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Table  XVIII.    For  finding  the  Corre&ion  of  the  Moon's  Altitude  for 
Parallax  and  Refraftion. 

*HV« 

M.  i. 

53 

54 

55 

5& 

57 

S» 

59 

6j 

6i 

fa- 

Apparent  Zenith  Diftance  of  the  Moon's  Centre. Par.  Add. 

37v
 

Corr 

IMS 

31.11 31-17 

31-23 

3I-29 
31-35 

3i-4i 

37'
 

38<
 

Corr, 

IV!     S 

31-54 

32 
32.  6 
32.12 

32.18 32.2; 

32-3 1 32-37 

3M3 
32.49 
32.55 

33-   2 

33-13 

33-20 

33-26 
33-32 33-39 

33-45 

33-  8 33-14 

3.20 

33-26 
33-32 

33-38 33-45 

33-51 33-57 

34-  3 
34-  9 

34- 1 5 

34.22 
34-23 34-34 

34-4G 
34-46 

34-52 
34-59 
35-  5 

35.11 35-J7 
35-23 

3  5-29 
35-35 

35-42 

35-48 35-54 

36.  o 
36.  6 

36.12 36.19 
36.25 

36.31 

36-37 36.43 

36.49 

56. 

37- 

37- 

37.14 

37.20 

37.26 

37 

37 37 

37 

38 
38 

8. 
3'8"i  39 

39 

Corr. 

M    S 

32.36 
32-42 

32.48 
32.55 

33-  1 33-  7 

33-51 33-57 

34-  4 

34.10 
34-16 34-23 

40 

Corr. 

.VI    S 

33-J7 

33-23 

33-30 

3-36 
33-43 
33-49 

33-55 

34-  2 

34-  8 34-15 

34-21 

34.28 34-34 

34.40 
34-47 
34-53 

35-  o 

35-  6 
35-J3 
35-19 

35-25 

35-32 

35-38 35-45 

35-51 

3  5-58 36.  4 

36.10 
36.17 
36.23 

3«-25 

38.32 

38.38 

38.45 

38.58 
39-  4 

40« 

4i 

Corr. 

M    S 

33-57 
34-  4 

34.10 34-17 
34-24 

34-30 34-37 
34-43 

34-5° 

34-56 
35-  3 
3  5-  9 

35-16 
35-23 
35-29 

35-36 
35-42 

3_549 35-55 

36.  2 

36.  9 

36.15 

36.22 

36.28 

36.35 

36.41 

36.48 
36.54 

37-   i 

37-  8 37-14 

37.21 37.27 37-34 

37-40 37-47 

37-54 

38.  o 
38.  7 

38.13 

38.20 
38.26 
38.33 
38.39 

3846 

33.53 
38.59 

39-  6 

39-12 
39-19 

39-25 

39- 

39-39 3945 

39-52 

4i° 

421
 

Corr. 
M    S 

34-37 
34-44 
34 

34-57 35 

35" 

S°3 

35-^7 

35-24 

35-31 35-37 35-44 

35-51 

37-i8 

37-24 

37-3' 

37-38 

37-44 

37-5' 

37.58 

38. 

38.11 

38.18 

38.25 

38-3I 

38.38 

38.45 

38.58 

39 

39-n 

39-18 

39-25 

39-32 
39-38 

39-45 

39-52 

43 '
 

Ccn 

Corr. 

M    S 

38. 

.4. 

54 

■'5 

39-22 
39-29 39-35 

39-42 

39-49 

39-56 

40-  3 

40.10 
40.16 

40.23 

40.30 
40.37 

3240 

39-58 

40.  5 

40.12 

18 

40.25 

40-32 
4Q-39 

4*< 

40.44 

40.50 

40.57 

41-  4 

41.11 

41.18 
4*25 

43< 

44* 

Wl     S 

•55 

40.  540-47 
40.12j40.54 

40.1941.  1 

40.2641.  8 
40.33U1.15 

40.3941.12 
40.4641.29 

40.5341.36 41.  041.43 

37-57 38.  4 

38.11 

38.18 

38.25 

38.32 

L41  39.22 ;.48  39.29 

'•5539.36 .  239.43 

■  939.50 
1639.57 

.23J40.  4 

.3040.11 
■3740.19 

4440.26 

■5140.33 

.58I40.40 

s. 6 1 S 

2 I 1 2 

3 2 2 2 

4 2 3 3 
5 3 3 4 
6 4 4 5 
7 4 5 6 

8  5 

6 6 

91  5 

6 7 
z en D 

is. 

Add 

V 

37  38 

39 

5 

3'  3 

3 

10 

6,  6 

6 

15 

9,  9 

10 

20 

12|13 

13 

25 

15I16 

16 

30 

18.19 

19 

35 

22,22 

23 

40 

2525 

26 

45 

2828 

29 

5C 

31  32 

32 

55 
34  35 

36 

M 

40 

4' 

42 

43 

5 3 3 3 4 
10 7 7 7 7 

1.5 

10 10 

1C 

1 1 

20 

13 

'4 
14 

14 

25 

17 

i? 

l7 

18 

30 

20 

2C 21 

21 

35 

23 
24 

24 
25 

40 

27 
2/ 

2S 

29 

45 

30 

31 
3' 

32 

50 

33 

34 

3< 
36 

55 37 

3« 

3* 

39 

1VJ 

44 

45 

46 

47 5 
10 

4 
7 

4 
7 

4 
8 

4 
8 

15 

11 

11 

1 1 

T2 

20 

25 

15 

18 

J5 '9 

15 
19 

16 
20 

30 

35 

22 

26 

22 
26 

23 
27 

23 

27 

40 

29 

30 3i 31 

45 

50 

33 
37 

34 

37 

34 

38 

35 

39 

55  40 

4' 

45 

43 

M 

48 

49 

50 

5 4 4 4 

10 

8 8 8 

15 

12 12 12 
20 

16 16 

17 25 

20 

20 

21 

30 

24 
24 

25 

35 

28 

29 

29 

40 

32 

33 

33 45 

36 

31 

37 

50 

40 41 

42 

<;<; 

44 

4546 

iTifiin"'Tn--innrr;" 



Table  XVIII.     For  finding  the  Correftion  of  the  Moon's  Altitude  for 
Parallax  and  Refra&ion. 
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Tats  lb   XVIII.      For  finding  the  Correction  of  the  Moon's  Altitude  for 
Parallax  and  Refrattion. 
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Tabie  XIX.       For  computing  the  effects  of  Parallax  on  the  Moon's  Diftance  from    the Sun  or  a  Star. 

"V^~ Appa renc  Diftance. 

~  3 

<  s Add  the  Difference  of  the  two  Numbers  taken  out  of  thi Table,  if  th 

«i  X 

7-5 
£  s 
M 

App 
arent  Diftance  is  lefs  th 

an  90 

Q,  and  fubtracl  it 
if  above. 

M 

5 

260 

27°
 

280
 

29° 

// 

300
 

3*°
 
320

 

j  3 

34*
 

3  5
° 

36°
 

71° 

37 

11 

38°
 

// // // 11 

// 11 // 11 11 11 11 

0 5 0 0 O 0 0 0 0 O 0 c 0 O 

8 1 I I 1 1 1 1 I I 1 1 1 1 8 
10 2 2 2 2 1 I I 1 I 1 1 1 

1 

1 

10 

1 1 

n 2 2 2 2 2 2 2 2 2 2 1 j 

12 3 2 2 2 2 2 2 2 2 2 2 2 2 

12 

13 

3 3 3 3 3 2 2 2 2 

,  2 

2 2 2 

13 

14 
4 3 3 3 3 3 3 3 3 2 2 2 2 

14 

*5 

  4 5 

4 

4 

4 

4 

4 3 

4 

3 

  
3 

4 

3 3 3 3 3 3 16 

16 4 4 3 3 3 3 3 3 »7 

5 5 5 5 4 4 4 4 4 4 3 3 3 

17 

18 6 6 5 5 5 5 5 4 4 4 4 4 4 18 19 
6 6 6 6 5 5 

'   5 

5 5 4 4 4 4 

19 

20 

21 

7 7 

8 

1 

■  b 

7 

6 

7 

6 

6 

6 5 5 5 5 5 4 20 21 

8 7 b 6 6 5 5 5 5 
22 9 8 8 8 7 7 7 7 6 6 b 6 5 22 23 

9 9 9 8 8 8 7 7 7 7 6 b 6 

23 

24 
10 

10 
9 9 9 8 8 8 7 7 7 7 b 

24 

25 

11 11 
10 

10 

9 9 9 8 8 8 8 7 7 

25 

26 
12 12 

11 

1 1 10 
10 ? 9 9 8 8 8 8 

26 

27 

13 

12 
12 

11 
11 

1 1 
id 10 9 9 9 8 8 

27 

28 

14 

l3 13 

12 12 11 

11 

1 1 

10 

IC 

9 9 9 28 29 

>5 

H 

»4 

13 
13 

12 

12 

11 

11 

10 

10 

10 

9 

29 

30 

16 17 

»5 

'5 

16 

14 
14 
15 

13 
13 

13 

12 

12 

11 

12 

1 1 

12 

10 10 

11 

30 3i 

31 

16 

»3 

12 1 1 

32 

18 18 

17 

ib 

15 
15 

14 14 

13 

13 

12 12 

11 

32 

33 

»9 

»9 

18 

17 

16 ib 

15 

15 
14 

14 13 13 

12 

33 
34 21 

20 

19 

18 

17 
17 

16 
16 

•5 
14 

H 

13 

13 

34 

35 22 
21 

20 

19 

20 

19 

18 

17 

16 ib 

17 

15 

16 

IS 

ib 

14 
14 
14 

35 

36 

36 

23 

22 
2r 20 

l9 

18 

17 

15 

37 

24 

23 

22 22 21 
20 

19 

18 18 

17 

lb 

lb 

15 

37 
38 

26 

25 

24 
23 

22 21 20 

19 

19 

18 

17 

17 

16 

38 

39 

27 

26 

25 
24 23 

22 21 20 20 

19 

18 18 

17 

39 

40 

4! 

29 

27 
29 

26 

25 24 
25 

23 
24 

22 

2[ 

21 20 

'9 

'9 

18 

19 

40 

4* 

30 

28 26 

23 

23 

22 

21 

20 

19 

42 32 

30 

29 

28 

27 

26 

25 
24 

23 

22 

21 

20 20 

43 

4? 
33 

32 

30 

29 

28 

27 

26 

25 24 

23 

22 

21 21 

43 

44 
35 33 

32 3° 

29 

28 

27 

26 

25 24 

23 

22 22 

44 

45 

36 

35 

36 

33 
35 

32 3i 

32 

29 

3i 

28 

27 

28 

2b 

25 

.24 

25 
23 

23 

45 

46 

•     46 

38 

33 

3° 

27 

26 

25 24 

47 

40 38 36 

35 

33 

32 31 

30 

29 

28 

27 

2b 

25 

47 

48 

41 

39 

3? 

36 

35 33 

32 

3' 30 

29 

26 

27 

26 

48 

49 43 

4i 

39 

3* 
36 

35 

34 

32 

3i 

30 

29 

28 

27 

49 

50 

45 

47 

43 

4' 

39 39 

3b 

35 34 

-32 

34 

31 

30 

29 

28 

29 

50 

5* 

51 

45 
43 

4« 

38 36 

35 

32 

3i 30 

52 

48 46 

44 
43 

4i 

39 

3« 
36 

35 
34 

32 

31 
30 

52 

53 

5° 48 
46 

44 

42 

4i 

39 

38 

36 

35 34 

33 

3i 

53 
I 54 

52 50 
48 

46 

44 

42 

41 

39 

38 
3b 

35 

34 33 

54 
55 54 

52 50 

48 
46 

44 

42 

4« 

39 

3-8 

3b 

35 

34 

55 

56 
5b 

54 

Si 

49 47 

46 

44 

42 4j' 

39 

38 
36 

35 

56 

57 

58 56 

53 

5i 

49 
47 45 

44 

42 

40 

S9 

38 
36 

57 
5« 

60 

sU 
55 

53 

5' 

49 

47 
45 

44 

42 40 

39 

38 58 

59/ 
62 

60 57 
55 

53 

5> 

49 
47 45 

43 

42 
40 

39 

59 
60 

64 

62 59 

57 

54 

52 

50 

48 

47 

45 

43 

42 

43 

40 

60 

61 

67 
64 

61 

59 

5b 

54 

52 

50 

48 

46 

45 

42 

6i 

62 

69 
66 

63 

60 

58 
56 

1     54 

52 
50 

48 
46 

45 

43 62 

M 26°| 

27°
 

28°
 

29° 
I  30°

 

3i"
 

1  3*°
 
133* 

34°
 

35°
 

36"
 

37°
 
38°

 

M 



Table  XIX. 
For  computing  the  EfTe&s  of  Parallax  on  the  Moon's  Diftance  from  l\ic Sun  or  a  Star. 

- 
Ji  1) 

ApF 

a  rent Diftance. 

a  0 

<  = Ud  the Difference  of  the  two  Numbers taken  out  of  this 
Tab 

e,   if  the  Ap- 

<   S3 

"~  !S 

oarent  Diftance  is lefs  tr 

an  90 

°,  and  fubtraa  it 
if  above. 

S  Sj 

D-    5 

39v
 

40°    | 

4'°
 

4,°    | 

43°
 

44J
 

45? 

46°
 

47°
 

4«°
 

49"
 

50°  ■  $  i  - 

M 
// 

1 

// 

// 

// 

// 
// // 

// // 

// 

//    1  // 

M  | 

5 0 0 

~o 

0 0 0 0 0 0 0 0 

oj 

0 s 
8 I I II I I 1 0 0 0 8 

10 I 

I I 

I I 1 

i| 

10 

ii 
I I 1 1 1       : 

12 
2 I I I 1 1 12 

^ 2 2 2 2 2 2 

13 

14 

2 2 2 2 2 2 2 2 2 2 

14 

i? 

2 

3   2_ 
3'
 

2 

3 

2 2 2 2 2 2 

2 

2 2 2 

2 

15' 

16 
2 2 2 2 2 2 2 2 ib 

17 

3 3 3 3 3 3 3 2 2 2 2 2 2 

17 

18 3 3 3 3 3 3 3 3 3 3 2 2 2 18 
19 

4 4 4 3 3 3 3 3 3 3 3 3 3 

19; 

20 4 4 4 4 

4 

4 4 3 3 3 

„3 

3 

3 

3 3 

3 

20 

21 

"  21 

5 5 

"  4 

4 4 4 4 4 3 3 
22 5 5 5 5 5 4 4 4 4 4 4 4 3 

22! 

23 

6 6 5 5 5 5 5 4 4 4 4 4 4 

23 

-24 

6 6 6 6 5 1 5 S S S 4 4 4 

24! 

2  5 

7 6 6 6 b 6 5 5 5 5 5 5 4 

2>'i 

26 7 7 

"7 

7 6 6 6 6 6 5 S 5 5 

2bj 

27 

8 8 7 7 7 7 6 6 b b b 5 S 

27 

28 8 8 8 8 7 7 

■7 

7 6 6 b 6 b 

2g! 

20 9 9 

-     8 

8 g 8 7 
.     7 

7 7 6 6 6 

29! 

30 

10 
9 

  
9 

10 

  _9 

9 

8 8 8 8 

8 

7 7 7 7 6 

7 

30 

Si 

10 

10 
9 9 8 8 8 7 7 

3>: 

12 

11 11 
10 

10 
10 9 9 9 8 8 8 7 7 

32 

33 
12 

11 
11 11 10 

10 10 

9 9 9 8 8 8 

33i 
34 

12 
12 12 11 

11 

10 10 10 9 9 9 8 8 

34 

35 

13 

13 

12 

13 

12 

11 

11 

11 

10 

10 

10 

9 9 9 

35] 

16 

'4 

13 

13 

12 

12 

11 

11 11 

10 

10 9 9 

36, 

r 

IS 

14 14 

13 

13 

12 

12 12 

11 

11 

10 10 10 

37 

3S 

16 

*5 
14 

14 
14 

13 
13 

12 

12 

11 11 

11 

10 

3» 

39 16 
16 

15 

15 

14 

14 13 
13 

12 

12 

12 11 

11 39 

4c 

17 

18 

17 

16 16 

15 14 
14 

13 13 
13 

13 

12 

12 

11 12 

40
 ' 

41 

17 17 

16 
16 

IS 

15 14 

14 

13 

12 

41 

42 

19 

18 
18 

17 

17 

16 

*5 

IS 

14 
14 13 

13 

12 

42: 

43 20 

19 

J9 

18 

17 

17 

lb 

ib 

15 

IS 14 

14 
13 

43 

44 21 
20 

19 

19 

18 

17 

17 

ib ib 

15 
15 

14 

14 

44; 

45 
22 

21 
20 20 

19 

18 18 

17 

ib 

ib 

15 

ib 

IS 14 

'5 

4? 

4e 

23 

22 
21 21 

20 

*,9 

18 

18 

17 17 

IS 

46! 

47 

24 

23 

22 

21 
21 

20 

19 
19 

18 

17 

17 

16 

lb 

47; 

4* 

25 
24 

23 

22 

22 

21 

20 

19 

19 

18 

17 

17 

ib 

4«| 

4c 

26 

25 
24 

23 

22 

22 21 

20 

20 

19 

18 

18 

17 

49 

se 

27 

26 

25 

  
24 

25 

23 23 

22 

21 

20 

20 

19 

18 18 

"71 

5° 

"> 

28 

27 

26 

24 24 
23 

22 21 2C 20 

19 

51! 

?« 

29 

28 

27 

26 

25 

24 
24 

23 

22 

21 

21 

20 

is 

?ai 

s: 

3Q 

29 

28 

27 

2C 

25 

25 

24 
23 

22 

21 

21 2C 

53 

V 1-       3i 

30 

29 

2S 

27 

26 

»S 

25 

24 
23 

22 21 

21 

54! 5 

S' 

33 

  V 
33 

  
3_c 

31 

2C 

3C 

it 

27 

2b 

27 

2S 
25 

24 
23 
24 

22 21 

22 

551 

y    34 

2C 

28 26 

26 

25 23 

56! 

s ?     35 34 33 

3i 

3< 

>      29 

2t 

27 

2b 26 

25 

24 

2; 

57j 

s j     36 
35 34 

.32 3 

3° 

2S 

28 

27 

2fc 26 

25 

24 

5» 

5 
9       3« 

36 

35 

3- 

r       3.' 

3i 

3C 

25 

Z\t 

27 

26 

25 

2 

59 1     6 
5        3* 

37 

'3< 

3. 

3- 

1-     33 

31 
3C 

2C 

2i 

k      27 

2b 

2< 

60 

6 1        4c 

'35 

3-
 3< 

>      3 
■      34 

32 3' 

3C 

25 

28 

27 

61 

6 2|         41 1       4C >        3< 

I       3* 

3< 

'      35 
34 

[      3^ 

3' 
3C 

>l       2C 
1     28 

a* 

62 

r  * 
l|  39« 

1  40* 

1  4i° {   42°
 

1  43 1    44< M  45cl  46*1  47( 

'US' 

1  49' 

I  5°c|5i°|    M 



Table  XIX.     For  computing  the  EfFefts  of  Parallax  on  the  Moon's  DJilance  from  the Sun  or  a  Star. 

i 
Apparent  Diltance. 

1 
.  .  i 

<   c \Ad  the  Difference  0 f  the  two  N umbers  taken  out  of  this  Table,  i f  the 
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Table  XX.  For  turning  Degrees  and  Minutes  into  Time,  and  the  contrary* 

!  
D 

H  M D H  M D H  M D H  M D H  M D H  M 

M M  S M MS M M  S M 
M  S 

M MS M 
MS 

I 
0.  4 

61 4.  4 121 

8.  4 

181 

12.  4 

241 

16.  4 

301 

20.  4 

2 0.  8 62 

4.  8 

122 8.  8 182 

12 

8 242 16.  8 
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20.  8 

3 0.12 

63 

4.12 
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12 

12 
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16 
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40 

250 

16.40 

310 

20.40 

20.44 
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Table  XXI.     For  finding  the  Latitude  by  two  Altitudes  of  the  Sun. 

o  HOUR. 

M.   I S. LogielaiLog.Midf 
Logarith M s Log  |ela  Lo^MJc Logarith Time. Time. Rifing. Time.  1  Time. 

Rifing. 

0 o 10 0 I.36032  3.94071 

1.97854- 

10 5-I3S33 2.16270 
8.42230 10 '•35315  3-94788 

1.99289 

20 1.83730 2-46373 
9.02436 

20 

1.346093.95494 2.00701 

3° 

2.66121 2.63932 9-37654 

30 

'■339'5l3-96l88 

2.02091 

40 

2.53627 2.76476 
9.62642 

40 

»-3323  r|3-96372 

2.03453 

5° 

2.43936 2.86167 
9.82024 

50. 

1.32558 3-97545 

3.98207 

2.04805 

O 
2.36018 

2.94085 

9.97860 

ii 0 1.31896 
2.061 3 1 

IO 2.29324 3.00779 0.1 1 250 
10 

1.312433. 98860 

1.07437 

26 2-235*5 
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0.22S4? 

20 

1.30600I3. 99503 

2.08723 

30 

1.18409 3. 1 1 694 
0.33079 

30 

1.299167J4. 00136 

2.09991 

40 

2-I3S34 
3.16269 0.4223c 

40 

1.2934214.00761 
1. 1 124O 

S3 
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2.05916 
3.20408 
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50 

1. 28727 

4.01376 

4.01983' 

2.12472 

2 O 3.24187 0.58066 

12 
0 1. 28120 

2.13687 

IO 2.02440 
3.27663 

0.65019 10 

1.275324.O.2581. 

2.14885 
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0.71455 

20 
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2.16066 

30 
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30 
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5° 
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50 
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3 O 1. 883071 3.41 796)0.93  284 

|  13
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30 
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4.07093 
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40 
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40 
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50 

0 
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4.08151 
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14 
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10 

1.2O919 
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20 
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T'ABtt  XXL    For  finding  the'  Latitude  by  two  Altitudes  of  the  Sun.' 

0     H  O  U  R. 
'     M s Log|  ela Log  Mi. L«gamh|      M      1     s       \Lo±iel3 
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jLogavith 
1  ime. Time. 
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30     j        O     [0.8843c 

J4.4167J 

!  2.95  223 

1 
10 

1. 0561 1 4.24492 

2.58759 

1      I0 

0.88191 

4.41912 

2-93703 If 

20 1.05254 
4.24849 2.59474 

20 

0.87953 

4.4315s 

J2.94181 

1 

30 

1.04901 

4.25202 

2.60182 

30 

0.87717 

4.4238c 

2.94656 

40 

1.04550 4-25553 
l. 60885 

40 

0.87481 

4.42622 

2.95129 !i 

5.0 

I.04202 
1.03857 

4L2590_i 
4.26246 

7.61582 2.62274 

50 

0.87247 

4.428  S£ 

2-95599 

2.96067 

!  - 
0 

3* 

0 

0.87015 

4.4308S 1        10 
I.OJ515 

4.26588 
2.62960 

10 
0.86783 

4.4332c 

2.96532 

[        ™ 
I.03175 

4.26928 
2.63641 

20 

0.86553 

4-4355c 

2.96994 

[K      30 
1.02838 4.27265 2.64316 

30 

0.86324 
4-43779 

2.97454 

11       40 
1.02504(4.27599 

2.64987 

40 

0.S6096 

4.44007 
2.97912 

1 

50 

1.02172 
1. 01843 

4.27931 

4.28260 

2.615652 
1 

50 

0.85870 

444233 
2.98367 

2.98820 
;!      22 0 2.66312 

32 

0 

0.85644 
4-44459 jf 

10 
1.01516 

4.28587 
2.66967 10 

0.85420 
4.44683 

2.99270 

I 20 I.OII92 
4.2891 1 

2.67617 
20 

0.85197 

4.44906 

2.99719 

30 

1.00870 4.29233 2.68262 

30 

0.84976 

4.45127 
3.00164 

40 

I.OO550 4-^9553 
2.68903 40     0.84755 

4-45348 
3.00608 

|    '< 
50 

1.00233 

0.9991ft 

4.29870 

V-30185 

2.69538 

50 

0.84535 

4.45568 

3 .01049 

3.01488 

I!   23 
0 

2.70170 
33 0 

0.84317 

4.45786 
10 

0.99606 
4-30497 2.70796 

10 
0.84100 

4.46003 

3.01925 

-  / 
20 

0.99296 4.30807 2.71418 

20 0.83884 

4.46219 3.02360 ' 

30 

0.98988 4-3III5 
2.72036 

30 

0.83669 
4-46434 3.02792 

40 

0.986S2 
4.31421 

2.72649 

40 

0-83455 

4.46648 3.03222 

50 

0.98378 4-3I725 

4.32026 

2.73258 

50 

0.83242 

4.46861 

3-03651 5.04077 

\     »4 
0 0.98077 2.73863 

34 

0 
0.83030 

4-47073 

j:
 

10 0.97777 

4.32326 

2.74464 

10 

0.82819 

4.47284 3.04501 ii 
20 

0.97480 4.32623 2.  75060 20 

0.82609 
4.47494 

3-04922 

r 

30 

0.97184 
4.32919 

2.75652 

30 

0.82401 

4.47702 

3-05342 

1 

40 

0.9689  j 

4-33212 

2.76241 

40 

0.82193 

4.47910 

3.05760 
r 

5° 

0 
0.9660c 4-33503 

4-33793 

2.76825 

2.77405 

50 

0.81986 

4.481 17 
3.06176 
3.06590 

;    *5 O.963  IG 

35 
0 

0.81780 

448323 10 O.96023 

4.34080 

2.77982 

10 
0.81576 

4.48527 
3.0700X 20 O.95738 4-34365 

2.78555 

20 

0.81372 

4-4873I 3-07411 

[f 

30 

O.95454 
4.34649 2.79124 

30 

0.81169 

4-48934 3.07819 

li 

40 

O.95172 
4-34931 

2.79689 

40 

0.80967 

4.49136 

3.08225 
Ij 

50 

O.94S92 

O.94614 4-35211 4-354S9 

2.80251 

2.80809 

50 

0.80767 

0.80567 

449336 4-49536 

3.08629 

3.09032 

If  z6 
0 

36 

0 

f 10 0-94338 4.35765 
2.81363 10 

0.80368 
449735 

3.09432 

1 20 O.94063 
4.36040 

2.81914 

20 

0.80170 
4-49933 

3.09831 

1 

30 

O.9379O 
4-363I3 

2.82461 

30 

0-79973 

4.50130 

3.10227 

s 

40 

O.95519 

436584 
2.83005! 

40 

0.79777 

4.50326 
3.10622 

! ■5° 
0-93250 

O.92982 

436853 

4.37121 

2.83546 

2.84083 

50 

0.79581 

4.50522 

3-1*015 

3- J 1406 

|;          27 

0 
37 

0 

0.79387 

4.50716 
10 

O.92716 4-37387 

2.84617 
10 

0.79193 

4.50910 

3.11796 

20 O.92452 

4-3765I 

2.85148 
20 0.7900114.51102 

3.12184 

6. 30 

O.92189 
4-379*4 

2.85675 

30 

0.78809 
4.51294 

3.12570  t 

it 

40 

O.91928 4-38i75 

2.86199 

40 

0.78618 4-51485 

3.12954 

1 

S° 

O.9  1669 

O.9X41  1 

438434 
2.86720 50     \ 0.78428 

I-51675 

3-*  333  7 

3-i37i8 

li     28 
0 

4.38692 

2.87238 

38 

0 

0.78239 

4.51864 
10 

0.91154 
438949 

2.87753 

10 
3.78051 

4.52052 

3.14097 

20 
O.90899 

4.39204 

2.88265 
20 

3.77863 

4.52240 

3-14475 

30 

O.90646 4-39457 

2.88773 

30 

3.77677 , 

4.52426 

3.14850 

40 

O.9O394 
4-39709 

2.89279 

40 

3.77491. 

4.52012 

3.15225 

1  39 50 

0 

O.9OI43 
O.89894 

4.39960 

1.89782 
50     0.77306. V  52797 

1.52981 

M5597 
i. 15969 

4.40209 2.90282 

39 

0 

3.77122. 

10 O.89647 

4.  4045  6 

2.90779 

10     c 3.76938. 

h53*6.5 

j.16338 20 

O.894OI 

4.40702 

2.91273 

20     ' 

3.76756. h-53347. .16706 

30 

O.89156 
1.40947 2.91765 

30     c 

3.76574- 

^•53529: 

.  17072 

40 

O.88913  4.4II9C 

2.92254 

40     c 

>.76393  L 

k537*o. 

■17437 

1       50 3.88671)4.41432 

2.92739 

*   

50     0.76212  I 

V 5 5 891: 
.17800 — L   _l 



Table   XXI.  For  finding  the  Latitude  by  two  Altitudes  of  the  Suf!. 

o     HOUR. 

M s Log|ela LogMid Logarith M s 
Loggia 

LogMid Logarith 

40 

Time. Time. 
Rifing. Time. Time. Rifing. 

3.37482 

O 0.7603; 

4.5407c 3.18162 

5° 

0 
0.66466 4.63637 

10 0.75351 -  4-54*45 
3.18522 

10 

0.6632,! 

4-63779 

3-37770 20 0.75676 4-544*/ 
3.18881 

20 

0.6618? 
4.6392! 

3.38057 

30 

0.75499 

4.5460,1 

c  3.I9238 

30 

0.660.2.1 

4.64062 

338343 

40 

0.75323 

4.5478c 

3-19594 

40 

0.6590c 4.64203 

3.38628 

4i SO 

O 

Q-75H7 

0.74972 

4.54956 

5.19949 

3.2030J 

50 

0.6576c 

4-64343 

3-38912 
3-39I95 

4-55I3I 

5i 

0 0.65620 4.64483 
IO 0.74797 

4.55306 

3.20653 
10 0.65481 

4.64622 

3-39477 

20 

0.7462: 
4-55479 3.21003 

20 0.65342 

4.64761 

3-39759 

30 

0.74451 
4.55652 

3.21351 

30 

0.65204 

JL. 64899 

3.40039 

40 

0.74379 
4.55824 

3.21699 

40 

0.65066 
4.O5O37 

3.40319- 

SO 

0.74107 
4.55996 

3.22044 

3.22389 

50 

0 

0.64928 4.65175 

4.65312 

3-40597 

3-40875 

42 

O 0-73937 

4.56166 

52 

0.6479 ' 

IO 0.73767 
4.56336 

3.22732 

10 

0.64655 

4  =  65448 3-4II52 20 0-73597 

4.56506 

3.23073 
20 

0.64519 

4. 65584 
3.41427 

30 

0.73429 4.56674 
3.23414 

30 

0.64383 

4.6572O 

341702 

40 

0.73261 4.56842 

3-23753 

40 

0.64248 4.65855 

3-4'976 

SO
 

0.73093 

4-57010 
3.24090 

5° 

0.64113 

0.63978 4.6599O 
3.42250 

43 
O 0.72927 

4-57176 
3.24427 

53 

0 4.66125 

3.42522 
10 

0.72760 
4-57343 

3.24762 

10 

0.63845 

4.66258 

3.42794 

20 
0.72595 

4.57508 

3.25095 
20 

0:637x1 4-66392 
3.43064 

30 

0.72430 4-57673 
3.25428 

30 

0.63578 
4.66525 3-43334 

40 

0.72266 4-57837 
3-25759 

40 

0.63445 

4.66658 3-43603 

50 

0.72103 

4.58000 

3.26089 

50 

0 

0-63313 

0.63181 

4.6679O 

4.66922 

3-43871 

3.44138' 

44 0 0.71940 
4.58163 3.26418 

54 10 0.71778 4.58325 

3-26745 lo 0.63050 4.67053 
3.44405 

20 
3.71616 4.58487 3.27071 20 

0.62919 

4.67184 

3.44670 

30 

071455 
4.58648 

3.27396 

3° 

0.62789 

4.67314 
3-44935 

40 

0.71295 

4.58802 
3-27720 

40 

0.62659 

4.67444 
3.45199 

45 

50 

O 

0.71136 

0.70976 

4.58967 3.28042 

50 

0.62529 
4.67574 

3.45462 4-59127 
3.28363 

55 0 
0.62400 

4.677O3 3.45724 
IO 

0.70818 4.59285 
3.28683 10 

0.62271 

4.67832 
3.45986 20 

0.70660 459443 
3.29002 

20 0.62142 

4.67961 

3.46247 

30 

0.70503 

4.59600 3.29320 

30 

0.62014 

4.68089 3.46507 

40 

0.70346 4-59757 3.29637 

40 

0.61S87 

4.68216 
3-46766 

50 

0.70190 
459913 

3.29952 

50 

0-6i759 

0.61632 

4.68344 

3.47024 

3.4728a 46 

O 0.70034 4.60069 
3.30266 

56 

0 4.68471 
IO 

0.69880 4.60223 
3-3C579 

10 

0.61506 

4.68597 
3-47539 

20 0.69725 
4.60378 

3.30891 

20 
0.61380 4.68723 

3-47795 

30 

0.69571 4..60532 

3.31202 

30 

0.61254 

4.68849 

3.48050 

40 

0.69418 4.60685 
3-3I512 

40 

0.61139 4.68974 

3-48305 

50 

0.69265 

0.691 13 

4.60838 

4.60990 
3-31820 

5° 

0.61004 0.60879 4.69O99 

3.48558 

3.48811 

47 O 

3.32128 
57 0 4.69224 

IO 0,68962 4.61141 
3-3*434 

10 

0.60755 

4.69348 3.49064 
20 

0.688ix 4.61292 
3-32739 20 

0.60631 

4.69472 3-49315 

30 

0.68660 
4.61443 

3-33044 

30 

0.60508 
4.69595 

3.49566 

40 

0.68510 
4.61593 3-33347 

40 

0.60385 

4.69718 
3.49816 

50 

068361 4.61742 3.33649 

50
 

0.60262 

4.6984I 

3.50066 
48
 

O 0.68212 
4.61891 3-3395° 

58 

0 
0.60140 4.69963 3-50314 

IO 3.68064 4.62039 

3-34250 
10 0.60018 

4.7O085 

3.50562 
20 

2.67916 4.62187 
3-34549 

20 

0.59897 

4.7O206 

3.50809 

3* 

3.67769 462334 3-34847 

30 

0-59775 

4.7O328 
3.51056 

40 

3.67622 

462481 

3-35I44 

40 

0.59654 
4.70449 

3.51301 

50 

3.67476 

3.67330 

4.62627 3-35439 

50 

0-59534 

4.7O569 

3-5*547 

3-SI79* 49 0 4-62773 3-35734 

59 

0 

0.59414 

4.7O689 
1 

10 3.67185 
4.62918 

3.36028 

10 

0.59294 

4.708O9 

3.52035 

20 
3.67040 4.63063 

3.36321 20 

0.59I75 

4.7O928 

3.52278 

30 

3.66896 4.63207 
3.36613 

30 

3.59056 4.7IO47 
3.52520        J 

40 

3.66752 
4.63351 3.36903 

40 

0.58937 

4.7H66 3.52761 
-_r^   _ 

50 

3.66609 4-63494I 
3-37I93 

jo 

3.588184.71285 
3.53002        } 

(R)     Tab. 



Tasle  XXI*  For  finding  the  Latitude  by  two  Altitudes  of  the  Sun. 

I                         i  H  O  U  R. 

i    M. 
S. ILogielalLogMid  ILogarith 

Time.  1  Time.  1  Rifing. 

M. 

S. Time. 

LogMid 
rime. 

Loganth 
Riling. 

3.66542 o o O.587004.71403 3-53243 10 0 0. 5  2 1 8  6 4-7791/ 
10 

0.585834.71520 
3.53482 10 

0.5208  b 4.78017 

3.66747 

20 O.584654.71638 
3-53721 

20 
0.51986 

4-78ii7 3.66952 

30 

O.5-8348I4.71755 

3-53959 

30 

O.51886 4.78217 3.67156 

40 

0.58232 
4.71871 

3-54197 

40 

O.51787 

4.78316 

3-67359 

50 

0.58115 
0.57999 4.7198b 

3-54434 

3.54670 

50 

0.5168b 
4.78415 

4.78514 

3-67562 3.67765 
i 0 

4.7210^ 11 0 

0.51589 

10- 

0.57884 4.72219 3-54905 10 
0.5  1491 

4..78612 

3.67967 

20 0.57708 
4-72335 

3-55I40 

20 
O.51393 

4.78710 3.68168 

30 

0.57653 
4.72450 

1-55375 

30 

0.5129^ 
4.78809 

3-68369 

40 

°-57539 
4.72564 

3.55608 

40 

0.5 1 197 

4.78906 

3.68570 

50 

0.574244.72679 
3-5  584I 

50 

0.51099 

0.51002 

4.79004 

4.79101 

3-68770 
5.68969 

a 0 0.57310 
4-7279j 3.56074 

12 
0 

10 0.57196 4.72907 
3.56306 

10 0.50905 

4.79198 

3.69169 

20 
0.57083 

4.7302c 

3-56537 

20 

0.5080b 

4.79295 
3-69367 

30 

0.56970 4-73133 3-56767 

30 

0.50711 4-79392 3.69566 ' 

40 

0.56857 

4.73246 

3-56997 

40 

0.50615 

4.79488 

3.69763 

;o 

0.56745 
4-733  58 

3.57226 

13 

50 

0.50519 

4.79584 

3.69961 

3.70158 

3 0 
0.56633 

4-7347= 
3-57455 

0 

0.50423 

4.79680 

10 
0.56521 

4-73582 
3-57683 10 

0.50327 

4.79776 

3.70354 

20 0.56409 4-73694 
3-57910 

20 

0.50232 

4.79871 
3-70550 

30 

0.56298 4-73805 
?-5Si37 

30 

0.50137 

4.79966 

3-70745 

40 

0.56187 

4.739,1-6 

3-58363 

40 

0.50042 

4.80061 
3.70940 

50 

0.56076 

0.55966 
4.7402- 

.V58589 

3.58814 

14 

SO 

0.49947 

4.80156 

4.80251 

3-71135 

4 0 4-74137 0 0.49852 3-7i329 

10 0.55856 4.74247 
3.59038 

10 
0.49758 

4.80345 

3-7r523 
20 

0-55747 
4-7435° 

3.59262 

20 

O.49664 
4.80439 

3-7i7i6 

30 

0-55637 

4.74466 3.59486 

30 

0.49570 

4-80533 

3.71909 

40 

0.55528 
4-74575 

3.59708 

40 

0.49477 

4.80626 3-72101 
5 

SO 

0.55419 
4.74684 3-59930 

50 

0-4938_3 

0,4929c 4.80720 

3-72293 

3.72485 0 0-553U 4.74792 3.60152 

15 

0 4.80813 
10 0.55203 

4.74900 

3-60373 10 
0.49197 

4.80906 3.72676 20 

0.55095 

4.75008 

3.60593 20 
0.49 104 

4.80999 

3-72867 

30 

0.54987 

475116 

3.60813 

30 

0.490 1 2 
4.81091 

3-73057 

40 

0.54880 4.75223 3.61032 

40 

0.48920 4.81183 
3-73247 

5° 

Q-54773 

0.54666 

4-7S33Q 
4-75437 

3-61251 

50 

0.48828 

4.81275 

3-73436 
6 O 

3.61469 
16 0 

O.48736 4.81367 

3-73625 10 
0-54559 4-75544 

3.61686 

10 
0.48644 

4.81459 

3.738i3 20 0-54453 
4-75650 

3.61903 
20 

0.48553 

4.81550 

3.74001 

30 

0-54347 
4-75756 

3.62120 

3° 

0.48462 4.81641 
3.74189 

40 

0.54242 

4.75861 

3-62336 

40 

O.48371 
4.81732 

3-74376 

SO 

0.54  r  36 4.75967 3-62551 

50 

0.48280 481823 
4.81914 

3-74563 

3-74750 7 O 0.54031 4.76072 3.62766 

17 

0 
O.48189 

10 
0.53926 

4-76177 
3.62980 

10 
0.^8099 

4.82004 
3-74936 

20 

O.53822 
4.76281 

3-63194 
20 0.48009 4.82094 

3-75^1 

30 

0.53718 4.76385 3-63407 

30 

O.47919 
4.82184 3-7S307 

40 

0.53614 4-76489 
3.63620 

40 

O.47829 
4  82274 

3-75491 
L 

50 

0.53510 
4-76593 

3.63832 

SO 

0.47740 4.82363 

3-75676 

3.75860 

8 O 0.53406 4.76697 
3  64043 

18 0 O.47650 

4-82453 

IO 0.53303 

4.76800 

3.64254 
10 

O.47561 4825423.76043 20  . 
0.53200 4.76903 

3.64465 
20 

0-47473 

4.826303.76227 

30 

0.53098 4.77005 364675 

30 

0.47384 4.82719 
5.76409 

40 

0.52995 

4.77508 

3-64885 

4° 

0.47295 

4.82808 
5.76592 

SO 

0-52893 

0.52791 

4.772  ro|3. 65094 

+.77312  3.6530V 

_5°
 

0 

0.47207 
4.82896 

5-76774 
?-76955 

9 0 

19 

X47119 4.82984. 
10 

0.52690 4-774I3 3.65510 10 
2.47031 

483072; 

•77137 
20  , 0.52589 

4-775H 
3-65717 

20 

3-46944 

4-83I59. 

•773i8 

30 

0.52487 

4.77616 

3.65924 

30 

3.46856 4-83247 : 
.77498 

40 

0.52387 
4-77716 

3.66131 

40  t 

3.46769 
4-83334 : 

.77678 

50 

0.52286I4. 77817 

3-66337 

50  c 

3.46682 
^•83421  ; .77858 



Table   XXI.     For  finding  the  Latitude  by  two  Altitudes  of  the  Sun. 

1                         I  H  O  U  R. 
| w— 

Log^ela Log  Mid Logavith 
M. 

S. M. s 
Time. Time. 

Riling . Time.  Time. 

Riling. 

20 0 
0.46595 

4.83508 
3.78037 

3-0 

0 O.41716I4.88387 
3.88150 

10 0.46508 
4-83595 

3.78216 

TO 

O.41640  I4.8S463 
3.88309 

20 0.46422 
4.83681 

3-78395 20 O.415644.88539 3-88467 

50 

0-46335 

4.83768 
3-78573 

30 

0.414884.88615 
3:88625 

40 

O.46249 4.83854 
3.78750 

40 

O.41412  4.88691 

3.88783 

50 

O.46163 4.83940 
3.78928 

5P 

0.41337 

O.41261 

4.88766 
4.88842 

3.88940 
3.89097 

21 0 0.46078 4.84025 
3.79105 

3i 

O 
10 0.45992 

4.841 1 1 3.792S2 

10 

O.41186 
4.88917 

3.89254 

20 O.45907 
4.84196 3-79458 

20 

O.41111 
4.88992 

3-89411 

30 

0.45822 
4.84281 

3-79634 

30 

O.41036 4.89067 
3.89567 

40 

0-45737 
4-84366 3.79809 

40 

O.4O961 4.89142 

3.89723 

50 

0.45652 4.84451 3-79985 
3.80159 

50 

O.40887 

4.89216 4.89291 

3-89879 

3.90034 

22 O 0.45567 4-84536 

3a 

O 
O.40812 

IO 
0.45483 

4.84620 

3-80334 

10 

O.40738 4.89365 
3.90189 

20 
0-45399 4.84704 

3.80508 

20 
O.40664 

489439 3-9°344 

30 

0.45315 
4.84788 3.80682 

30 

O.40590 4.895I3 3.90498 

40 

0.45231 4.84872 
3-80855 

40 

O.4O516 

4.8958- 

3.90653 

5° 

0.45147 
4X49  5  6 
4.85039 

3.81028 

3.81201 

SO 

O.40442 

O.40368 
4.89661 

4-89735 3.90807 

3.90960 

23 
O 0.45064 

33 
0 

10 
0.44981 

4.85122 

3-81373 

10 
O.40295 

4.89808 

3.91114 
20 0.44898 4.85205 

3-8I545 
2Q O.40222 

4.89881 
3.91267 

30 

0.44815 
4.85288 

3-8I7I7 

30 

0.40149 
4.89954 

391420 

40 

0-44732 4-8537I 3.81888 

40 

O.40076 
4.90027 

3-9i57i 

SO 

0.44649 4.85454 
3.82059 

3.82230 

SO 

0.40003 

4.90100 

3.91724 
24 

0 0.44567 
4.85536 

34 
0 O.39930 

4.90173 

3.91876 10 0-44485 

4.85618 
3.82400 10 

0-39857 

4.90246 

3.92028 
20 0.44403 

4.85700 
3.82570 20 

O.39785 

4.90318 

3.92179 

30 

0.44321 
4.85782 

3.82739 

30 

O.39713 
4.90390 3.92331 

40 

0.44239 
4.85864 3.82908 

40 

O.39641 
4.90462 3.92482 

SO 

0.44158 
4.85945 3-83077 

50 

O.39569 4-90534 

4.90606 

392632 3.92782   J 
25 

0 0.44077 
4.86026 

3.83246 

35 

0 

0-39497 

10 
0-43995 

4.86108 

3.83414 10 

0.39425 

4.90678 

3-92933 

20 0.43915 
4.86188 

3-83582 
20 

0-39354 
4.90749 

3.93082   ] 

30 

0.43834 
4.86269 

3.83749 

30 

0.39282 

4  90821 

3.93232 

40 

o-43753 
4.86350 

3.83917 

40 

0.39211 4.90892 3-9338I 

50 

0.43673 
4.86430 3.84083 

SO 

0.39140 
490963 4.91034 3-93  53° 3-93679 

26 0 0.43592 
4.86511 

3.84250 

36 

0 
0.39069 

10 
0.43512 4.86591 3-84416 

10 
0.38998 

4-91105 3.93827 
20 0.43432 4.86671 3.84582 

20 0.38927 

4.91176 

3-93975 

30 

0-43353 
4.86750 

3.84748 

30 

0.38856 491247 

3.94123 

40 

0.43273 
4.86830 

3.84913 

40 

0.38786 491317 3.94371 

So 

0.43194 4.86909 3.8507S 

So 

0.38716 4.91387 

3.94418 

27 
0 0.43 1 14 4.86989 3.85242 37 0 0.38646 4.91457 

3.94566 

10 0.43035 

4.87068 
3.85406 

10 0.38575 

4.91528 3.94712 
20 O.42956 4.87147 3.85570 20 0.38506 4-9*597 

3.94859 

, 

30 

0.42878 4.87225 
3.85734 

30 

0.38436 

4.91667 3.95005 

40 

0.42799 
4.87304 

3.85897 

40 

0.38366 4-9J737 

3.95152 

50 

0.42721 
4.87382 3.86060 

SO 

0.38297 

4.91806 4.91876 

3.95297 

28 0 0.42642 
4.87461 

3.86223 

38 

0 0.38227 3-95443 

10 0.42564 4.87539 3-86385 

10 

0.38158 

4-9I945 

3.95588 
20 0.42486 4.87617 

3.86547 
20 

0.38089 

4.92014 

3-95733 

30 

0.42409 4.87694 3.86709 

30 

0.38020 4.92083 
3.95878 

40 

0.42331 
4.87772 3.86870 

40 

0.37951 

4.92152 
3.96023 

SO 

0.42254 4.87849 
3.87031 

50 

0.37882 

4.92221 

3.96167 
29 

0 0.42176 4.87927 
3.87192 

39 
0 

0.37814 

4.92289 
3-96311 

10 0.42099 
4.88004 

3.87352 

10 
0.37745 

4.92358 

3.96455 

20 0.42022 
4.88081 

3.875I3 

20 

0.37677 

4.92426 

3-96S99 

30  b.41945 

40  0.41869 
4.88158 

3.87672 

30 

0.37609 4.92494 

3.96742 4.88234 
3.87832 

40 

0-37541 
.4.925623.96885 

1'        5°  lM'792 4.883 1 1 3.8799H         50 

0-37473 

4.92630I3. 97028 



Table    XXI.     For  finding  tlie    Latitude  by  two  Altitudes  of  the  Sun. 

||                         i   H  O  U  R. 

■   

1   M   i  •<:   Logiela  jLogMu
i 

Logarith', 

M. 

S. L,ogleU|LogMid 
Logarith Time.   Time. 

Riling.  ! 
Time.l  Time. 

Riling. 

4° 

0 
0.37405  4.92698 

3.97170 50     0 
°-33559'4-9b544J4-05304 

10 0.3733* 4.92765 
3-97313) 10 O-33499U-96604 

4-05433 

20 

0.37270 
1  nS)! 
4-92l'j3 

3-97455| 

20 

o.33438 4.96665 

4.05561 

30 

0.372034.92900 3-97597! 

30 

0.33378 4.96725 

4.O5690 

40 

0.37133  4.92968 3-97738 

40 

0.333i8 
4.96785 

4.05818 

50 

0. 37068 
4-93035 3.97880I 

3.98021! 

50 

0.33257 

4.96846 

4.05946 4.06074 

4i 

0 
0.37001 

4-93102 

51 

0 
0.33197 

4.96906 
10 0.36934 

4.93169 

398162' 

10 

o.33i37 

4.96966 4.06202 20 0.36867 
4.93236 

3.98302 

20 0.33078 
4.97025 4.06330  . 

30 

0.36801 4.93302 

3-98443 

30 

0.330184.97085 

4.06457 

40 

0.36734 

493369 
3.98583 

40 

0.32958 4.97I45 4.06584 

~~^~ 

5° 

0 
0.36668 

0.36602 

4-93435 

398723 

50 

0.32899 

0.32839 
4.97204 

4.067 1 1 

4.06838 4-93501 3.98862 

52 

0 
4.97264 

10 
0.36535 

4.9356S 3.99002, 
10 0.32780 4-97323 

4.06965 

20 
0.36469 4-93634 

3-99J41 

20 

0.32720 4.973834-07091 

30 

0.36403 

4.93700 3.99280 

30 

0.32661 4.97442 4.07217 

40 

0.36338 4-93765 3.99419 

40 

0.32602 
4.97501 

4-07343 

5° 

0.36272 4.93831 
3-99557 

3.99696 

5° 

0.32543 

4.97560 

4.07469 4-07595 

43 
0 

0.36206 
4-93897 

53 

0 

0.32485 

4.97618 

10 0.36141 
4.93962 399834 

10 
0.32426 

4.976774.07720 
20 0.36076 4.94027 3-99972 

20 
0.32367 

4-97736 

4.07845 

. 

30 

0.3601 1 4.94092 
4.00 109 

30 

0.32309 4-97794 

4.07970 

,  ,.  ... 

40 

0.35946 4-94*57 4.00247 

40 

0.32250 4-97853 

4.08095 

50 

0.35881 
4.94222 

4.00384 

50 

0.31192 0.32134 

4.97911 4.08220 

4.08344 

44 
b 

0.35816 4.94287 4.00521 
54 

0 4.97969 10 
0-35751 4-94352 

4.00657 10 0.32076 
4.98027 

4.08468 
20 

0.35687 
4.94416 

4.007.94 20 
0.32018 

4.98085 
4.08592 

30 

0.35622 
4  9448i 

4.00930 

30 

0.31960 
4.98143 

4.08716 

40 

o:.35558 4-94545 

4.01066 

40 

0.31902 

4.98201 

4.08840 

SO 

0.35494 

0.35429 

4.94609 

4.94674 4.01202 
55 

50 

0.31844 

0.31787 
4.98259 4.08964 

'  45 
0 4-01337 0 

4.98316 

4.09087 
10 0.35365 

4-94738 

4.01473 
10 

0.31729 
4.98374 

4.09210 

20 
0.35302 

4.94801 

4.01608'
 

20 
0.31672 

4.9843  j 

4-09333 

30 

0.3523S 4.94S65 

4.01743 

30 

0.31614 
4.98489 4.09456 

40 

0.35174 
4.94929 

4.01877 

40 

0-3 15  57I4-98546 

409578 

5° 

O.35111 
0.35047 

4.94992 4.02012 

50 

0.31500 
0.31443 

4.98603 
4.09701 

46 

0 
4.95056 4.02146 

56 

0 

4.98660 

4.09823 10 0.34984 
4.95119 4.02280 

10 

0.31386J4.98717 

4.09945 

20 
0.34921 

4.95182 

4.02414 

20 
0-313294-98774 

4.10067 

30 

0.34858 4-95245 
4.02547 

30 

0.312724. 9-8831 

4.10188 

40 

0-34795 

4.95308 4.02681 

40 

0.312164.98887 

4. 103 10 

SO 

0.34732 
4-95371 
4-95434 

4.02814 

4.02947 

50 

0.31159 
4.98944 

4.99000 

4. 1043 1 
4.10552 47 0 0.34669 

57 

0 
0-31103 

10 0.34607 
4.95496 4.03080 

10 0.31046 4.99057 
4.10673 

20 0-34544 
4-95559 

4.03212 20 

0.30990 

4-99U3 

4.10794 

30 

0.34482 
4.95621 

4-03344 

30 

0.30934 

4.99169 

4.10915 

40 

0.34420 4.95683 

4-03477 

40 

0.30878 

4.99225 

4-11035 

50 

0-34357 

4-55  %fi 

4.0360S 

50 

0.30822 

0.30766 

4  99281 

4.11155 

48 

0 0.34295 

4.95808 

4.03740 

58 

0 
4-99337 

4.11275 

10 0.34233 

4.95870 4.03871 

10 

0.3071b 
4-99393 4-"395 

20 
0.34172 

+■95931 4.04003 
20 

0.30655 

4.99448 

4.11515 

30 

0.341 10 
t-95993 4.04134 

30 

0.30599 

4.99504 
4.1 1034 

40 

0.34048 4.96055 4.04265 

40 

0.30544 

4-99559 
4"754 

So 

0-33987 

0.33925 4.961 16 

4-04395 

4.04526 

50 

0.30488 

0-30433 

4.99615 

4-11873 

49 0 
4.96178 

59 O 

4.99670 
4. 1 1992 

10 0.33864 4.96239 
4.04656 

10 0.30378 

4.99725 

4.12111 

20 0.33803 

4.96300 4.04786 

.  20 0.30323 

4.99780 

4.12229 

30 

0.33742 
4.96361 4.04916 

30 

0.30268,4.99835 

4.12348 

40 

0.33681 
4.96422 

4.05045! 

40 

0.30213  4.99890 

4.12466 5°  0.33620 4.96483 4-°5I75l 

50 

0.3015814.999454.12584 



Table  XXI.      For  finding  the  Latitude  by  two  Altitudes  of  the  Sun* 

2  HOURS. 

M.  I   S. Logiela  Log  Mid 
Logarith 

M. 

s. 

Log  ibJa 

LogMfd Loagritli 
Time A  ime. 

Riling. 
Time. 

Time 

503125 

Ri  fing. 

0 0 0.30103 
5.00000 4.12702 

10 0 

O.2697S 

4.194S2 

10 
0.30043 5.00055 

4.1282c 

10 

O.26929 
5-03I74 

4.1959O 
20 

0.2999+ 
5.00109 4.12938 

20 

O.26879 

5-03224 

4.19698 

30 

0.29939 
5.00164 

4-I3055 

30 

0.26850 5-03273 

4.19806 

40 

O.29885 

5.00218 4-'3i72 

40 

O.26781 
5.03322 

4.39914 

I 

50 

0.29831 
5.00272 

4.13289 

4.13406 

50 

O.26731 

5-03372 

5.03421 

4.20022 4.20129 
0 O.29776 

S-OOJ27 
11 0 O.26682 

10 O.29722 
5.00381 

4-I3523 10 

O.26633 

5.03470 4.20236 
20 

O.29668 
5-00435 

4.1364c 
20 

0.26584 

5-03519 

4- 203  44 

30 

0.29614 5.00489 4.13756 

30 

O.26535 

5.035&8 

4.20451 

40 

0.29561 5.00542 
4.13872 

40 

O.26487 

5.O3616 

4.20558 

50 

0.29507 
0.39453 

5.00596 4139S9 

4.14104 

50 

O.26458 
O.26389 

ifl6J!A 
5.03714 

4.20665 

4.20771 a 0 5.00650 
12 

0 
10 

O.29400 5.00703 
4.1422c 

10 O.26341 

5.03762 
4.20878 

20 0.29346 5.00757 
4.14336 20 

O.2629: 

5.03811 

4.20984 

30 

O.29293 

5.00810 414451 

30 

O.26244 
5.03859 

4.21091 

4° 

O.29239 
5.00864 4.14567 

40 

O.26195 

5.03908 

4.21J97 

5° 

0.29186 5.OO917 
4.14682 

5° 

O.26147 

503956 
5.04004 

4-21303 

4.21409 

3 0 
0-29I33 

5.00970 

41479" 

13 

0 

O.26099 

10 O.29080 5.O1023 4-149" 

10 O.26051 

5.04052 

4.21514 

20 O.29O27 
5.01076 

4.15026 

20 

0.26003 

5.04100 4.21620 

30 

O.28974 
5.01129 

4.1514c 

30 

O.25955 

5.04148 

4.21725 

40 

0.28921 
5.01182 

4.15255 

40 

O.25907 

5.04196 4.21831 

4 0 

0.28869 

O.28S16 

5.01234 

5.01287 

4.15369 

5° 

O.25859 

O.25811 

5.04244 

4.21936- 
4.22041 4.15483 

14 

0 
5.04292 10 O.28764 5-°x339 4-15597 

10 

o- 25  7  63 

5.04340 
4.22146 20 0.28711 5.01392 

4.1571c 

20 
0.25716 5-04387 

4.22250 

30 

O.28659 5.01444 
4.15824 

30 

0.25668 

5-04435 422355 

40 

O.28607 
5.01496 4I5937 

40 

0.25621 

5.04482 

4.22459 

50 

0.28554 5.01549 
4.16050 

50 

0.25573 

5-04530 422564 

5 0 O.2S502 
5.01601 4.16163 

15 

0 0.25526 

5-04577 

4.22668 10 0.28450 5.01653 
4.16276 

10 

0.25479 

5.04624 4.22772 

20 0.2S398 5.01705 4.16389 

20 0.25432 

5.04671 4.22876 

3° 

0.28346 5.01757 

4.16501 

30 

0.25385 

5.04718 4.22980 

40 

0.28295 

5.0180S 
4..  16614 

40 

0.25338 5.04765 
4.23083 

5° 

O.28243 

5.01860 4.16726 

4-16838 

50 

0.25291 

5.04812 

4.23187 

6 0 O.28 191 
5.01912 

16 

0 

0.25244 
5.04859 

4.23290 10 0.28140 5.01963 4.1695c 

10 
0.25197 

5.04906 

4-23393 

20 ,0.28089 5.02014 
4.17062 

20 
0.25150 

5-04953 

4.23496 

30 

O.28037 

5.02066 
4-I7173 

30 

0.25 104 
5.04999 4-23599 

40 

O.27986 5.02117 4.17285 

40 

0.25057 

5.05046 

4.23702 

50 

O.27935 

5.0216S 
5.02219 

4.17396 

50 

0.25011 0.24964 5.05092 4.23805 

7 0 O.27884 4.17507 

17 

0 

5-05139 
4.23907 10 

O.27833J5.O2270 
4.17618 

10 

0.24918 
5.05185 

4.24010 

20 
O.27782 

5.02321 
4.17729 

20 

0.24872 

5.05231 

4.241 12 

30 

O.27731 5.02372 4.1784c 

30 

0.24825 

5.05278 
4.24214 

40 

O.27680 5.02423 4.17950 

40 

0.24779 

5-05324 

4.24316 

50 

0.27630 
5.02473 

4.18060 

50 

Q-24733 

0.24687 
5-05370 

5.05416 

4-244J8 

4.24520 

8 0 
O.27579 

5.02524 4.18171 

18 

0 
10 O.27529 5.02574 

4.18281 
10 0.24641 

5.05462 4.24622 

20 O.27478 5.02625 4.18391 20 

0.24595 

5.05508 

4.24723 

30 

O.27428 
5.02675 

4.18500 

30 

0.24550 5-05553 

4.24825 

40 

0.27378 5.02725 
4.18610 

40 

0.24504 
5.05599 

4.24926 

5° 

O.27327 5.02776 41S719 

4.18829 

50 

0.24458 5.05645 

4.25027 
9 0 

0.27277 

5.02826 

»9 

0 

0.24413 

5.05690 

4.25128 

10 
0.27227 

5.02876 4.18938 

10 
0.24367 

5-05736 
4.25229 20 

0.27177 

5.02926 
4.19047 

20 
0.24322 

5.05781 
4-25330 

30 

O.27127 
5.02976 4.19156 

30 

0.24276 

5.05827 
4.25430 

40 

O.27078 5.03025 4.19265 

40 

0.24231 

5.05872 4.25531 

5° 

D.27028 5.03075 4-19373 

50 

0.24186  5.05917 
4.25631 



Table  XXI.  For  nnding  the  Latitude  by  two  Altitudes  cf  tlie  Sun,. 

Ijj 
2     HOURS. 

1'     M s Log|dajLogMld|  1  ogaritl 

'(      M 

s Logjjeia 
ILo^Mio Loaarkh 

Time. Time. Rifirifj. Time. 

Time. 

Rising. 

I        Z& 
0 

0.2414 

5.0596: 

-4--S73 
'       30 0 

0.2155; 

5.0854* 
4-3I523 ro 0.24Q9( 

)  5.060O" 
4.25831 

10 0.215145.0858c 

4. 3 1 6 1 6 

1 20 
O.24O5 

5.0605: 4-2593' 20 

O.2147; 

5.0863c 4.31709 

: 

3° 

O.24O0( >  5.06097 
4.26031 

30 

0-2r432 
5.0867 

4-3i8oi 

:! 

40 

0.2396 

5.0614: 
4.26131 

40 

O.2139] 

5.0871: 

4.31894 

;i 

50 

0.23Qlf 
5.06187 

4.26231 

4.2633c 

50 

0.2135c 

0.21305 
v087S3 

5.08794 
431987 

'!     z-i 
0 0.2387] 

5.06232 

3i 

0 

4.32079 

jj 

10 0.23825 
5.06276 

4.26429 
10 0. 21265 5-08834 

4.32171 

!j'
 

[     20 0.23782 
5.063.21 

4.26529 20 0.21228 
5.08875 

4-32264 

3° 

0.2373? 5.06365 
4.26628 

30 

O.21187 

,5.08916 
432356 

ft    i ■    40 0.23695 

5.06410 
4.26727 

40 

0.2II4"7 

5.0895C 
4.32448 

£ 

50 

0.23649 5.06454 

5.06498 

4.26826 4.26924 

3.2 

50 

0 

0.2II06 

0.21066 

5.08997 

4.32540 

I         Si 
0 

0.23605 5.09037 

4.32631 
10 

0.2356c 5.06543 4.27023 

10 0.21025 

5.09078 

4-32723- 

1    so 
0.23516 5.065  37 

4.27 12 1 

20 
0.20985 

5.09118 
4.32815; 

30 

0.23472 
5.0663  1 4.27220 

30 

0.20945 

5.09158 
4.32906 

40 

0.23.428 5.06675 
4.27318 

40 

0.20905 

5.0919S 

4.32997 

50 

0.23384 

0.23340 
5.06719 

5.06763 

4.27416 

50 

0.20864 
5.O9239 

4-33089 23 

0 4.27514 

,    S3 

0 

0.20824 5.09279 

4.33180 
1 BO 0.23296 

5.06807 4.27612 

10 
0.20784 

5.09319 

4.3327I 20 
0.23253 

5.06850 4.2771c 

20 

0.20744 
5-OQ359 

4-333(52 

30 

3.23,209 5.06894 4.27807 

30 

0.20704 5-09399 

4-33453- 

40 

0.23165 

5.06938 

4.27905 

40 

0.20665 

5.09438 

4-33543 

50 

0.23122 

0.23078 
5.06981 

5.07025 

4'.28002 
4.28099 

50 

0.20625 

5.09478 
4-33634 

:      *4 
O 

34 

0 

0.20585 

5.09518 

4-33724 

ro 
0.2303,5 

5.07068 

4.28197 
10 

0.20545 

5.09558 4.338«5 
20 0.22991 

5.07112 

4.28294 
20 

0.20506 
5.09597 

4.33905 

;    30 

0.22948 s-°Mss 4.28391 

30 

0.20466 5.09637 
4-33995 

40 

0.22905 
5.07198 

4.28487 

40 

0.20427 

5.09676 4.34085. i 

So 

0.22862 
5.07241 

4.28584 

_5Q_ 0 

020387 

0.20348 
5.09716 

4-U'75 

jj       2^ 
0 0.22810 5.07284 4.28681 

35 

5-09755 

4  34265 
10 

0.22775 

5.07328 

4.28777 

10 0.20309 
5.09794 

4-34355- ! 20 0.227325.07371 
4.28873 

20 
0.20269 

5.09834 
4-34444 

I j 

jo 

0.22690 5-07413 
4.28969 

30 

0.20230 5.09873 4-34534 

si 
4° 

0-22647 
5.07456 

4.29066 

40 

0.20191 

5.09912 
4.34623 

5° 

0.22604 5.07499 

5.07542 
4.29161 

50 

0.20152 

0.201 13 5.09951 4-34713, 

{•.     2:6 
0 0.2256J 

4.29257 

36 

0 5.09990 

4.34802 10. 

0.22.519 
5.07584 

4-29353 
10 

0.20074 

5.10029 

4.34891 ! 20 0.22476 

5.076-27 

4.29449 
20 

0.20035 

j.ioc68 4.34980 
; 

30 

0.22433 
5.07670 

4.29544 

30. 

0.19996 

5.10107 4.35069 
!  t  i 

40 

0.22391 
5.07712 

4.29639 

40 

0.19957 

5.10146 4.35I58 

', 

50 

0.22349 
5-07754 

5.07797 

-1^9735 

4.29830 

50 

0.19919 

5.10184 
4-35247 

^7 
0 0.22306 37 0 0.19880 5.10223 

4-3533S 
'1 

10 0.22264 5.07839 4.29925 
10 

0.19841 

5.10262 
4-3  5424 

j 

20 0.22222 
5.07881 I.3002C 20 

0.19803 

5.10300 

435512 

(I 

30 

0.22l8c 5.07923 1-30115 

30 

0.19764 5.10339 

4.35601 

|j 

40 

O.22138 5.07965 I.30209 

40 

0.19726 
5.10377 

4.35689. 

50 

D. 22096 
5.08007 
5.08049 

I.30304 

50 

3.19687 

5.10416 4-35'777 

|        28'
 

0 
D.  22O54 

I.30398 

38 

0 

0.19649 

5.10454 

4.35865 

! 10 3.22012 
5.08091 

1-30493 

10 

3.19611 5.10492 

4-35953 

20 
2.21970 

5.08133. 
I-30587 20 

3.19572 

5. 1053 1 
4-36041 

3° 

3.21928 
5.08175- 

I.30681 

30 

3I9534 

5.10569 

4.36128 

40 

D.2I8S7 

5.08216. 

M0775 

40 

3.19496 

5.10607 

4.36216 

50 

3.2l845 
5.08258  ; 1-30869 

1-30963^ 

39 

50 

0 

3.19458 

3.19420 

5.10645 
•,.10683 4-36304 

i|    ̂ 
0 3. 2 1  803 

5.08300. 4-3639I 10     < 3.2r762 
5.08341  . ^31056 

10 

3.19382 5.10721 
1,36478 20     < 3.21720 5.08383 : [-3115° 

20 3.19344 ;.i0759 

f365<55 
! 30     < 

3.21679 
5.08424 

1-31243 
3°     ( 3.19306 

"•10797 

436653 ; 4°     f 3.21638 5.08465  i 
f-31337, 

40     t 

3.19269I5.10834 

I.36740 1            50  h 
3.21596I 

5.085074.31430 '     50     c 
3. 19231I 

;. 10872 
I.36827 



Table  XXI.  For  finding  the  Latitude  by  two  Altitudes  of  the  Sun. 

2     HOURS. 

M. s Log^ela LogMidlLogarith M S Log|ela  I LogMidl 
Logaritfa        I 

Time. 1  iir.e.     Riling. 

Time. 
Time. 

-.13071 

Riling.          J 

40 

0 
0.19193 

5. 109 10  4.369 13 

SO 

0 
0.17032 

4.4I95O         :j 
10 O.19156 

5.109474.37000 
10 

0.16997 

;. 13106 4.42O3I 20 O.1911& 5.10985J4.37087 
20 

O.16963 

5.13140 

4.42II2 

30 

0.1908  1 5.1 102214.3?  173 

30 

0.16928 
>-l3J75 

4.42I93 

40 

0. 19043 
5.1106014.37260 

40 

0.16894 

5.13209 4.42274 

50 

0.19006 5.11097I4.37346 

50 

0.16860 

0.16826 

5.13243 
4-42355 

41 

0 0.18968 5. 11 135,4.37432 

5* 

0 
J-J3277 

442435   i 

10 0.18931 5.111724.37518 10 

O.16792 

J-I33U 

4.425.1  S       || 

20 
0.18894 

5. 11  20914.37604 20 

0.16758 5-*3345 
4-42  597         :f 

30 

0.18857 
5.112464.37690 

30 

O.16723 

J-I3380 4.42677    ;i 

40 

0.18820  5.11283, 4-37776 

40 

0.16690 
>-'34I3 

4-427  5^      J 

5° 

0.18783  5.11320 

4.37862 

50 

0.16656 
5-13447 

5.13481 

4.4283.8       , 

4.429  iS          ij! 

4* 

0 0.18746 5-ri357 
4-37948 

52 

0 0.16622 

10 

0.18709 5.11394 4-38033 10 O.16588 
;i35i5 4.43998    | 

20 0.18672 
5-"43i 4.38119 

20 

O.16554 

5-13  549 

4.43078      • ) 

30 

0.18635 

5. 1 1468 4-38204 

30 

0.16520 5-I3583 
4.43158       j 

40 

0.18598 5. 1 1505 4-38289 

40 

0.16487 

5.13616 

443238      .1 

5° 

0.18561 5-II542 
4-38374 

50 

O.16453 

5-13650 

5.13684 

4-4-3318        j 

443398 

43 0 
0.IS525 

5.11578 
4.35460 

53 

0 

0.16419 

JO 0.18488 5.116154.38545 10 0.16386 ;-i37i7 
4-43477 

ao 
0.1 845 1 

5.1165214.38629 

20 

O.16352 

5-I37SI 

4-435S7 

JO 

0.18415 

5.11688 
4.38714 

30 

O.i  63  1 9 
5-137*4 

443636       1; 

40 

0.18378 5.11725 438799 

40 

O.16285 

,.13818 

4-437 16        1 

50 

0.18342 
5-"76i S-II797 

4.38884 

5° 

0. 16252 
O.16219 5-I385I 

5.13884 

4-43795       ! 

4.43874              M 

44 0 0.18306 
4-38968 

54 
0 

■ 
10 

0.18269 5.1183:4 
4.39052 

10 

0.16186 ;-ii9i7 4-43^55       ! 
20 

0.18233 

5.11870 439137 
20 

0. 16152 
5-1395' 4-440J2      ! 

30 

0.1 8 197 

5.11906 
4.39221 

30 

0.161 19 

5.13984 

4.441 1 1      ;; 

40 

0.18161 
5. 1 1 942 4-39305 

40 

0.16086 5.14017 4-44190       l 

50 

0.18125 
5. 1 1978 4-39389 

50 

0.16053 

Ll!1250 

5.14083
 

4.44269      |j 

4.44348       i 
f 0 

0.18089 
5.12014 4-39473 55 0 0.16020 

10 
0.18053 

5.12050 
4-39557 

10 0.15987 

5.14116 4.44426       j 

4-4450-S 

20 0.1 80 1 7 

5.12086 4.39641 

20 

0.15954 

5.14149 

jo 

0.1 798 1 
5.12122 

4-39725 

30 

0.15921 

5.14182 

444583      i 

40 

0.17945 

5.12158 
4.39808 

4o 

0.15888 

5.14215- 

4.4466  a     j 

4.44740     1 

4.44818  ■   ] 
5° 

0.17909 5.12194 

439892 

4-39975' 

- 

50 

0.15856 0.15823 
5.14247 

46 

0 
0.17874 

5.12229 

56 

0 

5.14280 
10 0.17838 5.12265 

4.40058 
10 

0.15790 

;-i43i3- 
4.44S96 

20 
0.17802 

5.12301 4.40142 
20 

0.15758 

5-H345 4-44974 

30 

0.17767 
S-I2336 4.40225 

30 

0.15725 

;-i437S9 4.4505a       ] 

40 

o;i773i 
5.12372 

4.40308 

40 

0.15692 

5.14411 4-45I30 

So 

0.17696 5.12407 
4.40391 
4.40474 

5° 

0.15660 

5.14443 

5.14476 

4.45208      j 

4.45286 

47 
0 0.17660 

5-12443 

57 

0 

0.15627 

10 0.17625 
5.12478 4.40556 

10 

0.15595 

5.14508 4453-63      i1 

20 

0.17590  5.12513 4.46639 20 

0.15563 

•.1454c 

445441        : 

30 

0-i7554 5.12549 

4.40722 

30 

0.15530 

'•  H573 

4.45518 

40 

0.17519 
5.12584 4.40804 

40 

0.I549S 

•.14605 

4-4559^ 

50 

0-17484 
0.17449 5. 1 26 1 9 

4.40887 

50 

0.1^466 
0.15434 

•-14637 

4-45673 

48 

0 5.12654 
4.40969 

58 

0 

•.14669 

4-45750 10 0.17414 
5.12689 

4.41051 
10 0.15402 

•.14701 

4.45827 20 

0.17379 
5.12724 4-4"33 

20 

0.1537c 

'-I4733 

4-459°5 

30 

0-17344 5-12759 
4.41215 

30 

0.15338 

■.14765 

4.45982 

40 

0.17309 5.12794 4.41297 

40 

0.15306 

'■14797 

4.46058 

50 

0.17274 
5.12829 4-4!379 

50 

0.15274 

•.14829 

4-46i35 

4.46212 

49 0 
0.17239 

5. 12864 
4.41461 59 

0 
0.15242 

.14861 
10 

0.17205 

5.12898 
4-4*543 

10 

0.15210 

•I4893 

4  46289 
20 0.1 7 170 5-12933 

4.41624 

20 

0.15178 

.14925 

4.46:65 

30 

0-17135 

5.12968 
4.41706 

30 

0.15146 

•  14{957 

4.4644a 

40 

0.17101 
5.13002 

4.41787 

40 

0.15115. 

.14988 

4.46518 

5° 

0.17066  5.13037 

4.41868 

50 

0.15083 
.150204.46595 



Table  XXI.  For  finding  the  Latitude  by  two  Altitudes  of  the  Sun. 

3  HOURS. 
M. S. 

LogidajLogMjd Loganth 
M.  j  S. 

LoyAela LoglVJid  Loganth 
Time.  |  Time. 

Riling. 

4.4067  1 

Time. 

Time. 

5.16866 

Riling 

o 0 0.15051 
5.15051 

10 

0 

0.13237 

4.51109 IO 0.15020 5.15083 
4.46747 

10 

O.13208 

5.16895 

4.51181 

20 
0.14988 5.15115 4.46823 

20 

O.13179 

5.16924 
4-51253 

30 

O.14957 

5.15146 

4.46899 

30 

O.13150 
5.16953 

4-5'324 

40 

O.14926 S-*Sl77 
4.46975 

40 

O.I3121 

5.16982 
4.51396 

co 

0.  I4SqJ. 
5.15203 

4.4705I 

SO 

0.  I30q.q 

5.17010 

4-51467 
i 0 0. 148O3 

5.15240 
4.47127 

11 

0 

0.13004 
5-17039 

4.51539 

10 O.I4832 
5-i$z7i 

4.47203 

10 

O.13035 

5.17068 

4.51610 

20 O.I480C 5-I5303 
4.47278 

20 0.13007 

5.I7096 

4.51681 

■ 

30 

O.14769 5-15334 4-47354 

30 

0.12978 

5.17125 
4-51753 

40 

O.14738 5-I5365 
4.47430 

40 

0.12950 
5-I7I53 

4.51824 
SO. 0.  [4->o? 

5-I5396 4-47  so  5 

SO 

3.12921 

S. 17182 

4-Si89S 

\\       z 
0 J.  14070 

5.15427 4.4758b 

12 

0 

3.12893 

5.17210 4.51966 
IO 

0.14645 

5.15458 4.47656 
10 

0.12864 

5-x7239 

4.52037 
20 0.146 14 

5.15489 4-4773' 

20 

O.12S36 

5.17267 
4.52107 

30 

0.14583 

5.15520 4.47806 

30 

0.12808 5.17295 

4.52178 

40 

0.14552 
5-1555' 

4.47881 

40 

O.12779 

5.17324 
4.52249 

3 

50 

0 

0.14521 
0. 1 4490 5-MS82 

4.47956 

SO 

0. 127  5  1 
5. 173  52 4-S23I9 

4.52390 

5-i56l3 4.48031 

13 

0 

0.12723 

5.17380 10 D.  1446c 5-i5643 

4.48106 

10 

0.12695 

5.17408 

4.52461 

20 
O.I4429 

5.15674 

4.48180 20 

0.12666 
S-'7437 

4.5253I 

30 

O.I4398 5.I5705 4.48255 

30 

0.12638 
5.17465 

4.52601 

40 

O.I4368 
5-15735 4-4833P 

40 

O.12610 
5-17493 

4.52672 

50 

0.1433- 0.14307 5.1  5766 448404 

SQ 

0.12582 

0.12554 

5.17521 
4-5*742 

4.52812 

1    4 
0 5.15796 

4.46479 

14 

0 

5-17549 

10 O.I4276 
5-I5827 

4.48553 
10 

0.12526 
S-'7577 

4.52882 

20 
O.I4246 5--I5857 

4.48627 
20 

0.12499 

5.17604 
4.52952 

3=> 

0. 142 15 

5.15888 4.48701 

3° 

0.1 247 1 

5.17632 

4.53022 

40 

0.14185 

5,15918 
4.48776 

40 

0.12443 

5.17660 4.53092 

'  i 

$o 

0.14155 
5.15948 4.488  so 

so 

3.124:;; 

5.17688 
4.53162 

|i   5 
0 0.I4IZ4 5-15979 4.48924 

15 

0 

0.12387 

S-i77i6 
4.53231 

10 
0.14094 

5.16009 4.48998 
10 

0.12360 
5-17743 

4.53301 
20 

0.14064 5.16039 
4.49071 

20 

0.12332 
5.17771 

4-53371 

30 

0.14034 
5.16069 

4.49145 

30 

0.12305 

5-I7798 

453440 

40 

0. 14004 5.16099 
4.49219 

40 

0^2277 

5.17826 

4.53510 

so 

0.13974 
0.13944 5. 1 6 1 29 

5.16159 
4,49.293 

50 

0. 12240 

5J17854 
5.17881 4-S3579  ' 

6 0 

4.49366 

16 
0 0.12222 

4.53648 
10 0. 1391a 5.16189 4.49440 

10 

0.12195 

5.17908 
4-53718 

20 0.13884 
5.16219 

4495J3 20 

3.12167 

5.17936 
4-53787 

'30 

0.13854 
5.16249 

4.49586 

30 

0.1 2 140 
5-!7963 

4.53856 

40 

0.13824 5.16279 

4.49660 

40 

0.12113 

5.17990 4-S3925 

50 

0 

0.13794 

0.13765 
5.16309 

5,16338 

4-49733 

SO 

0.12085 

0.12058 

5.18018 

4-53994 

4.54063. 
7 

4.49806 

17 

0 

5.18045 

10 

0.13735 

5.16368 

4.49879 10 
0.12031 

5.18072 

4S4I32 

20 
0.13705 

5.16398 4.49952 
20 

0. 1 2004 5.18099 

4.54201 

30 

0.13676 5.16427 4.50025 

30 

0.11977 

5.18126 4.54269 

40 

0.13646 5.16457 

4.50098 

40 

0.11949 

5.18154 

454338 

fo 

O.T36I7 
5.16486 4.50170 

SO 

0.11922 
0.11895 

5.18181 

5.18208 

4.54407 4-54475 

8 0 
0.13587 

5.16516 
4.50243 

18 

0 

10 
0.13558 5-I6545 

4.50316 

10 0.11868 
5.18235 4-54544 

20 0.13528 5-16575 

4.50388 

20 0.1 1 842 

5. 1 826 1 

4.54612 

30 

0.13499 
5.16604 

4.50461 

30 

0.11815 

5.18288 

4.54680 

40 

0.13470 5.16633 4-50533 

40 

0.11788 5.18315 4-54749 

50 

0.13441 

5.16662 
4.50605 

So 

0.11761 
0-11734 

5.18342 
5.18369 

4.54817 
9 O 0.13411 5.16692 

4.50677 

19 

0 

4.54885 IO 0.1338' 
5.16721 4.50750 

10 0.11708 

5-1839S 

4-54953 
20 

0-I3353 
5.16750 

4.50822 

20 

0.11681 
5.18422 

4.55021 30 

0.13324 5.16779 4.50894 

30 

0.11654 

5.18449J4.S5089 

40 

3.13295 

5.16808 4.50966 

40 

0.11628 5.184754.55157 

— , — 

SO 

0.13266 516837 
45t038! 

5° 

0.11601 5.18502)4.55225 



ITABlb  XXI.  iTor  finding  the  Latitude  by  two  Attitudes  of  the  Sun, 

■»     -«.UIU1.--MB 
3  HOURS. 

  L; — b  .Hrr — , — 

M. S. Log  £da LogMid Logarith M s Logfela LogMid Logarith 
Time. Tims. 

5.18528 

Rifing. 

4-55293 

1  ime. Time. 

5.20050 

Rifing. 

20 0 
0.11575 

30 

0 

O.10053 

4.59244 

10 0.1 1548 5-I85S5 

4.55360 

10 

0.10029 5.20074 

4.59308 20 0.11522 
5.1858- 4.55428 

20 O.1OOO5 

5.20098 

459372 

30 

0.1 1495 

5.18608 4.55496 

30 

O.09981 

5.20122 
459436 

40 

0.1 1469 5.18634 4-55563 

40 

0.09957 

5.20146 
4.59500 

5° 

0.1 1443 

5.1866c 
4.55630 

5° 

0.09933 

5.20170 5.20194 
4.59564 

21 0 O.H416 5.18687 4.55698 

31 

0 

O.O9909 

4.59627 10 0.1 1390 
5-I87I3 455765 

10 

0.09885 

5.20218 
4.59691 20 0.11364 5-I8739 

455832 

20 

0.09861 
5.20242 

459755 

30 

0.11338 5.18765 
4.55900 

30 

O.O9837 

5.20266 
4.59818, 

40 

0.11312 5.18791 4.55967 

40 

O.O9813 

5.20290 

4.59832 

5° 

0.11285 

5.1S818 

77884"4 

4-56034 

4.56101 

50 

O.O9789 

5-20314 
4-59945 

22 0 
0.1 1259 

32 

0 

O.O9765 

5.20338 

4.60008 
10 

0.11233 
5.18870 

4.56168 

10 O.O9741 

5.20362 4.60072 

20 
0.11207 

5.18896 
4.56235 20 O.O9718 

5.20385 4.60135 

30 

0. 1 1 1 8 1 
5.18922 

4.56301 

30 

O.O9694 
j.  20409 

4.60198 

40 

0.11156 5.18947 

4.56368 

40 

0.09670 
5.20433 

4.60261 

5° 

0. 11 130 

0.1 1 104 

5.18973 4  5643  5 

5° 

O.O9647 

5.20456 
4.60324 

4.60388 

23 
0 5.18999 

4.56501 
33 0 

0.09623 

5.20480 10 
0.11078 5.19025 

4.56568 

10 

0.09599 

5.20504 4.60450 

20 
0.1 1052 

5.19051 
4.56635 

20 

0.09576 
5.20527 4.60513 

30 

0.11027 
5.19076 

4.56701 

30 

0.09552 
5.20551 4.60576 

40 

0.1 100 1 
5.19102 

4.56767 

40 

0.09529 
5.20574 4.60639 

. 

S° 

0. 10975 

0.10950 
5.19128 
5-I9I53 

4.56834 

50 

O.O9506 

O.O9482 

5.20597 

4.60701 4.60765 

j   z4 
0 

4.56900 

34 
0 

5.20621 10 
0.10924 5.19179 

4.56966 

10 

O.O9459 

5.20644 

4.6,0827 

j 20 

0.10899 
5.19204 

4.57032 

20 

0.09435 

5.20668 

4.60890 

30 

0.10873 
5.19230 

4.57098 

30 

O.O9412 
5.20691 

4.6095a 

40 

0.10848 5-'9255 
4.57164 

40 

0.O9389 

5.20714 4.61015 

so 

0.10822 

5.19281 
4-S7230 

4.57296 

50 

O.O9366 5.20737 4.61077 
25 

0 
3.10797 

5.19306 

35 

0 

0-09343 

5.20760 

4.61139 

10 0.10772 
5-I9331 

4.57362 

10 
O.09319 

5.20784 

4.61202 
20 0.10746 5-19357 

4.57428 

20 0.09296 
5.20807 4.61264 

30 

0.10721 
5.19382 

457493 

3=> 

O.09273 

5.20830 4.61326 

40 

0.10696 5.19407 4-57559 

40 

0.0925c 
5.20853 

4.61388 

a6 

<;o 

0 

0.1067 1 

0. 10646 

5-  '943  I 
4.57625 

50 

O.O9227 

5.20876 
4.61450 

4.61512 

5.19457 

4.5769c 

36 

0 
O.O9204 

5.20899 

10 0.10620 5.19483 4-57755 

10 

O.O9181 

5.2O922 

4.61574 

20 
0.10595 

5.19508 
4.57821 20 

O.O9158 
5.20945 

4.61636 

30 

0.10570 5-19533 

4.57886 

30 

0.09136 
5.20967 4.61698 

40 

0.10545 
5.19558 4-5795' 

40 

0.091 13 

5.20990 

4.61760 

.  & 
0.10520 

0.10496 

5jlg583
 

5.19607 

4.580.1.3; 

4.580S2 

50 

O.09O90 
5.21013 

4.61822 4.61883 

^7 
0 

37 
0 

0.09067 

5.21036 10 0.1047 1 
5.19632 

4.58147 10 

O.O9044 

5.21059 
4.61945 

20 0.10446 5.19657 

4.58212 

20 O.C9022 

5.21081 4.62006 

2o 

0.  IO42  T 
5.19682 

4.58277 

30 

0.08999 

5.21104 

4.62068 

40 

0.10396 
5.19707 4.58342 

40 

0.08977 

5.21126 

4.62129 

50 

O.IO37I 
5-I973* 

5.19756 

4.1:8407 

4.58471 

50 

0.08954 
5.21 149 

4.6219 1 

4.6225Z 28 
0 

O.IO347 

38 

0 
0.0893  1 

5.21172 
10 0.IO322 

5.19781 458536 10 

0.08909 
5-2U94 4.62313 

20 O.IO298 5.19805 

4.58601 

20 

0.08886 
5.21  217 

4.62375 

30 

0.10273 
5.19830 4.58665 

30 

0.08864 5.21239 

4  62436 

40 

O.IO248 5.19855 
4.58730 

40 

0.08842 

5.21261 

4-62497 

50 

0.1O224 5.19879 
4-58794 

4.58059 

jo 

0.08819 

5.21284 4.62558  . 
4.62619 

29 

0 
0.10199 

5.19904 

39 

0 

0.08797 

5.2130b 
10 

O.IOI75 

5.19928 
4.58923 

10 

0.08775 

5.21328 I.62680 
20 

0.10151 
5.19952 

4.5898s1 

20 0.08752 

S-21351 4.62741 

30 

0.10126 5.19977 

4.59052' 

30 

0.08730 521373 

4.62802 

40 

0.  I0I02 
5.20001 4.59116 

40 

0.08708 

;-2i395 

4.62863 

1  -■ 

50 

I0.IOO78 5.20025 

4.59180 

50 

0.0868615.21417  4.62923  . 

(3)    Tas. 



't^tt  XXI.  Foi'  finding  the  Latitude  By  two  Altitudes  <5r  the  Surti 

!l 
 ? 

3  HOURS. 

M.  j   S. Logida 
LogMidjLog.iritbi|  M     s Log^-du  LogMi'i 

Logarith Time. 

0.08664 

Time.  Rifing. 

50 

Time. Time. 
Rifing. 

46  -   -  9 5.214394.62984 O 

0.07597 

5.22706 
4.66530 10 

0.08641 5.214624.63045 10 

0.07377 

5.22726 
4.66588 

j 

!' 

20 0.08619 
5.21484  4.63 105 

20 

0-07357 

5.22746 
4.66645 

30 

0.08597 

5.2150b 
4.63166 

30 

0.07337 

5.22766 4.66702 

40 

O.0S575 

5.21528 4.63226 

40 

0.07317 

5.22786 4.66760 
1 

5° 

0.08553 

0.08531 

5-W55Q 

5V21572 

4.632S7 
4-63347 

5° 

0.07297 

5.22806 

5.22826 

4-56817 4Tb  6875 

i  4I  - 
0 

51 

O 

0.07277 

10 
0.08510. 

5-21593 

4  63407 

IO 

0.07257 

5.22846 
4.66932 

20 O.0S4S8 5.21615 

4.63468 
20 

0.07237 

5.21866 

4.66989 

30 

0.08466 
5.21637 

4.63528 

30 

O.07217 
5.22886  4.67046 

40 

0.08444 
5.21650 

4-63588 

40 

0.07197 

5.22906 
4.67103 

50 

0.08422 
5.21681 4.63648 

4.63708 

50 

0.07178 

0.07  1  rg 
3^2925 

5.22945 

4.67160 4.67217 

4^ 

0 0.08401 
5.2-1702 

5^ 

6 
10 

O.0R379 
5.21724 

4.63768 
10 

0.07138 5.2296.5 4.67274 

20 
O.08357 

5.21746 

4.63828 

20 O.07119 

5.22984 

4-6733I 

30 

O.08336 
5.21767 

4.63888 

30 

0.07099 

S-23004 

4-67388 - 

40 

0.08314 
5.21789 4.63948 

40 

0.07079 

5.23024 

4.67445 

50 

0.08293 

5.2181c 
5-21832 

4.64008 

4.64068 

50 

0.0706c 
0.0704c 

S_-23043 5.23063 4.67502 
4^7558 43 

0 0.08271 

si 

0 10 
O.08250 5.21853 

4.64127 

10 

0.07021 

5.23082 

4.676x5 
20 0.08228 5.21875 

4.64187 20 0.07001 

5.23102 
4.67672 

30 

0.08207 
5.21896] 

4.64246 

30 

0.06982 

5.23121 
4.67728 

40  J 
0.08185 

5.21918 
4.64306 

40 

0.06962 

5.23141 

4.67785 

50 

0.08164 5.21039 

5.21060 

4j>43j)j 

4.64425 

50 

0.06943 

5.23160 

5.2318c 

4-67841 4.67897 
44 0 

0.08143 

54 
0 

0.06925 

1 
10 

0.08121 
5.21982 

4.64484 

10 
0.06904 

s- 23 199 
4.67954 

1 20 0.08100 5.22003 
4.04544 

20 
0.06885 

5.23218 4.68070 
-  30 

0.08079 
5.22024 4.64603 

30 

0.06866 

5-23237 
4.68066 | 

40 

0.08058 5.22045 

4.64662 

40 

0.06846 
5-23257 

4.68123 
. 

50 

0 

0.08036 

0.08015 
5.22067 

4.64-21 
4.64780 

5° 

0.06827 

5.23176  4.68179 

i   45 
5.22088 

55 
0 

0.0680;-. 

5-23295 
4.68235 

10 
0.07994 

5.22109 4.648  39 10 

0.06785 

5-233I4 
4.68291 

[ 20 
0.07973 

5.22130 4.64898 

20 0.0677c 
5-23333 

4.68347 

i 

30 

0.0795*1 
5.22151 

4.6495- 

30 

0.06751 

5-233  52 
4.68403 

i 6.0 
0.07931 

5.22172 
4.65016 

40 

0.06731 

5-23372 

4-68459 

t SO. 0.07910 

0.07889 5y,aai93 
5.22214 

4.65075 

4.65134 

50 

0.06712 
0.06693 

5-2339' 

5.2341c 

4.68515 

4.68571 

j-  & 
0 

56 

0 

10 0.07868 
5.22235 4-65'93 10 

0.06674 

5.23429 4.68627   | 

20 
0.07848 5.22255 

4.65251 
20 

0.06656 

5.2344714.68682 

30 

0.07827 
5.22276 

4.65310 

30 

0.06637 
,-.23466 

4.68738 

40 

0.07806 
5.22297 4.65369 

40 

0.0661b 5-23485 

4.68794 

5° 

0.07785 

0.07765 5.22318 
4.65427 

4.65486 

50 

0.06599 o"o65Sc 

5.23JO4 

5-23523 

4.6S849 

4.68905 

47 0 

57 
0 

10 
0.07744 5.22359 4.65544 

10 
0.0656  1 

5-23542 4.68960 

20  - 

0.07723 

5.22380 
4.65603 

20 

0.0654; 

5.23560 4.69016 

5° 

0.07703 
5.22400 4.65661 

30 

0.06524 
5-23579 

4.69071 

40 

0.07682 
5.22421 

4.65719 

40 

o.ob  50  5 

5-23598 4.69127 

S° 

0.0766 1 

0.07641 

5.22442 

5.22462 

4-65777 

465836 

50 

0.06487 

0.0646k 
5.236  16 

5-23635 

4.69182 

4.69237 

48 

0 

58 

0 

10  ■ 
0.07620 5.22483 4.65894 

10 

0.06440 
5-23654 

469292 
20 0.07600 5.27,503 4.65952 

4.66010 

20 0.0643  : 

5.23672 
4.69348 

30 

0.07570 5.22524 

30 

O.06412 

5.23691 
4.69403 

40 

0.07559 5.22544 

4.6606S 

40 

006394 

5.23709 
4.69458 

49 0 

0.07539 
5.23564 
'5.22585 

4.66126 4T66184 

SO 

0.06375 

O.0635- 

5-23718 5.23746 

4-6_9J>JJ 

4.69568 

0.07518 

59 
0 

10 0.07498 5.22605 
4.66242 

10 

O.06338 
5-23765 

4.696I3 20 0.07478 5.22625 
4.66299 i   20 

0.0632c 
5-23783 

4.69678 

3° 

0.07458 5-22645 4-66357 

30 

O.06302 

5.23801 

4-69733 

40 

0.07437 

5.22666 
4.66415 

40 

O.06283 

5.23820 4.69788 ""'^  '■• 

50 

0.07417 

5.226S6 
4  66472 

*-W»ir>MB. 

5C 

llfiua.tum 

O.06265 

3.238384.69842 



Table  XXI.     For  finding  the  Latitude  by  two  Altitudes  of  the  Sun, 

1 4     HOURS.   ,   ' 
M. s. 

Logiela LogMid Logarith 
M. 

s. 

Lpjtfsla 

Log  Mid 
Logarith        ' Time. Time. Rifing. Time. Time. 
Rifing. 

o 0 0.06247k.  23856 
4.69897 

10 

0 

0.05207 

5.24896 473099 IO 
0.06229)5. 23874 4.69952 

10 0.05191 

5.24912 4-73151 20 
0.o62ii'5. 23892 

4.70006 

20 

0,05174  5.24929 
4-732C3 

30 

0.06192)5.23911 

4.70061 

30 

0.05158 5.24945 
4-73254        [ 

40 

0.06174)5.23929 4.701 15 

40 

0.05142 

5.2496) 4-73306 

5° 

0.06  1.56 5-23947 
4.70170 

0.05125 

5^24978 

4733  53 

i o 0.06x38 5.23965 4.70224 

11 

0 

0.05109 5.24994 

4-734IO IO 0.06120 5.239S3 4.70279 

10 

0.05093 

5.25010 
473462 

20 O.06102I5. 24001 
4-70333 

20 
0.05077  5.25026 473514 

30 

0.06084 
5.24019 4.70387 

30 

0.05060 5.25045 
473565 

40 

0.06066 5.24037 
4.70442 

40 

0.05044 

5.25059 

4-736I7 

50 

0.06048 

0.06030 

5.24055 4.70496 \ 

50 

0.05028 5.25075 

4.7366.8 

4.73720 

2 O 5-24073 
4.70550 

12 

0  ■ 

0.05012  5.25091 
10 

0.06012)5.2409) 
4.70604. 

10 
0.04996 

5.25107 

473772 20 

0.05995 

5.24108 4.70658 
20 O.O4980 

5-25123 

473823 

30 

0.05977 

5.24126 4.70712 

30 

O.04964 5-25J3.9 4-73-74 

40 

O.O5959 
S-24'44 

4.70766 

40 

0.04948 5-25155 

4.73926 

5° 

0.0^941 
5.24162 4.70820 

50 

0.04932 

5.25,171 

4-73977 

3 0 0.05924 5.24179 4-70874 

*3 

0 0.04916 
5.25187 

4.74028 
10 0.05906 5.24197 

4.70928 

10 

0.04900 
5.25203 

4.74080 

20 O.O5S88 5.24215 
4.70982 

20 

O.048S4 

5.25219 

4-74I3I 

30 

0:05871 
5.242324.71036 

30 

O.6486? 
5-25235 

4.74182         | 

40 

0.05853 
5.242504.71089 

40 

0.04852 

5.25251 
474233         | 

5° 

0.05836 
5.24267)4.71143 

50 

0.04837 

5.25266 4.74284.        1 
4-74335         f 

4 0 O.O5.8 1  Jj 5.24285  4.71 197 

14 

0 0.04821 

5.25282 
10 

0.05801 5.245024.71250 
10 

0.04805 

5.25298 
4.74386         § 

20 0.05783 
5.243204.71304 20 

0.04789 

5-253'4 4-74437          [ 

30 

0.05766 
J-24337|4-7'357 

30 

O.04774 

5-25329 

4.74488         J 

40 

O.O5748 
5-24355  4-7H' J 

40 

0.04758 5-25345 4-74539 

5° 

O.0573  1 »  3-4372 

5.24389 

4.71464 

4-7*5*8 

50 

0.04743 

5.2536c 

4-*'4590 

4.74641 
5 0 0.057  j  4 

15 

0 

0.04727 

5-25376 
10 0.05696 5.24407 

4-7 1 57 1. 

10 

0.047 1 1 i-25392 
4.74692 20 0.05679 5-24424 4.71624 

20 
0.04696 

,5,25407 

1.74742 

30 

0.05662 5.24441 

4-7167-8 

30 

0.04680 5-25423 
4-74793 

40 

0.05645 
5.24458 4-7I731 

40 

0.04665 

5.2543  8J4.74844 

50 

0.0  s  6  2  7 

0.05610 

5.24476 4-71784 

50 

0.04649 
O.04634 

5.2  5454j4.74ti.04.         | 

5.254^94.7494*5         | 
6 0 5-24493 

4.71837 J6 O 

10 
3-05593 

5.245 1  c 4.7189c 

10 
O.O4619 

5.254844.74995         I 20 0.05576 5.24527 
4-7I943 

20 

O.O4605 

5.255004.75046 

30 

0.05559 5.24544 
4.71996 

30 

O.O458S 
5-255I5 

4.75096        i 

40 

0.05542 
5.24561 4.72040 

40 

0.04573 

5-25530 
475H7 

SO 

o.o<52;; 

0.05508 
5-24578 
3-24595 4.72102 4-72155 

CO 

O.Q45  57 

5-25  546 

5.25561 

tii'H' 

475247 
■       7    . 

~^~o~ 

17 

0 

0.04542 

10 0.05491 

5.24612 4.72208 

10 

O.04527 

5.25576 4-75298     1 
20 

0.05474 
5.24629I4.72260 

20 

p. 045 12 
5-2559.1 475348     | 

30 

0.05457 
5.246464.72313 

30 

O.04496 

5.25607 

475398 
43 

0.05440  5.24663)4.72366 

40 

0.04481 

5.25622 
4.75448 

S° 

3.0^423 
5.24680)4.72418 ~~7~ 

50 

0 

0.04466 
0.04451 

$•■25637 

4.75-^8 8 0 0.05407 
5.246964.72471 

5.256524.75549       J 
10 0.0539c 5-247I3 4.72523 

10 

0.04436 
5.25667 475599 

20 
0-05373 

5-24730 4.72576 
20 0.04421 

5.256.82 

4.75649 

■\ 

30 

0.05356 

5-2474" 4.72628 

30 

0.04406 
5.25697 

4.75699 

40 

0.05340  5.24763 

£7268 1 

40 

0.04391 

5.25712 
4-75748 1 

5° 

0.05323 
<. 24780  4.7273  7 

,'-2479714-72785 

*9 

50 

O 

0.04376 

0.04361 

5-21727 

4.757-08 
9 0 

00530'f. 
5.25742 

4:5848 

10 0.05290 
5.24813J4.72838 

IO 

0.04346 5-25757 

4.75898 1 20 
0.05273 

5.24830,4.7289c 
20 

O.04332 

5-2577' 

475948 
1 

30 

0.05257 
5.24846(4-72942 

30 

0.04317 

5.25786 

4-75997 

[ 

40 

0.05240 5.2486  14.72994 

40 

O.04302 

5.25801 

4.76047 

; 

5° 

0.05224 
5.24879)4.73040 

50
 

O.O42S7 

1;. 25816 
4-76097.       | 

^-.jjii.n. 

.    ■ 

' —  •   T-.-""— T" l-r     ui  n^juq 

f^r".|,i?n:;'\ 



Table- XXL  For  finding  the  Latitude  by  two  Altitudes  of  the  Sun. 

4    HOURS. 
M. Log|  eh Time. 

24 

*s 

-26 

27 

aS 

29 

6 TO 

20 

30 40 

J£_ 
o 10 

20 

30 

40 
50 

10 
20 

30 

40 
5° 

20 

30 
40 

5° 

.04272 
,04258 .04243 

.04228 .04214 

.04199 

LogMid  Logarkb 
ime,     Rifing. 

5.25831 5.25845 

5.25860 
25875 

5.25889 
5.25904 

.04098 
1.04083 
1.04069 ..04055 

1.04040 

1.04026 

10 

20 

30 
40 10 

10 

20 

30 

40 

76146 76196 
,76245 

76295 
'76344 

76394 

5.25918 
25933 

5-25947|4 

,5962 5.25976 
5-25991 

5.26005 

5.26020 5.26034 

5.26048 
5,26063 
5.26077 

20 

30 

40 

5° 

.040 12 

.03998 

.0398 
•03969 •°3955 

'■Q394' 

1.03927 
'.03913 
1.03899 

>.03285 

>-0387i >-Qp57 
).03»43 

X03829 
).038i5 

5.03802 
).o3788 
3.03774 

5.26091 
5.26105 

5.26120 5.26134 

5.26148 

5.26162 
5.26176 

5.26190 
5.36204 

5.26218 
5.26232 6246 

5.26260 5.26274 

26288 

5.26301 5.26315 
5.26329 

10 
20 

30 
40 
50 

10 

20 

3° 

40 20 

30 

40 

5° 

.03760 •03747 

.03733 

.03719 

.03706 

.03692 

.03678 

.03665 

1.03651 
'.03638 
1.03624 

>.o^6i  1 

76443 

76492 ,76542 
.76591 
,76640 .76689 

76738 ,76787 

.76836 

765 

76934 

.769X3 

4-77032 

4.77081 4-77I30 4.77179 

477227 
4.77276 
4-773-5 
4-77373 

4.77422 4.77470 
4.77519 
4-77567 

.77616 4.77664 
4-77713 

■77761 ..77809 

477857 
_  6343 
5.26350 
5.26370 
5.26384 
5.26397 

5.26411 
.26425 

5.26438 

5.26452 
5.26465 
5.26479 

5.26492 
1.03597 

1.03584 
1.03571 '•03557 
'•03544 

'•03  53» 

1.035 17 
1.03504 
1.03491 
..03478 1.03465 
).o3452 

5.26506 5.26519 

5.26532 
5.26546 5.26559 

5.26572 

4.77906 4-77954 

4.78002 4.78050 

4.78098 
4.78146 
4-78194 

4.78242 
4.78290 
4-7833s 
4.78385 
|4-78433 

4.78481 4.78529 

4.78576 
4.78624 

4.78671 4.78719 

M. 

30 

3i 

32 

33 

34 

35 

36 

5.26586 5,26599 

5.26612 5.26625 

5.26638 
5.26651 

4.7K767 
4.78814 

4.78861 4.78909 

478956 
4.79004 

37 

3» 

20 

30 

40 50 

0.03438 
0.03425 

0.03412 

0.03399 

0.03386 

0.03373 

o 
10 
20 

30 

40 50 

10 

20 

30 

40 

50 

o 

10 

20 

30 

40 

SO 

o 
10 

20 

30 

40 

5° 

o 

10 

20 

30 

40 50 

o 10 
20 

30 

40 

SO 

39 

Log^tla Time. 

0.03360 0.03348 
0-03335 

0.03322 0.03309 

O.03296 

o 
10 
ao 

30 

40 

JO_ 

o 
10 
20 

30 
40 50 

O.O3283 

O.O327] 

O.O3258 O.O3245 

O.O3233 

0.O322O 

LogMid  Logarith Time.      Rifmg. 

5.26665 

5.26678 
5.26691 5.26704 

5.26717 

5.26730 

4.79051 

4.79098 

4-79H5 

4.79192 
4.79240 
4-79287 

5.26743 
5.26755 

5.26768 

5.26781 

5.26794 

5.26807 

4-79334 

4.79381 

4.79428 

4-79475 

4.79522 

4..79568 4.79615 

4.79662 

4.79709 
5.2682c 5.26832 
5.26845 

5.268584.79756 

5.26870 

5.2688 

0.03207 
0.03195 

0.03182 0.03170 0.03157 

0.03145 

0.03132 

0.03120 0.03107 0.03095 

0.03083 

0.03070 

0.03058 

0.03046 
0.03034 

0.03021 
0.O3009 
0.02997 

0.02985 0.02973 

0.0296 0.02949 

0.02937 

0.02925 

5.2689b 
.269O0 

5.2692) 
5.26933 

5.26946 

5.26918 
5.26971 5.26983 

5.26996 

5.27008 

5.270 

5-27Q_3_3 

5-27045 

5.27057 

5.27069 

5.270S 

5.27094 

5. 27  to6 

5.27118 5.2713c 5.27142 5.27154 

5.27166 

0 

10 20 

30 40 

50 

4.79802 

4.79849 

4.79896 
4.79943 
4.79989 4-80035 

4.8008a 
4.80128 

4~8oi75 

4.80221 

4.80267 

80314 

4.80360 
4-80406 +.80452, 

4.80498 
4.80545 

4.80591 4.80637 

4.80683 
4.80729 4.80775 

4.80820 
4.80866 
4.8091a 

0.02913 

0.02901 0.02889 
0.02877 

0.02865 0.02853 

0.02841 
0.02829 

0.02818 
0.02806 

0.02794 

0,027 

5.27178  4.80958 

5.2719c 

5.27202 

5.27214 

5.27226 5.27238 
5.2725c 

0.02771 

0.02759 

0.02748 
0.02736 0.02724 

0.02713 

5.27262 
5.2727 
5.27285 5.27297 

5.27309 

5.2732c 

5-2733 

5-27344 
5-27355 

5.27367 5-27379 

5.2739c 

4.81004 
4.81049 

4.81095 

4.81141 

4.81 186 
4.81232 4.81277 

4.81323 

4.81368 
4.81414 4.81459 

til  121 4.81550 
4.81595 

4.81641 

4.81686 4>8'73i 
4:81776 



Tab  le  XXI.  For  finding  the  Latitude  by  two  Altitudes  of  the-  Sun. 

4     H  O   U  R 

S. 

M. 

i 

s. 
Loggia  t 

Og  Mid'  I <ogar ith  f ' 

M s Loglefa LoylVhdjLoganth 
Time. 

"^ime. 

Rifing. 

|..8iSzj 

Time. 
O.02058 

Time. 
5.28045 

Rifing. 

40 

0     c 3.02701  5 .27402J. 

5° 

0 

4 84466 

.10     : 3.02690  5 .27413. 
[..81866 

10 

3.02048 
5.28055 

4.84509 

20     ( 3.02678  5 .27425. 
[.  8 1 9 1 1 

20 3.02038 
5.28065 

4.84552 

30     < 3.02667  < •27436- (..81956 

30 

3.02028 
5.28075 

4-84595 

40 

3.02656  ( •27447- 
(..82001 

40 

3.020 1  £ 
5.2S085 

4-84638 
50     . 

3.02644 
•27459 

(.82046 

50 

3.02009 5.28094 

4.84.681 

4* 

0 
2.02633 .2747c 

(..82091 

51
 

0 

3.01999 

5.28104 
4.84724 

10 
3.02622 

•.2748; 
(..82136 

10 

3.01989 

5.28114 
4.84767 

20 
3.02610 J-27493 

I.82181 

20 

0.01979 

5.28124  4.84810 

30 

3.02599 
5.27504 

.(.82226' 

30 

0.01969 

5.28134 
4.84852 

40
 

0.0258s >-275i5 
4.82271 

4° 

0.01960 5.28143 
4-84895 

50
 

0.02577 
5.27526 

+•82315 

4.82360 

50 

D.O1950 
S-281S3 

5.28163 

4.84938 

42 

0 
O.02565 

5.27538 

52 

0 

0.01940 

4.84981 10 

0.02554 5-27549 4.82405 
10 0.01931 

5.28172 
4.85023 

20 

0.02543 

5.27560 

4.82449 
20 0.01021 

5.28182 4.85066 

30 

0.02532 
5.27571 

4.82494 

30 

0.01912 
5.28191 

4.85108 

40 

O.O2521 
5.27582 4.82538 

40 

0.01902 

5.28201 
4.85151 

50 

O.C251C O.O2499 
5-2:7593 

482583 

4.82628 

50 

O.01892 

5.28211 

4.85194 

43 0 5.27604 

53 

0 

0.01883 

5.28220 4-»S2j6 
10 

O.02488 5.27615 4.82672 10 

O-O1873 

5.2823c 
4.85278 20 

0.02477 

5.27626 4.82716 

20 0.01864 5.28239 

4-SS32I 

30 

O.O2466 5-27637 
4.82761 

30 

O.O1854 

5.28249 

485363 

40
 

0.02455 

5.27648 4.  S  280  5 

40 

O.O1845 

5.2825S 
4.85406 

50 

3.02444 5.27659 
4.S2850 

5° 

0.01836 

5.28267 4.85448 

44 0 

^•02433 

5.27670 
4.82894 

54 

0 O.01826 5.28277 4.85490 
10 0.02422 

5.27681 
4-82938 

IO 

0.0 1 8 1 7 

5.28286 

4-85533 

20 0.02411 5.27692 4.82982 
20 

O.01808 

5.28295 4-85S75 

30
 

0.02400 5-27703 
4.83026 

30 

O.01798 5.28305 

4.85617 

40 

0.02390 
5-277J3 4.8307  j 

40 

0.0/789 

5.28314 

4.85659 

1     5° 

0.02379 
5-27724 

5-27735 

4.83115 

5° 

O.O1780 5.28323 

4.85701 
45 

0 0.02368 4-33I59 
55 

O 
0.O1771 

5-28332 

4-85744 

10 
O.02357 

5.2774614.33203 

5.277564.83247 

10 

0.01761 5.28342 

4.85786 
20 

O.02347 

20 

0.01752 

5-28351 

4.85828 

30 

0.02336 
5.27767 4.83291 

30 

0.01743 

5.2836c 
485870 

40 

0.02326 5.27777 4-83335 
1 

40 

0.01734 

5.28369 

4.85912 

50
 

0.02315 

5.27788 

4-83379 | 

50 

0.01725 

5.28378 

4.8,-954 

46 

O 0.02304 5-27799 4-83423 

56
 

0 0.01716 
5-28387 4.85996 

10 
0.02294 

5.27809 4.83467 

10 0.01707 

5.28396 4.86038 
20 0.02283 

5.27S20 4.83510 

20 

0.01698 5.28405 4.86079 

30 

0.02273 
5.2723c 

4-83554 

30 

0.01685 
5.28414 

4.S6121 

40 

0.02262 
5.27841 4.83598 

40 

0.0168c 5-28423 4.86163 

! 

5° 

0.02252 

0.C2241 

5.2785; 4.83642 

50
 

0.01071 
5.28432 4.86205 

47 
0 

5.27862 
4-83685 

57 

0 0.01662 5.28441 4.86247 

10 0.02231 5.27872 
4-83729 

10 

0.01653 

5.2845c 4.'86288 
20 0.02221 

5.27882 

4-S.3773 
20 

0.01644 

5.2845c 
4.86330 

30 

0.02210 5-2739J 
4.83816 

30 

0.01635 

5.2846; 
4.86372 

40 

0.02200 5.2790: 
4.83860 

40
 

0.01627 

5.28476 4.S6413 

SO
 

O.O2190 5-279': 4-83903 

483947 

50 

0 

O.Ol6l  c 
0.0160c 

5.28485 5-2849H 

4-36455 

4a , 0 
0.02179 

5.2792. 

58 

4.864.96 10 0.02169 5-2793- 4.83990 10 0.0 1 60c 5.2850; 4.86538 
20 0.0215c, 5-2794- 

4.84034 

20 

0.0159 

5.2851; 

t.86579 

30 

0.02149 
5-2795- \  4-84077 

30 

0.0158; 

5.2852c 
4.86621 

40 

0.02135 

5.2796. 4.84120 

40 

0.0157- 

5.2852c 
4.86662 

50
 

0.0212? 5-2797 4.84164 

50 

0.0156 

5-2853^ 
5.2854c 

4.86704 

49 0 0.021 1  i 5.2798. 4.84207 

59 

O 

0.0155- 

4.86745 

10 

0.02  io<- 

5-2799 

4.84250 
10 

0.0154} 5-285S 

4.867S6 
20 0.0209S 

5.2800 

■  4-84293 
20 

0.0154c 
>  5.2S56 

4,8682s 

30 

0.0208? 

5.2801 

4-84337 

30 

0.0153 

5-2857- 

4.S6869 

40 

3.0207S 

5.2802 
I4.84380 

40 

0.0152, 

5.2858c 4.86910 
zz^z^i 

So 

3.O2062 
15.28035'+.  84423 

50 

0.0157415.2858^ 
'  4-S695i 



"^Table  XXl.  For  finding  the  Latitude  by  two  Altitudes  of  the  Sun. 

5  HOURS. 
M. 

S. 
Log£ela LogMio 

'..ogarith M. 

S. 

Logfela ^ugMidiLogarich Time. 
Time. 
5*^597 

Rifing. 

4.06992 

Time. Time.  Ri/ing. 

o o 0.01506 
10 

0 
O.OIO42 

5.2906 1  4.89407 

10 

0.01497 

5.28606 

4.87034 10 

O.O1O35 

5.290684.89447 

20 
0.01489 

5.28614 

4-87075 20 0. 01028 
5.29075  4.89486 

3-3 

O.O140O 
5.28623 4.87116 

30 

0.0*1021 5.290824.89525 

40 

0.01472 

5.28631 

4-87I57 

40 

0.01014 

5.29089  4.89564 

so 

0.01464 
5.28639 4.87198 

50 

0.01007. 
;. 29096  4.89604 

X 0 
0.61455 

5.2864b 

4.87239 
11 0 0.0 1000 5.291034.89643 

10 

0.01447 

5.28656 4.87280 
10 

0.00993 

5.291104.89682 20 
0.01439 

5.28664 4.87321 
20 

0.00987 

5.29116  4.89721 

3° 

0.01430 
5.28673 4.87362 

30 

0.00980 

5.291234.89760 

40 

0.01422 

5.2868) 
4. 8  740  2 

40 

0.00973 

5.291304.89799 5.9 
0.01414 

5.28680 5.28697 

4.87443 

4.87484 
12 

50 

0.00966 
5.29137 

J-29I43 4.89838 

2 o 0.01406 0 0.0096c 4.89877 10 

0.01398 
5.28705 

4,87525 

10 

0.00953 

5.29150 

4.89916 

20 
0.01390 

5.28713 4.87566 
20 

0.00946 
5.29157 4.89955 

30 

0.01381 

5.28722 4.87606 

30 

0.00940 

5.29163 

4.89994 

40 

0.01373 

5-28730 
4.87647 

40 

0.00933 

5.29170 4-90033 

50 

0.01365 
0.01357 S.2873? 4.87688 

13 

50 

0 

0.00926 

0.0092c 

v29j77 

5.29183 4.90072 3 o 
5.28746 4.87728 4.90m 

10 
0.01349 

S-a87S4 4.87769 10 

0.00913 

5.29190 

4.90150  • 

20 0.0134J 

5.28762 

4.87809 20 

0.00907 

5.29196 

4.90188 

30 

0.01333 

5.28770 
4.87850 

30 

0.00900 

5.29203 

4.90227 
" 

40 

0.01325 

5.28778 
4.87890 

40 

0.00894 

5.29209 

4.9O266 

50 

0.013  17  5.28786 4-S793I 

*4 

SQ 

0 

0.00887 

0.00881 
5.29216 

5.29222 

4-90305 

4 0 0.01310 5-28793 4.87971 

4-90343 

10 0.01302 

5.28801 
4.88012 

10 

0.00874 

5.29229 

4.90382 
20 

0.01294 
5.2S809 4.88052 

20 

0.00868 5.29235 

4.90421  ; 

30 

0.01286 
5.28817 

4.88093 

30 

0.00862 

5.29241 

4-9©459 

40 

0.01278 
5.28825 

4-88133 

40 

0.00855 

5.292484-90498 

SO 

G.OI271 

2±8ll2 

188173 

50 

0.00S49 

5.2925454-90536 

1    5 
0 O.OI263 

5.28840 
4.  b  8  2  J  3 

15 

0 

0.00843 

5.29260 

4.90575 

S 10 
O.OI255 

5.28848 

4.88254 10 0.00836 

5.29267 4.90613 ' 
20 

O.OI247 

5.28856 

+.88294 
20 0.00830 

5.29273 

4.90652 [J 

30 

O.O  I  24O 
5.28863 

4.88334 

30 

0.00824 

5.29279 

4.90690  ,' 

40 

O.OI232 
5.28S7) 

4-88374 

40 

0.00818 

5.29285 4.90728  ;. 

5° 

O.OI224 

O.OI217 5.28870 

4-884,4 

50 

0.008 1 1 

5-29292 
5.29298 

4.90767  '■ 

'    6 0 

,5.28886 

4-S8454 

16 0 

0.00805 4.90805  j 

10 O.OI2O9 5.28894 

4.88494 10 

0.00799 

5-29304 

4.90843 

20 O.OI202 
5.28901 

4-88554 20 

0.00793 

5.29310 

4.90882  '■'■ 30 

O.OH94 
5.28909 

4.88574 

.30 

0.00787 

5.29316 4.90920 

40 

O.OH87 

5.2891C 

4.88614 

40 

0.00781 

5.29322 

4.90958 

SO 

O.OII79 
5.28924 

4.88654 

50 

0.00775 

5.29328 

4.90996  . 

7 0 O.OU72 5.28931 4.^09.4 h 
"~*o~~ 

0.00769 

5~l9~354|4-9i034  < 

10 

O.OH64 5.28939 4.88734 
10 0.00763 

5.29340  4-91073 

20 

0.61157 
5.28946 

4.88774 
20 

0.00757 

5.29346  4-9 1 11 »  ! 

30 

0. 01 150 S-289-53 4.88814 

30 

0.00751 

J.»9'35*4-'9"49  . 

40 

0.01 142 
5-28g6i 

.-..88853 

40 

0.00745 

5.293584.91187 

SO 

O.OTI35 

5.2896s 

4.88893 

50 

'-'•00739 

5.293644-91225 
8 0 0.01128 

5-28975 
4^3! 

iS 
O 

0-00733 

5.29370J4.91263 10 0.0II20 5.28985 
4-88973] 

IO 

0.00728 

5-29375  4-9r3°i 
20 O.OIII3 

5.2899c 
4.89012I 20 

0^00722 

5.293-81 

4-9r339  :. 

30 

O.O  1 106 5-  2B997 
4.89052 

30 

0.00716 
5-29387 

4-9  '37  7 

40 

O.OIO99 
5.29004 

4.S9091 

4° 

0.00710 

5-293934-9J4J4 

  
50 

O.OIO91 
5.2qoi2 

48913 ' 

5° 

0.00704 

^■293994.91452 

9 0 
O.OIO84 

5.29019 

4.8917 .' 

*9 

0 

0.00699 

5.29404I4.91490 
10 

O.OI077 

5.29026 
4.89210 

10 

0.00693 

5-29410)4.91528  . 20 0.01070 5-29033 
4:89250 

20 

0.00687 

5.294164.91566 

30 

O.OIO63 
5.29040 4.89289 

3° 

0.00682 
5.29421I4.91603 

40 

O.OIO56 
5.29047)4.89328 

40 

0.006761 

5.29427.4.91641 

SO 

O.OIO49 
5.29054 

4-8936^ 

5° 

0.00670J 
5-29433 

4-9 » 679,   



*Ta&  l  t  XXI.     Fot  finding  the  Latitude  by  two  Altitudes  of  the  Sufi; 

1 5     HOURS. 

M. S. LogielalLogMid Logarith M. S. Log^ela  ] 
^ogMid  Logarith  ' Time.  1  Time, 

Riling. 

4.91716 

Time. 
Time. 

Rili-ns. 

20 O 0.0066515.29438 

30 

0 

0.00373  5 
.29730 

4.93926 
10 

0.0065915.29444 
4-9J754 

10 
0.00369  5 

•29734 

4.93962 

20 O.OO654J5. 29449 4.91792 
20 

0.00365  5 
•29738 

4-93998 

30 

0.0064815.29455 
4.91829 

30 

0.00361  < 

.29742 
4-94°34 

40 

0.006435. 29460 4.91867 

40 

0.00357  < 

.29746 

4.94069 

50
 

0.00637 

5.29466 
5.2947a 

4.91904 

50 

0.00353  1 
.29750 

4-94'Q5- 

4.94141  ■ 

21 0 0.00632 4.91942 

31 

0 

0.00349 

-.29754 

10 
0.00626  5.29477 

4.91979 
10 

0.00345 

5.29758 4.94177 

20 0.00621  5.29482 4.92017 
20 

0.00341 

J. 29762 4.94213 

30 

0.00616  5.29487 4.92054 

30 

0.00337 
,'.29766 

4.94249 

40 

O.O0610  5.29493 
4.92092 

40 

0.00333  . 

1.29770 

4.94284 

50
 

0.00605 
5-2949* 

5.29503 

4.92129 

5° 

0.00329 
?-29774 

5.29778 4-9432Q 

4.94356 

22 0 0.00600 

4.92166 

3a 

0 

0.00325 

10 
0.00594:5.29509 4.92203 io 0.00321 

5.29782 4-9439^ 20 
p.00589'5. 29514 4.92241 

20 
0.00317 

5.29786 4.94427 

30 

0.00584  5.29519 
4.92278 

30 

0.00313 
5.29790 

4-94463 

40 

0.00579  5.29524 4-923I5 

40 

0.00310  _ 

;-29793 

4.94498 

50
 

0.00574*5.29529 
4  923  52 

50 

0.00306 

•■2979? 

-.  29S01 

4-94534 

4.94570 

23 

O 0.00568  5.29535 4.92390 33 0 0.00302 
IO 0.00563  5.2954c 4.92427 

10 

0.00298  _ 

-.29805 

4.94605 20 0.00558J5. 2954.5 4.92464 

20 
0.00295 ■.29808 

4.94641 

30 

0.005535.29550 
4.92501 

30 

O.00291 

'.29812 

4.94676 

40
 

0.00548:5.29555 4.92538 

40 

0.00287  _ 
'.29816 

4.94712 

50 

0.0054315.29560 

4-Q257J 

50 

0.00284 . 

'.29819 

4-94"747 

24 

O 0.00538J5. 29565 
4.92612 

34 
0 0.00280 

-.29823 

4.94782 

10 
°-00533|5-29570 

4.92649 

10 

0.00276 5.29827 

4.94818 

20 0.00528,5.29575 

4.92686 

20 

0.00273 

5.29830 
4-94853 

30 

0.00523I5.29580 4.92723 

30 

0.00269 

-.29834 

4.94888 

40 

0.0051815. 29585 
4.92760 

40 

0.00266  . 
i-29837 

4.94924 

50
 

0.0051315-29590 4-92796 
4.92833 

35 

5° 

0 

0.00262 
0.00259 

-.29841 
-.29844 

4-94959 
4-94994 

25 

O 0.00508 
5-29595 

10 

0.00504 5-29599 

4.92870 

10 
0.00255 

5.29848 4.95029 
20 

0.00499 
5.29604 4.92907 

20 

0.00252 

-.29851 

4.95065 

30 

0.00494 
5.29609 

4.92944 

30 

0.00249 

-.29854 

4.95100 

40 

0.00489 
5.29614 

4.92980 

40 

0.00245 

-.29858 

4-95J35 
-50 

0.00484  5.29619 4.93017 

5° 

0.00242 

-.29861 

4.95170 20 0 0.00480  5.29623 4.93054 

36 

0 

0.00239  . 
5.29864 

4.95205 10 0.00475 

5.29628 4-93090 

10 
0.00235 

-.29868 

4.95240 
20 0.00470 5.29633 

4.93127 

20 

0.00232 

-.29871 

4.95275 

30 

0.00466 5.29637 
4.93  164 

30 

0.00229 5.29874 

4.95310 

40 

0.00461 
5.29642 

4.93200 

40 

0.00225 

5.29878 

4-95345 

50, 

0.00456 
5.29647 4-93237 

50 

0.00222 
0.00219 5.29881 

5.29*84 4.95380 

4-954I5 

27 

0 0.00452 
5.29651 4-93273 37 0 

10 
0.00447 

5.29656 

4-933i° 

10 0.00216 5.29887 
4.95450 20 

0.00443 

5.29660 4-93346 
20 

0.00213 

5.29890 
4.95485 

30 

0.00438 
5.29665 

4-93382 

30 

0.00210 
5.29893 

4.95520 

40 

0.00434 
5.29669 4-934I9 

40 

0.00207 

5.29896 

4-95555 

53 

0.00429 5-  29074 

5.29678 

4-9345  5 

5° 

0.00203 

;. 29900 4-95s89 

4.95624 
28 0 

0.00425 

493492 

38 

0 0.00200 5.29903 

10 0.00420 5.29683 
4.93528 

10 0.00197 

5.29906 

4.95659 

20 
0.00416 5.29687 4.93564 

20 
0.00194 

5.29909 4.95694 

30 

0.00412  5.29691 
4.93600 

3° 

0.00191 

5.29912 

4.95728 

40 

0.0040715.29696 4-93637 

40 

O.0018S 
5.29915 

4-95763 

5° 

0.00403 
5.29700 
5.29704 

4-9367J 

.  5° 

0.00185 

5. 290 18 
4.95798 

4.95832 

29 

0 

0.00399 
+-937°9 

39 

0 
0.00183 

5.29920 10 
0.00394J5.29709 

4-93745 
10 

0.001S0 
5.29923 

4.95S67 20 0.00390I5. 29713 
4.95781 

20 0.00177 

5.29926 
4.95903 

30 

0.00386  5.29717 
4-938I7 

30 

0.00174 

5.29920 4.95936 

40
 

0.00382  5.29721 4-93854 

40 

0.0017 1 
5.29932 

4-95971 

5° 

0:0037715.29726 4.93890 

5° 

j.ooi68[ 5-29935 

4.96005 



Tab  le  XXL  For  finding  the  Latitude  by  two  Altitudes  of  the  Sun, 

■  ■wii  ■-« .1  ■■.■'mij»mtL«^n«iii«iii 

5  HOURS. _j 

M. 
S. 

Log-|ela LogMiti Logarit! 

M. 
s. 

Logiela 
LogMid 

Lugarith Time. 

3.00166 

Time. 

5.29937 

Riling. Time. 

Time. Riling. 

4.98063 

40 

O 
4.9604C 

50 

0 
O.OOO41 

5.30062 
10 3.OO163 

5.29940 
4.96074 

10 

0.00040 5.30063 

4.98096 

20 
3.00 16c 5-29943 

4.96109 

20 O.OOO39 

5.30064 

4.98129 

30 

3.00157 

5.29946 
4.96143 

30 

0.0003  7 

5.30066 

4.98162 

40 

3.00155 

5.29948 4.96177 

40 

O.OOO36 
5.30067 

4.98195 

50 

3.001  52 5-2995'. 
5.29954 

4.96212 

50 

0.0003  5 

5.30068 
4.98228 

4* 

0 
0.00149 

4.962.46 

51 

0 

0.00033 

5.30070 

4.98261 

10 
0.00147 

5.29956 

4.96280 

10 

0.00032' 

5.30071 
4.98293 

20 

3.00144 5.29959 
4-963i5 

20 

0.00031 

5-30072 
4.98326 

30 

3.00142 
5.29961 

4-96349 

30 

0.00030 5-30073 
498359 

40 

3.00139 
5.29964 4-96383 

40 

0.00029 
5.30074 

4.9,8392 

50 

3.00137 

5.29966 4.96417 50  . 
0.00028 5-30075 

5-30077 
4.98425 4-98457 

42 

0 
3.00134 

5.29969 I-9645 ' 

52 

0 0.00026 
10 3.00132 

5.29971 
4.96486 

10 

0.00025 

5.30078 
4.98490 20 3.00 1.29 5.29974 

4.96520 

20 

0.00024 
5.30079 

4.98523 

30 

3.00127 
5.29976 

4.96554 

SO 

0.00023 

5.30080 

+  98555 

40 

3.00124 5.29979 

4.96588 

40 

0.00022 

5.30081 
4.9S588 5°  . 3.00122 5.2998 1 

4.96622 

50 

0.0002 1 

0.00020 
5.30082 5.30083 4.98620 

4.98653 
43 0 3.00120 5.29983 

4.96656 

53 

0 
10 0.00117 

5.29986 4.9669c 
10 

0.00019 

5.30084 

4.98686 

20 3-OOI  15 
5.2998B 4.96724 

• 20 
0.00018 5.30085 

4.98718 

30 

0.OOII3 
5.2999c 4.96758 

30 

0.00017 

5.30086 

4.98751 

40 

O.OO  I IO 
5.29993 

4.96792 

40 

0.000 1 7 

5.30086 

4.98783 

5° 

0.00  to8 5-2999': 
4.96826 

.  .50 

0.00016 5- 30087 

5.30088 

4.98816 

498848 

44 0 0.00106 5.29997 

4.96860 
54 0 

0.00015 

10 a  00 104 5.29999 4.96894 

10 

0.00014 

5.30089 

4.98880 

zo 0.00102 

5.30001 

4.96927 

20 0.00013 

5.30090 
4.98913 

30 

0.00099 

5.30004 
4.96961 

30 

0.00013 

5.30090 

4.98945 

40 

3.00097 

5.30006 

4.96995 

40 

0.00012 

5.30091 

4.98977 

5°  : 3.00095 

5.30008 
4.97029 

50 

0.0001 1 

5.30092 5.30093 

4.99010 4.99042 

45 0 
0.00093 

5.30010 4.97062 55 
0 o.oooxo 

10 0.00091 

5.30012 4.97096 
10 0  000 10 5.30093 4.99074 

20 0.00089 
5.30014 4-97I30 

20 

0.00009 

5.30094 

+99107 

30 

0.00087 

5.30016 
4.97163 

30 

0.00008 
5.30095 4-99*39 

4° 

3.00085 

5.30018 

4-97I97 

40 

0.00008 5.30095 

4.99171 

5°.  ! 0.000R3 
5.3002c 4.9723  1 _5°__ 

0 

0.00007 

5.30096 
4-99203 4.99235 

46 

0 0.000S1 

5.30022 
4.97264 

36 

0.00007 

5.30096 
10 

3.00079 

5-30024 
4.97298 10 

0.00006 5.30097 

4.99267 
20 0.00077 

5.30026 4-97331 
20 

0.00006 5.30097 

4.99300 

30 

0.00075 

5.30028 497365 

30 

0.0000  5 

5.30098 
4-99332 

40 

3.00074 
5.30029 

+97398 

40 

0.00005 

5.30098 

4.99364 

5° 

3.0007  2 

0.00070 
5.30031 4.97432 

50 

0.0000/) 
5.30099 4.99396 

47 
0 5.30033 4.97465 57 0 

0.00004 
5.30099 

4.99428 

10 
0.00068 5.30035 4-97499 

10 

0.00003 

5.30100 
4.99460 

20 
3.00066 5.30037 4.97532 

20 

0.00003 

5.30100 

4.99492 

30 

0.00065 
5.30038 

4-97565 

30 

0.00003 

5.30100 

4.99524 

40 

0.00063 
5.3004c 

4-97599 

40 

0.00002 

5.30101 

4.99556 

S° 

0.00061 
5.3004a 4.97632 

5°.  . 

0.00002 

5-30'Q' 
+  99587 

48 

0 3.00060 5.30045 

+97665 

0 0.00002 

5.30101 

4.99619 10 0.03058 5.30045 4.97699 

58 

10 
0.0000 1 

5.30102 
4.99651 

20 3.00056 5.30047 
4-97732 

20 
0.00001 

5.30102 
4.99683 

30 

3.00055 

5.3004? 
4-97765 

30 

0.0000 1 

5.30102 

4.99715 

40 

3.00053 

5.30050 4.97798 

4° 

0.0000  I 

5.30102 +99747 
5». 0.00352 

s-'i°°J2. 

4-9783-2 

,. 

50 

O.OOOO  ! 

0.00000 
5.30102 

4-99""
'8 

4.99^1
0 

49 
0 0.00053 5-30053 4.97865 

59 
0 

5.39103 ro 3.00049 
5-30054 

+.97898 
10 

0.00000 
5.30103 

4.99842 

20 3.00047 
5.30056 

+9793 1 

20 0.00000 

5.30103 
+99873 

30 

0.00046 5-30057 4.97964 

30 

0.0000c 

5.30103 4.99905 

40 

o.ooo44;5. 3005c +97997 

40 

3.00000 
5.30103 +99937 

50 

0.0004315.30COC 4.9803c 

,' 50 

0.0000c 

5  30103 
4.99968 

idfaeMDirttt 1  rrrrii  irwih 

mi>«;T.. 



Table  XXI.  For  finding  the  Latitude  by  two  Altitudes  of  the  Sun, 

6  HOURS. 

M. S. Logarith Riling, 

1   M. 

s. 
Logarithjl  M 

Rifing.  |j_JW- 

S. 

0 10 

20 

30 
40 

SO 

0 

ro 

20 

30 

40 

S.o. 

0 10 

20 

30 

40 

SO 

Logarith 
Ri/ing. 

5.03629 

5.03658 
5.03687 

5.O3716 

5-03745 

S-03774 

5.03802 5.03831 

5.03860 5.03889 

5.03918 5-03946 S-03975 

504004 

5.04032 

5.04061 5.04090 

S.04118 
5.04147 
5.04175 

5.04204 

5.04232 

5.04261 5.04289 

5.04318 5.04346 5-04375 

5.04403 

5.0443 1 

5.04460 

M. 

30 

S. 

0 
10 

20 

30 

40 

SO 

Luganth 
Rjfing. 

0 

I 

0 

IO 
20 

30 

40 

jo 

0 
10 

20 

30 

40 

?o 

5.OOSOO 
5.OOO32 
5.OOO63 
5.00095 

5.00126 
5.00158 

10 0 
10 

20 

30 

40 

50 

5.01854 

5.O1884 
5.O1915 5.01945 

5.01975 

5.02005 

21 

22 

5.05328 
S.05356 
S-05383 

5^05411 

5-05439 

5.05466 

5.OO189 

5.00221 
5.00252 
5.OO283 
5.00315 

5.00346 

II 0 

10 20 

30 

40 

50 

5.02035 

5.02065 5.02095 

5.02125 
5.O2155 

5.02185 

5.02215 
5.02245 
5.O2275 

5.02305 
5-02335 

5.02365 

3i 

Si 

33 

34 

35 

0 

10 

20 

30 

40 

5°, 

0 
10 

20 

30 

40 

|°.T 
0 

10 

20 

30 

40 

50 

0 

10 

20 

30 

40 

50 

0 

10 
20 

30 

40 

50 

S.05494 

5-ossai 

5.65549 

5-05577 

5.05604 

5.05632 
2 o 

IO 
20 

30 

40 

?o 

5.00377 

5.OO409 

5.00440 

5.OO471 

5.00502 
5.00534 

5.00565 

5.OO596 

5.00627 
5.00658] 

5.00689 

5.00720 

12 

0 10 

20 

30 

40 so 

5.05659 

5.05686 

5.05714 

5.05741 5.05769 

S-05796 
5:05823 

5.05851 
5.05878 
5.05905 5-05933 

5.05960 
5.05387 

5.06014 

5.66041 
5.06069 

5.06096 
5.06123 

5.06150 
5.66177 

5.66204 

5.66231 
5.06258 5.06285 

3 o 
IO 

20 

30 

40 

5o 

13 

0 10 

20 

30 

40 SO 

5.02395 

502425 5.02455 

5.02484 

5.02514 
5.02544 

23 

0 10 

20 

30 

40 

50 

0 

10 20 

30 

40 

50 

4 0 
10 

20 

30 

40 
?o 

5.OO751 

5.OO782 
5.00813 
5.00844 

5.OO875 

5.00906 

H 0 10 

20 »30 

40 SO 

5.02574 

5.02603 5.02633] 

5.02663! 

5.02692! 

5.02722 

24 

5 0 
10 
20 

30 
40 

SO 

5.OO937 

5.OO968 
5.OO999 

5.OIO30 

5.OIO61 
5.01091 

15 

0 10 

20 

30 

40 

So 

5.02751 

5.02781 

5-02?II 
5.02840 

5.02870 5.02899 

5.02928 
5.02958 

5.02987I 
5.03017 

5.03046 S-03Q75 

S.03105 
5-03I34 

5.03163 J-03I93 

5.03222 
5.03251 

25 

0 

10 20 

30 

40 

50 

5.04488 

5.04516 
5.04545 
5-04573 

5.04601 5.04629 

6 0 
10 

20 

30 

40 

<;o 

5.01122 
SOI153 

5.0 1 1 84 

5.01214 
5.01245 

5.01276 

16 
0 10 

20 

30 

40 

50 

26 

a7 

~~  28 

0 10 

20 

30 

40 
50 

0 

10 

20 

30 

40 

50 

0 

10 

20 

30 

40 

J° 

5.04657 

5.04686 
5.04714 

5.04742 

5.04770 
5.04798 

36 

0 
10 

20 

30 

40 

SO 

5.06312 

5.06339 

5.06366 

5.06393 

5.06420 
5-06447 

7 0 
10 

20 

30 

40 

SO 

5.01306 
S-OI337 

5.01368 
5.01398 
5.01429 

5.01459! 

17 

0 10 

20 

30 

40 

SO 

5.04826 
5.04854 

5.04882 
5.04910 5.04938 

5.04966 
5.64994 

5.05O22 5.05050 

5.05078 

5.05106 
50034 

37 

0 
10 
20 

30 

40 

5.06474 

5.06500 
5.06527 5.06554 

5.06581 

5.06608 

5.06634 

5.66661 

5.06688 
5.06714 

5.06741 

5.06768 

5.06794 

5.06821 5.06848 
5.06874 

5.06901 5.06927 

8 0 
10 

20 

30 

40 

SO 

5.01490} 

5.01520 
5.01551 

5-01581 

5.O16T2 
5.01642 

18 0 10 

20 

30 

40 

SO 

5.03280 
5.03310 5-03339 

5.03368 5-03397 

503426 

38 

0 

10 
20 

30 

40 

SQ 

0 
10 

20 

30 

40 

50 

9 0 
10 

20 

30 
40 

SO 

5.01672 
5.01703 
5.01733 

5.01763 
5.01794 

5.01824 

19 

0 

10 20 

30  . 

40 

50 

5-034S5 

5.03484 

S-035'3 

5.03542 

S-03S7' 

5.03600) 

29 

0 10 
20 

30 

40  1 
50  1 

5.05162 5.05189 
5.05217 5-OS*45 

5.05273 

5.05300 

39 
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Table  XXI. ..For  finding  tlie  Latitude  by  two  Altitudes  of  the  Sun,' 

1 

6  ' 

H  O  U R  S.           7  H  O  U  R  S.              f 

M. 

S.  • 

L-pgaritti Riling. 

5,06954 

M. :j  Riling,  j 
M. 

S. 

bugamh 
Riling. 

M.  |  S. 1 

Logaruh 

Rifing. 

40 

0 

5° 

°i 

5.08509) 0 0 5.09996 10 0 
5.11418 

■do 

5.56980 
10 

5.08534 

10 

5.'l002i| 
10 

511441 
.20 

5.P7007 
10  ■ 

5.08560 

20 5.;i0045| 
20 5.11454 

! 

3°'
 

i'*7°33 

30  '
■ 

5.08585 

30 

5. 10069] 

30 

5.11487 

40 

5.07060 

40 

5.08610 

40 

5.10093 

40 

5.U51O 

50". 
5.07086 

5.071-12 

0  i 5.08636 

5.0866 1 

1 

J0_ 

0 

5.10117 

5.10141 

11 

50 

5- "533 

5-H557 

41 

■i  ° 

51 

0 

...io 5.07139 

IO  ! 5.08686 

10 

5.10166 

10 5.1 1580 

■: 

20 5.-?7i6S 

20  ; 

5.08711 

20 

5,10190 

20 , 

5.11603 

*3°- 
5.67192 

30 

5.08736 

30 

5.10214 

30 

5.11626   ! 

40 

5.07218 

40 

5.08762 

40 

5-10238 

40 

5.1 1649 

1  ; 

,  SO. 

•  0 

S-Q7  a44 

5.97270 

SO 

5.08787 

5.08812 

2 
5.0. 
0 5.10262 

5.10286 

12 

_50_ 

0 

5.11672   J 

5.11695    ! 

45 

5* 

0 

)  TO- 

5.07297 10 5.08837 

10 

5.10310 

10 

s- 1 17 17    { 
•'20 

5-973  24 20 

5.08862 

20 
5- 10334 

20 

5-11740    j 

SO. 

5-07349 

30 

5.08887 

30 

5.10358 

30 

5-11763    j 

4P. 

5-G7375 

40, 

5.08912 

40 

5.10382 

40 

5.11786 

S° 

5-07401 

5.07428 

SO 

S-0893 -1 5.08962 
3 

50 

0 5.10406 
5.1043c 

SO 

5.11832 
43 ■   0- 53 

0 

13 

0 

j 
10 5-°7454 

10 

5.08987 

10 

5.10454 
10 5-11855 

1 
20 

5.O7480 

20 

5.09012 

20 5-10477 
20 

5-11873 

30 

5.07506 

30 

5.09037 

30 

5.10501 

30 

5.11500 

40 

5.07532. 

40 

5.09062 

40 

5.10525 

40 

5-1I923 

50 

5.07558 

50 
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5£..OoS'4 

37 
39 

■  00844 
00873 

■  00902 

00931 

00  9  60 
00989 

01618 

f-  56J  0:1 047^ 

99958 

99998 

9999* 

99998 
9999 

99998 

02258 
02327 

0235I 
:  O2385 02414 

0244' 

99997 

9999* 

99997 

99997 

9,9996 

99996 

02472 

02501 
0253c 

0256c 

025 

'  02618 

99996 

99996 99995 

99995 

99995 
99995 

01076  99994 

3,8:  0-1105  99994 
or 1 34'  99994 

-99993 

99993 

99993 

.01164 01193 

01222 

43  j  01251 
44:  01280 

45-013.09 

46J  o.r.3.38 47 

If   59: i'l  60 ; 

li. 

01367 "01396 

01425 
■01454 

01483 
0.1513 

OT542 

01571 

9999 2.  1 

99992 

9999' 
99991 9999 

1  99990 

02647 

Q2676 02705 

92734 
02763 

1  62792 

62821 
.02850 
02879 

0.2908 
0*938 
02967 

99977 
09976 

9997.6 
99975 

99974 

99974 99973 

03868 
03897 

03926 

99939    05234 

99938    05263 

N.  coi.jN.  line.  N.   col'.  N.  lineJN.  cof. 
06976 07005 07034 

07063 

07092 

07121 
07150 

05292 

?'0532i 

0535° 

05379 

0540S 

99937 

99936 

99935 
99934 

99933 

99932 
99931 
9993c 99929 

99927 

99926 99925 

99924 
99923!  05669 

03955I  99922  05698 
03984 

04013 

0404. 04071 

99972;  04100 
0412.9 04159 

04188 
99972 

99971 9.9970 
99969; 

99969 

99968 
99967 

9996 
99966 99965 
99964 

99963 

9996 

99961 

01600 
©1629 

01658 
•01687 

01716 
01745 ; 

"N.  col. 

9999 

999&9 

99989 ■99989 

99988 
990,88 

•99987 

99987 

99986 
99985 

9998.5 tf.fin 

92990 

P3025 
03054 

03083 

03112 6.3141 

99955 
99954 
99953 

9995- 
99952 
99951 .031  JO 63*99 

03228 

C3257 

03286 

63316 

N;  cod 

99960 999-59 99959 

99958 99957 

99956 

9995° 
99949 

93.345 

PJ374 03403; 

#3432 

6346* 0349-4  ggg/^ 

99947 

9994.6 
99945 
999441 

99943 

99942 

99.94.1 
9994P 

tf.tfinl. 

04217 

04246 
04275 

O4304 
0433 

:  04362 
043  9 « 

04420 

04449 

04478 
04507 

04536 
04565 04594 

04623 04653 

0468.4 
0471.1 
04740 01769 

04798 04827 

04856 
0488.5 

99921 

99919 

05727 

05756 

99918 

99917 

99916 

99915 
9991.3 

99912 

99911 999 IC 
99909 

99907 

99906 

99905 

99904 

99902 
99901 

99900 

99* 
99896 

99894 

99892 
99890 99889 

05785 

058,14 05844 

05873 

05902 05931 

05960 

05989 
1  06018 06047 

06076 
06105 

99863 

99861 9986C 99858 

99857 99855 

99854 

99852 

99851 

99849 

9984/ 

99846 9984 

99842 

99839 

99838 

99836 

99834 

99833 

9983i 
99829 

99827 

99826 

99824 

06134 

06163 

06192 

06221 06250 
06579 

99888 

I  998
8" 

9988 

99883 

04914 04943 

0497  ft 

05004 05030 05059 

051:17 

05146 
0517$ 

05205 

05231 

Ni  cof: 

9988 

99879 

99876 
99l2i 
99875 

99872 

99876 99869 99867; 

99866: 
99864 

99863: N.  fine: 

06308 

063 

063,66 

06395 

06424 
06453 

06482 

i 665 1 1 

06540 
06569 

06598 
06627 

06656 

;  06685 
06714 

0674 

06773 

o6»o 

99822 

99821 
99819 

99817 

99815 99813 

99812 

9981c 

99808 
99806 

99,804 

99-803 

9980 

99799 

99797 
99795 
99793 9979 

07179 

07208 

07237 

07266 

07295 

07324 07353 

07382 

0741 1 07440 

07469 

07498 07527 

07556 07585 
07614 
07643 

07672 

07701 07730 

07759 

07788 
07817 

07846 

07875 

07904 
07933 

0796 

0799 

08020 

9975660 

99754)59 

9975.2  58 

99750 

99748 

99746 

99744 

99742 
99740  52 

99738 99736 

99734 

99731 
99729 
99727 

99725 

99723 

9972 

99719 

99716 

997'4 

997! 
9971 99708

 

99705 

9979° 

99788 

99786 

99784 

99782 
99780 

99778 99776 99774 

99772 

99770 
99,768 

99766 

99764 

99^62 99,760 99*58 
9975_6 

N.  fcokJN.  fine. 

06831 

66860 
06889 

06918 

06947 

06976 

08049 

08078 08107 

08^36 

08165 
08194 

08223 

08252 

08281 

08310 

08339 

08368 

08397 

08426 

08455 

08484 
08513 

08542 
.08571 

08600 

08629 

08658 08687 

08716 

'N.  col. 

99703 

99701 

99699 

99696 

99694 

99692 

996S9 

99687 

99685 

99683 

99680 

9967.8 

99676 

99673 

99671 

99668 
99666 

99664 

99661 

99659 

99657 

99654 

99652 

99649 

99647 
99644 

99642 

99639 

99637 
9963.5 

9963-2 

99630 99627 

996%S 

99632 

99619 

N.  finjc. 

17 

16 

•5  I 

»4 13 

12 

1 1 

10 

9 

'T™ 

86' 

85s 

7 
6 

5 
4 
3 
2 
1 M-J 

■yUXX:rs*.^_-   :■,--(.•, 
tftt-BTV*  '**" 



Table    XXII.     Of  Natural  Smes. 

i    |     5tf        &   ..   1    7_*    .!'   8e 

i 

9"
 

| 
j«ls»  .' 

0 

(i.  fins.  1 *.  col.^1 
\!.  lia.|N.  col.jN.  linejN.  col.'N.  dn-^tfl.  coi'.N.  iim-,,1 

9876960'  1 

08716 
99615 

10453  99452)  i2ib7J  99255J  i39*7|  9902) 

iSHlj 

i 08745 

99617 
10482 99449   I22l6|.  9925J|  13946]  99O23 15672)  98764^9  J 

2 08774 
99614 

10511 99446   12245   99248 13975  99019 1 570 1  9876c 5 

2  j 

5 08803 

99612 

10540 
99443  12274  99244 

14004  99015 
15730 

98755 

7  | 

' 

4 08831 

99600 

10569 

99440  12302  99240 I4°33J  99°XI 
15758 

98751 

6  | 

\ 
5 08860 

99607 

10597 

99437  I233M  99237 
14061 

9goo6
: 

15787 

9S746 

5  § 

6 

7 

08889 
99604 

10626 
994341  I236o|  99233 

1 4090 

99002 

15816  98741 

4  |S 

08918 
99602 

10655 

9943' 

12389!  99230 
14119 

9899b 

15845 

98737 

-3  11 

8 08947 99599 
10684 

99428 

12418  99226 14148 
98994 

15873 

98732I52  If 

9 08976 
9959^ 

107 1 3 

99424 

12447  99222 

14177 

9899a 15902 

98728U1  j 

10 09005 99594 10742 

99421 

12476  99219 
14205 

98986 

1593' 

98723.50  jj 

.9871849  j ii 09034 

99591 

1077 1 

99418 

12504  99215 

14234 

98982 

15959 

12 O9063 

99588 

10800  99415 
12533I  99211 

14263 

98978 

1^988 

98714)48  j 

O9O92 

99586 

10829!  99412 12562  99208 
14292 

9«973 

16017 

98709 

n'A 

*4 

O9121 

99583'
 

10858  99409 
12591 

99204 

14320 

98969 
16046  987043 
16074  987°pj 

^  ! 

■ IS 

O9I5O 

99580 

10887 

99406 

12620 

992OO 

14349 

98965 

«.:i 

io O9179 

9957s 
10916 

99402 

12649 

99:97 14378 

98961 

16103 

9869.5 

44  ; 

17 

O920S 99575 

10945 

99399 

12678 

99*93 
14407 98957 16135 

98690 

w'i 

18 O9237 

99572 

10973 

99396  12706 
99189 14436 

989S3 16160 

98686 

42  ii 41. 

*9 

O9266'  9957O 
j  1002 

99393 

!2735 

99186 

14464 9894ft  16189 

98681 

20  O9295  99567 1 10?  1 

99390 

12764 

99182; 

14493 
98944 

16218 

98676 

40; 

21  °9324|  99564 
1 1060 

99386 

12793 

99178 
14522 98940 

16246 

98671 

39 

! 

s  ■ 

2'2 
09353 

99562 

1 1089 

99383 

12822 
•99*75 

14551 
98936 

16275 

9866V 

38/ 

23 
O9382 90559  11118 

99556J  11147 
99380 

12.851 

99171 

14580 98931 

,16304 

,98662 

37 ; 
24 

O941 1 99377 
12880 

59167 14608 
Q8927 

16333 

986^7 

36,. 

25 
O944O 99553 

11176 
99374 12908 

99163 

14637 
9-8923 

16361 

98052 

35  J 

26 O9469 

9955' 

1 1205 

99370 

12937 

99160 

14666 
98919 

16390 

98648 

34 

1 
j 

27 
09498 

99548 

11234 

9936/ 
12966 

99156 

14695 

98914 

16419 
98643133. j 

28 O9527 
99545  11263 

99364 

12995 

99*52 

14723 

98910 

16447 

98638.J32 : 1 29 

O9556 
99542  1 1 29 1 

99360 

13024 

99*48 

14752 

98906 

16476 
9863331  : 

30 

O9585 
9954o|  1 1320 

99357 

13053 

13081 

99144 

14781 
98902 

1650c; 

u862qJ3o 

3' 

09614!  99537 
09642  99534 

11349 

99354 99141I  14810 

9SS97 

1&533 

98624 

29  | 

32 

11378 

993  5 * 
1311c 

99137  14838 

98893 

16562 98619 

28 

33 09671  9953' 
1 1407 

99347 

1 3  *  3  9 

99133J  i4867 

98880 

16591 

98614 

Z*1 

' 
:        34 09700 

99528 

1 1436 99344 
13168 99129 

14896 98884 
1662c 

98605 

26. 

| 
35 09729 

99526 

11465 

9934' 

13*97 

99125 

14925 

98880 

16648 

98604 

25'
 

1 

36 
°9758i  99523 

11494 

99337 
13226 

99122 

I49S4 

98876 

16677 

9860c 

24'
 

23'
 

37 09787 

9952c 

11523 
99334 

13254 

99118 

14982 

98871 

16706 
98595 j 

■   33 09816 
995*7 

11552 

99331 

13283 

99**4 1501 1 
98867 

16734 

9859C 

12  '■
■ 

' 
39 09845 

995*4 
11580 

99327 13312 

99110 

15040 
98863 

16763 

98585 

21 | 

40 
09874!  9951  j 

11609 

99324 
I334I 

99106 

15069 

98858 

16792 

9858c 

20'
 

; 

4' 
09903  99508 

11638 

99320 

13370 

99102 

15097 
98854 

1682c 
98575 

'9  ' 

! 

42 
09932I  99506 

11667 

99317 

13399 

99098 

15126 

98849 1 68,19 

085-70 

18. 

^7 

j 
43 099611  99503 

1 1696 

99314 

13427 99094 

'5*55 

98S45 16&78 

98565 44 09990  995oc 

11725 

99310 

13456 

99091 

15184 

98841 

16906 

9856.' 

h6* 

; 
45 100191  99497 

.H754 

99307 

13485 

99087 15212 98836 

16935 

98556 

*5'
 

; 

46 

10048 
99494 

"783 

99303 

135*4 

99083 

15241 

98832 

16964 

9S551 

'4 

[ 

47 
10077 

9949' 

11812 

99300 

13543 
99079 

1527c 98827 
16992 

98546 

'3  : 

4? 
1010^ 

99485 

1 1 840 
99297 13572 99075 

15299 

98823 17021 

98^41 

12  ' 

I 
4S 

10135 

9948c 

11869 

99293 
13600 

99071 

15327 

98818 

I7O5C 

98536 

1  I 

i - 

5C 

ioi6<i 
-  99485 

1 1898 

99290 

13629 

99067 

*5356 98814 
I7O7S 

9853> 

10  ; 

] 

5* 

10190 
9947S 

11927 

99286 

13658 

99063 

15385 
98S09 

17*07 

98526 

9 

:> 

S- 
.  10221 

9947* 

11956 

99283 

13687 99055 

*54M 

98805 
I7136 

98521 

8 

5: 1025c *  9947: 
11985 

99279 
13716 

99055 

15442 

9880c I7l6^ 
98516 

7 
< 

5- 
(j  1027c >  9947c 

)  1201/ 

99276 

13744 

9905' 
1 547 1 98796 

I7iq3 

98511 

6 

5 5 -  1030! 
>  9946- 

I2O43 

99272 

13773 

99°4'
 

1550c 98791 17222 

98506 

5< 
>  IC33' 

9946' 
|  I  207  I 99265 

13802 9904: 

15525 

98787 
1725C 

98501 

4 1 

5'
 

)  1036*. >  9946 1210C 

99265 13831 9903S 
►  1555: 

98782 

17275 

1730S 
98496 

3 

5' 

5  1039. 
'  9945 I     I2I2C 

99262 

1386c 99°3. 
i558< 

i  9877> 

98491 

2 

5"< 

>  1042^ ̂   9945 
5  1215$ 

9925? 

13885 

99O3 

15615!  9877: *733< ►  9848? 1 ■ 
6c 3  IO45; 9945 

1    12185 
99255 139*7 

9902
- 

'  15643]  9876c 

17361 

98481 

0 

N.  cof N.  fine . N.  cof N.  fine N.  cof N,  fine|N.  coi.In.  hm [N.  coI.In.  fine 

|    840         83*         82"         8i°        8o°    \m 



Table   XXII.     Of  Natflrrf -Sinfi. 

ji   I    !<►•     I    it°     |     12*    |     13"    |     .4°    1 

,1  M 

N .  fine '  \ .  col N.  fine N.  col.iN.  line N .  coi N.  fine N.  col.jN.  fine N.  col. 

1   ° 
17365 

98481 1908] 9816J 
20791 

97815 

22495 

97437 
24192 

97030 

60 

' 1739: '  9847* 
1910c 

98157 2082c 

97809 

22523 

9743C 
2422c 97023 

59 
2 

17423 
9847  J 

19131 
98152 

20S48 

97803 

22552 

97424 

24249 

97015 

58 

3 1745  > 
98466 1  I9l6/ 98146 

20877 

97797 
2258c 

97417 

24277 

97008 
57 

4 
I747S 

98461 

19195 

9814c 

20905 

97791 

22608 

97411 

24305 

97001 

56 

i 
I750fc 

98455 19224 1-  98135 

20933 

97784 

22637 

97404 

24333 

96994 

55 
6 17537 

9845c 19252 
98129 2O962 

97778 

22665 

.9739* 
24362 96987 

9698c 

54 

53 

1 17565 98445 

j  19281 

98124 

20990 

97772 

22693 

9739' 

24390 
8 *7S94 

9844c 
1930S 

98118 

2-1019 

97766 

22722 

97384 24418 

96973 

52 

9 17623 98435 
1933* 

98112 

21047 

97760 

22750 

97378 

24446 

96966 

5i 

«c 17651 
9843c I9366 

98107 

21076 

97754 

22778 

9737' 

24474 

96959 

50 

n 1768c 98425 

'93.95 

981OI 

21 IO4 

97748 

22807 

97365 

24503 

96952 

49 

12 
17708 

9842c 

19423 
98096 

21132 

97742 

22835 

97358 

24531 

96945 

48 

1.3 
14 

17737 98414 
19452 9809O 

2ll6l 
97735 

22863 

9735' 

24559 

96937 

47 
17766 

98409 
1 948 1 

980S4 

21189 

97729 

22892 

97345 

24587 

96930 

46 

*5 

16 

J7794 
98404 19509 

98079 

212l8 

97723 

22920 

97338 

24615 

96923 

45 

17823 98399 
19538 

98073 
212461 

977*7 

22948 

9733' 

24644 

96916 

44 
17 

'7852 
98394 

19566 
98067 

21*75 

977" 

22977 

97325 

24672 96909 
43 

\  I9 

17880 98389 

98383 

>9595 

98061 

21303 

97705 

23005 

97318 

247OO 

96902 

42 

17909 I9623 

98056 
2133' 

97698 

23033 

97311 

24728 

96894 

4' 

1   20 
17937 

98378 19652 98050 21360 

97692 

23062 

97304 

24756 
96887 

40 

\      ZI 
17966 

98373 
19680 

98044 

213S8 

97686 

23090 

97298 

24784 

9688c 

39 

22 

*7995 

98368 
19709 98039 

21417 

97680 

23118 

97291 

24813 96873 

38 

2> 
24 18023 

98362 

19737 
98033 

21445 

97673 
23146 

97284 

24841 

96866 

37 
18052 98357 

19766 
98027 

21474 

2150a 
97667 

23175 

97278 

24869 

96858 

36 

35 25 

18081 
98352 

19794 

98021 

97661 

23203 

97271 

24897 

9685. 
26 

18109 98347 
19823 

98016 

21530 97655 
23231 

97264 

2492  5 

96844 

34 

27 

18138 
98341 19851 

9801O 

21559 

97648 
23260 

97257 

24954 

96837 

33 

28 
18166 

98336 19880 98004 

21587 

97642 

23288 

97251 

24982 

96829 

32 

29 

iKi95 

9833' 
19908 

97998 

21616 

97636 
23316 

97244 
25010 

96822 

3i 

,3° 

18224 
98325 19937 

97992 

21644 

97630 

23345 

97237 

25038 96815 

30 

29 

3' 

18252 

98320 

19965 

97987 

21672 

97623 

23373 

97230 

25066 96807 

32 

18281 98315 
19994 

97981 

21701 

97617 23401 
97223 

25094 

96800 

28 
33 

18309 

98310 

20022 97975 

21729 

97611 

23429 

97217 
25122 

96793 

27 

34 
18338 98304 20051 

97969 

21758 

97604 
23458 

97210 

25151 

96786 

26 
35 1X367 98299 

20079 

97963 

21786 

97598 
23486 97203 

25179 

96778 

25 

3  b 

18395 
98294 

98288 

20108 

9795» 

21814 

97592 97585 

235H 

97196 

25207 

96771 

24 

.  37 
18424 20136 

97952 

21843 

23542 

97189 

25235 

96764 

23 

3« 

18452 98283 

20165 

97946 

21871 
97579 2357' 

97182 

25263 

96756 

22 
39 18481 98277 

20193 

97940 

21899 

97573 

23599 

97176 

25291 
96749 

21 

40 

18509 

98272 
20222 97934 

21928 

97566 

23627 

97169 
25320 

96742 

20 

4' 

18538 98267 
20250 

97928 

21956 

97560 

23656 

97162 

25348 
96734 

'9 

42 

18567 

98261 

20279 

97922 

21985 
97553 

23684 
97155 

25376 

96727 

18 

'7 

43 

18595 

98256 

20307 

97916 

22013 
97547 

23712 

97148 

25404 

96719 
44 

18624 

9S250 
20336 

979*0 

22041 

97541 

23740 

97141 

25432 

96712 

16 

45 18652 98245 
20364 

97905 
22070 97534 

23769 

97'34 

25460 

96705 

>S 

46 

18681 
98240 

20393 

97899 22098 

97528 

23797 

97127 

25488 

96697 

'4 

47 
18710 98234 2O421 97893 22126 

97521 

23825 

97120 

25516 96690 

13 

48 

18738 98229 
2O45O 

97887 

22155 

97.H5 

23853 

97'i3. 

^5545 

96682 

12 

49 18767 
98223 

2O478 

97881 

22183 

97508 

23882 

97106 

25573 
96675 

II 

50 

18795 

98218 

2O5O7 

97875 22212 

97502 

23910 

97100 

25,601 

96667 

IO 

5i 

18824 

98212 

20535 

97869 

22240 

97496 

23938 
97093 

25629 

96660 

9 

52 

18852 
98207 

20563 

97863 
22268 

97489 23966 

97086 

25657 

96653 
8 

S3 
1&881 

98201 

2O592 978S7 

22297 

97483 

23995 

97079 

25685 
96645 

7 
.54 

18910 
98196 

20620 

97851 

22325 

97476 

24023 

97072 

25713 

96638 

6 

55 18938 
98190 

20649 

97845 

22353 

9747° 

24051 

97065 

25741 

96630 

5 

5*> 

18967 
98185 

20677 

97839 22382 

97463 

24079 

97058 

25769 

96623 

4 
.57 

18995 
98179 20706 97833 22410 97457 

24108 

97051 

25798 96615 
3 

•  5* 19024 98174 

20734 

97827 
22438)  9745° 24136 97044 

25826 

96608 

2 
59 19052 

98168 

2O763 

97821 

224671  97444 24164 

97037 

25854 

96600 

1 

,60 19081 98163 20791 
97815 

22495 

97437 
V.  fine 24192 

97030 25882 

96593 0 

.  . *:■  cof. V,  fine] <r.  cod V.  fine 
V.  cbf'.l 

V.  cof. N.  fin, 
N.  cof. 

N.  fine 1 

79°     |     780 77°     |    76° 

75*
 

1 



TAB  IE  A Kit.  OF  Natural  gftfeS* 
1 

|    15°         i6*     |    i.7°     |    i8'J 

'9°     1 1  ' 

;1^ 
N.  fine. 

25882 

N.  col. N.  line. 

N.  col". 
N.fiin-. 

N.  cof. 
N.  fine. V.  cof. N.  fiue.|N.  cof.] 

96593 2756.1 

96126 

29237 

95b3C 
30902 

95106 

5  25  5  7 

94552J60 

i 
25910 96585 27592 

96118 

29265 

95622 

30929 
9509/ 32584 

94542;59 
a 25938 96578 2762c 

96110 

29293 

956i3 

30957 

95088 
32612 

94533|5S 
3 25966 96570 

27648 

96102 
29321 95605 

30985 95°79 

32639 
94523  57 

4 25994 

96562 
27676 

96094 
29348 

95596 31012 

95070 

32667 

94514 

56 

5 26022 96555 27704 

960S6 

29376 

95588 

31040 

95061 

32694 

94504 

55 

6 26050 96547 2773' 
96078 

29404 

95579 
31068 

05052 

32722 

9449  5 54 

7 
26079 

96540 

27759 

96070 
29432 

9557' 

3' 09  5 

95043 

32749 
94485 

53 
8 26107 

96532 
27787 

96062 
2946c 

95562 

31125 

95033 

32777 

94476 

52  \ 
9 

26135 
96524 

27815 96054 29487 

95554 3"5» 95024 

32804 94466151 i 10 26163 
96517 

27843 

96046 

29515 

95545 3'i78 
9SO'5 32832 

94457 

5° 

ii 26 191 96509 27871 
96037 

29545 

95536 
31206 

95006 

32859 
94447 

49 

I 12 13 
26219 

96502 

27S99 

96029 

2957  1 

955^ 

3 '233 

94997 

94988 

32887 

329H 

f 94438
 94428 

48 

47 

26247 96494 27927 

96021 

29599 

955  'y 

31261 

M 
26275 

96486 

27955 
96013 

29626 

9551' 

3,289 
94979 

3294? 

| 94418 

46 

\ IS 
26303 96479 27983 96005 

29654 

95502 
31316 94970 

32969 
94409 

45 

2 
16 26331 

96471  2801 j 
95997 

29682 95493 
3'344 

94961 

32997 
94399 

44 

i 17 
26350 

96463 

28039 

95980 
2971c 95485 31372 

94952 

33O24 

'9439° 

43 ! 
18 19 

26387 
96456 

28067 

95981 

2973? 

9  54-7  6 
95467 

31399 94943 

33°5' 94380 

42 

? 
26415 

96448 

28095 

95972 

29765 

3'427 94933 33079 

94370 

4' 

20 
26443 

96440 

28123 

95964 

29793 

95459 
3H54 

94924 

33IO6 

9436i 

40 

21 26471 96433 28150 

95956 29821 
95450 31482 

94915 

33*34 

943  5' 

39 

22 26500 96425 
28178 

95948 

29849 

9544' 
31510 

94906 33161 94342 

38 

23 
26528 96417 

28206 

9594C 

29876 
95433 

31537 

94897 33189 

94332 

37 

24 
25 

26556 

96410 

28234 

9593i 

2Qq04 

954,24 

3'565 

04888 

33216 
94322 

36 

26584 

96402 
28262 

95923 29932 
954'  5 

31593 

94S7S 

33244 

94313 

35 

26 26612 96394 2829c 

95915 2996c 
95407 3  1620 

94869 33271 
94303 

34 

| 
27*  26640 

96386 

28318 

95907 

29987 

95398 

31648 

94860 

33298 

94293 

33 

f 
28 26668 96379 28346 

95898 

3OOI5 

95389 

31675 

94851 
33326 

94284 

32 

j 29 
26696 

96371 

28374 

95890 

30043 

9538o 

31703 

94842 

33353 94274 

3' 

I 

30 

3' 

26724 
96363 28402 

95882 
30071 

95372 

31730 

94832 

3338i 

94264 

3_o
 

29 

! 
26752 96355 

284.29 

95874 
3OO9S 

95363 

31758 

94823 

3340b 

94254 

i 

32 
26780 96347 

28457 

95865 
30126 

95354 

31786 94814 33436 

94245 

28 

! 
33 26808 

96340 

28485 
9j857 

301)4 

95345 
3i8i3 

94805 
33463 

94235 

27 

34 26836 

96332 

28513 
95849 

30182 95337 31841 
94795 

3349° 
94225 

26 

; 
35 26864 

96324 
28541 

95841 
30209 

95328 

31868 

94786 
33518 

94215 

25 

; 

36 
37 

26892 

96316 

28569 

95832 

30237 

9  5319 

^1896 
94777 

33545 

94206 

24 

26920 

96308 

28597 

95824 
30265 

95310 

31923 

94768 

33573 

94196 

2? 

i 

38 
26948 

96301 

28625 

95816 
30292 

9530' 

31951 

94758 33600 

94186 

22 

I 

39 26976 96293 28652 

95807 

30320 
95293 

31979 
94749 

33627 

94176 

21 

j 

40 
27004 96285 28680 95799 

30348 
95284 32006 

94740 

33655 

94167 

20 

i 

4' 
27032 96277 28708 

9579' 30376 95275 

32034 

94730 

33682 

94'57 

'9 

42 
27060 96269 

28736 

95782 

30403 

95266 

32061 

94721 

337io 

94  '41 

94137 

18 

'7 

43 27088 
96261 

28764 
95774 

30431 95257 

32089 

94712 

33757 

44 27116 
96253 28792 

95766 

30459 

95248 

32116 

94702 

33764 
94127 

16 

45 27144 
96246 28820 95757 

30486 
95240 

32144 

94693 

33792 

94118 

'5 

46 
27172 96238 

28847 

95749 
305H 

95231 

32171 

94684 
33819 

94108 

14 

47 27200 96230 

28875 

95740 
30542 

95222 

32199 

94674 

33846 
94098 

'3 

48 
27228 

96222 

28903 

95732 
30570 

95213 

32227 
94665 

33874 

94088 

12 

49 27256 96214 
28931 

95724 
30597 

95204 

32254 

94656 
33901 94078 

11 

50 
27284 

96206 

28959 

95715 
30625 

95195 

32282 
94646 

33929 

94068 

10 

S1 
27312 96198 

28987 

95707 

30653 

95186 

32309 
94637 

33956 
94058 

9 1 

52 
27340 96190 

29015 

95698 30680 95 '77 

32337 

94627 
33983 

94049 8 

53 27368 96182 29042 
95690 

30708 

95168 

32364 

94618 3401 1 

94039 7 

54 27396 
96174 

29070 

95681 
30736 

95'59 
32392 

94609J  34038 

04029 

5 55 27424 
96166 

29098 95673 
30763 

95150 

32419 94599 

34065 
94019 | 

56 
27452 96158 29126 95664 3079' 

95142 

32447 

94590 

34093 
94009 

4 

57 27480 96150 

29154 

95656 
30819 95^3 

32474 

94580 
34120 

93999 3 

1 58 
27508 96142 29182 

95647 
30846 95124 

32502 

94571 

34H7 
93989 

2 

59 27536 
96134 29209 

95639 30874I  95  1 15 32529 

94561 

34'75 
93979 1 

6c 27564 
96  126 

29237 

95630 
30902)  95  106 

32557 

94552 

34202 

93969 
0 1 

N.  col. N.  fine. N.  col. N.  fine. Nr.  cof.  |N.  fine. N.  caf.lN.  fine.jN.  cof. N.  fine 

' 
74°         73° 72"         710        70* 

(U)    Tab. 



Table  XXII.     Of 'Natural  Sines. 

|      20°      |       21" 
2 

2"      I       23*     |       24"     |  " 
IVJ 

0 

N.  line. N.  col. N.  line. ■\.  CO*. 
N.  fine. N.  col..N.  line. 

N.  col. 

92050 

N.  line. N.  col. 

i  34202 93969 358.37 

93358 
3746i 

92718  39073 

406/4 
91355 

60 

J.j  34229 
93959 

3  5864 
93348 37488 

92707]  39ieo 

92039 

40700 

91343 59 

2|  342S7 93949 

35891 

93337 37515 

92697 

59127 
92028 

40727 

9'33i 

>8 

3 34284 93939 

35918 
93327 37  542 

92686 

59153 

92016 

40753 

91319 

57 
4 

343 1 1 93929 
3  5945 

933i6 

37569 
92675 

59i8c 

92005 

40780 

9'507 

56 

5 34339 
939»9 

35973 

93306 

37595 

92664 
39207 

91994 

40806 

91295 

55 

6 

34366 93900. 36000 9329  s 37622 

02653 

39234 

91082 

408:5 

912S3 

54 

7 34393 93899 36627J  93Z%> 
37649 

92642  3926c 

91971 
4086c 

91272 

53 

8 

3442> 
93889 360541  93274 

37676 
92631 

39287 

9*959 

40886 
91260 

52 

9 
34448 

93879 

36081 
93264 37703 

92620 39314 91948 

40913 
91248 

51 

10 3447  5 
93869 

36108 
93253 

37730 

92609 

3934' 
91936 

4S939 
91236 

50 

11 34503 93859 
36i35 

93243 37757 
92598 

39567 

91925 

4O966 

91224 

49 12 

34530 
93849 36162I  93232 

.r/784 
92587 

39394 
91914 

40992 41019 

91212 

£ 13 

34557 93^39 
36190  93222 

378" 

92576 

3942' 
91902 

91200 

47 

14  34584 93829 36217  93211 

37858 

92565 

59448 

91891 

41045 

91188 

46 

15 

34612 
93819 36244 

93201 

57865 

92554 

39474 
91879 

41072 

91176 

45 

16 
34639 93809 

36271 
9319^ 

57892 

92545 

59501 91868 

41098 91164 44 

17 

34666 

93799 

36298 

93180 
37919 

92532 

39528 

91856 

41125 

91152 
45 

18 34694 93?89 36325 93169 

37946 
92521 

59555 
91845 

41151 

9 1 140 

42 

4i 

*9 

3472i 

93779 

36352 
93159 

37973 

92510 

5958i 

91833 

41178 

91128 

20 34748 
93769 36379 

9314S 

57999 

92499 

39608 

91822 

41204 

91116 

40 

2J 34775 93759 

36406 

93137 

38026 

92488  39635 

91810 

41231 

91 104 

3-9 

22 
34803 93748 

36434 

93127 

38053 
92477  39661 

91799 41257 

91092 

38 

23 

34830 93738 
36461 

93116 38080 

■92466  39688 
91787 41284 

91080 

37 

2,4 

348*7 
93728 

36488  93106 38107 
92455]  39715 

91775 

41510 91068 

3f 

2<i 

34884 

937i8 

36515 9i°95 38154 
92444 

39741 

91764 

41357 

91056 

35 

26 
349 1 2 

93708 
36542 

93084 

38161 

92432 

39768 

91752 

41565 

91044 

34 

27 

34939 

93698 
36569 93074 

38188 
92421 

59795 

91741 
41590 91032 

33 
28 

34966 
93688 

56596 93063 58215 
92410 

59822 

01729 

41416 
91020 

32 

29 

34993 
93677 36623  93052 

38241 

92399 

39848 9i7i8 

4H43 

91008 

5i 

30 
3  5021 93667 36650  93042 

38268 
92388 

39875 

91706 

41469 

90996 

30 

3> 

35048 93657 
36677 

93031 

38295 
92377 

39902 

91694 

41496 
90984 

29 

32 

35075 93647 36704 

9302c 38322 
92366 

39928 

91683 

41522 90972 

28 

33 
35'02 93637 36731 

93010 

38349 

92355 

59955 

91671 

41549 

90960 

27 

34 
35130 

93626 
36758 

92999 

38576 

92343 

39982 
91660 

41575 

90948 
26 

35 
35I57 

93616 

36785 

92988 
38403 

92352 

40008 
91648 

41602 90936 

25 

36 

35184 93606'  36812 
92978 

38430 92321 

40035 

91636 41628 

41655 

90924 

90911 

24 

3  7 

352i; 93596 

368391  92967 

38456 
92310 

40062 

91625 

23 

3» 
35239 

93585 
36867  92956 

38483 

92299 

40088 

91613 

41681 

90899 

22 

39 

35266 

93575 36894  92945 

38510 

92287 

401 1 5 

9 1 601 

41707 
90887 

21 
40 

35293 93565 
36921  92935 38557 92276 

40141 91590 

41734 
90875 

20 

4i 
35320 

93555 36948  92924 58564 

92265 

40168 

91578 

41760 

90863 

19 

42 

3  5347 93544 369751  929 1,3 

5859' 

92254 

40195 

91566 
41787 90851 

18 

43 
35375 93534 

37002 
92902 

38617 

92243 

40221 

91555 

41813 

90839 

17 

44 

35402 
93524 37029 92892 

38644 

92231 
40248 

91543 

4184O 

90826 

16 

4< 
35429 

955H 

37056 9288] 38671 
92220 

40275 

91531 

41866 

90814 

is 

46 
3  5456 93503 37083 92870 

58698 

92209 

40301 

91519 

41892 

90802 

14 

47 35484 
93493 

37110 

92859 
38725 

92198 

40528 91508 

41919 

90790 

13 

48 
355" 

93483 37137 

92849 

38752 92186 

40555 

91496 

4'945 

90778 

12 

49 
35538 93472 37164 92838 

58778 

92175 

40381 

91484 

41972 

90766 

11 

50 
35565 

93462 37*91 

92827 38805 92164 

40408 
91472 

41998 

90755 

10 

5' 
35592 93452 

37218 
92816 38832 92152 

40434 

91461 

42024 

90741 

9 

52 

356i9 
93441 

37245 92805 38859 

92141 

40461 

9M49 

42051 

90729 

8 

53 35647 

93431 37272 

92794 

38886 
92130 

40488 

9H37 

42077 

90717 

7 
54 3  5674 

93420 

37299 92784 

38912 

92119 40514 
91425 42104 

90704 

6 
55 

35701 
934'°  37326 

92773 38959 

92107 40541 
91414 

4213O 

90692 

S 

56 
35728 

93400 

37353 

92762 

38966 92O96 

40567 

91402 
42156 

90680 

4 

57 
35755 

93389 
37380 

92751 

38993 

92085 

40594 

91390 
42183 

90668 

3 

58 
35782 

93379 
37407 92740 

39020 

92075 

40621 
91378 

422O9 
90655 

2- 

59 
35810 

93368 

37434 92729 

39046 

92062 

40647 

91366 

42235 
90643 

1 

60 35837 

9335s 37461 92718 
39073 

92050 

40674 91355 

42262 90631 

0 

N.  col. N.  fine. 

N.  col". 

N.  line. IN.  cof. N.  line. N.  col. N\  fine.  N.  cof. 
N.  fine. 

M 

68g 

67s 

66c 

65" 



Table    XXII.     Of  Natural- Sines. 

I  ]    as*     |    26°     |    27u 28"     |    290     || 

]  ,V1
 
N.  line.  N.  cof N.  fine 

|N.  coi 

i~8987~S 

]  V.  iine.iN.  cof 
N.  fine IN.  col.  N.  fine.|N.  cof.| 

c 
j  42262 90631 

43S3- 

45399 
89101 

46947 

88295 

48481 

87462I60 J 
422SS 906 18 

43865  89867J  45425 89087 

46973I  88281 
48506 

87448,59 

: 423I5 
90606 4388t, 

89854 

4545 J 

89074 

46999!  88267 48532 8743458 1 42341 
90594 

439** 

89841 
45477 

89061 
47024  88254 

48557 

87420157 

4 4236/ 
9C5S2 43942 

89S2S 

45503 

89048 

4705c 

88240 

48583 
87406:56 r 42394 90569 

4396? 
89816 

45529 

89035 

47076 

8S226 

48608 

87391 55 

6 
4242c 

90557 43994 
89803 

45<:54 
89021 

47 10 1 

88213 
48634 

87377154 

42446 
90545 

4402c 

8979c 

4.5580 

89008 47127 

88199 

48659 

87363|53 

S 4M73 90532 
44046 

89777 

45606 

88995 

47153 

88185 

48684 8/349  52 
c 42499 

90520 
44072 

89764 

45632 

88981 

47178 

88172 

48710 

87335 

51 

IC 
42525 90507 

44098 
89752  45658 88968 

47204 

88158 48735 

87321 

50 

I  I 
42552 

90495 
44124 

89739 

45684 

88955 

47229 

88144 

48761 

87306 

49 

! I2 ;7^ 
42578 90483 

44151 
89726 

45710 

88942  47255  88130 

48786 

87292 

48 

42604 
9047c 44177 

89713 

45736 

88928 

47281 

88117 

48811 

87278J47 

U 4263 1 90458 44203 
8970c 

45762 

88915 

47306 

88103 

48837 

8726446 
MS 42657 

90446 4422y 

89687 
45^7 88902 

47332 

88089 

48862 

8725045 

-6 
42683 90433 44255 

89674 

45813 

88888 

47358 

88075 

48888 

87235  44 

i" 
42709 

90421 
44281 

89662 45839 

88875 

4738j 

88062 
489  >  3 

87221 

43 
1 8 

42736 

42762 

90408 44307 

89649 

4586s 

88862 
474O9 

88048 

_4j|3_8 48964 

_87207 

87193 

42 

4i 

90396 44333 89636 

45891 

88848 

47434 

88034 

20 
427S8 90383 

44359 89623 

45917 

88835 

47460 

88020 

48989 87178 

40 

21 42815 9037' 44385 89610 

45942 

88822 

47486 

88006 

49014 

87164 

39 

22 
42841 90358 

444*  i 

89597 

4596? 

88808 

475U 

87993 

49040 

87 1  co 

38 

2, 
42867 90346 

44437 
89584 

45994 

88795 

47537 

87979 

49065 

87136 

37 

*4 
42894 90334 

44464 89571 

46020 

88782 

47562 

87965 

49090 

87121 

36 

25 
42920 

90321 44490 
89558 

46046 

88708 

47588 

87951 

49116 

87107 35 

20 
42946  90309 

44516 

89545 

46072 

88755 

47614 

87937 

49141 

87093 

34 

2- 
42972 90296 

44542 

89532 46097 
88741 

47639 

87923 

49166 

87079 

ZZ 
2S 42999 90284 

44568 

89519 

46123 

88728 

47665 

8.7909 

49192 

87064 

32 

•2Q 
43025 .90271 44594 89506 

46149 

88715 

47690 

87896 

49217 
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3i 
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43051  90259 

44620 

89493 

46175 88701 

47716 

87882 

49242 

87036 

30 

43077 90246 
44646 

89480 

46201 

88688 

47741 

87868 

49268 

87021 

29 

'  3  :- 43104 90233 

44672 

89467 

46226 

88674 

47767 

87854 

49293 

87007 

28 

3.1 
43I30 90221 

44698 

89454 

46252 

88661 
47793 87840 

49318 

86993 

27 

34 
43156 90208 44724 

89441 

46278 

88647 

47818 

87826 
49344 

86978 

26 

35 
43182 90196 

4475C 
89428 46304 

88634 

47844 87812 
49369 

86964 

25 

36 
37 

43209 90183 
44776 

89415 

46330 

88620 

47869 

87798 49394 

86949 

24 

23 

43235 90171 

44802 

89402 

46355 

88607 

47895 

87784 

49419 

86935 

3« 43261 90158 

44828 

89389 

46381 

88593 

47920 

87770 49445 86921 
22 

39 
43287 90146 44854 89376 46407 

88580 

47946 

87756 

49470 

86906 

21 

4; 43313 
90133 

44880 

89363 46433 88566 

47971 

87743 
49495 

86892 
20 

4! 43340 9012c 

44906 

89350 
46458 

8855.S 

47997 
87729 

49521 

86878 

?9 

4f 
43366 90108 

44932 

89337 
46484 

88539 

48022 

87715 

49546 

86863 

18 

»7 

43 
43392 

90095 

44958 

89324 

46510 

88526 

48048 
87701 49571 

86849 

44 
43418 90082 44984 89311 46536 

88512 
48075 87687 

49596 

86834 

16 

45 43445 90070 

45010 

89298 

46561 

88499 

48099 

87673 

49622 

86820 

'S 

4^ 43471 
90057 

45036 

89285 46587 

88485 

48124 
87659  49647 

86805 

14 

47 43497 90045 

45062 

89272 46613 

88472 

48150 

87645 

49672 

86791 

13 

4« 
43523  90032 

45088 

89259 
46639 

88458 
48175 87631 49697 

S6777 

12 

11 
4'; 43549 90019 

45114 

89245 
46664 

88445 

48201 

87617 

49723 
S6762 
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43575 90007 

45140 
89232 

46690 
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48226 
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10 
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89994 

45166 

89219 

46716 
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9 
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8 
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7 

54 
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46793 
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6 
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5 
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48405 
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49924 
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3 
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2 
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Table   XXIT.      Of  Natural  Sines. 
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N.  liue.iN.  col. 

51504]  85717 

N.  fwe.,N.  col. 

N.  fine. 

N.  co;. 
N.  fine./N.  col., 

52992!  84805 
54464 

83S07 

559:9  829O4I60 ij  50025 8658* 51529  85702 530:7  84789 

54488 

83'85> 

55943  82887 59 
2.  5OO5, 

3  50076 

S657  J] 
5*554 

856S- 

53041  84774 

545*3 

83835 

55968 

82871 

58 

86559 

5*579 85672 
53066  84759 

54537 

83819 

55992 

82855 

57 

4]  50101 

86544 

51604 

8565: 

53091  84743 
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50478 
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8358 
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42 
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84495 
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40 

21 
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83533 
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59 
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58 

23 
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24 
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36 

2! 
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"867^ 

52126 

8534c 
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84417 
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35 

26 50654 
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85325 

53632 
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83455 

56545 

82478 

34 
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86207 

52175 

85310 
53656 

84386 

55121 

83437 

56569 82462 33 
28 

50704 
S6192 

52200 

85294 

5368i 

84370 

55*45 
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56593 

82446 

32 

29 

50729 
86178 52225 

85279 

53705 

84355 

55169 

83405 

56617 

82429 

3* 

3G 

50754 
86165 

J225C 

85264 

53730 

84530 
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85389 

56641 

824.3 

30 

3' 

50779 

""86148 

52275 
85249 

53^54 

84324 

5521b 

8337  5 

56665 

82390 

29 

32 

50804 

86133 
52299 

85234 
53779 84308 

55242 

-5356 

56689 
82380 28 

33 50829 
86119 

52324 
8521& 53804 

84292 

55266 

83340 

56713 

82363 

27 

34 50854 
86104 52349 85203 

53S28 

84277 

55291 

83324 

56736 

82347 

26 
35 

50879 
86089 52374 

85188 
53853 84261 

553*5 
8330b 

5676c 

8233c 

25 

36 

50904 

S6074 5239S 85*73 

53877 

84245 

55339 83292 56784 

82314 

24 

37 50929 

S6059 
52423 

85*57 

53902 

84230 

55363 

8327b 

5b8o8 

82297 

23 

38 

50954 

86045 

52448 
85142 

53926 

84214 

55388 

83260 
56832 

82281 

22 

39 
50979 

86030 52473 85127 

53951 

84198 

554*2 

83244 

56856 

82264 21 

40 

51004 

86015 

52498 85112 

53975 841S2 

55436 

83228 

56880 

82248 

20 

4' 
5102c 

86000 

52522 
85096 

54000 

84167 

55460 

83212 
56904 

82231 

*9 

43 

51054 85985 52547 

85081 54024 

84151 

5  5484 

83195 

56928 

82214 

82198 
18 

■7 

51079 S5970 
52572 85066 

54049 

«4i35 

55509 

83'79 

56952 44 51104 85956 52597 
85051 

54073 
84120 

55533 

83163 

56976 

82181 

16 
45 

51129 85941 
52621 

85°35 

54097 

84104 

55557 

83H7 

57000 

82165 

*5 

46 
H  "54 85926 52646 

8502c 

54122 

84088 

5558i 

83131 

57024 

82148 

*4 

47 
51179 

85911 
52671 

85005 

54146 

84072 

55605 

831x5 

57047 

82132 

*3 

4? 

51204 85896 52696 
84980 

54i7i 

84057 

55630 

83098 

57071 

82115 

12 
11 

49 
5l22g 85881 

52720 

84974 

54195 
84041 

55654 83082 

57095 

82098 

50 

51254 
85866 

52745 
84959 

54220 

84025 

55678 

83066 
57**9 

82082 10 

51 

51279 85851 
52770 

84943 

54244 

84009 

55702 

83050 

57*43 

82065 

9 

52 

51304 85836 
52794 

84928 54269 

83994 

55726 

83034 

57167 

82048 
8 

53 51329 85821 
52819 

849*3 

54293 

83978 

55750 

830.17 

57191 

82032 
7 

54 

55 

5'354 

51379 
85806 52844 

84897 

54317 
83962 
*394° 

55775 

55799 

83001 
57215 

57238 

82015 81999 

6 

1 85792 52869 

84882 
54342 !  56 

51404 
85777 52893 

84866 

54366 

83930 

55823 

82969 

57262 

81982 
4 

I  57!  5*429 85762 
5291S 

84851 

5439* 

83915 

55847 

82953 

57286 

81965 

3 

!5&  5H54 
85747 

52943 84836 
54415 

83899 

55871 

82936 

573*o 

81949 

2 

1 59 
5 '479 85732 52967 

84820 
54440 

83883 

55895 

82920 

57334 
81932 

I 

|6o 
51504  85717 

52992 

84805 

54464 N.  col. 
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N.  Tine. 559*9 

82904 

57358 
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0 

1 N.  cof.|N.  fine. N.  cof. N.  tine. N.  cof. 
N.  fine. 

N.  cof. N.  fine. 
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Table    XXII.     Of  Natural  Sines. 
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35°     1    3&°     I    37u     |    3*" 

1    39° 
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M iSi.  (inc. N.  coi. N.  line. IN.  co-l. 

N.  line. 
N.  col. N.  fine. 

N  .  col . 

78801 

N.  lim-.lN.  cof.i 

0 

;  7  3  5  S 
8.19*5 

58779!  80902 60182 74864 
61566 

62932)  777'5:6° 
1 

5738 1 

81899 

5S802I  80885 

60205 

79X46 

61589 

78783 62955  77696]59 
2 

57405 
81882 

58826  80867 60228 
79829 

61612 
78765 

6^977  77678 58 
3 

57429 

81865 
58849 80850 60251 

79811 

61635 

78747 
65000  77660J57 

4 57453 
81848 58873 

80833 
60274J  79793 

61658 
78729 

63022 

77641  56 

5 57477 
81832 

58896 
80816 60298 

79776 

61681 

78711 

63045 

7762355 

b 

7 57501 

81815 

58920 

S0799 

60321 

79758 

7974' 

61704 

61726 

78694 

78676 63068 

77605  54 

57524 
81798 58y43 ^0782 

60344 

6309c 
77586  53 8 

S754« 
81782 58967 

80765 
60367 

79723 

61749 

78658 

63113 

77  568 

52 

9 
57572 

81765 

58990 

80748 6039c 

79706 

61772 7 8 64c i  63135 

7755° 

51 

10 

57596 

81748 

59014 

80730 
60414 

79688 

61795 

.7^622!  63158 

77531 

50 

ii 
57619 

8,731 
59037 

80713 
60437 

79671 

6181^ 

78604'  63180 
77513 

49 

I I2 
57643 

81714 

59061 

S0696 
S0679 

6046c 60483 
79653 

79635 

6184/1 
78586]  63203 

77494 

48 

I '3 57667 
81698 

59O84 

61864 

78568!  63225 

77476 

47 
14 

57691 
S1681 

59108 

80662 
60506 

796.8 

6188/ 

7S550J  63248 

77458 

46 

l'5 57715 

81664 

59131 

80644 
60529 

7960c 

6 1909 

78532 
63271 

77439 
45 

jib 5773* 

81647 

59'54 

80627 
60553 

79583 

61932 
785,4 

63293 

77421, 

44 
U7 

57762 

8163. 

59178 

80610 60576 79565 

61955 

78496 
63316 

77402 

43 

;i8 

pi 
57786 

S1614 

59201 

80593 
60599 

79547 
61978 

78478 
63338 77384 

42 

57810 

81597 

59225  80576 60622 

79530 

62001 

78460 
63361 

77366 

41 

20 
$?833 

81580 

59248 

80558 6064c 

79512 

62024 

78442 

63383 

7734'ko 

21 
57»57 

81563 

59272 

80541 60668 
79494 62046 

78424 

6^406 
77329 

39 

1  22 

5788i 
81546 59295 

80524 
60691 

79477 

62069 

78405 

63428 

773io 

38 

*3 

57904 
81530 

59318 

80507 
60714 

79459 
62092 

78387 63451 

77292 

37 

r4
 57928 

81513 

81496 
59342 80489  6o-»3>< 

79441 

62115 

78369 

6347,3 

63496 

77273 

50 

Us 
57952 593bj 

80472 
6076  1 

79424 

62138 

78351 

77255 
3  5 

I  26 

57976 

8i479 

5938y 

80455 60784 

79406 

62160 78333 

63518 

77236 

34 
27 

57999 81462 

59412 

80438 
60807 

79388 

62183 

78315 6354c 

77218 

a 

[28
 

58023 8.44c 

59436 

80420 
6083c 

79371 

6220& 
78297 63563 

77199 

32 

,29 
58047 81428 59459 

80403 
60851 

79353 

62229 

-78279 

6358  c 

77i8. 

31 

30 
58070 81412 

59482 

80386 

"80368 

60876 
60899 

7933  5 
62251 

78261 
63608 

77162 

30 

31 
58094 

»i395 

59506 793 *8 

62274 

78243 6363c 77H4 

29 

i  32 58118 
8.378 

59529 

80351 
60922 

79300 

62297 

78225 

63653 

77125 
28 

33 
58141 81361 

59552 

80334 
60945 

79282 
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78206 

63675 

77107 

27 

34 
58.65 
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59576 

80316 60968 
79264 

62342 

78188 

63698 
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58189 

81327 
59599 

80299 
60991 
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62365 
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25 
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24 
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58236 
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59646 
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25 
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58250 
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59669 

80247 
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76940 

18 
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17 
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58401 

81174 
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45 58425 

8U57 
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61245 
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59926 
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64033 
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58543 81072 59949 

80038 

61337 

78980 
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64056 
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58567 
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80003 61383 78944 62751 
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77843 

64123 
76735 

7 

54 

55 
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■  OlOI 

0077 

0052 

0028 

GG04 

5' 

52 

025: OZ2fc 020! 
0176 1  0151 0126 0101 co  7  6 

0052 

.0027 coo  3 

52 

1   53 0251!  0226 020C 

0"S 

01 5C 

0125 

0100 0076 
C051 

0027 0003 

53 
54 02;ij  0225 

02CC 

OT75 

°MC 
0125 

0100 

0075 

00^  1 I  0027 

C0O2 
54 

55 
025c!  0225 020C 

o'i  74 

|ci4<. 

01 '24 

o'i  001  0075 C051 

co  2  6 

COO  2 55 ; •   56 02501  0224 

OI99 0174 

1  °'45 

0124 

0099  coy  5 
005c 

CO26 0002 

56 

57 0250J  0224 

01 99 
0174 

6148 

0124 

0059 
C074 

005c 

C025 

CO01 

57 

58 0249J  0224 019^ 

CJ73 

I0148 

0123 

0098 

0074 

C049 

OC25 

C001 

5* 

59 

1  024<;|  0223 
0198 

CT73 

0148 

20  53' 

0123 

0098 

0073 
0049 

0025  ccoc 

I59  i 
a 

2"49'|2U  50',2V  5  1' -"  54' 

U-5.5 

|2°56' 

2U57' 

2-58 i2u  59 'U.    | 



Table  XXIV,     Logarithms'  cf  Num-befl. 

Of  Logarithmic  Sines,  Tangents,   and  Secants,  to  every  Point  and 

Quarter  Point  of  theCornpafs. 

•I  Points.!  Sine. Co-fine.  iTaneent. 

8.690S0 

8.99130 

9.16652 

9,29024 
9-3S557 

9.462S2 
9.52749 

2 

2  I 

3  I 
3  1 
3  I 

9.58284 
9.63099 
9-67339 

9.71 105 

9-74474 

9-77503 
9.80236 
9.82708 

_9j^49_49 
jCo-fine 

00000 

99948 
99790 
99527 
99J57 
98679 

98088 
97384 

96562 

95616 
94543 
93335 

91985 

90483 88819 
86979 

84949 

69132 

9934C 
17125 

29866 39879 4?  194 

61722 
67483 

72796 

77770 

82489 

8702c 
91417 

95729 

Sine.     [Co-tang, 

Co-tang. 

infinite. 

1 1.3086S 
1 1.00660 10.82875 

10.70134 

10.60121 

10.51806 r  0.44635. 

10.38278 10.32517 

10.27204 

10.22230 

10.17511 
10.129S0 10.085S3 

10.04271 

Secant. 
10.00000 
10.00052 

10.00210 

10.00473' 

Co-lecamf 

Infinite.   8 
1.309207 
1.00S7CI7 

10.00S43 

10.01321 10.01912] 

10.02616! 

10.03438' 

10.04384 10.05457 

ro. 06665 

10.0S015 
10.09517 

10. 1 1 181 

10.13021 

io.coooo 

1  angent. 

IO.I5051 

.0.8334& 

0.70976 
0.61443 

0.53718 0.47251 

7 

6  k 

6   I 

0.41716J6 

5 

0.32661 

0.2S895 

0.25526 

'5  i 

0.22497 

0.19764 

0.17292 
0.1 505 1 

Co-fecantj  becant 

1_ 

5 

4-1 

4  i 

±i_ 

4_ 

Paints 

Logarithms  of  Numbers, 

\J^E1*L      f 

N° 
.  I   —IOC 

>. 

Los, 

0.00000   2.00000. 
N. 

1 

L.ug. N. Lug. 
N. •Log. 

A. Log. 

N, 

81 

Leg. 

O.OOOOO 21 1.32222 

41 

1. 61278 6l    1 
78533 

1.9CS4.Q 
2 O.3OIO3 

22 
1.34242 

42 

I.62325 
62   I 79239 

82 

1.9138c 
3 O.47712 

21 

1.36173 

43 

1-63347 

63   I 
79934 

«3 

1. 91908 
4 0.60206 

24 

1. 38021 
44 

I.64345 

64   I 

80618 

84 

1.92428 
5 

6 

O.69897 

O.77815 

25 

26 i:39794 1.41497 
45 

46 

l-653al 
I.66276 

65   I 

8 1 29 1 

85 

86 

1.92942 

66   1 

81954 

1.93450 

7 O.845IO 

27 

1.43136 

47 

1. 67210 67   1 

82607 

87 

1.93952 

8 O.9O3O9 28 1.447 1 6 

48 

1.68124 
68   1 83251 

88 
1.94448 

9 O.95424 

29 

1.46240 49 I.6902O 
69   1 

83885 

89 

1.94939 

TO I. OOOOO 

30 

1. 47712 

50 
5i 

1.69897 

1.70757 
70   1 

84510 

90 

91 

1.95424 

JI 
I.O4139 

3i 

1.49136 

71   1 
85126 

1.95904 

12 I.O7918 

32 

I-50SI5 

52 

1. 71600 

72   1 

85733 

92 

1.96379 

13 
1. 11394 33 1.S1851 53 I.72428 

73   1 

86332 

93 

1.96S4.3 
14 

I.I4613 34 
1. 53148 

54 I.73239 

74   1 

86923 

94 

i-973i3 
IS 

16 

1. 17609 

1 .  2O4 1 2 

3  5 

36 

1.54407 

5<> 

I.74036 

I.748  19 75  1 

76  1 

87506 

"HoUT 

95 

1.97772 

1.55630 

96 

1.98227 

17 
I.23O45 

37 1.56820 

57 

I.75587 

77   J 

88649 

97 

1.98677 

18 I.25527 

3« 

1.57978 

5« 

I-76343 

78   1 

89209 

98 

1. 99123 
19 

I.27S75 39 
1. 59106 

59 

1.77085 

79   1 

89763 

99 

1.99564 

20 I.301O3 

I  4° 

I. 60206 

60 

I-77815 
[  80  |  i 

90309 
100 

2.00000 



Table.  XXIV.     Logarithms  of  Numbers. 

i   N°  IOO — — — 1600                            Lop. 

00000- 

  20412  | 

•   N° 
O 1  1   2 3 4     5 6 

7  1 

8 

9  "i 

00389! 
IOO ooooc 00043J  00087 00130 

00173 00217 

OO260 
00303! 

00346 

.  101 00432 00475!  00518 00561 

00604 
00647 

00689 
00732 

00775 

008171 

102 OOS60 
00903 

00945 

00988 

01030 
010725  01 1 15 

oi  157 
01199 

01242 

103 
01284 

01326 01368 01410 

01452 

OI494J  01536 

0157^ 

01620 

01662 
104 

01703 
01745 01787 

01828 01870 
01912 

01953 

Q'995 

02407 02036 

0207&I 

02490,  ' 

105 
02119 

02160 02202 

02243 02284 02325 

02366 

02449 

106 02531 02572 02612 

02653 
02694 

02735 

02776 
02816 

02857 

02898I  ; 107 

02938 

02079 
03019 

03060 03100 03141 
03181 03222 03262 

03302  | 
•  108 

03342 
03383 03423 03463 03503 

03543 

03583 
03623 03663 

03703! 

i 

109 
03743 

03782 03822 03862 03902 
03941 

03981 04021 04060 

04100 

110 04139 04179 

04218 
04258 

04297 

04336 
04376 

04415 

04454 04493! 

1 1 1 
04532 04571 

04610 
04650 

04689 04727 

04766 

04805 

04844 

048831 

112 

04922 04961 

04999 

05038 

05077 05115 
05154 

05192 05231 

05269; 

113 

05308 
05346 

05385 05423 

05461 05500 05538 
05576 

05614 
05652; 

114 

0569c 
05729 

05767 
05805 

05843 

05881 

05918 

05956 

05994 

06032' 

115 

06070 06108 
06145 06183 

06221 

06258 06296 

06333 

06371 

06408 
• 
[     116 

06446 
06483 

06521 
06558 

06595 
06633 

06670 

06707 

06744 

06781! 117 
06819 

06856  06893 
06930 

06967 
07004 

07041 
07078 

07115 
07151, 

118 
07188 07225!  07262 07298 

07335 

07372 
07408 

07445 

07482 

07518, 

[   "9 
07,555 

07591!  07628 

07664 

07700 

07737 
07773 07809 

07846 

07882- 
.   !20 

07918 °7954  07990 

08027 08063 

080  99 
08135 

08171 

08207 

08243' 

121 

08279 
08314;  08350 08386 08422 

08458 

0S493 08529 08565 
08600, 

1   l" 
08636 08672 

08707 
08743 

08778 

0SS14 

08849 
08884 

08920 

089551 

■  r^3 0899  I 
09026 09061 

09096 09132 
09167 

O9202 

09237 

C9272 093071 

09656'
 

— _ — 1_ 
10003I 

(  124 09342 09377 
09412 

09447 

09795 

09482 

C9517 
09552 

09587 09934 

09621 

O996S 

125 

09691 09726 09760 
09830 

0986^ 

O9899 

126 
10037 

10072 10106 10140 

10175 
10209 

10243 

10278 

10312 

10346 

127 

1038c 

10415 

10449 
10483 

10517 
10551 

10585 
10619 

10653 

10687, 

128 
10721 

10755 10789 10823 

10857 

I08yr 

10924 
10958 10992 

1 1025 

f  129 

11059 
11093 

1 1 126 11 160 

11193 1 1 227 

1 1261 

11294 11327 
ii36i| 

130 

"394 

:  11428 11461 

1 1494 

1 1528 1156. 

1 1  594 

11628 11661 

1 1694' 

1  j  i 11727J  11760 

11793 

11826 
11860 

11893 

1 1926 

11959 

11992 

12024' 1 3  2 12057!  1 2090 

12123 
12156 

12189 

12222 

12254 
12287 

12320 

12352' 

*33 

12385  12418 

12450 12483 

12516 

I254S 

12581 

12613 12646 
12678 

ru 12710}  12743 

12775 

12808 
1284c 12872 

12905 

13226 

12937 

12969 

13001I 

135 
13033 

13066 13098 13130 

13162 

13194 

13258 
13290 

13322' 

136 
*3354 

13386 13418 
f3450 

i348i 

*3Sij 

13545 13577 13609 13640; 

*37 
13672 

13704 
13735 

13767 

13799 

1383c 
13862 

13893 13925 

13956 

138 
13988 

140 1 9 14051 
14082 

141 14 

14145 

i4'76 

14208 

14239 
14270, 

'39 

1 4301 

14333 14364 
H395 

14426 

'4457 
14489 

14520 

14551 

14860 

14582 
1489 1 140 14613 

14644 14675 

14706 

14737 

1476* 
H799 

14829 

(41 14922 

14953 
14983 15014 

15045 

15076 

15106 

15137 

15  168 

15198 
142 15229 

15259 
15290 

15320 
15351 

15381 15412 
15442 

15473 

15503' 

143 
15534 15564 

IS594 15625 
15655 

15685 1 57i  5 

15746 

1S776 

15806^ 

M4 15836 15866 

15897 15927 
15957 15987 

1 60 1 7 16047 

16077 

16107  : 

*45 
1 6.1 3  7 16167 

16197 16227 
16256 

1628c 16316 
16346 

16376 

16406 

146 

»6435 16465 
16495 16524 

16554 16584 16613 
16643 

16673 

16702; 

147 

16732 16761 
16791 16820 16850 

16875 16909 

1693S 

16967 

16997, 

148 17026 17056 
17085 17114 

17143 17173 

17202 
1723 1 

17260 

17289 

149 

I73I9 
17348 

17377 

17406 

17435 
17464 

17493 

17522 

17551 
17580 

150 
17609 17638 

17667 17696 

17725 

17754 

17782 
17811 

17840 

I7869  ; 
*5> 

17698 
17926 

17955 
17984 

18013 
18041 18070 

18099 
18127 

18156' 

152 
1S184 

18213 
18241 18270 18298 

18327 

18355 

18384 

18412 

1844I' 

J53 
18469 18498 

18526 

18554 
18583 

18611 

18639 
18667 

1S696 

18724  , 

}i* 

18752 18780 18808 

18837 18S65 

18893 

18921 

19201 

18949 

18977 19005  ; 

*55 
19033 

19061 
19089 

i9"7 
19145 I9I73 

19229 

19257 

192S5  ' 

156 19312 19340 19368 
19396 19424 

19451 

19479 

19507 

19535 

19562 

*57 
19590 

19618 

19645 »9673 

19700 1972b 

19756 
19783 

19811 
19838  . 158 

1.9866 

19893 

19921 

19948 
19976 

20003 

20030 
20058 

20085 

20112 

-  *« 

20140 
20167 

20194 

20222 
20249)  20276 

20303 
1  20330 

20358 

8_ 

20385; 

0 1 2 3 4  1   5 6 7 

9'  \\ 



Table  XXIV.     Logarithms  of  Number's* 

N°  i 600   2200. 

•Log 

.  20412——— 

34242. 

No. O 1 .  2  .1  .3 4 5 6 

,  7 

8 9 

1 60 204 1  2 

20439 
20466  20493 20520 20548 

20575 

20602 

20629 

20656 

161 2O683 
20710 20737/  20763 

20790 20817 
2084^ 

20871 20898 

20925 

162 2O952 20978 
21005 

21032 

21059 
21085 

21  I  12 

21139 
21165 

21192 

163 2I2I9 
21245 

21272 

21299 21325 

21352 21378 

21405 

21431 

21458 
164 21484 2 1 5 1 1 

21537 
21564 

21590 21617 

2l643 21669 
21696 

21722 ^5 
21748 

21775 
21801 

21827 

21854 

2T880 2I9O6 

21932 
21958 

21985 

166 22011 

22037 22063 
22089 

22115 

22141 

22l67 
2219.^ 

22220 22246 

167 22272 22298 
22324 22350 22376 

22401 

22427 

22453 

22479 

22505 

168 22531 

22557 22583 
22608 

22634 

22660 22686 22712 

22737 

22763 

169 22789 
22814 22840 22S66 

22891 22917 

22943 

22968 

22994 

23019 

170 2304S 23070 23096 23121 

23H7 

23172 23198 

23223 

23249 
23274 

*7* 233OO 
23325 23350 23376 

23401 23426 
23452 

23477 

23502 23528 J72 23553 23578 
23603 23629 

23654 23679 
23704 

23729 

23754 23779 

173 23805 23830 

23855 

23880 

23905 

23930 

23955 

23980 

24005 

24030 '74 24055 
24080 

24105 24130 

24155 

24180 

242O4 24229 

24254 24279 

*75 24304 24329 
24353 

24378 24403 
24428 

24452 

24477 

24502 

24527 

176 24551 24576 24601 

24625 

24650 

24674 24699 
24724 

24748 

24773 

177 24797 
24822 24846 24871 

24895 

24920 

24944 

2496c 

24993 

25018 
178 25042 25066 25091 

25115 25139 25164 

25188 25212 

25237 

25261 
111 25285 

25310 

25334 
25358 

25382 
25406 

2543' 

25455 
25479 

25503 

180 25527 25551 
25575 

25600 
25624 25648 25672 25696 

25720 

2  5744 

181 
25768 25792 

25816 
25840 25864 

25888 25912 

25935 25959 

25983 

182 26007 26031 

26055 
26079 

26102 26126 
26150 

2617/] 

26198 

26221 183 26245 26269 
26293 

26316 26340 

26364 
26387 

264 1 1 

26435 

26458 

184 
26482 

26^05 26529 

26553 

26576 26600 

26623 :  26647 26670 

26694 

its 26717 26741 
26764 26788 26S11 

26834 

26858 26881 

269O5 

26928 186 26951 

26975 
26998 

27021 

27045 

27068 
27O9I 

27114 

27138 

27161 

is? 27184 27207 
27231 

27254 27277 

27300 

27323 
27346 27370 

27393 

188 27416 
27439 

27462 

27485 

27508 27531 

27554 27577 

27600 

27623 
189 27646 

27877 

27669 

27898 

27692 

27715 

27944 27738 27967 27761 27989 

27784 

28012 

27807 

28035 

27830 28058 27852 

28081 
190 

27921 
191 

28103 28126 

28149 
28171 

28194 
28217 2824O 

28262 

28285 

28307 

192 28330 
28353 

28375 28398 
28421 

28443 

28466 28488 28511 

28533 

193 28556 28578 28601 
28623 

28646 
28668 

2869I 
28713 

28735 

28758 194 28780 
28803 

28825 
28847 

28870 28892 

289I4 

28937 
28959 

28981 19s 29003 29026 
29048 29070 29092 29115 

29137 

29159 

29181 
29203 

196 29226 29248 29270 29292 

293H 

29336 

29358 

29380 

29403 

29425 
197 29447 29469 

29491 
29513 

29535 29557 
29579 

29601 

29623 29645 

198 29667 29688 29710 
29732 

29754 

29776 29798 

29820 

29842 
29863 

IQ9 29885 29907 
29929 

29951 
29973 

29994 

30016 
30038 

30060 

30081 

200 30103 30125 30146 30168 30190 

30211 

30233 

30255 

30276 

30298 

201 
30320 30341 30363 30384 

30406 
30428 

30449 

3°47i 30492 

305H 

202 30535 30557 
30578 30600 30621 

30643 30664 30685 30707 

30728 

203 
30750 30771 30792 

30814 
30835 

30856 
30878 

30899 

30920 
30942 

204 30963 30984 
31006 

31027 31048 31069 3IO9I 
31x12 

3H33 3H54 

20  5 J»75 3'i97 

31218 

31239 

31260 

31281 31302 

31323 

31345 

31366 

206 31387 
31408 

3'429 31450 
3 147 1 

3H92 

3I5'3 

31534 
31555 

31576 

207 31597 
31618 

31639 

31660 
31681 

31702 

31723 
31744 

31765 

31785 208 
31806 31827 31848 

31869 

31890 

31911 

3I93I 31952 

31973 

31994 

209 32015 

32222 

32035 

32243 
32056 

32263 

32077 

32284 
32098 
32305 

321 .18 
32325 

32139 

32346 3216c 

3^366 
32181 

32201 32408 

210 32387 

211 
32428 

32449 32469 
32490 

32510 32531 32552 32572 

32593 

32613 
212 32634 32654 32675 

32695 
32715 

32736 
32756 

32777 32797 

32818 

213 
32838 32858 

32879 32899 
32919 

32940 
32960 32980 

33001 
33021 

2I4 
33041 33062 33082 

33102 33122 

33143 
33163 33183 

33203 33224 
215 

33244 33264 33284 33304 33325 

33345 
33365 33385 

33405 33425 2l6 33445 33465 
33486 

33506 33526 
33  546 

33566 33586 
33606 33626 

217 
33646 33666 33686 

33706 33726 
33746 

33766 33786 
33806 33826 

218 
33846 

33866 
33885 33905 33925 

33945 

33965 
33985 34005 34025 

219 
34044 34064 34084 34104  34124 

34'43 

34163 
34183 

34203 
34223 No7 0     1 l 3  '   4 5 6 7 8 

3M 

(Y)    Tab. 



Taele  XXIV.      Logarithms  of  Numbers. 

— :   

44716. 

* 

fio. 0 

3424^ 

1 2 3 4 5 6 7 8 

1   220 

34262 3428: 

•  34301 

34321 
54341 

3436i 

34380 34400 
34420 

1   221 3443S 34459 34475 

34492 

345i8 

34537 
34557 

34577 

34596 
34616 

,   222 3463: 34655 

3467-1 
34&9H 

34713 

34733 34753 

34772 

34792 
348  1 1 

I   223 

3483c 3485c 

3486c 

34885 

34908 34928 

34947 
34967 

34986 

35005 

1   224 
3502  s 

3  5044 
3506^ 35085 

35102 
35122 

Ji  141 
|  35334 35160 

3518c 

35!99 

i   22j 

3521'
 

3523^ 
35257 

35276 

35295 
35315 

35353 

35372 
35392 

!   226 

354" 3543C 

35449 

35468 
35488 

35507 

35526 

35545 

35564 35583 

]  227 356°j 

35622 
3564' .3566c 

35679 

35698 

35757 
35736 

35755 35774 

1  228 35793 
358f3 

35832 35851 
35870 

35889 

359&8 

35927 

35946 

35965 

{  229 
1  230 

35984 
36003 

36021 3604c 36229 

36059 

36078 

36097 

36116 

36135 

36154 

36175 
36192 

36211 36248 

36267 

36286 

36305 
36324 

36342 

!  231 
36361 3638c 

36399 

36418 
36436 

36455 
36474 

36493 

36511 

36530 !  232 36549 

3656^ 
36586 

36605 36624 
36642 

36661 
366SC 3669S 

36717 *.M 

36736 

36754 36773 

36791 
3681c 

36829 
36847 

36866 

36884 36903 '  234 235 
36922 3694c 

36959 36977 
36996 

'.37*36: 

37014 
37033 

37051 

37070 37088 

3/J°7 37125 
37H4 

37162 

37199 

37218 37236 

37254 
37273 

j  236 37291 
373IC 37328 

37346 
37365 37383 

37401 

37420 
37438 

37457 237 

37475 37493 

37511 37530 37548 

37566 

37585 
37603 

37621 

37639 
238 

3765S 37676 

5/694 

37712 
37731 

37749 
37767 

37785 
37803 

37822 

239 

37840 37«tf« 37876 

37894 

37912 
37931 

37949 

38130 
37967 37985 

38003 

240 
38021 

38039 38057 38075 38093 

38112 
38148 

38166 

38184 

[  24  c 
38202 38220 38238 38256 

38274 

38292 

38310 
38328 

38346 

38364 

242 
38382 

38399 
38417 

3843  5 38453 

38471 

38489 
38507 38525 

38543 

243 

38561 
38578 38596 

38614 
58632 38650 

38668 
38686 

38703 

38721 

1  244 
38739 38757 38775 

38792 
38810 38828 

38846  38863 

38881 

388q9 

!  245 389«7 
38934 

38952 3S970 
38987 

39005 39023 

39041 

~39°58 

39076 

246 39094 

39m 

39129 
39146 

39164 

39182 

39199 

39217 
39235 

39252 
24, 39270 39287 39305 

39322 
39340 39358 

39375 
39393 

59410 
39428 

!  248 39445 
39463 

39480 39498 
39515 

39533 

3955° 

39568 

39585 

39602 

1  249 
250 39620 

3963^ 

39655 

39672 
39846 

39690 
39707 39724 

39742 

39759 
39777 • 

39794 

39811 
39829 39863 

39881 

39898 399'5 

39935 

3995° !  251 
39967 39985 

4boo2 

40019 40037 
40054 

40071 

40088 40106 

40123 

i  252 

40140 
4015; 40175 

40192 

40209 

40226 

40243 

40261 

4027S 

40295 

!  253  40-,  12 
40329 

40346 
40364 

40381 
40398 

40415  40432 

40449 

40466 

254  1  40483 
4050c 40518 

40535 

40552 
40569 405861  40603 

40620 

40637 

;  25,- 

40654 
40671 

4668  8 

40705 

40722 

40759 

40756 40773  4079Q 

40  S  0-7 
!   256 40824 40841 40858 

40875 

40892 
40909 

40926 

40943 

40  9  60 
40976 

i   257 40993 
41010 

41027 
41044 

41061 
41078 

41095 

4m  1 41128 

41145 

:  258 47162 
4 1 1 7  c, 41196 

41212 

41229 
41246 

41263 

41280 
41296 

41313 
!  259 

4!330 4'34' 

4' 565 

41380 

41397 

41564 

41414 

41430 
4H47 41464 

41481 

41647 

1  260 4'497 4'5J4 
4i53i 4154^ 

41581 

41597 

416.14;  41631 
1  261 41664 

41681 

41697 41714 
4'75i 

41747 41764 

41780 

4X797  41814 
262 

41830 

41847 41863 

41880 
41896 4x9i3 

41929 

41946 

41963  41979 
263 

4r996 42012 

42029 
42045 

42062 

42078  42095 

42m 

42127  42144  | 264 

42160 

42177 42193 

42210 42226 
42243  42259 

42275 
42292]  42308 265 

42325 
42341 

42357 
42374 

42390 

42406 

42423 

42459 
42455 

42472 266 
42488 

42504 

42521 

42537 42553 

42570 42586 
42602 

42619 

42635 

267 

4265; 
42667  42684 

42700 42716 
42732 

42749 

42765  42781 

42797 

268 42813 42830  42S46 

42862 
42878 

42894 

42911 

42927,  42943 

42959 

269 

42975 
4299 ij  43008 43024 

43040 43056 43072 

43088 

43i04| 

43120 

270 

43136 
43152I  43169 43185 

43201 

43217 

43233 
43249 

43  265 

43281 

■  271 
43297 43313  43329 

43345 

4336i 

43377 
43393 

43409 43425 

43441 

272 43457 434731  43489 
43505 

43521 

43  537 43555 
43569 43584 

436oo 

273 

43616 
43632  43648 

43664 

4368c 
43696 

43712 

43727 

43743 43759 274 

43775 

43791 45807 43823 
43838 

43S54 

43870 

43886 43902 

43917 

27-5 

43933 43949 
43965 

4398i 
43996 

44012 44028 

44044  44059 44075 

276 
44091 44107 

44122 44138 

44154 

44170 

44185 

44201 

44217 

44232 

277 

44248 44264 
44279 44295 

443 1 1 

44320 

44342 4435  s 

44373 

44389 278 
44404 

44420 
44436 

4445' 
44467 

44483 44498 

445H 

44529 

44545  ; 

279 

No. 44560 44576 44592 44607 44623 4 

44658 

44654 

44669 44685 
44700  1 

1 0 1 2     3 
5     6     7      8  '   9   ij 



Table  XXIV.      Logarithms  of  Numbers. 

No.  2 800   3400.                      Log.  44716   ■   {JKfS. 

N" 1   ° 
1 2  1   3 -4  '  1   5   )   6 

8 

1   9— 

280 
1  447i6 

44731 
44747 

44762 

44778  44793  44809 

448  it. 4484c 

j  44855 

23i 
44871 

44886 
44902 

449 '7 
44932i  4494s 

44963 

44979 
44994 

4501
0" 

232 
45025 

45040 45056 45071 

45086 45102 

4.51*7 

45133 

4514* 
45 1 63 

283 
45^79 45194 45209 

45225 
45  240 

45255 

45271 

45286 45301 

455 1? 
284 

45332 
45347 

45362 45378 

45393 

45408 
45423 

45439 
45454 

45469 285 

45484 

45500 
455 '5 

45530 

45545 

45561 
455/6 45  591 

45606 
45621 

286 
45637 

-45652 

45667 
j-5682 45697 

45712 45728 

45743 

45758 

45773 

287 

45788 
45803 

45818 

45834 45849 
45864 

45879 
45894 

45909 

45924 
288 45939 45954 

45969 45984 
46000 

46015 

46030 

46045 

46060 

46075 

289 
46090 

46240 

46105 
40255 46120 

4627b 
46285 

46150 
46165 

46315 46180 
46330 

46195 

46545 

46210 

46359 

46225  - 
2^U 

46300 

46374 

29I 46389 46404 46419 
46434 46449 

46464 

46479 46494 

46  5°9 

46523 

292 
4653s 

46553 

46568 

46583 
46598 

46613 46627 

46642 

46657 

46672 293 
46687 

46702 46716 46731 
46746 

46761 

46776 46790 
46805 

46820 

294 
4683s 

469^,2 

46850 46864 

47012 

46879 

47026" 

4G894 

47041 

46909 

47056 

46923 

47070 

46938 

47085 

46953 

47100 

46967  • 

295 4°997 

47114 296 47129 47144 47159 47173 

47188 47202 

47217 

472J2 

47246 47261 

297 

47276 47290 47305 47319 

47334 47349 

47363 
47378 

47392 

47407 

298 
47422 47436 

47451 
47465 

47480 

47494 
47509 47524 

47538 

47553 
2QQ 

4756-
 

47712
 
47582 
47727 

47596 

47741 

47611 

47756 

47625 

47770 

47640 

47654 

47799 

47669 

478i3 

47683 

47828 

47698 
300 47784 

47842 
301 

47857 
47871 47885 

47900 

479*4 47929 

47943 

47958 

47972 
47986 

302 4800 1 
4S015 48029 

48044 

48058 

48073 
48087 

48101 48116 
48130 

303 .  48i44 
48159 48i73 

48187 

48202 48216 
48230 

48244 48259 4S273 

304 48287 
48302 4S316 

48330 

48344 
483  59 

48373 4S3S7 

48401 
48416 

305 
4«430 

48444 
48458 

48473 48487 

48501 

48515 

48530 

48544 

48558 306 48572 
48586 

48601 

48615 
48629 48643 

48657 

4S671 

48686 
48700 

307 48714 
48728 48742 48756 48770 

48785 
48799 

48813 

4882-!
 

48841 
308 

48855 48869 48883 
48897 

48911 48926 
48940 

48954 

48968 
48982 

309 48996 

49010 
49024 

49038 

40052 

49066 
4908c 

49094 

49108 

49 '22 
310 49136 49 » 5° 49164 

49178 49192 

49206 
49220 

49234 

49  248 

49262 

311 49276 49290 49304 

49318 
49332 

49346 

49360 

49374 

49388 
49402 

312 49415 49429 
49443 49457 

49471 49485 

49499 

49513 

49  327 4954r 

313 49554 
49568 

49582 49596 49610 

49624 

49638 49651 49665 

49679 

111 49693 49707 

49721 

497  34 

49"48 
49762 

49776 497QC 
49803 49817 

3'5 
4983  j 

49845 49859 

49872 49886 
49900 

49914 49927 

49941 

49955 

316 49969 
49982 49996 

50010 

50024 
50037 

50051 
50065 

50079 

50092 
317 

50106 50120 
50,33 50147 

501 6 1 

50174 

50188 

50202 

50215 

50229 

318 
50243 

50256 
50270 

50284 

50297 

50311 

50325 

50338 50352 

50365 

112 5°37^ 

50515 

5°393 

50406 

50542 
50420 
50556 

50433 

50569 

50447 

50583 50461 
50596 

50474 

50610 50488 

50623 
50501 320 

50529 

50637 

321 50651 
50664 

50678 5069 1 

50705 50718  50732 
50745 50759 

50772 
322 50786 

50799 
50813 

50826 

50840 

50853 

50866 50880 

50893 50907 

323 
50920 

5°934 5°947 

50961 

50974 
50987 

51001 

51014 

51028 

51041 324 5 '°55 

51188 

51068 

51202 
51081 51215 

51095 

51228 

51108 

51242 

5  1 1 2. 1 
51255 

51131 

51268 

5 1 148 

51 162 

51295 

51*75 

325 

51282 5'3oS 
326 51322 

5'335 

51348 
51362 

51375 

51388 
51402 

5I4I5 

5  1420 

5 144 1 327 5H55 
51468 

51481 

5J495 

51508 
51521 

5J534 

51548 

51561 

51574 

328 
51537 

51601 
51614 51627 5164c 

51654 
51667 

51680 

51695 

51706 3*9' 5172c 

SI733 
51746 

51759 

51772 51786 

51799 

51812 lllzl 

I1838 

330 
7T87T 51865 

5)878 51891 
51904 51917 

51930 

51943 51957 

5  1970 
33i 

51983 51996 52009 
52022 

52035 

52048 
52061 

52075 

52088 

52101 332 
52114 52127 

52140 

52153 

52166 

52179 

52192 52205 

52218 

52231 333 52244 52257 

52270 
52284 

52297 

52310 

52323 

52336 

52349 

52362 

334 52375 52388 

52401 
52414 52427 52440 

52453 

52466 

^2479 <;  24.9  2 

335 52504 525'7 
52530 

52543 
52556 

52569 

525S2 

52595 

52&08 52621 
336 

52634 52647 

52660 

52673 

52686 

52699 

52711 

52724 52737 

52750 337 52765 52776 52789 

52802 

52815 
52827 52S40 

52853 

52866 

'52879 

33% 
52892 

52905 
52917 

5293c 

52943 

52956 

52969 

52982 

52994 

53007 

.139 

53020 0 

5  3°  3  3 

53046 
2 53058 3 5307' 4 

53084 
S 

5309- 

6  1 

53HO 

7 

11H 8  1 

53 '3  5 

NO 

1 9 



Table  XXIV.    Logarithms  of  Numbers, 

N-o  3400   
— 4000. 

Log. 

53H8- 

  60206.   1 8     9 

No. O  |   1 2 3 4 5 6 7 

34° 
53148;  53i6i 53*73 

53i86 

53199 

53212 

53224 53237!  53250 

53263 341 
53175  53^88 

53301 

533H 

53326 

53339 

53352 
53364 53377 

53390 

342 
53403 53415 

53428 
53441 

53453 

53466 

53479 

53491 
535°4 

53517 

343 
53529 

53542 

53555 

53567 

53580 

53593 53605 

53618 
53631 

53643 344 
53656 

53668 5368i 

53694 

537C6 

53719 

53732 

53744 53757 

53769 53895 345 

53782 
53794 

53807 
53820 53832 

53845 53857 

53870 
53882 

346 53908 
53920 

53933 53945 

53958 53970 
53983 

53995 

54008 54020 

347 54033 54045 
54058 54070 54083 

54095 

54108 
54120 

54133 
54145 

348 54158 
54170 

54i83 
54195 

54208 
54220 

54233 54245 

54258 54270 

349 

35° 

54283 54295 54307 

54320 
54332 

54345 54357 

54370 

54382 

54394 

54407 544  J  9 
54432 

54444 

54456 
54469 

54481 

54494 

54506 54518 

351 54531 
54543 54555 

54568 54580 

54593 

54605 54617 

54630 54642 35- 
54654 

54667 
54679 

54691 
54704 

547i6 
54728 

54741 

54753 

54765 
353 54777 

5479c 54802 
54814 54827 

54839 

54851 
54864 

54876 

54888 

354 

355 54900 
54913 54925 

54937 54949 

54962 

54974 

54986 
54998 

55011 

55°23 55035 55047 

55060 
55072 

55084 

55096 

55108 

55121 

55133 
356 

55'45 55:57 
55169 

55182 

55194 

55206 55218 
55230 55242 

55255 
357 

55267 
55279 

55291 
55303 55315 

55328 
55340 55352 

55364 

55376 
3  5« 5  5.188 

55400 
55413 55425 

55437 
55449 

55461 

55473 

55485 

55497 
3  59 

360 

55509 
55522 

55534 

55546 55558 55570 

55582 

55594 

55606 55618 

55630 55642 
55654 

55666 
55678 

55691 55703 
55715 

55727 

55739 

36i 55751 55763 
55775 

55787 

55799 

558ii 
55823 

55835 
55847 55859 

36.2 55871 5  5883 55895 
55907 55919 

55931 

55943 
55955 

55967 

55979 

363 
5599' 

56003 56015 56027 
56038 56050 

56062 

56074 

56086 

56098 
364 

365 
56110 56122 

56i34 
56146 56158 56170 

56182 

56194 
56205 

56217 
56229 

56241 
56253 

56265 
56277 

56289 

56301 56312 

56324 

56336 366 
56348 

56360 56372 
56384 

56396 56407 
56419 

56431 

56443 
56455 

3^7 56467 56478 56490 
56502 

56514 

56526 
56538 

56549 

56561 

56573 

368 
5658s 

56597 

56608 56620 56632 

56644 

56656 
56667 

56679 

56691 369 

370 

56703 56714 
56726 56738 56750 

56761 

56773 56785 
56797 

56808 56820 56832 
56844 56855 

56867 56879 

56891 
56902 

56914 

56926 

371 
56937 56949 

56961 
56972 

56984 

56996 

57008 

57019 

57031 

57043 

372 
57054 

57066 57078 
57089 

57101 

57"3 57124 

57136 57148 

57159 

373 57i7i  57183 57194 

57206 

57217 57229 

57241 57252 
57264 

57276 

374 

375 
57287!  57299 

573io 
57322 

57334 57345 57357 

57368 5738o 
57392 

57403 57415 

57426 
57438 

57449 

57461 

57473 
57484 

57496 

57507 
376 

ms 
57530 57542 

57553 
57565 

57576 

57588 
57600 57611 

57623 
377 57634 

57646 
57657 

57669 

57680 57692 
57703 57715 

57726 
57738 

378 
57749 

5776: 57772 
57784 

57795 

57807 

578i8 
57830 57841 57852 

111 

380 

57864 

57978 

57875 
57887 

57898 
579io 

57921  57933 
57944 

57955 

57967 

58081 

57990 58001 

58013 58024 

58035 
58047 

58058 58070 
38i 

58092 58104 581,5 58127 
58138 

58149 

58161 58172 

58184 

58195 

3  8a 58206 58218 
58229 

58240 58252 
58263 

58274 

58286 

58297 
58309 

38.1 
58320 58331 

58343 58354 
58365 

58377 

58388 

58399 

58410 58422 

384 

38s 

58433 58444 
58456 58467 

58478 58490  58501 

58512 

58524 

58535 

58546 
58557 58569 

58580 
58591 

58602!  58614 58625 

58636 

58647 

386 

58659 
58670 

58681 
58692 

58704 58715I  58726 

58737 
58749 

58760 

387 58771 
58782 

58794 58805 

58816 

58827 58838 
58850 

58861 

58872 
388 

58883 
58894 

58906 
58917 

58928 

58939 

58950 

58961 

58973 
58984 

389 

390 

58995 

59006 
59017 

59028 59040 59051 

59062 

59073 
59084 

59095 

59207 
59106 59118 

59129 
59140 59151 

59162 

59173 
59184 

59195 

391 59218 
59229 

59240 
59251 

59262 

59273 
59284 

59295 

59306 

593i8 

39i 
59329 59340 59351 

59362 

59373 

59384 

59395 

59406 

59417 

59428 

393 59439 
59450 

59461 59472 
59483 59494 

59506 
59517 

59528 

59539 

394 

395 59550 
59561 59572 59583 

59594 

59605 

59616 

59627 

59638 

59649 

59660 59671 
59682 

59693 
59704 59715 

59726 

59737 

59748 

59759 

396 59770 

5978c 59791 
59802 

598i3 59824 

59835 

59846 

59857 

59868 

397 59879 

59890 
59901 59912 

59923 
59934 

59945 

59956 

59966 

59977 
398 59988 

59999 60010 60021 
60032 

60043 

60054 
60065 

60076 60086 

399 

No. 

60097 

0 

60108 
601 19 

60130 60141 60152 

60163 

60173 

60184 

60195 

1      2. 3 4 5 6 7 & 9 



Table  XXIV.    Logarithms  of  Numbers. 

N°  4000- 
-4600. 

Log.  60206- 

-66276. 

1ST 
60206 
60314 

60423 

60531 
60638 

60746 
60853 
60959 

61066 

61172 

61278 
61384 

61490 
61595 

61700 

60217 

60325I 
60433; 

60541 60649] 

60228 
60336 60444 6055 

60660 

60756 60863J 

60970! 61077 

61 183! 

60239 
60347 
60455 

60563 

60670 
60767 60874 

60981 61087 61 194 

61805 

61909 

62014 

62118 

62221 

62325 

62428 
62531 62634 

62737 

62839 

62941 
63043 
63144 

63246 

61289! 
6i39S| 

615001 
61606! 

61 7  ill ^i8i5| 

6l920| 

62024' 
621281 
62232, 

61300 61405 

61511 
61616 

61721 
61826 

61930 62034 

62138 
62242 

60249 

60358 

60466 

60574 

60681 

60778 60885 

60991 

61098 61204 

6 13 10 
61416 
61521 61627 

61731 
61836 

61941 
62045 

62149 

62252 

62335  62346 
62439  62449 
62542  62552 

626441  62655 

62747'  62757 

63347 

63448 
63548 63649 
63749 

62849 
6295 1 j 
63053 

63I5S' 63  =  56 

62859 

62961 63063 
63165 

63266 

63849 

63949 

64048 
64147 

64246 
64345 

64444 

64542 
64640 

64738 

64836 
64933 

65031 

65128 
65225 

63357: 

63458! 
63558! 63659 

63759! 

63367 

63468 
63568 63669 

63769 

62356 62459 

62562 
62665 

62767 

60788 

60895 

6J002 
61109 

61215 

61321 

61426 61532 
61637 

61742 
61847 

61951 

62055 
62159 

62263 

60260 
60369 60477 

60584 

60692 

60271 

60379 

60487 
60595 

60703 

60799 

60906 

61013 
61119 
61225 

61857 

61962 
62066 
62170 
62273 

62366 62469 

62572 
62675 

62778 
6287c 

62972 63073 
63175 

63276 

62880 

62982 63083 
63185 

63286 
63377 

63478 
63579 

63679 
63779 

63859! 
63959 

64058; 64157! 

64256 

63869 
63969 

64068 64167 

64.266 64355! 

64454; 

64552, 
64650 
647485 

64365 

64464 

64562 

64660 64758 

65321 

65418 
65514 

65610 
65706 

65801 
65896 

65992 66087 

6618 

64846 64943 

65040 65137 

65234 

65331 
65427 

65523 
65619 

65715 

63879 

63979 

64078 64177 

64276 

63387 

63488 63589 

63689 
63789 

62377 

62480 
62583 
62685 

62788 

61342 
61448 
6i5S3 

61658 61763 

61868 

6197 

62076 

62180 

62284 

62890 
62992 63094 
63195 

63296 
63397 

63498 
63599 

63699 
63799 

63889 

63988 
64088 
64187 

64286 
64375 
6447 

64572 
64670 

64768 
64856 64953 

65050 65147 

65244 

64385 

64483 

64582 
64680 

64777 

6534i 65437 
65533 

65629 

65725 

65811J 

65906 66001 

660961 66191J 

65820 

65916 6601 1 
66106 

6620c 

64865 

64963 

65060 
65157 

65254 

65350 65447 

65543 

65639 

65734 

65830 65925 

66020 66115 

66210 

61352 

61458 61563 
61669 6i773 

60293 

60401 

60509 
60617 
60724 

60831 

60938 

61045 

61151 

61257 

60842 

60949 
61055 

61162 

61268 61363 
61469 61574 61679 

61784 

61878 

61982 
62086 62190 

62294 

62387 

62490 

62593 

62696 

62798 

62900 

63002 
63104 
63205 

63306 
63407 

63508 

63609 
63709 

63809 

62397 

62500 

62603 

62706 62S 

61888 

61993 62097 

62201 

62304 

62910 

63012 

63114 
63215 

63317 

63899 

63998 

64098 
64197 

64296 
64395 

64493 

64591 64689 

64787 
64875 

64972 
65070 
65167 
65263 

65360 65456 

65552 

65648 
65744 

"65839 

65935 

66030 
66124 
66219 

64885 

64982 

65079 

65176 65273 

63909 

64008 
64108 
64207 

64306 
64404 

64503 

64601 

64699 6479 

634*7 

6351S 

63619 

637'9 
63819 

62408 
62511 

62613 

62716 
62818 

62921 

63022 

63124 
63225 

63327 

639J9 

64018 

64118 

64217 

64316 

64895 

64992 

6508Q 

65186 

6^283 

65369 

65466 

65562 65658 
65753 

65849 

65944 66039 

66134 

66229 

5 

65379 

65475 

65571 65667 

65763 

65858 
65954 66049 

66143 

66238 

64414 
64513 

646 1 1 

64709 

6480 
64904 

6500 

65099 

65196 
6529 

63428 
63528 

65629 

637 

63829 

6i374 
61479 

61584 

61690 

61794 
61899 

62003 62107 

62211 

62315 

62418 

62521 

62624 

62726 

62829 

62931 
63033 

63134 

63236 

63337 

03929 

64028 
64128 

64227 

64326 
64424 

64; 

64621 

64719 

64816 

63438 
63538 

63639 

63739 
63839 

63939 

64038 

64'37 
64237 

6433  5 

65868 

65963 
66058 
66153 
66247 

64914 

65011 

65108 

65205 

65502 

64434 

64532 

64631 64729 

64826 

6539* 

65495 

65591 

65686 
6578 
65877 

65973 

66068 

66162 

66257 

64924 

65021 

65118 

65215 

65312 

65408 

65504 

65600 
65696 

J>  5  7  92 

65887 

65982 

66077 

66172 

66266 



Table  XXIV.     Logarithms  of  Numbers." 

II  N°-- 4600 — 
— 5200. Log.  662 

76   
* 

1600. 

g   No. 1   400 

0 
if   a 3 4 5 6 

"663T2 

7 8 9 

66361 66276 66285  66205 
66304 

663 14 
66323 66342 66351 

y  461 
66370 

66380!  66389 
66398 

66408 

66417 66427 66436 

66445 
66455 

i  463 

66464 
66474 66483 66492 66502 66511 66521 

66530 

66539 
66549 

1  46-; 
66558 

66567 66577 

66586 

66596 
66605 

66614 66624 

66633 

66642 

1  l£i 
465 

66652 66661 66671 
66680 

66689 

66699 

66708 

66717 66727 

66736 

66745 
66755 66764 

66773 66783 
66792 

66801 66811 66820 

66829 

^  466'
 

66839 
6684S 

66857 66867 
66876 

66885 
66894 

66904 66913 

66922 

I   467 
66932 66941 66950 

66960 

66969 
66978 

66987 

66997 

67006 

67015 

1   468 
67025 67034, 

67043 

67,052 67062 
67071 

67080 

67089 

67099 

67108 469 

47^ 

671 17 
67127 67136 

67145 67154 67164 67173 

67265 
67182 

67191 
67201 

67210 
67219 

67228 

67337 
67247 

67256 

67274 

67284 

67393 

4"i 
67302 67311 67321 67330 

67339 

67348 

67357 

67367 

67376 

67385 

|   472 

67394 67403 67413 

67422 
6743 1 

67440 

67449 67459 

67468 

67477 

|   473 
67486 

67495 
67504 67514 67533 

67532 
67541 

67550 

67560 

67569 

4J_4 
475 

67578 67587 67596 
67605 67614 

67624 
67633 

67642 
67651 

67660 67669 
67679]  67688 

67697 

67706 

67715 67724 

67733 

67742 
67752 

,  476 67761 67770 

67779 

67788 

67797 

67806 

67815 6782^ 

67834 
67843 

477 67852 67861 67870 

67879 

67888 

67897 

67906 
67916 

67925 
67934 

478 

67943 
67952 

67961 67970 

67979 

67988 

67997 

68006 

68015 68024 

479 

!!  480 

68034 68043 
68052 

68061 
68070 

68079 

68088 
T8178 

68097 

68106 

68115 

68124 68133 

68142 
68151 

68160 

68169 
68187 

68196 

68205 

481 

68215 68224 

68233 
68242 68251 

68260 

68269 

68278 
68287 68296 

f   48a 

68305 68314 68323 
68333 

68341 
68350 

683  59 

68368 

68377 

68386 

ii  483 

0*395 68404 68413 

68422 
68431 68440 

68449 

68458 

68467 

68476 

;  484 

:  485 

68485 
68494 

68502 68511 68520 

68529 

68538 

68547 

68556 

"68646 

68565 

68574 

68581 
68592 68601 68610 

68619 

68628 

68637 

68655 

486 

68664 
68673 

68681 
68690 

68699 

68708 

68717 

68726 

6873  5 

68744 

487 
68753 

68762 
68771 

68780 

68789 
68797 

68806 

68815 
68824 

68833 

488 

68842 68851 68S60 

68869 

68878 
68886 

68895 

68904 
68913 

68922 

1  £i 
r|   49=> 

68931 

69020 

68940 

68949 
68958 

68966 

68975 

69064 

68984 

68993 

69002 
69011 69028 

69037 
69046 

69055 69073 

69082 
69090 

69099 

49 1 
69108 

69117 

69126 

69135 

69144  69152 

69161 

69170 

69179 

69188 |.   49  i 

6919,7 69205 69214 69223 
69232]  69241 

69249 

69258 

69267 
69276 

492 
494 

|   495 

6928s 
69294 

69302 69311 69320 

69329 

69338 69346 

69355 

69364 

69373 
69381 

69390 

69399 

69408 

69417 69425 

69434 69443 

69453 

69461 
69469 

69478 

69487 
69496 

69504 
69513 

69522 
69531 

69539 

1   496 69548 
69557 

69566 

69574 69583 
69593 

69601 

69609 

69618 

69627 

497 69636 
69644 69653 

69662 
69671 

69679 

69688 

69697 

69705 69714 

:  498 
69723 69732 69740 

69749 

69758 

69767 

69775 

69784 

69793 

69801 

,  499 
69S10 

69819 69827 
69836 

69845 69854 

69862 69871 
69958 69880 698S8 5.00 

69897 

69906 
69914 69923 69932 69940 

69949 

69966 

69975 

I  501  |  69984 69992 
70001 

70010 70018 

70027 

70036 

70044 
70053 

70062 

502  |  70070 
70079 

70088 
70096 

70105 
70114 

70122 70131 70140 70148 

I   s°3 :   504 

!   505 

70157 70165 
70174 

70183 
70191 

70200 

70209 
70217 

70226 

70234 

70243 
70252 

70260 
70269 

70278 
70286 

70295 

70303 

70312 
70321 

70329 
70338 70346 

70355 

70364 

70372 
70381 

70389 

70398 
70406 506 

70415 70424 
70432 70441 

70449 

70458 

70467 

70475 

70484 
70493 '   507 

70501 
70509 

70518 70526 

70535 70544 

70552 

70561 

70569 

70578 
508 

70586 

70595 70603 

70612 7062: 

70629 

70638 
70646 

70655 

70663 

509 

510 

70672 
70680 

70689 
70697 

70706 

70714 
707?-3 

70731 70740 

. 70749 

70757 

70766 

70774 
70783 

70791 

7080c 70808 

70817 70825 

7083.4 

1   5ii 70842 70851 

70859 

70868 
70876 

70885 
70893 

70902 70910 

70919 

512 
70927 

70935 70944 

70952 
70961 

70969 

70978 

70986 

70995 

71003 
1   513 

71012 7^020 

71029 7f037 
71046 

71054 

71063 
71071 

71079 

71088 

:  5M. 

II   5i5 
71096 

7  1 105 71113 

71122 

71206 

71130 

7 1 '  3.9 
7H47 

7i>55 

71164 

71172 7 1 1 8 1 
71189 

71198 
71214 71223 

71231 71240 
71248 

71257 

[   516 
71265 7^73 

71282 71290 

71299 

71307 7*3*5 71334 

71333 71341 
5l7 

71349 71357 

71366 

7IJ74 
71383 

7*39* 

71399 

71408 

71416 

71425 

1   5
lS 

71433 
71441 71450 71458 

71466 

7H7J 71483 71492 

71500 71508 

5*9 71517 715-5 71533 

71542 71550 

71559 

71567 

71575 

71584 

71592 1   No. 0 1 2 
3  1 4 5 6 7 8 9 



Table  XXIV.     Logarithms  of  Numbers. 

j  ~N°  5 100  
 
  5800. 

Log. 

71600— 

76343- 

]  .  N" 
0 1 2 3 4 5 6  1 7  |   ;  j  9  _ 

520 
71600 

71609 
71617 71625 

71634 

71642 
71650 

71659 

71667  71675 

521 
71684 71692  71700 71709 71717 71725 

71734 

71742 71750 

71759 

522 
71767 

71775 
71784 

71792 71800 

71809 71817 
71825 

71834 

71842 
5*3 71850 71858 71867 

7i875 
71883 

71892 

71900 
71908 

71917 71925 

524 
71933 

71941 71950 7i95a 

72041 

71966 72049 

71975 

72057 
7'983 

72066 

71991 
72074 

7^999 

72082 

72008 5^5 72016 
72024 

72032 
72090 

526 
72099 72107 72115 

72123 72132 
72140 72148 

72156 

72165 72173 

527 72181 
72189 

72198 

72206 

72214 

72222 

72230 

72239 
72247 

72255 

528 
72263 

72272 
7228c 

72288 

72296 72304 
72313 

72321 

72329 72337 

529 72346 
723  54 

72362 
72370 

72452 

72378 

7246c 

72387 

72469 

72395 

72477 
72403 

72485 
7241  j 

72419 

530 
72428 72436 

72444 
72493 

72501 
53i 

72509 
72518 72526 

72534 

72542 72550 
72558 72567 

72575 
72583 

532 
72591 

72599 72607 

72616 

72624 

72632 
72640 72648 72656 

72665 

533 7267^ 
72681 

72689 72697 72705 
72713 

72722 

72730 
72738 

72746 
534 

72754 
72762 72770 

72779 72787 72795 72803 

72811 

72819 
72827 

535 72835 72843 

72852 72860 7286S 72876 

72884 
72892 

72900 
72908 536 

72916 
72925 72933 

72941 

72949 
72957 72965 

72973 

72981 

72989 

537 
72997 

73006 73°i4 
73022 7303c 

73038 
73046 

73054 

73062 

73070 
533 

73078 
73086 

73094 

73102 
73"i 

73II9 73127 

73135 
73143 

73I5I 539 73159 73167 73  '7S 

73J83 
73263 

73191 
73272 

73199 

73280 

73207 

73288 

7331,5 

73296 

73223 
73304 

73231 

540 
73239 73247 73255 

73312 541 
73320 

73328 73336 

73344 

73352 

73360 73368 

73376 
73384 

73392 
542 

73400 
73408 

73416 
73424 

73432 
73440 73448 

73528 

73456 

7  3464 

73472 
543 

7348o 73488 73496 
73504 

73512 

7352° 

73536 

73544 

73552 
544 

73560 
7356S 73  5/6 

?3584 
73592 

736oo 
736o8 

73616 

73624 
73632 545 73640 73648 73656 

73664 

73672 
73679 73687 

73695 

73703 

737H 

-546 73719 73727 
73735 

73743 
73751 

73759 

73767 
73775 

73783 

73791 
547 73799 73807 

738i5 
73823 7383c 

738^8 73846 

73854 

73862 

73870 
548 

7387* 
73886 

73894 

73902 73910 
739i8 

73926 

73933 

73941 

73949 

549 

55° 

73957 73965 73973 

73981 

74060 

73989 

74068 

73997 

74076 

?4005 74084 

74013 

74020 
74028 74036 

74044 

74052 
74092 

74099 
74107 

55i 
74"5 74'23 

74i3» 

74139 74H7 
74155 

74162 74170 
74178 

74i86 

55* 
74194 

74202 
74210 74218 

74225 
74233 

74241 

74249 74257 74265 

553 74273 
74280 

74288 74296 
74304 

74312 74320 

74327 

74335 74343 

J   554 743  5 1 
74359 

74367 74445 

74374 

74453 74382 

74461 

74390 74398 

74406 
74484 

74414 

74421 

555 74429 74437 

74468J  74476 

74492 
74500 

556 
74507 745*5 74523 

74531 

74539 

74547  "4554 

74562 

74570 

74578 
j   557 

74586 
74593 

74601 

74609 74617 74.624  74632 

74640 
74648 74656 558 

74663 
74671 

74679 
74687 

74695 

747021  7471° 

74718 
74726 

74733 

1   559 
74741 

74749 74757 74764 

74842 

74772 
74850 7478o 

748  58 74788 
74865 

74796 
74873 74803 

74881 

748n 
560 

74819 74827 74834 

74889 1   50' 74896 74904 

74912 74920 

74927 
74935 

74943 

7495c 74958 

74966 

J   562 74974 

74981 
74989 74997 75005 75012I  75020 

75028 

75035 
75043 

5*3 75051 
75059 

75066 

75074 

75082 

75089!  75097 
75105 

75H3 

7  5 1 20 

;  564 
75128 75136 

75'43 
7  5 1 5 1 

75228 

75159 

75236 

75166 
75243 75  174 

7*525' 

75182 

75189 
,-75266 

75*9"
 

!   565 75205 752  13 

75220 

75259 75274 

566 
75282 75289 

75297 

753°5 
75312 

75320 

75328 

75335 75343 

75351 

1   567 75358 
75366 

75374 

75381 

75389 75397 

75404 

75412 75420 -542- 

568 
75435 

75442 
75450 

75458 

75465 75473 

75481 7548s 

75496 75504 569 
7  5  5 1 1 

75519 

75526 

75534 

75610 

75542 
75549  75557 75565 

7564; 

7*57* 

755S0 

570 
7  5  587 

75595 
75603 

75618 
75626 

75633 
756481  75656 

j   571
 

75664 
7567' 

75679 

75686 

75694 

75702 

75709 
75717 

"5724  75732 

1   572 
75740 

7574'' 

75755 

75762 
75770 

75778 
75785 

75793 

75800 
75808 

573 758i5 
75823 

75831 75838 75846 

7  58  53 

75861 7586S 

7587i 
7  5884 574 

75S91 
75899 

75906 

75QH 

75989 
75921 
75997 

75929 

75937 

76012 

75944J  759S2  75^59 
575 75967 75974 

75982 

76005 
760201  76027I  70035 

576 
76042 76050 

76057 76065 

76072 

76080 

76087 76091;!  76103  76110 

577 76118 
76125 

76133;  76140 76148 

76155 

76163  76170 
7617S  76185 

578 
76193 

7620c 
76208  76215 76223 

7623c 
76238J  7624.5 

76253J  76260 579 
76268 

76275 
76283 76290 

3 

76298 

4 

76305 

5 
76313  76320 
6  1   7 

76328I  763:5 

1   0 l 2 

8"  j--9-' 



Table  XXIV.     Logarithms  of  Numbers. 

i_N_^ 
$800 — 

  64O 
0. 

Log 

•  76343 
$0618. 

N°
 

58
0 

0 2 3 4 5 6 7 
76395 

8  19 

76403  76410 ! 76343 76350 76358 

'  76365 
76373 

76380 
76388 sii 

76418 
76425 76433 

:  76440 76448 

76455 

76462 

7647c 
76477  76485 

582 
. 76492 

765OO 

76507 76515 

76522 

76530 

76537 

76545 

76552 

76559 

:  583 
76567 

76574 

76582 

76589 
76597 76604 

76612 

76619 

76626 

76634 

584 

58S 

76641 
.  76649 

76656 
76664 

76671 76678 76753 

76686 

76760 

76693 

7676b 

76701 

76775 

76708 
76782 

;  76716 76723 
76730 

76738 

76745 

586 
76790 

76797 76805 

76812 

76819 76827 
76834 

76842 

76849 

76856 

1  587 
76864 

'  76871 76879 

76886 

76893 

76901 
76908 76916 

76923 

76930 
588 

76938 
76945 

76953 

76960 

76967 

76975 

76982 

76989 

76997 

77004 589 
77012 

77OI9 
77026 

77034 

77041 77048 
77056 
77129 

77063 77137 
7707c 
77144 

77078 

77151 

590 
77085 

:  77093 
77100 

77107 77115 

77122 59i 

77159 

77166 

77173 

77181 77188 

77195 

77203 

7721c 

77217 

77225 
:  592 

77232 

:  77240 77247 77254 

77262 

77269 

77276 

77283 
77291 

77298 

i  593 
77305 

; 77313 
77320 

77327 

77335 

77342 

77349 77357 77364 

77371 

504 77379 
177386 

77393 

77401 
77408 

77415 

77422 

77495 

7743C 

77437 

77510 

77444 

77517 

595 
77452 

77459 

77466 

77474 

7748i 77488 

77503 

596 
.77525 

77532 
77539 

77546 

77554 

77561 77568 
77576 

77583 

7759° 

597 
77597 •  77605 

77612 

77619 
77627 

77634 

77641 
77648 77656 

77663 

598 

! 77670 77677 
77685 77692 

77699 

77706 

777M 

77721 
77728 

77735 

j  599
 

77743 
77750 

77757 
77764 

77772 

77779 

77786 

77859 

77793 

77866 

77801 

77873 

77808 

77880 

600 
77815 

'77822 

77830 
77837 77844 

77851 

601 
. 77887 

77895 

77902 
77909 

77916 

77924 
7793' 

77938 

77945 

77952 

602 

77960 
77967 

77974 

77981 77988 
77996 

78003 

7801c 

78017 78025 

:  603 
78032 

78039 
78046 

78053 

78061 
78068 

78075 

78082 

78089 

78097 

604 

605 
78104 

78176 78m 
7X1:18 

78125 

78132 78140 

78147 

78219 

78154 

78226 

78161 

7*233 

78168 78240 

78183 
78190 

78197 
7  8  204 

78211 

606 
1 78247 78254 

78262 

78269 

78276 
78283 78290 

78297 
78305 

78312 

607 
78319 

78326 

78333 

78340 

78347 78355 

78362 

78369 
78376 

78383 

608 

,78390 
78398 

78405 
78412 

78419 

78426 

78433 

78440 

78447 78455 

609 
■  78462 78469 

78476 

784^3 

78490 

7856"i 

78497 78504 

78576 78512 78583 

78519 

78526 
 ' 

78597 

610 
: 78533 7S540 78547 

78554 

78569 
78590 6n 

: 78604 

78611 78618 

78625 78633 

78640 

78647 78654 

78661 78668 
612 

'78675 

78682 

78689 78696 78704 

78711 78718 

78725 
78732 

78739 

613 
; 78746 78753 

78760 

78767 
78774 

78781 

78789 

78796 

78803 

78810 

6r4 
.78817 

78824 
78831 78838 

78845 

78852 

78859 

78930 78866 

78937 

78£73 78944 

78880 
78951 

6.5 
'78888 78895 

78902 

78909 

78916 
78923 f 616 : 78958 78965 

78972 

78979 

78986 

78993 

79000 

79007 

79014 

79021 

1 617 .79029 

79036 

79043 
79050 

79057 

79064 
79071 

79078 

79085 

79092 1 618 '  79°99 

79106 
79II3 

79120 
79127 

79134 
79H1 

79148 

79155 

79162 

619 

620 

' 79169 

79239 
79176 

79246 

79183 
79'90 

79J97 

79204 
792H 

79281 
79218 

79288 

79225 
79295 

79232 

79302 

79253 

79260 
79267 79274 621 : 79309 

79316 
79323 79330 

79337 79344 

79351 

79358 

79365 

79372 
•  622 •79379 

79386 

79393 

7940c 
79407 

794H 

79421 

79428 

79435 

79442 
623 

79449 

79456 79463 
79470 

79477 

79484 
7949 1 79498 

79505 

795" 

624 

79518 
79525 

79532 

79539 

79546 

79553 

79560 
79630 

7956? 
79637 

79574 

79644 

79581 7965° 

625 

7958S 

79595 

79602 
79609 

79616 
79623 

626 
79657 79664 

79671 79678 
79685 

79692 

79699 

79706 

797J3 

79720 

627 

79727 
79734 

79741 79748 

79754 

79761 
7976.8 

79775 

79782 

79789 

628 

79796 79803 
79810 

79817 79824 

79831 

79837 

79844 

79851 79858 

629 

79865 
79872 

79879 

79886 

79893 

79900 
79906 

79975 79913 

79982 

79920 
79989 

79927 

79996 

630 79934 
79941 79948 

79955 

79962 

79969 631. 
80003 80010 

80017 80024 
80030 

80037 

80044 

80051 
80058 

80065 

632 80072 

80079 80085 
80092 

80099 

80106 

80113 

80 1 20 

80127 

80134 

633   80140 

80147 
80154 

80161 80168 

80175 

80182 
80188 

80E95 

80202 

634. 80209 80216 
80223 80229 

80236 

80243 

80250 

80318 

80257 

80325 

80264 

80332 

8027 1 

80339 

635 80277 80284 
80291 80298 

80.305 

80312 
636 80346 

80353 
80359 

80366 

80373 

80380 

80387 

80393 

80400 

80407 

637 80414 
80421 80428 

80434 
80441 80448 

80455 

80462 
80468 

80475 

.  638 80482 

80489 

80406 80502 

80509 

80516 
80523I  80530 

80536 

80543 

639 
80.5 50|  80557 

80564 
8057c 

80577 
80584 

80591J  80598 

80604 

806 1 1 

9   Tl   

N° 

Kr--°  1    l      1    * 3 4 5 

6  1   7 
8 



1a* le  XXIV.    Logarithms  of  Numbers. 

■>T«  .     . 

f   N° 
O.                                Lng.  80618 

.  c 

— — &4j  ly. 

V 

N°  J    O   /'   I   1    2 
640  1  80618',  80625I  80632 

3 4 5 6 7 
8  |   9 

* 
80638 

80645 
80652 

80659 

!  80665 80672 

1  80679 

641 80686 
80693 

80699 

80706 

80713 
80720 

80726 

80733 

8074c ■  80747  1 

642 
80754 

80760 
80767 

80774 

80781 

80787 

80794 

2o8oi 
80808 

80814  | 

643 80821 80828 

S0835 
80841 80S48 

80855 

80862 80868 

80875 

80882  I! 

644 80889 

80895 

80902 

80909 

80916 80922 

S0929 
80936 

80943 80949  | 

64? 80956 
80963 80969 

80976 
80983 

80990 80996 
81003 

8101c 

81017  i 

646 
81023 81030 

81O37 

81043 

81050 

81057 81064 

81070 

81077 
81084 

647 81090 
81097 8 1 104 8 1 1 1 1 

81 117 
81 124 

81131 

81137 

81144 

8n5r 

648 81158 
81164 

81171 
81178 

81184 
81191 

81198 

81204 

81211 
81218 

649 81224 81231 
8_i23_8 

81245 

8^5, 

81258 

81265 
8 127 1 81278 

81285 

650 81291 81298 
81305 813" 8i?i8 

81325 sTJJT 8T338 

81345 

8T377 

651 81358 
81365 81371 

81378 
81385 

81391 
S1398 

81405 

81411 81418 

652 81425 8 143 1 8143S 

8 '445 
81451 81458 

81465 

8 147 1 
81478 

81485 

653 8 149  r 
81498 

81505 
8151 1 81518 

81525 
8iS3i 81538 

81544 

81551 

654 8-iIi! 
81564 

81571 
81578 

815S4 81591 
8159S 81604 

8 16 1 1 

81617 

!  655 
81624 81631 

81637 
81644 

81651 

81657 
81664 

8T67T 

8T677 87b84 

| 
656 81690 

81607 81704 
81710 

81717 
81723 81730 

81737 

81743 

81750 

I 657 SI757 
81763 

81770 Sr/76 81783 81790 81796 

81803 

81809 

818:6 

f 

|  6S8 
81823 

81829 81836 81842 

8,849 
81856 81862 

81869 

81875 

81882 
5 

i  6?9 
81889 

81895 
8l(jQ2 SrgoS 

8.1915 81921 81928 

81935 

81941 81948 

1 
i  660 

81954 81961 81968 

81974 

81981 

81987 

81994 

82000 

82007 82014 

! 
i  661 82020 

82027 
82033 

82040 
82046 

82053 

82060 
82066 

82073 
82079 

1 
1  662 82086 82092 

82099 82105 

82112 

82119 

82125 

82132 
82138 

82145 

| 
1  663 82151 82158 

82164 
82171 82178 

82184 82191 

82197 82204 

82210 ! 
:  664 

82217 
82223 

8223c 82236 
82243 

82249 

822^5 

8226,3 

82269 

82276 

665 82282 
82289 

82295 

82302 82308 

82315 

82321 

8~23~28 
82734 

82341 

666 82347 
82354 

82360 

82367 
82373 

82380 

82387 

82393 

82400 82406 
667 82413 

82419 
82426 82432 

82439 
82445 

82452 82458 

82465 

82471 

668 82478 
82484 82491 

S2497 82504 

82510 

82517 82523 82530 82536 

669 

670 

82543 
82549 

82556 

82620 

82562 82627 

82569 

8263? 

82575 

82640 

82582 
82646 

825S8 

'826<J3 
82595 

82659 

826or 

82666 82607 82614 1 
671 82672 

82679 82685 
82692 82698 

82705 

82711 82718 

82724 

82730 jj 
6*72 

82737 82743 82750 82756 
82763 

82769 

82776 
82782 

82789 

82795 

673 82802 82808 
82814 

82821 

82827 
82834 

82840 

S2847 82853 

82860 1 
674 

675 

82866 

82930 

8.2872 
82937 

82879 

82943 

82885 

8295c 

82892 

82956 

82898 

82905 

82969 

82911 

82975 

82918 82982 

82924 

82^88 

1 82963 

676 
82995 

83001 83008 

S3014 

83020 

83027 
83035 

83040 83046 
83052 

1 
677 83059 83065 

83072 85078 
83085 

83091 

83097 
83104 

83110 

83117 

f 

678 83123 83129 
83136 

83142 

83149 
33t55 

83161 83168 

83174 

83181 

I 
670 

8318- 

83*93 

83200 
83206 

83213 
83219 83225 

83232 85238 

83245 

!  6^0 

83^
' 

83257 83264 83270 83276 

83283 83289 

83296 

83302 83308 
[ 

6S1 83315 83321 83327 

83334 

83340 

83347 83353 
83359 

83366 
83372 > 

682 83378 
83385 

83391 83398 
S3  404 

83410 

83417 
83423 83429 

83436 , 
683 

83442 83448 

83455 

83461 

83467 
83474 

83480 

83487 

83493 
83499 

684 
83506 

83512 
83,-18 

83525 

8_H3_i 
8.3  Sff 

!i!ii 33  5  50 

83_55_£ 

*li6J. 

6?T 83569 
83575 

837s 83588 

83  594 

83601 

83007 
83613, 
8367/ 

83620 83626 
686 83632 

83639 83645 
83651 83658 

83664 
83670 83683 

85689 

687 
83696 83702 83708 

83715 

83721 

83727 

83734 

83740 

8*746 

83753 

688 83759 83765 83771 S377& 
83784 

33790 

83797 
83803 

83809 

83816 El 
690 

83822 
85887 

8382S 
83897 

83835 

83904 83847 

83853 

83916 

83860 
85866 83929 

838-2 

83935 

82879 
83942 

83897 

83910 

83923 

691 83948 
83954 

83960 

33967 
83973 8J979 83985 

83992 83998 
84004 

692 8401  i 
84017 84023 

84029 

84036 84042 
34048 

84055 

84061 

84067 

693 84073 
84080 

84086 
84092 

8409.8 

84105 

84m 

84117 
84123 

S4130 
6Q4 

695 

84136 84142 

84205 

84148 

842J 1 

84155 

8421;' 

841.61 842*3 

841.67 

84230 

84173 

S4236 84180 
84242 

84186 

84248 

84192 

84255 ■ 

84198 
696 84261 

84267 
84273 

84280 84286 
84292 84298 

84305 

84311 

84317 

697 84323 84330 84336 84342 
84348 

843  54 

84361 

84367 

84373 
84379 

698 
843  86 84392 84398 84404 

844<o 

84417 

84423 
84429 

3443  5 

84442 
699 

84418 

84454 

84460 84466 
844"3 §.479 

84485 84491 

844Q7. 

84504  1 

No. 0 1 2 3 4 
  5   

6 7 8 

~
\
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Table  XXIV.     Logarithms  of  Numbers. 

N°  7000—- 
— 76CC . 

Lot 

-.  8451c 

58o8i. 

N° 

0 1 

i   a 

3 4 5 6 

7    ! 

9 

700 
8451c 

845 1  ( 
»;  8452: 

8452!: 

8453. 

;  8454 

8454- 

8455. 

8455c 

84566 
701 

84572 8457* 
;  84584 

8459c 

8459' 

8460- 

8460c 
846 1< 

8462 84628 

702 

84634 
84640  84646 

84652 84655 

8466  < 

84671 

8467- 

r  8468: 
84689 

703 84696  84705 

1  8470^ 

847  u -  8472c >  84726 

8473: 
8473? 

)  8474* 
84751 

704 

70S 

84757 84-6; 8477c 84776 
8478; 

.  8478S 8479^ .  8480c 

8486; 

>  84807 

8486I 

\   84813 

84819 84825 
84831 

84837 
84844 

8485c 84856 

84874 

706 
8488c 

84887 
34893 

8489s 
84905 

84911 

84917 84924 1  8493c 
84936 

707 84942 

S494- 

84954 

8496c 

84967 
84973 

84979 

8498  s 

84991 

84997 

708 

85003 85009 
85016 85022 85028 

85034 

8504c 85O46 
85052 85058 

709 
85061; 85071 

85077 85083 85089 

85095 

85101 

85107 
85114 

85120 

710 
tS5  I  2b 85132 

85138 

85144 

8515c 
85156 

85163 85165 

85175 

85181 

711 

85187 
85193 

85199 
85205 

85211 

85217 85224 

8523c 85236 85242 

712 

85248 

85254 

85260 85266 85272 
85278 

85285 

85291 

85297 
85303 

7*3 85309 
85315 

85321 

85327 8  5333 

85339 85345 

85352 8535S 

85364 

714 8537O 85376 85382 85388 

85394 

85400 85406 85412 S541S 

85425 

7  IS 8543l|  85437 

85443 
85449 85455 

85461 

85467 
85473 

85479 
85485 

716 

8549  '   85497 
85503 85509 

85516 85522 85528 

85534 

8554c 85546 

747 85552  85558 
85564 85570 85576 

85582 85588 

85594 

8560c 85606 

718 

85612  85618 

35625 
85631 

8563/ 
85643 

85649 
85655 

85661 

85667 

7  7,9 
85673I  85679 

-  85685 

85691 

-  85697 
85703 85709 85775 

85721 

85727 

720 

8  5733 85739 
85745 

85751 

85757 85763 

85760 85781 85788 
721 

85794 

85800 
85806 

85812 85818 

85824 
8583c 

85836 85842 
85848 

722 

85854 

85860 
85S66 

85872 8587S 

85884 
8589c 

85896 
85902 8590S 

723 
85914 

85920 85926 85932 85938 

85944 

8595c 
85956 

85962 85968 724 85974 
85980 85986 85992 85998 

86004 

86010 86016 86022 86028 

7.*S 

86O34 
86040 86046 86052 86058 

86064 

86070 86076 
86082 86088 

726 

86O94 
86100 S6106 86112 86118 

86124 
86130 86136 

86141 

86147 

727 

86153 
86159 86165 

86171 

86177 86183 86189 

86195 

86201 

86207 

728 

86213 36219 

86225 
S623I 

86237 
86243 

86249 86255 

86261 

86267 

729 

86273 
86279 86285 86291 

8629-7 

86503 

86308 

86368 

86314 8^374 

86320 
86326 
86386 

730 

86^2 86338 

S6344 
86550 86356 

86362 86380 

731 

86392 86398 

86404 

S6410 

864.15 

86421 

S6427 

86433 

86439 
86445 

732 

86451 

86457 86463 86469 

8647  5 

86481 

86487 

86493 

86499 

86504 

733 86510 86516 86522 86528 

8&534 

86540 86546 
86552 86558 

86564 

734 
86570 86576 

"86635 

86581 

86587 

86593 

86599 
86605 

86fin 

86617 86623 

735 
86629 86641 86646 86652 

86658 

86664 

86b70 
86676 

86682 

736 

86688 

86694 
86700 86705  86711 

86717 
86723 86729 

86735 

86741 

737 

86747 86753 
86759 

86764  86770 
86776 

86782 
86788 

86794 

86800 

738 

86806 86812 
86817 

86823  86829 

86835 

86841 

86847 

86853 

86859 

739. 86S64 86S70 86876 86882 8688b 

86894 

86900 86906 

86964 

86911 

86917 

740 

86923 
86929 

86935 
86941 

86953 

86958 86970 86976 

741 

86982 86988 

86994 

86999 

87005 

87011 

87017 87023 
87029 

8703; 

742  1  87040 87046 87052 87058 
87064 

87070 

87075 

87081 

87087 

87093 

743   87099 

87105 

87x11 87116 87122 87128 

87134 

S7140 87146 
87151 

744 «7'57 87163 87169 
87175 

87181 
87186 

87192 87198 

87204 

S7210 

87368 

745
  ' 

87216 87221 
87227 

87233 87239 87245 

87251 8725b 87262 

.746 

87274 

87280 87286 
87291 

87297 
87303 

87309 87315 

87320 
87326 

747 87332 87338 

87344 87349 
87355 

87361 

87367 

87373 

87379 
87384 

748 

87390 87396 
87402 87408 

874M 
87419 

87425 

87431 

87437 

87442 

749. 8/448 
87454 

87460 87466 
87471 

87477 87483 
87489 

87547 

87495 

87500 

750 
87506 875.12 87518 

87523 87529 

87535 

8754' 87552 
87558 

75i 

87564 8757c 87576 
87581 

87587 
87593 

87599 

87604 

87610 87616 

752 

87622 
87628 

87633 
87639 87645 

87651 87656 

87662 8766S 

87674 

753 
87679 87685 

87691 

87697 
87703 

87708 

87714 

87720 87726 

87731 
7  5.4. »7737 

87795 

87743 
87749 87754 

87760 
87766 

87772 
87329 

87777 

87783 

87789 

755 
87800 87806 87812 87818 

87823 

87835 

87841 
87846 

756 

87852 87858 
87864 87869 

87875 

87881 

87887  87892 87898 

87904 

757 87910 
87915 

87921 

87927 
87933 

87938 
87944  87950 

87955 

87961 
75* 

87967 87973 
87978 

87984 
8799c 87996 88001  88007 

88013 

88018 
750 88024 

1 
8803c 88036 88041 

88047 

88053 

880581  88064 
S8070 

88076  j 

N" 

o  1 r 2 3 

4  
' 

5 

6  i 

7 8 
9   II 
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Table  XXIV.     Logarithms  of  Numbers. 

N°  8200   8800 

Log. 

91381- 

  94448. 

N« 

0 1 2 3 4 5 6 n 8 9   1 
820 

91381 
91387 

9*392 

9*397 

9H05 
91408 

9*4*3 

9141k 

91424 91429  1 821 91434 
9144c 

9H45 

91450 

91455 

91461 91466 
91471 

9*477 

91482 

8?2 
94487 91492 91498 91503 

9150S 

91514 91519 
91524 91529 

9*535 
823 

91540 

9*545 

9*55' 91556 
91561 91566 91572 

9*577 

91582 

91587 

824 
91593 

91598 91603 

9 1600 

91614 
91619 

91624 
9163c 

91635 

9 1640 

91693 
825 

91645 
9:651 91656 

9 1661 

9"  1666 

91672 

91677 

91682 

91687 
826 91698 91703 91709 91714 

91719 
91724 

91730 

9I735 

91740 

9*745 827 

9i75i 91756 
91761 91766 

91772 

91777 

91782 

91787 
9*793 

91798  1 
828 

91803 
91808 

91814 91819 91824 91829 
§1834 

9 1 84c 

91845 
91850  ; 

829 

91908 

91861 
91913 

91866 
91871 

91876 

91882 918-87 

91892 

9l897 

91950 

91903  ; 

Sjo 

91918 

91924 91929 
9*934 

9*939 
91944 9*955 

831 
91960 

91965 

91971 
91976 

91981 
91986 

91991 

91997 

92002 

92007 832 
92012 92O18 

92023 
92028 

92033 

92038 

92044 92049 

. 92°54 

92059 
833 

92065 
92070 

92075 

92080 

92085 

92091 
92096 

92101 

92106 92111 

834 
92117 

92122 92127 92132 
92137 

92143 

92148 

92153 

92158 
92163 

«35 

92169 
92174 92179 

92184 92189 

92195 

' 92200 

92205 

92210 

92215 
836 

92221 92226 
9223  1 

92236 92241 

92247 

92252 

92257 

92262 

92267 
8.37 

92273 
92278 92283 

9228S 

92293 

92298 

92304 92309 923H 92319 
83S 

92324 
92330 

92335 

92340 

92345 

92350 

92355 

92361 

92366 
92371 

839 
92376 92381 92387 

92392 

92397 

j 9 240 
2 
9_24Q7 92412 

92418 

92423 840 9242a 

92433 

9243* 

92443 92449 92454 
92459 

92464 
92469 

92474 

841 
92480 

92485 
92490 

92495 

92500 

92505 

92511 92516 

92521 
92526 

842 92531 92536 
92542 

92547 

92552 

92557 

92562 

92567 

92572 92578 

843 

92583 
92588 

92593 
92598 

92603 92009 92614 
92619 

92624 92629 

844 
9^634 

02630 92645 

926:10 

92655 

92660 

92665 

9267c 

92675 

92681 

845 

92680 92691 92696 
92701 92706 

92711 92716 
92722 

92727 

92732 

846 92737 
92742 

92747 
92752 92758 

92763 

92768 

92773 

92778 

92783 

847 

92788 
92793 92799 

92804 

92809 
92814 

92819 
92824 92829 92834 

848 92840 
92845 

9285c 

92855 

92860 

92865 

92870 

92875 

92881 

92886 

849 
92891 

92896 9  2901 
92906 

_ii9" 

92916 92921 

92927 

92932 

92937 

850 9-942  92947 

9295- 

92957 

92962 

92967 

92973 

92978 92983 

92988 

851 92993 
92998 

93003 

93008 

93013 

93018 

93024 93029 93034 93039 
852 93044 93049 93054 93059 93064 

93069 

93075 

93080 

93085 

93090 

«S3 
93095 

93100 
93105 

93110 

93115 

9312c 

93125 

93131 

93136 93Hi 

854 
855 

95146 
9315. 93^5° 

93  [61 
93166 

95  "7i 
93176 

93i8i 

93186 

93237 
93'92 

93242 

93197 

95202 
93207 

93212 

93217 

93222 

'93227 

93232 

856 93247 

93252 93258 
93263 

93268 

93273 

93278 
93283 

93288 

93293 $57 

93298 93303 

93308 

93313 

93318 

93323 

93328 

93334 93339 
93344 

8  $8 93349 93354 93359 
93364 93369 

93374 
93379 

93384 
93389 

93394 
8«!9 

9!  399 

9UQ4 QHOi, 934'4 

93420 

93425 

9J430 

9343  5 

_93_44C 

93445 

86a 
93453 

9345) 

9346c 

954^5 
93470 

93475 

93480 

93485 

9349° 

93495 
861 

93  500 93505 

935io 

93515 

93520 93526 93531 
93536 

93541 93546 

862 
9355' 93556 

93561 93566 
93571 

93576 
93  58i 

93586 

93591 
93596 

863 

93601 
93606 

93611 
93616 93621 93626 

93631 95036 
93641 

93646 

864 

865 9?6<i 936^6 
9  566  1 

95666 
93671 93676 

93682 

93687 

93692 

95697 

95702 93707 

957»2 
937  17 

93722 

93727 

95732 

93737 

93742 

93747 866 
93752 93757 

93762 
93707 93772 

93777 

93782 

93737 

93792 

93797 867 

93802 93807 

93812 
938.7 

93822 93827 93832 

93837 

93842 

93847 868 
93S52 93S5; 

95862 

93867 
93872 

93877 

93882 
93887 

93892 

93897 
S60 

93002 

93907
" 

95912 939 '7 
93922 

93927 
93932 

93937 

93942 

93947 
870 93952  93957 

959O2 
93967 

93972 

93977 

93982 

93987 

93992 

95997 
871 

94002 94O07 

94012 
94017 

94022 

94027 

94032 

94°37 

94042 

94047 872 
940  52 9405V 94062  94067 

94072 94077 

94082 94086 

9409 ' 

94096 

873 

94101 
94106 

941  M 941 16 94121 
94126 94i3i 

94136 94*4' 

94146 

874 

s-7 94' 5' 

94201 

941 56 

94' 6' 94166 
9417 1 

94176 
9418 1 

94186 94'9i 94196 9420h 94211 94216 94221 

94226 9423 ' 
94236 9424c 

94245 
S76 

94250 
94255 

94260 
94265 94270 

94275 

94280 

94285 

9429c 

94295 
£77 

943QO 94305 

94310 

943 '5 

94320 

94325 

94330 

94335 

94340 

94345 
■  87  8 94349 943  54 943  59 

94364 94369 943  74 
94379 

94384 94389 

94394 879 
94399 

94404 
94409 944 '4 

944-' 9 

94424 
944291  94433 

9443,8 

94443 

N» 

0 * 

2  I  '  "3  ' 

4 5 

'6  I  '7 

~~nr~ 

9 



Table  XXIV.     Logarithms  of  Numbers. 

No. 8800 
I  nt- 

9*Tw^/. 

*-°B-    yi-Ht0   1Jlli-       ! 

1   No. 

"Ho" 

0 !  1 2 3 4 5 

6  ,   7 

8 

9  ! 

9444^ 
1  94453 

9445s 94465 

9446^ 

94473 

94478 
94483 

9444s* 

94493  ! SSi 
9449S 

'  94503 
94507 

94512 
945*7 

94522 

94527 
94532 

94537 

94542  ] 

882 94547 1  9455 2 
94557 

94562 
9456/ 

94571 
9457^ 

9458i 94586 

"54591  j 

883 

94596 
1  94&Oi 

94606 

9461 1 
94616 94621 94626 

9463  c 

94635 

94040  , 

884 
94645 1  94650 

94655 

9466c 

94665 

9467c 

94675 

94724 
94680 
94729 

94685 
94734 94689  ; 94738  j S435 

94&S4 94699 94704 
94709 

94714 

94719 886 94743 
94748 

94753 

94758 9476^ 

94768 

94773 

9477  b 

94783 

94787  1 887 

94792 
94797 

94802 94807 

94812 

94817 

94822 

94827 

94832 

94836  | 
888 

94841 94846 94851 94856 

94861 94X66 

94871 :  94876 

9488c 

94885  j 

889 

94X90 
94895 

94900 
9490  5 

94910 

949'5 94919 

9496.8 

94924 94929 

94934  j 

890 94939 94944 
94949 94954 9495$ 

94963 

94973 

94978 949S3  i 

891 
9498  b 

94993 
94998 

95002 

95007 
95012 

95017 

95022 

95027 

95032 

892 
95036 95041 

95046 
95051 

95056 
95061 95066 

95071 

95°75 

95080 

893 
95085 

95090 

95095 

95100 95105 
95109 95114 95"9 95124 

95.129  | 

_894_ 
95134 95139 

95143 

95148 
95/53 

95158 

_95i63 
95168 

95173 

95J77  j 

895 

9*182 95^7 95192 
95197 

95202 

95207 

95211 95216 95221 

95226  ji 
896 9523  * 

95236 95240 

95245 

95250 

95255 

95260 

95265 
95270 

95274  1; 897 
95*79 95284 95289 95294 95299 

95303 

95308 

95313 

953i8 

95323 
898 

95328 95332 

95337 

95342 
95347 

95352 

95357 

95361 
95366 

95371  1 _£99_ 95376 
953*1 95386 

9  5390 
95395 

9540C 

95405 

95410 

95415 

95419  j 

900 
954M 

95429 
95434 95439 95444 

95448 

95453 

95458 

95463 
95468  ; 

90  r 
95472 

95477 

954X2 
95487 

95492 

95497 

95501 95506 
955H 

955i6 

902 95521 
95525 

95530 

95535 

95540 

95545 

9555° 

95554 
95559 95564  j 

905 95569 95574 
95578 

95583 

95588 

95593 

95598 

95602 

95607 

95612 

_9°4_ 
95617 

95622 
95626 

95631 95636 
95&41 95646 

95650 

95655 

95660 

905 95665 
95670 

95674 95679 

95684 95689 
95694 

95698 

95703 

95708 

906 
95713 

95718 95722 
95727 

95732 

95737 

95742 95746 
95751 

95756 

907 
9576J 95766 95770 

95775 

9578c 

95785 95789 95794 
95799 

95804  i 
908 

95809 958i3 

95818 
95823 

9582S 
95832 

95857 

95842 

95847 

95852 

909 

910 

9 ,8  56 

95904 95861 
95909 

95866 
959'4 

9587' 

95918 

95923 95880 

95928 

95933 
95890 

95895 
95899 

95938 95942 

95947 

911 
95952 

95957 

95961 95966 95971 
95976 

95980 

95985 
95990 

95995 

9T2 

95999 96004 96009 96014 96019 
96023 

96028 

96033 96038  96042 

9r3 
96047 

96052 

96057 

96061 96066 
96071 96076 

960X0 

96085]  96090 

9'4 

9'5 

96095 96099 96104 96109 
961 14 

96118 

96123 

96128 

96175 
961331  96137 

961801  961X5 

96142 
96147 

96152 96156 

y0l6l 
96166 

96171 

916 
96190 

96194 
96199 

96204 962O9 96213 

96218 

96223 962271  96232 

917 96237 
96242 96246 

96251 96256 
96261 

96265 

96270 
96275  96280 

918 
96284 962*9 

96294 

9629X 96303 

9630S 

96313 96317 96322  96327 

919 96332 96336 96.U' 96340 
963  50 

96355 

96360 

96365 
963691.  96374  ] 

96417J  96421  1 920 
96379 96384 

90388 

96393 

96398 
96402 

96407 

96412 921 96426 
96431 

96435 
96440 

96445 

9645c 

96454 

96459 

96464I  96468  J  j 

922 
96473 96478 

96483 96487 

96492 

96497 

96501 96506 

96511;  96515  1 

923 
96520 

96525 96530 

96534 
96539 96544 

96548 

96553 

96558!  96562  | 

?M 96567 96572 96^-77 965S1 
965X6 
96633 

96591 

96638 

96595 

96642 

96600 
96605 1  96609  9 

925 9661., 
96619 9062.4 

96628 

96647 

96652 

96656  | 

926 96661 96666 9667c 

96675 

96680 

96685 966X9 

96694 96699 

96703  [J 

927 9670X 
967'3 96717 

96722 

96727 

9673' 96736 96741 

96745 

96750  is 928 

96755 96759 

96764 
96769 

96774 

96778 

96785 

967XX 

96792 

96797 

929 96X02 96X06 q62i  i 

968 16 

96X20I  96X25 

J6830 

96834 96839 96X44  JS 

930 
96648 

9WS53 

9085"
 

96862 

96867 

96672 9687b 
96081 

9t>886 96X90  i 
931 

96X95 
9690c 

96904 96909 
969  !4 

969  iX 

96923 

96928 
96932 

96937  ! 

932 
96942 96946 96951 96956 

96960 

96965 
96970 

96974 
96979 969X4  i 

933 
969S8 

96993 96997 

97002 

97007 

97011 97016 
97021 

97025 

97030 

034 

935 

97035 

9708J 

970 : 9 

9708b 

97044 

97090 

9704  c, 
97095 

970  5  3 9-058 97065 
97067 

97114 
9:072 

971  iX 

97077 

97123 
97100 

97104 

97109 
936 

97128 
97132 97127 

97142 97146 97151 

97  J  5  5 

97 160 

97165 97169 937 97174 97179 
971X3 

97188 
97192 

97197 

97202 
97206 

9721 1 
97216 

938 9722c 
97225 

97330 

97234 97239 
97243 

97248 

97253 

97257 

97262 

939 

9726
- 

97271 97276 

972X0 

97285 
97290 

9-294 

6  > 

9-299 

7 

<J"'304 

8 

97308 

9 
No. 

0 

1  \ 

2 3 4  I   5  i 



Table  XXIV.     Logarithms  of  Numbers. 

1   No. 

0400   10000.                      JL,°g- 973*3   99996. 

!    ° 

1 2 
3  I   4 5 6 7 8 9 

940 9731 
3  9751 

7  9732 
'-    973271  9733 9733 5  9734C  97345  9735c 

97354 

941 

9735 
■)    97364  9736 

*  9737 

1    9137) 

9738 
»  9738- 

9739 

9739* 

974°0 

942 
9740 

i  97410  9741- 

I    974i< 
)    9742^ 

9742.5 

5  9743. 
!  9743; 

'  97442 
97447 

943 9745 

9745* 

)  9746c >  9746. 
■  9747' >  9747< 

i-  9747< )  9748: 

9748* 

97493 944_ 

945 
9749' 

t    9750: -  975°< »  975! 

975lf 9752c 

>  9752 

9752^ 

97534 
97539 

9754. 
9754' 9755: 

-  9755/ 

97562 
9756< 

1  9757 

9757. 

•  9758c 

97585 
946 9758< 

)  9759- 
-  9759* 

9760: 
976o/ 

9761; 
,  9761* 

9762 

97626 97630 

947 
9763 

9764c 

97644 

9764c 

9765j 

97655 

i  9766. 

9766-
 

97672 

97676 

.  948 

9768 
97685 9769c 

97695 

9769c 

9770^ 
97705 

i  9771. 

97715 

97722 

949 

950 

'  9772: 

97731 9773? 

97782 

9774C 

97745 

97745 )  97754  9775S 9776: 

97768 
97813 

97771 
97777 

9778  f 
97791 

9779. 

9780c 

>  97804  9780c 

95* 
978^8  97823 97827 

97832 
9783^ 

97841 

97845 

9785c 

97855 

97859 

952 
97S64I  97868 

97873 97877 

97882 

9788* 
97891 

9789c-
 

9790c 

97905 
953 

97909 
979M 

97918 
97923 

97928 97932 

9793/ 

97941 

97  946
" 

97950 

954 

955 

97955 

98000 

97959 

98005 97964 

97968 

97973 

9797* 
97982 

97987 97991 

97996 

98009 98014 98019 98023 

9802b 
98032 

98037 

98041 956 
98046 98050 

98055 98059 98064 

9806b 

98073 

9807& 

98082 

98087 
957 98091 98096 

98100 

98105 
98109 

98114 

98118 

98123 
98127 

98132 

_ 

958 

98137 
98141 98146 98150 

98155 98159 

98164 

9816b 

98i73 
98177 

959 
9S182 98186 

9819J 
98195 

98200 

9820^ 

98209 

9§2U 98218 

98223 

960 

98227 98232 
98236 98241 

98245 

9825c 

98254 98259 

98263 

98268 
961 

98272 
98277 

98281 98286 

98290 

98295 98299 
98304 

98308 

98313! 

962 
98318 98322 

98327 
98331 98336 

98340 

98345 
98349 98354 

98358; 

963 98363 98367 

98372 98376 
98381 

98385 

98390 

98394 
98399 

98403 

964 

965 
98408 
98453 98412 9845/ 

98417 

98462 

98421 98426 
98430 

J9JH35 98480 

98439 

98484 

98444 

98489 

98448J 

98493! 

98466 
98471 

98475 

966 
98408 98502 

98507 

98511 98516 
98520 

98525 98529 

98534 
98538J 

967 
98543 98547 

98552 98556 
98561 

98565 

98570 

98574 
98579 

98583I 

986281 
968 98588 

98592 

98597 

98601 

98605 

9S61G 

98614 98619 98623 

969 98631 
98637 

98641 

98686 

9S646 

9869 1 

98650 
98695 

98655 98659 

98664 

98668 98713 

98673I 

98717I 970 

98677 

98682 
98700 

98704 
98709 

971 
98722 9S726 98/3' 

98735 

98740 

98744 98749 98753 

98758 

98762 972 

98767 
9S771 98776 98780 

98784 
98789 98793 

98798 

98802 

98807 

973 
98811 988/6 

98820  98825 
98829 

98834 

98838 

98843 98847 

98851 
974 

9S856 
98860 

98865I  9S869I  98874 98878 
98883 

98927 

98887 

98932 

98892 

98936 

98896 

98941 

975 
98900 

98905 98909 
98914 

989)8 

98923 

976 

98945 9S949 98954 

98958 

98963 98967 

98972 98976 

98981 

98985 

977 9S980 
98994 

98998 99003 99007 

99012 
99016 

99021 

99025 
99029 978 

99°3  + 

99038 

99043 
99047 

99052 
99056 

99061 

99065 

99069 
99074 979 99078 99083 

99087 99092 
90096 

99100 

99105 90109 

991M 

991 18 

980 
99I23 99127 

9S'3> 99'36 99140 

99H5 
99149 

99'54 

99158 

99162! 

981 
99167 

99i7i 
9917b 

99180 

99185 99189 
99193 

99198 

99202 

99207 982 99211 99216 
99220 99224. 

99229 
99233 

99238 99242 

99247 

99251 

983 99255 

99260 
99264 99269 

99273 99277 

99282 99286 
99291 

99295JI 

984 
99300 

99304 

99308 
9935^ 

99313 99517 

99322 
99326 

99330 
99374 

9933  5 

99379 

99339 

99383 

985 99344 

99348 
99357 

99j6i 
99366 

9937C 986 99338 99392 99396 
99401 

994.05 

9941c 

99414 

99419 

99423 99427 987 
99432 99436 99441 

9944  5 
99449 

994541  99458 99463 
99467 

9947J 
988 99476 99480 

99484 99489 
99493 

99498  99502 

99506 

99511 

99515 9_89_ 

990 

99520 

9956-1 

995M 

99568 

99528 
99572 

■  99  53  3 

99577 
99537 

99581 

99542 99546 995^0 

99594 

99*51 

  .. 
99599 

99  5  59 

99603 

99585 

99590 991 
99607 

9961 2 99616 99621 

99625 

99629 
99634 

99638 
99642 

99647 
002 

996>i 99656 
99660 

99664 
99669 99673 99677 

99682 
99686 

99691 

993 99695 99699 
99704 

99708 99712 99717 

99721 99726 99730 

99734 904 99739 99743 99747 
Q97C2 997  56 

99760 

99765 

99808 

09769 

99774 

99778 

995 

99782 99787 99791 

99795 
99»Oo|  99804 

99813 
99817 

99822 

996 99826 
99830 

9983  5 99839 99843,  99848 

99852 99856 

99861 

99865 

997 
99870 99874 

99878 
99833 99887J  9989; 99896  99900 

99904 

999°9| 

998 
99913 99917 

99922 99926 

99930  99955 99939 99944 

99948 99952! 

999 
9995-I  99961 99965 

99970 

99974 

99978 
5 

9998^ 

99987 99991  99996! No. 0   I   1 2  1   3 

4  ' 

6 7     1   8  j   9  If 



t>Deg.  Ta BLE  XXV.  A rtificlal  Sines,  Tangents  &  Secants, 
i79Degs, 

J,M 
Hour  AM Hr.PM Sine. Co-fine. Tangent. 

Co-tang. 

Secant. Co-fecant.|M  il 

iz  0  c 000 10.00000 
Infinite. IO. 00000 Infinite.  I60 

i 11  59  52 0  8 
6.46373 

00000 

6.46373 

I3-53627 OOOOO 
13.53627  59 

2 59  44 0  16 
76476 00000 

76476 

23524 
OOOOO 

2352458 
3 

59  36 

0  24 

94085 
00000 

94085 

059*5 OOOOO 

05915 

57 
4 

59  28 
0  32 7.06579 00000 

7.06579 
12.93421 

OOOOO 
'2.93421 

56 

5 II  59  20 0  0  40 7.16270 10.00000 
7. 16270 

12.8373c 
10.00000 

12.8373c 5  5 

6 

59  12 
0  48 

24188 
00000 

24188 

75812 

OOOOC 

75812 

54 

7 59  4 0  56 

30882 

00000 

30882 

69118 

OOOOO 

69118 
53 

« 
58  56 

1  4 

36682 

00000 

36682 
63318 

OOOOO 
63318 

52  ■ 
9 .58  48 1  12 41797 00000 4*797 

58203 
OOOOO 58203 

5i 

IO 58  40^ 1  20 46373 00000 46373 

53627 

OOOOO 

53627 

50 

ii 11  5S  32 0  1  28 
7.50512 

10.00000 

7.50512 

12.49488 10.00000 
12.49488 

49 
12 

58  24 1  36 

54291 
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10.00548 10.80170 
55 

\ 6 47  1? 12 

4^'
 

19909 

9945° 

20459 

79541 

OO550 80091 54 

I 7 47  4 12 

56 

19988 

99448 

-■  20540 

79460 

OO552 
80c  1 2 

53 

| 8 46  56 

J3 

4 

20067 

99446 

20621 
79379 

OO554 

79933 

52 

| 9 
10 

  46  42 10  46  40 

13 

12 

20145 

99444 

9.99442 

20701 79299 
OO556 

79855 

51 

j 
I  13 

20 

y. 20223 
9 . 207  8  2 

10.7.9218 
1O.OO558 

io. 79777 

50 

[  U 
46  32. 

13 

28 2O3O2 

99440 

20S62 

79138 

OO560 

7969? 

49 
12 

46  24 

13 

36 

203  So 

9943S 

20942 

79058 

OO562 

79620 

4$ 

I  j 

46  .16 

1 3 

44 
20458 '  99436 

21022 

78978 

OO564 

79542 

47 

1.4 

46  8 
10  46  0 

13 

5  - 

20535 

_  ■99434 
9.99432 

21102 

78898 

OO566 

79465 

46  1 

45 

t  14 
0 9 .  20  6 1 3 

9.  21182 10.78818 

10.0056^ 
10.79387 

1 6 43  5? 

14 

8 2069  l 

99429 

21261 78739 OO571 

79309 

44 
i  7 

4S  44 

14 

16 20768 

99427 

21341 78659 

OO573 

79232 

43 

it-' 

45  36 
?4 

2+ 

■  20845 

9942  5 

21420 

78580 

00575 

79155 

42 

1 !  9 
zc 45.2s. 

10  45  20 

14 

.32 

20922 

  9942.3 
9.99421 

21499 

78501 

00577 

79078 

i! 

40 

1  14 

4C 

9] 20999 
9.21578 io. 78422  10.00579 

10.79001 2  1 

43  12 

14 

48 

21076 

99419 

21657 

78343 00581 
78924 39  1 

22 43  4 

14 

56 

21 1 53 

994^7 

21736 

78204 

00583 
78847 

38 

:'5 

44  5 6 

1  j 

4 
.21229 

99415 

21S14 

7S186 

OO585 

78771 

37 

- ■•! 

2<; 
44  4  8 

15 

12 21306 

99413 
9-994" 

21893 

78107 

OO587 
78694 

10.78618 

36 

35  1 

io  44  40 

1  15 

2.0 
9.21382 9.21971 

10.78029 

10.00589 

20 

44  3  3 15- 
28 21458 

99409 

22049 

77951 

00591 

78542 

34 
17 

44  24 

13 

36 

21534 

99407 

22127 

77873 

00593 

78466 

3J 
2,8 

44  16 

15 

44 
2 1 6 1 0 

99404 

22205 

77795 

00596 

7839c 

32 

2  9 

44  8 

1  5 

52 

2(685 

99402 

32283 

77717 

00598 
78315 

31 

jO 

10  44  0 1  16 5 
y .  2 1  ;•  b  1 y. 99400 9.22361 

10.77639 
10.00600 

10.78239 

30 

31 

43  5p 16 8 21836 

99398 

22438 

77562 

00602 78164 

29 

43  44 16 16 2JQI2 

99396 

22516 

77484 

OO604 

78088 

28 

33 43  3)6 16 

24 

2I987 

99394 

22593 

77407 

00606 

78013 

27 

•  i 

34 35 
43  "S 

16 

S2 

2  2062 

y. 22137 993.8? 
9.99390 

22670 

77330 

00608 

77938 

10.77863 

26 

25 

f 10  43  20 1  j6 

4° 

-9.22747 10.77253 

10.00610 

36 
43  I2 

16 

48 

22211 

99388 

22824 

77176 

00612 

77789 

24 

37 43  4 16 

s.6 

22286 

99385 
229O1 77099 

00615 

777M 

23  J 

\r< 
42  56 

17 

4 2236} 

99383 

22977 

77023 

00617 

77639 
22 

4c 

42  48 

17 

12 

22435 

y . 22509 

  99381 

'  9-99379 

23054 

9.23130 
76946 

00619 

77565 

21 
10  42  40 

1  17 
20 

10.76870 
10.00621 

10.77491 
20 

4' 

42  32 

17 

28 

'  22585 

99377 23206 

76794 

00623 

77417 

19 

•42 '  42  44 

17 

36 

22657 

93375 

23283 
76717 

00625 

77343 

18 

43 42  16 

1   17 

44 
22731 

99372 

23359 

76641 

00628 

77269 

'7  I 

44 

is 
4-  ,« 

17 

52 

2280,- 
09370 

9.99368 

2343  5 76565 

00630 
77195 

16  j 

15  I 

LO  -4  2  .  O I   18 0 y.  22S78 
9.23510 

10.76490 10.00632 

10.77122 

4^ 

41  52 
18 8 22952 

99366 

23586 

76414 

00634 

77048 

14  I 

4.7 
41  44 18 16 

23025 

993°4 23661 

76339 
00636 

76975 

13  I 

48 

4l  3& 
18 

24 

23098 

99362 

23737 

7626^ 

C0638 

76902 

12  I 

V-} 

41  28 
l8 

32 

23171 ..99159 
9-99357 

23812 
76188 

00641 

76829 1 1  1 

If 10  41  20 I   l8 

4- 

9.23244 
9. 23887 

10.761 13 
10.00643 

10.76756 

10  ; 

51 
41  12 

18 

4R 

23317 
-  99355 

23962 
76038 

00645* 

76683 

9.  ! 

H*« 
41  4 18 

56 

'  23390 '  9935.3 
2403  7 

75963 

00647 

76610 

8 

40  56 

]9 

4 
23462 

993SI 
241 1 2 

75888 

00649 

76538 

7 
;54 

.  40  48 
io  40  40 

19 

12 

23535 

99348 9-99346 

24186 

9. 24261 

75814 

00652 
10.00654 

76465 6 

k* 

I  19 

20 
y. 23607 

10-75739 10.76393 

i 
(S6

 
40  32 

19 

28 

23679 

99344 

24335 

7566-5 

00656 

76321 $7 

40  24 

*9 

36 

" 23752 

99342 

..  244 1 0 

75590 

00658 

76248 

5 

:sr:
 

40  16 

19 

44 

23823 

99340 

24484 

75516 

00660 
76177 

2 

[55 
40     8 

J9 

52 

23895 

99337 24558 75442I   00063 
76105 1 

60 
40  0 

20 c 

"  23967 

9933  5 
Sine. 

24632 
75368J   00665 

76033 
0 

M HourP..,j. HourAM. Co- line. 
Co-tang. 

Tangent.  |Co-fecant. Secant. 

**\\ 

99  Degs, 
8q.  Degg, 



ro  Degs.  Table  XXV.  Artificial.  Sines^  Tangents  &  Secants.  169  Degs. 

||  MlHour  AIV 
i  Hr.  P  I\ J   Sine. 

3  9.2396 j  Co- fine 

.  Tangen .  Co-tang. 1  Secant. k>-fecam  iMI 

1 3]  to  40  < D  I  20   ( 
1  9-9933 

5  9-2463 
2  10.75368J10.006C 5  10.  76033  60. 

1   39  5 2    20 
5    2403 

)    99333    2470 
3    75294   0066 

7596 

59 : 
2   39  4- ;    20  I< 3    241  IC 

>   9933 
24779    75221    0066 1     7589058 3   39  3 S   20  2- 

r     241 8 

9932 

I        2485 

5    75147   0067 
>      7581957 

■ 
1   39  2 

5   20  3 s   2425 
5   99326   2492* 

)   7507. 
\        0067* 
3  IO.  00676 

\       7574' 

56 

»55 

5  JO  39  2c )  1  20  4c )  9.2432.: (.  9.9932. (.  9.2500c 
)  10.7500* 

>  10.  75676 

( 
J   39  » 

20  4! 
2439. 

99322 

2507; 

7492- 

1         0067} 

7560'i 

54 

' 
'   39  ̂  1        20  5< )   2446 t 

993ic 

25146 
74854   0068 

75534 
53 

! 
?   3«  S< 

21  4 

I     2453^ 993»; 2521c 

7478 
O068' 

75464 

52 

IC 
>   38  4* 

)  10  38  4c 

21  12 24605 
993!5 25292 

74708)    0068;, 

75393 

50 

I  21  2C 9.24677 
1  9-993i3 

9.25365 
10.74655  10.00687 

10.  75323 

i) 
38  32 

21  28 24748 

9931c 

25437 

74563 

O069C 

75252 49 
12 38  24 

21  36 

24818 

99308 

25510 

7449c 

O06y2 

75182 

48 

ij 

38  *e 

21  44 

24888 

99306 

25582 

74418 

6069*: 

75112 

47 

1 
if 38  i 

21  52 
24958 

99304 

25655 

74345 
OOO96 

75042 

46  ij 

10  38  c I  22   0 

9.2507.8 9.99301 

9.25727 
xo.74273 IO.  OO69LJ 

10. 74972 

45  If 

16 
37  52 

22   8 2509S 99299 

25799 

74201 

OO701 

749O2 

44  ll 
17 

37  44 22  10 
25168 

99297 25871 
74129 

OO7O3 

74832 

43  \ 

18 
37.  36 

22  24 25237 

99294 

25943 

74057 
OO706I    74763 

apt 

19 
37  28 

22  32 25307 

99292 

26015 

73985 

OO708]    74693 
ii 

40 

20 IO  37  20 1-22  40 9.25376 
9.99290 9.26086 

10-739M 
10.  00710 

10.  74624 

i 
21 

37  12 
■   22  48 

25445 

99288 

26158 

73842 

OO712 
74555 

39 

22 37  4 22  56 25514 

99285 

26229 

7377' 

OO715 

74486 

38 

23 
36  56 

23  4 25-5.83 

99283 

26301 73699 

OO717 

744 '7 

37 

24 
25 

36  48 23   12 25652 

99281 

26372 

7362.S 

007  1 9 

7434J 

10.74279 

36 

35 

10  36  40 t  23  20 
9.25721 9.99278 

9.26443 
10.73557 

IO.OO722 

26 
36-32 23  2? 25790 

99276 

26514 

73486 

OO724 

74210 

34 27 
36  24 23  36 25858 99274 

26585 '  73415 
OO726 

74142 

33 

38 
36  16 

23  44 25927 

99271 

26655 

73345 

OO729 

74073 

33 

29 

30 

36  8 

to  36  0 

— 1U1 
I  24  0 

25995 

9.26063 
99269 

26726 
73274 

OO731 

74005 

10.  73937 

3_i 

30 

'■ 

9.99267 

9.26797 10.73203 

10. 00733 

3i 3552 24-  8 

26131 

99264 

26867 

73133 

00736 

73869 

29 

32 
35  44 24  1 6 

26199 

99262 

26937 

73063 

00738 

73801 

28 

33 35  36 
24  24 

26267 

99260 

27008 72992 

00740 

73733 

27 

34 

3  5 
35  28 

24  32 

26335 

99257 
27078 

72922 

00743 

73665 
2b 

25 

10  35  20 
1   24  40 9.26403 9.99255 9.27148 

10.72852 

10.  00745 
10.  73597 

* 

36 35  '2 
24  48 26470 

99252 37218 
72782 

00748 

73530 

24 

37 35  4 24  56 
26538 

99250 
27288 

72712 

00750 

73462 

23 

31 34  56 

25  4 
26605 

99248 

27357 72643 00752 
73395 

22 

'39 
34  4« 

25  12 
26672 

99245 
27427 

72573 

00755 

73328 

21 

;4o 10  34  40 1  25  20 9.26739 9.99243 9.27496 

10. 72504 

10. 00757 

10.  73261 

20  | 

41 34  32 25  2S 
26806 

99241 27566 

72434 

00759 

73194 

1.9 

142 34  24 25  36 

26873 

99238 

27635 
72365 00762 

73127 

18  1 

43 
34  16 

25  44 26940 

99236 

27704 

72296 

00764 

73060 

17! 

44 

45 
34  8 

10  34  0 ,,.2-S  52 t  26   O 

27007 99233 

27773 

72227 

00767 
72993 

16 ; 

9.27073 
9.99231 

9.27842 
io. 72158 

10.  00769 10.  72927 15  i 

46 33   52 
26  8 

27140 
99229 27911 

72089 
00771 

72860 

r4f 

47 33  44 26  16 
27206 

99226 

27980 

72020 

00774 

72794 

«3  ; 

48 33   36 

26  24 27273 

99224 

28049 

71951 

00776 

7272- 

12 

49 

jo 

33  28 

26  32 
27339 

99221 

28U7 

71883 

00779 

72661 

11!. 

10  !': 

10  ̂    20 I  26  40 9.27405 
9.99219 

9.28186 

to. 71814 
10.  00781 

10. 72595 

5' 33   12 
26  48 

27471 
99217 

28254 

71746 

00783 

72529 9 

?2 
33     4 

26  56 27537 

99214 

28323 71677 

00786 72463 8 

ft 32  56 
27  4 

27602 

99212 

28391 71609 
00788 

72398 

7| 

11 
55 

32  48 27  12 27668 99209 
2S459I   7i54T 

00791 

72332 

6] 

10  32  40 1  27  20 9-27734 
9.99207 

9.28527 

io.  71473 10.  00793 

10.  72266I  5  ' 

56 32  32 27  28 

27799 

99204 

28595 

71405 
00796 

72201 

4J 

57 32  24 27  36 27864 

99202 

28662 

71338 

00798 

72136 

3 

58 32  16 
27  44 

27930 

99200 

28730 

71270 

00800 

72070 

2  ! 

59 32  8 27  52 
27995 

99197 

28798 

71202 

00803 

72005 Ml 
60 

32  0 
28  0 a8o6o 99'95 

28865 

7**35 

00805 

71940 

°J 

M Hour  PM 4r.  AM Co-fine. Sine. 
Co-tang. 

Tangent. 3o-fecaat]  Secant. M 
ioo  Degs. (Bb)     Tab, 

79  Degs- 



ixDegs.  Table  XXV.  Artificial  S Ines,  Ta agents  &  Secants. 
j6£2££r. 

!M 

C 
HourA.M Hour  P.JW 

Sine, 
Co-line.  ! 

9.99195 

i'angenr.  | 

9.28865 

Co-tang,  j 

10.71135I 
Secant. 

10.00805 

Co-fecant.jM  !' 10.71940160 10  32  0 1  28  0 

9.28060 i 
31  5* 

28  8 
2812^ 

99192 

28933 
jl'067 

00808 
7'875 

59 

•  2 '  3i  44 28  16 
2819c 

-  99190 
29000 

7100c 

00S10 

71810 

58/ 

57! 

1  3 
3i  36 

28  24 
28254 

99187 

29067 70933 

008 1 3 

71746 

1-4 

31  28 
28  32 

V28  40 

2,8319 

~8j8^ 

99185 

9.99182 

29134 

70866 

00815 

71681 

>V 

5 to  31  20 

9.29201 

10.70799 
10.00818 

10.71616 

55! 

& 
31  12 

2-8  48 
28448 

99180 

29268 
70732 

00820 

71552 

Mi 
 ' 

Hi 

—31  4 2S  56 28512 
99177 

29335 

70665 

00  8  23 

71488 

-J 

>J1 

£ 
30  56 

29  4 

28577 

99175 

29402 70598 

00825 

7H23 

52!  ■ 

.IC 
30  48 

29  12 

28641 

9.28705 
99172 

9.99170 
29468 

70532 

00828 

71359 

50  . 

10  30  40 1  29  20 

9-2953  5 10.70465 10.00830 

10.71295 

.  ii 

30  32 29  28 

28769 

.  99167 
29601 

70399 

00833 

71231149 

12 
30  24 2.9  36 

288^- 
99165 

29668 
70332 

00835 

7116748 

'i  3 

30  16 

29  44 2S896 

99162 

29734 

70266 

00838 
71104 

47 

15 

30  8 
29  52 2S960 

99160 
9.99157 

29800 

70200 

00840 

71040 

46 

45 

10  30  0, 1  30  0 9.29024 
9.29866 

10.70134 

ro.00843 

10.70976 

i-6 
29  52 

30  8 

290S- 

99155 29932 

70068 

00845 

70913 
44 

17 

29  44 

30  3  6 
29.15c 

99152 

29998 

70002 

00848 

70850 

43 

iS 
29  36 

30  24 
29214 

99150 

30064 
69936 

00850 

70786 

42 

20 

29  28 30  32 

29277 

99147 9-.99HS 30130 
69S70 

00853 

70723 

4i 

40 

10  29  20 i  30  4° 9.2934c 
9.30195 

10.69805 

10.00855 

10.70660 
2! 

29  12 30  48 

29403 

99142 30261 

69739 
00858 70597 

39 

22 

29   4 
30  56 29466 

99140 30326 

69674 

00860 70534 

38 

23 

28  56 3i  4 29529 
99*37 . 30391 

69609 

00863 

-   7047 1 
37 

24 

25 
28  48 

31  12 
29591 

9913^5 

9.99132 

30457 

69543 

00865 

70409 

3j> 

35 

io  28  40 I  31  20 
9.29654 

9.30522 

10.69478 
10.00868 

10.70346 

26 28  32 

31  28 
29716 

99J30 

30587 
69413 

00S70 

70284 

34 

2*
 

28  24 
31  36 

29779 

99127 30652 69348 

00873 

70221 

33 
28 28  16 3i  44 2984J 

99124 30717 
69283 

00876 
70159 

52 

2<J 

28  8 31  52 
2990? 

99122 
9.99119 

30782 
69218 

00878 70097 

5i 

50 

3C 

io  28  0 1  32  0 9.29966 
9.30846 

10.691 54 
10.008S1 

10.70034 

3' 

27  52 
32  8 30028 99117 

30911 

69089 
0088? 

69972 

29 

32 

27  44 

32  16 
30090 

99114 

30975 69025 
00886 

69910 

28 

33 27  36 32  24 30151 

991 12 

31040 
68960 00888 

69849 

27 

34 

5  5 27  2S 32  32 
i  32  4° 

30213 

9-30275 99109 

9.99106 

3  1 104 

9.31168 

68896 

10^8832 

00891 69787 

26 

— 

25 

10  27  20 

10.00894 
10.69725 

36 

27  12 32  48 30336 99104 

31233 

68767 
00896 

69664 

24 

37 27  4 
32  56 

3039? 

99101 

31297 

68703 

00899 

69602 

23 

58 

26  56 33  4 
30459 

99099 

31361 

68639 

00901 
69541 

22 

39 

40 

26  48 

33  12 30521 99096 
9-99093 

3142  s 

68575 00904 69479 
21 

20; 

10  26  40 
I  33   20 

9.30582 
9.31489 

10. 68^  1 1 
10.00907 

.10.69418 

41 

26  32 

33   28 

3o643 

99091 

31552 

68448 

00909 

69357; 

19 

4? 

26  24 

33  36 

■  30704 
.,  99088 

31616 

68384 

00912 69296 

18 

J43 

26  16 33   44 30765 

99086 

31679 

68321 

00914 
69235 

'7 

.44 

45 

26  8 

33  52 
30826 

99083 

31743 

68257 
00917 

10.00920 

69174 16 

15 

10  26  0 1  34  0 
9.30887 

9.99080 
9.31806 

10.68194 10.691 13 

.46 
25  52 

34  8 

30947 

99078 

31870 

68130 
00922 

69053 

'4 

;47 

?5  44 

34  l6 

.  31008 h  99P75 
31933 

68067 
00925 

68992 

'3 

48 

25  36 
34  24 

31068 
99072 

31996 

68004 

00928 

6S932 

12 

49 

•  50 25  28 34  32 
3 1 129 

99070 9.99067 

32059 

67941 

00930 68871 

n| 

10  25  20 1  34  40 9.31189 

9.32122 

10.67878 

10.00935 

10.-6881 1 

10 

51 

25  12 
34  4s 31250 

99064 

32185 

67815 
00936 68750 

9 

52 

;   2-5  4 

34  56 
3131c 

99062 

32248 

67752 

00938 68690 

■  8 

53 
24  56 35  4 

31370 
99059 

32311 

67689 00941 
68630 

7  ! 

54 24  48 

3  5  t2 3  143c 
99056 

9.99054 

32373 

67627 

•   00944 

68570 

10.68510 

6 

1 5  5 to  24.  40 1  35  20 9.3149c 

932436 

10.67564 10.00946 

56 

24  3a 

35  28 

31549 

99051 
32498 

67502 

00949 

68451 

4 

57 

24  24 
35  36 

31609 

99048 32561 

67439 

00952 
68391 

3 

:i8 24  16 35  44 31669 

99046 

32623 

67377 

00954 

68331 
2 

59 .24  8 

35  52 31728 
99043 32685 

67315 

00957 

68272 
1 

£ 24  0 
36  0 31788 

99040 
-  3274' 

67253 

00960 68212 0 

pu
 

HonrP.M. HaurA.M Co-iine. Mae. 

Co-tang 

tangent. 
Co-fccant. 

Secant. wJ 

10  I Deg>, 
78  pegs 



t> Degs.  T ABLE XXV.    Ai 'tifidal  S inesj  Tangents  &  Secants. 
167  Dc 

U; 

'fM:Hour..-iM. 
HqurP.Ml     Sine. 

1  Co-fine, 
Tangent. 

Co-ta'n>. 
Secant. 

Co-fecantjM 

ojio  24    0 t   36 
0 

9.31788 9.99040 

9-32747 

IO.67.25.3 

10.QO960 

!0.682i2'.6o 
[ 23  52 

36 

8 31847 

99038 
328(0 

67  J90 
00062 

68 !  531 59 

2 23  44 
76 16 

31907 99035 
32872 6712S 

0096,5 

68093158 
3 23   36 

3^ 

--4 

31966 

99032 

32933 

67C67 

00968 
6S034I57 

:    4 23   2S 

36 
32 

40
 

|       32025 
99030 

32995 

67OOC 

IO.66945 

00970 
10.00973 

,67975J56 
10.67916  55 

5  10  25   20 
1    36 

9.32084 9.99027 
9-33057 

6 
23     12 

36 
48 

32143 

99024 

33U9 
6688) 

00976 
6785754 

23     4 

36 

56 

32202 

99022 
33180 

66820 

0097S 
$77*98  53 

8 22  56 37 4 
32261 99019 

33242 

6675S 
00981 67739i52 

i_9 10 

22  48 
37 

12 32319 

99016 

33303 

66697 
009S4 

67681 I 10  22  40 

1  37 
20 

9.32378 9-99°'3 9-333^5 

10.66635 10.OC987 

10.67622 . 
11 22  32 37 

28 

32437 

9901 1 33425 

66574 

009%, 675-63!49 

I 
12 22  24 37 

56 

32495 

99008 

33487 

66513 
00992 67505M 

J J 
r« 22    l6 

37 44 3-553 
99005 

33548 

66452 

00995 

6/447J47 

i| 

!*4 2.2    s 37 

52 

0 
326 « 2 

99002 

33609 

6639 1 00998 

67388 
^ 
S 

jj « '5 
10    22      0 1   33 0.32670 

9.99000 9.3.3670 

10.66330 
10.01000 

10.67330 

3 '« 
21    52 

3S 

8 

32728 
98997. 

33731 

66269 01003 
6  -;  27  2!  44 

? 
21    44 

3« 

16 

327S6 

98994 

33792 

66208 
oioc6 

6721443 

* 
t8 21    36 

*» 

24 

32844 

9S991 

33853 

66147 
01009 

67156J42 1 

2: 

2t    28 

-     3* 

3; 

32902 

98989 
339 '3 

66087 

oior  1 
6709S 

4' 

10-21     2C 1  38 

40
 

9.32960 9.98986 

9-33974 10.66026 
10.01014 

10.67040 

40
' 

1 
21 21    12 

3« 

48 

33018 

.     9S985 
34034 

65966 

01017 

66982 

39 

;; 21       4 

3* 

56 

33075 

98980 

34095 

65905 

C102O 

, 66925 

3o 

y 
20  56- 

39 
4 33^33 

98978 

34155 

65845 

01022 

66867 

37 

2 20  48 
39 

t2 

33190 

98975 

34215 

'     65785 
01025 

66810 

36 

5  5 

10    20   40 

1   39 

20 9.33248 9.98972; 9.34276 

10.65724 

10.01028 

10.66752 

: 
16 20    32 

39 
28 33305 

98969 

34336 

65664 01051 

66695 

34 

-" 
20    24 39 

36 

33362 

9S967 

34396 

65604 

01033 

6663R 

33 

*8 20    16 
39 44 

33420 

98964 

34456 

65544 
01036 

66580 

32 

- 20     8 39 

5^- 

33477 

98961 

'     345'6 
65484 

01039 

66523 

30 

3Q 
10  20    0 1  40 0 9-33534 9,98958 9-34576 

10.65424 
fo.01042 10. 66466 

3' 
19  52 

40 

8 

33591 

9^955 
34635 

65365 

01045 

6 6409 1 29 

*9  44 

40 

16 

33647 
98953 34695 

65305 

01047 

66353)28 
19  36 

40 

24 

33704 98950 

34755 

65245 01050 66206)27 

[34
 

3  5 

19  28 

40 

31- 

3376i 

98947 

34814 65186 

01053 66239 

26 

25 

10   19  20 1  40 
4> 

9.33818 

9-98944 9-34S74 10. 65 126 10. 01056 10.66182 

;5 19  12 

40 

48 

33874 
9894] 

34933 65067 

01059 

66i2u|24 

*7 19     4 

40 5  6 

33931 98938 
34992 

65008 
01062 

66069.23 

j  8 
18  56 

4i 

4 33987 98936 
35051 

64949 01064 

660:3122 

12 

40 

18  48 

4' 

12 34043 98933 

35m 

64889 
01067 

__6595_7|2i 

io.6590o|iO 
10  18  40 

1  41 20 

9.34100 
9.9S930 9-35I70 

10.64830 10.01070 

+  1 
18  32 

4i 

28 
34156 

98927 
35229 

64771 

01075 

6584419 

42 
18  24 

4i 36 

34212 

98924 

35288 

64712 

01076 

65788  18 41 18   16 

41 

44 

34268 9892* 

35347 

64653 

01079 

65731 

17 

44 

7, 
18     8 

41 

5- 

34324 
98919 

3  540  5 

64595 

01081 65676 16 

15 

10  18     0 1  42 c 
9.34380 9.98916 

9-3  5464 

10.64536 10.01084 
10.65620 

-: 
46 

17   52 
,12 8 

34436 
989i3 

35523 

64477 
01087 

65564 

'4 

i 47 *7  4.4 

4~ 

*6 3449' 98910 

3558i 

64419 01090 

65509  13 
I 

.  y 

17  36 

42 

24 

34547 
98907 

3564c 
64360 

01093 

65453  12 
1 49 

;o 

17  28 

42 

32 

34602 

9S904 

35698 64302 

01096 

65398(11 .1 
10  17,  20 1  42 

40 

9.34658 
9.98901 

9-35757 
10.64243 

10.01099 

10.65342I10 - 1 

17   12 

42 

4o 

347  J  3 
98898 358i5 

64185 
01 102 

65287I  9 

{2 
17     4 

42 

56 

34769 
98896 

35875 

64127 

01 104 

65231    8 

i 

•r  :. 16  56 43 4 
34824 

98893 

35931 

64069 01107 

65176    - 

54 16  48 43 
12 34S79 

98890 35989 6401 1 

on  10 65121]  6 

5  5 10   16  40 
*  43 

20 9-34934 
9.98887 

9.36047 

10.63953 

10.01 113 

10.65066)  5 

! j6         16  32 43 

28 

349S9 98884 36105 

63895 

01  1 10 6 50 1 1    4 

57        16  24 43 

36 

35044 

988^1 

36163 

63837 01 119 

64956    3 

58]       16  16 43 44 35°99 

9S878 
36221 

63779 

OII22 

64901    2 

59I       16     8 
43 

J  2 

35154 98875 
36279 

63721 

OII25 

64S46,    1 
60 

M 

16     0 

44     0 
HourAM. 

35209 98872 36336 

63664 
OII28 

64791!  o\ t 
HourP.M. Co-fi,ie. Sine. 

Co-t?ng. 
Tangent. 

Co-lecant. Secant.    |M; 

sz  Degs, 

77  DeS>< 



•u 

Reg's.  Table  XXV.  Artificial  Sines,  Tangents  &  Secants 
.  166D 

?gs. 
fn 

HourA.M. HuurP.M.,  Sine.  |  Co-iinc. Tangent. 
Co-tang.  Secant . Cii-iecant 

in 

60 

i\c 
10  16  0 1  44  0 9.35209 

9.98872 9-36336 

10.63664 

10.01128 

10.64791 

* 
15  52 

44  8 
35263 98869 

36394 

63606 

01131 

64737 

59 
2 15  44 

44  16 353'8 
98867 36452 

63548 

01133 

64682 

58 

i  3 
15  36 44  24 

35373 
98864 

36509 6349J 

01136 
64627 

57 H 15  28 44  32 35427 

98861 36566 
9.36622 

6343* 
10.63376 ̂    0113c 10.01142 

6457: 

5^ 

55 

10  15  2C 1  44  40 

9-3548> 9.98858 

10.6451c, 

6 
IS    12 

44  48 
35536 

98855 

36681 

6331S 
0114c 

64464 

54 
7 15  4 1  44  5b 

3559^ 98852 
3673S 63262 

0114!: 

6441c 53 ;   « 14  56 45  4 35644 
98849 

36795 

6320; 

01151 
64356 

52 

:  9 
14  48 

45  12 
3  5698 98846 36852 

6514? 

OII5J 

64302 

5' 

"   IC 
10  14  4c 

1  45  2c 9-3S7<2 
9.98843 9.36909 

10.63091 

10.01157 
10.6424? 

>o 

11 14  32 1      45  28 

35S06 

98840 

36966 

6303^ 

01 1 6c 

64194 

49 

12 
14  2i 

45  36 
35860 

98837 

37023 

63977 0116] 

6414c 

48 

13 

14  '6 
45  44 

35914 

98834 

3708c 

6292c 

01166 

64086 47 

14 
'5 

14  8 
45  52 

35968 

98831 

9.98828 

37  •  37 

62863 

0116c 
€403: 

46 

£0  14   0 1  46  0 
9.36022 

9-37I93 
10.62807 10.01 172 

10.6397s 

45 

16 
13  S2 

46  8 

36075 :  98825 

3725c 

6275c 

01175 

63925 
44 

17 

13  44 

46  16 

36129 

98S22 

37306 

62694 

01178 
63871 

43 
!  18 %3   36 

46  24 

36182 

98819 

37363 

62637 

01181 63818 

42 

\  Ig 
13  28 46  32 

36236 

9.36289 
98816 9.9W3 

374'9 62581 

01184 
63764 

11 

40 

!   20 
to  13  20 I  46  4c 9-37476 

10.62524 10.01187 10.63711 

'   2 1 
J'3  12 

46  48 36342 
98810 37532 

62468 
01190 

63658 

39 

i-3 
13  4 

46  56 
36395 98807 

37588 

62412 

O1193 
63605 

38 

12  56 47  4 
36449 98804 37644 

62356 01196 

6355' 

37 

12  48 

47  12 36502 98801 9.98798 
37700 

6230c 

01 1 99 

63498 

3b 

10  12  40 
1  4->  20 

9-36555 

9-37756 

10.62244 

10.01202 

10.63445 35 

1 ib 
12  32 

47  28 
36608 

98795 

37812 

62188 

01205 

63392 34 

\  27 

12  24 

47  36 36660 98792 

37868 

62132 01208 63340 

33   [ 

f  28 
12  16 47  44 36713 98789 

37924 

62076 

01211 

63287 

32  | 

|  £2 
12  8 

47  S2 36766 98786 9.98783 

3798o 

9-38035 

62020 

01214 

63234 

3i  | 

1  30 
10  12  0 1  48  0 9.36819 

10.61965 
10.01217 

10.631S1 

30  ! 3' 

11  52 

48  8 
36871 

98780 38091 

61909 

01220 

63129 

29  i 

32 

11  44 

48  1 5 
36924 

98777 
38147 

6.853 
01223 

63076 

28  1 

i  33 11  36 48  24 
36976 

98774 

38202 

61798 

01226 

63024 

27 

35 
11  2S 

48  3  2 
37028 

98771 

9.98768 

38257 

6 '743 

01229 

10.01232 

62972 
10.62919 

26 

25  j 

10  11  20 I  48  40 
9.57081 

9-383'3 

10.61687 

:  3b 
11  12 

48  48 
37133 98765 

38368 

61632 

01235 62867 

24 

37 

38 
i  39 

I  To 

11  4 

48  56 37185 
98762 

38423 

61577 

01238 

62815 

23 

10  56 49  4 37237 

98759 38479 
61521 

01 24 1 

62763 22  1 

10  48 

49  >2 
J  7289 

9-37341 

9S756 
9-98753 

38  534 

61466 

01244 

62711 

21 

.'O  IO  40 
1  49  20 9.38589 10.6 1411 

10.01247 

10.62659 

20 

i 4' 1 42 

10  32 

49  28 

37393 
98750 

38644 
61356 

01250 

62607 

'9 

10  24 

49  36 
37445 98746 

38699 

61301 

01254 

62555 

18 

43 10  16 49  44 37497 
98743 

38754 61246 

01257 
62503 

17  ' 

!  i-4 
45 

10  8 

49  52 

37549 

9.37600 

98740 9.98737 38808 

61 192 
01260 

62451 ib 

10  10  0 
1  50  0 9.38863 

10.61 137 10.01263 10.62400 

15  ; 

!  4b 9  52 50  8 37652 

98734 

38918 

61082 01266 

62348 

14  1 

47 9  44 
50  16 

37703 9873' 38972 
61028 

01269 

62297 

13  I 

48 
9  36 

50  24 
37755 

98728 
39027 

60973 

01272 

62245 12 

1  5° 
9  28 

5°  32 
37806 9-37S58 

98725 

9.98722 39082 

60918 

01275 

62194 

II 

IO 10  9  20 i  50  40 
9.39136 

10.60864 10.01278 10.62142 

1  5' 
9  12 50  48 

37909 
98719 

39J90 

608/0 01281 

62091 

9  : 

5a 

9  4 
50  56 

37960 

98715 39245 

60755 01285 

62040 

8  | 

53 8  56 5i  4 

3801 1 98712 

39299 60701 
01288 

61989 

7  1 

54 
55 

8  48 

51  12 
1  51  20 

38062 

98709 

9.98706 

39353 

60647 

01291 61938 

5 10  8  40 9-38113 9-39407 

10.60593 
10.01294 

10.61887 

5» 

8  32 

51  28 

38164 98703 

3946i 

60539 

01297 

61836 

4 
57 

8  24 

51  36 

38215 

98700 
395r5 

60485 

01300 

61785 

3 

5* 

8  16 51  44 

38266 

98697 
39569 

60431 
01303 

6i734 

2 

59 8  8 

51  52 
38317 

98694 

39623 

60377 

01306 

61683 

1 
60 8  0 

52  0 38368 
98690 Sine. 39677 

60323 

01310 
61632 0 

M'HourP.M. 
Hour  AM.  Co-fine.1 

Co-tang. 
Tangent. Co-fecant 

Secant. vi   \|! 
ic.2  Degs* 

76  Degs 



ij.  De^s.  Table  X :XV.  Artificial  S incs,- Tangents- &  Secants.. 165  Degs. 

I[m HourAM. HourP.M. Sine. Co-line, Tangent. 
Co-rang.  1  Secant.    iC-o-fecant. 

60 

c 10     8     c i   52     0 
9.3836* 9.98690 

y. 39677 10.60323  10. O131C1IO. 61632 
i 

7  52 52     8 3«4'8 
98687 

3973' 

60269 

01313I        61582:59 

;  % 
7  44 

52   16 
38469 98684 

-      39785 

6021  5 

01316 61531:58 

;  3 7  36 
52  24 38519 

9S681 39838 

60162 

01319 

61481I57 

;_4 
!  5 7  28 52  32 38>7,o 

98678 
39892 

6010-8 

01322 
■  ••  61430)56 

IO  .    7    2C 1   52  40 

9.3862c 
9.98675 

9-39945 

10.60055 

10.01325 10.61380J55 
i  6 

7    12 52  48 •      38670 98671 

39999 60001 

01329 

61330154 

7 7     4 52  56 
38721 98668 

40052 

59948 

01332 

6ii79J53 

8 6  56 53     4 
3877' 

98665 

40106 
59894 

,01335 61229152 

_9 
10 

6  48 

53   12 38821 98662 

40159 « 59841 01338 

6l  1  7y 

5' 

50 

10   .  6  40 1  53  20 9.3887J 
9.98659 

9.40212 

10.59788 
10.OJ341 IO.61129 

ii 6  32 

53  28 38921 
98656 

40266 

59734 

OI344 

61079 

49 

;I2 6  24 

53  36 3*97 ] 9S652 
40319 

59681 

O1348 

61O29 

40 

M 6  16 53  44 

39021 

98649 

40372 

59628 

•OJ351 6O979I47 

!'4 6     8 
53  52 

39°7' 
98646 40425 59575 

01354        60929I46 

h 10     6     0 1  54    0 
9.39121 

9.-98643 

9.40478  10,59522 10.013571 10.60879 

45 

16 

5  52 
.     54     8 

39170 
98640 40531 59469 

01360 

60830 

44 

!*7 •    5  44 

54  16 39220 
98636 

40584 

59416 

01364 

60780 
43 

|i« 5  36 54  24 
39270 

98633 

40636 
59364 

O1367 6073O 

42 

19 

5  28 54  32 
39310 

98630 40689 

593H 

01370 60681 

4! 

|20 
10     5  20 1  54  40 9-39369 9.98627 9.40742 

10.59258 
10.013731 10.60631 

40 

•21 

5   12 54  48 
394[8 

9S623 
40795 

59205 

0'377 

60582 

39 

22 5     4 
54  56 39467 98620 

40847 
59^53 01380 

60533 

3« 

;i? 4  56 
55     4 

395J7 
98617 

40900 

59100 

01383 
60483 

37 

1*4 4  48 
55   12 

39566 

98614 
40952 

59048 

01386 

6O434 

36 

35 

10     4  40 1  55  20 9.39615 
9.98610 

9.41005 

10.58995 
10.01390 

IO. 603S5 
1 

,26 
4  32 

55  28 
39664 

986C7 
41057 58943 

01393 

60336 

34 

27 

4  24 
55  36 39713 

98604 41 109 

58891 

01396 
6O287 

33 
28 

4  16 
55  44 

39762 9S6OJ 41161 

58839 

01399 

60238 

32 

.29 

4     8 55  52 
398" 

98597 41214 

58786 

01403 
60189 

3> 

30 

10    4     0 1  56     0 
9.3986c 

9.98594 

9.41266 

10.58734 
10.01406 IO.6014O 

30 

31 
3   52 56     8 39909 98591 

41318 58682 

01409 

60091 

29 

32 3  44 
56  16 

39958 

.      98588 

41370 58630 
01412 

60042 

28 

1 

33 
3  36 

56  24 

40006 

98584 

41422 
58.578 

01416 
59994 

27 

jj
 

■34 

■3S 
3' 28 56  32 

40055 

98581 

4'474 

58526 

0*4*9 

10.01422 
59945 

20 

10     3  20 1  56  40 
9.40103 9.98578 
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97845 

10.  50348 

50304 

50260 
50216 50172 10.  50128 

50084 

50040 

49996 

49952 

10.  49908 

49864 

49820 

49777 

49733 

10.  01999 

"0200 

02007 

0201 1 

02014 

10. 02018 
02022 

02026 02030 

02034" 

10.  52995 

52955 

52914 52873 

52832 

10.52791 

'  '5275.J 

52710 

.52670 
52629 

.52589 
5254? 

52508 

52467 

52427 10.  02038  10. 52387 

02042"  '.52'346 
02046  52306 

02050  52266 

52226 

54 

02054 

9.  50311  io.  49689 

50355  49645 

50398  49602 
50442  49558 
50485  49515 

9.  50529 

50572 

50616 

50659 

50703 

9.  48803 

48842 

48881 

4S920 
48959 

9.97841 
97837 
97833 

97829 

97825 

97821 

9. 50746 
507S9 
50833 

50876 

50919 

9.50962 51005 
.51048 

51092 
5'i35 

51178 

10.49471 

49428 
49384 

49341 4929 

io.  02078 

02082 
02086 02090 

02094 

10.  02098 

02102 
02106 

02110 

O2H4 

io.  52186 

52146 

52106 
52066 
52026 

10. 51986 

51946 

51906 

51867 

51827 

10.49254 

4921 1 

49167 

49124 

49081 

0. 49038 48995 

48952 

10.  02118 
0212 

C2I26 02130 

02134 

10.  51787 

51748 

51708 
51668 

51629 

26 

10.02139 

02143 
02147 

02  15 1 

O2155 

IO.  O2159 
O2163 O2167 

O2171 

O2175 
O2179 

10.515 

5T55° 

51510 
5i47i 

51432 

:o-5i393 

51353 

51314 

51275    7 

51236    6 

10.51197 

5>i58 51119 

51080 

5 104 1 

51002 

M  Hour  P ivi  Hour  AM    Co-fine.  I     Sine.     |  Co-tang. (  Tangent.lCo-fecant.    Secant.     M 

107  Degs, 
72  Degs. 



ft Degs.  Table  XXV.  A rtificial  S ine's,  Tangents  8c  Secants. 1 6 1  De£s. 

'  __, 

N Hour  AMjHour  FM Sine. 
[  Co-fine. 

Tangent. 

Co-tang. 

Secant.  . 
Co-fecant 

M 
1 

0 
9  36     0 

z  24    0 9.48998 
9.  97821 9.51178 

10.48822 

10.02179 

IO.51OO: 

50 

I 
35  52 24    8 49=37 

97817 
51221 

48779 

02183 

5096.; 
59 

2 35  44 
24  16 49074 

97812 

51264 
48736 

02188 

5C924 

58 

5 
35  36 

24  24 
49114 

97808 
51306 

4S694 

C2192 

50885 

57 

4 
35  2S 

24  32 49'53 97804 

5'349 

48651 

02196 

50847 
5  5 

i   5 
9  35  20 

2  24  4c 
9.49192 

9. 97800 
9.51392 10.48608 

10.02200 
10.50808 

1  6 

35  I2 
2448 

49231 97796 

5'435 4856i 

O2204 

50769 
54 

1  7 35     4 24  56 

49260 97792 
51478 

48522 

O2208 

50731 53 
i  8 34  56 

25     4 

49308 

97788 
51520 48480 

02212 

50692 

52 

!  9 34  48 25   12 49347 
97784 

5'563 
48437 

02216 •       SO653 

5]i 

ji
o 9  34  40 

2  25  20 9- 49385 9-97779 

9.  51606 

1O.48394 

10. 02221 

1O.50615 

si 

11 34  3- 25  28 49424 
97775 

5  1648 48352 

02225 

50576 

45', 

12 34  24 25  36 

49462 97771 
51691 

48309 

C2229 

50538 

48 

ta 
34  16 

25  44 

49500 
97767 

51734 

48266 

O2233 

5O50O 

47 

if 
'is 

34     8 25   52 49539 

97763 51776 
48224 

02237 

50461 

46 

9  34     0 
2   26      O 9-49577 9-97759 

9.51S19 10.4818: 

10.02241 
IO.50423 45 

ID 
33  52 

26     8 
49615 

97754 

51861 

4SI39 
02246 

50385 44 
I'l7 33  44 26   16 49654 

9775° 

51903 

48097 
02250 

50346 

43; 

18 
33  36 

26   24 

49692 9774C 
51946 

48054 

02254 

503  oS 

42' 

«9 

20 
33   28 

26  32 

4973C 97742 5.988 
48012 

02258 

50270I41! 

9  53  20 
2  26  4c 

9.49768 .9-97738 9. 52031 

10.47969 
10.02262 io.50232J40, '21 

33  1
2' 

26  48 

49806 

97734 52073 

47927 

02266 

50194139'' 

22 33     4 26  56 
49844 

97729 

52i  1 5 

47885 

02271 

50156 38 

» 
2} 

32  56 
27     4 

498S2 
97725 

52157 

47843 

02275 

50ii8|37' 32  48 27   12 
49920 

97721 52200 
47800 

02279 

500R0 

3-i 

35  I 9  32  40 2  27   20 9.49958 9.97717 
9.52242 

10.4775s 10.02283 
10.50042 

|26 32  32 27   28 
49996 97713 

52284 

477i6 

02287 

50004J34  $ 27 32  24 27  36 
50034 

97708 52326 

47674 
02292 

49966|33:| ■28 
32  16 

27  44 

50072 97704 

52368 47632 

02296 

49928  3 2;  | 
129 32     8 27   52 

5011c 9770c 52410 4759c 

02300 

498gc)3i'
 

30 9  32
    0 

2  28     0 
9.  5014S 9.97696 

9.  52452 

10.47548 10.02304 
.. .,       .  ...r 

10.49852J30 

?i 
31   52 

28     8 50185 

97691 

52494 

47506 

02309 

498 15;  29' | 

'32 3i  44 28   16 50223 

97687 52536 
47464 

02313 

49777|28i 

35 3'   36 
28  24 

50261 976S3 52578 

47422 

02317 

49739i27| 
34 

35 
31   28 

28  32 
50298 

97679 

52620 
4738c 

02321 

49702(26, 
9  31   20 

2  28  40 
9.50336 

9.97674 

9. 52661 

10.47339 

10.02326 10.49664I25 

36 
31    12 

28  48 5°374 

97670 
52703 47297 

02330 

49626  24  1 37 3i     4 28  56 

5041 1 
97666 

52745 4725  5 

02334 

49589  23  i 

?3 
30  56 

29     4 
5C449 

97662 

52787 47*13 

0233S 

49551 

22  | 

39 

143 

30  48 29    12 
50486 

97657 52829 

47171 
C234-, 

495'4 

21 

9  30  40 2  29  20 9. 50523 9.97653 
9.  52*170 

10.47130 

10.02347 10.49477 

20 k> 30  32 29  28 

50561 

97649 

52912 
47088 

02351 

49439 

^91 

42 
30  24 29  36 

50598 

97645 52953 
47047 

02355 

49402 

'8  1 

« 30    ID 
29  44 50635 

97640 

52995 

47C05 
02360 

49365 

17  \ 

!44 
30     8 29  5: 5°°73 

97636 
53037 

46963 

02364 

49327 

16 

45 9    30      G 2  30     0 
9.  50710 9. 97032 

9. 53078 

10.46922 10.0236b 10.49290 

'5'
 

46 
29    S2 

30     8 
50747 

97628 
53120 

46880 

02372 
4925J 

ul 

'47 29  44 
30   !6 50784 97623 

53161 

46839 

02377 

49216- 

l3i! 

j4
3 r+9

 
29  3- 30  24 

50821 
97619 

53202 

46798 
02381 49'79 

ul) 

29  2b 30  32 
50858 57615 

53244 
46756 

02385 

4-4142 

»* 

50 
9  29  20 2  30  40 

9. 50896 9.  9/610 9.53285 

10.467 1 5 :0.0239c 

.10.49 104U0J 

5i 
29  12 

30  tf 5°933 

97606 
53327 

46673 

02394 

4906; 

9 

52 

29     4 
30  56 

50970 

97602 
53368 

46632 

02398 

40030 

m 
5i 

28  56 31     4 
5  IOC7 97597 

53409 46591 

C2403 
4S093 

1  ri 

54 

55 

2S  4? 
31    12 

51043 97593 

5345  = 
4655c 

024c- 

4805- 

6 

5 

1 

9  28  4c 2  31    20 
9.  51080 

9.97589 
9.53492 

10.4650b 10.0241 1 10.48920 

56 
2S    5Z 

31   28 51117 
975-84 

53S33 46467 
02416 488S3 4 1 JS7 28    24 

3i   36 
5  *  1 54 

97580 

53574 

46426 

0242c 
48S46 

3 

5* 
28    10 3i  44 

51191 
97576 

53615 

46385 

02424 

48?Oc: 

2 1 
59 28     I 

3i   52 

5f22
- 

9757' 
53656 4°3-u 

02429 

48-3 

1 * 

j;6o 
28     c 

32     c 5I264 
97567 

5369-
 

46305 

02433 

(Go-lecant 

.43^ 
c 1 

P" 
-lour  AM Co-fine. Sine. 

Co-tang. 

i  anient. 
secanr. 

kj 

lot  D:; 
(C  C)       TA3. 

flfkfr 



2Z Degs.  Table  XXV.    A rt-iliual -Sines-,  Tangents  &  Secants. 
1 60  Degs, 

]  M 

!    * 

Hour  AM, Hour  P  Ml 

2    32      O 

Sine.      | Co- line  \ 
Tangent.  Co-tang.  |   Secant.    {Co-fecantj$J  \ 

9  28     0 9.512641 
9-97567 

9.53697 

10.46303 

1O.O2433  10.48736160  j 

1     1 27    52 

32  '  8 
5'30i 97563 

53738 

46262 

02437 
48699  59  j 

2 27    44 

32  .6 

5'i338 

97558 

53779 

46221 

O2442 

48662 

;* 

3 27    56 
32  24 

51374 
97554 

53820 
46180 

02446 

48626 

57 

$     4 
27    28 

9    27    20 
32  32 

2  32  4c 

£1411 
9755° 

53861 

46139 
02450 

48589 

5* 

9.51447 
9-97545 

9.53902 

10.46098 

10.02455 

10.48553, 
5$ 

6 
27     12 

3  2  4s 
51484 

9754' 

53943 

46057 

02459 

4851654 
7 .27       4 

32  Sb 
5152c 

97536 

53984 

46016 

02464 

48480 
53 

1     iS 
26    56 

33     4 
51557 

97532 

54025 
45975 O2468 

48443 

52 

1 
io 

26    48 

9  2'6  40   33J2 2    33    20 

5«593 

97528 

54065 

45935 
O2472 48407  5 1 1 

9.51629 9-97523 

9.54106 

10.45894 
10.02477 

10.48371 

50
: 

U'
 

26  32 

33   28 51666 
97  519 

54147 45853 
02481 

48334 
-19. 

12 

26  24 

33  36 
51702 

9.75*5 
54i87 

45813 

02485. 

48298 

48 

13 

26  16 .33  44 

51738 

•     9751c 

54228 45772 

02490 

48262 47 

l4 

26     S 

33   52 

51774 

97506 

54269 

45731 

02494 

48226 

46-
 

'  l5 

9.5181  j 9.97501 
9-54309 

10.45691 

10.02499 

10.48189 

45 

2  34     c 
16 25   52 3-+     * 

51847 97497 

5435= 
4565° 

02503 

48153 

44 
'7 

25  44 

34   16 
51883 

97492 
5439° 

45&iQ 

02508 
48117 

43; 

l8 25   36 
34  24 

5!9iQ 

,    97488 

54431 

45569 

02512 

48081 

42 

19 

25   28 

34  32 

51955 

97484 

5447 1 
45  529 

02516 
4S045 

41 ' 

20 

9  25  20 2  34  4C 9.51991 
9-97479 

9.54512 

10.45488 IO.02521   10.48009 H 
2! 

25     13 
34  48 

52027 
9747  5 

54552 45448 

O2525 

47973 39-i 
22 25       4 

34  56 
52063 

9747c 

54593 
45407 

C2530 

47937 

38j 

?-3 

.24    56 35     4 
52099 

97466 

54633 
45367 

02534 

47901 

37 

24 

24    48 

3  5   i;2 

52'35 

97461 

54673 
45327 

02539 

47865 

30; 

35 

2  5' 

9  24  4° 2  35  20 9.52171 

9-97457 

9.54714 
10.45286 

10.02543. 
10.47829 

2b 
24  32 

35  28 

52207 97453 54754 

45246 

02547 

47793 

34 

27 

24  24 

35  3:6 52242 

97448 

54794 

45206 

02552 

4775s 

33 

1    28 24  16 
.     35  44 

52278 
97444 54835 

45165 

02556 

47722 

S2 

i    29 

f  3° 

24     8 
35  S2 

52314 97439 5487  5 
45125        02561 

47686 

30 

9  24    0 2  36     0 9.52350 
9-9H35 

9.549 1 5  [10.45085 

10.02565 
10.47650 

31 

23  52 
36     8 

52385 

97430 

549  55 
45045 

O2570 

47615 

29 

32 

23  44 

36    16 52421 

97426 

54995 

45005 

02574 

47579 

28 
33 

23   36 36   24 
52456 

97421 

55035 
44965 

02579 

47544 

27. 

34 

3  5 23   28 

9  23   20 

36  32 
2  36  40 

52492 

  974*7 9.97412 

-  5  507  5 

44925|       02583 

47508 

zb1
 

2  5 

9.52527 
9-55ii5 10.44885!  10.02588 

10-47473 

36 

23   12 
36  48 

52563 

97408 

55155 44845        02592 47437 

24 

37 23     4 

36  56 52598 97403 
5  5195 

44.805        02597 

.  47402 

-2 

3* 

22  56 37     4 52634 97399 55235 

44765        02601 

47366 

.12 

1  39 
22  48 

37   12 

52669 

9r394 

55275 

44725        02606 

4733' 

20 

1  4° 9  22  40 2    37     2C 9.52705 9-97390 
9-55315 

10. 44685U0. 02610 

10.47295 

4' 

22  32 

37  28 52740 
97385 

55355 

44645        02*615 

47260 

19 

42 

2~    ̂ 4 

37   36 

52775 

9738i 

55395 
44605        02619 47225 

10 

1, 

43 
22    l6 37  44 

52811 97376 

55434 
44566        02624 47189 

'7 

J 
1.44 22       8 

37   52 52846 
97372 9-97367 

55474 44526]       0262S 

47154 

16 

'5 

: 
'45 

9    22      0 2  38     c 

9.52SS1 
9-55514 

10.44486  10.02633 

10.471 19 

: 

4b 

21     52 

38     8 
52916 

97363 
55554 

44446 

02637 

47084 

14 

': 

J47 

21    44 

38   16 52951 

9"35* 
5  5593 

44407 

02642 
47049 

'3 

1 

48
 

21    36 
3s  24 

5298b 

97353 

55633 
443S7 

02647 

47014 

[2 

■] 

149 

f'5= 
2  1     28 

38  32 

5302! 

97349 

55673 

443'27 

O2651 

46979 

I  I 

j 9    21    2C 2  sS  4c 
9.53056 

9-97344 

9.55712 

10.44288 

so. 02656 
10.46944 10 

l5i 

2$     12 

38  4S 
53092 9734c 

55752 44248 

02660 

46908 

9 

f2 

21       4 

38  f£ 

53126 

97335 

55791 

44209 

02665 

46874 

S ; 
53 

20     56 
.39     4 

53i6i 97331 

55831 

44169 

02669 

46839 

7 
54 '55 20    48 

9    20    4C   39_j_= 
2  59   2C 53»9f 

97326 55870 

441  J°j   .   02674 46804 
b 1 

9-5323' 
9.97322 

9-5591° 

10.4409c 
10.02678 10.46769 

5 

$6 

20    32 

39  2? 53266 
97317 

55949 

44051 

02683 

46734 4 

;  57 
20    2i 

39  3C 
53301 

97312 
5.5989 

4401 1 

026-88 

46699 

3 

58 

20    1 6 

39  4-
1 

5333^ 

97308 
56028 

43972 

02692 

4666.: 

2 

S  5? 
20       £ 

39  52 5337C 
97303 56067 43931 

02697 

4663c 

1 i 

I  b:
 

20       C 

IkuurPM 
'<  4°  :  c 

Hour  AM 

5340"
 

97299 

56107 
43893        02701 

4659S 
0 

1  V1 
'Co-fine. 

Sin?. 
Co-ang. 

Tangent.  'Cof  cant.      Secant. 

.1 

CO     Df'g 

trai.     T-*m*~*i, 

70  Deg 

3, 



.25  Pegs.  Table  XXV.  Artificial  Sines,  Tangents  &  Sccnrsts.  f  5-9  Degs,. 

|lM Hour  AM. HourP.M Sine. 
Go-fine.- 

Tangent. Co-tarj£i  L-^cairt:. CWecant 

jMj 

0 
9  20    c 2  40     0 9-53405 9-97  299 9.56107 10. 43893'io. 02701 io'4659's 

60 1 

1 
19  52 

40     8 
53440 

97294 56146 

438S4 

'02706 

*    -4-656o,r59l 

2 19  44 

40   16 
53475 

97289 
56185 43815 

0271 ) 
46525)58 3 19  36 40  24 

53509 9728s 
56224 

43776 

O2715 

46491157 

5 
19  20 40  32 

53544 

9728c 

56264 

43736 

02720 

46456^ 

9  19  20 2   40   40 9-53578 9.97276 
9.56303 

10.43697 10.02724 
10.46422.155 

0 
19  12 40  48 53613 

97271 
56342 

43658 

0-2729 

■     463S7U4 

7 19    4 
40  56 53647 

97266 
56381 

436i9 

02734 

46353:53 

8 18  56 4i     4 

53682 97262 
5642c 

43580 

02738 
463  18]  5  2 

_9
 ro 
18  48 

41    12 

53716 

9725-7 

56459 

45  54' 

02743 

46284I5T 

9  1^40 2  41   20 9-5375 ! 9.97252 9.56498 
10.43502 

10.02748 
10.46249I50 

1 1 18  32 
41   28 53785 

97248 

56537 

43463 

O2752 46215149 

12 18  24 
41  36 538i9 

97243 

56576 43424 

O2757 

46181148 !5 
18   16 4i  44 

53854 

97238 

56615 
43385 

O2762 46146:47 
14 

18     8 
41    S2 

538SS 

97234 

56654 

43346 

02766 
461 1 2 46 10.4607S  45 '5 

9   18     0 2  42     0 
9.53922 9.97229 

9-56693 
"0.43307 10.02771 

lb 
17   52 

,   42     8 
53957 

97224 56732 

43268 

'02776 

"  .4604344 

«7 
17  44 

42  16 
5399' 

9722c 

56773 43229 

02786 

46009  43 

i!i 
17  36 42  24 

54025- 

97215 

5681c 43190 

02785 

45975  42 *j> 

2C 
17   28 42  32 54°59 

9721c 

56849 

43  1 5 » 

02790 

45.94' 

4' 

9   17   20 2  42  40 9.54093 
9.97206 

9.56887 

10.43113 

10.02794 
10.45907 

40 

2i 
17    12 42  48 54127 

97201 
56926 

43074 

02799 

458.73 

39 

22 r7     4 
42  56 

54161 
97196 

56965 43035 

02804 

458-3.9 

58 

23 
r6  56 43     4 54195 

97192 
57004 42996 

62808 

45805 
37 *4 

25 
16  48 

43    I2 54229 97187 
57042 

42958        028r? 

45771 

-1 

35'' 

9   16  40 2  43   20 9.54263 
9.9718: 9.57081 

10.429 19 
10.02818 

'0-457v37 

20 16  32 

43   28 
54297 

97i7^ 

5712c 

4288c" 

•    -02822 
-45703 

34 

2-
 

16  24 

43   36 
5433' 

97173 

5715* 
42842 

O2827 

45-669 

33 

2: 16   16 43  44 
54365 

97161- 

57197 

42803 
O2832 ■■  45635 

32 

2g 
16     8 

43   52 
54399 

97163 
57235 42765 

02837 

45601 

3 ' 

io1
 

9  •  16     0 2  44     0 9-54433 9-97159 9.57274 10.42726 
10.02841 

10.4546^ 

51 
15   52 

44     8 

54466 

97154 

5731- 

.   42688 

02846 

'-'45134 

29 

3.2 
15  44 
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69234 

30766 

04714 

3548i 
47 

14 
30  8 29  52 

64545 
95279 

69266 

30734 

04721 

35455 

46 

45 

'5 
8  30  0 

3  30   G 
9.64571 

9.952-3 

9.69298 10.30702 

IO.O4727 
10.35429 

16 
29  52 

30  8 
64596 

95267 

69329 

30671 

04733 

35404 

44 17 29  44 
30  t6 64622 

-  95261 
69361 

30639 

04739 

35378 
43 

18 29  36 30  24 64647 
95254 

69393 

30607 04746 353  53 

42 

•9 

20 
29  2S 30  32 

  64673 9.64698 95248 

60425 

30575 
O4752 3S' 3  27 

4i 

40 

8  29  20 3  30  4C 9.95242 9.69457J10.30543 

IO.O4758 
10.35302 

21 
29  12 30  48 

64724 

95236 

694S8    30512 

04764 

35276 

39 

22 29  4 
30  56 

64749 

95229 
69520    30480 04771 

35251 

38 

23 28  56 3i  4 
64775 

95223 
69552 

30448 

04777 

35225 
37 v 

24 28  48 
31  12 64800 

95217 

9.95211 

69584 

30416 

04783 

352O0 

10-35*74
 

36 

35 

25 8  28  40 
3  31  20 9.64826 

9.69615 
10.30385 

10.04789 

20 28  32 "  31  28 64851 
95204 

69647 
30353 

04796 3SI49 

34 

27 28  24 
3i  3* 

64877 

95198 

69679 

30321 

04802 

35123 

33 
2S 28  16 3i  44 

64902 
95192 

69710 30290 O4808 

35098 

32 

29 

30 

28  8 
3-'  5-- 64927 

9-54953: 95185 
69742 

30258 

04815 

35073 

31 

8  28  0 

3  32  0 
9.95179 

9.69774 
10.30226 IO.04821 

10.35047 

30 

31 27  52 
32  8 

64978 
95173 

69805 30195 
04827 

35022 

29 

32 
27  44 

32  16 

65003 

95167 

69837 •  30163 

04833 

34997 28 

33 27  36 32  24 
65029 

95160 
69868 

30132 
O4840 

34971 

27 

27  28 
32  32 

3  3*  40 

65054 95154 

69900 
30100 

04846 

34946 

26 

25 

13  5 8  27  20 9.65079 
9.95148 

9.69932 10.30068 
IO.04852 10.34921 

36 27  12 32  48 
65104 

95Hi 

69963 30037 

O4859 

34896 

24 

37 27  4 
32  56 

65130 95135 

69995 

30005 

O4865 

34870 

23 

38 
26  56 33  4 

6>i55 

95129 

70026 

29974 

O4871 34845 22 

39 26  48 

33  12 
65180 

95122 

70058 
29942 04878 

34820 

21 

I40 8  26  40 
3  33  20 

9.65205  9.95116 9.70089 
10.2991 1 

10.04884 

10-34795 

20 

4i 
26  32 

33  28 
65230 

95"0 70121 

29879 

O4890 

34770 

19 

42 
26  24 

33  36 

65255 

95I03 70152 

29848 

O4897 

34745 18 

43 26  16 33  44 
65281 

95097 70184 
29816 

04903 

34719 

17 

44 26  8 
33  52 65306 

95090 

70215 
29785 

O491O 

34694 
16 

45 8  26  0 

3  34  0 
9.65331 9.95084 9.70247 

10.29753 

IO.O4916 
10.34669 

15 

46 
25  52 

34  8 
65356 

95078 70278 29722 O4922 
34644 

14 

47 25  44 

34  '6 
65381 

95071 

70309 29691 

04929 

346i9 

13 

48 25  36 34  24 65406 95065 
70341 

29659 04935 

34594 12 

4? 25  28 
34  32 

65431 95059 
70372 

29628 
O4941 

34569 

II 10 

?o 8  25  20 3  34  4° 9.65456 
9.95052 9.70404 

10.29596 IO.04948 
10-34544 

5' 25  12 34  48 65481 
95046 

70435 29565 

O4954 

34519 

9 

52 
25  4 

34  56 65506 95039 

70466 

29534 

O4961 

34494 
8 

S3 24  56 35  4 
65531 95033 70498 

29502 

O4967 

34469 

7 

54 24  48 

35  *2 
65556 

95027 

70529 
29471 

04973 

34444 
b 

5S 8  24  40 
3  35  2° 9.6558c 

9.9502c 9.7056c 

10.2944c 
10.0498c 10.34420 5 

,'6 24  32 
35  28 

65605 

95014 70592 
2940S 04986 

34395 4 

57 24  24 
35  36 

6563c 

95007 
70623 

29377 O4993 

3437C 

3 

<n 24  16 35  44 
65655 

95001 

7065^ 
29346   04995 3.4345 

2 

ss 24  8 
35  52 6568c 

94995 

7068. 

29315   05005 

3432C 

1 

6c 
24  0 36  c 

6570; 

Co- fine. 

9498S 

707i: 
29283]   05012 

34295 0 

1JM iHourPM. HourAM Sine. I  Co-tang. 
Tangent.  (Co-fecant.'  Secant. 

JM 

116  Degs. (D  d)    Tab. 63  Degs= 



27 

Degs.  1 
ABLE A XV.  A 

•uncial  0 
ines,  xa 

ngents  a: 

:>ecants. 

152  JL'q 

|F? 

M 

0 

HourA.MJHour  PM 
Sine. Cj-fme. Tangent. 

Co-tang. 
Secant. Co-fecani. 

'.1 

8  24  O 

3  36 

0 9.  65705 

9.  94988 

9.  70717 

10.  29283 
10.  05012 

10.  34295. 

6b 

j 
23  52 

36 

8 65729 

94982 

70748 
29252 

05018 
34271 

5Q 

2 
23  44 16 

16 

65754 

94975 
70779 

29221 

05025 

34246 

58 

3 23  3° 

35 

24 

65779 

94969 
70810 

29190 
05031 

3422  1 

5  7 

_4
 

23  28 

36 

S^ 

65804 

94962 
70841 

29159 

05038 

34'96 

if 

rs 

8  23  20 

3  36 

4° 

9. 65828 
9.94956 

9.  70873 
10.  29127 

10.  05044 

lO.  34172 

6 
23  12 

36 

48 

65S53 

94949 70904 29096 
05051 34'47 

54 

V 
23  4 

36 

<6 
65878 94943 

70935 29065 

05057 

34122 

5.1 
8 22  56 

37 
4 

65902 
94936 

70966 

29034 
05064 

34098 

i  - 

9 22  48 

37 

12 65927 

94930 

70997 29OO3 05070 
34073 

;i 

8  22  40 
3  37 

20 9.  65952 9.  94923 

9.  71028 

10. 28972 

to.  05077 
10.  34048 

^0 

11 
22  32 

37 
28 65976 

949 '7 

71059 
28941 05083 

34024 

49 

12 
•  2  2  24 

37 

36 

66001 

94911 

71O9C 
28910 

05089 
33999 

48 

13 

22  l6 
37 

44 

66025 

94904 

7II2I 

28870 
05096 

33975 

4? 

14 

22   8 

37 

52
 

66050 

94898 

7  1 153 

2S847 

05:02 
3395° 

46 

is 

8  22   O 

3  38 

0 9. 66075 
9-94«9< 9.  71184 

10.28816 

10.  05109 
10. 33925 

16 21  52 

38 

8 

66099 

94885 

71215 

28785 
051 15 

33901 

M 

17 
21  44 

38 

16 

66124 

94878 
71246 

28754 

05122 

33876 

M 
IS 21  36 

38 

24 

6S14S 

94871 

71277 

28723 
05129 

33852 
-+2 

'9 

21  28 

38 32 

66173 

94865 

7130S 

28692 

05135 

33827 

41 

*o 

2C 8  21  20 

3  38 

4° 

9. 66197 9.9485* 
9-7<339 £0. 28661 

10.  05142 10.  33803 

21 
21  12 

38 

48 

66221 

94852 
7'370 

2863C 

05148 
-  33779 

39 

22 
21   4 

38 

56 

66246 

9484-" 

7 1401 

2859c, 

05I5S 

3375J 

J8 

2? 

20  56 39 
4 

66270 94839 

7H3' 

2856L, 

05161 

33730 

57 

24 

20  48 39 

3  39 
12 

20 

66295 

9.  663  19 
94832 71462 

28538 

05168 
33705 

36 

21 

8  20  40 
.  9. 94826 

9- 7:493 
lO. 285O7 

10. 05174 

10.  33681 

35 

2fi 

20  32 
39 

28 

66343 

94819 

7-1524 

28476 

05181 

33657 

34 
27 

20  24 39 

36 

66368 

94813 

71555 

28445 

05187 

33632 

33 

28 20  16 
39 

44 

66392 

94806 
71586 

28414 
05194 

33608 

32 

29 

20   8 39 

5? 

66416 
947Q9 71617 

9.  71648 

28383 

05201 

10.  05207 

33584 

31 

33 

8  20  0 

3  40 

0 9. 66441 9- 94793 

10. 28352 

10.33559 

3.Q 

31 

19  52 

40 

8 6646, 

94786 

71679 

28321 

05214 

3353  5 

irJ 

32 

19  44 

40 

16 
66489 

94780 

71709 
28291 

0521:0 

33r-' 

28 

31 *9  36 

40 

24 

66513 

94773 71740 

28260 

05227 

33487 

17 

34 

35 

19  28 

40 32 

66537 

94767 71771 

28229 
05233 

33463 

26 

8  19  20 

3  40 

4-; 

9. 66562 9.  94760 
9. 71802 

10. 28198 .10.  05240 
10.33438 

-5 

r36 

19  12 40  48 66586 94753 
7i833 

28167 

°5247 

334M H 
37 

19  4 

40 

56 

66610 

94747 

71863 

28137 05253 

3339° 

<3 

38 

18  56 

4i 

4 

66634 

94740 

71894 
28106 

05260 

333-66 

12 

39 18  48 

4i 

12 
66658 

94734 
.  71925 

28075 

05266 

33342 

21 

20 

4C 

8  18  40 

3  4i 

2? 

9.66682 9.94727 

9-7I955 

10. 28045 10.05273 

10.33318 

4i 

18  32 

4i 

28 
66706 

94720 71986 

28014 

05280 

33294 

'9 

42 

18  24 

4i 

36 

6673  1 

94714 
73017 

27983 

05286 
33269 

18 

43 18  16 

4i 

44 

66755 

94707 
72048 

27952 
0529.3 

33245 

'7 

44 

45 

18  8 

4i 

52 

66779 

94700 
72078 

27922 
0530c 

33221 

id 

•4 

8  18  0 

3  42 

0 
9. 66803 

9.  94694 

9.  72109 

10. 27891 10.  05306 

'0.33' 97 

46 

17  52 

42 

8 66827 

94687 72140 
27860 

053"«3 

33173 

■4 

47 
'   17  44 

42 

16 66851 

94680 

72170 

27830 

05320 

33H9 

'3 

48 

17  36 

42 

24 

66875 

94674 

72201 

27799 

05326 
33125 1  2 49 

I7  28 

42 32 

66899 

94667 72231 

27769 
05333 

33IOI 

1 1 

10 

SO 

817  20 

3  42 

40 

9.  66922 
9.  94660 

9.  72262 

10.27738 10.05340 
10.  33078 

5i 

17  12 

42 

4S 

66946 
94654 

72293 27707 

05346 33054 9 

52 

17  4 

42 

S6 

6-6970 

94647 
72323 

27677 05353 

33030 

8 

53 
16  56 43 4 

66994 

94640 

72354 
27646 

05360 

33006 

7 

1  — 

16  48 
43 

[2 

67018 9463.4 

72384 

27616 05366 
32982 

6 

5 8  16  40 3  43 
2d 

9.  67042 9.  94627 9,72415 

10.27585 
10.  05373 

10.32958 

s<> 

16  32 43 28 
67066 

94620 

72445 

2-7555 

05380 

32934 

4J
 

57 

16  24 
43 

36 

67090 

94614 72476 

27524 

05386 

3291c 

3 

5* 

16  16 
43 

44 
67113 

94607 
72506 

27494 05393 

32887 

2 

59i 16  8 
43 

52 

67137 

94600 

72537 
27463 

05400 

32863 
1 

60 16  0 
44 

0, 

67161 
94593 

72567 

27433 

05407 

32839 

-1 •I 

M| 

HourPM. Horn-  Aivij 
Co-line,  j Sine. Co-iang. 

Tangent. 
Co-fecant. 

Secant.  1 

1 17  Degs. 62  Degs. 



28'Degs.  ' 
Table  XXV.  ̂  rtificial  Sines,  Tangents  &.  Secants. r$i  Degs. 

1[M Hour  A(V Hour  PM sine. Co-fine. Tangent. 

Co-tang. 

Secant.  iCo-fecant M 

e 816  c 

3  44  0 9. 67161 
9-  94593 9. 72567 

l0-  27433 

10.05407]  10.32839 

60 

i 
IS  52 

44  8 

67185 

94587 72598 
27402 

054'3 32815 

59 
2 15  44 

44  16 
67208 

94580 72628 

27372 

05420 32792 
58, 3 15  36 44  24 67232 94573 

72659 

^734' 

05427 32768157] 

5 

iS  28 
44  32 

67256 

94567 
72689 

9. 72720 

27311 

°5433 

32744'56| 

8  15  20 3  44  40 9. 67280 9.  94560 
10.  27280 

10.  0544c 
10.32720:551 

0 
15  12 

44  48 
67303 

94553 7275c 
27250 

05447 
32697J54 

7 15  4 

44  56 

6/327 

94546 72780 
27220 

05454 32673:53 

" 14  56 45  4 6735° 

94540 72S11 

27189 

0546c 

32650152 

9 14  48 

45  12 

67374 

94533 
72841 

9.72872 

27159 

05467 

32626 

51 

10 8  14  40 
3  45  2C 9.67398 9.94526 

10.  27128 

10.05474 

10.  32602 

To 

i  i 
14  32 

45  28 
67421 945 '9 

72902 

27098 

05481 

32579^49 

12 14  24 

45  36 

67445 

94513 72932 27068 

05487 32555|48 

13 
14  16 45  44 

67468 

94506 

72963 

27037 
05494 

32532:47 

id ■  5 
14  8 

-  45  52 
67492 

94499 72993 

9- 73023 

27007 

05501 

32508 

46 

8  14  0 
3  46  c 

9.67515 
9. 94492 

10.  26977 
10.  05508 

10.32485 

45 

1 6 
13  52 

46  8 

67539 

94485 73054 

26946 
°55'5 

32461 

44 

| 
 I  - 

13  44 

46  16 67562 
94479 

73084 
26916 

05521 
32438 

43 

.« 13  36 46  24 67586 

94472 
73"4 

26886 
05528 

32414 

42 

tl 13  2S 
46  3- 

3  46  4c 

6760c, 
94465 

73144 
26856 

05535 

3239' 

10.32367 

4J 

40 

h 8  13  20 9.67633 9. 94458 9- 73175 
io. 26825 10.  05542 

2J 
13  12 

46  4S 
67656 

9445 « 
73205 

26795 

05549 
32344 

39 

22 13  4 
46  56 67680 94445 73235 

26765 
°5555 

32320 

38 

2j 
12'  56 47  4 67703 

9443  8 
73265 

26735 

05562 

32297 

37 24 

2: 
12  48 

8  12  40   47  JU 
3  47  20 

67726, 

9443 ' 

73295 

26705 
05569 

32274 

36 

9.67750 9.  94424 

9.73326 

10. 26674 10. 05576 10.  32250 

35 

2  0 12  32 

47  28 

67773 

944 1 7 
73356 

26644 

05583 
32227 

34 

z- 
12  2  + 

47  36 
67796 

94410 73386 

26614 

05590 

32204 

33 
fcK 12  It) 47  44 

6-820 

94404 

734'6 

26584 

05596 

32180 

32 

»9 12   8 

47  52 

67S4J 

94397 

73446 

26554 

05603 
32157 

3i 

3° .8  12   O 3  4S  c 9. 67866 9.94390 9-73476 

10. 26524 

10.  05610 

so.  32134 

?o 

3: 
I  I  52 

48  S 
67S90 

94383 73507 

26493 

05617 

32110 

29 

M II  44 

48  16 
67913 

94376 

73537 

26463 
05624 

32087 
28 

33 II  36 48  24 67936 
94369 73567 

26433 

05631 
32064 

27 

34 11  28 
48  32 

6/959 

94362 

73597 

26403 

05638 32041 
26 

25 

3  j 8  II  20 
3  48  4° 9.67982 

9-943  5  5 

9. 73627 

10.26373 10.05645 
10. 32018 

# II  12 
48  48 

68006 94349 73657 

26343 

05651 

31994 

24 

II   4 
48  56 

68029 

94342 
736S7 

26313 

05658 31971 

23 

5- 
IO  56 49  4 

68052 
94335 

73717 

26283 
05665 

31948 

22 

39 IO  48 

49  '- 

6S075 

94328 

73747 

26253 

05672 
31925 

21 

20 
40 

8  io  40 
3  49  20 

9.  68098 
9.94321 

9-73777 
10.  26223 10. 05679 

to.  31902 

41 
10  32 

49  28 
68121 943  M 

738o; 

26193 

05686 

31879 

19 

42 
10  24 

49  36 

68144 

94307 
73837 

26163 05693 

31856 

'8i 

43 10  16 49  44 
68167 

94300 

73867 

26133 

05700 

31833 

17 

:4j 

10  8 

8  10  0 49  52 

68190 

9. 68213 

94293 
73897 

9-73927 

26103 

05707 

31810 16 3  5«  0 9.  94286 

10.  26073 10. 05714 
10. 31787 

N 
46 9  52 50  8 

6823/ 

94279 73957 
;   26043 

05721 

31763 

14 

47 9  44 
50  16 

68260 
94273 

73987 

26013 

«P5727 31740 

■3' 

- 
9  36 

50  24 

68283 

94266 
74017 

25983 

05734 

31717 

12 
49 

9  2b 8   9  2G 
50  32 

68305 

94259 74°47 

25953 

05741 

31695 

11 3  50  4° 9.  68328 9.94252 
9.  74077 

10.  25923 10.  05748 

10.  3167-2110 

S'i 9  12 50  48 

68351 
94245 

74107 

25893 
°5755 

31649I  Q 

;- 9   4 
50  56 

68374 

94238 

74137 

25S63 

05762 
31626  8 53 8  56 5i  4 

68397 

94231 
74166 

25834 
05769 31603  7 

54 

55 

8  48 

8  8  40 
51  12 

68420 

947-24 74196 

25804 

05776 

  3'58o 

10.31557 
6 

5 
3  51  20 

9.  68443 
9.94217 

9. 74226 

10.  25774 
10.05783 

; 8  32 
51  28 

68466 

94210 
74256 

25744 

05790 

3' 534 

4 

5 " 

8  24 
51  36 

68489 

94203 

74286 

25714 

05797 

3J5'1 

3 
8  16 51  44 68512 

94196 

743 '6 

25684 
05804 

314S8 

2 

59 8  8 
51  52 

68534 

94189 
74345 

25655 

05811 
3'466 

I 

bo 8  0 
52  0 

68557 

94182 

74375 

25625 

05818 

31443 

0 

M kour  PiM Hour  A  M Co-fine. Sine. 
Co-tang.  1 

Tangent. 
Co-lecant. Secant. 

M. 

1 18  Degs. 

61  Decks'. 



29  Begs,  Tab  le  XXV.  Artificial  Sines,  Tangents  &  Secants.   i^oDegs, 
jr  Aivl.HourP.M.l     Sine. 

44 

9.68557 

68580 68603 
68625 

68648 

Co-fine.  .Tangent.  iCo-tang.  \  Secant 

9.68671 

68694 

68716 

68739 

68762 
9.68784 68807 

68829 

68852 
68875 

9.68897 

68920 
68942 68965 

68987 

9.94182 94I7S 

94168! 

94161 

  94-154 
9.94147 

94140 
94133 

94126 

94119 

9.041 12 
94105 

94090 

9-74375 

7440  5 
7443  S 

7446 

74494 

9.74524 
74554 

745&3 
74613 74643 

Co-fecant 

.25625  10.05818 

25595  0'582S 
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07245 

27357 

49 

12 42  24 

17 

36 

72663 
92747 

79916 

20084 

07253, 

27337 

48 

i3 

43  16 

17 

44 

72683 
92739 

79944 

2OO56 

0726: 

27317 

1-7 

14 
15 

42  8 

7  42  0 

17 

4  18 

11 
0 

72703 

9.72723 

  9273' 
79972 

2OO28 

0726'.. 

27297 

46 

9.92723 

9.80000 

10.  20000 

10.0727- 

■c. 27277 
45 

1 6 
41  52 

18 8 72743 
92715 

80028 19972 

07285 

27257 

44 !-■ 
41  44 18 

16 72763 92707 

80056 

19944 

07293; 

27237' 

43 

18 
4i  36 

18 

24 

72783 
92699 

80084 

19916 
07301. 

27217 

42 

IQ 

41  28 
18 

32 

72803 

9269 1 
80112 

19888 

07304 

27  (97' 

11 

2C 
7  4i  20 

4  18 

4° 

9.72823 9.926S3 
9.80140 

10. 1980^ 
10.07317 

IO.27177 

40 

21 
41  12 

18 

48
 

72  343 92675 

80168 
19832 

07325 27157. 

39 

2  2 41  4 
18 

56
 

72863 92667 

80195 

19805 

07333 
27137 

3- 

23 

40  56 

l9 

4 72883 

92659 
80223 

19777 

07  34' 271  17 

37 

24 

25 40  48 

>9 

12 

7  29r)2 
92651 

80251 

19749 
0734Q 

27O98 

.56 

7  40  4= 4  *9 

20 

9.  72922 
9.92643 

9.802^9 

10. 19721 
10.0735- 

IO.27O78 

55 

26 
40  32 

J9 

28 

72942 

92635 

80307 
19693 

07365 
27O58 

34 

27 

40  24 

*9 

36 

72962 

92627 

8033  5 

19665 07373 
27O38 

33 

28 

40  16 

J9 

44 

72982 

92619 

80363 
19637 

07381 

27018 

.33 

29 

30 

40  8 

7  40  0 

  i9_ 

4  20 

0 7300? 

9.73022 
9261 1 

80591 

19609 07389 
26998. 

3! 

30 

9.92603 
9.80419 

.0.19581 

10.07397 10.26978 

31 
39  52 

20 8 

73041 

92595 

80447 r9553 
07405 

26959 

29 

32 
39  44 

20 
16 

73061 

92587 

80474 

19526 

07413 
26939- 28 

33 
39  36 

20 

24 

73081 

92579 

80502 
19498 

07421 

26919 

2? 

34 

35 
  39  2

8 

7  39  20 

20 

4  20 

32 

73101 9257i 

80530 

194',o 

07429 

26899 

26 

25 

40
 

9.73121 
9.92563 9.80558 

10.  19442 
10.07437 

io. 26879 

36 39  12 

20 

48 

73 '4° 

92555 
80586 

19414 

07445 

26860 

24 

37 39  4 

20 

56
 

73  160 
92546 

80614 

19386 

07454 
2684O 

23 

38 
38  56 

21 

4 

73180 
92538 

80642 '9358 

07462 

2682O 

22 

39 
38  48 

21 

12 IT,  200 
92530 

80669 

'933' 0747c 

2680C 

21 
20 

40 
7  38  4° 

4  21 

20 

y.73219 
9.92522 9.8069: 

to.  19303 10. O747 } I...  26781 

4i 
38  32 

21 
28 

73239 92514 

80725 

19275 

07486 

26761 

•9 

42 
38  24 

21 

36 

73259 

92506 

80753 19247 
07494 

26741 
1% 

43 38  16 
21 44 

73278 
92498 

80781 
19219 

O7502 

26722 
17 

44 

45 

38  8 

21 

52 

73298 
9249O 

80808 19 192 
07510 26702 

i0.20b82 
[6 

7  38  0 4  22 

0 

9-733*8 9.92482 9.80836 

10. 19164 
10.0751b 

•4;} 

46 
37  52 

22 

8 
73337 

92473 

80864 

19136 

O7527 

26663 

47 
37  44 

22 

16 
73357 92465 

80892 

19108 

07535 

26645 

[J  ] 

48
 

37  36 

22 

24 

73377 
92457 

80919 

19081 

0754; 

26623 

12.11 

49 
37  28 

22 

32 

73396 

92449 

  80947 
  19053 

0755' 

26604 

1 1 ! 

50 
7  37  20 

4  22 

4c 

9.73416 9.92441 

9.80975 
10. 19025 

10.07559 
IO.  2(3584 10 

5' 
37  12 

22 

48 

73435 92433 

81003 
18997 

07567 

26565 

9- 

52 

37  4 

22 

56 

73455 
92425 

8103c 18970 

'   0757; 

26545 

V'J 

53 36  56 

23 

4 73474 

92416 

81058 
18942 

O75S4 

26526 - 
54 36  48   11 

T2 73494 

92408 

81086 

18914 

07592 26  w6 
6 

5  5 7  36  4° 
4  23 2C 

9-735'3 
9.92400 

9.81113 
10. i88b? 

10.0760c 
10.26437 

5 

56
 

36  32 

23 

28 73533 
92392 

81141 

18859 

oj6oV 

26467 

4 

57 
36  24 

23 

3* 

73552 

92384 

81169 

18831 

0761C 

26448 

3 

$« 
36  16 

23 

44 
73572 923/6 

81196 
18804 

07624 26428 2 

59 

3G  'c 

23 

S2 

7359' 
92367 

81224 
18776 

07633 

26409 

1 

6c 
36  C 

** 

c 

73611 

923  50 
81252 

18748 

Tangent. 

07641 

26389 

Secant. 
0 

HoofP.M Hour .MlCo-iinc Sine. 

fo-tang. 

(Jo-lecanr. 

Kji 

1 
122  Degs. 

57  Deg3- 



J3  T}cg$.  Tab  r,  e  XXV.  Artificial  Sines,  Tangents  &  Secants.   1 46  Dcg'S. 
lu "Hour  AM Hour  P 

Mf  Sine,  j 
Co-fine. Tangent. 

Co-tang. Secant.  | 

''o-fecant 

M 

1  ° 
\    7  3.6   0 

4  2+ 0(9.73611 

9-92.3  59 
9.8  1252 

10.18748 
10.07041 

10.26389  60; 

i!  J 
;   35  52 

24 

8 

73630 923  5' 

81279 

18721 

07649 

26370;  59  i 

li  2 
35  4* 

;    24 

16 

73650 

92343 

81307 

18693 

07657 

26350,58, 

1'  3 35  36 

2-4 

24 

73669 
92335 

81335 18665 

07665 

26331|57! 

li  5  
 35  28 .  7  35  20   24__32 4  24  4c 

73689 

9.73705-1 

92356 

9.92318 

81362 

9.81390 

_J_86
38 

07674 2631  1I56J 

10.18610 10.07682 

10.2629255; 

35  12 ;   24 

48 

73727 
92310 

81418 
18582 

07650 
26273(54' 

1  7 35  4 

24 

56 

73747 

92302 

8J445 

1&555 

C7698 

26253 53] 

i  8 
34  56 

25 

4 

73766 

92293 

81473 18527 
O7707 26254.52: 

|'  9 

34  48 

25 

I? 
73785 

92285 
815OO 18500 

07715 

26215(5 1 ; 

I  l0 
'  7  34  40 

4  25 

20 
9-738oj 9.92277 

9.81528 

10.18472 
IO.O7723 

10.26195150; 

1  lI 34  32 

25 

28 
73824 

92269 
81556 

18444 

07731 
2617649!' 

I  12 
34  24 

25 

3'i 

73843 

92260 

81583 18417 

0774c 

26157 

48| 

li'S 
34  16 .   25 

44 

73863 92252 
81611 

18389 

O7748 

26137 

47  j 

p4 
34  8 

25 

52 

73882 

92244 8163S 

  18362   07756 

26ns 
46, 

1  t!> 7  3+0 4  26 

G 

9.73901 

9.92235 

9.81666 

10.18334 10.07765 
10.26099 

«' 

I'- 
33 S2 26 

£ 

73921 

92227 

81693 
18307 O7773 

26079 

44 ! 

33  44 
26 

16 

73940 

92219 81721 

18279 

07781 

26060 

43j 

ll  18 
33  36 

z6 

24 

73959 

9221 1 

81748 
18252 077S9 

26041 
42, 

I'9 33  28 
26 

3  2 

73978 92202 

81776 

18224 

  07798 

26022  41 ' 

Ij20 7   33  20 

4  26 

4c 

9-7399' 9.92194 

9.81803 

10.18197 

10.07806 

io. 26003 

40 

I'21 33  »2 
26 

45. 

74017 

92186 

81831 

18169 

07814 25983 

39'
 

I'2'2 
33  4 

26 

56 

74036 

92177 81858 18142 07823 25964 

38: 

1  z3 22  56 

27 

4 74055 
92169 81886 

18114 07831. 

25945 

37'
 

11^4 j    32  48 

27 

12 
74074 

92161 

81913 18087 
07839 

25926 

56 

:  7  32  40 
4  27 

20 
9-74093 

9.921 52 
9.81941 

10.18059 
10.07848 

10.25907 

35 

I26 
J2  32 

27 

28 74113 
92144 

81968 
18032 O7856 

2588- 

34 

I27 3"2  24 

27 

36 

74132 92136 

81996 

18004 

07864 

25868 

33 

§*s 
!  jz   16 

27 

44 
74151 

92127 

82023 17977 07873 
25849 

32'
 

li  — 
l|3° 

32  8 

:  7  32  0 

27 

5: 

;  74I7C 921  rg 

82051 

17949 

07881 25830 

31! 

4  28 

c 
9.74189 

9.921  1 1 
9.82078 

10.17922 10.0788c 10.25811 

30
' 

I3' 
Si  S2 

28 8 

74208 92102 

82106 

17894 

0789S 25792 

29 

:-3'2 

Si  44 28 
1 5 

74227 

92094 

82133 

17867 

07906 

2-5773 

28 

i'J3 
31  36 

28 

24 

74246 
i   92086 

8216) 

17839 
07914 

25754 

27! 

;34 

31  28 

28 

J32
 

74265 

92077 

82188 

  17812 

O7923 

25735 

26 
to 

,7  31  20 

4  28 

40 

9.74284 9.92069 

9.8.221 5 

10.17785 IO.O7931 
10.25716 

25 

J3* 
!  '   31  12 

28 

48 

:  74303 

92060 

82243 
17757 

O7940 

15697 

24 

'37 
J[   4 28 

S6 

74322 
92052 

82270 

17730 
07948 

25678 

23 

jj8
 

i    3O  56 

29 

4 
7434' 

92044 
82298 

17702 
07956 

25659 
22 

39 
,'4o 

70  48 

7  30  40 
  ?9_ 
4  29 

12 
20 

7436o 
9-74379 

92035 

82325 
17675 0796  5 

25640 

10.25621 

21 

20 

9.92027 
9.82352 

10.17648 

IO.O7973 

|4>
 

3°  32 

29 

28 
7439* 

-92018 
82380 

1762c 
O7982 

25602 

'9 

||42
 

30  24 

29 

3^ 

744 '7 
92010 

82407 17593 

O7990 25583 
18 

43 

PI 

30  16 

30  8 

29 

44 !   74436 
92002 

8243  5 

17565 
07998 

25564 

'7 

29 

A! :  74455 91993 
82462 

17558 

08007 

2  5  545 

16 

!j45 
■  7  30  0 

4  30 

0 9-74474 9.91985 9.8248Q 
10.1751 1 

10.08015 
10.25526 

15 

>  46 
1 29  52 

30 

8 !  74493 

91976 

825.7 

17483 

08024 

25507 

=  4 

•IJ/7 
29  44 

30 

16 

;  74512 
91968 

82544 

17456 

08032 

2548S 

13 

:|4«
 

29  36 

30 

24 

;  74531 

9'959 
82571 17429 08041 25469 12 

1 49 
29  28 

30 
32 

74549 

9'05' 

82599 

1 740 1 

08049 

25451 Hi 

I0j 

po
 

7  29  20 

4  30 

4: 

.9.74568 9.91942 9.82626 

10.17374 

10.08058 
10.25432 

:  5> 
29  12 

30 

4« 

74587 
91934 

82653 

17347 
08066 

25413 

9! 

:52 

29  4 

30 

56 

74606 

91925 

82681 
17319 

08075 

25394 

8! 

S3 28  56 

31 

4 74625 
9r9r7 

8270S 
17292 

0S083 25375 

7i 

!  54 
28  48 

3i 

12 
74644 

91908 

82755 

17265 08092 

25356 
6 

5 
■  55 

7  28  40 

4  31 

20 
9.74662 9.91900 

9.82762 
10.17238 1 0.08  IOC 

10.25338 
'56 

28  32 

3i 

28 

746S1 
91891 

82790 

17210 

08109 
25319 

4 

:  57 
28  24 

3i 
36 

74700 

918S3 

82817 

17185 

081 17 

25300 
3 

!  58 
28  16 

3i 

44 
74719 91874 

82S4A 

17 1^6 

08126 

25281 

2 

!  59 
28  8 

3i 

5  2
 

:  74737 

91866 

82871 17129 

08134 

25263 
1 

60 

M 
.  28  0 

Hour  f  M 

32 

0 

747  56 91S57 

82899 

17101 

08143 

25244 

Secant. 

0 

Hour  AM|  Co-!ine. 
aawategBBWwaaW3gwiKAU».iiii— W! 

'  bine. 

gyarff*rifflra-innB8 

Co-tang. 
Tangent. 

Co-fecam 

Mji 

123  Deg 

$6  Degs, 



34  Vegs. Table  XXV.  A rtificial Sines,  Tangents  &  Secants .  145-Degs, 

«4 

i (HourA.iU HourP.M 1   Sine. Co-line. Tangent 
.:  Co.  tang 

Secant. 
Co-fecant M 

60" 

c 
7  28   0 

4  32  0 
9-  7475^ 9.91857 9.8289c 

10. 17101 

10.  0814J 10.  25244 

I 27  52 
32  8 

74775 
91849 

8292(1 

I7O74 

08151 25225 

59 
2 27  44 

32  16 
74794 

9184c 

82953 
I7O47 

6816c 

25206 

58 

j *7  36 32  24 

74812 
91832 

8298c 

I702C 

08168 

25188 

57 

27  28 32  32 
74831 

91823 83008    169Q2 

08177 

25169 

55 5 7  27  20 4  32  40 9. 748 5c 9.91815 
9-83035 

IO. 16965 16.08185 10.  2515O 

6 
27  j  2 32  48 

74868 
91806 

83062 
16938 

08194 

25132 
54 

7 27  4 
32  56 

74887 
91798 

83085 
169U 08202 

251 13 

53 
S 16  56 33  4 

74906 

91789 
83117 

16883 

08211 

25094 

52 

9 

iO 

26  48 

33   12 ,  74924 91781 

83144 
16856 

08219 

10.08228 

25076 10. 25057 

5J 

50 

7  26  40 
4  33  20 

9- 74943 9.  91772 9. 83171 
IO.  J6829 

1 1 26  32 

33  28 
74961 

91763 
83198 16802 

08237 

2£039 

49 

12 26  24 

33   36 
74980 

9'755 
83225 

16775 

08245 

25020 

48 

IJ 
26  16 33  44 74999 

91746 
83252 16748 

08254 

25001 

47 

14 '5 
26  8 

.33  52 

75017 
91738 83280 

1672O 
08262 

24983 

46 

45 

7  26  0 
4  34  0 

9.75036 
9.  91729 9. 83307 

IO.  16693 
10.  08271 

10. 24964 

ID 
25  52 

34  8 
75054 

91720 

83334 

16666 08280 
24946 

44 

1 

I  7 
25  44 

34  16 
75073 

9:712 
83361 

16639 

68288 
24927 

43 

i-8 
25  36 

34  24 
75091 

91703 
83388 

16612 

08297 

24909 

42 

20 
25  28 

7  25  20 

.34  3.2 

4  34  40 
75110 

9.75128 

91695 

  8.34'5   '6585 

08305 

24830 

±1 

g.  9 1686 
9.83442 

IO. 16558 10.  083 14 10. 24872 

40 

21 
2J  12 

34  48 
75147 

91677 
83470 

16530 
08323 

24853 
39 

22 25   4 

34  56 75165 

91669 

83497 
16503 

0833  1 

24835 

38 

*5 
24  56 35  4 

75184 
91660 

83524 
16476 68340 

24816 

37 24 
24  4S 

35  12 
75202 

91651 8355< 

16449 08349 

10.08357 

.„  24'79.8 

10.24779 

3j 

35 

ZS 
7  24  4c 

4  35  20 
9.  75221 

9.  91643 
9.83578 

10. 16422 

26 
^4  32 

3S  28 
75239 

91634 83605 

16395 

08366 

24761 

34 

27 
24  2d 

35  36 
75258 

91625 
83632 

16368 

68375 

24742 
33 

28 
24  16 35  44 

75276 

91617 

83659 16341 

68383 

24724 

32 

29 
24  8 

3  5  52 75294 91608 83686 

16314 08392 

24706 

3i 

32 
7  24  0 

4  36  0 9-753'J 

9.91599 
9-837I3 

10.  16287 
10.  08401 

10.  24687 

50 

3' 
23  52 

36  8 

75331 
91591 

83740 

16260 

084O9 
24669 

29 

32 :.  *3  44 36  16 
75350 91 582 

83768 

16232 

68418 
24650 

2S 

33 23  36 36  24 

75368 

9*573 

83795 
16205 68427 

24632 

*7 

34 

35 

23  as 36  32 

75386 

91565 

83822 

16178 

08435 

24614 

26 

25 

7  23  20 
4  36  40 9-75405 9.91556 

9.  83849 10. 46151 

10.  08444 
10,24595 

36 
23  12 

36  48 
75423 

91547 
83876 

16124 

08453 
24577 

24 

3*
 
23  4 

36  56 

7544' 
91538 

83963 

16097 

08462 

24559 

23 

f 

3S 
22  56 37  4 

75459 
91530 

83930 

16070 08470 

24541 

22 

j 
39 

40 

22  48 

7  22  4c 
  37  12 
4  37  20 

7  547S 91521 

83957 

16043 
08479 

24522 
21 | 

9-  75496 9.91512 
9.83984 10.  16016 

10.08488 

10.  24504 

20 

41 
22  32 

37  28 
755  H 

91504 8401 1 

15989 
08496 

24486 

'9 

42 
22  24 

37  36 75533 
9r495 

84038 
15962 

08505 

24467 

18 

43 22  16 37  44 

7555' 9:486 

84065 
15935 

08514 
24449 

17 

H 22   8 
37   52 75569 9H77 84092 

15908 

08523 

  24431 

16 

*5 

45 
7  22   0 

4  38  0 
9-75587 9.91469 9.  84119 to. 15881 

10.08531 
iO.  24413 

46 
21  52 

33  8 75605 
91460 

84146 

15854 08540 

24395 

14 

1 

47 
21  44 

38  16 75624 91451 

84173 
15827 

08549 

24376 

'3 

43 
21  36 33  24 

75642 91442 84200 15800 

08558 

24358 

12 

49 

5° 

21  28 
38  32 

75660 

91433 84227 

15773 
08567 

24340 

11 

7  21  2C 4  38  40 9.75678 9.91425 
9.  84254 io.  15746 

10.  0S575 

10.  24322 

10 

S« 
21  12 

38  48 
75696 

91416 
84280 

15720 

08584 

24304 

9 

5* 
21   4 

38  56 
757*4 91407 

84307 
15693 

08593 

24286 

8 

53 20    56 39  4 75733 
91398 

84334 

15666 

08602 

24267 

7 
54 

55 

20  48 
39  12 75751 

91389 

84361 

15639 

08611 

24249 

6 

7  20  40 4  39  20 9.75769 
9.91381 9-  8438S 

10.  15612 

to. 08619 10.  2423 1 
5 

56 
20  32 

39  28 75787 91372 

84415 15585 
08628 

24213 

4 
57 20  24 

39  36 75805 
9i'3*3 

84442 15558 

08637 
24195 

3 

fl 20  16 3$  44 
75823 

9^354 
84469 

15531 

08646 

24177 

2 

59 20  8 
39  52 75841 

91345 
84496 

15504 

08655 24159 

1 

fe 20   C 
40  0 

75859 

91336 

84523 
15477 

08664 

24141 

oi 

g HourP,Ml HourA.M Co- line. Sine. Co-tang. 
Tangent. 

Co-fecant. Secant. 

±B 

124  Degs, (Ee)     Ta»; 

SS  Defis» 



35  Beg*.  Table  XXV.  Artificial  Sines,,  Tanget^w&  Secants.  i44Degs- 

M|HourA.MiHourP.M|     Sine.   .  Co-(ine. 

7   20     oj  4  40     cU. 75859 

19   52J       40     £      75877 
19  441       40   16J     7589 
19  36        40  241    759J3 

19  28]       40  3i\   75931 
9-7 5949 

4  40  40 
75967 
75985 76003 

76O21 

9.91336 

91328 
91319 

9131c 9 1301 1 

y. 91292 91283 91274 

91266 
91257 

Tangent. I  Co-tanj; 

9.84523 
84550 

84576 84605 

84630 

9.84657J10. 15343 
84684  153 16 
84711  15289 

84738         15262 
847  64J        15236 

Secant.  iCo-fscanr.|Mi 

9.76218 
76236 
76253 

76271 76289 

9.76307 
76324 

76342 

76360 
76}78 

7  IS 
4  44  40 

44  4S 
44  5 6 45  4 

45  '2 

9-76395 

7641.? 

7643' 
76448 

76466 

9.91248 
9I239 

91230 

91221 

91212 
9.91203 91194 

91 185 

9117(3 
91 167 

9.91158 91149 

91141 
91132 

9112 

9.8479J 

84818 

84845 

84872 

84899 

9.84925 

8495 

84979 

85006 

85°33 

10.08664110.24141160 
■08672  24125*59; 
08681  24105  58 

08690  24087  57 

08699]   2406c,  ̂ 6-| 
10.08708 

io.o8752lio.  23961  501 

9.91114 
91105 

91096 91087 

91078 

9.76484 

76501 
76519 
7653 
76554 

4  45  20 

4  46  o 

46  8 
46  16 46  24 

46  32 

4  46  40 
46  48 
46  56 47  4 

47  12 

9.76572 

76590 76607 
76625 

76642 

9.76660 
76677 
76695 

76712 76730 
9.76747 

76765 

767S2 
76800 76817 9.76835 

76852 

76S70 
76887 
76904 

76922 

9.91069 

91060 91051 
91042 
91033 

9.91023 
91014 

91005 

90996 

90087 
9.90978 

9096 
90960 

9095 

9094a 

9-85059 

85086 
?5*i3 85140 

85166 

08761 
O8770 

08779 

08788 
10.08797 

08806 

08815 
08824 

23943U9] 

23925+81 

2390/47 

46;S 

23889 

10.23871 
23854 

2.383O 

23818 

53        23800*41 10.08842 
08851 

08859 

08868 

08877 

10. 14941 

149 

148S7 

14860 

  M^34 

10. 14807 

14780 

14753 

14727 

14700 
10. 14673IXO.  08031 

10.23782 
2376.; 2374V 23729 

■    23711  36 10.08886110.23693 

08895        23676 

08904}       23658I33 
08913        2364032 
08922        23622 

9-90933 

90924 

90915 

90906 90896 

9-9088 9087 
90869 

9086 

  9085 
9.90842 

90832 90823 

j  90814 90805 

90796 

9. S5460 
25487. 
85514 

85540 

85  567 
9-85594 

85620 

85647 
85674 

85700 
9.85727 85754 

85780 

85807 

85834 

9.85S60 

85887 

859'3 

85940 

,85967 

9.8599 

86020 
86046 
86073 

86100 
86126 

14646 

14620 

•  H593 

145(36 
10.14540 

14513 

14486 
14460   I443J 

10. 14406 

14580 M353 

14326 14300 
10.14273 

14246 

14220 

J4'93 

1416(3 
10.14140 

I4"3 
14087 

14060 
'403- 

10. 14007 

13980 

*  39.54 

13927 

139001 

08940 

08949 

08958 08967 

10.08977 

08986 

08995 

09004 

09013 

zfr 

10.23605 

23587 

2356928 

2355 

  23534 

10.23516 

23499 

23481 

23463 

23446 

10.09022  10.23428 

09031 
O9O40 

09049 

090  5  8 

2341c 

23393 
23375 

233  5-' 

1 0.0906 7  10.2334c 

09076 

09085 
09094 

09104 
10.091 13 

09122 09131 09140 

09149 

10. 09.1  58 

09168 

09177 

09186 

09195 

09204 

23323 23305 

23288 23270 

10.23253 

23235 

23218 

23200 

;  23183 10.23165 

23148 

M'HourPM.lHourA.M'Co-iine.        Sine.        Co-tang. I  Tangent.  jCo-fecantJ    Secant.   |M 

)^S-  De£s 4  DeKs. 



'  i6  Degs,  Table  XJvV.  Artificial  Sines,  Tangents  &  Secants.  14.3  Deg% 
IjM.jHourA.MjHour  PM|     Sine.   (  Co- line.  |  Tangent.)  Cc-tang.    Secant.    Co-fecanr.^ jv<(| 

712  o 11  52 
11  44. 

1 1    ?6 

7  11  20 
111; 
If     4, 
10  5 

10  48 

4  48  o 
48  8 
48  16 48  24 
4S  3? 

9.70922I   9. 90796!  9.86126 

7  10  40 
10  32 
10  24 

10  16 
10     8 

4  4 

48  48 
48  56 
49  4 

49  12 

/6q39 

769-57 7.6974 

76991 

40; 9,77009!   9.9075c 

90787 

90777 

9O/68 

90759 

77026 

'77043 

77061 77078 

"53 

86179 

86206 86232 

9.86259 
862S5 

86312 86338 86365 

10.13874 13847 

13821 

J3794 

i37Sk 
10.13741 

137*5 

13688 

13662 

1*635 

10.09204 
09*>3 
09223 

09232 09241 

10.09250 
09259 

09269 

O927S 
09287 

fo.*3078fe0j 
*3»6i  591 

23043;  58' 

23026;j7 

230091 56 

4  49  20 

49  28 
49  36 49  44 

49   52 

9.77095I  9.9070- 

77H2 77130I 
77147! 

77164 

7  10 

9  52 9  44 

9  36 

9  2 

4  50  o 
50  8 
50  16 50  24 

9.77181  9-90657 

77i99i  90048 
773161  90639 

772.33  90630 
77250!  90620 

9.86392 
86418 

86445 

86471 
8649 

9.86524 86551 
86577 

8  6  603 

86630 

10. 13608  10.09296 

13582   09306 

13555   c93i5 
13529   09324 

13502 
10.13476 

13449 

13423 513397 

13370 

C9333 

10.22991! 55 
22974)54 22957J53 

22939;52 

2  29225, 
10. 22905!  jjq 

22888j49 

22870J48 22853,47 

22836I46 

10.09343  10.22819145 

09352  228oiJ44 
09361  2278443 

09370  2276742 
09380I       2275oi4i 

38 
11  — 
40  7 

i 
45  7 

48 49 

7  52 7  44 

7  36 

  7  28 
7     7  20 

7     12 
7  4 
6   56 

  6_4SJ 6  40 
6  32 6  24 

6  16 
6     8 

4  52     0(9.77430 
52     8      7745 
52  16      77473 
52  24   77490 

53  32   77507 

4  52  4019-77524 

7754i 
77558 77575 

77592 52 

48 
52 

56 

5  3 4 
53 

12 

4  53  20J9. 77609 
53  28  77.626 
53  361  77643 

53  44)  7766o 
53  52i  77677 

6  o 

5  52 5  44 

5  36 

S  s« 

5 12 5  4 

4  56 
4  48 

9.90518 90509 
90499 

9049c 

90480 9.90471 

90462 90452 90443 
90434 

9.90424 
90415 
90405 

90396 

903S6 

86947 
86974 

87000 

_  87027 
9.87053 87079 

87106 
87132 
87158 

5132 13106 

10.13079 1305 

13026 

13000 

12973 

10.09389  10. 22732!  40 

09398 

09408 
O9417 

O94261 

227i539 

2269838 
22681  3  7j 

22664J36 
10.09435 

O9445 

O9454 

09463 09475 

4  54  0I9.77694J  9.90377 

90368 90358 
90349 

90339 

S4  8|  777H 
54  16  77728 

54  24|  77744 
54  32}  77761 

4  54  409. 77778 
54  48   77795 

54  56   77812 

55  4|  77829 
55  12   77846 

9.90330 

90320 
903 1 1 
90301 90292 

5 

7    4  40|  4  55  20 
4  32!  55  28 
4  24  55  36 
4  16  55  44 
4  A  53  52 
40!  56  0 

9.77862 
77879 

77896 
779<3 

77930 
77946 

9.90282 90273 

90263 90254 
90244 
90235 

:MIHour  I'M  HourA.M'  Co-fine. 1 

126  Dcgi 

9.87185 

87211 87238 87264 

87290 

9.87317 
8/343 

87369 

87396 

87422 
9.87448 

87475 

87501 87527 875  54 

10. 12947 

12921 

12894 

12868 
12842 

10. 12815 
12789 

12762 12736 

1 27 10 

10. 12683 

12657 

12631 
12604 

12578 

10.09482 

09491 

09501 
09510 
09520 

10.22647  35 
22630(34 
2261333 

22595  32 

2257831 

10. 09529 

09538 
09548 

09557 

  09566 

10.09576 
09585 09595 

09  604 
09614 

10.2256130 2234429 

22527  28 
22510J27 

22493^6 

10. 12552 12525 12499 

12473 

12446 

9.87580 
87606 
87633 

87650 87685 

8/7ti 

Sine.     I  Co-tang 

10. 12420 

12394 

12367 

12341 12315 
12289 

Tangent. 

10.096*3 

O9632 
09642 

0965  1 

0966  1 
10.09670 

O9680 

09689 O9699 

O9708 .O.O9718 
O9727 09737 

09746 

09756 O9765 

10.22476  25 2245924 

22442  2  3 
22425U2 22408J21 

10.2239"!  20 

2237419 

22357  iS 

22340!  1 7 
22323!  16 

10.22306115 22289!  14 

22272I13 

2225'6;  12 22239I1 1 

I0.22222JIC 

222051  9 

22l88 22I7I 

22154 

IO.2213S 

22I2I 

22104 

220S7 

22070 

22054!  O 

Co-fecantl  Secant.   iM 

5*Degs, 



1 
»7»c?s.  Table  XXV.  A rtificial  Sines,  Tangents  &  Secants, i42Dcgs. 

HourAi.'i. 
Hour  P.  IV. Sine. Co-luie. 

i'ungent. <Jo-tang. 

Secant.  |C  o-iecam 
M 

60'
 

c 

740 4  56  c 
9.77946 9.90235 

9.87711 

io.  12289 
io.  09765  10.  22054 

i 

3  52 56  8 77963 
90225 87738 

12262 

°9775 
22037|  5g 

2 3  44 

56  16 

77980 90216 

87764 
12236 09784 22020  58 

3 

3  36 

56  24 77997 

90206 

87790 
12210 

09794 22003 S7i 

4 

3  28 
56  32]  78013 90197 

87817 

12183 

09803    21987 SS 

5 
7  3  20 4  56  4° 9.78030 9.90187 

9.87843 

10.  12157 
10.  09813J10.  21970 

6 

3  12 
56  48 

78047 

90178 

87869 12131 

09822 

21953 

541 

7 3  4 
56  56 

78063 

90168 

87895 
12105 

O9832 

21937 

53l 

8 a  56 57  4 

78080 

90159 

87922 

12078 
09841 

2192C 

52! 

9 2  48 

57  12 

78097 
90149 

9.90139 

87948 

12052 

09851 

219OJ 

11 

50! 

IC 
7  2  40 

4  57  20 
9-78lI3 

9.87974 
10.  12026 10.  09861 

IO.21887 

ii 
a  32 

57  28 
78130 9013C 

88000 12000 
09870 

2187C 

49 

12 2  24 

57  36 

78147 

9012c 

88027 

"973 

O9880 

21853 

48 

'3 

3  16 57  44 78163 

90m 

88053 

1 1947 

09889 

21837 

47 

15 2  s 

57  52 78180 90101 

88079 

11921 

O9899 

2l82C 

46 

45 

7  s  0 
4  58  0 

9.78197 
9.9009  1 

9.88105 

10. 11895 
10.  09909 

10.  21803 

16 

J  52 
58  8 

78213 

90082 

88131 

11869 

09918 

21787 

44 
17 

J  44 

58  16 
78230 90072 

S81.58 11842 

09928 

2I77C 

43 

lb 1  36 
58  24 78246 90063 

88184 

11816 

09937 

21754 

42 

19 

1  28 
58  32 78263 

90053 
88210 

11790 
09947 

21737 

11 

40 

20 

7  |  20 
4  58  4^ 9.78280 

9.90043 
9.88236 

p.  1 1764 

10.09957 

10. 2172c 

. 21 1  12 
58  48 78296 

90034 88262 
11738 

O9966 

21704 

39 
22 J  4 

58  56 
78313 

9OO24 

88289 

11711 09976 

21687 

3S 

^3 

O  56 
59  4 

78329 9OO14 

88315 
11685 

O9986 

21671 

37 
1 

24 

0  48 

59  12 
78346 

90OO5 
88341 

11659 
09995 

2165^ 

36 

3  5 

25 

7  0  40 
4  59  20 9-78362 

9.89995 

9.88367 

id.  11633 10. 10005 10.21658 

26 0  32 

59  28 

78379 
89985 

88393 
1 1 607 10015 

21621 34 

27 
0  24 

59  36 

78395 
89976 88420 11580 

10024 21605 

33 
28 

0  16 59  44 
78412 

89966 

88446 

"554 

10034 

21588 

32 

29 

0  8 

59  52 78428 

89956 
88472 

11528 

10044 

21572 
11 

30 

30 

70c 
500 

9.78445 9.89947 
9.88498 

10.  1 1502 

10.  10053 10.  21555 

; 

31 

6  59  52 0  8 

78461 

89937 88524 
1 1476 

10063 

21539 

29 

32 

S9  44 O  16 
78478 

89927 

88550. 
11450 

10073 

21522 

28 

33 
59  36 

0  24 
78494 

89918 

88577 
11423 

10082 21506 

27 

34 

3-1 

59  ?8 

O  32 

78510 
89908 

8S603 

11397 
10092 

21490 

26 

25 

6  59  20 5  O  40 

'9.78527 

9.89898 9.88629 

10.  11371 10.  10102 

10.  21473 

s 

JO 
59  12 

0  48 
78543 

89888 

88655 
"345 

10112 

21457 

24 

37 59  4 0  56 

78560 

89879 

88681 

*>3iQ 
101 21 

21440 

23 

3  a 
58  56 

1  4 

78576 

89869 
88707 

11293 

10131 
21424 

22 

39 
58  48 

1  12 
78592 

89859 
88733 11267 

10141 

21408 21 

20 40 

6  58  40 
5  1  20 9.78609 

9.89849 9.88759 10. 1:241 10. 10151 10.  21391 

41 

58  32 1  28 78625 8984c 88786 

11214 

IO160 

21375 

19 

42 

58  24 1  36 78642 89830 88812 1 1 188 

IO17O 
21358 

18 

<43 

58  16 

1  44 

78658 8982c 

88838 11162 

101S9 

21342 

17 

44 
45 

58  8 

1  52 78674 

89810 

88864 
11136 

10190 

21326 

16 

15 

658  0 
520 

'9.78691 

9.89801 
9.8889O 

IO.  1I1IO 

10.  10199 

10.  2i309< 

4b 
57  52 

2  8 
78707 89791 88916 

1 1084 
10209 

21293 

14 

47 
57  44 

2  16 
78723 

89781 

88942 
11058 

10219 

21277 

^5 

48 
57  3* 

2  24 
78739 

89771 88968 
11032 

10229 

21261 

12 

49 

SO 

57  28 

2  32 
78756 89761 

88994 

1 1006 

10239 21244 

11 

10 6  57  20 5  2  40  9.78772 9.89752 
9.89020 

10. 10980 
10. 10248 

10. 21228 

5' 
57  12 

2  48 

78788 

89742 89046 

10954 

10258 

21212 9 

52 

57  4 
2  56 

78805 
89732 

89073 
10927 

10268 

21195 

8 

53 56  56 
3  4 

78821 89722 

89099 

10901 

I02"78 

21179 

7 
54 

55 
56  48 

3  12 

78837 

89712 

89125 

10875 

10288 

21163 

6 

SI 6  56  40 

5  3  20 
9-78853 

9.89702 9.89151 

10. 10849 10.  10298 
10.  2 1 147 

5b 

56  3? 

3  28 

78869 

89693 89177 10823 

10307 

21131 

4 

57 56  24 

3  36 78886 

89683 89203 

10797 

-  I°3I7 

2 1 1 14 

3 

J« 

56  16 3  44 
78902 

89673 89229 
10771 

10327 

21098 
2 

59 56  § 

3  5* 78918 

89663 

89255 
10745 

10337 

21082 
1 

60 

56  0 
4  0 

78934 
89653 

89281 

10719 

10347 

21066 
0 

M Hour  P. M Hour  AM  Co-fine. Sine. Co-tang. 

Tangent.  'Co-fecant. 
Secant.  1 

,v;, 

m  Degs 52  Degs, 



2$  Dogs.  Table  XXV.  Artificial  Sines,  Tangents  &  Secants.      141  Degs, 

M|Hour  AM|Hour  PM|  Sine. 
Co-iine. Tangent. 

Co-tang. 

Secant. Co-i'ecant, 

60 c 6  56 0 
5  4 

09.78934 9.89653 
9. 89281 

10. 10719 
10.  10347 

10.  21066J 

1 55 

5- 

4 8 
7895c 

89643 89307 

IO693 
10357 21050] 

59 
2 55 44 4 16 7896; 

89633 
89333 

10667 10367 

21033J 

58; 

"
1
 

55 

36 

4 2J. 78983 
89624 

89359 
IO641 

IO376 

210171 

>7| 

4] 55 
28 4 

32 

78990 
89614 

89385 106  1  5 

10586 3  tOO? 

56. 

5 
fi  55 20 5  4 

40 

9. 79015 9. 89604 9.  8941  j 

10. 10589 
10. 10356 

10. 20985 

55; 

b 55 
12 4 

48 

79031 

89594 
89437 IO563 

1040b 20569! 

54 
7 55 4 4 

56 

79047 
89584 

89463 

10537 

10416 

20953, 

S3i 

8 54 

S6 

5 4 
79063 

89574 
89489 

IO5  I  I 

IO426 

20937 

52 

9 54 

48 

5 12 
79079 89564 

89515 

IO485 
10436 

20921! 

5f 

50 

IIC 
6  54 

4C 

5  5 20 9. 79095 9-  89S54 9.89541 

10. 10459 10. 10446 
10. 20905 

1 1 54 

3  - 

5 28 

79m 

89544 89567 

10433 

IO456 

20K89I 

49I 

;>-- 
54 

-4 

5 

36 

79128 

89534 
89593 10407 

IO466 
20872! 

48 ! 

»3 
54 iG 5 44 79'44 

89524 896  19 
10381 

IO476 20856 

471 

14 

:5 
54 

:•: 
5 

52' 

7916c 

89514 

89645 

103  55 

IO486 

20840 

♦Si 

45 
6  54 c 

5  6 

0 
9.79176 

9. 89504 
9.89671 

10.  10329 io. 10496 10. 20824 

16 
53 

52 

6 8 
79192 

89495 89697 10303 

10505 

20808 
44 

'17 

53 
44 6 16 

79208 

89485 89713 

10277 10515 
20792 

43' 

18 
53 

36 

6 

24 

79224 

89475 
89749 

10251 

10525 
20776 

42! :i5 
53 

2  b'
 

6 

32 

79240 

89465 
89775 

10225 

10535 

20760 

4j| 

40, 

6  53 
20 

5  6 

4c 

9.79256 

9.89455 

9.  89801 

10.  10199 
10. 10545 

10. 20744 

;2I 
53 

12 6 

48 

79272 

89445 
89827 

10173 

10555 

20728 

39', 

a? 
53 4 6 

S* 

79288 

89435 89853 

10147 10565 

20712 

3*l 

ki 

5* 
5* 

7 4 
79304 

89425 
89879 

10121 

io<r75 

20696 

j  1 . 

k 
52 4* 

7 
12 

79319 

89415 89905 

10095 10585 

20681 
10. 20665 

3b, 35 

ks 6  52 

4C 

5  7 2C 9-79335 9. 89405 9-S993i 
10.  10069 

10.  10595 

26 

52 

32 

7 28 

7935' 

89395 89957 

10043 10605 

20649 34, 

2: 

52 

24 

7 

36 

79367 

89385 89983 

10017 
10615 

20633 

33; 

,28 

52 

16 7 
44 79383 

89375 

90009 
09991 

10625 

20617 

3*1 
-9t 

52 

8 7 

52 

79399 89364 9003  5 09965 
10.09939 

10636 20601 

31! 

3oj 

30 
6  52 0 

5  » 

0 9.79415 
9- 893  54 

9. 90061 

10. 10646 

10. 20585 

|3>
 

51 

?2 

8 8 

7943' 

89344 

90086 

09914 10656 

20569 

29'
 

3- 

51 

44 8 16 79447 

89334 

901 12 

09888 
10666 

20553 

28: 

33 

5i 
36 

8 

24 

79463 

89324 

90138 09862 

10676 

20537 

27; 

34 

5i 

a8 8 

32 

7947* 

89314 
90104 09836 

10686 

20522 2b 

35 6  51 20 

5  8 

40
 

9-  7949-1 
9.89304 

9.  90190 
jo.  09810 

10.  10696 
10. 20506 

36 

51 

12 8 

4*
 

7951c 

89294 

90216 

09784 

10706 

20490 

24, 

37 

51 

4 8 

5& 

79526 

89284 

90242 

09758 10716 

20474 

23| 

3* 

5° 
5« 

9 4 

79542 

89274 

9026S 

09732 
10726 

20458 

22' 

39 
50  48 

9 12 
79558 

89264 90294 

09706 

10736 20442 
21 

20 

kc 
6  50 

40 

5  9 
20 

9-79573 9. 89254 

9. 90320 

10. 09680 

io. 10746 
10.  20427 

4> 

50 32 

9 

2'd 

79589 

89244 

90346 

09654 
10756 

2041 1 

*9 

k* 
5° 

24 

9 

3t 

79605 

89233 

90371 

09629 

10767 

20395 

18 

143 

50 

16 9 44 

79621 

89223 

9°397 
09603 

10777 

20379 

17 

44 

5° 

8 9 

52 

7963^ 

89213 
90423 

09577 10787 
20364 

ib 

'4; 
6  50 c 

5  10 

0 
9.79652 

9. 89203 
9. 90449 10.09551 

10. 10797 

10. 20348 

!5 

46 
49 

r- 

10 8 

7966^ 

89193 
90475 09525 

10807 

20332 

*4 

47 
49 

44 
10 

16 

79684 

89183 

90501 

09499 
10817 

20316 

■3 

!4* 
49 

36 

10 

24 

79699 

89173 

90527 

09473 10827 

2030 1 

12 

49 49 

2;-; 

10 

32 

79715 89162 
905  53 

09447 
10838 

20285 
11 

10 

CO 6  49 20 

5  JO 

40 

9- 7973' 9.89152 9.90578 
(p.  09422 10.  10848 

10. 20269 

ki 
49 12 

10 

48 

79746 

89142 90604 
09396 

10858 

20254 

9 
'-2 49 4 10 

56 

79762 

89132 

90630 09370 
10868 

20238 

8 

U3 

48 
56 

11 4 
79778 

89122 
90656 

09344 
10878 

20222 
7 

54 48  48 
6  48  40 

it 
12 

79793 
89112 

90682 
0931? 108*8 

202Q7 

:o. 20191 
6 

5 
!55 

5  « 

20 
y.  79809 9. 89101 9. 90708 

to. 09297 

10.  10899 

i1
"6
 

48 
32 

1 1 
28 

79825 
89091 90734 

09266 

10909 

20175 

4 

5- 

48 

24 

11 

36 

7984C 
89081 

90759 

09241 

10919 

20160 
3 

5« 

48 

j6 11 

44 79856 

89071 90785 

09215 

10929 

20144 

2 

59 
48 

8 11 

52 

79S72 
8906c 

908 1 1 

09189 10940 20128 I 

60 

48 

c 
12 

0 

79887 
8905c 90837 09 163 

10950 
20113 

o-. 

|M
 

Hour  PM Hour  AM Co-line 1  Sine. Co-rang. 
Tangent 

Co-fecant 1  Secant. 

Mil 
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59  rScgs.  Table  XXV.  Artificial  Sines,  Tangent3  8c  Secants.  i4oDeg$; 
M  HourA.MjHour  FM        Sine,    i    Co-fine 

\z    o  9. 798S7* 

is  S|  79902' 
12  16!  7991 8| 
12  24  79934 

12  32J  7995°! 

9.89050 S9040 

8903c 

S9020 89009 

9.79965 

79981 79996 
80012 
80027 

9.80043 80058 

8007.1 80089 

80105 

9.8S999 889S9 

8897S 

88968 88958 

09.  80120 

8(  80136 
16}  801 5 1 
zA   80166 

32    80182 

9.88948 
889?; 

8802 
889i7 

88906 

Tangent. 

9.90837 

90863 
90889 
9°9«4 

90940 

Co-tam 

10.0916 

09137 

091 11 
09086 
09060 

9.90966 

9O992 

9:018 

9I043 

91069 

9.88896 

20    516 

9.88844 

88.834 

88824 

88813 

8  8  803 

9.91095 

91121 

9"47 

.  9"72 
91198 

9.91224 

91250 

91276 

91301 
91327 

10.09034 

09008 
089S2 

08957 

08931 
10.08905 

08879 

08853 

08828 

08S 

Secant.  iCo-lecant.  M 

10.  i095o'[io.20H3 10960/       20097 10970 

1098c 
1099 1 

IO. 11001 

II0I1 
11022 IIO32 
I IO42 

9.88793 

88782 88772 

88761 8875, 

9-91353 
91379 

914O4 

91430 
91456 

9.91482 91507 9IS33 
91559 

91585 

IO.08776 
O8750 08724 08699 

08673 

10.11052 I IO63 

IIO73 

IIO83: 

1 1094! 

2008 

20066 2OO5O 

60 

59 

58 

57 

I6
 

0.
20
03
5 
 

55
 20
01
9 
 

54
 

•2
00
04
  

53
 

19
98
85
2 

19
97
3 
 

51
 

10.1995750 

1994249 

1992648 
19911147 1989546 

10.11 104 

1 1 114 
11125 
1.1135 
11145 

10.08647  10.11156 
08621  11166 

08596  11176 
085701  1 1 187 
08544   H197 

9.88741  9.91610 
88730  91636 

•88720!   91662 

-88709 88699 

9.88688 
88678 

88668 

88657 

88647 

18 

9.80504. 
80519 
80534 

80550 
80565 

9.80580 

80595 

80610 80625 

80641 

9.80656 8067J 

8068* 

80701 
80716 

9.88636 88626 88615 
88605 88594 

9.8858,1 

S8573 

88563 

88552 
88542 

91688 
9I7I3 •91739 

91765 

91791 

91816 91842 

9.91$ 

9i893 

91919 91945 

91971 

10.08518 

08493 

o846f 

08441 08415 

10.08390 08364 

08338 

08312 

08287 

10.11207 

11218 

II228j 11239 
I  I249 

10. 198804.5 I9864I44 

•  19849J43 

J9S34U2 
I9818I4 

10.19803 

19787 

19772 
19756 

1974 

10.11259 

11270 

11280 11291 

11301 

io. 08261  10,1131 

08235       11322 
08209        1133 
08184      11343 
08158        11353 

5  19  20 

f.VllHourP.M 

129  Degs, 

HourA.M 

9.8073! 
80746 

80762 
80777 

80792 
80807 

Co-fine. 

9.88531 
88521 
88510 

9.88478 
88468 

88457 

88447 

88436 88425 

Sine.  I 

9, 9 1  g-96 

92022 92048 
92073 92099 

10.08132  10. 11364 
08107 

08081 

08055 

08029 

11374 

11385 
11395 

1 1406 

10.19726 

19710 

19695 

19680 

19664 

10. 19649 
19634 

19618; 

J9603I27 

  I9588I26 

10.19572  25 

1955724 

19542  23 

1952722 

I9JII'2I 

IO.I9496I2O 
19481  19 

I9466  18 19450  17 

19435  16 
10.08004!  IO.  1 1416  10. 19420I15 

9.92125 

92150 

92176 

92202 
92227 

9.92253 92279 

92304 

92330 
92356 

92381 

Co-tang. 

07978 
07952 07927 

07901 

1 142 
11437 

I144S 

U458 
1O.O7875jio.n469 

07850 07824 

07798 

07773 

19405I14 
19390|i3 

19375  12 
*9359|i_i 

10 

10.07747 

07721 07696 

07670 

07644 

07619 

Tangent.  jCo-fecant 

11479 

11490 

11501 

1151 1 

MO- 19344 

19329 

19314 

19299 

19284 

10. 19269 19254 

19238 19223 

19208 

19193 

Secant.  ' 

50  Dcs
" 



4Q$egs.  Table  XXV.  Artificial  Sines,  Tangents 

v  $€Q&lf, 
'-    159  r 

r'r 

Mj Hour  AM Hour  PMj     Sine. 

(  Co-fin;. 

Tangent. 
Co-tang. 

Secant. 
Co-fecant.  M 

0 !  6  40    0 5   20     0I9. 80807 

9.8842'j 
9.9238/ 

10.07619 

£0.1/575 10.19)93 

Go 
i 

39  52 
20      8       80822 

83415 

92407 

°759J 

1*585 

Z917S 
59 

2 I      39  44 20    l6l      80837 

S8404 
92433 

07567 

1 1596 19163 

?8 

3 
39  36 

20   24       80852 

88394 

92458 

07542 
1 1606 19148 

57 
_4
 

5 
39  28 20    32)      80867 

88383 

92484 
07516 

11617 

f       "J -'33 

56 

6  39  20 5    20  40 9.80882 9.88372 

9.92510 

10.07490 
10. 1 162!; 

10.  )9ii8|55 

6 

39  12 
20   J.8 

80897 

88362 92535 
07465 11638 

19103I54 

n 
39     4 20  56 80912 

88351 

92561 

07439 

1 1 649 

19088)53 

8 
38  56 

21       4 
80927 

88340 

92587 
07413 1166c 19075:52 

9 38  48 21     12 80942 88330 

92612 
07588 

1167c 19058)51 

10 
6  38  40 5    21    20 

9.80957 
9.88319 

y. 92638 

10.07362 10.1168) 
10.19043:50 

ii 
38  32 

21    28 80972 
88308 

9266^ 

07337 

11692 19028149 

12 38  24 
21    36 

809S7 '     88208 

926S9 

07.5-11 

11702 

19013  48 
i3 

38  16 

21    44 
81002 

88287 

92715 

07285 
11713 18998J47 

'4 

38     8 
21    52 

81017 •     88276 

9274O 
07260 

11724 
18983 

4? 

>5 
6  38     0 

5    22     -0 9.81032 9.88266 
9.92766 

10.07234 
10.11754 

10.1896S 

t6 
37  52 

22       8 

81047 
88255 

.     92792 

07208 

1 1 745 is953J44 

i" 
17  44 22    16 81061 

88244 

92817 

07183 
117.56 

1893943 

18 
37  36 

22    24 81076 

S8234 '     92843 07157 

11766 

18924 

42 

'9 

37  28 
22    32 

8 109 1 
88223 

92868 

07132 

11777 
1 8909 

41 

JO 6  37  20 5    22    40 9.81106 9.88212 
9.92894 10.07106 

10.11788 

10.18894 

40 

21 

37   12 
22  48 81121 88201 

92920 

07080 

11790 

18879 

39 
22 37     4 

22    56 81136 
88191 92945 

07055 1 1 809 18864 

38 

2.3 

36  56 

23.  A 
81151 S8180 

92971 

07029 
1182c 

18849 

37 
H 36  48 23    12 

81166 

S8169 

92996 

07004 1183. 

18834 

36 

2!> 
6  36  40 

5  23  20 9.811S0 
9.88158 

9.93022 

10.06978 10.11842 
10.18820 

3? 

26 
36  32 23  28 

81195 
88148 

93048 

06952 

1185?. 

18805 

34 

27 
36  24 23  36 81210 

88137 

93073 

06927 
11863 

18790 

33 
iS 

36  16 

23  44 
81225 

88126 
93099 069O1 

1 1874 
18775 

32 

fa 36     8 
23  52 

81240 

88115 

93124 

06876 

11885 

18760 

3J 

6  36     0 5  24    0 
9.81254 9.88105 

9.9315O 

10.06S.50 

10.11895 

10.18746 

30 

h» 35  52 24     8 

81269 

88094 

93175 

06825 

11906 
18731 

29 

!'2 
35-44 24  16 

81284 
88083 

93201 

06799 

11917 

18716 

28 

1*1 35  36 

24  24 

81299 88072 

93227 

06773 

1 1928 
1 870 1 

27 

134 
35  28 

24  32 
81314 88061 

93252 

06748 

"939 

18686 

2$ 

6  35  20 5  24  40 9.81328 9.88051 
9.93278 

10.06722 

10.11949 

.10,18672 

25 

he 35  12 
24  48 

81343 88040 

93303 

06697 

1196c 

18657 

-4 

i37 35     4 24  56 
81358 

88029 

93329 

06671 11971 
.   18642 

2? 

hs 34  56 

25     4 81372 88018 
93354 

06646 

11982 18628 22 '12 '40 
34  4? 25  12 

81387 88007 

933So 

06620 

"993 
18613 

21 

6  34  40 5    25    20 9.81402 9.87996 

9.93406 

to. 06594 
10. 12004 10.18598 

20 

4* 
34  32 25    2S 

81417 87985 

.    93431 

06569 
1 20 1 5 

18583 

19 

42 
34  24 25    36 

81431 
87975 

93457 

06543 12025 18569 
18 

4> 
34  16 

25  44 81446 87964 

93482 

06518 

12036 

18554 

£7 
44 

i— 45 
34     8 25   52 

S1461 

87953 

93508 

06492 

12047 18539 

)6 

6  34"   0 
5  26     019,81475 9.87942 

9-93533 
10.06467 

ro. 12058 
1 0 . 1  S  5  -  -  i  1 

46 33  52 
26     8 

S1490 
87931 93559 

06441 

12060 
18510  14 

47 33  44 26   16 

81505 

87920 93584 
06416 1 208  c 

18495  13 

i48 33  36 

26  24 
815.9 

87909 

93610 

06390 

1200.1 

l-.848.ltla 

|49 

10 

33  28 
26  32 

Si534 

87898 

93636 

06364 

1 2.1 02 
10.12113 

I8466J11 

6  33  20 5  26  40 

9.81549 
9.87887 

9.93661 

10.06259 
ic. 1845 1 

10 

;%i 33  12 
26  48 

81563 87877 

93687 

06  3  1  :: 

12.123 18437 

9 

IP 33     4 
26  56 8i578 87866 

937'2 

06288 

12134 

1S422 
8 

53 32  56 
27     4 81592 

87855 

93738 

06262 

12145 

1 840S n 

54 32  48 27   12 
81607 

87844 

93763 

06237 12156 

18393 

10. 18:78 
6 

is; 6  32  40 5  27  20 9.81622 
9.87833 9.95789 

to. 0621 1 10. 12167 
5 

j«6
 32  32 27  28 

81636 

87822 
93814 

o6tS6, 1217? 

18564 

4 

*7 32  24 27  36 
81651 

87811 
93840 

06160 

12189 

I8.H9 

3 

H« 32  16 

27  44 81665 

87800 93865 

06135 

12200 

^335 

2 

?9 32     «| 27  52 81680 
87789 

93891 

06109 

12211! 
18320 

1 

60 32    c| 

Hour  PM1 

28     0 

S 1694 

87778 

9391b 

06084J 

12222 
Co-lecantj 

18306 0 

M Hour  AM| 
Co-fine.' 

'Sine. 

Co-tang. 
Tangent.! Secant.    1 id 

1 3<3  Degs. 

49  SoSs 



4.x 
De^s.  Table  XXV*  Artificial  Sines,  Tai lgehfs  &  Secants. 1 38  pegs; 

H H>'UrA.M flour  PM Sine, Co-fine. 
Tangent. 

Co-tang. 

Secant. 
Co-lecant. 

M\ 

o 
6  32  0 5  28   O 

9.81694 

9.87778 
9.9391b 

10.06084 
10. 12222 10. 18306 

60 

i 
31  52 

28  8 

8 1 709 

87767 

9394* 

06058 

12-53 

18291 

59 
2 31  44 a8  16 

81723 

8775* 
93967 

06033 
12244 

18277 

5* 

3 31  36 
28  24 81738 

87745 

93993 

06007 

12255! 
18262 

57 

■J 

1  
5 31  2* 

28  32 81752 

87734 

94018 

05982 

12266 18248 

>6 

6  31  20 
5  28  40 9.81767 9.87723 9.94044 

to. 05956 
10. 12277 10.18233 

5  5 
I  6 

31  12 
28  48 

81781 
87712 

94069 
05931 12288 

18219 

ft 
!  7 

31  4 28  56 81796 

87701 
94095 

05905 

12299 

18204. 

1 
;  8 

30  56 

29  4 
81810 87690 

94120 

05880 

12310 

18190 

S2 

1  9 

30  48 29  12 

81825 87679 

94146 

05854 

12321 

18,75 

5> 

50 

;I0 

6  30  40 
5  29  23 

9.81839 

9.8766S 9.94171 

10.05829 10. 12332 

10. 18161 
■ 11 

30  32 29  28 

81854 87657 

94197 

05803 

J  2343 
18146 

49 

12 
30  24 29  36 

81868 87646 

94222 

05778 

12354 

18132 

4'8 

»3 

30  16 

29  44 
8i382 

8763  5 

94248 

05752 

12365 

18118 

47 

.14 

30  8 
29  52 

8189-7 

87624 

94273 

05727 

12376 

18103 

46 

<5 

6  30  0 
5  30  0 

9.8 igi i 
9.87613 9.94299 10.05701 10.12387 

10. 18089 45 

10 29  52 
30  8 

81926 87601 
94324 

05676 

12399 
18074 

H 
17 

29  44 
30  16 

8194O 87590 

94350 

05650 
12410 

18060 

43 

ia 
29  36 30  24 

8I9S5 87579 

94375 

05625 

12421 

18045 

42 

i9 
20 

29  28 30  32 

81969 

87S6S 

94401 

05599 

12432 18031 

4i 

6  29  20 
5  30  40 

9-8I983 
9-87557 

9.94426 

10.05574 10.12443 
10. 18017 

40 

21 

29  12 30  48 
8I998 87546 

94452 

05548 

12454 

18002 

39 

12 
29  4 

30  56 82012 

87535 

94477 

05523 

12465 

17988 

38 

*3 

28  56 31   4 82026 
87524 

94503 

05497 

12476 

17974 

37 

H 28  4? 
31  12 

82O4I 87513 

94528 

05472 

12487 

'7959 

36 

■ ^ 6  28  4c 

S  31  20 

9.82055 

9.S7501 

9-94554 
10.05446 

10. 12499 
10.17945 

35 

20 28  32 

31  28 

8206Q 87490 94579 

05421 1 25 10 
'793' 

54! 

27 

28  24 
3i  36 

82O84 87479 

94604 
05396 12521 

17916 

33 

*   28 28  16 3'  44 82O98 

87468 

94630 

05370 

12532 

17902 

32 

— 

30 

28  8 3;  5  = 821  12 

87457 

94655 

05345 
12543 

17888 

3  ij 

6  28  c 
5  32  0 9.  82126 

9.87446 

9.94681 

10.05319 10.12554 
10.17874 

30j 

3- 

27  1;: 3^  8 

82141 
87434 

94706 

05294 

12566 

17859 

29'
 

32 

27  44 

31  16 

82155 

87423 

94732 

05268 

12577 

17845 

28 

53 27  36 32  24 

82169 

87412 94757 

05243 

12588 17831 

27 

3: 

27  28 32  32 

82184 

87401 
94783 

05217 

'  12599 

17816 

26 

6  27  20 
5  32  40 

9.82198 9.87340 

9.94808 

10.05192 
10. 12610 10. 17802 

25 

j6 

27  12 32  48 
82212 

8737* 94834 
05166 

12622 

17788 

24 

37 

27  4 

32  56 
82226 87367 

948  59 
05141 

12633 

17774  23 

$8 

26  56 33  4 
82240 

87356 
94884 

05116 

12644 

17760,22 39 

26  48 

33  « 

82255 87345 

94910 

05090 

12655 

17745 
21 

40 

6  26  40 

5  33  20 
9.82269 

9-87334 9-94935 
10.05065 

10. 1.2666 
10.1773 ' 

20 

4i 

26  32 

33  28 

82283 

87322 

94961 

05039 

1267s 
I77I7 

'9 

42 

26  24 

33  36 

82297 

87311 

94986 

05014 

12689 

17705 

18 

43 
26  16 33   44 823  I  I 

87300 

95012 

04988 
12700 

17689 

r' 

44 26  8 

33  52 

82326 
87288 95037 

04963 

1 27  1 2 

17674 
16 

'5 

4S 6  26  0 

5  34  0 
9.8234O 9.87277 

9. 95062 

10.04938 IO.I2723 

10. 17660 

46 

25  52 
34  8 

82354 

87266 

95088 

04912 

12734 

17646 

'4 

1 

41 

25  44 

34  16 

82368 

87255 

95!I3 

04887 

12745 

17632 

'3 

j 
48 

2,-  36 
34  24 

82382 

87243 

95'39 
04861 

12757 

17618 

12; 

49 
2$  2S 34  32 

82396 
87332 

95164 

04836 
12768 

17604 
10 

; 

50 

6  25  2C 
5  34  40 9.824IO 9. 87221 9.95190 

10.048 10 

10. 12779 
10.17590 

5 <i 25  12 
34  48 

82424 
87209 05215 04785 

12791 
17576 

9'i 

ir~ 

2?   4 

34  56 

82439 

87198 

95240 

04760 12802 17561 

8 

S3 24  56 35  4 

82453 

87187 

95266 

°4734 
12813 17547 

7 

54 24  48 

35  12 

82467 

"9T8  248  1 

87175 

95291 

04709 

12825 
•7533 

6 

f>55 
6  24  40 

5  35  20 
9.87164 

9-953'T 

10.04683 
to. 12836 

10.17519 

5 

!  5D 
24  32 

35  *S 

82495 87153 

95342 

04658 

12847 

17505 

4 

|f  57 
24  24 

35  36 

825O9 

87141 

95368, 

04632 

12859 

I749» 
j 

W* 
24  16 3,  44 

82523 
87130 95393 

04607 12870 
'7477 

2 

|IJ9 
24  8 

35  S2 

82537 87119 

95418 

04582 

12881 17463 1 

Ij6o 24  0 
Hour  RM 36  0 

825W 
87107 

  95444 

Co-rang. 045  5  ( 

12893 
17449 

0 

3 

M ; 

Hour  A  M Co-(ine. 
Sine. 

Tangent. 

'Jo-fecant. 

Secant. 

M 

'■3*  E>egs„ 
4s  DcSs< 



i t  Degs.  Table  XXV.  Artificial  Sines,  Tangents  &  Secants. 
i3T~Degs^ 

IHourA.M HourP.M.f    Sine. Co-fine. Tangent.  |Co-tang. Secant. Co- fec^nc M 

c 6  24    c 
5  36     0 

9.82551 9.87107 
9-95444 

1O.O4556 
IO.12893 

10.17449 

6c 

i ij  52 
36     8 

82565 
87096 

95469 

04531 

12904 

17435 

59 

2 23  44 
36   16 

82579 
87085 

95495 

04505 

I2915 

17421 

58 

3 23  36 36  24 

82593 87073 

95520 

O4480 

I2927 
17407 

57 
4 23  28 36  32 

82607 

87062 
95545 044  5  i 

12938 

17393 

5  5 

5 6  23  20 
S  36  40 .  9.82621 9.  87050 9-9557* 

10.04429 10.12950 

10.17379 

fa 
23  12 36  48 

82635 87039 

95596 

04404 
12961 

17365 54 

7 23     4 
36  56 

82649 

87028 

95622 

04378 

12972 

17351 51 
H 22  56 37     4 

82663 

87016 
95647 

04353 I2984 17337 

52 

9 22  48 

37   12 

82677 87005 

95672 
0432? 

12995 

173»3 

5J_ 

50 

10 6  22  40 

J  37   20 
9.82691 

9.86993 

9.95698 

10.04302 
IO.13O07 

10.17309 

ii 22  32 

37  28 

82705 

86982 

95723 

04177 

1 30 1 8 

17295 

49 
12 22    24 

37  36 

82719 86970 

95748 

04252 13030 

17281 

+8 

*3 
22    16 37  44 

82733 

86959 

95774 

04226 
1 304 1 

17267 

47 

[4 
22       8 

37  S2 

82747 86947 
95799 

04201 

13053 17253 

46 

6    22      O 
S  38     0 9.82761 9.8693(3 9.95825 

10.04175 
10.13064 

10.17139 

45 

10 21    52 

38     8 

82775 86924 

9585=1 

04150 13076 

17225 

44 

r? 21    44 

38  16 

82788 

86913 

9>875 

04125 13087 

17212 

43 
t8 21    36 

38  24 
82802 86902 

95901 

040  9  9 

13098 
17198 

42 

£9 20 

21    28 
38  32 

82816 86890 

95926 

04074 

1 3-i  10 

17184 

41 

6    21    20 
5  38  40 

9.82830 
9.86879 

9.95952 

10.04048 ig. 13121 
10.17170 

40 

21 21    12 
38  48 

82844 86867 

95977 

04023 

J3I33 

17156 

19 

21 21       4 
38  56 

82858 

86855 

96002 

03998 

>3'45 

17142 

»8 

2".? 
20    56 39     4 

82872 

86844 

96028 

03972 13»56 

17128 

37 f4 
20   48 

39   '2 

82885 86832 96053 
03947 

13 168 

17 115 

3_
6 

>5
 

6  20  40 

5  39  20 

9.82899 
9.86821 9.96078 

10.03922 

1O.13179 

10.17101 

21) 20  32 

39  28 

82913 
86809 

96104 03896 13191 

17087 

34 

27 
20  24 

39  36 

82927 86798 
96129 

03871 
13202 

17073 3  3 

iS 20  16 39  44 82941 86786 96155 

03845 

13214 

17059 

32 

29 
20     8 

39  52 

82955 

86775 

96180 
.03820 

•  3225 

17045 

3' 

3$ 
•6  20    0 

5  40    0 
9.82968 

9.86763 

9.96205 

10.03795 
10.13237 

10.17032 

30 

l« 
19  52 

40     8 
82982 

86752 

96231 

03769 

13248 
1.70 1 8 

29 

32 
19  44 

40  16 

82996 
86740 

96256 

03744 

13260 

17004 

28 

1 

1.1 »9  36 .    40  24 8  30 10 
86728 

96281 

03719 

13272 

16990 

27 

34 

u 
19  *8 40  32 

83023 
86717 

96307 

03693 

.    13283 

?i6977 

26 

2) 

6   19  20 
5  40  40 

9.83037 9.86705 

996332 

10.03668 

10.13295 10.16963 

36 19  12 40  48 
83051 

86694 

963  57 

03643 

13306 

16949 

24 

37 19     4 
40  56 

83065 86682 
96383 03617 

»33i8 

16935; 

23 

',3 18   56 41     4 83078 
86670 

96408 

03592 13330 16922 22 

12 

40 

18  48 

41    12 

85092 

86659 

96433 
03567 

13341 
16908 

21 

6   18  40 
5  4'  20 9. S3 106 

9.86647 9.96459 
10.03541 

10.13353 10.16894 

20 

41 
18  32 

41  28 
83120 

86635 

96484 035'6 

13365 
16880 

19 

42 

18  24 
4'  36 

83133 86624 

96510 

03490 
13376 

t6Ui 

18 

43 
18  16 41  44 

83147 
86612 9653  5 

03465 

13388 

16853 

17 

44 18     8 
41    52 83161 

86630 

96560 

03440 

1340c 

16839 

?.fi 
45 6   18     0 

5  42     0 
9.83174 9.86589 

9.96586 

■10.03414 
10.13411 

10.16826 

15 

46 
17   52 

42     8 
83188 

86577 

966 1 1 

03389 

.     1342.IS 

16812 ft 
47 

17  44 

42  16 
83202 

86565 

96636 

03364 
13435 1679'? 

'3 

4« 
17  36 42  24 

83215 

86554 

96662 

03338 

13446 

16785 

.2; 

+2 
17  28 

42  32 

83229 86541 

96687 

03313 

i    J345« 

,1677111! 
6   17  20 

5  42  40 
9-83242 9. 865  jo 

9.96712 

10.03 288 
10. 1 J47O io.-V67sVlo! 

»« 
17    12 

42  48 
83256 86518 

96738 

03262" 

13482 

16744 

9 

f2 
17     4 

42  S6 83270 

86507 

96763 

03237 
134.93 

1673s 

V 
16  56 43     4 

83283 

86495 

96788 

03212 

13565 

16717/ 

7 

f4 16  48 

43     12 

83297 
864S3 

96814 
03186 

if-  *MU 

■    16703 

6 

C5 6   16  40 
5  43  20 9.83310 9.86472 9.96X39 

10.03161 10.13528 
10. 1 6690 SI 

g '" 
16  32 

43  28 

83324 
86460 96S64 

0313-6 
13540 

1667$ 

4-'
 

16  24 

43  36 
83338 

86448 

96890 
031 10 

13552 

16661 

3! 

>* 
16   it 43  44 8335' 

86436 
96915 

030S5 
13564 

1664$ 

*; 

W 16     8 

43  52 

83365 
86425 

9694c 0306. 

13575 

16635 

«;■ 

? 
16     0 

44     0 
83,378 

86413 

96966 

03034 

Co-kcant. 
..jfiStt 

0'
 

FiourP.VI.lHou'AM. Co- fin.-. 
Sir;e. 

Co-t?.r>j;. 
1  anient. 

Secant.     Mi 

I32-    I>g5 V  0 

47  E*g«- 



41 Degs.  Tab  le-  XXV.  Artificial  Sines,  Tangents-  &  Secants- 
.  i$6£kgs„ 

Ui 
Hour  AM. Hour  P\l 

Sine. 
Co-line. 

Tangent. 

Co-rang. 

Secant. Cc-fecam. 
M 

!fc 
6  16  o 

S  44  G 
9-83378 9.86413 

9. 96966 

10.03034 10.  13587 

10. 16622 

60 

j ij  52 44  ? 83392 86401 

96991 

03009 

1.3599 

16608 59 

,  i 
IS  44 

44  i6 

83405 
86389 

97016 

02984 

13611 

16595 

58 

s ij  36 
44  24 

83419 

86377 

97O42 

02958 
13623 

16581 
57 

_4
 

15  28 
44  32 

83432 86366 

97067 

02933 
13634 

16568 

56 

6  15  20 
S  44  4C 9. 83446 

9-86354 

9. 97092 

10,02908 10.  13646 

.0.  16554 
55 

6 
IS  12 

44  48 

83459 
86342 

97"8 

02882 
13658 16541 

54 

| 
 - 

is  4 
44  S6 

83473 86330 

97 143 

:  02857 13670 

16527 

53 

i  8 
14  $6 45  4 

83486 
86318 

97168 

02832 

13682 

16514 

S2 

1  9 
14  4R 

45  '2 
83500 

86306 
97t93 

02807 
13694 

16500 

Si 

IC 6  14  40 

S  4S  2° 

9-83S'3 9.  86295 

9.97219 

10. 02781 

10.  13705 10.  16487 

SO 

In 14  32 

45  28 

«3S27 

86283 

97244 

02756 13717 

16473 

49 

,12
 

14  24 

45  36 

83540 
86271 

97269 

02731 
1  13729 

16460 

48 

*3 

14  16 
45  44 

83554 

86259 

97295 

02705 

13741 

16446 

47 
!*4 14  8 

45  52 
83567 

86247 

97320 

02680 

13753 

  16433 

10.  16419 

46 

45 

prs 
6  14  0 

S  46  c 
9.  83581 

9.  86235 9-97345 

10. 02655 
10. 13765 

,i6 
'3  5* 

46  8 

83  594 
86223 

9737' 

02629 
13777 

16406 44 

1*7 
13  44 

46  16 83608 
86211 

.97396 

02604 

13789 16392 

43 

j'i8 

1.3  38 
46  24 

83621 

'  8620c 

97421 

02579 

13800 

i6379 

42 

'20 

13  28 46  32 

83634 

86188 
97447 

02553 

13812 

16366 

41 

6  13  20 

5  46  4.0 
9. 83648 

9.86176 9.97472 

10. 02528 
io.  13824 10.  16352 

40 

21 
13  12 46  48 

'  8j66i 
86164 

97497 

02503 

13836 

16339 

39 

I22
 

13  4 
46  56 

83674 
86152 

97523 

02477 

1.3848 

16326 

38 

!*3 12  5& 47  4 
83688 

8614C 

97548 

02452 

13860 

16312 

37 J  24 
12? 

12  48 

47  12 
83701 

86128 
97573 

02427 

13.872 

16299 

35 ..6   iz  40 

5  47  20 
9-  837 '5 

9.86116 
9.97598 

10.02402 
10.  13884 io.  16285 

26 12  32 

47  28 
83728 

86104 

97624 

02376 

13896 

16272 
34 

r2r 

12  24 

47  36 

8374' 86092 •  '  97649 
02351 

13908 

16259 

33 

28 
12  16 47  44 

83755 

8608c 97674 
02326 

1392c 

:   16245 

32 

h 12  8 

47  52 
83768 

86068 

97700 

02300 
13932 

16232 

3i 

we 
6  iz  0 

S  48  0 
9.83781 9.  86056 

9-97725 

10.02275 
10. 13944 

10. 16219 

3-0 

!.i-i 

II  M 

48  8 

83795 

86044 

9775° 

02250 

13956 

16205 

29 

j32
 

11  44 

48  16 
83808 

86032 

97776 

02224 

I396S 

16192 

28 

i33 I!  36 
48  24 83821 

8602c 

97801 

02199 

1398c 

16179 

27 

1-34 
II  28 

48  32 

83834 

86008 

97826 

■  02174 

13992 

16166 

26 

6ll  20 
5  48  40 

9-83848 9. 85996 

9.97851 

10.02149 

10.  14004 10: 16152 

25 

L26 II  12 
48  48 S3S61 

85984 

97877 

02123 

14016 

16139 

24. 

F 
II   4 

48  56 

83874 

85972 

97902 

02098 

14028 
16126 

23 

U? 
IO  56 49  4 

83887 

8596c 
97927 

02073 

1404c 

161 13 22 

I39 !4C 

10  48 

49  I2 

83901 
9.  83914 

85948 

9. 85936 

.97953 

:   02047 

14052 

16099 

21 

20 6  10  40 

5  49  2c 9.97978 
10.  02022 

10. 14064 
10. 16086 

•L4' 
10  32 

49  28 

83927 85924 
!   98003 

OI997 

14076 

16073 

19 

}4» 

10  24 

49  36 

83940 

85912 

!   -58029 OI97I 

14088 

16060 

18 '43 

10  16 49  44 

83954 

85900 ;  98054 

OI946 

1410c 

16046 

'7 

ig4 10  8 

49  52 

83967 
.  85888 

98079 
OI92I 

14112 

16033 
16 

6  10  0 
•5  SO  c 

9.-83980 
9. 85876 

■  9. 98104 
IO.O1896, io. 14124 

10. 16020 

'5 

^ 9  5> 
50  8 

83993 
85864 

98130 

O187O 

14136 

16007 

'4 

47 
9  44 

50  16 
84006 5  8585' 

98155 

O1845 

14149 
IS994 

"'3 

Us 9  36 
.5°  24 

. 84020 

■  85839 

98180 

O182O 

14161 

■   15.98c 

1-2 

49 

9  28 

'■-'  50  3i 84033 
85827 

98206 

OI794 
i4'73 

15967 

tl 

U 6   9  2C 
5  SO  4^ 

9. 84046 9,85815 
9*98231 

10. 01769 ro.  14185 

10. 15954 

IO 

h' 
9  I2 

•  5°  4s 

84059 
85803 

98256 

01744 

1419- 

T594' 

'  9 

52 

'94 

50  jf 

84072 

•  85791 

98281 

'  01719 

14201 

15928 

8 

'53 

8  56 
51  4 

84085 

■85779 

98307 

01693 

14221 

'   I59'5 

'.7 

,54 
",  S  48 

■-  51  12 
84098 

9-841 12 

'  '85766 

!-  98332 01668 

1423-i 

15902 

6 

684: 
'5  Si-  -2c 

9-85754 
9;  98357 

10.  01643 10.  1424c 

10.  1588^ 5 

£ 
'  *  32 

51  2! 

84125 

J8.5742 
98383 

01617 

1425' 

1587  s 

4 8  24 

51  3'
-' 

•S4I38 

85.73° 

98408 

0159? 

■   1427c 

15862 3  I 

S1' 

8  16 

5i  4^ 

84151 

85718 

98433 

0156- 

14282 

■   1584c 
;•  2 

I1' 

'   8  8 

-51  Si 84164 
8-5706 

98458 

01542 

14294 

•   i.s83f 
1 

6y 

8  6 

Hour  ?M 
.-52  c- 

8417- 

85695 

98484 
01516 14307 

1 58  2-; 

•Secant. 
0  1 

—  ii 

VI  i 

/ Hour  AM .Ca-line. ;  Sine. 
Co-tang. 

Tangent, Co-lecant. 

y&P&i 46  Degs. 



44  Begs,     Table  XXV.  Artificial  Skies,  Tangents  8c  Secants.   135  Deg* 

rtour  AM 

7  52 7  44 

7  36 
7  28 
7  20 

7  12 7  4 
6  56 

6  48 

6  40 

6  32 6  24 

6  16 

6     8 

Hour  KVJ 

5  52 

5* 

52  16 52  24 

52  32 

52  40 

52  48 
52  56 
53  4 

53 

53  20 

53  28 
53  36 53  44 

S3   52 

Sine. 

9T84777 
84190 

84203 

84216 84229 

Co-line. 

9. 84242 
84255 

84269 

84282 
84295 

9- 84308 
84321 843S4 

84347 

84360 

9:85693 

8568J 
85669 
85657 
8564 

9. 85632 

85620 8C596 

85583 

9.85571 
85559 

85547 
85534 

85522 

Tangent 

9.  98484 

98509 98534 

98560 
98585 

9.  98610 
98635 

98661 
986S6 
98711 

Oc-tang. 

IO.O1516 OI491 

01466 
01440 O1415 

10.  01390 O1365 OI339 

O1314 
OI289 

9-98737 

98762 
98787 

98812 98838 

10. 01263 
01238 

0*213. 

Oil  88' 

01162 

Secant.     Co-fecant 

10.  1430710, 
143*91  • 

1433 

1434: 143  55 

10.  14368 

14380 14392 
14404 

  14417 

10.  14429 

1444 1 

14453 

1446b 

14478" 

15823 

1581c 

15797 

15784 
1*5771 

10, 

1575* 

'5745' 

1573' 

15718' 
J  5  TO

 

1569,? 

15679 

15666 

1565  ~ 

15640 

6  o 

5  52 5  44 

5  36 
5  28 

4  40 

4  32 4  24 

4  16 

4  8 

54  o 
54  8 

54  16 54  24 

54  32 

9-  84373 
84385 

84398 

S4411 .  S4424 

9.85510 
85497 

85485 

85473 

85460 

9. 98863 

9888.8 

9.8913 
98939 

98964 

10.01137 

01112 01087: 

0106) 
01036 

14490 
14503 
14515 

14527 

14540 

'5627 
15615 

15602 

15589 

15576 

54  4° 

54  48 
54  56 55 
55 

55  20 

55  28 
55  36 55  44 

55  52 

4  o 
3  52 3  44 

3  36 
3  28 

56 

56 

56 
 
16 S6 
 
24 

56 
 
32 

3  20 
3  12 3  4 
2  56 
2  48 

2  40 

2  32 
4  24 

2  l6 

2   8 

I  52 I  44 

1  36 
1  28 

56  40 

56  48 

56  56 57  4 

57  tz 

84437 

84450 

84463 

84476 84489 

9.  84502 84515 

84528 

8454 

84553 

.84566 84579 

84592 84605 

84618 

85448 

85436 
85423 

85411 

85399 

9.  98989 

9-9015 

9,9040 

99065 

99090 

10.  01011 

00985 

00960 

00935 

00910 

14552 
14564 14577 

14589 

14601 

15563 

1555° 

1553 

15524 

15511 

9.85386 
•  85374 

85361 

85349 
8533 

9. 85324 

85312 

85299 

85287 
S5274 

9.  8463c 84643 

84656 
84669 

84681 

9. S5262 85250 85237 

85225 

85212 

57  20 

57  28 
57  36 57  44 57  5_^ 

c 
8 

9.  84694 
84707 

8472c 84733 
84745 

5  58 

58 

58  16 58  24 

58  32 

9. 84758 

84771 84784 

84796 
84809 

9. 85200 
8518.7 
85175 

85162 85150 

9-85I37 
.  85125 

85112 

85100 85087 

6  1  201  5  58  40 

58  48 
58  56 
59  4 

1  12 
1  4 
o  56, 
o  48   59  12 

9. 84822 
84835 

84847 

84860 84873 

9. 85074 ■  8506 

85049 

S5037 

S5024 

9.  991 16 

99141 

99166 99191 99217 

9. 99242 

99267 99293 

993^ 

99343 

9.99368 99394 

99419 99444 

99469 9-  99495 

99520 

99545 

9-9570 
•  99596 

10.00884 

00859 
■00834 

00809 

00783 

ia'00758 
00733 

00707 

00682 

OC657 

to.  00632; 
00606 

00581 00556 

0053 

.146 14 

14626 

14639 

i.4651 
14663 

10.  00505 

60480 

00455 

0043  c 00404 

g.  99621 

99646 
9967 99697 

99722 
99747 

99773 

99798 99823 

10.  00379 
00354 

00328; 
00303 

00278 
10.00153 00227 

00202 

0017 0015 

146-76 

14688 

1470:1 

14713 

14726 

"15498 

15485 

15472 
1546032 

,  1 5447J3 1: 

*o.  1543+30* 

14738 14750 

147*3 

'4775 

14788 1480Q 
M813. 

54815* 14838 
14856 

io.  14863 
14875 

14888; 

14900 
•  14913 

15421 
1540 

15395 

15382 

1537Q 15357 

"5344 

1533' 

,15318 

"5506 

15293 

15280 

15267 

;J5255 

10. -14926 
•14938 

14951 14963 

14976 

10.  15-242 
15229 

15216 

^5204 

1 5 1'9 1 

15178 
1 5 165 15153 

15140 15127 

M 

o  4° 
o  32 
o  24 

O  16 o  8J 
o  o! 

5  59  20 

59  28 
59  36 59  44 

59  52 600 

Hour  P.V1  Hour  AM 

9-  84885 

84898 •84911 •84923 

84936 84949 

Co-fine. 

9.  85012 

84999 

84986 

84974 

84961 
84949 

,99874 

99899 

99924 999491 

99975 
.ooooof 

10.  00126 
00101 
00076 

00051 00025 

00000 

10. 14988 

15001 
15014 

15026 

15039 

15051 

■Sine.  |Co-tan'g'.  JTihg'en't. '[Co-Vecatit.f 

'j^Degs. 

10. 15 1 15 

15102 
15089 15077 

1 5064!  1 
Secant.    jM 

4;  DeSs» 



Tables  XXVI.     XXVII. 

5885 

i  Table  XXVI.  For  reducing  the  Time  of  the 

Moon's  Paffage  over  the  Meridian  of  Greenwich  to 
[the  Time  of  its  Paffage  over  any  other  Meridian. 

The  numbers  tajteri  from  this  Table  are  to  be  add. 
[ed.to  the  Time  at  Greenwich  in  Weft  Longitude, 
but  fubtrafted-jn  Eaft. 

Daily  variation  of  the  Mcon*s  pafiing  the  Meridian. 

Table  XXVII, 

Correction  of  moon's altitude  for  Paral- 
lax $c  Refraftion. 



Tabu  XXVIII.  For  reducing  ths  Moon*3  Declination,  as  giren  Tn  the  Nautical  Almanac 
for  Noon  and  Midnight  at  Greenwich,  to  any  other  time  under  any  other  Meridia" 

Time Variation  or'  the  Moor 
's  Declination  in  twelve  Hoi rs. 

Time  It 
from 0  * 

o,| 

0  ' 

o,j 

0   1 a    1 
0  / 

0  > 

0  1 

0  1  jo  / 
0  1 

0  1 

from 

Noon. 

oh  'o 

3  5< 
)  10! 3  IC 

O' 

3  20JC 

O 

>  25  0   30 < 

■>  35 

5  4OC 

O' 

>  45  c >  sojo  <s 0 

0' 

1   S 

o?  '0 

Noon. 

i2h'o 
0'
 

0'
 

0 

0'
 

0 

0'
 

o' 

0' 

0  12 0 0 0 0 0 O * I 1 I I 1 
0   1 

12  12 

o  24 O 0 0 I z I 

1  • 

I 1 2 £ a 

0"   2 

12  24- O  36 0 0 I I I I 2 2 2 2 3 3 

0   3 

12  36 

O  48 0 I I 2 2 2 3 3 3 4 4 

0'   4, 

.12  4.8 

I      0 0 I 2 2 2 3 3 4 4 S S 

0   5 

13  0 
I  12 0 I 2 2 3 3 4 4 5 5 6 0   «. 

13  12 
I  24 1 2 2 3 3 4 5 S 6 6 7 0   S 

13  24 

I  36 1 2 3 3 4 S 5 b 7 7 8 

0   9 
*3  36  j 

I  48 1 2 3 4 4 5 b 7 7 8 9 

0  10. 
13  48 z     0 I 2 2 3 4 5 b 7 

7- 

8 9 10  0  11 

14  0 

14  12  < 

Z    12 1 2 3 4 5 S 

to   7 

8 9 
10 11 

0  12 
2  24 1 2 3 4 5 6 7 8 9 10 11 

12 
0  13 

14  24 

2  36 X 2 3 4 5 6 8 9 
10 11 

12 

13 

0  14 14  s^i 

14  4*  " 

2  4« I 2 3 5 b 7 8 9 
10 

12 

»3 
14 

0  is 

3  0 
I 2 4 5 b 7 

8 

9 

10 
11 

12 

'4 

IS 

ib 

0  ̂ 16- 

0  17 

\Si   91 

3  J2 
I 3 4 5 7 9 

11 12 

13 
»S 

15  12 
3  24 I 3 4 6 7 & 

10 

11 

13 

14 

ib 

»7 

0  18 

15  24 

3  36 
I 3 4 6 7 9 

10 

12 

»3 
15 

16 

18 
0  19- 15  36 

3  4* 
2 3 5 6 8 9 

II 

13 

*4 

ib 

17" 

•9 

0  21 
IS  4» 

4  0 
2 3 5 7 8 

10 
12 

>3 

'5 

IT 

18 

zo 

0  22 ib  0 

4  *i 
2 3 5 7 9 

10 
12 

14 

ib 

»7 

19 

21- 

0  23 

16  12 

4  24 
2 4 5 7 9 11 

13 

15 

ib 
18 

20 22 0  24- 

lb  24, 

4  36 
2 4 b & 

10 

11 

«3 

15 

17 
19 

21 

23 

0  25 

16  36 

448 
2 4 6 & 

10 

IX 

14 

lb 

18 
20 

!22 

24 

O  2b 

lb  48- 

S  0 
2 4 b 8 10 

12- 

*5 
17 

19 

«9 

21 22 

"3 
25 

O  27 •17  .0  . 

5  12 
2 4 b 9 

11 

13 

r5 
17 

24 

2b 0  28 

17  13- 
5  24 

2 4 7 9 
11 

13 

ib 

18 
20 

22 

25 
27 

0  29 

•17  2+ 

J  36 
2 S 7 9 

12 

14. ib 

19 

21 

23 

2b 

28 

O  30 
17  36 

S  4* 
2 5 7 IO 12 

'4 
'7 

19 

22 

24 

27" 

29 

O  31 

17  48 6  0] 

6  12 

a S 7 
10 

1&- 

12 

«3 

>S '7 

20 

22 

25 
27 

30 

0  32 18  .O 

3 5 8 M 1 8 

21 

23 

2b 

28 

3« 

0  34 

18  12 

6  24 1 5 8 
Xi 

13 

16 

19 

21 

24 27 

29 

3* 

0  35 
18  24 

6  36 3 

if 

8 
II 

'4 

ib 

*9 

22 

25 27 

30 

33 

,  0  36 

18  36; 

18  48 

6  48 3 6 8 
II 

>4 

i" 

20 

3.3 

25 

28 

31 

34 

0  37 

7  0 

7  12 

3 6 

~6~ 

9 12 

12 

'5 
'?, 

20 

23 

2b 

29 

32 

35 

0  38 
19  a 3 9 

15 

18 
21 

24 

27 

30 

3* 36 

.0  39 

19  12 
7  24 3 b 9 

12 

1* 

18 22 

25 

28 

31 

34 

3? 0  40 

19  24 

7  36 
3 6 9 

13 

16 

'9 

2i 

*5 

28 

32 

35 

138 

0  41 
19  36 7  4« 

:  3 b 10 

13 

lb 

19 

23 

2b 

29 

32 36 

39 
0  42 

I9  48' 

8  c 3 7 10 

J3 

17 

»7 

20 20 

23 

27 

30 

33 34 

37 

■-.-44 

0  43 

,20   O 8  .2  3 7 10 

»4 

24 27 

3' 

38 
41 

0  44 

20  J2 

8  24 3 7 10 

•4 
«7 

21 

2  + 

28 

3* 

35 

58 

42 

■9    45 

.  ,20  34  ■ 8  36 4 7 11 

14 

»8 
21 

2S 29 

3* 

36 

>9 

43 

Q  47" 

20  36 

20  40 8  4? 4 7 1 1 

J? 

18 22 

2<> 

29 

33 
37 

40 

44 

0  48 

9  c 
4 7 1 1 

ij 

19 

22 

2b 

30 

34 

37 

4« 

45 

0  49 

21   0 

21  12 

9  I2 
4 8 1 1 

15 

'9 23 

27 

3> 

34 
•:>» 

42 

4& 

0  50 

9  2A 4 8 12 lb 20 

23 
27 

31 

35 

"9 

43 47 

0  51 

21  24 

9  Z( 
4 8 12 

ib 

20 

24 

28 

32 
30 

40 

44 

48 

0  52 21  30 

9  4^ 10  c 

IO  13 

4 8 12 
16 

20 

24 

29 

33 
37 

41 

45 
49 

0  53 

.21  48 

4 8 12 

17 

21 

2  5 

29  I  33 

37 

42 
46 

50 

0  54 

22   0 

22  12  j 

4 8 

13 

'7 

21 

25 

30 

34 

3* 

42 

4? 

5' 

0  55 

IO  2, 
li  4 9 

13 
17 

22 2b 

3° 

3  5 

39 

43 

48 

52 

0  5b 

22  24 

10  3* 4 9 

'3 

18 

22 
2b 

3' 

35 

4° 

44 

49 S3 

0  57 

22  3(1 
«o  4' 4 9 

'3 

18 

22 

27 

31 
36 

40 

45 
49 

S4 

0  58 

22  4" 

11  c 

!  5 
9 

.  !4 

18 

23 27 

32 
3& 

4' 

46 

«o 55 1   0 
23  c 

n  1 

-  5 
9 l>4 

19 

23 

28 
23 

37 

42 

47 

5» 

50 

1   1 

23  12 

11  2. > 9 !'4 

19 
24 

28 
22 

3« 

43 

M 

52 

^ 
1   2 

-  23  n 

1 1  3< 

1  s 10 

14 
(I 24 

29 

34 39 

43 

48 

53 

** 

1   3 23  p 

ir  4' 
-1  < 10 

*> 

20 

2? 

29 

34   39 
44 

49 

54 
L_59j_  1   4 

23  4* 

I"  , 
>!  5 10 1-5 20 

2j 

30 

35 

!  40 

45 

50 

5  5 

|  bo 

t  ■   5 

24  0'
 



Tabli  XXVI YI,    For  reducing  the  Moon's  Declination  a«  g'venin  the  NautTcaJ  Almanac 
for  Noon  and  Midnight  at  Greenwich,  to  any  other  Time  under  any  other  Meridian. 

ITime Variation  of  the  Moon's  Declination  in 
twelve  Hours. 
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TAfite  XXVIIL    For  reducing  the  Moan's  Declination.,  as  given  in  the  Nautical  Al.rnani: 
for  Noon  and  Midnight  at  Greenwich,  to  any  other  .Time  under  arvy  other  Meridian. 
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Table  XXVIII.  For  reducing  the  Moon's'Deelination,  as  g<vcn  in  the  Naut'cal  Almanac 
for  Noon  and  Midnight  at  Greenwich,  to  any  other  Tim?  under  any  other  Meridian. 
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'Tarsi*  X-Xlk.  for  reducing 
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reenwich,  to  any  other  Time   under  any  oth^r  Meridian. 
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Table  XXIX.  For  reduclngthe  Sun's  Right  Afcenfion  in  Time,  as  given 
Almanac  for  Noon  at  Greenwich,  to  any  other  Time  un&er  any  other 

in  the  Nautical 
Meridian. 
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Table  XXIX.     For  reducing  the  Sun's  Right  Afcenfion  in  Time,  is  given  in  the  Nautical 
Almanac  for  Noon  at  Greenwich,  to  any  other  Time  under  any  other  Meridian. 
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EXPLANATION  AND  USE  OF  TABLE  XXIX, 

THIS  table  is  ufeful  in  finding  the  fun's  right  afcenfion  at  any  time,,  by 
jneans  of  the  right  afcenfion  given  in  the  fecond  page  of  the  Nautical  Al- 

manac for  noon  at  Greenwich.  This  table  rnuft  be  entered  at  the  top  with, 

the  daily  variation  of  the  fun's  right  afcenfion  ;  and  in  the  left  hand  column 
with  the  given  time  from  noon  ;  or  in  the  right  hand  column  with  the  longi- 

tude of  the  place  ;  directly  under  the  former  and  oppofite  to  the  latters 

itands  a  correction  in  minutes  and  feconds,  to  be  applied  to  the  fun's  right afcenfion  at  noon  at  Greenwich,  The  correction  taken  out  with  the  time 

from  noonj,  is  to  be  added  in  the  afternoon,  but  fubtracted  in  the  forenoon  5 
and  the  correction  taken  out  with  the  longitude  of  the  place,  is  to  be  added 
In  weft,  but  fubtracted  in  eaft  longitude. 

Inftead  of  rinding  the  correction  feparately  for  the  longitude  of  the  place 
and  the  time  from  noon,  you  may  find  it  at  one  entry,  in  the  following  manner ., 

Turn  the  Ihip's  longitude  into  time  (by  Tab.  XX.)  and  add  it  to  the  giv- 
en time  when  in  weft  longitude,  but  fubtradt  it  when  in  eaft ;  the  fum  or 

difference  will  be  the  time  at  Greenwich  :  find  this  time  in  the  fide  col- 

umn,* and  the  daily  variation  at  the  top,  correfponding  to  which  is  the 
fought  correction  ;  which  is  to  be  added  to  the  fun's  right  afcenfion  for  the. 
preceding  noon  at  Greenwich,, 

EXAMPLE     I. 

Required  the  fun's  right  afcenfion  at  noon, 
May  24,  1804,  fea  account,  in  the  longitude 

of  450  W.  of  Greenwich. 

May  24,  fea  account  is  May  23  by  N.  A- 

The  fun's  right  afcenfion  by  N.  A.  at 
Greenwich  3b.  59m. 55f. 

Corr.  Tab.  XXIX.  for 45°long. 
and  daily  var.  4m.  ifec.    add  30 

Right  Afcen.  required 4 

9  S 

EXAMPLE     II. 

Required  the  fun's  right  afcenfion  at  noon* 
June  24,  1804,  fea  account,  in  the  longitude 
of  i20c  E.  of  Greenwich. 

June  24,  fea  account  is  June  23,  by  N.  A.  09 

which  day    at   noon  the   fun's  R.    A.   is 6h.  7m.2oX 

Corr.  Tab.XXIX.  for  1200  long. 
and  daily  var.  4m.  gfec.     fub.         1       23 

Right  Afcen-,  required 6     6 

EXAMPLE    III. 

Required  the  fun's  right  afcenfion,  May  24, 
1804,  at  4h.  P.  M.  fea  account,  in  the  longi- 

tude of  45  °  W. 

R.  A.  st  noon  in  long.  450  W.   by  Ex.    1. 
4b.  om.25fec. 

Corr.  in  Tab.  XXIX.  for  4b. 
P.  M.  add  40 

R.A.May  24,1 8o4,at  4b. P.M.  4     1       5 

EXAMPLE1    IV. 

Required  the  fun's  right  afcenfion,  Jane  24, 

1804,  at  gh.  A.'M.  fea  account,  in  the  longi- 
tude of  120°  E. 

R.  A.  at  noon  in  longitude  120'  I.  by  Ex.  1. 

Corr.  in  Tab.XXIX.  for  12  hours        2     s 
for    9  hours         1   34 

R.  A.  June  24,  1804,  at  cjh.  A.M.  6     9  45 

*  If  the  time  at  Greenwich  be  more  than   i2h.   you  muft  firft  take  out  the  correftion  foi 
%  zk.  aqd  then  for  the  reft  of  the  time }  the  fum  of  thefe  two  will  be  the  correction. 



EXPLANATION  AND  USE  OF  TABLE  XXIX. 

The  third  and  fourth  examples  may  be  worked  by  a  fir.gle  entry  cf 
Table  XXIX.  as  follows. 

EXAMPLE    HI. 

d.     h.  in. 

Given  time  by  N.  A. "May  23     4  o 
Long.  45°  in  time       add  3  o 

Time  at  Greenwich 
23     7 

Sun's  R.  A.  May  23,  at  noon 
Corr,  Tab.  XXIX.  for  7h. 

h.  m,  f- 
3  59  55 

EXAMPLE     IV. 

d.  h. 
m. 

Given  time  by  N.A.  June  23  21 0 

Long.  1200  in  time                      8 
0 

Time  at  Greenwich             23   13 0 h.  m.  f. 

Sun's  R.  A.  June  23,  at  noon 

6     7  29 

Corr.  Tab.  XXIX.  for  12b. 

2     5 

for    ih. 

10 

Sun's  R.A.May  23, i8o4>  at  4b. PM. 4     1     5 

If  you  wifh  to  find  accurately  the  time  that  any  ftar  comes  to  the  me- 

ridian, or  the  time  of  its  rifing  or  fetting,  you  mufl  firft  take  the  fun's 
light  afcenfion  for  noon  at  Greenwich,  from  the  Nautical  Almanac ;  then 

the  ftar's  right  afcenfion  from  Table  IX.  and  with  thefe,  find  the  approx- 
imate time  of  rifing,  fetting,  or  coming  to  the  meridian,  by  the  method  al- 
ready given  in  the  precepts  for  uling  Tables  IX.  and  X.  Then  calculate 

the  fun's  right  afcenfion  for  this  approximate  time,  and  repeat  the  operation 
till  the  affumed  and  calculated  times  agree,  and  you  will  have  the  true  time 
required. 

For  to  explain  this  method,  I  (hall  ufe  the  examples  already  given,  in 
explaining  the  manner  of  calculating  by  Tables  IX.  and  X. 

To  find  the  Time  nvhen  a  Star  comes  to  the  Meridian* 

EXAMPLE     I. 

At  what  time  will  Aldebaran  be  on  the  me- 

ridian of  Salem,  Jan.  2,  1804,  fea  account  ? 

Jan.  2,  fea  ace.  is  Jan. t,  N.A. 
en  which  day  the  fun 

's  R.  A. 

h. 

m.  f. 
at  noon  at  Greenwich 

is 
18 

43  20 
Aldebaran'sR.A.     4h. 24m.  4  if. 
Add                          24 

28 24  41 

difference  is  the  approximate  time     9  41  21 

Now  calculating  the  fun's  R.  A.  for  this  time 
in  the  long,  of  Salem,70°50'  W,  h.  m.  f. 
of  London,  I  find  it  to  be  18  45   59 

Aldebaran's  R.  A.  +  24b,  28  24  41 

True  time  of  coming  to  the  merid.     9  38  42 

EXAMPLE     II. 

At  what  time  will  Pollux  be  on  the  merid- 

ian of  Newbury  port,  March  31,  1804,  fea 
account  ? 

March  31,  fea  ace.  is  Mar.30,N.A. 
on  which  day,  at   noon,   the  7  h.  m.  f. 

fun's  tight  afcenfion  is  J    0  35   15 
This,fublra£led  from  R.A.of  Pollux  7  3J   18 

Approximate  time  of  fouthing              6  58     3 
Correction  of  the  fun's  R.  A.  from 

Tab.  XXIX.  for  this  time  is  1     4 

And  for  the  long.7o°46 '  W.of  Lond.  43 

The  fum  of  thefe  two  corrections  is  1  4-7 
which  fubtracred  from  the  approximate  time 
of  fouthing  6h.  58m.  3fec.  leaves  the  true 
time  6h.  56m.  i6fec. 

The  method  ufed  in  the  laft  example,  of  applying  the  corrections  to  the 
approximate  time,  inftead  of  applying  them  to  the  right  afcenfion  of  the  fun, 
will  be  found  more  expeditious  than  the  other  method,  made  ufe  of  in  folv- 
ing  Example  I.  But  it  muft  be  noted,  that  the  corrections  applied  to  the 
approximate  time  have  a  contrary  fign  to  what  they  would  have  when  ap- 

plied to  the  right  afcenfion  . 



EXPLANATION  AND  USE  OF  TABLE  XXIX. 

s  To  Jind  the  Time  of  rifirtg  or  fett'tng  of  a  Star. 

Rule.  Enter  Table  X.  with  the  declination  of  the  ftar  at  the  top,  and 
the  latitude  of  the  place  at  the  fide  ;  the  correfponding  number  will  be  the 
time  of  the  liar's  continuance  above  the  horizon,  when  the  latitude  and 
declination  are  of  the  fame  name  ;  but  if  they  are  of  different  names,  the 

tabular  number  fubtrac~ted  from  12I1.  will  be  the  time  of  continuance  above 
the  horizon.  Add  this  time  to  the  flar's  right  afcenfion,  when  you  want  to  find 
the  time  of  fetting  ;  but  fubtract  it,*  if  you  want  the  time  of  rifing.  From 
this  fum  or  difference  fubtraft  the  fun's  right  afcenfion*  corrected  for  the 
longitude  of  the  place  ;  the  remainder  will  be  the  approximate  time  fought. -f- 
Enter  Table  XXIX.  with  the  diflance  of  this  approximate  time  from  noon, 

and  the  daily  variation  of  the  fun's  right  afcenfion  ;  the  correction  corref- 
ponding is  to  be  added  to  the  approximate  time  in  the  forenoon,  but  fub- 

iracled  in  the  afternoon,  and  you  will  have  the  corrected  time  of  rifing  or 
fetting. 

EXAMPLE    I. 

At  what  time  will  the  ftar  Aldebaran  fet, 

May  24,  1804,  fea  account,  at  Wafhington 
city  ? 

The  liar's  declination  is  160  &£'  or  160  7  'N. 
and  the  latitude  380  53'  N.  correfponding 
to.  which  in  Table  X.  is  6h.  54m, 

Star's  right  afcenfion  4     25 

*9 

Sum  n 

May  24,  fea  ace.  or  May  23  by  N.  A. 

at  noon  fun's  R.  A.  4I1.  om. 
Coxr.  for  long.  770  W.  1 

Sum     fubtract  4 

Remains  approximate  time  of  fetting  7     18 
Cotrin  Tab. XXIX.  for  7h.i8m.  fub.         1 

Corrected  time  of  fetting,  P.  M.       7     17 

EXAMPLE    II. 

At  what  time  will  the  Dog-Star  Sirius  rife 
at  Baltimore,  Jan.  z,  1804,  fea  account  ? 

The  ftar's  declination  is  160  27  '  S.  and  the 
latitude  of  Baltimore  is  39°20/  N.  corref- 

ponding to  which  in  Tab.  X.  is    6h.  56m, 
Which  fubtracted  from  12       o 

Leaves  the  time  of  the  ftars  being 
above  the  horizon 

Subtract  from  ftar's  R.  A. 

Remainder 

Add 

Sum  25 

Jan.  2,  fea  ace.  or  Jan.  1,  by  N.A. 
at  noon  fun's  R.  A.     i8h.  43m, 

Corr.  for  long.  76°  50'  W.  o     1 

5 4 
6 

37 

1 

33 

24 

Subtract  the  fum jS 

33 

44 

Remains  approximate  time  of  rifing     6     49 
Corr.  in  Tab. XXIX.  for  611.49m. fub.         % 

Correct  timeof  rifing  in  the  afternoon  6    48 

*  Increafing  the  number  from  which  the  fubtraction  is  to  be  made,  by  24  hours,  when 
Ceceffary. 

■f  Rejecting  24  hours  when  it  exceeds  24  hours.     If  the  time  of  rifing  or  fetting  be  more 
t&an  12b-.  it  wil}  be  after  midnight ;  but  if  lefs  than  iah.  it  will  be  before  midnight. 



Catenation  of  §>ea  Cerms, 

ABACK.  The  fituation  of  the  falls,  when  their  furfaces  are  preffed  aft  agalnft  the  maft  by 
the  force  of  the  wind. 

Abaft  or  An.  The  fternmoft  part  of  the  fhip:  Carry  aft  any  thing  ;  that  is,  carry  to- 
wards the  ftern.  The  maft  rakes  aft,  that  is,  hangs  towards  the  fterii.  How  cheer  ye  fore 

and  aft  ?  that  is,  How  fares  all  the  fhip's  company  ? 
Abaft  the  Beam  denotes  the  relative  fituation  of  any  object  with  the  (hip,  when  the  ob- 

ject is  placed  in  any  part  of  that  arch  of  the  horizon,  which  is  contained  between  a  line  at 
right  angles  with  the  keel  and  that  point  of  the  compafs  which  is  directly  oppofite  to  ths 

{hip's  courfe.      See  Bearing. 
Aboard.  The  infide  of  a  fhip.  Aboard  Main  Tack  !  The  order  to  draw  the  lower  comet 

of  the  mainfail  down  to  the  cheftree. 

About.  The  fituation  of  a  (hip  as  foon  as  fhe  has  tacked  or  changed  her  courfe.  About 

Ship  ;  the  order  to  the  fhip's  crew  to  prepare  for  tacking. 
Abreast.  The  fituation  of  two  or  more  ihips  lying  with  their  fides  parallel,  and  their  heads 

equally  advanced  ;  in  which  cafe,  they  are  abreaft  of  each  other. 
Adrift.     The  ftate  of  a  fhip  broken  from  her  moorings,  and  driving  about  without  control. 
Afloat.     Buoyed  up  by  the  water  from  the  ground. 
Afore.  All  that  part  of  a  fhip  which  lies  forward,  or  near  the  ftern.  It  alfo  fignifies  far- 

ther forward  ;  as,  the  manger  ftands  afore  the  fore-wiaft  ;  that  is  nearer  to  the  ftern. 
After.  A  phrafe  applied  to  any  object  in  the  hinder  part  of  the  fhip,  as  the  after-hatch- 

way, the  after-fails,  &c. 
Aground,     The  fituation  of  a  fhip  when  her  bottom  or  any  part  of  it  refts  on  the  ground. 

Ahead.  Any  thing  which  is  fituated  on  that  point  of  the  compafs  to  which  a  fhip's  ftern  is 
directed,  is  faid  to  be  ahead  of  her.     See  Bearing. 

Ahull.  The  fituation  of  a  fhip,  when  all  her  fails  are  furled  and  her  helm  is  lafhed  to  the 

iee  fide  ;  by  which  fhe  lies  nearly  with  her  fide  to  the  wind  and  fea,  her  head1  being  fome- 
what  inclined  to  the  direction  of  the  wind. 

A-lee.     The  pofition  of  the  helm  when  it  is  pufhed  down  to  the  lee  fide. 

All  in  the  Wind.  The  ftate  of  a  fhip's  fails,  when  they  are  parallel  to  the  direction  of 
the  wind,  fo  as  to  (hake  or  fhiver. 

All  hands  hoay  !     The  call  by  which  all  the  fhip's  company  are  fummoned   upon  deck, 
Alof  t.     Up  in  the  tops,  at  the  maft-heads,  or  any  where  about  the  higher  rigging. 
Along-Sibe.     Side-by-fide,  or  joined  to  a  fhip,  wharf,  &c. 
Along-Shore.  Along  the  coaft  ;  a  courfe  which  is  in  fight  of  the  fhore,  and  nearly  par-* 

allel  to  it. 

Aloof,  is  diftance.     Keep  aloof,  that  is,  keep  at  a  diftance. 
Amain.  The  old  term  for  yield,  ufed  by  a  man  of  war  to  an  enemy;  but  it  now  fignirlsS 

any  thing  done  fuddenly,  or  at  once,  by  a  number  of  men. 
Amids^llps.     The  middle  of  a  fhip,  either  with  regard  to  her  length  or  breadth. 
Anchor.  The  inftrument  by  which  a  fhip  is  held.  The  anchor  is  foul  ;  that  Is,  the  ca~ 

ble  has  got  about  the  fluke  of  the  anchor.  The  anchor  is  a-peek  ;  that  is,  directly  under 
the  hawle-hole  of  the  fhip.  The  anchor  is  a  cock-bill  5  that  is,  hangs  up  and  down  the 
fhip's  fide. 

An-Eno.  The  pofition  of  any  maft,  &c.  when  erected  perpendicularly  on  the  deck.  The 
top-marts  are  faid  to  be  an-end,  when  they  are  hoifted  up  to  their  ufual  ftations. 

Apeek.  Perpendicular  to  the  anchor  ;  the  cable  having  been  drawn  fo  tight  as  to  bring  the 
fhip  directly  over  it.     The  anchor  is  then  faid  to  be  apeek. 

Ashore.     On  the  fhore,  as  oppofed  to  aboard.     It  alfo  means  aground. 
Astern.     Arty  diftance  behind  a  fhip,  as  oppofed  to  Ahead.      See  Bearing. 
At  Anchor.      The  fituation  of  a  fhip  riding  by  her  anchor. 

athwart.  Acrofs  the  line  of  a  fhip's  courfe.  Athwart-Hawfe  ;  the  fituation  of  a  snip 
when  driven  by  accident  acrofs  the  fore-part  of  another,  whether  they  touch  or  are  at  a  fniall 
diftance  from  each  other,  the  tranfverfe  pofition  of  the  former  being  principally  underftood. 

Athwart  the  Fore-Foot;  when  any  object  erodes  the  line  of  a  (hip's  courfe,  but  ahead  of 
her,  it  is  faid  to  be  athwart  her  fore-foot.  Athwart-Ships;  reaching,  or  in  a  Direction, 
acrofs  the  (hip  from  one  lide  to  the  other. 

Atrip.  When  applied  to  the  anchor,  it  means  that  the  anchor  is  drawn  out  of  the  ground, 
and  hangs,  in  a  perpendicular  direction,  by  the  cable  or  buoy-rope.  The  topfails  are  faid 
«j  be  atrip,  when  they  are  hoifted  up  to  the  matt-head,  or  to  their  utmoft  extent. 



EXPLANATION    OF    SIA    TERMS.; 

Avast.     A  term  ufed  for  Hop,  or  flay  ;  as,  avail  heaving,  don't  heave  any  more; 
AwStgk.     The  fame  as  atrip,  when  applied  to  the  anchor. 
Awning.  A  flielteror  fcreen  of  canvas  fpread  over  the  decks  of  a  fhip  to  keep  off  the  heii 

of* the  fun.  Spread  the  awning,  extend  it  fo  as  to  cover  the  deck.  Furl  the  awning  ;  that  is roll  it  up. 

To  Back  the  anchor.  To  carry  out  a  fmall  anchor  ahead  of  the  large  one,  in  order  to 
fupportit  in  bad  ground,  and  to  prevent  it  from  loofening  or  coming  home. 

To  Back  astern,  in  rowing,  is  to  impel  the  boat  with  her  ftern  foremofl,  by  means  of  the 
oars. 

To  Back  the  sails.  To  arrange  them  in  a  fituation  that  v/iil  occafion  the  (hip  ta  move 
aftern. 

To  Bagpipe  the  mizen.     To  lay  it  aback,  by  bringing  the  fheet  to  the  mizen  fhrouds. 
To  Balance.  To  contrad:  a  fail  into  a  narrower  cornpafs,  by  folding  up  a  part  of  it  at  one 

corner.  Balancing  is  peculiar  only  to  the  mizen  of  a  (hip,  and  the  mainfail  of  thole  veffels 
wherein  it  is  extended  by  a  boom. 

Bale.     Bale  the  boat;  that  is,  to  lade  or  throw  the  water  out  of  her. 

Ballast,  is  either  pigs  of  iron,  ftonei,  or  gravel,  which  lad  is  called  'fhingle  ballaft  ;  and 
its   ufe  is  to  bring  the  (hip   down  to  her  bearings  in  the  water,  which  her  provifions  and 
ftores  will  not  do.     Trim  the  ballaft  ;  that  is,  fpread  it  about  and  lay  it  even.     The  ballalt 
fhoots  ;  that  is,  it  (hifts,  or  runs  over  from  one  fide  of  the  hold  to  the  other. 

"Bare  Poles.     When  a  {hip  has  no  fail  let,  fhe  is  under  bare  poles. 
Barge.     A  carvel-built  boat,  that  rows  with  ten  or  twelve  oarsi 
Batten.  A  thin  piece  of  wood.  Batten  down  the  hatches,  is  to  lay  battens  upon  the  tar- 

paulins, which  are  over  the  hatches  in  bad  weather,  and  nail  them  down  that  they  may  not 
be  wafhed  off. 

Bear  a-hanb.     Make  hafie,  difpatch. 
Bearing  fig.iifies  the  point  of  the  cornpafs  which  any  two  or  more  places  bear  from  each 

other,  or  how  any  place  bears  from  the  fhip  by  the  cornpafs  ;  or  it  may  be  faid  to  bear  om 
the  beam,  abaft  the  beam,  on  the  bow,  the  head  or  ftern,  &c. 

Bearings  of  a  Ship,  is  that  line  which  is  formed  by  the  water  upon  her  fides  when  fhe  is  at 
anchor,  with  her  proportion  of  bailaft,  and  ftores  on  board.  To  bear  to,  is  to  fail  into  an 
harbour,  &c.  Bear  round  up;  that  is,  put  her  right  before  the  wind.  Bring  your  guns 
to  bear,  is  to  point  them  to  the  object. 

To  Bear  in  with  the  iand,  is  when  a  fhip  fails  towards  the  fhore. 

To  Bear  off.     To  thruil  or  keep  off  from  the  {hip's  fide,  &c.  any  weight,  when  hoifting. 
Bearing-up,  or  Bearing-away.  The  act  of  changing  the  courfe  of  a  fhip,  in  order  to 

make  her  run  before  the  wind,  after  fhe  had  failed  fome  time  with  a  fide  wind,  or  clofe 
hauled  ;  it  is  generally  performed  to  arrive  at  fome  port  under  the  lee,  or  to  avoid  fome  im- 

minent danger  occafioned  by  a  violent  ftorm,  leak,  or  enemy  in  fight. 
Beating  to  Windward.  The  making  a  progrefs  againit  the  direction  of  the  wind,  by 

fleering  alternately  clofe-hauled  on  the  ftai  board  and  larboard  tacks. 
To  Becalm.  To  intercept  the  current  of  the  wind,  in  its  pafiage  to  a  fhip,  by  any  contigu- 

ous object,  as  a  fhore  above  her  fails,  a  high  fea  behind,  Sec.  and  thus  one  fail  is  faid  to 
becalm  another. 

Before  the  Be  am,  denotes  an  arch  of  the  horizon  comprehended  between  the  line  of  the 
beam,  and  that  point  of  the  cornpafs  on  which  the  fhip  items.     See  Bearing, 

Belay.     To  rrake  fall:  any  running  rope  ;'  as,  Belay  the  main  brace,  or  make  it  faft. 
Bend.  To  apply  to,  and  faften  ;  as,  bend  the  fails,  apply  them  to  the  yards  and  fallen  them  j 

unbend  the  fails,  that  is,  call  them  off  and  take  them  from  the  yards  ;  her  fails  are  unbenr3 
fhe  has  none  fixed  ;  bend  the  cable,  make  it  faft  to  the  anchor. 

Beneaped.     See  Neaped. 

Between-Decks.     The  fpace  contained  between  any  two  decks  of  a  fhip. 
Bight  of  a  Rope.     Any  part  between  the  two  ends.     Bight,  a  narrow  inlet  of  the  fea. 
Bilge.     To  break.     The  fhip  is  bilged  ;  that  is,  her  planks  are  broken  in  by  violence. 

Bilge-Water,  is  that  which,  by  reafon  of  the  ftatnefs  of  a  fhip's  bottom,  lies  on  her  floor, 
and  cannot  go  to  the  well  of  the /pump. 

Birth.  A  place;  as,  the  fhip's  birth,  the  place  where  fhe  js  moored  ;  an  officer's  birth, 
his  place  in  the  fhip  to  eat  or  deep  in  ;  birth  the  fhip's  company,  that  is,  allot  them  their 
places  to  mefs  in  ;   birth  the  hammocks,  poist  out  where  each  man's  hammock  is  to  hang. 

Binnacle.     A  kind  of  box  to  contain  the  compaffes  in  upon  deck. 

Bitts.  Very  large  pieces  of  timber  in  the  fore  part  of  a  fh;p,  round  which  the  cables  are 
faflened  when  the  fhip  is  at  anchor.  After-Bitts,  a  fmaller  kind  of  bitts  upon  the  quarter- 

deck, for  belaying  the  running  rigging  to. 
To  Bitt  the  Cable,  is  to  confine  the  caoie  to  the  bitts,  by  one  turn  under  the  crofs-piece,  and 

another  turn  round  the  bitt-head.  In  this  pofition  it  may  be  either  kept  fixed,  or  it  may  be 
veered  away. 

Bitter.  The  turn  of  the  cable  round  the  bitts.  Bitter-End;  that  part  of  the  cable  which 
ftays  within  board,  round  about  the  bitts,  when  the  (hip  is  at  anchor. 
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!&tOCK.  A  piece  of  wood  with  running  fheaves  or  wheels  in  it,  through  which  the  running 
ringing  is  parted  to  add  to  the  purchafe. 

Board.     To  board  a  ihip  is  to  enter  it  in  a  hoftile  manner. 
Board  and  Board,  is  when  two  fhips  touch  each  other.  To  make  a  board,  is  making  a 

ftretch  upon  any  tack  when  a  (hip  is  working  upon  a  wind.  To  board  it  up,  that  is  to  turn 
to  windward.  The  fhip  has  made  a  ftern-board,  that  is  when  fhe  lofes  ground  in  working 
upon  a  wind. 

Bold  Shore.       A  fiVep  coaft,  permitting  the  clofe  approach  of  (hipping. 

Bonnet  of  a  fail.  Is  an  additional  piece  of  canvas  put  t'o  the  fail  in  moderate  weather  to 
hold  more  wind.  Lace  on  the-bonnet,  that  is,  faften  it  to  the  fail.  Shake  off  the  bonnet^ 
take  it  off. 

Boot-Topping.  Cleaning  the  upper  part  of  a  fhip's  bottom,  or  that  part;  which  lies  imme- 
diately under  the  furfa-ce  of  the  water;  and  daubing  it  over  with  tallowj  or  with  a  mixturs 

of  tallow,  fulphur,  rofin,  &c. 
Bolt-rope.      The  rope  which  goes  round  a  fail,  and  to  which  the  canvas  is  fewed. 
Both  Sheets  Aft.     The  fituaticn  of  a  (hip  failing  right  before  the  wind. 
Bow-Grace.  A  frame  of  old  rope  or  junk,  laid  out  at  the  bows,  ftems,  and  fides,  of  (hipsj 

to  prevent  them  from  being  injured  by  flakes  of  ice. 
Bow-lines.  Lines  made  fad  ro  the  fides  of  the  fails  to  haul  them  forward  when  Upon  a 

wind,  which  being  hauled  taut,  enables  the'  (hip  to  come  hearer  to  the  wind. 
To  Bowse.      To  pull  upon  any  boly  with  a  tackle,  in  order  to  remove  it. 
Bowsprit.     A  large  mail:  or  piece  uf  timber  which  (lands  out  from  the  bows  of  a  (hip. 

Boxhauling.  4,  p.-nticular  method  of  veering  a  fhift,  when  the  fwell  of  the  fea  renders 
tacking  impracticable. 

Uoxing.  \n  operation  fomewhat  fimilar  to  boxhauling.  It  is  performed  by  laying  the 
head-fail,:;  aback,  to  receive  the  greateft  force  of  the  wind  iri  a  line  perpendicular  to  their  fur- 

faces,  in  order  to  return  the  {hip's  head  into  the  line  of  her  courfe,  after  (he  had  inclined  to windward  of  it. 

Braces.      The  ropes  by  which  the  yards  are  turned  about  to  form  the  fails  to  the  wind. 
To  brace  the  yards.  To  move  the  vards,  by  means  of  the  braces,  to  any  direction  re- 

quired. To  brace  about — -To  brace  the  yards  round  for  the  contrary  tack.  To  brace 

fliarp — To  brace  the  yards  to  a'  pofition,  in  which  they  will  make  the  fmalleil  poffible  angle 
withthekeel,  for  the  (hip  to  have  head-way.  To  brace-to— -To  eafe  off  the  lee- braces, 

and  round  in  the  weather-brace.*,  to  ainft  the  motion  cf  the  fhip's  head  in  tacking. 
Brails.  A  name  peculiar  only  to  certain  ropes  belonging  to  the  mi2~n,  ufed  to  trufs  it  up 

to  the  mafl:.  But  it  is  likewife  applied  to  all  the  ropes  which  are  employed  in  hauling  up 
the  bottoms,  lower  corners  and  fkirts  of  the  other  great  fails.  To  brail  up — To  haul  up  si 
fail  by  means  of  the  brails,  for  the  more  readily  furling  it  when  neceffary. 

To  ereak  bulk.     The  act  of  beginning  to  unload  a  fhip. 
To  ep.eak  sheer.  When  a  (hip  at  anchor  is  forced,  bv  the  wind  or  current,  from  that  po- 

fition in  which  (he  keeps  her  anchor  mod  free  of  herfelf  and  mod  firm  in  the  ground,  fo  a3 
to  endanger  the  tripping  of  her  anchor,  fhe  is  faid  to  break  her  fheer. 

Breaming.     Burning  off  the  filth  from  a  fhip's  bottom. 
Breast-fast.     A  rope  employed  to  confine  a  fhip  fide  ways   to  a  wharf  or  to  fome  other 

•     fciP- To  ERING   BV   THE  LEE.       See  TO  BROACH  TO. 

To  bring  to.  To  check  the  courfe  of  a  fhip  when  fhe  is  advancing,  by  arranging  the  fails 
in  fuch  a  manner  as  that  they  fhall  counteract  each  other,  and  prevent  her  from  either  re- 

treating or  advancing.      Sue  to  lie  to. 

To  broach  to.  To  incline  faddenly  to  windward  of"  the  fhip's'  courfe,  fo  as  to  prefent  her 
fide  to  the  wind,  and  endanger  her  overfetting.  The  difference  between  broach  ing  to> 
and  bringing  by  the  lee  may  be  thus  defined  :  Suppofe  a  fhip  under  great  faij  is  (leering- 
ibuth,  having  the  wind  at  N.  N.  W.  then  weft  is  the  weather-fide,  a  id  eaft  the  Ice-fide. 
If,  by  any  accident,  her  head  turns  round  to  the  leftward,  fo  as  that  her  fails  are  all  takers 
a-back  on  the  weather  fide,  fhe  is  faid  to  broach  to.  If,  on  the  contrary,  her  head  de- 

clines fo  far  eaftward  as  to  lay  her  fails  aback  on  that  fide  which  was  the  lee~fi.de,  it  is  called 
BRINGING   BY  THE   LEE. 

Broadside.      A  difcharge  of  all  the  guns  on  one  fide  of  a  (hip  both  above  and  below. 
Esoken  backed.     The  (late  of  a  fhip  which  is  fo  ioofened  in  her  frame  as  to  drop  at  eatfr 

end. 

By  the  board.     Over  the  fhip's  fide. 
By  the  head.      The  (late  of  a  fhip  when  fhe  is  fo  unequally  loaded  as  to  draw  more  wate? 

ftmvard  than  aft. 

By  the  wind.     The  courfe  of  a  fhip  as  near  as  poffible  to  the  direction  of  the  wind,  wbi»h 
is  generally  within  fix  points  of  it. 

(Hh)     T.», 
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Bunt-T-INES.  Lines  that  come  down  from  the  top  of  the  maft  to  the  beira  of  the  outlet 
of  the  fail,  and  by  which  the  bunt  or  belly  of  the  fail  is  hauled  up  outwards. 

Buoy.  A  floating  conical  calk,  moored  upon  fhoals  to  (how  where  the  danger  is ;  alfo  ufed 
to  anchors  to  (hew  where  they  lie,  in  cafe  of  the  cable  breaking. 

Cap-sis  e.  Overturn.  The  boat  capfifed,  that  is,  overfet.  Capfrfe  the  quoil  of  rope,  thaf 
is,  turn  it  over. 

Capstan.  An  inftrument  by  which  the  anchor  13  weighed  out  of  the  ground,  it  being  3 
great  mechanical  power,  and  is  ufed  for  fetting  up  the  fhrouds,  and  other  work  wheie  great 
purchafes  are  required. 

To  car  e  in.  To  incline  a  (hip  on  one  fide  fo  low  down,  by  the  application  of  a  ftrong  pur- 
chafe  to  her  mafts,  as  that  her  bottom  on  the  other  fide  may  be  cleanfed  by  brea-ming. 

Casting.  The  motion  of  falling  off,  fo  as  to  bring  the  direction  of  the  wind  on  either  fide 
of  the  (hip  after  it  had  blown  fome  time  right  a-head.  It  is  particularly  applied  to  a  (hip 
about  to  weigh  anchor. 

Cat-heads.     The  timbers  on  (hip's  bows  with  (heaves  in  them,   by  which  the  anchor  is 
•    purchafed  from  the  haute,  and  to  which  it  is  fecured  to  the  (hip's  fide. 
To  cat  the  anchor  is  to  book  the  eat-block  to  the  ring  of  the  anchor  and  haul  it  up  clofe 

to  the  cat-head. 

Cat's  paw.  A  light  air  of  wind  perceived  at  a  diffance  in  a  calm,  fweeping  the  furface  of 
the  (ea  very  lightly,  and  dying  away  before  it  reaches  the  (hip. 

Caulking.     Filling  the  feamsof  a  (hip  with  oakum. 
Centre.  This  word  is  applied  to  that  fquadron  of  a  fleet,  in  a  line  of  battle,  which  occu- 

pies the  middle  of  the  line  ;  and  to  that  column  (in  the  order  of  failing)  which  is  between 
the  weather  and  lee  columns. 

Ch  ains.  A  place  built  on  the  fides  of  the  (hip  projecting  out,  and  at  which  the  (brouds-are 
faftened,  for  the  purpofe  of  giving  them  a  greater  angle  than  they  could  have  if  faftened  to 

the  (hip's  fide,  and  of  courfc  giving  them  greater  power  to  fecure  the  maft. 
Chain-plates,  are  plates  of  iron  faftened  to  the  (hip's  fides  under  the  chains,  and  to  thefe 

plates  the  dead  eyes  are  faftened  by  other  plates. 
Chapelling.  The  act .of  turning  a  (hip  round  in  a  light  breeze  of  wind  when  (he  is  clofe- 

haulcd,  fo  that  (be  will  lie  the  fame  way  (he  did  before.  This  is  ufually  occafioncd  by 
negligence  in  fleering  or  by  a  fudden  change  of  wind. 

Chase.     A  veffel  purfued  by  fome  other.     Chafer — The  veffel  purfuing. 
Cheerly.    A  phrafe implying  heartily,  quickly,  cheerfully. 
To  claw  off.     The  aft  of  turning  to  windward  from  a  lee-(hore  to  efcape  (hipwreck,  &c, 
Clear  is  vaiioufly  applied.  The  weather  is  faid  to  be  clear,  when  it  is  fair  and  open  5  the 

fea-coaft  is  clear,  when  the  navigation  is  not  interrupted  by  rocks,  Sec.  It  is  applied  to 
cordage,  cables,  &c.  when  they  are  difentangled,  fo  as  to  be  ready  for  immediate  fervice. 
In  ail  thefe  fenfes  itisoppofed  to  fottl.  To  clear  the  anchor  is  to  get  the  cable  off  the 

flukes,  and  to  difencumber  it  of  ropes  ready  for  dropping.  Clear  havvfe — When  the  cables 
are  directed  to  their  anchors  without  lying  athwart  the  ftem.  To  clear  the  hawfe  is  to  un- 
twift  the  cables  when  they  areentangled  by  havingekher  acrofs,  an  elbow,  or  a  round  turn. 

Clenched.     Made  raft,  as  the  cable  is  to  the  ring  of  the  anchor. 
Clew.     To  haul  up  the  fails  by  the  clew  lines. 
Clevv-linfs, are  ropes  which  come  down  from  the  maft  to  the  lower  corners  of  the  fails^ 

and  by  which  the  corners  or  clews  of  the  fails  aie  hauled  up. 

Close-hauled,  That  trim  of  the  (hip's  fails,  when  (he  endeavours  to  make  a  progrefs  Ira 
the  neareft  direction  pofiible  towards  that  point  of  the  compafs  from  which  the  v  ind  blows.    . 

To  club -haul.  A  method  of  tacking  a  (hip  when  it  is  expected  (he  will  mifs  ftays  on  2- lee-fhore. 

To  clue  up.     To  haul  up  the  clues  of  a  fail  to  its  yard  by  means  of  the  clue-lines. 
Coasting.     The  act  of  making  a  progrefs  alongthe  fea-coaft  of  any  country. 
To  coil  the  cable.      To  lay  it  round  in  a  ring,  one  turn  over  another. 
To  come  home.  The  anchor  is  faid  to  come  home  when  it  loofens  from  the  ground  by  the 

effort  of  the  cable,  and  approaches  the  place  where  the  (hip  floated,  at  the  length  of  her 
moorings. 

Coming  to  denotes  the  approach  of  a  (hip's  head  to  the  direction  of  the  wind. 
Course.  ,  The  point  of  the  compafs  upon  which  the  (hip  fails.  Courfes,  a  (hip's  lower  fails  ; 

as  the  fore-fail  is  the  fore  courfe,  the  main-fail,  the  main-coarfe,  &c.  The  (hip  is  under 

her  courfes,  that  is,  has  no  fail  fet  but  the  main-fail,  fore-fail  and  mis-en. 
Coxswain.     The  perfci  who  fteers  the  boat. 

Crank.  The  (hip  is  crank,  that  is  (he  has  not  a  fufficient  cargo  or  ballaft  to  render  her  ca- 
pable of  bearing  fail,  without  being  expofed  to  the  danger  of  overfetting. 

Crow-foot,  is  a  number  of  faiall  lines  fpread  from  the  fore  parts  of  the  tops,  by  means  of 
the  piece  of  wood  through  which  they  pafs,  and  being  hauled  taut  upon  the  flays,  they  pre- 

vent the  foot  of  the  tonfails  catching  under  the  top  rim  5  they  are  a!-fo  ufed  to  fufpsnd  the awnings. 
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Gvn.     To  direct,     To  cun  a  (hip,  is  to  direct  the  man  at  helm  how  to  ftc-er. 
Fo  cut  and  run.     To  cut  the  cable  and  make  fail  inftantly,  without  waiting  to  weigh 

anchor. 

To  deaden  a  ship's  way.     To  impede  her  progrefs  through  the  water. 
Dead  eves.     Blocks  of  wood  through  which  the  lanyards  of  the  lhrouds  are  reeved. 
Dead  lights.     A  kind  of  window  fliutter  for  the  windows  in  the  ftern  of  a  fhip,  ufed  in  * 

very  bad  weather  only. 
De a©  water.     The  eddy  of  water,  which  appears  like  whirl-pools,  doling  in  with  the 

(hip's  ftern  as  (he  fails  on. 
Dead-wind.     The  wind  right  againft  the  fliip,  or  blowing  from  the  very  point  to  which  fhe 

wants  to  go. 
Dismasted.     The  ftateof  a  (hip  that  has  loft  her  mafts. 

Dog-vane.     A  fmall  vane  with  feathers  and  cork,  and  placed  on  the  fhip^s  quarter  for  the 
men  at  cun  and  helm,  to  fee  the  courfe  of  the  wind  by. 

Dog-watch.     The  watches  from  four  to  fix,  and  from  fix  to  eight  in  the  evening. 
Doubling.     The  adl  of  failing  round  or  palling  beyond  a  cape  or  point  of  land.     Doubling 

upon — The  act  of  inclosing  any  part  of  a  hoftile  fleet  between  two  fires,  or  of  cannonading  it 
on  both  fides. 

Douce.     To  ftrike  or  haul  down  ;  as,  douce  the  top-gallant  fails,  that  is,  lower  them. 
Down-haul.      The  rope  by  which  any  fail  is  hauled  down  5  as  the  Jibb  down-haul. 
To  dowse  .     To  lower  fuddenly,  or  flacken. 
To  drag  the  Anchor.    To  trail  it  along  the  bottom,  after  it  is  loofened  from  the  ground. 
To    Draw.      When  a  fail  is  inflated   by  the    wind,   fo  as  to  advance  the    veffel  in  her 

courfe,  the -fail  is  faid  to  draw  ;  and  fo  to  keep  all  drawing  is  to  inflate  all  the  fails. 

Drift.     The  angle  which  the  line  of  a  {hip's  motion  makes  with  the  neareft  meridian,  when 
(he  drives  with  her  fide  to  the  wind  and    waves,  and   not  governed  by  the  power  of  the 
helm.     It  alfo  implies  the  diflance  which  the  (hip  drives  on  that  line. 

Driver.      A  large  fail   let    upon   the    mizen  yards  in    light  winds.      Drive. — The  ihip 
drives,  that  is,  her  anchor  comes  through  (he  ground. 

Drop.      Ufed  fometimes  to  deaote  the  depth  of  a  fail  ;  as  the  fore-top-fail  drops  twelve  yards. 
To  drop    Anchor.      Ufed  fynonymoufly  with  to  anchor.      To  drop   a-ftern.— The    re- 

trograde motion  of  a  (hip. 
Dunnage.     A  quantity  of  loofe  wood,   &c.  laid  at  the  bottom  of  a  (hip  to  keep  the  goods 

from  being  damaged. 
To  Ease,   to  Ease  away,  or  to  Ease  oft.     To    ilacken  gradually;    thus  they   fay, 

eajs  the  bowline,  eafe  the  (heet. 
Ease   the  Ship.     The  command  given  by  the  pilot,  to  the  fteerfman,   to  put  the  helm 

hard  a-lee,   when  the  fhip  is  expected  to  plunge  her  fore  part  deep  in  the  water  when, 
clofe  hauled. 

To  edge  away.     To   decline  gradually  from  the  (hore   or  from  the  line  of  the  courfe 
which  the  (hip  formerly  held,   in  order  to  go  more  large-. 

To  edge  in  with.      To  advance  gradually  towards  the  (hore  or  any  other  object. 
Elbow,  in    the  Hawse.     Is  when  a  (hip  being  moored,  has  gone  round  upon  the  fhift- 

ing  of  the  tides,  twice  the  wrong  w-ay,  fo  as  to  lay  the  cables  one  over  the  other  :   having 
gone  once  wrong,  (he  makes  a  crofs  in  the  hawfe,  and  going  three  times  wrong  (he  makes  a 
round  turn. 

End  for  End.     A  term  ufed  when  a  rope  runs  all  out  of  a  block,  and  is  unreeved  ;  or  in 
coming  to  an  anchor,  if  the  ftoppers  are  not  well  put  on,  and  the  cable  runs  all  out,  it  is 
faid  to  have  gone  out  end  for  end. 

End  on.     When  a  (hip  advances  to  a  (hore,  rock,  &c.   without  an  apparent  pofiibility 
of  preventing  her,  (he  is  faid  to  go  end  on  for  the  (hore,  &c. 

Engagement.     Action or  fight. 
Ensign.     The  flag  worn  at  the  ftern  of  a  (hip. 
Entering-Port.     A  large  port  in  the  fide  of  three  deckers  leading  into  the  middle  deck, 

to  fave  the  trouble  of  going  up  the  (hip's  fide  to  get  on  board. 
Evsn  keel.      When  the  keel  is  parallel   with  the  horizon,  a  (hip  is  faid  to  be  upon  an 

-  even  keel. 

Tair.    A  general  term   for  the  difpofition  of  the  wind  when  favorable  to  a  (hip's  courfe. 
Fair -way.     The   channel  of  a  narrow  bay,  river,  or  haven,  in  which  (hips  ufually  advance 

in  their  paffage  up  and  down. 
Facjc,  or  Fake.     One  circle  of  any  rope  or  cable  quoiled. 
To    falx   a-eoard  of.     To  ftrike  or  encounter  another  (hip  when  one  or   both  are  in 

motion.      To  fall  a-ftern. — The  motion  of  a  (hip  with  her  ftern  foremoft.     To  fall  calm. 
— To  become  in  a  ftate  of  reft  by  a  total  ceffation  of  the  wind.     To  fall  down. — To  fail 
or  be  towed  down  a  river  nearer  towards  its  mouth. 

Falling  off  denotes  the  motion  of  the*(bi»'s  lwtd  from  the  direction  of  the  wind.    It  is 

ufed  in  oppofition  to  cem'wg  t«t 
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Fall  not  Oft,  or  nothing  Off.  The  command  of  the  fteerfmin  to  keep  the  fhia 
near  the  wind. 

Fathom.     A  meafure  of  fix  feet. 
To  fetch  away.  To  be  fhaken  or  agitated  from  one  fide  to  another  fo  as  to  loofen  any 

thing  which  before  was  fixed. 
Fm.  A  fquare  bar  of  wood  or  iron,  with  fhoulders  at  one  end  ;  it  is  ufed  to  fupport  the 

weight  of  the  top-maft,  when  erected  at  the  head  of  a  lbwer-maft. 
Tid/oi-  Splicing.  A  large  piece  of  wood  of  a  conical  figure,  ufed  to  extend  the  flrands 

and  layers  of  cables  in  fplicing. 
To  fill.  To  brace  the  fails  fo  as  to  receive  the  wind  in  them,  and  advance  the  fhip  in  her 

courfe,  after  they  had  been  either  fhivering  or  braced  a-back. 
Fish.  A  large  piece  of  wood.  Fifh  the  maft,  apply  a  large  piece  of  wood  to  it  to  ftrength- 

en  it. 

Fish-hook,  A  large  hook  by  which  the  anchor  is  received  from  under  the  hawfer,  and 

brought  to  the  cat-head  ;  and  the  tackle  which  is  ufed  for  this  purpofe  is  called  the  filh- 
tackle. 

To  fish  the  anchor.  To  draw  up  the  flukes  of  the  anchor  towards  the  top  of  the 
bow,  in  order  to  (low  it,  after  having  been  catted. 

Flag.     A  general  name  for  colors  worn  and  ufed  by  {hips  of  war. 
Flat-Aft.  The  fituation  of  the  fails  when  their  furfaces  are  preffed  aft  againft  the  maft  by 

the  force  of  the  wind. 
To  Flat  in.  To  draw  in  the  aftermoft  lower  corner  or  clue  of  a  fail  towards  the  middle 

of  the  fhip,  to  give  the  fail  a  greater  power  to  turn  the  veffel.  To  flat  in  forward. — To 
draw  in  the  fore-fheet,  jib-meet,  and  fore-ftayfail-fheet,  towards  the  middle  of  the  fhip. 

Flaw.       A  fudden  breeze  or  guft  of  wind. 
Floating.     The  flate  of  being  buoyed  up  by  the  water  from  the  ground. 
Flood-tide.     The  flate  of  a  tide  when  it  flows  or  rifes. 

Flowing  sheets.  The  pofition  of  the  fheets  of  the  principal  fails  when  they  are  loofened 
to  the  wind,  fo  as  to  receive  it  into  their  cavities  more  nearly  perpendicular  than  when  clofe- 
hauled,  but  move  obliquely  than  when  the  fhip  fails  before  the  wind.  A  fhip  going  twoof 

three  points  large  has  jio-zving  Jbeets. 
Fore.  That  part  of  a  fhip's  frame  and  machinery  that  lies  near  the  ftenv  Fore  and  Aft« 

Throughout  the  whole  fhip's  length.      Lengthways  of  the  fhip. 
Fore-reach.      To  (hoot  a-head,  or  go  pafl  another  veffel. 

To"  Forge  over.     To  force  a  fhip  violently  over  a  fhoal  by  a  great  quantity  of  fail. 
Forward.     Towards  the  forepart  of  a  fhip. 
]Foul.  Is  ufed  in  oppofition  both  to  clear  and  fair.  As  oppofed  to  clear,  we  fay  foul  wea- 

ther, foul  bottom,  foul  ground,   foul  anchor,  foul  hawfe.     As  oppofed  to  fair,  we  fay  foul 
.    wind. 

To  Founder.     To  fink  at  fea  by  filling  with  water. 

To  Free.  Pumping  is  faid  to  free  the  fhip  when  it  difcharges  more  water  than  leaks  in- to her. 

To  Freshen.     When  a  gale  increafes  it  is  faid  to  frefhen.       To  Frefhen  the  Hawfe. — Veer-, 
ingout  or  heaving  in  a  little  cable  to  let  another  part  of  it  endure  the  ftrefs  of  the  hawfe- 
holes.     It  is  alfo  applied  to  the  act  of  renewing  the  fervice  round  the  cable  at  the  hawfe-. holes. 

Freshen  the  Ballast.     Divide  or  feparate  it, 
Fresh  way.     When  a  fhip  increafes  her  velocity  fhe  is  faid  to  get  frefh  way. 
Full.     The  fituation  of  the  fails,  when  they  are  kept  diftended  by  the  wind. 
Full-and-by.     The  fituation  of  a  fhip,  with  regard  to  the  wind,  when  clofe-hawled  ;  and. 

failing,  fo  as  to  fleer  neither  too  nigh  the  direction  nor  to  deviate  to  leeward. 

To  Furl.     To  wrap  or  roll  a  fail  clofe  up  to  the  yard  or  flay  to  which  it  belongs,  and  wind- 
ing a  cord  round  it,  to  keep  it  faft. 

Gage  of  the  ship.     Her  depth  of  water,  or  what  water  fhe  draws. 
To  Gain  the  wind.     To  arrive  on  the  weather-fide,  or  to  windward  of,  fome  fhip  or  fleet 

In  fight,  when  both  are  failing  as  near  the  wind  as  poffible. 
Gammon  the  bowsprit.     Secure  it  by  turns  of  a  flrong  rope  pallid  round  it,  and  into  the 

car-water,  to  prevent  it  from  having  too  much  motion. 
Gasket.      The  rope  which  is  palled  round  the  fail  tq  bind  it  to  the  yard  when  it  is  furled. 
To  Gather.     A  fhip  is  faid  to  gather  on  another  as  fhe  comes  nearer  to  her. 
Gimeleting.      The  action  of  turning  the  anchor  round  by  the  flock,   fo  that  the  motion 

of  the  flock  appears  fimilar  to  that  of  the  handle  of  a  gimblet,  when  employed  to  turn  the wire. 

Girt.     The  fhip  is  girt  with  her  cables  when  fhe  is  too  tight  moored. 
To  Give  chase  to.     To  purfaea  fhip  or  fleet. 

Go'os  e-Wings  of  a  sail.  The  clues  or  lower  corners  of  a  fhip's  mainfail  or  forefail,  v;hefA the  middle  part  is  f  Jrl-d  or,  tied  up  to  the  yard. 
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Graff  ling-iron .     A  thing  in  the  nature  of  an  anchor,  with  four  or  fix  flukes  to  it. 
Greave.     To   burn  off  the  filth  from  her  bottom. 

Gripe  of  a  pip.  That  thin  part  of  her  which  is  under  the  counter  ;  and  to  which  the 
ftern-poft  joins.     The  fhip  gripes,  that  is,  turns  her  head  too  much  to  the  wind. 

Grounding.  The  laying  a  {hip  a-!hore,  in  order  to  repair  her.  It  is  alfo  applied  to  run- 
ning a-ground  accidentally. 

Ground -tackle.  Every  thing  belonging  to  a  fhip's  anchors,  and  which  are  neceffary  for 
anchoring  or  mooring  ;  fuch  as  cables,  hawfers,  tow-lines,  warps,  buoy-ropes,  &c. 

Ground-tier,  That  is,  the  tier  of  water-calks  which  is  lowed;  in  the  hold,  and  is  among 
the  fhingle  ballaft. 

Growing.  Stretching  out ;  applied  to  the  direction  of  the  cable  from  the  fhip  towards  the 
anchors :  as,  the  cable  Grows  on  the  ftarboard  bow. 

Grummet.  A  piece  of  rope  laid  into  a  circular  form,  and  ufed  for  large  boat;s  oars  inflead 
of  rowlocks,  and  alfo  for  many  other  purpofes. 

Gunnel.     The  large  timber  that  runs  along  upon  the  upper  part  of  a  fhip's  fide. 
Gun-room.  A  divifion  of  the  lower  deck  abafc,  inclofed  with  net-work,  for  the  ufe  of  the 

gunner  and  junior-lieutenant,  and  in  which  their  cabbins  ftand. 
Gybing.       The  aft  of  fhifting  any   boom-fail  from  one  fide  of  the  maft  to  the  other. 
Hail.     To  call  to  another  fhip. 

Halyards.  The  ropes  by  which  the  fails  are  hoifted,  as  the  top-fail  halyards,  the  jibb  hal- 
yards, Sec. 

.Hard -a -weather.     Pat  the  tiller  quite  up  to  windward. 
Haul.     Pull. 

To  Haul  the  wind.  To  direct  the  fhip's  courfe  nearer  to  the  point  from  which  the  wind blows. 

Ha^'-fe -holes.  The  holes  in  the  bows  of  the  fhip  through  which  the  cables  pafs.  Frefhen 
hawfe,  veer  out  more  cable.  Clap  a  fervice  in  the  hawfe,  put  fomewhat  round  the  cable  at 
the  hawfe-hole  to  prevent  its  chafing.  To  clear  hawfe,  is  to  untwift  the  cables  where  a 
fhip  is  moored,  and  has  got  a  foul  hawfe.  Athwart  hawfe  is  to  be  acrofs  or  before  another 

fhip':-  head. 
Hawjcr.      A   fmall  kind  of  cable. 

Head-fajl.  A  rope  employed  to  confine  the  head  of  a  fhip  to  a  wharf  or  to  fome  other  fh'p. 
Headmoft.  The  fituation  of  any  fhip  or  mips  which  are  the  molt  advanced  in  a  fleet.  Head- 
fails.      All  the  fails  which  belong  to  the  fore-maft  and  bowfprit. 

Head-fea.  When  the  waves  meet  the  head  of  a  fhip  in  her  courfe,  they  are  called  a  head- 
fea.     It  is  likewife  applied  to  a  (ingle  wave  coming  in  that  direction. 

Head-to-wind.  The  fituation  of  a  fhip  when  her  head  is  turned  to  the  point  from  which 
the  wind  blows,  as  it  mufl  when  tacking. 

Jlead-way.     The  motion  of  advancing,  ufed  in  pppofition  to  ftern-way. 
To  Heave.  To  turn  about  a  capftan,  or  other  machine  of  the  like  kind,  by  means  of  bars, 

handfpecs,  &c.  To  Heave  a-head.  To  advance  the  fhip  by  heaving-in  the  cable  or  other 
rope  fattened  to  an  anchor  at  fome  diftance  before  her.  To  Heave  a-peek.  To  heave-in 
the  cable,  till  the  anchor  is  a-peek.  To  Heave  a-ftern.  To  move  a  fhip  backwards  by, 

an  operation  fimilar  to  that  of  heaving  a-head.  To  Heave  down.  To  careen.  "i  o  Heave 
in  the  cable.  To  draw  the  cable  into  the  fhip,  by  turning  the  capflan.  To  Heave  in 

ftays.  To  bring  a  fhip's  head  to  the  wind,  by  a  management  of  the  fails  and  rudder,  in 
order  to  get  on  the  othrr  tack.  To  Heave  out.  To  unfurl  or  loofe  a  fail ;  more  particu- 

larly applied  to  the  ftayfails:  thus  we  fay,  loofe  the  topfails  and  heave  out  the  ftayfails. 
To  Heave  fhort.  To  draw  fo  much  of  the  cable  into  the  fhip,  as  that  fhe  will  be  slmofl 
perpendicularly  over  her  anchor.  To  Heave  tight  or  taut.  To  turn  the  capftan  round, 
tilT  the  rcpe  or  cable  becomes  ftraightened.  To  Heave  the  capftan.  To  turn  it  round. 
To  Heave  the  lead.  To  throw  the  lead  overboard,  in  order  to  find  the  depth  of  water.  To 

Heave  the  log.  To  throw  the  log  overboard,  in  order  to  calculate  the  velocity  of  the  fhip's 
way.  Heave  the  capftan.  That  is,  turn  it  round  with  the  bars.  Heave  handforr.ely. 
Heave  gently  or  leifurely.  Heave  hearty.  Heave  ftrong  and  quick. 

JJead  of  the  Jea,     is   the  power   that  .the   fwell  of  the  fea  has  upon  a  fhip  in  driving  her  out, 

or  farter  on,  in  her  courfe,  anJ  for  which  allowance  is  made  in  the  day's  woik. 
Heel,  or  incline.       She    heels   to  port,    that   is,   inclines    or   lays    down  upon  her  larboaid  or 

left  fide. 

Helm.      The  inftrument    by   which  the  fhip  is  fteercd,  and   includes  both    the  wheel  and    the 

tiller,  as  one  general  term.      Helm's-a-lee.     That  is,  the  tilier  is  quite  down  to  leeward. 
Ipigh  and  dry.       The   fituation  of  a  fhip  when  fo  far  run  a-ground  as  to  be  feen  dry  upon 

the  ftrand. 
Hitcb.     To  make  faft. 

Hoiji.     To  hawl,  fway,  or  lift  up. 
Hold,     is  the  fpace  between  the  lower  deck  and  the  bottom  of  a  fhip,  ?.nd  where  her  f.cres, 

fea.  lie5     To  flow  the  hold,  is  to  place  the  things  in  it; 
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To  hold  m  c-wn,  5s  applied  to  the  relative  fituation  of  two  fhips  when  neither  ad«fic« 
upon  the  other  3  each  is  then  faid  to  hold  its  own.  It  is  likewife  faid  of  a  fhip  which,  by 
means  of  contrary  winds,  cannot  make  a  progrefs  towards  her  deitined  port,  but  which  how- 

ever keeps  nearly  the  diflance  (he  had  already  run. 
Home,  implies  the  proper  fituation  of  any  object  ;  as,  to  haul  home  the  topfail  fheets  13  to  ex- 

tend the  bottom  of  the  topfail  to  the  lower  yard,  by  means  of  the  fheets.  In  (lowing  a  hold, 
a  calk,  &c.  is  faid  to  be  home,  when  it  lies  clofe  to  fome  other  object. 

Hulk.  A  fhip  without  mafts  or  rigging;  alfo  a  veflel  to  remove  mafts  into  or  out  of  (hips 
by  means  of  fheers,  from  whence  they  are  called  fheer  hulks. 

Hull  of  the  fhip.  The  body  of  it.  To  lay  a  hull,  is  to  lay  to,  with  only  a  fmall  fail  in  a  gale 
of  wind.  To  hull  a  veflel,  is  to  fire  a  fhot  into  any  part  of  her  hull.  Hull-down,  is  when 
a  fhip  is  fo  far  off,  that  you  can  only  fee  her  mafts.  To  hull  a  fhip — to  fire  cannon-balls 
into  her  hull- within  the  point-blank  range.  Hull-to — the  fituat'on  of  a  fhip  when  fhe  lie* 
with  all  her  fails  furled  ;  as  in  trying. 

jn  Stays.     See  to  bsa-ve  in  flays. 
jfeer-blocks.     The  blocks  through  which  jeers  are  reeved. 

'Jeers.     The  ropes  by  which  the  lower  yards  are  fufpended. 

J'ibb.  The  foremaft  fail  of  a  fhip,  fet  upon  a  boom  which  runs  out  from  the  bowfprit.  J'tbb- bcom.     A  fpar  that  runs  out  upon  the  bowfprit. 

yolly-boat.     A  fmall  boat. 
yank.     Old  cable,  or  old  rope; 

Keel-haul.     To  drag  a  perfon  backwards  and  forwards  under  a  fhip's  keel  for  certain  offences, 
Keckled.  Any  part  of  a  cable,  covered  over  with  old  ropes,  to  prevent  its  furface  from 

rubbing  againfltHe  fhip's  bow  or  fore  foot. 
To  Keep  Ataay.  To  alter  the  fhip's  courfe  to  one  rather  more  large,  for  a  little  time,  to  avoid 

fome  fhip,  danger,  &c.  Keep  aivay  is  likewife  faid  to  the  fleerfman,  who  is  apt  to  go  to 

windward  of  the  fhip's  courfe.  To  Keep  Full — to  keep  the  fails  diflended  by  the  wind,  T» 
Keep  Hold  of  the  land — to  fleer  near  to  or  in  light  of  the  land.  To  Keep  Off— to  fail  off  er 
Iteep  at  a  diflance  from  the  fhore.  To  Keep  the  land  aboard — the  fame  as  to  keep  told  of  the 
land.  To  keep  the  luff — to  continue  clofe  to  the  wind.  To  keep  the.  ivlnd — the  fame  as  fa 
leep  the  luff. 

tCmppers.  A  large  kind  of  plated  rope,  which  being  twilled  round  the  meffenger  and  cable 
in  weighing,  bind  them  together. 

Knot.  A  di  vifion  of  the  log-line,  anfwering,  in  the  calculation  of  the  (hip's  velocity,  to  one  mile. 
To  Labour.     To  roll  or  pitch  heavilv  in  a  turbulent  fea. 
Laden  in  Bulk.     Freighted  with  a  cargo  not  packed,  but  lying  loofe,  as  corn,  fait,  &c. 
Laid-Up.      The  fituation  of  a  fnip  when  moored  in  a   harbour,  for  want  of  employ. 
Land-Fall.  The  firft  land  difcovered  after  a  fea-voyage.  Thus  a  good  landfall  implies  the 

land  expected  or  defired  ;  a  bad  land-fall  the  reverfe. 
Laad-Locked.  The  fituafion  of  a  fhip  funoumded  with  land,  fo  as  to  exclude  the  profpect  of 

the  fea,  unlefs  over  forr.e  intervening  land. 
Lanyards  of  the  fhrouds,  are  the  fmall  ropes  at  the  ends  of  them,  by  which  they  are  hove  taut, 

or  tight. 

Larboard.  The  left  fide  of  a  fhip,  looking  towards  the  head.  Larboard.  Tack— the  fituation 
of  a  fhip  when  failing  with  the  wind  blowing  upon  her  larboard  fide. 

Lafh.     To  bind. 
La-nch-hoy  fignifies  high  enough,  or  lower. 
Laying  the  Land.  A  fhip  which  increafes  her  diflance  from  the  coafl,  fo  as  to  make  it  appear 

low^r  and  fmaller,  is  faid  to  lay  the  land. 

Leading-Wind.     A  fair  wind  for  a  fhip's  ccurfe. 
Leak.  A  chink  or  breach  in  the  fides  or  bottom  of  a  fhip,  through  which  the  water  enters  into 

the  hull. 

Lee.  That  part  of  the  hemifphere  to  which  the  wind  is  directed,  to  diflinguifh  it  from  the 
other  pare  which  is  called  to  winHvard.  Lee-Gage — a  fhip  or  fleet  to  leeward  of  another  is 
faid  to  have  the  lee-gage.  Lee-Lurches — the  fudden  and  violent  rolls  which  a  fhip  often 
takes  to  leeward,  in  a  high  fea  ;  particularly  when  a  large  wave  flrikes  her  on  the  weather 

fide.  Lee-Quarter — that  quarter  of  a  fhip  which  is  on  the  lee-Ade.  Lee-Shore — that  fhore 
■upon  which  the  wind  blows.  Lec-Jide — that  half  of  a  fhip  lengthwife,  which  lies  between  a 
line  drawn  through  the  middle  of  her  length  and  the  fide  which  is  farthefl  from  the  point 
of  wind.  ToLee%vard — towards  that  parr  of  the  hoi  izon  to  which  the  wind  blows.  Leeward 
Ship — a  fhip  that  falls  much  to  leeward  of  her  courfe,  when  failing  clofe-hauled.  Lteivard 
Tide — a  tide  that  fets  to  leeward.  Lee-tvay — the  lateral  movement  of  a  fhip  to  leeward  of 
her  courfe  ;  or  the  angle  which  the  line  of  her  way  makes  with  a  line  in  the  direction  of  her 
keel.  To  lie  ahng — to  be  prefTed  down  fideways  by  a  weight  of  fail  in  a  frefh  wind. 

To  Lie-to.  To  retard  a  fhip  in  her  courfe,  by  arranging  the  fails  in  fuch  a  manner  as  to  coun- 
teract each  other  with  nearly  an  equal  effort,  and  render  the  fhip  airr  oft  immovable,  with 

rtfpect  to  her  pro^reffive  motion  or  headway. 
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Lifts.    The  ropes  which  come  to  the  ends  of  the  yards  from  the  maft-heads,  and  by  which  thj 

yards  are  tofi'ed  up  and  down. 
Li/l.     Incline.     The  (hip  has  a  lift  to  port,  that  is,  (lie  heels  to  the  larboard. 

Log,  and  Log-line,   by  which  the  (hip's  path  is  meafured,  and  her  rate    of    going  afcertained. 
Log  board,  on  which  is  marked  the  tranfactions  of  the  (hip,  and  from  thence  it  is  copied  into 
the  log-book  every  twenty-four  hours. 

A  Long  Sea.     An  uniform  motion  of  long  waves. 
JLook-Out.     A  watchful  attention  to  fome  important  object  or  event  that  is  expected  to  arife. 

Thus  perfons  on-boardof  a  fliip  are  occasionally  ftationed  to  lookout  for  fignals,  other  (hips, 
for  land,  &c. 

To  Loofe.     To  unfurl  or  caft  loofe  any  fail. 
To  Lower.      To  eafe  down  gradually. 

Luff !     The  order  to  the  fteerfman  to  put  the  helm  towards  the  lee-f«le  of  the  fliip,  in  order 
to  fail  nearer  to  the  wind. 

To  make  a  board.     To  run  a  certain  diftance  upon  one  tack,  in  beating  to  windward.     To  make 

foul  water—to  muddy  the  water,  by  running  in  (hallow  places,  io   Chat  the  (hip's  keel  dif- 
"turbs  the  mud  at  bottom.      To  make  fail — to  increafe  the  quantity  of  fail  already  fet,  either  by 
unreefing  or  by  fetting  others.    To  make  fternivay — to  retreat  or  move  with  the  ftern  foremoft. 
To  make  the  land — to  difcover  it  from  afar.     To  make  water — to  leak. 

To  man  tie  yard.  Sec.     To  place  men  on  the  yard,  in  the   tops,  down  the  ladder,  &c.  to  exe- 
cute any  neceflary  duties. 

Mali.     The  upright  timber  or  trees  on  which  the  yards  and  fails  are  fet. 
Majled.     Having  all  her  malls  complete. 
Mend  tbefervice.     Put  on  more  fervice. 
Mejjengtr.     A  fmall  kind  of  cable,  whieh  being  brought  to  the  capftan,  and  the  cable  by 

which  the  (hip  rides  made  faft  to  it,  it  purchafes  the  anchor. 
To  middle  a  rope.     To  double  it  into  two  equal  parts. 
Midjbips.     See  Amidpips. 
To  mifsjlays.     A  (hip  is  faid  to  mijsjlays,  when  her  head  will  not  fly  up  into  the  direction  q8 

the  wind,  in  order  to  get  her  on  the  other  tack. 
Mizen-Maji.     The  raaft  which  (lands  abaft,  and  from  which  its  rigging  and  fails  are  named  J 

as  of  the  fails,  mizen,  mizen-top-fail,  &c.  and  fo  alfo  are  the  other  fails,  &c.  named  from 
the  other  mails. 

Moor,  is  to  fecure  a  (hip  with  two  anchors.     Mooring — fecuring  a  fliip  in  a  particular  (lation  by 
chains  or  cables,  which  are  either  faftened  to  an  adjacent  (hore  or  to  anchors  at  the  bottom. 

Mooring  jer  vice — when  a  (hip  is  moored,  and  rides  atone  cable's  length,  the  mooring  fervic®. 
is  that  which  is  at  the  firft  fplice. 

Moufe.     A  kind  of  ball  or  knob,  wrought  upon  the  collar  of  the  flays. 
Mufier.     To  affemble. 
Narrows.     A  fmall  paflage  between  two  lands. 
Neap-tides.     The  tides  in  the  firft  and  laft  quarter  of  the  moon,    and  are  not  either  fo  high,  f* 

low,  or  fo  rapid  as  fpring  tides.    A  (hip  is  faid  to  be  beneaped,  when  the  has  not  water  enough 
to  take  her  off  the  ground,  or  over  the  bar,  Sect 

Near  or  no  near.     An  order  to  the  fteerfman  not  to  keep  the  (hip  fo  clofe  to  the  wind. 

Nothing-off.     A  term  ufed  by  the  man  at  the  cun  to  the  fteeifman,  directing  him  not  to  g» 
from  the  wind. 

Nun-buoy.     The  kind  of  buoys  ufed  by  (hips  of  war. 
Oakum.     Old  rope  untwifted  and  pulled  open. 
Off-and-on.     When  a  (hip  is  beating  to  windward,  fo  that  by  one  board  (he  approaches  towards 

the  (hore,  and  by  the  other  (lands  out  to  fea,  (he  is  faid  to  (land  off-and-on  (hore. 
Offing.     To  feaward  from  the  land.     A  (hip  is  in  the  offing,  that  is,  (he  is  to  feaward,  at  a  dif- 

tance from  the  land.     She  (lands  for  the  offing,  that  is,  towards  the  fea. 
Offward,     From  the  (hore  ;  as  when  a  (hip  lies  aground  and  leans  towards  the  fea,  fne  is  faid  t» 

heel  'ffward. 
Onboard.     Within  the  fliip  ;  as,  heiscome  on  board. 
On  the  beam.     Any  diftance  from  the  (hip  on  a  line  with  the  beams,  cr  at  right  angles  with  the 

keel.      See  bearing* 
On  the  bow.     An  arch  of  the  horizon,  comprehending  about  four  points  of  the  compafs  on  eacht 

fide  of  that  point  to  which  the  (hip's  head  is  directed.  Thus,  they  fay,  the  ihip  in  fight  bears 
three  points  on  the  (larboard  bow  ;  that  is  three  points,towards  the  right-hand, from  that  part 
of  the  horizon  which  is  right  a-head.      See  Bearing. 

On  the  quarter.     An  arch  of  the  horizon,  comprehending  about  four  points  of  the  compafs  ou 

each  fide  of  that  point  to  which  the  (hip's  ftern  is  direcled.     See  on  the  bow. 
Open.     The  fituation  of  a  place  expofed  to  the  wind  and  fea.     Jt  is  alfo  expreilsd  of  any  diitant 

object  to  which  the  fight  or  paflage  is  not  interecptei,. 
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Open  Bat'ofe.     When  the  cables  of  a  (hip  at  her  moorings  lead  ftraight  to  their  refpe&ive  arW chors,  without  croiTing,   (he  is  (aid  to  ride  with  an  open  baiofe. 
Orlop.     The  deck  on  which  the  cables  are  (lowed. 

Over-boards     Out  of  the  (hip  ;  as,  he  fell  over- board,  meaning,    he  fell  out  of,  or  from  thft fhip. 

Over-grown  Sea  is  exprefled  of  the  ocean  when  the  furges  and  billows  rife  extremely  high. 
Over-haul.     To  clear  away  and  difentangle  any  rope  ;  alfo  to  come  up  with  the   chafe  ;  as, 

we  over-haul  her,  that  is,  we  gain  ground  of  her. 

Over-Rake.     When  a  (hip  at  anchor  is  expofed  to  a  head-fea,  the  waves  of  which  break,  in  upo."l 
her.  the  waves  are  faid  to  over-rake  her. 

0  ver-fet.     A  (hip  is  over-Jet,  when  her  keel  turns  upwards. 
Out-of-trim.   ,  The  itate  of  a  fhip,  when  (he  is  not  properly  balanced  for  the  purpofes  of  navi- 

gation. 
Parcel  a  rope.     Is  to  put  a  quantity  of  old  canvafs  round  it  before  the  fervice  is  put  on.     Parcel 

afeam.      Is  to  lay  a  narrow  piece  of  canvafs  over  it  after  it  is  caulked,  before  it  is  payed, 
Parliament-heel.     The  fituation  of  a  (hip  when  (he  is  made  to  (loop  a  little  to  one  fide,    foas  to 

clean  the  upper  part  of  her  bottom  on  the  other  fide.     See  Boot-topping. 
Parting.      Being  driven  from  the  anchors,  by  the  breaking  of  the  cable. 

To  Paw?  the  capfiart.       To  fix  the  pawls,  fo  as  to  prevent  the  capflern  from  recoiling,  during1 
any  paufe  of  heaving. 

To  pay.     To  daub  or  cover  the  furface  of  any  body,  with  pitch,  tar,  Sec.  in  order  to  prevent  it 
from  the  injuries  of  the  weather. 

i  To  pay  away  or  payout.     To  (lacken  a  cable  or  other  rope,   foas  to  let  it  run  out  for  fome  par- 
ticular purpofe. 

To  Pay  off.     To  move  a  (hip's  head  to  leeward. 
To  peek  the  Misseh.     To  put  up  the  mizen  yard  perpendicular  by  the  rriaft. 
Peck.     To  ride  a  (lay-peck,  is  when  the  cable  and  the  fore-day  form  a  line.     To  ride  a  (horfc 

peck,  is  when  the  cable  is  fo  much  in  as  to  deftroy  the  line  formed   by  the  (lay-peck.     To 
ride  with  the  yards  a  peck,  is  to  have  them  topped  up  by  contrary  lifts,    fo  as  to  reprefent 
St.  Andrew's  crofs. 

Pendant.     The  long  narrow  flag  worn  a,t  the  mail  head  by  all  (hips  of  the  navy.       Brace  pen- 
nants are  thofe  ropes  which  fecure  the  brace-blocks  to  the  yard  arms,  and  are  always  double, 

in  cafe  of  one  being  (hot  away,  the  other  may  fecure  the  yards  in  its,  proper  pofition. 
Pitching.     The  movement  of  a  (hip,  by  which  (he  plunges  her  head  and  after-part  alternately 

into  the  hollow  of  the  fea. 

Point-Blank.      The  direction  of  a  gun  when  levelled  horizontally. 
Points.      A  nurpber  of  plated  ropes  made  fad  to  the  fails  for  the  purpofe  of  reefing. 
Pooping.     The  (hock  of  a  high  and  heavy  fea  upon  the  flern  or  quarter    of  a  fhip,    when  (he 

feuds  before  the  '"in d  in  a  temped. 
Part.      A  name  given  on  fome  occafions  to  the  larboard  fide  of  the  fhip  ;    as,    the  (hip  heels  Ca 

port,  top  the  yards  to  port,  &c.      Alfo  a  harbour  or  haven. 

Ports.     The  holes  in  the  (hip's  fides  from  which  the  guns  are  fired. 
Port  the  helm  I  The  order  to  put  the  helm  over  to  the  larboard  fide. 
Port -lall.      The  gunnel. 
Pnfi  of  Sail.      All  the  fail  a  fhip  can  fet  or  carry. 

Pudding  and  dolphin.     A  large  and  lefl'er  pad  made  of  ropes,   and  put  round  the  rriafts   under 
•    the  lower  yards. 
Purcbafe.     Any   fort  of  mechanical  power  employed  in  railing  or  removing  heavy  bodies. 
Quarters.      The  refpeiflive  ftations  of  the  officers  and  people  in  time  of  acTrion.      Quartering,- 

diftributing  the  men  into  different  places.     Quaiter-bill,   the  lift  of  the   drip's    company^, with  their  ftations  for  a&ion  noticed, 

Quarter-wind,  is  when  the  wind  blows  in  abaft  thejnain  fhrouds. 
£>uoil,  is  a  rope  or  cable  laid  up  round,  one  fake  over  another. 

To  Raife.     To  elevate  vny  dift-ant  object  at  fea  by  approaching  it  ;    thus,  to  raije  the  land'is 
ufed  in  opppfition  to  lay  the  land. 

To  Rake.     To  cannonade  a  fhip  at  the  ftern  or  head,  fo  that  the  balls  fcouv  the  whole  length' of  the  decks. 

Range  of  Cable.     A  fufficient  length  of  cable  drawn  upon  deck  before  the  anchor  is  cad  loofe, 
to  admit  of  its  finking  to  the  bottom  without  any  check. 

Ratlines.     The  fmall  ropes  fattened  to  the  (hrouds,  by  which  the  men  go  aloft. 
Reach.     The  drftance  between  any  two  points  on  the  banks  of  a  river,  wherein  the  current 

flows  in  an  uninterrupted  Gourfe. 
Ready  about !   A  command  of  the  boatfwain  to  the  crew,  and  implies  that  all  the  hands  are  to 

be  attentive  and  at  their  ftatnns  for  tacking. 

Rear.     ThelaT:  aivifbn  of  afquadron,  or  the  la(l  fquadron  of  a  fleet.     It  is  applied  likewi'fe 
tq  the  laft  (hip  of  a  line,  fquadron,  or  divifion. 
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tlitf.     Part  of  a  fail  from  one  row  of  eyelet-holes  to  another.     It  Is  applied  likewlfc  to  a  chalri 
of  rocks  lying  near  the  furface  of  the  water. 

Reefing.     The  operation  of  reducing  a  fail  by  taking  in  one  or  more  of  the  reefs. 
To  Reeve.     To  pafs  the  end  of  a  rope  through  any  hole,  as  the  channel  of  a  block,  the  cavity 

of  a  thimble,  &c. 

Rendering.     The  giving  way  or  yielding  to  the  efforts  of  fome  mechanical  power.     It  is  ufed 
in  oppofition  to  jambmg  or  (licking. 

Ride  at  anchor,  is  when  a  fnip  is  held  by  her  anchors/and  is  not  driven  by  wind  or  tide.      Td 

ride  athwart,  is  to  ride  with  the  (hip's  fide  to  the  tide.      To  ride  hatxife  fallen,  is  when  the 
water  breaks  into  the  hawfe  in  a  rough  (ea. 

Righting.     Reftoxing  a  thip  to  an  upright  pofition,  either  after  (he  has  been  laid  on  a  careen,  or 
after  (he  has  been  prefied  down  on  her  fide  by  the  wind. 

To  Right  the  helm,  is  to  bring  it  into  midfiiips,  after  it  has  been  puttied  either  to  (larboard  or 
larboard. 

Rigging  out  a  boom.     The  running  out  a  pole  at  the  end  of  a  yard  to  extend  the  foot  of  a  fail. 
To  Rig  the  catfiern.      To  fix  the  bars  in  their  refpe&ive  holes. 
Road.     A  plate  near  the  land  where  (hips  may  anchor,  but  which  is  riot  (heltered. 
Rolling.     The  motion  by  which  a  (hip  rocks  from  fide  to  fide  like  a  cradle. 

Rough-Tree.     A  name  applied  to  any  malt,  yard,  or  boom,  placed  in  merchant's  (hips,  as  a 
rail  or  fence  above  the  vefiePs  fide,  from  the  quarter-deck  to  the  fore-caftle. 

Roundir.g-in.     The  pulling  upon  any  rope  which  paffiis  through  one  or  more  blocks  in  a  direc- 
tion neaily  horizontal  ;  as,  round-in  the  weather-braces. 

Rounding.     Old  ropes  fattened  on  the  cable  near  the  anchor  to  keep  it  from  chafing. 
Round-turn.     The  Situation  of  the  two  cables  of  a  (hip  when  moored,  after  they  have  been  fev- 

eral  times  crofied  by  the  fwinging  of  the  Ship. 

Rounding-up .     Similar  to  rounding-in,  except  that  it  is  applied  to  ropes  and  blocks  which  a<S 
in  a  perpendicular  direction. 

To  Roiv,     To  move  a  boat  with  oars. 

Roivfirg.     Pulling  up  a  cable  or  rope  without  the  afiirtance  of  tackles. 
Rudder.     The  machine  by  which  the  (hip  is  (leered. 

Rullock.      The  nitch  in  a  boat's  fide,  in  which  the  oars  are  ufed. 
To  Run  cut  a  warp.     To  'carry  the  end  of  a  rope  out  from  a  (hip  in  a  boat;,  ana  fattening  it  to 

force  diftant  object,  fo  that  by  it  the  (hip  may  be  removed  by  pulling  on  it. 

To  Sag  to  lee<ward.     To  make  considerable  lee-way. 
Failing-trim  is  exprefied  of  a  (hip  when  in  the  bed  flate  for  failing. 

Shefands,  or  fends.     When  the  (hip's  head  or  (lern  falls  deep  in  the  trough  of  the  fea: 
Scanting.     The  variation  of  the  wind,  by  which  it  becomes  unfavourable  to  a  (hip's  making 

great  progrefs,  as  it  deviates  from  being  large,  and  obliges  the  ve(TeI  to  fteer  clofe-hauled  of 
nearly  fo. 

Scudd.     To  go  right  before  the  wind  ;  and  going  in  this  direction  without  any  fail  fet  is  called 

fpooning. 
Scuttling.     Cutting  large  holes  through  the  bottom  or  fides  of  a  (hip,  either  to  fink  her  or  tri 

unlade  her  expeditiously  when  firanded. 

Sea.     A  large  wave  is  fo  called.      Thus,  they  fay  a  heavy  fea.     It  implies  likewife  the  agita- 

tion of'the  ocean,  as,  zgreat  fea.     It  exprefi'es  the  direction  of  the  wavesj  as,  a  head  fea.     A 
long  fea  means  a  uniform  and  fteady  motion  of  long  and  extenfive  waves  5  zjhortfea,  on  the 
contrary,  is  when  they  run  irregularly,  broken,  and  interrupted. 

Sea-hoat.     A  vefiel  that  bears  the  fea  firmly,  without  fi ..  ining  her  marts,  &c. 
Sea-clothes.      Jackets,  tro'vfers,  &c. 
Sea-mark,     A  point  or  object  on  (bore  confpicuoufiy  feen  at  fea. 

Sea-r-.om.     A  fufficient  diftance  from  the  coalt  or  any  dangerous  rocks,  &c.  fo  that  a  (hip  may 
perform  all  nautical  operations  without  danger  of  (hipwre..k. 

Seaze.     To  bind  or  make  fart', 
Serme.     T.o  wind  Something  about  a  rope  to  prevent  it  from  chafing  or  fretting:      The  feTVfiee 

is  the  thing  fo  wound  about  the  rope. 

Setting.     The  act  of  obferving  che  fituation  of  any  distant  ohjecT:  by  the  compafs. 
To  Set  fit.      To  unfurl  and  expand  the  fails  to  the  wind,  in  order  to  give  motion  to  the  (hip. 
To  Set  up.     To  increafe  the  tendon  of  the  Shrouds,  back-rtays,  &c.  by  tackles,  lanyards,  ic. 
Settle.     To  lower  $   a?,, fettle  the  top-fail halyJrds,  lower  them. 
To  Settle  the  land.      To  lower  in  appearance.     It  is  ft  nonymous  with  fo  (ay  the  land. 

Shank -painter.     The  rope  by  whh  h  the  (hark  of  the  anchor  is  held  np  to  the  (hip's  fide  ;  is  alfo 
made  foft  to  a  piece  of  iron  chain,  in  which  the  (hank  of  the  anchor  lodges. 

To  Shape  a  courfe.     To  dire<t  or  appoint  the  crack  of  a  (hip  in  order  to  profecut*.  a  voyage* 

'.Jheer.     The  fheer  of  the  thip  is  the  curve  that  is  h?cweer.  the  head  and  the  ftern,  upon  hcrf 
fide.      The  ihip  (beers about,  that  is,  (he  goes  in  and  o*t. 

To  Sheer  'if.     To  it- move  to  a  greater  diftanc?, 

(Ti)     Tab, 
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Sheers,  are  fpars  laihed  together  and  raifed  up  for  the  purpofe  of  getting  out  or  in  a  malt. 
To  Sheet-borne.     To  haul  the  fheets  of  a  fail  home  to  the  block  on  the  yard-arm. 
To  Shift  the  hehn.     To  alter  its  pofition  from  right  to  left,  or  from  left  to  right. 
To  Ship.     To  take  any  perfon,  goods,  or  thing,  on  board.     It  alfo  implies  to  fix  any  thing  rn 

its  proper  place,  as,  to  pip  the  oars,  to  fix  them  in  their  rullocks. 
Shivering.     The  ftate  of  a  fail  when  fluttering  in  the  wind. 
Skoal.     Shallow. 

To  Si.ve  the  anclxr.     To  cover  the  flukes  with  a  piece  of  plank  to  give  It  firmer  hold  in  foft 

ground. 
To  Shoot  a-heaj.     To  advance  forward. 

Shore.     A  general  name  for  the  fea-coaft  of  any  country. 
To  Shorten  fail.     Ufed  in  oppofition  to  make  Jail. 
Sinnett.     A  fmall  plated  rope,  made  from  rupe  yarns. 
Slaek-kvater.     The  interval  between  the  flux  and  reflux  of  the  tide,  when  no  motion  is  ner- 

ceptibie  in  the  water. 
Slatch,  is  applied  to  the  period  of  a  tranfitory  breeze. 
To  flip  the  cable.     To  let  it  run  quite  out  when  there  is  not  time  to  weigh  the  anchor. 
To,  flue.     To  turn  any  cylindrical  piece  of  timber  about  its  axis  without  removing  it.     Thus, 

to  flue  a  mafi,  or  boom,  is  to  turn  it  in  its  cap  or  boom-iron. 
Sound.      To  try  the  depth  of  water. 

Sounding-line.  Aline  to  found  with,  which  is  marked  in  the  following  manner:  Black 
leather,  at  2  and  3  fathoms,  white  at  5,  red  at  7,  black  at  10,  white  at  13,  (fome  feamen 
ufe  black  at  10  and  13)  white  at  15  as  at  5,  red  at  17  as  at  7,  two  knots  at  10  fathoms,  and 
an  additional  knot  at  ever  10  fathoms,  with  a  (ingle  knot  midway  between  each  10  fathoms 
to  mark  the  line  at  every  5  fathoms. 

To  Sfell  the  minen.  To  let  go  the  fheet  and  peek  it  up. 
Toff  Hi.     To  difcharge  the  wind  out  of  the  cavity  or  belly  of  a  fail,  when  it  is  drawn  up  in  tkc 

brails,  in  order  to  furl  or  reef  it. 

Spiiling-li/ies,  are  ropes  contiived  to  keep  the  fails   from  being  blown  away  when  they  are 
clewed  up  in  blowing  weather. 

Splice.     To  make  two  ends  of  ropes  fad  together  by  untwlfting  them,  and  then  putting  the 
ftrands  of  one  piece  with  the  ftrands  of  the  other. 

Split.     The  ftate  of  a  fail  rent  by  the  violence  of  the  wind. 
Spoon-drift.     A  fort  of  fhowery  fprinkling  of  the   fea-water,  fwept   from  the  fufface  of  the 

waves  in  a  tempeft,  and  flying  like  a  vapour  before  the  wind. 
Spray.     The  fprinkling  of  a  fea,  driven  occafionally  from  the  top  of  a  wave,  and  not  continual 

as  a  fpoon-drift. 
To  Spring  a  mafi, yard,  Sec.     To  crack  a  malt,  yard,  &c.  by  means  of  draining  in  blowing 

weather,  fo  that  it  is  rendered  unfafe  for  ufe.     To  fpring  a  leak.     When  a  leak  firft  com- 

mences, a  (hip  is  faid  to  fpring  a  leak.      To  fpring  the  luff.     A  fhip  is  faid  to  fpring  her  luff 
when  fhe  yields  to  the  effort  of  the  helm,  by  failing  nearer  to  the  wind  than  before. 

Spii'igffcys,  are  rather  fmaller  than  the  (lays,  and  placed  above  them,  and  intended  tO'  anfwer 
the  purpofe  of  the  (lay  if  it  fhould  be  (hot  away,  &c.  < 

Spring-tides,  are  the  tides  at  new  and  full  moon,  which  flow  higheft  and  ebb  lowed:. 
Spurling-Line,  is  a  line  that  goes  round  a  (mall  barrel,  abaft  the  barrel  of  the  wheel,  and  com- 

ing to  the  front  beam  of  the  poop  deck,  moves  the  tell-tale  with  the  turning  of  the  wheelj 
and  keeps  it  always  in  fuch  pofition,  as  to  (hew  the  pofition  of  the  tiller. 

Spur-Jhoes,  are  large  pieces  of  timber  which  come  abaft  the  pump  well. 
Squall.      A  fudden  violent  blaft  of  v.ind. 

Square.  This  term  is  applied  to  yards  that  are  very  long,  as  taunt  is  to  high  mads.  • 
To  fquare  the  yards.  To  brace  the  yards  fo  as  to  hang  at  right  angles  with  the  keel. 
To  ft  and  on.     To  continue  advancing.      Toflandin.     To  advance  towards  the  (hore.      Toftand 

off.     To  recede  from  the  fhore. 

Starboard.     The  right-hand  fide  of  the  (hip,  when  looking  forward.      Starboard-tack.     A  (hip- 
Is  faid  to  be  on  the  farboard-taek  when  failing  with  the  wind  blowing  upon  her  ftarboard-fidi?. 
Starboard  the  helm  !     An  order  ro  pufh  the  helm  to  the  (larboard-fide. 

To  flay  a  flnp.     To  arrange  the  fails  and  move  the  rudder  fi>  as  to-  bring  the  (hip's  head  to  the 
direction  of  the  wind,  in  order  to  get  her  on  the  other  tack. 

Stays.      Large  ropes  coming  from  the  ma  ft  heads  down  before  the  mails,  to  prevent  them -from 
Springing  when  the  (hip  is  fending  deep. 

Steady  !   The  order  to  the  helmfman  to  keep  the  (iip  in  the  direction  fhe  is  goingat  that  inftant. 

Steering,     The  art  of  directing  the  (hip's  w*y  by  \Sn  movement  of  the  helm. 
Steer  age-tnay.     Such  degree  of  progreihve  motion  of  a  fhip  as  will  give  effect  to  the  motion  of 

the  helm. 

Toftem  the  tide.     "When  a  fhip  is  failing  asainft  the  tide  at  fuch  a  rate  as  enables  her  to  over- 
come its  power,  fhe  is  faid  to  flem  iht  tide. 



EXPLANATION    OF    SEA    TERMS. 

Steevi.     Turning  up.     The  bowfprit  fteeves  too  much,  that  is,  it  is  too  upright. 
Sternfast.     A  rope  confining  a  (hip  by  her  rtern  to  any  other  ihip  or  wharf. 
Sternmost.      The  fartheft  a-ftern,  oppofed  to  headmost. 
Sternway.     The  motion  by  which  a  fhip  falls  back  with  her  ftern  foremoft. 
Stiff.     The  condition  of  a  fhip  when  fhe  will  carry  a  great  quantity  of  fail  without  hazard  of 

overfetting.     Tc  is  ufed  in  oppofition  to  crank. 
Stoppers.     Large  kind  of  ropes,  which  being  fattened  to  the  cable  in  different  places  abaft 

the  bitts,  are  an  additional  fecurity  to  the  fhip  at  anchor. 

To  stow.      To  arrange  and  difpofe  a  fhip's  cargo. 
To  stream  the  buoy.     To  let  it  fall  from  the  (hip's  fide  into  the  water,  previoufiy  to 

calling  anchor. 
Stretch  out.     A  term  ufed  to  men  in  a  boat  when  they  mould  pull  ftrong. 
To  Strike.     To  lower  or  let  down  any  thing.     Ufed  emphatically  to  denote  the  lowering  of 

colours  in  token  of  furrender  to  a  victorious  enemy. 
To  Strike  sounding.      To  touch  ground  when  endeavouring  to  find  the  depth  of  water. 
Sued  or  Sewed.     When  a  Ihip  is  on  fhore  and  the  water  leaves  her,  (he  is  faid  to  be  fued  : 

if  the  water  leaves  her  two  feet,  (he  fues,  or  is  fued  two  feet. 
Subf.     The  jfwell  of  the  fea  that  breaks  upon  fhore  or  on  any  rock. 

To  "Surge  the  capstern.     To  flacken  the  rope  heayed  round  upon  it. 
Swat-away.      Hoift. 

■Swell.     The  fluctuating  motion  of  the  fea  either  during  or  after  a  ftorm. 
Swe  eping.     The  aft  of  dragging  the  bight  or  loofe  part  of  a  rope  along  the  furface  of  the 

ground,  in  a  harbour  or  road,  in  order  to  drag  up  fomething  loft. 

Swinging.     The  aft  of  a  (hip's  turning  round  her  anchor  at  the  change  of  wind  or  tide. 
To  tack.     To  turn  a  fhip  about  from  one  tack  to  another,  by  bringing  her  head  to  the  wind. 
Taking-in.     The  aft  of  furling  the  fails.     Ufed  in  oppofition  to  setting. 
Taking  a-back.     See  a-back. 

Tampins,  or  Tomxins.     The  bung,  or  piece  of  wood,  by  which  the  mouth  of  the  cannon 
is  filled  to  keep  out  wet. 

Tarpaulin.     A  cloth  of  canvas  covered  with  tar  and  faw-duft,  or  fome  other  compofition, 
fo  as  to  make  it  water  proof. 

Taught.      Improperly  though  yery  generally  ufed  for  tight. 
Taunt.     High  or  tall.     Particularly  applied  to  marts  of  extraordinary  length. 
Tell-tale.     An  inftrument  which  traverfes  upon  an  index  in  the  fronc  of  the  poop  deck, 

to  (hew  the  pofition  of  the  tiller. 
Tending.     The  turning  or  fwinging  of  a  fhip  round  her  anchor  in  a  tide-way  at  the  begin- 

ning of  e'cb  and  flood. 
Thwart.     SeeA-THWART.     Thwart  ships.     See  a-thwart  ships. 
Thus  !  An  order  to  the  helmfman  to  keep  the  fhip  in  her  prefent  lltuation,  when  failing  with 

a  fcant  wind. 

Tide -way.     That  part  of  the  river  in  which  the  tide  ebbs  and  flows  ftrongly. 
Tide  it  up.     To. go  with  the  tide  againft  the  wind. 
Tjller.     A  large  piece  of  wood,  or  beam,  put  into  the  head  of  the  rudder,  and  by  means  of 

which  the  rudder  is  moved. 

Tier.      A  row  ;   as  a  tier  of  guns,  a  tier  of  cafks,  a  tier  of  (hips,  &c. 
Topping.     Pulling  one  of  the  ends  of  a  yard  higher  than  the  other. 
Tort,  or  taut,  fignifiss  tight. 
To  tow.     To  draw  a  fhip  in  the  water  by  a  rope  fixed  to  a  boat  or  other  fhip  which  is  rowing 
.  or  failing  on. 

Traverse.     To  go  backwards  and  forwards. 

Tre  v-sail.     A  fmall  fail  ufed  by  cutters  and  brigs  in  blowing  weather. 
Trice,  trice  up.     To  rjpul  up  and  faften. 
Trim.      The  ftate  or  difpofirion  by  which  a  fhip  is  bed  calculated  for  the  purpofes  of  naviga- 

tion.     To  trim  the  hold.     To  arrange  the  cargo  regularly.      To  trim   the  sails. 
To  difpofe  the  fails  in  the  beft  arrangement  for  the  couvfe  which  a  (hip  is  fleering. 

To  trip  the  anchor.      To  loofen  the  anchor  from  the  ground,  either  by  defign  or  accident. 
Trough  of  the    sea.     The  hollow  between  two  waves. 

Truck.      A   round  pieceof  wood  put  upon  the  top  of  flag-ftaves,  with  (heaves  on  each  fide 
for  the  halyards  of  the  flags  to  reeve  in. 

Tp.  ying.     The  fituation  in  which  a  fhip,  in  a  tempeft,  lies-to  in  the  trough  or  hollow  of  the 
fea,  particularly  when  the  wind  blows  contrary  to  her  courfe. 

Turning  to  windward.     That  operation  in  failing,  whereby  a  fhip  endeavours  to  advance 
againft  the  wind. 

To  unballast.      To  difcharge  the  baliaft  out  of  a  fhip. 
To  unbend.     To  take  the  fails  off  from  their  yards  and,  ftays.     To  caft  loofe  the  anchor 

from  the  cable.     To  untie  two  ropes. 
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To  unbit.     To  remove  the  turns  of  a  cable  from  off  the  bits. 
Under  foot  Is  expreffed  of  an  anchor  that  is  directly  under  the  (hip. 
Under  sail,  or  Under  way.     When  a  fhip  is  failing  /he  is  faid  to  be  under  way.    . 
Under  the  Lee  of  the  shore,  is  to  be  clofe  unJer  the  fhore  which  lies  to  windward  of 

the  (hip. 

Unfurl.     Caft  loofe  the  gafket  of  the  fail. 
To  Unmoor,     To  reduce  a  (hip  to  the  ftate  of  riding  at  fingle  anchor,  after  (he  has  beea 

moored. 

To  Unreeve.     To  draw  a  rope  from  out  of  a  block,  thimble,  &c. 
To  Unrig.     To  deprive  the  (hip  of  her  rigging. 
Uveou.     The  piece  of  wood  by  which  the  legs  of  the  crow-foot  are  extended. 
Van.     The  foremoft  diviiion  of  a  fleet  in  one  line.     It  is  likewife  applied  to  the  foremoft 

fhip  of  a  divifion. 
Vane.     A  fmall  kind  of  a  flag  worn  at  each  maft-head. 

To  Vier,  or  wear  the  ship.     To  change  a  (hip's  courfe  from  one  tack  to  the  others 
by  turning  her  ftern  to  windward. 

Veer.     Let  out,  as  veer  away  the  cable. 
Veer.     Shift.     The  wind  veers,  that  is,  itfhjfts,  changes. 
To  Veer  and  haul.     To  pull  a  rope  tight,  by  alternately  drawing  it  in  and  flackening  if. 

Viol,  or  Vo  v  al.     A  block  through  which  the  mefl'enger  pafTes  in  weighing  the  anchor.     A 
large  mefl'enger  is  called  a  viol. 

Wake.     The  path  or  track  impreffed  on  the  water  by  the  (hip's  palling  through  it,  leaving  a 
fmoothnefs  in  the  fea  behind  it.     A  (hip  is  faid  to  come  into  the  wake  of  another  when  (he 
follows  her  in  the  fame  track,  and  is  chiefly  done  in  bringing  (hips  to,  or  in  forming  the  line 
of  battle. 

Wal  is,  are  ftrong  timbers  that  go  round  a  (hip  a  little  above  her  water-line, 
Warp.     A  fmall  rope  employed  occafionally  to  remove  a  (hip  from  one  place  to  another. 
To  Warp.     To  remove  a  fhip  by  means  of  a  warp. 

Water  line.     The  line  made  by  the  water's  edge  when  a  (hip  has  her  full  proportion  of 
(lores,  &c.  on  board. 

Water-borne.     The  ftate  of  a  (hip,  when  there  Is  barely  a  fufficient  depth  of  water  to, 
float  her  off  from  the  ground. 

Water-loggkd.     The  flats  of  a  (hip,  become  heavy  and  inactive  on  the  fea,  from  the  great 
quantity  of  water  leaked  into  her. 

Water-tight.     The  ftate  of  a  fhip  when  not  leaky. 
Weather.      To  weather  any  thing  is  to  get  to  windward  of  it.    Synonymous  with  windward. 
Weather-beatzn.      Shattered  by  a   ftorm,     W  e  athbr-btt.      A   turn   of  the  cable 

about  the  end  of  the  windlafs.     Weather-gage.     When  a  (hip  or  fleet  is  to  windward 
of  another  (he  is   faid  to  h^ve  the  weath  jsr-gagi   of  her.     We  ather-qjja  htm. 
That  quarter  of  the  (hip  which  is  on  the  windward  fide.     Wbather-side.     The  fide 
upon  which  the  wind  blows. 

To  Weigh  Anchor  .     To  heave  up  an  anchor  from  the  bottom. 
To  Wind  a  ship.     To  change  her  pofition,  bringing  her  head  where  her  ftern  was. 
Wind-road.     When  a  fhip  is  at  anchor,  and  the  wind  beingagainft  the  tide,  is  fo  ftrong  as 

to  overcome  its  power  and  keep  the  fhip  to  leeward  of  her  anchor,  (he  is  faid  to  be  wind- 
road. 

Wind's-eye.     The  point  from  which  the  wind  blows. 
To  Windward,     Towards  that  part  of  the  horizon  from  which  the  wind  blows. 
Windward  Tide.     A  tide  that  fets  to  windward. 

To  Work  a  ship.     To  direct  the  movements  of  a  (hip,  by  adapting  the  fails  and  managing 
the  rudder  according  to  the  courfe  the  (hip  has  to  make. 

To  Work   to  windward.     To  make  a  progrefs  againft  the  direction  of  the  wind. 
Woold.     To  woold  is  to  bind  round  with  ropes,  as  the  maft  is  woolded. 

Yards.      The  fpars  upon  which  the  fails  are  fpread.' 
Yawin?,     The  motion  of  a  (hip,  when  (he  deviates  from  her  courfe  to  the  right  or  hfi, 
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EXPLANATION  of  the  PLATE  deferring  the  RIGGING,  Sec.  of  3 
FIRST-RATE  SHIP  OF  WAR. 

3  BOWSPRIT 
•2  Yard  and  fail 

3  Gammoning 

4  Horfe 
5  Bobftay 
6  Spritfail  flieets 
7  Pendants 
8  Braces  and  pendants 
9  Halyards 

*o  Liffts 
J  1   Clewlines 

J 2  Spritfail  horfes 
1 3  Buntlines 
14  Standing  liffts 
15  Spritfail  tops 
J6   Flying  jibboom 
17.  Flying  jib,  itay,  and  fails 
18  Halyards 
1 9  Sheets 
20  Horfes 
2  iSPRITSAIL  TOP  MAST 
22  Shrouds 

23  Yard  and  fail 
24  Sheets 
25  Liffts 
26  Braces  and  Pendants 

27  Cap 

23  Jack-ftaff 
29  Truck 
30  Union  jack 
31  FORE-MAST 
32  Runner  and  tackle 
33  Shrouds 
34  Lanyards 
35  Stay  and  lanyards 
36  Preventer  ftay  and  lanyard 
37  Woolding  the  maft 
38  Yard  and  fail 

39  Horfes 
40  Top 
41  Crowfoot 

42  Jeers 
43  Yard -tackles 

44  Liffts 
45  Braces  and  pendants 
46  Sheets 
47  Fore  tacks 
48  Bowlines  and  bridles 
49  Fore  buntlines 
50  Fore  leechlines 
51  Fore  top -rope 
52  Puttock  (hrouds 
53  FORE  TOP-MAST 
54  Shrouds  and  halyards 
5  J  Yard  and  fail 
56  Stay  and  fail 

57  Runner 
58  Backftays 
59  Htlyards 
60  Liffts 

6 1  Braces  and  pendants 
62  Horfes 

63  Clewlines 
64  Bowlines  and  bridles 

65  Reef  tackles 
66  Sheets 

67  Buntlines 
68  Crofstrees 
69  Cap 

70  FORETOP  Gal. Mast 
71  Shrouds  and  lanyards 

72  Yards  and  fails 

73  Backftays 

74  Stay 
75  Liffts 76  Clewlines 
77  Braces  and  pendants 
78  Bowlines  and  bridles 

79  Flag-ftaff 80  Truck 
81  Flag-ftaff  ftay 
82  Burgee 

83  MAIN-MAST 

84  Shrouds 
85  Lanyards 
86  Runner  and  tackles 

87  Pendant  of  the  gornet 
88  Guy  of  ditto 
89  Fall  of  ditto 

90  Stay 
91  Preventer  ftay 

92.  Stay-tackle 
93  Woolding  the  maft 

94  Jeers 
95  Yard  tackles 

96  Liffts 97  Braces  and  pendants 

98  Horfes 

99  Sheets   ' 
100  Tacks 
10 r  Bowlines  and  bridles 
102  Crowfoot 

103  Top -rope 
104  Top 

105  Buntlines 
(06   Leechlines 

107  Yard  and  fail 
108  MAIN  TOP-MAST 

109  Shrouds  and  lanyards 
no  Yard  and  fail 
1 1 1  Puttock  (hrouds 

112  Backftays 
113  Stay 

114  Stayfail  &  ftay  &  halyards 
r  r  5  Runners 
ir6  Halyards 
117  Liffts 
ris  Clewlines 

119  Braces  and  pendants 
120  Horfes 
121  Sheets 
122  Bowlines  and  bridles 

123  -Buntlines 
124  Reef-tackles 
12c  Crofstrees 
(26  Caps 

127  MAINTOP  Gal. Mast 
128  Shroud j  and  halyards 

129 

Yard  and  fail 

'30 

Backftays 

<3' 

Stay 

'32 Stayfail  and  halyards 

133 

Liffts 

'34 

Braces  and  pendants 

135 

Bowlines  and  bridles 
136 Clewlines 

'37 

Flag-ftaff 
•38 Truck 

'39 

Flag-ftaff  ftay 
140 

American  ftandard 
t4i MIZEN  MAST 
142 Shrouds  and  lanyards 

'43 

Psndants  and  burtons 

'44 

Yard  and  fail 

'45 

Crowfoot 

i46 
Sheet 

'47 

Pendant  lines 
148 Peckbrails 

149 

Stayfail 
150 

Stay 

'5' 
Derrick  and  fpan r52 

Top 
'53 

Crofs-jack  yard 

'54 

Crofs-jack  liffts 

l55 

Crofs-jack  braces 
.56 

Crofs-jack    flings 

•57 

MIZEN  TOP-MAST '58 
Shrouds  and  lanyards 

'59 

Yard  and  fail 
160 

Backftays 
161 

Stay 

162 

Halyards 

.63 

Liffts 

[64 

Braces  and  pendant 

165 

Bowlines  and  bridles 

166 Stays 

167 

Clewlines 168 

Stayfail 

.69 

Crof^treefi 
170 

Cap 

171 

Flag-ftaff 
172 Flag-ftaff  ftay 

'73 

Truck 

'74 

Union-jack 

'75 

Enfign  (laff .76 Truck 177 

Enfign 

178 Poop-ladder 

'79 

Bower  cable 

HULL 

A Cat-head 
i     Fore  channels 
C vfain  channels 
) Vlizen  channels 
£      Entering  port 

?     Haufe-hoies 
0    Poop  lanthorns 
H    Chefstrees 
[       Head 
tv    Stern 



Evolutions  at  Sea, 
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T  Of  the  Ballafi  a?id  Lading. 

V  H  E  N  a  fhip  is  loading,  it  (hould  be  considered,  that  her  tendency  to  pitch  or  roll 
depends  not  alone  on  her  form,  but  even  more  upor  the  more  or  lefs  advantageous  diftribution  of 
the  heavieft  parts  of  her  cargo. 

Particular  attention  is  to  be  paid  to  moderate  her  pitching,  as  that  is  what  moft  fatigues  a 
fhip  and  her  marts  ;  and  it  is  moftly  in  one  of  thefe  motions  that  marts  are  feen  to  break,  parti- 

cularly when  the  head  rifes  after  having  pitched.  Although  the  rolling  be  proportionally  a 
more  confuierable  movement  than  pitching,  it  is  feldom  any  accident  is  feen  to  arife  from  it,  as 

it  is  always  a  flow  one.-  It  is  however  not  lefs  proper  to  prevent  it  as  much  as  poffible.  This 

•will  in  general  be  eafily  obtained,  without  being  any  way  detrimental  to  the  /hip's  ftiff  carrying 
of  fail,  if,  when  the  ballad  is  iron,  you  rtow  it  up  to  the  floor  heads  ;  becaufe  it  will  recall  the 
fhip  with  lefs  violence  after  her  having  inclined,  and  it  will  act  on  a  point  but  little  diftant 
from  the  centre  of  gravity. 

In  the  merchant-fervke  the  ftownge  eqnfifrs,  befides  the  ballad,  of  cafks,  cafes,  bales,  boxes, 
&c.  which  are  all  carefully  wedged  off  from  the  bottom,  fides,  pump-well,  &c.  and  great  at- 

tention paid  that  the  rrart  weighty  materials  are  ftowed  neareft  to  the  centre  of  gravity,  or  bear- 
ing of  the  {hip  ;  and  higher  or  lower  in  the  hold  agreeably  to  the  form  of  the  veffel.  A  full 

low-built  vefiel  requires  them  to  be  (lowed  high  up,  that  the  centre  of  gravity  may  be  raifed, 
to  keep  her  from  roiling  away  ber  mart,  and  from  being  too  ftiff  and  labourfome  5  as,  on  the 
contrary,  a  narrow  high-built  vefiel  requires  the  moft  weighty  meterials  to  be  ftowed  low  down, 
nearert  the  kdfon,  that  the  centre  of  gravity  may  be  kept  low,  to  enable  her  to  carry  fail,  and 
to  prevent  her  overfetting.  .  - 

do  anchor  in  fine  weather  in  a  place  where  you  will  ride  head  to  windy  be- 

ing clofe-hauled. 
Being  under  the  three  topfails,  fore-topmaft  ftay-fail,  and  mizen,  (rand  on  until  you  are 

within  about  two  (hips'  lengths  of  the  place  where  you  mean  to  drop  your  anchor;  then  put 
the  helm  a-lee,  and  haul  down  the  fore-topmaft  (by-fail.  As  foon  as  the  topfails  ihiver  clue 
them  up  briikly,  before  you  lower  ;  except  the  mizen  topfail,  which  is  to  be  laid  to  the  mart, 
and  the  mizen  flieet  hauled  flat  aft,  the  inrtant  the  (hip  begins  to  have  ftern-way,  by  reafon  of 
the  wind  being  a-head.  Then  (Iiift  the  helm  to  windward,  and  let  go  the  anchor,  veering  away 
the  cable,  to  give  it  time  to  fettle  in  the  ground,  until  the  veffel  falls  off,  when  (he  is  to  be 
checked,  to  bring  her  head  to  the  wind.  When  that  is  done,  right  the  helm,  and  haul  up  the 
mizen. 

To  anchor  in  fine  weather  in  a' place  where  you  will  ride  head  to  wind,  the wind  being  large. 

If  you  have  the  wind  large,  whether  on  the  beam  or  more  aft,  the  operation  is  ftill  the  fame, 
only  hauling  up  a  little  fooner  to  keep  to  windward,  becaufe  it  is  in  yov.r  power  to  drift  as  much, 
as  you  think  requifite,  and  becaufe  the  (hip  will  be  entirely  flopped  as  foon  as  all  her  fails  begin 
to  catch  a-back,  and  you  will  have  done  cluing  them  up  when  they  begin  to  (hake.  The 
mizen  top-fail  is  next  to  be  heaved  to  the  mart,  the  helm  put  a-weather,  and  the  anchor  let  go, 
as  foon  as  the  head-way  ceafes  :  then  after  giving  her  a  fufficiency  of  cable,  bring  the  (hip  up. 
It  fhe  has  been  goLn£  large  ;he  will  not  range  precifely  head  to  wind,  iince  her  headway  ceafes 
as  foon  as  the  fails  are  taicen  a-back,  and  the  effort  of  the  wind  acts  on  all  the  rigging  of  the 
fhip  to  impel  her  both  a-ftern  and  to  leeward,  which  is  indeed  augmenting  the  effect  of  the  rud- 

der, as  the  helm  is  a-weather  to  bring  the  veffel  to  the  wind  :  but  as  the  power  of  the  wind 

is  very  great  to  pay  the  (hip's  head  off,  it  balances,  wholly  or  partly,  (according  as  the  (hip 
goes  a-flern  with  more  or  lefs  velocity)  the  effort  of  the  rudder  and  that  of  the  mizen  ;  thus 
fhe  drifts,  and  remains  as  it  were  lying-to  with  all  her  fails  a-back.  This  is  the  reafon  why 
we  keep  a  little  to  windward,  and  let  go  the  anchor,  to  bring  the  (hip  head  to  wind  at  the  pro- 

per time  ;  which  fhe  will  do  the  more  readily  as  (lie  is  withheld  forward  only  by  the  cable, 
while  the  wind  on  her  fide  furces  her  to  leeward. 

i  0  anchor  in  fine  weather  in  a  place  where  you  are  to  ride  head  to  the  fiream 
and  witid,  the  wind  being  large. 

If  you  are  obliged  to  ride  with  the  head  to  the  rtream,  you  muft,  when  it  comes  from 
to  wind.-. aid,  put  the  helm  a-lee  in  fetting  the  mizen,  then  clue  up  the  fails;  and  when 

the  (hip's  head  is  right  in  the  direction  of  the    fiream,  let  go  the  anchor,  provided  fee    has 
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Unite  loft  her  head  >vay  ;  for,  elfe,  you  would  get  foul  of  the  unchor  (lock  by  running  over  ir. 
This  muft  never  be  neglected,  uniefs  you  find  yourfelf  under  the  neceffity  to  bring  up  in  any 
fituation  in  Which  you  may  happen  to  be,  which  is  almoft  always  the  cafe  when  you  are  taken 
too  fhort  to  have  time  to  ftop  the  vefTel  :  a  reafon  why  there  is  often  a  nscefuty  of  calling  a 
fecond  anchor,  which  generally  catches  the  ground  by  afiifrance  of  the  firft,  which  iids  begun 
to  diminish  the  velocity  of  the  (hip  ;  and  as  many  of  the  fails  are  to  be  hauled  down  as  you  can, 
and  as  quick  as  poffible. 

To  anchor  hi  fine  'weather  in  a  place  ivhere  you  <vnll  ride  head  to  thefiream, 

ivh'ich  comes  from  leeward,  the  -wind  beuig  large. 
When  the  current  comes  from  to  leeward,  you  muft  keep  the  fhip  away  till  h:r  head  comes 

to  the  fet  of  the  itream,  and  take  in  all  the  fails,  to  diminish  as.  fpeedily  as  poffible  her  head 

way,  which  always  continues  of  itfelf  long  enough  when  the  wind  is  '-it  or  very  larye  ;  and 
when  the  fhip  is  (topped  by  the  effort  of  the  water,  let  go  the  anchor,  without  waiting  for  the 
veffel  gathering  ftern-way,  if  the  current  is  rapid  ;  and,  in  this  cafe,  as  well  as  all  thofe  where- 

in there  is  a  fea,  or  blowing  f;efh,  the  (hip  requires  a  great  length  of  cable. 

To  come  to  aiz  anchor  tvith  the  <wi  -d  aft. 
Firft,  hand  the  main  topfail,  and  then  lower  the  fore  topfail  down  on  the  cap  ;  and  when  you 

are  within  a  reafonable  diftance  of  the  place  where  you  mean  to  drop  anchor,  (which  diftance  is 
to  be  judged  of  from  the  readinefs  of  the  (hip  to  obey  the  helm,  and  from  her  velocity)  the  tiller 
may  be  put  either  one  way  or  the  other,  the  fore  topfail  and  lore  topmaft-ftayfail  clued  up  and 
taken  in,  the  miaen-topfail  braced  iharp  up,  and  the  rr.izen-fheet  hauled  flat  aft.  When  the 
fhip  ranges  clofe  to  the  win!,  (he  is,  as  it  were,  lying-to  under  the  mizen  and  mizen-topfuls, 
with  the  laft  mentioned  fail  full  or  a -back,  according  as  you  may  have  occafion  to  (hoot  a-head 
or  drop  a-ftern  ;  fo  that,  if  you  are  too  much  to  windward  of  the  fpet  where  you  mean  to  brinj 
to,  you  drift  till  you  arrive  at  it  :  if  you  are  precifely  in  the  proper  birth,  you  let  go  the  anchor 
in  lowering  down  the  mizen-topfail,  which  is  to  be  furled  as  foon  as  the  veffel  is  brought  up  j 
then  the  (hip  will  come  head  to  wind  by  the  power  of  the  mi^cn,  which  muft  be  brailed  up  as 
foon  as  it  (hakes. 

Scudding  under  a  forefail,  to  come  to  an  anchor. 

The  forefail  muft  be  clued  up  when  at  fome  diftance  from  your  birth  ;  and,  fome  part  of  the 
way,  run  under  bare  poles.  When  near  enough  to  fheer  to  the  wind,  you  execute  it  by  putting 
the  helm  hard  a-lee  ;  and,  as  foon  as  the  (hip  is  come-to,  let  go  the  anchor,  giving  her  a  large 
fcope  of  cable,  and  obferving  to  check  her  handfomely,  in  order  to  make  her  ride  head  to  wind : 
as  flopping  her  at  firft  too  fhort  might  endanger  her  cable  or  anchor.  Should  the  firft  not  bring 
her  up,  a  fecond  may  be  let  go. 

To  anchor  -with  a  fpring,  in  order  to  prefent' the  <veffel's  fide  to  a  place  or 

flip  you  <vj'if6  to  can?ioaade. 
This  is  executed  when  you  know  that  the  wind  or  current  will  bring  your  head,  when  at  an- 

chor, towards  the  object  you  mean  to  attack  :  for,  fnould  the  wind  or  tide  bring  your  broadfide 
to  bear  on  the  object  you  mean  to  cannonade,  the  fpring  would  only  be  a  precaution  to  get  under 
way  more  quickly  in  cafe  you  were  obliged  to  retreat,  or  in  cafe  the  wind  or  tile  fhould  (hi ft. 

Get  a  large  fnatch-block  in  rhe  aftermoft  port,  on  the  fame  fide  you  with  to  prefent  to  the 
wind  or  current,  and  on  the  fame  fide  with  the  anchor  and  cable  with  which  you  mean  to 
bring  up  ;  then,  through  the  block,  reeve  a  hawfer,  the  end  of  which  is  to  be  clinched  to  the 

ring  of  the  anchor  you  mean  to  let  go  ;  the  other  part  is  brought  to  the  capftern,  with  neceffa- 
ry  ranges  of  the  cable  and  hawfer  on  deck.  That  done,  and  the  (hip  being  arrived  at  the 

birth,  you  are  to  deaden  her  way  according  to  circumftances  :  you  lee  30  the  anchor,  and  v.-cr 
away  enough  cable  and  hawfer,  now  a  little  raoie  of  the  one,  and  then  a  little  rr.o.*e  of  the  other, 
according  as  you  wifh  to  prefent  more  head  or  flern  ;  which  you  can  do  by  heaving  on  the 

fpring,  or,  what  is  the  farm-,  veering  away  more  cable.  Should  you  rind  it  requilite  to  ih.rt 
your  pofition,  you  have  only  to  veer  out  more  of  the  hawfer; 

To  come  to  an  anchor  in   roads   that  arc  often   cr&wded,   with    ■?ips,  and  to 
leave  clear  births  for  ethers. 

Tb°  heft  anchoring  births  in  thefe  places  are  moftly  known  by  marks,  and  of  courfe  are 
•crupied  by  the  firft  (hips. 

In  a  tid-  or  trade-wind  road-ftead,  the  next  (hip  that  comes  fhould  n  't  anchor  r'ght  a-head 
or  a-frern  of  the  firft  thTp  and  fo  a  :o  lie  in  the  other's  haw fe,  bat  fhould  come-to  on  the  bow 
and  quarter  at  a  fufficient  diftance  to  prevent  other  ihips  Rom  corning  between,  and  in  a  flan:- 



Iflg  direction  from  the  tide  or  wind.  This  might  contribute  to  the  fafoty  of  /Kips  wlieri'  it 
Blows  (bang  upon  a  lee-tide  or  in  ftrong  lea-breezes,  as  each  fingle  (hip  may  then  veer  away 

what  cable  necefl'ary,  and  keep  clear  of  the  other  (hip's  hawfe  a-ftern  ;  or,  in  cafe  of  driving or  calling,  they  have  a  better  chance  of  keeping  clear  of  each  other. 

To  get  up  an  anchor}   infoips  which  have  a  main  and  jeer  capjiern. 

In  large  (hips  which  have  a  main  and  jeer  capdern,  and  the  drain  is  thought  too  great  for 
the  meiTenger  alone,  the  viol  is  ufed  thus  :  Three  or  four  turns  are  taken  round  the  jeer-cap- 
ftern  with  one  end,  fo  as  to  leave  that  fide  clear  on  which  the  cabie  is  coming  in  ;  and  pafs  the 
other  end  through  the  viol  block,  which  is  lafhed  round  the  main-maft  on  the  lower  deck.  It 
is  then  carried  forward,  and  palled  round  the  rollers  in  the  manger  near  the  hawfe-holes  ;  theni 
brought  aft,  and  fpliced  to  the  other  end  with  a  (hart  fplice,  and  the  ends  marled  down  tight. 

That  fife  of  the  viol  on  which  :he  cable  is  coming  in  is  fattened  to  the  cable  by  nippers  ;  and 
thus  th(-  continued  efforts  of  the  capftem  are  conveyed  to  the  cable,  until  it  is  hove  in.  The 
nippers  are  clapt  on  in  the  manger,  from  one  to  two  fathoms  afunder  ;  and  the  viol  is  applied 
to  the  tnidlhips,  or  Lnfide  of  the  cable.  Nippers  are  clapt  on  by  taking  three  or  four  turns  round 
the  vie!,  four  turns  round  the  cable  and  viol,  and  then  three  or  four  turns  round  the  cable.  This 
metho/d  is  an  exceeding  good  one,  and  veTy  fustable  to  quick  heaving  ;  but,  when  the  drain 
is  gr/-at,  and  the  cable  muddy,  the  nippers  clapt  on  after  this  method  will  not  nip  fufficiently  ; 
and  fometimes  recourfe  is  had  to  the  following  method  :  Throw  fand  or  afhes  upon  the  cable, 
anj  take  a  long  dry  nipper  ;  which  middle,  and  pafs  one-half  aft,  racking  it  in  and  out  round 
thfc  cable  and  viol ;  then  worm  its  end  round  the  viol  only.  After  this,  pafs  the  other  half  in 
tlvj  fame  manner  forward,  but  worm  its  end  round  the  cable  only,  and  let  each  end  of  the  nip- 
{wr  be  held  on.  The  advantages  of  this  method  are,  that,  as  the  (train  of  the  cable  lies  forward 
and  that  of  the  viol  aft,  the  nipper  will  be  drawn  fo  tight  as  effefitually  to  hold  the  cable  till 

i'jmething  gives  way.  alfo  they  can  never  jamb,  for  both  ends  are  clear  for  taking  off.  Another 
method,  when  the  drain  is  great,  i?,  to  have  nippers  with  an  overhand-knot  made  at  one  end  ; 
and  wi  h  that  end  a  round  turn  taken  round  the  cable  and  viol,  leaving  three  or  four  feet  of  the 

end  ;  then,  wlch  the  other  end,  take  three  or  four  racking  turns,  and  expend  nearly  the  re- 
mainder with  turns  round  the  cable  and  viol,  laying  the  knotted  end  under  and  over  each  of  the 

lad  turns  :  the  end  is  then  held  fitt;  The  men  who  clap  on  the  nippers  are  attended  by  boys,- 
who  hold  the  ends  of  them,  and  follow  the  progreffion  of  the  cable  as  it  is  hove  in  :  and,  as  the 
nippers  arrive  near  the  main-hatchway,  they  are  taken  off  and  carried  forward,  where  the)  are 
again  clapt  on  :  and  fo  in  fuccellion,  until  the  cable  is  hove  in  fufficiently  to  raife  the  anchor 
above  the  water.  It  is  then  stoppered  round  all  before  the  bits  :  that  is,  round  the  cable  and 
viol.  The  anchor  is  then  catted,  and  afterwards  fidied.  To  (hi ft  the  viol  for  heaving  in  a  fe- 
cond  anchor,  it  mud  be  anfpliced,  and  the  turns  round  the  capdern  reverfed.  When  the  drain 
is  fo  great  as  to  require  other  purchafes,  the  top  tackles  may  be  ufed  thus  :  The  double  block 
ss  ladled  to  the  main-mad  or  topfail-ftieet  bits,  the  treble  block  is  lathed  on  the  cable,  and  the 
fall  brought  to  the  capdern.  If  the  top  tackle  falls  are  thought  infufficient,  any  hawfer  m^f 
be  ufed  that  will  reeve  through  the  blocks. 

To  get  zip  an  anchor  in  Jaips  nx)hich  have  not  a  jcer-capjltrm 

Ships  without  a  jeer-capdern  have  no  viol,  but  heave  in  their  cables  by  the  meffer.ger,  which 

}>as  an  eye  fpliced  in  each  end  ;  one  of  which  ends  is  pafl'ed  with  three  or  four  turns  round  the 
capdern  on  the  upp^r  deck,  and  the  other  end  paffed  forwards  round  the  rollers,  at  the  fore-part 

of  the  manger  ;  then  brought  aft  to  the  other  end,  and  ladled  thus  :  Several  turns  are  pafl'ed 
through  the  eyes  eroding  each  other  in  the  middle,  then  a  half-hitch  is  taken  round  the  parts^ 
and  the  end  (topped  with  fpanyarn.  The  remain  ;er  of  the  operation  is  performed  as  by  the 

fiol,  with  this  exception  ;  the  mefl'enger  is  applied  to  theoutlide  of  the  cable  ;  and,  when  the 
nippers  are  infufficient,  the  meffenger  may  be  hitched  thus  :  The  bight  of  the  mefl'enger  is 
Jfadc*i"d  round  the  cable  at  the  manger  with  a  rolling  hitch,  and  the  bight  fcized  round  the 
cable  before  tSe  hitch.     This  practice  is  by  no  mean?  fo  good  as  the  others. 

When  getting  under  way  in  a  fea-gaic,  the  viol  is  betn  r  than  a  mefl'enger,  as  the  fending  of 
the  (hip  carries  all  the  drain  to  the  main-capfsern,  and  endangers  the  m:n  at  the  bars ;  whereas, 
with  a  viol,  the  drain  is  taken  to  the  viol-block,  and- the  men  at  the  forejeer  capdern  heave  in 
fecuiiiy. 

To  get  up  a  ftcoud  ai/caor. 

Rnppofe,  by  the  former  methods^  that  the  flarbdard  anchor  is  gotten  up,  and  that  the  cable 

of  the  fecond  anchor  enters  thj  larboard  havvfe-hile,  the  operation  of  getting  up  the  fecond  an- 
chor is  the  fame,  obferving  only  that  the  meflenger  mud  be  (hifted,  and  the  turns  on  the  cap- 
dern reverfed,  to  change  the  difpodion  and  fide  :  and  the  men,  who  before  held  on  the  larboard 

fide  in  therirft  operation,  will  hold  on  the  darboard  file  now.  The  motion  of  the  capdern  b 

|s:rfoimed  the  contrary  way,  and  the  cacle  on  the  larboard  fide  3^  fixed  and  h-ove  in. 
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x 
"o  get  up  an  anchor  in  merchant  Jb'tps, 

&foft  merchant  fhips  and  fmaM  veffels  heave  up  their  anchors  by  a  windlafs  ;  round  which 

are  taken  three  turns  of  the  cable,  and  held  on  by  hand,  or  by  a  jigger  :  thus — the  end  of  the 

rope  which  has  the  (heave  is  pafl'ed  round  the  cable,  with  a  round  turn,  clofe  to  the  windlafs, 
the  leading  part  of  the  rope  coming  over  the  (heave,  ?nd  ftretched  aft,  by  means  of  (he  fell  paf- 

fing  through  the  jigger-block  ;  the  ftanding  part  of  the  fall  is  made  faft  round  a  ftantion,  at 

the  fore  part  of  the  quarter-deck,  and  the  leading  part  is  bowfed  upon,  which  jambs  the  turns 
taken  round  the  cable,  and,  when  the  jigger  arrives  abreaft  ol  the  hatchway*  it  is  removed  fot 

ward,  and  the  cable  is  jambed  by  a  handfpeck  at  the  windlafs,  until  the  jigger  is  refixed. 

To  weigh  ait  anchor  with  the  long-boat. 

This  is  done  by  taking  the  long-boat  to  the  buoy  of  the  anchor,  and  putting  the  buoy-rope 
oter  the  davit  of  the  long-boat,  and  a  tackle  on  the  buoy-rope  ;  by  which,  with  the  afiif- 
tance  of  men  on  the  fall,  the  anchor  is  weighed  out  ofthe  ground.  This  being  accomplifhed,, 
the  cable  is  hove  in  on  board  ;  the  buoy  rope  and  tackle  being  fecured  in  the  boat,  they  apt 
proach  the  fhip  as  the  cable  is  hove  in*  and  the  anchor  catted  and  (lowed;  Small  anchors  and 
grapnels  are  got  up  by  the  davit,  hauling  upon  the  cable  or  grapnel-rope  by  harad. 

To  weigh  a?i  anchor  by  under-running. 

This  is  by  placing  the  cable  over  the  davit-head,  and  under-running  it, till  it  is  nearly  a-peek, 
■when  it  is  tripped  by  means  of  tackles  as  before  by  the  buoy-rope.  This  method  is  trouble- 
fame,  and  is  only  adopted  when  the  buoy  is  gone,  and  a  (hip  cannot  get  near  her  anchor  for 
Want  of  water. 

To  get  under  fail  when  the  foip  is  /winging  head  to  wind)  andyou  want  to 

caft  either  to  /larboard  or  larboard,  in  a  place  where  thtre  is  no  current* 

To  caft  toftarboard. 

Heave  (hort  on  your  anchor  till  it  is  a-peek  ;  then  haul  in  quite. home  the  larboard  braces^ 
forward  and  llarboard  braces  abaft ;  loofen,  meet  home,  and  hoift  the  topfails  ;  put  the  helm 
a-ftarboard,  and  heave  till  the  anchor  is  a-weigh.  The  moment  the  anchor  quits  the  ground, 

the  (hip  will  begin  to  fall  oft"  to  (larboard.  As  foon  as  this  movement  is  perceived,  hoift  the  jib 
and  fore-topmaft-ftayfail,  if  neceffary,  to  help  her  ;  and  when  (he  has  fufficiently  fallen  off, 
her  fails  abaft  (which  are  trimmed  (harp  for  the  larboard-tack;  will  fill.  But,  unlefs  for 
very  fuperior  reafons,  you  had  better  continue  lying-to  till  the  anchor  is  catted,  taking  care  to 
haul  the  mizen-fheets  clofe  aft,  if  the  fftip  be  inclined  to  fall  off  too  much. 

To  caft  to  larboard. 
Haul  in  the  (larboard  -braces  forward  and  the  larboard  aft,  and  put  the  helm  a-porf.  The 

*eft  ofthe  operation  is  the  fame  as  the  preceding,  only  changing  (larboard  for  port. 

To  get  tinder  fail,  when  the  ftjip  is  riding  head  to  wind  and  tide. 

If  a  (hip,  riding  head  to  wind  and  tide,  wanted  to  get  under  fail,  after  having  decided  on 
which  fide  it  is  bed  to  have  her  caft,  it  mult  be  performed  according  to  one  of  the  foregoing 
methods,  except  with  regard  to  the  helm,  which  muft  be  put  to  (larboard,  either  before  the  an- 

chor loofens,  or  While  it  does,  if  you  wift}  to  calt  to  port ;  becaufe  the  water  coming  from  for* 
ward,  a£ts  with  the  fame  force  on  the  rudder  as  if  the  (hip  went  with  the  current,  impelling  the 
rudder  to  (larboard  and  head  to  port.  Therefore,  it  is  evident  in  this  cafe,  the  helm  ought  to 
be  put  to  (larboard  ;  which,  on  the  contrary,  would  be  put  to  larboard,  was  the  fhip  to  be  caft 
to  port. 

If  the  (hip,  after  the  anchor  is  out  of  the  ground,  goes  a-ftern  fafter  than  the  current  run5, 
the  helm  muft  then  be  ufed  as  if  there  was  no  current,  becaufe  the  excefs  of  velocity,  whereby 
the  (hip  exceeds  that  ofthe  water,  acls  upon  the  rudder. 

If  it  blows  frefh,  fo  that  you  cannot  fet  your  topfails  without  reefing  them,  let  that  be  don:: 
before  they  are  (heeted  home  ;  and  if  it  blew  fo  hard  as  to  be  obliged  to  go  only  under  a  fore- 
fail,  it  would  be  then  fufficient  to  loofen  the  fore-topfail,  without  (heeling  it  home,  after  hav- 

ing braced  it  quite  clofe  on  the  fide  oppolite  to  that  you  want  the  (hip  to  caft,  not  forgetting 
however  to  put  the  helm  the  fame  way  as  yoiv  caft,  as  foon  as  you  perceive  the  fhip  going  a- 
ftern  ;  and  when  the  fhip  has  fallen  oiTfufTiciently,  then  is  the  time  to  fill  ar.d  trim  the  forefaih 

(Kk)     Tab. 
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10  get  under  fail  nvheu  the  fhip  is  fiuingmg  nutth  her  head  to  the  current' 
and  with  the  nvind  a  point  abaft  the  beam. 

Heave  (hort  on  ynur  anchor  till  it  is  a- peek  ;  next  to  this,  loofen,  fheet  home,  and  hoift  the 
forefail  and  mize^i-topfail,  keeping  the  wind  in,  and  heave  vigoroufly  at  the  capftern  till  the 
anchor  is  a-weigh.  At  the  fame  time  hoift  the  jib  and  fore-topmaft  (lay-fail,  or  haul  out  the 
mizen,  according  as  circumftances  may  require.  Whether  you  wi(h  to  come  to  windward,  or 

fall  off" more  quickly,  you  muft  ftill  continue  to  heave  round  the  capftern  brifkly  to  get  the 
anchor  up,  till  you  find  yourfeiffufficiently  offward  to  bring  to,  in  order  to  flow  It  wjth  eaie,  or 
to  ftand  on  under  an  eafy  fail  with  the  anchor  hanging  out  to  windward,  if  the  fituation  of 
things  will  admit  of  it.  You  may  fometimes  alfo  hoift  up  both  the  main  and  fore  topfails,  as 
foon  as  you  get  ready  ;  but  in  certain  cafes,  as  when  obliged  to  make  the  beft  of  your  way  from 
an  enemy,  every  (ail  pofiible  muft  be  let  at  once  which  the  weather  will  admit  of ;  efpecially 
when  obliged  to  haul  by  the  wind  ;  in  which  cafe,  the  anchor  muft  be  got  up  and  catted  as 
well  as  it  can:  there  are  cafes  even  when,  without  loofing  your  time  in  weighing  it,  you  ciowd 
as  many  fails  as  jou  pDilibly  can,  and  depart  in  cutting  or  flipping  the  cable, 

"To  get  under  fail  ivith  a  fpring. 
If  a  fhip  be  in  a  place  too  confined  to  caft  under  her  fails  only,  or  being  obliged  to  put  to  fea 

in  a  gale  of  wind,  without  holding  the  anchors,  you  muft,  for  greater  fafety,  in  carting  the 
right  way,  get  a  fpring  out,  to  be  clapiped  on  the  cable  by  which  the  (hip  fwings,  by  pairing  a 
hawfer  or  a  ftieam  cable  through  the  aftermoft  port,  on  the  oppofke  fide  to  that  you  mean  to 
caft;  and  after  that  fpring  is  well  hove  tight  at  the  capftern,  hoift  the  jib  and  fore  topmaft, 

llay-fails,  loofe  and  fheet  home  the  fore  topfiil  ;  when  that  is  done,  and  if  the  weather  permit^, 
brace  quite  clofe  the  head-fails  on  the  fame  fide  with  the  fpring.  When  this  is  executed,  flip 
or  cut  the  cable,  heaving  brifkly  at  the  fame  time  on  the  fpring,  till  the  fhip  has  paid  off  fuffi- 
ciently.  Then  fill  the  fails,  by  fetting  the  mizen-topfail  and  every  other  fail  you  mean  to 
employ,  and  flip  or  cut  the  fpring,  as  circumftances  may  require.  Care  muft  be  taken,  not  to 
let  the  fhip  fall  cfT  too  much  before  the  fpring  is  cut ;  becaufe,  having  no  way  through  the 
water,  fhe  will  not  come  to  the  wind  fo  foon  as  might  be  wifhed  ;  and  for  the  fame  reafon  the 
fpring  muft  not  be  cut,  till  fhe  has  fallen  off  as  much  as  is  neceffary  ;  becaufe,  although  fhe 
has  no  other  motion  but  that  of  falling  off,  the  veffel  might  perhaps  not  wear  enough  toanfwsr 
the  purpofe. 

i  o  get  under  fail  nfjith  a  leading  ivind,  in  a  tide  Way  * 

If  the  fhip  to  be  got  under  fail  has  a  leading  wind,  and  is  in  the  midft  of  veffels,  or  in  a  nar- 
row channel,  where  it  would  be  difficult  to  caft  her  upon  the  lee-tide,  (he  fhould  be  got  under 

fail  before  the  weather-tide  is  done.  Thus  the  calling  of  the  fhip  would  be  avoided,  and  fhe 
may  be  fleered  through  the  fleet  or  channel  with  fafety. 

Should  it  however,  blow  fo  fre(h  upon  the  windward-tide,  as  to  force  the  fhip  end-on  with 
her  cable,  it  will  be  impoffible  to  heave  it  in,  without  fheering  the  (hip  over  from  fide  to  fide, 
and  heaving  in  brilkly  as  the  fhip  flscks  the  cable  ;  but  as  this  is  attended  with  much  danger, 
by  the  (hip  fuddenly  bringing  up  upon  each  fheer,  it  will  be  beft  to  heave  a-peek  upon  the  fed 
fetting  of  the  windward -tide,  before  the  fhip  fwings  to  bring  the  wind  abaft. 

To  eajl  a  fhip  upon  the  larboard  tad,  and  bacli  her  a-Jiern  of  danger. 

We  fuppofe  the  fhip  to  lie  at  fingle  anchor,  with  the  wind  and  tide  the  fame  way,  and  (h'-ps or  fhoals  right  a-ftern,  in  the  intended  courfe,  and  that  to  clear  them,  you  muft  caft  upon  the 
iarboard-tack,  and  make  a  ftem-board. 

Make  every  thing  as  ready  as  poffrble  before  weighing  :  let  the  three  topfails  be  hoifted,  the 
yards  braced  up  (harp  with  the  larboard  braces,  and  the  mizen  hauled  out.  Thus  fituated,  when 
the  anchor  weighs,  put  the  helm  a-port.  The  tide,  running  aft,  acf  s  upon  the  (larboard 
fide  of  the  rudder  ;  and  in  that  direction  it  will  caft  the  fhip  the  right  way,  and  bring  the 
wind  upon  the  larboard-bow.  The  wind  being  on  the  larboard-bow  and  the  topfails  a-back, 

will  i'oon  give  the  (hip  fternway  through  the  water  ;  then  the  water  will  act  againlt  the  larboarcj 
fide  of  the  rudder,  and  powerfully  prevent  the  fhip  falling  too  fall  off  from  the  wind.  Thus 
(he  will  drive  till  the  anchor  is  got  quite  up,  and  may  be  fo  continued  till  fhe  has  pad  the  (hoals 
and  has  room  to  veer,  and  get  upon  her  proper  courfe. 

It  is  advantageous  to  makea  ftem-board  in  getting  under  way  from  a  Angle  anchor  in  the 
above  fituation.  The  anchor  heaves  up  more  eahly  when  the  fhip  goes  a-ftern  ;  and  while 

heaving  up,  it  ferves  to  keep  the  (hip's  head  to  the  wind.  A  (hip,  however,  cannot  long  be 
(leered  (lem  foremoft  when  under  fail,  fo  as  to  keep  the  wind  before  the  beam  ;  but  (he  will  in 
a  little  time  drive  broadfide  through  the  water,  till  {he  gsts  headway,  and  then  it  is  proper  ?o 
veer,  provided  the  anchor  be  <juke  up. 
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T-tt  caji  a  jh'tp  on  the  larboard  tack,  in  a  tide-tvay,  ninth  the  -wind  tnvo  points 
on  the  (larboard -boiv. 

A  (hip  riding  in  a  tide-way,  with  the  wind  two  points  on  the  (larboard -bow,  and  Co  near  the 
fhore,  on  the  larboard-fide,  that  (lie  mull  be  caft  upon  the  larboard-uck  to  clear  the  (hoie,  the 
three  topfails  muft  be  hoifted,  and  the  yards  (harp  braced  up,  with  rhe  larboard  braces  forward, 
asd  the  (larboard  braces  aft,  with  the  (larboard  fore-top  bowline  well  hauled,  putting  the  helm 

hard  to  port  at  the  anchor's  weighing  :  the  tide  acting  upon  the  rudder,  and  the  wind  upon  the 
fails  braced  in  that  direction,  brings  the  (hip  about,  with  the  wind  on  the  larboard  bow,  before 
(he  gets  fternway,  which  (hould  be  always  ftrictly  noticed  ;  for,  in  all  proceedings  of  this  kind, 
if  a  (hip  gets  ilernway  before  (he  brings  the  wind  right  a-head,  (lie  will  not  come  about  the 
right  way.  In  that  cafe,  it  is  bed  to  veer  away  the  cable  directly,  and  bring  the  (hip  up  again  : 
acd  carry  out  a  kedge  or  frr.all  anchor  on  the  larboard-bow,  hauling  its  cable  or  hawfer  in  tight 
on  the  larboard  quarter,  when  the  bower  anchor  is  a-peek.  If  this  fail,  the  (hip  muft  lie  till 
the  windward  tide  makes,  to  bring  the  wind  on  the  Lrboard-beu',  when  the  (hip  may  be  got  un- 

der-way,  and  clear  the  fhore. 

To  caji  a  fcip  upon  the  larboard  tad  in  a  lee-tidc,  and 'float  her  by  the  ivwd 
a-head  of  danger. 

If  there  be  joft  room  enough  to  clofe  by  the  wind  to  clear  a  danger  lying  to  leeward,  much 
•depends  on  heaving  up  brifkly  the  anchor  afrer  it  is  out  of  the  ground,  and  having  proper  fails 
ready  to  fet  to  the  b^ft  advantage.  The  three  topfails  muft  be  hoifted,  and  the  yard  (harp 
braced  up,  with  the  larboard  braces  forward,  and  the  (larboard  braces  aft,  when  the  anchor  is 
at  a  long  peek.  At  weighing  the  anchor,  put  the  helm  hard  to  port,  then  the  action  of  the 

tide  upon  the  rudder  and  the  wind  on  the  fore  topfail,  -will  caft  the  (hip  off  the  right  way,  fo 
as  to  fill  the  after-fails,  when  the  fore  topfail  may  be  foon  braced  about  and  filled  before  (he 
gets  fternway.  The  helm  will  keep  the  (hip  under  command  furhciently  to  fteer  her  by  the 
wind  a-head  clear  of  danger  :  but  if  the  (hip  gets  fternway  in  calling,  the  helm  (hotthl  be  kept 
hard  a-weather,  to  prevent  her  falling  off  too  much  from  the  wind  ;  and  when  (he  gets  head- 

way again,  he  cautious  how  the  weather-helm  is  eafed  with  the  anchor  much  below  the  bows, 
by  which  the  refiftance  forward  is  increafed,  and  the  (hip  may  be  brought  up  in  the  wind,  fcjas 
to  prevent  her  (hooting  clear  of  the  danger.  This  muft  be  guarded  againft  by. the  weather  -/rim 
and  head-fiils,  as  jib,  fure-topmaft,  ftayfail,  &c.  As  foon  as  the  (Lip  has  (hot  far  enough  a- 
head  to  clear  the  danger  to  leeward,  and  there  being  but  little  room  a-head,  it  is  beft  to  bring 
the  (hip  to  and  drive  with  the  helm  a-lee,  with  the  main  and  mizen  topfail  a-back,  and  the 
fore  topfail  fnivering  till  the  anchor  is  up  j   then  take  proper  time  to  veer* 

To  caji  on  the  larboard  tack,  <when  riding  ivith  the  avind  right  a-head,  and 
to  'ueer  her  Jbort  round  before  the  numd  in  little  room. 

The  head-fails  (hould  only  be  loofe,  viz.  the  fore-topfail  hoifted  and  the  fore-fail  loofe  s 
ferace  (harp  up  with  the  larboard-braces,  the  jib  and  fore-topmaft  ftayfail  fet.  with  the  lar- 
board-fheets  flat  aft.  When  the  anchor  is  a-peek, tand  a  lee-tide  running,  at  weighing  the  an- 

chor, the  helm  (hould  be  put  to  port  fo  far  as  to  bring  the  wind  two  points  on  the  larboard-bow, 
which  (hould  be  kept  fo  by  fleering  the  (hip  till  the  tide  ceafes  to  run  aft.  Then  put  the  helm 
hard  to  (larboard,  or  a-lee  5  and,  when  the  (hip  gets  fternway,  the  water  will  act  powerfully 

on  the  (larboard,  or  lee,  fide  of  the  rudder,  turning  the  (hip's  ftern  to  windward,  whilft  the 
wind,  acting  at  the  fame  time  upon  the  head-fails  a-back,  will  box  her  round  off  upon  her  heel, 
fo  as  to  bring  the  wind  nearly  aft  by  the  time  (he  lofes  her  fternway.  Then  the  (hip  will  ceafe 
falling  off  and  foon  get  head-way,  which  (hould  be  attended  to,  and  the  head-fails  braced 
about  flat  with  the  (larboard -braces^  and  the  helm  drifted  hard  to  port  at  the  fame  time. 

When  there  is  no  tidf,  but  dill  water,  at  weighing  the  anchor,  the  helm  muft  be  hard  to 
{larboard  :  and,  as  the  (hip  gets  fternway,  the  water  meets  with  fo  much  refidance  againft  the 
(larboard -fide  of  the  rudder  in  that  direction,  that  the  rudder  acts  with  great  power  to  turn  the 

(hip's  ftern  round  to  port,  and  the  head-fails  being  fet  and  trimmed  as  before-mentioned,  and 
the  forefail  let  fall  with  the  (larboard-bowline  habled  clofe  forward,  will  affift  to  caft  the  (hip 
To  far  round  the  ri^ht  way,  by  the  fame  time  .he  lofes  her  fternway,  as  then  to  permit  your  pro- 

ceeding as  before  directed.  To  enfure  fuccefs,  heave  the  anchor  up  brifkly.  The  fame  meth- 
ods are  adopted  in  cafting  the  (hip  on  the  ftarboard-tack,  enly  the  helm  and  fails  are  managed 

the  contrary  way. 

To  tack  aflfip  in  getting  to  <windivard  as  much  as  poj/tble. 

To  execute  this  with  propriety,  care  mud  be  taken  that  the  (hip  does  not  yaw,  that  flje  is 
iiot  too  mar  or  too  hi  from  the  wind  ;  becaufe  both  fituntions  are  equally  prejudicial. 
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When  this  medium  Is  obtained,  haul  the  mizen  out,  while  you  put  at  the  fame  time  the 
helm  a-lee,  brace  the  fail  to  windward,  in  order  that  it  may  be  as  much  as  poflible  expofed  to 
the  wind.  When  the  (hip  is  come  to  the  wind,  fo  as  to  caufe  the  fquare-fails  to  fhiver,  let  go 

the  jib  and  all  the  ftayfail-.'heets  before  the  main-maft  :  at  the  moment  when  all  the  (ails  ̂ atch 
a-back,  and  particularly  the  mizen- topfail,  let  it  be  braced  (harp  about  the  other  way  :  hauling 
up  at  the  fame  time  the  weather-clue  of  the  main-fail ;  and,  when  the  wind  is  right  a  head, 
or  even  a  little  before,  haul  the  main-fail,  and  trim  (harp  for  the  other  tack  as  faft  as  poflible,, 
The  jib  and  ftayfail  iheets  are  alfo  to  be  (hifted  over  at  the  fame  time,  in  righting  the  helm, 
whether  the  (hip  has  loft  her  way,  or  even  dill  advances  a-head.  Then,  as  foon  as  (he  has 

pafl'ed  the  direction  of  the  wind  about  450,  in  continuing  her  evolution,  (hift  the  foremaft's 
fails,  which  are  to  be  trimmed  with  the  fame  celerity  as  in  putting  the  helm  a-lee?  if  you  fear 

the  (hip  (which  mcft  ftill  go  a-ftern  if  the  operation  be  (lowly  executed)  will  not  fall  oft'  fuffi- 
ciently  :  for,  if  the  fails  are  braced  about  bri(kly,  (he  will  never  have  fternway  ;  on  the  contrary, 
(he  will  get  a  great  deal  to  windward. 

To  tack  ajbip,  ivithoui  endeavouring  to  get  to  iviudrujardf 
There  are  circumftances  fometimes  when  it  is  found  neceflary  to  tack,  without  caiing  much; 

■whether  the  (hip  lbfeste  windward.  For  example  :  When  a  (hip  is  found  fu.ideniy  to  be  clofe 
to  the  land,  in  the  night,  or  in  foggy  weather,  near  a  danger,  or  forhe  veflel,  which  muft  in- 

stantly be  ayoided  by  ftaying  the  (hip,  becaufe  you  find  yourfelf  to  windward,  and  too  near  the 

object  from  which  you  with  to  recede  ;  in  this  cafe,  when  it  is  neceffary  to  deaden  the  (hip's 
way,  and  tack  at  the  fame  time,  you  muft  fuddenly  put  the  helm  hard  a-lee  ;  and,  in  the  fame 
In  ft  ant,  let  go  the  jib,  for-e,  and  (lay-fail  (hecs,  without  touching  the  bowlines  ;  and  great 
care  muft  be  taken  that  the  effect  of  the  mizen  is  preferve-d  as  much  as  poflible.  When  the 
fails  begin  to  driver,  the  mizen  is  to  be  hauled  quite  to  windward  ;  then,  if  the  (hip  takes  well! 
the  wind  a-head,  the  remaihderof  the  operation  muft  be  executed  as  directed  in  the  preceding 
cafe  ;  but,  if  you  (hould  mifs  days,  you  muft  proceed  according  to  the  fecond  method  of  veet-» 
ing,  called  boxhauling. 

To  tack  a  foib  m  a  dangerous  rough  fea,  ivhen  her  flaying  is  doubtful* 

^,et  every  thing  be  got  clear  and  ready  ;  the  hands  at  their  proper  (rations,  the  fails  trimmed 
fair,  and  the  ihip  (leered  _iuft  full,  and  clofe  by  the  wind.  Take  the  advantage  of  the  fmoothefi 
time  when  the  lhip  has  the  moft  head-way,  The  other  neceflary  precautions  are,  to  haul  down 
pe  jib,  if  fet,  and  not  to  put  the  helm  a-lee  all  at  once,  but  to  luff  the  (hip  up  by  degrees,  to 
(hake  the  fails.  When  they  (hake,  give  thefe  orders  : — The  helm  hard  a-lee  ;  let  go  the  lee- 
(heets  forward,  but  not  the  lee-braces  and  fore-top  bowline,  as  that  ufual  practice  backs  the 

head-fails  too  foon,  and  (tops  the  (hip's  headway,  which  ought  to  continue  to  give  power  to  the 
helm  till  the  wind  is  brought  a-head,  or  the  (hip  will  not  ftay.  Rajfe  tacks  and  (heets  and 
main-fail  haul,  when  the  wind  is  a-point  on  the  weather-bow  ;  this  (wings  the  yards  round 
(harp,  that  the  main  tack  may  be  got  clofe  down,  whilft  the  head  (ails  becalm  the  fore-leech  of 
the  main  and  main-top  fails  j  while  the  wind,  blowing  aflant  on  the  after-leech  of  thefe  fails, 

aits  Jointly  with  the  rudder  to  turn  the  (hip's  (fern,  fo  as  to  bring  her  about  the  right  way.-— 
When  (Ire  has  fallen  off  five  or  fix  points,  let  go  and  haul. 

When  a  (hip  comes  about,  (he  is  fure  to  have  fternway  by  the  time  the  head-fails  are  hauled  j 
therefore,  the  helm  (hould  not  then  be  (hifted  a-lee,  but  (hould  be  kept  hard  a-weather,  till  her 
ftern-way  ceafes.  The  water,  acting  upon  the  weather-fide  of  the  rudder  prevents  the  (hip 
falling  round  off  from  the  wind,  which  the  helm,  when  h.ird  a-lee,  occafions,  while  the  ftern- 
way  continues.  Notice  (hould  be  made  by  thecompafs,  that  the  (hip  continues  coming  about 
till  the  wind  is  on  the  other  bow  5  for,  if  (he  flops  with  the  wind  a-head,  and  her  headway  is 
perceived  to  be  done,  the  helm  (hould  be  directly  Ihifted  to  the  other  (ide  ;  fo  that,  by  the  ftern- 

way, the  water  may  act  upon  the  rudder  and  bring  her  about,  and  then  the  helm  (hould  not  be 
kept  a-lee,  but  directly  (hifted  and  kept  hard  a-weather  till  her  fternway  ceafes.  For  the 
reafon  juft  given,  the  head-fails  may  be  hauled  as  foon  as  pofiible  ;  for,  the  (hip  will  be  fure 

to  fall  oft*  the  fader  and  farther  in  proportion  to  her  fternway  j  fo  that  the  weather  braces  (hould 
be  tended,  to  prevent  the  head-yards  flying  fore  and  aft,  as  they  will  do  when  it  blows  frefh  ; 
and  to  keep  the  head-fails  (hivering,  that  the  fore-tack  may  be  got  clofe  down  eaftly,  and  the 
ihip  ftopt  the  foonerfrom  falling  off.  Shift  the  helm  a-lee  when  the  fternway  ceafes,  and  the 
fc^ad-fiils  may  be  trimmed  (harp  as  the  (hip  is  perceived  to  come-to. 

On  turning  to  wiudivard  in  very  narrow  channels. 

At  weighing,  if  the  wind  is  partly  acrofs  the  tide,  it  will  caft  the  (hip  with  her  head  towards 

the  wea'thcr-ihore,  which  (he  may  be  kept  clear  of,  by  driving  with  the  fails  a-back  till  the 
anchor  is  up  and  flowed  ;  and,  as  the  tack  towards  the  weather- (hore  is  the  (horteft,  it  is  pru- 

dent to  back  as  near  the  lee-ftde  as  poffible,  in  order  to  make  the  firft  board  the  longer  ;  to  get 

tjle  three  tcp-f^ils,  jib,  (lay-fail;  2nd  miser),  properly  fee  5  ar,d  to  get  all  ready  in  time  for  tack-. 
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in*.  Make  as  bold  as  poflible  with  the  weather- (hore,  becaufe  on  that  fide  a  fhip  is  always 
furetl  in  coming  about ;  and,  in  cafe  of  miffing  (rays, a  (hip  may  be  backed  off  from  the  weather- 
fhore,  till  (he  has  worn  to  fill  and  fet  the  fails,  and  get  fufficient  headway  to  try  her  in  Hays 
again  without  danger.  But,  when  the  (hip  is  got  about,  and  (landing  towards  the  lee-fhore,  it 
may  benecefTary  to  put  her  in  (lays  in  good  time  ;  becaufe  (he  does  not  fo  certainly  Hay  when 
going  flanting  with  the  tide  as  when  going  acrofs  it. 

By  (laying  her  thus  in  good  time,  if  (he  even  mifs  (lays,  there  rmy  be  room  enough  to  fill 
and  try  her  the  fecond  time,  or  to  ufe  fuch  means  as  may  prLvent  her  going  on  Ihore. 

But,  when  che  wind  is  right  againfl  the  tide,  which  begins  to  make  to  windward,  be  cautious 
not  to  weigh  the  anchor  till  the  fhip  fwjngs  end-on  to  the  tide,  and  brings  the  wind  fo  far  aft, 
that  (lie  may  be  (leered  right  againfl  the  tide  till  the  anchor  is  up  and  flowed,  and  the  faiis, 
with  whhh  the  fhip  is  to  work,  are  all  ready. 

Haul  the  wind  and  get  ready  for  tacking,  when  you  are  clofe  over  to  one  fide,  to  gain  the 
whole  breadth  of  the  channel  for  getting  underway.  For  this  purpofe,  let  the  firfl  nip  be  made 
as  (hort  as  pofjible,  till  it  is  found  how  the  fhip  works  upon  both  tacks  ;  and  then  make  longer 
or  (horter  boards  accordingly,  but  take  care  not  to  (land  into  an  eddy  tide  on  either  fide,  Which 
has  often  occafwned  (hips  to  mifs  days  and  goon  (hore.  If  a  fhip  will  not  ftay,  (he  mult  ba 
Veered,  box-hauled,  or  club-hauled. 

To  t'&er  aJJy'ip  without  lofing  the  nviad  ont  of  her  f ails, 
To  execute  this  evolution  both  the  main-fail  and  mizen  mud  be  hauled  up,  the  helm  put 

a-weather,  and  the  mizen  top-fail  a  fhiveting,  which  will  be  kept  fo  till  the  wind  be  right  aft, 
fuppreffing  for  that  purpofe  the  effect  of  all  the  ffayfails  abaft  the  centre  of  gravity.  As  the 

fhip  falh  off",  (which  (he  will  do  very  rapidly)  round-in  the  weather-braces  of  the  fails  on  the 
fore  and  main  mail,  keeping  them  exactly  trimmed  to  the  direction  of  the  wind,  and  remember- 

ing alfo  that  the  bowlines  are  not  to  be  darted  till  the  fliip  begins  to  veer.  As  (be  falls  off,  eafe 
away  the  fore-(heet,  raife  the  fore-tack,  and  get  aft  the  weather- (heet.  as  the  lee  one  is  eafed 
off;  fo  that,  when  the  fhip  is  right  before  the  wind,  the  yards  will  be  exactly  fquare.  Then 
f  hi  ft  over  the  jib  and  (layfail  (heets  ;  and,  the  (hip  continuing  her  evolution,  haul  on  hoard  the 
fore  and  main  tacks,  and  trim  all  (harp  fore  and  aft,  remembering  to  haul  aft  the  mizen  and 

mizen-ftayfail  (heets  as  foon  as  they  will  take  the  right  way,  or  when  the  (hip's  (lernhasa  little 
paffed  the  direction  of  the  wind.  When  the  wind  is  on  the  beam,  right  the  helm  to  moderate 

the  great  velocity  with  which  the  fhip  comes-to  ;  the  fails  being  trimmed,  (land  on  by  the 
wind. 

To  --veer  a  f>ip  that  has  loft  her  fere -maf. 
Run  out  the  end  of  a  cable  or  hawfer  over  the  lee-quarter,  and  buoy  it  up  from  the  ground 

with  empty  ca(ks,  &c.  in  cafe  of  coming  into  fhoal-water  with  little  wind.  This  will  affiii 
the  helm  with  fuch  power  as  to  make  the  fhip  veer  and  (leer  at  pleafure. 

A  fpare  yard  or  boom,  rigged  out  abaft  the  mizen-fhrouds,  may  guy  the  end  of  the  cable  at 
hawfer  more  or  lels  on  either  quarter,  according  as  the  fhip  may  have  occauon  to  fail.  It  may 

be  eaftly  (hifted  from  fide  to  fide,  and  guyed  out  to  leeward  in  proportion  to  the  (hip's  griping, 
to  anfwer  (ailing  upon  both  tacks  ;  and,  when  failing  before  the  wind,  it  may  be  fecured  over 

the  middle  of  the  (lern,  which  will  prevent  the  (hip's  broaching-to  agqind  the  helm  either  wayj 
This  would  likewife  much  affifl  deep-laded  bad-(le<ering  (hips,  and  prevent  their  broaching- 

to,  to  which  they  are  liable  in  fpite  of  the  bed  helmfmen,  often'occafioraing  them  to  lie-to,  even 
with  a  fair  wind.  With  a  little  contrivance  by  blocks  lalhed  to  the  rails  on  the  quarters,  tQ 
lead  the  guys  fair  to  the  fleering  wheel- barrel,  it  may  be  made  to  fleer  a  (hip  that  has  loft  her 
rudder. 

To  <veer  *whe?i  lying-to   under  a  ?nain-fa'd. 
Advantage  mud  be  taken  of  the  (hip's  falling  off  to  put  the  helm  a-weather,  and  eafe  away 

fhe  main-(heet  roundly  ;  and,  when  the  (hip  has  fallen  off  about  300,  let  go  the  main  bow- 
line, and  round  in  the  weather-brace,  taking  caie  to  keep  the  fail  full.  When  the  fhip  is  be- 

fore the  wind,  get  on  bo3rd  the  main  tack,  and  right  the  helm,  to  moderate  her  coming-to. 
If,  in  the  beginning,  the  (hip  is  found  difficult  to  veer,  the  fore  (layfail  may  be  hoilted,  ani 

the  (heets  hauled  well  aft  :  but  it  is  to  be  hauled  down  as  foon  as  thejhip  is  before  the  wind, 

A  fecond  method. 

Make  fafl  a  four-inch  rope  to  the  flings  of  the  main-yard  ;  and,  when  the  (hip  comes-to,  fa 
as  to  Oliver  the  main-fail,  bring  it  down  before  the  fail  to  the  top  fail-  (heet  bitts,  andl.t  it  be 
hauled  tight  and  belayed.  Then,  as  focn  as  (he  falls  off,  put  the  helm  a-weathrr,  and  let  g<» 
the  main  (heet.  By  thefe  means,  the  lee-part  of  the  fail  no  longer  has  any  power  to  keep  the 
.fhip  to  the  wind,  and  the  weather-part  acting  before  the  centre  of  gravity  will  caufe  her  to 
veer  fader  than  by  the  firft  method  ;  though^  In  general,  ths  firft  method  will  anfwer  the  pur-.. 
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To  <veer  under  bare  poles. 

The  fore-itayfail  muft,  if  circumftances  will  allow  ir,  be  hoifted.  But,  if  that  cannot 
be  done,  the  head-yards  are  to  be  braced  up  as  fharp  as  poffible,  and  thofe  abaft  pointed  to 
the  wind.  Then,  if  the  fhip  veers,  (he  will  lteer  under  the  mails  and  ropes  only.  A  number 
of  feamen,  fenc  up  and  placed  clofe  to  each  other  in  the  weather  fore-fhrouds,  will  be  found 
?lfoof  v«y  great  fervice. 

To  ioxhaul  a  flip,  or  the  fecond  method  of  "jeering. 

In  this  evolution,  the  moft  rapid  execution  is  neceflary.  Erifkly,  and  at  the  fame  intrant, 
haul  up  both  the  mainfail  and  the  mizen;  fhiver  the  main  and  mizen  topfails;  put  the  helm 
hard  a-lee  5  raife  the  fore-tack  ;  let  go  the  head  bowlines,  and  brace  about  the  head-yards 
fharp  the  other  way  5  and  let  the  jib  and  ftayfail  fheets  go  in  the  fame  inftant.  When  the  (hip 

has  fallen  off  9O0,  brace  the  after-yards  fquare,  in  order  to  give  the  fhip  a  little  way,  and  to 
help  her  (with  the  rudder,  the  fituation  of  which  muft  be  changed)  to  double  the  point  where 

all  the  fails  fhiver  ;  and  when  the  wind  is  aft,  you  will  proceed  as  in  the  method  of  *'  veering 
without  Iofing  the  wind  out  of  the  fails." 

If  the  circular  motion  of  the  (hip,  after  fhe  has  fallen  off  900,  continues  pretty  rapid,  the 
filling  of  the  after-fails,  to  give  the  fhip  headway,  may  be  difpenfed  with  ;  becaufe  fhe  contin- 

ues to  turn  by  the  effect  of  her  helm,  which  muft  not  be  fhifted,  fince  the  veffel  ftill  continues 
her  fternway.  Therefore  after  haying  veered  a  few  degrees  more,  the  wind  will  fi!!  all  her  fails 
r.nd  the  fliip  confcquently  will  have  headway.  Then  change  the  fituation  of  the  rudder  to 
bring  her  before  the  wind. 

In  a  cafe  of  abfolute  danger,  when  it  might  be  neceffary  to  go  a-ftem  and  fall  off  more  rapid- 
ly, put  the  helm  a-lee,  brace  all  the  fails  a-back,  obferving  not  to  brace  the  after-fails  more 

than  fquare,  that  they4* may  not  counteract  the  head-fails,  which  are  braced  fharp  a-back  to 
pay  the  fhip's  head  off;  becaufe  the  effe£l  of  the  after-fails,  in  this  fituation,  is  to  impel  the 
fhip  abaft  in  the  direction  of  her  keel  ;  which,  with  thofe  forward,  contribute  to  give  her  frefh 
fternway,  in  order  to  caufe  the  fiiip  to  veer  with  greater  celerity.  The  jib  and  fore  topmaft 
ilayfail  fheets  being  hauled  over  to  windward,  will.alfift  the  fhip  in  falling  off  and  going  a-ftem. 

When  a  fhip  is  taken  a-back  by  bad  fteerage  or  a  fhift  of  wind,  (lie  may  fometimes  be 
brought  on  the  fame  tack  again  by  inftantly  bracing  fharp  round  the  head-fails,  and  keeping 
fa  ft  the  jib  and  ftayfail  fheets.  One  mufr  recolleft,  alio,  the  after-fails  are  not  to  be  touched 
till  the  fhip  has  fuffkiently  fallen  eff  5  and  when  that  fhall  be  the  cafe,  trim  the  fails  and  ftand 
on  as  before.  The  rudder  is  to  be  ufed  as  occafion  may  require,  according  as  the  fhip  has  head 
or  ftern  way. 

Boxhauling  is  deemed  the  fureft  and  readied  way  to  get  a  fhip  under  command  of  the  helm 
and  lails,  with  the  lead  lofs  of  ground  to  leeward,  when  a  (hip  refufes  flays.  The  mafters  of 
iloop-rigged  veffels,  turning  to  windward  in  narrow  channels,  when  they  want  but  little  to 
weather  a  certain  point,  run  up  in  the  wind  till  the  headway  ceafes,  then  they  fill  again  upon 
the  fame  tack  :  this  they  call  making  a  half-board.  Thus  a  fhip,  in  boxhauling,  may  be  laid 
to  make  two  half-boards,  firft  running  with  her  head,  then  with  her  ftern,  up  in  the  wind  j 
by  which  two  motions  a  fhip  rather  gains  to  windward.  ^ 

To  clwbhdul  a  Jhip. 

Clubhauling  is  praclifed  when  it  is  experfled  that  a  (hip  will  refufe  (lays  upon  a  lee-fhore. — 
Place  the  hands  to  their  ilations  for  putting  the  fhip  about,  and  fome  by  the  lee  anchor  ;  then 

pur  the  helm  down,  and  if  the  fhip  make  a  ftand  before  fhe  brings  the  wind  a-head,  let  go  the 
anchor  and  haul  the  main-fail-  When  the  wind  is  a-head,  cut  the  cable,  and  the  fhip  will  caft 
the  way  required.     The  afcer-fails  being  full,  let  go  and  haul. 

Another  method. 

Bend  a  hawfer  to  the  kedge-anchor  on  the  lee-bow,  and  bring  the  end  into  one  of  the  after- 

ports,  or  over  the  taffarel.  Let  go  the  anchor,  brace  up  all  fharp  the  contrary  way,  put  the 
helm  a-lee,  and  haul  in  brifkly  on  the  hawfer.  As  foon  as  fhe  gets  head-way,  cut  or  flip  the 
hawfer,  and  carry  a  prefs  of  fail. 

To  lie- to  to  windward  of  a  pip,  fo  as  ?iot  to  drift  near  her. 

The  main-topfail  muft  be  braced  fharp  a-back,  keeping  the  fore  and  mizen  topfaite  full  ; 

becaufe  the  wind  acls  with  a  very  fmall  fine  of  incidence  on  a  fail  when  full,  in  companion  to 

what  it  does  when  braced  fharp  a-back  :  fo  that  the  fore-topfail,  being  full,  draws  the  fhip  a- 

head,  and  the  effeft  of  Falling  off  is  oppofed  by  the  main  and  mizen  topfails.  She  will  of  courie 

not  fail  off  much  ;  nor  will  her  lee- way  be  very  confiderable  ;  for  the  fhip  is  well  kept  to  th» 
wind,  by  the  difpofition  given  to  her  fails. 
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To  lie-to  under  the  lee  of  another  fhip. 

The  fore-topfail  ought  to  be  braced  fharp  a-back,  the  main  and  mizen  topfails  kept  full, 
Lscaufe  thefe  two  laft-mentioned  fails  tend  to  give  the  (hip  headway,  and  keep  her  to  the  wind  : 
they  may  be  affifted  by  the  mizen,  which  will  oppofe  the  tailing  off  occaiiontd  by  the  fore- 
topfail.  Thus,  fhould  the  (hip  to  windward  fall  off  violently,  or  drift  too  much,  you  are  more 
ready  to  veer  fhort  round,  and  avoid  being  boarded  ;  becaufe  the  fore-topfail  being  braced  {harp 
a-back,  the  impulfe  of  the  wind  on  it  is  much  greater  than  if  it  were  full  j  and  it  is  well  dif- 
pofed  to  veer  fuddenly,  as  foon  as  the  power  of  the  other  fails  is  fuppreffed. 

To  bring-to  with  the  fore  or  main  topfails  a-hack  to  the  mafl  or  filled. 

Either  the  fore  or  main  topfail  muft  be  braced  fharp  a-back,  and  the  lee-bowline  hauled  up 
a  little  :  the  other  two  topfails  trimmed  fharp  ;  with  the  mizen  hauled  out,  and  the  helm  a-lee. 

If  you  bring-to  with  the  fore-topfail  to  the  mail,  the  head-yards  may  be  only  laid  fquare. 
Then  the  wind  will  act  obliquely  on  the  fail,  and  the  ship  will  fall  off  but  little,  becaufe  its 
erfedt  is  in  the  direction  of  the  keel  from  forward  aft,  and  the  fails  abaft  keep  the  ship  to.  The 

main-topfail  may  be  worked  in  the  fame  manner,  if  you  wish  not  to  expofe  yourfelf  much  to 
the  wind. 

To  bring-to  with  the  three  topfails  a-hack. 

Th«  jib  and  ftayfa'ls  being  hauled  down,  brace  sharp  round  at  once  all  the  fails  vou  wish  to 
lie  a-back  in  hauling  up  the  lee-bowlines,  the  better  to  expofe  the  fails  to  the  action  of  the 
wind  :  haul  out  the  mizen,  and  put  the  helm  hard  a-weather. 

To  fill,  when  lying-to  with  the  fore  topfail  to  the  mafi. 

Brail  up  the  mizen,  hoift  the  jib  and  fore-topmaft  ftayfail,  shiver  the  main  and  mizen  top* 

fails,  and,  when  the  ship  has  fallen  off  20°  or  300,  fill  the  fore-topfail,  which  was  a-back  be- 
fore, and  ftand  on. 

To  fill  iuhen  lying- to  ixt'ith  the  7nain  topfail  to  the  mafi. 
Brace  fharp  and  brifkly  the  fore  topfail  a-back  j  fhiver  the  main  and  mizen  topfails  ;  hofft 

the  jib  and  fore  topmaft:  ftayfails,  and  brail  up  the  mizen,  all  at  the  fame  time  j  and  when  the 

fhip  has  fallen  off  20°  or  300,  fill  the  fore  topfail  and  ftand  on. 
If  you  are  obliged  to  keep  the  wind  on  the  fame  tack  as  that  on  which  you  are  lying-to,  yoa 

have  only  to  right  the  helm,  fill  the  topfail  which  is  a-back,  and  trim  it  fharp,  to  continue  vour 
courfe. 

Afecond  method. 

Trim  the  topfail  which  was  to  the  malt,  in  order  to  give  the  (hip  way  through  the  water,  and 

be  able  to  tack  or  run  large,  according  as  may  be  found  heceffary.  But  this  method  is  very- 
tedious,  unlefs  you  mean  to  heave  in  ftays  j  in  which  cafe  i:  will  be  moft  expeditious. 

A  third  method. 

Shiver  the  main  and  mizen  topfails,  keeping  the  fore  topfail  full,  righting  the  helm,  and 
running  up  the  jib  and  fore  topmaft-ftayfail  at  the  fame  time.  As  foon  as  the  fhip  has  fallen 
off  enough  to  get  headway,  fill  the  after-fails,  and  keep  the  fhip  in  the  direction  you  mean  te> 
follcv.  It  iseafily  feen  that  this  method,  though  the  moft  common,  is  not  the  moft  expedi- 

tious, when  you  have  to  veer  confiderably. 

To  fill  when  lying-to  with  all  the.  fails  to  the  mafi. 

Brail  up  the  mizen,  lay  the  after-yards  fquare,  and  fhift  the  helm  a-lee.  When  the  (hip 
has  fallen  off  fufficiently  to  fill  the  after-fails,  thofe  forward  are  then  to  be  braced,about  and 
trimmed  full  alfo,  in  order  to  ftand  on. 

Of  lying-to  in  a  gale  of  wind. 

To  lie-to  when  it  blows  hard,  keep  as  clofe  to  the  wind  as  poffible  under  fome  one  fail  well 
trimmed,  with  the  helm  laihed  a-lee  as  much  as  may  be  requisite  for  the  fhip  ;  and  as  (hips 

commonly  bring-to  from  the  ftrefs  of  contrary  winds,  care  fliould  be  taken  to  heave-to  under 

fuch  fail  as  will  leaft  (train  the  fhip  ;  becaufe  there  are  fome  (hips  which  lie-to  better  under  the 
fijrefail  than  nainfail,  others  are  more  eafy  under  the  rhaiafail,  fome  under  a  mizen,  nnd  many 
velTels  iie-to  beft  under  a  main  ftayfail. 
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Lying-to  under  a  forefaih 

This  is  advantageous  for  veering  when  you  are  well  to  windwarl  ;  but  it  augments  tne  lee- 

way and  is  more  fuLjecl  to  break  the  fea  on  board,  on  account  of  the  (hip's  continual  falling  oft  i 
becaufe  in  that  movement  (he  gathers  way  by  yielding  to  the  impulfe  of  the  gale,  and  is  after- 

wards recalled  to  the  wind  by  the  helm  ;  fo  that  in  fpringing  the  luff  (he  meets  the  wave  which 
comes  from  to  windward. 

Lying-to  under  the  mainfait. 
The  fhip  does  not  in  this  fituation  fall  off  fo  eafily  as  in  the  laft  mentioned  mode,  becaufe  its 

effect  paffes  abaft  the  centre  of  gravity  of  the  fhip  |  but  it  keeps  the  fhip  more  to  the  wind  and 
confequently  occafions  lefs  lee-way. 

Lying-to  under  the  mizen. 
Under  the  mizen  (hips  keep  better  to  the  wind  than  under  any  other  fail,  becaufe  it  is  farthey 

abaft  the  centre  of  gravity  than  any  of  the  reft,  confequently  ought  to  keep  the  veffel  from  drift- 
ing more  than  any  of  the  others  j  but  it  is  inconvenient  fhould  you  have  occafion  to  veer  fud- 

denly. 

Lying -to  under  the  main  flay  fa  th 

Under  the  main  ftayfail  a  fhip  will  not  make  fo  much  lee-way  as  under  a  forefa'il,  becaufe  its 
efforts  pfaffes  very  near  the  centre  of  gravity  ;  but  it  will  however  caufe  her  to  drift  more  than 
the  mainfail  ;  fu  that  this  mode  of  lying-to  is  a  mean  between  the  two  others,  and  is  preferable 
whan  it  blows  (bong  enough  for  that  fail  to  fupport  the  rolling  of  the  fhip.  It  ought  likewife 
to  be  preferred,  becaufe  the  ship  will  veer  under  that  fail,  the  action  of  which  paffes  at  a  fmall 
diftance  from  the  centre  of  gravity,  and  the  power  of  which  overcomes  the  refiftance  which  all 

ships  meet-  from  the  fluid  under  their  lee  ;  a  refinance  which  always  gives  them  a  great  incli- 
nation to  fly  up  in  the  wind  when  it  blows  hard,  or  when  under  a  heavy  prefe  of  fail. 

Lying-to  under  the  fore ■,  main,  and  mizen  flay  fads  ± 

All  the  preceding  modes  of  lying-to  have  their  peculiar  faults  ;  but  the  preferable  way  Is 
tonder  ;he  fore  ftayfail,  the  main  ftayfail,  and  mizen  ftayfail ;  becaufe  under  thefe  fails  the 
ship  will  fteer  and  is  in  a  better  fituation  for  veering  than  under  any  other  fail  ;  for,  only  haul 
iowin  the  mizen  fta\  fail  and  put  the  helm  a-weather,  when  the  two  other  fails,  being  before  the 
centre  of  gravity,  will  caufe  her  to  fall  off;   she  will  then  foon  gather  way  and  fteer  eafily. 

Should  ihe  gale  continue  very  hard,  and  one  of  thefe  ftayfails  be  blown  away,  the  lofs  is  not 
*f  much  confequence,  as  the  courfes,  in  cafe  of  an  emergency,  are  ready  to  fet  ;  whereas  the 
courfes  ar<;  not  lo  readily  replaced  when  loft.  This  mode,  therefore,  appears  preferable  in  ev- 

ery relpeft,*  whether  you  wish  to  veer  or  keep  your  wind  :  becaufe,  if  the  ship  does  not  fuf- 
fkiently  keep  the  wind,  you  may  haul  out  the  balanced  mizen,  or  take  in  the  fore-ftayfail,  or 
even  the  main -ftayfail,  One  of  thefe  ftayfails,  before  the  centre  of  gravity  of  the  ship,  is  futft- 
cient  tn  make  her  veer  as  foon  as  the  after-ones  are  fuppreffed.  There  are,  befides,  thefe  fol- 

lowing confiderations  for  fo  doing  :  The  ship  will  carry  fail  better  ;  becaufe,  as  the  centre  of 
effort  of  thofe  on  her  is  very  low,  she  drifts  lefs,  holds  a  better  wind,  and  goes  falter  through  the 

•water  ;  and  thefe  three  or  four  fails  are  fo  fituated  as  to  give  the  whole  body  of  the  ship  play, 
which  will  (train  her  lefs  than  when  under  one  fingle  fail,  which  cannot  by  itfelf  work  itfronv 
aft  forward. 

Of  founding  in  fair  weather,  whether  clofe -hauled  or  going  large* 

Clofe-hauled. 

If  dofe-hauled,  brail  up  the  mizen  and  mizen- ftayfail,  let  go  the  main-sheet  that  the  faif. 
jrray  shiver,  pat  the  helm  a-!ee,  and  back  the  mizen-topfail  by  bracing  it  fquare.  The  head- 
fails,  as  well  as  the  jib  and  ftay-fails,  are  to  be  kept  in  their  firft  fituation  ;  recollecting  to 
haul  tight  and  belay  the  lee-braces.  When  the  ship  has  nearly  loft  her  headway,  though  con- 

tinuing (till  to  come  to  the  wind,  yet  catch'  that  moment  to  heave  the  lead,  and  it  is  to  be  haul- 
ed in  again  with  all  poflible  difpatCh.  To  fill  again,  haul  aft  the  main-sheet,  trim  the  mizen- 

topfail;  and  right  the  helm. 

*  Should  the  Jea  run  too  high  for  the  lower  fay  fails  to  keep  the  jhip  fle-xdyt  a  clofe-rcefed  irtii:-- 
tofjuil  will  be  found  to  aijzvert.be  t-urpofe  admirably. 
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Going  large* 

5n  going  large,  you  have  only  to  put  the  helm  a-lee,  to  brail  up  the  mizen,  and  to 
belay  the  lee  braces  quite  tight,  to  prevent  the  yards  having  too  much  play  when  the 
fails  are  fhivering.  It  is  imnoffible  to  tack  in  this  lituation,  as  the  jib  and  head  fails  are 
always  in  a&ion  ;  and  the  fq\iare  fails  foon  coming  to  fhake,  on  account  of  their  fhects 
not  being  tacked,  they  lofe  all  their  power,  and  the  (hip  is  loon  at  a  (land. 

Another  method  preferable  to  the  former* 

Going  large* 

Brace  the  head  fails  fquare,  haul  down  the  jib  and  ftayfails,  without  ftirring  the 
after-fails,  and  put  the  helm  a-lee.  While  the  (hip  has  dill  a  little  headway,  heave 
the  lead  from  the  place  where  you  haul  it  in  ;  that  lead  will  go  firft  a  little  a-ftem,  but 
the  (hip,  being  head  to  wind3  will  foon  herfelf  go  a-ttern  right  upon  the  line;  and  as 
the  helm  is  a-lee,  the  fliip  eafily  veers.  But,  it  you  wi!h  to  keep  her  to  longer,  right 
the  helm  and  haul  the  mizen  out,  to  prevent  the  (hip's  falling  off. 

If  you  have  ftuddir.g  fails  fet,  they  rhiift  be  hauled  down,  particularly  the  lower 

ones  ;  be"caufe,  mould  the  wind  take  them  a-back  their  power  on  the  boom  might bring  the  fliip  round  entirely,  for  they  acl  en  a  lever  without  the  fliip,  the  fulcrum 
of  which  is  on  the  outfide  of  the  velTel  before  the  centre  of  gravity.  If,  however,  the 
helm  is  continued  a-lee  till  the  (hip  falls  off  (he  will  not  come  about,  becaufe  then 
the  veffel  goes  a-ftem  with  great  velocity,  and  the  rudder  ads  powerfully  to  make  her 
veer;  but  the  fadl  is*  that  the  (hip  will  go  a  great  deal  a-itern,  and  will  continue  t« 
do  fo  much  longer. 

C  lofe -hauled. 

If  clofe-hau!ed,  or  a  very  little  from  the  windi  the  helm  is  to  be  put  a-lee,  and  the 
inftant  the  fails  are  taken  a-back  the  head  fails  are  to  be  filled  by  brifkly  bracing  them 
fquare,  without  waiting  for  the  wind  being  right  a-head  ;  then,  a  little  before  the 
ihip  has  loft  her  way,  heave  the  lead  from  the  place  where  you  haul  it  in,  and  then 
proceed  as  before. 

X)n  jh'ips  driving. 

When  it  happens  that  there  is  not  fufficient  room  to  work  in  a  tide's  way,  through 
a  crowd  of  il.ips,  or  in  a  narrow  channel,  but  that  a  (hip  muft  drive  by  the  help  df 
the  tida,  it  may  be  done  provided  the  tide  be  ftrong  enough  in  proportion  to  the  wind. 
This  art  confifts  in  keeping  the  (hip  in  a  fair  way,  by  a  management  of  the  rudder 
and  the  fails. 

To  drive  to  nximdnvardj  nvhtn.  the  nvind  is  aga'mft  the  tide. 
If  the  channel  is  fufTkieritly  broad,  the  (hip  (hould  be  drifted  broad-fide  to  the 

wind,  as  the  tide  will  then  have  the  greateft  power  on  her;  and  could  the  (hip  bs 
backed  a-ftern  or  (loot  3-head  at  pleafure,  (he  might  be  kept  drifting  upon  the  fame 

tack  with  fafety  ;  but  (hips  in  a  tide's  way  can  never  be  backed  fo  far  a«ftern  as  they 
v/ill  (hoot  a-head.  At  the  firft  of  a  ftern-board  a  (hip  will  go  brifkly  a-ftern,  but  will 
foon  fall  off,  and  drift  with  the  wind  abaft  the  beam,  forging  a-head;  for  this  reafon 
the  muft  be  drifted  with  the  helm  a-lee.  It  follows,  as  a  (hip  will  (hoot  more  a-head 
than  the  can  be  backed  a-ftern,  that  (he  will  at  length  arrive  at  the  oppofite  (hore» 
v/hen  (he  muft  be  flayed  or  veered,  and  drifted  upon  the  other  tack.  If  (he  is  to  be 
ftayed,  (which  is  preferable,  becaufe  lefs  drift  will  be  loft  by  it)  let  the  fails  be  filled 
in  time  to  give  the  (hip  fufficient  headway  to  bring  her  about,  then  put  the  hem  a-lee. 
Should  (he  come  about,  the  fails  and  helm  having  now  a  proper  pofition  for  a  ftern- 
board  upon  the  other  tack,  need  not  be  touched  till  her  flernway  ceafes,  when  the 

helm  muft  be  fhifted  a-lee  ;  but  (hould  the  (hip  refufe  ftays,  then  brace  (harp  round 
the  head-yards,  and  boxhaul  her*  by  which  method  (he  will  lofe  much  lefs  drift  thao 
by  veering. 

If  the  (hip,  now  drifting  broadfide,  is  approaching  a  narrow  channel,  where  drift- 
ing in  this  pofition,  (he  muft  be  veered  and  dropped  ftemming  the  tideftern  foremoft. 

In  this  cafe,  that  the  drift  may  be  as  much  as  pofiible,  it  will  be  neceffary  to  take  in 

fail,  and  reduce  the  (hip's  headway  till  (he  has  only  fteerage-way  left}  thus  a  vefl'sl 
snay  be  dropped  through  a  fleet  of  (hips  at  anchor  without  danger,  . 

^Ll)     Ta*. 
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To  drive,  *when  the  'wind  is  acrofs  the  tide. 

Should  the  wind  be  a  little  acrofs  the  tide,  a  lhip  may  be  cafily  drifted  in  the  fair  way,  wiflt 

her  head  towards  the  weather-fhore  ;  for  thus  it  will  be  found  that  (lie  can  be  backed  and  filled' 
at  pleafure,  and  generally  be  drifted  with  the  fails  fhivering,  in  which  pofition  they  oppole  leaft 
power  to  prevent  the  drift. 

It  frequently  happens  in  ferpentine  rivers  that  the  tide  fets  acrofs  ;  in  this  cafe  the  fiiip  mu(5 
he  drifted  with  her  head  to  the  iiJe  from  which  the  tide  fets.  Thefe  fets  are  beft  difcovered  by 
©oferving  the  opening  or  (hutting  of  two  objeils  in  the  direction  of  the  channel. 

To  bend  a  courfe  in  fair  ̂ weather. 
Stretch  the  fail  a -thwart  the  deck,  the  ftarboard^fide  of  the  fail  to  the  {larboard-fide,  the  lar- 

board to  the  larboard-fide  5  then  bend  yard-ropes  to  the  ear-ring  cringles,  and  make  fart:  the 
head  ear-rings  a  few  feet  up  upon  the  yard-ropes.  The  bunt-lines,  leech-lines,  clue-garnets^ 
and  all  the  geer  bent,  make  fall  a  rope- band  to  each  bunt-line  and  leech-line  leg,  that  the  men 
may  be  enabled  to  catch  the  head  of  the  fail  from  the  yard.  Now  man  well  the  yard-ropes, 
hunt-lines,  leech-lines,  and  clue-garnets,  and  run  the  fail  up  to  the  yard.  The  fail  aloft, 
fend  the  hands  up  to  bring  it  to,  and  let  them  haul  out  the  weather  ear-ring  firft,  then  the  lee  j 
and,  if  it  is  a  new  fail,  let  them  ride  the  head-rope  to  frretch  it.  The  fail  being  hauled  fquare 
out  upon  the  yard,  make  faft  the  rope- bands,  keeping  die  head  of  the  fail  well  upon  the  yard. 

To  bend  a  topfail  in  fair  ̂ weather. 
Overhaul  the  leeches  of  the  fail,  put  in  the  ear-rings,  Bend  the  bow-line  legs,  lay  out  the' 

clues,  and  open  them  if  neceffary,  and  make  the  fail  up  fnug  again  ;  then  round  down  upon  the 
lee,top-fail-haliards  till  the  weather  fly-block  is  high  enough  to  bring  the  fail  up  over  the  guard- 
Iron  :  then  rack  the  tie  over  tothe  weather-rigging.  Nov/  pile  the  fail  upon  flings,  with  the 

.  lee-fide  uppermoft  ;  hook  on  the  topTall-haliards,  and  run  the  topfail  up  iiito  the  top  -7  then 
flretch  the  fail  round  the  fore-part  of  the  top,  bend  the  jeer,  and  make  faft  the  head  ear-ring? 
a  few  feet  up  upon  the  reef-tackle  pendants,  with  a  rope-band  or  two  to  each  bunt-line  leg  — ■ 
The  jeer  being  bent,  man  the  reef-tackles,  bunt-line;,,  and  clue-lines,  and  haul  out  the  fail.—- 
Now  let  the  hands  lay  out  upon  the  yard,  and  haul  out  the  weather  ear-rings  fwft  3  then  haul 
cut  to  leeward,  and  eafe  off  to  windward  till  the  fail  is  fquare,  when  make  fall  the  rope-bauds-, 
keeping  the  head  of  the  fail  well  up  upon  the  yard. 

To  fet  a.  mainfail,  or  fore/ail. 
Before  the  fail  is  loofed,  let  the  double  block  of  a  tackle  be  made  dPc  to  the  weather- clue,- 

and  thefingle  block  be  hooked  low  down  upon  the  chefs-tree,  and  the  fall  led  aft.  Then  man 
well  the  tack  and  fall  at  the  fame  time  ;  and,  when  the  fail  is  loofed,  eafe  away  the  weather 

clue-garnet,  let  go  the  bunt-lines  and  leech-lines,  bovyfe  down  upon  the  tackle,  and  take  ire 
the  main-tack  :  the  main-tack  being  down,  haul  aft  the  fheet,  brace  up  the  yard,  and  haul  the 
main-bowline. 

To  fet  a  topfail. 

Let  a  tackle  be  in  readinefs  to  clap  on  either  fheet,  as  may  be  required.  Firft,  man  the  Iee- 
fheet  ;  and,  the  fail  being  loofed,  eafe  down  the  bunt-lines  and  lee  clue-line,  and  haul 
home  the  l:e-fheet  ;   then  haul  home  the  weather-fheetpfloift  the  fail,  and  biace  up  as  required, 

Should  the  wind  be  quartering,  the  lower  and  topfail  yards  fhould  be  braced  well  iuto  the 
wind,  before  the  fail  is  iheeixd  home. 

To  take  in  a  courfe. 

Man  well  the  weather  clue-garnet,  eafe  off  che  tack  and  bowline,  ami  run  imp  ;  then  man 
the  lee  clue-garnet,  hunt-lines,  leech-lines,  and  weather-brace;  and,  being  all  ready,  eafe 
away  the  fheet,  haul  up  the  clue-garnet,  bunt-lines,  and  leech-lines,  and  round-in  the  weather^ 
brace,  till  the  yard  is  pointed  to  the  wind.  Then  haul  tight  the  truffes,  braces,  lifts,  and  roll- 

ing tackle,  and  let  the  hands  furl  the  fail. 

To  take  in  the  forefa.il  in  the  time  of  <veerwg. 

When  the  Clip  begins  to  veer,  the  yard  being  kept  braced  fbarp  up,  let  go  the  tack  and  bow- 
line, and  haul  up  the  weather  clue-garnet,  When  the  (Lip  is  nearly  before  the  wind,  the  bunt 

and  leech  lines,  and  the  other  clu-e-garnef,  may  be  hauled  up  ;  and,  if  the  fituaticn  admits  of 
it,  and  occafion  requires,  the  fhlp  may  be  fleered  with  the  wind  on  the  quarter,  till  the  fail  is 
fecured. 

To  take  in  a  toff  ail. 
Tnere  ?re  rrv^y  opinions  upon  the  beft  mode  of  performing  this.       Some  approve  of  cluing 

Bp  tt> windward firft,   and  oth.-rs   to  leeward.      If  the  weathe,r-fide   is  to  be  clued  up  firft,    the 
weather-brace  mutl  be  rounded  welj  in,   and  the  yard  got  clofe,down  upon  the  IfltSj  otherwife 

the  Ice-rigging  will  bs:r.  danger  of  b.hig  carried  away  by  the  great  pieffare  of  the- lee  yard- 
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arm.  If  the  weather-brace  can  be  rounded  well  in,  and  the  yard  be  got  clofe  down,  it  will  be 
beft  to  clue  up  to  windward  firft,  for  thus  the  fail  may  be  taken  in  without  a  fluke  :  but,  if 

the  weather-brace  cannot  be  hauled  in  to  cafe  the  yard  oft" the  lee-rigeihg,  reaourfe  rauft  be  had 
to  clueng  up  to  leeward  firft.  In  this  cafe,  it  will  be  beir,  if  hands  can  be  fpared,  to  man 
both  the  clue-lines,  bunt-lines,  and  weather- brace,  at  the  fame  time  ;  thus,  when  the  lee-fiiuet 

is  eafed  oft",  the  weather-brace  may  be  hauled  in  wi;h  eafe,  and  the  ya^d  laid  to  the  wind  j  and, 
when  the  lee  clue-line  is  half  up,  eafe  eft"  the  weather-iheet,  and  run  up  the  weather  clue-line  j 
then  haul  tight  the  lee-brace,  bowfe  tight  the  rolling-tackle,  and  furl  the  fail. 

To  take  in  a  jib. 

Man  well  the  down-haul,  let  go  the  halliards,  eafe  oft' the  fneet,  and  haul  down  brifkly  ;  and, 
when  the  fail  is  dole  down,  eafe  away  the  out-haul,  and  haul  the  fail  in  to  the  bowfurit-cap  ; 
then  let  it  be  flowed  away  in  the  fore -flay fail  netting. 

To  haul  in  a  lower  fiudding-J "ail. 
To  haul  in  a  lower  ftudding-fail,  blowing  frefli,  lead  one  of  the  fiieets  clear  aft,  and  man  it 

well  j  then  lower  away  briikly  the  outer  haliards,  to  fpili  the  fail  ;  eafe  oft"  the  tack,  run  in 
Upon  the  ftieet,  and  lower  away  the  inner  haliards  as  required. 

To  haul  dotvn  a  topmaft  Jiudding-fail. 

Man.well  the  deck-fhect  and  down-haul,  eafe  off  the  yard-meet,  and  haul  the  yard  clofe 
out  to  the  tack-olock  j  then  eafe  away  the  tack  j  and  haul  down  both  upon  the  deck-iheet 
and  down-haul. 

To  brail  up  and  hard  down  a  main -top  ma  ft  ft  ay  fail. 

Man  well  the  lee-brail  and  down-haul,  having  a  few  hands  to  gather  in  the  flack  of  the 
weacher-biail  ;  then  let  go  the  haliards,  eafe  off  the  ilieet,  and  haul  down  and  brail  up  as 
Briikly  a5  pofubie.  When  the  fail  is  down,  let  go  the  tack,  and  ftop  the  fail  over  to  the  lee 
fore-rigging. 

To   brail  up   a  mizen. 

Man  well  the  Iee-br2>ls,  eafe  ofr  the  mizen-iheet,and  brail  up  brifkly,  taking  in  at  the  fame 
tirre  the  flack  of  the  weather-brails.  After  the  fail  is  hauled  up,  ftop  its  foot  by  palling  the 
ga&et  round  to  leeward,  which  will  fpiil  it. 

To  take  in  a  top  gall  ant -fail. 
The  lee-fti:et  muft  be  ftarted  firft,  and  clued  tip,  and  then  the  weather-ftieer. 

To   unbend  a  courfe. 
Firft  furl  the  fail,  then  caft  offthe  rope-bands,  and  make  them  faft  round  the  fail,  clear  of 

the  gaikets.  When  the  rope-bands  are  all  off,  eafe  offthe  lee  ear-ring,  and  lower,  down  the 
fail  ;  and,  when  the  people  upon  deck  have  got  hold  of  the  lee-part  of  the  fail,  eafe  away  the 
weather  ear-ring. 

To  unbend  a  topfail. 

Firft  caft  oft"  the  points  of  the  reefs,  keeping  fi&  the  ear-rings  ;  then  furl  the  fail,  and  caft: 
off  the  rope- bands,  which  make  faft  round  the  fail,  clear  of  the  gaikets.  After  this,  caft  off 
the  lee  ear-rings,  aud  I  a ul  the  lee-fide  of  the  fail  into  the  top  ;  then  haul  in  the  weather-fide. 
Now  unbend  the  reef-tackle  pendants,  buntlines,  and  bowlines  5  bight  the. fail  fnugly  up  to- 

gether ;  and  fend  it  down  by  the  clew-lines  to  windward  or  leeward,  as  molt  convenient. 

On  fcudding  or  bearing  a<vjay  in  a  form. 
When  the  waves  run  high,  and  fudden  necefiity  requires  to  bear  away,  it  fnoiild  be  confider- 

ed  that  the  lower  fails  forward,  which  the  (hip  may  be  veered  under  when  ihe  comes  before  the 
wind,  may  be  becalmed  by  the  height  of  the  waves  breaking  violently  againft  the  frerrj  ;  and 
that  therefore  a  clefe-reefed  main-topfail  fhould  be  fet  to  catch  the  wind,  becaufe  it  is  a  loftier 

fail,  and  may  always  be  kept  drawing  full  above  the  waves.  This  increases  the  Ihip's  headway  fa 
much  that  the  waves  will  not  llrike  her  aba  ft  with  fo  great  a  velocity  as  when  her  headway  is  !efs. 

Hence  it  follows,,  that,  when  going  to  feud  before  high  waves,  the  clofe-reefed  main-topfail 
Should  be  the  laft  iquare-fail  taken-in  in  a  labourfomeihip. 

Of  a  fiip  oiierfet  on  her  fide. 
A  common  but  not  always  a  certain  method  to  recover  (hips  from  this  dangerous  lituation,  is 

to  cut  away  the  mafts  :  however,  as  this  expenfive  method  may  fail,  ftopwaters  only,  on  the 
lee-quarter  at  fea,  may  caufe  the  (hip  to  veer  ;  or,  where  there  is  ground,  an  anchor  or  anchors 
dropped  from  the  lee-bow,  may  bring  the  wind  a -head  and  take  the  fails  a-back,  fo  as  to  call 
the  fnip  on  the  other  tack,  and  bring  her  upiighc. 
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To   rtg  a  mam  top-maji. 

Tar  the  mall-head,  get  the  crofs-trees  over,  fix  the  holders  and  parcel  them,  put  over  bu7j 
Jon-pendant?,  then  the  Ihrouds,  breaft-back-day,  proper  and  fpring-ftay  and  cap,  fway  up  the 
mad  and  fid  it,  feize  in  the  dead  eyes,  ftay  the  mad,  fet  up  the  fhiauds,  rattle  them  down^ 
lath  the  bullock-blocks  to  the  malt-head. 

To  rig  a  top.gallant-majl. 

Send  down  the  top-rope,  reeve  it  through  the  fheaye-hole,  and  make  It  fad:  round  the  hound$ 
of  the  mail  and  ftanding  part  of  the  rope,  leaving  enough  end  to  make  fail  to  the  cap,  which 

done,  fway  away,  when  the  head  is  through  the  cap,  make  fad  the  ("pare  end  or  Handing  part 
of  the  top-rope  to  the  cap,  cut  the  feizing,  clap  on  the  grommet,  then  the  fhrouds,  back-ftaye 
and  ftay,  fway  up  the  mad,  fid  it,  ar.$  fet  the  rigging  up. 

To   r'rg  a   botvfprlt. 

''  Lafh  the  collar  fore-flay  for  the  bob-days  and  bowfprit  fhrouds,  then  the  collar  for  t.Le 
fpring- Mays,  then  the  block  for  the  top-mait-ftavj  fix  the  man-rope,  gammon  the  bowfprit, 
and  fet  bob -days  and  fhrouds  up. 

To  rig  a  jib-boom. 

"Put  over  the  traveller,  hones,  guys,  the  top  gallant  day-block,  and  lafh  on  the  blocks  fof 
the  top  gallant- bowline  and  jib-down-haul-block  to  the  traveller. 

To  rtg  a  louver  yard. 

Get  it  athwart  the  gunwale,  lafb-the  jeers,  quarter  clue-garnets,  bunt-lines*;  leach-lines  and 
flab-line  blocks  ;  then  put  over  the  yard-arms,  the  horfes  brace  pendants,  the  yard-tackle 
pendants,  then  the  top-fail  fheet  and  lift-blocks,  reeve  the  jeers,  braces,  lifts  and  yard-tackls; 
falls,  trufs  parcels,  fway  the  yard  up,  and  haul  all  taut. 

To  rig  a  fore  top-fail  yard. 
Reeve  a  hawfer  for  a  top-rope  through  the  bullock  block  and  fend  it  down,  and  having  put 

over  the  horfes,  make  the  top  rope  fad  to  the  middle  of  the  yard,  flopping  it  to  the  yard-arm, 
fwav  it  up  above  the  top,  p-it  over  the  brace-pendants  and  lift-blocks,  reeve  the  lifts  ancj 
braces,  cut  the  yard-arm-feizing  and  crofs  the  yard,  lafh  the  tye,  buntllne  and  clue-line- 
blocks,  reeve  the  tye  and  halyards,  fway  it  up  above  the  cap,  and  parcel  It,  reeve  the  clue- 
lines,  bunt-lines  and  reef-tackles. 

To  rig  a  top -gallant-yard-. 
Seize  the  clue-line-blocks  on,  put  the  horfes  over  the  yard-arms,  fway  It  upon  the  cap  an4 

Jig  the  yard  arm's,  by  putting  on  the  brace-pendants  and  lifts,  then,  crofs  the  yard  and  parcel  it. 

To  jleer  the  Jhlp  <when  her  rudder  is  loft. 

Take  a  large  fpar,  or  part  of  a  top-mad,  and  cut  it  flat  in  the  form  of  a  dern-pod,  bore  holss 
at  proper  didances  in  that  part  which  is  to  be  the  fore  part  of  the  preventer  or  additional  deria-r 
pod,  then  take  the  thicked  plank  on  board,  and  make  it  as  near  as  poiTible  into  the  form  of  3 
rudder,  bore  holes  at  proper  didances  in  the  fore  part  of  it,  and  in  the  after-part  of  the  preventer 
dern-pod  to  cbrrefpond  with  each  other  ;  and  reeve  rope  grammots  through  thofe  holes  in  the 
rudder  and  after-part  of  the  dern-pod  for  the  rudder  to  play  upon. 

Through  the  preventer  dern-pod  reeve  guys,  and  at  the  fore  part  of  them  fix  tackles,  and 

then  put  the  machine  overboard  ;  when  It  is  in  a  proper  pofition  or  in  a  line  with  the  fhip's 
ilern-pod,  lafh  the  upper  part  of  the  preventer-pod  to  the  upper  part  of  the  fhip's  dern-pod, 
then  hook  tackles  at  or  near  the  main  chains  and  bowfe  taut  on  the  guys  to  confine  it  to  the 

lower  part  of  the  preventer  dern-pod  ; — having  holes  bored  through  the  preventer  and  proper 
flern-poft,  run  an  iron  bolt  through  both,  taking  care  riot  to  touch  the  rudder,  which  vA\\ 
prevent  the  falfe  dern-pod  fromrifing  up  or  falling  down. 

By  the  guys  on  the  after-part  of  the  rudder,  and  tackles  fixed  to  them,  the  fhip  may  be 
fleered,  taking  care  to  bowfe  taut  the  tackles  on  the  preventer  dern-pod  tqkeep  it  ciofe  %ft 
t\e  nrotier  ftetn-poft, 
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Marine   Infurances. 

INSURANCE  is  a  contract  by  which  the  infurer  undertakes,  in  confideratlon  of  a  premium 

equivalent  to  the  hazard  run,  to  indemnify  the  perfon  infured  againft  certain  perils  or  lof.'es, 
or  againft  fome  particular  event.  All  infurances,  whether  againft  fire  or  on  lives,  fall 

within  this  general  deLripiion  ;  but  the  fubjedt  meant  to  be  confidered  here  is  that  of  MA- 
RINE INSURANCES.  From  this  definition  it  appears  to  be  a  contract  of  indemnity  againfb 

.thofe  perils  to  which  /hips  and  goods  are  expofed  in  the  courfe  of  their  voyage  from  one  place 
to  another. 

A  complete  fyftem  of  this  branch  of  law  cannot  be  fuddenly  erected  ;  but  it  is  the  boaft  of 
this  age,  that  in  it  the  great  foundations  of  marine  jurifprudence  have  been  laid,  by  cleaily  de- 

veloping the  principle;  on  which  policies  of  infurance  are  founded,  and  by  applying  thofe  prin- 
ciples to  par'icular  cafes.  In  the  following  treatife  we  fhall  endeavour  to  render  the  law  of  it 

fo  clear  as  to  be  a  guide  to  il|e  merchant,  owner,  freighter,  and  man  of  bufinefs.  To  effcdl 

this  we  have  divided  the  fubject,  and  it  will  be  difcufl'ed  -in  the  following  order. 
I.     The  Policy 
If.     The  Conrtruftion  of  the  Policy. 
III.  Perils  of  the  Sea. 

IV.  Capture  and  Detention  of  Princes. 
V.  Barratry  of  the  Mafter  or  Mariners. 
VI.  Partial  Loffes  and  Adjustment. 
VII.  General  Averaze. 
VIII.  Salvage. 
IX.  Abandonment 

X.  Fraud  in  Policies. 
XI.  Sea-Worthinefs. 
XII.  Illegal  Voyages. 

XIII.  Re-Affurance and  Double  InfuraneeJ 
XIV.  Changing  the  Ship. 

XV-     Deviation. 
XVI.  Non-compliance  with  Warrantias. 
XVII.  Return  of  Premium. 

XVIII.  Bottomry  and  Refpondentia. 

I.     THE  POLICY. 

The  Policy  is  the  inftrument  by  which  the  contract  of  indemnify  is  effected  between  the 
infurer  and  infured  ;  and  it  is  figned  only  by  the  infurer  who  is  called  the  underwriter.  Of 

policies  there  are  two  kinds,  -valued  and  open  ;  and  the  only  difference  between  them  is  this, 
that  in  the  former  goods  or  property  infured  are  valued  at  prime  coft,  at  the  time  of  effecting 
the  policy  ;   in  the  latter  the  value  is  not  mentioned,  but  in  cafe  of  lofs  muft  be  proved. 

Policies  of  affurance  when  once  they  are  underwritten,  can,  generally  (peaking,  never  be 
altered. by  any  authority  whatever  ;  becaufe  it  would  bean  opening  to  fraud,  and  would  in- 

troduce uncertainty  into  a  fpecies  of  contract  of  which  certainty  and  precifion  are  the  moil: 
effential  requifites.  It  muft  be  obferved,  however,  that  cafes  frequently  exift  in  which  a  poli- 

cy, 'upon  proper  evidence,  may  be  altered  ;  and  after  figning  policies  are  frequently  altered  by confent  of  the  parties. 
An  inftance  of  the  former  kind  of  the  alteration  of  the  policy  occurred  before  Lord  Hard- 

wicke.  The  infurance  on  the  /hip  was  five  hundred  pounds,  and  the  policy  ftated  that  the 
adventure  was  to  commence  immediately  from  the  departure  of  the  (hip  from  Fort  St.  George 
to  London.  The  plaintiff  fuggefted  that  the  owner  had  employed  a  Mr.  Halhead  to  infure  the 
(hip  with  the  defendants,  to  comrnence_/rw»  her  arrival  at  Fort  St.  George  ;  that  a  label,  agree- 

able to  thofe  inftrudtions,  with  all  the  particulars  of  the  agreement,  had  been  entered  in  a  book 
and  fubferibed  by  Halhead  and  two  of  the  directors  of  the  company  ;  that,  by  a  ml/lake,  the 
policy  was  made  out  different  from  the  label  ;  that  the  (hip  being  loft  in  the  bay  of  Bengal, 
offer  her  arrival  at  Fort  St.  George,  but  before  her  departure  for  England,  the  company  refufe 
to  pay  ;  the  plaintiff  therefore  prayed  that  the  miftake  might  be  rectified,  and  that  the  com- 

pany might  be  ordered  to  pay  five  hundred  pounds  with  intereft. 
His  lcrdfhip  was  of  opinion  that  the  label  was  a  memorandum  of  the  agreement,  in  which 

the  material  parts  of  the  policy  were  inferted  ;  that  although  the  policy  was  ambiguous,  the 
label  made  it  clear  ;  and  as  it  was  only  a  mi/lake  of  the  clerk  it  ought  to  be  re8ined  according 

to  the  label,  Motteux  -v.  the  Governor  and  Company  of  the  London  Affurance,  I  Arkyns,  545.' 
A  policy  of  infurance  is  the  property  of  the  infured  ;  and  if  it  be  wrongfully  withhold,  ci- 

ther by  his  broker  or  any  other  perfon,  he  may  recover  it  by  an  action  of  trover.  Hardu 
Carter  and  another:  fitting  at  Guildhall,  Eafter  vacation,  1781. 

Policies  of  infurance  are  generally  printed  leaving  blanks  for  the  infertion  of  names  an 
other  requifites.     It  is  therefore  frequently  neceffary  to  infert  written  claufes,  and  thefe  written 
claufes  and  conditions  thus  inferted  are  to  be  ennfidtred  as  part  of  the  real  contract  ;  the  court 
will  look  to  thern  to  find  out  the  intention  of  the  parties,  and  will  confequently  fuffer  fuch  con- 

ditions to  control  the  printed  words, 
We  will  now  proceed  to  confider,  firft,  what  things  may  be  infured  ;  fecondly,  what  the 

requifites  of  a  policy  are. 
I  ft.      What  Things  may  be  infured. 

The  rr.oft  frequent  fubjects  of  marine  infurance  are  (hips,  goods,  merchandizes,  the  freight 
or  hire  of  (hips.     But  although  infurances  upon  fuch  property  mod  frequently  occurj  yet  there 
tfre  cafes  which  can  hardly  fall  within  any  of  thofe  descriptions, 



54^ 
MARINE    INSURANCE* 

Thus  bottomry  and  respondentia  are  a  particular  fpecies  of  property  which  may  be  the  fubjett 

of  infurance.  But  then  it  muft'be  pari icularly  expreffed  in  the- policy  to  be  refpondentia  inter- 
eft :  for  under  a  general  infurance  on  goods,  the  party  infured  cannot  recover  money  lent  on 

-bottomry.     Such  has  been  and  is  at  this  day  the  eitablifhed  ufage  of  merchants. 
This  was  decided  in  an  action  upon  a  policy  of  infurance,  ic  upon  goods  and  merchandize* 

loaden,  or  to  be  loaden,  gzc."  The  evidence  appeared  to  be,  that  before  the  figning  of  the 
policy  the  plaintiff  had  lent  Capt.  'Tryon  upon  the  goods  then  loaden  and  to  be  loaden  on  board 
the  faid  fnip  on  account  of  the  faid  Capt.  Tryon,  the  fum  of  feven  hundred  and  fixty-fcur 
pounds  at  respondentia,  for  which  a  bond  was  executed  in  the  ufual  form  :  that  the  (hip  at  the 
time  of  the  lots  had  goods  and  merchandizes  onboard?  the  property  of  Capt.  Tryon,  of  greater 
%ah.e  than  all  the  money  he  had  borro.ved  :  that  the  (hip  was  afterwards  burnt,  and  all  the 
goods  and  merchandize  were  totally  confunjed  and  loft.  Upon  thefe  facts,  the  queftion  was, 

•whether  the  plaintiff  could  recover.  This  cafe  was  twice  argued  at  the  bar,  the  court  took 
t:ms  to  conuJer  it,  and  were  unanimous  in  their  determination. 

Lord  Mansfield,  in  delivering  the  judgment  of  the  court,  obferved  to  this  effect.  I  inclined 
to  fupport  this  infurance,  being  convinced  that  it  is  fair,  and  that  the  doubt  has  arifen  by  a  (lip 
in  omitting  to  fpecify  (as  it  was  intended  to  have  been  done)  that  this  was  a  respondentia  inter- 
eft.  The  ground  of  fupportiog  this  infurance,  if  it  could  have  been  fupported,  was  a  claufe  of 
the  19  Geo.  II.  c.  37.  §  5,  which  as  to  the  purpffe  of  infurance,  conliders  the  borrower  as  hav- 

ing a  light  to  infure  only  For  the  furpjus  value,  over  and  above  the  money  he  has  borrowed  at 

refpondent'm.  Yet  we  are  all  fatisfietj  that  this  ait  of  parliament  never  meant,  or  intended  to 
nuke  any  alteration  in  the  manner  of  infurances  ;  its  view  was  to  prevent  gaming  or  wagering 
policies,  where  the  inffrrer  had  r.o  intereft  at  all  :  and  if  the  lender  of  money  at  refpondentia  were 
to  be  at  liberty  to  infure  for  move  than  his  whole  intereft,  it  would  be  a  gaming  policy  ;  for  it 
is  obvious  that  if  he  cculd  infure  all  the  goods  and  infure  his  refpondentia  intereft  Defides,  this 
would  amount  to  an  infurance  beyond  his  whole  intereft.  In  defcribing  respondentia  intereft,  the 
aft  gives  the  lender  alone  the  right  to  make  infurance  on  the  money  lent :  fo  that  the  act  left  it 
©n  the  practice.  I  have  looked  into  the  practice,  and  I  find  that  bottomry  and  refpondentia  are 

a  particular  (pedes  of  ir.fi-.var.ee  in  themfelves,  and  have  taken  a  particular  denomination.  I 
cannot  find  even  a  d\Riwi  in  any  writer,  foreign  or  domeflic,  that  the  refpondentia  creditors  may 
iniure  upon  the  goods,  as  goods.  I  find  too  Ly  talking  with  intelligent  perfons  very  convc  rfaqt 
in  the  knowledge  and  practice  cf  Infurances,  that  they  always  do  mention  refpondentia  intereft^ 
whenever  they  mean  to  ialure  it.  It  might  be  greatly  inconvenient  to  introduce  a  practice  con- 

trary to  general,  ufage,  and  their  may  be  fome  opening  to  fraud  if  it  be  not  fpecified.  The 
grounds  of  our  refoluticn  is,  "  that  it  is  now  efrablifhed  as  the  law  and  practice  of  merchant?, 

enfia  and  bpitomry  mull  be  fpecihed  and  mentioned  in  the  policy  of  infurance." 
Glover  -v.  Black,  3  Burr.  1394. 

But  though  this  cafe  is  certainly  goud  law,  yet  it  has  fmce  been  ruled,  that  money  expended 
fcy  the  captain  for  the  ufe,  of  the  fnip,  and  for  which  refpondentia  intereft  was  charged,  may 
be  recovered  under  an  infurance  on  goods,  fpecie,  and  effetls,  provided  the  ufage  of  the  traded 
which  in  matrers  of  infurance  is  always  of  great  weight,  Sanctions  it. 

Thus,  is  an  action  upon  a  policy  of  infurance  on  goods,  fpecie,  and  effects,  of  the  plaintiff", who  was  alio  the  captain  on  board  the  (hip,  the  plaintiff  chimed  under  that  infurance,  money 
led  by  him  in  the  ccurfe  of  the  voyage  for  the  ufe  of  the  Clip,  and  for  which  he  charged 

*'  respondentia  intereft." 
Lprd  Mansfield  faid,  as  to  whether  the  words  " goods,  fpecie,  and  effeEls"  extended  to  this 

..,  I  fv  uld  think  not,  if  we  were  oniy  to  cpnfider  the  words  made  u£e  of.      But  here  there 
is  an  exprtfs  ufage  which  muit  govern  our  decifion.      A  great  many  captains  in  the  Eaft-India 
fcrvice  fwear  that  this  kind  of  intereft  is  always  infured  in  this  way,  and  here   the  perfon  in- 
fared  is  the  captain.     Gregory  "J.  Chriftie,  K.  B.  Trinity  Term,  24  Geo.  III. 

Infurances  upon  the  wages  0/ feamep  are  forbidden  ;  a  regulation  founded  upon  wifdom  and 
found  policy  ;  for  bv  this  falutary  law  the  failors  are  interested  in  the  return  of  the  fnip  :  and 
they  wtU  on  that  account  be  prevented  from  deferling  it  when  abroad,  from  leaving  it  unman- 

:  I  will  be  more  anxious  for  its  prefervation.  This  regulation,  however,  does  not  mean 
to  present  mariners  from  infming  thofe  wages  which  they  are  intitled  to  receive  abroad,  01? 
goods  v. -hi. it  they  have  purchafed  with  thofe  wages  in  order  to  bring  them  home  ;  but  in  fuch 
a  cafe  they  are  to  be  confide  red  in  the  fame  light  wi'h  other  men. 

It  has  long  been  a  queftion  how  far  infurances  upon  the  (hips  or  goods  of  enemies  are  politic  j 
but  whcihei  fu-ch  a  contract  be  founded  in  principles  of  found  pcJicy  or  not,  ic  is  certainly  nut 
contrary  to  the  law  cf  England,  as  it  is  eitablifhed  at  this  day. 

%dly.      Of  the  Requisites  of  &  Policy.- 

The  effenthls  in  a  policy  of  infurance  are,  firft,  the  name  of  the  perfon  for  whom  the  infur- 
ance is  made  ;  fecondly,  the  name  of  the  ihip  and  matter  ;  thirdly,  whether  they  are  ihips, 

goods,  or  merchandizes  upon  which  the  infurance  is  made  ;  fourthly,  the  name  of  the  place 
where  the  goods  are  laden,  and  whither  they  are  bound  ;  fifthly,  the  time  when  the  ri/k  begins 

and  when  k  ends ;  fixthly,  all  the  various  perils  and  rifks  which  the  ihfurer  takes  jijoa  hum- 
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felf ;  "feventhly,  the  confident  ion,  or  premium,  paid  for  the  ri/k  or  hazard  run  5  Eighthly,  the 
month,  day,  and  year  on  which  the  policy  is  executed  ;  ninthly,  the  ftamps  repaired  by  act  of 
Congrefs. 

Firft.     Of  the  name  of  the  perfon  injured. 

Every  policy  of  aflurance  ought  to  contain  the  name  or  the  ufed  (tile  and  firm  of  dealing  of 

fine  or  more  of  the  perfons  interelted  in  fuch  infurance  5  or"inftead  thereof  the  name  or  firm  of 
the  configr.or  or  confignee  of  the  goods  and  property  to  be  infured,  or  the  name  01  firm  of  the 
perfons  who  order  .or  effect  fuch  policy. 

Secondly.     Of  the  names  of  the pip  and  maftef. 

It  Yeems  to  be  ncceflary,  by  the  law  and  ufage  of  merchants  to  infert  the  names  of  the  fhip 
and  mallear,  in  order  to  afcertain  the  bottom  upon  which  the  adventure  is  to  be  made,  and  the 

a  by  whofe  direction  the  fhipi;  to  be  navigated.  Sometimes,  however,  there  are  infur- 

ances generally,  <*  upon  any  (hip  or  flups-,"  expected  from  a  particular  place  5  and  although  i£ 
is  more  accurate  to  infert  the  name  of  the  captain,  it  is  hot  certain  that  the  infurance  would  be 
void  if  a  different  captain  from  that  mentioned  in  the  policy  came  info  the  (hip  ;  especially  as 

the  policy  always  contains  the  words  iC  or  whofoever  elfe  lhall  go  for  mafter  in  faid  fhip." 
Thirdly.     Whether  they  are  Ships.  Good:.,  or  Merchandizes,  upon  which  the  Infurance  is  made. 

It  is  abfolutely  ncceflary  that  there  fhould  be  a  fpecifkation  upon  which  of  thefe  the  under- 
writer infures.  But  it  is  another  quefticn,  whether,  in  pblieies  upon  goods,  it  be  necefiary  to 

decbre  the  particulars.  The  practice  is  very  unfettled  ;  in  the  opii.ion,  howeyer,  of  very  ref- 
pecbble  merchants,  the  particulars  of  goods  fhouid  be  fpecified,  if  poflible,  by  their  marks, 
numbers  and  packages,  and  not  under  the  general  denomination  of  merchandize.  When 
goods  are  coming  from  abroad,  it  is  better  to  infure  under  general  expreffions,  en  account  o£ 
the  various  cafualties  which  may  happen  to  obflruct  the  purchafe  of  the  commodities  intended 
to  be  fent. 

There  are  certain  kinds  of  merchandize,  which  are  of  a  perifliable  nature,  on  account  of 
which,  there  is  inferted  a  memorandum  at  the  foot  of  the  policy,  by  which  it  is  declared, 
that,  in  infurances  upon  corn,  fifb,  fait,  fruit,  flour  and  feed,  the  underwriters  will  not  be  an- 
fwerable  for  any  partial  lofs,  but  only  for  general  average,  except  the  (hip  be  ftranded.  That 
in  infurances  on  f agar,  tobacco,  hemp,  flax,  hides  and  (kins,  they  confider  themfelves  free 
from  partial  lofTes,  not  amounting  to  five  per  cent,  and  that  on  all  other  goods,  as  well  as  on  the 

Clip  and  freight,  if  the'partial  lofs  be  under  three  dollars  per  cent,  unlefs  it  arife  from  a  general 
average,  or  the  ftranding  of  the  fhip,  the  underwriter  considers  himfelf  difcharged- 

There  arefome  kinds  of  property,  which  do  not  fail  under  the  general  denomination  of  goods 
in  a  policy  ;  and  for  the  lofs  of  which  the  underwriters  are  not  anfwerable,  unlefs  they  are 

Specifically  named  ;  fuch  as  goods  la/bed  en  deck,  the  captain's  clothes,  and  the froip^s prcvjjtons. 
A  policy  on  goods  means  only  lach  goods  as  are  merchantable,  and  a  part  of  the  cargo  ;  and, 
therefore,  when  goods  like  .the  prefent  are  meant  to  be  infured,  they  are  always  infured  by 
name  $   and  the  premium  is  greater,     Rofs  v.  Thwaite,  Sitt.  after  Hilary,  16  Geo.  III. 

•    Fourthly.      The  Name  of  the  Place  at  which  the  Goods  are  laden,  and  to  which  they  are  bound. 
This  has  been  always  held  to  be  neceflary  in  policies,  and  mud:  be  fo,  on  account  of  the 

evident  uncertainty  which  would  follow  from  a  contrary  practice,  as  the  infurer  would  never 
know  what  the  rifk  was  which  he  had  undertaken  to  infure  ;  and,  therefore,  if  a  fhip  be  in- 

fured from  London  to  ,  a  blank  being  left  by  the  lader  of  the  goods  to  prevent  a  fur- 
prize  by  an  enemy,  and  if  in  her  voyage  (lie  happen  to  be  caft  away,  though  there  be  private 
inftruclbns  for  her  port,  yet  the  infured  mult  fit  down  with  his  lofs,  by  reafon  of  the  uncer- 

tainty.    Molloy,  b.  2,  c.  7.  f.  14. 

It  is  alfo  cuftoma'y  toftate  in  the  policy  at  what  port  or  place  the  fhip  may  touch  and  ftay 
during  the  voyage,  fo  that  it  fhall  not  be  confidered  as  a  deviation  to  go  to  any  of  thofe  places. 

Fifthly.      The  time  when  the  PJifi.  commences,  and  when  it  ends. 

The  Englifh  policies  expreffly  declare,  that  "  the  adventure  fliall  begin  upon  the  faid  goods 
and  merchandize,  from  the  hading  thereof  on  board  the  faid  pip,  and  fo  fhall  continue  until  the 
faid  fhip,  goock  and  merchandizes,  fhall  be  arrived  at  L.  and  upon  the  faid  fhip  until  fhe  hath 
moored  at  anchor  24  hoius  in  good  fafety  ;  and  upon  the  goods  till  the  fame  be  there  fdfely  dif- 

tharged  and  landed."  From  thefe  words,  it  is  obvious,  that  the  infurers  are  not  anfwerable 
for  any  accident  which  may  happen  to  the  goods  in  lighters  or  boats  going  a-board.  previous 
to  the  voyage  5  yet  as  the  policy  ftfys,  the  rifk  fhall  continue  till  the  goods  are  fafely  landed,  it 
feems  the  infurer  continues  refponfible  for  the  rifk  to  be  run  in  carrying  the  goods  iri  boats  to 
the  fhore.  If  th"re  be  a  lofs,  however,  in  thefe  cafes,  the  accident  muft  have  happened, 
while  the  goods  were  in  the  boats  or  lighters  belonging  to  the  drip  ;  but  in  a  cale  where 

the  owner  of  the  goods  brings  down  his  own  lighter,  receives 'he  goods  out  of  the  (hip,  and 
before  they  reach  land,  an  accident  happens,  whereby  the  goods  are  damaged,  the  inlurer  is  dif- 

charged,  although  the  irffurance  be  upon' goods  td'Lortdonj  and  till  tbe'jnme  be  Jafely  landed 
there.     Sparrotfsr  n>,  Garrothers,  fcStra.    1336. 
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In  the  nnloadlng  of  goods  there  (hould  be  nounreafonable  delay,  but  this  muft  always  H* 
pend  upon  circumftances. 

The  ri/k  on  the  body  of  a  (hip  is  generally  to  commence,  "  from  her  beginning  to  had  a: 

and  fo  (hall  continue  and  endure  until  the  Ja'id  Jhip  Jhall  arrive  at 
and  hath  there  been  moored  at  anchor  24  hours  in  good  faiety."  This  mode  of  ftating  the 
commencement  of  the  rifle  muft  commonly  be  applied  to  infuranees  on  (hips  outward  bound  ; 
for,  vvhen  infurance  is  made  on  the  homeward  rifk,  the  beginning  of  the  adventure  is  fometimes 

Hated  to  be  "immediately  from  and  after  her  arrival  at  the  port  abroad  ;"  at  other  times, 
Cc  from  the  departure  j'1"  and,  in  fhort,  it  is  very  variable,  depending  upon  the  inclination  of the  infured. 

Sixthly .     Of  the  -various  Perils  and  Rifn.  again/}  which  the  Underwriter  injures. 

The  words  now  uied  expreflive  of  the  infurer's  rifks  are  very  extenfive,  including  "  all  per- 
ils of  the  fea,  men  of  war,  fire,  enemies,  pirates,  rovers,  thieves,  jettifons,  letters  of  mart  and 

counter-mart,  furprifals,  takings  at  fea,  arrefts,  restraints  and  detainments,  of  all  kings, 
princes  and  people,  of  what  nation,  condition,  or  quality  foever  ;  barratry  of  the  mafter  or 
mariners,  and  all  other  perils,  loffes  and  misfortunes,  that  have  or  (hall  come  to  the  hurt^ 

detriment  or  damage  of  the  faid  goods  and  merchandizes,  and  (hip,  or  any  part  thereof.''' 
Jn  addition  to  thefe,  however,  it  is  frequently  the  practice  to  infure  her  left  or  not  lojt ,  in 
which,  if  the  (hip  (hould  be  loft,  at  the  time  of  the  infurance,  dill  the  underwriter,  provided 
there  be  no  fraud,  is  liable.  This  practice  is  peculiar  to  American  and  Engiifn  policies, 
not  being  adopted  by  other  nations. 

Seventhly,     The  Consideration  or  Premium  for  the  Rijk  or  Hazard  run. 

This  is  always  expreffed  to  have  been  received  at  the  time  of  underwriting  ;  "  we  the  af- 

furers  confe/Iing  ourfelves  paid  the  confideration  due  unto  us  for  this  ail'urance  by  the  affured." 
This  being  fubferibed  by  the  underwriter,  it  is  proper  to  enquire  whether,  if  the  premium 
were  not  aftually  paid  at  the  time,  he  could  afterwards  maintain  an  aftion  for  it  againft  the 
affured,  who  might  then  produce  his  fubfeription  in  evidence  againft  himfelf.  Queftions,  up- 

on policies  of  affurance,  (land  moil  broadly  upon  the  ufage  of  the  place  where  the  policy  is  ef« 
fefted,  and  this  queftion  would,  no  doubt,  be  determined  by  ufage.  By  the  cuftom  of  London, 
the  underwricer  credits  the  broker,  and  not  the  affured,  for  the  premium  ;  and  therefore  the  un- 

derwriter cannot  demand  it  of  the  affured  ;   but  the  broker  as  certainly  could. 

Eighthly.      The  Day,  Month  and  Year,   on  which  the  Policy  is  executed '< 
This  infertion  feems  very  neceffary,  becaufe,  by  comparing  the  date  of  the  policy  with  thi 

date  of  fafts  which  happened  afterwards,  or  are  material  to  be  proved,  it  will  frequently  ap- 
pear, whether  there  is  any  reafon  to  fufpeit  fraud  or  improper  conduct  on  the  part  of  the  infured. 

Ninthly.      That  it  be  duly  Jlamped. 

An  Aft,  of  Congrefs  paffed  July  6th.  1797,  has  impofed  the  following  (tamp-duties  oa 
policies  of  infurance.  ]f  the  (hip  or  veiTel,  &c.  infured,  is  going  from  one  riiftrict  to  another 
in  the  United  States,  25  cents.  If  going  from  the  United  States  to  any  foreign  port  or  place, 
when  the  fum  infured  is  500  dollars,  or  under,  25  cents  ;   exceeding  500  dollars,  i  dollar. 

By  an  Adt  of  Congrefs  paff;d  Feb.  28,  1799,  any  policy  of  infurance  other  than  thofe  above 
fpecified,  muft  be  (lamped  as  follows,  viz.  when  the  fum  infured  is  500  dollars,  or  under,  2^ 
cents  5  exceeding  500  dollars,   1  dollar. 

II.     THE  CONSTRUCTION  OF  THE  POLICY. 

In  the  conftruflion  of  policies  two  rules  chiefly  prevail,  viz.  to  give  effect  to  the  intentions 

©f  »  -parties,  and  to  the  ufage  of  trade,  with  refpefil  to  the  particular  voyages  or  rifles  to  which 
the  policy  relates. 

In  a  cafe  fo  early  as  in  the  time  of  James  the  Second,  a  policy  of  infurance  was  conftrued  fb 
run  until  the  (hip  had  ended  and  was  difcharged  of  her  voyage  5  for  arrival  at  the  port  to  which 
frit  was  bound,  was  not  a  difcharge  till  foe  was  unloaded. 

But  although  this  conftrudrion  is  right,  where  the  policy  is  general  from  A  to  B,  yet  if  it 

contains  the  words  ufually  inferted  (i  and  till  the  Jhip  Jhall  have  moored  at  anchor  twenty-four 
hours  ingoodjafety,"  the  underwriter  is  not  liable  to  2ny  lofs  arifing  from  feizure  after  (he  has 
been  twenty-four  hours  in  port :  even  if  fuch  feizure  was  in  confequence  of  an  zEk  of  barratry 
ef  the  mafter  during  the  -voyage.     Lockyer  and  others  v.  OfHey.      1  Term  Rep.  p.  252. 

Upo.i  an  infurance  from  London  to  the  Eaft-Indies,  warranted  to  depart  with  convoy,  the 

facis  were,  thatthe(h"p  went  from  London  to  the  Downs,  and  from  thence  with  convoy,  and 
was  loft.  It  was  adjudged  that  the  claufe  "  warranted  to  depart  with  convoy,"  muft  be  con- 

ftrued according  to  the  ufage  among  merchants,  that  is,  from  fuch  place  where  convoys  are  to  be 

had,  as  the  Downs.     Lethulier's  cafe.      2  Salk.  443. 
The  (hip  Succefs  was  infured  "  at  and  from  Leghorn  to  the  port  of  London,  and  till  there  moor- 

ed twenty-four  fcurs  ingoodjafety."     She  arrived  the  8ch  of  July  at  Freih  Wharf  and  maored» 
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tut  was  the  fame  day  ferved  with  an  order  to  go  hack  to  the  Mop?  to  perform  a  fourteen  days 

quarantine.  The  men  upon  this  deferred  her,  and  on  the  12th  of  the  month  the  captain  ap- 

plied to  be  excufed  going  back,  which  petition  was  adjourned  to  the  28th,  when  the  regency 

ordered  her  back  ;  and  on  the  30th  (he  went  back',  performed  the  quarantine,  and  thsn  feot  up 

for  orders  to  air  the  goods  ;  but  before  /he  returned  the  friip  Was  Burnt,  on  the  23d  of  Auguffj 

and  the  queftion  Was,  whether  the  infurer  was  liable. 

Lord  chief  juftice  Lee  ruled,  that  though  the  fltip  was  fo  long  at  her  rriooringSj  yet  fhc  could, 

not  be  faid  to  be  there  in  goodfafety,  which  mud  mean  the  opportunity  of  unloading  and  dif- 

charging— Waples  -v.  Earner.  2  Stra.  1243. 
In  an  infurance  Upon  freight -\  if  an  accident  happens  to  the  (hip  before  any  goods  are  put  on 

board,  which  prevents  her  from  failing,  the  inillred  upon  the  policy  cannot  recover  the  freight 
which  he  would  have  earned  if  Ihe  had  failed. — Tongue  v.  Watts,  £  Stra.  1251, 

But  if  the  policy  be  a  valued  policy,  and  part  of  the  cargo  be  oh  board  when  fuch  accident 

happens,  the  reft  being  ready  to  be  (hipped,  the  infured  may  recover  to  the  whole  amount.— <* 

Montgomery  -v.  Egginton.   3  Term  Rep.  362. 

The  words  *■  at  and  from  Bengal  to  England,"  mean  the Sftrft  arrival  at' Bengal  ;  and 
When  fuch  words  are  uled  in  policies,  fuft '  arri-valh  always  implied  and  under  flood. — i  Atk.  584.1 

When  a  fhip  is  infured  at  arid  from  a  place  and  it  arrives  at  that  place,  as  long  as  the  (hip  is 
preparing  for  the  voyage  upon  which  it  is  infured  j  the  infurer  is  liable  :  buti  if  all  thoughts  of 

the  voyage  be  laid  afide,  and  the  fliip  lie  there  five,  fix  or  feven  years,  with  the  owner's  privity  j 
the  infurer  is  not  liable — Chitty  -v.  Selwin,  2  Atk.  359. 

A  fhip  was  infured  stand  from  Jamaica  to  London  :  the  had  alfo  been  Infured  from  Londori 
to  Jamaica  generally,  and  was  Jolt  in  coafting  the  ifland,  after  (lie  had  touched  for  fome  days  at 
one  port  there,  but  before  (he  had  delivered  all  her  outward-bound  cargo  at  the  oth-r  poits  of 
the  ifland.  The  queftion  was,  when  the  outward-bound  rilk  commenced,  and  at  what  time 
the  outward-bound  rilk  determined.  A  fpecial  jury,  after  an  examination  of  merchants  as  id 
the  cuftom,  decided,  that  the  outward  rillc  ended  wien  the  (hip  had  moored  in  any  port  of  the 

ifland,  and  did  not  continue  till  (he  came  to  the  laft  port  of  delivery— Camden  v.  Cowley,  i 
Blackft.  417. 

And  this  has  been  fince  confirmed  by  Lord  Mansfield,  wlio  laid  down  this  dodtrine,  that  the 
outward  rifle  upon  thejhip  ended  twenty-four  hours  after  its  arrival  in  the  firft  port  of  the  ifland 
to  which  it  was  deftined  ;  but  that  the  outward  policy  Upon  goods  continued  till  they  were  land- 

ed— Barrafs  -v.  London  Afi'urance.      Sittings  after  Hilary,  1782. 
An  adtion  was  brought  upon  a  policy  of  infurance  il  on  goods,  in  a  Dutch  fliip,  from  Malaga 

to  Gibraltar,  and  at  and  from  thence  to  England  and  Holland,  both,  or  either  ;  on  goods,  as 
hereunder  agreed,  beginning  the  adventure  from  the  loading,  and  to  continue  till  the  fhip  and 

goods  be  arrived  at  England  or  Holland,  and  there  fafely  landed.  The  agreement  was,  "  thaf> 
Uponthe  arrival  of  the  (hip  at  Gibraltar,  the  goods  might  be  unloaded,  and  refhipped  in  one  of 
more  Britifh  (hip  or  (hips  for  England  and  Holland,  and  to  return  one  percent,  if  discharged  in 

England.'*  It  appeared  in  evidence,  that,  when  the  (hip  came  to  Gibraltar,  the  goods  were 
unload  J,  and  put  into  a  Jlorejhip,  (which  it  was  proved  was  always  conlidered  as  a  ware 
houfe,J  and  that  there  was  then  no  Britifh  (hip  there.  Two  days  after  the  goods  were  put  in* 
to  the  flore-fhip,  they  Were  loft  in  a  ftorm. 

Lee,  chief  juftice. — Policies,  are  to  be  conflrued  largely,  for  the  benefit  of  trade,  and  for  the 
infured.  Now,  it  feems  to  be  a  (trie!:  Conftruction,  to  confine  this  infurance  only  to  the  un- 

loading and  refhipping,  and  the  accidents  attending  that  adt.  The  conPcrudlion  (iiould  be  ac- 
cording to  the  courfeof  trade  in  this  place  ;  and  this  appears  to  be  the  ufual  mode  of  unloading 

and  refhipping  in  that  place,  viz.  that,  when  there  is  no  Britifh  fhip  there,  then  the  goods  :re 
kept  in  ftore-fhips.  Where  there  is  an  infurance  on  goods  on  board  fuch  a  fhip,  that  infurance 
extends  to  the  carrying  the  goods  to  fhore  in  a  boat.  So,  if  an  infurance  be  of  goods  to  fu  h  a 
city,  and  the  goods  are  brought  in  fafety  to  fuch  a  port,,  though  diftant  from  the  city,  thu,  is  a 
compliance  v/ith  the  policy,  if  that  be  the  ufual  place  to  which  the  (hips  come.  Therefore,  as 
here  is  a  liberty  given  of  unloading  and  refhipping,  it  muft  be  taken  to  be  an  infurlng  under 
fuch  methods  as  are  proper  for  unloading  and  refhipping.  There  is  no  neglect  on  the  part  of 
the  infured,  for  the  goods  were  brought  into  port  the  19th,  and  were  loft  the  22d,  of  Novem- 

ber. This  manner  of  unloading  and  refhipping  is  to  be  confidered  as  the  necefl'ary  means  of  at- 
taining that  which  was  intended  by  the  policy  ;  and  feems  to  be  the  fame  as  if  it  had  happened 

in  the  a&  of  unfhipping  from  one  fhip  into  another.  And  as  this  is  the  known  courfe  of  the 
trade,  it  feems  extraordinary^  if  it  were  not  intended.  This  is  not  to  be  confidered  as  a  fufpen. 
fion  of  the  policy  ;  for,  as  the  policy  would  extend  to  a  lofs  happening  in  the  unloading  and 
refhipping  from  one  fhip  to  another,  foany  means  to  attain  that  end  come  within  the  meaning 
ef  the  policy.     The  plaintiff  had  a  verdidt. — Tiernay  v.  Etherington.     1  Bur,  348, 

The  decifions  on  this  fubjedt,  notwithftanding  the  vaft  variety  of  their  circumftances,  are 
uniform  in  principle  ;  and  the  judges  always  make  a  conftant  reference  to  the  ufage  of  trade. 

At  tke  fame  time,  though  the  general  yule  be  V  refer  to  the  ufage  of  the  trade,  yet  the  par- 

(Mm)    Tab* 
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ties  contracting  may,  by  their  own  agreement,  prsvent  fuch  a  latitude  of  construction,  Iri  orv 

der  to  do  this,  it  is  not  neceffary  that  exprefs  words  of  exclufion  Should  bt:  infeit-.d  in  the  poll-' 
cy  ;  but  if,  from  the  terms  ufed,  the  court  can  collect,  that  fuch  was  the  intention  of  the 
parries,  that  construction,  which  is  mod  agreeable  to  their  intention,  will  prevail. — Lavabfe  v, 
Wilfon,  Doug.  27. 

When  an  infurance'is  made  on  one  fpecies  of  property,  the  damage  fufFered  by  loft  of  prop- 
erty, different  from  that  named  in  the/policy,  cannot  be  recovered.  Thus  a  man, who  has  infur- 

ed  a  cargo  of  goods,  cannot  recover  the  freight  which  he  has  paid  for  the  carriage  cf  that  cargo  j 
nor  can  an  owner,  who  infures  rhejbip  merely?  demand  fatisfaction  for  the  lofs  of  merchandize, 
laden  thereon,  or  afk  from  the  infurers  extraordinary  wages  paid  to  the  [earner.,  or  the  value  of 
provifwns  con  fumed ,  by  reafon  of  the  detention  of  the  Jhip  at  any  port  longer  than  was  expected.  . 

■ — Fletcher  and  others  v,  Poole.  Sittings  after  Latter,  1796. — ioaille  -v.  Mooigliani,  Hilary- 
Term,  25  Geo.  111. 

On  a  policy,  on  a  Jhip,  failors  wages  or  provisions  are  never  allowed  in  fettling  the  damages  .;, 
for,  if  a  (hip  is  detained,  in  confequence  of  any  iojury  received  in  a  Storm,  though  the  under- 

writer muft  make  good  that  damage,  yet  the  infured  cannot  come  uoon  him  for  the  amount  of 

■wages  or  provifions  during  the-  time  (he  was  fo  repairing. — Robertfon  -v.  "Ewer,  3  Term, 
Rep.  127. 

But,  on  a  policy  on  a  fhip  arid  furniture,  where  the  pro-vifions  for  the  crcio  were  burnt,  it  was 
determined,  that  provi/ions  for  the  crciv  are  comprehended  under  furniture,  and  that  the  under- 

writer was  of  courfe  anfwerable  for  their  lofs. — Brtjugh  -v.  Whit  more,.  4  Term.  Rep.  20rj. 
In  order  to  entitle  the  infured  to  recover,  the  lofs  mull  be  a  direct  and  immediate  confequence 

of  the  peril  infured,  and  not  a  remote  one. 
In  an  action  on  a  policy  of  infurance  on  the  [hip  Mary,  a  letter  of  marque,  the  words  of  the 

policy  were,  "  at  and  from  Liverpool  to  Antigua, -with  liberty  to  cruijefx  weeks,  and  to  return- 
to  Ireland,  or  Falmouth,  or  Milford,  with  any  prize  or  prizes."  The  (hip  having  been  taken 
this  action  was  brought,  when  a  verdict  was  found  for  the  plaintiffs. 

The  material  parts  of  the  evidence  were,  that  the  policy  was  made  on  the  9th  of  February, 
1779,  and  there  was  no  time  fixed  in  it  for  the  commencement  or  the  duration  of  the  voyage,. 
T'he  captain  of  the  (hip  fwore,  that  he  failed  from  Liverpool  on  the  25th  of  February  j  he 
was  five  days  before  he  cleared  the  land  ;  and  lie  proceeded  on  his  direct  voyage  till  the  14th; 
of  March,  chacing,  however,  at  different  times,  from  the  7th  to  the  14th,  at  which  time  he 

began  his  cruife,  giving  notice  thereof  to  the  crew,  and  ordering  a  minute  of  it  to  be  entered" 
into  the  log-book,  which  was  done.  From  the  14'h  of  March,  he  continued  cruifing  about  the 
fame  latitude  till  the  17th  or  j 8th  of  April,  when  he  discontinued  the  cruife,  of  which  he  alfo 
gave  notice,  intending  to  go  to  the  Burlings,  off  Ltfhon,  in  the  courfe  or  his  voyage.  On  the 
23d  he  renewed  the  cruife,  of  which  he  gave  notice,  as  before,  andordrred  a  minute,  to  that 
purpofe,  to  be  entered  in  the  log-book..  From  that  time  he  coatinurd  cruifing  till  the  28th  of 
April,  when  he  was  taken  by  an  American  privateer.  Many  witneifes  were  examined,  fome 
of  whom  thought  that  the  liberty  of  cruifing,  given  by  the  policy,  meant  fix-  fucceffive 
weeks  ;  others  conceived,  that,  if  the  feparate  times  of  cruifing,  when  added  together,  fhould 
not  exceed  the  fpace  of  fix  weeks,  the  terms  of  the  infurance  would  be  complied  with  5  but: 
none  of  them  could  prove. any  ufage,  as  none  of  the  witneffes  ever  knew  a  cafe  exactly  cir-» 
cumifanced  like  the  prefent. 

A  motion  was  made  for  a  new  trial  ;  upon  which  Lord  Mansfield  faid,  Here,  the  fubjedt- 
matter,  in  my  opinion,  is  decisive  to  (hew,  that  the  fix  weeks  meant  one  continued  period  of 
time.  A  cruife  is  a  well  known  expreffion  for  a  connected  portion  of  time.  There  are  fre- 

quently articles  for  a  month's  cruife,  a  fix-week's  cruife,.  &c.  Such  a  liberty,  as  in  this  cafe,, 
to  a  letter  of  marque,  is  an  excufe  for  a  deviation  ;  for  the  true  meaning  is,  "  1  will  excufe 
a  deviation  for  fix  weeks,"  If  they  had  meant  feparate  days,  they  would  have  faid  forty-two* 
days — The  court  ordered  a  new  trial. 

Infurance  on  a  (hip  and  cargo,  from  Liverpool  to  Oporto.  The  fhip  failed,  but  was  driven* 
back  by  contrary  winds  ;  and,  before  She  could  fail  again,  an  embargo  was  laid.  The  infur- 

ed applied  to  the  underwriters  for  leave  to  put  guns  on  board,  and  to  take  out  a  Ietter.of  marque,, 
The  underwriters  conferred  to  the  guns,  for  her  defence,  but  refufed  the  letter  of  marque. 
Notwitfiftanding  which,  a  general  letter  of  marque  was  obtained,  and  put  onboard.  The 
fhip  failed  and  was  taken  on  her  voyage  out.  The  jury  thought  that  the  letter  of  marque  was 
not  intended  to  be  ufed  but  in  the  voyage  home.  The  court  however  determined  that  this  va- 

cated the  policy.— Denifon  v.  Modiglianr,  5  Term,  Rep.  K.  B.  580,  Eafter-Term.  1794. 
Thus  it  appears,  that  the  material  rules  to  be  adhered  to,  in  the  construction  of  policies,  are 

the  intention  of  the  parties  entering  into  the  contract,  and  the  ufage  of  trade. 

III.     PERILS  OF  THE  SEA. 

It  may  in  genera!  be  faid,  that  every  thing  which  happens  to  a  fhip  in  the  courfe  of  her  voy=» 
age,  by  the  immediate  act  of  God,  without  the  intervention  of  human  agency,  is  a  peril  of  the  lea. 
Thus  every  accident  happening  by  the  violence  of  wind  or  waves,  by  thunder  or  lightning,  by- 

.  driving.  againSt,  rocks,  r-y  the  ftranding  of  the  fhip,  or  by  any- other  violence  which  human  pru^- 
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sience  could  not  forefee>  nor  human  ftrength  refift,  may  be  confidered  as  a  lofs  within  the  mean- 

ing or'fuch  a  policy  ;  and  the  infurer  mull  anfwer  for  all  damages  fuftained  in  confequence  of 
fuch  accident.      I  Magens,  52,  76. 

If  a  fhip  has  been  milling,  and  no  intelligence  received  of  her  within  a  reafonable  time  after 

{he  failed,  it  fhall  be  prtfumed  that  (he  founded  at  fea.  Newby  -o.Read,  fittings  after  Micha- 
elmas, 3  Geo.  III. 

A-d  ever,  in  action  on  a  policy,  in  which  there  was  a  warranty  agianfl  captures  and felzures, 
where  it  was  infilled  for  the  defendant,  that  as  captures  and  feizures  were  excepted,  it  Jay  upon 
the  plaintiff  to  prove  that  the  lofs  happened  in  the  particular  manner  Hated.  Loid  Chief  Juf- 
tice  Lee  faid  it  would  be  unreafonable  to  expect  certain  evidence  of  fuch  a  lufs,  where  every 
body  on  board  is  presumed  to  be  drowned  ;  and  all  that  can  be  required,  is  the  bell  proof  the  na- 

ture of  the  cafe  admits  of,  which  the  plaintiff  has  given.  The  jury  found  a  verdict  for  the 
plaintiff.     Green  -a.  Brown,  %  Stra.  1 190. 

A  practice  prevails  among  infurers  that  a  (hip  mould  be  deemeiloft  if  not  heard  of  in  twelve 
months  after  her  departure,  or  after  the  time  of  the  lafl  intelligence  from  her.  If,  under  this 
vfage,  the  infurer  mould  pay  the  money,  fuppoling  the  (hip  loft,  when  it  really  is  not,  he  may 
as  we  (hall  fee  hereafter,  recover  it  back  In  an  action. 

IV.     CAPTURE  AND  DETENTION  OF  PRINCES. 

A  (hip  is  to  be  confidered  as  loft  by  capture,  though  (he  be  never  condemned  at  all,  nor  can- 
tied  into  any  port  or  fleet  of  the  enemy,  and  the  infurer  muft  pay  the  value.  If  after  a  con- 

demnation the  owner  recover  or  retake  her,  the  infurer  can  be  in  no  other  condition  than  if  (he 
iiad  been  retaken  or  recovered  befoie  condemnation.  The  infurer  runs  the  ri(k  of  the  infured, 
and  undertakes  to  indemnify  ;  he  muft  therefore  bear  the  lofs  actually  fuftained.  So  that  if 
aiter  condemnation  the  owner  recovers  the  (hip  in  her  complete  condition,  but  has  paid  fal- 
vage  or  been  at  any  expenfe  in  getting  her  back,  the  infurer  muft  pay  the  lofs  fo  actually  fuf- 

tained.     No  capture  by  the  enemy  can  be  fo  total  a  lofs 'as  to  "leave  no  poilibility  of  recovery. 
Where  a  capture  has  been  made,  whether  it  be  legal  or  not,  the  infyrers  are  liable  for  the 

charges  of  a  compromife  made,  bortaf.de,  to  prevent  the  (hip  from  being  condemned  as  prize, 
•or  to  avoid  a  greater  expenfe.     Berens  t/.  Rucker,  1  Blackft.  3  13, 

In  cafes  of  capture,  the  underwriter  is  immediately  refponftble  to  the  infured.  But  if  the 
(hip  be  recovered  before  a  demand  for  indemnity,  the  infurer  is  only  liable  for  the  amount  of 
the  lofs  actually  fuftained  at  the  time  of  the  demand  :  or  if  the  (hip  be  reftored  at  ar.y  time 
fubfequent  to  the  payment  by  the  underwriter,  he  fhall  then  (land  in  the  place  of  the  infured, 
and  receive  all  the  benefits  and  advantages  refulting  from  fuch  reftitution.  All  tbefe  regula- 

tions have  their  foundation  in  this  great  principle,  that  a  policy  of  infurance  is  nothing  more 
than  a  contract  of-indemnity. 

The  underwriter  is  likewife  anfwerable  for  all  lofs  or  damage  arifing  to  the  infured,  "  by 

fee  arre/ls,  rejlr Tints,  and  detainments,  of  all  kings,  princes,  and  people,  of  10'oat  nation,  conditio,!  f 
sr  qualiry  •zubaifoe<ver.-' 

The  only  queftion  then  is,  what  fhall  be  confidered  as  fuch  detention.  Lord  Mansfield  has 
faid,  that  the  infured  may  abandon  in  cafe  merely  of  an  arreft  ur  embargo  by  a  prince,  not  an 
enemy  ;  and  confequently  luch  an  arreft  is  a  lofs  within  the  meaning  of  the  word  detention. 
2  Burr.  696, 

An  embargo  is  an  arreft  laid  on  fhips  or  merchandize  by  public  authority,  or  a  prohibition 
of  fcate  com.nonly  iflued  to  prevent  foreign  fhips  from  putling  to  fea  in  time  of  war,  and  feme- 
times  alfo  to  exclude  them  from  entering  our  ports.  Ships  are  frequently  detained  to  ferve  a 
a  prince  in  an  expedition,  and  for  this  end  have  their  loading  taken  out,  without  any  regard  to 
the  colours  they  bear  or  the  princes  to  whofe  fubjects  they  belong.  And  this  is  an  arreft  within 
the  meaning  of  the  policy. 

In  cafe  of  a  detention  by  a  foreign  power,  which  in  time  of  war  may  have  feized  a  neutral 

vefTel  at  fea,  and  carried  it  into  port  to  be  fearched  for  enemy's  property,  all  the  charges  confe- 
quent  thereon  muft  be  borne  by  the  underwriter;  and  whatever  cofts  may  arife  from  an  im- 

proper detention  muft  always  fall  upon  them.      Salcucci  <u.r  johnfcn,  Hil.  25  Geo.  III. 
But,  though  an  underwriter  is  liable  for  all  damage  arifing  to  the  owner  of  the  (hip  cr  goods 

from  the  reftraint  or  detention  of  ptinces,  yet  that  rule  is  not  extended  to  cafes  where  the  in- 
fured navigates  againft  the  laws  of  thofe  countries  in  the  ports  of  which  he  may  chance  to  be 

detained,  or  to  cafes  where  there  fhall  be  a  feizure  for  non-payment  of  cuftom.     7.  Vern.  176. 
If  indeed  any  of  thofe  acts  were  committed  by  the  mailer  of  the  (hip,  without  the  knowledge 

of  the  infured,  the  underwriter  would  be  liable,  not  for  loftes  by  detention,  but  for  a  lofs  by  the 
barratry  of  the  mafter. 

Since  the  cafe  of  Robertfon  -v.  Ew:r,  mentioned  before,  there  feems  to  be  very  little  doubt 
but  that  an  underwriter  is  liable  to  pay  damages  arifing  by  the  detention  or  feizure  of  fhips  bv 
the  government  of  the  country  to  which  they  belong  ;  for  an  embargo  had  been  laid  by  Lord 
Hood  on  all  (hipping  at  Barbadoes,  and  it  was  never  doubted  that  the  infurer  was  liable  for  any 
lefs  which  might  have  been  fuiiained  by  fuch  detention,  provided  the  lofs  had  happened  to  any 
of  the  property  fpeeffieally  infured.     If  the  (hip  bs  detained  by  the  order  of  the  fovereign  be- 
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fore  her  departure  for  the  voyage,  but  after  the  rijk  commenced,  the  Infurer  by  our  law  is  liabls 
for  the  damage  occafnned  by  fuch  detention,  as  the  words  in  the  policy  do  in  thernfelves  im- 

port no  reftriftion  to  the  restraints  and  embargoes  by  foreign  potentates  only. 
Although  the  words  of  this  part  of  the  policy  are,  tf  arrefs,  reflraints,  and  detainments,  of  all 

ki):gs,  prfsces,  and  people,  of  what  nation,  condition,  or  quality,  ivhatfoeiier ;"  yet  the  word  people 

mult  be  undehlood  as  applying  to  thoj'e  people  toho  are  the  ruling  power  of  the  country,  and  not  to 
any  affemblage  of  people  who  arreft  the  ihip  in  a  violent  and  riotous  manner.  Nelbitt  v.  Lulh- 
jngton,  4  Term  Rep.  783. 

Before  the  infured  can  recover  aga'nft  the  underwriter  in  cafes  of  detention,  he  muft  firft 
ftb.anchn  to  the  infurers  his  right,  and  v.  hateyef  claims  he  may  have  to  the  goods  infured.  This 
point  vyili  be  treated  of  under  the  head  of  abandonment. 

V.     BARRATRY  OF  THE  MASTER  OR  MARINERS. 

Barratry  is  committed  when  tbe  mafter  of  the  (hip  or  the  mariners,  cheat  the  owners  or  in« 
furers,  whether  it  be  by  running  away  with  the  (hip,  finking  her,  defertipg  her,  embezzling 

the  cargo,  or  by  carrying  a  fhi.p  a  courfe  different  from  their  orders.  Poftlcthwaite's  Dift.  % 
vol.  p.  136,  214.  Thefe  definitions  are  fo  very  comprehensive  that  they  feem  to  take  in  every 
cafe  of  barratry  known  to  the  law  of  England.  From  a  review  of  the  decifrins  on  this  fubj:ft, 
it  appears  that  any  aft  of  the  mailer,  or  of  the  mariners,  which  is  of  a  criminal  nature,  0/ 

which  is  grofs'y  negligent,  tending  to  their  own  benefit,  to  the  prejudice  of  the  owners  of  the 
fh.'p,  without  their  content  or  privity,  is  barratry. 

It  is  not  iieceffary  in  order  to  indue  the  infured  to  recover  for  barratry  that  the  lofs  fhould 
liappen  in  the  act  of  barratry  :  that  is,  it  is  immaterial  whether  it  take  place  during  the  fraudu- 

lent voyage,  or  dftev  the  fhip  has  returned  to  the  reg.ilar  courfe;  for  the  moment  the  (hip  is 
cariied  from  its  right  track  with  an  evil  intent,  barratry  is  commirted.     Cowp,  Rep.  155. 

Lot  the  lofs  in  confequence  ot  the  aft  of  barratry  mult  happen  during  the  voyage  injured,  and 
sylrhin  the  ti  r>e  limited  by  the  policy  ;  for  if  the  captain  be  guilty  of  barratry  by  fmuggling, 
an  I  the  (hip  afterwards  arrive  at  the  port  of  deftination,  and  he  there  moored  at  anchor  twenty -foup- 

Lours  'u:  srpod  fofety,  the  underwriters  are  not  liable  if  after  this  (he  (hould  be  feized  for  that  aft 
of,frri.uggting.      Lockyer  -v.  OS^y,  I  Term  Rep.  p.  252. 

if  the  aft  of  the  captain  be  done  with  a  view  to  the  benefit  of  his  owners,  and  not  to  advance 
his  own  private  jntereft,no  barratry  is  committed.  To  conftitute  barratry,  it  mult  bp .without 
(he  knowledge  or  content  of  the  owners. 

On  a  cafe  ftated  for  the  opinion  of  the  court,  Lord  Mansfield  obferved,  It  is  fomewhat  ex- 
traordinary that  the  word  barratry  mould  have  crept  into  infurances,  and  ftiil  more  that  it 

fhould  ha  ve  continued  in  them  fo  long  ;  for  the  underwriter  infures  the  cond  uft  of  the  captain, 
whom  he  does  not  appoint  and  cannot  difmirs,  to  the  owner,  who  can  do  either.  The  point  to 
be  confidered  is  whether  barratry,  in  the  fenfe  in  which  it  is  ufed  in  our  policies  of  infurance,  carj 
be  committed  againft  any  but  the  owners  of  the  (hip.  It  is  clear,  beyond  contradiftion,  that  it 
cannot  ;  for  barratry  is  fomething  contrary  to  the  duty  of  wafer  and  mariners,  the  very  terms  of 
which  imply  that  it  muft  be  in  the  relation  in  which  they  (tana  to  the  owners  of  the  pip. 
The  words  ufed  are  the  wafer  and  mariners,  which  are  very  particular.  An  owner  cannot  corn- 
wit  barratry.  He  may  make  himfelf  liable  by  his  fraudulent  conduff  to  the  owner  of  the  goods, 

but  not  as  for  barratry.  And  befides  barratry  cannot  be  committed  again!*,  the  owner,  with. 
lis  confetti  :  for  though  the  owner  may  become  liable  for  a  civil  lofs  by  the  milbehaviour  of  the 
captain,  if  he  confents,  yet  that  is  not  barratry.  Barratry  muft  partake  of  fomething  crimi- 

nal, and  muft  be  committed  againft  tbe  owner  by  the  mafier  or  mariners.  In  the  cafe  of  Val- 
Jejo  and  Wheeler,  the  court  took  it  for  granted,  that  barratry  could  only  be  committed  againft 
jhe  owner  of  the  (hip. 

If  the  owner  be  a'fo  mafter  of  the  (hip,  any  aft,  which  in  another  mailer  would  he  conftrued 
barratry,  cannot  be  fo  in  him. 

If  the  parties  jnfert  in  the  policy  the  words  in  any  la-zaful  trade,  if  the  captain  commit  barra- 
try by  fmuggling,  the  underwriter 5  are  anfweiable.  For  otherwife  the  word  barratry  mould  be 

ftrue'e  out  of  the  policy  ;  and  moft  clearly  the  flipulation  in  the  policy  refpefting  the  em- 
ployment of  the  ftijp  in  a  lawful  trade,  muft  mean,  as  was  (aid  by  Lord  Kenyon,  in  delivering 

the.  unanimous  opinion  of  the  court,  (he  trade  on  which  (he  as  fent  by  the  owners.  IJavelock 
55?.  Kancil,  3  Term  Rep.  277. 

A  very  accurate  definition  of  one  fpecies  of  barratry  has  been  laid  down  in  the  cafe  of  Rcfs 
V.  Hunter. 

This  was  an  infurance  on  goods  on  board  the  Live  Oak,  at  and  from  Jamaica  to  New-Or- 
leans. She  failed  on  the  voyage,  infured  in  May,  1783,  and  arrived,  in  June  following,  at  the 

mouth  of  the  river  Mifiifippi,  When  the  captain  had  got  thus  far,  he  dropped  anchor,  and 
went  in  his  boat  up  the  river  to  New-Orleans  ;  and,  on  his  return,  without  carrying  the  (hip, 
to  her  port  of  deftination,  ftood  away  for  the  Havannah  ;  after  his  departure  whence  he  was 
pever  afterwards  heard  of.     A  verdift  was  found  for  the  plaintiff  agaioft  the  underwriter. 
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Mr.  Juftice  Buller  faid,  in  one  fenfe  of  the  word,  barratry  is  a  deviation  by  the  captain,  for 
fraudulent furfojes  of  hh  oibri.  Then  the  que.ftion  in  this  cafe  is,  whether  the  captain  did  de- 

viate <zoit)j  a  fraudulent  -vino.  The  jury  have  thought  that  he  had  a  fraudulent  intention,  and 
therefore  the  verdict  is  right.     4  Term  Rep.  35. 

VI.  PARTIAL  LOSSES,  AND  ADJUSTMENT. 

A  total  lofs  does  not  always  mean  that  the  property  infured  is  irrecoverably  loft  or  gone  ; 
but  that,  by  fome  of  the  perils  mentioned  in  the  policy,  it  is  in  fuch  a  condition  as  to  be  of  little 
ufe  or  value  to  the  infured,  and  fo  much  injured  as  to  juftify  him  in  abandoning  to  the  iniurer, 
and  in  calling  upon  him  to  pay  the  whole  amount  of  his  infurance.as  if  a  total  lofs  had  actual- 

ly happened.  But  a  total  lofs  is  fo  intimately  blended  with  the  doctrine  of  abandonment,  that 

we  (hall  refer  what  may  be  faid  on  this  fubject  till  we  come  to  the  head  of  abandonment. 
Kereitwillbe  fufficicnt  to  remark,  that  in  cafe  of  a  total  lofs,  literally  fo  called,  the  prime 
toft  of  the  property  infured,  or  the  value  mentioned  in  the  policy,  muft  be  paid  by  the  under- 

writer ;  at  leaft  as  far  as  his  proportion  of  the  infurance  extends.  The  infurer  has  nothing  to 
do  with  the  market  j  he  has  no  concern  in  any  profit  or  lofs  which  may  ariie  to  the  merchant 
from  the  file  of  the  goods.  If  they  be  totally  loft,  he  muft  pay  the  value  of  the  things  he  in- 

fured at  the  outjet  ;  he  has  no  concern  in  any  fubfequent  value.  So,  if  part  of  the  cargo,  capa- 

ble of  a  fevera'i  and  diftinct  valuation  at  the  outfet,  be  totally  loft,  as,  if  there  be  one  hundred 
hogiheads  of  fugar,  and  ten  happen  to  be  lofr,  the  infurer  muft  pay  the  prime-cnft  of  ihofe  ten 
hog/heads,  without  any  regard  to  the  price  for  which  the  other  ninety  may  be  fold. 

The  word  average,  in  po!i  ies,  has  two  fisrnirications  ;  it  means  "a  contribution  to  a  general 
lofs  ;"  and  it  alfois  ufed  to  fignify  ll  a  particular  partial  If s^  That  which  means  "  acw.tri- 

bui'vm  to  a  general  lofs''''  will  be  treated  of  in  the  next  diviiion. 
Partial  lofs  (thefubject  of  our  prefent  enquiry  J  implies  a  damage,  which  the  (hip  may- 

have  fuftained,  in  the  courfe  of  her  voyage,  from  any  of  the  perils  mentioned  in  the  policy  ; 
when  applied  to  the  cargo,  it  means  the  damage  which  goods  may  have  received,  without  any 
fault  of  the  mafter,  by  itorm,  capture,  (branding,  or  .Iripwreck,  although  the  whole,  ot  the 

greater  part  thereof,  may  arrive  in  port.  The  p  irtial  loft'es  fall  upon  the  owners  of  the  proper- 
ty  fo  damaged,  who  muft  be  indemnified  by  the  underwriter. 

The  un.iti  writers' of  London  expre'fsly  declare,  as  appears  from  a  memorandum  at  the  foot 
of  the  policy,  that  they  will  not  ani'vver  for  partial  leffes,  not  amounting  to  3  per.  cent.  This 
.claufe  was  intended  to  prevent  the  underwriters  from  being  continually  hanaiTed  by  trifling 
demands.  Bet,  ̂ at  the  fame  time  that  they  provide  againft  trifling  claims  for  partial  lofts, 
they  undertake  Co  indemnify  againft  loffes,  however  inconiiderable,  that  arife  from  a  general 
average. 

When  we  fpeak  of  the  underwriters  being  liable  to  pay,  whether  for  total  or  partial  loffeS|  it} 
muft  always  be  underftood,  that  they  are  liable  only  in  proportion  to  the  fums  which  they  have 

underwritten.  Thus,  if  a  man  underwrite  100/.  upon  property  valued  at  500/."  and  a  toSi 
lofs  happened,  he  (hall  be  anfwerable  for  100/.  and  no  more,  that  being  the  amount  of  his 
fubfeription  ;  if  only  a  partial  Io(s,  amounting  to  60/.  or  70/.  per  cent,  upon  the  whole  valu;, 
hefhall  pay  60/.  or  70/.  being  his  proportion  of  the  lofs. 

As  to  the  queftiun  of  how  the  proportion  of  damage  is  to  be  afcertained,  the  grand  and  lead- 
ing cafe  is  that  of  Lewis  and  another  m.  Rucker,  ?.  Bur.  1 167,  from  which,  as  it  was  fo  ably 

treated  by  Lord  Man^fkld,  we  think  it  necelTary  to  give  copious  extra&s. 
A  rule  having  been  obta'ned  by  the  plaintiffs,  who  were  the  infured,  for  the  defendant  (ths 

infurer)  to  fhew  caufe,  why  a  verdict,  obtained  by  him,  fhould  not  be  fet  elide,  and  a  new 
trial  h.id  : 

The  court  after  hearing  the  matter  fully  debated,  took  time  to  advife,  and  their  unanimous 
ppinion  was  delivered,  to  the  following  effect,  by 

Lord  Mansfield.-^— This  was  an  action  brought  upon  a  policy,  by  the  plaintiffs,-  for  Mr. 
James  Bordieu,  upon  the  goods  on  board  a  fhip,  called  the  Vrovv  Martha,  at  and  from  St. 

Thomas's  Ifland  to  Hamburgh,  from  the  loading  at  St.  Thomas's  Ifland  till  the  (hip  (hould  ar- 
rive and  land  the  goods  at  Hamburgh.  The  goods,  which  confided  of  fugars,  coffee,  and  in- 

digo, were  valued  ;  the  clayed  fugars  at  30/.  per.  hogfhead  ;  the  Mufcovado  fugars  at  20/,  per 
hogfhead  ;  and  the  coffee  and  indigo  were  likewife  reflectively  valued.  The  fugars  were 
warranted  free  from  average,  (that  is  partial  lofs)  under  5/.  percent,  and  all  other  goods  free 
from  average  under  %I.per  cent,  unlefs  general  or  the  fnip  be  llranded. 

In  the  courfe  of  the  voyage  the  fea-water  got  in  ;  and,  when  the  (hip  arrived  at  Hamburgh, 
it  appeared  that  every  hogfhead  of  fugar  was  damaged.  The  damage  the  fugars  had  fuftained 
made  it  neceffary  to  fell  thesn  immediately,  and  th;y  were  accordingly  fold  ;  bat  the  difference 
between  the  price  which  they  brought,  on  account  of  the  damage,  and  that  which  they  might 
then  have  been  fold  for  at  Hamburgh,  if  they  had  been  found,  was  as  20/.  Oi.  $d.  per  hogfhead 
5s  to  23/.  is.  Zd,  per  hogfhead  ;  (that  is,  if  found,  they  would  have  been  worth  23/,  js.  %d.ptr 
hpsfkead  j  as  damaged,  they  were  only  worth  20/.  os.  $d.  /*r  hogfhead.) 
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The  defendant  paid  money  into  court,  by  the  following  role  of  cftirnating  the  damage  i  It 

.fiiid  the  like  proportion  of the  fum,  at  which  the  Jugars  -were  •valued  in  the  policy ,  as  the  pike  of  the 
damaged  figars  bore  to  found  fgsrs  at  Hamburgh,  the  port  of  delivery.     And  the  only  queftion 
was,  by  what  meafure  or  rule  the  damage,  upon  all  the  circumftances  of  the  calc,  ought  to  be 
eftiroated. 

The  fpecial  jury  (amongft  whom  there  were  many  fenfible  merchants)  found  the  defendant's 
rule  of  eftimationto  be  right,  and  gave  the  verdict  for  him. 

And  it  is  how  the  duty  of  the  court  to  fay,  whether  thejury  have  eftimated  the  damage  by  a 
proper  meafure.     This  is  the  rule  by  which  it  was  eliimated. 

The  defendant  takes  the  proportion  of  the  difference  between  found  and  damaged  at  the  port 
of  delivery,  and  pays  that  proportion  upon  the  value  of  the  goods  fpecified  in  the  policy,  and 
has  no  regard  to  the  price  in  money,  which  either  the  found  or  the  damaged  goods  bore  in  the 
port  of  delivery.  He  fays,  the  proportion  of  the  difference  is  equally  the  rule,  whether  the 
goods  come  to  a  rifing  or  a  falling  market.  For  inftance,  fuppofe  the  value  in  the  policy  to  be 
30/.  the  goods  are  damaged,  but  fell  for  40/. — if  they  had  been  found  they  would  have  fold 
for  .50/.  The  difference  then  between  the  found  and  damaged  is  a  fifth,  confequently  the  in- 

furer muft  pay  a  fifth  of  the  prime  coft,  or  value  in  the  policy,  that  is  61.  ecowverfo,  if  they 
come  to  a  loftng  market,  and  fell  for  10/.  being  damaged,  but  would  have  fold  for  20/.  if  found, 
the  difference  is  one-half;  the  infurer  mult  pay  half  the  prime  coft,  or  of  the  value  in  the 
policy,  that  is  15/. 

To  this  rule  an  objection  has  been  made  ;  that  it  is  going  by  a  different  meafure  in  the  cafe 
-of  a  partial,  from  that  which  governs  in  cafe  of  a  total  lofs  ;  for,  upon  a  total  lofs,  the  prime 
coft,  or  value  in  the  policy  muft  be  paid.  The  anfwer  to  which  objection  is,  that  the  dif- 
tinfUon  is  founded  in  the  nature  of  the  thing.  Infurance  is  a  contract  of  indemnity,  againft 
the  perils  of  the  voyage,  to  the  amount  of  the  value  in  the  policy  j  and,  therefore,  if  the 
thine  be  totally  loft,  the  infurer  muft  pay  the  whole  value  which  heinfured  at  theoutfet.  But 

where  a  part  of  the  commodity  is  fpoiied,  no  meafure  can  be  taken  from  the  prime  coft  to  af- 
certain  the  quantity  of  the  damage  fuftained.  The  only  way  is,  to  fix  whether  the  thing  be  a 
third  or  fourth  worfe  than  the  found  commodity  ;  and  then  you  pay  a  third  or  fourth  of  the 
prime  coft,  or  value  of  the  goods  fo  damaged. 

We  are  of  opinion,  that  the  rule  by  which  thejury  have  gone  is  the  right  meafure. 
Wherever  there  is  a  fpecific  defcription  of  cafks,  or  goods,  the  rule  of  eftimating  the  aver- 

age ii  as  above  ftated  ;  but,  in  a  fubfequent  cafe,  the  property,  which  confifted  in  various 
goods,  taken  from  an  enemy,  was  valued  at  the  fum  infured,  and  part  was  loft  by  perils  of 
"the  fea  ;  confquently  the  lame  rule  could  not  be  adopted,  on  account  of  the  nature  of  the 
fhing  infured.  The  only  mode  was  to  go  into  an  account  of  the  whole  value  of  the  goods, 

and  take  a  proportion  of  that  fum  as  the  amount  of  the  goods  loft.  Le  Cras  •v.  Hughes,  Eaft. 
Term,  22  Geo.  III. 

fsiyne  gooes  are  in  their  nature  perifliable  ;  and  therefore  the  underwriters  have,  by  exprefs 
words  tnferted  in  their  policy,  declared  that  they  will  not  beanfwerable  for  any  partial  lofs  hap- 

pening to  corn,  fijh,  fait,  fruit,  four  and  fed,  unlefs  it  aiife  by  way  of  a  general  average,  or  in 
canfequence  of  the  iliip  being  ftranded.  Upon  this  claufe  it  is  necetTary  to  obferve,  that  corn  is 
a  general  term,  and  includes  many  particulars  ;  peas  and  beans  have  been  held  to  come  within 
ttieme«ning  of  the  word.      Mafon  -v.  Skurray,  Sit.  after  Hilary,  1780. 

But  in  a  late  trial  at  Guildhall,  in  the  court  of  common-pleas,  Mr.  Juftice  Wiifon  was  of 
♦pinion,  that  the  tcrmfalt  did  not  include  fait -petre. — Journu  -v.  Bourdieu,  Sittings  after  Eaft. 
Term,  27  Geo.  III. 

It  lias  likewifebeendeterminedr  fliat  there  cannot  be  a  total  lofs  of  corn,  fifti,  fait, 

fruit,  flour  or  feed,  but  by  the  abfohtc  deftru&i  n  of  the  things  infured;  for,  while  it 
fpecifioally  remains,  though  wholly  unfit  for  ufe,  and  though  the  lofs  of  it  exceeds  the 
fum  to  be  paid  /or  the  freight  of  it,  that  this  is  not  fuch  a  lofs  as  is  to  be  borne  by  the 
underwriters,  Wiifon  v.  Smith,  3  Bur.  1550.  Mafon  v.  Skurray,  Sittings  after 
Hilary  Term,  1780. 

When  the  quantity  of  damage  fuftained  in  the  courfe  of  the  voyage  is  known,  and 
the  amount  which  each  underwriter  of  the  policy  is  liable  to  pay,  is  fettled,  it  isufual 

for  the  underwriter  to  endorfe  on  the  policy  »«  adjuflcd  this  lofs  at  fa  much  per  cent,"  or  fome 
words  to  the  fame  effect.     This  is  called  an  adjuftment- 

After  an  adjuftment  has  been  figned  by  the  underwriter,  if  he  reftsfe  to  pay,  the 
owner  has  no  occafion  to  go  into  a  proof  ot  his  lofsi  or  any  of  the  chcumftances  re- 
fpecXng  it ;  but,  if  any  fraud  were  ufed  in  obtaining  the  adjuftment,  that  would  be  a 
ground  for  fetting  it  a  fide.  Hog  1/.  Gouldney,  Sitt.  after  Trin.  1745-  Beawes,  Lex 
Merc.  310.     Thelluffon  v.  Fletcher,  Dougl.  301. 

If  any  infurer  pay  money  for  a  total  lofs,  and  in  fail  it  be  fo  at  the  time  of  adjaftment ; 
if  it  afterwards  turn  out  to  be  only  a  partial  lofs,  he  (hall  not  recover  back  the  money  fo  paid 
to  the  infured  :  for  fubftantial  juftice  is  done  by  putting  him  in  place  of  the  infured,  and  giv- 

ing him  all  the  advantages  that  may  arife  from  tire  falvag-e.     DaCofta  -v.  Frith,  4  Burr.  1966. 
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VII.  GENERAL  AVERAGE. 

Whatever  the  matter  of  a  fhip  in  diftrefs  does  for  the  piefervation  of  the  whole,  in  catting 
away  mafts  or  cables,  or  in  throwing  goods  overboard  to  lighten  his  vefTel,  which  is  what  13 
meant  by  jettifon  orjetfon,  is  permitted  to  be  brought  into  a  general  average:  in  which  all 
who  are  concerned  in  Ihip,  freight,  and  cargo,  are  to  bear  an  equal  or  proportionable  part  of 
the  lofs  of  what  was  fo  facrificed  for  the  common  welfare  ;  and  it  muft  be  made  good  by  die 
infurers  in  fuch  proportion  js  they  have  underwritten.      I  Magens,  55. 

In  order  to  make  the  act  throwing  the  goods  overboard  legal,  the  lhip  mud  be  in  diftrefs 
and  the  ucrificing  a  part  muft  be  necefiary  to  preferve  the  reft. 

If  the  (hip  ride  out  the  ftorm  and  arrive  in  (afc-ty  at  the  port  of  deftination,  the  captain  muft 
make  regular  protects,  and  muft  fwear,  in  which  fume  of  rhe  crew  muft  join,  that  the  goods 
were  call  overboard  for  no  other  caufe  but  for  the  Safety  of  the  ship  and  the  reft  of  the  cargo. 

Beawes,  14S.     Mo'ly,  1.  2.  c.  6  f.  2. 
There  can  be  no  contribution  (which  is  another  word  ufed  frequently  for  this  fperies  of 

*ssercgcs)  without  the  ejection  of  fume  goods,  and  the  faving  of  others  :  but  if  is  not  always 
fiecelTary  for  the  purpole  of  contribution  that  the  lhip  ihculd  ariive  at  the  port  »f  deftination. 

If  the  jettifon  does  not  fave  the  (hip,  but  fhe  pcrifh  in  the  ftorm,  there  (h?.ll  be  no  contribu- 
tion of  fjch  goeds  as  may  happen  to  be  faved  ;  becaufe  the  object  for  which  the  goods  were 

thrown  overboard  was  not  attained.  But  if  the  fhip  be  once  preferved  by  fuch  means  and 
continuing  her  eourfe,  fhould  afterwards  be  loft,  the  property  faved  from  the  fecond  accident 
fhall  contribute  to  the  lofs  fuftained  by  thofe  whole  goods  were  call  out  upon  the  former  occa~ 
fion.     2  Magens,  98. 

It  is  hardly  neceiYary  to  ftate  with  minufenefs  the  various  accidents  and  charges 
that  will  entitle  the  party  fuffering  to  call  upon  the  reft  for  a  contribution  ;  becaufe* 
we  may  refer  them  all  to  this  principle,  that  all  loiTes  fuftained  and  expences  incurred 
voluntarily  and  deliberately,  with  a  view  to  prevent  a  total  lofs  of  the  lhip  and  cargo^ 
ought  to  be  equally  borne  by  the  ihip  and  her  remaining  Jading.  Such,  for  in  fiance? 
Is  the  damage  fuftained  in  defending  a  lhip  againft  an  enemy  or  pirate  ;  fuch  is  the 
expence  of  curing  and  attendance  upon  the  officers  or  mariners  wounded  in  fuch  de- 

fence :  and  fuch  alio  is  the  fum  which  the  mafter  may  have  promifed  to  pay  for  the 
ranfom  of  his  lhip  to  any  privateer  or  pirate,  when  taken.  A  mafter  who  has  cut  his 
inaft,  parted  with  his  cable,  or  abandoned  any  other  part  of  the  (hip  and  cargo,  in  a 
ftorm,  in  order  to  fave  the  (hip,  is  well  entitled  to  this  compenfation  :  but  if  he 
fhould  kf  them  by  the  ftorm,  the  lofs  falls  only  upon  the  fhip  and  freight;  becaufe 
thetempeft  only  was  the  occafion  of  this  lofs,  without  the  deliberation  of  the  mafter 
and  crew  ;  and  was  not  done  with  a  view  to  fave  the  lhip  and  lading.  Upon  the 
principle  it  is  eftablilhed,  that  when  a  (hip  arrives  at  the  mouth  of  a  harbour,  and  the 
mafter,  finding  that  his  fhip  is  too  heavy  laden  to  fail  up?  is  obliged  to  put  part  of  th*? 
cargo  into  hoys  and  barges  ;  the  owners  of  the  (hip  and  of  the  goods  that  remained 
are  obliged  to  contribute  if  the  lighters  perifhed.  But  if  the  fhip  fhould  be  loft,  and 
the  lighters  faved,  the  owners  of  thegoods  fo  preferved  were  not  to  contribute  to  the 
proprietors  of  the  fhip  and  cargo  ioft-     2  Magens,  96.183. 

The  difference  is  this,  the  lightening  of  the  (hip  was  an  aft  of  deliberation  for  the 

general  benefit  :  whereas  the  circumftance  of  the  1'ghters  being  faved,  and  the  (hip 
loft,  was  accidental,  no  way  proceeding  from  a  regard  for  the  whole.  1  Magens,  56. 

It  is  not  only  the  value  of  the  goods  thrown  overboard  that  muft  be  confidered  in  a 
geneffit  average,  but  alfo  the  value  of  fuch  as  receive  any  damage  by  wet,  &c.  from  the 
Jettifon  of  the  reft.     Beawes,  148.  Molloy,  I.  2,  c.  6.  f.  8. 

If  a  fhip  be  taken  by  force,  carried  into  fome  port,  and  the- crew  remain  on  board 
to  take  care  of  and  reclaim  her,  not  only  the  charges  of  reclaiming  (hall  be  brought 

into  a  general  average,  but  the  wages  and  expence  of  the  (hip's  company  during  her 
ajrreft,  from  the  time  of  her  capture  and  being  difturbed  in  her  voyage.  Beawes,  150. 

But  failors  wages  and  victuals,  when  they  are  under  a  neceffity  of  performing  qua- 
rantine, in  which  cafe  the  mafter  would  have  been  obliged  to  maintain  and  pay  them» 

though  his  veflel  had  arrived  only  in  ballaft,  do  not  come  into  general  average,  yet 
charges,  occurring  by  an  extraordinary  quarantine,  fhould  be  brought  into  a  general 
average. 

Whether  the  extraordinary  wages  and  victuals  expended  during  the  detention  by  a 
foreign  prince  not  at  war,  ought  to  be  brought  into  a  general  average,  fo  as  to  charge 
the  underwriter,  has  never  been  exprefsly  determined,  although  it  feems  to  be  the  ge- 

neral opinion  that  they  fhould. 

So  likewife  where  a  fhip  is  obliged  to  go  into  port  for  the  benefit  of  the  whole  con- 
cern, the  charges  of  loading  and  unloading  the  cargo,  and  taking  care  of  it,  and  the 

wages  and  provisions  of  the  workman  hind  for  the  repairs,  become  general  average.  Da 
Cofta  -j.  Newnham,  2  Term.  Rep.  407. 

By  the  antient  laws  of  Rhodes,  Oleron  and  Wisbuy,  the  fhip  and  all  the  remainiiag 
f*ods  (hall  contribute  to  the  l»f9  faftained.     The  sooft  yaluable  gwds,  though  their 



S$s 
JftA&lNE    INSUfcANCgj 

weight  fhonld  have  been  incapable  of  nutting  the  fhip  in  the  leaft  hazard,  as  diamond* 
or  previous  (tones,  muft  be  valued  at  their  juft  price  in  this  contribution,  becaufe  they 
could  net  have  been  faved  to  the  owners  but  by  the  ejection  of  the  other  goods.— - 
Neither  the  perfons  of  thofe  in  the  (hip,  nor  the  fhip-proviiions*  nor  the  refponden- 
tia-honds,  fuffer  any  eftimation  ,  nor  does  wearing  apparel  in  chefts  and  boxes,  nor  da 
fuch  jewels  as  belong  to  the  perfon  merely;  but  if  the  jewels  are  a  part  or  the  cargo, 
lliey  muft  contribute. 

Thofe  who  carry  jewels  by  fea  ought  to  communicate  that  circumftance  to  themaf* 
ter;  becaufe  the  care  of  them  will  be  increased  in  proportion  to  their  worth,  to  pre- 

vent theirbeing  thrown  overboard  promifcuoufly  with  other  things  ;  and  hence  their 

prefervation  will  be  a  common  benefit,     i  Magens,  63. 
The  wages  offailors  are  not  to  contribute  to  the  general  lofs  ;  a  provifion  intended 

to  make  this  defcription  of  men  more  eafiiy  confent  to  a  jettifon  as  they  do  not  then 
lifk  their  all,  being  ftill  allured  that  their  wages  will  be  paid.      1  Magens,  71. 

The  way  of  fixing  a  right  fum,  by  which  the  average  ought  to  be  computed,  can 
only  be  by  examining  what  the  whole  fhip,  freight  and  cargo*  if  no  jettifon  had  been 
made,  would  have  produced  nett,  if  they  all  had  belonged  to  one  perfon,  and  been 
fold  for  ready  money.  And  this  is  the  fum  whereon  the  contribution  thouid  be  made» 
all  the  particular  goods  bearing  their  nett  proportion.      1  Magens,  69. 

Gold,  filver  and  jewels,  contribute  to  a  general  average,  according  to  their  full  value, 
and  in  the  fame  manner  as  any  other  fpecies  of  merchandize.  1  Magens*  62,  and 
Peters  <v   Milligan,  Sittings  at  Guildhall  after  Michaelmas,  1787, 

The  contribution  is  in  general  not  made  till  the  fhip  arrive  at  the  place  of  delivery  5 
fcut  accidents  may  happen,  which  may  caiife  a  contributien  before  die  reach  herdiflin- 
ed  port.  Thus,  when  a  veffel  has  been  obliged  to  make  a  jettifon,  or,  by  the  darn* 
ages  fuffered,  foon  after  failing,  is  obliged  to  return  to  her  port  of  dilchaige  ;  the  ne- 
ceflary  charges  of  her  repairs,  and  the  replacing  the  goods  thrown  overboard,  may 
then  be  fettled  by  a  general  average.     1  Magens,  60. 

The  following  examples  ofadjujled  Averages  are  here  [unjoined \  having  received  the  approbation  of 
fame  experienced  Merchants. 

The  Sea  Horfe,  capt.  Dix,  laden  with  hemp,  flrx,  and  iron,  bound  from  Riga  to  Boftcn, 
ran  on  ihore  coming  through  rhe  Grounds  at  EUincur  :  the  captain  hired  a  number  of  men  and 
feveral  lighters  to  lighten  the  (hip  and  get  her  afloat  again,  which  was  foon  done,  but  he  was 
obliged  to  pay  500  dollars  for  their  affiftance.  The  e.tpence  being  incurred  to  preferve  both 
fhip  and  cargo,  the  average  muft  confequently  be  general.  When  the  (hip  arrived  at  Bofton, 
the  captain  immediately  ma  1"  a  proteft  cr.d  an  average-bill  ;  he  themwent  to  rhe  merchant  to 
whom  his  goods  were  addreffed,to  have  it  figne  l,arid  to  k.iow  the  value  of  each  rnan4s  propetty* 

jlilsrage  accruing  to  the  pip  Sea-Horje^  from  Riga  to  Bo.hn,  in  1  "]<$%)  for  ajjljlance  in  getting  off  the 
Strand  of  Elfirteur.  D.      C. 

To  fundry  charges  paid  at  the  Sound  for  lighters  and  affiftance  in  getting  the  fhip  off  500     00 
Proteft  and  poftage  —  —  —  —  <—  6     00 

506     00 Should  the  fli<p  arrive  at  Bo-ton,  (he  will  make  freight  3000     00 
Wages,  for  all  the  people,  3  months  and  10  days     620     00  7 
Victuals  for  ditto  —  —  490     00  $ 

Freight  to  contribute  1 8 90  Oo 

Sh:p  Sea  Horfe  valued  at                  —                  —                  —                — <  16000  00 

Freight  valued  at                   —                    —                     —                    _  1890  OO 
F.  J.  for  value  of  hemp,  as- per  invoice               —                  —                  — 1  2.2710  00 
D.  N.  for  value  of  flax              ~                   «—                   —                   —  4000  OO- 
T.  R.  tor  value  of  iron                  —                   —                   —                   —  1400  OO 

Dollars        46000    00 

If  46000  dolls.  lofs  give  506  dolls,  what  will  160  dolls,  lofs  give  ? i».  vvuai  win   iuu  aoiib.  101s  give  .r 
Anfwer,  1  doll.   10  cents,  per  cent. 

:  I  doll.  ]0  cents  (which  the  infurers 
D.      C. 

00 

11 -    .:     I  J  I     VI     U-     ,          I       Cl'il,          ]^f     V.LI1U)       UCi        V.C1JC.  ■*-*    * 
1  he  Chip  muft  hear  16000  dolls,  at  1  doll.  10  cents  (which  the  infurers  return)  176 
Fruj.hr,  iSco  dolls,  at  1  doll.  10  cents  per  cent.                  —                  —  20 
F.  J.  pays  the  cavtain  for  22710  dolls,  at  the  fame  rate                       — •  249     8r 
D.  Tv  .  pays  the  fame  for  4000  dollars                   —                   _»                   =—  44     00 
T.  R.  pays  the  fame  for  140Q  dollars                     ur                *^                  —  15     40 

©ollars     506     o» 
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360 

00 

120 

00 

ia.o 

00 

ia8 00 
— 

'8 

50 
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.The  Mary,  captain  T.  partly  laden  with  goods,  failed  in  May,  179",  from  Softon,  bound 
to  St.  Peteriburgh.  She  failed  the  3d  of  that  month,  and  after  an  agreeable  paffage  arrived  at 

Elfineuronthe  iothof  June,  whence  {he  failed  the  fame  day  -with  a  fair  wind  for  St.  Peteri- 
burgh ;  the  next  day  a  heavy  gale  of  wind  arofe  contrary,  infomuch  that  it  obliged  the  cap- 

tain to  bear  away  for  Elfineur  again  ;  but  night  coming  on  and  the  gale  increasing,  it  being  fo 
dark  that  it  was  unfafe  to  continue  running  in  fucha  dangerous  place,  thickly  befet  with  many 
fands  and  having  a  {hong  current,  the  captain  judged  it  beftto  bring  the  thip  to  an  anchor, 
which  he  accordingly  did,  in  15  fathoms  water.  Before  the  (hip  had  been  at  anchor  half  an 
hour/he  began  to  drive  5  and  as  (he  ftill  kept  driving,  with  both  anchors  a-head*  and  the 

■wind  blowing  ftronger  and  ftronger,  they  found  it  impoffible  to  pmxhafe  their  anchor*  ;  then 
the  captain  and  (hip's  company  judged  'it  fafeft  to  cut  the  cables  in  order  to  favc  their  own 

lives  and  the  {hip  and  cargo,  and"  take  their  chance  in  running  for  the  B.oads  ;  luckily  they  got fafe  in  ;  and  the  weather  abating,  they  brought  up  wi:h  a  fmill  anchor. 
The  Mary  then  wanted  cables  and  anchors  before  (lie  could  proceed  to  St.  Peteriburgh  5  the 

matter,  therefore,  went  directly  on-fnore,  bought  them,  and  paid  the  following  funis  ; 
D.  C. 

Protell  —  — -  —  2     5O 

Two  new  cable;  and  buoy-ropes  —  — 
One-third  always  deducted  for  new  —  - — 

Two  anchors  and  two  buoys  —  — 

Charges  in  getting  themon-bcard,  &c.  '  — 
Dollar;  399     00 

As  the  cables  were  cut  away  for  prefervation  of  {hip  and  cargo;  it  ffluft  be  a  general  average* 
and  both  muft  contribute  to  pay  the  damages  fuftained.  The  captain  made  the  following  av- 

erage-Bill, on  his  arrival  at  St.  Peterfburgh,  in  order  to  recover  the  damages. 

Average  accrued  to  the  Mary,  for  the  lofs  of  her  Anchors  ar.i  Cables,   in  Prafecutio'n  of  her  voyage 
from  BoftonioSt.  Petcrfturgh,  1798.  ■                                           D.  C. 

Ship  Mary  valued  at                           —                               —  —                 4100  00 
Freight  Rafter  wages  and  victuals  deducled)  valued  at  —                           450  03 
O.  P. 's  value  of  goods                           —                       —  —                       3000  00 
V.  R.'s  value  of  goods                           — ■                          —  —                    900  00 
T.  T.'s  value  of  goods                         —                         —  —                150  00 

8400     00 If  8400  Dolls,  lofs  give  399  Dolls,  what  will  ico  Dolls,  give  ?        — —   ■ 

Answer,  4  D.  75  C.  per  cent. 
The  fhip  muft  bear  4100  Dolls,  at  4  D.  75  C.  percent.  —  I94     7$ 

The  freight  muft.  bear  250  Dolls',  at  the  fame  rate  —  11     88 
D.  P.  muft  pay  the  captain,  at  St.  Petersburgh,  for  3000  Dolls,  at  the  fame 
V.  R.  muft  pay,  for  900  Dolls,  at  the  fame  —  — < 
T.  T.  muft  pay,  for  150  Dolls,  at  the  fame  ■ — ■  *~ 

Dollars        399     00 

Having  received  192  Dolls.  37  Cents  at  St.  Petersburgh,  the  captain  fends  his  proteft  and 
average-bill  to  his  owner,  to  receive  of  the  underwriters  their  {hares  of  the  lofs  upon  the  fhip 
and  freight.  — *= — — — 

Capt.  T.  of  the  Sea  Adventure,  bound  from  London  to  Virginia,  in  ballaft,  was  riding  at 
anchor  in  the  Downs,  with  a  large  fleet  of  (hips,  in  a  gale  of  wind.  She  had  not  been  at  anchor 
long  before  {he  began  to  drive  ;  and  the  captain,  perceiving  her  to  be  in  great  danger  of  being 
on-ihore,  or  elfe  foul  of  the  other  veffels,  ju  ged  it  fafeft  to  cut  his  cables,  as  he  muft  have  been 
driven  on  {hore  if  he  had  not.  After  the  gale  was  over,  he  went  to  Dover,  bought  Hew  anchors 
and  cables,  and  drew  Upon  his  owner  for  the  amount  of  them,  as  follows  :  Dolls.     Cts. 
Two  anchors  and  buoys  —  —  14a    00 
Rope-makers  bill  for  new  cables,  &c.  —  —  150     OO 
Proteft  —  —  —  2     50 
Charges  in  getting  them  on-boatd  1 —  —  7     5° 

Dolliirs    '   300     00 

The  captain  then  fent  the  charges  of  reinftating  the  cables  and  anchors  cut  away,  and  of  the 
proteft,  to  his  owner,  that  he  might  recover  of  the  ijrifwrers  the  damage  fuftained. 

(Nn)    Tab. 

142 

50 

42 

75 

7 

12 
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State  of  the  Sea- Adventure's  Average. 
Two  anchors  and  two  buoys                     —                     —  «^ 

Rope-maker's  bill                        —                        —                       D.   IffO  OO 
One-third  always  deducted  for  new                        —                            50  OO 

folk. 

Ctt, 

140 
00 

100 

OO 

2 

5o 

7 

50 

250 

00 

Proteft  —  —  —  — 

Charges  in  getting  the  anchors,  Sec.  on  board  —  — 

Ship  valued  at  80OO  Dollars, 

If  800O  dolls.  !ofs  give  250  dolls,  what  will  100  dolls,  lofs  give  ? 

Anfwer,  3  dolls.  12S  cts.  per  cent. 
Obferve,  if  a  (hip  had  been  riding  in  a  gale  of  wind,   and  the  cables  had  parted,  that  lofs 

would  have  fallen  upon  the  owners,  for  the  underwriters  are  not  liable  to  pay  for  wear  and 
tear. 

This  may  ferve  as  a  fimilar  cafe  of  all  (hips  in  ballad  that  have  cut  away  their  marts,  ca- 

bles, &c.  for  prefervation. 

A  loaded  (hip  met  with  fuch  exceeding  bad  weather,  that  the  matter  and  mariners  found  it 

impoilible  to  fave  her  without  throwing  part  of  her  cargo  overboard,  which  they  are  authorized 

to  do  for  prefervation.  Being  thus  neceffi'ated,  they  threw  fuch  goods  overboard  as  lay  neareft 
at  hand,  and  lightened  the  (hip  of  10  cafks  of  hard-ware  and  30  hog/heads  of  fugar,  which  they 
judged  fufficient  to  keep  her  from  finkirg.  Soon  after  that,  the  (hip  arrived  at  her  deftined 

place,  and  then  an  average  bill  wa»  immediately  made,  in  order  to  adjuft  the  lofs,  and  to  pay 
the  proprietors  of  thofe  goods  which  were  thrown  overboard  for  the  good  of  the  whole. 

jfvirage  accrued  to  the  pip   for  Goods  thrown  overboard,   for  prefervation  of  the  fhtpt 
freight,  and  charge.  Dolls.  Cts. 

Ship  valued  at                           —                           —  —                           8000  OO 
Freight  (wages  and  victuals  deducted)                           —  —                        800  OO 

J.  R's  value  of  goods                        —                         —  —                         &50OO  OO 
J.  P's  value  of  goods              —                  —  —                   —                I  ZOO  OO 
R.  F's   value  of  goods                        —                        —  —                            SOOO  OO 
A.  W.  for  30  hogfheads  of  fugar                  —  —                  —                 3800  00 
L.  L.  for  10  cafks  of  hard-ware                     —  —                 —             5200  00 

Dollars     5OOOO     OO 

If  50,000  dolls,  lofs  give  9000  dolls,   what  will  100  dolls,  lofs  give  ? 
Miftuer,   1 8  dolls,  per  cent, D.       C. 

Mr.  A.  W's  goods,  thrown  overboard,  were  valued  at  . —  3800     OO 
Mr.  3>»  L's  ditto.  —  —  —  5200     00 

Dollars 

9000 

OO 

1440 
09 

144 

OO 

4500 

OO 
216 00 

1080 

00 

7380 

00 

The  (hip  mud  pay  to  A.  W.  and  I..  L.  for  8000  dolls,  at  18  dolls. per  cent. 

The  freight,  800  dolls,  at  18  dolls,  per  cent.  — .  — 
J.  R.  for  25000  dolls,  at  the  fame  —  — 
J.  P.  for  12.00  dolls,  at  the  fame  —  —  — 
R.F.  for  6000  dolls,  at  the  fame  —  — 

A.  W.  and  L.  L.  receive,  of  the  owners  of  the  goods  faved,  and  of  the  (hip's  owners  at 
Captain,  7380  dollars  for  their  value  of  the  goods  thrown  overboard  ;  which  they  divide  thus  : 

If  9000  dolls,  receive  7380  dolls,  what  will  3800  dolls,  receive  ?  Anf.     3116     00 

Insurers  pay  for  3800  doHs.  at  18  dolls,  per  cent.  —  —  684     00 

Dollars     3800    00 

A.  W.  receives  of  the  underwriters  18  dollars  percent,  for  the  fum  he  infured,  and  of  the 

owners  of  what  was  faved  31 16  dollars  which  is  equal  to  the  lofs  he  fuftained  by  his  property- 
being  thrown  overboard.  D.  C. 
L.  L.  receives,  of  the  owners  of  the  (hip  and  goods  preferved,  —  4264  OO 
And  the  iiifcrer,  lor  the  5200  doils.  which  lie  had  infured,  at  18  dolls,  per  cent,          936     OO 

Value  of  L,  L's  property  —  ~  —  52OO     CO 
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It  is  ufual  for  the  owners  of  goods  preferved,  and  alfo  for  the  owner  of  the  (hip,  to  pay  their 
average  to  the  fufferers  on  receipt  of  their  goods  and  on  delivery  of  the  ihip  j  their  redrefs  being; 
upon  the  infurers,  who  rauft  return  the  fame. 

The  Mary,  captain  Thompfon,  at  Leghorn,  bound  to  Bofton,  failed  with  a  fair  wind,  which 
continued  fur  fome  days,  when  {he  was  boarded  by  pirates,  who  forcibly  took  away  fix  large 
guns,  two  cables,  two  anchors,  much  cabin-furniture,  and  one  compafs,  leaving  the  ihip  with- 

out other  damage.  A  violent  ftorm  afterwards  arofe,  which  dilabled  the  (hip  fo  much,  that 
the  men  who  labored  hard  at  the  pumps,  could  fcarcely  keep  her  from  linking.  This  continu- 

ed fo  long,  chat  the  men,  wearied  out,  gave  themfelves  up  for  loft,  and  difcontinued  their  la- 
bor. The  captain  fupplied  them  with  wine,  and,  to  animate  them,  promifed  a  gratuity  of 

one  hundred  dollars  to  each  man  if  they  brought  the  ihip  fafe  into  port.  This  gave  the  men 
fuch  fpirits,  that  though  they  loft  all  their  malls,  they  brought  the  /hip  fafe  to  Bofton  under 
jury-mafts,  &c. 

Here  was  a  general  and  a  particular  average.  But  although  the  gratuity  given  to  the  feamen 
was  to  prcferve  both  (hip  and  cargo,  and  was  admitted  into  a  general  average,  it  was  done  fo 
only  as  a  matter  of  favor,  and  not  of  right.  What  the  pirates  ftole,  and  other  damages  done 
to  the  (hip,  muil  make  a  particular  average. 

The  (loop  Chriftians  and  Betfey,  captain  Watfon,  on  her  paflage  from  St.  Ubes  to  New- 
York,  met  with  a  very  heavy  gale  of  wind,  the  fea  breaking  over  her,  and  the  veflel  making 
much  water  ;  the  captain  determined  on  cutting  away  the  jib,  as  he  could  not  take  it  in  j  but 

before  that  could  be  done,  a  fea  (truck  the  veffel,  and  broke  the  bfaob'rit.  The  wreck  of  the 
bowfprit,  jib,  &c.  broke  the  lalhing  of  the  larboard  anchor,  and  carried  it  and  the  cable  over- 

board ;  in  Older  to  preferve  the  (hip  and  cargo,  he  cut  the  whole  of  this  wreck  away.  During 
the  faid  gale  of  wind,  the  marts  having  loft  great  part  of  their  fupport  in  the  lofs  of  the  bow- 

fprit, he  prevailed  on  one  of  his  men,  for  a  gratuity  of  twenty  dollars,  to  go  aloft,  and  cut  away 
the  top-fail,  top-gallant-fail,  yards,  maft  and  rigging  5  and  at  laft  the  veflel  reached  her  port 
of  delivery. 

Had  the  jib  been  cut  away,  it  would  have  been  general  average  ;  and  it  was  only  under  the 
particularcircumftar.ee  of  being  carried  away,  while  that  was  in  contemplation,  it  was  allow- 

ed as  a  particular  average  on  the  (hip,  as  was  likewife  the  bowfprit.  The  entangling  with  the 
anchor  and  cable,  though  a  confequence  of  the  above,  yet  being  cut  away,  came  into  general 
average,  as  did  the  topmaft,  &c.  The  gratuity  to  the  feaman  was  not  allowed,  on  the  princi- 

ple that  a  feaman  is  bound,  by  his  duty  and  wages,  to  do  ail  in  his  power  for  the  good  of  the 
ihip,  and  he  can  therefore  earn  no  more. 

General  Average. 

Blocks  for  topmaft  rigging 
Running  rigging 
Topfail  yard  — 
Topfail  — 
Top-gallant-fail 
Cable  — 

One  third  off 

Surveyor  14  dolls. 
Anchor 

proteft  6  dolls. 

Anchor  Stock _ 
Poftages — 

Dolls. 

Ship                  — 
C  argo                  — 
'Nett  Freight 

2000 

1400 —           310 

Dollars     204    05 

3710    at  5  Dolls.  50  Cts.  fer  cent,  is  Dollars     20405 

N.  B.     No  deduction  is  made  from  the  value  of  an  anchor. 
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Particular  Average  on  the  Ship. 

Block  maker's  bill  — 

Rope  maker's  account  for  Stays,  Sec. 
Bov.-fprit,  &c.  — 

Jib  _         _ 
Carpenter's  and  Smith's  bill 
Pqttage$  — 

One  third  off 

. 

Polls. 

#*, 

5 

so 

48 

5° 

33 
12, 45 

32 

23 
27 

23 

156 

00 

52 

co 

— — - 
Dollars 

104 

CO 

Dollars. 

104 

CO Ship   2000  Dolls,  at  5  Dolls.  20  Cts./w  cent,  is 

N.  B.  The  cuSom  in  America  (in  general)  is,  that  when  the  lofs  does  not  amount  to  five 
fer  cent,  nothing  is  allowed  by  the  underwriters,  but  the  common  praclice  in  the  Engliili  In*, 
furance  Offices,  is  to  allow  all  loffes  above  three  per  cent. 

Coaftersarenat  generally  allowed  an  average  unlefs  the  lofs  amount  to  ten  per  sent* 

VIII.      SALVAGE, 

Salvage  is  an  allowance  made  fer  faying  a  fhip,  or  goods,  or  both,  from  the  dangers  of  the 
feas,  fiiq,  pirates,  or  enemies.  This  allowance  is  not  pfrecifely  determined  by  our  law  ;  but 
pur  courts  always  give  what  is  juit  and  reafonable  under  all  the  circumstances  of  any  par- 

ticular cafe. 

The  wearing  apparel  of  the  tnafter  and  feamen  is  always  excepted  from  the  allowance  of 
falv.ige.  — Lex  IVJercatoria,  147. 

The  valuation  of  a  (hip,  in  order  to  afcertain  the  rate  of  falvage,  may  he  determined  by  the 
policy  of  i.iiuranccj  if  there  is  no  reafon  to  fufpe£t  flie  is  undervalued  ;  and  the  fame  rule  maj 
be  obferved  as  to  goods,  wlv:re  there  are  policies  upon  them.  If  that,  however,  mould  nor.  be 
the  cale,  the  falvers  may  infift  upon  proof  of  the  real  value,  which  may  be  done  by  the  mer- 

chant's invoices',  and  they  muft  be  paid  for  accordingly. — -Lex  Mercatoria,  J47. 
The  infured  may  recover  from  the  infurer  theexpenfes  of  falvage  ;  yet  he  cannot  receive; 

a  doable  fatisfadion  for  the  fame  loft.  Thus,  if  the  infurer  should  have  paid  to  the  infurcd 
the  expenfes  anting  from  falvage,  and  afterwards,  on  account  of  fome  particular  circumftances 
the  lofs  fhould  be  repaired  by  fome  unexpected  means,  the  infurer  ftiall  ftand  in  the  place  of 
the  infured  arid  receive  the  furh  thus  paid  to  atone  for  the  lofs.— Randall  <v.  Cockran, 
j  Vez.  98. 

IX.  ABANDONMENT; 

The  infurcd,  befere  he  can  demand  a  recompence  from  the  underwriter  for  a  total  lofs,  muft; 

ced"  or ahandinto  him  his  right  to  all  the  property  that  may  chance  to  be  recovered  from  fhip«. 
y/re:k,  capture  or  any  other  peril,  ftated  in  the  policy. 

The  right  to  abandon  muft  arife  upon  the  objecl  of  the  infqred  being  fo  far  defeated,  that  If 
is  not  worth  his  while  t»  purfue  it :  fuch  a  lofs  as  is  equally  inconvenient  to  him  as  if  it  had 
been  total.  For  iuftance,  if  the  voyage  be  abfolutely  loft  or  not  worth  purfuing  ;  if  the  falvage 
be  very  high,  Jttppofe  a  half;  if  farther  expenfe  be  necefikry  ;  if  the  infurer  will  not  engage  at 
all  events  to  bear  that  expenfe,  though  it  (hould  exceed  the  value,  or  fail  of  fuccefs;  under 
?hefe  and  many  other  like  circumftances,  the  infured  may  difentangle  himfelf,  s.nd  abandon, 
notwithstanding  there  has  been  a  recapture. — 2  Burr.  1209. 

There  may  be  circumftances  in  which  it  would  be  unjuft  to  fuffer  the  infured  to  abandon  ; 
for  a  (hip  might  be  taken,  and  efcape  immediately,  which  would  be  no  hindiance  at  all  to  the 
voyaL;e  ;  or  fhe  might  be  taken  and  inftantly  ranfomed,  which  would  amount  only  to  a  partial 
lofs  ;  hi  which  cafes,  the  infured  fnall  not  be  allowed  to  demand  a  recompence  for  a  total  lofs. 
— r2  Burr.  697,   1213. 
.  The  right  to  abandon   muft  depend  upon  the  nature  of  the  cafe  at  the  time  of  the  action, 

brought,  or  at  the  time  of  the  offer  to  abandon.— Burr.  1214. 
The  owner  cannot  abandon,  unlefs,  at  fome  period  or  other  of  the  voyage,  there  has  been  a 

total  lofs  ;  and  therefore,  if  neither  the  thing  infured  nor  the  voyage  be  loft,  and  the  damage 
fuftained  ihall  be  found,  upon  computation,  not  to  amount  to  a  moiety  of  the  value,  the  ownei; 
flull  not  be  allowed  to  abandon.-^-Term  Rep.  Eafter  Term,  26.  Geo.  III.  p.  191. 

Thtfe  principles  will  be  confirmed  by  the  judgments  in  the  following  cafes. 
In  Pringle  v,  Hartly  in  Chancery,  1744.  3  Atk.  195.  The  defendant  had  Infured  the  (hip 

Succejs  from  London  to  Bermudas,  and  fo  to  Carolina  ;  the  ftiip  was  taken  by  a  Spanifh  prio 
vateer,  andafterwards  retaken  by  an  Englift  privateer,  and  carried  into  Bolton,  when  nogerfa% 
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jp.oeaitng.to  g've  fecunty,  nr  to  anf.ver  the  moiety  the  recaptors  were  e?nti'Icr!  to  fcr  falvaee, 
£he  '.-.as  condemned,  and  fold  in  the  court  of  Admjialty  ;  the  recaptors  had  their  moiety,  and 
the  overplus-money  remained  in  the  hands  of  the  officers  of  that  court. 

It  was  contended  for  the  underwriter  the  infured  ought  not  to  recover  more  on  the  policy 
than  a  rnoiety  of  the  lofs,  as  the  a£i  of  the  J3.  Geo.  II.  c.  4.  f.  18.  gives  the  thing  faved  to 
the  owner,  and  he  is  intiflcd  to  receive  it  from  the  officers  of  the  Admiralty  :  and  that  the  un- 

derwriter ought  to  be  obliged  to  pay  no  more  than  the  lofs  aftuaily  faftaioed,  which  cannot  bo 
afcertaiped  til!  after  the  infured  (hall  have  received  the  part  that  might  have  come  to  him  upon 
the  falyagQ. 

The  infured  was  willing  to  relinquifh  his  intereft  to  the  underwriter  in  the  benefit  of  tha 
falvage. 

Upon  this  Lord  Chancellor  Hardwick  faid  :  I  take  it  when  the  infured  is  willing  to  relin- 
quish his  irstereir  in  the  falvage,  he  ought  to  recover  the  whole  money  infured.  It  would  be 

mifchievous,  if  it  were  otht-rwif;,  for  then,  upon  a  recapture,  a  man  would  be  in  a  worfe  feu« 
ation  than  if  the  fhip  were  totally  loft. 

Cazdlet  and  others  v.  Barbe,  1  Term  Rep.  p.  187.  This  was  an  aclion  on  a  policy  of  in- 
fu  ranee  upon  the  {hip  Friendship,  from  Wyburgh  to  Lynn,  fubferibed  by  the  defendant  for 

100'.  at  two  guine  is  per  cent.  The  defendant  pleaded  a  tender,  and  paid  48!.  into  court.  The 
caufe  was  tried  at  Guifdhail,  before  Mr.  Juftjce  Buller,  when  a  cafe  was  referved  for  the  opin- 

ion Of  the  cour,  Hating,  that  the  damages  Jufained  by  the  pip,  in  the  -voyage  injured,  did  not  ex. 
c.eedq.21.  per  cent,  which  fum  the  defendant  had  paid  into  court  upon  pleading  in  the  action. 
1  hat,  whan  the  fhip  arrived  at  the  port  of  Lynn,  Hie  was  not  worth  repairing.  The  qucititn 

for  the  opinion  of  the  court  was,  whether  the  plaintiff's  had  a  right  to  abandon. 
This  cafe  came  on  to  be  argued  when  Lord  Mansfield  was  abfent,  and  the  three  other  judges 

were,  unanimous  in  opinion  for  the  defendant. 

.  Mr.  Juftice  Bulier  faid,  "  nothing  can  be  better  eftablifhed  than  that  the  ovvner  of  a  (Lip 
can  only  abandon  in  cafe  of  a  total  iafs.  But  iher°  is  no  ir.ftar.ee  "where  the  owner  can  abandon^ 

unn-fs,  at  forne period  or  other  of  the,  "voyage,  there  has  been  a  total  lofs.  No  fuch  event  has  hap- 
pened here  ;  for  the  jury  have  exprefsly  found,  that  the  lofs  amounted  on'y  to  48I. per  cent. 

Even  allowing  total  loft  to  be  a  technical  expreffion,  yet  the  manner  in  which  the  piaintifl">s 
counk-1  has  fta'ed  it,  is  rather  too  broad.  It  has  been  laid,  that  the  infurance  mnft  be  feakent 
to  he  on  the  (hip  as  well  as  on  the  voyage  ;  but  the  true  wav  of  confidering  it  is  this  :  it  is  an 

»«;''.-  ranee  en  the  pip  fir  the  voyage.  It'  either  the  (hip  or  the  voyage  be  loft,  that  is  a  total  iofs  ; but  heie  neither  is  !<>(T." 
buppoie  a  neutral  (hip  is  arrefted  and  detained  by  a  foreign  utince  by  an  embargo,  the  owner, 

immediately  upon  hearing  this  accident,  would  have  a  right  to  abandon,  becaufe  no  man  is 
h  jund  to  wait  the  event  of  an  embargo.  But  if  the  fame  (hip  that  brings  the  account  of  the 
embargo,  fhould  alfo  inform  him,  that  the  embargo  was  taken  off,  that  the  fhip  had  only  been 
detained  two  or  three  days,  that  very  trifling  or  no  damage  hao  arifen,  then  it  is  impoffib-le  to 
fay  that  the  merchant  may  abandon  ;  becaufe,  as  we  have  fcen,  it  is  a  principle  of  good  fenfe, 
that  a  man  cannot  make  his  eleclion,  whether  he  will  abandon  or  not,  till  he  receive  advice  of 
the  iofs  ;  and  if,  by  the  fame  conveyance,  it  appears  that  the  peiil  is  over,  and  the  tiling  in- 

fured is  infafety,  he  has  loft  his  election  entirely  ;  becaufe  he  has,  and  can  have,  no  right  to 
abandon  when  his  property  is  fafe. 

It  has  been  fettled  alfo,  by  a  fo!emn  decifion  of  the  Court  of  King's  Bench,  in  Manning  7'. 
Newnha  n,  Trin.  22,  Geo,  111.  in  what  cafes  a  lofs  fliould  be  deemed  to  be.  total,  after  ?n  ac- 

cident by  perils  of  the  fea.  A  policy  was  effected  in  London  upon  the  (hip  Grace,  her  "  car- 
go and freight,  at  and  from  Tortola  to  London,  warranted  to  depart  on  or  before  the  firft  of  Au- 

guft,  1 78 1.  The  fhip  valued  at  2470I.  the  freight  at  2250I.  and  the  ca-po  at  12400'.  at  a 
premium  of  2}  guineas  percent,  to  return  10I.  per  cent,  if  (he  departed  the  Weft -Indies  with  a 

convoy  for  England  and  arrives."  At  the  head  of  the  fubferiptions  is  the  following  declara- 
tion, viz.  On  fhip,  freight, and  goods,  "warranted  free  of  particular  average.  This  (hip,  with  her 

cargo,  was  a  Dutch  prize,  taken  by  a  privateer  of  Tortola,  and  was  there  condemned  :  during 
the  whole  of  her  (lay  at  Tortola  (four  or  five  months)  fhe  was  never  unloaded.  On  tbe  firft  of 
Auguil  the  whole  fleet  of  merchantmen  got  under  way  under  the  convov  of  the  Cyclop?,  &c. 
but  not  being  able  to  get  clear  of  the  iiiands  that  day,  they  caft  anchor  during  the  night,  and 

the  next  day  got  clear  of  the  iflands,  A.bout  10  o'clock  on  the  2d.  of  Augufr,  feveral  (quails 
of  wind  arofe,  which  occafioned  the  fhip  to  ftrain  and  make  water  fo  fall,  that  the  crew  were 
obliged  to  work  both  pumps  ;  and  on  the  third,  the  captain  made  a  fignai  of  diftrefs  ;  in  con- 

fluence of  which,  flie  was  obliged  to  return  to  Tortola,  under  protection  of  one  of  his  majefty's 
{hips.  The  captain  made  his  proteft,  and  a  furvey  was  had,  bv  which  the  fhip  was  declared 
unable  to  proceed  with  her  cargo,  and  that  fhe  could  not  be  repaired  in  any  of  the  EngUfh  ifl- 

ands in  tbe  Weft- Indies  ;  and  that  many  of  the  fugars  in  the  bilge  and  lower  tier  were  wafliedi 
out,  and  feveral  of  the  cafes  broke  and  in  bad  order.  The  (hip  and  the  whole  of  the  cargo 

■^rere  fold  at  Tortola  accordingly.  The  adored  claim  a  total  lofs  of  fhip,  cargo  and  freight, 
which  thejury  thought  right,  and  found  accordingly.  Amotion  was  made  for  a  new  trial, 
which  upon  full  confideration  was  refufed. 
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Lord  Mansfield,  after  ftating  the  evidence,  and  that  his  prcjadices  at  the  trial  were  in  favot 
ef  ihi  underwriters,  proceeded  thus  :  But,  norwithftanding  this  inclination  of  my  opinion,  upoa 
fiill  confidera;ion  we  think  the  jury  have  done  right.  If  by  a  peril  infuied  the  voyage  is  loft, 
it  is  a  total  lofs  ;  otherwife  nor.  In  this  cafe  the  (hip  has  irreparable  hurt  within  the  policy  j 
this  drives  her  back  to  Tortola,  and  there  is  no  (hip  to  be  had  there  which  could  take  the 
whole  cargo  on  board.  There  were  only  two  ihips  at  Tortola,  and  both  could  not  take  in  the 
cargo.  To  (hew  how  completely  the  voyage  was  loft,  that  no  (hip  could  be  got,  the  allured 
fcave  not  been  able  to  fend  that  part  of  the  goods  which  they  purchafed,  forward  to  London. 
It  is  admitted  there  was  a  total  loft  on  the  fi eight,  becaufe  the  (hip  could  not  perform  the 
voyage.  The  fame  argument  applies  to  the  (hip  and  cargo.  It  is  a  contract  of  indemnity  ; 
and  the  infurance  is  that  the  thip  (hall  come  to  London.  Upon  turning  it  in  every  view,  we  ate 
of  opinion  that  the  voyage  was  totally  loft,  and  that  is  the  ground  of  our  determination. 

From  what  has  been  faid  in  the  preceding  pare  of  this  fubjedt,  it  appears,'  that  the  infured 
Isas  a  right  to  call  upon  the  underwriter  for  a  total  lofs,  and  of  courfe  to  abandon,  as  foon  as  be 
bears  of  fuch  a  calamity  having  happened,  his  claim  to  an  indemnity  not  being  at  all  fufpend- 
ed  by  the  chance  of  a  future  recover)  of  part  of  the  property  loft  :  becaufe,  by  the  abandon- 

ment, that  chdnce  devolves  upoa  the  underwriter  ;  by  which  means  the  intention  of  the  con- 
tracting parties  is  fully  anfwered,  and  complete  jnfticc  is  done. 

In  a  very  modern  decilion  it  h»s  been  held,  by  the  court  of  King's  Bench,  that  as  foon  as  the 
Infured  receive  accounts  of  fuch  a  lofs  as  entitles  them  to  abandon,  they  muft,  in  the  firft  in- 
fiance,  make  their  election  whether  they  will  abandon  or  not  ;  and,  if  they  abandon,  they  muft 
give  the  underwriters  notice  in  a  reafonable  time,  otherwife  they  wave  their  right  to  abandon, 
and  can  never  afterwards  recover  for  a  total  lofs.  Mitchell  -v,  Edie,  I  Term,  Rep.  608. 

But  if  the  infured,  hearing  that  his  (hip  is  much  difabled  and  has  put  into  port  to  repair, 
exprefs  his  defire  to  the  underwriters  to  abandon,  and  be  diffuaded  from  it  by  them,  and  they 

Order  the  repairs  to  be  made  ;  they  are  liable  to  the  owner  for  all  the  fubfequent  damages  occ,a- 
fioncd  by  that  refufil,  though  it  (hould  amount  to  the  whole  fum  infured.  Da  Cofta  v.  Newn- 
ham,  2  Term.  R.ep.  407. 

X.     FRAUD  IN  POLICIES. 

The  infurers  and  infured  are  equally  bound  to  difclofe  circumftances  that  are  within  their 
knowledge  ;  and  therefore  if  the  infurer,  at  the  time  he  underwrites,  can  Le  proved  to  have 
kno'.vn  that  the  (hip  was  fafe  arrived,  the  contract  will  be  equally  void  as  if  the  infured  had 
concealed  from  him  fome  accident  which  had  befallen  the  fhip. 

It  is  neceffary  to  cbnlider  this  in  three  divifions.  \ft.  Ike  allegation  of  any  circumftancet 
tts  fails,  to  the  underwriter,  which  the  yerfon  injured  knows  to  be  falfe  ;-~zdly.  TU  Jupprejfwns  of 
any  Arcumflances  which  the  infured  knows  to  exiji  ;  and  which  if  known  to  the  underwriter,  might 
f re-vent  bimfrom  undertaking  the  rijk  at  all,  or,  if  he  did,  might  entitle  him  to  demand  a  larger  pre- 

mium :  and,  laflly,  a  tnifreprcfentaiion.     Of  each  of  thefe  in  order. 
In  a  cafe  before  Lord  Chief  juftice  Holt,  in  the  reign  of  William  and  Maryr  that  learned 

judge  held,  that,  if  the  goods  were  infured  as  the  goods  of  an  Hamburgher,  who  was  an  ally, 
and  the  goods  were,  in  fact,  the  goods  of  a  Frenchman,  who  was  an  enemy,  it  was  a  fraud, and 
that  the  infurance  was  not  good — Skinn°r,  327. 

A  falfe  affertion  in  a  policy  will  vitiate  the  contract ;  even  though  the  lofs  happen  in  a  mod* 
not  affected  by  that  falfity. — 3  Burr.  1419. 

The  fecond  fpecies  of  fraud,  which  affects  infurances,  is  the  concealment  of  circumftances, 
known  only  to  one  of  the  parties  entering  into  the  contract.  The  facts,  upon  which  the  rifk  is 
to  be  computed,  lie,  for  the  moft  part,  within  the  knowledge  of  the  infured  only.  The  under- 

writer muft  therefore  rely  upon  him  for  all  neceffary  information  ;  and  muft  truft  to  him,  that 
he  will  conceal  nothing,  fo  as  to  make  him  form  a  wrong  eftimate.  If  a  miftake  happen, 
without  any  fraudulent  intention,  ftill  the  contract  is  annulled,  becaufe  the  rifle  is  not  the  fame 
which  the  underwriter  intended. 

One,  having  a  doubtful  account  of  his  (hip,  that  was  at  fea,  namely,  that  a  (hip,  defcribed 
like  his,  was  'aken,  infured  her,  without  giving  aiiy  notice  to  the  infurers  of  what  he  had  heard, 
either  as  to  the  hazard  or  the  circumftances,  which  might  induce  him  to  believe  that  his  (hip 
was  in  great  danger,  'f  not  actually  loft. 

Lord  Chancellor  Macclesfield. — The  infured  has  not  dealt  fairly  with  the  infurers  in  this 

cafe  ;  he  ought  to  have  difclofed  to  them  what  intelligence  he  had  of  the  (hip's  being  in  dan- 
ger, and  which  might  induce  him,  at  leaft,  to  fear  that  it  was  loft,  though  he  had  no  certain 

account  of  it.      For,  if  this  circumftance  had  been  difcovered,  it  is  impoffible  co  think  th 
infurers  would  have  infured  the  ftiip  at  fofmall  a  premium  as  they  have  done,  bet  either 
not  have  infured  at  all,  or  would  have  infilled  on  a  larger  premium,   fo  that  ihe  concealrriet 
of  this  intelligence  is  a  fraud.     Whereupon  the  policy  was  decreed  io  be  delivered  up  wii 

cofts,  but  the  premium  to  be  paid  back,  and  allowed  out  of  the  cofts. — Da  Colia  v.  Scandret, 
2  Peere  Wiili.-ims,  17O. 

In  another  cafe  it  appeared,  that,   on  the  25th  of  Augi'ft,   1740,   the  defend  art  undei 
a  policy  from  Carolina  to  Holland.     It  cam«  out  in  evidence,  that  the  agent  for  the  ph 
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Kad$  an  tfee  23d  of Auguft  (two  days  before  the  policy  was  effected)  recerved  a  1rJt.tr  h;>m 
Cowes,  dated  the  2 1  it  of  Auguftj  wherein  it  is  faid,  J<  On  the  J2th  of  this  month  I  was  in 
company  w;th  the  ihip  Davy,  (the  [hip  in  qaeftion)  at  twelve  at  night  loft  fight  of  her  all  a£ 
once  ;  the  captain  fpoke  to  me  the  day  before  that  he  was  leaky  ;  and  the  next  day  we  had  a 

hard  gale,"  The  (hip  however  continued  her  voyage  till  the  19th  of  Auguft,  when  {he  was 
taken  dv  the  Spaniards ;  and  there  was  no  pretence  of  any  knowledge  of  the  actual  ly(s  at  the 
time  of  the  infurance,  but  it  was  made  in  confequence  of  a  letter  received  that  day  from  the 

plaintiff  a broad,  dared  the  -27th  of  June  before. 
Lord  Chief  jufiice  Lee  declarer!,  that  as  thefe  are  contracts  upon  chance,  each  par- 
ty ought  to  know  all  the  circumitaoces.  And  he  thought  it  not  material,  that  the 

lofs  was  not  fuch  an  one  as  the  letter  imported  ;  for  thofe  things  are  to  be  coniidered 
in  the  fituatioa  of  them  at  the  lime  of  the  contract,  and  not  to  be  judged  of  by  fubfe- 

quent  events.  He  therefore  thought  it  a  ftrong  cafe  for  the  defendant.  'I  he  jury 
found  accordingly. — Seamen  v.  Fonnereau,  2  Stra-  1183. 

But  although  the  rule  is  laid  down  thus  generally,  that  one  of  the  contracting  par- 
ties is  bound  to  conceal  nothing  from  the  other,  yet  it  is  by  no  means  fo  general  as 

not  to  admit  of  an  exception.  There  axe  many  matters  as  to  which  the  injured  may 
be  innocently  iilent. 

Our  ideas  on  this  topic,  the  argument  of  Lord  Mansfield,  in  Carter  v.  Eoehm,  3 
Burr.  1905,  will  completely  regulate  The  facts  of  that  cafe  are  not  materia! ;  but  vjs 
lhall  only  give  the  reafoning  of  Loid  Mansfield,  upon  the  general  doctrine  of  what  is 
not  neceflary  to  be  revealed 

His  lorddiip  laid,  infurance  is  a  contract  upon  fpeculation.  The  fpecial  fails,  up- 
on which  the  rifk  is  to  be  computed,  lie  raoft  commonly  in  the  knowledge  of  the  in- 

fured only.  The  underwriter  traits  to  his  ftatement,  and  proceeds  upon,  confidence* 
that  he  does  not  keep  back  any  circumftahces  within  his  knowledge,  to  miflead  the  un- 

derwriter into  a  belief  that  the  circumftanee  does  not  exift,  and  to  induce  him  to  efti- 

mate  the  rife  as  if  it  did  not  exift.  The  keeping  back  fuch  circurnftances  is  a  frauds 
and  therefore  the  policy  is  void.  Although  the  fuppreffion  mould  happen  through 
jniftake,  without  any  fraudulent  intention,  yet  itill  the  underwriter  is  deceived,  and 
the  policy  is  void ;  becaufe  the  rife  run  is  really  different  from  the  rife  underfto.  d  and 
intended  10  be  run  at  the  lime  of  the  agreement.  The  policy  would  equally  be  void 
againft  the  underwriier  if  he  concealed  any  thing;  a3,  if  he  infured  a  fhip  on  her 
voyage,  which  he  privately  knew  to  be  arrived  ;  and  an  action  would  lie  to  recover 
the  premium.  The  governing  principle  is  applicable  to  all  cor.trac.ls  and  dealings. 
Good  faith  forbids  either  party,  by  concealing  what  he  privately  knows,  to  draw  the 
ether  into  a  bargain,  from  his  ignorance  of  that  fact,  and  his  believing  the  contrary. 
But  either  party  may  be  innocently  iilent  as  to  the  grounds  open  to  both  to  exercife 
their  judgments  upon.  There  are  many  matters  as  to  which  the  infured  may  be  in- 

nocently iilent;  he  needs  not  mention  what  the  underwriter  knows.  An  underwriter 

eannot  infill  that  the  policy  is  void,  becaufe  the  infured  did  not  tell  him  what  he  ac- 

tually knew,  what  way  i'oever  he  came  to  the  knowledge  The  infured  needs  not 
mention  what  the  underwriter  ought  to  know;  what  he  takes  upon  himfelf  the 
knowledge  of;  or  what  he  waves  being  informed  of-  The  underwriter  needs  not  be 
told  what  lefibns  the  rife  agreed  and  underftood  to  be  run  by  theexprefs  terms  of  the 

policy.  He  needs  not  be  told  general  topics  of  fpeculation ;  as,  for  inftance,  the  un- 
derwriter is  bound  to  know  every  caufe  which  may  occafion  natural  perils ;  as  the 

difficulty  of  the  voyage;  the  kind  of  feafon ;  the  probability  of  lightning,  hurri- 
canes, and  earthquakes.  He  is  bound  to  know  every  caufe  which  may  occafion  po- 
litical perils,  from  the  rupture  of  ftates,  frorw  war,  and  the  various  operations  of  war. 

He  is  bound  to  know  the  probability  of  fafety,  from  the  continuance  and  return  of 
peace ;  from  the  imbecility  of  the  enemy,  through  the  weaknefs  of  their  councils,  or 
their  want  of  ftrength.  If  an  underwriter  infure  private  ftiips  ot  war,  by  fea,  and  on 
fhore,  from  ports  to  porta,  and  from  places  to  places,  any  where,  he  needs  net  be  told 
the  fecret  enterprifes,  upon  which  they  are  deftined ;  becaufe  he  knows  feme  expedi- 

tion muft  he  in  view  :  and,  from  the  nature  of  his  contract,  he  waves  the  information., 

without  being  told.  If  he  infure  for  three  years,  he  needs  net  be' fold  any  circum- 
ftance  to  (hew  it  may  be  over  in  two  ;  or,  if  he  infure  a  voyage  with  liberty  of  devi- 

ation, he  needs  not  be  told  what  tends  to  fhew  there  will  be  no  deviation.  Men  argue 

differently,  from  natural  phenomena  and  political  appearances  ;  they  have  different 
capacities,  different  degrees  of  knowledge,  and  different  intelligence.  But  th^  means 
of  information  and  judging  are  open  to  both  :  each  profeffes  to  act  from  his  cwn  ikill 
and  fagacity,  and  therefore  neither  needs  to  communicate  to  the  other.  The  rcafon 
of  the  rule,  which  obliges  the  parties  to  difclofe,  is  to  prevent  fraud,  and  encourage 
good  faith  ;  it  is  adapted  to  fuch  fads  as  vary  the  nature  of  ths  contract,  which  one 
privately  knows,  and  the  other  is  ignorant  of,  and  has  no  rcafon  to  fufpeci.  The 
quefticrij  therefore;  muft  always  be;  «»  Whether  there  was;  under  all  the  cueumfiancesj 
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atthe  timMhe  policy  was  underwritten,  a  fair  ftaiement,  or  a  concealment  :  frauctii-. 
lent,  if  delimited  ;  or,  thougii  not  defjgned,  varying  materially  the  object  of  the  policy* 
and  chinking  the  rhk  underftood  to  be  run." 

3d.  We  come  now  to  the  third  dtvlflon,  namely,  to  cafes  in  which  policies  are  void 
by  mfrepref-ntaticH  Befoie  we  proceed  to  ftate  the  cafes  under  this  head,  it  will  be 
proper  to  dlftinguifh  between  a  warranty  and  a  reprefentation.  A  warranty  or  con- 

dition is  thai  vhich  mafcefs  a  pn.rt  of  the  vyri.iten  policy,  and  muft  be  melt  Ikteraily 

and  ftric."U;  performed ;  and  being  a  part  of  the  a^ieement,  no'hmg  tantamount  will  da 
or  anf  --i'  the  pSrpftf'e  A  representation  is  a  itueof  thecafe,  not  a  part  of  the  writ- 

ten Mtrur:: nt,  hu  collateral  so  if,  and  entirely  independent  of it  ;  audit  is  i'uifictefit 
that  :  r  _.>-.:'  "•  itibn  b-s  fubfijnnaUy  performed.  Warranties  will  be  noticed  hereafter. 
If  the  '£  '  nifre  irefetnarien,  it  will  avoid  the  policy  1  as  a  fraud,  but  not  as  a  Dart  of 
the  agrgerne'nt  Even  written  irrftrucitidnsj  if  they  are  not  iriferted  in  the  policy,  are 
finW  to  be  conudered  as  re  it  •■'.  n -a-ions  ;  and  in  order  to  make  them  valid  and  bind- 

ing, as  a  v  irrantyi  it  is  abio^itteiy  nscefl'ary  to  make  litem  a  part  of  the  inftrument» 
by  which  the  contract  of  indemnity  is  eifected.  If  a  reprefentation  be  falfe  in  any 
materia!  nointj  it  wiH  avoid  the  policy  ;  and  if  the  point  be  not  material,  the  repre* 

fenration  can  hardly  ever  be  fraudulent.  A  few  of  the  decisions  wiii  iliutidate  ihei'e 
pfii  ftpfe  . 

Pawion  v.  Watfon,  Ccwpety-Sc — Upon  a  rule  to  fhew  caufe  why  a  new  trial  fhould" 
not  be  granted-  in  this  ea'e,  Lord  •Janstield  reported  as  follows, —  This  was  an  adieu 
Upon  -  policy  of  insurance.  At  the  trial  it  appeared  in  evidence,  that  the  firft  under-. 
wri  er  had  the  fo»iowJBg-inftfu<3iotts  fhewn  to  him  :  "  Threes  houfam.i  five  hundred 

pound-  upon  th'eihip  fuliusCefar,  for  Halifax,  to  touch  at  Plymouth,  and  any  pott 
in  .merici  ;  (he  miunti  tiuefvegitm  :;nd  twenty  me-  ."  Thele  inftruttions  were  not  allied 
for,  nor  communicated  to  the  defendant ;  but  the  fhip  was  only  reprefemed  gemrahy 

to  h\--i  ar,  a  jhi/ rff.ree :  and  a  thoufand  pounds  had  been  done,  before  the  deiendani 
underwrote  any  thing  upon  her.  The  inltructions  we.  e  dated  the  28th  of June,  1776* 
arid  the  (hip  foiled  on  the  23J  of  j a  1  y ,  1776  ;  and  was  taken  by  an  American  privjteer. 
That,  at  the  time  of  her  being  taken,  (Ire  had  on  board  fix  foar-p  lunuers,  four  three-pound:!.", 
three  one-pounders,  fix  half-pounders,  which  are  called  fwivcls,  and  twenty- leven  men  and 
boysinall,  for  her  crew  :  but  of  them,  fixteen  only  were  men,  (not  20,  as  the  initrucTinns, 

r:  totldned)  and  thje  reft  boys.  But  the  vvitnefs  ibid,  he  corhidered  her  as  being  ftro'uger  with 
this  force,  than  if  (he  had  twelve  carriage  guns  and  twenty  men  :  he  alfo  laid,  (which  is  a 

rnaterial  circorrrfta'rice)  that  there  zOerc  r.d'.ber  men  nor  gum  en  boa.  J.  at  toe  tine  of  the  b.jurancc. 
That  he  hteafelf  infured  at  the  fame  premium,  Without  regard  or  inquiry  into  the  force  of  the 

fliip.  Other  underwriters  s'fo  infured  at  the  fame  premium,  without  any  other  reprefentation 
than  that  die  was  ajkip  office.  That  to  every  four- pounder  thele  (nouid  be  five  men  and  a 
hoy.  That,  in  merchant  fhi-ps,  bors  always  go  under  the  denomination  of  men.  This  was 
met  by  evidence  on  the  part  of  the  defendant,  faying,  that  guns  mean  carriage-guns  not fzuiv& 

th  :  an  I  men  mean  able  men,  "exclutive  of  beys.  The  defence  was,  that  thele  inftructions  were 
to  b-c  confide! ed  as  a  warranty,  the  fame  as  if  they  had  been  inferred  in  the  policy,  though  they 
were  not  proved  to  have  been  fhewn  to  any  but  the  flrfb  underwriter.  If  the  court  fhould  be  of 
opinion,  that  the  inirnictions  amounted  to  a  warranty,  then  a  new  trial  is  to  be  had  without 
cod;  ;   otherwile,  the  verdict  which  was  forthe  plaintiff,  is  to  (land. 

L'>rd  ?vfansfie1d. — There  is  ho  diitinclion  bitter  known  to  thofe  who  are  at  all  converfant  in 

the  law  of  in!"  irance,  than  that  which  exi (Is  between  a  warranty  or  condition,  which  makes 
apart  of  a  written  policy,  and  a  reprefentation  of  the  ftate  of  the  cafe.  Where  it  is  a  pait  of 
the  written  policy  it  mud  be  performed.  As,  if  there  be  a  warranty  of  convoy,  there  mud 
be  a  convey  ;  for  in  tile  cafe  of  convoy  it  might  be  faid,  the  party  would  not  have  infared 
without  convoy.  Therefore  if  there  be  fraud  in  a  repreientaiion,  it  will  avoid  the  policy  on 
account  of  the  fraud  ;  but  not  on  account  of  the  non-ccmpiiance  with  any  part  of  the  agree- 

ment. Si  that  there  cannot  be  a  clearer  diftinction  thou  that  which  exifts  between  a  warran- 

ty, whi.h  makes  port  of  the  written  policy,  and  a  collateral  reprefentation,  which,  if  falfe 

in  a  -  oint  of  m  teriaiity,  makes  the  policy  void  :  but  if  it  be  not  materia!,  it  can  hardly  ever  be 
frau  Sulent.  I  have  repeatedly,  at  Guildhall,  cautioned  and  recommended  it  to  the  brokers,  to 
enteral,  repjefentations  made  by  them  in  a  book.  That  advice  has  been  followed  in  London. 
The  rpasftioii  then  is,  whether  in  this  policy,  the  pevfon  infuring  has  warranted  that  the  (hip 

fliouhi  pofitively  and  literally  hove  tzod-vc  carriage -gUnS  end  tiver-y  men.  That  is,  whether 
the  rn  rruttions  given  in  evidence  are  a  part  of  the  policy.  The  anfwer  to  this  is,  read  your 

acr.-em.:  t.  read  your  policy.  There  is  no  fuch  thinp  to  be  found  there.  It  is  replied,  yes* 
but  in  f.tcT:  there,  is,  for  The  inrerudrtens  upon  which  this  policy  was  made  contain  that  exprefs 

ftip-ala'ioi.  The  anfwsr  again  is,  there  never  were  any  inftruili  ins  inewn  to  the  defendant  ; 
nor  were  any  afked  tor  by  him.  What  colour  then  has  he  to  f^y  that  thofe  inftrudions  are 
any  r  rr  nt  iste  agreement  ?  It  is  faid,  he  infurcd  upon  the  credit  uf  the  hVft  underwriter.  A 

reprefe.il'- at'on  ro  the  rir:t  underwriter  has  nothing  to  do  with  that,  which  is  the  agreement,  or 
tijrms  of  eht'poiicv.     The  reprefentation  araOurits  to  r.o  more  than  this :  I  tell  you  what  the 



tlAltlNE    INSURANCE*  $$$ 

Jbrce  will  be,  becaufe  It  is  fo  much  the  better  for  you.  There  Is  no  Mud  in  it,  becaufe  it  ia 
a  reprefentation  only  of  what,  in  the  then  Hare  of  the  (hip,  they  thought  would  be  the  truth. 
And  in  real  truth,  the  (hip  failed  with  a  larger  force  I  for  (he  had  nine  carriage-guns  and  fix 
fwivels.  The  underwriters,  therefore,  had  the  advantage  by  the  difference.  There  was  no 
fHpulation  about  what  the  weight  of  metal  Would  be.  All  the  witpefles  fay  that  (he  had 
more  force  th. '  if  ihe  had  twelve  rantage-guns,  in  point  of  ftrength,  of  convenience)  and  for 
the  purpofe  of  refinance.  The  fupercargo)  in  particular,  fays,  "  he  infured  the  fame  (hip) 

smd  the  farwc  voyage)  for  the  fame  premium,  without  faying  a  fyllable  about  the  force."  Why 
then  it  was  a  matter  proper  for  the  jury  to  fay,  Whether  the  reprefentation  was  fa!fe,  or  wheth- 
er  it  was  in  fact  an  infurance  as  of  a  (hip  without  force.  They  haVe  determined,  and  I  think 
very  rightly,  that  it  was  an  infurance  Without  force,  and  therefore  there  can  be  no  new  trial. 

His  Lorddiip  was  afterwards  afked,  whether  it  was  the  opinion  of  the  court,  that)  to  make 
written  inftructions  valid  and  binding  as  a  warranty)  they  muft  be  inferted  in  the  policy.  Lord 
Mansfield  anfwered,  that  mod  undoubtedly  that  was  the  opinion  of  the  court :  if  a  man  war- 

rant that  a  (hip  (hould  depart  with  twelve  guns)  and  it  depart  with  ten  only,  it  'u  contrary  to 
the  cundition  of  the  policy. 

If  a  reprefentation  be  made  to  the  underwriter  of  any  circumftance  Which  Was  falfe,  this, 
if  it  be  in  a  material  point*  (hall  vacate  the  policy  and  annul  the  contrail)  although  it  happens 
by  miitake,  and  without  any  fraudulent  intention  or  improper  motive  on  the  part  of  the  infur- 

ed. The  principle  ot  which,  in  fuch  a  cafe,  the  contrail  is  held  to  be  void)  is,  that  the  in- 
furer  is  led  into  error,  and  computes  his  rifle  upon  circumftarices  not  founded  in  fact  ;  by 
which  means,  the  rifle  jitually  run  is  different  from  that  intended  to  be  run,  at  the  time  the 

contract:  is  made. "  On  this  ground  it  is,  that  the  contract  is  as  much  at  art  end  as  if  there  had 
been  a  wilful  and  falfe  allegation,  or  an  undue  concealment  of  circumfta.nces. 

Macdowall  t>.  Frafer,  Doug.  247.— This  Was  an  action  on  a  policy  of  infurance  on  the  (hip 

'''the  Mary  and  Hannah)  from  New- York  to  Philadelphia;"  At  the  time  when  the  infur- 
ance was  made,  Which  was  in  London,  on  the  30th  of  January,  the  broker  reprefented  the 

fituation  of  the  (hip  to  the  underwriter  as  follows  :  "  The  Mary  and  Hannah,  a  tight  veffel, 
failed  with  feveral  armed  (hips,  and  was  feert  fafe  in  the  Delaware  on  the  titb  of  Deccr/ibery 

by  a  (hip  which  arrived  at  New-York."  fn  fact,  the  (hip  was  loft  en  the  gth  of  December, 
by  running  againft  a  chevaux  defrife,  placed  acrofs  the  river.  The  caufe  came  on  to  be  tried 
before  Lord  Mansfield  at  Guildhall.  This  was  held  to  be  a  material  miffeprefentation  as 

to  the  time  when  the  (hip  was  feen  ;  and  the  reprefentation  and  the  day  of  the  lofs  being  prov- 
ed, the  jury  found  for  the  defendant. 

In  a  fubfeijuent  cafe,  Lord  Mansfield  and  the  reft  of  the  court  Were  deafly  of  opinion,  that 
if  the  broker  at  the  time  when  the  policy  is  effected)  in  reprefenting  td  the  Underwriter  the 
{fate  cf  the  fhip,  and  the  lad  intelligence  concerning  her  does  not  difdofe  the  whole,  and  what 
he  ar.ceah  (hall  appear  material  to  the  jury,  they  ought  to  find  for  the  underwriter,  the  con- 

tract in  fuch  cafe  being  void  5  although  the  concealment  fhould  have  been'  innocent,  the  fails 
hot  mentioned  having  appeared  imtHatierial  to  the  brbkerj  and  having  not  been  communicated 

therely  on  that  account, — Skirley  v.  Wilkinfon,  Doug.  Rep.  253, 
In  order  to  vitiate  the  contrail,  the  thing  concealed  mud  be  materia!,  \t  m\ii\  be tfime  foe?, 

and  not  merely  a  fuppofkion  or  fpeculadon  of  the  infured  ;  and  the  underwriter  muft  take  ad- 
vantage of  any  mifreprefentaiion  the  fir  ft  opportunity,  otherwife  he  will  not  .be  allowed  to 

claim  any  benefit  from  it  at  a  future  period.  If  therefore  the  infured  merely  reprefent  that  he 
txpeEis.a  thing  to  be  done,  the  contrail  will  not  be  void,  although  the  event  (hould  turnout 
Very  different  from  his  expectation.— -Barber  v.  Fletcher,  Doug.  iqi. 

Wherever  there  has  been  an  allegation  of  a  fa!fehood,  a  concealment  of  circumftances,  or  a 
mifreprefcntation,  it  is  immaterial,  whether  fuch  allegation  or  concealment  be  the  ail  of  the 

perfon  himfel?  who  is'interefteri,  or  of  his  agent;  for,  in  either  cafe,  the  contract  is  founded 
in  deception,  and  the  policy  is  confequently  void.— Fitzherbert  *).  Mather,  1  Ti-rm  Rep.  p.  12. 

If  the  infjred  is  fuppofed  to  be  guilty  of  fraud,  the  proof  of  it  falls  upon  the  underwriter  : 
Direct  and  pofitive  proof  is  not  neceffary  ;  but  circumftantial  evidence  is  all  that  can  be  ex- 

pected 3  and.  indeed,  all  that  is  neceffary  to  fubftantiate  fuch  a  charge. 

XI.     SEA-WORTHINESS. 

Every  (hip  infured  muft,  at  the  time  of  the  infurance,  be  able  to  perform  the  voyage,  unlefs 
fome  external  accident  (hould  happen;  and  if  (he  have  a  latent  defect,  wholly  unknown  to 
the  parties,  that  will  vacate  the  contrail ;  and  the  infurers  are  difcharged.  This  doctrine  is 
founded  upon  that  general  principle  of  infurjnce-law,  that  the  infurers  (hall  not  be  refponfible 
for  any  iofsarifmg  from  the  inefficient  or  defective  quality  or  condition  cf  the  thing  infured. 

But  although  the  in(ured  ought  to  know  whether  the  (hip  was  (ea-  worthy  or  not  at  the  time. 
fhe  fetout  upon  her  voyage,  yet  he  mav  not  be  able  to  know  the  condition  (he  may  be  in  after 
(he  is  out  a  twelvemonth  2  and,  therefore,  whenever  it  can  be  made  appear,  that  the  decay 
to  which  the  lofs  is  attributable,  did  not  commence  till  a  period  fubfequent  to  the  infurance, 
as  (he  was  fea-worthy  at  the  time,  the  underwriter  would  be  liable.  In  a  late  cafe,  Eden  v. 

Parkinfon,  Doug.  708,  the  fame  principle  was  much  rslied  upon.  Lord  Mansfield  faid,  **  By 
(Oo)     Tab. 
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an  implied  warranty  every  (hip  infured  mnft'be  tight,  (launch  and  ftrong  5  but  it  is  fuffic'enf 
if  (lie  be  fo  at  the  time  of  her  failing.  She  may  ceafe  to  be  fo  in  twenty. four  hours  after  tie- 

parture*  and  yet  the  underwriter  will  continue  liable.''  Every  cafe  of  this  kind,   it  is  true^ 
muft  depend  upon  its  owi  circumftances  )  but,  when  they  are  once  afcertainedj  the  rule  of 
law  is  clear  and  decifiVe* 

XII.     ILLEGAL  VOYAGES. 

Whenever  an  infurance  is  made  on  a  voyage  exprefsly  prohibited  by  the  common  ftatute; 
or  maritime  law  cf  the  country,  the  policy  is  of  no  effect. 

Even  i:'it  be  told  to  the  underwriter  that  the  voyage  is  illicit,  he  fhall  not  be  bound  s  becaufe 
the  contract  is  null  and  void.- — Bynk,  Quaed.  Tur.  Pub.  1.  i.  c.  2r. 

If  a  (hip,  though  neutral,  be  inlured  on  a  voyage  prohibited  by  an  embargo,  laid  on  in  the1 
time  of  War,  by  the  prince  of  the  country  in  whoie  ports  the  (hip  happens  to  be,  fuch  an  infu- 

rance alfo  is  void. 

Though  an  infurance  upon  a  fmuggling  voyage,  prohibited  by  the  revenue  laws  of  thin 
country,  would  be  void  under  the  principle  above  Hated  ;  yet  the  rule  has  never  been  fuppofed 
to  extend  to  thofe  cafes  where  (hips  have  traded,  of  intend  to  trade,  contrary  to  the  revenue 
laws  of  foreign  countries,  becaufe  no  country  takes  notice  of  the  revenue  laws  of  another  ;  iri 
fuch  cafes,  therefore,  the  policy  is  good  and  valid  ;  and  if  a  lofs  happens)  the  underwriter  will 
be  anfWerable. — Planche  f.  Fletcher,  Doug,  23S. 

We  may  conclude  the  prefent  fubjjct  With  this.principle  5  that  all  infurances  upon  a  voyage* 
generally  prohibited}  fuch  as  to  in  enemies  garrifon,  or  upon  a  voyage  directly  contrary  to  art 
exprefs  act  of  parliament,  are  absolutely  null  and  void. 

XIII.     RE-ASSURANCE,    AND  DOUBLE  INSURANCE; 

Re-affurance  may  be  faid  to  be  a  contrail  which  the  flrft  infurer  enters  into,  in  order  to  re- 
lieve himfelf  from  thofe  ritks  which  he  has  incautioully  undertaken,  by  throwing  them  upori 

ether  underwriters*  who  are  called  re-affurers; 

The  re-affurer  is  wholly  unconnected  with  th'e  original  owner  of  the  property  infured  •  and 
as  there  is  no  obligation  between  them  originally,  fo  none  is  raifed  by  the  fubftquent  act  of  the 
firft  underwriter.  The  riiksofthe  infurer  form  the  object  of  the  re-infurance,  which  is  a 
new  independent  contrail,  not  all  concerning  the  infured,  who  confequently  can  esercife  no 
power  or  authority  with  refpect  to  it.— ̂ Pothier,  tit.  Afiurance,  No.  96. 

A  double  hijUrjtice  Is  where  the  fame  man  is  to  receive  two  fums  infeead  of  one,  or  the  fame 
fum  twice  over,  for  the  fame  lofs,  by  reafbn  of  his  having  made  two  infurances  upon  the  fame 
goods  or  the  fame  (hip.  The  firft  distinction  between  thefe  two  contracts  is*  that  a  re-affurance 
is  a  contract  made  by  the  firft  under-writer,  his  executor,  or  affigns,  to  fecure  himfelf  or  his 
eftate  :  a  double  afiurance  is  entered  into  by  the  infured.  A  re-affurance,  except  in  the  cafes, 
provided  by  the  ftatute,  is  abfolutely  void  :  a  double  infurance  is  not  void  ;  but  ftill  the  in- 

fured fli a  11  recover  only  one  fatisfacrion  for  his  lofs.  Where  a  man  has  made  a  double  in- 
lurance  he  may  recover  his  lofs  againft  which  of  the  underwriters  he  pleafes,  but  he  cannot  re- 

cover for  no  more  than  the  amount  of  his  lofs.  It  being  thus  fettled,  that  the  infurer  (hall  re- 
cover but  one  fatisfactiorr,  and  that,  in  cafe  of  a  double  infurance,  he  may  fix  upon  which  of 

the  underwriters  he  will  for  the  payment  of  his  lofs,  it  h  a  principle  of  natural  juftice  that  the 
feveral  infurers  fhall  all  of  them  contribute,  in  their  feveral  proportions,  to  fatisfy  that  lofs,  a- 
gainft  which  they  have  all  infured. 

In  the  year  1763,  it  was  ruled,  by  Lord  Mansfield,  chief  jufrke,  and  agreed  to  be  the  courfe 
cr  practice,  that,  upon  a  double  infurance,  though  the  infured  is  not  intitled  to  two  fatisfactions, 
yet  upon  the  firft  action  he  may  recover  the  whole  fum  infured,  and  may  leave  the  defendant 
therein  to  recover  a  rateable  fatisfadlion  from  the  other  infurers. -*-Newby  v.  Reed,  Sit.  in 
London  in  Eafter  Vacat.  1263.      i  Black.  Rep.  41S. 

Thus  alfo  it  was  determined  in  a  fubfequent  cafe  at  Guildhall.-^Rogers  *>'.  Davis,  Sittings 
In  Mich.  Vac.  tj  Geo.  III.  before  Lord  Mansfield. 

Although  a  man  by  making  a  double  infurance  fhould  not  be  allowed  to  recover  a  double 
fatisfaction  for  the  fame  lofs*  yet  various  perfons  may  infure  various  interefts  on  the  fame  thing., 
and  each  to  the  whole  value,  (as  the  mafter  for  wages,  the  owner  for  freight^  one  perfon  fot 

goods,  another  for  bottomry, J  and  fuch  a  contrail  does  not  fall  within  the  idea  of  a  double  in- 
furance.-^i  Burr.  496. 

XtV.     CHANGING  THE  SHIP. 

Changing  the  fhip,  or,  as  it  is  commonly  called*  changing  the  bottom,  will  operate  as  a  bat 
to  the  infureds  recovering  upon  the  policy  of  infurance  againft  the  underwriter.  Except  irr 
fome  fpecial  cafes  of  infurances  upon  a  pip  or  Jbips,  it  is  effentialiy  requifite  to  render  a  policy 
of  infurance  effectual,  that  the  name  of  the  (hip,  on  which  the  rifk  was  to  be  run,  fhould  ba 
inferted.  That  being  done,  it  follows  that  the  infured  fhall  neither  fubftitute  another  (hip  for 
that  mentioned  in  the  policy  before  the  voyage  commences,  nor  during  the  courfe  of  the  voyage 
remove  the  property  infured  to  another  (hip,  without  the  confent  of  the  undreiwtker  or  witbo»& 
being  impelled  by  a  cafe  of  unavoidable  necefii/jt 
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And  this  doctrine,  relative  to  changing  the  bottom  of  the  (hip,  was  alluded  to  by  Lord 
Mansfield,  when  delivering  the  opinion  of  the  court  in  the  cafe  of  Pelly  againft  the  Royal- 

Exchange  A  durance- Company.  <«  One  objection,"  faid  his  lordihip,  "  was  formed  by  com- 
paring this  cafe  to  that  of  changing  the  fhip  or  bottom,  on  board  of  which  goods  are  infured, 

fUiklcb  the  infured  have  no  right  to  do.'''' 
This  is  to  be  taktn  as  a  rule,  furject  to  the  exceptions  of  inevitable  or  urgent  neceffity  j  for; 

it  has  been  held,  that  the  owners  cf  goods  infured,  by  the  act  of  (hifting  the  goods  from  one 
frip  to  another,  do  not  preclude  themfelves  from  recovering  an  average  lofs,  arifing  from  the 
capture  of  the  fecond  (hip,  if  they  act  from  neceflity,  and  for  the  benefit  of  all  concerned.— • 
Piantamour  v.  Staples,  i  Term  £.  6n3  note  (a). 

XV.     DEVIATION. 

Deviation  means  a  voluntary  departure,  without  neceffity  or  any  reafonable  caufe,  from  the 
regular  and  ufual  courfe  of  the  fpecific  voyage  infured.  Whenever  a  deviation  of  this  kind 
takes  place,  the  voyage  is  determined  ;  and  the  underwriters  are  difcharged  from  any  tefpon- 

fibility.  It  is  neceffary  to  infeit,  in  every  policy  of  infurance,  the  place  of  the  (hip's  departure, 
and  alfo  of  her  destination.  Hence  it  is  a  condition  on  the  pait  of  the  infurea,  that  the  (hip 
fiiall  purfue  the  moft  direct  courfe,  of  which  the  nature  of  things  will  admit,  to  arrive  at  the 
deftined  port.  If  this  be  not  done,  if  there  be  no  fpeci.il  agreement  to  allow  the  (hip  to  go  to 
certain  places  out  of  the  ufual  track,  or  if  there  be  no  juft  caufe  affigned  for  fuch  a  deviation, 
the  underwriter  is  no  longer  bound  bv  his  contrail:.  Nov  is  at  all  material,  whether  the  lofs  be 
or  be  not  in  actual  confequence  of  the  deviation  ;  for  the  infurers  are  in  no  cafe  anfwerable 
for  a  fubfequent  lofs  in  whatever  place  it  happens,  or  to  whatever  caufe  it  may  be  attributed, 
jjeither  does  it  make  any  difference,  whether  the  infured  was,  or  was  not,  confenting  to  the 

viation. 

The  plaintiff  was  a  fhipper  of  goods  in  a  veffel  bound  from  Dartmouth  to  Liverpool.  The 
fhip  failed  from  Dartmouth,  and  put  into  Loo  ;  a  place  fie  mull  of neceffity  pafs  by  in  the  courfe 
of  the  infured  voyage.  But,  as  (lie  had  no  liberty  given  her  by  the  policy  to  go  into  Loo,  and, 
although  no  accident  befel  her  in  going  into  or  coming  out  of  Loo,  (for  (he  was  loft:  after  (he 

got  out  to  fea  again,  j  yet  Mr,  Juftice  Yates  held  that  this  was  a  deviation,  and'a  verdict  was 
accordingly  found  far  the  underwriters. —Fox  v.  Black,  Exeter  aflizes,  1767,  before  Mr.  Juf. 
tice  Yates. 

jU  was  alfo  held  by  Lord  Chief- Juftice  Lee,  that,  if  the  mafter  of  a  veffel  put  into  a  port  not 
•ufual,  or  flay  an  unufual  time,  it  is  a  deviation,  and  difcharges  the  infurer. 

Thefe  principles  being  once  eftablilhed,  it  follows,  as  a  neceffary  confequence,  that  however 
fliort  the  time  of  deviation  may  be,  if  only  for  a  fingle  night,  or  even  for  an  hour,  the  under- 

writer is  equally  difcharged,  as  if  there  had  been  a  deviation  for  weeks  or  months  j  for  the 
condition  being  once  broken,  no  fubfequent  act  can  ever  make  it  good. 

"W henever  the  deviation  arifes  from  neceflity  and  a  juft  caufe,  the  underwriter  ft:ll  remains 
liable,  although  the  courle  of  the  voyage  is  altered.— Rocus,  n.  52. 

The  firft  ground  of  neceffity,  which  juftifies  a  deviation,  is  that  of  going  into  port  to  re- 
pair. If  a  fhip  is  decayed,  and  goes  to  the  nearejl place  to  refit,  it  is  no  deviation  ;  becaufe  it 

is  for  the  general  intereft  of  all  concerned,  and  confequently  for  that  of  the  underwriters,  that 

thr  fhip  fhould  be  put  in  a  proper  condition,  capable  of  performing  the  voyage.-*— Motteuxand. 
others  -v.  the  London  Affurance-Company,  1  Atk.  545  j  and  Gilbert  w.  Readihaw,  Sitt.  in 
Lond.  Hil.  Vac.  1781. 

The  next  excufe  for  leaving  the  direct  courfe  is  Jirefs  of  weather.  LTpon  this  point  the 
-rule  is  this  ;  that,  wherever  a  fhip,  in  order  to  efcape  a  ftorm,  goes  out  of  the  direct  courfe  ;  or 
when,  in  the  due  courfe  of  the  voyage,  (he  is  driven  out  of  it  by  ftrefs  of  weather,  this  is  no  de- 

viation. It  has  alfo  been  held,  that,  if  a  ftorm  drive  a  (hip  out  of  the  courfe  of  her  voyage, 
and  (he  do  the  belt  (he  can  to  get  to  her  port  of  deftination,  (lie  is  not  obliged  to  return  back 
to  the  point  from  whence  (he  was  driven.- — Harrington  v.  Haikeld,  Sitt.  in  Load.  Mich. 
Vac.   1778. 

If  a  (hip  be  driven  out  of  her  port  of  loading,  by  ftrefs  of  weather,  into  another,  and  then 
does  the  beft  (he  can  to  get  to  her  port  of  deftination,  it  (hall  not  be  deemed  a  deviation,  though 

fhe  :  o  not  return  to  the  port  from  whence  (he  was  driven, — Delaney  w.  Stoddart,  iTerm,  Rep, 
p.   22. 

A  deviation  may  alfo  be  juftifted,  if  done  to  avoid  an  enemy  ;  or  feek  for  convoy  ;  becaufs 
it  is  in  truth  no  deviation  to  go  out  of  the  courfe  of  a  voyage,  in  order  to  avoid  danger,  or  to  ob- 

tain a  protection  againft  it. — Bond  <v,  Gonfales,  7,  Salk.  445.— 'Gordon  1/.  Morley. — Camp« 
belli/.  Bordieu,  2Stra.  1265. 

In  the  cafe  of  Bond  againft  Nutt,  in  which  the  material  queftion  war,  whether  a  warranty 
had  or  had  not  been  complied  with  ;  the  point  of  deviation  for  the  purpofe  of  procuring  con- 

voy s'.fo  came  under  the  confideration  cf  the  court.  Upon  that  occafion,  Lord  Mansfield  and 
the  whole  court. held,  that,  if  a  ihip  go  to  the  ufual  place  of  rendezvous,  for  the  fake  of  joining 
convoy  there  ready,  though  fuch  place  be  out  of  the  direct  courfe  of  the  voyage,  it  is  no  devi- 
a4on.-~Cowp,  Rep.  Goi. 
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And,  in  a  more  modern  cafe,  the  only  quertion  was,  whether  there  was  a  deviation  ornofc, 
Lord  Mansfield  there  directed  the  jury  to  find  for  the  plaintiffs,  jf  they  believed  that  the  cap-, 
tain  fairly  and  bona  fide  ac/ted  according  to  the  heft  of  his  judgment  ;  that  h-  had  no  other  viev? 
or  motive  but  to  come  the  fafeft  way  home,  and  meet  with  convoy  ;  for,  that  it  was  no  devi-, 

ation  to  go  out  of  the  v/ay  to  avoid  danger. — Enderby  and  another  v.  Fletcher,  Sut,  in  Lond, 
Trin.  Vac.  178a. 

If,  by  the  ufage  of  any  particular  trade,  it  is  cuftomary  to  flop  at  certain  places,  lying  out 
of  the  direct  courfe  from  A  to  B,  ic  is  not  a  deviation  to  flop  there,  becaufe  it  is  n  part  of  the 
voyage  j  but,  in  order  to  j.uftify  the  captain  of  3  fbip  in  quitting  the  tlrai^ht  aad  fiirect  line 
from  the  port  of  loading  to  that  of  delivery,  there  muft  be  a  precife,  clear,  and  cffablifhed  uf  •> 
age  upon  the  fubjeir,  not  depending  merely  upon  one  or  two  loofe  and  vague  instances. 

But,  though  an  actual  deviation  from  the  voyage  infured  is  thus  fatal  to  the  contradt  of  in- 
furance, yet  a  deviation,  merely  intended,  but  never  carried  into  effect,  is  confidered  as  no  devi- 

ation, and  the  infurer  continues  liable.  Thus,  in  cafe  of  an  infurance  from  Carolina  to  Lifbon, 
and  at  and  from  thence  to  Briftol,  it  appeared, that  the  captain  had  taken  in  falt>which  he  was  to 
deliver  at  Falmouth,  before  he  went  to  Biifrol-;  but  the  fhip  was  taken  in  the  diredt  road  to. 
both,  and  before  the  came  to  the  point  where  fhe  would  have  turned  off  to  Falmouth.  Lord 

Chief- Juftice  Lee  held,  that  the  infurer  was  liable  ;  for,  it  is  but  an  bite  ntion  to  deviate,  and 
that  was  held  ret  fufrkient  to  difcharge  the  underwriters.-—  Fofter  */,  Wilmer,  2  Stra.  17.49. 

Jn  the  cafe  of  Garterf.  the  Royal-Exchange  AfTc,  ranee  Company,  where  the  infurance  was 
from  Honduras  to  London,  and  a  confignment  to  Amfterdam,  a  lofs  happened  hefore  (he  came 
to  the  dividing  point  between  the  two  voyages,  for  which  the  infurers  were  held  liable  to  pay. 
e— 2  Stra.  1249. 

If,  however,  it  can  be  made  app-ar,  by  evidence,  that  it  never  was  intended  or  came  within 

the  contemplation  of  the  parties  to  fail  upjnthe  voyage  infured  ;  if  all  the  fhip's  papers  and 
•documents  Le  made  out  for  a  different  place  from  that  defcribed  in  the  policy,  the  infurer  is 

,  difcharged  from  all  degree  of  refponfibili'y,  even  though  the  lofs  fhould  happen  before  the  di- 
viding point  of  the  two  voyages.  This  diflindlion  was  very  properly  taken  by  the  comtcf 

King's-bench,  in  Woolbridge  -v.  Boydel,  Dougi.  16. 

"In  a  ftill  later  cafe,  the  fame  doctrine  was  advanced,  namely,  that  if  a  fhip  be  infured  from 
a  day  certain,  from  A  to  B,  and  before  the  day,  fail  on  a  different  voyage  from  thai  infured, 
the  affured  cannot  recover  ;  even  though  the  fhip  afterwards  fall  into  the  courfe  of  the  voyage 

infured,  and  be  luff,  after  the  day  on  which  the  policy  was  to  have  attached. — Way  v.  Modi§- 
liani,  2  Term  Rep.  50. 

From  the  proportion  juft  eftablifhed,  namely,  that  a  mere  intention  to  deviate,  will  not  vacate 
the  policy,  it  follows,  as  an  immediate  confequencej  that  whatever  damage  is  fuftajned  before 
aBual deviation  will  fall  upon  the  underwriters. 

Thus  it  was  held  by  Lord  Chief- Judice  Holt,  who  faid.  that  if  a  policy  of  infurance  be 
made  to  begin  from  the  departure  of  the  fhip,  from  England,  until,  &c.  and  after  the  departure 
a  damage  happens,  Sec.  and  then  the  fhip  deviates  ;  though  the  policy  is  discharged  frora  the 
time  of  the  deviation,  yet  for  the  damages  fuftained  before  the  deviation  the  infurer  fhall  make 
fatisfa&ion  to  the  infured .-r-Green,  v.  Young  2  Ld.  Raym.  840.  2  Salk.  444.  S.  C. 

In  cafes  of  deviation,  the  premium  is  not  to  be  returned  j  becaufe,  the  rifk  being  com.«< 
Silenced,  the  underwriter  is  entitled  to  retaiu  it. 

XVI.     NON-COMPLIANCE  WITH  WARRANTIES. 

A  warranty  in  a  policy  of  infurance  is  a  condition  or  contingency,  that  a  certain  thing  fliall 
£>e  done,  or  happen  ;  and,  uniefs  that  is  performedi  there  is  no  valid  contract.  Iris  perfectly 
immaterial  for  what  view  the  warranty  is  introduced  5  bur,  being  once  inferted*  it  becomes  a 
binding  condition  on  the  infured  ;  and  uniefs  he  can  fhew  that  he  has  literally  fulfilled  it,  or 

that  it  was  literally  performed,  the  contract  is  the  fame  as  if  it  had  never  exifted. — 1  Term. 
Rep.  p.  345. 

But  as  a  wairanty  mufl  heftrigly  complied  wit}i  in  favor  of  the  underwriter,  and  againft  the 
infured,  equal  juftice  demands,  that  if  a  ftrict  and  literal  compliance  with  the  warranty  will 
fupport  the  demand  of  1  he  infured,  the  decifion  ought  to  be  in  his  favor  ;  efpecialiy  when,  by 
fuch  a  derifion,  all  the  words  in  the  policy  will  have  their  full  operation. 

In  an  action  on  a  policy  on  goods,  dated  the  oth  of  December,  1784,  lojl  or  not  fafl,  war- 
ranted tvcll  this  ytb  dav  of  December,  1784$  it  appeared,  that  the  warranty  was  at  the  foot  of 

the  policy  5  that  the  policy  was  underwritten  between  the  hours  of  one  and  three  in  the  after- 

noon of  the  9th  of  December  ;  that  the  fhip  was  well  at  fijj  o'clock,  in  the  morning,  but  was 
loft  at  eight  o'clock  the  fame  morning. 

Lfpon  a  motion  to  fet  a  fide  a  non-fuit  which  had  been  entered,  Lord  Kenyon,  chief  juftice^ 
AfJhhurft,  Buller,  and  Grofe,  juftices,  was  clearly  of  opinion  that  the  warrantry  was  fuftrcient- 
jy  complied  with,  if  the  fhip  were  well  at  any  time  that  day  ;  that  the  nature  of  a  warranty 
goes  to  determine  the  queftion  ;  for,  as  it  is  a  matter  of  indifference  whether  the  thing  warrant- 

ed be  or  be  not  material,  and  yet  mufl  be  literally  complied  with,  ftilli  if  it  be  complied  vifithj 
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that  is  enough  :  that  their  was  good  reafon  for  inferting  thefa  words,  becaufe  they  protected 
the  underwriter  from  lodes  before  chat  day,  to  which  he  would  otherwifc  have  been  lijhle,  as 
the  policy  was  on  the  goods  from  the  lading  5  and  thus  too,  the  words  lojl  or  not  lojl  have  alfi» 
their  operation. — Blackhurfl  -v.  Cockell,  3   1  erm  Rep.  360. 

Jn. order  to  make  wiitten  instructions  valid  and  binding  as  a  warranty,  they  muft  appear  on 

the  face  of  the  policy  it  lei  r":  even  thuugh  a  wrijten  paper  be  -wrapt  up  in  the  policy,  when  it 
Js  brought  to  the  underwriters  to  fubferibe,  and  fhewn  to  them  at  that  rime  :  or  even  though 

it  be  tojfci  cl  to  the  polity,  at  'he  time  of  fubferibing  ;  (till  it  is  not  in  either  cafe  a  -warranty, 

pr  to  be  considered  as  part  or"  the  policy  itfelf,  but  only  as  a  rMpr'efentation.  Both  thefe  infancy 
have  occuued  before  Lord  Mansfield,  in  Pawfon  f.  Barnev.lt,  Dougl.  12.  and  in  Bize  -u. 
Fletcher,  Dougi.  12. 

It  being  thus  fettled*  that  a  warranty  muft  appear  on  the  face  of  the  inftrument,  it  has  like- 
Wife  been  determined  that  a  warranty  written  in  the  margin  of  the  policv,  was  to  be  co.ifidered 

equally  binding,  and  fuhjudt  to  the  fame  ftrift  rule  of  conftruftion,  as  if  inferred  in  the  body 
pf  the  policy  itfelf  ̂ -Doug.  10  and  271. 

The  warranties  which  moft  frequently  occur,  and  upon  which  the  greateft  queftions  have 

arifen,  may  be  leduced  to  three  clafes  :  "warranty  aito  the  time  of  Jailing,  -warranty  as  to  convoy t 
and  -warranty  as  to  neutrality. 

lit. — As  to  the  time  isfjaUihp,  It  has  been  held  that  when  a  fhip  has  been  warranted  to 
fail  on  a  particular  day,  though  the  fhip  be  delayed  for  the  belt  and  wifeft  reafons,  or  even 
though  fhe  be  detained  by  force,  the  warranty  has  not  been  complied  with,  and  the  infurec 
is  dilcharged  from  his  contract. —  Hare  -v.  Whitmore,  Cowp,  784. 

If  the  warranty  be  to  fail  after  a  fpecific  day  and  the  fhip  fail  before,  the  policy  Is  equally 
avoided  as  in  the  firmer  cafe  ;  becaufe  the  terms  of  the  warranty  are  as  much  departed  from; 
in  the  one  cafe  as  in  the  other, — Vezian  v.  Giant,  before  Mr.  Jurtice  Buller,  Cuildhall,  Eaft. 
Vac.  1779. 

Bat  when  a  flit p  is  warranted  to  fail  on  or  before  a  particular  day,  if  (Tie  fail  from  her  port 
of  loading,  iintb  all  her  cargo  and  clearances  on  board,  to  the  ufual  place  of  rendezvous  at  another 
part  of  the  fame  iiland,  merely  for  the  fake  of  joining  convoy,  it  is  a  compliance  with  the; 
warranty,  though  fhe  be  afterwards  detained  there  by  an  embargo  beyond  the  day.  The 
ground  is,  than  when  a  fiiip  leaves  her  port  of  loading,  when  (he  his  a  full  and  complete  carga 

on  board,  and  has  no  other  object  in  view  but  the  fa'feft  mode  of  failing  to  her  port  of  delivery, 
her  voyage  muft  be  faid  to  commence  from'  her  departure  from  that  port.  If,  indeed,  her  cargo 
was  not  complete,  it  would  not  have  been  a  commencement  of  the  voyage.— Bond  -v.  Nutt, 
Cowp.  601. 
The  fecorid  fpecies  of  warranty,  which  moft  frequently  occurs  in  infurances,  is  that  of 

jailing  under  the  proteElion  of  con-voy.  Upr^n  this  fubject  it  is  material  to  confider  what  is  deem- 

ed a  con-voy.  It  has  been  fettled,  by  the  court  of  King's  Bench,  that  it  is  not  every  finale 
wan  of -war,  which  choofes  to  take  a  merchant  fhip  under  its  protection,  that  will  conftkute 
fuch  a  convoy  as  a  warranty  means  ;  but  it  muft  be  a  naval  force  under  the  command  of  a  per  [on 

appointed  by  the  government  of  the  country  to  which  they  belong. — Hibbert  -v.  Pigou,  B.  R.  Eaft. 
23  Geo.  III.  1783. 

From  that  cafe  of  Hibbert  and  Pigou,  we  likewife  collect  this,  that  a  convoy  appointed  by 
the  admiral,  commanding  in  chief  upon  a  ftalion  abroad,  is  a  convoy  appointed  by  government^ 

Having  feen  what  fhall  be  deemed  a  convoy,  let  us  proceed  to  confider  what  (hall  be  a  de~ 
farture  with  convoy,  within  the  meaning  of  a  warranty  to  depart  ivith  convey.  The  rule  on 
this  point  is  fliort  and  clear,  that  fuch  a  warranty  impiies,  th  it  the  fhip  fhall  go  with  convoy 
from  the  ufual  place  of  rendezvous  at  which  the  (hips  have  been  accuftomed  to  affemble  ;  at 
Spithead,  or  the  Downs,  for  the  port  of  London  ;  and  Blueiields,  for  all  the  ports  in  Jamaica, 
And  from  the  particular  port  to  fuch  ufual  place  of  convoy,  the  fhip  is  protected  by  the  policy, 

— Lethulier*s  cafe,  2  Salk.  443,  and  Gorden  v.  Morley,  2  Stra.  1265. 
Although  the  words  commonly  ufed  are  "  to  depart  with  convoy,"  or  "to  fail  with  con- 

voy," yet  they  extend  to  failing  with  convoy  throughout  the  whole  of  the  voyage,  as  much 
as  if  thofe  words  were  inferred.  If  therefore  the  convoy  is  to  go  only  a  part  of  the  way,-  that 
is  not  a  compliance  with  the  warranty  5  and  the  infurer  is  difcharg'.-d  from  his  engagements. 
—  Lilly  -v.  Ewer,  Dougl.  72. 

But,  although  is  has  been  thus  fettled,  that  a  fhip  muft  depart  with  convoy  for  the  whole 
of  the  voyage,  yet  an  unforeseen  feparation  is  an  accident  to  which  the  underwriter  is  liable, — . 

Jefferey  -v.  Legendra,  3  Lev.  320. 
Even  where  the  (hip  has  by  tempeftuous  weather,  been  prevented  from  joining  the  convoy 

at  all,  at  leaft,  of  receiving  the  orders  of  the  commander  of  the  (hips  of  war,  if  (lie  do  every 
thing  in  her  power  to  effect  it,  and  it  fhall  be  deemed  a  failing  with  convoy,  within  the  terms 

of  the  warranty. — Victoria  v.  Cleeve,  2  Stra.  1250. 
The  third  fpecies  of  warranty  is  that  of  neutrality  j  or,  that  the  fhip  or  goods  infured  are 

neutral  property.  If  the  fhip  and  property  are  neutral  at  the  time  when  the  rilk  commence, 

ihi*  is  a  fufScjent  coroplianc.e<wkh  a  warranty  of  neutral  property;  becaufe  it  is  impofiibie 
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for  the  infured  to  be  anfwerable  for  the  confequenccs  of  a  war  breaking  out  duting  the  voyage^ 

—  Eden  and  another  ro.  Parkinfon,  Dougl.  705.  And  this  dodtrine  has  been  fince  confirmed, 
in  the  cafe  of  Tyfon  1/.  Gurncy,  3  Term  Rep.  477. 

XVII.     RETURN  OF  PREMIUM. 

The  next  object  of  our  inquiry  is,  in  what  cafes,  and  under  what  circurnftances,  there  (hall 
be  a  return  of  premium. 
The  principle  upon  which  the  whole  of  this  doctrine  depends,  is  fimple  and  plain.  The 

ride  or  peril  is  the  confederation  for  which  the  premium  is  to  be  paid  ;  it  the  rilk  be  not  run, 
the  consideration  for  the  premium  fails  ;  and  equity  in  plies  a  condition,  that  the  infurer  (hall 
jiot  receive  the  price  of  running  a  rilk,  if  in  fd£t  he  runs  none.— 3  Burr.  1240. 

Accordingly,  in  an  action  brought  by  the  plaintiff,  for  5/.  received  by  the  defendant  to  the 

plaintiff's  ufe,  where  it  appeared  in  evidence,  that  one  Barkd'ale  had  made  a  policy  ofinfur- 
ance  upon  account,  for  5/.  premium,  in  the  plaintiff's  name,  and  that  he  had  paid  the  fame 
premium  to  the  defendant,  and  that  Barkdale  had  no  goods  then  on  board,  and  fo  the  policy 
was  void.  Lord  Chief  Juftice  Holt  (aid,  the  money  is  not  only  to  be  returned  by  the  cuftom 
but  the  policy  is  made  originally  void,  the  party,  for  whofe  ufe  it  was  made,  having  no  goods 
on  board  ;  fo  that  by  this  difcovery,  the  money  was  received  without  any  reafon,  occafon,  or 

eonf deration,  and  confequently  it  was  received  originally  to  the  plaintiff's  ufe.  And  lo  judg* 
ment  was  given  for  the  plaintiff. — Martin  "J.  Sitwell,  1  Shower.  156. 

Claufes  are  frequently  inferted  in  policies  of  infurance,  containing  conditions  on  the  petv 
formanceor  non.- performance  of  which  the  premium  is  returnable. 

By  the  law  of  England,  is  has  been  clearly  fettled,  that,  whether  the  caufe  of  the  rilk  not 
being  run  is  attributable  to  the  fault,  ivill  or  pleasure,  of  the  infured,  dill  the  premium  is  tfj 
be  returned. — Cowp.  668. 

The  French,  in  the  famous  ordinances  of  Lewis  XIV.  have  inferred  an  article,  declaring 

that  if  the  voyage  is  intirely  broken  up,  before  the  departure  of  the,  (hip,  even  by  the  aci  of  the 
injured,  the  infurance  fnall  be  void,  and  the  underwriter  (hall  return  the  premium,  referving 
fine  half  per  cent,  for  his  trouble.  Accordingly,  in  England,  it  has  always  been  the  cuftom, 

when  the  policy  is  cancelled,  to  return  the  premium,  deducting  one  half  per  ce?zf .^-Molloy, 
J.  a.  c  7.  f.  12. 

In  the  Englifh  law  there  are  two  general  rules  eftabliflied  which  govern  almoft  all  cafes,—* 
The  firft  is,  that  where  the  rifle  has  not  betn  run,  whether  that  circumftance  was  owing  to 
the  fault,  the  pleafure,  or  will,  of  the  infured,  or  to  any  other  caufe,  the  premium  (hall  be  re- 
turned.  Another  rule  is,  that,  if  the  rilk  has  once  commenced,  there  (hall  be  no  apportionment 
0r  return  of  premium  afterwards.  Hence,  in  cafes  of  deviation,  though  the  underwriter  is 
tiifcharged  from  his  engagement,  yet,  the  rilk  being  once  commenced,  he  is  entitled  to  retain 
the  premium,. 

Where,  however,  from  the  nature  of  the  agreement  between  the  parties,  or  the  nature  of 
the  voyage,  the  contrail  becomes  divifible,  "  a  part  of  the  premium  (hall  be  retained  for  the 
riiic  run,  and  part  (hall  be  returned  as  the  ri/k  has  never  commenced." 

The  firft  time  in  which  this  doftiine  was  confidered  at  any  length  was  in  a  cafe  which  came 

before  the  court  of  King's  Bench,  in  the  year  1761.  It  was  an  infurance  upon  a  (hip,  at  five 
guineas  per  cent,  loft  or  not  loll,  at  and  from  London  to  Halifax,  in  Nova-Scotia,  •warranted  t$ 
depart  tuitb  convoy  from  Portfmouth,  for  the  voyage,  that  is  to  fay,  the  Halifax  or  Louilburgh 
convoy.  Before  the  (hip  arrived  at  Portfmouth  the  convoy  was  gone.  Notice  of  this  wag 
imrcediately  given  by  the  infured  to  the  underwriter  ;  and  at  the  fame  time  he  was  alfo  defired 
either  to  make  the  long  infurance  or  to  return  part  of  the  premium.  The  jury  found  that  the 
ufual  fettled  premium,  from  London  to  Portfmouth,  was  one  and  a  half  per  cent.  They  alfo 
found,  that  it  is  ufu.ij  for  the  underwriter,  in  fuch  like  cafes,  to  return  part  of  the  premium  ; 
hut  the  quantum  is  uncertain  :  (and  the  quantum  mull  in  its  nature  be  uncertain, becaufe  it  de- 

pends upon  certain  circurnftances. }  It  was  dated  that  the  plaintiff  made  an  offer  to  the  defen- 
dant of  allowing  him  to  reuin  one  and  a  half  per  cenr.fot  the  rifk  he  had  run  on  fuch  part  of 

the  voyage  as  was  performed  under  the  policy,  viz.  from  London  to  Portfmouth. 
Lord  Mansfield. — I  had  not  at  the  trial,  nor  have  now,  the  lead  doubt  about  this 

queftion  myfelf.  The  1'e  contracts  are  to  be  taken  with  great  latitude  ;  the  ftrift  let* ter  of  the  contract  is  not  fo  much  regarded  as  the  object  and  intention  of  it.  Equity 

implies  a  condition,  «•  that  the  infurer  fhalJ  noi  receive  ihe  price  of  running  a  rilk,  if 

he  runs  none."  This  is  a  contract  without  any  contideration.  as  to  the  voyage  from 
Portfmouth  to  Halifax  ;  for  he  intended  to  in  furs  that  part  of  the  voyage  as  well  as  tha 
former  part  of  it,  and  has  not.  Confequenily,  she  infured  received  no  confideration 
for  this  proportion  of  his  premium  ;  and  then  this  cafe  is  within  the  general  principle 

of  actions  for  money  had  and  received  to  the  plaintiff's  ufe-  I  do  not  go  upon  the 
ufage  ;  for  the  ufage  found  is  only  that,  in  like  cafes,  it  is  ufual  to  return  a  pat<  of  the 
premium,  without  alcerraining  what  part.  If  ihe  rilk  is  not  run,  though  tt  is  by  the 

uegleit,  or  even  ihe  faujt  of  the  party  infiiring,  yet  the  infurer  (hall  not  retain  the  pre, 
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Siiuril.  It  lias  been  objected,  that  the  voyage  being  begurn  and"  pm  of  the  rifle  being 
already  run,  the  premium  cannot  be  apportioned  But  J  can  fee  no  force  in  the  ob- 

jection. This  is  not  a  contract  lo  entire*  that  there  can  be  no  apportionment;  tor 
there  are  two  par's  in  this  contract  ;  and  the  premium  may  be  divided  into  two  dif— 
tincl  parts*  relative,  as  it  were,  to  two  diftind;  /oyages.  The  practice  (hews,  that  it 
has  been  ufual,  in  fuch  likecafes,  to  return  a  part  of  the  premium,  though  the  quantum 
be  not  afcertained.  And,  indeed,  the  quantum  mutt  vary  as  cifcumftances  vary ;  fo 
that  it  never  can  have  been  fixed  with  any  precife  exactp.efs  But  though  the  quantum 
has  not  been  afcertained,  yet  the  principle  is  agreeable  to  the  general  fenfe  of  mankind. 
Stevendn  v.  Snow,  3  Burr-  1237- 

Some  years  afterwards,  the  principle  eftablilhed  in  the  foregoing  cafe  was  attempt- 
ed to  be  applied  to  one  which  it  did  not  at  all  refemble.  That  was  in  an  infurance  for 

twelve  months  at  9/.  percent,  and,  becaufe  the  thip  was  captured  within  two  months 
after  the  contract  was  made,  a  return  of  premium  was  demanded.  Euf  the  contract 
in  this  cafe  was  entire  ;  the  premium  was  a  profs  fum  fiipulated  and  paid  for  twelve 
months  ;  and  the  parties  when  they  made  the  contract,  had  no  intention  or  thought 
of  a  fubfequent  divifion,  or  apportionment,  and  therefore  there  could  be  no  return  of 

premium — Tyrie  1).  Fletcher,  Cowp.  666. 
In  a  fubfequent  cafe,  the  Court  of  King's-Bench  adopted  the  fame  rule  of  decifion» 

tvherethe  fhip  was  infured  for  twelve  months,  and  the  ri/k  ceafed  at  the  end  of  two. 
A  diftinction  was  attempted  to  be  made,  becaufe,  in  this  cafe,  the  whole  premium,  18/. 
was  acknowledged  to  be  received  from  (he  infured  at  the  rati  of  fifteen  (billings per  month  } 
and  this,  it  was  infilled,  evidently  fhewed  the  parties  intended  the  rifk  to  continue 
only  from  month  to  month.  This  objection  was,  however,  over-ruled  ;  the  court 
being  of  opinion,  that  the  cafe  laft  mentioned  decided  this ;  and  that  the  fifteen  mil- 

lings per  month  was  only  a  mode  of  computing  the  grofs  fum. — Loraine-f.  Thomlin- 
fon,  Dougl.  564. 

The  two  laft  cafes,  were  inftirances  upon  time  ;  btit  it  fCems  perfectly  clear,  that 

"when  the  cdntratt  is  entire,  whether  it  be  t or  a  fpecifei  time,  or  for  a  -voyage,  there  fbalt 
be  no  apportionment  or  return,  if  the  ride  has  once  commenced.  And,  therefore,  where 
the  premium  is  entire  in  a  policy  on  a  voyage,  where  there  is  no  contingency  at  any 
period,  out  or  home,  upon  the  happening  or  not  happening  of  which  the  rifk  is  to  end, 
iior  anyufage  eftabliflied  upon  fuch  voyages,  although  there  be  feveral  diftinct  ports, 
at  which  the  fhip  is  to  flop,  yet  the  Voyage  is  one,  and  no  part  of  the  premium  fhall 
be  recoverable. — Bermon  -v,  Woodbridge,  Dougl.  751, 

The  laft  cafe  upon  this  fubject  was  alio  an  action  for  a  retiirnof  the  premium.  The 

policy  was  '«  at  and  from  Jamaica  to  London,  warranted  to  depart  with  convoy  for 
the  voyage,  and  to  fail  on  or  before  the  iftof  Auguft,  upon  goods  on  board  a  (hip  call- 

ed the  Jamaica,  at  a  premium  of  twelve  guineas  percent.'1'  The  fhip  failed  from  Ja- 
maica to  London  on  the  31ft  of  July,  1782.  but  without  any  convoy  for  the  voyage.  At 

the  trial,  before  Lord  Mansfield,  the  jury  found  a  verditt  for  the  plaintiff,  fub- 
je£t  to  the  opinion  of  the  court,  upon  a  cafi.',  Rating  the  facts  already  mentioned.  In 
addition  to  which,  they  exprefdy  find,  •«  that  it  is  the  conftant  and  invariable  ufage  in 
an  infurance,  at  and  from  Jamaica  to  London,  warranted  to  depart  with  convoy,  or  to 
fail  on  or  before  the  ift  of  auguft,  when  the  fhip  does  Hot  depart  with  convoy,  or  fails 

after  the  ift  of  Auguft,  to  return  the  premium,  deducting  one  half/w  cent." 
Lord  Mansfield. — An  infurance  being  on  goods  warranted  to  depart  with  convoy,  the 

fhip  fails  without  convoy  ;  and  an  action  is  brought  to  recover  the  premium.  1  he 
law  is  clear,  that,  if  the  ri/k  be  commenced,  there  (ball  be  no  return.  Hence  quel- 
tions  arife  of  diftinct  riiks  infured  by  one  policy  or  infirument.  My  opinion  has  been 
to  divide  the  ri/ks.  I  am  fometimes  aware  that  there  are  great  difficulties  in  the  way 
of  apportionment?!  and,  therefore,  the  court  has  fometimes  leaned  againft  them.  But 
Where  an  exprefs  ufage  is  found  by  the  jury,  the  difficulty  is  cured.  They  offer  to 
prove  the  fame  ufage  as  to  the  Weft-Indies  in  general ;  but  I  ftopt  them,  and  confined 
the  evidence  to  Jamaica.  The  court,  therefore*  decided  for  the  plaintiff.— Long  <v. 
Allen.  Eafter  Term,  25  Ceo.  III. 

From  the  tenor  of  all  thefe  cafes,  it  (hould  feem,  as  my  Lord  Mansfield  faid,  that  fo 
many  difficulties  occur  in  apportioning  the  premium,  that  the  courts  are  often  obliged 
to  decide  againft  it,  unlefs  there  be  fome  ufage  upon  the  fubject. 

XVlII.     BOTTOMRY  AND   RESPONDENTIA. 

Bottomry  is  in  the  nature  of  a  mortgage  of  a  fhip,  when  the  owner  of  it  borrows 
money  to  enable  him  to  carry  on  the  voyage,  and  pledges  the  keel,  or  bottom  of  the  lhip» 
as  a  fecurity  tor  the  repayment ;  and  it  is  underftood,  that  if  the  fhip  be  loft,  the  lender 
alfo  lofes  his  whole  money  ;  but,  if  it  return  in  fafety,  then  he  (hall  receive  back  his 

jmneipali  and  alfo  the  premium  or  inteieil  ftipulated  to  be  paid,  however  it  may  es> 
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ceed  the  ufual  or  legal  rate  of  intereft.  When  the  (hip  and  tackle  are  brought  tiornij 
they  are  liable  as  well  as  theperfon  of  the  borrower,  for  the  money  lent.  But  where 
the  loan  is  not  made  upon  the  vefTel,  but  upon  the  goods  and  merchandifes  laden 
thereon,  which,  from  their  nature*  muft  be  fold  or  exchanged  in  the  courfe  of  the 
voyage,  then  the  borrower  only  is ptrfinally  bound  to  anfwerthe  contract  ;  who,  there* 
fore,  in  this  cafe,  ii  faid  to  take  up  money  at  refponder.ua.  In  this  conlifts  the  difference 
between  bottomry  and  respondentia ;  the  one  is  a  loan  upon  the  fhip*  the  other  tlpon  the 
goods  ;  in  the  former,  the  (hip  and  tackle  are  liable,  as  well  as  the  perfon  of  the  bor-^ 
rower ;  in  the  latter,  for  the  :noft  part,  recourle  muft  be  had  to  the/w/iwonly  of  the 
borrower.  Another  obfervation  is,  that  in  a  ban  upon  bottomry,  the  lender  runs  no 

x'tlk,  though  the  goods  Ihouhi  be  loft  ;  and  upon  refpondentia»  the  lender  muft  be  paid his  principal  and  intereft,  though  the  fhip  perifh,  provided  the  goods  are  fafe.  In  all 
other  refpe&s,  the  contract  of  bottomry  and  that  of  refpondentia  are  upon  the  fame 
footing. 

Thefe  terms  are  alfo  applied  to  another  fpecies  of  contract,  which  does  not  exadly 
fail  within  the  defcription  of  either ;  namely,  to  a  contract  for  the  re-payment  of  mo- 

ney, not  upon  the  fhip  and  goods  only,  but  upon  themere  hazard  of  the  voyage  itfelf; 
as  if  a  man  lend  joooA  to  a  merchant  to  be  employed  in  a  beneficial  trade,  with  a 

condition  to  be  repaid  with  extraordinary  interelt,  in  cafe  a  fpecific  voyage  named  irf 
theconrihicn  (hall  be  lately  performed. 

The  contract  of  bottomry  and  refpondentia  feems  to  deduce  its  origin  from  the  cuf- 
tom  of  permitting  the  mailer  of  a  drip,  when  ha  a  foreign  country,  to  hypothecate  the 
fhip,  in  order  to  raife  money  to  refit.  Such  a  permiflion  is  abfolutely  neeefiary?  and 
is  impliedly  given  him  in  the  very  ad  of  conftituting  him  mafter,  by  the  marine  law» 
which  in  this  refpeel  is  reifonable ;  for,  if  a  (hip  happen  to  be  at  fea,  and  fpring  aleak* 
or  'he  voyage  is  likely  to  be  defeated  for  want  of  neceffaries,  it  is  better  that  the  maf- 

ter (hould  have  it  in  his  power  to  pledge  the  fhip  and  goods,  or  either  of  them,  than 
that  the  fhip  (hould  be  loft,  or  the  voyage  defeated.  But  he  cannot  do  either  for  any 
debt  of  his  own;  but  merely  in  cafes  of  aecejity,and  fox  completing  the  voyage.  Although  th« 
mafter  of  the  vefiel  has  this  power  while  abroad,  becaufe  it  is  abfolutely  neceflary  for 
the  purpofe  of  commeice  and  navigation;  yet  the  very  fame  authority,  which  gavo 
that  power  in  thole  cafes,  has  denied  it  when  he  happens  to  be  in  the  fame  place 
where  the  owners  rettde.  All  the  cafes  which  have  bee.n  determined  upon  the  fub- 

ject,  feem  to  require,  that  the  fhip  fhould  be  abroad,  as  well  as  in  ajfate  of  neccffity,  to  jus- 

tify the  captain  at  mafter  in  taking  money  on  bottomry.  Molloy,  in  exprefs  ternis,- 
declares,  that  a  mafter  has  no  power  to  take  up  money  on  bottomry  in  places  where 
his  owners  dwell  ;  otherwife,  he  and  his  cftate  muft  be  liable  thereto. — Molloy,  1.  a. 
c.  ii.  f.  1 1.  If,  indeed,  the  owners  do  not  agree  in  fending  the  (hip  to  fea,  the  ma- 

jority lhall  carry  it,  and  then  money  may  be  taken  up  by  the  mafter  on  bottomry  for 
their  proportion  who  refute,  although  they  relideonthefpot,  and  it  (hall  bind  them  all. 

It  is  of  the  effeoce  of  a  contract  of  bottomry,  that  the  lender  run  the  rifk  of  the  voyage  ;  and 

that  both  principal  and  inteie'l  be  at  hazard  ;  for,  if  the  rifk  go  only  to  the  interelt  of  prem'u 
urn,  and  not  to  the  principal  Afo,  though  a  real  and  fubltantial  rifk  be  inferted,  it  is  a  contrail 

againft  the  rtatute  of  ufury,  and  therefore  void.  This  has  been  frequently  fo  determined  ia 
our  courts  of  law. 

As  the  hazard  to  be  run  is  the  very  bafts  and  foundation  of  this  contract,  it  follows,  that,  if 
the  rifk  is  not  run,  the  lender  cannot  be  entitled  to  the  extraordinary  premium  ;  for  that  would 

be  to  open  a  door  to  means  by  which  the  ftatute  of  uf.iry  might  be  evaded.  This  was  fo  decide 
ed  in  the  court  of  chancery. 

This  cafe  was  upon  a  bottomry-bond,  where  the  plaintiff  was  bound,  in  confederation  of  400'. 
as  well  to  perform  the  voyage  within  fix  months,  as  at  the  fix  months  end  to  pay  400/.  and  40^ 
premium,  in  cafe  the  vefiel  arrived  fafe, and  was  not  loft  in  the  voyage.  It  happened  that  the 

plaintiff  never  went  the  voyage,  whereby  the  bond  became  forfeited,  and  he  now  preferred  his 

bill  to  be  relieved.  Upon  the  former  hejring,  as  the  (hip  lay  all  the  time  in  the  port  of  Lon- 

don, and  there  was  no  hazard  of  lofing  the  principal,  tbe  lord-keeper  thought  fit  to  decree, 

that  the  defendant, mould  lofe  the  premium  of  40/.  and  be  contented  w:th  his  principal  and  or. 

binary  bttcnfi .  And  now,  upon  a  rehearing,  he  confirmed  h'rs  former  decree,— Deguilder  -v. Depeitter,  1  Vern.  263. 

It  remains  to  be  (hewn  what  thpfe  rifks  are  to  which  the  lender  undertakes  to  expofe  himfeU". 
Thefe  are,  for  the  moft  part,  mentioned  in  the  condition  of  the  bond,  and  are  nearly  the  fame, 

againft  which  the  underwriter,  in  a  policy  of  infarance,  undertakes  to  indemnify .  Thefe  acci- 

dents are,  tempefts,  pirates,  fire,  capture,  ana  every  other  misfortune,  except  fuch  as  arife  either" 

from  the  defects  of  the  thing  itfelf,  on  which  the  loan  is  made,  or  from  the  mifco'nduct  of  th« borrower. 

Capture  here  does  not  mean  a  mere  temporary  taking,  but  it  muft  be  fuch  a  capture  as  fo 

occafion  a  tctal  lofs.  And  therefore,  if  a  (hip  betaken  and  detained  for  a  fhofttime,  and  yet  ar- 

'  rive  at  the  port  of  deftination  within  the  time  limited,  (if  time  be  mentioned  in  the  condition) 



fe.ILLS    OP    EXCHANCE.  573 

ine  bond  »s  not  forfeited,  and  the  obligee  may  recover.— Joyce  v.  Williamfon,  B.  R.  Mich. 
Term,  23  Geo,  III. 

A  lender  on  bottomry,  or  at  refpondentia,  is  neither  intitled  to  the  benefit  of  falvage  nor 
liable  to  contribute  in  cafe  of  a  general  average.—  Wal  pole  v.  Ewer,  Sitt  after  Trin.  1789. 

It  has  been  faid,  that  if  the  accident  happen  by  default  of  the  borrower  or  of  the  captain, 
ihe  lender  is  not  liable,  and  has  a  right  to  demand  the  payment  of  the  bond.  If,  therefore, 
the  fhip  be  loft  by  a  wilful  deviation  from  the  track  of  the  voyage,  the  event  has  not  happened 
upon  which  the  borrowed  was  to  be  difcharged  from  his  obligation. — Welterri  v.  Wildyi 
Skin.  153. 

OF    BILLS    OF     EXCHANGE. 

6f  Foreign  Bilk 

BILL  of  Exchange  is  a  piece  of  paper,  on  which  ,fs  written  a  fhort  drderj  given  by  a 
banker,  &c.  for  paying  to  fuch  a  perfon,  or  his  order,  a  certain  fum  of  money. 

In  order  to  underdand  this  fubjec"t,  it  will  be  neceffary  to  explain  the  terms  ufed  in 
bills  of  exchange.  ,     . 

The  drawer  is  the  perfon  whodraW.s  the  bill  of  exchange,  •.   • 
The. drawee  is  the  perfon  upon  whom  it  is  drawn;  and  he  is  fo  called  beforehe  accepts  th« 

fame;  but,  after  he  has  accepted  he  is  then  called  the  acceptor-. 

^  An  indorfer. — Every  perfon;  before  he  can  pay'aWay,  or  pafs,.a  bill  of  etfchangej  mud  writs his  name  on  the  back  of  the  bill  ;  arid  he  is  therefore  called  znindorjh: 
An  indorfee  is  any  perfon  who  is  in  poffeflion  of  a  bill  of  exchange  in  confequence  of  its  having 

been  indorfed  to  him. 

,  The  payee  is  the  perfori  in  whofe  favour  a  bill  is  drawn  ;  as,  if  A.  draws  a  bill  upon  B.  direct- 

ing him  "pay  to  C,  or  order j"  C.  is  called  the  payee  j  and,  before  C.  can  pafs  away  the  famsj 
he  muft  indorfe  it. 

If  the  drawee  refufe  to  accept  or  pay  the  bill,  the  payee  mud  caufe  it  to  be  proteded. 
A  proteft  fignifies,  to  the  drawer,  that  the  party  upon  whom  he  drew  his  bill  was  unwilling, 

not  to  be  found,  or  iofolvent  ;  and  let  him  (the  drawer)  have  timely  notice  thereof;  and  alfo 

to  enable  the  party  to  recover  againd  the  drawer;  and  alfo  againd  the  acceptor,'  a3  far  as  he  can 
pay,  if  the  bill  be  accepted. 

A  foreign  bill  mud  be  protefted  on  the  lad  day  of  the  three  days  of  grace  allowed  ;    (after 
the  time  expreffed  upon  the  bill  ;)   and,  if  not  paid  upon  the  lad  of  the  three  days,  trie  party 
ought  immediately  to  proted  the  bill  and  return  it  :   but,  if  the  lad  of  the  three  days  be  a  great 
holiday,  the  day  before  is  the  day  of  payment. 

'     Bills  of  exchange  m-d  be  fued  for  within  (is  years  after  their  becoming  due. 
If  two  or  three  bills  are  drawn  for  the  fame  fum,  they  fhall  carry  a  condition  with  theni 

that  only  one  mould  be  paid  ;  and,  in  a  declaration  on  one  of  them,  it  is  not  neceffary  to  aver 
that  the  other  bills  were  not  paid. 

If  A.  fells  goods  to  B.  and  B.  is  to  give  a  bill  in  fatisfaftion,  B.  Is  fo  far  difcharged,  that 
he  cannot  be  f.ied  for  the  goods,  though  the  bill  be  never  paid  j  fdr  the  bill  is  payment ;  but 
he  is  liable  to  be  fued  for  the  bill. 

A  note,  cr  bill,  is  no  abfolute  payment,  though  agreed  to  be  fuch,  if  the  giver  of  it  knows 
the  perfon  upon  whom  St  is  drawn  to  be  in  a  failing  condition. 

Of  what  (lull  be  deemed  a  BUI  of  Exchange. 
The  cufrom  prefcribes  the  form  of  a  bill,  and  raifes  a  contract. 
It  is  not  requifite  to  obferve  the  fame  nicety  in  a  Kill  of  exchange  as  in  deeds  or  wills. 
A  bill,  payable  out  of  a  particular  fund,  is  no  bill  of  exchange. 

Pray  pay  out  of  my  growing;  fubjijience — is  no  bill  of  exchange. 
Bill,  payable  out  of  the  fifth  payment,  as  it  mail  become  due:  is  not  good. 

Pray  pay ,  f.  S.  or  order,  at  tip  quarterly  half -pay  per  advance}  is  a  negociable  bill. 
Bill,  payable  to  me  or  my  order,  is  a  good  bill,  if  accepted. 

Of  the  Acceptance. 
The  acceptance  of  a  bill  of  exchange  is  fuch  an  act,  by  the  drawee,  as  will  make  him  liable 

to  pay  the  lame.  It  is  ufually  made  by  figning  his  nanie  or  initials  at  tile  bottom  of  the  bill, 
when  it  is  prefented  to  him  by  the  bearer. 

A  very  tmall  matter  will  amount  to  an  acceptance  ;  and  any  words  will  be  fufficient  for  that 

purpofe  which  fhew  the  party's  affent  or  agreement  to  the  bill ;  as, 
Writing  the  day  of  the  month  on  the  bill  is  fufficient  acceptance. 

Leave, your  bill  with  me  and  call  to-morrow '»  and  it  jh all  be  accented,  is  a  fufficient  acceptance. 
Leave  your  bill  with  mt,  I  will  look  over  my  book  and  accounts  between  the  drawer  and  me}  and 

fflltQ-ntirrew,  and  the  billjhall  be  accepted,  is  not  a  fufficient  acceptance. 
(Pp)     Tab. 



5^4  BILLS    Of    EXCHANGE. 

V/hen  the  bill  was  returned  for  non-acceptance,  the  drawee  fald,  that-)  if  It  came  lackaga\ttt 
he  ivouldfay  it ;   it  was  ruled  to  be  a  good  acceptance. 

Verbal  acceptance  is  fufficient  3  and  an  action  lies  againft  the  acceptor  thereon,  as  to  the 

principal,  but  not  for  intereft  and  cofts.  But  there  mull  be  a  witnefs.  Thefe  words,  "  The 
two  bills  of  exchange  which  you  feat  me,  I  will  pay,  in  cafe  the  owners  of  the  queen  Anne  do 

Hot,"  are  a  fufficient  acceptance. 
Acceptance,  to  pay  when  the  g3ods  are  fold,  is  a  gorfS  acceptance. 
Acceptance,  to  pay  half  in  money,  half  in  bills,  is  good. 
Acceptance,  to  pay,  according  to  the  tenor  of  the  bili,  afterthe  day  of  paymentis  paft,  is  good, 
A  bill  may  be  accepted  for  part,  and  the  fum  accepted  for  is  good  againft  the  acceptor. 
Acceptance  of  a  bill,  drawn  upon  two  partners,  by  one  of  them,  binds  both  if  it  concerns 

the  joint  trade. 
Acceptance  of  a  fervant  ufual  tranfafting  bufinefs  for  his  matter,  is  good  :  yet  the  fervant 

fhould  exprefs  fuch  acceptance  to  be  for  his  mafter,  or  he  is  liable  hirnfelf. 

Of  the  Proteji. 
A  proteft  is  abfolutely  neceflary  on  a  foreign  bill,  where  it  is  refufed  acceptance  or  payment^ 

Ui  order  to  charge  the  drawer. 
The  payee  muft  demand  acceptance  fromthe  drawee  before  proteft. 
If  a  payee  dies,  there  can  be  no  proteft  before  probate  or  adminiftration. 
If  a  bill  left  for  acceptance,  be  loft,  the  drawee  muft  give  a  note  for  the  payment  thereof  j 

Otherwife  it  may  be  protefted. 
If  a  bill  be  loft,  and  no  new  one  can  be  had,  and  the  drawee  does  not  infift  on  having  the 

original,  but  refufes  payment  on  another  account   a  proteft  made  on  a  copy  is  fufficient. 
A  proteft  is  good  evidence  of  non  acceptance  or  non  payment,  until  the  contrary  is  proved. 
A  proteft  on  a  foreign  bill  is  neceflary  to  recover,  againft  the  drawer,  not  only  intereft  and 

Cofts,  but  alfo  principal ;  and  fuch  proteft  muft  be  made  in  due  time,  and  timely  notice  given 
Jo  the  drawer.  What  is  a  timely  notice  muft  be  determined  by  the  cuftcms  of  the  merchants. 
Convenient  notice  muft  be  given  to  the  drawer  of  an  inland  bill  j  which  notice,  as  to  time^ 
muft  alfo  reft  upon  cuftom  and  the  verdict  of  a  jury. 

But,  in  cafe  of  non-payment  of  either  foreign  or  inland  bills,  the  fafeft  way  is  to  give  aa 
early  notice,  to  the  perfon  of  whom  it  was  received,  aspoffible  ;  that  is,  by  the  flrft  poft,  or 
rather,  to  fend  the  bill  to  a  correfpondent,  to  tender  it  to  the  drawer  orindorfer.  Where  they 
refufe  to  accept  the  bill,  it  may  be  protefted,  before  the  day  of  payment,  for  better  fee urity 
but  not  for  non-payment. 

Of  Indorjements. 
Every  man,  who  writes  his  name  upon  the  back  of  a  bill,  becomes  bnund  to  the  next  holder 

for  the  amount  thereof  ;  it  matters  not  whether  he  has  received  any  value  for  the  bill,  or  doej 
it  to  ferve  a  fiiend.     The   indorfement  of  his  name  implies  him  to  have  received  the  value  of 
the  bill,  and  the  law  will  compel  him  to  be  anfwerable  for  the  fame  to  the  holder  thereof. 

Of  luko  pall  pay  the  Money. 
Every  drawer,  indorfer,  and  acceptor,  of  a  bill  of  exchange,  is  feparately  liable  to  the  pay- 

ment thereof. 

On  non-payment,  the  payee  (the  perfon  to  whom  it  is  to  be  paid)  may  fue  the  acceptor  and 
drawer  ;  but  he  can  have  but  one  fatisfadtion,  that  is,  he  can  only  recover  from  them  jointly 
the  amount  of  the  bill  in  his  hands. 

He,  who  accepts  for  the  honor  off  he  drawer,  is  liable  to  the  paymenl,  although  he  may  have 
no  effects.     The  accepta-ice  is  an  undertaking  for  the  payment,  and  the  law  will  oblige  him. 

If  a  bill  be  indorfed  to  the  drawer  of  it,  he  may  maintain  an  action,  as  the  indorfee,  againft 
the  drawee,  if  the  latter  had  effects  of  the  drawer  at  the  time  of  drawing  the  bill  j  otherwife 
not. 

The  holder  of  a  bill  muft  tender  it  before  the  three  days  grace  are  expired. 
If  the  indorfee  indulges  the  acceptor  after  the  bill  is  due  in  courfe  of  payment,  it  is  at  hiir 

own  rifk  ;  and,  if  the  acceptor  fails,  he  has  no  remedy  againft  the  drawer,  or  perfon  who  paid? 
him  the  bill. 

The  laft  indorfer  of  a  bill  of  exchange  may  maintain  an  action  againft  any  of  the  forme? 
Jndorfers,  and  fo  any  kidorfer  may  againft  all  that  precede  him. 

An  indorfer  of  a  bill,  who  has  paid  it,  muft  prove  payment  in  an  action  againft  the  acceptor. 
The  indorfer  of  a  foreign  bill  of  exchange  may  be  charged,  without  firft  reforting  to  ths 

drawer. 

If  the  indorfee  receive  a  fum,  inp2rt,  of  the  acceptor,  he  has  no  remedy  againft  the  drawer 
Or  any  indorfer  for  the  remainder,  but  againft  the  acceptor  only. 

A  man  cannot  be  fued  in  England,  Scotland  or  Ireland,  on  his  acceptance  of  any  bill  of  ex- 
change abroad,  after  he  has  beendifcharged  by  the  laws  of  that  country. 

j   It  is  not  neceflary  to  prove  the  hand  of  the  draweria  inaction  againft  the  acceptor,  nor  ca* 
Che  acceptor  fet  up  the  forgery  of  the  bill. 



•  WNERS    6F    SHIPS.  $JS 

The  aflignee  of  the  indorfee  may  fue,  on  a  general  indorfement,  to  the  latter  only. 
The  winner  (hall  not  recover,  on  a  bill  of  exchange,  for  money  won  at  play,  againft  the  ac- 

ceptor, otherwife  than  in  the,  cafe  of  an  indorfee. 
If  A.  draws  a  bill,  payable  to  B.  for  the  ufe  of  C.  and  B.  indorfes  it  to  D.  D.   may  bring  an 

aftion  for  the  money. 

If  a  bill  t>e  affigned  for  a  juft  debt,  equity  will  not  relieve,  though  the  bill  was  at  firft  given 
without  coxifideration. 

Bill  upon  B.  payable  to  D.  is  accepted  by  B.  and  indorfed  by  C.  to  D.  B.   is  difcharged  of 

any  payment*  as  to  C. 
Stamp  Duties  on  Bills  of  Exchange, 

By  the  laws  of  the  United  States,  bills  of  Exchange  are  fubjec"t  to  the  following  ftamp- iuties,  viz.  Ialand  bills,  where  the  Turn  lhall  amount  to 
20  dollars,     and  not  exceeding      100  dollars —  IO  cents. 

Above      100  dollars,     and  not  exceeding     500  dollars —  25  cents. 
Above      50c  dollars,     and  not  exceeding   IOOO  dollars —  50  cents. 
Above  1000  dollars,  75  cents. 

Foreign  bills  are  chargeable  with  twenty  cents  on  every  bill,  without  relpeft  to  the  number 
contained  in  each  fe;t. 

Stamp  Duties  on  PromiJJory  Notes. 
Where  .the  fum  amounts  to     20  dolls,  and  not  exceeding     100  dollars — 10  cents. 

Above     100  dolls,  and  not  exceeding     500  dollars — 25  cents. 
Above     500  dolls,  and  not  exceeding   iooo  dollars — 50  cents. 
Above   1000  dolls.  75  cents. 

Provided,  that  if  any  of  thefe  notes  are  payable  at  or  within  60  days,  they  lhall  be  liable  to 
•nly  two-fifths  of  the  duty. 

The  following  directions,  to  the  feveral  parties  to  a  bill  of  exchange,  may  prevent  the  in- 
conveniences to  which  they  may  be  liable  through  inexperience. 

The  Drawer  of  Bills 
Should  be  well  fatisried  that  they  will  be  accepted  and  duly  honored  before  he  draws  :  to  this 
end,  it  is  requifite  that  he  be  affured  of  having  effects  in  the  hands  of  the  perfon  drawn  upon, 
and  aifo  that  he  be  a  man  of  integrity  and  punctuality,  who  will  not  dishonor  his  paper  but  pay 

-it  regularly  as  it  is  due. 
The  Acceptor 

Should  be  careful  to  accept  no  bill  but  what  he  has  effects  in  his  hand  to  anfwer  :— To  infift 
upon  his  correspondent  advifing  of  each  bill,  as  foon  as  drawn,  fpecifying  the  number,  date,  fum, 

time,  and  to  -whom  payable  ;  for,  if  he  fhould  accept  or  pay  a  forged  draft,  the  lofs  will  tall 
on  himfelf  j  To  adjuft  and  balance  all  accounts  of  this  nature  at  leaft  once  in  three  months, 

and  oftener  #"  the  drafts  are  large  and  continual? 
The  Bill- Holder 

Should  exchange  no  drafts  for  a  Granger,  where  he  is  not  convinced  of  the  validity  thereof  from 

the  -writing  of  the  drawer  or  acceptor  ;  if  not,  offer  to  fend  the  bill  to  one  of  the  parties,  and, 
when  in.  ca/h,  that  he  will  account  with  him  for  the  value. 

See  that  the  bill  be  drawn  upon  a  proper  (lamp  :  and  make  the  perfon,  paying  the  bill  to 
you,  indotfe  his  name  on  the  back.    Take  a  regular  copy  of  the  particulars  of  the  bill  in  a  book. 

If  the  bill  be  not  already  accepted,  prefent  it  for  acceptance,  If  the  perlbn  it  is  drawn  upon 
will  not  accept,  and  alfo  adds  he  will  not  pay  it  when  due,  you  had  beft  return  it  to  the  indorfer 
or  drawer  immediately,  taking  a  good  bill  or  ca(h  for  the  fame. 

But,  if  the  drawee  fays  he  may  pay  it  when  due,  wait  till  that  day,  prefent  it  for  payment, 
and,  if  refufed  then,  have  it  protefted,  and  for  the  amount  call  fipon  the  indorfer.  But  as  you 
bave  at  prefent  the  indorfer  and  drawer  as  your  fecurity,  be  cautious  how  you  give  up  the  bill 
to  either  for  their  fingle  fecurity,  if  doubtful. 

When  you  remit  a  bill,  indorfe,  on  the  back  thereof,  "  Pay  the  contents  to  A.B.  of  C, 

or  order  D.  E."     This  will  prevent  the  bill  being  negotiated,  (houlu  it  fall  into  bad  hands. 
If  the  bill  be  payable  to  bearer,  write,  upon  the  face  thereof,  "  Sent  by  Pod,  Auguft,  l&ag, 

to  A.  B.  of  C,  P.  E,"  in  red  ink.— Indorfe  no  bill  until  you  pay  it  away. 

OWNERS     OF     SHIPS. 

IF  goods  are  fpoiled  by  default  of  a  matter  of  a  (hip  employed  by  the  owners,  the  owners  are 

iiar>le  •    but  the  action  muft  be  brought  againft  all  the   part-owners,  who  make  but  one mailer. 

If  feveral  part-owners  wilh  to  fend  a  (hip  on  a  voyage,  but  two  or  three  other  part-owners  re- 
fufe  their  confent,  the  former  may  fend  her  oa  the  voyage,  but  they  muft  enter  into  4  recog# 
Bizance  in  the  admiralty  for  her  return* 
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A  part-owner  of  a  (hip  fued  the  other  owners  for  his  /hare  of  the  freight  on  fini/hing  he* 
voyage  j  but  the  other  owners  had  fit'en  her  out,  in  which  the  complainant  would  not  join. 
Whereupon  the  other  owners  complained  in  the  admiralty  ;  and,  by  order  there,  they  gave  fe- 
curity,  if  the  Snip  perifhed  in  the  voyage,  to  make  good  to  the  plaintiff  his  fhare,  or  to  that  ef- 
feft  ;  in  fucha  cafe,  by  the  law  marine  and  cpurfe  of  the  admiralty,  the  plaintiff  was  to  have 
no  fhare  in  the  freight.  It  was  referred  to  Sir  Lionel  Jenkins  to  certify  the  courfe  of  the  ad- 

miralty, whocertined  accordingly, and  that  it  was  fa  in  all  places,  far otherwife  there  would  be 
no  navigation  ;    whereupon  the  plaintiff's  bill  was  difmiffed. 

If  the  owner  of  a  fhip  lets  it  to  another,  he  is  Still  liable  for  a  lofs  of  gold  fent  by  that  (hip-. 
The  defendant^  in  an  action  of  this,  kind,  was  fo!e  owner  of  a  Ship,  which  he  let  to  one 
Fletcher  tor  a  voyage,  for  a  certain  fum,  and  Fletcher  was  to  have  the  ben.fit  of  carrying  goods,, 
The  plaintiff  fent  a  quantity  of  moidcres,  and  had  bills  of  lading  figned  by  the  captain;  andt 
many  of  the  motdores  not  being  delivered  according  to  consignment,  an  action  was  brought 
againft  rhe  defendant,  the  owner  of  the  fhip,  to  make  him  liable  as  far  as  the  fhip  and  freight 
were  worth,  according  to  7  Geo.  II.  c.  15. 

For  the  defendant  it  was  infilled,  that,  though  the  fhip  was  his  property,  yet  he  was  not  fs 
pwner  as  to  be  liable  to  the  plaintiff,  and  that  Fletcher  is  for  th:s  purpofe  the  owner.  But  it 
appearing  the  defendant  had  covenanted  for  the  condition  of  the  fhip,  and  the  behavior  of  the 
mafter,  the  chief-juftice  held  he  was  liable  to  the  plaintiff  ;  and  the  freight  he  had  in  genera^ 
from  Fletcher  was  fufheient,  though  the  identical  freight  for  the  gold  belonged  to  the  other  j 

and  Fletcher  had  only  the  u'fe  of  the  fhip,  but  no  ownerihip. 
If  a  fhip  be  repaired  in  the  river  Thames,  and  fitted  out  there  with  new  rigging  and  apparel, 

the  (hip  itfdf  is  not  liable,  but  the  owners.  If  (he  be  repaired  at  fta,  the  fh^p  is  liable,  and  the 
mailer  may  hypothecate  (or  pawn]  her  for  payment  of  the  charges. 

The  repairer  of  a  £hip  may  foe  either  the  mailer,  who  employs  him,  or  the  owners  ;  but 
if  he  undertakes  it  on  a  (pecial  promife  from  either,  the  other  is  difcharged. 

If  the  mafter  of  a  (hip  buys  provisions  for  her,  and  has  money  from  the  owners  to  pay  for  the 
proviitons,  bur  fails  without  paying  the  money,  the  owners  are  liable  to  pay,  in  proportion  to 
their  refpecrive  Shares  in  the  fhip,  the  mafter  being  but  a  Servant  to  the  owners. 

An  action  was  brought  by  a  fhip-wfight  for  repairing  the  defendant's  (hip  in  his  dock.  A- 
bout  three  hours  before  the  fhi^s  repairs  were  finithed,  a  fire  happened  and  (he  was  burnt.  Not- 

withstanding which,  the  court  held  that  the  owner  was  liable  to  pay  for  the  repairs  that  had 
been  done. 

Lord  Mansfield,  in  delivering  the  opinion  of  the  court  in  the  cafe  of  Farmer  and  another 
againft  Davis,  where  goods  were  ordered  for  a  fhip  by  the  owner  before  the  appointment  of  the 
captain,  and  fome  of  which  goods  were  delivered  after  his  appointment,  faid,  '*.  Where  a  cap- 
lain  contrails  for  the  ufe  of  a  (hip,  the  credit  is  given  to  him,  in  refpeft  of  his  contract  5  it  is 
given  to  the  owners,  becaufe  the  contract  is  on  their  account  ;  and  the  tradefman  has  likewife 

a  Specific  lien  on  the  fhip  itf'elf.  Therefore,  in  general,  the  tradefraan,  who  gives  that  credit, 
debits  both  the  captainand  the  owners.  Now,  what  is  this  cafe  ?  The  captain  made  no  conT 
trad  perfonally  :  the  owners  contracted  for  their  fhip  :  the  credit  was  given  to  them  only  j  aad 

there  is  not  a  Shadow  of  colour  to  charge  the  captain  for  any  part  or  thefe  goods.". 
Wilkins  and  others,  affignees  of  Brooke,  a  bankrupt,  sgainft  Carmichael.  The  question, 

An  this  cafe  was,  whether  a  captain,  having  paid  for  Stores  fupplied,  and  repairs  done,  to  a  fhip. 
Jn  England,  and  having  W3ges  due  to  him,  has  iuch  a  lien  on  the  fhip  as  to  be  entitled  to  keep, 
her  till  he  is  paid. 

Lord  Mansfield  faid,  notwithstanding  the  Strongest  inclination  that  the  defendant  (the  cap- 
tain) fhould  have  full  Satisfaction,  we  are  notable  to  find  ground  on  which  we  can  give  judg- 
ment in  his  favour.  1.  He  has  fet  up  a  lien  upon  two  forts  of  claim,  viz.  wages  and  florea 

and  repairs.  As  to  wages,  there  was  no  particular  contract,  that  the  fhip  fhould  be  a  pledge  j 
there  is  no  ufage  in  trade  to  that  purpofe  :  nor  any  implication  from  the  nature  of  the  dealing  ; 
On  the  contrary,  the  law  has  always  considered  the  captain  as  cpntra&ing  perfonally  with  the 
owner;  and  the  cafe  of  the  capnin  has,  in  that  refpeft,  been  distinguished  from  that  of  all- 
other  perfons  belonging  to  the  fhip  :  this  rule  of  law  may  have  its  foundation  in  policy,  and  the 

"benefit  of  navigation  5  for,  as  Ships  may  be  making  profit  and  earning  every  day,  it  might  he. 
attended  with  great  inconvenience,  if,  on  the  change  of  a  captain  for  misbehaviour,  or  any  other, 
reafon,  he  fhould  be  entitled  to  keep  the  fhip  till  he  is  paid.  As  to  ftores  and  repairs,  it  is  a 

strong  anfwer  to  that  claim,  that  when  the  demand  was' made  by  the  affignees  the  captain  had 
not  paid  the  tradesmen's  bills.  But  if  there  was  any  lien  originally,  it  was  in  the  carpenter. 
The  captain  could  not,  by  paying  him,  be  in  a  better  fituation  than  he  was,  and  he  had  parted, 
with  the  poffcffion,  fo  that  he  had  given;  up  his  lien,  if  he  ever  had  one  :  the  other  creditors 
had  none.  Jf  the  defendant  is  liable  to  the  tradefmen,  it  is  by  his  own  aft.  Work  done  for  a, 
fhip  in  England,  is  foppofed  to  be  done  on  the  perfonal  credit  of  the  employer  ;  in  foreign  parts, 

the  captain  may  hypothecate  the  fhip.  The  defendant  might  have  told  the  tradefmen  that  he' 
only  afted  as  an  agent,  and  that  they  rnuft  look  to  the  owner  for  payment.  Judgment  fjps^ 

tfhe  plaintiff.  
■-.'■•- 
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Rich,  executor,  verfus  Coe  and  another. — The  plaintiffs,  being  rope-makers,  fjpplied  the 
fliip  Henry  and  Thomas  with  cables  to  the  value  of  5/.  8j.  ̂ d.  by  the  order  of  Thomas  Har- 

\vood,  the  captain  ;  and  made  Harwood,  and  the  owners  of  the  fliip  (the  defendants')  debtors, 
jn  the  ufual  manner,  without  naming  the  owners,  or  knowing  particularly  who  they  were. — 
The  fliip  Henry  and  Thomas  had  been  let  by  the  defendants  to  Harwood  upon  certain  articles, 
in  which  it  was  mutually  covenanted  between  them  as  follows :- — ift.  The  owners  covenant- 

ed with  Harwood,  that  on  his  performance  of  the  covenant  ftipulated  on  his  part,  he  (hould 
have  the  foie  management  of  the  (hip,  and  employ  her  for  his  own  fole  benefit  and  advantage 
for  the  fpace  of  eleven  years,  if  he  (hould  fo  long  live,  and  the  fliip  (hould  not  be  loft.  The 
Covenants  on  the  part  of  Harwood  were  (amongft  othersj  to  pay  a  vcarly  rep.t  of  36/.  per  cent, 
at  ftated  periods  ;  that  he  would  at  all  times,  at  his  own  coll  and  charge,  repair,  maintain,  and 
keep,  the  vsfiel  and  her  rigging,  &c.  in  good  and  fufficient  repair.  The  plaintiffs  had  no  no- 

tice of  this  contract  at  the  time  they  furniflied  Harwood,  the  captain,  with  the  goods.  The 
queftion  was,  whether  the  defendants  were  liable  to  this  debt  ? 

Lord  Mansfield,  in  delivering  judgment,  laid,  This  cafe  was  referved  not  with  a  view  to 
the  particular  matter  in  difpute  or  ;he  parties  now  before  the  court,  but  in  consideration  of  a 
general  anxiety  in  the  owners  of  (hips,  employed  in  this  trade,  to  know  how  far  they  are  by 
law  liable  for  the  a£ts  of  their  refpective  lefljes.  In  that  point  of  view,  we  have  considered 

the  cafes  very  parricularly  ;  and  after  the  fulleft  de'iberation,  we  think  it  impotfible  to  fay 
that  the  plaintiffs  are  not  entitled  io  recover.  Whoever  fupplies  a  (hip  with  neceffaries,  has  a 
treble  fecurity.  1.  The  perfon  of  the  matter,  2.  The  (pecific  fliip.  3.  The  perfonal  fe-. 

curity  of  the  owners,  ivhctber  they  know  of  tbefupply  or  not.  —  1.  The  malter  is  per'onally  lia- 

ble as  making  the  contract.  ■  2.  The  owners  are  liable  in  confequence  of  the  mailer's  act, 
becaufe  they  choofe  him  ;  they  run  the  ri/k,  and  they  fay  whom  they  will  truft  with  the 
appointment  and  office  of  maftc.  Suppofe  the  owners  io  this  cafe  had  delivered  the  value  of 
the  goods  in  queftion,  in  (pecie3  to  the  mafter,  with  directions  for  him  to  pay  it  over  to  the 
creditors,  and  the  mafter  had  embezzled  the  money,  it  would  have  been  no  concern  of  the 
creditors;  for  they  truft  fpecifically  to  the  fliip,  and  generally  to  the  ow>  ers.  In  this  cafe, 
the  defendants  are  the  owners  J  and  there  happens  to  be  a  private  agreement  between  them  and 
the  mafter,  by  which  he  is  to  have  the  fole  conduct  and  management  of  the  fhip,  and  to  keep 
her  in  repair,  &c.  But  how  does  that  effect  the  creditors,  who,  it  is  exprefsly  ftated,  were 
total  ftrangers  to  the  tranfaction  ?  and  that  is  an  anfwer  to  the  obfervation,  that  the  plaintiff 
rnuft  have  known  the  real  fituation  of  the  mafter,  in  t His  cafe,  from  the  general  ufage  and 
fuftom  of  the  country  in  that  refpect.  To  be  Aire,  if  it  appeared  that  a  tradefman  had 
notice  of  fuch  a  contract  ;  and,  in  confequence  of  it  gave  credit  to  the  captain  individualiy 
as  the  refponfible  perfon,  particular  circumftances  of  that  fort  might  afford  a  ground  to  fay, 
he  meant  to  abfolve  the  owner,  and  to  look  fingly  to  the  perfonal  fecurity  of  the  mafter  \  but 
here  it  is  ftated,  that  the  plaintiff  had  no  notice  whatever  of  tfye  contract.  The  owners 
themfelves  are  aware  of  their  being  liable  at  the  time  :  they  choole  a  mafter  to  whom  they 
agree  to  let  the  (hip,  and  truft  for  their  fecurity  to  the  covenants  which  they  oblige  him  ta 
enter  into  :  thefe  covenants  are,  that  he  (hall  keep  the  fliip  in  repair,  and  deliver  her  up  at 

the  end  of 'the  term, .in  as  good  condition  as  when  delivered  to  him.  This  Is  not  all;  for 
they  indemnify  themfelyes  againft  the  private  debts  of  the  mafter ;  and  againft  his  being  taker* 
in  execution  :  for  if  he  dpes  not  perform  all  and  every  the  covenants  in  the  agreement,  (ex- 

cept in  cafe  of  the  lofs  of  the  (hip)  the  confequence  (befrde  their  remedy  againft  him  upon, 
the  covenant)  is  that  the  contract  and  agreement  is  to  be  absolutely  at  an  end,  and  they  are  to 
take  poffefiionof  the  (hip. 

Suppofe  the  (hip  had  been  impounded  in  the  admiralty  court,  and  that  happened  at  the  end- 
of  the  term  :  or,  fu.ppofe  the  captain  had  broken  a  covenant  which  had  put  an  end  to  the 
agreement,  the. defendant  could  never  have  taken  the  (hip  out  of  the  court,  without  paying  the 
debt  for  which  the  (hip  was  impounded.  We  are  all  of  opinion,  therefore,  that  under  thefe 
circumftances^  there  is  no  colour  to  fay  that  the  creditors  ihould  be  ftiipt  of  the  general  fecuri- 

ty they  are,  by  law,  entitled  to  againft  the  owners. 

■ '  W-AMfc-i^J^t^^Alnflrt^jAB^K^wm 
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NOTHING  more  materially  concerns  the  mafter  of  a  fliip,  than  to  know  what  degree  cf 
refponfibility  is  attached  to  his  fituation,  and  what  privileges  it  invefts  him  with  ;  and 

it  is  the  defign  of  this  chapter  to  explain  them. 
Mafters  of  (hips  are  as  refponfible  for  goods,  committed  to  their  charge,  as  hoymen  cr  carriers 

by  land  are  ;  for  the  law  makes  bo  distinction  between  carriers  by  land  and  carriers  by  water  : 
and  for  whatever  lodes,  that  arife  from  the  neglect  of  perfons  employed  under  them,  they  are 
anfwerable  :  whatever  cafes,  therefore  that  are  contained  in  this  chapter,  relative  to  carriers  by 

land^  rnuft  be  underftood  to  be  equally  applicable  to  carriers  by  water,  or  mafters  of  ihips. 
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FACTeRS    AND    AGENTSi 

In  the  cafe  of  Mors  -v.  Skice,  ir  was  adjudged  that  the  mafter  of  a  flilp  wis  liable  for  the 
goods  oS  vvhich  the  (hip  w.ts  robbed  in  the  river  :  and  the  reafons  given  were,  i.  Becaufe  he 
was  an  officer  known..:  2.  Becatfe  he  received  his  falary  out  of  that  which  was  paid  for  rhe 

freight.  But  the  mafter  may  ieimL>uife  himfelf  out  of  tile  mariners'  wages  for  a  lofs  happening 
by  their  neglect. 

The  law  charges  perfms  entrufted  to  carry  goods  (fuch  as  common  carriers,  boymen,  and 

Siafters  of  (hips)  to  carry  the'.n  againft  ail  events  but  acts  of  God,  and  public  enemies. 
The  plaintiff  puts  goods  on  board  the  defendants  hey,  who  was  a  common  carrier.  Coming 

through  bridge:,  by  a  fudden  guft  of  wind,  the  hoy  funk,  and  the  goods  were  fpoiled.  The  plain- 

tiff infilled  that  the  defendant  ihou'td  be  liable,  it  being  his  careleffnefs  in  going  through  at  fuch 
a  time  ;  and  offered  ibme  evidence,  that  if  the  hoy  had  been  in  good  order,  it  would  not  have 
funk  with  the  (lioke  it  received  ;  and  thence  inferred,  the  defendant  was  anfwe> able  for  all  ac- 

cidents, which  would  not  hive  hapasened  to  the  goods  in  cafe  they  had  been  put  in  a  better  hoy, 
J3ut  the  chief-juftice  held  the  defendant  not  arcfwerable,  the  damage  being  occafioned  by  the 
act  of  God  ;  for  though  the  defendant  ought  nor  to  have  ventured  to  fhoot  the  bridge  if  the 
general  bent  of  the  weather  had  been  tempeftuous,  yet  this,  being  only  a  fudden  guft  of  wind, 
has  entirely  differed  the  caie  :  and  a)  carrier  is  obliged  to  have  a  new  carriage  for  every  jour- 

Bey  ;  it  is  fufficient  if  he  provides  on™  which  (without  any  extraordinary  accident,  fuch  as  this 
was)  will  probably  perforin  the  journey. 

In  the  cafe  of  Forward  againft  Pittard,  the  plaintiff  had  delivered  goods  to  the  defendant, 
who  was  a  common  carrier  ;  and  which  goods  were  aftei  wards  deftroyed  by  accident  of  fire. 
The  queftion  was,  whether  the  defendant  was  anfwerable  for  them  ? 

Lo.d  Mansfield  faid,  It  appears  from  all  the  cafes,  for  100  years  back,  that  there  are  events 
for  which  the  carrier  is  liable  independent  of  his  contract.  By  the  nature  of  his  contract  he  is 

liable  fur  all  due  care  and  diligence  5  and,  for  any  negligence,  he  is  fuable  on  his  contrail'. 
Bat  there  is  a  farther  degree  of  refponfsbiHty,  by  the  cultom  of  the  realm,  that  is,  by  the  com- 

mon raw  :'  a  carrier  is  in  the  nature  of  an  ini'urer.  It  is  laid  down  that  he  is  liable  for  every 
accident,  except  by  the  aft.of  God  or  public  enemies  :  now,  what  is  the  act  of  God  ?  I  con-' 
flder  it  to  be  fornetbing  in  oppofi  ion  to  tire  act  of  m  n  ;  for  every  thing  is  the  a£r  of  God  that 
happens  by  his  permiilion  ;  every  thing  by  his  knowledge.  But,  to  prevent  litigation,  callus 
fion,  and  the  necefuty  of  going  into  circumftances  impoffible  to  be  unravelled,  the  law  prefumes 

egainji  the  carrier,  unlefs  he  (h'ws  it  was  done  by  public  enemies,  or  by  fuch  act  as  could  not 
happen  by  the  intervention  ofman,  as  ftorms,  lightning,  and  tempefts.  ' 

If  an  armed  force  come  to  rob  the  carrier  of  the  gttods,  he  is  liable  :  and  the  reafon  is,  fop 
fear  it  may  give  room  for  collufion,  that  the  mailer  may  contrive  to  be  robbed  on  pui  pofe,  and 
fliare  the  fpoil. 

In  this  cafe,  it  does  not  appear  but  that  the  fire  arofe  from  the  act  of  fome  man  or  other  j  it 
certainly  did  arife  from  fome  act  of  man  ;  for  it  is  exprefsly  ftated  not  to  have  happened  by 
lightning.  The  carrier,  therefore,  is  liable,  inafmuch  as  he  is  liable  for  inevitable  accident."— 
Judgment  for  the  plaintiff. 

What  acceptance  makes  a  carrier  liable.  Per  King,  C.  J.  If  a  box  be  deiivered  generally  ta 
a  carrier,  and  he  accepts  it,  he  is  anfwerable,  hough  the  party  did  not  tell  him  there  was 
money  in  it.  But,  if  the  carrier  a(ks,  and  the  other  lay:  no,  or  if  he  accepts  it  conditionally^ 
providing  there  is  no  money  in  it  5  in  either  of  thefe  cafes,  J  huld,  the  carrier,  is  not  liable  ; 

and  fo  it  was  afterwards  determined  in  the  court  of  king's-bench,  in  tiie  cafe  of  G>..(on  v, 
Foynton  and  another. 

If  goods  are  loft  after  the  owner  of  them  has  taken  them  from  the  fhip  into  a  lightei ,  it  ?3 

his  own  lofs  :  but  it  isotherwife  if  the  goods  a;e  fent  from  the  (hip  by  the  (hip's  boat,  wh'c;:  is 
confidered  as  part  of  the  fhip  and  voyage.  Yet,  if  the  owner  of  any  gixids  Jend  his  fervaat 
with  them,  the  carrier  or  lighterman  is  not  liable  if  they  be  loft. 

If  any  paffenger  die  on-board,  the  mafter  is  obliged  to  inventory  his  effects  ;  and,  if  no 
claim  be  made  to  them  within  a  year,  the  mafter  becomes  proprietor  of  the  goods,  butanfwerr 

able  for  them  to  the  deceafed's  legal  reprefentatives. 
If  a  captain  die,  leaving  money  on  board,  and  the  mate  becoming  captain,  (hall  improve  th^ 

money,  he  (hall,  on  allowance  for  his  care,  account  both  for  intereft  anu  profits. 

FACTORS     AND     AGENTS. 

MASTERS  of  (hips  by  thecuftoms  and  praSice  in  this  country  very  frequently 
have  the  confignment  of  their  cargoes,  and  become  the  fetors  and  agentj  u£ 

their  owners.  Their  duty  in  t his  capacity  is  total ' y  diftiuct  from  ihat  of  m  <•  rs  of 
fhips  ;  and  the  law  on  this  fubjed  form  a  very  imrcita  branch  in  the  .  rm  of 
mercantile  jurifprudence.  It  lias  been  therefore  iu;u>-.nt  bed  to  (late  in  ihis  chaj  ies 
the  general  rules  aad  leading  principles  of  law  under  this  head)  .  «d  to  explain  tel  thf 
ufe  both  of  merchants  and  factors  their  refpective  rights  and  duties. 



JFAGTGRS    ATfB    AGCKT3.  $~J- 

Ifa  fa&or  fell  the  goods  of  a  perfon  beyond  fea,  he  may  maintain  an  action  in  his 
4wn  name  for  tlie  price  ;  tor  the  promife  (hall  foe  prefurried  to  be  made  to  him  ;  and 
fo  if  he  buys  goodsi  the  feller  may  have  an  action  againlt  him,  for  the  credit  (hall  be 

prefumed  to  be  given  to  him  ;  and  particularly  becaufe  it  is  for  the  benefit  of  trade. 
This  feems  clearly  to  be  the  cafe  where  there  is  no  interposition  of  t he  owner  of 

the  goods  fold,  as  to  whom,  it  feems,  "  That  the  factor's  (ale  creates  a  contract  be- tween the  buyer  and  the  owner  of  the  goods;  and  therefore  if  the  factor  fells  for 

payment  at  a  future  day,  if  the  owner  gives  notice  to  the  Buyer  to  pay  bur.,  and  not 

the  factor,  the  buyer  is  not  juftified  in  paying  the  factor.'^  This  doctrine  was  vecog- ,  . 
nized  and  confirmed  in  the  cafe  of  Efcot  -v.  iviilward,  Sittings  after  Mich.  24  Ceo.  3. 

The  cafe  was  this  :  In  the  month  of  June  1783,  a  cargo 'of  Vvheat  v?as  configneiS to  the  plaintiffs  from  Of  end,  and  they  employed  one  Farrer  as  their  factor  10  fell  it. 
It  was  proved,  that  the  factors  in  this  trade  have  a  del  credere  cpmmiffloh  befide  factor- 

age, and  never,  except  in  cafe  of  the  failure  of  the  factor,  make  th^purchafei's  names 
known  to  the  owners.  On  the  9th  of  June  Farrer  fold  two  hundred  garters  of  this 
wheat  to  the  defendant.  On  the  16th  of  June,  Farrer  handed  over  to  'he  plait  ffs 
the  wheat  then remaining  in  his  hands,  and  the  names  of  thdfe  who  fiad  purchatecl 
the  reft  ;  and  among  others  that  of  the  defendant  Miiward.  On  the  zotri  of  the  fame 

month,  Farrer  ftopt  payment,  and  compounded  with  his  creditors,  who  executed  •■? 
him  a  deed  to  that  purpofe  On  the  21ft  of  June,  the  plaintiffs  delivered  to  fhe  de- 

fendant a  bill  of  parcels  of  the  wheat  fold  by  F:rrer,  and  demanded  payment  by  his- 

acceptance  of  a  bill  to  the  amount  at  a  month's  da'e.  The  defendant  rehife'd,  arid 
infifted  that  he  had  a  right  to  fet  it  off  againft  a  debt  due  by  Farrtr  to  him-  Ther 

plaintiffs  brought  their  aitioc  ;  and  the  above  doctrine  was  laid  down  totT->e  yxry  by 
Juftice  Bulhr  as  the  clear  law  on  the  fubject ;  and  the  jury  found  accordingly  for  ihs 
plaintiffs. 

«<  But  the  doctrine  of  this  cafe  only  applies  where  nothing  is  due  to  the  f&or  bhnje'f ' ; fbx  he  has  a  lien  upon  the  money  in  the  hands  of  the  buyer  for  any  monies  due,  or  for 

any  engagement  he  enters  into  on  account-  of  the  principal  ;  for  he  may  bring  an  ac- 
tion for  the  price  againft  the  buyer  ;  and  it  would  be  no  defence  for  kim  to  (ay,  tha£ 

the  principal  (the  owner  of  the  goods)  was  indebted  to  him  (the  buyer)  to  the  amount 
of  them  ;  for  the  factor  has  a  prior  right. 

This  was  the  law  as  held  by  Lord  Mmsfeld'xn  the  foflowing  cafe :  In  affumpjit  fo? 
goods  fold  and  delivered,  by  the  plaintiffs  as  affigoees  ©fone  Dowding,  a  bankrupt.  It 
appeared  that  Dowding  was  a  clothier,  and  employed  one  Jefferies  as  his  is£\or,  who? 
fold  to  the  defendant  Goodwin  the  clothes  in  queftion,  marked^  Dowding,  before 
the  act  of  bankruptcy.  Goodwin  knew  Jefferies  to  have  fold  the  goods  asfaQor,  and  be  bad 
notice  from  the  ajjignees  not  to  pay  Jefferies  :  notwithstanding  which  he  did  pay  him,  and 

this  action  was  now  brought  to  make  him  pay  the  value  again  to  the  a'ffigfTees.  It  ap- 
peared in  evidence,  that  Dowding  wanting  money  to  buy  cloths^  that  Jeffrie;  had 

joined  him  in  bonds  foribe  purpofe  of  railing  it,  on  the  jecurity  of  the  cloth  being  (apt  to 
bim.  It  was  adjudged  by  the  court  that  Jefferies  had  alien  upon  the  doth  and  the 

money  in  the  hands  of  the  buyer,  on  account  of  the  money  fo  raifed  ( Jiff-iies  having 
paid  the  amount  of  the  bonds  ;)  and  that  therefore  the  plaintiff,  could  not  recover. 

Every  factor  ought  to  fell  for  ready  money,  unlefs  the  ufage  of  trade  is  otherwife  ; 
and  if  he  fell  upon  trufl,  without  ufige  to  warrant  him,  he  alone  is  chargeable  in  cats  of  a  lofs  :  but 
if  the  ufage  be  to  give  credit,  then,  in  cafe  he  fells  to  a  perfon  in  good  credit,  if  fuch 
perfon  fails,  the  factor  is  difcharged  ;  but  it  is  otherwife,  though  the  ufaee  to  fet  is 
fo,  if  he  felisto  a  perfon  notorioufly  difcredited  at  the  time  of  the  fale  ;  for  then  irt 
cafe  of  a  lofs  he  is  liable  ;  and  fo  he  lhould  fell  in  market  overt,  or  there  is  no  change 
of  property. 

As  a  factor  has  a  lien  upon  goods  configned  to  him  for  his  own  demands  ;  and  as 
alfo.  if  goods  configned  to  him  as  factor  remain  in  fpecie.  they  are  not  luhject  to  his 

bankruptcy ;  fo  where  bills  have  been  remitteJ  to  a  factor  for  a  fpeci'ai  purpofe,  if  not difpofed  of  or  paid  away  at  the  time  of  his  bankruptcy,  they  fhali  ftill  be  cpnffderen  as 
belonging  to  the  principal,  and  be  recovered  in  this  action  ;  but  fubject  however  to 
any  lien  the  factor  himfelf  may  have  on  them. 

In  a  trial  concerning  the  delivery  of  goods  according  to  agreement,  the  falter  ivha 
tnide.  the  agreement  was  admitted  as  a  good  witnefs  though  Be  was  to  have  a  fk\llv:gir.  the 
found  on  the  fale ;  for  he  was  a  mere  go-between  the  buyer  and  feller,  and  fo  might 
be  a  good  witnefs  for  either*  as  having  no  inter-  It.  more  on  one  fide  than  the  other*; 

If  goods  are  not  delivered  to  a  factor  or  agent,  but  he  is  only  mipowcrcj  to  ,'"...'  by  the principal,  this  (hall  not  preclude  the  principal  liinifelf  from  felling  them. 

For  where  the  defendant,  being  owner  of  a  great  quantity  of  ma!:,  then  *eing  on 
board  a  veflel,  impowered  one  Smith,  a  nrqkcr  to  fell  it  :  before  Smith  fold  it,  the  de- 
feadant  himfelf  had  fold  it,  but  Smith  hit!  no  notice  ;  afterwards  Smith  fold  it  to  the 

plaintiff,  who  brought  trover  for  it  againft  the  defendant  ;  it  was  at.  rirft  doiibtfu 
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■whether  Smith  the  broker  would  not  be  liable  to  the  plaintiff,  as  he  could  not  p«ir<f 
form  his  bargain,  though  it  was  without  his  default,  fo  that  his  fale  ought  for  that 

reaf'on  to  be  held  valid  ;  but  afterwards,  Rolle,  Chief  Juf  ice,  held,  That  the  owner's fales  Ihould  prevail  againft  that  of  his  fador,  iobo  bad but  a  bare  authority,  and  that  the 

bicker's  falc  tl.ouid  have  been  conditional, if  the  owner  had  not  fold  before  ',  but  he  faicf 
that  neither  the  broker  nor  his  vendees  ffiould  be  liable  to  any  adion  for  detain- 

ing the  goods,  if   they  had  no  notice  of  the  (ale  by  the  owner. 
A  fador  has  only  power  to_/J/7  the  goods  of  his  principal,  and  thereby  bind  him  ;  he 

cannot  bind  or  ailed  his  principal's  property,  by  fledging them  as  a  fecurity  for  his 
own  debt,  though  there  is  the  formality  of '.a  bill  of  parcels  and  a  receipt. 

If  there  is  an  authority  ever  fo  general  by  indprfement  of  the  bill  o!  lading,  without 
tiifclofing that  the  indorfce  is  fador,  the  owner  (as  between  him  and  the  fador  J  retains 
a  lien  till  the  delivery  of  the  goods,  and  until  they  are  adually  fold,  and  turned  into 
money. 

Cut  if  she  goods  ̂ xa  bona  fide  fold  by  the  fador  while  at  fea,  fuch  fale  (hall  be  good* 

and  fhall  bind  the  owner,  beeauie  the  goods  were  bonafide  fold,  and  by  the  owner's 
own  authority.; 

And  if  a  fador  to  whom  a  bill  of  lading  is  indorfed  generally,  but  iii  fail  to  him  at 
factor,  though  that  is  not  expreffed,  indorfes  it  ever  as  his  own  property  ;  fuch  indorfe- 
ment  fhall  be  good,  it  for  a  fair  and  valuable  contideration  and  without  notice;  other- 

tvi.'e,  if  only  a  Ipurious  one  to  defraud  the  owner. 
Goods  confined  to  fadors  merely  for  fale,  are  not  liable  to  their  bankruptcy.  For  if  a! 

merchant  configns  goods  to  a  fador,  and  he  become  a  bankrupt,  the  goods  ftill  remaining  in" 
his  pofTeilion,  thty  fnall  ihll  be  deemed  the  property  of  tiie  merchant,  and  he  may  recover 
them  in  ibis  adion. 

So  if  the  fador  had  fjld  the  goods  consigned  to  him,  and  received  the  money,  and  died  in- 

debted  in  d-bts  or  a  higher  nature,  if  it  could  be  proved  tha:  the  money  fo  received  hau  beerf 
inverted  in  other  gooas,  thefe  lhall  be  deemed  to  belong  to  the  merchant's  eftate,  not  to  the 
fador's  ;  but  if  the  money  had  remained  in  fpecie,  it  had  belonged  to  the  fadorS  eftate,  and 
gone  to  anfvver  the  debts  or  an  higher  nature  ;   for  the  money  has  no  mark  to  be  followed  by. 

But  where  the  fador  had  for  the  merchants  giods  taken  notes,  initead  of  money,  the  court 
of  Common  Pleas  held,  That  the  merchant  fhould  have  the  notes,  as  they  could  be  traced. 

And  fo  if  the  fador  had  fold  the  goods  configured  to  him,  and  become  a  bankrupt,  the  mer- 
chant muff,  come  in  as  a  creditor  under  the  cornmifhon  ;  though  it  he  had  laid  out  the  Money  in 

ether  goods  for  the  merchant,  the  merchant  fhall  have  them  :  fo  if  the  fador  had  fold  for  pay- 
ment at  a  future  day,  the  merchant  fhal]  have  the  money. 

As  where  the  plaintiff",  living  in  Ireland,  employed  B.  in  '.ondon,  to  fell  goods  for  him  :'  B,- 
fold  them  to  J.  S.  5  the  plaintiff  at  the  time  was  ignorant  to  whom  they  were  fold,  and  J.  S; 

was  ignorant  whofe  property  trey  were  ;  B.  became  a  bankrupt,  and  J.  S.  paid  the  money  to' 
the  defendants,  his  aflignees  ,  the  plaintiff  brought  an  adion  for  the  money  againft  the 
afiignees,  and  recovered  ;  for  though  it  was  agreed,  that  a  payment  by  J.  S.  to  B.  was  a  dis- 

charge for  him  againft  the  plaintiff  his  principal,  yet  the  debt  was  noi  in  law  to  him,  but  to 
the  plaintiff  whofc  goods  were  fold  ;  and  therefore  was  not  affigned  to  the  defendants  under 
the  general  alignment  of  all  their  debts,  but  remained  due  to  A.  as  it  was  before  ;  that  being 

paid  to  the  defendant  who  had  no  right  to  it,  that  it  was  a  payment  under  a  miftake,  and  fo  was' recoverable  from  them. 

And  whei  e  the  fador  had  a  del  credere  cornmifhon,  the  fame  point  was  decided  by  the  chancellor.- 
A  fador  has  a  lien  upon  goods  coniigned  to  him,  not  merely  tor  what  is  due  for  thofe  goods* 

but  for  the  balance  cf  a  general  account,  and  for  which  he  may  detain  them.  So  he  has  a  lierf 
on  the  money  in  the  hands  of  the  buyer. 

And  though  in  this  cafe,  goods  had  been  configned  to  a  fador  by  a  trader,  and  thefaEior 
knew  the  trader  ivas  in  infolvent  circumjtances,  but  he,  neverthelels,  advanced  him  money  011  the 
credit  of  the  goods,  it  wis  adjudged,  That  he  was  entitled  to  a  lien  againft  them  for  the  money 
he  had  advanced,  and  ihould  hold  them  againft  the  aflignees  of  the  confignor. 

An  adion  for  money  had  and  received  will  not  lie  againft  a  known  agent,  or  receiver,  for 

money  paid  •voluntarily  10  fuch  agent  for  the  uje  of  tbe  principal,  unltl's  he  had  paid  if  over  after 
notice  not  to  do  it  :  rbr  it  wouid  tie  unjuft  to  fuffer  luch  an  adion  to  proceed,-  and  to  leave  him. 
to  be  defended  ordeferted  as  the  principal  thought  fit ;  and  efpecially  if  the  adion  is  brought 
for  the  paxpofe  of  trying  any  right  of  the  principal. 

For  where  a  man  receives  money  for  another  as  his  agent,  under  a  pretence  of  right  (ex  gr. 

for  tithe)  the  court  will  net  fuffer  the  principal's  right  to  be  tried  in  an  adion  againft  the  agent,- 
if  the  defendant  can  lhe,w  the  leaft  colour  of  right  in  his  principal  :■  as  in  this  cafe,-  by  having 
be.n  fome  time  in  poffeffion. 

So  whv;-e  money  has  been  paid  to  an  agent  or  receiver  by  miftake,  he  fhall  not  be  liable  to 

refund  it  if  be  tas  paid  it  over  t7  lis  principal ;  for  he  ihould  not  fuffer  for  another's  miftake,  but- 
the  payer  (hould  refort  to  the  principal  himfelf :  but  if  he  has  not  paid  it  over  to  his  principal, 
bmt  has  it  in  bis  banns.,  or  only  given  credit  for  it  to  bis  principal  in  bis  books,  or  en  an  account  between 
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tiim  :  in  thefe  caf«  he  (hall  be  perfortally  liable,  though  not  paid  oyer  :  but  if  any  new  credit 

Kid  been  given  to  the  principal  by  the  agent,  on  receiving  the  money,  it  would  be  proper  evi- 

dence to  leave  to  the  jury,  Whether  the  agent  might  not,  or  had  not  received  any  prejudice 
thereby  ?  and  fo  vary  the  cafe.  , 

"  But  as  to  how  far  the  principal  (hall  be  hound  by  the  aft  of  his  agent,  a  diflincYion  is  to  be 

obferved  between  a  general  and  a  particular  agent™  . 
Agenerai  agent  ihall  bind  his  principal  by  all  his  aBs,  even  though  he  exceeds  his  authority  j 

as  if  a  (table-keeper  having  an  borfe  to  fill,  directs  his  fervant  nof.  to  warrant  him,  not  withftand- 

ing  which  he  does,  the  mailer  will  neverthelefs  be  liable  on  the  warranty,  becaufe  the  fervant 

was  afting  within  the  fcope  of  his  authority  ;  and  the  public  cannot  be  fuppofed  to  be  cogni- 
sant of  any  private  converfation  between  the  matter  and  the  fervant:  but  where  a  perfun  fs 

made  a  particular  agent,  and  under  a  circumfcribed  authority,  there  he  can  only  bind  bis  prin- 
cipal as  far  as  be  aBs  within  his  authority,  for  that  would  be  to  enable  one  man  to  bind  another 

againft  his  will. 

FREIGHT*  CHAE.TER-PARTY,  AND  DEMURRAGE, 

FREIGHT  is  the  fiim  agreed  on  for  the  hire  of  a  (hip  or  carriage  of  goodsv  and  mult  ba 
paid  in  preference  to  all  other  debts,  for  the  pavment  of  which  the  goods  ftaod  engaged  ; 

but,  as  the  goods  are  obliged  to  the  (hip  fur  hire,  fo  is  the  (hip  to  the  owner  of  the  goods,  in 
cafe  of  damage  or  Wade  through  any  defecl  of  the  veffel  cr  faiiors. 

Charter-party  is  the  fame  in  the  civil  law  with  an  indenture  at  the  comrr.ori  law  ;  it  fettles 

the  agreement,  as  the  bills  of  lading  do  the  contents,  of  the  cargo  ;  and  binds  the  mailer  to  de- 
liver them  well  conditioned  at  the  place  of  dlfcharge,  according  to  the  agreement  ;  and,  for 

performance,  the  mailer  obliges  himfelf,  (hip,  tackle  and  furniture. 
The  taking  a  (hip  to  freight  is  the  hiring  her  of  her  matter  or  owners,  either  in  part  or  the 

whole,  and  either  by  the  month,  for  an  entire  voyage,  or  by  the  ton  ;  ani  the  contract,  redu-_ 
ced  into  writing,  commonly  called  a  charter-party,  i-xecuted  between  the  freighter  and  the  per- 
fon  who  lets  the  (hip,  muft  exprefs  the  different  particulars  agreed  on. 

The  matter  or  owners  generally  covenant  to  provide  a  fufficiency  of  tackle  and  mariners, 

and  to  fit  the  (hip  in  every  refpec!  for  performing  the  voyage.  The  merchant,  on  his  part,' 
ftipulates  to  comply  with  the  payment  promifed  fcr  freight  on  delivery  of  his  goods  (  and  both 
oblige  themfelves  in  penalties  for  non-compliance. 

If.  by  the  time  appointed  in  the  charter-party,  the  (hip  is  not  resdy  to  take  in,  or  the  mer- 
chant  (afer  the  days  of  demurrage   commonly  granted)   not  ready  to  load,  the  parties  are  at    , 

liberty,  and  the  fufferirig  one  hath  his  remedy  againfl  the  other,  by  action,  to  reco'mpenfe  the damage. 

If  part  of  the  loading  be  onboard,  and  ferric  interrening  misfortune  prevent  the  fnerchant! 

from  (hipping  the  whole  in  time,  the  matter  is  at  liberty  to  contract  with  another,  and  (hall  have1 
freight  by  way  of  damage  for  the  time  that  thofe  goods  were  on  board  after  that  limited  ;  for* 
fuch  agreements,  being  of  a  conditional  nature,  and  preceding  a  failure  as  to  a  complete  load- 

ing, will  determine  the  fame  unlefs  afterwards  affirmed  by  confent ;  and,  though  it  be  no  pru- 
dence for  every  merchant  or  matter  to  depart  from  the  contrail:  on  non-compliance  of  articles? 

yet  it  is  the  higheft  juftice  that  (hips  and  matters  fliould  remain  free  ;  for  otberwife,  by  the 
bare  lading  of  a  ca&  or  bale,  they  might  be  defeated  of  the  opportunity  of  paffage,  or  the  fea* 
Ibn  of  the  year. 

So,  on  the  other  hand,  if  the  veffel  be  not  ready,  the  merchant  may  (hip  the  remainder  of  his 

goods  on  board  another,  and  dlfcharge  the  firtt,  and  recover  damages  a'gainft  the  rhafter  orown- 
ers  for  the  reft  ;  this  being  grounded  on  the  like  reafon  as  the  former. 

Atkinfon  cc'ntia&ed  with  Buckle  for  the  carriage  of  a  hundred  quarters  of  barley,  and  prom- 
ifed to  deliver  unto  him  the  hundred  quaftei-3  of  barley  on  fh'fp'-bo.ird  at  Barton-Haven,  in  ths 

county  of  York,  to  carry  them  for  him,  and  for  the  carriage  thereof  did  pvomife  to  pay  him  ft 
much  ;  anl  Buckle  promifed  to  carry  the  fame  for  him,  and  accordingly  brought  his  (hip  fi> 
the  faid  haien,  e^pedting  there  the  delivery  of  the  hundred  quarters  of  bailey  ;  but  Atkinfon 
came  not  to  deliver  the  fame  unto  him  ;  whereupon  Buckle  brought  his  action  of  the  cale 

upon  the  promife  ;  and,  upon  rion  afjianpfit  pleaded,  had  a  Verdicl  and  judgment,'  which  was;' affirmed  upon  a  writ  of  error. 

If  goods  are  fully  laden  on  board,  and  the  (hip  hath  broketi  ground,  and ' the  merchant,  os 
after-cOnfid'iration,  determines  again  to  unload  them,  and  nofprofecute  the  adventure,  by  th'a' marine  laiv  the  freight  is  due. 

And,  it  the  (hip  in  her  voyage  becomes  unable  without  the  matter's  fault,  or  that  the  mafte 
or  (hip  he  arretted  by  any  foreign  prince  or  ftace  in  her  voyage,  the  matter  may  either  mend  hit 
flip  or  freight  another  5   but,  if  the  merchant  will  not  confent  thereto,  then  the  freight  becomes 
due  for  fo  mack  as  tke  (hip  hath  earned:  otherwife  tise  maftsr  r,  teable  f«  aH  damages  lh*E 
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fhall  happen  t  and  therefore,  if  that  (hip,  to  which  the  goods  were  tranfiated,  per'fh,  the  matter 
fhall  anfwer  ;  but,  if  both  the  (hips  peiifh,  then  he  is  difcharged.  But,  in  cafe  of  extreme 

neceffity,  as  that  the  (hip  would  be  in  a  finking  condition,  and  an  empty  (hip  is  pafling  by  or 
at  hand,  he  may  tranflate  the  goods  ;  bur,  if. that  (hip  links  or  peri(hes,  he  is  there  excufed  ; 
but  then  it  mull  be  apparent  that  that  (hip  feemed  probable  and  fujjkient. 

If  a  matter  (hall  weigh  anchor  and  fail  after  the  time  covenanted  or  agreed  for  his  depar- 
ture, if  any  damage  happens  at  fea  after  that  time,  he  fhall  refund  and  make  good  all  fuch 

misfortune.  Yet,  if 'a  charter-party  be  made,  that  the  plaintiff  fhall  fail  from  London  to  Lif~ 
bon  with  the  firft  wind  and  opportunity,  Sec.  in  confederation  of  which,  the  merchant  did 
covenant  to  pay  fo  much  for  freight,  and  the  fhip  departs  not  with  the  firft  wind  and  oppor- 

tunity, yet  afterwards  breaks  ground  and  arrives  at  her  port,  the  freight  in  this  cafe  has  become 
due  ;  and  there  is  nothing  can  debar  the  fhip  of  her  freight  but  non-departure  ;  for  only  that 
in  law  is  material  to  avoid  the  payment  of  the  freight  ;  but  to  fay  the  fhip  did  not  depart  with 
the  next  wind  is  but  a  circumftance,  which,  in  ftrictnefs  of  law,  is  not  neceffary  to  be  denied. 

If  it  be  agreed,  that  the  mafter  (hall  fail  from  London  to  Leghorn  in  two  months,  and  freight 
accordingly  is  agreed  on,  if  he  begins  the  voyage  within  two  months,  though  he  does  not  ar- 

rive at  Leghorn  within  the  time,  yet  the  freight  is  become  due. 

The  Eaft-India  company  might,  by  charter-party,  keep  a  fhip  they  had  freighted  a  long 
time  in  India,  and  did  fo  keep  her  until  (he  was  unfit  for  fei  vice,  and  could  not  come  home  ; 

they  were  obliged  in  Chancery  to  pay  the  damage,  though  by  the  charter-party  it  was  pay- 
able at  the  return  of  the  fhip. 

So,  where  no  freight  was  to  be  paid  for  the  cargo  outwards,  but  freight  for  the  cargo  borne - 
icards,  and  the  factor  abroad  had  no  goods  to  lead  her  homewards,  payment  of  the  freight  wag 
decreed. 

And,  if  a  fhip  is  freighted  to  go  to  any  place  to  load,  and  on  arrival  there  the  factor  cannot 
or  will  not  put  any  thing  on  board  him,  after  the  mafter  has  lain  the  days  agreed  on  by  charter- 
party,  and  made  his  regular  protefts,  he  fhall  be  paid  empty  or  full. 

If  a  fhip  is  freighted  from  one  port  to  another,  and  thence  to  a  third,  a  fourth,  and  fo  home 
to  the  port  whence  (he  firft  failed,  (commonly  called  a  trading  vcyaye)  this  is  all  but  one  and 
the  fame  voyage,  fo  a3  it  be  in  conformity  to  the  charter  party. 

A  contiact  is  made,  between  a  merchant  and  mafter  of  a  fhip,  tha',  if  he  carries  the  mer- 

chant's goods  to  fuch  a  port,  he  will  then  pay  him  (o  much  money  for  freight.  In  making 
the  voyage,  the  fhip  is  robbed  by  pirates,  and  part  of  her  loading  loft,  and  afterwards  the  re- 

mainder is  brought  to  the  port  of  difcharge.  Here  the  fum  agreed  on  for  freight  is  not  due, 
the  agreement  not  being  performed  on  the  part  of  the  mafter  ;  and  this  is  a  conditional  con- 

tract. But  it  is  otherwife  by  the  civil  hvv  ;  for  thereby  the  fame  is  a  danger  of  the  feas, 

■which  if  not  exprefTed  in  naval  agreements,  is  naturally  implied  ;  and  there  was  no  default 
in  the  mafter  or  his  mariners  j  and  had  thefe  goods,  which  the  pirates  carried  away,  been 
thrown  over-board  in  ftrefs  of  weather,  it  would  not  have  worked  a  difability  in  the  mailer  to 
receive  the  fum  agreed  on  ;  becaufe,  both  by  the  common  law  and  law  marine,  the  aft  of  God, 
er  that  of  an  enemy,  fhall  not  have  an  effect  to  work  a  wrong  in  actions  private  j  and  a  pirate 
is  efteemed  an  enemy  in  our  law. 

If  a  fhip  be  freighted  by  the  ton,  and  foe  is  full  laden  according  to  the  charter  party,  the 
freight  is  to  be  paid  for  the  whole  ;  otherwife  but  for  fo  many  tons  as  the  lading  amounted  to. 

If  freight  be  contracted  for  the  lading,  certain  cattle,  or  the  like,  from  Dublin  to  Weft- 

Chefter,  and  fome  of  them  happen  to  die  before  the  ftiip's  arrival,  the  whole  freight  is  become 
due,  as  well  for  the  dead  as  the  living. 

But,  if  the  freight  be  contracted  for  the  tranfporting  at  fo  much  j5<?r  head,  if  death  happens, 

there  arifeth  due  no  more  freight  than  only  for  fuch  as  are  living  at  the  fbip's  arrival  at  her  port 
of  difcharge,  and  not  for  the  dead. 

When  cattle  or  /laves  are  fent  on  board,  without  any  previous  agreement  about  lading  er 

tranfporting  them,  but  generally,  then  freight  fhall  be  paid  as  well  for  the  dead  as  the  living  ;■ 
and,  if  freight  be  contracted  for  the  tranfporting  of  womea,  and  they  happen  in  the  voyage 
to  be  delivered  of  children,  no  freight  becomes  due  for  the  infants. 

A  mafter  of  a  fhip  is  not  bound  to  anfwer  freight  to  the  owners  for  pafTengers,  where  it  ap« 
peers  they  are  not  able  to  pay. 

If  goods  are  fent  on  board  fhip,  generally,  the  freight  muft  be  according  to  that  commonly 
paid  for  the  like  accuftomed  vdsages. 

If  a  fhip  fhall  be  freighted*  add  named  to  be  of  fuch  a  burthen,  and,  being  freighted  by  the 
ton,  fhall  be  found  lets,  there  fhall  be  no  more  paid  than  only  by  the  ton  for  all  the  goods  that 
were  laden  on  board. 

And,  if  a  fhip  be  freighted  for  two  hundred  tons  or  thereabouts,  the  addition  of  thereabouts  is 
rrrnmonly  reduced  to  be  within  five  tons,  more  or  lefs,  as  the  moiety  of  the  number  ten, 
whereof  the  whole  Is  compounded. 

if  a  fhip  be  freighted  by  the  great,  and  the  burthen  of  it  is  not  exprefkd,  yet  the  fum  cei-- 
■:r?.ir,  is  to  be  paid, 



FREIGHT,    ScC.  5S3. 

Jf  a  freighter,  by  loading  prohibited  or  unlawful  goods,  occafton  the  (hip's  detention,  or 
otherwife  impedes  her  voyage,  he  (hall  pay  the  freight  contracted  and  agreed  for. 

When  a  (hip  is  freighted  out  and  in,  (or  out  and  home]  there  is  no  freight  due  till  the  wh/ile' 
voyage  is  performed  j  fo  that,  if  (he  be  call  away  coming  home,  the  freight  outwards  as  well 
ss  inwards  becomes  loft. 

If  a  mailer  lets  out  his  flvip,  and  afterwards  fecretly  takes  in  other  goods,  unknown  to  the 
fird  freighter,  by  law  marine  he  loles  his  freight ;  and,  if  it  ihould  fo  fall  out  that  any  of  the 

freighter's  goods  ihould,  for  fafety  of  the  fhip,  be  call  overboard,  the  reft  (hall  not  become  fub- 
j eel  to  average,  but  the  mailer  (hall  make  the  damage  good  j  though  if  the  goods  are  brought. 
Into  the  (hip  fecretly  and  unknown  to  him,  it  is  otherwife,  and  goods  fo  brought  in  may  be 
fubjeel  to  what  freight  the  mailer  thinks  fit. 

When  a  (hip  puts  into  any  port  than  that  (he  was  bound  to  by  agreement,  the  mafler  (hall 
anfwer  all  damages  that  (hall  accrue  thereby  :  but,  if  (he  was  forced  in  by  dorm,  enemies,  or 
pirates,  he  mud  afterwards  procsed  to  that  he  was  obliged  to  by  contrail. 

In  condruction  of  law,  the  lading  of  the  (hip  is  tacitly  obliged  for  the  freight,  the  fame: 
being,  in  point  of  payment,  preferred  before  all  other  debts  to  which  the  goods  fo  laden  are 
liable,  though  fuch  debts,  as  to  time,  were  precedent,  to  the  freight  5  for  the  goods  remain  as 

it  were,  bailed  for  the  fame,  nor  can  they  be  attached  in  the  mailer's  hands,  though  it  is  com- 
monly conceived  otherwife. 

As  (hips  deferve  wages  like  a  labourer,  the  actions  touching  the  fame  are,  in  the  eye  of  the 
law,  generally  conilrued  favourably  for  the  (hip  and  owners ;  and  therefore,  if  four  parts  in 
five  of  them  (hall  make  up  thsir  accounts  with  the  freighters,  and  receive  their  proportions, 
yet  the  fifth  may  fuefingly,  by  himfalf,  without  joining  with  the  red»  and  this  as  well  by  the 
common  law  as  the  law  marine. 

•  Ifafti'p  in  her  voyage  happens  to  be  taken  by  an  enemy,  and  afterwards  is  re-taken  by 
another  (hip,  in  amity,  and  rellitution  is  made,  and  (he  proceeds  on  her  voyage,  the  contrail  is 
not  determined,  though  the  taking  by  the  enemy  diverted  the  property  out  of  the  owners  5 
yet,  by  the  law  of  war,  that  poffefiion  was  defeasible,  and  being  recovered  in  battle  afterwards 
the  owners  become  reinvefted  ;  fo  the  contract,  by  fiction  of  law,  became  as  if  (he  never  had 
been  taken,  and  fo  the  entire  freight  becomes  due. 

It  was  covenanted,  by  a  charter-party^  that  the  (hip  Ihould  return  by  a  certain  time  within 
the  river  Thames  (the  danger  of  the  fea excepted)  and  afterwards  in  the  voyage,  and  within 
the  time  of  the  return,  the  {hip  was  taken  upon  the  fea  by  enemies  unknown  to  the  covenanter, 
and,  being  detained  by  them,  could  not  return  within  the  river  Thames  within  the  time  men- 

tioned by  the  covenant.  Rejol-ved,  This  impediment  was  within  the  exception  ;  for  thefe 
words  intend  as  well  any  danger,  upon  the  fea,  by  pirates  or  men  of  war,  as  dangers  of  the  fea 
by  (hipwreck,  temped,  or  the  like. 

:  If  freight  be  taken  for  a  hundred  tons  of  wine,  and  twenty  of  them  leak  out,  fo  that  there  is 
not  above  eight  inches  from  the  bulge  upwards,  yet  the  freight  becomes  due  ;  but,  if  they  be 
under  eight  inches,  fome  conceive  it  then  to  be  in  the  election  of  the  freighters  to  fling  them  up 
to  the  mailer  for  freight,  but  mod  think  otherwife  ;  for  if  all  had  leaked  out,  if  there  was  no 
fault  found  in  the  dowage,  after  proper  furvey,  there  is  no  reafon  the  (hip  diould  lofe  her  freight  5 
for,  the  freight  arifes  from  the  tonnage  taken,  and,  if  the  leakage  was  Occafioned  through  dorm 
the  fame  perhaps  may  come  into  an  average,  Mafters  ihould  take  care  to  make  their  regu- 

lar proteds  after  a  dorm,  as  they  may  fufter  feverely  by  omitting  it. 
If  a  {hip,  freighted  by  the  great,  be  cad  away,  the  freight  is  lod  ;  but  if  by  the  ton  or  par- 

cels, and  part  thereof  is  faved  from  the  wreck,  doubted  whether,  fro  rata,  (he  ought  not  to  be 
anfwered  her  freight. 

If  a  (hip  by  charter-party  reciting  to  be  of  the  burthen  of  200  tons,  is  taken  to  freight  for  3 
fum  certain,  to  be  paid  at  her  return,  the  fum  certain  is  to  be  paid  though  the  (hip  amounts 
not  to  that  burthen. 

In  cafe  a  (hip  is  freighted  after  the  rate  of  20I.  for  every  month  that  (he  (hall  be  out,  to  be 
paid  after  arrival  at  the  port  of  London  ;  the  (hip  is  caft  away  going  up  from  the  Downs,  but 
the  lading  is  all  preferved,  in  which  cafe  the  freight  is  become  due  ;  for,  the  money  arifes  fo 
monthly  by  the  contract,  and  the  place  mentioned  is  only  to  (hew  where  payment  is  to  be 
made  ;  for  the  (hip  deferves  wages  like  a  mariner  who  ferveth  by  the  month  ;  and  though  he 
dies  in  the  voyage,  yet  his  executors  are  to  be  anfwered  pro  rata.  Befides,  the  freight  becomjf 
due  by  intendment  on  the  delivery,  or  bringing  up  of  the  commodities  to  the  port  of  London, 
and  not  of  the  (hip. 

If  a  man  freight  a  (hip  out,  and  covenants  that  the  (hip  (hould  fail  out  of  the  port  to  Cadiz 
with  the  fird  fair  wind  and  opportunity,  and  the  freighter  covenants,  that,  for  the  freight  of  all 
the  premifes,  he  would  pay  unto  the  mader  184/.  if  the  mader  doth  not  lhew  that  the  (hip  ar- 

rived at  the  port  of  Cadiz,  he  cannot  maintain  an  action  againrt  the  freighter. 

If  the  mader  enttr  into  a  charter-party  for  himfelf  and  owners,  the  mailer,  in  that  cafe,  may 
releafe  the  freighters  without  advifing  with  the  owners.  But  if  the  owners  let  the  (hip  oiit  tif 
freight,  whereof  J.  J.  is  mailer,  though  the  mafter  covenant  in  the  fame  charter-party,  and 
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fubfcribe,  yet  htsreleafe  in  that  cafe  will  r.oj^bind  the  owners  ;  but  the  owners' rekafe,  on  this 

other  hand,,wiH'include  the  matter,  end  the  reafon  is,  for  that  the  mailer  is  not  made  a  proper 
parry  in  the  indenture.  ',"    ' 

Iran  indenture  of  charter-party  mane  Between  A",  and  B.  owners  of  a  ihip,  of  the  one  parr, 
and  C.and  D.  merchants,  or"  the  other  part';  and  A\.  only  feals  the  deed  of  the  pne  part  and C..ari3  D.  of  the.  other  part;  but  in  the  indenture  it  is  mentioned,  that  A.  and  B.  covenant 

with  C,  and  D»  ?nd  C.  and  D.  covenant  with  A.'and  B.  In  this  cafe,  A.  and  B.  may  join  in 
an  action  again'ft  C.  and  D.  though  that :  B.  never  feals  the  deed,  for  he  is  party  to  the  deed,  and C.  and  p.  have  fealed  the  other  part  of  B.  as  well  as  to  A. 

If  a  factor  freight  a  ihip  by  order  and  for  account  of  another,  out  and  home,  and  a  charter* 

fzrty  is  accordingly  made  and  indented  between  him  and  the  mafter,  the  factor  is  liable  for  the 

■freight,  and  'performance  of  all  the  covenants.  .  But  if  the  (hip  be  onlv  fre'ghted  outwards,  and 
loaded  by' the  ta&or,  the  goods  fhipped  are  only  liable  for  the  freight,  and  no  demands  to  be 
made  on  the  freighters  in  virtue  of  the  cbai  ter-party,  but  the  perfon  who  receives  the  goods 
is  to  pay  it,  according  to  the  tenor  of  the  bill  of  lading. 

If  a  fhip  is  freighted  out  and  home,  and  after  having  delivered  her  cargo  at  the  place  agreed 
on,  there  are  ho  goods  provided  for  her  re-loading,  tile  mailer  mud  flay  the  days  of  demurrage 

agreed  on  by  charter -party,  and  "make  his  regular  protefr  for  Lis  freighter's  non-compliance, 
"vyho  will,  in  ti'iscafe,  be  obliged  to  pay  him,  empty  pr  full  ;  though  mould  the  mafter  not 
syait  the  time,  flipubrer),  or  omit  to  make  his  proteft,  he  will  lofe  his  freight.:  and  in' cafe  the: 
ihader,  on  his  finding  no  goods  provided  by  his  freighter,  fhould  determine  to  load  fome  on  his 

account,' as  fair,  or  the  like,  this  will  not  prevent  his  recovering  his  freight  ;  for  if  the  (hip  had 
Been  laden  only  with  filt'by  the  merchant,  wv-»"b  (it "may  be)  would  not  pay  half  the  freight,, 
yet  the  fiVpper^  or  proprietor,. may  at  pleafure  abandon  the  fame  to  the.  mafter  for  his  freight; 
and  he  can  demand  no  more  by  the  charter-party.  But  if  the  mailer  take  in  fuch  fait,  on  his 
own  account,  before  the  days  of  demurrage  are  expired,  and  that,  by  fome  condition  with  the 
freighter,  he  may  chin:  freight,  then  this  latter  is  to  have  the  benefit  of  the  fait  in  deduction  of 

the  faid  freight.  '  \  ' 

CHARTER-PARTY  OF  ASSIGNMENT. 

THIS  Charter  Party  indented,  made,  concluded  and  agreed  upon,  the  day  of     ■       ■ 
in  the  year  of  our   Lord,  Scz.    between  A.  B.  of,   &c.  matter  and  owner  of  the  fhip  or  veffel 
called   r  of  the  burthen  of,  &c.  of  the  one  part,  and  C.  D.  of,  Sec.  of  the  other  part,  ivit- 

ieJJ/th-.  That  the  faid  A.  B.  for  the  confideration  herein  after  mentioned,  hath  granted  and  to 
freight  letten,  and  by  thefe  prcfents  doth  grant  and  to  freight  let,  unto  the  faid  C.  D.  his  ex- 

ecutors, adminiftrators  and  afligns,  the  whole  tonnage  of  the  hold,  (lem,  fheets,  and  half  deck 
of  the  faid  fhip  or  veffel,  from  the  pott  of   to  the  port  of   in  a  voyage  to  be  made; 
With  the  faid  fhip  in  the  manner  following  (that  is  to  fay)  the  faid  A.  B.  is  to  fail  with  the  firfi 

jfair  wind  and  weather  that  ihall  happen,  next  after  the  —————  day  of————  or  before 

the   day  of    —  next,  from  the  faid  port  of  "'    with  the  goods  and  mer- 
chandizes of  the  faid  C.  D.  his  factors  or  afiignsi  on  board,    to    —  aforefaid,  there  to  be 

flclivered  and  difebarged  of  her  faid  cargo,  within  fifteen  days  next  after  her  arrival  for  the  end, 
of  the  faid  voyage  :  In  eon  fideraiion  whereof,  the  faid  CD.  for  him  fe  If,  his  heirs,  executors 
§nd  adminiftrators,  doth  covenant,  promife,  grant  and  agree,  to  and  with  faid  A.  B.  his  execu- 

tors, adminiftrators  and  afligns,  and  every  of  them  by  thefe  prefents,  that  he  the  faid  C.  D.  his 
executors,  adminiftrators,  factors  or  afligns,  (hall  and  will  well  and  truly  pay  or.caufe  to  be) 
paid,  unto  the  faid  A.  B.-  his  executors,  adminiftrators  and  afligns,  for  the  freight  of  the  faid 
fhip  or  goods,  the  fum  of,  &c,  {Or  thus,  20s.  a  ton,  for  loading  or  unloading  and  taking  in  goods 

at  — — ■■   and  — —  ports)  wfthin  one  and  twenty  days  after  the  faid  {hip's  arrival,  and   goods 
difcharged  at  aforefaid,  for  the  end  of  the  voyage  ;  and  alfo  (hall  and  will  pay  for  de- 
muriacr,  if  ary  (ball  be  by  the  default  of  him  the  faid  C.  D.  his  factors  or  afligns,  the  funj 
of  three  dollars  a  day,  daily  and  every  day,  as  the  fame  (hall  grow  due  :  And  the  faid  A.  B.  for 
himfe'.f,  his  heirs,  executors  and  adminiftrators,  doth  covenant,  promife,  grant  and  agree,  to 
and  with  the  faid  C.  D.  his  executors,  adminiftrators  and  afligns,   and  every  of  them,  by  thefe 

prefents,  that  the   faid  (hip  or  veffel  (hall  be  ready  at  the  faid  port  of   at  —— — —  key, 
to  take  in  goods,  by  the  faid  — 1-   day  of  - — :     next  coming  :  and  within  ten  days  after 
the  faid  fhip  (hall  be  ready  at  the  faid  key  as  aforefaid,  the  faid  0.  D.  doth  grant,  promife  andj 

agree  to  have  his  goods  ready  and  put  on  board  the  faid  (hip,  in  order-that  (lie  may  proceed  on 
her  faid  voyage.  And  the  faid  A.  B.  doth  alio  covenant,  promife,  grant  and  agree,  to  and  with 
the  faid  C.  D,  his  executors,  adminiftrators  and  afligns,  that  the  faid  fhip  or  veffel  now  is,  and 
at  all  times  during  the  faid  vovage  (hall  be,  to  the  bed  endeavour  of  the  faid  A.  B.  his  executors, 
and  adminiftrators,  at  his  and  their  own  proper  cods  and  charges,  in  all  things  made  and  kept 

Hift", ftauncb  and  ftrong,  and  will  furnifti  and  provide  as  well  with  men  and  mariners  fufficient 
end  able  to  fail,  guide,  and  govern  the  laid  (hip,  as  with  all  manner  of  rigging,  boats,  tackle, 
apparel,  furniture,  pruvifion  and  appurtenances  fitting  and  neceffary  for  the  faid  men  and  rr^arin^ 
era,  and  for  the.  &id  (hip,  during  the  voyage  aforefaid.     hi  witnefsj  &e. 



CHARTER-PARTY  of  affreichtment. 

THIS  charter  parly  of  affreightment,  indent-ed,  made  and  fully  concluded  upon  this  . 
rjsy  of   in  the  year  of  our  Lord   between  A.  B.  of,  &c.  owner  of  the  good  fhip 
cailed  the  — — —  of  the  burthen  of   tons,  or  thereabouts,  now  lying  in  the.  harbour  of   

whereof   is  at  prefent  rpafter,  on  the  one  part,  and  C.  D.  of,  Sec.  on  the  other  part,  IV'it- 
tu-jjitb,  That  the  faid  A.  B.  for  the  confideration  hereafter  mentioned,  hath  let:en  to  freight 
— — —  the  -aforefaid  ihip  with  the  appurtenances  to  her  belonging,  for  a  voyage  to  be  made  by 
the  faid  C.  D.  to   and  back  again  to  — — —  where  (he  is  to  be  difcharged  (the  danger 
of.the  feas  excepted)  and  the  faid  A.  B.  doth  by  thefe  prefents  covenant  and  agree  with  the  faid 
C,  D.  in  manner  following,  That  Is  to  jay,  That  the  fjid  (hip  in  and  dosing  the  voyage  aforefaid, - 
fha.ll  be  tight,  (launch,  and  ftrong,  and  fuinciently  tackled  and  apparelled  with  all  things  neeef- 
firy  for  fich  a  veffel  and  voyage  ;  and  that  it  (hall  and  may  be  lawful  for  the  faid  C.  D.  his 
agjnt  or  factors,  as  well  at   ;   as  at  — — —  to  load  and  put  on  board  the  faid  (hip  — — — 
I  jading  of  fuch  goods  and  merchandize  as  they  (hall  think  proper.  Contraband  goods  always 
excepted.  In  corf  deration  lubercof,  the  faid  C.  D.  doth  by  t.hef-  prefents  agree  wiih  the  faid. 
A.  B.  w*jU  and  truly  to  pay  or  caufe  to  be   paid  unto  him,  in  full    for   the  freight  or  hiie  of  his 
faid  fhip  and  appurtenances,  the  fuinof   and  fo  in  proportion  for   a  lefs  time,  as   the 
faid  (hip  (hall  be  continued  in  the  aforefaid  fervice  in  -  days  after  her  return,  to    
and  the  faid  C.  D.  dolh  agree  to  pay    the  charges  of  victualling  and  manning  ;he  faid 
ihip  and   port  charges  and  pilotage  during  faid  voyage,  and.  to  deliver  faid  ihip  on  hqp 
return  to   to  the  owner  aforefaid  or  his  order. 

To  the  true  end  faithful  perf  rmance  cf  ali  and  lingular  the  covenants,  payments  and  agreer 
ments  aforementioned,  each  of  the  parties  aforenamed    binis  and  obliges  himfelf,  his  executors 
and  adminiftratcrs,  in  the  penal  fum  of    fir  inly  by  thefe  prefents.      In  witnels  wherecf,  the- 
parties  aforefaid  have  hereunto  interchangeably  fet  their  hands  and  feals  the  day  and  year  afore- 
written. 

Signed,  faLd  and  deli  veredy 
in  prefe/ice  f us,  C\\ 

! — m   

The  following  is  tie  Form  of  a  Charter -B 'arty-,  whereby  the  Owners  of  one  Moiety  cf  a  Slip  lefts' 
Freight  their  jhare  to  the  Owners  of  the  ether  IVLiety, 

THIS  charter-party,  indented,  made,  and  fully  concluded,  this   day  of.  &c.  be- 

tween A.  B.  and  C.  D.  of  Bofton,  merchant?,  owners  of"  one  moiety,  or  half  part, of  the  good  fhip,  or  veffel,  called  the  Neptune,  or  the  burthen  of  two  hundred  tons, 
with  the  like  moiety  of  all  the  fails,  malts,  tackle,  apparel,  furniture,  ordnance,  and  ap- 

purtenances, thereunto  belonging,  riding  at  an  anchor  in  the  harbor  of  Bofton,  of  which 
the  faid  C.  D.  is  mailer  of  the  one  part,  and  E.  F.  and  G.  H.  of  Bofton,  merchantf, 
owners  of  the  other  moiety  and  refldue  of  the  faid  ihip,  with  the  malts,  fails,  tackie,. 
ordnance,  furniture  and  apparel,  thereunto  belonging,  on  the  other  part,  witr.fictb* 
that  the  faid  A.  B.  and  C.  D.  have  granted  and  letten  to  freight,  and  by  thefe  prefents, 
do  grant  and  let  to  freight,  ail  their  faid  part  and  moiety  of  the  laid  (Lip  and  premiles, 

unto  the  faid  E.  F.  and  G.  H.  for  a  voyage  with  her  (by  God's  gracej  to  be  made  in 
the  manner  and  form  following  : 
-  That  is  to  fay,  That  the  faid  A.B.  and  C.  D.  for  them,  theirexecutors,  adminiflra- 

tors  and  afhgns,  do  hereby  covenant  and  grant,  to  and  with  the  faid  E.  F.  and  G.  H. 
for  them,  their,  and  either  of  their  executors  and  adminiftrarors,  by  thefe  prefents* 
that  the  faid  fhip  (being  already  laden)  (hall,  with  the  fii  ft  good  wind  and  weather 
after  the  date  thereof  (God  permitting;  fail  directly  from  the  harbour  of  Boilon  to  the 
port  of  Leghorn  in  Italy,  (the  perils  and  dangers  of  tbe  feas  excepted)  and  there  dis- 

charge fuch  goods  and  merchandizes  as  fhail  be  directed  and  appointed  by  the  laid. 
E.  F.  and  G.  H.  or  one  of  them,  their,  or  one  of  their,  factors  or  alligns  ;  and  thence 
fhall  fail,  and  take  her  direct  courfe,  as  wind  and  weather  fhall  ferve,  with  as  much 
fpeed  as  may  be.  (the  perils  and  dangers  of  the  fea  excepted)  to  Venice,  and  there 
fhall  ftay  and  abide  the  fpace  of  forty  working  days  next  after  her  firft  arrival  there, 
to  unlade  all  fuch  goods  and  merchandizes  as  (hall  remain  on  board  for  account  of 
E.  F.  and  G.  H.  after  her  delivery  at  Leghorn  as  aforefaid  ;  and  to  re-l.<de  fuch  goods, 
wares  and  merchandizes,  as  the  faid  E.  F.  and  G.  H.  or  either  of  them,  their,  or  either 

of  their  factors  and  afhgns,  (hall  think  fit  to  charge  and  re-lade  on-board,  and  into  the 
laid  fhip,  that  is  to  fay,  fo  much  as  the  faid  fhip  can  conveniently  carry,  over  and  a- 
bove  her  victuals,  tackle,  ammunition,  apparel,  and  furniture. 

And  the  faid  (hip  with  her  faid  loading,  fhall,  wiih  the  firft  good  wind  and  weather  sifter  the 

e 'piration  of  the  faid  forty  days,  fail  and  proceed  from  the  faid  harbor  of  Venice  to  Bolton. 
And  the  faid  E.  F.  and  G.  H.  for  therr.felves  and  either  of  them,  their  and  either  of  their  exe- 

cutors and  aarniniftrators,  do  covenant,  promife  and  grant,  to  and  with  the  faid  A.B.  and  C.  Efc. 

4 
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and  either  of  them,  their  and  either  of  their  executors,  adminiftrators,  and  afligns,  by  thefe 
prefents,  that  they,  the  faid  E.  F,  and  G.  H.  or  one  of  them,  or  their  or  one  of  their  executors, 
administrators,  or  afligns,  fhall  and  will  well  and  truly  pay,  or  caufe  to  be  paid,  to  the  faid  A. 

B.  and  C.  D.  or  one  of  them,  their  or  one  of  their  executors  or  adminiftrators,  within  the  faid  ' 
town  of  Bolton,  for  every  ton  of  fuch  wares  and  merchandizes,  as  (hall  be  laden  or  unladen  in 
the  faid  fhip  during  the  faid  voyage,  the  fum  of,  &c.  [counting  the  tonnage  according  to  cuf- 
tf)Di,  or  if  a  certain  fum  is  agreed  on  for  the  voyage  out  and  home,  or  fo  much  per  month,}  for 
the  part  and  intereft  of  the  faid  A.  B.  and  C.  D.  in  the  faid  fhip,  and  for  and  in  refpect  of,  the 
freight  and  hire  of  their  part  of  her  :  which  faid  money  is  to  be  paid  in  manner  and  form  fol- 

lowing ;  that  is  to  fay,  one  third  part  thereof  fupon  the  right  dsfcharge  of  the  faid  fhip,  and 
another  third  part  thereof  within  the  fpace  of  fix  weeks  then  next  following,  and  the  remaining 
third  part  thereof  within  the  fpace  of  two  months  next  enfuing  after  the  end  and  determination 
of  the  faid  fix  weeks. 

And  the  faid  A.  B.  and  C.  D.  for  them  and  either  of  them,  their  and  either  of  their  execu- 
tors and  adminiftrators,  do  covenant  and  grant  to  and  with  the  faid  E.  F.  and  C.  H.  their  ex- 

ecutors and  adminiftrators,  by  thefe  prefents,  that  the  faid  fhip,  for  their  part,  (hall  be  flronj 
and  ftaunch,  and  well  and  fuffkiently  tackled  and  apparelled  with  fails,  fail-yards,  anchors, 
cables,  ropes,  gun-fhot,  artillery,  gun-powder,  and  all  other  inftruments  tackle  and  apparel, 
needful  and  neceffary  for  fuch  a  fhip  and  for  fuch  a  voyage,  together  with  an  able  matter  and 
fufficient  number  of  mariners, 

-  And,  in  the  performance  of  all  and  every  the  covenants,  grants,  articles,  and  agreements,  on 
the  parts,  and  behalfs  of  every  of  the  faid  parties,  truly  to  be  holden,  performed  arid  kept,  in  all 
things  as  is  aforefaid,  the  faid  parties  to  thefe  prefents  do  bind  themfelves  to  one  another  ;  that 

is  to  fay,  the  faid  A.  B.  and  C.  D-.  do,  by  thefe  prefents,  bind  themfelves,  and  either  of  them, 
and  their  feveial  executors  and  adminiftrators,  goods,  and  their  part  |and  intereft  in  the  faid 
dip,  with  the  furniture  thereof,  to  the  faid  E.  F.  aftd  G.  H.  and  to  their  executors  and  admin- 

iftrators ;  and  the  faid  E.  F.  and  G.  H.  do,  in  like  manner  bind  themfelves,  and  either  of 
them,  their  and  either  of  their  executors  adminiftrators,  and  afligns,  and  all  their  goods  and  in- 

tereft in  the  faid  fhip,  to  the  faid  A.  B.  and  C.  D.  their  executors  and  adminiftrators,  in  the 
fum  or  penalty  of  five  thoufand  dollars,  lawful  money  of  the  United  States  of  America,  by  the 
party  or  parties  infringing  the  faid  covenants,  or  any  of  them,  to  the  other  party  or  parties  truly 
c^bfeningj  to  be  paid  by  the  virtue  of  thefe  prefents.     In  rVitnejs>  &c. 

If  before  the  departure  of  the  fhip  there  fhould  happen  an  embargo,  occafioned  by  war,  re- 
prifals,or  otherwife,  with  the  country  to  which  the  fhip  is  bound,  fo  that  fhe  cannot  proceed  on 
her  voyage,  the  charter-party  fhall  be  diflolved  without  damages  or  charges  to  either  party,  and 
the  merchant  fhall  pay  the  charges  of  unlading  his  goods  ;  but  if  the  reftraint  arifes  from  a  dif- 

ference between  the  parties  themfelves,  the  charter-party  fhall  ftill  remain  valid  in  all  points. 
If  the  ports  be  only  fhut,  and  the  vefTels  ftopped  for  a  time,  the  charter-party  fhall  ftill  be 

valid,  and  the  mafter  and  merchant  fhall  be  reciprocally  obliged  to  wait  the  opening  of  the  ports, 
and  the  liberty  of  the  fhips,  without  any  pretentions  for  damages  on  either  fide. 

However,  the  merchant,  at  his  own  charges,  may  unload  his  goods  during  fhutting  up  of  the 
port,  upon  condition  either  to  reladethem,  or  indemnify  the  mafter. 

The  great  variety  of  circumftances  occafioned  by  different  voyages  naturally  produce  a  cor- 
refpondent  diverfity  in  charter-parties,  all  the  different  forms  of  which  it  would  be  impractica- 

ble and  unneceffary  to  introduce  here,  as  the  preceding  may  be  varied  to  fuit  any  purpofe. 

MERCANTILE  FORMS. 

A  hill  of  lading  is  a  writing  wherein  matters  of  fhips  acknowledge  the  receipt  of  goods  on 
hoard,  and  oblige  themfelves  to  deliver  the  fame  in  good  order  and  condition  at  the  place  where 
they  are  configned  to.  There  muft  always  three  to  be  made  out,  and  rmift  be  on  ftamped  pa- 

per, otherwife  they  are  invalid  ;  of  which  one  fhould  be  remitted,  by  the  firft  poft  after  figning, 
to  the  perfon  the  goods  go  to  ;  another  be  fent  him  by  the  fhip  ;  and  the  third  remain  with  the 
ftipper  ;  befides  which,  a  fourth  fhould  be  made  out,  on  an  unftamped  paper,  to  be  given  to 
the  mafter  for  his  government. 

If  the  goods  are  to  be  exported  from  one  diftricl  to  another  diftrift  in  the  United  States,  not 
being  in  the  fame  State,  the  bill  of  lading  muft  have  a  four  cent  ftamp.  If  from  the  Uni- 

ted Scates  to  any  foreign  port  or  place,  a  ten  cent  ftamp.  And  thefe  duties  are  chargeable  on 
every  bill,  without  refpecf  to  the  number  contained  in  each  fee. 

Upon  delivering  the  goocis  at  the  port  of  deftination  to  the  (nipper's  factor  or  affigns,  giving 
up  the  bill  of  lading  fent  to  the  fecfors  or  afligns  is  a  fufficient  discharge,  but  the  mafter  may 
infift  on  a  receipt. 



MERCANTILE    FORM*,  5$f 

BILL  OF  LADING. 

Shipped  in  good  order  by  A.  B,  on  the  good  fhip  Wafiingon, 
A.  B.  mailer,  now  riding  at  anchor  in  the  Bay  of  Fttnchal,  and 
bound  for  Bojion,  to  fay, 

C  D  No.  i  a  <;©  50  quarter  cajks  of  -wine. 
C  D  Ne.  1  a  4  4  fifes  -wine. 

being  marked  and  numbered  as  in  the  margin,  and  are  to  be  de- 
livered in  the  like  good  order  ̂ dangers  of  the  feas  and  enemies 

excepted)  at  the  aforefaid  portof  Bofton,  untoC.D.  or  his  affigns  ; 
he  or  they  paying  freight  for  the  faid  goods,  with  primage  and 
average  accuftomed.  In  witnefs  whereof  the  mafter  of  faid 
fhip  hath  affirmed  to  three  Bills  of  Lading,  of  this  tenor  and 
date,  the  one  of  which  being  accomplifhed,  the  other  two  to  be 
void.  A.  B. 

Funchal,  Nov.  12,  1801. 

BILL  OF  EXCHANGE. 

"Exchange  for  ,£.i©0  Sterling. 
Six  weeks  after  date  [or  fix  weeks  fight]  this-my  firft  of  exchange  (fecond  and  third  of 

the  fame  tenor  and  date  not  paid)  pay  to  C.  D.  or  order,  One  hundred  pounds  fierling,  with  or 
without  farther  advice,  From  your  humble  fervant,  E.  F. 

Mr.  G.N.  Merchant)  London: 

SEAMEN's   RECEIPT. 

Received  of  A.  B.  mafter  of  the  fhip  Wafhington,  of  Bofton,  fifty  dollars,  in  full  for  wages, 
and  in  fatisfacl,ion  for  all  other  demands  againft  the  owners,  mafter,  or  officers  of  the  faid  fhir^ 

Dols.  50.         Bofton,  July  16,  1801.  Z.  Y. 

RECEIPTS. 

Dols-  26.  Bofton,  July  16,  iSor. 
Received  of  A.  B.  by  the  hands  of  C.  D.  twenty-fix  dollars  on  account.  E.  F, 

'Dols.  45  68.  Bofton,  July  16,  1801. 
Received  of  A.  B.  by  the  hands  of  C.  D.  forty-five  dollars  fixty-eight  cents,   which  is  en- 

dorfedon  his  note  of  June  16,  1801.  E.  F, 

NOTES  OF  HAND. 

Dols.  256.  Bofton,  June  15,  iSor. 
Value  received,  I  promife  to  pay  to  A.  B.  or  order,  two  hundred  and  fifty -fix  dollars,  on  de- 

mand, with  intereft.  C.  D. 
Atteft.   E,  F. 

Dols.  26  86.  Bofton,  July  14,  1801. 
Value  received,  we  jointly  and  feverally  promife  to  pay  to  A.  B.  or  order,  twenty-fir  dollars 

and  eighty-fix  cents,  on  demand,  with  intereft.  A.   D. 
Atteft.  S.  M.  A.  E? 

DISBURSEMENTS  AND  OTHER  ACCOUNTS, 

THE  method  of  Book- Keeping  is  the  art  of  placing  our  accounts  in  fuch  an  eafy  manner, 
that  the  whole,  or  any  part,  of  the  money  received  and  advanced  may,  with  the  greateft  »lear- 
nefs,  be  attained  in  a  very  little  time. 

Whatever  is  paid  upon  a  (hip's  account,  the  (hip  muft  be  Dr.  for  it. 
Whatever  is  received  upon  a  fhip's  account,  the  (hip  muft  have  credit  for  the  fame. 
It  is  recommended  to  every  captain  to  keep  a  fmall  memdrandum-book,  to  fet  down  the 

money  as  he  lays  it  out,  both  for  himfelf  and  his  fhip  ;  likewife  the  money  which  he  receives, 
left  at  any  time  it  flip  his  memory  and  be  forgotten  :  then  thefe  accounts  can  be  eafily  entered 
into  a  larger  book  at  leifure.  By  this  method  he  can  ealily  tell  whether  any  thing  has  been 
omitted  or  not,  by  adding  up  the  money  paid,  and  taking  it  from  the  money  received  ;  if  what 
remains  is  equal  to  the  ca(h  he  has  on  hand,  nothing  has  been  forgotten  ;  if  they  do  not  agree, 
then  it  is  plain  fomething  has  been  omitted. 



#5i 
MERCANTILE    FOXMS. 

Many  loifes  have  frequently  fallen  upon  owners  of  (hips,  for  want  of  proper  care  being  taker) 
tv  their  captains  in  figning  bills  of  lading.  When  there  is  the  leaft  reafon  to  lufpecH  th* 
quantity  is  not  right,  or  that  there  is  any  damage  in  the  goods,  always  write, 

(If  hemp,  flax,  bars  of  iron,   &c.) 

Qu-tntity  and  conditions  unknown  ;  and  three  bundles  of  hemp  indijpute  ;  if  cm-board,  to  Be  de- 
Ifeuertd.  bTEPHEN  HoLLANB, 

(If 'inen,  yarn,  bales,  hardware,  &c.) 
Jnfides  and  contents  unknown  to  Stephen  Holland. 

(If  tar,   wines,   brandy,  turpentine,  &c,) 
Contents  and  conditions  unknown  ;  not  to  be  accountable,  for  leakage  ;  and  it  is  agreed  that  freight 

(lull  be  paid  for  the  quantity  flipped.  Stephen  Holland. 

The  following  accounts  and  examples  will  be  fufficient  for  any  voyage  whatfoever,  to  render 

ft  captain's  accounts  and  tcanfaclions  concife  and  pleafant  to  himfelf,  notwithstanding  they  are' 
are  limited  to  one  voyage  only. 

SALES  of  fundry  Merchandize  at  Funchal,  on  account  of  C.  D.   Merchant,  of  Boftort  ;  being 
part  of  the  Cargo  of  the  Ship  Washington. 

ico  barrels  of  Beef 

50  barrels  Pork 
10,000  feet  of  Boards 

m 

Expenses. 
Boat  hire 
Cooperage 

Commiifiorrs  5  per  ct. 

Funchal,  April        1S01. 
Errors  excepted, 

Net  Sales 

A.  B 

Invoice  of  Wines  fhipped  at  Funchal,   on  board  the  fhip  Wafhington,   bf 
A.  B.  mailer  of  laid  ihip,  on  account  and  rilk  of  C.  D.  a  native  citizen 
of  the  United  States,  refident  at  Bolton,  and  configned  to  him.   

Dols.    I    Bents. 
Marks. 
C  D 

No.  1  a  50 
CD.N0.1a4 

50  quarter  calks  of  Wine, 

4  pipes  Wine, Expenses, 

Commiffions  25  per  ct. 
Boat  hire  for  (hipping  Wine 

Funchal,  April        1801. 
Errors  excepted. 

at  30  Dols. 
120  Dols. 

49  5° 

1  60 

A.  B. 

ti;oo 

480 

5i 

2031 

OO 

00 

___^    Disburlement*  of  the  llup  Walhingcon,  paid  by  A.  B.   Mailer. 
1 80 1.     I  At  Bojtm. 

March  20  |       To  a  (hipping  paper 
To  bailaft 

To  blockmaker's  bill 
To  biackfmith'sbilJ 

25  I       To  (hip  chandler's  bill 
24  I       To  butchsr's  bill 

(At
  Madeira. To  frefli  meat  and  vegetables 

To  one  calk  of  wine  for  lhis's  ufe 

Dols. 

Cts 
0 

60 
12 

OO 

14 

00 

16 OO 
16 

*S 

11 11 
— 

69 

i     86 

Dols. 
I  Cts 

3 

1  12 

15 

|  03 rS 
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ERRATA. 

In  addition  to  the  errors  publiihed  in  the  laft  page  of  Table  IV.  are  the  following  printed  only 
in  a  few  copies. 

Page  104,  col.  1. — For  Theo.  VI.  read  Theo.  I.  Page  136,  line  12— For  H  read  F. 
Page  158 — The  afterifk  (*)  mould  have  been  placed  at  the  end  of  the  firft  paragraph,  6th 
line.  Table  I. — For  %\  points,  dift.  58,  For  59.7  read 49.7.  Table  IV.  laft  page,  col.  I. 
For  Sandwich  Iflandsrctf*/  Sandwich  Ifland.  Col.  2. — Furneaux  Ifland  is  in  the  long,  of  143,2 
Col.  3. — For  Rocka  read  Rock,  and/or  Avdfcha  read  Avatfcha.  Table  X.  precepts,  page 
I,  line  35— fit  the  and  minutes,  read  the  odd  minntes. 

After  a  careful  perufal  of  the  mathematical  part  of  this  work,  the  above  errors,  only,  were 
difcovered.  Since  Table  IV.  was  printed,  the  latitudes  and  longitudes  of  feveral  places  have 
been  obtained,  which  we  fhall  hereinfert,  as  an 

Addition  to  Table  IV. 

An  ifland  was  difcovered  by  captain  Ifrael  Gardner,  of  the  fhip  Diana,  in  her  outward  paf- 

fage  from  New-Bedford  to  Manilla,  on  the  3d  of  January,  1801,  in  the  latitude  of  i°  o'  S. 
longitude  1680  45'  E.— On  the  chart  N°-  47,  of  the  collection  of  Laurie  and  Whittle,  pub- 

lished at  London  in  iSor,  there  is  an  ifland  marked  tc  Pleafant  Ifland,  difcovered  in  1798," 
which  is  nearly  in  the  fame  place,  being  in  the  latitude  of  O0  25'  S.  longitude  167 °  10 '  E. 

The  latitude  of  the  Caoe of  Good  Hope,  given  by  Capt.  James  Cook,and  others, is  34°23  'S 

FalfeCape34°  12' S.     '  ff 

Capt.  Jonathan  Carnes,  of  Saiem,  has  politely  furnifhed  us  with  the  following  table  of  the 
latitude*  of  feveral  places  on  the  weftern  coaft  of  Sumatra, and  the  iflands  adjacent.  The  charts 
of  that  coaft  being  very  defective,  induces  us  to  publifh,  in  this  place,  his  ufeful  feble. 

King 
Point  ocar  Achcc 

Ache 
Ddya 
Anal; bo„ 
Ujon ncim,  cr CapeFcli Sonfo 
Lih.majS 
Tall. n  Baqur, or  Mucat 

Tampatuon  Po 
inc 

Sink 
Bar  re s  River Tapp   "I> 

Nata 
Aver 

ButiLcy 

Priai 
I',  .la 

mo5
 

M..C 

0 • 
5 

38N 

5 

24 

4 

5° 

■1 

10 

! 

4" 

i 

37 

! 

3& 

S 

i'a 

• s 

36 

3 37 

*4 

1 

*4i 

3 49 

I 

58 

[poe 
Pulo  Malt 
Vcrkin's  Ifland,  North  cud 

louth  end 
Pulo  Dua 

Pulo  Bangcuck,  North  end 
South  end Pulo  Sink 

Pulo  Nyas,   middle 
Pulo  Batoa 
Pulo  Mimao,  middle 
Coui  Fortune  Ifland,  Nonh  e 

nd 

South  e 
.d 

Our  Ifland,  is  a    (mall  i.'land 

iy 

ngweft  fror 
a  Verki 

18  or  20  legncs  didailt. 

There  is  a  pood  pa(ra«e  between he  norrh  en of  Goo 
IlUnd  an.)  the  louth  end  of 

Mi 

uao,  30  milt 
s  wrdc. 

The  latitudes  here  given  are  more  correct  than  thofe  publiihed  in  Table  IV. 



A  lift  of  Errors  hi  Hutton's  Logarithm!. 
IN  making  the  calculations  of  the  preceding  work,  the  following  errors  ware  difcovered  in 

Hutton's  Logarithmic  Tables,  edition  ad.  London,  1794,  and  edition  3d.  London,  i8ot. — 
Thofe  errors  marked  S,.  are  in  the  fecond  edition— thofe  with  T,  are  in  the  third,  and  thofe 
with  S  and  T,  are  in  hoth  the  fecond  and  third  editions. 

The  firffc  edition  was  not  examined,  as  no  copy  of  it  could  be  procured. 

In  Table  I. 

Page  82- 

-Nat 
ural  n .imber  4826,  read  4836  S. 

Ta BXB    III, 

Lpg.  of  j  0100 9  for  00836  &c.  read 
00436  &c. In  Table  X. 

Log. Sine     ■ 
io°  60' 

For 

9.2705988 
read 

9.2805988  S. Log. Covers. n'  r-' 
— 

9.8990202 

— 

9.9000202  S. T. 
Log. Secant 

ia°  54'" 

— 
10.01 10118 — 

10.0111018  s. 

T. 

Log. Vers.  Sine 
•4"  IS' 

— 8.4871034 - 
8.4881147  s. Nat. Sine 

1 6°  48'' 

— 2880318 — 
2890318  s. 

T. 

Log. Vers.  Sine 22°      W 

.— 

•8.8633265 
— 

8.8635265  s. 

T. 

Log. Co-fine — 
9.9182760 

— 

9.9^2760  T 
Log. Secant 

35°  6o- 

— 10.0910424 — 10.0920424  T 
Nat. Tangent 

40'     0' 

— ' 

8490996 
— 

8390996   T Nat. Tangent 
40°     1/ 

— 849595? — 
8395955  T 

Log. Co-fine 

40"  25' 

— 9.8815542 — 
9. 88 1 584-2  S. t! Log. Covers. 

41°  27' 

— 
9.5208601 

— 

9.5289601  s. 
Log Vers.  Sine 

430  60 ' 

— 

9.4471808 

— 

9.4481808  s. 

T. 

Table  XI. 

.  A  number  of  f mall,  errors  were  difcovered  in  this  table,  both   in  the  fecond  and  third  edi- 
tions, the  correct  values  are  as  follows  ; 

Cou 
Points. 

rie.        | 

Degs. 

•  -Dirt. 
Lat. 

Dep. 

4 8 0.5581 

5 3 

0-2941 

a. 

4 10 

!-4673 

, 
11 

10 
9.8163 

X 5 

°-9755 

J3 

5 4.8719 

13 

7 

1-5747 

H 3 

2.9109 
18 

8 7.6085 
20 

7 
6.5778 

2 3 
1.1481 

2 9 3-4443 

23 

10 
3-9073 

24 

2 

1. 8271 

27 

5 

.2.2700 

21 

4 

1.8S56 

30 

2 1-732! 

30 

6     . 
5.1962 

3i 

.     7 
36053 

32 

3 

1.5898 

32 

8 

6.7844 

3 5 

2-7779 

35 

S 

4.5886 i'i 

7 5.6225 

38 

10 6.1566 

4i 

5 

3-7735 

3i 
9 6.6686 

43 
2 

1.4627 

44 ^ 

1-3893 

1         1   44 6 

4.1680 



Errors  in  Hutton's  Logarithms  continued. 

Table  XII. 

Arch  of  115*  '  For  1. 0071286 
1,16  ~     1.0145819 
117  —  1.0420352 
318  —  1.0594885 

119  .  —  1. 0769418 

120  —  '  I.O943950' 
167  —  2.9146997 

J7^  — ;  2.0019662 
173  —  2.OI94I95 
?74  —   2.O368728 

-174      ■■  —   2.0543261 
K76    2.Q7I7794 
177  —  2.0892327 
178  -  —  2.1066860 
179  —  2.1241393 
,180  ■  ■ —     2.i4i59'27 

And  the  numbers  correfponding  to  the  following  d< 

increafed  by  an  unit  in'the  lail  decimal  place,    viz', 
from  121°  to  1270,  from"i37°  t0  H°° >  ̂rt,m  r47 
168*  to  1710  inclufivcljr' 

read     2.0071286  S.  T-„ 
'  ■  •  ~  2.0245819  S.  T. 
—  2:0420352  S.  T. 
—  2.0594885  S.  T. 
—  .    2.0769418  S.  T. 
—  2:0943951  S.  T. 

— ^  2.9146999  S.  T. 
—  3.0019663  S.  T. 
—  3.0194196  S.  T. 
—  3.0368729  S.  T, 

—  3.0543 26 z  S.T. 
—  3.0717795  S.  T. 
—  3.0892328  S.T. 
—  3.106G861  S.T. 
—  3.1241394  S.T. 
—  3. 141 5927  s.-T. 

-grees  in  edition  fecohd  and  third,  muff  be 

from  970  to  100%  Sfrom  I07Q  to  112% 
°  to  153  °,  from  1 570  to  i§6Q;  and  from 

Table  XIII.' The  numbers  corresponding  to  the  following  logs,  in  edition  fecond  and  third,  muft  be  irn 
creafed  by  unity,  viz.  .06,  .81,  .82,  83,  .84,  .85,  .92,  .93,  .94,  .95  ; 
ami  the  following  muft  be  decreafed  by  unity  .16,  .26,  .36,  .37,  .46,  .47,  .48, 
•  56*     -57r     -58,      .59,     .66,     .67,     68,     .69. 

Befides  thefe  errors  in  the^  fables,  there  are  feveral  in  the  precepts,  but  as  they  are  eafiTy 
COjredled  by  the  reader,  I  ihall  nut  infert.them,  but  oolyadd  the  following  remarks. 

In  page  158,  Ed.  2,  or  page  157,  Ed.  3,  it  is  faid  that  "Thefign  >•  fignifies  greater  than^ 
and  <  lefs,"  but  by  examining  the  table  oTfoludons,  page  159,  Ed.  2,  or  page  158,  Ed.  3, 
it  appears,  that  they  are  ufed  with  a  contrary  Signification  :  For,  in  Cafe  5,  it  is  faid  that  "  H 
is  >  or  <i  goQ  as  B  is  like  or  unlike  P. — bu"  by  fpherics  it  is  well  known  that  when  H  repre- 

sents the  hypotenufe,  and  B,  P,  the  fules  of  a  right  angled  fpheric  triangle,  the  hypotenufe  H 

will  be  lefs  or  greater  than  900  according  as  the  fide^  B,  P,  are  like  or  unlike  :  therefore  the  figra, 
£*■  is,  in  this  cafe,  ufed  inftead  of  "lefs  than,"  and  <3  inftead  of  greater  than,  which  is  con- 

trary to  the  fignification  before  given,  and  is  different  from  the  general  ufe  of  thefe  figns  by 
mathematicians. 

The  rule  for  the  quadrantaf  triangle,  pagi  159,  Ed.  2,  or  page  158,  Ed.  3,  line  12,  etfeq. 
requires  a  little  alteration.  For  if  for  H  v/e  take  its  fupplement,  we  mull  read  the  terms  like 
and  unlike  as  in  the  table  ;  but  if  we  take  the  real  value  of  H,  we  mull  change  the  terms  like 
and  unlike. 

By  calculating  as  in  Prob.  XVIIL  page  166,  Ed.  2,  or  page  165,  Ed.  3.  you  will  obtain 
two  of  the  fought  fides  of  the  given  triangle,  and  the  fupplement  of  the  other.  In  folving  this 

problem,  you  may  take  the  fupplement  of  either  of  the'  given  angles,  inftead  of  being  confined 
to  the  fupplement  of  the  greatefc  angle,  as  in  the  rule  given  by  Mr.  Hutton. 

Errors  in  Taylor's  Logarithms,    London,  1792. 
Page  33,  line  2.     In  the  denominator  of  the  value  of  N.  for  L,  M.  read  L»  m. 

  line  5.     Dele  t  in  the  exponent  of  the  denominators  l-J-r. 

  -line  22.  For  m=p,  r+fl"  read  m' =  p'.  i-J-r)-™ 

Page  48,  line  10.   Cafe  i.~    For  Z  \  t>  ACB  read  Z  >  \  ACB. 
  line  12.  Cafe  2.     For  |  A+B  >•  900  read  §  A+B  <  9O0. 
   For  Z  >|  ACB,  read  Z<ji  ACB. 

J®3ge  59.  In  the  foiution  of  Problem  XIII.   it  is  faid  that  B  can  exceed  90",  onjr 

in'the  fecond  femi-circie  of  right  afcenfion.  But  it  is  evident  that  when 
the  liar  has  fouth  declination,  and  the  arch  A  is  greater  than  the  comple- 

ment of  the  obliquity  of  the  ecliptic,  the  angle  B  will  be  greater  than  go" '. 
This  cafe  ought  to  have  been  noted  in  the  latter  part  of  the  rule.  There 
is  a  fimilar  neglect  in  Problem  XIV. 

Page  62,  line  11.   F«r  13.   29.  42.   read   13.   20.   42. 

in  the  lad  page  of  the  book.     For  the  I         Log.  of  2.3025,  &c.  inftead  of  0.36221493 
read  0.3622157., 



to  wit  f 

/O,  It  it  XmXtmbtXt^,   That   on   the 
V_  y  eighth  day  of  April,  in  the  twenty-fifth  year  of  the 
Independence  of  the  United  States  of  America,  Edmund 
March  Blunt,  of  the  faid  Didrict,  hath  depofited  in  this 
Office  the  title  of  a  Book,  the  right  whereof  he  claims  as 
Proprietor  in  the  words  following,  to  wit  : 

"  The  New  American  Practical  Navigator  ;  being  an 
Epitome  of  Navigation ;  containing  all  the  Tables  necefiary 
to  be  ufed  with  the  Nautical  Almanac,  in  determining  the 
Latitude  ;  and  the  Longitude  by  Lunar  Obfervations  ;  and 

keeping  a  complete  Reckoning  at  Sea: — Illuftrated  by  proper- 
Rules  and  Examples  : — The  whole  exemplified  in  a  Journal 
kept  from  Bodon  to  Madeira,  in  which  all  the  Rules  of  Nav- 

igation are  introduced  ;  alfo  the  demondration  of  the  mod 

ufeful  Rules  of  Trigonometry  ;  with  many  ufeful  Problems 
in  Menfuration,  Surveying  and  Gauging  ;  and  a  Dictionary 

of  Sea  Terms,  with  the  manner  of  performing  the  raoft  com- 
mon evolutions  at  Sea. — To  which  are  added,  feme  general 

indructions  and  information  to  Merchants,  Mailers  of  veffels 

and  others  concerned  in  Navigation,  relative  to  Maritime 
Laws  and  Mercantile  Cuftoms — -from  the  bed  authorities  ; 

enriched  with  a  number  of  new  Tables,  with  original  im- 
provements and  additions ;  and  a  large  variety  of  new  and 

important  matter  :  Alfo  many  thoufand  errors  are  .corrected 
which  have  appeared  in  the  bed  Syftems  of  Navigation  yet 
published.  By  Nathaniel  Bowditch,  Fellow  of  the 

American  Academy  of. Arts  and  Sciences." 

In  conformity  to  the  Act  of  the  Congrefs  of  the  United 

States,  intitled  "An  Act  fcr  the  Encouragement  of  Learning, 
by  fecuring  the  Copies  of  Maps,  Charts  and  Books,  to  the 
Authors  and  Proprietors  of  fuch  Copies,  during  the  Times 

therein  mentioned.5' 

N.  GOODALE,  Clerk  of  the  Dili  rift  of  Mafla< ivjfet&s  Diltrift, 

A  true  copy  of  Record. 

Atteft,  N.  GOODALEj  Clerk.       , 



NEW    CATALOGUE 
O   F 

Chart S)  Pilots^  Navigation  Booh,  ̂ Sfr, 
KEPT  CONSTANTLY   FOR  SALE  BY 

Edmund     M.    Blunt, 
AT    HIS    WHOLESALE    AND    RETAIL 

Book,  Chart,  and  Stationary  Store, 
No.  8,  ST  AT  E  STREET, 

NEWBUR.YPORT,  (Maff.) 
-g  ig  g>  n  <Z.Z>  Q>  i?  a  aa    ■■ 

CHARTS. 

America,  Weft -Indies,  &c. 
lOASTof  the  United  States,  on  a  large  fcale,  with  plans  of 

the  principal  harbours. — Coaft  of  America  from  Bofton  to  Philadel- 

phia.— Ditto  from  Philadelphia  to  Florida. —Ditto  from  Hallifax  to 

Philadelphia. — Ditto  from  Cape  Cod  to  Havannah. — -George's'  Banks 
and    Nantucket  Shoals. — >. — Banks    of   Newfoundland,    mewing    all    the 
foundings.-   The  River  St.   Lawrence.   The  Gulf   of  Florida  and 
Bahamas. — The  Bay  of  Honduras. — The  Windward  PafTage,  including 
Jamaica  and  St.  Domingo.- — The  Weft  India  or  Carribee  Iflands,  with  a 
book  of  directions. — The  Gulf  of  Florida  and  Windward  PafTage,  from  An- 

tigua to  the  Bay  of  Honduras,  including  Porto  Rico,  St.  Domingo,  Jamaica 

and  Cuba,  with  directions. — The  Coaft  of  South  America,  including  the 
Harbour  of  Surinam,  Demerary,  Guayana,  and  Berbice,  on  a  large  fcale. — 

A  Mercator's  Chart  of  the  Atlantic  or  Weftern  Ocean,  containing  the  Coaft 
of  Europe  and  Africa,  from  61°  North  Latitude  to  the  Equator. — The  At-, 
lantic  and  Southern  Oceans,  extending  from  Greenland  to  Cape  Horn,  and 

the  Cape  of  Good  Hope,  on  two  large  meets. — A  Mercator's  Chart  of  the 
Atlantic  or  Weftern  Ocean,  and  adjacent  Seas,  including  the  Coafts  of  Eu- 

rope, America,  Africa,  Weft-Indies,  &c. — An  Outline  Chart  of  the  Atlan- 
tic Ocean. — The  Bermudas,  or  Summer  Iflands. — The  Azores,  or  Weftern 

Iflands. — A  Mercator's  Chart  of  the  World. 

England,  Ireland,  Scotland,  France,  Holland,  &c. 
A  new  and  correft  Chart  of  the  Englifh  Channel,  including  that  of  Briftol 

and  the  South-weft  Coaft  of  Ireland. — All  the  Entrances  to  the  River 

Thames  from  the  Downs  and  Orfordnefs  to  London. — The  Downs,  Mar- 

gate Roads,  and  Queen's  Channel.— Spithead,  Portfmouth,  Needles,  Ifle  of 
Wic-ht,  Owers,  Sec. — Iflands  of  Scilly. — Briftol  Channel. — St.  George's 
and  Briftol  Channels,  with  the  Coaft  of  Ireland,  from  Cork  to  Dublin  and 

Londonderry. — St.  George's  Channel,  extending  from  Glafgow  to  Caldy 
Ifland,  and  from  Port  Rufh  to  Kinfale.i — The  North-weft  Coaft  of  Ireland, 

from  Belft.ft  to  Siigo  Bay. — :The  Weft  and  South-weft  Coaft  of  Ireland,  in- 
cluding Waterford  and  the  Shannon  River. — The  Orkney,  Shetland,  and 

Ferroe  Iflands,  with  the  North  Coaft  of  Scotland. — St.  .George's  Channel 
and  the  whole  Coaft  round  Ireland. — Coaft  of  Norway. — Baltic  Sea  and 

Gulf  of  Finland.— Chart  of  the  North  Sea,  with  great  additions. — The 



CHARTS,  BOOKS,   &t. 

North  Sea,  on  a  very  large  fcale.-— The  Coaft  of  France  and  Holland,  from 

Calais  to  Antwerp  and  Rotterdam,   with  the  Flemilh  Banks,   on  a  large 

fcaje>   The  Coafts  of  England  and  Scotland,  from  Hull  to  Aberdeen. — The 

Coafts  of  France,  from  Calais  to  Breft,  including  the  Iflands  of  Guernfey, 

Terfey,  Sec.   The  Bay  of  Bifcay,  including  Ufhant  and  Belle-Ifle. — Eng- 

land, Ireland,  Scotland,  Engliih  Channel,  Coafts  of  France,  Spain  and  Por- 

tugal. 
Spain  Portugal,  Mediterranean  Sea,  Coaft  of  Africa,  and  Iflands  adjacent. 

The  Coafts  of  France,  Spain  and  Portugal,  including  the  Bay  of  Bifcay, 

from  Breft  to  Barcelona.— The  Coafts  of  Spain  and  Portugal. — The  Coafts 

of  France,  Spain  and  Portugal,  including  the  English  Channel  and  Bay  of 

Bifcay  on  two  large  fheets — The  Coaft  of  Africa,  from  the  Straits  of  Gib- 

ralter"  to  Cape  Blanco. — The  Mediterranean  Sea,  including  the  Coafts  of 
France,  Spain,  Portugal,  and  Italy,  with  the  Harbours  of  Leghorn,  Smyrna, 
Marfeilles  and  Genoa. — A  new  and  correct  Chart  of  Madeira,  and  Canary 

Iflands,  with  part  of  the  Coaft  of  Africa. — Cape  Verd  Iflands,  and  a  Plan 
t)f  Pray  a  Bay. — The  Coaft  of  Africa,  from  Cape  Negro   to  the  Cape  of 
Good  Hope. 

Eaji- Indies. 
The  Cape  of  Good  Hope  and  Mozambique  Paffage,  with  the  Harbours. — 

The  Indian  Ocean,  including  Ceylon,  Bombay,  Madras,  Bengal,  and  the 
whole  of  Hindoftan. — A  new  and  correct  Chart  of  the  China  Seas,  from 
the  Andaman  Iflands  to  Canton. — The  Eaftern  Straits  to  China. — South 
America,  including  the  SouthernOcean,  CapeHorn,and  Cape  ofGoodHope. 

PILOTS. 

The  Marine  Atlas,  or  Seaman's  complete  Pilot,   for  all   the  principal 
Places  in  the  World,  containing  a  moft  excellent  Set  of  Charts,  on  a  large 

Scale,    drawn  from  the  lateft  Surveys. — England  and  Scotland. — North 
Sea,   Baltic  Sea. — Mediterranean  Sea. — For  the  whole  Coaft  of  Africa, 
  A  new  and  complete  Pilot  from  England  to   the  Weft-Indies. — Gulf 
and  Windward  Paffage,  by  Roman. — Weft-Indies,  America,  and  New- 

foundland.— Coaft  of  North  America. — For  the  Eaft-Indies. — Quarter 
Waggoner  for  the  Weft  Indies. — Ditto  for  Mediterranean  Sea. 

[fidT  The  above  Pilots  and  Charts    may  be  had  by  the  dozen  or  Jingle,  on 

the  mqfl  reafonable  terms.'] INSTRUMENTS. 

Elegant  Circular  Instruments,  to  be  ufed  as  Sextants,  over  which 
they  poffefs  a  decided  fuperiority.  By  the  means  of  two  moveable  Indices, 
any  inaccuracy  in  the  divisions  of  any  part  of  the  limb  (to  which  the  beft 
inftruments  are  liable)  may  be  obviated  by  obferving  in  any  other  part. — 
The  want  of  parallelifm  in  the  glaffes,  if  it  fhould  occur,  is  corrected  by 
the  manner  of  ufing  thefe  inftruments.     They  are  not  (from  their  form) 

fubject  to  be  bent  or  warped,  except  by  fome  extraordinary  violence.   
Metal  Sextants,  with  filver  arch;  Hadley's  Quadrants,  with  and  without 
Tangent  Screws  (accurately  graduated  and  fmifhed  in  the  beft  manner) — 
Compaffes  ;  Day  and  Night,  Achromatic  and  common  Spy-Glaffes  of  all 

prices  ;  Gunter's  Scales  ;  Down's  Improved  Navigation  ;  ditto  Parallel 
Rules  ;  Steel-jointed  ard  other  Dividers  ;  Cafes  of  Mathematical  Inftru- 

ments of  various  fizes  ;   Thermometers. 
NAVIGATION  BOOKS. 

American  Coaft  Pilot,  containing  directions  for  failing  into  all  the  Har- 
bours of  America  and  Weft-Indies — Seamanlhip  in  Theory  and  Practice — 

The  Art  of  Rigging — A  Syftem  of  Naval  Tactics — Defcription  and  Ufe 

of  Hadley's  Quadrant  and  Sextant,  with  Tables — Hutchinfon's  Seamanlhip 
— Rcquifite  Tables — Nautical  Almanack,  or  Ephemeris  for  1802,  '3  &  '-j. — 
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Inftruclions  for  Young  Mariners — Taylor's  Logarithms — Hutton's  Loga- 
rithms— Ship  Mailer's  Affiftant,  or  Owner's  Manual — Mariner's  Compafs 

Rectified — Eaft-India  Directory — Eaft-India  Officers  complete  Guide — 
Sailing  Directions  for  America  arid  the  Weft-Indies — Directions  for  the 

North  Sea,  Cattegat  arid  Baltic — Directions  for  the  Britifh  Channel — Cargo 

Books — Ditto  on  large  Paper— Walfh's  Mercantile  Arithmetic — Seaman's 

Journals,  by  1000  or  le'fs  quantity — Log- Books — A  large  fifpply  of  Nau- 
tical Almanacs  for  1804,  neceffary  in  learning  the  Lunar  Obfervations  by 

the  Ne<w  American  Practical  Navigator. 
STATIONARY,  Sec. 

Writing,  Wrapping,  Sheathing,  Cartridge,  Log-Book,  Blue,  Marble 

and  Letter  Paper  of  every  quality — Quills—- Pens— Ink-Powder — Slates 
and  Pencils — Inkftands — Lead  Pencils— Blank  Books  of  every  fize  ruled 

and  plain  made  at  the  fhorteft  notice — Blanks  of  all  kinds,  ufed  by  Merchants 
tmdNavigators — Pocket  Books — -ScifTors — Razors  and  Razor  Straps — Pencil 
Cafes — Portable  Dreffing  Cafes — Spectacles  and  Spectacle  Cafes,  of  every 
kind — Penknives — India  Ink  and  Rubber — Sand — Black  andRedlnkinJugs, 

fui  table  for  long  or  fhort  voyages — Wafers — Black  and  Red  Sealing  Wax- 
Sand -Boxes,  with  a  handfome  affortment  of  fancy  articles,  &c.  &c. 

0^?°  Orders  for  either  of  the  above,  from  gentlemen  bound  to  fea  arid 
others  will  receive  immediate  attention,  and  the  articles  forwarded  to  any 

part  of  the  continent. 

*#*  Mr.  Blunt  will  be  happy  to  receive  communications  (by  poft  if 
more  convenient)  from  judicious  Seamen  relating  to  any  improvements  they 

may  make  in  the  "  Ne-ih  American  Practical  Navigator"  ft  Waljb's  Mer- 
cantile Arithmetic,"  or  "  American  Co  aft  Pilot,"  as  he  is  determined  nei- 

ther pains  nor  expenfe  (hall  be  fpared  to  render  them  complete. 

  f^SO^fe?   
PURCHASERS 

May  obtain  the  "  New  American  Practical  Navigator,"  <l  American  Coaft 
Pilot,"  and  ft  Walftj's  Mercantile  Arithmetic,"   of 

Ebenezer  S.  Thomas,  J.  Simpfon,  Baily,  Waller  8c  Baily,  Cox  &  Sheppard, 

and  J.Davidfon,Charlefton(S.C.) — T. Rainbow  J.Nevien&Co,  D. Wood- 

worth  &  E.Myrick,  Norfolk— G.Hill,  Thomas,  Andrews  &  Butler,  M.  & 
J.Conrad  &  Co.  N.  Knight,  J.Snyder,  Mr.Sw.eney,  Warner  &  Hannah,  W* 
Telfer,  J.C.  Stewart,  Mr.Coles  and  S.Cotton  &  Co.  Baltimore — T.Dobfon, 
W.  Young,  M.Carey,  T. Biggs,  J. Sparhawk,  H.  &  P.  Rice,  J.Ormrod,  S^F. 
Bradford,  W.W.Woodward,  R.T.Rawle,  W.  Poyntell,  T.StephcriS  and  T. 

Whitney,  Philadelphia- — Brown  &  Stanfbury,  Champlin  &  Smith,  Stewart, 

Jones  &  Co.  VvTm.  Durell,  John  Fenno,  T.  &  J.  Swords,  B.Gomez, 
Hugh  Gaine,  Samuel  Campbell,  T.  B.  Janfen  &  Co.  J.  Fellows*  Thomas 

S.  Arden,  G.  F.  Hopkins,  and  E.  Duyckink,  New-York — Samuel  Green, 
John  W.  Green,  and  James  Springer,  New-London — Jacob  Richardfon, 
B.  Dennifon,  and  W.  R.  Wilder,  Newport — Henry  Cufhing,  and  Jfaac 
Greenwood,  Providence — Thomas  &  Andrews,  E.  &  S.  Larkin,  Weft  & 
Greenleaf,  Thayer  &  Chapman,  S.  Hall,  C.  Bineham,  W.Pelham,  J.  Boyle, 
Maiming  £  Loring,  E.  &  J.  Loring,  J.  White,  J?  Weft,  W.P.  &L.  Blake,  F. 
Nichols,  Jofeph  Pierce,  jun*  Newell  &  Browning,  S.  Thaxter,  Bradford  & 

Palfrey,  and  W.  T.  Clap,  Bofton — Cufhing  &  Appleton,  Page  &  Ropes,  J. 
Dabney  and  B.  B.  Macanulty,  Salem — Z.  Stevens,  H.  Phelps,  J.  Low,  J. 
Tappan  and  B.  K.  Hough,  Giouceiter— W.  Trcadwell  &  Co.  and  J.  Mel- 

cher,  Portfmouth — S.  Patten,  A.  Baker  and  Jenks  &  Clark, Portland — the 
Proprietor,  Newburyport,  and  other  Bookfellers,  Ship-Chandlers  and  Math- 

ematical Inftrinaient  Makers  throughout  the  U.  States  and  Weft-Indies. 



Cufl)ing  &  ZpfdiBti, 
At  the  Sign  of  the  Bible,  Ejfex-Street}  near  the  Corner  of  Market -Street  0 

Salem  i 

Have  conftantly  for  fale,  a  complete  afTortment  of 

tyc/iool  tz/jookd, 

Ufeful  in  preparing  youth  for  College,  the  Compting-Houfe,  -and 

for  Sex—fivhofefa/e  and  retail.) 

ENGLISH  SCHOOL. 

^IBLES  of  all  fizes,  Teftaments,  Pfalters,  Spelling-Books  and 
Primers.  Lowth's  Englifh  Grammar,  Stamford's  ditto.  Web- 

ber's i  ft  2d  and  3d,  parts.  Perry's  Spelling-Book.  Child's  Com- 
panion. Child's  Library.  Perry's  Dictionary.  Young  Ladies'' 

Accidence.  American  Criterion  of  the  Englifh  Language.  Co- 
lumbian Orator.  Dana's  Sele&on.  Murray's  Englrih  Reader. 

American  Preceptor.  Young  Man's  Companion.  Pleafing  Ta- 
ftru'etor.  New  Pleafing  Inftructor.  Child's  Instructor.  Profe 
Epitome.  Poetical  Epitome.  Little  Family.  School  Dialogues. 

Dramatic  Dialogues.  Evenings  at  Home.  Children's  Friend. 
Friend  of  Youth.  Morfe's  Geography.  Ditto  Abridged.  Dwight's 
Geography.  Geographical  and  Aftronomical  Catechiim.  Pike's, 
Temple's  Merrill's  and  other  Arithmetics.  Mare's  Strictures  en 
Female  Education.  More's  Sacred  Dramas.  Darwin  on  Female 

Education.  Moore's  Fables  for  the  Ladies.  Economy  of  Human 
Life.  Complete  Letter  Writer.  Pleafing  Incitements  to  Virtue,' 
and  a  great  variety  of  entertainging  Mifcellanies  for  the  Improve* 
ment  of  young  perfons  of  both  fexes. 

GRAMMAR  SCHOOL. 

Cheever's  Accidence.  Adam's,  Pennfylvania,  Lilly's,  and  Big- 
low's  Abridgment  of  Adam's,  LatinGrammars.  Corderins.  iEfops 
Fables.  Erafmus.  Clarke's  Introduction.  Ainfworth's  and 

Young's  Latin  Dictionaries.  Virgil  Delphini.  Davidibn's  Virgil. 
Duncan's  Cicero.  Horace.  Livy.  Alexander's  and  Gloucefter 
Greek  Grammars.  Schrevelii Lexicon.  GreekTeftaments.  Clarke's 

Homer.  French  Dictionary.  Chambaud's  and  Pen-in' s  French  Ex- 
ercifes.  Vieira's  Portuguefe  Dictionary  and  Grammar.  Biglow's 
Introduction  to  the  Making  of  Latin,  adapted  to  the  Rules  of  Ad- 

am's Syntax.     Lyne's  Latin  Primer,  ifj  and  2d  parts, 



STATIONARY  and  CUTLERT. 

Paper  of  all  kinds.  Qu;lls.  Ink  and  Inkpowder.  Red  and 
Black  Wafers.  Sealing  Wax.  Black  Sand.  Writing  Books. 
Ditto  with  copy  on  the  top.  Round  and  running  hand  Copy  Slips. 
Cyphering  Books.  Slates.  Slate,  black  and  red  lead  and  Camel's 
hair  Pencils.  India  Ink.  Elaftix:  Gum.  Ink  Stands.  Sand  Box- 

es. Gunter's  Scales  and  Dividers.  Parallel  Rules.  Cafes  of  Ma- 
thematical Inftruments.  Memorandum  and  Pocket  Books  of  all 

kinds.  Marble  Paper  and  Copperplate  Book  Covers.  Drawino- 

Books  and  elegant  Prints.  Penknives,  Razors,  Sciifars,  Cutteaus', Table  Knives  and  Forks,  &c, 

NAVIGATION  ARTICLES. 

Elegant  Metal  Sextants,  with  filver  arch.  Black  Ebony  Qua. 
dr  ants,  with  and  without  Tangent  Screws,  accurately  graduated  and 
fi nifhe  i  in  the  beji  manner.  Compares.  Spy  GlaiTes,  from  One.to 
Fifty  Dollars,  fome  Achromatic.  Gunter's  Scales.  Donn's  Im- 
proved  Navigation  do.  Parallel  Rules.  Dividers.  Cafes  of  Ma- 

tehmatica'l  Inltruments  of  various  fizes. 

Blunt's  New  Practical  Navigator,  laft  edition.  American' 
Coaft  Pilot,  laft edition.   also-   -[just  published) 

WALSH's.  MERCANTILE  ARITHMETIC, 
Particularly  adapted  to  the  Commerce  of  the  United  States.  A 

work,  which,  On  account  of  its  "  clear  exemplfficatipn,  and  pertinent 
application  of  the  common  rules,  together  wi.h  many  ureful  and  ori- 

ginal improvements,  is  well  calculated  to  fubierye  the  initrucYion  of 

our  youth,  and  to  afljft  the  merchant,  the  mariner,  and  the  trader.'*" 

The  above  may  be  had  in  any  quantity  at  the  Proprietor's  prices. 

Seaman's  Daily  Afliflant.  Eaft  India  Navigator's  Daily  AtTnl- 
ant.  Theory  and  Practice  of  Seamanfhip.  Nayal  Tactics.  Sea- 

man's Guide.  Gower's  Seamanfhip.  Sea  Gunner's  Companion,. 
Mariner's  Compafs  Reftifled,  Mariner's  Calender,  Mariner's 
Mirror.  Art  of  Ship  Building.  Art  of  Rigging.  Art  of  Sail 

Making.  Art  of  Mait  Making.  Faik's  Ready  Obfervator.  Tay- 
lor's Logarithms.  Margett's  Longitude  and  PIbrary  Tables. 

Hutton's  Logarithms.  Nautical  Ahnanacs.  Reguifite  Tables.. 
Maiham's  Naval  Gazetteer.  Brooks's  Gazetteer.  Morfe's  Ditto. 
Defcriptiori  and  Ufe  of  the  Globes.  Ready  Calculator  (for  freight- 

ers). Inftructions  for  Young  Officers.  Navy  Lift.  Steel's  Naval 
Remembrancer.  Marine  Journal.  Principles  of  Linear  Perfpec- 
tive.  Drawing  Books  of  Shipping  and  Ornaments  for  Heads  and 
Sterns. 

Naval  Songfter.  Forecaftle  Companion  (juft  publifhed,  being  a 

collection  of  the  neweil  and  belt  Sea-Songs.  ̂ > 



Averyextenfive  (and  conftantlyincreafmg)  afTortment  of  Pi  lotSj, 
Atlasses,  general  and  particular  Sheet  Charts,  Plans  of  Har- 

bours, and  Sailing  Direclion/  for  every  part  of  the  world  j  and  gener- 
ally every  Article  of  Stationary  ufeful  at  Sea. 

JUST  PUBLISHED, 

And  for    Sale    as    above, 

TABLES,  exhibiting  at  one  view  the  different  duties  ad  valorem 

arifing  on  the  ccft  of  Merchandize,  in  fuch  Foreign  Coins  and  Cur* 
rencies  as  are  eftabliihed  by  an  act  of  Congrefs,  of  July  2,  1799. 

By  Charles  Cleveland, 

Peputy  Colle&or  for  the  Diftric!  of  Salem  and  Beverly. 

Te  which  is  added, 

A  Lift  of  Duties  payable  on  all  Goods,  Wares  and  Merchandize 

Imported  into  the  United  States,  after  the  30th  of  June,  1801  (being 
the  only  cor r ell  one  publifed)  with  other  information  neceiTary  for 
Merchants,  Factors,  Mailers  of  Veifels  and  others. 

CO3  The  above  Tables  are  very  ufeful  to  Importers,  as  they  few  by  in- 
fpeilion,  without  the  trouble  of  calculating,  the  duties  arijing  upon 
every  kind  and  any  quantity  of  Goods » 

HISTORIES. 

Millot's  Elements  of  General  Hiftory,  5  vols.  8vo.  A  work  well 
calculated  for  focial  Sr  private  libraries  ;  comparing  in  a  fmall 
cpmpais  all  the  principal  facts  cf  hiftory  (interfperfed  with  judicious 
rnoraland  philofophical  reflexions)  which  cannot  otherwife  be  found 
without  travelling  through  a  vaft  number  of  expenfive  volumes. 

Hume's  Hiftory  of  England,  with  a  Continuation,  by  Smollet 

and  others,  brought  down  to  the  peace  of  1783,  ;'  12  vols.  Svo.  a 
work  which  holds  the  higheft  rank  in  the  department  of  modern 
Jiiftory. 

Robertfon's  Hiftory  of  North  America — a  pofthumous  work  late* 

ly  publifhed  by  the  Do&or's  fon.  -  ' 

MUSIC. 
The  Modern  Colle&ion  of  Sacred  Mafic,  being  the  iargeft  Mufic- 

Book  ever  publifhed  in  America. 
Price  I  Dollar  fngle,  10  Dollars  pr.  dozen. 

The  Worcefter  Collection  of  Sacred  Muiic,  fixth  edition,  enlarged 

and  improved.  Price  87  |  'Cents  fngle,  9  Dollars  pr.  dozen, 
The  Union  Harmony,  fecond  edition,  improved  by  Oliver 

Holden.  Price  75  Cents'  Jingle,  0  Dollars  pr.  dozen. 



The  Rural  Harmony,  by  Jacob  Kimball,  Jan. 
Price  75  Cents  Jingle,  8  Dollars  pif.  dozen; 

Harmonia  Americana,  by  Samuel  lioiyoke. 
Price  87.4  Cents Jingle,  \o  Dollars  pr.  dozen. 

The  Village  Harmony.     Price  1  Doll.  Jingle,  10  Dlls.  pr.  dozen. 

The  E/Tex  Harmony,  a  new  and  original  publication,  by  Jacob" 
Kimball,  jun. — fcj"  Decidedly  the  beft  American  compofition  whichr 
Iias  been  produced.  Price  75  Cents  Jingle,  8  Dollars  pr.  dozen. 

Harmony  of  Maine,' by  S.  Belcher.  Continental  Harmony,  by 
W.  Billings.  Middlefex  Harmony,  by  Babcock.  Evangelical 
Harmony,  by  Belknap.  Mufrc  cempofed  and  felected  for  the  An- 

xriverlary  of  the  2 2d  of  February.  Brodeiip's  Anthems.  Bat- 
tifhaii's  Hymns,  &-c.  &e. 

Apollo  and  Terpfichore.  Elegant  Selections.  Naval  and  Mili- 
tary Mufical  Compendium.  Mufical  Repertory.  A  variety  of 

Sonatas,  Leffons,  Symphonies,  Overtures,  Capricios,  Rondos,  Du- 
etts5  Single  Songs,  Marches,  Dances,  and  Inftruction-Books  for  dif- 

ferent Internments.     Mufic  Paper. 

Flutes  ;  Fifes  ;  Clarionets  ;  Violins  ;  Violin  and  Violoncello 
Bows.  Do.  Englifii  and  Italian  Strings,  by  the  bundle  or  fingle  J 
Violin  pegs  and  Mutes  (  Rofm-Boxes,  &c.  kc. 

At  hit  Circulating  Library  and  Book  Store* 
Providence, 

Has  conjlantly  for  Sale, 

A  General   Afibrtment   of  BOOKS  and  STATIONARY,  wit 
every  article  ufeful  in  the  Navigation  line. 

5£ 

iSatij&ftiel  Bmgfjt, 
Beokfeller  and  Stationer ,  FelPs-Point,  Baltimore, 

HAS  FOR  SALE, 

A  great  variety  of  Articles  for  the  accommodation  of  SEAMEN? 

among  which  are— — Blunt's  Practical  Navigator.  American  Coaft 
Pilot.  Eaft-  India  and  other  Sailing  Directions.  Various  Tratif- 
es  on  Naval  Architecture,  Sail-making,  Rigging,  Seaman-fhip  Sec- 
Pilots,  Atlafts  and  Single  Charts,  for  the  navigation  of  every  fea. 
Sextants,  Quadrants,  Spy  Glades,  Scales  and  Dividers,  Log  Books, 
Journals.      Hiftories  of  Voyages  and  Difcoveries.      Song  Books 
adapted  to  the  tafte  of  Seamen.   and 

BOOKS  and  STATIONARY 

in  general. 



./». 












