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TO THE RIGHT HONORABLE 

T H E  LORDS COMMISSIONEKS OF THE 
ADMIRALTY /" 

hl Y L 0 R D S, 

AS your L O R D  s 11 I r s prctide over t~ic  
N A V Y  of the F I R S T  'MARITIME POWICR I N  T H E  

UNIVERSE,  any A t t c m m c n d i n g  to improve NA-  
v I G A T I o N will doubtlcfs meet with your unfeigned . 
Approbation and Encouragcmcnt. Ilepciding upon 
your IARDSIICPS,  as Lovcrs of cvcry phlic-fpiritcct 
Work, I Inve prcftimed, with die utmoft KcipcCl, 
to lay this SYSTEM: O F  PRACTICAI.  N A V i C , \ T i O N  

under your YrotcQion: and tfoaffiirc yoiir I,oRi)s11 i p s ,  

that my Intention is morc to iirve thc Public, tll,m m y  ' 

private I<molumcnr of, 

Y I. OKD si, 

Y uti r Lo R D s 1 i I p s ' 

Morf obedient, ' 

And hutnblc Servant, 



P R E F A C E .  

HE genera1 Jefign of this NEW P R A C T I C A L  NAVIGATOR is T to comprife every thing effential :o form the Teacher, in- 
flru& the Pupil, a i d  afiR the Mariner, To as to render them profi- 
cients in the Nautical Art, both with refpen to theory and praaicc. 
By recurring to former trea- the produditions of others, as 

wc11 as my own (of which Eleven Editions have paffed through 
public favour) I prefume that I have been enabled to make gradual 
improvements a n  fin progrefivrl as my knowledge became cx- 

rience. 
My grand obje& in this my NEW andJafi Treatire, has been to ba 

eoncife. yet comprehenfivr, explanatory in my Definitions, perfpi- 
cwus ~d my Rulcs and Examples ; and, in a word, mok carefully 
attentive to every particular in theory and praaice, that can further 
the grand defign of the WORK, which is to facilitate the acquifition 
of an art that has been the ohjett of my purhits throughout life; 
and in which 1 have labourcd with indefatigable afiduity. 
T o  obtain this important purpofe, I found it neceffary to revik 

with the u t m d  care, circumfpcdioii, and caution, all the Treatifes 
on Navigation now extant, to place them i n  a comparative view, and 
to difcrirninate their merits and defcttc;, fo as to adopt the former and 
re'& the latter. Many of thcfc works appeared too voluminous and 
c aborate, and the Tables neceff'r to the praCtical part of Naviga- 
tion to be fcatrered throughout dif went  books ; hence, I conceived 
it might be both uceful and acceptable, to bring thefe Tables into 
one point of view, by rcdiicii1g them to a fingle volume, and num- 
bering and arranging them in a more methodical manner than hither- 
to done, 10 that time would bc Laved in referring to them, and ope- 
tations in the art greatly expedited thcreby. 

Upon a candid though circurnr),e& review of the Tables in the 
NEW PRACTICAL NAVIGATOR, I prcfume they will be found not 
~ r i l y  more extenfive but more corredt than have ever before appeared 
in a work of this kind. 

To 

tended through inve B igation, an 6 my judgment matured by expe- 

t: i 



?RbFACBr I r 
T o  aRiA the Learner in that very effuntial branch df Navigation, 

the keeping a complete Reckoning at  Sea, I have fubjoined to this 
work a compendium of oblique-angled Trigonometry, with its appli- 
ca ion  in oblique and current Sailing, and alfo Surveys of Coafts and 
Harbours, and other particulars necefldry to be known by eve@ 
Prat3itiotier in the art. 

Such is the PLAN of the WORK now offered to the public, whkL 
I hope will obtain a decided. preference, as it comprifes, in a findl 
compafs, every ufeful Difcovery and Improvement made by Thco- 
rctical as well as Profefional Men, through a long feries of fiudy, 
obfervation and pradice; and tk whole laid down in a manner as 
concife, plain, and intelligible, as the nature of the fubje&t can 
poflibly admit. 

Upon the whole, I may venture to affirm, that this BOOK, with the 
NAUTICAL ALMANAC, will be found in every refpea adequate to the 
purpofe both of the Teacher and Scholar, as well as fully adapted to 
the d e  and advantage of the iriduitrious Mariner, as in the forming 
of it, I have occafionally confidered myltlf as &ing in thofe three 
fevcral capacities, arid in conformity to the fame, have rcfpeBivcly 
adapted my remarks, obfervations, and infirurftions ; keeping in 
view throughout the whole, uniformity of method and facility of 
operation. From putfuing this plan, thc expence of purchafing fch 
vcral books w 4 l  be obviated, lofs of time and many inconveniencies 
will be prevented ; and fuch advantages accrue to thofe immediately 
concerned in having recourfe to it, us I truR will juRify mc in Cub- . 
mittirig it to the approbation of the public, and fecure to tnc their 
fantiion and encouragement, to merit which has been my high& 
ambition, and the ultimate view of my purfuits throu hout life. 

I am well aware that there are perrons, who, to P ew their own 
fuperior abilities in an obfcure Club, will quibble and carp a t  lomc 
parts, and fay, that they fee nothing new, &c. T o  fuch Critics i t  
may be anfwered, that a Triangle was a Triangle before the days 
of EucJjd, and fo it  is now; bur, if the arrangin digcfiing, fim- 

capacity, with all thc ufeful Tables contained in one Hook, which 
was never done before, it certainly may be called New, or at halt 
an Improvement. How far I have fuccecded is left to the judicious 
Mariner to determine. 

plifying, and rendering Navigation attainable to t Kh' e moft common 

CONTENT& 
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C A U T I O N  TO S E A M E N .  

e The  R A P I D  S A ~ E  my former Publications have had, has 
induced perrons in Scotland, Ireland, and other flares, to copy them, 
many of which have been diff rihutcd in differelit p.irts of the world, 
particularly in the EuJ Iizdies and Ame&?;-in order to prevent 
bchjJuriow and cryoneous Editions being iiiipded on the Public in 
future, a ftriking likeneis of the Author, diawn b MULLER, and 
engraved by BAKER, will be prefixed to each Bao E of this NEW 
TI' OK K ,  3 



GEOMETRICAL DEFINITIOW. 

EOMETRY is the Science which treats of the Defcxiption, 
Properties and Relations of Magnitudes in general ; of which 

without either Bread+ or Thicknefs; a Superficies, compreheq a! e 
there are three dindg or Species, viz. a Line, which has only Len t 

by Length and Breadth; and a Soli$, which has Length, Brepdth, an$ 
Thicknefs. 

I. 

G 

A point confidered mathematically, is incapable of being 
divided,and thercforchath no  parts, or it is the lmallefi part 
of fpace t h  can be afigned, and may be conceived fo infi- 
nitely fmall, 1s to be void of length, breadth, or thicknels, 
being always denoted by a dot, a3 4t.A. 

A 

11. 
A right line is the neareR diitance between 

two points which limits its length, without 
any fuppofed breadth,or thicknei's, as A C; it A--C 
may bc fupppofed to be the fluxion of a point. 

111, 

points, refemblin a fmmooth table, or polifhed I @ ;  bounded b 
lilies having len % and breadth: but is conceive! to have no dept 

a right line. 

' 

A plane fuperficies is that which lies evenly between its extreme 

i 
or  thicknefu, an 8; may be condeived to be generated by the fluxion of 

I v. 
Parallel lines are fuch as are eqyally 

difiant in a11 their parts, which extended 
infinitely on the fame plane would iiever 
Weer, as the lines A U, B C, 

A ---B 
B-----4 

V. 
A plane angle i s  the inclination or meeting of 

two right lines in one point 3 the point where 
they meet is called the angular point, and the 
lines AB and AC are callcd fides or legs; i t  is 
generally ex reffed by three letterc, the middle 

the other two the legs or fides that iiiclude it, as AB or AC. 
O*W always s enotes the angular point, as A, and 

A VI,  A clrde 



2 CEOhf E T R I C A t  D E F I N I T I O N S .  

VI. 
A circle is a plane figure, bounded by an uniform curve linc, it 

Is ordinarily dclcribed by a right line, taken with a pair of compal7ks ; 
one point thereof bcing fixed, whilit the other is turned rouiid to the 
place *here the motion firR began; the fixed point is called thc 
centre, and the line defcribed by the other point is called the circum- 
ference. 

Yll. 
The radius of a circle, or feemidiameter, c 

is a right line drawn from the centre to 
the circumference, as A C; or it is that 
h e  which is taken between the points of 
the compaih to defcrjbe the circle; and 
is half its diameter A €3. A B 

vnx. 
An arch of a circle is any part or portion OF the circumference, 

as D F E. 
IX. 

A chord of a circle is the fubtence of an arch, or ;C is a right line 
joining the ends of an arch; it  divides the circle into two unequal 
parts, called fegments, and is a chord to them both, as D E is the 
chord of the  arches J3.F li and D G E. 

X. 
A Icmicircle, or half a circle, is a figure contained under the 

diameter, as A G Il0.1- A F U. 
xr. 

A quadrant is half a femicirclc, or onpfourth part of the whole 
circle, as the figure C A G. 
NOTE. All circles, whether grcat or fmall, we &ually, or fup- 

yofed to have their circumference divided into 360 equal parts, called 
degrees, and each degrcc into 60 equal parts, called minutes, and 
each minute into 60 qual  parts, called fcconds, and io 011 into 
thirds, fourths, &c. 

All angles are meafurcd by an arch o f  a circle, defcribed round 
their angular points, with tlic chord of Go dcgrces, taken from the 
line ofchords on the phJlC frxlc, and are efiimatcd greater or lefs 
according to the nuniber of dcgrces contained betwixt their legs; 
and though legs be made 1011gci or fiortcr, fliil  thc angle between 
thorn continuer the fame. 

A right 



3 .  6EOMETRICAL DEFINITIONS. 

XII. 
A right line is faid to be PERPENDICU- 

LAR to another line, when it falls upon 
it, To as to make the angles on each fide of it 
equal, fuch as the figure A B C I.), where the 
angle ACD is equal to the angle ACH, each 
a quadrant, or right angle, containing 93 
degrees. dl 1’ 

\ **:*** 

/q ’. r’ ..-* 

D c l3 
XIII. 

An ACUTR ANGLE is lefs than a right 
angle, and is that which contains lefi than 
go degrees, as A B C. 

B 
XI v. 

..*.*...*”*. -... 
An OBTUSE ANGLE is greater than 

a right angle, arid is that which con- 
tains more than 90 degrees, as the 
angle G E H. 

::H 
E H 

T h e  fewefi number of right lines that can include a fpace are 
three, which form a figure called a triangle, or thrce-cornered 
figure, and confiits of fix parts, viz. three fides and three angles : 
i t  is diflin uifhed into three fa ts ,  viz. a right-angled triangle, 

xv. 
obtuk-ang ei ed triangle, arid an acute-angled triangle. 

A RIGHT-ANGLED TRIANGLE has one of its 
angles right, or containing 90 degrees; the fide 
oppofite the right angle is called the hypothe- 
nufe; and the other two fides are called legs; 
that which flands upright, is called the perpen.. 
dicular, and the other the bak; thus B c is the 
hypothenufe, A C the perpendicular, and A R the 

..... 
. .  
A bai‘e: the angles oppofite the two legs are both 

acute. B A 
: *  

XVI. ’ 
An ACUTE-ANGLED ~ R I A N C L B  has all 

its angles ac.ute, or nolle of them equal to 90 
degrecs, as 11  li: G. 

G 
/( 

E ’* 
A 2  XVII. An 



.MARK8 OX CHARACTERS. 8. 
XVII. 

An OBTUSE-ANGLED. TRIANGLE A 
has one of its angles obtufe, or greater 
than 90 degrees, as R A F, the other 
two angles are  acute, or l e k  than 90 
degrees, as in the triangle R A F. 

NOTE. All triangles that are not  right-angled, whether they are 
acute or obtufe, arc in  general terms called oblique-angled trianglrs, 
without any other diitinCtion. The Corn of the two acute angles of a 
right-angled triangle make 90°, the fum of all the angles r>f any 
triangle 180". If  from 180 you take the fun1 of thc other two angles, 
t h e  remaining angle will be found ; but  in a right-angled triangle, if 
from 90 you fubtra& the one angle, the other angle lhall rciiiaiii. 

. &. ...._.,... 
R 1; 

i $ * A R K S  O R  C H A R A C T E R S .  

+ Signifies mort, or the Sign of Addition; i t  hews that wliatevcr 
numbers or quantity follow this. Sign muft be addcd to thofe that 
go before it, thus 9+X, that 16, 9 added to 8. Or, A + B  im- 
plies that the quantities reprefented by A and B are added. 

Signifies J ~ J ,  and i s  ufcd as the Sign of SubtraRion, i t  denotes that 
the number following it mutl bc fubtrafied from thofc going before 
it, as 7 - 5 ,  or fubtrafied from 7. 

x The Sign ot Multiplicatiod, and fiewe that the numbers laced herore 
and after are'tube multlpEied, thus 7 x 9, that la, 7 mul)tiplied by 9. 
which makes 63, and 7 x 8 x 2 which makes I t 2 .  

3. 'Ihi~ Mark ftands for Dirifion, and fignifics that the N o m k r  that 
Rands before it is to be divided by the number fallowing it, a1 
72f1 z hews that 7 2  is to be divided by I 2. Or thus, - 

= T h e  Si n of Equality, it fiewa that the numbers or quantitier 

t :: : 'Proportion, and is read thus, 7 : 14 : : IO : 20 that IS, a8 J is to 14 fo 

I 

72 
IZ 

I_ 

place f before i t  are equal to thofe following it, thus, $ x 12=96. 
Or 8 multiplied by I z is equal i o  96, and 7 + z x += 36. 

I i, 10 tom. Or, A : B : : C : r) that i8,as A is to  B foir C to D. 
Signifies Degreen, thus 4 5 O  fhews the number 4.5 degrees. 

Signifies Minutes, thus 24' or minutea. 
If Signifies Seconds, thus 44" or 44 fecondr. 
S. Standrfor Sine. 

Sec, Staudr for Secant. 
Tan. for Tan ent. 

Each of there Iafl with Ce. before them, fignif; the compliment, as 
Co-fine, Co-tangent, Co-recant. 

< d  AngIed with an sat top, Angle8 4' 
A 
Z 
Y sign$ tht diacrmcc. 

Signifies Angle. 

Si nifies Triangle, or A * 
rske uently put to fignify the fum of any twoliiicr or numbera. 

CEOME- 



GEOMETRIcAL PROBLEMS, 

P R O k L E M  1. 
l o  draw II Ridit Line parallel t o  a , ~ e r e n  Right Lbe, t o  ~ n j r  given 

D$l?ancc, at nt the Point 1). 
I T  €1 a pair of compaffcs take the b 

..- - El 1, and the given right line A B, with 
that diaance fct one foot of the tompaKes 
any where o:i the line AB, as at A, and draw the atth C, From the 
point D draw a line fo as ju f i  to touch the arch @, and it is dofie; foC 
the line C D wili be parallel to the line A B, and at the diitancl! of 
the point given D, as was required. 

P R O B L E M  11. 
TO I,i/C(ft o r  divide a given Line into twa equal Parts, 

rc--;  
-R-- W nearefi diitance between the poht 's. 

With any diflance in your compaffes 
greater than halfthe line A B, with one 
foot in R, defcribe an arch with thc 
fame diitance, and one foot in A, de- 
fcrihe an arch that will cut the former A 
arch in C and D ; through C and D 
draw a line, and that will cut A I3 in E: 
and the line A €3 will be divided at the 
point E into twb equal parts. 

B 

P R O B L E M  HI. 
To ere67 a Perpd'ciilar on the End of n given R$d 3&, ur b B. 
With any diaance in your compaffcs, as 

from 13 to C ,  with one foot in C, defcribe tht  
circle BIIA, Foehat it ma juf l  touch the end 
of the given line, at 13 : rom where the cir- 
cle cuts thc line, as at D, drawa line through 
the point C, to cut the circle in A, from A 
draw the line A?;, which will bc,thc perpen- 

=_n 
,. *'% 

Y 

dicular required. P -  Or thus, 
With 



6 GEOMETRICAL PROBLEMS 

With  any convenient diitance in your 
compaifes, as from D to A, with one foot 
in D, defcribe the arch .A FG, k t  off the 
fame difiance from A to F, and from F to 
G ;  upon F and G defcribe two arches 
interfekting one another in I-I; draw a 
line from H to I), and i t  is done; for HD 
will be the pcrpendicular required. 

' 

*-.... 

P R O B L E M  IV. 

From a given Point, as C,  to let fall n Perpendicular on a given 
Right Line AB. 

With  one foot in C, defcribe an arch 
to cut the given line A B in  F and G, 
with one foot in G dcf'cribe an arch, and 
with the lame difiance, and one foot in 
F, defcribe an arch to cut the former in 
D, from C to I) draw a line, and it is 
done ; for C D wiII be the perpendicular 
required. 

C 

P R O B L E M  V. 

From a given P o h  f o  let fall a Perpendicular on a given Line, 
thefirid Perpendicular is i o  f a l l )  near tbe End o the given Line that 
it cannot be done as above, as at the Edge f a  S d let of Paper, 

Let  C be the point from which the 

dekribe an arch E, chufe any other 
point in the line A B, as D, and with 

interfeEting the former in E, join C E, 
and it is done j for CB will be the per- 

.... .. 
perpendicular is to be let fall on the 
line A B, from any point in the line 
AB, as at A ;  with the difiance A C, .... 

. .  
. I  . .  . .  

e., . '*.. -*.. the difiance DC defcribe another arch 
*...* 0. : 

-** .. . . '*..'. ';.*- 
pendicular required. .:.;!E 

PR 0 R L E I\I 



7 USkFUL IN NAVIGATION. 

P R O B L E M  VI. 

To maRe Plane Ang?es, and ~5$' a Rkht Aqlc, cutztnhhg go Dcgrm 

Draw the line C A on C, e rea  a pcr- 
' 

pedicular CD, and it is done ; for the 
angle D C A is an angle of goo. Or rhus, H 
0 1 1  the point C, with the chord of 60", 
defcribe an arch G H, and fet off thcreon 
from G to H, the diitaiice of the chord of 
90°, and from C through H draw C H D 
which will form the angle D C A, of 90" 
required. C 

P R O B L E M  VIT. 

To mrFe an Acute Angle e q d  t o  m y  Number VDegrres. 
SuppG 36" 30'. 

Draw the Line BC, with the chord of 
60" or radius, in your compaffes, and one 
foot on C, draw the arch FU, on which fct 
off 3 6 O  30', or36;, from I3 to F, through F 
and the center C, draw the right line A c, 
be an angle of 36" 30', as was required. 
and it is done; for the aiiglc ACB will C 

P R 0 B L E M VIII. 

To mole an An&, that /hall coni& I 2 78 20'. 

Draw CR, take the chord of 60" in 
your compaflks,and with one foot on C, 
defcribeanarch ; nowas wecantake off' 
only 90: fet off 90" from B to G, and 
from(; toE letoffthe excefsabo~ego~,  
which is 37" aor, or 37; ; draw the line 
CE, and it  is done; for the angle ECB B 
will be an angle of 127" 20'. 

m ? c 

PRO C L B XI 



8 OEQMETRICAL ~ R C ~ L E M ~  , 

P R O B L E M  IX. 

Given the hypothenufe 250 leagues, tbe angle oppofite the bafe 
540 30', confequently the other angle 35" 30'; the bafe and perpen- 
dicular are required. 

Draw the line c' B, and zt C make an 
angle equal to 35" 30' by drawing the line 
C H,take n ~ o f r o m  any convenient kale of 
equal part$and fet it off fromC to A, from 
A let Fall the perpendicular A I], to cut the 
line C lj, and it is done; for A B meafured 
on the fame kale, gives 145, andCBno3.6 C 203.6 
lea Kes. 

go degrees. 
%WE. T h e  two acute angles of a right-angled triangle make 

P R O B L E M  X. 
The Angles and one Leg 4 a Right- angled Tr.iangfe being givcn, roJnd 

the Hypotbenifi and the other Leg. 
T h e  angle A C B 33" is', the leg A C 285 miles, to find the 

!haw the bar A C, lay off on it 285 from B 
hy othenufe, and  the other leg A B. 

your kale of c ual parts, from A to C; on 
D 

A ere& the pc P pendicular AB, with the chord 
of 60" fweep the arch A D, arid on it fet off 
33"4, from your line of chords from A to D, 

C through and C, draw the right line B C, 
then 13 C will meafure 341 near1 , and B A 
187 nearly, on the hame kale o f y  equal parts that AC was taken 
from. 

P R O B L E M  XI. 
The ffijttiLcn+- und one Lcg given, topnd the Arigfes aad the 

other Leg. 

A 285 

1 

, The leg A B 350, the Hypothenufe 600 givcn, to find the aiigks, 
arid leg BO. 

Draw the bare C B, on B cre& the per- A 
pendrcular A B, 011 which fEt of€' 350 from 
H to 11, on the point A with an opening 
of 600. Draw an arch to cut the lirie BC, 
in the point c draw AC, and it  is done; for 
the an& ACU will tncafure 35" 41 'ong  
the line of chords, and 13 C will tiieafure 
487 nearly, on thc Ikme kale of equal parts 
bcforc ufed. 

. 

PROELEM 
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t S l l F U L  IN NAVIGATION. ~ 

* .  

P R O B L E M  XII, 
n e  Legs given, tojnd tbt Atrgles and the Hyfwtbtnu/. 

A 
The  leg AB 880 and BC 690 Ivens to 

nufe AC. 
Draw the bare BC, on B ere& the perpen- 

dicular AB, make BC equal to 690, and AB 
equal to 880 ; join AC, and it is done ; for % 
the angle C being meafured as before, will O 
be found as per figure, and the hypothenufe 
will meahte i A 18,2. 

End the angks A and C, and the $ ~ ~ 0 t h ~ -  n. 
B 690 

I 

P R 0 B L E M XIII. - 
Two Angles and one Sids, of an Obligrr-angled Triangle g;ven, to 

find either f tbe a h r  Legs. 
T h e  an le RDC 108" 301, and CBD 45" 15' and confequenly the 

an le B C b  26' IS', and the leg BC 98 given, to find the fides CD 

Draw the line BC, which make equal 
to 98, on the point B defcribe an an le of 

the fum I 530 45' taken from 180, the re- 
mainder is the angle DCB f: 26' I 5' ; 
from the point C defcribe an arch with 
the chord of 60, and fet of€ 2 6 O  IS', and 
it is done 8 for the fide DB will be 46 nearly, and DC 734, aa wali 
required, 

P R O B L E M  XXV. 

Two Sidss and an Angle oppgte to one bf them given, tejnd the 0 t h  
Angle and :be tbird Side. 

an dg BD, 

45' IS', then add 45" I 5' to 1o8O 30 F and 

' The  fide BC 160, and BD 7 and the angle C 29" 9' given 
to find the angle D, and the fide 

Draw the line BC equal to 160, on 
make the angle DCB e ual to 

29V$,take 79in your compa es, and 
h i t h  one foot on B, lay the other 

OA the line CD, draw the line &, and it is done; fm th'e angle 
t,b will begg'zg'the angle 13 51' %6', 
h d  the fide DC 127 nearly. 

B 160 

B PROBLEM 



P R O B L E M  kV. 
Two &&s and their contained Angfc given, t o  find eithr gf t fH other 

Angles, ond the third Side. 
T h e  fide BC 109 BD 6 and angle CBD IOIO 30’ given, tQ 

Draw the line RC, which make equal to 
rag ; .on B defcribe an arch on which kt 
off from BC towards D IOIO 30‘ then, 
draw the line €31) equal to 76, join DC, 
apd it 1s done ; for the angle RDC will be 
7O 2’ the angle BCD 30° 581, knd the 

& e b C  will be 145, as was required 

find the angles BDC or B 2 ’D and the fide CD, 
I) 

...* 

B rog c 

P R O B L E M  XVI. 
Three Sides given, to find the Angles. 

, T h e  tides BC 105, ED 85, and CD 50 miles given, to find the 
pn Ics RDC, BCD, and CBD. 

h a w  the line BC equal to 105, take 
CD equal to 50 in your compaffes, and 
with one foot in c, defcribe an arch as 
a t  D, then take ED 85 in your cornpaf- 

m p a r c h  in D, join BD and DC, and 
p i s  aone j for the angle B being mea- 
Cured, will be found 2 8 O  41, the angle C 530 Sf, which being added 
to  ether, is 8 i o  12, their rum iubtra&ted from zSo0, leaves angle D 

fes, and,with one foot in B, cut the for- 
B I05 C 

‘9 sb 48’, 18 w a s  tequired. 

P R 0 B L E M XVII. 
To find the Crntrc to a given Cir&. 

With’afiy radius, and one foot in the cir- 
cumference as at A, defcribe an arch of a 
circle, as CBD, then removing the foot 
Prom A to where it cuts the given circle, as 
at B, on B defcribe another arch, cutting or 
croffing the former, as C A D, and through 
the points of interfeation draw the right 
line C D, which will give one right line 
pafling through the centre ; in like manner 
may andther right line be drawn, as E F G, 
which ihall ccofs the firit right line at the 
center required, for any two diametcfs will 
always cut or crofs one another in the cen- 
tral point. 



USEFUL tN NdVIQATION. r i  

P R 0 B L E M XVIII. 
To divide a arc@ into any Nurn6er of qual even Pat$#, as 4, 32, 

Firit draw the diameter through 
the center, which will divide it into 
two equal Parts, bife& the diameter 
with another right line perpendi- 
c d a r  thereto, and the circle will .+,- 
be divided into four equal parts or 
quadrants j bite& each of thefc 
quadrants again by right lines 
drawn through the center and it . 
will be divided into eight equal '?* 
parts, and To may you continue on 
your bifeaions any number of 
times, that is, 8, 16, 32, &c. 
doubling the number of even parts. 
T h i s  problem is ufefd in conftruaing the Mariner's Comprft. 

I. A chord or fubtenre of an arch, is a right line that div:daa 
the circle into two unequal arts, and 

D 
11. A right fine of an arch, i s  a line 

drawn from the end or termination of 
an arch, perpendicular to the radius, 
oris half the chord of twice the arch io 
that T V  is the fine of the arch, T G 
and of the arch 'r F, the fum of which 
arches together make 180°, or a Cemi- 
circle. 

111. T h e  verfed fine of an arch, is 
part of the diameter intercepted be- 
tween the right fine and the arch as 

IV.  T h e  tangent of an arch is a 
line drawn perpendicular to the end of the radius, or diameter, ju& 
touching the arch, as D G. 

V. '1 he recant of an arch, is a right line drawn from the center 
through the circumference, meeting the end of the tangent line to 
!he Fame arch, as 0 D is the fccant of the arch T G, to which OG 
1s tangent, alfo 0 R is the recant of the arch C 'I', to which C R is 
a tangent. 

NOTE. Sines, Tangents, Secants, arc h i d  to be the meafure of fo 
many degrees as the arch contains parts of 360, ro that radius being 
the line of a quadrant, or a fourth part of the circumference, con- 
tains 90 degrees, thus the radius is always equal to the fine of go, 
3s is alfo the tangent of 45' pnd the chord of 00'. 

is a chord tothem both, as J H ,  'r I. 

G 

v G. 

. ,\ 8-2- PROJECTION. 



P R O J E C T  IO N 
OF TBB LINES O? 

SINES, TANGENTS, A N D  SEC*ANTS, 

ON THE P L A N E  SCALE. 

ITH the radius ou intend for your kale, defcribe a ferni- 
IR* W circle A D B E, and upon the center C raife the perpen- 
dicular C D, (whZh will divide the femkircle into two quadrants, 
AD, BD) continue CD direQly to s, and upon B raife the perpen- 
dicular B T, then draw the right lines B D and AD. 

2dly. Divide the quadrant B D into 9 equal arts, then will each 

parts into fingle degrees ; and thefe again, if your radius admits i t  
into minutes, or Come aliquot parts of a degree greatel' t h a a  
minutes. 

gdly. Set one foot of the compaffes in B and transfer each of t 
divifions in the quadrant BD to the right line BD, then is I3 D a ]ink 
of chords. 

4 t h ' ~ .  From the points IO, 20, 30, &c. in the quadrant BD, draw 
right lines parallel to C D, till they cut the radius c B, then is the 
line CB divided into a lineof fines, which niuft be numbered from C 
towards 11. 

Sthly. If the fame line of right fines be numbered from B towards 
C, i t  will become a line of verfed fines, which may be corltinued to 
x8oV,if the fame divifions be transferred on the fame line on the other 
fide of the center C, 

6thly. From the center C, through the feveral divifions in t h e  
quadrant B D, draw right lines till they cut the tangent B T, fo will 
the line B T become a line of tangents. 

7thly. Settin one foot of the compaffes in C, extend the other to 

transfer thefe extents feverally into the right line c s, then will the 
line C'S be a line of fecants. 

8thly. Right lines drawn from A to the revera1 divifions IO, 20, 
30, &c. in the quadrant B I), will divide the radius c D into a lin8 
of femi-tangents. 

gthly. Divide the quadrant A D intoeight e ual parts, and from A 
transfer thefe divifions feverally into theline A b ,  then is A D a line 
of rhumbs, each divifion anfwcriqg to 11" 15' upon the liiie of chord$# 

?-lid 

ofthefe be IO degrees. Again you may f ib  f. ivide each of thefe 

.&e feveral divi fT ions IO, 20, 30?&c. in the tangent line B T, and 



& c .  

8 t 

,. 

c A D i r p n a l  Scale 



PRo$ECTION OF THE ZINES OF SINBS,&C. ON THE PLANE SCALE. t3 
T h e  ufe ofthis line is for protraaing and meafuring of an les, accord- 
ing to the common divifion of the Mariner's compafs. P f the radius 
A C be divided into 100, or 1000, &c. equal parts, and the lengths of 
the feveral fines, tangents, and recants correfponding to the Ceverd 
arches of the quadrant be meafured thereby, and this numbers he I"et 
down in a table, each in its proper column, you will by there means 
have a triangular canon of numbers, by which the feveral cafes in 
Trigonometry may be lolved, the right lines graduated as above, being 
placed feverally upon a ruler, form the inftrument called the PJane 
Scale : by which the lines and angles of d l  triangles may be meafured. 
All right lines, as the fides of plane triangles, &c. when they are con- 
fidered fimply as fuch, without having any relation to a circle, are 
meafured by Ccalcs of equal parts, one of which is fubdivided equal1 

fcales an inch is taken for a common meafure, to determine their 
largenefs and number of parts : what an inch is divided into, is gcne- 
rally fet at the end of the fcale, as in the kales A, R, and C ; t h e  
numbers IO, 20,30,45, h e w  that lo man parts of the kales A, B, C, 

above, any number lels than 100 may be readily taken j bu t  if the 
number ihould confiR of three places of figures, the value of the 
third figure can only be ueged at ; wherefore in thrfc kales it is bel- 
ter to ufe fuch a kale a s b ,  called a diagonal fcale, by which any num- 
ber of three figures may be exa&iy found. 

Having prepared a ruler of convenient breadth for your fcrle, 
(which may be an inch more or lek) Firft, near the edges therc- 
of, draw two right lines, of, cg, parallcl co each other; then di- 
vide one of thefe lines as af, into equal parts, according to the 
largenefs you intend your kale ; and through ench of theic divifions 
draw perpendicular right lines as far as the line c g ;  next 
divide the breadth into I O  equal parts, and thrnugh each of there d i -  
vifions draw right lines parallel to the former af and cg  ; again divide 
the length a, b, c, d, each into IO equal puts, and from the point tQ 
the, firit divifion in the line d q, draw a right line ; then, parallel to 
that line, draw right lines through all the other divifions, and the 
kale is done. 

Befides the lines already mentioned, there is anothet on the p!ane 
fcale marked MI,, which is joined to a line of chords ; and thews 
how many miles catting or welting make a degree of longitude in 
every latitude ; thef' levera1 lines are generally put on oiie lidc of a 
ruler, two feet long ; and on the other fide are laid down a fcale of 
the logarithms of the fines, tangents, and numbers, which is coin- 
monly called Gunter's Scale, and as it  is of general de ,  it  requires a 
particular defcr ~ption. 

into 10, and this ferves as a common divifion to all the relt. I n  m o  x 

are contained in a n  inch. By any fca Y e of equal parts, divided as 

DESCRIPTION 
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O F  

G U N T E R ’ S  S C A L E .  

HILE the reader is .perufing the following, i t  is proper ha 

Gunter’s Scale hath fet upon it thefe eight Lines following. 
10. Sine rhumbs marked (SR) is a line which abntains the lo- 

garithms of the natural fine of every point and quarter point of the 
Mariner’s Cornpa[$ figured from the left hand towaJds the right, 
with I, 2, 3, 4, 5, 6,7, to 8, where is a brafs pin, and where it can  
be done, into halves and quarters. 

2d. Tangent rhumbs marked ( T R )  alfo correfponds to the loga- 
rithm of the tangent of evcry degree of the raid cornpafs, and is 
figured I, P, 3, p ,  at the center, where there is a pin, 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. T h e  Line of numbers marked (Nuin.) contains the logarithms 
of the numbers, and is figured thus ; near the left hand it begins at I, 
and towards the right hand is 2,3, 4,5, 6, 7, 8, 9 ; and then I is tho 
middle,at which is a brafs center pin, going ttili on z,3, 4,5,6,7,8, 9, 
%nd io at the end, where there is another center pin ; (as th s line IS 
generally much ufed, it requires a larger defcription). ‘I‘he firit one 
may be counted for I, or ic, or 100, or 1000, and then the next 2 io 
accordingly 2, or 20, or 200, or 2000, &c. Again, the firfi I may bo 
reckoned I tenth, or I hundredth, or I thoufand part, &c. then the 
next is 2 tenth, or 2 hundredth, or 2 thoufandth parts, Src. To t h a t  if 
the fitit I be efieemed I, the middle one is then IO, and 2 to its right 
is 20, 3 is 30, 4 is 40, and IO at the end is IOO ; again if  the firit 
I is IO, the next 2 is 20, 3 is 30, fo on, making the middle I now 
100, the next 2 is 200, 3 is 300,4 is 400, and IO at the end is now 
1000. In  like manner if the firft I be efleemed I tenth part, the 
next 2 is z tenth parts, and the middle I is I, and the next 2 is 2, and 
I O  at the end is now IO. Again, if the firfi I be counted I hundreth 
part, the next is 2 hundredth parts, the middle one is now IO hun- 
dredth parts or one tenth parts, and the next 2 is two tenth parts, and 
IO at  the end is now but one whole number or integer. 
As the figures are increafed or diminihed in their value, io in like 

manner mufi all the intermediate ftrokes or.fubdivifions be increafed 
or diminiihed j that is, if the firfi I at the left hand be counted I, 
then z (dil the right hdnd of it) is 2, and each fubdivifion between 

them 

W fiould have a GUNTER’S SCALE before him. 
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them now i q  I tenth pxt,  and fo all the way to the middle I, which 
now is IO, the next 2 is  90, now tholonger ftrokes between I and 2 
are to be counted fiom t thus IS, 12, (where is a brafs in, then 
13, 14, 15, fometimcs a longer firoke than the rell, then I <  17, 18, 
19,20, at the figure 2 ; and all the fhorter ftrokes between them lon- 
ger are now each to be counted for .;6. parts [from the middle I to the 
next 2, now 20, from whence the longer h o k e s  between the figurer 
e r e  units, thus, 21,22,23, &c. to 3 which now'is 30, and the ihorter 
firokes each between them, now is the tenth part of an integer ; 
from 3, each hort ifroke or divifion, is I tenth part of an unit. Again 
if I at the left hand be IO, the figures between it and the middle I are 
Common tens ; and the fubrltvilions between each figure are units j 
from the middle I to I O  at the end ; each figure is To many hunderdths 3 
and between there fi ures each longer divilion is IO;  from the middle 
1 to 2, each lek d iv ikn  is 2 units ; and from 2 to the end,each fhorter 
divifion is 5 units. From this defcription it will be eaCy to find the 
divifions reprefenting any given number thus : Suppok the point re- 
prefented the iiutnber 12 was required ? 'rake the divifion at  the 
figure I, in the middle for the firit figure of 12 ; then for the fecond 
figure count 2 tenths, or longer itrokes to the ri h t  hand, and this 

Again, buppofe the numlier 22 was required, the fire figure being 
2, I take the divifion to the figure 2, and for the 2d figure 2,count 2 
tenths onwards, and tha t  is the point reprefentin 

Again, Suppofe 1728 was required for the fir 'figure I, I take the 
middle I, for the iecond figure 7, count onwards as before, and that is 
1700 ; then for the third 2 count 2 tenths fram the laft, and it repre- 
Cents 1720; laftly, for the +th, figure 8, eitiinate 8 parts out of IO 
of the next h a l l c r  hvii ,on, or a little lefs than IO, this point, laR 
found, reprefents i 7 8. 

Required the Point, reprerenting the number 435 ; from the 4 in 
the 2d interval count towards 5 on the right, three of the larser divi- 
ilons, and olie of the firialler, and that will be the divifion exprefing 
435, and the like lifothcr numbers, which by a little praaice is readily 
done. 

All fraaions found in this line mutl be decimals ; and if they are 
not, they muit be reduced into decirnnls, which is eafily done by ex- 
tending the cornpath from the denoniiiiator to the numerator ; that 
extent laid upon I i n  the middle will reach to the decinid required. 

Required the decimal fraCtion equal to 3 ,  extend trom 
4 to 3, that extent will reach from I o n  the middle to 75, towards 
the left hand ; the like may be obkived of any other vulgar fradion, 
MULTIPLICATION is performed 011 this line, by extending from 

I to the multiplier ; that extent will reach trom the niultiplicand to 
the produkt. 

Suppofe, for example, it  was required to find the produli of 1 6  
multiplicd by 4, extend from I to 4, that extent will rcaah from 16 
to 64, the produa required, 

4 D~vrs ION 

lalt is the point repreienting 12, where is the bra rg s pin. 

fi 22* 

Example. 
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Dwxsrow being the reverfe of Multiplication, therefore extend 
from the divifor to unity, that extent will reach from the dividend to 
rhe quotient. 

Suppofc 64 to be divided by 4, extend from 4 to I, that extent will 
reach from 64 to 16, the quotient. 

N. B. Th i s  extent in Divifion is to be taken backwards from the 
dividend to the quotient, butin Multiplication it is taken forward from 
the multiplicand to the produ&, they being contrary to one another. 
PROPORTION, or the RULE OF THREE, being performed by 

Multiplication and DiviGon, therefore extend from the firit term to 
the fecond, that extent will reach from the third term to the fourth. 

Example. If the diameter of a circle be 7 inches, and the circum- 
ference 22, what is the crrcumfercnce of another circle the diameter 
of which is 14 inches ? 

Extend from 7 to 22, that extent will reach from 14 to 44, the 
fime way. 

I n  like manner may any orher proportion of any denomination be 
worked, which makes this line of general ufe, particularly in meafur- 
ing Superfices and Solids, which is done by extending from I to the 
breadth, that extent will reach from the length to the fupcrficial 
content. 

Exampk. Suppofe a plank, or board 15 inches broad, and 27 feet 
long, the content of which is required. 

Extend from I to I foot 3 iaches ; that extent wilt reach from 27 
f& to 33;75 feet, thcfutperhcial content, Or extend from 12 inches 

T h e  folid content of any bale, box, cheft, &c, is found by extending 
from I to the breadth, that extent will reach from the depth to a 
fuurth numb@, and the extent from I to that 4th number, will reach 
from the length to the Mid content. 

Example lit. What is  the content of a fquarc pillar, whofe length 
'is 21 feet 9 inches, and breadth I foot threee inches ? 

The extent from 1 io 1,25, will reach from 425 to t,56 the content 
of I foot in length ; agaiir, the extent from I to r,56 will reach the 
length 21,7 5 to 33,98 or 34 the folid content in feet. 

&xample 2d. buppofe a fquare piece of timber, I , Z ~  feet broad, 
from, 56 deep, and 36 long, be given to find the content : 

Extend from I to 1,25, that extent will reach from ,56 to ,7, then 
extend from I to ,7, that extent will reach from 36 to 25,s the fohd 
content. In like manner may the contents of any bales, kc.  be found, 
which divided by 40 will give thc tonna e. 

dly. T h e  line of Sines marked (Sin.$begins at the left hand, and 
is f gured thus : I, 2, 3, 4, 5, &c. to IO ; then 20, 30 40, &c. to 90, 
ending at the right hand, where a hrafs center pin, here, and in all 
lines under ir, are called degrees, 

4thly. T h e  line of verfed fines, marked (V.S.) begins at the right 
hand, againit 9oQ on the fines, and from thence figured towards the 
lelt hand thus : IO, 20, 30, 40, &c. ending at the left hand-about 

to IS, 8x. 

w 3  
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1690 ; ,each of the fubdivifions, from IO to 30, are 2 degrees, and 
from thence to 90, it is fingle degrees, and from thence to the end, 
tach degree is divided into 15 minutes. 

Sthly. T h e  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 Io, and Co on 20,3440, and 45, at thc right hand, where 
is a little brafs pin, j u f i  under and even with 90" in the fines ; from 
thence back again it is figured 50, 60, 70,80, &c. to 89, ending a t  
the left hand where i t  began at I degree. T h e  fubdivilion of thio 
line are the fame as thofe of the fines. 

6thly. T h e  line of the meridional parts, marked (Mer.) begins at 
the right hand, and is numbered thus: IO, EO, 30, to the left hand, 
where it ends at 87 degrees. This line, with the line of equal parts, 
marked EP) under it, arc ufed together, and only in Mercator's 
failing. &he uppermoft line contains the degreesof the meridian, or 
latitude, in a Mercator's chart ; and the lower is the equator, utd, 
oontains the degrees of longitude. 

O N .  T H E  

USE OF T H E  SECTOR. 

~ I I C  Uj $the Line a f l i n s s ,  markdon tbefinir Si& offhe $&or (LL,) 
ufe of the feEtor is takcn from the property of two equi1at.e- THE ral fitnilar triangles, thus in the following figure : 

AB arid AC are equal legs, or 
radii, of an ifoceles rriangie, ftanding 
QQ the bafi RC : Now, by thepro- 
k r ty  of iiinilar <', drawing DE 
Parallel to NC, the two triangles A 
4uE and AHC are fimilnr and pro- 
k i o n a l  ; or AD : DE : : AB: BC. 

AB 1 BC::  AD :DE. 
Now, fuppofing AB and AC to be divided each into IOO equal 

h s ,  and it is required to divide any opening of thc legs as BC in 
the &me ratio as AB, AC is divided into, it is inftantly performed by 
tsking laterall the diftance DE in your compatles, and apply it from 

to H, and t K e line BC will be divided in the lame ratio as is the 

C PRO- 
'ihe AB or AC. 



YB ON THB USE OF THE SECTOR. 

P R O B L E M  I. 
To dkridi ogiwn Lin8 /a any Niw&eer .f Equal Parts. 

D I  E 
. Suppofe DE is required to bc divided into 

8mmaTroM.-Tilke DE in your compaffes, and open the legs of 
the feaor, To that the opening of the compares DE hal l  jurt fall on 
the line of lines on each lcg of the feaor, on 6.6 ; then take off 1.f 

, laterally, and kt it from D to D I, and D I will be the I-hxth part 
. of the given line DE. 

T o  this problem may be referred the method of making a fcale of 

6 e  ual parts ? ++H+-i4 

a given length, to contain a given number of equal parts, 

P R O B L E M  11. 
Suppok the kale to the map of a fu'urve is 6 inches long, and COR- 

{tale my be taken from the line of lines ? 
SoLuTIoN.-&fake the traniverie diftance 7 and 7, or 70.70, viz. 

I+o equal to 3 inches=$ i a d  this poffeffioion of the lines will pro- 
d& the given fcalc. 

bins 140 poles, required to open the fe ny or) fo that a correfponding 

P R O B L E M  I r r .  
Let a CcaIe of 4 inches to a degree in longitude be reduced to an+ 

SOLUTION.-iiet off any diftance on the 4-inch kale tranfverfely 
ther kale of 3 inches to a degree of longitude ? 

to 40.40 or 4.4, on the line of linGs ; with this opening take .off 3. 
or 30.30, and it is done; chis lateral &fiance being the proportiona 
part required, 

T 
. P R O B L E M  IV. 

One tide of any trian le being given, of any length, to rneafure the 

Let the triangle ABC be drawn. 
I would have the fide AC nieafure 
63. What arc the meahre of the 
other two fides, ABt3, BC ? 

other two tides on the B m e  kale?  

c 
63 A 

SoLuTroN.-Take AC in your campafie, and appl that dif. 

the cli&ance AB in your compafles to the lame number on both fide9 
of rhs! rule tranlleriely; and where the two points fall will be the 
m f u r e  on the line of lines of the difiance required ; the difiiW6 
AB will fall again3 50.50, and BC agaio8 45.45 on tlrc lines LL OQ 
each fide. 

tancc tranf\rcrfely to 6.3 or 63 ; to this opening of the ry e&at apply 

\ eP 



LOOARICRMS. 9 
afthc &ne af Gar& on the Senor, marked (CC) en cacb sitf0. 

The line of chords on the feCtor is laid down on both fides as fir as 
60" ; each degree is divided in half or 30' ; the ufe is only to 
down angles, or meafure their arches to any given radius. 

E X A M P L E  I. 
In  the given circle ABC to lay off from the points C an < of 30°. 
SoLuTroN.-7akC the radius DC in 

our compaffes, and open the fellor until 
i o &  on bath fides fall on each p i n t 3  
with this opening take off 30.30 on both 
fidestranfvirerfely,andapply itfromConthe 2' 

the < B DC is an arch of 30° required. 

radius on the chords, or 90.90 on the 
fines, or 45' 45' on the taneents, may 
the chord, fine, or tangent, ot any angle, be found, fet off, or known,' 
to any given radius. 

B 
*.-.. B .,,.e * ... .,..'' 

{* 

arch towards B,assta,anditisdone; ana A i  D 
In this manner, by retting 60.60 to 

L 0 C A R I T H M S. 

OGARITHMS are a feries of numbers, invented by Lord 
Napier, Baron of Marchinfton, in Scotland, by which the work 

of tnultiplicAoi~ may be performed by addition, and theoperation of 
divifioli may be done by fubtraQion ; Co that pea t  time and trouble 
are Caved thereby in the performance d dl arithmetical operations; 
for if the logarithm of an two numbers be added togeshcr, the fum 

the dividend you fubtraa tho lagaritlirn of the derifor, the remindor 
W?be  the logarithm of the quotient. Again, if the logarithm of 
any number be divided by 2, the quotient will bc the logarithm of tha 
$uare root of that number ; or if the logarithm of any number 
be divided by 3, the quotient will be tbe logarithm of the cube root 
@f that number, 

l 'he mofi conycnient h i e s  now made ufc of is the following : 
0 1 2  3 4 li drc. lqarithrns. 
J IO 100 1000 10000 IOOOOO, &c. lorrrithms. 

By which you perceive the index of any logarithm abwayc one fcrs 

c2 Te 

will be the logarithm of t K e p r d u a  ; and if from the logarithm of 

- 
than the number of figures the integer contains. 



79 LOdAUXTI4MS. 

fbm of awy Number ronfainhg kj than 5 F&ur#t. 

E X A Ail P L E S. 
*a I would find the logarithm of 7 ? 

Look in the table for the, number of 7 in the fide column, and 
B a h ' €  it is 0.84510. This  number having but one figure in the iii- 

L X  thereto is 0. 
I would find the logarithm of 79 ? 
Look in the table for the number of 79 in the fide column, atid 

agai& it  is 1,89763 ; to which I is the index, becaufe the number 
contains two figures. 

1 would find the logarithm of 763 ? 
Againi) 763, in  the firit fide column, is 2.88252 ; to which prefix 

theindex 2, as the number contains 3 places of figures, 2.8825a. 

f a  

Tojnd the Loggariihm of 7634. 
Find the logarithm of the three firi t  figures in the fide columns as 

before; and, caning your eye on the numbers on the top line of the 
table, look for the remaining figure 4, bring your eye to bear down 
that coluinn, and eight againti 763 is the logarithm 88275, to which 
prefix the index 3, as it contains four pldces of figures, thus : 3.88275 
is the logarithlg of 7634. 

Tojnd the l~garithm of ang whde Number to 5 p l ~ c e i  d f  Figures. 
Suppofe 76345 ? 

ithm of the three firit figures 763 in the fide 
gure 4 in the tap column as before, and againfi 
s 88275, as before. .Take  the difference be- 

and the nrxt greater; ?hat is, the difference be- 
tween 275 and 281, which is 6 ; ,then fa b the rule of three, if 10 

ives 4 what will 5 give ? that is its h k o Y 3  ; which, added to thy 
,&garithm 88275, makes 88278 ; to which prefix the index 4, as I t  
contains five glacw of figures; and that makes the logarithm of' 
76845 to be 4. 8278. 

&gain, to find the Logarithm of any Number to 6 places 4 F@res2 ai 
763458. 

Find the logarithm of the 4 firft places of figures as before 8 
as above, then fa if 100 gives 6 difference, what will 58 
Anfwer 3 ; whictadded to 88275, makes 88278 ; to which 
its index 5, makw the logarithm of 763458 tu be 5.88278. 



find tbt Lqaritbm of any fixed N h i h ,  6s 763.459. 

Where the integer is 763, or has only three places af figures, the 
rule is : Find the logarithm to all the figures, the fameas if they were 
whole numbers as bctore, to which prefix alwayP the index of t6k in- 
teger, which in this number is 2 ; fo that the log. of 763.458 io 
2.88278, nearly the fame as thc above, only ditreriilg inits index. 

To Jnd the Numter at#werin\r t o  any Logarithm t:, 4 Places cf 
8; inures. 

Seek under the column 0, a t  top of the table, the next lels 
Iogarithm ; note the numbgr againfi it, and carry your eve along that 
line until you find the neareft logdrithm next lets than the given one, 
and you will have the fourth figure at the top of the table, which affix 
to the three given ones in the firft fide colufnn. 

W h a t  iq the number to the logarithm 3.77342 ?-I look in column 
6, and find under it, againit the number 593, the logarithm 7705 I 
and, guiding my eye along that line1 find the given logarithm 77341 
under the column, with 5 at the top ; fo that the number is 5935. 

en out by this preccpt, will l o  either the number ~ 4 -  

* 

I 

ogurithm to 5 Plbces f Fkwcs 

Find the next lefs logarithm t o  the given one ; and-take its &&r# 
eiice betwixt it and the given one ; alfo take the difftrerrce betwixt 
the next Greater logarithm, and next lek to thc given onc ; then fay, 
as the ditference ot the next greater and next Ids is to IO, li, is the 

I former diCerence to the corrciiion fought ;-as fuppofe you would 
find the number to the logarithm 4.59632? 

4 59627 T h e  nearctt next log. I can find is 59627=its num. 39470 
459632 

T h e  nexr greater ditto is - 59638~ 39480 
-1 CI-. - 

5 -  - Difference. I I  
T h e n  ray, 11 : IO : : 5 : 5 nearly the correEtion E ,whi 
number 3947, makes the number fought tb be 39475, anlweiliig to 
the logarithm 4.59632. 

NoTE.-Ahquot or even parts may be taken of the difference be- 
$ween the lcfs and grcnter logarithms, where it can ba done, thus : 

5 is neaily the half of 1 1 , s  5 the number fought i s  of 10)  
diffrrence of the two numbers belonging to the grcdrer and leis 

which will often fhe  time and trouble. 

MULTI- 



23 LOO ARITHMSi 

Midtiply 3.72 Log. 0.$70<4 

Pror'uA ,0023808 7 . 3 7 6 7 2  
1 I1  re thr reniaiirdrr to 9 is  2 in the 

jnctrx ; therefore prefix two cyphen 
to the nirmberof the logarithm 37672 
tor the FroduA rrquircd. 

by 0.00064 6.80618 -- - 
Multiply sg.4,Log. = 1.77415 

Pronu0 .9011341+ 7 -2662 I 

by .000031 5.492u6 - -- 

4104 Tts loprithrn i s  3.61321 
$4 Its logarithm is I 7 3 2 3 9  

76 (&@tielit = 1.86082 

c-- -- 
410.4 Its logarithm is z 61 j z r  

5.4 Its logarithm is 0 . 7 3 2 - 3 1  

76.0 Qotient 1.86082 

- 



LOOARITfiMS. 

,008215 Its log. AS 7.91461 
.o31 Its log. is 8.49136 - -- 
.265 Produa 9.42325 

C A S  E 11. 

index of unity roo;then the index 
of the firR number would havc 
been 97 or 97.9146'~ 
and .o3r 98.49136 

NOTE.-& the indices here I 
borrow ' O  in the fame manner as 
I flung it away in addition. 

Divide 002380% by 3-72. 
.0023808. Its log. is 7.37672 

3.72 Its log. is 0.57054 

9 p 423 2.5 
So that 99 is the index of the firE 

decimal place under I 00 in this cafe. 
Divide 59.4 by 00003 I. 
59.4 Its log. is ~.77415 

.OOOQ;I Its  log. is 5.49209 -- -- I_- 

.ooc64 Qot ien t  6.5c6r81 .ooorgi~~ Itsquotient 6.28r69 
NoTE.-~Vhatever index you make repreferit iinity, omit it in the 

rum of the indices, and borrow it in the fubtra&on of indices, the 
Cum or repainder will be the true index required. 

--. 
2) 17.26694 

--. 

= 8.63347, ,043 The log. of the 
IQOt h 

T o  ZXTRACT the ROOTS in LOGARITHMS. 

-- 
Sum 3 12 9.0969 I 

.5 Its loot ?. 9.69e97 

As th:: multiplying the logarithm of any number by the index of 
its power produces the logarithm of that powcr ; To the  divifion of:inp 
logarithm) by its propofed index, the quotient will be the Iogariilird of 
the root rcqulred. 

3)4.02726 

18 Log.ofthcrooti8 %El z z  Log. ofthe root is 1.34~,42 
T o  find any propofed root of any decimal fraaion, you muR fir& 

prepare the index for the divifion by thc propofed powcr, thus : For 
the fquare you mull add I O  to the iridex before you divide i t  ; for the 
cube you mull add 20 to its index before you divide i t ;  and fo 011 for 
the root of any power propofed. 

ExAMPLa.-what ir the iquire 
root of .OOI 849 ? 

What is the fquare root of 3 2 4  ? What is the cube root of 10648 ? - 324 Itslogarithm is z)t,~io54 1~648 Itslog. is 

%%at is the cube 

7.2669+ . rzy  The log. is 9:09691 
Add IO. I Add, 10. 

,001 849 Its log. is 



The APPLICATION of LOGARITHMS in 
meafuring Boards, Timber, Glafs, Stone,' and 
all kinds of Package?, ufually taken on board 
Ships*. 

Required the content of a board or 
plank 9-2. feet long and I; foot 
broad ? 

Log. of g; or 9. 5 is 0.97772 
];or 1 . 2 5 i s  o.og6gr 

I I .88 nearly 109 o f  cont. : ,07463 
I_- 

or I x feci 10% i n d m  nearly. 

Required the content of B piece 
of glafs 2. g feet long, and I. 75 
broad ? 

Log. of 2. 9 = 0.46240 
1.75 = 0 . 2 4 3 ~ 4  -- 

5 9 5  = 0.70549 
l-he content i 8  5. 075 feet. 

In like manner may any dimenfions be fquared, and the content LC 
found. 

If the folid content be  required of any box, bale, &c. add the 10- 
garithms of the length, breadth, and depth together, the ruin will be 
the log. of the folid content. 

ExAMPtIi.-what is the f d i d  content of a box whore dcpth is 
2, 7, breadth 2. 3 and length 4. 5 feet ? 

2 .  7 Itslog. is 0.43135 
2. 3 Its  log. is 0.36173 
4, 5 Its log. is 0.65321 -- 

S u m  equal thelog. of the contcnt 1.44630 = number 27, 95 or 28 

T h e  diameter of a c a k  at the head and bung, and alfo its length 

:It. Multiply the difference of the liead and bung diameter by  0. 7, 

feet nearly. 

being given, to find its content in beer arid wine meafure I 

and add the produ& to the head diameter for a mcan diameter. 

RULE FOR W f N E  MEASURE. 1 RULE FOR BEER MEASURE. 

Place down the log. of the mean 

confiant log. 7.53148, the fum of 
thefe four logarithms will be thr 
log. of the content, abating 10 in the 
fitm of the indices. 

Put this conRant log. under the 
two former lop. always 7.44484 
the ftim of the four logs. will Le 
the content for beer gallons, abating 
io in the index. 

* The AUTHOR has lately publilhrd an improved GUNTER'S SCALE, on 
which the foot is divided into IO e q t d  parts, :cnd t h f c  party Tubdivided into I O  
eqiial ports, for the purpok of taking dimcnfions aud cnlcrfating by lap;x-ithins 
er dcciinal ftaLtions. 

2 EXAM- 



Ltngth 40= I. 60206 

of 89.13 gallons I 9~002 
content for wine. 

Conftartt log, 7.53 148 -- 
I- I .  60206 -- 7 . 4  4484 -- 

Anf. 73 gall. = 1.86338 of beet. 



a6 LOQAR ITHMS. 

'Iht tItnmdn Way offinding a Ship'r Tonnag: at London. 

Re lan multiply the length of the keel by the breadth of the beam, 

EXAMPLEo-Suppofe3 h i p  72 feet hy the keel, and 24 feet by the 

and t k at produkl by half the breadth of the beam, and divide the lafi 
produ& by 94, wid the quotient arifing is the tonnage. 

beam, what is the tonnage ? 
Length 72 - - log. is 1.85733 
Breadth 24, - - do. 1.38021 

Arith. complement of log. of 94, do. 8.02687 
Hakbreadth 12, - - do, 1.67918 

--r 
Tonnage 220.6 - - 2.34359 Anfwer. 

?ifvid the Logarithm of de Sines, Tangenis, and Secants, helonging 
to any Nuniter of Degree$ and Minutes repired. 

If the required degrees be fcfs than 45, leek the de rees on the 

which in  the column fi ned at the top with the propoled name, #and5 

are more than 45, reek the degrees at the bottom, and the minutes in 
the right-hand column marked M at the bottom, and the propofed 
name of the bottom. Here it may obferved, that the degrees at 
the top and minutes at the left-hand column, added to the degrees at 
the bottom and minutee in the right-hand column, always make cp ; 
bence, if a fine be looked for, the co-fine or complement will be found 
in  the adjoining column, the fame may be oblerved of tangents and 

top, and the minutes in the left-hand column marke ff M, a ainfi 

the fine, tangent, and B ecant required ; but when the degrees given 

tecants. A :  

EXAMPLE I.-Required the l'@: 
fine of 28" 37' 1 

Find 28 at the top of the page, 
and in the left-hand column mark- 
ed M at the top, find 37 ; againit 
which, in the column marked with 
the word Sine, Bands 9 6802 the 
logarithm of the fine of 37 
required. T h e  Lme may be ob- 
krved of tangents and recants. 

/ 
'ExAMPLE:If,-Required the lo& 
. * tan ent of 67"45' I 

pa e, and 45' at the right-hand 

this in the column marked 

16, which is the logarith& 

Find 6%7 s, at the bottom of th6 

co t: umn marked M at the bottom, i 
I n t  a t  the bottom, ftand4, 
1 

reguired. I 

I ,  I J 

Having the finez tangen?,%nd recant, &e co-fine, co-tangent, CO* 
&cant, are always found ln the adjoining cofumns. 

The logarithms to any number of degrees above 90", is found bJ 
tubtratling the given degrees from 180°, and takin6 the logarithm of 
the remainder; or if 90' he Fiibtralted from the given line, and the 
log. co-fine of thc r e m h l e r  be taken, it will give the fame as above. 

. 4  f f  i 



LOOARLTHMS. 

%Jnd tbr Degrea, Minutes, and Secendr, corr@onding tr aty g k m  

If the degrees, minutes, and feconds, be wanted to a given loga- 
rithmic line,or co-line thus found, and the next greater and fhe next 
lefs than the given logarithm and the difference tbetween the given 
logarithm and the next lefs if a fine, and the next greater if acco-fine ; 
then fay, as the difference between the next greater and next lefs is to 
60~1, lo i s  the difference between the next lefs if a fine, and the next 

reater if a co-fine, to the number of feconds to be annexed to the 
tegrees and minutes found before. 

EXAMPLB I.-Find the degrees, minutes, and feconds, corref- 
ponding to log. line 9.61405 I 

Logarithm. % 

Next lefs log. 9.61382 Next lefs log. 19.61382 
Next greater 9.61411 Given log, 9.61405 

29 23 

-.- -- 
Here the given log. is found ftanding between 2 4 O  16' and 2 4 O  

17' ; then ab z is to 60, fo is 23 to 48, which annexed to 24O 16: 
gives 249 16' Jfi, anfwering to log. 9,.61405. 

EXAMPLE II.-Find the degrees, minutes, and feconds, corre- 
fponding to the log. co-fine 9.43297 ? 

T h e  near& found between 74" 16' and 7 4 O  17': 
Next greater log. 9,43323 Next lefs log. 9.43323 
Next lefs 9.432711 Given log. 9.93297 

Diffi 45 DifF. 26 
-- -- 

Now as 45 is to 60, Fo i s  26 to 34", which annexed to 7 4 O  16' gives 
34" rbl34, the degrees, minutes, and feconds requir'ed, 

To j n d  the Logarithm of tbe Sine or Co-/;nc,for Degrcer, Minutes, a d  
Seconds. 

RuLe.-Find the logarithm to the degrees and minutes RS before ; 
hke  the difference between the logarithm and the next greater in the 
b e  ; but if a co-he, the next lek j multiply this difference by the 
odd feconds, and divide the prod& by 60'; add the quotient to the 
right-hand of the log. of the degrees and minutes, if a fine, butfib- 
Era& it if a co-fine, the fum or difference will be the logarithm, fine, 
OF coAne required. 

132  EXAM- 

i 



2 s  GEOMETRICAL PROPOSITIONS. 

EXAMPLE I.-Required the 
log. tine of 24' 16' 48" I 

Sine# 24e16' 9.61382 
Sine of 24O 17' 9.61411 

2% 
Diff. 

Now 29 multiplied 'by 4 
gives 1302 ; this divided by 60, 
the quotient is 23, which added 
tg 9.61382, gives 9.61405, the 
log. of 240 16'48". 

EXAMPLE 11.-What is the 
log. co-fine of 749 16' 34'? s ' Log. co-fineof 74' 16'9,4332 

Log. CO-h1C Of 74' 17' 9.4327 -- 
Diff. 47, 

Now 47 multiplied by 345 
1598 ; this divided by 60, gives 
the quotient 26 nearly ; and 26 
fubtraaed from 9.43323, leaves 
9.432 7, the log. co-fine of 
740 1& 34". 

If the given feconds be 5, +, 1, +, or +, or any other even parts of 
a miqute, !be l ike parts may be Faken off the difference of tbe loga- 
rithms, and added or fubtratted as above, yhich may be frequently 
done by infpektion. 

Tofind the Arithmetical Cbmpkmtnt of my Logarithm. 

T h e  complement Arithmetic of any logarithm, is what it wants of 
~o.ooooo or; ao.ooooo, and is ukd to avoid fubtradion, For fiuding 
it this is the rule : Take tbe refidye or remainder of the firfi figure tq 
9, and io of the reit, till you come to the lafl figure j of which take 
its remainder under IO, arid it is done. 

EXAMPLE 1.-I would have the compkmeot arjt,bmetic of 

For the &R figure 9, write o ; for 6, 3 ; for 2, 7 ; for 5, 4; fer 
9, o ; and for the lai) figure 5 write 5 ; and fb you have 0.37405 far 
the complement arithmetic bught. 

9 62595 

EXAMPLE 11.-The complement arithmetic of 20.331331 
For o write 9, and io on as before d i r ehd ,  and then you will have 

9.66867, wbich is the complement arithinetic of 20,33133, Of 
thus : 

From 1o.oooo3 From 20.00000 I 

t ikc 9.62595 1 t k c  10.33'33 

--I 0.37405 9.66867 
-- 

It will be neceffary for the reader t o  make himielf well acquainted 
with the following propofitions, as he will find them uicful when ha 
goes into Trigonometry, which are here rendered plain and cafy to 
underfiood : 

P$OPOSITIOFT 1.-If a right line kinds upon, or meets witllv 
another right line, and makes angles with it, the two.ang1es taken to+ 
gether will be tworight anglcs, or two anglescqual to two right angles. 

LCt 



QEOMBTBICAL PROPOSITIONS. 
** 

' Let the line C D meet A B i o  D, i an 
b ere& the erpendiculrr D E, with the 

in D defcribe the arch A L E, which will 
be 3 femicircle or 180"; of which A B is 
the diameter, and the angles A D E and 

D B 
f is perpedicular to AB : now the B D C is lels than 90°, h c e  the 

tw9 angler togetbor make neither inore liar lcfs than i8ov or a lerni- 
circle ; conhuent ly  any number of right lines itanding upon the 
fame fide of thc line AB, and coming from the fame point D, thc: rum 
of all the angles formed b fuch ri h t  lines cannot exceed 1 8 0 ~ .  If the 
wle BDC be fubtra&tc B l i  from I oO, the remainder will be th angb  
CQA i or if ,the a@e ADE is given, the angle BL)C is found in tk 
fpme m a w r .  

PRWO$ITION 11.-If two right lines crofs each other, thc angles 
which are oppohte are equal one to the other. 

Let tbe two lines A I) and CB crofs 
each other in the point E. With th4 chord 
of 6s0, or any convenient radius, in your 
compa&s, and one foot in E, defcribe a 
circle i then, by meafuring the an les, i t  
wilj be found fithat the angle A d B i6 
equ.al to t h e  angle C E D, and ttaq the, 
wgle A i X  is e ua1 to the angle B h D i 
for the angle A\ H added to the angle 
4 E C makes 7 femicircle ; and fo does 
the angles B E 1, and D E C ; and all the 
aJlgles taken together make 360~. 
PROPOSITION 111.-If a right line crofs two parallel lines, the 

outward angles will be. each equal to the inward and oppofitc 
ones, 

rallel lines, and E F the line that 
cuts them in the points G and 1-1- 
With the chord of 60' in your com- 
paffes, and one foot on G and H, 
dcfcribc the arches BEA and IJFC 
which will be each a femicircle: 
now, by,meafuring the angles 13GE 
an4 AGL, they will be found e ual 
to the angles DH F and t; ;f C, 
and each equal to 180, by the firfi 
propofition. In like manner it may 
be proved, that the two outward 
a-ngles are equal to the two inward and oppofitc ones. 

chard of 60 8. in your compares, and one 

&DE arc qudtants, each goJ, becaufe ED ' A 

C 

\ 

D B 

Let  the lines AB and CD be pa- E 

w 

I), 

a 

F 

Pltb 



jo GEOMETRICAL PhPOSITIONS.  

PROPOSITON 1V.-In every. plane triangle, whether right Sr 
oblique, the three angles arc equal to two right angles or 180~. 

I n  the triangle AGB draw C D pnrallel to AI? through the point 
G ; on which point, with the chord of 60°, or any convenient radius, 
dcfcribe a circle on the oint G ; and with the Came radius,on A and 

be equal to the angles F G E, and the angle A €3 G will be equal to the 
angles CGE, and the angle BAG is cqual to the angk DGF : now, 
fince the oppofite angles are equal, the angles DGF, FGE,and EGC, 
together, make a femicircle or 1800 ; therefore i t  is plain that the 
three angles of a plane triangle, whether right, acute, or obtufe, toge- 
ther, are equal to two right angles or 180" ; hence i t  follows that, as 
the right angle B A G is 909 the other two acute angles A 13 G 
and AGB taken together, can be no more than  GO ; therefore, if 
one of the acute angles, in a right.angled trian le, be given, the other 
is found by fubtra&ing the given angle from go5. And in any oblique- 
angled triangle, if one of the angles be given, the Cum of the other two 
is found by iubtraBing the given angle from 18oO; and if two angles 
are given, the third is found by lubtra6ting the rum of the two angles 
from i8o0, 

PRoPoS~ToIn V.-In every plane triangle, if one of i t s  fides be 
produced, the outward angle will be equal to the two inward oppoiitc 
an les. 

L e t  ABC be the'triangle, and CD 
the fide produced, with the chord of 
6oo,or any other radius, defcribe arches 
on AI3 and C, draw CE parallel to A 

dcfcribe arches ; now, ! y the lafi propofition, thc angle A ti B will 

D 
H A 
the angle CBA ; therefore the outward angle DCA is equal to the 
two inward oppofite angles A C B and B A C ; which may be eafily 
proved dy meafuring the angles by the  fine of chords on the planc 
icale. 

 NOT^ 

B ; then, by the third propofition, the 
angle ACE muit be equal to the angle J.,J c 

dnd the angle L) C E equal to 



T R I C O N O W E T ~ ~ r  

NoTE.-I hope the learned marhematicinn will excu 
bere taken of demonilrating the above prqmfitiws 
manner, judging it beA adapted to the capacity of th 
this book is Intended, not doubting but the teacher will, as Ib lWy~ 
do, d e m o n t h e  them in a more geometrical manner M) thok,who are 
capable of receiving fuch, 

T R I G 0 N 0 M E T R Y, 

-r 

LAIN Trigonometry is the art of meafuring plane trian les, by P comparing the fides and angles together by known ana F ogies i 
whereby three things being iven, a fourth may be found, on amdid 
tion that one of them be a %de : but as angles are nieafured by the 
arch of a circle, defcribed upon their angular points, and the pro-' 
portions that therearches bear to right hoes cannot be exa&ly found ; 
therefore the writers of Trigonometry have applied right lines to 
there arches, that the proportion they bear to the fides of a plane tri- 
an le ma be found. F Y  

re. A  CHORD,^^ the fib- 

, 
r h e  right lides ap'plied to a circle are : 

T 
, tonfe of an arch, is a right line 
that divides the circle into two 
unequal parts, and is a chord 
to them both, as DH is the 
chord of the arches D H and 
DAH. 

2d. A R f G H T  SINE of an 
arch is, a right liQe drawn from 
We end or terminstion of an 
arch perpendicular to the ra- 

$$ius, or i t  is half the chord of 
(wlice the arch ; lo that R S is 
the fine of the arch A S, and 
6 Z the cofinc. 

art of the diameter contained 

the arch, as RA and R C D, 
and is the verfed fine of S H D, or D E P its equal. 

to one end of the diamctrr, j u f i  touching the arch, as A ?' is the 
Qpgent of the arch A S and H (2 the co-tangent. 

5th. h SBCANT 

, 

D 

..a* 

...* 3d. A Verfed SINE is that ' '*** 

...e. p S etween the right fine, and *e*.... .... ...... 4. 
'.*..*,. 

4th. A TANGENT of an arch, is a right line drawn per 
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A SECANT of an arch is a right line drawn from the center 
through the circumfeience, and produced until it cuts the tangent, 
as CT. 
NOTE. T h e  fine, tangent, and recant of the complement of ad 

arch, is called the co-fine, co-tangent, and co-fecant of that arch. 
T h e  fines, tangents, and recants of an arch, are faid to be ,  the 

meafure of fo many degrees, as that arch contains parts of 360 degrees ; 
fo that  the radius being the fine of a quadrant, or a,fourth part of a 
circle contains 90°, thus : T h e  radius is always equal to the fine of 
90.", as is the chord of 6 3 O  and the tangent of 45", all the three 
being each equal tu the radius : and that the fine, tangent, arid recant 
of an arch is equal to the finc, tangent, and recant of an arch, as 
much above 93 degrees as the former was deficient of 90 ; thus the 
fine, tangent, or recant of 80" is = IOO", of 70" is J ~ O O ,  of 60° 
is = 120' ; of 40" is = 240°, &c. fo that in taking out the loga- 
rithms of fines, tangents, or fecants, for any number of degrees 
above 90°, the given angle muf€ be fubtratted from 180°, and the 
logarithm of the remainder be taken ; or fubtra& 90" from the given 
angle, a i d  take the log. co-fine, co-tangent, or co-recant of the 
remainder. 

NotwitbJmd'ng what has been faid in Geometry, it may not be improper 
her8 t o  os/crve that, 

lit. The feweft number of right lines that can include a fpace me 
three ; which is called a triangle, or three-cornered figure, and con- 
iiits of fix parts, viz. three tides and three angles. 
2d. In  every dang le  thegreatel€ fide ie oppoete the reateit angle ; 

3d. I n  every triangle equal fides fubtend or ftand againft equal 

4th. In every plane triangle the three angles together are equal 

5th. I f  in a triangle, one angle be right or  obtufe, the reft are * 

confequently, the greatefi angle is oppofite the greate P t fide. 

angles. 

18o0--See Prob. 3 4  in Geometry. 

acute j and i f  one angle in a triangle b,e right, the other two taken 
together make on: right angle, or 90°; wherefore if ow of the 
acute angles, in  a r@t-angled-triangle, be known, theother is found 
by fubtraaing the known angfe from 900. 

6th. I n  every plane triangle, if one of the angles be given or 
known, &e horn of the other two is found by fubtraaing the given 
angk  from 1800, and if two of the angles be known or given, the 
third h fbund by fubtra&ing,their rum from 1 8 0 ~ .  

7th. The complement of an angle i s  what it wants of go0. 
8 th .  Til)' 
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8th. T h e  rupplement of an angle is wh%t it wantsof 183'. 
9th.  All an ICs are meafured b the arch of a circle, defcribed 

'&eater or lek, according td the number of degrees or parts to be I 

'Qntained between their legs 4 which legs may be lu pored to be 

their ang$ar points with the c 1: ord of 60°, and are raid to be 

yards, miles, leagues, &c. ; and are meafured on a kale o 7 equal parts. 
roth, A circle defcribed with a chord of 609, the circumference , 

Wl contain four right angles, or 360°, the quadrant 9oQ) and femi- 
circle 1800. 

I xth. T h e  angles of two triangles may be refpeaively equal, al- 
though their fides may be unequal. Therefore, among thc things 
&en, in order to find the reit, one of them mufi be a fide. 
In Trigonometry, the three parts given, in all triangles, mufi be 

either, 
~fi. T w o  fides and angle oppofite one of them. 
2d. T w o  angles and a Gde oppofite one of them. 
3d. Two fides and the included angle. 
4th. Three fides. 

111 either cafes, the other three things may be found by help of the 
table of logarithms, artificial fines, tangents, and recants, hy the fd- : 
lowing axioms ; as well as by the foregoing confiruLiions : 

[M- If may not be improper here to obferve, that the properties of a right- 
angled triangle, depend on the 47th propofition of the firfl book of Euclid, 
Where it is deiuonltrdted, that 

In  every right-angled triangle, the fqiiare of thc h y p o t l ~ ~ i 1 ~ f e  or longelt f i d ~  
equdl to the fum of thef+rev of the other two hdcs or legs ; conlequently 

having the tqiwes of the b& and perpendicular, the iquare root of their fUm 
Wl be the length of the hypothenufe. 

And, if the fqirare of the bare be Ciibtratted from the fquare of the Iiypothe- 
QUfe, the fqurre root of the remainder will be the length ot the pcrpendictildr i 

And, if the fquare of the perpendicular be fubtrdfled from the fquarc 
Of the hypthenuie, the fquare root of the remdinder wrll be the len th of 

Bird fide may be found. 
'rhus lines of the lengths 5,4, 3, (or their doublcs, trebles, %c.) will form 

a right-angled triangle. 
Now the fqiiare of 5 is ~ q ,  the fquare of 4 is IG, and the fqiiafe of 3 is y ; 

'laen 16 and 9 is as, its root is 5 ,  the length of the h y  lothcniifr; and if 16 be 
'UbtraRcd from 25 the reniainderis 9, its root is 1, thr \ength of thc perpendi- 
cular ; ;y:iin, i f?  be fiibtracctrd froni as,  the reniaindei. IS 16, its root IS 4, the 
lcngtll of rhc bde  the 19nie of :my other numbers, which may be ieddily done 

thebafc%; confeqiiently by h'tving any two fides of a right-angled triang f e, the 

the l o e l  itllius, or by the extrrftion of the iquare root. 

E 
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& k h n  $ tbefiverat afi~ in Plain lrjgotrornetty &pen& upan fat 
PropoJiiions called Axi&s, which the Learner /hould get perfcnb by 
'%?mi.---Wc /hall here givt the j ig  Axiom on& and the rcJr bfirt 
cU8 btgit, Ob&e Sailing. 

fn any right-angled plane triangle, 
If the hypothenure be made the radius af a circle, the other two 

fides, or legs, will be the Gneo of their oppofite angles j but 
If either of the legs, including the right-angle, be made the radius 

of a circle, the other leg will be the tangent of its oppofire angle, and 
the hypurhenufe the fecant of the fame angle ; 

For let the three following triangles have their fides and angles equal : 

,.** ........ ** **., .... .... 

A X I O M  r. 

.............. .... 
**. '. t* 

B 
P ,E.,-**-.., *. . B 

',, i .. '. 
f ***,: : *#' J '.e. ... .,......A 

'*., *e .* .... D * %... ..-.,. 
4 

I t  is plain, by cornparin thefe with the firfi figure in Trigonmetmi 
that taking the hypothenu F e A B as radius in your compafles, and on 
A and B defcribe circles, C I3 will be the fine of the angle B A C and 
C A will be the fine of the angle A B C, and €3 C will be the  fine of 
half tM arch €3 D, or the fine of half the angle B A D, being ha l f ,  
the chord of twice the arch ; but taking the bafe A C as a radius in 
your compalles, and with one foot in A drfcribc a circle, it  is plain 
that CB will be the tangent, and AB the fecant of the iame angle I! 
brrt if C B, the perpendicular, be taken as the radius, and a circle be 
defcribed on B, then will AC be the tangent of its oppofite angle 
A B C, and the hypothenure the i'rcant of the fame angle : for it  
fiould be remembered, that  when any one of the legs becomes a tan' 

ent of its oppofite angle, the hypothenufe always accompanying if? 
kxomea the iecant of the fame angle. 
Now, fitice, by making any of the fidec of a right-angled.triangle 

the radius of .a circle, we can readily find the naines or denomina' 
tions of the ather fide, it conies next to be confidered what parfs of 
things are given, and what required, i i ~  order to itatc the queftiol'. in 



T R I O O N O M ~ T R y r  3s 
In this cafe we hal l  compare Trigonometry with the Rule Of'I'hree 
it1 common Arithmetic ; *here we are tau@ to confider what name 
or denomination the anfwer is to be of, which names muR always be 
made the fecond term in Rating the quetli n ; if pounds are to be the 

Pards are to be the anfwer, then yards muft be the fecond term. As 
or example, if 60 yards COR E120, what will go yards cofi ? Then  

Pounds being wanted, pounds rnufi be the kcond  tern^ 
If 60 yards coil E124 what wiil go yards Con ? 

fourth number, or anf'wer, thempounds m 8 R be the fecond term: if 

90 

60) I o80( o 
- - 

180 Anfwer." 
I t  is the fame in Trigonometry ; for if the fourth number, or an- 

h e r ,  is to be an angle, an angle implied mufi be the fecond term, and 
fides the firR and third terms : but when a fide is required, it mufi 
be placed the fecond term, and angles the firfi and third terms, is 
fiating the quellion ; confequently, in all quefiions in Trigonometry, 
if a iiJe is required, you muit begin with an an le or radius, which 
is always confidered as a given angle, epual togo' ; but when an an- 
gle is required, then you muR begin with a known fide. 

In the Rule of 'Three we multiply the fecond and third terms to- 
gether, and divide that produd by the fir& term, and the quotient will 
be the fourth number fou ht, and of the fdme denomination the fe- 
cond term is of. Now ; fince the addition of logarithms anfwers the 
Purpofe of multiplication of whole numbers, and fubtrai9ion that of 
divifion, add the logarithms of the fecond and third terms togedrer, 
and from their Cum fubfiraa the logarithm of the firfi term, the re- 
mainder will be the logarithm of the fourth term. 

Aslog. - 60 - 
Is to log. of I20 - 
So is log. - 90 - 2.0791 

1.95429 - 
- 

To,anfwer 180 = 2,25527 

Kerc i t  is plain the logarithms give the fame anfwer as that given 
by the Rule of Three. 

111 a ri ht-angled trian le thek are always two fides, or the angles 
8nd one !de given, to fin% the re&. 
T o  find a fide, any fide may be made radius; then fay, as the 

Rame of the given fide is to the given fide, fo is the name of tho fide 
E2 required 
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T o  find the Bafe B C. 
As radius IO.OOOOO 
Is to the hypoth. CA 250 2.39794 
So is fine an& A 544 30' 9.91069 

12.30863 

I 3,30863 

7 

10.00000 
.t- 

To the bale B C 203,s 

T o  find the Perpendicular A B* 
As radius I0.00000 
IS to the hypoth. C A z  0 2.39794 
So i s  finerng. C 33' 32 9.76395 

12.16189 
I0.00000 

2.161119 

-d 

-& 

To the per. AB r4$,s 

As fee. ang.C 3 5 O  30' 10.08931 
2,39794 

So Is radius IO.COOOO 

12.39794 

2.30863 

IS to hypo, A C = zso 
--.I 

lQ.0893 1 
c-- 

T o  the bafc B C = 203,q 

AS kc. ung. C 35'30' 

So is tang. ang. C 35030' 

10.0893s 

9 .85321  

1 2.2~1Z' 

IS IO hypothe AC = 250 2.39794 
-4 

10.0893' 
c- - 

To the Fer. A B r4g:a = 2.1 6190 
. 
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As fec.ang. A 54" 30' ~ 0 . 2 3 6 0 5  
Is to hypoth. AC 2 5 0  
so i s  tang, an. A 5 4 O  3 d  

2.39794 
1o.r+67j 

I 2 54467 
I 0.23 60 5 

2.30862 

-- 
7- 

?O the bale BC = 203,s 

37 

As fec. atlg. $4O 30' 10*23605 
Is t o h y p t h .  AC 2510 2.3979.) 
So is radius 10.00000 

10.23 5: 

2.16189 

-- 
I 2.39g4 - 

TO the per. = AB '45'2 
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Extend from Mdius, or 90" to 54" '30' on the line of fines, that 
extent will tewh from 250, the hypothenure, to 203,5, the bare, on 
$he l i ~ e  of numbers ; and the extent from radius, or fine of 90" to 
-39 ' d on the line of fines, will reach from 250 to 145 on the !ine of 

Obfcrve the like in all that follows, except in thofe proportions 
*ere the word recant i s  mentioned, which may be readily wroughr 
by eanfidering the hypothenufe radius, as in the laQ cafe; there being 
no line of recants on Gunter's Scale. 
NOTE. T h e  radius, according to the nature of the proportion,map 

be any of thefe : 
8 Points on the line of Rhumbs 
4 Points on the line of Tan. Rhbs. I 4 5 O  On the Lind of Tangents. 

Jlum i a  m. 

90" On the Line of Sines. 

C A S  E S LI. and III. 

* f l u  Angles nnd one Leg given, to  find the Hypothenuji and other Leg. 

the Hypothenure and the other Leg. 
The  Angle A C E 33' IS', the Leg B C 325 Miles given,'to fin 

By CONSTRUCTION. 
b r a w  the line BC, which A 

m&c equal to 325 miles 3 on 
B ere& the perpendicular B A ; 
on C defcribe an arch with the 
qhord of 60°, and make the 
wgle C = 33" xs','through 
where that cuts the arch draw 
AC to cut A B in A, and i t  is 
d m  ; for BA being rneaiured 
on the fame kale that B C 
was, will be 213,1 and A C 
388,6 miles. * 

,? 
t! / 
/ 

I B 325 C 

By making the Hypothenure A C Radius, it will be, 
, .  

T o  find the Perpendicular A B 
As h e  ang. A 56' 45' 
b eo 8hc bare BC 325 
Sois Gnc aog. C 330 15' 

9,9223; 
2.51188 
9.7;4901 

I 2.2 $0 $9 
9.92235 

T o  theperpen, A B z 1 3 , 1  2.32854 

-- 
- 

T o  find the Hypothenufe A C 
As fineang. A.26' 45' 9.92235 
[I to the bare B 325 2.51 188 
So is radius 90" 1 0 .oodoa 

12.51 188 
9.92a35 

2 . 5 8 9 ~ 3  

LC-d 

-- 
TO the hypoth. AC 388,6 

BY 



To find the Perpendicular A B. 
As radius goQ 1o.oa000 

12.32854 

Ie to the bafe BC 325 
so ia tang ang. C 33v ' 5 '  

2 . 5 ~ 1 8 8  
9.81666 
7 

I o.Qoooo - 
To the perpea. A B  213,1 2,32854 

T o  find the Hypthenuk A c. 
Ae radius goo lolaoooq 

w 8 9 5 3  

b to thebsfc BC 325 
So is fec. ang. C 3 3 O  I 5' 

2.21188 
10.07765 - 
1 O.ooo00 

To the hypoth. A C 388,6 2.58953 

To fixid the Perpendicular A B. 
Aa tang. an A~6Q45' 10.18334 
In tothe b a g B C  3 2 5  S.JIXIB 
So is radius goQ IO.OOOM) 

1 2 . 5 1 ~ 8 8  

10,18334 

2.32854 

7 

7- 

TO the perpen. AB 2 1 3 ~ 1  

T o  find the Hypothmufc' AC. 
As tang.anK. A 6'45' 10.1833 
Is to the bare B d  274 
So is fec.ang. A 56* 45' 

z . ~ i t &  
1 0 . ~ 6 0 ~  

'0.1 334 

2.5895f 

- 
r2w.7'87 - 

To the hypoth. AC 385.6 



To find the angle C. 
Anthe hypothenufe 170 2.23045 
Is to the radius io.ooooo 
Sob rhc perpendicular 91 I .9590+ 

1.95904 
=*23045 

, 9,72859 

L 

- 
To fineangle C 320 t z '  

To find the Safe C E(. 
As Radius r o.ooooo 

2.23045 
So is fine ang, A. 574 38' 9.92667 
Is to the hypoth. 170 - 

12.1 5 7 1  2 
1o.oocoo -- 

Tothe bak 143,6 2.1 571 2 

To find the angle A. 
As the perpendiculdr gr 1.g5g04 
1s to the radius IO.OGOOO 
So t tbe hypth.  170 2.~3045 

12.23045 
'.95904 

e_- 

1' 

-- 
Tofec.ang.A 57O38' 10.2714t 

To find the bak B C. 
As the radius I o.c'oooo 
IY to the pcrpend. 91 1.95904 
So is tang. ang. 570 38' ro .1980~ 

I z. r 5709 
-- 
10.00000 -- 

Tothebafc r43,6 2.1 5709 



As the bafe 781  2.89597 
1s to radius 1o.oo000 
SO is theperpcnd. 890 2.94939 

12.94939 
-- 

&I?. 6: T h e  bare 33;'and perpendicular 52 leagues given, to find 
the hypothenufe. 

As radius I 1o.ooooa 

10.17888 
to the bale 787 2.89707 

13-07485 

o is fec. ai1g.C 480 31' -- 
1 0.c0000 -- 

Ai;$: Hypothcnufe 61,59 leagues. 
E AN 

T o  find Angte A. 

1 3  to radios IO.OOOOO 
So is thcbaft = 767 2. 89597 

2.94939 

As the perpend. 890 *z.gqg3q 

---e 

2 - 8 9  r97 
-- 

T o  find the Hypoth. A C. 
As radius 1 o,ocooo 
Is to the perpend. 890 2.94939 
So is fcc. ang.A. 410 29' ~ o . l t ~ + j  

I o.oaooo 

-- 
13.01488 

-- 
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A N  

I N T R O D W C T I O A  
TO T H E  

I 

A R T  O F  N A V ’ I G A T I O N ~  

EFORE we bagin Navlgation, it may not be improper to give R the Learner fme idea of the Syflem of the Univerfe, com- 
moiily called the Solar, or Copernican Syfiem, which is as follows : 

T h e  Sun, that immenfe and amazing globe of fire, the fountain of 
the heat and light of the whole fyfiem, is placed near the common 
center of the orbits of kven opaque fpherical bodies, whkh  make 
their revolutions round it in  leCs or more time, according ?a their fe- 
vera1 difiances from it. 

Mercury is neareft to the Sum, and receives its light and heat from 
it, and revolves round it in an ellipiis i n  two months and twenty- 
eight days. 

Venus is fomewhat higher in the fyftem, and ckkribes its ellipreg 
round t h e  Sun in feven months and fifteen days, and becomes our 
evening and morning ftar by, turns. 

T h e  harth is next to Venus, and’defcribes an ellip& round the 
Sun i n  365$ days, or one year, which being at  a greater d i h n c e  
from the Sun than the former planets, and therefore receiving lefs of 
its light and heat, to make up the deficiency, the wife Author of na- 
ture has caul‘ed a feconddry planet, called the Moon, to move round 
it in 27 ddys, , 1 2  hours, and 44 minutes ; it receives its light and 

’ heat from the Sun, and refleAs it upon the Earth, which in fome 
mealure compenfates for the abfencc of the Sun, during the winter 
fcafonq, in the North and South. 

Mars is fiill higher in the fyflem, and takes a larier circuit, re- 
volving round the Sun in t war, I O  months, and 22 days. 

Jupiter is the largeit of all the planets, and dekribes a,large ellip6S 
round the Sun in I I years, IO months, 27 days ; there are four Satel- 
lites or Moons moving round it ; they receive their light from the 
Suii and rcfleH it upon thcir primary planet, as the Moon does upon 
the Earth. 

Satnrn rrvolves round the Sun in 29; years, has 5 Moons which 
mdve round him, arid is all0 furrounded with a prodigious ring or ate 
mafphcrc, 

The 
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T h e  Georgium Sidus is the moo remote of all the planets, and is: 

.attended by two fatellites :-the firR or neareft of which performs a 
'Tynodical revolution in about eight days and three quarters. ' T h e  fecond (which is about half as far again diftant from its pri- 
mar planet) is about thirteen days and, a halt in performing its f-yno- 
dicJ'revolution. 

T h e  fixed itars, are fupppokd to be of the 'fame matter with the 
SU~I, and made for the fame M ~ S  ; each of them the center of its 
own proper fyltem, having planets moving round it as our Sun 
Bas. 

Comets are a fort of planets moving round the Sun, in ell iph 
fo very oblong, that their vifible parts feem to be in a manner 
fparabolical, but have fuch vaft atmofpheres about them, and 
tails &rived from the fame, efpecially when they come near the 
Sun, as imply them .defigned €or very different purpofes from the 
other planets. 

Having given a cudoryviewof the Syfiern of the Univerfe, we 
&all now confider the Earth a little more particularly; a pede& 
howledge  of the figure and motion of which, with various real and 
imaginary lines ugon it, is abfolutelg neceffary in the Art of Naui- 
$a ti on. 

l ' h e  land and water of this Earth, or Pianet,.upon which we l i v q  
make a compdition of a fpherical form, or rather an oblate figurb 
cal!ed the Terraqueous Globe, which by turning round its axis every 
24  hours, from Weft to Eafi, caufe all the heavenly bodies to re- 
volve apparently from EaR to Weft in the fame time, 'making the 
vicilfitudcs of the day and night ; and this Earth, together with its 
Moon by moving round the Sun in I year, or in  365 days 6 
Qours nearly, yroduce the leafans of ,the year, viz. Winter, Summeb 
Autumn, and Spring. 

T h e  Earth is miikred with a' wonderful prinaipk#of gravitation, 
whereby all it5 parts are ltri&ly united together ; and all bodies that 
are  lodk upon ,it, clofely adhere to its furface, tending direLily to 
its centre. Hance it is, that h ips  are able to fail with the fame 

dacility every where (void of impediments) upon the Curfilce of the 
lea, quite round .the Teraqueous Globe, and that (qs ,to Gnfe,) 
there is no fuch thing as an upper or lower gar.t of the Eacth ; far 
\let the inhabitawt bcw w h s  part foever, he will there gravitate to- 
wards the Earth-s centre, and imagine hirnfelf to be on the higheO 
point of .its furface ; from whence he will obferve the HCIW 
vcns like a large vault over his head, and his Antipodes he will ima- 
gine to be diceUy under him, as they will alfo their3 for the like 
redlon. 

According Ito . t k  law of Gravity, if the Earth wewe at reR 
(atid not aAed upon by any other power) and its parts loofc, or 

i t s  furface all over covered with a deep .fluid ; it  would natutal&y 
4imn itfelfiutoa frue Sphere or Globe. But admitting the Earth 

F 2  revolves 
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gevolves about its own axis, with a rapid motion (from Wen to 
Eait) in 24 hours, the gravity towards its centre will thereby 
be difiurbed, and all the parts endeavour to fly off from the axis 
of the motion ; and this iriclination is greatefi to that part of the 
furface, which is at the greaten difianoe from the axis ; atid conie- 
quently, the gravity towards the center is thcre the leait : wl~ence 
i t  will follow, that  thore parts which gravitate the leait, Inuit 
yield or give way to thofe that have a greater gravitation, to 
reftore an equilibrium i and confequently, here will be formed a 
Spheroid, w i d e  greatefi diameter will bc perpendicular to the axis of 
motion, (commonly called the Earth's axis) and thc Ihorteit diameter 
will be the axis itfrlf. 

I t  is demonfirated by the writers of mechanics, that the times 
of the periodical vibrations of all pendulums of equal lengths, are 
jn'a certain proportion to the gravity by which they are a&ed upon ; 
and it has alfo bcen demonfirated, that gravit a& in a certain pro- 
portion to the diitance from its centre. hence, by the help of 
pendulums, WB may find the proportion of gravity upon any part of 
the earth ; and confequently, the proportional diitance of that part 
to the difiance of any other part from the Earth's centre. Now\ it 
has been found by experience, that thc degree of gravitatiori upon 
the Earth's lurface under the equinoltial, is to the fame in any pard- 
)el of Latitude, in the fame proportion (;is near as ohfirvation could 
be'made) that it would be, if the whold body of the barth was com- 
poled of a fluid fubttance, and fo formed itfelf into fuch a figure 
as abovemehtioned. &nce we may infer, that  the Earth is a Sphc- 
Toid; and its greateft diameter (which is under the EquinoCtial) 
is computcd to be to  the leffer diameter, (which is under the 
Poles, or the Earth's axis) as 289 to 298;  and confequently, 
the fpace upon the Earth's furfate, axifwering to a degree of a 
great circle where it is greateft, (or under thc EquinoLtial) is 
to the fpace anlwerin to a degree near the Poles, (where it 
j s  leaf?) as 289 to 181; or as a 1000 to 990,s nearly : bur this 
diff'erence i s  Co h a l l ,  that in all afironotnical and geographical cafes, 
the figure of the Larth may be eftcenied truly fphctical, though 
the {mall difference from it does fenfibly effett the motions ot yell- 
dul u ms. 
. 'rtiat the Earth is round or nearly fo, will appe:ir, not orily 
from the circular f i i idow it has upon the Moon, when that body 
happeris to be eclipfed by it, but alfo from the very appcar,ince of 
the :-ea, and the niany obfcrv?tio& made by perfons itanding upon 
the fliart), and viewiiig a hip departing from the port : rhcy firit lore 
fight of the body ot the vcllil, whilit they can fiill tee the I i g g i ~ g  
elid up ermoft i a i l q ;  but as the h i p  recedes tafther, they lote light 
:sf the P e alia, JS if thc whole were Tiink in the deep. Again, in 
'i [hip makiiig towaids land, the mariIirrs firlt dekrv the tops of 

fiecples, 
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ftecples, trees, &c. pointing above the water; next,.they fee the  
buildings themfelves ; and lafily the bore, which can only be the 
effdts of the Larth's rotundity. 

1 ts being 9 globe, is alio confirmed by the many voyages which 
have been made round it, fram hat? to WeA: fire by Ma  ellan's 
fhip i n  the years 1519, 1520, 1521, in 1124 dsys; by Sir krancis 
brake, in  the years 1577, 1578, 1579, 1580, in 1056 days; by 
the late I ord Anion, in 4 years; and lately by the Captains Hyron, 
Carteret, Cook, and Clark, accompanied with feveral able mathe- 
maticians and naturalifis, whore obfervations and difcoveries do 
honour to this nation, as well as greatly contribute to the im- 
provement of Geography and Navigation : they have dilcovertd 
many -. iflands in the South Seas, which were formerly ynknown to 
Luropenns. 

T h e  litrlc uaievenncKes OF the Earth's furfdce, arifing from the 
hills and vales, is no material obje&ion to its being confidercd as 
round ; fincc the higheit hill or moiintain bears not f i  great a pro- 
portion to the bulk of the c arth itfelf, as the little rifngs upon the 
coat of an orange, bear to the bi8netis of tnat fruit. 

In order to dcfcribe the poiition of places, geographers bnvc 
foutid it neceffary to imagine certain cir'cles drawn upon the furfaca' 
of the Earth; to which they have given the names of Equator, 
Meridian, Horizon, l'drallels of Latitude, &c. 

I. T h e  Axis is a h i t  line, imagined to pais throitgh the centre 
of the Earth; the extreme points are thc poles, on which the 
Earth is tiuppoled to move, one called the Artic or North Pole, 
and the other, the Antartic, or South Pole. 

11. The kquator is a great circle under the EquinoRial Line in 
the Heavens, compafing the Earth in the middle, between the two 
Poles, and divides it into two equal parts, called the Northern 
and Southern Hemifpheres : from it the latitude of places is rec- 
koned either North or South ; and on it are counted the degrees af 
longitude troni bait to Welt. Th i s  circle IS called the Lquator, 
bccaure when the S u n  comes to it, which is twice a year, viz. about 
the 21it of March, a t  his entrance into Aries, and again into Libr? 
about the 23d of September, then, making equal day aiid night 
throughout the woild. - 

111. 'I'he Meridians are circles which pars through the polcs 
of the harth, the Zenith, and Nadir, crofling the Lqudtor a t  right 
angles, and dividing the barth into two e q d  parts, onc E.ifi and 
the other W e &  J and is io called, becaufe when the h u n  comes to 
the meridian of any place, it IS thcn n o w  or mid-day, They  a l e  
infinite in number, for all places from Eait to Weit have tbeir 
fevcral meridians j ofthefe one is called the firit o r  c h i d  Meridian, 
from which the longitude of places is reckoned; it is of Cpecial 
note and uk, but  varioufly placed hy geographets j fonic placing i t  

at 
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at London, others at  Paris, Teneriffe, &c. and is divided into twice 
cp degrees, .numbered from the Lquator towards each Pole, endinS 
in 90 degrees, atid h c e  the Earth turns once round its axis in 24 
hours, every point upon i t s  furface defcribing a circle of 360 de- 
grees in that time; therefore, any p k e  lying 15 degrees tNthf 
LoR of US, has the Sun upon its meridian one hour boner ;  or It 
is twelve o’clock with the eafternmoi), when i t  is eleven with US i 
and any place x5 degrees to the weaward c4 us, has the fun oile 
hour after us. 

1V. I atitude is (he nearei) diRancc of any place from the Equa- 
tor ; it is meafured on an arch of the Meridian, intercepted between 
the place and the Equator, and therefore can never, exceed 90 dea 
grew. It takes its name according as the place is fituated, either 
North or South sf the Equator; therefore, all places that lie at 
the Fame &fiance from, and an die fame fide of the Equator, are 
fdid to be under the fame paralid of Latitude. Whence i t  follow% 
that if a h i p  fails from a North Latitude dir&ly North, or in a 
South Latitude dircktly South, f ie encreafcs her I atitude equal to 
the diltance failcd; and if a fhip fails in North Latitude foutherlp 
o r  in  Sauth Latitude northerly, h e  decreafes her Latitude, becaufe 

: f ie  fails nearer the Equator, from whence the Latitude b count- 
qi upon the Meridian: but if a h i p  fails from a South Latitude 
into a northerlyone, or from a North Latitude into a foutherly one, 
from thc difference of Latitude fubtraA the Latitude left, and the 
remainder will be the Latitude coiiie to, and of a different natnc 
with the Latitude left. 

Parallcli of Latitude are circles paralld 
The dificrence of Latitude is an arch of the meridian contained 

between the two Parallels of Latitude; or i t  i s  the leaQ difiance df 
the Paralleb of Latitude of tWQ places : hewing how far oiie ofthela 
is to the northw;ud or iwthward d the other, and can never ex- 

V. T h e  Longitude of ,any place on the carth is cxprefied by a? 
arch of the equator, hewing  the ea@ or wdt difiance of the mcrt- 
dian of that place, f roh  h b m ~  4 i x d  meridian, where Longitude h 
reckoned to be@. 

Difference of Longitude is an arch of the Equator, intercepted 
between thc ineridians of two places, hewing  b w  fits oae of thcm, 
js to the eAitward or weaward of the otkr .  

the Equator, 

reed 180,degrees. * 

. 
I ’  

4 

fJote. Here tlic Tenclirr will perhaps find it convenient to have a 
Map of tlie World before him, w%ereon he ca? point mir the feveral !%%~ 
I,ntrtrlciea, I.onqctrides, &c. to the Pupil, iw) that will Ytrmgtlren his rnrrmolyf 
and g ~ v e  hlni :L htttrr idea than he cau pOaiblg have by only reacting them ovd.  
‘1 IJC h e  nidy bs cbkrsed in rending the lilt‘ of Gunter’b ScJe and the (&&anl* 
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AS Longitude begins at the meridian of Come place, and is count-. 
td  from thence both eaflward and weeward, till it  mqets at the fame 
meridiap on the op ofite point, therefore the difference of Longitude 
can never exceed I % o degrees. 

VI. The Horizon is that apparent circle whjch limits or bounds 
the view of a fpeaator on the rea, or an extendcd plain ; the cye 31 
the fpe&ator being always fuppofed the centre of his horizon. 
&very part of this circle is 90 degrees from the centre of it over 
our heads, which point 1s called the Zenith ; and the point of the 
heaven's oppofite to it, or under our feet, is called the Nadir. 

When the fun or ftars come above the eafieriimofi part of the 
Horizon, they are faid to rife ; and when they defccnd the weitern 
part they are faid to ret. 

When a h i p  is undet the Equator,, both the poles appear in the 
Horizon j and, in  proportion as h e  fails towards either, or incrcdes 
her latitude, that pole is feen propoitionahly above the Horizon, 
and the other difappears as much : but when a h i p  is f i l ing  towards 
tlie Equator, or decreales her latitude, fie depreffes the elevated 
pole ; that is, its diitance from the IIorizon decreafes : conkquently; 
the latitude of a place is always equal tu the elevation of the pole 
above the Horizon, 

This circle is reprefented by the Mariner's Compafs, divided into 
32 points or rhumbs, each nu 15'. 

T h e  Tropics are two circles parallel to the Equator, arid dinant 
from it 23 degrees 219 minutes ; that on thenorth-fide of i t  is called 
the Tropic of Cancer, at which the Sun has its greateft north 

' detlination ; then, making to us, and all places in north latitude, 
the longefi day and fhorteR night, which is about the 2rft of 
June. T h e  other on the fouth fide is called the Tropic of Capri- 
corn, at  which the Sun has its greateft fouth declination, makiu 
then our ihortea day and longeit night, which is about the 22d o 
December. 

T h e  Polar Circics are a l h  pamllcl to the Equator, compsfiing 
the poles of the world at 23 degrees 29 minutesdifiancc; that abolet 
the North Pole is called the Artic Circle, and the other is called the 
Antertic Circle. 

There Tropics and Polar Circles divide the globe of' the earth 
into 5 parts, called Zones, of which 3 were accounted by the An- 
cients to be fo intemFerate as to be uninhabitable the Z O ~ ~ S  are 
Cdllcd Torrid, Fiigid, and Tempcrate ; that is, I Torrid or Bur& 
ing Zone, 2 Temperate, and 2 Frigid or Frozen Zones. 

'The Torrid Zone is all that fpace of the earth and fea which lies 
between the TropicsQf Cancqr and Capricorn, and is 47 degrees 
broad : its inhabitants fc: the fhadow of the fun turm fometimcs to- 
bards qne pole, and Cometimes totl'ards the othermz 

I 

T h o  



INTllODUCTIdW TO NAVIGATION. . 48 
The two Temperate Zones are thofe fpaces of the earth and Fes 

contained between each Tropic and the Polar Circles ; the inha- 
bitants aF the North Temperate Zone have their hadows zt noon 
fall north, and thofe of the Soyth Temperate Zone have their 
fiadows at  noon fall fouth. 

T h e  two Frigid Zones are contained between each Polar Circle 
and its pole; thofe who inhabit them have their hadow always 
running round them ; according to the different motions of the 
fun. 

Climates are thofe tracks of the earth bounded by imaginary 
lines running parallel to the Equator, and of fuch a breadth from 
fouth to north, that the len th of the artificial day in one ,furpaffeS 

T h e  inhabitants of the earth are diitinguiihed by the feveral 
meridians and parallels under which they live, and are Penominated 
either Perizci, or Antipodes. 

3 The Perizci are thole people of the earth who live under the fame 
parallels, but oppofite meridians. 

T h e  Antiaci are thore people of the earth who live under the 
fame meridians, but oppoGte parallels. 

The Antipodes are h a t e d  direaly oppofite to each other, the 
feet of the one direAly againfi the feet of the other, lying under 
oppofite parallels and oppofite meridians. It is midnight ,with one 
when it is noon day with the other ; the longefi day with the one 
is the fhortefl with the othcr; the length of the day with the Otle 
is equal to the other’s night ; and the feafons are oppofite j being. 
fummer with the one when it is winter with the orher. 

T h e  Real Parts are earth and water, generally divided into four 
parts or quarters, called Europe, Afia, Africa, and America j each 
of thefe, and conlequently the whole globe, is divided into conti- 
nent., iflands, feas, &c. I 

A Continent is a great quantity of land not divided by the Tea, 
whcrein are feveral empires, kingdoms, and countrie.4 coiijoined, a5 
Europe, Afia, and Africa, is one Continent, and America another. 

A n  Ifland is a part of the earth that is eiivironed or encompaffed 
round by the rea, as Great Britain and Ireland. 

A Paninfula is a part of land ahnoit furrounded with water, rave 
one narrow neck of land which jains the fame to the Continent. 

An Ifihmus i s  a narrow neck of land joining the Peninfula to the 
continent, by which the people may pars from one to the other. 

A Promontory is a high part of land, itretching Welf into the feat 
the extremity of which is called a Cape or Headland. 

A Mountain is a riGn , part of dry land over-topping the adjacent 
country, -and appearing t;F rlt at a diflance. 

The Larth being e~icoriipaffed with water, whole wafhings, in for’ 
rounding the dry land, cut  and kape many winding bays, creeks* 

that in the other by half an a our. 

2 an* 
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and meandering inlets, and extending itfelf round them all, is but 
one continued ocean. 

Ah Ocean, is a valt coI?eLtion of falt water, ieparating Continents 
from one another, and  W d k i J l g  their borders or ihores. 

A Sea, is part of the Ocean, to which we muit fail through fome 
Strait, as the Mediterranean and Baltic Scas. 

A Strait, is a narrow part of the Ocean lying between two fhores, 
and openirlg a way into I rne fca, as the Straits of Gibraltar that  
lead into the Mediterranean Sea, and the Sound which leads into the 
Baltic Sea. 

A Creek is a h a l l  narrow part of the rea or river, that goes up 
but a little way into the land. 

A Ray is a great inlet of thc land, as the Ray of Rifcay, and the 
Ray of Mexico; otherwife a Bay is a itatiori or road for ihips to 
anchor in. 

A River is a confiderable fiream of water iITuing out of. one Of 
various fprings, and coiltinually glidin along in  one or more chan- 
nels, till it difcharges itfelf into the 8cean  : T h e  leffer firearns are 
called rivulets. 

A Lake is that which continually retains and keeps water in it, 
as the lake Zair, in Africa, and Nicaragua, in America. 

A Gulf i s  a part' ot the Ocean or Sea, contained between two 
&ores, and is every where environed by  land, except its entrance, 
where it communicates with other bays, feas, or oceans. 

There are five oceans, namely, the Northern, the Atlantic, the 
Pacific, the Indian, and the Southern, 

T h e  Atldntic O c e m  is ufually divided into two parts, one called 
the North Atlantic Ocean, and the other 5outh Atlantic or Ethiopic 
Ocean. 

T h e  Northern Ocean ifretches to the northward of Europe, Afia, 
and America, towards the north pole. 

T h e  Atlantic Ocean lies between the Continents of Europe and 
Africa, on the eafi, arid America on the weit. 

T h a t  part of the North Atlnn~ic Ocean lying between Europe 
and America, is frrqucntly called the Weficrn Ocean. 

T h e  Pacific Ocean, or, as it is fometinies callcd, the South Sea, 
is boundd by t h e  weitei 11 and north-weit fliores of America, arid by 
the eaitern and north .eaft fiores of M a .  

' h e  Indian Ocean wafhes the fhores of the Eafiern Coaffs of 
Africa, and the fouth of A b ,  and is bounded on the eafi by the 
lndian Iflands and  the Southern Continent. 

l ' h e  Southern ( )CKIJI extends to the fouthward' of Africa and 
Alnerica towards tlic South Pole. 



N A V I G A T I 0 N; 

HE great end and bufinefs of Navigation is to i n f i r u a  the 
Mariner how to conduCt a ihip t rough the wide and pathlefs 

ocean, T to the rcmotefi parts of the wor h , the  fafefi and ihortefi way, 
in  paXige5 navigable. 

For the due and regular performance of which are requif i ted 
A p c r f d t  knowledge of the figure and motion of the earth, the va- 
rious real and imaginary lines upon it, fo as to be able to afcertain the 
real diit’nnce and lituation of places with refpe&t to one another, with 
the ufe of the feveral infiruments made ufe of in meafuring the hip’s 
w a y ;  fuch as the log, half-minute glafs, quadrant, to take the 
altitude of the fun  and fiars; compafs, to reprefent the fenfible 
horizon ; and azimuth cornpais, to take the azimuth or amplitude 
a f x h e  fun, in order to know the variation of the ma netic needle i 

the times and fettings of the tides upon the coaAs he may have oC’ 
cafion to approach near ; a compelent knowledge of currents; of 
the mould and trim of the h i p ,  and the fail fhe bears, that fo due 
allowance may.be made for leeway : By help of thefe, and &ill in 
the Navigator, he may know at  all times the place the h i p  is 
which way he mult fleer, and how far, t o  gain his intended port. 

Notwithfianding what has been faid, it  may not be improper here 
to obferve, that, 

As latitude is counted from the Equator upon an arch of the 
meridian, north and fouth, the difference of latitude between tdo 

laces,, both north, o r  both fouth, is found by fubt raa ing  the 
refs latitude from the greater j but  if one latitude he north and 
the  other fouth, the diffircnce is found by adding both latitudes 
togc ther . 

Confequently, if a h i p  in north latitude fails northerly, o r  in 
fouth latitude ioutherly, f i e  increafes her latitude ; but  i n  north 
latitude failing Coutherly, o r  in fouth latitude,failing northerly ihe de0 
creafes her latitude ; becaufe ihe fails warer  to the Equator, fro@ 

Wherefore i n  north latitude failing northerly, o r  i n  fouth latp 
tude failing fouthcrly, the diflercncc of latitude added to the ]att’ 
tude left, gives the lati tude in. 

I n  north latitude failing foutherly, or i n  fouth latitude failing 
northerly, the difference of latitudc lubtraaed from the latitude left9’ 

Wheg 

maps or charts of the feas and lands, together with the P epth of water, 

. whence the latitude is reckoned. 

gives the latitude in. 4 
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W h e n  the latitade decreafes, and the difference of latitude is 
&eater than the latitude failed from, fubtraa the latitude left from 
the difference, and the iemainder will hc the latitude in, and of a 
diffcrcnt name j for i t  is plain, in this cafe, that the h i p  has croffed 
the Equator. 

As the longitude is counted from the firfi meridian eaft and weft, 
Until it comes to the oppofite meridian, therefore it cannot exceed 
180 degrees. 

T h e  difference of longitude between two places, being both eaR 
Or wefi, is found by rubwalling the lek longitude from the greater ; 
but if one be in eafi longitude d i d  the other in wen, their rum is 
the difference of  longitude. 

?'hCr,..cxe i n  edit Ion,itude failing eafterly, or in wefl longitude 
failing wel'tcrly, the dithetice ol longitude added to the longitude 
left, gives rhe longitude in .  

In  eafi longitude rdiiig weficrly, or in wefi longitude f i l ing  
eaflerly, the dirtereiic: of longitude fubtraCted from the longitude 
left, gives the longitudc i1, 

When  a {hip f A d \  eaft or wefi, until f ie  p a k  the oppo6te me- 
ridian, or 180 degrees, ihe ch'ingcs her Iongitudc, or comes into a 
longitude ot a difkercnt name. 

What has brcn h i d ,  will be rendcred familiar to the learner by 
the following ex.tmpIes : 

EXAM. I. What is the difference 
of latitude between Lundon in 
latitude 5 1 O  32' N. and Rome ill 
latitudc 41" 54' N ? 

O f  
From London's Iat. 
Suhtratl Rome$ Irt.  

Rem. the diff. of lat. 

~ j r  32 N. 
41 54 N. 

9 38 N. 
60 

. -- 
c_- 

DiK, in miles - - 578 

BXAM.  111. Required the differ- 
ence of latitude betwren Cape 
Finifierrc and Cape Rogue i n  
South America ? 

Cape Firlifferre', 1st. 42 51 Y. 
Cape Rogue's lat. 5 0 s. 

IC-..- 

QiE. of lat. 47 5 2  
60 -- pip. i n  milrs 2872 

G 2  

EXAM. 11. A fhip from latitude 
290 1.7' S. fails iouthward until 
her tlitference of latitude be 374 
miles,, what latitude is fhc come 
tu  ? 

6 ,  
Latitude failed from 29 I 7s. 
DiK of lat. 374 + 60 = 6 14 S. -- 
Lat. in - - - 35 3's 

EXAM, TV. A Ihip from latitodc 
80 2;' N. fails fobth 600 miles, 
what latitude is he in t 

From diK of Iat. Goo 
miles, or - - IO 00 S. 

Sub. Iat.left - - 8 25 N. 

Diff. lat. in 
-n 

1 3s s. 
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In the la& example i t  is plain, that as the difference of latitude i9 
more than the lotitude left, the h i p  mufi hdve crofled the Equator, 
arid confequently come into fouth latitude. 

NOTE. When one of the places has na latitude, or is on the 
Equator, then the latitude of the other place i s  their difference Of 
latitude. 

EXAM. V. What irthe difference of 
longitude between Cape Finitlerre 
and eafi point of Barbadoes ? 

cape's Finiiterre's long. \ ii W. 
Barbadocs' long. 59 37 w. 
Dig of long, - 50 23 w. 

DiE in miles - 3024 

-- 
60 -- 

EPAM. VII. What is the differ- 
ence of IonRitude betweee Barce- 
lona and Limon I 

Barcelona's long, 2 113 E. 
Liibon's long. 9 7w.  

-we of L O ~ .  .I 1 1  25 W. 
-- 

EXAM. IX. What is the difference 
of longitude between tho N. E. 
point of Japan and St, Chriito- 
pher's ? 

140 25 E. 
62 42 W. 

360 00 

N. E. of Japan's long. 
St. Cliriftoyher'r long. 

Exceeds ISQO 00' 203 07 

Diff. of long. - 156 5s W, 

C X A M .  VI. A fliip from Capa 
Charles in Virginia fails weit- 
ward, till her differcnce of lo? 
gitudc be 400 miles, what longl- 
tude is flie in ? 

:ape Charles's long. ;s 4 VJa" 
Xff. of long. 400 miles =; 6 40 N* 

-4 

,ong. i n  c 81 49tll ' 
{XAM.  VIII. A h i p  from I 5 O  40 

E. Ions, iailo weitward till her 
diff. ot loi!g. be 179 IS', what 
long. is Ihc in ? 

Long. left 1 5  40E. 
Dift. of lung, i y  1 5 w a  

EXAM. X. A f i i  from longitude 
1600 20' W. faips wetiward until 
fie differs her long. 41 Q ao', what 
long. is ihe in  Z 

I ong. 1c(i LT 160 zoMf,* 
Di$,of long. .h- 41 ZO@* 

7- 

$01 40 
360 00 
-k 

Long. in c 158 20 E' 
-c/ 

Wrre i t  is plain, that the ihip bsr 
croffeti the appohe meridian, and 
therefore has come into a longitud' 
of a dificrent name. 

-- 
Long. in - I1 35w* 

I n  fdiliiig due north or fouth, the h i p  changes her latitude odfs  
and failing eafi or welt her longitude ; but  failing upon any ~d~~~ 
courfe, f i e  muf i  chaiige hoth latitude arid longitude. 

Eaftgng or wcftiiig i n  Plane SaiIiog is caIicd departure or Mer'" 
dim Uiltaiice. 

3 d 



NAVIGATION. 53 
The infirurnent ufed in meafuring a hip’s way a t  Tea, is drc 

Ships at Tea are direEted from one place to another by meaiis of 
an infirument called the Mariner’s Compafs. 

The Mariner’s Compafs is an artificial reprefentation of thc hoz 
rizon of every place, by the means of a circular piece of paper, 
called a card, divided like the horizon into degrees and points, 
which are called Khumbs. NOW the card being properlv fixed to 
a piece of fieel, called the Needle, that has b e n  touched with 8 
loadfionc (whore property is fuch as to caufe one end of the 
needle fo touched to point towards the north, Whtrn turning 
free] on fomething fupporting it) all the points of the card will be 
direied towards the correfponding points of the horizon : 

Hence it  follow^, that in every place the north point of the 
card h e w s  the pofition of the meridian of t h a t  plnce, and fome OM 

rhumb or point of the card will coincide with, or be dire&ed 
along the track thilt niakcs any given angle with the meridian8 
confejluently, by the help of the card or compafs, a h i p  may be 
kept in any propofcd track or courfe. 

A Rhumb Line, or point, is a right line drawn from the centre 
of thc compafs to the hoiizon, and IS named from that point d 
the horizon it falls in with. 

T h e  Coude, is the angle which any rhumb line makes with the 
meridian, and is Cometimes reckoned i n  degree’;, and fometimes in 
points of the compafs ; io that if a ihip fails upon the fccond rhumb, 
o r  N. N. E. the courfe is 22 degrees 30 miiiutcs : and io for an 

pcquainted with, or the compal:s, as to be able readily to tell how 
many points any courk ar rhumb is diitant from the meridiag ar 
from the parallel. 

LO!. 

other, as in the follawing table, which the learner ihould be fo we ii 



North. South. 

d 

r. by E. S. by E. --- 

'.N. E. 5. S. E. 

iE by N.,S.E. by S 

M. E. , S.E. 
&-' 

IE hyE. S.F.byE 

:. N. F. i;. S. E 
*rrr*-*- -- 

. *  

5 .  by N. E. by S 
Iu- -- 
A 

E aR. - 

North. South. 1 

----_I_--- 

1 5 I+  4 
I i- 16.52 
I i 19.41 
2 22.30 N.N.W.  S,S.W, 

25. ' 9  

2 30.56 
3 

f 28 .  7 

3 1 * 36\34 
3 5 39-22 
3 4: 42.11 . 
4 45.' 0 ~ N. w. ' 8. w. 

.- 

5 6 , ' s  N. W. by W. 

4 2 47.49 

4 'i' 51.26 
5 

4 ,! 50.37, 

5 ' 59. 4 
5 61.52 
5 2 64 42 
6 67.30 W. N. W. , W.S,W 

---_I - I I I ) d L r Y .  





I: 55 3 

P L A N E  S A.1 L I N G. 

LANE SAILlNG is the art of navigating a hip upon prin- P ciples deduced from the notion of the earth’s ,being an ex- 
tended Plane, and is no more than the application of Plane Tri- 
gonometry to the iolution of the ieveral variations, or cafes; 
&here the hypothenuie, or longefi fide, is  always the rhumb that 
tbe ihip rails upon. 

T h e  Perpendicular is the difference of latitude counted on the 
meridian arid the bare the departure : which is eafiing or wefling, 
Wuntedhom the meridinn. 

T h e  Angle oppotite the bare is the cowre, or angle, that the hip 
makes with the meridian; and the a q l e  oppofite the perpendicu-* 
lar is the complement of the courfe, which being taken together, 
make always eight points or rhumbs, which is 90 degrees. 

to a hip’s coude, let the upper 

Prefent the north j the lower part will be the fouth ; the right hand 
eafi ; and the left weft, 

Draw the north and fouth line to reprefent the meridian of the 
place the h i p  fails from ; then, i f  the fhip’s courfe is to the f . d b  
Ward, mark the upper end of the line for the place railed from ; 
but i f  the courie is northward, mark the lower end for that 
place. 

When the courfe is eaiterly, defcribe the arch, and lay off the 
Courfe and departure on the right-hand fide of the meridian; but 
When wetlerly, on the left-hand fide. 

When  the courie is given in degrees, the degrees exprefing it 
mufl 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 i s  given in points, it may be iet down with its 
correfponding 1ogarith.n in  points in the calcuhtion, as found in the 
firfl page of theiogarithms, without reducing it into degrees, as it 
feems altogether unneceifary. 

In all cares, wherever the complement courie, or co-fine, &c. is 
Ufed, the degrees or points put down is t h 8 c Q u r k  itfelf ; yet the 
logarithm belonging to the cornplcment, or co-fine, &c. of that 
Courfe is taken. 

I n  conftruaing figures relatin 
Part of the paper, or what the a gore is drawn upon, always re= 

C A S E  
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C A S E  I. 

Departure from the MeuidLn, 
Gut$ and Dgancefiihd givh, to jnd tbe Dt'firetzct Latiiud dnd 

.A Ship from the Lizard, in latitude 49O 57' N. fails S, W. by W, I 

Required the Latitude fhe is in, and her depmture from the Meri- 
488 miles. 4 

dim h e  faded from 2 

By C O N S T R U C T I O N ,  

Draw the Line C A to reprefent the meridian of the ]tizard, a w l  
C the Lizard Point. 1 

With the chord of 60° in your compafGes, and one foot in C, 
defcribe the compafs N. W. S .  E. 

l'ake 5 points in your compaKes.from the line of rhumbs on the 
plane kale, and kt it off on the arch from S. towards W. for the 
cwrle ; draw the line C B, which make equal to the diflance 4885 
draw B A parallel to the E. and W. points W. E, to cut the 
Meridian in A. 

Then will A C be the difference of latitude 271,1, and A B that 
hpartucc +Os,#. 

I 



The coude 5 oints = 569 xi 
To find t1e Departure. 

As ra&w go‘ I o.ooooo 
10 to the ddance 488 

\so btb fine courfe 5 pte. 
2.68842 
9.91985 

12.60827 

a. 60827 

-- 
10.00000 

To the departure &5,8 

T o  find the 
As co-iw. courie 5 
IS to the diit. 
SO io  radius 8 pts. 

The co-coude 3’points 330 45’ 
To End the Diff. dlatitude. 

10.00006 
2.68842 
9,74474 

I 2.43 316 

2.43316 

As radios 90’ 
Is to the diftance 488 
So is co-fine courfe 5 pto. -- 

I0.00000 - 
TO the diff. of lat. 271. 

- 

Departure. 
pts. ro.a8o15 
488 2,68842 
go 10.00ooo 

12.68841 
10.0801 5 

TO the departure 405,8 2.60827 

c__c 

T o  find the Dig. of Latitude, 
Aaco-fec. coorh 3 pts. ro.o8Of$ 
I$ to the diit. 488 2.68844 I 
So is CO-tan. coude 5 pts. 9.82489 

12.513 j1 
10.0801 s 
2.43316 

-- 
-- 

To the diff, of lat. 2 7 1 ~ 1  

To find the Departure. 
4 8  fee. coy r re 5 pts. 
Is t? the di&. 488 

1 0 . 2 5 ~ 2 6  
2.68842 

10.1 75 I I 

12.86353 
I 0.25 5 2 6  

hag. coude 5 ptn. 
L__- 

7- 

To find the Diflemnce of Laritude. 
As icc. coude 5 prs. ro.z55a6 
Is to thedift. 488 2.68842 
So is the ndioo 8 pts. goo 10.ooaoo 

f I 2.68842 
10.2 5526 

-- 
-- 
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more expeditiouffy, and ex& enough in the praaice of naviga- 
tion. 

NoTE.-when the courfe is given i n  points, make ufe of the 
lines m r k e d  fine rhumbs, and tangent rhumbs, on the upper fide 
of the Scale ; when in degrees, make ufe of the lines marked fine 
and tangent. 

By G U N T E R .  
Now to perform the l a i t  cafe, extend from radius or 8 points to 

5 points 011 the line marked S R ; that extent will reach from the 
diflance 488 to the departure 405,8 on the line of numbers. 

zdly. ‘ Extend from radius or 8 points to 3 points (the corn- 
dement of the coude on the line S R ; that extent will reach front 
the diifance 488 to the difference of latitude 271 on the line of 
numbers. 

T h u S  may all the operations be performed in the feveral caks of 
Navigation. 
Ry this cafe is calculated the tables of latitude and departure 

for every degree, point and quarter-point of the Mariner’s Corn- 
pa&, to the dittance of 300 miles, which is of excellent ufe in 
wbrking day’s works at lea, and may be applied both to middle la- 
titude and AUercator’s Sailing, as &all be hewn hereafter; we hall  
bnly proceed now to the working of the lait cafe by the Table of 
Diff. of Latitude and Departure. 

By I N S P E C T I O N .  
Find the given courfe at the top or bottom of the tables, either 

among the points or degrees, and in that page, and right againfi 
the difiance taken in its column, itand the difference of latitude 
and departure in their columns. 

T h u s  the courfe is S. W. b W. or 5 points, which is found at# 

points: and as the diitance 488 is too great to be found in the 
tables, divide it. by 2, (or any other convehient number (and that 
givcs 244, which look for in the diifance column, and right again8 
it ftdnds 135,s for the difkrence of latitude, and 202,s for the de. 
parture, wliicr: bcing doubled (becaufe divided by 2) gives 271, for the 
difference of ldtitu:le, arid 405,6 for the departure, the fameas before. 
Any of thefe methods will do, but the lafi is chiefly praBifed at  lea* 

NOTE.-AI~ points above 4, are to be looked for at bottom of 
Table 111. and all lefs at top, with minutes to right hand in thore 
above 4, and minutes on left hand, in thofe lels than 45’ or 4 points. 

C A S E I I .  

the bottom of the table of di J erpnce of latitude arid departure for 

Caufe and Dij%encc of Latitude giuen, to Jnd the Dgancr run, an d 
DPrarture from the Meridian. 

If .a h i p  runs S. E. b E. from io 45’ north latitude, and then 
by obkrvatibn is in zd) 46’ fourh latitude, what is her diffafiCc 
and departure ? 

NOflP 
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c A 

- By making the Diitance A R Radius, it will be, 
Complement 3 Points z 330 45 

T o  find the Diitlnce. 
As co-fine coude fi pts. 9.74474 
Is to the diff. of lat, 2\71 

z : z y z  So is radius 

1 2.43297 
9-74+74 

To the dltance @7,8 2.68823 
- 
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The coude S ?  po.ints = 64O 41' 
To find tte Diff. of Lat. 

A8 %ne eoude 5;: pts. 9.956 I 6 
Is t? the departure 406 2.60853 
So IO c o - h  c o d e  52 pts. 9.63099 

Ye95616 

-- 
32.23952 

-- 

C A S E 111. 
COU$ and Dcpariure from the Meridian given, i o  jnd  J r  Dpance and 

DiJhwice of Latitude. 
If a h i p  fails N. E. by E, 4 E. from a port in 3 O  IS' South 

latitude, until fhe depart from her firR meridian 406 miles, I de- 
mand her diflance, and what latitude fhe is in ? 

The compl. 2; poivts = " 5 0  xg' 
To find the Dtitancc. 

As fine coude 5; points 9.95616 
Is to the departure 406 2 60853 
So is radius 20.000t~ 

-4) 

I 2.608 g3 
991616 

-k 
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By I N S P E C T I O N .  
Find the courfe either among the points or degrees, and die 

departure in its column, right againit which Aands the difiance 
and difference of latitude in their refpeaive columns. 

Thus, with the courfe 58 points, and half the departure, I find 
202,s for tlie diftance, and 95,8 for the difference of latitude, 
Which heing doubled, gives the diftance 435, and the difference of 
latitude 191,6, as before. 

To find the Courfe. 
Asthe diAance 488 2.68842 
18 to radius - IO.OOOOO 
$0 is the diff. lat. 271 2 4 3 2 9 7  

12.43297 
2.6d 84 z 

-IC 

c__- 

To eo-fine cou. 560 1~ 9.74.(55 

TO find the Departure. - 1Q~OOCOO As radius - 
Js to the diftance 488 
So is Gne coude 26' 16. 

2.68842 
9.9'993 

rr.60835 
10.40060 

TO thedeparture 4.05~8 3.60835 

7- 

.I--.--. 
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'And the extent, from radius to  5 6 O  16. on -the line of fines9 
will reach from the dlfiance 488 to the departure 4058 'dn the 
line of numbers.' 

By I N S P E C T I O N .  

Seek in the tables till againit the diitance, taken in its  column^ 
be found the given difference of latitude in  one of the followi$ 
columns ; and adjoining to it ilands the, depaiture ; which, if leis 
than the difference of latitude, the coude  is found a t  the top ; but 
if greater, the c o d e  is found a t  the bottom. 

Now, with half the diitance 244, and half the difference of la- 
titude 135,5, look in the tables till they are found to agree in  their 
ref@Etive columns, which they do nearly, over 5 points, againfi 
,&ern bznds ma,8 for the departure, which being doubled, gives 
40056 nearly, as before. 

T o  find the Courfe. 
As the &fiance 488 2.68842 
l r t o  radius - - IO.OOOOO 
So is departure 40s 2.60746 -- 

I 2.60746 
2.68842 --- 

C A S E  V. 

T o  find the diff. of Lat. 
As radius - - 1 0 . 0 ~ 0 0 ~  
IS to the diRance 488 2.6LiB41 
SQ is co-fine co. 56" 6' 9.74644 

10.00000 

-4 

12.4396 

--r, 



T o  find the Coude.  
2.43297 

Is to radius IO.OOCOO 
80 i 6  the departure 406 2.60855 

As the diff. of lar. 27 t 

c_- 

I 2.608 5 3 
2.43297 

' $ 6 0  17' - - 10.17556 

-- 
TO the tang. of the cou. 

T o  find the  Difhce.  
As radius - .. 10.008QO 
Is to the cliff. of lat.  271  2.43297 
So is fec. of the cour!ic 

569 17'  - - 10.~556~ 
c__- 

I 2.6886r 

T o  the dinance 488'2 2.68861 

x0.00000 -- 
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By G U N T E R .  

 extend from the difference of latitude 271 to the departurs 
406 on the line of numbers, that extent will reach from radius to 
56" 17' the courfe on the line of tangents. 

d l y .  ' For the diitance we muit confider it as radius (there be* 
ing no line of fecants on the kale), and extend from radius or 90' 
'to the courfe 5 points on the line of fines, that extent will reach 
from the departure 406, to the difiance 488 on the line of num- 
bers. 

I By I N S P E C T I O N .  

Seek in the tables till half the given diflerence of latitude 135,s 
and departure 203 arc found together i n  their refpeaive columns ; 
then right againit them will he found the +fiance 244, in its column, 
and the courfe itand in degrees either at  the top or bottom of the 
co lumn where the difference of latitude and departure was found, 
which in this cafe is udner 56' IS', or 5 points the courfe required. 

T h e  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 fix more for praaice, whole anfwers may be found b p  
the foreqoing rules : 

.~J&VZ I. A ihip in 2' IO' fouth latitude, fails N. by E. 89 
leagues ; what latitude is h e  in, and what is her departure? 

&[weep. Latitude i n  2' 121 N. and departure 17. 36 leagues. 
e f t i o n  11. A h i p  fails S. S. W. from a port in 41" 30' north 

Iatitu e, and then by obiervation the faid h i p  is in 3 6 O  57' north 
latitude ; I demand the difiance run and departure i' 

Afwer. DiRance run 98,s leagues, depdrture 37,7 leagues. 
XueJion 111. A h i p  fails S. S. W. half W. from 2' 30' fouth 

latitude, until her departure be 59 leagues; I demand her difiance 
rull and latitude in 7 

A+iwcr. Difiance run 1252 leagues, latitude in 8" I' fouth. 
$@@on TV. If a h i p  fails 360 miles fouth weftward from 2 1 ~  59, 

fmth latitude, until b obfervation fhe be in 24" 49' fouth latitude, 
what i s  her courfe andYdeparture ? 

An wer. T h e  c o d e  is S. W. by W. + W. or S. 61° 47' W. and 
her d eparture from the meridian is 317,3 miles. 

.@++'on v. suppofe a fhip fails 354 miles north eaRward from 
2 O  9' fouth latitude, unt i l  her departure be 150 miles ; what is her 
courle and latitude i n  ? 

Afwer. Her courfe is N. 2 5 O  4' E. gr N. N. E. E. near19 
and lhe is in latitude 30 11' north. 

.@$?J!D~ 
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&h'ion VI. Sailing between the north and the wei), from a 
Port in iQ 59'fouth latitude, and then arriving at another port in 4" 8' 
north latitude, which is 209 miles to the weftward of the firfi port; 
1 demand the m u r k  and diftance from the firft port to the fecond ? 

Answer. T h e  courfe is N. 29" 40' W. or N. N. W. 3 W. nearly; 
and the difiance of the ports is 422,s miles, or 140,,'1 leagues. 

* 

IF-.-. ------...-.- 

T R AV E R S E SA I L I N G. 

AVING learned thofe n e c e k y  Problems, concerning a Sin le 
Courfe, the next is a Compcund Courfe, commonly calle 9 . a 

j in orde.rio the right Laderfianding of which, obferve the 
fohwing definitisns : 

feveral couries. 

to the place h e  is bound t c  ...fie reaches her port by a kind of 
courfe ; which is made by failin 

A Traverle is when a.!hip, peeting with contrary winds, fails on 

When the wind is direlily or partly againR a hip's dire& courfe 
like 

with the wind, firfi on one fide of 
the hip, and then on the other B ide. 

In a fhip, when looking towards the flern or head ; 
Starboard fignifies the right-hand fide ; 
Larboard, the left-hand fide ; 
Forwards or Afore, is towards the head or ftem of the h i p  ; 
Aft or Abaft, is towards the hinder part or Rern ; 
The  Beam, fignifies athwart or acrofs the middle of the h i p t  
When  the fhip fails the fame wa the wind blows, fhe is faid to 

fail or run before the wind; and x e wind is right aft, or right a- 
itern ; and her courfc is then 16 points from the wind. 

When a h i p  fails with the wind blowing direLily acrofs her, fie 
faid to have the wind on the beam i and her courfe is 8 points 

from the wind. 
When the wind blows obliquely acrofs the hip, the wind is faid 
be abaft the beam, or afore the beam, according as her c o d e  18 

more or Ids than 8 points from the wind. 
When a fliip endeavours to fail towards that part of the coinpafs 

from whence the wind blows, k e  is Lid to Lkil on a wind, or to 
Ply to windward. 

. I  A velfel 
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A velfel failing as near as ihe can to the point from whence fhC 
wind blows, is faid to be clok hauled, ?‘he generality of flips will 
Ire within about 6 points of the wind, but floops and other vefl‘els 
will lie much nearer. 

The Windward, or Weather-fide, is that fide of the h i p  on which 
the wind blows ; and the other fide is called the Leeward 01 Lee-Gde. 

Tacks  and iheets are large ropes made fait to the lower corners of 
the fore and main-fails by which either of there corners are hauled 
fore and aft. 

When a fhip tiails on the wind, the windward iacks are always 
hauled forwards, and leeward, or lee-theets, aft. 

T h e  fiarboard tacks are aboard when the itarboard fide is to 
windward, and the larboard to leeward ; and the larboard tacks are 
aboard when the larboard fide is to windward, and the ftarboard to 
leeward. 

T o  know how near the wind a fhip will lie, obferve the cpurfe 
fie goes on each tack when the is clofe hauled, then half the num- 
ber of points between the tw6 courfes will fliew how near the wind 
that fhip will lie. 

T h e  moil common cafes, in turning to the- rvindward, may be 
conitrulted by the following precess : 

Having drawn the meridian, or north and fouth, and parallel of 
latitude (or eafi and wefi h e )  in a circle, reprerenting the horizon of 
the place, mark, in the circurnfertnce, the place of the wind ; draw 
the rhumb, pafing through the plax bound to, and lay thereon the 
diftance of t h a t  place from the centre. 

On each fide of the wind lay off in the circumference the points 
or degrecs hewing how near the wind the h i p  can lie, and draw 
the rhumbs. 

Now, the firR courfe will be on one cif thofe rhumbs, according 
to the tack the h i p  leads with ; draw a line through the place bound 
to, parallel to the other point, to meet with the firit, and this will 
flicw the courfe and difiance on the other tack. 

‘1’0 refolve a Travede, is to reduce and bring feveral courfes into 
one ; the courfes are knowr. by the compafs, and the dittance by 
the log, which in common voyages i s  hove once in two hours, bug 
in h ips  of war, or in Eaft-Indiamen, every hour. 

i n  the tirerage, or fome convenient place in the flliy, there is 
generally kept a table, called the log-board, divided into feven CO- 
lurnns; in the firit  is writcen the hours of the day, in the Eecond 
the knots the h i p  runs during half a ,minute ; cach of there 
knots bear the fame proportion to a Tea mile that half a minute 
does to an hour; confequently, fo many knots as the h i p  runs in 
half a minute, (the time allowed for trying the experiment) f@ 
many miles fie runs in an hour. In the thitd the frthoms, JO 
of which ought to make a knot ; in the fourth thc courfes itcered 

A 

bY 



TRAVERSE SAILING. #%? ,, 

.by the ,compab ; in the fifth the winds ; in the Gxth the leeway, 
or how far the fhip is dreve to the leeward of the courfe fieered 
by the compafs ; in the fiventh the trahfaEtions of the day, as in 
the following table. Every Jay at  noon the contents are tran- 
fcribed into the log-book, which is divided into co lumns~xa&ly  
like the log-board, and the feveral courfes being correAed by allow- 
ing for the leeway and variations, and the difiance run upon edch 
being ret dowrl in a traverfe table, h e w s  what difference of latitude 
and dqarture the (hip has made during the lafi 2q.hOurs ; and from 
thence is found the latitude and longitude the h i p  1s rn, &c. l h i s  
operation is called doinlj a day's work. 

Courfes. I 
i 

-- 
S.W. by S. 

N. E. 

S. W. by S .  

- 
H. 

c 

2 
4 
6 
8 

10 
12 
2 

4 
6 
8 
IO 
12 

Moderate gale! 
& fair weather 
at 8 A.M. iav 
a ihip to thc 
northward. 

NO oblerva 
tion. 

- 
K. 

- 
6 
5 
5 
5 
4 
4 
4 
4 
4 
5 
4 
4 

L 

- 
?. 

- 
5 

5 
5 
5 
5 
5 

5 

THE L O G - B O A R D .  

I 

N. 

N. W. 

N. N. W. 

W.N. w. 

I 
' -'___-- 

Having placed the feveral courfes, and diitailces run upon each, 
hegin with the firfi courfe S. W. by S. which is 3 points, and the 
difiance run upon it being fumrned up, is 21,s or an half, which 
beins doubled (becaufe the log is hove every two hours) is 43- 
In  like manner proceed with the other courfesy and then find the 
difference of latitude and departure for each coude a i d  difiance. 

When the courfe is to be louthward, the difference of 1iltitu:k 
muft be ret in the column marked S, but if to the northward, 

I 2  i n  



6% TRAYERSR SAILIN& 

i n  that marked N. ; likewife when the courfe is to the eattward, the 
departure muR he fet in the column marked E. ; but if to the w e b  
ward, in that marked W. T h u s  the firR courfe being S. W. byS*. 
3 points, the drfference of latitude belonging to it is fet under S- 
and the departure under W. as in thc following table : 

THE T R A V E R S E  T A B L E .  

COURSES. 

-- 
S. W. by S. 

N. E. 
s. w. by w. 

Here the wenin s bcing greater than the eafiings, the difference 
hews how far the a f ip has got to the weitward ; and the fouthings 
bcing greater than the northing fhew how far ilie has got to the 

'fouthward of the place fhe fet out from. 
Now the difference of latitude 26,4 and departure 7,r being lookd 

' for in the tables, will be found nearly fianding together under 15' 
and againit diikanct 27. Hence the courfc made good upon t h e .  
ieveral courfes is S. IS? W. and thc diftance 27 miles. 

I n  heaving the log, one man holds ,the reel upon which the 
log-line is wound, and another holds €he half-minute glafs ; 
officer of the watch heaves the log over on the lee-quarter, and 
when he oblerves the ftray-line is run off the reel (to denote which 
there is fixed a red rag) he cries turn .' the glafs-holder anfwers 
done! who, watching -the glafs, the moment it is run out, cries 

Jtop ! the reel brin immediately itopped, the knots, or knots a d  

wind happens to have been conftant. 
fathoms run OR, i a ew the fhip's rate of failing per hour, if the 

E X A M P L D  





T o  find the DifF. of Latitude. 
A* radius goo io.ooooo 
18 to diftance I 5 t.17609 
Sois co-fine courfe 2 pts. 9 .9656~ 

l I . 1 4 1 7 1  
10.00000 

-- 
- 

For Departure. ' 
As radius go- 10.0000~ 
Is to &fiance 1 5  1.17609 
So is tine courfe 2 pts. 9.58984 - 

10.75893 
I o.oooo* -- 

For Difference of Latitude. 
radius goo IO.OOOOO 

9.84948 1, to co-fine coude 45" 
1-53  148 

11.38096 
I0.00000 

-- SO is  d i b n c e  34 

-- 

For Departure. 
As radius goo I o.ooo@ 
1s to Gnecourfe 4 5 O  9.8494s 
So is diff ance 34 1 . 5 j I @ '  - 

1 1.38096 

-A 
10,00000 

For DiKerence of Latitude. 

Is to W-fine c o d e  789 4s' 9.29024 
So is diitsncl 16 I ,  204 I 2 

10,49436 

To diff. latitude 3,' 0.49436 

As radius goo IO.OOOOO 

- 
10.00000 --- 

For Departure. 
As radius 900 10.90000 
( 8  to fine c o d e  78O 45' 
So i s  dittance i 6 

9.99157 
1.20412 

r r.19f69 
10.0000~ 

_1 

-- 
To departure I 5,6 1 * 19569 

For Difference of Latitude, 

Is to co-fine c o d e  67" 30' 9.58284 
I .  59106 

I 1 . I  7390 

To diK. latitude x4,q 1.17390 

As radius goo IO.OOOOO 

Sa is  difiance 39 
-.------ 

1o.coooo -- 

For Departure, 
As radius 90' IO.Ooa0d 
Is to tine coude 674 3d 9.9656% 

11.qq668 
I0,00000 

I. 5 566% 

So is difiance 39 1,59106 
,,,& 

To departure 36 



TRAVERSE :AILING. 

* Fifth Cburfe S. by E. 40 Miles. 

For  Difference of Latitude. 
As radius 90° 16.oooo 
Is to co-fine cou. 119 1 ~ 1  9.991 57 
so is diilance 40 1.60206 

I x.59363 
- 
I0.00000 - 

For Departure. 
A8 radius goo 1o.oooo8 
I! to fine cou. I 10 I 5' 9.29024 
bo is diflance 40 I .60ro6 - 

10&)230 
10.00000 -- 

Though this method of finding the difference of latitude and 
departure by logarithms is certain, yet the fame may be more rea- 
dily found by the tables of difference of latitude and departure 6 &?& 
is, to find the difference of latitude and departure for each dourfc 
and diitance by infieLtion, an1 placing them down as in the fd- 
lowing Traverfe Table ; 

C O U R S E S .  

c- 

s. s. B. 
8. E. 
W. by S. 
w. N. w, 
S. by E. 

From Turn 
Take  

Rcfts 

W. 

IIaving placed them as above, add up all the wefiings, eafiinp, 
northings arid fouthings, feparately, and k t  down their re$ealve 
fums a t  the bottom of each column ; and as the wefling is 
than the eaiting, IubtraCt the eaiting therefrom, and the di e rewe 
irh2 h e w s  that the hip's depdrture is io much wefi of her fire 
meridian. 

Again, the fouthing being greater than the northing, iubtrae 
the northing from it, and the remainder hews how far the Ihip la 
tQ the fuuthward of her firR place. 

rater 

To 



T o  find the dire& Courfe or Bear- 
ing of the Lizard from the 
ihip. 

As the &E hr .  65,3 1.81491 
1 .  

Is to radius goo I o.wooo 
Sois thedeparture 14,z 1.15229 

1.81491 

9. j 37 38 

Which, becaufe the difference 
of latitude is foutherly, and the 
de arture wefierly, is S. xz0 16' d whence the Lizard bears 
from the hip N. 12" 16' E. or 
N. by E. I? 1' E. 

Ill....c- 

11.1~229 - 
To tang. cou. 129 16' 

E X A M P L E  11. * 
Suppok a fhip from the Lizard 4 9 O  57' is bound to Cork in lati- 

tude 51' 41' N. whore departure from the meridian of the Lizard is 
120 miles weit, but by reafon of contrary windsis obliged t o  fail on the 
following couries, viz. S A W .  54 miles, W. by S. 39, N. W. b N* 
40, N. E. by E. 69, and N. N. W. 60 miles ; I demand the &ea 
Coqle, diRance, difference of latitude and departure made good u p "  
the &vera1 couries, with the latitude fie is in, and what courfe fie 
mufl afterwards itccr, and how far to gain her intended port? 

T o  find the dire& Diitance. 

As fine of cou. 12" 16' 9.32728 Is to the depart. Y 4,s I.ISZZ9 -- 
I I I 13229 - 

So is radius go9 10,00000 

9.3 2 7 28 

To the diitanca 66,84 1.82501 

The courfe and diitance may 
be found fufficiently near under 
12 degrees in tables, where the 
difiance is 67 miles. 



i 

' with the chbrd of 600 defcribr 4 circle, 
dim north and touth, and, croang that 
att! points I the centre rtpreients 

mt.8 from the l',,u,th wefierl thtorr 
trc for the firft courfc S, 8.jW.j 
e run 34 miles, which i& the &rip's 

Dnw K 



rhumb; and padlei to it a lin 

line, p&ng 

it a line, as before, 
the lafi difiance 6 4  
courfes ; from which draw a line parallel to the eafi and we8 1 
until it cdts the meridian ; for the whole departure, from this to 

red on the fame kale, will give her differen 
al courks; and a line drawn 

ive the whole diBance ; h meridian, will be the fhi 
it' fieer, and how Lr fie 

run, from the centre of the compafs, or the Lizard point, {e 
&6 whole difference of latitude of the two ports, viz, IO.+, 
F i  through F draw an E. and W. line weficrly, and fct off 
the whole de arture 120 from F to E ; then will E rep 

d$n ; then will A L be the diftance he has run to her 
port, the angle E A D is the coude he mufi iteer, E 4 is 

9 is to the eafiward of it, and A D is how far to the fo 

fituation of e 'ork ; join A E, and draw A I1 parallel to 

BY C A L C U L A T I O N .  
With  the d'ffercnce of latinri(le and departure between the 

ports, to find k e i r  bearings and difiawes, 

A4diff. of lat. io+ z.01703 As radius 
IS to radius 900 1o.oo030 Is to diK let. TO+ 
Sois whole dep. IZQ 2.07918 So iafec. coude 49. 3 

T o  find the Bearing, T o  fitid their DiRa 

_I- 

I 2.07918 

10.0621 s To din. afunder I 58,8 

2.91703 . -- 
courfe ,+go 5' 

nie the courfe between the Lizard and Cork is W. 

2 

W, or N. W. 4 W. 1' 16' wefierly ; diaance 159 mi 
the digeennce of laritude and departure, the courfr 
i a f j i o n  to be 49*, an iftmce miles ; 
courfes and difirncco bcin und, will ad as in 

S 
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3415 atid departure' 73, look ink* 
to thefe are 73,4, and 3 4 , ~  itand# 

be found by Gunter's Scale, but ib@'l 

with Traverfe Sailing ; and for that purpofe it har 
to fubjoin the following, which is the molt 

well can be, and may be worked by any Of 

to exercife the Learner, who ought 

the foregoing meteoiIs. 
#l h i p  being at fea in latitude 370 IO' N, is bound to a port, which 

lies tQ the weflward in latitude 33" 0' N. the departure between the 
ihip and-the place is 180 mjles; confequently, by Cafe VI. tb8 
coqrfe will be S. W, by S. 2 degrees wehrly,  and diitance 30* 

d i d  tieing variable, is obliged to ply uppn thefe fed 
the diitanre run upan each, being obtained b tha 

firft ihe f%l8 [with her.liarboird tacks 011 board) fl* 
les, W. s. W. half W, 30 miles, W ,  by S. 35 miles8 

acks-on board wind &iftin ) S, S. E. 32 miles, S. S.E 
E. 27 miles, S. by E, 25 biles, ,S.  31 miles, S. S. E 

ed the latitude the f i i p  is in, and her dcparture from 
meridian, upon what coude f i e  mull iteer it' pofible, and how 
&e muR fail tr, gain her iritended port I' 
- The drffcrencc of latitude and departure being found by the p 
t9i.g dircLtiuns, will ftand as in the following Table : 

THE T R A V E R S E  T A R L E .  



w M l D D t B  LA'ftT$SS BAfl;UN% 

T h e  thip is in latitude 340 21' N. the +parture is 47,4 W. 
T h e  courfemade good i s  S. 15" 38'W. and difiance r75,9. 
T h e  coude tg the intended port is S. 58" 35' W, QT S.  W, by W, 

*e-quarter ,weit nearly, difiance IS$#-- 

*. '. 
MIDDLE LATITUDE SAILING, 

! ant Sailing the earth was confidered as a plane, reprerenth 
a bowling green, having the meridians parallel to-each other, st? 

~Qllfequeiirly the degrees of longitude equal in all places; but 610 
%not be true, as toe earth is a globe or ? p h P ;  for, 

As the meridians are circles 011 the terrtlquecrtls lobe, WtiQg 
the poles, as may be fcen in the fonowing figure! it is Qhviow,, 

ahat any two of thofe circles mutt recede more at greater.diftmces 
and at equal diRances from each pole, or at tho 

tor, the d&ance between the meridians is greatelk. 
he true place of a h i p  at fea depcnds upon its dittance from.;the 

quator,  and 'Tome noted meridian ; and fince the meridional dit- 
tarice, that is, the diltance between any, two meridians, varies in 
every latitude, it is therefore convinltnt this diflance fho 
reckoiied in a fixed latitude f and where the degrees arc of th 
Wgnitude with thofe of the meridiall, which can be no whe 
00 the equator, where 60 eographicnl miles make a degree. 

pther, as their radii: and fince the aslrth turns once 
Ut 24 hours, every point upon its furface mutt 
lrJrallel to the equator: hence it follows, that the 
of any parallel of latitude in milcs, is  to the cirtu 
equator, in miles, as the co-fine of that liltitude is t 
that  the breadth of a degree, in  any paranel or latit 
breadth of a dcgree upon the cluitor, as the fine complement of 
t h a t  latitude is to radius. 

By the lafk roportion was the following tahlc C ~ C U ~  
fhews thc hreat ! th of a degree of longitude iii every \at 
may be made to anfwer fgr any degrees or minutes by taking pro- 
pr?on+ parte ; 

the poles 

T h e  circumference of a !I circler are in dire& proportloll to 



Hence it foliows, that I 

As tadius, or fine go* 
Is to the d11E of I h g .  in mile$, 
So ia  co fine of any paral. of lat. 
T o  the dit+. in miles hctuecn any 
T w o  mcrid. in that  pnral. of )at. 

As eo-fine of any pard, of lat. 
Is to the ddk. run in m$e in that 

90 Is the rfidiu?, of 
TO the diff. of Ion 

From what ha; been hid,  arifes the iolution of the' folkwing 
Problems : 

P R O B L E M  1. 

The I ) ; f h w t  LovphiIt hrtween two PIaces both in one ParaIilet bf 
Lntitide being givcu, t o  find the D$oiice* letwren t h e m  

Suppore a hip it1 the latitude 49' 30' N. or S. fails direQ1y E. 
or W, until  hcr tiiffcrence of longitude be 3" 30; and the diftance 
failed be requi! ed I 

, BY 



C 

By P R O J E C T I O N .  

w i t h  the fine of yo in your cornpa& takrn from the Pfanc 
scale, and with one foot in P, defcribe the arch E (& and upon it kt 
bff the difference of longitude 210 miles, and draw the lines P E and. 
? Q to reprelent the two meridians ; and then E Q repreknt thhd 
&quator, and P the Pole. Agdin, with the fine corn. o f  the he- 
tude 49O 30'viz. 40° 30' in your compaffees, taken from the line 6f 
fines on the Plane Scale, and with one foot in P dcfcribed an arch, 
Qd the &fiance between the points, where it cut4 the twamcridians, 
being meacured upo% the fame itale of equal parrs that the diEercnce 
of longitude was, will be the departure 136,4 miles. 

Or ,  thus : 
Draw the rnetidi'an A B,k'and with the chord of 60 in your corn- 

Pares defcribc an arch, and upbn it ret off the complcnient of the 
latitude 4oV 30' (taken from the line of chords) and fct 
the arch as a courfe iq Plane Sailing, and draw the h e  A 
b c e ,  which make equal to the ditlerence of lonyitude 
then will the departure C D be the diitance [36,4 nriles, 
this laR method i s  preferable to the fbrmer, as we arc not donfined t% 
an particular fcale. 

Leverre this Problem, and fuppofe the difiancc failed in any 
Parallel of latitude given, to find the difference of longitudc. 

With the fine corn. of latitucte in your compalres delcrlbc an arch, 
upon which f't off the departure 136,4 miles, and thrc gh tho 
Points where i t  ruts  the arch draw the lihes P E and F&; then 
With the fine of-90" in the compaffeq, and one foot in the farmer 
gentre 1', deki5Be an arch to cut P E and P Q; then E Q h h g  
lnfafured upon the h a l l  kale of equal parts that the dcpirru 
Wl bc thv differeticc pf 1vpgity& pid  miles. 

BY 



as M Y ~ D L E  ~ A T I T V ~ S E  S A I ~ I I V W ~  

By C A L C U L A T I O N ,  

T o  find the Departure. 
As radius - - -- 90' J 0,0000~ 
1s to the difference of longitude 210 2,32222 
SO is co-fine latitude I 49O 30' 9 4  1254 

12,13476 
I0,00000 

T o  the diftance or departure 1364 2,13476 

By G U N T E R .  
6 The extent from radius to fine corn, latitude 4c" 30' on the line 

of fines, will reach from the difference of longitude 210 to tbe dif- 
unce 

By I N S P E C T I O N ,  
Find the f?ne corn. of the latitude among the degrees, and in 

the diitance column the difference of longitude, oppofite to which, 
jn the column of departure, is the difiance required; but as the 
Co-Iatitude is 40° 30', therefore, 

on the line of numbers.' 

Fo r  40 degrees you will find - - 135 
For 41 degrees you will find - - 13i,7 

27237 T h c f u m  is - - -  _. 

- 
Half is the difiance .- required - - 136,3 

This b done becaufe the table of difference of latitude and depar- 

By the reverie of the lafi problem, having the diftance run in 

h p p o f e  a h i p  in latitude 49' 30' N. or S. fails direEtl E. or 

ture is calculated only for fin'gle degrees. 

an parallel to find the difference of longitude. 

r36,4 miles, and her difference of longitude be required. Y 
As co-fine of latitude I 4 9 O  30' 9,81254 
Js to the diftance 7 13634 2,1348 I 

IP,I 348 I 
928 1 2 54 

2,32227 

So ic radius 0- - - fC,Q0000 -- 
-- 

B? 
To the difference of longitude 210 



MIDDLE LATITUDE SAJLINC.  8s 

n y  I N S P E C T I O N .  
. Jm& for the complement of the latitude among the dcgrees ds if 
I t  W a s  a courfe, and the departure in  its column ; right againit which 

the difference of longitude in the diltancc columii. I n  t h e  
la@ Problem the h i p  is Cuppoled to h.we failed due eaft or weft, in 
the fame para<lel of latitude, hut in her courie ihe generally crones 
revml  meridians and parallels, and then arrives a t  a different latitude 
from that fie Icft ; a i d ,  as it  is plain hy the foregoiiip tahle, that the 
lnlles which m;ike 3 degree in one p:~ial'el, will nor be thc fame as 
thore that make a degree in a n y  r ' t  i cr  pardlcl, 1, ing on the fame fide 
cf the equator ; therelore, add both latitucles together, and take half 
!heir fun1 for mtean or  middle latitude j which may be conceived as 
If the h i p  had failed in one latitude ; with which :he difference of 
longitude may be turned into departure, and delxirturc into dif€erencc 
Of longitude, in the fame manner as has been already hewn, for it 
bill be 
48 radius As the co-fine of the middle fat. 

Is to the departure, 

' 0  the departure. To the difference of longitude, 

diflan~c are found by Cafe the Sixth, in Plain Sailing. 

'? the difibrence of longitude, 
1s the co.iine of the middle ,at.} { So is radius 

Having the difference of latitude and departure, the tourfe and 

C A S E  I. 
Required the bearing and difiance between the Lizard, i n  latitude 

one of 
Ycfiern  ijands, imlatitude 37" N. and longitude 25" 8 W.? 

Lizard's lat. 49" 51' N. 49O 571 Long. 5" 14'W. 
st. Mary'slat. 37 00 N. 37 03 Long.  25 6 W. 

49Q 57'N. Ion itude 5" 14' W. and {he ifland of St. Mar 

7 - 7 

57 s l y 4  86 57 19 52 - Mid. lat. 43 28 _I_ 

60 - 60 

QT. in miles 777 90 00 I ~gzdif€.long. 

Co-mid. lat. 46 32 
-- 

C G 

L Drmv 



TO find the Departure. 
10.0oooo 

long I rgz 3?b7628 
~ f i n e m i d . l a t .  43Qz6'9.86080 

~2.93708 
-- 
10.00000 

9. , ..l-c---- 

T o  find the Courfe. 
As diff. of lat. 777 %890h6 
1s to radius 90 
So is departure 865,r 

I O . O O O ~ @  

2.93 704 

12.9379# 
-A 

2.89&# 
-A 



Latitude left 4 9 O  37' N. 
Lath& in 39 20 N. 

_t- 

DiE of latitude i d  37 
60 ----- 

'In miles 637 

Iatitude left 4 9 O  V ' W *  
Latii!ide in 39 20 NI 

Middle latitude 44 98 

Sum oflnritude 

90 '06 - 



4 MIDDLE LATITUDE SAILINQ; 

T o  find the Courk  it will be, 
Ai the diff. oflat. 637 2.$0414 
Is to radius 900 IO.OOOOO 

I 2.897d 

So ia departure 789 2.89708 - 
2.804 I4 -- 

TO rang. courfe 51. 5' 1o.ogzg4 

To find theDiflance it will be, 
As the finccaurk~eQ 5' 9.8gIOr 
1s to the departure 789 2.89708 

12.89708 

To the diRance 1014 3.00607 

So is radius go? . 1Q.OOOOO 
A - L  

9.89108 
c-- 

To difference of longitude - I log 3.04483 

Longitude the !lip failed from - - so 24'W. 
Diff. h g .  1109 miles, or - - - 18 2 9  W. 

Lmgitude in - - - - 23 5 3  W. 

By G U N T E R .  
xR. T h e  extent froin the difference of latitude 637 to the depaf'; 

torr: 789 on the linc of numbers, will reach from radius, or 45 
backward to sio 5' the courfe on the line of tangents. 

2dly. T h e  extent from 51'' 5' to radius or 90" on the line of fines, 
will reach from the depdrtue 789, to the diftance 1014 on the line Of 
numbers. 

gdlp T h e  extent from the complement of middle latitude, 45' 2%' 
t o  radius or 90' on the line of fines, will reach from the departure 
789, to the difference of longitude I rog on the line numbers. 

-I_. 

By I N S P E C T I O N .  
RULE. W i t h  the difference of latitude and departure, find the 

caurfe and diftance, as in CaCc VI. in Plane Sailing. 
2dly. Taking the complement of middle latitude as a courfe and 

the departure i n  its column, and the diitance correfponding to therep 
will be the difference of longitude. 

Thus, taking P tenth of the difference of latitude 637 and depar- 
ture 789, that IS, 63,7 and 78,9, the nearefI numbers to th& arc 
63,6 and 78,s ftanding together over 510, againtl the diitance 10" 

Taking 

which multiplied 
i s  S. 51' W. and 

IOIO ; whence the courk by infpeEtloa 



MIDDLE LA"iTUDR @AILING* 

Taking 450 22' or 4sP as a courfc, and a tenth of the departure 
78,8,q in its column, the neareR is 78,5, in the difiance column fiando 
I 11, which multiplied by IO gives 1110 for thc differenca of fbngi- 
tude nearly, as before. 

C A S  E 111. 
One Latitude, Couqe and Dgance given, to f i d  thr Diferunc8 of 

Latitude and Difirencc f Longitude. 
A h i p  i n  latitude 42p 33' N. and longitude 1 8 ~  31' W. fails S. E. 

by S. 591 miles, or r97 leagues; I demand the latitude and l q i -  
tude the ihip is in ? 

A 

E r) C 
By P R O J E C T I O N .  

With  the courfe and diltance, find the difference of latitudc and 
departure, as in Cafe I. in  Plane Sailing, viz. Draw the meridian 
AD, and on A defcrihe an arch with the chord of 6oQ, and upon ic 
fkt off the courfe S. E. by S. or 3 pointr, through where that cut# 
the arch draw the line AC, makin it equal to the difiance 591, 
from C let fall the per endicular C b  ; then will CD bc tho depur- 

Draw the line E F parallel to A D, making the d i h c e  from it 
equal to the departure. 

T a k e  the complement of middle latitude 5 1 ~  36 from the line 
of chords in your compares, and ret it  off on the arch on the other 
fide of the meridian AD, and through where that cuts the arch draw 
the line A B  to cut the line E F in B, from B let fall the perpen- 
dicular E D, and i t  i t  is done ; for A B  will be the difference of 
longitude, 419 miles. 

Uiffiknce of latitude 

Lat i tude  in 
Latitude left 

ture, and AD the di P erence ot latituda 491 miles. 

Latitude left 39 24 
E' 36 

I 1  31 w. 
#rQm 

Som 



A5 radio8 9 0 ~  10 0000~ 
XSJO the diffmcc 591 2,771 59 
So it eo-firbe COU. 3 pts. 9.91985 

f f  6 9 4 4  
-- 
IO.QOCC0 

T o  find the Difference of Lotrgitude. 

Without the Peparture it will be,l With the Departure it will be. 

is radius 9 ,? J O W O 0 6  

2 77'59 
9.7447 4 

12.5 1633 
10.c0000 

Is 1 die tilltance 591 
50 i s  fine courk j ps. 

-c__ 

An to fi .  mid. kit. 
Is r s t  fine courfe 3 
So is diitance j9 I 

380 24' 9.89.+1~ 
pts, 9.74474 

12.51633 
9.8.94' 5 

3.62218 

2.77 I 59 - 
-- 

To did of long. 419 

I S  co.tioe mid. lar. 38Q 24' 9.89413 
Is IO deparrurr 328,~ 2.51627 

12. T I  627 
9.894'5 

To diG oflong. 419=6*59' 2.62211 

50 is radius 900 IQ.COOO0 
- A  

-- 
Long. left 160jl 'W. 

By G U N T E R .  

1% 6 T h e  extent from radius or 8 points to the complement af 
the ccrurfe, 5 points on the line marked S. K. will rcach from 
*e diftance 591 to 491 the difference of latitude on the line of 
qumbcys.' 

2dly. 6 T h e  extent from radius or 8 points to the courfe, 3 points 
a,n the line S. R. will reach from the diitance 591 to the depr tura  
328 on the l i i i a d  numbers.' 

gdly. ' The extent from the fine comp!ement middle latitude 
510 36' to radius or 900 on the line of fines, will reach from the 
(tcparture 328 to the difference o f p p i t u d e  419 on the line of 
pumbers.' 

BY 



MXf)OLP LATITUDE SAILINC, 

By I N S P E C T I - O N .  

RuLs . -wi th  the m u r k  and diitanre find the diEcrencc sf 
h t i t u d e  arid dcpnrture, as in Cafe 1. in Plane SBiling. 

2dly. T a k e  the c mplement of middle latitude as a courfc arid-the 
depariure in  its colunw, and againft i t  in the diftance cotu~&i t€m& 
&e difference of longitude. 

Thus ,  under the courfe 3 points, and apainfi a tenth of the JiL 
tance 54)1=59, fiand 49,I a i d  32,Y;  thck niulti$ied by I O  give 
491 for the dift'erence ot IatituJe, a d  3 8 for the departure. 

Now, taking the complement truJdie latitude SI" 36' or 5te  d 
a courfe, and a tenth bf the dep,uture 328=3?,8 in  its columo, 
(the neaieft is 32,6), againfi wilich ftands 42 in the difiance co.. 
lumn ; thi\ niultiplied by I O  gives 420 the ditference of longitude 
nearly, as before. 

I f  the foregoing dirdi ions be we11 undcrftood, the learner will 
not find it difficult to work the following c d e s  in Middle Latitude 
Sailing. 

C A  S B  IV. 

and D ~ ~ r r n u  o f  Latdude qiuen, to jnd  tbe Departure, Dgancc, 
and Drferenrr f Lo,gduda. A .*'... ...._, ..... ..,,?&ic. 

b D  
\o 

.._ ......................... 1 

Suppole a ki; failing from t h e  Lizard, makes when the varia. 
tion, Ice way, &c, are allowed for, her courlb S. 39O W. or S. W, 
by S, half wefierly, and then byobfervaion is inlatitude 45' 3r'N.i 
what is her diftarice run, and longitude in I 

Latitude of die Lizard 49" 5 7  IU. - 4 9 O  57' h i  
Latitude by obfervation 45 31 M. - 45 31 N. - ---rcI 

Difference of latitude 4 26 S u m  of latitudes 95 28 
+.--..W 

60 k1iddlc fat, 47 44 
i-- --- 

In miles - 266 Ca-middle latitude 42 16 

r 'GF 



To find the Departure it will be, 
& the co-finecourfe 39" 9.89050 
IJ to the dX. of lat. 266 
So ir iine eourfe 39. 

2,42488 
9.79887 

12.2237g 
9.89050 

To the departure t r ~ , 4  2,33325 
To find the Diff. of Longitude. 

Ae co-fi. of mid. lat 47" 4 4  9.82775 
?s to the departure ZI 5'4 2.3 332q 

7- 

--- - 

So is radius go" I0.00000 -- 
12.33325 
9.82775 

2 . 5 0 5 p  

-- 
To the diE of long. 320,3 

C A S E  V. 

To find the DiRance it will be, 
As the co-fi. c o d e  390 
IP to diff. of lat. 266 

9.89050 
2.424d8 

So is radius go9 10.00000 

I 2.42488 
9.89050 

To thediRance 342,3 3.53438 
' TO find the Longitude in, 
Lizard's longitude 59 14'W. 
Dig. of Ion. 3 2 0  miles or 5 2~ w. 

-- 
7- 

-d 

Longitude in I O  34 w. 

Both Latitudes and D@ncc given, to  find the Cou+ and Direr;nce Df 
Longitude. 

Supppofie a h i p  runs 300 milesN, wefierly, from a port in 37" N. 
fatitude, and longitude IOO 25' W. until fie be in latitude 4 1 ~  N. ; 
what is her courfi and longitude in ? 

Latitdlde in - 41 00 N. - 41 ooN. 
Latitude left - 37' 00' N. - 37" 00 N. 

Diff. of lat. -- 4 00 

-- -I 

Sum of latitude 78 00 

60 , Middle latitude 39 00 

In miles - 24.0 Co-middle ]at. 51 00 

-- - 
3 BY 



MIDDLE LATITUDB SAILING: 

To find the Coude it will be, 
As'& diRance 300 2..,+77iz 
11 tc, radius 909 IQOOQOO 
S o b  iff. lat. 240 a.38ozr 

I 1.3802 I 

3 4 7  7 1 2 

-- Q' 
-- 

To find theDiff. ofLong' it wil 
Asco-fine mid. lat. 39* 9.89050 
Is to tan . courfe 36.5' 987502 
so is a i l  of la, 2r)o 1.38021 - . m i S " j r  

' 9.8gy9 
d c 4  

C A S E  VI. 
One Latitude, Gut$, and Dpparture gfirm, to t d  tht D@ancr, 

A hip fails E. S, E. from a certain port in Iatitude 50° rbt'S, 
and longitude io* &'.E. until her departure from the rnet'idhn be 
957 miles I I dttrmrtd her diRanee failed, ;md the latitude and l q b  
tude he is in? I 

# Diference Df Latitude, and D;Br;r;nce f ?pgdu&, 5 

o find the Diff. of Lat. ib  will be; 
996962 

I - 
7 2.98~91 -Lotltudr left 
pa. . 9.f8184 Di& dbt. j& or ' ' T 

.---- 
G61 'Lathdeh 56 46% 
-A 

9.9656j 

@o the diff. o f  be, jg6,4 ' 2.39gi 1 
4 

M T o  



To find the Diitance it will be, 
As fine courfe 6 pts. 
Is to the departure 957 

9.96562 
2.9809 I 

- 
9.96562 

To the diitance 1036 3.01529 

So @ radiur I c.00000 

12.g8ogr 

--- 

' 

Latitude teft 
Latitude in 

Sum i8, 

Mid. lac. 

Co-mid. lat. 

As co-fi. mid. lat. 53. 28' 9.77473 
Is to the departure 957 2,9809 I 
Eo i: radius I0.00000 

12.gsog1 
9.77472 

TO them.diff. oflong, I 608 3.2061 8 

Diff. of long. 1608, or 26 48 E* - 
Long* in 37, 4 E* 

Tofind the Coude it will be, 
AI the dillanre 645 2.80956 

12.69897 

, I: to the ndiur 
Eo ir thc depmre 500 

1o.00500 
2.69897 

2.80956 

9.88941 
-- 

To EIM courfe so' re' 

TofindtheDiff.0fLat.h will be, 
As radius I0.00oor 
I: to the diRance 94t  2.80916 
So h co-iiae con. 504 50' 9.86043 

I 2.60999 
IO.ooOcra 

2.6049 

-J 

4 
TO the dX. oflnt. @7,3 



big. Irt. 407, or 

btitudc in 42 43 N. 
6 47 S. -- 

14Q 40'W. 
1 2  I E. ---- 

a' 39 W? 

L:ctitude in 

Sumis 

Middle Iatituda 

Co-middle latitude 

M E R C AT 0 R's 

TofindtheDiff.ofLong. itwillbe, 
ASCo-fine mid. ]at. 460 6' 9.84098 
18 to the departure 500 2.69897 
so is radiur I o,ooO0o -- 

i 2.69697 
Y.84098 

Tothcdiff. oflong. j z 1 . 1  2.85799 
--e- 

S A I L I N G. 

Longitude left is 
DiE of long. 7 2 1 ,  or 

Longitude in 

LANE SAILING, as has been before obferved, fuppofer the P earth and Tea to be in the form of a bowling green, on which 
the meridians are parallel, and the degrees of latitude and 
equal in all places ; but the earth and rea compoie a round 
globe, on which the degrees of latitude are equal in 
and the de rces. of longitude decreafe from the equator in propor- 

b 
Though the meridians all meet at the poles, and the parallels 

to the eqvator continually decreafe, and that in proportion to thc 
eo-fines of their latitudes; yet ip old fea..charto the meridians were 
drawn parallel to each other, and, coniequently, the parallels of lr-. 
tjtude made equal to the equator, and fo adegree of longitude on any 
parallel, as large as a degree on the equator : alfo, in t h & k  Charts, 
the degrees of latitude were fii l1 reprerented (a8 they are in them- 
felves) equal to each other, and to thofe of the equator ; by theh  
means the degrees of longitude bring increahd bayand their j& 
proportion, and the more fo the nearer they appronqhed the pales, tho 

M2 ' degrees 

tion to the k ine,complements of the latitudes. 

. .  



99 MERCATOR'S S A J L I N G ~  

degrees of latitude a t  the fame time remaining *he fame; it is evident 
places muit be very erronequfly marked down upon t h o k  charts, 
with refpeel to their latitude and longitude, and, confequently, their 
bearings from one another muit be very falre. 

To remedy this inconvenience, To as itill to keep the meridians 
parallel, it  is plain we m u 8  protraA or  lengthen the degrees of la- 
titude in the idme proportion as th& of longitude are, that fo the 
proportion i n  eaffing or  wefiing may be the fame with that of north- 
i n g  or fouth:ng ; aid,  confequcntly, the bearing of places from each 
other t o  be the fame upon the char tas  upon the globe itfelf 

T h e  difficulty in conflru€ting a true fea-chart conliits i n  finding 
a proper manncr of :~pplying the fitrface of a globe t o  a plane ; which, 
Mr. W K I G f 3 T ,  a n  kngl ihnan ,  by an ingenious conception, hap- 
pily accompliihed. 

H e  conceive thc furface of this globe to  fwell like a bladderjwhilc 
' i t  is blowing .up rom the equator towards the poles,) proportionally 

that  of I c o n c a v e  c y i i d e r  impreifed on it, whole diameter was equal 
t o  the globe's dianicm-. 'I'he equator being thus confined, the parts 
towards the poles n i i f t  he extendcd, both in  latitude atid loI1gitude, 
to fill up the cylinder, o r  figure, in  the form ef' a rolling ftone, and 
imprefs on its concave furface the lines drawl1 011 the furface of the 
globe. T h i s  cvlititier being cut  on one of the meridians, from north 
to fouih, and 1a:d opcn, would rcprefent a. true rea-chart, the parts of 
which bear the fame proportion to one another a s  the correfponding 
parts of the globe do, and on which all thc lines will be right liiies ; 
having every parallcl of latitude on the globe increa6.d till it,  is 
equal to the equator ; and io the diftance of the mcridians in there 
parallels will become equal to  their difiance a t  the equators ; confe- 
quently, the meridians on the chart are cxprc&d hy parallel right 
lirfes. 

Alfo the meridians being lengthened as the parallels are increafed, 
every degree of latitude is lengthened in the Came proportion as the 
degrees c d  longitude are increakd ; therefore, the diflance of the pa- 
rallels of  latitude grow wider and wider as they approach the poles. 

Mr. GBRRARD MERCATOK, a Fleming, in  1556, publihed a 
Iimilar char t ;  but in what manner it was conilru&xl he did not  
fhow ; neither were thofe degrees in their true proportion ; wheiice 
callec! Mercator's Charts. 

Mr. WRIGHT, in 1599, publilhcd the Principles of  the T r u e  
Sea-Chart, and how to coiiltruLt it oil the following principles ; viz. 

I hat the diftance between any two  meridians a t  the equator is in 
propvrtion t o  their difitsnce i n  any parallel of latitude, as the radius 
is to the co-fine of that latitude : 

'I'hat any part of 3 parallcl of latitude is to  a like part of the me- 
ridian, as the radius is to the iccant of that parallel : 

4 A I I ~ ,  

in  latitude as i t  1 oes i n  longitude, uritil every part of its furface meet 

r ,  



MNERCATOR'S SAILING. 9 
And, that the difiance of any parallel of latitude froin the equator. 

1s equal to the fum of the recants of all the arches between the equa+ 
tor and that parallel. 

From thefe principles, Mr. WRIGHT fet about forming a table, 
by the continual additions offecants, of all the pnrallcls of latitude, 
beginning with one minute, which he made radius, and thereto 
adding the fccond parallel of 2 iniiiutes, and to the fuin of thefe 
two, the recant of 3 minutes, Prc T h e  table thus formed, is 
that which is commonly callcd the Table of Meridional Parts1 (fee 
Table I.) by means of which a true nautical c h x t  may be con- 
aru-ted, ccilled Mercator's Chart, arid all the C'afe; i n  WRICH r's, 
Commonly called Mercator's Sailing, confiru&cd arid calcuhted. 

As this tnblc contains the meridloid parts for every degree and 
minute of the quatirant, from the equitor to the poles, it will be 
cafy to find the meridional parts correfponding to Any paiallcl of. 

Required the meridional parts corrcfponding to the latitude 

Look in the top of the t;Mc for 33", marked 3311, nnc! in the right 
or lift-hand columns, rnnrkrd (hl), uii\Icr thc degi e<:$ 33, and op- 
polite the minutes 45 ftaiids 21 53, tile mcridion;ll p u t s  belonging 

When the given latitudes are both north or hoth iou:h, the meri- 
dionn! difference of latitude is found by rub t r ah ig  the meridional 
parts of the lefer  latitudc from thufe ot the greder. 

L<equired the incridimal difference of ldtitudc between the Lizard, 
i n  I.ltltudL: 49" 57' N. and the 'lllaiid oi St. Mary's, in latitude 
37" N ? 

latitude, as for exainple : 

33" 45' ? 

b 

3 3 O  45'. 

' 

T h e  Lizard's  latitude 4<; 57' N. meridional Iiarts 3 ;70 
St. Mary'5 latituclc 37 00 N. nieridioiial ixrts 2393 

Meridional difference of lati tude I 077 
- 

W h e n  the latitudes are one north, and'the other fouth, the meri- 
dional difference of latitude is found, by adding the ineritliorial parts 
COI refponding to both the latitudes together. 

Required the meridional diff'crence of lati tude between C ~ p e  
vert], in latitude 14" 46 N. and the Cape of Good Hope, in latitude 
340 29's. ? 

Cape Verd's latitude 1 4 O  46'N. meridional parts 
Cape of Good Hope's 34 29 S. meridional parts 

896 
2207 

Meridional difference of latitude 3103 
-- 

The feveral cafes in Mercatot's Sailing are worked hy geometry, 
trigonometry, Gunter's Scalc, and the tablrs of difhrence cf  la- 
tituJe and departure, exattly in the h m c  manner as thole in Plane 

Sailing, 
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Sailing, by only confidering the meridional difference of latitude,; 
as if i t  was the proper difference of latitude, and the difference of 
longitude as the departure : for i t  is no  more than enlargin the 
proper difference of latitude, fo as to be equal to the meri$iod 
difference of latitude; then will the difference of Ion itudc bear 
the fame proportion to the departure, that the meridionaf diffgrence 
of latitude does to the proper difference ; for, in the following figure, 
(which is the firit Cafe in Mercator’s Sailing) : 

Let M T  reprelent the meridional and M 1 the proper difference 
of latitude, T H  the difference of Ion itudc IO the departure, 

then will MI be in proportion to IO, as M T  is to T H ;  and t h e  
contrary. 

Wherefore, as the proper d ia rence  of latitude is to the depar- 
ture, lo is the meridional difference of latitude to the difference of 
longitude i and, 

As the meridional difference of latitude is to the difference of 
longitude, To is the pfoper difference of latitude to the departure. 

Since by lengthenins OP fhortening the fides of a triangle does 
not alter the angles, the departure ma be reduced into difference 

. In  all the Cafes (rave the firit) in Mercator’s Sailin , the courk, 
djftance, difference of latitude and departure, are kund  jn the 
fame manner as thore in &ne Sailing ; and then the difference of 
longitude rnay be found b either of the following proportions, 
uiz: (fee the oppofite figure. { 
By makiiig the enlarged Diitance. By makin meridional Difference 

M H radius, it will be, of Latitude% T radius, i t  will be, 
As the co-fine of the cotirk As radias 

Is to rnerid. difference of lr t i tud~ 
So is the tangen: of the courfe 
To the difference of longitude. 

As radiuo 

1s to the mcrici. diE of latitude 
SO is the fine of the caurfe 
TO the diffirence of longitude : 

As the nerid.difEoflatitudeM‘T 
Is to the roper dig. of lat. M I 
So is the $cant of the courfe 
To the dihncc M 0. 

IS to radius 
sa is the diff. of loagitude T H 
1’0 ~ I C  tangelit of the courfe; 

MO the diftance, and the angle T M  a , or IMO, the coclrfe; 

of longitude, and difference of longitu B e into departure. 

But in the Firit Cafe, it  will be, 

Or, when the courfe is found, you may fay, As the co-fine id 
the court& is to, the proper difterqnce of latitude, fo is radius to the 
diff qnce. 
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C A S E  I. 
n e  Latitudts and Lon itudrs of t w o  Places given, to  Jiid thr dire4 6~4  and A@ance bstwrett them. 

Required the bearing and diffance between the Lisard, in lati- 
tude 49O 57', Ion itude 50 14' W. and the Ifland of St. Mary's, ow 
of the Weeern  fflands, in latitude 37' N. and long. 25" 61 W. 3 
Lizard's ]at. 4gn 57' x. meridional parts 3170 long. 5" I 4  w. 
St, Mary's 37 o N. meridional parts 2393 long. 25 6 W, 

QiE. oflat. 12 5 7 ~ 7 7 7  Diff. 1077 Dig. 19 5z=1xgz. 

By P R O J E C T I O N .  

-- - - 
Lizard 

--c- 

13.07628 
3.03 22 2 ---- 

h 
h 
h 

u 

3 
x 
I 

€I 

---I 

I 3.06407 
I o.oocoo -- 

X Longitude 1192. 
Draw the meridian M T  1077, the meridional difference of 

latitude, and M I  = 777, thc proper dii5erereiice of laritude, pcr- 
pendicular to M T ; dfaw '1- H and I 0, make 'I' H 1192 miles, 
the difference of longitude, join H and M ; then will the angle 
'1' M H be the courfe S. 4 7 O  54' W. and 0 M the difiance 1159 
hiles, 

By C A L C U L A T I O N .  
T o  find the Courfej i t  will he, I T o  find the Diaance, it will be, 

A i  mer. djff. of 1at. 1077 
€ 8  to radius 90° 
so is diff, of long. 1191 

To tang. of cou. 470 3s' 
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By GUNTER. 
ZR. * Extend from the meridional difference of latitude 1077, tb 

difference of longitude I 192, that extent will reach from radius? 
or 45", to the courlt 47O 54' on the line of tangents. 

2d. ' Extend from radius, or 90°, to the complement of the 
courfe 42O 6' on the line of fines, that extent will reach ffoa 
777 to "59 on the line of numbers.' 

By I N S P E C T I O N S  
~ff. Look for the meridional diffdcnce of latitude and difference 

of longitude, until they are found itanding together in their re? 
CpeEtive columns (as if they were latitude and departure) ; and th 
courfe will be found among the degrees or points. 

I n  the latitude column belonging to this courfe, find the proper 
difference of latitude, oppofite to which itands the diRance in its 
column. 

2d. Now 4, of the meridional difference of latitude and the h 
difference of longitude are 107~7 and I 19,2 the neareit numbers 
in the tables are 107,7 and I 19,6 itanding together over 4 8 O .  

I n  the latitude column 1 look for &, the pfoper difference of la* 
titude, which is ~ T , T ,  the nearefi is 77,6, againf) this itan& 116 
in the diitance colunrn, which multiplied by IO gives I 160 neatly, 
the lime as that found by calculation. 

Beth Lat+la and the Departure rmn the Merhlian given, to jnd tha 

A #hip in lat. 49' 57' N. and long, 5" 14 W, fails S. weftward, 
until her depart. from the meridian be 789 miles, and then by obfer. 
vation i s  in the lat .  390 20' N. required her courfe fteered, difiance 
run, and longitude i n ?  
Lat. left 49O 57' Merid. parts 3470 
Lac. in 39 20 kIerid.parts2571 

Diff. of lat. IO  37 =637 miles Dif. 899 

c A s E Ir. 

COU$, Dgltance, an d Difirence of Longit;de. 

I_L 

C 
X Long. 

By P R O J E C T I O N .  
With the proper difference of lat. and departure, projeA t@ 

fame as in Cafe VI. in Plane Sailing ; oxtend the meridian A E to 
B, and make A B equal to the meridional diff. of lat. and draw 
line parallel to the departure D E ; produce the diaance A D to Cue 
this parallel ; and C B will be thePifference of longitude. Hencc 
the angle B A C will be the courfe, S. 50" 5' W. D A the diAad' 
roq, and B C the difference of longitude 1114 biles, 

To 



MERCATOR'S SAILING. 

I 3.04668 1 - 
IO.OOOOO Her c o d e  h. S. 5 1 v  5' W. a i d  

NOTE. 
found by hying. As prop. diff. of 
Idt .  : dcp. : ; merid. diM; of lat. : 
diff. of long. 

--- /diliance 1014 milea. 
l 'hr diff. of long. may be To d i ~  of long, I 1 14 

I0.cQ000 

Io.zoIg1 

I 3.00605 
10.00000 

3.0060 5 

z .no41 9 

7- 

c_- 

-__ - 
5 0  IdW. 

18 3$ w. 
23 48 W. 
I---- 

-- 
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C A S E 111. 

Both Latitudes and Coul-/e given, t o  j n d  the DganCe and Dlprmnti 
of Longitude. 

A h i p  from thc Lizard makes her courfe S. 390 W. and then by 
o%fervation is in latitude 4 5 O  31‘ N. ; required her difiance run, alld 
longitude in ? 

Lat. by obirr. 
Lat. of the Lizard 49’57’ N. Mer.  parts 3470 A 

45 41 N. Mer.parts3c74 
c - 

DiK 4 26=266rn.ditE 396M. 
..* t“ 6 ......... cll 
De r E 

c x Long. B 

By C O N S T R U C T I O N .  

D r a w  a meridian AB, the upper end A will reprefent the fh:p’~ 
place in her firR latitude. 

T a k e  the proper difference of latitude 266 in your conrpdffefes, 
and with one foot in A, the hip’s place, Pay the other upon the 
meridian ; from A to E, take the merid. diK of latitude 396 in 
our compaffes, atid with one foot in A, the hip’s place, as before, 

fay the other upon the meridian at  j and upon thcfe two points 
raife the perpendiculars D E and CB j a line drawn from the hip’s 
place, making an angle with the meridian equal t o  3 9 O  the fliip’s 
courle, will cu t  the two perpendiculars a t  D and C ; the firfi will be 
the departure, which terininatss the difiance A I1 342, and the otbcr 
will be the difference of longitude C B = 321 miles. 

From what has been laid, it i s  plain, that any cafe in R4ercator’s 
Sailing m‘iy be projeCted as a right angled trimgle, by only confider I )  

jng thedifference of longitude, or drputurc, as the bafc ; the meri- 
dional, o r  proper difference of latjtude, as the perpendicular, tha 
hpothenulc  cut  by the departure, as diR;iiice ; and the angle which 
:hat makes with the pcrpcndicular, the courle ; for in all cafes i l l  
Mcrcator’a Sailing, the nyeridional tlltfcrence of latitude bears the 
fame proportion to  the dilfereiicc of longitudq that the proper dif- 
ference ot latitude docs to the departure. 

’There inilrudioua being well underflood, wiIl be fufficient to in- 
form the l e m e r  liow to cotifiruct any of the following cafes : 

F 

5 BY 



MBRCATOR'S SAILING. 99 

T o  find the Difiance. 
As the co-fine courfc 399 
IS to the diff. of lat. 266 
SO is radius . 

9.89050 
2.42488 

I 2.42488 
9.89050 

10.00ooo _- 
T O  the diffance 342.3 2.53438,To 

I By C A L C U L A T I O N .  

T o  find the Diff. of Longitude. 
AR the co-fine coude 39'' 
Is to mer. di% of lat 396 

9.8~050 
2.59770 
9,79887 

1 2.39657 
9.8 30.50 

2.50607 

SO i s  fine coude 39' 

-- 
the diff. of long. 320'7 

By G U N T E R .  

1fi. ' T h e  extent from co-fine courfe SI", to radius on the line 
of fines, will reach from the roper difference of lhtitude 266, to 
the difitance 342.3 on the line o P numbers.' 

2dly. ' T h e  extqnt from co-line courfe SI*, to fine courfe 39" 
on the line of lines, will reach from the meridian diff'erence of lati- 
tude 396, to the difference of longitude 321, on the line of 
numbers.' 

B y  I N S P E C T I O N ,  

Under the courre 3 9 O ,  and againit half the diff. of lat. 133, flands 
$71 in the diflallce coluinn, which being doubled is 342, thadrfiancc; 
under the fame degrees, and in the latitude coluinii, look for half 
the meridian difference of latitude 198, againit that, i n  the depnr- 
t ~ r e  Column, {lands 160,5, doubled is 3a1, the difference of longi- 
tQde Pearly, as before. 

C A S E  IV, 

Na To 



00 MERCATOR'S SAILING: 

T o  find the Difference of Latitude it will be, 
10.00ooo bat. left 424 30' 
2.77159 Dig lat. 491 8 I I  

parts, As radius 
Is to the diflance 591 
So i s  co-fine couri 3 pts. 9.91985' - c_ -- Lat. in  

I 2.69 I++ 
I6.00060 

26.9144 
-- 

To thcdiK of lat. .@I,+ 

As co-fi. c o d e  3 pti, 9.91985 Lon. left 18"gI' 
1s to m. diff. O f l d t .  628 2.79796 L)i. 
So is S. c o d e  3 pts. 

T o  find the Dip. of Long. it will be, 

9.74474 

I 2.54270 
9.9'985 

To d i g  of long.qrg,6 2.62285 
- 

x Long. G U N T E R .  
iR ' The extent radius to 5 points, the corn. of the courfe 

on the line marked s R, will reach from the diff ance 591, to the dif- 
ference of latitude, 491,+ 011 the line of numbcrs.' 

2dly. 6 T h e  exterit from co-Cour!e 5 points, to the courfe 3 points 
on the line marked S R, will reach from the meridian difference of Ja- 
titude 628 to thedifference of longitude 4x9,6, on the lme ofnumbers.' 

By I N S P E C T I O N .  
Under the courfe 3 points, and oppofite a tenth of the diitance 59. 

i n  the latitude column, ftands 4 I which multiplied by 10 is 491, 
the difference of latitude ; then z;~;, $ of the meridian difference of 
latitude I 57, in the latitude column, agaiufi which fiands 1005 in the 
dkparture column, which multiplied by 4, gives 425, the dlfk'erencc 
of 1 ongitude. 

C A S E  V. 
Both Latitudes atid Dpance given, t o  find the Coufe and Dtferenck 

- of Loiyi/zcde. X Long. 
If a h i p  runs 390 miles N. Wefterlp from a 

port in Intitude 37' N. and loiigitude IO' 25'W. 
until fie he i n  latitude 4i0 N. j required the 
courfe fleered and longitude in ? 

Latitue left 37 N. 
Latitude in 41 N. 

Merid. parts 2393 
Merid. parts.270~ 

7 

DiF, 4=230M.diff. 309.M: 



. T o  find the Courfe. 
4s !he diRance 300 * 2.4.77 1 2  
15 to radiub IO.OOUOO 
So is pro. d i ~ .  of lat. 240 2 . 3 ~ 0 2 1  

12.38021 
2.477 I 2 

T o  the cp-ii. coutrr 36Q 52' 9.90309 

-I_- 

--- 

C A S  E VI. 

T o  find the Diff. of Lon$itu&, 
co-fi, coude 36" 53' 9&" 

3.48996 
9.77812 

ia.26SoS 
9903'X 

'I'o the diK of long. 231.7 2.36997 

Is to mer. difl. ot lat: 309 
so is fine courie 360 52' 

__I- 



i& MZRCATOR’J SAILING. 

T o  find the Diff. of Longitude, 
As co-fme caurk 6 pts. 
18 to mer. diff. of lat. 667 
So L fine cuuzfe 6 yts. 

9.58284 
z.Hz4r j 
9.96562 

’ ~ : $ ~ ~ ~  
-- 
L_- 

To diff. oftong. 1610 3.te6gr 

TO find the Diflance it will T o  find the Diff, of Lat. i t  will be, 
As the fine courfe 6 pts. 9.9 As fine c o d e  6 ptr, 19,96562 
IS co the departure 957 z. Is to the departure 997 +g8o.)r 
!io is mdiw So is co-G. courfe 4 yts. 9 . ~ 8 2 8 4  -- 

12.56375 
9 . 9 W Z  

To ai%‘. of la€. 396=6* 36‘ 2.59813 
-- 

To thediflance io36 

t a t .  left soo 10’s- mer. pts. 3490 
Lar. in 56 46 S. mer. pts. 4157 

Merid* differem 

DiBgoflong. 1610 26 sa E, 

- 
667 

Lon ,left I O O I j ~  E. 

iLongitudC 57 6 E, 

- 
- 

By G U N T E R .  

IR. ‘ T h e  extcnt from 6 points to radius, on the Iine marked 
SR, will reach from the departure 957, t o  the difiance la36 on 
the line of numbers.’ 

Idly. 6 T h e  extent from 6 points to 2 points, an th’e line marked 
s*k, will reach from the departure 957, to the difference of latitude 
393, on the line of numbers.’ 

3dly. ‘ T h e  cxtent from 2 points to 6 points, a n  the line marked 
s R, will reach from the meridian difference of latitude 6672 to the 
ddfertnce of longitude 1610, on the line of numbers.’ 

By I N S P E C T I O N .  

Over the courfe of 6 points, and againfl a fifth of the departure 
1984 $aids 79,2 and 207, which multiplied by 5 gives 396, the 
difference of latitude, and 1035 tor the difiance. 

Then in the latitude column, find a tenth of the meridian dif- 
ference of latitude 66,7, the nearel2 to that is 66,6; againfi which, 
in the departure colurrin, fiarids 160,8, which multiplied by 10 is 
16~8, the difference of longitude. 

C A S E  



MERCATOR'S SAILING. *E&$ 

T o  find the Courk it will be, 
As the diRance 645 2.80956 
Is to radihs 90° xo.ooooo 
So in departure 500 2.69897 

1 

x 2.69897 
2.80956 -- 

To fine c o d e  500 SO' 9.88941 

To find the Diff. ofJat. it will be, 
As Gnecourre goo pf 98894U 
Is tp the departure $00 2.69897 
So is co-ft. coutb 509 50' 9 .80~43  

'5.49990 

To diEiat.+o7,3=60 47' 2.- 

- 
9.88948 

(.LI-----. 

To find theDiff. of Long. it will be, 
Ae co fine courk 500 50' 9.80043 
I5 tom. diff. oflat. 588 2.76938 
So is fine c o d e  so0 50' 9.88948 

I 2.65886 
8.80043 

Tmdiff.oflon. 7 2 1 . 8 ~  1 2 O  2' 2.85843 

Long. in 2 38 W. 

- 

b n g  left. $ 4  40 -- 

ILat. left 490 3o'No M. ptE. , 34t8 
Tar. in 42 43 N. M. pts. 2840 - 
Mer. djff. k, 588 
Aa pro. diE of lat. 407~3 
Is to departure 
:So is m. diK of lat. 588 

2.6099s 

2.7693 2*6989i 
c- 

5.46835 
' 2.60992 

Todiff. oflong. 7 2 1 , 8  2.85843 
_IcI 

Hence the fhip's cou-fe is s. soo 50' E. or S. F.. $ ea9 nearly, ar;d 
fhc is in the latitude of42" 43' N. and long. 2 O  38' W. 

By G U N T E R .  

~ft. 1 The extent from the dtltance 645, to the departure 5oe 
on the line d' numbers, will reach from radius t0,50a 501, on the 
line oh fines.' . 

adly. 



r* kfacArok'8 S A I t i k G .  

d l y .  ' That  extent from soo 50'to 39" IO', on the line of k e s J  
will reach from the depatttire 5003 to the difference of ldtitude 407, 
on the line of numbers.' 

?(fly. * The extcntefrom 39" IO' to 50" so', on the line of fines, 
ppi I reach from the meridian difference of latitude $88, to the dif- 
ference of longitude 722, on the line of numbers.' 

By I N S P E C T I O N .  
NOW a fifth of the diitance and departure are 129 and 106, and 

are found together over 5 1 " ;  and in the latitude column Rands 81,~) 
which multiplied by 5 is 406, the difference of latitude. 

'Then, in the latitude column, reek $ of the meridional difference 
of latitude 146, the neaicft is 146,6 ; againfi which, in the departure 
column, flands 181,1 which niultiplied by 4 is 724,4 the difference 
of longitude. 

Having in the preceding parts h e w n  how to work the moil ufeful 
problems in Middle Latiude and Mercator's Salling; ha l l  n o d  
work the four following cafes both by Middle Latitude and Mer- 
Cator's Sailing, in the manner 1 generally teach perrons who are 
of age, and youth of good abilities ; efpecially if t h  are limited 
to a b o r t  time j and I believe they .are all that c 8  well happen 

t 

at ila. 

srhefillowin~ four Ca/cs are worked by Mid& Latitude and Mercaior's 
Sailing. 

Required the beating and diAance between the Lizard in lati- 
tude 49" 57' N. longitude 5" 14' W. .and the Iflarid of St. Mary's, 
one of the weitern Iflands, in latitude 37" N. and lorigitude 
2 5 O  6' wett ? 

Lizard's lat. 490 57'N. Merid. pts. 3470 Lon. so r4'W. 
s. Ma,ry's lat. 37 06 W. 

Dig. oflat. 1 2  57=777miles. Diff.1077 Dig 19 52 = 1102 miles. 

N. Merid. pts. 2393 Lon. 25 - e -- 
-- 

Sumirt. 2)86 57 . -  
Mid. lat. 43 28 

M A 



4s radius 900 10.00ooo 

9.86080 

12.93708 

1s to'diff. of long. r 192 3.07628 
is co-G. m. fat. 43" 28' 

2 

10.0ooQo -- 
4.9 diK of ]at. 777 2.89042 

ie the departure 865,' 2.93708 

12.93708 

TO tang. c$courfii Go 4' 10.04666 

l a  to radius goo 10.0000(3 

cI_ 

2.89041 - 

As the m. diff. of lat. 1077 3 . 0 3 ~ 2 ~  

So is the diE. of long. I 392 3.07628 

13.07628 

Is IO tadm 90" I0.00008 - 
3*0322t 

As tadim IO.OOoab 
Is to the p. diff. of fat. 777 2.89042 
So is  Qc. ofcou. 47' $4' 1 0 . ~ 7 3 6 ~  

13.0651.7 
Ia.uooca 

3.06401 

-- 
- 

To the diR. in miles I 159 

4s radius l a ~ ~ o  
1s to the dig. of lat. 777 2.8904~ 'so in fec. of courfe 48Q 4' 10.00ooo -- 

13,06547 
~0 .17jos  -- 

the difancc I 163 3 4 2 9 7  

NOTE. The c o d e  may be found 
by Mid. Lat. Sailing without the De. 
parture ; thus, 
AS d i E  of Iat. 777 2.89042 
Is to diff. of long. I 1 9 2  3.07628 
So is co-0. m, Iat. 43" 28' 9.86080 

7- 

12.93708 
2.8904Z 

I -- 
IT0 tang. courfe 48. 44 ~0.04666 
0 BY 



Id f$;IIRCltTOR'S SAILIN$* 

By G U N T E R .  
by, MIDDLE L A T I T U D E  SAILING.  

I#. Extend from radius or 90', to 4 6 O  32' the comp. mid, laM 
w the line of fines, that extent will reach from the diff. of long- 
I r92, to the dep. 865. on the line of numbers.' 

zdly. ' Extend from the diE. of Lit. 377 to the dep. 865, on the 
line of numbers, that extent will reach from radius or 4 5 O ,  to the 
Courfe 480 4', on the line of tangents.' 

gdly. ' Extend from the c o d e  48' 4', to radius or yo, on the 
$ne of fines, that extcnt will reach frem the departure 865, tcr thc 
dihnce 1163 miles, on the line of numbers.' 

By M E R C A T O R .  
Extend from merid. difK of lat. 1077, to diff. of longitudr 
the line of numbers, that extent will reach from radius of 

o the coude 47" 54, od the line of tangents.' . ' Extend from radius or 90s to the comp. of 42O 6' bn the 
line of fines, that extent will reach from the prop. diff. of lit. 777, 
lo the diR. 1x59, an the line of numbers.' 

By I ~ S P E C T T O O ' .  
B Y  MIDDLE L A T I T U D E  SAILING.  

Look for the comp. of mid latitude, as if i t  was a coude in Plane 
Sailing, and difference of longitude in the diftance column, oppofite 
to which will itand the departure in it's column. Having the dif- 
fekence of latitude and departure, the coude and diftance is found 
as in Cafe VI. in Plane Sailing. 

Thus, taking ;I. of the difference of Ion itude r s52 t z58, and 

over 46" and 47', and againfi diitance 298 itands 'iI4,4 and 218 
in the departure columns 5 which added together gives 4 3 ~ ~ 4 ,  half 
is 216,2, this multiplied b 4, becaufe the difference of longitude 

the difference of latitude, and $ of the departure 194,~ and 2162, 
the nearefi numbers to there @anding together, are 216~2 and 194,7, 
aver 480 and agaihfi the diftance 291 ; this multiplied by 4 gives 
;he diftance 1164 miles. Hence the courfe is S. 48" W. and dih 
k n c e  1164 miles. 

ab the comp. of middle latitude is 46'32 5 or nearly 46 4; I look 

w a s  divided by 4, gives tr 64,8, the departure : Again, taking $ of 

By M E R C A T O R .  
IR. 1,ook for the meridian difference of latitude and difference of 

longitude, until they are found itanding in their refpeaivc columns, 
(as if they were latitude and departure) and the courfe will be f o u d  
among the degrees or points, in the latitude column ! belonging tQ 
this coutk, find the proper difference of Iatityde, oppofite to which 
Rands Lke diitance in it'$ c o l u n ~  

Now 



MERCATOR'S SAILINQ. f0; 

Now of the meridian difference of latitude, and the & of the 
difference of longitude are IO and I 19,2 the nearefi numbers in 
the tables are 107,7 and IIgJ'ianding together over 489 w h k b  
is the courfe; over 48' in the latitude column, I look for the ;d! 06 
the proper difference of latitude, which is 77,7 the mareti is 77,6, 
againfi this fiands 1 I 6 in the difiance column,' which multiplied by 
IO gives 1160 the diftance nearly, as before. 

The Disrcnre 0 Latitude and Dqbarture given, to Fnd the COU& 
Q/i'unce, aniD@rence Of Longitudu, by Mid& LatittA and 
aercator'i Sailing. 

A h i p  from thelatitude of 37" N. and longitude 48" 20' 
between the north and eafi, until the be in latitude 51' 15' 
finds that fhe has made 564 miles of departure i what was her d i re4  
Courfe, difiance run, and longitude in ? 

Lat, left 370 Q ~ N .  mer. parts 2393 
Lat. in 51 1s N. mer.parts 3593 

14 I 5 f 855 miles diff, I 200 

Sum lat. f)88 I 5 10 , 

IC--- 

-- - t 
_1 - 

Mid. lat . 44 7 
c- 

44 7 a - 
Coqp. mid. Iat. 45 53 

Draw the meridian DP, make it equal to 855 the difference d 
latitude; on P ere& the perpendicular PN, and make it = 564 the 
departure ; join D and N, then will the angle PI)  N be the courb  
N- 33" 25' W. and DN the difiance 1025 miles. 

A t  the difiance of the departure 564, draw E 6 parallel to D P ; 
with the chord of 60" defcribe the arch T S ,  and upon it kt o$ 
the comp. of the middle latitude 45" 53' from S to T, through I' 
draw D 0, to cut E F in 0, then will OD be the diperence of 
*on itude 785,6 miles, by Middle Latitude Sailing. 

Igain, produce DP to A, and make D A  = 1200 the merid. 
difference of latitude : .draw A B parallel to P N, and produce D Ni 
until it cuts A B in B ; then will A B be 7gr,7 miles; the diEerencs 
@f longitude by M e r c a t d s  Sailing. 



IO$ M E 1  CAT 0 R'S SA I L I N G .  

As the difE oflat. 855 2.93197 

So nthtdcparture 564 2.75128 

2.93197 

9.8193r 

1 s  to radius 90° 10.00000 

c__ 

I 2.7 51 28 

-- 
TO tang. of cou. 3 3 9  25' 

As radius 900 10.0000~ 
IS to the dlff, O f  fat. 8.5'5 2.93197 - So isfec. courfe 334 as' 10.07848 

1 3 .OI 045 
10.00000 

To the difiance 1034 3.01045 
-- 

By Middle Latitude Sailing. 
As co-fi. mid. Iat.44" 7' 9.85608 
$# tQ d@arture 564 , 2.75128 
$o & d i u 9  goo IO.OOOCO 

12.75'28 

(Todi& oflong, 785.6rniles 2.89520 

-- 
d 

9.85608 -- 
6,o) 7 8,6 - 

riff. 13.  6 E .  
Lon.left 48. 20 W. 
Long. in 35. 19 W. byM. Lt. Sai l ing 

_L_ 

By Mercator's Sailing. 
As co-ti. COU. 33' 25' 
Is to mer. diff,lat. 1200 
SO iS thc fine cou. 33" 2f 

9 92156 
3.07918 
9.74093 

12.8201 I 

3.9" 52 

To diE of long. 7gx,7 ms. 2,89859 

-d 

-c 

6,0)79,2 - 
DiR long. I 3.  I 2 E. 
Lon. left 48. 20 W. 

Long. in 3 5. 8 W. by Mer. Sail, 
- 



By I N S P E C T I O N .  

With the difference of latitude and departure, find the cmrfu 
and &fiance as in Cafe VI. in Plane Sailing. T a k e  the comple- 
ment of middle latitude as a courfe, and the departure in its column, 
the correfponding diftaiice will be the difference of longitude, by 
Middle Latitude Sailing. And, 

Having found the courfe, inftead of the proper difference of lati- 
tude, find the meridional difference of latitude in the latitude ca- 
h m n  belonging to the courfe ; the correfponding departure will h 
the difference of longitude, by Mercator’s Sailing. 

Now taking ;v of the difference of latitude, +g of the departure, 
Viz.  85,s and 56,4, the neareft numbers fitandin:, together in the 
tables to thefe are, 85,s and 55,5? under 3 3 O  againfi d i h c a  1% 
and 8 5 4  and 57,6 under 340 agatnft diftance 103 ; now 330 added 
to 349 IS 67, half is 330 30‘ the courfe ; and 102 added to 103 give8 
205, half is 102,5, which, multiplied by IO, gives 1025 the difiancc, 

T o  find the Difference of Longitude. 
Over the complement of middle latitude 469, find f of the dc- 

parture, viz. 141 in its column, and againfi i t  itands 196 in  tho 
diftancc colslmn, this multiplied by 4, gives 784 miles, the difference 
of longitude, by Middle Latitude Sailing. 

Again, the courfe being 339 25‘ or nearly 3 3 O  $, look for & of 
meridional difference of latitude= 120 in the latitude columns, under 
33” and 340r the neareit numbers to thefeare 110,g and I Z O , ~  the 
departures correfponding are 77,9 and 81,x, their fum is 159, half is 
i g , ~ ,  which multiplied by SO, gives 795 the difference of longitude, 
by Mercator’s Sailing, nearly, as before. 

From what has been faid, it is eary to perceive that all the 
Cafes (lave the firfit) in Middle Latitude and Mcrcator’s Sailing, 
are projr&ed and worked in the fame manner as in Plane Sailing; 
and to obtain the difference of longitude by Middle Latitude Sailing* 
the complement of the middle latitude is taken as a courfe in Plane 
Sailing, and with this courfe and the departure, the diltance i s  
found, which will be the difference of longitude by Middle Latitude 
Sailing. And having the c o d e ,  take the meridional differcnce 
of‘ latitude, as if i t  was the proper difference of Iititude, the cor- 
refpollding departure will be the difference of longitude by Merca- 
tor’s Sailing. 

The Cow$ and DjPanrp givetr, t 3  jm’  the Di$rcnce of Lutitude, and 
Dtference of Lorgitude. 

A ihip from Cape Clear, in latitude  IO 15’ N. and longitude 
9” 50’ W. fails S. CY. by S. uiuil fhe has run 1022 miles, what 
ldt i t .de and longitude is &e in ? 

As 

e 



As radius 90' ~ o . ~ c o o o ' A s  

%is Snc qourfe 3 pts. 
IS to the diRance I 0 2 2  3,cog+5 

9.74474 -- 
1 2'7 S419 
1o.coooo 

To the departure 567,8 2,75419 
--- 

- 
Did 14 1 5 = 8 j ; m i l e a  

Sum 4)8Y I 5 =4.+,7 mid. lat. 
- 

radius 900 I0.00oc~ 

9.9 f YGS 
Is to the diltance 1022 3.00995 
So ie co-fine EO. 3 pts. 

--. 
12.9293O 
I0.0000~ 

2.92930 
7- 

To the diff. of lat. 8 4 4 , s  

&co-fhe c o d e  zzo 20' 9.966'4 

Su L fine courfe 22" 20' 9.57978 

1 2 . 5 1 ~ 7 5  

To the departure 35i ,3  2.54561 

lato cliff. oflat.  855 2.93'97 

9.966'4 
.---- 

rence of 1,ongitude 

.85571 

.754zo 
I o.ooooo 

12.7 5420 
-- 

9.s5511 

2.89849 
-- 

To the difE of Ion. 'jgi,G -- 
Cap Clear's long. 9' sot W. 
DifE of loiig. j 9 2  = 13 1 2  W. 

nhy mid. lat. e 23 z W. 
-- 

- 
I zoo = merid. d i g  of fat. 

1 

As co-fine cou. zzQ 26' 9.96614 
Is )o diff. of lat. 855 2 - 9 3  I 47 
So is radius 90° 10.00000 

J 2.93197 
9.96614 

--- - 

To find the Difference of L.mgitada 
by Mercator's Sailing. 

As the co-&. courfe 3 pts. 9.9198s 
Is to mid. diE. of lat. i19+ j.07709 

9.74474 

I 2.82 I 7 4  
9+9'985 - 

To the diff. of Ion. 797,8 2.90189 

go sol w. 
IXff.  of long, 798 = 13 1 8  w, 
Long. in, by Mercntor z3 8 W, 

So is fine courfe 5 pts. 
-7 

- 
Cape Clear's long. 

-- 

To the diflance 9a4,3 2.969S3 
To 



A s  co-fine mid. lat. 440 7' 9.85608 
to the departure 351' f.p+$31 

Sp is radius 909 IO.OOOOC 
-I 

i 2.54F31 
9.85608 

TO diff. f. 489 = So 9' E. 2.6892) 
Lon. left 22 56 w. 
tong. in 14 47 W. by m, lat. 

-- 
_I- 

4s co&e courfe z z ?  to' 9.966r4, 
Is to mid. diE oflat, 1200 3.079r8 
So is fine c o d e  22u 20' 9.57951 

-*- 

r 2.65896 

To diE Ion. 493 = 89 13' 2.69fl.l. 

Long. in t 4  43W.by-Wr. 

9.92614 
_I_cI 

Long. left. O t  56 
7- 

There four cafes are all that can well happen at fea ; but as fa 
Young men are inattentive, arid frequent1 looking in the be+ t 

T h e  Teacher perhaps may find i t  neceffuy to let fuch work 
following quefiions by way of exercife : 

.$?y$. rff. Required the bearing and diRancc of Hang. Cliff in 
Shetland, in latitude 60° 9' N, and long. 58' W. and the North Clpc 
@f Lapland, in lat. 71" IO' N. long. 260 3' E. ? 

fee if their calculation is the Came as that 7 et down i 

N. 44' 48' E. dift. 938,s miles, by Mercator's Sailing. 
N. 45' 19' E, diR. 940 miles, b Middle Lat. Sailing. ' 

x u @ .  2d. A fhip in )at. 37" N. and l ongitude 480 LO' W. 
between the N. and E. until ihe is in the latitude of 5x0 18'N. 
finds the has tiiade 564 miles of dep. ; required her dire& c 
diflancc run, and longitude in ? 

N. 39 19' E. diit ,  1027 miles, long. in 35" I+' M'. 

N 3 3 O  19' E. diR. 1027 miles, long. in 3s0 8' by Mwa- 
Rug. gd. A h i p  from tbe lat. of 500 3dN. fails S. S. W. 

150 leagaes ; what lat. is he in, arid how much has fhe differed,& 
longitude ? 

Lat. in 430 34' N. diff. of long. 253,s miles, by Mcrca- 

Lat. in 439 34' N. diff. of long. 252,6 mjlts, by Middh 

% (I ue I* 4th. A fhip from latitude 20' 40' N. fails N. E. by E. 
r , d  d e  be in the latitude of 27" 16' N. ; required her diRnnce run, 
and difference of longitude ? 

Diliance run 712,8 miles, difference of longitude 648,s 

Ililtance run 7x2,s miles, difference of longitude 648,6 

d d d l e  Latitude Sailing. 

tor's Sailing. 

tor% Sailing. 

Latitude Sailing, 

miles, by Mcrcator. 

nriles, by Mtdde Latitude. 
&@* 
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Zutj?. 5th. Suppofe a fhip from the latitude af 454  40’N. faif5 
between the s. and E. 600 miles, arid then her departure is com- 
puted to be 308 milcs I required rhe c o d e ,  bitude, and difference 
of longitude ? 

Courfe S. 3a’ ~3~ E. latitude in  3 7 O  5’ N. difference of 

Courfe S. 309 53’ E. latitude in 37” 5’ N. difference of 

.$p/?. 6th. H fhip from the latitude 4 5 O  30’ S. fails N. N. We 
wnti her ditlerence of longitude be 7’ 40’; required the latitude fht 
i s  in, and her diftance failed? 
NOTE. This  mufi be worked by Mercator’s Sailing, thus : 
As tang. cowfe 229 30’ : radius or 90’ : : the difference of lon- 

Now, from the 
parts ollatitnde Ieft 3073, take themeridian dig. of latitude 

ercntainder r963, is the meridian perts of the latitude come 
the courfe d roper difference of latitude, 

&e refi is found by ’de 11. in  Plane ailing. 

longitude 4rr,5; by Mercator. 

longitude 410,4, by middle latitude, 
, 

itude to thc mer. diff. of latitude I I I Q  miles. 

d to 3’0 4‘s. 

l n s .  T h e  fhip is in latitude 3s0 4’ S. difiance 9 7,4 miles. 
q y ? .  7th. Afhip in the latitude 51’15’N. and 3 ongitude 22.W. 

hils etween S. and W. until the has made 564 miIes of departure, 
arpd 786 miles of difference of longitude, required her courfe, dif- 
tame, and latitude, and longitude in ? . 

NOTE. This muA be worked by Middle Latitude Sailing, as 
thus : 

As diK of long. 786 : radius : : the departure 564 : co-fine of 
middle latitude 44’ 9’, + 44O 9’= 8 8 O  18’ the Turn lat. and 88” 18’ 
- 5 1 ~  IS’= lat. in 375 3’ N. Havin the differem of latitude and 
departure, the c o d e  is found to be k 3 3 O  30. W. an4 t h e  diftance 
m r , 7  miles. 

It may now he fupppfed that the Learner is capable of working 
nny fingle courfe, either by MiddIe Latitude or Mercator’s Sailing; 
we fhall now proceed to Compound Courfes, commonly called Tra- 
verfe Sailing, which may be worked by Middle Latitude and Mer- 
cator’s Sailing i eithw by projeaion, calculation, Gunter’s kale, or 
infpeliion. 
How to folve compound courfcs, or a trave&, has already been 

fhewn in Plane Sailing ; but it is neceffar alfo to hew,  ho\i0 pro- 

accounts, which is eafily done by any of the following methods : 
~f). Complete the travFrfe table to each coude and difiance as in 

Plane Sailing, and find the whole difference of latitude, departure, 
and latitude in. 

2diy. With the whole difference of latitude and departure, find 
the dire6 courfc and diitance. 

per allowances for the longitude fhould l e introduced into fuch 

- 4  3dfY 
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gdly. Wi th  the latitude left and latitude in, find the complement 
ef the middle latitude ; with which, and the departure, find the dif- 
ference of longitude by Middle Latitude Sailing. 

Or, with the courfe and meridional difference of latitude, fid the 
differencc of longitude by Mercator’s Sailing. 

Thefe methods are generally ufed in working a day’s-work at  rea ; 
but thofe that want a greater degree of accuracy, may work by the 
following methods, efpecially in high latitudes : 

By the feveral differences dlatitudes and departures, found in the 
tables of difference of latitude and departure, find the latitudes come 
to, middle latitudes, and complements of middle latitudes : with each 
complement of middle latitude and correfponding departure, find the 
difference of longitude to each courfe and diitance, and ret them 
down in the two additional columns marked difference of longitude, 
eafi and weft, according to the departure uled ; add up the eaR and 
Weit columns, and their difference will be the whole differente of 
longitude, by Middle Latitude Sailing. 

But i t  you work by RIercator’s Sailing, find the mcridional dif- 
ference of latitude for each courfe and difiance ; with each coude 
and meridional drffcrence of latitude, find the difference of longitude; 
which fct down as above direaed, and the difference between the call 
and wee columns will be the difference of longitude by Mercator’s 
Sailing. By ‘this method the hip’s place may be found at the end 
of each courfe and difiance run, and pricked off on a Mercator’s 
dim. 

E X A M P L E  I. 

Suppole a h i p  from the Land’s End in latitude soQ 6’N. and 
longitude 5Q 55’ W. is bound to the ifland of St. Mary’s in  latitude 
37‘ N. and longitude 25” 6‘ W. but by reafon of contrary winds 
1s obliged to h e r  the following courfes, viz. s. by W. 24 miles, 
W.S.W. 32, N.W.$W.4r7 S. S.E. f E. 49,E.NeE.-$E. 
19, W. 21, N. E. 4 1:. 36, S. 41, S. S. W. 92, and N. 36 miles; 
and it  be required the latitude and longitude Ehc is in, with the dire& 
courre and difiance to her intended port ? 

With the feveral courfes and diftances, find their differences of 
latitude and departure, and ret them down as in the following Traw 
verfe Table. 

TRAVERSE 
\ 
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T R A V E R S E  T A B L E .  

COURSES. 

-- 
S.b w. 

NdW. ;W 
S . S . E . f E  
E.N. E. *E 

Weit. 
N. E. 5 E. 

South. 
s, s. w. 
North. 

w. i. w. 

DIST. - 
24 
32 
4' 
49 
i9 

36 
4' 
92 
36 

21 

- 

* 
DEPARTURE.  

_I_ 

W .  

It is plain by the Traverfc Table, that the fhip h p  made 116,6 
miles of fouthing, and 55 miles of welling. 

N o w  from latitude left 50'. 6. Meridian parts 3484 
Take cliff. of lat. 117 = I .  57 

Latitude in  48. 9N. Meridian parts , 3305 

Sum latitudes 21980 * 5 

Mi&le latitudc 49. 7 Meridian difference 179 

- 
- 
- 

Whence to fi:id the Ditference of Longitude, it will be, 
By Middle Latitude Sailing. 

As co.fine mid. ]at. 49' 7' 9.81 5 9 2  

IS ro the departure $5 1.74036 
So is radius goo 10.00000 

9.81592 
I 1.74036 

..-.--- 
' TodiiXIong, 84 =1024' J.92444 

Long. left 5 55 - 
Long. in 7 19 by m. lat. 

By Mercator's Sailing. 
As p. difE 3f lat. 116,6 
Is to the departore 5 5  
So is mer. CfiK lat. 179 

2.06670 
r.74036 
z.z@S 

2.06670 

To diK long. 84,4= 1 0  241 1,926J1 

Long. in  7. 19 by Mer* 

-- 
3.9932' 
L 

Long. left 5 55 
_I 

BY 
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As the diff. of lat. 669 
1s to diff. of long. 1067 

2.82543 
3.02816 

So i$co.fi. mid. lat. 4 a V  34’ 9.86717 

I 2-89 533 
2.82543 

re.06990 

-- 
-- 

‘ro tang. c o d e  49O 35’ 

By I N S P E C T f O N .  
Takidg the camplement of middle latitude 410 as a courfe, and 

the departure 55 in its column, the neareft is 55,’ fgainfi which 
kinds 84 in the difiance column, the difference of longitude by hid- 
dle Latitude Sailing. And, 

Wi th  the proper difference of latitude and departu!e ; the courfc 
found nearly 2.5” and &fiance 129 under the courfe ; in the latitude 
column look for the meridian difference of latitude 179, the neareft 
is 180~4, againit which flands 841 in the departure column, which 
is the difFerence of longitude by Mercator’s Sailing. 

T o  find the dire& Courfe and Difiance to St. Mary’s. 
Lat, of hip.  w- 
tat. St. Mary’s 37 N. Merid. pts. 2393 L.St. Mary s 2 5  6 w* 
Dlff. I I 9 = 669 ms. Diff. _ _  912 DXlof loRg. I 7 47=1067 

480 9’ N. Merid. pts. 3305 Lon, ofthit 79 19’ 

-- - 
L- 

Y 

As co-fi. courfc 490 35’ 
Is to prop diff. of la t ,  669 

9.81180 
2.82543 

I o.ooooo So is radius go? -- 
12.82543 

,To the dit?. 1032 3.0’363 

9.81 I So 

‘q --.- 

Middle Latitude Sailing. 

As merid. diff. of Iat. 912 2 . 9 ~ 9 9 9  
3s to radius 00 IO.OOOOO 
SO is dig Jlong. 1067 3.02816 

I 3.028 I 6 
2,95999 

-- 
c_- 

AS radius - - ~ O - C W O ~ O  
In to p. dif .  oflar, 669 2.82543 
so is fecant courfe 499 29’ io.1873r 

13.0~274 
- 
10.00000 
7- 
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T h e n  look for 2 167,2, and t of departure 1 9 5 , ~  until they are 
found itanding together in their refpcAive columns, the neareit are 
found over 49' and SO", viz. 1955, 169~9, and 195,.3 163,9 ; the 
difiances correfpondin8 to thefe are 259 and 255, their fum-is 514- 
half is 257, this multiphed by 4, gives 1028 miles. Hence the c o d e  
is S. 49" 40' W. dilt. 1028 miles, by Mid. Lat. Sailing. 

Again, taking .& of the meridional difference, and .:5 of the diff. 
of longitude, viz. 91,2 and 106,7, the nearefi nuqbers to thefe are 
ro6,4, 924, and 106,s ; 89,4 itanding over 49" and soo in the lati- 
tude columns, belonging to the above degrees ; look for of the 
proper difference of latitude, viz. 66,9, the neareft is 66,9 and 66,8, 
the diltances to there are 102 and 104, their Turn is 206, half is 103, 
which being multiplied b IO, gives 1033 miles. 

Hence the courle is 49" 30' W. and diftance 1030 miles, by 
Mercator's Sailing, the fame as by calculation, 

Here, to have gone to geometrical ftrianefs, the difference of 
longitude hould have been every courfe and diftance run, 
by Middle Latitude or Merc iling, which would have given 
the hip's true pldce at the end of each courfe and diffance, but h a l l  
leave the doing of that to the Reader ; and as all traverfes are worked 
in the manner &own above, which is fufficiently exalt for a fiip's 
run in  24 hours, I hal l  therefore only add a few quefiions for the 
Learner's exercife, 

Suppofe a h i p  from the latitude 68" 38.N. and longitude 8" 40'E. 
is bound to the North Cape, in 71" IO'N. and longitude 2 6 O  3' E. 
fails as in the following table ; required the latitude and longitude 
0 e  is in, and her dire& coude and difiance to the Cape ? 

CO U RS E$. 

-- 
I'. E. by N. 

N. E. 
N. N. E:. 
North. 

'. N.W. 
N. by E. 

i.E.byE.+E 
S. E. 

E. N. E. 

DiK of lat. 
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In wsrking the above, the di&rerict of longitude is found by the 

egurfe and meridional digerenee between each parallel of latitude j 
or, it  may be done by taking the complements of each middle latitude, 
and the departure for each courfe. 
Now the Iat. left was 68" 38'N. Long 8" 4o'E. 
T h e  diff. of ]at. 276 ms. = 4 36. N. Dilf. of Ion. 714 m.= I I  54 E. 

Lat. in - 73 14 Long. in - 20 34E. 
Lat. of N. Cape 71 i o  Long. o fcape  26 3E. 

T h e  m. diff. lat. is 406 ms. 2* 4'= 124 ms. Diff. of long. 5". 2g'= 
329 miles, 
Wi th  the meridional diference of latitude 406, and difference of 

longitude 329, the courl'e between the ihip and the Cape is S. 39' XI 
E. diflance 160 miles, by Mercator j and s. 33" 3' E. diitdnce 
159,7, by Mid. Lat. Sailing. 

By I N  C T I O N .  

-- - 
-- - 

With 4 of diff. of ]at. 27 $ of departure 219, viz. 92 and 
73, the courfe made good is 38" 30; and diftance 354 miles. 

And with & of meridional difference of latitude 849, and the 
courfe 3 8 O  30; the difference of latitude is 6;6, by 1C.lercator's 
Sailing. 

And with the complement of middle latitude 19,2 and the de- 
arture 219, the difference of longitude is 675 nearly, by Middle 

Latitude Sailing ; differing from that above 38 miles, by Mercator, , 
and 39 miles by Middle Latitude Sailing. 

But as hips never run fwch diftances in 24 hours, the fire method 
of finding the difference of longitude will be Cufficiently exa& for 

The  bearing. and difiance to the North Cape may be either found 
by Middle Latitude or Mercator, by infpeEtion, which will be nearly 
as above. 

A fhip from tho Lizard, in latitude 4 9 O  57' N. and longitude 5" 14' 
is bound to Funchal in Madeira, in latitude 32" 38 N. and Ion- 

@tude 1 7 O  s' W. fteers the following courfes, S. S. W. 250 mites,. 
w* 156, S. E. by S. 300, W. by N. r80, and S. 185 miles; re uired 

to  the intended port ? 
finding the difference of longitude for each courfe by calcyla- 

tion, the 6 i p  is in latitude 39" 27' N. and loagitude 11' 28. W. 
by Mercator's Sailing ; but by working by the whole digerenee of' 
latitude and departure, the longitude will-be r io 23' W. 

The courfe from the ih ip  to Funchal, is S 33" 15' TV. diitance 489 
miles, by Mercator's Sailing : 

And S, 33" 19' W. diltance 489,4 miles, by Middle Latitude' 
Sailing. 

. A hip 

any day's run. 

the latitude and longitpde fie is in, and her dire& courfe and dii 9 ance' 
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A hip frodl latitdde 3 8 O  I . and longjtude 2 5 O  561 W. ruds 
the following e o d e s  Bnd dift viz. N. h. by N. 4 E. 55 miles, 
Nb N.W. 3% N- W. by W. 46, S. S .  E. 30, S. by W. 20, and 
N. E. by N .  60 miles ; required the dire& courfe and diftance made 
good, and the latitude and longitude fie is in ? 

The courfe is N. 14 E. difiance 108 miles, latitude in 390 5y N. 
bngitude in 25" 221 W. 

SU ofe a ihip in latitude 67a 30' and longitude 80 46' W. fails 

58,W.N,W.72, W.48, S.S.W.38, S.byE.45, 3ndE.S.E. 
40 miles j what latitude and longitude is fie in  7 
By Corking by the whole diEerence of latitude and departure, the 

ihi is in Iatitude 6 8 O  43' N. and longitude 1 1 0  3' W. 
, 6~ finding the difference oflongitude'for each courfe and diilance, 

ilrc E$ in hngitude I io 37' W. by Middle Latitude Sailing, and I iV 
4rW. by Mercator's Sailing. 

Having gone through the nec Sailing, 
we &all now proceed to ficw y called 
Memator's Chart, may be con or any 
part of the 1;eriaqueous Globe. 

?$%en a'Chart is to coinmEnic from the Equator, 6r 9 the Equator is to 
rmz through it. 

Having provided a kale of convenient length, draw 3 line to re- 
preknt the equator, and crofing that at  right angles, anotheF,!to 
reprefent the meridian of Come known place, fuch as London, PMs, 

izard, or any other place whofe longitude is known; the 
end of which will reprefent the north, and the lower the 

the fol 7 owing courfes, N.E. 64 miles, N. N.E. 50, N. W. by N, 

But, 

From the kale take 60 in your compaifes, and with one foot " 

tvpm the meridian, fet off that difiance on both of it upon the 
uator, if the chart is to contain eafi and weft longitude ; but, if it 
only to contain ea8 or wefi longitude, lay i t  off upon that fide d 
meridian the care requires : t h e + ,  if the lonkitude is to be weft- 

it off on the left-hand fide of the meridian j but .if eaflerly, 
hand fide.. , take 2 degrees or 120 miles in your compaires, and fet i t  
the meridian, in the ihme manner as before; or, with 60 

in the compaffcs, turn over from the meridian, and that will 
ut the degrees of longitude, which may be divided into halves, 

qltakrs, or minutes, if required. 
Having fet off as many degrees of longitude as you intend the 

chart ihould contain, throvgh the laR draw a line (or lines) pa- 
d e l  to the meridian, which will be the bounds of the chart eafi 
and w e k  

Having divided the equator as above, proceed .to ret off upon 
the two extreme meridians frm the equator, the meridional 
parts (a$ found ia the table) belonging to. each degree 01 latitude i /  

4 that 
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z that is, take from the kale in your compaffes the miles anfwerin 
to otie degree in the table, and, with one foot in tbe equator, ret o 
that diitance on each fide of it upon the extreme meridians, if the 
chart is to contain north and fouth latitude ; but if only north or 
fouth, upon one fide of the equator. 

Again, take tbe meridional parts anfwering to 2 degrees and 3 de- 
grees, &c in your compaffes, and fet them off upon the meridian 
from the equator, as before. 

In  like manner proceed to fet off as many degrees as you intend 
the chart ihould contain ; or, which will be the fame thing, take the 
meridional di#erence of latitude between any two parallels, and fer 
them off feverally from the leait latitude. 

Lay a ruler on each of there divifions, and draw lines parallel tQ 
the equator, and they will be the parallels of latitude ; each of which 
will be enlarged towards the poles, in proportion as the degrees of 
longitude are. 

Parallel to the meridian, draw lines through the points, exprefling 
the degrees of longitude, to cut the parallels of latitude, which bound 
the chart north and fouth. 

T h e  parauels ot latitude may alfo be divided into halves, quarters, 
Qr minutes, by taking the meridional parts for degrees and minutes, 
and letting them off as before. 

Draw double lines on the borders of the chart, and mark out the 
degrees of latitude and longitude ; and, in lome convenient place, 
draw the cornpafs. In like manner may a chart be made that h a l l  
contain any number of degrees and minutes required. When the 
chart is not to commence from the equator, but is only to ferve from 
a certain diitance on the meridian, hetweeen two parallels on the 
fame fide of the equator, then the meridistis are to be drawn 8 S  be- 
fore, and for the parallels of latitude you are to proceed thus; 

From the meridional parts anlwering to each point of latitude in 
your chart, fubtraa the meridional parts anfwering to the leait lati. 
tude, and ret off the difference feverdlly from the para!lels of the 
leait latitude upon the two extreme mertdiaiiS, and the lines joining 
?here points of the meridian will reprerent the feveral parallcls upon 
the chart. 

Let it be required to draw a chart that fhd ferve from the latitude 
of 14 degrees north, to 52 degrees north, and that @all contain 
1 degree eait, and 26 degrees of longitude wefi of the meridian of 
London.-See the chart. 

Draw a line to reprerent the meridian of London, from which Ct 
off 60 miles towards the right hand, for one d e p e  of longitude, 
and on the other fide, towards the left hand, fet oit’ 2-6 degrees of 
Weit longitude, as before direaed : through the two lafl points draw 
lines parallel to the merididn of London, and there will be the ex- 
treme meridians or eait and weft baunds of your chart. 

Having drawn the two meridians on the lowcr edgc of the paper, 
draw a line perpendicular to the meridians, to rqmiqiit the parallei 

O f  
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of 14 degrces north ; then, from the meridional parts anfwering f. 
15 degrees 910, fubtraB the meridional parts anfwering to 14 de- 
grees 848, and take the difference 62 in  your compaires, and fet i t  
off from the parallel on both the meridians from you, and that will 
reprefent the parallel of 15 degrees. 

Again, take the meridional parts of 15 degrees 910, from the 
meridional parts of 16 degrees 973, and k t  otf the diflerence 63, 
upon the meridians from tho POiI l t  reprerenting the parallel of 15 
degrees, and that will reprefent the parallel of 16 degrees. In like 
manner procecd to ret 0% the parallels upon the meridians. 

Or; if the meridional parts of 14 degrees be fubtrafied from the 
ineridional parts of every fucceeding parallel, and the difference be 
fet off from the parallel of 14 degrees upon the meridians, there points 
will reprerent the fevcral enlarged parallels of latitude, the fame as 
before; and, if it  be required that the meridians ihould be divided 
into degrees and meri'ians, the meridional parts for fuch mufi be 
taken from the tible, and ret off as above. 

Having fet OR as many parallels as ou intend the chart ihould 

lines through every degree will croud your chart too much, YOU may 
divide the borders only into fingle degrees, &C. and drxw lines through 
every 5 dcgrees of latitude and longitude, as in the chart. 

Take  from the table of latitude and 1ongitu:ie of place., the lati- 
tude and longitude of each particular place contained within the 
bounds of the chart, and lay a ruler over its latitude, and another 
crofing that over its longitude; the points whcre there crofs will 
reprefent the propofeed place upon the chart. I n  like manner may 
any place be readily marked. Hence, the yarticular points of a fea- 
coaft may he laid down as above, and lines properly drawn from 
point to point will form the out~lines of the fea-coait, ifiands, 
&c. to which may he annexed, the depths of water, retting of cur- 
rents, and whatever elk may be thought convenient for chc chart to 
contain. 

This map or chart is nor to be confidered as a jufl or fimilar re- 
prefentation of the earth's furface, for in it the figures of iflands and 
countries are diltorted near the  pole^, 

Supyofe an ifland in the latitudc 60' N. or S. where the breadth of 
a degree of longitude iq j u t l  half as large as a degree upon the equa- 
tor. Now, as the degrees of latitude are enlarged in proportion as 
the degrees of longitude are expanded towards the poles, i t  is plain, 
that every point of tha t  ifland or country, being laid down in its pro- 
per latitude and longitude, will be reprefeirted twice as large as I t  
really is. 

Hence it follous, that as the degrees of latitude are every where 
increafed like thole of longitude, it is plain the bearing4 betwcen 
places will be the fame on this chart as on the globe ; and the pro- 
portions beween the latitude and longitude and nautical diftances, w111 
be the fame upon this chart as upon the glohc 

And 

contain, through each point draw paralle T s, or if you think drawing 

For, 
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And fince the meridians in  fh is  projellion are right-lines, it folc 
lows; that the rhumbs which form equal an les with t h e  meridians 

face much more eafy and proper for the Mariner’s ufe than any other, 
Gunter’s Scales hdve drawd upon them two lines, m e  marked 

N M, fignifying the Nautical Mcridian ; and the other direaly un- 
der it marked E P, fignifying Equdl Parts, or degrees of longitude, 
upon a Mercator’s Chart. 

Thofe  are equal parts, or degrees of longitude, to which the de- 
grees of the nautical meridian are fitted, by incrcafing them in their 
true proportion ; hence the limits or bounds of a Mercator’s Char t  
by there lines are eai‘ily made, by transferring the divifions corref- 
ponding to the degrees to be ufed, from the k a l e  to the paper the 
chart is to be drawn upon : but  as the degrees drawn by thel‘e lines 
are too (mall for the feaman’s ufe, i t  is much better to ufe a k a l e  of 
equal parts a5 before, and conlquent ly  the degrees may be made of 
any propofed length. 

By the Latitude and Loiigitzide in, i o  prick <?fthe Sh$ on the (?$art. 
RULE, Lay the ruler acrofs the chart in the latitude your fhip 

is in, then look upon the equator, o r  line marked with thc degrees 
of longitude, for the loiigitude your fliip is is by your reckoning, 
and retting one foot of your compalTes in t t a t  longitude, take the 
nearefi difiance to fome-north and fouth line, and from where that  
lille crolfes the edge of the ruler that lies in  the given latitude ; la 
off that fame difiapce along the edge of the ruler to the r i g h t - h a n i  
if the longitude you are in was to the tight-hnnd of the north a d  
fouth li1ie, or to the left-hand, if it  wds to the left-hand ; wher.e this 
falls will be the place of the h i p :  but this will only d o  when the 
longitude mqrked on the chart, arid your rcckoning of longitude ic* 
are both counted from the f‘ime meridian. Therefore, for a g e n e p l  
tule, take the following, viz. 

will be itraight lines, which render this proje a ion of the earth’s furl 

By the Latitude in and Longitude made, t o  prick of tbc S)+’s Plnce. 
R U L E .  Set  one foot of your c a m p d k s  iri the place you take your 

departure from, and tak,: the neardl  difitance to hme north or fouth 
line, and from where that line fall5 upon the equntor, o r  thc line 
marked with the degrees of longitude, I?t off that difiaiice the miqe 
way the place lies from i t ;  t h d  15, KO the right-hnnd, if the place lics 
t o  the ri ht-hand of the north and louth lint., or to the left-hand i f i t  
lies to t e weR j ant1 make a m i r k  with n black lead pencil; rhis 
mark will ferve to  prick oli’ by, t i l l  you coinc to t.ikc a new d c p r -  
ture ; and thcn rub it out, and make a IWA’ one as hcfore. 

T h e n  Isy a ruler a r r o k  the cha r t  i n  tlic latiiudt JWU ::re in,  and 
taking fu many dcgrcrs i i i  your  compilic5 f rom thc li1~e of longi- 
tude, as your Iongitucic m a  ‘ e  conics to, rt:t thcin off from your 
black-lead mark along,the dgr: of the rul t r  to thc caitward ; i f  the 

cl longituie 
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longitude made be eaR, or to the weitward if it be weR ; where this 
falls will be the longitude the h i p  is in by the chart; from which 
take the neareft diitance to fome north and fouth line, and from 
where that line, &c. as in the firR qfe.  

T h e  ?nip’s place on the chart bein found, as before taught, it 
remains tn the next to Chew how to fin% the bearing and dihncc 
any $ace from the hip ; and firR, , 

f lbjnd how any Place b e m  from the Ship. 
RULE. Lay a ruler from the place of the !hip to the place yo@ 

would know the bearing of j then fet one foot of your cornpaas in 
the centre of Come compafs near the ruler, and take the neareft 
&fiance to the edge of the ruler ; then run one foot of your com- 
pares don by the edge of the ruler, and obkrving what point of 

required. 
the compa P s the other comes nearell to, which will be the bearing 

To find the Dyanct of any Place from die SS$. 
C A S E  I. 

If the place be in  the fame longitude that the ihip is in ; that is, 
if it bears due north or fouth, then the difference of latitude between 
&ens turned Uito miles or leagues, will be the diftance, 

C A S E 11. 
?f the place be in the fame latitude the h i p  is in ; that is, if it 

bears ,due eafi or due wefi, then take half the diitance hetween the 
Bip and the place in your compaffes ; and retting one foot on the 
I&? marked dth the degrees of latitude, in the latitude the h ip  is 
fn, fee what latitudes the other foot will reach to, both above and 
beroW it ; the difference between there two latitudes will be the dif- 
twce tequired. 

C A S  E 111. 
Jam the9 arc neither in the {ante Latitfit& not in tbeJamt LongiiuL 

wttb the Ship, 
RULE. Take the difference of latitude between both places in 

ymr compares from the equator, or graduated parallel ; arld fay0 
ing 8 ruler over both places, put one foot on the fiip’s place, a i d  
nide our compaffes along the edge of the ruler (holding both points 
p a l  r el to the meridian) until the other cuts the parallel of latitude 
paning through the place, (or E. and CY. line cut by the ruler) and 
then flay the compaffes. Take the difiance between where the 
point refled by the edge of the ruler and the pldce (or where the 
d e r  croifed the aforehid eafi and wefi line) in your con1paGS 
and apply i t  tQ the equator, or graduated parallel, and that Wbl 
give their diRance in degrees, which may be turned iiitp miles p.‘ 
ieagues and in the Came maiiiict irs you find tkc bearing arid chi- 

6 0  
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$CC between tbe fhip and any place, you may alfo find the bear- 
ing and diftance of one place from anothw ; or if the &fiance be- 
Ween the h i p  and place be taken in your compafks, and applied 
to the fide of the chart, or raduated meridian, nearly in the p a d -  

and for this purpofe h e r e  are generally.marked on the fides of charta 
kales of leagues, by which the difiance between the places may be 
readily found. 

Or the difiance between two places upon a Mercator’s Chart may 
be ealily found, thus : 

Take  half the diftance between any two places, and witk one 
foot of the conpaires in the middle parallel, extend both mp u p  
the graduated meridian ; count the number of degrees between bo& 
Points, which will be your diitance, either in leagues or r d e ~ ,  ac- 
cording as the fcale is divided ; or take the diftance in your corn- 
paifes, and kt one foot as much above the one place as the other 
Point is below the other place, on the meridian, the number of de- 
grees between the points of the compafl’es will be the difiance. 

lels of the h i p  and place, wil P give the diitance in degrees as &fore ; 

E X A M P L E .  

&+red thr Bearing and Dj/mce betweeh Cape St. Vincent anl 
leneriff  Z 

Lay a ruler over both places, arid take their di&.rcnce of latitude 
8. 30, from the equator or 
and flide one foot along the e s ge of the ruler From ‘ i ? ~ ~ r ~ f $ ~ g  
the other point in the direAion of the line CB, until the other 
Mint jurt touches the eait and we& line, ( A B )  pliIil~g through 
St. Vincent, as a t  R, from C where the foot of the compafles refled, 
by the edge of the ruler, and St. Vincent being meafured, and a 

the difiance. 
Again, take the nearefi diftance between the centre of thFcom- 

Pars in your compaffes, and fliding them along the ed e of the ruler, 
as before direded, you will find the courle to be S. 8. by S. f W. 
beady. 

Hence, the dire& courfe between p p e  St. Vincent and Teneri@ 
is S. W. by S. f W. diftance 640 milesa or 213 onc-third lenpuw; 
and the fame with other places. 

raduated parallel, in 

p ied to the graduated parallel, gives 10 2-third degrees, or 640 mi r e~ 

OF 
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HE earth is endued with a wonderful principle of gravitation, T whereby all its parts are ftriAly united together ; and all bo- 
dies that are looie upon it clofely adhere to its furface, tending di- 

,rektly towards its centre. Hence it is, that fliips are able to fail 
with the fame facility every where (void of impediments) upon 
the furface of the Tea, quite round the terraqufous globe ; and that 
(as to fenfe) there is n o  fuch thing as an upper or lower part of the 
earth ; for let the inhabitant be in what part foever, he will there 
gravitate towards the earth’s centre, and imagine hiinreif to be oil 
the higheft point of its furface ; from whence he will obferve the 
heavens llke a large vault over his head, and his antipodes he will 
i t p g i n e  to be direlily under him, as they will alfo theirs, for the like 
realbn. According to this law of gravity, it  the earth was at  ret+, 
(and not  aaed upoii by any other power) and its parts loofe, o r  i ts  
&face all over covered with a deep fluid, i t  would naturally form 
itftlf into a true fphere, or globe. 
’ ‘Potwithflanding this power of attranion, yet the fun, whore 
rtrp upon the earth caufe vapours or fumes to be continually rifing 
from it, whicli mufi partake of the quality of thofe parts from 
wliebce they are evaporated ; a colleEtion of which form what we 
fa l l  ~ u i  air or atrnoiphere, furrounding the earth, and extending 
&me miles above its furface, and is liable to be put in motion by 
various caufes. Hence, air is a fine elaAic fluid, and is found ca- 
pable of being compreffd, or condenfed by cold, and expanJcd or 
rarefied by hcat. 

Conkquer1dy, an klteration of heat or cold happening in aiiy 
par t  of the atmofpheie, the air in  that part will be either condenied 
or rarefied, and the neighbouring parts will thereby be put into mo- 
tion, through the endeavour which the air by its elaiticity or fprin- 
gincfS always rriakcs to reltore itielf to its forrner fiate, or come to 
an cquilibriurn. 

Wind, is a itream or  current of air which generally blows from 
one part of  the horizon to its oppofite. 

T h e  following obfcrvations have been made on it, particularly by 
Dr. Halley, which are not  ??worthy the feaman’s notice. 

Between 30 degrees north jaiitude, qiid 30 Couth latitude, 
thcre is a coafiant e a k  wind throughout the year, blowing on 

the 



tfil ' AtlaMc md Pacific oceans, and tEis is 't?a!kd rRc Trade 
Winds. 

For as the fun, in moving from era to wdt, heats the air more 
i &mediately under him, atid thereby expands it ; the air to the &- 
ward is conRantly rufhing towards the weR to reitore the equili- 
brium or natural ftate of the atrnofphere, which occafions a perpe-' 
tual eafi wind in thofe limits. 

T h e  trade winds, near there northern limits, blow between the 
north and eaft ; and, near the fouthern limits, they blow between 
the fouth and eait. 

For as the air is expanded by the heat of the fun near the equator, 
therefore the air from the northward: and fouthward will both tend 
toward the equator to reflore the equilibrium : now there motions 
from the north and fouth, joined with the foregoing cdlerly nib- 
Gon, will produce the motioiis obferved near thore limits, between 
the north and cait, and between the fouth and welt. 

l 'hefe winds, if the whole furface of the globe wete tea, would 
undoubtedly blow quite round it, as they are fwnd  ro do in tho 
Atlantic and Ettiiopic oceans ; but feeing iuch great continents in- 
terpote and break the continuity of the ocean ; regard inuft be had 
to the nature of foils, and the pofition of high mountain., which arc 
the principal caufcs of the variety of winds dire'eiing from the for- 
mer general one. 
, In  fome parts of the Indian ocean there are periodical winds, 
which are called Monfoons j that is, fuch as blow half the year one 
wa P ' o r  air that is cool and drnfe will force the warm and rarefied 
air into a continual itream upwards, where it mufi fpread itfeff to 
preferve the equilibrium; io that the upper courle or current of 
the air h a l l  be contrary to the under current j for the upper air  
mult move from thol'e parts where the greatefi heat is, and fo by 
i kind of circulation the N. E. trade wind below will be attended 
with a S. W. above, and a S. E. bclow, with a N. W. above : And 
this is coilfirmed by the experience of feamen, who, as foon as they 
get out of the trade winds, immediately find a wind blowing from the 
oypofite quarter. 

In the Atlsntic ocean, near the c o a h  of Africa, at  about IOO 
Iedgiies from ffiore between the latitudes of 2S0 and IO* north, 
feamen conftaiitly meet with a f r e h  ga!e of wind biowing from 
the N.  E. 

Thofe bound to the Caribbee Iflands acrofs the Atlantic find, a s  
they approach the American fide, tha t  the faid N. E. wind becomes 
eaflcrly, or Celdom blows more than a poiut from the eafi either. t q  

'There trade winds on the American fide arc extended to 30', 
3 1 O ,  or even to 32" of north latitude; which is about 4 O  finher 
than what they cxtend to on the African fide i alfo to the fomh- 

a ward 

and the other hall' the contrary w3y. 

' the northward or fouthward. 

I '  
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ward of the quator, the trade winds extend 3 or 4 degrees farther 
towards the cofi of Brazil on the American fide, than they do near 
the Cape of Good Hope on the Africlp fide. 

Between the latitudes of 4 degrees north and 4 fouth, the wifid 
I w a  I) blows between the fouth and eafi : On the African fide the 
tqd are nearefi the fouth, and on the American fide nearetl the 
caff: In  thefe feas Dr. Halley obferved, that when the wind was 
&ward, the weather was gloomy, dark, and rainy, with hard 
gales of wind j but when the wind veered to the iouthward, the 
weather generally became Eerene, with gentle breezes next t o  a 
calm. 

Thefe winds are fomewhat changed by the feafons of the year ; 
for when the fun is far northward, the Brazil S. E. wind gets to the 
Couth, and the N. E. wind to the eait; and when the fun is far 
Couth, the S. E. wind gets to the eai), and the N. E. wind on this 
fide of the equator veers more to the north. 

Along the coait of Guinea, from Sierra Leon to the ifland of 
St.Thomas, under the equator, which is above $00 leagues, the 
foutherly and S. W. winds blow perpetually ; for the S. E. trade 
wind having p a a d  the equator, and approachin the Guinea coat+, 
within 80 or 100 leagues, inclines toward the Lore, and becomes 
$. 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 fome- 
times W. S. W. Thi s  track is troubled with frequent calms, and 
viulent fudden gufis of wind, called Tornadoes, blowing from all 
points of the horizon. 

T h e  reafon of the wind fetting in weit on the coait of Guinea 
is, in all probability, owing to the nature of the coaft, which being 
great1 heated by the fun, rarefies the air exceedingly, and confe- 

&e equilibrium. 
Berween the 4th and 10th degrees of north latitude, and between 

the longitude of Cape Verd and the. eaftermoft of the Cape Verd 
Iaands, there is a track of fea which feems to be condemned to per- 
petual calms, attended with terrible thunder and lightnings, and 
h c h  frequent rains, that this part of the Tea is called T h e  Rains. 
Ships in failing thefe 6 degrees have been fometimes detained whole 
months, as is reported. 

The caufe of this feems to be, that the weflerly winds letting in 
on this coaft, and meetin the general eafierly winds in this track, 
balance each other, and % caufe the calms and the npours, carried 
thither by each wind meeting and condenfig, occafion the alrnofi 
conitant rains. 

T h e  lafi three obfervations h e w  the reafon of the two following, 
which mariners experience in failing from Europe toIndia, and 

The  dificulty which hips in going to the 
fouthward, efpecially in the months of July and Auguit, find in 

quen Y y the cool air, from off the Tea, will keep rufhing in to reflore 

,in the Guinea trade. 

prfring 
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plfling between the eoafts of Guinea and Brazil, notwithknd'ing 
the wldth of this lea is more than 500 leagues: T h i s  happens be- 
caufe the S. E. winds at that time of the year commonly extend 
feme degrees beyond the ordinary limits of 4" N. latitudes an6 
befides, coming Co much foutherly, as to be fometimes fouth, iome- 
times a point or two to the weR ; it then only remains to ply ta 
windward. And if on the one fide they fleer W. S. W. they get 
a wind more and more eafterly ; but then there is danger of falling 
in  with the Brazilian coafi, or fhoals; and if they fieqr E, S. E. 
they fall into the neighbourhood of the coafi of Guinea, from whence 
they cannot depart without runnin eaiterly as far as the ifland 
of St. Thomas ; and this is the con i ant praaice of all the G u i n c i  
ihips. 

All h ips  departing from Guinea for Europe, their dire& courli: 
is northward ; but on this courie they cannot go, becauie the coif€ 
bending nearly eafi and wei), the land is to the northward ; there- 
fore as the winds on this coafi are general1 between the S. and W. 
6. W. they are obliged to fieer S, S. k , or S. and with thefe 
courfes they run off the more ; but in io doing they always IIod 
the wind more and more contrary, fo that when near che &we they 
ean lie iouth; at a reat diitance they can make no better than S. E. 
and rfterwardr E. 8. E. with which courfes they generally fetch the 
inand of St. Thomas, and Cape Lope where, finding the winds to 
the eaRward of the iouth, they fail we t erly with it, till coming to 
the latitude of four degrees iouth, where they find the S. E. wind 
blowing perpetually. 

O n  account of there general winds, all thofe that ule the We&,. 
Indid trade, even thofe bound to Virginia, reckon it their be& court2 
to get as Coon as they can to the fouthward, that io they may be 
certain of a fair and frefh gale to run before it to the weftwnrd ; and 
for the fame reafon thoie homeward bound from America endeavour 
to gain the latitude of 30°, where they firR find the wind begin to 
be variable, though the  moil ordinary winds in  the North Atlantic 
Wean come between the fouth and wefi. 

Between the iouthern lats. of IO" and 30° in the Indian oceag 
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 lats, in the Ethiopic Ocean, 
and during the fix months, from May to December, there winds 
reach to within 2 O  of the equator; but during the other fix months, 
from November to June, a N. W. wind blows in the track lying 
between the 3d and 1 0 t h  degrees of fouthern lit. in the meridian of 
the north end of Madagaicar; and between the 2d and 12th de- 
grees of fouth lat. near the long. of Sumatra and Java. 

I n  the track between Sumatra and the African coaR, and from 
3" of S, lat. quite northward to the Afiatic coafi, including the 
Arabian Tea and the gulph of Bengal, the msnfoons blow from Sep- 
tember to April on the N. E. and from March to OAober on the 

s. w. 
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S. MI. In the former half year, the wind is more It eady and gc=q 
de, and the weather clearer than in the latter fix months : and the 
wind is more ftrong and fteady i n  the Arabian Cca thau in the Gulf 
sf Bengal. 

Between the ifland of Madagafcar and the coaft of Africa, and 
thence northward as far a s  the equator, there is a track wherein:, 
from April to OEtober, there is a conitant freih S. S. \V. w i d ,  
which, to  the northward, changes into the W. S. Vf. wind blowing 
a t  that time in the Arabidn fen. 
TO the eaftward of Sumatra and Malacca, on  the north of the 

equator, and along the co;ifls of Cambodia and China, quite through 
tl!e l'hilippincs as f d r  as Japan, the monfooric blow northerly and 
foutherly ; the northern letting in about OCiober or November, aid  
the fuuthern about May. There  winds are not quite fo certaiii as 
thofe in  the Arabian fea. 

Netween Sumatra and Java to the weit, and N e w  Guinea  to the 
eai), the fame northerly and foutherly winds are obfervcd; but  the 
firfk half year the monfoons incline to the N. W. and the latter to 
the S. E. There  winds begin a month or  fix weeks after thofe in 
the Chinefe reas fet in, and are quite as variable. 

'Thefe contrary winds do not fliift from one point to its oppoftte 
all a t  once;  in fixne places the time of the change is attended with 
calms, ip others by  variable winds; and it often happens on the 

,fl:orcs of Coromandel and China, towards the end of the monfoont 
that there are mofi violent fioypis, greatly refembling the hurricanes 
hi  the \Vcf i -h ! jes,  wherein the wind is fo vdfily firong, that hardly 
any thing can refift its force. 

All navigation in the Indian ocean muit nccefIarily be regulated 
b~r thcfe winds; for i f  mariners Ihould delay their voyages till the 
contrary monroon begins, they muft either fail back, or go into har- 
b u r ,  and wait for the changing of the trade winds. I 

Vapours rifing from the fea, and by' the wind carried over low 
larids to the ridges of mountains, and compelled to mount up wiLh 
the  ftream yt the air to the tops, where the water prefently precipi- 
tates, gleeting down by the chinks and cliffs of the ftones, and pait 
of  the water eritering into the caverns of hills, and gathering into ba- 
fons, which being once filled begin to run over, and form l'ubtcrra- 
iieouq paffdges through the earth, breaking out  in fprings by thc fides 
of bils ; feveral of thore meeting together form rivulets j feveral of 
thefe rivulets mecting together make a river, 'J'hic, together with 
what is incorporated into vegetqb!ef, renders it irnpofible for all the 
water evaporated from the fea to return to it again. 

H e m e  the evaporations artfirig from the Mediterranean arc fuch, 
that notwithitanding there are 9 capital rivers, which empty them- 
felves iigo it, befidcs fmaller ores, there is a conftarit currer~r runc 
ii~rlg through the Straits of Gibraltar from the Atlantic ocean, to 

make up the deficiency. R. Mead, M. D. and F, l\. S. oblervcsy 
1, ?'hac 
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I. Tha t  fome difeafes are properly the effeEts of the influence of the 
heavenly bodies. 2. T h a t  the moil windy feafons of the pear are 
about the vernal and autumnal equinoxes. 3. All the changes we 
have enumerated in the atmofphere do fall out at  the fame times 
when thofe happen in the ocean, and, as both the waters of the 
fea and the air of our earth or fluids, are fubje& in a great meafurc , 
to the fame laws of motion, fo that natural eEe&s of the fame kind 
are owing to the fame caufes. 4. T h e  alteration made by the fun 
and moon in the atmofphere mutt thereby have influence on the 
animal body. 5. T h e  elafiicity of tht  air is of great moment, and 
it is reciprocally as the preffure, fo that the incumbent weight be- 
mg diminifhed by the attra&ion, the air underneath will be much 
expanded; there, and fuch like caufes, will make the tides in the 
air to be much greater than thofe of the ocean ; and there is no doubt 
to be made, but that the idme infinite wife Being, who contrived 
the flux and reflux of the feas, to fecure that vafi colleBion of 
Waters from fiagnation and corruption, has ordered this ebb and 
flood of the air of our atmofphere with the like good deGgn ; that is, 
r0 prefetve it fweet, and a br ik  temper of this fluid io neceffary 
!O life, by a continual circulation. 6. T w o  contrary winds b lo tb  
1ng towards the fame place, nidy accumulate the air there, fo as 
to increafe the height and the weight of the incumbent cylinders 
in like manner the direation of two wiads may be fuch, as meeting 
at certain angles, may keep the gravity of the air in a middle itate ; 
but if the wind blow different ways from the fame p l ~ c e  (which 
slay be occafioned by thunder and lightning) the height and 
Weight of the air may be much decreafed. 7. T h e  changes in ouc 
ahofphere at high water, new and full moon, the equinoxes, 8 ~ .  
mfi occafion alterations in all animal bodies, for all living crea- 
tures require air of a determined gravit to perforkn refpiration 
eafily; for it is by its weight that this flui dy infinuates itfelf into the 
cavity of the breafi and lungs: By a flow circulation the Cccretion 
?f.the fpirits is diminiihed; and, by the want of the force of elaf- 
tlCIty and gravit the juices begin to ferment, change the union of 

the elafiic vapours forced from the bowels of the earth by fub- 
terralleous heats, and condenfed by whatever caufes in the attnof- 
$here. A mixture of effluvia in different qualities in the ai1 may, 
!Y brarefadion, fermentation, &c. produce winds and other effe'eas 

h i e  reiulting from the combination of fome chymical liquors; 
and that fuch things happen, we are aKured from the nature of 

lightning, and meteors. From the eruption of vol- 
canoes and earthquakes in diftant piaces, wind may be propagated 
" remoter countries, 'I'he divided or united forces of the other 
plaQcta and of the comets, may varioufly difturb the influence of 

We know that there happen violent 
R tempeits 

their arts, brca i? their cannls, and difeafes follow. 
Be e des the above caufes, the atmofphere may be put in motion 

fun and moon, Prc. 
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tempeits in the upper regions of the air, when we below ctijay 8 
calm, and how many ridges of mountains there arc on our globe 
which interrupt and check the propagation of the winds, fo that it. 
is no wonder that the phienomena we have afcribed to the aEtion of 
the fun and moon are not always coiiRant and uniform, and tha t  
every effeEt does not hereupon follow : which, were there n o  other 
powers in nature able to alter the influence of, this might in a very 
regular arid uniform manner be expe&ed from it, 

Tha t  the rarefied air afcends is fufficiently demonftrated by the 
aeroffatic globe, or air balloon, lately invented; this is a globs 
made of filk, or other light fiuff, made air tight with gum ; which 
being filled with inflammable or rarefied air, will, when let look, 
afcend until i t  comes to that part of the atmofphere that is nearly as 
light as the air within it, where it will continue fome time. 

Some of thefe globes have been made fo large as to carry up inen 
with them, as have frequently been feen in Britain, France, and other 
parts. 
NOTE. T h e  fwiftnefs of wind in a great fiorm is not morc than 

50 or 60 miles in an hour, and a common brifk gale is about 15 
miles a n  hour. 

T I D E S .  

T I  D E is that motion of the water in the fezs and rivers, bf A which they regularly rife and fall : the general caufe of which 
,was difcovered by Sir ISACC NEWTON, and is deduced fiom the fob 
lowing confiderations :-Daily experience ihews, that all bodit% 
when thrown upwards from the earth, fali down to its rurface 16 
perpendicular lines ; and as lines perpendicular to the furface of ntlY 
i. here tend towards its centre5 the lines, along which all heavy bodies kl, muft be diredied towards the earth’s centre. 
As bodies appear to fall by their weight, o r  gravity ; the law, bY 

which they defcend, is called the law of gravitation : and as a mag- 
net or loaditone will draw fmall portions of iron or fteel, and ?S # 
piece of glafs, amber; or fealing-wax6 when warmed by rubbmg7 
will drgw h a l l  bits of paper and other light fubfiances, the 1aNP 
by which fuch bodies fly to thofe which draw them, is called )””‘ 
law of nttra&on. Hence it i s  not improper to fay, that l r o d 1 C S  

when 
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when falling by their gravity towards the earth, are aftraGPed by the 
earth ; and therefore, the words gravitation and attraCtion may, re- 
fpe&ng the earth, be  ufed indifferently, as by them is only meant that 
power, or law, by which all bodies tend towards its centre. 

Sir ISACC difcovered, by a great number of obfervations, that this 
law of gravitation or at t raaion was univerfally diffufcd throughout 
the folar fyfkemr and that the regular motions, obkrved among 
the heavenly bodies, were governed by i t ;  io that the earth and 
moon attraA each other, and both of them are attraAed by the 
fun. He alfo difcovered, that the force of attraktion, niutually 

,exerted by thefe bodies, was leflened as the difiance incrcaicd, in  
proportion to the fquaies of thofe difkanccs ; that is, the power of 
attraaion,’ a t  double the ditlance, was four times leis j at  triple the 
difidnce, iiiiie times 4eli ; a t  quadruple the diftdnce, fixteen tiines 
lek, and h on. 

As the earth is attraaed by the fun and nioon, it follows, rhat all 
the parts of the earth will not gravitate towards its centre in the 
fame manncr as they w o d d  do, if thofe parts were not afFeRed by 
h c h  attraaions. And it is evident, that were the earth entirely free 
from filch attions of the fun and moon, the ocean, being on all fides 
epually inclined towards its centre by the force of gravity, would con- 
tinue in a perfett ftagnant itate, without ever ebbing or flowing. 
But, a< the cafe is otherwife, the water in the ocean muR nceds rife 
higher in thofe places where the fun and moon diminifh its gravity, 
or where they h n e  the greateft attraaion. 

As the force of gravity muR be diminifbed moft, in thofe parts of 
the earth to  which the moon is ileareit, or in the zenith, becaufe her 
attraRion will there be moft powerful ; therefore the waters, in fuch 
P ~ F ,  will rife higher, and it will in them be full fez or high- 
water. The parts of the earth direAly under the moon, atid alfo 
thore in her nadir, viz.  fuch places as are diametrically oppofite 
to thol‘e where the moon is in the zenith, will have hirh-w.iter at 
the fame time. For either ha!f of the earth w o u h  gravitate 
equally towards the other half, were they free from all external 
attrattion. But, by the a&ion of the moon, 1he gravitation of one 
half of the earth towards its centre is diminiflied, and that of the 
other increded. 111 the half-earth next the moon, the parts dire& 
’Y under her being moit attra&ed, and confequently their gravita- 
h n  towards thc earth’s centre moft diminifbed, the waters i n  thefe 
parts niufi be higher than in Any other p r t  of this half-earth, And 

the hdlf-earth, f<irtheit from the moon, the parts in the nadir 
LciI1g IeKs dttra&ed by her than thofe which .ire nearer, gravitate klh - 

the earth’s centre, and conkquentiy, the waters in thole 
Parts mutt be higher tlla~i thcy are in any other part of this b.ilf- 
cartll, 

‘i’hofe parts of the earth where the moon appears in the horizon, 
Or is 90 drgrces dtltant froin the zenith and nadir, will have their 

1 

R 2  l0,W‘ A 



f32 , TIDEJ. 

loweR waters: For as the waters in the zenith and nadir rife at  
the fame time, the adjacent waters will prefs towards thofe places 
$0 reflore the equilibrium; and, to fupply the places of there, 
others will move the fame way, and lo on to 90" diflant from the 
faid zenith and nadir; confequently the waters, in thole places 
where the moon appears in the horizon, will have moil liberty LO 
defcend towards the centre; and therefore they will, in fuch place% 
be the loweit. Hence it plairily follows, that the ocean, if it CO- 
vered the furhce of the earth, would put on a fpheroidal, or egg- 
like figure ; in which the longeft diameter would pars through the 
place where the nioon is vertical ; and the thortefi where fhe is in 
the horizon. And as the moon apparently fhifts her polition from 
ea@ to weft in going round the earth every day, the long diameter 
of the fpheroid, following that motion, would occafion the two 
flcods and ebbs in about every 25 hours, which is about the length 
of a lunar day, or the time Cpent between the moon's leaving the 
meridian of any place, and her coming to it again. Hence, the 
greater the moon's meridian altitude is at any place, the greater will 
thofe tides be which happen when the is above the horizon ; alld the 
g r a t e r  her meridian deprefiion is, the greater will thofe tides be 
which happen when fhe is below the horizon. T h e  fummer day, 
and the winter night tides, have a tendency tb be higheft j becaufe 
the fun's fummer elev&n, and  his winter dcpteflion are greatefi : 
this is more eljiecially to be obferved when the h o o n  has north decli- 
nation in liimmet, and fouth declination in winter. 

T h e  time of high water is not precifely at the rime of the nioon'S 
coming to the meridian, but about an tiour after. For the moon 
continues to a& with fome force arter f i e  has pait the meridian, and 
by that means adds to the libratory, or waving motion, which fie 
put the water into whilft fhe was on the meridian; in the fame 
manner as a fmall force applied upwards to a ball, already raiied to 
forne height, will raife it itill highcr. T h e  tides are greater thall 
ordinary twice every month : that is, about the times of new and 
full moon: they are called fpring-tides. At thefe tinies the fun 
arid moon concur to draw in the lame right line; and therefore the 
fea niufl, under iuch joint influence, be more elevated than at other 
times. During the time of their conjun~ion ,  or whilfi they are 011 
the fame fide of the earth, they both confpire to raife the water 111 
the zenith, arid confequently in the nadir: and when the fun a d  
moon are in oppofition, that is, when the earth is between them 
whilft one makes high-water in the zenith and nadir, the other does 
the fame in  the nadir and zenith. T h e  tides are lek than ordinary 
twice every month j that is, about the times of the f ir8  and lait 
quarters of the moon ; thefe are called neap-tides : becaufe in the 
quarters of the moon, the fun raifes the water were the moon de- 
preffer it, and depreqes where the moon raifes the water ; fo that the 
tides are thcn cauled only by the difference ot their a&ions. Hence it Is  

necetlill 
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necefiry to obferve, that the fpring-tides happen not c&Iy at the 
new and full moons, but generally three days after, when the at- 
traEting powers of the fun and moon have confpired for a con- 
fiderable time. In like manner the neap-tides happen about rhrce 
days after the quarters, when the moon's attraEtion has been leifened 
by that of the fun for feveral days together. 

When the moon is in her perigdum, or nearefi approach to the 
earth, the tides rife higher than they do, under the fame circum- 
fiances, at other times ; for, accordin to the laws of gravitation, 

fpring-tides are greater about the time of the equinoxes, that is 
about the latter end of March and September, than at other times 
of the year ; and the neap-tides are then lefs ; becaufe the longer 
diameter of the fpheroid, or the two oppofite floods, being then in 
the earth's equator, will defcribe a great circle of the earth ; by the 
diurnal rotation of which thofe floods will move fwifter, defcribing 
a great circle in the fame time they ufed to defcribe a lefs one, p a d -  
le1 to the equator ; and confequelltly the waters being thrown more 
forcibly agalnft the ihores, mufi caufe them to rife higher. 

T h e  following obfervations have been made on the rife of the  
tides : namely, the morning-tides generally differ in their rife fronh 
thc evening-tides. T h e  new and full moon fpring-tides rife to dif- 
ferent heights. In  winter the morning-tides are higheft. In fum- 
mer the evening-tides are higheft. l h u s  it appears, that, after a 
period of about fix months, the order of the higheft tides are inverted; 
that is, the rife of the morning and evening tides will change place's, 
the wintcr morning high-tides becoming the fame as the fummcr 
evening high-tides. Some of there effeds arifc from the different 
difiances of the moon from the earth after a period of fix months, 
when ihe IS in the fame fituatioii with refpea to the fun ; for, if h e  
be in perigee at the ;time of the new moon, h e  will, in about fix 
months after, be in perigee about the time of full moon. Thefe 
particulars being well known, a pilot may chufe that time which 
will prove inofi convenient for conduEting a ihip out of any port, 
where there is not a fufficient depth of water on common fpring- 
t l h .  

Smdl  inland fcas, fuch as the Mediterranean and Baltic, arb 
little fuhje8 to tides ; becaufe the a&ion of the fun  and moon is 
ilwdys nearly equal t o  the extremities of fuch feas. 'The tides, in 
vcry high latitudes alfo, are very inconfiderable : for the f u n  and 
niuon adirig towards the equator, and always railing the wdter 
tow'irds the middle of the torrid zone, the neighbourhood of the 
p d e s  mutt conrequently he deprived of the waters, and the Tea, 
wllhin the frigid zones, niuft be low in cornparifon to the other 
p" i't s . 

All the things hitherto explained would be exaEtly obtained, were 
the whole M a c e  of the eurth covered with fea. But fince there rre a 

mu1 ti tude 

the moon muR attraa moil, when k e is nearefi the earth. T h e  
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multitude of iflands, befides cont;nents, lying in  the way of the ti& 
which interrupt Its courfe j therefore there artfe, in  many places near 
the ihores, a greaF vaiiety of other appearances, bcfides thsforegolng 
ones, w h d 1  require particular iolutions, in  which the fituations of 
the  ihores, itraits, ihoal.;, winds, and other things, nlufi necefl'arib' 
be confidered. For  inltaiice; as the Tea has no vifible parage between 
Europe and Africa, let them bc fuppofed one continent, extending 
iron1 79" north, to 34" fouth : the middle of thole two would be 
in latitude 19 degrees north, near Cape Slanco on the weR coafi of 
Africa. But  i t  IS irnpofible the flood-tide fhould ret to the wefi- 
ward, upon the weitern coafi of  Africa, (for the general tide fob 
lowing the courfc of the moon, muft fet from eaft to weit) becaufe 
the continerit for above 600, both northward and louthward, bounds 
that iea on  the catt ; and therefore if any regular tide proceed from 
the motion of the fea from eafi to weft, kould reach this place, it  
niufi be either from the Nor th  of Europe Couthward, o r  from the 
South of Africa northward. 

T h i s  opinion is further corroborated, or rather fully confirmed, by 
common expericncs, which h a w s  that the flood-tide rets to the 
Couthward along the wefi coafi of Norway from the North Cape 
to the Nazc, or entrance of the Baltic Sea, and io proceeds t o  the 
fouthward along the e J t  Coaft of Grea t  Britain, and in its paflbge 
fupp!ies all thoie ports wliich lie in its way one after another. 'l'he 
coafi of Scotland has the tidc firit,  hecauk ii comes from the north- 
ward to the iouthward. O n  the full and change days, it  is high- 
water a t  Aberdeen a t  12 h. 45 m. but a t  'Tinmouth Bar not till 3 h. 
Rolling thence to  the fouthwzrd, it makes high-water at the Spur11 
a little after 5 h. a t  Yarmouth Roads a little after 8 h. a t  Harwich at 
10 h. 30 m. a t  the Nore 12 h.  arid a t  London z h. 30 m. all in the 
fame day. And although t f i i g  may reem to contradiLi the hypo- 
thefis of the iiatural motion of the tides being from ealt to weft, yet  
as no tide can comc weit from the main continent of Norway or 
Holland, it is evident tbat the tide we have been tracing, by its 
fereral fhges from Scotlaiid to  London, is hpplied by that tide, the 
original niotion of which i5 from eaft to  weft, As water always in- 
clines to the level, it  will in its p ffage fall to  any other point of the 
compafs, t o  fill up vacancies where it finds them ; and yet no: con- 
tradid, but rnther confirm the hypothefis. 

W hilc the flood tldc is thus gliding to the loouthward along the 
eafl coaft of Eri~ItiiiJ, it .ilfo k t 5  to  the fouthward along the wefi 
coafis of Scotlat~d ant1 Ireland ; one branch of it falls back, north 
eaff into St. <;eorge'', Channel ; and another run9 between u f l l d l l t  

and the Lizard, into the Uritiih Channel. Some may ohjett that 
this courfe ut the flood-tide, eaft up the Channel, is quite ccintrilry 
to the hypothefis of thc general motions of the tides being from 
to ; and conre(1uently of i t s  being high-wiiter whcre the milon 
is m t k l c ,  or ally whcrc elle on the meridian. Uut i t  rnay 

bC 4 



be aniwered, that this particular direLCtion of thc titles does not 
ContradiB the general diroLtion of tlic who!c. A river with a 
wefterii courl‘e niay fupp]y c:,irials which wind north, fouth, or 
even edit, and yet the liver keep its iiatural coude j and i f  the 
river ebbs and flows, the c a r ~ d s  {‘upplied by it would alto d o  the 
fame, although they did not keep exat3 time with the kiver ; be- 
c a u k  i t  would be flood, and the water advanced to Come height iy 
the river, before it reached the fartheit part (d the canals ; and t h e  
more remote the extremity of the candls arc, the longer time i t  
would require : it may alfo be added, t h a t  if it were high-water in 
the river ju i t  when the moon was on the meridian, fhe would bo far 
Pafr it before it could be high-water i n  the renlotefi part of t h d i :  
canals; and the flood would fet according to the c o d e  of thr 
Canals that received it, and could not k t  weft upon a canal of i 
digerent poiition. As St. Georgc’s Channel, the Britik Channel, 
&C. are no more in proportion to the vafi ocean, than fuch canals 
would be to a large navigable river ; it will evidently follow, that 
the flood-tide may, among thofe obitruAions and confinements, 
kt upon any other point of the compafs, as well as weft ; and may’ 
make high..water at  any other time, as well as when the moon io 
upon the meridian, without anywife contradiaing the general theory 
of the tides. 

Among pilots it is cuitomary to reckon the time of high-watsf 
by the point of the compafs the moon bears on at that time, allow- 
ing three quarters of an hour for each point. Thus,. in places 
Where it is high-water at noon, on the full and change days the 
tide is faid to flow north and fouth, or 12 o’clock. In places whew 
the moon bears 1, 2, 3, 4, or more points to the eaitward or well- 
ward of the meridian, when it is high-water on fuch days, the tide 
1s faid to flow on fuch a point; f’o, if the moon bears fouth-eafi at  
high-water, it  is faid to flow fouth-ea& and north-welt, or 9 
o’clock ; if b e  bears iouth-wei), it flows fouth-weft and north- 
eaft, or 3 o’clock ; and in Jike manner for every other point ofthe 
moon’s bearing, 

From the oblervations of many perfoni, the times of high-water 
on the days of the new ant! full-moon on mofi of the coafks of Eu- 
rope, and fiveral other places, have been colleEted ; an! thofe are 
generally put in a table, againfi the names of their refpechve places, 
in an alphabetical order ; hence it is called the tide-table. 

T h e  method generally prefcribed for fillding the time of high- 
Water at any place, is contained in the following pariiculars : 

70 find the Leap-Ycar. 
Divide the given year by 4, if nothing remains it is leap-year, 

but if I, 2, or 3’ remains, they fhew that it is fo many years after 
biffextile, Qr Icap-year, a9 the remainder is : thus, i n  the pear I 796 

divided 
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divided by 4, gives 449, and the remainder is (0) h e w s  it is leap- 
year. 

T o j n d  the Golden Number fir any Tea;. 

remainder will bc the goldeii number. 
RULE. Add one to the given year, and divide the fum by 19, the 

E X A M P L E .  
RequitdlY thr Gokfen Number of 1796 t 

By adding one to that year, i t  gives 1797, this divided by 19, gives 
94 for the quotient, and the remainder is I I, the golden number for 

Tajnd  t h  Epa8 for any Zar. 
1796. 

NOTE. T h e  Epa& is the moon's age at the beginning of the 
year, or rather the firfk of March. 1 he Epaa advances X I  every m, $0 30, becaufe the folar year is 11 days longer than the lunar 

ar, and as the EpaEt incrcares, i t  ihews the moon's age at  the 
&inning of the year ; it is here fuppored, that at  the end of 19 
years, the fufi and moon make all the variety of Gtuations they 
pofibly can with one another, and thence be in, and go Over the 
fa= again. T h e  golden number at the birth ofChriR was I, which 
is the reafon tkt one is added to the given year, to find the golden 
number. 
. RULE, Divide the given year by 19, the remainder multiply by 
x I, and the produEt will be the Epalt, if' it does not exceed 29 ;.but 
if it does, fubtralt 30 from it as often as you can, and the remainder 
will &e the Epaet, tor it never exceeds 29. 

E X A M P L E. 
Whpr is the Epan oftbe Year 1796 ? 

1796 divided by 19, gives 9 4  and the remainder IO  multiplied tjr 
pi,, gives I IO; this divided by 30, gives 3, and the remainder is 205 
which is the Epaa for 1796. 

To j n d  the Moon's Age. 
I " "0 the EpaO, add the days of the month, and the Epa$ or num- 

for the month 5 the Cum if it  does not exceed 30 is her age i but 
# it does, fubtrafi 30 from it as often as you can, and the remainder 
is her age. 
NOTE. The EpaB, or number for each month, is found thus : di- 

,vide the number of days contained between the firft of January and 
the firft'day of any month, by 292, the remaind:r will be the numb& 
for that month. 

Required the Number or E p a a  for Sept. 17 6 ?-Ans. 7,s. 
?'he number of days cortained between the 2 rit of January 1796, 

and firfi of Sept. are 244 days, divided by 29f, gives 8 for the quo- 
Jent, and 8 for the remainder, which i s  the number fought; and f0 
for any other month. 

EXAMPLE' 



'Required the Moon's Age; April 29, 1796. 
1 5  Day of the month 29 

].!pa& for thei l idatk 20 
Number for the month 

30 

22 Moon's age. 
e_- 

Numbers for the Months a r e  nearly as Follows : 
Jan.lieb.Mar. Apr.May. June. July. Aug.Sept.Occt.Nov.Dec. 

Pncom. years o 2 o 2 2 4 4 6 7 8 I O  IO 
In leap years o 2 I 3 3 5 5 7 8 9 IO 11 

70 j n d  the Moan?s Southing on m y  Day bf htr Age. 

s 

Since the fun returns to the meridian he has left i n  the fpace d 
24 hours, aiid the moon in about 24 hqurs 49 minutes I tlrer 
if $he moon leaves the meridian a t  the fame time that the lun 
on any Jay, the next day h e  will come to the meridian 
after him, falling back, about 49 minutes every day; whence to 
find the time of the moon's fouthing, or comibg to' the meridian a i  
any day, we have this eafy RULE : 

Multiply the day of hcr a p h y  49, and divide the p 
the quotient is ttic hours, and the remainder *he minu 
when fhe touthp, &, which is rather eaGeq, a d  in many rcfpe& 

by and divide the prod& by 5, the quotient is the hours, and'* f e 
Fufficiently exa& for the mariner's p u r p f c  ; mul'riply the moon's u 

remainder multiplied by 12, @veq the minutes afternoon when &e is 
upon the meridian; hu t  if this time exceeds 12, Litbtraa 12 houk 
from it, and the remainder is the time of ber fmthing in +t 
morning. 

N. H. From the full moon t o t h e  change fhe cbnes to the meri- 
dian, or fouths in  the rtloraing ; but from the  change to the full, in 

mina 

the afternoon. ' ,* 4. 
I , ; v,j L;t e, * f 
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I 
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T h e  epa& is 20 
Number for the month is 7 
Pay of the month * 25 

Moon’s age 

30 

* 49 

F- 

22 

-- 
Io; 

-‘---.I 

Or thus, 22 

5 P 8  

4 - 
- 

Moon*s fouthing 1 7  36 
12 oa - 

5 36 

6,0)107, % 
&fo0n7s fouthing 17, 58 aftcrnooq 
SubtraEt 12 

&loon’s fouthirlg 5 58 in the morning. 
Hence it appears that the moon come6 to the I‘outh at 58 minutes 

nfrcr 5 in the niorning. 

%find the l i m e  of &igh Water  tn any Day of the Moon’s Age of 
any PLce. 

’ Frnm the obkrvations of many perrons, there have been col- 
]&ea the times when it is high water on the days 6f the new and 
full ,W)on, on mof) of the fea coafis of Europe, and at lirveral other 
plakes, and thefe times are commonly put i n  a table againit the 
nqrnes of the p:accs in an alphabetical older, for-which reafon, it is 
c;Clied the ’1 ide Table: but in this treatik, thc times cC high water 

T o  the time of the nioon’s f o u t h i ~ i g  OH the given day, 
pdd the time of high uater a t  the full and chdrige t the given placet 
taken f i ~ m  the t ; l b k ;  tke fwn is the hour pait iiooii on the give11 
day, wheii it  is high waler at that  place ; and if this hour EX- 
reeds 12, fuhtra& 12 from it, and the remainder k c w s  the tifile 
Qf high watcr in the morriiii ; bu t  if it excecds 24, iubtraCt 24 
from it, arid the remdindcr hews the time of high water in the 

II-- 

full and change days, are fet down after the latituck and  longitude 
pach pldcc, in ttic tc ble of‘ latitudes and I~ i ig i t i~des  ofpla~rs. 
RULE. 

irftclnoon, 



EXAM PI.^ 1. EXAMPLE Ir. .e 
At what Time will it be High Required the 'Tirile of High *a- 

Water at London, AuguR ter at Dover, 06tober 1% 
25, 1796 ? 1796 ? 

1911 796[94 191'7904 
'7' 

xo 
11 -- 

30) I '0;3 
93 

bJum. of month 7 
Day of month 25 

-4 

T h e  cp& 20 

7- 

52 
SubtraA 30 

1 7 ~ 3 6  
Time at London 3 

-4 

30) I IO( 3 
90 

Num. of month 9 
Day of month 12 

-- 
Epaa 20 

41 
30 

Moon'sage x i  
49 

Afternoon 20 a6 
h b t r a R  

Morning -- 
7 3 9  

$0 that it is high water 36 minutes a'feer eight 
iQ the rnorriiny A t  LonJon. Morning 

-- 
59 

I*.i- -- 
Moon's fouthing 8 59 
Time at Qover 10 30 

Afternoon '9 29 
SybtraB 1 2  

- 
P - 
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Required the Time of High Water at the Start Point, Jdn. 5 I 7962 
E X A M PI, E. 

F pa& 23 .- 
Day  of month 3 
hlutn. of month 0 

Moon’s age 23 
- 

4 

5 9 2  

Moon’s fouthing 18 24 
Time  at Start 6 

24 24- 
24 

d. W. afternoon 00 24 

c_ 

- 
- 
-- 

&me it appears that it is high water at the  Start at 24 miilutes ill  
the afternoon. 

CO&Z into a Port andfind that it is High JYater nt a certain Hour., to 
know quillen it is High LfGtgr thfre on Fdl nnd Cbange h y s ?  

Find the time of the moon’s fouthing on that day, and 
fubtrakt from it the time of high watcr at the given place, i f  you  can, 
and tk rkmitinder will be the time ot high water on the tu11 and 
change days d the moon ; if you cannot, add 12 hours to it, arid 
€ubtra& the above time from the furn ; the remaider will be the tinlc 
of high water at that port on the full imd change days. 

This  is the method of finding the time of high water inferted i i i  
common bo6ks of navigation, which, at times, will give the moQ11’S 
age, whole days, and the time of fouthing, and of high water, hours 
wide of the truth; and even if the moon’s fouthing bc ex;&ly 
found, yet the tides may differ lek or more from the compu&l 
time ; for the floods do not alwa s happen at the fame difiarlce of 

timm of the moon’s age, and her afpeo with refye& to the h; or 
as the Water6 are a&ed upon by the fum or difference of the attradtive 
forces of the fun and moon, and alfo on account of winds and florms, 
even when out of hearing, which greatly affeAed the tides, the real 
time of high water at any place will often differ from the computed 
times j thenifore-pilots, and all concerned, would do well to ufe the 
following method, which will in general give the time of high water 
within halE an hour of the truth, when the tides are not greatly in- 
$ucnced riy thr, wind, 

RULE. 

time from each other, but at di .2 erent difiances, accordiiig to the 

A T A B L E  



A TABLE for the readily finding the Day of the Mortlh the N<w Moon will fall 
?n till the Yein I 00, and conkqgfently the i 2 h n ' s  Age, for any Dd)', h~ know- 
m g  the Goldrn dumber. according to the Method cocuinonh ofed for fvlidin 

'rat& will h e w  the Golden Nombcr during that Year. 

Moon's Age.-Add I to the given ar, a d  divide the Sum by I , the 
will be the Golden Numb-r, whic&eing marked with a Pcnci P at the top d' the 



342 TIDES. 

The VJI f the foregoing lable ,  
T o  find the moon’s age on any given day, look in the firfi CO- 

lumn (marked Golden Num.) for the golden number, and under the 
month, on the hame line, flands the day of the new moon; then count 
the days which have completely pared Gnce the lafi change, and they 
will be her age on the given day. 

To fid the Time of High Water. 
Look for the moon’s age in the table of times, and the hours and 

minutes oppofite SO which being added to the time of high water, on 
the change anaful l  days, a t  any place, will, if it does not exceed J 2 
hours, give the tihe of high water there in the afternoon of the 
given day;  but if i t  does exceed that number, take 1 2  from it, and 
the remainder will ihew the time of high-water in the morning. . 

E X A M P L E  r. 
At what Time w;ll it be H;,.I, Eater at London, April 29, 1796 ? 
Oppofite I I thegolden number, and ur\der April, I find it was new 

d reckoning forward to April 29, gives 22 

le of times, ftand 4 hours 36 minutes, to 
which add 3 hours, the time of high water a t  London on the full 
and’chnnge days, and that gives 7 hours 36 minutes, the time of 
high water a t  London i ~ i  the morning ; difkring one hour froin that  
fouiid i n  the firfi example by the common method. 

E X A M P L E  11. 
Water a: Dover, O8oder 120 1796 ? 
number, and under O€tob;r, I find it 
eckoning forward fo OBober 1 2 )  I 
s ; againit 1 1  in the table of times 
T h i s  added to 10  hours 30 minutes, 

the time of high wafer on  full and change days a t  Dover, gives 18 
hours 38 minutes j from which I take 12, and the repainder 6 
hours 38 minutes is the time of high water in the morriifig a t  Do- 

,v’q 01) thc given day, differing from that found in the fecond ex- 
ple by the’common method, 41 minutes. 

E X A M P L E  111. 
?mat Pime wili it 6; Iligh Water at Torboy, J u b  IO, 1796 ? 
B the table it was n e w  moon on thc 4th day, and reckoning for- 

of times, ftand 3 hours 2 minutrs, which added to 
me of high water a t  ‘I’arbay, on full and change days, 

giws 9 h o w  2 minutes, the t ime of high water in the afternoon, on 
the above day ; differing froin, that given by the former mcthod, 

T-0 

War X dn the goth, I find there are 5 days completely paft. Againfl 

58 minutts. - 2 



l o  Jnd the %me of the Moon’s rgng. 
If the moon is not,yet come to the full, add the time of her 

fouthing to the time of. the fun’s rifing, and the fum will be the 
time of the moon’s rifing in the forenoon ; but it’ the rum exceeds 
T2, fubtraR 12, and take the remainder for the time of her rifing 
i n  the afternoon. But  if the moon is paft her full, then add the time 
of her fouthing to the tiiac of the fun’s fettink, and the Turn will be 
the titne of the moon’s rifing in the afternoon. But if the fum ex- 
ceed 12, iubtracZ 12, and take the remainder for the time of the 
moon’s rifin in the mornitig. 

NOT&. f f  the time of the run’s riling and fetting io  not known, 
i t  may b e  eaftly found, having the latitude of the place and the fun”$ 
declination in the table, h e w i n g  the rifing and tetting of the full, 
moon, or fiars.-See Table  XXLI. 

A t  London, Dec. I, 1792, required the T ime  of the  MOO^'^ 
RiGng ? 

H. M. 
Rifing - - I - 2 00 
Sun tiles that day by the tables at - s 02 

3 58 ‘Moon fouths that day a t  II - 
A 

Sun rets 7 U I - 
Moon rifes a t  - - - 6 zz afternoon; 

2 24 
c--- 

l o  j n d  ibe Thie Df the Moon’s Setting.. 
Find ,the.timc of the fun’s ’rihng and fitting by the table 

fore, and if the moon is not yet come to the full, add the tim 
fouthing to the time of the fun’s fetting, 2nd the rum will 
time of thc moonis retting in the afternoon j but if t h ~  Cum 
JZ, fubrrabi 12, and take the remdndcr for the time of her 
in  the morning. 

And if the moon is p a k t h e  full, add her fouthing to the time of 

in the morning j but if the Turn exceeds 12, fubtraCt the 11, ap 3 the fun’s rifing, and the Cum will be the time of the moon’s lettin 

take !he remainder for the time of the moon’s fetting in the a&* 
t e  rnoon, 



x 4 4  P'JDES. 

E X A M P L E ,  

Sctting. . 
At &oI&I?, November 16, x 792, required the Time of the Moon's 

H. M, 
Setting 12 00 
Sun r i k  Nov. i6th,  by the tables, at  7 43 

4 17 Sun k t s  - - 
Moon fouths Nov. 16th - 
Moon fets Nov. 16th at  - 5 5 3  afternoon. 
NOTE. The above rwthod may differ h d f  aa hour from the tin% 

given b the almanacs. 
Zn l i b  manner may the time of high water be found at any 

other place. Whocvcr will compare thefe examples with the 
methods ufed 'in other books of this kind, will find a confiderable 

ly give the moon's age feveral days, atid 
of the truth ; indeed, on account of thg 
s motion, the times of her change may 
truth; and the time of high wdter 30 
if the lea is not greatly iiifluciiced by the 

T h e  tides do not always anfwer to the fame diitance of the 
the meridian at  the fame places, but are varioufly at- 

the adion of tbe fun, which bring them on honer when 
is i n  her firB arid tbird quarters; and keeps them back 
fhe is in her fecond and dourth quarters ; becaufe in the 

fornier cak, tho tides raifed 'by the fun, alone, would be earlier than 
&e tkde ra&d by the moon ; and in t& latter cat% later, as may bt? 
leen in the table of the fhifting of t h t  tides. 
4s thr Nautical Almanac is become now of general d e  in long 

voyages, the time of high water at any part of the world may be 
readily found, if the time making high water full and chdnge 
be $mown ; for in the fixth page of each month is given the time 
of the moon's parage over the meridian of Greenwich every days 
&is time may be reduced to the meridian of anv other place, by 
allowing I hour for ever 15 degree4 of longiwdu. T o  this time 

which givcs the time of high water nearly on that day, if the rum be 
leis than 12 hours; but if above, fuhtrakt 12 hours, or 24 hours 
trom i t ;  obferving, that the days jn this Admamc begin 13 hours 
later thw the common day, 

-7 

* 36 -- 

wind. 

add the time making hig K water there, on tall and change days, 

4 TABLE 



TIDES. I45 
P TABLE of J l e  Bearings oftbe MOON at the l i m e  bf Hifh Water, 

nearb with the Times f t h $  Bearings at the folowing Places : 

When the Moon bears 
as follows. 

N, and 

N. by E. 

N. N. E. 

N. E. by N. 

N. E. 

N. E. by E, 
E. N. E. 
E. by N. 

E; 
E. by S. 
$. S. E. 

S. E. by E. 

S. E. 

S. E. by S. 
S. S. E. 
S. by E. 

S. 

NOTE. 

S. 

S. by W. 

s. s. w. 
. W. by. W 

s. w. 
. W.byW 
w. s. w. 
W. by S. 

W. 
W. by N. 
W. N. W. 

V. W. by W 

N. W. 

N.W,by.b 
N. N. W 
N. by W, 

N. 

Ifle of Alderney, Gibraltar, SouthrMp- 
ton, Beachy, Sheernefs, a Sand called 
Kentih Knock, a Sand called the Swin, 
at the Mouth of the Thames. 

or 45 minutes paR I 2, Rocheiter, Fluih- 
ing, Malden, Nore. 

or 30 minutes p a i l  I ,  Bell Ifle, Tin- 
mouth, Grave end, Holyhead. 

or I 5 minutes pait 2, Berwick, Limon, 
St. Andrew's Coquet. 

Whitby, London, AmRerdam, Boar- 
deaux, Bay of Bifcay. 

Breit, Huntcliff, Ifle of Bas, at the Mpes, 
Scarborou h. 

Brefound,dfhsnt, Scilly, Cork,C.Clear, 
Hurnber Mouth, at the Spurn, Turbay, 

Hull, Wells, Weymonth, Plymouth, 

riltol,PortlandRoad,L nn,Foulncfs,Foy. 

' Eddifion, Yarmouth, Needles, Ry, 
: Ifle of Man, Ifle of Wight, E, End, ClL 
' kets, Cam, St. Helen's. 
North Foreland, Dungenefs, Dunno%, 
! Shoreham. 
)owns, Deal, Dover, S. Foreland. 
r Margate, Harwich, Rofe, Pool, Po& 
L mouth, Spithead, Calais. 
[Dunkirk, Embden, R. Elbe, CoorR af 
I Flanders, Olieud, 

Start Point. 

Ramhead, Torbay, Dartmouth. 

C. Barfleur. 

Dublin, Ifle of Ely. 

Lizard, Land's End, i almouth, Penryn, 

The current in the Downs generally runs 7; hours to 
the  north j and 5: hours to the fouthward ; a t  Dover the tide from 
the  channel runs northward 7: hours; and from the north 5 h. I O  m. 
at the full and change of t h e  moon. T h e  tides fet in  the Downs 
N. N. E. and S. S. W. hourly. It is high water a t  4ondon 46 mi- 
nutes after two at  full and change by the ihore. 

Pilots reckon 6 hours for a tide; then as a tide, is 3 hours, f 
tide is I: hour, and half-quarter tide is $ of an hour. So that 
if it flows tide, half tide, and quarter tide, it  is high water a t  half 
a n  hour after IO o'clock, which is the cafe in the Downs by the 
thore. 

21 QF 



c 146 1 
OF THE 

LOG-LINE AND HALF-MINUTE GLASS, 

CORRECT THE DISTANCE GIVEN BY THELA& 
A N D  H O W  TO 

HE Log is a flat piece of wood like a flounder, or of the figure T of a quarter of a circle, having its circular &de loaded with 
lead fufficient to make it fwim upright in the water. T o  this log is 
fafiened a long line of about 150 fathoms, called the Log-line, which 
is divided into certain equal [paces, called Knots, each of which 
ought  to bear the fame proportion to a nautical mile (60 of which 
make a degree) that half a minute does to an hour, that being the 
time allowed for the experiment. 

T h e y  are called Knots, becaufe at  the end of each of them there 
f s  a piece of twine with knots in it, reeved between the AraJlds of 
t h e  line ; there pieces of twine l l e w  hpw many knots run Out in 
half a micute, and confequently the fliip’s rate of failing per 
hour. 

Mr. NOR WOOD, and feveral other ab?e mathematicians, have 
found that a degree of a great circle upon the earth contains about 
367200 Engliih feet, therefore a nautical mile being the $c part of 
.367200 feet, that is, 6120 feet, and fince half a minute is part 
of a n  hour, the len th of a knot on the log-line ought to be 

fiip’s way is found, by experience, to be really more than that given 
by thelog, and as it is fafer to have the reckoning before the h i p  
than qfter it, therefore 50 feet may he taken as the proper length 
of each knot, and thefe knots iubdividcd into ten f.ithorns, edcI.1 of 
5 feet, which is certainly the beft adapted for praltice, and w ~ l l  cor- 
refpond with all the tables and inilrurncrrts u k d  in navigation, a s  
they are decinially diiided, and confequently, the hip’s run deter- 
mijicd with greater eale a i d  certainty. But r ime experienced com- 
manders find, that thr. allowiiig 50 feet to a knot  generally makes a 
fhip a-head of the reckoning ; and  to avoid danger moitly divide the 
log-line into knots of 7 or 7; fathoms of 6 feet each, t o  correfpond 
with a glais that ruiis 28 Icconds. Others  again divide the feconds 
the glals runs by 4, am! take :he ciuotient for the difidnce in fatbonls 
between the kiiots ; which of  thel‘e methods are belt, 1 leave to  every 
captain’s own experience to  deterrniiie; but certain it is, that what- 
ever Icngth the knots are, the motl convenient way is to divide them 
in t o  tenths. 

taiirry wencher: thertfore care ihould be taken to try what number 
of kcorids the glalj iuns. 

The 

&a & part of 6120 B eet, or 51 feet. But as for the moit part, the 

I n  hot’or dry weather, the glafs runs out failer tha 
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The length of the log-line fornierly ufed, was divided into knots 

of 42 feet, which way of dividing the fame was founded on the Lp- 
pofition, that 60 miles, of about 5000 E n g l i h  feet, made a degree; 
whereas it is abundantly certain, that a degree contains about 73 
fuch miles, It was therefore to  be wilbed, that no lines io divided 
were in d e ,  but very often cuftom prevails over realon; and al- 
though mariner5 find by cxperience this lenzth of the knots to be too 
fhot t, yet rome of thcin, rather than quit the old way, d e  glaffes for 
half minute ones that run but 24 or 25 feconds, which is but cor- 
reAing one niittake by another. 

?’he knots commonly b y j n  to be counted a t  the difiance of lo, 
12, or ‘5 fathoms from the log, according to the Iargenefs of the 
hip,  that fo the log may be out of the fh~p’s wake whet1 it is thrown 
overboard before they bt’gin to count, le!k the eddies fhould ruck the  
log after the ihip ; a i d  for the more re.idy difcovery of this point of 
Commencement, there is commonly fdfiened at it a piece of red rag ; 
that part of the line between the red rag and the log is called the 
fl ray- li ne. 

T h e  log and log-line being duly prepared and hove overboard 
from the poop, oi lee-quarter, and the line veered out  (by the help 
of a reel which turns eafy, and about which it is wound) as faft as 
the log will carry it awdy, or  rather as fdfi as the ihip fails from it, 
will h e w  how fait the lhip has f i l e d  in the given time, or rate of 
failing per hour. 

T h e  experiment for finding the velocity of the ihip is called heav- 
ing the log. 

Care  ihoulcl bc taken to veer out  the line as fail as the log takes 
it, for if the log is left to turn the reel of itfelf, the log will come 
home and deceive you i n  the reckoning. 

I n  kilig’s fhips, India [hips, and fome others, the log is hove 
every hour, Lut in  coafiers, a i d  thole ufing fhort voyages, 
two hours. 

Here the h i p  is iuppofcd to move with equal velocity betwe 
times of trying the experiment. But if the gale has not been the 
Fame during the whole hour, or time between heaving the log, or 
if there have been more ldil ret, o r  any handed, that lo the fhip has 
r u n  more or lefs in  any part of the hour than i h c  did a t  the time of 
the  experiment; or if i t  ihould fall liitle or more wind A t  that time, 

.there rnua be allowance made for it according to the difcretion ,of 
the artift : bometimes too, when the h i p  is before the wind, and a 
great rea retting after her, it will bring home the log ; in fuch cafes 
it iscuttornary to all\,w one mile in ten, and Ids in proportion, if  
t h e  fea be not To great. 

Care ihould dlo be taken to rneafure the log-6ne pretty aften, 
kfi it Rretch and dcceivc you in the diftance. 

T h e  like regard n\uR he had, that the half minu& glafs be jug 
30 fecopds, otherwife no a y o u n t  of the fhip’s way can be kept ; 

-1‘ 2 tu 
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to prove which, if there be no top-watch at hand, let a plummet,, 
of any form or weight, be fattened to a tilk firing or thread, with 
a loop to hang on a h a l l  pin or nail fattened in any place, io that 
the plummet may fwing freely; let it be 39' inches from the end 
of the loop to the middle of the plummet, and the plummet caufed 
to fwing ; each of thofe fwingp will he a true fecond of time, always 
counting every time it paifes the perpendicular let fall from the pin, 
and every time it paffes from the perpendicular to the utmoR fwing 
will be haif- a - fecond. 

How to corret tho Dpance given by the Log-Lint and H+. 
Minute Gl4. 

T h e  diRance given by the log may be wrong on three accounts, 
.*is. by an  error in the glafs, an errror in the log-he,  or an error ia 
both j for correAing of which take the following cafes : 

*C A S E I. 

, % 

When the log-line is truly divided, and the glafs is faulty. 
RULE. Say, as the feconds run by the glafs are to 30 feconds, $0 

is the diitance given by the Jog to the true diitance, 

E X A M P L E  I. 
Suppofe a h i p  runs at the rate of 7; knots in the time the glafq 

tuns out, but mafuring the glafs I find it runs 34 feconds; what b 
&e true rate of failing ? 

As 3: 30 : : 7,s : .6,6 miles, the true diffance failed in an hour, 

E X A M P L E  11. 
Suppofe a fiip runs at the rate of'6f knots, but meafuring the 

glds 1 find it runs only 25 fcconds j required the true rate of' 
failing ? 

As 25 : 30 :: 6,s : 7,8 miles, the true diitance failed in an hour, 

C A S E 11: 
. 

and knot, io is the diaance run by the log to the true diff ance. 

When the glafs is true and log-line faulty, 
RULE. Say, as SO feet is to the diitance meafured between knot 

E X A M P L E  I. 
Suppofe a ihip rum at the rate of. 6; knots in half a minute, b d  ' 

meafuring the Fpace between knot and knot, I find it to be 56 feeti 
required the true rate of failing 7 
As 50 : 56 : : 6,25 : 7 miles, the true difiancc failed in an hour. 

E X A M P L ~ ~  
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E X A M P L E  IT. 
Suppofe a h i p  runs at the rate of 6; knots in half a minute, but 

meafuring the fpace between knot and knot, I find it to be only 
44 feet ; required the true rate of failing ? 

As 50 : 49 : ; 6pj : 5,72 miles, thc true &fiance f d e d  in a 
hour. 

C A SE 111. 
When both the log-line and glafs are faulty. 
RULE, Multiply thrice the meafured length of a knot by the 

diftance fin by the log, the produEt divided by 5 times the meafurcd 
t i p e  of the glafs, will give the true diitance run. 

E X A M P L E . '  
Suppofe a h i p  runs 5 knots of a log-line of 45 feet to a kn 

while a glafs of 25 feconds is running out ; what is the true rate%< 
&ding ? 

The  meafured'length of a knot - 45 

Gives thrice the meafured length of a knot 135 
which multiplied by the diftance run per log 5 

675 

Multiplied by -.. - - - 3 - 
- - 

And dividing the produa by 5 times the 
6 m e  the glafs runs, that is 5 x 25 = 125, 
the quotent is 5,4, the number of miles the 
fhip runs per hour. 

Th i s  rule is only a compound of the two 
former fimple ones, which is contraEted a 
little. 

When the glak is faulty, the log-line 
may be divided as in' the annexed table, 
fiewing the length of the knots of the log- 
line of different glalfes, 

T H E  



THE DESCRJPTION AND USE OF 
H A D L E Y ’ s  O C T A N T ,  

C O M M O N L Y  C A L L E D  

W A D L E Y ’ S  Q U A D R A N T 6  

HE inventor of this noble inffrument is difputed; forne fay T it was firit invented by one GUDFREY, in Philadelphia, and 
t h a t  Mr. HADLEY, then an officer in  the royal navy, pirated it from 
him, and biought  it to  England, who beirig the firit that made i t  
public, it ftill bears his name. How far this is true, I cannot fay, 
hut certain i t  is, that t w a  men i n  different parts of the world may 
hit upon one invention ar the fame time. 
’I his inffrument is now I o  much improved, that angles, whether 

$ertica\, horizontal, or any otber pofition the objdts hdppen to be 
in, may be taken to Cuch a degree of exatlnefs, that people unacy 
quainted with the  u[e of i t  would fcarcely think it pofible. 

T h e  principles of this admkable initrument have been fo well de- 
monifrated by other hands, that a repetition thereof here feeems to, 
me unnrceflary ; I &all therefore content myfelf with giviiig 3 tliork 
defcription of it, and its d e  in navigation. 

?he princ;pd Parts 4 the fi$?runielot Arc3 

T h e  Index L) 
T h e  Index Glafs E 
T h e  Horizon Glafiis G and F 
The Dark GIaKes, or Screens H 
T h e  Sight Vanes K aiid G. 

Th; graduated arch B C contains onIv 45 degrees, or is the 8% 
circle, but it is to be  cfteemed as 90°, arid fo divided, be., 
the double refl&ion the angle is doubled. 
ivifions run 0, IO, 20, &c. to 90 as in  the figtire, each de4 

grec is divided into 3 parts of 20 minutcs each, which by the help 
of the vernier, 01 divifioiis on the index, is again Cubdivided inte) 
minutes of a degree, thus : 

The index ll is a flat bar moveable on the centre of the initru- 
ment; that  part of the index that flides over the graduated arch, 
having the firft and lafi divifions thereon correfponding to thofe on 
the  arch, is called the Vernier or Nonius, and which divides every 
hub-divifion on the arch in minutes, thus, 7 divifions on the nonius 
bein divided into 20 parts, it is evident the difference between 

of one of the  
fub-divifions on the arch, or I minute, becaufe 7” there is divided 
into 21 parts, being one in 20 greater than on the arch. The dif- 

ference 

the a rfi divifion on the arch and on the nonius is 
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fcrence of the two fire divifions will be z', and the difference of the 
three firit 3, and fo on ; hence i t  will arife, that in whatever divi- 
fions on the vernier and arch cut one another the neareft, the ver- 
nier will indicate how many minutes above the next rub-divifion ac- 
cording as it is numbered to right or left thereof. O n  the bottom 
of the index againfi the back of the arch is a fcrew made to fix f a i t  
the index when required. 

T h e  arch, as before obferved, is divided into 90 degrees num- 
bered 0, IO, 20, 30, &c. and edch aegree into 3 parts, each 20 mi- 
nutes, and is to bc read thus': rd.-rd. zom,- r d .  40m,--zd,-nd. 
zom.-zd. 4orn.-3d. &c. obferving to read to the divifion that the 
0, or diamond-like point, of the nonius lafi paired over; then the 
noniw will give the number of minutes more, to be added to the 
divifion lafi palied by the nonius. Thus ,  fuppoCe tbe 0, or A of 
the nonius has paffed over 15 degrees and two parts or rsd. 40111. 
and itands fornewhere between 15d. 40m. and 6d. then obferve w 
divifion or line on the nonius coincides with any divifion OT 1 
on the arch, that number on the nonius will be the minutes to 
added to rgd. 40m. Suppofe 15 on the nonius touches Come &vi- 
fion on the arch, then i s m .  mufi be added to x5d. 40m. and the 
angle or altitude rneafured will be 15d. 55m. 

T h e  index glafs E i s  a piece of glafs truly ground, Glvered on 
the back, and fixed in a braf's frame, perpendicularly to the index ; 
its ufe is to receive the rays proceeding from any objeB, and reflea 
them to the horizon glatfes E' and G ; at the back of the brafs frame 
of this glafs are two h e w s ,  ferving to adjufi the frame perpendicu- 
lady to the index. 

one part of which is filvered and the other part open or unfihered, 
i n  order to look a t  an objeLi through i t  ; thefe are fet in frames rad 
placed perpendiculdrly on the limb at G and F j their ub iwto re- 
ceive the rays of any objea refleCied from the index glafs, and ngain 
to reflea thofe rays to the eye through the holes of the fighr vanes 
K and G. 

To a4@ the .@adrarrt. 

T h e  horizon glages F and G are frnaller pieces of ground 

Fir@, The index glafs inufi be perpendicular to the plane of the 
quadrant, which if not, you ma thus diCcover ; hold the plane of 

eye, look right down the quadrant in fuch a maiiner as co 1Pe the 
arch of the quadrant direct, and at  the Came time rcfleaed by the 
index glals; then, if the arch reen direc?: together with its refleaed 
image apppear to be in one line, the index glali is t rdy  adjufied, if 
not it muit be reAified by means of the fcrews placed at the back of 
the index gldfs ; ic is  eafy to difcover which way the inclination is 
by prd lng  the jiidcx glafs with your thumb while you obferve the 
arch. 

Secondly, The axis of the horizon glaCs muft be parallel to the 

the quadrant in +n horizontal po 1y ition, with the index glafs near the 

a%$ 
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axis Qf the index glafs, if not the error is ealily difcovered and reed 
t,ifi& in the fore horizon lafs when the index is adjufted, thus: 

direktl through the fight vane at the moon or any bright Rar, io 
as to &e the refleded image in the horizontal glafs, and the obje€k 
at the fame time through the unfilvered part; then move the index 
backwards and forwards fl:wly, and obferve if both images coin- 
cide or pafs behind one another, which if they do, the axis of both 
are parallel, which if not ou fhould nicely adjufi by the two fcrews 

If a fmall piece of coloured glafs let in brafs be made to turn 
round to the fight vane occafionally to guard the eye, and the fcrews 
turned back, the fame correttion may be made by ufing the Cuu in- 
Acad of the moon or fiar. 

bring 0 on the nonius near f y to 0 on the graduated arch, and look 

placed on the top block o 1 the horizon glafs, 

he Altitude of the Sun by tbe Fore Ob/ervation. 
age at  any time when not much obfcured by clouds 

n as refleaed from the unfilvered part of the horizon 
oking through the hole in the fi h t  vane ; having put 
down to guard the eye, hold the j n b r n e n t  vertical, and 

towards the fun, dire& the fight to that part of the horizon turnint beneat the fun, and moving the index YOU may bring down the red 
image of the fun towards the horizon: if the fun’s image i$ould be 
faint you may turn back the fcreens, and you cannot mil‘s it. 

Havihg brought down the fun’s image near the horizon, fwing 
wards and forwards, making your eye the centre 
ep moving the index a t  the fame time till the 

uft touches the horizon, and you will have. the 
of the fun’s lower limb upon the arch of the 
intlant. But this altitude is grcatefi at  twelvo 

e fun is on the meridian, from which the latitude 
ch time wiU be raved if YOU have a good watch 

well replated to tell you within a minute or two when to begin your 
obfervathn, but this apparent altitude requires the four following 

* Correnions : 
Firfl, T h e  index error, if any, to be added or fubtraaed. 
Secondly, T h e  dip of the horizon. 
Thirdly, The  fun’s ferni-diameter and refraQion. 
There four correC1ioris are neceffary to find the true altitude of 

the fin’s centre nearly, the correEtion of the fun’s parallax being 
fo fa~all, that it may always be negleAed in detcrrnining the 
latitude. 
The back obfervation i s  managed the fame as the fore obfervatios 

QnIy your back mufi be turned towards the fun, and the fcreens 
fhifted to the back horizon glafs, remembering to fubtraa the fun’s 
fcmi-diameter (if the apparent lower limb be taken) and add the dip, 
fubtraaing the e&& of refratlion, and you will have the altitude of 
tbe fun’s centre. 

5- The 
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T h e  correaion for thc index error is thus : T u r n  down the h a l l  
knob of brafs, $aced on the limb, to hinder the index from going 
o# the arch, as i t  may be in the way. T h i s  correition may be  
accurately cfiiliiated by taking the diameter of the fun, n1ooi1, o r  
any object bcfore and behind 0 on the  arch ; that is, bring the up- 
per l imb of the objeC1 to  coincide with the lower, and note the an- 
gle, then take it on the extra arch, as i t  is called ; that is, hrin the 
lower limb to coincide with the upper, and note the angle, half  the 
difference of thefe two angles will be the true correaion of the index 
error. 

E x A M P r, E. 
Suppore the fun’s diameter meafures 36 on the 5rch and 28 in the 

extra arch. T h e  difference is 8‘, half which is the error to be Cub- 
tralted, becaufe the diameter meafures more on the arch, or gives the 
rUds diameter too much, but had the extra arch given the g r e r o r  
angle, the error would have been additive. 

?o talc  the Ahittide af the  Jhon. 
T h e  moon’$ altitude may be taken either by the fore or back ob- 

fervation exattly in  the fame manner as the fun’s altitude, only 
here you mufi bring the edge of the moon into contdQ with the ho- 
rizon, which is round and well de.fined, whether t h r i  be the upper or 
under edge : the correltions to  be applied to thc oll‘ervcd altitude are 
as follow: 

* 

Firfi, T h e  index error as before direfled. 
Secondly, 7 he dip to be fubtratted in  the fore obfervztion, and to 

be added in the hack obfrrvatioii. 
Thirdly, Semi-diameter to be found in  the nautical ephemeris foe 

every noon and midnight a t  Greenwich ; if very great accuracy is 
rtquiced this femi-diameter muft be correcCted for the intermed:att 
time : which being added to, or fubtraCted trom, the obferved aIti- 
tude, will give the apparent altitude of her centre. 

T h e  nioon’s horizontal paral- 
lax for every noon and midnight a t  Greenwich, is to be found in the 
nautical ephemeris. T h i s  mufi be corretted for the intermediate 
time 5 then take the proportional logarithm of the moon’s horizon- 
tal parallax out of the nautical almanac, increafe its index by IO, 
and fubtraR the log. co-fine of the moon% apparent altitude from 
the fun; the remainder will be the proportional logarithm of her 
parallax in  altitude; from which take the moon’s retra&ion, ( t d h k  
5 )  and the remainder will be the correkiion of the moon’s altitude; 
which being added to her apparent altitude, will give the true altitudr: 
o f  her centre. 

70 t d c  fh Altilude ofa Star hy the Fcre Ol/eerLlation. 
Set the index at 0, and holding die p l h e  of the quadrant verti+ 

cal, dire& the fight to the fiar, and at  the fame time look for the 
21 re- 

Fourthly, Parallax and refraflion. 
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refletled image of the ftar in the filvered part of the horizon glnfs ; 
move the index a little, which will feparate the refleEted image from 
the d i r e 8  image, the former will be eafily diftinguihed from the 
latter by its motion, when you flir the index ; continue to advance 
the index, and at  the lame time follow the refleEted image of the ftar 
with your eye, direAing the fight lower and lower, and changing 
the polition of the quadrant or oCtant, as the image of the i tar  de- 
fcends, till you have brought it down t o  the horizon, the index will 
then h e w  the obkrved altitude of the ftar. T h e  correLtions t o  be 
applied to the obferved altitude of the itar are : Firit, the Index Er- 
ror ; fecondly, the Dip, there two give the apparent altitude; thirdly, 
the Refraltion, which gives the true altitude j the fixed ftars have 
neither femi-diameter nor parallax worth notice. 

I n  taking the altitude of a itar, or the moon, by night, always 
get  as near the water as p d i b l e  ; in eafy weather a grating may be 
flung over the hip’s fide, and an obferver fit upon it to take the al- 
titudes; the fame may %e done to take the altitude of the fun in an 
hazy horizon ; for the nearer the eye is to the Curface of the water, 
the Iiearer the true horizon will be to  the eye, 

Ahice t o  Senmen in the Choice bf their .!@mIrants or Sextants. 

T h e  joints of the frame muit be clofe, witliout the leait opening 
or  looftiefs, and the ivory on the arch and nonius inlaid and 
fixed, io as not t o  rife at the ends, nor above the plane of the initru- 
ment j x11 the divifions on the arch and nonius muit  be exceeding 
fine a i d  firaight, fo that when the index or  nonius is fet to any di- 
vifion on the arch, the divifions on the line th i t  coincides may ap- 
pear diflinCf, for only the firR arid latl line on the nonius will coin- 
cide with the other lines upon the arch, if the quadrant is well di- 
vided ; likewife try in  diflkrent parts of the arch, if, ihe poniss, or 
index plate, cuts regularly in order with t h d e  on the arch, if 
they do not, the divifions are bad, and the quadrant ought to  bc re- 
jetted. 

Agaii1, look into the grcat fpeculum or index-glafs flant-ways, 
holdiiig it about ten or twelve inches from the eye, and obferve the 
image pf fome dillant objefi ; if the image appears clear and dillin& 
i n  every part of the ElalS, the $eculurn is good ; but if it  appears 
notched, or  drawn with finall lines, the glafs is veiny, and mufi be 
rejetted; if more Images than one of the fame object are key,  it 
h e w s  that the two furfaces are not ground parallel j the other fpe- 
culum may be examined in the L m e  manner. 

Obferve the fun, o r  a candle, through the dark glaffes feverally, 
holding the glafs about eight or ten inches from the eye; i f  they are 
veiny the objekt will npijear notched a t  the edges, but if clear and 
well dcfined, the glaii’cs are good. 

. ,  
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' Moil people prefer black ebony, on account of its weight ; but I 
have found by experience, that good mahogany takes the glue and 
k i n d s  the heat better. 

Qiadrants, like watches, may appear well to the eye, and yet be 
good for little ; it is therefore much better to give two guineas and a n  
half, or three guineas, for a good one, t h d t  will l d l  a nidn for life, 
than purchace thofe wretched inftrurneiits made up a t  a low price, 
which cannot be depended on. 

T h e  rays of light in pafiing through the atmofpliere are bent out 
of their ftraight courfe into a curve line; aiid hence it  h.ippen3 that 
all the heavenly bodies, except when they are i n  the zenith, appear 
higher than they ought to do, arid lo much the more the neCirer they 
are to the horizon. T h i s  apparent elevation of the'heaveiily bodits 
above their true height is called the refraaion of ohjjectts ; and the 
quapntity or eKe& of it, according to the dilferent altituJes of ob- 
jt&is, has been carefully obferved by eminent afironomers, and niuit 
alwajs be CubtraBed from the apparent altitude, but added to  the 
apparent zenith difiance of a n  ohjet9 with whatcver iiillrument the 
obrervation is made, in order to  obtairi its true altitude or zenith 
dlfiance. 

l ' h a t  the correftions of obferved altitudes of ohjeats, both on ac- 
count of the dip of' the horizon and the refraRion of their light, 
may appear a t  one view, they are  both exhibited together in  the 
tables. 

70 work an Overvation, or t o  j n d  the Latitude ofa Place,, by ikr Tables, 
ofthe Sun or Star's Derbnatian aid the Lenith Dl/tanrc. 

T h e  latitude of any place is its difiance from the equator, either 
north or fouth, counted in degrees, &c. upon an arch of the me- 
ridian, contained between the zenith, or that point dirLEtly over 
your head and the equator. I t  can never exceed 90 degrees, and 
is found by taking the altitude or height of the Tun or itar above the 
horizon of the lea with a quadrant, when 011 the meridian or due 
north or fouth of the place oi'obfervation. 

This meridian altitude, corrdted for d ip  of the horizon, and re- 
frattion, and 16 minutes the run's remi-diameter added thereto, 
gives the altitude of his centre, which being CubtraAed from 90°, 
gives the zenith diitatice or the number of degrees, &c. the centre 
of the objecit is from the point over your l\e.id; with which, and 
knowing how far the objelt is to the north clr b u t h  of the equator, 
which is called declination, the latitude is found by the meridian 4- 
titudc of any celeftidl obje&, as follows : 

Firft, If the fun  or itar be fouth when obferved, call the zenith 
diitance iuuth j but if north, call it north, 

u2 Then 



3 56 DESCRIPTlOM AND USE 

Then if the zenith diitance and declination he of contrary names ; 
that is, if the fun or flar comes to the meridian iri the north, and 
hath fouth declination, or to the fouth, and hath north declination, 
the zenith diltance, added to  the declination, gives the latitude of the 
place of obtervation; and of the f m e  name the decliiiation is of, 
whether north or iouth. 

Secondly, When the zcnith difiance and declination are of the 
fame name: that is, when the fun or ftar comes to the meridid11 
i n  the north, and hath north declination ; or t o  t'nc kmth and hath 
Coutfi daclination, fub t taa  the lei%& from the greater, and the re- 
mainder is the latitude; and to know whether i t  i s  north or fouth, 
obrerve this general rule : 

W h e n  the declination is greater than the zenith diitance, the 
latitude is of the fame name with declination j but  if lek, of a coil- 
trary name. 

NorE. FirR, W h e n  the fun or ftar is on the equator, or hath n o  
declination, the zenith diRance is the latitude of the place, and of 
a contrary name t o  the zenith difiance. 

Secondly, W h e n  the'fun or fiar is in the zenith, the declination is 
the latitude, and 6f the h n i e  name as the declination is of. For it is 
evident, that as they are equally diitant from the equator, and on the 
lame fide of it ; confequently, if thc declination be north, the latitude 
will be a l b  noith, and if Couth, fouth. 

E X A M P L E  1 . a n d 1 E  
Being a t  Tea Way q, 1796, thi 

fun's meridian alt. was found tc 
he 570  $ 5 :  and it was fouth of me 
what latitude was I in ? 

goo 00' 
Meridimalr itude SI 35 

-- 
Latitude in - 53 5 3 h '  

I':XAYPLE IJT. 
nciiij; at  cf.a J,lnuary 14, 1796, 

the {UTI'; mer. altitudr was f i i u n d  
7 2 0  1 7 '  fitid[, wh:ct wad the latitude 
of the place of obiervation ? 

900 00' 
Meridian altitude 72 '7  -- 
Zenith difiance = 17 43 S. 
Sun's dedi. Jdn 14, is ti 16 5. 

3 35s. Latitude in  - 
Jn this cafe, i t  is plain thzohfer- 

ver was betweon the fun and the 
equator. 

-- 
- .  

Being at Tea 24th July, '796, 
meridian altitude of the fun w a n  
2 7 O  I j' being north of mc, required 
the latitude irr ? 

Meridian altitude r 27 1 3  N. 

Zenith diannce = 6a 47R. 
Sun's dedi. i n  table 

for July 24 

Latitpde i n  - 

gon 00' 

-d 

-A 

43 05s. 
EXAMPLE IV. 

Being at {ea the 4th of Mart 
1796, I olhrveli the brifiht !tar 
kornalhaut 270 21 '  r~iove $e l w i -  
zon of the Ten, and i t  was louth of 
me, required the latitude in ? 

Meridian altitude = 27 ar 

Zenith diitancc 63 3.3 s. 
Fomalhaut's declination 30 42 

- 

90Q 00' 

-4 

e- 

Latitude in == j 1  5 7 N  
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NOTE. The declination here is fitted to the year 1796. 
T h e  foregoing rules are for obferviny; by the fun or e a r s  when 

they are at the greatcLt altitudes, or upon the meridian above the  
pole, bu t  as in tome p r t s  of the earth the fun does not let for fe- 

' vera! day., and fome flars nevtr let, in that cafe they may be ob- 
ferved upon the mt-ridim twice in 2 4  hours; that is, once at their 
greatefi height as before, ani1 again when they are a t  the lowefi or 
upon the meridian b J o w  the pole, to work which oblervations, take 
the following 
RULE. Add the complement of the declination to the meridian 

altitude, the furn is the latitude of the fame name with the decli- 
nation. 

E X A M P L E  V. 
A t  Tea I took the altitude of the north pole fiar, when on  the 

meridian below the pole, and found it 4 6 O  21'; required the lati? 
tudc ? 

Meridian altitude 4 6 O  21' N. 

T h e  latitude in =48 8N.  

Compl. declin'ition. I 47N. -- 
In the following examples the corrrdions for dip and refraEtion 

arc introduced : 

NOTE. As all the calculations are for 1796, thole that teach by 
this book will do wcll to  furiiih themrclvcs in  time with the above 
dmanack. 

E X A M P L E  VI. 
By a fore obfervation, the alt. 01 

the fun's lower limb was found by 
Hadley's Qadrant to be 40° 20's. 
when his declination was 9 O  6'N 
the eje  being j o  feet above d e  ho- 
rizon; required the ldtitude of' the 
place ? 
Obf. alt.  run's lower edge 
Semi-diameter to be added 

40Ozo' 
I 6 - 

App. ah. fun's centre 43 36 
Dip sf ho. to be LbtraOed 05 

App. a l t .  corre&ed by dip 40 31 
KctraCtion to be lubtratted 01 

True alt. of fun's Centre 40 3 0  

- 

'- 

Zenith diRancc 49 jo  <;. 
Dech nat ion 9 S6N. 

Latitude 

E X A M P L E  VIE. 
Suppok the cyeof  an obferver at  

3 5  fcet above the water thould with 
tiadley's Qadrant, by a fore ob- 
Grvation, hnd the alt. of Sirius 53' 
35's. when i t  paKed the meridian. 
having before - hand fer his watch, 
and found the time of Sirius's papdge; 
required the latitude of the place of 
ohrervarion ? 
ob i .  alt. of Sirius 
Dip of hor, to be fubt. 05 39 

App. alt. above hor. 53 zg * E  
RclraAion to be fubt. 42 

'True& of Sirius 55 ZS 39 

53035' o.'l 

L- 

-I 

True zenith diRance 36 3 1  2 1  S. % 

Siriuu's declination 1 6  26 475. 

L:it itude 2 0  04 34N. 

E9hM. 
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EXAMPLE VIII. 
By a back obfervation with Ha?. 

3ey5 Gadrant ,  the app. alt. of the 
fun’$ lowe; edge was 2 5 0  12’ S. 
‘when his declination was ZJ? 14’ S. 
8nd the eye 40 feet above the hori- 
zon; i n  what latitude was the obfer- 
vation made ? 
Obf. alt. fun’s lower edge 25O 12’s. 
Semi-diam. to be fubtratted I h - 
Am. alt. fun’s crntre 24 56 
Dip of hor. to be added 06 

App. alt. corrd  by the dip 2 5  02 
’Refraftion to be fubtratted oz 

True ah. fun’s centre 2 5  00 

Trne zenith d i h n c e  65 00 S. 
nc l ina t ion  ZI 14s. 

- 

Latitude 43 46N. 

E x R h f P L E  Ix. 
Suppofe on the 12th June, 1796, 

an obfrrver in an high northern 1st. 
and 65* weit of London, his eye be- 
ing 28 feet high, ot,fcrved the alt. of 
!he fun’s lower limb on the meridian 
below the pole to he 89 I 5‘s. by a 
fore oldwarion with Hatiley’s Q p d -  
rant; required the latitude ? 

The fun being ohferved below the 
pole, i t  Inuit have been at  1 2  hours 
palt noon at the place of ohfcrvalion, 
and that pldce being 650 W. of Lon- 
don = 4 hours 20’ later than a t  Lon- 
don, thertfore it mult have bccn I 6h. 
20’ paR noon at L.ondon. 

*June I 2,  1796, the fun’s declina- 
tion 239 13’ 46“ the daily variation 
is 3’12”: and as z+h. : 3’12”: : 16h. 
2 0 ‘ :  2’ I I ” ,  which added to 230 13’ 
46” (becaufe the declination is increaf- 
ins) gives ~3~ 16‘. thc fun’s declina- 
tion ar the time and place of obferva- 
[ion ncdrly. 

App. a h .  fun’s lower limb - 
kcmi-diarnetcr added - 
App. alt. fun’s centre  - 
Dip horizon fubtra&ed - 
Sun’s alt. correc‘ed by  dip - 
RefraEtion to be lubtraCted - 
T r u e  alt. of fun’s centre  - 
&mpIemtqt fun’s declin3tion - 
Latitude in - -  

8 O  IS‘S. 

8 3r 
0.5 

8 26 
06 

8 20 S. 
66 44N. 

75 04N. 

16 - 
7- 

- 
- 

OF T H E  VARIATION OF T H E  COMPASS. 
__ 

variation of the cornpafs is a n  arch of the horizon COW THE taincd between the meridian of the place and the magnetic 
meridian, and is either ea(? or wefi ; or it is the number of degrees, 
&c. the needle’s point itaiids from the true north or  iouth points 

ii See Kautical Alniaaack for 1796. 
4 of 



’59 
oft11c horizon, reckoned to  the eaitward or weltward, and is readily 
f ~ u l l d  either from the furl’s amplitude or azimuth. 

OF T H E  VARIATION OF T H E  COMPASS. 

To f i n  the true Amp/itude, 
T h e  fun’s true amplitude is an arch of the horizon, compre- 

handed between the true eafi or weit points thereof, and the centre 
of the Tun at its riling o r  retting ; or  it is the number of degrees, Prc. 
the fun rifes or Tets to the northward or fouthward of the eafi or we& 
points of the horizon. 

’1 he Fun’s magnetic amplitude is the number of degrees, &c. the  
centre is northward or fouthward of the eaft or welt points of the 
cornpaj’s at  his riling or retting, and is found with a n  azimuth corn- 
pars in the following manner : 

Having placed the azimuth comp;lfs in a convenient part of the 
fl ip,  look direaly through the fight-vanes at  the fun’s centre; and 
when the fun’s lower edge j u f i  touches the horizon, fiop thk card, 
by a flop which is placed on the compafs for that purpoie ; then 
quantity of degrees and minutes cont<iincd between the eafi or w&, 
and the north and fouth points of the conlpafs will be the magnetic 

As fine corn. lat. 5 1 e  32’ 9.79383 
1s to radius io.ooooo 
SO isfi. fun’sdec 1o0 43’s. 9.26940 

To fi. of trueamp. 1i0z.+‘ 9.47557 
- 

amplitude. 
T h e  true amplitude is found either by inlpeiction in the tables of 

the Tun’s amplitude, or by calculation, as follows : 

RULE. As  the fine complement of the latitude 
Is to radius, 
So is the fine of the fun or fiar’s declination 
T o  the fine of the truc amplitude : 

Which isalways of the fdme name with the declination, whether 
north or fouth. 

Or, to the recant of the latitude, (rejelling the index) add the 
bg. line of the fun’s declination, the futn will be the log. line of the‘ 
true amplitude. 

NOTE. l ’he arithmetical complement of the co- fine of any arch 
is always equal to the recant of that arch, throwing away radius, 
or neglefiing one, which ffands the firlt figure 111 the fecant’s in- 
d e x ;  likewife the arithmetical complement of the fine of any 
arch, is the co-recant of that arch lek radius, or the firfi figure 
of its index : Wherefore, the arithmetical c~rnplement  of the 
fine or co-fine of any arch is found in  the table of recants by 

O r  thus : 
[.at. 32’ N. Gcant 0.20617 
Ded. IO 40 s. log. fine 9.26940 

True amp, 1 7 “  tq’S. = 9.47~57 
- 

E X A M P L E  I. 
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E X A M P L E  11. 

Tn latitude 380 25' N. what is the fun's true amplitude when the 

Lat. 380 22' N. frcant 0,10595 
So is fine fun'sdecl. 18' 59' Decl. 1 8  59 N. log. fine g . 5 1 ~ ~ 7  

declination is 18' 59' N. ? 
As fine corn. ]at. 3 8 O  2s' 
Is to radius 

To fun's trueamp. 24' 3 z f F z 1  Log. fi. z4.O jz'true am.N. 9.61822 

TO j n d  the true Amplkdde by the YKble of Amplitudes. 
Look for the given declination a t  the top of the table, and the 

latitude in the firi t  column on the left hand, in the common angle 
of meeting, will be the degrees and minutes of the amplitude rc- 
quired.. 

E X A M P L E  I. 

Or thus : 

-- 

In latitilde 40' N. when the declination was ~ 7 *  N. required the 
fun's true amplitude at  rifing ? 

Under declination 17*, and right againit the latitude 4O, itand 
2 2 O  26' the true amplitude, and is t o  be counted from the eait to- 
wads the north, beraufe it is at  the iun's rifing, and the declina- 
tioil is north ; that  is, E. 22' 26' N. 

1:ut when the !atitude i s  given in degrees, and the declination in 
degrees and minutes, find the declin. a t  the top as beforr, and the 
nearefi degrees to the given latitude in the left-hand column, againit 
which, arid under the given declin. fiands the tsue amplitude j or, 
if the minutes of the declination be near 30, or half a degree, find 
the  amplitude for the given degrees of declination, and the ampli- 
tude for one degree above it, add there two amplitudes together, 
half their rum will be the true amplitude, fufficiently ex?.& for 
pradice at lea. 

E X A M P L E  11. 
Suppore I wniild know the fun's true arnplititude at his fetting in 

Find the ampl. as before fer the 
latitude 57: his decliri~tion being 1 1 ~  33' S. 

Lat.57O, and the declinations} 12 { which will be I I Q  

- 
T h e i r  furn 42 44 

Half the Turn 21 22 is 
- 

the true amplitude : that is, W. 2 1 O  22's. becaufe a t  furl retting, 
and the declination iouth. In  like manner, if the declination be in 
degrees, and the latitude in degrees and minutes, as in 

EXAMPLE 



E X X M M L E ~ l I f .  ~ . 
Suppore it were required to find the Fun's true amplitude at retting 

Wow 27 minutes being nearly half a degree, therefore, 
in latitude 49" 27't when his dd ina t ion  was 21* N. 

49' and declination 2 io  { 33" 6' 
For la'' { 50 } the amplitudes Ire 33 52 . 

Sum 66 58 
- - 

Balf the rum is 3 2% thc true am- 

and the declination N. 
When the lati tub and declination are both given in degrees and 

minutes, take the neareft degrees to both, unlefs they are ne? 

ditude required,; that is, W. 33' 29' N. becau P e the fun WIS fttting, 

as obferved before, and find the ainplimde. asA I&- 

, E X A M P & E  Iv. 
Suppore it were required to find the fun's true amplitude at feUi 

i n  latitude 49" 18', his declination being 12' 41'N. 
NOW as the latitude is nearelt to 49', and the declination near& 

200, therefore agaiafi latitude 49' and under declination 200, f i d s  
31" 25' N. the true amplitude; that is, W. 3i0 25' N. thc declination 
being north, and at the fun's letting. 

Te~fnd  the true Azirkth. 
The tree azimth i s  an arch of t'le horizon, donrzincd ktcrrcrcl) 

the meridian of the place and the azimuth circle, paning t h r w  b 
the centre of the fun or Rar at  the time of obl'civationp-or it h4k' 
true diitance of the fun or ftar from the true north aud fouth p&a&* 0 

the cotnpfs. . I- ,+ ' . 
T h e  magnetic azim'uth is an arch of the horizon contaidevf be- 

tween the magnetic meridian and the azimuth circle, pafing through 
the centre of the fun or ilar when obiervcd; or it is the apprent  
diflance of the fun or fiar from the north or fourh poims of the 
compak, cither in the forenoan or in the afternoon, when they are 
9, ioo, 19, Prc. above t'ie horizon; and the lefs the zltitude i+tho 
 tore ex& you may perform the obltrvation. 

T h e  magnetic azimuth is found by the cornpafs in the following 
mdnner, 

Vlace the cotnpafs in a convenient part of the e; rhea 
move it fo tha t  the fights ma? be Jiretted PO the & d s ' e n t ~ ; &  
and the ihadow of the firing will tall direLily on tk lin& 
marked on the plane which join the fights; then the degree, 
kc.  in the arch intercepted between the end of the index, and 
north point ot the card, will give the magnetic azimuth required. 
if the full does riot fhme ilrong enough to give a Ororig illadow, 

X look 

' 
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look through one of the l i g h ,  and move the cornpais till m e  of the 
firings cuts the fun’s centre, and then the intercepted arch, as before7 
k w s  the  fun’s azimuth, and the like of the itar’s. 
. When there is a rough Tea, rhe oblervation is beit made by two 
perrons, and i6the card vibrates much, take the middle degree between 
the limits which the vibration reaches. 

W h e n  the azimuth is obferved, the altitude uf the o b j e a  muR be 
obferved a t  the fame time. 

Having the latitude of the place of obfervation, and the fun or fiar’9 
declination with the altitude a t  the time of obfervation, the trae 
azimuth is found as follows : 

s Tu firrd thc true azimuth, obfttve thefe general rules; 

Add the complement of the latitude, 
the complement of the altitude, 
and the fun or ftar’s p d a r  difiance into one fum: 

From hatfthis fum, fubtra&t the polar diitance, 
and note the half-rum and the remainder. 

T h e  arithmetical romp. of the log. eo-fine of the altitude, 
T h e  arithmetical comp. of the log. co-fine of the latitude, 
T h e  log. fine of the half-rum, 
And the log. fine of the remainder into one fum. 
Half the rum of thefe four logarithms, will give the log co-fine 

QE half the true azimuth, which being doubled, gives the true a z k  
mu&, reckoned from the north jn m r t h  latitude, and from the fouth 
in k u t h  latitude. 

Add together 
T h e  log. co-fecant of the corn&. latitude, rejeaing 

?‘he log. fine of the half-Cum, 
And the log. tine of the remainder, into one Cum; 
Half the rum of thefe four logarithmsf will be the log. co-tfine of 

the half of the true azimuth. 
, N. B. T h e  polar diftance of the fun or flar, i s  their diRance from 
&e neareit, or elevated pole, and if the latitude of the (place, a i d  
the declina:ion of the f u n  or itar, be both north, or both I‘outh, 
the& the  complement of the declination is the polar diaanct  ; but 
if tho latitude and declination one be norrh, rspd the other louth, the 
declination added t o  90“ gives the polar diftance. 

I 

T h e n  add together 

Or thus: I 

indexes, T h e  log. co-fecant of the comp. altitude, 1 
’ -,, 
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In latitude 51' 32' N. the fun's altitude was obfervcd to be 39' 281, 
his dcclinatioll being then 16" 37' N.; required the true azimuth? ~ 

goo 00' go" 00' go" 00: 

Latitude 5 1  3 2  N.Altitude 32 28 Declination 1 6  37 

Co.alt. 50 32 P o k  diit. 7 3  23 
-- - -c 

-- -4 
Co-lrt. 38 28 Ar. co-fine 0,20617 
Co-alt. 50 32 Ar.co-fine 0,11239 
Polar diR. 73 23 

Sum 162 2 3  

5 Sum 81  1 1 '  Log. fine 9,99484 
Polar din. 7 3  23 

Remainder 7 48 Log. fine 9,13263 

-- 
-I 

-- 
-- 7- 

19,44603 --- 
Log. CO.-fi. 58'661 9.72301 

2 

True azimuth I I 6 I z from the north. 

'EXAMPLE 11. Worked by fecond method, 
I n  latitude 4%' 16' N. the fun's altitude was 'obfcrved t~ 

401, his declination being then 7b 38' 5. ; required the true anifst&& 

bt i tude  4 2  16 N. Altitude 18 40 Declination 
goo 00' 900 00' 

-- - 
97 38 

Codt. 71 20 

CO .]at. 47 ,44 Co-recant 0,13076 
Co alt. 7 1  20 Co-recant 0,02397 
Ydar diR, 97 38 

Sum 216 +z 

a Sum 108 21 Log.fine 9.97733 
tolardifi. 97 38 ' 

Remainder I O  43 bg. fine 9,26940 

Sum ~9,40096 

Sum log. co-6.59.53= 9,70048 
a-  

-- 

-- -- 
-- 

-- 
- 

- 
True azimuth r lag 46 from the aarh 

x 2  
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T h e  following queRions are kt down fix the Learner's Exercife: 

~ & I I I  I. Being at Tea, in latitide40° 38' N. in the afternoon, 
@IC pn's aljitude was obierved to be 20' 46', when his declination 
was ? 7 O  10 s ; what qas  the fun's azimuth at that time? 

,44wer. 137' 50' from the north. 
%J. 11. What i s  the fun's true azimuth in lat. 26O 30' N. in 

ewon, when his altitude is 24" 28; and his declindtion 22* 

An/: 75O 441 from the north point of the compab. 
qup. 111. At the ifland of St. Helena, the fun's altitude Was 

Am. 7 2 O  22'from the Couth,or i o i o  38 from the north. xu@. IV. What point of the compafs does &e itor Aldebaran 

I 30" 20' from the foyth, or 4g9 4.d fram the north. 

the 
40' north ? 

ohferved to bc 30" 22' in the forenoon, his declination being then 
58's. ; required the azimuth at that time! 

bwr on, at the Cape of Good Hope, when its altitude is 2 2 O  25'! 

Having found the fun's trvc amplitude or azimuth by the preceding 
metms, &c. magnetic amplitude or azimuth by obfervation, it is 
&dent, that when they agree there is no variation ; but when they 
difagree, then, if the true and obferved amplitudes be both of the 
fame.name, that is, both north or both fouth, their difterence is the 
variation; but if the true and obfcrved amplitudes be of different 
names, that is, one north and the other h t h ,  their h e  is the varia- 
tion. Again, if the true and obierved azimuths be both on the eait, 
e wh on the weft fide of the meridian, their diffcrence is the 

; hut if the trqe and obkrved azimuths be one on the eail 
0 the weft fide of the meridian, {heir rum gives the variation; 

whether the variation is eafierly or wderly, obierve 

' 

R U L E .  

Let the obferver's face be turned to the h a ;  then, if the true 
amplitude or azimuth be to the right hand of the magnetic, or obfer- 
yed, the variation IS eafterly j but if to the left hand, wefierly, 

E X A M P L E  I. 

Spppofe the fun's magnetic amplitude at rihng is found to be E. 26a 
a 2' N, but the true is found to be E. 14' ?d N. j required the varia- 

From the reatqr E. 260 12' N. 
E. 14 20 N. 

Remains the variation ti 52 E. 

-tion? 

- Take  the f elrer 
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Which is eatlerly, bccaufe in this cafe the true amplitude is to t h e  
right of the obferved, 

N 

W E 

S 

With the chord of 60 defcribe a circle to reprefent the corn*, 
t h r o q h  which draw the north, fouth, eaft and wetl fines ; taka 
rhe amplitudeat rifin 26" 12' from the fine of chords, and Fetcin 
it f r m  E. towards 8; and iikewik the me amplitude r + * ~ ' ,  on 
fer i t  from E. towards N, as before, the diffirence of thefe two an- 
gles, or between the true and ma netic amplitudes, viz. I I' 52' is 

rizon, reprelented by the cornpars, and looking towards the rn - 
netic amplitude at the fun's rifing, it  i s  plain that the true PIY& 
tude found by calculation is towards the right hand .of tha obfervd, 
which hews the variation is 1 ( O  52'E. and muR be allowed %&e 
right hand in all coudes fieered, betore they can be pu t  in the Sra- 
wrfe 'Table or bearings, taken by the cornpars, 

E X A M P L E  11. 
suppole the fun's true amplitude at letting be W. 34O 26' S. and his 

magnetic amplitude W. a3* r f  S. requirod h e  variation, fince they 
are both of the fame name ! 

!i 
the variation. Now fuppofe your f elf placed at the centre of thc ho- 

From the greater -. 
Take  the leflcr - 
Remains the variation 

Which is welterly, becaufe the tru 
obferved in this cafe. 
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N 

EXAMPLE rrr. 
Suppofe the true azi- 

muth  8 + O  40W. 
7 he mag. az. IOI ISW.  

* variation 16 35 

W - 

*'Let N. E, S. and W. reprerent the horizon, C, D. F, an 
mimpith circle, pafiirlg through the fun's centre ; now an abfarwr, 
pIacet! at the centre, will fee the fun at rifing in the line 1, but when 
he gets a greater altitude, aiid arrives at E, he will fee the fun in 
the h e  0 2,  and as the fun alters its altitude, will be feen in the 
lines 0 3, 0 4, 0 5, at length will arrive at  its meridian 2, S, 
arid the figures 2, 3, 4, 5, will rcprefent the magnetic azimuth ; 
the difference between theie and the true azimuth found by calcula- 
fl e variation. 

E X A M P L E  IV. 
Suppofe the fun's true amplitudl 

at  riiing is E. 13" zJ/ N. and hi 
mgnetic arni4itutie E. JZ' 32' S 
required the variation, and whict 
way ? 

Sinrr the true amplitude and ob. 
fervcd h a w  different names 
'r0 the true amplitude E. 13' z4'N. 
Add the niagnetic amp. E. I 2 32 S. 

'I he fum is the variation 25 56W. -- 
Which i s  weRerIg, hecauf? the 

true amplitude is to the left of the 
oLla 4, 

E ! X I M P L L  v. 
. Suppofe the fun'& true azimuth 

in tlie forenoon i b  N. 86" 40' eaiterly, 
but by the csmpafv it is N. 73" 24' 
eafierly ; required the variation and 
which wa)' ? 

Since the true and ohferved azi- 
rnu.hs are both 6n the fame f idrnf  
the meridian, 
Prom the greater N. 86' 40' E, 
Take the leKer N. 73 2 4  E. 

Remainder variation 1 3  I 6 E. 
- 
- 

Which i j  cafferly, becaufe the 
true azimuth is to the right of the 
oblrved. 



EXAMPLE VI. 
Suppofe the fun's true azimuth i a  

N. 32" 28' eafierly. and his mag- 
hetic azimuth N. 8 O  50' weit; re- 
quired the variatiou, and wfiich 
way ? 

Since they are on the different fides 
of the rneriJian, 
TO the t r w  azimurh N. 320 zS' E. 
Addthe mrg.azim. N. 8 SOW. 

sum b the variation 41 I S  E. 

Which ia  eafferly, becaufe the 
true azimuth is to the right of the 

- 

cb fer ved. 

EXAMPLO VII. 
Suppok the fun's true rzimutk 

S. 1 7 9  4s' E and the mag- 
nrric azimuth s. 5 0  48' weR, re- 
quired the variation and which 
way ? 

Sirice they are on different fides of 
the mrridian, 
To the true azimuth 
Add the obfervedaz. S. 5 48 W. 

Sum is the variation 23 33 W. 

Which is wefi, becaufe thc true 
azimuth is to the left of the ob- ' 

S. 17Q 45' E. 

-- 
-- 

fcrved. 
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One  Magpus, a ihepherd, firR difcovered the wonderful power 
qfthe loadflone, that  gives polarit to the needle, by its flicking to 

the fione, or magnetic needle. Gxo, of Naples, about 300 years 
ago, firft difcovered that a piece of iron rubbed on it, and then fur- 
pended, had the property of pointing to the north and fouth, and 
thence applied to Navigation. An author of fome degree of popu- 
larity, who has drawn a variation chart, fays, he has found out the 
theory of the variation of the magnetic needle, without favouring 
the world with the principles; if his genius has been able to pene- 
trate into the bowels of the earth, to difcover this wonderful phe- 
nomenon, it is more than Sir ISAAC NEWTON’S or Dr. HALLEY’S 
could do; however, his veracity may be well doubted, as Mr. 
WALES, who accompanied Captain Cook round the world, told me, 
that his theory did not reach thok iflands which they dilcovered. 

How t o  torch thr Camp4 Ncttih. 

the iron of his fandals; whence t f: e name of Magnet was given to 

Having two firong mapnetical b the eompafs needle as 
m r l y  north and fouth as you can, w intended north north- 
wards, join the two magnets in a line, confiderably above the 
n d l e ,  the north end of each being northward, and bring‘ them 
down upon the needle, io that the place of junAion may be over 
its centre ; then draw them afunder along each half of the needle, 
and continue their motion till they are eight inches clear of the 
needle’s end; by a circular motion bring thorn a ain to the centre 

taking care not to put the magnets out of their parallelilm, and the 
aeede wjll be fufficientiy magnetical. 

and join them as before; repeat this operation P IX or fevcn times, 

THE METHOD OF KEEPING A 

SHIP’S RECKONING OR JOURNAL AT SEA. 

Y keeping a Ship’s Reckonhg or  Journal, is meant keeping B luch an account of the hip’s way, that the mariner may bo 
able at ahy time to afcertain the latitude and longitude the ihxp is in; 
it therefore fhould be the great concern of every pcrfon whotakes 

~ upon them rhe navigating of h ips  to remote parts, to be expert 
therein, as tbe lives and fortunes of io many men are committed to 
he ir  chargc. 

4 When 



KEEPING A SOVkNAL AT SEA. 

men a h i p  is bound from one place to another, which lies To 
far from her, that he is obliged to go out of fight of land for any 
confiderable time, as from England to Jamaica ; at  the time of her 
leaving tight of land, fie is faid to  take her departurz, and that 
part o f t h e  land fie then leaves, is [aid to be the place h e  takes her 
departure from ; fuch as the Land’s-end, Lizard, &c. and a t  
the ti* of taking fuch departure, the captain or inate generally 
takes the bearing and diftance of that land, (according to his judg- 
ment) and rets i t  down on the log-board, o r  in the log-bnok again& 
the time it was taken, thus, Land’s-end N. N. E. diit. 7 leagues, or 
Lizard N. by W. dift. 5 leagues, &c. 

I n  the fame manner may the departure from any place be  taken, 
as may be feen in the firfl day’s log of the following journal, where 
the log-book is marked in coluniris for hours, knots, faFho S, 

murfes, diitances, northings, or. fouthings, eafiingz, or 
the latitude by dead re , latitude by obrervation, 
diitance, difference of lo , longitude in, and in the 1 
ing and diltance of the la  

Notice muit be t a h n ,  that in the column for courfe, you are a]- 
bays to  k t  down the courfe you have made by your’ reckoning for 
that twCnty-four hours ; that is, from the noon of the day bef, re to 
the noon of the day you work on, the fea account being always kept 
from noon to noon. 

DFad reckoning, is that account deduced from occurrences which 
are written on the log-board. 

In the colunins for difiancc you are to fet down the diitance made 
by our reckoning for that twenty-four hours. h the columns of northing and fouthing, you are to fet down the 
difference of latitude made in that twenty-four hours, marking the 
column with north, if the difference of latitude be north i and fouth, 
if h t h .  

In the column of eatking or wefiing you are to fet down the de- 
parture made that 24 hours, marking the column with eafi, if the 
departure be eai), and with weit, if wefterly. 
In the column marked latitude by D. R. you are to ret down the 

latitude you reckon yourfelf in  on that day; and i n  the column 
marked lat. by ob. you are to fet down the latitude found by oh- 
f b a t i o n ;  alfo the difference of longitude made in the 24 hours 
in  the column marked diff. lon the longitude in, in the column 
marked long. in ; and in the la[; ’the bearing and diflance from the: 
land. 

T h e  variation, if any, muR be allowed upon all courfes fleer- 
ed, and. upon all bearings that are taken by the compafs; that is, 
if at be cafterly variation, it muit be allowed the tisht-hand, if 
w e r l y ,  to the left of the c o d e  or bearing. Suppofing your- 

Y iel 
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courles, winds, leeway, tratifaCtions j and undcr it the columns T or 
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felf placed in the centre of the compds, and looking direlily' f o r w d  
to the poilit YOU ate to allow the var&io*pon, 

E X A M P L E .  
suppore I freer 5. W. and there is one point weRerIy variation9 

tbm mY true coude is 5. W. by S ; or fuppofe I ret a point of land, 
and find it to bear by the compafs E. S. E. and I know there is half 
3 point eafierly variation, then die true bearing is S. E. by E. t E, 

Leeway m u f  be allowed upon all courfes fteered, which is the 
diff'etence between the point which the h i p  endeavours to fail upon, 
and the point h e  really fails upon, and is caufed by the force ot the 
wind or fur@ of the rea, when h e  is cbfe hauled or plying to .wind4 
d u d ,  which makes her fall offand glide fide-ways from the point of 
the compafs fhe capes at, and muft he allowed to Le on the right- 
hand of the courfe Reered when the larboard tacks are on board, 
ahd to the leftahand when the ftarboard tacks are on board. The 
allowances that are generally made are as follow : 

fi. When a h i p  is clofe hauled, if all her fails be fct, the wxtet 
y t h ,  and a moderate gale of wind, he is then fup&eJ to make 

2diy. ?'he h i p  being upo:~ a wind, and the h a l l  fails in, allow 
o n e  point for leeway. 

3dlg. 'The wind blowing hard, to as to caufe one toy-fail to be 
taken in, allow two points for leeway. 

4:hly. When it blows To hard that both top-fails are taken in, an& 
the lea runs high, allow the11 three poiiits for leeway. 

Sthp: T h e  fore-fail being furled, and the h i p  tries un&r a 
mam- ail and mizen, allow four points for leeway i for fhe then 
nfafres her way about four points before the beam, as tbc fea pbrafc, 
is, 

bthly. When the h i p  tries under the main-fail only, fie the0 
makes her way about three points before the twarn, that is, allow 
near five points leeway. 

7thly. If the fhip tries under the mizen only, the way is about 
two points before the beam j that is, allow fix points for her lee- 
wa . 

Jthly. When fhe lies hull, that is, with all her fails furled, her 
way is one point before the beam, and then feven poitits is'her 
leeway. 

IVhen a h i p  is lying-to under a main-fdil, mizen, &ce 

then 9th'g. o ferve how fie comes up and falls off, and take the middle 
between the two points, and from thit allow the leeway and va* 
r i J t i on, 
NOTE. In a11 cafes, refpea muft he had to the fiooothneh of tb 

water, or to the rea's rurining high, the mould and trim of th 
fllipj atid then the allo\vanccs may be afcertained with the greater 

ces taintf'a 

or no leeway. 

5 
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wrtainty, by fettittg the <fhip's Wake by a compafs placed on each 
mil of the fhip's qudrfer, which is ufually ret there for that pur- 
pore. 

For it is well-known, .that fome hips, with the fame quantity of 
t i l ,  and with the h m e  gale, will rqake more or lefs leeway than 
other9 ; and alfo the fame h i p  when fhe is out of her trim, or dif- 
ferently loaded, will make different leewa s : for it is obfervable, 

caufe f i e  then meets with a greater refiflance in  Gditting the water 
with her fide, that1 otherwife he would. 
The leeway may be eafily found by the azimuth compafs, 

turning the inftrument about until you fee the wake o f  the lh(p 
either over the fights or parallcl to them ; then the point of the 
card, which is cut by the vertica! line i n  the box, which is nearefi 
to you, is the true courfc; the ditrerence between that and the 
courfe given by the cornpafs i n  the binnacle, is the Iceway required, 
which ought to be zccordingfy d n m e d  upon the log-board. 

T h e r e  is another way of finding the leeway, by fixing a codpafs 
cut in lend (or in other metal) on the poop, or Ibtne otber conxu- 
riient pai t  of the hip's ftern, with tlie nieridian parallel to the 
fhip's fide, and i n  the centre? pin is fixed, to which is fafierird a 
finall line of a good length, with a piece of wood at  the end of it, 
that it may be dr3ggt.d after the hip. T h e  point or degrcc cu t  by 
this line wil h e w  ,thz leeway; if it cuts t!ie nieridian, the ikip 
makes no lcewny ; but i i  it does hot, the diff'erence betlveen the 
meridian and where i t  cut? is the leqv~r~y. 

By fome of the above methods, the Ieectay (if there be any) 
ought to be carefully obkrved a$ often as may b t  jod@ fieceffary j 
and there obrcrvatiops fliould be puiiAudlly ret down by the  officer 
of the refpeR:ve watch ; a t  leait, if' no obfervntion be made, he 
ought to (et down the lwway according to his juJgrnent once or 
twice in the watch, and by this means the courl'r m d e  pod may 
be  found to a m u c h  greater certainty and exallticfs than hx the 
common method of allowing for leeway,,when the day's account 
comes to be wo1 ked (which is generally once in 2) hours) ; for 
an obfervation inulk certainly be better than any guefs. B u t  if n o  
obfcrvation Le made, the perron who is upon deck, and has the 
care of the watch, is better able to m kc. proper allowances, while 
thin s are frelh in his memory, atid while he is an .t  yz-witnefs (IF 
ble than another who was not upon the deck during the whola 
watch. 

I have often admired to fce hr)w particularly every t%ng is 
lfated upon the Jog-board, excepting the leeway: and yet that 
(which is one, of the molt material articles, Gnce the qourfe, BC- 
cording to the compak, rnufi be correcqed by it) only a ~ ~ o w e d  for 
the next day according to every one's iancy, thereby, as it were, 
keeping as many different journals as there y e  artifis (fo called) on 

Y2 boar4 

that the more water a fhip draws, the le r" s leeway f i e  makes; be- 

the B everal accidents that happen ; and certainly much more capa- 



board the hip, and yet not one regular journal properly kept 
, amongit them all, fince one of the moil material article8 is only 

guelfed at. 

E X A M P L E  1. 
Suppofe I fleer N. E. by E. with my larboard tacks on board, and 

make one point lceway, then my courfe made good is E. N. E. 
Leeway and variation, when they are both to be allowed on0 

way, that is, both to the right hand, or both to the lefr, add them 
together, and allow their fum the fame way they were to be al- 
lowed. 

But if they are to be allowed, one to the right-hand, and theother 
to the left, fubtraa the leis from the greater, and allow the remain- 
der the fame way the greater was to be allowed. 

E X A M P L E  11. 
Suppofe I fleer N. N. W. with by itarboard tacks on board, and 

make one point leeway, there being at the time halt a point welterly 
variation ; I would know my true courk t 

Leeway to the left-hand - I point, 
Variation to ditto II f point. 

-I 

Their fum to be allowed to the left-hand I 8 
Whence the true c o d e  is N. W. by N. f W, 

E X A M P L E  111. 
s u p p l e  I.ffeer S. W. by W. with my ldrboard tacks on board, 

and makc two points and a half leeway, and I have one point and a 
quarter wefiterly variati6n ; what IS my true courfe ? 

Leeway ta the ,ri' ht-hand '- 2 $ points. 
Variation to thefeft-hand - I t point, 

c 

> -  

T h e  rem. to be allowed to the right-hand I 
Whence the true courfe W. S. W, 5 wefierly. 

$ 

E X A M P L E  IV. 
Suppofe a h i p  lying-to under a main-hi], with her itarboard tacks 

or) board, comes up E. by S. and falls OK to N. E. by 8. there being 
one point weiterly variation, and f i e  nukes 5 points leeway ; what 
courik does I he make good ? 

T h e  middle between E. by S. and N. E. by E. is E. by N. ; for 
which, 'allowing 6 points trJ the left-hand, the true courfr will be 
N. hv E. 

It 5s plain by the preceding examples, that if the leeway is made 
towards 
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towrrds the meridim, it is taken from the courk fleered but When 
it is made from the meridian, i t  muQ add to the c o d e  f teerd,  to 
find the true courfe. 
difference of the leeway and varidt;on, as may be feen by the follow- 
ing table, which is here ret down to exercife the young Navigator ia 
the foregoing rules, 

'The fame maybe  obferved o f t h e  Cum 

Courfes 
Ree'ed. 

N. W. f w, 
W. 

w. s. w. 
W. 

W. by N. 
s. w. 

S. 
s. s. w. 
s, w. 
W. 

W. by N. 
S. 

-- 

EE: 2 ;* 
E. 
E. 

S. 
E. S .  E. 

w. s. w. 
W. by N. 
N. w. 

-.- 

S. 
N. by E. 
4. W. by N. 
J . W. by W , 
W. by S. 

T H E  T A B L E .  

Winds. 

N. N, E. 
N. N. w. 

S. s.s w. 
H. by W. 
W. N. W. 

w. s. T V .  
' w. 
I- 

J*z.bK 
N. by W. 
E. S. E. 

N. 
N. 
S. 

s. 4 E. ' 

E. S. E. 
N. E. 
S. 

w. s.\w. 
w. s. w. 
W. by S. 

1. W. bv N. 

;. w. by s. 

I.W. by w< 
N. by E. 

-- 

2ourfes correaet 

N. 5 .# W. 

S.6 $ W. 
w. 

S.64 w. 

s. 7 w. s. I f w. 
s. s. E. 
s 3 %  s. s. w. I w - 

W. by N. 4 W, 
w. s. w. 3 w 

s. 4 w. 
E. by N. 

E. N. E. 4 E. 
E. by N. 4 E. 
E. N. E. $E. 

S. by E. +E. 

S. W. by W. 
W. 4 N. 

E. by S a  $ E. 

N. w. 8 w. 
S. 5: E. 

N. N. E. $. E. 
N. W. 

w. :- s. 
J. W.byCV.fW 

NOTE. In  failing in the channcl, or along a cbalt in a tidy or 
current, particular cake muit be taken to take its retting for 0 
coude, and its drift for a difiance, which muR be entered among 
$he courfrs and difiaaces in the table of that day's rykonirq. 

And 
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And whtre'tfre &dng of the tide and drift ate not known, you mu@ 
at ta in  the point i t  muR ret upon, both of thd flood and,ebb, from t h  
&art df the coaft ou are failing along, by thq timesof high water at dif- 

dkki rocks, hds, fand banks, &c. 13y a h i &  regard to there, both 
ahe drift and retting of the tides may be pretty nearly afcertained and 
allowed for. 

Currents, the way they fet y6u, a n d  the diffance you fuppofe you 
a r e  driven by them, is to be fct in  the travede table for the day, as 
any other courfe and bffance. 

E X A M P C E  V. 
try the current, and find it to fer w. by N. per ~0111- 

pars one mile per hour, the ;variation being OM point eafierly ; then 
i f  I {ail in that current 24 houts, 1 iet down in the table as a ccburfe, 
W. N. W. difiance 24 miles, 

Heave ofthe fea is to be acmunted for in the fame manner as cvr- 
rents  : as, hppofe there is a reat Tea heaving towards the S. W. by 

'down in my travede table S. W. by s. Ball wefierly, with EO much 
difilnce as I judge the fea has heaved the hip.  

At leaving the land, the oppofite point OC the bearing, with the 
variation allowed upon it, and the difitance you judge yoqrklf 
from it, niufi be ret d o w i ~  in the travede table ag'a courie and dif, 
$ante. 

&vent phces  on t l e coafi, and by the principles of Adds adling again& 

s u p p d e  

m y  compafs, there being ha P f a point weff erJy variation, I then fet 

E X A M P L E  VI. 
@uppofe, having one and A quarter p o h t  weherly vlriatiorf, the 

Staf t  bearing by my corn afs N. W. E. diRntit f i r  leagues ; the 
oppbfite poiiit to N. $J,i, is S. 5. W. which, kith the variation, 
makes S. 4 weiterly, for the courfe tu bc ret i l l  the traverre table, 
difftnt 12 miles, 

W h e n  you mdke the land p u r  bearing, itfelf (with the varia- 
tion allowed upon it, and the diftance you judge yourielf from i t )  
i s  to  be fet down in  the traverk table, as a c&q,wd diftance, This 
needs no example. 

The courfes mnrked on the log-board arc the courfcs fleered by 
the  cornpars. I n  order to obtain the triie courfe, i t  is iieceflhry to 
allow both for the variation of the compafs, atrJ for the leeway up-  
o n  c a d i  coarfe on the log-board, a8 has been h e w n ,  before they are 
put into the traverie tab'c. 

Every day, a t  noon, the log-board is to be trankribed into the 
log-baokg which i s  ruled exaaly like the log-board. 

Mariners reckon by the civil account of time ufed on fiore, but 
they keep the reckot)iJig for the hip's place, by begiiining at 

lloon) 
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Roon, and countin$ from thence 24 burs to the next noon, Frw 
noon to mdeight they mark with P. M. figaifybg after mid-days 
and the fecond twelve hours with A. M. fignifying after midnightr 
ending their day’s work at the noon of the civil da Hence, tkk, 

time. Amd as the fun’s declination ukd for finally determining he 
aip’3 place a t  the end of the fea.day is calculated for the noortahzlrcr 
c o a m o n  day at  London or Greenwich, thcrefora the declination far 
the  n00n of the civil day muft be taken for deterrnhhg the laritwkm 
&c. at  finiihing their day’s account, Thus, a ddy’s work marked 
Tuefday, M a y  6th, began on Monday a t  noon, atad erids on Tuefdy 
noon, io that the fun’s declination for the 6th of M P ~  is Uced for tho 
noon of TueMa); and fitted t o  the meridian of the hip, accordiag a* 
fhe is E. or w. of London, 

There are various methods of keeping a fea journal, according 
to the fentimnents of various perlbns, with regard to what dderveo 
being recorded : Come approve of a journal including the log- boak, 
each day’s work at  Lome length, and fuch occurrences as  kern fbE 
molt importance j while others prefer a h a r t  abItra& of this bn 
journal, containing little mora than the c o d e  run, the latitude &R 
longitude in, and Ibmetimss the bcarirtg and d i h c e  of the intend- 
ed port for each day. 

I n  the followiRg journal the long form is ufed as reprerenting more 
f.dy each day’s work, and the necefrry corre&ions : and an abtlmaQ 
of this may be drawn gut in the ihorweit form that feems confiftent 
with diftinCtnels. T h e  Learner ought to be thoroughly acquainted 
with the long form, and when he does that, he may either continue it, 
or take the kortef i  form ; or retrenching from the firit,  and adding 
tq the fecod what particulars he thinks proper, and thereby make 
q i t  a form adapted t9 his own particular taRe. 

fhip’s accoutlt is twelve hours earlier than their iK’ ore account. 4 

8 

8 11% 

RULES for corretting the DEAD RECKOMING 
by an Obfervation. 

r !  ,J 

NOTWITHSTANPING the rule$ already laid down fqr kecp- 
in4 a hip’s  way at fea, get by reafori of the fevcral agcidents 

that may attcnd,a h i p  in one day’s Tup, iuch as fwelling fqas, dif- 
&rent rates of failiag between the tirneS of h c a ~ i i ~ g  the log, .want of 

care 
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care at  the helm in letting the k i p  fall off, or come to, accidentflf 
currenb, iudden FquaIls, when no account can be kept, &c. the latl- 
tude by account and latitude by obfervation may very often differ7 
then i8 15" necefiry that proper correCtions be made in $he difference 
of longitude. 

When you have made all proper allowances ou can, fuch as for 
leeway, variation, currents, &c. and it ill find t 1 at your latitude by 
account will not agree with your latitude by obfervation, then YOU 
muit correa as follows: 

Firfi, Confider whether you have made proper allowances for 
currents, heave of the fea, if the coude a t  the b e h  has been care- 
fully attended ts, if the log-line and hdf-minute glafs be jurt, and 
the log properly hove, or any  iudden fqualls, or proper allowances 
made tor the leeway, &c. which of there you conjedure your er- 
ror is in; make what allowances you thiiik meet to your difference 
of latitude and departure by dead reckoning, and fee if that will re- 
farm your latitude by account, fo as to make it agree with your la- 
ritude by o ewatjon; i f i t  does, you have guefled right (for YOU 

Shing to be depended on);  but if it  will not agree with the ob- 
krved latitude, it  is to be Cuppored that there are rnifiakes in your 
conjeeure, or Come other caufe which produces the error in the 
rtckonbg, and fiands in need of being correaed. I n  this cafe, 
you are firfi to examine your lop-line and half-minute glafs, and 
if there be an error in them, allow for it, as in the following 
examples : 

muit always x eep to the latitude by obfervation, it bcing the only 

E X A M P L E  I. 

1 'litefferday at noon, we were in latitude 48' 2o'N. and till this 
day at noon we have failFd S. S. w. 48 miles, s. W. by S.36 
miles, N. E. 24 miles, and find by good obfervation that we are in 
latitude 47" I+' N. 

T R A V E R S E  T A B L E .  
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By the Trave.de Table it appear% 

is 9 , 3  S. and the departure 2 1 4  W. 
br e F y n t ,  the diff. of Its. 

N o w  the !at. left was - 48O 20' W.* 
Diff. of lat, by account - 0 57 6. 

Latitude in by qcgouat - 47 23N* 
- 

Differing 9 milee from the true latitude by obfcrvatim. 
Wherefore I examine the log-lint and half-minute lafs, and find 

the fatter runs only 27 feconds. Now, as the log line and half- 
'minute glafs arc Both faulty, I correCt my diffarpnce of iatitqde and 
departure M in Cafe 111. and find my correA differenre of btitudo 1 

6 4 2  S, and my departwe 24,7 W. 
Now from latitude left - 4 8 O  20'N. 
Take dilf. correhd for error in diR. E 6s. 

that the former meafuw 52 feet betwren knot and I not, and tha t  

---ah 
Lar. in, corre&ed for error in  dift. 47 r4N* 

Agreeing exa&ly with m;P latitude by obfkvation ; I therefore 
,conclude m)i rcckosliiig fuficiently corre&. Then, with the dife.. 
rence of latirude 8 4 2 ,  and deparcur 2 4 4 ,  together with yeiterday's 
latitude,'I find the difference of lon tude either by Middle Latitude 
or Mercatbr's failing. 

I n  the laIt example 57,3 and 2r,4, multiplied feverally by 156, 
thrice the meafured length of a knot, and divide the two produ&$ 
by 135, five times the meafured time of the glafs, will give th 
ference of latitude 66,2, and departure 24.,7, which is the fme 
as if every courfe had been correcffed fepsvately. 

E X A M P L E .  Ir. 

YeRerday at ngcm, we were in tst. 15'N. and have failed 
twe 24 b u r s  s. E. if E. 55 miles, w,%?:by N. nopiles, w. s. 
W. 70 miles, S b W. + W. 20 miles, and by 
at noon we are in i at. 3+' 56lN. 
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d 

b 
COURSES. DIST. N. s. E, w. --------- 
S.E. ;E.  55 34.9 42.5 

W. S.  W. 70 26.8 64.7 
d.byW.;W. ao 19.1 5.8 

16.6 53 6 

64.2 16 9 

N . E .  by N. 20 16.6 i 1 . r  

.-,----- 

16.6 80.8 I 53.6 70.5 
c* 

----- 

, 

verfe Table i t  appears, that by account the diff. of 
and the departure 16.9 W. 

Latitude failed from - 36O as! N. 
Difference of latitude by account I 4 S. 

Differing 15 miles fro9 the latitude by obrervation, 

I now examine the log-line and half-minute glafi, and find thein 
both ri ht. Next 1 confider whether there be any current, and 
I think f have reafon to furpea one; upon trial f find there is O I I ~ .  

S. S .  W. 4 W. at the rate of 7 fathoms an hour, and judge 
been in it thefe 24 hours. T h e n "  7 fathoms (or tenths of a 

per hour, En 24 hours, makes about I miles; and to the difi. 
es, and courfe S. S. W. f W. the dik. of Iat. is 14~6 8. and 

Latitude in by account - 35 XI N. 

departure 8,7 W. 

NOW 1)). tra. table 64,z S. 16,gW. Latitude failed from 360 I 5/ Ne 
And hy currcilt 14,6s1 8,7W. Diff. of 1ar.cor.for cur. I 19 s. 

34 s6 hl. 
with my latitude by obfervation, I conclude that 
ght ; then having the latitude left, and latitude 
nce of longitude may be found either by Middle 

If, after all proper allowances are made for errors in dilt-ance, 
R.C. &e latitude by accou and obkrved latitude ihould 

, the following are thb common, and kern to be the mofi 

CASE 

--- I '  DiK Lat. Dep. 

-- -- 
Q , S S ,  z5,6W. I Lat. in corr& for cur. 

Latitude or Mcrcator's Sailing #s before. 

then the reckoning muR y ec1 be f u r t l p  correc?ed ; and to 

tional methods. 
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the Coufefound ly  Dead Reckoning be L$ tban three Points, thirty- 
three Degrees. 

RULE.  T o  the diEerence of latitude and departure by account 
find a courfe ; to this courfe and the difference of latitude by obfer- 
vacion, find the difference of longitude, either by Middle Latitude or 
Mercator's Sailing. 

$4 

E X A M P I, E. 
YeRerday at noon, we were in lat. 39O r8N. by an obfervation, 

this noon we are in lat. 37O 48' N. and our dead reckoni 
107 miles of Couthing, and 64 of weftinp ; requitrd the tru 

T o  the difference of latitude 107, and departure 64, I find 
courie 2 4 points ; then with the meridional difference of latit 
between the two obfervations XIS, and the fame courre, I find the 
true difference of lmgitude @,miles. 

elice of Iongitude .Z t 

If the Gufc f iund  by Dead Rrcdoning Be mort t b m  thrsc Point$, w 
tbirty-three Degrees, and le./? than jive Points, or fifiu-fi Dcgrees. 
RULE. With the diK of lat. and dep. by account, find the dif- 

tance; with this diflance, and diK of lat. by obfervation, find an&$ 
&er departure. T a k e  half the fum of this dep. and dep. by account;* 
for the true dep. with which and the diR. of lat. by obfervation, fiitd 
the dip. of longitude. 

E X A M P L E. 
Yefterday at noon, we were in lat. 52" 4o'N. 

in lat. ~4~ 22'N. having by account made 84 
and 76 miles of weRin required the true differe 

T o  the diff. of lit. 8' +, and dep, 7f, the diftanc 
the courfe 4 2 O .  
T o  difi. I I 3, and diff. of lat. between the two obfervations 102, 

the dep. is 47,7 ; then 7b added to 47,7, is ra3,7, half of which is 
61,8, the true dep, 

To dep. 61,8, and diff. of&. by ob6rvation 102, the eottr 
31°, and with the courfe 3i0, and the meridional diff. of lat. ~ W W I  
the two obfervations 171, I find the diff. of long, is 103 milch 

2 2  CASS 



RULE. With the d2K. bf tat. and departbre by accouiit find the 
diitance ; then with this die. and diff. of lat. by oblervation find the 
d i g  of long. 

E X A M P L E .  
YeRerdoy a t  moa we were in lat. 38' 52'N. to-dar at noon we 

are in lat. 40' 18' hl, and by account have made 68 mires northing9 
and E 12 miles of wet? Ing 

With the diff. of latitude 68, and departure I 12, 1 find the dif- 
ancc 132, and difference of latitude by 
4.9' 30' nearly ; with this courfe, and 
Izrtitude between the two obfervations 
e is 130 mites. 

is $ai% if w$ ronlidcr, that  when 
a &hip Idils near the meridian, it will require a fenfIMr error in the 
courk, to make any confiderable error in the difference d latitdde ; 
whjch can hardly happen i f  proper care is taken at  the helm ; and 
therefore it is moft likely that the errpr is ~ J I  the diilance run ; but 
when the courfe is near the middle of the quadrant, or between 3 
and 5 points from the meridian, it is then probable theerror may bc 
i n  both courlc and diitancej and when the courfe is more than 
five points from t h e  meridian, it  is then moR likely the error is in 
the courfe, as it will require a great error in the diitance to make 
any confiderable one in the difference of latitude. 

NOTE. As the true place of a fhip depends upon her IctYtude arid 
longitude being truly afcertained, I have k t  there down only, the re& 
bring of lek coniequence to the mariner., 

To corret?forl;everl Days. 

e preceding rules, the longitude maf alwaysjw- 
day, but if a n  obfervation has been wanted for 

n mark the latitude and longitude at lait ob- 
n fince leaving the Jan& 

u left ; this is the only 
11 the following part of 

hi& is made as fol lo~s : 
and wefiings, that you 

If tbiq bc your firit ob- 
i,ug the land, minding 
d departure of the day 

you correa on, and bring them into the traverle' tabJe, by which 
you will hwe the whole differencr .of lautude a i d  departure by ace 

required the true diff. of longitude ? 

I 

By help d 
correRed tor 
one or mom 

I count 



Lat. ailed from 4g0 57' N. 3470 

L-- 

Lar. f y accuunt 45 IZ N. 3047 

Merid diK. of lat. by acc. 423 

When the courfe given by the meridional differcnce of latitude 
arid difference of longitude by account, (taken as beforc) is greater 
than 3 points, and lek than 5 points. 

T o  the meridinn difference of latitude and difference of 
longitude by account, as diflierence of latitude 
find a diffance ; with 
titude by oblervation, find a 

RWLE. 

of 

Lat. failed from 49' g7'* I .  347s 
3063 - Lat. byobfer. 45 23 

Mer. diE of Iat. by obf. 407 



Ia t .  f;iilc.ci from 4 5 ~  z3'N. 3063 
Lat. byacc. 43 49 N. z g j i  

132 

- 
Mer.  diE of Iat. by account 

Lat .  failed from 45' 23' N. 3063 
Lat. by obfer- 43 54 N. 2910 

_I 

Mer. cliff. by obf'ervation '53 

L,it. failed from 43 4' N. zgro 
Lat. by nccottrit 42 4 N. z d q  

c- 

Lar. failed from 439 34' 
Lat. by obfer. 42 30 2822  

2910 

c- 



133 
Here we have given at fome length the different methods of cor- 

reoing the dead reckoning by an obfervation, which are readily done 
by the table of difference of latitude and departure. 

The hip's way is generally greater than the di8ance' givelr by 
the log, and it is always fafefi to have the reckoning a-head of the 
fiip, that the mariner may be Iwking out for larid, and not make it 
before, he is aware of it. 

mile over for every ten given by the log, for the 
but if the Tea be againit or athwart her, her difiance mufi be Ids 
than that given by the log. 

'The error i n  the hip's reckoning is frequently rt&but&d to un- 
known currents; for by various caulss yet undeterinined, there are 
nlany counter motions of the water in ,the open feas, as well as 
thole obferved near the ihores, where the motions may be tolerabFf 
well accounted for. 

the librdtory motion the waters may have thereby, and the D 
Eetting and drift of thefe currents may pofibly depend on the 
in the moon's declination. However, it is well known fr 
fervations, that the trade-winds occafion a confiderable current 
within their 1itnMx particularly within the T o n i d  Zone, *here the 
motion is perpetually towards the wefl, at the rate of 8 or I O  miles 
a day, but at the extnnities of the trade-winds, or near the lati- 
tudes of 30" N. or S. itris like1 that the currents are compounded 

fore all k ips  failing within thefe limits fhould allow a courfe each 
day for this current, 

Wheii the difference of latitude by account is lefs than 
the difference of latitude by obkrvxiop, the ihip is a-head of the 
reckoning, hu t  if Ids, the reckoning is a-head ofthe h ip .  

When the mariner is dubious of his account of lopgitude, he ge- 
nerally rune into the latitude of the inteaded port, and then fails E. 
or W. if there be Tea room, according as it is fituated,*and keeps a 
good look-out for the l a d .  

T h e  nicthod I have chofen to introduce t 
the moR capital part of navigation is, by fie 
work a few icparate day's works independea 
proceed to a coiitinued journal  from London 
neriffe, in which will be ini'crted moft of the occurrences that com- 
monly happen at lea, or in harbour. 

I have ken many young navigators who have been taught the 
principles of navigatioii on fliore, very deficient i n  keeping 
nal at  fea ; and therefwe, mufi rcqueR the 'Teacher not to 
tinc the pupils over the fbllowing journal, which will re 

thol'e rules they have bcen over. 

When a great fea lets after the fliip, i t  is coin 

Some of the obferved c rrents in t 
feas may perhaps be owing to thc tides followi B g the moon) 

of the laid weitera motion, an ay of oric towards the equator ; there- 

NOTE. 

EXAMPLE 

rea 2 y at working a day's work a t  ria, and confirin in thek memory 



E X A M P L E  I, 

YelZorday at 
md have 
the time k t  S. hy E. zf miles per hour; required the 547's place and the dire 
cwtfe and diitancc made good Z 

e were in the latitude of 46. 28' N. and longitude 220  18'fl' 
till this day noon, as by the log-board, the tide hrvinf d' 

The  courfcs and 
g~ large an4 
arc entered in t 

h x t  the fathom an fummed up, and the ''' 
hits  are p t  in  the column of diRances in the *Ty%erfe Table: and to ;he' 
rourka and difiances, the whole dihence ofiat+&, departure, coude and diC 
tame made good, arc found a# obove. 6f Tho having the latitude lefq a ~ d  the ladt find the complementbll, 
she middle latitude, and with that, and find the cQ& &C* 

difference of latitude, find the d,H%reaCe 
de' abovc' five, wc uIlorv one knot, but, if u 

cigboard h d n g  examhred, it appears that the 
thcreforc the fcveral coudcs trom the Ig-boP 
c without altcrrtioq. 
ging to each aourfc 

EXAMPLG 
five nothing i5 allowed. 



E X A M P L E  11. 

' June 29 ,  I 795 ; being ytfterday noon in latitude Z S Q  30' S. and longitude  IO^ 1 j' 
E. we have failed till this day noon, a9 per log-board, in a currrnt fetting fouth 
2 3  miLs an hour, the variation I 2 point weit ; required the fhip's place ? 

LOGBOAR D. 

W'inds. 

N.N.W. 
_I_ 

v. LyS. 

w. 

i.W.byS 

TRAVERSE TABLE. 

Courfes. 

;. hyW .$W 
;.hyE.+E. 

S. $ E. 
i.E.byE.$E 
i. by E. f- E 

-- 

1) i i i .  l a r .  
Lat. left 

- 

Lac. in 2 8  i s  S. Mer.parts 1768 

Sum fat. 53 45 M. diff. lat. 185 

Mid.lat. 26 52 

Co,m.lat. 63 08 

Long. Icft IO 15 E. 
Dif. Long. 

- 7 

.cI 

cI_.. 

-- 
I 02 E. OX IQ. OI'$E. 

Long. in I I 17E. -- 
Courfe is S. 18 30E. 
Dittance 174 miles. w 

The coiirfes and winds on the logboard being examined, it appears that the lhip is 
Clofe hauled on each tack, and one point lee-way being allolved, rcduccs the 
courfes, and taking a coude for the current S. thefe fcvcral courfees being cpr- 
rrfied by the variation J +  point weit, give thofe in the traverk table, to ~ h ~ c h  
the wholedifferetice of latitude and departure is to be found as ahove. 

And hence the latitude and Ion itride in may be found, either hy middle latitude 
or Metcator's failing ; for as tie Ihip is near the Equator, the di&rcncc wd1 be 
h a f t  infenfible. 

NOTE. I n  the two following examples, the courfes are corretlcd to the neardt da 
gms, as fet down in the traverfc table, and tbe odd minutes are rejefid. 

A .  S X A M P L I  



186 RULES FOR KEEPING A JOUhiPAL. 

E X A M P L E  111. 
Yeffrrday at noon we were in latitiitie 3 3 0  40'N. longitude 1 6 O  zo 'w~f l ,  thr f"n 
was obfervrd to ret 500 18' from the north point of the cornpals; we have failed 
this $ 2 ~  noon, as per log-board, in a current retting W. S: W. I ; mile p-r hour i  
required the fiip's place, and her c o d e  and diRance to the wcR end of the lflaed 
of Madeira ? 

f? K F Courfes 

I C 2 S.by\?i 
2 6 0  

' 3  6 3 
4 7 0  
5 7 2  
6 7 3  
7 7 2 S.W.hy5 

, h l 2  
9 i 4  
I C  7 6 
1 '  7 4 
12 b '  I 

1 8 c  
2 6 5  
3 8 2  
4 7 5S.WbyW 
5 7 . 3  
6 6 6  
7 6 4  
8 6 0  
$ 6 2 

L L  6 I 

' 1  6 3 
1 2  6 I 

----- 

Lat. lett 

I I A O G - B O A R D .  

Winds. 

W. 

N. by N 

N. w. 

33" 4 N. - .  
7. 51 s. 

Sum Iat. 

Co. mid, lata - 57 4sN. 
Mid. ]at. - 32 14 

I_- , '  
Long.left - 16 2oW. 

Long. in - 17 56W. 

DiK. long. - 1 3 h W .  -- 

S.01" E. 40 
s. 1 0  w. 
s.ssw. 36 
s. 4+w. ;R 

-- 
Diff. l a ~  

' L ' R A V ~ R S E  ' I ' A B L ~  

c 

121% 
' ,or3 

- / 

/ 

Z q j j  

before tde ctiurles can be 
put into the Travede 'Table, 
of the compafs muit be found f rop  the bl'' 
true amplitude. 
The dcclination is Z Z O  30' N. 
Ascof. lat. 330 4d : rad. ::fin. 22930' 

0 S'flI 
27' 22'.  

So that the true amplitude = N. 6 2  3 fl, 
Mag. amplitude = N. 50 1 8  

-- 
Sam. lats. - 63 19 
Mid. lat. - 31 39 

CO.  mid. lat. 5 8  2 1  

Madcira's long. I 7 26 W. 
Long. i n  - 1 7  56%'. 

Diff. long. o 30E. 
'The coude N. I 4  2 0  E. diit. ro4 mileg' 

-- 
-- 

-- 
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2 
J ~ O G  130 

4 

K F Couries. ------ 
I 6 - N. byE.  
2 6 2  
: c q  
S L 3  
5 f  I 
h 6 0  
7 5 8 North. 
8 5 4  
! s o  

I2 5 9 
1 s -  

c 3  
‘ 1  s 6 
I -  

2 6 4~ N. N . W .  
3 6 F ‘  
4 j c  
5 7 3  
6 7 6  
7 7 5 -  
8 - c  

, 9 7 2  
*’IO 7 4 

’2 6 0 
- 1 1  6 3 

E X A M P L E  IV. 
Yefierday at N o o n  we were in Latitude 199 30’4. and Longitude 0. 10%. This Fore- 

:%n we obfsvrd  the Sun‘s AltituJe to be 1o0 40‘ when he was Xoo 30’ from the North 
&‘‘lnt of the Comydfs, Declination being then 17O r7’N. we hdve failed till this Day 
Wn, as per Ldg Board, in a Current retting by the Compafs W. N. W. 4 Mile an 

‘OW. Required the Ship’s Place and her dire& Courle and Diflancc to  the Ifland of St. 
Ifelena. 

b%Lat* 2006 

D.  - 
Winds. 
I_ 

:. by N. 

1. N. E. 

N. E. 

, M. Parts. 
1’93 

T R A V E R S E  TABLI. I 

Lat. 19~30% Alt.  10~40‘ Dcc. 17’27%. 
go 00 00 go 00 

Co.Ali. 7 9  ioP.Diitr07 17 
I -  - -  

Co.Lat. 7 0  30 Co. Sec. o,ozc,hg 

1’. DiR. 107 27 
Co. Alt. 7 9  20 Co. Sec. 0,00757 4 

- 
Sum 357 1 7  

fSiim 128 38 Log. Sine q,Syz74 
P. DiR. 107 1 7  

T r u e  ditto 
Mag. Azimuth 

67 00 from the N, 
80 30 from the N. - 

Variation 13 30W. 
Ldt in 17024’S. Long in 1~28W.M.P.1060 
St .Hel .L .~g  55S.St.Hel.10. 5 46W.M.P. y68 - c_ _I 

DiK. 1at. I 29 DiK,long 4 i8M.D.Lat. ga 
Go 60 

In Miles 89 In  Miles a58  
With  the Meridional Difference of L:&de 

and Ilifference 0, Longitndc, the dire& C’ourfe 
to St Helena i n  found S. 70Q 21‘ c and with 
that C o d e  and the popcr  Difference of Ldti ude 
the DiRance is found 165 Miles. 

- - 

I n  this Example the Arimuth is worked with YeRcrday’s Latitude and &$ration, but 
bad ic been wolkcd with this Day’s, the V d a t i o n  would have been 1%’ 16‘ W. 

A a z  
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A 

J O U R N A L  
O F  A 

V O Y A G E  
F R O M  

L O N D O N  TO M A D E I R A ,  
b 

A N D  

T E N E R I F F E, 
I N  T H E  

F R A N C E S ,  O F  LONDON; 

Departure tzken from the Lizard in Latitude 49O 57‘N. Lon_eitUde 
so 14’ W. bound for Funchal, in Madeira, in Latitude 32O 38’H. 
J,ongitude 170 5‘W. and to Teneriffe in Latitude 284 13’fl* 
Longitude 10 26‘ W. bearing from the Lizard-Point S. 26“ S8’ 
W. diftance 1166 Miles. 

Begun Apd I ,  17c&. 
In the following JOURNAL are exemplified, the Manner of a’* 

lowing for the Variation, Lee-way, Lyin to, Calms, Currents, 
Ileave of the Sea, &e. and to correi3 the B ead Reckoning, by In 
Obfervation, in all Cafes ; with mofi of the Occurrences that Corn- 
monly happen at Sea, and the Ship’s Way pricked off on MERC~’  
TOR’S CHART. 



Vednefday, A t  5 A. M. the pilot came on board; then weighed 
April 1, and failed fromTower WharF, at I I came towith 

1795- the beit bower at  Blackwail. Wind S. S. W. 
c- 

Frefh gales and kloudy weather, with rain. 
At  5 A.M. weighed and failed, at g came to an 

2. anchor at Gravefend, and cleared hip.- Wind 
from S. S. W. to N. N. W. 

A t  4 P. M. weighed arid failed, moderate weather ; 
at 9 came to with the beit bower at the Nore in 
9; fathoms, freih gales ; a t  4 A. M. weighed and 
failed ; at I I came to anchor i n  the Downs in 7 
fathoms, Deal Cattle bearing W. S. dillant 3 
miles, Wind W. by S. 

' 

ThurfdaY 

' 

Friday 
3. 

Saturday 
4. 

i 

Sunday 
5, 

Tuefday 
7- 

Wednefday 
8. 

-- 

Monday 
6. 

Lt I P. M. ret the Pilot on more. There 24 
hours, the firR and middle parts moderate and 
fair, the latter part firong gales and cloudy; 
hoified the boats in. 

itrong gales and cloudy ; at z P. M. veered out the 
long fervice of the heft bower, got top-gallant 
yards down ; at 4 P. M. ff ruck yards and fop- 

A. M. hove up the beR bower, and let go the 
fmall bower j at 9 hove up the f i l l  bower, and 
let go the befi bower again ; people employed 
in making points and gafkcts. 

4t 6 P. M. firong gales with heavy rain; at 8 veerea 
out the long fervice, and let go the iheet anchoi 
under foot ; at 9 A. M. hove up the bee t  and 
chor. 

I'hefe 24 hours, for the firtt and middle parts, mo- 
derate and fair ; the latter part, firong gales. 
Wind W. by S .  

-. 

Wind variable from S. by W, to W. 

I'hefe 24 hours, keih gales and fair ; at 3 P. M 
got top-gallant mail down ; at IO  A. M. got 
vards and top-mait up. Wind E. S. E. 

Thurfday 
. 9. 



t 

H. 

4 

8 
12 
I* 
2 

4 
6 

- 
K. 

- 4  

6 .  

e 

A JW.lRWAt OF A I Q Y A C S  

F. 
c 

Courfes. 

,.by W. 4 W 
-- 

W. 
i.\V.hyW.$ Vt 

W N . W . $ W  
w. s. w. 

- 
Winds. -- 
q. aw. 

Y . byW 

N . f W .  
V, byE 

t!c 

ay. 

K r r d ~ a ~ s o n  board, brldd}, Hprll ------ 
A t  2 P. M. hove ihort. 
At 4 weighed and fi led in Co. with a 

40 Gun M a n  of War, and ao Sail Of 
Merchantmen. 

A t  6 S. Forclaqd boreN.N.W.diR 4M- 
4 t z A. PA. Fdirlec IJOI-C N diR. 6 M. 
\ t G  Beachy boieN by W . 6 M i l e -  
4t  8 Beachy bore N. E. by E. 9 Miles. 
f r e h  Gales and clear, feveral Shi s 

itanding up channel; cioic Yec& 
both Topfdils. 

A t  IZ BrmbridaeP. boreW.N.W.27M. 
till in c'onipmy with the FJeet. 

. roth,l?g5. 

-~ 

R E M A R K S  on board, Saturday, Ap. I I  -------- 
Freh Gales and clear. 
A t  4 P. M. r a t e d  with the Fleet, the 

being bound to Spit!iu~d. Dunnof 
bearing W. N. W. diffant 2 1  Miles. 

At ; let out  one Reef of each 'Top t i l .  
A t  7 A ,  M. Portland Lisht bow W. N 

A t  io  A.M. it bore N. E. xa Miles, 14 
W. 9 Miles. 

S d  in Sight. , 

- I I , I  
' Being upon the CoaR this laR Day, thp Log is hove, and the  Bearings and 
Datances of Lands, Rocks, Sands, &c. as you aypmch them, muff always bc 
ict dcwn, and are of the greatefi confequencc, efppecially in bad Weather ,  or when 
ou are in Danger of being drove out of y o w  true Code,  in the Night, or in a gag; fo that you may at any T i m e  determine, by your Reckoning, or the 

Cwt,  the Ship's Place, aid fall Courfes and DiRances a5 Circnmfiances require, 
I &order to p3is Places of Danger,  and t o  have it always in your Power to t a k e  1 

ynirr De :trture frcm iome known Place, in cafe you fhoulrl bedtave  out to Sea in 
the N i g k  or in foggy Weather, when no L.md can be i kw .  Foi it foinetinies 
happens, that i n  working to Windward in the E~~glilh Channel, E. of Dunnofe, 
S h i p b y  making too long a Board, have got uimn a Sandcaueddhe Owcr, which 
lieb Crom Dur)nofe E. 5 N. 25  Milts. It is therefore abfolutely n e c e h r y  to have 
good Drau tits of the CoaRs you fail upon, wilefs you are wcll acquainted wit17 
h r n  jndeef. 



FROM LOWWN T1S MADEIRA. 

Thefe a4 Hours moderate C a b s  a id  fair 

A t 6 P . M . t h e  Lizard b o r e N . E y E . 4 E .  
DiRance 6 Lragues, from whi h I take 
myllepar. it bringintheLat. 57' 
N. and Long. 50 14' 'Wee ofLondon. 

Several 5ailinSight, Itanding to WcRward 

*!t Noon UIhant N. 80* 26' W. D&rnce 

I he Lizdid b e  ng N. by E. 3 t. hit.  6 Leagues fromtbe ship, ig the fame as if ti; 
Ship hdd failed from the Lizard 6 Leagues or IS Miles upon the oppofite, or S. by W. 
I oint of thc Compdfs, and allo&ing for the Va,iation, as before taught, makes it s. h i %  
ddt .  18 M. which is to be fetdown as the fila Coude and IXfiance in the following T r a v w l t  
?'able. 

T h e  firR Courfe Rcered by Cornpafs is S.1 W. by W.$ W. which, allowing for the Vatia- 
tion, mikes S. W. by S. half W. and the fum of all the Uifinnces failed on that Coude till 
tWo o'Clxk, when i t  alters, is 18 Miles and an half, wliiLh being doubled, becaufe thc: 
Log is heaved every two Hours, gives 37 Miles; fo the fecond Courfc and DiR. to be fm 
down io the 'l'raverfe Table is J. W. by $. half W. 37 Miles. In  likc Manner tlldfcLond 
Conrle fieered is S. W.) W. and the Variation alloued makes it S .  S .  W. half W.a?d the 
DiR on that Courfe furnmed up and doubled, gives 5 G  M ~ l e s ;  therchrc the thiid Lourfa 
and Dill. to be fet down in the Triverle Table in 5. S .  W. h d f  W. 5 G  hlilci. IIaving 
found the whole 1 nCieience of Latitudr a d  Departure made upon the l'cveial Courfes, I then 
mdrk clown upon my Slate or Paeer what every t t ing that is to bc found comes to, an4 
wads ret thcm down in their proper Columns as abure. 

I I I 1 I l q  
Or, with the Courfe 26 30 and Meridimal 

t q b c  nearly 7+ by hlercator'stailing. 

Longitude failed from, or Lizard's Longitude 
i:iLrcncc ot Longitude 74 Miles 

LonSituJe in,' or bhip's Longitude 
- 0 . .  .. . 

Now toPi tT  ofLat.9 I .  9 S. andDcp. 
W.thccourfc isS. r6" 30W.DiR.107h  
thenlat .  failed from,orLiz~rd's~ , ir .4~~57'  
riff. OfLdt. - - 
Lat.in or Ship's Lit. - 48 zf N, 
Sum ofLats. - L. 98 r8 ' 
Middle Lat. - I 49 09 
Com. of Middle t a t .  - 40 5' 

Then with this Corn. OC Mid. &at. 40' 51' 
or 4x0 found as a Courl'e drnono t!>e I e p e e ,  
and the Vep. 48. I in its Colukn, in the Dif.  
Coi .  Itdnds 74, which Is the Die. of Long. 
UX. of Lnt. 147, the*I>ifF. ofLong is found 

This bcing the firR Day [ince 
lcnving the I.anJ, die De- 
parture is the Mer. Di&. 

I O  nna cne nearing and DiRance of  Ufiant. 
Latitude in 4S0 2i:N. Mcr.I'arts 3323 $1 onginidcin 6O z&'WJ 
viirant'o Lat. 48 30N. Mer. Parts 3337 Whant Long. 5 3%'. 

--_.I - ci-.- 

Diwercvce of I.at. 9 Mer.DitT.ofLat. 14' Ciff. Long. 1 2 3 .  
With the Mer. Dib and Diff. Long. Wihant is feud to bear N. 80' 96%. and &h that 

ncamg, token ds a Courfe, in'd the propr'r lliiference of Lititudc, theDittance i s  f3und <+ 
d 

. Mh.--?'hc bearing and diRance to Fun& io found in the f m c  manner. 



/ H. K. 
a 6 

'2 5 5 
8 5  

10 3 
2 2  3 
2 3 4  
4 4 5  
6 4 6  
8 5 

so 4 
1% 4 

C L -  

The  Variation heing allowed on each Courfe, and the Diltanccs fummcd up, as before 
taught, the Travcrfe Table will Rand thus: 

With the DiRerence of Laiitude and De, 
parture the C o d e  i s  found S. 3 . O  o'W. 
and the D8Rance 108 Milrr. 

Latitudclett 48 ZI N. 3323 S.W.byS.tW. 43 

l R A V C R S E  1 ABLE. 

I),& of Latitude, io 33%. Mer. Parts. 

Latirude in 46 48 N. 318. S. by W.( W. 27 r5.8 

Sum. Lat. 9s 09 Mer. DiKL. 138 

- 
-- - 

- Lap. -- 
SIIddle ht. 47 34 'The Uift. of Long. is touiid by Meicaror'sp 

or Middle Latitude Sailins, to be IO 19'W. 
YcRerdry's Longitude 6 t 8 W .  

90 0 0 .  -- 
Cam. Mid.&at. 4% t 6  -- 

Longitude in - 7 47w- 

This bay's Dcpartwe being added to the Mer. Diflance Yefluday, rilrec 1. 4t' the - Mer. Didrace to-day. 

lace- 
F. Courfca. winds. way Rr~aursonboanl ,Monday,Apr. l~~ r79. 

. SWbyWjW N. There 24 Hours moderiu Cdcs and Cloud: 

A t  4 P. M. Spoke the Charming Nancy 

------ -.--c 

5 Weather. 

6 s . w . t W .  
4 

N. W. 
from Cuolina;bound to London. 

At6A.M.gottheBower Anchorsonthegun 
nel, and unbent the cablea and Rowed them 

At Noon C. Ortegal boreb. ;e 26'E. Difi 

Vaiiatinn 1.f Points Wefferly. 

L W b y s 3 W  'A'3.W. 
5 

183 Miles. 

To find the Bearing and Diltante of Cape Ortegal. 

Latitudc in 46'' qE'N. Mer. Para 31%5 Longitudein 7 O  47'W. 
Cape's Lat i tde  43  46 N. Mer. Par:, 29a6 Capc'tlong. 7 36 W.. 
7- -- - 

DiK Lac. 3 s  Mer. Diff. lab.  a59 DiK lone 11 
60 

In Milea 182 

With the Meridional Difiemnce of Latitude and Difference of Longitude, the dire@ 
Coutfe tb Cape Orteyal is S. 2O 26%. and with that Courfe and h e  proper Differcncc Of 
Latitude rhc Uiffance is 783 Milcs. 

NOTE. As the Table of Diffemnce nf Latitude and Departure %re only calculated (0 
fin& DCRXCC~, the neareR Dpgrec to the Corn. of Middle La&tude is to be taken in 
waking by InfpeLtion to And the Diffirenre of Longitude by, which i, near cn*ush 
for all common Purpres a t  Sea; thus the Corn. of Mld. Latitude is 4a0 z6', for which 
I trke 4ze to find the 1) ifercnce of Longitude. The fame may be obferved in finding the 
C t d e  hade g m d ,  the reareit Dtprce or 4 Degree ro the Courfc is dwaye fa down, a d  

-I- 

will be found fu5ciently ex&. x 
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K. 

4 
4 
4 
4 

- 4  
. 4  
4 
4 
4 
4 
4 

- 

L 

Lizard.8 lat. 49" 57'N. Mer. parts 3470 
Lat.byD.R. 45 f a  N. Mer. p a t s  3047 - 

4a3 
b a i  ' 8  hngjtude $9 ;4#w. 
Lq. in by account 8 8 W. 

&if. of long. by acceunt 

I Mer. dif. lat. by account 

- 
a 54 

60 
7- 

In miles 'I I74 
t i W d ' s  lat. 

Mer. dif. lat. by obkrvation 

s7'N. Mer. pwa 3470 
lat. 45 13N. Mer.parte 3063 - 

4 ~ 1  

h e -  R S M A n & n  Wborrd, TutIday, A p t  tqtb, 
Winds. way. 1795.  I 

--- ----LII--- 

K.N.W. o Thde 24 hours moderate gaks and clear 
weather. 

At 6 P. M. Taw a ihip to the weftward. 

Obferved the fun's mer. alt. at  noon 61 40 
R.byN. f 90 

IC- 

ZanithdiRlnce - r8 roS. 
WeR. I Declination - 17  03N. - 

W i t h  the mer. dif. of let. and dif. 
long. by account, the fhhip'ndirefi courfe 
frani the Lizard is found to be S. ao'aa' 
W. or S. S. W. 

W i t h  thst courfi, and the W. dif. of 
lat. by obfervatioa, thedif. of bpg. fines 
leaving the Lizard is fuunel 167 mile8 
equal to . a047'W. 

Lizard'e longitude 5 14W. - 
Longitude i n  8 01 

f 

With the c o d e  a%Q a%' or 2 oints; 
the pm er$f. of lat. r7+miles, t i e  true 
mer. dit. IS found I I 3 miles. 

-~ - 4s z3N. Latitude - 
A t  Noon C'Ortegal S. 100 P I  E. diR. 99M. 
Variation I 4 point wefierly. 

r onchrl 3. z8"ffW 

at. by Lat. by Mer. I J i f .  
D.R. I Obf. 1Difi. long. iI.rm~~in.tlleailngmd DiRance - 

I 1  
ariation and Leeway the Work will Be B folldws i . 

03. lat. I 37 'Mer. dif, 137 Dif. longitude o !S 
W i t h  the mer dif. of lat. and dif. o f  long. the dire& courfe to Ca e OrtegaI is 

bQ11d S. by E. and with that courk and the DroutC dif. of kat. 67. tKe difiaiice b 
U b ' -  

. I  %nd to b; gy miles. 



d 

AUYARKS on bmrd, WedneidlY, 
April 15, 1795. 

-----c-- 
Thefc 24 HOUIB moderate Gales and Clear 1 Weather. 

At 8 P. M. ret up the Mizen T ~ P . M ~ R  

At Noun Cape Ortegal S. 14"s8'E. Dif- 
Shrouds and Back-tdye. 

tance 23 Miles. 

DiK. latitude 

Latitude in 44 08N. 

Sum lat. 89 3'. 106 

Middle latitude 44 45 

Comp. midlar. 45 15 
'I 

1" 41'the rncridional diRance of to-day. 

- 
I_ 

-c 
Yelterday'b longitude 8*  OI'N. 

I 9" 00 DiE, longitude o WE. 

Longitude in 7 44w. 
- LI 

?%is day's departure being fubtraasd from the meridional diRance of yeitaday, give% 

%$mi rbe Brarhg and Dganre of Cape Oflegal. 

Latitiide in 44' 08'N. Mer. parts "57' Longitude in 7' 44qvs 
'Cape's lat. 43 46N. Mer. parte 2926 Cape's longitude 7 3Qw~ 

7- - - 6ff. l H t ,  21 Mer. diE. lat, 31 Diff. longitude 8 

Wit11 the mer. difference of latitude and difference of longitde, Cape Ortcgal 3 
h i n d  to bear S. 140 z8'E. and with that bearing taken as a CwrCe, and the pro- 
per diicrence of latitude, the drfiance is found 23 ndes. 

NOT@. When the Tenths on 8ny fide are more than 5 ,  or half a mile, yo" rnllll 
call that fide cne more than ou foupd it to be ; but when they are Iefs than 5 ,  t k n  

parturnare 74.9 anti 11.8,  which I call 7s and 11, becaufe the Tenths are above$* 

But when you take the difference ef 'latitude and departure to find the CoL11fe~ 
then take them in Miles and Tentb j the fame may be obferved in caking-up the 
Knots and Fathoms. 

you need take no netice o f t  s em; a in theabove the difference of latitude snd de- 

If, when donbld, rhe Tenths are more than 5 ,  ret one i lemm in the T+ 
V& T;iblc; but if leh, wit them, a s  there arc: no l'entrda thc.d&zncc 
lumm 



FROM LONDON TO MADEIRA*. 19s 

Lee- Krna.uus on Board, 'I hurtday, 
H. K. F. CourCes. Winds. way. April 14, 1795. ------------ 
1 3 5 Well. s. S.W. 3 There +4 hours hard gd@s and 

fqually, with fmdl r.ain.-HJnded 
the Fore and Main Courfes. 4 3 s  

6 3 5  
8 Ly to, up El, W. by N. off N. by E. 5 A t  8 P. M. faw a &ip to Nindward 
10 Drift 1 & mile per hourW. with Jury MaRE up. 

2 up N. W. off North W. by S. 5 Set the courfes clofc rcefcd-Mwc 
4 Drift r 4 mile per hour. Wore h i p .  
6 

- 
1 1  

moderate 

N.W. by W.&W. 6 Sft the Top f3ih clocereefcd, 
C.FiniRerreS. aS''37'W.diR. 8+Ms 
Variation I f point wefterly. 

Lat by Lat by Mer UifT of 
Courfe. Il>ifi It:tt'l%p,) D 'R. I &. \I>id.l Long. \'Long. in  1 Bearing and DiR. 

Funchal S. 30" 53' W 

~ W Z X W ~  15 I 4 1, t q  14c~04/1  * 11.6 I 16 I 8. i o  W. 1 Dibanct 799 mileo. 

With the diff. of l it .  and dep. the c o d e  
58 found S. 8r0ak'WH. and the dihnce 25 M. 
Diff.of lat, ooo 04% Mer. parts. 

44 Q4N. 3 tat. in 

Sum ]at. 88 ~a Mer. dif.lat. 6 

Middlelatitude 44 06 
90 00 

b m p .  mid.ht, 45 54 

Yellerday's lat. # 08 IC. r957 
.4--- -- 
- 
- 

T h e  departlire today being added to the mer. die. yeknlay, gives a' 6', tire 

'r LI A VE I S C '1'A 81 I 

Courfes Dift. N. S. E. W; 
---'e----- 

W.N.W.)W. 7.1 t9.a 
N.N.E.tE. 9 7.: 4.6 

~ , ~ ~ , . ' f ~ ~  3z ' ' 5  r7 . ,  3*'$ r r , 8  
c----- 

1 3 . 3  a7.r  7.6 p.6~ 
' 3 .3  7.6 - i. 4- 

Pit?. Idt. 3 , 8  Dep. 15.0 

mer. dik- g-day. 
W i t h  thewurfeaiidmer. diff. o f  lat. the diff.of Ion is faundbybfcrci tor  tobe 

3qFiks. &,.with the mid. lat. and dep. the diff. o h n g  is found by mid. lat. 
hllmg 36 miles weR. 

Diff. Ionnittide - 09 16' 
Yritcrda;'s longitode 7 W. 

Longitude in - 8 aoW. 
- - 

(D . 36 
Here the iif. of long. follnd by mid. Iat. differ8 conliderabl from tha t  fotind by 

It would sgrce newer with mid. lat. failing 3 but ifi all c a k e  where the courfe is io 
War, and the diffemrnce of latitude is inmiles and tenths, middle latitudcfhould be 
depended on. 

%$nd tbr Bearing awd Dipaflcr of C@& Fini@rre. 
Latitude in 44°04'N. Mer. p u t s  r951 Loagitde in 89 mo'w. 
Cape's latitude 41 5aN. Mer. parti rX5a Cape's long. 9 i4w. 

With the ma. diff. of lat. and d i K  of long. Cape Finifterre im found to bra*. 
asr 37' w. aid with tlrt bnriirg and the proper diff. of lat. the d i h i c c  is found 

$ercator*s &Ujg, but if the mer. parts were taken from P tab r e of miles and tenths 

I__ - - 
1Wni.k 72 = 1 l a  Ma. diff. of lat. 99 Diff. long 3& 

81 mica, B b a  



Funcnala. 26O 4 $ N  
O r 8 O o .  I p4 I JJ 1 83 )43 .46 )43~~+)1 .1s )r . ;SJ  10.z I UiRance 71cmiles. 

, 4  
6 
8 

3 4 6  
4 4 8  
6 4 6  
8 4 8  

10 4 8 
12 4 5 

C o d e .  IOiR 1::; 
5.?$CJfW 8 

mid.  la^ 
The fat. by obfervation differing from the lat. by account, I correa fm the true longim& 

ps foItows, '(it being three days fince I had an obfervation before,) by Cafe u. p;ige 68s. 

LaffobC fat. 450 r3'N. 3063 Withthe mer. dit  oflat. by account q a a n d  
s p ' r  Iat. by acc.43 sg3x dif of long. by account t 34, the dire& coude - fince IaRobf. iJfouniiS.4 0 13W.or45and 

13r the diR. 187 miles.-Witi that diR. and the - mer. dif. of lat. by ob(. 153, the dif. cf lollg. 
Ship's long. at I@ obf. So I'W. is found 1 3 ,  this added fo the,#% pf long. by 
Sk+'slong.we(c:to-day 10 ISW. account giyes 241, Wbi&#dded by 5 - gtvea thc true dtf. of long. &t laff obi. 1st - L~&I in atIaQ okL 8 IW* 

Ship's lat. by obf. $3 34N. 2QIO bgitudeia  7 IO z W *  
6 

TIie cwrfe found %ice laR obfervation 45" I J' Is of no.farfkula than to knew what Ca6 
t o  w e &  by. I 

With th+ true courfe fince Ian obf. 38O Io' and the proper dif. of lat. 109, thedep is 1* 
26' + X Q  53'W.=3' 19'. 
e .  Tojnd iba Beun'ng a d  Dijtance fl Cajt Finij7ewr. .* 

Cape'slat. 41 pN. nder.parta . _II 285" Cape's long. 9 14w2 

Withthe mer. dif. oflat. an&dif.oflong. the direCt coude to Cape FiniRerre is found S* 
390 57%. md wrththar courkand proper dif.oflat. the d i b c c  i s  found 54 mila, 

Mer. parts. 

49 N, 

dif. fat. by account 

Dif. long. fuse ]ai? ~hl. * 14 M. nearly qrul to X'W. 

LdR obf. Iat. 450 23'N. 3063 / 

Mer. dif. by obfervatkn '53 

LatituJe m eo 34'N. Mcr.plm a910 Longitude in IOQ O d W .  

Dif. of lot. 42 Mer. dif. of lat. 58 Dif. oflongitude 48 

, 

T a  A V U  8 s t 'ra E t I. With the diff. of Irt. and dep. the cmrfe is 
found 5. 7 9 O  57'W. und the diAance 84 miles. 
DiE. oflatitu& mo IS'S. Mer.pa* C , ~ U I S L I .  iii w. S. E. W. 

T -- -- - - -g Lat. left. 44 4N. 295' I 
N.W.&\h. zq 16.1 '7 .  

c- c - dd 
Sum of lats. 67 53 Mer.diflat.zo I ~ . J  30.8 Dep. 82.9 - 

id. lat. 43 6 b  
90 00 - 1 

i 

:Cammid.Iat. 46 04 Dif.1at. 14.7 1 
I 
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FROM LONDON TO MADEIRA; 19s - 
Courfes. 

w. s. w. 
-- 

S.W. by W. 

Winda. 

south. 
-- 

S. b y L  

CLMAR rsonboard,'satuiday, April 
18, 179p 

-_.- 
rhek  24 hours moderate gala, with 

h a l l  howers ot rain. 

A great hell  from the S. W. To 
which I allow 6 miles. 

k the fwell is qonfidcred as a current, whole drift in 24 hours is 6 miles, 
I for the fwell j and qs it c o m a  from the S. W. it heaves the &iphur&dE 

I the variation allowed upon itmakes the l i t  wurfa N. E. by N, aa in  the Tra- 

S.517oW 
In this d 

the altowai 
the N. E.. 
verfe Table. 

found S. 530 30'W. and the difiance 84 miles. 

__I_ 

With the dif. of lat. and dep. the coude is' 

--- 
' Burnoflat. 86 18 Mer.dif.lat -- 

Middle late 43 09 
yo 00 

com.mid.lat. 46 51 
-m 

T h e  dep. 67 teing addeg rpyeltcrday's IWI~ 
din. gives 40 26'thC mer. diR this day. 

T h e  difference oflongitudeis found a8 befolc to be 19 33'W. 
YeRerday'r longitude $0 xw, -- 
Longitudein thisday SI 35W. . 

Tofind r l r  Bearinpv an$ D@an:c ofFuqcM.  
ht i tude in  - 4r0 44'N. Mer. parts 2841 Longitude in 1 r 0  3s'W.l 
Funchah ]at. 32 38 N6 Mer. parts 1073  Funckul'elo~~g, 17 J We 

Dif. lat. 606 =: 20 6 Mer dif. lat. 768 Dif. long. $30 = 
With the mer. dif. of Iat. and dif.,Iong Funchal is found to bear S.23- 15'N.and;viththat- 

6caring taken as before, and the proper dif of lat. the diRance is 660 miles. 
To j n d t h  Brarina rind Di rlncr of thc intrndrd Port on Mcrrator's Cbart. 

t,ay a ruler acrofg Mercdtdr's d a r t ,  in Irt. 4Z0 44; and ret one foat of the compaffe'ea 
o n  the meridian o f b n d w ,  and cheotiier in long. z x 0  35'W. 1ayofl:chatfame difiance fmm 
the meiidian of London, by the edge ofthe ruler, and that will hew the hip's place. Then  
lay the rulcr over the hip's place and Fwchal, and fake thc newaR diRaace bcweea tho 
rulet and the centre of the comprfv ; flide one foot along the fide of the ruler, and the o t h d  
foot will h e w  rbe coqcfe to be S. S.W. Again, (&eeping the ruler as before) take from the 
@ d u a l  parallel the dif. of ldt.  between the h i p  and port ( ioai%') in your compaffes, and 
aide one foot along @e ruler, holding both points pnrallel to the N. and S. lines, till the 
other cuts the E. and W. lines; p a n g  through the hip's place; the difiance between where 
thepoint refied, by the rdgc of-the ruler, and Funchal, heing meafwed upon the graduated 
P"*kIIeI, gives nearly 110,  or 66omiles fortlie diltance. In l ikc,mann~r find the bea:ing and 
fiRance ofany other place fiom the h i p ;  or take the diltance bct&een Funchaland thrQhip 
In Your CompaiTes, and lay it on the meridian, placing one fD0: d., much above Funchal as 
the is helow the kip's place, Qd that wlll be the diR. in degrees or in leagues, if the 
merid* 18 marked f i ,  

-c - --- 
.a0 



A JOVRfiAt'  OF "A V O Y A b f  

' 7 9 5 .  

I I ther. 

The variation being allowed on both the courls, and the leeway upon thcfmond, itwill be 
Iound that the hip has failed due WeR thele laR 1 4  hourc, and by furnming up the diftances 
her who!e JiRanct is found to be 120 miles, which is alio her departure ; it i s  evident fhe 
Ips made no difference of latitude, therefore her latitude by account is the fame a9 yefterday. 
As the f i i p  has failed upon. parallel with the Equator, her ditierciica of l011gltUdc is found 

Sy parallcl failing %Q 43#W. , 

Yefiday's longitude I I  35 W. 

Longitudeinby account 14 18 W. 
-- 

The lititode by obfervation not agreeing with the htihide by account, and it being tw 
h y s  fincc my lait obfervdtion, I corrd as f o h v s ,  by Vale 111. Page 182. 
Lai? Obf tat. 430 3+' Mer. parts ~ 9 1 0  With the Mer. diF. of lat. and dif. long. 
&at. in by acc. +a 44 Mer. parts i b 4 r  by account, the coude Ftnce lait obf. is found - ki be S. 7 5W. m d  the diffance 266 d e s .  
qcr. &E lat. by account fmce laR obf. $ 
f i  - 
h g .  kitlrR obfeydbn oz'W. 

' Shiik long. by account 14 18 W. With that die. and the mcr. diff. of lat. by -- o b i  the true d i t  of long. h e  laR obferva. 
16 W. tion io found to be 2 5 0  E: 40 1 l W .  -- Long. in at lai? obfervation i o  a W. 

'EX long byacc. fincc la& obf. 4 

LaRobl Iat. 430 34' M.pPnr iqro -A 
This day's lat. by obf. 4% 3u M4pms  r8za Longitude in a t  i a  - 
Ma. dif l e t  by obf. Ftncclattobf. 

hedeparture (oc Mer. a) hce lzit obtcrvation i s  found 881 miles, equal to 

88 * ith the courfe fince IaR ohrcrvation S. 7n0 30'W. and tile proper dif. of fat. 64 miless 
3. OI'W. 

Her. dilt. at laR obf. 3 19 w e  

True Mer, diR. t h t  day 6 10 
7 - L  

lofind tbr Bearing andDiJ?ancmtr of Fwrrlalin Mdrra .  
Latitude in 4:' 30'N. Ma. pare a8z: Lpngitude in 14. 12%'. 
Funchal'tlat. 31 38N. Mcr.parta 2073 Punchal'elong. 17 SW. 

Dif. kr.5#t= 9 $2 Mer. tiif. l a te  749 Dif.longitudc 8 53 = a73 

With the mer. difference d latitude and ditl'erence of longitude the bearin8 of Funchd is 
h n d  to be 3. I 3-W. and with that bearing taken as before, wad the pwpcr dif. of IatkUdc, 
the &Ranee i s  found 608 uikc 

-- - L- 



FROM LONDON TO MADEIRA* * - 
H. 
I 

2 

4 
6 
8 

sa 
IO 

2 

d 
8 

',2 
10 

- 

<. I;, Courfes. 

g s. s. w. 
8 s  
8 5  
8 5  
8 5  

-0. 

8 

9 0  
6 o S tE. 
5 5  
5 5  
5 
5 

ee K I M A R K S ~ ~  board, Monday, n p n  
@ Y  rotb, 1799 ---- 

Stiff gales, with h w e r s  of rain. 
From % P. M. fair weather and WO 

dcrate galas. 



A J O V R ~ A L  OF A VOYAGE 

Winds. 

V.byN.fW. 

e 

H. 

a 
4 
6 
II 

- 

IO 
I2 
a 
4 
6 
8 

ra 
10 - 

Lea- KC MARK^ on boaid, 'luefday, Aprl 

Frrh gales and clear weather. 

way. 21, 1795. -----.-- 
. & 

- 
K. 
I 

I 
, 8  

8 

8 
8 
8 
8 
8 
8 
8 

t 

a 

P. 

5 
5 

5 
4 
4 
6 
6 
5 

Courfes. -_- s. s. w. & w 

BY -mining the Lop-board it appears that the ihip has failed S. S. W. 3 W. a m  Miles. 

h t i t u d e  lefi 3 9  W'N. TRAVZRIIE T A B L I .  
Dif. latitude 3 IXS. 1 1 .  

Th latitude by obkvation not agreeing with the latitude by D. Re I corf& as foIIowSs 
by C d e  I. page I 79. 

With the courfe one point and a half, and the dif. of lat. by obf. 184, the die. is found 
W ba rg2 miles, and the de - 5 6 ,  which being added to the mer. die. yefterday 60 21' W. 
#tW the mer. drft. to-day 7 E 17'W. 

YcAaday'r latitude 390 40'N. Mer. parts e597 
This day's obf. lac. 36 36N. Mer, parts 2363 

Sum of latitudes 76 16 Mer. diff. Iat. a34 
- ._ - 

Middle latitude 38 8 

Comp. mid. lat. S' 5 2  
T h e  diff.. of long. is found by Mercator or mid. Irt. 

90 QO . -- 
1Q XI'W. 

YeRerday's long. 14 IPW.  

Long, in @is day is a3W. 
-- 

S j n d  the Bearing and D$mce of Funcbul. 

frtItt;dr in 3 6 O  36'N. Mer, parts 2363 Longitude in ?bo za'w- 
Fuuchal's la. 32 38 W. Mer. parte 2073 Funchal's long. 17 05 W- - - -4-- 
Dif. Iat. 238 a 58 Mer, dif. lab zgo Dif. tong. 103 = : 43 

1 

With the mn. dif. of lat. and the dif. of long. the bearing of Funrhil is fomd, nnd tyidi 
Sbar hewing andthE prQer dit: oflat. the difi.ulcc ia found 25 j milcp. 
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P, 

3 
5 
7 

I 

2 

3 
5 
5 
4 
I 

5 

Courfes. Winds. 

a . b y S . t W .  S.byW.aW 
---- 
N.S.W.6W. s. 4 w. I 
i. W. by W. . S .  by E. I I "'aria t P. W. per equal At. of the fua 

. With the diff. of lat. and dcp. the c o d e  
I s  found 3. 68"xo' W. and the dlR. 118.6 I ' ~ ' R A V F R S L  1 A R T  L. I 



A jaURNAL OF A VOYACS 

Ir: . CourTes. -- --- 
6 5 , b y E . a E  
8 
8 
8 

S. S. E. 
1 

5 S.S .E .&E 
3 1  5 

W W  the diff. of lat. and dep. the courfe is 
found S. 3 7 O  48%. and the difiance I 3 3  miles. 
YeAerJay's lat. 3 5 O  46'N. . 
DiK of' latitude x 45 S. 

Lat. by account 34 OX N. 
Obf lat. 33  56 N. M. parti rr6; 
Yshday's  lac. 35 46 N. M. parts 2301 

Prop.diff. ht.obf. I 50 M. diR. 134 

- - 
- - - 

Sum of  iat. 69 4% 

98 00 

c_) 

Middle latitude 34 51 The latitude by obL differing from the 12' 
titilde by account, I correL? a i  follows, by 
cafe 11. page 179. 

Cnmp.miC1at. 5s 09 
W i t h  the diff. of lot. XIO and the diR. 133 ,  the clep. is found to be 75, which 

Wig added to the .former dry. 81, gives I 57, halt this fnn is the true dep, 7s 
hitcr; with the dit. of I*. 110 and the dep. 7R, the true courfc io f o l d  5. 
35" zo'E. and % dib. 135 miles. 

T h e  dep. 7 8  being fiibtraFted fiom the mer. diR. yeberday, gives 7*47*W. the 

The &f.bf' long. is foundby Mercatoror middle latitude railin,o, to be 193s' 
I)Hr. diR. this day. 

Yrhrday 's  longitude 

Longitude in 

%Jnd t i e  Bearing and Dijancr of Funcbal in dfadrira. 

Latituckin 23'' 56w. Mer. parts sx67 Longitude in 16. O I ' ~ .  
Funchd'rht. 31 38N. Mer. parts 2073 Funchal's long 1 7  05 \Kg 

DitfrrcRce dht. I 11 Mer. dif. of lnt. 94 Dif. of long. a . 04 

With the meridionaldifference of latitude and diffmnce of lone;itde, tho d i d  
courfc to F'unchal ir S. ~ . + v ~ s '  W. and with that courle and the p r o p  digem@ 
of latitude, the dilt. i i  found 94 mil-. 

-- - -I 



FROM LONDON TO h l A f j B f R A ~  

Windr. -- 
i e b y N  

E. 

E.S.E, 

Ne E. 

tat. by 
Obf. - 
- 

A ~ M ~ ~ K s  on board,.hidny, 
April t4, ' 7 9 9  ---- 

Moderate p l e s  and hazy. 
At 6 P.M .more clear, faw Port0 smto 

bearing N. W .  about 7 or 8 Irrguer, 
At 1oP.M.  Taw Madeira, benriag 9.w. 

by S . Uifiancc I 5 leagues. 
Clear weather. 
At io P.M.camc to anohm off FnnChl,  

the weRernrnoR point W. by N. thc 
Loo-Rock N. by W. the Brazen Head 
E. by S. the DefertenfromE.to S.B 
DiRance about o lcaauss. 

i 

I 
- . -  

Variation 3 point. 
L 

der. Ui ' 

l i e .  ILo!:I Long. in. I Rearing and dilt. -. 

ed off, and the bcarinpadc5f- 
hew the young Naviga tor  th. 
which he may tither let f iad  

s Brtwcen April 24, and May IS, lay moored in Fuivhal Road, Madeira. 

Lee- 
Way. .- 

K Z M A E K S  on board, TueMay, 
May 1% 1795* --- 

Freh breeaes and clear. At  4 P. M. 
unmoored hip and hove in to 4 of a 
cable on the beit bOwcr, 

Light brcetrs and clear. 

I I I I I I  I ' r R A V r b l S E  '1 A l l % .  
I take my departure from the Southern- 

mol? Deferta, which 110s in Iatitudc 
32' 18 'N. long.  16'25'E. 

C s t  



1 
IO 

K. 
mum- 

6 
3 
a 
S 

L 

4 

6 
6 

I Lee 
F. Courfes. Winds. way 

--c 
a S.S.W. N.N.E.  

S.S. W , f W .  

Calm. 
4 S.S.W.*W. W.N.W. 

5 4  

5 2  N. W, 

Kcrdrrnws on board, Wedncfday, ----- May 1 3 9  '795. 
2ght  breezes and clear. Variition Po 

amplitude 18-  30' W. I 

6ade and ihortened fail occrfionally. 

'rei% bre6zes and clear. Set Ruddinl 

Her. iJif lorig 
7iR. I Ion' I 'in. * 1 Rearing and d i 3  

t .71 E I th'. '1 diltnnce 2 X  milea. 

fails. Lat. by ohf. loo q i ' N .  

3 mi I buzz zalvages, b. 3.4" b. 

By taking my departure from Couiieper 
the fouthernmofi Ueferta, which 1%. 
IS in lat. 32 .18  N. long, 16.25 E. -- 
courfe anfwering to that bearilg, S.S. M. *$w * 

and bearing from me ycfferday d t  S * E -  
n m N .  W. Sleaguesj I f i i d t l i c  S . S . W .  

cprrettad for variation, to be S .  
63O E. diftant I $  miles, ~ b i c ! i  I 
knve fet down in the Traverle Ta- 
bk as a courfe. 

UGtli the difference of latitude and departtire the coude is found to be S. I *  30'& 

With the com. mid. lat. the diff. of long. is found to be 3 miles. 

diRant goo mike. 

Dif. lat. 1039's. 
&at. left 31 10 N. Mer.pts.zoqo - 
Lat. in 3 0  31 Mer.pts.rgzq - Lat. falv.30" 8'N. Mer.pts.rXq8Long. rand 
8um lats, 61 4 1 ,  Mer.dift. 116 Li t .  in 3031 N. Mcr.pts .xg~4Lon. i i i16~~ 

c- 

- - - - -/ 

Mid. lat. 31  20 1.3 a6 1s - 
co. m. ]at. 58 40 

d i .  18 miles. 
With the mer. diff. bt. anddiff. long. the falvages are found to bear S. 34' $0 



PXOM MADEIRA TO TENERIFFE. sea3 

F. 

4 
2 
0 

2 

3 
4 
4 

I 

II 

H. - 
2 

4 
6 
8 

10 

I 2  
2 

4 
6 
8 

10 
I 2  

Courfcs, 

South. 
--- 

S.byW* 

II 

K. 

6 
64 
5 
4 
6 
5 
5 
5 
3 
3 
2 

- 

N. by N. I Freh breezes and pleafant weather. TWO 
t i l  in f ight. 

1 Variation 180 wtR. 

W.bvS. 1 I 

Courfes being conrAcd fat v x i -  
Ition, I find by the ‘ I  raverfc Table 
the dire& courk of the h i p  w he S .  
le0 E. and the difiance 107 miles. 

TRAVERSI TABLI. .  

------T-- 

South. S. 18’’ E. 6 ;  63.7 c0.7 
S. by W. S:? E. 49.7 5 .0  -- 

I it?. lat. i o n . 4 7 . i . 7  Den 

Dif. of Iat. 1044’s. 
L t .  left 30 31 N. Mer. parts 1924 

Lat. in 28 47 N. Mer. parts 1805 

- Mer.diff. 1x9 
sum of lat. 59 1% I.at.Teneriffez%.z7N.-x78~ Long.Tene. xbp IEW. -- Lat. in zS..+7N.-r805 Long. in 1 5  53 W. 
Mid. lat. zg 39 - Dif?’. Ixt. zoM. dif. a 3  Diff. loug a5 
CO. mid. lat. 60  ar 

- 
% 

_I 

- I _  - 
With the comp. of mid. Irt. the diff. of long. is fowd to be 29 nriks. 

with the mer. dif. lat. and dif. long. by Mercator, the Bay of Santn CrW icc 
Tt.lleriffe is S. 47. 23 W. diit. 30 milca. 

at fea, the tiwe Vdriation i s  not psrticularly attended to. 
As this Journal is only intended to h e w  the Learner how to keep his reckoiihJ 
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H. 

n 
10 
12. 
a 
4 
6 
8 

Frelh breezes and cloudy. 

Handed top gallant fail8 and in hi& reef top 
fails. At 6 the Peak of TenerirTe bora by 
compafs W. S. W. 

Frllh brecres and clear. Variation 18' W. 

K. 1 F. Ccuries. 

a 5  W. by N. 
4 5 4  
6 6  

---__I- 

6 

Set top-gallont fails. Hazy with rain. No 
land in fight. No obfervrtion, 

L i g h  breezes and clear. 
At noon made Tenriitfe, bearing W. by N. 

d i e  s z  leaaiies. 

,q 

k i t h  the cornp. of mid. lat. the dit. of 10ip.1~ found to be I O  miles; and the bearing 
id diflance of Sdnta Criiz by mid. lac, i s  found to be S. 840 %S'W.dik. 31 miles. 

4t  5 the ea& end ofTenrriKcN. W..4 
milec;  a t  9 anchored in  9 fathom in 
Santn Crun Road, the town of Santa 
Cruz W. b y N  a 'I mile. 

Variation 170 30'waR. 
At 8 A. M. hoiRed nut the boats and 

went on !hnrc to  n.iit'on the Cov. 
Moored ihip with the fmdl  bower to 

t a t .  left 28 30N. 
LPtitude zY 27 
Com.mid I.it.61 3 3  

15_ -- 

Winds. 

S. S .  E. 

VariJblc. 

WcR. 

F i g h t  breezes and glear. Madc all fail. 



Uap. Months, 179s. 
-5- 

S d a y ,  April I S  

Monday, April X J  

Trtciihy, ApriI 14 

Wdnefday, April 15 

Thurfday, April 1 6  

Friday, April 17 

Srirurday, April 18  

I ~~~~~ ~~ 

Wedmfday, May 13 

TIwIiday, May r 4  

s. 399 w. 
5.8.30 W. 

S. 9a E. 

'. 8r .  a 0  w 
s. 80 w. 

5.53. ~ O W .  

Weft. 

South. 

-- 
-- 
-- 
-.- 

i. b y W . $ W  

S. 65 W. 

Braings and Diltances a t  Noc;~. 

108 146. 48 N. 1 I 7. 47 W. 1 Funchal, S. 26. 39 W. aftant 951 miks. - -- - -- -------- 
97 45. IZ N. 4 5  . i 3 N .  8. I W. Funcha1,S. 18. 47 W. diRsnt 8 7 3  miles. 

76 44. 8 N.  7. 4.4 W. Funchal, S. 32.  r+  W. diknt  817 miles. 

' 5  44. 4 N. 8. i o  W. FuncSal, S. 30 .  53 W'. diRant 799 m a s .  

84 42. 43 N. 43 .  34N. I O .  2 W. Funchal, S. 26. 49 W. diRa~2 735 miles. 

84 4 2 -  44 N. 1 1 .  35 W. Funchal, S. 23. 15 W. lliltant 66omilcs. 

4 2 .  4 4  N. 42.30N. 14. ~a W. Funchai, S .  1 3 .  W-. diffant 608 miler. 

1 7 0  39. 4 7  N. 3 9 . 4 0 N .  I+. I+ W. Funchai, S.  IS .  16 W. diftant .w+ miles. 

39. 29 N. 39.36 N. IS.  23 W. Funchal, S. 19. 33 W. diRant 153 miles. 

119 35. 5z N. 35.46N. 17. 36 W. Funchal, S. 7 .  W. diRant 1Somiles. 

- -- -- -- ------- 
----- -- ------ 

------ - ---- 
- -- -- -- ---- - 

I _  

,;--- 
I__ --- -_ ------ I_-- 

I - ------ -- 

-- -- -------_I - 
------- 

----------- 



of Jtzding rbe E A T I ~ ~ D E  ad SEA, Sy trtking 
either in the Forenoolj or Afternoon, baving tbe 

ate Time meajtred by d commov Wutcb, renth 
aid Accurag, itdependant of tbe Sun’s Meridia#;9kit~de. 

G E N E R A L  R U L E S .  
T O  the recant of the latitude by account, add the recant of 

the fun’s declination, (rejeaing their indexes) and call 

2d. From the natural fine of the greateR altitude, FubtraEt the. 

that Turn th: logarithm ratio.* 

natural fine of the leafi altitude, and find the logarithm of their dif- 
krence, and write ir under the logarithm ratio. 

gd. SubtraQ the hours and minutes when the altitudes were raken 
from each other, and half the diil‘erence call half elapfed time. 

4th. WIth halfthe elapfed time enter the tables, and from the co- 
lumn of half-elapfed time take out the logarithm anfwering thereto, 
and fee it down under the I o p r i t h m  ratio, 

the tables in the colunin o f  middle time, where, having found the io- 
rc-ft thereto, take out the time correlponding to it, and 
under half the elapfed time. 

traA the lek from the greater, and the difference will be 

. With this time enter the tables, and from the column of 
ake ou t  the lngdrithni correfpnding to it; from thisloprithrn 
’the logarithm ratio, the remainder will be the logarithm of 

a natural number, wllicn, being found in the common table of. 
logarithms, a id  added to the natural h e  of the greaten altitude, will 
give ths ndtural h e  of the fun’s meridian altitude. 

Having the meridian altitude of the fun at noon, the latitude is 
fougd by the ufual method. 

Wt B. If the latitude, found by the above proeek, ihould differ 
widely fimm thc latitude by account, it will be proper to repeat the 
operatioh, ufing the lati tude la{% fouod i h i k a d  of the latitude by ac- 
CON@; till  the refult gives a latitude nearly agreeing With tha latitude 
u k d h  the computation. 

5th. Add there three logarithms together, and with their rum enter , 

noon, when the greateft altitude was taken. 

‘ 9  

% 

t 

. I . .  . 
* T h e  ati thmeticd cotnp. of the co.fir.e of anynngle isqua1 to,& logiarithic 

&cant of that a~q:lr, omitiilig t!ie 6, I{ !iquie In I he 111Jcx i tlm, h e  &cairt of-q.6’ 
50’ IY 1o.rbq#7, i i l d  omittiJig t h t  G i f t  ‘ i i p i c  I ,  1c3cer 0,164S7, the iicmt l& 
r.sdiits, o r  tht anthmet. coinp. (MT co-line 46” so’. 

4 E X A M P L E  



le7 

E X A M P L E  I. 
kcing at rea in latitude 46O sr,I north by account, when the fun's 

declination was 1i0 17' N. a t  IO H. 2 M. i n  the forenoon, the fun's 
altitude was 46O si, and at L I  H. 27 M. in the forenoon, the fecond 
altitude was 5 4 O  4. Required the true latitude, and true time of the 
day when the greateft altitude was taken? 

THE LATITvDB A T  $EA. 

Times. 
R. M. s. Lat. 46" 50'. Secant - 0.16487 
11 27 o 
IO 2 o Dec. 11 17 Secant - 0.00848 

E1a.T. I 25 o Added givesthelog. ratio 0.17335 
-- - 
-- - 

4EI.T. o 42 30 
T h e  fun's gr. alt. at 11 H. 27 M. is 54' 9' Its nat. fine 81055 
T h e  fun's leafialt. at 10 €1. 2 M. is 46 55 Its nat. fine 73036 - 

T h e  remairider of diff, of nat, fines 8019 

0. I 7335 

0.73429 
4.81176 

J 15 30 
42 30 

Log. ratio - - 
Thecommon log. of the diff. N. S. 8019 3.90413 
I n  the tables in col. ; eL. tiinc for 42 M. 30 S. is 

The H. M. &c. for which by thr tab'cs is 
SubtraA half elapked time - L 

- 
Their fum of the log. in IniJdle time 

H. M. 8. - 
- 0 33 00 f The  diff. is the true fpnce of timc'the fiiri had to 

rife to the meridiaii wheii the gru;rtcfi altitude 
was tdken I - 

H.  M. 
Time per watch I I 27 
Sub.  froin I2 0 

CIL 

o 33 Finding they agree, the watch is risht. 
Enter the tables with 33 M. under col. of rifing, and 3.01488 

YOU will find the log. - 
0.1 7 335 

natural number of which is 69) - 2.84153 

el4 

81 749' 

From which fubtraa the log. ratio 

TO the naturd fine of the great& alt. - 81055 
Add the mtural number of the above log. 

altitude, 54. 50' - I 

- - 
_c- 

- 
P 

T h e  rum is the nataralfine of the fun's meridian 

The natural fine+ are found in table XVIL 
TIIC hdt' elupfed time, &c. in taL!e XVL 

L ) d  



NEW METROD OF FINDIN4 

90° 0' 
54 50 

35 IO  S. Ry obfervin 
v 

T h e  fun's Zen. dill. the fun's merid. a h  
T h e  fun's declination I I 17 N. the fame fay, the lit. was found 

Lrt. - 46 27N. 

to be 46' 28' N. - 
E X A M P L E  IT. 

Being at fea in lat. 47' 19' N. by account, when the fun's declina- 
nation was 12' 16' N.  a t  IO H. 24 M. A. M. per watch, the fun's 
alt. was 49' g',at I H. 14 M. P. M. his alt. was 5x0 59'. Required 
the latitude? 

H. &I. S. 
I2 0 0 
IO 24 o -- Alt. Nat. S.  Lat. 47.19 0.16883 
I 36 o 49' 9' 75642 Sun'sdecl. 12 16 0.0~003 

-A I I4 0 5' 59 7878.3 - Log. ratio 17883 
Efa. T. 2 50 o DifF.N.S.3141 Itslog. 3,49707 
-7 

I- 

t El. T. I 25 O Its log. in col. of half elapf. time is 0.44077 

Sub, o 15 o Col. of mid. time correfponding to 4.1 1667 
-- - ~ -- 

Te,Ti 1 I O  o Its log. in col. of rifing is -- 3.66 542 
Tr. p. %V. I 14 o Log. ratio hub'. II..) 0.17883 

W a t .  fait. o 4 o 3066 the nat. num. of this log. 348659 
N. S. Sun's gr. alt. 78783 90 00 

-- -- 
-- 

N. S. S. mer. alt. 81849 = 54 56 
7- 

Sun's Zen. difi -- 35 4 South 
IZ 16 North ! Sun's decl, h 

Lat. in -- 47 20 N d t h .  
I__- 

Here the Latitude found by computation may be relied on, as it 
differs bw,one  mile from that ufed in the operation. 

E X A M P L E  111. 
Being at fca in lat soo 40' North per account, whcti the fun's dc- 

clinafion was 20' o' louth, a t  I O  H .  17 M. A. M.  per watch, the 
fun's alt. was f o s d  $7' I$, at  1 1  H.  17 M. A. M. per WdtCh,  it  
)Rap fodnd 19" 4f'A' Required the latitude) 

Times* 



Times. 

10 17 o 
11 17 o 

Ela. T. J o o 

$ E1.T. o 33 o 

H. M. s. 

-- 
-- 

THE LATITUDE AT SEA. 209 

Alt. Mat. S. Lat. 50'40' 419803 
Decl. ao 00 402701 -- 

' 7 O  13' = 29599 
19 41 = 33682 Log. ratio 422504 

CI. 

Dig. N. S. 4083 Its corn. log. 3161098 

Its log. from COl. half-elap, time is 0,88439 

I 1 0  
-__I 

Tr.time o 31 o 
T. p w. 0 43  0 

w . n o w  0 I 2  0 

90. 0' 
-- 

20 I 

I n  col. of mid. time correfpanding to ,+,7a83a 

From noon, its I O ~ .  from col. of rifinf %96067 
-- 

log. ratio rub. 0,21504 
-0 

544 N. num. of 2,73563 
33682 N.  S, greatell alt. - 
34226 N. S, of fun's mer, alt. 2dD 1'. -- 

Sten. &fit. 69 59 
Decl. 20 0 s. 
Lat. 49 59 N- 

-- 
But as this latitude differs 41 miles from that by account, it will 

be proper to repeat the operation, ufing the lat. lait found infiead of 
the lat. by account. 

H. M. Sm Lat. 4 9 O  59' w9178 : Elapfed time o 30 o Decl. 20 o 0,027011 
I O 0  -I -- Log. ratio 09% 187% 

True time o 30 o 3 ~ 6  8 09 

Watch flow o 13 o Incol. mid. T. I o 4,71407 

True time o 30 o Its log. in col, Qf r i h g  is 2,93223 
* Log. ratio 0,21879 

2 3 7  1344 
33682 Nit. S. gr. ah, 

Time per watch o 43 o 0,88430 -- H e  Me -- 
-- 

517 Nat. num. of 

q a t ,  S. fun's mer. alt. 34199 = 20' 0' - 
Zen. diR, 70 Q 

Decl. 20 0 s. 
-L- 

The iat. 50 o Nortb, 
b d 2  The 



NEW METHOD OF FINDING 
. 1  1 

d l 0  

The latitude laR found, differing only one mile from that ufed in 
the operathn, may be depended'on as the true latitude. Hence it 
k- plain, that the  operation is repeated with very little additional 
trouble, but few alterations being necefiry. 

E X A M P L E  IV. 

Being at lea i n  the latitude 6c" 0' north by account, when the fun 
was on the equator, and confequently had no declination, at I H. 
e M. P. M. per watch, his altitude was 28'53', and at 3 H. o M. P. 
M. perwatch, i t  was 20' 42'. Rcquircd [!IC true altitude? 

Times. 
H. M. S. 
I O 0  
3 0 0  

8lap.T.z o o 
2El.T.1 o o 

- 
2 0 0  

Lat 60'0'= 0,30103 
AIt. N. S .  Dec. o o =o,ooooo 

29 42= 35347 Log. ratio 0,30103 
-- 28 53 = 48303 

12956 rtc log. 4 , I  1247 

Its log. in cot. of Elap. time 0,5 8 70" 

-- 
-- 

Its Iog. i n  col. of mid. time 5,00050 - i' 
T.fr.N. I o o Its log. from col. of rifing 3,53243 
D . p c r W t  o o Log. ratio 0,39103 

1j04  N. num, 393'40 
--c -- 

48303 - 
90 0 - 

Nat. s. Sun's mer, alt. 5ooo7=30° 0' Sun's meridian ah, 

60 o Latitude, 

T h e  latitude by computation, corning the &me with the latitude 
by account, hews  that the latitude by account was right. From 
the foregoing examples it is plain, that the operation is the Came, 
whether the fun hath north or fouth declination. And it will be 
&e fame whether the i h i p  is io a north or fouth latitude. It is alfo 
clear, that when the On has no declination, the recant, rejekting the 
index of the latitude, is the log. ratio. 

E X A M P L E. V. 
%'anting to go through the N. Channel  among thepaldives, and 

by account being in latitude 7' 40' N. the declination being then 2z0 
47' N. at 7 H. 25 14. 40 5. A. iL1. the true altitude of the h ' s  cen- 
tre was 22' p', and at  IO H. 11 M. 48 S. A. M, it was found 6 3 O  
40'. 

Times 
RcciuireJ the hip's true latita'e? 



THE LATITUDE AT SEA., alcJ 

I H. M. 8 .  Alt. Nat. S. Lat. by ac. 7"40' 0,00390 
Times IO 31 48 6 3 O  40' 8962 Declin. 22 47 0,a3528 

4039 1 8 

0,40368 

3 I 30 5d5344. 

- 7 25 40 22 30 3826 il - +--- Loo. ratio 
Elap. T. 3 6 8 5 I355 Its YOg. 4,71058 5 El. T. I 33 04 Its log. in col. o f t  elap. time is 

3 1 3 0  

T r u e  T. I 28 26 Its log, in col. of rifing is 
T. p. W. I 28 12 Lo:. ratio 0,0391 

-- H. IM. s. -- 
-- -- 

-- -- 
W.flow a 0 14 6728 Nat. num. 3,8279 I 

90 00 89673 -- N. S. gr. alt. 
Mer. alt. 74 29 - - 96351 N. S ,  Sun's mec. alt.=7+O29*. 

Zen. d i k  1 5  31 N. 

Lat. in 7 16 north. 

Decl, 22 47 N. 
IL--.-- 

N. B. As the tables are only calculated to 30 feconds, the log,. 
for any intermediate feconds is found by taking the difference be- 
tween the log. next greater and next lek ; and laying, as 30 recon& 
is to that difterence, io is the given feconds to the difFerence of the 
)ogdrithms; or, i f  it be any even part, take iuch a part of the diffe- 
rence, and apply it to the next Ids logarithm j but  in there opera. 
tions a few feconds are not regarded. 

S F co NO U PP R AT ION. 

Lat. 7@16' 0,00350 
D C C .  22 47 0,03528 

Truetirne I 28 30 
3,86709 

Log. ratio 0,03878 
N. num. -I 

Log. 3,8283' 
N. S. Sun's rn. alt. 9 6 3 5 8 ~ 7 4  29. Hecce the Int. in is 7"16'N. 

T h e  latitude lafi found, agreeing with that u k d  i n  the operation, 
it may be taken as the true latitude ; and the operation is repeated 

I with 



*f4$ B ~ E W  METHOD CJF FINDXNCP 

with very little additional trouble, few alterations being neceffarre 
Hence i t  is plain, that if you are miftaken in  the latitude by account, 
yet by repeating the work two or  three times, making ufe of thc la- 
titude Iaft found in the next operation, it will a t  lait difcover i t f d  
to be true, by being equal to the laR fuppofition, which evidently 
mews the excellency of there tables. 

I n  the former examples we have confidered both altitudes taken 
at the fame place or  fiation ; but as that is feldom the cafe at Tea, the 
neceffary corredtion for any alteration of fiation may be readily made 
as follows : 

Suppole the firit altitude in the forenoon, a t  - 10 26 
T h e  fecond altitude in  the afternoon, at 2 h. 43 m. 14 43 
Differelice of longitude made is 30 miles w. equal to 2 

H. Me 

o 

J4 4' 
xo 26  

4 15 
If a fhip has been fdiling to the eaitward, the above two minutes 

mufi be added ; but unlcfs the difference of longitude be confider- 
ablc, it is not worth notice, as it will make a very inconfiderable 
error in the latitude. 

Again, i f  the iliip fails or makes towards that point of the  com- 
pafs which the fun bears upon, f i e  muit  raife the fun's altitude as  
many minutes as the miles flx has run towards it j therefore the 
miles r u n  towards the fun mufi be added to the firit altitude; but if 
failing from the fun, the fame muit  be Fubtraaed; if they are but  
few, they are not worth minding ; and then the feaman may make 
a very good eltimation by looking a t  the log-board only, who, by 
that, will be able to afcertain the diitance failed to, or  from the fun, 
between the obfervations, which will be of fufficient exaAiiefs in the 
prabtice of navigation ; and if the h i p  makcs an angle with the fun's 
bearing, it  may be readily found by the table of difierenre of latitude 
and departure, arid then either addor  rubtract, according as the cafe 
requires ; 2s may bc f5en in the following examples, which are in- 
kr ted  for the beliefit of thofe who require a greater degree of accu- 
racy. 

- 
Subtraaed is the elapfed time - - 

E X A M P L E 1'1. 
Suppofe a f l i p  from the Ray of Bifcay, bound to the Engliih 

Channel, in a b r i k  ?ale running N. by E. 3 E. per compafs, at the 
rate of 9 knots per hour, at IO 13. o M. A. M. per watch; obferved 
the fun's altitude 13' 18' bearing South 4 E. by compafs, and at  1 
€3. 40 M. 1'. M. per watch, the fun's altitude again was found 14 
15, the latitude by account being 49' ~ 7 '  N. and the fun'b declina- 
tion a3' 28' S. 

Th 
Requircd the true latitude ? 



The Qrre&?ion t o  the FirJ Alitudc. 
The time of the fir8 obfervation is IO H. o M. A. M. and of the 

fkcond I H. 40 M. P. M. the elapfed time is 3 €3. 40 M. and the 
rate of failing is 9 miles per hour ; then fay, by the Rule of Three, 
as I H. is to 9 miles, fo is 3 H. 40 M. to 33 miles, the difiancc run 
in the elapfed time. 

A a i 4  the fun’s bearing at the fitfi obfervation is fouth $ E. the 
oppo 7 ~ t e  point to which is N. 2 W. or 4 point, and the hip’s courfe 
during the clap. time is N. by E. 1 E. I $points, io‘the angle of 
&ip’s courfi with the fun’s bearing IS 2 2 points. 

Now in the table of difference of latiFude and departure, to the 
courfe z :- point*, and diflanre 33, the difference of latitude is 29, 
and the fiip f i l s  from the l u n  : therefore from the firfi obferved ai- 
titude 1 3 ~  18’ tdke 29; the remainder 1 2 O  49: the &fi altitude corr 
refied, which is to be ured in the optration, as follows : 

the compais N, S, E, W, 
and A the hip’s place. 
Take  the hip’s courfe N.  
by E. $ E. or 18 point, and 
fet it off from the north to- 
wards the cafl ; take the 
fun’s bearing S. 3 E. or $ 
of a point, and kt it off 
from the fouth towards the 
eafi ; the oppofite point 
is A G, N 2 W. then 
will G A C be the angle 
the h i p  has made during 
the elapfcd time, which 
angle bcing fet 05 from 
the north, (or meridian) 
to the eafi, will be rhe 
true courfe the h i p  has 
made from the fun, as the 
angle B A D. From A to D fit  off 33 miles, the ditlance failed 

the elapfed time, from D d r a w  a Im parallel to the E. and W. 
to Cut  the north or meridian line a t  B, then €3 will be the dif- 
f e ~ n c e  ofldc1tude 29 miles, that tke 111p bds failed from the fun du- 
ring elai’fcd time which berng fubtrdted from the firit altitude 
leaves the firfi altitude 12O 49’ whic!i is to be ul;d iii the operation. 
Had the flllp Iklled towards the fun, the above 29 miles mufi have 
been added to the firit airjtude, 

Let  the circle reprefent G R  C D  

W E 

A!t, 



NE& ~ ~ E T H Q ~  61c m‘xNbirja“ 

H. M. s. Alt. Nat. S. Lat. 49” 17’ 0,18554 
Times  IO 0 Q 14~1s’-24615 Uecl. 23 28 0,03749 

I 4 0  0 I2 49 = 22185 -- 
--_. - Log. ratio 0,22303‘ 

Its log. 0,33559 2’El. T. I 50 o -- 
o ro o Time correfponding to 3,94423 

I 40 o Its log. in col. of rifing is 3,97170 

90 0 5606 Nat. num. of 3,74867 

S1a.T. 3 40 0. Diff.N.S. 2430 Its log. 3,3856‘ -- 
-- -4 

Log. ratio - - 0,22303 - 
’7 35 24615 
72 25 N. S, M. Alt, 3022~ = 17 35 
cL_ 

Zen. diR. 
Declination 23 28 

Latitude 48 57 N. 

by account, the work mu8 be repeated. 

_I_ 

But BS the latitude by computation differs confiderably from that 

Latitude 48.54’ = 0,18262 
Declination 23 2 = 0,03749 
Lo . ratio 0,2201 I 

w. M. s. Difie.S.N.qgo Its log. 3,38561” 
I 50 0 Its log. 0,33559 
o IO o T ime  anfivering to 3,94131 

90 o r 40 o Its log. in col. of rifing 3,97170 
Log. ratio - o,zzoIr 17 37 

c- 

-- -- 
c---L 4- 

Zen. diR. 7 2  23s. 5644 s a t .  num. of 3,75159 
Declina: 23 28 S. 24615 

Tr. lat. 48 55 N. 

tation, it may be depended upon a5 the true latitude. 

*A h i p  failing N. E. half E. ,by co:njds, at thc rate of 9 knots an 
bmr, at o H. 31 M. 40 S. P.*M. per watch, I found the altitude of 
the fun’s lower limb 28“ 20‘ above the horizon of the k a ,  the eye 
being elevated 20 feet above the lirrfacc of the water, and the fun’s 
beiring by compafs being at the fame time S. by W. and at z H. 58 
M. 20 S. P. M. by watch, the altituJe of the fun’s lower limb was 
1 6 ~  41’ above the horizon, the eye bcrir$ elevated as beforp, and the 
latitude by account, at  the time of til: !.it? olfervation, was 48” 0’ 
north, and the declination I 3 O  I 7’ fourh, Required the true lati- 
tude .at taking, the laR obltrvation ? 

Firfi 

- .IcL 

30259 N. S. mer. alt.”17’ 37’. 
This  1atitude.differing only z miles from that ufed in the compu- 

. E X A M P L E  VII. 



Firit. obferved alt. fun's lower lirn,b. 28' ZO' 

CorieOion for refraaion 28 18 

Refraaion to be Cubtraaed 2 

Dip of the horizon CubtraCted 

App. alt. 28 14 

-- 
4 .  - 

Sun's femidiameter added o 16 

Cor rea  altitude of fun's centre 28 30 
-c 

CorreRionfor the@' Altitude. 

rccond 2 H. 58 M. 20 S. P. M. io the elapfed time is a H. 26M. 40 
8. : the rate of failing is 9 miles per hour. Then  as I H. : 9 miles 
: : 2 H, 26 M. 40 S. : 22 miles, the difiance run in the elapfed time. 

A@n, the fun's bearing at the firit obfervation is s. by w. the 
Qppofite point to which is N. by E. or I point. 

The Ihip's courfe during the ela. time is N. E. f E. or 4 

the fun's bearing is 
I n  the table of difference of latitude and departure, to the courfe 

3; points, and diitance 22 miles, the difference of latitude is 17 miles. 
While the h i p  fails from the fun. 

Wherefore, firR obferved altitude 2 8 O  30'-17' = 28. 13' the firR 
correa altitude to be ufed in the operation. 

H.  M. s. Alt. N. . Lat. by ac. 48' d 0,17448 
Times o 31 40 28'13' 47281 Declin. 13 17 0,0117 

--- -- Log. ratio 0,18627 

?'he time of the firit oblervstion o H. 31 M. 40 S. f). M. of the . 

pts. 
SO the angle of the hip's courie with N, E. byN, E. pts. 

2 58 29 16 50 28959 ne- 

Ela. T. 2 26 40 Dig. N. S. 18322 Its log. 4,26297 -- 
kE1.T. I 13 20 Its log, from COI. of i cfapf'. time QJ0232 -- 

I 46 30 In m1. of mid, time correrponding to 4,95156 

0, I 862 7 

-- 
I -.-.I, 

Q 33 IO Its log, from col >f rifing 3201923 

90 0 681 ?J.num. of 2,83296 

Log. ratio 
N. S. gr. alt, 47281 

Mer, alt, 28 40 1.1.- 

Zen. diR. 61 20 S., 
JAXL 13 17 S. 

7-.-.. 

--N. S,mer,alt.g7962 3SV 40' 

c- 

48 3 N. 
A d  as it difters but three miles from the Idtude by account, it 

be tnkcn as the true latitude. 
l i e  $Jup/f;ons 



!M NEW METHOD OF FINDING 

2&f?iont for Exert+. 

rb. Being a t  Tea in latitude by account 3 9 O  28' N. when the funP.9 
declination was 2o041'N. a t  I I H. 30 M. 15 S. A. M .  per watch, the 
altitude of the fun's lower limb was obferved to be 68O 18' 45," and 
at 1 2  H. 26 M. 28 S. P. M. it was 7oos8', the height of the eye be- 
i n g  2 1  feet above the furfacc of the fea. Required the true latitude 
of the ihlp ? 

2d. Being at  fea in  lat. soo 40' N. by account, a t  I O  H. J 7 M. 30 S. 
A. M. per watch, the altitude of the fun's lower limb was obferved 
to be  I 7 O  4'5, and at I I H. I 7 M. 30 S. it  was I 9' 3 I' 2, the declina- 
tion being then 20" N. and the height of the eye 21 feet above the 
fa. Required the latitude i n ?  Anfwer, 50" 0'. N. 

3d: Suppofe a fhip at  rea in lat. 47" 34' N. by account, a t  9 H. 55 
M. 30 S. by watch, the altitude of the fun's lower limb was 17O z i ,  
bearing by compafs S. by E. 3 E. and a t  1 2  H, 54 M. I O  S. his 
altitude was 21' 45' 2, the declin. being then I 9" 30's. the height of 
the eye 20 feet above the Tea, and the {hip's c o u r k  by compafs was 
E. ; S.  It the rate of 7 knots per hour. W h a t  was the true latitude ? 
Anlwer, 47' 24' K. 

4th. A t  1 1  €3. 28 M. 20 s. A. M. per watch, the altitude of the 
fun's lower limb .was 28' 18: the furl bearing then S. by W. by 
eompafs. A t  2 H. 58 M. 20 S. P. M. his altitude was 1 6 O  40: the  
height of the eye 20 feet, his declination being then I 3' I 7' N. and 
&e latitude then by account 47' 50' N. the ffiip's courie during the 
&pfed time was N. E. with her larboard tacks on board, failing at 

W h a t  latitude 

. By the ihip's courfe per compafs i s  to be underftooc', its courfe 
made good, lee-way, if any, being fire allowed, or  the courfe, by 
cornpars, correlied for the lee-way only, but  not for the variation. 
Had the variation of the compafs been applied, both to the h ip ' s  
c o d e  and the fun's bearing, it would not have made any difference 
in  the  operation or refult, as  the angle formed by them will always 
be the I h e ,  whether they are both eltimated by the compafs, or 
When the variation is allowed on both. 

T h i s  method of finding the latitude is of excellent ufe, fince there 
are io many circurnftanres at fea, which deny the opportunity of 
h2vir.g the lun's meridian altitude; and as the knowing the true la- 
titude is of the greatelt coiikquence, elprcidly in coming into the 
Englifi channel, R-c. where there are trequciit obAru&ions of clouds* 
every feaniaii ought to be ready a t  determining his latitude, by this 
method, whenever a n  opportunity oft'ers, lelt he fhould nut fee the 
fun upon the meridian. 

NOTE. T h e  nearer to noon the obfervations are taken, the better i. 
provided the elapfed time be not much Jefs than half the interval of 
time, when they are both takeii on the fane fide of noon, nor .much 

5 greatel 

Rnfwer, 39' 28' N. 

rate oi fix kngts, and made half a point lee-way. 
$ fie in when the laft altitude was taken ? AnTwer, 48' 9' N. 



T H E  LATrTUDB AT SEA. 2 ‘7 

@eater than once and half the greater interval, when taken on diife- 
rent  fides of noon. 

TofFnd the LATITUDE 6y one ALTITUDE Ofthe Sun, when the 
%me ij not figcre li‘iji7ant t l hn  one Hour from Nooii. 

R U L E .  
TO filld the true S m e .  

M T H  R N the fun’s declination and complement of the latitude 
are both north or both fouth, their furn, but if one be north and 

the othel I;,uth, their ditrerence is the meridian altitude. 
F r o m  the natural fine of the fun’s meridian altitude, FubtraQ the 

natural fine of the true altitude. 
T h e n  add together, 
T h e  105. co-kcant  of t!iecomp. cf the lat. reje&t. their itldexes 

and thc common logarithm of the diKcrence of natural fines into one 
h u m .  ‘I‘he rum of there three logarithms, being found in the column 
riGng, the hours, minutes, and feconds correfponding to it, will bc the 
,true time from no011 when the altitude was taken. 

E e A M P L E .  
Being a t  fea in lat 50° 49’ N. by account when the fun’s declina- 

tion was 2c1° fouth, a t  I I H. I 7 N1. A. M. per watch, fun’s alt. was 
19’ 41’. 
Comp. ]at. 39. 20 N. Co-fec. 0. 19803 
Declination 20. 03 S. Sec. 0.o27or 

Sup. in  aIt. 19. 20 Nat.  fine 33106 
e-- L. ra. 0.22504 

Obfer.alt. xg. 41 Nat.  fine 33682 

576 Col. I. 2.76042 

T h e  log. fLcmt  ofthe fun’s declination, 3 

Kequired t h e  true t ime? 

c_-- 7- 

-4- 

H. M. -- 12.00.cl0 
Log. in col. of r i h g  2. 98546 is = 00. 32, QO 

Having the true time previous tothe obfervation, t o  find the change 
of altitude. 

Add together the logarithm found in the C O ~ .  Qf rifrng anfvrering 
t o  the minutes and [econds the full had t o  riie wh-n the alt i tudc was 
taken, and the recant of the h p p o k d  meridian altitude from this rum, 
(the index being increafed by 5*, 1 fubtraa the log. ratio, the remain- 
der is the log. fine of the change ofaltitude from the t h e  of obferva- 
tion t o  noon; which being added to the obfcrved iltitudo gives the 
hi's meiidian altitude. 

c_- -- 
T r u e  time at Tea I I .  7 8  

* The 5 is the index of fix hcurs in the column of r i f ig ,  
E c z  Log 



3'18 NPW MBTHQD 6F FIWDIMd 

Log. in col. of rifing of 32 M. 2.98820 Obfer. alt. 19.4x 
Log, fcc. m, alt. 'go 20' 0.02521 Cha. ofalt. 3- 22 

Jncreafe index. S* Tt,  m, alt. 200" 

__1 -- 
a. 01341 

SubtraB log. ratio 0. 22504 -- 
Log. finechan. of alt. 21 min. 7.78837 

E X A M P L E  It. 
Being at Tea in Iat. 60 north by account, when the fun was on the 

cqua:or at I W. o M. P. per watch, the fun's alt. was 2b0 53'. Requi- 
red the true time and latitude in? 
Corn. Lat. 30.00 N. Nat.fine pooo Co.fec. 0. 30x03 Log. ratio, 

Ob, alt, 28.53 Nat. fine 48303 

Ch. of lat. 2.08 1697 Corn. log. 3. 22968 

T. m. alr. 30 .01  

Zen. diR. 59.59 N. Log. fec. mer. ah .  0.06247 
The S. being on the cquatgr. Increak Index 5- 

- - 
-- H. M. - -- 

Log. in COI. ofriGng is = 3.5307 I =r.oo?'r.Ts -- 
- 

SubtraR Iog. ratio 

Log. fine chan. of alt. 19 08' 
- 

8.29215 

E X A M P L E  11. 
Being at {ea in  lat, 39' 28' north by account, fun's declination 29' 

Required 41' north at 26 M. 28 S. P. M. fun's alt. was 71' IO'. 
the tme time and latitude at the h i p ?  

Declination 20.41 N. Nat. fine 94679 Secant 0 . 0 ~ 8 9 j  

SUP. m, aIt. 71. 13  Nar. fine 94646 0.14 133 

28 Com.log. I .  44716 

Comp. lat. 50.~2 Ne C 0 . k .  0. lrt39 

--- - -- -- 
- - M. 9. -- 

Obfer. alt, 71, IO LO. in col. of rifing i s = I .  5 8 8 4 . 8 ~ 6 .  30 T. T o  
Chan. alt. 3 Log. fec. fup. mer. alt. 0,49216 [at fir. 

T. mer. alt. 7 I, I 3 Increale index 5.  
-- 

---- 7-- 
Zen. diR. I 8.47 S. 7. 06364 
Declination 20.41 N. SubtraR log. ratio 0. 14132 

Lat, in 39. z8 N. L, fine Chan. ofalt, 3 m. 6.93332 
---- - 

X O T E P  



T H E  LATfTUDE AT SEA. ‘19 
’ N O T E S .  

xR. T h e  altitudes for determining how much the watch ditPars from p~w 
rent tirile had hetter be taken in the morning, or evening, when the fun’s dti- 
tude does not exceed 18 degree\. 

ad. An error in the liippuled latitude can make very fm 
change of a l t i tuib;  dnd the ncarer the altitude IS taken to 
find the t l ~ ~ i g c  ot altitude. 

3d. T h i s  xilethod is not to be dcpended on fiould the apparent timeexceed 
pn h w r  from noon, and infome inf4mccs, not theu ; fuch as dltitiides taken- 
the rqiidtor ; or  when the ri ic  I iJian altitudc exceeds 60 degrees; iior is t h a t  
tiiucli occafion for this method, or that of the double altitudes there, lince thaa 
i’,gener,tlly a clear horizon,a~rd conlequently a nieridianaltitudeeaClyobtriwd, 

To Jnd the Latitude by the Meridian Altitude f t h e  Moon. 

age 6th of the mon:h in the Nautical Almanac, find the ti- IN of the moon’s pafing over the meridian of Greenwich. 
T u r n  the longitucle into time, by rable  X[. and add it  to  theabove 

time, if it be weR, but lubtraa it, if it be eafi: the rim or difference, 
will be nearly the timc of her paffage over the meridian of the place 
of obfervation; which call rcduced time, 

In page 7th of the month in  the Almanac, find the moon’s fiemi- 
diameter and horizontal parallax, a t  the reduced time. 

T a k e  the difference between the moon’s ieniidiameter and dip, 
and add it to the obferved altitude, if the lower limb was obferved, 
but fubtraQ their fun1 if the upper limb was obferved; the fum or 
difference vyill be the apparent altitude ofher  centre. 

From the proportion logarithm of the moon’s horizontal parallax, 
found in -1‘able 1X. increafing its index by IO, CubtraEt the log. co- 
fine of the moon’s apparent alt. the remainder will be the prop. log. 
of  the moon’s parallax in altitude, from which take her refraaion, 
the diffcrence will be a corre&ion, which being added to  the appa- 
rent  altitude, will give the true altitude of her centre: h e n w  the 
zenith diitance, to which apply her declination, and you will have thc 
lati tude. 

NOTE. T h e  moon’s declination is Gt down in page the 6 th  of the 
month for every noon and midnight in the Nautical Almanac. 

Therefore rind the declination tor the nearefi noon and midnight 
bolh before and after the reduced time, and take the difference. 

T h c n  as 12 hours : is to the difference in 12 hours : : fo is the re- ~ 

duced time : to a proportional part i which being added to, or fub- 
t raded from the declination, the  noon or midnight before the reduced 
tiTe, according as it is increafing or decreafing, will give the decli- 
nation at the time and place of obfervation. 

’ 

E X A M P 1, E. I. 
Suppofe Qn Sept. 21, 17\96, in long. 4j0 wefi, the altitude of the 

moon’s lower l imb,  when on the meridian foutb of the obbrver, 
dhouid bc 6 7 O  43‘:? the eye being 23 feet above the lea. Required 
the latitude 2 

BY 



92Q NEW METHOD OF FINDING 

By the Almanac, the moon paires over the meridian of Grecawich 
that day a t  1 6  €I. IO M. afternoon, ar,d the 45' weR turned into time 
and added to it, gives 19 €1. IO &I. that is 7 H. IO M. pnit inidnight, 
the time fhepafles the meridian of the place of obfervation. 
Hor .  par. 59' '&? Prop. log. 10,4826 Mooil'sobr. alt. 67O43' 30" 

I App. alt. 67 -55  Log. cofi. 0,5751 Sem. dia. 16O 8' - Dip. 4 34 
Prop. 1. of M's. p. in alt. 22' I 6" 
MOOIA'~ refraction 23 App. alt, 61 55 4 

2 I 53 Correa .  of moon's aIt. 21 53 
Sep. 211), - 

9075 1 

--- 
MOO~I'S decl. at  midnight I 7" 37' I 7" 37' M's, tr. alt 68 I 6 57 

I 46 1 8  40 Zen. difi. 2 1 4 3  3s. 
As 12 fi.: io 46':: 7 H. IO M. ; io 3' Decl. 18 40 ON* 

Lat. in 40 23 3N, 
NOTE. If the nearelt minutes are taken and the fwonds rejeiud, 

Sept. 22d, ditto at noon 19 23 I 3 90 
-_I -- --d 

-7- 

it  will be fufficiently e x a a  for the purpofe of finding the latitude. 

E X A M P L E  11. 
Suppofe on C e c .  13, 1736, in long. 3ooeafi, the xlt. of the moon's 

upper lin,b fliould be ob!erved when on th r  meridian, being then 
fouth 56' IS', the eye 20 fcct above the fea. Required the latitude? 

Tlie moor1 p f l '  il over tltc mcridiaii of Greenwich that day, by the 
Almanac, a t  I I H. 23 M. afternoon. T h e  long. in  t ime z H. Tub- 
t raned  from I I H. 23 M. leaves 9 H. 23M. for the time flie paffe'es 
the meridian at thc p lxe  of  o%ervario:i. 

At this time the I ~ O O I I ' S  feini-diameter is found to be 16'41'', and 
her horizontal parallax 61' IO". 
H. par. 6 1 '  IO" Y. J , .  10,4687 Alt. M.'sup. 1. 56' 15' 0'' 
AD. alt. 55' 54' Cof. 9,7487 3em. diam. 16'41'' 

x Uip. 4 16 20 57 I__ 

P. log. of P. in  alt. 34' 16" 
Refraiiion 38 App. alt. 55 54 3 

7200 L_- - 
Cor, of moon's alt. 

Moon's ah. 

33 40 

Moon's decl. Dec. 13, at  noon 19' 18' 90 o o 

-- Zen.  dif). 33 32 17 

- 
-cL_ 

56 27 43 " 

33 43 

-- Dit to  a t  midnight 30 59 

A S  12 €1,: Io+I' : : 9 €1. 23 : lo  I 19' 'i Decl, 20 37 0 Decl. at noon 1 9  111 -IC- 

Lat. 54 9 17N* 
I O  



TfIE L A T I T U D E  AT SEA. 221 

TO j n d  the Latitude by the Meridian Altitude of a Planet, 
In  page 4th of the month in the Nautical Almanac are given the 

declinations and times of the planets' paffage over the meridian of 

Reduce the longitude into time, and add it to, or futtra& it from 
the tinlcs of their pafljge over the meridian of Greenwich, accord- 
ing as their longitude is eafi or weft : the iiim or difference will be 
the  time they pals the meridian of the place of obfervation : c o r r e a  
the obferved altitude for the dip. and refraLtion, with this correAed 
altitude and decliiiation find the latitude j as for 

E X A M P L E .  
Suppofe in  long. 45' W. on on. I, 1796, the meridian altitude 

of Jupiter, when iouth of the obfervcr, ihould be 41' 30; the eye 22 
feet above the Tea, and the latitude be required ? 

By the Almanac, Jupiter paflk the meridian of Greenwich that 
day a t  9 h. 53 in. afternoon; and 3 11. the long. in time, added t o  
it gives 53 m. after 12 a t  night, when he pares over the meridian of 
the place of dtervat ion.  

Greenwich every fix days. a 

Meridian alt. 410 35' 0'1 
Dip. +' 28" + Refratit. I' 4" = o 5 32 

T r u e  alt. 41 2 4  28 
-- 
90 -- 

Zen.  diR. 48 35 32s. 

Latitude 37 23 32N. 

Declination 1 I 12 OS. -- 
T h e  declination of the planets are ret down for every 6 days, but 

may be found for intermediate days by taking proportional parts. 

I 

OF T I i E  P A I< A L L -4 x. 
ARALLAX is the direrenee hctwcen the altitude of the fun, P moon, or {tar, and t!ie al:itude of the h e  oljeki k e n  a t  the 

fame time from the earth's lurtdce ; or it is the angle the ealth's 
femi-diameter would appear under by a n  obferver placed at the fu11, 
moon, or ftar. 

T h e  parallax of the heavenly bodies are greatefi when in the hori- 
zon, hence called the horizontal parallax j that of the moon's is fet 
down in the Nautical Alinanac for every noon and midnight, and 
lies between 54' arid 62 ' j  the parallax dirniriiihcs according to the  

altitude 
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altifade of the' objc& until it comes to the zenith, where it is I Y U ~  
thing ; the, clifferenee of the elevation of c'>je&ts is called the parallax 
in altitude; and it k eafy calculated b fapirtg, as r;ddius is to the 

II objeEts are depreKed by their Farallax, io they 
are elevated above their true altitudes by refra&on. 

To is the co-fine o Y the altitude to the parallax in 

Let  P T  reprefent the earth, T the centre, M P P a part of the 
moon's orbit, DD part of the fun's orbit, and the rational as well 
as A A is t i e  fenfible horizon, 

an obferver at T will fee the moon in the line"DD R, when 
P at the fame time will fee her in the line D A in the fen- 

on, and the angle 1' 3 T = M T = A D R is the horizon- 
d parallax fet down in the Nautical Afmanac for every noon and 
midnight, aqd lies between 54' and, 62' ; this angle diminilhes as the 
obj& approaches the zenith ; for fuppofe the moon in the line Y q 
iQe <gDo=P>T is lefs than the <ADR=<T%P, fi iU di- 
miniffiin until it comes to the zenith 2, where it is nothing. T o  
hd &e fjimjnuum of prallax i n  altitude, fay, as radius : is to the 
horizontal parallax : ; io is the. eo-fine of the apparent altitude : to 
the parallax in altitude. 

?'he parallax of the moan io greater than any of the rcfi of the 
planets, owing to her being neareft the earth, the vafi diftance of the 
fun and itars rendering their parallax fo imall, that the are often 
ncgleEted in nautical calculations ; for fuppofe the fun at or S, then 
the < l'FP=qTF is the fun's parallax, about 8 # Lconds. 

Having the earth's Eemi-diameter and tlpi parallax of any of the 
planets, their dinance may be found, by fay,ing, : as rhc tangent of the 
parallax : is to the earth's femi-diameter tn miles : : fo is radius : t@ 
cha dihmce. 

HarSag the dilfaocc, the parallax i s  fsuad by hying, As the dif- 
tis@ 
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bnce : is to radius : : io is the earth's femidiameter : to the tangent 
of the parallax. 

T h e  earth's femidiameter is 1146 nautical leagues, the fun's dif- 
tance from the earth is 27,809,344, the moon 69,059,. Mercury 
10,764,563, Venus 20,115,400, Mars 42,372,897, Jupiter 
144,635,833, and Saturn 265,283,603 leagues. 

zb reduce tbe Sun's Declination from Noon at Greenwicb, to tb'ka 

R U L E .  
ITH the longitude in from Greenwich, in the top column 

lit* w exprelfed both in time and degrees, look for that aufwer- 
ing nearefl to your longitude in. 

2d. Look for the da of themonth'in the fide column, the number 

longitude in) is either to be added to, or fubtrakted from the declina- 
tion that day at Greenwich. 
T o  know whether it is to be added, or fubtraaed, look at the 

top, and under the column of the day of the month ou will fee, add 

give tho true declination for the noon at the place of oblervation. 

NOON under a 9  otber Meridian, By Table X W I .  

of minutes, and fecon (r s whcre that cuts (in the fame col. of your 

In 4, or fubtrdt in weft, (and vict ver/a) which I I  aving done will 

E X A M P L E. 
Re uired the true declination, 0 ttober I 0, I 796, in longitude 52' 

E. of 8reenwich. 
Sun's decl, O&t. IO  at  Greenwich 7' I' 3z"pet Ephemeris. 
Varia. of decl. per tables Oat. g 1 
True  decl. O&. IO, in long. 52 E. 6 58 17 

70 rtduce thr Sun's Declination from Noon at m y  l%idhn, to any ftbtr 
Time under that Mbridian. 

and long. 52' eail gives ' 5  tobe rub. inea&long. 

R U L E .  , 

lit. With the time from noon in the top of column, look for that 
anfwering nearea to this time. 

2d. Look for the day of the nionth in the fide column, the num- 
ber of minutes and feconds, where that cuts (in the lame column of 
the time from noon) is either to be added to, or fubtra&ed from the 
declination that day at Greenwich, noon. 

To  know whether it is to be added or fubtraaed, look at the top, 
and under the column of the day of the month, you will fee add 
afternoon, or CubtraC-t before noon, (and vki vegu) which you having 

F f  . done, 
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done, will give you the true declination for any time differing fr6* ' 
noon. 

NO'TF I n  all calcul'ations for determining the longitude, the fun's 
declination is taken out of the Nautjcal Almanac, asit is there c2lcu- 
lated to the nearcfi fecond. 

* E X A M P L E  I. 
Required the fun's true declination Olkober the xoth, 1796, 

8 H. 21 kl. in the forenooil, in Jongitude 52' eaff of Greenwich ? 
Variation of decl. O& IO, per table in long. 52' E. ] 0' 3'15' fubtra& in eafi longitude - - 
Variation of Decl. for 3h. 39m. from noon OQ. IO, 

per tabIes to be fubtraAed before noon, - 
Sum of variations fubtraA , -  o 6 41 
Sun's declination per Naut. AI. OA. IO, at  Greenwich 7 13 2% 

Truedtcli.  OEt. IO, i n I o n g . p E ,  at  8 h. 21 m. A. M.6 6 2 1 s ~  
-1 

E , X A M P L E  ir. 
Require3 the fun's true declination, May 7, 1796, rt 5 h. 30 nti 

P. M. and in longitude 35" 30' wefi of Greenwich? 

Add in wel? l o n g ~ t u d ~  
Varia. ofdecii. for 5 h. 30 m. from noon May 7, per 1 
Varia. of declination May 7, in long. 53 30 wefi H. M. 9. 

0 3 5 2  

Sum of Varia. Add, or correaion of declination 0 s 3 3  
Sun's declination May 7, per Ephemeris 17 5 24 

tables to, be added afternoon, - 
-.L- 

T.decl.May7,long.35. 30W. a t 3 h .  3om.P.M. 17 t o  57 
T h e  above method will give the fun's declination fufficiently cor- 

re& for all nautical purpofes;, bur ?bok who wifb to come to the 
greatefi degree of exa&nels may d e  the following method. 

T u r n  the hip's longitude into time by Table XI. and add to f r  
the time per watch, if the longitude be weff, bu t  fubtraCt i t  if the 
longitude be eafi, the fum or difference will be the time at  Green- 
wich, which call the reduced time. 
Look in the Nautical Almanac for the'given day, and in page.thc 

2d of the month Bands the fun's declination. 
If the reduced rime be in the morning, take the difference of des 

elinationbetween the noon before, a i d  noon after the reduced time. 
Then  ray by the Rule of'rhree, 
As 24 hours : is to the daily difference of dedinhtion : : fo is 

reduced tinie : to a numSer of minutes and iiconds, which being 
added to the declination the noon before if it be increafing, or 
trakting it if decreaiinp, tho ruin or difterence will bc the declinatJQf 
at & fbiy, rrs 



'JtiJind :he apparent Time, and thereby regulate the going af d e  
Watcb, and Fir$', by Equal Altitudes of the Sun. 

T the time when the watch itands in need of being regulated A for the obfervations intended, let the fun's altitude be taken at 
ony convenient time in the forenoon, 2, 3, 6' or 5 hours difiant from 
the meridian. Set down the altitude with the correfponding time 
exaaly (the index being already fet to the morning altitude:) note 
down the time of the fame altitude in the afternoon; half the rum 
of there two times is the apparent time h e w n  by the clock or 
Watch when the fun was upon the meridian of that place. But it 
muft here be obferved, that if the change of dec!ination be confider- 
able during the elapfed time, it muft be allowed for, by adding the 
difference to, or fubtraaing it from, the fecond altitude, according 
as it  is increafing or decreafing. Left that an altitude taken in'the 
forenoon cannot by the interpofition of clouds have a correfponding; 
one in the afternoon; it is therefore proper to take feveral in the 
forenoon, in order to fecure a correfponding one in the qfternoon. 
And, if feveral equal altitudes can be taken on both fides of the me- 
ridian, it will be befi to find the noons for each pair, and the means 
of all the noons thus found for the true one. 

When there is reafon to believe that the watch gains or lofes 
confiderably, other rets of obfervations may be taken on fuccedve 
days, whereby the daily variation may be found and allowed for; 
by which means the artifi will have little more to do in finding his 
longitude by obfervation, than to reduce the obferved diftancc Of tho 
obje&s to the true diitance of their centres; the hip's time being 
&ewn by the watch previoufly regulated. I 

E X A M P L E S. 
May 20, ~796 ,  fuppofe that at  

' 8 h. 40 m. in the forenoon, and 
3 h. r a m .  afternoon by watch, 
the fun had equal altitudes, and 
'the going of the watch be requi- 
red r' 

H. M. 
v o w  add together I2 0 

8 40 
3 I 6  

2123 56 

f -  gives noon per watch I I 58 
?'rue noon - 12 0 

c-- 

-I- 

Watch flow - 2 
F f 2  

March 18,1796, in lat. 4 9 O  N, 
fuppore at 8 h. I O  m. 58 s. fore- 
noon, and at 3 h.  58 m. 34 s. you 
have equal altitudes of the fun, 
Required the going of the watch ? 

T h e  diftance ot the time from 
noon when the firit was take:i is 
3 h, 49 m. 2 s. douliled is 7 h. 
38 m. 4 s. arid the d a l y  decreafe 
of declin. at this tiuie is ~ 3 1 7 1 .  41s. 

N o w  as 24 h. : 23' 41" 2 : 7 h. 

Hence the iiidrx of the qua- 
dranc m u i t  bt  le t  7' 4 forward on 
the arch, ' 0  coirelpoiid with the 
morning ait. whence the watch 
will be tourid 4' 46" LOO f a k  

Here 

SF 41' : ; t i *  
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Here it is fuppofed that the h i p  is lying by, or mikes no yay 
through the water; but if fhe is failing to or from the fun, proper 
gllowance mufi be made for her run, during the elapfed time j but  
the  following methods of finding the time will arifwer every purpok 
at rea. 

lo f ind the apparent Zme tu the Sun’s Atit#&. 

Find the hip’s latitude and longitude by a c c p n t ,  a t  the time of 
obfervation, by carryin the reckoning forward to that time. 

limb. 
T a k e  the d.ifference between the femidiamerer and dip of the hori- 

son ,  and add it to the obferved altitude, the tiurn will be the fun’s ap- 

W i t h  a quadrant we 7 1 adjufied,.take the altitude of the fun’s lower 

parent altitude. 
Take the difference between the fun’s r e f r a a o n  and parallax in 

altitude, and fubtraA it from the apparent altitude ; the remainder 
will b e  the true altitude of the fun’s centre ; hence the true zenith 
difiance. 

T u r n  the hip’s longitude into time, and either add to or fubtraA 
from the time per watch, accordingas i t  is eaft or weft j the fum, or 
difference, w i l  be the reduced or’hppoled time a t  the place of ob- .. 

fer v a t i on, 

L f  n the polar difiance : then, 

T a k e  the fun’s declination out of the Nautical Almanac, and 
ro ortion it to the reduced time; with the fun’s true decliiirtion 

- Add together T h e  zenith diitance, 
T h e  co-latitude, and 
Polar difiance into one rum. 

From half this {urn fubtraa the zenith difiance, noting the half 

T h e  log. co-recant ofthe comp. of the latitude, rejec’ting their 
T h e  log. co-recant of the polar diitance, 1 iiidexes. 
T h e  log. fine of the half Cum, and 
T h e  log. fine of difl’erence into one Turn. 
T a k e  the log, fine of half the fun1 of the four logarithms, which 

being doubled and brought into time as before, will give the times 
from the midnight before the altitude was taken. 

Half the rum of thefe four logarithms will give the log. co-fine of 
half the hour angle; which being doubled arid turiied into time, by 
allawing rg degrees for every hour, &c. or more briefly by the 
Table, will give the true time, if the altitude w a s  taken in  the after- 
noon; but if in the forenoon, its compleinent to 24 hours will be the 
true time, reckoned from the preceding, or noon betore. Or, whit 
perhaps will be found more eafy te the learner : 

T h e  dip of the horizon, Table  Xill. in ditto. 

ium and remainder, then add together 

NOTE, T h e  refraaion i s  found in Table  XII. of this book. 

2 The 
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The fun's parallax in alt. Table XIV. in ditto. 
The  fun's decl. in page ad of the month, and 
The fun's fernidiameter in page 3d of tbc mouth in tha 

Nautical Almanac. , 

E X A M P L E  I. 

Suppofe on the 7th of M a  1796, at 5 h. 30 m. 32s. P, M. or 

Greenwich, by account, the altitude of the fun's lower limb &odd 
be found to be is0 45; the eye being 18 feet above the furface of the 
fea, and the true apparent time when the obfervation was made waa 
required ? 

Dip@ jt'femi. 155 3 diff. 11 50 _1 

afternoon per watc_h, in'latitu I P  e 39O 54' N. and long. 35' 30' weR of 

Obf. ale. S.'sL.L. IJ"45'Odl ht 39'54'N. 
90 - co.Lt. 50 6 

Ap. alt. S.'s L.L. 
Rcfra. 3' 17"par. 8 diff. 

Sun's true alt. 

Zenith die. 

Co. lat. 
Polar diR. 

Sum 

k:;; diR. Tub. 

Remainder 

Sum of 4 10s. 

- 
24 a4 ZK L 0 g . h  

4 Sumlog. co-fi. 4hourangk =4i0 4%' 44@ 9.s7314 
1 IC- 

Hour angle 5 33 34 
Time a t  h i p  per watch 83 23 a8 i n t i m e s  5 3 0  32 

~ 

VI atrh flow 3 r  
NOTE. T h e  co-recant of any arch, [rejeAing index) is equal to 

the arithmetical co-fine of that angle. 
By turning the longitude wefi .into t h e ,  and adding to the time 

at the h i p ,  gives the reduced time 7 h. 52 m. and the difference of 
declination between the 7th and 8th of May 16' IO"; then by the Rule 
of Three, as 24 : 16' 10'1 : : 7 h. 5zm : 5' 17", which being added, 
the declination May 7 = 17~5'q' 'gives 1 7 O  IO' 41: hence the palm 
diitance is 72' 49' I$ and working with which will give the true 
time, 5 h, 33 tn- 32s. 

EXAMPLE 
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E X A M P L E  11. 
Suppofe that in  the forenoon or A. My on the 9th of 00. 1796, 

in latitude 51' 30'N. and long. 5 2 O  E. the altitude of the fun's lower 
limb fhould be found as under, the eye being 18  feet above the f- 
and true apparent time of the day was required .Z 

Times. Altitudes. 
Lat. 5i030'N. - '. 

H. M. 
3.0 14 
20 19 

20 30 

12 i8 Co.lat. 38 30 

13 20 S.'s decl. OEt. IO, pcr Naut. Alm. 7' I' 32* 
- 

-- 
14 51 Var, per tab. for Ion. 52 E. fib. 3 IS -- 

3)61 3 40% 39 Ditto for 3h. 39m. T. from N. fub. 3 26 , -- 7 

Mea. 20 21 13 33 6 41 

S.'deni. 16'5"diff. 4'28''diff. 11'37'1 Decl. at &hip 6 54 51s 

App. alt. 13 44 37 Polardifiancc 96 54 sr 

- -4 

90 - 
-1- - 

R e  fr .- 3'5 ~"-par. 9"di ff. 

Sun's true alt. 

3 42 

I 3  40 5.5 
-- 
_ _  

Zenith di8. 76 '9 5 

Sum 211 43 56 

f Sum I O ~  SI 58 Log. fine 9,98313 
Zenith difi. 76 '9 5 

Rem ai 11 der 29 32 53 Log fine 9,69298 

Sum 2) 19,88513 

Co-lat. 38 30 o Co-fic. 0 , 2 0 5 8 ~  
PoIar difi. 96 $4. SI Co-fec. 0,00317 

c_- 

--- 
--- 

c_- --- 
-- 

2 Sum = fine of 61. IC' 34" the H. angle = 9,94256 
2 

I lnur  angle = 12221 8 = 8h. 9m. 25s. = time fromlafi midnight 
Timt per watch 8 21 o - -!-- 
Watch too fait 11 35 

As the time is before noon, the fine of half the rum of the logs. 
, is taken and doubled, which gives the hour angle reckoned from the 
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hfi midnight ; for there feems to be no necefity for taking the CO- 
fine of half the four logs, unlefs the obkrvation be made in the af- 
ternoon j and the learner perhaps will be lefs liable to make mif- 
takes. 

T h e  declination may be found thus : 
T h e  time per watch is 20 h. 21 m. fromiaft noon, the long. in time 

is 3 h. 28 m. which fubtta€tted from 20 h. 21 m. leaves ,the napparent 
time 16 h. 53 m. the daily difference of declination is 22 44. NOW 
as 2 4  : 22'44" : : 16 53 : 15' 59", which being added to the fun's de- 
clination O&. the gth, = 6 O  38' 48" gives 6 hours 54 minutes 47 
fkonds, the true declination at the time and place of oblervation, 
Whence the polar diitance is 96' 54 47". 

Here again i t  may be proper to obferve, that as the day in the 
Nautical Almanac begins 12 hours later than the civil-day, and 24, 
hours later than the rea-day, 20 h. 21 m. makcs 8 h. 21 ~ 1 .  or 21 m, 
after 8 in the morning of On. 10th of the civil-day, and 8h. 21m. 
A. M. OCt. 10th according to the Tea account of time, therefore the 
end of the lea-day, the noon of the civil-day, and the beginning of 
&e day in the Nautical Almanac are all a t  the fame time. 

Tofind the apparent Erne by the ATtitudr of afixed Stul; 

c!orreR the obferved altitude for the dip and refraaion. 
Find the hip's latitude by account a t  the time of obfervation. 
Find the itar's right alcenfion and declination in Table XX. 

Then add together 
Zenith diftance, 
Co-latitude, and 
Polar diitance into one rum. 

From half this fum fubtraA the zenith dill ance, noting the half 

t h e n  add together 
furn and remainder. 

Log. co-tec. of complement of the lac. } 
Log. co-iec. of polar diltance, 
Log. line half the ium, and the 
1,og. fine remainder into one Turn. 

reje8ing their 
indexes. 

Half the fum of there four logarithms will be the log. co-fine Q€ 

half hour angle. 
'I'urn this hour angle into time, ,and apply it to the ftar's right ar- 

cenlion, by iuptracring it when the itar IS eafi of the meridian, or 
adding it when it is welt of the meridian, their-hn or difference will 
be the right afcenfion of the mwidian or mid-heaven. 

From the right afcenfion of the meridian (increafed by 24 if ne- 
ceffary) fubtradt the fun's right afcenGon the preceding rioon at 
Greenwich, taken from page 2d of the month in the Nautical Alma- 
FPC, .  the remainder will be the apparent time at fhip nearly. 

' I  T o  
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T o  &is time apply the long. of the hip  from Greenwich turned 
into time, by addin it when it is weft, or fubtraaing it when it is 

tion nearly by the meridian of Greenwich. 
Then  fay, as 24 hours is to the daily variation of the fun’s right 

afcenfion, lo is this time t o a  number of minutes and feconds, which 
fubtraAed from the above time, leaves the correa apparent time a t  
fhip. 

E X A M P L E  I. 

e&, the hum or di d erence will be the apparent time of the obferva- 

Suppole on Sept. 7th, 1796, in lat. 7 O  4 fouth, and long. 30. IS’ 

of the meridian, fiould be 1 8 O  16, and thepye 18 feet above the fur- 
face of the lea. Required the true time ? 
Star’s obf, alt. 2 8 O  16’ 0” Lat. by account 7.45’ 00’ 
Refrac. I’ 47’ 90 

5 50 --- Co.lat. 82 15 
Dip 4 3 
Star’s true altitude 28 IO  IO -- 

90 Star’s declination 5 4 58 

Zen. dilt. 61 49 50 
Polar diftuice 5 44 58 Polar diftance 95 44 58 
Co-latitude -- Log. co-fec. 0,00398 
Sum 239 49 48 

Half Turn 119 54 54 Log. fine 9,93789 
Zen. difiance 61 49 50 

Remainder 58 5 4 Log.fine 9,92881 

Sum 2)19,87287 

Half-hour angle 30 15 Half Cum 9,93643 

Hour angle 6030 = 4 2 0  
Star’s right afcenfivn 7 28 39 

Right afcenfion of mrridian 3 26 39 

27 26 39 
Sun’s right afcenfion at  noon 11 6 37 
Time at hip nearly 16 20 z 

e& of Greenwich, the altitude of the ear  :: rocyon, being then eaft 

----r 

90 -- -- 
82 15 o ~og.co-iec. 0,00219 

-- 
-- 
-- I__ 

7 

2 -- - Ho MI 80 

-b- 

Iricreafed 9 by 24 -- 
-.I 

Timd 



THE# Z+ME AT SEA. 

H. M. S. 
Time  at Ihip nearly 16 20 2 
Ship's Ion. 30' 18 eafi in time 2 I 12 

Time at Greenwich nearly 14 18 50 

Sun's right afcenfion, Sept. 7 I I  6 37 
I I I O  13 

-- 
Ditto 8 -- 

Daily difference 3 36 

T h e n L y , a s 2 4 H . :  ~M.~~S.::I~H.I~~T.~DS.:~M.~S. 
which CubtraAed from 16 H. 20 R/I. 2 S. the time at hip  near1 . 
leaves 16 H. 17 M. 53 S..the true time at hip  after noon, or 4 l? 
17  M. 53 S. aftcr midnight. 

E X A M P L E  Ir. 

Suppofe on April 14, 1746, in lat. 48' 56' N. long. 66O W. the 
obf. alt. of Aldebaran, when weit of the meridian, ihould be 22O 
24.' 5, the height of theobferver's eye 2 1  feet above the furface of the 
fa. 

Refrac. 2' 18" 

Required the true apparent time at h i p ?  
Obf. Ah. Star Ald. 22' 24' 30" Lat. by acc. 480 56' w: 
Dip 4 22 

Star's true alt. 

Zen. dift. 

Polar difi. 
Co. lat. 

Sum 

Half Sum 
Zen. dill. 

Remainder 

22 17 50 
90 --- 
67 42 IO 

91 20 25. 
67 42 IO 

90 

Co. lat. 41 4 

Star's decl. 16 5 ' 9  
90 . . 

Polar din. 73 59 41 . 

-- 
-. 

Log. co-lec. 0,01736 
Log. co-fec. 0, I 8248 

Sine 9,99988 

Sine 9,60309 

Sum 2) 19,80281 
7- 

Half-hour angle 3 7 O  IO' Co-fine. Halffum 9,90140 

Hour angle 

2 - H. M. S .  
74 2 0  = in time 4 57 20 

Gg Hour 
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H. Ma S* 
Hour  angle 74 20 = in time - 4 57 20 

4 24 I4 

9 21 34 
1 33 30 

Star's right afcenfion 

Right afcenfion of meridian 
Sun's right afcenfion 

App. time at  fhip 748 4 
Long. 66 W. in time 4 2 4  0 

App. time a t  Greenwich 12 12 4 

-- 
-0 

-- 
--- 

Sun's right afcenfion, April 14 I 33 30 
Dit to  15 I 37 I I  -- 

Daily difference - 3 4' 
T h e n  fay,as 24H. : 3  M, 41 S. : : 12 H. 12 M. 4 S.: I M 5 2 s .  

which fubtraaed from 7 H. 48 M. 4 S. th; apparent time at h i p  
nearly, leaves 7 H. 46 M. 12 S. the correR app. time at h i p .  

NOTE. T h i s  method of finding the time is certain, could a good 
horizon be obtained in the night; but as that is not always the cafe, 
it is belt to regulate the watch by the fun. 

R U L E .  

W h e n  the fun or  Itar's declination, and complement oflat. are both 
north or both routh, their rum", but if one be north, and thc other 
fouth, their difference is the meridian altitude. 

From the natural h e  of the fun or fiar's mer. alt. Lb'traR the 
natural fine of the true altitude. 

T h e n  add together 
T h e  log. co-fec. ofthe comp. of the lat. 
T h e  log. fec. of the fun or ear's decl. and 
T h e  log. of the diff. of the natural fines into one Cum. 

rejeaing their } ' indexes. 

T h e  fum of  thek three logarithms, being found in the coluinn of 
rifing, the hours, minutes, and feconds correl'pondiiig to it, will be the 
true time from the noon when the altitude was takco. 

T h e  four lafi examples may be worked by the above method. 

* If the Turn rrceds 900 f u b t r d  it fram 180; 3 ! ~ d  tlx I : I I I I ~ ~ ~ I  will be thc merillidn 

EX A M  1'L E 
attitude. (See the two hit examples or the iun.) 
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E X A M P L E  I* 
Co-latitude 50' 6'N. Log. co-recant o,r 151 t 

Meridianalt. 67 17 N. fine 92243 
Truealt. 15 54 N. fine 27396 

Declination 17 11  Log. recant - 1  0,01983 
_II 

Diff. of nat. fines 64847 Its log. 4,8 I 189 
I n  col. of rifing gives true time 5 h. 3 3  30" -- 

differing 2" from the foriiier method 1 4,94683 

E X A M P L E  11. 

Co-latitude 3 8 O  30' N. Log. co-recant 0,20585 

Meridian alt. 31 35 N.fine 52374 
'I'ruealt. r3 41 N. fine 23656 

Diff. of nat. fines 28718Itslog.4,45815 

Declination 6 55 S. Log. fecaiit 0,003 7 
LI---.. 

- 
-- 

In  col. of rifing gives true time 3 h. 50' 30" 4,667 17 ' 

Here we find the time found by this method differs 2 feconds from 
that found by the former, but it may be found to the nearefi fecond 
by taking proportional parts. 

T h u s  the difference between the log. of 3 h. 501 3"" and 3 h. $&' 
is 172, and the difference between the log. of 3 h. 50' 30" and that 
in the calculation is J g. 

Now as I 7 2  : 30'' : : 1 5  : 2", which being added to 3 h. 50' 30'; ' 
gives 3 h. so' 32: (fee the two laR examples of the ftars.) 

E X A M P L E  111. 

Co-latitude 82' 15' Co-fecant 0,00398 
Declination 5 45 Secant 0,00219 

Meridian alt, 76 33 ,N.fine 9,237 
N . h e  47204 1 rue ah. 28 IO 

- 
r -  - 

. Diff. of nat. fines 50033 Its log. 4,69925 

4,70543 
-- 

In  col. of rifing gives 4 h. 2 m. 
G g 2  EXAMPLE 
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E X A M P L E  IV. 
Ca ]at. 410 .+’ 0‘’ Co-fec. 
Declination 16 5 19 Secant 

Mer.  alt. 57 9 19 N. fine 84014 
T r u e a l t .  22 17 50 N. fine 37933 

Qifference - - 4608 I I t s  log. 4,66346 

Having found the hour angle, proceed to find the true time by the 
fiars, as has heen ihcwn in the two l d f i  examples, worked by the 
former method. 

-1 

._ 

u 
4,86329 Is col: of d i n g  gives 4 H. 57 M. 20 S. - 

HOW t o  know the Stars. 

It lometimes happens that for want of a map of the ftars, or it 
celefiial globe, many are a t  a lofs to know d e t h e r  they have obkrved 
by the right fiar or not, a s  there may fome other fiars come to the 
meridian nearly a t  rhe fame time. Rut  this may he eafily proved, 
by finding the flar’s meridian altitude as above; and if it  nearly 
agrees wit6 that on  the quadrant, it muil certainly be the Fizght fiar, 
otherwife not. 

To.krtow when any fiar comes to the meridian, cr what itar will 
be on the meridian at  any given time, fee the explanation following 
Table X X  and far k i r  r s n g  and €et4r\g, with that o f t h e  moon 
4 planers, tie the ~diieEfions followitlg Table XX11, in this book. 
NOTE I. If an obfervation of the fun has not been taken the pFe- 

@&ling n w n ,  or two nltitndcs t o  find the Iatitude, it may be afcer- 
boincd by taking t h ~  meridian altitude of the ftar, either bcfore or 
after the obfervation is made for finding the time. 

NOTE 2. If the ihip’s lonritude cafi of Greenwich in time tip 
greater than the apparent time a t  the hip, the apparent time mu& 
be increafed by 24 hours before fubtraaing the longitude; and in  
this cafe, the fun’s right afcenfion muR be taken out of the Ephe- 
meris for the preceding day of the month. And if the fliip’\ 1011- 

gitude weft of Greenwich ti1 timc, added to the apparent time ‘it 
&e place of the rmy3 makes more than 24 hours, 24 muit be fub- 
a&ed from the rum, to obtain the ;ipparent t h e  a t  Greenwich ; 
and the fun’s right afcenfion niuh bc taken owt of the I- pherneri5 
for the fubfequent day of the month. T h e  objeLt, whether fun 
or Itar, whole altitude i s  taken for finding the  tiine, muit be at  lealt 
three or four points of the cnniprlfs dittrliit from the ineridian ; bc- 
caure, when .near, to the meridian, the hlteration in altitude is tcy 
flow for afcertaining the tinic with proper exaLlncf\: b u t  the nearer 
the o b j e 3  is to the edfi  or wcif tl:G bctter, provided it  be iwt lef5 

than 

T h e  fame may be obferved of any of the planets. 
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ahan 6' high 3 6ar the refraAion is To variable and kregular near to 
the horizon, that the effea of refraaion upon &jet% cannot be de- 
termined with iufficient accuracy, when their altitudes are Ids than 
6 degrees. 

The Metbed of,?inding tbe L O W G I T U D ' ~  at SEA. 

H E furprifing improvements made in navigatfon within the T  aft thirty years, is beyond the moft ianguine expeaation; 
and though feveral nations have contributed towards this important 
end, the Englifh have (by the enc6uragement given by parliament, 
and the great improvements made In  nautical id ruments  and cal- 
culations) outdone them all, Eo that, by help of the improved 
Sextant, the Nauticat Almanac, and the Requifite Tables, contained 
in this book, a Dcilful and expert obferver can determine the l09gi- 
tude to a degree of certainty, that people unacquainted with the opC 
ration would fcarcely think poffibk. 

What  is here meant by a fkilful and expert obferver, is, an artilf 
who can in an initant b r i y  the two limbs of the objeEts whofe an- 
gular diitance is to be meatured into contat?, in the centre of the in- 
verted telefcope, and, that can reAify any little defdks, or errors 
that the inftrument is liable to on account of its being handled a 
moved about, &c. T o  do which the foIIowing iuftru&rans m y  be 
found ukful to the young artiff. 

~fi. T h e  inibument niuft be adjuited thus : bring @ on the no. 
nius to coincide with a on the arch, then fee if the index glak 
itand's erpendicular to the plane of the infirument, if i t  does not: 
alter it \y means of the fcrcws for that purpOfe : after which, the 
refleCted image of the fun muff be brought direaly aver the true 
image, io that but one image appears; this being done, which is by 
no nieans difficult, the infirument is properly adjufied, b the little 
fpeculum will itand parallel to the great one. 

But to prove the initrument after this adjufiment, and to finJ if 
there is anyjndex error, move the index forward on the arch, and 
bring the true and refleded images af the fun's limbs into contatt, 
ananote what his diameter meafures. Again, move the index back- 
ward on the part of the arch behind the Q a i d  bring the reflekted 
and true images of their limbs into contakt dS before, and note wh.ir 
his diameter meafures ; half the difference between the twQ diame- 
ters is the index mor, which mu8 be fubtraEted when tLc diaiiiqrer 
meafures more on the arch than on the extra arch, other.\luik it mu& 
be added. 

index is advanced on the arch 34, and at the Lrne time whes the 
index i s  put back on the extra arch p', the difkrence 15 4, thcii 2' 
is the index error, which rnuft be liuhLra<teJ from all Jtititdcs cy 

it iiI; ul.ir 

Suppoie, for example, the fun's diameter meafures when 
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angular diflance taken, becaufe the fun’s diameter rneafured mme 
on the arch before (D than behind it. 

After the index error is found, yet before the inifrumerit is fit 
to take the angular diffance between any objeatz, there is another 
adjufiment requifite, which is, to let the axis of the telefcope pard- 
le! to the plane of the infirument. 

The. method of doing this is,‘ making obfervations of angles as 
much abyve 90’ as poffible, u,hg the inverted telekope ; in doing 
of which the wires in the focus of the eye-glafs muft be fir& placed 
parallel to the plane of the (extant, after which bring the fun and 
moon into very nice conta8, on the centre of the wire neareft the 
fextant, taking care that the index is not the Jeafi moved, then dirett 
the telefcope in an inRant fo that the images may appear in  the centre 
of the outer’wire which is farthefi from the fextant, and if the con- 
taA appear the fame at this wire, the axis of the telekope is parallel 
to the plane of the kxtant ; on the contrary, if the limbs of the ob- 
je&s appear to feparate at the wire which is farthefi from the fextant, 
it is plain the objeEt-end of the telefcope is too far from the plane of 
the fextant, and mufi be corre&ed by turning one of the two fcrews 
hf the ring into which the telefcopc is h e w e d  and fixed, having 
preaioufly unturned the other (crew. 

If the limps of the images over-top each other at the aforefaid 
wire, it hews  that the objea-end of the telefcope is too near the 
plane of the inorument, and  conlequently muit be brought parallel, 
by means of the fcrews, and this method miiR be purfued until #the 
diAance of objetk are found perfeRly the fame at each wire, which 
itands qui-difiant from the centre of the telefcope and parallel to 
each other, in which cafe the axis of the telefcope will be exaaly 
parallel to the plane of the fextdnt, and then you may proceed to mea- 
fure the angles for the obfervations, obferving to bring the limbs of 
the objeEts in exaa  contat$ in the centre between the two wires 
before-mentioned. 

7 9  tole the Ot/c;rruatians rcqu$tej%- &termining thc Longiiudc. 

Firfi, find the apparent time a t  the place of obfervation, by tg ing  
one or more altitudes of the fun, and noting the times by a good 
watch, from each obferved altitude, or, froin the mean of feverdl 
altitudes compute the time ; the difference between this time and 
that by the watch, will h e w  how much the watch is too fait or too 
flow, for in all cafes the mean of feveral obfervations is mofi to he 
depended on, and the beit time for making there obfervatims of the 
fun’s altitude is, when it changes quicken, or when he bears neaily 
eait or wett. 

In obkrving the difiance between the objeas, three obfersers 
muft be in readinefs with their fextant? or quadrants, well adju!ted, 
as before direRed j and the watch either fubcnded mar one of the 

4 oblervw, 
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dfervers, or put into the hands of a fourth perfon appointed to note 
the  times. T h e  obferver who takes the angular diftance giving 
previous 'notice to  the others to  be ready with the altitudes by the 
time he has finiihed his obfervation, which being done, the time, 
altitudes and difiance fhould be carefully noted ; and other rets of 
obkrvations taken, which muit be done within the fpace of 15 
minutes, and then take the means, which will be preferable to any 
fingle oblervation. In  taking the altitudeof the moon, thel imb 
that is the beft defined, whether i t  be the upper or lower, mu& be 
brought to the horizon; if there are not I fufficient number of 
obfervers, then take the altitudes, the deficiency may be fupplied by 

. computing the altitudes after the diftance is taken i the method of 
doing i t  will be h e w n  hereafter. 

To rnegire the Dyance between the Sun and M h .  

T u r n  down one of the {crews, and hold the quadrant or fextant, 
fo that its plane k a l l  pars through the fun and moon ; look at  the 
moon through the tranfparent part of the horizon glaG ; and keep- 
ing her tnere, move the index gently until the fun's image is  
brought into the filvered part of the horizon glals, bring the 
nearefi limbs of both obje& into c o n t a a  ; move the arch of the 
lnitrument 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 ex- 
a&ly touch each other, when this is done the obrervation is made, 
and the index will h e w  the angular difiance, which is beit read o f f  
by a magnifying glak. 

7 0  take the D$?anre betwten the Moon and a Star. 

Diree the plane of the inilrument through both objeRs, look at 
the fiar through the bright part of the horizon glaf's ; ketp i t  there, 
and bring the moon's 'image into the hlvered part of the fame glaiS; 
move the index gently, until the enlightened limb of the moon j u f t  
touches the centre of the ftar, keep the ear in fight, and move the 
arch of the inttrument gently up and down, and the moon will ap- 
P e y  to pafs over the fiar, and then the obfervation is completed. 

The round or well-defined limb of the moon, whether it be the 
neareft or farthcft from the fiar, mui t  be brought into contat3 with 
it. W h e n  the objeQ to be feen by refleaion is to the right hand 
of that k e n  direaly, the injfrument is held with its face upward ; 
but when the objeCt to be feeti by refleaion is to the left hand 
of that feen direttly, the initrutncnt is held with its f ~ e  downward. 

~ A readin& i t 1  the ufe of the quadrant and fextant is beft gained 
-?  praaice, which the learner may render familiar to himfdf by 

obierving 
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obferving the %ular diQznce of o b j e a s  on land, or by c d k s  
placed i n  varied pofitionsin a mom. 
Remark I?&. The taking the angular diftance may be rendered 

more eary and accurate, by bringing the o b j d s  m r l y  into cant& 
in the c m m m  way, and then fixing the index tight to a certain 
degree and minute, and they w;citing until the objeEts are nearly 
in contai3; giving mhce to the aililtants to get ready with the al- 
titudes, and when the obje,?s are eyaAly in contaQ to call for the 
altitudes, and exaQ, time by the watch. T h e  obferver may then 
prepare for taking another diltance, by retting his index thrce or 
four minutes forwards or backwards m u r d i n g a s  the objeAs are ap- 
proaching t% o r  receding from each other, and then proceed to t& 
the diRance, the altitudes and time by the watch as before. T h u s  
may as many diftanccs and altitudes be taken as the obfervers 
think proper, and then take the means t o  determine his longitude 

T h i s  mode of taking the diflance, win not only eafe the eye of 
the oblerver, but alia enable him to manage his infirument with 
greater facility in every direLlion. If the oblervation be made, as i t  
ought to be, a t  the  difiancr of two hours before or after noon, 
the true time rnay he found by the altitude of the fun, taken a t  
the precile time of tdking the diftance ; thus will any irregularity in  
the going of the watch be prevented from affeaing the relult of the 
obrervatlons. 

If a night obfervation is to be taken, the watch &ould be regula- 
ted by the altitude of the fun the evening before, and its going 
compared with another taken the next morning ; for the time found 
by the altitude of a ftar cannot lo well be depended on, as the at- 
mofphere in the night is precarious, though it may be iuflicieiitly 
corret? fur finding the refraCtbn ufed i n  determining the angular 
difiance. 

Remark 2d. T h e  oblcrver mutl take the moon’s diRance f r m  
thole ftars only, whore diftanke from her are ret down in, the Nauti- 
c,il Alnunac, and the difiances there fet down afford him a ready 
nicans of knowing the ltar from which her difiance ought to be ob- 
lerved: by letting his index to thc difiance computed roughly at the 
apparent time, eitimated nearly f6r the meridian of Greenwichrand 
then look to the eaft or weft of the moon, according as the difiance 
of the Ift-tr is k t  down in the Bth, Gth, roth, o r  11th pages of the 
month in the I\l‘iutical Almanac, and having found the moon on the 
twizon-glnls he will, by fweeping with the quadrant or fextant, to 
tile right, or lelt, find th:: itar he wants, i f  above the horizon, and the 
air bc~ clear, in a line, perpendicular to thatjoining the moon’s horas 
or her Ihortefi axis produced. 

T h e  tunc at  Greenwich is efkimnted roughly by turning the 
fnip’s iuypofd loiisitude fiom Greenwich into time, and adding 

it 

by. 
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jr to, or fubtraaing it from the apparent time at the hi&, according 
as the longitude is ea8  or weit, will give the apparent time marly 
at Greenwich. 

Take  the diitance of the ohjeats out of the Nrrutical Almanac, 
both before and after this time; 

Then  fay, as 3 hours, or 180 minutes: is to the difference of dil- 
tancc in 3 hours : : To is the diffeence between this nearly eRimated 
time, and the next preceding time fetdown in the Kaucical Almanac : 
to a number of minutes; which being added to the nest prtsed- 
ing diftance, if it  i s  increafing, or fubtralling it, if it  is decrcrftng, 
will give the difiance nearly at the time the obfervation is inteiided 
to be made, and to which the index of the [extant or quadrant mttft 
be ret. 

Care muit. be taken not to confound the days in the Nautical Al- 
manac with the civil days, as the civil day begins 12 hours before it, 
tior with the &a day which begiiir Z+ hours before it, 

Ta reduce tk od/erved Dymre f the Moon from the Sun, or u Site, 
t o  the ttuz Djl I ana,  

The ncceEdry preparations : 
URN the longitude in to time, and add it to the a parent time T at the hip, if it  be weit, but fubtr& it if it !e aait; the 

Cum, or digerence, will be the bppofed t h e  at  Greenwich, which 
call reduced time. 

In page 7th of the month in the Nautical Almanac, find rhe neareft 
noon or midnight, both before and after thereduced t h e .  

Take  o u t  the moon’s femidiameters and horizontal parallaxes cor- 
refponding with this noon and midnight, and find their differences, 

Then  fay, as 12 hours: is to the difference of the moon’s hori- 
zontal parallax in 12 hours : : fo is the reduced time to a fourth 
number, which k i n g  added to the moon’s horizontal parallax for nwn 
or midnight, if it is increafing, but if decreafing rubtraded f r m  it; 
this Turn, or difference, will be the moon’s horizontal parallax at the 
reduced time. 

And, as 12 hours : is to the difhence ofthe moon’s kmidiameter 
in  12 hours ; : fo is the reduced time to a number of Ftconds, which 
being added to, or CubtraCted from the moon’s remidiameter the noon 
or midnight befare the reduced time, will give the moon’s iemidia- 
meter at the reduced time. 

To which add the augmentation of her remidiameter according 
to her altitude, and the Cum will be the moon’s true apparent kmi- 
diameter. When the reduced time is anyeven part of 12 hours, 
as, 4 f f or 9,  &e. Fnch parts of the difference of the remidiameter 
and horizontal parallax may bc t8ken and added to, or fuubtraaed aq 

H h  above, 
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above, without being at the trouble of working by the Rule of 
Three. 

T o  the obferved altitude of the fun’s lower limb, add the difference 
between his femidiameter and the dip of the horizon, the fum W i 4  
be his apparent altitude. 

From the run’s refraaion, take his arallax in altitude, the remain- 

From the ffar’s obferved altitude take the dip of the horizon, and 
the remainder will be its apparent altitude. 

T h e  refraCtion is the correh’ien bf theJay’s altitude. 
T a k e  the difference between the moon’s femidiameter and the dip, 

and add it to the obferved altitude, if her lower limb was taken, or 
fubtraa their fum, ifher upper limb was taken, the fum, or difference 
will be the moon’s apparent altitude. 

From the proportional logarithm of the moon’s horizontal parallax, 
fouild in the Nautical Almanac, (increafing its indexby IO) take the 
logarithm co-fine of the moon’s apparciit altitude, the remainder will 
be the proportional logarithm of her parallax, in altitude. From 
which, take her refraaion, and the remainder will LE the corr:tlion of 
the moon’s altitude. 

T o  the obferved difiance of the moon from a itzr, add the moon’s 
femidiameter, if her neareft limb was taken, but CubtraEt it, if her 
farthefi limb was taken, the fum, or difference, will be the apparent 
diflance. But,  
T o  the obferved difiance of the fun and moon’s neareft limbs add 

both their femidiameters, and the ium will be the apparent diitance 
of their centres. 

der will be the correDion oftbe fun’s a ! titude. 

NOTE. There are IZ pages in each month in the Nautical 
Almanac. 

T h e  fun’s declination is found in page 
T h e  fun’s remidiameter in ur .  11. 

The  moon’s femidiam. and horizontal parallax VJI. 
T h e  diftance of the moon from the fun, &c. VIII. IX. X, XI, 

T h e  Tables in this Eook. 
Table. 

The  proportional logarithms IX. 
T h e  effe& of parallax, on the moon’s diitance X. 
T o  tarn time into degrees, and the contrary XI. 
RefraAion of the heavenly bodies XII. 
Dip of the horizon XIII. 
T h e  fun’s parallax in altitude XIV. 
T h e  augmentation of the moon’s femidiameter XV. 
T o  correR the fun’s decl, under any meridim XVIII. 
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BaviBg thk apparent Altitudes of the O&e& andthcir appatvnt 
DiJance, t o  jind tbeir !rue Dgancs. 

tfi. Add together 
HE proportional logarithm of the correAion of the fun or A ar’s T altitude. 

T h e  log. co-fine of the fun or  fiar’s zpparent altitude, 
T h e  log. fine of the apparent diftance, 
T h e  log. co-fecant of the moon’s apparent altitucfc, 
T h e i r  full1 (rejeaing 30 in the index) will be the proportional loga- 

T h e  proportional log. of the correAion of the fun Qr fiar’s altitude, 
T h e  log. co tangent of the fun or fiar’s apparent altitude, 
T h e  log. tangent of the apparent diRance, 
T h e i r  fiutn (rejcBing 20 in the index) will be the proportipnal loga- 

rithm of the fecond arch: 
T a k e  the difference between the firit and fecond arches, and add it to 

the apparent dijt. if  lek than 90°, and the firfi arch be greater 
than the fecond, but if i t  be lers fiubtraa it; 

But, if the diit. be more than goo, the fum of the arches added to  the 
apparent difi. will give the d i k  correAed for the rehadlion of fun 
or itar. 

T h e  proportional logarithm of the correaion of the moon’s aItitude, 
T h e  log. co-fine of the 1noo11’s apparent altitude, 
T h e  log. fine of the difiance correaed for the fun or flar’s refmaion, 
?’he log. co-recant ofthe fun or liar’s apparent altitude; 
?‘heir furn (rejecting 30 i n  the index) will be the proportional loga- 

T h e  proportional log. of the correaion of the moon’s appa. altitude, 
T h e  log. co-tangent of the  moon’s apparent altitude, 
T h e  log. tangent of the diit cotreffed for the fun or ear’s refraaion; 
T h e i r  fun] (rejeCtinE 20 in the index) will be the proportiopal loga- 

rithm of the fourth arch. 
T a k e  the difference between the third and fourth arches, and rub- 

trac? it from the diRance correaed for the fun or fiar’b refraliion, 
it lek than 93, and the third arch be greater than the fourth; 
or, add i t  to the difiance correLted, if the fourth arch be greater 
than the third; but, i f  the diftance be more than 909 the h m  of 
both arches muit be fubtralted from it ; and the fum or difference 
will be the difidncc correCted for the fun or flu’s refrdtion, and 
the  principal effe’eCt of the moon’s parallax. 
In ‘Table X. look for this lafi correLkd dillatice ,in the top eo- 

lumn, and the correStion of the m0011’s altitude in the Icft-h,and fide 
cohmn; take out the number of fecoiids that Itand under the former 
and oppofite to the latter. 

I € h z  Look 

rithm of the firR arch : 
zdly. Add together 

gdly. Add together . 

rithm of the th i rd  arch. 
4thly. Add togzther 
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Look again in the Fame table for the corretted diitance in the top 
column, and the principal e&& of the moon's paranax in the left- 
hand fide column, a id  take out the number of feconds that nand 
under the former ana oppotite the latter. The difference betweft  
thefe two numbers muit be added to the correoed &fiance if 1 d S  
than 90°, but fubtraAed from i t  ifmore than 90'; 

Hming tbe $rut Dptance and l ime, to  determine tbe Longitude. 
N the Nautical Almanac, among the dieances of the objelts, look I for the computed diff ance between the moon and the other objeA 

obferved on the given day, if it is found there, the time at Green- 
wich will be at the top of the column, but if it falls between two dif- 
tances, as it generally will, take the difference between the difiances 
that Band immediately before and after the computed difiance, and 
alfo the differrnce between the diitance ftanding hefore it  and the 
computed diitance. 

T h e n  take the proportional logarithm of the firlt difference, 
which is the difference in three hours, and the proportional Iogarithm 
of the fecond difference, which is the difference between the com- 
puted diitance and the difiance before it. 

T h e  difference between thefe two logarithms will be the propor- 
t i m a 1  logarithm of a number of hours, minutes, and feconds, which 
being added to the time itanding over the firft difiance in the Nauti- 
cal Almanac, will give the true time at Greenwich. 

T h e  difference between Green. time and that  at the &ip turned 
into longitude, will be the longitude in, at the time the obfervations 
werc made, which will be eait if the time at theihip be greater than 
that at Greenwich, but if it be lek, the longitude will he weit. 

Or the proportional part of time may be found by hying; 
As the firit difference : is to 3 hours : : fo is the fecond difference 

: to a proportional part of time, which being added as above direaed 
will give the true time z t  Greenwich. 

T h e  foregoing rules will be rendered eafy by the following ex- 
amples, which are only here fuppofed, but will anfwer the purpofe of 
inflrutting the learner as well as if the altitudes and diitances had 
been a&ually taken. 

T h e  fum, or difference, will be the true difiance. 
N a r t .  Thi 1aR corre€tian m y  be omitted w a o u t  atfeeting the diRance much. 

NOTX.. In wo*king the following examples, it will fave fome time, if all rhc 
logxithmic fines, tdn,ynts,  d ai>:', a n i  proportional logarithms, which fall at the fanlc 
cprninl( of the hook, be t,trri out d I  the fame time, both in the filt and Cecond puts of the 
eperatiod. 

1 hus ,  t!ie co-fine and eo tangcnf of the R3r's apparent altitude, and co-fecant of its alci- 
4 d c  mdy dl1 be taken mi* 2' thc Imr rimc, .ind written down in difiercnt parts ofthcyyl6: 
(oc in J tormulr) and lo 1idy :tie cn-fink, Qn-tangent, and co-Cecant of the moon's apparent 
rlt&rrile, tlrc fine .id t+n,pir ot the ~ppircnt  diltonce, and the C i  and tangent of tlu: dIf* 
t m c e  mvcttcd, ior the tefrJCtion ofthe itin or Rar. 

In or.+? ip/lorien :bfjbllowing work, QJgnijer ihc f iu  ; ) rbc moon ; * a J m  ; 
P. l.. p p r t i a u u l  laqarithm; L .  L .  lower limb; Up. t. up&r)jmb; Hor. P. bo- 
.irmrcrl p ~ i u N u x j  N .  d. &a&d Almanac. 

3 E X A ~ ~ P L E  
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Suppore on Jan. 30, t 7  6, in long. I I. E. by account, at IO h. IS' P. M. p h  WRltCh, th. 
diRanee of the moon's f a r t i 4  limb from the Rar Regulus wall 6q0 go' M*, when the alt. 
of the mwn's lower limb was ng*~R'qd', and the Rar's 45" 13'5, the Cy; b;lrr*lO fect 
&ve die ZurLce of the Cca : required tha true longitude ? 

Time per witch IO 1 5  00 'sfemid. atnoon IS' 3" H*.par. s5' 14" 
Long. x i o  i n T .  o 44 00 d t t o a t  midnight 14 59 *.par. 54 59 

Reduced time 9 O 3 1 ' 0 0  DiK. in IZ houts 4 Diff. in 1 %  hours 1 5  
)'s alr. 24 18 40 as 1% : 4" : : 9,: 3" and as Ia : : : 9 : 12" the P. p W  
Sem. l 5 ' f ' j 0  ~I 

2 P. L. rO~sX46 
App. alt. zg 29 49 AuGmentaUon 7 3'. sp. 21. Z4*Z9'44'l. Cor. 9,9599 

*'A OM. alt. 45"13 15 's refratlion 2 5 

*'s app. altitude 45 9 IZ Obferved diRance 6 3 " ~ 0 * ~ 6  
*'s rrtraQion 57'';s its correaion. )'s femidiameter * I 5  7 

63 3s 13 

H M . S .  

- - - 
) ' s f e m . a t N . x ~  3 Hor.par .atmn 5 5  14 

__e I_ - Ditto at red,. t. '5 a Ditto at red. time ss Dip 4 3 

LI - 
)%s true femidiameter 15 3's par. in alt. so' 5" 0,5556 - Dip 4 3  - Cor. of 1 ' 9  d t .  48 0 '  

I_L. 

App. diR of 1 and % 

T o  find the Diftance. 
Cor. of *'e ah. 5f' PI'. 2,2775 P. L. %177c 
*'s app.alt. 459 9' o h g .  LO f. 9,84dq Co tang. 9,9977 
Aqp.diR. 63 35 o Log.fine 9 , 9 5 2 2  Tang. 10.~038 - Rrje& 20, zd COT. 29" P. L. = 2,5799 

EX. iff d zd wr. 

s app.rIt, 24 30 o L. t o  fer, ro,j8az --- 
Rei& 30 ~Rcor. 37 = P. 2,4601 ZR cor. 37 

App. dilt. 6 3  35 13 

63 3 5  21 

I 

8 - 
DiRanre conrtled for *'s refiatlion 
cor. of )'salt. 4 8  o Pr. 10: 0,5740 P. L. 0,574* 
3's alt. 14 30 o tog.cof. 9,q590 Log. Co-tang. XU1341 3 
CnrreCteddilt. 63 3 5  o Lo,: line g,99ir  Log. tang. x0,3038 - Rejea 204th cor. IO' 52" D L. s,algk 
*'salt. 45 9 0 CO feC. 10,1493 c--c 

Rejeft 3C = jd  cor. 41 46 P. L. = 46344 3dcor. 41 qh 

Principal e&& of )'sparallax 30 54 
CorreCted difiance 63 3 <  2 1  

- ofrrfr. and par. 63 4 27 
5 IjiKcrcnce tu bc added 

' h i e  diRnnce 63 4 32  

Ju, 30, 1790, Lrtturi 1 2  64 19 56 - 

_I- 

- cartib. X gives 9 
Sccond in dirto gives 4 Dilt. cor. for princ. e&& 

5 

n! tlic fphernrti, J R  Iiit.aP9h.6aJ49' 15" DiR.atgh. 62 43 15 - zdditT. Q 1 s  17 P. L. 1,0710 
I 30 41 xlt di& I 30 41 p.L, 0,1977 

11. M. S .  -- - 
Time Randing over II? dift .  9 
Diff. of time 30  20 

o o DiKof T. bet, % . a d  GI. 30 zo P. L. 47733 - 
9 30 20 
IO 15 o 

44 40 

Now 44' 40'' turnei into loy,. givrs 1i0 I$ co' 
arid i t  is E .  brcaulc the thrr t .  vc drip i h  more than Time at S l i p  

cif?'. of T. bct*1. S h . d  Cr. 
- that at Greenwich. 



E X A - M P L E  11. 
Suppore that on the 31R of May, 1796, a f i ip  at Tea in long. 23' eaR of Greenwich 

by account, at 5 hours 36 minutes in the afternoon by a watch well rtsulated, the dlRance 
of the fun and maoh's neareit limbs fhould be obferved to be 68" I O  M. 24 S. at the hme 
time the altitude of the fun's lower limb was 3 i o  48 M. f ,  and that ofthe mom's lower 
Iimb 7 ? o  48 M. jY the eye being IS feet above the furface of the Tea, and the hip's vue 

'longitude be required ? 
Time per watch 5 36 ),'9 &mi diam. at noun 15 4 9  Hor. paral. 58 1 
Long. a 3 O  E. inTi .  r 32 Uitto at  midnight 
Reducedtime 4 4 D i K  i n  12 hours 7 DiE. 
0 ' s  ohf. alt. 3 1 ~ 4 8 '  15" NOW LIS 1211. : 7" : : 4l1. : z"and as 12th.: 28'' i : 41. : 9 
Semidi. 15' 49" 
Dip 4 3 Diff 1 1  r6 Semidiam. at noon 1s  49 Hor. par. 58 I 

0's app. alt. 37. o f Semidi. at red. time 1 5  51 Hor. par. at.red. T. 58 '," 
Ref. 1'3  par. 8= Augmentation 7 CH. diR. 6X610' 2;. 

1 5  56 Dkto 5 8 3  
23" 

- - 
- 

Cor. 0 ' s  ait. I' 2 j" - 
Q; $;fiarn, ' 1s 5 8  

' 5  49 Sum 31 47 
's hor. par. 5 1  SO P. L. 10,4906 - 
's par. in a l t  53 8 P. L. 5'99 1's obf. alt. 23 48 15 

2 7  Semidi. I <  jX"-dip 4' j" diF. ' 1  5 5  

'sapp. alt. 24 o L. C0[*9,9607 Ap. diiL of0 ' sand  )'scentre9 68 4 2  I I  - I- 
3 

- cI_ 

s:' 
Cor. >'saIt. 5 1  I )'s app. alt. 2 4  00 I O  

o'sapp. alt. 32 o o L CO-fi. 9,9284 32 o o c. tan. 10,z042 

)'s'app.alt. '4 o o L c o  feec.1,-,3907 RcjeOzoP L.zd.ang. 20'' a y p 7 s  

c- 

Cor. o fo ' s  a h  o I 23 P. t. t Y l r 4 3  o I 23 P. L. 2,1143 

kpp.diR. 68 42 o L. fine 9,9692 68 42 o Tan. ~ 0 1 4 0 9 0  -- 
-- Firlt angle 43 

RrjeCt 3c=1R ang. 45" Pro Iog. 2,4026 - 
Difference 2 3  

CiR.correCted for principal effeeR of 0 ' s  ref. 68 42 34 

O'sapp.alt. 32 o o L.co.fe. I ,1758 -- 
RcjeR 10 P L. of jd  an. 31'46 753+ 3d. acn. 1' 46 
Cor. fioin tab. X .  gives 8" - 
Cor. from ditto gives I Principal effct? of pari. 22 55 

-Dik cor. for piinc. c t f  ofref. and pa. 68 42 34 
Diff. of concQions 7 -- 

68 19 39 
Correction 7 

68 19 46  
Fiirtdift at  3 h. 6% 57' 44'' Ditto at 3 hour 68 57 44 
Seiond dilt. at 6 h.  

App. diR. 6 8 ° 4 2 ' 1 ~  -- 
Cor. of) 's aI: 51' I" P. L. r , ;475 51' 1" 1'. L* 0,5475 
>.'sapp. alt. 240 o o L. co-fec. 9 , 9 6 ~ , 7  240 o o C. tang. 1c,351+ 
I:iR.corr. 61 42 34 L.fine 9,9692 68 42 34 Tan. 30,4097. 

1,joSr ---RrjeQ 10 P.L. .+than. 8'51'' 

zd. cor for dirt. 

I- 

n y  the Ephemcrkfor May gr, 1796 T r u e  diR. 

67 23 I 5 - c__ 

Giff in 3 hours I 34 19 P L *  a91799 37 5s 
Computed ditf. 37 55 Y.L. "16759 

r r o p  iog.of I 1 2  19 = 3;5n 
-.-- H. M. S.  

T. over i R  diR. 3 HI M. f .  -- 
4 I L  I? 
.j 36 o _- 
I 2 j 41 

J 2 5  4 1  the  din' .  nf time h r t w e n  thc h ip  and Grecn- 
wich, bcin:: bmu::ht into long. by allowing I 5 degrees, 
&c. for rvery hour, brielly b y  table XI .  gives 10" 
55 '  J ~ ' '  thc I o ~ p .  i n ;  awl it Is caR, becaufe the time at 
h e  f l~ ip  i s  more than that at  GrccnwcIi. 

T. at Greenwich 
1. at h i p  
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Suppore that on the tbth  of Nov. 1796, a Ihip atfea, in long. 90 well d Greenwich, by 
account, at 6 H. I O  M. P. M. per watch well regulated, the difidace of the @'r and 3.1 
near& limbs fhould be obferved xoz0 57'4, when the ale. of the 0's lower l imb waa 18'' 
47'4, and that of thc 1's lower limb 70° 32: the eye being 20 fcet above the rea, and tha 
lonEitude be required ? 

11. Me M. s. 
Timeperiwtch G IO '$fern. n. 16 I I  H0r.par.n. 59 25 

Long.qq W. 36 B ittoatm. 16 6 Dirtvat m. 59 5 - I - 
Redt ime  6 46 5 P.prrt 3 00 P.part 11. 

16 IX - Hor.par. '9 25- 
16 8 .r- 

2's obf. alt. 70° 32' 0" Ang. 1 5  Hor.p.red.time 59 14" 

- Sem.red.time 16 23 
Scm. i6'tj"-Dip.4' 16"=0 IZ 7 - 
3's app. alt. 70 44 7 O'sfcm. 16 15 Sum 0 35 38 

3's app. alt. 70 44 o Co fine 9,s1Xq 0's obf. alt. 1s  47 30 

)'cP.inak. 19 33 P.log. 9643 -e" 

Obf.diR 10% 57 33 

103 3 0  t 
-- M. 3 .  

--- 3'5 hor. par. 59 14 P.log. 10,4817 App. diR.of cent. 

%J; - Sem. 16" rf'-dip+'' 16"= 

Ref. '9 0 ' s  app alt. 18 59 29 

Cor. )'salt. 19 14 

Q'salt .  18 59 o Co-fine 9,9757 Co-tmg. 1 0946 34 
App.diR. $03 30 o S. 9,9878 l a n g .  10,6196 
)IS alt. 70 44 o Lo-lec. I O , O ~ J O  

2,9238 
Rejet? 30 Pro. log. IR ang. a' 40" 

- Ref. 2' 44" P a r . 8 " ~  a" 36" Cor. QIs ah-- f 

c__ 

Car,ofO'salt .  0' P 36 P.lq. 1,8403 P. log. r,S4eof 

I__ - Rejet? 20 P. log. zd ang. 23" 
1,8288 I'rb. log. IR ang. 2 40 

App.diR. 103 3 0  8 

DiR. cor. for 0's ref. 103 33 1 

- 
Sum a 5 3  - 

Cor. )'salt. 19' 14" P. L, 0,9712 P. L. Q,97*2 
s appa.alt. 70'44 Co-fine 9,5r84 co t. 9,5435 

Tang. 10,6179 

1,1326 
L 

&*. cor . 103 33 Sine 9,0877 
Q'sait. 18 59 Co re. 10,4877 

Rej& 30 P. log. 3d ang. 19'30'' 
Re$& zo P.L.4thang. I)' 16" 

19 30- 0,9650 P.L. 3d ang. 
Prin. rtf. of para. 32 46 
Dilt. corrcRed 103 33 I 

pin cnr. for:he p i n . &  of piri. and ref. 103 o 15 
rlt Cor. Tablc X. 0 z 
2d Cor. ditto 2 Diff. --- 
I)ilt.at 6 h. 103 24 28 * Trur dill .  103 o 1 3  
DiR.atg h. IOI 46 52 Dilt a t 6  h. 103 a j  26 

I R  Diff. 
1:ifY. of time betwecn h i p  and Greenwich 
Tunc ltanding over f i r f  diR. 
T r u e  time at Greenwich 
' r m e  at thip 
IJiff. oftime betwren h ip  and Giecnwich 
it i s  w&, bccauli. thc Ume at ;]up i b  4cfb than tlidt at Greeuwich. 

c.- - 
zd DIE. 29 15 P.L, 3706 

2 6  $8 
P. L. = 6~48 _. I 37 36 P.L. 

44 43 
6 0 0  

6 1 0  o 
6 44 43 - 

34 43 = So 40' 45" the bndtude In, and 
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L 

&y. diQ. of their centres 106 46 43 

Ea. of (3’s aIt. 49” P. L. 
0% App. d t ; ~ ~ e ~ ; ’ 4 a ”  C O - h C  
App. diR Sine 

Re+& 30 P. L. of I& ang. 25- 

)%App. At. 19 43 - c O  fCCt 16,4718 - - Rejea 20 P. L. zd ang. ‘1s’’ 2,8555 
r,64:4 rbang. 25 

App. diR. 106 45 43 

CorrcQcd diA. 106 47 a3 
--- 

cor. of ) * s a l t .  50’4” P. L. 09SSS7 Y.L. 0,5557 

. i o 6  47 Sine 9,9810 T. I C j ~ Z O s  

22.;; ]YO43 co-lime 999737 C0.t. 10,4456 

- Rej. mP.L. #hang. 5’ Zf 1,5218 
R. lag, of 31 mg, 39’ 4b“ rejet? 30 

)*s app. alt. 4 j 33 co-lcc. 10,1464 - 
015569 3 d a a  3940 

Prin. eff.  of pu. 45 5 
Cor. diR.  106 47 ‘3 

- 
- 

Din. coneRrd for principal cffeA of nf. a d  par. 

Second cor. rrom ditto 4 

DiE. a 

106 z $8 

c- DZ. 2 

True dig. M6 % 16 

I i r R  cor. from T.ihlc X. 6“ 

-- 



c H. M. 69  Alt. Alt. )'E Diit. far.t'E Time pir watch I xa 41 19 

H . M . I .  D. M. S D . M . I I .  D. M. e. 
1% 36 14 19 50 30 18 6 o 31 30 45 Green' " 33 '9 

Fa 39 5 10 a 0x8 ZI o 31 31 30 's Semi. 150 as', and the ang. 
IS 4F 41 20 1.5 Q 18 39 30. 31 34 0 8 added, gives the true femi. 

Long. 1' E. 8 Times. of bp i~a .  L.L. - ------- 
sup* 

-- c-- - IIC- D. M. 8. 

5)63 26 as  IOX 16 30 93 IO 30 157 45 18 45 56 -- -- - .I_- semi< IS' 31" 

Er. of quadrant. f 7 30 + 24 -- - - -- App.& 18 56 IS 

o >'s obt dt. 

Mean 12 41 19 20 15 1818 38 6 31 33 o Dip. 4 a a z d i f .  IX 9 - .. 12 41 19 20 15 18 18 45 36 31 33 24 
J 



0's '8 
Times. DiR. Alt .  .&, 

L__ _I - 
H. M. I .  D. M D. M. D. M 
4 47 1.i 77 1 1  za 5 1  80 18 
4 50 I I  7 7  13 21 12 80 36 
4 5 5  26 77 1 8 ~ 1  6 81 

---I_- 

14 3% 5' 1 3 1  42 66 9 242 3 

M. 4 <o 57. ,, 1 4  2 2  3 80 4 1  
^__----- 

H. II. 8. 
f. at *  4 so 57 O'aalt. 22 3 0 
Lon. in T .  34 fern. 15 5S)DiF. 11 5 5  

So 41 o 
0 sa a4 

--_. 
5up.T. 5 24 57 IJlp 4 3 

App.alt. ZL 14 55 
isref. ~0r~'-P.8'=111"cdr.of~'Salt. 

'S fern. 16' zf"-Ldip. 4' 3"= 
g p  's obE.alt. 

)*sapp. alt. 8-4 
'shore P". oo 59'=*J p. L. 30,4817 

9,1998 {'~app.  alt. 80 53 14 L. co-fn 



To find the time. 
D. N. 5. 

?sapp.alc.%z 14 55 Dec. gQ 30'lat. 34 17 
b r .  0 2 I t  g o  93 - -- 
Truealt. 2% 12  4 4 P . D .  80 30C.I.55 43 

90 
7 

2.D. 67 47 16 
CO lat .  5 5  4 3  o Cp-fec. 0,oRtSR 

y the fecond methoJ thus,: 

Co.lat. 5 5  4 3  Co-fec. 0RzSS 
Dec. , p 30 Sec. cob00 - - 
M.alt. 6 j  1 3 N . S . g o 7 9 o L .  R.08688 
T.r l t .  22 1 3  N.S. 37811 -- 

52979 Log. 472i 1 - 
-L 

204 o 16 

Z.diR. 67 47  16 

-- 
9 Sum 102 8 Sine g,?9040 

--- 
s4 la- S 2  sue - 9'74980 

By the Ephemeris. 
D. M. s. 

DiR.at6 hours 79 5 44 
Truedift. 77 38 26 

Diff. in 3 hours I 38 a [  P. L, 2625  

Die' at 3 hours 56 '7 23 

I- 

Sum 19,82908 

4 H. mg. 34 46 40= cor. 9,91454 

' 
H. ang. 69 33 30 = 4 38 13 TI. 
Time. 

-- 
Comp diK. I I I  0 3  P.L, 4037 

2 IO o t  = 141s 
Timeover IR diR.3 00 00 

Ti. at  Greenwich 5 IO 02 
rr. time at fhip 4 38 13  

Long. in time 

-- - 
- 
- 

31 4 9 ~ 7 ~  57' IS" W, 
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Secondly. When the 0 or *'s altitude is r t e r  than the >'$* 

take the difference between the angle A and half he apparent difiance, 
but iflefs take their fum. Then add together 

T h e  co-tangent of this Turn or difference, 
Theco-tangent of 0 or *'s apparent altitude, and 
The proportional log. of the corre6tionof the 0 or *'s altitude; 

Their fumy r e jd ing  20 in the index, will be the proportional loga- 
rithm of the firff correilion. 

Thirdly. If the Turn of angle A and half the apparent difiancf 
was taken in the lafi article, take now their difference j but if their 
difference, take now their Cum. Then add together 

The  co-tangent of their rum or differmce, 
The co-tangent of >'s apparent altitude, and 
T h e  proportional log. of the correttion of the 3's apparent d- 

Theirfum, rejeaing 20 in the index, will be the proportional log' 
ofthe fecond correilion. 

Fourthly. When the angle A is lefs than half the apparent diitance, 
the firit corre8ion muft be added to, and the fecond fubtraaed from 
the apparent difiancc : but, when the angle A is greatclt, their fum 
mufi be added to the apparent &fiance, when the 0 or f ' s  altitude is 
lefs than the >'s ; but when the 3's altitude i s  leaft, their Cum muft be 
fubtrdted to give the corre&ed diftance. 

Fifthly. In Table X. look for the correAed diR. in the top column 
and the carredlion of )'s alt. in the left-hand fide column ; take out the 
number of feconds thatftand under the former and oppofite to the latter. 
Look again in the fame table for the corretted difiance in top column, 
and thc fecond correaion in the left-hand fide column ; take out the 

. number of feconds that fiand under the former and oppoiite the latter, 
the difference between thefe two numbers will be the third correttion, 
which mufi be added to the corfeaed difiance, if lei3 than goo, but 
fubtratted from it, i f  more than goo; the rum, or difference, will be the 
true diftance. 
T o  illuftrate this laR method of reducing the apparent diftance to 

the true diflance, I hall  take the apparent altitudes and diitanca as 
they ftand in the three firfi examples, worked by the former method, 

titude; 

E X A M P L E I. See page 143. 
Given the ap rent dihnce of the >*a centre from the * 63" 35' 13"' the 

apparent altituzz.+O 29' &", and that of the * Regulus+5° 9' IS", the j?  
horizontal parallax 55' a". 

sk'o altitude 4.5 19 13 )'e Hor. par. 5s' nu P. L. 10,5146 

's Par. in alt 50' 5. P. L, 0,5556 

Required the p e  difianczt 
D. Me S. 

Ref. orcor. of *'s alt. 57 App. alt. a40 so ~og. cor- 2,9590 

a 4  
48 I 

2ef. _3 

Cor. of 3's alt. 
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App T& 63 35 13  Halfio 31 47 36 co-c~a. l o , ~  

Sum 690 38' 56" Half is 34.49' 68" Co-tan. 141577 
Difference 20 39 28 Half is IO 19 44 Tang. s a b e r  

Iit Cor. add 9 Ang.A. ;a 54 o Tang. 9,6156 

8 53 56 CO-m. ~0,8056 
45: 9 1% Co tan. 9r9977 

57 P.L. 2,1775 
zd. Cor. fib. 

9 P.L. 3PS4 
CorreQed die. 
3d Corre€tion add 

LI- - LI- 

- 
-- -- 

TruediRance 63 4 33 

2" from that found 
former method. 

Differing 
by the 

HalfW.difi* 31 47 36 
Angle A =a s4 0 

Sum 54 41 36 Co-lase. 918501 
>'a Alr. a 4  29 +4 Co-tan. 10,3413 

Ref.pf 0 ' s o l t .  
P a r a  dt. 

Cor. of Q'r alt. 

Q's Alt. 

Sum 
Difference 
App. diQ. 

) ':A1 t. 

68 41 X I  

IR Cor. add a3 

ad Cor. rub. 122 55 

~ i t  Cor. tab. X. 8 66 19 39 
adCor. ditto I 1Diff- 7 

--- 
CmededdiR. 68 41 34 -- 

-- 
True dill. 6% 19 46 

Differing a" from that found by 
the former method. 

. -  

Par. in alt. 
Ref. 

Cor, )'s alt. 

Half ir 
Half is 
Half is 

Ang. A. 

Diti. 
0 ' s  Alt. 
Cor. G'salt. 
IR cor. 
Hdf di%. 
Ang. A. 

Sum 
) ' s  alt. 
I or. 1's a]. 

zd CorreQion 

3 

58'10" e. L. 
a490  o Co-fine 

53 P.L. 
" 7  

EXAMPLE 



T H E  METHOD OF F I N D I N G  

E X A Y M  P L E 111. See page 245. 

25% 

Given the (3’s apparent altitude 180 59 4, the 3’s 700 44”’ the appqent dillance 
cent rs 1 0 3 ~  30‘ S”, and the >’s Lorizontal parallax s i  15”. Kseuired the true d;dWnee ? 

Par. in alt. 70044 ~o fine 9,51*5 

Cor, of 0 ’ s  alt. z 56 rar. io alt. 19 33 P.L. 0 ~ 9 ~ 4 ’  

0.8 App.a l t .  ]So 59 30 _I 

)’$ D h o  7 0  4 )  0 

Sum 8y 43 3 0  r’alf is 44 gr 45  Co-tan. r o , ~ * *  
BIB‘. 5’ 44 30  Halfis fis 52 1 5  Tmg. 9,6857 
App.diR. 103  30 8 Ha,i is 51 45 4 t 9-tan. &7 

Angle A 21 I Tang. 9,5844 
ib Cor. add = 5 3  -- Surnang.A.and f dif. 72 46 4 Co tan. 9,5916 

 IO^ 3 3  3 0’s app.aIt. 18 59 30 ~ o - t a n .  10,463’ --- Cor. 0’s alt. 2 36 I’ L. I,84°3 
Cor. diR. 103 o 18 --. ,-- 
ZR Cor. tab. X. o lit Cor, : 53 P.L. 1,795‘ 
ad Cor. ditto L diff. 2 

Trlre die. 

KeCi3c.of 0 ’ s  alt. 2’ 44” j g ’  I f  P.L. lC,4S26 

0- __. 

‘9 

Cor. )’$ alt. 13 14 

-- Kef. 

-- 
’ 4 Cor. fub. 32 43 

-- AiigIe A ZI I 
rog o 16 aAFp.di&. 51  45 4 -- 

CO-tan. 10,2258 
co-:211. 5,, 5435 

)‘S sit. J Y  14 P. L. 0,97‘* 

zd Cor. 3 2  43 P, L. 7.405 

Differing 3’’ from that bund DiC. 30 44 4 k the hrR methqd. ’ h a l t .  70 44 0 

/ 

I hall  leave the working of the other examples by this method, to 
exercife the learner, arid proceed to hew how to find the true altitudd 
of the 0, I,, or a * by calculation, 

TO JIM’ the Sun’s tfue Alt;tude. 
fometimrs happens, that th- d i h c e  of the celeflial objeCts may 

be taken, but for w a n t  of a good horizon, or afifiants, their altitudes 
cannot be taken at  the fame time i to fupply fuch deficiences, oblrfvq 
the three following cafes. 

C A S E  I. 
The apparent time, the hip’s latitude, longitude, and the 0’s 

clination given, to firid the true altitude of his Centre, 

R U L E .  
If the hip’sco. latitude a n d  the Q ’ s  derlinptioii be both north or both 

With the apparent time ;i.oni noon, enter table VI .  arid from the 

To this logarithm, add the lag. co-fiiic of the latitude, a id  the fo@~ 

Their 

fouth, take their fun1 j b u t  if  one bc ciorth and the other fouth, 
diarence is the 0 ’ s  meridian altitude. 

column of rifing, take out the logarithm correfpondiog to it. 

&fine of the 0’s declination. 



aF3 T H E  LONGITUDE AT SEA. 

Thei r  Turn rejetling, 20 in the index, will be the logarithm of a 
Natural number, which being CubtraLted from tbe riatural fine of the 
0's meridian altitude, will leave the natural fine of his true altitude 
at the given time. 

E X A h l l P L E  T. 
Required the true altitude of the 0 ' s  centre, in l i t .  49' 57' N", 

2 July 25, 1796, at 6 H. 56 M. 30 S. in the morning. 
I 2  0 0 

App. time (5 56 3 0  
Time from noon 5 3 30 !ts log. in col. of rifng 4237850 
La r itudr 49 57 o N. its log. co-fine 9980851 ---- 
Decl. at that time 19 26 o N. its' log. co-fine 9991450 

40 3 RejcA to N. N. 45871 =log. = 4,6615) Co. lat. 

Mer. alt. 59' zg Nat. fine 86148 

-- 
c- - 

_I 

Nat. fine true alt. 

E X A M P L E  11, 
What will he the true altitude of thr 0 ' s  centre at London, No- 

vember 24, 1796, d t  3 H. 21 M, 30 S. apparent time i n  the afternoouZ 

40277 = 23O 4.5'. 

H. M. 9. 
App. time from N. 3 z I 3 0  Its log. i n  col. of rifing CFS9W 
Latitude 51 ~ 3 z ' N .  Log. co-fine 949385 -- 
Decl. at that time 20 49 S. Log. co-fine 99706s -- 
Co. lac. 38 28N. Nat.num. zxoGz = log. = 43235r.  

Mer; alt. 17 39 Nat.fir& 30320 

Nat. fine true alt. 5 19 Nat. fine 09258 

_I- 

I_ 

C A S E IT. 
'Ibz upparent Time, the Loritad.- arrd Lon$uile given, to f ind the Ai&- 

ti& of cmy $ the ktiown jxsd Stnrs. 

R U L E .  
T u r n  the longitilde into time, and add it to nr CubtraA it from the 

time at the hip ,  according as it is cafi or wcit, the lum or difrereiicc: 
Ml be the time at Grepwicb. 

T a k e  the 0's Rt. Afcen. from tbc N. A. arid proportion it t o  the 
time a t  Greenwich, and add it to the apparent time at the fhip,,whic!l 
Wi l l , g ive  the Rt. Aken. of the m c r i d i ~ n ~  or mid-hedvcn. 

F ind  the * 's Rt. Afcen. arid dcclrnatipn i n  'Tablr XX. and t aks  
the diferencc between its lit. i\fcen. artti the Rt. A~cen. oEthe m e -  
ridian, whjch rrill be the d i h c e  of the * from tine meridian. 

Havi:ig 
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Having the *'s diitancefrom the meridian, with its declination and 

the hip's latjtudc, the true altitude is found in  the fame manner as has 
been hewn in the lafi examples of finding the true altitude of the fun. 

E X A M P L E .  
W h a t  will be the true altitude of Aldebaran a t  Edinburgh, April 111 

1796, at 5 He 56 M. 20 S. apparent time. 
H. M. b 8. MI 8. 

bparent  time 5 56 20 0's Rt. Afcen.atNoon I 32 27 

App. time at Green. 6 8 44 Rt. Afcca. at Edinburgh I 23 PZ 
&. Afan. at Edin. I 23 22 

&.Afcen.Merid. 7 32 6 
4 24 14 

$? dit?. from rnerid. 3 7 52 Its log. in col. of r ' G 9  4,50184 

L o n g  3* 6' W. in time 12 24 Pro. part for 6 hoors 5 5  --- -- 
-7 

~ ' f i  Rt. Afcen. 

~dtnburgh's lat. 55" 58' N. Log. co-fi~x 9974794 
O(0s declination 16 5 igN.Log. co-fine 9,98266 

Co. Iat. 34 2 N.Nat.aum. 17078 log. 4,23249 

-- 

-- 
-- 

Mcridianaltitude so 7 19 Nat. fine 76735 

True altitude 36 37 Nar. fine 59657 
As the table is calculated only to 30" the difference between the 

log, o f3  H. 7 M. 30 S. and 3 H. SM. mutl be taken, which is 2x8 : Then 
fay, as 30 : 218 : : 22 : 159, whichbein added to 4,SOOZS thelog.of3 H, 
7 M. 30 S, gives 4,50184, the log. of 3 8. 7 M, 52 S.-as above. 

The apparent Timr, the Latitude and Longiiut o/ the /n;p kind given, 
t o h d  the true Altitudc of the Moon s Gntre. 

IC 

NOTE. 

-% C A S E 111. 

R U L E .  
T&a the longitude into time, and if it be weft add it to, but  if 1; 

be call fuubtrafi it from the apparent time at  the h i p ,  and it el give 
the time at  Greenwich. 

Take the 0 ' s  Rt. Aken.  out ofN. A. and proportion it to Green- 
wich time, which being added to the time at the hip, the Cum will be 
the right AlcenCon of the meridian or mid-heaven. 
Take out of the N, A. the D 's Re. Afcen. and declination, and 

proportion them to the time a t  Greenwich, Turn the D 's Rt, Af- 
cen, into time, and take the difference between it and the Rt. Afcen. 
of the mid-heaven,, which will be the diflance in rime o€ the 3 from 
,the meridian. . (  

Having the hip's latitude, together with the 9,'s d e c l h t i o n  and 
diflarxe from the meridian, rhe true altitude is found, in the fb% 
mamcr as has been IhewtGn fiidipg the true altitude of the 0 and r(r= 

. SXAMPLE. 
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E X'A M P L E. 
What win be the I, 's true altitude at  19 H. 16 M. 52 S. apparent 

time inlatitude 14' 4< S. and longitude 167'E. on AuguR 2+,1796? 
App. time at lhip 19 16 52 
Lone 167" E. in time 1 1  8 o 

App. time at Greenwich 8 8 s z  
Q 'I Right afcenfion 
App. time at ihip 

--- 
IO 16 58 
19 16 sz 

29 33 so 
24 

5 33 so 

-- 
-- 

Right afcenfion of the mcrid. 
3's right afcen. in time 3 8 5 6  

>'s diR. from the merid. 
Latitude I4O 4s 

>'e decl. at thip 

_e- 

2 24 5s 

-- 
130 30' N. 

's ditto 4 7 O  14' 

Log. rifiig 4&623 
Log. co-fine 9,98545 

Log. co-fine 9 ,937s~  -- 
Co. latitude 75 15s. Nat.num. 18182 Log. 4 , z ~ g 5 1  

Meridian altitude 61 4s Nat. fine 88089 

N. fine of >'s truealt,qqQ ZI'= N. fine 69901 
I n  the lait example proportional parts are,taken in finding the right 

afcenfion, declination and log. rifing. 
By the three lait cafes the true altitudes of the objeAs are found, 

theretore if the apparent altitudes be wanted, the diiference between 
the 0 ' s  parallax and refraCtion rnufi be added to the 0 ' s  true altitude, 
the refratlion muit be added to the true altitude of a itar, and the dit- 
ference between the >'s refraaion and parallax i n  altitude mufi be 
fubtratted from the true altitude of the 3 thus found, to obtain the 
re fpeabe  apparent altitudes of their centres. 

To find the Longitude by the Erl$jk of Jupiter's Sa'trllitrs. 

O n  the day preceding the evening on which it  is propofed to o5ferve 
an eclipfe, look for the time when it will happen at  Greenwich, in  
page gd of the month in  the Ephemeris. Find the diK of lonsitude, 
either b a good map, fia chart, or dead reckoniiig. 

Let t i e watch be regulated by the 0 with all poflible e x a h e f s  to 
the appdrent time. l ' u r n  the difference of longitude into time, and 
add it to, or fubtraa it from the apparent time, according as it is ea& 
or weit of Greenwich, the fum or d'fference will be nearly the time 
When the eclipfe is to be looked for i n  tnat place. But  as the longi- 
tude is uncertain, it will be proper to begin 20 or 30 minutes before. 

Obferve the hours, minutes and fcconds of the hegitiiiing of 'the 
Cclipfe, calle&irnmer~ron, that is, the very inifant that the fatellitc ap- 
pears to enter inte the fiddow of Jupiter; or the emerfioii, thdt IS, 

K k  when 

- 
-1 
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when it appears to come out of the fame. T h e  difference of time 
between the obierved immerfion, or emerfion, and that fet down in 
the N. A. being turned into degrees, will give the difference of longi- 
tude between Greenwich and the place of obfervation. 

There obfervations made on the firif fatellite, or that which moves 
neareft to the body of Jupiter, is the moft proper for determining the 
longitude; and here it may be obferved, that its emerfions are not 
vifible from the time of Jupiter’s conjunAion with the 0 to the time 
of his oppofition to the 0, and that its immerfions are not vifible from 
the time of planet’s oppofition to the Q, to the time of its conjunc- 
tion. 

T h e  configurations, or the pofitions in which Jupiter’s fatellites 
appear at Greenwich, are laid down every night when vifible, in the 
page the I 2th of the month in the Ephemeris. 

E X A M P L E. 
Suppofe that on the 17thofAuguit, 1796, in long. 88.30‘ wefi by 

account, an iamerfion of Jupiter’s firft fatellite was obierved at 
12 H. 30M. 20 S. apparent time, , H. Me S. 

At Greenwich, the immer. of sit fatellite that day will be 18 20 30 
Obferved immerlion a t  - - IZ 30 20 

- 5 so JO Difference in  time - - 
Turne! into longitude gives 87’ 32’ I, and is weft, becaufe the time 
a t  Greenwich is more than at the place of obfervation; the error in 
longitude 58 $ miles. 

As thefe eclipfes happen almofi daily, they afford the mofi ready 
means of determining the longitudeofplaces on land, and then the lon- 
gitudes of fea coaRs might be better afcertained than they are atpre- 
fent; they niight allo he applied at fc3, could they be obferved with 
fufficient accuracy in  a fhip under fail, which can hardly be done, fince 
the leafi motion of a teicfcope that magnifies fufficiently to make thcfe 
obfervations, would throw the objedtts out of the field of vicw. 

T h e  eclipies of Jupiter’s fatellites may be well obfervetl by one of 
1)olIand’s ncw achromatic telefcopes of three feet in length, or by a 
refleAing tcleicope of 18 or 20 incties focal length. 

70 j r d  the Longitude by the EcI+fes ofthe Moon. 
This  is performed by comparing the times of the beginning or en- 

ding, as alfo the times when any number of digits are eclipfcd, or when 
the earth’s fhadow begins to touch or leave any remarkable fpot on 
the moon’s face. 

The11 will the diffcrenceof time between the like obfervations made 
at diff‘erent places, turned into degrccs, be thrir difference oflbngitude. 

hut thefe eclipfcs happen too kidom to be of any general a t  lea. 
O B L I Q U E  

Required the longitude? 

---- 



0 B L I Q U  E T R I G 0 N 0 M E T R Y. 

TO find C 13. 
As the line of the angle C 544 9.90796 
1 3  to the fide U D Z E O  a .  34242 

9,90796 

S0isfupt.G. o f a n p . B C D  80- 9.99335 
- .  
1 2  * 33 577 

-- 

T o  fuld D C, 
AS fine ang. C 54p 
Is to the fide B D 220 

9 9 v 9 6  
n~3414a 

9.90796 

Soislineang. B Z ~ ~  9.64184 - 
ZX.98416 
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As the fide H C 365 1,56229 
9,641114 
*,80618 

12,44802 
2,56229 

Ir to the fine of ansk A 260 
So is the lide A B 640 - 

L- 

As f i e  ang. C 50' 14' 9,88573 
IS to a B 640 +,8obx8 
Soir fi. ang. B, or its Cuppl. 76'14'9998734 

l29793S" 
9,88273 

- 
c_1 
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The proportion by axiom 111. will be, 

T o  find the angles and A. To find' the fide A B by axiom fl 
9.7ts~o As the Turn of the fides A C and BC 190 2,qd!,51Asliieang; B 31 3a 

- .  .- .. 

1 I .  8qa67 

To taag.-half difh 
By Cunrrr. 

YR. T h e  extent from 2 9 0  to 30, on the line of nambers, will reach from 38' 
95' to 79  i3', on the line of tangents for half difference. 

ad. T h e  extent from 77' 30'9 which is the fupplement of 102O 30' to 280. to 
31" 32', on the line of fines will reach from 80' to 149O 3', on the l i  of num- 
bers for the fide A B required. 

T h e  learner niay he at a Ids how tQ know to which angles the above 61m and 
difference belong, but let him remember the higgeft angle l b  opyofite the big# 
fide, and the contrary, which will determine it. 

A X I 0 M 111. 
I n  any plane triangle, it will he 
As the grrateR fide 
Is to fhe Ium of the other two fides, 
So is the difference of thofe fides 
TO the difference of the Cegments of the bare made by a perpendicular, kt 

fall from the angle oppofite the hafe. 
And half the difference of the fegments added to half their film will give the 

grrster fegment, hut if hbtt-aEted from their half rum willleaae the lerer icgment, 
the triangle being thus cut, btcomes I right-an led triangles, the Ityporhcnufes 
;md bakes of which are given, to find the angles 6, axiom I. 

C' A S E VI. - - - - - . - - 
The three fides of a plane triangle given to find the angles? 

T h e  fide 
BAXs, BC 
54, A d  108, 
given, to find 
the angles 
ABC, E AC, 
B C A. 

A c 
C O N S T R U C T I O N !  

D n w  the indefinite right line F G, on which frwn any point therein, as at A, 
k t  off A C  108, then 8 8  in your cornpaffes, and one.foot on the point A, fwwp 
an arch alfo with the d i h n c r  54 in your cotnpaKes, and one point on C, [weep 
another atch interkEting the former atch in the point B, and it is done j B A, 
B C, A C, will mcafiire 8 8  54 108 relpeCtivcly on the fame IC&. 

The proportion by axiom 111. 
88 
54 

34 Diff. ditto 

T o  find A E = A U - D C the diff.of fegmonts. 

I 

J4z Sum of lhortefi fides As the fide A C io8 2 03 147- 
Is to the rum of fides A B and B C 142 a. 15229 

L_ . So is d X  fidei A I) and B C I A  I.ClJ48 -. ,I . 
_cI 

Halfbafe 54 3.b8377 
2 4 3 4 a  
-I 

Half dig. fegm. 22, 7 5  
A D  
D C  

c_ 

76, 3 5 Great fegmcnt 
3 1) 65 Lcalt iegm, 'To A E t h e  diff. of Tegmt. of bare 44, 7 

Half a:,'35 
I .6 5035 



To find the angle D A B. 
,&e the h'ypotkenufe A B  88 I 94448 
I$ to radius I O  
So is fide A D  the great. reg. 76 35 1.88a81 
To fine ang. A B  D 609 I I' TgF3i 

nn 
7 -  
_I 

The corn. isang.A=ag 49 

To find the angle D B C. 
As hypoth. B C 54 
Is toradius 10 
Sois D C 31 65 

1.73139 

X . 5 0 0 1 ~  

9.767913 
c- 

To fi, ang. B D C 3 5 O  53' 
0 0  
7 

Its com.ang. C=54 0 7 t a n g .  A 299 49'= I S3O 56'and 1800-S3~ 5 6 k a n g .  B 9604'. 

O B L I Q U E  S A I L I N G .  
WE come next to t lu  doarine of oblique triangles applied to problems of fail- 

ing: and though i t  may be applied to the menluring of inacceffible ob.ietls, 
yet we fiall confine I t  to thde  problems which are more immediately necefhry in 
navigation, and is chiefly ufed in takiiig the maps of' hxbours, rea-coafis, &c. as  
follows : 

Oblique Sailing exemplijied by proper Exatnples. 
C A S E  I. 

T h e  bearinw and diRance of two places from each other, as alfo the bearing o f  
given, to find the d i h c e  from the {aid tac!i of them %om a third place, bein 

third place to each of the other two piccs .  
E X  A M P L E. 

CoaRing along fhohore, I Taw a cape of land which bore from me N. N. E. I Rood 
away W. N. W. ao miles, hiid the fame caue bore from me N. E. by E. I would 
kno& the ditalice of the h i p  at both Ratiois from the cape ? 

c o N s T R u.C T I O  N. C 
Having drawn the compafs N.E. S. W. 

let A reprerent the pldce ofthe h i p  at her 
firR Ration, fmm whence, through the 
k. N. E. yoint, draw the indefinite right 
line C A,  alfo through the W. N. W. 
point, draw another indefinite right line, 
f3 .4, and fet off' thereon 20 miles from I 
f d e  of equal parts from A to B, through 
thP centre of the cornpals dfo draw the 
N. E.,by li.and S. W. by W. points, and 
paratlei thereto ftom the point B, draw the 
line B C, meeting the N. N. E. in the B 
point C, and it  is done j now from the N. 
eattward z points, and from the N. we&- 
ward 6 points, together make 8 points for 
the L B A C ,  alfo the rlifYcreace between 
rbc N. E. by E. and N. N. E. points are 3, 
or = 3 3 O  45' = L 8 C A, the other L 
being P right L, the :ingle C B  A will be 
. the complement of 33O 45'=56Q 15'. 

I 

I .  
S 

TO find the diRancc B C. 
I O .  OOOO. 

1 .  3010gI : B A = ao miles 1.30103 
-- I TO find the difiance A C. 

Radius 10.00ooo Radius -- 
: A B  20 miles 

: A C diR. from her xft 
fiation 29 : 93 milcr. 5 

10.25526 

I .  5561) 

: : Tang. R = 5 C 0  15' 10.175111 : : Ssc. L B 56" 15' 
.I-- - I +761,,/ : DiR. B C= 36 miles = 
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E X A M P L E  11. 

Being at rea, I Caw two headlands, whofe bearing from one another I find by 
the chart to be W. by N. and E. by S. diRance 1' miles, the northermofi bore 
from me S. S. W. and fouthermoil S. E. 5 y  E. I demand my diRance to each cf 
!hq faid headlands? C 0 N S T R U C T I O N .  

N 
having drawn the com- 

pars, ret off the bearing8 as 
AB the S. S.W.bearingand 

and from A towards R, 

miles, from A to B, and 
draw B, draw D C pardllel 
to b A until it cuts A C 
at the point C, through C 
draw B C parallel to A D  
and itisdone. 

C Calculation of the Angles. 
Between N. N. E. and E. by S. is 7 points, or 78' 45'=L ABC, between S.S. 
W. ant1 S.E. \,YE. is 7 points,or 78. &=the LBAC, conCcqiientlv the L ~ A B G  
and BAC points taken together, wherefore taking 14 fi-om 16 the numbers 
of points in a triangle remains s points, or azo  10' for the remaining L BAC. 

Calcularion oj'tbe Sides. - 
9.17609 
9,58284 

I0*7S893 
9 * 99'57 

As fine 78 4s = 9.99157 It being an ifofceles triangle, ' 
Is to B C = 15 miles 
Sois fine L za30 = L C 

A C = I3 C = 15 miles. 

-I 

-- 
To -AB =,5I53 miles 0.76736 

This example a d  the firR, are ufed tor finding the tlifixnce of a fhip from any 
head-land, &c. when the k i p  is about to take her departure fiom the land. 

C A S E 11. - 
T h e  beqrings difiance of two places from each other, and th 

of thole places and the bearing of the other, from a third pl ice bei 
tlle bearing of the firk, and the diRancc of the fecond from the th  

4 E. K 

the other fails 20 miles, and then finds the firR to bear N. N. W. 
diRance between the two hips? 

E X * A M P L E  I.  
Adinit two rail from the fait1 road, one fails N. 

c o N S T R U C T IO N. 

B 3 .  
xfi. Having drawn the z 

comyafs, let A be the place 
the k ips  departed from, and 
drnwthe N. E. 4 E. I ineAB 
equal 16 miles. 

zcl. From B draw the right 
h e  B C parallel to N. N. W. 
then with 20 miles between W 
the conipnfes, fitting one foot 
in A, with the other crofs the 
line B C as in C, and join 
AC, then is the L BAC the 
coiirfe which the icond k i p  
fieered,reckoned from the N.E 
4 E. foutho,ly, to find which, 

C 
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Caftuhtion of tbc Angks. 

From B to C bears S. S. E. the o p f t e  orntto N. N. W. which is z points, 
alto A bears from the fame point b, S. &. 4 W. the oppofitr point to N. 
E. 4 E. which is 4 4 points and two from the S. edterly, make 6 $ poblta 
for the t AB C ,  fioin whence you find the L C thus : 

As the Me AC = 20 miles 
Is to file of the 
So is the fide A Ai 16 mile8 

i.loro3 
9.38087 
I .  z041z 

-- 
A N C = 739 -- 

11 - 18499 
I .  3 0 1 0 3  
7- 

To fine ofthe I C $go 57' 9.88396 
For N. N. W. add 
Sum makes 

Which being counted fromthe N. N. W. makes bear From N. ?a0 27' 
wefterly, whence thefiip's : o d e  was from A t o C .  72. i7'~.1ffeily, or E. S. E. 
f E. nearly. 

?oofind rhe Dganrt of the two Ships from one another. ' 
As fine L ABC=73' 07' 

So is fine L 56 56 

9.qS097 

9 92:16 

- The L A B  ( =73* 07' 

I C =  4 s  Istoiide H C = a o  1 . 3 0 1 0 3  

-- _ _  

2 ) I O t  15 a turn opp. angles 50 37 





1. fn the p .+BC.iIl tlic , ~ b  arc si ~ L I I ,  

and one fidc All i o  mile!,. 
Betwixt E. by S. and N. by E. ere eiqh: 

pin ts ,  confeqiicntly, thc I AUC LI nab: 

"E&tN.  F. nrd E. by S. is 5 points, or 
E C  A I r 5 6 Q  IS'. hicomp = ACB- 
m33%5. InA ACn. 
&fin0 L A C I I = 3 3 °  4{ = 9,74474 -- 
: & C A B  = I O  J ,fll)OOO 

:: fine L C A R =  56 x s  9,9198;  

B C  14,96 1,175'A 
M 15 miles nenrfy. 

- 

z. In the A A D B. 
Betwixt EN E. and E. by S. z 3 pin ts  = 
I$eti+ixtb.N F andN.F I y  N i 5  f points, 

io  cl1at:lrc L RDB = 33*45', m u  tiiric'rre ' z LI eqtu'l, confcqucnrlk there ntuR bt twb 
fides cqurl, viz.  the Irdc, oppf i t c  tho& .in- 
g h ,  thdt  i5, tlie hdc i \ U  = tlr: fide X I )  z 
z a m i ! ~ j  andthe A 4 B D h a n i l ~ ~ ; r ! r ~  A. 

2 2  10 

L f ) A B  3-3'45'. 

180 - 
21157 3 0  

78 45 
-d 

i s  z poinh, or tlir L CB3 = a z o  30'. 
Aqfumof fides BC br BII  =24,96 1,;0724 

: : tan6 tiunopp. ~ s = 7 ~ " . + s ' l s , 7 o l q 4  
1 1 9 3 9 6 8 a  

*anz*3diKercnce 4 4 ~  58 9,99958 
L C D B  133 0 3  

I X D  33 47 

dig, fides BC and nn 4,96 o,~c15qs - 
Y , l V 7 2 4  - 

: : fino L CBD 2% 30 9,5X28+ -- 
: C D z t h e d i L n c c  Ofboth GSt8: 1,83772 

From L A C D  = Ag*lllp 

37 47 
Suberakt N. hy E. I I I 5 - 

2 2  3z that isCD bears 
frome. 5. a z  j z  ~ , o t  S.S.E. asd thecoil- 
trnry h y  R 



AWING, in the former part of this work, treated on  thofe bnnches 
of knowledge, which ought to be acquired by every one who under- 

takes the condutiiiig of h i p s  to remote parts; I think his incumbent on 
me to give iome dire&ions concerning another branch, which, though of 

of Drafts or Charts of the reveral Coaits d o n g  which they hi], and alfo o 5 great importance, feems to be too much neglefied i namely, the drawin 

*ok Harbours into which they go. 
Thofe who have the charge of cundulking h i p s  frequently complain, 

that few of the iza charts are found to be correa. Suppofw the com- 

Whicli has arifeti from the following cauies; namely, the Authors having 
too much recourfe to thofe charts which were drawn when the latitudes 
and longitudes of places were but ill determined, 4 when the neceffury 
InRruinents were not luificiently cor rea  for th purpofc of taking the 

Uanncr of furveying the fcvetal parts. 
W h e n  a voyage is finiflied, the Journal of tha t  voyage, however zppli- 

cable it may be to’ public purpofes, is felduin regarded. m e r e  the Lords 
of the Admiralty to eitabliih a Repofitory for obfervations, drawings, ap- 
pearances of  the land, and other uieful articles, iuch materials might be 
applied to the improvement of navigatlnn. Proper perrons might be ap- 
Pointed to arrange and apply them in the conffrufiing of ufeful lea charts; 
and fuch charts, if not given to the public, fhould be delivered to the 
officers of the Royal Navy. W h e n  a (hip of war is ordered to  go abroad, 
the Mailer who has the charge of navigating hcr is  under a firong t e m p  
htion, riot t0 fay neceflity, t o  purchdfe fuch charts as will beit fuit his 
prefcllt circumflances, though not the moft correa ;  and the valuable fliip, 
kith the Prill more valuable lives of the people on board, are thereby 
Qreatly hazarded. 

Having ibme tjme ago waited on the Firft Lord of the Admiralty, I took 
&e liberty to rrcomtneiid the furnilhing the MaRers with proper cham, 
t h e n  ordered up011 difiance Cervices j and obiervedthat fuch charts mi ht 
be rcturnable i n  the fame manner as  the hip’s itores are IIOW; whichtas  
long beell the cultom in France. His Lordhip thought proper It3 ky, 
‘( He hoped the Admiralty would think of it.” 1 told his LorJlhip that 
1 was then fpe3king to the Firit Lord of the Admiralty, and a Seaman.- 
haking never heard ally thing of the matter fince, I hall proceed to fhew 
the redder how the bufinefs of takin the bearin of ally p u t  of a wait, 
and of plotting or delineating it  may%. performe! 

I. Bring the &ip tQ the mofi convenient place from whence you caR 
fee the moR diitinguiihed points ot land, arid the mofi rernarkahIe ,objeb% 
on &ore, and note their bearings down iu your fiauon book, as alfs keep 
2 rou h draft 011 a keet of paper, note thereon the fiation I. 
2. %ring the h i p  to the moll convenicht fiation or fpot you find, 

and take the bearings of the moil remarkable p i n t s  and !“pots you bcforc 
oblerved wheri at fira fiation, and obtain if YOU n n  the dlfiartcc of your 

Plaint to be jufily founded, we may rearonably prehme, that k och incor- 

different bearings; or i t  may have been o w h g  f o a n  impropriety itt the 

, 
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4g &QASTS AND HABBOURS.  

v e a l ,  from your fir0 Ration, from the beatings and diAance of fame 
noted points ~ r i  fhore, it will be preferable; but if you hpve no difiance5 
o n  &ore of objeAs from one another, you muR, in this cafe, obtain it 
c u & l ~ y  by your log; alfo note there bearings down i n  your roughdmft 
as well as in your book, making a bafe line to reprefent the bearing Of 
your fhip z t  her firit itation, and placing from forne kale thereon the 
difiance and bearing of your former itation, which will be ftation 2, frorn 
whence draw the laft mentioned bearings, and note their interrefitions with 
the fame objeAs before feen ; a line drawn through all thefeinterfe&ionSI, 
making it reiemble as much as you can all the turnings and windings 
the land you fee, carrying your cyc from point to point on ihore, 
making the fame wavings or windings i n  your draft. 

3. Note particularly on  ihore fuch remarkable objeCts that lie in ode 
h e ,  for objects that are in leading marks, as houfes, churches, Reeplesp 
mountains, &c. 

As alfo fuch particular objeas as open from one another, one, tW9 
or three points or more, i t  will affift to corre& thereby. 

4. If you can from a third fiation take in like manner the bearilia and 
difiance of your former two fiations, arrd alfo of all the former obj&ns, 
you will from t h e p e  be able to detcft ifany error ihould have been con]* 
mitred; each ftation fliould be if pofible in  the bearing o f t w o  remark’ 
able fpots in one, what opening thefe make with w e  another a t  3d fiation3 
will determine. 

To take a Drajt of a in failing along Shore. 
HAVING brought the h i p  to  the moft convenient place from whence 

the principal points of the Coafi or Bay may be ken, either cafi 
anchor if it is convenient, or lie as fieady as pofible; or, if the c00ft.i~ 
too ihoal, !et the obfervations and mealiiies be done in  a boat ; then, while 
the velTel is in a fiationary fituation, take with the azimuth compafs, or 
kxtant, the bearings in degrees, Prc. of-fuch points ofthe conit as form the 
iiiofi material projeaions or hollows ; write down the& bearings, anJ 
make a rough &etch of the coafi, obierving carefully to mark the points 
wbfe bearings were taken with letters, for the fake of reference. 

T h e n  let the h i p  or boat runin a dire& line along, which muft be care- 
fully meafured by the log, or otherwik, one, two, or three tnilcs, more or 
lek, until f ie comes to a fituation from whence the fame points before 
obferved can be feen again: there let the ve&l lie as in the foregoingfia- 
tion, and apaiii obferve the r e f e i v e  bearings and leading-marks where 
two poinrs or bearings, as mountains, churches, trees and houles, any two 
remarkable objeas  in one, in degrees, &c. of the fine noted point6 
which arealfo to be wrote down, and a rough fketch of the coafi ihould 
be alfo taken from this fiation, for which purpoie prepare an obfervatlo” 
rable, in which write difiinAly and regularly the faveral celeitial obfcrva* 
tipns, bearings, diknces,  meafured by the log-line, the rocks, f h d r 7  

kundings, overfalls, races of tides, and other remarks that may k de 
the cuafl; the table may confift offeven er 8 columns difpfad 

Notea 



Note. The  Eextant will be found the raadiefi and mofi i d m -  
m n t  to take &he angles, by being held in an h o r i m n d  pofition, by which 
?cans any two obi& got exceeding izoo may be brought into conclEt; 
it. hill not be amih to take materidl points by the compafs, and iufcrmc- 
dr-ota ones by the fextant or qudiant. 

yo . .  

While the veirel i s  running the bale line from fiation to ifatian, an ac- 
curate appearance of the coatt fhould be m?de, to do which let fpur expert 
perfoons bc appointed, one to cake the bearing exafiiy with an azimuth 
cornpais ; one to ovcriee the running out of the log-line, ahd to kcep ai1 
account of the kip's way, fo as to be readily able to tell the diflance rull 
When requirtd; the tbird to attend the heaving of the lead, to write dourn 
the foundings and bearings of one or two head points, or remarkable 
points ofthe coaR, taking at each depth ; the fourth a dmftiman, to drdw 
out the necelrary bearings and dikinces, and delineate the figures and 

windings 
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COASTS AND XARBOVRS. 

hings of the coaR at each fiation, and to c o r r e a  their forms and di- 
menfions when the fbip is failing along the land. T h e n  let the feveraf 
bearings be corrcEted by thevariation to reduce them to their true pofi- 
t i ~ n s  j then in fome convenient part of a iheet of paper, defcribe a cir& 
the larger the better, oil which lay off the fevcfal bearings taken from 
the firit ffation, and let them be numbered I, 2, 3, &c. on the outfidc 
of the circle; a b ,  lay down the feveral bearings taken a t  the 2d itations 
let thefe be n-rmbered with the fame figures on  the infide of the circle. 

Draw a line to exprefs the hip’s run, bath in length and c o d e ,  and 
from the end of the line, expreang  the firit fiation, draw lines parallel 
to the refpeRive bearings taken at  that end, afid note it in the c i rck i  
mark the interfeCtion of each pair of lines, direQed to the fame point with 
the numbers annexed to their bearings; and through the interCe€tion fo 
marked, draw by hand a curved ] h e ;  obferve to wave the line in and out, 
as he$r as can be like the bending of the coafl itfelf. 

AgainR each part draw the appearance of the elevated, or low ground, 
in  the hetches, difiinguifhing rockrl, cliffs, or high lands, low lands, f a d  
hills, 8C.c. 
proper plsces, by darts or arrows, the points being turned that wa 

figures, difitnguifhing whether fathoms, or feet; h e w  the time of high 
water hi the full and change days, by Roman figures, and tell the rife in 
feet, put in a compafs, with a kale of miles or leagues, fuch a,s the velTe1’5 
run was laid down by; add the name of the place, the coafl,and the lati- 
tude and longitude, as true as can be obtained. 

If there is a fhoal or fand on the coafi, let i t  be taken by a boat f i l i n g  
round it, and keeping an account of the courres, diitances and fimndings, 
to be put in the draft j the boat mufi, from fome part of the rand or thoal, 
take the bearings of two  points on the codfi, where bearings have been 
taken from the hip, or the bearing of the boat or fome part of the fhoal, 
or fome heacon in  that place mufl be taken by the h i p ,  a t  the fiations 
where h e  tskes the bearings of the ihore ; for by either of thefe means 
one poiiit of the fand being obtained, the ref! of it can be laid down from 
the bat’s  account. 

If the wait to be drawn is a bay or harbour winding in  fuch a manner, 
that all $S parts cannot be reen a t  two itations ; let as mimy bares or 
lioes be drawn and exaAly meafured, as may be found necerary, obferv- 
ing that the fcveral ditlances run fhould join to one another, in  the 
nature of a traverfe; that each new kt  of objeEts, or points obferved, 
fhould be taken from two fiations a t  the end of a known difiance, and 
that the objeos whore bearings are taken do not fo much extend beyond 
the limits of t h e  bafc, as to make angles with it lefs than about 4 or 3 of 
P point, bu! rather refcrve fuch objeAs for the: next meafiured bafc line i 
for when lines lie very obliquely to one another their interfe&tions are  
not eafily akdrtained. 

Thus may a coafi of an extent be furveyed, by carefully meahring 

If  an particular pnrts of the harbour cannot be conveniently feen frOm 

I thema 

If there are any currents, or eddies, exprefi them in rheif ’ 

the currents E t ;  put in the feveral foundings at  low water, in fmn Y 1 

of fiationary bare lines, and r rom their ends drawing angles to each other. 

either K ation, take the boat into thofe places, and having well examined 



them, make fkctches thereof, eftirn 
icverd iii!ets, either by the ro 

foundings, and other 
annex thefe particular views in 

If there are any dangerous fa 
Proper places, there fhould &e a double l ine drawn through that point, on 
% ot moreobjeas afhore; and for this puryofe choole a church, mill, 
houfe, noted tree, a clift, or any remarkable thing that can be diflinL?lg 
&en at fea, and which can be brought to bear iri the Lnie right line 
with the point to be avoided; but if that point is under water, there 
mufi be  two land marks broirght to bear with t h e  danger, either in 4 
right h e ,  when it can De, or in two :ines, and thole two lines, a i d  
thofe land marks may be put down in their proper places, by their inter- 
fedion of two objeAs in one b~ari~ig,  and two objeRs in another bear- 
illg; which will give the fiation of the ihip, and the difidncc and tha' 
bearing of the danger from that fiation noted, when near or on it ; but if 
two fuch interfe&ions cannot be obtained, it muit be put down from the 
two points on fhore, in one with the computed &fiance therefrom, or 
from the interleAion bearings of two f~ngle points on fhore. 

It fhould be remarked in the draft, what places, if any, are unfit for an- 
chorage, and what are fit, by writing rocky ground, fou1 anchorawe, 
~ o o d  anchorage; arid in the latter, to draw the figure of an anchor. A? 
~f there is any particular channel more cocvenient to fail through tha 
another, i t  i s  to be pointed out by lines drawn to its entrance, from two 
or more noted marks on ihore. 

T h e  foregoing method of lurveying a coaR fuppofes in general, that it 
is taken b a h i p  in her pafige along, not having an opportunity of going 
aihore.-ht when circumitances will permit the mearures and obfer-, 
fations to be made on land, the furvey can l e  more accurately tdken thaa 
on the water. 

To Suvvcy an Hnrbour i j  O&rwation @ore. 
M A K E  an eye-draft of the place to be furveyed j and in  going round its 

coafi, fix in the moa remarkable points and bends of the ihore htih 
naves, cr ftrait poles, enough to be feen at  a confiderable diRAnce : but 
if at any of thole places there is a noted tree, houfe, or any other remark- 
dble thing, that objeEt may ferve initcad ofa itation fiaff; and it wiH be 
convenient to black the naves, and tie a piece of white buntingte the top 
ofeach ; then in  the eyc-draft put letters at th: noted points, or marks, 
for diltinilion fake. 

Ghoofe the moil level fpot of ground, wherein a h f e  line may be mea- 
iured, of oneor more half miles inlength, or a k n g h  of not lcfs than a tenth 
part < J f  the diRance of the two extreme objeats marked for obferoing, and 
let the direation of the meafured bare line bc fo laid out, that Front both 
ends of it as many ufthe ftaticn h v e s  before planted, or the ob@s before 
remarked, may be feen ; the bearing or pofition of this bafe rnuR bt deter- 
mined by degrees and minutes, and alfo its length muff be accurately mea- 
fired to feet and parts, either by a meafuring chain, or by a piece of 103- 
line of 100 feet long, properly marked at thc end of every IO feet. 

f r o m  

length nnd S r d t h  of 



From om end of the bde obfervt, with any infirument proper to take 
bearings, the pofition or bearing: i n  degrees and minutes, of all the ftaves 
ur  ob&& within view, and write them down ardgrly ; do the fame from 
the end of the bafe, and let ali the bearings be cortcAed by the variation 
of the compafs. 

T h e n  theie meafures and correaed bearings being plotted or laid downs 
will give the moft confpicuous points on  ihore, the intermediate fpace? 
are to be filled up from the ketches of them made on the ipot. 

But if ariy h c h  objeRs Ihould fpread on either hand, io far from beyond 
thejimits of the bafe, that a t  either eiid thereof, the other end and thole 
objeCts or itaves Ihould appear nearly in the fame direaion, or to t i d e  
<s of, not exceeding IO" : or, if lome of the remarked objeEts can be 
k e n  only from one end of the bare, then let the bearings of luch objeAs be 
taken from a place whore pofition has been determined from both ends of 
the meaiured bale ; or, if there are feverdl remarked objeEts which cannot 
be feen from neither end of the bare Iines, let the bearing$ of luch objeAs 
be taken from each of the two points whofe pofition has been taken from 
both ends of the bafe, o r  it may on h n e  accafibns be proper to  choofe 
another place on which another bare of a convenient length may be mea- 
fiired, and front the extremities of which the ends of the firfi bare may be 
ken,  and alto as many as can be of the remaining abje&ts which lay roo 
obliquely for the firit bde, or which could not be iien from it ; in fuch 
harmer proceed rrntil the bearings are tdkeii of all the points judged ne- 
telljry for completing the furvcy of the limits of the harbour. 

I ~ A  bafe line of il Cufficient length cannot be meahred in one right line, 
it may be taken i n  two adjoining lines, as the two fides of a triangle, the 
included angle being accurately taken, and the bearing of either line. 

When the outlines or limits of an harbour, ba , road, &c. are deline- 
ated by the preceding precepts, let  a linall ve x el go out to fea to take 
drawings of the appearance of the land, and its bearings, lad likewife into 
the harbuur, anddraw the appearance of its entrance, take particular notice 
rf there are any falie refemhlance of the entrance by which h i p s  may be 
daceived and run into danger ; or when any two objeas  bein2 hrought in 
a line, or in one, will lead into the harbour without danger ; when i t  can 
be done, fearch for the befi anchoring places, and if pofible denote thok  
places, by bringing two objeAs in one, if not thc ex& bearings of two 
or three other objclts, io that the places may be eafily determined, 
the chart being correRly drawn, a compds, with the varidtion, and f c d e  
properly fitted zo the plan, the ilks, rocks, rands, &c. nixked in their 
proper places, with their foundings at low water, and the minds open to 
rbem, the beit track with the foundings all the way to thok znchoring 

aces, the proper railing marks to avoid dangers ; the win+, if any trou- 

water can be got, the name of the place, the country in, on what lea, the 
latitude and longitude, a &etch of the appearance the place makcs a r  
La upon a known rhumb, and at an eitiinated diitdnce, and whatever elfe 
a judicious leaman hall  think proper to inferti then is the plan f i t  for all 
n u t r c d  purpolec, 2nd  miy be embellilhed with proper colours, ifneceRllry. 

t lefome ones, which prevail, and at  what leafons i the pldces where frefli 

SO?- 





BGzkN. s Q E .  1 3  
W = N .  25  W. ; 1 
BD=N. W. Station at B, 
BE IW. 6:'W. 4 with Bearings 
BH=S.W.byS.+W, 5 I 

EF =S. 6J 

AG =N.E. by N. 
Station AC rN. 

AD=% by W. 3 > .*, with 
AE qf3.W. byW.4 I Bearings, 
AH=S. t W. 
AF=S.E .  ZJ 

Bearings from Starion F. 
FE and PH=N.W.byN.;N. in one. 

FI =N.'-E. I/ 

F K = N . ~ . ; E . , ~ ~  fathom, 

* 

Bearing! from Station K. 
KF =S.&'.+W. 
KE S Y .  is. 

KT r;N.byW.jW. 
KH =N. w {N. 

NN=N.;E. 
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Through the interfeRionsof the bearing draw the configuration ef 
the land, as before direaed, and fidlh the drawing bv the inftruktions 
there given, which, if well heeded, no difficulty will materially occur* 

ITijind tbe Heigbt md D;/tnces of OljeEts at Sea. 
HEN the objea is perpendicular, and the difiance to it can w be mealured, find the angle of latitude with a quadrant, and 

tneaiure the diRance to it as exaA as pofible, and then you have the 
<S and bafe, to find the perpendicular ; or, if you go backward or 
forward until the angle of altitude be 45', the difianee between you 
and the obje6t will be the perpendicular height. 

THE M A N N E ~  OF SURVEYING, &c. 

E X A M P L E  1. 
Being 69 fathoms from the bottom of a tower, I find its altitude, 

after allowing for the height of my eye, above the water so0 10'. 
Required the height? 

Draw A B = 96, upon B ere& the perpendicular B C, and draw 
A C, m a k i n q a n  angle with A B = 15" id till it c u t s  €3 C in  CS 
then will H C be the height of the tower. 

As hdius  10.c0000 

So is tang. a n 3  A. 15" 101 9.43308 

To the height 3 C 26.2 1.41535 . 

Is to the difiance 96 1.98327 

-- 
E X A M P L E  IT. 

Bein at rea, 1 obkrved the altitude of a mountain, and found it 
%oar an! then failing frm k in a dire& line four miles, I found the 
dtlthk of the mountain [a $e 140, dip and refra&ion allowed for. 
1 require the perpendicular height .Z 

CON- 



CONSTRUCTION. 

Draw the horitontd line D C 
On any point A make the LBAC,70°,  

the Bl>C=f+o, and from where the line 
DE cuts the line AB as at B, Jet fal l  the 

from A fee off 4 miles to D, on D make 

perpendicular BC on the bare DC, a d  DC 
meahfed will be the perpendicular height 
required 

h i h  t-houfe. 
Look in table XPl& for 600 feet i n  the column marked hcieht in 

~ A = i b o Q  

Sum 1740 which taken froth 10nQ k k n  
the L D B A Z ~ ~ .  Then it will be 

LD=>Q 

~ s f i n e  L DBA=6' 9.010%? zzz ' ' Sine LBDA 9.396s 
9.985?4 

: B~ =4 milc, 

9 * G ' 9 Z 3  - - : ABz9 .15S P a.066qz 
Then A A B C  givmAB=g.zja and 

Radius 10. oocoo 
: AB 9.258 -z 

A h d  BC. 

i : Sine LZO 9.53405 - 
: BC= 3.266 o . p s 6  

feet, and right againit it, in  tbe column marked diitance in milgo, i s  
29994. So that the diitance may be reckoned about 30 miles. M pi2 O X A  1ZPI.P 
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E X A M P L E  IT. 
' Being in compby with tome merchants walking on a t n d p  bore, 
on the look-out tor a veffil which x a s  expe&ed, who& top-gallant 
mait was 140 feet above the lirface, allowance being made for her 
immerfion in the water, we obferved through the telefcape a hip's 
vane ju& appearing in the horizon. How far off is that hip ,  lup- 
pofitig it the veKel expe&ted ? Anlwer, againfi 140 feet, the height, 
ffands 14.488, that is her diflance ; here IS no allowance made for the 
height of the eye above the horison ; but it is obvious, that the higher 
the eye, the farther it can lee ; now as obje&ts are Feen in a itraight 
line, and that line is a tangent to the earth's furface, therefore it fol- 
lows, that to find the diitance of two elevated obje&tli, when the right 
linejoiniag them touches the furface of the earth, between thole ob- 
je&s look br the diaance anfwering each height, and their rum is the 
difiance required. 

l'hus, in the fecond example, fuppofc the eye raifed fix feet above 
the water's edge, it  can fee an objett on the furface 2.999, or 3 miles 
off. This  diltance added to 145 miles, makes the dillance of the h i p  
to be 172 miles. 1 

E S A M P L E  nr. 
A man being on the main-top-gallmt mafi of a man of war 200 

feet above the water, lets an IOO gull a,ip h e  had eiigaged the day 
before hull-to, how fdr were thole h ips  difiant fmn oi:e aiiother ? 

A h i p  of IGO guns, or a firit rate nian of war, is above 60 feet 
from the keel to the rails, from which deduA about PO, leaves 40 for 
the height of her quarter above water. Now a h i p  is ken to hull-to 
~ i i e n  her upper works j u i t  appear. 

'I'hcn 200 feet high gives 17.316 miles. 

2 5 . ~ 6 0  miles is her &fiance. 
And agairiit 40 ftands 7.744 - 

I 

C U R R E N T  S A I L I N G .  
CURRENTS are certain fittings of Ihe itream, by means of which 

all bodies moving-therein are roiiipclled to alter their courfe, and 
fubrnit to the motion imprefled upon them by it j whence, if a cur- 
rent rets with the c o d e  of aihiy, it augments her motion by as much 
as the drift or rate of driving it. 

T h u s ,  i f  a fhip fails N. N. E. 23 miles, in a current that rets 
N.N.E. 8 miles, in the Lune time bcr true courre will be N.N.E. 213 

' miIes in t h a t  tinic ; bur if a cunent fcts a g a W  a hip, it leaens her 
kclocity by jua as much as the current's drift is. 

So that if the h i p  fils N. E. 49 miles, in a current that rets S.tv* 
IO miles in that tim, tbcn her true courfe will be N, E. 39 qailes 5 
and if in the fame time that the h i p  GIs N. E. 49 miles in a currellt 
xbat I'cts S. JV. $9 miles, then the ihip will fill a-ftern, and her true 
courfe will be S. W, 10 milos 5 but if the fhip thwarts the current, it 
not only len'cns or augments her velocity, but gives her a new m*- 

Ef tioil, compouided of that of the h i p  and current, that is, 
I 
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If a body be agitated 

by fame a certaifi two time, motions velocity the one at With that the - / T / B  .e.. 

'*..** 
a*. 

e.. 
**. willcarry it according to '*. 

AB,the length AB in a 
certain fr,ace of time,the D c 
the diredion of the line 

%. 

other according to the direAion of the line AD, with a velocity &at 
will carry it to the difiaiicc AD in the fame time, then the body will 
defcribe rhe diagonal AC, and at the end of that time will be found 
in the point C. 

T h e  fetting and drifts of the moil remarkable tides and currents 
are pretty well known, but  if in unknown currents, the dual way 

Let three or four men take a boat a bttle way from the hip, a d  
by a rope fafiened to the boat's fiern, let down an heavy iron pot, or 
loaded kettle, into the fea, to the depth of 80 or roo fathoms whea 
it can be, whereby the boat will ride almofi as iteady as at anchor, 
then heave the log, and the number of knots run out in half a minute 
will give the miles which the current runs per hour, and the hearing 
of the log hews the fetting of the current. 

E X A M P L E  I. 

. to find the fetting and drift is thus : 

If a h i p  fails 4 miles N.E. by N. in a current that fets S. by W. 

C 
27 miles in the bmc time. What is her true courfe and difiance Z 

180 
22 30 
-c 

c A L C ~ L A -  
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C A L C U L A T I 0 N. 
The op ofite point to S. by W. is N, by E. which taken from 

N.E. by k. 1 eaves 2 points = 2 2 O  30' between them for the 4 C, 
being thus given in the A A C B to ether with the two fides in- 

* c b d l q  J,t A C, C B  tofind <' CABgaad A B  C, and diitanceA B 

48 3 125 Asfum of the fides rig' 2.09691 
. b y 7  - 
ZhE. ~r It to their difference 7 1  1.85 I 26 

Ssb tang. 3 fumopp. 4 8  78" 45' 10.70134 
12.55260 
2.0969 I 

la45569 

'.byAxtom 111. 

- 
T o  tang. f their di&rence 70 42 

< A =  3 < c =  22 30 

Sum <* 180 o 
To find the Diitance by Axiom I. 

As fine< A 8" 3' s q.r4624 

- 
< B  = 148 27 

-3 

- 
Is to CA 27' 1.43136 
Soisiine<C aa0 3 6  9.511284 

I I .o1420 
9.14624 

To &fiance AB 73.78 2.86796 

! LI- 

- 
E X A M P L E  11. 

If a ihip from the latitude 38" 40' fails N.N.E. 40, then N.N.E. 
bpE. 36 miles, in a current that hts S.E. by S. 20 miles, in the 
fdme time that the &hip fails 40 miles ; I demand the diftance from 
her &# $ace, and alfo tbe latitude thc fiip is in ? 
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S T R U C T IO N. 
pals, draw the N. N. E. courfe equal to 

40 miles, to the end of which join the N. E. by E. line, and kt off 
thereon 36 from the fame faie, from the end of the lafi N. E. by E. 
line fet off the &fiance the current’s drift, viz. S. E. by S. 38 miles, 
that is, as 40 the ftern of the fiip is to 20 the run of the current, fa is 
76 the whole run ofthe h i p  to 38 the drift of the current, then to the 
end of that line to the hip’s firfi place, will be the diitance, and 
the < being meafured will be the hip’s courfe, and a line let fall 
from this lafi point on the parallel of the hip’s fir8 place, will give 
on that parallel the departure from her firR meridian. 

Qmit it, and fhew how it ma be done by a trave&, in which wc 
This  may be done by calculation, but that being tedious wc 

&all confider the current as a iy angle courfe. 

57.0  

23-11. 

--- 

1.40483 
..I- 

As diff. lat. 25.9 

Is to radius IO. 00000 
So is departure ~ 66.3 1.82151 
‘To tang. courfe 69’ 3’from N, Eafterly } ro,q166$ 

or nearly E.N.E. 4 E. 
As fine of courk 69’ 3 9.97030 

c-- 

1s t o d p  66.3 
SO is radius 

1.82151: 
ao -- 

T o  diitance 70 miles 1.85 12 I 

EXPLANATION 



bhroudr and lanyards 
Pendants and buitona 

i o 1  Crowll.,t 

107 Yard and fail 

110 Ydrd .i.id la11 
I I t  I’uft c *  tltoudr 





AN EXPLANATION OF SEA TERMS. 
AFz or Abaf. T h e  itemmoff part of the flrip: carry aft any thiogt 

that is, carry towards the ffern. The  mall rakes aft, that IS, hangs 
towards the Bern. How chew ye fore and aft t That is, how fares41 
the hip's company ? 

Inrain. The old term for yield, ufed by men o f  war to an enemy; but 
it now lignifies any thing done fuddenly, or at once, by a number o f  hen. 

dlop. Over head, or  above. 
Anrbor. The inftrument by which a Ihi is held. The  anchor ir W r  

that is, the cable has got about the f i d e  of the anchor. T h e  anchor b 
a peek : that is, dire01 under the hdwfe-hole of the Iliip. The anchor 
is a cock-bill, that is, Lngs up and down the Lhip's fide. 

dwfiing. A fhelter or fcrecn of canvas, fprcad over the decks of I) &p 
to keep OF the heat of the fun. Spread the awning, extend it fo .6 to 
cover the deck. Furl theawmng, that is, roll it tip. 

Afoofi is difiancc. Kee aloof, that is, keep at a dihnce, 
Am$. A term rrEed for Itop or Ray; as, avaR heaving, don't h& 

Rtbwarr. Acrofs. 
Bale. Bale the boat ; that is, to lade or throw the water out of her. 
BulluJ, is either pigs of iron, flones, or gravel, which laR is called 

mingle ballaR5 and their ufe is to bring the fhip down to her bearings 
in the water, which her provifions and Roret will not do. Trim the 
ballaR, that is, fpread it about, and lay it even. T h e  ballaR f l~o~ts, 
that is, it fhifcs, or runs over from one fide of the hold to the other. 

Barge. A cirvel-built boat, that rows with ten o r  twelve oars. 
Bearhg, lignifies the point of the compafs which any two or more places 

bear from each other,, or how any place bears from the fhi by the 
conipafs ; or  it may be faid to bear on the beam, abaft the &am, on 
the bow, the head or flern, &c. 

Bearings of a (hip, is that line which is formed by the water upon her 
lides when h e  is at anchor, with her proportion of ballaR, md Rons 
on board. To bear to, is to fail into an harbouk, &c. Bear pound up ; 
that is, put her right before the wind. Bring your guns to bear, is 
to pomt them to the objca. 

Bearing-up, or Baaing-awey. T h e  a 8  of changing the courfe of a fhip, 
in order to mdkr her run before the wind, after f ie had failed foqe time 
with a lide wind, or clofe hauled : it is enerally pet formed to arrive at 
fonie port uitder &e lee, or to avoif fornc imminent danger ocm- 
fioned by a violent R r n i ,  leak, or enemy in light. This phrdfe, which 
is abrurd enough, fenis to have been derived from the motion of the 
helm by which this e@& is produced ; as the helrrl is the6 borne up to 
the windward ar vceather fide of the Ihip. Otherwife it isa dirett contra. 
dittion in. ternis, to fay thJt  a fhip bears u nlieii Ihe goes before thc 
wM, litice the current of the wind as welks  that of a river is always 

N 11 under, 

any more. 
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rinderffood to deteimine the fititation of objeCtt; or places within its 
limits. In the firR fenle we fdy, ctp to 
as in thc latter we lay, iip or down the 
altholigh extremely improprr, IS cuuii 
firuEtions of our navy, pnnted by au 
or bedring away. 

Behy. To make falt any running rope ; as belay the main brace, or 
it faft. 

Bend. T o  app1y to, and fnffen; as, bend the fails,app?y them to the yards, 
and f d k n  them ; unbend tlie I d s ,  th,tt is, caR them 05, and take thein 
from the ards; her fails are unbent, lhe has none fixed; bend the 
cable, maLe it faR to the anchor. 

Bird. A place ; as the fhip's birth, tlir place where h e  is moored ; an 
officer's birth, his place in the fliip to eat or fleep in; birth the thip s 
company, that IS, allot them tlicir places to mefs i n  ; birth the hammocks, 
goint out wherc each nian s Ii,iinmork is to hang. 

Any ydrt between the two ends. Bight, a narrow in- Bi,@ of a rope. 
ht of the iea. 

ukt. T o  break. The  h i p  is bilged, that is, her planks are broken in 
by violence. 

Binnude. A kind of box to contain tlie compares in upon deck. 
&trl Very large pieces ot tiniber in the fora part of a fiip, roilad which 

8he.cables are taftcncd when the hip is at anchor. After bitts, a 
fnia!ler kind of bitts upon the quarter deck, for belaying the running 
n ginm to. ?#oh o? a-fail. Is an additional piece of canvas piit to the fail in mode- 
rate wedther to hold more wind. h c e  on the bonnet, that is, faficn it  
to the fail. 

To hoard a ffiip, is to enter it into an hortile manner by force. 
T o  make a 

board, IS making a firetcli upon any tack, when a hip is working upon 
a wind. T h e  l h ~ p  has 
made a ftern-board, that is, when {he loCes ground in working upon a 
wind. 

Break-bdh. 
Barrm. A thin piece of wood. Batten down the hatches, i s  to lay bat- 

tens upon the tarpadins, whicli are ovcr the hatches i n  bad weather, 
nail them down, that they may not be waflied off. 

G u y .  A floating conical catk, moored upon fioals, to flied where the 
danger is ; alfo uied to anchors to Ihcw where they lie, in  cafe of the ca- 
ble brerking. 

Block. A piece of nood uith riinning fieaves or wlreels in it, tlirougll 
u hich the running rigged is paired', to add to the purLhafe. 

B ~ . ~ M J .  T h e  ropcs by uliicli the l a r d s  arc turned about to form the 
fdlk to the i\ id. 

Bm$rir. A ldrge inafi or piece of timber which ftdnds out from the 
bows of a fhiu.  

Bulk-hud. A partition. 
Bolt-rep. The rope which goes round a fail, and to wllicli the canvas io 

rewed. 
Bow-hncr. Lines made faR to the fides of the failc to h a d  them fornard 

when iipon a wind, uhch  being hruled tort, erivbles the h i p  to come 
marer to the wind. 

- 

Sh'ike off the bonnet, take it  off. 
B o d .  

'Iourd and Bprd, is when two hips touch each other. 

T o  board it up, tlrat is, to turn to windward. 

T o  open the hold and take goods thereont. 

. BUnr-lUlN. 
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' h t - l i n e r .  Lines that come down from the top of the maR to the. beam 
of the oirtfide of tlie f d ,  and by which the bunt or belly of the {ail i s  
hauled up outw;irds. 

B m c b - m .  IS when a hip on a fuddcii lays her broadfide to tlie Tea, and 
is aangerous i n  bad we;trher. 

Chace. A purfnit. T o  chace, to purfiie. The  chace, the vefel purfued. 
c ~ r f ~ ~ ~ i ~ t g .  To bring a fli!k down on one fide, fo as to get at the other 

fide 10 repair or clt..ui it. 
Caulking. 
Gun. '1'0 dire:t. 'Eo cuii a hip, is'to direCt tlie man at the helm how to 

firer. . 
couc/,. Courfesi 

a (hip's lower fails ; as the fore-fail is the fore coiirfe, the niain-fail ihe 
Inail1 courie, &c. The lhip is nnder her couries, that is, has no pail fet 
but the ni'iin-f~il, forelitil, and inizcn. 

I s  faid by the nisn at the cun when the hip is upon a wind, 
and is coming to near tlic wind. 

A place built 011 the fides of the fllip projeAing out, and at. 
which the hrouds are fanened, .for the purpofe of giving them a 
greater angle than they could have if faRened to the fliip's $de, and 
of courfe giving them greater power to fecure the m3.k 

Cbain-plutes, are plates of iron fafiened to the flrip's fides under the chains,~ 
and to thele plares the de.id eyes are faeened by other plates. 

CupJun. An inltruinent by which the anrhqc is wcighed out of the ground, 
it being a great mechanical power, and is uied for letting up the lhrouds, 
andother work where great purcltafes are required. 

The timbers on fiips-bows, with [heaves in them, by which 
the anchor is pitrchafed from the hawfe, and to which i t  is Cecured to 
the hip's fide. 

Capjii. Overturn. The  boat capfifed,'that is, overfct. Capfife the quoil 
of rope, that is, turn it over. 

CuN. A filver ipe ufed by the boatiwain and his mates when on duty, , 

C/PW. To hatiriip the fails by tlic clew-lines. 
CIew-linrr, are ropes which come down froni themaR to the lo~e rco r i~e r s  

of the fails, and by which the corners or clews of the fails are hauled 
up.  

Croutfoer, is P numher of {mall lilies fpread from the fore parts of the 
tops, by means of the piece of w o ~ d  ittroiigh which they pats, and be- 
ing hauled tort iipon tlie ftays, thc j  l)I'rvent the foot Of the top kik 
catching upon the top rim ; they ;:re ali i  ufed to iiifpend the awnings. 

The  fhip is crank, that is, Wie has iiot a fulficirnt cargo or baI- 
laR to render her capable of bearing fail, w$hout being expofed to the 
danger of overktting. 

&ad-water. 
Uoure. T o  firikc or liaul dofin i. a>, douce the top-gallant fails, that i; 

lower t liein . 
D u ~ J ~ u s ~ .  A qiiantitp of loofe wood, &c. laid at the bottom of a hip, 

to keep the goods froni being dania$:ed. 
Dqg-aane. A i'iiiall vaile with feathers and cork, and placed on the 

lhip s quai ter for the, nien at the cun and I~elai, to fee the courfe of the 
wind by. 

Filling the leanis of a h ip  with oakum. 

The point of the cornpars iipon which the fliip fails. 

Cox/?onin. 
Conre no near. 

Chainr. 

'The perfon who Iteers the boat. 

Car-beadr. 

Crank. 

'1 tie eddie water at the Itern of a h ip .  

N n  z Dag- waicb 
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Dogwurcb. The watches from four to fix, and from fix to eight in the - 
evening. 

D#urt. A piece of ordnance to find the difference of the diameters 
betwixt the breach and the niouth of the cannon. 

Peud iightr. A kind of window h i t t e r  for the windows in the flern of ;t 
fhip, ufed in very bad weather only. 

&ud-wind. The  wind right againfi the fhip, or blowing from the very 
point to which flie wants to go. 

Dead tya. Blocks of v, ood through which the lanyards of the fhrouds 
3re reeved. 

Driwrr. A large fail fet ti an the mizen yards i n  light winds. 
Dri.vr. The  h i p  drives, tRat is, her anchor coines through the ground. 
D m s - b U .  The  rope by which any lail is hauled down; as the jrbb down 

haul. 
EnJgn. T h e  flag worn$ the Rern of a fiip. 
&hgugcmmt. Action or fight. 
&ren'ng-porr. A large port in the fides of three-deckers leading into 

the middle deck, to Cave the trouble of going up  the hip's fide to get 
. on board. 
&nd fw end. A term ufed when a ro c r im all 0111 a blork, and is unreeved ; 

or in coming to an anclior, if tKe itoppers are not well put  on,  am^ 
the cable runs all out, it is fdid to have gone out end for end. 

Zihaw, in  zh t  b G w f i .  Is when a h i p  being moored, has gone round 
upon the ihifting of the tides, twice the wrong way, io as to la). the 
cables one over the other : having gone once wron he makes a crofs 
.in the hawfe, and going three tinirs wrong, ibe m z e s  o roued turn. 

Furb~m. 
Tuck, or  Fake. One circle of any rope or cable quoiled. 
J&rltbcJuil. Wrap it up rlofe, and bind it upon the yard. 
J@. A large iece ot wood. F i h  the maR, apply a large piecc of. 
flu &r A general name for colours worn and ured by kips of war, 
Falfpdp. To fall to leeward, or  a-item. 
Jornoard. To the fore part of the hip. 
1sorccuj?lc. ,The upper deck in the fore part of the fiip. 
fr&n the BallaR. Divide or feparate it. 
l i d .  A f iiare bar of wood or iron, with fiaulders at  one end; it is 

ufed toqupport the weight of the top.mafi, when ereaed at the head 
of a lower-malt. 

rid for licmg. A large piece of wood of a conical figure, ufed to ex* 

Forereach. To (hoot a-hexj, or go paR another vrffel. 
#i$?4vok. A large hook by u hicli the anchor is received from under the 

hawfe, and brought to the cat-Head : and the tackle which is uled for 
s this purpofe is called the ti&-tackle. 

Gage of the !'hip. tlcr depth of water, or  what water fie draws, 
Greusc.. 
Gripe of 'a hip. That thin part of her which is under cower I and to 

The fiip gripes, that is, turns her head 

Grourrd-rier. That is, the tier of water.cafkswhich is Iowefl in the Jiold, 

Gt tun% 

. 

A ineafure of fix feet. 

wood to it to Lengthen it. 

tend /Q t IC Arands and layers o f  cables in fplicing. 

To burn off the filth from her bottom. 

which the fleni-polf joins. 
too much to the wind. 

and i s  anlong the fihinglc b.tllr\fi. 
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Groarrd-tackle. Is cablesb anchors, grapenels, hawferr, &c. 
Gappling-iron. A thing in the nature of an anchor, with four or GI 

flukes to it. . 
Gammon the bowJPrir. Secure it by turns of a ftrong rope paged Tound 

it, and into the catwater, to prevent it froin having too much motam. 
Girt. The h i p  is girt with her cables when h e  is too ti h t  moored. 
Gun-Room. A divifion of the lower-deck abaft, inclofef with net-work, 

for the uie of the gunner and junior-lieutenant, and in which the$ 
cabins Itand. 

Gunmef. The large timber that runs along upon the upper part of a Ihip's 
tide. 

Cajker. The  rope which is paEd  round tha fail to bind it to the yard 
when it is furled. 

Grummct. A piece of rope laid into a circular form, and ufed for large 
boats, oars mltrad of rowlocks, and alro for many other purpofes. 

Helm, The inffrument by which the hip is fieered, and includas both 
the wheel and the tiller, as one general term. 

Helm's-a-lee. 
Hard-a-wearber. 
Haul. Pull. 
Heavethe ca /tan. 
Weawe Oanc&eb. Heave gent1 or leifurely. 
Heme bearty. Heave Rrong ancrqirick. 
& w e  of the ja ,  is the power that the fwell of the rea has upon a f i p  ia 

driving her out, or fafier on, in her courfe, and for which dlowance ir 
made in the day's work. 

Hail. To call to another fiip. 
Habards. The  ropes by which the fails are hoilted, as tho topfail hal- 

yards, the jibb holyat.dE, &c. 
fiawjp.bakr. The  holes in the bows of the (hip through which the c&len. 

pafs. Freher hawfe, veer out more cable. Clap a Cervict in the hawfe, -. 
ut fornewhat round the cable at the hawfe-hole to prevent its chafing, 

%o clear hawfe, is to untwifi the cables where a fhip is moored, and has 
ot a foul Iiawfe. Athwart hawk is to be acrofsor before another hip's 

Eead. 
flawjr. A h a l l  kind of cable. 
Hitrb. T o  make faR. 
Hog. To hdwl, fway, or lift up. 
Heel, or incline. She heels to port, that is, inclines or lays dowta tip05 

her larboard or left fide. 
gold, is the fpace between the lower deck and the bottom of a ihip, and 

where her fiores, &c. lie. 'Io fiow the hold, i s  to place the things in it. 
f i l l  of the hip.  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 vehl,  is to fire a Ihot 
into m y  part of her hull. 

Hull-down, is when a h i p  is To far off, that you can only fee her 
Hulk. A hip  without malts or rig ing; alto a veri1 to remove m a b  

into or out of hips by mcans of feers, from whence they are crlled 
fheer hulks, 

Jetr-blorkr. The  blocks+hrough which jeers are drove. 
reerr. The r cs by which the lower yard$ air  fulpended. 
Jo[ly-lioat. A%41 boat, 

That is, the tiller is quite down to leeward, 
Put the tiller quite up to windward. 

That is, turrr it round with the bars. 

- yibb. 
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ribb. The foremdt fail of a fliip, fet upbn a boom which runs out from 

Jibb boom. A fpar that runs oiit upon the bowfprit. 
pd. Old cabIe, or old rope. 
~ w ,  fignifies a inile. 
Keel-haul. l o  drag a perfon backwards and forwards under a hip’s keel 

for certain otrences. IIIIS yiattice IS now laid alde in the Uriiilh h’dvy, 
but is uCed by other powers. 

Knippers. A large kind of plated rope, which being twiffed round the 
ndl‘enger piid cable in  weighing, bind tlieln together. 

Log, and Log fine, by which the {hip’s pith is meariired, and her rite of 
going afcertaiued. l a g  board, on wli~ch is marked the tranfaktions of the 
fliip, and froin thence it is copied into the log-bookevery tnelve hours. 

the bowfpi it. 

Jarboard. Left ; as, larboard fide, left Gde. 
Labours. 
h d ’ i d .  T h e  difcovery of the land. 
/and-lorkd. 
of the fea. 

That is, tlie fliip rolls a i d  tumbles much. 

Slieltered all roiilld by theJand, io that there is no view 
.. ...~ . 

Ja/ l .  T o  bind. 
lamb-bo, lignifies high enotigh, or avnf?. 
Leeward .  With the wind, or towards the point towhich tile wind blows. 
Lce-flore, is that upon or agaiiifi whicli the wind blows. 
Lu$, or Loofp, lignifies come nearer to the wind, or bring the hip’s 

&;P. Incline. The hip has a IiR to  port, that is, f i e  heels to the 

Lanyards of the fliroiids, are the fmall ropes at  the ends of them, by 
. which they are hove taright, or tight. 

xt;J‘is. The ropes ~ ~ h i c h  come to the ends of the yards from the maR- 
heads, and by viliirh the yards are toll’ed up and down. 

BTajt. T h e  ub1riglit timber or treeson whicli the yards and fails urk fet. 
&liz~n-muj?. Tlie malt wnich fiande abaft, and from wliicli its rigging 

and iails are named; as of the fails, mizen, mizen-top-fail, &e. and Ib 
alfo are the other fads, &c. named from the other maits, 

head up more to windward. 

larboard. 

M u o r ,  is to fectire a fliiy with two anchors. 
fiend tbejhwice. 
Mou P .  
NuLr.  T o  aKemble. 
Hefinger. A lhiall kind of cable, which being brbught to tlie capffan, 

and the cable by which the fllip rides made fafi to it, it piirchales the 
anchor. 

Nun-Luoy. Tlie kind of buoys iifed by fiips of war. 
&ajwider. The  [ides in the firli and lalt quarter of the moon, and are 
. ’ no$ either To high, fo low, or io rapid as fpring tides. A fhip is iiid 

benciped, when fie has not water’ enough to take her on‘the ground, 
er the bar, &c. 

Nofbing-& A term u k d  b y  tlie inan at the cun to the fleerlmm, dire& 

Narrmur. 
O&g. A (hip is i w h e  ofing, that is, f ie is 

She kdnds for the ofing, that 

3 Over- board. 

Put on niore fervice. 
A kind of ball or knob, wrought upon the collar of the Rays. 

ing biiti nat to go troni the wind. 

T o  feaward froni tlie land. 
IO feaward, at a dilbance froin the land, 
ist towards the fez. 

A fiuall paraage between two lands. 
’ 
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Over-bqarJ. 

Or board. 
Oakum. 
O,.&, 
O.vcr:bacu/. T o  clear away and difentangle any rope; alfo to come up 

with the clide: as, weover-liaul her, that is, we gain ground of her. 
Pqy tbc&utns. That is, to pour hot pitch and tar upon the ,$earns after 

' caulking. 
Purh/r .  To piircliafe the anchor, is to loofen it  out of the ground. 
Peck. To ride a Itay-peck, is when the cable and the fore-ltay form a 

fine. T o  ride a (hort peck, is when the cable is fo much i n  as to deRroy 
the line foriiied by the Ray peck. T o  ride with the yards a peck, is tu 
have tlieni tupped up by contrary lifts, fo as to reprefent a St. Andrew's 
crois. 

Ports. 
pudding and do/ bin. ,A Iar1;e and leffer pad niade of ropes, and .put 

pay orrl the cable: That  is lhovc it out at the ha!vfe holes. 
Pendant. The  long iiarrow flag yorn  at the m;iR head by all lhipe of 

the royal navy. Brace peiidairts are thofie ropes which fecure the brace. 
blocks tb the yard arms, a i d  are always double, in  cafe of one bring 
(hot away, the other niay kcure t i l e  yards in its proper polition. 

Is to put a quantity of old canvas round it before the kr- 

Out of tlie fliip; as, he fell aver-board, meaning, IIC fcli 
out of, or from the hip. 

Within the (hip ; 3s, lie i s  come on board.' 
Old rope untwilted and piilled'open. 

The  deck on wliich the cables are ftowed. 

The  holes in the fliip's licks from whicli tlie pins are fired. 

round the iiial P s under tlie lower yards. 

Parcel a +e. 
vice is $it on. ~ 

before it is payed. 
PurceI af iam.  Is to 1ay.a narrow piece of canvas over it after itiscaulkcd, 

Porr. 
Point,. n number of plaited ropes made faR to the fails for the p i a rpk  

%mil, is a rope or cable I.iid up round, one fake+ver dnother. 
%ta,rfers. T h e  refpettive (tntioiis of the officers and people in'tinie of 

action. Qp-teriog, diitributiiig the men into dgerent places. Quarter 
bill, %he l i l t  of the ihip's company, with their Rations for attioo noticed. 

q y r t e r - w i n d ,  is when the wind blowsin abaft the niiiin (hrouds. 
Kceve. T o  reeve a rope, is IO put it t h r h g h  a block, and to iinreeve it, 

Row&.in the cjble. Haill i t  in,  and make it taught, or tight. 
Krucb of a river. The  diltance between any two points of land that liu 

i n  a right liiie from each other. 
Ridearavchor, is when a h i p  is held by her anchors, and is not driver) 

by nind c r  tidc. 'To ridc athwart, is to ride with the {hip's fide to 
the tide. T o  ridc iiawle fdlen, is when the itater breaks into tk 
iiawfe i n  a rough rea. 

Road. A place near tlie land where fliips may anchor, but wliich ir not 
fliel tered. 

Rolrndicg. 
it is l e w d  

R.,t/int*s. 
alo fr . 

Rgrhrr, or  Rudder. 
XuNotk. 
S:rr'kz. 

Uiedfor Idrbonrd, or the left fide ; alfo a harbour or, haven. 

of reefing. 0 

is to take it out of the block. 

Old ropes ufed to pLit in between tlie layers of tlxcablc 

T h e  finall ropes faftened to the flirouds, by which tile m a  go 

The machine by which the h i p  is Reered. 
'I lie ibitch in a boat's lide, in which tlie oars are uied. 

A term fur yield, or furrender, ufed to an enemy. 
S'liw. 
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SPE~C. To.mke two ends of ropes fall together by unttvibing them, and 
then p u t t r q  the Rrarids of one piece with the Rrandsoi the other. 

&rw.  To wind fomething about a rope to prevent it from chafing or 
fretting. The  iervice is tlw thing fo wound about the rope. 

Sea=. To bind or make faR. 
ShrJ~ndf, orjndr. When the hip’s head or Rem falls deep in the trough 

ot the Tea. 
Set&. To lower; as rettle the top fdil halyards, lower them. 
Sound. TO try the depth of water; alfo a deep bay. 
Sbcer. The iheerof the hip is the curve that ;Metween the head and 

the ftcrn, uponher Gde. T h e  h ip  Wers  about, that is, h e  goes in 
and out. 

Skm,  are fpars lahed together, and raifed up for the purpofe of getting 
out or in a maR. 

Swdf. TO go right before the wind; and going in this direfiion without 
any fdll fet is called fpooning. 

Sreew. Turning up. T h e  bowfprit Reeves too much, that is, it is too 
upright. 

Spring-ridEs, are the tides at new and full moon, which flow higheR, and 
ebb foweff. 

Spilling-be$, are ropes contrived to keep the fails from beihg blown away 
when they are clewed up, in blowing weather. 

Sturbmrd. The right fide. 
S r-fiwr, are lar e pieces of timber which comes abaft the pump well. 
&rling-line, is akne  t h t  goes round a h a l l  barrel, abaft the barrel of 

the whoel, and coming to the front beam of the poop deck, moves t h e  
tell-tale with the turning of the wheel, and keeps it always in fuch 
pofitiori, as to fhew the polition of the tiller. 

Spur of rbc pump. The handle of an hand-pump. 
Steady. A teriii ufid b the man at the cun to the Rcerfman, when filing 

before the wind, to l k p  her as f i e  goes. 
Swag uwuy. Hoik. 
&retrb out. A term 11kd to men in a bolt when they lhould pull Rrong. 
Swobb. A kind of large mop made of junk to clean a hip’s deck with. 
Sinncrr. A h a l l  platted rope, made from rope yarns. 
Stpm. Slle does not flem thp $de ; that IS, f ie  does not go through it, 

or cannot make head againlt it, for want of wind. 
Sued or  Sewed. Wltrrl a h i p  is on ihore, and the water leaves her, f ie  

is faid te be lhed : If the water leaves her two feet, flie rues, or i s  fued 
two feet. 

S q s .  Large ropes coming from the mafi heads down befnre the malls, 
to prevent them from fpringng, when the h i p  is fending deep. 

Sprin Slay,  are rather fmaller than the It~ys, and placed above them, 
anf’intended to alifwer the purpofe df the flay if it ihould be h t .  
away, &c. 

To break; as to fpring a maR or yard, is to rplit or break it. 

to the hip’s (ides is alfo tnsde fdt to a piece of iron chain, in whicg 
the niank of the anchor \&pes. 

Srqp. Large kind of ropes, which being faffened to thecable indifferent 
p ace? abaft the bitts, arr ai additional fecurity to the ihip at anchor. 

lack, T o  go about. - 

. 
pointer. T h e  rope by which the hank of the anchor is held u 

r. 
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Sty-fiil. A h a l l  fail ufed by cutters and brigs in blowing weather. 
%If rate. An infttunient which traverres upon an index in t L  Front of 

% ~ . ~ e r / e .  To go bsakwards and forwards. 
7 j h r .  A large piece of wood, or beam, put into the head of the rudder, 

%rr, or taut, lignifies tight. 
Trice, tn'ce up. 
7urpuuljn. 

7Xc.gate. 
Tde it up. 
Tow. T o  drag. ?'he fiip tows her boats, that is, drags. or draws them 

7ruck. A .round piece of wood pnt upon the top of flag-naves, with 

7ier. A row ; as a tier of guns, a tier of caks, a tier of flips, &e. 
Zwnionf of a gun, are the arnis or pieces of iron bf which it hangs on 

the poop deck, to h e w  the polition of the tiller. 

and by means of which the rudder is moved. 

, 

T o  haul up and fanen. 
A cloth of canvas covered with tar and raw-duft, w h e  other 

A place whcre the tide runs (Iroiig. 
T o  gowith tlie tide againft the wind. 

compofition, io as to make it water proof. 

after her. 

heaves, on each lide for the Iulyards ot the f l a g s  to reeve in. 

the carriage- 

of thecannonis filled to keep out wet. 

- 

!&mpions, or fimkins.  

7rurk of a gun carriage, is the wheel upon which it runs. 
Uwou. 

The  bung, or piece of wood, by which the mouth 

T h e  piece of wood by which the legs of the crow-foot are CI- 
tended. 

Unfurl. Cait loofe the pafkct o f  the fail. 
U&nd. 
Undrr wuy. When a fiip is failing, f i e  is faid to be under Way. 
Veer. 
Peer, or wear the hip.  Tha t  is, put her about with hr rhead  to leeward,' 

Peer. Shift. 
Yio?, or Yyol. A block through which the ineffenger paires in weighing 

the anchor. A large n ie lhger  is called a viol. 
Pan,. A frnall kirld of flag worn at each maR. head. 
Wake. The  path or track impreifeil on the wtter by the Ihip'a paning 

through it, leaving a fnioothnefs in the Tea behind it. A fhip is raid to 
come into tlie wake of another when fie follows her in the fame track, 
and is chiefly done i n  bringing hips to, or i n  f~~rnming the line of battle. 

Wcatber. 
Wiles, are Itrong tinibers that go round a fliip a little above her water-line. 
Water-line. T h e  line made by t h c  waters edge when a hip has her full 

proportion of ftores, &c. c n board. 
Warp. To warp a f l i ip  is to draw her againff the wind, &c. by means' of 

anchors ani1 t1awfet-s carried out. . 
Wurp. A hawCcr, or Imdl cable. 
Would. T o  would is to bind round with rope;, as the niaf? is woulded. 
Weigh. To haul up, as weigh tlir anchor. 
Yuws. l l i e  fliip yaws, that is, goes i n  and out, not Ready. 
Turdz. T h e  timbers upon which the hils are fpread. 

Caff off the f i l  from the yard. 

Let out, as veer away the cable. 

the coiitrary way to tacking. 
T h e  wind veers, that is, it fiifts or changes. 

'Jo weather any thing, is to g o  to windward of it. 



TbefiIklWittg .!@$ions and &veri a w  recommended to the Pzrqd 
of young Gmtlrrnen belonging t o  the Sea, in order t o  r.pfr,/h 
Memories, previous t o  that Examination which they m@ p4 
throirgh, &$re they are appinted to a Camm@on in the Royal 
N a v y ,  01. an O$;w in the EaJ- India Service ; as it is probabla 

&lor m e s  may be &ed by tl,o/e appointed to examine them, ai ifit 
' Navy Ofice awl tbe E@- Iilciia Houj. 

$!!CH A. I acid one to the given ycar, arid divide the itini by 19, tk 

By dividing the given ycar hy 1 9 ~  and multiplying the remainder by '*, 'he roduCt will be the epa& if it doesnot exceed 30 ; but it it does, 
I fUbtra& 30fiom it as oftrn as I can, and the remainder wiH be the epa& 

9; HoM do you find the moon's age ? 
A' To the e@? I add the day of the month, and the nnmber of the 

""th ; their fiim will be the nioon's age, if it does not exceed 30; brit if 
It does, I robfirat2 30  from it as often as 1 can, and the remainder will be 
ber age. e HUW do you find the moon's foiithing, or the time of her coming to 
tlie meridian ? 

A. I niriltiply ihe moon's age by 48, and divide the produA by 6 0 ;  
the quotient will be the hours, and the remainder the minut&s when 
h e  is on the meridian pall noon : Or, I may multiply the moon's age by 4, 
and divide the produCt by 5, the quotient will be the hours and the re- 
niainder multiplied by 12 will be the niiriutes when f ie  fouths, or is OD 
tbe meridian, in the qfternoon : But if this time fliould exceed 11, I fub- 
tra& ~a @om it, and the remainder will be the tiiiie of her fouthing in the 

m z i % w  do you find the time of highwater at any place ? 
A. To the moon's fouthing on the given day, I add the time of high 

water, in11 and change, at the given place, and the film will be the $me 
o f  high water there in the aftcriioon : But if this time Ihoald excmed x t  
f ftibtraA 12 from it, and the remainder will be the time of high wate?' 
in the morning; andif it exceeds 24 I liibtraEt z 4  from it, and the remain- 
der  will be the timc of high water in the afternoon *. 

g& .S~~ppofe th'it yoii go into an harbo~ir, and find by your watch that 
it is high water at any linur of the day ; by wliat means do you find the 
times when it is high water on full and change days in that pldre t 

A. I find the time of the moon's fouthing on that day, and fubtraA ' 
it from the time of high water at the given place, if I can, and that will 
be the tinte of high water. If I cannot, I add 1 2  to it, and thcn fubtratt 
tlie above tirrc; the remainder will be the time of high water at  the given 
place, on full and chaiige days. 

OW do you find the golden numbcr ? 

2 How do yon find the epait for any yeark 
inder will be the golden numhcr. 

. 

* Thc time of high water is fou!iJ more wire& 11) he tables, fee page 14s. 
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How do you find the zenith diffance of any objeA ? 

19. By corretting the altitude for the dip, refrattion and femidiameteri 
and then hbtraEting it from 909, the rematnder will be the zenith difiance, 
which will be either north or fo11t11, acccmlir~g a6 the obj& bears of me. 

Slippole the zenith diffance 100 north, and the declination 20' north, 
what h i t n d e  are you in, alld of what name t 

A. Ten degrees north. 
4; 'The Ctur is in yotir zenitli, what latitude are you in ? 
A. The fame ;IS the decIin:ition is, whetlier nortli or iollth. 
9; Your zenith diltance is no9 north, and your declination is zoo north. 

A. IJpoii the eqnator, and coniequent!y in no latitude. 
Suppoic t h t  goiir zenith diftance is S O Y  fouth, and the declination 

A. Sixty degrees north. 
S& Suppofe your zenith difiance be 4 5 O  north, and the declination 1 5 ~  

A. Sixty degrees foolith. 
Suppofe your zcnith diffance is 4 5 O  north, and the declination I 5' 

A. Thirty degrees fuuth. 
0 W i ; i t  do you nie:ui by tlie word amplitude? 
A. 'Tlic true amplitiide is the nvmber of degrees that the fun,.mOQn, 

Or (tars, rik and fet, to the northward or fouthward of the true eat? o'c 
Weft. The  inapetic ;uiiplitude is tlit: iinniher of degrms they rife or k t  t@ 
the northward or jixithward of the eait or weit point of the compais. 

9: How do you fiiid the true amplitude f 
A. As the co fine of the latitude: is to the radius: fo is the fine of 

the fun or fiar's declination to the fine of the true amplitude. Or if the 
fecant of the latittide be added to the line of the fun or flar's declination, 
the rum (rejci9ing IO in the indcx) will be the log, fine of the  true a?- 
plitude, 

But fuppofing the evening or morning provefi cloudy, and yo11 Can- 
not i e  the fun or ltar, how will you find the variation of the campafst 

What  latitude arc yo11 i n  

109 north, what latitide are you in ? 

- 

i b u t l i ,  what latitude are you in ? I 

' 

north, ;vhet lat;tiide are you 111 

A. By an azimutli. 
2. What do you mean by an azimuth ? 
A. The  true azimuth is the difiance of the fun or Rar from 

' 

northor ioiith at every degree and minute of altitude. 
T h e  magnetic azimuth is their diftance, at each degree and minute of 

altitude from the north or iouth point of the cornpais. 

Ac By adding the conlplement of the latitnde, the complement of the 
altitude, and the fnn or ftar's polar ddtdnce into one rum ; from half this 
film I fubtrrtt the po1.u difiance, noting the hdf-rum and tlie remainder7 
' I k n ,  to the anthnieticdl coniplement of the co-fine of the latitude, f 
add the arithmetical complement of tlie co-line of the altitude; the 1%. 
fines of the half fnm and the remainder; half the ium theiefour 1oga;arithnIr 
will give the co-fine of h d f  the true azimuth, which berng doubled is t he  
true azimuth, reckoned from the north in north latitude, and from .the 
fouth in fouth latitude. 

Or, it nray be found thus : 
T o  the log. co-recants of the co-latitude and altitude,. add the log. fines 

of the half ium and the remainder; half the ium ot thefe tour l o p -  
rithins (rejekting zo in the index) will be the log. co-fine of half the trUP 
aimuth, a5 before. 

HOW do you find the true azimuth 8 

0 0  a 4; *BY , 
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Ymi have given the true aniplitude or azimuth by calciilation, akd 
the magnetic amplitiide or azimuth by obfervation ; how do you find the- 
variation ? 

A. By placing both the amplitudes or azimuth before me, then, i f  t h e  
true amplitude or azimuth be to the right hand of the magnetic, or ob- 
lerved, the variation is eafi, biit if it be to the left hand, it is weff. 

li& You have the latitude and longitude the thip is in, confequently her 
place, how do yoi! fliape her courIe, or in other words, find her c o d e  
and diltance to an other place, whore latitude and longitude is known ? 

A. I t  may be &kind bi.icfly by the tables of difference of’latitude and 
departure, but by Jogarithins I will fay, 

As the ineridional difference oflatitude : is toradius: : fo is the difference 

AS the cw‘fine of the courle : is to the proper difference of latitude: a 
fo is radius to the difiance. 

9; You have the dii’ierrnce of latitude and departure made good in the 
*4 hours, how do you find the courie and diltance, and the hip’s place, 
by logarithms ? 

A. As the difference bf latitude: is to radius : : io is the departure : to  
the tangent of the courfe. And, 

A i  theco-fine of the courie: is to the difference oflatituder io is-radius : 
10 the difidnce madc good i n  the a4 I~oucs. . Haviog the latitude and longitude left, and the differenre of latitude, 
1 find the latitude in, and the meridional diferencc of latitiidc; I then fay, 
i AS the co-line of the courfe : is to the ineridional di!ftrence of latitude, 
: : fo is the fine of the coiirle : to the difference of longitwk. Or, as the 
proper difference of latitude : is to the departure : : fo is the meridional 
difference of latitude ; ro the difference of lorrgitude. Having the longi- 
tudc left, and .the d:t?vrence, the longitude in is found by addition or 
fubtrattion, as tlic cafe requires. 

You have now the fhip’s place by calculation, how do YOP find it 
on il Mercator’s Chart ? 

A. By laying a ruleacrofs the Chart on the hip’s latitude, and taking 
her longitude in m y  conipaffes, and letting one point on the meridian, by 
the fide of the ruler, I a w n  the other ealt or welt, according as the 

I, (by the fide of the ruler) and i t  will point out the hip’s place. 
have now the hip’s place, how do you find her bearing and 
any other known placet 

A. By laying a ruler over tlie point where the lhip is, and the given 
prate, and with the cornpatiks I take the neareft diffance between the ruler 
and the center of iome compafs on the Chart ; and flide the compaRes 
dong  the ruler, (keeping bothpoints perpendicularto it) the fartheff p i n t  
from the rtilvr will fliew the courle, or bearing, between the fliip and 
place. A ain 

I take t f e  dkance between the fiip and place in thc compaires, and then 
lay one point on tlle aneridian as much below the lliip’s place, as tlie other 
is above the given place : that difiance, reckoned in degrees, l eaves  or 
miles on the nieridian, according as it is divided, will be the diltance. 

G You arc ordered to a fiiy, fie is lying in dQck ; prepare to take her 
out of dock. 

A. I would take on board what kentledge was necetrary, ftroam-anchor 
and cable, kedga-anchor, haw fer, and towline, with fome fpare ropes for 

iys, to keep her fair for the dock gates; buoy aiid buoy ropes, for 
g a m  and kedge. 

of longitude: to the tangent of the courfe. And, a 

- 

When y&r hip is out of dock, H hat is fire to be done 2 
P A. I WOl l lQ 
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4. I would take on board the remainder of the kentledge and level the 

hold; by laying the kentledge from the fore part of the fore-hatchway to 
&e after part of thr 'ifter. hatchway. 
t If  yoti a e t 'kiog in bdles, how would you dunnage, and which part 

of the (hip mdt t 
A I would dunnage fix inches and mofily about the well, main hatcli- 

way. The wdke of the chains arid floor timbers. 
C >ilppolc j o u  haic one and % half toot water in your hold, and your 

fhip i . e A  fuur Itreaks; what dunnage ought yoii to have to preferve the 
oargo? . 

A. 'Three feet. 

2 1 woiild come to with my iiirall bower, veer the fervice into the 
hawre, .and then hdng riiy beR bower anchor to the long boat, and with the 
tide drop tier adtern : when the cable IS taut, let go the anchor, firR letting go 
the hnk-rope ,  to keep the cdble iiiore taut. 

& How would you hang the anchor to the long-boat ? 
A. Take the buoy rope over the ruller (which is in the middle of the 

ftern of the long-hoar), bring thr bight round rhe main thwart, cockbill 
the anchor, hook the cat to the anchor, and lower awa until the fiiikes 
of the anchor are clear of the boats bottom, then niakef% the buoy-rope, 
have a Iluiik-rope throiigli the ring, (Shich is at the boat's Rern-poR), 
pafb it  roiind the hank of rhe anchor, niakeit faR to the afterathwart, lower 
away and unhook the cat, then veer away the cable; be cdreful to heavo 
~ J K  buoy over-board before you let go the anchor. 

A .  With iiiy belt bower to the S. W. I would veer away with the laR 
guarter flood, and moor with the h a l l  bower to the N. LE. 

5 Upper Deal church and caffle in one, in eight o r  nine fathoma 

9 The South Foreland S. S. W. Deal cafile bearing Weff,andSandowm 
cafile N. W. 

4. I would fplice my ffream cable to my f n d l  bower, a 
at half ebb, that I might have time to Itow my beli'bower, 
my final1 bower cable, befote the fliip tends to windward. 

Prweed to uiirnoor hip as it is done in the navy. 2 I would fend for the mafter to fee rhe hawfe is clear, turn all hands 
to unpoor hip, lay the capflan-bars for hipping, call the mate to iec 
rnelrenger pared for the belt bower, rig the davit out, becaufe r 

will 

All cables ousht to be n o  fathom3 in length, and are in proportion to each 
other, 4s the cubes df their diameters. The numberofthreads ofwhicfia cabIe is com- 
pobd being always proportioned to the length and thickneh, and the weight and value of 
it 1s  determrned by this number. The number of threads and weight of coblor of diffe- 
rent circumferences may be ken in the following table: 

How would you moor your lhip at Gravefend? 

How do you inom in  the Downs) 

Where is the beff anchoringin the Downs? 

What are the marks for anchoring in the Downs ? 

How would you unmoor in the Downs with the wind at north 

water. 

N ,TL. 
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will take i t  rip tlie firff quarter flood, get the cat and fik to pals 'for 
the bctt boner, Rretch along the filh tackle; quarter maffers down in  
the  tier, and ffand Iry to veer away the fmall bower cable; hip the. 
capkin-hrs ,  iin and rwift thein; clap on the Roppers before tlie bitts, 
arid bring to t l e  nieffcn::cr. A t  the fame time unbit the beff bower, r o d e  
aft the flack cf the cable; Ireme taught, take olf the fioppers, hold on 
the  indfeiiger, and h u v r  away ; veer away the h a l l  bower-cable ; 
clap on :he nippers! 'l'liick atid dry for weigliing, heave chearly; the 
qchor ' s  awavl keep fa& the h a l l  bower cable; quarter niafier take 
hold of the lidin; look out for the ancllor ; the nnclior is in light ; heave 
and paul the c a p h i ;  hook the cat; h;iul taught, and take a tr irn;  
furge the nieITen'en:er roirnd the  capftan; take off' the nippers; otit t-;d)le; 
cable enoiigh; haul cat; belay the catfall ; pars ?lie ltopper-s; h:)ok 
the filh; 
fdl; pars tile lhank pnjnter; bowk to the Rock-tackle; beldy :I e h n k  
painter; malic faR tlie R t o p i w  and Rock lafliing; come u p  rat and filh 3 
unhook both ; haul the btioy in ; then lhift the mclfengcr for ihe f:nall 
bower and bring to, clap on the fioppers hrfwc thc bitts and iinbit the 
cable; rowfe aft the llack of the cab!:, ; iiirln thr capilan; hold on the 

. melrenger; forecafile.men ; rig out the davit lor the finall bower; when 
the anchor is a-peak, fend rlie tup nien to loole the [ailst man the yards; 
firetch along tile top fail fliects; let go tlie topEiiI; r e f  tsckles, burit- 
lines and c~ue-lliies; f w t  tile f i l s  @ut of the top ; haul home the top-fail 
fheets i firetch along t1)e top-fail halyards and man them ; quarter-mallet 
and bodtfr\ain's ma;es dttcnd to the braces ; hoiR away the top-fails ; be- 
lay the iid\vards; trim the iails; heave lip the anchor; flow it  as before, 
and haul the buoy in. 

.Q How would you unmoor wifh  the wind S. E. or 3. ? 
A. Veer on the beit bower-cable, and take the fmall bower-anchor u p  

&a; a d  proceed as before, tlien to heave in to the fhort fcrvice on the 
beR bower, &c. If the anchor lias great hold and afraid of firanding the 
melfenger, clear away the main capRan and lafh a block, or purrhale 
blocks, on tlie cable, and oiie to the tiiain-malt, or one to die .two porta 
abreait of the main-maff ; reeve a hawfer through them, and heave on both 
capfians together. 

you are clofe upon a wind, in moderate weather, with all 
how will yoti tack the hip ? 

haqd down the lee-bow-lines, firetch along the weather- 
braces, the weather-flieets and lee-tacks ; then pu t  the helm a-lee, let 

o the fore-he&, lee fore-top-fail,br;trcatid fore-top-bow-line, jib,andffay- 
h - k e t s  : and Iuul &em .taught. When tlie fore-top-Fail touches, bract 
to and help her; when aback brace up and hclp her ; when the win 

* ir okit of the after-fails, raife tacks and lheets ; fliiCttlie Ray-Fail tacks, an 
h a d  over the fay-fail-lhects; cant fprit-fail-yard, wheal the wind is ra- 
ther f a point on the bow if h r e  of coming about, haul the main.-fail. 
N. B .  One watch of the topmen on the quarter-deck, and fore-caflle to fet 
up the weather-brealt-back-Rays : If  die has Acrn-way, fihift the helm 
and fquare the fpdt-fail-yard ; haul on board the main tack and aft the 
main Iheet. Brace lip the main yard when tlie after-fails are full ; haul 
off all; and haul on bawd the fore-tack; keep in the weather-braces 
forward, and let her come to, then brace L I ~ ;  haul aft the fore Iheet, 
jib and iky-fkil fhcetsi k t  die back-ffays when head to the wind up, and 

try filh by  hand; haul away the lilb ; belay the fill, tarkle- , 

$ 

haul 
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haul tlie bow-lines ; then haul taught the weather-braces, lee-tacks and 
weather fheets; have the braces let o at  once ; wlien the word is given 
fu haul main-til, (all the hands on &e braces hould keep hauling taught 
in for the run), the yards will iwingof thenifelves. 

-lee, eafe off the fore-top-fail brace, keep 
faR the fore top bow-line; wfen the fore-top-Gil touches, brace to and 
help her ; when the wind is a-head, haul the main top-fail and fhift the 
helm : then brace up the main-yard, and haul the main-top boivline; 
when the after-fails are full, let go and haiil ; keep in the-weather-braces 
forward, and when fhc conies to brace fharp up, haul tlie main and fort- 
top bow-lines, and haul taught the weather braces. 

A. 1 would haul the mizen rip, and die mizen-ffay-hi1 down, or trail it 
up, hard a weather the helm, fhiver the ithen-top-fdil, let go the main and 
main-top bow-lines, eafe off the inain.heet, the lee main brace, and round 
in tlie weather-brace. 
ta&; when the wind is aft, fquare the head yards, and get the oth& 
tacks on board; haul aft the iheets, fhift the jib and ffay-fail fheets o v a  
the flays, and as fhe~comes to, haul the mizen out ; hoitt the mizen flay- 
Fail, and haul aft the fheet ; brace the head-yards up, haul the bow-lines, 
and trim all mar . If a freh wind, and fliould be proper to fhorten fail, 
in top-gallant-hi!s, down jib and fiay-ids, take one or two reefs in thc 
top- fails. e. I t  blows hard, would have p i  proceed to clofe rmf the top-fails 

4. 1 would let run the halyards, and haul the yards clofe down by 
the clue-lines and down-haul tackles ; if the wind is large, man the clue- 
'lines and bunt-lines, let go tlie fheets, and clue them clole up ; haul in 
the weather-brace, and fpiIl the fail as moch as pofible ; then haul Out 
th r  reef tackles, fend men up and haul out tbe weather earing firfl, then 
the Iec one, and reef away, hading the other reets up  before the yard : 
If the fllip is upon a wind when the top-fail yard is down, let go thq. 
bow-line. I t  is moffly the way to man the clue-lines and the bunt lilies, 
to eafe off the Ice-flieet and clue it up ; then man the weather-brace, let 
go the lee-brace, eafe off the weather-theetand clue it up; 
weather-brace and bunt.lines at the fame time ; when the 
haul out the reef-tackles, and reef as before. But to keep the 
ring or fhaking (eipecially if it be wet) it is the belt way to 
lines, bunt-lines, and weather-brace, let go the lee-brace, eafe off the wea- 
rher fheet, hauling up the clue-line, and in with the weather-brace at the 
fame time; when in enough, eale off the lee-fheet, clue up, &c. N. B. 

fet a top-fail on a wind when it blows Itrong, always haul the lee fheet 

% It blows h;rder, you muff take in your top - fds?  
A. I would take in the fore and mizen top-fails firR, btcaule it wilt 

eafe the fliip forward, (for when it blows hard we generally have a head 
rea, and Ihc keeps to the better) let go the fore-top bow-line, lower away 
.the halyards, man the clue-lines and bunt-lines, clue clofe up,-and haul 
out the reef-tackles, haul in the weather-brace, fleady the lee brace, haul  
taught the top-fail halyards; fend the peoplr up to hand the fait, and when 
up, brfvrc t h e ~ g o o n  the vard, I'll clap the rolliiigtackle on to Ltcady her, 
(all'tlie top-bils thould h taken in the fame way) after that, if fquall~* 
& LI tlie main top-hil, and then the hip is wider her courfis. 

&. HOW would you tack a fhip under her three top-fails 3 

A. I would put the helm 

How do you veer, or, wear a hip with all her fails ret? 

When the wind is abaft tlie beam, raife the main-' 

ome firR, then the weather one, Pzc. &c. as before. 

4 i$ .How 
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9; Row would you veer a hip under her courfes ? 
A. I would haul the mizen and main-fail up, and down with the mizeea- 

flay-fail, [quare the after yards, harda wearher the helm, man the vreather 
fore-brace, and eafc off the lee-brace and fore bowline ; eafe off the fore- 
tack, and ffand by to haul on board the other: keep her large if room, 
until I et the tack on board and belay it i then luff up to the wind, haul 
aft the ire-fheet andbrace up the fore yard, kr the after-fails, aboard main 
tack, aft the main fheet, brace all up, and haul the bow-lines; when my 
Zails are trimmed, fhift the rolling tackles on the top-hi1 yards. 

% Suppofe ou are lying to in a hdrd gale of wind, under a reef main- 
fail, you want t i e  hip’s head on *other track ; how will you veer in a 

A. r will watch her falling off, and put thc helm a-weather, when he  
does, eafe off the main-fheet ; if that will not do, I’ll man the fore hrouds, 
and get tarpaulins and hammocks or fpare canvas up, and fpread it: If  rhat 
will not do, I will haulaft the main-fieet, and put the helm a-lee, then fend 

1 yard with hammocksand akets to Rop the fpnt- 
irhin the lee clue-line; bkork and loofe the lee 
he Iheet, clap the heh i  hard a-weather, d e  off 
the weather-brace, gather aft the other meet, haul 

n board; when fhe is before the wind, fquwe the fprit-tail 
fail up and hirl  it; eafe the ’helm dowii a-lee, brace t h e  

t’, haul the main-lheet aft, bonfe the boy-line up, lafh the helm 
parts a-lee, and fhe will la to as before. 
Suppofe h e  will not veer a i c r  all you have done ? 

A. I will loofr? the  goofe wings of the fore-Fail ; if that will not do, 
&t the foreXail and veer her under her courles, or h a d  the main-fail up ; 
if by haulingthe main-Pail up and fuding it flie does not veer, lower down. 
the mizen-yard; if that will not do, lower down the crofs jack yard and 

if that will not do, cut away the mizen maR. 

%?tf:tc!%rboard, I would hauf in my larboard braces 
my after-yards lay Cqunie ; 1 may hoiff the fore top-niafi 
p the fheet 10 windwdid to he1 her ; if I am to c d R  her 
laill in the contrarv braccs, d e n  cdff, fill the head-fails 
ircumliances rcquirc. N. B. If a Ihip I >  wind rode, as 
is right up and down, put tile helm the wa) yo11 would 

,. have Iter @aft, feting in the lame bracesabdft, and the contrary forward: 
but if Ihc is tide rode, thr helm muRbe put the contrary way to which you 
would have her caff, and fct in tlir. braces forward ; which ever way tlie 
helm is, the braces abaft niult he the contrary. 
9; It blows hard, and you fplit your tap-fail ? 
4. I would k t  80 the hew linr, haul in the weather-brace, and low# 

away tl-g halyards, clne tip the lee-heet, haul up the bunt-lines, Rart the 
peather-lheet, belay the clue lines and bunt-lines, unbend the fail, bend 
another : then either furl or Trt it, as circumftances require. 

?& You are I ing to in a hard p i e  of wind, and fplit your main-fail ? 
A. I *ill hairfit up caiefrilly, uiibrnd the fail, and bend another, get 

on hoard the main tack, and 1 ~ ~ 1 1 1  A f t  the flieet ; when the hi1 is fet, get a 
tackle on the weather leach to frcw-e the tdck, and 3 prereiaer Iheet ; but 
in fmall hips they get the let: tack aft  for a reventer liieet. 

f& Sup ore you are on a wind, and let t l e  hip conie up in the wind, 
and are ;If aback, what nil1 you do ? 

great fea ? r* 

, when intending to et under way ? 

A.  I will 
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R. I will box her off, and rugpore fhe willnot box off, I pill Mi 
hizen u , let go the main and main top bow-lines, the lee.mam a d  
‘top-fail graces, and lay all fquare abaft, put the helm to leeward, 
has itern-way, when the wiiid is abaft the beam fhift the helm j qpd, iu 
f i e  gets head-wa haulln a little of the after braces, haul the Ytuzen 049, 
brace up fiarp abYHft, and haul the bow-lines j and then I ani on the fame 
tack as before. 

the head-fails, haul on board the fore-tack, and brace up the otheiw e. If by accident your hip is brought by the lee, what would you 
A. When a h i p  is brought by the lee, it is commonly occalion 

large fea, and by the neglett of the helm’s-man. When the wind I 
three points on the quarter, the ibip taking a lurch, brings the 
the other fide, and lays the fails all dead to the mait j as the 
braced lip, fie then having little way, and the helm being of littl 
I would therefore brace about the head-fails the other way and 
main- top-fail hivering ; when fie gathers way, and brings the 
again, rdife the fore tdck and fquare the head-fails ; trim the fails a8 thep 
were befort, and b r h g  her to her coude again. N. B .  I t  i s  dangqrous to. 
briiig a lhip by the lee in a gale of wind, for f i e  lying entirely wq@ tM 
fea, lier falls cdn be 01 little fervice till they are braced about. 

Coming into foundings from a long voyage, I would have you p& 
p.me for going into port and anchoring. 

A. 1’11 order the cables to he bent ; thus get their ends up, reeve, 
and ring ro es to haul them out, the forecaffle mm to clinch them, 
qunrter:ma8er to clap the bends on, reeve the runners rnd tackles, ,u 
Itow the anchors, bend the buoys and bow-ropes, Iingle the fioppers and 
fiank pdinters, bit the bower-cxbles’ with a long range, have the dog 
Itoppera to pars, fee the tiers clear, have hand leads and lines in the chains, 
fend down the top-ropes, reeve the top-tackle.falls, unfling the lowcr 
yards, when the cables are bent, &c. clap the hawre bucklers on. L& You are of€ the Eddyfione, the wind at S. W. in a hard gale, under 
a reef fore-fail, and you niult anchor in Plymouth found, how will you 
bring up for the fafety of the hip, and with whet anchor f 

I A. To give myfelf time for anchoring, I ail1 haul my fore-fail up? get 
the, keet anchor over the lide, and bit the cable to the after-bits with s 
range, get down top gallant malts, dnd fprit-fail yard, i n  fore and aft, iinfid 
the top-ma(ts and Hretch along the jeers, clap the wing flopper on the 
fecond cable of the beR bower ; being alt clear, 1’11 fet my fore fail and 
Arer in for the Sound, and when I am near the place I intend to anchor 
in ,  I’ll man the fore.cliie garnets, and Itand by to lower the yards and 
i o  mail, being ready, lower away, haul the fore-fail clpk up, and’furl i t  
a !&land, clap rolling tickles on the lower yards, and heel ropes on 
the top-mah; having the marks on to anchor,’Aream the beR bower 
buoy, and fee that it goes clear of the lhip, and,when 1 intend to bring 
up, put the helm down, and haul the mizen out, then let go the anchor 
ard veer away at l m R  one and a half cable before I check her ; fliould die 

P Y  fi’P 
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.fhip drive with two cab\ Rream the ha11 bower- 
buoy and let go the anchor, which &!I allow me to veer a cable on the 
fmall bower, this will bring her up if it blows ever io hard, and 1 have 
Rill the fheet anchor t6 ffand by ; when I have brorrght up, and double- 
bitted and Itopped the.cables, I 11 get the top-fail yards fore and aft in the 
tops, and make the f l q  as fnug as pd\Wer as Coon as the gale is over, 
t;"t theanchors up and moor properlp, The bed method is to unbend tho 
mall bower buoy rope from the anchor:it beinq liable to get foul of the 

beit bower cable, by the buoy going over and over agdin of the faid cable, 
which has been often the cafe. 
N. B. In coming from the &t?ward with a hard gale of wind, and 

bound into the Downs, take the fame method. 2. Suppde yoii are on a lee fhore, and had neither room to veer or 
bay, nor any anchoring ground, how would you put the hip's bead round 
the other way. 

A. I would put my helm hard a-lee, when flie comes head to wind raifc 
the fore and main tacks direEtly, make a run with my weather braces and 
Iayiall aback at oncr, then haul forwards my lee-tacks and bow-lints a s  
far as I,can, that the fhip may fail round on her heel, and when the maia- 
fail begins to l lher ,  I would haul it up, fill my head fails, and fhift the 

-helm hard a weather ; when the wind comes on the other quarter, haill on 
h a r d  the main tack, knd bring her clofe to the wind. 

11 pore yo11 were on a lee-ihore, and could clear the danger on the &E, although not room to veer and a Tea on &e will not Bay, and 
horin ground, what would you do; 
the fanger 1 would take a good hawfer and lead it out 

le qmtrter pons, arid bend jt to the anchor to lee-ward ; the 
would bring to the capitan, h i p  the bars,'and when I clap 

et, and as li,on as the wind is oln of the main-fail haul i t  11 
hor, and heave on the fprin to caR her, becaufe the cab!: 
k htr. When h e  comes fiead to wind, brace about the 

main. yard, haul on board the rack, and cut' away the cable and fppring ; 
when the main-fail fills, [et the fore-fail, had on board the tack; and trim 
her to the wind. t Suppofe it blows hard, yoti cannot carry your courfea, night aoming 
on, und it i s  likely to blow hardef, what will you do t  

A. I will haul the fore-rail up .and fr~rl 3, balance the mizen, haul it 
out to keep her to, then haul up the weather main clue-gnrnct and bunt- 
line, then the lee-clue-garnet- bunt-lines and leach-lines, fquare the yards, 
and get Rrops round them& above the booms to hook the yard tackles to 
for rolling tackles, then reef the fail, when reefed, haul on board the 
tack, get aft the meet. handfomdy, tend the braces, bowfe up the bow- 

,,' 

bow-lines firit, thin the weather braces. 
4; Suppofe 
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9; Suppofe you arc turning overthe Flats with your top- fdsrnd  fore- 

fail, you endeavour to put about, but h e  will not Bay, there is a fand 
a-head within a cable’s length of you, what will you do 3 

A. I will heave all aback, and when fhe bs Rem-way fh:ft the helm ; 
when @e hrs paid well off, brace abmt  the head-fils and fhiver the after- 
fails i then fie will veer round and Rand off. 

you are in a gale of wind, and fplit your  fore courfe, what will 
you d o ?  

’ A. 1’11 man the weather fore clue-garnet, bunt-lines aad leach.lines, 
cafe off the fore-tdck, and when clued up, man the lee-cke-garnet and haul 
i t  dore LIP ; then let go the lee-brace, haul taut the lifts and braces, fend 
hands to unbend the fail ; when another is bent, and I want to fet it, I 
will haul on board the fore-tack, aud tau1 aft the fore-fheet, brace the 
yard up and haul the bow,line. 

It blows hard, and you want to reef your courfes, how would YOU 
proceed f 
d. I will clear away the top-fail fieets and lifts, man the down-haul 

tackles, lower away the jeers, let go the bow-lines, and clue the fails up 
round the weather-braces, haul taut the lifts, braces, and rollin -tack)gs ; 
then fend hands up  to reef the i d s  ; when 1 want.to fet them, fwi l l  pro- 
ceed with the fdils as before. 

.5& Suppofe it  blows hard at S. W. and you are drove from your * 

chors in the Downs, what would you do f 
A. I would fleer for the Gull-fiream, which I hall  know by having ?he 

upper Light on the South $oreland to bear S. W. by S. then fleer away 
between the N. E. and N. E. by N. whidi will carry mebetween the Brake 
and the Goodwin Sands, keeping to tbe Goodwin in nine or ten fatlxm, 
and to the Brake in feven or fix. 

in ftght, Itanding towards yoii, how do you clear yonr fliip t $ % ~ ~ ~ ? y  ’ ‘ 
A. I will turn all hands LIP to clear hip, up all harnmocks,’the quarter- 

mafferr to ffow them in the netting,and 011 thegang-way ; getthe top-men’s 
hainiiiocks up in the top ; down all  cheRs in the hold ; quarter-maffcro 
ftow thew ; take in all the fmall Lils ; fling the loaer yard with to 
get the puddings and dolphins up ; then fling the toprail  yards A$%$ 
or clde u p ;  ffop the to:-fail Iheets, ftoppers on the jeers, or elfe rack 
them ; gunners get the t e match. tubs between every two guns, matches, 
powder-horns, crows, and handrpikes fufficient for every gun ; all hands 
to quarters, keep frlence and mind the word of command, fire not a gun 
until the word of command is  Given ; mind you do not fire a Olot in vain. 
Now I have a11 the three maffs i n  one, fire I 

Suppole you are in chdfe of an enemy’s hip of war, upon a wind, 
with a11 your fnils , k t  ; fie is right a head, on which fide will you engage her? 

4. I ail1 engage her to leeward, by reafon’he cannot put away before 
the wind, and if there is any thing of a lea, Ihe niay not be able to fight 
her lower tier of guns. If lib# breezes and hot wedthrr, it w o ~ ~ l d  be better 
to engage to windward, to let them receive the fmmik and hedt of the tirc. 

You are chafing from the wind, aird carry away your nidin-top-nldlt, , 
how will yair proceed 1\ 

A .  1 would brill w p  tlie main-hi1 and fend hands up ints the top with a 
rnpe or Iidwfer, to clrp on that part of the mafi that hdngs down, theii cctt 
the 1any.irtls of the main top-inalt Ihrouds, and loner away, calt off: the’ 
b w l e r ,  reeve it to fend tlie LiunIp clown, clear away the riggfng, uiifling 

You me Randing on a wind with all your fa& fet ; 

P P  3 t h  
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the main yard, get the foretackle on it and bowfe forward the yard, t h  
lower the Bump upon deck, and get the fpare top-malt ready for tlie r r o k  
trees; clap the hawfer on and fway it up high enough for the rigging. .’a You are lying to in a hard gale of wind uildrr your main courfe, 
you carry away your main-maff, how will yoti proceed i o  clear the wreck ? 

A. I will clap my helm a-weather, brace my fore and fore top.idil yards 
full, then call all hands to get pole-axes, &c. to Clear auay the rigging. e w h y  will you I t  the h i p  before the witrd ? 

4. Becaufe themarwill  go a-ftern clear of the rudder, and prevent its 
damaging the hip.  

oroceed to chafe her ? 

- 
2. You are going large and fee a fhip in the wind’s eye, how will yo4 

a A. I will turn all hands iip get my tacks on board, brace up my yards 
andhaul aft the meets ; hau the bow-lines, ret thejib and Itay-fails, kecp 
her full, and by making fliort boards and turn directly to windward, H hich 
prill prevent her putting away large. e. SuppoIe you were to carry away your bowfprit, what won13 yoti do ? 

A. I would immediately veer flrip, and keep her before the wind ; a d  
thea, for the fecmity of the fore-maR, I would carry forward the fore-rim- 
ners and tackles, and bowfe them well taut, till I can get d hdwfer or fuf- 
scient rope, and clinch it roiind the malt-head, and kciire it to the bits of 
the forecaltle or the cat-heads : then take the beR fpdr I have, and make a 
jury bowfprit of it. 

i& Havinf a fair wind, how will you fet your fore-top-mall Budding- 
fail, on the arboard fide ? 

A. Pkfl hag1 taut the trufs tackleb, Bnd bougie the fore yard clofe to 5 
then haul tam the larboard fore-lift. and Rarboard fore-top-fail clue-line. 
On board his Majefty’s hips theto ‘burtons are on the tdp-fail yards to 
kcepthemfquare when Audding f a h  are fet, (the top-fails, lifts, and clue- 
lines not thou ht of) the fore-top men down on the fore-yard, and rig out 

rd iudding-fail boom, firft fcnding down the {tiidding-fail tack 
halyards up to the fore-top-fail larboard yardarm ; and reef the 
fend them down and bend them ; the tack being bent and all 
n the halyards and hoiR away, haul out the tack, &c. If the 
the beani or quartering, fet it abaft the topfail ; if right aft, 
to fail, (which is done by a mdn Rqnding on the fore yard arm, 

eacl! of the fitidding-fail in his hands.) 
suppofe oii are in an engagement, and your main-top-ma@ flay is 

fhot away, hodwill  you fecure your maR ? 
A, I will fend my hhifting back-ftay fo’rward by) the mzin-top-malt ff ay- 

fail halyards, and reeve it through a block abaft the tore-malt liead, bowk 
it taut, and that will fecure the mait. ’ 

$& Yourfhip comes to againfi her helm, what will you do? 
A. I wiIl haul my mizen up, and fhiver the after-fails. 
$& She comes to yet, if h e  Rays flie will be on board fomr other fiip ? 
A. 1’11 let go the lee-fore and fore-top-fail braces, raile the fore tack and 

let go tlie bow-lines, haul in  the weathcr braces and box her OK 

2 I will put the whololtrands of the beR or h a l l  bower cables twice 
each yay, and point each Rrand with a tail of three fathoms each; then 
feiae them with iiarter and end feizing to make then1 lie hug,  w h i r h  is 
the readieR way ‘ibr clearing the hawk. ’They being loon fpliccd and on- 
fpliced when pointed. 

How do you fplice your cables ? 

i& Novq 



t How would you mark the lead-lint ? 
A. 3lackledther at P and 3 fathoms, white at 5,  red at  7, black at  io,  

white at 13, (lome feamen ufe black at IO and 13)  white at 15 as at 5 ,  red 
a t  17 as at 7, two knots at 20 fdthoms, and fo on, an additional knot at  
every IO fdthoms, witha Iingle knot between each rofathonis to mark the 
line at every fdthoms. 

% Yori arc ient down in the dark for a top fail, how do you,know a 
maill fail from a fore-fail, o r  a main-top-fail fronia fore-top.faii ? 

A. If I t  has three bo*.line cringles it is a main-fail, if it  has but two, 
it is a fore-f'til; if it is inarled abaft the foot ro7e, it is a main-fail, ifxhe- 
fore, it I S  a tore-fail : I i  a main top-fail, it has rout bow-line cringles, if a 
fore-top-fail biit three ; all top-fails are mdrled to the rope, b e a u t i  the 
foot-rope is ferved. 

A. Par-buckle them in with their headsaft on the poop, and get the fore 
,and main runners on them for guys; lalh on two fourfold blocks, reeve 
the mafling-falls, et girt-lines on the head of the fieers to fleady the 
malt-head, put heeklalhings on  the Iheers, with gpod oak planks under 
them, t o  traiilport tilein forward on ; lafh one of the fourfold blockr for- 
ward to the ficin, dnd bring the fall to the cdpRan ; heave the h e e n  high 
enough : when done, I'll take fgrward two riinners and tackles to anif? the 
fieers. take the mizen-niafi firfl in, then raife the iheers ere& take in the 
main-mafl, bowre the heels of the lbeers forward, and keep them upright 
to take in the fore-niafi. 

A. I will lalb on the girt-line-blocks, put on the bolflrrs, parcel an& 
tar them, put over the runner and tackle-pendantq, then the foremofi of 
the flarboard-lhrouds, then the larboard, and fo on; then the Ray and 
fpring Ray, feize in the dead eyes for the fhrouds, and the harls for the  
(fay, reeve the lanyards, fet lip the rigging, get the top over head, hnd 
bolt it, rattle down the Ihrouds, and feize on the cat-harph-legs, hook tbe 
futtock Ihrouds, and hitch them, kize down the eiids, lafi the ha in 
jeer-blocksiinder the top, with the itrpps under the flays, lead up an%if 
to  the mafi-head, get the cap intothe top for the head of the top-maR, $i& 

The flieers are alongiide, how do you get them in ? 

Mow do yoii rigg a lower malt? 

lafli the blocks on for the main-lifrs. I .  

%. How do you get,a top and cap over? 
A. Mdke fdff a girt Iiiie-block, on each fide of  the mall-head, 

girt lines and pafs them under the top, and make theni faft to 
part of the top, flop them to the bolt holes in the niiddle and 
of the top, then fway away : when high enotigh, cut the upper ltops 
a guy on the after part of the top-brini, and the top will fall over the q a  
head, then lower away, and put it in its birth, haul npoh the-fiy red 
bolt it, lay the c.rp fieady over the trull'el-trees for the top-malt ead, & 
receive it  ; uhen the top-maR-head is through I t ,  lafh the cap to the 
malt-head, fway away the to maR till high enough, then pldce the cap 09 
the inaft-head, and drive it8;wn. 

i& How do you rig a main-top-mafi ? 
A. I will tar the maff-head, get the crofs-trees over, fix the bolffers and 

parcel them, put over burton-pendants, thrn the Ihroiids, breafl-back-fiiy, 
proper and lpring-fiay, and cap, rwdy u p  the inaft and fid it, kize in the 

ead eyes, ffay the inafi, fet up the Ilirouds, rattle theni down, Idih the 
ullock-blocks to the malt-head. 
f$ k!ow do you rig a top-gallr(nt-rti~~t ? 

A. I nil1 
e 
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A. I will fend down the top-rope, reeve it through the fieave-hole, and 
make it fait round the hounds of the ma& and ftanding part of the rope, 
kaving enough end teemake fa& to the cdp, which done, fway away, when 
the head is through the cap, make faR the {pare end or itanding part of 
the torrope to the cap, cut the feizing clap on the grommet, then the 
&mu S, back-flays and flay, h a y  up the mafi, fid it, and ret the rigging up. 

S; How do yon rig a bowfprit ? 
H. f will lrlh the colldr fore flay for the bob-ffaysand bowfprit hroridsi 

then the collar for the fpring Rays, then the block for the top-mafi-Ray, 
fix the man-rope, gammon the bowfprit, and ret bob-flaysand Ihrouds up. 

A. I will piit over the travrlter, horfes, and guys, the top-gallant fiay- 
block, and lam on the blocks for the top gallant-bowline, and jibb-down- 
haul-block to the traveller. 

A. 1 will get athwart the gunwale, lalh the jeers, quarter clpe-garnets, 
bunt-lines, Iedch-hes and &ib-line. btocks, then piit over the yard-arms 
the horfes brace {endan!s, the ydrd.tackle pendants, then the top fail 
fheet, and lift-bloc s, ’reeve the jcers, braces, lifts, and ydrd-tackle falls, 
t r t r f s  prcels, IW,Y the t a d  up, and hnd all taur. 

$& How do yoii rig 
A. I will reeve a hdwfer for a top-rope, through the boifock block, and 

Cend it down, anif having put over the hoifes, m,ke the top-rope fafi to 
the middle of tire pard, llopping it to the yard-arm, rway it up above the 
top, put over ffie brace pendantsand lift-blocks, reeve rhe hfrsand braces, 
qut the yard-arm-femng, dnd crols the yard, lafk the tye, bunt-line and 
glue-line blocks, reeve the tve and halyards, fway it up above the cap, and 
$18rCCj it , ,  reeve i l ie~lue I i ~ e i ,  bunt-lines and reef-tackles. 

do you rigg a top-gallant-yard ? 
feizc the clue-line-blocks oii,gut the harks over the yard-arms, 
on the cap, and rigg the yar arms, by putting on the brace- 

nd lifts, then crofs the yard and parcel it. 
have JoR your rudder PI ka, what method will you t&e to fleer 

I1 take a large {par, or part of a td ft and &it it fiat in the 
form oFa Rcrn.po@ bore hcles at proper &lz& in that part which is 
to be the fore part pf the preventer, or additional (tern-polt, then take 
;htJ thjckeff plaok 1 have Qn board, and make it as near as I can into the 
fortn of a rilc’&r, bore holes at proper diRances in the fore pert of it, and 
In the after pjrt of tliepreventer fiern-po8 to correfpond with each other; 
rod reeve rope gramniors through thofe holes in the rudder and after-part 
yf t e iter:-poft for the rudder to play upon. 

?\&wgh the preveoter Rern-poR reeve guys, and at the fore-part of 
‘them fix tacklea, and then pat the mrh inc  over-board ; when 1 get it in 
proper pofition or in a lipe with the fhip’s Gem-po8, lafft the upper part 
of the pieventer-polt to thr upper parr of the hip’s flern-poff, then hook 
tackles at o r  iKJr the inain-~h3ins, qnd bow@ taut on the guys to confine 
jt the ltme part of rbe, preventer Ifern-po$i ;-having holes bored 
through the preventeralid ppye r  ffern-puff, I will run an iron bolt through 
both, tdlrii  5: cam not to topch the rudder, which will pment  the fdfe 

g, up or falling d o h .  
e after-part of the rudder, pnd tackles fixed to them, 
. I mu& td le  care to bowfe tatit the tackles 011 the 
to F e q  it clolP to the proper Itern-poft. 

How d c ~  you rig a jib bouin t 

How do yoti rig a lower-yard ? 

fore top-fdil yard ? 

c Your 



YOUNO SRA OFFICER 3 a  
$& Your fiip is leaky, you cannot keep her  free by the pumps, what 

will you do 1 
A. I will take a fpare top-fail, or fume other fail, and fpread it upon the 

deck, cover it all over with oakum, and bind it to the fad filth a neede and 
twiiir in feverdl places to keep it faff to the f d ,  then take ,111 hdwfer and ’ 
Cut i t  into proper lengths to go iinder the Ihiy’s bottom, and come i n  over  
the gunnel, put  tliefe haafers about four feet diftmt under the fail, and  
make them fdlt with their middle to the niiddle of die b i l s ,  edcli learb 
beginning at rhe head and leaving o f  at  the cliies :--Then put the h i t  over 
bo.ird keeping the oakuni lide to rhe hip’s bottom, and hdul  up  the ends 
of the l lwiers  on the other fide by a Iiaiiling line which I have Cacpt the 
flip with, numbering each end fore and att ; then eafe away 00 the haw- 
fer’s ends on that fide I have put the fail over, and keep hauling at the 
h i e  time on the’hawfer’s ends on the oppolite fide when the fail is pro- 
perly down, which is known by maiking the hdwfer, I will then clap on 
tackles and howfe all taut, keeping the fait clofe to the hip’s bottsm the 
o&um will be drawn in, and Ifop the leak. T h e  fail may be covered with 
horfe dung o r  any filth I have on board, which ail1 be drawn in and i b p  
t h e  leak. 

Suppofe the wind northerly, and yoti were in a Bip’s hawfe in brt 
Downs, what would you do ? 

A. I would wait until the h i p  tends to windward, and heave up my - -  
anchor as h e  is tending. 

Gut YI erly? 

lteep too ; and to the lhore in 8 fathoms water. 

Ihore, not havin ‘more than r 6  o r  17 feet of water on tliemat 
as 1 draw t o w a r k  the boreland, I would sand in hore, to io 
and pff to tlie South Sand-head, Up er Deal and Walmer C 
will lead me cledr o f ;  Deal ChurcR being open with Walme 
a fiup’s length, I mufi Rand out  till I bring the lights in one, 
clear off the South Sand-head; and when the Ilglit-houfe opens to t h e  
weltward of Folkilone Church with Hay Clifts, it leads me clear. I niu@ 
take care not to h u t  in the Hope land, and the South Sand-head will lie 
off three miles-To hi1 out of the Downs to the weftward, and the wind 
a t  p. W. I will begin to unmoor ht a quarter flood, weigh a t  high water, 
and caft her in rhore. But to fail to the eafifiard rritli the wind wefJarly, 
I WOIIM begin to iininow at half ebb, take up my belt bower, and weigh 
a t  low water. 

% Tllc wind at N. E. in moderate weather you inean tg turn up the 
Swin, at wh,tt tiine of  the tide would yon weigh? 

A. At flack water, loole the fails and up an~l ior .  x. What are tlie marks for running tliroiigh the Gu!l Stream? 
A. To keep the upper light-houfe on the Sonth l‘orcldnd, in oqe wit11 

the  wettermoR end ot the Loutherniiiofi chft i n  Old Stdllls Hay ; which is a 
h d i l l p  tli:it lles between the two clifls a large half i i d e  to the fouthward 
af Kingfdow n iipon the So11tl1 l+,rcJand. 

4: t low do IOU know \rlien you c m  wcather the South Sdnd-head! 
A. When Upper D r d  hlill is open to the Soutliwdrd of Wdlriic-r Cdf&, 

er ~ l i r n  tlie li:;ht Iioiilea arc in om, arid IWkitoiie Church is opcri with 
ua)-ciltt ,  I Jil l (I .ir. 

$; hppofe 

How would you work a fhip out of the powns with die wind ‘ 

A. I would Rand to the Goodwin Sand in I O  or X I  fithorns, it beig 

2. 1 3  there any danger in going out of tlie Downs? 
A. Yes;  between Dedl and Walmer Caftles there are  hoals  near &c 
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$. Suppofi).ou were Coming info the Downs with the wind tll S. @! 

blowing hmd, which way would you la your fliip's head to bring her up 1 
A. f would lay the fiip's head to t i e  ealtward, and cottie to withx my 

be@ bower, but If with the frziall bower, I wodd heave hct head in ibored 
9; Fhr what reafop would you do fo ? 
A. I mould then keep the cable clear of the cutrwater. 

What is the c o d e  from the South Foreland to Dtingenefs, and what 
stre the dangers ? 

A. From the South Foreland to Dungenefk, the courfe is S. W. by We 
Q W. diftance 7 leagues. 

The Ripraps lie N. E, and 5. W. about 5 leagues in Iength, the N. E d  

Endbears from Dover C'aitle S. S. E. 4 Jeaguey from FolkRone S. E. by 
,S= Calais fteeple bears from it S.E. and Calitis Clifts S. S. E. 3 leaguesj 
.thG3. W. end bears from Dungenefs E. S. E. 4 leagues, on the N. E. part 

about 15 or 16 feet atlow water, on the S. W. end qor 5 fathoms, 
too OD both fides, having IO and I Z  fathoms clofe to it. To the 
of Folkitone, there is a ledge of rocks that runs a large mile off 
1 would come no nearer in than r4 fathoms. 

4 miles E. by N. from Ilungenefs, there i s  a Rroal with not more 
.&an IZ feet on it, which I fhallavoid by keeping in I O  fathoms. 

4 Where wilI you anchor, and in what depth of water under Duogenefs ? 
J. 8 would anchor with the N e b  Poior S. W. by W. the light-houre W. 

S, W. athwart Romney Town, in 8 ,q ,  or IO fathom water. 
There is a (hoal about two miles to the weltward of the Ners, with onl)r 

r s  feet on it at low $ring tides the Nefs Light bears from it N. E. by E. 
a2  fatbbms dote to it. 

What io the courfe from Dungenefs to Beacliy-head and what arb 

gh there i s  a fioal o f  rocky ground with r4 . In  the channel off Dungenefs, there is 
from 26 to 30 fathoms; I will, in thick 

s, from the Nefs to Beachy-head. When 
Northward, but if I fioal it, haul to the 

may Rand in more until Beachy-head hears 
W. by N. and not have lers than 10 fathoms of water, mirft then tack to 
avoid Pemfey Shoal, which lies about two miles off the more, with Yemiey 

.C)iurch bearing N. and Beachy-head W. by S. rqfeet on it. 
There is a fhoal with 14 feet on it and Iies with Beachy-head W. 4 N e  

7 or d miles, Pemfey Church N. N. W. 7 miles, and Fairleigh E. by N. 
11 miles; E. by S. 6 miles from Beachy-head is the Work of Willingtofl, 
a fniaIi fioal, having 16 feet on it at low water. 

I;t. Being off Beachy head, at the clofe of a winter's eve?, i6 a gale Of 
wind at N. E. bound to Spithead, what i s  bcff to be done t 

A. I wotrld lie to wjth m fbip's head to the N. N .  W. till morning, 
then h e  will drive about a cgannel coude at the rate of two knots an hour, 
allowing that what fie would look in the ebb, Ihe would gain in the Rood, 
and be in a fair way in the morning; I would come no nearer to the 
O w e n  than 1 8  or 20 fathoms. 

What is the rourfe and dangers between Beachy-head and Dunnofe 
A. The courfe is W. by N. .$ N. diltance about 2 0  leagues. 
T h e  dangers are, Owers, the mark to go clear off rhq eaR :ut of rhem 

3 the wbite way on Brow Hill in one with Chicheftcr Churc!, a little tu rhc 5 
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aeeaffward of Pegham Chureh, and the mark to clear the welt.-end, is St. 
Rook’s Hill in one with ChicheRtr Church, they bear from Culver cliff 
6. S. E. 4 S. about 4 leagues tben i s  a $outing light OR rbea ?ubi& k) 
&em ifidJmerul f l m ~  ; in going down Chdnnel, if I keep Dunnofe w.‘ 
N. 4. Northerly, will catry m e  without them, 1 will come no nearer to 
them in tliick weather than I 8 or 20 fathoms. 

Youarecoming from the w e b a r d  and off Dunnofe, what would you do? 2 I would Rcer N. E. keeping Satidown Cafile clear of Culver Cliff 
8ntii St. Helen’s Mark, which is a white buildin , is open okthe Red Cli8 
bearing W. by N. then I may run in between %embridge Ledge and the 
Princera Shoal, but with a hip o f a  g m t  draught of water, it is be8 to 
go without the PrinceRg Shoal, until I get the Kicker ill on the S. W. 
of Monkton Fort, and run into Spithead between tffc Buoy of the GI 
and the Biioy of the Wartier. 

N. B. In going for S ithead from the eaRward, t h e e  are 5 black buo (I 

Wter one is called the Hafi Buoy of Dean, it lies in 2 7  feet water, the mark 
for it arc, the flagftaff of Portfmoiith latform, a little open to the wefiward 
of a round rent box of South Sea &file, bearing N. by W. $ W. with 
Dunnofe open ZCuIve r  Cliff. 

Front the outer buoy to the next, is W. N. W. about one mite and 8 
quarter, it lies in 6 fathoms ; the third, formerly the firit buoy of the Dean, 
lies in 4 fathoms ; the buoy of the Warner bears we& foutherly from thi8 
buoy about I$ mile, from the third to the fourth or Elbow buoy, is S. e. 
and N. W. ; it lies in three fathoms. 
1 he Buoy of the Horfe bears from the third buoy N. N. W. about t $  

mile, and lies in 34 fathoms ; from this la& buoy to the firR buoy of Smr- 
b i d  e is W. 4 N. the Royal George lies in 13 fathorns, # of amile to tho 
N. &. of the Ed ar, the buoy of the Royal George, that of Noman’s 
h n d ,  and the Kictergill lie all in a line. 

The  two buoys of the Princclta Shoal, lie N. E. by N. and S. W. by S. 
sf each other, diltance about a mile ; they lie each in five fathoms wlth 44 
between them, the marks far the inner buoy, which is white, are Sandown 
Caltle in one with Culver white Cliff, and Nettleffone point on Bembridge 
Point, the buoy of Bernbri4ge Ledge is black, aud the Nab bno is red, they 
he E. N. E. and W. S. W. ofeachother, with Donnofeopen of &ilver cliffs. 

Suppofe you were to the northward of Bembridge Point, bound to 
Spithead, and the buoys were all gone, what would YOU do t  

A. I would bring St. Helen’s Church to  bear W. and kecp in twelve 
 fathom^, and fleer N. by W. towards the Dean, keeping Ahdown mark 
above the trees, will lead me into Spithead abreaff of Ride ; if it is thick 
Weather and the wind foiitlierly, I will come no nearer to Beinbridge Ledge 
than fix fathoms, and fleer N. W. by N. hut if the wind is on the other 
?de, 1 woiild come no nearer the Dean and Horfe than IO fathoms; obferv- 
I n g  the courfe and tides, I will anchor at Spithcad with South Sea CaMe N. 
E. by E. and the Kicker Point N. W. in 1 4  fathoms. Eafi India-mea 
and Mrrchant fliips generally anchor on the Mother Bank to the Hef tward  
of the Stiirbridge buoy in IO or I S  fathoms; if  I am obliged to turn into 
Spithead, I may turn the Kickergill on each fide of Fort wonkton and 
corne no nearer the Wwii-r  than IZ f.itliolns, nor to the Dean than 9 or IO 
f d t h i n q ,  nor to Noman’s Land thzn I 6 or 1 8  fatlionis being dole to it. 

ver Cliffs, and bring St. 
?{Plen’s Church liffs of Bembridge Point, 

lying on the Dean and $orre, they muR be all left on the flarSmrd.fidc, t K 

% How do yoii conie to snchor at St. 
A. I woiild keep Sandocr 11 CdNe j u R  o 

fail s breadth open ob 
snrhnr in 8 or 9 !.ithonis. cq 9; suppore 
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Suppore 011 were moored at  Spithead with a cable and an half on thd 
b’f? bower, anlone on the fmall bower, ou have orders to id, at what 
time of the tide would you unmoor, anc!which anchor would you take up 
firit ? 

4. I would begin to unmoor at the firif of the flood, and take up my 
fmrll bower firfi. , 

In failing within the Iffe of White and through the Needles, what 
are your obfervations ? 

A. TO keep clear of the Wef? Middle, I would keep South Sea Caffk 1. 
fail’s breadth open of the Kicker Point until 1 open Wen Cowes Caff le, 
then Reer direAly for HurIt CaRle, and when abreaf? of it, borrow pretty 
near it, then ffeer for the Needles Point ; the Ieadinp mark throtrgh the 
Needles is the Liuht-houfe in one with Hurfi Caffle, bearing N. E. by 
E. $ E. I mriR Secareful to keep the Vanesof the Windniili which ffands 
S)n the ifland i n  fight, tP keep nie clear of Wardings Ledge; great re ard 
mnlt be had to the tides, for the flood fets on the Needles, and the et$ on 
the Shinqles with great velocity. N. 8. To the northward of the Wefi 
hiddle  ltes the Bramble; the Bramble and WeR Middle have each two 
buoyson them, if I fail to the northward of the Weft Middle I muff fail 
between it  and the Bramble, leaving the Bramble on the ffarboard fide i 
when I come to Weft Cowes Caffle, I muff give it a good birth, as there i 3  
P. ledge of rocks that lie off it : Warding Rock lies on the Iflaqd Side with 
a BUOY on it, when Xcome near the Needles, mllfi give them a good birh 
to avoid the Chalk Rock *, 
5 Wh at is your cow fe from Dunnofe to Portland 1 
A. W, by N. 16 leagues. 

. % If you are forced Into Portland,. what precautions are neceffary ? 
4. I muit take care of the Shambles, they bear from Portland Light% 

which lie north and fouth of each other; N. W. by W. 4 miles with only 
14 feet on them at  lour water ; to fail into the Road from the weaward 
I muR keep clofe to the Bill, and keep my lead going; when I am round 
the EaR Point, haul up and anchor a inR the Pier, in 9 or i o  fathomst 
with the Bit1 bearing S. S. E. Portland &file S. S. W. and Weymoiith CdO 
tle N. W. In failing out of Portland Road, I mufikeep We& Church o en 
of the Stone Pier, and thatwill carry me clearto the eaRwardoftha Shambres, 

It ffows hard from the Road to the Bill E. S. E. 7 hours, and t b  flood 
fets ri ht of the Bill 9 hours. 

N. i. In cafe I hould be embayed-to the weltward of Portland. and no 
pofiibility of getting out, betwecn Burton and Cliifwell, were it ebbs g hours 
and flows only 3 hours, there is a fferp beach of pebbles, I would there rim 
my (hip on (hore a i t l i  as much fail as I could carry, erpecially at the begin- 
ning of an ebb, and rcnlain on board for three or four Teas, when I may get 
on fiore with Mety. 5 What is the courfe from Portland to Torbay, and how do you an. 
chor there ? 

A. The courfe is W, N. W. and diffance about 14 leagues; to anchor 
in the bay, I would brin the Berry Head to bear S .  by E. or S. S. E. and 
Brixham Church on wit% the Pier Head ; the befi anchoring for fmall hip 
is I &  miles from Brixham Pier Head, in 7 fattionis. 

What is your coude from the Berry Head to the Start? E S. W. about 6 leagues. e. Is there any danger near the Start? 

*For amore emticular account, fee the DIRXCTIOPIS publilbed by J o n N   HA*^&* 
ON Moarr . Price &I /d. 

a 4. Year 
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A', Yes, aborit a miles to the eamtrirrd of the Start, there is a fioal with 

not more than 3 fathoms on it, the Bolt Head being kept open of the Start 
Point will carry me clear of it. 

What is your courfe from the Start to the Ediffone t k W. 4 S. 7 leagues. 
A. What is your courfe from the Start to the Ramhead ? 
R. W. N. W. 7 leagues. 
q. What is to be obferved in failing into Plymouth Sound ? 
A. I f  coming from the wefiward and am oc round the Hamhead, f muff 

give Penlee Point a good birth, by reafon of a ledge of rocks that lies off 
from it, then haul N. N. E. 4 E. for anchoring ; the leading mark .m is 
Plymouth Church, open with the welt part of the Citadel. 

la going into the Sound 1 may anchor in Caufand Bay, in zo fathoms,. 
with Penlee Point S. W. and the town of Caufand W. N. Uf. 

T h e  leading mark to carry me in between the Knap and Shovel, is Ply- 
niouth old Church, on with a white patch on the Hoa. 

I map go into the Sound on the ehR iide, between the Tinker and Shag- 
Rotie, by keepin Mount Batton a fail's breadth open of Staden Point, and 
keep in that direkion until Maker's Church bears N. W. and Withy Edpc 
ooen. then haul over to the eaRward and anchor. 'a' How do you fail into Hantoaze ? 

A. I would kee Kingfand o en of Reddisg Point, until the large Hat& 
at Stoke touches t!e EaR fide o/Mill Bav : fleer in iintjl the Obelik comes 
on with Block houfe Point; keep i n  that direAton, till the ealternmoR 
Summer HouIe on Mount Edgeconib Side, comes open with the point within 
which it B . d s ;  then fleer for it, until the eaR point of Mount Wife comes 
open with Block-houfe Point ; then Beer mid-channel for Stone-houfe Pool, 
till Drake's Ifland is h u t  within Block-houfe Point : I miiff not open i t  tilt 
South Down comes open with the Obelilk, then Reef up the harbour wit 
the fide of Drake's Ifland juff touching Parage Point, which will It? 
me to the fouthward of the Harbour Shoal, on the outer part of which there 
IS a rock, with on1 1 6  feet on it, but on any other part, there is 3& fathom. 
N. 5.  The marls to know the Sound when I am coming from f a  in the 

day time, are, Ram Church, which itands to the northward of the Ram- 
beads and a fquare tol*er Banding on the highelt part of the land. 

A. In going to Falmorith, there is a rock, called the Block Rock, WitH 
a pble on it, and fhews itfelf at half tide; it lies neareff to the weR &ore; E 
m"ay fail i n  on either fide of it, but the edt tide is the bdt. If  I would frit 
into Carrick Road, I mufi keep in the fair way, and my lead going as t h e n  
ki a narrow deep channel all the way, of I 6 or I 8 frthonis. 1 may borrow on 
Yt. Maw's fide in 5 or  6 fathom. The be[t anchoringin Carrick Road, ia 
St. Maw's CaBle E. S. E. and lay my eafierninoft anchor in r6or 1 8  fathoms, 
and my weffernmoff anchor i n q o r  5 fathoms. Jurt pafl St. Maw's thereisa 
Lnd that i5  fteep to, called St. Maw's Sand, and lies alnioR halfchannel oven 
N. B .  Great fliip's anchor, with Manacle Point, on with the Point of 

~~a lmou th ,  or a great hod?, that is to the weffward of Penryn, juft OF 
Trefiilis Point in I 8 fathoms.-The Manacleshe trom b'almouih about S. S.E. 

G H,pw do you know the Lizard when you fidt make i t  ? 
A. I t  is the fouthemmoff land on the Eo&, aud may be ken 7 or 8 league6 

@eJ in 42 fathoms. 
How does the Land's-End a pe 2 I t  a ears in hummocks witg a 

leagues 08 in 54 tathoms. 

2 

. You are hound into Falmouth, how would you proceed t 

Qs ' 3 what 
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emat are the dangers off the h n d %  End? 
A. Many:-iR. The Ruwe\-(tonx lit% 'about 16 miles S. S. W. f r a a  

Toll -peden-penwi th. 
ada N. E. by N. from theRonne1 none, iher6is a rock, called the Leaw- 

mean, which appears at half ebb, with a parage bctween it and the main, 
feldorn ufed by any but coaffers. 

& The Wolf Rock; be~rs from theLand's-End S. W. by W. difiance 
1mgtfeJ ; It is h a l l  and may be fecn at half tide; the largeit of the Brazen 

kocks, kept open of the orttermolf of rhe Long Ships (on wb;c& &re ir 6 
hgbt-boufi crir7cn) will lead me clean to the weltward of the Wolf. 

4th The LongShipsIie N. W. by N. about 3 ntilesfroni the S. W. point 
d land's End, and s mi\a W. N. W. fwn ti= wefier nnwR pint,  tlxy 
arc high, and may be fecn + or 5 leagues off. 

Sth, The  Kettle-bottom, is a ffroaj with only t feet on it, and ties about 
half wa between the ttorchamrd~ port uf rlie h o g  Shipsr and the wcfk 
point vrtlie Land's End. 

Gltr, T h e & ~ b m  Rockr\k~\M\ltj miiesN. E , b y N . f r ~ ~ t h e L o n g S h i p ~ .  
Tth, The fevejt Stones, are a row ot rocks that comenot above water, but 

the ka aIways breaks over them; they &P from the Land's-End W.S.W,@ 
dik 7 kagtirs ; and front St. Mirtirr's Head, Scilly, N. N. E.dik 3 leagues. 
4 I f y h  are forced into i\llount's Bdy, where would'be the fafefi an- 

choring ground? 
8. Mounr's Bay lies between the Lizard and the h id ' s -End  ; there is 

I\ high I f l d  on the calk fide, and a C~lfle  on the W e f i  Gde of it, CdiiPd St. 
Micl?ae)'s Mount ; from tlw ealt fide ofit Iresa'lt~ige of rocks, near a, league 
into the fed ; the Coalt is f i l l1 of rocks, a ~ i d  not Cafe to anchor in.  T o  {nil 
into the Bay 1 muR bring St. P,d's Steeple W .  and kt:p over to ttie welt 
&ore, and make St. Clenient's Ifland, whic I1 is bethe the town of Mode- 
&&, having the q4lc on the fiuboatd fide ; 1 ilia\\ tltea iee z large Candy 
bay, and, ahen withi0 tfie Illand, there 15 a good anchoring in 7 of 8 fd- 
thaws, laod-locked from winds but a S. E. wind, 

&& Sf you are bowid, or forced to go into Sc\i(y, what would p t x  do 
. 4. 1 would r!eer for Sr, Mary's Souad! and rdn in for the fouthcrnmolt 
pbjnt of St. Mary's I&nd, cdled PmnjnJS Point, niindiilg to keep thelead 

orng, and appruach no nejrer than 5 fathonis hvter; ahout N. W. of 
%t.ndih Point, a ht l e  niore thdn firtffd mile, i s  the Woolpatk, the final lies 
w a r  to the %ore ; I muk continue to run in 5 or 6 fathants, keeping pretty 
ciofe to St. Mary'sIfidnd, toavoid the Spanifh I edge, which lies about half 

mile W. by S. from Pcaninis Point ; fome par! of this Ihoal nay be feen 
at IOW wafer, and part of the Woolpack fhews hielf befurc low water; 
when I havegot abreafi of the Woolpuck, to which I inu[E give agood birth, 
cbaur 8 rabie's length, and Reer for the Stcvcl Rock wi6ch is bald , t ~  ; 
when 1 ani abreaft of the Stevel, mult fieer N.  w. by w. until little craw 
ffland come$ 011 with Baotlcarren Pdrnt ; thm fieer N. N. E: until Crow 
ZI1;md cape+ open 0 (hi 's Length of Bantfcarren Point, or bnng the caltle, 
wvlrich is on St, i!&ry'8 h m d ,  to bear S. S. E;. aud anchor in 6 or 5 fd- 
thorns water. 

,4wfwerr have brra rxamind by J~trerd exptricncrd 
irulurr rrJ"&ingrbr .ruor,4rng of ufiif af Cd. 

do sat t& %pan m j l f  t o  drtrrrmin6 
I mrrinrr wili WU/;Y,W crrm b r m  
x tbr wtntion e r d j d t r r e  &J"& 

R E M A W % $  

Knowledge, cwlddo hrrlr Mor1 t&n qui rl b k  



C O M M A N D E R S  
W H P N  COMlRG INTO 

T H E  B R I T I S H  C H A N N E L .  

Ships, in a proaching tlie Channel from a long panige, lhould not on@ 
try for foiin!ings in time, but run, if pofible, in the latitude of 49. 
North. Hiving, in that parallel, got fooundings in t a  fathoms, fhie whits 
fand with black and yellow fpecks, you may be fun that ou are near tbs 
outer edge of the Bank ; and about 50 leagues to the n e i w a r d  of S d l  
B running 16 or 1 7  leaycs further to the eaftwatd, in thc fame pya& 
o!latitude, you will have go fathoms, fine white rand; and continuing 
to run 4 leagues more to the eaftward, you will l h d c n  pour Water ta 4r 
fathonu. Soon afterwards, you will have 7 a and 73  fathorns, fine white 
fand with fometimes a mixture ofsreen ; andin, proceeding 16 or :7 I 
ftirtIicr to the eaffward, in this latitud I I  have ? t ,  7 , 77, 8% 
fathoms. The  foundings will be, fu B part, fine dnd, but dIf- 
fercnt in colorir I foine of them will fand, mixed with yellor 
fpecka; and others fine green land, mud. In  the latitude of 
450 ' ~ 3 '  North, and 6x leagues to the weRward of UQant, lies the Sofa 
Bank. It Rretches about b. S. E. and N. N. W. 11  lenguc3 ii; Iqnptli ind 
4 in breadth ; and Iris 6 4 fatlionis on it, fine grey faad. 

3% 



sl* d’ing art thc Soudh is the lDatdeh of 4 8 O  20; and 
4 .if O 30; wztb their fmerd f cpths of Water and Dj’lanccs from the 
Pand d f  USHANT. 

Grey fand, mired with bits of ihells and gravJ - 
Grey fand, mixed with !%ells and gravel - - 
Grey fand, mixed with fmall cornet fiells - - 
Sand mixed with gtavel, &ells, and h a l l  cornets - 

fandand flat floncs - - - - - 
Whitilh Light grey T and, with bits of hells - - - - 

Depth in I Fathoms. 
qUALIl’Y 0 8  THE SOUNDIXCS.  

- X I ~  - roq - 110  - t o 8  - io8 - zoo 

I- 

LI ht rey fand, mixed with barley beards - - 
uSi;itiff; grey fand, bits of lhells and fine cornets 

{ imall melts - - - - - 
Pine grey find, with bits of fhells - - j 

} 
} 

Light grey rand, mixed with barley beards and 

Grey fand, fpotted with red, and mixed with 

hitih coarfe ihining fand, with fine fiells 
Whitifh coarfe fhining rand, mixed wirh barley 

beards and coral - - - - 
itificoarfe rand - - - - 

bits of lhclls - - - - - - 6 

- 94 - 80 

- 79 - 75 - 75 

- 65 
64 

-’ 70 

. .-  
?*When ltinding for the channel in latitude 4‘ zf, which io the bee 

&@$tude, and you have run To far to the eaitward:s to Ihoaleii your water 
70‘65 or 67 fathoms, and the foundings are fhells and ha11 yellow ffoner 4 red fand, you may thence conclude that you are abreaa of Scaly ; or if 
ou have 68 fathoms, white (and with grey fpecks, and fometimer lhells 

$d fines, Scilly will then bear about N. E. from YOIX, dilfance IO leagues. 
Your foundings will always inform you whether you are to the northward 
uffmthward of Scilly. I n  the latitude of Scilly yoti will have oazey 

W. N .  W. 10 leagiies from Scilly, 
es Jones’s Bdnk, on which YOU will have but 30, 35, and 40 fathoms ; 

and, a little to the foutliward of it, yoti will have  72 and 7 fdthoms. I n  
running for the channel, i n  th de of 499 30’, }ou will have the fol. 
josing depths of water and foi , when ou are itbreaff Scilly; name. , 60 fathoms, oaze and brok Is; 64 f h m s ,  white fand with re 

liiundinqs 

und, ih 60, 65, 75, or 80 fathoins. P 

becks j 65 fathoms, ihells and and 5 5  fathoms, firle grey fand. F Y  r h e  



to the northward, and endeavour to make the land about the Lizard ; you 
may fafely make it in the ni ht, as well as in the day, if the weatbeer be 
clear: for the Lighthuufes $and io high, and the CoaR is Io clear, that 
YOU may, without danger, come withiti half a mile of the point, If the 
teather  proves fo thick that you cannot fafely make the land, came, no 
nearer to the Lizard than 45 fathoms ; for, in that depth you will not be 
more than three leagues off the mint : your foundings there will .bo pewle 
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-2-- 

I I OI.000.1 
62 60.1115.1 22  118.329.6  S2 176.544.1 
63 6 1 . 1 1 1 5 . 3  23 119.329.9 83  177.544.: 
64  62.1 15.6 24 120.3 30.1  84 178.544.7 
65 63.1 1 5 . 8  25 121.3 30.4 85 1 7 9 . 5 4 5 . ~  
66 64.0 16.0 26 1zz.2 30.6 86 180.445.1 
67 65.0 16.3  27  123.2 30.9 87 181.445.4 
68 66.0 16.5 28  124.2 31.1 88 182.445.7 
69 66.9 16.8 29 125 .1  31.3 89 183.345.5 
70 67.9 17.0 30 126 131.6 0 124.3 46.1 

7 1  6 8 . 9  17.3 131 127.1 31.8 191 185.346.4 
72 69.1 17.5  32 128.0 32.1 92 186.2 46.7 
73 70.8 1 7 . 7  33 129.0 32.3 93  187.246.9 
74  71.S 18.0 34  130.032.6 94 188.2 47.1 
75 72.8 1 8 . 2  35 131.0 32.8 9.5 189.2 47.4 
76 73.7 1 8 . 5  36 131.9 33.0 96 190.1 47.6 

---_-- 9-- 

7 7  74.7 18.7 37 131.9 33.3 97 191.1 47.9 
78 7 5 . 7  19.0 38 133.')33*5 98192*1@.1 
79 76.6 19.2 30 134.8 33 .8  99 193.048.4 
80 77.( 19.4 41 135.814.0 ~ 0 1 9 4 . 0 4 8  6 
S I  78.6 19.7 141 136.8 34.3 201 i y 5 . 0 4 8 . 8  

83 80.5 20.2 43 138.7 34.7 0 3  196.9 49.3 

------ 
82 79.5 '9.9 42 '37.7 34.5 0 2  ' 9 5 * 9 W * 1  

8 4  81.5 20.4 41 139.7 35.0 04 197.0 49.0 
85 81.5 20.7 45 140.7 35.2 o 19x.9 ,9.8 
86 83.420.:  46141.635.5'  ot!r?,.XSo.l 
87 84.4 2 1 . 1  47 142.6 35.7 07 ton.8 10.3 
X8 R5.4 ~ 1 . 4  48 143.6 36.0 08zor .8  50.5 
89 86.3 2 1 . t  49 1 4 4 . 5  j6.2 og 202.7 50.1 

: b 2  . !or - 



TABLE rr. rence OF Lstirude and Debar 



nifl Lat. Del 

61 57.420.; 

64 60.32r.i  

66 62 .1  22.. 

6X 6q.caz.c 
69 6 5 . ~ 2 3 . :  
7~ 65.923.t 
71 6h.823.r 
72 67.824.; 
73 bS.-,z,.L 
74 69.724.5 

76 71.625.t  
77 7ZQ525.5 
7 s  71.4 26.: 
79 74.426.6 
80 '5.326.9 
8 1  , 6 - 3  27.3 
82 77.227.6 

-- - 
61 58.420.1 
63 5 9 . 3 2 1 . .  

65 b I . z z I . 1  

6 j  63.1 ZZ. (  

--- 

75 7Q.625.2 

--- 
S I  78.1 2 8 . C  

84 79.1 23.3 
8 5  Y ~ . 0 2 S . 6  
86 81.c29.0 

88 Sz .8 t9 .6  
Sg 83.830.0 

91  8 5 . 7 3 0 . 6  
92 86.631.0 
93  87.6 31.3 

87 81.729.3 

9 c  84.730.3 --- 

94 88.531.7 
95 89.432.0 
96 P * 4 3 = . 3  
97 91.3 72.7 
9 8  92-3 33.0 
9'1 93.2 33.3 

I O 0  94.2 '3.7 
I O 1  95.1 34.0 

0 3  97.C 34.7 
04  97.5 35.0 
05 98er 3S.4 
06 99.s 35.7 
07 100.8 36.0 
08 101.7 36.4 
oij 102.7 36.7 
IC 103.6 37.0 

1 2  105.4 37.7 
1 3  106.4 38.1 
14 107.1 38.4 
15 108 3 iX.7 
16 109.: 39.1 
17 1 1 0 . 2  39.4 
18 1 1 1 . 1  39.7 
i q  112.040.1 
20 1 1 3 . c  40.4 
X R  Den. Lat. 

--- 
0 2  9 6 4 3 4 . 4  

--- 
1 1 1  104.5 37.4 

-- - - 

181 170 4 6 1 .  
82 171.461. 
83  172.: 61. 
84 1730. Gz. 
85 174.2 6 2 .  
86 1 7 5 . 1  62. 
87 176.1 63.' 
88 177.0 63. 
sc, 177.g 63.' 
$80 173.9 64.1 

191 179.7 64.' 
92  1So.S 64.; 

I 93 181.- 65.' 
94  182.6 6j.a 
95 183.6 6 5 . :  
96 184.5 66.c 
97 I Y ~  5 6 6 . :  
98 rX6.4 66.; 
39 1Y7.4 67.c 

200 I U 8 . 3  67.4 
201 1 8 7 . 2  67.; 

07 1 q 0 . 2 6 8 . c  
03 191.1 68.4 
04 1 9 2 . 1  G S . ;  
05 rriT.o6g.c 

07 1~4.9 69.7 

--- 

--- 

06 194.C 69.4 

os '9)F.X 70.1 

211 198.7 7 1 .  I 

04&96.s 70.4 
10 197.7 70.7 - -- - 
I2 199.671.4 
13 1 ~ 0 . 5  71.7 
1 4  2 0 1 . 5  72.1 
15 202.472.4 
16  203 4 7a.7 
'7 204.313. '  

19 206.2 73.8 
I8  ZOs.2 73.4 

20  207 .1  74.1 --- 
221 2CZ.l 74.4 

22 '09.C 74.8 
23 210~0 75. I 

+6 212.8 16. I 

2 8 ~ 1 4 . 7  76.8 

30 216.5 77.  i 
231 217.577.8 

32 218.478.1 
33 '19.4 78.5 
34220.378.S 

36 2 2 2 . 2  '9.5 

38 224. I YO. 2 

39 225 .0  80.5 
40226.080.8 

l i l t  DeP. Lat 

24 210.9 75.4 
25 211.8 7 5 . 8  

27 213.7 76.5 

29 215.677.1 --- 

35 " 1 . 3  7901 

37 2 2 3 . 1  79 .8  











TABLE ff. Difrence of Latitude and Dcu .. Y 



Dif)krence of Latitude and Departure for 3 ; Points. : 

72. I 

72.7 
7 3 . 3  
73 .9  
71- 5 
75.’ 
75.7 
76.3 
76.9 
77.4 
78.0 
7R.6 
79.2 
79 8 
8G.4 
81.0 
81.6 
8 2 . 2  

52.8 
83.4 
84.0 
84.6 
8 5 . 2  
Xg.8 
86.4 
87.0 
87.6 
88 .2  
88.8 

90.0 
90.6 

91.7 
92.3 
9 2 - 9  
33.5 
94.1 
94.7 
95.3 
95.5 
96.5 
97. I 
97.7 
98.3 
98.5 
99.5 

r00.7 
r01.3 

W1.g 
tOf . !  

103.1 
‘0’i.i 
104.1 
104.5 
‘05.4 
r06.c 
106.( 
107.1 

- 

89.4 
I_ 

91.j 

- 

100. I 

_I 

_I 

Lar. __ 











3 



3 



TABLE Iff, C of Latitde and Dtwiiwii f" * 

Mil Lat. DCF 
t 01.0 00.1 
a M . O  00.1 

3 03.0 00.2 
4 04.0 00.' 
5 05.0 00.: 
b ,o6.o~ 00.4 

7 07.0 00.1 
a 08.0 0o.i 
9 09.0 0o.t 

11 1i.h 00.2 
12 1a.o 0o.Y 
XI 1 3 . 0  00.5 
14 14.0 01.c 
1 ;  1 5 . 0  0I.C 
r6 16.oo1.1 
1 7  17.0 01.2 
18 18 .0  01.3 
x q  19.0 01.3 
10 20.0 01.4 
a i  20.9 o r . ~  
aa 21.9 01.3 

23 22.9 01.6 
a4 23.9 01.7 

a6 25.9 01.8 
a7 2 6 . 9  0 1 . ~ 1  

--- 

10 JO.0 00.; --- 

--- 
25 ,2409  01.7 

aa.z7.9 O Z . ~  
rrq 28.9 01.0 

2 z&) 0s 

1 p . 9  02.2 

34 33.3 01.4 
35 34.9 02.4 
36 35.9  02 .5  

3% 37.9 0 2 . 7  
39 38.9 02.7 

39.9 02.8 
+a 40.3 02.9 
+a 4 1 . ~  02.9 

w 4 3 . 9  03.1 

46 45.9 03.2 

48 47.9 03.4 
49 48.9 03.4 

. $1 30.9 02.1 

sf 32.9 02.3 

37 36.9 02.6 

3 

43 42.9 03.0 

45 44.9 03.1 

47 46.3 03.3 

49.9 O3.5 
51 30.9 03.6 
5 1  51.9 03.6 
53 52.9 03.7 
54 53.9 0 3 . 8  
55 54.9 03.8 
56 5 5 - 9 0 3 . 9  
57 56.9 04.0 
58 57.9 04.0 
59 58 .9  04*Jl 
60 $9.9  04.2 

Jilt 1)co Lat.' --- 



D d 2  for 8s  Dc & :prees: 

















for 77 I)eereec. II 











90 85.6'7,s 
91 86.528.1 
92 87.523-4 
93 85.428.7 
94 89.429." 
95 90.3'994 
96 9 1 - 3 2 9 . 7  
97 p..230.0 
98 3 3 4 3 0 . 3  
99 94.1  :c.6 

--- 



- 
61 
62 
63 
64 
65 

67 

69 

66 

68 

70 
71 
71 
73 
74 
75 
76 
77 
78 

- 

z2 
-c 
81 
82 
83 
84 
85 
86 

2 
89 
90 
91 
91 
93 
94 
95 
96 
97 
98 
99 

--. 

IO0 

101 
02 

- 
0 3  
04 

3 

2 
07 
08 

- 
111 
I2 
'3 
'4 
' 5  
16 
17 

=9 
I zc 

18 

)ilt - 







for 6 



-- 
56.1 23.8 
57.1 24.2 
58.024.6 

69.8 2 5 . 8  
61.7&6 2 
62.6 2 6 .  6 
63.5 27.0 

5s. 9 25.0 
5 9 * 8 2 5 . $  

64.4 27'  1 
65.427.7 
-- 
6 6 . j  28.1 
67.228.5 
6R.r 28.9 
69.0 29.3 
70.0 29- 7 
70.9 30.1 
71.8 30.5 
72.7 30.9 
73.6 31.3 
74.6 31.6 
75.5 32.0 
76.4 32.4 
77.3 32.8 
78.2 33.2 
79.2 3 3 . 6  
80.1 34.0 
81.0 34.4 

-- 

81. 34.8 
82 . i  35."- -- 
83.8  35.6 
84.7 35.9 
85.6 36.3 
86.5 36.7 
87.4 37. I 
88.437.5 
89.3 37.9 
90.2 38.3 
91.1 38.7 

9 3 . 0  39.5 
93- 39.9 

95.7 40.6 
9 6 . 7 ~ 1 . 0  
97.641.4 
98.5 41 8 
99.4 42 * " 
00.3 42 * 6 
01.3 93. n 

03.1 93.8 
04.044.1 
04;944.5 

07.7 45.7 
08.6 46. I 
09.5 q6.5 
10.5 46.9 
DCD. Lat. 

92.0 39.1 -- 
94. P 40.2 

-- 
0%.243.4 

:;:; 

-- 
for 67 Deqrces. 



02.;  4j.6 
03.2 16.0 
04.1 46.4 
0 5 . 1  46.8 
06.0 7.2 

OS.,? 8.4 
09.  8.8 
k p .  3 Lac. 

157.1.70 0 
158.0 70.4 
158.970.8 
159.9 71.2 
160.871.6 
161.7 72.0 

163.j 7z.S -- 1 W . 7 3 . a  
DCO. Lat. 

162.672.4 

- - 
for 66 Deerees. 







02.5 52.2 

03.4 ( 8 ' 7  
04.2 5 3 . 1  
0 5 . 1  53.6 
06.c ~ 4 . c  



for 62 Degrees. - - * 













T-- TASLE TIT. Difference d’La’ttudemed7 



69.4 
70.0 
70.5 
7 1 . 1  
71.7 
72 .3  
72.3 
73.4 
74.0 
74-6 -. 

181 148.2 103.8 

83 149.9 105.0 

86 152.3 106.7 

8 8  154.0 107.8 
89 154.8 108.4 - 90 155.6 1og.o 

82 149.1 104.4 

84 150.7 105.5 
85  1 5 t * s  106.1 

8 7  153.1 107.2 

191 a % 

241 197.4 138.2 
42 198 .2  138.8 
43 199.0 '39'4 

45 zoc.6 140.5, 
46 201.5 141. I 

48 203.1 143.2 

44 '99.8 '39.9 

47 202.3 141.7 

49 203.3 142.8 
5°204.7 4 
I-- 

H' h for 55 Degrees. I1 







___ - - 
TAELS I I X .  Differenced Catitude and T2eparture for 2-6. . - 



-- 
TABLE 111. Difference ofLathde and Departure f ir  



--1- _ -  
TAB~E'RI. Difference of Latitude and Debarture for AO D;EV&* 



51 114.7 y 9 . 7  12 160,c 1 j p . i  
53 1 ~ 1 . 5  103.4 1 3  160.8 139.7 
51 1 1 6 . 2  101.0 14 161.5 140.4 
55 117.0 101.7 1 5  162.3 14r.c 
56 1 1 7 . 7  102.3 16 163.c 141.7 
57 118.5 ru7.0 17163.7 142.3 
$ 3  IXg.2 107.6 18 164.5 147.C 

for 49 Degrees. 



.,' I . . ,  

for 48 









- 

i >  ' 
A Table of Logarithms, from I to 120. 











A 

















L1 





i '  

2.9734" 2..9:;45 2 . 9 7 3 5 c  2.973' 
97397 9739' 97396 974' 



Sine. 
-L 

IO. ocmc 
1.46373 

76476 
94085 

r.06579 
16270  . 24188 
30882 
3668 I 
4'797 
46371 

~,40512 
5420' 
57567 
6 ~ 3 8 5  
67982 
66734 

7 1 9 0 9  

c.- 

69417 

74'48 
76475 

e78594 
So6 I 5 
82545 
84393 
86166 
87870 
80 509 
92088 
92.612 
94084 zx- 
96887 
g s w 3  

--- 

99PQ 
,00779 
020c 2 
03197. 
043 50 
05478 
06578 
c 7650 
08696 
9 7 4 8  
307'7 
11693 
$2647 
13581 

-- 

14495 

- 
Co-line 
-e 

10 .COoor  

00000 
oocao 
00000 
c 0000 
coooo 
00cGO 
OI>COO 

coooo 
OOOQO 
OOOOO 

Io.oooco 
00000 
oooljo 
OOOd0 
00000 
ocoo3 

-- 

-- 

1.97939 
99999 
99999 
99999 

) * '  9999 
99399 
99999 
39999 
99999 
90999 
99999 
97999 
95999 
33993 

.99998 
97998 
99998 
99998 
99998 
91998 
999'17 
99937 
99997 
99997 

*99797  
99197 
99997 
99996 
99996 
99996 
99996 
99996 
39996 

-I_ 

--- 

- -- 

9993s . j 

, Tangents, and Secants. OD 
Secant, -. 
0.COOOO 

0.0 300 
OOOOO 
00000 
00000 
OODOO 
00000 
000 0 

OOL 00 
00000 
ooi 00 

0 * 00000 
o-moo 
oocoo 
cos03 
OYJOO 
00000 
OOLCO 
COCO1 

OOOCI 

".00001 
COOOI 
00001 
ocooI 
ococ I 

COOUI 
00001 
ocoo2 
oocoz 

). 00:02 
OOCOL 
00001 
OOO"2 
000.2 
oooo* 
ocooz 
0~003 
or003 

.000~3 

ocnc3 
00003 
GO c4 
coos4 
000~4 
O K 0 4  

-- 

-- 

ooooi -- 

corvi 

-_. 

01 007 --- 

memm 
Co-fecal 

, I  

76544 

R 
c 

6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5' 
4' 
4 
4 
41 
4 
43 
4 
45 
4 
4' 
3' 
31 
3: 
3' 
31 
3 1  

3: 
31 
3' 
3c 

125 
28 

27 
26 
25  
24 
23 

d 

d 

c 

- 

22 
21 
20 - 
' 9  
18 
17 
r6 
' 5  
14 
'3  
12 
I1 
IO  - 
9 
8 
7 
6 
5 
4 
3 
2 

I 
0 



Secant. 

10.00007 
00007 
00007 

0qfw7 
00007 
o m s  
O W X  
00008 
00008 
00069 

I 0~00009 
oooog 
00009 
OOOIO 
0i)OiQ 
00010 
0001 I 
0001 I 
0001 I 
00011 

IO. 00012 
03912 
c-Ioia 
00'313 
c0013 
00213 
ooorq 
c0014 
c0014 
o w 1  5 

IO. OQO I 5 
900 r 5 
000 I 6 
00016 
ooo I 6 
n0317 

05017 
ooorx 
c~oors  

O.OOOl8 
000r9 
n0519 
00019 

-c.- 

-- 

- -. 

-- 

00017 

-- 

0c020 
0057.0 

oooa I 
0002 I 
0032 I 
oooza 

00023 
000r3 
00~23 I 
00024 
0n024 
0002~ 
000t5 
00026 
oootb 
00026 

-- 
0.00012 



REEZ v:Of JkRTrPrClAt Shes, Tangents, and $&antsr 2' 
---7--4 _ -  

20-fine. 

99973 
99973 
99913 
99972 
99972 
99971 
94Y7f 
99970 
99970 
9P970 

-99969 
99968 
99963 
99967 
99967 
99966 
49966 
99965 
99965 
9')964 

-99964 
99963 
99163 
99961 
99962 
99361 
99961 
99950 
99 6s 
9915' 

-99959 
99958 
99957 
99957 
99954 
99956 
999 5 5 
99955 
79954 
97957 

-99953 
99952 
9995% 
9995' 
9995' 
99950  
97749 
99949 
9994f3 
97947 

-99147 
99946 
99946 
99945 
99944 
99944 
99913 
99943 
93942 
99941 
99940 
Sine, 

--- 

-- 

-- 

-- 

I_- 

I- 

cI_ 

- - 

Secant. 

87 DUrgrecs. 



-u 
W i n e .  

b99940 
99940 
99939 
99938 
99938 
99937 
99936 
99936 

-.- 

99935 
99934 
*99934 
99933 
99932 
9993' 
99931 
99930 
99929 
99929 
99918 
97927 
.99926 
99926 
99925 
99924 
99923 
99923 
99922 
99931 
99920 
99920 

1.99919 
99918 
99917 
q 9 9 1 7  
99916 
99915 
999'4 
999'3 
99913 
999x2 

).999'I 
999x0 
99909 
999'9 
99908 
9Y9C7 
99906 
99905 
99904 
99904 

3 99903 
99902 

-- 

-- 

-- 

-- 

9990' 
999CO 
99899 
99898 
99848 
99897 
99806 
9989 5 
99894 

Co-Gne.1 Sine. 
l___l_. 

Sines, Tangents,and ====! 
Secant. 

--- 
0.00059 
' 00060 
ocud I 
00062 
0006~ 
coo63 
coo64 
cw64 
c 0065 
00065 

0. o o o 6 b  
00067 
coo68 
00068 
00069 
00070 
oco70 
coopi 

0007 3 
I 0.00073 

00074 
00075 
00076 
00076 
0007 7 
00078 
00079 
00019 
0ooSo 

IO. 00081 
00082 
0008 3 
00083 
00084 
00085 
oscX6 
00~87 
00087 
00088 

10.00089 
oooyo 
oocy I 
oooq 1 
0 0 ~ 9 2  
00093 
00094 
OOOY 5 
oooy6 
oioy7 

IO. 00097 
oooys 
00099 

-- 

0007Z -- 

-- 

-- 

--- 

COlOl 
03f02 
OOIOZ 

ea 
r= 

- 
60 
59 
55 
57 
56 
55 
54 
53 
52 
5' 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 

- 

- 
3s 
2 
35 
34 
33 
3' 
? I  

30 
L 

3 
27 
26 
"5 
2 4  
2 3  
12 
11 

20 
c 

1 )  
I8  
17 
16 
J S  
x4 
13 
12 
I1 

IO 
- 
9 
8 
7 
6 
5 
4 
3 
a 
I 
Q - 

M 
ai 



.__- - -_ ----- . 
Co-tang. I Secant. 1 ~ o ~ e c a n t . J  

OOY07 
ooto8 
00109 
&log 
001 10  
061 I r 
06112 
00113 

I 

1 

i 

4 
5 
S 
5 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4' 
3' 
3'  
3; 
3' 
3 '  
3' 
3:  
3' 

3c 

z7 
r6  
14 
t 5  
c 3  

- 

- 

- 3 '  

3 

c2 
i r  
LO 
d 

19 
8 
7 
6 
5 
4 
3 
2 
I 

0 

4 
2 
5 e 
3 
P 
I 
9 
I 

1. 



co- tang 

t A '* 
Secant. 

10.00166 
00167 
00168 
00169 
00170 
00171  

00171 

00173 
00174 
0 0 ' 7 5  

ro.co1~~ 
O O l t X  

ocr'l9 
OOlXO 
oorR1 

00184 

00186 
00187 

00190 
00191 
0 0 1 p 1  

00193 
00 I 94 
00196 
00 I97 
00198 
o='99 

L-- 

-- 

0 I 8 3  

OOlPS 

lo.oola% 
-I_ 

-- 
I O .  OU2LO 

00201  

00203 
00204 
00205 
0 0 ~ 0 6  
~ ~ 2 0 8  
0 0 2 ~ 9  
C'oz1c 
001 1 1  -- 

~ d .  002 13 
0 0 ~ 1 4  
00215 

001 16 
~ 0 1 1 8  
001 I g 
OOL%O 

00221 
00223 
00224 

I O .  OOZZ s 
ooza 7 
COP a 8 
t o r i 9  
OCl?I 
001 j2 

00133 
00174 
002 36 
00237 
00'39 

-- 

2 0- Iccan t. 

YI 

L 

60 

:8" 
57 
56 
5 5  
54 
53 
5' 
5' 
5 1  
49 
48 
4) 
46 
45 
44 
43 
4 1  
48 
4- 
39 
38 
37 
36 
3 5  
34 
33 
3= 
31 
30 
a9 
21 
27 
26 
2 5  
24 
'3 
za 

- 

- 

I_ 



T A ~ B  V, Of A W l F I C l A f  Sines, Tangents, and Seta 

Co-line. 

9 * 99761 
99760 
997 59 
997 57 
99756 
99735 
99753 
997 s= 
9975r 
09740 

9.99748 
91,747 
99745 
99744 
99142 
9'174' 
99740 
99738 
99137 
99715 

9 -')'I7 34 
99733 
9973' 
93730 
99728 
99717 
937'6 
99724 
9117'3 
997"' 

9.99720 
997x8 
99717 
99716 
99714 
99713 
997'' 
99710 
9'1708 
V'707- 

9.94705 
99704 
3970% 
99701 
99% 

99596 
99695 
99693 
99692 

5.99690 
99689 
99687 

93684 
90683 
$39181 
99-30 
99678 
99677 
99675 

Sine. , 

-- 

-- 

--- 

I_- 

- 

9969s 

93686 

- 

Secant. 



I ('n-fine. I 

-. 
61 
SI 
9 
5;  
5 t  
S !  
54 
52  
52 
5' 
50 
4J 
43 
47 
46 
45 
44 
43 
43 
41 
40 
39 
3s 

- 

- 

:s 
35  
94 
33 
3 2  
31 
30 
- 
3 
27 
26 
35 

24 
2 3  
22 

2 1  - 
ao 
'9 
I 8  

I ?  

'5 
vs. 
' 3  
rz 

10 

I 1  

IO 
._ 

B 
7 
6 
5 
4 
3 
1 
I 
0 

Secant. 1 M. 



-c 

63 

;! 
:z  
55 
54 
53  
5s 
5' 
50 
49 
48 
41 
46 
45 
44 
43 
4= 
41 
40 

37 

35 
34 
3 3  
3' 

30 
29 
a8 
27 
26 
2 5  
24 
23 
2 %  
ax 
DO 
I 9  
18 
11 
16 
15 
14 
I 3  
1% 
1 1  

IO 
9 
8 
7 
6 
5 
4 
J 

.c- 

;; 
36 

2 

-- 

% 

I 





4 

- 
Tangent Co-rang Secant. 1 Co-iecan 

-I_ -- 
10.00665 10.76033 

00667 75961 
00669 75890 
00672 75819 

00676 75676 
00678 75605 

75534 
75464 
75393 

10.753'23 
75252 
75182 

00674 75747 

- -I 
1 
' 75112 

7 504% 
74977. 
74Wl 
748 3 
74762 
7469 3 

74455 
74486 
74437 
'74348 
747.79 
742'@ 
74142 
74073 
7400 5 

10 .73937  
73869 
73801  
73739  
73665 
1 3  597 
73530 
73402 
73395 
7332% 

10.73261 
73193 
73'27 
73060  
72993 
72927 
72860 
72794 
72727 
71661 

'0.7=595 
72529 
72463 
72395 
P 3 . v  
72266 
p o '  

7 W 0  

_I_- 

10.74623 

--- 

-- 

72'36 

.Lh 
s 
I 

61 
5 
5 
5 
5' 
5 
5' 
5 
5 .  
2 

5' 
4: 
45 
4: 
4t 
45 
44 
43 
42 
4' 
4' 
39 

/ 

33 

3 5  
34 
33 
3% 
3' 
30 

27 
26 
2 5  
554 
23 

:s 

/ 

3 

2 s  
%I 

20 

19 
18 
17 
16 
15 
14 
'3 

-. 

I2 
I2 - 
IO 

P 
7 
6 
5 
4 
3 
a 
I 
a 



M. I Sine. 

R 

- 

Secant. 

6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
4 
4 
4 
4' 
4 
zl 
4: 
4: 
4' 
4' 

- 

- 
:I 
37 
3( 
3! 
34 
31 
32 
3 1  

3c 
I 

3 
27 
26 
"5 
24 
23 
22 
2 1  

20 
- 
19 
18 
17  
16 
'S 
14 
'3 
I f  
I 1  

10 
I 

s 
7 
6 
5 
4 
3 
2 

I 

- 
78 Degrees. 





, Co-tang, 1 Secant, 
10.63664 10.011a8 

63606 orrjo 
63548 0 1 1 3 3  
63491 or136 
63434 0'139 
63376 0114% 
63319 02145 
63262 0 1 ~ 4 8  
G j 2 0 5  o r r s r  
63 148 0 1  54 

1~,.63U91 1o.orrj7 
63034 0,160 
62977 01163 
61910 or166 
62863 or169 
62807 01172  

62750 o r 1 7 5  
62694 or1:8 
62637 or181 
62581 o 1 1 S 4  

10.62524 1c.orr87 
62.k68 origo 
614ra or193 
61356 01196 
61300 01199 

62132 or208 
61076 01211 
62020 01214 

ro.61965 zo~vrlr17 
61909 O I Z Z O  
61853 o t z i 3  
61798 n m 6  
61743 01229 
61687 01232 
Gr632 C l Z 3 5  
61577 01238 
61521 otz41 

_I- 

O I 2 0 2  :::;ti: olzog 

--- -- 

61466 01244 

0.61411 10.01247 
61356 ora50 
61301 01254 
61246 01257 
6rr92 01260 
61137 01265 
61082 01266 
6x018 or269 
60973 o127a 
60918 01275 

0.60864 10.01278 
60810 orz8i  
60755 01285 

60647 or291 

60485 O f 3 m  
60431 01303 
60377 01306 
60121 or710 

----- 

- --- 
60701 012S8 

w 9 3  ora94 
60539 0,297 

76 Degrees. 



M. J Sine. Co-tang 

i77 54 
J 0,57703 

57652 
57601 
57550 
57499 
57448 
57397 
57341 
57296 
57J45 
57175 

-c 

. . -  
1 Co-fne. 1 Sine. 1 Co-tang. I Tangent. 

Secant. Co-fecants 

10.61632 
61582 
6153' 

61470 
61380 
61330 
61280 
6 1 t t 9  
6 1 r 7 ~  

I-- 

61481 

10.61 129 
61079 
61019 
60979 
6 w 9  
60879 

60730 

60830 
60780 

60631 
io.Go63 I 

60582 

-- 
60533 
60483 
60411 
Goj85 
60336 
60287 
60238 
60189 

10.6~1140 
6o091 
60041 
59994 
59045 
59896 
59848 
59800 
59751 
50701 

10.59654 
59606 
5YS58 
595 '0  
59462 
594'4 
59366 
593'8 
59270 
595422 

Jo*59175 
59127 
59079 

-- 

' 

P 

75 Uegrers. 
I 



! 

59 
60 
z 

41347 

1 41488 

I== 41441 41394 

, 41535 
41582 

4 1675 

9.41768 

41628 

4172%- 

41815 

419"8 
4x954 
410or 
42047 
42093 
421'49 
42186 

9.422 32 
42178 
42324 
42370 
42416 
42461 
42 507 
42553 
42593 
42644 

9.42690 
42735 
42781 
42.826 
42872 
42917 
4296% 
43007 
43053 
43098 

9.41'43 
43'88 
43233 
43278 
43323 
43367 
43 4'2 
43457 
43 502 
43546 

9.43591 
4363 5 

43724 
93769 
438 13 
43857 
43301 
43946 
43990 
44034 

Co-fine. 

- 
41861 

-- 

-- 

-- 

-- 
43680 

__c 

Co-fine 

9 4280s 
42856 
42906 
4-4957 
43007 
43057 

, 43x08 
4315s 
43208 
43258 

9.43308 
43358 

43458 
43508 
47558 , 43607 
43657 
437J7 
43756 

9.43306 
43855 
43305 
41954 
44co4 
4405 3 
44102 
44'57 
44201 
44350 

9.49299 
44348 
44397 
44446 
44495 
44544 
44592 
4464' 
44690 
44738 

9.44787 
44536 
44394 
449 3 3 
44981 
45039 
45378 
45'26 
4E'74 
45122 

9.49271 
453'9 
45367 
45475 
45436 
455" 
45559 
45606 
45654 
4570" 
45750 

Co-tang. 

-- 
43408 

-- 

-- 

-- 

- -- 

1_1 

' Co-tang -- 
I0*5719! 

57144 
57094 
57043 
56993 
56943 
5689a 
56842 
5071J2 
567 12 

I C .  56602 
-- 

56642 
5659% 

56492 
5 514 2 

5 6 3 9 3  
56343 
56293 
56244 

56x45 
56095 
56046 
55996 
55047 
55898 
5 5 848 
55709 
55750 

IO. 55701 
5565% 
55603 
5555.) 
sssos 
55456 
55408 
55359 
55310 
55262 

55'64 
55116 
55067 
S F ' 9  
5497 I 
59922 
54874 
54826 
54773 

t o *  s.i7?l 
5468 I 
54631 
545x5 
54537 
54489 
54441 
54394 
51346 
54298 
54250 

Tangent. 

56542 

-- 
zo.561i)4 

--- 

7- 

10.5 521 j 

7 

Secant. 

xo .or~oG 
0'509 
0 1 ~ 1 2  
01516 
015'9 
0 1 P 3  
01526 
or529 
0'533 
01536 

10.0 1 5  1 2 
0'5.13 
01 517 
01550 

OIj53 
0 '557  
01560 
0 1  jG4 
01567 
01 571 

-- 

- 

-- 
lO.Qlj74 

01578 
0 1 5 8 1  

01 584 
* 015Sx 

01591 
01595 
0159% 
OIbBL 
or605 

IO. 01609 
01612 
01616 
or619 
o16a3 
01626 
orG3o 

--- 

01634 
01637 
or641 

I O .  01644 
orb48 
0 1 6 5 ~  

01658 
01662 
or666 
01669 
0'673 
or676 

[ 0.0 I c 6 3  
or683 
016S7 
0x691 
01674 
01698 
01701 
O I 7 0 S  
01709 
01712 
01716 

Co-kcant 

-_I 

01655 

--A 

- 
N n 2  74 Degrccsr 

- 
6c 

5 
57 
56 
55 
54 
53 
52 

-5 : 
50 
49 
48 
47 
46 
45 
4 4  
43 
42 
41 
40 
I 

39 3 
37 
36 
35 
34 
33 
3% 
3 *  
30 
- 
3 
27 
26 
25 
24 
23 
22 

21 - 
ao 

3 
'7 
16 
' 5  
'4 
'3 
l a  
11 

IO 
- 

9 
8 
7 
6 
5 
4 
3 
a 
I 
0 
I 

M 



M# 
L 

0 
I 
2 

3 
4 
5 
6 
7 
8 
9 
e 
10 
X I  
2 2  

3 3  
14 
15 
16 
17 
18 
19 c 
20 
21 
22 
03 
24 
25 
26 
=7 
28 
29 
3" 
31 
32 
3 3  
34 
35 
36 
37 
38 
3? 
40 
4' 
42 
43 
44. 
4s 

' 46 
47 
48 
49 
5u 
5' 
5= 
53 
54 
55 
56 
57  
58 

I 

I 

c 

2: 
I 

Sine. 

9.09034 
44078 
44'2% 
44166 
442'0 
44%; 3 
44297 
44341 
44385 
44428 

9.444-z 
4451s 
44559 
44605 
449646 
44589 
44733 
44776 
44819 
4486r 

c.l- 

-- 
9 . 4 4 F  

44944 
44991 
45035 
45077 
45'20 

4sao6 
45243 
45292 

Y.45334 
45377 
4i91-3 
45442 
45504 
45547 
45539 
45632 
45674 
4 ~ 7 1 6  

9.45758 
45601 
45843 
45885 
45917 
45969 
46011 
4605 3 
46095 
461 jb 

9.46178 
46220 
46162 
46303 

46428 
46469 
465x1 
4G552 
46594 

Co-fine. 

45'63 

-- 

---- 

-- 

$:$! 

- 
Co-fine. Tangent 

9'45750 
45797 
45845 
45892 
45940 
45987 
460 7 5 
46082 
46330 
46177 

9.46224 

463'9 
46366 
46413 
46460 
46507 
465 54 

46641 
9.46694 

46788 
46835 . 46881 
46928 
46975 

4 7 ~ 6 8  
47x14 

g 47160 
47207 
47253 
47299 
47346 
47392 
47438 
47454 
47 5 30 
47576 

9.4767.~ 
47'368 
47714 
47760 
47: 6 
4785% 
47::97 
47043 
47939 

9.4S& 

48z17 

4RP7  
48353 
43398 
48443 
48489 
48514 

CI- 

4627 I 

46601 
--- 

46741 

47021 

-- 

-- 

4x074 
7 - w  

48126 

4x262 

4g171 

Sine. I Co-tang. 



- 
Co-fine 

9.98060 
98056 
98052 
98048 
98044 

98036 
98032 

98025 

9.98CZI 
98017 
98013 
98009 
38005 
( ,PWl  
37397 
97993 
97989 
97986 

97978 
97974 
97970 
97966 
97961 
97958 
97954 
97950 
97946 

I - 37942 
97933 
97974 
97930 
97925 
97921 
97918 
979'4 
97910 
97906 
*97901 
97898 
97894 

97886 
9788% 
97878 
97874 
97870 
97856 

97857 
97853 
97849 
97845 
97841 
97837 
97833 
91829 
97825 
117821 

L- 

98340 

98029 

c- 

z?F 

-- 

97890 

:861 

h e .  1 Co-tang. 



- 
Co 4 ne. 

9.97821 
97817 
9781% 
978.38 
97804 

97796 

97788 
37784 

9.97779 
97775 
9777r 
97767 
97763 
97759 
977 54 
97150 
97746 
97742 

9'97738 
977 13 
37729 
97725 
9 7 7 2 1  
97717 
977'1 
97-13 

I- 

97x00 

9i7W 

-- 

I_- ~ 

77704 
9 i 703 

9.97 626 

97687 
97683 
91679 
97674 
97670 
77666 
97662 
976S7 

9 * ' i : h  5 3 
97649 
77645 

97632 
97627 
97623 
97619 

_. -- - 
97621 

-_ -I 

97%' 
W636 

9761 5- --_._ 
9.77610 
97606 
97602 
97597 - 
97573 
9 7 9 9  , 
97584 
97580 I 

97576 

9757' 97567 I 
Sine. I 

.. . __ .. - 
Co-fecanr.1 Secant. 

71 Degrees, 



Co-fine. 

9.97567 
97563 
97558 
97554 
91550 
97545 
9754' 
97536 
97532 
97523 

9 * 97 5"1 
97519 
975'4 
975'0 

97507 
974'17 

-- 

-- 
97 506 

- 
Tangen 

9 * 5 36117 
53738 
53779 
53.3'0 
51S61 
5 { 5 J Z  
5334.3 
55 /$4 
5+'5 
5406 5 

9.51'@6 
54'47 
54187 
5*2zR 
54269 
54309 
54350 
54100 
5443' 
'447' 

9.545'" 
545 $1 
545')3 

-- 

-- 

-_- 

54633 
54673 
547'4 
54754 
54794 
53835 
54875 

9.549'5 
54955 
54995 
55035 
5 507 5 
55115 
55155 
5 5 ' 9 5  
55'.35 

7.553'5 
55355 
55395 
55434 
5 5.174 
55514 
55554 
55593 
55633 
55673 

)*5571r 
55752 
5 579 1 
5sx3.' 
55870 
5S910 
55949 
5 5989 

-- 

2SS- 

-- 

97299 I - . 
Sine. Co-tang. 

Co.tang -- 
10.46363 

46262 
46211 
4618s 
46139 
46098 
46057 
46016 
45975 -- 45935 

'0.45394 
45853 
458'3 
45772 
45731 
456?1 
45650 
4 j610 
4 5 569 
455"') 

1o.*5488 
45448 
45437 
45367 
45326 

45246 
45206 
45 ' 6 5  
45125 

45045 
45005 
44965 
44925 
44*xs 
44845 
44805 
44765 
41725 

lO.q-Qb?S 

44645 
4 $605 
44 566 

44486 
44446 
44407 
44367 
447r7 

e.441:b 
44248 
44209 
44369 
44130 
44090 
4405 t 
44011 
4397% 
43933 
43893 

I'angeirt. 

-- 

45286 

-- 
10.45085 

--- 

44 516 

- 

rrecs. 



11 I Co-fine. 

' Co-tang. 

1 43854 

-I 

10.43893 

43815 
437?6 
43736 
41697 
43658 
43619 
43560 
43541 
I-- 

10.43502 
43463 
4;424 
43385 
43346 
43307 
43268 
43229 
43770 
43'51 

43074 
43035 
42996 
42958 
42919 
42880 
42842 
42803 
42765 

10.42726 
42688 
42649 
42611 
42573 
42534 
42496 
42.457 
424'9 
42381 

IO. 42 342 
42304 
42266 
42228 

4zISI 
42II3 
4207 5 
42.037 
41999 

10.41961 
41923 
41885 
41847 
41803 

-I- 

10.43 I 1 3  

-I- 

L-C- 

42190 

I_- 

41771 
41733 
41636 
41658 
41623 
41582 

I Tangent, 

. I, . .  
69 Uegrces. 



58944 
5S981 
590'3 
59056 
59094 
59'3' 

9 a 5916s  
59'05 
59243 
592x0 
593 '7  
59354 
5939' 
59429 
59466 
51503 

9.59540 
59577 
59614 
59651 
59685 

59762 

59835 

9 * 5 9 9 9  
5974.46 
59983 

6,709 3 

--_- 

59725 

53799 

- 53872 

Goo19 
60056 

60130 
60166 
60203 
60240 

9.69276 

b 3 4 9  
60386 
6 0 4 2 ~  
60459 
6049s 
60532 

_r- 

60313 

60568 
60605 
60641 

Co-tang. 

c'o- tang. -- 
IO. 41582 

4'545 
41507 
4'469 
4'43' 
4'394 
41356 
4'3'9 
41281 

41w3 
10.4120b 

41 16s 
4113' 
4'093 
41056 
4 101 9 

-- 

10.40460 
40423 
4038.46 
40349 
403'2 
4027 5 

40201 
4016j 
40128 

0.40091 
4005 4 
400'7 
;998r 
39944 
39907 
39s70 
39834 
39797 
37760 

o. 3Y724 
391.s7 
39651 
39614 
39578 
3 954 1 
3 9 5 0 5  
39468 
39432 
39395' 
39359 

'Tangent. 

?g i e+. 

4023% 

-- 

I- 

- 
c__ 

Co-fecant. 

10.44567 
44534 
4 4 P I  
44468 
44436 
44403 
44370 
44337 
44305 
44172 

10 e44239 
44207 
44174 
44 142 
44109 
44017 
44044 
449x2 

' 43979 
43947 

'@.439'4 
43882 
4.3850 
43818 
43785 
43753 
4372 I 
43689 
43657 
4362s 

10.4359a 
43560 

43496 
43464 
43432 : 
43369 

--- 

---- 

-_I 

435211 1 

43400 

43337 

becant. I M. 



;i 
:67 
35  
34 
33 
3' 



6073% 
60761 

60818 
60846 

6078.9 

Co-fine 

u o 2  

9.96405 
96397 
96392 
961x6 
96381 
96376 
96370 
96364 
36360 



M. - 
0 
I 
1 

3 
4 ,  
5 
6 
7 
8 
9 - 

x 
12 
13  
14 
'5 
16 
r7 
IS 
'9 - 
20 
21 
2 2  

23 
14 
25 
26 
27 
2 8  

29 
30 
31 
31 
33 
34 :s 
37 
38 
39 
40 
41 
42 
43 
44' 
45 
46 
47 
4% 
49 
50 
5' 
52 
5 3  
54 

I 

- 

:: 
57 

59 
6a 

EEP 

58 

4 

Sn e. 

9.6093' 
60960 
60988 
61016 

61045 
61073 
61101 
61129 
61158 
61136 

9.6 12.14 
61241 
61270 
6rr98 
61326 
61354 
61382 
61411 
61438 
61466 

9.61474 
61 jz2 
61550 

6x634 
61662 
61689 
61717 
61745 

9.61773 

-- 

--- 

- -  

32 

-- 
6 I $00 
61828 
61856 
61883 
61911 
61930 
61966 
61994 
62021 

9 9 62049 
62076 
62 104 
61131 
621 59 
62186 
62214 
62241 
62268 
62296 

9 . 6 2 9 3  
62350 
62377 
62405 
6243% 
6ZqS9 
'62486 
6 1 s 3  

61595 

-- 

-- 

GfX 
1_11 

Co-fine. 

3.96073 
96067 
96062 
96% 56 
950SO 
9045 
96039 
96034 
96028 
96022 

9.96017 
96011 
96005 
95999 
9 5994 
95388 
95952 
95977 
95971 
95965 

9 * ')S960 
95954 
95948 
95942 
95937 
9593' 
95925 
9 5920 
959'4 
95908 

9.95902 

95 91 

-- 

-- 

--- 
9 5 2 6  

95885 
95879 
9 537 3 
95868 
9 586% 
9 5356 
O C S P  

9.95844 
95x39 
95833 
958"7 
9 5821 
9,9815 
95810 
9 5804 
95798 
95792 

9 * 95786 
95780 
95775 
95769 
95763 
35757 
957SX 
35745 
9c739 
95737 
93728 

sine. 1 

-I_ 

-- 

:o+sanp. 

Co-tang. 

35108 
3 5074 
3 5040 
35006 
34172 
34938 
34904 
34870 
34836 

34769 
341 3 5 
34701 
34667 
34634 
34600 
34566 
34533 
34499 

I O .  34465 
34432 
34398 
31364 
34331 
34297 
34264 
34230 
34'97 
34163 

34096 
34063 
34c29 
33996 
33962 
339'9 
33896 
3386% 
19829 

33762 

33696 
33663 
33629 
33596 
33563 
33530 
93497 

33430 
33997 

33331 

-- 
I'0.35142 

10.34803 

A- 

-_I 

10.341 30  

-- 
10.33796 

33729 

1 0 . 5 3 4 6 3  

33364 

3 32Y 8 
33265 
33232 
33'97 
33166 
3 9 ' 3 1  

Tangent. 

:grtes. 

-e- 

--- 
111911 





Co-fine, /Tangent. Co-tang. I Secant 



9.65705 
65729 
65754 

3 ' 65779 

65853 

4 65804 
5 65818 

7 65878 
8 65902 

'J  65976 

d6:,"7 
Io 9.65952 

66001 
'3 66025 
'4 66050 
'5 66075 
'6 66099 
'7 66124 
l 8  66148 

20 9.66197~ 
! 21 66221 

22 66246 
23 66270 
=4 66295 
25 66319 
26 

-2 2 6 2 -  

66416 

31 6G465 
32 66489 
33 66513 
34 66j37 
35 66562 
36 66586 
37 66610 
38 

3'3 9.66441 

4 9 -  - 
40 9.66681 
43 66706 
42 66731 
43 66755 
44 66779 

47 66851 
' 68 66875 
2 9  66899 

SI 66946 
52 66970 
53 6699 

5' 9.6691% 

54 6,014 

Co-fine. I Tangent 





9 * 94x82 
94x75 
94169 
94161 
94x54 
94147 
94140 
941%) 
94126 
94x19 

19.941 12 
-- 

I '  I 94104 9409 
1 940r 
94c 3 

94069 
94062 
94055 
94048 

3.9404' 
94034 
94027 
94020 
940Xs ' 

9399 
93992 
93984' 
93977 

9 * 93970 
93993 
93955 
93948 
93941 
93934 
93937 3 

94076 

-- 

9407 

- 

60 



Q1 70353 93599 
20 10375 9359' 
'3 70396 93584 

10.06618 
06625 
06633 
06640 
ob648 
06656 
06663 
0667 1 
06678 
06686 
06693 

I Co-fine.J Si*. I Co-tang.1 Tangent. ICo-&ant.l !hcont.l 
I 





D 
Co-tang. 
IO. 20421 

20393 
20365 
2'337 
zo3o9 
202.8 I 

20253 
20224 

-I 





Secant. - 

6 
5 
4 
3 
2 
I 
0 

LI- - 





77819 
I 7 846 
7 7 8 6 ~  

'77879 
77896 
77913 
77930 
77946 

09689 
096P9 

~ 0 9 7 0 8  
c9718 
09727 
09737 
09746 
"9756 
0976: 

c 

bo 
59 
58 
57 
56 
5 5  
54 
53 
52 
5' 
50 
49 
4% 
47 
46 
45 
44 
43 
41 
41 

40 
39 
38 
37 
36 
35 
34 
33 
31 
3' 
30  
29 
28 
27 
a6 
' 5  
'4 
23 

I 

c 

- 

22 
2 1  

10 
- 
19 
18 
r7 
16 
1.5 
14 
'3 
I2 
I t  

IO 
4 

i 
7 
6 
5 
4 
3 
2 
1 
0 



1119j 10131 
11267 10141 

--I-,- 

0.11141 ro.10151 
11at4 10160 

1119j 10131 
11267 10141 

--I-,- 

0.11141 ro.10151 
11at4 10160 



4 
5 
6 
7 
8 
9 
IO 
I 1  

- 

73950 
78967 
78983 
78979 
79015 
79031 
79047 
79063 
79079 c- 



- 
rangent. 

c - 
b 

Qs = 5Q . 

5 %  

55 
54 
53 
53 
5' 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 

56 

- 

- 
3s :z 
35 
34 
33 
3 1  

30 
29 
r Y  
=7 
a6 
15 
19 
'3 
ta 

I 
c 

I1  

10 
c 

'9 
18 
17 
16  
4 1  

3 
a 

4 1  

1 

0 
I 

? 
z 
5 
4 
s 
I 

ii 
isscr 



:&tang. 





86448 
86436 
86415 
86413 

I Sine. 

# 

60 
59 
58 

5 s  
54 
53 
5' 
51 

50 
49 
48 
47 
96 
45 
44 
43 
42 
4' 
4" 
39 
38 

:a 

;; 
35 
34 
3 3  
3 1  
3' 
30 
29 
18 

a6 
25  
24 
1 3  
22 
ar  

- 
a7 

- 
20 
19 
I 8  
17 
16 
1 5  
'4 
1 3  
I1 
11 

IC 
4 

7 
t 

4 
3 

- 
a 

I 

1 
1 
< 
c n 
I 



rsia Y. Of rrRP?FWfAC Sinc tt, and S ~ C  
&!!m!!m 
Secant. 



I' d i 1 F . l  

4 5  Dcgrecs, 



--- 

36 36 79173 

19 3 0  76574 
40 OQ 76033 
40 30  0.75499 
- --I 

6x254 
60870 
60508 
60140 

, 59775 
59414 

5 700 
1 5p 



v* 
30 
3' 
3' 
32 
32 
33 
33 
34 
34 
15 
5 5  
36 
36 
37 
37 
38 
38 

- 

I 

39 
39 
40 
40 
4' 
4' 
42 
41 
43 
43 
44 
44 
45 
45 
44 
46 

48 
48 
49 
49 
50 

50 
51 
5' 
52  
32 
53 
5 1  
54 
54 
5 5  
55 
56 
56 
57. 
57 
58 
5s 
59 
59 

I 

- 
47 
47 

- 

I 

I 



- 
S. 

30 

30 

3 0  

30 

3 0  

30 

30 

30 

30 

30 

30 

00 

00 

00 

00 - 
00 

00 

00 

00 

00 

30 

30 

30 

30 

30 

30 

30 

30 

30 

00 

00 

00 

00 

00 - 
00 

00 

00 

00 

00 
3." - 
30 

30 

30 

30 

30 

30 

SO 

00 

00 

00 

00 

00 - 
00 

04 

2 
30 

* 30 
00 

30 

A TAKE for findin 

C c r 2  

- 
M. 

3 0  
32 
31 
33 
32 
33 
33 
34 
34 
3s 

36 
37 
37 
38 
3s 
39 
39 
40 
90 
41 
41 
4' 
4' 
43 
43 
44 
44 
PL 
45 
46 
46 
47 
47 
48 
48 
49 
49 
50 

50 
5 1  
5' 
52  

5% 
53 
53  
54 
54 
5 5  
5 5  
56 
56 
57 
57 
58 
58 
59 
s9 
60 
=@ 

- 

- :: 

- 

- 

- 

be a 



M. 

30 
3' 
3' 
32 
32 
33 
33 
34 
34 
35 
35 

- 

I 

36 
36 
37 
37 
38 
38 
39 
39 
40 
40 
41 
41 
42 
42 
43 
43 
44 
44 
45 
45 
46 
46 

48 
48 
49 
49 
5" 
50 
5' 
5' 
52 
52 
53 
5 3  
5.). 
54 
5 5  
5 5  
56 
56 
57 

- 

II 

47 
47 

- 

I 

:y' 
58 
59 
59 
60 

S. 

30 
00 

3 0  
00 

30 
00 
30 
00 

30 
00 

30  
00 

30 
00 
30 
00 

3 0  

30 

30 
00 

30  
00 

3 0  
00 

3 0  
00 

3 0  

30 

3" 

7 0  

3 3  

3 0  

30 

30 

1" 

3 3  

3 0  

3 0  

30 

1" 

3" 

30 

- 

- 

00 

00 -- 

GO 
I_ 

00 

00 

W 

00 

00 -_ 
UO 

C0 

0" 

00 

c 1 0  

L  ̂

00 

00 

00 

00 

00 



- 
M. - 
00 
01 
01 
02 
02 

03 
"3 
04 
04 

0 5  
06 
06 
07 
07 
os 
08 
59 
09 

2.h 

10 

IO 
I 1  
X I  
I 2  
I 2  
'3 
'3  
'4 
14 
' 5  
' 5  
16 
16 
'7 
'7 
IS 
18 
'9 
'9 

- 

20 

7 

s. 
30 

30 

30 

3" 

30 

3 0  

30 

30 

30 

30 

3 0  

30 

30 

30 
on 
30 
00 

30 
00 

30 
00 

30 
00 

30 

30 

30 
on 
30 

30 

30 

30 

30 

3 0  

3 0  

30 

3. 
on 

- 
00 

00 

00 

00 

00 - 
00 

00 

00 

00 

00 
I_ 

00 

00 

00 

- 

00 

03 - 
00 

00 

00 

00 - 
00 

OV 

00 

00 

A 'r.ABI.3 for findir :he 

M. 

3 0  
3 1  
31 
12 
32 
33 
33 
34 
34 
35 
3s 
36 
36 
37 
37 
38 
38 
39 
39 
40 
40 
41 
4' 
42 
42 
43 
43 
44 
44 
45 
45 
46 
46 
47 
47 
48. 
48 
49 
49 
50 

50 
5' 
5 ' .  
51 
52 
53 
53 
54 
54 
55 
55 
56 
56 
57 

- 
I 

I 

- 

- 

- 

I 

:z 
58 
59 
59 
Go 

- 
S. 

30 

50 

30 

3 0  

30 
on 

3" 

30 

30  

30 

30 

_. 

00 

00 

0.3 

(YO 

I_ 

03 

00 

00 

00 

00 

30 
00 

30 
, 00 
30 
00 

30 

30 

30 

30 

30 

30 

30 

30 

3 0  

30 

30 

35 

30 
00 

30 
00 

30 
00 

30 
on 
30 
00 

a 

- 

00 

00 - 
00 

00 

00 

00 

00 
_. 

00 

00 

00 

00 

00 
7 



M. 

' 30 
.3 I 
3 1  
32 
32 
33 
33 
34 
34 
35 
35 
:6 
36 
37 

38 
39 
39 
40 
40 
4' 
41 
42 
42 
43 
43 
49 
44 
45 
45 
46 
46 
47 
47 
48 
48 
49 
49 
50 

5" 
5 1  
5 1  
52 
52 
53 
53 
s4 
54 
5 5  

55 
54 
56 
57 
57 
58 
58 
59 
59 
60 

I 

- 

:i 

c- 

- 

5 

- 

S. 

30  

3'3 

30 

30 

3 0  

L- 

00 

00 

00 

00 

00 

30 

3 0  

30 

3 0  

3 0  

30 

3 0  

30 

3 0  

3 0  

3P 
00 
30 
00 

30 
00 
30 
co 
3 0  
00 , 

3 0  

3 0  

30 

3 0  

3 0  

00 

00 

00 

oc 

00 -- 
00 

00 

00 

00 

00 - 

- 
00 

00 

00 

GO 

00 

Elapf. Middlc 
Time., 1 'l'imc. 1 Rifing. 





-- 
bo 

:o :: 
55 

2L 
53 
5% 
5 '  
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35  
34 
33 
31  
3' 
3 0  
29 
2 8  

27 
2 6  

25 
24 

2 3  
s a  

- 

- 

- 

- 

- 
11 
BO 
'9 
18 

3 7  
1 6  

1 5  
14 
' 3  
1% 

11 

10 

- 
9 
8 
7 
6 

5 
4 
3 

- 
B 
I 

M. 
-- - 





TABLR vm. OF NATURAL Sxl~ss, 















-*. PRXOR TIONA~ LOO A R I THMJ. 
!!52?2 

h 
0" : 

1,954 
950' 
947' 
94.3 
940' 
9361 
913' 
929( 
9261 
nz22 

"9'9: 
9161 
9128 
9096 
no63 

- 

II 

8967 
8935 
$904 

* 8873 
YS42 
8S11 
8781 

87t0 
8690 
8661 
8631 
8602 

- 

875' 

- 
a5573 
8 544 

8487 
8459 

8403 
837s 
8347 

8293 

8239 

8516 

843 I 

8320 

8266 

-- 

8 I 107 
RVR I 

I& 

I * 7546 
7524 
7501 
7478 
7456 
7434 
74'1 

736 
7345 

sf324 

7281 

725 
713 
72 I 
7 '9 
717  
7'5 
713 

-711. 
709 
707 
705' 
703( 
70I( 

6y6c 

7 3 9 0  

-- 
7302 

-- 

69Y 

6943 
69 3' 

,691' 
6890 
6871 
15851 
68 12 
bXIz 

-- 

6793 

!!!!z!z 
h 
0' 

4 7 7  
47 5 
474 
473 
47 2 
47 I 

-.c 

$8 
.I 6 7  

.465 
4644 
4621 
461. 
460 

457 
455' 
454j 
453' 
452! 
451: 
4501 
449 1 
447r 
446 
4$57 
4446 
4435 
442.4 
4412 
44"I 
4390 
4379 
4368 
4357 
9346 
4335 
+33 
43'3 
.303 
.agz 
.zs I 
.a 70 
260 

249 
238 

,tZm 

4196 
4185 

4165 

41 h -- 

45 4 c %  5 

-- 

-- 

4217 
.4236 

4'75 

4'54 
4'43 

3 I 
4112 

41 01 
_I 

!F=!!z 
h 
0 0  

r . ~ I O #  
-- 

" I :  40 1 

407 1 
406c 
405c 
4q-c 
4 0 3 c  
9020 
4 3 I C  

*39 9 

3079 
3969 
3959 
3949 
3939 
3929 

' 3899 

38 0 
3970 
3860 
385.) 
3841 
3933 
3821 
7812 

. j81'L 
3792 
3783 

-- 
3989 

3919 
3909 -- 
38lO 

I--. 

3773 
3763 
3754 
3745 
3735 
3725 
9716 
3706 
-I 

I 

h *  

1.35az 
35'3 
3 504 
3995 
3486 
3477 
j468 
3459 
3450 
1441 

1.3431 
34% 3 
S4'5 
3406 
3397 
3388 
3379 
3370 
3362 
735: 

-3344 
33:6 
3327 
33'8 
3310 
33- I 

3293 
32 84 
3275 
3267 

* 3259 
3'50 
3241 
3233 
3224 
3116 
320s 

3'93 

3' 3 
3'74 
3166 

l oo  8' - 

- 

- 

- 

31gr  - 



h " h  ' 
oo 14' oo 1 5  
.lo91 i.079a 
1086 0787 
1081 0782 
1076 0777 
1071 0772 
la66 0768 
1061 0763 
'UT5 0758 
*os0 0753 
r04c 371.9 
-1040 1.0744 
'035 0739 
1030 "714 
1025 0729 
I020 0725 
1015 0720 
I009 0715 

-- 

-- 

1004 0710 







S. 
z 
0 
I 
2 

3 
4 
5 
6 

1 
2 
I O  
21 
12 

'3 
'4 
3 5  
16 
'7 
18 
2 
20 
21 
22 

23 
24 
'5 
a6 
27 
28 

30 
3 1  
32  
33 
3* 
35 
36 
37 
38 
3r, 
40 
41 
42 
43 
44 
45 
46 
47 
48 

5 0  
51 
52 
53 
54 
55 
56 
57 
58 
59 

Y 

4 

2 

- 
6G 

























TABLR X. For computinpl the EEeLksdPmflaxozr ii$trr.ce 
frch the S U N  or a STAR.  



Apparent Diilancc. 
Add the Difference of the two Numhcrs takrn ntlt of thiq Tahle, if the 

Apparent Difrancc i$ Ids than 90'. and IuLtraR it i f  &ove. 
2 3 0  - 
L 

0 

I 
I 

z 
2 

c 

3 
3 
4 
4 
5 
5 
6 
6 
7 

I 

-. 

i; 
9 

10  

- ,  -- _ _  
32" j 3 Y  349 - -- -- 
I ,  ' I, I ,, 
--7 ; --- 

a ,  2 I 

2 1  2 1  2 
2 )  2 1  2 

3 zj 2 
-7 7'- 3 

3 '  ? 
4 '  4 

_.-- 

3 so 37" 



4 4 3  
4 4 3  
4 4 4  
5 - 5 4  
5 5 5  
6 6 5  
6 6 5  
7 7 6  
7 7 6  
8 7 7  

- -- - 

3 
3 
4 
4 
5 
5 
F 
6 
6 
6 
7 

7 
5 
8 
9 

- 

1 -  

17 

- 
10 

1 1  
72 
12 

' 3  
' 3  
' 3  
'4 
I+ 

'5 
1 5  
16 

17 
I S  

.- 



?"WE X, For computing the EffeAs of Parallax on the MOON'S 

55'  
I 

I 

0 
0 
0 

0 
0 
I 
I 
1 

I 
I 
2 

- 

- 
a 
2 

t 
3 
3 
3 
3 
4 
4 
5 
5 
5 
5 
5 
5 
6 
6 

I 

- 

I 

i 
3 
3 
10 

IO 
11 
I 1  
I 1  
I '  

I2 
I 2  

' 3  
IC 
' 5  
' 5  
16 
16 
'7 

r8 
19 

- 

L7 

10 
1 1  

12 

3 
3 

- 

io'' - 
I 

0 

0 

0 

3 
G 

0 
I 
1 

1 
1 
2 
2 
2 

2 

2 

I 

- 

- 

3 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
5 
h 

6 
7 
7 
8 
8 

9 
Y 
Y 
'i 

1U 

I O  

1 1  

I 1  
I 2  
1 2  

1 ,  

- 

- 

- 

I 

.- 

- 
'4 I 
'* I 
' 5  I 
I j  I 

hoc 
IZ! - - 
" 
0 
0 

0 

0 
0 
I 
1 

I 
I 
2 
2 
2 

I 

I 

-- 
a 
2 
2 

3 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
5 
6 
6 
7 
7 
8 
X 
9 
9 
9 
9 

- 

- 

-. 

- 

I 

1 0  

10 
I 1  
1 1  
I?. 

11 
- 
1 7  
'3 
'4  
2 

7 5  
I 'J - 
- 

c 
C 
r 
I 

I: 

C 
C 
C 
r 

C 
C 
C 

C 

I 

1 
1 

I 
I 
1 

I 
1 
2 
2 
3. 

I 

- 

- 

- 
7. 

2 
2 

-. 
3 
3 
3 
1 
1 
3 
4 + 
4 
4 
5 
5 
5 
5 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
8 
8 
9 

- 

- 

- 

I 

8 0  
10, - - 

c 
c 
c 

L 
C 

C 

C 

0 

0 

0 
0 
0 

0 

0 
0 

0 
I 
1 

I 
I 
I 
I 
1 

I 
I 
I 
I 
I 

2 

- 

- 

- 

- 

- 

- 
2 
2 

- 
2 

2 

- 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
6 

- 

- 

.-- 
x 5 

1) 1 - 
I 

c 
C 
c 

c 
0 

0 
0 
0 

0 

0 

0 
0 

0 

0 
0 

0 
0 
0 

0 
C 

0 

0 
0 

U 
0 
0 

0 

0 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
2 

2 
2 

2 

2 
2 
2 

- 

- 

- 

- 

- 

- 

- 

- 

2 
2 
2 
2 

7 - 

9 f 
9c 

-7 
4 

C 

0 

0 

0 
0 
0 
0 

0 

0 
0 
0 
n 

D 
0 

0 
0 
0 

0 

0 
0 
0 
0 

0 
0 

0 

0 
0 

0 
0 

0 
0 

0 

9 

0 
0 
0 

0 

0 
0 
0 
0 

0 

u 
0 

A 

4 

- 

c 

k 

_- 

- 

- 

- 
a 
0 
0 
I " 
n 
0 
0 
0 



1 1  

I 2  

'3 
74 

IL 
17 
18 

I 5  

I I9 
2 0  

21 
22 

- 
2 3  
24 
25  
26 
'7 
2s 

29 
1 0  

31 
32 
33 
34 
35 
36 
37 
3s 
39 
40 
4' 
4 2  
43 
44 
45 
46 
47 
48 
49 

- 

- 

I .  1 

I I: 
, 1.1( 

1 . 2 c  

I .  24 

1 . 3 2  
1.36 
1 . p  

1.48 
I. 5 2  
I .56 

2. 4 
2.  s 
2.12 
a .  16 
'2. 20 
1.24 
2. 28 

30 
t. 36 
2 . 4 0  

2.44 
2.48 
2 . 5 2  
2.56 
3. 0 
3. 4 
3. 8 
3. 12 
3.16 
3.20 

i 1 .  I 

c 

I . z a  

1.44 

2 .  0 - 

I 

D 
M 
_. 
61 
62 
63 
6+ 
( 5  
66 
67 
68 
6 
7' 
7 
7' 
7 
7' 
7 
7(  
7; 
7s 
7; 
8c 
81 
8 2  

- 

L 

83 
84 
sc 
8 1  
87 
88 
8 9  
90 
9' 
92 
93 
94 
95 
96 
97 
98 
99 

- 

IO0 

101  
I02 

- 
103 
104 
r0 5 
106 

'07 
I C 8  
' * 9  

I l l  I 
1 1 3 ,  -- 

H M  
M S  
31 

4. 4 
4. 8 
4.12 
4.16 
4.20 
4.2.I 
4.28 
4.32 
4.36 
4 4 0  
4.45 
4-18 
4.52 
4. 56 
s. 0 
5 -  4 
5 '  8 
5 . r 2  
j.16 
i. 2 0  

TABLE XI. 

12.~4 
12.28 

1 2 . 3 2  
12.36 
12.40 - 
12. .(' 
12.4: 
12 .59  
12. g 
13. c 
'3. 4 
13. a 
1 3 .  I1 
13.16 
13.20 
13-14 
13.28 
13.32 
13.36 
13.40 
3.44 
3.48 
3.52 
3. s5 
4. 0 
4. 4 
4- 8 

- 

- 

~ 16.2, 
16.25 
16. 32 
16. 3t  
1 6 . 4 ~  
16.44 
16.48 
16. sa 
16.56 
'7 0 
17 .  4 
17. 8 
17.  I 2  
1 7 . 1 0  
17.20 
17.24 
17.28 
1 7 . 3 2  
r7.16 
17.40 
1 7 . 4 4  
'7.18 
1 : . 5 1  

17,56  
I X .  0 

18. 4 
18. 8 
18. ] 2  

1%. IO 
18.29 
IS. 24 
1 Y . a b '  
1 x .  32 
1S.361 
IS.40 
1 3 . q 4  
18.48 
18. 5 2  

18.56 
19. o 
13. 4 
19, 8 
' 9 .  I2 
19.16 
rq LO 

I_ 

- 

- 

- 

- 

I a1.40 
z1.44 
21.48 
21.52 
21.56 
9.2. 0 

22. 4 
22. x 
22.11 
1z.16 
22.20  
23.24 
2 2 .  2 8  
22.32 
22.36 
2a.  4 0  

22-44 
22.48 
22.52 
22.56 
23. 0 
2 3 .  4 
23. 8 * 

23. i z  
23.16 
23-00 

I_ 

- 

- 







TABLP XVtT. 

n 

A T A B L E  

S U N ' s  D E C L I N A T IO N, 

For the YEARS 1792 ,  1796, 1800, 1804. 

Each being Leap- Year. 
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A T A B L E .  

O F  T11Z 

S U N ’ S  R I G H T  A S C E N S I O N ,  



, ' ?A& xx;  ABL LE. of the Right Alcetlfion and Decltnation af 
principal fixed Stars, adapted to the Year 1796, with thei 
Annual Variation. 



9 34 
T h a t  is, the Rar ArEturus will be upoil 

the meridian of London :q minutes af- 

Morning - 

E X A M P L E  I. 
I would know what ftar would be on 

tire merdian of London about ten at 
night, Jaiiuary 35 ? 

H.M. 
Sun’s right afcenfion Januaiy 25, 

at  noon - 20 32 
And for IO hours more - o 2 
Giten  time J O  hours P. M. 10 o - 

30 34 
Sub. 24 o 

Nearly zdwcrs to Siriuc - 6 34 
- 

E X A M P L E  11. 
What  Itar will be upon the meridian 

of London ao minutes paR four in the 
morning, May I O  ? 

H.M. 
Sun’s right afcenfion May 9 at noon 3 5 
And for t 6  hoiirs more - 0 3  
Given time 16 hours, 30  minutes 

P.M. - - 16 3 0  

Right afcenfion of mid. heaven 
Anfwers nearly to Atair in the Eagle. 

- 
19 38 







A TABLE hewing the Ti e North Declination, or the 





Let it be rrqiiired to f insthe time of the 
fun's riling, fetting, dnd lerlgthof theday and 
night, a t  Peterlburg, t h e z r l t  June, 1796. 

Under 230 2S'N. thedecltfiatinn thatdny, 
and againfi 600 N .  the  latitude of Peters. 

Required the t ime o f  the  fun's rifing md 
fetting, and lengthot  d.y a t  tlieC'apcnf 0.4 
HODC, i n  Jar 34. ZQ 5 .  May rs 'h ,  ~ 7 9 6 .  

Under  the dcclinntion 19" 6'or 190 N. 
and apin!? the lat. 34 S. - IZ 0 



rife and frt a t  Loildon, Ja- 
1 2  0 

7 t t5 

4 34 - 10 05 
Which fubtraEtd, hews  that the itar riks at 3r  m. after 5 intheevening 5 3 r  
Added, kews the time fhe ffar f i t s  in the moiniii 19 In like manner may the riling and Letting of 8ie planets be foimnd when their 
derlination does not rxcred 23"h, and the time of'their paKAge over the meridian 
is known. 

Stlppok it wetr required to know the time of Jupiter's r i h g  and retting, in Is- 
titude S t  north, the IR ofAnguff ,  17~6. 

In the N~1tic:iI A1mnii:ick tor 1796, I find t h i t  Jupiter paiTes over the mrri- 
d i m  of Greenwich n t  I + 11. 3 hi. that is, thiw niiimtcs Jfiir two next moniing, 
~ n t l  his tli dination iq 8 7 27' S. 
NOW, 1 ~ 1 1 .  added to 1414. 1M. is26I1.3iV.from whichfu1)traCt 14 H. and 

the rernqinder 2 H. 7 Rf. is the tiinc of his pafiiiig the mcri(1i.m in the morning 

Under ~IecIiii-ition $0 27' or X Q  and again# IititntIs 524 Rami 6 rr. 41 M. 
the time Jupiter i p  below the horimn; this ~I~iihlml is r j  14. a i  M. the lcngtli of 
Jupiter's night, which Iiibtratted fiom z+  11. gives i o  H. 38 M. the kllgth of 
his day. 

A ain, 6 JI. 41 M. added to his pnffing the meridian z 11. 3 M. gives 8 H. 
his ' r i h g  in the evening, and z H. 3 M .  added to t z  If. givcs 14 H. 3 M. 

from this film tnke 6 H. 4 i  M. and the remrriiider 7 l1 ,  23 M, is tlir time of h i b  ret- 
' t i n  io the morning. 

&ypofe it were required to find the moon's r ihg nnd fttrting A ~ g ~ i f i  1 3 t h ~  
,1796, h ? n t i t W k  5t0 no1 hi. 

In  the Nautical Alrlianxk, ( p g e  6th) 1 find that the moon pa& the meridian 
of Greenwich at S H. 16 M.  in rhe evening, and her decl~ndt~on at  midnight is 
220 55' South. 

T h e n i n  the tables, under the declination % I O  32's. or 2 2 9 ,  and agdn l t  thelat. 
5 2 0  kinds S H. 5 M. Half the time flie is tinder the hoiizoii doubled is 16 H. 
IOM. thelengthot the hilar night, which hhtra&edfroni 14 H. leaves 7 H. 50 M. 
the Innar rhy. T o  the moon's ibirthingor p&geovrr the meridian, X H. 16 M. 
uld  half rlw lunar day, 3 H. 35  M. gives I I  H. S I  M. her fettinq at midnight, 
and from8 H. 16M. t&e 3, 3 5 ,  the remainder 4H.41 M. is the tiineof Iierrihg 
in the afternoon. 

In like manner may be found the rifing and retting of tlie other planets, only 
obferving that the noon of the comnion tliy, and end of the fia day, is the be- 
ginning of the ddy in the hT,n\tical Almandck. 
, As 311 the calculntions heie are made for the meridian of  London, or  Given- 

wich, care milk be taken to d u c e  the rime of their paflqes over thc meritlitin 
of Greenwich to the meridim of the place of obfervatioil, by allowing I H. later 
for every r g O  of weit longitude, and I H. fooner for every 159 ot e3Rlongitucle. 

I t  were to Ix wiflied, that gentlemen belonging to the fea would carry a celrl- 
tial globe with them, upon which all the above may be found in an ear manner j 
for the wotild have nothing more ta do bur to {et the globe north anciLuth, iaife 
the pok as many degrees above the horizon as $he latitude is j bring the fun's 
plare to the brazen mt-iitiian, and k t  the index to the upper I I  j then firm tlie 
globe round, and note what Rars come to the meiidian, and the hour iii(1t.x will 
point to the time ; when tliry come above the horizon, it d l 1  oint to the time of 
$heir riGng, and when they defcend hebw the horizo~), it w i f  point to their ftt- 
ring; for as each liar on the globe will point direfitly to one of the ranie name in 
the hewem, tiley imy he viewed at any t ime of- the night j or, if a planet, t w i n  
the dobe until the indcx points to the time of thtir ydhge  over the meridian, 
and make a mark on the globe with a prncil, under their declination, then turn 
the glohe caA rintil the mark comes to the lmhm, and the index will 
the time of their ii!hi: ; 2nd tui iwl  wefterly till it conie to the hurizon, tci%z 
will point to the tirne of' thcir ictting. 

eclination 16'26's. andagain& {at. sr* 32'0' 5zORands 
:.fialfthe rime the fiar is above the h j z o n  - I 

T h e  itar comes to the ineridiair in the evening, a t  - - 

Of that day, accc rdine to the civil ac cotint. d 





Wickthe T r ~ e s  of H r o ~  WATER where it i s  known.-The Lon i t d c  
j e  mckoned from the Meridian of London.-Places marked thus ', an 
by Cslt.Ltial Obfervations. others not fo marked, are from the kit Chart 
and Maps compared with thele. I t 
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NannanI. e .  SS 13 
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I Point de Fino 
* Leghorn 
Cape IM. Ncro 
vada 
Piomhino 
h i n t  Ercore 
* Civira Vecchia 

Rome 
Cape Dazzia 
a Naples 
Cape Polonado 
I’olicaltro 
C a p  Batican 
Cape Cmfe 
Cape Sparrevento 
Caw Cohnia  
T&tn 
Gdlipoli 
Cape St. Mary, 

trance to tLc 
Venice 

Rriniii 
Barry 
Manfiedonis 
Cape VeRio 
Pcfiara 
* Ancona 

8 Cornago 
* Venice 
TricRe 
Rovigno 
St. #&ria 
I’tfirrr 
Cape SeRo 

..... 49 r4 ..... h!56 
Gulf of .... 19 40 ...... 40 3 8  
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. ’I’etodn . Negri1 
C. 3 Forcas . Fcgallc 
C. I alcon 
, Fcrrat . Tenris 
Algirrs 

C. hlntiior 
* C .  Cubon 
C. Tcnrs 
c. F y d  
C.  Ferro 
Dona 
T.1barcn 
C. S a m  
C .  B l d t x  







Cape ffocletk . 
Great Mazeira 1. 

lirdiRnn . . 



















ZmRACr8fitrn n Letfer writtea t o  JAMES BOCLE FRENCH,, E ? .  
Foreman o f t h e  Special Jury who tried the Cor$ in tht  King's nench, 
nt (;uildhall, betuxen Nl(i;.s. S A Y  F R  nnd R E N N E T ,  Pl&nfi$, and 
Mr. JOHN HAMILTON iZ'iooRF, D+ndmf, dy Mr. JOHN STE- 
VENSON, one fl Mi. MOORE'S #%&s. 

T H E  Atl ion was brought for copying of certain Charts, t he  property of tlw Plain- 
tifi's, and the ddinagrs were laid at 'I'm 'I'houfanl I'aunds : Mr. Stevcnbn's 'Letter was 
written in confequeiicc of a paragraph in the  Public Ledger of March xz ,  178s. and a 
copy of i t  was publihcd i n  that  payer on the 28th o f  t h t  Cdme month. 
'' Upon my bring alked by Counfellor Cooper whether 1 had feen Mr .  Sayer's Charts, 

3nd tholk of Mr. hloore's, which were faid to  he copied from them ? 1 anfwcred in t he  
affirmative, adding, that  1 had not only ftzn, but carefully examined tliem. Being t h r n  
aked ,  whether I thought Mr .  Moore's Charts  were exaCt copies of Mr. S2yer.a ? I 
anfwered, ' No; I rliink they arc e/linr;ally differeat:' Being dclircd to ghc the  Court an 
awount of t h d t  diffeience, 1 nnlwcrrd in rubfiance a3 follows: That t he  Lharts  of New- 
foundland, and the adjaccnt C)cidffS, four in number, /three particular and nnc general) 
wereconRruRcd u p n  vwy difhrent  p:inciples : RIr. Moore's were conltruaed upon the 
t rue Frinciples of Marator's-lailing j but Mr. Sayer's were neither Ptanr nor Mersator's 
C I r ~ r t s  : chry wete contrary to  every received principle of geography an? navigation, and 
confq.iently erroneous. T h a t  although the  taking of the latitudes and longitudes of the  
principal places from the fame authorilits, had occafioned their pofitive fituatiun to be 
nearly alilte i n  both k t s  j y e t  Mr. Sayer's C h r t s ,  beins cnnitruRed upon erroneous prin- 
ciples, the relatiw lituation of places partook of that error, and conleguently the cuurl i  
and diltante from place t o  plnct, wcre rrroncous. 
'( 'That thc Charcr of the  Gulf of Florida and the We@ Indies, were on both fides on 

the  Mercator's projettion, b u t  t ha t  Mr. Moore's dicered materially f rom Mr, Sayer's in 
the  fituation of the principal places j that '  I found no Iefs than twenty-four of choir placer 
to ditfer either from ten to  eighteen niiles in latitude, or from temto thirty-three miles in 
longitude. 

'c  Admiral Campbell, F. R. S. and the  Governor of  Newfoundland, declared to the 
Court, that  Mr.  Moore's Charts, fo far from being conlidered in the  li&t o f  e x a a  co- 
pier, wcre really a very meritorious and happy jmprnvcment c;n Charts, (MI. Sayer's) 
which ]IC reprobated ds eironeow and dangrrons, t o  fuch a deplee, t ha t  when he firll  cx- 
ainined them, on 11;s ltation at  Newfoundland, he was grieved for the honolrr of his 
country, that  fuch a publication h o u l d  originate i n  Enaland, and often wiihcd t o  ha.ve had,  
t he  power o f  fuppreiiiiig i t  entirely, by burning all rhe Charts, and dellroying the 

M r .  Wales, F. R. S. and Mathematical MaRer of ChriR's Hofpitat, (who c h m -  
navigated as aitronomrr with Captain Cook) confirmed what  had been faid by Admiral  
Canlpbell, nnd Mr. Stevenfotr, concerning Mr. Sayer's Charts  of Newfoundland and t h e  
adjacent conits; namely, that  t h y  wrre w i t h e r  upon the I'lane, nor Mersator's proje&ion, 
and, conlequently, errnnrous. W i t h  rcfpelt to the WeR Indies, he found thac Mr. 
Moore's Charts  dif'iered materi;ll)y irom Mr. Sayer's in the  l d t i t u d c s  and longitudes of 
fomc principal places. . 
'' T h e  late Lord Mansfield on kmrning up tlrc evidcncr, ohferved, that  the a& of the 

r7:h of his prefent M j c I t y  was made to guard the  property of ingcninlls men alainlt copy- 
ing, with only fome colourable alteration@ j bu t  never was intended to prevent the making 
of ufeful and important improvemcnts. He ltated what  was Did of the four Charts of 
Newfoundland, and the adjacent Co.ilIs; and with r e fyd t ' t o  the Weff Indips, hc related 
wha t  had been h i d  concerning the 1s t i ru .k~  and 1oii;itiides of twenty-four of the principal 
placco in that  quarter. H i s  Lordhip alfo obfirvcd, that  the lituation of plaar was CDI'. 

tainly an important objeCt in the  conhutt ion of CJjarts : 2nd  he enforced his obfcrvation) 
by fdving, t ha t  whether the Illc of Wight  8 3 s  exhihited in Cliwts where i t  reilly (tands, or 
place; in  the middle of the B r i t i b  Chaiinel, was certainly a matter of g~carimportaiicc tP 
Cvery interefied navigator. 

pl'ltes. 

The Jury pave a Verdict for Mr. Moor I. 



Extra8 from thc SuHday Guzelte cf the 8th of March, 1789. 

‘’ON Wednefday IaR a cauk  was tried, br6Jrr Lord Kenyon and a Special Jury Of 
London 1Cfrrrlr3nt~, betwccn Mr. David Sterlr, Cuo!ifcller, Uujm-row, ‘Tower-hill* 
Plaintiff; and Mr. John HJmilton Moore, ’Teacher of Navigation, on Tower-hill, De- 
fendant. T h e  aQion was to recover 30021. damapes, rflcdped by thc Pl.tintiif to have been 
fuflained by h im on account of tlir. Defcndmt h.iving publified ‘ A Chart of the Ea@ 
C:oaR of England, including the Navigation from the Sout.11 Foreland to Flarnhoraugh 
TleaJ,’ from tbc 6 Jarrrl Ohfcrvations and Surveys,’ wmhich Fdr. S t rde  contended to have 
brm pirated from two ChrrtR of his, yublihhgd L y  h im in 1782, drawn hy John Chandler; 
when it apy~ared by the evidecceof Mr. /oil# SrPvc ihn ,  and Mr. I’oittus, pilot t o  the 
fquadron in the Sc,rtii Y e a ,  during the I& W.N. t h a t  there are a gwat many wry material 
crrcdrs in Mr. bteclc’s Charts, which arc cxreetted in R!r. Moore’s. hlr. ~8teveJlfan pointed 
o u t  one hundred and rix places, in which Mr. Moore’s differed materially from Mr. 
Srecle’s, Lrfidcs many others of lefs note.-Thc jury  were prepared to give a verdiR in 
Sdroitr of Mr. Moorr, but were prevented by Mr. Stcele’s Couiifel fuhmittine, to a nonfuit, 
which fuhjetta M r .  Steele to pay h4r. Moore his colts of i‘uit. Loid Kenyon declared he  
)icartily.c,mciirrcd with the jury, and expreRkJ his indignation chat fuch erroneous Charta 
aa Mr. Stehe’s fhotild bc publifhed. Mr. Moore was preparel, had i t  been necefiry, with 
three other m d t t r s  o f  the Royal yachts, bclidev many experienced navigators, to prove 
the corre&nels of Iiis Chart, aiid the erroneoufnefs of blr. Steele’:.” 

Mr. Stevencon nbfervcd, that  the IlTe of Grain in Mr. Sreele’s Chart was plsced almok 
i t s  wJl& breadth too far back from the‘entrancc of the Thame, j and that in his particu- 
lar Draft of the Thanes ,  which was on i largrr kale, and therefore admitted of greater 
r C C I W d C y ,  theje did not appear 10 be any Illand at all.  T h a t  the latter appeared to bqan  
cxati  copy of Mr. Difton’s Draft of the ‘I’hamrs, excepting chat the lower part of the 
rirer was foinewliat more Icngrhmrd, whjclt might have been owing to the Rntching of the 
paprr in traciny, from tlir uppel p i r t  downwards. 

When Mr. Steventinn w i a  prcventrd by the I ’ l a i d f ’ s  Co’unfeJ from mentioning a11 the 
106 ylacea in which Mr. Moore’s Chartr. di&red materirlly from Mr. Steele’a, hc propored 
ze cnonierntr 1 3  o d y ,  which d,!i’&ed eitficr i h m  3 to 7 1  points i n  bearing, or from 4 to 
9 miles in dilkancc, but  w d k  a g d i i i  prrventrd ; IlC then yropofcd to fpedlc of one place only, 
bot even in that he was aifo prrvented ! ‘I’he pl.rce maant by Mr. Steveofon was th: M d i  
and WeR IJarrcwSands, which wcrc afterwards adverted to by Mr. Portcus. Mr. Chandler 
iwiis drew the 1’IiintilT’s Cham) inflead of making the Buoy on the Shivering-Sand, that 
nn the eaR end o f  the Oize, arid the Euoy of rhe welt end of the Moufe, lie nearly in a 
line with each other iri his Chart, has placed the Moufe and the WeR Batrow Sands above 
4 miles farther to ciie wetiward than they ought to have been; he has a l b  thought fit to 

T h e  conkquences are, infiead 
?f the buoy on the Moufe lying 2 miles N. N. W. from the e a 8  buoy of the Oaec, he makc* 
J t  to bear W. # N. dillanre 5 miles, and,inflead of laying the Mouk buoy 7 mi1esE.N.E- 
from the We& buoy of the 0 4 z e ,  and 5 milea E. by S. 4 S. from the Black Tail Beacon, 
he make8 it to l ie  %~mjlrsN.E. E. b o m  the former, and z mileu E. by S. 2 S. from the 
13rrCI. Infiead of the Shoc.Rracon bearing N .  by E. from lhips when in  the Fairway, be- 
f w w n  t ] ~  Nob and the Owe ~ U O ~ P ,  Mr. ChaiidJvr has placed the fleacan lo far to the 
weltward, as tn make i t  bear N. W. and inflead ut the buoy on the Moufc bcing feen from 
Ihiys if1 the aforeidid titurtiun, braring N. W. by N. Mr. Chandler, by placing the weit 
cnd 1 1 f  the Welt Bmruw in that line of bearing, has dirdted them to look no lefs than 46 
points more to the weftward for the buoy, on the M o d e  I Mr. Chandler dedicates h1s 
Char t ,  hy permifion, to the Elder Brethren of the Trinity Houir j hut the mif-placing 
Ot  the OdzC-fAnd is b glaring, that thofe Elder Urethren, who are fci wcll acquainted with 
&fie h h b  L h n e l ,  muR have difcovered i t  at Brfi viewi and, if they granted prrmifion 
without cxamindtlun, thry may be deemed, if ~ d f i b l e ,  more highly culpable. T h e  mofi 
ratiorial fuppofition is, tlldr At,, Chana’fer /Jar hlaurcd andet fimt/Li,rg, which, to/dy d ~ u  
l , q ,  a ; p n r r  w ~ y  I l k  u n: l j f<rbr  ! 

Mr. S r e v r n ! h  d r k d  h.r. Cliampion, one of the Jury, to compare the northernrnofi 
part o i  thc l ’ l i i i t i f i ’ 3  firit Chart, with the lourhernmnlt part of his fecond Chart, m d  he 
would lee d very cwilidcrablc dift’crcnce in the form and fituation of thofe fdndr which arc 
exhibited in botb : which diJlerenrP, MI, Stevgnfon faid, amounfcd to R clear roof, that 
both Chart.; had bcrn copirrl, and copied lrom different authorities. In the fmdl  $ace 
whicb ;a Lurrlldwnded i r r  bodt Charts, the rdative polition of no leG than 13  places.in the’ 
i w m d  C t w t  diKcr from thole of rhc lime places in thc fir& Chart, from f to 4b pinta O f  
the coril p 11 S O  

’ makc the Shoe-ReacoIi follow the Moore to the weltward. 
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IIE Complete Britiffi Pilot, including the whole of the Na. 
vigation from London, roocd Great Britain, lreland, the 

Shctland and Orkney Iflands, on n large kale 
The  Englib Pilot, extending round England and Scotland, in- 

cluding the adjacent Iflands, drawn from rCtual Surveys and 
Obfervations - - 

The Irilh Pilot, indudin the whole CoaR of Ireland, with St. 

The American Pilot, including the CoaR of America, from 
Cape Catouch to St. John's in the Bay of Funday - t X I  6 

T h e  We# India Pilot, including the Bay of Honduras, &c. on a 
I I 1  6 large kale - - - 

T h e  Mediterranean Pilot, extending from London to Conflanti- - -- I 11 6 nople L.__ 

The Baltic Pilot, extending from London to St. Petcrfburgh 1 1 Q 

The African Pilot, comprehending the whole of the Naviga- 
tion from London to the Cape of Good Nope - I I{ 6 

T h e  EaR India Pilot, comprehending the Navigation from Eng- 
land, round New Holland to Canton in China, regulated by 

5 5 0  the BeR Obf'ervations - - 

4. s. b, 
P I L O T S .  

2 12 6 
T - 

3 2 .  

George's Channel, de c f  uced from the mob accurate Surveys I 8 0 

CHARTS OF ENGLAND, IRELAND A N D  SCOTLAND. 
The Britifh C h i ~ n d ,  including that of Briitol and 111e South- 

Welt Cod of Ireland, I far as the River Shannon, conitruCted 
upon the true Principlca of Mercator's Sailing, containing 
particular Charts of the Downs, Portfmouth, Dartmourh, 
Plymouth, and Falmouth, with a printed Book of DireAions 

The  Mouth of the Thames, hewing the Sand$, Buoys, Sound- 
ings from the Note, to the South Foreland rod Orfordnet, 
with Part of the River Thamea - __. 

A Chart of the Eafi CoaR of Bngland, OR Three lar e Sheets. 
extending from the South Foreland fo Flaniborough head, in- 
cluding theNore, and a C h a t  of the River Thames to Lon- 
don, with all the BUOYS, Beacons, Light €Ioufec, and the 
Appearances of the Land, as faid down by the Elder Bre- 
thren of the Trinity Hodi ,  with a Book of hi l ing Dircc- 
tions 

The EaR CoaR of England and Scotland, from Yarmnuth to 
Duncarilby Head, Cape Wrath, the Orkney and Shetland .c 

Iflands. With particular P l m  of Tinmouth Bar, Stockton, 
Sunderland Road,, Holy IflanJs, Berwick, Montrok, and , 

0 7' 6 

0 3 0  

0 7 6  - - ---L..l 

the Frith of Forth, with a Hook of Sailing Direft;ons 0 7 6  
T h e  Orkmy Iflands, extrnding from Duncanby Head to Cape 

Wrath, with Penthnd Forth, fhcwing the Variation, Setting 
of the ?'ides, with their Velocity, and their Rife and F d  of 
Spring and Neap, together with all the TraCts going through 
the different lflands _I - 

. The Weft Coall and Iflands of Scorbnd, from Cape Wrath to tho 
Mull of Canfire, and part of Ireland; reduced 10 Mercator'a 

0 6 6  



c Ir A R T s, &c. 
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0 7 6  
ProjeAion, with the Latitude and Longitude, laid down by 
Celeffial Obiervations - _3_ 

e’d and Briltol Channels, extending from the h u l l  of 
to Hartland Point, arid the Coaft of Ircl-ind, from 
ifiJnd to the ’Tufkcr Rock, being a Reduttion of 

e’s and other Surveys, rrduced to a Mercator’s Pro- 
hewing the Times of High-wdter, and the Rife of 
nd Neap ‘Fides at the principal Ilarbours, with thcir 

of Ireland, from Siigo Eny to the ILver Shannon o 3 6 

Velocities - - - 0 7 6  
Coait of Ireland, from BdfiAt to Sligo Bay - 0 3 0  

South-wefi Co3R of Ireland, from the River Shannon to Caldy 
0 5 6  Ifland - -- - 

T h e  Coafi of Ireland, from Watcrford to Dublin, on a very large 
0 5 6  Scale LI I_ - 

T h e  CoaR of Wales, from great Orms Head to Swaniea Bay, in- 
eluding the lfle of Anqleka, on a large ScaIe - 0 5 6  

Dartmoiith Harbour, being an aftual Survey of J. DeGou’s o 3 o 
JIle of Wight, Spithead, and Portfmouth, hewing ill1 the Shoals, 

Buoys, Sea-marks, Soundings, Anchoring Places, &c. on a 
Iar e Scale from aQual Surveys c 0 6 0  

“ 3 0  

P R A N C E ,  S P A I N ,  P O R T U G A L ,  A F R I C A ,  A X D  T H E  
M E D I  T B K R A N E A N .  

A Chart of the Coab of France, Spain, and Portugal, sxtend- 
iny from Ulhnnt to Gibraltar. including thc Bay of Bifcay, 
and particular Pians of twenty of‘ the principal Harb~urs. on a 

A Chart from Cape S t .  Vincent to MaIaga, including the Straits 

The Meditt rranean Sea, including the Coaits of Spain, Portu- 
gal, and France, with Sea Coaits up to Conitantinopk, with 
twonty-two Ylarie of the particular Harbours, on a large 

?’lie Conlts from L i b n  to Sierra Leon, including the Madeiras, 
Canaries and Cape De Verd Iflands, on a large Scale 

A Oliart of the. COJR of Africa from Senegal to bherbru’ River, 

The Coaits of Africa, from Sierra Leon, to the Cape of Good 
: Mope, with parriculdr Plms of the Principal Harbours, &c. 

with the Princes’, St, ‘lhomar’s, and Aiinabona Iflands, on a 
largi Scale -. - - o IO 6 

T h e  Coafts of Ireland, France, Spain, I’ortugal, and Africa, 
including the Wetiern Madeiras, Canary, and Cape De Verd 

0 6 6  Iflands 
A Chart of the Indian and Pacific Oceans, from the Cake of 

Good Hope, round New Holland to Canton in China, de- 
duced from the iacefi Surveys and molt accurate Obkrva- 
tions - - .II) I 0 8 0  

4 General Chart of Europe. extending from Spain to the North 
Cape of Lapland, Petrrlburgh, exhibiting the Coalte of 
Britairr, Ireland, Holland, and the adjacent Iflands 0 3 0  

T h e  5 owns and Margate Roads, on  a Iarge Scalc - 

c 0 5 6  

. of Gibraltar and Cadiz Bay, on  a large Scale - 0 3 0  

Iarge Scale L I - 

Scale - - - - 0 8 0  

0 8 0  

including bierrr Leon, and the Delos Ifiands - 6 7 6  

G 

- - - 
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0 3 6  

- 0 4 6  

0 3 6  

or Windward Iflands, from the Ifland of I-Iifpa- 
badoes, with Part of the Spanih Main, .on a large 

of Honduras, including the Swan Iflands, and Mwf- 
o Shore, with Plans of the particular Harbours, on a 

e Scale, drawn from a late Survey, with a printed Book of 

ew General Chart of America, from Hudfon's Straits to the 
and uf 'Trinidada, including the whole of the WeR India 

Iflands and Gulf of Florida - - 
4 new hrge Atlantic and Southern Oceans, from Davis's Straits 

tothe Cape of Good Hope, Cape Horn and South America, 
including South Georgia, Falkland Iflands, and the 'Galia 

. pagosIfics. drawn from the lateR Surveys ,- o IO 6 
T h e  Adantic and Southern Oceans, extending from Greenland 
to Cape Horn and the Cape of Good Hope, hewing the Winds, 
and Variations of the Compafs, &c. dcc. - 0 6 0  

The WeRern Ocean, upon a very large Scale - - o 6 o 
A new Chart of the Guiph of Mexico, includin the Navigation 

from the We% End of Jamaica to the Bay of konduras and the 
o IO 6 Guiph Paffage - - - - 

"be Iflands of Jerfey and Guernfey, with the adjacent Coaffs of 
0 3 0  Erancc 1111- - - I 

- - - - I 

- II- 

' 

N A V  I G A T  IO N BO 0 K S. 
E.  r. d. . 0 7 0  mc New Pra&lical flavigator, being the Twelfth Edition for 1796 
0 3 6  The N m  Daily RfiRaht, or Mariner's Coapars - - -  

The Cod!$* Companion 0 3 0  
S.ilin~aL%eetionr for the Englik and BriRol Cha 

u f l e l ~ n d  .I 0 2 6  
Sailing PircCtlms for St. Geotge's C h r n d ,  and the 'CoaR of Ireland - o % 6 

* - .  - 0 2 6  - " . .  - - a r 6  
Journal:, plain, printed, and ruled, at Various Prices. 

AlCo may be had, on the muR realonable Ternrs, Iladley'y Qadrantr, and Sextants, 
warranled good 5 likewife CompalFes, TekfbUpCS, Cares of Inltrunieote, Scales, &c. with 
oil 1Cindr of Stationary ufeful at Sea. 

MI. MOORE acquaints Marincrs in general, that he fclls no Sea Bookt, Charts, or 
ftflrumtnts, but fuch a8 may be depended 011; c infeequenfly he excludes all t h o k  old, in-  
-rate and erroneous publicdtions, the depenhg upon whtch, ha8 often proved fatal to 

5, and the S. W. CoaR 

ag lbireCtions for the CoaR of America, Qutf of Florida, Jamaica and 

E. c. d.  
ror  Teaching Navigation complcte 

a hor t  and eafy method of keeping a Journal A :  Sea, 3 3 0 
the double Altitudes a d  Lunar Obfervatwns - 2 2 0 
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