A propos de ce livre

Ceci est une copie numérique d’'un ouvrage conservé depuis des générations dans les rayonnages d’une bibliothéque avant d’étre nun
précaution par Google dans le cadre d'un projet visant a permettre aux internautes de découvrir I'ensemble du patrimoine littéraire mc
ligne.

Ce livre étant relativement ancien, il n’est plus protégé par la loi sur les droits d’auteur et appartient a présent au domaine public. Lex|
“appartenir au domaine public” signifie que le livre en question n’a jamais été soumis aux droits d’auteur ou que ses droits légaux sont
expiration. Les conditions requises pour qu’un livre tombe dans le domaine public peuvent varier d’'un pays a l'autre. Les livres libres de d
autant de liens avec le passé. Ils sont les témoins de la richesse de notre histoire, de notre patrimoine culturel et de la connaissance hum:
trop souvent difficilement accessibles au public.

Les notes de bas de page et autres annotations en marge du texte présentes dans le volume original sont reprises dans ce fichier, comme
du long chemin parcouru par I'ouvrage depuis la maison d’édition en passant par la bibliothéque pour finalement se retrouver entre vos

Consignes d'utilisation

Google est fier de travailler en partenariat avec des bibliothéques a la numérisation des ouvrages appartenant au domaine public et de
ainsi accessibles a tous. Ces livres sont en effet la propriété de tous et de toutes et nous sommes tout simplement les gardiens de ce

Il s’agit toutefois d’un projet colteux. Par conséquent et en vue de poursuivre la diffusion de ces ressources inépuisables, nous avor
dispositions nécessaires afin de prévenir les éventuels abus auxquels pourraient se livrer des sites marchands tiers, notamment en ins
contraintes techniques relatives aux requétes automatisées.

Nous vous demandons également de:

+ Ne pas utiliser les fichiers a des fins commercidesis avons concu le programme Google Recherche de Livres a I'usage des particu
Nous vous demandons donc d’utiliser uniquement ces fichiers a des fins personnelles. lls ne sauraient en effet étre employés
quelconque but commercial.

+ Ne pas procéder a des requétes automatidBesvoyez aucune requéte automatisée quelle qu’elle soit au systéme Google. Si vous effe
des recherches concernant les logiciels de traduction, la reconnaissance optique de caractéres ou tout autre domaine nécessitant
d'importantes quantités de texte, n’hésitez pas a nous contacter. Nous encourageons pour la réalisation de ce type de travaux I'utili
ouvrages et documents appartenant au domaine public et serions heureux de vous étre utile.

+ Ne pas supprimer l'attributioh.e filigrane Google contenu dans chaque fichier est indispensable pour informer les internautes de notre
et leur permettre d'accéder a davantage de documents par l'intermédiaire du Programme Google Recherche de Livres. Ne le sup
aucun cas.

+ Rester dans la légalitQuelle que soit I'utilisation que vous comptez faire des fichiers, n'oubliez pas qu'il est de votre responsabili
veiller a respecter la loi. Si un ouvrage appartient au domaine public américain, n’en déduisez pas pour autant qu'il en va de mé
les autres pays. La durée Iégale des droits d’auteur d’un livre varie d'un pays a l'autre. Nous ne sommes donc pas en mesure de r
les ouvrages dont I'utilisation est autorisée et ceux dont elle ne I'est pas. Ne croyez pas que le simple fait d’afficher un livre sur
Recherche de Livres signifie que celui-ci peut étre utilisé de quelque facon que ce soit dans le monde entier. La condamnation a laqt
Vous exposeriez en cas de violation des droits d’auteur peut étre sévére.

A propos du service Google Recherche de Livres

En favorisant la recherche et I'accés a un nombre croissant de livres disponibles dans de nombreuses langues, dont le frangais, Goog
contribuer a promouvoir la diversité culturelle grace a Google Recherche de Livres. En effet, le Programme Google Recherche de Livre
aux internautes de découvrir le patrimoine littéraire mondial, tout en aidant les auteurs et les éditeurs a élargir leur public. Vous pouvez
des recherches en ligne dans le texte intégral de cet ouvrage a I'glditps#Books.google.com |



https://books.google.fr/books?id=z9QyAQAAMAAJ&hl=fr

This is a reproduction of a library book that was digitized
by Google as part of an ongoing effort to preserve the
information in books and make it universally accessible.

Google books

https://books.google.com



https://books.google.fr/books?id=z9QyAQAAMAAJ&hl=fr

Digitized by GOOS[Q






Digitized by GOOS[G



Digitized by GOOS[G




Digitized by GOOS[G



Digitized by GOOS[G






. ANDREWMACKAY, LLD.FRS. EDIN. &c.



 DESCRIPTION AND Usg// 2 -

OF THE

err——

Leith ¢
Printed and Sold by Arckibald Allardice ;
OLIPHANT, WAUGH, & INNES, CONSTABLE & CO., OLIVER & BOYD,
AND DOIG & STIRLING, EDINBURGH; BRASH & REID,

GLASGOW ; AKINHEAD & SONS, NEWCASTLE; AND
LONGMAN & CO., AND W. HEATHER, LONDON.

1812.



o0

Cntescd in Stationees: Hall, according to %lct
of Parliament,



ADVERTISEMENT.

V

Di Mackas Fias been Tong known to the mathematical world I
his #ritings. He possessed reinarkable assiduity and vigour of min
which Were principlly directed to the advancement of the sciences
connecteil with Navigation; and his Theory and Practice of Finding
the Longitude, a work hitherto unrivalled, as well as his Practical
Navigator, évihce that his labours have not been unsuccessful. Nor
is his ardour ifi the same line less dlsplayed in the followmg Treatise
oii the SirpiNg GonreR. This is an instruieiit which has been
used frequently at sea, but Has been very littie noticed of late by
writers on navigation. Here, bowever, we have that useful instru-
fneiit filly described, and its apphcatxon to the various purposes of
the seamaii clearly explained, and iliastrated by numerous examples.

1t is 4 Gurious fact, that this is the first treatise on the & Shdmg Gunter,
and even the first professedly on ihi¢ Sliding Rule, which has been
published siace the days of Coggleshall; a circumstance the more re-
markable, bécauséit is an instrument very generally used in all kinds
of measurenieiit, and of late yedrs has undergone many improvements.
We ﬁave, indeed, in our treatises on guaging, ditections for the use of'
the rule used in the custoro§ and excise; for they woiild be essentially
deféctive without such directions, Considering the extensive use made
of that instrument in guaging vessels. But these books are not in
common use, and besides, are insufficient for guiding the practice in d
varfety of cases. In navigation they ate of no value, for they do not
describe the principal lines requisite in that sciences

Above fifty years ago, the Sliding Rule, was employed very gene-
tally at sea; and if it be less so at present, we can account for it in
no other way, but from the d:ﬁiculty of ﬁndmg a treatise that con~
tains directions and exaxhples suﬂicxently plain and extensive to guide
the mariner in the use of it. This defect being so completely sup-
plied by the present work, may we’ not reasonably expect, that the
tse of the Sliding Gunter will revive; and that the method of pers
forming the practical operations of navigation by it will agam bes
come general.’
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In calculating a day’s work at sea, the shortest method now in use
is that by the table of difference of latitude and departure; but, in
finding the course, distance, and difference of longitude, by that
‘table, sailors too frequently satisfy themselves with taking the near-
'esé numbers in the table, without being at the trouble of taking pro-
portxonal parts for the difference. Now, when proportion is neglected,
this method is not so correct as that by the sliding rule, and when
parts are taken, it is not so expeditious. The method of working by
Gunter’s scale and compasses, depends on the same principles with
that by the sliding scale; but it is not so convenient, because'the

" compasses, in every operation, must be lifted and removed from one
part of thé scale to another; a motion which is liable to alter their
extent, and produce other mistakes ; whereas, when the slider is once
properly set, the answer on the sliding rule is discovered at once.
So that upon the whole, the operation by the sliding scale will be
found most convenient in practice, and at the same time sufficiently
eonicise and accurate for most nautical purposes.

After the First Edition of this work was published, the Author re-
vised the whole, and made many improvements, alterations, and ad-
ditions. Some of thesé he had fully prepared for the press ;-but
Defore compléting the whole, he was shatched from his family and
the workl by a premature death; leaving a disconsolate widow and
a numerous family, This dispensation was, not only an irreparable
loss to his family, but, consideéring his abilities and upwearied ap-
plicatioh, a great loss to the scientific world in general.

“The Author’s corrected copy haviiig come into my hands, I per-
ceived the proposed alterations so particularly pointed out and de-
scribed in it as to remove every difficulty in completing them accord-
ing te the Author’s mind. I therefore advised the republication of
the work for the benefit of his family, and offered my assistance for
supplying materials and superintending the press. To this I was in-
duced from esteem for the memo6ry of Dr MackAy, with whom I had
lived long in habits of intimacy, and with whose abilities, 1 have had
many oppommmes of being particularly acquainted.

§
ALExe, INGRAM, Mathematician.

LT, st Jt'dy,. 1812,



PREFACE.

Or all the different methods which have hitherto been
proposed for performing the various practica} operations in
Navigation, pamcularly in Workmg a Day’s Work, that
- by the SL1pING GUNTER is the easiest, and, at the same
time, sufficiently accurate for common practice. It is,
therefore, very surprising, that no tract written directly on
thxs subject has, as yet, been published; more especially,
as many intelligent seamen have expressed a desire to be
possessed of such a work.

In order, therefore, to supply this desideratum, the fol-
lowing Treatise was written; in which the Author has
adopted that plan which, to him, appeared to be the easiest
method of instruction—so that, it is presumed, the whole
will be suﬂicigntly plain, even to those who niay not be
much acquainted with navigation, provided they understand
the meaning of the common terms in that art.

Since the Sliding Gunter is of great use in almost all the
departments of pi'actical mathematics, it is, therefore, to be
hoped, that our Mathematical Instrument Makers will use
their exertions to xender the divisions as accurate as possi-
ble, and to provide proper materials for its construction :
and although a scale two feet long may be sufficient for
performing any day’s work, with all the accuracy that may
be desired, yet its divisions are too small for obtaining with
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exactness, the apparent time from the altitude of a celestial
object, the latitude from double altitudes and the elapsed
time, or for reducing the apparafit to the true distance;
and, therefore, it is to be wished, that its length was in-
creased to at least double'its- present size, or that it were
constructed in a circular form, of which specimens have
been given by Messrs Nicholson and Margetts.

‘The description and use of another tile, called the
MarrtiMe Seare, 18 added, for two reasons: the first,
because the apparent timé; &c. ¢an be found with more
accuracy than by the commion  Sliding Guntet; and se-
condly, because sorrie petsons, not able to understand the
scale, nor the tract which accoripanies it,” condemned
both, -and represented the examples in the paniphlet as ef-
roneous. ;

* “The few tables at the end will be found usefal for ascer-
taining the latitude from the metidian altitude of the sun:
and the Author flatters himself, that the whole will be
found highly betieficial to that numerous class of men, who
form the chief glory, the suppo:rt, and the bulwark of the
British empire.
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DESCRIPTION AND USE -
-or tus

'SLIDING GUNTER.

- BOOK L
FONTAINING THE SOLUTION OF PROBLEMS IN ARITHMETIC AND
’ ’ : ) - TRIGONOMETRY: ’

| CHAP L
- The Description of the Sliding Gunter,

Tms instrument consists of three pieces of wood ; the two exJ
treme pieces are connected by thin plates of brass at each end,
" and the third is a slide moyeable between the other two. The
len,l;ih of this rile is either one, or two feet ; that which we
shall more particularly describe is two feet long, as being more
accurate, than those of a less size. - The breadth of the whole
is about two inches, and thickness a quarter of an inch. For
the sake of distinction, we shall call one of the sides of this rule
the First Side, and the other. the Second Side. - . 3
Upon the first side of the Sliding Gunter are the following
Lines : , S . .
1.

_ A line of inchés, each of which is subdivided into ten equa)
parts. ’ .
: B
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- IL
A scale of equal parts, in which the foot is divided into ten
equal parts, and each of these principal divisions is again sub-
divided into ten equal parts. These two are useful in con-
structing figures. -
‘ IIL
A double line of numbers3. being useful in arithmetic, men-
suration, and navigation, when compared with other lines.
’rl;llaese three lines are upon the farthest, or upper part of the
e , , o ~ A

1V,
A double line-of numbers, similar to that above.
_—

Another line of numbérs, similar to the former. These twe

are upon the slide. GO .
v - VL : :

A line marked S. R. at the right hand extremity, signifying
Sine Rhumbs; which line contains the logarithmic sines of each
point and quarter of the compuass. It is used to find the differ«
ence of latitude and departure, when the course is given in
points, and conversely. :

ViI. ‘

A line marked M. P. or Mer. at the right hand end, signify-
ing Metiddon Line. , '
" - VIHL

A lin¢ marked E. P. at the right hand extremity, signifying
Egual Paris. By these two lines the meridional aRe
swering to any given degtee of latitude, may be {easily found.
gllh’eselmihst lines are upon the neasest, or lowest part of
e ruie, °

The second side of Lhe rule contatns the following Lins
' ' 1.

The first line contains the following Scales : Chords, marked
Cho.; Sines, marked Sin.; Secants, marked Sec.; Tangents;
marked Tan.; & scale of equal parts, wsually colied Leagues,
marked Lea, . o '



3
: Il
The second line contains 2 scake of Rhumbs, marked Rum.;
two lines of perts, marked E. aud, R.; a seale of semi-

zansents,mar ed S. T.; and a line of longitudes, marked
o

These are called the Natura? Scales, as being scales of natu-
al simes, tangents, secants, &c. Lines of equal parts with
ghose of cherds and rhumbs, are used in constructing and mea
suring the problems in the different sailings: the line of sines
is used in the orthographic projection of the s%here; and those
of secants, tangents, and semitangents, in the stereo i
and gnomonig projections,

L.

This js is a line of Logarithmic Sines, marked Six. at the
right hand extremity : Of which, each subdivision under 10
deqrgeq is 10 minutes; from 10 to 30 degrees, each subdivision -
is'15 minutes; from 30 to 50 degrees, each is half a degree;
from 50.to 70 each is one degree; from 70 to 8Q each is two
degrees’; apd the jnterval between 80 and 90 is divided intp
two parts; each is therefore 5 degrees. These threg lines are
wpon the upper or farthest part of the rule.

IV.
A line of sines simifar to the former.
Y,

- A line of Logarithmic Tangents, marked 7'an, at the right
hand extremity. Since the tangent of an arch above 44 de-
greesis the ar{ﬁmeticql complement of that of an arch as much
under 45 degrees, the same division, therefore, represents 40
and 50 degrees ; also, 30 and 60 degrees: and consequently,
45° are placed at the right hand termination of the line. Be-
low 10° and ahove 80°, each subdivision is J0 minutes; and
each of the other subdivisions is 15 minutes, or a quarter of a
- degree. 'These two lines are upon the slide,

VI,
A line of Log Tangents, marked Tan, similar to the ahove,
VIL -

A ling of I;og sipes, marked gin-- likg the two former. .
R
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- VIIL g
A fine of Versed Sines, marked V. S. This line, when com.
pared with that of sines, &c. is useful in finding the sun’s true

azimuth, ar the apparent time, the sun’s altitude, -declination,
and the latitude of the place, being given,

Of all the lines upon the Slidim]; Gunter, that of Numbers is
of the most general use, particularly in arithmetic, mensura.
tion, navigation, &c.; and, therefore, it is thought proper to
give a more particular description of this, than of any of the
other lines. :

The line of numbers is divided into two equal parts ; each
of these parts is divided into ten unequal parts; and each of
these is subdivided into ten or more parts.

If the 1 at the beginning of the line represents 1, the next
primary division represents 2, the third 3, and so on: the 1 at
the middle of the line represents 10, the next primary division
20, and the 1 at the end of the line represents 100. But if the
1 at the beginning of the line denotes 10, then the 1 at the
middle of the line represents 100, and the one at the end re-
presents 1000; and the intermediate divisions are to be esti-
mated accordingly. Hence it may be observed, that the num-
bers in the second half of the line are ten times the correspond-
ing numbers in the first half: and hence, the following rule,
t(l,) find the place of any proposed number on the line, will be
‘obvious. : , ‘

Among the primary divisions, take the same as in the highest
Jigure in the given number; among the intermediate principal divi-
stons, take that which is the same as the second highest figure ; and
Jor the other figures, a proportional part of the space between the
last found and the next following, of the principal intermediate di-

- visions, ts to be taken by estimation, '

LxavpLES.
L '
Required the point representing 36 ?

 'The primary division 3 on either half is to be reckoned 30,
and numbering forward towards the right hand until the 6th
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of the intermediate principal divisions, will be the point re.
presenting 36, 'This point may also represent 360, 3600, &c.

II.

% Required the point representing 164 ? - *

The 1 at the beginning or middle of the line is to he
esteemed 100.—In this case, therefore, the next primary di-
vision 2 denotes 200. Now, reckon forward from 100, among
the principal intermediate divisions until the 6th, which point
will, therefore, represent 160 ; and because the interval between
160 and 170 is divided into 5 parts, each of these parts is,
therefore, to be estimated 2; and because the unit figure in
the proposed number is 4, reckon forward two divisions ; this
Yast point will, therefore, be the place representing 164,

IIL

., The point on the line of numbers representing 543 is re-
quired ? ’
-'The primary division 5 on the line will represent 500, and
. of the intermediate principal divisions 4 will be the point of
540. Now, the interval between 540 and 550 being supposed
to be divided into ten parts, then the third division, taken by
estimation, from 540, will be the point representing 543.

IV,

The place of 1846 on the line of numbers is required ?

The 1 at the beginning or middle of the line is to be taken
-as 1000, and reckoning forward to the 8th of the principal in-
termediate divisions, will be the place of 1800 ; the second of
the subdivisions will be the place of 1840; the interval be-
tween which and the next division 1860 is 20, of which the
6th division being taken by estimation, will be the place repre-
senting 1846.



CHAP IL
The Use of the Slkiding Gunter in Arithumelic.

" Presiex I.
MULTIPLICATION BY THE SLIDING GUNTER.

Murrpnigazsos is the method of finding the product ef twa
given numbers. These numbers are usually called Factors, and
sometimes the Multiplicand and Mql[;ipligr,

RuLe.

Set 1 on the second line of numbhers,* to either of the fac-
tors on the first; then, oppesite to the other factor on the
mnd line, is the product required on the first lipe of nume

Examrins,
Ie -
Required the produgt of 6 by 4 ?

Draw out the slide until 1 on the second line of numbers
coincide with 4 on the first line, thea oppesite to 6 on the se-
cond line is 24 on the first line. '

IL -
What is the produst of 16 by 97

Set 1 on the second line of numbers to 9 on the first line,
and opposite to 16 on the second line is 144, the product on
the first line.

_ ® The three lines of numbers we have denominated the first, seeond, and third,
lines of numbers; the first being that upon the immoveable patt of the ryle, an
the two last theee upon the slide, ,
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IIIL .
Required the product of 24 by 18 ?
Set 1 on the second lime to 18 on the first line, and opposite

. to 24 on the second line is 432; the product on the first line
bf numbers,

RIE MARK,

When the product extends to three figures, it often bappens,
that the unit figure cannot be immediately distinguished en
the rule; this, however, may be easily obtained by multiply-
ing the wnit figures in the factors. Thus, in the preceding
example, 4 multiplied by 8 is 32; hence the unit figare in thé
Product must be 2. v

Paoscew 1T
DIVISION BY THRE SLIDING GUNTER.

Division is the method of ﬁndmo' the number of times one
quantity or number is contained in another. The greater of
these two numbers is called the Dividend, the other the Divis
sdr; and the resulting number the Quonmt

Ruze.

Draw out the slide, mntil the divisor on the second lite Gf '

numbers coincides with the dividend on the first line; thewy
opposite to 1 on the second line, is the quotient on the first lin€
-of numbers,
~ Euastrrs.
I
Divide 72 by 8?2

Move the slide until 8 on the second liné of fumbers cotas
cides with 72 on the first line, then oppasite to 1 on the second
line is 9, the quotxent, on the first hne

o 8
Divide 384 by 162

Set 16-0n the second line of numbers to 854 on tha ﬁm‘

’

4
b
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o - .

line ; and opposite to 1 on the second line is 24, the quotient,
on the first line.

- ~ Divide 1500 by 40 ?

Place the slide in such a manner, that 40 on the second lme '
of numbers may coincide with 1500 on the first line, then
opposite to 1 on the second line is 374, the quotient, on the
first line. . , )

REeMarg.

. In the same manner is a vulgar fraction reduced to a deci.
mal. Thus,
Let it be required to reduce § to a decimal ?

Place 4 on the second line to 3 on the first line, and oppo-
site to 1 on the second line is 75, the corresponding decimal
fraction, on the. first line of numbers. :

Propren III.

PROPORTION, OR THE RULE OF THREE, BY THE SLIDING -
"GUNTER.

The rule of proportion is when three numbers are given to
find a fourth, to which the third has the same proportion that
the first has to the second.

-
Ruck.

-

In stating the questions in this rule, the first and second
terms are to be of one name, and the third term is to be of the
same name as that required., . .

Let, therefore, that term which is of the same name as the
required one, be placed as the third term of the proportion.
Now. consider, from the nature of the question, whether the
tequired term ought to be greater or less than the third term.
If it ought to be greater, the least of the other two terms is to
be placed as the first term of the proportion, and the other as
the middle term. But if it ought to be less, the greater of

‘ g‘ﬁl Svo terms is to be placed as the first, and the least in the
e, : . ce
RN
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Then, draw oul the slide until the first territ on the second
line of numbers, coincides with the second term on the first
line of numbers; then, opposite to the third term on the se-
¢ond line of numbers, is the fourth term or answer on the first
line of numbers. h

Exasprzs.
I. _

1If 7 yards of cloth cdst 9 shillings, what is the value of 21
yards? o »

As7:21::9.

Now, set 7 on the seeond line of numbers to 21 on the first
line, and opposite to 9 on the second line is the answer, 27
shillings, on the first line. :

| | i
What is the value of 4 yards of cloth, when 30 yards cost £.24.
_ As30 : 4 :: 24. o

Now, place 30 on the second line of numbers to 4 on the
first line, and opposite to 24 on the second line is 3 2-10ths on
the first line, that is £.3 4. Or, opposite to 480, the shillings
contained in £.24, is the point representing 64 shillings
= £.3 4, as before. ‘

- 1IN

In what time will a ship sail from Aberdeen to Flamborough-
‘head, the distance being 196 miles, at the rate of 23 miles in .
3 hours ?

As23m : 196m : : 3h.

Set 23 on the second line of iumbers to 196 on the first line,
and opposite to 3 on the second line is the time required, 254
hours on the first line, or more correctly 25h. 35m.

, IV. ,
The debts of a bankrupt amounted to £.750, and his effects

to £.400 : How much will be recovered for a debt due by him
of £.150? ‘

As 750 : 150 : : 400.

Place the slide so, that 750 on the second line of numbers
may coincide with 150 on the first line ; then, opposite to 400
op the second line is 80, the answer, on the first line of numbers.

c

\
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V.

If I lend a friend £.450 for 10 months, how long ought he
te lend me £.300°? - ' S

As 300 : 450 : : 10m.

Set 300 on the second line of numbers to 450 on the first
line ; and opposite to 10 on the second line is the answer, 15
months, on the first line.

T

| CHAP. IIL
Plane Trigonometry by the Sliding Gunter.

- Psare Triconomerry is the method of determining the

. measures of the unknown parts of plane triangles, from certain
parts given. It is the foundation of the various sailings in na-
. vigation; it is also useful in surveying coasts and harbours, in
ascertaining the heights and distances of inaccessible objects, &c.

As this subject is detailed at considerable length in the au-
thor’s Treatise on Navigation, those readers, therefore, who
desire more information, together with the reason of the several
rules, &c. are referred to that work. '

Plane Trigonometry is divided into the solution of right and
obligue angled triangles; each of which are subdivided into
four problems.

I
SorutroN oF Hieut AncrLED TRIANGLES.

Ina righﬁ angled triangle five parts are concerned, the three
sides and two acute angles ; of which, one side and any of the
other parts beirg given, the remaining parts may be found.

The longest side of‘a right angled triangle is called the Hy-
pothenuse; and of the other two sides, the one is called the
. Base, and the other the Perpendicular.

Since the sum of the three angles of every plane triangle is
equal to 180°, and in a right angled triangle one of the angles
is 90°, the sum, therefore, of the other two angles is also 90°;
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hence, if one of the acute angles be given,  the other is found
by subtracting the given angle from 90°.

The difference between any angle and 90° is called its Com-
plement, and the difference between any arch and 180° is called
the Supplement of that arch.

ProBLEM I

Given the Angles, and the Hypothenuse of a Right Angled T'ri-
angle, to find the Base and Perpendicular.

RuLe.

Set 90° on the line of sines on the slide, to the angle at the
base on the first line of sines, and opposite to the hypothenuse,
on the line of numbers on the slide, is the perpendicular on
the first line of numbers ; again, 90° on sines being set to the
o;he; angle, then opposite to the hypothenuse on numbers is
the base. -

Or, reverse the slide, and place 90° on the line of sines on
the slide, to the hypothenuse on numbers ; then, opposite to
the angle at the base is the perpendicular, and opposite to the
angle at the perpendicular is the base.

ExampLE, ‘ .

Let the hypothenuse be 144, the angle con-
tained between it and the base 39° 22'; and -
consequently, that contained between the hy-
pothenuse and perpendicular is 50°38: Re-
quired the base and perpendicular ?

Set 90° on the line of sines on the slide to 39° 22’ on the first
line of sines, and opposite to 144 on the line of numbers on
the slide is the perpendicular 91. Again, set 90° to 50° 38’ on
the line of sines, gnd opposite to 144 is the hase 111 on the

line of numbers.

Or, reverse the slide, and set 90° on the line of sines.on the
slide, to 144 on the line of numbers; then, eppesite to 39° 22
on sines is the perpendicular 91 on numbers, and opposite te
50° 38’ on sines is the base 111 on numbers, '

c?2
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Prosrey II.

Given the Angles and one of the Sides, to find the Hypothenuse
and the other Side. ‘

RuLke.

.

Set the angle opposite to the given side on the line of sines
on the slide to 90°, then opposite to the given side on numbers
on the slide, is the hypothenuse on the first line of numbers,
Again, set the angle opposite to the given side on sines on the
slide to the other acute angle, and opposite to the given side
on numbers on the slide is the other required side.

Or, reverse the slide, and set the angle opposite to the given
side on the line of sines on the slide to the given side on num-
bers; then, opposite to 90° on sines is the hypothenuse on
numbers, and opposite the other angle on sines is the required
side. '

ExaurLe.
g The base of a right angled triangle is 208,
and the adjacent angle 35° 16”; hence, the
opposite angle is 54° 44': Required the hy-
Af pothenuse and perpendicular ?
208 B .
. Set 54° 44/ on the line of sines on the slide to 90°, and op~
posite to 208 on the line of numbers on the slide is the hypo-
thenuse 255 nearly, on the first line of numbers. Again, set
54° 44/ on the line of sines on the slide, to 35° 16’ on the first
line of sines ; and opposite to 208 on numbers on the slide is
the perpendicular 147, on the first line of numbers.

Or, reverse the slide, and set 54° 44’ on the line of sines on
the slide to 208 on the first line of numbers; then, opposite to
90° on sines on the slide is the hypothenuse 255 on numbers,
and opposite to 35° 16’ on sines is the perpendicular 147 on
numbers. 4

- Pronren IIL

The Hypothenuse and one Side being given, to find the Angles and
' o the other Side. '

"RuLk.

fet the hypothenuse on the line of numbers on the slide, to
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the given side on the first line of numbers; then opposite to
90° on sines on the slide is the angle opposite to the above side.
Now,. set 90° on the slide to the complement of this angle on
sines, and opposite to the hypothenuse on numbers on the slide,
is the required side. -

Or, reverse the slide, and bring 90° on the line of sines on
the slide to coincide with the hypothenuse on the first line of
numbers ; then, opposite to the given side on the same line is
the angle opposite to that side on the line of sines; and oppo-
site to the complement of this angle on sines is the required
side on the first line of numbers. »

ExaMPLE. L €

" Let the hypothenuse be 272, and the base
232: Required the angles, and the perpen-

dicular ?
A 232 2R
Set 272 on the line of numbers on the slide, to 232 on the
adjacent line ; then opposite to 90° on sines on the slide is about
581° on sines, the angle opposite to the base ; Lience, the angle
opposite to the perpendicular is 314°. Now, set 90° on sines
on the slide to 314° on sines, and opposite to 272 on numbers
on the slide is the perpendicular 142 on numbers.

_ Or, reverse the slide, and set 90° on sines to 272 on the line

of numbers ; then, opposite to 232 on that line is the angle re-
quired 584°, on sines on the slide; and opposite to 314° the
complement of the above angle, on the same line of sines, is
the perpendicular 142 on the first line of numbers.

Proerem 1V,

Given the Base and Perpendicular, to find the Angles and Hys
pothenuse.

RuLk.

Set the least of two given sides on the line of numbers on the
slide,. to the greater on the first line; then, opposite to 45° on
the second line of tangents is the angle opposite to the least
side on the first line of tangents, the other angle is the comple-
ment of this; or it may be found by numbering upon the slide
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towards the left hand. Then, set the greatest angle on the
line of sines on the slide to 90°, and opposite to the greatest
side on the line of numbers on the slide, is the hypothenuse on
the first line of numbers. The hypothenuse may be found by
using the least angle and the least side.

C
ExampLE.

& The base is 186 and perpendicular 152:
Required the angles and the hypothenuse ?
A 18 B .

Set 152 on numbers on the slide to 186, and opposite to 45°
on the second line of tangents is the angle at the base 39° 15
on tangents on the slide; hence, the greater angle is 50° 45'.
Now, set 50° 45’ on the second line ofg sines to 90 on the first,
and opposite to the greater side 186 on the second line of num-
bers, is the hypothenuse 240 on the first line of numbers.

11.
Sorution or OBrLIQUE ANGLED TRIANGLES.

In an oblique angled plane triangle six parts are concerned ; -
namely, the three sides, and the three angles: of these, one
side, and any two other terms being given, the remaining parts
may be found. In the solution of oblique triangles, it may be .
observed, that if any of the angles exceeds 90° its supplement
is to be used.

ProsrLEm I,

Given the Angles and one Side of an Oblique Angled Plane T'ri-
angle, to find the other two Sides.

RouLk.

Reverse the slide, and place the angle opposite to the given
side on sines on the slide, to the given side on numbers ; then,
epposite to each of the two other angles on sines, are the sides
epposite to them respectively,
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ExampLE.

The angles of an oblique triangle
are 38° 407, 92° 46/, and 48° 34, and
the side opposite to the last angle is
266 : Required the other two sides >

Set 48° 34/ on the line of sines on the slide to 266 on the
first line of numbers ; then, opposite to 38° 40’ the first angle
on sines is 222, on the opposite side on numbers, and opposite
to 87° 14/ the supplement of the second angle 92° 46’ on sines,
is the opposite side 354 on numbers.-

Prosrem II.

Given two Sides, and an Angle opposite to one of them, to find the
other Angles, and the third Side.

RuLe.

Set the side opposite to the given angle on the second line of
numbers, to the other given side on the first line of numbers ;
then, opposite to the given angle on the second line of sines,
is the angle opposite to the other given side on the first line of
sines. Subtract the sum of these two angles from 180°, and
the remainder will be the angle opposite to the required side.

Now, set the angle opposite to the given side on the second
line of sines, to the angle opposite to the required side upon the
first line; and opposite to the above given side on the se-
cond line of numbers, is the required ‘side on the first line of
numbers.

REMARE.

“If the side opposite to the given angle be less than the pro-
* duct of the other given side by the sine of the given angle, the
. proposed triangle is impossible ; since, from the given terms,
a triangle cannot be construeted : if the side be equal to that
quantity, the triangle will be right angled; if it exceeds that
guantity, but is less than the other given side, the triangle is
ambiguous, that is, admits of two solutions, the angle opposite
to the greater side being either acute or obtuse. But when
the side opposite ta the given angle is greater than the other
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given side, the triangle admits only of one answer, as in the
following example.

ExaMpLE.
)

The two sides of a triangle are 306 and
274, and the angle opposite to the first 78°
13’: Required the other angles and the third
side?

“Set 306 on numbers on the slide to 274, and opposite to 78°
13’ on the line of sines on the slide is about 61° 14/, the angle
opposite to the second given side. The sum of these two
angles is 139° 27’; which, subtracted from 180°, the remain-
der 40° 33’ is the angle opposite to the required side.

Now, set 78° 13’ on the second line of sines to 40° 33" on
the first, and opposite to 306 on the second line of numbers, is
the third side 203 on the first line of numbers.

Proerem IIL.

Given two Sides and the included Angle, to find the other Angles
and the third Side.

RuLe.

Set 90° on the line of sines to the least of the two given
sides on numbers, the slide being reversed ; then, opposite to
the given angle on sines is a No. which call arch first, on num-
bers ; and opposite to the complement of the given angle is
arch second : call the difference between arch second and the
greater side arch third. '

Of arches first and third, set the least on the line of numbers
on the slide to the greater on the first line of numbers, and op-
posite to 45° on the second line of tangents is the angle oppo-
site to the least of the two given sides, if arch third is greater
than arch first, but its complement if less. The sum of these
two angles being subtracted from 180° gives the third angle.

Set the angle opposite to the least side on the line of sines
on the slide, to the given angle on the first line of sines, and
opposite to the least side on the second line of numbers, is the
third side on the first line of numbers. '
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' ExAMPLE.
C MPLE

. The two sides of an oblique angled triangle
o are 90 and 128, and the angle contained be-
%Y tween them is 48° 12’: Required the other

A D B angles and the third side ?

Reverse the slide, and set 90° on the second lie of sines to
the least side 90 on numbers ; then, opposite to the contained
angle 48° 12’ on sines is arch first 67.1 on numbers; and op-
posite to 41° 48/, the complement of the contained angle on
sines, is arch second 60 on numbers. Subtract arch second
from the greater of the two given sides, and the remainder
68.is arch third. ;

Now, set 67.1 on the second line of numbers to 68 on
the first, and opposite to 45° on the second line of tangents is
the angle opposite to the least side, 44° 37’ on the first line of
tangents.

Then, set 44° 37’ on the line of sines on the slide, to the
given angle 48° 12’ on the first line of sines; and opposite to
the least side 90 on the second line of numbers, is the third
side 95.5 on the first line of numbers.

Prosrem 1IV.
Given the Three Sides to find the Angles,

‘Rute.

. Find the sum and difference of the two least sides; then, set
twice the greatest side on the second line of numbers to the sum
of the two least sides, and opposite to their difference on the
second line of numbers is a certain number: Call the sum of
this number and half the base the greater segment, and their
difference the less segment.

Set the greatest segment on the second line of numbers to
~ the greatest of the two least sides, and opposite to 90° on the
second line of sines, is the complement of the angle contained
between the base and greatest side, or of that opposite to the
least side. :

Again, set the less segment on the line of numbers on the
.slide to the least side, and oppi))site to 90° on the second line of
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sines, is the complement of the angle contained between the
greatest and least sides.

The sum of these two angles subtracted from 180° gives the
angle ppposite to the base. : ,

ExaMpLE.

The three sides of a triangle are 426,
365, and 230: Required the angles ?

. The sum of the two least sides 365 and 230 is 595, and dif+
ference 135. Now, set twice the greatest side 852, on the se-
cond line of numbers, to the sum 595, and opposite to 135 is
about 94.3, the sum of which and 213; half t[l)xe greatest side,
is 307.3 the greatest segment, and their difference is 118.7 the
Iess segment. : } .

Now, set 307.3 on the second line of numbers to 365, and
opposite to 90° on the second line of sines is about 57° 21';
hence, the angle between the two greatest sides is 32° 39,
Again, set 118.7 to 230 on numbers, and opposite to 90° on
sines is about 31° 4’; the angle, therefore, contained between
the greatest and least sides is 58° 56’. Then, the sum of 32°
39 and 58° 56’ viz. 91° 35, subtracted from 180° gives 88°25’
the angle opposite to the greatest side.

REMAREK.

_ Various other methods might have been given for solving the
two last problems ; but, as the preceding are considered to be
the easiest to be understood, by those not much acquainted
with the use of the Sliding Gunter, the other methods were,
therefore, intentionally omitted. - ‘

« ool



BOOK IL

CONTAINING THE SOLUTION OF PROBLEMS IN NAVIGATION BY THE
SLIDING GUNTER. L

INTRODUCTION.

Navioarion is the art of conducting a ship from one port te
enother. This art depends upon astronomical and mathema-
tical principles, the places of the sun, planets, and fixed stars,
are deduced from observation and calculation, and arranged in
tables; the use of which is absolutely necessary in reducing
observations taken at sea, for the purpose of ascertaining the
latitude ‘and longitude of the ship, and the variation of the
compass. The problems in the various sailings are resolved,
either by trigonometrical calculation, or by tables or rules
formed by the assistance of trigonometry. By mathematics,
also, the other necessary tables are constructed, and rules in-
vestigated for performing the more difficult parts of Navigation.

The Principles of the Sphere.

Day and Night arise from the circam-rotation of the earth.
That imaginary line about which the rotation is performed is
called the Axis; and its extremities are called Poles. The

le towards the most remote parts of Europe 1s called the
North Pole: and its opposite, the South Pole. The axis of
the earth being produced to the fixed stars will point out the
Celestial Poles. '

The Equator is a great circle circumscribing the earth, every
point of which is equally distant from the pole. It divides the
earth into two equal parts, called Hemispheres;, that having
the north pole in its centre is called the Northern Hemisphere ;
and the other, the Southern Hemisphere. The plane of this
circle being produced to the fixed stars, will point out the Ce~
Testial Equator, or Equinoctial. The equator, as well as all’
other great circles of the sphere, is divided into 360 equal parts,*

D. 2 . N

N

¢ This method of division was introduced hy the ancients, in consequence of
their supposing the solar yess to consist of the above fumber of days, °



talled Degrees; each degree is divided into 60 equal parts,
called Minutes; and the sexagismal division is continued.

~ The Meridian of any place, is a semi-circle passing through
that place, and terminating at the poles of the equator.

The Latitude of any place, is that portion of its meridian
which is contained between the equator and the given place ;
and is either North or Soutk, according as the given place is in
the northern or southern hemisphere.

The Parallel of Latitude of any place, is a circle passing
through that place parallel to the equator.

. The Difference of Latitude between any two places, 'is an
arch of a meridian intercepted between their corresponding pa-
rallels of latitude. Hence, if the places lie between the equa-
tor and the same pole, their difference of latitude is found by
subtracting the less latitude from the greater: but if they are
on ?posite sides of the equator, the difference of latitude is
equal to the sum of the latitudes of both places.

. The First Meridian is an imaginary semi-circle passing
through any remarkable place, and is, therefore, arbitrary.
The meridian of the Royal Observatory at Greenwich is, by
" the British, esteemed the first meridian. In other countries,
the first meridian is usually that which passes through the prin-
cipal observatory, or chief city in that country.

“The Longitude of any place, is that portion of the equator
which is contained between the first meridian and the meridian
of the given place. The longitude of a place is said to be east
or west according as the place is on the east or west side of the
first meridian; and it cannot exceed 180 degrees,

The Difference of Longitude between any two places, is the
the intercepted portion of the equator between tge meridians
of these places. -

Propren T,

Given the Latitudes and Longitudes of two Places, to find the Differs
ence of Latitude and Difference of Longitude between them.

Rure.
~ Subtract the less latitude from the greater, if they are of the

!
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same name; but add them if they are of contrary names, and
the difference or sum will be the difference of latitude.

If the longitudes be of the same name, subtract the less from
the greater ; but if of contrary names, add them. If the sum
is greater than 180° subtract it from 360° and the remainger
wiig.l be the difference of longitude.

ExaMPLES.

L

Required the difference of latitude and the difference of
longitude between Edinburgh, in latitude 55° 58’ N. longi-
tude 3° 12 W. and Brest in latitude 48° 23’ N. longitude
4° 31" W.?

Latitude of Edinburgh, 55° 58" N. Longitude, S° 12/ W.
Latitude of Brest, - 48 238 N. Longitude, 4 31 W,
- Difference of latitude, 7 385 " Diff. long. 1 19
€
1L

What is the difference of latitude and difference of longi-
tude between the Lizard, in latitude 49° 57’ N. longitude
5° 15 W. and Bencoolen, in latitude 3° 49’ S. longitude
102° 0 E.? : ‘

Latitude of Lizard - 49° 57’ N. Longitude  $° 15 W.

Latitude of Bencoolen 38 49 S. Longitude 102 O E

Difference of latitude 53 46 Diff. long. 107 15
IIL

Required the difference of latitude and difference of longitude
between Porto Bello, in latitude 9° 33’ N. longitude 79° 50"
W. and Canton, in latitude 23° 8’ N. longitude 113° 2" E.?

Latitade of Porto Bello 9° 83/ N. Longitude - 79° 50'W.
* Latitudeof Canton 23 8 N, ‘Longitude - 113 2R
Difference of latitnde 18 35 Sum - 192 52

Subtract from 860 O
————el

Diff. longitude 167 8
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Prosien IT. .

Given the latitude and longitude of a place, and the difference of
latitude and difference of longitude between it and another place,
* to find its latitude and longitude.

RuLs.

If the given latitude and difference of latitude be of the same
name, their sum will be the latitude required : but, if they are
of a contrary denomination, their difference will be the latitude,
of the same name with the greater. In like manner proceed
with the longitudes. \ '

EXAMI‘LES.

I

A ship from the Start, in latitude 50° 9’ N. longitude 3° 51
‘W. sailed between the south and west, until the difference of
latitude was 9° 43, and difference of longitude 12° 18. Re-
quired the latitude and longitude of the ship.

Latitode of Start - 50° o' N, Longitude - 8° 5U/W.
. Diff. of latitude - 9 43 S. Diff. of long, 12 18 W.
—— r—
Latitude come to 40 26 N, Long.cometo 16 9 W.
II. - )

Frem latitnde 57° 9’ N. longitude 2° 8’ W. a ship sailed be-
tween the north and east, until the difference of latitude was
8° 14/, and difference of longitude was 6° 29. Required the
latitude and longitude come to? '

Latitude Jefe -  57° 9'N. Longitude - 2° 8 W.
Diff. of latitude - 3 14 N. Diff. of long. 6 29 E.
3 . - . .ﬁ
Fatitude arrived at 60 23 N. Long, arrived at 4 21 E.
e me—
\
CHAP L

Plane Sailing by the Sliding Gunter.

Purane Samve is the art of navigating a ship, upon (;Jrinciples
deduced fgom the notion of the earth’s being an extended plape.
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On this suppasition, the meridians are esteemed to be parallel
straight lines; the parallels of latitude to be at right ang]es to
the meridians; the lengths of the degrees on the meridians,
the equator, and parallels of latitude, also to be every where
equal; and the degrees of longitude are reckoned on'the pa- -
rallels of latitude, as well as on the equator. In this sailing
four things are principally concerned ; namely, the Course, Dis«
tance, Difference of Latitude, and Departure.

The Coursg is the angle contained between the meridian
and the line described by the ship, and is usually expressed in
points of the compass.

The Disrance is the number of miles a ship has sailed, on a
direct course, in a given time.

The DirrereNce oF Latitupe is the portion of a meridian
contained between the parallels of latitude sailed from, and
come to; and is reckoned either north or south, according as
the course is towards the northern or southern hemisphere.

The Derarture is the distance of the ship from the meridian
of the place she left, reckoned on a parallel of latitude. In
this sailing, the departure and difference of longitude ere
esteemed to be equal. '

. Prosren 1.

Given the Course and Distance, to find the D{ﬂ“eren;:e of Latituds
and Departure,

Rute.

Draw out the slide, until the distance on the line of numbers
coincides with 8 points on the line of sine rhumbs; then, op-
posite to the course on the line of sine rhumbs, is the departure
on the line of numbers; and opposite to the complement of
the course on sine rhumbs, is the difference of latitude om
numbers.

If the course is given in degrees, the slide must be drawn
out and reversed ; then, the distance on the line of numbers
being set to 90° on the line of sines, opposite to the course on
the line of sines is the departure on numbers, and opposite to
the complement of the course is the difference of latitude.
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ExaMpLEs.
L

A ship from Aberdeen sailed S. E. by S. 81 miles : Required
the difference of latitude and departure ? :

Draw out the slide, until 81 on the line of numbers coincide
with 8 points on the line of sine rhumbs; then, opposite to the
“course, 3 points on sine rhumbs, is the departure 45.0 miles,
on the line of numbers; and opposite to the complement of
the course, 5 points on rhumbs, is the difference of latitude
7.3, on numbers. !

Latitude Aberdeen, - - 57° % N.
Difference of latitude, - - 1 78.

Latitude come to, - - 562 N.

IL

A ship from the Lizard sailed S. 38° W. 255 miles: Re-
quired the difference of latitude and departure ?

Since the course is given in degrees, the slide must, therefore,
be drawn out and turned: Now, place 255 on numbers on the
slide to 90° on the line of sines ; then, opposite to 35° on sines,
is the departure 157 on numbers, and opposite to the comple-
ment of the course, 52° on sines, is the difference of latitude
201 on numbers.

Latitude Lizard, - - 49° 57" N.
Difference of latitude, - 3 21 S,

Latitude come to, - ~ 46 36 N.

ProsreEm II.

Given the Course and Difference of Latitude, to find the Distance
and Departure.

RuLe.

Draw out the slide, until the differetice of latitude on the
line of numbers, coincides with the complement of the course
on the line of sine rhumbs, if it is expressed in points, but on
the line of sines, if it is expressed in degrees; then, cpposite to
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8 points on siné. thumbs, or 90° on sines, .is the distance on

numbers, and opposite to the course on sines is. the departurg
en numbers :

EXAMPLE'S.‘
L
From the Capé of Good Hope, in latitude 34° 29’ S. a slnp

sailed N. N. W. 1 W. until by gbservation she is found to be in
latitude 26° 47’ S. : Required the distance rin; and departure ?

Latitude of Cape of Good Hope, - 34° 29’ S..
Latitude in by observation, . - - 28 47 S.

Difference of latitudé, - - 5 42 = 342 miles.”

Now, draw out the slide, until the difference of latitude 342
on the line of numbers, coincides with the complement of .the.
course 54 points on the lirie of sine rhumbs ; then, opposite to
B points is the distance 388 on the line of numbers, and oppo-
site to the course 2} points is the departure 183 on numbers.

IIL.

The true course from Cape Clear to Ushant is S. 544° E.
the latitude of Cape Clear is 51° 18’ N. and that of Ushant is
48° 28’ N.: Required the dxstance between these places, and
also the departure ?

Latitude Caﬁe Clear, - 51° 18N,
Latitude Ushant, - 48 28 N.

Differénce of latitude, - 2 50 2= 170 miles.

Now, reverse the slide, and pldce 170 the difference of lati-
tude on the line of numbers, to 354° the complement of the
course on thie line of sines; then, oppdsite to 90° on sines is the
distance 293 miles on numbers, and opposite to 543° the course
on sines, is the departure 239 miles on numbers

~

Prosrem III,

Given the Course and Departure, to find the Distance and Differ-
» ence of Latitude.

, RuLk. o
Draw out the slide, until th% departure on th¢ line of numy
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Bers coincides with the course on the line of sine rhumbs, if #
§s expressed-in points, or on the line of sines if it is expressed
in degrees: then, opposite to 8 points on the line of sine
rhumbs, or 90° on the line of sines, is the distance ; and oppo-
site to the complement of the course is the difference of latitude.

- ExamprEs,
I

Let the corrected course be N. E. by E. and the departure
220 miles : Required the distance and differencee of latitude ?

Place the departure 220 on theline of numbers, to the course
5 points on the line of sine rhumbs; then, opposite to 8 peints
on sine rhumbs is the distance 264 on numbers, and epposite
the complement of the course 3 points, is the difference of lati-
tude 147 miles.

iI. .

A ship from Cape Ortegal, in latitude 43° 46’ N. sailed upon
a direct course, which, when corrected by variation, &c. was
N. 24° W. and the departure was 196 miles: Required the
distance, and latitude come to? }

The slide being reversed, let it be so placed, that the depar-
ture, 196 on the line of numbers, may coincide with the course-
24° on the line of sines; then, opposite to 90° on sines is the
distance 482 on numbers, and opposite to the ¢omplement of
the course 66°, is the difference of latitude 440.

Lstitude Cape Ortegal, - 48° 46'N.
Difference of latitude, - 7 20 N.

Latitude cometo, - - 51 6 N.

Prosrex IV.

Gwen the Distance and Difference of Latitude, to Jind the Conrae
and Departure.

RuLk.

Draw out the slide, until the difference of latitude on the se-
cond line of numbers, coincides with the distance on the corres-
ponding, or first line of numbers ; then, upon the.other side of
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¢he rule, appasite to 90° an the live of sines, is the complement
of the course on the corresponding line of sines: Now, set the
course on the line of sines on the slide to 90° on the line of
sines above, and opposite to the distance on the first line of
aumbers, is the departure on the second line of numbers.

Or, the slide being reversed, set the distance en the second
-line of numbers to 90° on sines ; then, oppesite to the differ-
ence of latitude on numbers, is the complement of the course
on sines ; and opposite to the course on sines, is the departure
bn numbers.

ExaxrirEs.
1.

A ahip from the island of Ascension, in latitude 7° 56’ §,
sailed between the §. and W. 285 miles, and is then by ob, -
servation found to be in latitude 11° 14’ S.: Required the
course and departure ? i

Latitude of island of Aseension, - _ 7° 56’ §, :
Latitude by observation, - - 11 14 8. .

S————

Difference of latitude, - - 3 18 = 198 miles.

Set 198 on the line of numbers on the slide to 285 on the
ine above, and epposite to 90° on the first line of sines, is the
complement of the coyrse 44° on the second kne. - Now, set
the course 46° on the line of sines e the slide to 90°, and op»
posite to 285 on the first line of numbers, is the depgrture 204
on the second line of numbers. :

il

A ship from Ancona, in latitude 43° 38’ N. sailed 138 miles
upon a direct course between the S. and E. and by observation"
was found to be in latitude 4]1° 54/ N.: Required the course
and departure?

Latitude Ancop » =~ 43 38'N.

Latitude in by observation, ~ 41 54 N,

————

Difference of latitude, ~ 1 44 = 104 miles.

The slide being reversed, and the distance 138 miles on
numbers set opposite 90° on sines, then, against the difference
of latitude 104 on nymbers i;: gme complement of the tourse
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Set 190 on numbers on the slide to 260 on the line above,
and opposite to 90° on the first line of sines is the course 47°
-nearly, on the slide. Now, set the complement of the course
43° on sines on the slide to 90°, and opposite to 260 on the
first line of numbers, is the difference of latitude 177 on the
slide.

Latitu:de Fort Royal, . 120 ¢ N.
Difference of latitude, 177 = 2 57 8.

| Lotitudein, - - .- 9 12N
: I . -
A ship from St Andrews, in latitude 56° 21’ N. sailed 256
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miles upon a direct course between the N. and E. and has .
made 168 miles of easting: Required the course, and latitude
come to? ’

Set the distanéé 256 on the line of numbers, to 90° on the
line of sines; then, opposite to the departure 168 on numbers,
is the course 41° on sines, and opposite to the complement of
the course 49° on sines, is the difference of latitude 193 oa

aumbers,

Latitude St Andrews, - - 56° 2I' N.
Difference of latitude, - - 3 13 N.

Latitude came to, - - 59 34 N.

Prosrey VI

Given the Difference of Latitude and Departure, to find the Course
‘ and Distance,’ '

RuLE.

Set the departure on the line of numbers on the slide, to the
difference of latitude on the first line of numbers ; -then, on the
other side of the rule, opposite to 45° on the line of tangents,
js the course on the corresponding line of tangents, which is
less than 45°, if the departure is less than the difference of lati-
tude, otherwise greater.

Now, set the course on the line of sines, to 90° on the cor-
responding ling of sines, and opposite to the departure on the
line of numbers, aon the slide, is the distance on the first line of
numbers,, Or, set the complement of the course on sines to
90° on the corresponding line, and opposite to the difference of
latitude on the second line of numbers, is the distance on the
first line of numbers.

Remark.

~* In finding the distance, the course, if greater than 45°,
ought to be used; but if it is less, the complement of the
gourse is to be employed.
;Ex.«im.zs.v
I'

me latitude 46° 10’ N. a ship sailed ypon a direct course
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between the S. and W. and by observation is found to be ia lav
titude 42° 56’ N. having made 144 miles of departure: Re-
guired the course, and distance ?

Latitude ssiled frem, - - 46° 10’ N.
Latitude ceme to, - - - 42 56N

Difference of latitude, - =~ 3 14 == 194 miles.

Place the slide so, that the departure 144 on the line of
numbers an the slide, may coincide with the difference of lati-
tude 194 on the adjacent line of numbers; thes, apposite to
45° on tangents is the course 363° on the corresponding line of
tangents.

Now, set 362° on the line of sines on the slide to 90°, and
opposite to the departure 144 on numbers on the slide, is the
distance 242 on the first line of numbers. Or, set the com.
plement of the course 53}° on sines to 90°, and opposite to the
difference of latitude 194 on numbers on the slide, is the dist»
ance 242 on the corresponding lime of numbers.

I11.

From Port Louis ia the Isle of France, in latitude 20° 8’ 8.
& ship sailed ypon a direct course between the N. and W. until
by observation she is found te be in latitude 17° 16’ S. havin
made 115 miles of westing : Required the course and distance ?

Latitude Port Louls, . . 20° &S.
Latitude by observation, - - 17 16 S.

Difference of latitude, » - 2 5% = 172 miles.

Now, set 115 miles on numbers on the slide ta 172 on the
first line of numbers, and opposite to 45° on the second line of
tangents, is the course 33° 45’ — 3 points on the first line of
tangents ; then, draw out the slide, until 115 on numbers coin-
cides with 3 points on sine rhumbs, and opposite to 8 points is
the distance 207 miles on numbers. .
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CHAP IL
* Tvaverse Suiling by the Sliding Guater.

| P ship sails upon two er more courses in a givea time, the
frregular tract she describes is called a Traverse: and to re-
solve a traverse, is the method of reducing these several courses,
and the distances run, into a single course and distance.

Ruie. :

Make a table of a convenient breadth, and of a depth sufficie
fo tomtain the several courses, &e. Divide this table inte six
columns, in the first of which the courses are to be put, and
the correspending distances in the second column; the third
and fourth columns are to contain the differences of latitude
and the two last the departures. :

~ Find the difference of latitude and departure, answering to
each ceurse and distance, by Pres. I. of Plane Sailing. The
difference of latitude is o be put in a north or sowth column,
according as the course is in the northern or southern hemi-
sphere: and the departure is to be put into the east column, if
the course is easterly, but in the west column, if the course is
westerly ; observing, that the departure is less than the differ-
ence of latitude, when the course is less than 4 points or 45°;
otherwise, it is greater than the difference of latitude.

Place the sum of each difference of latitude and departure
column at its bottom ; then, the difference between the sums of
the N. and S. columns will be the difference of latitude made
Eood, of the same name with the greater; and the difference

een‘the sums of the east and west columns is the departurs
made good, of the same name as the greater.

Now, with the difference of latitude and departure made
good, find the course and distance by Pros. VI. of plane sailing.

The sum, -or difference, of the latitade sailed from, and the .
difference of latitude, reduced to degrees, according as they are
of the same, or of a contrary nane, will bie the latitude come
to, of the same name as the greater.

Remark.

The usual -method of performing Traverse Sailing is by In.
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A ship from Raster Island, in latitude 27° 7' S. sailed the
following courses and distances, viz. N. W. by W. 98 miles,
W. N. W. 64 miles, W. 46 miles, N. W. } W. 87 miles, W.

by S. 4 S. 58 miles, and W. § N. 32 miles: Required the
cours¢ made goad, and latitude come to ? -

DrFF. oF Lar. DEePARTURE,

Coursgs. | Disr.

vN- Sb En W.'
NWbyW| 98 | 544 - - | - .| 815
W.N. W.| 64 45| - -+ = 59.1
W. 46 - -] - -] - - 46.0
NW.AW.| 87 | 662 - - | - - | .672
W.byS.4S| 58 | - - | 168 | « - | 555
W EN. | 32 | 47| - - |- -] 317
1388 | 16.8 341.0

16.8

, 1220 = 2 2 N.
- Latitude Easter Island, 27 7 S.

- Latitude come to, - 25 6 S.

Set the difference of latitude to the departure on
the lines of numbers, and opposite to 45° on tan-
ents, is the course 704° on tgz corresponding line.
ow, set 704° on the line of sines to 90° and oppo-
site to the departure 341 on numbers, is the dis-
tance 362 miles. '

a3

CHAP IIL

L]

Parallel Sailing by the Sliding Gunler,

Tue principal use of this sailing is, to find the difference of
longitude answering to a dist%‘nce run upon a given parallel,
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" and conversely : and hence, it is partlcularly useful in making
low or small islands.

" PROBLEM I

Gwen the Latitude qf a Parallel, and the Number of Miles con-
tained sn a Portion of the Equator, to find the Number of Milve
contasned in a simslar Portion of that Parallel.

RuLke.

Draw out the slide until the complement of the latitude on
the line of sines, .coincides with 90° on the corresponding line
of sines; then, .opposite to.the difference of longxtude on the
first line of‘ numbex:s, is the distance required.

Exmnxs.

- I

Required the number of miles eontained in a degree of longi-
tude in latitude 55° N. ?

Set the complement of latitude 35° en the line of sines on the
slide to 90°, on the corresponding line of sines; then opposite
to 60, the number of miles in a degree of longitude at the
equator, on the first line of numbers, is the number of miles
34.4 in a degree of longitude in that paraliel, on the second line
of numbers.

.

1L

Required the distance between Treguier in France, in longi-
tude 3° 14 W. and Gaspe pey Bay, in longitude 64° 27 W.
common latitude being 48° 47" N. ?

Longitude Treguier, - - 3° 14 W,
‘Longitude Gaspey Bay, - 64 27 W.

Difference of longitude, - 61 13 = 3673’

Now, set the complement of the latitude 41° 13’ on the line
of sines on the slide, to 90° on the corresponding line; then,
opposite to the difference of longitude 3673 on the first line of
numbers, is the distance 2420 on the second line of numbers.
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Prosrex 1L . . !

Given the Number of Miles contained ina portion of a known Pa-
az'l;cl, to find.the Number of Miles in a similiar Portion of the
uater.

Rute. .

Set the complement of the latitude of the given parellel on
the second line of sines, to 80° on the first line ; then opposite
4o the distance on the second line of numbers, is the dilgerence
of longitude required on the first line of numbers.

ExampLE.

A ship from Cape Finisterre, in latitude 42° 52’ N. and longi-
tude 9° 17 W. sailed due W. 342 miles: Required the longi-
tude.come to? v '

Set the complement of latitude 47° 8’ on the second line of
sines to 90° on the first line,; and o rosite to 342 on the second

line of numbers, is the differenee of longitude 467 nearly oh the

first line. , RS
Longitude Cape Finisterre, @ -  9° 1T”W,
Difference of longitude, - - T 4ATW.
Longitude eome to, ' 17 4W.

Y

Pnoﬁnnu iII. . -

Giventhe Number of Miles contained in any Portion of the Equa-
 tor, and the Miles in a similar Portion of a Parallel, to ﬁug the
Latitude of that Parallel. . ,

Ruye.

Place the distance, or given miles in the required parallel, on
the second line of numbers, to the difference of longitude, or
given miles in a similar portion of the equator, on the first line
of numbers ; then, opposite to 90° on the first line of sines, is
the complement of the latitude of the required parallel on the
second line of sines.

ExampLE. )
A ship sailed 224 miles uponF azdde west course, and by abser
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vation found ‘she had differed her longitude 6° 18’: Required
the latitude ? o '

" Place the slide so, that 294 on 'the second line of numbers
may coincide with 378 the difference of longitude on the first
line; then, opposite to 90° on the first line of sines, is the com-

lement of latitude 36° 20’ on the second line of sines. Hence,
the latitude of the parallel is 53° 40'. '
, Prosren 1V.
Given the number of Miles contained in the Portian of a known

Parallel, to find the Length of a similar Portion of another
given Parallel, S ‘

Ruwe,

Set the complement of the first latitude on the first line of
sines, opposite to the complement of the second latitude on the
second line of sines ; then, opposite to the first distance on the
first line of numbers, is the distance required on the second line
of numbers,

L ExameLe,

From a port in latitude 57°9’ N. a ship sailed due S. until she
{s in latitude 54° 29’, then due E. 81 miles, and lastly due N.
until she is again in latitude 57° 9’ N.: Required her distance
from the port she left ? : o

- Set the slide in such a manner, that 35° 31’ the complement
of the first latitude on the first line of sines, may coincide with
32° 51’ the complement of the other latitude on the second line

" of sines; then, opposite to the distance on the first parallel 81
on the first line of numbers, is the distance on the second pa-
rallel :75.6 on the second line of numbers,

. ProBLEM V, ,
Given the lengi7z of a certain Portion of a known Parallel; together

with that of a similar Portion of an unknown Parallel, to find
the Latitude of that Parallel. B

' " Ruie _
Plaee the slide so, that the distance on the given parallel on

-
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the first line of numbers, may coincide with that on the un-
known parallel on the second line of numbers; then, opposite
to the complement of the given latitude on the first line of
sines, is the complement of the required latitude on the second
line of sines.

Examrre,

A ship from a port in latitude 54° O’ N. sailed due E. 200
miles ; then, having run due S. an unknown number of miles,”
she sailed W. 250 wmiles, and by observation found she had
arrived at the meridian of the port she sailed from : The lati-
tude come to, and distance run in the south direction, are re-
quired ? ‘

The slide being placed so, that 200 on the first line of num-
bers coincides with 250 on the secand line of numbers ; then,
opposite to 36° the complement of the given latitude on the first
line of sines, is 47° 17’ the complement of the required latitude
on the second line of sines. Hence, the required latitude is
42° 43’ N. and the distance is 11° 17" = 677 miles. .

l— —

CHAP IV.
Middle Latitude Sailing by the Sliding Gunter,

Mipore Latitude Sailing is a composition of plane and pa-
rallel sailing. -In this sailing, the departure is reduced to miles
of longitude, and conversely, by employing the middle parallel
between the latitude sailed from and come to—and hence, its
name. ' . '

Although this method of sailing is not strictly accurate, yet,
it is an easy approximation for resolving the various problems
relating to a ship’s run. . In common practice, when applied to
the solution of those examples, where the distance does not
exceed the probable run of a ship in 24 hours, it is sufficiently
correct for most naytical purposes, and more expeditious than
Mercator’s sailing. ) A
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Prosrem I.
Given the Latitudes and Longitudes of Two Places, to ﬁndlthc

Course and Distance between them.

RuLE.

Reduce the difference of latitude and difference of longitude
to miles, and take half the sum of the two latitudes for the
middle latitude. Then, place 90° on the second line of sines,
to the complement of the middle latityde on the first line of
sines ; and opposite to the difference of longitude on the se-
cond line of numbers, is the departure on the first line of "
numbers. ‘ .

Now, set the difference of latitude on the second line of nums
bers to the departure on the first, and opposite to 45° on tan-
gents, is the course on the correspondent line of tangents;
which is greater than 45°, if the departure is greater than the
difference of latitude, otherwise, less than 45°. _

Again, set the complement of the course on the second line
of sines to 90° on the first; and opposite to the difference of
latitude on the second line of numbers, is the distance on the
first line of numbers. But, if the course is greater than 45°,
set it on the second line of sines to 90° on the first, and oppo-
site to the departure on the second line of numbers, is the dis»
gance on the first line of numbers. '

e

RemMARk.

‘ 'The course may be found without using the departure, as
follows :

Set the difference of latitude on the second line of numbers,
to the difference of longitude on the first, and opposite to the
complement of the middle latitude on the second line of sines,
is the course, if less than 45°, on the second line of tangents ;
but, if the course is greater than 45°, the complement of the
middle latitade on sines will be to the right hand of 45° on tan-
ents ; in this case, therefore, observe that division on the first
ne of tangents, which is opposite to 45° on the second line:
Then move the slide, until the complement of the middle lati-
tude on the second line of sines, coincides with 902 on the first
line, and opposite to the above found number on the first line
of tangents, is the course on the second line of tangents, to be
reckoned to the left from 45°,
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ExampLE.

" Required the course and distance from Flamborough-head,
in latitude 54° 11’ N. and longitude 0° 19’ E. to the Naze of
Norway, in latitude 57° 56’ N. and longitude 7° 15’ E.?

Latitude Flamborough-head, 54° 11/ N. Lon, - - .0/ 19 E.
Latitude Naze, - - 57 56 N. Lon. = =~ 7 15 E.

e s

Difference of latitude, = - 8 45=225Diff. ofLong. 6 56=+41¢

Sum of latitudes, - - - 112 7
Middle latitude, -« - - . 56 4.

Set the difference of latitude 225 on the second line of num-
bers, to the difference of longitude 416 on the first line; then,
88° 56’ the complement of the middle latitude on the second
line of sines, is to the right hand of 45° on the second line of
tangents: the division, therefore, on the first line of
opposite to 45° on the second line, is about 28° 24’. Now,
make 33° 56’ the complement of the middle latitude on the se-
cond line of sines, coincide with 90° on the first line ; then, op-
posite to 28° 24’ on the first line of tangents, is about 45° 54’
the course on the second line. ’

Again, set 44° 6’ the complement of the course on the second
line of sines, to 90° on the first line ; and opposite to 225 the
difference of latitude on the second line of numbers, is the dis-
tance 323 miles on the first line of numbers.

Hence, if the variation ‘at Flamborough-head be.2} points
west, the course, per compass, will be about E. N. E. { E.

Proorem II.

Given one Latitude, Course, and Distance, to find the other Lati-
tude, and Difference of Longitude,

Ruik.

Draw out the slide, until the right hand termination of the
lines on it, coincides with the complement of the course on the
line of sines, or of siné rhumbs ; tgen, oppesite to the distance
on the second line of numbers, is the difference of latitude on
the first line : Hence, the latitude come'to, and middle latitude,
will be obtained. :
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Now, set the complement of the middle latitude on the se-
cond line of sines, to the course on the first line, and oppouite
to the distance on the second line of numbers, is the difference
of longitude on the first line.

ExaMpLE.

A ship from 'Cape Finisterre, in latitude 42°52' N. longitude
9° 17" W. sailed S. W. by S. 250 niiles: Required the latitude
and longitude come to ?

Set the right hand termination of the divisions on the slide,
to the complement of the course 5 points on sine rhumbs;
then, opposite to the distance 250 miles on the second line of
numbers, is the difference of latitude 208 on the first line. Or,
set 250 on numbers to 8 points on sine rhumbs, and opposite
to 5 points on sine rhumbs, is the difference of latitude 208 on
numbers, C ‘

Latitude Cape i“inisterre, 42° 52 N. - . 42 52’ N.
Difference of latitude, -' 3 28 S. Half, - 1 44 S.

Latitude come to, « - 39 24 N. Mid.lat. 41 8.

Now, set 48° 52’ the complement of the middle latitude on
the second line of sines, to the course 33° 4%’ on the first line;
then, opposite to the distance 250 miles on the second line of
numbers, is the difference of longitude 181 on the first line.

Longitude Cape Finisterre, - - 9° 17 W,
.. Difference of longitude, - - 3 4W

e ae—

Longitude come to, - - - 12 21 W,

PROBL;M 1.

Given both Latitudes and Course, to find the Distance and Differ-
ence of Loengitude. '

Ruik.

Set the complement of the course on the second line of sines,
to 90° on the first line; and opposite to the difference of lati-
tude on the second line of numbers, is the distance on the first
Jine: Or, if the course is given in points, set the difference of
latitude on the line of numbers on the slide, to the complement
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of the coutsé on sine rhumbs, and opposite to B pelats en sine
rhumbs, is the distance on numbdrs. S

Now, set the complement df the middlg latitude on the se-
cond line of sines, to the course on the first line; and opposite
to the distance on the second live of numbers, 3¢ the difference
of longitudg on the first line of numbers. - C

ExaMpeLE.

A ship from Tercera, in latitude 38° 45’ N. and longitude‘
27° 6’ W. sailed N. E. § N. and ‘by observation is in latitude
42; 83 N.: Required the distance run, and lengitude come

" Lititude of Teréera, - = - 88 45’ N.
Latitude come to, - - - 42 83 N.

Difference of latitude, - - - 3 48 =22§'
8um of both latitudes, - - . 81 18
Middle latitude, - - < < 40 39,

Set the difference of latitude 228 on the line of numbers.on
the slide, tg the complement of the course 4} points on . sine
rhumbs; then, opposite to 8 points on sine rhumbs, is the
distance 295 on numbers.

Naw, set the complement of the middle latitude 49° 21’ on
- the second line of sines, to the course 34 points, or 39° 22/, on
the first line of sines; then, oppesite to the distance 295 on
the second line of numbers, js the difference of longitude 247
on the first line of numbers. - o »

Longitude of Tercera, - ~ - 27 6 W.
Difference of longitude, ~ - - 4 TE.

Longitude come to, - =« 22 59 W,

Prosren 1V,

Given one Latitude, Conrse, and Departure, to find the other Lov
titude, Distance, and Difference of Longitude. -

Ruie.

- Set the departure on the line of numbers to the course on the
1ine of sines, if given in do'greea or on the line of sine xhumbs,
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ressed in gomts then, opposite to 90°, or 8 pomts, i
the distance, and opposite to the complement of the course is
the difference of latitude. Hence, the latitude come to, and
xrhddle latitude, will be obtained.

Then, set the complement of the middle latitude on the se-
cond line of sines, to 90° on the first ; and _opposite to the de-
parture on the second line of numbers, is the difference of
longltude on the first line of numbers.

o Exaupre. .
-um - :

A_ship from Cape Ortegpl, in latitude 43° 46/ N. and longi-
tude 7° 39’ W. sailed N. W. 2 N. till her departure is 162
miles: Required the distance run, and, the iat;tude and longi-

tude come to ?. - -

Draw out the slide, until the departure 162 on the line of
numbers, coincides with the course 3} points ; "then, opposxte
to 8 points is the distance 272 miles on numbers, and opposite
to the complement of the course is the dlﬁ'erence bf latitude

218 miles.

" Latitude Cape Ortegal, - 43"’ 4N - - 43° 46’ N.
Dlﬂ'erence of latitude, -.'3 38 N. Half - 1 49 N.

Latitude come to, - - 47 24 N. Mid. lat. 45 " 85.

Now, set the Complement of the middle latitude;44° 25’ on
the second line of sines, to 90° on the first line; and opposite
to the departure 162 on the first line of numbers, is the differ-
ence of longitude 231 on the’ sercond hne of numbers.

Longitude Cape Ortegal, - - - 7° 39 W. )
Difference of longitude, = - - -3 51 W.

Longitude come to, - - - - 11 30 W.
PROBLEM V.

Gioen both Latitudes and Distance, lo ﬁnd the Coursc and Differs
ence of Longitude. -

RuLe..

- Set the differeénce of latitude on the second line of numbers
- to the distance. on the first line ; then, opposite to 90° on the
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seeond line of sines, is the complement of the course on the first
line of sines. S ‘ : :

Now, set the complement of the middle latitude on the se-
cond line of sines, to the course on the first line of sines; and
opposite to the distance on the second line of numbers, is the

difference of longitude on the first line. - '

ExAMPLE.

A ship from Cape Clear, in latitude 51° 18’ N. and longitude
11° 15" W. sailed 284 miles upon a direct course between the
S. and E. and by observation is found to be in latitude 47° 34’
N.: Required the course, and longitude in?

Latitude Cape Clear, - - 51° 18’ N.
Latitude in, - - - 47 3 N

Difference of latitude, - - 3 44 =224

Sum of both latitudes, - - 98 52 o
Middle latitude, - - - 49 26 o

Set the difference of latitude 224 on the second line of num-
bers, to the distance 264 on the first line; and opposii;e to 90°
on the second line of sines, is the complement of the course 52°
4/ on the first line of sines : Hence, the course is 37° 56".

" Again, set the complement of the middle latitude 40° 34’ on
the second line of sines, to the course 37° 56" on the first line
of sines ; and opposite tq the distance 284 on the second line
of numbers, is the difference of longitude 268 on the first line
of numbers.

Longitude Cape Clear, - - 11°15 W.
Difference of longitude, - -: 4 28 E

Longitude in, - . . 6 47 W.

PronLEm VI,

" Given one Latitude, Dlista)wé,.rand Departure ; to ﬂhd the other
Latitude, Course, and Difference of Longitude.

Ruts. |
Draw out the slide, until tlg geparture on the second line of
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numbers, coincides with the distance on the first lige ; and ap-

posite to 90° on the first line of sines, is the course on the se-
cond line of sines.

Set 90° on the second line of sines, to the complement of the
eourse on the first line; then, opposite to the distance on the
second line of numbers, is the difference of latitude on the first,

 Place the complement of the middle latitude on the second
line of sines, to the course on the first; and opposite to the dis.
tance on the second line of numbers, is the difference of longi-
tude on the first line of numbers.

ExamMpLe. \

A ship from Cape St Vincent, in latitude 37° 2" N. and lon-
gitude 9° 2' W. sailed 296 miles upon a direct course between
the S. and W. and made 220 miles of departure : Required the
course, and the latitude and longitude come to ? :

Draw out the slide, until the departure 220 on the line of
numbers on it, ceincides with the distance on the line f num-
bers above ; and opposite to 90° on the first line of sines, is the
course 48° on the second line of sines.

8et 90° on the second line of sines, to the complement of the
course 42° on the first line of sines; and opposite to the dis.
tance 296 on the second line of numbers, is the difference of la-
titude 198 on the first line.

- Lat. of Cape St Vincent, 87° 2 N. - . 31° 2 N.
Difference of latitude, - 3 18 8. Half, --1 39 S.

Latitude come to, - 33 44 N. Mid.Jet. 85 43.

Now, set the complement of the middle latitude 54° 37 on
the second line of sines, to 90° on the first line; and opposite
to the departure 220 on the second line of numbers, is the dif-
ference of longitude 270 on the first.

Longitude of Cape St Vincent, - 9° 2'W.
Difference of longitude, - - - 4 30 W.
) —p——

Lohgitude cogeto, » - - « 13 3R W,
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Prosrex VII.

Given both Latitudes and Departure, to find the Course, Distance,
and Difference of Longitude.

RutLk.

Set the difference of latitude on the line of numbers on the
slide, to the departure on the corresponding line of numbers ;
and opposite to 45° on the line of tangents, is the course on
the corresponding line of tangents. /

Then, set the course on the secand line of sines, to 90° on
the first line of sines; and opposite to the departure on the se-
cond line of numbers, is the distance on the first line of numbers.

Now, set the complement of the middle latitude on the se-
cond line of sines, to 90° on the first line; and opposite to the
departure on the seeond line of numbers, is the difference of
longitude on the first. s

ExawmrpLE, .

A ship from latitude 33° 45’ S. longitude 78° 37" W. sailed
upon a direct course between the S. and E. and is then found
to be in latitude 36° 54’ S. and to have made 160 miles of east-
ing: Required the course, distance, and difference of longitude?

Latitude sailed from, - 33° 45'S.
Latitude come to, - - 36 54 S.

Difference of latitude, » 3 9 = 189 miles.

Sum of latitudes, - - 70 39
Middle latitude, - - 35 20.

Bet the difference of latitude 189 on the second line of num-
bers, to the departure 160 on the first line of numbers; and
opposite to 45° on the first line of tangents, is the course 40°
15’ on the second line of tangents.

Now, set the course 40° 15’ on the second line of sinps, to
90° on the first line ; and opposite to the departure 160 on the
second line of numbers, is the distance 2474 on the first line of
numbers, :

Agsin, set the complement of the middle latitude 54° 40’ on
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the second line of sines, to 93° on the first line ; and opposite
to the departure 160 on the second line of numbers, is the dif-
ference of longitude 196 on the first line of numbers.

Longitude sailed from, - - 78° 37 W.
Difference of longitude, - - 3 16 E.

Longitude cometo, - - - 73 21 W,

ProaLem VIII.

| (Given one Latitude, Departure, and Difference of Longitude ; to
. JSind the other Latitude, Course, and Distance.

RuLke.

Set the departure on the second line of numbers, to the dif-
ference of longitude on the first : and opposite to 90° on the -
first line of sines, is the complement of tﬁe middle latitude on
the second line of sines.

Now, from twice the middle latitude subtract the latitude
sailed from, and the remainder will be the latitude come to;
and hence, the difference of latitude will be obtained.

- Then, set the departufe to the difference of latitude on the
lines of numbers, and oppesite to 45° is the course on the lines
of tangents. '

, ' Lastly, set the course to 90° on the lines of sines, and oppo-
site to the departure is the distance on the lines of numbers.

ExavrLE,

From Ushant, in latitude 48° 28’ N. longitude 5° 5’ W." a
ship sailed.upon a direct course between the N. and W. and by
ohservation is found to be in longitude 11° 10’ W. and has
made 232 miles of departure: Required the latitude come to, °
and the course and distance run, L '

-

.Longitude of Ushant, - - YW,
Longitude by observation,, - 11 10 W,

Difference of longitude, - - 6 b5=365.

Set the departure 232 on the second line of numbers, to the
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difference of longitude 365 o the first lines and opposite to
90° on the first line of sines, is the complement of the middle
latitude 39° 28’ on the second lire of sines: hence, the middle
latitude is 50° 32". S

Notw, from twice the middle lat. 101° 47
Subtract the latitude sailed from, 48 28 N.

Remains the latitude come to, - 52 36 N. 4
Difference of latitude, - - 4 8 =248 miles.

Set the departure 232 on the second line of numbers, to the
‘difference of latitude 248 on the first line; and opposite to
45° on the second line of tangents, is.the course 43° 5" on the
first line. '

Now, set the course 43° 5’ on the second line of sines, to 90°
on the first line ; and opposite to the departure 232 on the se-
cond line of numbers, is the distance 340 miles on the first Ime
of numbers.

Prosrex IX.

Given the Course; Distance, and Difference of Longitude ; to find
the Latitudes sailed from and come to.

RuLE,

Set the difference of longitude on the second line of numbers
opposite to the distance on the first line of numbers; then, op-
posite to the course on the second line of sines, is the comple-
ment of the middle latitude oii the first line of sines.

. Set the complement of the course on the second line of sines,
to 90° on the first line of sines; and opposite to the distance
on the first line of numbers, is the difference of latitude on the:
~ second line of numbers.

. Add half the difference of latitude to the middle latitude to
get the latitude sailed from, and subtract them to get the lati-
tude come to, because the ship is sailing towards the equator ;
if she had been sailing from the equator, the latter method
would have given the latitude sailed from, and the former the_
datitude come to.”
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.
Examprre.

A ship from a port in north latitude sailed S. W. 1 S. 560
miles, and thus differed her longitude 8° 24’ : Required the la.
titudes sailed frem and come to? , :

Set the difference of longitude 504 on the second line of
numbers, to the distance 560 on the first line of numbers, and -
opposite to the course 42° I’ on the second line of sines, is
48° 16 the complement of the middle latitude on the first line
of sines.

»

" Set 47° 49’ the complement of the course on the second line
of sines, to 90° on the first line of sines, and opposite to 560
the distance on the first line of numbers, is 415 on the second
line of numbers, which is the difference of latitude.

Then, the sum of the middle latitude, - 41° 44"
" And half the difference of latitude, 207 = 3 27

Gives the latitude sailed from, - - 45 11N,

And their difference, the latitude cometo, 38 17 N.
g
CHAP V

Mercator’s Sailing by the Sliding Gunter.

Tas sailing has its name from Gerard Mercator, * who hav«
ving observed the errors of the common charts, and the very
great trouble and inconvenience attending the use of those cons
structed upon globular principles, he, therefore, in the year
1556, published a chart, in which the rhumbs were represented
by straight lines, as in the plane chart ; and the meridians, as
well as the parallels of latitude, were also represented by
straight lines parallel to each other: but, in order to compen«
sate the error arising from the parallelism of the meridians,
each degree was increased in length with its distance from the
equator. :

# Mercator was bora at Ruremond, in Upper Guelderland, in the year 1512,
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1n 1579, Bernardus Puteanus, of Bruges, published a chart
of the same kind, accompanied with a particular account of the
method of construction, and its advantages over the charts then
in common use. Similar charts were afterwards published by
Jansonius and others. : : L :

In 1599, Mr Edward Wright, of Caius College, Cambridge,
published his Correction of certain Errors in Navigation; which
contains 4 table for the division of the meridian according to
this principle, together with the demonstration arid method of
computation. By a comparison of the chart published by Mer-
cator with this table, it appears, that the several portions of
the meridian were not increased agreeable to the table ; and it
has from thence been inferred, that Mercator was not ac-
quainted with the true principles of this method of projection.

Wright constructed his table of meridional parts, by the con« -
tinual addition of the natural secants of each minute of lati-
tude, in place of taking the sum of the secants of each point of
latitude ; and, therefore, the meridional parts towards the end
of the quadrant.exceeded the truth. A more accurate and ex~

peditious method has since been employed, for the same : - -

purpose. *

. The meridional difference of latitude, expressed iu degrees;
may be found by the Sliding Gunter, by taking the interval.
between the given latitudes from the line marked Mer. and ap-
E]yi'ng this extent to the adjacent line marked E. P. It will,

owever, be more accurate to take the meridional parts of the
given latitude, from a table of meridional parts; then will their
difference, or sum, according as the latitudes are of the same,
or of a contrary name, be the meridional difference of latitude.

Pronren I.

Given the Latitudes and Longitudes of two Places, to find the
. Course and Distance between them.
" Rute. -

Set the meridional difference of latitude on the second Iine
of numbers, to the difference of longitude on the first line of
numbers ; ‘then, opposite to 45° on the line of tangents, is the

See the Treatise on Nayigation by the Author of this, in the Eacyclopadia
Britagnica, vol. xii. page 705,
29
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eourse on’ the ccmgv&ndihg line of tangehts; which will "be
less than 45°, if the difference of longitude is less tham the me»
ridional difference of 1atitude; but, if the difference of longi-
tude is greater than the meridionsl difference of iatitude, then
the course will be greater than 45°.

Now, set the complement of the course on the second line of
sines, to 90° on the first line; and opposite to the difference of
1atitude on the second line of mumbers, is the distance on the
first line of numbers,

ExamPLES.
1.

Required the course and distance from Bilboa, in latitude
43° 26’ N. longitude 3° 23’ W. to Cordovan Light-house, in
latitude 45° 35° N. and longitude 1° 11" W.? '

Iat. Cordovan light-h. 45° 85’ N.  Mer. parts, 3080 Long. - 1°1VW.
Latitude Bilboa, - 43 26 N.  Mer. parts, 2899 Long. - S 28 W.

Difference of latitude, 2 9129 M D:.lat. 181 Diff oflan. 8 12:=139f

Set the meridional difference of latitude 181 on the second -
line of numbers, to'the difference of longitude 132 on the first
line; then, opposite to 45° on the line of tangents on the slide,
is the eourse 36° 6’ on'the-adjacent line of tangents.

Then, place 53° 54’ the complement of the course on the se-
"cond line of sines, to 90° on the first line of sines ; and oppe-
- site to 129 the differencc of latitude on the second line of num-
bers, is the distance 1594 miles on the first line of numbers.

1L

Required the course end distance from tlie Cape of Good
Hope to St Heléna ?
Lat. Cape of G. Hope, 34° 29’5, ’ Mer. pérts, 3080 Long. - 18° 23/H.
Latitude St Helena, - 15 55 5. Mer. parts, 968 Long. - 5 49W.

it vy pe——

. Difference of latitude 18 84==1114' M.D.lat, 1259 Diff:of lon, 24' 13==1452"
Set 1239 on the second line of numbers, to 1452 on the first
line ; then, opposite to 45° on the line of tangentson the slide,
is the course 49° 32’ on the adjacent line of tangents.

_ Place the complement of the course 40° 28’ on the second:
Line of sines,- to 90° on the first line of sines;- and, opposite to
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1114 the difference of latitude on the seeond line of numbers,
is 1716 the distance on the first line of numbers.

Prosrex II.

Given the Course and Distance sailed from a known Place, to find
the Latitude and Longitude of the Place come to.

kY

RuLk. .

With the given course and distance, find the difference of
latitude by Pros. 1. of plane sailing ; which being added to, er
subtracted from, the latitude left, according as tl%ey are of the
same, or of different names, will give the latitude ceme to;
then, find the meridional difference of latitude as before.

Now, set the course on the first line of tangents, to 45° on
the second; and opposite to the meridional difference of lati-
tude, is the difference of lon.gitude on the lines of numbers, ob-
serving, that if the course is less than 45°, the meridional dif-
ference of latitude is to be found on the first line of nambers ;
but, if greater, it must be found on the second line of numbers.

ExanrLE.

A ship from Cape Clear, in latitude 51° 18’ N. and longjtude
11° 15’ W. sailed S. E. } S. 120 miles: Required the latitude
and longitude come to? ’

Set the distance 120 miles on the line of numbers, to 8 points
on the line of sine rhumbs; and oppesite to 4} points the com,
plement of the course on sine rhumhs, ja the difference of latis
tude 89 on numbers. . . } .

Latitude Cape Clear, 51° 18’ N. Mer. parts, - - 3598
Difference of latitude, 1 29 S.
' ————r—

Latitude come to, - 49 49 N. Mer. parts, - - 3457

Mer. diff. oflatitude, 141

. Now, set 45° on the second line of tangents, to the course
42° 11’ on the first line ; .and opposite to the meridional dif-
ference of latitude 141 on the first line of numbers, is the dif-
ference of longitude 128 on ﬂﬁ second line of numbers, .
: ']

3
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Longitude of Cape Clear, - - 11° 15’ W.
Difference of longitude, - - 2 8E

w3

Longitude come te, .« - - 9 7 W.

Prosrem IIIL

Given the Latitudesof two Places, and the Course between them, .
Jind their Distance and Difference of Longitude.

RuLe.

“With the difference of latitude and course, find the distance
by Pros. II. of plane sailing; then, set the course to 45° on
the lines of tangents, and opppsite to the meridional difference
of latitude, is the difference of longitude on the lines of numbers.

ExampLE.

A sb‘ip from Bayonne, in latitude 43° 29’ N. longitude 1° 30
‘W. sailed N. W. { N. and by observatjon is found to be in la-
titude 45° 54’ N.: Required the distance run, and longitude
come to? '

Latitude Bayonne, 43° 29’ N.  Mer. parts, - 29063
Latitude come to, - 45 54 N. Mer. parts, - 3107

Diff. of latitude, - 2 25 =145’ Mer. diff. of lat. 204

'Set 50°°38’ the complement of the course on the second line
of sines, to 90° on the first line of sines; and opposite to 145
the difference of latitude on the second line of numbers, is the
distance 183 on the first line of numbers. .

Again; set the course 89° 22’ on the first line of tangents, ta
45° on the second line of tangents; ‘and opposite to the meri-
dional difference of latjitude 204 on the first line of numbers, is
the difference of longitude 167 on the seeond line of numbers.

Longitude of Bayonme, - - 1° 30’ W.
_Difference of longitude, - - 2 47 W.

-Longitude come to, - -~ 4 17 W.
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Prosrem IV,

Given the Latitude and Longitude of the Place sailed: from, thé
Course and Departure ; to find the Distance, and the Latitude
and Longitude of the Place come to.

Rute.

- Find the distance and difference of latitude by Proz. III. of
plane sailing ; hence, the latitude come to, and meridional dif-
ference of latitude, may be obtained. Now, with the course
and meridional difference of latitude, find the difference of lon-
gitude, by the rule given in last problem. - S

ExampLE.

A ship from Gratiosa, in latitude 39° 2’ N. longitude 27° 58"
W. sailed N. N. E. ' E." and has made 66 miles of departure :
‘Required the distance, and the latitude and longitude come to ?

Set the departinre 66 on the third line of numbers, to the
oourse 2§ points on the line of sihe rhumbs; then, opposite to
8 points on sine rhumbs, is the distance 129 miles on numbers,
and ite to the complement of the course 5} points on sine
rhumbs, is the difference of latitude 110 on numbers. »

. * Latitude Gratiosa, - 39° 2’ N. Mer. parts, - - - 2548
" Diff. of latitude, - .1 50 N. .

Latitude come to, - 40 52 N. Mer. parts, ~ - 2691
- Mer. diff. of latitude, 143

Now, set 45° on-the first line of tangents, to the course 30°
56’ on the second line of tangents; and apposite to the meri-
dional difference of latitude 143 on the second line of numbers,
is the difference of longitude 86 on the first line of numbers,

Longitude Gratiosa, - - 27° 58 W,
Difference of longitude, - - 1 26 E. 7

Longitude come to,' ~ - 2 32 W,
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Prostzx V.

Gioex the Latitudes of two Pl ‘mlothz‘suwbe‘twm ry
) ‘klp Jind the gwp, 'aadihfcrcm of ,Lygimdc." M

" Ruwk.

With the distance and difference of latitude, find the course
Pros. IV. of plane sailing; and with the course and meri-

ionel difference of latitude, find the difference of longitude by

Pros. 1. of Mercator’s sailing. oo

 Exannx. :

A ship from St Alban’s Head, in latitude 50°37’ N. and lon.
gitude 2° 13’ W. sailed 171 miles upon a direct course between
the S. and W. and by observation is in latitude 48° 28’ N.:
Required the course steeréd, and longitude come to ?
.i:scmum,. 5° 87 N. Mer.party, « + » 3538 -

, - Mer. parts,

iP by obseration, - 48 28 “. - » = 3334
- ——e

_ Difference of Iatitude, - 3 9==129  Mer diff. of latitude, » 198

Set the difference of latitude 139 on she secend line of nums
bers; ¢o the distance 171 on the first line; and opposite to 90°
on the first line of sines, is the complement of the course 49°
on the secapd line of skiés. .

Again, set the coarse 417 on the first line of tangents, to' 45°
on the second line of tangents ; and opposite to the meridional

difference of latitudé 198 on the secend line of numbers, is the
difference of longitude 178 on the first line of numbers.

. Lengitude St Alban’s Head, - - 2° 13 W.
Difference of longitude, - - - 2 52 W,
' i

Longitudeln, - - - « - b 5 W.

 Prosrem VI

Given one Latitude, Distance, and Departure; 1o find the other
Latitude, Course, and Difference of Longitude.

" RULE’.

With the distance and departure, find the course and differ-
ence of latitude, by Proz, V. of plane sailing: then, set the
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A ship from Venice, in latitude 45° 26’ N. and langitnde 127
4/ K. sailed 250 miles upon a direet course between the S. and

E. and made 170 miles of departure: Required the course
steered, and the latitude and longitude come to? '

Set the distance 250 en the seeond lire of numbers, to the
departure 170 on the first line ; and apposite to 90° on the se-
cond line of sines, is the course 43° on the first line of sines.
Again, set the complement of the course 47° on the second line
of sines, to 90° on the first line of sines; wnd oppovite go the
distance 250 on the first line of numbers, is the difference of
latitude 183 on the second line.

Latitude of Venice, 45° 96’ N. Mer. parts, - - 3067
Diff. of latitude, - 3 3 8. |, ‘
Latitude come to, 42 23 N. Mer. parts, - - 2813

Mer. diff. of latitude, 254

Now, set 45° on the second line of tangents, lo the oourse
43° on the first line of tangents ; and opposite to the meridional
difference of latitude 254 on the first line of numbers, is the.
difference of longitude 236 on the second line of numbers.

Longitude of Venice, - - 12° 4 E.
Difference of longitude, - - 3 56 E.

Longitude in, « -« + « 16 OE.

Prosrex VII.

Given the Latitudes of two Places, and the Departure ;. to find the
Course, Distance, and Difference of Longitude.
\ Rua. '
‘With tﬁg ven difference of latitude and departure, find the’
sourse and distance, by Pros, Y1, of plane sailing ; then, wit
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the difference of latitude, the merdional difference of latitude
and departure, find the difference of longitude by last problem.i

ExaurLE.

A ship from Conception, in latitude 36° 43’ S. and longitude
72° 40’ W. sailed upon a direct course between the N. and W.
and by observation is in latitude 29° 38’ S. and has made 324
miles of westing : Required the course and distance run, and
the longitude come to ? '

Latitude of Conception, - 36° 48'S. Mer. parts, - - - 2371
Latitude cometo, - - 29 88 S. Mer.parte, - - - 1863

" Difference of latitude, - 7 5==425 Mer. diff, of latitude, - 503

Set the departure 324 on the second line of numbers, to the
difference of latitude 425 on the first line of numbers; then,
opposite to 45° on the second line of tangents, is the course 37°
19’ on the first line. . :

Now, set the course 37° 19" on the second line of sines, to
90° on the first line; and opposite to the departure 324 on the
second line of numbers, is tﬁe distance 534 on the first line.

Lastly, set the difference of latitude 425 on the second line:
of numbers, to the meridional difference of latitude 508 on the
first line; and opposite to the departure 324 on the second
}xme of numbers, is the difference of longitude 387 on the first

ne. :

Longitude Conception, - - 72° 40’ W,
Difference of longitude, - - 6 27 W.

Longitude in, - - - - 79 7 W,

Prossen VIIL

- . )
Given one Latitude, Course, and Difference of iLongitude ; to find
" the other Latitude, and Distance.

RuLE.

Set the given course to 45° on the lines of tangents, and op-
posite to the difference of longitude, is the meridional difference
of latitude on the lines of numbers. Now, the meridional dif-
_ ference of latitude being apglied to the meridional parts of the

latitude sailed from, by addition or subtraction, according as
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they are of the same, or of a contrary name, will give the me-
ridional parts of the latitude come to; and hence, the differ-
ence of latitude may be obtained.

.. Then, set the complement of the course on the second line
of sines, to 90° on the first line ; and opposite to the difference
of latitude on the second line of numbers, is the distance on the

first line. ‘ . o '

ExaMPLE.

A ship from Cape Verd, in latitude 14° 45’ N. and longitude
.17°39 W. sailed S. S. W. § W. and by observation is found
“to be in longitude 21° 26’ W.: Required the latitude come to,

and distance run?

Longitude Cape Verd, - - 17° 39 W.
Longitude in by observation, - 21 26 W.

' Difference of longitude, - - 3 47 = 227’

Set the course 28° 7’ on the first line of tangents, to 45° on
the second line of tangents; dnd opposite to the difference of
longitude 227 on the second line of numbers, is the meridional
difference of latitude 425 on the first line of numbers.

 Latitude Cape Verd, 14° 45’ N. Mer. parts, - 895
© Mer. diff. lat, 425
Latitude come to, - 7 49 N. Mer. parts, - 470

Difference of latitude, 6 56 = 416’

Now, set the complement of the course 61° 53’ on the se-
cond line of sines, to 90° on the first line ; and opposite to the
difference of latitude 416 on the second line of numbers, is the
distance 472 miles on the first line of numbers.

, ProeLen IX.
To find the Difference of Longitude made good upon -compound
' Courses. |
METHOD FIRST.
Rutk,

Construct a table as in traverse sailing, in which insert the
several courses and distances ;_and from thence, find the differ-
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enoe of atitude and departure, and ﬂaeman&hﬁuﬂ
ceme to, as in traverse ediling: find also, the meridionel &
ference of latitude.

- Now, set the difference of latitude on the second line of num-
Bers, to the meridionel difference of latitede on the firet ¥ne;

and opposite to the departure on the second line of numbers, is
the difference of longitude on the first line.

Exrmrin, v
A <bip from Buchanness sailod as follows: Required the lti-
fude and Jongitude of the place come to? -

1
]

Dirr. oF Lar. | Derarrore.
Cougses. | Bysr. o
i N. & E. w.

444 | 1841 - -

S.8.E. |1 88 | -"-

$.W.byS| 54 { - - | 449| - - | 300
Bws | |- -]| 1390 6] - -
1 N.E. 63 | 445 - - | M6y - -
N.W.| 40 | 191 - | « -1 468
636 | 1032 { 1325 | 762
63.6 | 762 -

306 | 663 )

' Lat. Buchanness, 57° 30’ N. Mer. parts, 4238 | -
Diff. of latitude, 0 40 S. i

- Latitadecome to, 56 50 N. Mer. parts, 4164 .

t | Meridional difference of latitude, - . 74

Now, set the difference of latitude 396 on the se-
‘cond line of numbers, to the meridional difference
of latitude 74 on the first line ; snd opposite to the
' departure 56.3 on the second line, is the difference |
of longitude 105 on the first line, v

Longitude Buchanne_é,s, ~ = 1° 47 W.
_Difference of longitude, - - 1 45 E,

Longitede cometo, - - - 0 2 W.

v
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This method is that which is commonly used, to find the dif-
&erence of longitude made good during a day’s run; and, in
most eases, will be sufliciently aceurate for the above period,

ially in places near the equator: hut when the rur is ex-
£ended to a Toniger period, and when the places are considerably
distant from the equator, this method will be liable to an errer,
which will increase with the distamcey, and with the number of
estvses ; iu this cxse; thesefove, the following rule. hecomes ne»
cessary.

Russ 1L

Complete the traverse table as beforu; to which anuex five
eolumms. Place the latitudo sailed from at the tep of the first
of theve eclamns, whieh iz to be titled Suecessiow Laditudts 5
then, to this latitude apply the fiust difference of latitude, by
addition or subtraetion, aecording as they are of the same, or
of a contrary name; and the sam, or difference, wilk be the la-
titude in, at the end of the first course and distance. In hike
manner, find the sevaral latitudes come to, and insert them un-

der the former. _

Find the meridional parts of each of theselatitudes; end plecs:
them in the second columu, entitled Merid. Parts ; and in the
third column, entitled Mer. Diff. of Lat. insert the differenee
between each adjaeent pair of meridional parts ; hence, are ob-
tained, the meridional differences of latitude answering to- eaaln
course and distance.

Now, set the first course to 45° on the-lines-of tangents, and
apposite to the first meridional difference of Iatitude, is the:
di.ggrence of lengitude on the lines of numbers ; and place it in:
the fourth or fifth eolumns, according as the course is in the
@astern or western hemisphere. In like manner, proceed with
thie other courses, and eorresponding meridional differences of’
Iatitude ; ahd place each difference of longitude i its respective
column : then, the «difference betaveen the sums of these co-
lumns, will be the difference of longitude made good upon the
whole traverse, of the same name with the greater.

Renarus. .

P.

When the courseis N. or S. thefe is no difference of longitude.
2 , .
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IL

When the course is E. or W. the difference of longitude can.
not be found by Mercator’s sailing ; in this case, therefore, the
following rule is to be used. ' ‘ s

Set the complement of the latitude to 90° on the lines of

sines, and opposite to the departuare on the second line of num-
bers, is the difference of longitude on the first line.
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4 CHAP VL
Oblique Sailing by the Sliding Gunter.

Osiieue Sawne is the application of oblique angled plane tris
gonometry to the solution of problems at sea. This sailing
will be found particularly useful in going along shore, in sur-
veying coasts apd harbours, settling the latitudes of places from
observations taken at sea, &c.

 As the i"olloﬁ'ing examples are performed according to the
rules laid down in Oblique Trigonometry, it is, therefore, un<
necessary to give particular precepts for each example.

ExaMPLES.
I

" At 10h. A. M. Flamborough-head bore W. 4 S. per compass,
and at 1h. P. M. the head bore N. W. the ship. going.S. by W.
at the rate of 3 knots an hour: Required. the distance of the
ship from the head, at the time of each observation 7 And sup-
_posing the latitude of the second place of observation, as de-
duced from double altitudes, to be 54° 7’ N. and the variation
2} points W. the latitude of the head is required ?

The distance run between the observations is 9 miles; the
angle contained between the ship’s course and the first bearing
of Flamborough-head is 6 points; and that between the op-
gosite point to the course and the second bearing is 5 points:

ence, the angle at the head is 4 points. Now, place 9 miles.
on the line of numbers on the slide, to 44 points on the line of
sine rhumbs ; then, opposite to 5 points on sine rhumbs, is the-
first distance 9.7 on numbers, and opposite to 64 points is the
second distance 11'.1 on numbers. Again, the second bearing
being corrected by variation is. W. N. W. 1 W. or 6} points:
Now, set the second distance on the line of numbers on the
slide, to 8 points on the line of sine rhumbs, and opposite to
14 points, the complement of the corrected bearing on the same
line, is the difference of latitude between the ship and the head
3.75, or 4 miles, on numbers; which, added to 54°'7’, the sum

54° 11, is the latitude of Flamborough-head,
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The correct bearing of St Francois in the island of Guada«
" Toupe, from Cape North in the island of Marigalante, is N. by

W. 4 W. and &; distance betweer them 174 miles; the dist-
ance between St Francois and Port St Maria in the same island
is 26 miles, and the bearing of Pert St Maria, from
North, is W. by N. } N.: Required the distance betwees
two last places, and the bearimg of Port St Mariw frem St
Francois 7 ‘

The angle at Cape North is 5 points = 56° 15, the interval
Between W. by N. 4 N. and N. by W. } W. Now, set 17}
on numbers en the slide to 26 on the corresponding lime ; and
opposite to: 56° 15 on the first lire of sines, is the angle at Post
St Maria 34° 2’ on the second line of sines. The sum of 56°
15’ and 34° 2’ is 90° 17’ ; .whieh, svbtracted from 180°, the re-
mainder 89° 43', is the angle at St Francois: from which 1§
points = 16° 52’ being subtracted, the remainder S. 72° 51’ W.
1s the bearing of Port St. Masi fremn St Francois, ar nearly
W.8.W. i W. )

Now,, set 56° 15’ on simes on the slide to 89° 43', and oppo-
site to 26 on numbers on the slide is about 31.3, the distance
required, on the first line of numbers.

- ITL

Runaing S. by E. 4 E. at the rate of 5 knots an hour, in the
Straits of Durion, at 10h. A. M. the S. E. point of the less Ca-
ximon bore W. S. W. distance 10 miles; and at 4h. 12’ P. M.
we were. close alongside of a reck, or small island : The bearing
amd distance of which, from the abave mentioned point, are re-

guired ? : A

The interval of time between the observations i 6h. 12’5
and since the hourly rate of sailing is 5 knets, the distanee ran
is, therefore, 31 miles. Fhe angle between the ship’s course
snd Carimon is 74 points.

Naw, set 10 miles on sumbers:to 8 peints on the sine rhumbs ;
them, epposite to 7} peints is the perpendiculer 8.95 on nums..
hers, and. oppesite te } a point is the segment. .98, er nearly
1 mile, which subtraeted frem 31, the semainder, 30 miles,. is
the other segment. Then, set the perpendicular 9.95 on num-
bers on the slide, to 30 on the first line; and opposite to 45°



"on the second line of tangents, is the angle at the rock, or island,
18° 21’ on the correspending line. .

 The sum of 18° 21’ and 1 points,” ar 16° 52’, is 35° 13’ ;
hence, the bearing of the rock from the S. E. point of the Jess
Carimon is 8. 35° 18’ E. or S. E. { S. nearly.

Lastly, set 712 39, the complement of 18° 21, on sineé on
the slide to 90°; and opposite to 30 on numbers on the slide, is
31.6 the distance required. o

1v, .

- "Phe distance of point Divats, in theisland of Mindanao, from
Hagna in the island of Bohol, is 88 miles, and bearing S. E.  E.
The distance between Hagna, and the south end of the small -
island Limassava, is 56 miles ; and the distance of point Divata
from Limassava is 49 miles: The bearings of Hagna and point
Divata, from Limassava, are required ?

The three distances form an oblique tria.ngle, the angles of
which are found by Pros. V. of oblique trigonometry, as fol-
Yows: .

The sum and difference of the two least distances are 105 and
7 respectively ; and twice the greater side is 136.

Then, set 136 to 105 on numbers, and opposite to 7 is 5.4

helf the difference of the segments. Now, thg/um of half the

ater side 34, and 5.4 is the greater segment 39.4; and their
ifference 28.6 is the less segment. - :

_ Set the greater segment 39.4 en numbers on the slide to 56,
and opposite to 90° om the first line of siues, is 44° 43’ the com-
¥lement of the angle at Hagna; hence, this angle is 45° 17’,

o which 44 points, or 50° 37, being added, and the sum 95
54/ subtracted from 180° the remainder, S. 84° 6’ W. is the
- bearing of Hagna from Limassava.

Again, set the less segment 28.6 on the second line of num-
bers, to 49 on the first line ; and opposite to 90° on the first line
of gi’pes, is the complement of the angle at point Divata on the
second, viz. 35°43". . Hence, that angle is 54° 17’ the difference
$Etween whith and 50° 37, is the bearing of point Divata fram
Limassava, namely, S. 3°40’ W.
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CHAP VII.

‘Windward Sailing by the Sliding Gunter.

"W inpwarDp Sarwiva is the method of gaining an intended port;
by the shortest and most direct method possible, when the wind
is in a direction unfavourable to the course the ship ought to
steer for that port. ‘

In order to attain this important point, it is evident the ship
must sail in different tacks; the object, therefore, of this sail-
ing is, to find the proper courses to be steered on each board,
that the vessel may arrive at the intended port the soonest pos-
sible. The following examples will serve to illustrate this
sailing.

- ExampLEs. ’
I

A ship is bound to a port 26 miles directly to windward, the
wind being N. E. which it is intended to reach on two boards,
the first being on the larboard tack ; and the ship can ly within
6 points of the wind: Required the course and distance on
each tack ? : o

As the ship can ly within 6 points of the wind, which is N.
E. the course on the larboard tack will, therefore, be E. S. E.
and that on the starboard tack N. N. W. -

Now, set half the distance of the port, viz. 13 miles, on num-
bers on the slide, to 2 points, the complement of 6, on sine
rhumbs; and opposite to 8 points on sine rhumbs is 34 miles
nearly, the distance the ship must sail on each board.

II,

The wind being S. S. W. a ship is bound to & port bearing
S. by E. distance 54 miles, which she proposes to reach on
three boards, . each within 54 points of the wind ; the first be-
ingl ir;) the S. E. quarter: Required the distance t6 be run on
each board. ' .

Since the ship can ly within 51 points of the ﬁind, which i§
S. 8. W. the first and last courses being in the S. E. quarter,
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will be S. E. 4 S. and the second course W. 4 S.; the interval
between the bearing of the port S. by E. and the first course
S. E. 4. S. is 2} points; and that between S. by E. and the
second course W. . S. is 8 points: also the interval between
W. 18S. and N. W. } N. the opposite point to S. E. 4 S.is 5
points. :

Now, set 27 miles, half the distance, on the slide, to 5 points
on sine rhumbs ; and opposite.to 74 points the supplement of
81 points, is the distance 32.3 miles, to be run on the first and
last boards ; also opposite to 24 points on sine rhumbs, is half
the distance 15.3 on numbers; hence, the distance upon the
second tack is 30.6 miles. . .

IIL.

The wind at N. 4 E. a ship is bound to a port bearing N. N.
E. distance 68 miles, which it is proposed to make at four
boards: the coast, which is to westward, trends N. N. E. also ;
so that the ship must go about as soon as she reaches the straight
line joining the ports Required the course and distance on
each board, the ship making her way good within six points of
the wind ? ‘

The wind being N.  E. and the ship lying within six points
of it, the course on the larboard tack will be E. N. E. } E. and
that on the starboard N. W. by W. § W. The angles con-
tained between N. N. E. the bearing of the port, and each of
these courses are, therefore, 44 and 7§ points; and the supple-
ment of the angle between the courses 1s 4 points

Now, set half the distance 34 miles on numbers on the slide,
to 4 points on sine rhumbs ; and opposite to 7} points on sine
rhumbs, is the first distance on numbers 47.8 miles ; which is
also the third distance : and opposite to 44 points on sine rhumbs
is the second and fourth distances on numbers, 37.2 miles.

1V.

The wind being N. W. a ship lying within six points of the
wind, and making half a point of leeway, sailed 64 miles on the
larboard tack, and 48 miles on the starboard tack, and made
her port: The bearing and distance of which, from the place
sailed from, are required ?

Since the course made good is 64 points from the wind, there-
i K ST
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fore, the ecourse on the larboard tack will be N. N. E. 3 E. and
that on the starboard tack S. W. by W. 3 W. :

~ Now, with the distance 64 miles, and the first course N. N. E.
1 E. = 21 points, the difference of latitude will be found to be
56.4, and departure 30.2. And with the distance 48 miles,
and the second course S. W. by W. 1 W. the difference of la-
titude is 22.6, and departure 42.3. 'The difference hetween the
differences of latitude is 33.8, and that between the departures
is 12.1.

_'Then, set 12.1 on numbers on the slide, to 33.8 on the line
of numbers above; and opposite to 45° on tangents, is the
caurse 19° 42’ on tangents on the slide: hence the bearing of
the port from the place sailed from is N. 19° 42° W. or N. by
‘W. 3 W. Again, set the difference of latitude 33.8 on num-
bers on the slide, to the complement of the course 64 points on
sine rhumbs ; and opposite to 8 points on sine rhumbs, is the
distance between the places 36 miles on numbers.

CHAP. VIIL

Current Sailing by the Sliding Gunter.
rl‘utc'mhputatibns, in the two preceding chapters, have been
performed upon the assumption that the- water has no motion.
‘This may, no doubt, answer tolerably well in those places

. where the tides are regular; as then, the effect of the flood
will nearly counterbalance that of the ebb. Butin places where
‘there is a constant current, or setting of the sea, towards the
same point, an allowanee must be made for the change of the
ship’s place, arising therefrom. And the method of resolving
those problems in sailing, in which the effect of a current, or
heave of the sea, is taken into consideration, is called CurrENT
SaiLine.

" That point of the compgss to which a current runs is called
its setting, and its rate per hour is called its drift.

In a calm, it is evident, a ship will be carried in the direction,
and with the velocity, of the current. Hence, if a ship sails in
the direction of the current, her rate will be augmented by the
¥ate of the current; but if sailing directly against it, the dist-
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~ance made good will be equal to the difference between the rate
of the ship as given by the log, and that of the current: and
the absolute motion of the ship will be a-head, if her rate ex-
ceeds that of the current ; but if less, the ship will make stern-
way. If the ship’s course be oblique to the direction of the
ourrent, her true course and distance will be compounded of
the course and distance given by the log, and of the'setting and
drift-of the current; and the distance made good in a given
time will be represented by the third side of a triangle, of
which the distance given by the log and the drift of the current,
in the same time, are the other two sides.

In the open ocean, in calm weather, the setting and drift of
a current are easily found, by taking a boat to some little dis-
tance fromthe ship ; which being brought up, by sinking, from
the stern, a heavy iron poet, or loaded kettle, to the depth of
about 100 fathoms: then, the log being hove, its bearing will
be the setting of the current; and the number of knots run out
in half a minute will be its drift. When in sight ef land, the
settipi and drift of a current may be found, by observing some -
remarkahle place or places ashare, at certain intervals of time

ExampLEs.
I

A ship sailed S. W. by 8. at the rate of 7 knets an hour,
in a current setting S. E. 1} miles an hour: Required .the
course, and distance made good in 24 hours ?

“Set 1 on numbers on the slide, to 24 on the first line of num-
bers; then, opposite to 7 on the slide is the distance per log,
168 miles, in 24 hours; and opposite to 14 oa the sjide is the
drift of the current, 36 miles, in the same tjme.

Now, set 168 miles on numbers on the slide to 8 points’ on
sine rhumbs, and opposite to the course 3 points on sine rhurpbs,
is the departure 93.3; and opposite to the complement of the
course 5 points, is the difference of latitude 139.7 miles.

Again, set’36 miles on numbers to 8 points on sine rhymbs,
4nd opposite to the setting of the current 4 points, is the de-
parture 25.5, which is also"the difference of latitude.

Now, the sum of the two differences of latitude, because of
Qne name, viz. 165.2, is the tlliiﬂ‘grence of latitude made goad s
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and the difference of the two departures, being of 'con'trafy'
names, viz. 67.8 is the departure made good.

Then, set 67.8 on numbers on the slide, to 165.2 on the first
line of numbers, and opposite to 45° on the second line of tan-
gents, is the course 22° 19’ on the first line of tangents ; hence,
the course made good is S. 22° 19" W. Again, set 67° 41’ the
complement of the course, on sines on the slide, to 90° on the
first line of sines;, and opposite to 165.2 on numbers on the
slide, is the distance 179 on the first line of numbers.

! II.

- A ship bound from Dover to Calais, lying S. E. by E. § E.’
distant 21 miles, and the flood tide setting N. E. 4 E. 24 miles
an hour: Required the course she must steer, and the distance
to be run by the log, at 6 knots an hour, to reach her port ?

Set 6 miles on numbers on the slide, to 6 points on sine
rhumbs, the angle contained between S. E. by E. § E. and N.
E. 1 E.; then, opposite to 14 miles on numbers is about 2
points on sine rhumbs, which being allowed to the right of the
true course S. E. by E. } E. because the current sets to the
left, gives S. E. 4 S. the course to be steered.

The sum of 6 points and 2 points is 8, which subtracted from
16, the remainder is § points: Now, bring 21 miles on num- .
bers, the distance befween the ports, to 8 points on sine
rhumbs ; then, opposite to 6 points on sine rhumbs is the dis-
tance to be run, 19.4 miles on numbers.

IIIL.

A ship from latitude 35° 20’ N. sailed 24 hours in a current
setting N. W. by N. and by account is in latitude 38° 42’ N.
having made 44 miles of easting ; but the latitude by observa-
tion is 38° 58’ N. Required the course and distance made
good, and the drift of the current? '

»

The difference between the latitudes by account and observa-
tion is 16 miles, which is, therefore, attributed to the current ;
and the setting of the current is N. W. by N. Now, set 16
miles on numbers on the slide, to 5 points on sine rhumbs, the
complement of the setting of the current ; and opposite to 8

oints on sine thumbs is 19.2 miles, the motion of the current
in-24 hours, Then, set 24 hours on numbers on the slide, to

!
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1 on the first line; and opposite to 19.2 on numbers on the
slide, is 0.8 the drift of the current.

. Again, set 3 points, or 33° 45, on tangents on the slide to
45°, and opposite to 16 miles on the first line of numbers, is
that part of the departure occasioned by the current, 10.7
miles ; which subtracted from 44 miles, the departure by ac-
count, the remainder, 33.3 miles, is the true departure.

Now, set 33.3 on numbers on the slide, to the true difference
of latitude 38 miles, and opposite to 45° on tangents is the
course, 411° on tangents. Then, set.the course 414, on sines
on the slide, to 90°; and opposite to 33.3 on numbers on the
slide is the distance, 504 miles on numbers. Or, set the com-
plement of the course 482°, to 90° on sines, and opposite to the
difference of latitude 38, is the distance 504 miles on numbers.

Iv.

* A ship from a port in latitude 42° 52’ N. sailed S. by W. }
‘W. 17 miles in 7 hours, in a current setting between the N. and
W. and then, the same port bore E. N. E. and the ship’s lati-
tude by observation was 42% 42’ N.: Required the setting and
drift of the current ? L '

Set the distance 17 miles on numbers, to 8 points on sine
rhumbs, and opposite to the course 14 points, is the departure
4.9 miles; and opposite to the complement of the course 6}
points, is the difference of latitude 16.3 miles.

- Again, set the bearing of the port 6 points, or 67° 30, on
tangents on the slide to 45°; and opposite to 10 miles, the dif-
ference of latitude, on the slide on numbers, is the departure
24.1. 'The difference between the differences of latitude 16.3
and 10, is 6.3 miles; and that between the departures 4.9 and
24.1, is 19.2.

Now, set 6.3 on numbers on the slide to 19.2, and opposite
to 45° on tangents is the setting of the current, N. 71° 51’ W,
Then, set 71° 51’ on sines on the slide to 90°, and opposite ta
19.2 on numbers on the slide is the motion of the current, 20.2
miles. Lastly, set 7 to 1 on numbers, and opposite to 20.2 is
2.9 knots, the hpurly rate, or drift, of the curvent. - . -

\
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Remarg. S

For various other exampies, illustrating these sailings, with
the methods of construction, calculation, &c. the reader is re.
ferred to the Author's Treatise on Navigation.

erpm——
CHAP IX

Of Sea Charts.

A Cuarr is a representation of a part, er of the whole, of the
water on the surface of the globe, and the adjacent eoast, and
is of two kinds, PLanve and MercaTor *.

A Pusase Cuarr is constructed upon the assumption, that
the surface of the earth is an extended plane.

~ A Mercaror’ Cuarr is eonstrueted upon the supposition,
thas the figure of the earth is spherical.

Since the figure of the earth is nearly that of a s{)bere, it is
evident from the nature of the construction of a plane chart,
that it must be erroneous; and, therefore, can be of little or
oq real utility in the practice of navigation, except in that case,
where the chart extends only to a few degrees on either side of
the equator. With respect to a Mereator’s chart, the figures
of countries become meore and more increased beyond their just

roportion, according to their distance from the equator, upon
aecount of the extension of the degrees of latitude, in order that
the meridians, instead of being curves, may be straight lines,
gnd parallel to each other. Yet, by this kind of a chart, the
bedring and distance between any two places on it, may be
easily and accurately found.

CONSTRUCTION OF CHARTS.
L
OF A PLANE CHART.

The number ‘of degrees of latitude, which the chart is in-

*® There are various other kinds of charts, beside the above, but these are most

geaerally known,
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tended to contain, and the extent from east to west, bemg -
fixed upon; & line is te be drawn near the side or end of a sheet.
of paper, in length equal to the whole lendgth of the chart frem
north to south, and this line is to be divided into degrees, and:
numbered accordingly. From each end of this line perpendi.
culars are to be drawn, and made equal to the intended extent
of the chart from east to west ; and their extremities are to be
joined by a straight line. If the chart is to commence at or
near the equator, and to extend only a few degrees in latitude,
the divisions of the parallels may be equal to those of the meriv
dian; but, if the chart begins at any considerable distance from
the equator, it will conduce to accuracy, to make the length of
each degree of the parallel equal to the co-sine of the mean la-
titude, the radius being 60’ : Or, the extreme parallels may be
divided according to the above proportion. Meridians and pa-
rallels are to be drawn at convenient distances.

~ A scale is now to be made, of stiff paper or pasteboard, equal’
in length to the extent of the chart from east to west, and di-
vided and numbered accordingly. =By Lhis scale, the positions
of those places contained within the limits of the chart are very
easily laid down, by placing the divided edge of the scale over
the latitude of the given place, and under the given longitude,.
shmaxl‘]k being made, will represent the position of the place on’
the chart. . ’

A compass is to be inserted in any convenient place of the’
~chart, and an arrow showing the direction of the flood tide or"
ewrrent. The times of high-water are to be marked in their
proper places, expressed in Roman characters; the leading
marks to avoid dangers, &ec. L

IL

d OF A MERCATOR’S CHART.

A Mercators Chart, for any given portion of the surface of°
the earth, is constructed as follows : ‘

The limits of the proposed chart is-first to be determined,’
that is, the number of degrees of latitude and longitude it is to
contain, and the degree of latitude and longitude of its com-
mencement.

A parallel, representing that of the least latitude, is to be
drawn ; upon which, the number of degrees in the :
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difference of longitude, from the scale of equal parts, is to be
laid off, and divided into degrees, and smaller portions, if con-
venient, and numbered at each fifth or tenth degree. From each
end of this parallel a perpendicular is to be drawn, and made
equal to the difference between the extreme latitudes, from the
meridian line; and the ends of these meridians are to be joined
by a straight line, which is to be divided and numbered in the
same manner as the first drawn parallel : the meridians are
then to be divided into degrees, and numbered at every fifth or
tenth degree.

If the chart is intended to be upon a larger scale, equimulti-
ples of the intervals, from the line of equal parts and the meri-
dian line, are to be taken, such as will answer to the proposed
extent of the chart.

A slip of strong paper is to be divided and numbered, in the.
same manner as the first drawn parallel. Now, each place
within the limits of the chartis to be laid down, by placing the
slip of paper so, that its extreme points of division may be set
to the latitude of the given .place, on each meridian; then,
under the longitude of the place a mark is to be made, which
will represent the position of that place. In like manner, all’
the places on the coast are to be laid down, and connected by
observations made on that coast, according to the directions
given for sucveying coasts and harbours, in the Author’s Trea-
tise on Navigation: Or, if no sketch had been previously made,
the contour of the coast is to be drawn, agreeable to the best.
charts. Meridians and  parallels are to be drawn, through
every fifth or tenth degree of latitude and longitude, and ex-
tended to the coast. :

A compass is to be inserted in some convenient part of the
chart, and the points extended to the land ; an anchor is to be
drawn where there is good anchoring ground, and in places
where it is safe only to stop a tide, an anchor without a stock
#s to be laid down. The soundings, and quality of the ground,
tllle times of high-water, &c. are to be marked in their proper
Places.

. A Mercator’s Chart may be constructed by means of the line
of logarithmic tangents, and a scale of equal parts, as follows:

Apply the tangent of half any co-latitude to a line of equal
parts,. and divide the corresponding number by the number of
meridional degrees containgd in the given latitude; hence, a,
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Yine¢ of longitude, adapted to the lineégf tangents, will be ob.
tained." ’lgll)us, take any latitude, as 48', from the meridian
line; which, applied to the adgoining'line of equal parts, will
measure exactly 30°. Now, the complement of 28° 43’ is 619
17, the half is 30° 384". Then, the extent from 30° 38}’ to
45° on the line of tangents, being applied to any line of equal
perts, as-the inch scale, will measure about 256 ; which divided
by 30, the quotient 8.5, is the length of one degree of longitude
on that scale, answering to the degrees of latitude, to be taken
from the line of tangents. By means of this scale, the parallel
is to be made of the proposed extent, and divided accordingly =
from each end of this ]parallel perpendiculars are to be drawn,,
upon which are to be laid off, the interval between the co-tan-
gents of half the co-latitudes of the extreme parallels, from the
line of tangents, and the ends are to be joined by a straight
line, which is to be divided similar to the first drawn parallel-
The meridians are to be divided into degrees, and parts of &
degree, by the line of tangents; and the chart is to be finished
as before. It is scarcely necessary to observe, that if the chart
is intended to be upon a larger scale, equimultiples of similar
portions of the equator and meridian are to be taken. . :

. Those who wish mare information upon this subject, toge-
ther with the method of constructing a Mercator’s chart of any
proposed dimensions, by means of a table of meridional parts,
are referred to the Author’s Treatise on Navigation.

MANNER OF USING CHARTS.

The principal use of a chart is, to find the course and distance
between any two places within its limits; and to lay down the
place of a ship on it, so that the position of the ship with re-
spect to the intended port, the adjacent land, islands, &c. may
be readily perceived. To those who understand the method of
performing the sevéeral problems in sailing by’ projection, the
manner of using a chart will be a very easy process; to others,
however, the following rules will be of service.

I
USE OF THE 'm.Argx CHART.
o - Probren I .
To find the Lalitude of a Place tn the Chart.
S Ruce. .
" Take the Ieast distance, béIt‘weéﬁ'tlie given place and the
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nearest Pan llel of latitude, which being applied the sare way

on the divided meridian, from the point of intersection of the

parallel and meridian, will give the latitade of the proposed
place. . _

‘ EXAIPLE. .o
Requited the latitude of Port Louis in the ¥ste of France?
The least distance between Port Louis and ¢he nearest pa-

rallel, being laid the samé way on the meridian, from the exs

tremity of that parallel, will reach to 20° 8’ S. the latitude re.

quired. : : o

Proprex II.
To find the Course and Distance between two given Places on the
v Chart. o
Ruiz. - '

" Lay the edge of a scale over the given places, and take the

nearest distance between the centre of any compass o the chart -

and the edge of the scale; move this extent slong so as one

point of the compasses may touch the edge of the scale, and

the straight” line joining the points may :be perpendiculan
thereto : then will the other point show the coufse, and the in-
terval ‘betiveen the places being applied to the scale, will give
the required distance. - - :

* ExampLE.

Required khe eourse and distance from Cape St André to
Cape St Sebastian, both in the islend of Madagascar 2 ,

The edge of & scale bedng laid over the two places, then by
moving the compasses as directed, the conrse will be found to be
N. E. 1 E. and the interval between them applied to the scale,
will measure 105 leagues.

Pnpsm:ﬁ III.

The Course and Distance sailed from a known Place being given,
/ to find the Ship's Place on the Chart,

Rouvre.

Lay the edge of a scale over the place sailed from, parallel |
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to the given course; then, take the given distance from the
scale on the chart, and lay it off from the given place by the
edge of the scale, and it will give the point on the chart repre-
senting the place of the ship. .

ExampLE. :

. The carrect course of a ship from Cape St Maria, on the
north side of the entrance of the river La Plata, was N. E. by
E. and distance 238 leagues: Required the place of the ship on
the chart? - '

The edge of the scale being laid over Cape St Maria in a N.

E: by E. directian, snd the distgnce 238 leagues laid off frgm
Cape St Maria by the edge of the scale, will give the place of
the ship, which will be found to be in latitude 28° 15 .

. ProsLem IV.

‘Given the Latitude in, and Meridion Distance, to lay down thy
Place of the Ship on the Chart, .

RuLe,

Through that place from which the meridian distamce is
reckoned, let a meridian be drawn ; then, lay a scale over the
given latitude, and the meridian distance being taken from the
scale on the chart, and laid off by the edge of the scale, from
the point of its intersection with the meridian, will give the
ship’s place. '

The manner of erforming this prohlem is obvious; and the
various other probﬂems that may be resolved by the plane chart,
require no further explanation, being only the construction of
the remaining problems in plane sailing.

I1I.

USE OF MERCATOR’S CHART.
: 1
ProsLex I
To find the Latitude of a Place. '+
RuLk.

This is performed in the same manner g5 Pros. I, on the
plane chart, -L o ' C
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_ Prosien IL ,
7o find the Longitude of @ Place.
RuLe.

Take the least distance between the giv'en place and the near-
est meridian, which being laid off on the equator or divided pa-
rallel, from the point of intersection of the parallel and meridian,
will give its longitude. '

‘ ExampLE.
Required the longitude of Funchal in the island of Madeira ?

The least distance being taken between Funchal and the near-
est meridian, and laid off from the intersection of that meridian
with the divided parallel; will give 17° 6’ W. the longitude re-
quired. '

, -, ProsEm IIL
To find the Course between two given Places on Mercator’s Chart.

L RuLe. .
" For the n;anner. of performing this problem, the reader is re.
: fe@ to tlfe use of’cfxe plane chart, Pros. III.
: : Prosrex IV. ‘

To find the Distance between two given Places on the Chart.

o L
When the given places are under the same meridian. .

' 5': o RuLe.

Find tt'.be‘"latitudé of each place ; then, the difference or sum
of their latitudes, according as they are on the same, or on op-
potite sides of the equator, will be the distance required.

ExampLE.

uired the distance between the nearest extremities of the
YWiands of Gf'gx‘lild'b ard Guadaloupe ? -
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Latitude of southernmost extremity of Guadaloupe, - 15° 52' N.
Latitude of northernmost extremity of Grenada - - 12 14 N.

*  Distance, - - - - - 8 ss=a18

IL. - _ :
When the given places are under the same parallel. '
' Rute. '

If that parallel is the equator, the difference or sum of their
longitudes, found by Pros. II. is the distance between them.
Otherwise, take half the interval between the given places, lay
it off on the meridiap, on each side of the given parallel, and
the intercepted degrees will be the distance between the places.

Ifthe given parallel is near the north or south extremity of the
chart, the following method may be used: Take an extent of
a few degrees from that part of the meridian, where the given

allel is the middle of the extent; then, the numberof ex-
tents, and parts of an extent, contained between the given places,
being multiplied by the length of an extent, will give the re-
quired distance.

ExamrLE.

Required the distance between Cape Cantin and Funchal,
both lying nearly in the same parallel ?

By proceeding as directed above, the distance will be found
to be 6° 44', or 134§ leagues..

III.
When the given places differ both in latitude and longitude.
RuLe.

Find the difference of latitude between the given places, and
take it from the equator, or graduated parallel; then, lay the
edge of a scale over the given places, and move or slide one
point of the compasses along the edge of the scale, until the other
point just touches a parallel. Now, the distance between the

lace where the point of the compasses rested, and the point of
intersection of the edge of the scale and parallel, being applied
to the equator, or divided parallel, will give the distance be-
tween the places in degrees, and parts of a degree; which,
multiplied by 60, will give the distance in miles, '
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ExanpLe.

Required the distance between Cape Finisterre and Porto

Sancto ?

Take the difference of latitude between the given places 9°
54/, from the graduated parallel, and move one point of the
compasses along the edge of a scale, laid previously over these

laces, until the other point just touches a parallel: Now, the
interval between the place where the point of the compasses
rested, and the point of intersection of the scale and parallel
being applied to the divided parallel, will measure 11° 24/, or
miagues.

RemARk.

To some charts, a set of scales is adapted to each degree of
Jatitude, within the pll:mits of e::i? chart ; by which th%
between any two places is y measured, by ying
distance to the scale answering to the middle’pard‘l'elfl of latitude
of the two places. ‘ )

ProsLEm V.

Given the Latitade and Longitude in, to find the Ship’s Place on
the Chart.

RuLe.

Lay the edge of a scale over the given latitude, and lay off
the given longitude from the first meridian, or the difference of
longitude from the nearest meridian, by-the edge of the scale,
and the ship’s place will be obtained.

ExampLE.

The latitude is 47° 30’ N. and longitude 12° 15’ W.: itis
required to lay down the place of the ship on the chart? -

Lay the edge of the scale over the latitude 47° 30’ N.; then,
take from the divided parallel the interval between 10° and 12°
15, which laid off by the edge of the scale from the meridian of
10° will ;give the ship’s place.



' Prosrem VI. - o
Given the Course sailed from a known Place, and the Latitude in,
© . tofind the Ship’s place on the Chart.
- Ruie. '

~ Lay the edge of a seale over the place sailed from, in the di-
rection’ of the given course, and its intersection with the pa-
raltel of latitude atvived at, will be the plave of the ship.

Examrrs.

A ship from the Lizard sailed S. W. by S. and by observa-
tion is in latitude 45° 20’ N.: Reqeired the place of the ship
on the chart? . S ‘ o

The edge of a scale being laid over the Lizard, parellel to
the S. W. by S. rhumb, vlvl:ﬁ intersect a parallel drawn through
the given latitude 45° 20" N. in the ship’s place. ’

Prosrenm VII.

Given the Omerse Smﬁd,‘«uud.lh'namt run fm a kwown Place,
to lay down the Place of the Ship on ike Chart,

7 RuLk

Lay the edge of a scale over the place sailed from, in the di-
rection of the given: course ; then, take the distance from the.
equator, put one point of the compasses at the intersection of any
parallel with the edge of the scale, and the other point of the’
compagsses will reach to a certain place by the edgeof the scale:
‘Now, this point remaining in the same position, draw du the
ather poiat of the corapasses, uatil it jast touch the above pa.’
rallel ; apply this extent to the equater, or divided pa:
and it will give the difference of latitude. Hence, the latitude
come to, will be known ; and the point of intersection of the
corresponding parallel with the edge of the scale, will be the
place of the ship. : :

- Exanprz.

A ship from Cape St Vincent sailed 8. 5. W. 360 miles:
Required the ship’s place on the chart?

Lay the edge of a scale over Cape St Vincent, parallel to the -
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S.S. W. rhumb. Take the distance 5° from the divided pa-:
rallel, place both points of the compasses close to the edge of the
scale, so that one of these may be at the intersection of a pa-
rallel with the edge of the scale, and the other on that side of -
the parallel on which is the acute angle formed by scale and
parallel. Now, this last point of the compasses remaining in this
position, diminish the extent of the compasses, until the other
point touches the parallel, and this extent applied to.the di-
vided parallel will measure 4° 37 ; hence, thelatitude in is 32°
25 N. and a parallel drawn through 32° 25’, will intersect the
edge of the scale in the place of the ship. _

Prosuen VIIL

Given the Latitude and Longitude sailed » the Course steered,
* and Longttude come to, to find the Ship’s Place: on the Chart.

RuLe.

Draw a meridian through the longitude come to; then, lay
the edge of a scale over the place sailed from, in the direction
of the course; and its intersection with the meridian will be
the place of the ship. , g '

ExampLE.

The true course of a ship from Cape St Bernard, in the
island of Bourbon, was N. E. { N. and the longitude come to
1 569° 46': Required the ship’s place on the chart ?

The edge of a scale laid over Cape St Bernard in a N. E. }
N. direction, will intersect a meridian drawn through the given
longitude 59° 46, which will represent the ship’s place, the la-'
titude of which is 15° 18’ S, ' '

- " REMARK.

The various other problems in Mercator’s sailing may be
easily resolved by this chart ; but, as they are of less use than
the preceding, they are, therefore, omitted—and may serve as
an exercise to the student. .
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BOOK IIL .

CONTAINING METHODS OF FINDING THE LATITUDE, LONGITUBE, AND
VARIATION OF THE COMPASS, BY THE SLIDING GUNTER.

)
CHAP I

Of Finding the Latitude.

Tue situation of a place on -the surface of the earth is esti.
mated by its distance from two imaginary lines, intersecting
each other at right angles : the one of these is called the Equa-
ror ; and the other the First Meripian. The position of the
equator is fixed, but that of the first meridian is assumed at
pleasure; and, therefore, different nations have generally dif-
ferent first meridians. In Britain, the first meridian is that of
the Royal Observatory at Greenwich ; in France, it is that of
the Royal Observatory at Paris, &c.

The equator divides the earth into two equal parts, called
the Nortuern and Sournern Hemispheres : and the Latitupe
of a place is that portion of the meridian, passsing through the
given place, which is contained between it and the equator;
and is either North or South, according as the place is in the
northern or southern hemisphere, and cannot exceed 90°.

The first meridian being continued round the globe, divides
it into two equal parts, called the Eastern and WesterN He-
mispheres : and the LonciTupe of a place is that portion of the
equator, which is contained between the first meridian and the
meridian of the given place; and is either East or West, ac-.
cording as the given place is in the eastern or western hemi-
sphere, and cannot exceed 180°.

* The observation necessary for ascertaininf the latitude is,
that of the meridian altitude of a known celestial object ; or
two altitudes, when the object is out of the meridian. The la-
titude is deduced with more certainty, and with less trouble,
from the first of these methods than from the second; and the
sun, for various reasons, is the }&bject most proper for this pur-
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pose at sea. It, however, frequently happens that, by the in-
terposition of clouds, the sun 1s obscured at noon, and by this
means the meridian altitude is lost; in this case, therefore, the
method by double altitudes becomes necessary. The latitude
may also be deduced from three altitudes of an unknown ob-
ject ; or from double altitudes, the apparent times of observa-
tion being given, &ec.

The saltitude of the limb of an ohject observed at sea requires
four separate corrections, in order to obtain the true altitude of
its centre; these are for semidiameter, dip, refraction, and pa-
rallax. 'The first and last of these corrections vanish, when
the observed object is a fixed star.

When the altitude of the lower Himb of any object is observed,
its semidiameter is to be added thereto, in order to obtain the
central altitude ; but, if the upper limb be observed, the semi-
diameter is to be subtracted. If the altitude be taken by the.
back-observation, the contrary rule is to be applied. The dip
is to be subtracted from, or added to, the observed altitude, ac-
cording as the fore or back-observation is used. 'The refrac-
tion is always to be subtracted from, and the parallax added to

the observed altitude.
Prosrem I.
To Reduce the Sun's Declination to any given Meridian.
RuLE.

Find the differenee between the declination for the given day,’
and that for the preceding er following days, according as the
longitude is E. or W.; then, set 360 on the line of numbers on
the slide, to the given longitude on the corresponding line of
numbers, and opposite to the daily variation of declination on
the line of numbers on the slide, is the correction of declination.
Now, if the longitude is west, and the declination increasing,
that is, from the 20th of March to the 22d of June, and from
23d September to the 22d December, the correction is to be
added to the declinatien; during the other part of the year, or
while the declination is decreasing, the correction is to be sub-
tracted. In east longitude, the contrary rule is to be applied.

ExamerLe 1.

Required the sun’s declination at noon, April 15, 1802, in
 longitude 86° W.? - ’ g
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Sun’s declination April 15, - - 9° 37" N.
Sun’s declination April 16, - 9 58 N.

Daily variation, - - - 0 21

Now, set 360 on numbers on the slide, to the longitude 86°
on the corresponding line, and opposite to 21’ on numbers on
the slide is 5, the correction ; which added to 9° 37, because
the declination is increasing, and the longitude west, gives 9°
42, the reduced declination,

Examere II.

Required the sun’s declination at noen, October 17, 1802,
in longitude 150° E. ? .

Sun’s declination October 16, - 8° 44’ S.
Sun’s declination October 17, - 9 6 S.

Daily variation - - - - - 0 22

~ Now, set 360 on numbers on the slide, to the longitude 150°
upon the line above, then, opposite to 22’ on the slide is 9’, the
correction ; which subtracted from 9° 6, because the declina-
tion is increasing, and the longitude E. gives 8° 57’ 8. the re-
duced declination, ,

ProsrLex II.

Given the Meridian Altitude of the Sun, to find the Latitude of
the Place of Observation,

RuLE.

\

The sun’s semidiameter 16’ is to be added to, or subtracted
from, the observed altitude, according as the lower or upper
limb is observed; the dip, from Table I. answering to the
height of the eye above the water is to be subtracted, if the
fore-observation is used—otherwise, it is to be added; and the
refraction, from Table III. answering to the altitude is to be
subtracted :* Hence, the true altitude of the sun’s centre will
be obtained. Subtract the true altitude from 90° the remain-

M2 o : '

¢ The dip, refraction, &c. may be ascertained by the Sliding Gunter ; but being
much easier found by inspection, tables containing these corrections are, therefops,
anneged to this tract,
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der will be"the zenith distance, which call N. if the observer is
north of the sun at the time of observation, otherwise S. 'Then
the sum, or difference, of the zenith distance and declination, *
according as they are of the same, or of & contrary denomina-
tion, will be the latitude, of the same name with the greater.

Exampre 1.

~ April 15, 1802, in longitude 86° W. the meridian altitude of
the sun’s lower limb was 73° 54’, the observer being N. of the
sun and height of the eye 16 feet: Required the latitude ?

Observed altitude sun’s lower limb, 73° 54/

Semidiameter, - - - + 16
Dip and refraction, - - — 4
True altitude, - - - 74 6
Zenith distance, - - - 15 54 N.
Declination, - - - 9 42 N.
Latitude, - - - - 25 36 N.

Examrre 11

October 17, 1802, in longitude 150° E. the meridian altitude
of the sun’s lower limb was 32° 23" the observer being N. of the
sun, and height of the eye 14 feet : Required the latitude ?

Observed altitude sun’s lower limb, 32° 23

Semidiameter, - - - 4 16
Dip and refraction - - - 5
True altitude of the sun’s centre, 32 34
Zenith distance, - - - 57 26 N.
H Declination, - - - - 8 57 8-

Latitude, - - - - 48 29 N.
ExavrLe IIL

June 21, 1812, in longitude 130° E. the meridian altitude of
the sun’s upper limb was 25° 52’, the observer being S. of the
sun, and height of the eye 18 feet: Required the latitude ?

¢ The sun’s longitude being given, the corresponding declination may be found
by the Sliding Gunter, but not with that degree of accuracy necessary for deter-

snining the latitude. Some French scales contain the declination, adapted both te
the !ongitude of the sun, and day of the month, . : ' :
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Observed altitude sun’s upper limb, 25 58’

Semidiameter, - - -— 16
Dip and refraction, - - - —_— 6.
True altitude sun’s centre - 25 30

Zenith distance, - - - 64 30 S.
Declination - - - - 23 28 N.

Latitude, - - - - 41 28.

Proerem III.

Given two Altitudes of the Sun, observed the same Day, the Inters
val of Time between the Observations, and the Sun’s Declination,
to find the Latitude.

Ruce,

Correct the altitudes for semidiameter, dip, and refraction;
subtract each from 90°, and the remainders will be the corre-
sponding zenith distances. Reduce the interval of time between
the observations to degrees, which may be done by dividin
the minutes contained therein by 4, the half of which call the
half elapsed time. Find the polar distance, which will be the
sum or difference of 90°, and the declination according as the
latitude of the place and the sun’s declination are of the same,
or'of a contrary denomination,

Set 90° on the slide * to the polar distance on the correspond--
ing line of sines, and opposite to the half elagsed time on sines
is a certain number of degrees, which being doubled, call arch

jirst. :

Again, set 90° on sines to the declination on the adjacent
line, and opposite to the half elapsed time on the line of tan-
gents on the slide, is arck second on the corresponding line of
tangents, to be reckoned to the left hand: in this case, the
elapsed time is supposed to be less than six hours; but if ireater,
observe that division on the second line of tangents which is op-

* In order to avoid repetitions, it is to be observed, that in the following pre-
cepts, the first and third terms are to be found on the slide, and two lines of the
same kind are to be compared with each other ; that is, if the first term is 90° or
a sine, the second term is a sine, and must be found on the first or upper line of
sines ; but if 45% or a tangent, the other is a tangent, and will be found op thg
second or Jower line of tangents,
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posite to 45°, then move the slide until the half elapsed time
coincides with this division, and opposite to 45° is arch second.

From half the sum, of the sum of the two zenith distances
and arch first, subtract the least zenith distance. Then, set
half the sum on the line of sines on the slide to the least zenith
distance, and opposite to arch first on sines is an arch on the
line above; find this arch on the slide, and set it to the remain«
der on sines, and opposite to 90° is another arch on sines, which
being found on the third line of sines, will give arck third on
versed sines. Let the difference between arches second and
third, be called arch fourth. '

. Set 90° on sines to the complement of arch fourth, and oppo-
site to the least zenith distance on tangents on the slide, is arch
Jifth on the adjacent line of tangents. If the least zenith dis-
tance exceeds 45°, it is to be found on the second line of tan-
gents, opposite to which is arch fifth on the slide. The differ-
ence between arch fifth and the polar distance is arch sixtk.

Then, set the complement of arch fifth on sines to the com.
plement of arch sixth, and opposite to the greatest altitude on
pines is the latitude.

Set arch fifth on sines to arch sixth, and opposite to arch
fourth on the second line of tangents is arch seventh, which mul-
tiplied by 4 will be the time from noon, when the greatest alti.
tude was observed.

Lastly, set the least zenith distance on sines to the polar dist.
ance, and opposite to arch seventh on sines is the azimuth,
when the greatest altitude was observed.

ExamrLe 1.

In latitude 56° N. by account, the times per watch were
11h. 23’ and 12h. 54', the corresponding altitudes 12° 594’ and
11°37’, and the sun’s declination 19° 47’ S.: Required the true
latitude ? :

Times p. w. 11h. 23 Altitudes, 12° 594’ Zen. dist. = 77° 0}
- - - - 12 54 - - - 1187 - - - - 78 23

Interval - 1 81
Half - - 0 454 =11°22) Polar dist. =109 47

Set 90° on sines on the slide t0 109°47’, or 70° 13’ the polar

\

»
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distance, and opll:osite to the half elapsed time 11° 224’ on sines
is 100 42’, which doubled gives 21° 24/, the first arch.

Again, set 90° on sines to 19° 47’ the declination, and oppoé

site to the half elapsed time 11° 221 on tangents, is arch se-

cond, 86° 6’ on the line below.

Now, the sum of the two zenith distances and arch first is
146° 47}’ ; the half sum is 88°23}’; the difference betwixt
which and the least zenith distance 77° 03, is 11° 231’ the re-
mainder. Then, set 88° 23}’ the half sum on sines, to 77° 04’
the least zenith distance ; then, opposite to arch first 21° 24’ on
sines, is 20° 50'. Now, set 20° 50’ on sines on the slide to the
remainder 11 23}’, and opposite to 90° on sines is 33° 44/;
then, opposite ta 33° 44/ on the third line of sines, is arch third
83° 40" on versed sines. The difference between arches second
and third, viz. 2° 26’ is arch fourth.

- Set 90° on sines, to 87° 34’ the complement of arch fourth,
then, because the least zenith distance exceeds 45°, it is to be
taken on the second line of tangents, epposite to which is 77°
arch fifth. The difference between which and the polar dist-
ance 109° 47/, is 32° 47’ arch sixth.

Then, set 13° the complement of arch fifth on sines, to 57°
13’ the complement of arch sixth; and, opposite to 12° 591
the greatest altitude on sines, is 57° 9’ the latitude.

Now, set arch fifth 77° on sines, to arch sixth 32° 47’, and
opposite to arch fourth 2° 26’ on the second line of tangents, is
arch seventh 1° 21’, which, reduced to time, is 5’ 24" ; hence,
the greatest altitude was observed at 11h. 54’ 36” A. M.

Lastly, set the least zenith distance 77 04’ on sines to the
polar distance 109° 47'; and, opposite to arch seventh 1° 21’
on sines, is 1° 18’ the azimuth when the greatest altitude was
observed. :

Examrere II

At 10h. 25’ A. M. per watch, the true altitude of the sun's
centre was 39° 15, and at 11h. 35’ the true altitude was 422
23', and the sun’s declination 9° 47’ N.: Required the latitude ?

Times p. w. 10h. 25’ Altitudes, 39° 15’ Zen. dist. = 50° 45’
- - - - 11 3 - - - 4223 - - - - 47 87

Interval - 1 10
Half - - 0 35=<8°45 And polar dist. 80 13
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Set 90° on sines on the slide to 80° 13’ the polar distance, and
opposite to 8° 45’ the half elapsed time on sines is 8° 37’, which
doubled is 17° 14/, arch first.

_ Again, set 90° on sines to 9° 47’ the declination,' and oppo-
site to 8° 45’ the half elapsed time on the line of tangents, is
arch second, 88° 30’, on the line below. .

Now, the sum of the two zenith distances and arch first is
115°36’; the half sum is 57°48’; the difference between which
and the greatest zenith distance 50° 45’, is 7° 3 the remainder.
‘Then, set 57° 48’ the half sum on sines, to 47° 37’ the least
zenith distance; then, opposite to arch first on sines is 15°
Now, set 15° on sines on the slide to the remainder 7° 3’, and
opposite to 90° on sines is 28° 20’; then, opposite to 28° 20/
on the third line of sines, is arch third 92° 56’ on versed sines.
The difference between arches second and third, viz. 4° 26', is
arch fourth.

Set 90° on sines to 85° 34/, the complement of arch fourth ;
then, because the least zenith distance exceeds 45°, it is to be
found on the second line of tangents, opposite to which is 47°
32, arch fifth; the difference between which and the polar dist-
ance 80° 13 is 32° 41’, arch sixth.

Then, set 42° 28’ the complement of arch fifth on sines, to
57° 19’ the complement of arch sixth ; and opposite to 42° 23’
the greatest altitude on sines, is about 57° 10', the latitude.

Now, set arch fifth 47° 32’ on sines, to arch sixth 32° 41’,
and opposite to arch fourth 4° 26" on the second line of tangents,
is arch seventh 6° 3, which reduced to time is 24’ 12" ; hence,
the greatest altitude was observed at 11h. 35 48” A. M.

Lastly, set the least zenith 47° 37’ on sines, to the polar dist
ance 80° 13', and opposite to arch seventh 6° 3, is 8°\5’ the
azimuth, when the greatest altitude was observed.

ProsrLem IV.

Given two observed Altitudes of the Sun, the elapsed Time, Sun's
Declination, and Azimuth at the Time of Observation of tke least
Altitude, and the Course and Distance run between the Observa-
tions, to find the Ship’s Latitude at the Time of Qbservation of
the greater Altitude. o : .

' RuLE.

Correct the observed altitudes, and reduce the half dapsed.
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time to degrees. Then, find the angle contained between the
ship’s course, and the sun’s bearing at the.time of observation
of the least altitude. Now, set the distance run between the
observations on the line of numbers on the slide, to 8 points on
sine rhumbs, and opposite to the complement of the above angle
on sine rhumbs, is tEe correction of the least altitude.

Now, if the least altitude be observed in the forenoon, the
correction of altitude is to be added thereto, if the angle be-
tween the ship’s course and sun’s bearing is less than 8 points 3
but if that angle is greater than 8 points, the correction.is to
be subtracted from tie least altitude. If the least altitude be
observed in the afternoon, the correction is to be subtracted
therefrom, if the angle between the ship’s course and sun’s bear-
ing is less than 8 points; but if greater, the correction is to be.
added to the least altitude. :

" With the corrected altitudes, the half elapsed time, and the
sun’s declination at the time of observation of the greatest alti-
tude, the operation is to be performed by last problem.

“ExampLE. o

June 22, 1818, at 2h. 44/ per watch, the ‘altitude of the sun’s
lower limb was 52° 7/, and at 5h. 20’y the altitude was 17° 34/,
and azimuth per compass W. N. W.; the ship’s course during
the elapsed time W. by S. at the rate of 7 knots an hour,
height of the eye 20 feet: Required the latitude ? .

First observed altitude, - 52° 7 Second, - 17° 34
Semidiameter, - -'- - 4 16 - - - - 4 16
Dip and refraction - - — 5 - - - - — 7

Corrected altitude, - - 52 18 Cor. alt..::'.":i 17 43

Time of first observation, - 2h 44 Sun’s declin. 23 28
Time of second observation, 5 20
Polar distance, 66 32

Elapsed time, - - - - 2 36 -.
Half, - 4 e e - = 1 18=19°30

Set 1 on the line of numbers on the slide to 7 on the line
above, and opposite to the elapsed time 2h. 36’, or 2.6 on num-.
bers, is the distance 18.2 miles. Now, set 18.2 on the third
line of numbers to 8 points on sine rhumbs, and opposite to
5 points on sine rhumbs, the complement of the angle between -
the ship’s course and sun’s bearing, is the correction 15.2 miles,

-



90

which subtracted from 17° 43’ the least altitude, gives 17° 287
tire reduced altitude.

~ Now, set 90° on sines fo 66° 32’ the polar'distance, and op-
- posite to 19° 30’ the half elapsed time on sinesis 17° 50, which
doubled is 35° 40, arch first.

 Again, set 90>on sines to 23° 28’ the declination, and oppo-
site to the half elapsed time 19° 30 on the line of tangents is
arch second, 81° 58’ reckoning towards the left.

" "Fhe sum of the two zenith distances and arch first is 145°
B84 ; the half 72° 57’ ; and the difference between the half sum
and the gredtest zenith distance is 0° 25’ the remainder. Now,
sét 72° 57’ the half sum on sines; to 37° 42’ the least zenith
distance, and opposite to 35° 40’ arch first on sines, is about
21° 54’. 'Then, set 21° 54’ on sines on the slide to the remain-
der 0° 25’: but this point is not to be found on the scale; there-
~ fore, since in small angles the sines and their corresponding
arches are nearly proportional, set 21° 54’ to 0° 50’ the double
of 0° 25’, and opposite to 90° on the slide is 2° 14’ ; then, op-
posite to 1° 7’ the half of 2° 14/, on the third line of sines, is
arch third 163° 56’ on the line of versed sines. The difference
between arches second and third, 81° 58’, is arch fourth.

Set 90° on sines to 8° 2’ the complement of arch fourth, and
opposite 'the,i]east zenith distance 37° 42’ ori the line of tangents
on the slide 1s 6° 10’, arch fifth. The difference between arch
- fifth and the polar distance 66° 32’ is 60° 22’, arch sixth.

Now, set §3° 50’ the cqinpleme;nt of arch fifth on sines, to
29° 38’ the complement-of arch sixth, and oppesite to 52° 18
the greatest altitude on sines is 23° 10/, the latitude.

This method of finding the latitude by double altitudes is
- given, only with a view to show;, that it can be performed by
the Sliding Gunter; although great accuracy eannot be ex-
pected from a scale of the common construction. In the pre-
sent example, however, it is preferable to the common method
by two altitudes, the elapsed time, and a supposed latitude.
Upon, this account, therefore, the following new method is sub-
jomned'; which will answer in all cases, and is not liable to the
restrictions and limitations of the common method, and in
which, the change of declination between the observations may
be taken into account. '
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Proerem V.

Given two Altitudes of the Sun, the Interval of Time belween. them,
and the Sun’s Declination, -to find the Latstwde.

-RuLE*

To the rising answering to the elapsed time, add the log. co-
sines of the sun’s declination at each observation ; .then, tlie na-
tural number answering to thesum of these three logs, heing
added to the.natural versed siné of the difference of declination.
the sum will be the natural co-versed sine of arok first. v

To the log. co-sine of arch first, add the secant of the decli-
nation at the greatest altitude, the log. of the elapsed time;
and the time answering to the sum of these three logs, in table
of half elapsed time, will be arck second. :

From the natural versed sine.of the difference between arch
first .and the least latitude, subtract the natural co-versed sine

.of the . greatest altitude; to the log. of the remainder, .add. the

log. secants of arch, first gnd the least altitude, and the corres-
ponding time {o this sum in table of ‘rising will be arck. third;
the difference between arches second and thixd is qrck fourth. .

To the log. rising of arch fourth, add. the log. co-sine of the
declipation at the time of observation of the least altitude, and
the log. co-sine of the least altitude; add the natural number
answering to the sum of these three logarithms, to the natural
versed sine of the difference of the declination and least altitude,

if the latitude and declination be of the same name, but to that

-of their sum, if of contrary names, and the sum will be the na-

tural co-versed sine of the latitude.

. Remagx.

“In-order to attain accuracy, it will.be pecessary first to take
one set of altitudes, consisting of any add number, as thige,
five, &c. as accurately as possible, and nearly at equal intervals
of time, as one or two minutes, the mean of which, that is, their
sum divided by the number of observations, will be ‘the first

. * This rule is extracted from the First Volume of the Author’s Treatise on the
‘Theory and Practice of finding the Longitude at Sea or Land, page 305; where, it
is applied to find the latitude from the altitudes of two stars observed at the same,
or at different times ; and from double altitudes of the moon. The tables for pere
forming the calculations are contained x& thze'second volume of vhat work.

.
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ean altitude ; and in like manner, the mean of the times of
observations per watch is to be found : another set of altitudes
is to be again taken, with the corre:})onding times per watch,
at a suitable interval, and the mean altitude and time per watch
found as before; and the latitude is to be computed from the
mean altitudes corrected, the observed interval of time, and
sun’s declination, as directed in the precepts.

The reason for taking an odd number of observations, in pre-
ference to an even number is, that, if the mean time and mean
altitude agree nearly with the middle observation, it may be
presumed these observations have been accurately taken. In
this case, however, the altitudes are supposed to have been taken

at nearly equal intervals of time.

- - For the sake of comparison, we shall apply this method to
the former example. {

ExAMPLE.

- In north latitude, June 22, 1818, at 2h. 44’ P. M. per watch,
‘the true altitude of the sun was 52° 18’ ; and at 5h. 20’ the true
altitude was 17° 28’: Required the latitude ?

"Time per watch of 1st ob. 2h. 44/
Time per watch of 2d ob. 5 20

Elapsedtime - - 2 86 . - rising - - 4.3480¢
Declination at 1st observ. 23 28 - - cosne - - 9.962M
Declination at 2d observ. 23 28 - - cosine - -  9.96251
Difference, - - O O - nat ver.sine - 000000

187515 - - - 4.27304

VArch L - - « 54° 20/ 22" nat.co-ver.sine 187515 - co-sine - 9.76566

Declin, at greatest alt. 23 28 - - secant - - 003749
Elapsed tipe - - 2 36 - - HET. - - o0z20113

ArchIll. - - - 5h,27/ 53" - H.E.T. - -  0.00428

ArchL < - . 54° 20/ 290 - -  secant - - 0.23434
Least altitude, « - 17 28 - -  secant - 0.02050

Difference, - - 86 52 22 nat. ver.sine 200030
Greatest altitude, = - 52 18 nat, co-ver. sine 208776

——p

- Difference, - 8746 3.94181
ArchIll, - .« < o0h4042"« « 1ising - - 419665
ArchIll. - - ' - 5 2753

Arch1V. - - - 4 4711 - - tising - - 4.8373%
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Arch IV. - = < 4h, 47 11" . - . rising s - 48373%%¢
Declin. at least altitude, 23 28 - - cosine - - 996251
Least altitude, - - 17 38 . - - cosine - - 997950
Difference, - - - 6 O - - nat, ver. sine - 005478

601644 - - 477934

Latitude, - - - 23 8=~ - Dat. co-ver, sine 607122

If 6 places of decimals in the logarithms be used, the latitude
will be found to be 23° 7/ 533". ©

The latitude may -be deduced from two altitudes and the
elapsed time, by the common log. sines, tangents, and secants,
independent of those of half elapsed time, middle time, and ris-
ing; and without having the latitude by account. And as a
method for this purpose will be useful, when such tables only
as those of Dr Hutton, Messrs J. de Mendoza Rios, Taylor,
Gardner, Sherwin, &c. are at hand, the following, deduced from
the simplest spherical principles, is therefore subjoined.*

RuLe.

Reduce half the interval of time between the observations to
degrees. Then, to the co-sine of the sun’s declination, add the
sine of the half elapsed time, the sum, rejecting radius, will be
the sine of an arch, which doubled call arch first. Again, to
the sine of the declination, add the tangent of the half elapsed
time, the sum, rejecting radius, will be the co-tangent of arch
second, the latitude and declination being of the same name;
but’if of a contrary denomination, the supplement will be arch
second. .

From half the sum of the least and greatest altitudes and
arch first, subtract the greatest altitude, and arch-first ; .then,
to the secant of the greatest altitude, add the co-secant of arch
first, the sine of the first remainder, and the co-sine of the se-
cond ; half the sum of these four logarithms will be the co-sine
of an arch, which doubled will be arch third : the difference be-
tween arches second and third will be arch fourth.

To the co-sine of arch fourth, add the co-tangent -of the
greatest altitude, the sum will be the tangent of arch fifth; the
difference between which and the polar distance is arch sixth ;

® In the Author’s Treatise on the Lonfitude, a method is given of finding the
Jatitude by two altitudes of the sun, the elapsed time, and latitude by account, by
tables of log. sines and secants only. . . .
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Now, to the sine of the greatest altitude, add the secant of arch

fifth, and the co-sine of arch sixth; the sum will be the sine of
the leutude.

. M - ‘
APPLICATION TO THE PRECEDING EXAMPLE.

The elapsed time is 2h. 36', the half is 1h. 16’, which reduced
to degrees is 19° 30'.
Sun’sdeclin. = 23°.28 co-sine 9.9625076 - - sine - - 9.6001181
“Hzlfelzp.time, 19 ‘90 ‘sine - *9.5994953 - -~ tasgent ~ .- 9.5491487

Sp—t——— vyt | —

- = e 17 :49 494ine - wmsarchu.sl%s'w'w-ms.useses
‘Archl. - 85 39 ‘38

Least altitude, - I7° 28 '
- ‘Greatest altitude, - 52 18 - - sécant - 02185843
‘Archl. - - - 35 ‘89 88 . - co-secant o e 02348448

Sum, - - -105 25 §8
Half, - « - 52 42 49
— Greatest alt. - O 24 49 - - sine - 7.8584658
w ArchL - -17 8 11 - .- cosine -~ - 9.9804732

. ' 18.2868601
82 0 8 - - eofite <« - 9143430
. ——-——— R ’

ArchOL - < ‘164 0 16

Arch II. - - 81 'S8 24

Arch V.- - 83 .1 52 co-sine - 9.1418741

Greatest altitude, - 52 18 O co-tangent 9.8881165 sine - .9.8982992
ArchV. - - « 6 6 57 tangent - 90299906 secant - 0.0024788
JPolar distance, - -~ 66 32 O

AMAVL - - < 6085 S« .- - cotine - .- 06034493
Latitode, = - - 28 754 <« < gime = - - 95942208
/

“REMARKS.
‘I

'"The -preceding methods may be: extended to: observations
teken in'the: afternoon of ome 'day,:and the moming of the

mext; ortoalougerperwd
L

The latitude is very easily’ deduced fram observations of the
times of the rising and setting of the sun the same day ; or,
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from-the time of setting, and that of rising next morniag: Fer,
the sum of the co-sine of half the interval of time between the
observations, and the co-tangent of the declination, will be the
tangent of the latitude. _ . /

In order to avoid the eerrection of the time of rising or-
setting, arising from the liorizontal refraction, dip, &c. the time
when the altitude of tlie sun’s lower limb is equal to the sum of
15’ and the dip of the horizon, iz to be taken as that of the
rising of setting of that object : but, if the obsérvation is made
when the sun’s centre is in the horizon, the correction of the
time of rising or setting may be found by table B. in the se-
cond volume of the Longitude. When great accuracy is re-
quired, other corrections, depending on the change of declina-
tion, the difference of latitude, and longitude between the
observations, are to be made.

ExampLe.

Let the time per watch of sun-setting, May 30, 1805, be Sh.
8 P. M. and that of sun-rising, May 31, 3h. 5§ A. M.: Re-
quired the latitude of the place of observation? -

‘Time per, watch of £} setting, 8h. 8’ P. M.
Time per watch of £} rising, 8 58 A. M.
Interval, . - . T 50

s - - 8 55 === 58° 45 < co-sine - 9.71498
Declination at midnight, - « 21 49 - co-tangent - 10.39760
*

Latitude, - =~ =~ <« = 52 ‘21 N. tangent, - 1011258
TT——
| CHAP IL
OfFinding the Lo;zgimde at Sea, by Lunar Observations.

It has already heen observed, that the longitude of a phace is,
that arch of the eguator which is contained between the first
meridian, and the meridian of the given place; and is reckoned
E. and W. until the opposite meridian—and, therefore, cannot -

- exceed 180°. The first meridian, from which the subjects of

the British dominions reckon the longitude, is that of the Royak
Observatory at Greenwich, to which meridian the Nautical 41«

- manac is adapted,
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The observations necessary to determine the Longitude by
Lunar Observations are, the distance between the sun and moon,
or the moon and a fixed star near the ecliptic, together with
the altitude of each: The stars used in the Nautical Almanac
for this purpose are the following, namely, a Arietis, Aldebaran,
Pollux, Regulus, Spica Virginis, Antares, a Aquile, Fomalhaut,
and a Pegasi. The distances of the moon’s centre from the
sun, and from one or more of these stars, are contained in the
vt 1x. X. and xr. pages of the month, at the beginning of every
third hour apparent time by the meridian of Greenwich. The
distance between the moon and the sun, or one of these stars,
is to be observed with a Sextant, or Circular Instrument; and
the altitudes of the objects are to be taken as usual, with a Had-
ley’s Quadrant. Since the methods of adjusting, and taking
the observations with these instruments, are fully detailed in
the Author’s Treatise on the Longitude in two volumes, we

- shall, therefore, in this place, only point out the method of
finding the apparent time from the altitude of the sun, and that
of reducing the apparent to the true distance ; referring those -
who wish farther information, to the above-mentioned work.

' Prosrem I

Given the observed Altitude and Declination of the Sun, and the
L,::titude of the Place, to find the Apparent Time, and Error of
the Watch.

RuLke.

~ Correct the observed altitude of the sun for the index error,

if any, for semidiameter, dip, and refraction; reduce the decli-
nation to the meridian of the place of observation, and to the
estimated time under that meridian.

From half the sum of the corrected altitude, the polar dist-
ance and latitude, subtract the altitude, and let this difference
be called the remainder. '

" Set 90° on the line of sines on the slide, to the complement .
of the sun’s declination ; and opposite to the complement of the
latitude on sines, is arch first. .

Now, set arch first on the line of sines to the complement of
half the sum, and opposite to the remainder on sines is arch se-
cond ; then opposite to arch second on the third line of sines, is-
the supplement of the hou angle on yersed sings ; and the hour



97

angle reduced-to time, will give the sun’s distance from the me-
ridian in time; and hence, the apparent time and error of the
watch will be known.

Vi
REMARKS.

L

If the interval between arch second and 90° on the line of
sines, be bisected by a pair of compasses, it will give half the.
horary angle.

I1I.

~ The altitudes for ascertaining the apparent time are generally
taken when the object is about two or three hours distant from
the meridian ; and, therefore, the hour angle is, for the most

N

- part, less than a quadrant. Now, the divisions on the line of
: versed sines below 90° are very small, but above 90° they in-

crease rapidly; for these reasons, therefore, the rules are
adapted to find the supplement of the hour angle, in preference
to the hour angle itself. : : :

ExaMrLE.

October 9, 1804, in latitude 43° 30" N. and longitude by ac-
count 158° I’ W. in the afternoon, several altitudes of the sun’s
lower limb, and the corresponding times per watch, were ob-
served : the mean of the altitudes was 22° 51’, and that of the
times of observation 3h. 16’ 47”, and height of the eye 18 feet.

" Required the error of the watch?

Alt. sunfs:low. limb,- 990 51’ Sun’s declin. at noon, 6° 18'S,
Semidiameter, - 4 16 Equat. to - 3h. 17 4 8
Dip and refraction,— -6 - Equat. to 158° 1’ 410

“ Corrected altitude, - 23 "1 Reduced d'éclination, -6 31 8.

Now, the sum of the altitude, polar distance, and latitude, is
163° 2’; the half is 81°31’; and the difference between the
half sum and the altitude is 58° 30’, the remainder.

Set 90° on sines to 83° 29’ the complement of the sun’s de~.
clination, and opposite to 46° 30’ the co-latitude on sines, is,
about 46° 7/, arch first.

- Again, set 46° 7’ arch first on sine;, to 8° 30’ the complement

of the half sum,’gaud opposite to 58° 30’ the remainder on sines,
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is about 10° 3, arch second. Then, opposite to 10° & On_,theff
third line of sines, is about 130° 36’ on versed sines, the supple...
ment of the hour angle; hence, the hour angle is 49° % :
which reduced to time is 3h, 17’ 46”, the apparent time-of 0Bt
servation ; the difference between which and 3h. 16’ 47" is 494~ .
the error of the watch, slow. ° o SR 'E’,f
Or, the middle point between 10°3’ and 90° is 24° 42, which
doubled is 49° 24/, the hour angle, as before. S

)y

'Paom.su b ¢ A 5' ,: ;
Given the Apl;armt Distance between the Moon and the Sun, ‘or a :
fixed Star, together with the Altitudes of each, and the Moow's .
Horizontal Parallax, to find the true Distanee. - .~ -
. RuLE.- SR S
Set 90° on the line of sines on the slide, to the’ confl'ple'méu'i.f"i
of the moon’s altitude, and opposite to the moon’s. horizontal .
parallax on the line of numbers on the slide, is the moon’s pa-~ -
rallax in sltitude; the refraction in altitude being subtracted
from the. parallax, gives the correction of the moon’s altitnde. -

Find half the sum and half the difference of the apparent al-
titudes of the moon and star. Now, draw out the slide, until
the half sum on the line of tangents coincides with the half dif:
ference on the second line of tangents; then, opposite to the
eomplement of half the distance on. tangents on the slide, is
arch first. If the complement of half the distance on the slide.
should be beyond 45° then observe that division on the line of
tangents on the slide, which is opposite to 45°; now, move in.,
the slide, until the complement of half the distance be opposite:
to 45°, and opposite to the above-mentioned division on the..
line of tangents.on thé slide, is arch first, on the second line of
tangents. . ' . 3

If the moon’s altitude is less than that of the sun or star, the
sum of arch first and half the apparent distance is arch second,.
and their difference arch third; but if the moon’s altitude & ~
greater than that of the sun or star, the difference is arch se-. -
cond, and sum arch third. . : .

Then, set arch second on -fhé line of ténger;ts on the slide, to-
the moon’s altitude on the adjacent line of tangents, and opposite
to the correction of the moon’s altitude on the line of numbers: °

e



. 'on the slide, is the first correction. In this ease, one of the two

- first terms is supposed to be above 45°; but if both be below

" 45°, then bring 45° on tangents on the slide, to coincide with

- the least of the two terms on the adjacent line of tangents, and

- -~ apposite to the greater on tangents on the slide, is an arch on

~..the second line of tangents. Now, move the slide, until 45°

coincides with this arch, and opposite to the correction of the
moon’s altitude on numbers on the slide, is the first correction.

. Again,\ set 45° on the line of 'tangénts on_the slide, to arch
. third on the corresponding line of tangents, and opposite to 57
" on the line of numbers on the slide; is the second correction.

. If arch first ig*1¢ss than half"the apparerit distance, the first

'~ correction must be subtracted from, and the second added to,

the apparent distance.. But if arch first is greater than half

* the apparent distance, both corrections are to be added, if the

" altitude of the moon is greater than that of the sun or-star;

but subtracted, if the moon’s altitude is less than the altitude
- -of the sun or star.

" - Find the sum and difference of the correction of the moon’s
‘altitude, and the first correction of distance: Now, set 687 to
the sum in minutes, and opposite to the distance on the line of
tangents on the slide, is an arch on the adjacent line of tan-
gents; then, bring 45° on the line of tangents on the slide to
.. this arch, and opposite to the difference in seconds, on the line
- of numbers on the slide, is the third correction ; te be added, if
" the apparent. distance is less than 90°, but to be subtracted, if

' greater than 90°. - - :

" If the object from which the moon’s distance is ohserved be
. “the sun, another correetion, depending on the parallax of . that
. object, is to be found ; thus, set 90° on the line of sipes on the
-slide to the sun’s altitude, then opposite to the sun’s horizontal
parallax, which may be taken at 8.7, is a certain number.
"Now, set 45° on the line of tangents on the slide t6 arch second,
if less than 45°; but if greater, find it on the slide, and bring
" it to 45°; and opposite to the abeve number is the final correc-
- tion of distance: which is to be added, if the second correc~
- tion is subtractive—but subtracted, if the second correction is
~additive. '

, ExampLE.
.. The apparent central distal;)ce between the sun and moon is
. ! ., .o ) . 2 . - . :

- . : NI N e
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107° 44’ 12”, the af)parent altitude of the sun 15° 50/, that of
the moon 6° 30’, and horizontal parallax 54’ 30”. Required
the true distance ? .

Set 90° on the line of sines on the slide, to 83° 30’ the moon’s
zenith distance; and opposite to 54’ 30” the moon’s horizontal
parallax on-the line of numbers on the slide, is 54' 9" the moon’s
parallax in altitude ; from which the refraction 7’ 51" being sub-
tracted, the remainder 46’ 18" is the correction of the moon’s
altitude. : o

Altitude of the sun, . ; 15° 50/
Altitude of the moon, 6 30

-
.

20 20 Half, - 11° 10/
Difference, - - 9 20 Half. - 4 40
Apparent distance, 107 44 Half, - 53 52
Apd complement, - - - - - -3 8

Now, set the half sum 11° 10’ on the line of tangents on the
slide, to the half difference 4° 40’ on the adjacent line of tan-
gents, and opposite to the complement of half the distance 36°
8’ on the line of tangents on the slide, is 16° 48', arch first.
Then, since the moon’s altitude is less than that of the sun, the
sum of arch first and half the apparent distance viz. 70° 40, is
arch second ; and their difference 37° 4/, is arch third.

Set arch second 70° 40’ on the line of tangents on the slide,
to the moon’s altitude 6° 30’ on the adjacent line, and -opposite
to the correction of the moon’s altitude 46’ 18” on the line of
numbers on the slide, is the first correction 15’ 2” on the line
above. '

Again, set 45° on the line of tangents on the slide, to arch
third 37° 4’ on the adjacent line; and opposite to-57” on the
line of numbers on the slide, is the second correction 43" on the
second line of numbers. ’

Arch first being less than half the apparent distance, the first
correction is to be subtracted from, and the second added to,
the apparent distance. . '

Sum, - - -

The sum of the correction of the moon's altitude and the first
correction of distance is 61’ 20", and the difference 31’ 16" =
1876". Now, set 687 on the line of numbers on the slide to
61’ 20", and opposite to 72° 16’ the supplement of the distance
on the line of tangents on the slide, is about 16° on the adjacent -
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line; then, set 45° on tangents on the slide to 16°, and oppo«
site to the difference 1876” on numbers on the slide, is the
third correction 5” on the corresponding line, which is subtrac«
tive, the distance being greater than 90°.

- Again; set 90° on the line of sines on the slide, to the sun’s
‘altitude 15° 50, and opposite to the sun’s horizontal parallax
8.7, is about 2".37. ﬁow, set 45° on the line of tangents on
the slide, to arch third 37° 4’ on the second line of tangents,
and opposite to 2".37 on the line of numbers on the slide is 1.8,
which may be called 2", the fourth correction—subtractive, be«
cause the second correction is additive.

Apparent distance, - - - 107° 44'12"
First correction, ™ - - - = 15 2
Second correction, - - - 4 043
Third correction, - - - — 0 5
Fourth correction, - - - — 0 2

_ True distance, - - -. - 107 29 46

Prosren III

Given the Latitude of a Place, and its Longitude by Account, loge-
ther “with the Distance between, and the Allitudes of the Moon
and the Sun, or one of the Stars in the Nautical Almanac ; to
JSind the correct Longutude of the Place of Observation.

‘RuLe.

Reduce the estimate time to the meridian of Greenwich, by

. adding thereto the longitude by account in time, if west—but

subtracting, if east: to this time take, from the Nautical Al-

manac, page vir. of the month; the moon’s horizontal parallax

. and semidiameter : increase the semidiameter, by the augmen-
- tation answering to the moon’s altitude.* '

Find the apparent and true altitudes of each object’s centre,
and the apparent central distance, with which, let the true dist-
. " ance be found by the preceding problem ; and find the appa-
-rent time at Greenwich answering to this distance.

® The augmentation is contained in Table XXXI. Vol. II. of the Longitude,
. It may be found nearly by the Sliding Gunter, as follows :—Set 90° on sines og
the slide to the moon’s altitude, and opposite to 16” on the line of numbers on the

N ‘hlid.e, is the apgmentasion, : . i



. Difference, - - 16 24 Half, - 8 12

If the sun or star be at » proper distanee from the mendmx
when'the distance was observed, compute the apparent time at’
the ship from the altitude of that object. If not, the error of

the watch may be found from observations of the altitudes of
the sun or stars, taken either before or after that of the dxstancg;

" The difference between the apparent times of observation st "
, the ship and Greenwich, will be the longitude of the ship .in
time, whicli‘is east or west, according as the time at the tluy L
later or earlier than that at Greenwich. '

-

Euuuks. ] -
’ . L . S LN _1"5'..
V November 8, 1804 in latntude 34° 53’ N. and Iongxtﬂde
24 W. by account, about Sh. 50 P. M. the observed distance -
between the nearest limbs of the sun and moon was 67348 .
29"; the observed altitude of the moon’s lower limb was- 312 .
*. 11, and that of the sun’s' 14° 46/; height of the’ eye 12'feet'
Reqmred the true longntude? N

Time at shlp, 8h. 50/ P. M. Obser. dlst.@'& P’ n. L67°4»8f29” .
-Lon. mtlme, 1 86 W. Sun’s semidiameter, - 4 16:18 "
Moon’s semidiameter, - 15 ‘1

Reduc ‘time, -5 26P. M Augmentation, - - 40 7

-Appar. central dxst.,- 68 19 50

Ob. alt. »’s 1. ]irnb, 31° 1I'  Ob. alt. ©s1. limb, - 14° 46’ . :"
Semidiameter, - 4+ 15 Semidiameter, . - 4- -.16-- 3B
Dip, - - - -— 8 . Dip, - -'-4--'-'3

App. alt. »’s centre, 31 23 App. alt. £'s centre, 14 59 -~

App. alt. &'s centre, 14 59 Moon’shoriz. parallax, 0 55 6"

" Sum, - - - - 46 22 Half, - 23° 1V

Ll

N

-

Apparent distance, 68 20 - Half' - 34 10 ’ .

Set 90° on the line of sines on the shde, to 58° 37 the com- -
lement of the moen’s altitude, and opposite to 55’ 6” the moon’s
gornzonta.l parallax on numbers on the slide is 47’ 2" the parallax "
in altitude; from which subtract the refraction 1' 33" and the -
remainder 45' 29’ is the correction of the moon’s altitude. ~
Set 23° 11, half the sum of the apparent altitudes on tan.. -

LA TR o . o
LR . P |

-



gents on the shde, to.80 12 the half dlﬁ‘erence and since half
- the distance is less than 45°, observe, therefore, ‘the boint oppo-
- site to 46°,"which is 18° 36: then, bring half the distance 34°
10’ to 18° 36+, and opposnte to 4-.5° on tangents on the shde s

- 260 221; arch ﬁrst K o ]

BN
_, e

* “Now, since the” moon’s altxtude is greater than that of the
, snn, the difference of half the distance and arch first, vis. 7° 48’,'
lS arch second ~and their. sum 60° 32’, is arch tlm‘d

&5

" Now, since ‘both arch second and the moon’s altltnde are less, L

. than 45°, therefore, bring 45° on. the slide to arch second on™
the second line of tangents, and opposite to 31° 23" the moon s,

* altitude, is about 4° 46’; now, brmg 45° on the shde to 4° 46/, :

and opposite to 45’ 29”; the correction of the moon’s . altltude, :

" on the line of numbers on the shde, is 3.8 = 3'48", tbe first

correctxon . % ‘~r

= Agam, becaise arch thu'd is greater than 45° ”move the shde,
_until that arch on the line of tangents coincides with 45°, and: .
-opposite to'57” on the line of numbers on the shde is 101” the
_second correctlon : S .

“Now, arch first bemg less than half the apparent dJStance, s
the first correction is to be: subtracted from, and the second'~ g
added to, the apparent dmt,ance \ :

" The sum of the cox-rectlon of the moon’s altltude and. the,
ﬁrst correction 1849’ 17", and the difference is 41’ 41" = 2501" ;
. ‘now, set 687 on numbers on the slide to 49177, and opposxte :
to the distance 65° 20’ on the line of tangents on the slide, is
_about 153°: then, bring 45° on tangents on the slide to coin-
- cide with 1580, and opposite to the difference 2501~ on num-
. ~bers on the slide, is the third correction 7” on the first line of
3'numbers-—add1t1ve, because the dlstance is less than 900 :

* Set 90° on the line of sines on the slide, to 75° 1’ the com-
"plement of the sun’s altitude, and opposite to 8°.7 on numbers

on the slide, is a number 2", 25 Now, because arch third is.
greater than 45°, find it on’ the line of tangents on the slide,.
“-and hrmg it to 46° then, opposlte to 2”.25 on numbers en the
-slide is 4", the fourth correctxon—-whxeh is subtractlve, becaus&
- the eeconi’l correctlon is addmve. .

R .o
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~ Apparent distance, " 68° 19 50
First correction, - — -3 48

Second correction, - 4 1 41-
Third correctiop, - 4+ 07
Fourth correction,- — 0 4

True distance, - - 68 17 46 ' :

Distance at IIT. hours, 67 9 17 Difference, - 1o 8 297
Distance at VI. houps, 68 32 30 Difference, -1 23 13

Hence, the proportionélipart is 2h. 28’ 8”; and consequently,
the apparent time at Greenwich is 5h. 28’ §". -

- App. alt. of the 3, 14° 59’ #¥'sdecl.Nov.8,atnoon, 16° 37’ S.
Correction, - — 3 . Equat to, 5h. 268' - 4+ 4

True altitude, 14 56 Reduced declimation, - 16 41 S,
Polar distance, 106 41 . : . :
Latitude, - - - 34 53
. ' ———
Sum, - - - 156 3
Half, - - -~ 1718 15
Remainder, - - 63 19

Set 90 on sines on the slide, to 730 19’ the complement of
* the sun’s declination, and opposite to 55° 7’ the co-latitude on
sines, is about 51° 48/, arch first. Again, set arch first 51° 48’
on sines on the slide, to 1145’ the complement of the half sum,
-and opposite to the remainder 63° 19’ on sines on the slide, is
13° 23';- opposite to which, on the third line of sines, is 122
28 on versed sines, the supplement of the hour angle: which
in degrees is, therefore, 57° 32, or in time 3h. 50’ 48", the ap-
parent time at the ship.

Apparent time at Greenwich, 5h. 28 8
Apparent time at ship, - - 3 50 48

Longitude in time, - - -.1 87 20 =24° 20 W.
g T PV Ve '
The following examgles are inserted, as exercises to this me-

thod, from the First Volume of the Theory and Practice of
finding the Longitude at Sea or Land, . SR :
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IL

. - 9 December 21, 1804, in latitude 42° 24’ S. and longitude
149° 18’ W. by account, about 8h. 20’ A. M. a set of observa«
tions of the distance between, and altitudes of the sun and moon
was observed ; the mean of the distances of the nearest limbs
of the sun and moon was 114° 52’ 56", that of the moon’s upper .
limb 16° 37', and of the sun’s lower limb 40° 33'; height of the

eye 17 feet. Required the true longitude ? : ’

Answer—149° 45’ W.
" 111

g October 10, 1804, in latitude 15° 15’ N. and longitude by
account 68° E.:the mean of a set of observations of the moon’s
remote limb from Fomalhaut was-60° 37’ 35”,"the mean of the
altitudes of the moon’s upper limb 46° 30/, and that of Fomal-
haut 21° 24'; the mean of the times per watch 6h. 4 547,
P. M.; height of the eye 14 feet. Required the ship’s true
longitude? ~ ‘ : " ,

o 'lAnswer."—ﬁs'f‘ 2’ E.
| IV. ,

- 'Q -September 14, 1804, ‘in latitude 17° 40’ S. and longitude
- 85° E: by account, intending to find the ship’s true longitude

by an observation of the distance between the moon and a fixed

star: In order, therefore, to ascertain the apparent time, and

consequently the error of the watch, several altitudes of the

sun’s lower limb was observed; together with the ‘corresponding

times per watch ; the mean of the altitudes was 26° 13/, an

that of the timas per.watch 4h,,2' 15", P. M.; and height of
the eye 18 feet. _

Again, having observed several distances between the meon’s
énlig%’ntened limb and Antares, with the corresponding altitudes
of each, the mean of the times per watch was 10h. 1’ 24, P. M.
that of the distances 42° 5' 50" ; the mean of the altitudes of
the moon’s lower limb was 61° 41/, and that of Antares 19° 54/,
Required the true longitude of the ship ? :

Answer.—84° 17" E. tlie longitude of the ship, at the time
the observations were taken to It,irnd the error of the wateh,
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-Those who wish more information on this subject, are re-

ferred to the Auther’s Treatise on the Longitude, in two vo-
lumes,

e—
CHAP. IIL
Variation of the Compass.

"Te Variarion of the Compass is, the deviation of the points
of the mariner’s compass, from the corresponding points of the
. horizon; and is denominated East or West Variation, accord-
ing as the north point of the compass is to the east or west of
the true north point of the horizon. :

The variation of the compass may be found by various me-
thods, as Amplitudes, Asimuths, Equal Altitudes, &c.

The True Ampritupe of any celestial object is, an arch of
the horizon contained between the north or south Eoints thereof,
and ‘the centre of the object at the time of its rising or setting.

" The MacNETic AmPLiTUDE i8, the arch contained between
the centre of the obi'lect, when in the horizon, and the magnetic
meridian : or, in other words, it is the bearing of the object per
compass when in the horizon.

"The True Azimura of any object is, the angle contained be-
tween the true meridian, and the vertical passing through the
centre of the object. » :

The Maeneric Azinurn is, the angle contained between the
- magnetic meridian, and the azimuth circle passing through the
centre of the object. o o

~ The true amplitude gr azimuth may be found by the Sliding
Gunter; and the magnetic amplitade or azimuth is found by
observation. c

Prorrem I.

Given the Latétwde of a Place, the Declination and observed Am-
plitude of the Sun, to find the Variation of the Compass.
RuLe. h

Set the complement of the latitude on the line of sifies on
. the slide, to 90° on the corresponding ling of sines; and oppo~
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site to the declination on the line of sines on the slide, ivthe

complement of the true amplitude on the first line of sines—

which is to be reckoned from the north when the dechnatnon is

north, but from the south when the declination is south ; to-

- wards the east when the observation is made at the time of sun
rising, but towards the west if at sun setting.

The difference between the true and observed amplitudes is
the variation.

Now, let the observer be supposed to look directly towards

¢ representing the true amplitude ; then, if the observed

'amp tude is to the left of the true ampljtude, the vauatnon is
easterly ; but if to right, it is westerly.

.

~

‘EXAMPLES.
Let the latitude be 48° 50’ N. the sun’s declination 16° 20/

N. and the observed amplitude N. 88° 50" W. Required the
variation ?

Set the complement of the latitude 41° 10 on the second line
of sines, to 90° on the first line of sines ; then, opposite to the
declination 16° 20’ on the second line of sines, is the comple-
ment of the amphtude 25° 18’ on the first line of sines.
Hence, the

True amplitude is, - N 64° 42 W
Obsérved amphtude, - - “N.88 50 W.
Varlatlon, e e ! 24 8

Which is east, because the observed amphtude is to the left
of the true amplitude.
IL

May 15, 1800, in latitude 33° 10’ N. and longitude 18° W.
about 5 hours A, M. the sun was observed to rise E. by N.
Required the variation ?

Sun’s declination, May 15, at noon, 18° 53’ N.
Equation to 7 hours from noon,* — 4
Equation to 18° W, T T |

Reduced declination, . - - 18 50
_ ® For the method of ﬁndini, tléese equations, see page 82
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" Now, set the complement of the latitude 56° 50’ on the se,
cond line of sines, to 90° on the first line; and opposite to the
‘declination 18° 50’ on the second line of sines, is the comple-
ment of the true amplitude 22° 41’ on the first line of sines:
Hence, the true amplitude is N. 67° 19’ E. '

True smplitude, - - - N.67° 19 E.
Observed amplitude, E. by N. or N. 78 45 E.

Variatipn, - - - - 11 26

Which is west, because the observed amplitude is to the right
of the true amplitude. : '

Pgon;Eu II.

Given the Latitude of a Place, the Declination, Altitude, and ob- -
served Agimuth of the Sun, to find the Variation,

Rute.

Find thé sum of the sun's polar distance, the altitude and la-
titude of the ship; and take the difference between half this
sum and the polar distance. ' :

Now, set 90° on the second line of sines, to the co-latitude an
the corresponding line of sines ; and opposite to the co-altitude
on the second line of sines, is a certain number of degrees on
the first line of sinegy which call erck first.

Then, set arch first on the second line of sines, to the differ-
ence between the half sum and the polar distance on the first
line of sines ; and opposite to the complement of the half sum
on the second line of sines, is arch second on the first line of sines.

Now, find arch second on the third.line of sines, or that
which is adjacent to the line of versed sines, and opposite thereto
on the versed sines, is the true azimuth ; to be reckoned from
the north, if the latitude is north—but from the south, if the
latitude is south. '

The difference between the true and observed azimuths,
reckoned from the same point, is the variation as before.

ExampLE. .
Let the latitude be 88° 34’ S. the sun’s declination 7° 16’ N,
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sltitude 14° 10, and magnetic azimuth N. 77°30' W. Rey
quired the variation ? '
The half sum of the sun’s polar distance, altitude, and lati-

tude of the place is 75°, and the difference between the Ralf
sum and polar distance is 22° 16"

Now, set 90° on the second line of sines, to the co-latitude
51° 26/ on the first line of sines ; and opposite to the co-altitude
75° 50 on the second line of sines, is arch first 49° 18'.

Then, set arch first 49° 18’ on' the second line of sines, to
67° 44/, the complement of the difference between the half'sum .
and polar distance, on the first line of sines; and opposite to
15° the complement of the half sym on the second line of sines,
is arch second 18° 25’ on the first line of sines.

Now, opposite to arch second 18° 25’ on the-line of sines ad-
Jjacent to the versed sines, is the true azimuth 111° 36’ on the
versed sines, which is to be reckoned from the south, because
the latitude is south : hence, the true azimuth from the north
is 68° 24'; the difference between which, and the magnetic
azimuth 77° 50/, is 9° 26/, the variation—which 1is east, be«
cause the observed azimuth is to the left of the true azimuth. -

~ ProBrem IIL
T'o find the Variation of the Compass by Equal 4ltitudes of the Sun.
’ RuLe. o

Let the sun’s altitude be observed in the eastern hemisphere,
when its meridian distance exceeds two hours, and at the same
instant let another observer take the azimuth. Then, when
the sun comes to the same altitude in the afternoon, let the
bearing of its centre be again observed. Now, half the differ-
ence between the eastern and western azimuths will ‘be the va~
riation—which, when the observations are made in the southern
hemisphere, will be east, or west, according as the eastern or
western azimuth is greatest.—The contrary rule is to be ap-
Plied, when the azimuths are observed in the northern semicircle.

v

REMARK.

) " The western azimuth will be affected by the change of de-
clination in the interval between the observations. This cor-
Fection may be found thus; - o L
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To the log. co-sine of the latitude, add the log sine of thy |
horary angle, and the log. of the change of declination in the
elapsed time; the sum will be the log. of the correction of azi-
. muth, which is additive t(:i thteia welstern azimuth, when the ob-
Ject is approaching towards the elevated pole but subtractive,
if recedglg therefrom. ’

ExampLrs.
L

- In the forenoon, the bearing of the sun’s centre per co

was S. S. E. § E. the altitude of its lower limb, being 40° 18,
and in the afternoon, when the sun had attamed the same altx-
tude, the azimuth was S. W. by W. 1} W, Required the va-
riation ?

Eastern azimuth, = S.S.E.4 E. = 8.2 §E
Westerna.zlmmh,_SWbyW.}W. 5}
Difference, - - - - - 2 3
. Variation, . . -~ 1} points,
which is West, both observatlons bemg reckoned from the south

and the western azimuth the greater.

IL

~ In the forenoon, the sun’s azimuth was N. 51° 28’ E. and in
the afternoon, when the sun had come to the same altitude, the
azimuth was N. 67° 18’ W. Required the variation ?

Eastern azimuth, - - N. 51° 28’ E.

Western azimuth, -, - N.67 18 W.
Difference, - - - 15 50
Variation, - - 7 55, East, the ob-

servations being reckoned from the north, and the western azi-
muth the greater.

" ProeBLEM IV

Given the true Course between any two Places, and the Variation of
' the Compass, to find the Course per Compass.

Russ.
If the variation is westerly, allow it to the right hand of the
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‘true course, bint if eaoterly; to the left; and hence, the course
per compass will be obtained.

Exaurrs,

Required the course per compass from the Lizard to St
Mary’s the true course being 8. W. } W. and the variation at
_the Lizard 2} points west ? ‘

. 'Two and a balf points being allowed to the right hand of S.
" W. 1 W. gives W. S. W. § W. the course per compass, which -
the ship must steer from the Lizard for St Mary’s; and this
course must be altered according as the variation alters. .

 PropreM V. |
Giiven the Course per Compascband the Variation, to find the true
'ourse.

Rusk.

' The variation, if westerly, being allowed to the left of the
course steered, or to the right if easterly, will give the tru
course. ' .

ExamprLe.

. Let the course steered be S. E. } E. and the variation a point
and a half west. Required the true course ?

One point and a half being allowed to the left of S. E. § E,
gives E. S, E. the true course. ’

\
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BOOK IV.

COXTAINING THE METHOD OF KEEPING A JOURNAL AT SEA, &c.

CHAP L
Of a Ship’s Journal. '

A Journar is & regular and exact register of all the various
transactions which happen on board of a ship, whether at sea
or in a harbour ; and more particularly, those which concern a
ship’s way, from whence her place at noon, or at any other
time, may be truly ascertained.

. The accouut: of a ship’s way, &c. kept at sea, is called Sea
Work ; and the remarks taken down while the ship is in port,
are called Harbour Work. :

The computations made to determine the place of a ship,
from the courses and distances run in 24 hours, or from any
noon to the following noon, are called a Day’s Work; and the
latitude and longitude of a ship deduced from them, are called
the Latitude anglLongitude in by Aocount, or by Dead Reckon-
" ing, in order to distinguish them from the latitude and longi-

tude as inferred from observation. ' :

At sea, the day begins at noen, and ends at the noon of the
following day. The first 12 hours, or those contained between
noon and midnight, are denoted by P. M. signifying after mid-
day ; .and the other 12 hours, or those from midnight to noon,
are denoted by A. M. signifying before mid-day. A day’s work,
marked Monday, December 25, began on Sunday at noon, and
ended on Monday at noon.

The days of the week are usually represented by the astro-
nomical planetary characters: thus, @ represents Sunday ;
«, Monday; &, Tuesday; ¥, Wednesday; 2, Thursday ;
¢, Friday; and %, Saturday.

When a ship is bound to a port which is so situated, that in
her run to it she will be out of sight of land, the bearing and
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distance of the port must be previously found : this may be done
by Problem I. of Middle Latitude or Mercator’s sailing ; the
most expeditious method, bowever, is by a chart. But, because
these metheds give the true bearing, and not that by the com-
pass the variation of the compass must, therefore, be applied
thereto, by allowing it to the right hand if westerly, or to the
left hand if easterly. If islands, capes, or headlands intervene,
it will be necessary to find the several courses and distances be-
tween each-successively. g

At the time of leaving the land, the bearing of some known
place is to be observed, and its distance is usually found by esti-
mation. As perhaps the distance found in this manner will be
liable to some error, particularly in hazy or foggy weather, or
when that distance is considerable, it will, therefore, be proper
to use the following method for this purpose: Let the bearing
be observed, of the place from which the departure is te be
taken; then, the ship having run a certain distance on a direct
course, the bearing of the same place is again to be observed :
now, subtract the sum of the angles contained between the ship’s
course and the two bearings, from 16 points; then, set the dist-
ance run between the time of taking the two bearings on the
line of numbers, to the above difference on sine rhumbs, and
opposite to the number of points between the first bearing and
the ship’s course on sine rhumbss will be the distance of the
ship from the place, at the time of taking the second bearing.
In Yike manner, may the departure be taken from a Light-house*
at night. '

"The several courses and distances sailed during the interval of
24 hours, or from noon to noon, and whatever remarks are
thought worthy of notice, are sel down with chalk on a board
painted black, called the Log-board. This board is usually di-
vided into six columns: the first column, on the left hand, con-
tains the hours from noon to noon ; the second and third the
knots, and parts of a knot, sailed every heur, or every two

_hours, according as the log is marked *; the fourth column
contains the courses steered ; the fifth the winds; and in the
sixth, the various remarks are written, such as the state of the
weather, the sail set or taken in, the observations for ascertain-
ing the ship’s place, and variation of the compass, and whatever
else may be thought necessary. Another column is sometimes

* In the Royal Navy, and in ships in the service of the East India Company, the
Rog ishove every hour; but in most other trading vessels, only once every two hours.
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added, containing the leeway. It is, however, most common,
and certainly the most accurate method, for the officer of the
watch to correct the courses for leeway, before he puts them
down in the log-board. The log-board is transcribed every day
at noon into the Loc-Book, which is ruled and divided after
the same manner. ‘

The courses steered must be corrected by the variation of the
compass and leeway. If the variation is west, it is to be al-
lowed to the left hand of the course steered ; but if east, to the
right hand, in order to obtain the true course. 'The leeway is
to be allowed to the right or left of the course steered, accord-
ing as the ship is on the larboard or starboard tack. The me-
thod of finding the variation, which should be determined daily,
if possible, is given in the preceding chapter ; or, it may be
found from g variation chart. The leeway may be understood
from what follows: '

When a ship is close-hauled, and the wind blowing fresh,
that part of the wind which acts upon the hull and rigging, to-
.gether with a considerable part of the force which is exerted on
the sails, tend to drive her to the leeward. But since the bow
of a ship exposes less surface to the water than the side, the re-
sistance will be less in the first case than in the second ; the ve-
locity, therefore, in the direction of her head will, in most cases,
be greater than the velocity in the direction of her side, and the
ship’s real course will be between the two directions. The
angle contained between the line of the ship’s apparent course,
and the line she really describes through the water, is called the
Angle of Leeway, or simply the Leeway.

A very easy and accurate method of determining the quantity
of the leeway is, to have a semicircle described on the taffrail,
with its diameter at right angles to the ship’s keel, and its cir-
cumference divided into points and quarters, and having a low
crutch or swivel in its centre. Then, after heaving the log, the
line is to be slipped into the erutch just before it is drawn in,
snd the points, and parts of a point, contained between the di-
“rection of the log-line and the fore and aft line of the semicircle,
will be the leeway. The leeway may also be found, by observ-
ing the direction of the ship’s wake on the semicircle.

Many writers on navigation have given rules for ascertaining
the quantity of leeway, independent of observation. = These are
as follow : . .
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1. When a ship is elose-hauled, has all her sails set, the wa-
ter smooth, with a light breeze of wind, she is then supposed
to make little or o leeway. )

2. Allow one pdint when the top-gallant sails are handed.

3. two points when under close-reefed topsails.

' two points and a half when one topsail is handed.
——— three points and a half when both topsailsare handed.
four points when the fore-course is handed.

five points when under the mainsail only.

———— six points when under the balanced mizen.

seven points when under bare poles.

4.
5.
- 6.
7.
8.

9.
- As these rules depend -entirely on the quantity of sail set,
without having any regard to the form of the ship, or nature
of the cargo she may have on board, it is hence evident, they
are nothing more than probable conjectures ; they may, how-
ever, be of some service when, through negligence or others
wise, the quantity of the leeway has not been inferred from ob-
gervation.

In hard blowing weather, with a contrary wind and a high
sea, it is impossible to gain any advantage by sailing : in such
cases, therefore, the object is to aveid, as much as possible,
being driven back. With this intention it is usual to ly-to,
under no more sail than is sufficient to prevent the violent rol}-
ing which the vessel would otherwise acquire, to the endanger-
ing of her masts and rigging.* When a ship is brought-to, the

* The following observations are extracted from Mr Gower’s Treatise on Sea-
wmanship, page 42. .

if a ship is to be brought-to, in a patt where other vessels may be expected to be
sailing in a contrary direction, the best sails to ly-to under are, a reefed fore-topsail,
mizen staysail, and storm-mizen, with the helm so much a lee, as is found best to
answer the purpose. The reason for not purting the helm hard a-lee, which is the
usual custom, is this, that when the heln is hard a-lee she will come up in the wind,
and shake the sails, causing her to get stern-way, and fall round off. Qa the cone
trary were the helm never put so far ever ns to oblige the ship to come up in the.
wind, she would come-to, and fall off, much less ; a ship thus brought-to will b
in readiness for veering in case of necessity, Where there is good sea-room, a reefed
mainsail, storm-mizen, and mizen staysail; are excellent sails to ly-to under, as a
ship will keep to the wind under these sails without much of the lee-helm, and for
that reason, be very dittle subject to fall off, or come-to, in any considerable quantity.

If the sea be extremely high, and the ship very stiff and labouring, she will ly-to
better under a main, and even a mizen topsail, which will prevent her rolling so-
rapidly by their lofty situation ; and as these sails are much above the sea, they are
pot likely 2o be becalmed by the waves. : ‘ ’
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tiller is put over to the leeward, which brings her head round

‘to the wind. The wind then having very little pawer on the
sails, the ship loses her way through the water, which ceasing
to act upon the rudder, her head falls off from the wind, the
sail which she has set fills, and gives her fresh way through the
water, which, acting on the rudder, brings her head again to
the wind. Thus, the ship has a kind of vibratory motion, com-
ing up to the wind and falling off from it again alternately.

. Ships ly-to under different sails, according to circumstances;
and one vessel will ly-to better under some particular sail than
another. In general, 8 main topsail close-reefed is, perhaps,
the best sail to ly-to under; because, being near the point ve-
Iique, and also in consequence &f its height, it is not so easily
becalmed by a high sea as any lower sail would be. It may,
however, be observed, that a ship that lies-to with a head sail
is for the most part a gobd sailer, and easily under command.
For, in case of accident, by elapping the helm a-weather when
. she sails off, she is easily got before the wind. The last re-
source in lying-to, under any canvas, is perhaps a balanced
mizen ; under this sail she will come up, and fall off, the great-
- est possible. '

In lying-to under a main topsail and mizen staysail, a ship
generally comes up within 5 points of the wind, and falls off to
7 poings. But under storm staysails, a vessel will come up to
34 points, and fall off to 83 peints, from the wind.

The middle point, between those upon which a ship comes
up and falls off, is to be taken for her apparent course, and the
leeway and variation are to be allowed trom that point, to find
* the true course.

The setting and drift of currents, and the heave 6f the sea,

1f a ship is to be brought-to in those latitudes, where a sudden shift of the wind
is expected, the course staysails are the best sails to ly-to under, as then a vessel is
in readiness for either tack, let the wind come as it may ; and should vne of these
staysails be blown away, it will very little affect the ship. )

RemMARK.

‘The topsails are certainly superior to the caurses for iying«to under, as they can
be readily braced about, and are much easier to take in. H topsails be used for
this purpose, it will be found convenient to have a fourth reef, of such a depth as
to admit the sail to be a taught leach, with the yard a foot or two off the cap; and
as this part of the sail is intended for more boisterous weather than the rest, it raust
be made of stouter gauvas.
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are tp be marked down These arg to be corrected by variz
tion only. . .

The computation made from the several courses, corrected as
above, ‘'and their corresponding distances, is called a day’s work ;
and the ship’s place as deduced therefrom, is ealled her place
by account, or dead reckoning. :

It is almost constantly found, that the latitude by account
does not agree with that inferred from observation. From an
attentive consideration of the nature and form of the common
log, that its place is alterable by the weight of the line, by cur-
rents, by the mation of the surface of the water, oceasioned by
the wind, and other causes; to the difficulty attending the
heaving it in a gale of wind and a high sea; to thelittle atten-
tion which is sometimes paid in heaving it, particularly during
the night ; to sudden squalls during the interval between the
times of heaving the log, &c.: Also, from the errors to which
the course is liable by a bad compass, which in an irregular
hollow sea will not stand ; * from the very often wrong pesi-
tion of the compass in the binnacle; bad steerage, especially in
the night ; the variation not being well ascertained, &c.—~an
exact agreement of the latitude by dead reckoning with that by
observation, cannot be expected.

If, therefore, the latitudes by account and observation disa-
gree, several writers on navigation have proposed to apply a
conjectural correction to the departure, or ditference of longi-
tude, as deduced from the dead reckoning. Thus, if the course
be near the meridian, the error is wholly attributed to the dis-
tance; and the departure is to be increased or diminished ac-
cordingly : if it is near the parallel, the course only is supposed
to be erroneous ; and if the course is tewards the middle of the
quadrant, both course and distance are assumed te be wrong. .
"This last correction, being computed and applied according to
the methods given by differemft authers, will place the ship upon
oppesite sides of her meridian by account. As these corrections

* In this case, Mr M*Calloeh’s Steering Compass will be found of the utmost
service. See his Report, p. 14,

+ One very principal cause of error, and which, it is presumed, has net hitherta
been sufficiently attended to is, that of allowing the same varistion upan the day’s
work as had been found at noow, by observation or otherwise; whereas, it ought -
to be the mean between the variations at the noons of the given and preceding days,
that ought to be allowed ; or the mean of the variations observed in the afternoon
and kI'ollowing morning, ought to be employed in correcting the courses in that day’s
WK )
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are, therefore, nothing else than a kind of guess work, they”
should be absolutely rejected.

If these latitudes are not found to agree, the navigator ought
to examine his log-line and half-minute glass, and correct the
distance accordingly : and if this is not found to produce an
agreement of the latitude by account with that by observation,
ke is then to consider if the variation and leeway have been
properly ascertained ; if not, the courses are to be again cor-
rected, and no other alteration whatever is to be made on them.
He is next to observe, if the ship’s place has been affected by a
current or heave of the sea, and then to allow for them, accord-
ing to the best of his judgment. By applying these corrections,
the latitudes will generally be found to agree tolerably well ;
and the longitude is not to receive any farther alteration.

It will, however, be proper for the navigator to determine
the longitude of the ship from observation, as often as possible;,
and the reckoning is to he carried forward, in the same manner
as that of the latitude, from the last good observation: yet it
will, perhaps, be very satisfactory to keep a separate aecount
of the longitude by dead reckoning.

CHAP IL
General Rules for Working a Day's Work, by the Sliding Gunter.

Correcr the several courses for variation, and leeway, if any,
and place them and the corresponding distances in a table pre-
pared for that purpose.

- To find the Difference of Latitude and Depariure made good.

Find the first distance on the line of numbers on the slide,
and place it opposite to 8 points on the line of sine rhumbs;
then, opposite to the course on sine rhumbs, is the departure
on the line of numbers on the slide, and opposite to the com-
plement of the course on sine rhumbs, is the difference of lati-

" tude on the line of numbers. In like manner, proceed with
each of the other courses and distances separately. Now, the
difference between the sums of the N. and S. columns will be
the difference of latitude made good ; and the difference be-
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tween the sums of the E. and W. c;)lumns will be the depars
ture made good. ' : ‘

To Jind the Course and Distaﬁce made good.

Of the difference of latitude and departure made good, find
the least on the line of numbers on the slide, and set it opposite
to the greater on the first line of numbers; then, on the other
side of the rule, opposite 45° on the second line of tangents, is
the course on the first line of tangents, which is less than 45°,
if the departure is less than the difference of latitude—other-
wise, it is greater. Now, find the course on the second line of
sines, and put it to 90° on tha first line; and opposite to the
departure on the second line of numbers, is the distance on the
first line of mumbers: or, set the complement of thé course on
the second line of sines, to 90° on the first line ; and opposite
to the difference of latitude on the second line of numbers, is
the distance on the first line of numbers.

T find the Latitude in by Dead- Reckoning.

The difference of latitude being added to, or subtracted from,
the latitude from which the departure was taken, or from the
yesterday's latitude, according as they are of the same, or of a
contrary name, will give the ship’s latitude at noon by account,
or dead reckoning. -

To find the Difference of Longitude.
L

BY MIDDLE LATITUDE SAILING.

Set the.complement of the middle latitude on the second line
of sines, to 90° on the first line of sines ; then, opposite to the
departure on the second line of numbers, is the difference of
longitude on the first line of numbers,

1L
BY MERCATOR’S SAILING.

Set the difference of latitude on the second line of numbers,
to the meridional difference of latitude on the first line, and :E
posite to the departure on the second line of numbers, is
difference of longitude on the first line of numbers. .
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T find the Longitude in by Account.

‘The longitude in, is found by adding the difference of longi-
tude to the yesterday’s longitude, if they are 6f the same name,
bat subtracting the less from the greater, if they are of con-
trary names. It will be of the same naime as the greater.

To find the Bearing and Distance of any Place from the Ship.
1

BY MIDDLE LATITUDE SAILING.

Put the complement of the middle latitude on the second line
of sines, to 90° on the first line ; and opposite to the difference
of longitude on the first line of numbers, is the departure on
the second line of numbers. '

Now, of the difference of latitude and departure, set the least
on the second line of numbers, to the greatest on the first line
of numbers; and opposite to 45° is the course or bearing, on
the lines of tangents.

Then, draw out the slide, until the course on the second line
of sines is opposite to 90° on the first line, and opposite to the
departure on the second line of numbers, is the distance on the
first line of numbers. : . )

Or, place the comﬁple.‘nent of the course oh the second Jine of
sines to 90° on the first, and opposite to the difference of lati-
tude on the second line of numbers, is the distance on the first
line of numbers. -

It will be proper to use the first of these methods when the
‘course i greater than 45°, and the second when it is less.

II.

BY MERCATOR’S SAILING.

Place the meridional difference of latitude opposite to the dif-
ference of longitude on the lines of numbers, and opposite to
45°, is the course or bearing on the lines of tangents.

Place the complement of the course to 90° on the lines of
sines, and opposite to the difference of latitude, is the distance
on the lines of numbers.

The true course or bearing of the intended port, or any other
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-place being given, the course per compass is found by allowin
the variation to the right, if westerly—but to the left hand, if
easterly. v : .

BY INSPECTION.

T'o find the Difference of Latitude and Departure made good.

In a table, similar to those used in traverse sailing, place the
several corrected courses, and their corresponding distances :
find the difference of latitude and departure answering to each
course and distance, and place them in their respective columns ;
then, the difference between the sums of the N. and S. columns

will be the difference of latitude made good ; and that between .

the sums of the E. and W. columns, will be the departure
made good. ' :

T'o find the Course and Distance made good.

Of the difference of latitude and departure find, in the tra. -

verse table, the greater in the column next the distance, and
the least in the adjacent right hand column ; where these are
found to agree nearest, the corresponding distance will be found
in its proper column, and the course at the top or bottom of
the page, according as the departure is less or greater than the
difference of latitude. : :
- To find the Latitude in by Account.
This is found as directed in page 119. .
To find the Difference of Longitude.

BY MIDDLE LATITUDE SAILING.

Find the middle latitude at the top or bottom of the traverse
table, according as it is less or more than 45°, and the distance
answering to the departure found in a latitude column, will be
the difference of longitude.

L

BY MERCATOR’S SAILING.

The departure answering to the course made good, and the
meridional difference of latitude in a latitude column, is the
- difference of longitude,

To find the Longitude in by Account.
This is performed as directed in page 120.

R
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!

To find the Bearing and Distance of any Place from the Skip.

BY MIDDLE LATITUDE SAILING.

Find the middle latitude, between the ship and the proposed
place, at the top or bottom of the traverse table, according as
it is Jess or greater than 45°; then, the difference of latitude,

“answering to the difference of longitude in a distance column,
will be the departure—with which, and the difference of lati-
tude, the course and distance are to be found as before.

BY MERCATOR’S SAILING.

The course answering to the meridional difference of latitude
-found in a latitude column, and the difference of longitude in
a departure column, will be the bearing of the proposed place ;
and the distance answering to the difference of latitude, will be
the distance of the ship from the proposed place. If these num-
bers exceed the limits of the table, aliquot parts of each are to
be taken; and the distance is to be multiplied by the number
by which the difference of latitude is divided. .

In the following Journal, the log is supposed to be hove at
the end of every two hours, as is the practice in most trading
vessels, except those in the service of the East India Company ;
and although it is not customary to introduce a column for lee-
way in real Journals, as the officer of the watch puts down the
course corrected by leeway, it is, however, inserted here, for
the benefit of the young practitioner.

In those books on navigation, which have Journals from
England to Funchal, the bearing and distance of Funchal from
the ship is found. But because Funchal lies upon the opposite
side of the island of Madeira, with respect to a ship from Eng-
l1and bound to that place, it is, therefore, more proper to find
the bearing and distance either of the east or west end of that
island ; for obvious reasons, however, the east end is to be pre-
ferred. But, as the island of Porto Sancto lies a little to the
N. E. of Madeira, it, therefore, seems to be the most proper

“ place to find the bearing and distance of. In some of the late
books on navigation, the ship is made to sail through the body
of the island of Madeira, in order to arrive at Funchal !
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"The departure is taken from the Lizard, the bearing of which at 10 A. M. is N. E. half E.
distance 15 miles ; now, the opposite point is S. W. half W, and the variation 2} points being;
allowed to the left hand, because it is westerly, gives S. S. W. the true bearing of the ship from
the Lizard. The course the ship has been going is W. by N. which corrected for variation is
W. S. W, half W, and the distance run from 10 A. M. to noon, at 8 knots an howur, is 16 miles.
Now, these being inserted in the traverse table, as under, the difference of latitude and depar~
ture to each course and distance will be found, by prob. 1. of traverse sailing. Hence,the difference
of latitude and departure made good, will be obtained ; with which, the course and distance niade
. good from the Lizard are to be found, by prob. vi. of plane sailing ; and the difference of lon=
gitude is to be found, with the dep, and middle latitude, by prob, vir. of middle lat. sailing,

Differ. of Lat. Departure.
Courses. |Dist. ” -
N. S. E. ‘W.

s.s.W. |15] --139]|--1| 57
W.SWiW. 16| - - | 46| - -| 153

s 48040 W.l 28| . | 185 | 21.0
Latitude Lizard, - - 49° 57" N.

Latitude in, - - - 49 39'N. -

Sum, 1 - - - -99 36
Middle latitude, - - 49 48 Comp. 40° 127}
Now, set 40° 12’ on the second line of sines tof
90° on the first line, and opposite to the departure]’
21’ on the second line of numbers, is nearly 33’ on
the first line, the difference of longitude. -
Longitude Lizard, - 5° 15 W.
Differencc of longitude, 0 33 W.

Longitudein, - - 5 48 W. | .
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‘The several courses being corrected far variation, and the difference of latitude, and depar-
ture, answering to each course and distance, being found by the Sliding Gunter, by the pre-
geding rules, will be as under. .

IDiffer. of Latitude] Departure.

Courses. | Dist.
N. S. E. Ww.

S.W.iW. | s0| - - | 817 | - - | s8s
S.W.%s. [108| - - | 835 | - - | 685
S.S.SWiwW.| 86| - - | 494 | - - | 264

S.39°wW. ! 212 164.6 | 183.5

Vesterday’s lat. - 49° 39/ N. Ob.alt.f¥'s1.1. 42° 24/ -
ifference of Jat. 2 45 - Semidiameter, <~ 16
Dipandrefrac. — 5

Lat.inbyacct. - 46 54 N.

True altitude, 42 385

|Sum, - - 16 33 Zenith distance,47 25 N.
Middle Latitude, 48 17 Declination, - 0 29 8.
Complement, - 41 43 N.

Latitude - 46 56
With the co-middle latitude 41° 49/, and the departure
138.5, the difference of longitude is found by the Sliding
Gunter to be 201/ = 8°2I' W,
Yesterday’s longitude, -~ 5 48 W.

—————

LonEimde in by account, 9 9 W.

It is now necessary to find the bearing and distance of the intended port, namely Funchal,
but as that place is on the opposite side of the island with respect to the ship, it is, therefore,
more proper to find the bearing of the east or west end of Madeira ; the east end is, however,

referable. But as the small islaud of Porto Sancto lies a little to the N. E. of the east end of
adeira, it, therefore, seems more eligible to find the bearing and distance of that island. ‘This
may be done either by Mercator’s or middle latitude sailing, which shall be used occasionally,
but in'the present instance the first of these methods shall be employed. .
Latitude in by observa. 46° 56! N, Mer. parts, - 3197 Longitude, 9° 9/ W,
Latitude Portp Sancto, 352 58 Mer. parts, - 2097 Longitude, 16 25 W.

Difference of latitude, 13 58 =838’ M.D. Lat. - 1100 Diff. of Lon. 7 16 == 436,
&or the Method of finding the Gourse and Distance, see page 134
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Since the variation at nooti yesterday was two and a half points, and at the noon of this day
two and a fourth points; the mean of these ought, therefore, to be applied te the course steered
since yesterday at noou. It will, however, be more convenient to find the difference of latitude
and departure answering to the distance run, and the course corrected by yesterday’s variation,
and then, to the same distance, and the course corrected by the variation to-day ; and the mean
of these may be taken as the true difference of latitude and departure. ‘Thus, the distance run
is 191 miles; with which, and the course corrected by two and a half points variation, the dif-
ference of latitude is 176.5, and the departure 73.1. Again, to the same distance, and the
course corrected by two and a fourth points of variation, the differencq of latitude'is 172.6, and
the departure 81.7 ; the mean of these 174.6 and 77.4, will be the difference of latitude and
departure respectively. ' ’

Yesterday’s latitude by observation, 46° 56/ N.
Difference of latitude, - - 2 55 8.

Latitude in by account, -~ - 44 1 N.

Sum of latitudes, = = - 90 57
Middle latitude, - - - 45 29  Complement, 44° 81/

Noyw, set 44° 31/ on the second line of sines to 90° on the first line, and opposite to 77.4 ot
‘the second line of numbers, is the difference of longitude 110, on the first line of numbers.

Yesterday’s longitude, - 9° o W.
Difference of longitude, - 1 50 W.

Longitude in by account, 10 59 W.

7o find the Bearing and Distance of Porto Sancto.

Latitude Ship, - - 44° VN.  Meridional parts, 2947 Long. 10° 59’ W.
Latitude Porto Sancto, 32 58 N. Meridional parts, 2097 Long. 16 25 W.

Difference of latitude,- 11  3=663' Meridion. D. lat. 850  D.Long. 5 26 = 326'

Set 326 on the second line of numbers to 850 on the first line, and opposite to 45° on the
second line of tangents, is the bearing 21° on the first line of tangents. Then set 69°, the
complement of the bearing on the second lihe of sines, to 90° on the first, and opposite to 663
on the second line of ndmbers, is the distance 710 miles on the first line of numbers. Hence,
the bearing of Porto Sancto, per compass, is S. W. £ W. nearly: which is, therefore, the course
t9 be steered, if the wind is favourable, '



‘The several courses being corrected for variation and leeway. Then, the difference of fati-
tude and departure answering to each.ceurse and its corresponding distance, being found by

¢he Sliding Gunter, will be as under.
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Now, set 46° 40’ on the seco
90° on the first line ; and opposite to 65.3 the dep.
on the second line of numbers, is 90’ the difference
of longitude on the first line of numbers.

~ |Differ. of Lat.| Departure.
Courses.  (Dist. -
.1 N S. E. w.
S.by W.§ W.L56 | - - | 527 | - - | 189
S.SW.3W.,|24| - - [206 | - - | 123
SWbyWiwi 11| - - | 67 | - - | 94.
SWbyWiW| 11| - - | 47 | - - | 99
W.byS.18.[ 10 - - 24 | - - | 97
NWbyWiw| 6| 31 | - - | - - | 41
31 [861 |- - | 658
3.1
'S.39°W. [106 830 | = 1°23'S.
Yesterday’s latitude, - - 44 1 N.
Latitude in by account, - - 42 38 N.
Sum, - - - - - 86 39
Middle latitude - - - 43 20
Complement, - - - 46 490

Yesterday's longitude, - -

Difference of longitude 90’ = 1 30 W.
Longitude in by account, - 12 ‘29 W.

nd line of sines, toj

10° 59 W.

i
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As the variation was found in the morning, it may, therefore, be used for correcting all the
courses of the day’s run; and because it is givén in degrees, it will be found much more con-
venient, and, at the same time, more accurate, to reduce the several caurses into one, leeway
only being allowed upon them: The course thus found, is then to be corrected for variation ;
with which, and the distance made good, the difference of latitude and departure are to be
found as before.

Differ. of Latitude] Deparrure.
N. s. | E | w.

N.E.byE.| 4} 22 | - - | 88 | - -
S 0| -~ |80 ]| -] -
s.s.w. | 70| - - | 647 | - - | 268

Courses. Dist.

22 | 947 | ss 26.8
7.2 . 3.3

S.14°W. 95 92.5 23.5
Varia. 23 o : -

"Fr. Co. S. 9 E. to which, and the distance 95 m. the dif-
ference of latitude is 93.8 and departure 14.9.
Yesterday’s lat. 42° 3¢/ N. Ob. alt. £¥'s 1. 1. 46° 52’ §.
Differ. of lat. - 1 34 S. Semid. dip, refr. - 11

map———

Lat. by account,41 4 N. True altitude, 40 3 S.
Lat, by observ. 41 17 N. Zenith dist. - 42 57 N,
— Declin. red. - 1 40 S.
Difference, - = 0 138

Latitude, - - 41 17 N,

The difference between the latitudes, by account and observation, may arise fram the swell
«of yesterday and to-day ; and since the swell was fronx the S. W. the ship would, therefore,
be set in the opposite direction, or N. E. or N. N. E. nearly, the variation being allowed;
with that course, therefore, and 13 miles, the difference between the latitudes by account and
observation, the departure is found to be 5.4, which added to 14.9, this day’s departure, be~
cause both are of the same name, gives 20.3, Now, to the dep. and the middle lat, 42°, the
difference of long. is 27. o
Yesterday's loggitude, - = 12° 29/ W,
. Difference of longitude, - - 0 27 E.

Longitude in by account, - - 12 2W.
By proceeding as before, the bearing of Porto Sancto will be found to be S, S! W. or, &
W. nearly, per compass, and digtance 540 miles. i

.
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- The courses being corrected by variation will, with their correspond-
ing distances, be as under. :

Differ. of Lat.| Departure.
N. S. E | W

Courses, [Dist.

S. |es|--|@e0|--]|--
S.S.W. | 4| --| 37|--| 15
S.31W. |32 | 817 |=32's| 1.5

Yesterday’s latitude by observa. - 41° 17 N.

Latitudein, - - - - - < 40 45N.
'With the middle lat. and dep. the D.Lon.is 0 2'W.
Yesterday’s longitude, - - - - - 122 W,

Longitudein, - - - -'- . - . 124W/[

To find-the Bearing and Distance of Porto Sancto,

Latitude Ship, - " 40° 45 " Meridion. parts, 2682 Longitude, 12° 4/ W.
Latitude Porto Sangto, 82 58 Meridion. parts, 2097 Longitude, 16 25 W.

Difference of latitude, - 7 47 == 467 Mer.diff.of lat. 585  Diff, of long. 4 81==261"

Set 261 the difference of longitude on the second linesof numbers, to 585 the meridional
difference of latitude on the first ; then, opposite to 45° on the second line of tangents, is 24°,
the true bearing, on the first line of tangents, Again, set 66° the complement of the bear-
ing on the second line of sines, to 90° on the first line ; and opposite to 467, the difference of
latitude on the second line of numbers, is 510 miles the distance, on the first line of numbers.
The variation being allowed to the right haad of the true bearing, will give 5. W. the beas-
ing per compass of Porto Sancto, .
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‘The mean of the variations is 21°, which being allowed to the left of S. W. or 45°, the
course per compase, gives S. 24° W. the true course ; with which, and the distance 123 miles,
the difference of latitude is 112.4 and the departure 50.0.

Yesterday’s latitude, - « 40° 45 N, .- . . 40° 45
Diﬂ'etenoeoflatitm)e, - = 1 52 8. Half difference of lat. 0 56

Latitude in by account, - 88 53 N, Middle latitude, - - 89 49

Now, set 50° 11/, the complement of the middle latitude on sines, to 90°; and opposite to
50, the departure on the second line of numbers, is the difference of longitude 65/, og the
- first line of numbers, o

Yesterday’s longitude, = e . ¢ W,
Difference of longitude, - - - 1 5W.

Longitude in by account, - - - 13 9 W.
T find the Bearing and Distance of Porto Sancto by Middle Latitude Sailing.

Latitude of Ship -  38° 5¢ N. Longitude Ship, 18° 9/ W.
Latitude Porto Sancto, - 32 58 N. Longitude P.S. 16 25 W,

Difference of latitude, - 5 56=35¢' Differenceoflon. 3 16 =19¢
Sum of latitudes, - 71 52
Middle latitude, =+ 85 56 Complement 54° 4’

Set the complement of the middle latitude 54° 4/ on the second line of sines to 90°, and op-
posite to the difference of longitude 196 on the first line of numbers, is the departure 159, or
the second line of numbers. ‘

‘Then, set the departure 159, on the second line of numbers, to the difference of latitude
856, on the first line of numbers; and opposite to 45° on the second line of tangents, is the
eourse 24°, on the first line of tangents. X

Again, set the complement of the course 66°, on the second line of sines, to 90°; and oppo-
site to the difference of latitude 356, on the second line of numbers, is the distance 390, on
the first line of numbers, The distance may also be found by the course apd departure.

S2
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‘T'he course corrected by wariation is 8. S. W. 2 W, with which, and the distance 200 miles,.

the difference of la:itude, found as usual by the Sliding Gunter, is 180.8, or 181 miles, and
the departure 8£.5. - :
Yesterday’s latitude by observation, 838° 54/ N, - - - - 38° 54'N,
Difference of latitude, - - - - 8 1 S. Half, - - - 1 808S.
_ Latitude in by account, - - 85 638 N. Middle latitude, - 37 24
Set the complement of the middle latitude 52° 36/, on the second line of sines, to 90°; and
opposite to the departure 85.5 on the second line of numbers, is the difference of longitude
308, on the first line of numbers.
i Yesterday’s longitude, - - . - 18° 9 W.
Difference of longitude, - - - 1 48 W.

Longitude in by account, - « - 14 52 W,
To reduce the Longitude observed at 10h. P. M. to Noon.

‘With 122 miles, the distance run from 10h. P, M. to noon, and the corrected course 2%
points, the difference of latitude is 110.3, and the departure 52.2. Now, half the difference
of latitude 55 miles, added to 85° 59/, the latitude at noon, gives 36° 48/ the middle latitude:
‘Then, set the complement of the middle latitude 58° 12’ on the second line of sines, to 90°,
and opposite to the departure 52.2 on the second line of numbers, is the difference of longi-
tude 65 on the first line of numbers. -

Longitude by observation, at 10h. P. M. - . - - 18 58 W.
Difference of longitade, - - - =« <« - < 1 -5W,

Longitude in at noon, deduced from observation, - - - 15 3 W.

To find the Bearing and Distance of Porto Sancto by Middle Latitude Sailing.
Latitude of Ship, - - 35 53 Longitude Ship, - 15 38 W,
Latitude Porto 8ancto, - 82 58 Longitude P.Sancto,16 25 W.
Difference of latitude, - 2 55=175 Diff. of longitude, - 1 22==82
Sum of latitudes, - - 68 51
Middle latitude, - - 84 25 Complement 55° 35

Set 55° 35/ on the second line of sines to 90°, and opposite to the difference of longitude 82,
on the fivst line of numbers, is the departure 68, on the second line of numbers. Now, draw
out the slide, until 68 on the line of numbers is opposite to the difference of latitude 175 on the
corresponding line, and opposite to 45° on the second line of tangents, is the bearing 5. 21° &'

W. on the first line of tangents, Again, set 68° 52/, the complement of the bearing, on the

second line of sines to 90°, and opposite to the difference of latitude 175 on the second line

of numbers, is the distance 188 miles, on the first line of numbers.

From the direction of the wind, and the probability of it getting more to the eastward, it will,
therefore, be proper to alter the course, in order to keep to the windward of Rorto Sancta,



The courses being corrected by variation will be as under.

Differ. of Lat.| Departure.
N | s , E | w

Courses. {Dist.

S.by W.1 WJ158| - - | 1533] - - | 354
S.SW.1W| 48| - - | 434| - - 1205
S. 16° 40' W. | 205 196.7=3°17"4 58.9

- 3553 N.

Yesterday’s latitude,

4 ‘Latitude in by account, 32 36 N.

Sum of latitudes, - - - 6829
Middle latitude, - - - 34 15c0.55°45'
Set 55° 45’ on the second line of sines, to 90°,
and opposite to the dep. 58.9 on the second line of
mumbers, is the difference of longitude 71, on the
first line.

Yesterday’s longitude, - - 15° 3 W.
Difference of longitude, - 1 11 W,

Longitudein, - - . 16 14 W,
The long. carried forward from the dead reckon-
ling will be 16°8" W. :

As the ship is now to the southward of Porto Sancto, the bearing and distance of Funchal
may be found. ‘The difference of latitude between the ship and Funchal is £ miles, and the
difference of longitude 52 ; hence, the course being near a parallel, both it and the distance
onght to be found by middle latitude sailing. Therefore, set the complement of the middle
latitude 57° 28/, on the line of sines on the slide, to 90°; and opposite to the difference of lon-
gitude 52, on the first line of numbers, is the dep. 44, on the second line of numbers. Now,
set the diff. of lat. 2 to the dep. 44 on the lines of numbers, and opposite to 45° is the course
87° 24 on the lines of tangents. Hence, the course per compass is W. N. W.; but, because
the Deserters ly in the way, it will be proper to haul to the southward. The distance is
gearly the same as the departure, vizg, 44 miles,
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Oberservation referred to page 126.

Now, st 436 on the second line of numbers, t01100 on the first, and opposite to 45° on the
second line of tangents, is the bearing 21° 37’ on the first line of tangents. Again, set 68° 28
the complement of the bearing on the second line of sines, to 90° on the first line, and opposite
to the difference of latitude 838 on the second line of numbers, is the distance 901 on the first
line. Heunce, the true bearing being S. 21° 37/ W. and the variation 2} points W. the bearing
per compass will be nearly 5. W. § W. which is, therefore, the course to be steered per com-
pass, provided the wind holds favourable. ‘

Again, since the latitude and longitude of Cape Finisterre are 42° 52/ N. and 9° 17/ W.
respectively, it is hence evident, that the true bearing of the Cape is nearly due S. or 8.S. W.
3 W. per compass, and the distance, being equal to the difference of latitude, is 244 miles.

- Hence, by Pros. 1. of Mer¢ator’s sailing, the bearing will be found to be S. 21° 37" W. or
nearly S.S. W. and as the variation is 2} points W. the bearing per compassis S. W. 3 W.and
discance 901 miles. ) |

This journal is performed by the Sliding Gunter, agreeable to the
precepts given. Other instrumental methods might have been used for
the same purpose, particularly that by the Author’s Rectangular Instru-

ment, described in the article Navigation, in the twelfth volame of the
Eneyclopedia Britannica. And it may be performed as usual by In.

spection, for which precepts have been given.
L4 et a e Pe Sa

As it is of the utmost importance to the practical navigator, to. be able
to direct his ship to any known port, we cannot omit the following ob-
servations—although they have, in part, been already anticipated.

When a ship is bound to a port so situated that, in her passage thereto,
she will be out of sight of land. If| then, no land intervenes, the course
and distance is to be found by the chart, or by Pros. I. of middle lati-
tude, or Mercator’s sailing; and as it is the true course, that is thus
found, the variation, if west, is to be allowed to the right hand of the
true course, but to the left if east; and hence, the course per compass
will be obtained. Thus, suppose a ship is bound from the Forth to
North Bergen, and that she takes her departure from the island of May;
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thern, the true course from thence to Bergen will be N. E. } K.
nearly; hence, the variation 2} points being allowed to the
right hand, gives E. N. E. § E. the course per compass, and
the distance is 120 ]eagues. :

But if any Jand intervenes, the course and distance to that
point, which lies most directly in the way, is to be found, and
‘the true course is to be reduced to that per compass, as before ;
and in this manner proceed until the voyage is completed.
Thus, in a voyage frem England to Gibraltar, let the ship be
supposed to take her departure from the Lizard; then, the
course and distance from thence to Cape Finisterre may be
found : the tiue course is nearly S. S. W. Now, the variation
at the Lizard, which is about. 2} points, being allowed to the
right of S. S. W. because it is westerly, gives S. W. 4 W. the
course per compass. It is, however, to be observed, that the
variation decreases from the Lizard to the Straits; and, there-
fore, less variation is to be allowed, as the ship proceeds south-
erly. The distance between the Lizard and Cape Finisterre
will be found to be 152 leagues. The ship baving made Cape
Finisterre, the course and distance to Cape Roxent may now
be found. The course by the chart, or otherwise, will be found
to be about S. 3} W.; hence, the variation, which may be taken
at 2} points, being allowed to the right, gives S. S. W. 4 W,
the course per compass ; and the distance is 82 leagues. As
the Burlings ly almost in the fair way, being distant about 15
leagues from Cape Roxent, a look-out must be kept for them,
when, by the reckoning, they may be seen or rather sooner.
Again, from Cape Roxent to Cape St Vincent the true course
is 8. by E. 1 E. distance 35 leagues; hence the course per
compass is S. by W. The true course from Cape St Vincent
to the small island Tariffa is E. S. E. } E.; hence, the course
per compass is nearly S. E. and the distance 59 leagues. From
this island the distance to Gibraltar is about 5 leagues.

If the wind proves contrary, the object is to ly as near the
proper course as possible, and by the rules laid down in wind-
ward sailing, the vessel must be kept near the right track. And,
if at any particular instant of time, as six in the evening, the
wind should veer about and become favourable, then, with the
latitude and longitude of the ship reduced to this time, and the
latitude and longitude of the place bound to, or of the interven~
ing headland or island, the bearing and distance is to be found,
and a course steered accordingly. !
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- In those cases where a ship is bound to a port within
the limits of the general trade winds, as in going to the West
Indies, &ec. it is found to be eligible to make some place to the
windward of the intended port, otherwise the ship in conse-
qlx;ence of currents, might fall to the leeward of the proposed
place.

It will be found to be of essential service to mark down the
place of the ship, every day at noon, on the chart, and the cor-
responding day of the month; hence, the position of the ship
with respect to the intended port, the adjacent land, &c. will
be readily perceived. In making the land, particular attention
is to be paid to the soundings, the quality of the ground, and
colour of the water.

CHAP IIL

Of the Tides.

Tue daily rising and falling of the waters of the ocean arein
general denominated T%des. The rising is called the Flood or
Flux ; and when it ceases to rise it is called High Water. The
falling is calied the Ebb, or Reflux; and when it ceases to fall
it is said to be Low Water. The interval between the times of
high and low water is called a T%de. The tides are produced
by the attractions of the sun and moon, principally that of the
latter object.

A mean lunation, or synodic period of the moon, is completed
in 29 days, 12h. 44’ 2”.8* Hence, the mean retardation of
the tides, or of the moon’s coming to the meridian in 24 hours,
is 48’ 45".7 ; and the mean interval between two successive tides
is 12h. 25’ 14”.2; hence, the retardation of high water from
any one day to the following is 50" 28”.4. If, therefore, the
tides were whelly governed by the moon, and that object al-
ways in the equinoctial, and at the same distance from the earth,
the tides would constantly return at equal intervals of time.
But the tides are produced by the joint actions of the sun and
moon ; and, although the action of the sun upon the earth is
much greater than that of the moon, yet the sun being near
400 times more distant from the earth than the moon, the dif-

* Theory and Practice of finding the Longitude, vol. i, page 33,
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ference of its :attraction, npon different parts of the earth, i3
not mear so:considerable as that of the moon; and, therefore,
this dast otigeet.is the prircipsl cause of the tides. In a lunar
day, .or the imferval of timee between suceessive transits of the
moon, twotides mre raised -by that object ; and in a solar day,
or 24 hours, there are two tides produced by the sun. That
tide which %?ppen's‘.while the moon is above the horizon is called
the Superior Tide; and the other the Inferior Tide. When
the moon is‘in the equinoctial, other things remaining the same,
the superior and inferior tides are of the same height; but
when the rhoon declines towards the elevated pole, the superior .
tide is higher than the inferior: if the latitude and deelination
are of contrary names, the inferior tide will be the highest, thé
difference between them being equal to the height of vtiat under
the paralel of the moen, multiplied by the - difference of the
squares bf the-vo-sines of two-arches, of which one is the sum,
and the other the difference of the latitude of the place and de
clinatien of the moon. - '

The highest tide at any particular place within the limits of
the lunar tropics is, when the moon’s declination is equal to the
Jatitude of the place, and of the seme name ; and-the height of
the tide diminishes, as the difference between the latitude and
declination increases. When the latitude is equal to the com-
plement of the moon’s declination, there will be only one tide
in a lunar day, :‘which will be a superior or inferior tide, ac-
cording as the latitude of the place and declination of the moon
are of the same, or of a contrary name. :

Since the tides are raised by-the attractions of the sun and
moon, when these objects, therefore, are in conjunction or
zgposition_, the tides will be highest, being raised by the sum

the attractions of these objects, and are hence called Spring
T'ides ; but when the meaon .is in quadrature, the tides are
lowest, being preduced :by the difference of their forces, and
-are called Neap Tides. Hence, since the moon 'is in conjunc-
tion with the sun, and in opposition once in every lunation,
there will be two spring and two neap tides in that period.

The attraction of any object is -in the inverse ratio of the
square of its distance ; the nearer, therefore, an object is tothe
‘earth the greater is its attraction, and the more remote the less.

The orbit of the earth is an ellipse, in one of whose foci is
the sun; and, therefore, in a year, or one revolution of the
. L\

’
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earth, it will be at its least and greatest distance from the sun*.
By observation, the earth is found to be nearest the sun about
the first of January ; hence, the attraction of that object being
then greatest, those spring tides which happen about the begin-
ning of the-year will be greater than at any other time.

- The moon's orbit being also elliptical, once, therefore, in
every revolution about the earth, it will be at its least and
greatest distances. When nearest the earth, it is said to be in
perigée ; and when most distant therefrom, in apogee: hence,
if the moon is in perigee at the time of conjunction or opposi-
tion, the spring tides will be highest, and lowest when the moon
is in apogee.f o o
Since the highest tide is in that parallel whose latitude is
equal to the declination of the moon, and of the same name,
the nearer, therefore, that parallel is to any given place, the
higher is the tide. Hence, if at the beginning of the year the
* sun and moon be in conjunction or opposition, the moon:in
‘rigee, and the parallel described by the moon near that of any
given place, there will be a high spring tide at that place. {

The variation in the height of the tides is least.at the time

of a syzygy, § or quadrature ; however, in this last, the varia-

‘tion is about double that in the first. The greatest change in

decreasing happens about the 6th day after new or full moon ;

and that while the tides are increasing, about the 4th day after
the quadratures.

In flowing or ebbing, the height of the tide increases or de-

* When in the first of these positions, it is said to be in Perikelion, and in its
Aphelion, in the other. ’
. 4+ When the moon is in perigee, its horizontal parallax is greatest, and least when
in apogee. ‘The times when the moon is in these situations' may, therefore, be
"known by the nautical almanac, page vn. of the momth.

1 The tides are, however, subject to very great irregularities from local circume
stances. In the Euripus, a celebrated Strait in the Grecian sea, between the island
of Negropont and Greece, the irregularity of the tides has always been very re-
markable : during the three last and eight first days of the moon, and from the
fourteenth until the twentieth, the tides are regular; but on the other days they
are irregular, flowing twelve, thirteen, vor fourteen times in the space of twenty=-
four hours, and ebbing as often. At the port of Batsha, in latitude 20° 50/ N. the
water stagnates when the moon is in the equator, at every othér time there is one
tide daily; when the maon is in the southern hemisphere it is high water at the
rising, and low water at the setting of the moon : 'and while the moan’s declinatior;

.is morth, it is high water at the setting, and low water at the rising of the moon,
“the height of the tide increasing with the declination. _

§ New o5 full moon,

'
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ereases in the ratio of the square of the radius to the square of

the sine of the horary angle, reckoning from the instant of-

high water. )

From what has been said, it will appear that, to find the
time of high water with accuracy, the latitude of the place, the
moon’s declination, transit, and horizontal parallax, the time of

the year, and of high water at full and change at the given place, .

mqust be taken into account. In this place, however, the fol-

lowing easy method only will be given, reserving a more accu-:

rate mode of computation to the I'reatise on Navigation.

, ProprEm I,
© To find the Time of High Water at a known Place upon a given
: Day. -

RuLe.

.

Pind the given month and day in part first, table viv. : then, |

on the same horizontal line, and under the given year, is the
moon’s age;* observing, that N. stands for new moon, and F.
for full moon. ’

® The common method of finding the moon’s age is by the Epacts, as follows :

Prosrem I,
To find the Epact of any given Year.
Rucs. o

Divide the iiven year by 19, multiply the remainder by 11, and if it exceeds 30,

divide it thereby, and the remainder will be the epact. .
: S ExaMpLE.

Required the epact of the year 18302
1830 being divided by 19, the remainder is 6; which multiplied by 11, and

the product divided by 30, the remainder 6 is the epact'; or more accurately, 5d.

6h. 7/ 38",

Prosrxu 1L

To find the Epact of any given Month.

' RuLE. i
From the number of ‘days contaied in the preceding months, reckoning from
* the beginning of the year, subtract the nimber of days contained in the mean lu-
nations in that period, and the remainder will be the epact of the month required,

' Examrre. B
Required the epact of October ? =

Ta the months preceding’ October there are 278 .days, and in 9 lumations there
are 266 days, the difference 7 is the epff‘u g October, - oo

'

)

-
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Required the time of high water at Gravesend, Oct. 17, 18827

In Table VII. opposite October 17, and under 1882, the
- moon’s age is 6 days. Hence, the moon’s southing is 4h 54’
Time of high water at full and change at Gravesend, 1 :30

Sttt

Time of high water at Gravesend, Oct. 17, ‘1682 6 24

.

‘The epacts of the months to the nearest sedend are aa follow :

January, 0d Oh O 0’ May, 1d 21k 8’ 49" September, 6d 18h 7/ 38" ..
February, } 11 15 57 June, 8 8 19 46 October, 7 5 23 35
March, 29 11- 15 57 July, 3. 19 35 43 November, 8 16 39 82
April, 1 9 47 52 August, 5-- 6 51 41 December, 9 3 55 29

Pl;)Bl.lI ni,

Given the Year, Month, and Day, to find the Moon's Age.

RuLrs.

‘To the epact of the year add the epact of the month and the day of the month,
the sum rejecting 80 will be the moon’s age. ‘ :

. Examree.
Required the Moon’s Age, May 1, 1803 ?

Fpactof 1808, -. - - 9
Epactof May, - - - 2 . o
Day of the month, o

Moon’s Age, .- - -~- 10

~ *.0r, the moon’s age being mukiplied by 8, and the tfght hand figure pointed
off, then the lefe hand figure or figures will be the heurs, and the ptoduct of the
tight hand figure by € the minutes of the moon’s southing nearly, . - -
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II. -
¢ ‘Required the time of high water at Bio Jaelro, Sept. 28,
18502 - - - oL oD e e s U e T e
By the table the )’s age is 23 days; . hence, by thd Skiding Gun-
1er, or by multiplying 49 by 28, the-D’s southing will bek8h 47’
- Timeofhigh water at Rio Janeiro at new and full D, 4 30

Sum, - T P L 3 U {
Subtraet the time of a tide, . - - - 12 24

B ]

- Time:of high wstar st Rio Janeiro, Sept. 28, 1950, 10.; 48

As the knowledge of the time of high water at new and fulf

moon, at different places, is of the utmost importance to the
navigator—at those places, therefore, where this necessary ele-
ment is unknown, it may be found by observing the time when
it is high water upon the day of new or full moon, or upon any
other day of the moon, although with less accuracy, by the fol-
lowing problem.

' Prosrem II :
Given the Time of High Water upon any given day of the Moon,
to find the Time of High Water at new and full Moon.
Rure.

From the observed time of high water, increased by 12h. 24/
if necessary, subtract the time of the moon’s southing, and the
remainder will be the time of high water nearly upon the days
of new and full moon.

ExaMpLEs.
I.

Let the observed time of high water be 9h. 40’, and the moon’s
southing 5h. 24’ : Required the time of high water upon the
days of new and full moon ? : ,

Observed time of high water, . - Sh4
Moon’s southing, - - - - 52

Time of high water at new and full moon, 4 16
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II.

December 12, 1805, the time of high water was observed to
be 7h. 45': Requn-ed the syzygial time of high water ?

Observed time of lngh water, - - ' Thiy

Add, S I - - 12 24
- Sum,\ 20 9

Moon’s southmg, per Nautlcal Almanac, 8 1

. Time of high water at new and full moon, 2 8
When great accuracy is required, several corrections become
Becessary.
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BOOK V.
CONTAINING THE DESCRIPTION AND USE OF PHE MARITIME SCALE.

.+ . ISTRODUCTION.

"Tuis Scale was invented by Mr Matthew Richmond. - The
pamphlet which accompanies this rule consists of four leaves, in-
cluding that which contains the title page, and its date is 1786.
Tt contains a very brief description of the first line of hours only,
that of the other lines being omitted. Three problems follow :

The first—< 7' find the latitude of @ ship from the observed
weridional altitude of the sun’s upper or lower limb. This is per-
formed according to the common method, without the assistance
of any rule. _ L ‘ ’

The second’ problem is—¢ T'o find the true latitude of a ship,
having the latitude by aceount, and an observed altstude of the sun,
with the true time from noon, not exceeding one hour.’ Inperform-
ing this problem, he has recourse-to a table.of natural sines.

And the third problem, although not titled so is as follows:
< Given the true latitude, with the true altitude of the sun’s centre, at
any time within an hour from noon, to find the true time from noon.’
In performing this, he also uses a table of natural sines.

CHAP 1
Description of the Maritime Scale.

Tus ryle is two feet long, and one inch broad : one of the sides
contains g scale of inches divided into tenths; and the other the

lines for finding the apparent time from the sun’s altitude, &ec.

The lines upon this side may be reduced to three. The first
called a Line of Hours, and marked Hours at the end, begins
at the right hand extremity at 6 hours; and at the left hand
end of the rule it terminates at Oh. 32’ ; this line is continued
below, and disposed in such a manner, that the former termina~
tion, ¥ig. Oh. 3%, may be at or near the middle of the rule:
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between IIT. and VI. each division is two minutes ; and in the
remaining part of this line and its continuation, each division is
one minute. .

The next is a line of numbers, similar to that upon a com-
mon two.feet -Gunter. - . RO

The first part of the last line, as far as the second 5 on num-
bers, is divided into hours and minutes, and intituled Corrected
T%me. At the right hand-extremity eof .this part of the line,
which is exactly under 5.0n the secand half of the line of num-
bers; isthe division representing two howrs, and that at the left,
two minutes, 'That part-of the line betweea 11 hours, which
also represents 60 degrees, end.0 is divided juto degrees, and

eckoned contrary to the order in which the former part of the
ine is numbered ; and Yo the right of' 0, the divisions are con-
tinued, in‘a retrograde ordet, as far-as 30, and marked D for
Aechination. v ISR SR e x) . .

Both the first and last lines are adapted to the line of num-
bers, the first being the natwraloversed sines-of: the ebrrespond-
ing ttmes, and the Yast the naturs] sines ;the Frst 80°being ex-

ressed in time, and the remuining part mn-degrees, -and num-

ered in 4 dontrary order tb the first:part. - The dine of num-
‘bars, therefore, being constructed, which is easily done by means
of a table of lagarithms and an accurate diagonal seale, the up-
'rer or lower lings. may either. be laid down or examined. Thus,

et it be required to find the division, answering to two hours,
on the line of hours?

The number of degrees contained in two hours is 30; the,
three first figures of the natural versed sine of 30 are 134
nearly.+ Now, opposite to 134 on.numbers, is the division
answering to two hours.

TN

Again, let it be examined, if the point representing five hours
be:correet? In five hours are 75°, the three first figures of the
notural versed sine of which are 741: now, upon the rule,
which the author has, the point representing five hours’is not
exactly opposite to 741, being a little beyond it; and, there-
fore, this division is not correctly marked. - -

. In the lower line, the point oppesite to the natural sine of
any :given degree upon the line of numbers, will be the division

"+ The Author’s Treatise on the Longitude, vol. ii. table xur
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answering to that degree. 'Thus, to find the division corre-
“sponding to 1h. 20’? The number of degrees in 1h. 20’ is 20°;
the three first figures of the natural sine of 20° are 342, opposite
to which, on the line of numbers, is the point on the line marked
corrected time, angwering to lh. 20'." Again, to find the divi- .
sion on the line of latitude by reckoning, which represents 50°?
Because in this part of the line the divisions are numbered in a
retrograde order, find, therefore, the.natural siné of 40°, the
complement of the given arch, which is 643 nearly ;. now, op-,
ite to thisdivision, on the line of numbers, is the point on.
the line of latétude by reckuning which denotes:50°., .. : '

Lj

vl . CHAP IL
o 'Uac"qf the J;[aritime' Scale.
. ' -Paént:zi( | Ny
To find the Natural Sine of any given Arch by the Maritime Seale,
RuLe.

Ie the given arch is less tham 30°, reduce it to time; and oppo-
site thereto, on the line marked corrected time, is the eorrespond-
ing natural sine on the line of numbers. :

If the given arch is greater than 30°, find its camplement on
that part of the line marked latitude by reckoning, and oppe-
site thereto is the required natural sine on the line of numbers.

Examppes. .

, I
-Required the natqral sine of 20°?

20° = 1h. 20’; opposite to which, on the line of corrected
timb,' is the natural sine 342 on thg line of numbers.

II.
What is the natural sine of 50°?

-The complement of 50° is 40°; opposite to vﬁhich, on the
Iime of latitude by reckoning, is the natural sine 766 on the -
line of numbers, ~ U .
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Let the latitude be 50°, the sun’s declination e N and alti.
tude 20°: Required the appareat time ? :

The latitude and declination being of the same name, theu‘
difference must be taken, which is-40°; oppdsite to which, on
the line of latitude by reckoning, is. 766 en nuinbers. The al-
titude being less than 30° must be reduced to time, which is 1h,
20’ ; opposite to which, on the line of corrected time, is the
corresponding natural sine 342 on the line of numbers: the dif-
ference of the two natural sines is 424. Now, the extent of
the compass from the latitude 50°, to the declination 10°, being
laid the same way from 424 on numbers, will reach to a point
opposite to which, on the line of hours, is the time from noon
4h. 43". Hence, if the observation was made in the afternoon,
the apparent time is 4h. 43'; but if in the morning, the appe-
rent time was 7h. 17/,

II.
' June 21, 1812, inlatitude $7° 40’ S at Sh.. 14’ P. M. per

watch, the altitude of the sun’s lower limb was 14° 12/, and
helght of the eye 20 feet : Required the crror of the watch_ ?
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. - Observed alt. g¥s 1. limb, 14° 12’ Latitude, - 37° 40’ S.
Semidiameter, - - - 16 Declination,23 28 N,
Dip and refraction, - — 8 e
. ’ ~ Sum, - «~ 61 8
True altitude, « -. - 14 20 = Gh &7 N

Since the sum of the latitude and declination exceeds 60°, its
complement must be taken and reduced to time, which gives 1h,
b656' 28" ; epposite to which, oa the line of corrected time, is
483 on wumbers, and eppesite te Oh. 57’ 20" is the division 248
on numbers ; their difference is 235.

Now, the exteat from the latitude 37° 40’ to. the declination
23° 28, being laid the same way from 235 oa mjmbers, will
-reach to- 3h. 10’ the apparent time; the difference between
which and 3h. 14/, the time per watch, is 4, the error of the
watch for apparent time, fast. )

Prosem IIT.

- &given the Latitude of a Place, the Apparent "Time, and Declination
of the Sun, to find the true Altituds of that Object.

RULE. : h" *

The extent of the compass from the declination to the latis
tude, being laid the same way from the distance of the object
from the meridian, on the line of hours, will redch to a certain
sumber on the line of numbers ; which, being subtracted from
the natural sine of the meridian altitude, wilf give the natural
sine of the true altitude ; opposite to which, on the line of nam-
bers, is the altitude in time on the line correcied time, if below
80°, but its complement on the line of latifude by reckoning, if
above that number.

Exampres,
L

Required the true altitude of the sun’s eentre, October
17, 1809, at 8h. A. M. in latitude 57° 9’ N. and longitude
P W.? : :

v
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Sun’s declinhtion at noon, - 9° 388’ §. -
Equatlon to4 hours, - - — 3§
Equatlon to 9° W.--.-4+ 3

Reduced dﬁlmatmn, - - - 935 8.

Complement of latitude, - 32 51 N.

Meridian altitude, - - - - 23 16,whichreduced
to time == 1h. 33’ 4”, of which the correspondmg natural sine
is 895. Now, the extent from 9° 35’ to 57° 9/, on the lines of
- latitude and declination, being laid the same way from 4 hours,
the time from noon on the line of hours, will reach to 267 on
the line of numbers, which subtracted from 395, the remainder
is 128; opposite to which-on the line of numbers is about 29’
A, whieh reduced to degrees, gives the trne altitude 7° 20"

II. R
R'equired the true altitude of the sun’s centre, April 18, 1803,
at 4h. 26’ 20”, in latitude 46° 20’ N. and longitude 60° W. ?

Sun’s declination at noon, - 10° 35’ N.
Equatwn{b 4h. 26'20" 4 4
. Equation to 60°, - - 4 - 4

Reducd declination, - - 10 45 N.
Latitude, - - - - - 46 20 N.

Difference, - - - - - 35 37, oppos:t.etowlych,
on the line of latitude by reckoning, is the natural sine of the
sun’s meridian altitude 813. Now, the extent of the compass
from the declination 10° 43’ to the latitude 46° 20', being laid
the same way from 4h. 26’ 20” on the line of hours, will reach
* to 409 on the line of numbers, which subtracted from 813, the

remainder is 404 : opposite to- which, en the line of numbers,
is about 2h. 35’ 20”, which reduced to degrees gives the true
altitude 23° 50 :

Prosrem TV.

Given the Latitude by Account, the Declination and Altitude of the
. Sun, .and the Dislance of that Object from the Meridian, to ﬁnd
. the true Latitude.

Rurs.

The extent from the declination-to the latitude by agcount,
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being laid the same way from the time from noon on the Iine
of hours, will reach to a certain number on the line of numbers,
which being added to the natural sine of the given altitude, will
give the natural sine of the meridian altitude ; with which, and
the declination, the latitude is obtained as usual.

ReMark.

The time from noon may be found by equal altitudes.

ExaMPLES.

I

The latitude by account is 57° N. sun’s declinatjon 7° 22’ S
altitude 23° 52, and apparent time 10h. 32’ A, M.: Required
the true latitude ?. , : . S,

. The extent from 7°22’ to 57°, being laid the same way from
the time from noon 1h. 28, on the line of hours, will reach to
about 39 on numbers, which being added to 405, the number
answering to 23° 52’ = 1h. 35’ 28", gives 444 ; opposité to
‘which, on the line of numbers, is 1h. 45’ 24” = 26° 21’, the
meridian altitude : hence, the zenith distance is 63° 89’, from
which the declination 7° 22’ being subtracted, the remainder 56°
17’ N. is the latitude. '

<

II.

December 21, 1806, in latitude 50° 30’ N. 4y account, at 10h.
43 A. M. per watch, the apparent altitude of the sun’s lower
limb was 13° 51, and at 1h. 19’ P. M. the sun’s altitude was
the same, height of the eye 12 feet : Required the truelatitude ?

Time per watch, 10h 43’ A. M. Obs. alt. £¥'s 1. limb, 13° 51/

- - - ™ 1 19 P. M. Sun’ssemidiameter, + 16

' Dip and refraction; — 7
3

Interval of time, - 2 36
Half, - -1 18 True alt. £'s centré, 14 ©

The extent from 23° 28’ to 50° 30’, being laid the same way
from 1h. 18’ on the Tine of hours, will reach to about 33 on the
line of nambers. ‘The altitude being less than 30°-must-be re~
" duced to time, which is 56/ ; opposite to- which, on the line of
corfected time, is about 242 on numbers, to which 33 being
‘added, the sumis 275; opposite thereto on numbers, is about
184/ on the line of corrected time. Now, 1h. 4 =160 = me-
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ridian altitude ; hence the zenith distance is 74° ¢, from whick
i?eﬁgdxlh:dion?ﬂ’?&’bdngsybtncted,themainderﬁ”
latitude.

PronLex V.

Goen the Latitude by Account, the Declination, and two observed
Altitudes of the Sxn, and the Time clapsed betieen them, to find
the true Latitude.

Rore.

With the nearest degree to the latitude by account, the de-
elination and each altitude, find the corresponding apparent
times of obeervation, by Pros. II. If the interval between
these times be equal to that by observation, the latitude used
in the computation is the true latitude. But if the interval of
time by eomputation exceeds that by observation, aless latitude
must be assumed—but if that interval is less, a greaterlatitude
must be taken ; with which, the declination altitudes, the
papfarent times of observation are to be re-computed. Now,
take the difference between the two intervals by computation,
and also the difference between the interval by observation,
and that resulting from the computations from the least as-
sumed latitude ; then, the extent of the compass from the first
of these differences to the second on the line of numbers, will
reach from the difference of the assumed latitudes to the cor-
rection of latitude, which being applied to the least assumed la-
titudg, will give the true latitude.

Examrres.
I

October 18, 1804, in latitude 51° N. by account, at Oh. 3%
P. M. per wateh, the altitude of the sun’s lower limb was 28°
8, and at 2h. 41’, it was 19° 25, height of the eye 12 feet ;
Required the true latityde ?

Time p. watch, Oh 32" First ob. alt. 28° 32’ Sec. ab. alt. 19° 25
- - - 2 41 Semidia. + 16 - - - -.4 16
~———— Dip&irefie— 5 - - - - =~ 6

Obm- intm- 2 9 ————————
True alt. - 28 43 Trueslt. - 19 35

With the latitude 51° N, the declination 9° 39' S. and firsf
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altitnde 28° 43, the ¢correspondifg time will be found, by Paos.
IL to be Ob. 40’ 30", and answeriag to the second altitude
will be 2h. 45’ 30", the difference is 2h. &' ; which being less
than the interval by observation, the assumed latitude is, there.
fore, less than the trath. Let the second assumed latitude be
51° 30/; hemce, by Pros. II, the times of observation will be
Oh. 19’ and 2h. 42’, the interval of time is, thetefore, 2h. 23,
which is 18 greater than that by the first computation ; and the
difference between the interval answering to the first assumed
latitude and that by observation, is 4. : '

Now, the extent from 18’ to 4’ being laid the same way from -
30, will reach to near 7’; hence, the true latitude is 51° 7’ N.

. . II. , o

September 14, 1814, inlatitude 38° 12’ N. by aceount, at 9h.
28’ A. M. per watch, the true altitude of the sun’s centre was.
40° 43, and at 11h. 16" A. M. the tra¢ altitude tvas 53°23':
Required the true latitude ? ' o , :

Let'the first assumed latitude be 38° 0’ N. with which, the
sun’s declination 3° 34’ N. and the true altitudes 40° 43’ and
53° 23, the cerres ondli!ng times from noon are 2h."34' and
Oh. 544’ respectively; hence, the interval is 1h. 40, being-8’
less than thep:cbuservid interval : a g?eater latitude must, tlnﬁ;re-
fore, be assumed, which let be 39°, with which, the declination
and altitudes, the times from noon will be found to be 2h. 31°
and Oh. 41’; the difference is 1h. 50; being 10" gréater than
that resulting from the first operation. '

Now, the extent from 10’ toe §' on the ]ine of -numbers,nw'ill
reech from 60’ the difference between the assumed latitudes, to
48’; which, therefore, being added to the least of the two ad-
-pumed latitudes, gives 38° 48’ N. the true latitude, ,

v R "P‘kontuYI'. ‘

Given the Latituile of @ Place, the Declination and Altitude of the.
. Sum, to find the true Avimuth ; and hence, the Variation of the

RuLk.

If the sum of the latitude and altitude be less than 90°, add
the natural sine of its complement to the natural sine of the de.
clinstion ; but if greater find the difference of these numbers,

\
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Now, extend the compass from the latitude to the altitude,
on the lines of latitude and declination : and that extent being
Jaid the same way from the sum or difference of the natural
sines, on the line of numbers, will reach to a certain time on the
line of hours, which reduced to degrees will be the true azimuth
of the sun, from the south in north htltude, but from thenorth
in south latitude. -

The difference between the true and observed azminths will
be the variation ; which will be west, if the observed azimuth
is to the nght of the true, but east if to the leﬁ

ReMARK." .

If both the latitude and altitude exceed 30°, the limits of the
deelination scale, the altitude may be taken frons the latitude
scale; and being placed from the ]atxtude towards the left, then
the interval between the left point of the compass and 0, will be
the interval between the lautude and deelination. »

‘ExaMpLes.

L

Let the latitude be 50° N. the true altitude 26° ', and decli-
nation of the sun 14° 30’ N. : Required the sun’s true azimuth ?

Latitude, 50° O'N.
Altitude, 28 O

Sum, - 78 O
Complem. 12 0, intime Oh.48’, correspond. nat. sine, 208
’ ’Declma - 14 30, mtxmeO 58 naturalsine, - - 250

Sum, - - - - - - - - - ‘ 4’58 '

Now, the extent from the latitude 50° 0’ to the altltude 28°0',
being laid the same way from 458 on the line of numbers, will
reach to about 5h. 15".6 on the line of heurs; which time being
reduced to degrees, gives 78° 54’ the true azimuth, from the
south towards the east or west, according as the observatlon was
made in the morning or afternoon.

L

| "Fhe latitude is 57° 7’ N. true altitude of the sun 41° 32, ahd
declination 10° 30’ N.: Required the true azimuth? And sup-
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pose the observation {o have Bee'n made in thg forenoon, and the
magnetic azimuth S, § W. the variation is required ?

Latitude, 57° 7’ N.
Altitude, 41 32

"Sum, - 96 39
~ Complem. 8 39,in time 34’ 36”, and the corres. nat. sine, 150 *
Decling - 10 30,in time42 0 - . natural sine, - 182

S—

Difference, - - - - - - - - 32
The extent from 57° 7’ to 41° 32/, being laid the same way

from 32, will reach to about 1h. 32, which in degrees is 23°,

the true azimuth. .

Observed azimuth'S. 3} W. or 8. 5° 37 W,
True azimuth, - - -~ 8.2 OE.

ep——

Variation, - - - - 28 37 W. the
observed azimuth heing to the right of the true.
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BOOK VL

CONTAINING TABLES FOR CALCULATING THE LATITUDE OF A PLACE,
FROM THE MERIDIAN ALTITUDE OF THE SUN. )

WITH AN EXPLANATION PREFIXED. -

TABLE I
Depression, or Dip of the Horizon.

Nue dip of the horizon is the vertical angle contained between
a horizontal plane passing through the eye of an observer, and
a line joining the eye and the visible horizen.

This table eontains the dip answering to a free or unob-
structed horizon ; it is calculated by the rule given in Page 79,
Vol. 1. of the Longitude: each number is diminished by one-
tenth, for the effect of terrestrial refraction, and wrote out to
the nearest tenth of a minute. : v

TABLE IL
Dip of the Sea at different Distances from the Observer.

. 'When the sun is over the land at the time of observation, and
the ship nearer to it than to the visible horizon when uninter-
rupted, and if the sun’s limb is brought into contact with the
Tine of separation of the sea and land, the dip will be consider-
ably greater than in the preceding table; and will increase as
the distance of the ship from the land diminishes, and as the
height of the observer increases. In this case, therefore, the
distance of the ship from the land is to be found; and the dip
answering thereto, and to the height of the eye above the water,
: ?l to lt)le taken from this table, and subtracted from the observed

titude.

TABLE IIL

Refraction in Altitude.

The refraction is necessary for correcting altitudes and dist-
ances observed at sea; it is always to be subtracted from the
observed altitude. This table is adapted to 2 mean state of the
atmosphere in Britein, namely, to 29.6 inches of the Barome-
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L 3
ter, and 50° of Thermometer. If the height of the mercury
4n these instruments be different from the mean, a correction,
when great accuracy is required, becomes necessary, to reduce -
the tabular to the true refraction. 'This may be found in Table
VIII. Vol. II. of the Longitude. ' : )

e

TABLE IV.
Declination of the Sun.

This table contains the declination of the sun for four succeg-
sive years, namely, 1811, 1812, 1813, and 1814 ; and may be
continued for several years, without any very great error; but
when accuracy is required, the declination, when wanted for any
other year, is to be reduced to that year by the following table.

TABLE V.
Change of the Suw’s Declination for Periods of Four Years. \

By this table, the declination as given in the preceding one,

may be reduced to any future period, by applying the number
answering to the interval between the given year and one found
in the table, such that the difference shall be a multiple of 4, to
the tabular declination according to its sign.

ExaupLes.
L
. Required the sun’s declination 1st May 18207

The proposed year is 8 years after 1812. Now, the declina-
tion 1st May, 1812, is - - - - 15 7TN.
Change of declination for 8 years, Table V. 4. 1

Sun’s declination, 1st May, 1820, - - 15 8 N.

IIL. .
What is the sun’s declination 20th August 16257

The year 1825 is 12 years after 1813. Hence the sun’s de-
-clination 20th August 1813, is - - 12° 83’ N.
' Change of declination in 12 years, - - 2

Sun’s declination 20th Augiis;t 1825, - 12 31 N.
X ¢ ,
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|  TABLE VL. |
T'o reduce the Sun’s Declination fo any given Merididn, and to any
proposed Time under that Meridian. !
The declination in Table IV. is adapted to the meridian of
Greenwich, and by this table it may be reduced to any.other
. meridian, and to any given time of the day under that meri-
dian : the titles at the tap and bottom of this table, direct when
the reduction is to be added or subtracted. In order to prevent
any ambiguity, which might happen in applying the equation
at the times of the equinoxes, it may be observed, that when the
declination is increasing, the equation is additive in west longi-
tude, or when the time i3 after mid-day—and subtractive in east
longitade, or the time before mid-day. When the declination
is decreasing, the contraty rule is to be applied.

-

TABLE VIL .
The Right Ascensions and Declinations of Fixed Stays.

This table contains the right ascensions and declinations of
60 principal stars, adapted to the beginwing of the year 1812.
Columns fourth and sixth contain the annual variations arising
from the precession of the equinoxes, and the proper motion of
the stars, which will serve to reduce the place of a star to a pe-
riod of a few years after the epoch of the table with sufficient
accuracy. When the place of a star is wanted after the begin-
ning of 1812, the variation in right ascension is to be added,
and that in declination is to be applied according to its sign;
the contrary rule is to be used when the given time is before
1812. The stars marked with an asterisk are those employed
in the Nautical Almanac for finding the Longitude by Lunar
observations,

TABLE VIIIL
For Finding the Moon’s Age.

‘This table contains the-moon’s age for a period of 95 years;
It is divided into two parts; the first of which contains the
months and days, and the other the years, with the correspond-
ing age of the moon. In thislast part, N. stands for new moon,
and F. for full moon.—The manner of using this table is ob-
vious. It is also explained in page 139. :
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" DIP OF THE HORIZON. /| REFRACTION v ALTITU DE,
Height] Height| — [THeight] | Alt. [Refra” Alt, [Refra.f Al Refra.
{1 in |Dip.]| in [Dip.{| in Dip. | = '
Feet. Feee, | - Peet. ' 0° 0|88/ 0/}l 5° 40 8/54/] 930 /147
0. 532 10 5 50/ 8 41§ 24 [ g 7
, ' | 1o 0 10131 221 6 0 3 28] 25 | 2 o
04106 1 18 21 #110 {200 [o 1530 35 6 10| 8 15| 26 1 56,
08108 [ 19 |42 fi120 J105]| lo 6208 siaor|1 5
10010 | 20 {43 § 130 [109 . lo 630 751) 2871 47
16|12 f 22 (45 140 {113] o 6 40{ 7 40| 20 | 1 40
20|12 f 24 |47 150 |zl Jo 6 50( 7 30| 80 | 1 33
sol17 | 2 [49 [l160 [120| 1[04 701720 31135
40|19 28. 150 |l 150 J124| fo 71007 11 32 | 1 81
3021 30 |62 ||180 |128 o 272007 2l 331 98
60|23 | 85 |56 {190 |131 0 7 30| 6 53) 34 | 1 o4
70)25 ]| 40 |60 [[200 [185] |1 7406 45) 35|} o
8027 | 45 |64 {210 |1351 [ 75016 37 36 1 18
, IK ‘ , 1 8 0| 629 371 16
90|29 § 50 |67 ||220 |12
. 1 810/ 6 22 38 { 1 19
10030 8 55 |71 || 200 |142
] 1 8 20| 6 15[ 39 | 1 1q
11o0{32 } 60 |74 || 240 |147 1 8306 40|13
12033 § 65 |77 || 250 1151
13034 § 70 |80 [|260 [154| ! sas it s
1 850 555|421 3
140(36 § 75 |82 | 270 |15
1 9 0 54843 |1 1
150(37 §.8 |85 |[280 |160
) , 1 9 10| 5 42| 44 | 0 59
16058 } 9 |90 |l290 162| ! o 20| 5 36| 45
170( 40 §100 |95 |l 300 |165 : 0 57
g . : ‘ 1 9 30| 5 31l 46 | 0 55
r. ; 2 9 40 5 25 47 | 0 53
TABLE IL 2 9 50 5 20§ 48 | 0 51
DIP OF THE stAA'r-blrytk'zNT DISTANCES| 2 10 0| 5 15) 49 | 0 49
FROM THE OBSERVER. . 2 o 15 5 Fd 50 o 48
B - |Ht. of the eye above the sea,infeet)| - ; :g 2.(5) i ’_g g; 0 46
istance 140 | 5 0 44
of land in| ® [10]15|20/25 30 i 11 0| 4 47 53 | 0 45
sea miles .|| R o 2 11 15| 4_40) 54 | 0 41
, ,D'PD'PD'P;D'PD'P POPDR 11 30[ 4" 34) 55 | o 4]
miles.tend ¢ | 7|7 |||/ ’ ’ 3 1; 45| 4 ‘-’g 56 | 0 g8
o 1 | 28] 56 85/119/141(170(198 226 |2 52}:; 23 zf's fg 0 37
0 2 |14 28 56| 71| 85| 99'113 < 28 10 85
0 3 | of 19f 28| 38| 27 56| 75 |s 3612 40{ 4 9| 59 | 0 84
o 4 | 7} 14| 21| 28] 35 49 571 s 20013 0/ 4 3] 60| 0 33
o 5 | 6|11 17| 29 28| 34 a5 s 4113 20| 3 57| 61 | o g9
o 6 | s o 14 19| 23 28 gl [3 1513 4918 40| 3 51 62 | 0 80
3 2013 34/(14 0] 3 45 63 | 0 o9
0 7 | 4 8|12 16 20| 24 39
, 3 25/13 20/(14 20| 3 40| 64 | 0 o
0 '8 | 4 71114 18 21 280 |
3 3013 6/[14 40| 3 85] 65 | 0 2q
o 9 | 8| 6 o3 16| 19 25
10| o o o393 23| 3 4012 10115 o] 3 30} 66 | 0 os
' 3 50012 15/|15 30| 3 24 67 | 0 24
13 I o 1g e ¥k 51116 o] 3 17] 68 | 0 29
13 sl [|*10/11 29116 50| -3 10] 69 | 0 29
1 3| 2 8 s 4 g 10 5 I PP | i B
2 0 [ @ s 5 g 810 11] 12 3 Moo
25|32 o o o 5% 10| [* 3010 48/117 30| 2 59) 72 | o 18
3 4 4010 29118 of 2 54 74 | 0 1¢|.
S 0| 2 sl 4 5 ¢ 5 8 450101]1880249' 76 | 0 14
s I |2 s| 4 5 6 ¢ 1 |5 19 0|2 44) 73 [ 0 12
4 0 2l 3 4] 4 R g 7 151 38;20 ol 235 80|01
50| 9 s 4 4 5 35 6 52092321 ol2285]|0 5
6 0| 2 9| 4 4 5 6| 1530 9 8l22 0|2 20| 90 |0
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TABLE 1IV.
Declination of the Sun for the Year 1811, (or 1815, 1819, 1823,

1827,) Being the First before Leap Year.

MONTHS.
Jan. | Feb. | Mar. |April.| May.|June, | July. | Aug. Sept.IOctr.1 Nov. | Dec.
Days. [South./South.|N.&S.[North{North{North|North{North N.&S.lsouth.:Soath South.
1 [23° #[17°16/| 7°48/| 4°18/|14953/(21°58123011'[1801F| 8932 2056/ 14°1 521044/
2 |22 59(16 59] 7 25| 4 42|15 11|22 7[23 ‘7]17 58] 8 11| 3 1914 3421 53
3 |22 54{16 41| 7 38| 5 5|15 29/22 15|28 2|17 42 8 4314 53|22 2|
‘4 |22 48|16 24] 6 40; 5 28|15 47|22 22|22 58[17 27 4 615 12§22 11
5 |22 41|16 6] 6 17] 5 50|16 4]22 29{22 52|17 11} 4 2915 381[22 19,
6 [22 3515 47| 5 53| 6 13|16 21]|22 36|22 47|16 55 4 5215 4922 27
[7 22 27(15 29] 5 30| 6 36{16 38{22 42|22 41|16 38 51516 7[22 3
8 [22 20|15 10] 5 7| 6 58]16 55|22 48|22 35|16 38 16 25[22 41
9 [22 12|14 51| 4 43] 7 21|17 11{22 58|22 28|16 1:16‘ 42[22 47|
10 |22 3j14 32] 4 20| 7 43|17 27|22 59]22 21|15 2416 59|22 53
11 |21 54{14 18| 3 57| 8 5|17 43[23 3|22 18|15 4717 16/22 5
12 |21 45|13 53] 3 33| 8 27|17 5828 7|22 5|15 1017 83[123 3
13 |21 85|13 38} 3 9] 8 49]18 14/23 11|21 57|14 3217 49[23 8
14 |21 25(13 18] 2 46] 9 11]18 28/23 15(21 49|14 5518 5/23 12
15 |21 1412 521 2 22| 9 33|18 43/23 18|21 40|14 17118 21|23 16
16 (21 8{12 821 ¥ 59| 9 54[18 5728 2021 30|13 4018 36/23 19,
17 20 52[12 11} 1 85{10 15]19 1128 23|21 20}13 2/18 51|23 21
18 |20 11 50{ 1 11{10 3619 25[28 25|21 10|13 2419 6|28 2
19 |20 28|11 29] O 47|10 57|19 38|23 26[21 0jl38 46{19 21{23 25
20 |20 15|11 7] O 24i11 18[19 51|28 27]20 49|12 7119 35'23 27
21 |20 2/10 46| O O;21 39,20 8|23 28]20 38]i2 29/19 48,23 27
North
22 |19 49|10 24] O 24!11 59(20 16,23 2820 26/12 5020 2(23 28]
23 |19 35|10 2] O 47|12 19|20 28|23 27{20 14|11 12|20 14]23 23
24 |19 21| 9 40{ 1 11{12 39|20 39|23 27(20 211 33|20 27]23 27
25 |19 6 9 18] 1 35)12 59'20 50123 2619 50,11 54{20 38923 2(#
26 |18 52| 8 56} 1 58i13 1 ‘ 1/28 24[19 87(10 40| 15|20 51'23 24
27 |18 36] 8 33| 2 2213 3y;21 12/23 22{19 24]10 35/121. 2123 22|
28 |18 21| 8 11| 2 4513 57|21 22[28 20|19 10 9 55121 18(23 20|
29 |18 5 3 9,14 16|21 32|23 17|18 56| 9 87 16|21 24! 3 17
80 |17 49 3 382(14 35|21 41{23 14{18 42| 9 36{21 8423 13
81 |17 32 3 55 21 50| 18 28| 8 54 55 "3 9]
TABLE V.
Change of the Sun’s Deelination for Periods of Four Years.
Periods l MONTHS. Periods
of JANUARY. FEBRUARY. MARCH. of
complete Davs. "Davys. Davs, complete
Years. |I"17]7 [13]191]25|1 |7 [18]19)25 7 [18]19] 25| Years.
4 |o0.10.2 .SLYAO’ 5006 siu_.7o'.7p'.70{.7.o:.7 o —
8, .30.4'0.6 .70 8|1 l.ll 21 .21.31.81.41.4‘1.41.4 8
12 40 .70 .911 .1{1 .31 .5 Ol .71.92 ‘2 02‘12'112'12‘1 12
16 6i0.91 .21 .41 72-02.22.82.5 612 .7]12 .7|2 .8 2 .8]2 .8 16
.52.72.93 18.33 413.53 .53 .63 .6 20

2701 .11 511 82.1{2
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TABLE 1V.

Declination of the Sun for the Year 1812, (or 1816, 1820, 1824,
1828,) being Leap Year.

MONTHS.
Jan. | Feb, | Mar. |April.| May. | June. | July. | Aug. | Sept. | Octr. | Nov. -| Dec.
Days. [South./South.|S.8N.[North|North|Nortn|North| North|N.&S.|South.| South.South.
1 |230 79317 | 4936/|15° 7/|220° 5/|23° 8/18° 1/| 8016/ 3°14/| 1492|2105 1
2 |23 017 8|7 8|4 50152522 1325 8|17 46| 7 54| 3 87{14 48/22 O
‘3 |22 5516 46| 6 45| 5 22/15 42je2 20122 5917 s1} 7 32} 4 oli5 7(22 -9
4 |22 4916 28| 6 23| 5 4516 O[22 27|22 54{17 15| 7 10| 4 24|15 26|22 17
5 le2 4sfi6 10| 5 59| 6 716 17|22 34/22 48|16 59| 6 48| 4 47|15 44{22 2
6 |22 s6l15 52| 5 36| 6 sol16 s4|e2 40/22 4216 42| 6 25| 5 10ll6 2|22 3
7 |22 5 13| 6 53|16 51j22 46/22 36/16 261 6 3| 5 33|16 2022 39
8 o2 4 49| 7 1517 7le2 sol22 29{16 9| 5 40| 5 56|16 s8{22 45]
9 |2 4 26| 7 36|17 23l22 57|22 2215 51| 5 18| 6 19)16 5522 51
10 fee 4 28 o17 39023 ¢2[22 15|15 34| 4 55| 6 42|17 12|22 57
1 [ 3 39| 8 22\17 55|23 622 7|15 16] 4 82] 7 4l17 29|23 <
12 [e S 15} 8 44[18 10423 10|21 59{14 58| 4 9| 7 27|17 45|28 7
13 |21 2 52| 9 6|18 2528 14/21 51[14 40| 3 46| 7 49/18 1|23 11
14 |31 2 28| 9 27|18 39|33 17|21 4214 22| 3 23] 8 1218 17]23 15
15 fa1 2 4| 9 4918 54/23 20(21 32[14 3. 3 Of 8 34|18 33|23 18}
16 |21 1 41{10 1019 8|23 22|21 23|18 44| 2 37| 8 56{18 48]28 21
17 |20 1 17)10 81|19 21]23 24]21 13)18 25| 2 14| 9 18}i9 sles 23]
18 |20 0 5310 5219 85/23 2621 2[13 6| 1 50| 9 40{19 1723 25
19 sol11 34| 0 29(11 1319 48/23 27|20 52|12 46| 1 27|10 2|19 31]28 26}
20 |20 1811 13/ 0 611 34|20 ol23 27/20 40112 26 1  4[10 24|19 4523 27

North|
21 |20 5[10 51/ 0 18]11 5420 13[23 28{20 29{12 7| 0 40|10 45[19 58/23 28
22 |19 5210 29| 0 4212 14‘20-25'23 27|20 17|11 46| 0 1711 620 11[28 27
South
B . -

23 |19 3810 8/ 1 512 3420 3628 27/20 5|l1 26| O 6|1 28120 24(23 27
o4 [19 24 0 46| 1 2912 54/20 48/23 26|20 53{11 6| 0 30|11 49,20 26|23 26
25 [19 10| 9 24| 1 52|13 1420 8%28 24120 4010 45} 0 53(12 920 48(23 25
26 |18 55| 9 1]2 16)13 ssle1 9,23 23120 27|10 24| 1 17)12 3021 0|23 23
27 ‘|18 40| 8 39| 2 89113 5221 1923 20120 18|10 3 1 4012 5021 11/23 20
28 |18 25| 816/ 3 814 11|2| 29,23 1820 0| 9 42/ 2 413 1121 21(28 17
29 {18- 9| 7 54 3 26/14 8021 3823 1518 46| 9 21| 2 27]!3 3121 32|23 14
30 |17 53] |3 4914 48'21 4823 11)i8 31| 8 59 2 5013 5021 42[23 10]
s1 17 36 41 l21 56] 18 16l 8 38 14 10 23 6

TABLE V.

Change of the Sun’s Declination for Periods of Four Years.

— MONTHS Peri
Periods d Periods
of APRIL. MAT-. JUNE. of
complete Davs. Davs. Davs. complete |
Years. 1 |7 |13|19,z1 117 115]19125| 1 [ 7181925 Years.
[ A R
£ foT0n10mm0 6 cuao,oo'sol 5,0'49'30'.30420' 10001 4
8 1Al 4l slish 91 a1 oo .90 .80 7/0 .5/0 410 .2/0 .00 .1 8

12 fiz.1j2.1)3 .01 .91 .81 .71 601 .41 .21 Qo .80 .cjo .so.10.2f 12
. 16 fl2.8a .70 6l2 502 .42 .32 101 9'1 61 .5{1 .00 .7j0 .4 .1}0. 16
I 20 l3.5'3.4ls 3l3 2|3 0'2 .82 62 .32 .01 61 .5l .cy .50 .10. 20



160] TABLE IV.

Declination of the Sun for the Year 1813, (or 1817, 1821, 1825,
1829,) Being the First after Leap Year.

MONTHS.

..

Jan. | Feb. [Mar. JApril.] May.] June. | July. | Aug. | Sept. Octr.lﬂov:] Dec.
Days. [South./South.}8.& N.{North|North]North/North{North/N.&S. South.tiondL‘Snl
1 ]238°% M17° 7/17° 37/[4° 30/|15° 2/[22° 3/|23° 9/]189 5
2 |22 56]16 50| 7 14] # 53|15 21j22 11{28 5]17 5
3 |22 51]16 32| 6 5 16]15 18|23 017 35
4 |22 45|16 14} 6 5 3915 26|22 55|17 19
5 |22 88|15 56] 6 6 2|16 3838[22 50(17 3
6 |22 31|t5 388 5 6 25|16 44i16 4
7 |22 24|15 19] 5 6 47|16 38]16 S
8 |22 1615 O] 4 7 1017 81416 13
9 22 7|14 41} 4 7 82417 24]15 56
10 |21 59|14 22| 4. 7 55[17 17115 3
11 |21 4914 3 8 1717 915 21
12 121 4018 43| 3 8 3918 115 3
18 21 30‘13 22| 2 9 018 53|14 45
14 |21 19113 2] 2 9 22/18 44|14 26|
15 (21 9]12 42| 2 9 4518 85|14 8
16 |20 57]12 21] 1 46]10 5)19 2518 49
17 |20 46]12 O] 1 23j10 26]19 15]13 30
18 [20 34J11 389] O 59{10 47|19 5]13 11
19 |20 21j11 18] O 11 8|19 54/12 51
20 |20 8J10 s56] O 12{11 2919 43112 32
Nosth
21 |19 55{10 35| 0 1211 49[20 32112 12
22 1194210 13| 0 36/12 920 20(11 5
South.
23 19 28| 9 511 0 5912 380/20 34/23 8[11 81 0 111
24 119 18| 9 29] 1 2312 49/|20" 45/23 56]11 11
25 |18 5919 7] 1 47{13 920 56{23 4310 5
26 |18 44| 8 44] 2 10]13 29;21 30|10 29
27 |18 29| 8 22] 2 3413 48(21 17|23 17]110° 8
28 118 13} 7 59 2 57|14 7{21 27|23 81 9 47
29 |17 57 3 20{14 26{21 36|23 49] 9 26
80 |17 41 3 44{14 44)21 46 3851 9 5
31 (17 24 4 21 54 20} 8 43
TABLE V. .
Change of the Sun’s Declination for Periods of Four Years.
Periods ‘ MONTHS. Periods
of - JULY. AUGUST. | SEPTEMBER. :
complete Days. Davys. ] Davs. complete
Years. |I"11 7 18|19] 25| 1|7 |13]19]25|1 | 7 |13|19]| 25f Years.
—_ | e = = = == —
4+ Jloaloe .39!.4!()'.40.5'0.5 s sl oo ogoq e
8 0 .30 .4 .6]0.70.91.011 17211 38]1 .81 4(1 41 41 41 4 8
12 4Q.7 '911 i1 .81 51 61 8|1 .92 02 .0'2 12,112 .12 .0 12
16 [0.60.9[1 .21 .41 .7j2 02 2|2 42 .5{2 6272 52 8)2.92.9] 16
3 33 .43 .53 .53.68 .6 20

20 0.71.1]1 .51 .82 .22 .52 .7|3 .03 .2!



TABLE 1V, [161
Declination of the Sun for the Year 1814- (or 1818, 1822, 1826,
1830,) Being the Second after Leap Year '
| . MONTHS.
L.hn. Feb. 'Mar. April.] May: | June. | July. | Aug. | Sept.| Octr. Nov.l Dec.
Days. !South South.[S.8&N.[North{North/North!{North|North{N.&S. Sour.h.ISouth."South.
1 {230 817011 7°42/] 4°25/14°58/22° 1/,23°10/18° 9| 8997/ g0 21402021047/
2 [o2 3816 54| 7 19| 4 48[15 16je2 923 6117 54] 8 5| 3 26]14 39,21 56
8 |o2 32016 87| 6 56 5 11{15 34j22 17,23 117 88| 7 49] 3 49|14 58l22 5i
" 4 [22 4616 19] 6 33| 5 34\15 52j22 2422 56,17 23| 7 21| 4 12ll5 17/22 18
5 |22 4016 1f 6 10| 5 56/16 8|22 81123 51117 7| 6 59| 4 S5[i5 3622 21
6 |22 33|15 43| 5 47| 6 19)16 26]22 sajee 45l16 50| 6 S6| 4 59115 54|22 29
7 le2 2515 24| 5 24| 6 42|16 43l22 44|22 3916 34| 6 14| 5 2216 12]22 36
8 lez18l15 5| 5 1|7 4|16 5922 49)22 83/16 17| 5 51] 5 45/16 30[22 43
"9 |e2 ol14 46| 4 37| 7 27)17 16l22 5522 26l16 O] 5 29 6 8|16 4722 49
10 [22 114 27] 4 14] 7 4017 3223 ol22 1915 43| 5 6] 6 s0{17 422 55)
11 |21 8214 7| 3 50| 8 11j17 47|23 4|22 11)15 25| 4 43| 6 53|17 2123 o
12 |21 4213 48] 8 27| 8 83118 3sj23 9122 s8i15 7| 4 20 7 1617 38fes 5
13 |21 s2)13 28] 3 8| 8 5518 18J2e3 i2i21 55l14 49] 3 57 7 39{17 54/238 9
14 |1 2213 7] 2 40| 9 17[18 32|23 16]21 46[14 1| 8 34] 8 118 o923 13|
15 |21 11)12 43) 2 16] 9 38|18 47|23 19l21 3714 12} 3 11| 8 2318 2528 17
16 fa1 012 26] 1 s52l10 of19 1|23 21le1 2813 58| 2 48| 8 46(18 41]23 20|
17 |20 4912 5| 1 28]10 21j19 15/23 2321 1813 34| 2 25| 9 8l18 56]23 22
18 |20 37)11 44f 1 510 4219 28le3 2521 S|13 15| 2 2| 9 3019 10l28 24
19 |20 24|11 23] 0 4if1t 38j19 41j23 26|20 57|12 56| 1 38| 9 52/19 24|23 26
‘20 |20 1211 2| o 1711 24)19 54|23 27[20 46{12 96| 1 15[10 13}19 3828 27
North . . s
21 |10 5810 40) 0 611 44j20 7ios 28i20 S5{12 16 0 52]10 35119 52(23 28
22 |19 45010 18] 0 sol1a 5|20 19]2s 2sl20 23)11 6| 0 28|10 s620 5|23 28
23 |19 91| 9 56| 0 54{12 25[20 s1jes 27j20 1111 6] 0 5|11 1820 18|23 27]
South.} :
24 119 17| 9 34| 1 17]12 45/20 42}23 26|19 59)11 16/ 0 19/11 39/20 sSoj2s 27
y 25 [19 2/ 9 12{ 1 41113 4j20 53123 2519 46{10 55| O 4211 59/20 43/23 26
26 |18 47| 8 50| 2 4|13 24|21 4jos 24j19 33f10 34| 1 512 20120 5423 24
27 |18 2| 8 27| 2 2813 43)21 14j23 22/19 20/10 13 1 2912 41/21 5l23 22
28 |8 17} 8 5| 2 51|14 221 24123 19{19 6| 9 52[ 1 52113 1]21 16/23 19
29 f18 1 3 1514 21je1 8423 17|18 53] 9 31} 2 1613 2121 2723 16
30 |17 45 3 38/14 40/21 43l23 13|18 38| 9 10 2 3913 41{21 87|23 12
31 |17 ¢8 4 1 21 59| 18 24| 8 48| 12 23 &
TABLE V.
Change of the Sun’s Declination for Periods of Four Years.

. MONTHS .
Periods . — || Periods
of OCTOBER. NOVEMBER. | DECEMBER. of
eomplete Davs. Davs. Davs. complete
Years. ||'1) 711319125 1|7 |18]19) 25| 1 [7 |18]19 |25} Years.

, F |+ + [+ +[+{+I—

4 0/.70/.70/.70 .60/ 60 .50/ 5[0/ 40/ 410 S0/ 20/.20/.1/0/ 000 4
8 1 .41 .4'1.81 .31 .21 .1j0 .00 .90 .8[0..7}0 .50 .40 2|0 00 .1 8
12 2 .12 .0'2 .ol1 .9'1 .8]1 .6f1 .5/1 .3)1 .21 0o .70.50 sfo.1jo.af 12
16 2 .82 .72 .62 .52 .42 .21 .01 .8]1.5]1 3)1.00.70.4f0.0j0.2] 16
20 3.53 .43 .3/3 .23 .0]2 .82 .5/2 .92 0|1 7]l .80.90 .500.20 8] 20

Y

-



:62] TABLE VI, To reduce the Sun's Declination to any given Meridian, and to any given
Time under that Meridian.

Zns:,::i LONGITUDE.
-8 k=] .
é.el.d:oooooooooooéooooo‘q
vl flog .
< 3 |3 <110]20[30 70 | 80/ 90{100| 110|120130]140] 150} 160} 170,180
20”22 0.0/0.00.00 1]0.10.1/0-1] 6.1} 0.1| 0.1/ 0.2 0.2| 0.2 0.2 ©.

19| 230.00000.1 .2{0.2 o.ij 0.3} 0.3 0.8 0.3 0.4 0.4 O.

18|55 240.0(0.10.140. .3(0.8] 0.4f 0.4] 0.4/ 0.5 0 5| 0.5 0.6 0.6

1712 250.1/0.10.10. .410.4] 0.5 0.6/ 0.6/ 0.7] 0.7 0.8

16| § 26.0.1/0.10.2 .5/0.51 0.6 0.7/ 0.8 0.8} 0.9 1.

15| 2 27/0.110.10.2 610.7] 0.8 0.9/ 0.9 1.0 1.1} 1.2

14Q28.0.l 0.20.200. .7/0.8] 0.9 1.0{ 1.1{ 1.2| 1.3( 1.4

18 290.10.2'0.3 .810.9] 1.0 1.2 1.8/ 1.4] 1.5 1.6
gn 31'0.10294 0.7/0.8]1.0{1.1] 1.2 1.5 1.6 1.7| 1.8 1.9] 2] 2.2
£10 1|o.1oslo4 .5(0.7/0.8/0.9(1.1{1.2] 1.3 16| 17| 1.9] 2.0 2.1} 23| 2.4
§ 9| go1j0s0o4p. .9(1.0f1 2/1.3] 1.5 1.8/ 1.9) 2.0 2.2| 2.3| 2.5 26
2 8| so.xos,o_s .9|1.1{1.3/1.4] 1.6 1.9/ 2.1] 2.2 2.4 2.5| 27| 2.8

7| 4/0.20.30.5 Igsl. 41.5| 1.7 2.0/ 2.2 2.4 2.6 27| 29| 3.1

6 502040.5 .70.9]1.1{1.3{1.411.6| 1.8 2.2| 2.4{ 2.5 2.7 29| 3.1f 3.3

5| 6/0.20.40.6/0.81.0/1.21.4/1.5{1.7| 1.9) 2.3/ 2.5 2.7] 2.9| s.1f 8.3 3.5

4 7‘02 4'0.6 .8(1.0(1.2 GP‘S 2.0 2.5)2.7| 2.9] 8.1; 38! 3.5 8.7

3|5~ 80.2(0.40.60.91.1|L.31.51.7]1.9) 2.2 2.6| 2.8| 3.0| 3.2| 8.5| 3.7] 3.9

1 310020507091.2 1.4[1.7)1.9(2.1] 2.4 2.9/ 3.1 8.3| 3.6| 3.8 4.1 43|

29| & 1200.3/0.50.8{1.0[1.31.61.8{2.1|2.3| 2.6 3.1| 3.4| 3.6] 3.9| 4.2] 44| 4.7

27/ 140.3/0.60.8]1.1{1.4{1.7]2.0l2,3(2.5| 2.8 3.4/ 8.7/ 4.0 42| 4.5 48] 5.1

25| 16/0.30.60.9]1.2]1 5|1.8 2.7 8 3.6 3.9| 4.3| 4.6| 4.9| 5.9| 5.5

23| 18(0.8/0.61.01.3/1.6/1.9/2.3]2.6/2.9 3.2 3.9| 4.2 4.5 4.9/ 5.2 5.5 5.8

21{ 20§0.3/0.7'1.0{1.41.7{2.1|2.4{2.83.1 3. 4.1| 4.5/ 4.8 5.2 5.5 5.9| 6.2

19] 22/0.4/0.7]1.1/1.51.82.2(2,52.913.3| 3.6 44| 47) 5.1] 5.5| 5.8 6.2 6.6
£17| 24/0.40.81.1/1.5/1.9.2.3(2.73.1/8.4| 3.8 4.6/ 5.0 5.4 5.7| 6.1| 6.5/ 6.9] .18
£15| 260.4/0.81.2]1.612.0(2.4|2 8)3.2]3.6| 40 4.8| 5.2 5.6 6.0 6.4] 6.8 7.2|S ]
£13| 294/0.4/0.8/1.8}1.7/2.12.5/2.9,3.4{3.8| 4.2 5.0/ 5.5 5.9| 6.3| 6.7 7.1| 7.6
2 11| 8000.4/0.911.31.712.212.6/3.13.53.9] 4.4 5.2)5.7)6.1| 6.6 7.0 7.4 7.9

9| 1/0.4/0.91.4/1.812.82.7(3.23.6/4.1| 4.5 5.4) 5.9] 6.4| 6.8 73| 7.7 8.2

7 91.4/1.9,2.52.83.9 3.814.9f 4.7 5.6/ 6.1 6.6| 7.0| 7.5 8.0| 8.5

5 5/1.01.4/1.9,2.4(2.9,3.4 3.9/4.5| 4.8 5.8/ 6.3] 6.8 7.3| 7.7| 8.2 8.7

s 1.011 5/2.02.5/3.0[3.5 4.014.5 5.0 6.0/ 6.5 7.0 7.5 8.0] 8.5/ 9.0

112 90. 1.01.520‘ .5313.-6,4.14.6 5.1 61( 6.7 7.2« 77| 8.9 87| 9.2

30| 5 11j0. 101.612” 6/3.1]3.7/4.2|14.7 5.3 6.3] 6.8) 7.3 7.9| 8.4| 8.9 9.5

28/-4 1310.5(1.1/1.6,2.1,2.7/8 2/3.8/4.84.8| 5.4 6.5[ 7.0 7.5/ 8.1| 8.6| 9.1| 9.7

26 150, 1.11622273.83.84.44. 5.5 66| 7.2 7.7| 8.2| 8.8 9.5 9.9(=
g24f 170.6/1.11.72.22.8/3.4/3.914.55.0) 5.6 6.7, 7.3 7.9| 8.4| 901 9.610.1/ &
321| 200.6|1.1/1.7/2.8,2.93.5/4.014.6/5.2| 5.8 6.9 7.5 8.1| 8.7| 9.2| 9.8/10.4
18| 230.6/1.2]1.812.43.0,3.5/4.14.75.3) 5.9 7.1} 7.7| 8.3| 8.9 9.5/10.010.6]
15| 26/0.61.2(1.8/9.4'5.0'3.6/4.214.8{5.4 6.0 7.2{ 7.9) 8.5| 9.1} 9.710.5'10.9

12l 106)1.211.82.53.113.74.94.9,5.5 6.2 7.4] 8.0 8.6| 9.2| 9.8]10.511.1

9|  4/0.6/1.2/1.92.55.1|8.74.4/5.0,5.6| 6.3 7.5/ 8.1 8.8 9.4100010.6[11.8] * of 2

6lg 700,61 81.92.55.23.814.45.15.7| 6.3 7.6| 8.2 8.9 9.510.1{10.8/11.4] 6|, 5

3(510006/1.8 .92.6’32-38'4.5515. 6.4 7.7/ 8.3 9.0) 9.6/10.3/109.11.5| 3.3 "8
.30213061.319.268""'5.94550!58 6.5 7.7/ 8.4 9.0| 9.7(10311L011.6/% 51| E 11
i21l 16/0.7]1.8 .9|2.r3239455 .2,5.8) 6.5 7.8| 8.4] 9.1] 9.7/10.4]11.011.7| & 28| 514
{24 19)0.7)1.3]1.0 682‘39455"'5.9 6.5 7.8) 8.5/ 9.1] 9.6/104(11.1/11.7)5 2g/A 17
TZ|ZZ|h|h|h ' !h‘hhhh h|h|h [ h | h|h|h|Z7]. %
i §¢ 02| 14{2.0{22/3%4.0,42| 5§ 6.0[62 8.08%| ok 1o.o10;‘11}12.0.‘;_5‘:.s E‘_;
T2 i R L
33 _g;g' . TIME FROM NOON. L_g_g ,g;g
(oln <] < nin



TABLE Vil l168
R:gkt Ascensions and Declinations of the Principal Fixed Stars, adapted to the Beginning

of the Year 1812.

fRightAscen

- Names ofSta.rg. Mag. sion in Tim qAn.Var‘ Declma'non. Ann, Var,
y Begasi - - Algenip - - - | 2 Oh 9/ 347 37,06 || 14° 8/ 26"N | 4 20".0
4 Cassiopeiz - Schedar - - - 3 029 54| 831 || 55 29 56 N | 4 19.9
& Urse Minoris Alrwccabah, p. Star] 2.8 0 54 56 |12.89 || 88 18 20N | -~ 19.6
B Andromede - Mirach - - | 2 0 59 14 | 3.30 | 34 81 22N | 4~ 19.4
« Eridane - - Achernar- - - | 1 13042| 225 5819 58 | — 185
y Andromedz - Almack - - - | 8 15224 | 361 41 2221N| 4 177
@ Arietis®* « - - - - - - |28} 15685| 333} 9233 11N | o4 17.5
aCeti ~ - - Menkar - - .| 2 256227| 812 819 2IN| 4 146
B Persei - - Algsl - - + - |Vari]] 25558 885 4013 25N | 4= 14.4
» Pleiadum - Alcyone - - - | 8 3 85 55| 3.54 || 23 50 5BN | 4 117
a Taun © - - Aldebaran = < | 1 425 8| 84216 7 19N [ 8I
o Aurige - - Capella - - - 1 & 249 441 || 45 47 33N | J. 50
B Orionis « - Rigd = - « - | 1 5 531 | 287 856468 | — 438
ATauri* = - - - - - -| 2 51425 378 | 28 26 16 N | 4 40
n Orionis - - Bellatrir - - - | 2 515 2| 321 6 1011N}| 4 40
dO0kionis = - - - - - -| 2 52224 306 027455 | — 33
t Orionis = - & - - - .| 2 52 40| 804 119 465 | — 30
1¢ Orionis = « - - « « =] 2 581 71802 2 2 1S | — 26
o Columbz - - - - -] 2 582 50 | 217 [ 84 10 46S, | — 24|
« Orionis - - Bdelgue:c - =] 1 54459 824 | 721 34N| 4 14
o Navis- « - Canopus - - - 1 619 47 | 1.35 || 52 85 485 | < 1.7
‘« Canis Majoris Siriuse = - - | 1 686 51| 265 16 27 518 | - 43
« Geminorum - Caster- - - - | 12 7 22 3854 385 || 82 17 22N | = 6.9
» Canis Minoris Progyon - - = | 1.2 72927 814 542 ON| — 75
& Geminorum ® Polluzr - - - | 83 78347} 8369 2823 15N | — 79
‘¢ Navise = = = - - - -} 2 8-18 89 | 1.25 || 58 54 358 | 4- 114
w2 Canori~ - Acubens - - - | 43 || 84812 329 || 12 34 54 M | — 13.2-
|« Hydrz - - Aiphard - - - | 2 9182 | 293 | 7 50568 | 4 152
4 Leonis® - - Regulus - - = | 1 95 20| 82 } 1252 55N | — 17.2°'}
‘s Urse Majoris = = < «.-| 2 10 50 24 | 8.71 |l 57 24 27 N | — 19.1
« Urse Majoris Dubke. ~ - - | 21 [ 10 52 2| 385 || 62 46 57N | — 19.2
plLeopls - - Demeb» ~ -« - | 21 f 11 89 26 | 3.06 || 15 37 26N | — 19.9
| »Corvi- - - Algwab - - -1 3 12 6 9| 308 | 16 29 50§ | + 200 | -
wCrucis - = - - - - =1 [1121615[ 32462 3 28 | 4 200 |
pCrucis = = ‘e o & - = 2 || 12 20 48| 3.24 || 56. 3 228 | 4 20.0
¢ Utsz Ma]orw Jﬂmth - - =<l 2 12 45 41 | 240 |t 57 58 59 — 197
¢ Virginis - < Pendemiatriz - 3 12 52 49 | 300 || 12.58 24 — 19.5
a Virginis ®* - Spica Pimghnis- < L 3 118 15 17| 313 |t 10 10 28§ | 4~ 18.9-
nUrm Majoris Benetnack - - | 2 [ 1340 8| 239 || 50 1525 N'| — 18.1
o Bootis - - Arcturus-. - -] 1. [l14 7. ¢ | 279 [f20 9 568 [ — 194 | |
7 Bobtis - - Seginus = - - | T 37 )14 2430 | 243 |39 8 SN[ — I62
aCentauri- = - 4 "= - =) 1 142725 445 60 38 505 | 4 161
a2 Libre - - Zubemeseh- «-- | 28 14 4030 | 320 |t 15 15 88 | - 153
@ CoronzBoreahsAlyzaccp - e 2 11526 43| 253 || 27 21 26 N | w 124
piScorpil = « ..o < - | g 0155482 847 ( 19 16 488 :’: 10.5
2.Scorpii ¥ = = Anteres <. - - | 1 $161763 | 36426 Q 68 .7
@ Hercolis - - Ras Algthi = - | 23 17 6 4| 273 [| 14 26 49N | — 47
5 Scorpii - - Lesath - - - | 32 {17 20 52 | 406 {f 36 57 108 | 4+ S5
« Ophxuchx- « Ras Alkague- - 2 1726138 271711242 31N | — 30
y Draconis -~ Rasteben - - - | 3 1§17 5215] 189 || 51 30 57N | — 07
«Lyfe - - = Vega- - - = | 1 [[18 80 54 | 2.03 | 58 36 46 N i 2.6
pCygni- =« = Albgrio - - - | 38 [1923 8| 242 | 27 34 20N 2.1
« Aquilg® - - ditair - - - | 220194136| 292 822 40N |+ 85
zPavouis. = - - -7e - - 1902 1042 4.8¢4[[ 57 19 275 | — 107
@Cygni -_- Deneb- - =-w=| 1219085 1| 203{ 44 36 50N | + 125
« Cephei - - Atdermmen - -] 8 f2114 4| 143614731 N} + 150
« Capis> - = ~ «f 2 §215619| 8.85 | 44 52 628 | — 17.1
. Pisc. Aumnhs’FauaMc -1 1 92247 141 333 || 80 36 488 | — 190
,3'Pegas; -~ - Scheat - - -} 2 1225440 28727 S4IN| -+ 102
«Pegasi® - - Markgh - -~ | 2 §225524] 296 14 11 48N | 4 192
« Andromed= Alpheraiz- - - 2 28 58 41| 8,06 || 28 38 10N | <4 200
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166] TABLE XI.
To Convert Degrees, &c. into Time, and Conversely.

D. |HM.| D. [HM| D. |[HM.| D. |H M| D. |H M.| D. |H. M.
MM M. [M.s.| M. [M.s.| M. M8 | M. | M.S. | M. | M. S.
1/]0 4| 61|24 4|121| 8 4181 |12 4| 241 | 16 4|30l | 20 4
2|0 8] 624 8|122)| 8 8|182 |12 8| 242 |16 8|302|2 8
s|o12| es|412{123| 8 12| 183 | 12 12| 243 | 16 12| 303 | 20 12
4]l016| 64|416 | 124 ]| 8 16] 184 | 12 16| 244 | 16 16| 304 | 20 16
5102 | 65|42 }125]| 820|185 (12 20| 245 | 16 20| 305 | 20 20
61024 66 |424|126] 824|186 |12 24| 246 | 16 24| 306 | 20 24
71028 | 67]|428|127| 8 28187 | 12 28| 247 | 16 28| 307 | 20 28
8|032| 68|432|128| 8 32,183 | 12 32| 248 | 16 32| 308 | 20 32
91036 | 69436 |129] 836(189 |12 86| 249 | 16 36| 309 | 20 36
410]/040) 70 (440|130 | 8 40| 190 | 12 40| 250 | 16 40| 310 | 20 40
11 |0 44| 71 (4 44 | 131 | 8 44| 191 | 12 44| 251 | 16 44| 311 | 20 44
12|048| 721448 |132| 8 48| 192 | 12 48| 252 | 16 48| 312 | 20 48
181052 | 73| 452|133 | 8 52| 193 | 12 52| 253 | 16 52| 813 | 20 52
14056 | 74|456|134] 8 56| 194 | 12 56| 254 | 16 56| 314 | 20 56
1511 0o 755 0|135] 9 0{195]|13 0}|255|17 O|sS15{21 O
161 4| 76 |5 4|136| o 4|{196 |13 4| 256 |17 4|sl6 {21 4
171 8| 77|58 8137 9 8{197|18" 8| 257 |17 8|s17|21 8
18112 78| 512|138 | 9 12| 198 | 18 12| 258 | 17 12| 318 | 21 12
191116 779|516 | 139 916|199 | 18 16| 259 | 17 16| 319 | 21 16
20112 | 8 |52 |140| 9 20| 200 | 13 20| 260 | 17 20| 320 | 21 20
21| 1 24| 81524141 | 9 24| 201 | 13 24| 261 | 17 24| 321 | 21 24
P22 {128 | 82| 528 | 142)| 9 28| 202 | 13 28| 262 | 17 28] 322 | 21 28
231182 83 |58382|143| 9 82| 203 | 13 32| 263 | 17 32| 323 | 21 82
24 | 1 36| 84 (536|144 9 36| 204 | 13 36| 264 | 17 36| 324 | 21 36
251140 | 85|540|145| 9 40| 205 | 13 40| 265 | 17 40| 825 | 21 40
26|11 44| 866|544 (146 | 9 44| 206 | 13 44| 266 | 17 44| 326 | 21 44
271148 | 871548 |.147| 9 48| 207 | 13 48| 267 | 17 48] 327 | 21 48
28 | 1 53| 88 |552|148 | 9 52| 208 | 13 52| 268 | 17 52| 828 | 21 52
291156 89|556|149 | 9 56| 209 | 13 56| 269 | 17 56] 329 | 21 56
30|12 0| 906 o|150]|10 0| 210|114 0|270 |18 0]330|22 O
31 (2 4| 91|6 4151 |10 4| 211 | 14 4| 271 | 18 4| 331 | 22 4
83212 8| 9216 8|152 |10 8| 212 |14 .8/ 272|18 8|38s2]|22 8
83 1212 | 93 |6 12153 |10 12| 213 | 14 12| 273 | 18 .12 333 | 22 12
34 {216 | 94 (616 | 154 |10 16| 214 | 14 16| 274 | 18 16| 334 | 22 16
35122 | 95|6 20 ]155 |10 20| 215 | 14 20| 275 | 18 20| 335 | 22 20
36 | 224 | 96 |6 94156 |10 24| 216 | 14 24| 276 | 18 24| 836 | 22 24
871228 | 97 |6 28| 157 |10 28| 217 | 14 28| 277 | 18 98| 337 | 93 o8
38 (232| 98 |6 32158 |10 32| 218 | 14 32| 278 | 18 32| 338 | 22 33
89 1236 | 996 36159 |10 36| 219 | 14 26| 279 | 18 86| 339 | 22 36
40 | 2 40 | 100 | 6 40 | 160 |10 40| 220 | 14 40| 280 | 18 40| S840 | 22 40
41 | 2 44 | 101 | 6 44 | 161 |10 44| 221 | 14 44 291 | 18 44| 341 | 22 44
42 1 2 48 1 102 | 6 48 | 162 |10 48] 223 | 14 48| 982 | 18 48| 342 | 22 48
43 £ 2 52 | 103 | 6 52 | 163 |10 52| 223 | 14°52| 283 | 18 52| 343 | 22 52
44 1256 | 104 | 6 56 | 164 [ 10 56| 224 | 14 56 284 | 18 56| 944 | 22 56
4513 0]105|7 016511 o0[225 |15 0285 |19 0[8345]{23 o
46 |3 41106 |7 4|166]11 4|26 |15 4| 286 |19 4| 346|238 4
4713 8107 |7 8167 |11 8|27 |15 8927 |19 8|847|23 8
48 |3 12108 [ 712|168 |11 12| 228 | 15 12| 288 | 19 12| 348 | 23 12
49 13161109 |7 16 | 169 |11 16| 229 | 15 16| 289 | 19 16| 349 | 23 16
50 | 320 | 110 | 7 20 | 170 |11 20| 230 | 15 20| 290 | 19 20| 350 | 23 20
51 )8 24| 111 |7 24 | 171 (11 24| 231 | 15 24| 291 | 19 24| 351 | 23 v4
52132811127 28| 172 |11 28| 232 | 15 28) 292 | 19 28] 852 | 23 28
53 183827118{732 173 |11 32]| 233 |15 32| vo3 | 19 32| 853 | 23 32
54 1 3386|114 736|174 |11 36| 234 | 15 36| 294 | 19 35| 354 | 23 36
55 13401115 |7 40 | 175 {11 40] 235 | 15 40} 295 | 19 40| 855 | 23 40
56 13 441116 |7 44| 176 |11 44| 236 | 15 44| 296 | 19 44| 356 | 23 44
571348 1117 {7 48 | 177 |11 48| 237 | 15 48| 297 | 19 48] 857 | 23 48
58 185211181752 |178 |11 52| 238 | 15 52| 298 | 19 52| 858 | 23 52
5918356 |119|7 56179 |11 56| 239 | 15 56] 299 | 19 56| 359 | 23 56
6014 0|120|8 0]|180f12 o 240 | 16 0] 3800 |20 of s60 |24 O




TABLE XIiI. {167
To Find the Distance of Objects at Sea.
Height [Distance | Height | Distance || Height | Distance ||Height|Distance || Height| Distance
in in in in | in in in in in in
Feet. [SeaMiles|| Feet. |SeaMilesi Feet. [SeaMiles|| Feet. |SeaMiles|| Feet. {SeaMiles]
1 1.06 61 | 8.1 | 142 | 12.67 || 720 | 28.53 || 2550 | 53.70
2 | 150 62 | 8.7 144 | 1276 || 740 | 28.93 || 2600 | 5422
s | 184 63 | 844 146 | 12.85 || 760 | 29.32 || 2650 | 5474
4 | 213 || 64 | 831 148 | 1294 780 | 29.70 || 2700 | 55.25
5 | 238 65 | 8.58 150 | 1303 || 800 | s0.08 || 2750 | 55.76
6 | 2.60 66 | 8.64 155 | 1824 || 820} soa4s || 2800 | s6.27
7 | 281 | 67 | 870 | 160 | 1345 | s40| so0.82 || 2850 | s56.77
s« | sot 68 | 8.7 165 | 1866 || 860 | si.i9 || 2000 | 57.27
9 | sa9 69 | ss8s 170 | 1387 || 8so| s1.5s || 2050 | 57.76
10 | 3s.36 70 | 8.89 175 | 1407 || 900 | 31.90 {| s000 | 58.25
11 | 38.53 71 | 8.96 180 | 14.27 || 920 | s2.25 || 3050 | 58.73
12 | 3s.68 72 | 9.02 185 | 1446 || 940 | s260 || 3100 | 59.21
3 3.83 73 | 9.09 190 | 14.66 || 960 | s2.95 {| s150 | 59.68
14 | 398 74 | 915 195 | 14,85 || 980| ss29 || 3200 | 60.15
15 | 4.2 75 | 9.21 200 | 1504 | 1000 | ss.63 || 3250 | 60.62
16 | 425 76 | 9.27 210 | 15.41 || 1020 33.96 || 3300 | 61.09
17 | 438 77 | 9.8 220 | 1577 || 1040 | s4.29 || 3350 | 61.55
18 | 4.51 78 | 9.39 230 | 16.18 || 1060 | 34.62 | 3400 | €3.01
19 | 453 79 | 945 (. 240 |. 1647 || 1080 | s4.95 | 3450 | 62.46
20 | 476 80 | 951 250 | 1681 || 1100 | ss.27 | ss00 | e2.91
21 | 4.87 || 81 | 9.57 260 | 17.15 || 1120 | 35.59 || 8550 | 68.36
22 | 4.99 82 | 963 270 | 1747 || 1140 | s5.90 || 3600 | 63.80
23 | 510 f 83 | 9.69 280 | 1779 f 1160 | s6.22 || s650 | 64.24
24 | s.21 84 | 975 290 | 18.11 || 1180 | s6.54 | 8700 | 64.68
25 | 532 85 | 9.80 300 | 18.42 | 1200| s6.84 | s750 | 65.12
26 | 549 8 | 9.86 s1o | 1872 | 1220 | s37.14 || 3800 | 65.55
27 | 5.52 87 | 992 320 | 19.02 | 1240 | s7.45 | 3850 | 65.98
«8 | s.62 88 | 9.98 330 | 19.32 (| 1260 | 37.75 || 3900 |- 66.41
29 | 572 89 | 10.08 340 | 19.61 [l 1280 | s8.05 | 3950 | 66.83
30 | 5.82 %0 | 10.09 850 | 19.80 |-1300 | 88.34 | 4000 | 67.26
ST | 593 01 | 10.14~ || 860 | 20.18 || 1320 | 88.64 | 4100 | 68.09
sz | 6.01 92 | 10.20 970 | 20.46 || 1340 | 38,93 || 4200 | 68.92
33 | 611 93 | 10.25 380 | 20.73 {| 1360 | so.22 fj 4300 | 69.73
3¢ | 6.20 94 | 10.51 390 | 21.00 || 1380 | 39,50 | 4400 | 70.54
s5 | 6.29 95 | 10.36 400 | 21.27 || 1400 | s9.79 | 4500 | 71.34
36 | 6.38 9 | 10.42 410 | 21.53 || 1420 | 40.07 || 4600 | 72.12
37 | 647 || 97 | 1047 420 | 21779 || 1440 | 40.35 | 4700 | 72.91
38 | 6.56 98 | 10.53 430 | 2205 | 1460 | 40.63 [ 4800 | 73.68
39 | ‘6.64 99 | 10.58 440 | 2231 || 1480 | 40.91 | 4900 | 74.44
40 | 673 |f 100 | 1063 450 | 22.66 || 1500 | 41.19 || 5000 | 75.20
3l 6.81 || 102 | 10.74 460 | 22.81 || 1550 | 41.87 | 5100 | 75.95 |
42 | 689 | 104 | 10.84 470 | 28.05 || 1600 | 42.54 § 5200 | 76.69
43 | 6.97 || 106 | 10.95 480 | 23.30 || 1650 | 43.20 | 5300 | 77.42
44 | 705 Jf108 | 11.05 490 | 28.54 || 1700 | 43.85 | 5900 | 78.15
45 | 718 | 110 | 1115 500 | 23.78 || 1750 | 44.49 | 5500 | 78.87
46 | 721 [ 112 | 1125 510 | 2401 [ 1800 | 45.12 | 560 | 79.58
47 | 720 || 114 | 1135 520 | 24.25 || 1850 | 45.74 | 5700 | s80.29
a8 | 7.87 || 116 | 1145 {| ‘530 | 2448 || 1000 | 46.35 | 5800 | 80.99
49 | 7.44 || 118 | 1155 540 | 24771 |[ 1950 | 46.96 || 5900 | 81.69
: 752 || 120 | 1165 550 | 24.94 |l 2000 | 47.56 | 6000 | 82.38
51 7.59 || 122 | 1L.75 560 | 25.16 || 2050 | 48.15 | HeightiDistance
52 | 767 || 124 |11.84 570 | 2589 [| 2100 | 4873 |T———
53 | 774 [ 126 | 1194 || 580 | 2561 || 2150 | 49.31 Nautical
54 | 7.81 |[128 | 1208 || 590 | 25.83 || 2200 | 49.88 autic
55 | 789 || 180 | 1212 600 | 2605 || 2250 | 5044 | ¢ ‘;\‘;I‘l
56 | 7.96 {132 |12.22 || 620 | 26.48 || 2300 | 51.00 ea ires.
57 | sos | 184 | 1231 640 | 26.90 || 2350 | 51.55 1] 82.92
58 | 810 || 186 | 12.40 660 | 27.32 || 2400 | s52.10 2| 117.28
59 | 817 [ 188 [ 1249 680 | 27.73 || 2450 | s52.64 s | 143.64
60 | 8.24 | 140 | 1258 700 | 28.14 || 2500 | 53.17 4| 165.89
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USE OF TABLE XII..

To find the distance between two Objects, of whiok the Heights
' above the Level of the Sea are givén.

RuLe.

Take distances answering to the two heights from the table,
and add them, and the sum is the distance between the objects.

ExampLEs.
1.

At a place 104 feet above the level of the sea, with a tele-
scope, a small portion of the main-top-gallant sail of a ship,
. which had sailed the day before, was observed apparently above
the horizon. Now, the height of that part of tﬁe sail, which
appeared in the horizon, above the sea, is 165 feet, the distance
of the ship is required ?

‘To height 104 feet, the distance is - - 10.84
’ 165 feet, the dissange is - - 18.66
Distance of the ship - . - - 24.50 miles.
II.

The upper part of a light-house, whose height above the sea
is 68 feet, was observed in the horizon, the height of the eye
being 14 feet. Required the distance of the light-house ?

To height 68 feet, the distance is - - 8.77
14 feet, the distanceis = - - 3.98
Distance of the light-house - - - 12.75 ailes.

FINTIS,
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