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PREFACE.

HAVING been for several years past engaged in the
instruction of persons designed for, or belonging to the Sea, I
have frequently had occasion to lament that most of the existing
Works on Practical Navigation, and particularly some that have
been very generally circulated, are extremely erroneous, both in
the instructive and tabular parts, and by no means calculated to
answer all the purposes of the Mariner, Teacher, or Pupil.

With a view to remedy these defects, and to facilitate the
acquirement of this most important Art, and further stimulated
by the flattering reception of my former labours, I have ventured
to exert my best abilities in composing the present Work ; and
although I do not mean to arrogate to myself any superior pro-
fessional merit,yet I humbly apprehend that my long experience,
and intimate connection with the subject, have enabled me, in
some measure, to form a competent judgment of what is most
requisite to assist the industrious Mariner in acquiring a know-
ledge of the practical part of Navigation.

In order to accomplish my intended purpose as effectually
as possible, I have examined, with the greatest attention and
caution, the various publications that have been written on
Navigation ; and, placing them in a comparative point of view,
have, I trust, been thence enabled to avoid the errors, and to
improve the merits of those who have preceded me in this
branch of Science.
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That nothing might be wanting to assist the student in his
progress through the subject, I have commenced with a short
Treatise on Decimal Arithmetic, the nature of which he will find
very necessary to be understood in going through the various
computations that follow. In Geometry such definitions and
problems only are introduced as appear most essential. Plane
Trigonometry, both right and oblique-angled, being the found-
ation of the Sailings, is treated of at considerable length. Next
follows Geography, containing a description of the form and
magnitude of the Earth, with its various real and imaginary
divisions, and an explanation of the nature of Latitude and Lon-
gitude. An account is then given of the Instruments used for
measuring a Ship’s Way, with the manner of correcting their
errors. This finishes the introductory part to Navigation.

We now proceed to the various Sailings, in which the
examples are resolved by construction, calculation, inspection,
and Gunter’s Scale ; then follows a description of Charts, with
the methods of using and constructing them. The art of sur-
veying Coasts and Harbours, being very essential to those who
visit unknown parts, is treated in a manner which it is hoped
will make its acquisition and practice perfectly easy.

We come next to the application of Astronomy to Naviga-
tion; and here I have thought proper to give a short but com-
prehensive view of the Solar System, where the Earth is consi-
dered as a planet; and have then described the various imaginary
circles of the Sphere. The nature of Parallax, Refraction, &c.
is explained under this head. The theory of the Winds and
Tides, with the methods of finding the Time of High Water,
follow next in order.



PREFACE. vii.

The most approved methods of ascertaining the Latitude
and Longitude at Sea by Celestial Observations, also the variation
of the Compass by Amplitudes and Azimuths, are explained by
proper rules and examples: there is also given a particular
description, with the uses, of the various astronomical Instru-
ments employed in taking the Observations. In this part of the
Work I have given Mr. Douwes’ rules for computing the Lati-
tude by two Altitudes of the Sun, and four different methods of
clearing the Distance ; the last of which, invented by Captain
Mendoza Rios, has the advantage of not requiring any distinction
of cases. The method of finding the Longitude by a Timekeeper
being now much practised, the necessary rules and examples
are introduced for that purpose.

The learner is next led into the Rules for keeping a Journal
at Sea, wherein are exhibited the methods of correcting the
Courses for Leeway, Variation, &c. with general Rules for
working a Day’s Work ; and the whole is illustrated by separate
Days’ Works, and further, by a Journal kept from England to
Madeira.

With respect to the Tables in this Work, I have only to
observe here, that they are published under the title of “ Nautical
Tables ;” have been very generally adopted by the Officers in
the Navy,and in the Honourable East India Company’s Service ;
and have received the approbation of Navigators in general.

Ten Editions of this Treatise having been submitted to the
candid judgment of a discerning Public, and met with a most
flattering reception, I have been induced, both from a sense of
gratitude, and an earnest desire of rendering the Work still
more useful, to revise the whole with the greatest care and

-
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circumspection. Indoing this, I havemade considerable additions,
particularly on the subject of determining the Latitude and Lon-
gitude by Celestial Observations. In the Rules for correcting
the apparent Distance for the effect of Parallax and Refraction,
I have introduced a fifth method, which, with the assistance
of a set of Linear Tables, invented and published by me, is
rendered one of the easiest and shortest that have been proposed.
I have also treated at considerable length on the use and manage-
ment of Chronometers, with the method of examining and
comparing their rates; have added several new Tables, and
corrected the Latitudes and Longitudes of places according to the
most modern and best authenticated observations: in short,
having made every alteration and improvement that long expe-
rience and unremitted attention have suggested, I trust that the
present Edition will merit a continuance of that approbation,
which the Work has always hitherto experienced from a liberal
and enlightened Public.

J. W. NORIE.

NavaL ACADEMY, LEADENHALL STREET.
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NAVIGATION.

INTRODUCTION.

NAVIGATION is that Art which instructs the mariner in what manner
to conduct a ship through the wide and trackless ocean, from one part to
another, with the greatest safety, and in the shortest time possible.

It is difficult to trace the origin of this most important Art, to which a
diversity of events might have given rise; but, in all probability, it owes
its birth to necessity, the parent of almost every human invention. The
Ses Coasts, in many places, are full of islands at no great distance from
the Continent : curiosity would naturally inspire men with an inclination
to visit these islands, and consequently prompt them to devise means by
which they might convey themselves ({um one place to another on the
surface of the water; and as this passage did not appear either very long
er very dangerous, they determined to attempt it: success in one of these
efforts might encourage a second; and we are informed by Pliny, that
anciently they sailed only among the islands, and passed over on rafts or
logs of wood.

As Science and Commerce advanced, the machines first used would of
course give way to others of more improved structure and greater con-
venience ; and hence the invention of boats and vessels of various denomi-
nations, better adapted to the nature and extent of the voyages undertaken.
In process of time, men being convinced by experience that vessels desiined
for navigating the seas, ought to be of a different construction from those
intended for rivers, they would make it their study to give such a form
and solidity to ships designed for the sea, as would enable them to resist
the impetuosity of its waves.

The action of the wind, of which the effects are so sensible and so
freguent, might soon suggest the use of sails; but the mamner of adjusting
and managing them was more difficult, and would not be so soon discovered:
this, in fact, appears to have been the last part of the general construction
of vessels that was found out; and this opinion seems confirmed by the
practice of savagfs in the South Seas and other parts, who gt:erally use

only oars or paddles, but seldom have sails: such must have been the case
In the first ages.

The confusion and uncertainty in which the first navigators must have
found themselves, when either prompted by their enterprising spirit to visit
Temote parts, or driven by the violence of storms out of the sight of land,

B
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would naturally induce them to study some method of finding where they
were in such circumstances: they might soon be sensible that the inspection
of the heavenly bodies was the only means that could afford them just con-
clusions in this ; in this manner, probably, Astronomy came to be
applied to Navigation.

However, leaving these ations ing the rise and progress of
Navigation, hix;tm)g inform?e::lthat tmmians were the first who
attained any great proficiency in the Art, especially those of Tyre, their
capital, who sent out various colonies, the principal of which settled on the
Coast of Africa, and built Carthage, a city that 1n time rivalled Tyre itself.
After the destruction of Tyre by Alexander the Great, the Art was trans-
ferred by the conqueror to Alexandria, a new city in Egypt, intended by
him for the capiuﬁ of the world ; thence diffusing itself, in process of time,
throughout the whole of the Mediterranean, and parts adjacent.

But Navigation at that time consisted of little more than the management
of small barks, which crept along the shore, seldom losing sight of the land:
it was not till the discovery of the compass that mariners ventured to explore
the vast ocean, and sought, as it were, for other worlds, at an immense
distance : since that period, the Art has been continually receiving fresh
improvements from the efforts of learned and ingenious men, both in
respect to the construction of vessels, and the methods of working and
conducting them ; so that, at the present time, a voyage to the remotest
part of the globe may be performed in the short space of a few months.

Navigation may be divided into two branches: viz. Seamanship, compre-
hending the method of managing a vessel by disposing her sails, rudder, &c.
80 tlllxat ::lﬂel may move in any assigned course ti:r direction the ;indor
weather will permit ; and Navigation Proper (the part we intend pri
cipally to trenxt’eof in the present Work), which comprehends those mem
by which a mariner determines at any time the situation of his vessel, the
course she is to be steered, and the distance she has to run, to gain her
intended port: hence the requisites for a mariner, in order to understand
this branch of the Nautical are, a competent lmowled%e of the figure
and magnitude of the earth, with the various imaginary circles drawn upon
it, 80 as to be able to ascertain the distance and situation of places with

to each other; the method of finding the shi{s latitude and
longitude, either by her course and distance run, or by astronomical
observations ; the use of various instruments, as the log, compass, half-
minute glass, quadrant, sextant, &c. ; the different allowances necessary to
be made in estimating a ship’s way, as for leeway, variation, and currents ;
the method of finding the time of high water at any place; the use of
charts, both Plane ang Mercator’s, with the method of constructing them;
all of which particulars, depending upon mathematical and astronomical
principles, with whatever relates to the practical navigator, we shall
endeavour, in the following sheets, to expﬂin and illustrate in such a
manner as to render every as clear, concise, and methodical as an Art.
embracing such a variety of subjects, will possibly admit.
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DECIMAL ARITHMETIC.

———

WHEN any quantity is considered as constituting a whole, it is called
an integer ; and when an integer is supposed to be divided into a certain
number of equal parts, any number of these parts, considered in their
relation to the whole, is called a fraction, which is expressed by two
numbers placed one above another with a line between them ; the lower of
these, calfed the denominator, denotes the number of parts into which the
integer or whole is divided, and the upper, called the numerator, expresses
how many of these parts are contained in the fraction : for instance, suppose
a foot divided into 8 equal parts, and 4 of those parts were to be considered
as a fraction of the whole; it would be written In numbers thus 4, where
the figure under the line shews that the foot is divided into 6 parts,
and the 4 above the line denotes the number of those parts contained in
the fraction.

Fractions, whose denominators are 10, 100, 1000, &c. that is, a unit
with ciphers annexed to it, are called Decimal Fractions ; but with any
other denominators they are called Vuigar Fractions.

As the denominators of decimal fractions are always one of the numbers
‘I,gl, 100, IOOOI;‘;:c., ll: is most cl(:nvenient to write down the numerators
, hcing ore them a mark called a decimal point, to dmh:ﬁins ish
t.be¥n gom whole numbers ; for the value of each pla’::of figures be
known in decimals, as well as in whole numbers, by their distance from the
decimal point ; which will appear by the following Table, where the figures
to the leghand of the decimal point are considered as whole numbers, and
thoee to the right, decimals.

5645687 . 346893
T FA | Fe
T
& d:

Thus . 2 or 1% is read two-tenths, and 87. 24, eighty-seven and twenty-
four hundredths ; the latter of these is called a mixved number, because it
consists of a fraction and an integral or whole number. -

In setting down a decimal fraction without its denominator, the numerator
must consist of as many places as there are ciphers in the denominator ;

B 2
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and if it have not so many figures, the defect must be supplied by aemnﬁ
ciphers before them ; thus, gui’: .8, and 7 is . 16, and 1435 is . 014, an
1d50 is . 005, &ec.

Hence it appears, that as ciphers on the right-hand of whole numbers
increase their value decimally, or in a tenfold proportion, as 5, 50, 500, &c.,
so when set on the left of decimal fractions, they decrease the value
decimally, or in a tenfold proportion, as .5, .05, .005, &c. But ciphers
set on the other sides of these numbers make no alteration in their value,
either of increase or decrease; so 5, or 05, or 005, &c. are all of the same
value, as are . 5, or . 50, or . 500, &c.; for in the latter case it is evident
that the numerator increases in the same proportion as the denominator.

Having thus briefly explained the nature of fractions, we shall now
proceed to lay down the Rules necessary to be understood in the practice
of Navigation, giving a few examples to each by way of illustration.

ADDITION axp SUBTRACTION.

—

RuLs. These are performed exactly the same as in whole numbers,
observing always to place the decimal points in a line, so that figures of the
same denomination may range under each other.

EXAMPLES IN ADDITION.

.5 53.2 65. 720. 1464
.75 79. 46 246.3 39.
. 253 2.304 19.24 7. 246
.582 127.4 121. 46 259. 1703
2. 085 262. 364 452. 00 1025. 5627

EXAMPLES IN SUBTRACTION.

75 " 946,95 174. 176.014

5 19.5 2. 561 29,008

"2 296, 75 171. 439 147. 006
MULTIPLICATION.

Rore. Multiply the given numbers together as if they were whole
numbers, and point off as many decimals in the product, counting from the

%ll:t-hand, as there are decimals in the multiplicand and multiplier together.

en it happens that there are not so many figures in uct as
;lhere must be decimals, supply the defect by prefixing ciphers on the left-
and. '
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EXAMPLES.
.96 Multiplicand. 39756 .2376
.43 Multiplier. 29.5 . 0062
50 16375 . 4759
. 100 29476 . 14256
i 6550
. 1050 Product. . 00147312
- 96. 6125
DIVISION.

Rure. Divide as in whole numbers, observing that the divisor and
quotient are to contain together as mang decimal figures as there are
in the dividend; if therefore the dividend have just as many places of
decimals as the divisor, the quotient will be a whole rumber without any
decimal figures. If there be more places of decimals in the dividend than
in the divisox, Koint off as many figures in the quotient as there are decimals,
in the dividend more than in the divisor, a want of places in the quotient
being supplied with ciphers on the left-hand ; and if there be more places
of decimals in the divisor than in the dividend, add ciphers to the dividend
to make as many places of decimals as in the divisor; then the quotient will
be a whole number, without decimals.

When, after the division, there is a remainder, ciphers may be added to
the dividend, and the opention continued as before, until either there be
no remainder, or a sufficient degree of exactness be obtained in the quotient.

EXAMPLES.
" Divisor. Dividend. Quotient. Divisor. Dividend. Quotient. .
6.5) 7234.5 (1113. . 12.5) . 45695 (.0365
65 375
73 819
65 750
8
6 i
195
195 0
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Divisor. Dividend. Quotient. i Diviser. Dividend. Quotient.
.423) 476.520 (1126 96) 2.30000 (.02396
423 . 192
"536 "380
423 288
1122 “920
846 864
2760 "560
2538 480
-E _&)T&c.
REDUCTION.

To reduce a Vulgar Fraction to a Decimal of the same Value.

RuLe. Add ciphers at pleasure to the numerator, and divide by the
denominator ; the quotient will be the decimal fraction required.

BXAMPLES,
Reduce § of a mile to a decimal fraction. | Reduce §3 ofndegmetoadecimal
6)3.0 fraction. l
—_— 60 ) 23. 000 (- 383 or nearly.
Sord )lm ( i T
which is a decimal of the same value 500
with the proposed vulgar fraction §- 480
200
180
20, &ec.

Every quantity may be considered as a fraction of a larger of the same
kind: as a | the 7 of a degree; an inch, the {; of a foot, &c.; and
therefore may be reduced to a decimal fraction, as in the following

EXAMPLES,
What decimal part of a foot is @ inches? | What is the decimal value of 15 miles,
12)9.00 considered as a fraction of a degree?
—_ 60) 15. 00 (. 25 or £5;
- 75 or 1%, 120

which is equal to % of a foot. 300
300

—

™~
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When the given quantity consists of several denominations, reduce them
to the lowest, as in common Arithmetic ; likewise reduce the integer to the
same denomination ; then proceed as before.

EXAMPLES.
Reduce 1 foot 6 inches to the decimal | Reduce 21 minutes 54 seconds to the
of a yard. decimal of a degree.
Min. Sec. Sec. .

Fi" Isn- F3“'— 1 Yard. 21 54 — 1314 Numerator.
12 12 1 deg. or 60 0 —3600 Denominat.
- — 3600) 1314. 000 (. 365 Answer.
18 Numerator. 36 Denominator. 10800

—_—

36) 1:1383 (.5 Answer. 2231600400
18000
18000

To find the Value of a Decimal Fraction in Moxney, Weight, Measure, &c.

Ruore. Multiply the decimal by the number of parts of the next inferior
denomination contained in the integer; pointing off in the product as many
places for decimals, to the right-hand, as the given decimal consists of, and
those to the left-hand will be an integer number: then multiply the
remaining decimals by the number of parts contained in the next inferior
denomination, and point off the decimals as before. Proceed thus till it be
brought to the lowest denomination.

EXAMPLES.
What is the value of . 875 of a pound | What is the value of . 42 of a degree?*
sterling ? 4
o _®
Shillings E}E Minutes 25. 220
Pence  6.000 Seconds 12. 00
Anm;:l_7;. 6d. Answer, 25 minutes 12 seconds.

® When tenths of a degree or minute are to be reduced into minutes or seconds, it may
be expeditiously done by multiplying the tenths by 6, and the product will give the minutes
or seconds required : for example, . 5 of a degree multiplied by 6 gives 80 minutes, and .9 of
a minute, 54 seconds. On the contrary, to reduce minutes and seconds to tenths of a degree
or minute, divide them by 6.
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What is the value of . 16669 of a yard?

. 16669

3

Feet .50007
12

Inches 6. 00084

Answer, 6 inches nearly.

What is the value of . 250 of a league?

. 259
3
Miles 777
8
Furlongs 6.216
e 220
Yards  47.520

Answer, 6 furlongs 47. 52 yards.

RULE OF THREE.

—

When three numbers are given to find a fourth proportional, the method
by which it is performed is called the RULE oF THREE, and is the same in
decimals as in common Arithmetic : viz. by multiplying the second and third
terms together, and dividing the product by the first, when the quotient

will give the fourth term, or proportional number

required, of the same

kind with the second. If the given numbers consist of several denomins-
tions, they are to be reduced to decimals by the preceding Rules.

EXAMPLES.

If a ship sail 49. 5 miles in 8 hours,
how many miles will she run in 24
hour;, supposing her to goat the same
rate

Hours. Miles. Hours.
8 : 49.5 :: A4

Suppose a watch or time-piece gain
14 seconds in 5 days 6 hours, how much
will it gain in 17 days 15 hours?

6 hours — .25 of a day.
15 hours — . 625 of a day.

Days. Seconds. Da
5.25 : 14 :: 17,
17.625
70500
17625

Sec.
5.26) 246. 750 (47 Answer.
2100 ‘

3675
3675
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LOGARITHMICAL ARITHMETIC.

—— e D S

LOGARITHMS?® are a series of artificial numbers, originally invented
by John Napier, Baron of Merchiston in Scotland, and afterwards improved
by Mr. Bn‘ﬁge, in order to expedite long calculations in arithmetic; for
by using these numbers, the tedious operations of Multiplication and
Division are avoided, and performed by Addition and Subtraction. This
method of calculation is called Logarithmical Arithmetic.

MULTIPLICATION.

———

RouLE. Add together the logarithms of the two numbers to be multiplied
(found in Table XXIV.) and their sum will be a logarithm, the natural
number correspond.i:f to which will be the product required : if either the
wultiplicand or multiplier, or both of them, should consist wholly ot
decimals, and the index of the sum exceed 10, reject the 10, and the
remainder will be the index of the logarithm answering to the product.

EXAMPLES.
Multipl 25  Log. 1.39794 | Multiply 23.2 Log. 1.365488
byP y 3 Log. 0.47712 by .6  Log. 9.778151
Product 75  Log. 1.87506 | Product 13.92 Log. 1.143639

Mualtiply  3.71 . 0.56937 | Multiply  .246 . 9.390935
by o 95 LL%.O.%M by 0 .07 LL§.8.845098

Product 9.275  Log. 0.96731 Product .01722 Log. 8.236033

DIVISION.

——

_Rure. From the logarithm of the dividend subtract the logarithm of the
divisor, and the remainder will be a logarithm, whose corresponding number
will be the quotient required. When the index of the divisor exceeds that

of the dividend, borrow 10, and the remainder will he the index of the
quotient. ,

* For the history, nature, and construction of Logarithms, see the Introduction to
Dr. Hutton’s Set of Mathematical Tables ; and for the manner in which they are arranged,
sad are to be taken out in this Work, see the Explanation to Table XXIV. i

[
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EXAMPLES.

Divide 75 . 1.87506 Divide 139.2  Log. 2. 14363
by 3  Log. 0.47712 by 6  Log. 0.77815
Quotient Log. 1.39794 Quotient 23.2  Log. 1.365488
Divide 9.275  Log. 0.96731 Divide .01722  Log. 8.236033
by 2.5  Log. 0.39794 by .07  Log. 8. 845088
Quotient 3.71  Log. 0. 56937 Quotient .246  Log. 9.39093

INVOLUTION.

INvoLUTION is the raising of powers from a given root. When a number
is multiplied by itself, the product is called its 2d power, or square ; when
this product is multiplied by the given number, the last product is called
its 8d power, or cube; and when the multiplication is again repeated,
the 4th power, and so on. The 1st power, or number thus raised, is called
the root, and the number of the power to which the given number is raised,
the indew of that power: hence, to raise or involve a number to a given

wer, multiply its logarithm by the index of the power to which it is to

raised, and the product will be the logarithm of the power sought.

When the given number is a decimal fraction, prefix as many ciphers,
less one, as the index of the product wants of being 10 multiplied by the
index of the power.

EXAMPLES.
Required the square, or 2d power, of 15, Required the square of . 174.
Root 15 . 1.17609 Root . 174 . 9. 240649
Index..........coceeneenn. Lo -2 Index.................. Log 2
Power 225 Log. 2.35218 Power .030276  Log. 18. 481098
Required the cube, or 3d power, of 2. 5. Required the 5th power of . 2.
Root 2.5 Log. 0.39794 Root .2 Log. 9.301030
Index......ccooevvnnnnnnn. 3 Index.................. . 5
Power 15. 625 Log. 1.19382 | Power . 00032 Log. 46. 505150

EVOLUTION.

EvoruTioN is the extracting of the root of a given power, or finding s
number which, when raised to the given power, will produce the given
number: it is consequently the reverse of involution, and is performed by
dividing the logarithm of the number by the index of the power, and the
quotient will be the logarithm of the root required.
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When the given number is a decimal fraction, prefix to the index of its
ithm a figure lessened by one than the index of the power, and divide

the whole by the index of the power.

EXAMPLES,
Required the square root of 225. Required the square, or 2d root, of
Power 225 Log. 2) 2.35218 - 030276
——— | Power.030276 Log. 2)18. 481098
Root 15 Log.  1.17609

Required the cube root of 15. 625.

Power 15.625  Log. 3) 1.19382
Root 2.5 Log.  0.39794

Root .174 9. 240549

Log.

Required the 5th root of . 00032,
Power . 00032 Log. 5) 46. 505150

Root . 2 Log.  9.301030

RULE OF THREE.

—

Rore. Add the logarithms of the second and third terms together, and
from their sum subtract the logarithm of the first term, and the remainder
will be the logarithm of the fourth term.

Or, add to%ether the arithmetical complement® of the logarithm of the

an

first term,

the logarithms of the second and third terms; the sum,

rejecting 10 from the index, will be the logarithm of the fourth term, or

proportional mumber.

EXAMPLES.

If a ship sail 49. 5 miles in 8 hours,
howmany miles will she run in 24 hours,
supposing her to go at the same rate ?

As 8 hours Log. 0. 90309

1s t0 49. 5 miles Log. 1. 69461

8o is 24 hours Log. 1. 38021

Sum 3. 07482

0. 90309

To 148. 5 miles Log. 2.17173
Or thus,

As 8 hours Arith. Co. Log. 9. 09691

Is to 49, 5 miles Log. 1. 69461
80 is 24 hours Log. 1.38021
To 148. 5 miles Log. 2.17173

Suppose a watch or time-keeper gain
14 seconds in 5 days 6 hours, ﬁw
mauch will it gain in 17 days 15 hours ?

As 5. 25 days Log. 0.720159

Is to 14 seconds Log. 1. 146128

So is 17. 625 days Log. 1.246129

Sum 2. 392257

0. 720159

"To 47 seconds Log. 1. 672098
Or thus,

Asb.25days Arith.Co. Log. 9. 279841

Is to 14 seconds Log. 1. 146128
So is 17. 625 days Log. 1. 246129
To 47 seconds Log. 1. 672098

NoTE—See these Examples worked in Decimal Arithmetic.

® For the method of finding the arithmetical complement of a logarithm, see Explanation
c?2

to Table XX1V.
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PRACTICAL GEOMETRY.

—r G

DEFINITIONS.

L

GEOMETRY™* is the Science or doctrine of extension, or things ex-
tended ; that is, of lines, surfaces, and solids; or it is that Science which
treats of the descriptions, properties, and relations of magnitude in general

IL

A PoinT is that which hath no parts, being considered in Mathematics
as indivisible, and may be expressed by a dot.

III.

A Ling is that which is produced by the motion of s point, and has
length without sensible breadth or thickness.

Iv.

A sTrAIT L1NE, or R1GHT LINE, is that which
lies evenly between its extremes, without changing 5
its direction, and is the nearest distance between A
the two points that terminate it, as A .

V.
A curveD LINE is that which is not the nearest /\/)
distance between its extremes or ends, as ¢ p. c

A line is generally expressed by two letters at its extremes.

VI
ParaLLEL LINEs are such as are in the same
direction, being in every part at the same distance a B
from each other, and which, if infinitely extended, c D

would never meet ; as the lines A, cb.

* Geometry originally meant nothing more than the Art of measuring the earth, and is
said to have been invented by the tians, who had recourse to it in order to ascertain the
artificial boundaries of their land, which were entirely obliterated by the annual inundation
of the Nile; but the Science, in its present extended sense, constitutes the principal foundstion
of all the Mathematics.
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VIIL

A SUPERFICIES, or SURFACE, is that which is conceived to have len

and breadth only, without any consideration of thickness, and its boundaries
are lines.

VIII.

A PLANE SuperrICIES is that which lies evenly between its extremes,
so that a right line may wholly coincide with it in all parts and directions.

IX.

A SoL1p is that which hath length, breadth, and thickness, and its bounds
or extremes are Superficies.

X.

A CrrcLE is a plane figure bounded by a curved A
line, called the CIRCUMFERENCE, as A B D, which
is in every part equally distant from a point within
it, called the CENTRE, as c; it is formed by the
revolution of a line about one of its extremities,
which remains fixed.

The circumference of itself is often called the
circle, although properly the circle is the space B D
contained within the circumference.

The circumference of every circle is usually supposed to be divided into
860 equal parts, called pEGREES; each degree into 60 equal parts, called
MINUTES ; each minute into 60 equal parts, called sEconps ; and so on.

Degrees, minutes, and seconds, are thus expressed, 40° 32 15”; that is
40 degrees, 32 minutes, and 15 seconds.

XI. ‘
P
_An AzcH or Axc of a Circle is any part of the
crrcumference, as D F E. D E
[ )
H i
XII. g\- /

A CHoep is a right line joining the ends of an N, |
Axch, as pE; it divides the Circle into two unequal .
parts, called sEGMENTs ; as D FE and D G E. T
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XIIL e

A D1AMETER is a right line drawn through the
centre of a circle, and terminated at both ends by
the circumference, as A c B; it divides the circle

. into two equal parts, called SEMICIRCLES ; a8 AGB A < {B
and AFB. \

XIV. S

A QuapraNT 1s half a semicircle, or the fourth
part of the whole circle, as aAcc or ccB.

XV.

A Rap1us, or SEMIDIAMETER, i8 a right line drawn from the centre to
any part of the circumference, and is the extent taken in the compasses
to describe a circle, as c A, c G, or CB.

XVI.

A SEcToB is any gm of a circle comprehended
between two radii and their included arch, as A ¢ B.

XVIIL B

An AxcLE is the inclination or opening of two
lines meeting in one point : the point where they
meet is called the ANGULAR POINT, a8 A ; and the
lines that include it, the sipEs or LEGS, a8 A B,
or Ac. ) A c

XVIII.

An A.nile is sometimes expressed by three letters, the middle one always
demthif the angular point, and the other two the legs that include it; but
generally by the letter at the angular point only ; as the angle B a c, or the

angle a.

XIX.

An angle is measured by an arch of a circle
contained between its legs, making the angular
point the centre of the circle; thus the arch a5
15 the measure of the angle A ¢ B.
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XX. D
Angles are said to be equal to each other when kY
the arches that measure them are equal, as the Y
angles AcBand DEF. . E ;
XXI.

One angle is esteemed greater or less than
another, according as the arch between its legs is
greater or less; thus the angle G 1 is greater than
the angles AcB or DEF.

From the preceding Definitions it will appear evident that the measure
of an angle does not depend on the length of its legs, but on their incli-
nation only ; for, as we have just seen, the angle ¢ B 1 is greater than the
angles A ¢ B or D EF, although the legs of the latter are longer than those
of the former.

XXII.

As all circles are supposed to be divided into 860 equal parts, called
degrees, &c. a certain number of these divisions will be contained between
the two legs of the angle; wherefore an angle is said to measure so many
degrees, minutes, &c. as are contained in the arch between the legs.

XXIIIL

The arch which measures an angle may bhe described with any radius;
for, since the whole circumference of every circle is supposed to be divided
into the same number of parts, it hence follows that the divisions will be
greater or less in the same proportion as the whole circumference.

XXIV.
When one right line falls upon another, so as D

to make the angles on each side of it equal, it is
called a PERPENDICULAR, and the angles formed /’ .

by these lines, as the arigles A ¢ p, D ¢ B, are called ™
RIGHT ANGLES; now as the semicircle A p B con- / \\
tains 180 degrees (the half of 360), all right angles _ ;
vill contain an arch of 90 degrees, equal to the 4 ¢ B

fourth part of the whole circle.
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XXV.

An ACUTE ANGLE is that which contains less
than a right angle, or 90 degrees, as the angle

CAB.

XXVI.
AN oBTUsE ANGLE is that which contains >\ | ~
more than a right angle, or 90 degrees, as the i
angle FD E.

XXVIIL
Acute and obtuse angles are called oBLIQUE ANGLES.

XXVIIIL A
G H
'The SINE or RIGHT SINE of an arch is a P
right line drawn from one extreme of the arch, < F A2
perpendicular to a diameter drawn to the 5
other extremity, and is equal to half the chord / S
of double the arch; thus pE is the sine of || /500 B
the arch p B, and is equal to half the chord | ¢ B
p1 of double the arch DB 1. \ P/
S 1
XXIX.
The verseEp SINE of an arch is that of a diameter contained

between the sine and the arch ; thus EB is the versed sine of the arch n®.

XXX.

The TANGENT of an arch is a right line drawn perpendicular to the end
of a diameter passing through one extremity of dg: arch, and continued
till it meet a right line drawn from the centre through the other end of
the arch; thus A B is the tangent of the arch b B.

XXXI.

The SecanT of an arch is a right line drawn from the centre thro\lgﬁ
one end of the arch, till it meet the tangent drawn from the other end:
thus c A is the secant of the arch ps.
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- XXXII..

The CouPLEMENT of an arch is what it wants of a right angle, or 90
degrees ; thus ¢ p is the complement of p B, or p B of D G.

XXXIII

The SuprPLEMENT of an arch is what it wants of two right angles, or
180 degrees; thus L p is the supplement of b B, or p B of L D.

XXXIV.

The Co. SiNE, Co. TaANGENT, Co. SEcaNT, and Co. VERSED SINE of
an arch, is the sine, tangent, secant, and versed sine of the complement of
that arch ; Co. being a contraction of the word complement: thus pF is
the co. sine, ¢ H the co. tangent, c u the co. secant, and ¢ F the co. versed
sine, of the arch » B; being the sine, tangent, &c. of the arch pg, the
complement of the arch o B.

e sine, tangent, and secant of an arch, as of b B, is likewise the sine,
tangent, and secant of the supplement of that arch, as of L p.

XXXV.

An angle being measured by an arch of a circle, (see Def. XIX.) the
sine, tangent, &c. of an arch is the sine, tangent, &c. of the angle which
is measured by the arch, or of the degrees and minutes, &c. that the arch
contains ; hence, supposinﬁnthe arch p B, which measures the angle o c B,
to contain 50 degrees, the lines D E, A B, A ¢, and E B, will be respectively
the sine, tangent, secant, and versed sine of the angle a cs, or of 50
degrees ; and consequently the co. sine, co. tangent, co. secant, and co.
versed sine, of the angle ¢ c p, or of 40 degrees, the complement of 50

XXXVI.

A PLANE TRIANGLE is a figure bounded by three riﬁlht lines, and con-
tains three angles, of which there are several kinds, both with respect to
their sides and angles.

XXXVIL 5

An EquiLaTERAL TriANcLE is that which
has its three sides equal to one another, as A B c.
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XXXVIIIL ?

An IsosceLEs TriancLEk is that which
has only two sides equal, as pE¥F.

XXXIX.

A ScareENE TriaNcrLe is that whose
sides are all unequal, as cu1.

XL.

A Ricutr ANGLED TrIANGLE is that
which has one of its angles right, or con-
taining 90 degrees, as the angle A ; the side
opposite the right angle is called the Hyro-
THENUSE, 88 BC; and the other two sides
are called LEcs, that which stands upright,
the PERPENDICULAR, 88 A C, and the other,
the Baskg, as B A.

XLI.

An AcuTE ANGLED TRIANGLE is that
which has all its Angles acute, as DEF.

 XLIL

An OBTUsE ANGLED TRIANGLE is that
which has one of its angles obtuse, as the
angle u in the triangle c H 1.

g

G H

XLIII.

All triangles that are not right angled, whether they are acute or obtusé,
are, in general terms, called OBL1QUE ANGLED TRIANGLES, without a0y
other distinction.



PRACTICAL GEOMETRY. 189

PROBLEMS.

o —

PROBLEM 1.

To divide a given right Line A B into two equal Parts.

Take any extent in the compasses greater
than half the line A B, and with one foot in
B describe an arch; with the same radius,
and one foot in A, describe an arch cutting
tbeformerincandn;thronghcandn

draw a right line, and this line will divide the A

given line A B into two equal parts at the
point E.

In this manner any arch of a circle may
be divided into two equal parts.

PROBLEM II.

From a given Point c, in a given right Line A B, o raise

a Perpendicular.

Cask 1st. When the given point c is near
the middle of the line A ».

With one foot of the compasses in c, at
any distance, draw an arch cutting the line
ABin p and E; from the points » and E,
vith any distance greater than cE or cb,
describe two arches cutting each other in r;

through the points ¥ and c draw the line 1 ¢, Aji \3

and it will be perpendicular to the given line
AB.

Case 2d. When the given point c is at,
or near the end of the line A .

_Take any point out of the line, as », and
thh_ the distance pc describe a circle,
cutting the line o 8 in E and c; through
t}leeentrenand thepointxdraw therig t
line B ¥, cutting the circle in ¥; then a lme
drawn through r and c will be the perpen-
dicular required.

D 2
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Or thus: Describe the arch pE at any

+ distance from c, and with one foot of the \\J
compasses in D, with the same extent, de- 7/
scribe an arch cutting the arch D E in &; from
this point, keeping the same extent in the \)EA,.
compasses, draw the arch c¢; through » A~
and E draw the right line pg, cutting the /
arch in ¢; then draw a right line th if
¢ and c, and it will be the perpendic
required.

e

PROBLEM IIL

From a given Point c to let fall a Perpendicular on a given
right Line A B.

Case 1st. When the point c is nearly c
opposite the middle of the line a B.
ith one foot of the compasses in c,
describe an arch cutting the line A B in » and
E; from these points, at any distance, describe
two arches cutting each other in r; through ,-. D B /3
the points c and ¥ draw a right line, and it " -
will be perpendicular to the given line a B.

Case 2d. When the given point c is nearly e
opposite to the end of the line a ». -

Place one foot of the compasses in an P /'\\
part of the given line, as at A, and with . S
the distance a ¢ describe the arch cE; then, P il
from any other part of the given line nearly / i i
under the point c, as at p, with the distance A £ Bj
pc describe a small arch cutting the arch b i
CE in E; then a line drawn through the

ints ¢ and E will be perpendicular to the 7,
ine A B, e

~Ag
PROBLEM 1V.
To draw a right Line parallel to a given right Line a 5.

Case 1st. When the parallel line is to pass — g D
through a given point . — —

Taie the nearest distance between the given
point p and the right line A 3; with that , ~ -3

distance set one foot of the compasses on any c
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E:tofthe line AB, as at c, and describe the arch E; from the point »
w a line solas Julft to tom;h the artcl? ghitilgut cutting it, and that line
will be parallel to the given line a5 thro e given point p.
Cux%dehegotﬁl amllellllihl:leistobe b E
at a given distance from the right line a 5.
“gilth the given distance in the compasses, NN
describe two arches, » and k, from any two
ints, as ¥ and ¢ in the given right line ; F a
then a line p E drawn just touching the two
arches without cutting them, will be parallel to
the given line a B.

PROBLEM V.

At a given Point » in the right Line o ¥, to make an Angle ED ¥
equal to a given Angle c B a.

With one foot of the compasses in B, at any
distance, describe the arch ¢ 1; through » draw
the line o ¥, and keeping the same extent in
the com , place onl:foot in p, and describe
the arch in 1 k; then take the .distance ¢ H,
apply it to the arch 1 x from x to 1, and through

e points » and 1 draw the line pE ; the angle A
EDF will then be equal to the angle c B 4, as
was required.
r

PROBLEM VI

To divide a given Angle A B c into two equal Parts.

. From the angular point B, with any extent
in the compassgs‘,lh(iesg:ibe the arch p 1?:' ; from
D and E, with the same or any other extent,

be two arches cutting each other in F;
through the points » and ¥ draw a right line,
;‘;‘:t it will (ri:ide the angle into two equal

s.
_In the same manner any given arch of a
;:m!e is bisected, when the centre of the circle
given.

C
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PROBLEM VIL
To divide a Circle a B c D into two, four, eight, sivteen, thirty-two, &c.
equal Parts.
_ Draw s diameter a3, and it will divide c
the circle into two equal parts; from the X

points A and B describe the arches at c and p;
a line drawn through these will divide the
circle into four equal parts; then bisect the .
arches a c, c B, &c. by the last problem, and
the circle will be divided into eight equal A
parts, and so on by continual bisections.

This problem is useful in constructing
the Mariner’s Compass. .

PROBLEM VIII.

To draw the Circumference of a Circle through any three given
Points A, B, c, not situated in a right Line.

Draw lines joining a B and B c, and bisect N
them by lines meeting in o, as directed in . Noop M
Problem I.; then from o, at the distance of .~ i\~ "'.I"}
any one of the points, as o a, describe a / e
circle, and it pass through the other :
points B and c, as required. \

In this manner the centre of a circle may
be found ; for, taking any three points in the
circumference, and proceeding as before
directed, the lines meeting at o will give the
centre required.

PROBLEM IX. _
To divide a given Line A B into any proposed Number of equal Parts.

Let it be required to divide the line A B
into seven equal £am; from one end a, of the
given line A B, draw a right line a c, makind
any angle with a B, and from the other end
B c{mw a line B p parallel to a c; on each of Aoy
the lines A c, 3D, beginning at A and B, set 3
off as many equal parts as AB is to be
divided into, viz. seven; then lines drawn _ *
from A 07,110 6,20 5, 8 to 4, &e. will 277
divide the given line into seven equal parts.
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PROBLEM X.
To construct Scales of equal Parts.

The simplest scale of equal parts is made by drawing a strait line, and
dividing it with a Y:nr of compasses into as many primary divisions as con-
venient, which, if the line be o¥ a definite length, may be done by Prob. IX.,
and subdividing one of these decimally, or into ten equal parts; then each
of the former may represent 10 units, as leagues, miles, &c., and in that
case the latter will represent one of these units: or if the larger divisions
be supposed to be 100, then the subdivisions will be tens, and so on.
Suppose, for example, it were required to set off from the Scale 25 or 250:
set one foot of a pair of compasses on 2 among the primary divisions, and
the other on the 5th subdivision ; then this extent will represent 25 or 250
miles, leagues, or any other measure of length, as may be required.

There are ﬁ-eq}t:ently several of these scales drawn parallel to each other,
of different lengths, on a flat rule, (as Fig. 1, Plate L) ; they are divided
into as many equal Karta as the length of the rule will admit; the numbers

laced on t{ee(left and shewing how many parts in an inch each scale is

ivided into. 'These scales are sometimes subdivided duodecimally,to adapt
them to feet and inches when used in Mensuration ; or sexagesimally, to
represent degrees and miles on Maps and Charts.

But the most correct scale of equal parts is the DracoNaL scALE
(Flg 2, Plate 1.), the larger divisions of which are commonly an inch or
half an inch, and sometimes a quarter of an inch, subdivided into one
hundred equal parts. To construct this scale, draw eleven equidistant
parallel lines ; divide the upper of these lines A E into such a number of
equal parts as the scale is intended to contain ; from each of these divisions
draw perpendicular lines through the eleven parallels to the line c ¥ ; sub-
divide the first of these divisions a & and ¢ D into ten equal parts, and from
the Yint c to the first division in the line A B, draw a diagonal riﬁht line,
and lines parallel to this through each succeeding subdivision ; then will
each diagonal line, in passing from the line B A to b ¢, be one-tenth of the
subdivisions further from the line » B, at the points where they intersect
each succeeding parallel from B A to Dc, that is, one hundredth of the

divisions, by which means it is divided into one hundred equal parts.
_If, therefore, the larger divisions be accounted as units, the first sub-
divisions will be tenths, and the second, marked by the dm%: nals upon the
parallels, hundredth parts; but if we suppose each of the larger divisions
to represent ten, then the first subdivisions will be units, and- the second
tenths ; or if the larger divisions be hundreds, then will the first subdivisions
be tens, and the second units ; so that the value of the subdivisions depends
on that of the larger divisions.

‘The numbers 376, 37. 6, 3.76, may therefore all be expressed by the
same extent of the compasses : thus, setting qne foot in the line marked 8
of the larger divisions, on the sixth parallel, and extending the other along
the same parallel to the seventh diagonal, that distance will be the extent
required ; for if the three larger divisions be taken for 300, seven of the
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first subdivisions will be 70, which, upon the sixth el, taking in six
of the second subdivisions for units, make the whole number 876 ; or if
the three larger divisions be taken for 30, seven of the first subdivisions
will be seven units, and the six subdivisions, upon the sixth parallel, will
be six-tenths of a unit: lastly, if three larger divisions be esteemed as only
3, then will the first subdivisions be seven-tenths, and the six second sub-
divisions be the six-hundredth parts of a unit.

PROBLEM XI.
To construct Lines of Chords, Sines, &c.

Describe a semicircle a o B with any convenient radius (Fig. 8, Plate 1.),
and upon the centre c erect the ferpendicular ¢ D, continued at p!
to F; through B draw B E parallel to c r, and draw the right lines A p and
pB. Divide the quadrant p B into 9 equal parts, and with one foot of the
compasses in B and the distances B 10, B 20, &c. transfer them to the right
line B p, which will be a LINE oF CHoORDS.

Divide the quadrant A » into 8 equal parts, and with one foot of the
compasses in A, and the distance a1, a 2, &c. transfer them to the right
line A p, and it will be a LINE oF RRUMBS, containing eight points of the
compass.

From the points 10, 20, 30, &c. in the arch B p, draw lines parallel to
D ¢, which divide the radius c B into 8 L1NE oF SINEs, reckoning from
c to B, or of VERSED SINES, if it be numbered from B to c; which may be
continued to 180, if the same divisions be transferred to the line c a, the
other half of the diameter.

From the centre c draw right lines through the several divisions of the
%‘uadrant DB, until they cut the line BE, which will become a LiNE oF

ANGENTS.*

Transfer the distances between the centre c and the divisions on the
line of tangents, to the line o ¥, and these will give the divisions of the
LiNE oF SEcaNTs, which must be numbered from p towards F.

From A draw right lines through the several divisions of the arch » o,
and they will divide the radius ¢ p into 8 LINE oF SEMI-TANGENTS, which
are to be marked with the corresponding figures of the arch » B.

Divide the radius a c into 6 equal parts; through each of these draw
lines parallel to c b, intersecting the arch A p; then, with one foot of the
compasses in A, and the distances of the arch a 50, A 40, &c. transfer
these to the right line A p, and it will give the divisions of the LiNE oF
LoncITUDE.

If this line be laid upon the scale close to the line of chords, so that 60 on
the line of longitude be opposite o on the chords, and any degree of latitude
be counted on the chords, there will stand opposite to it, on the line of
longitude, the miles contained in one degree otp Yongitude in that latitude;
the measure of a degree at the Equator being 60 miles.

®* From the construction of the lines of chords, sines, and tangents, it is obvious that the
chord of 60°, the sine of 90°, and the tangent of 45°, are all equal to the radius of the circle.






cu-
the
Lo»

If
the lin
be cow
longituuc, -
the measure ot

®* From the constr
chord of 60°, the sin

/“"'\{



Lage 2y. - i Plate L
) — 1
l; CONSTROCTLION OF THIL 1,ANVES {

ON THE !

PLANE SCALSE ke. |

¥ i E

fr(§ ] SES——

L
3

J—rl
__1iw

» o=

Tan gents

ko~ iho

A\

S )

L\

.[“ R o
L5 9 & = o o T

)

Fig:4.

TITT
\)

o

o spapddll polso

10 2b 3o

Sin.

i AN B

poopmes 14

) 30 ) S0 oK D
#; 7¥ /0 0 0¥

Versed Sines '

Fig: 1. COMMON SCILE OFFEQU AL 2IRTS.

GO T L 2 3 & 5 6 7 8 9 W1 2 3 45 o 7 8 9]
ol v 2 3] 5 6 7 8 o o 2 3 4 ¥ g
o] L 20 3 3 ¢ 7] 8 of o i A 3 4
ohood v A 3 4 3 e 7 8 of i i 2 3
3310 L 2 31 o 5[ 6 7 8 of do 1
30[ N 3, PR o 7] 8] B

Fig; 2. DIACONAL, SCILE OFEQU.LL PARTS.
3 3 v 3] 2] L B Al
T — T — T TT
a —— o e — e T T 1= =t
L 1 - j; 1 11
JENS S SN S BERRTEE
t + T -
+ — = |
1 2 i 3 6 7 8 9 don 12 D C .
i

"Lorse detint






PRACTICAL GEOMETRY. 25

In the fi the divisions are given only to every tenth degree, and
each point (;‘t"nt%e compass, whichglls suﬂ'iciZnt to exrglain the xgzetﬁod of
Construction ; but in Figure 4, these lines are graduated to degrees, and
the rhumbs to quarters, and placed parallel, as exhibited on one side of a
flat rule, which, with the scale of equal parts on the other side, constitutes
the instrument called a PLANE ScaLE.

Besides the lines already mentioned, there are fm‘\.xently on the Plane
Scale a line of leagues, and a few other lines, which are only so many
scales of equal parts, each having the equal divisions of different lengths,
for the more readily laying down lines and figures of different lengths and
magnitudes.

PROBLEM XH.

To make an Angle that shall contain any proposed Number

of Degrees.

Case 1st. When the given angle is right,
that is, contains 90 degrees.

Draw the line a B, and from the scale take the ¢
extent of the chord of 60 degrees in the com- Df-.._
passes ; then set one foot of the compasses in a, \
and with the other describe the arch E p, and set \,
off thereon, from E to b, the distance of the chord *,
of 90°; through a and p draw the right line a c, \
then will the angle B A c be a right angle. By this 5,@
method a perpendicular may easily be raised on a Al on
given line, since the an%:e formed by one line that
18 perpendicular to another, is always a right angle.

Case 2d. When the angle is to be acute;
suppose one that shall contain 48 degrees.

w the line ;\ln, }zlmd with one foot of the
compasses in A (the chord of 60 degrees bei
taken as before), draw the arch £ o, (glre;hich ;legt
off 48 degrees from E to p; through a and p
g:aw ;l;e right line A c; then will the angle a c

made, containing 48 degrees, as was required.

Case 8d. When the angle is to be i
obtuse ; suppose one that shall contain
126° 30'.

Draw A B, and from the point a,
with the chord of 60°, as before, draw
the arch b E, and, as the divisions on
the scale extend no further than 90°,
first set off 90° from E to F; then set
off the remainder, or excess above 90°,
that is, 36° 30/, from F to n; through
A and p draw the line ac, and the
angle B A ¢ will contain 126° 30'.

E
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PROBLEM XIIL -
To measure a given Angle B A c.

With one foot of the compasses in the point, and with the chord
of 60 s, describe the arch p £ (see the Figures in Problem XII.)
cutting the legs in p and E; then the distance p k applied to the line of
chords, from ebeginning,willshewthemeasureoftﬁemglelac,ifit
contain less than 90 degrees; but when the arch exceeds that quantity,
take 90 degrees from the line of chords, and set it off from E to ¥; then
measure the excess p ¥, and their sum will give the measure of the angle

uired.
mql'he construction of triangles will be explained in Trigonometry; but
before the learner beg:n that subject, we would recommend him, if he
have time, to study the use of Gunter’s Scales and the Sector, as these
instruments will afford him easy, elegant, and concise methods of resolving

triangles.

DESCRIPTION AND USE OF GUNTER'S
SCALES.

—

OF THE COMMON GUNTER.

THis instrument is a flat rule, usually two feet in length, and about an
inch and a half broad, having on one side equal parts, rhumbs, chords, &c.
as on the Plane Scale; and on the other the logarithms of these numbers:
hence the lines on this side are called logarithmic lines. They were
invented by Mr. Edmund Gunter, who applied the logarithms of numbers,
and of sines and tangents, to strait lines, by taking the lengths expressed
by the fi in those logarithms from a scale of equal parts, and applying

em to lines, as laid down on the Rule.

On the logarithmic side of the common Gunter are the eight following

nes:

1. A Line of Sine Rhumbs, marked s. B., which contains the logarithms
of the na sines of every point and quarter d(‘mint of the compass,
numbered from the left hand towards the right, with 1, 2, 8, 4, 5, 6, 7,8
where a brass pin is fixed.

2. A Line of Tangent Rhumbs, marked T. R., corresponding to the
logarithms of the nt of every gint and quarter point of the compass.
'i)‘i?:lline is num 1, 2, 3, 4, from left to right, and back again with
5, 6, 7, from the right towards the left. To take off any number of points
below 4, we must reckon from the 1 towards the right hand; but any
number of points above 4 we count towards the left hand.

8. 4 Line of Numbers, marked Num., on which most of the others
depend, contains the logarithms of numbers, and is figured from the left

Li
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hand of the scale towards the right to 1 or 10, near the middle of the scale;
these divisions are subdivided into ten unequal parts, and these again into
ten, five, or two parts, as room will permat : Sxe whole of these divisions
and subdivisions are repeated from middle towards the right hand,
being exactly of the same lengths, but ten times the value of the corre-
spollta‘dtnhng numtilbeen in the first o & :

e 1 at inni e ki nt 1 unit, the next prim
division, marked mmgmpment 2 uni:P:::le the middle 1 will be 10, g{a
following 2 will be 20, the 8 will stand for 30, and so on, the 10 at the

ight hand representing 100. If the left hand 1 stands for 10, then the 2

stand for 20, the 3 for 80, the middle 1 for 100, the following 2 for
200, and the 10 on the right hand for 1000; in like manner, ifgue first
1 be esteemed 1 tenth, the next following 2 will be 2 tenths, the middle 1
will be 1 unit, the next 2 will be 2 units, and the 10 at the end will be 10
units. Aﬁ,fﬁeﬁmtlhecountedlhundredth the next 2 will
be 2 hundredth parts, the middle 1 will stand for 10 hundredth parts, or
1 tenth, the next 2 for 2 tenths, and the 10 at the end will stand for
1 unit, or whole number.

It is manifest that the value of the subdivisions must depend on that of
the primary divisions ; for, suppose the first 1 at the left hand be reckoned
for 1 unit, then the first following principal subdivision will be 1 tenth, the
second 2 tenths, and so on to the next primary division, which will represent
2 units ; reckoning on in the same manner till you come to the middle 1,
which will represent 10, then the next following principal subdivision will
be 11, the next 12, where a brass pin is fixed ; the next primary division
20, and so on to 100: and in the same way will the smaller subdivisions
be valued.

As this line is of great importance, we shall add a few examples, to render
what has been said the more clear. Suppose the point representing 25 be
required :—the primary division 2 on either half is to be reckoned for 20;
then counting forwards to the right, to the fifth principal subdivision, that
point will represent 25, or 250, or 25600, &c. Again, let the point
representing 146 be required. Here the 1 at the beginning, or in the
middle, may be esteemed 100, the fourth principal subdivision on the right
vill then be 140, and because the interval between 140 and 150 is divided
into 5 parts, each will be valued as 2; therefore, counting forwards 8 of
these latter subdivisions, that point will represent 146.

Once more; suppose the place of 1785 be required :—the one at the

inning or middle is to be taken as 1000, the seventh following principal
subdivision will be 1700; the fourth following smaller subdivision will be
1780, and the fourth part of the next smaller subdivision will be the point
representing 1785.

4. 4 Line of Sines, marked siN., beginning at the left hand, and
numbered towards the right at each degree as far as 10, and then at each
10th degree to 90: the subdivisions under 10 degrees are usually 10
minutes ; from 10 to 20 each is a quarter of a degree ; from 20 to 40 each
i8 half a degree; from 40 to 80 each is 1 degree; and from 80 to 90
each is 5 degrees. '

EZ2
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5. A Line of Versed Sines, marked v. s.: it is numbered from the right
towards the left, at each 10th degree as far as 160; the subdivisions from
20 to 90 are usually each two degrees; from 90 to 140 one degree; and
from 140 to the end half a degree.

6. A Line of Tangents, marked TaN.: it is numbered from the left
hand towards the right as far as 45 degrees, which is equal to radius, or
the sine of 90 degrees; and, since the log. tangent of an arch above 45
degrees is the arithmetical complement of the tangent of an arch as much
less than 45 degrees, the same sivision represents 40 or 50 degrees, 30 and
60, and so on; for if the line of tangents were continued beyond 45 on the
right, the divisions would be exactly the same length, only reversing the
order: therefore, instead of such continuation, it is more convenient to
reckon the degrees above 45 backwards, or from right to left, observing at
the same time that the d above 45 are to be supposed, when using
the line, increasing towm right hand, as in the other parts of the line.

The subdivisions on this line are nearly the same as on the line of sines;
indeed these, as well as the other lines, are variously subdivided on different
scales, according to the accuracy and goodness of the instrument.

7. A Line of Meridional Parts, marked MER., reckoned from right to
left, each larger division representing 10 degrees, and the smaller each
1 degree, or 60 meridional miles.

8. A Line of equal Parts, marked E. r., numbered from right to left,
each large division representing 10 degrees of the equator, or ‘600 miles.
The first of these divisions is sometimes divided into 10 equal parts, each
representing a degree, or 60 miles, and these again into halves or quarters
of 30 or 15 miles each.

USE OF THE LINE OF NUMBERS.

Multiplication is performed on this line by extendini the compasses
from 1 to either of the factors*, and that extent will reach from the other
factor to the product. ' -

Suppose, for example, it were required to find the product of 16 multi-
plied by 5: set one foot of the compasses in 1, and the other in 5, then
that extent will reach from 16 to 80, the product required.

When the product contains four figures, the fourth cannot be well
ascertained by the scale, but it may be easily found by multiplying the unit
figures of the factors, and the unit figure of their product will be that of
the product required. For example, suppose it were required to find the
product of 22 by 16; the extent from 1 to 16 will reach from 22 to about
850, but as the divisions are too small to distinguish the last figure, there-
fore multiply 2 by 6, which will give the product 12; hence the product
required is 352. S

Division being the reverse of Multiplication, extend from the divisor to 1,
and that extent will reach from the dividend to the quotient.

* The factors are numbers multiplied, of which one is called the multiplier, and the other
the multiplicand.
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Example—Divide 80 by 5. Extend from 5 to 1, and that extent will
reach from 80 to 16, the quotient required.

To reduce a Vulgar Fraction to a Decimal, extend from the denominator
to the numerator, and that extent will reach from 1 to the decimal fraction
required.

Example—Required the decimal fraction equal to §. Extend from 4
to 8, and that extent will reach the same way from 1 to .75, the decimal

uired.

lm{[‘o perform the Rule of Three—State the question so that the first and
third terms may be of the same name ; then the fourth term will be of the
same name with the second, and greater or less than the second, as the
third is ter or less than the first; then extend the compasses from the
first to the third term, and that extent will reach from the second to the
fourth term. ’

Example—If a ship sail at the rate of. 26 miles in 3 hours, how many
miles will she sail in 24 hours ? : :

Here, as 3 hours is to 26 miles, so is 24 hours to the answer ; therefore,
extend from 3 to 24, and that extent will reach from 26 to 208, the miles
required. - '

To find the area, or superficial content of a square, or rectangle, extend
from 1 to the breadth, and that extent will reach from the length to the
superficial content.

Example—Suppose a board or plank measure 18 inches broad, and 25
feet in length, required the superficial content. T

Extend from 1 to 1.5, (= 1 foot 6 inches), and"that extent will reach
from 25 feet to 87. 5, or 87 feet 6 inches, the contents required.

To find the solid contents of a bale, box, chest, &c. or any -other
rectangular solid, extend from 1 to the breadth, and that extent will reach
from the length to a fourth number ; then extend from 1 te the depth,
and that extent will reach from the fourth number to the solid contents.

Example—Required the solid contents of a box measuring 3 feet broad,
5.5 feet long, and 2 feet in depth. e

Extend from 1 to 3, and that extent will reach from 5. 5 to 16. 5; then
extend from 1 to 2, and that extent will reach from 16. 5 to 33 feet, the
solid contents. ‘

USE OF THE LINES OF SINES AND TANGENTS.

These lines are used with the line of numbers in working pr:gortions in
Trigonometry, by the Rule above, as will be fully exemplified when we
treat on that subject. _

USE OF THE LINE OF VERSED SINES.

This line is used with the line of sines in resolving a spherical triangle

when. the three sides are given to find the angles, or the three angles, to find
the sides, as will be explained in the methods of working an azimuth.
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USE OF THE LINES OF MERIDIONAL AND EQUAL PARTS.

These lines are always used together, and only in Mercator’s Sailing, or
in constructing a Mercator’s Chart. When the meridional parts answering
to a given latitude are required, they are found by taking the extent from the
beginning of the line of meridional parts to the given Eltitude: this extent
being applied to the line of equal parts will give, in degrees, the meridional
parts required.  Or, if the meridional difference of Iatitude between two
places be wanted, the extent from one latitude to the other on the line of
meridional parts will give, when applied to the line of equal parts, the
:ielridional difference of latitude in degrees, which are to be reduced to

es.

——

OF THE SLIDING GUNTER. .

This instrument is nearly of the same dimensions as the common
Gunter, but consists of three pieces of wood; the extreme pieces being
connected by thin plates of brass at each end, and the third mase to slide in
grooves between them. The lines on this scale are constructed and
graduated as on the Plane Scale and common Gunter: we shall therefore only
remark here, that there are two lines of numbers, sines, and tangents—one
on the fixed part of the scale, and the other on the slide—and that there is
likewise a third line of numbers on the slide opposite a line of sine rhumbs.

USE OF THE LINE OF NUMBERS.

To ?erform Multiplication by these lines, set 1 on the sliding line to one
of the factors on the fixed line; then opposite the other factor on the slide
will be found the product on the fixed lne.

Example—To find the product of 16 multiﬁlied by 5, draw out the slide
until 1, on its line of numbers, coincide with 5 on the fixed line; then
opposite 16 on the sliding line, will be 80 on the fixed line.

Division is performed by drawing out the slide until the divisor on its line
coincide with the dividend on the fixed line; then opposite to 1 on the
sliding line will be the quotient on the fixed line.

Example—To divide 124 by 4, set 4 on the sliding line to coincide with
124 on the fixed line; then opposite to 1 on the slide will be 31 on the fixed
line, which is the quetient required.

To work the Rule of Three, let the question be stated so that the first
and third terms may be of the same name, then the fourth term will con-
sequently be of the same name with the second, and greater or less than
the second, as the third is greater or less than the first. Now, set the first
term on the sliding line opposite to the third term on the fixed line, and the
fourth term will be found on the fixed line, opposite to the third term on the
sliding line.

Enxgmples—lf 3 yards of cloth cost 21 shillings, what will be the value
of 27 yards? Now, as 3 yards : 21 shs. :: 27 yds. : theanswer; therefore
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set 8 on tbeslidinﬁlineofnumbers to 27 on the fixed line, then opposite to
21 on the sliding line will be found 18%);)1 the fixed line, the fo ;]erm olxl-
number of shilli uired, equal to £9. 9s. Again, suppose a ship sai
170 miles in gh‘tnl?;ur;g at wh:(tl rate is that per hgo:rn? As 24 hrs. : 170
miles :: 1 hour : the answer. Set 24 on the sliding line of numbers to 1
on the fixed line; then opposite to 170 on the sliding line is 7¢; on the fixed
line, the miles and parts that the ship sails per hour.

DESCRIPTION AND USE OF THE SECTOR.

——

THis instrument is formed of two equal rules or legs, moveable about
a centre or joint, on the faces of which are drawn several lines or scales,
some ing from the centre, called secTorRAL LINEs, and others
parallel to the edge of the rules, similar to those laid down upon a common
Gunter

The sectoral lines are drawn twice on the same face of the instrument,
that is, once on each leg; those on one face are, 1. Two scales of equal
parts, marked L1x. or L. ; each of these scales, from the great extensiveness
of its use, is called the LINE oF LiNes. 2. Two lines of chords, marked
CHo.or C. 8. Two lines of sccants marked Sec. or S. 4. Two lines of
polygons, marked PorL.—Upon the other face the sectoral lines are,
1. Two lines of sines, marked Sin. or S. 2. Two lines of tangents, marked
Tan. or T. 8. Between the lines of tangents and sines, two other lines of
tangents, marked ¢, to a less radius, to supply the defect of the former, and
extending from 45 to about 75 degrees.

The lines of chords, sines, tangents, and secants, are constructed upon
the same principle as those on the Plane Scale, making the length of the i
of chords the radius of the circle. (See Geom. Prob. XI.)

Each pair of the sectoral lines (except the line of polygons) are numbered
from the centre, and so disposed as to make equal angles at the centre,
consequently at whatever distance the Sector be opened, the angles will
always be respectively equal ; that is, the distance between 10 10 on
thehnesoflineswillgeequaltOGOandGOon the lines of chords, 90 and 90
on the lines of sines, and 45 and 45 on the lines of tangents.

The other lines on the Sector being for the most part such as are usuall
drawn upon the Gunter’s Scale, which have already been described, it wi
be unnecessary here to enumerate them; we shall therefore only observe
that the logarithmic lines, being placed partly on one leg, and partly on the
other, are to be used with the legs fully opened

. 'The use of the sectoral lines is founded on a property of similar triangles,
namely, that their corresponding sides are proportional. Let c 5, C a,
(Fig. 5, Plate 1.) represent a pair of sectoral lines, forming the angle a c B;
divide them each into any number of equal parts, as ten for instance, and
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draw lines to the corresponding numbers on each line, as from 2to 2,4 to 4,

&c. These lines will form a series of triangles, as c 22, ¢ 44, &c. all

similartothenianﬁleCAn; therefore it will be, as c 2isto c A, 8018 22 to

1010, or AB; andasc2isto 22,8018 c A to A B, and so on for the other
nding lines.

Hence also if the lines ca, cB, represent the lines of chords, sines,
tangents, or secants ; and if c A be the radius, and the line c 2 the chord,
sine, tangent, or secant, of any proposed number of degrees; then the line
22 will be the chord, sine, &c. of the same number of degrees to the
radius A B. .

We shall now proceed to explain some of the most important uses to
which the sectomr lines may be applied; previous to which it will be
n to observe, that in all operations the distances are to be taken with
a pair o? compasses from the innermost of the three lines which bound the
divisions, that being the line proceeding from the centre : it is likewise to be
understood, that the measure taken from the centre to any part of a sectoral
line, is called a lateral distance, and that the measure taken from any point
in one line to its corresponding point in a line of the same name, is called a
transverse, or parallel distance.

USE OF THE LINES OF LINES.

1. To divide a given line into any number of equal parts: for example
suppose 9. 'Take the length of the given line in the compasses, and make
it a transverse distance from 9 to 9, the number of parts proposed ; then will
the transverse distance of 1 and 1 be one of the equal parts, or the 9th part
of the whole ; and the transverse distance of 2 and 2 will be 2 of the equal
parts, or § of the whole line, and so0 on.

Note—~When the line to be divided is too long to be applied to the

legs of the Sector, take some aliquot part of it, asnie half, the third, &c.
and double or triple the lengths of tEe transverse distances taken from the
Sector.
2. To divide a given line into any number of parts that shall be in any
assigned proportion ; as, suppose three parts, in the proportion of 2, 3, and 4.
Make the given line. a.transverse distance to 9, the sum of the proposed
numbers 2,3, 4; then the transverse distances of these numbers severally
will be the parts required.

8. To find a fourth proportional to three given lines or numbers ; as,
suppose to 8, 4, and 6. Take the lateral distance of 4 in the compasses,
and make it the transverse distance of 8 ; then the transverse distance of 6,
extended from the centre, will reach to the fourth proportional 8. If a ship
sail 86 miles in 4 hours, what distance will she sail in 7 hours? Open the
Sector till the transverse distance of 4 and 4 be equal to the lateral distance
86; then the transverse distance of 7 laid off from the centre will give 63,
the fourth proportional.

Suppose three lines A B, ¢ , and E F, given to find a fourth proportional.
Take the length of the line A B in the compasses, and placing one foot in the
centre, mark what point or division the other foot falls on : open the Sector
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till the distance between that point and the corresponding one on
the other leg is equal to the line ¢ p; then E F taken in the compasses and
laid off as a lateral distance, the corresponding transverse distance will be
the 1 of the line required.

Let it be required to reduce a chart drawn on a scale of 5 inches to a

to a scale of 8 inches to a degree. Make the transverse distance

from 5 to 5 equal to the lateral distance of 3; the legs of the Sector bein
kept at this angular position, any measure taken from the chart being lai
oﬂP as a lateral distance, the corresponding transverse distance will be the
measure to be laid down upon the reduced chart.

4. Having a line containing any given number of equal parts, to find
the length of a line containing any other number of the same parts.

Suppose a chart to be drawn on a scale of 5 miles to 8 inches; required
the length of any other number of miles upon the same scale. Make the
transverse distance of 5 and 5 equal to 3 inches; the legs of the Sector
being kept at this a r position, the transverse distance of any other
number, within the lmits of the Sector, will be the length of the number
of miles required.

5. Having the number of parts contained in any given line, to find
the number of the same parts contained in another line.

Suppose the length of one side of a triangle measure 30, what are the
measures of the other sides? Take the length of the given side in the
compasses, and as)ply it transversely from 30 to 30; to tﬁis opening of the
Sector apply the length of the other sides transversely, so that the points
may fall upon corresponding divisions, and these will shew the measure of
the sides requi

USE OF THE LINES OF CHORDS.

1. To protract or lay down an angle of any given number of degrees.
At any opening of the Sector take the transverse distance of 60°, with
which extent describfg :;n arch; th;n take the traxl)lsverse }:lista}zlnce olf the

sed number of degrees, and apply it to that arch: thro the
g::r%omities of this distagr:geon the all"ch? draw two lines from t.h:%entre,
and they will form the angle required. ~When the angle exceeds 60°, lay
it off at twice or thrice. .

In this manner any number of degrees may be laid off on the circum-
ference of a given circle, making the transverse distance of 60° equal to the
radius of the circle.

2 To measure any given angle. With any radius describe an arch
from the angular point, and set that radius transversely from 60 to 60 ;
then take the lengt?lmof the intercepted arch in the compasses, and apply it
transversely to the line of chords, so that the points of the compasses may
fall upon corresponding divisions, and they will shew the measure of the
given angle.

F
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USE OF THE LINES OF SINES, TANGENTS, AND SECANTS.

1. Having the length of the radius of a circle, to find the length of
the chord, sine, or tangent of any arch of that circle. Suppose the
chord, sine, or tangent of 30 degrees to a radius of 2 inches be required:
oEen the Sector till the transverse distance of 60 and 60 on the lines of
chords be equal to 2 inches ; then will the same extent reach from 45 to 45
on the lines of tangents, and from 90 to 90 on the lines of sines, so that to
whatever radius the lines of chords are set, to the same are all the others
set. In this angular position of the legs, therefore, if the transverse
distance between 30 and 30 be taken on the lines of chords, sines, or
tangents, with the compasses, it will give the length of the chord, sine,
or tangent of 30 degrees, to the radius of 2 inches. When the required
chord 18 above 60°, or the tangent above 45° as suppose 70 degrees,
proceed thus: for the chord take the transverse distance of half the
arch, viz. 35 degrees, on the line of sines, the double of which gives
the length of the chord of 70 degrees. To find the tangent of 70
degrees to the same radius, make the transverse distance from 45 to 45,
on the upper lines of tangents, equal to 2 inches; then the extent
between 70 and 70 on the same lines will be the length of the tangent
required.

2. Having the radius of a circle, to find the secant of any arch of that
circle : as again, suppose of 20 or 70 degrees, to a radius of 2 inches;
make 2 inches the transverse distance between 0 and O on the lines of
secants; then will the transverse distance of 20 and 20, or 70 and 70,
give the secant of 20 or 70 degrees.

8. The radius of a circle, and any line representing a sine, tangent,
or secant of an arch of that circle being given, to find the degrees and
parts corresponding to that line. Open the Sector to the given radius,
according as a sine, tangent, or secant is concerned, then, taking the given
line in the compasses, apply the legs transversely till they fall on the
corresponding divisions of the proper line, and these will point out the
d 8 and parts required.

n this manner the angles of a right-angled triangle may be estimated,
by considering one side as the radius of a circle, and one ofy the other sides
as reﬁresenting the sine, tangent, or secant of the required angle.

The sectoral lines are likewise useful in working t‘proportions in Trigo-
nometry : suppose, for example, the hypothenuse of a triangle measures
56, and the angle opposite the perpendicular 32 degrees; to find the
ndicular, tge proportion will be, as radius, or sine of 90° is to the
ypothenuse 56, so is sine of the angle opposite the perpendicular 32° to
the perpendicular ; therefore make the transverse distance of 90 and 90 on
the lines of sines equal to the lateral distance 56 on the lines of lines ; then
the transverse distance of 32° on the line of sines, applied as a lateral
distance to the lines of lines, will give 29. 5 for the length of the perpen-
dicular required.
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PLANE TRIGONOMETRY.,

PLANE TRIGONOMETRY is that branch of Geometry which
teaches to compute the sides and angles of plane triangles ; it is divided
into right-angled and oblique-angled Trigonometry, according as it is
applied to the mensuration of right or oblique-angled triangles.

RIGHT-ANGLED TRIGONOMETRY.

—

DEFINITIONS AND PRINCIPLES.

ll. Every triangle consists of six parts; namely, three sides and three
angles.

9. The sum of the three angles of every plane triangle is equal to two
right angles, or 180 degrees; hence, if one of the angles be known, the
sum of the other two may be found by subtracting the given angle from
180 degrees : also, if two of the anﬁles be known, their sum, subtracted
from 180 degrees, will give the third angle: again, in a right-angled
triangle (the right angle containind§ 90 degrees), the sum of the two acute
angles is equal to 90 degrees: therefore, if one of the acute angles be
s:'ven, the other will be found by subtracting the given angle from 90

8. Any two sides of a triangle added together are greater than the third
side.

4. The greatest side of a triangle is opposite the greatest angle, and the
least side opposite the least angle ; also, in the same triangle, equal sides
are opposite to equal angles.

5. Two triangles are said to be similar when all c
the angles of the one are respectively equal to all the
angles of the other; as for instance, the triangle 5 3
ABc is similar to the triangle p k¥, because the
angles a, B, and c, are respectively equal to the A<
angles p, E, and F.

6. The sides of similar triangles, opposite to equal
angles, are proportional ; thus in the triangles 4 3¢
and DEF, 88 ABiS to DE, 808 AC to DF, and so 10 6
isBctoer. Oras4:8::5:10::8:6.

¥ 2
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7. Similar arches of unequal circles are such as contain the same number
of degrees, &c. of their respective circles.

8. The sines, tangents, and secants of similar T .':/lA
arches are proportional to the radii of the circles ; R
thus, supposing the arch b B, of the circle pBcF, F ——é—us
to be s'unﬁz(:r to the arch LN, of the circle L No1, \ G B
then DE istor.M, AB to HN, and cA to K H, as b
CBorcD is to KN or KL; thatis, the sine, tangent G

and secant of one arch is to the sine, tangent, and
secant of the other, as the radius of one circle is to
the radius of the other.

Hence, if the radius of a circle be divided into a ; :
certain number of equal parts, and the length of the ;| Iy
sine, tangent, or secant of any angle in such parts | K M
be given, the length of the sine, tangent, or secant * {
of the same angle to any other radius may be
found.

9. The lengths of the sine, tangent, and secant for every degree and
minute of the quadrant, whose radius is 1, being calculated and in
a table, is calle% a TricoNoMETRICAL CaNON: and the logarithms of these
lengths are called logarithmic or artificial sines, tangents, and secants; as
in Table XXYV. of this Work.

From these Principles are deduced the following

RULES
For computing the Sides and Angles of right-angled Triangles.

In every right-angled triangle there must be two parts given, besides
the right angle, to find the other three ; and one of these parts at least
must be a side, because the angles will only give the proportion, not the
absolute length of the sides.

- In every right-angled triangle one of the sides must be considered as
representing the radius of a circle; then,

1. If the Hypothenuse be made radius, the perpendicular and base will
each be the sine of its opposite angle.

2. If the Base be made radius, the perEendicula.r will be the tangent
of its opposite angle, and the hypothenuse the secant of the same angle.

3. If the Perpendicular be made radius, the base will be the tangent of
its opposite angle, and the hypothenuse the secant of the same angle ; the
sine, tangent, or secant of one angle being, in each case, the co. sine,
co. tangent, or co. secant of the other.
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e oo o

Tangent Ang. 4 ©

A Sine Ang.C B A Tangent Ang.C B

Thus, if in the triangles A Bc, the hypothenuse a c be considered as
radius of a circle, then it is evident the pc;?endiculu B c will be the sine
of the angle A, and the base A B the sine of the angle c ; if the base o B
be made radius, then the perpendicular B¢ will be the tangent of the angle a,
and the hypothenuse A c the secant of angle a; if the perpendicular B c
be made radius, then the base a B will be the tangent of the angle c, and
the hypothenuse the secant of angle ¢

Since the acute angles A and c contain together 90 degrees, they are the
complements of each other; therefore the sine, tangent, and secant of
angll; A is the co. sine, co. tangent, and co. secant of angle c; and the
gine, &c. of angle c is the co. sine, &c. of angle A. (See Definition
XXXIV. Geom.)

To find a Side.

Consider any one of the sides as representing the radius of a circle; and
write upon it the word radius ; then upon the other sides write the parts
they represent according to the preceding Rules, which call the names of
the sides; then say, .

As the name of the given side

Is to the given side,

So is the name of the side required
To the side required.

To find an Angle.

Consider one of the given sides as representing the radius of a circle,
and write upon it the word radius; and upon the other sides write the
parts they represent according to the preeed‘.l’sg Rules; then say,

As the side representing radius

Is to radius,

So is the other given side

To the sine, tangent, or secant of the angle by it represented.

Having raised the canons, or proportions, they may be worked by the
common Rule of Three, taking the lengths of the sines, tangents, or
secants of the angles, to Radius 1, from the proper Table ; but as logarithms
considerably abbreviate the calculation, by performing Multiplication- by
Addition, and Division by Subtraction, it is more usual to take out the

-
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logarithms of the three given terms (the logarithm of radius being 10.00000);
then, adding the loganthms of the second and third terms together, and
from their sum subtracting the logarithm of the first term, the remainder
will be the logarithm of the fourth term, which being found in the proper
Table, the number, or the degrees and minutes corresponding to it, will
give the required side or angle.

Note. The logarithms for sides are to be taken from Table X XIV., and
for the sines, tangents, or secants of angles, from Table XXV.

We shall now proceed to exemplify the above Rules by the followi
Cases, which we sgall resolve by three different methods: vis. by Geomet‘r'ilﬁ
Construction, by Logarithmic Calculation and by Gunter’s Scale.

CASE I.

The Angles and the Hypothenuse given, to find the Base and the
Perpendicular.

ExaMpLE. Given the hypothenuse A c, 370 miles, (or any other measure
of length&, the angle A 56° 30/, and consequently the angle c 33° 80';
required the base A B and perpendicular B c.

BY CONSTRUCTION.

Draw the line A B of any length, and make 90° 00
the angle at A 56° 30’ (Problem XII. Geome- Angle 4 56 30
; from A to c lay off 370, the length of the
EY) thenuse, taken};’rom any convengent scale Angle ¢33 30
equal parts, and from the point c let fall the
perpendicular ¢ B (Prob. III. Geom.); -then
ABc is the triangle required: the base A,
measured on the same scale of equal parts by
which the hypothenuse was measured, will be
204. 2, and the perpendicular s c 308. 5.

BY CALCULATION.

Making the hypothenuse radius, o 8 will be the sine of angle c, and
c B the sine of angle 4 ; then,

To find the Base A B. To find the Perpendicular B o.

As radius 10. 00000 | As radius 10. 00000
Is to hypoth. ac 370 2.56820 | Is to hypoth. Ac 370 2, 56820
So is sine ang. ¢ 33° 30"  9.74189 | So is sine ang. A 56°30'  9.92111
48931

12. 31009 12.
10. 00000 10. 00000
—_
To the base a3 204.2 2.31009 | To the perpend. Bc 308.5 2. 48931
———
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o

Making the base radius, B c will be the tangent, and a c the secant

of angle a; then
To find the Base. To find the Perpendicular.
As sec. of ang. A 56° 30  10.25811 | As sec. of ang. A 56° 30" 10. 25811
Is to hypoth. ac 370 2. 56820 | Is to hypoth. ac 370 2. 56820
8o is radius 10. 00000 | Sois tan. of ang. A 56° 30 10. 17922
12. 56820 12. 74742
10. 25811 10. 25811
To the base aB 204.2 2.31009 | To the perpend. B0 308.5 2. 48931

Making the perpendicular radius, A B will be the tangent, and A c the
secant, of angle c; then,

Zo find the Base. To find the Perpendicular.
As sec. of ang. ¢ 33°30  10.07889 | As sec. of ang. ¢ 33°30' 10.07889
Is to hypoth. ac 370 2.56820 | Is to hypoth. A c 370 2. 56820
8o is tan. ang. ¢ 33° 30 9. 82078 | So is radius 10. 00000
12. 38898 12. 56820
10. 07889 10. 07889
To the base aB 204. 2 2.31009 | To the perpend. Bc 308.5 2.48931

BY GUNTER’S SCALE.*

1st. Extend the compasses from radiust, or 90° to angle c 83° 30’ on
the line of sines, and that extent will reach from the hypothenuse 370 to
204. 2, the measure of the base, on the line of numbers

2dly. Extend the compasses from radius, or 90° to angle A 56° 80 on
the line of sines, and that extent will reach from the hypothenuse 370 to
808. 5, the measure of the perpendicular, on the line of numbers.

® In working the several Cases by Gunter’s Scale, we shall always suppose the hypothenuse
radius, where it can be done, being the most simple of the three.

+ Radius, on Gunter’s Scale, is either 8 points on the line of sine rhumbs, 4 points on the
ine of tangent rhumbs, 90 degrees on the line of sines, or 45 degrees on the line of tangents.
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CASE II

The Angles and one of the Legs given, to find the Hypothenuse
and the other Leg.

ExamrrE. Given the base A B 625, and the angle A 48° 45, to find
the hypothenuse A c, and the perpendicular s c.

BY CONSTRUCTION.

Draw the base A B, which make equal to 90° 00
625, taken from a scale of equal parts; and Ang. A 48 45
upon B erect the perpendicular B ¢ (Prob. II.
or XII. Geom.) ; make the angle A equal to Ang.c41 15
48° 45' (Prob. XII. Geom.), and draw the
hypothenuse A c to cut the perpendicular B ¢
in the point c; then A c, measured on the
same scale of equal parts that A B was, will be
947.9, and Bc 712.7.

BY CALCULATION.

Making the hypothenuse radius, A B will be the sine of angle c, and c»
the sine of angle A ; then,

To find the Hypothenuse. 1 To find the Perpendicular
As sine of ang. c 41°15'  9.81911 ] As sine of ang. c 41°15'  9.81911
Is to the base AB 625 2.79588 | Is to the base AB 625 2. 79588
So is radius 10. 00000 | Soissine of ang. A 48°45 9. 87612
12. 79588 ' 12. 67200
9.81911 | 9. 81911
To the hypoth. Ac 947.9  2.97677 i To the perpend. Bc 712.7  2.85289

Making the base radius, sc will be the tangent, and ac the secant,
of angle A ; then,

To find the Hypothenuse. To find the Perpendicular.
As radius 10. 00000 | As radius 10. 00000
Is to the base A B 625 2. 79588 | Is to the base A B 625 2. 79588
8o is the sec. of ang. A48°45’ 10. 18089 | So is tan. of ang. A 48° 45'  10. 06701
12. 97677 12. 85280
10. 00000 10. 00000
To the hypoth. ac 947.9  2.97677 | To the perpend. c 712.7 2. 85289




PLANE TRIGONOMETRY: 41

Making the perpendicular radius, a 8 will be tangent, and A c secant, of
_ angle c; then,

To find the Hypothenuse.  Tofind the Perpendicular.

As tang. of ang. ¢ 41°15' 9.94299° As tang. of ang. ¢ 41°15' 9.94299
Is to the base A B 6256 2. 79588 | Is to the base Ao B 625 2. 79588
So is sec. of ang. 0 41° 15’ 10. 12387 | So is radius 10. 00000
12. 91975 12. 79688
9. 94299 9. 94299
To the hypoth. Ac 947.9  2.97676 | To the perpend. c 712.7 2. 85289

BY GUNTER'S SCALE.

1st. Extend the compasses from angle ¢ 41° 15’ to radius, or 90° on the
line of sines, and that extent will reach from the base 625 to the hypothenuse
947. 9 on the line of numbers.

2dly. Extend the compasses from angle ¢ 41° 15 to angle A 48° 45’ on
the line of sines, and that extent will reach from the base 625 to the perpen-
dicular 712. 7 on the line of numbers.

CASE IIIL

The Hypothenuse and one Leg given, to find the Angles
and the other Leg.

ExamrLE. Given the hypothenuse A ¢ 400, and the base B A 236;
required the angles A and c, and the perpendlcular BC.

BY CONSTRUCTION.

Draw the base B A, which make equal to 236 ;
upon B erect the perpendicular 3 c, (Prob. II.
or XII. Geom.), and taking the distance 400 in
the compasses, place one foot in a, and let the
other foot cress B c in ¢, and draw the line A c;
then will the perpendicular & ¢ measure 323, the
gl ¢ 86° 9, and the angle 4 53° 51’  (Prob.
XIII. Geom.)
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BY CALCULATION.

Making the hypothenuse radius, A will be the sine of angle c, and 8 ¢
the sine of angle a ; then,

To find the Angles. To find the Perpendicular.
Anthebypoth. Ac 400 2. 60206 | As radius 10. 00000
Is to radius 10.00000 | Is to the hypoth. Ac 400 2. 60206
So is the base 5 4 236 2.37291 | So is sine of ang. 453°51’ 9.90713

' 12. 37291 12. 50919
2. 60206 10. 00000

Toaineofang.c%?; g 9.77085 | To the perpend. 3¢ 323 2. 50919

Angle o 53 51

Making the base radius, B c will be the tangent, and a c the secant, of
angle a; then,

To find the Angles. To find the Perpendicular.
As the base 34 236 2.37291 | As radius 10. 00000
Is to radius 10. 00000 | Is to the base B A 236 2. 37291
So is the hypoth. 400 2. 60206 | So is tan. of ang. A 53°51’ 10. 13635
12. 60206 ’ 12. 50926
2. 37291 10. 00000
To sec. of ang, 4 53°51'  10.22915 | To the perpend. Bc 323 2. 50926
90 00 - —_—

Anglec 36 9

BY GUNTER’S SCALE.

1st. Extend from the hypothenuse 400 to the base 236 on the line of
numbers, and that extent will reach from radius 90° to angle ¢ 86°9 on
the line of sines; hence the angle A will be 53° 51'.

2dly. Extend from radius 90° to angle A 53° 51’ on the line of sines,
and that extent will reach from the hypothenuse 400 to the perpendicular
823 on the line of numbers.

NotEe. The perpendicular may be found, independent of the angles,
thus: subtract ge uare of the base from the square of the hypothenuse;.
the square root of the remainder will be the length of the perpendicular
required. -

S\
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CASE 1IV.

The Base and Perpendicular given, to find the Angles and the
Hypothenuse.

Exaurre. Given the base B A 35. 5, and the perpendicular B c 41.6;
required the angles A and c, and the hypothenuse a c.

BY CONSTRUCTION.

Draw the line B A, and upon B raise the
perpendicular B ¢ (Prob. I1. or XII. Geom.);
make 3A equal to 35. 5, and Bc equal to 41. 6, )
and draw the line A ¢; then the hypothenuse £
Ac will measure 54. 7, the angle a 49°31,
and the angle ¢ 40°29' (Prob. XIII. Geom.).

B

BY CALCULATION. 855
Making the base radius, 5 c will be the tangent, and a c the
: secant, of angle A.
To find the Angles. To find the Hypothenuse. .
As the base BaA 35.5 1. 55023 | As radius 10. 00000
Is to radius 10. 00000 | Is to the base B A 35.5 1. 56023

So is the perpend. Bc 41.6 1.61909 | So is sec. of ang. A 49°31’ 10. 18760
11.61909 | 11. 73763
1. 565023 10. 00000
Tohn.ofang.Ag%(l)" 10. 06886 | To the hypoth. oc 54.68  1.73783
Angle c 40 29
Making the perpendicular radius, 5 A will be the tangent, and a c the
secant, of angle c.
To find the Angles. To find the Hypothensse. -
As the B0 41.6 1. 61909 | As radius 10. 00000
Is to radius 10. 00000 | Is to perpend. B¢ 41.6 1. 61909
So is the base Ba 35.5 1.55023 | So is sec. of ang. ¢ 40° 29’ 10. 11885
11. 55023 11. 79794
1. 61909 10, 00000
To tan. ofang.cgg"% 9.93114 | To the hypoth. ac 54.690  1.73704
Angle 4 49 31 .

6 2
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BY GUNTER'S SCALE.

1st. Extend the com from the base 85.5 to the: icular
41. 6 on the line of numbers, and that extent will reach from radius 45° to
angle A 49° 31’ on the line of tangents*: hence angle ¢ will be 40° 29"

2dly. Extend the compasses from ¢ 40° 29 to radius 90° on the
line of sines, and that extent will reach from the base 35. 5 to the hypothe-
nuse 54. 68 on the line of numbers.

EXAMPLES FOR EXERCISE.

1. Given the hypothenuse 108, and the angle opposite the perpendicular
25° 36'; required the base and ho ingle oppo

Answer. The base is 97. 4, and the perpendicular 46. 66.

2. Given the base 96, and its opposite angle 71° 45'; required the per-
pendicular and the hypo’thenuse. o

Answer. The perpendicular is 81. 66, and the hypothenuse 101. 1.

8. Given the perpendicular 360, and its opposite angle 58° 20’ ; required
the base and the hypothenuse.

Answer. The base is 222, and the hypothenuse 423. ,

4. Given the base ‘720, and the hypothenuse 980; required the angles
and the perpendicular.

6 Gﬁnsvver. The angles are 47° 17 and 42° 48, and the perpendicular
8.

5. Given the ndicular 110. 3, and the hypothenuse 176. 5; required
the angles and the base.

Answer. The angles are 38° 41’ and 51° 19/, and the base 187.8

6. Given the base 360, and the perpendicular 480 ; required the angles
and the hypothenuse. _

Answer. The angles are 53° 8’ and 86° 52, and the hypothenuse 600.
" 7. Given the base 846. 5, and the adjacent angle 35° 24'; required the
perpendicular and hypothenuse.

Answer. The perpendicular 246. 2, and the hypothenuse 425. 1.

8. Given the hypothenuse 36. 5, and the angle opposite the base 65°15';
required the ’Ferpendicular and base.

Answer. The perpendicular 15. 28, and the base 83. 15.

9. Given the perpendicular 725, and the adjacent angle 21° 86' ; required
the base and hypothenuse.
- Answer. The base 287. 1, and the hypothenuse 779.8. -

10. Given the base 32.76, and the hypothenuse 56. 95; required the
angles and the perpendicular. )

Answer. The angles are 35° 7 and 54° 59, and the perpendicular
46. 58. o

* The same point represents both 49° 31’ and 40° 29/ ; butasthe&irdtorminmoreq:n
the first, the angle a, or fourth term, will consequently be more than 45°, which is radius,
or the second term on the line of tangents.
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11. Given the perpendicular 98. 4, and the hypothenuse 1013 ; required
the angles and the base. o :

Answer. The angles are 5° 84' and 84° 26, and the base 1009.

12. Given the base 4567, and the perpendicular 3251; required the

angles and the hypothenuse.
Answer. The angles are 35° 27 and 54° 39, and the hypothenuse 5606.

OBLIQUE-ANGLED TRIGONOMETRY.

—

RULES
For computing the Sides and Angles of Oblique-angled Triangles.
I. Whesn two of the three given Parts are a Side, and its opposite Angle.

To find a Side.

As the sine of any given angle

Is to its opposite side,

So is the gine of any other given angle
To its opposite side.

To find an Angle.

As any given side
Is to the sine of its opposite angle,
So is any other given side
To the sine of its opposite angle.
When the given side, opposite the given angle, is greater than the other
Eiven side, then the angle opposite that other given side, is always acute;
ut when the given side, opposite the given angle, is less than the other
given side, then the angle opposite that other given side may be either acute
or obtuse, which,consequentl]; must be determined from tze nature of the

triangle. :
" II. When two Sides and the Angle contained between them are given:

As the sum of the two given sides

Is to their difference,

So is the tangent of half the sum of the unknown angles
To the tangent of half their difference :

This half difference added to half the sum of the unknown angles, gives
the greater angle, and subtracted, leaves the less angle. The angles being
thus all known, the remaining side is to be found by Rule I. .
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IIL. When the three Sides are given, tofind the Angles.

As the base, o:‘gream side,
Is to the sum of the other two sides,-
%o i:h th‘eh;lfiﬁ'erenoe of those sides,
o the difference of the segments made by a perpendicular
let fall from the greatest angle upon tylle E:se

Then half this difference added to half the sum of the segments—that
is, half the ives the greater segment, and subtracted, gives the less
segment. Hence the u-i:.ﬂnfle will be divided into two nght-mgfled triangles,
in each of which there will be given the hypothenuse and the base, to find
the other angles, which may be done by Rule I., or by thoee in Right-
angled Trigonometry.

CASE L

The Angles and one Side given, to find the other Sides.

ExaurLe. Given the angle o 36° 15, the angle B 105° 30/, and the
side A B 53 ; required the sides Ac and nc.

BY CONSTRUCTION.

Ang. A 36°15 c
Ang. 5105 30

Draw the line a B, and make it Sum 141 45
ual to 53; make the angle Bac 180 00
15', and the angle aBc 105° 30/,
(Prob. XII. Geom.), and draw the Ang.c 38 15
lines A c and Bc till they meetin c;
then ac will measure 82.5, and
B c 50. 62.

BY CALCULATION.

'To_ﬁmi the Side A c by Rule I. To find the Side o by Rule I.

As sine of ang. ¢ 38° 15 9.79176 | As sine of ang. ¢ 38°15' 9. 79176
Is to the side o B 53 1. 72428 | Is to the side A B 53 ) 1.

So is sine of ang. B* 105° 30’ 9. 98391 | So is sine of ang. 4 36° 15 9. 77181
11. 70819 11. 49600
9.79176 9. 79176
To the side A0 82.5 1. 91643 | To the side »c 50. 62 1. 70433
’ : cm——

* For the manner of finding the log. sine of 105° 30/, see Explanation of Table XXV.
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BY GUNTER'S SCALE.

1st. Extend the compasses from the angle c 38° 15' to 74° 80, the
supplement of angle B, on the line of sines, and that extent will reach from
the side A B 53 to the side ac 82. 5 on the line of numbers.

2d. Extend the compasses from the angle c 88° 15’ to the angle a 36°15'
on the line of sines, and that extent will reach from the side A B 53 to the
side 3 ¢ 50. 6 on the line of numbers.

CASE II.

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

ExaMpLE. Given the side A B 336, the side B c 855, and the angle A
49° 26'; required the angles B and c, and the side A c.

BY CONSTRUCTION.

Draw the line A B, which make equal to 336 ;
draw the line A c so as to make an angle of
49° 26 with A B t(.}E’rob. XII. Geom:l.); e the
length of B c in the compasses, and setting one
foot in B, let the other cut the line A c in c,
and draw the line Bc; then the angle B will

(v

365

measure 84° 36/, the angle ¢ 45° 58' (Prob. ’so’be \ o)
XIII. Geom.), and the side A c 465. 3. ,
A 336 B
BY CALCULATION.
To find the Angle c by Rule I. |  To find the Side A c by Rule I.
As the side B 0 355 2.55023 | As sine of ang. a 49° 26' 9. 88061
Is to sine of ang. A 49°26' 9.88061 | Is to the side Bc 355 2. 55023
80 is the side 4 B 336 2.52634 | So is sine of ang. B 84° 36 9. 99807
12. 40695 12. 54830
2. 55023 9. 88061
To sine of ang. ¢ 45° 68 9.85672 | To the side a c 465.3 2. 66769
Ang. 4 49 26 _
Sum 95 24
180 00
Ang. B 84 36

BY GUNTER'S SCALE.
1st. Extend the compasses from the side B ¢ 855 to the side A 3 336 on
the line of numbers, and that extent will reach from angle A 49° 26' to
angle c 45° 58 on the line of sines; hence the angle s is 84° 86.
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2d. Extend the compasses from the angle
B 84° 8¢’ on the line

PLANE TRIGONOMETRY.

B¢ 355 to the side A ¢ 465. 3 on the line of numbers.

CASE IIIL

A 49° 20 to the angle
sines; and that extent will reach from the ade

T'wo Sides and their contained Angle given, to find the other Angles

and the third Side.

ExamprLe. Given the side a B 85, the side ac 47, and the angle

A 52° 40 : required the angles c and 8, and the side = c.

Draw the line A B, and make it
equal to 85; at A make the angle

B A c 52° 40 (Prob.

from A to c lay off 47, and draw
the line Bc; then A Bc is the tri-

angle required; th

BY CONSTRUCTION.

XII. Geom.) ;

e angle B will

measure 33° 20/, the angle ¢ 93° 51
(Prob. XIII. Geom.), and the side
BC67.7.
BY CALCULATION."
To find the Angles by Rule II.
Side a» 85 As the sum of the sidesaB,Ac, 1
Side ac 47 Is to their difference
—_— 8o is . of half the sum 63° 40/
Sum 132 of angles B and o
Diff. 38
180> 00
Angle a 52 40  To tang. of half their diff. 30°11'
Sumofang. 8&c 127 20  Sum gives the greaterang.c 93 51
3 40  Diff. gives the less ang. B 33 29

.Half sum 63

To find the Side Bc by Rule I.

Assineof ang. B 33° 29 9. 74170
Is to the side A ¢ 47 1.67210
Sois sine of angle A 52° 40’ 9. 90043

11. 67253
9. 74170

To the side B¢ 67.74 1. 83083

———

2. 19067
1.57978

©10.30543

11. 88591
2, 19067
e
9. 76464

——
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Nore. This triangle may be solved by letting fall a perpendicular from
the angle c on the side A{z, which v11¥ ditvtilgg it into two right-angled

isngles ; then with the hypothenuse a c and angle a find the perpendicular
and the base, which base subtracted from the side a B, will leave the base
of the other triangle; then, with the perpendicular and base find the angle 3,
vhich added to angle A, and their sum subtracted from 180°, will give
zmg!e c, and with one of the angles and its opposite side find the

BC.

BY GUNTER'S SCALE.

1st. Extend the compasses from the sum of the two sides 132 to their
difference 38 ; that extent will reach from 45° to a division® (16° 4') on
the line of tangents ; then, the extent from this division to half the sum of
the unknown angles 63° 4, will reach from 45° to half their difference
;8:: 11’ on the line of tangents, by which the angles may be found as

ve.

2. Extend from angle B 33° 20' to angle A 52° 40’ on the line of sines;
?extentvill reach from the side A ¢ 47 to the side B c 67. 7 on the line

numbers.

CASE 1V.
The three Sides given, to find the Angles.

ExanprrLe. Given the side A B 157, the gide B ¢ 110, and the side ac 88,
to find the angles A. 5, and c. :

BY CONSTRUCTION.

Draw the line A B, which make
equal to 157 ; take the length of A ¢
88 in the compaases, and with one N
foot on A describe the arch c; then,
vith the length of c 3 110 in the
compasses, and one foot in B, de-
«ribe an arch cutting the former in
¢, to which draw the lines a c and
3c; then A B c is the triangle re-
quired; the angle a will measure *
4 44, the angle B 82° 53/, and the
anglec104°23/ (Prob. XI11. Geom.)

o™
0.7

] R

—
W
b

=

.* The necessity of noting this division arises from the line of tangents being read off from
right to left above 45°, instead of being reckoned on towards the right ; hence, in this case
the point of the compasses falling without the Rule, the distance between this division and
O 4 gives the extent above 45°, which being applied to 45° backwards, falls upen- the
sme division it would if the line were continued to the right.

H
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BY CALCULATION.

To find the Segments A p, B, by Rule 111.

Sideac 88 As the base or greatest side AB, 157 2. 19590
Side sc 110 Is to the sum of the sides Ac, Bc, 198 2. 20666
— So is the diff. of the sides Ac, Bc, 22 1. 34242
Sum 198 —_—
—_— ' 3. 63908
Difference 22 2. 19590

To the diff. of the segments oAb, p B 27. 74 1. 44318

Half the diff. of the segments 13.87
Half their sum, orof the base aAB 78.5

Sum gives the greater segment p B 92. 37
Diff. gives the less segment Ap  64.63

To find the Angles by Rule I.

As the side ac 88 1.94448 | As the side Bc 110 2. 04139
Is to radius, or sine 90°  10. 00000 | Is to radius, or sine 90° 10. 00000
So is the segment A p 64. 63 1.81043 | So is the segment p 892. 37 1. 96553

11. 81043 11. 96553
1.94448 2. 04130

To sine of ang. acp 47° 16/ 9.86595 | To sine of ang. Bcp 57° 7/ 9. 92414
90 00 90 00

Ang. acp 47016/
Anglecap 42 44 Ang.Bcp 57 7 Ang.csp 3253

——

Sum gives Angle acs 104 23

BY GUNTER'S SCALE.

1st. Extend the compasses from the base 157 to the sum of the two
sides 198 on the line of numbers ; that extent will reach from the difference
of the sides 22, to the difference of the segments 27.7; hence the segments
will be found as above.

2d. Extend the compasses from the side A c 88, to the lesser segment
AD 64.6 on the line of numbers; that extent will reach from 90° to the
angle A ¢ D 47° 16’ on the line of sines; hence the angle c A p is 42° 44.

3d. Extend the compasses from the side c 8 110 to the greater segment
92. 4; that extent will reach from 90° to the angle Dc 3 57° 7’ on the
line of sines; hence the angle ¢ B b is 32° 53’
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EXAMPLES FOR EXERCISE.

1. Given one side 129, an adjacent angle 56> 30/, and the opposite angle
81° 36/: required the third angle and the remaining sides.

Answer. The third angle is 41° 54/, and the remaining sides are 108. 7
and 87. 08. '

2. Given one side 96. 5, another side 59. 7, and the angle opposite the
latter side 31° 30/: required the remaining angles and the third side.
Answer. This question is ambiguous, the given side opposite the lgiven
angle being less than the other given side (see Rule I.); hence, if the
angle opposite the side 96. 5 be acute, it will be 57° 38, the remaining
le 90?)55;’, and the third side 114. 2; but if the angle opposite the
side 96. 5 be obtuse, it will be 122° 2%, the remaining angle 2(° 8, and
the third side 50. 32.

8. Given one side 110, another side 102, and the contained angle
118° 36': re%‘uired the remaining angles and the third side.

Answer. - The remaining angles are 34° 37’ and 31° 47, and the third
side is 177. 5.

4. Given the three sides respectively, 120. 6, 125. 5, and 146. 7 : required
the angles.
Answer. The angles are 51° 53/, 54° 5%, and 73°9".

5. Given one side 684. 5, another side 496. 7, and the angle opposite
the latter side 40°58’: required the remaining angles and the third side.

Answer. If the angle opposite the former side be acute, the remaining
angles will be 64° 37’ and 74° 25/, and the third side 729. 8 ; but if obtuse,
the angles will be 115° 23’ and 23° 9’ and the third side 303. 9.

6. Given one side 117. 8, another side 96. 55, and the contained angle
67 30’: required the remaining angles and the third side.

Answer. The remaining angles are 64° 41’ and 47° 49, and the third
side 120. 4. :

7. Given the three sides 87. 6, 66. 2, and 41.3: required the angles.
Answer. The angles are 25° 24/, 46° 20/, and 108° 16'.

8. Given one side 80, an adjacent angle 40°, and the sum of the other
sides 130: required the remaining angles and the other sides.

Answer. The remaining angles are G6°22', and 73° 88', and the sides
53. 6 and 76. 4.

9. Given one side 564, its opposite angle 56° 30, and the sum of the
other sides 1046 (one of the mi)jacent angles being obtuse) : required the
remaining angles and the other sides. :

&anwer. The remaining angles are 90° 22’ and 33° 8/, and the sides 676. 3
and 369. 7. - :

10. Given one side 36. 5, the opposite angle 15° 30, and the difference
of the other sides 18: required the remaining angles and the other sides.
Answer. The remaining angles are 111° 30" and 53°0', and the sides 127. 1

and 109. 1.

H2
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GEOGRAPHY.

——) G * G

GEOGRAPHY is a description of the figure, magnitude, and positions
of the several parts of the surfla:ce of the earth. ’

OF THE FIGURE AND MAGNITUDE OF THE EARTH.

Various opinions were entertained by the ancients respecting the figure
of the eu-ﬂ!:. Some imagined it anyimmense plane mmugded by an
im ble ocean ; others, that it was cylindrical; and some that it wasa
sphere or globe: which last opinion is now ascertained to be nearly the
truth. The most obvious of the several a ents which prove the
sphericity of the earth, and what must particularly strike every mariner,
are, that when approaching the shores of countries, the points of high rocks,
lighthouses, steeples of churches, and other thin but lofty objects, come
into view much sooner than houses or other buildings of greater magnitude,
but less height; in like manner, when ships are approacE;ng each other at
sea, the masts and riigin are discerned some time before the hull and lower

of the vessel, though much larger, come to view. Again, seamen, it
18 well known, freﬁtlxen y discover distant lands from the tops of a ship's
masts, long before they are visible to those who stand upon deck. These
circumstances prove that the surface of the earth is convex; and as the
same appearances happen wherever the observer is situated, this convexity
must be uniform: hence we conclude that the earth is globular. The
sphericity of the earth is likewise demonstrated by navigators who have
sailed quite round it, by constantly going westward, and arriving home
from the eastward, which could not be effected were the earth a plane:
thus Ferdinand Magellan, setting out on the west side of Spain, continued
shaping his course westward till he returned home on the south-eastern
side of Spain; and thus also have Drake, Dampier, Cook, and others,
circumnavigated the earth; and when, in addition to these facts, it is
recollected that all the rules of Navigation are conformable to the opinion
of the earth being nearly globular, and that these rules never lead the mariner
into material error, these well-known circumstances, without adducing others

(though others equally or more forcible might be adduced), must sufficiently
establish the belief, in the mind of every impartial and competent judge,
that the earth deviates but very little in 1its form from that of a sphere.

Supposing the earth to be in the exact form of a sphere, any section of
it made by a plane Kassing through its centre would be a circle, the cir-
cumference of which being conceived to be divided into 360 e(ﬂual parts,
called degrees, and the length of one of these measured, the whole circum-
ference, and thence the diameter, of the earth, may be easily determined.

For this purpose several mathematicians have undertaken the measurement

of a degree on a meridian; and from the mean result of their several

admeasurements, we may conclude that the circumference of the earth is
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nearly 24869, and its mean diameter 7916, English miles; also that one
degree contains about 69. 08 English miles, and that a nautical or geogra-
phical mile is equal to 6079 feet.

On comparison of the several admeasurements of a degree on a meridian,
it was found they varied in different parts of the earth. This circumstance,
together with others arising from the principle of gravity, led to the belief
that its figure was not that of an exact sphere; and, in fact, it has been
proved that the earth is flatted at the poles, similar to the figure of an
orange, or rather that its form is that of an oblate spheroid, which is a solid,

nerated by the rotation of a semi-ellipsis about its shorter axis. It has
Ei'ewise been established, that its polar and equatorial diameters are
respectively 7898 and 7924 English miles, beinﬁ nearly in the ratio of 304
to 305 ; but since its figure differs so little from that of a perfect sphere, it is
usual, for the ease of calculation, to considerit of that form, which approaches
sufficiently near the truth for almost all practical purposes, either in
Navigation or Astronomy.

OF THE NATURAL DIVISIONS OF THE EARTH.

The constituent parts of the earth are land and water : these naturally
divide its surface into various portions, which have received the following
particular terms, according to their size, shape, and situation.

A CoNTINENT is a large tract of land comprehending several empires,
kingdoms, or countries, not separated by any sea or ocean, as the Continents
of Europe, Asia, Africa, and America.

An IsLAND is a portion of land entirely surrounded by water, as Great
Britain and Ireland.

A PeENiNsuLA is a part of land nearly encompassed with water, except
where it is joined to a continent by a narrow neck or point of land ; as the
Morea in the Mediterranean Sea.

An IsTaMus is the narrow neck of land joining a peninsula to the adjacent
land, and forms a communication between them ; as the Isthmus of Darien,
which joins North and South America.

A PromoNTORY is a high part of land that projects into the sea, and is
often called a Care when the land is high; and when it has but little
elevation, it is more usually distinguished by the name of a PoInT or
Heap. Thus the Cape of Good Hope is a8 mountainous promontory ;

l‘mti the Lizard, at the entrance to the English Channel, a point or head-
and.

An OceaN is a vast collection of water, separating continents from each
other, as the Atlantic and Pacific Oceans.

A SEa is a smaller collection of water, communicating with some adjacent
ocean, and confined by land within a narrower space ; as the Mediterranean
and Baltic Seas. This term is sometimes used in a general sense for the
whole body of salt water on the terraqueous globe,
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A Gury is a part of the sea or ocean nearly surrounded by land, except
where it immediately communicates with the sea; as the Gulf of Venice,
in the Mediterranean ; the Gulfs of Finland and Bothnia, in the Baltic Sea.

A Bav is such a gulfor inlet as does not run very deep into the land ; as
the Bay of Biscay, between the shores of France and Spain, and the Bay of
Bengal, in the East Indies. Bays of a smaller description are frequently
denominated CrEEKS, HAVENS, or RoAps, though the last term is usually
applied to places upon any coast where there is anchorage, and a certain
degree of protection and shelter from winds.

A STRAIT is a narrow passage by which there is a communication between
a gulf and the adjacent sea, or which joins one part of a sea or ocean with
another ; as the Strait of Gibraltar, which joins the Mediterranean Sea to
the Atlantic Ocean.

A LakE is a collection of water in an inland part, and, strictly considered,
has no communication with the sea ; as the Lake of Geneva. But this is
not always attended to, for many of the loughs, or lakes, in Ireland and
Scotland, and those in North America, as Lake Superior, Ontario, &c. are
an exception.

OF THE IMAGINARY DIVISIONS OF THE EARTH.

In order to point out the exact relative situation of places on the surface
of the terraqueous globe, geographers are obliged to imagine certain points,
lines, and circles belonging thereto, of which such as will more immediately
enter under our consideration, we shall here explain.

The Axis is an imaginary line passing through the centre of the earth.
The extremities of this line are called the PoLEs : that which is nearest to
us is called the North Pole, and its opposite the South Pole. The earth
revolves round the axis, from west to east, in 24 hours, which causes the
vicissitude of day and night.

The EquaTor is a great circle on the earth equally distant from the
Poles. 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.

MERIDIANS are imaginary circles on the earth passing through both the
Poles, crossing the equator at right angles, and dividing the globe into two
parts, called the Eastern and Western Hemispheres; or rather, the meridian
of a place is a semicircle passing through the place, and terminating at the
Poles, the remaining half being called the opposite Meridian ; hence every
north and south line is part of a meridian.

It is usual for geogrdphers to fix upon a meridian passing through some
remarkable place, and to call it the firs#t Meridian: thus, the British esteem
that the first meridian which passes through the Royal Observatory at
Greenwich; so the French reckon, for their first meridian, that which passes
through the Royal Observatory at Paris ; the Spaniards that which passés
through Cadiz, and some geographers the meridian of Tencriffe. Hence 1t
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ap the fixing of a first meridian is entirely arbitng, most nitions con-
sidering that the first meridian which passes through their capital, or prin-
cipal observatory.
The Hor1zoN is that apparent circle which limits or bounds the view of
a spectator on the sea, or on an extended plane, the eye being always sup-
in the centre of the horizon. This circle is divided into 32 parts,
called points, for a description of which see Mariner’s Compass.

The earth is sometimes divided by certain circles, parallel to the eznator,
into portions, called ZoNEs; these are distinguished into two frigid, two
temperate, and one torrid, in allusion to the general state of the air, with
respect to heat and cold, which prevails in each of the situations.

The Fricip ZoNEs are those regions about the Poles where the sun at
certain times of the year does not rise or set for some days ; they extend
round the Poles as far as 28° 28’: the imaginary circle which bounds this
limit in our northern hemisphere is called the Arctic Polar Circle, and that
portion of the globe included within it, the North Frigid Zone. Thecircle
which is at the same distance from the South Pole, in the southern hemi-
:Ehere, is called the Antarctic Polar Circle, and the space between it and

e Pole is termed the South Frigid Zone.

The TEMPERATE ZoNEs are those portions of the earth comprehended
between the Polar Circles, and two parallel circles that are 23 28’ distant
from the equator: of these parallels, that in the northern hemisphere is
called the 7'ropic of Cancer ; and the other, in the southern hemisphere,
the T'ropic of Capricorn.

The Torrip ZoNE is the space included between the two tropics, over
every part of which the sun is vertical at some time of the year.

Besides these divisions into zones, the ancients divided the earth into
CrimaTEs, which are spaces contained between two parallels, where the
difference in the longest day in each parallel is half an hour, as far as the
Polar circles; and beyond that, where they differ by a month. They likewise
distinguished the inhabitants by different names, according to the diversity
of shadows of upright bodies at noon, and their relative situation with regard
to each other; but these vague expressions, intended to give some general
idea of the situation of different countries, have at length given way to the
more precise terms of latitude and longitude.

OF LATITUDE AND LONGITUDE.

The LaTiTupE of a place is its distance from the equator, measured by
an arch of a meridian contained between the equator and the given place :
1t is called either north or south, according as the given place is situated
in the northern or southern hemisphere. Latitude is therefore reckoned
frqm the equator towards the Poles, and never exceeds 90 degrees, that
being the distance of the Poles from the equator. Hence a ship in north
latitude sailing northerly, or in south latitude sailing southerly, increases



56 GEOGRAPHY.

her latitude ; but in north latitude sailing southerly, or in south latitude
sailing northerly, she decreases her latitude.

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, contained between the parallels of latitude ofp those places.

The LoNciTupE of a place is an arch of the equator comprehended
between the first meridian and that meridian which passes through the
given place. It is usual to reckon longitude from the first meridian,
either east or west, according as the given place lies in the eastern or
western hemispheres, until it meet at the opposite meridian: therefore
the longitude of a place cannot exceed 180 degrees, or a semicircle.
A ship in east longitude sailing easterly, or in west longitude sailing
westerly, increases her longitude ; but in east longitude sailing westerly, or
in west longitude sailing easterly, she decreases her longitude.

_ The D1FFERENCE OF LoNGITUDE between two places is an arch of the

equator intercepted between the meridians of those places, and cannot
exceed 180 degrees.

PROBLEM 1L

To find the difference of Latitude between two Places.

RuLe. When the latitudes are both of the same name, that is, both north
or both south, subtract the less from the greater, and the remainder will be
the difference of latitude ; but when one is north, and the other south, their
sum will be the difference of latitude.

Exampre I. What is the difference ExampLE 11, A ship from latitnde
of latitude between the Lizard and | 3°10’S. arrives to latitude 2°26/N.:
Cape Finisterre ? » ;ﬁt&ired the difference of latitude msde

Latitude of the Lizard ... 49° 58 N. | Latitude left.................. 3 10'S.
Lat. of Cape Finisterre... 42 56 N. | Latitude in .................. 2 26N

Diff. of latitude ............ 7 2 Diff. of latitude ............ 5 36
60 a0
In miles ............ 422 In miles............... 336
PROBLEM II.
With the Latitude left, and the difference of Latitude, to find the
Latitude in.

RuLe. When the latitude left, and difference of latitude, are of the same
name, their sum gives the latitude in ; but when they are of contrary names,
their difference is the latitude in, of the same name with the greater.
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. ExampPLB L. A ship from the West | Exampre II. A shi tm::xugo
end of the Island of Madeira, in lati- | was in latitude 2°48’ N, b
tude 32°49’ N., sails North 520 miles®: | since then sailed South 426 miles:
what latitude is she in ? required her present latitude.
Latitude of Madeira...... 32° 49 N. | Latitude left ............... 2 48 N.
Diff. of latitude 520 or... 8 40 N. | Diff. of latitude 4260r... 7 6 8.
Latitude in............ 4 29N Latitude in............ 4 188
PROBLEM IIL

To find the Difference of Longitude between two Places.
Rure. If the longitudes of the given places be both east or both west,

subtract the less from the greater ;

ut if one be east, and the other west,

add them to%ther, and the sum or remainder will be the difference of

longitude.

hen the sum of the two longitudes exceed 180 degrees,

subtract it from 360 degrees, and the remainder will be the difference of

longitude.

ExampLe I. What is the difference
of longitude between the Lizard and
8t. Mary’s, one of the Western Islands?

Exampig II. A ship sailing West-
ward from North Cape, New Zealand,
arrives at longitude 164° 47’ E.: re-

quired the diff. of longitude made good.

Longitude of the Lizard 5° 11’ W. | Long. of North Cape ... 173° 10’ W,
Longitude of St. Mary’s 25 13 W. | Long. of ship 164 47 E.

Diff. of longitude... 2 Sum ....oevvinvennnnns 337 57

............

............

Diff. of longitude... 232 3
60

1323

In miles

PROBLEM 1V,

With the Longitude left, and Difference of Longitude, to find
the Longitude in.

Rovre. If the longitude left, and difference of longitude, be of contrary
names, subtract the less from the greater, and the remainder will be the
longitude in, of the same name with the greater; but if the longitude left,

difference of longitude, be of the same name, their sum will be the
longitude in, of the same name with the longitude left: if this sum exceed
180°, subtract it from 360°, and the remainder will be the longitude in, of a
contrary name to the longitude left. A

® When the difference of latitude or longitude is given in miles, it is to be divided by 60,
to reduce it to degrees and minutes. :
I
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Exampre 1. Suppose a ship from
St. Helena sail eastward till her differ-
enceof longitude be 220 miles: required
her longitude in.

GEOGRAPHY.

Exampre 1. If a ship from longi-
tude 176° 4% W. sail westward till
her difference of longitude be 10° 14
W., what is her present longitude ?

Long. of St. Helena ...... 5° 45’'W. | Longitude left ......... 176° 49'W.
Diff. of longitude 220 or... 3 40 E. | Diff. of longitude ...... 10 14 W.
Longitude in ......... 2 5W Sum ..ol 187 38

‘ —_— 360 0
Longitude in...... 172 57 E

EXAMPLES FOR EXERCISE.

1. Required the difference of latitude and longitude between Ushant
Island and Ca al.
Answer. Diff. of latitude 281 miles; diff. of longitude 168 miles.

2. What is the difference of latitude and longitude between the Cape of
Good Hope and Cape Horn.
Answer. Diff. of latitude 1297 miles ; diff. of longitude 5145 miles. .

3. Required the difference of latitude and longitude between Cape Verde
(paps) and Cape St. Roque.
Answer. Diff. of latitude 1211 miles; diff. of longitude 1066 miles.

4. Required the difference of latitude and longitude between Port
Jackson, in New South Wales, and Karakakoa Bay in Owhyhee or Hawaii,
one of the Sandwich Islands.

Answer. Diff. of latitude 8199 miles; diff. of longitude 8160 miles.

5. A ship from Funchal, in Madeira, sails in the S. E. quarter until her
difference of latitude is 326 miles, and difference of longitude 425 miles:
required her present latitude and longitude.

Answer. Latitude 27° 12’ N.; longitude 9° 51’ W,

6. A ship from latitude 2°56’ S., and longitude 5° 14’ E., sails north-
westerly till her difference of latitude is 352 miles, and difference of longitude
628 miles: required her present latitude and longitude.

Answer. Latitude 2° 56’ N.; longitude 5° 14 W,

7. A ship from the Equator, and longitude 89° 17’ E., sails south-west-
erly till her difference of latitude is 8370 miles, and difference of longitude
118 miles: required her present latitude and longitude.

Answer. Latitude 6° 10’ S.; longitude 87° 19" E.

8. A ship from Cape East, in New Zealand, sails in the N. E. quarter
till her dil?erence of latitude is 114 miles, and difference of longitude
297 miles : required her present latitude and longitude.

Answer. Latitude 35° 51 S., and longitude 176° 27’ W.

Note. The latitudes and longitudes of the given places are to be taken
from Table LV.

~
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Description any Asge of the |
LOG, HALF-MINUTE GLASS, AND COMPASS.

—— @

THE instruments used for estimating a ship’s path or track at sea, are
the log, half-minute glass, and compass.

OF THE LOG AND HALF-MINUTE GLASS.

The common Log is a flat piece of wood in the form of a quadrant, with
a sufficient quantity of lead fixed to the circular edge to keep it steady, and
in a perpendicular position on the surface of the water. T'o this is fastened
a line about 120 fathoms long, called the Loc LinE, which is divided into
spaces called KnoTs, and wound on a reel, from which it runs off freely
when used.*

The HALF-MINUTE GLass is of the same shape with an hour-glass,
and contains such a quantity of sand as will run through the hole in its
neck in half-a-minute of time.

The use of these instruments is to ascertain the velocity of a ship, or at
what rate she sails, by an operation called keaving the log, which is per-
formed in the following manner :—The reel being held by one man, and the
half-minute glass by another, the officer of the watch throws the log over
the ship’s quarter on the lee side, which swimming perpendicularly, remains
stationary ; and when he observes the first mari is going over the ship’s
side, which is usually a red rag at the distance of 10 or 12 fathoms from
the log (that quantity, called stray line, being allowed, in order to carry
the log out of the eddy of the ship’s wake), he gives notice to the man who
holds the glass, to turn it ; and as soon as the sand in the glass is run out,
the line is immediately stopped ; then, the number of knots and fathoms
which had run off at the expiration of the glass, being considered as miles
and parts, gives the distance the ship has run the preceding hour, if the
wind has been constant : but if the gale has not been the same during the
whole hour, or time between heaving the log, or if there has been more

. * Several machines have been invented for measuring the distance run by a ship in a given
time ; but the best of these is Massey’s Patent Log. This machine consists of two parts:
the Register, containing a system of wheel-work conuected with the £ of three several
indexes ; and the Rotafor, which is a hollow cylinder, made air-tight, with four vanes placed
on it obliquely, and fastened by a cord, about six feet in length, to one end of the register.
To a loop-hole at the other end of the register is secured another line, of sufficient length
(30 to 50 fathoms) to keep the machine beyond the eddy of the ship’s wake, which line is
made fast to the vessel.

When the log is used, all the fingers of the indexes are set at 0, and both register and
rotator committed to the water ; as the vessel moves forward the log follows, and from the
obliquit of the vanes, it is evident the rotator must revolve quicker or slower, correspondent
to the ! p’s velocity. This rotatory motion is communicated by the cord to the wheel-work
connected with the fingers of the indexes, by which means the actual space passed through
In any given time is pointed out. This log has been in use several years, particularly in
the Royal Navy.

12



60 OF THE LOG, HALF-MINUTE GLASS, AND COMPASS.

sail set or handed, there must be an allowance made for it, according to the
- discretion of the officer. Sometimes, when the shig is before the wind, and

a great sea setting after her, it will bring home the log; in such cases it
is customary to agl.low one mile in ten, and less in proportion if the ses
be not so t; a proper allowance ought also to Ee made if there be a
head sea. In heaving the log, fgreat care should be taken to veer out the
line as fast as the log takes it; for if the log be left to turn the reel itself,
it will come home, and give an erroneous distance.

‘When the ship is sailing several knots an hour, sometimes quarter-
minute glasses are used, in which case the knots and fathoms run off the
reel are to be doubled, to give the hourly rate.

In ships of war and East Indiamen, it is usual to heave the log once
evc’a;y hour ; but in merchant ships only once every two hours.

he length of the log-line between each knot ought to be 51 feet nearly,
that being the same part of a nautical mile that half-a-minute is of an
hour®, vis. 120th part; but as the log is apt to be drawn after the vessel,
and as it is safer to have the reckoning rather before than after the ship,
50 feet have been thought sufficient space between the knots, each of which
contains 10 fathoms of 5 feet. Indeed it is usual to allow only 48 feet to a
knot, thatis, 8 fathoms of 6 feet each, and sometimes a less quantity, with
which a glass is used running 28 seconds; but whatever may be the assi
length of the intervals between the knots, it is most convenient to divide
them decimally, or into ten equal parts, by which the computation of the
ship’s run will be rendered more easy and accurate.

ut both the log-line and half-minute glass are frequently affected by
alterations in the heat or moisture of the weather; it therefore becomes
necessary often to examine them, and if found erroneous, to correct the
ship's run. The length of line between the knots may be easily ascertained
by measuring them with a rule : and the half-minute glass may be examined
either by a watch with seconds, or if that be not at hand, by the follow-
ing method—fasten a plummet to a line, and hang it on a nail, observing
that the distance between the nail and the middle of the plummet be 394
inches ; then swing the plummet, and notice how often it under
the nail while the glass is running out, and that will be the number of seconds
measured by the glass.

The following rules for correcting the ship’s run, on account of the errors
in the log-line or half-minute glass, are given on a supposition that the knot
ought to measure 50 feet, and the glass to run 30 seconds.

CASE 1.

When the Log-line is truly divided, and the Glass faulty.

Ruce. Multiply the distance given by the log by 30; divide the
sir:duct by the seconds run by the glass, and the quotient will be the true
tance.

® The length of a nautical mile is about 6079 English feet (see page 53): this divided by
120, gives 50 feet 8 inches for the length of a knot.
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Exnn’l thhlfthashi&nﬂaknm
by the log, while the glass is running
o!{t, whiﬁ when measured, is found to
run 34 seconds, what is her true rate
of sailing ?

Distaneebylogagknots.

34)240 (7 knots.

N

61

Exampre 11. Suppose the distance
sailed by the log be 76 miles, and the
glass run out in 27 seconds, what is
the troe distance run?

Distance by log gg miles.

2250(83. 3 true distance
27)216 ¢ sailed.
90
81
90
81

9, &ec.

CASE 11.
When the Glass is true, and the Log-line faulty.

RuLEk.
knot ; then point
true distance.

ExamprLe I A ship sails 9 knots in
half-a-minute, by a log measuring
52 feet ; required her true rate of sail-
ing.

Distance by log............ 9 knots.
Twice the length of a knot 104

True rate 9. 36 knots,
or 9 knots 4 fathoms nearly.

...............

Multigilg the distance sailed b,

twice the measured length of a

two figures to the right, and the remainder will be the

ExaupLe II. If aship sail 195 miles
by a log which measures 48 feet, what
is her true distance run ?

Distance bly
Twice the

log 195 miles.
ength of a knot

96 .

CASE IIL
When the Glass and Log-line are both faulty.

RoLe.
measured length o

Multip}y the distance sailed by the log, by six times the
a knot, and divide the product by the seconds run by

the glags; the quotient, pointing off one figure to the right, will be the
ce. ‘

true distan
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Examprr 1. If a ship run 5 knots Exaupie II. Suppose the distance
of a log-line of 45 feet to a knot, while | sailed by the log be 150 miles, the
a glass of 25 seconds is running out, | measured length of a knot being 51 feet,
what is her true rate of sailing? and the glass running 28 seconds: re-

quired the true distance run.
Distance run by log ......... 5 Distance by log ......... 150 miles
6 times thelengthof a knot 45X6=270 | 6 times length of a knot , 306

Seconds run by a glass ...25)135.0 : 28)4590. 0

True rate of sailing ...... 5.4 | True distance run ...... 163. 9 miles.

or 5 knots 4 fathoms. —_— _—

To find the Length of a Knot corresponding to a Glass running
any given Number of Seconds.

RuLE. Add s cipher to the number of seconds run by the glass, and
dlvfl‘de this by 6; the quotient will be the proportional length of a knot
1n feet. .

ExampLr 1. What ought te be the ExaumpLe II. Required the ]
length of a knot when the glass runs | of a knot corresponding to a glass that

83 seconds ? runs 28 seconds.
6)330 6)280
55 feet. 46. 67 or 46 feet 8 in.

OF THE MARINER'S COMPASS,

This instrument is an artificial representation of the horizon of any place.
It consists of a circular card, divided into 32 equal parts, by lines men
from the centre to the circumference, called REuMB L1NESs, the extremities
of which are termed PoinTs or RHUMBs : the intervals are subdivided into
halves and quarters, called HaLF PoiNTs and QuarTER PoinTs; the
whole circumference is likewise divided into 360 degrees, consequently the
angle comprehended between any two rhumbs is equal to 11 degrees
15 minutes. The four principal points are called the CarpINAL PoINTS,
two of which, opposite each other, are called the NorTH and Souts Points:
that which is on the right hand, when we look towards the north, is termed
the EasT, and its opposite the WEesT Point ; the names of the other points
are compounded of these, according to their situation, but instead of the
words, the initials only are inserted, as exhibited in Plate ITI., where there
is also a Table, containing the measure of the angles that each point, and

uarter point, makes with the north and south, or meridian line. ~Under
31e card, along the north and south line, a small bar of steel is fixed, called
the NEgDLE, which being magnetized, or touched with a loadstone, acquires
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the peculiar property of pointing north and south®*, and consequently by the
card determines the direction of the other points of the horizon. The
needle, having a small socket in the centre, is supported, together with the
card, on the point of a fine steel pin, on which 1t freely turns, and by the
above-mentioned property its points keep always in the same direction :
these are confined in a circular brass box with a glass cover, the box being
hung in brass hoops or gimbals, in order to counteract the motion of the
ship. The whole of these are placed in a square wooden box with a move-
able lid, which serves to support the gimbals, and secure the compass from
accident in removals. )

The compass is used to point out the direction that a ship sails at sea.
For this purpose, it is to be so placed in the ship that the middle section of
the wooden box, parallel to its sides, may be parallel to the middle section
of the ship along1ts keel. When it is thus fixed, that point of the card which
coincides with a perpendicular line, marked in the inside of the circular
:lt:ix, mllx(eiat;med by seamen LueBER’s PornT, will shew the direction of the

's .
he courses and distances which a ship sails in 24 hours are usually
;et down on a board, called the Loc Boarp, which will be further explained

PLANE SAILING.

——t @ G

PLANE SAILING is the art of navigating a ship upon principles
deduced from the supposition of the earth being an extended plane. On
this supposition, the meridians are considered as being all parallel to each
other, the parallels of latitude at right angles to the meridians, and the
length of a gegree on the meridian, equator, and parallels of latitude, every
where equal. In this sailing there are four principal parts, viz. the Course,
Distance, Difference of Latitude, and Departure.

The Coumsk is the angle which a ships track or path makes with the
meridian, and is ex‘gressed either in points or degrees. Thus, when a
ship sails in a north-east direction, we say her course is 4 points, or
46 degrees.

The DisTance is the number of miles, &c. between any two places

reckoned on the rhumb line of the course; or it is the length that a ship
has sailed on a direct course in a given time.

* This is not strictly true, for the needle deviates more or less from the north and south
Pdl.\'l of the horizon, at different places, and at different times ; but as the methods b
which this deviation of the needle is found, depend on astronomical observations, we sh
defer entering into a further explanation till we treat on that subject.

.
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The D1rFERENCE OF LATITUDE is the distance which a ship has made
north or south of the place sailed from, and is reckoned on a meridian.

The DEPARTURE is the east or west distance a ship has made from the
ll;le}:’;lznofthe place she departed from, and is oned on a parallel of
t1 .

Hence it is evident that if a ship sail due north or south, she sails ona
meridian, makes no departure, and her distance and difference of latitude
are the same. If a ship sail due east or west, she runs on a parallel of latitude,
makes no difference of Yatitude, and her departure and distance are the same;
but when a ship sails in any other direction, she makes both difference of
latitude and departure, an({ these, with the distance, form a right-angled
triangle, the hypothenuse of which is the distance sailed, the perpendicular
is the difference of latitude, the base the departure, the angle op}mite the
base is the course, and that op;osite the perpendicular the complement of
the course: hence, any two of these pa.nsrg?ng given, the rest may be
found by Plane Trigonometry.

When a ship’s course is 4 points, or 45 degrees, the difference-of latitude
and departure are equal; when the course is less than 4 points, or 45
degrees, the difference of latitude is greater than the departure; when the
course is more than 4 points, or 45 degrees, the departure is greater than
the difference of latitude. n X et th p

In constructing a fi relating to a ship’s course, let the upper
what the figure isgdrav;‘:lt;en represgent the nogth, then the lower I;’)I;:t Pﬁ‘gbe
the south, the right hand east, and the left west.

Draw a north and south line, to represent the meridian of the place the
ship sailed from ; then if the ship’s course be to the southward, mark the
upper end of the line for the place sailed from ; but if the course be north-
ward, mark the lower end for that place.

Through the point sailed from draw a line, making a right angle with the
meridian %ne (Prob. XI1. Geom.) on the east or west side, according as the
ship is sailing to the eastward or westward; and that line will represent the
parallel of the place the ship sailed from.

When the course is given, it is to be laid off from the meridian on the
arch described in making the right angle, taken either from the line of chords
or rhumbs, according as it is given in degrees or points.

A line drawn from the centre of the quadrant, through the point laid of
for the course, will represent the distance, which, if given, is to be laid
thereon, beginning at the point sailed from. A line drawn from the
extremity of the distance, parallel to the east or west line, will determine the
difference of latitude and (feparture. .

If the difference of latitude be given, it is to be laid upon the meridian,
beginning at the point representing the place the ship left; and a lme
drawn from the extremity of the difference of latitude, parallel to the
east or west line, till it meet the distance produced, will form the figure.

If the de be given, it is to be drawn parallel to the east or west
line, through the extremity of the difference of latitude or distance.
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CASE 1.

The Course and Distance given, to find the Difference of
Latitude and Departure. '

ExamrLE. A ship from latitude 48° 40’ N., sails N. E. by N. 296 miles :
required her present latitude, and the departure made good.

BY CONSTRUCTION.

Draw the line 3 ¢ to represent the meridian the
ship sailed from; with the chord of 60° in the
, and one foot in ¢, describe the arch N E;
from N to E lay off the chord of 90°, and draw the
line c : then will N ¢ E represent the N. E. quarter
of the compass. Take the course three
from the line of rhumbs, which lay
off from N towards E, and through the point where
it cuts the arch draw the line c A, which make equal
to the distance 296, taken from a scale of equal
parts; through a draw the line B A parallel to cE
(Prob. IV. Geom.); then will B A represent the

com

the com

B Departure A

nts in

departure equal to 164. 4 miles, and c B the differ-

ence of latitude 246 miles.

BY CALCULATION.

To find the Depariure. To find the Difference of Latitude.

As radius * 10.00000 | As radius 10. 00000

Is to distance 2906 2. 47129 | Is to distance 296 2. 47129

So is sine of course 3 pts.* 9. 74474 | Sois co. sine of course 3 pts. 9.91985
12. 21603 1239114
10. 00000 16. 00000

To the departure 164. 4 2.21603 | To the diff. of latitude 246.1 2.39114
To find the Latitude in. . '

Latitude left .................. 48° 40’ N.

Diff. of latitude 246 miles,or 4 6 N.

Latitude in ..........

® The course being given in points, the logarithm of its sine, &c. is to be taken from

Table XXIIT.
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BY INSPECTION.®

Enter the first Traverse Table, and find the course 3 points at the top,
and in one of the columns marked dist. find the distance 296 ; then opposite
to this, in the columns marked la¢. and dep., will be the difference of latitude
246. 1, and the departure 164. 4.

BY GUNTER'S SCALE.

Extend from radius, or 8 points, to the course 3 points on the line of
sine rhumbs, marked s. . ; that extent will reach from the distance 296, to
the departure 164. 4 on the line of numbers.

Extend from radius, or 8 points, to the complement of the course 5 points
on the line of sine rhumbs; that extent will reach from the distance 206, to
the difference of latitude 246.1 on the line of numbers.

CASE II.

The Course and Difference of Latitude given, to fird the
Distance and Departure.

ExamrLe. A shipsails S. E. § E. from St. Helena, in latitude 15°55’ S.,
until by observation she is in latitude 18° 49 S.: required her distance run,
and departure made good.

Latitude of St. Helena 15° 55’ S.
Latitude come to ...... 18 49 S.

Difference of latitude... 2 54 =174 miles.

'~ BY CONSTRUCTION.

Draw the meridian line c B, which make
equal to the difference of latitude 174 ; from
¢, with the chord of 60°, describe the arch sz,
on which lay off 90°, and draw the line c & ;
from s towards E lay off the course 44 points,
taken from the line of rhumbs, and through
the point where it cuts the arch s & draw the
line c o; from B draw the line B A parallel
to the line c 2 ; then will the departure Ba
measure 212, and the distance ca 274.38
miles.

wn Diff. of Lat. 174 m.

® Previous to resolving the Cases by this method, it will be necessary for the learner to
read attentively the Explanation to Tables I. and II., which are constructed by this Case
for every point, quarter-point, and degree of the compass, to distances not exceeding 360.
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BY CALCULATION. -

To find the Departure. Fo find the Distance.
As co. sineofeouraeﬂlfts. 9. 80236 | As co. sineofeourse‘lg ts. 9.80236
Is to diff. of latitude 1 2. 24065 Istodiﬂ'.oflaﬁtudelf 2. 24055
So is sine of course 43 pts. 9.88818 | So is radius 10. 00000
12. 12873 12. 24055
9. 80236 9. 80236
To the departure 212 2.32637 | To the distance 274. 3 2 43819

BY INSPECTION.

Over the course 44 points, find the difference of latitude 174 (or the
nearest to it, which is 178. 8) in a laf. column, opposite to which will be
:::lund the departure 211.8, and the distance 274, in their respective

umns.

BY GUNTER'S SCALE.

Extend from the complement of the course 3§ points, to the course
4} points on the line of sine rhumbs; that extent will reach from the
difference of latitude 174 to the departure 212 on the line of numbers.

Extend from the complement of the course 84 points, to radius, or
8 points, on the line of sine rhumbs; that extent will reach from the
difference of latitude 174 to the distance 274. 3 on the line of numbers.

CASE III. -

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

ExampLE. A ship from latitude 3°16’ N., sails S. W. by W.1 W,
until she has made 856 miles of departure: required her present latitude,
and distance sailed.

BY CONSTRUCTION.

Draw the meridian line c B, and de-
scribe the quadrant c ws to represent
the S. W. quarter of the compass; from L X
s towards w lay off the course 5} points, ! 5 ®

and through the point where it cuts the o X
I:'chsw w the line cA; front\hctoﬁ »" ¢
y off the departure 356, and through |} -~ - M
D draw the line » A parallel to c B, meet-
ing the line cA in a; through A draw
the line A B parallel to » c, meeting c B
in 5: then will the difference of latitude
¢ B measure 218. 4, and the distance A c 415. 1.
K2
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BY CALCULATION.

To find the Difference of Latitude. To find the Distance.
As sine of course 5} pts.  9.93335 | As sine of course 51 pts.  9.93335
Is to departure 356 2. 55145 | Is to departure 356 2. 55145
So is co. sine of course 5} pts. 9. 71105 | So is radius 10. 00000
12. 26250 12. 55145
9. 93335 » 9. 93335
To the diff. of latitude213.4 2.32915 | To the distance 415.1 2. 61810

To find the Latitude sn.

Latitude left.............c....... 3° 16/ N.
Diff, of latitude 213 miles,or 8 33 8.

Latitude in ..................... 0 17 8.

BY INSPECTION.

In that page of the Traverse Table marked with the course 5} points at
the bottom, find half the given departure, viz. 178 (the whole being too
great) in the dep. column ; opposite to which, in the lat. and dist. columns,
will be 106.9 and 208; these being multiplied by 2, give the whole
difference of latitude 218. 8, and the distance 416 miles.

~ BY GUNTER'S SCALE.

Extend from the course 5} points to the complement of the course
23 points on the line of sine rhumbs; that extent will reach from the
departure 356 to the difference of latitude 213. 4 on the line of numbers.

Extend from the course 5} points to 8 points on theline of sine rhumbs;
that extent will reach from the departure 356 to the distance 415. 1 on the
line of numbers.

CASE 1V.

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

ExampLE. A ship from Cape St. Vincent, in latitude 37° 8’ N., sails
between the north and west 430 miles, until her .difference of latitude is
214 miles : required her course steered, and departure made good.
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BY CONSTRUCTION.

Draw the %mdmnt N C W to repre-
sent the N. W. quarter of the com-
¥ass, and from c to B lay off the dif-
erence of latitude 214 ; through »
draw theline a B parallel to c w ; with
the distance 430 in the compasses,
¥lace one foot in c, and let the other
oot cross AB In A, and draw the
line A c: then will the course Bca
measure 60 degrees, and the depar-
ture A 5 873.

A

D.ofLat214en, 'z

BY CALCULATION.

To find the Course. To find the Departure.
As the distance 430 2. 63347 | As radius 10. 00000
Is to rdadius 10. 00000 | Is to distance 430 2. 63347
8o is the diff. of lat. 214 2.33041 | So is sine of course 60°9 9. 93819
12. 33041 12. 57166
2. 63347 10. 00000
To co. sine of course 60° 9 9.69694 | To the departure 373 2. 57166

BY INSPECTION.

Seek in the several pages of the Traverse Tables until half the dis-
tance 215, and half the difference of latitude 107, are found opposite each
other in their respective columns; against these will be found 186. 2,
which being doubled, gives the whole departure 872. 4: and as the column
where the difference of latitude is found, 1s marked Zat. at bottom, the course
is to be taken from thence, which in this example is 60 degrees.

BY GUNTER'S SCALE.

Extend from the distance 430 to the difference of latitude 214 on the
line of numbers; that extent will reach from radius, or 90°, to 29° 51, the
complement of the course on the line of sines : hence the course is 60° 9"

Extend from radius, or 90°, to the course 60° 9’ on the line of sines ; that
extent will reach from the distance 430 to the departure 378 on the line of
numbers.

CASE V.
The Distance and Departure given, to find the Course and
Difference of Latitude.

ExavpLE. A ship from latitude 1°82’ S. sails between the north and east
250 miles, and finds she has made 126 miles of departure: required the
course steered, and her latitude in.
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BY CONSTRUCTION. Departure 126 m. A
. B v
Draw the quadrant Nc E to represent the N.E.
uarter of the compass; from c to p lay off the \ &
eparture 126, and through p draw the line pa ® 3
parallel to c N produced; with the distance 250 in ?0 /4
the compasses, place one foot in c, and let the other N ~—— 69‘

cut DA in A; draw the line a c, and through a
draw the line B A parallel to ¢ p; then the course 3
Bc A will measure 80°16, and the difference of d‘g

latitude c 3 215. 9. © o
C B
BY CALCULATION,

To find the Course. To find the Difference of Latitude.
As the distance 250 2.39794 | As radius 10. 00000
Is to radius 10. 00000 | Is to the distance 250 2. 39704
So is the departure 126 2. 10037 | Sois co. sine of course 30°16/ 9. 83636
12. 10037 ; 12. 33430
2.39794 10. 00000
To sine of course 30°16 9. 70243 | To the diff. of lat. 215.9 2. 33430

To find the Latitude in.

Latitude left.................. 1° 32’8,
Diff. of lat. 215. 9 miles,or 3 36 N.

BY INSPECTION.

Seek in the Tables till opposite the distance 250, taken in its column; the
nearest to the given d(.léparture 126 is found in its proper column, adjoini
to which stands the difference of latitude 216. 5; and as the column in m
the departure is found, is marked dep. at the top of the page, the course is
to be taken from thence, which therefore will be 30 degrees.

BY GUNTER'S SCALE.

Extend from the distance 250 to the departure 126 on the line of num-
bers; that extent will reach from radius, or 90°, to the course 30° 16’ on
the line of sines.

Extend from radius, or 90°, to the complement of the course 59° 44/ on
the line of sines; that extent will reach from the distance 250 to the differ-
ence of latitude 216 on the line of numbers.
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CASE VI.
The Difference of Latitude and Departure given, to find the
Course and Distance.
Eunnz. A ship from Funchal, in Madeira, in latitude 32° 88’ N., sails
a direct course between the south and west until she is in latitude 31° 13’ N.

by observation, having made 72 miles of departure: required h
steered, and dlstan‘;nlgun part i : er wm

Latitude of Funchal ...... 32° 3% N.
Latitude in by observation 31 13 N.
Difference of latitude ...... 1 25 =85 miles.
BY CONSTRUCTION. w (]

Draw the meridian line c B, and from c¢ describe
the quadrant c s w; from c to B lay off the differ-
ence of latitude 85; through B draw A B parallel
to c w, and equal to the departure 72, and join
Ac: then the course A c B will measure 40° 16/,
and the distance a ¢ 111. 4.

% Dif o Latson

A Departl;re 72. B
BY CALCULATION.

To find the Course. To find the Distance.
As the diff, of latitude 85  1.92942 | As radius 10. 00000
Is to radius 10. 00000 | Isto the diff. of latitude 85 1. 92942
So is the departure 72 1. 85733 | Sois sec. of course 40° 16 10. 11745
11. 85733 12. 04687
1. 92942 10. 00000
To tang. of course 40°16  9.92791 | To the distance 111. 4 2. 04687

BY INSPECTION.

Seek in the different pages of the Tables till the difference of latitude 85,
and the departure 72, or the nearest thereto, are found together in their
respective columns, which will be under the course 40 degrees; and the
distance answering to these will be 111.

Note. In this case, always seek for the larger of the two given numbers
in the column marked Za¢. at the top of the page, until the smaller be found
(gposite to it in the column marked dep. at the top ; observing, that when

e departure is more than the difference of latitude, the course will be at
the bottom of the page. ,
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BY GUNTER'S SCALE.

Extend from the difference of latitude 85 to the departure 72 on the line
of numbers ; that extent will reach from radius, or 45°, to the course 40° 16
on the line of tangents.

Extend from the complement of the course 49° 44/ to 90° on the line of
sines ; that extent will reach from the difference of latitude 85 to the distance
111. 4 on the line of numbers.

EXAMPLES FOR EXERCISE.

1. A ship from latitude 36° 30’ N., sails S. W. by W, 420 miles: whatis
her present latitude, and what departure has she made ?
Answer. Latitude in 32°37’ N., and departure 349. 3 miles.

2. A ship from latitude 3° 54 S., has sailed N. W. 3§ W. till she arrives
at latitude 2° 14/ N. : required her distance run, and departure made good
Answer. Distance 617. 8, and departure 496. 2 miles.

8. A ship from St. Helena, in latitude 15° 55’ S., sails S. S. E. 4 E. till
she has made 115 miles of departure : I demand her present latitude, and
the distance she has run.

Answer. Latitude in 19° 30’ S., and distance 244 miles.

4. A ship from latitude 28° 20’ N., sails north-easterly 486 miles, and
finds by observation that she is in latitude 32°17” N. : what course has she
steered, and what departure has she made?

Answer. Course N. 60° 49 E., or N. E.b. E. { E. nearly, and departure
424. 8 miles.

5. A ship sails between the north and west 170 leagues from a port, in
latitude 88° 42’ N., until her departure is 98 leagues : required her course
and latitude in.

Answer. Course N. 85°12” W, or N. W.b. N. } W. nearly, and latitude
in 45°89’ N.

6. A ship from the Lizard, in latitude 49° 58’ N., sails to the westward
on a direct course, till she arrives at latitude 48° 11’ N., and finds she hss
made 87 miles of westing : required her course steered, and distance run.

Answer. Course S.39° 7’ W., or S. W. b. S. § W. nearly, and distance
137. 9 miles.

7. A ship from Ascension Island, in latitude 7°56°S., sails N.N. W.{ W.
244 miles : required her present latitude, and departure made good.
Answer. Latitude in 4° 27" S., and departure 125. 4 miles.

8. A ship from Cape St. Vincent, in latitude 37° 3’ N., sails between the
south and west, till her difference of latitude is 69 miles, and her departure
215 miles : required her course, distance, and latitude in.

Answer. Course S. 72° 12 W,, or W. S. W. } W. nearly, distance
225. 7 miles, and latitude 35° 54 N.
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9. A ship from the Lizard, in latitude 49° 58 N., sails 456 miles to the
westward, and then finds she is 360 miles to the southward of the Lisard :
required her course, departure, and latitude in.

Answer. Course S. 87° 52 W., or S. W. { S. nearly; departure 279. 9
miles, and latitude in 43° 58’ N. :

10. A ship from Cape Hatteras, in latitude 85°15’ N., sails in the
north-east quarter 226 miles, and then finds that she is 198 miles to the
eastward of the Cape : required her course, and latitude in.

Answer. Course N. 61°11’ E., or N.E. by E. } E,, and latitude in
ST 4N.

11. If a ship take her departure, at 6h. p. 4., from Cape Verd, in
Iatitude 14° 45’ N., and sail W. S. W. § W. at the rate of 7 miles an hour
until the next day at noon ; what will be her distance run, departure, .and
latitude in ?

Answer. Distance 126 miles, departure 120. 6, and latitude in 14° 8’ N.

12. A ship from latitude 55° 30’ N., sails S. W. by S. during 20 hours,
and then finds by observation she is in latitude 53° 17’ N.: required her
rate of ul].mﬁ ing per hour, and the departure she has made.

Answer. Departure 88. 87 miles, distance run in 20 hours 160 miles,
and therefore her rate per hour 8 miles.

TRAVERSE SAILING.

— B

WHEN a ship, either from contrary winds or other causes, is obli
to sail on different courses, the irregular or z track she makes is called
a TrAVERSE, or CoMPouND CouRsE; and the method of reducing these
several courses and distances into a single course and distance, is called
resolving a traverse.

To resolve a traverse, make a Table (as that in Example I.), and divide
it into six columns; in the first of these set down the several courses, and
opposite to them, in the second column, their corresponding distances: the
t.ﬁrd and fourth columns are to be marked N. S. at the top, and are to
contain the differences of latitude ; the fifth and sixth are to be marked
E. W, to contain the departures. i :

Find the difference of latitude and departure corresponding to each
course and distance, by any of the methods in Case I. of Plane Sailing, the
most common of which is that by Inspection; set these down opposite the
distance in their proper columns, observing that the difference of latitude
must be placed in the north column, if the course be northerly, and in the
south column, if the course be southerly ; and that the departure must be

laced in the east column, if the course be easterly, and in the west column,

of it be westerly. When the course is due north, south, east, or west, set

down the distance in that column answering toit. Add up the columns of
L
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northing, southing. ,eum’ , and westing, and set down the sum of each at
the ll‘:;;t%om; then the difference betweegn the sums of the north and south
columns will be the whole difference of latitude made good, of the same
name with the greater; and the difference between the sums of the east
and west columns is the whole departure made good, of the same name with
the greater sum. -

ith this whole difference of latitude and de made good, find
the direct course and distance, as in Case VI. of Plane Sailing.

EXAMPLE L

Suppose a ship from the Start, in latitude 50°13’ N., saill W.S. W.
51 mEes, W.b. N. 85 miles, S. b. E. 45 miles, S. W. b. W. 55 miles, and
S. S. E. 41 miles: required her direct course and distance sailed, and her
latitude in.

BY CONSTRUCTION.

Dif of Lat. 125.3m,

E Mr‘;e 102. 6 m. F

With the chord of 60° describe the circle NEsw, to represent the
compass ; draw the diameters N s and E w at right angles, the one repre-
senting the meridian, and the other the parallel the ship sailed from: take
each course from the line of rhumbs, and lay them off from the meridian
in their tive quarters, and number them in order 1, 2, 8, 4, &e.;
thus, from S. to 1 lay off 6 points for the first course W.S. W.; from
N. to 2 lay off 7 points for the second course W.b. N.; from S. to 3 lay
off one pomt for the third course S. by E.; from S. to 4 lay off 5 points
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for the fourth course S. W.b. W.; from 'S. to 5 lay off 2 points for the
fifth course S. S. E.; and from the centre of the circle draw rhumb lines to
each of these points, which may be produced to any length that is necessary.
Upon the first thumb c 1, lay off the first distance 51 miles, from c to A ;
then will A represent the ship’s place at the end of the first course;
through a draw a B parallel to the second course ¢ 2 (Prob. IV. Geom.),
and make it equal to the second distance 85 miles; through » draw B¢
parallel to ¢ 8, and equal to 45 miles: through c draw c p parallel to ¢ 4,
and equal to 55 miles; and through p draw b E parallel to ¢ 5, and equal
to 41 miles. Through x draw the line £ F parallel to the east and west
line wE, meeting N s produced in F, and join c . Then will cF be the
difference of latitude made good, measuring 125.3; £ r the departure
102. 6, c E the distance 162, and the angle Ec F the course 89° 19, or

84 points.

TRAVERSE TABLE.

Diff. of La Departure,
Courses. | Dist. *
N. 8. E. Ww.
W.S.W.| 51 19.5 47.1] Lat. left............ 50° 13 N.
W.b.N.| 35| 6.8 34.3| Diff.of Lat.1250r. 2 § S.
S8.b.E. | 46 4.1| 8.8 . . —_—
S.W.b.W.[ 55 30.6 45.7| Latitude in ....... 48 8 N.
S.S.E. | 41 37.9 15.7 —
6.8 |132.1|24.5 {127.1
6.8 24.5
Diff. of Lat.| 125. 3 | Dep. |102. 6
To _find the Course and Distanee made good.
BY CALOULATION.
To find the Course. To find the Distance.
As diff. of lat. 125. 3 2. 09795 | As radius 10. 00000
Is to radius 10. 00060 | Is to diff. of latitude 125.3 2. 09795
8o is departure 102.6 2.01115 | So is sec. of course 36°19/ 10, 11145
12.01115 12. 20040
2. 09795 10. 00000
To tang course 39° 19 9.91320 | To the distance 163 2. 20940

. Hence the direct course made good is S.89°19' W. or S. W.b. 8. § W,

and the distance 162 miles. 0
L
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BY INSPECTION.

Seek in the Traverse Table till the difference of latitude 125. 3, and
departure 102. 6, are found opposite each other in their respective columns;
the nearest to these will be 125. 2 and 102. 8, which give the course 34 points
at the top, and the distance 162 in its column.

EXAMPLE II

A ship from the North Foreland, in latitude 51°28’ N., and bound to
the Texel, which lies in latitude 563° 2’ N., and 115 miles to the eastward,
sails N. E. 35 miles, E. b. S. 25 miles, N. E. b. E. 4 E. 40 miles, North
21 miles, and N. W. b. W. 30 miles: required her course and distance
made good, the latitude she is in, and departure from the meridian ; also
the direct course and distance from the ship to the Texel.

BY CONSTRUCTION.

e

* “North 21m

S Lat. Foreland 51° 23’ N.
H Lat. Texel ... 53 2 N.

kY
\ Diff. of Lat... 1 39
\-_/ '.'/ m
o
8 Miles...

With the chord of 60° describe a circle, through the centre of which drsw
the north and south, or meridian line, N. S., and at right angles to it the
east and west line, W. E. ; lay offfrom the meridian, upon the circumference
of the circle, the several courses in their proper quarters, number them m
order, and draw a rhumb line from the centre to each of the points; then,

°
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on the first thumb line, which is N. E. or 4 points, lay off the distance 35
from the centre, and through the end of this first distance draw a line
parallel to the second rhumb, E. b. S. 7 points, on which lay off the second
distance 25 ; proceed thus till all the courses and distances are laid off, and
through the end of the last distance draw the line A B parallel to the line
W. E., meeting S. N. produced in B; then will A represent the ship’s place,
c¢B will measure the difference of latitude made good 76.4, B A the
departure 59. 6, ¢ a the distance run 6. 91, and the angle B c A the course
steered, 37° 58

To find what course the ship must steer, and what distance she must
run, before she can arrive at the Texel, lay off from c to p 99, the whole
difference of latitude between the Foreland and the Texel, and through o
draw b F parallel to W. E., and equal to the whole departure 115, then will
F represent the situation of the Texel: through A draw a E parallel to c b,
and join A F; then A E will be the northing, or difference of latitude 23,
and & F the easting, or departure 55. 4, the Slip has to make good ; A F the
distance the ship gna to sail 60, and the angle E A F measuring 67° 27/, the
course from the ship to the Texel.

TRAVERSE TABLE.

Diff. of Latitud Departure.
Courses. Distance. : e e
N. S. E. w.
N. E. 35 24.7 24,7
E.b.S. 25 4.9 24.5
N.E.b.E.3E.| 40 18.9 | 35.3
(3 21 21.0
N.W. b W. 30 16.7 24.9
81.3 49 | 845 | 24.9
4.9 24.9
Diff. of Lat.| 76.4 Dep.| 59.6
To find the Course and Distance made good.
BY CALCULATION.
To find the Course. To find the Distance.
As diff. of latitude 76. 4 1.88309 | As radius 10. 00000
Is to radius 10. 00000 | Is to diff. latitude 76. 4 1. 88309
80 is departure 59. 6 1.775625 | So is sec. course 37° 58’ 10. 10327
11. 77625 -11, 98636
1. 88309 10. 00000
To tang. course 37° 58/ 9. 89216 | To the distance 96. 91 1. 98636
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BY INSPECTION.

The difference of latitude 76. 4, and departure 59. 6, being looked for till
they are found opposite each other in their respective columns, give the
course 38°, and the distance 97 miles.

To find the direct Course and Distance from the Ship to the Texel

Latitude of N. Foreland ... 51° 2¥N. | Whole departure ............ 116m. E.
Diff. of lat. made good, 76m.or 1 16 N. | Departure made good ...... 59.6 E.
Latitude in .................. 52 39 N. | Departure to make ... 55.4E
Latitude of Texel ......... 53 2N. good B
Diff. of latitude to make good 0 23 N.

BY CALCULATION.

To find the Course. To find the Distance.
As the diff. of latitude 23  1.36173 | As radius 10. 00000
Is to radius 10. 00000 | Is to diff. of latitude 23 1. 36173
So is departure 55. 4 1.74351 | So is sec. course 67027/  10.416%
11. 74351 1177798
) 1.36173 10. 00000
To tang. course 67° 27 10. 38178 | To the distance 59. 98 1. 77798

BY INSPECTION.

The departure 55. 4, and difference of latitude 23, being looked for in the
Tables tilrtahey are found together, the nearest numbers answering to them
will be over the course 6 points, and opposite the distance 60 miles.

EXAMPLES FOR EXERCISE.

1. A ship from the Lizard, in latitude 49° 58 N., sails as follows:
S. by W. 42 miles, W. S. W, 36 miles, West 18 miles, E. S. E. 22 miles,
South 84 miles, and N. E. 21 miles: required her present latitude, and the
direct course and distance made good.

Answer. Herlatitude in is 48°35’N., the course made good, S.16°27'W,,
or S. by W. § W. nearly, and the distance 86. 13 miles.

2. A ship from latitude 9° 26’ N. sails N. E. 20 miles, North 33 miles,
N.N. W. 15 miles, East 25 miles, N. E. by N. 42 miles, and S. W. } W.
28 miles: required her course and distance made good, and her present
latitude.

Answer. Course N. 24012’ E, or N. N, E. { E. nearly; distance
85. 63 miles, and present latitude 10° 44/ N.
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8. A ship from the Cape of Good Hope, in latitude 340 22’ S., sails
S. W. § S. 27 miles, S. E. by E. 45 miles, S. W. by S. 48 miles, West
82 miles, and S. S. W. } W. 18 miles : required her course and distance
made good, and her present latitude.

Answer. Course S. 24° 45’ W, or S. S. W, } W,, distance 112 miles,
and latitude in 36° 4 S.

4. A ship from latitude 1° 12’ S., sails E. by N. 4 N. 56 miles, N. } E.
80 miles, S. by E. 4 E. 96 miles, N. 4 E. 68 miles, E. S. E. 40 miles,
N.N.W.} W, 86 miles, and E. by S. 65 miles : required her direct course,
distance, and her present latitude.

Answer. Course N. 51° 47’ E., or N. E. § E. nearly, distance 193. 8
miles, and present latitude 0° 48’ N.

5. A ship from latitude 46° 18’ N., sails N. 25° W, 50 miles, N. 74° E.
64 miles, S. 52° W. 36 miles, N. 35° E. 40 miles, N. 69° W. 75 miles, and
S. 47° E. 48 miles: required her course, distance, and latitude in.

Answer. Course North, distance 67. 7 miles, and latitude in 47° 26’ N.

6. A ship from latitude 51° 30’ N., running at the rate of 8 knots an hour,
sails W.S. W. 8 hours, N. W. 24 hours, West 4 hours, S.W. by S.
2} hours, and N. W. 4 W. 2 hours: required her course, distance, and
latitude in.

Answer. Course West, distance 90. 7 miles, and latitude in 51° 30’ N.

7. A ship from a Port in latitude 88° 42’ N., bound to another Port
situated in latitude 36° 32’ N., and 137 miles to the eastward, sails the
following courses: S. by W. § W. 55 miles, S. W. b. S. 4 W. 87 miles,
South 60 miles, E. S. E. 40 miles, S. E. b. S. 1 E. 32 miles, and
N.E.b.E. { E. 58 miles : required her direct course and distance made
g)od, her present latitude, and the direct course and distance to her intended

ort.

Answer. The course made good is S. 23° 88’ E., and the distance
169 miles; the latitude in 86°7’ N., the course to the intended Port
N. %0° 8 E., and the distance 73. 56 miles.

8. The course (by compass) from Beachy Head to Selsea Bill is
N. 67° W. and distance 40 miles; from Selsea Bill to St. Catherine’s
Point N. 86° W. 21 miles; from St. Catherine’s Point to Portland Lights
N. 69° W. 44 miles; from Portland Lights to the Start N. 85° W,
49 miles : required the course and distance from Beachy Head to the Start.

Answer. The course is N. 75° 51’ W. or W.N. W. § W, and distance
152. 2 miles. '

9. Suppose a ship to sail upon the following courses and distances :—
S. E. by S. 29 miles, N. N. E. 10, E. S. E. 50, E. N. E. 50, S. S. E. 10,
N. E. by N. 29, West 25, S. S. E. 10, W. 8. W. § W. 42, North 110,
E. 7 N. 62, North 7, West 62, North 10, West 8, South 10, West 62,
South 7, E. § S. 62, South 110, W. N. W. { W. 42, N. N. E. 10, and
West 25 miles : required her course and distance made good.

- Answer. The ship has returned to the place she sailed from.

Norez. This example is taken from * Robertson's Elements of Navigation;® the figure forming
the shape of an Anchor.
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PARALLEL SAILING.

In Plane Sailing it was observed that the meridians are considered s
being arl:lfmmllel to each other, and the length of a degree on the meridian
and parallel every where equal; which supposition will give just conclusions,
so far as the course, distance, difference of latitude, and departure, are con-
cerned ; because a ship, when sailing on a rhumb, makes equal angles vith
the meridians: but as the earth is a sphere, or globe, and the meridians
meet at the Poles, it is evident that the distance between any two meridians
must vary in every latitude, their greatest distance being at the Equator, on
which the difference of longitude is measured: hence the difference of
longitude always exceeds the departure, or meridian distance (except on
the Equator, where they are the same), in proportion as the given places
are situated further from the Equator.

PARALLEL SAILING is the method of finding the distance between two
places in the same latitude when their difference of longitude is known, &
of finding the difference of longitude answering to the meridian distanceor
de?lenure made good, when a :ﬁ;p sails due east or west. )

his sailing 1s particularly useful in making small or low islands, in
which case it 1s usual to run into the latitude, and then steer due east or
west.

The principles upon which Parallel Sailing P
depends, may be thus illustrated: Let paxc
represent a section of one-fourth part of the earth,
through the centre c, and one of the Poles »p;
then P A & will be part of a meridian, pc the
polar, and E c the equatorial, semi-axis; also let
P B 0 represent part of another meridian, a and B
two places in the same parallel, being equally [ _.[.
distant from the Equator Eo@; then will AB be g\
the meridian distance, and x o their difference of Fo R
longitude ; the arches A E or Bo will measure
their latitude, and A P or B P their co. latitude ; a R, the radius of the
parallel A B s, will be the sine of the arch a p, the co. latitude ; or co. sine
of A E the latitude of A or B. Now the angles Az B and E ¢ o being equal
the arches A B and E o are similar ; and as circles and similar arches of circles
are in direct ratio to their radii, therefore

Ec(orAC) : EO :: AR : AB.

That is, As radius, Or, As radius,
Is to difference of longitude, Is to any given portion of the Equater,
So is co. sine of latitude, 8o is co. sine of latitude,
To the meridian distance. - To a similar portion of a given pmud'

SN
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And,aR : AB:: Ec (or AO) : EO. Also,E0 : EC :: AB : AR.
That is, As co. sine of latitude That is, As difference of longitude
Is to meridian, distance, Is to radius,
So is radius So is meridian distance
To difference of longitude. To co. sine of latitude.

Hence, if a triangle, as A Bc (see figure in Case I.), be so constructed
that the longest side a c may represent the difference of longitude in
miles, the base a B the meridian distance, and the angle opposite to it
A ¢ B the co. latitude, consequently the other angle B A c equal to the
latitude, and any two of these parts be given, the other may be found by
Trigonometry.

CASE I

The Difference of Longitude between two Places, both in one Parallel
of Latitude given, to find. their Distance.

ExaMpLE. A ship in latitude 86° 58’ N., and longitude 20° 25’ W., is
bound to St. Mary’s, one of the Western Islands, in the same latitude,
and in longitude 25° 18’ W., what distance must she run to arrive at the
Island ? .

90 o Longitude of ship ...... 20 25 W.
Latitude...... 36 58 Longitude of St. Mary.. 25. 13 W.
Co.latitude... 53 - 3 Diff. of longitude ...... 4 48=288 miles.

BY CONSTRUCTION.

Draw the line A B of any length, and
make the angle c A » equal to the latitude
86°58' (Prob. XII. Geom.); from A to o
lay off the difference of longitude 288,
and from ¢ draw c B perpendicular to A B
(Prob. II1. Geom.); then will A B measure
230, the departure or distance required.

BY CALCULATION.

‘ To find the Departure or Distance.
Asradius ....covevvenininnininennnnnn., rerenes 10. 00000
Is to the difference of longitude a4 ¢ 288... 2. 45939
8o is the co. sine of latitude 36° 58/ ...... 9. 90254
12. 36193
10. 00000

To the departure or distance A5 230.1... 2.36193

M
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BY INSPECTION.

Seek for the complement of the latitude 53° among the degrees in the
Traverse Table, as if it were a course, and for the diflerence of longitude
288 in one of the distance columns of that page, opposite to which, in the
departure column, will be found 230, the departure or distance required.

BY GUNTER'S SCALE.

Extend from 90° to the co. latitude 53° 2’ on the line of sines; that
extent will reach from the difference of longitude 288 to the distance 280.1
on the line of numbers.

CASE IL

The Distance between two Places both in the same Parallel of Latitude
given, to find the Difference of Longitude.
ExampLE. A ship from latitude 49° 82’ N., and longitude 10°16* W,
sails due West 118 miles: required her present longitude.

BY CONSTRUCTION.

Draw the line a B, which make equal to the
given distance 118, and make the angle c A B
equal to thelatitude 49° $2/(Prob. XI1.Geom.);
upon B erect the perpendicular B c, cutting
the line A ¢ in ¢ (Prob. II. Geom.); then
will the line A ¢ measure 182, the difference
of longitude required.

(d

A Dist.or Dep. 118m. B

BY CALCULATION.

To find the Diff. of Longitude. To find the Longitude in.
As co. sine of lat. 49°32°  9.81225 | Longitude left 10° 16/ W.
Is to the distance A3 118  2.07188 | Diff. of longitude 182m.or 3 2 W.
8o is radius 10. 00000

12. 07188
9. 81225

To the diff. of long. 181.8 2. 25963

Longitude in 13 18 W.

BY INSPECTION.

Look for the co. latitude 40° in the Table, as a course, and for the
distance 118 in one of the departure columns, opposite to which, in the
distance column, will be found 184; but as the co. latitude is nearly half
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way between 40° and 41°, look again in the page with 41° at the top, for
the distance 118 in one of the departure columns, and opposite, in the
distance column, will be found 180 ; then half the sum of tgi:ﬁand 184,
found before, will be 182, the difference of longitude.

BY GUNTER’'S SCALE.

Extend from the co. latitude 40° 28’ to radius 90° on the line of sines;
that ;xsent will reach from the distance 118 to the difference of longitude
182 miles.

CASE IIIL

The Differenceof Longitude and Distance between two Places in thesame
Parallel of Latitude given, to find the Latitude of that Parallel.

ExaMpLE. A ship sails due East 156 miles, and then finds she has
altered her longitude 314 miles : required the latitude of the parallel she
has sailed on.

BY CONSTRUCTION.

Draw the line a B, and make it equal to the dis-
tance 156 ; on B erect the perpendicular B c, and
with an extent in the compasses equal to the differ-
ence of longitude 814, set one foot in A, and with
the other s:ascribe an arch cutting B c in c, and
draw the line a c; then the angle c A B will measure
60° 18’ (Prob. XIII. Geom:), the latitude required.

BY CALCULATION.
To find the Parallel of Latitude sailed on.
As the difference of longitude a c 314 ... 2. 49693

Istoradius ......cccocovvrrnnniinnnniinnnnnn, 10. 00000
So is the distance or departure A B 156 ... 2.19312
12.19312

2. 49693

To co. sine of the latitude 60° 13’ ......... 9. 69619

BY INSPECTION.

Seek in the several pages of the Table till half the difference of longitude
and distance, viz. 157 and 78, (the whole exceeding the limits of the Table)
are found opposite each other in the distance and departure columns,
which will give the co. latitude 30° at the top of the page, and conse-
quently the latitude required will be 6g°

M
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.BY GUNTER’S SCALE.

Extend from the difference of longitude 314 to the distance 156 on the
line of numbers; that extent will reach from 90° to the complement of
%h{; latitude 29° 47" on the line of sines: hence the latitude required is

13.

EXAMPLES FOR EXERCISE.

1. A ship having taken her departure from North Cape, New Zealand,
in latitude 34° 24 S., and longitude 178° 10 E., being bound to Port
Jackson, sails due West until she arrives in longitude 163° 85’ E.: required
her distance run. <

Answer. Distance 474. 4 miles. ’

2. A ship from Buchanness, in latitude 57° 29' N., and longitude
1° 47" W, sails due East 125 miles : required her present longitude.
Answer. Longitude in 2° 6’ E.

3. A ship in latitude 32° 22’ N., and longitude 52° 200 W ., sails West
865 miles : required her distance from the Island of Bermuda, in the same
latitude, and in longitude 64° 48’ W.

Answer. Distance of ship from Bermuda 262. 6 miles.

4. A ship in latitude 60° N., and longitude 22° 30’ W, sails West 200
miles : required her present longitude.
Answer. Longitude in 29° 10’ W.

5. If a ship take her departure from Cape St. Antonio (at the entrance
to the River Plate), whici lies in latitude 86° 19’ S., and. longitude
56° 42 W., how far must she sail due East to arrive at the meridian of
the Cape of Good Hope, in longitude 18° 24 E.?

Answer. 3631 miles.

6. In what parallel of latitude is the departure or meridian distance
one third the difference of longitude ?
Answer. In latitude 70° 32

7. A ship from longitude 81° 36’ W., sails West 310 miles, and then
finds by observation she is in longitude 91° 50’ W.; on what parallel of
latitude has she sailed ?

Answer. In latitude 50° 41"

8. Suppose a ship from latitude 85° 30’ N., and longitude 6° 15’ W,
sails West 250 miles, North 525 miles, and then East 250 miles : required
her present latitude and longitude.

Answer. Latitude 44° 15’ N., and longitude 5° 8% W.

9. A ship from latitude 49° 32’ N., and longitude 21° 56 W., sails
N. W. by N. 20 miles, S. W. 40 miles, N. E. by E. 60 miles, S. E.
55 miles, W. by S. 41 miles, and E. N. E. 66 miles: required her present
latitude and longitude.

Answer. Latitude 49° 82’ N., and longitude 20° 8’ W.
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MIDDLE LATITUDE SAILING.

) P G

WHEN a ship sails due North or South, she keeps on the same
meridian, and therefore does not change her longitude, and her distance
run is the difference of latitude: consequently her place is easily deter-
mined by the latitude left, and difference of latitude. Again, when a ship
sails due East or West, her difference of longitude is found by the latitude
in, and departure or meridian distance, as already explained in Parallel
Sailing ; but when she sails upon any other course, she changes both her
latitude and longitude. Now the difference of longitude cannot be inferred
either from the departure, considered as a meridian distance in the latitude
left, or that come to; for in the greater latitude it would give the difference
of longitude too much, and in the lesser latitude too little: the departure
is therefore accounted a meridian distance in the mean of the two latitudes,
and then the difference of longitude is found as in Parallel Sailing; hence
this method, which is compounded of Plane and Parallel Sailing, is called
MippLE LATITUDE SAILING.

The middle latitude is half the sum of the two latitudes when they are
of the same name ; or half their difference, if of contrary names.*

This method of sailing, although not strictly accurate, especially in high
latitudes, approaches sufficiently near the truth for a day’s run; but it is
used principally in low latitudes, and when the ship makes a course nearly
east or west. ‘

CASE 1

The Latitudes and Longitudes of two Places given, to find the
Course and Distance between them.

ExamrLe. Required the course and distance from Cape St. Vincent, in
latitude 837° 8’ N., and longitude 9° 1’ W., to Funchal, in Madeira, in
latitude 32° 38’ N., and longitude 16° 56’ W.

® The middle Intitude ocomputed as above, not being exactly the pardllel in which the
meridian distance is equal to the departure, the correct parallel, or as it may be called, the
true middle latitude, may be found by the following proportion, vis., Mer. diff. latitude :
) diff. latitude :: radius : co. sine (true) middle latitude; which proportion may be
us investigated :—
First, By Middle Latitude Sailing, diff. lat. : diff. long. : : co. sine middle lat. : tangent
diff. long. X co. si. mid. lat.

course ; therefore, aiff lat. =tangent course ; and by Mercator’s Sailing,
. - . diff. long. radi
Mer. diff. lat. : diff. long. :: radius : tangent course, or I_ﬁ‘%.lm.m} = taugent

diff. . X co. si. mid. lat.  diff. long. X radius, 5
. Hanoe 2274 Gfflat = ~ Mer. diff lat,_ °onsequently Mer. diff.
ll}- X co. si. mid. lat, = radius X diff. lat.,and therefore Mer. diff. lat. : radius : (proper)
d_)ﬂ'. lat. :: co. si. (true) middle latitude ; or Mer. diff. lat. : (proper) diff. lat. : radius : co.
tine (true) middle latitude. .
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Lat. Cape 8t. Vincent 3  N. — 87 ¥ Long. C. 8t. Vinc. 8° I'W.
Lat. Funchal ...... .. 3238 N. — 32 38 Long. Funchal 16 56 W.

Diff. of latitude 4 26 Sum 2) 69 41 Diff. of long. 7 65
Mid. lat. 34 50
90 O

B

In miles 265

Co. mid. lat. 55 10

BY CONSTRUCTION.

Draw the line A p to represent the meri-
dian of Cape St. Vincent; make the angle
A p c equal to the co. mid. lat. 55° 10/, (Prob.
XII. Geom.), and from » to c lay off the dif-
ference of longitude 475 ; from c draw the line
B ¢ perpendicular to A p, (Prob. II1. Geom.);
make B A equal to the difference of latitude 265,
and draw the line A c: then will B c represent
the departure 389. 9, the angle B a ¢ the course
55° 48', or 5 points nearly ; and A c the dis-
tance 471. 5 miles.

BY CALCULATION.

To find the Departure. To find the Course.
As radius 10. 00000 | As diff. of latitude 265 2. 423%
Is to diff. of long 475 2. 67669 | Is to radius 10. 00000
8o is co. sine mid. lat, 34°50’ 9.91425 | So is departure 389.9 2. 59095
12. 59094 12. 59085
10. 00000 2. 42325
To the departure 389.9  2.59094 | To tang. course 55° 48/ 10.16770
To find the Course without Dep.* To find the Distance.
As diff. of lat. 265 2. 42325 | As radius 10. 00000
Is to diff. of long. 475 2. 67669 | Isto the diff. of latitude 265 2. 423%
So is co. sine mid. lat. 34° 50/ 9. 91425 | So is sec. course 55° 48 10. 25090
12. 59094 12. 67345
2. 42325 10. 00000
To tang. course 55° 48’ 10.16769 | To distance 471.5 2. 67345

® This rtion is deduced from the two preceding, as may be thus demonstrated : frst,
rad. : Mpr;;po :1 co. 8 mid. lat. : depr.; therefore rad. X dep. = co. 8. mid. lat. X difl
long. ; also, diff. lat. : rad. :: depr. : tang. course; therefore rad. X dep., = diff. lat X
tang. course; consequently diff. lat. X tang. course—co. s. m!d. lat. X dx. . long, ; whence
diff. lat. : co, 8. mid. lat. :: diff. long. : tang. course; or, diff, lat. : diff. long. :: 0. %
mid. lat. : tang. course.
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Hence the course from Cape St. Vincent to Funchal is S. 56° 48’ W, or
S. W. b. W. nearly, and the distance 471. 5 miles.*

BY INSPECTION.

Look for the co. middle latitude 55°, as if it were a course, and for 237, half
the difference of longitude (the whole being too great) in a distance column,
immediately osrosiee to which, in the departure column, will be found
194. 1; thism htjj};'lied by 2, gives the departure 388. 2.

Then 132. 5, half the difference of latitude, and 194. 1, half the departure,
being found nearly opposite each other in their respective columns, will give
the course 56°, or 5 points, and half the distance 235, which multiplied
by 2, gives the distance 470 miles.

BY GUNTER’S SCALE.

Extend from 90° to the complement of middle latitude 55° 10’ on the
line of sines; that extent will reach from the difference of longitude 475 to
the departure 389. 9 on the line of numbers.

Extend from the difference of latitude 265 to the departure 389.9 on the
line of numbers ; that extent will reach from 45° to the course 55° 48’ on the
line of tangents.

Extend from the complement of the course 34° 12’ to 90° on the line of
sines; that extent will reach from the difference of latitude 265 to the
distance 471. 5 on the line of numbers.

CASE II.
One Latitude, Course, and Distance given, to find the Difference
of Latitude and Longitude.
ExaumrLe. A ship from lat. 52°6’ N.,and long.35° 6’ W, sails N.-W.b.W.
229 miles : reqmret}) her present latitude and longitude.
BY CONSTRUCTION. D

Draw the line A p, and make the anglev ac
equal to the course 5 points; lay off, from a to c,
the distance 229, and draw the line c 3 perpendi-
cular to the line A p ; then will the departure c B
measure 190. 4, and the diff. of latitude A B 127:
hence the latitude in is 54° 13, and the middle
latitude 58° 9. Now make the angle B ¢ » equal
to the middle latitude 53° 9’, then will c p be the
difference of longitude, measuring 817. 4 miles.

® If the true middle latitude were found by the proportion
given at the bottom of page 85 (34° 52'), the course would be
55°47, and the distance 471.3 ; the same exactly as found by
Mercator’s Sailing.
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BY CALCULATION,

To find the Difference of Latitude.
As radius 10. 00000
Is to distance 229 2. 35984
So is co. sine course 5 pts. 9. 74474

12. 10458
10. 00000
To the diff. of lat. 127.2 2. 10458

To find the Departure.
As radius 10. 00000
Is to distance 229 2. 35984
So is sine course 5 pts. 9. 91985
12. 27969
10. 00000

To the departure 190. 4 2. 27969

To find Diff. Longitude without Dep.*
As co. sine mid. lat. 53° 9 9. 77795

Is to diff. of lat. 127. 2 2.10449
So is tang. course 5 pts.  10. 17511
12.27960

9.77795

To the diff. of long. 317.4 2. 50165

Diff. of lat. 127 miles, or * 7N
Latitude left 53 6 N.
Latitude in 5413 N.
Sum of latitudes  2) 106 19
Middle latitude 53 9
90 0
Co. mid. latitude 36 51
To find the Difference of Longitude.

As co. sine mid. lat. 53° 9> 9. 7779

BY INSPECTION,

Look for the course 5 points at the bottom of the

Is to departure 190. 4 2. 27967

So is radius 10. 60000

12. 27967

9. 77785

To the diff. of long. 317.5 2 5012
To find the Longitude in.

Longitude left 350 -6/ W.

Diff. of long. 317m. ar 517 W

Longitude in 40 B W.

\
8, over which, and

opposite the distance 229 in its column, will be the diff. of latitude 127.%
an defarture 190. 4, in their respective columns.

Look for the co. mid. latitude 837° (being the nearest to 86° 51/) as if it
were a course, and for half the de{mrture 95. 2 in its column, opposite the

nearest to which, in the distance co

umn, will be found 158 ; this, multiplied

by 2, gives the difference of longitude, 316 miles.

B

* Or, by considering the whole figure AC D as an oblique-angled triangle, it may be
stated thus : as co. sine mid. lat. is to distance, so is sine course to diff. of longitude.
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BY GUNTER'S SCALE.

Extend from 8 points to the complement of the course 8 points on the
Iine of sine rhumbs ; that extent will reach from the distance 229 to the
difference of latitude 127. 2.

Extend from 8 points to the course 5 points on the line of sine rhumbs ;
that extent will reach from the distance 229 to the departure 190. 4

Extend from the co, mid. latitude 36° 51’ to 90° on the line of sines ;
that extent will reach from the departure 190. 4 to the difference of longi-
tude 817. 4. C

CASE IIL

Both Latitudes and Departure given, to find the Course, Distance,
and Difference of Longitude.
" ExamrLe. A ship from latitude 49° 57’ N. and.longitude 5° 11’ W,
sails between the South and West until she arrives in latitude 38° 27’ N.,

and finds she has made 440 niiles of departure : required the course she has
steered, the distance run, and the longitude she is in.

Latitude left  49° 57 N.
Latitude in 38 27 N.....

Diff. of latitude léoao Sum 2) 88 24

—_— Mid. lat. 44 12
In miles 690 - 90 00

|
|

Co. mid. lat. 46 48

. o)
Dif.. of Lat. 690 m.

BY CONSTRUCTION.

Draw the line a p, and from A to B lay off the dif- €
ference of latitude 690 ; on B erect the perpendicular
B ¢, which make equal to the departure 440, and join
Ac: draw the line ¢ b, s0 as to make an angle with
¢ B, equal to the middle latitude 44° 12’; then the
course ¢ A B will measure 82° 81/, the distance A c

w

818. 5, and the difference of longitude o c 618.7. D
BY CALCULATION. .
To fird the Course. ! To find the Distance.

As diff, of latitude 690 2. 83885 | As sine of course 32° 31/ 9. 73042
Is go radisia” - - -7 10.00000 | Is to d ure 440 2. 64345
8o is departure 440 . 2. 64345 | So is radius 10. 00000
12. 64345 . 12. 64345
2. 83885 ’ 9. 73042
To tang, course 32°31” 9.80460 | To the distance 818.5 2.91303
—————

N
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To find the Difference of Longitude. To find the Longitude in.

As co. sine mid. lat. 44° 1% 9. 85547 tude left 5IVW.
Is to dmes‘armre 440 2. 64345 | Diff. of long. 614m. or 10 14 W.
So is radius 10. 00000 —_—
Longitude in 16 26 W.
12. 64346 _—
9. 86547

To diff. of long. 613.7 2. 78798

BY INSPECTION.

One fourth the difference of latitude and departure, that is, 172. 5 and
110, are found to correaﬁnd nearly under 82° and 33°, the
opposite the difference of latitude 172. 5, being too little uuder 32°, and too
much under 83°; therefore the course is about 32} degrees, and the dis-
tanceamwe“ritngeo these are 203 and 206 : their sum 409, divided by 2,
gives one fo the distance 204. 5, which, multiplied by 4, gives the
whole distance 818.

The complement of middle latitude 46° taken as a course, with one-fourth
the demure 110, in its column, gives in the distance column 153 ; this,
multiplied by 4, will be the difference of longitude 612.

BY GUNTER'S SCALE.

Extend from the difference of latitude 690, to the departure 440 on the
line of numbers; that extent will reach from 45° to the course 32° 81’ an
the line of tangents. _

Extend from the course 32° 81’ to 90° on the line of sines; that extent
will reach from the departure 440 to the distance 818.5 on the line of
numbers.

Extend from the co. mid. lat. 45° 48’ to 90° on the line of sines ; that

extent will reach from the departure 440 to the difference of longitude
613. 7 on the line of numbers. s

CASE IV.

Both Latitudes and Course given, to find the Departure, Distance,

and Difference of Longitude.

ExampLE. A ship from latitude 42° 25 N., and longitude 15° 6’ W.,
sails N. E. b. E. for several days, and then finds by observation that she
is in latitude 46° 20" N.: required the distance she has sailed, and her
Rgesent longitude.
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Latitude left 4P 2 N. .....c.ecee. 42 95 N.
Latitude byobs. 46 20 N. ............ 46 20 N,

Diff. of latitude g) 656 Sum 2) 88 45

— Mid. lat. 44 22
In miles 235 90 00

|

BY CONSTRUCTION.

Draw the line A p, and from a to B lay off the
difference of latitude 235 ; on B erect the perpen-
dicular B c, and make the angle B A c equal to the
course 5 points; draw the line c p, making an
angle equal to the middle latitude 44° 22/ with s c; ®
then the ure 8 c will measure 852, the dis- <
tance A C , and the difference of longitude
D c 492.

BY CALCULATION

91

To find the Departure. To find the Distance.
As radius : 10. 00000 | As co. sine of course 9.74474
Is to diff. of latitude 2356 2.37107 | Is to diff. of latitude 2.37107
8o is tang. course 5 pts.  10.17511 | So is radius 10. 00000
12, 54618 12. 37107
10. 00000 9. 74474
To the departure 351. 7 2. 54618 | To the distance 423 2. 62633

To find the Difference of Longitude. To find the Longitude in.

As co. sine mid. lat. 44°22’ 9.85423 | Longitude left

Isto e 3517 9.54617 | Diff. of long. 492m, or
80 is radi 10.00000 wt‘:’f
d e 1n
12. 54617

9.85423
To diff. of longitude 492  2.60194

BY INSPECTION, '~

15° & 'W.

812 E.

6 54 W.

|

Over the course 5 points, and o %ﬁw half the difference of latitude

117. 5, in its column, will be found

the departure 175. 4, and half the

?i::aqee 22 a;;x.ese, multiplied by 2, give the whole departure 850. 8,. and

N2
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The co. mid. lat. 45° 88’ being taken as a course between 45° and 4,
give oiposite half the departure 175. 4, in the distance columns, 248 and
244 ; half the sum of these, viz. 246, will be half the difference of
longitude, which, multiplied by 2, gives the difference of longitude 492.

BY GUNTER'S SCALE.’

Extend from the complement of the course 3 points to the course 5 points
on the line of sine thumbs; that extent will reach from the difference of
latitude 235 to the departure 351. 7 on the line of numbers.

Extend from the complement of the course 3 points to 8 points on the
line of sine rhumbs ; that extent will reach from the difference of latitude
235 to the distance 428 on the line of numbers.

Extend from the co. mid. lat. 45° 38’ to 90° on the line of sines ; that
extent will reach from the departure 351. 7 to the difference of longitude
492 on the line of numbers.

CASE V.

Both Latitudes and Distance given, to find the Course and
Difference of Longitude.
ExampLE. Suppose a ship from latitude 56° 30’ N. has sailed South-

easterly 257 miles when she arrives in latitude 54° 47" N.; required her
course, and difference of longitude.

Latitude left  56° 30/ N. ...cevvvvrvrnrininrnennnns 56> 30’ N.
Latitudein =~ 54 47 N. ovoveevvereersisnnonsennn, 54 47 N.
Diff o lat- 1 43 ) 111 17
— Mid. lat. 55 38
In miles 103 90 00

Co. mid. lat. 34 22

BY CONSTRUCTION.

Draw the line a p, and from A to B lay off the
difference of latitude 103 ; on B erect the perpen-
dicular B ¢ ; and with the distance 257 in the com-
passes, placing one foot in A, let the other cross
BC in c, and draw the line a c ; draw ¢ p, making
with ¢ B an angle equal to the middle latitude
55° 38’ ; then the course B A ¢ will measure 66° 22/,
and the difference of longitude ¢ o 417.

w 801 7T'T
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BY CALCULATION.

To find the Course.
As the distance 257
Is to radius
So is diff. of lat. 103

2. 40993
10. 00000
2.01284

12.01284
2.40993

To co. sine course 60° 22’ 9. 60291

To find the Difference of Longitude.

As co. sine mid. lat. 55°38’ 9. 75165
Is to tang. course 60° 22/ 10.35804
So is diff. lat. 108 2.01284

12.37178
9.75165

To diff. of longitude 417 2.62013

Nore. We shall omit working this and the following Cases by Inspection
and Gunter’s Scale, as it is presumed the learner sufficiently understands
those methods, without further instruction.

CASE VI
One Latitude, Course, and Departure given, to find the Distance,
Difference of Latitude, and Difference of Longitude.

ExampLE. A ship sails S. S. W. from latitude 51°15’N., g A
and longitude 9° 50/ W., until her departure is 250 miles :
required the distance sailed, and her present latitude and g
longitude. £
BY CONSTRUCTION. ?
Having drawn the line A p, make A E ndicular to it, éy Q? 3
and equal to the departure 250 ; through & draw E c parallel >
to A p, and draw A c, making an angle with ap, equal to the f§
course 2 points; draw c B parallel to A E, and the line ¢ b, Dep250m.
making an angle with c 3, equal to the middle latitude ¢ —+——1s
46°19/; then will the difference of latitude A B, measure %‘ N
603. 6, the distance A c 653. 8, and the difference of longi- “ X "%
tude ¢ p 861. 8. %&
"D
To find the Difference of Latitude.
As sine of course 2 pts. -9.58284 | Latitude left 51° 15’ N
Is to departure 250 2.39794 | Diff. of latitude 604m.or 10 4 8.
80 is co. sine of course 2 pts. 9. 96562 ‘ —_—
Latitude in 41 11 N.
12.36356 —
9. 58284 Sum of latitudes 2) 92 26
To the diff. of lat. 603.6  2.78072 Middle latitude 46 13
90 00
Co. mid. latitude 43 47
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To find the Distance. To find the Difference of Longitude.
As sine of course 2 pts. 9.58284 | As co. sine mid. lat. 46°13’ 9. 84006
htog:grture%‘) 2.30794 | Is to 250 2. 39794
So is radius ° 10. 00000 | So is radius 10. 00000
12.39794 12.39704
9. 568284 9. 84006
To the distance 653.3 2.81510 | Tothe diff. of long. 361.8 2.55788

Longitude left ............ccccevvrenrennennene ® 50 wW.

Diff. of longitude 361 miles, or ............ 6 1W.

Longitude in......cccoovvierinenieniiinnniiinnn, 16 51 W.

CASE VIIL

One Latitude, Distance, and Departure given, to find the Course,
Difference of Latitude, and Difference of Longitude.
ExaurLe. A ship from latitude 54° N., and longitude 33° 20’ W'., sails

850 miles, between the North and East, until she has made 220 miles of
departure : required the course steered, and her present latitude and

longitude. b
BY CONSTRUCTION.
‘Draw the line A b, and make A E perpendicular to it,
and equal to the departure 220: through £ draw Ec %.
parallea to A p, and, with the distance 850 in the com- %
, set one foot in A, and let the other cross cein c; ‘v%%_
Join A c, and draw B c parallel to A £ ; then the course 2\
¥ A ¢ will measure 38° 57", and the difference of latitude _|Dep.220 ..
A5 272.2: hence the latitude in will be 58°82, and °[————
the mid. lat. 56° 16". :
Maketheang‘l:encnequalwww’, and the differ- & -
ence of longitude o c will measure 396. 2. | @ _..3
24
—
BY CALCULATION. A B
To find the Course. To find the Difference of Latitude.
As the distance 350 2.54407 | As radius 10. 00000
Is to radius 10. 00000 | Is to distance 350 2. 54407
So is departure 220 2.34242 | Sois co. sine of course 38°57/ 9. 89081
' 12.34242 12.43488
2. 54407 10. 00000
To sine of course 38°57  9.79835 | Tothe diff. of lat. 272.2  2.43468
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'mde hl:amm- or 5:0 33' Ilg: Af:fz:’:id. lat. 5609{& 9. 74455
Latitude in 58 33 N. | g % departure 220 10 e
Sum of latitudes 2)112 32 123128

Mid. latitde 56 16 9. 74455

90 00 | To the diff. of long. 396.2 2.59787

Co. mid. latitude 33 44

Longitude left ...........c.ccoeeveeiiiiiiiniinnnns 33° 200 W.

Difference of longitude 396 miles, or ...... 6 36 E.

Longitude in .......ccovvvnrvnnieinnninnnnnnan, 2 4 W.
CASE VIII.

One Latitude, Departure, and Difference of Longitude given, fo find
the other Latitude, Course, and Distance.*

Exampre. A ship from latitude 36° 32’ N.
sails between the South and West until she has
made 480 miles of departure, and 562 miles of A
difference of longitude : required her present lati-
tude, course steered, and distance run.

BY CONSTRUCTION.

Having drawn the line A p, make B c perpen-
dicular to it, and equal to the departure 480;
draw c p equal to the difference of longitude 562,
meeting A D in p; then the middle latitude B ¢ »
vill measure 81°20/ ; hence the latitude in is 26° 8/,
and the difference of latitude 624 : now make A B
equal to 624, and join A c, which will measure
tsh; gl::tanee 787.2, and the course c A B will be

D.of Lat. 624m.

w

BY CALCULATION. D
To find the Middle Latitude. Middle latitude 310 2
Asthe diff. of long, 562 2.74974 2
I to radius 10. 00000 —_—
80 is departure 480 2.68124 | Double mid. lat. 62 40
———— | Latitude left 36 32N
12. 68124 —_—
2.74974 | Latitude in 26. 8N.
To co. sine mid. lat. 31°20/ 9.93150 | Diff. of lat. 10 24=624m.

—_—

® This Case cannot be solved by Mercator’s Sailing.
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To find the Course. To find the Distance. :

As diff. of lat. 624 2.79518 | As radius 16. 08000
Is to radius 10.00000 | Is to diff. of lat. 624 2, 79518
8o is departure 480 2. 68124 | So is sec. course 37° 34  10.10092
12.68124 12.89610

2.79518 10. 00000

To tang. course 37° 84/ ~ 9.88606 | To the distance 787.2 2.89610

MERCATOR’S SAILING.

— P E—

MERCATOR’S SAILING is the art of finding on a plane surface the
motion of a ship upon any assigned course of the compass which shall be
true in latitude, longitude, and distance sailed. This method is derived
from the projection of Mercator’s Chart, in which the degrees of longitude
are every where equal, the degrees of latitude increase towards the poles.
l‘i?ld the parallels, meridians, and rhumb-lines are all represented by strait

es.

Charts, in which the d s of longitude and latitude are every where

ual, are termed PLaNE CrarTs. These, it must appear obvious from
what has been said in Parallel and Middle Latitude Sailing, are constructed
on erroneous principles ; and it is also evident that their error must increase
in proportion as the places are more remote from the Equator; but the
great inconvenience of using curved lines on a plane surface, induced
mariners, notwithstanding their incorrectness, to use the Plane Charts, til
Mr. Gerrard Mercator, about the year 1556, published a chart, in which he
continued the meridians all parallel to each other, thereby extending the
degrees of longitude beyond their proper length ; but, in order to compen-
sate for this expansion of the degrees of longitude, he enla the meri-
dional lines, that is, increased the distance between the parallels, so that the
proportion between a degree of latitude and longitude might be every where
preserved on the chart, at the same time that the meridians, parallels, and
rhumbs would be all projected into strait lines: whence a chart thus con-
structed has obtainecf the name of MErcaTOR’s CHART. It does mot,
however, appear that Mercator understood the true principles of this
projection, as he did not enlarge the meridional degrees in their just
proportion.

n the year 1599, Mr. Edward Wright, of Caius College, Cambridge,
published the true principles of Mercator’s Chart, in a work entitled « The
Correction of certain Errors in Navigation ;” where he shewed, by a Table
of Meridional Parts, the length of the enlarged meridians in miles of the
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to every minute of latitude, and which Table he constructed accord-
ing to the following principles : —

It has been already demonstrated in Parallel Sailing, that the length of
any portion of a para.l{el is to a similar portion of the equator as the co. sine
of the latitude is to radius; but the meridians and equator being equal on
the globe, therefore the length of any portion of a parallel is to a similar
portion of a meridian, as co. sine of the latitude is to radius; or, which is the
same thing, asradius is to the secant of the latitude. Now, if the meridians
are made parallel to each other, the length of a degree or minute of longitude
vill remain the same in every latitude as at the equator, by which they
will be enlarged beyond their proper length in the ratio of radius to secant
of the latitude ; therefore, the length of the meridional degrees or minutes
must be likewise increased in the same proportion. Hence the length of
the first minute, or mile of latitude, from the equator will be represented by
the secant 1/, (the length of a mile on the equator being radius); the
second mile by the secant of 2/; the third mile by the secant of 3, &c.:
consequently the length of the meridional line to any latitude will be equal
to the sum of the secants of all the intermediate miles between the equator
and the given latitude.

This method of constructing meridional parts is not strictly accurate,
because the secants should be taken to every point of latitude ; but as the
tables of meridional parts are seldom carried to decimals, the error is of no
consequence in any navigable latitude. However, more accurate and expe-
ditious methods have been since invented for the same purpose.

To find the length of the expanded meridian between any two parallels
of latitude, or, as 1t is called, the meridional difference of latitude, the same
rules are to be observed as in ﬁnding the true or proper difference of
latitude—that is, if the latitudes are of the same name, the difference of
their corresponding meridional parts (taken from Table IIL.); but if the
latitudes are of contrary names, the sum of those parts will be the meri-
dional difference of latitude.

From the principles of Mercator’s Chart it is proved, that if A B (see the
figure in Case I.) represent the true or proper difference of latitude between
two places, the angle B ac the course, a c the true distance, Bc the
departure, as in Plane Sailing ; and if we Produce A B to p till it be equal to
the enlarged or meridional difference of latitude, and draw b E parallel to B c,
then will p £ represent the difference of longitude. Now the triangles A B ¢
and A p & arc similar, the angle A being common to both, and the sides s ¢
and p £ parallel ; therefore, as A B: Bc:: A D : v E—that is, as the proper
difference of latitude is to the departure, so is the meridional difference of
latitude to the difference of longitude. Hence, likewise, in the triangle a » E,
making a » radius, we have—As radius : A p :: tang. angle A : Ep; that
is, as radius is to mer. diff. of latitude, so is tangent of the course to the
difference of longitude ; or, making A E radius—As co. gsineangle o : A D ::
sine angle 4 : E D ; that is, as co. sine of the course is to mer. diff. of lati-
tude, so is sine of the course to the diff. of longitude: which proportions,
with others derived from these triangles, will resolve all the (B,gsen in
Mercator’s Sailing. '

o
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In the following Cases, except the eighth, the same examples are intro-
duced as in Middle Latitude Sailing, in order that & comparison may be
made between the two methods.

CASE L

The Latitudes and Longitudes of Two Places given, to find the
Course and Distanoe between them.

Exaurpr. Required the course and distance from Cape St. Vincent, in
latitude 37° & N. and longitude 9° 1 W. to Funchal, in Madeira, in lat-
tude 32° 38’ N. and longitude 16° 56’ W.

Lat. Cape St. Vinc. 37° 3 N. Mer. parts 2396 Long.C.8¢. Vin. 9° I'W.
Lat. Funchal 33 33 N. Mer. varts 2073 Long Funchal 16 56 W.

Diff. of latitude 4‘1” 25 Mer. diff oflat. 323 Diff. of long. 7 55
In miles 265

60
In miles 476

BY CONSTRUCTION.

Draw the line A p to represent the meri-
dian of Cape St. Vincent, upon which lay
off the meridional difference of latitude
823; on p erect the perpendicular p E
(Prob. II. or XII. Geom.); make it equal
to the difference of longitude 475, and
draw the line A £; from a to B lay off the
proper difference of latitude 265, and
through B draw B c parallel to p E; then
will‘:ﬁe angle x Ap be the course, mea-
suring 55° 47, or n5nlpointa nearly,and ac
the distance, 471 miles.

BY CALCULATION.

To find the Course. To find the Distance.
As mer. diff. of lat. 323 2.50920 | As radius 10. 00000
Is to radius 10.00000 | Is to prop. diff. lat. 265 2. 42325
8o is diff. of long. 475 2.67669 | So is sec. course 55° 47/ 10. 25001
12. 67669 12. 67326
2. 50920 10. 00000

To tang. course 55°47°  10.16749 'l To the distance 471. 3 2. 67328

Hence the direct course from Cape St. Vincent to Funchal is S. 55° 47 W.
orS. W.b. W. nearly, and the distance 471 miles.
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BY INSPECTION.

Seek in the Tables for half the merid. diff. of lat. 161. 5, and half the diff.
of longitude 237. 5, till they are found against each other in the lat. and
dep. columns: the nearest to these are 160.5 and 237.9 in that page
marked 56° at the bottom, which is the course; over that course, and
opposite half the proper diff. of latitude, 132. 5 in its column, is found, in

e dist. column, 237, which multiplied by 2, gives the distance required,
474 miles.

BY GUNTER'S 8CALE.

Extend from the mer. diff. of lat. 323 to the diff. of long. 475 on the
line of numbers; that extent will reach from 45° to the course 55° 47’ on
the line of tangents.

Extend from the complement of the course 34° 13 to 90° on the line of
sines; that extent will reach from the proper diff. of lat. 265, to the dis-
tance 471 on the line of numbers.

CASE IIL
One Latitude, Course, and Distance given, to find the Difference of
Latitude and Difference of Longitude.

ExamprLe. A ship from latitude 52° 6’ N. and longitude 35° 6/ W.
sails N. W. b. W. 229 miles: required her present latitude and longitude.

BY CONSTRUCTION.

Draw the line A p, and make the
angle » A E equal to the course 5 E Diff. of Long. D

points ; from A to c lay off the dis- '
tance 229, and from c draw c B per-
pendicular to A p; then will A B Departurs

measure the diff. of latitude 127:
hence the latitude come to is 54° 19/,
and the mer. diff. of latitude 212;
make A p equal to 212, and drawp E
parallel to B c; then will the differ-
ence of longitude » & measure 317.8.

BY CALCULATION.

©  Lat.

a
S

Mer. diff.

To find the Difference of Latitude. To find the Latitude in.
As radius 10.00000 | Lat.left 5%° & N. Mer. pts. 3675
Is to distance 229 2.35984 | Diff. of lat. 2 7 N.

80 is co. sine course 5 pts.  9.74474
Lat.in 54 13 N. Mer. pts. 3887
12.10458 —— pe. —

10. 00000 Mer. diff. of lat. 212
To the diff. of lat. 127.2  2.10458 =

o 2
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To find the Difference of Longitude. To find the Longitude in.
As radius 10. 00000 ngitude left 35° W
Is to mer. diff, lat. 212 2. 32634 I)lﬂgi of long. 317m. or 517W
8o is tang. course 5 pts. 10.17511 —_—
Longitude in 40 BW.
12. 50146 —
10. 00000
To diff. of longitude 317.3  2.50145

BY INSPECTION.

Over the course 5 points, and opposite the distance 229, is the difference
of latitude 127. 2 : hence the latitude come to is 54° 1%/, and the mer. diff.
of lat. 212 ; then over the course 5 points, and opposite half the mer. diff.
of lat. 106, in a lat. column, will be found 158. 8 in a dep. column, which,
multiplied by 2, gives the diff. of longitude 317.G.

BY GUNTER'S SCALE.

Extend from 8 points to the complement of the course 3 points on the
line of sine rhumbs ; that extent will reach from the distance 229 to the
difference of latitude 127. 2 on the line of numbers.

Extend from 4 points to the course 5 points on the line of tangent
rhumbs ; that extent will reach from the mer. diff. of latitude 212 to the

diff. of longitude 317. 8.

CASE IIIL

Both Latitudes and Departure given, to find the Course, Distance,
and Difference of Longitude. ‘

ExaMpLe. A ship from latitude 49° 57’ N. and longitude &° 11’ W.
sails between the South and West until she arrives in latitude 38°27 N,
and finds she has made 440 miles of departure: required the course she
has steered, the distance run, and the longitude she is in.

Latitude left 49° 57’ N. Mer. parts 3470
Latitude in 38 27 N. Mer. parts 2503
Diff. of latitude 1610 30 Mer. diff. latitude 967

Miles 690
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BY CONSTRUCTION. A

Having drawn the line A b, make a B equal to
the proper diff. of latitude 690 ; on B erect the

o

perpen: B c, and make it equal to the

departure 440; also make A p equal to the -
meridional diff. of latitude 967, and draw p & $18
parallel to B c; through A and c draw the line 3
AE, meeting D E in E ; then will the angle ca B
be the course 32° 81/, a c the distance 818. 5, %
and p & the difference of longitude 616. 5. 3
$
X
E Dif.ofLong. D
BY CALCULATION.
To find the Course. . To find the Distance.
As diff. of latitude 690 2.83885 | As sine of course 32° 31/ 9. 73042
Is to radius 10. 00000 | Is to departure 440 2. 64345
So is departure 440 2.64345 | So is radius 10. 00000
12. 64345 18. 64345
2. 83885 9. 73042
To tang. course 32° 31’ 9.80460 | To the distance 818.5 2.91303
To find the Difference of Longitude.® To find the Longitude in
As radius 10.00000 | Longitude left & 11 W,
Is to mer. diff. lat. 967 2.98543 | Diff. of long. 616m. or 10 16 W.
So is tang. course 32°31’ 9. 80447 —_—
Longitude in 156 27 W.
12. 78990 —_—
10. 00000
To diff. of long. 616.5 2.78990

BY INSPECTION.

One fourth the difference of latitude and departure, that is, 172. 5 and
110, are found to correspond nearly under 32° and 33°, the departure
opposite the difference of latitude 172. 5, being too little under 32°, and too
much under 33°: therefore the course is about 32} degrees, and the dis-
tances answenni to these are 203 and 206: their sum 409, divided by 2,
gives one fo the distance 204. 5, which, multiplied by 4, gives the
whole distance 818.

® Or, since the triangles A3 C and A D E are similar, the difference of longitude may be

found independent of the course; for as AB : BC :: AD : DE; thut is, as the proper
diff. of lat. is to the dep., so is the mer. diff. of lat. to the diff. of longitude.
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One fourth the mer. diff. of latitude 241. 7, in one of the lat. columns of
the page marked with the course 32 at the top, gives in the dep. column
151. 0; and the same with the course 83° at the top, gives 156. 9 ; the sum
of these is 807. 9, which, divided by 2, gives 153. 9; this multiplied by 4,
gives the difference of longitude 615. 6. .

BY GUNTER'S SCALE.

Extend from the difference of latitude 690 to the departure 440 on the
line of numbers ; that extent will reach from 45° to the course 32° 81’ an
the line of tangents.

Extend from the course 32° 31’ to 90° on the line of sines; that extent
will reach from the departure 440 to the distance 818.5 on the line of
numbers.

Extend from 45° to the course 32° 81/ on the line of tangents ; that
extent will reach from the meridional diff. of latitude 967, to the difference
of longitude 616. 5, on the line of numbers.

CASE 1V.

Both Latitudes and Course given, to find the Distance, and
Difference of Longitude.
Exaurre. A ship from lstitude 42° 25’ N., and longitude 15° 6’ W.,
sails N. E. b. E. for several days, and then finds by Observation that she is

in latitude 46° 20’ N.: required the distance she has sailed, and her present
longitude.

Latitude left 42° 25’ N. Mer. parts 2815

Latitude in by Obs. 46 20 N. Mer. parts 3144

Diff. of latitude 30 Mer. diff. latitude 329
In miles 235

BY CONSTRUCTION.

Draw the line A , and from A to B lay off D Diff. Lowg. E
the diff. of lat. 285 ; on B erect the perpen-  § -
dicular B ¢, and make the angle B A c equal

to the course 5 points ; lay o themer?%iﬂ‘. of §

of lat. 329 from A to p, and through p draw S
.DE parallel to B c; then the distance A c

will measure 423, and the diff. of longitude
D E 492.

» 028 T
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BY CALCULATION.

To find the Distance. To find the Difference of Longitude.

As co. sine of course 52&ts. 9. 74474 | As radius 10. 00000
Is to diff. of latitude 2.37107 | Is to mer. diff. of lat. 329 2.51720
So is radius 10. 00000 | Sois tang. course 5pts.  10.17511

12.37107 12. 69231
9.74474 10. 00000

To the distance 423 2.62633 | To diff. of long. 492.4 2. 69231

Longitude left .......ccoccvvviiiiiiiiniininnnn. 15° ¢ W,
Difference of longitude 492 miles, or ...... 8 12 E.

Longitudein ........cooeviinnininniiinns Cerens 6 54 W.

BY INSPECTION.

Over the course 5 points, and opposite half the difference of latitude 117.5
in its column, will be found half the distance 211 in its proper column ; this,
multiplied by 2, gives the whole distance 422.

Over the same course, and opposite half the mer. diff. of latitude 164. 5,
found in a latitude column, stands 246. 1 in the corresponding dep. column ;
which, multiplied by 2, gives the diff. longitude 492.2.

BY GUNTER'S SCALE.

Extend from the complement of the course 3 S:Jints to 8 points on the
line of sine rhumbs ; that extent will reach from the difference of latitude
235 to the distance 423 on the line of numbers.

Extend from 4 points to the course 5 points on the line of tangent rhumbs ;
that extent will reach from the mer. diff. of lat. 329, to the diff. of lon-
gitude 492. 4 on the line of numbers.

CASE V.

Both Latitudes and Distance given, to find the Course and
Difference of Longitude.

ExaMpLE. Suppose a ship from latitude 56° 80’ N. has sailed South-
easterly 257 miles, when she arrives at latitude 54° 47’ N. : required her
course steered, and difference of longitude.

Latitude left  56°30'N.  Mer. parts 4128

Latitudein =~ 54 47 N.  Mer. parts 3945

Diff. of latitude 1 Mer. diff. latitude 183
Miles 103
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BY CONSTRUCTION.
Draw the line A p, and from atoB

lay off the diff. of latitude 103; on 3 ¥ 2

erect the perpendicular 8 ¢, and with & |5 ‘2

the distance 257 1(111 thehctol:npu}?es :;et 2 £ °

one foot in A, and with the other de-

scribe an arch cutting Bc in c, and ) Deperture \\
draw the line A c ; from A to p lay off & D Lomg B
the mer. diff. of latitude 183, and e

through p draw b E parallel to B c, meeting A c produced in k; then the
course B A c will measure 66° 22, and the diff. of longitude p £ 418. 2.

BY CALCULATION.

To find the Course. To find the Difference of Longitude.
As the distance 257 2.40993 | As co. sine course 66°22' 9. 60302
Is to radius 10. 00000 | Is to mer. diff. lat. 183 2. 26245
So is diff. of lat. 103 2 01284 | So is sine course 66°22/ 9. 96196
12. 01284 12. 2944]
2. 40993 9. 60302
To co. sine course 66°22°  9.60291 | To diff. of longitude418.2 92.62139

CASE VL

One Latitude, Course, and Departure given, to find the Distance,
Difference of Latitude, and Difference of Longitude.

ExampLE. A ship sails S. S. W. from latitude 51° 15’ N., and longitude
9° 50/ W. until her departure is 250 miles: required the distance sailed,
and her present latitude and longitude.

>

BY CONSTRUCTION. F

Draw a p, and make a F perpendicular to it, on which l
lay off from A to F the dep. 250; through r draw r ¢ /3
parallel to A b, and draw A ¢, making an angle with A p Fle b
equal to the course 2 points, meeting ¥ c in ¢, through ® J <
which draw c B parallel to F A ; then will the distance Ac :
measure 653, and the diff. of latitude A B 604 : hence the g
latitude in is 41° 11/, and the mer diff. of lat. 877 ; from
A to p lay off 877, and draw b E parallel to Bcor ¥ a,
meeting A ¢ produced in £ ; then will the diff. of longi- _
tude pE measure 363. 3. __j

a
1
. (=]

Mep. Biff. 0 Lattude
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BY CALCULATION.
To find the Difference of Latitude. To find the Distance.
As sine of course 2 pts. 9.58284 | As sine of course 2 pts. 9. 58284
Is to 250 2.39794 | Is to departure 250 2.39794
Sois co. sine of course 2 pts.  9.96562 | So is radius . 10. 00000
12. 36356 12, 39794
9. 58284 9. 58284
To the diff, of 1at. 603. 6  2.78072 | To the distance 663.3  2.81510
Lat. left 51° 15’N. Mer. pts. 3593 | To find the Difference of Longitude.
Dif.lst. 10 4 S. . o
As co. sine of course 2 9. 96562
Iat.in 41 11 N. Mer. pts. 2716 Is to mer. diff. lat. 877 2. 94300
—_— ~——— | 8o is sine course 2 pts. 9. 58284
Mer. diff. lat. 877
—_— 12, 52584
9. 96562
Longitude left 9 500 W. .
Diff. of long. 363m.or 6 3 W. To the diff. of long. 363.3 2. 56022
Longitude in 15 53 W.
CASE VII.

One Latitude, Distance, and Departure given, to find the Course,
Difference of Latitude, and Difference of Longitude. ‘
ExampLe. A ship from latitude 54° N., and longitude 33°200 W, sails

850 miles between the North and East until she has made 220 miles of
departure: required the course steered, and her present latitude and

longitude.

BY CONSTRUCTION.

Draw a b and A ¥ perpendicular to it, which
make equal to the departure 220; through ¥ D
draw ¥ ¢ parallel to a p, and with the distance
, set one foot in A, and
vith the other draw an arch cutting Fc in ¢ ;
Jom A c,and draw B c parallel to A ¥ ; then the
course B A ¢ will measure 38° 57’, and the
difference of lat. A B 272. 2: hence the latitude
Inis 58°3%, and mer. diff. of latitude 490 ;
from  to b lay off 490, and through p draw
DE parallel to A ¥ or BcC, meeting A c pro- «“ﬁo"
duced in £ ; then the diff: of longitude p & will

350 in the compasses.

measure 396. 1.

Diflmg. &

¥
é

B&gi%m Cc

O
R

¢

o,
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BY CALCULATION.
To find the Course. To find the Difference of* Latitude,
As the distance 350 2.54407 | As radius 10. 60009
Is to radius 10.00000 | Is to distance 350 2. 54407
So is departure 220 2.34242 | 8o is co. sine course 38° 657/ 9. 89081
12.34242 12. 43488
2. 54407 o 10. 00000
To sine of course 38°57 9.79835 | To the diff. of 1at. 273. 2 2. 43488
Lat. left 564° O/ N. Mer. pts. 3865 | To find the Difference of Longitude.
Diff. lat. 4 32 N. ih co. nn%leoni:e 38357/ 9.8908
: s to mer. diff. lat. 490 2. 69030
Lat.in 58 83 N. Mer. pts. 4355 | g 5. sine course 36957 9. 79840
Mer. diff. lat. 490 12, )
9. 8908
Longitude left 33200 W,
. Diff. of long. 396m.or 6 36 E. To diff. of long. 306.1 2.597719
Longitude in 26 44 W, :
CASE VIIIL

One Latitude, Course, and Difference of Longitude given, to find the
: Distance and Difference of Latitude.®

ExaMrLE. A ship from latitude 34° 20’ N. sails S, 41° W. il her
difference of longitude is 680 miles: required her present latitude asd

distance sailed.

‘BY CONSTRUCTION.
_Draw a p, and make A F perpendicular to it, p ' A

and equal to the difference of longitude 680 ;
draw FE parallel to Ap, AE making an angle
with A D equal to the course 41°, meeting F E
el to ¥ A ; then A p will be the
titude equal to 782; which sub-
tracted from the mer. parts of the latitude left,
ives the mer. parts of the latitude in : hence the
titude in is 23° 6', and the diff. of latitude 683. |C
equal to 683, and draw B c parallel to
ED ; then A c will be the distance measuring 905.

inEg,and ED
mer. diff. of

Make A B

~

¢}\a-

DU:L?‘ €0

Departure B

E oqr.qfl,o‘;.sso D

® This Case cannot be solved by Middle Latitude Sailing.
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BY CALCULATION.
To find the Mer. Diff. of Latitude.

As radius 10. 00000 | Lat. left 34° 20'N. Mer £ﬂ‘
Is to diff. of long. 680 2. 83251 Iat. 782

So is co. tang. course 41°  10. 06084 Lat.in 23 6N. Mer. pts. 1425

12. 89335 | 13
10. 0000 | Diff- lat- 1133

To mer. diff, Iat. 782.3  2.89335 |  Miles 683

To find the Distance.
As co. sine course 41° ............... 9. 87778
Is to diff. of latitude 683............ 2. 83442
Soisradius .........ocoviiiiiiniannen 10. 00000
) 12. 83442
9.87778
To the distance 905 .................. 2.95664

EXAMPLES FOR EXERCISE.

1. Required the course and distance from the Cape of Good Hope, in
laﬁtude 84° 2% S., and longitude 18° 24’ E., to the Xsland of St. Helena,
in latitude 15° 55’ S., and longitude 5° 46 W.

Answer. By Middle Latitude Sailing, the course is N. 49° 51’ W., and
distance 1717 miles.*

By Mercator’s Sailing, the course is N. 49°40’ W ,and distance 1710 miles.

2. Required the bear%g and distance of Pernambuco, in latitude 8°4'S.,
and longmxde 84° 5% from Cape Verd, in latitade 14° 45’ N., and
longitude 17° 82’ W.

Answer. By Middle Latitude Sallmg, the course or bearing from Cape
Verd to Pemambuco is S. 837° 12' W., and the distance 1719 miles.

By Mercator’s Sailing, thebearingis S.37°1’ W., and distance 1715 miles.

. 8. Required the course and distance from Cape Sierra Leone, in Iatitude
9° 30’ N., and longitude 18° 18 W, to Cape St. Roqne,mhhtudeb"%fs.,
and longltude 85° 17T W.

Answer. By Middle Latitude Sailing, the course is S. 5544 W., and the
distance 1595 miles.

By Mercator’s Sailing, the course is S.55°40' W .,and distance 1592 miles.

4. Required the course and distance from Cape Palmas, in latitude

4° 24’ N., and longitude 7° 46’ W., to St. Paul de Loando, in latitude
8° 48 8., and longitude 18° 8’ E.

® If the trwe middle latitude were found by the proportion given in the note at the bottom
of page 85 (25° 50’), the answer would be the same as that by Mercator’s Sailing.
P2
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Answer. By Middle Latitude Sailing, the course is S. 57° 42’ E., and the
distance 1482 miles.

By Mercator’s Sailing, the course isS. 57° 40/ E., and distance 1481 miles.

5. A ship from latitude 29° 47’ N., and longitude 24° 36’ W., sails
S.8. W. § W. 320 leagues: required her present latitude and longitude.

Answer. By Middle Latitude Sailing, her latitude in is 16° 4’ N., and
longitude in 88°32' W. '

By Mercator’s Sailing, her latitude in is 16° 4 N., and longitude in
83° 33 W, . ,

6. A shipfrom latitude 2° 5’ N., and longitude 22°30’ W., sails W.S. W.
256 leagues : required her present latitude and longitude ; also her course
and distance to St. Ann’s Island, Maranham, in latitude 2° 15’ S., and
longitude 43° 38 W.

Answer. By Middle Latitude, or Mercator's Sailing, the latitude in is
2°49'S., longitude 34° 20’ W.; the course to St. Ann's Island N. 86° 80’ W,
or W. 1 N. nearly, and distance 556. 9 miles.

7. A ship from latitude 71° 20/ N., and longitude 28° 10/ E., sails E.S. E.
until she arrives in the parallel of 70° N. : required her longitude in, with
her direct course and distance to Cape Sweetnose, in latitude 68°10” N.,
and longitude 40° 3’ E.

Answer. By Middle Latitude Sailing, the longitude in is 37° 53’ E. ; the
course to Cape Sweetnose is S. 22° 53’ E. or S. S. E., and the distance
‘119. 4 miles.

By Mercator's Sa.i]ln% the longitude in is 37° 54 E.; the course to
Sweetnose is S. 22° 44/ E. or S. S. E., and the distance 119. 3 miles.

8. Suppose a ship from latitude 9° 10/ N., and longitude 19°82° W,
sails in tﬁe South-east quarter till she has made 415 miles of d
and is by observation in lat. 2° 19 S.: required her course steered, distance
run, and longitude in.

Answer. By Middle Latitude, or Mercator’s Sailing, her course steered
is 8. 31° & E,, distance run 804. 2, and longitude in 12° 36’ W.

9. A ship from latitude 46° 35’ N., and longitude 176° 42 W., ails
N. W.by W. 4 W. till she arrives in latitude 51°18’' N. : required the
distance run, and longitude in.

Answer. By Middle Latitude Sailing, her distance run is 600. 8 miles,
and longitude in 169° 52’ E.

By Mercator's Sailing, her distance run is 600. 3 miles, and longitude in
169° 50' E.

v 10. A ship from Table Bay (Cl?e of Good Hnt;fe), in latitude 83° 53’ S.,
and longituse 18°19 E., sails N. W. 3 W. till she arrives in latitude
2P 82 S.: required her course and distance to St. Helena, in latitude
15°55’ S., anr(ﬂon itude 5° 45’ W.

Answer. By Middle Latitude Sailing, the longitude in is 8°22’ E. ; the
course to St. Helena N. 48° 28’ W., and distance 1051 miles.

- By Mercator’s Sailing, the longitude in is 8° 22 E.; the course to
St. Helena N. 48° 24/ V%., and distance 1050 miles.
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OF COMPOUND COURSES.

T find the Diffsrence of Longitude mads good upon Compound Courses,
by Middle Latitude and Mercator’s Sailing.

In the arrecedmg Cases, both of Middle Latitude and Mercator’s Sailing,
we have always supposed the ship to sail on a direct course; but when she
makes a com oung course, the several courses are to be reduced to a single
course, as in Traverse Sailing, and then the difference of longitude may
found either by Middle Latitude or Mercator’s Sailing, as will appear by
the following ‘

ExampLe. Suppose a ship from latitude 52° 36’ N., and longitude
21°45' W., sails N. E. 86 mies; N.b. W. 14 miles; N. E. b. E. } E.
58 miles; N.b. E. 42 miles; and E. N. E. 29 miles : required her present
latitude and longitude.

Difference of Lat. Departure.
Courses. Distance. N &— E. —
N.E. 36 25. 5 25.5 | .
N.b. W. 14 13.7 2.7
N.E.b.E. § E. 58 27.3 51.2
N. b.E. 42 41.2 8.2
E.N. E. 29 11.1 26.8
Diff.of Lat.{ 118.8 111.7 2.7
2.7
Dep.| 109.0

The difference of latitude 118. 8, and departure 109. 0, give the course

N. 42° 82’ E,, and distance 161. 2, by Case VI. of Plane Sailing.

Latitude left 52°36’ N. Mer. pts. 3724 Longitude left 21°45’ W.
Diff. lat.119,0r 1 59 N. Diff.long. 184,or 3 4 E.
Latitude in 54 35 N. Mer.pts. 3925 Longitude in 18 41 W.
Sum of lats. 2) 107 11 Mer. diff. lat. 201 ’
Mid. latitude 53 35
To find the Difference of Longitude.
By the Middle Latitude. By Mercator.

As co. sine mid. lat. 53°35’ 9.77353 | As co. sine course 42°32 9. 86740
Istod e 109 2.03743 | Is to mer. diff. lat. 201 2. 30820
So is radius 10. 00000 | So is sine course 42° 82/ 9. 82096

12. 03743 12. 13316

9. 77353 . 9. 86740

To the diff. of long. 183.6 2.26390 | To the diff. of long. 184.4 2.26576
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BY INSPECTION.

The co. mid. latitude being about 364, first look for 36° as a course, and
for the departure 109 in one of the dep. columns, against the nearest to
which is 186 in a dist. column ; then look for the departure 109 in the page
with 37° at the top, opposite which stands 181 in a dist. column; the sum
of this and 186 is 367, the half of which is 183. 5, the difference of longi-
tude by Middle Lat. Saili.nf: or, the course being 424°, look in the
with 42° and 43° at the top for the mer. diff. of latitude 201 in a lat. column,
against the nearest to which will be 181. 3 and 187. 5 in the i
deg. columns ; the sum of these is 368. 8, half of which is 184. 4, the di
of longitude by Mercator’s Sailing.

The above method is that generally practised at sea in estimating the
difference of longitude made good in a day’s run, being considered sufficiently
exact for the distance sailed by a ship in that time ; but when the distances
are considerable, especially in high latitudes, it is more accurate to estimate
the difference of longitude made upon each course and distance, according
to the following rules.

I. By Middle Latitude. To the Traverse Table annex a Longitude
Table, divided into six columns; the first is to contain the latitude left,
and the several latitudes the ship is in at the end of each course and dis-
tance, estimated by the latitudes left, and differences of latitude in the
Traverse Table ; the second, the sums of each following pair of latitudes;
the third, half the sums of middle latitudes; the fourth, the complements
of the middle latitude ; and the fifth and sixth columns are to contain the
differences of longitude. Having found the co. mid. latitudes, with these
and their correspond.ing departures in the Traverse Table, find the differ-
ences of longitude, and place them in the east or west columns, according
to the name of the dcllie*yarture; then the difference of the sums of these
columns will be the difference of longitude made good, of the same name
with the greater.

II. By Mercator. To the Traverse Table annex a Longitude Table,
consisting of five columns ; the first is to contain the latitude left, and the
latitudes of the ship at the end of each course and distance ; the second,
the meridional parts corres(ronding to each latitude; the third, the meri-
dional differences of latitude ; and the fourth and fifth, the differences of
longitude.

Having found the meridional differences of latitude, with these and the
courses in the Traverse Table, find the correspond.iz:gmdiﬂ'erenoes of longi-
tude, which place in the east or west columns, according as the course is
easterly or westerly ; then the difference between the sums of these columns
will be the difference of longitude made good upon the whole Traverse, of
the same name with the greater.

Nore. When the course is north or south, there is no difference of
longitude ; and when it is east or west, the difference of longitude must
be as in Case II. of Parallcl Sailing.
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The differences of longitude may be found by any of the methods given
in the Sailings; but in the following Example we have used Inspection only.

EXAMPLE.

A ship from Hangcliff, in latitude 60° 9 N., and longitude 1° 7" W.,
sailed as follows, vis. N.E. b. N. 69 miles; N.N.E. 48 miles; N.b. W. 4 W.
78 miles; N. E. 108 miles; and S. E. b. E. 50 miles : required her latitude
and longitude in.

BY MIDDLE LATITUDE.

TRAVERSE TABLE. | LONGITUDE TABLE.
C Dist. Diff. Lat. | Departure. Lats. | Sams. lhiig Cﬁb::'.d. M[‘"\ﬁ
\ N. 8. E | W. . E. |W
60° 9 .
N.Eb N | 69(57.4 38.3 61 6 (181 15/60 37|29 35| 78
N.N. E. 48 (44.4 18.4 61 50 |122 56|61 28| 28 32 | 38
N.bW.§W.| 78 (74.6 22.6// 63 5 |124 55|62 27| 27 33 49
. E. 108 | 76.4 76.4 64 21 127 26|63 43| 26 17 | 174
8. E.b. E. 50 27.8/41.6 63 53 |128 14|64 7| 2563 | 95
252.8 | 27.8 174.7 |22.6| Longitude left ...... 1° 7/ W.| 385 | 49
27.8 22.6 Diff. long. 336, or 5 36 E. 49
D.la .0 152.1 (Dep. Longitude in... 4 29 E. | 336
Course N. 84° E. and Distance 272 miles.

BY MERCATOR.

The longitude of the ship, according to the first method, is 4° 17’ E. by
Middle Latitude, and the same by Mercator’s Sailing, differing from the
above 12 and 13 miles; but as we have already observed, it is seldom neces-

sary to use the latter methods at sea.
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OBLIQUE SAILING.

Do P S

' OBLIQUE SAILING is the application of oblique-sngled plane
triangles to various cases at sea; as in coasting along shores, app i
or leaving the land, surveying coasts or harbours, &c.

In this kind of sailing, fo sef an object, means to observe what rhumb,
or point of the compass, is directed to it; and the bearing of an object &
the rhumb on which it is seen ; also the bearing of one place from another,
is reckoned by the name of the rhumb passing through those two places:
hence the bearing of two places from each other are upon opposite points
of the compass ; thus, if one place bear E. N. E. from another, the
will bear W. S. W. from the former, being in the same line, but in opposite
directions.

A great variety of Examples might be given in this Sailing; but as
would rather tetlzd to exercri’se thleg leau’ne%l in Trigonosn’;lelful-lyg than mMm
any Qirect purpose, we shall select those only that appear to be useful in
practice.

EXAMPLE I

Sailing down the Channel, I observed the Eddystone bear N. W.b. N.;
and after sailing W. S. W. 18 miles, I found it bore from me N.b. E.:
required the distance of the ship from the Eddystone at both stations.

BY CONSTRUCTION.

Describe the circle N. W. S. E., to
represent the compass, and draw the Eddystone
diameters W. E. and N. S. at right an- ¢
gles to each other ; draw the N. W.b.N.,
W.S. W,, and N.b. E. rhumb lines,and
on the W.S. W. line lay off 18 from
A to B, taken from any scale of equal

arts ; through B draw B c parallel to the

. b. E. line, meeting the N. W.b. N.
line A c in c; then will A represent the ; -
place of the ship at her first station, [ ' {"TTIS N
B her place at the second station, and c ;
the place of the Eddystone ;  c will be
the ship’s distance from the Eddystone
at the first station, measuring 21 miles,
and B c the distance at the second sta-
tion, measuring 25 miles.
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BY CALCULATION.

In the triangle A B c are given the side A B 18 miles, ‘the

le caB

equal to 7 points, the measure of the arch contained between the N. W.b. N.

and the
between the N.b. E. and the

.S. W, lines; the angle ABC equal to 5 &oints, the interval
. N. E. line (being
W. S. W. rhumb); and the angle Bc A

e opposite to the
equal to 4 points, the interval

between the S.b. W. and the S. E. b. S. lines; to find the sides ac and Bc.

To find the Side A c. To find the Side B c. .

Assine of angle c 4 points 9. 84949 | As sine of angle ¢ 4 points 9. 84949
Is to the side AB 18 1.25527 | Is to the side o B 18 1. 26627
So is sine angle B 5 points  9.91985 | So is sine angle A 7 points 9. 99157
11.17512 11. 24684

9. 84949 9.84949

To the side Ao 21. 17 1. 32563 | To the side B c 24. 97 1. 39735

Hence the distance of the Eddystone from the ship’s first station is 21. 17
miles, and from the second station 24. 97, or 25 miles nearly.

EXAMPLE IL

Coasting along shore, I observed two Capes: the first bore N. b. E., and
at the same time the second bore N. E. § E.; now, by the Chart, these
Capes bear from each other N. W. } W., and S. E. } E. Sl:y compass), dis-
tant 21 miles: required my distance from both places at that time.

BY CONSTRUCTION.

Having drawn the compass
N.W.S.E., the centre of which is
to represent the ship’s place, draw g
the N.b.E.and N.E. § E. rhumb <
lines A3 and ac, being the bear- o
Ings of the Capes from the ship ;
draw likewise the N.W.1 W. and NT
S. E.{ E. line, the bearing of the PR Y 2/
Capes from each other, on which A /
fom A to p lay off 21 miles, , . o
the distance between the Capes; ; R i
throu%h pdraw p ¢ parallel tothe wi B
N.b. E. line, and through c draw A i
cs l!:mallel tothe NW.}W.and 3 A /o
S.E. { E. line; then s will repre- ( {0
sent the place of the first Cape, c N~
the second Cape, A B the distance aru
of the first Cape. from the ship,

%mlﬁnng 81 miles, and A ¢ dfe distance of the second Cape, measuring
miles. :

.,
AN
d
7
e

D

Q
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BY CALCULATION.

In the triangle a B are given the angle Bac 3§ points, the arch between
the N.b. E. and N.E.  E. lines; the angle o B¢ 5} points, the interval
between the S. b. W. and S. E. } E. lines; and the angle acs 7 ‘foints,
the interval betwecn the N. W. $ W. and S. W.§ W. lines; and the side
B ¢ 21 miles; to find the sides o B and a c.

To find the Side A B. To find the Side a c.
As sine angle A ints 9. 82708 | As sine angle A ints 9. 82708
Isto theagxsde BC lPo 1.32222 | Is to the side nﬁfo 1. 3222
So is sine angle ¢ 7 points  9.99157 | So is sine angle B 51 points 9. 93335
11.31379 | 11. 25557
9. 82708 9. 82708
To the side A B 30.67 1. 48671 | To the side a c 26. 82 1.42849

Hence the distance of the ship from the first Cape is 80. 67 miles, and
from the second Cape 26. 82, or 27 miles nearly.

EXAMPLE III

Being close in with Dungeness, I ran 27 miles on a direct course to the west-
ward, and then found Beachy Head bear N.N.W.; now the bearing of Beachy
Head from Dungeness g)x compass) is W.} N., and the distance 29 miles:
required the course steered, and the distance of the ship from Beachy Head

BY CONSTRUCTION.

Describe a circle, and di-
vide it into 4 equal parts by
thediametersN.S.andW.E.,
the extremes of which will
refpresent the cardinal points
of the compass; and the
centre of the circle the place
theship sailed from (Dunge-
ness); draw the W.4N. line
A B equal to 29 miles, then
will B represent the place of
Beachy Head: through »
draw B c parallel to the
N. N. W. line, and with the
distance run, 27 miles in the compasses, set one foot in A, and with the other
describe an arch cutting B c in c, and draw the line A c: then will c represent
the ship’s place, B cthe distance of the ship from Beachy Head, measuring 19
miles, and the angle s a ¢ the course steered from the south, measuring 53°39.

BY CALCULATION.

In the trim:fle A BC are given the side A B, equal to 29 miles ; the
side A ¢ 27 miles; and the angle a B c 5§ points, the interval between
E. } S.and 8. S. E.; to find the angle B 4 c, and the side B c.
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To find the Angle B A C.
asthesid?:n;lm 5 1.43536 Angle Boa (i
to sine of e ABO ints 9. 95616 le aBC b or 64 41
8o is the side o 829 pe 1. 46240 Ang tpa —_—
_— Sum 140 50
11. 41856 180 00
1. 43136 —_—
———— Anglesac 39 10
To sine of angle Bca 76° 9 *  9.98720
To find the Side B cC.
As sine of angle A Bo 54 points... 9. 95616
Is to the side Ac 27 ............... 1. 43136
So is sine of angle BA ¢ 39°10r... 9. 80043
11. 23179
9. 95616
To the side 8¢ 18.86 ............ 1.27563

Now the bearing of A B, which is W. } N. or W. 2249’ N., subtracted
from the angle B A c 89° 10, gives the bearing of o ¢ W. 86° 21’ S. ; hence
.1 W, and the distance of

the course steered is S. 53° 3% W. or S.
the ship from Beachy Head is 18. 86, or 19 miles nearly.

EXAMPLE 1IV.

At noon St. Alban’s Head bore N. 20° E., and Portland Lights
N. 20° W. ; and running N. W., at the rate of 7 knots an hour, at 2 ». M.
St. Alban’s Head bore N. 72° E., and Portland Lights N. 9° E.: required
the bearing and distance of Portland Lights from St. Alban’s Head.

BY CONSTRUCTION.

Draw the compass as before, and let
the centre A represent the first station,
from which draw the first bearing A c,
N.29° E., and the second bearing A p,
N.20°0W.; also draw the N. W. line
AB equal to 14 miles, the distance run
in 2 hours ; then will B represent the
second station ; through B draw B¢
parallel to N. 72° E., and B b parallel
toN.9° E., meeting the lines ac and
Apin c and p,and join pc; then will
represent St. Alban’s Head, p Portland
Lights,and c p their distance, measur-
ing 18. 29 miles, the bearing of which
v'iflbe N.704°W., or W.N.W. W,

* If the above angle B c A be considered obtuse, or 103° 51/, the side B c would then

be 5.938. (See Rules, page 45).

Q2
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BY CALCULATION.

In the triangle A B c are given the side A B 14 miles, the angle A c 3
to 48°, the interval between S. 72° W. and S. 20° W. ; and the angle a3c
equal to 63°, the interval between N.72° E., or E. 18° N, and S. E,, or
S.E. 45° S.; to find the side A c.

As sine of angleac» 43° ............ 9. 83378
Is to thesideas 14 .................. 1. 14613
So is sineof angle ABc 63° ......... 9. 94988
11. 09601
9. 83378
To the side ac 18.29 ............... 1. 26243

In the triangle ABD are given the side A3 14 miles, the angle ap»
equal to 29°, the interval between S. 20° E. and S. 9° W. ; the angle a3p
equal to 126°, the interval between N.9° E., or E.81° N, and S. E. ot
S.45°E.; to find the side a p.

As sine of angle ApDB 20°............ 9. 68557
Is to the side A B 14m. ............... 1. 14613
So is sine of angle ABD 126° ...... 9. 90796
11. 05409

9. 68557

To the side Ap 23.36 ............... 1. 36852

In the triangle A c p are given the side A ¢ 18.29; the side Ao p 28.86;
and the included an%le c A D equal to 49°, the interval between N. 29°E.
and N. 20° W.; to find the angle a c p, and the side c p.

To find the Angle A c p.
Sideap 23.36 As sum of the sides Ac, Ap,41.65 1. 61962
Sideac 18.29 éso to their d;l{ltz'lfeno}le 5.07 0. 70501
— is . Of the sum
Sum 41.65 of angles Apc, pca }65030 10. 84130
Difference 5. 07 11. 04681
180° 1. 61962

Anglecap 49

—_— To tang. of half their diff. 14 57 9. 49609

Sum of Apc & pca 131
Half 6530 Sum gives the angle Acp 80 27
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To find the Side cp.

As sine of angle a ¢ p 80° 27
Is to the side Ap» 23.36 ......
So is sine of angle cap 49° .........

To thesidecp 17.88 ...............

Now the angle A ¢ p 80° 27’ added to 29°, the bearing of A c from the
south, gives the bearing of c p, S. 109°27’ W., which, subtracted from
180° leaves the bearing N. 70° 33’ W. or W. N. W. 1} W. nearly: hence
the bearing of Portland Lights from St. Alban’s Head is W. N. W. ] W.
(by compass), and the distance 18 miles nearly.

Note. In this manner the mutual bearings and distances of any num-
ber of points may be ascertained ; but in practice it is more expeditious,
and in general sufficiently exact, to construct the figure on a proper scale,
and then measure off the several parts.

EXAMPLE V.

Coasting along shore, I struck upon a shoal, and wanting to ascertain
its situation exactly, I took angles with my sextant, subtended by three
objects on shore, as A, B, and c, whose relative positions were as follow :
the distance from A to B was 10 miles, from B to ¢ 6 miles, and the angle
ABc 150°; now the angle, measured at the ship, between A and s, was 24°,
and between B and ¢ 16°: required the distance of p, the ship’s place, from
each object.

BY CONSTRUCTION.

Draw the line A B,
and make it equal to
10; at B make the
angle A B¢ 150°,and
draw the line B ¢
equal to 6.

Bisect the line A B
(Problem I.Geom.),
axll:lldmw the linex F,
which will be perpen-
dicular to A B ; make
the angles ¥ A3 and
F B A ‘each equal to
66° (the complement
of the given angle
ADa24), and draw the lines A ¥, BF, meeting at ¥; then, the triangles Ax ¥
and B X r»bcing‘ri%:n-angled at X, the angles A ¥ x and B F x will be each
cqual to 24°, and the angle A ¥ B at k 48°, or double the given angle A » B.
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In like manner bisect the line B c, and draw the line L ¢; make the
angles 6 B c and ¢ c B each equal to 74° (the complement of the given angle
BD c 16°), and draw the lines B 6, c 6, meeting at 6 ; then will the angle
B G C be 32°, or double the angle 5 pc.

With the radius A ¥, or B F, from ¥, draw an arch at b.

With the radius ¢ B, or ¢ c, from ¢ draw an arch, cutting the former one
at the point 0,* which will be the ship’s place.

Draw the lines ¢, B D, and A v, which will be the distances required;
that is ¢ p will measure 15. 17, B p 18. 88, and a p 23. 66, the angle A p3
measuring 24°, and the angle B » c 16°.}

Draw the lines ¥ ¢, F 0, and ¢ p.

BY CALCULATION.

In the isoceles triangle A F B are given the side A B 10, the angles A 3
48°, and Fa B 66° to find the side ¥ B 12. 29, equal to the sides ¥ A or Fp.

Or, in the right.angled triangle B k ¥ are given the side 3 x 5 (the half
of A B), and the angle B F x 24°, to find the side B r 12.29, equal to the

sides F A or F D.

In the isoceles man;ile BG c are given the side B c 6, the angles c Bc T4,
and B 6 ¢ 32, to find the side ¢ B 10. 88, equal to the sides 6 c or ¢ p.

Or, in the right-angled triangle B L ¢ are given the side B L 8 (the half
of B c), and the angle B ¢ L 16> to find the side ¢ B 10. 88, equal to the

sides G C or G D.

The angle a B ¥ 66°, added to the angle ¢ B ¢ 74°, and their sum 140,
subtracted from the angle A B ¢ 150°, the remainder will be the angle
FBG 10°

In the triangle F B ¢ are given the side ¥ 5 12. 29, the side ¢ 3 10. 88,
and the angle ¥ B 10°, to find the angles B ¥ ¢ 50° 11/, and B ¢ ¥ 119° 49..

The triangles ¥ B ¢ and F p G are identical, that is, mutually equal in
all their parts; the side r B being equal to the side F » 12. 29, ¢ B to ¢ »
10.88, and F ¢ common to both triangles; therefore, the angle B ¥ ¢ is

equal to the angle ¢ Fp 50°11, FeB to Fep 119°4Y, and rBc to
Fpc 10° .

The angle s ¥ 6 50°11/, added to the angle ¢ Fp 50°11’, their sum
will be the angle B F p 100° 22"

® When the arches at D intersect each other at very acute angles (as in the present
example), it will be difficult to determine exactly the point of intersection ; the point D may
in such case be found, independent of the arches, as follows :—From 3 let fall a perpendicular
on F G, produced if necessary, and draw the line B D of an indefinite length; then produce
the lines B ¥ and B G to twice their lengths ; through the ends of these lines draw a line
meeting the line B D, and it will intersect it at the point p.

4+ In Euclid, Book IIL, Prop. XX., it is demonstrated that ¢ the angle at the centre of
a circle is double the angle at the circumference upon the same base, that is, upon the same
part of the circumference ;' therefore, the angle A D B is balf the angle A r B, and the angle
B D C is half the angle B G c.
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In the isoceles triangle 5 ¥ , the angle 3 ¥ p 100° 22, subtracted from
180° (the sum of the three angles), will give the remainder 79° 38, the
half of which, 39° 49, will be the angle F B » or F D B.

In the isoceles triangle B F » are given the sides ¥ B and Fp 12. 29, the
angle B ¥ p 100°22/, and the angle ¥ 3D or Fp B 39°49, to find the side
8D 18. 88.

The angle F B » 39° 4%, added to the angle E B A 66°, their sum will be
the angle A B p 105° 49".

In the triangle A B D are given the side A B 10, the angle A B p 105° 49,
and the angle A p B 24°, to find the side A p 23. 66.

The angle A 8 p 105° 49, subtracted from the angle a Bc 150°, the
remainder will be the angle ¢ B p 44° 11"

In the triangle B p C are given the side B c 6, the angle c p 8 16°, and the
angle ¢ B p 44° 11, to find the side c » 15. 17.’ ’

Hence the distance of the ship at p from A is 28. 66 miles, from 5 18.88
miles, and from ¢ 15. 17 miles.

Nore. The learner is left to work the proportions by the Rules in
Trigonometry, the answers to which are given above; but, as observed in
the last example, it will in general be sufficiently exact to construct the
figure, and measure off the distances required.

In this manner rocks, buoys, shoals, or soundings may be accurately laid
down on adjacent coasts, when the relative positions of three stations on
shore are ascertained.

EXAMPLES FOR EXERCISE.

1. Running down Channel, and wanting to take my departure from the
Lizard, atm;i. P. M. I observed it bear from me N.b. W.; and after
sailing W. b. N. 1 N., at the rate of 8 knots per hour, at 3h. 30 m. ¢. m.
it bore from me N. N. E. 4 E.: required my distance from the Lizard at
the time of taking the second bearing.

Answer. The distance 17. 1 miles.

2. Entering the River Thames by night, I observed Orfordness Lights
bear from me N.b. E. } E., and the Sunk Light W. } S., the former
bearing from the latter N. E. b. N. } E., distant 18 miles: required my
distance from each of the Lights.

Answer. Distance from Orfordness Lights 14. 54 miles, and from the
Sunk Light 7. 198 miles.

8. Being off the Burlings (on the Coast of Portugal), I ran 34 miles on
a direct course between the south and west, and then observed the Rock of
Lisbon bearing from me S. by E. 4 E., the Rock bearing from the Burlings
S.b. W. § W, (by compass), and their distance being 43 miles: required
the course steered, and my distance from the Rock.

Answer. The ship’s course was S. 32° W. or S. S. W. § W. nearly,
and my distance from the Rock 12. 17 miles.
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4. Sailing between two small islands, I observed the first bear from me
S.W.b. W. § W,, and the second E. S. E.; after running S. b. W.iW.
15 miles, the first bore from me N. W. b. W., and the second E. 3 N.:
required the bearings, and distance between the islands.

Answer. The first island bore from the second N. 84° 28’ W., the
second from the first S. 84° 28’ E., and their distance was 42. 49 miles.

5. Two ships, A and B, sail from the same port c; a sails N. E.b.N.
84 miles, and ¥ sails S. E. 76 miles : required their bearings, and distance
from each other.

Answer. Bearing of a from B N. 3° 16}’ W., of B from A S.3°16)'E,,
and their distance 123. 8 miles.

6. Being off the Coast of South America, in latitude 47° 4’ 80” S., and
longitude 65° 26’ W., I found the (true) bearing of Cape Blanco to be
W. 20° S., and after running S. 12° 80 W. 32 miles, the Cape bore
N. 34° W.: required the latitude and longitude of the Cape.
65°Answ‘;e; The latitude of Cape Blanco is 47° 12 42" 8., and longitude

59 W.

7. Wanting to know the distance of a ship at anchor from the shore,
I chose two stations, A and B, that were distant from each other 2. 5 miles
From the station at a, I took with a sextant the angle subtended by the
station at B and the ship, and found it to be 64° 15’; then from the station
at B, I found the angle between the station a and the ship, 73° 55': required
the distance of the ship from both stations.

Answer. The distance of the ship from the station at A was 3. 602, and
from the station at B, 3. 376 miles.

8. Sailing along a coast, I observed two objects, a church and a mill,
in one, the church being the nearer object ; and at the same time I measured
the angle subtended at the ship by the church and a tower on the coast,
and found it to be 25° 86’; now, by a chart, the distance from the church
to the tower was 1. 5 mile, from the church to the mill . 75 of a mile, and
from the mill to the tower 1. 9 mile : required the distance of the ship from
the church and the tower.

Answer. The distance of the ship from the church was 8.459 miles,
and from the tower 3. 246 miles.

9. From Winterton Lighthouse to Hasborough High Lighthouse the
bearing and distance are N. 41° 40’ W. 8. 54 miles, and from the latter to
Cromer Lighthouse N. 51° 6’ W. 9. 64 miles; from Hasborough Light-
vessel, the angle between Winterton and Hasborough Lighthouses, mes-
sured by a sextant, was 28° 35/, and between the latter and Cromer Light
59° 8': required the bearings and distances from the light-vessel to the
three above-mentioned lighthouses.

Answer. From Hasborough L‘%ht-vessel to Cromer Lighthouse the
bearing and distance are S. 76° 7' W. 10.42 miles ; from the same to Hss-
borough Lighthouse, S.16°59’ W. 8.943 miles; and from the same to
Winterton Lighthouse, S. 11° 36 E. 15. 24 miles.

Note. The above is worked similar to Example V., page 117.
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CURRENT SAILING.

el G G

CURRENT SAILING is the method of determining the true course
and distance of a ship, when her own motion is affected and combined with
that of a current.

A CurzENT isa progressive motion of the water, causing all floating bodies
to move that way towards which the stream is directed. The aettltl:ﬁg of a
current is that point of the compass towards which the water runs; and its
dfighi: the rate at which it runs per hour, or in any other given time.

most usual method of ascertaining the set and drift of an unknown
currentis to take a boat, in calm weather, a small distance from the ship,and,
being provided with a half-minute glass,alog,a heavy iron pot,or some heavy
piece of metal, and a small boat-compass, to let down the pot, or weight, by
a rope fastened to the boat's stem, to the depth of about 100 fathoms, by
which the boat will remain nearli' as steady as at anchor; 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 per hour.

The current being known, it remains to apply its effects on a ship’s way,
which will depend on the direction and velocity of both, with regard to each
other. If a ship sail in the direction of the current, it is evident that the
velocity of the current must be added to that of the vessel ; if her course
be directly against the current, their difference will be the ship’s true
velocity ; but if a ship’s course be oblique to the current, her direction b
the compass will be compounded with that of the current; that is, she wi

roceed in the diagonal of the parallelogram formed according to the two
ines of direction, and will describe, or pass over, that diagonal in the same
time in which she would have described either of the sides by the separate
velocities. For let 4 B ¢ D be a parallelogram, the diagonal of whichis a p.
Now if the wind alone would drive the ship
from A to B, in the same time the current A B
alone would drive it from A to c, then as the f
wind neither helps nor hinders the ship from
coming towards the line ¢ b, the current will
bring 1t there in the same time as if the wind
did not act ; and as the current neither hel
nor hinders the ship from coming towards the
line » p, the wind will bring it there in the AN
same time as if the current did not act. ¢
Therefore, the ship must, at the end of that

A
t;:l;, be found in both those lit:]es, t.:llz:t i:in in /,-'B
their meeting p: consequently, the ship /\ )
must have passed from 4 to v in the diagonal ¢ e

line A p. Hence the ship’s true distance
will be the third side of a triangle, whereof the other sides are the distance
by the log and the drift of the current, and the true course will be the
angle between that third side and the meridian.

R




122 CURRENT SAILING

EXAMPLE I

A ghip sails N. W. 60 miles, in a current that sets S. S. W. 25 miles in

the same time : required her course and distance made good.

BY CONSTRUCTION.

Having drawn the com
tetoﬁ‘wdpng i tsfromthel‘]ord;

towards the West, and draw the
N. W. line a 5, which make
equal to 60 miles, the distance
run by thelog; through B draw
BC to the S. S. W, and
N. N. E. line, and equal to 25
miles, the set and dnift of the
current: now A c being joined,
will be the true distance, mea-
suring 55. 48 miles, and the
angle N a c the true course

N. 69°36' W.

BY CALCULATION.

...... 10. 17511

11. 71948
1.9298

In the triangle a B c are given the side A B 60, the side B c 25, and the
ilil:l:leuded angle A Bc 6 points, or 67° 30, to find the angle B A c and the
Ac.
To find the Angle B A c.
Side A B... 60 Asthesumof AB,Bc85 .........
Side Bc... 25 aw their d;lli;::i?nie% ............
—_— is tang. o the sum ,
8um ...... _Bi of anglesaand o ...... }56015
Difference 356
180° 00
Angles ......... 67 80

Sum ofang.A &c 112 30
Half e

To tang. of half the diff. ... 31 39

9. 78976

56 15 Diff. gives angle BAC...... 24 36
AngleNAB ..ol 46 0

Sum gives the anglenac 69 36

To find the Side a o.
As sine of angle A 24°36/............ 9. 61939
Is to the side Bo 26m. ............... 1. 39794
8o is sine of angle B 67° 30 ......... 9. 96562
11. 36356

9. 61939
To the side Ac 55.48 ............... 1. 74417
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Hence the course made good, N a c, is N. 69° 86/ W.or W.N. W. } W,
nearly, and the distance a ¢ 55 miles and a half.

But the most usual, and the easiest way of allowing for the effects of a
current, is to consider the setting and dnlz as & course and distance, and
enter it accordingly in a Traverse Table; then the whole difference of lati-
tude and departure will give the true course and distance. By this method
the preceding example is thus worked :

Difference of Lat. Departure.
Courses. Distance.
N. 8. E. . w.
N.W. 60 4.4 42.4
8.8. W. 25 23.1 9.6
(Current.)
23.1
Diff.of Lat.| 19.3 Dep.| 52.0

The difference of latitude A p 19. 3, and the departure c p 52, give the
course D A ¢, N. 69°38’ W., and the distance a c 55. 46, by Case VI. in

Plane Sailing.
’ EXAMPLE II

Suppose a ship in 24 hours sail as follows: S. W. 40 miles, W S. W.
27 miles, and S. by E. 47 miles, being all that time in a current setti
S.E.b. S., at the rate of 14 mile per ﬁour: required her direct course, a
distance made good.

BY CONSTRUCTION. o ’

Draw the compass, and lay off the seve- 7
ral courses and distances, as in Traverse
Sailing ; then will p represent the place
of the ship by the log: from p draw b c
parallel to the S. E. by S. line, and equal
to 36 miles, for the setting and drift of the
current in 24 hours; then will ¢ be the
ship’s true place, the angle B A c the true
course, measuring 11° 50, A c the dis-
tance 117, a B the difference of latitude
114. 6, and » c the departure 24 miles.

R2
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BY CALCULATION.

With the several courses and distances by the log, the direct course p
and distance A p may be found; then, mn the triangle A o c will be
given the angle a b ¢, and the sides A b, D c, to find the angle p A c, which
subtracted from p A s, will give the true course s A ¢, and the side a c the
true distance. But the solution of this triangle we shall leave to the learner,
and work the question, by allowing for the set and drift of the current in
the Traverse Table.

Distance. Difference of Lat. Departure.

N. 8. E. Ww.

8. W. 40 28.3 28.3

W.S. W. 27 10.3 24.9
S. b. E. 47 46. 1 9.2
S.E.b.S. 36 29.9 20.0

(Current.)

Diff. lat.| 114.6 29.2 53.2

29.2

Dep.| 24.0

The difference of latitude A B 114. 6, and the departure B c 24.0, give
the true course ca B S. 11°50’ W., or S. b. W., and the distance ac
117. 1 miles, by Case VI. in Plane Sailing.”

EXAMPLE IIIL

A ship sailing in a current has, by her Reckoning, run S. b. E. 42 miles;
but by Observations, finds she has made 55 miles of southing, and 18 miles
of westing: required the set and drift of the current.

BY CONSTRUCTION.

Having drawn the compass, set off 1 point - .
from the South towards the East, and draw e
the S. b. E. line a c, which make equal to
42 miles; through c draw the line ¢ 3 ¢

arallel to the East and West, then will A B
ge the difference of latitude 41. 19, and B¢ ": Py
the departure 8. 19, made by the log. Lo

From a to ¢ lay off 55, the diff. o%lat.b
Observation, and through ¢ drawa line paral- RN | \U S
lel to the East and West ; from ¢ towards r e P
lay off 18, the true departure, and draw the I8 R
line cr. From c draw a line parallel to a 6, i T
meeting the line ¥ ¢ produced, in p: then i C
the angle ¥ ¢ p will be the setting of the cur-
rent, measuring S. 62° 12’ W.; and the side F’ rd
c ¥ the drift, 29. 59 miles. w=. G D
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BY CALCULATION.

In the triangle A B c are given the course Bac 1 point, and the distance
Ac 42 miles, to find the difference of latitude A B 41.19, and the departure
Bc 8.19.

Subtract AB 41.19 S., the difference of latitude by the log, from A ¢
55 S., the difference of latitude by observation; and the remainder B ¢
18.81 will be what the ship is to the southward of her reckoning.

To the de%a.rture BC (equal to ¢ p) 8.19 E,, add the departure ¥ ¢
18 W., and the sum r p 26. 19 will be what the ship is to the westward
of her account.

The difference of latitude ¢p (equal to c) 13. 81, and the departure pr
26.19, give the angle or course S.62°12" W., and the side c r, or distance
29. 59, Er the setting and drift of the current.

EXAMPLES FOR EXERCISE.

1. A ship sails by her log N. W. b. N. 72 miles, in a current that sets
W.N. W. 36 miles in the same time: required her course and distance,
corrected for the effect of the current.

Answer. The course made good is N. 44° 51’ W., or N. W. nearly, and
distance 104 miles.

2. A ship sails E. b. N. 7.5 knots an hour, in a current setting S. W.
4 knots an hour: what will be her course and distance made good in
24 hours ?

Answer. The course will be S. 78° 12’ E., or E. S. E. § E. nearly, and
the distance 118. 5 miles.

3. A ship sailing at the rate of 9 knots an hour, and wanting to double a
Cape bearing from her N. W.b. W, finds she is in a current setting S.S. W.
3} miles anniour: what course must she steer to counteract the effect of
the current ?

Answer. The course she must steer for the Cape is N. 36°43' W., or
N.W. 2 N. nearly. '

4. A ship sailing by her log 9 miles an hour, is bound to a port which lies
N. W. b. N. from her, distant 56 miles, and finds she is in a current setting
N.E. 4 N. 8 miles an hour: what course must she steer in the current,
and distance make good, and how long will it take her, to arrive at her
port ?

Answer. The course to be steered is N. 53°12 W, or N. W. § W.;
the distance to run 58. 64 miles, and the time it will take, nearly 6 hours.

5. A ship bound from Bombay to England, being on the edge of the
Bank of Agulhas on April 21st, at noon, was, by Observation, in latitude
35°38S., and in longitude, by Chronometer, 26° 52’ E. ; on the 22d, the
latitude, by Observation at noon, was 35°13’ S., and the longitude, by Chro-
nometer, 25° 5" E.; having siiled by her Reckoning N. 81° W. 39 miles :
required the set and drift of the current.
 Answer. The current set S. 71° 49 W., or W. 18°11’S,, and its drift
1n 24 hours was 51. 57 miles, being at the rate of 2. 15 per hour.
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DESCRIPTION AND USE OF CHARTS.

——— T Y

CHARTS are marine Maps, representing the whole or part of the surface
of the water, and adjoining coasts ; and exhibiting isles, s, shoals, banks,
depths of water, rhumb-lines, and whatever other particulars may serve to
direct the mariner on his voyage, or point out the dangers to be avoided:
they are principally of two kinds, Plane and Mercator’s. '

OF PLANE CHARTS.

A Plane Chart is constructed on the suI;{losition that the surface of the
earth is an extended plane, the meridians all parallel strait lines, and the
parallels of latitude at equal distances, and consequently that the lengths of
the degrees of latitude and longitude are every where equal. But as the
earth is spherical, and the meridians meet at the Poles, 1t is evident that
charts constructed on this principle must be erroneous; for in them the
difference of longitude, or distance between two meridians at the equator, is
considered as the meridian distance in all latitudes. Hence, the position of
places laid down on these charts, according to their latitudes and longitudes,
will vary more or less from the truth, both in bearing and distance. However,
where the chart extends but a few degrees on either side of the equator, the
error will be trifling ; because near the equator the meridians are
parallel to each other; or if it begin at any considerable distance from the
equator, and extend only a few d 8 of latitude, the error may in a grest
measure be obviated, by making the length of the degree of longitude equal
to the co. sine of the mean latitude, one degree, oreg miles, being radius.
These charts, from their erroneous principles, being of little or no use in the
ﬁactice of Navigation, have been totally rejected since the introduction of
ercator’s projection. :

Plane Charts, which are constructed on the assumption that. small por-
tions of the earth’s surface are planes, are called CoasTing CHARTS: I
these neither latitudes nor longitudes are in general taken into consideration.
They are usually drawn on a E scale, for the direction of mariners when
near the land; and will not deviate much from the truth, either in bearng
or distance, when they do not comprehend any great extent of coast.

In these charts places are laid down accordin% to their bearing and
distance from each other. The configuration of the coast, and other
particulars, are taken from the best surveys, or such information as can be
most depended upon.

OF MERCATOR'S CHARTS.

Mercator's Charts are constructed on the supposition that the esrth it
herical.  In these charts the meridians and parallels are strait lines, at
right angles to each other; but the distances between the parallels ar
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increased towards the Poles, in order to compensate for the expansion of
the meridian distances, by which indeed those Countries situated far from
the equator become distorted, or considerably enlarged beyond their
relative size, with respect to those nearer the equator; notwithstanding
which, the bearings and distances of places may be easily and accurately
found by these charts.

The following is the method of constructing a chart on Mercator’s
projection.

aving first determined the limits of the proposed chart, that is, the
number of degrees and minutes it is to contain, both of latitude and longi-
tude, and the degree of each it is to commence from, take out the meridional
from Table III., corresponding to each degree of latitude within the
intended limits, and find the difference between the meridional parts of each
succeeding latitude ; but if the scale of the chart be small, the meridional
parts, with their differences to every fifth or tenth degree, may be taken.
Reduce the difference of the meridional parts into degrees, by dividing them
by 60. Draw a line near one of the margins of the paper, to represent the
parallel of the least latitude, on which l‘?’ off the proposed number of
degrees of longitude, taken from a scale of equal parts, and number them
at every fifth or tenth degree. From each end of this parallel draw perpen-
dicular lines for the extreme meridians, and make them equal to the
difference of the meridional parts of the extreme latitudes, taken from the
scale of longitude, or graduated parallel ; join the ends of these meridians

a strait line, which will represent the other extreme parallel, and is to be
divided in the same manner as the first parallel.

Take the meridional difference of latitude between the least latitude and
the next fifth or tenth degree of latitude, from the divided parallel, and.
lay it off from the first parallel on each of the extreme meridians. In like
manner, the meridional difference of latitude between each successive five or
ten degrees is to be taken from the graduated parallel, and laid off and
numbered on the meridians ; but if the chart be drawn on a large scale, the
meridional differences of latitude between each degree are to be laid off. The
spaces are then to be subdivided into degrees or miles.

Through each fifth or tenth degree of latitude and longitude draw
meridians and parallels; or through each degree, if the scale will permit,
without crowding the chart with 8 multiplicity of lines.

The pr'mcip:F points in the charts are now to be laid down according to
their respective latitudes and longitudes, and connected either by obser-
vations made on the coast, agreeably to the directions given for surveying
coasts and harbours, or from the best charts.

One or more compasses are to be inserted in the most convenient parts
of the chart, and the thumb-lines extended to the coast. The variation of
the compass is to be set down in places where it is well ascertained. Currents
are to be denoted by darts. The best anchorages, soundings, times of high
water, &c. are all to be marked in their proper places. For further par-
ticulars, see Maritime Surveying.

In order to illustrate the above Rules, let us take an Example. Suppose,
for instance, it be required to draw a chart extending from 2 degrees of east
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‘Jongitude to 30 degrees of west longitude, and from 10 degrees to 57 degrees
ofnfiorth latitude. (See Plate 1\2!)9
Having drawn the bottom marginal line to represent the 1 of
10 degrees, divide it into 32 equal parts, the number of degrees of longitude
the chart is to contain ; and at each end erect a perpendicular line. -
Take out the meridion;llﬂparts corresponding to every fifth degree, and
set them down with their differences in the following order :

Differences. .
............ 307 = & 7
............ 815 = 5 16
............ 3% = 5 %
............ 338 = 5 388
eesessersse 356 = 5 56
............ 379 = 6 19
............ 407 = 6 47
............ 44 = 7 AU
............ 494 = 8 U4
............ 216 = 8 35

Now take the first difference 5° 7’ in the compasses from the divided
Imra.llel, and lay it off on both meridians from 10° to 15°; from 15° to 2°
ay off the next difference 5° 15, taken from the same parallel, and so
roceed to the latitude 57°; through each of these corresponding points
me lines, to represent the respective parallels of latitude, and subdivide
the extreme meridians into degrees. Divide the parallel of 57° in the same
manner as that of 10°, and draw meridian lines through every fifth degree,
numbering them as on the chart.

The (;mncipal points are to be laid down bly to their latitudes and
longitudes, through which the coast is to be drawn ; and the various par-
ticulars are to be inserted, as rocks, shoals, islands, a compass, &c. which
will be best understood by inspecting the chart.

USE OF MERCATOR'S CHART.
To find the Latitude and Longitude of a Place on the Chart.

With a pair of compasses take the least distance between the given place,
and the nearest parallel of latitude ; apply that distance, the same way, on
one of the uated meridians, one foot of the compasses being fixed at
that point where the parallel cuts the graduated merdian, and the othes
will shew the latitude of the place. :

The least distance between the given place and one of the nearest
meridians being applied in the same manner to either of .the graduated
parallels, will point out the longitude of the place.

For example. The least distance between Cape St. Vincent and the

el of 35° on the chart, being taken and applied to one of the gradusted
meridians from the same pa:l:ﬁel upwards, will give its latitude about
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87 degrees N.; and the least distance between the same Cape and the
meridian of 10°, being applied to either graduated parallel, towards the
right from that meridian, will give its longitude $° West.

To lay down upon the Chart any Place whose Latitude and
Longitude are given.

Lay the edge of a scale over the parallel of the given latitude, and with
a pair of compasses take, from one of the divid {)aral.le]s, the distance
between the given longitude and the nearest meridian line: this being applied
along the edge of the scale, from that point where the scale intersects the
meridian line, the same way that the longitude lies, will point out the place

required.
ez']xam;_:le. Suppose a ship be in latitude 52°30’ N.,and longitude 28°W..:
re«iu‘i.red its situation on the chart.

y the edge of the scale over latitude 52° 30’ N., and take from one of
the divided parallels the distance between the meridian of 20°, and the
longitude 23°; this being laid off along the edge of the scale, towards the
left, from the meridian ofg , will give the ship’s place at a.

In this manner a ship’s track is usually pricked off at sea, her latitude
and longitude being laid down every day at noon; and the ship’s places
connected by pencil-lines drawn between them.

To find the Course or Bearing between two Places on the Chart.

Lay the edge of a scale over the given places, and take the least distance
between the centre of one of the compasses drawn on the chart, and the
edge of the scale; move this extent along, so that one point of the compass
may touch the edge of the scale, while the other is to Ee kept in a perpen-
dicular position to it, with respect to the edge of the scale; then that other
point will generate an imaginary line, - passing through the centre of the
compass on the chart, which will shew the course or bearing.

Or, with a parallel rule, lay one of its edges over both the places; then
move the two parts of the rule in succession, until the edge of one of them
pass through the centre of a compass on the chart; and that edge will
point out the course.

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

1. If the given places d]lgy under the same meridian, find their latitudes
on the chart; antf the difference or sum of these, according as the places
lay on the same, or on different sides of the equator, will give the distance.

.2 If the given places lay in the same parallel of latitude, take half the
ce between them, and placing one foot of the compasses in the
graduated meridian on their latitude, observe what latitudes the other foot
Points to, both above and below : the difference between these will be their
distance,
s
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8. But if the given places differ both in latitude and longitude, take the
distance between them, and apply it to either of the graduated meridians, so
that one foot of the compasses may be as much above one place as the other
is below the other place ; then the de, or minutes contained between
the points of the compasses, will be the distance required, which may be
reduced to miles or leagues. .

But if the places lay nearly in a parallel, and their distance be consider-
able, it will conduce to accuracy if the middle latitude between the two
places be found ; then half their distance being applied alternately above
and below the middle latitude, will give the distance :

Or, a degree may be taken near the middle parallel, and the number of
these degrees and parts contained between the two places being measured
along the edge of the scale, will give the distance.

The distance may also be found in the following manner:—Find the
difference of latitude between the given places, and take it from the
cquator, or one of the graduated parallels; then lay the edge of a scale
over the given places, and move or slide one point of the compasses alon
the edge of the scale (keeping both points parallel to the meridians), unti
the otﬁr point just touch a parallel. Now, the distance between the
place where the point of the compasses rested, and the point of intersection
of the edge of LE: scale and parallel, being applied to the equator, or one
of the graduated parallels, will give the distance in degrees and parts, which
may be reduced to miles.

Example. Required the course and distance from Cape St. Vincent to
the east end of the Tsland of Madeira.

Lay the of a scale over the two places, and take the least distance
between it and the centre of the compass; then sliding one point along the
edge of the scale, the other will shew the course to be S. W. b. W. nearly :
the extent between the two places being taken with the compasses, and
applied to one of the graduated meridians, will reach from 31° to about
35 40/, being an interval of 7° 40’ : hence the distance is 460 miles.

Or, take the difference of latitude between the two places, which is 4° 19,
from either of the graduated parallels, and laying the edge of the scale over
the two places, move one point of the compasses along it until the other
just touch a parallel, as that of 35°; then the extent between the place
where the foot of the compasses rested, and the point where the scale cuts
the parallel of 35° being applied to the graduated parallel, will give the
distance 7° 40/, or 460 miles, as before.

The Course steered, and Distance run from any given Place, being
known, to find the Ship’s Place on the Chart.

Lay the edge of the scale over the given place in the direction of the
ship's course; then take the distance run from that part of one of the
graduated meridians opposite the given place and the supposed place of the
ship, which lay off from the given place along the edge of the scale, and it
will shew the place of the ship. Or, placing the scale as before directed,
take the given distance from one of the graduated parallcls; put one foot

o~
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of the compasses in that point of a parallel that is cut by the edge of the
scale, and the other foot will reach to a certain place along the edge of the
scale. Now this foot remaining in the same position, draw in the other
Point of the compasses until it just touch the above llel, without cross-
ing it; apply this extent to the graduated parallel, and it will give the
d.iﬁ'erence of latitude: hence the latitude in will be known, through which
a parallel being drawn, that point where it intersects the edge of the scale,
will be the ship’s place.

Example. Suppose a ship sail N. W. b. N. 400 miles from Cape Blanco :

uired her place on the Chart.

y either of the above methods the ship’s ‘R,hce will be found at B, in

latitude 26° 23 N., and in longitude 21° 10 W.

MARINE SURVEYING.

———) D G

NoTWITHSTANDING the great importance of accurate surveys of the
various coasts and harbours that are frequented by mariners, it must be
confessed that the manner of executing this branch of the nautical Art
has been but little attended to, and that the opportunities which so
frequently occur to seamen of adding to our present stock of geographical
knowledge, are almost entirely neglected, or at least such incorrect
observations made, as can be of little service to the attainment of truth.
‘We therefore think it proper, before we proceed to the astronomical part
of the Work, to lay down a few general directions, illustrated by proper
examples, shewing how a coast or harbour may be easily surveyed with
such 1nstruments as are commonly used at sea; and we shall at the same
time explain the method of delineating the observations on paper.*

To survey a Buy or Harbour.

Take a general view of the place, by walking or sailing round it. During
this time make a rough sketch of the coast, carefully drawing the various
projections and bendings, and noting whatever is remarkable. On the prin-
cipal points and curves place station-staves, or strait poles, high enough to
be seen at a considerable distance ; and, to render these more conspicuous,
fasten a piece of white bunting to the top of them : if there be a tree,
house, or other remarkable object at any of these places, it may serve
instead of a station-staff ; these are all to be marked down on the eye-sketch,
either with letters or numbers, in order to distinguish them.

® Those who are desirous of obtaining further information on this subject, may consult
the fallowing Works :— A Treatise on Marine Surveying, by Murdoch Mackenzie, Sen.,
corrected and republished, with a Supplement, by James Horsburgh, F. R. S., &c.” and
“An Introduction to the Practice of Nautical Surveying, and the Construction of Sea Charts ;
‘ translated from the French of C. F.‘Beautempcz-Bewpre, by Captain R. Copeland, R. N,”
s .
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Proceed now to determine the position of the stations by observations
niade either on shore or on the water. In the former case, find a level spot
of ground near the shore whereon a base-line may be measured, which base-
line must be so situated, that the whole, or the most part, of the stations, or
remarkable objects, may be seen from both the extremities; and its length
and direction, if possible, such, that the angle contained between it and any
of the station-staves taken from one end, may differ at least ten degrees
from the same taken from the other end thereof. Then set up two station-
staves; the further these are from each other, in general, the better; care-
fully measure their distance either by a chain, a measuring pole, or a piece
of log-line divided into feet, and observe their bearing as accurately as
possible by an azimuth compass.

If a base-line of sufficient length cannot be taken in one right line, two
adjoining lines and their included angle may be measured, and the distance
between their extremes found either by construction or computation, which
may be considered as a base: the bearing of this line may be ascertained
from that of one of the measured lines ang the adjacent angle.

When the survey cannot be. taken on shore, (which, however, is always
to be preferred, on account of the superior accuracy with which
observations can be made), a base-line may be laid down on the water, by
mooring two buoys in the most convenient situations, and measuring, as
accurately as possible, their bearing and distance from each other.

Having fixed upon a base-line, from each extremity, observe the bearing
of the several remarked objects, and note them down in their proper order;
or rather, with a quadrant or sextant, observe the angles formed between
the base-line and 1ines drawn from each end to the several stations. If
any of the angles exceed the limits of the instrument, it may be measured
at twice, by taking the angular distance of some intermediate object from
each extreme object. These bearings or angles are all to:be entered on
papell;, a]: thﬁy are taken, and distinguished by the letters marked on the
rough sketch.

If any of the objects be not visible from both or either end of the base-
line, their positions must be ascertained by angles taken from stations
whose gituations are already known. Sometimes it will be necessary to
measure out a new base, which is to be connected, if possible, with the
first base, either by angles taken from both extremities of the first base,
or from one extremity and a station-staff, or from two station-staves whose
positions have been previously determined. .

When the survey is made by base-lines on the water, if all the principal
points cannot be seen from two stations, moor as many buoys as are neces-
sary, and observe their bearings and distances from each other, which set
down in the manner of a Traverse; bearings or angles being then taken
from any two of them whose situations have been determined, will give the
positions of the places required.

Having proceeded so far on the survey, it will be proper to lay down the
observations on paper ; for which purpose describe a circle with the chord
of 60°, and througﬁ its centre draw the magnetic north and south line: on
this circle lay off the bearing of the base, and draw a linc parallel to 1t on
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a convenient part of the , to represent the position and length of the
base. From each end of the base draw lines to the respective observed
bearings, previously laid down on the circle; or if angles between the base-
line and the stations be observed, a circle is to be drawn at each end of the
base on which they are to be laid off'; then the intersection of each pair of
corresponding lines will give the position of the stations, between each of
which the configuration of the coast is to be drawn from the sketches
already made.

Now sail about the. harbour at low water, and take the soundings or
depths of the sea, observing whether the ground be rocky, sandy, shelly,
&c, At the place where each sounding is taken, observe the bearings of two
remarkable objects, whose tFoeil:ions had been previously determined: hence
its situation may be laid down on the chart, where the depth of water is
to be denoted by small numeral figures. In like manner determine the
situation of rocks, shoals, anchoring-places, &c. that may be in or near the
harbour, and mark them down accordingly®. Observe t{e set and velocity
of the tide of flood, by heaving the logI while at anchor, and denote the
same on the chart by small darts. The time of high water, at new and
full moon, is to be mserted in Roman numeral letters ; rocks are to be
denoted by small crosses ; sands by dotted shading; good anchoring-places
by a smal{ anchor, and stopping places by a small anchor without a stock.
Whilst going on with the necessary operations on the water, take particular
care, on coming near the shore, to correct the outline of the chart, by
observing the inflection, creeks, &c. more minutely.

In & small sailing vessel go out to sea, and take drawings of the appear-
ance of the land, with its bearings. Sail into the harbour, observe the
appearance of its entrance, and particularly whether there be any false
resemblance of an entrance, by which ships may be deceived into danger.
Remark the signs or objects, by attending to which, the harbour may be
cntered with safety ; more especially, where it can be done, let the ship
steer to the anchoring-place, keeping two remarkable objects in one, or in
aline. These leading marks are to be inserted on the draught, by drawing
fine double lines through the objects.

The necessary observations being all laid down on the chart, shade the
coast on the -gide with Indian ink, and draw houses, churches, trees, &ec.
In their proper places; the coast should be shaded so as to exhibit, as nearly
a3 possible, its natural appearance, garﬁcularly shewing whether it be high,
low, sandy, rocky, bad shore, &c. In a convenient place insert 8 Mariner’s
Compass, by which the situation of the rhumbs will be shewn: this may be
drawn either according to the magnetic or true north, as may be thought
Proper ; the variation is to be marked by placing a small fleur de lis at
the north point from which the compass is not drawn. The name of the
Place, on what coast or country, the latitude and longitude, and whatever
‘;‘;:nmay be thought necessary, are to be ascertained and inserted in the

be When the relative positions of three stations are well determined, a fourth station may
found, ag shewn in Example V. of Oblique Sailing: in this manner the situation of rocks,
8 soundings, &c. may be accurately laid down.
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To survey a Coast while sailing along it.

When the ship has arrived at a convenient situation, from whence there
is a tolerably extensive view of the coast, there cast anchor, or lay-to as steady
as possible ; then, while the vessel is in this stationary position, observe,
with an azimuth compass, the bearings of the most material projections
and hollows, and whatever objects are remarkable on the coast; or rather,
take the bearing of one of the most conspicuous points, and observe, with
a quadrant or sextant, the angular distances contained between it and the
other remarkable objects ; write these down on paper, and make s rough
sketch of the coast, on which mark the observed points, &c. with letters, |
for the sake of reference.

Then let the ship run in a direct line upon a known course, meosnn:g '
the distance with all imaginable care by a log, or otherwise ; during whi
time take soundings, and draw a more correct sketch of the coast, with
appearances of land, &c. When she has at length attained a proper situation,
from whence the same points and objects before observed may be still seen,
lay-to, as at the first station, and again observe the bearings or angles of the
former objects, and likewise of others in the continuation of the coast, whic!t
note down as before : in this manner proceed from station to station, unti
the survey be extended as far as may be thought proper.

The observations are to be laid down on paper, by drawing the ships
courses and distances between the stations, in the manner of a Travers,
and setting off the bearings and angles observed at each station ; then the
intersection of the corresponding lines will give the position of the several
observed points and objects, through which the configuration of the coastis
to be drawn from the sketches made while sailing along it.

To reduce a Draught to any Scale required.

Surveys being usually drawn upon a large scale, for the sake of accuracy, it
frc%:xem y becomes necessary to reduce them to a smaller, when they are used
in the construction of charts, in order to adapt them to that particular scale
on which the other parts of the chart are drawn: this maybe perforfaed sevenl
ways; but the following is the easiest, and the most convenient in practice.

ivide the whole, or that part of the draught to be copied, into smal
squares, by setting off any convenient number of cqual (Evisions on the
marginal lines, and through these drawing lines across the draught with s
black-lead pencil; in like manner divide that part of the paper on which the
copy is to be taken, into the same number of squares. If the divisions round
the margins be numbered alike on both draughts, or if every fourth or fifth
line be drawn somewhat stronger than the rest, the corresponding squares
will be more readily discovereclf'. With a pencil draw in such lines, curves,
and other particulars on the copy as are found in the corresponding squares
of the former draught : when the whole is thus correctly copied, draw the
lines, &c. over with a pen dipped in Indian ink dissolved in water, and when
dry, rub out the pencil-lines with Indian rubber, or crumbs of stale bread

We shall now proceed to elucidate what has been said on Surveying, by
the three following Examples, each of which cxhibits a different method of
conducting the opcration.
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EXAMPLE I

Let it be required to survey the harbour (No. 1, Plate V.) by observa-
tions made on the water. :

Having sailed round the harbour, and fixed upon the several stations on
the coast, let the two buoys, A and B, be moored so that all the points or
stations may be seen from both, whose bearing, from A to B, as observed
by an azimuth compass, suppose to be N. 46° E., and their distance
measured by a log, one mile®; then having taken the boat to the stations
A and B, suppose the following bearings to have been taken.

FroM StaTiON AL Frou StaTION B.
AC = N. 100° E. BC = N. 131°E.
AD = N. 72 E. BD = N. 9 E.
AE = N. 63 E. BE = N. 73 E.
AF —= N. 29 E. BF = N. 12 E.
AG = N. 12 E BG = N. 36 W.
AH = N. 8 W. " BH = N. 74 W.
AT = N 110 W. Bl = N. 122 W,

The above bearings being observed, proceed to draw the plan as follows:
In § convenient part of the paper describe a circle, with the chord of 60°,
and through the centre draw a line, to represent the magnetic meridian, or
north and south line; on this circle lay off the bearings, as above, and
t!nrough A and B draw lines parallel to them ; then the intersection of these
lines will give the position of the points cDEFGHI, through which draw
the configuration of the coast, according to the sketch previously made, and
msert the isles, rocks, shoals, and sand-banks, that lay within or near the
harbour, with the marks to avoid them, the proper places for anchoring,
the depth of water in various parts, the variation of the compass, and what-
ever other particulars may appear worthy of notice.

EXAMPLE II.

Wanting to survey a coast whilst sailing along it, I ran from a to B
(No. 2, P?ate V) \l& S. W. 6 miles; from B to c, West 4 miles; and
from ¢ to o, N. N. W. 4 W. 8} miles; taking the following bearings and
angles at each station :

1. Frox StaTION A. ! ' 2. From StaTtioN B.
Tl\eBenring of AG — N. 51° O/ W. ! The Bearingof BKk = N. 33° 0 W,
TheAngle  GAE = 58 40 TheAngle  KBL = 17 40

—_— GAF = 25 0 KBI = 28 35
—_— GAH = 21 50 —_— KBH = 56 0
i ——  KBG = 60 0
| —_— KBI' = 69 40
\ R KBE = 80 3

> Inacase like this, where it is necessary to make the observations on the water, as it
will be difficult to measure accurately the distance between the buoys, the same may be
ascertained between any two of the stations on shore, which will furnish a scale for the plan ;

:midw bearings or angles being taken from the buoys, will shew the relative position of the
ons,
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. 8. Fmox BratioN C. 4. From 8taTiox D.

“Te Bearingof CK = N. 46° O E. | The Bearingof DN = N. 20° ¢ E.

The Angle KCI = 13 16 The Angle NDO = 67 80
— KCL = 36 30 — NDM = 2 5

—— KCM = 4 0
— KCN = 55 45
— KCO = 83 26

To delineate these observations on paper, first draw a compass in a con-
venient part, and fix upon a point, as A, for the first station; through which
draw the line A B parallel to the W. S. W. rhumb-line, and equal to 6 miles,
the distance run on that rhumb; then will 3 be the second station: proceed
in like manner with the second and third courses, by which you will obtain
the third and fourth stations, c and . Through A draw the line Ac parallel
to N. 51° W,, laid off on the compass, and make the angles GAE, GAF,
GAH, according to the above observations : in the same manner the bear-
ings and ‘angles are to be laid down from the other stations; then the inter-
secting lines will give the points EF g, &c., through which the coast is to be
drawn, agreeably to the sketches made at the time of Fassing along it. The
scale of miles is to be 1aid down from the same equal parts as the distances
run were measured by.

EXAMPLE IIIL

Let it be required to take an accurate survey, and from thence to make
a chart of th:e%arbour and adjacent island, (No. 3, Plate V.)

Sail round the coasts to be surveyed, and fix station-staves on the prin-
cipal points, where there are no remarkable objects to distinguish them: at
the same time take a rough sketch of the harbour, on which denote the
situation of the objects and stations by the letters a, b, c, &c.; it will like-
wise be advisable to take a more particular sketch of the coasts between
each station, on a separate piece of paper. Seek for a proper place near the
shore, on which a base-line may be measured ; and, since there is no part
of the coast which commands a view of all the stations, it will be n
to measure out two base-lines : accordingly the base-line A3 is fixed upon,
the ground being there level, and a considerable number of station-staves
visible from each extremity : its length, as measured by a chain, is 800
fathoms, and its bearing from a to B, N. 48° E. From each end measure
the angles contained between the base-line and the several stations within
sight, which are as follow :

FroM STATION A. Frox StaTION B.

The Angle BAbd = 23° 35’ The Angle ABa = 18° 40
- BAc¢c = 562 10 —— ABe = 38 (1]
— BAd = 83 0 — ABC = 50 1§
—— BAC = %4 0 — ABD = 66 O
— CA¢ = 25 13 — ABd = 69 386
— CAa = 47 30 —— dBe = 36 2

— = 61 10

dBb
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Xe will mwhenawz: fix upon a place whereon anetlier -base-line
may be measured, from whence the remaining stations may be seen. ‘Ttie
most canvenient is between p and E; let p £, therefore, be the second
sase-line, its length being 660 fathoms, and bearing from » to €, N. 720 W.;
but as its southern extremity p can be seen only from one end of the first
base, the le d c p is to be observed from c, in order to ascertain the
position of the second base with regard to the first; this angle is found to
be 44° (/; now measure the angles formed by lines drawn from each end of
this base to the station-staves, or other objects, which are as follow : {

Frox StaTioxN D. Frox StaTiON E. ,

The Angle EDk = 21° 1§ The Angle DEg = 22° 8¢
— EDSf = B89 42 — DEf = 74 0
—fDg =79 25 | — fEk = 70 0

Having taken all the necessary bearings and angles on shore, lay them
down upon paper agreeably to the preceding directions: hence the relative
position of the points a, a, B, b, ¢, d, D, E, C, ¢, f, g, and k, will be obtained ;
which are to be connected by drawing the configuration of the coast from
the sketches made whilst sailing round the harbour and island. The chart.
being thus far delineated, proceed to make the requisite observations on
the water. In sounding for the depths of water, a shoal is discovered in
one of the entrances: now its extremes i & are to be ascertained by their
bearings from the stations p and £ ; the bearing of i & is N. 40° E., and
of i b, N. 72 E.; also the bearing of 2 is N. 40° W, and of A »
N.10° E.: to lay these down on the chart, through £ and p draw lines
parallel to the above bearings, which are to be previously laid off on the
co ; these will meet at i and A, and determine the extremities of the
shoal.® In the same way the positions of the soundings, anchoring places,
rocks, &ec. are to be ascertaine(mnd laid down. .

"The above bearings being all magnetic, and it being thought proper
to draw a compass according to the true meridian, the variation, which
is 26° easterly, 1s to be laid off to the left of the magnetic north; hence the
direction of the true meridian and the other rhumb-lines will be obtained.

‘The scale shews the length of a geographical mile, containing 1013
fathoms; therefore take 1013 from the same scale of equal parts that was .
used in laying down the base-lines; or, make the transverse distance of
400 on the sector, equal to the length of the base A B; then the transverse
distance of 506 will be the length of one mile. (See Use of Sector, page 32.)

The following methods of ascertaining the heights and distances of
remote objects being frequently useful, particularly in the practice of
surveying, we think it proper to introduce them before we dismiss the
present subject.

To find the Height of an accessible Object.

Measure the horisontal distance, between the eye and the object, of the
peint immediately under it, and observe the angle of elevation with a

¢ Or, more accuratel by taki the nnéle: subtended by the Stations », E, k, at ¢ and A.
the extremities of the n{’o-lz as -hngwn in Example V. of Oglique Sailing. ’ ’
- T
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quallrant: thus will- be obsained the base and : of 'a ‘right-sngled
triangle, the perpendicular of which being found, will be the heaght-of the
object abdve the horisontal plane, to 'vlnﬁ add the height of the eye:

Or, by removing either towards or from the object, until the angle of
elevation be 45°, the horizontal distance, added to the height of the eye, will
give the height of the object.

EXAMPLE.

From the bottom of a tower I measured 200 feet on a horizontal plane;
I then took the angle of elevation, and found it 46°3(/, the height of my
eye being 6 feet: required the height of the tower.
.

In the triangle A B c are given the
side A B 200 feet, and the angle B ac
46° 30, to find the perpendicular s c.

Asradius ......ooevenviiniiiinininnn. X
Is to the distance A B or pE 200... 2.30103
So is tang. angle A c 46°30...... 10. 02275

To the perpendicular 8¢ 210.7 2.32378
Height of theeye ADor s 6

Height of the tower cE ... 216. 7 feet

If the height of the object be known, and the angle of elevation observed,
the horizontal distance oi' the eye may be found ; %or in this case there will
be given the perpendicular and angles of a right-angled triangle to find the
base or distance i

To find the Height of an inacoessible Object.

Measure the angle of elevation at a convenient distance from the given
object; then remove in a direct line from the object, and again observe
the angle of elevation, the distance between the stations being carefully
measured : hence will be given one side and the angles of an oblique-angled
triangle, with which, find the less of the other sides. Now that side will
be the hypothenuse of a right-angled triangle, the perpendicular of which
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ing found, and the height of the eye added to it, their sum will be the
height of the object.

EXAMPLE.
Wanting to know the height of a lighthouse above the level of the ses,
and not able to measure its horizontal distance, I took the angle of

elevation, found it to be 31°45/, and after removing from it 120 fathoms,
I obeerved the angle of elevation to be 21° 20’: required the height of the
lighthouse. :

In the triangle A B c are
gven the angle acs 21°20;
e angle c A 3 10°25/; and
the side c B 120 fathoms, to

find the side B a.

Angle acB...... 21° 20 As sine angle caB 10°25 ......... 9. 25721
Angle aBo......148 15 Is to the side ¢ 120 ............... 2. 07918
.. So is sine angle AcB 21°20r ...... 9. 56085

160 35
180 o0 11. 64003
9. 257321

Anglecas...... 10 25
To theside AB241. 4 ............... 2. 38282

In the right-angled triangle A B » are given the angle A B p 81° 45/, and
the hypothenuse a » 241. 4, to find the perpendiculargA D. ’

ASTaditus ...ooviiniiinieinininnenanen. 10: 00000
Is to the hypothenuse A B 241.4... 2.38274
8So is sine of angle ABD 31°45°... 9. 72116

To the perpendicular Ao p 127...... 2.10360

Hence the height of the lighthouse is 127 fathoms, or 768 feet above the
level of the sea.

In this example the height of the eye is neglected; for, supposing the
obeervations to have been made in a boat, the eye would n coincide
with the surface of the water, and hence the omission would lead to no

Shorter methods migll;tecl:lave been ﬂ’ven for solving the above; but as
the present is worked directly by the Rules of Trigonometry, it is more
likely to be retained in the memory.

T2
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To find the Distance of Objects at Sea by Means of the Curvature
of the Earth.

To the logarithm of the diameter of the earth, increased by the height of
the eye, add the logarithm of that height, and half the sum will be the
loganthm of the distance of the visible horizon in feet ; from which subtract
the constant logarithm 3. 783904, and the remainder will be the distancein
nautical miles, to which add a twelfth part of the distance, on account of
terrestrial refraction.

EXAMPLE.

At what distance is the visible horizon from a person, whose eye is elevated
120 feet above the surface of the water ?

Diameter of the earth in feet...... 41804400

Height of the eye .................. 120  Log. 2.079181

41804520  Log. 7.621223

9. 700404

Distance in feet ................cce. 70827.56  Log. 4.850202

Constant Log. 3. 783904

Distance in nautical miles ......... 11. 656 Log. 1. 066298
Add one-twelfth part............... 0.97

Distance corrected for refraction.. 12. 62

When the height of a distant object appearing in the horizon is giver,
its distance from the eye is found by add.u% together the distances answer-
ing to each height. (See Explanation to Table XX.)

To find the Distance of an Object, by observing the Interval between
the Flash and Report of a Gun.

Multipl}v 1142 (the number of feet sound travels in a second) by the
number of seconds in the above interval; and the product will be the
distance in feet, which, divided by 6079, will give the distance in nautics
miles.

EXAMPLE.

A chip at sea was observed to fire a gun, and 24 seconds afterwards the
report was heard : required the distance of the ship from the observer.

1142 multiplied by 24 gives 27408, the distance in feet, which, divided
by 6079, gives 44 miles.
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ASTRONOMY.

D @D v

ASTRONOMY is a science which treats of the motions and distances
of the heavenly bodies, and of the appearances thence arising.

A great variety of opinions prevailed, at different times, among phi-
losophers of former ages, concerning the order and arrangement of the
several parts of the universe, or of the positions of those bodies which
appear in the heavens. The most eminent Astronomers of the present day
suppose the universe composed of an infinite number of systems or worlds;
that in every system there are certain bodies moving in free space, and
revolving at d.iﬂ{rent distances around a sun, placed in or near the centre
of the system, and that these suns and other bodies are the stars which are
seen in the heavens. ‘

The Stars are distinguished into two kinds, vis. fized and wandering.
The fixed stars are sup to be suns in the centre of their systems,
shining with their own hi t, and preserving always the same situations with
respect to each other: they are usually divided, according to their apparent
splendour, into different classes, called magnitudes ; the brightest being
denominated stars of the first magnitude ; the next to them in brightness,
of the second magnitude ; and so on to those stars that are scarcely visible
to the naked eye, which are termed stars of the sixth or seventh itude.

In order to assist the memory, Astronomers have divided the heavens
into parcels, called constellations : these are a number of fixed stars, lying
contiguous, which are supposed to be circumscribed by the outline of some
animal, or other-m;ﬁm' inary figure. Stars which are not included within the
constellations, are called unformed stars. The stars in each constellation
are generally distinguished by letters of the Greek alphabet, and some of
the principal have proper names: thus the star marked a, in the constellation
of Taurus, is called didebaran.

The wandering stars are those bodies within our system which revolve
round the sun; they appear luminous, by reflecting the light they receive
from the sun, and are oF three kinds, namely, primary planets, secondary
planets, and comets.

PriMarY PLANETS are those bodies which, in revolving round the
sun, respect him only as the centre of their revolution ; their motions are
regularly performed in tracks or paths, called orsiTs, which are nearly
circular and concentric with each other.

A SECONDARY PLANET, called also a SATELLITE or MooN, is a body
which, while it is carried round the sun, also revolves round a primary
planet, which it respects as its centre.

ComETs are a kind of planets which move round the sun in very eccentric
orbits, and in various directions, having vast atmo:slheres about them,
and t&ils of a hairy or nebulous appearance, especially when they are
near the sun.
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OF THE SOLAR SYSTEM.

The soLaR sysTEM is that in which our earth is placed, and in which
the sun is supposed to be fixed near the centre, with several bodies similar
to our earth revolving round him at different distances. This hypothesis,
which is the only one that can explain all the phenomena of tbeyE:nvenly
bodies, is said to have been first taught by Pythagoras; after whose time %
remained many ages in oblivion, until it was revived, in the bm':
the sixteenth century, by Copernicus, and has since been fully i
on ’;‘l;le firm ba:m of degnonatr;ltion by the immortal Newton. h‘

ere are eleven prim anets in our m, sccompanied by at
sixteen satellites. 'Ig)e n:-l?esof the pri ‘y;le:neu, with their A
reckoned in order from the Sun ©, are as follow :—Mercary ¥, Vemus ¢,
Earth @, Mars &, Vesta 8, Juno ¥, Ceres ?, Pallas 3, Jgi:a ¥,
Saturn h, and Uranus, Herschel. or Georgium Sidus 1 ( te VL

Fig. 1)

igdercury and Venus are called inferior plansts, because their orbits are
within the Earth’s ; the others are called superior planets, as their orbits
include that of the Earth. :

The primary planets, accompanied by their satellites, revolve round the
sun from west to east, in various portions of time, which sre called ther
periodic revolution, or annual motion ; the planes of their orbits all pass
through the centre of the sun, but are inclined more or less to that of the
earth, crossing it in two points, called Nodes. . :

Although to an observer placed in the sun, the planets would ®
move in due order about him, from west to east, yet, since the is not
in the centre of the system, their apparent motions in the heavens are very
irregular : sometimes they appear to move from west to east, and then to
stand still ; then they seem to move from east to west, and after: standing
some time, they again move from west to east, and so on continually. The
motion of a planet from west to east is called the direct motion, or
to the order of the signs. The contrary motion from east to west is
retrograde ; and when the planet appears to stand. still, it is said to be
atationary. :

The situation of a planet in the heavens, as it would appear if seen from
the sun, is called its heliocentrio place; and as seen from the earth, its
&eocentric place.

The angular distance of a planet from the sun is termed its elongation.

When a planet is in the same part of the heavens with the sun, those
bodies are said to be in conjunction ; and when their angular distance is
180°, in opposition. The same terms are used with respect to any other
two celestial bodies.

We now proceed to give a more particular description of the sun and the

lanets.
P The Sun, that great fountain of heat, light, and vegetation, is an immense
spherical body, placed near the centre of the orbits of all the planets ; its
diameter is about 882,000 English miles, and it turns round its axis in
25 days 10 hours.
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MErcury is, of all the primary planets, the nearest to the sun: his
dismeter is about 3140 miles, and mean distance from that luminary above
86 lrlnilliom; of miles. His periodic revolution is performed in 87 days
23 hours.

To a on the earth this planet keeps so near the sun, that
we can seldom discern him without the aid of telescopes: he appears some-
times a little before sunset, and at other times a little after sunrise.

VENus is the next planet in the order of the system, and is distinguished
by her superior brilliancy ; her diameter is 7687 miles, her mean distance
from the sun nearly 68 millions of miles, and her periodic revolution is
performed in 224 days 17 hours.

This planet:ap to us always near the sun, although she recedes from
hime almost double the distance of Mer ; when she is in that part of
her orbit which is west of the sun, she nses before him in the morning,
and is called Lucifer, or the morning star; and when she is in the eastern
part of her orbit, she shines in the evening after he sets, and is called
Vesper, or the evening star.

-The EaxrTH, or planet which we inhabit, is about 7916 English miles
in diameter, and is about 95 millions of miles from the sun; it performs
arevolution through its orbit in 365 days 6 hours, which period is called
a year, and revolves round its axis, from west to east, in 24 hours,
which occasions the apparent diurnal motion of the sun, and all the
heavenly bodies round it, from east to west, in the same time; it is of
course the cause of their rising and setting, of day and night. The axis
of the earth is inclined 23° 28’ from a perpendicular to the plane of its
orbit, and keeps in. a direction parallel to itself throughout its annual
course, which causes the return of spring and summer, autumn and winter.
Thus the diurnal motion iives us the grateful vicissitude of day and night;
;nd the annual motion, the regular succession of the seasons. (See Plate

L Figure 2.)

The eatth is attended by a satellite called the Moon, whose diameter is
about 2160 miles, her mean distance from the centre of the earth above
237,000 miles ; she goes round her orbit in 27 days 8 hours, revolving
round her axis in the same time ; but the interval between each new moon
is 204 days ; the former of these periods is termed a periodic month, and
the Iatter a synodic month, or lunation.

As the moon, like the other planets, is an o ati:xe body, and borrows her
light from the sun, only one hemisphere is enliig tened by the solar rays:
hence she puts on various appearances, called phases, during her mont
course round the earth, as her illuminated side is more or less turned towntg
us: when she is in the same part of the heavens as the sun, her dark side
being turned towards us, she is invisible, and this part of her period is
called the change, or time of new moon ; in a few days after, as she advances
to the eastward of the sun, we see a small part of her enlightened face, and
she assumes a horned appearance, the cuaps or points being turned from
the sun towards the east. When she has advanced 90° to the eastward of
the sun, we then see half her illuminated face, and she is then said to be in
her first quarter ; as she proceeds on her journey, more of her enlightened
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side becomes visible, and she appears of an oval or gibbous form. At
length, when she is in opposition to the sun, she presents to us the whole
of her enlightened face, and this is called the time of full moon. In per-
fomin%] the other half of her revolution, she wanes, and exposes less and
less of her enlightened side, till she entirely disappears, and comes again
in conjunction with the sun. (See Plate VII. Figure 1.) ’

When the moon, at the time of conjunction, is directly between the sun
and the earth, she will intercept a part of the sun’s rays, and thence cause
an eclipse of the sun ; and when, in opposition, the earth is directly between
her and the sun, she will pass through the shadow of the earth, and cause
an eclipse of the moon. g‘hese eclipses would happen every revolution of
the moon round the earth, if their orbits were in the same plane; but the
moon’s orbit is inclined to the earth’s in an angle of about 5 degrees, croesing
it in two opposite points, called the moon’s nodes; hence eclipses of the
sun and moon can happen only when the moon is in or near one of the
nodes, she being, at all other times, above or below the plane of the earth’s
orbit. (See Plate VII. Figure 2.)

Mags is the least bright and elegant of all the planets, being of a dull
red or fiery colour, supposed to arise from the density of his atmosphere;
his diameter is 4100 miles; his distance from the sun 142 millions of miles;
his periodic revolution is performed in about 6387 days; and he revolves
round his axis in 24 hours 40 minutes.

Mars, as well as all the other superior planets, is not subject to the same
limitations in his apparent motion as Mercury or Venus, but appears some-
times near the sun, and at other times in opposition to him.

VEsTA was discovered by Dr. Olbers, of Bremen, on the 20th of March,
1807; its distance from the sun is about 2254 millions of miles, and the
length of its year, 3 years, 240 days, 5 hours. This planet appears like
a star of the 5th magnitude.

JuNo was discovered by Mr. Harding, of Lilienthal in the Duchy of
Bremen, on the 1st of September, 1804. It appears like a star of the 8th
magnitude ; is distant from the sun about 253 millions of miles, and per-
forms its revolution in 4 years, 181 days.

Piazzi, or CEREs, was discovered by M. Piazzi, the Astronomer Royal,
at Palermo, in Sicily, on the 1st of January, 1801. Its periodic revolution
is 4 years, 221 days, 13 hours; its diameter, as computed by Dr. Herschel,
is about 162 miles, and its distance from the sun about 263 millions of
miles. Ceres appears no larger than a star of the 8th magnitude, and
therefore cannot be seen with the naked eye.

PaLLas was discovered by Dr. Olbers, at Bremen, on the 28th of Mareh,
1802 ; it is distant from the sun near 263 millions of miles, and performs
its revolution round it in 4 years, 221 days, 17 hours. Pallas appears like
a star of the 7th magnitude, and its diameter is about 110 miles®.

JupITER is the largest of all the planets, and is easily distinguished :z
his peculiar magnitude and light. His diameter is nearly 90,000 miles; I
distance fromat%:: sun above 485 millions of miles; and he performs his

® Vesta, Juno, Ceres, and Pallas are called Asteroids.
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m-lodie revolution in 43824 days, or nearly 12 years. Jupiter completes
is diurnal revolution in 9 hours and 56 minutes. ‘

This pl::let is atttell:ded by four sa:a}liltes, invisible to the naked eye, but
through a telesco e e & beautiful appearance. In speaking of them,
we distinguish thl:n wzording to their lacle)s, into the ﬁrst,Pethe sg:ond, &e.
The eclipses of these are of considerable use in determining the longitude
of places on the earth. In viewing Jupiter through a telescope, we find
several streaks or lines over his uatorij parts, which are called his belts:
these are supposed to arise from the swiftness of his diurnal motion, which
draws his clouds and vapours into those forms.

SaTurN was reckoned the most remote planet of our system, before the
discovery of the planet Herschel, now called Uranus. He shines but with
a pale and feeble light ; his diameter is about 76068 miles; his distance
from the sun above 890 millions of miles, and his periodic revolution in his
orbit is performed in about 29 years, 167 days. Saturn revolves round
his axis in 10 hours, 20 minutes, and is attended by seven satellites.

This planet is surrounded by a l»:ge, broad, double, and luminous ring,
at a distance from it equal to the breadth of the ring. This phenomenon is
quite different from all others in the planetary system, and ap intended
to increase the quantity of light received from the sun, whicg, on account
of the vast distance of the planet, must be very small.

UraNus, or, as it is sometimes called, the GEorcIuM Sipus, was dis-
covered on March the 13th, 1781, by Dr. Herschel; though there are many
reasons to suppose it had been seen before; but had been considered as a
fixed star. Its diameter is about 35112 miles; its distance from the sun
upwards of 1800 millions of miles, and its Egriodic revolution in its orbit is
performed in 83 years and 52 days. This planet is attended by six
satellites, which were likewise discovered by Dr. Herschel.

The number of ComxTs that has been recorded in histoliy is very
great, amounting to several hundreds. One of the most remarkable of these
erratic bodies is that which appeared in the years 1581, 1607, and 1682,
and was predicted by the celebrated Dr. Halley to reappear in the year
1759, which it actually did; passing its perihelion, or nearest distance from
the sun, on the 12th of March in that year, its periodical revolution being
made in about 76 years. "I'he next return of this comet to its perihelion has
been calculated by M. De Pontécoulant, a French astronomer, to take place
on the 7th of November 1835. |

OF THE SPHERE.

Although the celestial bodies are placed at different distances from the
earth, as we have just seen, yet an observer living upon the earth, is not
naturally sensible thereof, but imagines them all to be situate in one concave
surface, of which the earth is the centre.

Likewise, though in reality the cause of day and night is the rotation of
the earth round its own axis; and of the seasons, its motion through its own
orbit in a year; yet to a spectator on the earth these appear to be effected
by the motion of the sun or heavens.

And as, in most astronomical problems, it is the apparent or relative
motions only that we have to determine, therefore, for the ease of calculation,

U
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and since it-amounts to the same thing whichsoever way these appearances
are effected, astronomers consider it more convenient to- celestial
objects placed in one concave sphere, as above, and to to them all
the motions which they seem to have, while the earth is considered as being
at rest in.the centre.

“In order to point out the positions of the heavenly bodies in the celestial
sphere, certain points, lines, and circles are supposed to be described thereon.

Circlesupon a sphere are either great or lesser. A great circle is that whose
plane passes through the centre of the sphere. A lesser circle is that whose
plane does not through the centre of the sphere: hence all great circles
upon a sphere divide it equally, and all lesser circles divide it uneqm.ll‘{o

‘Those two points on the surface of a sphere, which are equidistant from
every part of the circumference of one of its great circles, are called the
poles of that great circle.

If we imagine the axis of the earth produced to the celestial sphere, it
is then called the axis of the heavens, and its extremities mark out two
points in the sphere, which are called the celestial poles, or the poles of
the world : one is termed the north pole, and the other the south pole. It
is about these points that all the heavenly bodies appear to have a diurnal
revolution. .

The plane of the equator, in like manner produced to the heavens, forms
a circle called the celestial equator, or equinoctial, whose poles are those
of the world. This circle divides the heavens into two equal parts, called
the northern and southern hemispheres.

Any celestial body situated in the equinoctial will appear to describe s

t circle in the heavens, and those bodies which are situated north or
south of it, will describe small circles: those stars situated at either pole will
appear at rest.

The circle which bounds the view of a spectator, at sea, or on an open
plane, is termed the apparent, or visible horizon ; a circle whose plane
passes through the eye of an observer, perpendicular to a plumb-line hang-
ing freely, is called the sensible horizon ; and a circle parallel to this,
passing through the centre of the earth, is the rational horizon. these two
circles in the sphere of the fixed stars may be considered as one and the
same®,

The senith of a place is that point in the heavens immediately above
the place, and the nadir is that point immediately under it. Hence the
zenith and nadir are the poles of the rational horizon.

Azimuth, or vertical circles, are great circles passing through the senith
and nadir, and therefore intersect the horizon at right angles. That vertical
circle which passes through the east and west points of the horizon, is called
the prime vertical.

Celestial meridians, or circles of right ascension, are great circles
passing through the poles of the world, and cutting the equinoctial at right
angles. Twenty-four of these circles, which divide the equinoctial into
equal parts, each containing 15 degrees, are called hour-circles.

® For the division of the horizon into points, &c. see the Mariner’s Compass, opposite
page 63-
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The meridian of a place on the celestial sphere. is that vertical circle
which passes through the poles, crosses the e&uinoctia’.l at right angles, and
intersects the horizon at the north and south points. This circle is the
terrestrial meridian of a place extended to the ‘heavens: it divides the
heavens into two hemispheres, termed the eastern and western. When
the sun is upon the meridian of a place above the horizon, it is noon ; and
under the horizon, it i8 midnight. On this circle the latitude of a place is
reckoned, being always equal to the elevation of the pole above the horison,
or to the distance of the zenith from the equinoctial. ,

The altitude of a celestial object is an arch of a vertical circle inter-
cepted between the centre of the object and the horizon. :

The zenith distance is an arch of a vertical circle contained between
the object and the senith. When the object is on the meridian, its altitude,
or zenith distance, is called the meridian altitude or meridian wenith
distance.

The asimuth is an arch of the horizon, contained between the azimuth,
or vertical circle, passing through the centre of the object, and the meridian
of the place.

The amplitude is an arch of the horizon, contained between the centre
;f the object, when rising or setting, and the east or west points of the

orison.

The ecliptic is that circle in the heavens which the sun a; to
deom'bei::mtl‘::owmegfm:tw, and is the orbit of the earth exm to
the celestial sphere. It is inclined to the equinoctial, in an angle of about
28° 28, called the obliquity of the ecliptic, and cuts it in two points
diametrically opposite, ‘called the equinoctial points. Those two points
of the ecliptic, 90 degrees distant from the equinoctial points, are called
the solstitial points.

The ecliptic is divided into twelve equal Xarts, called signs, each contain-
ing 80 degrees : these are thus marked and named.

}. Aries T 4. Cancer % 7. Libra o 10. Capricornus v»
2. Taurus y 5, Leo Q 8. Scorpio m 1). Aquarius =
3. Gemini I 6. Virgo w 9. Sagittarius ¢ 13. Pisces . %

The first six signs, being on the north side of the equinoctial, are termed
northern signs; and the last six, on the south side, are called southern signs

The two points of the ecliptic which coincide with the equinoctial, are
the beginning of Aries and Libra; the former of these is the vernal
equinow, the latter the awtumnal equinox.

The two solstitial points are situated at the beginning of Cancer and
Capricorn, and are the summer and winter solstices.

hat great circle which e‘g)asses through the equinoctial points and the
poles of the earth, is ealled the equinoctial colure; and tﬁ:t great circle
which through the solstitial points and the poles of the earth, is
called the solstitial colure.

The sun enters the beginning of Aries about the 21st of March; he
then moves forward in the ecliptic, and advances towards the north pole till
he enters Cancer, which happens about the 22d of June; then, continuing

v2
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his motion according to.the order of the signs, he apparently recedes from
the north pole, and about the 23d of September enters Libra ; still advanc-
ing in the ecliptic, he gets nearer to the south pole till he enters Capricom
about the 22d of December; after which, returning to the northward

the last three signs, he again enters Aries, and thus completes his annual
course.

The zodiac is a in the heavens extending about 8 de?ees on each
side of the ecliptic, like a belt or girdle, within which all the planets appear
to perform their nevoluﬁons.:h celestial 5o ¢ circl

Circles of longitude in the celestial sphere are great circles passing
tbrt;ugh thefpoles of the ecliptic, and therefore cut the ecliptic at right
angles.

‘he right ascension of a celestial body is an arch of the equinoctial,
contained between the first point of Aries and that point of the equinoctial
which is cut by a meridian passing through the object.

The ascensional difference is an arch of the equinoctial, intercepted
between the sun or star’s meridian and that point of the equinoctial that
rises with the object.

The oblique ascension or descension is the sum or difference of the right
ascension and ascensional difference.

The declination of an object is an arch of a meridian contained between
the equinoctial and the centre of the object. It is called north or south
decl.inat:)ali, according as the object is on the north or south side of the

uinoctial. ’
ethe lar distance is an arch of the meridian contained between the
centre oﬁhe object and either pole of the equinoctial.

The latitude of any object in the heavens is an arch of a circle of celes-
tial longitude intercepted between the object and the ecliptic, and is called
north or south, according as the object is north or south of the ecliptic.

The longitude of a celestial is an arch of the ecliptic, intercepted
between the first point of Aries am{ a circle of longitude passing through
th?l‘ oltlantre of the object.l - |t b il at sho

e tropics are two lesser circles parallel to the equinoctial, at about
28° 28’ distance from it, touching the ecliptic at the solstitial points: the
northern tropic touches the ecliptic at the beginning of Cancer, and is thence
called the tropic of Cancer ; the southern tropic, touching the ecliptic at
the beginning of Capricorn, is therefore called the ¢ropic of Capricorn.

The polar circles are two lesser circles, about 23° 28’ distant from the
poles of the equinoctial : that about the north pole is called the aretic circle;
and the other the antarctic circle.

In order to illustrate the preceding definitions, let the circle zHNO
(Plate VII. Figure 3) represent the celestial meridian, = the zenith, and
N the nadir, of a place at A; ko the sensible horizon of the place, which
may be considered as coinciding with H10, the rational horizon, the north
am{ south points being o and H, and the east and west points at 1;
2B N an azimuth or vertical circle, cutting the horizonin B ; likewise let the

® Excepting the newly-discovered Planets, or Astercids— Vests, Juuo, Ceres, and Pallas.
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line »p be the celestial axis, whose pole r is elevated above the rational
horizon equal to the latitude of the place. Now, if v be considered as the
place of a star in the heavens, vs w:ﬁ be its altitude, vz its zenith distance,
H B its azimuth from the south, or Bo from the north. If the star be sup-
posed to rise or set at F, the arch 1 will be its amplitude from the east or
west; and if the star be at ¢, on the meridian, ¢ 1 will be its meridian alti-
tude, and ¢ z its meridian zenith distance. .

Again, let p p represent the celestial axis, as before; the circle zrNo, the
solstitial colure; kqQ the equinoctial, of which pp are the poles; ppp a
circle of right ascension; % v, the ecliptic; R 7 its poles ; kL7 a circle of
longitude; % % the tropic of Cancer; v v the tropic of Capricorn; & u
the arctic circle ; and rm the antarctic circle. Then if v be the place of a
star, vp will beits declination ; v or v p its polar distance; L v its latitude ;
and 11 its longitude.

THE DIAMETER OF THE SUN, MOON, &ec.

The apparent diameter of the sun, moon, &c. is the angle under which
they a&pen to an observer situated on the earth; the quantity of which
depends upon the real ma%nitude of the object, and its distance from' the
observer. Thus, let A3 (Plate VII. Figure 4) represent the real diameter
of a distant object, the eye being at c; then the angle acB is its apparent
diameter: now if the eye be removed further from the object, as to o, its
apparent diameter will be the angle Ap B, which is evidently less than the
angle aAcs; likewise if the real diameter be increased to E, its apparent
diameter will likewise increase, for the angle Ep B is greater than the angle
ADB. :

The sun’s spparent semidiameter is set down in Page II. of each Month
in the Nautical Almanac, for every day ; but its mean semidiameter, which
is 16, is used in common practice, as it never deviates half a minute from
that quantity. The moon’s semidiameter varies considerably during her
monthly revolution round the earth, and is set down for every 12th hourin
Page III. of each Month in the Nautical Almanac. The apparent semi-
diameter there given is the angle under which it would be seen when in the
horizon, or from the centre of the earth; but since the moon is nearer the
observer, by a semidiameter of the earth, when in the zenith than when in
the horizon, and as this difference bears a sensible proportion to the moon’s
distance from the earth’s centre,® the semidiameter given in the Almanac is
to be increased by a quantity, called the augmentation, depending on its
altitude, which is contained in Table VII.

The distance of the sun from the earth being immense when compared
with the earth’s semidiameter, the augmentation of the sun’s apparent semi-
diameter is therefore insensible. The apparent semidiameter of a planet is
so small, that it is seldom noticed in calculations. The fixed stars have no
sensible apparent magnitude, even when viewed through the most powerful

® The moon is about 60 semidiameters of the earth distant from the earth’s centre.
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DEPRESSION OF THE HORIZON.

The depression, or, as it is generally called, the dip of the horizon, i
the angle contained between the sensible and apparent horizons, the angular
oint being the eye of the observer. Now as the altitudes of all celestial
Eodies observed at ses, are measured from the apparent horizon, which is
below the sensible by a quantity depending on the height of the eye, these
altitudes are greater when taken by a fore observation, and less when
observed by a back observation, than they should be, by a quantity equal
to the le contained between the two horizons. Thus, let Bac
(Plate VII. Figure 5) represent part of the surface of the earth, and ax
the height of the observer's eye; then.F E ¢ will represent the sensible,
and E H the apparent horizons; and therefore the angYe FEH will be the
depression, or dip, of the apparent below the sensible horizon. Let x be
an object whose altitude is to be observed by bringing its i in contact
with the apparent horizon; then will the angle M Exr be the observed
altitude, which is greater than the angle M E F, the altitude from the sensible
horizon, by the angle FEH. In the back observation the observed altitude
is M E L, to which the angle HE F, equal to ¢ E X, must be added, to obtsin
the altitude above the sensible horizon r E.

The dip of the horizon is affected by terrestrial refraction, which, according
to Dr. Maskelyne, amounts to v the whole angle; but several astronomers
differ in (')ginion respecting the quantity. In Table V. of this Work, which
contains the dip answering to different heights of the observer, dy is allowed
on the whole angle.

REFRACTION.

The rays of Light which proceed from a celestial body, on entering the
atmosphere in an oblique direction, are bent out of their rectilinear course,
and incline more and more towards the centre of the earth as they pas
deeper into the atmosphere, and hence enter the eye of an observer i s
different direction from that of the object, and make it appear higher than
its real place. The difference between the real and apparent places of the
heavenly bodies, as affected by the passage of the rays of light through the
atmosphere, is called the refraction of the object. Let o B c (Plate VIL
Figure 6) represent the surface of the earth, on which the observer stands
at A, and p F F the surrounding atmosphere : now the rays of light which
proceed from an object at z in the gzenith, falling perpendicularly on the
atmosphere, are not refracted thereby, but continue in the same direction
till they reach the eye of the observer. But if the rays proceed from a body
not in the zenith, as at ®, they fall on the atmosphere obliquely, and are
bent or refracted into a curve inclining towards the earth’s centre at T; and
as the observer perceives objects in the direction that the rays proceeding
from them enter the eye, he therefore imagines the body = to be at  ; the
difference of these places, or the arch R r, is the refraction of the object in
altitude. Thus nrso if the rays from a star at s pass on to the eye by a
curve-line p A, the observer judges that star to be in the direction of the
side of this curve, terminating at the eye; that is, he conceives it to be 84 &
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i:‘:‘ the direction s A, touching the curve at the point A, where it enters
e eye. - : .

Tl{e more obliquely the rays enter the atmosphere, the more they will
be:bent out of their rectilinear course, and hence the greater will be the
refraction. The quantity of reffaction likewise increases with the density
of the atmosphere.

From what has been said, it follows that an object at the senith is not
subject to refraction ; but that, as the distance from the zenith increases,
the refraction becomes perceptible, and is Pmportionabg ater as the
body observed is further from the zenith, until it reaches the horizon, where
the refraction is greatest. Also that, by the effect of refraction, the
heavenly bodies ap more elevated above the horizon than they really
are; and therefore Bxeenamount of refraction is to be subtracted from the
ta‘{?nent altitude of an object: in consequence of this, it likewise happens

t the sun, stars, &c. may be actually below the horizon when they are
seen above it; and hence they appear to rise sooner, and set later, than
they would otherwise do.

PARALLAX.

We have already observed, that the sensible and rational horizons may
be considered as coinciding, when extended to the :ghere of the heavens.
This assumption will lead us to no sensible error with respect to the stars,
which are at such an immense distance from us, that the earth in comparison
is, s it were, but.a mere point; but with respect to the sun, moon, and
planets, the earth’s semidiameter must be taken into consideration, in
deducing our conclusions from observations made upon those bodies.

The situation of a celestial body, when viewed from the surface of the
earth, is called its apparent place; and that part of the heavens where it
would be seen, if observed at the same time from the centre of the earth, is
called its true place. The difference between the true and apparens places
is termed the parallax of the object.

In order to illustrate the nature of parallax, let A u w (Plate VII.
Figure 7) represent the earth, a the place of an observer on its surface,
whose sensible horizon is A o, rational horizon H o, and zenith at z ; also
let s ¢ be part of a vertical circle, whose radius is the distance of the moon
from the earth's centre; P g part of a vertical circle, whose radius is the
distance of a planet from the earth’s centre, and z o a vertical circle in the
sphere of the stars. Now, to a spectator at A, if the moon appear in z, its
apparent place in the heavens will be at @ ; but if viewed from the centre
T, its true place will be at the point B: the difference of these places,
measured by the arch a B, is its parallar in eltitude

But if the moon be in the sensible horizon at , its agsnrent place will
be at o, and its true place at n; the arch o » is called its horizontal
parallaxz. Moreover, if g be the place of a planet in the horizon, the arch
od will be its horizontal parallax ; and if its place be at r, the arch a b will
be its parallax in altitude. :

The parallax of an object is greatest at the horizon, and gradually
diminishes as the body rises above the horizon, until it comes to the zenith,
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where the parallax vanishes. Thus o p and od, the horisontal parllaxes
of ¢ and g, are greater than a B or a b, the parallaxes of & and r; and the
objects at s or P, seen from A or T, will appear in the same plaee z, or the
senith. The parallaxes of different objects are less or greater, as those
objects are more or less distant from the earth. Thus the parallax o of
the moon g, is greater than the parallax o d of the planet g. It is likewise
evident from the Figure, that the altitude of an object seen from the earth's
surface, is less than it would be if seen from the centre ; hence the
is to be added to the apparent altitude, in order to obtain the true altitude
The moon’s parallax 1s t‘ﬁreat:er than that of the other heavenly bodies,
owing to its being nearer the earth ; at the horison it varies from about
61’ 82” to 53’ 527, and is set down in Page III. of each Month in the
Nautical Almanac. The sun’s mean horzontal parallax is 83/ ; that of
the planets is variable, according to their distance from us in the different
parts of their orbits.

TIME.

B G

Time is a part of duration, and is measured by the motions of the
heavenly bodies. It is divided into years, months, days, hours, &c.

A day is the interval between two successive transits of the sun, moon,
or a star; and is denominated either a solar, lunar, or sidereal day,
according to the name of that body to which it is referred.

A sidereal day is the interval between the transit of a star over 3
meridian, and its return to the same; and since the revolution of the earth
on its axis is always performed in the same portion of time, the sidereal days
will be of equal length. The day is divided into 24 sidereal hours, and these
again are subdivided into sidereal minutes and seconds. The sidereal dsy
commences when the first point of Aries passes the meridian, and continues
until its return to the same. This mode of reckoning is used by Astronomers
in their observatories, where there is generally a clock pointing out s
time, by which they ascertain the right ascensions of the heavenly bodies, s
they pass the meridian of the place.

A solar or apparent day 18 the interval between the sun’s
from, and return to the same meridian. It is divided into 24 solar hours, and
these again are subdivided into minutes and seconds : an ion of this
day is called ¢rue apparent or solar time, and is that which 1s shewn by s
sun-dial.

The length of the solar day being subject to continual variatiens on
account of the eccentricity of the earth’s orbit, and the obliquity of the
ecliptic to the equinoctial, Astronomers, with the view of obdliﬁl'
convenient and uniform measure of time, have recourse to what they csil s
mean solar day, the length of which is equal to the mean, or average, of all
the apparent solar days in a year; such as would be shewn by the sun if it
moved always uniformly in the equinoctial: a clock, or chronometer, thus set,
is said to be adjusted to mean time.
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A megn .solar day is longer than a sidereal one; for as the sun, in its

t annual motion, advances in the ecliptic nearly a degree eastward
every day, it will take more time than a fixed star to return to the same
meridian ; the mean solar day exceeding the sidereal day by 8 m. 56. 55s.
of sidereal time.*

Since we can obtain only apparent time immediately from observations of
the heavenly bodies, we must, in order to reduce this to mean time, apply a
correction, call the equation of time, taken from Page I. of the given month
in the Nautical Almanac, and applied as directed at the head of its column ;
but should we have occasion to re«fuce mean time to apparent time, then the
equatiowis to be taken from Page II. of the Nautical Almanac, and applied
as directed in that . :

Sup];oee, for example, it were required to find the time that should be
shewn by a clock or chronometer, keeping mean time, on March 1st, 1835,
at 8 hours after the sun has passed the meridian of Greenwich, that is,
at 3 hours of apparent time, or what is generally called 3h. P. M.

In Page I. for the month of March, in the Nautical Almanac, the equation
of time, on the first day, is 12m. 42.14s. at apparent noon, and the change
in one hour, as shewn in the following column, is 0.497s.; this multiplied
by 3, the number of hours since noon, gives 1.491s.+ which being subtracted
from 12m. 42.14s., because the equation is decreasing, leaves 12m. 40. 65s.
‘or the reduced equation: now, add this quantity to 3 hours, the apparent
ime, as indicated at the top of the column, and the sum $h. 12m.
$0. 658. is the mean time whi(gl ought to be shewn by the chronometer
when the solar or apparent time is 3 hours past noon on March 1st, at
he meridian of Greenwich.

On the contrary, if on the same day, at 3 hours of Greenwich mean
ime, we required the correg:nding apparent time, then 12m. 40.70s., the
quation of time, taken from Page II. of the Nautical Almanac, and
educed as above, is to be subtracted fiom the mean time, 3 hours, and’
he remainder 2h. 47m. 19.24s. will be the corresponding apparent time
it Greenwich.

Again, suppose it were required to find the mean time, on April 15th,
835, corresponding to 15h. 8m. 30s. apparent time at Greenwich.
Jow, in this case the equation of time on the preceding apparent noon
5, by Page I. of the month in the Nautical Almanac, Om. 7.94s. additive
o the appareat time; but on the following noon it is Om. 7.07s. subtractive;
or the tion first decreases to 0, and then increases; consequently
he sum of the two equations, 15.01s., is the amount of the change in 24
cours; the difference for one hour, 0.625, multiplied by 15, the hours since:
oon at Greenwich, will give the product, 9.37s., which being greater than
'm. 7.94s., the equation at the preceding noon, the latter is to be subtracted
rom it, and the remainder 1.48s. will be the reduced equation of time, to
e subtracted from 15h. 8m. 80s., the given apparent time at Greenwich,

® A sidereal day is equivalent to 23h. 56m. 4.09s. of mean time; and a mean solar day
»ntains 24 h. 3m. 56.55s. of sidereal time.

4+ The oorrection for the daily change or variation of the equation of time, may be found
ifficiently exact for most practical purposes by Table LI See the Ex tion to
1at Table.

X
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(according to the precept at the head of the column) ; and the remainder
15h. 8m. 28.57s. will be the corresponding mean time at Greenwich.

A lunar day is the interval between the moon’s passing a meridian and
return to the same, its lenEth being about 24h. 49m. of solar time: but
the moon’s motion in the heavens being very irregular, the lunar day is
never employed as a measure of time.

There are three different modes of reckoning time with respect to the
commencement of the day; these are denominated civil, astronomical,
and nautical. :

The civil day, which is that used by the generality of mankind, begins
at midnight, and ends at the midnight following : it is divided into two parts
of 12 hours each ; the first are marked A. M., signifying ante meridiem, ot
before noon; and the latter twelve are marked P.M., signifying post
meridiem, or afternoon. '

The astronomical day commences twelve hours after the civil day, that
is, at noon, and concludes at the following noon : it is generally reckoned
through the 24 hours, from noon to noon; and what are by the civil, or
common way of reckoning, called morning hours, are by Astronomers reckoned
in succession from 12, or midnight, to 24 hours: for instance, 9 o’clock in
the morning, July 3d, civil time, is J nly 2d at 21 hours astronomical time.

It thus appears that, from noon to midnight, the day of the month, and
the hour of the day, are the same by both methods of reckoning; but from
midnight to noon they differ; for at midnight, when the new civil d:ﬂ
begins, the astronomical day of the same date will not commence
12 hours after.

The nautical or sea day begins at noon, or 12 hours before the civil
day, and ends at noon of the civil day; it is divided into two parts of
12 hours each, the former being marked gM , and the latter A.M. This
mode of reckoning arises from the custom of seamen dating their log for
the preceding 24 hours, the same as the civil day; so that occurrences
which happen, for instance, on Monday, 21st, afternoon, are entered in
the log marked Tuesday, 22d. Hence the noon of the civil day, the
beginning of the astronomical day, and the end of the nautical day, take
place at the same moment.

Ships in the Royal Navy, and some merchantmen, date their log accord-
ing to the civil mode of reckoning, calling the first 12 hours A.M., and
the latter P. M., but make up the day’s work as usual, from noon to noon, or
at the middle of the civil day.

All the computations in the Nautical Almanac being made for astro-
nomical time at the meridian of Greenwich, (the days commencing either
at apparent or mean noon, as expressed at the top of the several pages), it
will Ee necessary, before the quantities are reduced to the time of observation,
to ascertain the corresponding time at Greenwich when the observation is
taken. Now, by the diurnal revolution of the earth round its axis from
West to East, all the heavenly bodies appear to move in a contrary
direction, that is, from East to West, over 360° of longitude in 24 hours,
which is at the rate of 15 degrees in one hour of time; consequently, at
any place situated 15 degrees to the eastward of the meridian of Greenwich,
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it will be noon at that place one hour before it is noon at Greenwich;
but if the place be in 15 degrees of West longitude, it will be noon
threre one hour after it is noon at Greenwich, and in the same proportion
for any other given longitude: hence we have the following rule for ascer-
taining the time at Greenwich corresponding to any given time under
another meridian.

RoLe. Reduce the given longitude into time by Table XIX., and add
it to the astronomical time at the given place, if the longitude be West ; but
subtract it, if East; and the sum or remainder will be the corresponding
Greenwich time.

In East longitude, when the longitude in time exceeds the time under
the given meridian, add 24 hours to the latter, and subtract as before;
then the remainder will be the time past noon of the preceding day.

In West longitude, when the sum of the longitude in time, and the time
under the given meridian, exceeds 24 hours, take 24 hours from it, and
the remainder will be the time past noon of the following day.

EXAMPLE 1

What will be the time at Greenwich, on October 5th, when it is 6 hours
past noon, in longitude 45°80’ West ?

' : h. m.
Time under the given meridian 6 0
Longitude in time (XIX.) 3 2 West.
Corresponding time under the meridian of Greenwich........eee. 9
EXAMPLE II.
Required the time at Greenwich, corres'glonding to J uly. 21st, at
9h. 42m. 30s. A. M. (civil time), in longitude 76° 19 East.
h. m. s
Astronomical time under the given meridian, July 20th ... 21 42 30
Longitude in time (XIX.) <o 5 5 16 East.
Astronomical time at Greenwich, July 20th «ceeceeeeicicerens 16 87 14

EXAMPLE IIL

February 15th, being in longitude 115° 36’ E., an observation was taken
at 2h. 48m. 26s. P. M.; required the corresponding Greenwich time.

h.m, s
Time of Observation at Ship, February 15th....... seseseseses 23 48 26
Ditto after noon, February 14th ....c.ccereecinnnsaceasnescrases 26 48 26
Longitude in time (XIX.) ... 7 42 24 East.
Greenwich time, February 14th ..icovciieercrennniciicccacnonses 19 6 2
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EXAMPLE IV.

March 21st, at 6h. 46m. 17s. A. M. (civil time), in longitude 180° 40
West ; required the corresponding astronomical time at Greenwich.

h m. s
Astronomical time under the given meridian, March 20th. 18 46 17
Longitude in time (XIX.) 8 42 40W.

Astronomical time at Greenwich, since noon, March 20th... 27 28 57
24

Ditto at Greenwich, March 21st 3 28 57

EXAMPLE V.

November 12th, 1835, in longitude 49° 17 W., at 4h. 46m. 17s. P. M,
apparent time ; required the mean time at Greenwich.

h.m. s.
Apparent time, in longitude 49° 17 W...cooerrrenereerersnnnes 4 46 17
Longitude in time (XIX.).1ec0000000 317 8 W.
Apparent time at Greenwich .........ccecocrnncerirenieresaceses 8 32
Reduced equation of time (Page I. Naut. Alm.) .......cce. — 15 42
Mean time at Greenwich ......ccoieeseeserencaceens 747 43

WINDS.

——e

THE air, or atmosphere, which encompasses our terraqueous globe, and
extends several miles above its surface, is brl its elasticity capable of
being expanded, or of spreading itself so as to fill up a larger space than it
before occupied, and og being condensed or compressed into a less space.
The principal causes in producing these effects are heat and cold; the former
rarefying or expanding, and the latter condensing or compressing the air:
when, therefore, any portion of it becomes hea the cooler or denser air
from the neighbouring parts will acquire a motion towards the thinner, in
order to restore the equ.iﬁbrium, and thereby occasion those currents of air
which are called Winds.

Although various causes may contribute to produce this inequality in
the density of the atmosphere, yet the most general and permanent is the
influence of the sun’s rays, by which the air in 5|e regions a%e;)ut the equator
being heated to a greater degree, and consequently more rarefied than that
which is nearer to either Poles, the more ponderous or dense air will have
a motion from the north and south, in order to preserve the equilibrium;
but as the sun is continually shifting to the westward, that part towards
which the air tends, by reason of the rarefaction, is with him carried
westward, and consequently the tendency of the whole body of air is that
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way ; hence a general easterly wind is formed, which being impressed upon
all the air of a vast ocean, the parts impel one another, and so keep moving
till the next return of the sun, by which so much of the motion as was lost,
is again restored, and thus the easterly wind is made perpetual: the
combination of these two currents of air acting at the same time, will
produce a north-easterly wind in the northern hemisphere, and a south-
easterly wind in the southern hemisphere.

If the whole surface of the globe were sea, these winds would constantly
blow quite round the world without interruption; but as water is of a more
even temperature than land, therl&t;';ler will sometimes be hotter and some-
times cooler than the former, rarefying or condensing to a greater degree
the air inmediately above, whereby the air will be put fn moti%r:, the denser
towards the lighter, in order to restore the equilibrium: hence when a
considerable body of land intervenes, particularly in the tropical regions,
new points of rarefaction and condensation take place, sufficiently powerful
:0 counteract the former more remote, and therefore more feeble cause ; for
t is to be observed, that the atmosphere derives a greater portion of its heat,
iear the surface, from its communication with land and water, than from
he direct influence of the sun.

Partial and temporary winds are likewise ﬁ'e?]uently produced by thunder-
torms, or other electrical phenomena. The rays of the sun are also
ometimes obstructed by clouds, or mists in particular places; and one
iart of the world, or even of a particular count;r, will consequently be
288 heated than another: in that case there will always be a current of air
rom the cold to the warm region. Besides this, the falling of rain, or
ther circumstances, produce occasional alterations in the temperature of
he air; and whenever these take place in any country, they must be
ttended with wind.

In those parts of the Atlantic and Pacific Oceans which are remote from
1€ influence of the land, between the limits of about 28 or 30 degrees of
orth and south latitude, there is a constant easterly wind, the cause of
hich we have already assigned in the preceding observations. On the
orth side of the equator the wind blows from between the north and the
ast, and on the south side from between the south and the east, inclining
rore to the north and south as they are further from the equator: these
inds are denominated the N. E. and S. E. trade winds.

But we are not to conclude that the above limits are without exception;
»r both their direction and extent vary much with the season of the year.
Vhen the sun approaches the tropic of Cancer, the S. E. trade-wind prevails
irther to the northward of the line, inclining more to the south than the
ast, and the N. E. trade-wind more to the eastward ; on the contrary, when
e is in Capricorn, the N. E. trade-wind extends more to the southward of
1¢ equator, but inclining more to the northward, and the S.E. veers a little
iore to the eastward.

The S.E. trade-wind generally extends as far as 5 or 6 degrees to the
orthward of the line, and sometimes even to 7 degrees, according to the
asons : sometimes the N. E. and S. E. trade-winds almost meet each
‘her, leaving very little space between them; and at other times there will
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be an interval of several d subject to calms, squalls, thunder, light-
ning, and heavy rains. It has likewise been remarked, that between the
trnges, the wind frequently prevails from the 8. W. quarter.

The trade-winds extend to higher degrees of latitude on the coasts of
North and South America than on the coast of Africa, sometimes as far a
32 degrees on the North American coast, and to the same latitude aouth
on the coast of Brazil; though they seldom exceed 28 degrees on the African
side to the northward of the Cape of Good Hope.

Beyond the limits of the trade-winds, in both the northern and southem
hemispheres, the winds are variable, but for the most part prevailing from
the westward, or W. S. W. in the northern, and from the W. N. W. in the
southern latitudes : these winds often extend to the Tropics, and sometimes
even as far as the 20th degree of latitude.

‘The probable cause of the trade-winds thus changing to the opposite
direction appears to be, that the rarefied air within the tropical regions
being pressed upon by that which is cooler or denser, coming from the
northward or southward, ascends to the upper part of the atmosphere,
where the reflected rays of the sun has lcss influence, dispersing itself in
order to maintain an equilibrium, and forming a contrary current at the
commencement of the temperate zone, which produces the above-mentioned
. winds. But the above observation must be confined to particular seasons,
within certain limits, and not be considered as invariably the case; for even
in the South Atlantic Ocean, in those same parallels of latitude, the winds
are light and variable, coming often from the S. E., and veering almost to
evgllzy point of the compass.

he N.E. trade-wind in the Atlantic Ocean blows in a regular fresh

ale at about 100 leagues from the coast of Africa; and it is remarked

that, as ships approach nearer to the West Indies, this wind generally

comes nearer to the east, so as seldom to deviate more than a point either
to the northward or southward.

On the coast of Brazil the S. E. trade-wind is subject to periodical
shiftings, according to the respective seasons: it blows there from N. E. to
E.N. g between September and March, and from S.S.E. to E.S.E
from March to September.

On the African coast, from Cape Blanco to Sierra Leone, the winds
(excepting always land-breezes and storms) blow from the north, inclining
rather from the westward than from the eastward. From Sierra Leone to
Cape Palmas the ordi course of the winds is from W. N. W., and
beyond Cape Palmas, as far down as about 28 d of south latitude,
from S. W. to South, inclining more to the southward or westward, according
to the particular situation or bearing of the shores and lands. )

The reason of these dispositions of the trade-winds towards the land will
appear obvious, from the general principles already laid down, when ve
consider the nature of the coasts, and their situation with regard to the sun.
The vast Continent of Africa, for instance, being violently heated 'b&the
sun, especially those parts near the equator, the incumbent air be
exceedingly rarefied; and the sea being much cooler than the land. the
cwrent of air must almost constantly come from the westward, to restarc
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the equilibrium ; and it isto be observed, that the winds on the coast of
Gruinea actually acquire this direction towards the shore within 80 or 100
leagues, getting first more towards the south, then becoming full south, and
afterwards shifting to the westward of the south. This part of the ocean
is consequently much troubled with frequent calms, and with sudden and
violent gusts of wind, known by the name of T'ornadoes, which blow from
all parts of the horizon.

In the Gulf of Guinea there is a periodical wind, called the Harmattan,
which blows in a N. E. direction from the interior parts of Africa. The
season in which it prevails, is during the months ofP December, January,
and February ; it comes on indiscriminately at any hour of the day, at any
time of the tide, or at any period of the moon; and continues sometimes
only a day or two, sometimes five or six days, and it has been known to
last fifteeen or sixteen days. There are generally three or four returns of
it every season: it blows with a moderate force, but not quite so strong as
the sea-breeze. It has been further observed, that between the 4th and
10th degree of north latitude, and between the longitude of Cape Verd
and the easternmost of the Cape Verd Islands, there 1s a tract of sea which
seems to be condemned to eXerpetua.l calms, attended with terrible thunders
and lightnings, accompanied with such frequent rains, that this part of the
sea is called the rains. This appears to originate from the same cause as
those we have already stated ; for this tract being placed in the middle,
between the westerly winds blowing on the coast, and the easterly trade-
wind blowing to the westward of it, tge tendency of the air is here indifferent

to either, and therefore keeps its place, and makes a calm; and the weight
of the incumbent atmosphere being diminished by the continual contrary
winds blowing from hence, is the reason that the air is not able to support
the vapours plentifully raised here by the heat, but lets it fall in frequent
and copious showers. .
All these circumstances duly considered will account for those circuitous
which ships make in sailing from one distant port to another in
the Atlantic Ocean, and for the difficulty they meet with in sailing to the
southward, especially in the months of July and August, when the S.E.
trade-winds usually extend to 7 or 8 degrees north of the equator, and not
unfrequently vary so much as to blow from the south, and even a point or
two to the west of the south; for in this case every mile that is then
obtained, must be in the face of a constant trade-wind, directly opposing the
track of the ship, and by an infinite degree of trouble, and constantly
plym& to windward. For if, on the one hand, a ship steers W.S.W., and
gets the trade-wind more towards the east, she will be in danger of falling
in too soon with she coast and shoals of Brazil; and if she steers E. S. E.,
she must fall in with the coast of Guinea, and cannot extricate herself from
that situation but by running down east to the Island of St. Thomas; it is
for this reason that India ships, both outward and homeward bound, pass
the equator in the Atlantic between the longitudes of 18° and 23°West : by
keeping this course, they never fall in with the coast of America, either
going to the Cape of Good Hope, or returning from it, and at the same
time they avoid the calms on the coast of Africa.
These circumstances likewise point out the only possible course for ships
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to sail from the coast of Guinea for Europe; and that is, to steer away
S.S E. or South, and with these courses to run off the shore, while the
wind becomes more and more contrary. Though ships, when near the
shore, can lie south on this coast, yet when they mhmore distant, they can
only make good a S.E. course, and as they get er out, they wﬂ{ only
make good an E.S.E. course; but they can generally make the Island of
St. Thomas, or Cape Lopes, with these directions, when they will find the
winds to the eastward of the south. They then set off westerly from the
coast, and run on till they come to 4 degrees south latitude, by which time
they will find a constant trade-wind from the S. E.

On account of these general winds, ships bound from England, or other
parts of Europe, to the West India Islands, or to the southern parts of the
coast of North America, even as far to the northward as Virginia, consider
it as most advantageous to get to the southward as soon as possible; for on
their reaching the latitude of 30 degrees, or thereabouts, where they get
within the influence of the trade-winds, they can depend on having a steady
gale from' the eastward, so as to enable them to run before the wind. For
the same reason, all ships returning from the West Indies, or the contiguous
part of the coast of North America, endeavour to run up to 30 degrees
north latitude, or even further north, where they first find the wind begias
to be variable, so as to enable them to make to the eastward. Indeed, the
most general and prevailing wind, without the northern limits of the trade-
wind in the Atlantic Ocean, is between the south and west, and therefore
fair for bringing ships to Europe.

Again, ships bound to India from America run to the eastward in the
variable winds, so as to be in the longitude of 35 or 38 degrees West when
in the latitude of 30 degrees North; thence they steer south-easterly towards
the Cape Verd Islands, passing two or three degrees to the westward of
them.- Being then in the general track of the European Indiamen, they .
steer south-easterly, to cross the equator between the longitude of 18
and 23 degrees West, where meeting the S.E. trade-wind, they must brace
up, and sail upon a wind till they get so far to the southward as to meet
with the variable winds, when they may steer to the eastward. )

Between the parallels of 28 and 40 degrees of south latitude in the Indian
Ocean, as we have already observed is the case in the South Atlantic, the
wind is variable, but most frequently blows between the N. W. and S. W.;
it is on this account that outward-bound East India ships generally run
down their easting on the parallel of 36 degrees South.

From the latitude of 28 degreesSouth to the equator, the S. E. trade-wind
blows constantly without any considerable interruption in the Indian Ocean,
as in the P 'l{c and Atlantic, between some few degrees to the eastward
of Madagascar, as far nearly as the Island of Java; butin the other parts
of the Indian Ocean, and in the adjoining seas, the winds divide the year
into two seasons, or monsoons*, blowing certain monthsin one direction,
and the rest of the year in the opposite.

In the Mozambique Channel, between the Island of M and the
coast of Africa, t%e monsoons prevail alternately; the S.W. begins in

® The word monsoon is derived from the Persian word mousum, which signifies season.
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April, and centinues till November : the N. E. then succeeds, and contimues
until April; but the S. W. monsoon in this channel is the fair season, and
the wind -sometimes varies towards the S.E. and E.S.E. on either coast,
about the middle of November, where also there are in general regular
land and sea breezes. The N.E. monsoon begins near the Comoro Islands
and the north of Madagascar, but seldom extends beyond St. Augustine’s
Bay to the southward, towards which it commences only at the end of
November.

To the north of the equator, in the whole extent of the seas comprised
between the eastern coast of Africa, and the meridian which passes through
the western part of Japan, the monsoons blow from the S. W. between the
middle of April and the middle of October, and from the N.E. during the
rest of the year, excepting only the Red Sea and the Gulf of Persia,
which have particular winds; to which we might also add the Straits of
Malaeca, where the winds are generally shifting, and in which the mon-
soons do not blow for a long time.

In the Red Sea the winds blow almost nine months of the year from the
southward, that is, from the end of August to the middle of May, and
sometimes to the end of that month, when the wind changes to the North
and N.N.W., and generally continues in that tbuarter to the end of August;
but sometimes the land and sea breezes prevail.

In thé Gulf of Persia the N.W. wind blows most part of the year,
November, December, and January, being the only months when southerly
vinds are certain. These winds, however, are not so regular as those in the
Red Sea, being often interrupted by fresh gales from the S.W., principally
from Cape Mussendom, and sometimes by land-breezes.

In the Gulf of Siam, on the Coasts of Cambodia or Camboge, Cochin
China, the Gulf of Tonquin, and China, the S.W. monsoon commences
near the coast in the course of the month of April; but out at sea, in those
parts, it does not change till a month later. It is for this reason that on
the north part of Borneo, to the Islands of Palawan and Luconia, it is
seldom known to blow constantly, but from the 1st to the 15th or 20th of
May. As the S.W. monsoon continues only about six months, and
commences near the coast, it there ceases first likewise, in the same manner,
and is immediately succeeded by the N.E. monsoon. The winds in the
Chins Seas are not so regular as in the Arabian Sea, and are frequently
interrupted by violent and dangerous ty&room.' These tyfoons are of the
same nature with the hurricanes in the West Indies, both of which appear
to arise from violent and sudden changes in the upper and lower regions of
the air; and it has been remarked that they happen, for the most part,
ahm:ttl the autumnal equinox, and are always preceded by calms and hot
weather. ' ‘

In that part of the Indian Ocean adjoining to New Holland, between
the meridians of Sumatra and Java to the west, and New Guinea to the
east, there is a regular monsoon, which sets in from the N.W. between the
months of October and April; during the other months of the year the

® From the Chinese words Ty, great or powerful, and FW, wind.
Y
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wind resumes its natural course of S.E. These winds are called the N.W.
and S.E. monsoons.

The monsoons do not change suddenly from one point of the compass
to the opposite ; between the expiration of one, and tK: commencement of
the other, the winds are light and variable, and sometimes calms prevail,
until the regular monsoon commences, and acquires sufficient strength to
blow steady.

The shifting of the N.E. and S.W. monsoons is frequently attended
with violent squalls; for which reason ships between the coasts of Malabar
and Africa, if bound to Bombay from the southward, never atten:s:rto
make the former coast at the breaking up of the N. E. monsoon, Sm.ic ly
in the month of May; hence, likewise, tﬁey avoid the Coast of Coromandel
in the month of October: for it is a fact worthy of remark, that the bad
weather month on the Coast of Malabar is the fine weather month on the
Coast of Coromandel, and vice versd, although these coasts are situate on
the same peninsula.

The most obvious cause of the above periodical changes in the wind
appears to be the situation of the sun in the ecliptic at the different
seasons of the year; for when the sun approaches the Tropic of Cancer,
the soil of Persia, Bengal, China, and the adjoining countries, becomes s
much more heated than the sea to the southward of those countries, that
the current of the general N. E. trade-wind is interrupted, so as to blowat
that season from the south to the north, contrary to wgmt it would do if no
land were there ; but as the high mountains of Africa, during all the yesr,
are extremely cold, the low countries of India to the eastward of it becomes
hotter than Africa in summer, and the air is naturally drawn thence to the
eastward : hence it is that the wind in those parts blows from the S.W.
between April and October, contrary to the trade-winds in the Atlantic and
Pacific Oceans in the same latitudes ; but when the sun retires towards the
Tropic of Capricorn, these northern parts become cooler, and the general
trade-wind assumes its natural direction from the N.E.

Upon the same principle we account for the monsoons adjoining New
Holland, which we find is an immense tract of land to the S.E. of the
Sunda and Molucca Islands; for when the sun is in the Tropic of Cancer,
the current of air, even independent of the trade-wind, will mave from the
S.E., to restore the equilibrium to the N.W.; on the contrary, in the
months of November, mber, and January, whilst the sun is
vertical over a great part of New Holland, the current of air, through she
Sunda and Molucca Islands, will come from the N.W., to fill up the vacuum
made by the rarefication, and thus occasion an alternate S. E. and N.W.
monsoon.

The cause of land and sea breeses, which prevail principally between the
Tropics, and never extend above three or four leagues from shore, may
be explained after the same manner as the monsoons. For during the dsy
the sea is not so much heated by the presence of the sun as the land, nor is
it so much cooled during the night; therefore, when the earth begins to be
violently heated in the course of the day, the cooler air from the ses will
rush in towards the land, to supply the deficiency occasioned by the greater
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rarefaction of the air; and hence arise the sea-breezes. On the other hand,
the land becoming cooler than the water in the absence of the sun, the
current of air, a few hours after sunset, flows from the land to the sea, and
thus produces the land-breese.

TIDES.

D

A TIDE is that regular motion of the waters of the ocean by which they
rise and fall in certain intervals of time. The rising of the water is called
the fluz, or flood; and its fall.ing, the reflum, or ebb. When the water has
attained its greatest height, it 1s said to be high water; and when it is
done falling, it is called low water.

These periodical motions of the waters are effected by the unequal
attraction of the sun and moon, but chiefly that of the latter object, on the
different parts of the earth. For the discovery of the laws by which this
general principle of attraction is governed, we are indebted to the great Sir
Isaac Newton, who has demonstrated that the power of attraction diminishes
as the distance increases, in proportion to the squares of those distances.

Now it is evident by the above law, that those parts of the earth nearest
the moon, are more attracted by her than the central parts; and that the
central parte will be more attracted than those which are farthest from her:
and therefore the distance between the earth’s centre and the waters upon its
surface, under and opposite to the moon, will be increased; so that if the
earth’s surface were covered with water, it would assume a spheroidal, or
egg-like figure, the longest diameter of which would be directed to the
moon’s centre. Hence those parts of the earth directly under and opposite
the moon, that is, where the moon is in the zenith and nadir, will have the
flood, or high water, at the same time; while those parts at 90 d
distance, or where the moon spiears in the horizon, will have the ebb, or
lowest water, at that time. As the moon apparently shifts her position from
east to west, in going round the earth every day, the longest diameter of the
spheroid following her motion, occasions two floods and ebbs, in about every
24 hours and 49 minutes, which is the length of a lunar day; or the interval
between the moon’s passing the meridian of any place, and returning to the
same.

The earth’s diameter bears a considerable proportion to its distance from
the moon, but is next to nothing when compared to its distance from the
sun; therefore the difference of the sun’s attraction on the sides of the
earth under and opposite to him, is much less than the difference of the
moon’s attraction on the sides of the earth under and opposite to her, and
consequently the moon must raise the tides much higher than they can be
raised by the sun.

From this theory, it may be thought the tides ought to be highest
directly under and opposite the moon; but we find that in open seas,
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where the water flows freely, the moon is generally past the meridian when
it is high water. The reason is obvious; for though the moon’s attraction
were to cease altogether, when she was past the meridian, yet the motion of
ascent communicated to the water before that time, would make it continue
to rise for some time after; much more must it do so when the attraction is
onl'i" something diminished.

he times of high water do not always answer to the same distance of
the moon from the meridian at the same places ; but are variously affected
by the action of the sun, which brings them on sooner when the moon is in
her first and third quarters, and keeps them back later when she is in her
second and fourth; because, in the former case, the tide raised by the sun
alone, would be earlier than the tide raised by the moon; and in the latter
case, later.

When the moon is in perigee, or at her nearest distance from the earth,
she attracts strongest, and therefore raises the tides most; the contrary
happens when she 18 in apogee, or at her greatest distance from the earth,
because of her weaker attraction. At new moon, when the moon isin
conjunction with the sun, the tides are raised by the joint attraction of both
luminaries, and therefore will be highest ; the same is the case at full moon,
when the sun and moon are in opposition : for whilst the moon raises the
tides under and opposite her, the sun acting in the same line, raises the
tides under and opsosite to him, whence their conjoint effect is the same as
at the change, and in both cases occasions what are called spring-tides.
But at the quarters, the sun raises the tides where the moon depresses them,
and depresses them where they would be raised by the moon : hence it is the
difference of their actions that produces the tides at the quarters, and these
are called neap-tides. But these tides do not happen till a day or two after
the above times ; because in this, as in other cases, the effect is not greatest
or least when the immediate influence of the cause is greatest or least, but
some time afterward.

The sun being nearer the earth at the beginning than at any other time
of the year, its attraction will then be most powerful ; and of course about
January the spring-tides will be greater than at any other time, and greatest
of all if the moon at the same time should happen to be in perigee.

When the moon is in the equinoctial, the tides are equnH; high in both
patts of the lunar day; but as the moon declines from the equinoctial
towards either Pole, the tides are alternately higher and lower at places
having north or south latitude. Whilst the moon has north declination,
the greatest tides in the northern hemisphere are when she is above the
horizon, and the reverse whilst her declination is south.

The tides rise higher at any place in proportion as the moon is nearer to
the zenith or nadir of that place at the time of her passing the meridian;
because the action of the moon is there strongest: hence the tides are
greater between the Tropics than at any other parts, and less near the Poles.

All the above particulars would exactly obtain were the whole gurface of
the earth covered with deep water; but since there are multitudes of islands
besides continents lying in the way of the tide, which interrupt its direct
coursc, there ariscs a great variety of other appearances which requirc
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particular solutions, wherein the situation of the shores, straits, shoals,
winds, snd other things must be considered. For instance, as the sea has
no known passage between Europe and Africa, let them be supposed one
continent, extending from Weigate Straits, in latitude 78° North, to the
Capeof Good Hope, in latitude 34° South; the middle of these two would
be 1n about 19° North, near Cage Blanco on the west coast of Africa. But
it is. impossible the flood-tide should set to the westward upon the western
coast of Africa (for the general tide, following the course of the moon, must
set from east to west), because the continent for above 50 degrees, both
northward and southward, bounds that sea on the east; therefore, if any
regular tide, proceeding from the motion of the sea, from east to west, should
reach this place, it must come either from the north of Europe southward, or
from the south of Africa northward.

This opinion is further corroborated, or rather fully confirmed, by
common experience, which shews that the flood sets to the southward along
the west coast of Norway, from the North Cape to the Nagze, or entrance of
the Baltic Sea, and so proceeds to the southward along the east coast of
Great Britain, and in its passage supplies all those ports which lie in its
way, one after another. The coast of Scotland has the tide first, because it
comes from the northward to the southward. On the full and change days
it is high water at Aberdeen at Oh. 45m., but at Tynemouth Bar not tll
2h. 50m. ; rising thence to the southward, it makes high water at the Spurn
30m. after 5h.; at Yarmouth Roads 40 m. after 8h. ; at Harwich 11h. 30m.;
at the Nore Light 30m. after 12h., and at London Bridge at 2h. 7m., all in
the same day. ~ And although this may seem to contradict the hypothesis of
the natural motion of the tides being from east to west, yet as no tide can
come west from the main continent of Norway or Holland, it is evident the
tide we have been tracing, by its several stages from Scotland to London, is

" supplied by that tide, the original motion of which is from east to west.
" As water always inclines to its level, it will in its passage fall to any other

. point of the compass, to fill up vacancies where it finds them; and yet not
** contradict, but rather confirm the hypothesis.
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From these circumstances it is evident, that the direct course of the rising
tides from east to west being interrupted by the land lying in their way, they
are often obliged to make & long circuit, and to flow in various directions;
vwhence the setting of the tides, and the times of high water, are different at
different. places. .

Lakes and inland seas, such as the Caspian Sea, the Mediterranean, and
the Baltic Seas, have little or no sensible tides; for they are usually so small,
that the attractive influence of the sun and moon is nearly equal at both
extremities, and cannot therefore sensibly affect the water.

. When the time of high water at any place is mentioned generally, it
18 to be understood of the time when it is high water at that place on
the day of new or full moon; or the time past noon when it is high water
on the day on which the sun and moon are together on the meridian of
the place. ~ Among pilots it is customary to reckon the time of flood, or
high water, by the point of the compass the moon is supposed to bear on
at that time, allowing three-quarters of an hour for each point. In places,
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for instance, where it is flood at noon on the days of full and change, the
tide is said to flow north and south, or at 12 o’clock. In places where the
moon is supposed to bear 1, 2, 3, 4, or more points to the east or west
of the meridian, when it is high water on the same day, the tide is said to
flow on such a point; so if the moon is supposed to bear S. E. at flood, it
is said to flow S. E. and N.W._, or 8 hours before the moon comes to the
meridian, that is, at9 o'clock; if she bears S. W, it flows S. W.and N.E,,
or at 3 hours after the southing; and in like manner for other points of
the moon’s bearing. But this absurd custom of reckoning the tides by the
bearing of the moon, should be exploded, as founded in error; for the moon
takes a greater or less portion of time in passing over any given number of
points of the compass. .

In some places it is high water on the shore, or by the ground, while the
tide continues to flow in the stream or offing; and according to the ]
of time it flows lo:‘ger in the stream than on the shore, it is said to flov
tide, and such part of tide, allowing 6 hours to a tide. Thus 3 hours
;Lln alf1.;hle offing th n o(;: thedshore make tide and half-tide; an hourl a

onger make tide and quarter-tide; three-quarters of an hour longer

make tide and half-quarter-tige, &e.

The common method ‘of finding the time of high water at any place is
contained in the following particulars. .

OF LEAP YEAR.

The length of the solar year being nearly 365 days 6 hours, and the
common year containing only 365 days, one day is added every fourth year
to the month of February, msking that year contain 366 days, which is
called bissextile, or leap year, and is found as follows:

To find the Leap Year.

Ruvre. Divide the given year by 4, and if there be no remainder, it is
leap year; but if 1, 2, or 3 remain, they shew that it is so many years after
leaE year.

xampLE. The year 1838, divided by 4, gives 459, and the remainder %,
which shews that it is the second year after leap year.

OF THE EPACT.

The Epact is the moon’s age at the beginning of the year: it increases
11 every year, being the excess of the solar yeal:'].:? 365 daﬁ's, above the lunar
year of 354 days, or 12 lunations. It is also observed, that the moon goes
through all her variety of aspects, with respect to the sun, in the course
19 years; so that at the end of that period, which is called the lunar cycle,
the new and full moons return on the same days of the month, and nearly
at the same hours. Hence the following Rule :

To find the Epact.

Rurk. Divide the given year by 19; multiply the remainder by 11, and
the product will be the Epact, if it does not exceed 29 ; but if it does, divide
the product by 30, and the last remainder will be the Epact.
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ExaurLe. Required the Epact for the year 1838.

1838, divided by 19, gives 96 for the quotient, and 14 for the remainder,
which multiplied by 11, gives 154; this, divided by 30, gives the quotient 5,
and the remainder 4; which remainder is the Epact for the year 1838.

OF THE NUMBER FOR THE MONTH.

The Number, or Epact for the Month, is the moon’s age at the beginnin,
of that month, when it is new moon on tl;e 1st of January ; hence, 8

To find the Number of any given Month.

RuLe. Divide the number of days contained in the preceding months,
reckoning from the beginning of January, by 29.5, or rather 29.53 (the
period of a mean lunation 1n days and decimal parts), and the nearest
whole number to the remainder is the Epact, or Number for the Month

EXAMPLE. Required the Number, or Epact, for September.

The days contained between the be(ﬁ'mning of January and the beginning
of September are 243 ; this number, divided by 29.53, gives the quotient 8,
and the remainder 6.76, or 7 nearly, which is the Epact for September.

The Epacts, or Numbers for each Month, are as follow:
Jan. Feb. Mar. Apr. May ®June July Aug. Sept. Oct. Nov. Dec.
1 2 3 4 b5 7 17

In common years ...... o 1 o 9 9
In leap years............ o 2 1 2 3 4 5 6 8 8 10 10

OF THE MOON’S AGE.

The moon’s age is the number of days that has elapsed since the last
change, or the new moon, and never exceeds 30.

To find the Moon's Age.

RuLe. To the Epact of the Year add the Number for the Month, and
the day of the month: the sum, if it does not exceed 30, is tl?e moon’s
age; but if it does, subtract 80 from it, and the remainder will be the
moon’s age.

ExampLe. Required the moon’s age on July 4th, 1840.

19) 1840 ( 96 Epact for 1840 ....cccceeeees 26
171 Number for the month...... 5
—_ Day of the month.......cccee 4
130 —
114 36
S 80
16 -

11 The moON'S 8g8 weeeererssesees " 5Days

30)178 (5
) ] 50(

The Epact for 1840 =26
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ON THE MOON’S PASSAGE OVER THE MERIDIAN.

The moon passes the meridian of any place about 48 minutes, or four-
fifths of an hour, later every day : now as the moon comes to the meridian
with the sun on the day of new moon, the time that she comes to the
meridian after the sun, on any day of her age, is easily found as follows:

To find the Time of the Moon's Passage over the Meridian.

Rure. Multiply the moon's age by 4, and divide the product by 5; the
quotient will be &e hours, and the remainder, multiplied by 12, the minutes,
past noon that the moon comes to the meridian. Or multiply the moon's
age by 8, and point off the right-hand figure ; then the left-hand figure or
figures will be the hours, and the product of the right-hand figure by 6, the
minutes, past noon of the moon’s meridian passage. If the hours exceed 12,
subtract that time from them, and the remainder will be the time of the
moon’s passage over the meridian after midnight.

ExamrLE 1. Required the time of the moon’s meridian passage,July 3d,
1838.

Epact for 1838 ...cccvercereernennes 4 MoON’s 8Ze  ceceecsceccrcrconcsacoss 11 Dayps
Nmber for the month, 4 e e 4
Day of the month......cccueveerene 3 : —
- 5)44
Moon’'s age 11 Days e
—_ . 8 4
¢ 12

Moon’s passage over meridian 8h. 48m.P.M.

ExamreLe II. At what time will the moon pass the meridian, October
22d, 1840 ?

Epact for 1840 ...cceuuereenerannes 26 Moon’s 8ge ..cceeenrrrercrsasenronennes 26 Days
Number for the month .......... 8 8
Day of the month...... .ccecennens 22 J—

—_— 20.8

56 6

30

—_ Moon passes meridian ...... 20h. 48m. P
Moon’s 8ge.ccceerees coercecssenarens 26 Days. 12 0

Or 8h. 48m.A.M.

To find the Time of High Water at any Place on any given Day
of the Moon’s Age.

RuLi. To the time of the moon’s meridian passage on the given day,
add the time of high water at the given place on the full and change dsys
(taken from Table LIII.); their sum is the time of high water at the place,
past noon, on the given day. If this sum exceed 12 hours 24 minutes,
which is about the interval between each succeeding tide, subtract 12 bours
24 minutesfrom it; or if it exceed 24 hours 48 minutes, subtract 24 hours
48 minutes from it, and the remainder will be the time of high water in the
afternoon of the given day.*

® It is to be observed that the above method gives the times of high water in solar o

apparent time, to which therefore the equation of time (taken from Page I. of the Month in
the Nautical Almanac), should be applied, to reduce them to mean time.—See Page 153.
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ExamrLE 1. Required the time of high water at London, June 10th,
1848. '

Epact for 1848. 25 Moon’s age June 10th, 1848... 9 Days
Number for June.... I 4
Day of the month ...cccceeeee 10 —_—
- 5) 36 (1
39
30 Moon’s meridian passage ...... 7h.12m.
-— Time atLondon (Table LIIL) 3 7
Mo0n's 888 ..ccccreneeriiieneece 9 Days —_—
f— High water at London ......... 9 19P.M.

ExaupLe II. At what time will it be high water in the Downs,
September 25th, 1847 ?

Epact for 1847.......ccceuuueeee 14 Moon’s age Sept. 25th, 1847 ... 16 Days
Number for September ...... 7 8
Day of the month ............ 25

—_— Moon’s meridian e 12h. 48 m,

gs Time at Downs (TableLIII.) 11 15

0

— 24 3

Moon's &g ..eeet erererennancne 16 Days  Subtract the time of a tide — 12 24

High water in the Downs ... 11 39 P.M.

The preceding method of finding the time of high water, which is that
usually practised at sea, is founded on the supposition that the interval
between the moon’s passing the meridian, and the time of high water, is
always the same; but we have already observed, in the theory of the
tides, that the sun brings on the tides sooner in the first and third quarters
of the moon, and later in the second and fourth quarters, than if they were
produced by the influence of the moon only: hence it will be subject to an
error on this account; besides which, the moon’s age, as above found, will
frequently be more than a day, and the moon’s meridian passage above an
hour, wide of the truth. We have therefore given a more correct method,
vith the aid of the Nautical Almanac, in which the moon’s position with
regard to the sun, her distance from the earth, the longitude of the place,
and other particulars, are taken into account. The result of this method
vill seldom deviate many minutes from the truth, unless when the tides
are greatly influenced by the winds.

METHOD IL

Rore. Find the time of the moon’s meridian passage, in mean time, on
the given day, in Page IV. of the month in the Nautical Almanac, and
reduce it to the time of her passing the meridian of the given place by
Table XVI.; with this time, corrected by the equation of time to the
Dearest minute, taken from Page I1. of the month in the Nautical Almanac,
by addition or subtraction, as directed at the top of the column, and the
moon’s semidiameter from Page II1. of the Nautical Almanac, take out
the corresponding correction from Table X VI*#, which add to, or subtract
from, the above time, as directed in the Table; to the sum or remainder
2dd the time of high water at the given place on full and change days

z



170 TIDES.

(Table LIII.), and the sum will be the time of high water, in mean time,
past noon of the given day. But if the sum exceed 12h. 24m. or 24h. 48m.,
subtract those times from it, and the remainder will be the time of high
water nearly, in the afternoon of the given day.

But should greater accuracy be required, proceed thus:

If the above sum be more than 12 hours, and less than 24 hours, the
time of high water found as above, will be that on the following morning;
in this case, therefore, to find it for the afternoon of the given day, diminish
the moon’s passage over the meridian of the ship by half the difference of
the passages on the given and preceding days; then proceed as before,
rejecting 12 hours from the result. Again, if the above sum be greater
than 24 hours, it will be the time of high water after noon of the foﬁ;uving
day ; when this is the case, diminish the moon’s passage over the meridian
of the ship, by the whole difference between the passages on the given and
preceding days, and proceed as before, rejecting 24 hours from the result

When the time of high water is found for the afternoon of the given
day, the time of high water on the preceding morning may be found by
subtracting 24 minutes from it; or, on the following morning, by adding
24 minutes to it.

ExameLE I. Required the time of high water, in mean time, at Falmouth,
on October 27th, 1835.

Moon's meridian passage, in mean time, by Page IV. Nautical Almanac
Correction for 5h. 156m.+ Eq. of time 16m.=>5h. 31m., and moon's semi-
diameter 16’ 0" (Table XVI°,) -

= B

|

Bes

4
Time of high water at Falmouth, full and change days (Table LIIL)... 5

a——

Time of high water at Falmouth, in mean time, October 27th, 1835. ... 9 33PM

Examrre II. Required the time of hi& water, in mean time, at Calcutts,

in longitude 88° 27/ E., on January 12th, 1835.

h. m

Moon’s meridian passage, in mean time, at Greenwich, January 12th,
by Page 1V. Nautical AIMANAC .eceeeeereisssssssensessssennssecssassrsnsascons 10 28
Correction to daily variation 53m., and long. 88° 27/ E, (Table XVL)... — 13
Moon’s meridian passage, in mean time, at Calcutta .......ccceeeeerenncnees 10 1B

Correction to 10h. 15m. — Eq. of time 9m.=10h. 6m., and moon’s semi-
diameter at midnight 15’ 15" (Table XVL®) .iceereenneniervccecnane veeee 4+ 20
0 8
Time of high water at Calcutta, full and change days (Table LIIL) ... 3 3§
13 4
Average time of a tide 12 2

Time of high water at Calcutta, in mean time, January 12th, 1835... 1 16 p.M.

24
Time of high water at Calcutta, in mean time, on the following morning 1 40 AM

Time of high water at Calcutta, in mean time, on the preceding morning 0 52AM.
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Exaxrir III. uired the time of high water,in mean time, at Halifax,
in longitude 63° 34 W., on August 19th, 1835. N
m.

Moon's meridian , in mean time, at Greenwich, August 19th, by
Page IV, in Nautical Almanac cosessune 20 55
Correction to daily variation 54m., and long. 63° 34’ W. (Table XVL) + 9

Time of moon’s meridian passage, in mean time, at Halifax ....cc.evveeeee 81 4
Correstion to 21h. 4m.—Eq. of time 3m.=21h. 1m., and moon’s semi-
diameter at noon on $0th, 15/ 7" (Table XVI%).ccccscniscrcssecserenees 4 19

' 21 28

Time of high water at Halifax, full and change days (Table LIIL)..... 8 0
29 23

Average time of two tides 24 48

1 . Time of high water at Halifax, in mean time, August 19th, 1835...... 4 35 P.M.

The last two Examples may be worked more correctly as follow :
. Examrre IL uired the time of hi.ﬁh water, in mean time, at Calcutta,
. in longitude 88° 27’ E., on January 12th, 1835.

Moon's meridian passage, in mean time, at Calcutta, (as before) ......... 10 15§
Half the differences of passages (52m.) on the given and preceding days — 26

©

4

Correction to 9h. 49m.—Egq. of time 9m.=9h. 40m., and moon's semi-
diameter 15’ 15" (Table XVIL.°).... :

+
2

—
we

bued
O -

Time of high water at Calcutta, full and change days (Table LIII) ...

13 16
Subtract ... 12

Time of high water at Calcutta, mean time, January 12th, 1835......... 1 16 P.M.

Examrere ITI. Required the time of high water, in mean time, at Halifax,
in longitude 63° 34’ W., on August 19th, 1835.

h. m.
Moon’s meridian passage, in mean time, at Halifax (as before).......c.... 21 4
Differences of passages on the given and preceding days......c.ccsvveressess — 53
Moon’s meridian passage, mean time, at Halifax, August 18th......... e 20 12

Correction to 20h. 12m.—Eq. of time 4m.=20h. 8m., and moon’s
semidiameter at noon, August 19th, 14’ 58” (Table XVI®.) ...ccc.. + 4

20 16
Time of high water at Halifax, full and change days (Table LIIL)...... 8 0
28 16
Subtract....ccciiieieeniersssisssessnnnnneessnenneees 24 0
Time of high water at Halifax, mean time, August 19th, 1835 ......... 4 16 P.M.

Notx. In pages 496, 497 of the Nautical Almanac for 1835, the mean times of high
water at London Bridge are given for every day throughout that year, and will serve to
find the same at any place on the Coasts of Great Britain, Ireland, or other parts near the
meridian of Greenwich, as explained in page 540 of that Work.

z2
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EXAMPLES FOR EXERCISE.

Required the times of high water at the following places and times.

1. At Botany Bay, in longitude 151° 16 E., on 23d November, 1835.
Ans. By first method,10h. 24m.P.M.; by last method, 9h.43m.P.M.

2. At Boston, in longitude 71° 4 W., on 9th April, 1835.
Ans. By first method, Th. 49m. P.M.; by last method,8h. 51m.P.M.

8. At Calcutta, in longitude 88> 27’ E., on 16th September, 1835.
Ans. By first method, 9h. 57m. P.M.; by last method, 9h. 30m.P.M.

4. At Bombay, in longitude 72 54/ E., on 12th December, 1835.
Ans. By first method, 3h. 58m. P.M.; by last method, 3h.18m.P.M.

5. At New York, in lt::,gitude 74° 3 W, on 20th July, 1835,
Ans. By first method, 4h. 6m.P.M.; by last method, 4h.44m P.M

6. At Rio Janeiro, in longitude 43° 16’ W., on 3d July, 1835.
Ans. By first method, 9h. 4m. P.M.; by last method, 7h. 55 m.P.M.

7. At Trincomalé, in longitude 81° 21’ E., on 26th January, 1835.
Ans. By first method, 2h. 48m. P.M.; bylast method, 4h. 17m. P.M.

8. At Quebec, in longitude 71° 10’ W., on 28th June, 1835.
Ans. By first method, 8h. 21m. P. M. ; by last method, 8h. 24m. P.M.

To find the Time of High Water at a given Place on the full and change
Days of the Moon, when the Time of High Water is known at
that Place on any other Day.

RuLE. Reduce the time of the moon’s meridian passage at Greenwich
in mean time, found in Page IV. of the month in the Nautical Almanac, to
the time of her passing over the meridian of the given place, by Table XVI;
to this time, corrected by the equation of time to the nearest minute, taken
from Page II. of the month in the Nautical Almanac, by addition or
subtraction, as directed at the top of the column, apply the correction from
Table X VI*, and subtract the result from the observed time of high waterin
mean time on the given day: the remainder will be the time of high water
at the given glace, on full and change days.

But should the time to be subtracted, be greater than the observed time
of high water, from the time of the moon’s meridian passage over the given
place, subtract half the difference of two successive passages, and then
proceed as before, adding 12 hours to the observed time of high water.
Again, should the time to be subtracted, be still the greater, take the whole
difference of two successive passages from the time of the moon’s passi
the meridian of the place, and proceed as before, adding 24 hours to the
observed time of high water.

ExamrLe 1. Suppose that in the harbour of Rio Janeiro, in longitude
43 16’ W., on the 8d of July, 1885, the time of high water should be at
th. f5m. P.M., required the time of high water on the full and change days

the moon.
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Moon’s meridian passage, in mean time, at Greenwich, July 3d, by

Page IV. of Nautical AImanac .....cecevensereccseerccssosnnosses soseereeees 6 10
Correction to daily variation 49m. and long. 48° 16’ W. (Table XV1) -+ 6
Moon’s meridian passage, in mean time, at Rio B T S ST
Correction to 6h. 16m.—Eq. of time 4m.=6h. 12m. and moon’s semi-

diameter 16’ 07 (Table XVL.*) -1 1
5 15
Obeerved time of high water, in mean time 7 55

Time of high water, at Rio Janeiro, on full and change days .......... 2 40P.M.

ExaurLe II. Suppose that in the harbour of New York, in longitude
74°8 W., on the 13th February, 1835, the time of high water should
be at 9h. 26m. P.M., required the time of high water on the full and
change days. ‘

Moon's meridian passage, in mean time, at Greenwich, February 13th, by
Page IV. of Nautical Alpanac .....e... 12 51
Correction to daily variation 52m., and long. 74° 3' W. (Table XVI.)... - 4 10

Moon's meridian passage in mean time at New York......ccceseeerarseeres 1 1
Half the difference (52m.) of passages, on given and following days...... — 28

Correction to 13h. 85m.—Eq. of time '15m.=13h. 20m. and moon’s
semidiameter, at midnight, 16’ 6” (Table XVI *) ....ccceervuvcrrrecrse — 3

Observed time, of high water, in mean time, 412 hours........ccccroneeeeee 21 26
Time of high water, at New York, on full and change days ...c..cecoe0see 8 54 P.M.

HADLEY’S QUADRANT.

el G o P

It is generally allowed that we are indebted to John Hadley, Esq. for the
invention, or at the first public account, of that admirable instrument,
commonly called Hadley’s Quadrant, who, in the year 1781, first com-
municated its rincillalles to the R(riyal Society, which were by them published
soon after in their Philosophical Transeetions. Before this period the Cross
Staff, and Davis’s Quadrant, were the only instruments used for measuring
altitudes at sea; both very imperfect, and liable to considerable error in
rough weather: the superior excellence, however, of Hadley’s Quadrant,
soon obtained its geeral use among seamen ; and the many improvements
this instrument has received from ingenious men at various times, have
rendered it so correct, that it is now applied, with the greatest success, to
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the important purposes of ascertaining both the latitude and longitude
at sea.

Figure 1, Plate VIII. is a representation of Hadley’s Quadrant; the
ginctpal parts of which are, the Octant, or Frame a Bc; the Arch, or

imb B¢ ; the Index p; the Nonius, or Vernier Scale, £; the Index Glassr;
the Fore Horizon Glass ¢ ; the Back Horizon Glass 5; the Shades, or
Dark Glasses, 1; and the Sight Vanes x and . ‘

The Octant, or FraME, is Fenerall made of ebony, or other had
wood, and consists of an arch firmly attached to two radii or bars a3, ac,
which are strengthened and bound by the two braces u and N, in orderto
prevent it from warping.

The Arcr or Lius, although only the eighth part of a circle, is, m
account of the double reflection, divided into 90 degrees, numbered 0, 10,
20, 30, &c. from right towards the left; these are subdivided into 8 parts
containing each 20 minutes, which are again subdivided into single minutes,
by means of the scale at the end of the Index. The arch extending from0
towards the right-hand, is called the arch of excess.

The INDEX is a flat brass bar, that turns on the centre of the instrument
At the lower end of the index there is an oblong opening. To one side &
this opening a nonius scale is fixed, to subdivide the divisions of the arch
At the bottom, or end of the index, there is a piece of brass which bends
under the arch, carrzi:g“a ing, to make the nonius scale lie close to the
divisions ; it is also furnished with a screw, to fix the index in any desrd

sition.

PoSome instruments have an adjusting or tamgent-screw fitted to the
index, that it may be moved more slowly, and with greater regularity s
accuracy than by the hand: it is proper, however, to observe, that the
index must be previously fixed mear its right position by the sbove
mentioned screw, before the adjusting screw is put In motion.

The Non1us is a scale fixed to the end of the index, for the purpose, %
before observed, of -dividing the subdivisions on the arch into minutes
It sometimes contains a space of 7 degrees, or 21 subdivisions of the limb,
and is divided into 20 equal ; hence each division on the nonius willbe
one-twentieth part greater, that is, one minute longer than the divisions &
the arch ; consequently, if the first division of the nonius, marked 0, be ot
precisely opposite to any degree, the relative position of the nonius and the
arch must be altered one minute before the next division on the nonius ¥
coincide with the next division on the arch. The second division will
a change of two minutes; the third of three minutes; and so on, till the
20th stroke on the nonius arrives at the next 20 minutes on the arch; th
0 on the nonius will then have moved exactly 20 minutes from the divisi
whence it set out, and the intermediate divisions of each minute have bee
regularly pointed out by the divisions of the nonius.

The divisions of the nonius scale are in the above case reckoned from the
middle towards the right, and from the left towards the middle; therefore
the first 10 minutes are contained on the right of the 0, and the other 1002
the left. But this method of reckoningntie divisions being found incor
venient, they are more generally counted, beginning from the right-hssd
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towards the left; and then 20 divisions on the nonius are equal to 19 on
the limb : consequently one division on the arch will exceed one on the
nonius by one-twentieth part, that is, one minute.

The O on the nonius points out the entire degrees and odd twenty
minutes subtended by the objects observed; and if it coincide with a
division on the arch, points out the required angle: thus, suppose the 0
on the nonius stands at 25 degrees, then 25 degrees will be the measure of
the angle observed ; if it coincides with the next division on the left-hand,
25 degrees 20 minutes is the angle ; if with the second division beyond 25
degrees, then the angle will be 25 degrees 40 minutes; and so on in every
instance where the O on the nonius coincides with a division on the arch;
but if it do not coincide, then look for a division on the nonius that
stands directly opposite to one on the arch, and that division on the nonius

ives the odd minutes to be added to that on the arch nearest the right-

d of the O on the nonius: for example—suppose the index division does
not coincide with 25 degrees, but that the next division to it on the nonius
is the first coincident division, then is the required angle 25 degrees
1 minute; if it had been the second division, the angle would have been 25

2 minutes, and so on to 20 minutes, when the 0 on the nonius
would coincide with the first 20 minutes on the arch from 25 degrees.
Again, let us suppose the 0 on the nonius to stand between 50 degrees and
50 degrees 20 minutes, and that the 15th division on the nonius coincides
vith a division on the arch, then is the angle 50 degrees 15 minutes.
Further, let the 0 on the nonius stand between 45 degrees 20 minutes and
45 degrees 40 minutes, and at the same time the 14th division on the
nonius stands directly opposite to a division on the arch, then will the angle
be 45 d 84 minutes.

The INpEx Grass is a plane srculum, or mirror of glass quick-
silvered, set in a brass frame, and so placed that the face of it is perpendi-
cular to the plane of the instrument, and immediately over the centre of
motion of the index. This mirror being fixed to the index, moves along
with it, and has its direction chan‘fed by the motion thereof.

This glaes is designed to reflect tﬁe image of the sun, or any other
object, upon either of the two horizon glasses, from whence it is reflected to
the eye-of the observer. The brass frame, with the glass, is fixed to the
index by two screws at the back ; the other screw s serves to place it in a
perpendicular position, if by any accident it has been put out of order.

The HorizoN Guasses are two small speculums on the radius a B of
the frame ; the surface of the upper one is parallel to the index-glass when
the 0 on the nonius is at 0 on the arch; these mirrors receive the rays of
the object reflected from the index-glass, and transmit them to the observer.
The fore horizon-glass o is only silvered on its lower half, the upper half
being transparent, in order that the direct object may be seen through it.
The back horizon-glass H is silvered at both ends ; in the middle there is
a transparent slit, through which the horizon may be seen. Each of these
glasees is set in a brass frame, to which there is an axis; this axis passes
through the wood work, and is fitted to a lever on the under side of the
quadrant, by which the glass may be turned a few degrees on its axis, in
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order to set'the.face of the fore horizon-glass parallel, or that of the back
horizson-glass at right angles, to the index-glass.

To set the glasses perpendicular to the plane of the quadrant, there are
two sunk screws, one before and one behind each glass: these screws pass
through the plate on which the frame is fixed into another plate, so that by
loosening one, and tightening the other of these screws, the direction of the
frame, with its mirror, may be altered, and thus be set perpendicular to the
plane of the instrument.

The Darx Grasses, or SHADES, are used to prevent -the bright rays
of the sun, or glare of the moon, from hurting &e eye at the time of
observation. There are generally three of them, two red, and one green.
They are each set in a brass frame which turns on a centre, so that they
may be used separately or together, as the brightness of the object may
require. The green glass may be used also alone, if the sun be very faint:
it 18 likewise used in taking observations of the moon. When these glasses
are used for the fore observation, they are fixed at 1, as in Figure 1, but for
the back observation, they are removed to 0.

The SicaT VANES are pieces of brass, standing perpendicular to the
plane of the instrument: that one which is opposite the fore horizon, is
called the fore sight vane, the other the back sight vane. There are two
holes in the fore sight vane, the lower of which, and the upper edge of
the silvered part of the fore horizon-glass, are equidistant from the plane
of the instrument, and the other is opposite to the middle of the transparent
part of that glass ; the back sight vane has only one hole, which is enlftwlz
opposite to the middle of the transparent slit in the horizon-glass to whi

it belongs.
ADJUSTMENTS OF HADLEY'S QUADRANT.

The several of the Quadrant being liable to be out of order, from 2
variety of accidental circumstances, it is necessary to examine and adjust
them, so that the instrument may be put into a proper state previous to
taking observations.

An instrument ‘Eroperl adjusted, must have the index-glass and horizon-
Elasses perpendicular to the plane of the Quadrant; the plane of the fore

orizon-glass Earallel, and that of the back horizon-glass perpendicular to
the plane of the index-glass, when the 0 on the nonius is at O on the arch:
hence the Quadrant requires five adjustments, the first three of which being
once made, are not so liable as the last two to be out of order: however, they
should all be occasionally examined, in case of accident.

1. To set the Plane of the Indes-Glass perpendicular to thas of
the Instrument.

Place the index near to the middle of the arch, and holding the Quadrant
in a horizontal position, with the index-glass close to the eye, look obliquely
down the glass, in such a manner that you may see the arch of the Q ¢
by direct view, and by reflection at the same time ; if they join in one direct
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line, snd the aech seen by reflection forms an exact e, or "strait 1hime,
with the arch seen by direct view, the glass is cular to the plane of
the Quadrant; if not, it must be restored to its right position by loosening
the two sunken screws, and tightening the screw s, or vice versd, by tight-
ening the sunken screws, and releasing the screw s.

II. To set the Fore Horison-Glass parallel to the Index-Glass,
the Index being at 0.

Set the 0 on the nonius exactly a%a.mst 0 on the arch, and fix it there
by the screw at the under side. Then, holding the Quadrant vertically,
with the arch lowermost, look through the right-vane x, at the edge of the
ses, or any other well-defined and distant object. Now, if the horizon in
the silvered part exactly meet, and form one continued line with that seen
through the unsilvered part, the horizon-glass is parallel to the index-glass.
But if the horizons do not coincide, then loosen the button-screw in the
middle of the lever, on the under side of the Quadrant, and move the horizon-
glass on its axis, by turning the nut at the end of the adjusting lever, till
you have made them perfectly coincide; then fix the lever firmly in this
situation by tightening the button-screw. This adjustment ought to be
repeated before and after every observation. Some observers adopt the
following method, which is called finding the indew error:—Let the horizon-
glass remain fixed, and move the index till the image and object coincide;
then' observe whether 0 on the nonius with O on the arch; if it do
not, the number of minutes by which they differ, is to be added to the observed
altitude or angle, if the 0 on the nonius be to the right of the 0 on the arch;
but if to the left of the 0 on the limb, it is to be subtracted.

It has already been observed, that that part of the arch beyond 0, towards
the right hand, is called the arch of excess: the nonius, when the 0 on it is
at that part, must be read the contrary way ; or, which is the same thing,
you may read off the minutes in the usual way, and then their complement
to 20 minutes will be the real number, to be added to the degrees and
minutes pointed out by the 0 on the nonius.

III. To set the Fore Horizon-Glass perpendicular to the
Plane of the Quadrant.

Having previously made the above adjustment, incline the Quadrant on
one side as much as possible, provided the horizon continues to be seen in
bothparts of theglass. If, when the instrument is thusinclined, the edge of
the sea, seen through the lower hole of the sight-vane, continue to form one
unbroken line, the horizon-glass is perfectly adjusted; but if the reflected
horizon be separated from that seen by direct vision, the speculum is not
Kryendicnlar to the plane of the Quadrant: then if the limb of the Quadrant

inclined towards the horizon, with the face of the instrument upwards,
and the reflected sea appear higher than the real sea, you must slacken the
screw before the horizon-glass, and tighten that which is behind it; but if
the reflected sea appear lower, the contrary must be performed. Care must
be always taken in this adjustment, to loosen one screw before the other is

AA
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screwed up, and to leave the adjusting screws tight, or so as to draw with
a moderate force against each other.

This adjustment may be also made by the sun, moon, or a star: in this
case the Quadrant is to be held in a vertical position ; if the image seen by
reflection, appear to the right or left of the object seen directly, then the
glass must be adjusted, as before, by the two screws. This will be further
explained in the use of the Sextant.

Some Quadrants have a vertical screw at the back of the instrument, by
which the adjustment is made. :

It will be necessary, after having made this adjustment, to examine if the
horizon-glass still continue to be parallel to the index-glass ; as sometimes,
by turning the sunken screws, the plane of the horizon-glass will have its
position altered.

IV. To set the Back Horizon-Glass perpendicular to the Plane of

the Index-Glass, 0 on the Nonius being at 0 on the Arch.

Let the 0 on the nonius be put as much to the right of 0 on the arch as
twice the dip (taken from Table V.) amounts to: hold the Quadrantins
vertical position, and apply the eye to the back sight-vane L ; then if the
reflected horizon, whicl?vnll appear inverted, or upside down, coincide with
that seen direct, the glass is as.]usted; otherwise the screw in the middle of
the lever, on the under side of the Quadrant, must be slackened, and the
nut at its extremity turned till both horizons coincide.

V. To set the Back Horizon-Glass perpendicular to the
Plane of the Quadrant.

This adjustment is performed by holding the Quadrant nearly parallel
to the horizon, and directing the sight through the back sight-vane ; then,
if the true and reflected horizons appear in ‘:ﬁe same strait [ine, the glass is
perpendicular to the plane of the instrument; but if they do not coincide,

turn the sunken screws in the pedestal of the glass, till both appear to form
one strait line.

USE OF HADLEY'S QUADRANT.

The use of the Quadrant is to ascertain the angle subtended by two
distant objects at the eye of the observer; but principally to observe the
altitude of a celestial object above the horizon: this is pointed out by the
index, when one of the objects seen by reflection, ismade to coincide with the
other, seen through the transparent part of the horizon-glass.

There are two different m:&ods of observing altitudes with a Quadrant:
one is when the observer’s face is directed towards the celestial body, and it
is brought down by reflection to that part of the horizon immediately under
it; the altitude is in this case said to be taken by a fore observation : the
other method is when the observer’s back is towards the object, and it is
brought over to the opposite part of the horizon, and is thence called a back

‘observation. This latter method of observing is very seldom used, and is
requisite only when the horizon under the object is broken by adjacent shores,
or rendered indistinct by fogs, or any other impediments.
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To take an Altitude of the Sun, Moon, or a Star,by a
Fore Observation.

Having previously adjusted the instrument, place the 0 on the nonius
opposite to O on the arch, and turn down one or more of the screens, accord-
ing to the brightness of the sun ; then apply the eye to the upper holein the
fore sight-vane, if the sun’s image be very bright, otherwise to the lower, and
holding the Quadrant vertically, look directly towards the sun, so0 as to let it
be behind the silvered part of the horizon-glass, then the coloured sun’s image
vill appear on the speculum. Move the index forwards till the sun’s image,
which will appear to descend, just touch the horizon with its lower or upper
limb. If the upper hole be looked through, the sun’s image must be made to
appear in the middle of the transparent part of the horizon-glass; but if the
lower hole, hold the Quadrant so Srat the sun's image may be bisected by the
line joining the silvered and transparent parts of the horizon-glass.

The sun’s limb ought to touch that part of the horizon immediately under
the sun ; but as this point cannot be exactly ascertained, it will therefore be
necessary for the observer to give the Quadrant a slow motion from side to
side, turning at the same time upon his heel, by which motion the sun will
appear to sweep the horizon, and must be made just to touch it at the lowest
part of the arcgz the degrees and minutes then pointed out by the index on
the limb of the Quadrant, will be the observed altitude of that limb which is
brought in contact with the horizon. .

In this manner the altitude of the moon, or a star, may be taken by a fore
observation, remembering that when the moon is the object, her enlightened
side is to be brought to ighe horizon, whether it be the upper or lower limb.

When the meridian, or greatest altitude, isrequired, the observation should
be commenced a short time before the object comes to the meridian. Being
brought down to the horizon, it will appear for a few minutes to rise slowly,
when it is again to be made to coincide with the horizon, by moving the index
forward : this must be repeated until the object begin to descend, when the
index is to be secured, and the observation to be read off.

Note. For the methods of finding the time of the moon's, or a star’s, pass-
ing the meridian, see the Explanation to Tables X VI, X LIII, and XLIV.

To take an Altitude of the Sun, Moon, or a Star, by a
Back Observation.

Place the dark glasses in the hole near the back horizon-glass, and turn
one or more of them down, according to the brightness of the sun; then,
looking through the back sight-vane towards that part of the horizon opposite
the sun, the Quadrant being held vertically, move the index till the sun's
image be seen on the silvered part of the glass, and giving the Quadrant a
slow vibratory motion, the sun will appear to describe an arch with its convex
side u&:oards Bring one of the limbs in contact with that part of the horizon
seen through the transparent slit when it is in the upper part of this arch,
and the degrees and minutes pointed out by the index, will be the altitude of
the other limb; for in the back observation the image of the object is inverted.
In the same manner, the altitude of the moon, or a star, may be taken, ob-
serving to bring the enlightened limb of the moon in contact with the horizon
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- ON FINDING THE

LATITUDE BY OBSERVATION.

DD S

THE latitude of a place is its distance from the equator, either north or
south, and is measured by an arch of a meridian contained between the
zenith and the equinoctial : hence, if the distance of any heavenly body from
the zenith when on the meridian, and its declination, or number of
and minutes it is to the northward or southward of the equinoctial, be given,
the latitude may thence be found.

The meridian zenith distance of an object is found either from its altitude
taken when on the meridian, or from one or two altitudes observed when
out of the meridian.

Altitudes of the sun or moon taken at sea require four corrections, in
order to obtain the true altitude of their centrer:e(tlhese are for semidiameter,
dip, refraction, and parallax*. When the altitude of a star is observed,
the corrections for dip and refraction only are to be applied. The parallax
of the sun or a planet being but a few seconds, is seldom noticed in finding
the latitude at sea.

To find the Latitude of a Place by the Meridian Altitude of the Sun.

RuLe. From the observed altitude of the sun’s limb (corrected for
index error, if any), subtract the dip answering to the height of the eye
above the horizon (found in Table V.), when the altitude is taken by a fore
observation, or add it in a back observation, and the result will be the
apparent altitude of the observed limb ; from which subtract the refraction
corresponding to that altitude (taken from Table IV.), and the remainder
will be the true altitude of the observed limb.

When the sun’s lower limb is observed, add the sun’s semidiameter
(16 minutes), but if the upper limb be observed, subtract it; and the sum,
or remainder, will be the true altitude of the sun’s centre}: or, when the
altitude of the sun’s lower limb is observed by a fore observation, the
correction for the joint effect of the semidiameter, dip, refraction, and
parallax, may be taken at once from Table IX.

Subtract the true altitude of the sun’s centre from 90°, and the remain-
der will be the sun’s true meridian zenith distance, which is to be called
north or south, according as the observer, or his zenith, is north or south
of the sun at the time of observation.

Take the sun’s declination from Table X., and reduce it to the meridisn
of the ship (when the longitude is considerable) by Table XI., noting
whether it be north or south: then if the zenith distance, and declins-
tion, be both north, or both south, add them together ; but if one be north,
and the other south, subtract the less from the greater, and the sum, or
difference, will be the latitude, of the same name with the greater.

* For an explanation of these corrections, see page 149, &c. 3

+ Many seamen add 11 or 12 minutes to the observed altitude of the lower limb (being the
difference between the semidiameter and the dip), and omit the correction for refraction alto-
gether ; but this neglect will frequently produce an error of several miles in the istitnde,
especially when the meridian altitude is small.
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Note. If it be required to work the observation to seconds, the sun’s
semidiameter is to be taken from Page II. of the month in the Nautical
Almanac; the declination for apparent noon at Greenwich, from Page I. of
the same; and the latter reduced to noon at the meridian of the ﬁp by
Table XXI+4. Take also the sun’s correction in altitude, which is the
difference of his refraction and parallax, from Table XVIII., instead of the

refraction only, as shewn in

able IV. When the horizon under the sun

is obstructed by land, the dip is to be taken from Table VIII.

EXAMPLE I.

June 18, 1835, the meridian altitude of
the sun’s lower limb was 43° 18, the observer
being North of the sun, and his eye elevated
18feet above the surface of the sea: required
the latitude of the place of observation, to
the nearest minute. o 4
Obs. alt. of sun's lower limb ...... 43 18
Dip of the horizon (Table V.) ... — 4
App. alt. sun’s lower limb ......... 43 14
Refraction (Table IV.) ecveeeeeee — 1

True alt. sun’s lower limb ......... 43 13
Sun’s semidiameter «.....cseeeee00ens 4 16

True alt. sun’s Centre «.icececesnnses 330 29

Sun’s true zenith distance ........ 46 3IN.
8un’s declination (Table X.) ...... 28 25N.

Latitude 69 56N.

EXAMPLE III.

January 9, 1836, in longitude 116° W., the
meridian altitude of the sun’s upper limb
was 69° 14’ South, the observer being about
3 miles from the land, under the sun, and
his eye elevated 22 feet: required the latitude
to the nearest wminute. o

Obe. alt. sun’s upper limb ......... 69 14
Dip of the horizon (Table VIIL).. — 5

App. alt. sun’s u, limb .
Refracti e

O secenvcearecceccense

True alt. sun’s upper limb
Sun’s semidiameter .....

True alt, sun’s centre .eeeceesennses gg 538.

Sun’s true zenith distance ......... 81
Sun's declin. (Tab. X.)... 22°1% [ 98,
Corr. for long. (Table XI) — 8 :

EXAMPLE II.

September 21, 1887, in longitude 60° E.,
the meridian altitude of the sun’s lower
limb was 56° 26/, the observer being South of
the sun, and the height of his eye 26 feet :
required the latitude to the nearestomin:lte.

Obs. alt. sun’s lower limb ......... 56 26
Dip of the horizon (Table V.)... —

ﬁz}» alt. sun’s lower limb......... 56 21
raction (Table IV)) .cceerseees — 1

True alt. sun’s lower limb.........
Sun’s semidiameter....cceoereceeense

True alt. sun’s centre ....c.eeeeee 56

Sun’s true zenith distance......
Sun’s declination (Tab. X.) 0°42'
Corr. for long, (Table XI.) 4 4

Latitude «.ceeeeecessecceeseecsccienees 38 38 8,

EXAMPLE 1V.

December 25, 1840, in longitude 85° W.,
the meridian altitude of the sun’s lower limb,
by a back observation, was 16°2¢ South, the
height of the eye being 20 feet : required the
latitude to the nearest minute.

App. alt. sun’s lower limb ...
Refraction .cceeeeeveecsacses

True alt. sun's lower limb ..
Sun’s semidiameter

True alt. sun’s centre ....ccceeese !l’g 458,

Sun’s true zenith distance......... 73 15 N.
Sun’s declin. (Tab. X.)...23°24' 23 248
Corr. for long. (Pab. XI.) — 0

Latitude 49 51 N.

+ Or more correctly by Table XXXIIL—See the Explanation to that Table.
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EXAMPLE V.

May 29, 1835, in longitude 30° W., the
meridian altitude of the sun’s lower limb
was observed to be 65° 42’ 30", the zenith

North of the sun, and the height of the
eye 24 feet : required the htitude‘; T
Sun’s declin. by Naut. Alm...... 21 33 22N.
Corr.for long.30°W. (Tab.XXI) + O 49

Sun's reduced declination ...... 21 34 1IN.

o ¢ n

Obs. alt, sun’s lower limb. ...... 65 42 30

Dip of the horizon ...ceeceeeeeeee — 4 43
App. alt. sun’s lower limb ...... 65 37 48
TBCHION vesrseeencercrnrecccssescee — 0 26

True alt. sun’s lower limb ...... 65 37 23
Sun’s semidiameter by N. Alm. 4+ 15 48

True alt. sun’s centre ...c.ceeoee. % 53 11

Sun’s true zenith distance ...... 24 6 49N.
Sun’s reduced declination ...... 21 34 11N.

Latitude 45 41 ON.

EXAMPLE VII
August 22, 1835, in longitude 8° West,
the meridian altitude of the sun’s lower limb
was 77° 49’ 30", the observer being South of
the sun, the height of his eye 80 feet, and
the index error 1/ 30" to be added*: required
the latitude.
(-] rn
Sun’s declin. by Naut. Alm...... 11 57 47N.
Corr.for long.8°W. (Tab. XXI1.) — 0 27

8un’s reduced declination ...... 11 57 20N.
o 1w

Obs. alt. sun’s lower limb ...... 77 49 30
Index error to be added ......... 4+~ 1 30

Corr. obs. alt. sun’s lower limb.. 77 51 0
Corr. from Table IX. 10.2 = + 10 12

True alt. sun’s centre ...ccceeeeee gg 112

Sun’s zenith distance ......... « 11 58 488,
Sun's reduced declinati 11 57 20N.

0 1288.

Latitude...cceiseeseeionectaecansennes

ON FINDING THE LATITUDE BY A MERIDIAN ALTITUDE.

EXAMPLE VI.

November 21, 1835, in longitude 165° E.,
the meridian altitude of the sun’s lower limb
was observed to be 47° 36/ 45” S., the height
of the eye being 18 feet : required the lati-
tude.

o s »
Sun’s declin. by Naut. Alm.... 19.50 348.
Corr.forlong.165°E.(Tab.XXI) — b5 53

Sun’s reduced declination ...... 19 44 428,
o 1 n

Obs. alt. sun’s lower limb ...... 47 36 458.
Dip of the horizon ...... e — 4 4

App. alt. sun’s lower limb...... 47 32 41
Refr.—parallax (Tab. XVIIL.) — 0 46

True alt. sun's lower limb...... 47 31 56
Sun’s semidiameter by N. Alm. 4 16 13
True alt. sun’s centre......cceese 48 8

47
20
Sun’s true zenith distance...... 42 11 52 N
Sun’s reduced declination ...... 19 44 428

Latitude ....coccresscnrnneenceece. 33 27 10 N

EXAMPLE VIIIL

October 12, 1835, in longitude 30° E,
the meridian altitude of the sun’s lower limb
was 89° 54’ 30" from the South point of the
horizon, the height of the eye being 13 feet,
and the index error 2’ 0" to be subtracted®:
required the latitude.

Sun’s declin. by Naut. Alm.... 7 13 568
Corr.forlong.30°E.(Tab.XX1.) — 1 53

Sun’s reduced declination ...... 7 12 48.

o r n

Oba. alt. sun’s lower limb ...... 89 54 30 S
Index error to be subtracted... — 2 0

Corr, obs. alt. sun’s lower limb 30
Corr. from Table IX, 12/.7 = °

o ¢+ n

+8
® o

5
1

88

Zenith distance .......coeeeeeeeee
Sun’s reduced declination ......

0 5138
712 48

717168

Latitude .ccccccecnenrennnrcnnnenees

® When the horizon-glass of the Instrument has not been adjusted 50 as to be parallel to
the index-glass when 0 in the nonius is at 0 in the arch, the observed altitude is in all cases
to be corrected for the Index Error.—See Description and Use of the Quadrant or Sextant.
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EXAMPLES FOR EXERCISE.

1. August 30, 1835, in longitude 130° W., the meridian altitude of
the sun’s lower limb was 57 18 30”, the observer being North of the sun,
and the height of his eye 18 feet: required the latitude.

Answer. 41° 83’ 44 North.

2. December 3, 1835, in longitude 62° E., the meridian altitude of the
sun's lower limb was 64° 45’ 156” North of the observer, the height of his
eye being 20 feet: required the latitude.

Answer. 47° 5’ 88” South. :

3. January 15, 1835, in longitude 149° 30" E., the meridian altitude of
the sun’s upper limb was 33° 14 45”, the observer being North of the sun,
the height ofPﬁis eye 14 feet, and the error of the instrument 2’ 80” to add:
required the latitude. :

Answer. 85° 47’ 28” North.

4. March 21, 1835, in longitude 98° E., the meridian altitude of the
sun’s lower limb was 89° 42’ 40 South of the observer, the height of his
eye being 12 feet, and the index error 2’ 20 to add : required the latitude.

Answer. On the equator.

5. September 23, 1835, in longitude 104° W., the meridian altitude of
the sun's lower limb was 74° 48/, the zenith being South of the sun, the
height of the eye 24 feet, and the instrument adjusted: required the lati-

e to the nearest minute.

Answer. 15° 1’ South.

6. March 10, 1835, in longitude 26° 30’ E., the meridian altitude of the
sun’s lower limb was 14° 24/ S., the height of the eye being 25 feet, the
distance of the land under the sun 3 miles, and the Quadrant adjusted:
required the latitude to the nearest minute.

Answer. 71° 12’ North.

To find the Latitude by the Meridian Aititude of a Star.*

RoLe. Take out the star’s declination from Table XIII., and reduce
it to the time of observation. From the observed altitude of the star sub-
tract the dip and refraction, taken from Tables V. and IV., or subtract the
correction taken from Table XV., and the remainder will be the star’s true
altitude, which subtracted from 90°, will give the zenith distance : to be
called North or South, according as the observer is north or south of the
star at the time of observation.

Then, if the zenith distance and declination be both north, or both
south, add them together ; but if one be north, and the other south, sub-
tract the less from the greater, and the sum, or difference, will be the
latitude, of the same name with the greater.

¢ For the method of finding the time of a star’s passing the meridian, see the Explanation
to Table XLIII. also the Explanation to Table XLIV., where directions are given for finding
what star is on or near the meridian, and for observing its altitude.
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EXAMPLE 1.

24, 1836, about 8 o’clock in the'
evening, the meridian altitude of the star
Aldebaran was 52° 36/, the observer being
North of the star, and the height of his eye
20 feet: required the latitade.

Declin. of Aldebaran, 1834...... 16 10 9N.
Amn.var. + 7.9 x 8= + 016

Dec. of Aldebaran, Jan. 1836... 16 10 25N.

o 1

Jan

o 0t n

Obs. alt. of Aldebaran .....eceeees

ON FINDING THE LATITUDE BY A MERIDIAN ALTITUDE.

EXAMPLE II.

July 16, 1845, about 8 o'clock in the
morning, the meridian altitude of the star
f:m‘:lhaut wn}:! 73° 36’ South of the observer,

e height of his eye being 24 feet : required
the latitude. oy eng o s

Declin. of Fomalhaut, 1834 ... 30 29 58 8.
Ann, var. — 197,09 x 11§ = — 340

Dec. of Fomalhaut, July 1845, 30 26 18 8.

ot n

Dip of horizon ..cessessersassnsees — 4 Oba. alt. of Fomalhsut ......... 7336 08
Av. alt. of Aldebacas YT Corr. Table XV. — #.9 = — 454
pp. alt. of Aldebaran....ccc..uee
ROBraCtiOn eerre e -1 True alt. of Fomalhaut ......... 73 31 6
True alt. of Aldebaran...susesee.. 59 31 b
90 Star's zenith distance.s.esss..ss 16 98 54 N

8tar’s zenith distance «...cceeeeee 87 29N Star’s declination, July 1845... 30 26 18 8.
Star’s declination, Jan. 1836 ... 16 10 N.

R Latitude seeesereseecsessessaresanes 13 57 2 8.
Latitude. 39N —

EXAMPLES FOR EXERCISE.

1. April 6, 1835, at about 9h. P. M., the meridian altitude of the Star
Regulus was 50° 14’ South of the observer, the height of his eye being
18 feet : required the latitude.

Answer. 52° 87’ North.

2. December 16, 1840, at about 1h. A. M., the meridian altitude of
the Star Sirius was 86° 28’ 80", the observer being North of the star, and
the height of his eye 14 feet : required the latitude.

Answer. 87° 6’ 14” North. :

3. March 25, 1845, at about 4h. 15m. A. M., the meridian altitude of
the Star Antares was 71°19’ 45” N., the height of the eye being 22 feet,
and the index error of the instrument + 2/ 10”: required the latitude.

Answer. 44° 47 48" South.

To find the Latitude by the Meridian Altitude of a Planet.

"Rure. From the observed altitude of the planet subtract the dip and
refraction, and to the remainder add the parallax in altitude : the result
will be the true altitude of the planet; which, subtracted from 90°, w":l:egive
the zenith distance, as before, and under this set the declination, red to
Greenwich mean time* ; then the sum, or difference of the zenith distance
and declination, according as they are of the same, or contrary names, will
give the latitude, of the same name with the greater.

® The Rule for reducing the time at the place of observation, to the corresponding time
at Greenwich, is given in Page 155.
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Note. The time of the meridian passage, together with the declination
and other elements of the planets, are lgiven for Greenwich mean time, in
the Nautical Almanac for 1835, from Pages 267 to 358. The declination
is to be reduced to the time of observation at the meridian of Greenwich,
b prli‘opolrtion, or by Table XXXIII., as shewn in the Explanation of

t Table.

The horizontal parallax of the planets for Greenwich mean noon, are
* contained in the NI:xrtical Almanac for 1835, from Pages 359 to 361, from
which the parallax in altitude is to be found by Table XLVIII.

EXAMPLE L

January 8, 1835, in longitude 15° W., the meridian altitude of the planet
Mars was 57° 42 80”, the observer being north of the planet, and the height
of his eye 17 feet: required the latitude.

In Page 291 of the Nautical Almanac, the mean time of the planet’s
meridian passage is 11h. 58m. ;* and in Page 8360, his horizontal parallax
is nearly 14~

h. m. ot n
Mean time at ship ......... 11 58 Observed mer. alt. of Mars ... 57 42 30
Long. in time (Tab.XIX.) 1 OW. Dip of the horizon ..e.eeeersneees — 357
Mean time at Greenwich... 12 58 m: mer. alt. of Mars ... 57 38 33
o ¢ OIL  esceccsccoscocascccscas — 036
Decl.of Mars, Jan. 3, 26 49 28 N.
. 57 37 57
Ditts, ~ Jan.4, 26 52 32N. Par. in altitude (Tab. XLVIIy + 8
Var. in 84 hours ...... 3 4 Log. .8935
Greenwich time 12h. 58m. Log. .2674 True mer. alt. of Mars ......... % 38 5
o " n _—
g:'i}l!h.!o&n ....... + 139 Log.1.1609 True genith distance ............ 32 91 55 N.
m“‘"‘,:::‘;_‘f}se 49 28 N. Declination at Greenwich time 26 51 7 N.
Ditto at Greenwich | - - Latitnde eeeveeeersnccsnssnesoesass 5913 2N.
mean time...... }26 51 7N.

EXAMPLE II

December 12, 1835, in longitude 50° E., the meridian altitude of Jupiter
was 37° 15/ 46”, the observer being south of the planet, and the height of
his eye 20 feet : required the latitude.

In Page 8384 of the Nautical Almanac the mean time of Jupiter’s passage
over the meridian of Greenwich, on the given day, is found to be 13h. 84m. ;
and in Page 360, his horizontal parallax is 2.

® The time of th:vrlmet's meridian passage, in the Nautical Almanac, being given to
the meridian of Greenwich, it ougt: in strictness to be reduced to the time of its passage
over the meridian of the place of observation; but it will be sufficiently exact, in the present
case, to take the time for the given day, as predicted in the Almanac.

Bs
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h. m. o 4

Mean time at ship ...... 13 34 Obs, mer. alt. of Jupiter ...... 87 15 45
Long. in time (XIX) ... 3 20E. Dip of the horizon ....c.ceuvieee — 417
Mean timeat Greenwich 10 14 App. mer. alt. of Jupiter ...... 37 11 28
o 1 n R tHON ceeereeeesssnncersennee — 115

Dec.of Jup. Dec.12...23 47 6 N. ya—
Ditto 13...93 4 . 871013
Dec.13...3 47 86N Parallax in alt. (XLVIIL) ... + |

Var. in 24 hours...... 0 50 . 1.4594 .
Greenwich mean time 10h. 14m. m 3702 True mer. alt. of Jupiter ...... gz oM

°© 4 n

Var.inl0h. lm....... + 021 Log.1.8298 True renith distance ............ 53 49 46 5.

Dedl. of Jupi
. of ﬁg;_“’l'&“}ss 47 6N. Declin. at Greenwich time ... 98 47 27 N.

Ditto, at Greenwich}” 47 27N, Latitude ...ccecereesneerecsnsencens 30 2198

e
tMe cersecsoccences

EXAMPLES FOR EXERCISE. -

1. February 22, 1835, in longitude 76° W., the meridian altitude of the
Planet Jupiter was 80° 15’ 30” S., the height of the observer's eye being
18 feet, and the index error of the instrument— 1’ 25”: required the

latitude.

" Answer. 30°2' 47" North.

2. May 20, 1835, in longitude 34° 30/ E., the meridian altitude of the
Planet Saturn was 64° 49’ 307, the zenith being south of the planet, the
height of the observer’s eye 18 feet, and the error of the instrument
+ 8 10" : required the latitude.

Answer. 29° 26’ 57 South.

To find the Latitude by the meridian Altitude of the Moon.

Rure 1. In Page IV. of the month in the Nautical Almanac, find the
mean time of the moon’s passing the meridian of Greenwich on the given
day, which reduce to the time of her passing the meridian of the ship by
Table XVI.

2. With the above time, and the ship's longitude, find the corresponding
Greenwich mean time, as directed in Page 155.

8. From Page IIIL. of the month in the Nautical Almanac, take out
the moon’s semidiameter and horizontal parallax, and reduce them to the
mean time at Greenwich ;* and to the semidiameter add the moon’s aug-
mentation, taken from Table VII.

® The moon’s borizontal parallax and semidiameter are reduced to the time at Greenwich
thus : Take them out for the nearest noon or midnight before and after the Greenwich time,
and find their difference ; then say, for each, as 12 lg:ours is to the difference in 18 hours, so
is the Greenwich time since the preceding noon or midnight, to a proportional s which
being added to, or subtracted from, the horizontal parallax and semidiameter, at t.ﬁnprecd
noon or midnight, according as they are increasing or decreasing, will give them red
to the time of observation ; or the rogrtioml parts may be taken out by inspection from
Table LIV, But, in ts“neml, it will be sufficiently exact to take them out for the nearest

noon or midnight, without applying the proportional parts.



ON FINDING THE LATITUDE BY A MERIDIAN ALTITUDE. 187

4. From the observed altitude (corrected for index error, if any) sub-
tract the dip of the horizon (Table V.), and to the remainder add the moon’s
augmented semidiameter, when the lower limb is observed; or subtract it,
if ie upper limb be taken; the result will be the apparent altitude of the
moon’s centre.

5. From Table XXX. take out the correction answering to the moon’s

parent altitude and horizontal Xarallax, and add it to the apparent altitude;
ze sum will be the true altitude of the moon’s centre, which, subtracted
from 90 degrees, will give the zenith distance, to be called North or South,

ing as the observer is north or south of the moon : under this set the
moon’s declination, taken from Pages V. to XII. of the month in the Nau-
ticl Almanac, for the given day and hour at Greenwich, and reduced to
the mean time at Greenwich by Table XLVII.4+ Now the sum, or difference,
of the zenith distance and declination, according as the‘y are of the same or
contrary names, will give the latitude of the place of observation, of the
same name with the greater.

EXAMPLE L

May 7, 1835, in longitude 84° E., the meridian altitude of the moon’s
lower limb was 67° 35’ 80”, the observer being south of the moon, and the
height of his eye 21 feet: required the latitude.

h. m. In Page III. of May inthe Naut. Almanac,

Moon’s mer. passage at Greenwich... 7 55 the Moon’s semidiam. at noon 7th, is 15' 64",
Corr. for long. 84° E. (Table XVI.) — 12  80d the horizontal parallax 58’ $2".

o +t n

Moon’s mer. passage at ship ......... 748 Obs alt. moon’s lower limb ... 67 35 30
Longitude in time (Table XIX.) ... 5 36 E. Dip of the horizon ....cccueueeee - 423
: : App. alt. moon’s lower limb ... 67 31 7
Mean time at Greenwxchg...’....;’..... 27 Moon’s semidiameter, 15’ 54" } L6 9
Y'sdec. May 7,at 2 hrs. 13 56 45 N. Augment. (Tab. VIL) + 15
Ditto  at3hrs. 13 43 5IN. App. alt. moon’s centre.......... 67 47 16
Correction (Table XXX.)...... 2 41
Variation in 1 hour ... 13 54 Log. 6676 fon (Table Jorweee
Greenw, time aft. 2 hrs. 7m.0s. Log.9331 True alt. moon’s centre......... gg 8 57
Var. in 7 minutes...... — 1 30 Log.1.6007 T ith &t a5 38
0 rue zenit| 18LANCE coccoeccrces D o
V't decl. May7, at 3hrs. 13 56 45N. Moon's declin. at Greenw. time 13 55 15 N.
Ditto as G""‘"“"} 13 56 15N ) PYETSY PR 765 485.
mean JYTTTIN
EXAMPLE 11

November 27, 1835, in longitude 22° 30’ W., the meridian altitude of
the moon’s lower limb was 72° 12’ 20”, the zenith being north of the moon,
the height of the observer's egc 20 feet, and the error of the instrument
— 2 107 : required the latitude.

4+ See the explanation of this Table, with Examples.
B32
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h. m.
Moon’s mer. passage at Greenwich. 6 39
Corr.forlong.22°30' W.(Tab.XVL) 4+ 2

Moon’s mer. passage at ship ......... 6 41
Longitude in time (Table XIX.)... 1 30W.

Mean time at Greenwich .....ceccee. 8 11
o s n

D's dec. Nov.27,at8hrs. 11 26 6 S.

Ditto, at9hrs. 11 13 0S.
Variation in 1 hour ... 13 5 ILog.6614
Green. time after 8 hrs.  11m.0s. Log.7368

ron —_—
Var. in 11 minutes ... — 2 24 Log.1.3982

Moon’s dec. Nov. 27.
at 8 hours ........:} 1126 58.

Ditto, at Gnenwich} 1198 418,

.
mean time seeeseess
—

ON FINDING THE LATITUDE BY A MERIPIAN ALTITUbI-

In Page IIL, of November in the Nautical

the Moon’s semidiam. on the £7th,

at 8h. 11 m. Greenwich time, is 15’ 22", and
horizontal parallax 56/ 23", o s m

Obs. alt. moon's lower limb ... 72 13 20
Index error...ccseeeccrseresesceees — 210

7210 10
Dip of the horizon «..cueeeereesee — 417

App. alt. moon’s lower limb... 73 5 53
Moon's semidiam... 15’ 23" 1587
Augmen.(Tab.VIL) 4 15 +

App. alt. of moon's centre,..... 72 21 30
Correction (Table XXX)....... + 16 48

True alt. of moon’s centre...... 72 38 18
90

True zenith distance ...ceecoeeee 17 21 42 N
Moon’s declination ....c.coceee 11 23 41 8.

55 1IN

Latitude cccceeerresccsneenseceane

EXAMPLE III

July 15, 1835, in longitude 92° 30’ W., the meridian altitude of the
moon’s upper limb was 55° 47’ 45” N., the height of the observer's eye
being 18 feet, and the index error + 1/30”: required the latitude.

bh. m.
Moon’s mer. passage at Greenwich 16 58
Cor. for long. 92°30' W. (Tab.XVI) + 10

Moon’s mer. passage at ship ...... 17 8
Longitude in time (Tab. XIX).... 6 10 W,

Mean time at Greenwich....ccccee... 283 18

o r
Y’sdec.Julyl5,at23hrs. 0 7 38 8.
Ditto, July 16,at0hr. 0 5 48 N.

Variation in 1 hour ... 0 13 20 Log. 6532
Greenw. time after 23hrs. 18m.0s. Log. 5229

Var. in 18 minutes ... — 4 0 Log.1.1761

Moon’s dec. July 15
oon’s y } 0 7388

esssassee

Ditto, at Greenwich
mean time .........} 0 338

In Page IIL of July in the Nautical Al-
manac, the moon’s semidiameter at noon the
16th, is 15/ 0", and horizontal parallax 55'4".

o !
Obe. alt. moon’s upper limb.... 55 47 45 N.
Index €rror ....cecoeneersesascacess 4 130

=

Dip of the horizon ....c.e.eeeee
App. alt. moon’s upper limb....

’ "
Moon's semidiameter 15 0
Augmen. (Tab. VIL) 4 13

App. alt. of moon’s centre......
Correction (Table XXX.) ......

True alt. of moon’s centre...... 56 0

True renith distance ............ 33 59 308
Moon’s declin. at Greenw.time 0 3 $88

Latitude ....occcrenranrarssacenness 3¢ 9 588
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EXAMPLES FOR EXERCISE.

1. October 12, 1835, in longitude 172° W., the meridian altitude of the
moon’s upper limb was 85° 18" 40” north of the zenith, the height of the
observer's eye being 17 feet, and the error of the instrument + 1/ 40”:
required the latitude. '

Answer. 27° 56’ 58” South.

2. January 6, 1835, in longitude 87° E., the meridian altitude of the
moon’s lower limb was 73° 45’ 50” south of the observer, the height of his
eye being 20 feet, and the index error — 4’ 10” : required the latitude.

Answer. 15° 52’ 59” North.
To find the Latitude by a meridian Altitude below the Pole.

When the complement of the declination of an object is less than the
latitude of a place, and they are both of the same name, the object comes
to the opposite meridian without setting at that place, and in this case is
said to be on the meridian below the Pole; if the altitude be then taken,
the latitude may thence be found as follows :

RuLe. Correct the declination and observed altitude, as before; then
to the true altitude add the complement of the declination, (found by sub-
tracting the declination from 90°): the sum will be the latitude, of the

same name with the declination.

EXAMPLE I

June 29, 1835, in longitude 12° E, the me-
ridian altitude of the sun's lower limb, at mid-
night, was 6°30715", theheight of theobserver’s
eye being 20 feet : required the hﬁmhd&

m.
App. time at ship ...ccceeeienisencess 12 0
Longitude in time (Table XIX.)... 48E.

App. time at Greenwich ............ 11 12

(] 1 n
Sun’s declin. June 29, at noon,
(Pago 1. Nout. Alm,)......... [ 33 16 8N.
Corr. for11h. 12m.(Tab.XXL) — 1 34

———

Sun’s declin. at Greenwich time 23 15 9 N.
Sun's Co. declination ....ceceeeee 66 44 51 N.

[
Obe. alt. sun’s lower limb. ...... 6 30 1
Dip of the horizon .....cccceveeee — 41

App. alt. sun's lower limb. ......
Refr. parallax (Tab. XVIII,)...

True alt. sun’s lower limb. ......
Sun’s semidiameter ...cocceecrens

Latitade.....ccovetscsrnsacsesnseees 73 18 47 N.

EXAMPLE IL

July 26, 1845, the altitude of the star
Dubhe in Ursa Major, when on the meridian
below the Pole, was 21° 14/ 0/, the height of
the observer's eye being 16 feet, and the index
error 4 1/ 30" : required the latitude.

By Table XLIV. the time of Dubhe’s pass-
ing the meridian above the Pole is 2h. 81m.
P. M.; therefore 12h. after that time, or
about 2h. 3lm. A. M., it will be on the
meridian below the Pole. o s m

Declin. of Dubhe, 1834......... 62 38 45 N.
Ann. var, — 197,22 x 13 = — 38 41

Dedlin. of Dubbe, July 1845... 62 35 4.

Star’s Co. declination..ceeeeree 27 24 56 N.

o !t

Obs. alt. of Dubhe ... 2114 0
Index €rror ....ccceeesneeee we + 130
21 15 30
Dip of the horizon ...cccseereeeee — 3 50
App. alt. of Dubhe . 21 11 40
Refraction ......... e — 226
True alt. of Dubbhe...... w21 914
. Star’s Co. declination... . 27 24 56 N.
Latitude ..c.ooceivisiversecaceeeess 48 34 10N,
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EXAMPLES FOR EXERCISE.

1. July 13, 1835, in longitude 76° 30/ W., the altitude of the sun’s
lower limb, when on the mendian below the Pole, was 8° 26/ 30~ S, the
height of the observer’s eye being 10 feet, and the index error + 8 15”:
required the latitude.

Answer. 76° 47 117 North.

2. Anﬁzt 9, 1839, at about 3h, A. M., the star  in Crux being on
the meridian below the Pole, its altitude was observed to be 17° 32 $0¢,
the height of the observer’s eye being 18 feet, and the index error — 2/25":
required the latitude.

Answer. 45° 10’ 24” South.

To find the Latitude by an Altitude of the Polar Star.

Rure. To the Sun’s right ascension, taken from Table XIV., add the
time since noon when the altitude was observed : their sum (rejecting 24
hours, if it exceed that quantity) will be the right ascension of the meri-
dian, with which enter Table XVII., and add the corresponding correction
to, or subtract it from, the star’s true altitude, as directed in the Table:
the sum, or remainder, will be the approximate Latitude, to which add the
correction, taken from Table XVII.* and the sum will be the Latitude,
always North.4

EXAMPLE I. EXAMPLE II.
May 21, 1835, the altitude of the Polar January 16, 1840, at 9b. 30m. past noon,
Star was observed to be 50° 18/, at 10h. 15m. the altitude of the Polar Star was 67° 36,
t noon, the height of the observer's eye theheight of the observer’s eye being 30 feet :
g::ngﬁ)teet : required the latitude. required the latitude, N
b m . m.

. . . Sun’s right ascension, Jan. 16th... 19 51
Sun’s right on, May 8lat ... 3 61 Time :fgobservaﬁon cersssssseasancess 9 30
Time of observation ..........ceceeese 10 16

|

—_— 29 21
Right ascension of meridian ......... 14 6 Subtract %
' o ¢ . . . = a1
Right ascension of meridian ...... 5 31
Obe. alt. of the Polar Star ...... 50 18 0 T on of meridian ...... 531
Dip of the horizon .cccccvveceeres — 4 17 g.b., a]:hof':he Polar Star...... 67 36 Ig
App. alt. of the Polar Star...... 50 13 43 P of the horison
Refraction ...c.ccceeeciereneocereeese — 0 48 App. alt. of the Polar Star ... 67 30 45
— Refraction ..cecccececensasncecrees — 38
True alt. of the Polar Star...... 50 13 55 =
Correction (Table XVIL) ...+ 130 0  Trie st of the Pouc Bur ... 67 3932
Approximaw latitude .....ceeeee. 51 ‘2 55 Approximatehu'tude ........ .. 66 54 22
Corr. (Tab. XVIL®) ... 0.8 = + 0.13  Corr. (Tab. XVIL®)..&.9 = + 854
Latitude...eerererrsesseersreeesses 51 43 7N, Latitude covvcvesesrsssseesesens 68 57 16N.

+ In the new Nautical Almanacs, Rules and Tables are given for finding the Latitade by
an Altitude of the Polar Star, to the nearest second.
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The nearer the star is to the meridian, either above or below the Pole,
when the observation is made, the less will be the error in latitude, arising
from an error in the sup, time. The time of the star’s passing the
meridian may be ea.m’}y obtained by consulting Table XLIV.; see also the
Explanation to that Table.

EXAMPLES FOR EXERCISE.

1. September 6, 1845, at 11h. 50m. P. M., the altitude of the Polar
Star was 31° 35, the height of the observer’s eye being 22 feet, and the
index error + 2’ 20”: required the latitude.

Answer. 30° 15’ 35” North.

2. March 11, 1840, at 15h. 30m. (or 3h. 30m. past midnight, March 12),
the altitude of the Polar Star was 75° 26’ 30/, tge height of the observer’s
cye being 20 feet : required the latitude.

Angwer. '76° 44’ 58” North.

To find the Latitude by two observed Altitudes of the Sun, and the Time
elapsed between the Observations; having also the Latitude by Account,
and the S'un’s Declination when the greater Altitude was taken.

RuLe 1. To the log. secant of the latitude by account (XXYV.), add
the log. secant of the sun’s declination ; their sum, rejecting 20 from the
index, call the log. ratio.

2. From the natural sine of the greater altitude (XXVI.) subtract the
natural sine of the less altitude, and set the logarithm of their difference
(XXIV.) under the log. ratio.

8. Take out the logarithm answering to half the elapsed time (XXVII.),
and set it likewise under the log. ratio.

4. Add these three logarithms together, and find the middle time cor-
responding to their sum (XXVIIL), the difference between which and
the half-elapsed time, will be the time from noon when the greater altitude
was observed.*

5. From the log. rising, answering to this time (XXIX.), subtract the
lcﬁ. ratio, and the remainder will be the logarithm of a natural number
(XXIV.); which being found, and added to the natural sine of the
greater altitude, their sum will be the natural co-sine of the meridian
zenith distance (XXVI.)

6. Having found the meridian zenith distance, a}:s)llﬁ' to it the reduced
declination, as directed in Page 180, and the result will be the latitude at
the time of taking the greater altitude.

7. If the latitude thus found, should differ considerably from the latitude
by account, the operation is to be repeated, using the computed latitude

¢ When the middle time is greater than the half-elapsed time, both observations will be
on the same side of the meridian ; otherwise, on different sides.
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instead of that by account, until the latitude last found agree nearly with
the latitude used in the computation.*

Remarks on the Times of Observation.” .

As the above method is only an approximation to the truth, it must be
used under the following restrictions, wvis.

The observations must be taken between nine o’clock in the forenoon and
three in the afternoon. If both observations be in the forenoon, or both
in the afternoon, the elapsed time must not be less than the time from noon
when the ter altitude is taken. If one observation be taken in the fore-
noon, and the other in the afternoon, the elapsed time must not exceed
four hours and a half; and in all cases, the nearer the greater altitude is to
noon, the better. .

If the sun’s meridian zenith distance + be less than the latitude, the limit-
ations are still more contracted. If the latitude be double the meridian
zenith distance, the observations must be taken between half past nine in
the forenoon, and half past two in the afternoon; and the interval, or
elapsed time, must not exceed three hours and a half. The observations
must be taken still nearer to noon, if the latitude exceed the meridisn
zenith distance in a greater proportion.

EXAMPLE 1.

May 22, 1836, in latitude 41° 45’ N. by account, at 11h. 28m. in the
forenoon, the true altitude of the sun’s centre was 67° 16/, and at Oh.
24m. 40s. P. M. it was 68° 24/: required the true latitude.

Times. Altitudes.  Nat. Sines.  Lat. by acc... 41° 45'...Secant 0.1273

11h.28m. 0. A. M. ... 67° 16 ...... 92231 Declination... 20 27 ...Secant 0.02827
0 24 40 P.M. ...68 24 ... 92978

|

—_— Log. ratio.....eciireceernceess 0.15550

0 56 40 Dif. 747 Log. ... 2.87338
0 28 20 Half-elapsed time ... Log. 0. 90899
0 9 55 Middle time ......... Log. .... . 3.93781
0 18 25 Time from noon Log. rising ....cccssseeeesee. 3.50879
Log. ratio..cceeecsssesssseres. 0.15550

—_—

Natural number 226 Log. 2.353%9

Natural sine of greater altitude ... 92978

Nat. co. sine of mer. zen. dist....... 93204 = 21° 15’ N.
Declination 20 27 N.

Latitude... 41 42 N.

® Dr. Brinkley, Professor of Astronomy in the University of Dublin, has published »
Set of Rules for solving this Problem, which are annexed to the Nautical Almanac for the
year 1822,

+ The meridian zenith distance is equal to the sum of the latitude and declination, when
they are of contrary names ; or their difference, when of the same name.
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EXAMPLE II.

August 9, 1836, in latitude 50° 40’ N. by account, at 11h. 36m. 29s.
in the forenoon,-the altitude of the sun’s lower limb was 53° 18/; and at
1h. 18m. 53s. in the afternoon, its altitude was 51° 59, the height of the
observer’s eye being 26 feet ; required the trne latitude.

First obs. alt. of sun’s lower limb... 53 18 Second obe. alt. of sun’s lower limb. 51 §9
Corr. from Table IX. 4 1¢/.1 or... 4+ 10  Corr. from Table IX. 4 10’.1 or... 4 10

True altitude..cceeceereiccscrcnnerennneeesd3 38 True altitude ccceersereennenrerceceeasee 52 9

Times. Altitudes,  Nat. Sines. Lat. by acc. ...... 50° 40'...Secant 0.19803

12h. Om. Os. 53° 28' ..coeeees 80351 Declination ...... 15 48...Secant 0.01678
11 36 29 A. M. 52 9 ...... 78962

—_— Log. ratio ....eeveveeesenes. 0.21476

28 31 Diff. 1389 Log. 3.14270

1 13 53 P. M.

1 37 24 Elapsed time. ]
0 48 43 Half-elapsed time cesvee LOZ. sevsersecsnensenns 0.67592
0 12 23 Middle time cessene Log. veees 4.03338

0 36 19 Time from DOON ccvvessereccrasensessosencesses L0 FISING weernnreeronres 3.09787
Log. ratio ...cccvcieeereee. 0.21476

Natural number....c... 784 .oociiiiiieinciiieeeses LOGe wevennicniereneees 2, 88311
Natural sine of greater altitude......80351

Nat. co-sine of mer. zen. distance. . 81116 = 35° 47’ N.
Declination 15 48 N.

Latitude... 51 36 N.

As the latitude resulting from this computation differs 55’ from the
latitude by account, the operation must be repeated, using the latitude last
found, instead of the latitude by account.

Latitude last found............ 51° 8% ...Secant 0. 20665
Declination ....eccceeeeeecrncees 15 48 ...Secant 0.01673

Log. ratio......cccenneieeees. 0. 22338
Difference of natural sines.......ccceeeee1389 coviiieieernnvoncercec DO raeeeriecsrmncaasees 3. 14270
Half-elapsed time ............0h. 4800 428, ceceeteererccsernnrcsssssnc LOGuericeianeieninnennns 0. 67592

Middle time...eceeseeaeereess 0 12 38 iivrvnivicnierirnnicnens LOBenneireiscciiiiiies. 4. 04200
Time from NooD cceccveeees O 86 4 cerrerreerniererenes LOG FisIng teveeereeeneeneee. 3.09187

Log. ratio ......ceeceqerennes 0. 22338
Natural number ...eeeesceseceeeeaccceeces T8O crvreererierencseeres LOGe cecrnennncennnns . 3.86849

Natural sine of greater altitude ...... 80351

Nat. co-sine of mer. zen. distance .... 81090=35° 49’ N.
Declination 15 48 N,

latitude... 51 87.N.
Cc .
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As this latitude differs only two miles from the latitude by the firt
operation, it me?' therefore be esteemed the true latitude.

In the preceding examples both observations were supposed to be taken
in the same place; but as this is seldom the case, it will be necessary.
when the ship is making much way, and the elapsed time is considersbl.
to correct the less altitude, in order to find what it would have been, hsd
it been taken at the place where the greater altitude was observed ; which
is to be done as follows: :

Let the bearing of the sun be observed by compass, at the time of
taking the less altitude, and find the number of points contained betve
that and the ship’s course by compass, between the observations, correctad
for lee-way, if she make any, which subtract from 16, when it is more thn
8 points ; likewise compute the distance run during the elapeed time: vih
these enter Table I., and find the corresponding difference of latitude,
which will be the correction for the change of station.

If the less altitude be observed in the forenoon, the correction is tobe
added to it, if the above angle be less than 8 points; but when it is mor,
to be subtracted.

If the less altitude be observed in the afternoon, the correction is tobe
subtracted, if the angle be less than 8 points ; but when greater, it is tobe
added to the less altitude.

The less altitude beinithus corrected, proceed according to the Rul,
and th:d~ result will be the latitude of the ship when the greater altitude vs
observ

EXAMPLE III.

November 10, 1837, latitude by account 32° 30’ N., at Gh. 30m. A. M.
the altitude of the sun’s lower limb was 28° 14, the bearing of its centreby
compass being S. E. 4 E.; and at 11Th. 17m. 42s. A. M. the altitude of the
upper limb was 39°8'; the height of the observer’s eye being 18 feet, andth
ship’s course between the observations S. by E., running 7 knots per bouri
required the latitude of the ship at the time of the latter observation.

The elapsed time between the observations is nearly 1 hour 48 minutes, and her 9"‘
sailing 7 miles per hour ; therefore, as 1 hour : 7 miles : : 1h. 48m. : 12 miles, the distux*
run between the observations.

' Sun’s bearing at first observation, 8. E. { E. or 8. 44 Pu. E.
Ship's course during the elapsed time, S. by E.or 8. 1 Pt. E.

Angle between them ...... 3} Pts. which beinguin
as a course, in Table L. and the distance run during the elapsed time 12 miles, as a dist "
ive in the latitude column 9 miles nearly, to be added to the less altitude, sccording

e above Rule.

o o !
Obs. alt. of sun's lower Kmb ....cceueee. 8 14  Oba. alt. of sun’s upper limb ....... ] :
Dip. of the horison ..c.ccovcreveneeserennes — 4 Dip of the horiZon ..cccccecsanrssssness _:,‘

28 10 » "
Refraction...... — 8 Refraction _‘,’

28 8 » M
8emidiameter. oo 4 16 Semidiameter .e..ccccreccnssassmsisenset :/‘
True altitude of sun’s centre ............ 28 94 True altitude of sun’s centre .. ¥4
Corr. for ship’s WaY ccecevccricsrnrancnenns + 9

Sun’s reduced altitude ..cccvevreeiuinanne 28 33
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Times. Altitndes.  Nat. Sines. Lat. by acc. 32° 30/...8ecant 0, 67397
oh. 30m. Os. A.M. 28° 33’ ...... 47793 Declination 17 1I...Secant 0, 01983
11 17 43 A.M. 38 47 ...... 62638

—_ . Log. ratio ....cccecierienceeee. 0.09380
1 47 43 Elapsedtime Diff.14845 .ccocvverercinveres LOG:  avevrvvnereorones 4. 17168
0 58 51 Half-elapsed time. beoee Loge .00 0. 63209
1 33 14 Middle time. cesenssee LOZ  cicennnninerneianee. 4. 89837
0 39 23 Time from NOON ..cceeeececnsccseercesoscssess. J1OZ. TiSING wevererseersnssenses 3. 16822

Liog. Tatioe..eesescersccceseecces O 09360

Natural number 1187 .......cceeeeenenecerseeeee LOuiereerirerirrnraeeranees 3.07442
Natural sine of greater alt. ... 62638

Nat. co-sine of mer. zen. dist... 63825=50° 20’ N.
Declination 17 11 S.... Secant 0.01983

Latitude... 33 9 N...ccciveerernecniennnnsercsenennas.Secant 0.07715

Log. ratio  .......ceseeees 0.09698

h m s Diff. nat. sines 14845 ....ccceeveerrennnnnnnnniniesess LOge  aeveene seveeees 4.17158
0 53 51 Half-elapsed time......... vorseserseassersannse cevsncnesennes Log. .ccieeceeeennes 0.63299
1 83 57 Middle time veveree OB cenrerunsesses 4200155
0 40 6 Time from noon ............. eosssresaenssocssanee «sescLiOg. rising ...

. ratio ...

Natural number... 1221 ...cceiiiieiiiiiininiinnnnsenees LG cevirereeseasee 3.08679
Natural sine of greater alt. ... 62638

Nat. co-sine of mer. zen. dist. 63859=50>19' N.
Declidation 17 11 S.

Latitude... 33 8 N.

EXAMPLE 1V.

October 8, 1885, in latitude 60° 10’ N. by account, and longitude 139°
W., the altitude of the sun’s lower limb was observed to be 19° 41’ at
10h. 4m. 20s. a[:iparent time in the forenoon, his centre beuin% S.S. E.
by compass, and at 1h. 32m. 36s. afternoon, it was 21° 8. The ship’s
course during the elapsed time was N. W. by N., sailing at the rate of
9knots per hour, and the height of the observer’s eye 16 feet: required the
latitude of the ship at the time of taking the greater altitude. :

h. m. o 1w
App. time at ship at greater alt... 1 38 Sun’s dec. Oct. 8, by page I, N. A. 5 42 43 8.
Loogitude in e «oweeemns 9 16 W. Corr. for Greenwich tme (XXL) 4 10 17,

Greenwich apparent time ......... 10 49 Sun's declination at Greenw. time 5 53 0S.

The angle between the sun's bearing, S. S. E., and the ship’s course, N. W. by N;, is 15
points ; which shews that the ship has sailed within 1 point of the direction opposite the sun.
Now 1 point taken out as a course in Table I., and 31 miles, the distance run in 3h. 28m.,
the elapsed time between the two observations, give in the latitude column 30 miles, to be
applied to the less altitude, according to the rule in page 194. ‘

Cc?2




‘196 ONR FINDING THE LATITUDE BY DOUBLE ALTITUDES.
ot o 1 . o
First obs. alt. of sun’s lower limb ... 19 41 Second obs. alt. of sun’s lower limb. 21 8
Corr. Table IX 4 9.7 or ...ccoveeeee + 10 Corr. Table IX 4 9.8 or wieerrennee + 10
True altitude ...ceeeereesceccsscaccecess 18 51 True altitude....ccccesserssesessssensenes 31 18
Corr. for ship’s Way .....ceetvecrensecss — 30 —_—

Reduced altitude ......ceeerreeerseraeese 19 21

Times. Altitudes.  Nat. Sines.  Lat. by acc. ... 60° 10/... Secant 0.30323
12h. Om. 0s. 19° 21......... 33134 Declination...... 5 53 ...Secant 0.00229
10 4 20AM. 21 18........ 36325

1 55 40 Diff. 3191...

1 33 36P.M.

3 28 16 Elapsed time

1 44 8 Half-elapsed time Log. 0.35763

0 16 51 Middle time Log. 4.16708

1 27 17 Time from noon .....ccvvecreerssssnnesesecss LiOG. Hising ovescnneereesenneneenns 3.85581

Log. ratio ...... versvcescnsesesers 0.30552
* Natural number...... 38545 .......cccoiveeeeinee LOGe cieunnneiecisssenecsanee 3.54969
Natural sine of greater alt. ...... 36325

Nat. co-sine of mer. zen. dist. ... 39870 = 66° 30’ N.
Declination 5 53 8. ....cccccseeieniecsercaes. Secant 0.00329

Latitude... 60 37 N......ceveruuneerersessensss Secant 0. 30933
Log. ratio ...eepecsieneasencess 0.31162
8

h. m. s Diff. nat. sines 3191 Loge eeirerereniieinniinena. . 50393
1 44 8 Half-elapsed time coree LOG. ceveiirerereniereanness 0.85763
0 17 5 Middle time....cceouuenne . covens Log. 4.17308
1 27 3 Time from noon Log. rising........ eees 3.859291

Log. ratio .. . 0.31152

. Natural number ...... 3478.....cccciivrerreccres LOg: cerrunierinnecccassssen 3.54189
Natural sine of greater alt. ...... 36325

Nat. co-sine of mer. zen, dist. ... 39803 = 66° 33’ N.
Declination 5 53 S.

Latitude... 60 40 N.

EXAMPLE V.

May 7, 1835, in latitude 29° 10 S., and longitude by account 38° E,,
at 9h. 49m. 20s. by a chronometer*, the observed altitude of the sun's
upper limb was 45° 33’; and at 10h. 44m. 45s. by the same chronometer,
the observed altitude of his lowcr limb was 42° 8’ 307, at which time it
bore N. } E. by compass. The ship’s course between the observations was

® The chronometer is here used, for the purpose of measuring thie elapsed time more accu-
rately than by a common watch.
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N. W. 1 N. on the starboard tack, running at the rate of 6 knots per hour,
and making 1-point lee-way, the height of the observer's eye being 22 feet,
and the apparent time at the meridian of the ship, when the greater altitude
was observed, about Oh. 20m. P. M. : required the latitude of the ship
when the greater altitude was taken.

h. m. [ ’ "
App. time at ship at great.alt., May 7, 0 20 Sun's declin., May 6, by N. A. 16 24 41 N.
P ot greatain TV Dog Correction for 12 hes. .8 307 15 30
Ditto for 9h. 48m. ...7 0 § T

Ditto, past noon, May 6 ............ 24 20
Longitude in time ......cccoeeeseeeeees 3 32 E.  Sun’s declin. at Greenw. time. 16 40 11 N.

Greenwich app. time, May 6 ...... 21 48

The ship’s course N. W. } N., corrected for 1 point lee-way, gives N. W. § W., and the
this makes with the sun’s bearing N. } E., is 5 points ; which, taken as a course in
Table 1., and 6 miles, the distance run during 55 minutes, the interval between the observa-
tions, as a distance, give in the latitude column 3 miles, to be subtracted from the second or
less altitude, according to the Rule in page 194.

o 1/ " o rn

Obs. alt. of sun’s upper limb...... 45 33 0 Obs. alt. of sun’s lower limb...... 42 8 30
Dip of the horizon .....cccoreeeseeee — 4 30 Dip of the horizon ....ccceeeeeeeeees — 4 80

App. alt. of sun’s upper limb ... 45 28 30 App. alt. of sun’s lower limb ... 42 4 0
HON  seevernernnenorssssecssrens — 56 Refraction ...cccevvecnrnnnnne veseee — 1 8

True alt. of sun’s upper limb ... 45 27 34 True alt. of sun’s lower limb ... 42 8 67
Sun’s semidiameter by N. A....... — 15 52 Sun’s semidiameter by N.A....... + 15.52

S, —_—
True altitude of sun’s centre ... 45 11 42 True altitude of sun’s centre ... 43 18 49
— Corr. for ship’s WaY .eceeerserseces — 3 0

Sun’s reduced altitude ............ 42 15 49

Times by Chron.  Altitudes. Nat. Sines. Lat. by acc...28° 10'...Secant 0.05888
9h. 49m. 20s. ...... 45° 12’ ...... 70957 Declination.. 16 40 ...8ecant 0.01864
10 44 45 ... 42 16 ...... 67258 Log. T8O wereernrrenne 0.07768
0 5 25 Diff. 3699 ...ccvvveerriienecrsenencrs LOG weriirernnens. 8.56808
0 27 42 Half-elapsed time vrnenes L0 eeeiiinnnnnn. 0.91878
0 42 16 Middle time. eecsrenns LOG. weieiiiiieiene. 4,56435

0 14 34 Time from noON coceesecrsraensrseessersresresscenssIOge Tisingurersevennnsees 2. 30602
Log. ratio .. .cccceeeeee. 0.07752

Natural number ... 169............ Log. ... o 2.22850
Natural sine of greater altitude ... 70957

Nat. co.-sine of mer. zen, dist....... 71126 = 44° 40’ S.
Declination 16 40 N.

Latitude ... 28 0 8.

By repeating the operation, the latitude comes out the same as above.



198 ON FIKDING THE LATITUDE BY DOUBLE ALTITUDES.

4 direct Method of finding the Latitude by two Altitudes of the Sun,
the Time elapsed between the Observations, and the Sun's Declination
when the greater Altitude was observed.®

RuLE 1. Add together the true altitudes (found as before), and take
half their sum; subtract the less altitude from the greater, and take half
their difference.

2. Find the interval between the times of observing the two altitudes,
which call elapsed time; take half of the elapsed time, and reduce it to
degrees, &c. by Table XIX.

8. Add together the cosecant of half the elapsed time (reduced as above)t
and the secant of the declination; their sum will be the co-secant of arc firat.

4. Add ther the co-secant of arc first, the co-sine of half the sum
of the altitudes, and the sine of half their difference: the sum of these
logarithms will be the sine of arc second.

5. Add together the secant of arc first, the sine of half the sum of the
- altitudes, the co-sine of half their difference, and the secant of arc second;
their sum will be the co-sine of arc third.

6. Add together the secant of arc first (already found), and the sine of
the declination ; their sum will be the cosine of arc fourth, when the
latitude and declination are of the same name; but when they are of
contrary names, take the supplement for arc fourth.

7. Take the sum or difference of arcs third and fourth, for arc fifth.
(See Note.) : ‘

8. Add together the secants of arc second (already found) and arc fifth;
their sum will be the co-secant of the Latitude.

Nore. When the sum of arcs third and fourth is equal to, or greater
than 90°, their difference is always arc fifth; but when their sum is less
than 90° (which will rarely happen), it may be doubtful whether their sum
or difference ought to be taken for arc fifth. But the computation is soon
made on both suppositions, for the secant of arc fifth is the last logarithm
which is taken from the Table, and the other parts of the calculation are
therefore not affected by the change: one of the results must certainly be
the required latitude, and the latitude by account will generally be sufficient
te determine which of them ought to be taken.

Remarks.

In this method the observations should, if possible, be taken under the
same limitations as dirccted in the former (page 192) ; these, however, may,
in case of necessity, be considerably exten({J , if the altitudes be taken with
care, the elapsed time measured by a chronometer, and the logarithms and
arcs taken out to the nearest-second.

* This method of finding the Latitude by two Altitudes of the Sun, which is much simpler
and more general than the former, and independent of the Latitude by Account, was prva_leﬂ
by Mr. James Ivory, who has given an ingenious Solution of 1t in the Ph

. Magazine for August 1821. Mr. Riddle, of the Royal Naval Asylum, Greenwich, has since
considerably improved Mr. L.’s Solution, and given & Rule, similar to the above, in the sae
work for September 1822,

+ The Log of the half-elapsed time may be taken from Table XXVII., which will save the

trouble of reducing the time to degrees, &c.
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In both ‘the methods no allowance is made for the change of the sun’s
declination during the interval between the observations. This, indeed,
might be done; but the operation would be more complicated, while the
omission will produce no error of consequence to the navigator, especially
if the interval be not considerable.

It will much facilitate the operation if a formula be written out before
the commencement of the calculation; and it should be observed, that
many of the logarithms may be obtained at the same opening of the Table:
thus, the secant and sine of the declination; the secant and co-secant of arc
first, the former of which is wanted twice; the sines and co-sines of half the
sum and difference of the altitudes; and the sine and secant of arc second;
these being taken out together, will considerably expedite the calculation. -

EXAMPLE 1. (Page 192)

Altitudes. Times. o 7
67° 16/ ..cccoveeereee.  11h. 28m. Os. A M. Latitude by account... 41 45 N.
68 24 .... 0 24 40 P.M. Declination ...eeeeaeees 20 27 N,

..
o 7

Sum......1353 40 half 67 50 0 56 40 Elapeed time.
Diff.eeoee 1 8 half 0 34 0 28 20 Half-elapsed time = 7° &

Half elapsed time 7Y 5'..Co-secant 0.90899

Sun's declination . 20 27...8ecant ... 0.02827... .Sine... 9.54331
Arc first eeeeveeeees 6 38...Co-secant 0.93726 ..Secant ... 0.00292.......Secant 0. 00298
Half sum alts....... 67 50...Co-sine . 9.57669...Sine ...... 9.96665 )
Half diff. alts....... 0 34...Sine...... 7.99520...Co-sine... 9.99998

Arc second....cee... 1 51...8ine...... 8.50915...Secant.... *0.00023

Arc third 21 8 seessesssCo-sine... 9.96978 —
Arc fourth .eecceee. 69 24.........l conees Co-sine 9.54623

Arc fifth ..ceeeeeees. 48 16...8ecant ... 0.17675
Secant ... *0.00023

Latitude ....ve0eeese 41 42...Co-secant 0.17698

EXAMPLE II. (Page 193

Altitudes. Times. o't
53°28 .ccceveeerennes  11h.36m. 29s. A. M. Latitude by account ... 50 40 N,
58 9 ensernnearees 1 13 53 P.M. Declination ....c..ocsc. 16 48 N.

Sum... 105 37 balf 52 48} 1 37 24 Elapsed time.
Dif.... 1 19balf 039} 0 48 42 Half-elapsed time 12° 10}

Half-elapsed time 12°10'4 Co-secant: 0. 67593 )
Sun's declination . 15 48 Secant.... 0.01673 ‘ Sine... 9.43503
Arc first.....cocece. 11 42} Co-secant 0.68266...Secant ... 0.00913......8ecant 0.00813
Half sum alts...... 52 48} Co-sine... 9.78138...Sine...... 9.90125
Half diff. alts...... O 394 Sine....... 8.06031...Co-sine... 9.99997
Arc second......... 1 58 Sine....... 8.53435...Secant ... *0.00026
Arc third ..ccoeeee 36 31 ecrneicnrennessosaeinnsnee...Co-sine... 9.91061 .
Are fourth.......... 73 51 .. censesene Co-sine. 9. 44415

Are fifth ........ v.. 38 30 Becant... 0.10545
Secant.... *0. 00026

Latitude ............ 51 37 Co-secant 0.10571
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EXAMPLE IIL (Page 194.)

Altitudes. Times. °
o h. m. s. Latitude by account......... 33 80ON.
28 83 cceecrcrrencnneee. 9 30 O0AM. Declination ...ccccccanseeceee 17 118,
38 47 R ar e 11 17 42A. M.
o —
Sum... 67 20 half 33 40 1 47 42 Elapeed time.
Diff.... 10 14 half 5§ 7 0 53 51 Half-elapsed time = 13° 27’ 45”
o ’
Half-elapsed time 13 28...Co-secant 0. 63387
Sun’s declination. 17 11...Secant ... 0.01983 Sine... 9.47046

Arc first..cceeceree. 12 51,..Co-secant 0.65270...Secant ... 0.01102......Secant 0.01102
Half sum alts..... 33 40...Co-sine... 9.92037...Sine...... 9.74379
Half diff. alts..c.... 5 7...Sine...... 8.95029.,.Co-sine... 9.99827
Arc second......... 19 29...Sine ...... 9.52326...Secant ... *0. 02561
Arc third 53 §... ...Co-sine... 9.77869
Arc fourth..cc..e.107 38= (180°—72° 22).c.iirirrnricirencrcnsencenenssancecse.Co-sine 9. 48148

Aro fifth....cceeeeres 54 33...Secant ... 0.23658
o Secant ... ®0.02561

Latitude «...eeee 33 9 N....Co-secant 0.36219

EXAMPLE 1IV. (Page 195.)

Altitudes. Times. o
o ! h. m. s Latitude by account ...... 60 10N.
19 21 .cciieeerenee 10 4 20 A M. Declination...ceccessveceecs. & 53 8.
21 18 cceennrrennns . 13236P.M.
L] !
Sum... 40 39 half20 194 3 28 16 Elapsed time.
Diff,... 1 57 half 0 58) 1 44 8 Half-elapsed time=26° &
i o !
Half-elapsed time 26 2...Co-secant 0.35764
Sun’s declination. 5 53...Secant ... 0.00229 Sine... 9.0107¢
Arc first ....oceenee. 35 53  Co-secant 0.35983...Secant..... 0.04591......8ecant ©. 04591
Half sum alts...... 20 19} Co-sine... 9.97208...Sine........ 9.54076
Half diff. alts...... 0 58} Sine....... 8.23086...Co-sine... 9.99994

Arcsecond ...e..... 2 6...Sine...... 8.5628/...Secant..... *0.00029
Arc third....c.oeeeee 87 168).cireiieveceneerseccccccsessesComSinen.. 9. 58690
Arc fourth ......... 96 325 =(180°—83° 27'}) .... .ivvirinnnrecssnassemsennesGomgine 9, 05665

Arc fifth...cceeennee. 29 16 Secant... 0.05931
o Secant ... *0. 00020

Latitude ...... 60 40 N....Co-secant 0.05960
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EXAMPLE V.

September 9, 1835, in latitude by account.6° 8¢/ N., at Oh. 24m. 20s.
by a chronometer, shewing Greenwich mean time, the altitude of the sun’s
lower limb was 69° 49 30", and at h. 44m. 20s. by the same chronometer,
the altitude was 35° 10’ 30", the instrument bein% adjusted, and the height
of the observer's eye 18 feet: required the latitude at the time the greater
altitude was taken.*®

o ! [
Sun's declination for mean noon September 9, by Page II. of Nautical Almanac 5 30 24 N.
Corr. for Greenwich mean time, O