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REPORT

Of the Committee, appointed by the East INpia MariNe SocieTy of
Salem, at their meeting on the 6th of May, 1801, to examine a work
‘called « The New American Practical Navigator, by Nathaniel
Bowditch, F. A, A.”

AFTER a full examination of the system of Navigation presented to the
society by one of its members (.& . Natham{l. Borgttch) I}I::y Jfind, ‘that
he has corrected many thousand errors existing sn the best European
works of the kind ; especially those in the Tables'ﬁr determining the lati-
tude by two altitudes, in those of difference of latitude and departure, of
the sun’s right ascension, of amplitudes, and many others necessary to the
Navigator. Mr. Bowditch has likewise, in many instances, greatly im-

roved the old methods of calcwlation, and added new ones of his own.
;’luu of clearing the apparent distance of the moon, and sun or stars,
from the ¢ffect of parallaz and refraction, is peculiarly adapted to the
use of seamen in general, and is muck facilitated (as all other methods
are) in the presest work, by the introduction of a proportional table into
that of the correction of the moon’s altitude. His Table nineteenth, [the
twentieth of the present edition] of corrections to be applied in the lunar
calculations, has the merit of being the only accurate one the Committee
are acquainted with. He has much improved the table of latitudes and
longitudes of places, and has added those of a number on the American
coast, hitherto very inaccurately ascertained.

This work, therefore, is, in the opinion of the Committee, highly de-
ing of the approbation and encouragement of the society, not only as
being the most correct and ample now extant, but as being a genwine
American production ; and as such they hesitate not to recommend it to
the attention of Nawigators, and of the public at large.

JONATHAN LAMBERT,
BENJAMIN CARPENTER,

JOHN 0SGOOD, Committee.
JOYN GIBAUT,

JACOB CROWNINSHIELD.

ArPROVED. BENJAMIN HODGES, Presiden:.
A rave cerv. MOSES TOWNSEND, Sec’ry.
Salem, May 13, 1801.
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PREFACE.

. —

IN the preface to the first edition of this work, it was observed, that the
ohject of the publication was to collect into one volume 2ll the rules, ex-
amples, and tables necessary for forming a complete |, stem of praetical nas
vigation. To do this, those authors were consulted whose writings afforded
the best materials for the purpose,* and such addifions and improvements
were introduced as were suggested by a close attention to the subject; and
the accuracy of the tables accompanying the work was-ensured by actually

ing through all the calculations necessary to a complete examination of

em, making the last figure exact to the nearest unit. In performing this,
above eight thousand errors were discovered and corrected in Moore’s Prac-
tical Navigator, and above tio thousand in the second edition of Maske-
lyne’s Requisite Tables.t Almost all the errors in Maskelyne’s collection
were in the last decimal place, and in most cases would but little affect the
result of any naufical calculation; but when it is considered that most of
those tables are useful in ofher calculations where great accuracy is required,
it will not be deemed an unnecessary improvement to have corrected so
great a number of small errors. -

Several articles were added in the second edition, particularly the descrip-
tion and use of the circular instrument of reflection, methods of surveying
harbours, new tables, &c. In the third and subsequent editions several im-

vements have been made, particularly in the method of correcting the
md reckoning, and in the articles of surveying. An Appendix is given,
containing methods of Froject‘mg and catculating eclipses of the moon and
sun, and occultations of the fixed stars or planets by the moon; rules for
deducin; the longitude of a place from observations of eclipses of the sun or
occultations ; a new and short method of calculating the altitude and lougi-
tude .of the nonagesimal degree of the ecliptic’; solutions of several useful
problems in Nautical Astronomy, and an improvement of Napier’s rules for
the solution of spheric triangles. Several new tables are added, and the
tzble of hatitudes and longitudes very much increased and corrected in this
edition. ’ C

The tables published separately in the Appendix of the first edition are
introduced into the Body of this work, and are extended so as to render the
use of them more simple., The short and easy method of working a lunar
observation, published in that Appendix, which has one great -advantage
over all other approximate methods, in the manner of applying the corree-
tions (all of them being additive) is here explained and illustrated by several
examples.f Two other methods of correcting the apparent distance are

iven; one heing that inVented‘I’)vy the author of this work in the year 1795;

e other, an improvement of Witchell’s method, in which, without alter-
ing materially the calculation, the numbér ‘of cases is considerably reduced.

To promote the accuracy of the successive editions of this work, all the
tables (which admit of it) have been stereotyped, namely, Tables I. H. III.
V. VIL IX. X. XL XJI. XIIl. X1V. XV. XVI XVII. XVIII. XIX. XX.
XXI. XXII. XXIII. XXIV. XXV. XXVI. XXVII. XXVIII. XXIX.
XXX, %XXI. XXXJII. XXXIII XXX1V. XXXV. XXXVI. XXXVII.
XXXIX. XL. XLI. XLI1. XLI. XLIV. and XLV. - Since the publication

of the first stereotype edition, these Tables have been carefl uny egamined by

# The works chiefly tonsulted were shose 1 'uhlishqd by Maskelyae, Robertson, Patoun, Rios,
&c. and a treatise on ** Seamanship,” published at London in 1795. 1n thia new edition, the work of
the Chevalier de Borda, entitled  Description et Usage du Cercle de Refiexion,' &c. has aiso been

nﬁ'n the third edition of that work the errors of the table of proportional logarithms are cor-.
ted h

e This method was eommunicated to Mr. Da Lambre, who publisbed an account of it in the
s Connoisaace des tems pour 'snuee, 1808."*
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the author, and the few mistakes which were discovered have been cor-
rected in the plates.

Any person who wishes to examine the tables may do it by the methods
used for that purpose, which will here be explained with some additional
remarks. .

Tasiss I. and II, were calculated by the natural sines taken from the
fourth edition of Sherwin’s logarithms, which were previously examined by
differences; when the proof-sheets of the first edition were examined, the
pumbers were again calculated by the natural sines in the second edition of
Hutton’s logarithms ; and if any difference was found, the numbers were
calculated a third timg by Taylor’s logarithms. ’

Tasig I1L contains the meridional parts for every degree and minute of
the quadrant, calculated by the following rule, viz. :

~ M=TXx0.0007915704468.
in which T is the log-tangent less radius of half the latjtude increased by 45°,
taken to seven places of figures reckoned as integers, and M is the meri-
dional parts of that latitude in miles.

TasLe IV. contains the declination of the sun,which was compared with
the Nautical Almanacs for the years 1820, 1821, 1822, and 1823, and mark-
ed to the nearest minute.

TasLE V. contains the correction of the sun’s declination, as published
by Dr. Maskelyne. The correction takenyfrom this table will rarely differ
more thar 16 or 17 seconds from the truth.

Tasre VI. contains the mean of the sun’s right ascension, taken from -

the Nautieal Almanacs for the years 1817, 1818, 1818, and 1820. .

Tasre VII. contains the amplitudes of the sun for various latitudes and
declinations, calculated by Taylor’s logarithms by this rule:

Log. sec. lat. 4 Log. sine declination—10.0000000=Log. sine amplitude,

TasLe VIII. contains the right ascensions and declinations of 78 stars of
the first and second magoitudes, with their aonual variations, adapted- to
the beginning of the year 1820. This table was formed {rom that published
by the Astronomer Royal at Greenwich (Mr. Pond) in the Nautical Alma-
nac for 1828, with the addition of a number of stars from the Catalogue of
Baron Von Zach. _ .

TasLe IX., contains the time of the sun’s rising and setting, calculated by
Taylor’s logarithms, by this rule: .

Log. cos. hour=Log. tang. declin. 4 Log. tang, latitude—10.0000000.

TaeLe X. contains the distancés at which any object is visible at sea,
caleulated by the rule given in § 195 of Vince’s Astronomy, in which the
terrestrinl refraction was noticed: this circumstance was neglected by Ro-
bertson, Moore, and others, and of course their tables are erroneous. The
rule given by Mr. Vince, expressed in logarithms, is this: - :

0.12155-4-Half lof. of height in feet=Log. of dist. in statute miles.

In reducing the rule to logarithms, the radius of the earth was called
20911790 feet, which agrees pearly with the mean value given in De La
Lande’s Astronomy. o

TanLe XL is a common table of praportional parts, the construction of
which does not need any explanation. : -

TasLe XIL contains the refraction of the heavenly bodies, calculated by
Dr. Bradley's rule, supposing the refraction to be as the tangent of the ap-
parentzeanith distance of the object decreased by three times the refraction,
the horizontal refraction being supposed equal to 33, :

The rule expressed in logarithms is thisz =~ - - :

Log. tang. (app. zen. dist.—S. refractiop)—8.2438534=Log. of ref. in sec.

The numbers calculated by this rule e nearly with those published
in Table I. of Maskelyne’s Requisite Tables. L

Taere XIII. contains the dip of the horizon for various heights, caloy-
lated by the rule in § 187 of Vince’s Astronotny. in which the terrestrial re-
- *fraction is allowed for. All the numbers of this table differ a little from
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those published by Dr. Maskelyne, who had made a different allowance for
that refraction. The rule given by Mr. Vince, expressed in logarithms, is :
1.771271 lilhalf the log. of the height in feet=Log. dip in seconds.

TasLe . contains the sun’s paraliax in altitude, calculated by multi-
al{ing the natural sine of the apparent zenith distance by the sun’s horizon-
parallax 84". The numbers in this table agree with those published by
Dr. Maskelyne. :
Tasie XV. contains the au'fmenuﬁon of the moon’s semi-diameter—
15". 626 X sine D’s altitude. This table agrees nearly with that published

by Maskelyne,
TasLe XVI. contains the dip for various distances and heights, calculat-

- ed by this rule,

3 k
D=7d+0.565 MX—d-

in which D represents the dip in miles or minutes, d the distance of the land
in sea miles, and A the height of the eye of the observer in feet. .

Tasres XVII. XVIIL. and XIX. were first calculated by the author of
this work, and published in the Appendix to the first edition. The correc-
tion in the first of these tables is equal to the difference between the star’s
refraction and 60°. The correction of Table XVIII, is equal to the differ-
enoce between 60’ and the correction of the sun’s altitude for parallax and
refraction. The correctivn of Table XIX. is equal to the difference between
69’ 42” and the correction of the moon’s altitude for parallax and refraction.
The lugarithms in each of these tables may be found by adding together the
constant log. 9.6980, the log. co-sine of the apparent altitude of the object,
the proportional logarithm of the correction of the altitude of the object for
parallax and refraction, and rejecting 20 from the index. The method of
performing these calculations is so abvious, that it is unnecessary to enter into
any farther explanation. Most of the numbers in these tables were calcu-
lated three different times.

Tasrk XX. There are two columns in this table corresponding to each
degree, the numbers in one column cxceed those of the other by 18”, the
numbers in the lesser column express the difference b, between the base B
and the hypotenuse B+ ) of a right angled spheric triangle, whose third
slde P, never cxceeds 60 ; the argument at the top of the table being B, and
'at ‘hr? ls‘ide 60't P. The value of b being found by this rule by Taylor’s

thma:
l:‘);‘ b in seconds=Liog. co-tang. B+-Log. vers. sine P—14.6855749—Diff.

. sines of Band B+ §b
in which the last term may ia most cases be neglected.
Tasre XXI. for turning time into degrees, is the same as in other works

of this kind.
Taste XXII. coutains the proportional logarithms for three hours. The

numbers of this table may be found by subtracting the logarithm of the time
in seconds from the log. of 10800"; or, which is the same thing, by the fol-
lowing rule:

Prop. log. T==4.08347

Tasre XX was
the year 1740, for whix
tude in . Thi
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Log. § elapsed time of H=Log. co-secant H—10.0000000

* Log. middle time H=Log. sine H—4.6989700

Log. rising H =Log. versed sine H—5.0000000

E- 118Ing & ) = ¢ X log. sine } H—14.6989700

By means of these formule, the numbers of Table XXIII. were calculated by
Sherwin’s, Hutten’s and Taylor’s logarithms, and above a thousand errors
were discovered in the second edition of the Requisite Tables, most of which
were in the additional three hours (from six to nine hours) not published in
the first edition. About two thirds of these additional numbers differ from
their true values by one or two units.

TasLe XXIV. was compared with Sherwin’s and Hutton's tables, and a
few errors corrected. .

TasLE XXV. contains the log. sines, log. tangents, &c. corresponding to
points and quarter Xoints of the compass. This was compared with Sher-
win’s, Hutton’s, and Taylor’s logarithms. .

TaBLE XXVI. contains the common logarithms of numbers, which was
compared with Sherwin’s, Hutton’s and Taylor’s logarithms.

TasLe XXVIL contains the common log. sines, tangents, secants, 8c.
This was compared with Sherwin’s, Hutton's and Taylor’s tables. Two
additional columns are given in this table, which are very convenient in find-
ing the time from an altitude of the sun. -The degrees are marked to 180°,
which saves the trouble of subtracting the given angle from 180° when it
exceeds 90°

TasLe XXVIII. was calculated by proportioning the dally variation of
the time of the moon’s passing the meridian.

TasLe XXIX. contairs the correction of the moon’s altitude for parallax
and refraction, corresponding to the parallax 57’ 30”.

Tanres XXX. and XXXI. are tables of proportional parts, taken from the
Rei‘uisite Tables, with a few corrections.

ABLE XXXIIL contains the variation of the altitude of any heavenly
body for one minute of time from noon, for various degrees of latitude and
declination. The following method was used in constructing the ta-
ble :—A and B were calculated for each degree of declination by these
formule.

Log. A=Log. 1".96349-}-2 log. cos. declination—20.00000.

Log. B=Log. A. 4 log. tang. declination—10.00000,
and then the correction of the table corresponding to the zenith distance Z
(=Lat. 4- Dec.) was found by this formule. A X co-tang. Z 4 B. To fa-

]
cilitate the computation of these numbers, a table of the products of A by
the whole numbers from 1 to 9 was calculated.

TasLe XXXIII. condains the squares of the minutes and parts of a mi-
nute corresponding to every second from 07 to 12' 59”. This requires no ex-
planation.

Tasre XXXIV. contains the error of an observed angle arising from a de-
viation of 1’ in the parallelism of the surfaces of the central mirror, those
surfaces being supposed to be perpendicular to the plane of the instrument.
The correction in the fifth column of this table corresponding to any angle
A in the first column may he.found' nearly by Hutton's logarithms as fol-
lows : to the constant logarithm 0.07345 add the log. secant of § A, find this
in the column of leg-tangents and take out the corresponding natural secant
B, then the correction will be & (B—1,55.) The numbers in the second co<
lumn are nearly equal to those in the fifth corresponding to the angle A -
20°, decreased by 1”. 68, The numbers in the third column are eyual to the
difference between 1”. 68, and the numbers in the fifth correspunding to
Aw20°. The numbers in the fourth column are equRl to the half differ-
ence of the numbers on the same horizontsf line in columns second and third,
when it exceeds 40°, otherwise their half sum.

TasuLs XXXV, contains the correction to be applied to an abservation

Ve

/ /
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taken in a direction inclined to the plane of the instrument. ' The f. i
rullg‘owas useg in Ic‘alculatin thnb':etabl:la: Find an arch A such that UHowing
g. sine A=Log. sine 4 observed angle-}-log. co-sine of error of inclina-
tion. Then the difference between 2 Angnd theg observed angle will be- ?l:e
tabular correction. -

Tapire XXXVI. contains the variation of the mean refraction (given in
Table XII.) for various temperatures and densities of the air. The correc-
tion given in thistable is nearly the same as that deduced from Dr. Bradley’s
rule, which is as follows :—As the mean heisht of the barometer 29,8 inches
is to the true height, so is the mean refraction to the corrected refraction 3
and as 350 increased by the height of Fahrenheit’s thermometer is.to 409,
s0 is the corrected to the true refraction. ’

TapLE XXXVII contains the latitudes and longitudes of the fixed stars
of the 1st, 2d. and 3d. magnitudes. The nine stars, from which the dis-
tances are marked in the Nautical Almanac, are given from the table pub-
lished in the Nautical Almanac, for 1820. The rest were deduced from the
table published in the second edition of Doctor Mackay's treatise on longi-
tude, supposing the annual precession 50".35 and the secular equation as in
his table. In the third edition of his work, the precession was allowed on
the latitude as well as the longitude, which causes an error of about 8’ in the
latitudes of the stars in that edition.

TasLe XXXVIIIL. was calculated by this rule. Suppose L to be the lati-
tude, R the reduction of latitude, then log. co-tang. (L—R)= 0.0020001 +-
log. co-tang. L. The reduction of parallax corresponding to 53, 57’ and 61/,
was found ¥ these formules respectively 5”.3—5".8 cos. 2 L ; 5”.7——5"7
cos. 2 L; 6”.1—6".1 cos. 2 L.

TanLe XXXIX. was calculated by the rule in vol. I. page 334 of Vince’s
Astronomy, supposing S to be the place of the sun, P that of the planet, and
.T that of the earth. :

Aberration=—20". cos. STP—QO"«/SS—T,.cos. SPT. Making use of the dis-

tances, &c. given'by La Place in vol. IIL of his Mecanique Celeste. A
small alteration was made in the rule in calculating the aberration of Mer-

cury.
'IYABLE XL. was calculated by — 17".9. gine long. D’s node.
TasLe XLI. was calculated Z — 20", cos. argument.,
Tasre XLIL Part 1 =—19", 173 cos. arg. Part € =0".827 cos. arg.
: Part 3 =—3".9814 cos. arg.
Tasie XLIIL Part 1 =—8".33 cos. arg. Part 2 =—1".22 cos. arg.
Part 3 =—16".882 sine arg.
TasLE XLIV. Part 1 =8".1845 sine arg. Part 2 =(arg. in seconds):
. 9601'
Part 8 =960" Xsine )’s par. in lat. X tang. D’s true lat.
—960". versed sine par. in lat.

If we suppose the sum of these three partsto be B seconds, and the moon’s
horizontal semi-diameter to be D minutes. Part 4 cotresponding to S and
D will be 8 X /D+18) (D—16)

256

TaBLe XLV. The arguments at the side being B and 12—B hours,
and the second difference at the top A, the correction of this table will Le
A X B(12--B)

288

TaerLe XLVI contains the Latitudes and Longitudes of the most re-
markable ports, harbours, &c. in the world. Great aiterations have been
made in this table In the present edition, particlarly by the insertion of
more than thirteen hundred additional places in the India Seas and in the
Pacific Ocean, besides various corrections in other parts of the world ; con-
sulting the latest and best authorities.

_as
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TasrLe XLVIIL. contains the times of l!igh w{nler on the full and change
of the moon, with the vertical rise of the tide, at many ports, harbours, &ec.
in the world. This table (like the preceding) depending wholly on observa-
tions, is therefore liable to be erroneous, though ‘great paing have been taken
to make it as correct as possible.

Most of the tables of this collection have been republished in London in
severa)l editions of a work baving the following title: “ The Improved Prac-
tical Navmmay toritien and calculaled by NataaNieL Bowpircr;
revised, rec »and newly arranged, by TroMas Kirsy.” But a num-
ber of mistakes have been made in printing the Tables of Mr. Kirby’s first
edition, some of which bave been tuken notice of by Dr. Mackay, in the
preface of his 4 Complete Navigator;” and as the manner in which those
mistakes are mentioned might lead the reader to suppose that the same er-
rors existed in the American Tables, it is thought proper explicitly to state,
that nof one of the “ many errors and contradictions,” Doctor Mackay bas
mentioned, is to be found therein. o
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SIGNS AND ABBREVIATIONS USED IN THIS WORK.

+4 Isthe sign of addition, and denotes that whatever number or quantity
follows the sign, must be added to those that go before it, thus 94-8
signifies that § is to be added to 9. Or A--B implies that the quantities
represented by A and B are to be-added. The sign + is called the

. q‘on'lwe sign.

— The sign gf subtraction; and denotes that the number following it must
be subtracted from those going beforeit, thus 7—5, signifies that 5 must
be subtracted from 7. The sign — is called the negative sign.

X Is the sign of multiplication, and shows that the numbers placed before
and after it are to Ee multiplied, thus 7X9 signifies 7 multiplied by 9,
which makes 63; and 7X8X2 signifies the continued product of 7 by
8 and by 2, which makes 112. Multiplication is also denoted by plac-
ing a point between the quantities to be multiplied ; thus A.B signifies
that A is to be multiplied by B. .

== Isthe sign of division, and signifies that the number that stands before
it is to be divided by the number following it, as 7212 shows that 72
is to be divided by 12. Division may also be denoted l:{ placing two
points between the numbers, thus, 72 : 12 represents 72 divided by 18,

72

or by placing the numbers thus, — which signifies 72 divided by 12.
12

() or————. Either of these marks is used for connecting numbers to-

gether, thus, 3--4X6, or (8-4-4)X8, signifies that the sum of 8 and 4 is
to be multiplied bf 6.

= Is the sign of equality, and shows that the numbers or quantities placed
before it are equal to those following it: thus 8 X12=96. Or 8 mul-

tiflied by 12 are equal to 96, and 742 X4=—36.
: Is the sign of proportion, and is marked thus, 7 : 14 :: 10: 20, that s,
as7is to 14, s0is 10 to 20. Or A : B:: C: D, that is, as A is to B, so
is C to D.
© Signifies degrees; thus, 45° represents 45 degrees.
Signifies minutes ; thus, 24’ or 24 minutes,

” Signifies seconds; thus, 44", or 44 seconds.

' Signifies thirds or sixtieth parts of seconds; thus, 44, or 44 thirds.
S. Signifies sine. N. S. Signifies Natural Sine.
Sec. Signifies Secant.
Tan. Signifies Tangent.
Co-sine, Co-tangent, or Co-secant of an arch signifies the sine, tangent or

secant of the complement of that arch respectively.

< Signifies Angle; with an s at top Angles, <
< d Angled.

O Signifies Triangle. A’s Triangles.
g Signifies a square.
X inthe cuts sometimes signifies difference.
© or @ the Sun. O or D the Moon. » a Star. L.L. Lower Limb.
U. L. Upper Limb. N.L. Nearest Limb, S. D. Semi-diameter.
P. L. Proportional Logarithm. N. A. Nautical Almanac. Z.D.
Zenith Distance. . D. R. Dead Reckoning.




ADVERTISEMENT.
—~-

The Proprietor of BOWDITCH’S PRACTICAL NA-
VIGATOR, having expended a large sum in stereotyping most
of the Tables in this Edition ( fifth) hands it to a liberal public
more correct than any work of the kind extant. The uncommon
expense will, he hopes, be a suitable apology for soliciting pat-
ronage for such of his Nautical works as are entitled to merit,
more particularly enumerated on the back of the title-page, to which
they are referred by,

Re:pecgﬁdly,
Their Obt. Serv't,
EDMUND M. BLUNT.

-

Aug. 1821,
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DECIMAL ARITHMETIC.

——

MANY persons who have acquired considerable skill in common Arith-
metic, are unacquainted with the method of calculating by decimals,
which is of great usein Navigation ; for which reason it was thought proper
to prefix the following brief explanation. ,
ions er Vulgar Fractions are expressions for any assignable part of
an unit; they are usually denoted by two numbers, placed the one above
the other, with a line between them : thus, 1 denotes the fraction one-fourth,
or one part out of four of some whole quaatity, considered as divisible into
four equal parts. The lower number 4 is called the denominator of the frac-
tion, showing into how many parts the whole or integer is divided ; and the
upper number 1, is called the numerator, and shows how many of those equal
parts are contained in the fraction. And it is evident that if the numerator
and denominator be varied in the same ratio, the value of the fraction will
remain unaltered : thus if the numerator and denominator of the fraction
be multiplied by 2, 8, or 4, &c. the fractions arising will be §, 3, 4, &c.
_ which are evidently equal to 4.

Decimal Fraction is a fraction whose denominator is always an unit with
some number of ciphers annexed, the numerators of which may be any
numbers whatever ; as ({;, 135 th4s &c.  And as the denominator of a
decimal is always one of the numbers 10, 100, 1000, &c. the inconvenience
of writing these denominators may be avoided, by placing a point between
the integral and the fractional part of the number ; thus 3 is tvritten .8;
and 15 is written .14 ; the mized number 3{%%, consisting of whole num-
bers and fractional ones is written 3.14.

In setting down a decimal fraction, the numerator must cpnsist of as many
places as there are ciphers in the denominator; and if it has not so many fi-
gures the defect must be supplied by placing ciphers before them ; thus,
T =16, 1185 = .016, 1555 =.0016,&c. And as cipbers on the

right hand side of integers increase their value in a tenfold proportion, as -

2, 20, 200, &c. so when set on the left hand of decimal fractions, they de-
crease their value in a tenfold proportion, us .2, .02, .002, &c. but ciphers
set on the right hand of these fractions make no alteration in their value,
neither of increase or decrease ; thus, .2 is the same as .20 or .200. The
common arithmetical operations are J»erformed the same way in decimals,
as they are integers; regard being had only te the particular notation, to dis-
tinguish the integral from the fractional part of a sum,

ADDITION OF DECIMALS.

Addition of decimals is performed exactly like that of whole numbers,
placing the numbers of the same denomination under each other, in which
case the decimal separating points will range straight in one column.

EXAMPLES

Miles. Feet, Inches.
26.7 1.26 272.8267
82.15 2.81 0134
148.208 1.785 2.1576
.003 2.0 S1.4
Sum 202.0509 7.895 - 305.8977

C

N !._‘_.. i’__‘__.-’
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DECIMAL ARITHMETIC.
SUBTRACTION OF DECIMALS.

Subtraction of decinals is performed in the same manner as in whole num-
bers, by observing to set the figures of the same denomination and the se-
parating points directly under each other.

' . EXAMPLES.
From 81.267 36.75 1.254 1364.2
Take 2.63 .026 316 25.163
Diff. 28.637 86.724 .938 1839.087

MULTIPLICATION OF DECIMALS.

Multiply the numbers together the same as if they were whole numbers, and point
off as many decimals from the right band as there are decimals in both factors toge-
ther; and when it, happeus that there are not so many figures in the product as there
tust be decimals, then prefix us many ciphers to the left hand as will supply the defect.

- EXAMPLE I. FXAMPLE IV.  Multiply .17 by .06
Multiply 3.25 by 4.5 17
3.25 06
4.5 ——
A— Answer .0102
1.625 In each of the factors are two decimals,
13.00 the product ought therefore to centain 4,
— and there being only three figures in the
Answer 14.625 product I prefix a cipher.
In one of the factors is one decimal and|EXAMPLE V. ultiply .18 by 24.
in the other two, their sum 3 is the num- 18
ber of decimals of the product. 24
EXAMPLE II, 2
Multiply 0.5 by 0.7 g 36
0.5
0.7 Answer 4.32 .
035 Answer. EXAMPLE VI. ss.l:Iuluply 36.1 by 2.5
EXAMPLE II1. 2.5
Multiply 3.25 by .05
325 18.056
.05 72.2
.1625 Prodact. Answer 90.25

) DIVISION OF DECIMALS.

Division of decimals is performed in the same manner #1s in whole numbers ; only
observing that the number of decimals in the quotient must be equal to the excess of
the number of decimals of the divideud above those of the divisor.—When the divi-
sor contains more decimals than the dividend, ciphers must be affixed to the right
hand of the latter to make the number equal or exceed that of the divisor.

EXAMPLE 1. EXAMPLE III.
Divide 14.625 by 3.26 Divide 3.1 by .0062
3.25)14 625(4.5
1300 Previous to the division I affix a number
of ciphers to the right hand of 3.1, which
1625 loes not alter its value.
1625 N d
' .0062)3.100000(500.00
In this example there are 2 decimals in 310

the divisor, and 3 in the dividend, hence
there is one decimal in the quotient. 0000
EXAMPLE 1I. Therefore the answer is 500.00 or 500.
Divide 0.35 by 0.7
J7).35(.5




DECIMAL ARITHMETIC. 3
EXAMPLE IV. EXAMPLE V.
Divide 9.6 by .08 Divide 17.256 by z.lt
.08)9.60 - 1.1s)|l7l.gssoo(us1
160 Answer. —_—
565
Here by affixing a cipher to 9.8 it| “w
becomes 9.60, and has then 2 decimal 1816
in jt, which is the same number as is il
in the divisor, therefore the quotient is 880
#n integer number, bl
€80
560
100

REDUCTION OF DECIMALS.
If you wish to reduce a vulgar fraction to a decimal, you may add apy
number of ciphers to the numerator, and divide it by the denominator, the
uotient will be the decimal fraction; the decimal point must be so placed
that there may be as many figures to the right hand of it as you added ci-
phers to the numcrator ; it there are not as many figures in the quotient,you
must plaee ciphers to the left hand to make up the number. ’

EXAMPLET. Reduce } toadecimal] EXAMPLE IV. Reduce 8}inch-
5)1.0 es to the decimal of a foot.

.2 Answer.

EXAMPLE II. Reduce jtoadecimal.
8)3.000

.375 Answer,

EXAMPLE III.
to the decimal of a foot.

Since 12 inches=1 foot, thig frac-

tion is 3, R

12)3.00
.25 Answer.

Reduce Sinches

84=7] : this divided by 12 is 5
247.000(:291 Auswer.

220

216
pry
%

—

16
EXAMPLE V. Reduce 1 footand
16 inches to the decimal of a yard.
Here 1 foot 8 inches=18 inches.
And 1 yard=36 inches, therefore
this fraction is 13,
as)ll%g(..'a Answer.

If you have any decimal fraction, jt is easy to find its value in the lower

denominations of the same quantity ; thus if the fraction was the decimal of
a yard, by multiplying it by 8 we have its value in feet and parts; if we mul-
tiply this by 12, the product is its value ininches and parts ; and in the same

manner the values may be obtained in other cases.

- EXAMPLE VI
Required tal.lz(; value of 3.25 yards.

3

.75
12

9.00
Answer 3 yards, 0 feet, 9 inches,

EXAMPLE VIL
Required the value of 7.231 days.
7.231

b3
92¢
462

5.544
60
32.640
60

38.400 .
Answer 7 days, 5 hours, 82 minutes,

land S8 seconds.



(4)

GEOMETRY.

GEOMETRY is the Science which treats of the.description, properties’
and relations of magnitudes in general, of which there are three kinds
or species, viz. a line which has only length without either breadth or thick-
ness ; asuperfices, comprehended by length and breadth, and a solid, which
has length, breadth, and thickness.

A poInT considered mathemaﬁca]ll{ 'has no Iengtﬁ, breadth, or thickness.

. A STRAIGHT LINE Or RIGHT LINE is the shortest distance between the two
points which limits its length, as - \ C

A pLANE sUPERFICES is that in which any two points being taken, the
straight line between them lies whol{{riu that surface,

—B

PARALLEL LINES are such as are in ihe same plane A
and which extended infinitely do neve{’ meet, as AB,DC. D

A circLE is a plane figure, bounded by an uniform curve line; it is com-
monly described with a pair of compasses; one point of which is fixed,
whilst the other is turned round to tb:&)lace where the motion first began ;
the fixed point is called the cENTRE, and the line described by the other point
is called the CIRCUMFERENCE. G

VI

The rapIUS of a circle, Or SEMIDIAMETER,
is a right line drawn from the centre to the cir-
cumference, as AC ; or itis that line which is
taken between the points of the compasses to o
describe the circle. 3 C
A piaMETER of a circle is aright line drawn }

through the centre and terminated at both ends 1, T
b{ the circunference, as ACB, and is the dou-

ble of theradius AC. A diameter divides the

circle, and its circumference into two equal F

An ArcH of a circle is any part o‘r’ i;[ortiou of the circumference, as DFE.
I.

The cBoRrD of an arch is a straight line joining the ends of the arch; it
divides the circle into two unequal parts, called sEemeNTS, and is a chord te
them both, as DE is the chord of i{‘ches DFE and DGE.

A SEMICIRCLE, or half circle, is a figure contained under a diameter and
the arch terminated by that diameter, as AGB or AFB. Any part of a circle
contained between two radii and an a}r{ch, is called a skcToR.

A QUADRANT is half asemicircle, or one-fourth part of a whole circle, as
the figure CAG.

Note. Allcircles, whether great or small, are sapposed to have their cir-
cumference divided into 360 equal parts, called degrees, and each degree into
60 equal parts, called minutes; and each minute into 60 equal parts, called
seconds, and so on into thirds, fourths,* &c. and an arch is said to be of as
many degrees as it contains parts of the 860, into which the circumference
is divided.

# A pew diviciop of the circumference of the circie has lately been adopted by several eminent
FPrench mathematicians ; in which the quadrant §s divided Into 1000, each degree Into 1007, each mi-
nute igto 100”, &c. and tables of logarithms bave been publiahed conformable thereto. The general
adoption of this division would tend greatly to facilitate mont of the calculations of navigation and
astronomy. .

-




GEOMETRY.

XI.
An AneLlk is the inclination of two lines which
meet, but not in the same direction,

A.

An angle is usually expressed by the letter placed
at the angular point, as the angle A. But when two
or more angles are at the same point, it is then ne-
cessary to express each by three letters, and the let-
ter at the angular point is placed between the two. A c
Thus, the angle formed by the lines AB, AC, is call-
ed the an%e BAC or CAB, and that formed by AB, AD, is calied the angle
BAD, or DAB.

An angle is measured by the arch of a circle comprehended between the two
legs that form the angle, the cenire of the circle being the angular point.

Thus the angle A is measured by the arch BC describ-

ed round the point A as a centre, and the angle is said to B -
be of as many degrees as the arch is, that is, if the arch
BC is 30°, then the angle BAC, is said to be an angle of 30.A.
degrees. C

XII.
If a rightline AB, fallupon another DC, so asto ingline neither to the one
side nor the other, but makes the angles ABC, A

ABD, equal to each other ; then the line AB is
said to be icular to the line DC,and each of
these anglesis called aright angle, being each equal

to a quadrant or 90°; because the sum of the two
angles ABC, ABD, is measured by the semicircle € B J)
DAC, described on the diameter DBC,; and cen- )

tre B, rr
XIIIL ‘A :
An AcuTe ANeLE is less than a right angle, as
- XIV. ' B
An OsTUsE ANGLE is greater than a right Cc

' angle, as GEH.
e least number of right lines that can ‘
include a space, are three which form a fi-
gure called a Triangle, consisting of six G
parts, viz. three sides and three angles: it 1
18 distinguished into three sorts, viz. a right
angled triangle, an obtuse-angled triangle, - ‘
and an acute angled triangle. E H C

A RieuT-AneLED TRIANGLE has one of its angles right ;
the side ogposite the right angle is called the hypotenuse ;
and the other two sides are called legs ; that which stands
upright, is called the perpendicular, and the other the
dase ; thus BC is the hypoteriuse, AC the perpendicular,
and AB the base; the angles opposite the two legs are
hoth acute.

XVI.

B A
D
An Acure-aNeLED TRriaxuLE has each of its
angles acute, as DEG.
E G



) is called a RECTANGLE, as A. A B
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XVIIL
An OnTUss-ANeLED TRIANGLE has one of its A

aniles obtuse, or greater than a right angle, as
RAF'; the other two angles are acute.
NOTE. All triacgles that are ot right angled, whether they .
are acute or obnueg. are in ﬁnenl terms called obliguc-angled \\\
triangles, without any other distigction. R . ¥

XVIIL
A QUADRILATERAL figure is one bounded by A C
four sides, as ACDB. If the opposite sides are

arallel they are called ParALLELOGRAMS. Thus
if AC be parallel to BD, and AB parallel to CD,

the figure ACDB is a parallelogram. A parallelo- B D
mﬁmving all its sides equal, and its angles right,

is called a sQUARE, as B. When the angles

are right, and the opposite sides only equal, it

XIX. T

The SiNE of an archis a line drawn X
from one end of the arch perpendi- QO
cular to a diameter drawn through b@*
the other end of the samearch ; thus L)
RS is the sine of the arch AS, H
RS being a line drawn from one end y
8 of that arch, perpendicular to DA ZiCosz
whichisthe diameter passing through
the Sther end A of il;{e arch.

JUIOURE,

The Co-sing of an arch is the sine s
of the complement of that arch, or of ’ 2 R
what that arch wants of a quadrant; D —gzmrmoes T A
thus AH being a quadrant, the arch C
SH is the complement of the arch
AS; SZ is the sine of the arch SH,
or the co-sine of the arch AS.

 The Veaso Suxr of an arch i éhat part of the diameter contained he-
ween the sine and the arch; thus RA is the versed si f th
DCR is the versed sine of the arch DHS. e versed sine of the arch AS,and

XXII.

The TaNGEST of an arch is a riﬁht line drawn perpendicular to the diame-
ter passiug through one end of the arch, and terminated by a line drawn
from the centre ugh the other end of the arch ; thus A'lyis the tangent
of the arch AS,

XXIII.
The Co-ranezNT of an archis
arch to a quadrant ; thus HG is the
gent of the arch AS. :

The SecanT of an archisa ngh‘t
end of the arch to meet the tangent
the secant of the arch AS,
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XXV.
The Co-sBcaNT of an arch is the secant of the complement of that arch to
a quadrant; thus CG is the secant o}f‘-t;% a;rch SH, or co-secant of thearch AS.
‘What an arch wants of a semicircle is called the SuppLEMENT of thearch;
thus, the arch DHS is the supplement of the arch AS. The sine, tangent, or
secant of an arch, is the same as the sine, tangent, or secant of its supple-
z:nt; thus, the sine of 30°=sine £§ l‘;)ﬁ% and the sine of 70°==sine of 110°,

If one line AB fall any way upon enother CD, the
auvr{ of the two ang{m AgD, ABC is always equal to A
two right angles.

For on the point B as a centre, describe the cir-
cular arch CAD, cutting the line CD in C and D;
then (by art. 6) this arch is equal to asemicircle,but C B D
itis also equal to the sum of the arches CA and AD, the measures of the two
angles ABC, ABD ; therefore the sum of the two angles is equal to a semi-
circle, or two right angles. Hence it is evident that all the angles which can
be made from a point in any line, towards one side of the line, are equal to
two right angles, and that all the angles which can be made about a point, are
equal to four right angles.

XXVIIIL.

If a line AC cross another BD in the point E, the site angles will be
eq:‘{z, vie, BEACED, and BEC=AED. 11" c

Upon the point E as a centre, describe the circle
ABCD; thenit is evident that ABC is a semicircle, .
as also BCD (by the 6th) therefore the arch ABC=p pa

arch BCD, taking from both the common arch BC, D
there remains AB=CD, that is, the angle BEA, equal
to the angle CED. - After the same manner we may
prove that the angle BEC is equal ;2}?;;{ angle AED. /A

If a ine GH cross two parallel lines, AB, CD, it makes the ezternal opposite
angles equal to each other, viz. GEB=CFH and AEG=HFD.

ﬁ;or since AB and CD are parallel to G,
each other, they may be considered as
one broad line, and GH crossing it; then A K B

the vertical or oppoesite angles GEB,
CFH are equal (by art. 28) as also AEG
- =HFD. XXX

If a line GH cross two parallel lines ¢ T D
AB, CD (see the figure) the alternate an-
gles AEF and EFD, or CFE and FEB H
are equal.

For GEB=AEF (art. 28) as also CFH=EFD (by the same art.) but GEB
=CFH by the last. Therefore AEF is equal to EFD ; in the same way may
. we prove FEB=CFE. .

XXXI.
If a line GH cross two parallel lines AB, CD (see the 1gr@ceding figure) the
mgﬁﬁ angle GEB 13 equal to the internal opposite one EFD, or AEG equal
to .

For the angle AEF is ethual to the angle EFD by the last, and AEF=GEB
(by urt. 28) therefore GEB=EFD ; in the same way we may prove AEG
=CFE. - XXXIIL

If a line GH cross two parallel lines AB, CD (see the preceding figure) the
sum of the two internal angles BEF and DFE, or AEF and CFE is equal to
fwo right angles.

For since the angle GEB is equal to the angle EFD (by the last) to both
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adi the 3agie BEF, and we have GEB+BEF=BEF--EFD, but GEB-{-
BEY=twe rx bt 1¢is (art. 27.) Hence BEF4EFD=two right angles;
and i Gne samOe manDEr We May &r;‘ei I;l\lEF-l—CFE——-two right angles.
Ba ey trengie ABC, ene of ils legs, as BC being produced towards D, the
:':"3‘3“ CD is oqual toﬁl:g:n’mqftheintemaland opposite angles
Al

CE parailel to AB; then since A K

CE i panllel to AB and the
Eaes AC, BD cross them, the an-
g+ ECD=ABC (by art. 31) and
ACE=BAC (by arl. 30) adding B

these together we have EC
AR P BeIBAC, hut ECD c D

+ACE=ACD, therefore ACD=ABC+-BAC.
XXXI1v

Hewnce it may be proved that if any two lines AB and CD, be crossed by a
third &ine EF, and the alternate angles AEF and EFD be equal, the lines AB
and CD wxll be 2

For if they are not parallel,
they must meet each other on
ome side of the line EF (suppose
at G) and so form the triangle
EGF, one of whose sides, GE A

being} produced to A, the exte- E B
rior angle AEF must (by the pre- G
ceding article) be equal to the

F D

sum of the two angles EFG and
EGF; but by suppesition itis C

equal to the angle EFG alone ;

therefore the angle AEF must be

equal to the sum of the two an-

gles EFG and EGF, and at the same time equal to EFG alone, which is ab-
surd; therefore the lines AB, CD cannﬁtv meet, and must be parallel.

XXXV.
In anyde'nfht lined triangle ABC, the sum of the three angles is equal o twe
a ‘

ht angles.
ﬁgl‘o prove this, you must produce BC (in the fig. art. 33,) towards D, then
(by art. 33) the external angle ACD=ABC+BAC, to both add the angle
ACB and we have ACD4ACB=ABC-+BAC+-ACB, but ACD+ACB=
two right angles (by art. 27.) Hence ABC4BACH-ACB=two right angles;
therefore the sum of the three angles of any plain triangle ACB is equal to

two right angles,
XXXVI.

Hence in any plain triangle, if one of its angles be knowx, the sum of the
other two will be also known. 4 . 4

For by the last article the sum of all three anﬁles is equal to two right an-
gles or 180°% hence, by subtractiag the given angle from 180°, the remainder
will be the sum of the other two.

In nny right angled triangle, the two acute angles taken together are just
equal to a right angle : for all three angles being equal to two right aogles,
and one angle being right by supposition, the sum of the other two must be
equal to a right angle, consequently any one of the acute angles being given,
the other one may be found, by s;{!;(tr’zzgllr}g the given one from 90 degrees.

in any two triangles ABC, DEF, two legs of the one, AB, AC, be equal
to Zo kg.yofm other DE, DF, cach to each respectively, that is AB=DE and




GEOMETRY. 9

AC=DF, and the angles BAC, EDF included betwoen the equal legs be equal ;
b e b ot e e i
a a 2] [ S 9, =. =
| DEF, and ACR=DFE, & ' ’

For if the triangle ABC be suppos.
ed to be lifted u n?:d put upon the tri-

A D
angle DEF, with the point A on the
point D and the line AB upon DE; it is
plain, since AB=DE, that the point B
will fall ug‘on E, and since the angles \
BAC, EDF are equal, the line AC will B C x )

fall upon DF, and these lines being of X .
equal length, the point C will fall upon F, consequently the line BC will fall
exactly upon the line EF, and the triangle ABC will in all respects be exact-
g equal to the triangle DEF, and the angle ABC will be equal to the angle

EF, also the angle ACB will be e ua‘l’ ltflthe angle DFE.

After theesame manner it may be proved that if in any two triangles ABC,
DEF (see the reeedini:ngure):‘am angles ABC and A_gB of the one, be e
to {wo angles DEF, DFE of the other, and the included side BL beegualto EF ;
the remavning sides and included angles will also be equalto each other respec-
tively, that is, AB=DE, AC=DF, and the angle BAC=angle EDF. .

F‘zr if the triangle ABC be supposed to be lifted up and laid upon the tri-
angle DEF, the point B being upon the point E, and the line BC upon the
line EF ; then since BC=EF the point C will fall uron the point F, and
since the angle ACB=the angle DFE, the liné CA, will fall upon the line FD,
andr:ty ‘the same way of reasoning, the line BA will fall upon the line ED,
therefore the point of intersection A of the two lines BA, CA, will fall upon
D, the Boint of intersection of the lines ED, FD, consequently AB=DE,
AC=DF, and the an%%f:the angle EDF.

If two sides of a triangle are equal, the angles op-
poa{emumdawiamueqml; that is, if AB
=AC, the angles ABC, ACB will also be equal.

For draw the line AD bisecting the angle BAC,
and meeting the lige BC in D, dividing the triangle
BAC ioto two triangles ABD, ACD, in which the ] C
side AB=AC, theside AD is common to both tri- D
angles,.and the angle BAD=the angle DAC ; con-
seglt.xently (by art. 37) the angle ABD must be equal to the angle ACD.

he converse of this proposition is also true ; that is, {f two angles of a tri-
angle are equal, the opposite sides are also equal. This is demonstrated nearly
in the same manner by means of arf. 38, :

L.

Jny angle at the circumference of a circle i holf the angle at the cenire
standing upon the same arch.

Thus, the angle BAD is half the angle BCD standing
upon the same arch BD eof the circle BEDA, whose cen-
tre is C. To demouastrate ‘this, draw through A and the
centre C the right line ACE, then (by art. 33) the angle
CAD--angle CDA=angle ECD, but AC=xCD(being two
radii of the same circle) therefore (by art. 88) the angle
CAD==the angle CDA, and the sum of these two anglesis B >
the double of either of them, that is, CAD4-CDA=twice w
CAD, therefore ECD=xstwice CAD ; in the same manner it may be praved
that BCE= twice BAC and by adding these together, we have ECD+4-BCE
=twice CAD--twice BAC, that is, BCD=twice BAD, or BAD equal to
half of BCI). The demonstration is similar when B, D, fall on the same
side of E.

D
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XLI.
* An angle ot the circumference is measured by half the arch it sublends,
For an angle at the centre standing on the same arch D
4s measured %y the whole arch (by art. 11) ; butsincean
angle at the centre is double that at the circumference, .,
{art. 40), it is evident that an abgle at the circumference C
ust be mieasured by half the arch it stands upon:
ence all angles ACB, ADB, AEB, &c. at the circum-
Sference of a circle standing on the same chord AB are A
equal to each other ; for they are all measured by the same
arch, viz. half thé arch AB.
XLII ..

Anangle in a segment grealer thari o semicircle is less
than a rght angle.

Thus if AB’ be a segment greater than a semicircle,
the arch AC on which it stands must be less than a semi-
circle. and the half of it less than a quadrant or a right
angle : but ihe angle ABC in the segment is measured A c
by the half of the arch AC; therefore it is less than a
right angle Y

An angle in d semicircle is a right anigle.

For since DEF is a semicircle, the arch DKF must
also be a semicirele ; but the angle DEF is measured by pk )
half the arch DKF, that is, by half a semicircle or by
a quadrant; therefore the angle DEF is a right one.

An angle in a segmenit less than a semicirele is greater
than a right anfle.

Thus if GHI be a segment less than a semicircle, the
arch GLI on which it stands must be greater than a se- )
mitircle, and its half greater than a quadrant or right
angle : therefore the angle GHI which is measured by
haif the arch GLI i3 grcate;&x‘:ﬁla right angle.

If from the centre C of the circle ABE, there be let foll
the dicular CD on the chord AB ; «t will bisect the
chord in the point D.

Drair tlie radii CA, CB, then (by art. 39) the angle
CBA=the angle CAB,and as the angles at D are right,
the a‘nﬁle ACD must be equal to the angle BCD (by art.
86.) Hence in the triangles ACD, BCD, we have the

angle ACD equal to the angle BCD, CA=CB and CD

¢omthon to both triangles, conseﬁuent!y (by art. 37) AD
=DB, that is, AB is bisected x:gw.

If from the centre C of the cirele ABE there be drawn a endicular CD,
to the chord AB, and it be toritinued to meet the circle in F, it will bisect the
atch AFB in F. (See the preceding fi re.z) '

For in the last article it was proved gat the angle ACD=the angle BCD,

" hence (by art. 11) the arch AF=ithe arch FB.
Any line bisecti chor%Lv. ght angles 1.
ny line bisecting a at right angles is a diameter.

For since (by art. 43) a line drawn from the centre perpendicular to a chord
hisects that chord at right angles, therefore conversely a line bisecting a chord
at right angles, must pass through the centre, and consequently be a diameter.

= ———
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XLYL
The sine of any arch is equal to half the chord of twice thai arch.
For (in the lust scheme) AD js the sine of the arch AF, and AF is equal to
« half the arch AFB and AD half the chord AB, whence the praposition is

manifest. :
j L and paralle lines AB, G b6 joined
‘t00 an i lines AB, CD,be joine A B
lwécﬂuer:,%. BD?tahZacwiubeaLsoequal and, parallel. ~ ’

To demonstrate this, join the two opposite angles
A and D with the line AD; then itis evident that the
Jine AD divides the quadrilateral ACDB into two tri-
angles ABD, ACD, in which AB is equal to CD by
supposition, and AD is commeon to both triangles ; and since AB is parallel to
CD, the angle BAD is equal to the angle ADC (by art,30), therefore in the
two triangles, the sides AB, AD, and the angle BAD are equal respectively
to the sides CD, AD, and the angle ADC ; hence (by art. 37) BD is equal ta
AC, and the angle DAC equal to the angle ADB ; therefore (by arf. 34) the
lines BD, AC, must be parallel.

Cor, Hence it follows that the i;undlilateral ABDC is a parallelogram, since;
the opposite sides are parallel, It is also evident that in any parallelogram,
the line joining the opposite angles (called the djagonal) as AD, divides the

. figure into two equal parts, since it has been proved that the triangles ABD,
ACD, are equal to edch other,
XLV,

It follows also from the preceding article, that a triangle ACD (sce the pre-
.eeding figure) on the same base, and between the same parallels with a paral-
Llogram ABDC, is the half of that ﬁlrxaudograu-

From the same article it also follows, that the ie sides of a paral-
lelogram are equal. For it has been proved, that ABDC being a parallelo:
gram, AB s equal to CD,and AC eq;‘a_l to BD.

-

JAll parallelograms on the same or equal bases, and between the same paral,
lels, are eg;al to each other ; that i3, tf BD and GH be equal, and the lineg
BH, AF hPat',gld, the parallelogrgms ABDC, BDFE and EFHG will be
equal to each other.

For AC is equal to EF each beiug A C
equal to BD (by art. 49) to both ad
C‘k and we have AE equal to CF ; ;-
therefore in the two triangles ABE,
CDF ; AB isequaltgo CD, and AEis ,
equal to CF, and the angle BAE is S
equal to DCF (by art. 31,) therefore B 1D - G H
the two triangles ABR, CDF are equal (by art. 37) and taking the triangle
CKE from botbh, the figure ABKC is equal tp the figure KDFE, to both whjch
add the little triangle KBD, and we have the paralielogram ABDC equal to
the parallelogram BDFE. In the same way it may be proved that the pa-
rallelogram EFHG is equal to the parallelogram BDFE ; therefore the three
parallelograms ABDC, BDFE, and EFHG are equal to each other.

Cor. Hence it follows, that triangles on the same base and belween the same
parallels are equal, since they are the half of the parallelograms on the same
base and between the same parallels (by art. 48.)

LI

In any right angled triangle, the square of the hypotenuse i3 equal to the sum
of the squures of the two sides. Thus if BAC be a right angled triangle the
square of the hypotenuse BC, viz. BCMH, is equal to the sum of the gquares
made on the two sides AB and AC, viz. lo ABDE and ACGF.

To demonstrate this, through the point A draw AKL perpendicular to the
hypotenuse BC. Join AH, AM, DC, and BG; then it is evident, that DB
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is equal to BA (by art, 18) and BH equal to BC, therefore in the triangles
DBC. ABH, the two legs DB, BC of the one are :
cqual to the two legs AB, BH, of thé other; and . F

the included angles DBC and ABH are also equal,

(for DBA is equal to CBH being both right, to each i:

add ABC and we h:gé ?11133% equal qtmg;l) there- - 4

fore the triangles DBC, are e art. 57 .
but the triangle DBC is half of the squere ABDE DS /. ..

(by art. 4s, and the triangle ABH is half the paral-  B| TR 0
lelogram BKLH (by the same art.)consequently the

square ABDE is equal to the parallelogram BRLH.

In the same way it may be proved that the square ; -
ACGF is equal to the paralielogram KCML, : )
Therefore the sum of the squares ABDE and A

ACGEF is equal to the sum of the paral BKLH and KCML ; but
the sum of these parzllelograms is equal to the square BCMH, therefore the
sum of the squares on AB and AC is equal to the square on BC.

Cor. Hence in any right angled triangle, if we have the hypotenuse and
one of thelegs, we may easily find the other leg, by taking the square of the
given leg from the square of the hypotenuse, the square root of the remainder
will be the soughtleg. Thus if the hypotenuse was 18, and one leg was 5,
the other leg would be 12, for the square of 5 is 25, and the square of 13 is
169, subtracting 25 from 169 leaves 144, the square root of which is 12. If
both legs are given, the hypotenuse ma{ also be found by extracting the

uare root of the sum of the squares of the legs; thus if one leg was 6, and
the other 8, the square of the first is 36, the square of the second is 64, adding
86 and 64 together gives 160, whose square root i 10, which is the sought
hypotenuse. LI

Four quantities are said to be proportional, when the stude of the first
com Mredfwi:tbhﬂwucondo’sﬂwmmemthe magm?udem third compared
with the fourth, '

Thus 4, 8, 12 and 24, are proportional, because 4 is half of 8, and 12 is half
of 24 ; and if we take equi-multiples /2 Xa, AXb, of the quantities a and b,
and other equi-multiples BXa, BXb, of the same quantities a and b, the four
quantities /4 Xa, AXb, BXa, BXb will be proportional, for /1 Xa compared
with AXb is of the same magnitude as a compared with b, and BXa com-
pared with BXb s also of the sameL l;lﬁgnimdeas a compared with b.

In any triangle AGg if a line Ee be drawn parallel to either of the sides as
Gg, th side Ag will be to AE, as Ag to Ae, or as Gg lo Ee.

To demonstrate this, upon the line
AG take the line AB so that alcertain
multiple of it may be equal to AE,
and lanothea mttxll]tiple of it may be 3
equal to AG; this may be always \
d?me accurately when iE and AyG DA \R K
are commensurable ; if they are not X VP .
accurately commensurable, the . -

«gmntity AB may be taken so small _ S\ N0 -\
that eertain multiples ofit may differ P AN, \\ & AW
from AE and AG respectively by b ¢ d K/ 4
uantities less than any assignable. On the line AG, take BC, CD, DE, EF,
G, &c. each equal to AB, and through these points draw the lines Bb, Cc,
Bec. parallel to Gg, cutting the line Ag in the poiots b, ¢, 4, e, &c. draw also
the lines BM, CL, DK, &c. parallel to Ag, cutting the former parallels in the
points N, O, P, &c. and the line Gg in the points M, L, K, &c. Then the
triangles ABb, BCN, CDO, &e. are similar and equal to each other: for the
lines Bb, CN are parallel, therefore the anglc ABb—=BCN (hy art. 31.) and

.
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by the same article the angle BAb is equal to CBN (becanse BN {s paraliel
to Ab,) and by construction AB==BC, therefore (by art. 38) the triangles
ABb and BCN are equal to each other; and in the same manner we may
prove that the others CDO, DEP, EFQ, &c. are equal to ABb. Therefore
Ab=BN=CO=DP, &c. and Bb=CN=DO=EP, &ec. but (by art. 49)
BN=Bc¢, CO=cd, DP=de ; therefore Ab-—=bc=cd=de, &c. and since (by
construction) AB=BC=CD, &c. any line AE is the same multiple of AB as
the corresponding line Ae is of Ab; and AG is the same multiple of AB as
Ag isof Ab; therefore the lines AR, AE, Ag, Ae, are proportional (by art
5¢;) that is, AG isto AE as Agisto Ae; and in a similar manner we may
prove that AG is to AE as Gg is to Ee,

LIV.
If any two triangles, ABC, abe, are similar, or have all the angles of the one,
‘51 toyall the angles ’of the ;ther, each to each respectively, that"g, C.£B=cab:
CB=ach, ABC=abc ; thelegs opposite to the equal angles 1l be ton-
al,viz. AB:ab:: AC:ac; AB:ab:: BC:bc; and AC:ac:: : be.
To prove this, set off upon a

A
side AB of the largest triangle N P
AE=ab, and through E draw -
ED parallel to BC, to meet AC D
in D, then since DE, I?C are
parallel, the angle AED is _equal
to ABC (by art. 31) and this (by \
supposition) is equal to the angle & B
» B

abc; also the angle DAE is (by A
supposition) equal to cab ; there-
fore in the triangles ADE, abe, the two angles DAE, AED of the one, are
equal to the two angles cab, abc of the other, each to each respectively, and
the included side AE is (§y construction) equal to the included side ab;
therefore {Iry art. 38) AD is equal to ac, and DE equal to bc: but since in
the triangle ABC there is drawn DE parallel to BC one of its sides, to meet
the other two sides in the points DE; therefore (lg the preceding arl.) AB :
AE :: AC: AD,and AB:AE :: BC: DE,and AC: AD :: BC : DE; if in
these three proportions for DE we put its equal be, for AE put ab, and for
AD put ac; they will become AB:ab:: AC:ac, and AB:ab:: BC: be,
and AC:ac::BC:be. LY

The chord, sine, tangent, §c. of anﬂ;ch in one circle, is to the chord, sine,
tangent, &c. of the same arch in another, as the radius of the one is to the ra-
dius of the other. . v

Let ABD, abd, be two cir- =
«cles; BD, hd, two arches of :
these circles, equal to one
another, or consisting of the
same number of degrees ;—
FD, fd, the tangents; Bd,
bd, the chords; BE, be, the
sines, &c. of these two arch-
s BD, bd, and CD, cd, the
radii of the circles; then CD:
<d::FD:fd, and CD: cd::
BD:bd,andCD:cd :: BE:
be, &c. Forsince the arches
BD, bd, are equal,the angles
BCD, 5cd, are also equal,and
¥'D, fd, being tangents to the
points D and d, the angles
CDF, cdf are each equal to
a right angle (by art, 22;)
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therefore since in the two triangles CDF, cdf, the two angles FCD, CDF of
the one, are equal to the two angles fcd, cdf, of the other, each to each, the
remaining angle CFD is also equal to the remaining angle cfd, (by art. 88;
consequently the triangles CFD, cfd, are similar. The triangles BCD, b
are also similar, for the angle CBD is equal to the angle CDB, being each
subtended by the radius; therefore g;z art. se.g each of these angles is equal
to half the supplement of the angle BCD ; and in the same manner thean-
%le cbd or cdb is equal to half the supplement of the angle bed, and since
the angle BCD is equal to bed, the angles of these two triangles must be
equal, consequently they are similar. The triangles BCE, bce are also simi-.
lar, because BE is 'Para lel to FD, and be parallel to fd. Henee we obtain

(;{l'rom art. 54) the following analogies. CD:cd;:FD:fd; CD:cd:; BD:
; CB:cb:: BE: be, &e. .
LVI.
Let ABD be a quadrant of a circle, described by the 5 B

dius CD, BD any arch of it, BA jits complement, BG or CB'

the sine, CG or BF the co-sine, DE the tangent, AH the "
co-tangent, CE the secant, and CH the co-secant of that

arch BD. Then since the triangles CDE, CGB, are simi- F\ B
lar or equi-angular we shall have (by art. 54) DE : CE : :
BG :CB, that is, the tangent of an arch, is to secant of the
same, as the sine of it is tp radius. Also, CE:CD:: CB:
CG; that is, the secant is to radius as the radjus ta the co-
sine of an arch. Also, CF:CA::CB;CH, thatis,the C G D
sineis to radius as radius to the co-secant of an arch; and since the triangle

. CAH is similar to the triangle CDE, we have AH:CA:; CD: DE, thatis,

the co-tangent is to the radius as ﬂi«‘avr;;iius to the tangent of an arch.

In all circles, the sine of 90°, the tangent o 45° and the chord of 60°, are
each equal to the radius.

For in the circle DFAEB, let the arch BE be
45° the arch BA 60°, and BF 90°. Draw through
the centre C the diameter DCB and perpendicu-
lar thereto the tangent BG meeting CE produced -
in G; draw the chord BA, and join CF, CA.—
Then since the arch BF is 90°, DF must be 90°, D
whence (by art. 12 & 19) the radius CF is equal
to the sine of the arch BF, or sine of 90°. Again,
in the triangle CBG, since the angle CBG is 90°,
and BCG i3 45° by supposition, the angle CGB
is also 45°(Iéy art. 36) therefore (by art. 39) BG is
equal to CB, that is, the tangent of 45° is equal to the radius. Again, the
angle ACB is 60° (heing measured by the arch BA) and the angle CBA

. is also 60° (being measured by half the arch AD==12¢° by art. 40) therefore

(by art. 39) CA=AB, that is, the chord of 80° is equal to the radius.

The four following propositions contain the demonstration of the rules by
which all the calculations of trigonometry may be made; they were inserted
here in order to prevent any embarrassment of the young calculator, from
the introduction of the demonstnﬁf‘r{’sl?rlong the precepts for calculation.

In any plane triangle, the sides are proportional io the sines of the opposite
angles.

Let AB@ be the triangle; produce ﬁ? ¥
lesser side AB to F, making AF equal to i
BC; from B and F let fall the perpendicu-
lars BD, FE, upon AC (produced if ne-
“ﬂ:::iy ;) then FE is the sinc of the angle A
A, BD is the sine of the angle C, the
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t4dids Being BC equal to
AF; now the triangles ABD,
AFE, having the angle A
tommon to both, and the
angle D equal to the angle E
(being ual to a right
sogle) are sin:;lar; hence (by
art. 54) as AF (or its equal
BC) is to AB, sois to
BD; that is, BC isto AB as
the sine of the angle A is to

the sine of the angle C. A D B
H R IJX-
In anyl)nangk (su any side to bethe base, and calling the other twe

the sides) the sum of the sides is to their difference, as the tangent of half the
kumqfwmuﬁcbmkbwm%%qfwmedy‘anfnuq{m{am
@ .

ghus, in the triangle ABC, if we call AB
the base, it will he as the sum of AC and
CB is to their difference, so is the tangent
* of half the sum of the angles ABC, BAC,to
the tangent of half their difference.

Dem. With the longest leg CB as radius,
describe acircle about the centre C, meeting
the shorter side AC (produced on each
side) in the points D and E, jojp EB, DB;
draw AH perpendicular to DB, and AF
perpendicular to EB; then (by art. 42) the
angle EBD, being in a semi-circle, is a right
angle; and the triangles AHD, AFE, are
similar, and AF is equal to HB.  Moreover,
since CB is equal to CD or CE, AD is the sum and AE is the difference of
the legs AC, CB; likewise (by art. 88) the angle BCD is equal to the sum of
the angles BAC, ABC, and therefore (by art. 40) the angle DEB, orits
equal 5AH, is equal to half the sum of the angles at the base ABC, BAC.
Again (by art. 33) the angle BAC is equal to the sum of the angles CEB (or
CBE) and ABE, and therefore is equal to the sum of the anile ABC, and
twice the angle ABE; hence the angle ABE or its equal BAH, is equal to
half the difference of the angles at the base. Butin the right angled triangles
AHD, AHB, making AH radius, the legs DH, HB are the tangents of the
angles DAH, BAH, or the tangents of half the sum and half the difference of
the angles at the base ; but by reason of the similar triangies AHD, AFE, we
have AD: AE : : DH : AF or HB; that is, AD, the sum of the legs AC and
CB, is to AE their difference,as DH the tangent of half the sum of the angles
At the base (the radius being AH) is to HB the tangent of half the difference
of the same angles, }to the same radius,) and therefore (by art. 55) as the
tabular tangent of half the sum of the angles at the base is to the tabular tan-
gent of half the difference of the sin;{e angles.
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plane tianzle ABC, if the line CD be,drawn perpendicular to the
dviding 1t mnto two segmeants, AD, DB, and the base AB be bisect-
in tive poin: H. we shall have, :
bas* AB is bo the sum of the sides, AC. BC,so is the d&i mmcw
#wior fac distenoe DH of the perpendicular from. the middle of the base.
Win :he ssde CB as radius, describe about the centre C the
BFGL, the ﬂhersdel.pmduced in the points E and F, and
AB predmoed i G ; join GF and BE. Then AE is the sum, and
difierence of the sides AC, CB; and since CD is perpendicular to
Tine s bisected in D (by art. 43) and as_AB is bisected in H, the
i o twice DH. Now io the triangles BAE, GAF, the angles
ogual (by st 41) and the angle BAE is equal to GAF (by art,
the remainiog angles AEB, AGF, are :aual, and the triangles
AF, ave stmailar wﬂyﬁym. 54) : AE :: A£: AG, or
1). winch is the proposition to be demonstrated. Having thus ob-
taineil HD. we mav find the segments AD, DB, by adding HD to the half
baer HA or HB and by takiog their difference. )
LXL B

!.i' [ {
Y

A
2ide

]
g

Juony plonctriangde, fhe squere
o7 vadius 1o fhe Wz&
woane of half of citber -
gﬁis.mﬂrudmgka-;:fad ,

mm‘ ’M‘ z e

10 fhe veclomzl: conteimed by the A- € H D ,
walf sum of the sides, end half sum decreased by the side opposite to that
augie.

Tiws iu the trinngie CBE, the sqasse of radls is to the square gf the co-sine
CB-+CE-HBE CB--CE—BE
of ialf tie angle C, as the rectangle CBXCE is to X .

2 2
For contioue BC 10 A, making CA=CB, draw BD perpendicular to CE, bi-
sect CE in M, aod join AB. Then (supposing CB ;o_be 2greater than EB) we
CB2—BE

have (by ar. 69) CE : CB4BE : : CB—BE :

——=2.HD; by adding
E

CB2—BE2+-CE?
half this to half the base—=CH, we have the segment CD=————
2.CE
CB2—BE2+4-CE243CE-CB
to this addinpg CA or CB, we have AD
2CE

L.

CBACEP—BE® CB-CE+BEXCB4CE—BE
2.CE : 2.CE

CD; hence ADIP=CB24+3CB-CD+CD?; also, BD2=CB2—CD?; hence ABI=

AD2 BD®="CB°4 CB-CD=2CBXCB-+CD=2CB . AD; hence AB2: AD? :

CB4-CL+4-BE . CB4CE—BE
2CB : AD: ; but AB being radius, AD is the co-sing

Again, AD=AC+CD=CB--

2CE
of the angle A, which is ~jual to half the angle C (by art. 40;) therefore the square
of radius is 10 squate of the co-sine of half the angle C, as the rectangle CE'CB is

CB4CE+4-BE CB+4CE—BE
X

o the sectapgl

2 2
The other cases of this proposition may be demonstrated in the same
wmanper.
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GEOMETRICAL PROBLEMS. |

PROBLEM 1.
T'o draw a Right Line CD parallel to a given Rii;d Line AB, at any given
distance, as at the point D,
WITH a pair of compasses take the nearest
distance between the point D and the given " (. ™\ D
; N .

rightline AB ; with that distance set one foot of
the compasses any where on the line AB, as at A,
and draw the arch C on the same side of the line 4 B
AB as the point D, from the point D draw a line

30 as just to touch the arch C, and it is done ; for the line CD will be parallel
to the line AB, and at the distance of the point given D, as was required.

PROBLEM 1L . AN /{
To bisect or divide a given line AB into lwo \
) ris.
Take any distance inj;‘:)ur compasses great- A. E\ B
_er than half the line AB, then with one foot in ¥ |6

B, describe the arch CFD ; with the same dis-
tance, and one footin A, describe thearchCGD;
cutting the foriner arch in C and D ; draw the D
line CD, and it will bisect AB in the point E. \

PROBLEM III.

To erect a endicular BA on the end of a given
PP Right Line DB. S agi

Take any extent in your compasses, and with one
foot in B fix the other in any point C without the
given line; then with one point of the compasses in
C, describe with the other the circle ABD; through
D and C draw the diameter DCA meeting the cir”
clein A; join B and A and it is done; for BA will _D B
be the required line (by art. 42 Geom.)

Or thus,

A~
Take any convenient distance as BH in your
com(gasses, and with one foot in B describe the arch
HFG, upon which set off the same distance as a G

chord from H to F, and from F to G, upon F and
G describe two arches intersecting each otherin A ;
g:av; a line fr:;m ll?. toA and(:t is done ; for BA will
the perpendicular required.
PROBLEM IV. B o P
From a given point as C, to let fall a icular
CO,on o given Right Line AB,

Take any extent in your compasses greater than

the least distance between C and the given line AB ; P 0 G, /
with one foot in C, describe an arch to cut the given 7‘3
line AB in F and G ;—with one foot in G describe

an arch, and with the same distance, and one foot

in F, describe another arch cutting the former in D;
from C to D draw the line COD, cutting ABin Q; \
then CO will be the perpendicular required. =

[
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PROBLEM V. - ,//ﬂC
From a given point C to let full a perpendicidar

CBona g\‘v,e’nmLinc AB, when the Perpendi- -~ //

cular is lo fall so near the end of the given line /

that it cannot be done as ubove. i

Upon any point A of the line AB as a centre, a- ) B
and with the distance AC describe an arch E;
choose any other point in the line AB, as D, and
with the distance DC describe another arch in- \
tersecting the former in E, join CE cutting AB A
in B, and it is done, for CB will be the perpendi- B
cular required. ..,—”}‘m

PROBLEM VI. D
To make an angle that shall contain any proposed
number of degrees, from a given pointin a given line.

Cask 1. When the given angle is right, or contains
90° let CA be the given line, and C the given point.

On C erect a perpendicular CD, and it is done ;
for the angle DCA is an angle of 90°. Or thus, on
the point C, as a centre with the chord-of 80°* de-
scribe an arch GH, and set off thereon from G to H
the distance of the chord of 90° and from C through
H draw CHD, which will form the angle DCA of C G
90" required.

Case2. When the angle is acute, as for exam-
ple 56° 30’ let CB be the given line and C the point
at which the angle is to be made.

With the chord of 60° in your compasses, and one
foot on C, as a centre,draw the arch F'B, on which
setoff from B to F, the given angle 364° taken from
the line of chords ; through F and the centre C
draw the rightline AC, and it is done ; for the angle
ACB will be an angle of 36° 80’ as was required.

Case 3. When the given angle is obtuse, as for example 127° 20’ let CB
be the given line and C the angular point.

Take the chord of 60° in your compasses, and with one foot on C as a cen-
tre, describe an arch BGHE, upon which set off
the chord of 60° (which you already have in your i
compasses) from B to G, and from G to H;
then set off from G to E, the excess of the given /
angle above 60°, which is 67§° taken from the
line of chords; or you may set off from Hto E,
the excess of the given angle above 120°, which B
is 7§©; draw the line CE, and it is done, for the c
angle ECB will be an angle of 127° 20",

Were it required to measure a given angle, the process wpuld have_been
nearly the same, by sweeping an arch as BE,and measuring it on the line of

chords, as is evident.
PROBLEM VII. .

To bisect a given arck of a circle AB, whose cenire 33 C.
Take in your compasses any extent greater
than the half of AB,and with one foot in A, de-
scribe an arch ; with the same extent and one
foot in B, describe another arch cutting the for-
mer in D ; join CD and it is done, for this line
will bisect the arch AB in the point E. It is <
also evident that the line CD bisects the angle C
BCA, or divides it into two equal parts. A

For a description of the line of Chords sce page 20.

pr

oo
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PROBLEM VIII.
To find the centre of a given Circle.

With any radius, and one foot in the cir-
cumf(erence as at A, describe an arch of a cir-
cle, as CBD, cutting the given circlein B; with
the same extent, and one foot in B, describe
another arch CAD, cutting the former in C and
D; through C and D draw the line CD, which
will pass through the centre of the circle ; in
like manner may another right line be drawn,
as EFG, which shall cross the first ri&ht line
at the centre required. This construction de-
pends upon Article 43 of Geometry.

PROBLEM IX.

To draw a Circle through any three given points not situated 1n a Right Line.
Let A, B and D be the given pointd. Take in i .
your compasses any distance greater than half
AB, and with one foot in A deseribe an arch E\//
EF ; with the same extent, and one foot in B, ~
describe another arch cutting the former in the
points E, F, through which draw the indefinite
right line EFC ; then take in your compasses
any extent greater than half BD, and with one
foot in B,describe anarch GH ; with the same
extent, and one foot in D, describe another
arch cutting the former in the points G, H,
through which draw the right line GHC, cut-
ting the former right line EFC, in the point C;
upon the point C as a centre, with an extent
equal to CA, CB, or CD, as radius, describe

the sought circle. B .
PROBLEM X. ~
To divide a Circle tnto 2, 4, 8, 16, or 32, o ~

equal parts.

Draw a diameter through the centre, di-
viding the circleinto two equal parts ; bisect =%,
this diameter by another drawn perpendi-
cular thereto, and the circle will be divided
into four equal parts or quadrants; bisect:” ™
each of these t{]uadrants again by right lines |
drawn throagh the centre, and the circle “y*-
will be divided into eight equal parts; and *
80 you may continue the bisections any -+
number of times. This problem is useful
in constructing the mariner’s compass. .

gROBLEM Xi.
To divide a given Line into any number of e ris. -

Let it be required to divide the line AJB o equal po 4
into five equal parts,—From the point A /D

draw any line AD, making an angle with the
line AB; then through the point B draw a
line BC parallel to AD ; and from A, with
any small opening in your compasses, set off A,

a number of equal parts on the line AD, less 2
by one than the proposed number (which ¢ 3
number of equal parts in this example is 4;)

then from B set off the same number of the

same parts on the line BC, then join 4 and 1, 3and 2, 2 and 8, 1 and 4, aod
these lines will cut the given linc as required.




CONSTRUCTION OF THE PLANE SCALE.

lst.'WITH the radius you intend for your scale, describe a semicircle
"V ADB, (Plate 2, fig. 1.) and from the centre C draw CD perpendicu-

lar to AB, which will divide the semicircle into two quadrants, AD, BD ; con- .

tinue CD towards S, draw BT perpendicular to CB, and join BD and AD.
2dly. Divide the quadrant BD into 9 equal parts, then will each of these be
10 degrees ; subdivide each of these parts into single degrees, and if your
radius will admit of it, into minutes or some aliquot parts of a degree greater
than minutes. ' :
3dly. Set one foot of the compasses in B and transfer each of the divisions
of the quadrant BD to the right line BD, then will BD be a line of chords.
4thly. From the points 10, 20, 30, &c. in the quadrant BD draw right lines

parallel to CD, to cut the radius CB, and they will divide that line into a line .

of sines which must be numbered from C towards B.

5thly. If the same line of sines be numbered from B towards C, it will be-
come a line of versed sines, which may be continued to 180°, if the same
divisions be transferred on the same lne on the other side of the centre C.

6thly. From the centre C, through the several divisions of the quadrant
BD, draw right lines till they cut the tangent BT, so will the line BT become
a line of tangents.

7thly. Setting one foot of the compasses in C, extend the other to the se-
veral divisions 10, 20, 30, &c. io the tangent line BT, and transfer these ex-
tents severally to the right line CS, then will that Jine be a line of secants.

8thly. Right lines drawn from A to the several divisions 10, 20, 30, &ec. in
the quadrant BD, will divide the radius CD into a line of semi-tangents.

9thly. Divide the quadrant AD into eight equal parts, and from A as acen-
tre transfer these divisions severally into the line AD, then will AD be aline
of Rhumbs, each division answering to 11° 15’ upon the line of chords. The
use of this line is for protracting and measuring angles, according to the com-
mon division of the mariner’s comrass. If the radius AC be divided iato 100
or 1000, &c. cqual parts, and the lengths of the several sines, tangents, and
secauts, corresponding to the several arches of the quadrant, be measured
thereby, and these numbers be set down in a table,* each in its proper co-
lumn, you will by these means have a collection of numbers by which the
several cases in trigonometry may be solved. Right lines graduated as above,
being placed severally upon a ruler, form the instrument called the Plane
Scale, (see Plate Il, fig. 2.) by which the lines and angles of all triangles may
be measured. All right lines, as the sides of plain triangles, &c. when they are
considered simply as such without having any relation to a circle, are mea-
sured by scales of equal parts, one of which is subdivided equally into 10, and
this segves as @ common division to all the rest. In most scales an inch is ta-
ken for a common measure, and what an inch is divided into is generally set
at the end of the scale. By any common scale of equal parts, divided in this
manner, any number less than 100 may be readily taken ; butif the sumber
should consist of three places of figures, the value of the third figure cannot
be exactly ascertained, and in this case it is better to use a diagonal scale, by
which'any number consisting of three places of igures may be exactly found.
The figure of this scale is given in plate 1. fig. 8 ; its construction is as follows:

Having prepared a ruler of convenient breadth for your scale, draw near
the edges thereof two right lines, qf, cg, parallel to each other ; divide one of
these lines as af, into equal parts, according to the size ol your scale ;} and

. ll:ﬂhble XXI1V. isgiven the sioe and co-sine to every minute of the quadrant, to five places of

decimals.
{ The length of one of these equal parts at the end of the scale to which this description refers i
ab or ¢d, The leogth of ope ole&o oqual parts of the scale of the other end being the ball of ab
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through each of these divisions draw right lines perpendicular to af, to meet

, then divide the breadth into 10 equal parts, and through each of these
agvisions draw right lines parallel to af and cg; divide the lines ab, cd, into
10 equal parts, and from the point a to the first division in the line cd, draw a
diagonal line ; then parallel to that line, draw diagonal lines through ali the
other divisions, and the scale is complete, Then, if an{ number, consisting
of three places of figures, as 256, be required from the larger scale gd ; you
must place one foot of the comfasses on the figure 2 on the line gd, then the
extent from 2 to the point d will represent 200. The second figure being 5,
count five of the smaller divisions from d towards e, anc the extent from £
to that point will be 250, Move both 'points of the compasses downwards
till they are on the sixth parallel line below {’d, and open them a little till the
one point rests on the vertical line drawn through 2, and the other on the
diagonal line drawn through 5; the extent then in the compasses will repre-
sent 256. In the same way the quantities 25,6; 2,56; 0,256, &c. are measured.

Besides the lines already meutioned, there is another on the plane scale
marked ML, which is joincd to a line of chords ; and shows bow many miles
of easting or westing correspond to a degree of longitude in every latitude.*
These several lines are generally put on one side of a ruler, two feet long ;
and on the other side is laid down a scale of the logarithms of the sines, tan-
gents, and numbers, which is commonly called Guater's Scale, and as it is of
general use, it requires a particular description.

GUNTER’S SCALE.

N GUNTER’S SCALE are eight lines, viz.

1st. Sine Rhumbs, marked (SR) corresponding to the logarithmst of
the natural sines of every point of the mariner’s compass, numbered from the
left hand towards the right, with 1,2, 8, 4, 5,6, 7, to 8, wherets a brass pin.

This line is also divided, where it can be done, into halves and quarters,
2d. Tangent ghumbs, marked (TR) correspond to the logarithms of the
tangents of every point of the compass, and are numbered 1, 2, 3, to 4, at the
right hand where there is a pin, and thence towards the left hand with 5, 6,

7+ itis also divided, where it can be done, into halves and quarters,

8d. The line of numbers, marked (Num.) corresponds to the logarithms of
numbers, and is marked thus ; near the left hand it begins at 1, and towards
the right hand are 2, 8, 4,5,6,7, 8,9; and 1 in the middle, at which is a
brass pin, then 2, 8, 4, 5, 6, 7,8, 9, and 10 at the end, where there is another
in. The,values of these numbers and their intermediate divisions depend
on the estimated values of the extreme numbers 1 and 10 ; and as this line
is of great importance, a particular description of it will be given. The first
1 may be counted for 1, 10, 100, or 1000, &c. and then the next 2, will be 2,
@0, 200, or 2000, &c. respectively. Again, the first 1 may be reckoned 1 tenth,
1 hundredth, or 1 thousandth part, &c. then the next will be 2 tenths, or 2
hundredths, or 2 thousandths parts, &c. so that if the first 1 be esteemed 1,
the middie 1 will be 10; 2 to its right 20; 8, 30; 4, 40; and 10 at the end
100 ; again, if the first 1is 10, the next 2 is 20, 3 is 30, and so on, making the
middle 1, 100, the next 2 is 200, & is 300, 4is 400, and 10 at the end is 1000.
In like manuer, if the first 1 be esteemed-1 tenth part, the next 2 will be 2

# As it would confuse the adjoined figure to describe on it the line of longitudes,
it is ueglected, but the construction is as follows: divide the line CB into 60 equal
parts (if it can be done) and through each point draw lines parallel to CD to inter-
sect the arch BD: about B, as a centre, transfer the several points of intersection to
the line BD, aud then number it from D, towards B, from 0 to 60, and it will be the
line of longitudes.

+ The description and use of logarithms are given in page 29, et seq. The log-
<ines, tangents, 8c. are narked on these scales by meaus of a line of equal parts.
rorresponing to the size of the spale., .
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tenth parts, and the middle 1 will be 1; the next 2, 2; and 10 at the end
will be 10. Again, if the first 1 be counted 1 hundredth part, the next 2
bundredth parts, the middle 1 will be 10 hundredth parts, or one tenth part,
and the next 2 two tenth parts, and 10 at the end will be but one whole num-
ber or integer. '

As the figures are increased or diminished in their value, 8o in like manner
must all the intermediate strokes or subdivisions be increased or diminished :
thatis, if the first 1 at the left hand be couated 1, then 2 (next following it) will
be 2, and each subdivision between them will be 1 tenth é)art, and so all the
way to the middle 1, which will be 10, the next 2, 20, and the longer strokes
between 1 and 2 are to be counted from 1 thus, 11, 12, (where is a brass
pin) then 13, 14, 15, sometimes a longer stroke than the rest, then 18, 17,
13, 19, 20, at the figure 2; and in the same manner the short strokes be-
tween the figures 2 and 3, 3 and 4, 4 and 5, &c. are to be reckoned as units.
Agaia, if 1 at the left haod be 10, the figures between it and the middle 1
will be common tens; and the subdivisions between each figure will be units;
from the middle 1 to 10 at the end, .each figure will be so many hundreds ;
and between these figures each longer division will be 10. From this de-
scription it will be easy to find the divisions representing any given number,
thus : Suppose the point representing the number 12, were required ; take
the division at the figure 1 in the middle, for the first figure of 12; then for
the second figure count two tenths, or longer strokes to the right hand, and
this will be the point representing 12, where the brass pin is.

Again, suppose the number 22 were required ; the first figure 2 is to be
found on the scale, and for the second figure 2, count 2 tenths onwards, and
that is the point representing 22. od " I take the mid

Again, suppose 1728 were required ; for the first figure 1, I take the mid-
dle 1, for the second figure 7, count onwards as beforéu and that will be 1700.
And as the remaining figures are 28 or nearly 30, I note the point which is
nearly 1%, of the distance between the marks 7 and 8, and this will be the
poiot represeating 1728.

If the point representing 435 was required ; from the 4 im the second in-
terval count towards 5 on the right, three of the larger divisions and one of
the smaller (this smaller division being midway between the marks 3 and 4)
and that will be the division expressing 435. In a similar manner other
numbers may be found.

All fractions found in this line must be decimals; and if they are not, they
must be reduced into decimals, which is easily done by extending the com-
passes from the denominator to the numerator ; that extent laid the same
way, from 1 in the middle or right hand, will reach to the decimal required.

xaupLe. Required the decimal fraction equal to 4 : Extend from 4 to
$;-that extent will reach from 1 on the middle to ,75 towards the left hand.
The like may be observed of any other vulgar fraction.

Multiplication is performed on this line, by extending from 1 to the multi-
plier; that extent will reach from the multiplicand to the product. .

Suppose, for example, it were required to find the product of 18 multiplied
by 4, ree::iund from 1to 4; that extent will reach from 16 to 64, the product
required,

ivision being the reverse of multiplication, therefore extend from the di-
visor to unity ; that extent will reach from the dividend to the quotient,

Suppose 84 to be divided by 4; extend from 4 to 1, that extent will reach
{rom 684 to 16, the quotient. .

Questions in the Rule of Three are solved by this line as follows: Extend
from the first term to the second, that extent will reach from the third term®*

# Or you may extend from the first to the third, for that extent will reach from the
second to the fourth. This method must be adopted when using the lines of sines,
tangents, &c. if the first and third terms are of the same name, and different from
the second and fourth,
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to the fourth. And it ought to be particularly noted, that if you extend to
the left, from the first number to the second, you must also extend to the
left, from the third number to the fourth; and the contrary.

Exampre. [f the diameter of a circle be 7 inches, and the circumference
22, what is the circumference of another circle, the diameter of which is 14
inches? Extend from 7 to 22, that extent will reach from 14 to 44 the same

way.

']Yhe superficial content of any parallelogram is found by extending from 1
to the breadth; that extent will reach from the length to the superficial con-
tent.

Examere. Suppose a plank or board, 15 inches broad and 27 feet long,
the content of which is reqfired : Extend from 1 to 1 foot 3 inches (or 1,25;)
that extent will reach from 27 feet to 83,75 feet, the superficial content. Or
extend from 12 inches to 15, &c.

The solid content of any bale, box, chest, &ec. is found by extending from
1 to the breadth; that extent will reach from the depth to a fourth number,
and the extent from 1 to that fourth number will reach from the length to
the solid content.

ExampLe 1st. What is the content of a square pillar, whose length is 21
feet 9 inches, and breadth 1 foot 8 inches? The extent from 1 to 1,25 will
reach from 1,25 to 1,56, the content of one foot in length ; again, the extent
from 1 to 1,56 will reach from the length 21,75 to 33,9, or 34, the solid con-
tentin feet.
. ExaupLe 2d. Suppose a square piece of timber, 1,25 feet broad, ,56 deep,

and 36 long, be given to find the content: extend from 1 to 1,25; that ex-
tent will reach from ,56 to ,7; then extend from 1 to ,7; that extent will
reach from 36 to 25,2 the solid content. In like manner may the contents
of bales, &c. be found, which divided by 40 will give the tonnage.

4thly. The line of sines marked (Sin.) corresponding to the log-sines of
the degrees of the quadrant, begins at the left hand, and is numbered to the
right thus: 1, 2, 8, 4, 5, &c. to 10; then 20, 30, 40, &c. ending at 90 de-
grees, where is a brass centre pin, as there is at the right end of all the lines.

5thly. The line of versed sines, marked (V.S.) corresponding to the log
versed sines of the degrees of the quadrant, begins at the right hand against
90° on the sines, and from thence is numbered towards the left hand thus:
10, 20, 30, 40, &c. ¢nding at the left hand at about 169°; each of the subdi-
visions, from 10 to 30, is in general two degrees, from thence to 90 is single
degrees, from thence to the end, each degree is divided into 15 minutes.

6thly. The line of tangents, marked (Tang.) corresponding to the log-
tangents of the degrees of the quadrant, begins at the left hand, and is num-
bered- towards the right thus: 1, 2, 8, &e. to 10, and so on 20, 80, 40, and
45, where is a brass pin under 90° on the sines; from thence it is numbered
backwards, 50, 60, 70, 80, &c. to 89, ending at the left hand where it began
at 1 degree. The subdivisions are nearly similar to those of the sines. When
you have any extent in your compasses, to be set off from any number less

than 45° on the line of tangents, towards the right, and it is found to reach -

beyond the mark of 45°. you must 8ee how far it extends beyond that mark,
and set it off from 45° towards the left, and see what degree it falls upon,
which will be the number sought, which must exceed 45°; if, on the con-
trary, you are to set off such a distance to the right from a number greater
than 45° you must proceed as before, only remembering, that the answer
must be less than 45°, and you must always cousider the degrees above 45°
zz gt’ “they were marked on the continuation of the line to the right hand of

7thly. The line of the meridional parts, marked (Mer.) hegins at the right
hand, and is numbered thus; 10, 20, 30, &c. to the left hand, where it ends at
87 degrees. This line, with the line of equal parts, marked (E. P.) underit,
are used together, and only in Mercator's sailing. The upper line contains
the degrees of the meridian, or latitude in a Mercator’s chart, corresponding
to the degrees of longitude on the lower line.



.‘.
'

(24 )

The use of this Scale in solving the usual problems of Trigonometry, P lain
Sailing, Middle Latitude Sailing, and Mercator’s Sailing, will be given in the
course of this work; but it will be unnecessary to enter into an explanation
of its use in calculating the common problems of Nautical Astronomy, as it
is much more accurate to perform those calculations by logarithms.

ON THE SLIDING RULE.

THE Sliding Rule consists of a fized part and a slider, and is of the same
dimensions, and has the same lines marked on it as on a common Gun-
ter or plane scale, which may be used with a pair of compasses in the same
manoer as those scales; and as a description of those lines has already been
given, it will be unnecessary to repeat it here ; it being sufficient to observe,
that there are two lines of numbers, a line of log-sines and a line of log-tan-
gents on the slider, and that it may be shifted so as to fix any face of it on-
either side of the fixed part of the scale, according to the nature of the ques-
tion to be soived.

In solving any problem in Arithmetic, Trigonometry, Plane Sailing, &ec.
let the proposition be so stated that the first and third terms may be alike,
and of course the second and fourth terms alike ; then bring the first term of
the analogy on the part, against the second term on the slider, and against
the third term on the fixed part will be found the fourth term on the slider * or
if necessary the first and third terms may be found on the slider, and the se-
cond and fourth on the fixed part. Multiplication and Division are perform-
ed by this rule, in considering unity as one of the terms of the analogy.

Thaus, to perform multiplication, set 1 on the line of numbers of the fixed
part against one of the factors on the line of numbers of the slider, then
against the other factor on the fixed part will be found the product on the
slider.

Exaurere. To find the groduct of 4 by 12, draw out the slider till 1 on
the fixed part coincides with 4 on the slider, then opposite 12 on the fixed

will be found 48 on the slider.

To perform Division, set the divisor on the line of numbers of the fixed
c:.rt against 1 on the slider, then against the dividend, on the fixed part, will

found the quotient on the slider.

Exaupre. To divide 48 by 4—set 4 on the fixed part against 1 on the
slider, then against 48 on the fixed part will be found 12 on the slider.

Examples in the Rule of Three. If a ship sail 25 miles in 4 hours, how
many miles will she sail in 12 bours at the same rate ?

Bring 4 on the line of numbers of the fixed part against 25 on the line of
numbers of the slider, then against 12 on the fixed part will be found 75 on
the slider, which is the answer required.

Exampre. If 3 pounds of sugar cost 21 cents, what will 27 pounds cost ?

Bring 3 on the line of numbers of the fixed part, against 21 on the line of
::mb;rs of the slider, then against 27 on the fixed part, will be found 189 on

e slider. '

Example in Trigonometry. Inthe oblique-angled

triangle ABC, let there be given AB=58, AC=64,
angle ABC=46° 30’ to find the other angles and the
side BC. - o

® If the first and second terms are alike, instead of the first and third, you must
bring the first term on the slider against the third on the fixed part, and against the
second ierm on the slider, will be found the fourth term on the fixed part. Or, if ne=-
ressary, the first and second terms may be found on the fixed part, and the third and
fourth on the slider.
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In this ease we have (by ar{. 58 Geomolry) the following canons.——

AC (64) : sine < B (46° 80') : : AB (58) : sine < C, and sine <B:AC ::
sine <A: BC. Therefore, to work the first proposition by the sliding rule,
we must bring 64 on the line of numbers of the fixed part, against 46° 80’ on
the line of sines of the slider, then against 56 on the former will be 39° 24’
on the latter, which will be the angle C. The sum of the angles B and G
being subtracted from 180° leuves the angle A=84°6'. Then, by the se-
cond canon, bring the angle B=46° 80’ on the line of sines of the slider
against AC=64 on the line of numbers of the fixed part, then against the
angle A=04° §' (or its supplement 85° 54') on the slider will be found the
side BC=388 on the fixed part.

In a similar manner may the other propositions in triggnometry be solved.

From what has been said, it will be easy to work all the Problemsin Plane,
Middle Latitude, and Mercator's Sailing, as in the three fojlowing examples,
which the learner may pass over until ie can sulve the same problems by
the Scale. If any one wishes to know the use of the sliding rule in problems
of Spherical Trigonometry, he may consult the treatises written exgressly on
that suhject : butit may be observed, that in such calculations the sliding
rule is rather an object of curiosity than of real use, as it is much more accu-
rate to make use of logarithms.

ExampLE 1. Given the course sailed 1 point, and the distance 85 miles—
required the difference of Latitude and Deperture P

By Case 1st of Plane Sailing, we have these canons:

Radius (8 points): Distance (85) :: Bine. Co. Course (7 paints) : Diff. Lat.;
and Radius (8 points) : Distance (85) :: Sine Course (1 point) : Departure.

" Hence we must bring the ragdius 8 points on the fixed part of the Sine
Rhumbs against 85 on the line of numbers on the slider, then against 7 points
on the sine rhumbs will be found the diff. of lat. 834 on the slider, and against
one point will be found the departure 163 miles.

. 'If the course is given in degrees, you must uge the line marked Sin.

ExaneLE 2. Given the diff. of lat. 40 miles, and departure 30 miles—re-~
quired the course and distance ?

By case 6, of Pjane Sailing, we have this canon for the course :—

Diff. Lat. (40) : Radius 45° ;: Departure (30) : Tang. Course.

Hence we must hring 40 on the line of numbers of the slider against 45 oa
the line of tangents on the fixed part, then against 30 on the slider wil) bg
found the course 37° nearly. '

Again, the canon for the distance gives :

Sine Course (37°) : Departure (30) :: Radius (80°) : Distance, -

Hence we must bring 37° on the line of sines of the fixed part against 89
on the line of numbers on the slider, then against 90° on the line of sines of
the fixed part will be found the distance 50 on the slider. f

ExavpLe 8. Given the Middle Lat. 40° and the departyre 30 miles—re-
quired the Diff. of Long. ? ’ o '

By case 8, of Middle Latitude Sailing, we have this canon :—

Sine Comp. Mid. Lat. (50°) : Departure (30) :: Radius (90°) : Diff. Long.

Hence by bringing 500 on the line of sines of the fixed part against 80 on
the line of numbers on the slider, then against 90° on the fixed part, we shall
find 39 on the slider, which will be the differenee of longitude required.

o
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DESCRIPTION AND USE OF THE SECTOR.

THIS instrument consists of two rules or legs, moveable round an axis or

joint, as a centre, having several scales drawn on the faces, some sin-

glg;]others double; the single seales are like those upon a common Gunter’s

e, the double scales are those which proceed from the centre, each being

laid twice on the same face of the instrument, viz. once on eachleg. From

these scales, dimensions or distances are to be taken, when the legs of the
instrument are set in an angular position.

The single scales being used exactly like those on the common Gunter’s
Scale, it is unnecessary to notice them particularly ; we shall therefore onl
enumerate a few of the uses of the double scales; the number of which is
seven, viz. the scale of Lines, marked Lin. or L. the scale of Chords, mark-
ed Cho. or C. the scale of Sines, marked Sin. or S. the scale of Tangents
to 45°, and another scale of tangents from 45° to about 76°, both of which
are marked Tan. or T the scale of Secants, marked Sec. or S. and the scale
of Polygons, marked Pol.

The scale of lines, chords, sines, and tangents, under 45°, are all of the
same radius, beginning at the centre of the instrument, and terminating near
the other extremity of each leg, viz. the lines at the division 10, the chords
at 60°, the sines at 90°, and the tangents at 45°; the remainder of the tan-
gents, or those above 459, are on other scales, beginning at a quarter of the
length of the former, counted from the centre, where they are marked with
459, and extend to about 76 degrees. The secants also begin at the same
distance from the centre, where they are marked with 0, and are from thence
continued to 759, The scales of polygons are set near the inner edge of the
legs, and where these scales begin, they are marked with 4, and from thence
are numbered backward or towards the ceatre, to 12.

In dgscribing the use of the sector, the terms lateral distance and trans-
verse dutance often occur. By the former is meant the distance taken with
the compasses on one of the scales only, beginning at the centre of the sec-
tor; and by the latter, the distance taken between any two corresponding
divisions o? the scales of the same name, the legs of the sector being in an
angular position. )

The use of the seetor depends upon the proportionability ef the corres-
ponding sides of similar triangles, (demon-
strated in art. 53, Geomeiry.) For if in the
triangle ABC wetake AB=AC and AD=
AE, and draw DE, BC, it is evident that
DE and BC will be parallel; therefore by
the above-mentioned proposition AB:A.
BC: AD: DE; so that whatever part
AD is of AB, the same part DE will be of
BC: hence, if DE be the chord, sine, or
tangent of any arch to the radius AD, BC
will be the same to the radius AB.

Use of the Line of Lines.

The line of lines is useful to divide a given line into any number of equal
parts, or in any proportion, or to find 3d and 4th proportionals, or mean pro-
portionals, or to increase a given line in any propertion.

Examrie 1. To divide a given line into any number of equal parts, as
suppose 9 : make the length of the given line a transverse distance to 9 and
9, the number of parts proposed ; then will the transverse distance.of 1 and 1
he one of the garts, or the pinth part of the whole : and the transverse dis-
tance of 2 and 2 will he 2 of the equal parts or 3 of the whole line, &c.

ExamprLe2. If aship sails 52 miles in 8 hours, how mueh would she sai’
in § hours af the same rate?
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"fake 52 in your compasses as a transverse distance, and set it off from 8
Lo 8, then the transverse distance 3 and 3 being measured laterally, will be
found equal to 19 and a half, which is the number of miles tequired.

. ExampreS. Having a chart constructed upon a scale of 6 miles to ar
inch, it is required to open the sector, so that a corresponding scale may be
taken from the line of lines ?

Make the transverse distance 6 and 6, equal to 1inch, and this position of
the sector will produce the given scale. )

ExamMpLe 4. It isrequired to reduce a scale of 8 inches to a degree, to
another of 3 inches to a degree ?

Make the transverse distance 6 and 6, equal to the lateral distance 3 and
8: then set off any distance from the chart laterally, and the corresponding
transverse distance will be the reduced distance required.

Exampre 5. One side of any triangle
being given, of any length, to measure the
other two sides on the same scale.
Suppose the side AB of the triangle ABC 97, 5
measures 50, what are the measures of the
other two sides ?

. 6

Take AB in your compasses, and apply it transversely? to 50 and 50; to
this opening of the sector applly the distance AC in your compasses to the
same number on both sides of the rule transversely and where the two
points fall will be the measure on the line of lines of the distance required ; the
distance AC will fall against 63, 63, and BC aguinst 45, 45, on the line of

lines.
Use of the line of Chords on the Seclor.

The line of ¢hords upon the sector is very useful for protracting any an-
gle, when the paper is so small that an arch cannot be drawn upon it with
the radius of a common line of chords.

Suppose it was required to set off an arch of 80, from the point C of the
small circle ABC.

Take the radius DG in your compasses, and B
set it off transversely from 60° to 60° on the
chords, then take the transverse extent from
80° to 30° on the chords; and place one foot s D
of the compasses in C, the other will reach to /

E, and CE will be the arch required. And by Al D
the converse operation any angle or arch may *

be measured, viz. with any radius descrihe an

arch about the angular point; set that radius
transversely from 60° to 80°; then take the dis- .

tance of the arch, intercepted between the two

legs, and apply it transversely to the chords, which willshow the degrees of
the given angle.

Nore. When the angle to be protracted exceeds 60°, you must lay off
80°, and then the remainiog part; or if it be ahove 1209, lay off 80° twice,
and then the remaining part. And in a similar manuer any arch above 60°
may he measured.

Uses of the lines of Sines, Tangents, and Secants.

By the several lines disposed on the sector, we have scales of several ra-
dii, so that,

1st. Having a length or radius given, not exceeding the length of the sec-
tor when opened, we can find the chord, sine, &c. of an arch to that radius :
thus, suppose the chord, sine, or tangent of 20 degrees to a radius of 2 inches
be required. Make 2 inches the transverse opening to 60° and 8¢° on the
chords; then wijl the same extent reach from 45° to 45° on the tangents, and
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from 90° to 90° on thesines: so that to whatever radius the line of chords is
set, to the same are sll the others set also. In this dispogition, therefore, if
the transverse distauce betwcen 20° and 20° on the chords be taken with the
tompuss, it will give the chord of 20 degrees; and if the transverse of 20°
and 20° be in Jike manner taken on the sines, it will be the sine of 20 de-
grees; and lastly, if the transverse distance of 20° and 20° be taken ot the
tangents, it will be the tangent of 20 degrees to the same radius of two
inches.

2dly. If the cherd or tangent of 70° were required. For the chord you
must first set off the chord of 60° (or the radius) upon the arch, and then set
off the chord of 10°. To find the tangent of 70 degrees, to the same radius,
the scale of upper tangents must be used; the under one only reaching to 45°;
imaking therefore £ inches the transverse distante to 45° and 45° at the be-
ginning of that scale, the extent between 70° and 70° on the same will be the
tangent of 70 degrees to 2 inches radius.

Sdly. To find the secant of any arch; make the given radius the trans-
verse distance between 0 and 0 on the sccants; then will the transverse dis-
tance of 20° and 20°, o 70° and 70°, give the secant of £0° or 70° respec-
tively. .
4tglya . It the radius and any line representing a sine, tangent, or secant,
be given, the degrees corresponding tv that line may be found by setting the
sector to the given radius, according as a sine, tangent, or secant is concern-
ed ; then taking the given line between the compasses, and applying the two
feet transversely to the proper scale, and sliding the feet along till they both
rest on like divisions on both legs: then the divisions will show the degrees
und parts corresponding to the given line,

L ., Useqof the line of Polyzons. .

The use of this line is to inscribe a regular polygon ina circle, For exam-
ple; let it be required to instribe an octagon in a circle. Open the sector till
the transverse distance 8 and 6 be equal to the radius of the circle; then will
the transverse distance of 8 and 8 be the side of the inscribed polygon.

Use of the sector in Trigonomelr{-

All propottions in trigonemetry are easily worked by the double lines on
the sector; observing that the sides of triangles are taken off the line of
lines, and the angles are taken off the sines, tangents, or secants, according
to the nature of the proportion. Thus,if in the triangle ABC we have given
AB=156, AC=64, and the angle ABC=48° 30’ to find A
therest. In this case we have (by artl. 58, Georhetry)

the following proportions, as AC'(64):sine < B (48° -
%(Q = AB (58} :sine < C, and as sine B: AC :: sine A:
. Therefore to work these proportions by the
sector, take the lateral distance 64==AC from theB. C

line of lines, and open the sector to make this a transverse distance of 46°
80'=< B on the sines ; then take the lateral distance 56==AB on the lines,
and apply it transversely on the sines, which will give 89° 24’ < C. Hence
the sum of the angles B and C is 85° 54, which, taken from 180, leave the
angle A=94° ¢’. 'Then to work this second proportion, the sector being set
at the same opening as before, take the transverse distance of 84° 6'=the
angle A on the sines, or, which is the same thibg, the transverse distance of
its supplement 85° 54’: then this applied laterally to the lines, gives the
sought side BC==88. In the same manner we might solve any problem in
t\‘lgonometry, where the tangents and secants occur, by only measuring the
transverse distances on the tangents or sedants, instead of measuring them
on the sines, as in the preceding example. All the problems that occur in
Naautical Astronomy may be solved by the sector, but as the calculation by
logarithms is much more accurate; it will be tseless to enter into a further
detail on thiis suhject:
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LOGARITHMS.

N order to abbreviate the tedious operations of multiplication and divi-
sion with large numbers, a series of numbers, called logarithms, were
invented by Lord Napier, Baron of Marchinston in Scotland, and gublished
in Edinburgh in 1614 ; by means of which the operation of multiplication
imay be performed by addition, and division by subtraction ; numbers may
be involved to any power by simple multiplication, and the root of any
power extracted by simple division.
" In Table XXVI. are given the logarithms of all numbers from 1 to 9999 ;
to each one ought to be prefixed an index, with a period or dot to separate
it from the other part, as in decimal fractions ; the nusgbers from 1 to 100
are published in that table with their indices; but frora 100 to 9999 the in-
dex is left out for the sake of hrevity, but it may be supplied"l:Lrthis general
rule, viz. the index of the logarithm Q/'yanyinteger,ormiudnu , 18 always
one less than the uumbcrq{ integer places in the natural number. Thus the
index of the logarithm of any number (integer or mixed) between 10 and
100 is 1, from 100 to 1000 it s 2, from 1000 to 10000 is 3, &c. the method
of finding the logarithms from this table will be evident from the following

examples,
To find the logarithms of any number less than 100.

RuLe. Enter the first page of the table, and et:rposite the given number
will be found the logarithm with its index prefixed.

Thus, opposite 71 is 1.85128, which is its logarithm.

JSind the logarithm of any number between 100 and 1000.

Ruik. Find the given number in the left haod column of the table of loga-
rithms, and immediately under 0 in the next column, is a number, to which
must be prefixed the number 2 asan index {because the number consists of
three places of figures) and you will have the sought logarithm.

Thus, if the logarithm of 649 was required ; this number being found in
the left hand column, against it in.the column marked © at the top (or bot-
tom) is found 81224, to whith prefixing the index 2, we have the logarithm
of $49-=2.81224.

. To find the logarithm of m:’y number between 1000 and 10000.

Rouie. Find the three left hand figures of the given number, in the left
hand columan of the table of logarithms, opposite to which, in the column
tlrat is marked at the top (or bottom) with the fourth figure, is to be found
the sought logarithm ; to which must be prefixed the index 3, because the
number contains 4 places of figures.

Thus, if the logarithm of 8495 was required ; opposite to 649, and in the
column marked 5 at the top (or bottom) 1s 81258, to which prefix the index
8 and we have the sought logarithm 3.81258.

To find the logarithm of at:y nttmber above 10000.
t

Rusk. Find the three first figures of the given numiber, in the left hand .

columa of the table, and the fourth figure at the top or bottom, and take
out the corresponding number as in the preceding rule ; take also the differ-
encel between this logarithm and the next greater, and multiply it by the
given number exclusive of the four first figures, crnss off at the right hand
of the product as many figures as you bad figures of the given number to
multiply by ; then add the remaining left hand figures of this product to the
logarithn taken from the table, and to the sum prefix an index equal to one
less than the number of integer figures in the given number, and you will
have the sought logarithm.

Thus, if the logarithm of 64957 was required : opposite to 649 and under
5 is 81253, the difference between this anﬂ the next greater numher 81265 is
7, this multiplied by 7 (the last figure of the given number) gives 49, crossing

off" the right hand figure leaves 4.9 or 5 to be added t6 81258, which makes _

31263, to this preﬁxin{bthe index 4, we have the sought logarithm 4.81263.
Again, if the logarithm of 6495788 was required ; the logarithm corres-
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ponding to 849 at the left, and 5 at the top, is as in the last example 8i258,
the difference between this and the next greater is 7, which murtiplied by
738 (which is equal to the given number excludiog the four first figures) gives
5168, crossing off the three right band figures of this product (because the
number 738 consists of three figures) we have the correction 5 to be added
to 81258; and the index to be prefixed is ¢ because the given number con-
sists of ¢ places of figures, therefore the sought logarithm is 6.812683.
To find the logarithm of any mized dectmal number.

Rore. Find the logarithm of the number as if it was an integer by the
last rule, to which prefix the index of the integer part of the given number.
. Thus, if the logarithm of the mixed decimal 649.5738 was required ;—
find the logarithm of 6495738 without noticing the decimal point ; this, in
the last example, was found to be 81263, to this we must prefix the index 2,
ocorresponding to the integer part 649 ; the logarithm sought will therefore
be 2.81263.

To find the logarithm of any decimal fraction less than unity.

The index of the logarithm of any number less than unity is negative, but
to avoid the mixture of positive and negative quantities, it is common to
borrow 10 or 100 in the index, which must afterwards be neglected in sum-
ming them with other indices ; thus instead of writing the index — 1, it is
generally written -+ 9 or 4- 99 ; but in general it is sufficient to borrow 10 in
the index, and it i3 whal we shall do in the rest of this work. In this way we
may find the logarithm of any decimal fraction by the following rules.

l{uu:. Find the logarithm of a fraction asif 1t was a whole number ;—
see how many ciphers precede the first figure of the decimal fraction, sub-
tract that number from 9 and the remainder will be the index of the given
fraction.

Thus the log. of 0,0381 is 8.58218; the log. of 0.25 is 9.89794 ; the.log.
of 0,0000025 is 4.39794, &c.

To find the logarithm of a vulgar fraction.

Rure. Subtract the logarithm of the denominator from the logarithm of
the numerator, (borrowing 10 in the index when the denominator is the
greatest) the remainder will be the logarithm of the fraction sought.

, . EXAMPLE . . EXAMPLE If.

Required the log. of 3? ) Required the log. of 3} or 137
From log. of 3 0.47712{F rom log. of 13 1.11394
Take log. of 8 . 0.90309: ['ake log. of 4 0.60206
Rem. log. § orq;:'ls 9.57403)Rem. log. of 3} or 3,25 0.51188

nd the number corresponding lo any logarithm,
RouLe. In the{:iolumn marked 0 at :flle top (and h&yttom) of the table, seek
for the next less logarithm, neglecting the index ; note the number against it,
and carry your eye along that line until you find the nearest less logarithm to
¥the given one, and you will have the fourth ﬁ;';]ure of the given number at the
top, which is to be placed to the right of the three other figures; if you wish
for greater atcuracy, you must take the difference between this tabular lo-
garithm and the next greater, also the difference between that lcast tabular
logarithm and the given one; to the latter difference annex 2 or more ci-
phers at the right hand, and divide it by the former difference, and place the
quotient* to the right hand of the four figures already found . aund you will
have the number sought expressed in a mixed decimal, the integer part of
which will consist of a number of figures (at the left hantl) equal to the index
of the logarithm increased by unity.t
Thus, if the number corresponding to the logarithm 1.52634 was required :
I look for 52634 in the column marked 0 at the top or bottom, and find it

#* This quotient roust consist of 8s many lplwes af figures as there were cipher< anpexed, conform-
able ‘o the rules of the divicion of decimals. Thus, l% the divisor was 40, and the number to whiclt
two ciphers were annexed was 2, making 2,00, the quotient must not be estimated as 5, but as 05, and
then two ‘Sgures must be placed to the right of the four figures before found.

1 If the index correspandsto afraction less than unity, you must place as many cipher<to the left
of that number asare cﬂual to the index subtracted from 9, the decimal point being placed to the left
of these ciphers; in this manner you will oltaln the sought number.
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standing opposite to 336 ; now the index being 1, the sought number must
consist of two integer places, therefore it is 33,8.

If the given logarithm was 2.82838 ; I find that 32838 stands in the co-
Jumn marked 0 at the top or bottom, directly opposite to 218 which is the
number sought, because the index being 2, the number inust consist of $
places of figures.

If the number corresponding to the logarithm 2.57345 was required ; I
look in the column 0, and find in it, against the number 374, the logarithma
57287, and guiding my eye along that line, I find the given logarithm 57845
in the column marked 5 ; therefore the mixed number sought is 8745, and
since the index is 2, the integer part must consist of3 places, therefore the
anumber sought js 874,5. If the index had been 1, the number would have
been 87,45; and if the jndex had been 0, the number would have been 8,745.
If the index had been 8 corresponding to a number less than unity, the
answer would have been 0,03745, &c.

Again, if the number corresponding to the logarithm 5,57811 was requir-
ed ; I look in the column 0, and find in it against 378, and uader 5, the loga-
sithm 57807, the difference between this and the next greater logarithm
$7818 being 11, and the difference between 57807 and the given number
57811 being 4, to this 4 I affix two ciphers, which make 400, and divide it by
11 the quotient is 36 nearly ; this number connected with the former four f-
gures make 378536, which is the number required, since the index being 5
the number must consist of six places of figures.

MULTIPLICATION BY LOGARITHMS.
Rure. Add the logarithms of the two numbers to be multiplied, and the
sum will be the logarithm of their prodact.

Multiply 35 by s 2T eE F Multiply 22.4 by 1 L F

u . u| ¥ K
Py 25 rog. 139794 ’ﬂy.d log. 7 Ik 1.85025
35 log. 1.53407 1,8 log. 0.2559¢
Product 875 log. 394201 Product 40,32 log. 1.60558

EXAMPLE I1). EXAMPLE 1V.

Multiply 3,2 b{ 0,0025. Multipls“w b{ 0,003.

3,26 og. 0.51322 0, og. 9.3979¢
00025  log. 7.39794 0,003  log. 74118
Product 0,00815 log. 7.91116| Product 0,00075 log. 6.87508

In the last example the sum of the two indices is 16, but since 10 was
borrowed in each number, I have neglected 10 in the sum, and the remainder
6 being less than the other 10,is evidently the index of the logarithm of a
fraction less than unity.

DIVISION BY LOGARITHMS.
Rere. From the logarithm of the dividend subtract the logarithm of the
divisor, the remainder wilt be the logarithm of the quotient.

FEXAMPLE 1. FEXAMPLE II.
Bivide 875 by 25. Divide 40.32 by 23,4
875 log. 2.94201 40,32 log. 1,60553
251 n.:wml 224 log. 1.35025
—_— —_—
Quotient 35 log. 1.544071 Quotlent 1,8 log. 0.25537
EXAMPLE I11L EXAMPLE 1V,
Divide 0,00815 by 0,0025. Divide 0.00075 by 0,025.
0.00%15 log. 7.91116 0,00075 log 6.87506
0,0025 log. 7.39794, 0,025 log. 8.3979¢
Quotient 3,26 log. 0,51322] Quotient 0,08 log. 847718

In Example 1. both the divisor and dividend are fractions less than unity,
and the divisor is the least, consequently the quotient is greater than unity.
In Example IV. both fractions are less than unity, and since the divisor is
the greatest, its logarithm is greater than that of the dividend ; for that rea-
son it was necessary to horrow 10 in the index previous to making the sub-
traction, hence the quotient is less than unity.
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INVOLUTION BY LOGARITHMS, .

Ruie. Multiply the logarithm of the number given, by the index of the

wer to which the quantity is to be raised, the product will be the loga-

yithm of the power sought.” But in raising the powers of any decimal frac-

tion it must be observed, that the first significant figure of the power must be

ut as maoy places below the place of units as the index of its lpgaritho
wants of 10 multiplied by the index of the power.

Rt e i Rt ST
ired the square ol [
18 log. e 1-356372 13 log. LHD;
Amswer 324 log. 251054 Answer 2197 log. 33082
EXAMPLE TIL. 5 EXAMPLE 1V.

Required the square of 6,47, . Required the cube of 0,25 !

6,4 log. 0.806!; 0,25 log. 9.37!9;
Answer 40,96 log. 1.61336] Answer 0,015635. ' 20.19369

power 3) therefore the first significant figure of the answer, viz. 1, is
two figures distant from the place of units.

EVOLUTION BY LOGARITHMS.

Rure. Divide the logarithm of the number by the index of the power,

the quotient will be the logarithm of the root sought. But if the power

whose root is to be extracted is a decimal fraction less than unity, prefix to

the index of its logarithm a figure less by one than the index of the power,*

and divide the whole by the index of the power, the quotient wiil be the lo-
garithm of the root sought.

In the last example the index 28 wants 2 of 30 (the produet of 10 b{ :ehs
pla

EXAMPLE I. EXAMPLE Il
‘What is the square root of 324 1 Required the cube root of 2197 ?

324 log. £)2.51055 219 log. 3)3.uiss
Amwer 18 log. 125527 Apywer 13 log. 1.113%
Required m”‘"‘“&‘fé‘hgz Req wm“b':mb 00isess ¢

uare u cube root of 0,015625 ¢
40.9¢ lo;q 2)1.61236 0,015625 log. 0 8.19382
| Prefix 2 to the index 3)28.19382
Amswer 6,4 log. 0.80618
Answer 0,2% log. 9.397%4

To work the RULE OF THREE by LOGARITHMS.

When three numbers are given to find a fourth proportional in arithmetic,
we make a statement and say, as the first number is to the-second so is the
third to the fourth ; and by multiplying the second and third together, and
dividing the product by the first, we obtain the fourth number sought. To
ebtain the same result by logarithms, we must add the logarithms of the se-
eond and third numbers together, and from the sum_subtrgct the logarithm
the ”{ibrst number, the remainder will he the logarithm of the sought four
number. '

EXAMPLE I. EXAMPLE 1I.
1f 6 yards of cloth cost 5 dollars, what will 20| 1f a ship sails 20 miles in 7 hours, bow much will
yards cost ? she sail in 31 hours at ths same rate}
As6 log. 0.77015 As? log. 0.84510
Istob log. 0.69197 1sto 20 log. 1.30103
Sois20 log. 1.30103] 8o lis2l \oé. 1.32222
Sum of 2d. and 34 2 00000 8um of 2d. and 34, z.r.:m;
Subtract first 0.77815|  Subtract the fint 0.84510
To 16,67 log. 1.22185 To 60 los. 1.77815
T he unswer therefore is 16 dollars and 67-100ths The answer i1 -so miles.
or 16 dollars and 67 ceats.

® Tn this rule ft Is sy d that 10 was borrowad In Audiog the 1 i
the rule pagedn. ppose ndiog the lndex of the decimal acconding to
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To caleulate COMPOUND INTEREST' by Logarithms.

T'0.100 dollars add its interest for one year; find the logarithm of this sum
@nf reject 2 in the index, then multiply it by the number of years and parts
of a year, for which the interest is t be calculated ; to the product add the
{ogarithm of the sum put at interest; the sum of these two logarithms will
be the logarithm of the amount of the given sum for the given time.

. EXAMPLE.
Required the amount of the principal and interest of 355 dollats, let at 8

per cent. compound interest for 7 years ?
Adding 8 to 100 gives 106, whose logarithm, rejecting 2 in the index, is 0.02531
Multiplied by 7
B ———

Product 0.17717
Principal 355 dollars log. 2.55023
Sum gives the log. of 533,83 log. 2..12740

‘Therefore the amount of principal and interest is 533 doliars and 83 ténts.

To.find the Logadrithm-sine, Tangent, or Secant, corresponding to any number

j.- gd:}Degrm and Minudes, by Table ﬂ'@ 1L

The given number of degrees must be found at the bottonr of the pagé
when between 45° and 1859, otherwise at the top, the minutes being found
in the column marked M, which stands on the side of the page on which the
degrees are marked ; thus,'if the dégreesare fess than 45, the minutes are to
be found in the left hand column, 8ec. and it must be noted thatif the degrees
are found at the top, the names of hour, sine, co-sine, tangent, &c. must also
be found at the top : and if the degrees are found at the bottom, the names
sine, co-sine, &c. must also be found at the bottom. Then apposite to the
number of the minutes will be found the log-sine, log-secant, in the co-+
lumn marked sine, secant, &c. respectively.

EXAMPLE I. EXAMPLE II.
Required the log. sine of 28° 37°? Required the log. secant of 126° 20/ ?

Find 28° at the top of the page, directly] Find 126° at the bottom of the page, di-
below which, in the left hand column flad|rectly above which, in the left hand co-
87’ ; against which in the column marked|lumn, find 20'; against which, in the co-
sine is 9.68029, the log. sine of the given|fumn marked secant, is 10.23732 required.
number of degrees ; and in the same man-
mer the tangents, &c. are found. l

To find the Logarithm-sine, Oo-u;n‘:,u?c).‘ﬁo{’ gfgm:, Minutes, and Seconds,

Find the numbers corresponlsling to the even minutes next above and below
the given degrees and minutes, and take their difference ; then say, as €0” is
to the number of seconds in the proposed number, so is that difference to a
correction to be applied to the number corresponding to the least number of
degrees and minutes ; additive if it is the least of the two numbers taken from
the table, otherwise subtractive, :

EXAMPLE I. EXAMPLE II.

Required the log. sine of 24° 16’ 48”2 | Requited the log. secant of 105° 20° 16”?
Sine of 24° 16’ 9.61382|Secant of 105.20 log. 10.57768
Sine of 24 17 9.61411 105.21 10.57722

Diff. 29 Diff, 46

Then, as 60” : 48" :: 29 : 23. which, added
to the number correspouding to 24° 16',

Then 60" : 16” :: 46 : 12, which, subtracted
from the number corresponding to 105° 20',

8ives9.61405 the log. sine of 24° 16° 48",

gives 10.57756, the log. sec. of 105°20° 16",

If the given saconds be }, 1, }, 1, or §, or any other even'parts of a mi-
nute, the like parts may be taken of the difference of the loiarithms, and

added or subtracted as above, which naay be frequently done

y inspection.
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To find the Degrots, Mimidce, and Sccoinds, “’%’ﬁ'ﬁ g why given Loga-

rithm-sine, Co-sine, &c. by T

Fitd the two nearest numbers to the given logarithm-sine, co-sine, &4.
in the column marked sine, eo-sine, 8¢, respectively, one being greater and
the other Jess; and take their difference ; take also the difference besween the
given logarithm and the IBgarithm corrésponding to the least number of de-
rees and minutes : then say; as the first found difference is te the second
?ound difference, so i 60” to a number of seconds to be annexed to the small-

est number of degrees and minutes before found.

EXAMPLE I
Find the degrees, ininutes; and seconds (1#8s than 99°) corresponding to the log. sine
9.61405.
Next less log. 24° 16’ 9.61382 Log. of least numb. 24° 16'is  9.61382
Greater 224 17 9.61411 Given log, 9.61405
—

. 29 23

Then say, as 29 : 23 :: 60” : 48" which annexed to 24° 16/ give 24° 16’ 48" answer-

ing to fog. sine 9.61405. Subtracting 24° 16° 48” fiom 1800, thére remains 155°
4§ 12", the log. sine of which is alss 9.614C5.

BXAMPLE II.
Fil;d the degrées, mirutes, and secorids (abové 90°) corresponding to the lbg. secant
0.56703. . .
Secant 1059 43’ log. 10.56722 Log. of the least nugnb. 1057 43’ 10.56723
-Secant 105 44 10.56677 Given log. 10.56703

————

45 , 19
Then ds 45 ts to 19, 6 is 60” to 25", which andexed to 105° 47’ gives 105° 43" 257;
the degrees, minutes, and seconds required. ,
To find the Arithmetical Complement of any Logarithm.
The arithmetical complement of any logarithm, is what it wants of 10,00000
and is used to d@void subtraction. For when working an{ proportion by lo-
arithms, you may add the arithmetical complement of the logatithm of the
rst term, instead of subtractitig the logarithm itself, obserting to neglect 10
in the index of the sum of the logaritbms. The arithmetical complement of
any logarithm is thus found :—Begin at the index, and wrile down sohat each:
JSigure wants of 9, except the last significant figure, which take from 10°
EXAMPLE.
Required the arithmetical compleritent of 9.62595 ? )
For the first figure 9, write 0; for 8, 3; for 2, 7; for 5, 4; for 9, 0; and
for the last figure 5, write 5; thus the ariti:metical complement is 0,37405.
" In the same manner the arithmetical compleraent of 1.86563 is 8,13437,
the ar. co. of 10.33133 is 9.86867, and the 4r. co. of 1.22800is 8.77200. To

illustrate the method of using the arithmetical complement of any logarithm,
1 shall here calculate the examples as given in page 32.

EXAMPLE 1. - EXAMPLE II. :
As6 log. ar. co. 9.22185|As ¥ log. ar. co. 9.15490
Isto § logs 0.69897.1s to 20 log. 1.30103
Sois2  log. 1.soxos|8o 21  log. 1.32223
To1667  log. 1.22185To 60 log. 1.77815

o % When the index of the xivelzlosuithm is frum than 10, as in some of the numbers of Tabi
XXVIL. the left band figure of it must be neglected; and when there are any ciphers to the ri ht
hand of the last significant figure, you may place tlie sdme numberof cipbers to the right bdnd of t.
pther figures of the aritiime! compleinent,




(%)

PLANE TRIGONOMETRY.

ANE TRIGONQMETRY is the science which shews bow 4p findghe
measyres of the sides and angles of plane triaugles, some of thom being
already koown. It is divided iato two parts, right-angled aud gblique-an-
ﬁed: in the former case, one of the angles is & right sogle or 90°; in the
tter they are all oblique, . . )
In every plane triangle there are six parts, vig, three gjdes and three au-

. gles; any three of which being given (exvept the $hree angles) the other

three may be found by various metheds, viz. by Guuter’s Scale, by the slid-
iog rule, gy the sector, by geometrical congtruction, or by arithmetical cal-
ation. We shall explain each of these methosds;* but the latter is by for
the most accurate; it is performed by the help of a fow theorems, and a
trigonometrical canon, exhibiting the natural oy the logarithmic sines, tan-
gents, and secants, to every degree and miungte of the quadgrant.t The theo-
rems alluded to aze the following :
ht angled u,T}!t%?m be made radius, one side il
In any right angled triangle, ¢ sus, one 8t
be the aigwoéitlwmodtcangk,yndmdhrﬁuo-dm; but 4 eitherq'thclg:
ke made 2 ofbcrkgmllbcﬂwlmgmtquoppac& angle, and §}
huypotenuse swill be the secant of the same angle., ' ‘ '

e,

1st. Ifin the right-angled plane triangle ACB (8¢g. 1) we.make the h
tenuse AB radius, and upon the centre A describe the arch BE, to meet
produced in E; then it is evident that BC is the sine of the arch BE (or the
sine of the angle BAC) and that AC is the co-sine of the same angle : .and if
the arch AD be described about the centre B, AC will be the sine of the an-
gle ABC, and BC its co-sine.

2dly. If the leg'AC (fig. 2) he made nadius, and the arch CD be described
about the centre i ; CBwill be the tangent of that arch, or the tangeat of the
apgle CAB; and AB will be its secant.

8dly. If the leg BC (fig. 8.) be made eadiys, aud the arch CD be described
about the centre B; CA will be the tangent of that.arch, or the tangent of
the angle B ; and AB will be its secant.

Now it has been already demonstrated (in art. 55. Geom.) that the sine,
tang. sec. 8&cc. of anyareh in one circle, is to the sine, tang. sec. &c. of a simi-
lar arch in another eircle as the radius of the former circle to the radius of
the latter. And since in any right-angled triangle there are given either two
sides, or the angles and ¢one side, to find the rest; we may, if we wish to find
a side, make any side radius ; then say, as the tabular number of the same
pame as the given side is to the given side of tbe triangle, so is the tabular

* It will Dot be pecessary to add m‘ furtber description of the uses of the sector or sliding rule,
(.or ‘;::'t '8.;: ‘l;nn already given will be sufficient for any one, tolerably well versed in the uwse of

unter's e. .

t Ses Tablea XX1V. sad XXVI],
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number of the same name as the required side, to the required side of the
triangle. If we wish to find an angle, one of the given sides must be made
radius ; then say, as the side of the triangle made radius, is to the tabular ra-
dius, so is the other given side to the tabular sine, tangent, secant, &c. by it
represented ; which being sought for in the table of sines, &c. will correspond
to the degrees and minutes of the required angle.

) e mTH!}&gEM 1.

In all plane triangles, ides are in direct proportion to the sines of their op-

pla posite angles (by art. 58, Geom.) 4 *?

- Hence, to find a side, we must say, as the sine of an angle is toits oEposite
side, so is the sine of either of the other angles to the side opposite thereto.
But if we wish to find an angle, we must say, as any given side is to the sine
of its opposite angle, 30 is either of the other sides to the sine of its opposite

angle.
& THEOREM III. :
In every plane triangle, it will be, as the sum of any two sides is to their dif-
Jerence, so ts the tangent of half the sum of the two opposite angles to the tongent
"'of half their difference (by art. 59, Geom.)
THEOREM 1V.
s the base of any plane triangle is to the sum of the two sides, s0 is the dif-
JSerence of the two to twice the distance of @ perpendicular (let fall upon {
base from the opposite angle) from the middie q/‘p the base (by art. 60, Geom.)
THEOREM V.
In any plaﬁe triangle, as the rectangle contained by any two sides including
. s sought angle, is to the rectangle contained by the half sum of the sides and the
half sum decreased by the other side, so ig the square of radius to the square of
the co-gine of half'the sought angle (by art. 81, Geom.)

[1n addition to theee theorems, it will not he amiss for the learner to recall to mind the following
articles, most of which have beea already demonstrated.)

1. In every triangle, the greatest side is opposite to the greatest angle ;
and the greatest angle epposite to the greatest side,

2. In every triangle equal sides subtend equal angles. (/rt. 39, Geom.)
Gs. ;I'he three angles of any plape triangle are equal to 180°. (.Art. 35,

eom.

4. [f one angle of a triangle be obtuse, the rest are acute ; and if one an-
gle be right, the other two together male a right angle, or 90°; therefore, if
one of the acute angles of aright-angled triangle be known, the other is found
by subtracting the known angle from 90°. If one angle of any triangle be
known, the sum of the other two is found by subtracting the given angle from
180°; and if two of the angles be known, the third is found by subtracting
their sum from 180°.

5. The complement of an angle is what it wants of 80°, and the supple-
ment of an angle is-what it wants of 180°,

Al
In the two following tables we have collected al
the rules necessal('{v for solving the various cases of
Right-Angled and Oblique-Angled Trigonometry.
" c RIGHT-ANGLED TRIGONOMETRY.
Case. Given. Sought. Solutions. 1
Hyp. AC. BC. e . : : sineA : .
1| Aifiee” | LRG| Rad : Wy AC i i el | lefAB

Leg BC. | LegAB. | Rad. : ieg BC. : ¢ tang. C.: leg AB.
2 & 3| Angles. Hyp. AC Rad. : leg BC. : : sec. C.: hyp. AC.
‘100rSine A : leg BC. : : rad. hyp. AC.

Hyp. AC. | Angles. Hyp. AC. : rad. : : leg AB : sine C. whose comp. is A.
45| FOUAB. | LegBC. | Rad : hyp AC. : : sine A : leg BC. P

"
R4

Bothlelgn. Angles. Leg BC. : rad. : : leg AB : tang. C, whose comp. is A,
8 AB& BC. | oy AC.|§SineC : lei AB : : rad. : hyp. AC.
i YP- AL Orrad. : eg BC : : sec.C. :A_hyp.‘ég.
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&

EETTITTTTITTIITS

A' G é.--o-n.-u.-nn A 5 &‘ r c

Case Given. | Sought. |’ Solutions.

) The anzles and|{Siue BC. Sine C : side AB :: sine A : side BC.
side AB. Side AC. Sine C : side AB :: sine B : side AC.

Too sides AB.y gle A. | Side AB: sine C :: side BC: sine A, which sdded to
2& 3 |BC 802 €l Angle B. [C, and the sum subtracted from 180° gives B.

C opposite 10iSide AC. | 'Sine C : side AB :: sine B : side AC

Subtract half the given angle A from 90°, the remainder is hall
Angles C [thesum of the other angles. Then say, as the sum of the sides AC,
Two sides AC,|and B. AB is to their difference, 30 is the tangent of the haif sum of the
4%& 5 |AB, and the in- other angles to the tangent of half their difference; which added
cluded angle A. to and subtracted fjom tbe half sum, will give the two angles B
X and C the greatest angle being opposite to the sruteut side.
Side BC. | Sine B : side AC : : sine A : side BC.

Let lall a perpendicular BD o) ite to the required angle ;
then as AC : sumof AB, BC : : fﬁfﬁ dlﬂ'ereneer:egw ice DG, the
distance of the perpendicularfrom the middle of the base : hence,
All thean-|AD, CD are known, and the triangle ABC is divided into two
gles. right-angled triangles BCD, BAD : then by cases 4 and 5 of
right-angled trigonometry, we may find the angle A or C.

Either of the angles, as A, may also be found by the followiog
rule. From half the sum of the three sides subtract the side
. BC opposite to the sought angle ; take the logarithms of the half
Either an-|sum and remainder, to which add the arithmetical complements

6 |All three sides.

' gle, a8 A. |of the logarithms of the sides AB. AC &Ineludi the sought an-
gle ;) baif the sum of these four logarithms will be the loga-
I. rithmic co-sine of half the aought angle.

In workiog by log:ithms with any of the preceding rules, you must remember, that the logaritAm
&fl'u first term of the analogy i to be subtracted from the sxm of the logarithms of the second and
JSAird terms, the remainder will be the logarithm of the sought fomrlh term.

When the first term is radius (whose logarithm is 10.00000) you need only reject an unit in the
second left hand figure of the index of the sum of the second and third terms. But when the radius
occurs in the second or third term, you must suppose an unit to be added to the second left Mind
Agure of the index of the other term, and subtract there(rom the logarithm of the Srst term.

RIGHT-ANGLED TRIGONOMETRY.

Solution of the sir cages in right-angled Trigonometry.

CASE I
The angles and hypoltenun given, to find the

egs.

Given the hypotenuse AC 250 leagues, and
the angle C opposite to the side AB=385° 30’
to find the base CB and perpendicular AB.

BY PROJECTION.

Draw the base CB of any length: with an
extent equal to the chord of 60°and on C as a 030
centre, describe the arch DE ; from- E to D : =
Jay off 85°30’ taken from the line of chords,*T r
through C and D draw the line AC, which make equal to 250 ; from _A let
fall the perpendicnlar AB, to cut CB in B, and it is done; for CB will be
203.5, and AB=145.2.

* Inall !\mjectiona of this kind the angles are measured from the line of chords, the radius used
for describing arches by which the angles are to be measured, being equal to the chord of 60°, the
sides of the triangles are measured by scales of equal parts as was before obsecved.
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BY LOGARITHMS.
By makingcthe hypotenuse CA radius, it will e,

To find the bese To find the perpendicular AB.
As radius 10.00000{ As radius 10.00000
Isto the b AC 250 ::mu 18 to the bypot. AC. 250 2.397%¢
So isthe ang. A 5¢4° 0 91089 So is sine ang. C 35° 30’ 9.7639$
Po the base BC 203,5 2.308831To the per..AB 145.9 216180

BY GUNTER'S SCALE.
In all proportions wrought by Gunter’s Scale, when the first and second

terms are of the same kind, the extent from the first term to the second,

will reach from the third to the fourth ;

Or when the first and third terms are of the same kind.

The extent from the first term to the third will reach from the second to
the fourth ; that is, set one point of the compasses on the division expressin
the first term, and extend the other point to the divisfon expressing the tl'nfs
term ; then, without altering the opening of the compasses, set ore point on
the division representing the second term, and the other point will fall on the
division showing the fourth term or answer.

In the present example the work will be as follows :

Extend from radius or 90°, to 54° 30’ on the line of sines ; thatextent will
reach from 250, the hypotenuse, to 203.5, the base on the line of numbers;
and the extent from radius, or 90° to 35° 30’ on the line of sines, will reach
from 250 to 145.2 on the line of numbers. .

Observe the like in all that follows, except in those propertions where the
word secant is mentioned, which cases must be wrought by considering the
hypotenuse radius,* there being noline of secants on the common Gunter's
Scale, although it might easily be marked on the line of sines,

No-rk:& The radius, according to the matyre of the proportion, may be eitber of the following

quant
8 points on the line of rhumbs. 90° on the line of sines.
4 points on the line of tan. rhumbs. 45° on the line of tangents.

CASES II. and 1II.
The angles and one leg given, to find the hy-
potenuse other leg.
The angle ACB 33° 15, the leg BC 325
miles, given, to find the hypotenuse and the

other leg.
BY PROJECTION. 4
Draw the line BC, which make equal tg 325
miles; on B erect the perpendicular BA ; on
C, as a centre, with the chord of 60° sweep
the arch BD, which make equal to 33° 15 ;
draw CD, and continue it to cut AB in A, a\
and it is done”; for AB being measured on the ) 2
same scale that BC was, will be 213.1, and B J25 [3}

AC 388.6 miles.
BY LOGARITHMS.
By making the bage BC radius, it will be,

To find the perpendicular AB, To find the hypotenuse AC.
As radius 45° 10.00000| As radius 90° 10.0000Q
Is to the base BC 325 : 2.51168|[s to the base BC 325 2.51188
So is tang, ang. C. 33° 1¥ 9.81666(So is sec. apg. C 33° 15 10.07765
To the perpen. AB 213.1 2.32854(To the hypat. AC 388.6 | 2.58953
BY GUNTER,

Extend from 45° to 83° 15’ on the line of tangents ; that extent will rench
from the base 325 to the perpendicular 213,1 on the line of numbers.

2dly. Extend from 56° 45’ to radius on the line of sines ; that extent will
reach from the base 325 to the hypotenuse 388,6 on the line of numbers.

® Orhy nd|¥ in the analogy radjus : eos. angle instead of scrant angle : Radius, and radius ; sine
angleinsiead of co-secant ang'e : Radius.
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CASESIV.and V. A
T'he hypolenuse and one leg given, to

3
the angles and other beg.
The leg AB 91, the hypoteause AC Vs
170, given, to find the angl¢ ACB, or ;
BAC, and the leg BC. N,

BY PROJECTION. ﬂ
Draw BC at pleasure; on B erect
the dicalar BA, which make
equal to 91 ; take 170 in your eom-
passes, and with one_foot on A, de-
seribe an archto cut BCin C; join A B C
and C, and it is done; for the angle C will be 32° 22, the angle A 57° 3¢/,

and BC 143,6. :
BY LOGARITHMS.
By making the hypoteonuse radius it will be,

o

To find the angle C. To find the base BC.*
As the hypotenuse 170 2.23045|As radius 16.00000
Is to radius - 10.00000}1s to the hypotenuse 170 2.23045
80 is the pedpendicular 91 1.95904(So is sine ang. A 57° 38’ 9.92667
To sine angle C 32° 22/ 9.72859|To the base BC 143,6 2.15712
BY GUNTER.

Extend from the hypotenuse 170 to the perpendicular 81 on the line of
numbers ; that extent will reach from radius to the angle C, or the comple-
ment of angle A=32° 22’ on.the line of sines. .

2dly. Bxtend from radius to the angle A 67° 38’ on the line of sines; that
éxte%t will reach from the hypotenuse 170 to the base 148,68, on the line of
numbers.

CASE VI. . A

The legs given, to find the ungles and hypotenuse. o

The legs AB 890, BC 707, given, to find the angle
BAC or ACB, and the hypotenuse AC.

"BY PROJECTION. @
Make BC==707, and on B erect the perpendicular
BA, which make equal to 880 ; join AC, and it is done ;
for the angle C will be 51° 82'; consequently the angle
B

90

A 88° 28/, and the hypotenuse 1137, T .C
BY LOGARITHMS.
By making the base radius, it will be,
To find the angle C. To find the hypoth. AC.t
As the base 707 2.84942| As radius 10.00000
1s to radius 10.00000'ts to the base 707 2.84942
Bo is the perpiéndicular 890 2.94939|So is the sec. ang. C. 5§1° 82"  10.20817
To tan. ang. C=51° 32 10.09997|To the hyp. AC=1137 8.05559
BY GUNTER.

The extent from 707 to 890 on the line of numbers will reach from radius,
or 45 degrees, to the angle C 51° 32’ on the line of tangents.

2dly. The extent from the angle C 51° 32’ to radius, or 90° on the line of
sinenl;ewill reach from the base 880 to the hypotenuse 1137, on the ke of
humbers.

& When ;ou take the log. sines, or tangents to the nesrest minute ooly, it is bestto uee this canon
for finding BC, which is more correct than the one fouad by making the perpendicular radius ; be-
cause the variation of the log. sine of an arch is less than the corresponding varistion of the

ont.
h? 6‘3‘.’.‘,., you are finding AC It is beet tb reake \he greetest side radius, for'the reason mentfoned
fo the last note,
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QUESTIONS
To exercise the learner sn Right-Angled Plane T'rigonomeiry.

Quest. 1. The hypotenuse 496 miles, and the angle opposite to the basé
56° 15, given, to find the base and perpendicular.

Ans. Base 412.4, and the perpendicular 275.8 miles.

Quest. 2. The perpendicular 275 leagues, and the angle opposite to” thé

. base 56° 15’. given, to find the hypotenuse and base.

Ans. The hypotenuse 495, and base 411.6 leagues.

Quest. 3. The base 83 yards, and the angle opposite to the perpendicular
58° 26, given, to find the hypotenuse and perpendicular.

Auns, Hypotenuse 55.89, and the perpendicular 44.49 yards.
tth‘:::t. 4. The hypotenuse 575, and perpendicular 50 miles, given, to find

e base.

Ans. Base $72.8 miles.

Quest. 5. The hypotenuse 59, and the base 33 miles, given, to find thé
perpendicular.

Ans. Perpendicular48.9 miles.

Quest. 6. The base 33, and perpendicular 52 leagues given, to find the
hypotenuse.

Ans. Hypotenuse 61.59 leagues.

OBLIQUE TRIGONOMETRY.

CASE 1.
T'wo angles and one side given,to find either of the legs.

H
Given the angle BAC=100° PG
the angle ACB;:.:&:h am;_ll the -
leg AB=220 to find the sides: A
9%9.'4\
n SR :
: %0 = o—aau_'_'\\lc... ..E

BY PROJECTION.

Subtract the sum of the angles A and C from 180° the remainder will be
the angle B=26°. Draw theindefinite line BE, also the line BH, making the
angle EBH=26° on BH set off BA 220. On A make the angle BAC 100°;
then AC will intersect the line BE in the point C, which completes the trian-
gle, and BC will measure (on the same scale from whicli BA was laid down)
268 nearly, and AC 119.

BY LOGARITHMS by Theorem II.

To find BC. To find DC.

As the sine of the angle C 54°  9.90796|As sine ang. C 54° 9.90796

1s to the side AB 220 2.34242|1s to the side AB 220 2.34242

So is the sine of the ang. A. 100° 9.99335(So is the sine ang. B. 26° 9.64184

12.33577 11.98426

9.90796 9.90796

To the side BC 267.8 2.42781|To side AC 119.2 2.07630
BY GUNTER.

The extent from the angle C==54° to the angle A or its supplement 80° on
the sines, will reach from AB==220 to BC=268 on the line olP numbers.

2dly. The extent frem the angle C=54° to the angle B=26°, on the sinés, -
will reach from AB=—220 to AC=119 on the line of numbers.
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T'wo sides and an angle WCASES u';%“ge} given, to find
an angle opposite to one o ing gi to the other
angles and the lhirdm’d:g r o £

Norz. It may be
proper to observe,
that if the given
angle be obtuse, the
angle sought will
be acute: but when
the given angle is
acute and opposite
to a lesser given 24
side, then it is .G
doubtful whether the required angle is acute or obtuse ; it ought therefore to
be given by the ¢onditions of the problem.

_ Ig.xunn. Let there be given the side BC 410, the side AB 640, and the
angle A 234°, to find the other side AC, and the angles ABC, BCA.

BY PROJECTION.

Draw the indefinite line FE, make the angle DAE=25}° on AD set off
AB=1640, then on B, with 410 in your compasses taken from the same scale,
describe an arch cutting FE in the peints C and G, join BC, BG, and it is
done; for the triangle may be either ACB, or AGB, according as the angle
C, or G, is acute or obtuse; if thatangle be acute, the triangle willbe ABC;
the side AC will measure 908, the argle ACB will measure 38§° and the
angle ABC will measure 118° nearly; but if the angle at the base be obtuse,
the triangle will be AGB ; the side AG will measure 266, the angle AGB
will measure 1414° and the angle ABG 15°.

If the side BC had been given greater than AB, there could have
been only one answer to this problem; fer in that case, the point G
would have fallen on the continuation of the live CA towards F, in which
case the angle A of the triangle would become equal to FAB, instead of being
equal to its supplement, as is required by the conditions of the problem.

BY LOGARITHMS, by Theorem Il.

To find the angle C or G. To find AC.
As the side BC 410 2.61278)As sine angls C 38° 30 9.79410
13 to the sine of angle A 233° 9.60070!Is to AB 640 2.80618
So is the side AB 640 2.80618|So is sino angle ABC 118° 9.94593
12.40688 12.75211
2.61278 9.79410
To sine ang. C 38 30 or G 141 30 9.79410|To the side AC 907,8 2.95801
Angle A add 2330 23 30
—— e To find AG.
Subtract 62 0 or 165 0 As sine angle G 141° 30’ 9.79410
From 180 00 180 00 [sto AB 640 2.80618
8o is sine angle ABG 15° 9.41300
Ang. ABC 118 0 ABG 15 0
12.21918
9.79410
'To the side AG 266,1 2.42508

BY GUNTER.

1st. The extent from BC=410 to AB=640, on the line of numbers, will
reach from A=23}° to 384°, on the line of sines, which is equal to the angle
C; itssupplement 141° 30’ being equal to the angle G.

2dly. The extent from the angle C=238° 30’ to 62° 0’ (the supplement
of the angle ABC, 118° (') on the sines, will reach from AB=640 to 908, on
the line of numbers ; therefore the side AC=908.

Or, the extent from 38° 80’ (the sup‘Plement of the angle G) to the angle

=15° 0 on the sines, will reach from AB=640 to 266, on the line of

numbers: hence AG=266. H
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CASES 1V. 4nd V.
T'wo aides and their contained angle besng given; to find either of the other an-
gles and the third side. 4 v
Given the side AB 110 m. AC 80 m.
and angle BAC 96° 0’ to find the angles
BCA and CBA. \
¢

BY PROJECTION.

Draw the indefinite right line AD; on
which set off AB=110; make the angle
EAB=96°; and vn AE set off AC=80; 80
join BC, and it is done; for BC will mea-
sure on the former scale 148, and the an-
gles B and C will measure 33° 55’ and 60°
6 respectively on the line of chords.

BY LOGARITHMS.
To find the angles B and C by Th. IIL. To find the side BC by Theorem II.

As sum of sides AC and AB190  2.27875|As sine ang. B 33° 55 9.74662
Is:,to theit di:erence 30<, 1.47712!s to AC 80 o 1.90309
is tang. 4 sum op. ’s So is sine ang. A. 96° }

or comp. § ang. A. §B° 995444170 i sup. 84 0 9'9976‘

11.43156 11.90070

_ 2.27875 9.74662

To tang. half diff. 8° 5'=9.15281|To side BC 142.6 2.15408
8um is angle C 60 &
Diff. is angle B 33 55

BY GUNTER:

1st. The extent from the sum of the sides 190 to their difference 30 or
the line of numbers, will reach from the half sum of the angles B and C 429,
to their half difference 8° &' on the line of tangents, The sum of which half
sum and half difference gives tlie angle C 50° 5’ and their difference the angle
B 3%° 55'; the greatest angle being dpposite to the greatest side. -

2dly. The extent, fioni the angle B 33° 65/, to the angle A 96° (or its
Su‘{)plement 84°) on the line of sines, will reaclt froni the side AC 80 to the
side BC 142,6 on the line of numbeis.

‘ CASE V1. A
The three sides of a plane triangle given; to find the angles.
The sides AB 85, BC 57, AC 108 given, to find the angles ABC, BAC, BCA.

. BY PROJECTION.

Draw the line AC, and make it
equal te 108 ; take 85 in your com-
passes, and with one foot on the
point A, describe an arch; then
take the distance 57 in your com-
passes, and with one foot on C,
describe another arch intersecting
the former arch in the point B;
join AB,CB, and it is done. For
the angle A being measured will
be found=314°, B=97°, and the
angle C==514° nearly.
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44 ASTRONOMY AND GEOGRAPHY.

The Sorar SysTEN, so called, 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 eur earth, revolving round at different distances. This hypothesis,
which is fully confirmed by observation, is called the Copernican System,
from Nicholas Copernicus, a Polish philosopher, who revived it about the
year 1500, after it had been buried in oblivion many ages.

Stars are distinguished into two kinds, fized and wandering. The former
are supposed to be suns in the centres of their systems, shining with their
own light, and preserving nearly the same situation with respect to each
other. They are usually distinguished by their brightness, the largest being
called of the first magunitude; and the smallest visible to the naked eye being
of the sixth or seventh magnitude. A Constellation is a number of stars lying
in the neighbourhood of one another on the surface of a celestial sphere,
which astronomers, for the sake of remembering with greater ease, suppose
to be circumseribed by the outlines of some animal or other figure. The
wandering stars are those bodies within our system, or celestial sphere,
which revolve round the sun; they appear luminous by reflecting the light
of the sun, and are of three kinds, namely, primary planels, secondary pla-
nets, and comets. :

"Phe Primary Planets are bodies which revolve round the sun, as the cen-
tre of their courses ; the motions being regularly performed in tracks or paths
(called orbits) that are nearly circular and concentric with each other. A Se-
condary Planet, Satellite, or Moon, is a body which, while it is carried round -
the sun, revolves also round a primary planet. Comels are a sort of planets
moving round the sun in very eccentric orhits, with vast atmospheres about
them, and tails derived from the same.

There are eleven primary planets, which, reckoned in order from the sun,
are as follows: Mercury, Venus, the Earth, Mars, Vesta, Juno, Pallas, Ceres,
Jupiter, Saturn, and Uranus.

ercury and Venus are called <nferior planets, because their orbits are
within the earth’s; the others are called supertor planets, as their orbits in-
clude that of the earth.

The Sun, the first and greatest object of astronomical knowledge, is placed
near the centre of the orbits of all the planets, and turns round its axis in 25}
days; its diameter is 883,000 English miles, and its mean distance from the
earth 95 millions of miles.

MERCURY is the least of all the planets, known before the discovery of
Vesta, Juno, Pallas, and Ceres, andp is the nearest to the sun, his mean dis-
tance from that luminary being 37 milliens of miles. His periodic revolution
in his orbit round the sun is performed in 87 days 23 hours, and bis diameter
is about 3200 miles. _

Venus is the brightest of all the planets. Her diameter is 7687 miles; her
mean distance from the sun 68 millions of miles; and her periodic revelution
is Eerformed in 224 days 17 hours. When this planet is in that part of her
orbit which is west of the sun, she rises before him in the mprning, and is
called the morm'ng star ; when she is in the eastern part of her orbit, she
shines in the evening, after he sets, and is called the evening star.

Tbe next planet is the EARTH, the diameter of which is 7964 miles, the
distance from the sun 95 millions of miles, and the time of revolution round
the sun one year. The earth turns.round its axis from west to east in 23h.
56m. which occasions the apparent diurnal motion of the sun and all the
heavenly bodies round it from east to west in the same time, and is, of
course, the cause of their rising and setting, of day and night. The axis of
the earth is inclined about 23° 28’ to the plane of its orbit,* and keeps
nearly 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 gives us the grateful vicissitude of night and day, and the an-

* The Incliostion decreasesat present about 50" in 100 years, ba.reuon of the attraction of the

planets on the earth. It is also afiected by the Nutation given in Table XLLII. which sometimes
umounts to 9”.
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nual motion the regular succession of the seasons. The earth is attended
by asatellite called the Moox, whose diameter is 2161 miles ; her distance
from the centre of the earth is 240,000 miles : she goes round her orbit in
27 days 8 hours; but, reckoning from change to change, in 204 days. Her
orbit 1s inclined to the ecliptic is an angle of 5 @, cutting it in two points
diametrically opposite to each other, called her nodes. As the moon shines
only By the reflected light of the sun, she must appear different when in dif-
ferent situations with respect to that luminary. hen she is in conjunction
with the sun, her dark side is turned towards the earth, which renders her
invisible ; this is called new moon : when she is in opposition, her light side
is wholly visible from the earth ; this is called full moon.

If at the time of new moon she is near to either of her nodes, she may
intercept a part of the sun’s light, and thus eause an eclipse of the sun ; and
if she is near either of her nodes at the time of full moon, she may pass into
the shadow of the earth, and cause an eclig:: of the moon. In a similar man-
ner, when the moon passessbetween an ebserver on the earth and a star, it
is called an Occultation of the star. 'The instant whea the moon’s limb first
covers the star is called the Immersion, and the moment of its re-appearance
is called the Emersion. When Mercury or Venus passes between the sun
and an observer, and appear to pass over the sun’s disk, it is called a Transit
of Mercury or Venus. Eclipses, Occultations and Transits, are of great im-
portance in ascertaining the longitudes of places on the earth. Eclipses of
the moon furnish a convincing proof of the rotundity of the earth, since the
shadow of the earth, seen upon the moen when eclipsed, is always circular.
This is farther confirmed by the appearanee of objects at sea ; for when a
ship is making towards the land, the mariners first desery the tops of stee-
ples, trees, &e. pointing above the water ; the lower parts being hid, by rea-
son of the curvature of the earth.

The earth is not a ‘perfect globe or sphere, but is a little flatted at the
peles, being nearly of the figure of an oblate spheroid, the equatorial dia-
meter being about 26 miles longer than the polar: but since this difference
bears but a small comparison to the whole diameter, we may, for a the
practical purposes of navigation, consider the earth as a perfect sphere, as
will be done in the rest of this work. The natural divisions of the earth will
be given hereafter.

Mags is the next planet to the earth ; his diameter is 4189 miles, his dis-
tance from the sun 144 millions of miles, and his periodic revolution is per-
formed in about 887 days. He revelves round his axis in 24 hours 40 mi-
nutes, appearing of a dusky reddish hue, and is supposed to be encompassed
with a great very atmosphere.

Between Mare and Jupiter are situated the four lately discovered planets,
Vesta, Juno, Pallas, amf Ceres, named Asteroids by Doctor Hersehel. The
elements of their orbits have not been accurately ascertained, but are nearly
as in the following deseription.

VEsTa was discovered by Doctor Olbers of Bremen, on the 29th of March,
1807. Its mean distance from the sun is about 205 millions of miles ; its
periodic revolution is performed in about 8 1-6 years,

Ju~o, was discovered by Mr. Barding, of Lilienthal (near Bremen) on the
first of September, 1804. It appears like a star of the eighth- magnitude.
Its distance from the sup is about 255 millions of miles ; its periodic revolu-
tion is performed in 1582 days. The inclination of its orbit to the ecliptic
i3 18°50' and the eccentricity of the orbit* 0,25.

PaLLas, was also discovered by Dr. Olbers, on the 28th of March, 1802.
Its diameter, according to Doctor Herschel, is only 110 miles; it appears
like a star of the eighth magnitude. Its mean distance from the sum is about
266 millions of miles. Its periodic revolution is performed in 1683 days.
The inclination of its orbit to the ecliptic is 34° 39’ and the eccentricity of
the orbit 0.2483.

CxnEs, was discovered by Mr. Piazzi of Palermo on the first of January,
1801, Its diameter, according to Dr. Herschel, is only 160 miles. It ap-
pears like a star of the seventh or eighth magnitude. Its distance from the

* Inestimating the eccentricities of the planets, their mean distance from the xun is put equal ¢
unity.
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sun is about 266 milliéns of miles, 214 its periodic revolution if performed in
1683 days, being at nearly the same distance from the sun as Pilas. The
inclination of the orbit of Ceres to the ecliptic is 10° 37’ and the eecentrieity
0,097. The situations of the nodes of the two planets Ceres and Patlas,
and the inclinations of their orbits, are very different from each other, so
that when those planets are in the same plane, they are at a great distance
from each other, notwithstanding their mean distances from the sun are
nearly equal. Jt has been supposed by some, that these smal! bodies are
fragments of a former planet.
UPITER is situated still higher in the system, and is the largest of all the
Bjanets, being easily distingwished from them by his peculiar magnitude and
ht. - His diameter is 89,170 miles, his distance from the sun 490 milliens
of miles,and the time of his periodic revolution is 48324 days. Though Ju-
piter is the largest of all the planets, yet his diurnal revolution is the swift-
est, being only 9 hours and 56 minutes. .-

Jupiter is aitended by four satellites, invisible to the naked eye; but
through a telescope they make a boautiful appearance. In speaking of them,
we distinguish them according to their places, into the first, the second, and
80 on ; by the first we mean that which is nearest to the planet. The ap-
pearance of these satellitesis marked in the XIIth, page of the Naatical Al-
manac, for some particular hour of the night; the times when they are
eclipsed, by passing into the shadow of Jupiter, are also given in the Nauti-
cal Almanac: these eclipes are of considerable use in determining the longi-
tudes of places on the earth.

Before the discovery of the planet Uranus, SATURN was reckoned the
most remote planet of our system. He shines but with a pale and feeble
Iight. His diameter is 79,042 miles, his distance from the sun 800 millions
of miles, and his periodic revolution in his orbit is performed in about 29
years 167 days. This planet is surrounded with a broad flat ring, has a diur-
nal revolution round its axis, and is attended by seven satellites,

By some observations made by Dr. Herschel, it appeared that the largest
dianf€ter of Saturn corresponds to the latitude of 45°, but from later obser-
vations he has been induced to believe, that this irregularijty is owing to an
optical deception, arising from the refraction of the light in passing through
the atmosphere of the ring.

Unanus, Herschel, or Georgium Sidus, is the most remote planet of our
system. It was discovered in-the year 1781, by Dr. Herschel ; though there
are many reasons to suppose it had been seen before, but had been consi-
dered as a fixed star. Its diameter is 85,109 miles, its distance from the sun

. 1800 millions of miles, and its periodic revolution in its orbit is performed
in| 883 years. Dr. Herschel has also discovered six satellites attending this
planet.

The astronomy of comets is yet in its infancy. The return of one of
them in the year 1758 was foretold by Dr. Halley, and it happened nearly
as he predicted. He also foretold the return of another in the year 1790,
but it never appeared. Probably this mistake of Dr. Halley was owing to
the inaccuracy of the observations of the comet at its former appearance ;
for Mr. Mechain, having collected all the observations, and calculated the
orhit again, found it to differ essentially from that determined by Dr. Halley.

Comets move round the sun in all directions; but the planets and satel-
lites, except one of the satellites of Uranus, move from west to east when
seen from the sun; but if viewed from any other of the planets, as the
earth, they would appear to revolve round it gs a centre ; but the sun would
be the only one that moved uniformly the same way : for the other planets
would sometimes appear to move from west to east, and then to stand still ;
then they would seem to move from east to west; aund after standing some
time, they would 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 ac-

to the order of the signs. The contrary motion from east to west,

is called retrograde. When ge planet appears to stand still, it is said to be
stationary. .

To illustrate what has already been said relative to the motions and dis-
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tances of the planets and satellites, we have given the adjeining plates 1II.
and IV. which require no exfplanation.

In neting the situations of the stars and planets, astronomers have been
uander the necessity of imaginiug various lines and circles on the sphere ; and
geographers have done the same for fixing the situation of places on the.
wga The most temarkable of these are the following.

A great cirde is that whose plane passes through the centre of the sphere ;
and a small circle is that whose plane does not pass through that centre.

A diameter of a sphere, perpendicular to any great circle, is called the axie

of that circle; and the extremities of a diameter are called its . Hence
the pole of a great circle is 90° from every point of it upon the surface of
the sphere ; but as the axis is perpendicular to the clrcle when it is perpen-
dicular to any two radii, a point on the surface of a sphere 90° distant from
any two points of a great circle will be the pole.
— All angulay distances on the surface of a sphere, to an eye at the centre,
are measured by arcs of great circles. Hence all triangles formed upen the
surface of a sphere, for the solution of spherical problems, must be formed by
the arcs of great circles.

Secondaries to a great circle are (freat circles which pass through its poles ;
and consequently must be tﬁvpen ieular to their great circles,

The axts of the earth is that diameter about which it performs its diurnal
motion ; and the extremities of this diameter are called the poles. :

" The terresirial equator is a great circle of the earth perpendicular to its
axis. Hence the axis and poles of the earth are the axis and poles of its
u‘:mter. That half of the earth which lies on the side of the equator, in
which Burope dnd the United States of America are situated, is called the
northern henidsphere, and the other the southern ; and the poles are respec-
tively called the north and south poles.

- The latitude of a place upon thie earth’s surface is its angular distance from

the equator, measured upon a secondary to it. These secondaries to the
uator are called meridians. )

The longitude of a place on the earth’s surface is an arc of the equator
intercepted between the meridian passing through the place, and another,
called the first meridian, passing through that place from which you hegin to
measure, or it is the angle formed at the pale by these two meridians. The
Americans and English generally place the first meridian at London or Green-
wich, the French place it at Paris, the Spaniards at Cadiz ; some Geogra-
phers place it at Teneriffe, and others at other places. Throughout this
work Greénwich will be reckoned as the first meridian. * The longitude is
counted from the first meridian, hoth eastward and westward, till it meets
at the same meridian_on the oppasite point; therefore the longitude (and
also the differeace of longitude between any two places) can never ex-
ceed 180°. ‘

If the plane of the terrestrial e't‘uator be produced to the sphere of the

ed stars, it marks.out a circle called the cefamal' tal equaior ; and if the axis
of the earth be produced in like manner, the points of the heavens, to which
it is produced, are called poles, being the poles of the celestial equator. The
star nearest to each pole is called the pole star.

Secondaries to the celestial equator are called circles of declination ; of
these 24, which divide the equator into equal parts, each containing 15°, are
called hour circles.

Small circles parallel to the celestial equator ave called parallels of decli-
nation.

The sensible horizon is that circle in the heavens whose plane touches the
earth at the spectator. The rational horizon is a great circle in the heavens,
passing through the earth’s centre, parailel to the sensible horizon.

If the radias drawn from the centre of the earth to the place where the
Spectator stands be produced both ways to the heavens, the point vertical
to him is called the zenitk, and the point o ite, the nadir. Hence the
venith and nadir are the poles of the rational horizon. .

Setondaries to the horizon are eilled vertical circles, beeatise they are per-
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dicular to the horizon. On these circles, therefore, the altitude of a
eavenly body is measured.

The secondary common to the celestial equator, and the horizan of an
place, is the celestial meridian of that place. This meridian corresponds
with the terrestrial meridian of the same place, which passes through the
poles of the earth, the zenith and nadir crossing the equator at right angles,
and cutting the horizon in the north and south points ; that point being called
north which passes through the north Eole, and the opposite direction is
called south. The vertical circle which cuts the meriqrian of any place at
- right angles is called the prime vertical ; the points where it cuts the horizon
are called the east and west points, and to an observer, with his face directed
towards the south, the ezst point will be to his left hand, and the west to his
right hand. Hence the east and west points are 90° distant from the north
and south. These four are called the cardinal points. The meridian of any
place divides the heavens into two hemispheres lying to the east and west;
that lying to the east is called the eastern hemisphere, and the other the
western hemisphere. When the sun is at its greatest altitude on the meri-
dian of any place, it is noon or mid-day. )

The azimuth of an heavenly body is its distance on the horizon, when re-
ferred to it by a secondary, from the north or south points. The amplitude
is its distance from the east or west points, at the time of rising or setting.

The ecliptic is that great circlein the heavens which the sun appears to .
describe in the course of a year. The ecliptic and equator, being great cir-
cles, must bisect each other, and their angle of inclination is called the ob-
liquity of the ecliptic; and the points where they intersect are called the
zuinoch‘al points. The times when the sun comes to these points are called

e equinores. The ecliptic is divided into 12 eﬂ:&l parts, called signs ;— .
viz. Aries P, Taurus ¥, Gemini IT, Cancer %, Leo S\, Virgo M, Libra «,
Scorpio 1], Sagittarius p, Capricornus V3, Aquarius =, Pisces }¢. The
order of these is according to the apparent motion of the sun. The first
point of Aries coincides with one of the equinoctial points, and the first
point of Libra with the other. The first six signs are called northern, lying
on the north side of the equator ; and the last six are called southern, lying
on the south side.

The zodiac is a space extending eight degrees on each side the ecliptic,
within which the motion of all the planets is contained, except the newly
discovered planets. ‘

The right ascension of a body isan arc of the equator intercepted between
the first point of Aries and a circle of declination passing through the body,
measured according to the order of the signs.

Right ascension of the meridian or mid- is the distance of the me-
ridian, from the first point of Aries, and is found by adding the apparent
time past noon, to the sun’s right ascension.

The ascensional difference of any object is the difference between the
right ascension of the object and that point of the equator which rises or
sets with it.

The declination of a star or any celestial object is its angular distance from
the equator, measured upon a secondary to it passing through the object.

The longitude of a star or any celestial object is an arc of the ecliptic in-
tercepted between the first point for Aries and a secondary to the ecliptic

ing through the body, measured according to the order of the signs.—
ff the observer be on the earth, the longitude is called the geocentric longi-
tude ; but if seen from the sun it is called the heliocentric longitude ; the
body in each case being referred perpendicularly to the ecliptic in a plane
passing through the eye.

Nonagesimal degree of the ecliptic is its highest point at any given time,
and is 9¢° from the points where the ecliptic intersects the horizon.

The latitude of a star or any celestial object is its angular distance from
the ecliptic, measured upon a secondary to it drawn through the body.—If
the body be observed from the earth, its angular distance from the ecliptic is
called s latitude ; but if observed from the sun it is called the
heliocentric latitude. The secondary circle drawn perpendicular to the eclip-
tic is calied 8 cirde of latitude.
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"The tropics are two parafiels of declination touching the ecliptic. Ohne,
touching it at the beginning of cancer, is called the tropic of cancer ; and the
other, touching it at the beginning of capricorn, is called the tropie ¢f capri-
corn. The two points, where the tropics cut the ecliptic, are called the sol-
stitial points. . :

Colures are two secondaries to the celestial equator, one passing through -

the equinoctial points, ealled the equinoctial colure; and the other
through the solstitial points, are called the solstitial eolure. *The times when
the sun comes to the solstitial points are called the solstices.

Aberration of a star or any heavenly body, is a small apparent motion, oc-
casioned by the progressive velocity of light. This is calculated by means
of Tables I1X. XLI. or XLII. ’

Mulation is a small apparent motion of the heavenly bodies, occasioned

- by a real motion of the earth’s axis, arising from the attractions of the sun
and moon on the spheroidal form of the earth. The effect of this on the
right ascension and declination is given in Table XLIIL and on the longitude
in Table XL. The correction in this last Table being generally called the
‘equation of the equinoxes in longitude.

Precession of the equinoctial points is a small metion of about 501" per
year, occasioned by the same cause as the nutation. By this metion the
equinoetial points are carried hackward from east to west ; consequently, the
heavenly bodies appear to move forward the same quantity from west to
east. The annual variations of the places of the stars from precession, amd,
the secular equations arising from the change of the earth’s orbit by the at-
traction of the planets, are given in Tables VIII. and XXXVII.

The arctic and antarctic circles are two parallels of declinationy the former
about the north, and the latter about the seuth pole, the distance of which
from the two poles is equal to the distance of the tropics from the equatar,
which is about 3° 28'. These are also called polar circles. The two tropics
and two polar circles, when referred to the earth, divide it into five parts, '
called zones ; the two parts within the polar circles are called the frigid
zones ; the two parts between the polar circles and tropics are called the
femperate zones ; and the part between the tropics is called the torrid zone.

sides the imaginary divisions of the earth, there are various natural di- .

" visions of its surface, formed by nature, such as continents, oceans, islands,
seas, rivers, &c.

A Continent is a large tract of land, wherein are several empires, king-
doms, and countries conjoined—as Europe, Asia, Africa, and America.

An Island is a part of the earth that is environed or encompassed round
by the sea, as Long Island, Block Island, &c.

A Peninsula is a portion of land almost surrounded with water, save one
narrow neck which joins it.to the continent, as the Morea.

An Isthmus is a narrow neck of Jand joining a pgninsula té the adjacent
land, by which the people may pass from oge to the other, as the isthmus
of Darien. : ‘

A Prom is a high part of land stretching itself into the sea, the ex- .

tremity of which is called a Cape or Headland.

A Mountain is a rising part of dry land, over-topping the adjacent coun-
try, and appearing first at a distance. ‘ .

An Ocean is a vast collection of water, separating continents from one
gothet, and washing their borders or shores, as the Atlantic and Pacific

ceans.

A Sea is part of the ocean, te which we must sail through some strait, as
the Mediterranean and Baltic seas. This term is sometimes used for the
whole body of salt water on the globe.

' A Straitis a narrow part of the ocean lying between two shores, and {Vyfen-
ing a way into some sea, as the Straits of Gibraltar that lead into the Medi-
terrareah Sea.

A Creek is a small narrow part of the sea or river, that goes up but a little
way into the land. _ '

A}
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A Bay is a great inlet of thedand, as the’ Bay-of Biscay, and the Bay of
Mexico; otherwise a bay is a station or road for ships te anchor in.

A River is a-considerable stream of water issuing out of one or various
springs, and contipually gliding along in one or more channels, till it dis:

rges itself into the ocean: the lesser streams are called rivalets.

A Lake is a large collection of ‘waters in-an itland place; as the lakes Su-
perior and Huron in America. . .

A Gulfis a part of the oceau ar sea, hearly surrounded bry the Jand, except
where it communicates with the sea, &8 the Guif of Venice.

Thus we have given the most useful definitions of Astronomy and Geogra-
pby, and to assist the learner. there is also given Plate V. in which those
terms are explained at one view. We may farther observe, that as the la-
titude of any place upon the earth is counted from the equator upon an arch
of the meridian, the difference of latitude hretween two places, both nprth;
or both snuth; s found by subtracting the less latitude from the g?ca%but
if one latiude be north, and the other south, the difference is found by adding

latitudes together. . .

1. Consequently, if'a ship in notth latityde sails northerly, or in south latitude
southerly, she increases her Jatitude ; but in-nerth.-latitude sailing soytherly,
or in south latitude sailing northerly, shie decreases her latitude, iecduse she
sails nearer to the equator, from wheote the latitude is reckoned,

2. Wherefore; in north latitude sailing northerly, or in south latitude sail-
ing southerly, the difference of latitude, agded to the latitude left, gives the lati-
tude in. .

8. In north latitude suiling sowtherly, orin south latitude sailing r y
the difference of latitude, subtracted from the latitude laft, gives the latitude in.

4. When the lutitude decreases, and-the difference of latitude is greater than
the latitude sailed from, subtract the latitude left from the difference of latitude,
and the remginder will be the latitude sn; but of a different mame, for it s
evident in this case, that the ship has crossed the ejuator. *

5. The diiference of longitude between two places, being both east or west
is found by subtracting the leas longitude from the greater ; but i’ one be in -
east longitude ang U other in west, thedr sum is'the difference o %itude,-
when it does nol excced 18P, b;tﬂ;f it exoeeds 180°, that sum must bes

Jrom 360° and the remuinder will beithe difference of longitude.

6. Tlm!zore‘ t eadt longiiudedailing easterly; or in west sailing’
westerly, difference of ude’ atlded to the longitude lefi, gives the
longitude in, when that snm does'not exceed 180°; bub if it exceeds 180°,
the sum; subtracted™ from 860°, Jeaves the longitude in, bit of a different
name from-that Jeft. R ) :

7. In ewst longitude sailing westerly, or in west longitude safling easterly,
the difference o Tongitude, subtracted j!mm the longitude left, pves the longv=
tude wn ; bub when the difference of longitude is grealesl, the ;
must be subtracledyfrom that difference, and the rematinder will be the longitude
in, but of a different ngme from the longitde lefi. e

‘What has been said will be rendered familiar to the learner by the follow-+
ing examples. ° g o .

E;‘"ﬁ 1. What is the diference of titude be- | ExAM. 11 A ship (rom latitade 530 27 S. saily *

en Bost, in the latitude of 430323’ N.snd'l southward until her difference of latitude is
'izb?no:: (OVX',;'rzjuia) in the lat. of 37030' N. ? miles, what htitude is she come to?

Roston®s lat. 4.0 23' N. | Latitude sailed rom e 500 27 8%
E«'%Z,c?ﬁ".ﬂh’m:m'. ik ¢, 37 30 N. | Dif. of lat. 374-4-00= 6 W 8.’
— S
Remains the dIff. of Vit 4 53 |lat in aoel 65 41 S.

1o miles

s

# Ip this rule it is su YW' that the sutp of the longitude left, and the difference of longits de, is
ess tl:-n 3:(;’“. which isa ways the case when the difference of langituds is less than 1800, which we
have generally supposed to be the case in these rules. .
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PLANE SAILING. 51

’

- Examrerg Hi. | ‘ ExAMPLE 1V.
Reéquired the difference of latitude between| A ship from latitude 26025’ N. sails south 1800
- @eorgetown and Cape Frio! miles, what latitude is she in ?
LHeorgetown’s lat. 25’ N. | From diff. of Jat. 1800 miles, or 300 00 8.
Lape Frio’s lat. 1 8. | Sub. lat. left 28 25 N.
Diff. of lat. 550 24 Diff. = Ilat in 1 358

. p .

fo miles 3384 ,

In the last example it is evident that as the difference of latitude is more
than the latitude left, the ship must bave crossed the equator, and conse-
quently come into south latitude, .

NotE. When one of the places has no latitude, or is on the equator, the
latitude of the other place is their difference of latitude. : ’

.

EXAMPLE V, Examerr VI. .
What is the difference of longitude between Cape | A ship from Cape Charles, in Virginia, sails east.
Ann light-housg and Lisbon ? ward till her difference of loogitude is 400 miles,
Cspe Ann light-Nbuse's long. ¥0° 34’ W.| what longitude is she in?
Lisbon's long. *'9 9 W.|Cape Charles’ long. 760 04’ W.
. Diff. of long. 400 miles = * 6 40 E.
Diff. of lang. 61 26 v —
60 Long. in 89 W,
— ExanpLE VIIIL
o miled 3685 A ship from 159 40’ E. long. suils westward till
ExampLE VI, i her tili?" of long. is 270 15°, what Iongi;g n? gﬁ
. AWhat is the @fferente of longitude between Bar- | L.ong. le 40 E.
celona and Salem? Ditt. of loog. 27 15W,
garcelon.'s long. . 2 12'E. . —_—
alem’s long. 70 53 W. | Long. in 11 36W.
‘ ExamrLE X.
DI of long. 73 4 W.{ A ship trom longitude 1600 20' W sails westward
ExAnrLE 1X. until she differs her longitude 41°2(' ; what lon-
What is the difference of longitude between Ma- |  gitudels she in?
villa and New-York light-bayse ! Long. left . leeo 20 W,
Manilla’s Jong. 1210 07 E. | Diff- of long. 41 20 W.
New-York light-house 764 01 W. —
~ 201 38
-Sum exceeds 800 95 03 360
Subtract it from 60 00 —
Long. in 158" 20 B
Diff. of long. 164 57

In the last example the shi‘r has crossed the opposjte meridjan, and there: -
fece has come into a longitude of a different name,

.

f————
. 'PLANE SAILING.
LANE SAILING is the art of navigating a ship upon principles de-
duced from the supposition of the earth’s being an extended plane, on
which the meridians are all parallal to éach other.* A map of the severa}
parts of the earth, constructed upon these principles, is called a Prane

Cuarer. -Whep the parts of the earth are thys delineated on a plane, it is
eady to see the track by which a ship may go from ene pslace to another, and

" also what angle this track makes with the meridian.}. ShiPs at sea are kep{

in this track by means of an instrument called the mariner’s compass.

The MariNeRr’s Compass is an artificia) representation of the horizon of
any place. It consists of a circular piece of paper (see Plate V1. fig. 1) cal)-
£d a card, divided (like the horizon) into 360 degrees or 82 points. This is
fixed on a piece of steel, called a needle, to which the magnetic virtue has
been communicated by means of a loadstone, which has the property of
pointing steadily towards the north, and carrying' the card' with it, when
turning freely on a pivot or any thing to support it. Thus all the points of

* The explanations of Plane Salling, and the definitions of this page (and in the former editions of
this work) are pear;( the same as those given hg Moore, in his Practical Navigator; by Robertson
in bis Elements of Navigation, and by most writers on Navigation.

¢ The method 6f calculating this angle on the true principies of sailiog on the spherical surface
of the earth, will be given hereafter,

.
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the card will be directed towards their corresponding points of the horizon,*
consequently, by help of the compass a ship may be?(ept in any proposed
track or course. .

The Coursk is the angle which the line described by'a ship makes with
the meridian, being sometimes
sometimes in degrees.

DisTance is the way or length a ship has gone on a direet course in a
given time. The method of measuring this distance by the log will be ex-
plained hereafter. :

DirrereNcE oF LaTiTUDE is the distance which the shiphas made north
or south of the place sailed from, or the portion of the merfdian contained
between the parallels of latitude saileq from and.come tas. .

DEPARTURE is the east or west distance & ship has made from the meri-
dian of the place she departed from, and in‘the plane chart is the same as
the diff. of longitude. . -

If a ship sails due north or south, she.gails on a meridian, .makes no de-
parture, and her distance and differgnce of latitude are the same. If she
sails due east or west, she goes on a parpllel of hatitude, makes no difference
of latitude, and her departure and distance are the same.

The difference of latitude and departure make the legs of a right-angled
triangle, the hypotenuse of which is the distance the ship has sailed; the
perpeplliculag is the difference of latitude counted on the meridian; the base

tEe departure, which is easting or westing counted fromn the meridian ;
the angle opposite to the baseis the course, or angle, that the ship makes
with the meridian; and the angle opposite the perpendicular is the comple-
:’nent of the course, which being taken together, make always 8 points or 90

egrees. .
Tn - structing fi;m  reating to

reakoned in' points, half points, &c. and

— aediiinnndedens
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PLANE SAILING. . 53
In the following Table, the rules for solving the various cases of Plane Sail-

ing are collected.
PLANE SAILING.
TCase| Given. Required. Solutions.
1 Course |Diff. of Lat.| Rad. : Dist. : : Cos. Course : Diff. of Lat.
and Distance| Departure. | Rad. : Dist. : : Sine Course : Departure.
g |Cqurseand | Distance Co-sine Course : Diff. Lat. : : Rad. : Distance.
Diff. of Lat. | Departure { Radius ; Diff. Lat. : ; Tang. Course ; Departure.
3 | Courseand | Distance | Sine Courge : Departyre : : Rad. : Distance.
Departuré. |Diff. of Lat.| Radius : Departure : : Co-tang. Course : Diff. Lat..
o (Distance and] Course Distance.: Radius : : Didf. Lat. : Cos. Course.
Diff. of Lat.| Departure. | Radius : Distance : : Sine Course : Departure.
5 |Distance and| Course Distance : Radius : : Departure : Sine Course.
Departure. {Diff. of Lat.] Radius : Distance : : Cos. Course : Diff. Lat
Course Diff. Lat. : Radius : : Dep. : Tang. Course.
6 |Diff-of Laty) ° Sine Course : Departure : : Refl. : Distance.
Departure. | Distance. |§ Ragiug : Diff. Lat. - : Secast Course : Distance.

CASE 1.

Course and distance sailed given, to find the difference of latitude and depar-
. ture from the meridian.
A ship from the latitude 49° 57" N. sails S. W. by W. 4388 miles; requireq
the Jatitude she is in, and her departure from the meridian sailed from ?
* BY PROJECTION. .

Draw the line CA to represent the meridien of the place C, from whence the ship
sailed. With the chord of 60€ in your compasses, and one foot in C as a centre, de-
scribe the corppass N. W. S. E. Take 5 points in your compasses from the line of
shumbs on the plane scale, and set it off on the arch from S. towards W. for the
course ; through this point and C draw the line CB, which make equal to the dis-
tance 488 ; draw BA parallel to the E. and W. points W. E. to cut the meridian in
A. Then will CA be the differance of latitude 271.1, and AB the departure 405.8.

BY LOGARITHMS.
By making the distance radius.

To find the departure. To find the difference of latitude.
As radius 8 points 10.00000 Agndlun 8 points ud‘lo.oom
1s to the distance 488 2.68842 | 1s¥o the distance 488 2.68843
Bo isthe sine course 5 points 991985 | So is co-sine course 5 points 9.7447¢
To the departure 405.8 2.60827 | To the difference of Jat. $71.1 243316

Now asthe ship is in north latitude saHing southerly ; from the latitude left 57 N.
‘Take the difference of latitude 271.1=4 31 S.

Gives the atitude o 45 %6 N.
And the departure from the meridian i 405.8 miles. b & '” N
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BY GUNTER. '

Extend from radius or 8 Eoinu* to 5 points on the life marked 8R ; that
extent will reach from the distance 488 to the departure 405.8 on the line of
numbers, :

2dly. Extend from radius or 8 points to 8 points, the complement of the
course, on the line SR ; that extent will reach from the distance 438 to the
difference of latitude 271 on the line of numbers.

Thus may all the operations be performed in tite several cases of Navigas

tion, .
By this caseare calculated the tables of latitude and departure (TasrLEs I.
and 11.) for every degree, point, aod gwarter-point of the mariner’s compass,
to the distance of 300 miles. By the inspection of these Tables, a day’s
work may be calculated in a much more expeditious manner than by loga-
rithms or by Gunter’s Scale. In consequence of this, the method by inspec-
tion is generally used at sea in preference to every other method.

. BY INSPECTION. -

Find the given course at the top or bottom of the tables, either among the
-points or degrees, and in that page, against the distance taken in jts column,,
will stapd the difference of lafitude and departure in their columns.$

It must be observed, that in using these tables, the names Dist. Lat. De,
must be found at the top if the course is found there, but if the course 1s
found at the bottom, those names must be found at the bottom.

Thus, the course S. W by W. or 5 points, is found at the bottom of the
table of difference of latitude and departure for points ; and as the distance
488 is too great to be found in the talles, divide it by 2 (or any other conve-
nient number) and that gives 244, which look for in'the distance column, and
against it stand 185.5 for the difference of latitude, and 202.9 for the depar-
ture, which being doubled (because divided by 2) give 271 for the difference
of latitude, and 405.8 for the departure, the same as before.

CASE 1II. .
Course and difference of latitude given, to find the distance run, and depar-
ture from the meridian. '

If a ship runs 8. E. by E. from 1° 45’ north latitude, and then bg observa:
tion is in 2° 46’ south latitude, what is her distance and departure ? '

In this case, as the 's.tnp has grossed the equator, the sum of the two lati-
tudes 1° 45’ and £° 46’ is the difference of latitude 4° 31'==271 miles,

BY PROJECTION.

N| -
Draw BC=271, and BA making an R
angle with BC equa) to the course 5
points, or 56° 15'; draw CA perpendi- ﬁ
cular to BC to cut BA in A, anditis N|
done; for CA will be the departure=

406, and AB the distance==488. ~
C A
: ing diff. of lat. BC radi BY LOGARB 1:{3.'. Dep. AB radi
mak 3 at. radius. king the us,
By l'z'l‘mam!thoclepmm-«. y making nn‘:ﬁmm&

As radius 4 poiats 10.00000| As co-sine course 5 points 9.7447,
is to diff. of lat. 371 $.43297|Is to the diff. of lat 271 2.¢:m’
So is tang. course 5 pta. 10.17511|So is radius 10.00000
To the departure 606.6 ; 260808'To the djstance 481.6 2.6883%

.0 When the course is given in points, make use of the lines marked sins rhumbs, and tangent
rhumbs, op the upper side of the scale; whr in degrses, make Use of the lines marked sine and

tangent.

1+ When the distance is too great to be found in the tables, you must divide it by 2, 3, 4, or an
convenient number, the numbers corresponding to the quotient being multiplied by the divisor will
give the sought numbers: .

z.By makiog *.C redius ypu would bave Rad. ; Diff. Lat. : : Secant Course : Distance but
this canon would not do for a common scale on which there is no line of secants. The sametbing is
to be observed in the following cases.
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Hente the ship’s distance run is 487.8 miles, and her departure from the
toeridian is 405.8 easterly. :

. . BY GUNTER. i
. Extend from radius or 4 points to the course 5 points on the line marked
TR, that extent will reach from the difference of latitude 271 to the depar-
ture 405.6 on the line of numbers.
2dly. Extend from the complement of the course 3 points to the radius 8
points on the line SR, that extent will reach from the difference of latitude
271 to the distance 488 on the line of numbers.

BY INSPECTION.

Find the course among the points or degrees, and the difference of lati-
tude in its column, against which will stand the distance and departure in
their columns.

Now, as the difference of latitude 271 is too great to be found in the ta-
bles; 1 divide it by 2, and that gives 135.5 which I find over S. E. by E. or
5 points in the latitude eolumn ; agajnst that stand 244, for the distance and
202.9 for the departure, which multiplied by 2 give the distance 488, and the
departure 405.8.

. CASE NI
" Course and departure from tke meridian given, o find the distance and difs
JSerence of latitude.

If a ship sails N. E. by E. } E. from a portin 3° 15’ south latitude, until
she depart from her first meridian 408 miles, I demand the distance sailed,
and the latitude she is in ?

disn AB BY PI:(C)I;IECTION.

Draw the metidian AB, upoen whicherect 106
the perpendicular BC, andpset off thereonB' De/o¢06‘.E°
the departure 406 easterly from B to C: 5
with tge chord of 80°% on C as a centre,_ ¢
describe an arch, and set off thereon the
complement of the course DE ; through Dy
and C draw the line CDA, cutting the me-
ridian in the point A ; then AC measured
on the same scale before used, gives the A
distance 449, and AB 192, the difference of

latitude.
o BY LOGARITHMS.
By making the departure BC radius:

c

lBy making the distance AC radius.

As «adius 4 points 10.00000/As sine course 5§ pts. 9.95618
1s to the departure 408 2.60853|Is to the departire 406 2.60859

- S0 is co-tang, course 5§ pts. 9.67483|So is radius . 10.00000
‘Toghe diff. of lat. 192 2.28ml1‘o the distance 449,1 . 2.65287
From the latitude left 3° 15 8.
Subtract the difference of latitude 192 miles, or 3 BN,
The remaidder being 3, Thows tbe ship is in the latitude of . 0 03S.

. BY GUNTER. Co
Extend from radius or 4 points to the co-course 2% points on the line
marked TR ; that extent will reach from the departure 406 to the difference
of latitude 192 on the line of numbers.
2dly. Extend from the course 5 points to radius on the aines, that extent
will reach from the departure 406 to the distance 449. miles on the line of

numbers.
BY INSPECTION. .
Find the course either among the points or degrees, and the departure in
its column, against which will stand the distance and difference of latitude in
their respective columns, *

>
.

——til
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. Thus with the course 5% points, and half the dt:rarturé 208* I find 224.5
, ©or the distance, and 96.0 for the difference of latitude, which, being doubled,
give the distance 449, and the difference of latitude 192.0, as before.

, CASE 1V,
Distance and difference of latilude given, to find the course and depariure.
) Suppose a ship sails 488 miles, between the south and the east, from a port
in 2° 52’ south latitude, and then by observation is in 7° 23’ south latitude ;
what course has she steered, and what departure has she made ?
From the latitude by observation 7° 23" take 2° 52' the latitude left, the re-
mainder 4° 31'=271 miles, is the difference of latitude.

BY PROJECTION.

* Draw the meridian AB=271; upon which ereet
the perpendicular BC; take 488 in your com-
passes, and with one foot ou A, as a'centre, de-
scribe an arch cutting BC in C; join A and C;
then will BC be the departure 406, and the angleN|
BAC the course==56° 16’ or five points nearly. X

BY LOGARITHMS. C
To find the course. To find the departure.
As the distance 488 2.68842|As radius 10.00000
18 to radius 10.00000!Is to the distance 488 2.68842
So is the diff. of lat. 271 2.43297]50 is sine course 56° 16’ 9.91993
To co-sine course 56° 16 9.74455!'1‘0 the departure 405.8 2.60835
Henuce the course is S. E. b. E. and the departure 405.8.

BY GUNTER.
The extent from the distance 488, t¢ the difference of latitude 271 on the
line of numbers, will reach from radius, or 90° to 33° 44’ the co-course on

the line of sines. .
And the extent from radius, to 56° 16’ on the line of sines, will reach from
the distance 488 to the departure 405,8 on the line of numbers.

BY INSPECTION.

Seek in the tables till against the distance, taken in its column is found the
given difference of latitude in one of the following columuns, adjoining to it
will stand the departure ; which, if less than the difference of latitude, the
course is to be found at the top ;t but if greater, the course is to be found

at the bottom. .

Thus half the distance 244, and half the difference of latitude 135.5, are
found to correspond to a course of 5 points or S. E. b. E, and to the de-
parture 202.9, which being doubled, gives 405.8, as before.

- ' CASE V. .
Distance and departure given, to find the course and difference of latitude.

‘Suppose a ship-sails 488 miles between the north and west, from the lati-
tude of 32°25’ north, until her departure is 405 miles, what course has she
steered, and what latitude is she in ? .

* The nearest numbers in the table are 202.5 and 203.4, and as the number 203 is nearly a mean of
these two values, I take the mean 224.5 of the corresponding distances 224, 225, and the mean
96 of the corresponding departures 95.8 and 96.2 ; thes¢ doubled give the true distance 449, and de-

rture 193. .
pa' It may also be known whether the course be marked at the top or bottom of the table, by ob~
serviog w{other the difference of latitudeé and departure correspond with the marks at the top or
bottom. Thus the balf distance 244, and half difference of latitude 135.5 correspond to the course §
ints, because the column :n which 133.§ is found, is marked latitude at the bottom; the same may
33 observed in the following cases.
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BY PROJECTION.

Draw the line AB equal to the depatture 405, Dep. 4065. .
and perpendicular thereto the line BC to repre- A< ’
sent the meridian, then take the distance 488 in
your compasses, and fixing one foot in A as a cen-
tre, describe an arch cutting BC in C, join AC and
it is done ; for the angle ACB will be the course,
and BC the difference of latitude.

: BY LOGARITHMS. :
To find*the course. To find the difference of Latitude.

?s the distance 488 2.68842|Asradius 10.00000
s to radius 10.00000|Is to the distance 488 2.68842
So is the departure 405 2.60746)So is co-sine course 56° 6’ 9.74644
To the sine of course 56° 6’ 9.91904{ To the diff. of latitude 272,2 2.43486

Hence the course is N. 56° 6’ W. or N. W. by W. nearly.
To the latitude sailed from 32° 25’ add the difference of latitude 272, on
4° 32, the sum 38° 57’ is the latitude the ship isin,

BY GUNTER. :
Extend from the distance 488 to the departure 405 on the line of numbers,
that extent will reach from radius to the course 56° 6’ on the line of sines.
2dly. Extend from radius to the complement of the course 33° 54’ on
the line of sines, that extent will reach from the distance 488 to the differ-
ence of latitude 272 on the line of numbers.

) BY INSPECTION.

Seek in the tables til against the distance, taken in its column, is found the
given departure in one of the following columns ; adjoining to it will stand
the difference of latitude ; which, if greater than the departure, the course is
to be found at the top ; but if less, the course is to be found at the bottom.

Thus half the distance 244, and half the departure 202,5, agree nearly to a
course of 5 points or N. W. by W. and a difference of latitude, 185,5, which
being doubled, is 271, the difference of latitude, nearly as before,

CASE VI
Difference of Latitude and Departure given to find the Corrse and Distance,
~ A'ship sai{; between the north and west till her difference of latitude is
271 miles, and her departure is 406 miles; I demand her course and dis-

tance ?
BY PROJECTION.

Draw AB=271, and perpendicular to it
BC=406; join Cand A; then will the angle
CAB be the course=56° 17, and AC the dis-
tance=488 miles.

BY LOGARITHMS.

To find the course. I To find the distance.
As the diff. of lat. 271 2.43297|As radius 10.00000
Is to radius 10.00000}Is to the diff. of Jatitude 271 2.43297
So isthe departure 406 2.60853,So 18 sec. of course 56° 17’ 10.25564
To tang. of course 56° 17’ 10.17556(To the distance 488.2 2.68861

Hence her course is N. 56° 17 W. or N. W. by W. and the distance sailed
i 453.2 miles. k .
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BY GUNTER.

Extend from the difference of latitnde 271 to the departure 406 on the line
of numbers, that extent will reach from radius to 56° 17’ the course on the
line of tangents. .

adly. lgor the distance we must consider it as radius, (unless there is a
line of secants on the scale) and extend from the course 66° 17 to the radius
or 90° on the line of sines, that extent will reach from the departure 406, to
fhe distance 488 on the line of numbers.

BY INSPECTION.

Seek in the tables till the given difference of latitude and departure are
found together in their respective columns, then agaimst them will be the dis-
tance in its column, and the course will be found at the top of that table if
the departure be less than the difference of latitude, otherwise at the bottom.

Thus with half the difference of latitude 135.5, and half the departure 208,
enter the tables, and these numbers will be found to correspond nearly to 5

ints or N.W. by W. course, and a distanee equal to 244 miles, which being
sgubled gives the sought distance, 488,

Questions lo exercise the learner in the foregoing Rules.

Question 1. A ship in2° 10° south latitude, sails N. by E. 89 leagues; what
Iatitude is she in, and what is her departure ?

Answer. Latitude in 2° 12° N. and departure 17,38 leagues.

ion 1I. A ship sails S. S. W. from a pert in 41° 30° north lati-
tude, and then by observation is in 86° 57’ porth latitude, I demand the dis-
tance run and departure ?

JAnswer. Distance run 98,5 leagues, departare 87,7 leagues.

ton T1I. A ship sails S. 8. W. 3 W. from a port in 2° 30’ south lati-
tuge, u:;til her departure be 59 leagues—I demand her distance run and lati-
tude in ? )

Jnswer. Distance run 125,2 leagues, latitude in 8° 1’ south.

Question IV. If a ship sail 360 miles south westward from 21° 59’ south
latitude, until by observation she be in 24° 49’ south latitude, what is her
course and departare ?

JAnswer. The course is S. W, by W. half W, or 8. 61° 49’ W. and her de-
parture from the meridian is 817,3 miles.

Question V. Su ﬁose a ship sails 854 miles north eastward from 2° 9’
so:th la’timde, until her departure be 160 miles, what is her course and lati-
tude in? -

Answer. Her course is N.25° 4’ E. or N. N. E. } E. nearly, and she is
in latitude 3° 12’ N.

ion VI. Sailing between the north and the west, from a port in
‘1° 59’ south latitude, and then arriving at another port in 4° 8’ north latitude,
which is 209 miles to the westward of the first port—I demand the course
and distance from the first port to the second ? ‘

JAnswer. The courseis N. 28° 40' W. or N. N. W. § W. nearly, and the
distance of the forts is 422,4 miles, or 140,8 leagues.

Question VII. Four days ago we were in lat. 8° 25’ S. and have since
that time sailed in a direct course N. W. by N. at the rate of 8 miles an hour
—required our present latitude and departure ? P

Answer. Latitudein 7° 14’ N. Departure 426,7 miles.

ueglion VIII. A shipin the latitude 8° 52’ S. is bound to a port’bearing
N. W. by W. § W. in the latitude of 4° 30°' N. how far does that port lie te
the westward, and what is the ship’s distance from it?

Answer. The port lies 939,2 miles to the westward, and the direct dis-
tance 1065 miles.

uestion 1X. A ship from the latitude of 48° 17’ N. sails 8. W. by S.
until she has depressed the north pole 2 degrees, what direct distance has
she sailed, and how many- miles has she got to the westward ? .

dAns:oer. Distance run 144,8 miles, and has got to the westward 80,2 miles.
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TRAVERSE SAILING.

-pfje>-

A TRAVERSE is an irregular track which a ship makes by sailing on se-
veral different courses ; these are reduced to a single course by means
of two or more cases of Plane Sailing, either by geometrical .construction,
or by arithmetical calculation.*

The geometrical construction is performed as follows: Describe a circle
with the chord of 60°, to represent the compass, and lay off on its circumfe-
rence the various courses sailed. From the centre, upon the first course set
off the first distance, and mark its extremity; through this extremity, aiid
parallel to the second course, draw the second distance of its proper length ;
through the extremity of the second distance, and parallel to the third course,
draw the third distance of its proper length; and thus proceed till all the
distances are drawn. A line, drawn from the extremity of the last dis-
tance to the centre of the circle, will represent the distance made good; a
line, drawn from the same point, perpendicular to the meridian, will repre-
sent the departure ; and the part of the meridian intercepted between this
and the centre, will represent the difference of latitude.

The arithmetical calculation to work a traverse is as follows: Make a tra-
verse table consisting of six columns; title them, Course, Dist. N. 8. E. W.
begin at the left side, gnd write the given courses and distances in their re-
spective columns. Fihd the difference of latitude and departure for each of
these courses, by Gunter’s Scale, or by Tables I. or Il. (as in Case I. Plane
Sailing) and write them in their proper columns; that is, when the course is
southerly, the difference of latitude must be set in the column S, when
northerly in the column N. The departuare, when westerly, in the column
W. and when easterly in the column E. Add up the columns of northing,
southing, easting, and westing ; take the difference between the northing and
southing, and also hetween the easting and westing ; the former difference
will be the difference of latitude, which will be of the same name as the
greater; and the latter will be the departure, which will be also of the same
name as the greater. With this difference of latitude and departure, the
course and distance made good are to be found asin Case V1. Plane Sailing.

EXAMPLE I

Suppose a ship takes her departure from Block Island, in the latitude of
41° 10’ N. the middle of it bearing N. N.W. distance by estimation 5 leagues,
and sails S. E, 84, W. by 8. 16, W. N. W, 89, and S. by E. 40 mfles; re-
quired the latitude she isin, and’her bearing and distance from Block Island ?

* This method of reducing compound courses to a single one is perfectly accurate
in sailing on a plane, and is nearly so in sailing a short distance on the spherical sur-
face of the earth; and though in this case it is liable to a small error in bigh lati-
tudes, yet in general the rule is sufficiently accurate for reducing the several courses
and distances sailed in ene day to a single course and distance.

.
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BY PROJECTION.
Lat. Mount Desert Rock  43° 52’ N.
Latitude of Cape Cod 42 5 N. ’J

Diff. of lat. * 1 47=107 miles.

Let C represent Mount Desert Rock, draw the
meridian CF, which make equal to 107 miles the
difference of latitude between the two places;
and  per-
pendicular
thereto the
fine FE e-
qual to the
departure
84 miles,
then is E
the place of
{J;pe Cod. A ,

ith the -
chord of ATFN / B
60°, sweep
about the
centre C, a
circle E. S.
W. to re-
present the Va
compass, & 1
upou itnote 4
the various 4
coursessail-
ed. The
first course
beingSouth
thedistance
10 miles is
set oft from D F .
C towards F upon the meridian, and this point represents the place of the ship afier
sailing her first course ; continue setting off the various courses and distances as in
the last example, viz. W. S. W. 25 miles, 8. W. 30 miles, and West 20 miles to the
point A ; then will A represent the place of the ship after sailing these courses. Join
CE, AC, AE; draw AB p=rpendicular to the meridian CF, and AD parallel thereto :
then will AC=176,2 miles be the distance made good, AE=69,1 miles the distance
of Cape Cod from the ship; GE the distance of the two places=136 miles; ACB=
67° 36/, the course made good ; EAD=16° 34/ the course to Cape Cod, and ECF the
course from Mount Desert Rock to Cape Cod=38° 8', &c.

BY LOGARITHMS.
To find the bearing and distance of the two places by Case VI. Plane Sailing.
To find the bearing. To find the distance.

As diff. lat. 107 2.02938| As radius 90° 10.00000
Is to radius 45° 10.00000|Is to diff. of lat. 107 2.02938
So is departure 84 1.92428{So is sec. course 38° 8/ 10.10426

To tang. course 38° § 9.89490|To the distance 138 2.13364

Whence the course from Mount Desert Rock to Cape Cod is S. 38° 8’ W. distance
136 miles. The same may be found by the scale or by inspection.
TRAVERSE TABLE,

The difference of latitude and departure \Diff. Lat.| Depart.
for the several courses being calculated, by | Courses.|Dist.;————— | ——— —
Case 1. Plane Sailing, and arranged in the ' N.| S. | E.|W.
traverse table, it appears that the difference | "goi— 170, |T0.00— |
of latitude made good by the ship is 40,8 | w s.w.| 25 9.6 23.1
miles; and the departure 64,3 miles; then by | g w. | 30 21.2 21.2
case VI. Plane Sailing, these numbers are w. 20 20.0
found to correspond to a course of S. 57° 36" |_ ! | | 1
W. and distance 76,2 miles. Diff. Lat. | 40.8=Dep.|64;3$
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Sabtract the difference of latitude made good by the ship 40,8 miles, from
the whole difference of latitude 107 miles, andythere nll’nain 66‘:&milu,
whieh is the difference of latitude between the ship and Cape Cod. In the
same manner by subtracting the ship’s departure, 64,3 miles, from the whole
departure, 84 miles, there remain 19,7 miles for the departure between the
ship and Cape Cgd. With this difference of latitude, 66,2, and departure,.
19,7, the bearing of Cape Cod is found, by Case VI. Plane Sailing, S. 16*
84’ W. and its distance 69,1 miles.

All the preceding calculations may be made by logarithms, by the scale,
or by inspection. But we shall leave them to exercise the learner ; and for
the same purpose shall add the following example. -

EXAMPLE III.

A ship in the latitude of 37° 10’ N. is bound to a port in the latitude of 83°
0’ N. which lies 180 miles west of the meridian of the ship ; but by reasom
of contrary winds she sails the following courses, viz. S. W. by W. 27 miles
—W. S. W.§ W, 30 miles—W. by S. 25 miles—W. by N. 18 miles—S. 8.
E. 82 miles—S. S, E. { E. 27 miles—S, by E. 25 miles—S. 51 miles, and S.
S.E. 39 miles. Required the latitude he shipisin, and her departure from
thee meridian, with the course and distance to her intended port ?

TRAVERSE TABLE.

The difference of latitude and de-

parture made on each course, are gi- | Courses | Dist. Diff Lat | Departure. 1
;en in the adjo:ged tra(vie&se table ; N., B8 | B | W
ence it appears that the difference of |5 w._ by w.| 27 °

latitude made good is 169.4 miles, the WEW | %W- 30 '87 1

departure 47.4 miles, and by Case VI.’ ,Y,?;:,’ N| % | *° ol

Plane Sailing, the course S.15°88 | 8.8 E# | a2 28| 122}

W. and distance 175 9 miles ; and the |5.8 E-1E| 27 na| 139

sourse to the intended port S. 58° 4¢' | “Sostu | 31 30| s

W. distance 155.2 miles ; the latitude | 5.5 E.# | 3 36.0| 149

in being 34° 31’ N. &5\ 1729| 45.9 | 9.3

35 45.9

Diff. ILat.} 169.4| Dep. | a7.4

PARALLEL SAILING.

IN Plane Sailing the earth is considered as an extended plane, but this sup-
position is very erroneous, because the earth is nearly of a spherical |
ggure, in which the meridians all meet at the poles, consequently the dis-
tance of any two meridians measured on a parallel of latitude (which distance
is called the meridian distance) decreases in proceeding from the equator to
the poles. To illustrate this, let PB represent the semi-
axis of the earth, B the centre, P the pole, PCA a quadrant P
of the meridian, AB the radius of the equator, and CD
(parallel thereto) the radius of a parallel of latitude. Then

it is evident that CD will be the co-sine of AC or the co- C D
sine of the Jatitude of the point C, to the radius AB ! now
if the quadrantal arch PGA be supposed to revolve round B

. the axis PB, the point A will describe the circumference of
the equator, and C the circumference of a parallelyof latitude ; and the for-
mer circumfercnce will be to the latter as AB to CD [as may easily be deduced

& Instead of putting the course 8. S, E. 33 miles, and 8. S. B. 89 mlles, yoa might make one entry
only, cilitog it S. S. By 7) mftex.
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from art. 55, Geomatn? ',‘)o that is, as radius to the co-sine of thé latitude or
the point C: henee it follows, that the length of any arch of the equator in-
tercepted between tw meridians, is to tie length of a corresponding arch
of any parallel intercepted between the same meridians, as radius is te
the co-sine of the Mtitade of that parallel. Hence we obtain the following

the quator s to the e};enmf of any other pardi-
The circumference o equaltor iz to erence
qumfand{fmwmmofmm o
JT‘:!’EWOREM"I{; the meridian dista
s the length of a degree e meridian nce corres-
pcmdingtoadegr{eonanyothcrpamudofldilude,nicmdiuctothem
of that paralle of latitude.
THEOREM IIL

As radius is to the co-sine of any latitude, so are the miles of %mnce of
itud- between two meridians (or their distance in miles upon )
to the distance of these two meridians on that parallel of latitude’in miles.
THEOREM [IV.

As the mhegfd;zlaﬁ!udc is to radius, so is the length of any arch on

that of butitude (intercepted between two meridians) tn mles, to the
of a similar arch on the equator, or miles of difference of longitude.
THEOREM V.

As the co-sine of any lalitude is to the co-sine of any other latitude, so is the
length of any arch on the first parallel of latitude in miles, to the length of the
same arch on the other in miles.

By weans of Theorem II. the following Table was calculated, which shews
the meridian distance corresponding to a degree of longitude in every lati-
tude: and may be madeto answer for any degree or minute by taking pro-
portional parts.

The following Table shews for every ¢ of latifude how many miles dis-
t&{u the fapo meridians m‘f:olme di;crmc{ of longitude is o degree.
¥

theorems.

D. l..;!lll.ls.éb. L. nn.r.s.ln. L. pnl.u.ln. L.|MILES. D, L.|MILES
1'59. 99| 19 [56. 78| 37 . 41,73 17. 54
2 :59. 96/ 20 [56. 33| 38 . 55.74 |16. 54
3 '59. 92{ 21 56. O1f 39 . 6875 [15. 53
4 59. 85] 22 (55. 63) 40 |45 . 801 76 [14. 52
5 °59. 77, 28 [55. 23! 41 904 77 (13. 50
G 169. 67| 24 [54. 81} 42 00i 78 (12. 47
7159, b5| 25 [54. 38: 43 09 79 11. 45
8 59. 42' 26 [53. 93; 44 . 17 80 (10. 42
9 i59. 26! 27 |53. 46 46 24 81/9.39
10 59. 09' 28 |52. 98i 46 30 82 | 8. 35
11 {58. 90| 29 52, 48] 47 36 83 | 7. 31
12 58 69i 30 [51. 96 48 40 84 | 6. 27
13 68. 46; 31 (61. 43, 49 44 85| 5. 23
14 [58. 22| 32 |50. 88. 50 .48 86|4. 19
15 |57. 96| 33 [50. 32, 51 50/ 87 | 3. 14
16 157. 68, 34 [49. 74/ 52 52,88 | 2. 09
17 |57. 38) 35 [49. 15/ 53 36 . 5389 | 1. 06
18 [67. 06| 36 [48. 54| 54 35. 54 90 | 0. 00

When a ship sails east or west on the surface of the earth supposed to be
spherical, she describes a parallel of latitnde, and this is called Parallel Sasl-
ing. In this case, the distance sailed (or departure) is equal to the distance
between the meridians sailed from and arrived at in that parallel, and it is
easy, by Theorem IV. preceding, to find the difference of longitude from the
distance, or the distance from the difference of longitude, as will appear
plain by the following examples.




PARALLEL §AILING. ®

. CASE 1. .
The differenee of longutude bstween two places in the same parallel of latitude
orsnses being given, lo find the distance belween th{m. o
Suppose a ship in the latitude of 49° 30’ north or south, sails directly east
or west until her difference of longitude be 3° 30/, ';'equired the distange

sajled ?
BY PRQJECTION.
P
C
Fig, 1
4 Fig2
Dist Saildis»
CosyaA3Y
TP Lon.210 D
K e - A
Sinews

Take the sine of 90° from the Plane Scale, and with one foot of the com-
passes on P (Fig. 1) asa centre, describe the arch EQ ; with the difference
aflongitude 210 miles in the compasses, and one foot in E, as a centre, de-
scribe an arch cuttin(f EQ5 in Q; join PE, PQ. Take the sine of the com-
plement of the latitude 40° 30’ in your compasses, and with one fout in P, as
a centre, describe thearch FG. cutting PE, PQ, in F,G; then the length of
the chord FG being measured on the scale of equal parts will be the depare
ture 136.4 miles.

Or this projeetion may be made in the following manner. Draw AD (Pig,
2) of an indefinite length. make the angle NAC equal to the latitude 49° 30',
and AC equal to the difference of longitude 210 miles; draw CD perpendie
culygr to AD; then will the line AD be the distance or depa.rt.nre requlred,

BY LOGARITHMS.
Fo find the departure or distapce.

As radius 90° 10.00000
Is to the difference of longitude 21p 2.32222
So is co-sine latitude 49° 30/ 9.81254
To the distance or departure 138,4 " 2.13476
BY GUNTER, :

The extent from radius to the complement of the latitude 40° 36’ on thg
line of sines, will reach from the difference of longjtude 210 to the distance
18634 on the line of numbers. )

BY INSPECTION.

Find the latitude among the degrees in Table 1I. and in the distance co-
lumn the difference of longitude, opposite to which in the column of latitude
will be the distance required.

In the present example the latitude is 49° 30’, and as the table is only cal-
culated to single degrees, I find the numbers in the tables of 49° and 50°, and

take the mean of them ; the former is 137,8, the latter 135,0, the mean of

which is the sought distanee or departure 136,4.
CASE 1I.
The distance between two on the same parallel of latitude given, to find
ir difference of longitude,
Suppose a ship in the latitude of 49° 30’ N. or S. and long. 36® 40’ W,
sails directly west 136,4 milgs; required the diffarence of longitude, and
longitude in ? L
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BY PROJECTION. -

With the sine of the complement of the latitude 40° 80’ in your compasses,
and one foot in P, as a centre, (Fig. 1st. of the preceding case) describe the
arch FG. upon which set off the departure 186,4 miles upon the chord FG,
and through the points F and G draw the lines PE and PQ—then with the
sine of 90° in the compasses, and one foot on P as a centre, describe an arch
to cut PE, PQ, in E and Q; then the chord EQ being measured upon the
same scale of equal parts that the departure was, will be the difference of
lougitude 210 miles.

Or thus, draw the line AD (Fig. 2d.) which make equal to the given dis-
tance 136,4, ut D erect DC perpendicular to DA, make the angle DAC equal
to the latitude ; then will AC be the sought difference of longitude 210 miles.

BY LOGARITHMS,

As co-sine of latitude 49930’ 9.81254 Lo? left . 380 WW.
1s to the Jistance 136,4 2.13481 Diff. long, 3 30W.
Bo is radius 10.00000

Loog. in o I10W.
To the diff. of long. 210 2.32227

BY INSPECTION.
Look for the latitude among the degrees, as if it was a course, and the de-
arture in the column of latitude ; against which will stand the difference of
Yongitude in the distance column.

Thus in the course 49°, 1 seek for 136,4 in the latitude column, and find it
corresponds to the distance 208; and in the course 50° 1 find it nearly cor-
responds to €12; half the sum of 208 and 212 is 210, which is the sought
difierence of longitude.

QUESTIONS TO EXERCISE THE LEARNER.

Question I. A ship in the latitude of 320 N. sails due east till ber difference of longitude is 384
miles ; required the distance sailed?

Answer.  325.7 miles.

Question 11. A ship from the latitude of 530 36’ 8. longitude 100 18’ E. sails due west 236 miles
—required her %mnt longitude ?

Answer. 3

Question 111, 1f two ships in the latitude of 440 30’ N. distant 216 miles, should sail directly south
ubtil they were in the latitude of 320 17’ N. what distance are they from each other ?.

Answer. By Theorem V 856 miles.

Question IV. A ship haviog run due east fer three days, at the rate of 5 knots an hour, finds she
has aitered her lonzitude 80 16'; wbat paraliel of latitude did she sail in?
Answer. 43°328' N, or 8.

MIDDLE LATITUDE SAILING.

IN sailing north or south (or on a meridian) the difference of longitude is
nothing, and the difference of latitude is equal to the distance sailed ; but
in sailiug east or west (or on a parallel of latitude) the difference of latitude
is nothing, and the difference of longitude may be calculated by the foregoing
Theorems of Parallel Sailing. In sailing on any other course, the shi
changes both her latitude and longitude ; in this case, the difference of lati-
tude, departure, and difference of longitude may be calculated by a roper
application of the principles of Plane Sailing to the sailing on a spherical
surface : to do which, the surface of the globe may be supposed to be di-
vided into an indefinite number of small surfaces, as square miles, furlon,
yards, &c. which on account of their smallness, in comparison with the
whole surface of the earth, may be esteemed as plane surfaces, and the dif-
ference of latitude and departure (or meridian distance) made in sailing over
each of these surfaces, may be calculated by the common rules of Plane
Sailing, and by summing up all the differences of latitude and departures
made on these different planes, we shall obtain the whole difference of lati-
tude and departure nearly.* Now, by Case I. of Plane Sailing, the distance

X

% The error arising from this supposition will be decreased hy increasing the number of the planes,
3‘ that, by increasing the number i‘::dennltely. the error may 2{ made le:-s than auny u:ignnbkpquu-
Yy
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described on any one of these small surfaces is to the corresponding differ-
ence of latitude a8 radius is to the co-sine of the course, and as the course is
the same on all these surfaces, it follows that the sum of all the distances
described thereon is to the sum of the corresponding differences of latitude
as radius is to the co-sine of the course; thatis, the whole distance sailed on
the globe is to the corresponding difference of latitude as radius is to the co-
sine of the course. In a similar manner it appears, that the distance de-
scribed on the globe is to the sum of all the corresponding departures (or
meridian distances) described on these different surfaces, as radiusis to the
sine of the course. So that the canons for calculating the whole difference
of latitude and departure from the course and distance are the same, whe-
ther the earth be esteemed as an extended plane or a spherical surface, and
the same is to be observed with respect to tge other cases of Plane Sailing.
We shall, therefore, in all the calculations of sailing on the spherical sur-
face of the earth, in which the course, distance, difference of latitude and
departure occur, make use of the canons already taught in Plane Sailing, and
shall construct the schemes exactly in the same manner. The only addi
tional calculation in sailing on a spherical surface consists in determining the
longitude from the departure: for in sailing on a plane, the departure and
longitude are the same, but in sailing on a spherical surface, the whole depar-
dure (as was observed above) is equal to the sum of all the meridian distonces
made in sailing over the indefinite number of small surfaces, snto which we
have sypposed the spherical sunface to be divided, and the whole dif‘mme of
itude corresponding is equal lo the sum of all the differences of longitude,
uced from each of these small meridian distances by Theorem IV of Paral-
lel Sailing.* Several methods have been proposed for abridging the calcu-
lation of the difference of longitude from the departure, the most noted of
which are those known by the names of Middle Latilude Sailing and Mer-
calor's Sailing, the latter (which will be hereafter explained) is perfectly ac-
kurate, the former is only an approximation, but it is very much used in
calculating short runs and days works, but in calculating large distances
across distart parallels 4t is liable to error. The principle on which the
calculations of Middle Latitude Sailing is founded, is this :—Instead of cal-
culating the difference of longitude corresponding to the departure made on
each of the small surfaces, into which we have supposed the sphere to be
divided, and adding them together, the whole departure (or sum of the me-
ridian distances) is calculated, and the longitude deduced therefrom by the
rules of Parallel Sailing, using for the latitnde the arithmetical mean between
the latitude sailed from and that arrived to. On this supposition, we have
the two first of the following theorems for calculating the deﬁarture from
the difference of longitude or the difference of longitude from the departure,
which are the same as Theo. III. and 1V. of Parallel Sailing, except in writ-
ing departure for distance, and middle latitude for latitude : the othér theo-
rems are easily obtained by combining the two first with the common theo-
rems of Plane Sailing; observing that the Middle Latitude is half the sum of
the two latitudes if they are of the same name, or half their difference if of con-

trary names.
THEOREM 1.
s radius is to the co-sine of the middle latilude, so is the difference of longi-
tude to the departure. .
THEOREM II.

s the co-sine qf the middle latitude is o the radius, so is the departure lo the
difference of longijude.

Now by case I. of Plane Sailing the radius is to the sine of the course, as
the distance sailed is to the departure, and, if we combine this analogy with
Theorem II. we shall have,

® Using (in estimating the difference of longitude corresponding to each of these small meridian
distances) the latitude correspo%to the middle point of the surface on which these small meri-
dian distances are respectively
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THEOREM IIL . i
s the co-sine of the middle latitude is to the sine of the course, 8o is the dis-
tance satled to the difference of longitude.
By Case II. of Plane Sailing, we have this analogy ; as radius is to the
tangent of the course, 8o is the difference of latitude to the departure ; by
combining this with Theorem II. we have

THEOREM IV. .

s the co-sine of the middle latitude is to the tangent qf the coutse, 30 is the
difference of latilude to the difference (f longitude.

W hence we easily deduce the following,

s the difference of latitude THEOR!}M My of longitude, 30 s the
s the difference of latilude is to the difference o i 80 18 the eo-sine
of the middle latitude to the tangent of the course. ’

By means of the ‘Ereceding theorems we have formed the following Table,
which contains all the rules necessary for solving the various cases of Middle

Latitude safting.
MIDDLE LATITUDE SAILING.
Case Given. Sought SOLUTION. |
Departure|Rad. : Diff. Long. : : Co-sine Mid. Lat. : Dep.
Both Latitudes Course. |§ Diff. Lat. : Rad :: Dep. : Tang. Coorse.
1 d Difi. Lat. : Diff. Loog. : : Cos. Mid. I at. : Tang. Course.

an
Longitudes. " Rad. : Diff. Lat. : : Secant Course : Distance.
Distance. ’Sino Course : Depart. : : Rad. : Distaoce.

Both Latitudes{ Course. |Diff. Lat : Rad. : : Dep. : Tang Course.
2 and Distance. |Sine Course : Dep. : : ghd : Dy
. Departure. |Difi. Loog.|Co-sine Mid. Lat. : Dep. : : Rad. : Diff. Long.

Diff. Lat |Rad. : Dist.: : Co-sine Course : Diff. Lut.
Ont Latitude, Hence the other latitude and middle latitude are found.
3 Course and |Departure}Rad : Dist. : : Sine Course : Departure.
Distance. |ngr 1,ong.|§ Co-Sine Mid. Lat : Dep. :: Rad. : Diff. Long.
. ‘| 1 Co-Sine Mid. Lat.: Sine Cetirse : : Dist. : Diff. Long.

Departure|Rad. : Diff. Lat. : : Tang. Course : Departure.
« [Both Latitudes) Distance. |Co-sine Course : Diff. Lat. : : Rad : Distance.
and Course. |p).cr Long Co-sine Mid Lat. : Dep. : ; Rad. : Diff. Long.
g Coe Mid. Lat.: Taog Course:: Diff. Lat. :‘Diﬂ'. Long.

Course. |Dist. : Rad. : : Diff ].at. : Co-sine Course.
n"":'ll)'.'m’::' Departure|Rad : Dist. : : Sine Course : Departure.
aad Lis " IDiff Long [Co sine id. Lat. : Dep :: Rad : Dff. Loog.

One Latitude,| Diff- 1-at. |Rad. : Dep :: Co-tang. Course : Diff. Lat.
6 é'e e and | Hence the other latitude and middle latitude are known.
Do are. | Distance [Sine Course : Departure : : Rad. : Distance.
epa * |Diff. Long |Co-sine Mid. Lat. : Dep. : : Rad : Diff. Long.

Course. |Dist.: Rad. : ; Dep. : Sine Course
’ 3"‘:.{;::“.":‘1" Diff. Lat {Rad. : Dist. :: Co-sine Course : Diff. Lat. Hence we obtain
Departure. the other latitude and middie latitude.
4 “ |Diff. Long.JCo-sine Mid. Lat. ; Dep. : : Rad. : Diff. I.ong.

We shall now proceed to illustrate these rules, by working an example in
every case. .
: CASE 1,
The latitudes and longitudes of l:ioo places given, to find their bearing and
istance.

Required the bearing and distance between Cape Cod light-house, in the
jatitude of 42° 5’ N. longitude 76° 4’ W. and the island of St. Mary, (one of
the Western Islands) in the latitude of 36° 59' N, and longitude 25° 10’'W.

Cape Cod’s Jat. 42° 5'N. 420 § Long. 700 4'W.
St. Mary'slat. 3 59 N. 3% 59 * Long. 25 10 W,
Diff. lat. 5 6 Sum 79 4 “ 5

€0 60
—— Ml 39 3 —_
fomiles. 308 *Diff. Long. 2694 miles.
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BY PROJECTION.

@9.

Cape Lo

Draw the east and west line DC, with the chord of 80° describe the arch
QS about the centre D, to cut DC in Q; upon this arch, set off, from Q to
S, the middle latitude 39° 32'; through D and S draw the line DB, which
make equal to the difference of longitude 2694 miles; from B let fall upon
DC the perpendicular BC, which continue towards A making AC equal to
the difference of latitude 308 miles ;¥ join AD, and it is done. For‘})y this
method of construction, on the principles before explained, A will be the
situation of Cape Cod; D the situation of St. Mary ; CD will be the depar-
ture, which beind measured will he found to be 2078 miles ; the. distance
will be represented by AD, which being measured will be found to be 2099
miles, and the course from Cape Cod to St. Mary, will be represented by
the angle CAD=81° 87'; therefore the course will be S. 81°37" E.or E. S,
nearly.

Noy'rz. The course is put S. 81° 87' E. because St. Mary being in a less
northern,latitude than Cape Cod, is to the southward of it ; it is also to th
eastward of Cape Cod, because it isin a lesser western longitude. -

BY LOGARITHMS.

To find the departure (by Theorem 1.) To find the course.
As radius 90° 10.00000{ As diff. of lat. 306 2.48573
1s to diff. of long. 2684 3.43040}1s to radius 45° 1
8o is co-sine mid. lat. 39° 32 9.88720(So is the departure 2078 3.31760
To the departure 2078 331760{To tang. of course 810 37 10.83188
N NoTe. The course may be found without the
Asradivs 900“ find the distance. 10.00000 [departure, by Theo V. Middle Latitude Sailiog.
1s to the diff. lat. 306 2.48572As the diff. of lat. 308 2.48572
So issec. of course 810 37" 10.83626 [1s to the diff. of long. 2674 3.43040
———— 80 is co-sine mid. lat. 330 32’ .86720
To the distance 2099 33598
Note The log. of the departure above found 13.31760
3,31760 is rather less than the log. of 2078= 2.48572
3.31765 : but in finding the course by the depar- ———
ture, T have used the quantity found at the first | To tang. of course 81037 10.83188
operation, and shall do the same in all future cal-
culations. R
¢ BY GUNTER. .

Extend from the radius or 90° to 50° 28’ the complement of the middl
latitude, on:the line of sines; that extent will reach from the difference of
longitude 2694, to the departure 2078, on the line of numbers.

2dly. Extend from the difference of latitude 806, to the departure 2078,

* If the B!nce A be to the southward of D, the line AC should be set off upon the tine CB, from
G towards
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on the line of numbers; that extent will reach from radius or 45° to the
course 81° 37’ on the line of tangents.

8dly. Extend from the course 81° 37 to the radius 90° on the line of sines ;
that extent wiil reach from the departure 2078 to the distance 2099 miles

on theline of numbers.
BY INSPECTION.

Ruie. Look for the middle latitude, as if it was a course in Plane Sail-
ing, and the difference of longitude in the distance column, oggosite to which,
in the column of latitude, will stand the departure ; having the difference of
latitude and departure, the course and distance are found (asin case VI.
Planc Sailing) by seeking in Tab. II. with the difference of latitude and de-
parture, until they are found to agree in their respective columns ; opposite
to them will be found the distance in its column, and the course will be found
at the top of that table, if the departure be less than the difference of lati-
tude, otherwise at the bottom. .

Thus with one tenth of the difference of longitude 269.4 or 269, I enter
Table IL and opposite to it, in the distance columu of the Tables of 89° and
40° I find 209.1 and 206.1 in the latitude column ; now the middle latitude
being nearly 394°, [ take the mean of these, 207.6 for the departure, which
being multiplied by 10, gives the whole departure 2076. Again, I enter Ta-
ble I. with one tenth of the departure 207.6, and one tenth of the difference
of latitnde 30,8 and find that they agree nearly to a course of 7% points,
and a distance of 210, which multiplied by 10, gives the sought distance 2100

miles nearly. CASE TI

Bolh latitudes and departure from the meridian given, to find the course, dis-
tance, and difference of longilude.
A ship in the latitude of 49° 57" N. and longitude of 15° 16’ W. sails south-
westerly till her departure is 789 miles, and latitude in 39° 20’ N. Required
the course, distance and longitude in?

Latitude left 49° 57 N.
Latitude in 39 20 N.

Rag

Diff. of lat. 10 37=637 miles.

Sum of lats. 79 17
Middle lat, 44 38

BY PROJECTION.

Draw the meridian ACD, on which take AC 3
equal to the difference of latitude 637 miles ;
draw CB perpendicular to AC, and make it
equal to the departure 739 miles; abeut Basa
centre describe an arch ab, on which set off the
middle Iatitude 44° 38'; through B and b draw
the line BD, meeting ACD in D; join AB and
itis done ; for AB will be the distance sailed,
which being measured will be found==1014
miles ; BD will be the difference of longitude
==1109 miles, and the angle CAB will repre-
sent the course from the meridian 51° §'.

BY LOGARITHMS.

A DifFLat

To find the course. To find the distane
As the diff. of lat. 637 2.80414 | As sine course 510 § e 9.8%104
1s to radius 450 . 10.00000]1s te the departure 789 2 89708
So s the departure 739 2.895:8 [So is radius 900 ’ 10.00000
To tang. course 510 5’ 10.09294 {T'o the distance 1014 3.0050—1
To find the difference of longitude.

Bt i s st o o rET
n 1o the departure . A 1 .

8o is radius 900 10.00000 %8 1109 miles Bnw
w.

~———— | Longitude in N
To diff. of long. 1109 364483 .‘i ®
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BY GUNTER.

1st. The extent from the difference of latitude 657 to the departure 789,
" an the line of numbers, will reach from radius, or 45°, to the course 51° 5’ on
the line of tangents.

2dly. The extent from 51° 5' to radius, or 90° on the line of sines, will
reach from the departure 789, to the distance 1014 on the line of numbers.

3dly. The extent from the complement of middle [atitude 45° 22/, to ra-
dius, or 90°, on the line of sines, will reach from the departure 789 to the
difference of longitude 1109 on the line of numbers,

BY INSPECTION.

Rure. With the difference of latitude and departure, find the course and
distance (asin Case V1. of Plane Sailing) by seeking in Tab. II. until the dif.
ference of latitude and departure are found to correspond, against which in
> the distance column will be the distance ; and if the departure be less than
the difference of latitude, the course will be found at the top of that table,
otherwise at the bottom, s

Then take the middle latitude as a course, and find the departure in the
Jatitude column, the number corresponding in the distance column will be,
the difference of longitude.

Inthe present example, I take one tenth of the difference of latitude 637,
and the departure 789 ; that is 63,7 and 78,9 the neares{ numbers to these
are 63,6 and 78,5, standing together over 51° against the distance 101,
which being multiplied by 10 gives 1010 ; whence the course by inspection
is 3. 51° W. and the distance 1010, Then I take one tenth of the departure,
78,9 and seek it in the column of latitude of 45°(which is the nearest to the
middle latitude 44° 88'), the nearest number I find is 79.2, opposite which in
the distance column stands 112, which being muitiptied by 10 gives 1120 for
the difference of longitude; this value differs a little from that found by lo-
garithms, owing to the miles of middle latitude neglected, for if we were
also to find the difference of longitude for the middle latitude 44® and pro-
}zortion for the minutes, the result would come out nearly the same as by

ogarithms,

CASE IIL

One latitude, course and distance given, to find the difference of latitude and
difference of longitude.

A ship in the latitude of 42°30' N. and longitude
58° 51' W. sails S, E. by S. 591 miles. Required the
Jatitude and longitude in ?

BY PROJECTION. g
Draw the meridian ADE (as in case I. Plane Sailing) N
ugm A a3 a centre describe an arch with the chord of &
60°, and upon it set off, from where it cuts AD, the S
course 8. E. by S. or 3 points, through that point of
- the arch, and the point A, draw the line AC, wbich
make equal to the distance 591 miles; from C let fn“B
upon AD the perpendicular CD; then will CD be the
departure 328 miles, and AD the differance of latitude
491 miles. Hence we obtain the Jatitude arrived at,
and the middle latitude ; draw the line CE making an
angle with DC of 88° 24'=the middle latitude ; and &
the distance CE will be the difference of longitude 419
miles, hence the longitude in is obtained.

_77
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BY LOGARITHMS.
To find the difference of lutitude. To find the departure.

As radius 8 pts. 10.00000 | As radjus 8 pta. 10.00000
1= to the distance 59) 277159 |1s to the distance 591 © 297150
So is co-sine course 3 pts. 9.91985 |So is sine course 3 pta. 9.7447¢
To the diff. of lat. 491.4 2.€9144 | To the departure 338.3 2.51633
‘I'o find diff’ long. with departure
Latitude left 430 30'N., Asco sine mid. Jat 38° 3¢’ 9.89415
Diff. of lat. 8 18 13 to the departure 328.3% 25633
R — So is radius 900 10.00000
Latitude in 3 19 N.
Sum of lats. 76 49 To dil of lo%. 419 miles 863218
Middle lat. 38 24 ithout the departure.
As co-sine mid. Jat. 380 34’ ar. co. 0.10585
Long. left 530 51'W. 18 to gine courze 3 pts. 9.7447
Dif. of long. 419 6 59 E. So 1s distance 591 PR ]
———
Loagitude in 51 52w Ta diff. of long. 419 miles 262218
BY GUNTER.

1st. The extent from radius 8 points to the complement of the course 5
points on the line marked SR, will reach from the distance 591 to the differ-
eqce of latitude 491 on the line of numbers.

2dly. The extent from radius 8 points to the course 8 points on the line
SR, will reach from the distance 591 to the departure 328 on the line of
numbers. Lo

3dly. The extent from the complement of middle latitude 51° 36’ to ra-
dins 90° on the line of sines, will reach from the departure 328 to the differ-
ence of longitude 419 on the line of numbers.

BY INSPECTION.

RuLe. With the course and distance find the difference of latitude and
departure (as in Case I. of Plane Sailing) by finding the given course at the
top or bottom of the Tables, either among the points or degrees; in that page
and opposite the distance taken in its column, will stand the difference of
latitude and departure in their columns. Then talse the middle latitude as
a course and find the departure in the latitude column, against it, in the dis-
tance column will staud the difference of longitude.

Thus, under the course three points, or 8. E. by S. and against the tenth of
the distance 591=59,1 or 59 stand 19,1 and 32,8 ; these multiplied by 10 give
491 for the difference of latitude and 828 for the departure. Now taking
the middle latitude 38° 24’ or 38° as a course, and a tenth of the departure
328==3¢,8 in the column of difference of latitude (the nearest is 33,1) against
which stands 42 in the distance columuo; this multiplied by 10 gives 420 for
the difference of longitude nearly.

CASE IV.

Both latitwdes and course given, to find the de»
parture, distance and dt";c'rence of longitude.

Suppose a ship sailing from a place in the la-
titude of 49° 57" N. and longitude of 30° W,
makes a course good of S. 39° W. and then b
obseryation is in the latitude of 45° 31’ N.—it
is required to find the distance run, and longi-
tude in?

Latitude from 49° 57'N,

Lat. by observation 45 81 N.

DiAtFf It

Q

4 26

60
Diff. lat. 266
Sum of lats. 95° 28’
Mid. lat. 47 44

# The logarithm of the departure was found by the preceding canon to be 2.51€33, differing @
little from the logarithm of 328.3.
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BY PRQJECTION,

Draw the meridian ACD, on which set off AC equal to the difference of
latitude 266 miles; draw CB perpendicularto AC; %raw the line AB, mak-
ing an angle equal to the course 39° with AC, and meeting BC in B; through
B draw BD, making an angle equal to the middle latitude 47° 44’ with the
line BC, and it is done; for AB will be the distance 342.8 miles, BC the de-
parture 215.4 miles, and BD the difference of longitude 320.3 miles,

BY LOGARITHMS.
To find the departure. 2 To find the differsuce of longitude by the

As radius 45° .00000 departure.
Is to the diff. lat. 266 2.42488]As co-sine mid. lat. 47° 44/ 9.82775
So is tang. course 39° 9.90837(1s to the departure 215.4 2.33325
So is radius 90° 10.00000
To the departure 215.4 2.
To find the distance. To the diff. of long. 320.3 2.50550
As co-sine of the course 39° 9.89050/The diff. of lopg. may be found without
Is to the diff. lat. 266 2.42488) the departure, by Theo. 1V. mid. lat.
So is radius 90° 10.00000] sailing, thus:
As co-sine mid. lat. 470 44’ 9.82776
To the distance 342.3 2-53438|Is to tang. of course 39° 9.90837
To find the longitade in. So is the diff. lat. 266 2.42488
Longitude sailed from 30° oW,
Diff. long, 320 miles or 5 20W. 12.33325
9.82776
Longitude in 35 20
To the diff. long. 320,83 2.50550
BY GUNTER. - '

1st. The extent from radius 45° to the course 39° om the line of tangents, will
reach from the difference of lat. 266 to the departure 215.4 on the line of numbers.

2dly. The extent from the complement of the course 51° to the radius 90° on the
line of sines, will reach from the difference of latitude 266 to the distance 342.3 on

the line of numbers.
Sdly. The extent from the complement of the middle latitude 42° 16’ to radius

90° on the line of sines, will reach from the departure 215.4 to the difference of long.
320.3 on the line of numbers.
BY INSPECTION.

Find the course among the points or degrees (in Tab. L. or II. as in Case
11. Plane Sailing) and the difference of latitude in its column, against which
will stand the distance and departure in their columns; then take the middle
latitude as a course, and find the departure in the latitude column, against
which, in the distance column, will stand the difference of longitude.

Thus, with the course 39°, and half the difference of latitude 138, I enter
Table II. the nearest number in the table is 152.9, which corresponds to the
distance 171, and to the departure 107.8; tlgse doubled give the distance
342, and the departure 215,2 miles. ’

Then with the mid. lat. 47° 44’ or 48° as a course,
I enter Table II. and seek for half the departure
107.6 in the lat. col, the nearest number to which
is 107.7, which corresponds to the distance 161 ; this
doubled gives the Giff. of long. 322 miles nearly.

CASE V.
Both latitudes and distance given, to find the course,
departure, and difference of longitude.
Suppose a ship sails 300 miles north-westerly, from
a place in the latitude of 37° N. and the longitude
32° 18’ W. until she is in the latitude of 41° N,—
required her course and longitude in ?

Latitude left 37° ¢/ N. 37° O'N.
Latitudein 41 O 4 0
4 0 Sma 78 O
60 Mid.Jat. 39 ¢
Diff, lat. 240

M
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BY PROJECTION.

Draw the meridian ACD, on which set off D@ equal to the difference of
latitude 240 miles ; draw the line CB perpendicular to DC; take the dis-
tance 300 in your compasses, and with one foot in D, as a centre, sweep an
arch cutting CB in B; join DB; make the angle CBA equal to the middle
Jatitude 39° and draw i}A cutting DCA in A, and it is done ; for BC will be
the degarture 180 miles, BA the difference of longitude 231.6 miles, and the
angle BDC will represent the angle of the ship’s course with the meridian,
which will therefore be N. 86° 52’ W.

BY LOGARITHMS.

To find the course. To find the difference of longitude by the depar~
As the distance 300 247712 ture.
1s to radiug 900 10.00000{ As co-sine mid. lat. 390 9.89050
8o Is diff. lat. 240 2.38021}1s to the departure 180.0 2 35534
So is radius 900 10.00000
‘To co-sine eourse 360 53’ 9.90309
To find the departure. To diff. of long. 331.6 2.3647¢
As radius 900 10.00000 To find the longitude in.
Is to the distance 300 8.47712|Long. left 320 16' W.
8o is vine course 360 53’ 9.77812| Dill. of loog. 3 53 W.
To the departure 180.0 3235524 Longitude in 3% 08 W.
BY GUNTER.

1st. The extent from the distance 300 to the difference of latitude 240
on the line of numbers, will reach from radius 90° to the complement of the
course==58° 8, on the line of sines.

2dly. The extent from radius 90° to the course 36° 52’ on the line of sines,
will reach from the distance 800 to the departure 180 on the line of numbers.

8dly. The extent from the complement of the middle latitude 51° to the
radius 90° on the line of sines, will reach from the departure 130 to the differ-
ence of longitude 281.6 on the line of numbers.

BY INSPECTION.

Find the course (as in Case IV. Plane Sailing) by seeking in Table II. tilf
against the distance takea in its column, is found the difference of latitude in
one of the following columos; adjoining to it will stand the departure;
which, if less than the difference of latitude, the course is to be found at the
top of the Table, but if greater, at the bottom ; then take the middle latitude
as a course, and find the departure in the column of difference of latitude,
against which, in the distance column, will stand the difference of longitude,

Thus the distance 800, and the difference of latitude 240, are found to cor-
respond nearly to a course of 37°, and a departure of 180.5; then taking the
middle latitude 39° as a course, [ seek the departure 180.5 in the latitude co-
lumn, corresponding to which, in the distance column, is the difference of

longitude 282.
@ CASE VI
One latitude, course, and departure given, to find the | )
diference o laitude, distance, and dfference of lon- [} :
e

A ship, in the latitude of 50° 10’ S. and longitude of
30° 00’ E. sails E.8. E. until her departure is 957 miles;
sequired her distarce sailed, and latitude and longitude in? ¢

BY PROJECTION.

Draw the meridian ACD, and parallel thereto at a dis- \
tance equal to the departure 957 miles, draw the line EB;
make the angle CAB equal to the course 6 points, and &I

~

draw AB meeting EB in B; from B let fall upon AD the

perpendicular BC ; then will AC be the differerice of lati-

tude 396.4 miles, and AB the distance sailed 1036 miles;

having thus obtained the middle latitude 53° 28', make

the angle CBD equal thereto, and draw BD meeting ACD

::il D; then will BD be the difference of longitude 1608 n
es.

* This ) bm, b, ing.
e os-ﬁ,my the preceding operation, wes found equal to 2.25534, differing.a little from
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BY LOGARITHMS.

To fad the diff. of latitude. To find the distance.
A1 radius 4 points 10.00000 |As sine course 6 points 0.96562
1s to the departure 957 2.98091 |ls to the departure 957 2.98091
8d is co-tang. course 6 points 9.61722 !So is radius 8 poiats 10.00000
To diff. of 1at. 396,4 2.59813 |To the distance 1036 3.01629
Latitude left 50010’ 8. To find the diff. of longitude.
Diff. of lat. 398 miles 6 26 5.)As co-sine mid. lat. 53028’ YT
Is to the departure 957 2 98091

Latitude in . 56 46 8. 'So is radius 90° 10.00000
SBum of latitudes 106 56
Middle latitude 53 28 |To the diff. of long. 1608 : 3.30818

TLongitude left 300 00 E.

Diff. of long. 1608= 2% 48 E.

Long. in 5 48 B.

BY GUNTER.

1st. The extent from the course 6 points to the radius 4 points, on the
line marked T. R. will reach from the departure 957, to the difference of la-
titude 896,4 on the line of numbers.

2dly. The extent from 6 points to the radius er 8 poiants, on the line
marked SR, will reach from the departure 957, to the distance 1036, on the
Jine of humbers. R
" 8dly. The extent from the complement of the middle latitude 36° 3¢’ to
the radius 90°% on the sines, will reach from the departure 957, to the differ-
ence of longitude 1608, on the line of numbers.

BY INSPECTION.

Find the course among the points or degrees, Tab. I. or Tab. II. (as in
case 3d. Plane Sailing) and the departure in its column, corresponding to
which, in the columns of distance and difference of latitude, will be found
the distance and difference of latitude resﬁectively ; then with the middle
latitude as a course, seek the departure in the column of latitude, correspond-
ing to which, in the distance column, will stand the difference of longitude.

Thus, I enter Table I. above E. S. E. or 6 points, and seek for one-tenth
of the departure 95.7, the nearest to which is 96.1, and the corresponding
numbers are 104 and 39.8, which multiplied by 10 gives the distance 1040
and the difference of latitude 898 nearly; the middle latitude being nearly
531°, I seek in the Table of 53° for the distance corresponding to a teath of
the departure=295,7, and find it to be 159 then I seek for the same number
95,7 in the Table of 54° and find the number corresponding in the distance
column to be 163, half the sum of these two numbers is 161, which multi-
plied by 10 gives the difference of longitude 1610 oearly.

CASE VIIL

One latitude, distance sailed, and departure from the meridian given, to find A

the course, difference of latitude and difference of longitude.

A ship in the latitude of 49°30’' N. and longi-
tude of 25° 0 W. sails south-easterly 645 miles
until her departure from the meridian be 500 A,
miles, required the course steered, and the h-§
titude and longitude the ship is in? 3la

BY PROJECTION. N

Draw the line BD equal to the departure 500 3
miles, and perpendicular thereto draw the meri- ™
dian line ABC; take an extent equal to the dis- , |
tance 645 in your compasses, and with one foot BI=
in D as a centre, describe an arch cutting AB in A,
join AD, then will AB be the difference of lati-
tude 407.5 miles, and BAD the course, S. 50°
49 E. hence we have the latitude in, and middle
latitude ; make the angle BDC equal to the mid-
dle latitude and draw DC cutting ABC in C,
thgln DC will be the difference of longitude 721,1 ¢
miles.
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BY LOGARITHMS.

To find the course. Latitude, left 480 30'N.

As the distance 645 2.80956|Diff. lat. 408 6 48 S.
1s to radius 90° 10.00000]
So is the departure 500 2.69897|Latitude in 42 2N.-
T'o sine-course 50° 49’ 9.88941|Sum of the latitudes - 92 12

To find the difference of latitude. Middle latitude 46 6
As radius 96° 10.00000|
Is to the distance 645 2.80956
80 is co-sine course 50° 49’ 9.80058
To the diff. of lat. 407.5 2.61014

To find the difference of longitude.  |Longitude left 25° OW.
As co-sine mid. lat. 46° @ 9.84098|Diff. long. 721= 12 1E.
¥s to the departure 500 2.69897
8o is radius 90° 10.00000{Longitude in 12 59W.
To the &iff. of long. 721.1 2.85799

BY GUNTER.

1st. The extent from the disiance 645, to the departure 500, on the line
ott: numbers, will reach from the radius 90°, to the course 50° 49’ on the line
of sines.

2dly. The extent from radius 90°, to the complement of the course 39°
11/, upon the line of sines, will reach from the distance 645 to the difference
of latitude 407,5 on the line of numbers.

3dly. The extent from the complement of the middle latitude 43° 54/,
to the radius 90°, on the line of sines, will reach from the departure 500, to
the difference of longitude 721,1, on the line of numbers.

BY INSPECTION.

As in Case V. Plane Sailing, find the course by seeking in Table II. till
against the distance, in its column, is found the given departure in one of the
following columns, adjoining to which in the other column will be the differ-
ence of latitude, which if greater than the departure the course will be at the
%op, but if less the course will be found at the bottom. Then take the mid-
«dle latitude as a course, and find the departure in the column of difference of
fatitude, against which, in the distance column, will be found the difference
of longitude.

Thus, one-third of the distance, 215, and one-third of the departure, 166,7,
are found nearly to correspond to a course of 51 degrees, and a difference
of latitude of 1385,3, which multiplied by 3 gives the sought difference of la-
titude 408 nearly ; then with the middle latitude, 46° as a course, I enter
the Table, and seek for one-fifth of the departure==100, in the latitude co-
lumn, the distance corresponding, 144, being multiplied by 5 gives the differ-
ence of longitude 720 nearly.

QUESTIONS FOR EXERCISE.

Question I.  Required the bearing and distance between two places, one
in the latitude of 87° 56’ N. and longitude of 54° 23’ W. the other in the lati-
tude of 32° 38’ N. and longitude of 17° 5’ W. ?

Answer. 8. 80°9' E. and N. 80° 9'W. distance 1854 miles.

Question II. Required the direct course and distance, from a place inthe
latitude of 36° 55’ 8. and longitude of 20° ¢/ E. to another place in the lati-
tude of 32° 38’ S. and longitude of 8° 54' W. ? '

Answer. N.79° 48’ W. distance 1447 miles.

Question T1I. A ship from the latitude of 37° 30’ 8. aud longitude of 60®
E, sails N. 78° 56’ W. 202 miles, required the latitude and longitude in ?

Answer. Latitude 36° 55’ S, longitude 55 50’ E,

%estion IV. A ship from the latitude of 34° 35’ N. and longitude of 45°
16’ W. gails 8. 83° 36’ E. 101 miles; required her latitude and longitude ?

Jnswer. Latitude 84° 24’ N. longitude 43° 14’ W.
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MERCATOR’S SAILING.

TBE calculations by Middle Latitude Sailing, though sufficiently exact for
a short run, or a day’s work, are liable to great errors in calculating the
situations of places differing greatly in latitude and longitude, parti:lsnl
in high latitudes ; to remedy this inconvenience, a chart was invented an:

ublished in the year 1566, by GErarRp MERCATOR, 2 Flemish Geographer,
in which all the meridians are tgamllel to each other, but g oportionally
Jengthened so as to conform to the spherical figure of the earth. The prin-
ciples on which this chart is constructed were first ex‘)lainedin the year
1599, by Edward Wright, an Englishman, and are as follows.

B T{norem II. of Parallel Sailing, the distance of two meridians corres-
ponding to a degree or mile of longitude, in any latitude, is to the length of
a corresponding degree or mile of the meridian, as the co-sine of the latitude
is to the radius, thatis (by art. 56 Gee.) as radius is to the secant of the lati-
tude. Hence, if the meridians are supposed to be parallel to each other, or
the distance of the meridians to remain the same in every latitude, the de-

ree or mile of latitude must be increased in proportion to the secant of the
fatitude. Therefore, if the radius be :u{gosed to be ::]ual to one mile, the
length of the first mile of latitude from the equator will be represented by
the secant of 1, the second mile by the secant of 2/, the third mile by the
secant of 3', &c. Therefore the lensrh of the expanded arch of the meri-
dian may be found by a continual addition of secants, to every degree and
minute of the quadrant, as in Table 1II. by means of which the chart (called
Mercator’s chart) may be constructed, and all the cases of Mercator’s sailing
may be prejected and calculated.*

In using this table, the degrees are to be found at the top or the bottom,
and the miles at the side ; in the angle of meeting will be the length of the
corresponding expanded arch, usually called the mendwm::dparu of you
wish to find the arch of the expanded meridian interce between
two parallels, or, as it is usually called, the meridional di;erem of latitude,
you must, when both places are on the same side of the equalor, subiract the
mnidtbn:l‘ﬁam of thelesser latitude from the meridional parts of the greater,
the remasnder will be the meridional difference of laditude : but if lluy are on
different sides of the egualor, the sum of the mertdional parts of both latitudes

be the meridional difference of latitude required.

EXAMPLE I
Required the meridional parts corresponding to the latitude 42°34'2 *
Look in the bottom or top of the table for 49° marked 42 d. and in the
right or left hand column marked (M) for 34, under the former and opposite
the latter stand 2828, the meridional parts corresponding to 42° 34,
Examrre II. Exaxrre 11
Required the meridional difference of latitude be-| Required the meridional difference of latitude

tween Cape Cod, in lat. of 420 8’ N. and the] between a place in the lat. of 350 12 K. and
Ilslc::d of St. Mary, in the latitude of 369 59' ;;t,esC:pe of Good Hope, in the latitude of 34®

Cape Cod'plst. 420 5' N.  Mer. parts 2788 Lat. 350 12 N.  Mer. par. 2259
St. Mary’s lat. 860 59° N. Mer. parts  2391(C. of G. Hope's lat. 340 2¢' 8. Mer. par. 2203
— | —

. Meridional difference of latitude 397| Sum is meridional difference latitude 4462

From these principles it follows, that in sailing upon any course, the frue
or proper difference of latitude is to the departure as the meridional difference
of latitude ts to the difference of longitw{c. Hence if MI (in the figure of

‘ase I. following) be the proper difference of latitude, IO the departure,

# The manoer of constructing this charf, will he particularly explained hereafter. It may be ob-
served, that the smaller the subdivisions of the arch of the meridian are, the greater will be the ac-
curaey of the calculated length of the expanded arch of the meridian. To he perfectly accurste
the arch ought to be subdivided into the smallest quantitios possible. Attention was paid o this
circumstance ia calculating the above mentioned Table.
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MO the distance, the angle IMO the course, and we take MT equal to fhe
meridional difference of latitude, and draw TH parallel to IO to cut MQ
continued in H; the line TH will represent the difference of longitude : for
art. 53, Geom.) MI : 10 : : MT : TH. Now in the triangle MTH, b
making MT radius, we have MT : radius : : TH : tang. TMH, that is lh{
meridional difference of latitude is to radius, as the ﬁ;erence of longitude is
to the tangent of the course. By making MH or TH radius we shall have
other analogies, which combined with those in plane sailing, furnish the
solutions of the various cases of Mercator’s sailing contained in the follow-

ing table.
MERCATOR’S SAILING.
Case.|  Given. Sought. SOLUTIONS. 1
Haviog both lats. the mer. diff. lat. is found by Table 111.
Both Latitudes Course. [Mer. Dif. Lat. : Rad. : : Diff Long. : Tang. Course.
1 and Distance. | ) Rad. : Prop Diff. Lat.: : Secant Course : Distance.
Longitudes. i " | { Co-sine Course : Prop. Diff. Lat. : : Rad. : Distance.
Departure Rad. : Prop. Diff. Lat. : : Taog. Course : Departure.
AMer. DUl Lat. : Diff Loog. :: Prop Diff. Lat. : Depart.

Merid. DIA. I.at. being found by Table JII. we have

b Course. |Prop Dift' Lat. : Radius : : Departure : Tang. Course.
2 Both l;::"lmd“ Distance. | § Radius: Prop. Diff. Lat. : : Sec. Course: s:slunce.
Departure. * |3 Sine Course : Departure : : Radius : Distance.
P DIff. Long,| § Rad. : Mer. Diff. Lat : : Tang. Course : Diff. Lo
g "1 Prop. Diff. Lat. : Dep.: : Mer. Diff. Lat. : Diff. Long.
One Latitude, {Departure |Radius : Distance: : Sine Course : Departure.
3 Course Diff. Lat. |Rad. : Dist.: : Co-sine Course : Prop. Diff. Lat. Hence we
and have the other latitude and mer. diff. lat. by Table 1I1.
Distance. [Diff. Long.[Rad. : Mer. Diff. Lat. : : Tang. Course : Diff. Long.
Distance. |Co-sine Course : Prop. Diff. Lat. : : Rad : Diatance.
Both Latitudes;Departure |Rad. : Prop. Diff. Lat. : : Tang. Course : Departure.
ourse. er. diff. lat
¢ |andC Mer, dif |

} . being found in Table 111. we have
Diff. Long.|Rad. : Mer. Diff. Lat : 1 Tang. Course : Diff. Long.

Course. (Dist. : Rad. : : Prop. Diff Lat. : Co sine Course.
5 Bol: g,‘-“u“""‘:' Departure(Radius : Dm“c;o?: Sine Course : Departure.
and Listance. (1)iff. Long. |Rad. : Mer. DiiE Lat. : : T'ang. Course : Diff. Long.

Diff. Lat. [Rad. + Dep. : : Co-tang. Course : Prop Diff. Lat.
One Latitude,| Hence we have the other latitude and mer. diff. latitude.
6 Course and | Distance.|Sine Course : Departure : : Radius : Distance.
] Departure. 1yer 10n Rad. : Mer. Diff. Lat. : : Tang. Course : Diff. Long.
- 1ODE | § Prop. Diff. Lat. : Dep. : : Mer. Diff. Lat. : Diff. Loog.

Course. |Dist. : Rad. : : Dep. : Sine Course.
One Latitude,| jy.q 1 4¢ |Rad. : Dist. :: Co-sine Course : Diff. Lat. Hence we obtain
7 | Distance and the other latitude and meridian diference latitude.
Departure. |57 00 Rad : Mer. Diff. Lat. : : Tang. Course : Diff. Long.

+LONE.| 3 Prop. Diff. Lat. ; Dep. : : Mer. Diff. Lat.: Diff. Long.

}

CASE L.
The latitudes and longitudes of two places given, to find the direct course and
distance between them.

Required the bearing and distance from Cape Cod Light House in the latitude of
42° 5" N. and longitude 70° 4 W. to the island of St. Mary, one of the Westera
Jslands, in the latitude of 36° 59' N. and longitude of 25° 10' W.?

Cape Cod’s lat. 42° 05/ N.  Meridional parts 2783  Long. 70° 4’ W.

St. Mary’s lat. 36 59 N.  Meridional parts 2391 25 1QW.
5 06 Mer. diff. lat. 397 44 54
60 60
Difference of lat. 306 Diff. long. 26 94

BY PROJECTION.

‘M
epdlod ' ’
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Draw the meridian MT equal to the meridional difference of latitude 397
miles, set off also upon it MI equal to the proper difference of latitude 308
miles: perpendicular to MT draw TH and 10, make TH equal to the dif-
ference of lougitude 2694 miles, draw MH cotting 10 in O; then will the
angle TMH be the course S. 81° 37 E. and OM the distance 2099 miles.

BY LOGARITHMS.

To find the course. f To find the distance.
As the mer. diff. lat. 397 2.59879 As radius 90° 10.00000
1s to radius 45° ) 10.00000|Is to the proper diff. lat. 306 2.48572
So is the diff. of long. 2694 3.43040(So is secant of course 81° 33’  10.83626
To tang. of course 81° 37’ 10.83161{To the distance 2099 miles 3.32198

BY GUNTER.
1st. Extend from the meridional difference of latitude 397 to the diffes-
ence of longitude 2694 on the line of numbers ; that extent will reach from
the radius or 45° to the course £1° 37’ on the line of tangents.
2dly. Extend from the complement of the course 8° 23’ to radius 90° on
the line of sines, that extent will reach from the proper difference of latitude
808, to the distance 2099 on the line of numbers.

BY INSPECTION. ‘

With the meridional difference of latitude and diffe longitude used
as difference of latitude and departure, find the course, by inspecting the
tables until those numbers are found to correspond; with this course and
the proper difference of latitude, find the corresponding distance.

Thus one tenth of the merid. diff. lat and diff. long. are found to agree
nearly to a course of 7% points; this course and one tenth of the proper
difference of latitude 80,6 is found to correspond to the distance 209; this
muitiplied by 10 gives the distance 2080, differing a little from the result by
Jogarithms, owing téo tgeE m'eflect of a few minutes in the course.

A .

Both latitudes and the departure given, to find
thuzecwru, distance, and difference of longt-
" tude.

A ship in the latitude of 49° 57" N. and
longitude of 15° 18/ W. sails south-westerly
until her departure is 789 miles, and thenlbe'
observation is in the latitude of 89° 20" N.
reqsuired\ her course, distance and longitude
in ?

Mt Zatd37

<

Lat. left 499 57'N. Mer. parts 3470
Lat. in 39 20 N. Mer. parts 2571

Diff. lat. 10 37637 m. M. diff.lat. 839

. BY PROJECTION. . . .

With the proper difference of latitude ard departure, project as in €ase
VI. Plane Sailing, by drawing the meridian AEB, on which take AE equal
to the proper difference of latitude 637 miles; erect ED perpendicular to
AE an(r make it equal to the departure 789 miles; join AD and continue it
towards C: make AB equal to the meridional difference of latitude 899
miles, and draw BC perpendicular to AB, to cut AC in C, and it is done.
For AD will be the distance 1014 miles, BC the difference of longitude 1114
miles, and the angle BAC will be the course S. 51° 5’ W.

BY LOGARITHMS.

B

To find the course. To find the distance.

As the proper diff. of lat. 637 2.80414{As radius . 10.00000

Is to radius 45° 10.00000(1s to prop. diff. lat. 637 2.80414

So is the departure 789 2.89708|So is sec. course 5§1° 5 10.20191

To tang. course 51° & 10.09294{To the distance 1014 3.00605

_ To find the diff. of long. Longitude left 15° 16'W.

As radius 45° 10.00000|Diff. of long. 1114 = 18 4 W
Is to mer. diff. lat. 899 2.95376

So is tang. course 51° §' 10.09294|Longitude in 33 50 W.

The diff. of long. may also be found by

To dif of long. 1114 $94670|saying, as prop. diff. of lat. : dep. :i mer,

diff, lat, : diff. of long.
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BY INSPECTION.

As in Case I. Plane Sailing, find the course at the top or bottom of the
tables, either amoung the*points or degrees, and in that psge, opposite the
distance, will be found the difference of latitude and departure in their res-
pective columns. Then in the same table find the meridional difference of
latitude in the latitude column; corresponding to which, in the departure
golumn, will be the difference of longitude.

Thus, under the course S. W. b. S, or 3 points, and opposite one third of
the distance 197, stands 163,8 in the latitude column, which multiplied by 8
gives the difference of latitude 491.4 miles; then find one fourth of the
meridional difference of latitude 157 in the latitude column, against which
stands 105 in the departure column, which multiplied by 4 gives 420 the dif-
ference of longitude. .

CASE 1V. A

Both latitudes and course given, to find the distance
and difference of longitude.

A ship from the latitude of 49° 57" N. and longi-
tude of 30° W. sails S. 39° W. till she arrives in the
latitude of 45°31' N. Required the distance run and
longitude in ?

Lat. left 49° 57 N. Mer. parts 3470

Lat.in 45 381 N. Mer. parts 3074

X Lat. 866

Diff. lat. 4 26=266 miles Mer. dif. lat. 396

BY PROJECTION.

Draw the meridian AEB, on which take AE equal to the proper differ-
ence of latitude 266 miles, and AB equal to the meridional difference of
latitude 396 miles ; make the angle BAC equal to the course 39° and draw
ED, BC, perpendicular to AB, cutt(iir:g ADC in D and C; then will AD be
the distance 342 miles, and BC the difference of longitude 321 miles.

BY LOGARITHMS.

To find the distance. - To find the diff. of longitude.

As the co-sine course 390 ° 9.R9050| As radius 45° 10.00000
1s to tbe prop. dif. of lat.266 2.42488 | Is to mer. diff. of lat. 396 2.59770
So is radius 90° 10.00000|So s tang. course 39° 9.90837
Te the distance 312.3 2.53138| T'o the diff. of long. 320.7 2.50607

Longitude left 3Q° o/ W. .

Diff. of long. 321 = 5 21 W. 4

Longitude in 3521 W.

BY GUNTER.

1st. 'The extent from the complement of the course 51° to the radius 80°
en the sines will reach from the proper difference of latitude 266, to the
distance 342,3 on the line of numbers.

2dly. The extent from radius 45° to the course 39° on the line of tan-
gents, will reach from the meridional difference of latitude 396, to the dif-
ference of longitude 321 onthe line of numbers.

BY INSPECTION.

Asin case 1I. Plane Sailing, find the course among the points or degrees
and the proper difference of latitude in its column, adjoining to which will
be the distance and departure in their respective columns ; then in the same
table, find the merid. diff. lat. in the lat. column adjoining to which in the
departure column, will be the difference of longitude. . .

Thus wnder the course 59° and op&osite the half diff. of lat. 188 (the
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nearest to which is 132,9) stand 171 and 107.6, these doubled give the dis-
tance 842 and departure 215.2; and in the same table opposite the half
mer. diff. of lat. 198 found in the latitude column, stands 160.5 in the dep.
column, which doubled gives the difference of longitude 321 miles, nearly

as before.
1‘ X Zang

CASE V.

Both latitudes and distance given, to find the course
and difference of longitude.

A ship from the latitude of 37° N. and longi-
tude of 32° 16° W.sails 300 miles north-westerly,
until she is in the latitude of 41° N. Required the
course steered and longitude in ?

Lat. left 87° N. Mer. parts 2393
Lat.in 41 .N. Mer. parts 2702

———

Diff. lat.  4°=240 miles. Mer. diff. lat. 309 miles A

BY PROJECTION.

Draw the meridian ABC; make AB equal to the proper difference of
latitude 240, and AC' equal to the meridional difference of latitude 309 miles,
draw BD and CE perpendicular to ABC ; with an extent equal to the dis-
tanee 300 in your compasses, and one foot in A as a centre, describe an arch
cutting BD in D; draw AD. which continue to cut CE in E, and it is done:
for the angle BAD is equal to the course of 36° 52', BD is the departure,
and CE is the difference of longitude 231.7 miles.

BY LOGARITHMS.

To find the course. To find the diff. of Jongitude.

As the distance 300 8.‘77|2|Aa radius 45° 10.00000

1s to radius 90° 10.00000! s to mer. diff. of lat. 309 248996

8o is prop diff. lat. 240 2.38021|So is tang. course 36° 5% 9.87501

To co-sine course 360 52’ 9 90308{ To the diff. long. 231.7 2.36497
- Longitude left 320 16/ W.
Diff. of longitude 232 = 3 52 ,W.
Longitude in S6 08 W.

BY GUNTER. '

1st. The extent from the distance 300 to the proper difference of lati-
tude 240, on the line of numbers, will reach from the radius or 90° to 53°
g’, the complement of the course on the line of sines.

2dly. The extent from radius 45° to the course 86° 52' on the line of
tangents, will reach from the meridional difference of latitude 309 to the.
difference of longitude 251.7, on the line of numbers.

BY INSPECTION.

Asin Case IV, Plane Suiling, seek in the table till against the distance
taken in its column is found the given difference of latitude in one of the
following columns ; adjoining to it will stand the departure, which if less
than the difference of latitude, the course will be found at the top, other-
wise at the bottom ; in the same table find the meridional difference of lati-
tude in the latitude column, adjoining to which in the departure column will
stand the difference of longitude. ’

Thus the distance 300 and the difference of latitude 240, are found to cor-
respond to a course of 37°, and a departure 180,5; and in the latitude co-
lumn. opposite half the meridional difference of latitude 154,5 (the nearest
to which is 154,1) stands 116,2 in the departare column, which doubled gives
the difference of longitude 232,4.
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CASE VI.
One latitude, ocourse, and departure given, to find the distance, difference of
latitude, and difference of longilude. W

1
A ship from the latitude of 4
50°°10° S. and longitude of «,
80° E. sails E. S. E. until her ®
departure is 957 miles; re-
uired the distance sailed, and
e latitude and longitude in ?

ovesosl »uv“nuH

/

C_"

X Zona
BY PROJECTION.

Draw the meridian ABC, and at a distance from it equal to the departure .

957 miles draw the line FD Barallel to ABC; make the angle BAD equalto
the course 6 points, draw AD to cut FD in D; from D let fall upon AB the
perpendicular DB ; then will AD be the distance 1038 miles, AB the differ-
ence of latitude 396 miles ; hence we have both latitudes, and the meridion-
al difference of latitude 667 miles, make the line AC equal thereto, and draw
CE perpendicular to AC meeting AD continued in E; then will CE be the’
difference of longitude 1610 miles.

BY LOGARITHMS.

To find the distance. Lat left ' 500 10’S. M. parts 3490
As the sine course 6 pts. 9.96563 | Dif. lat. 396'=6 38 S.
1Is to the departure 957 29909} —_—
So Is radius 8 pts. 10.00000 | Lat. in 56 48 S. M. parts 4157
To the distance 1035 3.01529 Merid. diff. lat. £67
To find the diff. of lat. As radius 4 pts. 10.00000
As radius 4 pts. 10.00000 | Is to the merid. dif. lat. 667 28413
1s to the departure 957 2.98091 | 8o is tang. course 6 pts. 10.38278
8o is co-tang. course 6 pts. 981723 o
To diff. lon. 1610'=260 50’ E. 320891
To prop. diff. of lat. 396. 4 m. 259813 | Long. left. 30 00E.
Long. in 5 350 E.
BY GUNTER.

1st. The extent from the course 6 poiuts to radius 8 points on the line
wmarked 8. R. will reach from the departure 957 to the distance 1036 on the
line of numbers.

2dly. The extent from radius 4 points to the complemens of the course
4 points, on the line marked T. R. will reach from the departure, 3 to the
difference of latitude 396 on the line of numbers.

3dly. The same extent (from the radius 4 points to the course 6 points
on the line marked T. R.) will reach from the meridional difference of lati-
tude 667, to the difference of longitude 1610, on the line of numbers.

BY INSPECTION.

As in Case ITI. Plane Sailing, find the course either in Table I. or Table
11. aond the departure in its column, corresponding to which will stand the
distance and difference of latitude in their respective columns: in the same
Table find the meridional difference of latitude, in the latitude colnmn ; cor-
responding to which in the departure column will be found the difference of
longitude. .

Thus over the course E. S. E. or 6 points, and against one-fifth of the de-
parture 191.4 stand 79.2 and 207, which multiplied by 5 give the difference
of latitude 396 miles, and the distance 1035 miles; then in the latitude co-
lumn find a tenth of the meridional difference of latitude 66.7, the nearest
to that is 66.6, against which, in the departure column, stands 160.8, which
multiplied by 10 gives 1608, the difference of longitude. .
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CASE VII.

One latitude, distance sailed, and departure given, o find the course, differ-
ence of latitude, and difference of longitude.

A ship in the latitude of 49° 30’ N. and the longitude of 25° W. sails south-
easterly 845 miles, making 500 miles departure ; required the course steered,

and the latitude and longitade in ?

BY PROJECTION.

Draw the meridian ABC, and on
any point of it draw BD perpendicu- A
Jar thereto and make it equal to the
departure 500-miles, with an extent
equal to the distance 645 miles in your 3
compasses, aud one foot on D asa N
centre describe an arch to cut AB in P

A, join AD; then will AB be the pro-
per difference of latitude 407.5 miles,
and the angle BAD will be the course

_ 50° 49’; hence we have the other lati-

tude, and the meridional difference of
latitude, to which make AC equal;

-0—
XLony

and draw CE paralle! to BD, meeting AD produced in E ; then will CE be

the difference of longitude, 722,6 miles.

BY LOGARITHMS.

To find the course.

To find the diff. of lat.

As the distance 645 280956 | As radius 900 10.C0000
Is to the radivy 300 10 02000 | Is to the distance 645 2.80956
So is the departure 500 269697 | So is co-sine course 500 49 9.80058
To sine of course 5049" . 9 88941 | To diff. 1. 407,5=60 48’ S. 2.6101a
To find the diff. of long. Lat. left 49 30 N. M. par. 3428
As radjus 450 X 10.000C0 —
Is to the mer. dilf' lat 589 2.77012 | Lat. in 42 42 N, M. par. 2839
8o is tang. course 500 49’ 10.08879 —_—
) ) . ~———| Mer. diff. Iat. 589
To diff. long. 72.6 2.85891 | I,ong. left 250 00’ W.
Or thus, Diff. long. -12 03 E. .
As prop. diff. lat 4n7.5% 2.61014
1s to the departure 500 2.69897 | Lonz in 12 57 W.
8o is the mer. diff. lat. 589 * 271012| Hence the ship's course is 8. 500 49 B. Lat.
»———— 1 in 420 42’ N. Long. in 12057 W.
5.46909
2.61014
To diff. long 722,7 2.85595
. BY GUNTER.
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be found the true difference of latitude ; which if greater than the departure
the course will be found at the top ; but if less, the course will be found at
the bottom: with this course séek the meridional difference of latitude in
the latitude column, ndiioining to which in the departure column will be
found the difference of longitude.

Thus one-third of the distance 215, and one-third of the departure 166,7
are found nearly to correspond to a course of 51 degrees, and a difference
of latitude of 135,3, which multiplied by 3, gives the true difference of lati-
tude 406 nearly. Then one-fourth of the meridional difference of latitude
147, in the latitude column, is found nearly to correspond to the departure
181.9; this multiplied by 4, gives 727.6 the difference of longitude nearly.

Having explained the method of calculating single courses by Middie La-
titude and Mercator’s Sailing, it now remains to explain the method of cal-
culating compound courses. To do this, you must construct a Traverse _
Table, and find the difference of latitude and departure for each course and
distance, as in Traverse Sailing; and from thence the whole difference of la-
titude, departure, and latitude in, with the departure and latitudes, find the
difference of longitude and longitude in, as in Case Il. of Middle Latitude
or Mercator’s Sailing.

This method is exact enough for working any single day’s work at sea,
except in high latitudes, where it will be a little erroneous; in this case, the
difference of longitude and longitude in, may be caleulated for every single
course and short distance; but in general this nicety in calculation may be
neglected.

0 illustrate the method of working compound courses, we shall here
work an example, by Middle Latitude and Mercator’s Sailing.

A ship § E)%AMI;{LEl-o i th : TRAVERSE TABLE.
ship from Cape Henlopen, in the T
Jatitude of 380 47 N. longitude 75°10 2| Diff. Lat.Departure.

W. sails the following true courses, Courses.2| N. ) S. | E.) W.
viz. E. by 8. 20 miles, E. N. E. 15| }og
miles, S. E. 26 miles, South 16 miles, | p' N E.|15 5.7 13.9
W. 8. W. 6 miles, N. W. 10 miles, | “g 'k “log| ~ [18.4|18.4
and East 30 miles: required her lati- | g ' |16 ) :

20 8.9 (19.6

. 16.0
tude and longitude ?
By constructing the Traverse Ta- wﬁs’v}v ' lg 71 23 gi’
ble with these courses and distances, | woot * 30| s0.0|

it appears that the ship has made 27.8
miles of southing, and 69.3 miles of
easting; and by subtracting the
sounthing from the latitude of Cape |
Henlopen there remains the latitude D.Lat
in 38° 19’ N. L

12.8 [40.6 | 81.9(12.6
12.8 12.6

27.8| 69.3| Dep.
Cape Henlopen's latitude 380 47’ N, Meridional parts 2528 ’

Latitude in 38 19 N. Meridional parts 2492
Sum of latitudes ™ 6 - 36
Middle latitude 38 33

By inspection of Table II. it appears that the difference of latitude 27.8
and departure 69.3 correspond to a course of 63° nearly, and a distance of
75 miles; and in the same page of the Table opposite to the meridional dif-
ference of latitude, found in the column of latitude, stands the difference of
longitude 89 milesin the departure column ; this subtracted from the longi-
tude of Cape Henlopen 75° 10’ W. leaves the longitude in 73° 41’ W. by
Mercator’s Sailing. Or, with the middle latitude 38° 83’ to 89° as a coyrse,
find the departure 69.3 in the latitude column, opposite to which is 89 in
the distance columu, which is the difference of longitude by Middle Lati-
tude Sailing; consequently the longitude in js 73° 41’ W. as above. | .

Thus we see that such examples are performed as in Traverse Sailing and
Case II. of Mercator’s or Middle Latitude Sailing, either by inspection, as
above, or by the scale of logarithms.
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Havihg one through the necessary problems in Mercator’s Sailing, we
shall now show how Mercator’s Chart may be constructed by means of the
Table of Meridional Parts. .

T construct & Mercalor’s Chart to commence at the Equator.

Suppose it was required to construct the Chart in the plate prefixed to this
work which begins at the equator, and reaches to the parallel of 50 degrees ;
and contains 95 degrees of longitude west from the meridian of Greenwich?

Draw the line AD representing the equator, then take from any scale of
equal parts the number of minutes contained in 95 degrees, viz, 5700, which
set off from A to D; subdivide this line into 95 e1ual parts representing de-
grees of longitude. Through A and D4raw the lines AB, DC perpendicu-
larto AD, and make each of them equal to 3474 which are the meridional
parts, corresponding to 50 degrees. Join BC which must be subdivided in
the same manner as the line AD; and through the corresponding points of
the lines AD BC must be drawn (at the distance of 10° or 20°) the lines pa-
rellel. to AB, representing meridians of the earth ; these lines must be num-
bered 0, 10, 20, 8c. beginning at the line AB which represents the meridian
of Greenwich. Set off in like manner upon the meridians AB, DC, (begin-
ning from the equator AD) the meridional parts corresponding to each de-
gree of latitude from 0° to 50°; and through the corresponding points (at
the distance of 10° or 20°) draw lines paraliel to the equator AD, to repre-
scnt the parallels of latitude. Then the upper part of the chart will repre-
sent the north. the lower the south, the right hand the east, and the left
hand the west (which is generally supposed in charts, unless the contrary is
expressly mentioned.)

f the Chart does not commence at the equator, but is to serve for a cer-
tain portion of the globe contained between two parallels of latitude on the
same side of the equator; you must draw the meridians as directed in the
last example ; then subtract the meridional parts of the least latitude of the
chart from the meridional parts of the other latitudes, and set off these dif-
ferences on the extreme meridians, draw lines through- the corresponding
points, and they will be the parallels of latitude on the chart.

If the chart is to be bounded by parallels of latitude on different sides of
the equator, you must draw a line representing the equator, and perpendi-
cular to it draw the lines to represent the meridians, continuing them on
both sides of the equator; then set off the parallels of latitude on both sides
of the equator, in the same manner as in the first example.

Take from the Table of latitudes and longitudes of places the latitude and
longitude of each particular place contained within the bounds of the chart,
and lay a rule over its latitude and another crossing that over its longitude;
the point where these meet will represent the proposed place upon the chart.
The most remarkable point of a sea coast being thus laid down, lines may
be drawn from point to point which will form the outlines of the sea coast,
islands, &c. to which may be annexed the depths of water expressed in com-
mon Arahian numbers, the time of high water on the full and change days
expressed in Roinan numbers: the setting of the tide expressed by an ar-
row; and whatever else may be thought convenient for the chart to con-
tain.

This chart is not to be considered as a just representation of the earth’s
surface. for the figures of islands and countries are distorted towards the

oles, as is evident from the construction; but the degrees of latitude and
ongitude are increased in the same proportion, so that the bearings between
places will be the same on the chart as on the globe; and as the meridians
are 1ight lines, it follows, that the rhumbs, which form equal angles with the
meridians, will be straight lines, which render this projection of the earth’s
surface much more easy and proper for the mariner’s use than any other.
Having the latitude and longitude of a ship or place, to find the corresponding
point on the chart.
Rure. Lay a ruler across the chact in the given parallel of latitude ; take
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‘in your compasses the nearest distance between the given longitude and the
nearest meridian drawn across the chart; put one foot of the compasses in
the point of intersection of the ruler and meridian. and extend the other
along the edge of the ruler on the same side of the meridian as the place
lies, and that point will represent the place of the ship.

If the longitude on the chart be counted from a different meridian from
that you reckon from, you must reduce the given longitude to the longitude
of the chart, by adding or subtracting the difference of longitude of those
meridians ; and then mark off the ship’s place as before directed. Or, you
may draw a meridian line through the place you reckon your longitude from ; -
then measure off the ship’s longitude on the equator, and apply it to the
edge of the ruler, from this meridian, and you will obtain the ship’s place.

To find the bearing of any place from the ship.

Rure., Lay a ruler across the given place and the place of the ship; set
ene foot of the compasses in the centre of some compass near the ruler. and -
take the nearest distance to the edge of the ruler; slide one foot of the com-
passes along that edge keeping the other extended to the greatest distance
from the ruler, and observe what point of the compass it comes nearest to,
for that will be the bearing required.

To find the distance of any place from the ship.

Rure. Take the distance between the ship and given Jllace in your com-
passes and apply it to the side of the chart or graduated meridian, setting
one foot as much above one place as the other is below the other place, the
number of degrees between the points of the compasses will be the distance
nearly.

lelen the places bear north and south of each other this rule is accurate 3
but when they bear nearly east and west, and the distance islarge, it will err
considerably ; butin general it is exact enough for common ‘)urposes 3 if
greater accuraey is required, it is best to find the distance by calculation.

If any one wishes to estimate the distance accurately by the chart, he
must proceed in the following manner :

1. If the place be in the same longitude that the ship is in, then the pre-
ceding rule is accurate.

2. If the place be in the same latitude as the ship, or bear east or west,
the distance cannot be obtained without calculating it by Case I. of Paralle}

Suiling.

3. ff the place be neither in the same latitude, nor in the same longitude
as the ship, the distance must be found in the following munoer : Lay a ruler
over both places, and draw through one of them a parallel to the equator :
. take the difference of latitude between both places in your compasses from

the equator; slide one foot on that parallel, keeping the other extended so
that both points shall be on the same meridian, and note the point of the
ruler which is touched by the other foot of the compasses, take the distance
from this point to the given place through which the parallel was drawn and
apg‘lgeit to the equator, and you will have the sought distance.

bearing and distance of any two places from each other may be found
in the same manner as the bearing and distance of any place from the ship.

EXAMPLE.

Required the bearing and distance between the cast end of Long-Island
and the north part of Bermudas ?

A ruler being laid over both places as directed in the preceding rule, it will
be found to lay parallel to the ;I W. by N. and 8. E. by &. line ; and the
distance between the two places being taken in the compasses, and applied
to the graduated meridian, will measure about 10 degrces or 600 miles ;
therefore these places bear from each other N. W. by N. and S, E. by &. and
their distance is 600 miles nearly.

[}
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OF THE LOG-LINE & HALF-MINUTE GLASS.

VARIOUS methods have been proposed for measuring the rate at which
a ship sails, but that most in use is by the Log and Half-Minute Glass.

The Log is a flat piece of thin board, of .a sectoral or quiadrantal form,
(see Plate VI. fig. 8) loaded on the circular side with Jead sufficient to
make it swim upright in the water: to this ‘is fastened .a line about 150
fathoms long, cailed the Liog-line, which is divided into certain spaces call-
ed knots, and js wound on a reel (see Plate VI. Fig. 4) which turns very
easily. The Half-Minute Glass is of the same form as an Hour Glass, (see
Piate VI. fig. 2) and contuins such a quantity of sand as will run through
the hole in its neck in half a minute of time, .

The making of the experiment to find the velocity of the ship is called
heaving the log. which is thus performed. One man holds the reel, and
another the half minute glass ; an officer of the watch throws the log over
the ship’s stern, on the lee side, and when he observes the stray line is run
off (which is about ten fathoms, this distance being usually allowed to carr
the log out of the eddy of the ship’s wake) and. the first mark (which is
geoerally a red rag) is going off, he cries furn ! the glass holder answers
done ! who watching the glass, the moment it is run out says stop ! the
reel being immediately stopt, the last mark run off shows the number of
knots, and the distance of that mark from the reel is estimated in fathoms.
Then the knots and fathoms together, show 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 sail set or handed, a proper allowance must be made.
Sometimes when the ship is before the wim‘f, and a great sea setting after her,
it will bring home the log ; in such cases it is customarv to allow one mile
in 10, and less in proportion if the sea be not so greaf ; allowance ought also
to be made if there be a head sea.

This practice of measuring a ship’s rate of sailing is founded upon the
following principle : That the length-of each knot is the same part of a sea
mile, as half a minute is of an hour. ‘I'herefore the length of a knot ought
to be 117 of a sea mile; but by various admeasurements it has been found
that the length of a sea mile is about 6120 feet ; hence the length of a sea
knot should be 51 feet: each of these knots is divided into 10 fathoms of
abbut 5 feet each. If the glass be only 28 seconds in running out, the length
of the knot ought to be 47 feet and 6 tenths. These are the length gene-
rally recommended in books of navigation, but it may be observed, that in
many trials it has been found, that a ship will gederally over-run her reckon-
ini with a log-line thus marked ; and since it is best to err on the safe side,
it has been geuerally recommended to shorten the above measures by 3 or'4
feet ; making the length of a knot about 73 fathoms of 8 feet each, to cor-
respond with a glass that runs 28 seconds.

In heaving the log you must be careful to veer out the line as fast as the
log will take it ; for if the log is left to turn the reel itself, the log will come
home and deceive youin ;our reckoning. You must also be careful to mea-
sure the log-line pretty often, lest it stretch and deceive you in the distance.
Like regard must be had that the half-minute glass be just 30 seconds, other-
wise no accurate account of the ship’s way can be kept. The glass is much
influenced by the weather, running slower in damp weather than in dry.
The half-minute glass may be examiued by a watch with a second hand, or
by the following method—Fasten a plummet on a line and hang it on a naii,
observing that the distance between the nail and middle of the plummet be
39} inches, then swing the plummet and notice how often it®swings while the
glass is running out, and that will be the number of seconds measured by the
glass. .

To correct the distance when the log-line and half-minute glass are faully.

If there be any error in the log-live or glass, the measured distance must
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be corrected in the folowing manner, supposing that a 30” glass requires 50
feet to a knot.

(1.) Ifthe glass only is faulty, you must say, as the seconds run by the
Xlass are to 30 seconds, so is the distance given by the log to the true distance.
Thus if a ship sails.84 knots per hour, by a glass of 36 seconds, the true
number of knots per hour will be 7,1; for,36:30::8,5: 7,1.

(2.) Ifthe log-line only is faulty, you must say, as 50 feet is lo the dis-
tance of a knot on the line, so is the distunce run by the log to the true distance.
Thus, if a ship sails 7 knots per hour, by a log-line measuring 58 feet, her
true-distance will be 7,4 miles per hour, because, 50 : 58 :: 7 : 7,4.

. .(8.) 1If the log-line and glass are bath faulty; you must say, as 50* mul-
tiplied by the length of the glass is.to 30 mull {ythclengthqfthelinc,n
18 the measured to the true distance. Thus if a ship sails 6 knots per hour
with a glass of 24 seconds, and a log-line of 60 feet per knot, her true velo-
city will be 9 miles per hour, because 50 X 24:30 X 60::6:9.

Sm———
DESCRIPTION AND USE

OF A
QUADRANT OF REFLECTION.

R. JOHN HADLEY was the first who published a description of the
Quadrant of Reflection, for measuring angular distances, and the in-
strument still bears his name, although it has been ascertained that Sir Isaac
Newton invented a similar one some years before, but never made it public :
one of our countrymen, Mr. Thomas Godfrey, of Philadelphia, had also con-
trived an instrument on the same principles some time before Mr. Hadley
made known his discovery.

Figure 1, Plate VII. represents a Quadrant of Reflection, the principal
parts of which are ; the frame ABC, the graduated arch BC, the index D,
the nonius or vernier scale E, the index glass F, the horizon glasses & and
H, the dark glasses or screens I, and the sight vanes K and L.

The graduated arch BC is an octant or eighth part of a circle, but on ac-
count of the double reflection is divided into 90° numbered from 0° towards
the left, and each degrece is commonly divided into three equal parts of 20
mioutes each. The graduation on the limb is continued a few degrees to
the right of 0°; this portion is called the arch of excess, and is fougd very
convenient for several purposes,

The tndex D is a flat bar conrmonly made of brass, moveable round the
centre of the instrument, and broader towards the axis of motion, where is
fixed the index glass F'; at the other end is fixed the nonius or vernier scale,
used in estimating the subdivisions of the arch; at the bottom or end of the
index there is a pieee of brass which leads under the arch, having a spring
to makﬂe vernier lie close to the limb, and a screw to fasten it in any rgo—
sition. Sgme quadrants have a tangent screw affixed to the lower parf of
the index® adjust its motion. The vernier is a small narrow slip of brass
or ivory fixed to that part of the index which slides over the graduated arch,
and usually contains a space equal to 21 or 19 divisions of the limb, and is
- divided into 20 equal parts; hence the difference between a division on the
limb, and a division on the dividing scale, is one twentieth of a division of
the limb, or one minute; therefore, if any division on the vernier is in the
same straight line with a division of the limb, then no other division on the

g =

* Instead of multiplying the length uf tne glass by 5, aa.s ‘ou i€ by 30, you may multiply the
former by 5, and the latter by 3. If any one choases to mark the log line at less than 50 feet for a
glass of 30 seconds, he must pat his estimated leng(t’hot the kgot instead of 50, jn all the above rules.



80 USE OF A QUADRANT OF REFLECTION. :

vernier can toincide with a division of the limb, the extréeme divisions ex-
cepted. Some time ago it was usual to reckon the divisions on the vernier
from fts middle towards the right, and from the left-towards the middle:
but this being found inconvenient, a more copmodious method has been in-
troduced of numbering from right to left; hence the degree and minaute,
pointed nut by the vernier, may be found thus: observe what minute on the
vernier eoincides with a division on the limb, then this minute, being added
to the degree and parts of a degree on the limb immediately preceding the
first division on the vernier, will be the-degree and minute required. Thus,
suppose 10/ on the vernier coincided with a division on the limb, and that
the division on the limb preceding the first division of the vernier was 8° 20,
the division pointed out gy the vernier would be 8° 30',

The index glass F, is a plane speculum or mirror of glass, quicksilvered
and set in a brass frame; it is so '{ylaced that the face of it is perpendicular
to the plane of the instrument, and is fixed to the index by the screw M; the
other screw N serves to replace it in a perpendicular position, if by any
accident it has been put out of order. The use of this mirror is to receive
the rays from the sun, or other object observed, and reflect them towards
the horizon glasses. »

The horizon glasses G and H, are two small specnlums—G is called the
Jore horizon glass, fror its being used in the common or fore observation,
where the observer’s face is turned towards the object; and H the back Jo-
rizon glass, being used in the back observalion, where the observer’s back is
turned towards the object ; these mirrors receive the reflected rays from the
index glass and reflect them to the eye of the observer. The horizon
glasses are not entirely quicksilvered ; the fore-horizon glass G is only sil-
vered on the lower half; the other part being transparent, aud the baek part
of the frame cut away, that the horizon or any other object may be seen
through it; the back-{orizon glass H, is silvered at both ends; in the mid-
dle is a transparent slit, through which the horizon may be seen : these two
glasses are set in brass frames similar to that of the index glass, and fixed on
moveable bases, which are adjusted by screws so as to set the glasses in their
true positions. In general there are three dark glasse# or screens I, two red
ones of different shades, and one green; each is set in a brass frame, which
turns on a centre that they maygbe used separatelyor together: th%y serve to
defend the eye from the rays of the sun during an observation.. The green
glass is peculiarly adapted to take off the glare of the moon, but may be
used foi the sun wlien much obscured by clouds. When these glasses are
used for a fore-observation, they are to be fixed as in fig. I, but when used
for a back-observation they are to be placed at O.

The sight vanes, K and L, are pieces df brass standing perpendicutar to
the plune of the instruthent; the vane K is called the fore-sight vane, and L
the back-sight vanc. 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 equi-distant from the plane of the instrument, and the other holeis oppo-
site to the middle of the transparent part of that glass. The back-sight vane
has ove perforation which is exdctly opposite to the middle of the transpa-
reat slit in the back-horizon glass.

The adjusting lever, (fig. 2) which is fixed on the back of the quadrant,
serves to adjust the horizon glass, by placing it parallel to the index glass ;
when thislever is to be made use of, the screw B must be first loosened, and
when by the adjuster A the horizon glass is sufficiently moved, the screw B
must be fastened again, by which means the horizon glass will be kept from

changing its position. -
po _ T adjust a quadrant. C
As the quadrant, from various accidents, is liable to he out of order, ifis
necessary that the maringr should be able to ascertain the errors, and re-
adjust the several parts before he proceeds to make his observations. For
this purpose He must examine whether the index glass and the horizon
ilasses be perpendicular to the plane of the instrument, and whether the

plane of the fore-horizon glass be parallel, and that of the back-horizon glass
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perpendieular to the plane of the index glass, when 0 oo the vernier stands

agaiost 0 on the limb. .

1st. T asceriain whether the inder glass be perpendscular to the plane of the
Quadrant. .

Place the index on the middle of the arch, and hold the index glass near
the eye, look into it, in a direction parallel to the plaue of the instrument,
and see if tLe reflected arch appear exactly in a line with the arch seen di-
rect, or if the image of any poiat of the arch near B appear of the same
height as the corresponding part of the arch near C seen direct, if so, the
index glass is ‘g:erpvndicnlar to the plane of the quadrant; if not, the error
must be rectified by the screws on the base behind the frame, by loosenin
the screw M, and tlghtening the screw N, or by loosening the screw N, ans
tightening the screw M.
2d. 7% aseertain whether the fore-horizon glass be perpendicular to the plane

. of the Quadrant.

Having adjusted the index glass, hold the instrument in a vertical posi-
tion; look through the fore-sight vane, and move the index till the reflected
and direct images of the horizon, seen in the horizon glass, coincide; then
jncline the instrument till its plane is vearly parallel to the horizon; if the
images still coineide, the horizon glass stands perpendicular, otherwise it
does not, and must be adjusted by the screws placed before and behind it,
looseniog one of them and tightening the other.

This adjustment may be made by the sun, moon, or star, by holding the
quadrant In a vertical position, and observing if the ebject seen by reflection
appears to the right or left of the object seen direct ; and moving the screws
as above till both images coincide.

After having made the horizon and index glasses parallel, according to the
directions in the following article, it will be best to re-examine this adjust-
ment.
8d. T muke the horizon glass parallel to the index glass when 0 on the ver-

nier stands on 0 on the arch.

Having fixed the index so that 0 on the vernier stands on 0 on the arch,
look at any distant object and see if the image of it coincides with the ob-
ject itself : if it Joes, the adjustment is complete ; if not, they must be made
to coincide by means of the adjusting lever. The horizon may be used for
this purpose in the following manner : hold the plane of the instrument ver-
tieal, look through the lower hole in the vane K, and direct the sight through
the trinsparent part of the glass G to the horizon; then if the horizon line,
seen in the silvered and transparent part, coincides, or makes one straight
lioe, the horizon glass is said to be adjusted ; but if the horizori lines do not,
eoincide, slacken the screw B (fig. 2) in the middle of the adjusting lever,
and turn the horizon glass on its axis until the horizon lines coincide, then
fix the lever firmly by tightening the screw B. If this adjustment be again
examined, it will perhags be found imperfect: in this case, therefore, it re-
mains either to repeat the adjustment, or find the error of it. usually called
the {ndex error, which may be d \ne thus—Let the horizon glass remain fixed,
and move the index till the image and object coincide, then the difference
between B on the vernier and 0 on the arch is the index error; which is to
be added to the angle or altitude observed, if the 0 on the vernier be to the
right hand of 0 on the arch, otherwise to be subtracted. Thus if the hori-
zon was used, the instrument being held in a vertical position, you must look
through the lower hole of the vane K, towards the horizon ; then move the
index till the reflected and direct images of the horizon coincide, the differ-
ence between 0 on the verdier and 0 on the arch will be the index error.

4th. T adjust the back-horizon glass, that it may be perpendicular to the plane
of the index glass, when 0 on the vernier stands on 0 on the arch.

Set the index as far to the right of 0 on the arch as twice the dip of the
horizon (taken from Table XII1.)-hold the quadrant in a vertical position,
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look towards the horizon through the hole in the back horizon vane L, and
the transparent slit of thejback horizon glass H, then if the reflected horizon,
which will atzpenr inverted, coincide with that seen direct, the glass is truly
adjusted; otherwise the screw, in the centre of the lever on the under side
of the quadrant, must be slackened, and the turned on its axis till both
horizons coiucide, when the lsver should be fixed by tightening the screw.

Sth. T adjust the back horizon that it may be perpendicular to the
plane of the quadrant.

Put the index on 0; hold the quadrant nearly parallel to the borizon;
look through the hole on the back sight vane, and if the true and reflected
horizons appear in the same straight line, the glass is perpendicular to the
plane of the instrument ; but if they do not coincide, the sunk screws before
and behind the glass must be turned till both appear to form ong straight

line.
To take an altitude of the Sun by a Fore observation.

If the sun is bright, turn down one or more of the dark glasses ; hold the
instrument in a vertical position; apply the eye to the up&er hole in the fore-
sight vane, when the image is so bright as to be seen in the transparent part
of the fore-horizon glass, otherwise to the lower hole; direct the sight to
that part of t