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W. Meapows, T. Cox, W. HincHLIFFE, W.Bic-
kErTON, T. AsTLEY, S. AusTEN, L. GiLL1vER,
and R. WriLLocCk.

Treatife of Continual Fevers: In four Parts. To which
: are added, Medicinal Obfervations : In three Books. Where-
‘in are enumerated, the Diagnoftics, Prognoftics, and Events
of the feveral Difeafes incident to Human Bodies. By Fodocss
Lommiys. Tranflated from the Latin, by Themas Dale, M. D.

In a-Neat Pocket Volume :

Ogilby’s and Morgan’s Pocket-book ,of the Roads, with their
computed and meafured Diftances, and the Diftin&tion of Market
and Poft-Towns, to which are added, feveral Roads, and above
five hundred Market Towns: A Table for the ready finding
any Road, City, or Market-Town, and their diftance from
London: A Sheet Map of Emgland, fitted to bind with the Book.
And an exa®t Account of all Fairs, both fixed and movable, in
Alphabetical Order, thewing the Days on which they are held.
By William Morgan, Cofmographer to their late Majefties. The
feventh Edition. . ,

M. J. Juftini ex Trogi Pompeii Hiftoriis externis Libri 44.
Quam diligentifime ex variorum exemplorum collatione recen-
fiti} & caftigati: To which is added, the Words of Fuffin dif-
pofed in a Grammatical or Natural Order, in one Column, fo
as to anfwer, as near ascan be, Word for Word, to an Englith
Verfion, as literal as pofible in the other; defigned for the eafy
and expeditious learning of Fuflin, by thofe of the meanelt
Capacity, with Pleafure to the Learner, and without Fatigue to
the Teacher. With Chronological Tables accommodated to Faffin’s
Hiftory. And alfo an Index of Words, Phrafes, and moft remarka-
ble Things. For the ufe of Schools, by N. Bailey.

Erafmi Colloquia feleta decem; or ten fele® Colloquies of
Erafmus, difpofed in the following Manner. 1. The original Text
printed by itfelf, from the beft and moft corre? Edition. 2.
An Englifp Tranflation, as literal as poflible, difpofed in that
eafy Method of the common conftruing Book to Li/ly’s Gram-
mer. For the ufe of Young Scholars, by N. Bailey.

A Rational Grammar; with eafy Rules, in Englifs,” to learn
Latin, compared with the beft Authors in moft Languages on
this Subje@. By J. 7. Pbilips, Preceptor to his Royal High-
nefs William Duke of Cumberland. 'The fecond Edition.

Fundamenta Grammatices; or the‘Foundation of the Latin
Tongue, in two Parts. By Nicho/as Farmberow, School-Mafter
of Watfird. The feventh Edition, revifed by N. Bailey.
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PREEACE

HERE are fo many Books of Navi-
¢ gation already extant, that it may feem:
E impertinent to trouble the World with a
new One 5 efpecially fince fome good Ma-
g thematicians both at bome and abroad,.
, and many who were perfeit Maflers of
the Prafice, bave written on this Subjet. The former
7[ thefe being fond of ingenious Speculations, bave generale
ly been too prolix:on the Theory, and too fhort on the
practical Part. Whereas the later bave in a great Mea=
Jure negletted the Theory, and not ‘being very folicidous
about Language or Method, bave delivered the pralical
* Rules in fuch a Manner, as they cannot be eafily com-
prebended, and much lefs remembred, efpecidlly fince there
is feldom mention made of the Reafons on which they de-
end. : :
? But I am very far from finding fault with all the
Books on this Subjef?; for there are fome very full both
on Theory and Prattice, againft which, I bave no other
Objeétion but that they are too tedions to be taught, and
too dear to be purchafed by moSt People, . T ”'
o : outh
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Youth ought to learn the Elements from fborter Trea-
tifes, and afterwards. at ‘their leifure fbould read gene:
ral Syfiems, in order fo perfec? them, '

For thefe Reafons, I bave ventured to publifp this
[mall Treatife; wherein I bave made i my chief Bufi«
nefs to keep a due Medium beswixt the two Extremes,
into whic the [peculative Writers on the one Hand, and
thé praitical ones on the ather are apt to run. I bave
laid down all the ufeful Rules, and troubled the Reader
with no more of the Theory than is meceffary to explain
them. I bave alfo explained the principles of Menfura-
tion, Surveying, aud Gauging, and fhewed bow tbey are
applied to Praflice, in order that my Book might better
anfwer the pariicular’end for which i if defigned, namgly
W Iufiruction of theg young Gentiemern éf MrWart g
Academy.

As for the particular Contents of each Seftion, the Rea-
dyw-toill find them ab the end ofthe Book, and therefere
%hey need not be repeated bere. - [ jball qnly obferve, that
{ have. defigmedly omitted Great. Circle Sailing, as be-
ing only fpeculative,, gnd dependingyn Spherical Trige-
nometry, which: weitld require a parsicular Volume to
axplein.it, - There are.indeed twa qr thyee Problems ne-
soffory in Pratiice, which.depend on._ tbe Refolution . of
Spherical Triangles s bui-for the Solstion of thefe, I bave
* kaid -down fuch ciear and fboré:Rulés-that no_body ¢an
wifiake the mawner of applying them. v .
w. I know, fame axe-of, Opinion, that. tbe Demonfira«
tions are not 10--be eqfily learnt. by ewery Capacity, Qq}
which account they teach tbe Pralticeonly, This Book ¢
sherefore fo written as 1a ferve for their purpofe likewife,
becaufe they may take the Rules alane without their Reag
Jons,” It is true indeed, that there may be great Difficule
8y in finding oat & prapey Demonfiration 5 but after-it is
found, it is eafier 1o be underftood than that of which
i5 the Reafon :. and therefore they who are not capable g,
underftanding the Demonfirations, .are snuch lefs capabis
of underftanding .the Practical Rules which depend op

T C ' . tbem,
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them. - And T am Inclined to believe, thot whakis com=
monly attribated.to want of Genius in the Scholar, is ofts
owing to svant of Motbod ald Per/picuity in the Mafier,
- In- preparing this Treatife for the. Prefs, I own myfelf
odliged to Mr StyRvLING, F.R.S. (of the Academy in
Tower-Street) who on bis firft fecingmy. Papers, fo. far
W both of the Mlatter they coméained and of the

rder in which they were put togetber, as to think them
Jit 20 be made publick with very lutle Mlteration. \
- Ticknotwledge myfelf alfo obliged tothat moft excellent
Book of MrHopacson, entituled a Syftem of Ma-
thematicks, wbich I take to be by far the moft compleat
Treatife on this Subjell, both as to Theory and Prattice.
And on this occafion I cannot but take motice of a late
Writer, who bas accufed bim and all Writers on Navi-
C ¢b is,

tance

them

with-

¢ that

il ap-

ond of

I the

f this

.vour

tioris

iy e _ ., Me-

¢¢ ridional Diftance, and Departure ; and let him
¢ fee, that tho’ thefe are fynonymous Terms in
¢ Plain Sailing, conftantly fignifying the fame
¢ thing, and in every Queftion are reprefented by
¢ the E&me Right Line, yet in the true Sailing they
¢ 3re effentially different one from another 3 and
¢ and in the fame Problem, are, as they really
¢¢ fhould be, reprefented or exprefled by different

¢« Lines, and ar¢ of diﬁ'crentxg’alues.

\
’

Now

'
\
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" Nowi after readisg this Paffage, I fball-leave it to the
Publxk 1o fudge as they think Jfis. .of .the Writer, who
ownsthat be bas feen Mr Hopcsdx’s Syftem of Ma-
‘thematicks by bis quoting it, and at tbe fame time af-
firms that be never met with an. Autber.who made any
Dzﬁmﬂzon between Departure and Meridional Difiance.

. And I bope I may be excufed for uindicating the duthor:
- fo whom I bave profeffed myfeif fo much obliged;; left,
from my Silence.on’ this Head, it fbauld be fufpested shat
o were gmlty of tbe ﬁme Error wbzcb is myuﬁlj lanl to
lm C rge G

-3 \.‘. KN

THE
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PRLNCIPLES

NAVIGATION

— —
——

DEFINITION
. AVJEATION is that Art

whereby we are enabled to car-
ry a Ship from one Port toan-
othet..
This Science. depends upon
fome Parts of the Mathema-
‘tics, which-muft be ' known
before we can treat .of . it;
therefore we fhall firft l.ay down
the Prmc:pkés of Geomeiry.

B SECT.



2 Geometrical Propofitions.

SECT. L

Of fuch Geomeirical Propofitions as are ab/blutely m:ef
" fary for NAVIGATION.

ARrrT. I.GE OMETRY is that Science where-
in we confider the Properties of Mag-
nitude.
2. A Point is that which is not made up of Parts,
or which is of itfelf indivifible, as A o
3. A Line is a Length without Breadth, as B—
4. The Extremities of a Line are Points ; as the
Extremities of the Line AB, are thePoints A and B.

5. If the Line A B be the neareft Diftance be-
tween its Extreams A and B, thenit iscall’d a ftraic
Line, as AB in the former Figure ; but if it be not

“the neareft Dx&ance, then jt is called a curve Lme,

as A B. . .
A/—\B

6. A Surface is that which is confidered as having
only Length and Breadth, .but no Thicknefs, as B.

. le.

9. The Terms of a Surface are Lines. . -

8. A plain Surface is that which lies cqually be-
tween its Extremes.
~ [C9. The Inclination between two Lines meeting

one another, (provided they do not make one con(i
. . unuc




Geometrical Propofitions. 3
tinued Line) or the Opening between them, is cal-

led an Angle 3 thus the In- o}
clination of the Line AB A

to' the Line CB, meeting ,

one another at B, or the

Opening between tht two . - B
Lines AB and CB, is called an Angle.

_10. When the Lines forming the Angle are right
Lines, then it is called a right lin’"d Angle, as A;
if one of them be right and the other curv’d, it is
called a mix’d Angle, as B ;  if both of them be
curv’d, it is called a curve lin’d Angle, as C.

N f

11. If a right Line, AB, fall upon another DC,
fo as to incline neither A
to the one fide nor to -
the other, but make the
‘Angles ABD, ABC on
each fide equal to one an-
other, then the Line AB B c
is faid to be perpendicular to the Line DC; and
the two Angles are called Right Angles.

12. An obtufe Angle is that which is greater than

a right one, as A ; and an acyte Angle, that which
is lefs than a right one as B.

Ve

13. If a right Line DC be faftened at one of its
Ends C, and the other End D,
be carried quite round, then the A
Space comprehended is called a
Circle; the curve Line defcribed B b
by the Point D, is called the E
Perifery or Circumference of the

B2 Circle s




4 Geometrical. Prapofitions.
Circle; .the fix’d Point C is callcd tht leer of
it.

1'4 .The defcribing Liﬁe, CD,.is mllcd r.hc Rd-
dius, vi% any Line drawn from the Center to the
Circumference; whence all Radii of the fame or e-
qual Circles are equal. -~

15. Any Lin¢ drawn through the Center, and
terminated both ways by the Circumference, is cal-
led a Djameter, as BD is a Diameter of the Circld
BADE. And the Diameter divides the Circle and
Circumference into. WO cqual Parts, and is doublc
the Radius,

16. The Circumference-of every Circle is fup
fed to be divided into 360 equal%ahs, called
grees; and each Degree is divided into” 60 equal
Parts, called Minutes ; and each Minute into 60 e-
%ual Parts, called. Seconds; apd thefe ‘into Thirds,

ourths, &¢, théfe Parts being greater ‘or lefs acs:
cording ds the Radius is. «

1y. Any Part of the Circumference is. called an
Areb, or Arcy and is called an Arc of as many De-

rees as it contains Parts of the 360, into which the
' éu’cumfercnce was divided: -Thus if AD:(in the
former Figure)- be the -3-of the Circumfetence,’ t.hcn
thc Arc A D is an Arc of 45 Degrees. .

18 A Lme drawn from one
' » -End of an Art to the other, is
/ B called 2 €hord, and is the mea:
fure the Arc, thus the right
Line AB s tl)g Chord of the Arc
"“ADB. - -

19. Any Part of a Circle cut oﬂ' by a Chord i
called a Segmient 3 thus the Space comprehended be-
tween the Chord AB and Circumference AD B
(which is cut off t by the Chord AB) is callcd a Seg-
ment, Whence it s plam,

/

-

it




Geometrical Pripofitions. )
.m, That.all-Chords dwndc the Circle mt.'o two
" Segments,

. zdly, ‘The lefs the Chord is the taore unequal
+.. ‘are the Segments, &.¢ contra.

3dly, When the Chord is greateft, wviz. when it
< " is a Diamieter, then the . Segmcnts are equal,

vi%. each a Semicircle. :

20. Any Part ofa Circle (lefs than A
a Semicircle) contained between two
Radii and an Argc, is called a Seffor 5
thus the Space contairied between the
two Radn, AC, BC, and the Arch
AB, is called a Secor.

: 21. The right Sine of any Arc, is a Line drawn
perpendicular  from one . H
end of .the Arc; to.a Pia= - -
meter drawn through the = .
other end of the fame Arc; . - __EA

thus AD is the right Sine W
of the Arc A B, it being '
a Line drawn from A, the _

one end of the Arc AB F cl D B

rpendicular to CB, a
gtametcr -pafling through )

B, the other end of the , ‘
Arc AB. @

- Now the Sines. ftanding on the fame Diameter
ﬁxll encreafe €ill they come to the Center, and then
becommg the Radius, it is plain that the Radius EC
is the greateft poflible’ Sine, -and for that reafon it
is called the whole-Sine.

-+ Since the wliole Sine EC muft.be perpendiculat
t6 the Diameter F B (by Def. 21.) therefore produ-
cing the Diameter EG; the two Diameters, F B,
EG, miuft crofs one another at right Angles, and
16 the Circumference of .the Circle muft be divided
by them into four parts EB, BG, GF, and FE, I?:I‘d
thelg
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thefe four parts are equal to one . another (by. Def.
11.) and fo EBa Quadrant, or fourth part of the Cir-
cumference ; therefore the Radius E C is always the
Sine of the Quadrant, or fourth part of the Circle
EB. ' . :

~ Sines are faid to be of fo many Degrees, as the
Arch contains parts of the 360, into which the
Circumference is fuppofed to be divided; fo the
Radius being the Sine of a Quadrant, or. fourth
part of the Circumference, which contains go De-
grees;; (the fourth part of 360) therefore the Radius
muft be the Sine of go Degrees. :

22, That part of the Radius comprehended be-
tween the Extremity of the right Sine and the lower
End of the Arch, viz. DB, is called the verfed Sine
of the Arch AB. - )

23. If to any Pointin the Citcumference, viz. B,’
there be drawn a Diameter FCB, and from the
point B perpendicular to that Diameter, there be
drawn the Line BH ; that Line is called a Tangent
to the Circle in the point B; which Tangent can
touch the Circle only 1n one point B, elfe if it touch’d
it in more, it would go within it, and fo not be a
Tangent but a Chord (by Ar¢.18.)

24. The Tangent of any Arch AB, is a right
Line drawn perpendicular to a Diameter through
the one end of the Arch B, and terminated by a Line
CAH, drawn from the Center through the other
end A ; thus BH is the Tangent of the Arch AB.

25. And the Line which terminates the Tangent,
viz, CH, is called the Secant of the Arch AB.

26. What an Arch wants of a Quadrant is called
the Complement of that Arch; thus A E being what
the Arch AB wants of the Quadrant EB ; 1s cal-
led the Complement of the Arch A B.

- 27, And what an Arch wants of a Semicircle is
called the Supplement of that Arch ; thus fince AF
: is
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is what the Arch A B wants of the Semicircle BAF,
* it is called the Supplement of the Arch AB.

28. The Sine, Tangent, {Jc. of the Complement

of any Arch, iscalled the Co-Sine, Co-Tangent, {5¢;
of that Arch; thus the Sine, Tangent, &¢c. of the
Arch AE is called the Co-Sine, Co-Tangent, &Jc.
of the Arch A-B. '
- 29. The Sine of the Supplement of an Arch s the
fame with the Sine of the Arch idfelf, for drawing
them according to the Definitions, there refults the
felf fame Line. . ' _

- 30. A right lin’d Angle is meafured by an Arch
of a Circle defcribed up-
on the angular Point as D
a - Center, comprechend- A
ed between the two Legs - E
that form the Angle; o)
thus the Angle ABD is
meafured by the Arch : B
AD of the Circle CADE o
that is defcribed upon the point B asa Center ; and
the Angle is faid to be of as many Degrees as the
Arch is; fo if the Arch AD be'45 Degrees, then
the Angle ABD is faid to be an.Angle of 45 De-
grees. 3 . _

- Hence Angles are ‘greater or lefs according as .
the Arch defcribed about the angular Point, and
terminated by the two- Legs, contain a greater or
lefs Number of Degrees. L

31. When one Line falls perpendicularly on an-
other, (as AB on CD) A

then theAnglesareright ; :
(by the r11ch)and defcri- . SN
bing a Circle onthe Cen-- -~ { -

ter B, fince the Angles

~ABC, A BDare equal,. ¢ B R
their meafures muft be fo too, i. e. the Arches A C,
A D muft be equal; but the whole CAD is a_Se-

micircle -
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micircle, fince €Dy 3 Ling pafling t.hre!;gh the

Center B, is a Digmeter, therefore gach of the. partg *

AC, AD isa Quadrant, i.e. go Degrees; fo the
mcafure of a right Angle is a}ways go Degrees. |,
- 33, If one me AB fall any way ypon another,
. C D, then ‘the Sum of
the two Angles ABC,
ey .- ABD is always equal
- C B D ’ t’otheSum of twe rlght
point B, dcfcrfbmg the Circle CAD it s plam,
- that CAD is a Semcitcle (by 'r5ch), buc CAD
is equal to CA and AD the meafures of the two
Angles; therefore the Sum of the two Angles-is
equal to a Semicircle, that i xs, to two right Aqgles
(by the laft).
Cor. 1. From whence it is plam, that all the An-
gles which can be made from a point in any Line;
- towards one fide of the Line; are equal to two nghi
Angles.
: zg And that alt the Angles which can be madc
"about a Point, are equal to foyr right ones, :
, 33 If one Line AC crofs another B D in tbQ
; PointE, then the oppofite Angles
are equal wviz. BEAto CED, and
" BEG equal to AED. For upon
the int B, as a Center,.defcrib-
%the Circle ABCD, itis plain
. C is a Semicircle, as alfo
BCD (by 15th) therefore the Arch ABC is equal
tothe Arch BCD 3 and from both taking the com,
mon Arch BC, there will remain AB equal to CD,
i. e. the Angle BE A equal to the Angle CED
(by A4rt. 30.), After the.fame manner we may
. prove, that the Angle‘BEC is equal to the An-
gle A E D '

~ 34. Lines
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34. Lineswhich are
equally diftant from A B _—
one another are called
Parallel Lines; as AB, .
CD. ' C D

35. If a Line GH crofs two Parallelséd B, CD,
then the external Angles are equal, viz. GEB e-
qual to CFH and AEG equal to HFD. For
fince AB and CD are parallel to one another, they
may be confidered as one broad Line, and GH
crofling it; then the vertical or oppofite Angles
GEB, CFH are equal (by the 33d) asalfo AEG
and HF D by the fame. '

36. If a Line G H crofs two Parallels AB, CD

then thealternate An- G
gles, viz. AEF and '
EFD, or CFEand B

FEB are equal ; that  A: / R .

——

is, the Angle AEF

is equal to the Angle C

EFD, and the An- F
gle CFE is equal to

the Angle F EB, for H ‘
GEBisequal to AEF (by the33d.)and CFH is
équal to E F D by the fame, but GEB is equal to
CF H by the laft. Therefore AEF is equal to
EFD; the fame way we may prove FEB equal
to EFC. o

37. Ifa Line G H crofs two parallel Lines A B,
CD, then the external Angle GEB is equal to
the internal oppofite one EF D, or GE A equal to
CFE. For the Angle AEF is equal to the Angle
EFD by the laft ; but AEF is equal GEB (by
the 33d) therefore GEB is equal to EFD; the
fame way we may prove AE G equal to CFE,

c 3%. If
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38. If a Line GH crofs two parallel Lines A B,
CD, then the Sum of the two internal Angles, wviz,
BEF and DFE, or AEF and CFE are equal to
two right Angles; for fince the Angle GEB is e-
1!13] to the Angle EF D (by the la(?) to both add
the Angle FEB, then GEB and BEF are equal
to BEF and DFE ; but GEB and BEF are c-
qual to two right Angles (by the 32d) therefore
BEF and DFE are alfo equal to two right Angles.
The fame way we may prove that AEF and
CFE are equal in two right Angles.

39. A Figure is any part of Space bounded by
Lines or a Line. If the bounding Lines be ftreight, -
it is called a Refilineal Figure as A.; if they be
curved, it is called a curvilineal Figure as Bor C;
if they be partly curve Lines and partly ftreight, it
is called a mixt Figure as D. :

D
&) (8) &) B\
40. The moft fimple recti-
lineal Figure is that which is

A bounded by three right Lines,
and is called a Triangle, as A.

41. Triangles are divided into different kinds,
both with refpet to their Sides and Angles : with
refpe@ to their Sides they are commonly divided
into three kinds, viz. : -

42. A Triangle having all it’s three Sides equal-
to one another, is called an Equilateral Triangle, as A.

43. A Triangle having two of it’s Sides equal to
one another, and the third Side not equal to either
of them, is called an Ifofceles Triangle, as B.

44. A Triangle having none of it’s Sides equal
to one another, is called a Scalene Triangle, as C.

45. Tri-
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45. Triangles, with refpect to their Angles, are
divided imo three different kinds, viz.

46. A Triangle having one of it’s Angles right,
is called a Right-Angled-Triangle, as A.

47. A Triangle having one of it’s Angles obtufe,
or greater than a right Angle, is called an Obtufe-
Angled-Triangle, as B.

. 48. Lattly, a Triangle having all it’s Angles a-
cute, is called an Acute-Angled-Triangle, as C.

49. In all right angled Triangles, the Sides com-
prehending the right Angle are A

called the Legs, and the Side op-
pofite to the right Angle is called
the Hypothenufe. Thus in the right B o

angled Triangle ABC (the right

Angle being at B) the two Sides AB and BC which
coiprehend the right Angle ABC, are the Legs
of the Triangle, and the Side AC, which is op-
pofite to the right Angle ABC, is the Hypothenufe
of the right-angled-Triangle ABC.

50. Both obtufe and acute angled Triangles are
in general called Obligue-Angled-Triangles ;5 in all
which any Side is called the Bafe, and the other two
the Sides. ’

\

C:2 51. The
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51. The perpendicular Height of any Triangle
A - is a Line drawn from the

, Vertex to the Bafe per-
endicularly ; thus if the
' riangle ABC be pro-
T C pofed, and B.C be made

D - ivsBafe, then®A will be
the Vertex, viz. The Angle oppofite to the Bafe ;
and if from A you draw the Line A D perpendi-
~cular to BC, then the Line AD is the Height of

the Triangle A B C flanding on BC as it’s Bafe.

Hence all Triangles ftanding between the fame

Parallels have the fame Height, fince all the Per-
pendieulars are equal by the Nature of Parallels.

Al C 52. A Figlirc bounded by
four Sides is called a Quadri-

‘ lateral or Quadrangular Figure,
B D asAB DC. )

53. Quadrilateral Figures whofe oppofite Sides
are parallel, are called Parallelograms. Thus-in the
quadrilateral Figure ABDGC, if the Side AC be
parallel to the Side BD which is oppofite to it,
and AB be parallel to CD, then the Figure
ABDC is called a Parallelogram.

54. A Parallelogram having all it’s Sides equal
and Angles right, is called a Square; as A.

55. That which hath only the oppofite Sides e-
qual and it’s Angles right, is called a Ref7angle; asB.
" 56. That which hath equal Sides but oblique
Angles, is called a Rombus, as C; and is juft an

jnclin’d Square,

5%. That
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57. That which hath only the oppofite Sides e-
qual and the Angles oblique, is called a Romboides,
as D ; and may be conceived as an inclined Re&-
angle.

DNIERVYY/ s,

58. When none of the Sides are parallel to an-
other, then the quadrilateral Figure is called a
Trapezium.

59. Every other right-lined Figure, that has .
more Sides than four is in general called a Polygon.
And Figures are called by particular Names ac-
cording to the number of their Sides, viz. One of
five Sides is called a Pentagon, of fix a Hexagon, of
feven a Heptagon, and fo on. When the Sides form-
ing the Polygon are equal to one another, the Fi-
gure is called a regular Figure or Polygon.

60. In any Triangle ABC, one of it’s Legs, as
B C, being produced towards D, the external An-
gle ACD is equal to both the internal oppofite
ones taken together, wiz. to ABC and BAC.
In order to prove this, through C draw CE parallel
to AB; then fince CE is parallelto ABand AC
croffeth them, the Angle ECD is equal to ABC
(by the 37th) and the Angle ACE equal to CAB
(by the 36th) therefore the Angles ECD and ECA
are equal to the Ar;%lcs ABC and CAB; but the
Angles ECD and ECA are together equal to the
Angle ACD ; therefore the Angle ACD is equal
to both the Angles ABC and C A B taken together,

'y E

0. In
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* . 6r1. In any Triangle ABC all the three Angles.
taken together are equal to two right Angles. To
prove this you muft produce B C, one of it’s Legs,
to any diftance, fuppofe to D ; then by the laft
Propofition, the external Angle, ACD, is equal
to the Sum of the two internal oppofite-ones CAB
and ABC; to both add the Angle ACB, then
the Sum of the Angles ACD and A CB will be e-
qual to the Sum of the Anfgles CAB and CBA .
and ACB. But the Sum bf the Angles ACD and
ACB, is equal to two right ones (by the 32d)
therefore the Sum of the three Angles CAB and
CBA and ACB, is equal to two right Angles;
that is, the Sum of the three Angles of any Tri-
angle ACB is equal to two right Angles.
- Cor. 1. Hence in any Triangle given, if one of
it’s Angles be known, the Sum of the other two is
alfo known ; for fince by the laft, the Sum of all
the three is equal to two right Angles, or a Semi-
circle, it is plain, that taking any one of them
from a Semicircle or 180 Degrees, the Remainder
will be the Sum of the other two. Thus (in the
former Triangle ABC) if the Angle ABC be
40 Degrees, by taking 40 from 180 we have 140
Degrees; which is the Sum of the two Angles BAC,
A CB, the converfe of this is alfo plain, viz. The
the Sum of any two Angles of a Triangle being
given, the other Angle is alfo known by taking
that Sum from 180 Degrees.

2. In any -right angled Triangle, the two acute
Angles muft juft make up a right one between
them ; confequently, any one of the oblique Angles
being given we may find the other by fubtracting
the given one from 9o Degrees, which is the Sum
of both. :

to
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62. If ih any two Triangles, ABC, DEF, two
Legsoftheone,viz. A D
ABand AC, bee-

ual to two Legs in
ti') e other, 7z, to

E and DF, each
to each refpetively, B C E F
i.e.ABto DEand ACto DF; and if the An-
gles included between the equal Legs be cgual,
viz. the Angle BAC equal to the Angle EDF;
then I fay, that the remaining Leg of the one fhall
be equal to the remaining Leg of the other, viz.
BCto EF; and the Angles oppofite to equal
Legs fhall be equal, vizz. ABC equal to DEF
(being oppofite to the equal Legs AC, and D F)
alfo ACB equal to DFE (which are oppofite
to the equal Legs AB and D E) for if the Tri-
angle A BC be fuppofed to be lifted up and put
upon the Triangle D EF, and the point A on the
point D ; it is plain fince B A and D E are of e-
qual length, the point E will fall upon the point
B; and fince the AnglesBAC, EDF are equal,
the Line AC will fall upon the Line DF, and they
being of equal length, the Point C will fall upon
the Point F, and fo the Line BC will exadly a-
gree with the Line EF, fo the Triangle A B C will
in all refpefts be exaltly equal to the Triangle
DEF; and the Angle A B C will be equal to the
Angle DEF; alfo the Angle ACB will be e-
qual to the Angle DFE.

63. Any Angle, as BAD, at
the Circumference of a Circle

BADE, is but half the Angle
B CD ar the Center ftanding on
the fame Arch BED. To de-
monftrate this, draw through A B
and the Center C, the right Line
ACE, thenthe Angle ECD is E D

N
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. equal to both the Angles DA C and ADC (by

+ the 6oth) ; but fince A C and CD are equal (being
' two Radii of the fame Circle) it is ]plain the Angles
fubtended by them muft be equal alfo, 7 e. the
Angle CA D equal to the Angle CD A, therefore
the Sum of them is double any one of them, i. e.
DACand A D Cis double of C A D, and therefore
ECD is alfo double of D A C; the fame way it
may be proved, that E CB is double of CA B, and
therefore the Angle BCD is double of the Angle
BAD, or BAD the half of BCD which was to
be proved.

or. 1. Hence an Angle at the Circumference is
meafured by half the Arch it fubtends, for the
Angle at the Center (ftanding on the fame Arch)
is meafured by the whole Arc (by the 30th); but
fince the Angle at the Center is double that at the
Circumference, it is plain the Angle at the Circum-
ference muft be meafured by only half the Arch

it ftands upon,

D Cor. 2. Hence all Angles,

ACB, ADB, AEB, & at
E  the circumference of a Circle,
ftanding on the fame Chord
AB, are equal to one another;
B for by the (}aft Corollary they
. ~are all meafured by the fame
Arc, viz, half the Arc A B which each of them
fubtends. '

Cor. 3. Hence an Angle in a Segment greater
than a Semicircle is lefs than a right Angle ; thus
if ADB be a Segment, greater than a Semicircle,
(fee the laft Figure) then the Arch AB, on
which it ftands, muft be lefs than a Semicircle,
and the half of it lefs than a Quadrant or a right
Angle ; but the Angle ADB in the Segment,

- is meafured by the half of A B ; therefore it is lefs
than a right Angle,

Cor. 4.
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- Cor. 4. An Anglé in a Se- B

micircle is a right Angle. For

fince A B D a Semicircle, the

Arc A E D mutt alfo be aSe-

micircle ; but the Angle ABD A D
is meafured by half the Arc

AED, thatis, by half a Se-

micircle or Quadrant; there- E

fore the Angle ABD is a right one.

Cor. 5. Hence an Angle in a Segment lefs than a
Semicircle, as ABD, is great- B
erthanaright Angle: for fince / ’
the Arch ABD is lefs than a A
Semicircle, the Arch AED A D
muft be greater than a Semi--
circle, and fo it’s half greater
than a Quadrant, 7. ¢. than the
meafure of a right Angle; E
therefore the Angle ABD, which is meafured by
half the Arch AED, is greater than a right Angle.

64. If from the Center C of the Circle ABE,
there be let fall the Perpendicular CD on the Chord
A B, then that Perpendicular will bife& the Chord
AB in the Point D. To demonftrate this, draw
from the Center to the Extremities of the Chord the
two Lines CA, CB; then fince the Lines C A and
CB are equal, the Angles CA B, CB A, whichthey
fubtend muft be equal alfo; but the Perpendicular *
CD divides the Triangle ACB into two right an-
gled Triangles ACD and CD B, in which the Sum
of the Angles ACD and . A
LCAD in theone, is equal to
the Sum of the Angles DCB
and CBD in the other, each-
being equal to a right Angle,
(by Co». 2. of Art. 61.) but
CAD is equal to CB D,

. therefore ACD is equal to BCD. So in the two

: D

Triangles

-
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Triangles ACDand BCD, the two Legs A Cand
CD in the one are equal to the¢ two Legs BC and
CD in the other, each to each refpettively, and the
included Angles ACD and BCD are equal ; there-
fore the remaining Legs AD and BD are equal
(by the 62d) and confequently A B bifected in D.,
65. If from the Center Cof a Circle ABE, there
be drawn a Perpendicular CD on the Chord A B,
and produced till it meet the Circle in F, then, I
fay, the Line CF bife¢ts the Arch AB in the Point
F; for (fee the foregoing Figure) joining the Points
A and F, F and B by the ftreight Lines AF, FB,
then in the Triangles ADF,BDF, AD is equal to
DB (by the laft) and DF common to both ; therefore
A D and DF two Legs of the Triangle ADF, are
equal to BD and DF two Legs of the Triangle
BDF, and the included Angles ADF, BDF are

equal, being both right ; therefore (by the 62d)

the remaining Legs A F and F B are equal, but in
the fame Circle equal Lines are Chords of equal
Arches, therefore the Arches AF and FB are e-
qual. So the whole Arch AFB is bifected in the
Point F by the Line CF.

Cor. 1. From the 64th it follows, that any Line
bifecting a Chord at right Angles is a Diameter ;
for fince (by the 64th) a Line drawn from the Cen-
ter perpendicular to a Chord bifeéts that Chord at
right Angles, therefore converfly a Line bifecting
a Chord at right Angles, muft pafs thro’ the Center
and confequently be a Diameter.

Cor. 2. From the two laft it follows, that the Sine
. of any Arch is the half of the Chord of twice the
Arc; for (fee the foregoing Scheme) A D is the Sine
of the Arc AF, by the Definition of a Sine, and
AF is half the Arc AFB, and AD half the Chord
A B (by the 64th) ; therefore the Cor. is plain.

66. In any Triangle, the half of each Side is the
Sine of the oppofite Angle ; for if a Circle be fup;{go&
- ‘ e



Geometrical Propofitions. 19

fed to be drawn thro’ the three angular Points A,
B, and D of the Triangle ABD; then the Angle
D AB is meafured by half the Arch BK D (by Cor,
1 of Art. 63d); but the half of BD, viz. BE is the
Sine ofhalf the Arch BKD,viz. B

the Sine of BK (by Cor. 2. of

the laft) which is the meafure

of the Angle B A D therefore A K
the half of BD is the Sine of

the Angle BAD; the fame

way it may be proved, that the

half of A D is the Sine of the D
Angle ABD, and the hal{fof AB is the Sine of the
Angle ADB.

67. The Sine, Tangent, &¢. of any Arch is cal-
led alfo the Sine, Tangent, E
&e. of the Angle whofe mea-
fure the Archis; thusbecaufe
the Arch GD is the meafure B FG
of the Angle GCD, and fince K
G H is the Sine, DE the Tan-
gent, HD the verfed Sine, A

CE the Secant,. alfo GK the c| B
Co-Sine, BF the Co-Tangent,
and CF the Co-Secant, {5c.

of the Arch GD ; then GH is called the Sine, DE
the Tangent, Jc. of the Angle GCD whofe meafure
is the Arch GD.
'68. If two equal and parallel Lines, AB and
. CD, be joined by two others, AC and BD ; then
thefe fhall alfo be equal and parallel. To demon-
ftrate this, join the two oppofite Angles A and D
with the Line AD ; then it is plain this Line AD
divides the Quadrilateral, ACDB, into two Tri-
angles, viz. ABD, ACD, in which AB, a Leg
of the one, is equal to D C a Leg of the other by
Suppofition, and A D is common to both Triangles;
ang fince A B is parallel to CD, the Angle B AIl)l
D2 wi
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will be equal to the Angle ADC, (by Art. 36.)
therefore in the two Tnangles, B A, and A D,
and the Angle BA D, is equal to LD and D A
and the Angle ADC that is, two Legs “and
the” included Angle in the one, “.is equal to two
Legs and the included Angle in the other; (by
A —B the 62d) fo B D is equal to

AC, and the Angle DAC

is equal to the Angle AD

B, therefore the Lines BD,
D A C are both equal and

- Cl—
parallel.

Cor. 1. Hence it is plain, that the Quadrilateral
ABDC is a Parallelogram, fince the oppofite Sides

~are Parallel.

Cor. 2. In any Parallelogram the Line joining
the oppofite Angles (called the Diagonal) as A D,
divides the Figure into two equal parts, fince it
has been proved that the Triangles ABD, ACD
are equal to one another,

Cor. 3. It follows alfo, that a Tnancrlc ACD
on the fame Bafe CD, and between the fame pa-
rallels with a Parallelogram ABDGC, is the half of
that Parallelogram.

Cor, 4. Hence it is plain, that the oppofite fides
of a Parallelogram are equal ; for it has been pro-
ved that; ABD C being a Parallclogram AB will
be equal to CD and AC equal to B D.

69. All Parallelograms on the fame or equal
Bafes, and between the fame Parallels, are equal
to one another ; thatis, if BD and GH be equal,
and the Lines BH and AF be parallel, then the
Parallelograms ABDC, BDFE, and EFHG
are equal to one another. For ACisequal to EF

" each being equal to BD (by Cor. 4. of 68.) To both
add CE, then AE will be equal to CF. 8o-in the
two Triangles ABE, CDF; AB, a Leg of the
one, is ;:qml to CD, aI egin thc other s and AE is
equal
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equal to CF, and the Angle BAE is equal the Angle
DCF (by the 37th); therefore the two Triangles
ABE,CDF are equal (by the 62d); and taking
the Triangle CKE from both, the Figure ABKC
will be equal to the Figure KDFE ; to both which

add the little Triangle KB D, then the Paralle- .

logram A BD C will be equal to the Parallelogram.
BDFE. The fame :

. A C E _F
way it may be pro-

ved, that the Paral-

lelogram EFHG s 4 )
equal to the Paralle- . )
logram EFDB;fo B

three Parallelograms D G H
ABDC, BDFE, and EFHG will be equal to
one another.

Cor. Hence itisplain, that Triangles on the fame
Bafe, and between the fame Parallels, are equal ;
fince they are the half of the Parallelograms on the
fame Ba{{: and between the fame Parallels. :
.. 7o. In any right angled Triangle, A BC, the

- Square of the Hypothenufe BC, viz. BCMH is e-
qual to the Sum of the Squares made on the two
Sides AB and AC, viz. to ABDE and ACGF.
To demonftrate this, thro’the Point A draw AKL
perpendicular to the Hypothenufe BC, join AH,
AM, DC, and B G5 then it is plain that DB is equal
- toB A (by the 54th), alfo BH is equal to BC (by the
fame); fo in the two Triangles DBC, ABH the
two Legs DB and BC in the one, are equal
to the two Legs- AB and BH in the other; and
the included Angles DBC and ABH are alfo e-
qual 5 (for DBA is equal to CBH being both
right 5 to both add ABC, then ’tis plainthat DBC
is equal to A BH) therefore the Triangles DBC,
ABH are equal (by the 62d), but the Trian-
gle DBC is half of the Square ABDE (by
Cor. 3. of 68th) and the Triangle ABH is half
the Pallelogram B K L H (by the fame), thercf}';)rlt;‘

- a
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half theSquare ABDE is equal to half the Parallelo-
gram BK L. H. Confequently the Square ABDE is
equal to the Parallelogram BK L H. The fame way
it may be proved, that the Square ACGF is equal
F to the Parallelogram K

CML. So the Sum
of theSquares ABDE
"and -ACGF is equal
the Sum of the Paralle-
lograms BKLH and -
KCMUL; but the Sum
of thefe Parallelograms
isequal to the Square B
CMH, therefore the
Sum of the Squares on
ABand ACisequalto

the Square on BC.

Cor. 1. Hence ina rightangled Triangle, the Hy-
pothenufe and one of the Legs being given, we
may ealfily find the other, by taking the Square of
the given Leg from the Square of the Hypothenufe, _
and the fquare Root of the Remainder will be the
Leg required. .

Csor. 2. Hence, the Legs in a rightangled Tri-
angle being given, we may find the Hypothenufe,
by taking the Sum of the Squares of the given Legs,
and extracting the fquare Root-of that Sum.

71 If upon the Line A B there be drawn a Semi-
circle ADB, whofe Center is C, and on the Point
C there be raifed a Perpendicular to the Line AB,
wiz. CD; then ’tis plain the Arch DB is 2 Quadrant,
or contains go Degrees ; fuppofe the Arch DBtobe
divided into g equal Arches, each of which will
contain 10 Degrees, then on the Point B railin
BE perpendicular to the Line AB, it will be a
Tangent to the Circle in the Point B, and if to e-
sery one of the Divifions of the Quadrant, viz. B
30, B 20, B 30, B 40, &, you draw the Sine, Tan-

gent,



,  Geometrical Propofitions. 23

E
N
N J 2
§. 70 s
89
«
3 S
Q b
N W
§\ al... 8
L) ° ~
]S
50
.. 40
‘ 30
.":_‘20
]l.

gent, &e. (as in the Scheme) we fhall have the Sine,
Tangent, . to every ten Degrees in the Qua-
drant; and the fame way we may have the Sine,
Tangent, ¢ to every fingle Degree in the

Quadrant,
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Quadrant, by dividing it into go equal Parts be-
ginning from B, and drawing the Sine, Tan-
gent, &e. to all the Arches beginning at the fame
Point B. By this Method they draw the Lines of
Sines, Tangents, &¢. of a certain Circle on the Scale ;
for after drawing them on the Circle they take the
Length of them, and fet them offin the Lines drawn
for that purpofe. The fame way, by fuppofing the
Radius of any Number of equal Parts, (fuppofe
1000, Or 10,000, &¢.) ’tis plain the Sine, Tangent,
&¢c. of every Arc muft confift of fome Number of
thefe equal Parts, and k¥ computing them in parts
of the Radius, we have Tables of Sines, Tangents,
&', to every Arch in the Quadrant, called Natural
Sines, Tangents, &c. and the L.ogarithms of thefe
gives us Tables of Logarithmic Sines, Tangents, .

To underftand the Nature of which, and the Me-
thod of ufing them, you muft know that Logarithms
are only artificial Numbers, contriv’d ,to avoid
long Operations in natural Numbers, each of which
has a Eogarithm belonging to it. Their Nature
is fuch, that Addition of them anfwers to Multi-
plication in natural Numbers, and Subtration an-
fwers to Divifion; thatis, when two Numbers are
propos’d to be multiply’d into one another, if we
take the Logarithms anfwering to the Numbers
and add them together, the Sum will be the Lo-
garithm anfwering to the natural Number, which
is the Product of the two Numbers propofed.

Again, when one Number is propofed to be di-
vided by another, if from the Logarithm of the Di-
vidend we fubtraét the Logarithm of the Divifor,
the Remainder fhall be the Logarithm of the Quo-
tient.

Now to apply this. to practice: The firft Table

- at the end of this Book, contains the Logarithms of

all the Numbers from 1 to 100003 the Columns
mark’d at the top with (NN) contain the natural
' Numbers,
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Numbers, and the adjacent Columns contain the
Logarithms of thefe Numbers. So to find the Lo-
garithm of any Integer Number between 1 and
10,000, we muft look in the Columns mark’d with
N at the top, till we find the Number propos’d ; and
that ftanding on the fame Line with it in the adja-
cent Column is the Logarithm required.

Example. Let it be required to find the Loga-
rithm of 365 ; by looking in the Table according
to the above Direétion, % find it to be 2.56229.
The Reverfe of this, viz. Given a Logarithm, to
find from your Tables the natural Number anfwe-
ring thereto, is perform’d by looking into the Co-
lumns mark’d with Logarithm at top, for that
which is either equal or neareft to the one propos’d,
and the Number anfwering to it in the adjacent Co-
lumn is that required.

Example. Let it be required to find the natural
Number anfwering to the Logarithm 2.56229, by
roceeding according to the above Direction I find
it to be 365. - ‘

Again, if it were required to find the Logarithm
of a Number, having fome Decimals in it. In or-
der to do this, you may obferve in the Table
of Logarithms, that the Logarithm of 10 is 1,
that of 100, 23 and of 1000, 3, & and the Lo-
garithms of all the intermediate Numbers be-
tween 10 and 100, have 1 for the integral Part
of each, and all thofe between 100 and 1000 have
2 for their integral Part, and fo on, which are cal-
led their Indices. '

Now becaufe any Number. confifting of both in-
tegers and decimals, is equal to the Quotient of
the whole confider’d as an Integer divided by the
Denominator of the decimal Part; and fincé by the
Nature of Logarithms, Subduction in them anfwers

&% to Divifion in other Numbers ; therefore it follows,

¥ chat when a Number is éivcn confifting both of in-

- . tegers
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tegers and decimals, we can find the Logarithm
anfwering thereto in - the ‘following manner: wiz.
Find the Logarithm of the whole confider'd as
an Integer ; then from that take the Logarithm of
the Denominator of the decimal Part, or (which is
the fame) from the Index of the Logarithm of the
~ whole confider’d as an Integer, fubtraét a Number

lefs by Unity' than the Number of Places in the De-
nominator of the fraction, and the Remainder wilt
be the Logarithm. required. :

Example 1. Suppofe you were to find the Loga-
rithm of 36.5 ; todo this you muft firft look for the
Logarithm of 365, which is 2.56229, then becaufe
10 is the Denominator of the decimal Part of the
propos’d Number, and 1.0000 its Logarithm, there-
fore from 2.56229 take 1.0000, and there remains
1.56229 the Logarithm required.

Example 2. %nd to find the Logarithm of
6.543. Firft find the Logarithm of 6543 confider’d
as an Integer, which by the Tables you will find to
be 3.81578; then fince 3.0000 is the Logarithm of
1000 the Denominator of the fraétional Part, there-
fore from 3.81578 take 3.0000, and there will re-
main 0.81578, which is the Logarithm required.

The Reverfe of this, viz. the Logarithm of a
Number confifting of integers and decimals being
given to find that Number, is perform’d according
to the following Method.

Rule. Look in your Table of Logarithms (with-

out regarding the Indices) for that whofe decimal
Part is equal or nearly equal to the decimal Part of
the Logarithm propofed; then fubtraét the Index
of the former from that of the latter; and laftly
divide the Number anfwering the Logarithm found
in your Tables, by a Number confifting of an U-

nit, and as many Cyphers as there are Units in the

difference between the two Indices ; or, which is
the fame, cut off as many Figures (beginning at the
: loweft

-
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loweft place) of the Number anfwering to the Lo-
garithm in your Table, as there are Units in the
difference of the Indices, and the Number laft found
will be that required. :

Example. Suppofe it were required to find the
Number anfwering to the Logarithm 2.73608.

In"order to do this, I look in the Table of Lo-
garithms (without minding the Indices) for that
whofe decimal part is equal, or nearly equal, to
.73608, the decimal part of the Logarithm pro-
pos’d, antd I find it to be 3.73608 ; from the Index
of which, viz. 3, I take 2, the Index of the pro-
pos’d Logarithm, and there remains 1; laftly, X
divide 5446, the Number anfwering the Logarithm
found in the Tables, by 10, and the Quotient: 544.6
is the Number required. -

The Reafon of this and the preceeding Rule, is
plain from the very Nature of Logarithms,

From what has been faid on this Head we may
eafily folve the following Problems by the Loga-
rithms : viz, '

Prob. 1. Given two Numbers, as 25.6 and 134; to
find the produét of their Multiplication. To folve
this by the Logarithms, I firft leok for the Loga- .
rithmof 25.6 which I find to be 1.40824, then for that
of 134 which is 2.12710; then1 add thefe two Loga-
rithms together, and their Sum ‘is 3.53534, which
is the Logarithm of their produét; fo I leok in my
Table for the Number anfwering to 3.53534, and
I find it to be 3430, which is nearly equal to the
produét of 25,6 into 134,

Again, if it were required to find the product of
36 into 234, I proceed as in the laft Example, and
the Operation is as follows :

2.36922 the Logarithm of 234
1.55630 the Logarithm of 36
Sum 3,92552 the Logarithm of their Produ&.
E 2

which,
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which, by the Table, I find to be 8424, which
is the product of the two Numbers propos’d.

Prob. 2. Let it be requir'd to find the Quotient
that arifes by dividing 'one Number by another,
fuppofe 828 by 23. .

To folve this by the Logarithms, I firft look in
the Tables for the Logatithm of 828, the Dividend,
which I find to be 2.91803; then for the Loga-
rithm of 23 the Divifor, which is1.36173, and this
laft taken from the former Logarithm, there re-
mains 1.55630 the Logarithm of the Quotient,
which anfwers to the Number 36 the Quotient re-

uired. '
d Again, let it be required to divide 3055 by 473
by procccding according to the laft Example, the
Operation will be as follows

3.48501 the Logarithm of 3055 the Dividend,
1.67210 the Logarithm of 47 the Divifor,

1.81291 the Logarithm of the Quoticnt.

which anfwers to the Number 65 the Quotient re-
uired.

Prob. 3. Three Numbers being given to find a
fourth proportional to them, viz. Such as thall have
the fame proportion to the third as the fecond has to
. the firft. ‘

Rule. Take from the Tables the Logarithm of
each of the propos’d Numbers, then add the Lo-
garithms of the fecond and third together, and from
the Sum take the rithm of the firft, and the
Remainder fhall be the Logarithm of the fourth
number requir'd.

Example. Let the three propos’d Numbers be 36,
48, 66, _to which we are to find a foyrth proportio-
- nal ; by the preceeding Rule, the Operation will

ftand as follows:

1.68124
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1.68124 the Logarithm of 48 the 2d Term,
1.81954 the Logarithm of 66 the 3d Term,

| 3.50078 the Logarithm of their Produé,
1.55630 the Logarithm of the 1t Term, 36.

1.94448 the Log. of the 4th Term requir’d.

which, by looking into the Table, I find anfwers
to the natural Number 88, which is the 4th propor-
tional to the three propos’d Numbers. -

Again, let it be required to find a fourth propor-
tional to the three Numbers 24, 144, 123 ; by pro-
ceeding according to the foregoing Rule, the Ope-
ration will ftand as follows :

2.15836 the Logarithm of the 2d Term 144..
2.08991 the Logarithm of the 3d Term 123.

4.24827 the Logarithm of their Produ&,
" 1.38021 the Logarithm of the 1ft Term 24.

2.86806 the Log. of 738, the 4th number requir'd.

Prob. 4. To find the Square of any Number by
Logarjchms. '

ule. Multiply the Logarithm of the given Num-
ber by 2, and the produét is the Logarithm of the
Square fought.

Example. Required to find the Square of 36,
Firft I look in the Table for the Logarithm of 36,
and find it to be 1.55630, which doubled gives
3.11260 the Logarithm of the Square fought, which
by Infpection I find anfwers to the natural Number
1296 the Square of 36, viz. the produ& of 36 mul.
tiply’d into itfelf. '

Prob. 5. To extraét the fquare Root of any pro,
pos’d Number, 4. e. to find a Number which mul..
tiply’d into itfelf, fhall produce the given Numl;;‘:}.’.
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Rule. Divide the Logarithm of the propos’d
Number by 2, and the Quotient will be the Lo-
rithm of the fquare Root required. L

Example.. Required to find the fquare Root of
1296. Firft1look in the Tables for the Logarithm
of 1296, and find jt to be 3.11261, which divided
by 2 gives 1.55630 for the Logarithm of the fquare
Root, and the natural Number anfwering thereto is
36 the Root required. ] -

If for the Sine, Tangent, &¢. of every Degree
and Minute in the Quadrant, in the natural Tables,
we take the Logarithm agreeing to each, we fhall
have a Table of Logarithmic Sines, Logarithmic
. ~Tangents, {J¢. as itisin the fecond Table at the end
of this Book.

In which you may obferve, thateach Page is di-
vided into eight Columns, the firft and laft of which
js Minutes, and the intermediate ones contain the
Sines, Tangents, and Secants 3 the uppet and lower
Columns contain Degrees ; the Column of Minutes
on the left hand of each Page, anfwers to the De-
grees in the top Column ; and the Sines, Tangents,
and Secants, belonging to thefe Degrees, and Minutes
are in the Columns mark’d at the top with the Words,
Sine, Tangent, Secant ; the Column of Minutes on
the right hand of each Page, anfwers to the Degrees
#n the foot of the Page, and theSines, Tangents, and
Becants, anfwering to thefe Degrees and Mirutés,
are in the Columns mark’d at the bottom with the
‘Words, Sine, Tangent, Secant; the Degrees in the
top ‘Column beginning at o, proceed to 44 whefé
they end, and thofe at the foot of the Page begin
;!tcgg proceed to 45 in a decreafing Series, the De.
grees in the different Columns being the Coms
plement of each other, From what has been faid,
we may eafily find the Sine, Tangent, or Secant, of
any Arch, from our Tables, by looking for the gi«
ven Number of Pegrees at the head or foot ;)f the
. ‘ age,
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Page, according as they are lefs or greater than 45,
amd in the proper fide Column fer the odd Minutes,
if- there be any ; then below ar above the Word,
Sine, Tangent, orSecant, and on the fame line with
the Minutes, we fhall have that requir’d.

- Example 1. Required to find the Sine of 36 deg. 40
min; To find this, I-look at the head of the Page for
36 deg. and in the fide Column, on the left hand,
for 40 min. then below the Word Sine, and on the
fame line with 40, I find 9.77609, which is that
requir’d. : ' :

 Efample 2. Requir'd the Tangent of 54 deg. 30
min. To find this, I look at the foot of the Page
(becaufe the Degrees propos’d are greater than. 45)
for's54 deg. and m the right hand fide Column for |
gomin, then in the Column mark’d with Fangent
at it’s bottom, and on the fame line with the 30 min,
in the fide Column, I find 10.14673, which is
the Log-Tangent requir’d. T

The Reverfe of this, viz. The Logarithm of a

Sine, Tangent, or Secant, being given to find the
Arch belonging to it, is perform’d by only look-
ing in the proper Column for the neareft Logarithm
to that propos’d, and the Degrees and Minutes
anfwering thereto is what was requir’d.
' In thefe Tables the Secants might have been
wanting, beeaufe all the Proportions in which the
Secants are concern’d may be wroughtwithout them,
by the Sines and Tangents only, as fhall be thewn
particularly, in the Solution of the feveral Cafes of
plain Trigonometry. -

" 72. The Chord, Sine, Tangent, &¢. of any Arch
in one Cirele, is to the Chord, Sine, Tangent, ¢,
of the fame Arch in another Circle, juft as the Ra-
- dius of the one is to the Radius of the other ; for
*tis plain, the greater the Radius is, the greater is
the Circle defcribed by that Radius, and confequent-
ly thegreater any particular Arch of that Circle is&i

- and
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and fo the Sine, Tangent, &¢. of that Arch is alfo
the greater ; therefore, in general, the Chord, Sine,
Tangent, &¢. of any Arch is proportionable to the
Radius of the Circle. -

73. In all Circles the Chord of 60 is always equal
in length to the Radius. Thus in the Circle AEBD,
if the Arch AEB be an Arch of 60 degrees, then
drawing the Chord A B, Ifay A B fhall be equal to
the Ragius CBor AC; farin the Triangle ACB,
the Angle A CB is 60 degrees, being meafured by
the Arch A EB; therefore the Sum of the other
two Angles is 120 degrees, (by Cor. 1. of 61fty but

A ince AC and CB are equal
x the two Angles CAB, CBA
will alfobe equal ; confequent-
D B ly each of them half their Sum
; 120, viz. 60 degrees ; there-
fore all the three Angles are
equal to one another, confe-
' quently all the Legs, there-
fore AB is equal to CB. :

Cor. Hence the Radius from which theLines on
any Scale were form’d, is the Chord of 60 on the
Line of Chords.

74. If in two Triangles ABC, abc¢ all the An-
gles of the one be equal to all the Angles in the o-
ther, each to each refpeively, thatis, the Angle.
B A C equal to the Angle bac, the Angle ACB e-
qual tothe Angle acb, and the Angle ABC equal to
the Angle ab¢ ; then the Legs oppofite to the equal.
Angles are proportionable, viz. AB : ab :: AC
acand AB: ¢b:: BC:bcand AC: ac::
BC : bc; for being infcribed in two Circles, ’tis
flain, fince the Angle BAC is equal the Angle

a<, the Arch BD C is equal the Arch bde, and
confequently the Chord BC is to the Chord 4 ¢, as-
the Radius of the Circle A BC to the Radius of the
Circle ab¢ (by the 72d); the fame way the Clxrg

(
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AB is to the Chord ¢ in the fame proportion. So
AB:ab::BC:bc; the fame way we may prove
all the reft to be proportional. o

B

™\ b

N
| p ¢ d
.. %c’ - C

.

. 75. If from a point A without a Circle DBCE,
there be drawn two Lines ADE, ABC, each of
them cutting the Circle in two points ; then, I fay,
the product of the one whole Line into its external
part, viz. ACinto A B, is equal to the Rectangle
of the other line into its external part, viz. AE in-
to AD: for drawing the lines DC, BE, *tis plainin,
the two Triangles ABE, ADC, the Angle AEB
in the one is equal to the Angle A CD in the other
(by Cor.2. of 63d), and the Angle at A is com-

mon ; therefore, ~
the other Angle - B/C” N

ADCisequalthe: A \
Angle ABE (by )
Corﬁ.ofG:.)‘there’- ' - D@E :
fore the Triangle
ABE is equiangular to the Triangle A D C; Con-
fequently AC: AE :: AD : AB by the laft, and
therefore A Cinto A B is equal to AE into AD.
76. Let ABD be a Quadrant of a Circle defcri-
bed by the Radius CD ; BD any Arch of it, and
B A its Complement, BG or CF the Sine, CG or
B F the Co-Sine, D E the Tangent, and. C E the
Secant of that Arch BD. Then fince the Trian-
gles CDE, CGB areF fimilar, or equiangular, ﬁ:
A wi

\
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will be by (4r2.74) DE: EC:: GB:BC i.c the
Tangent of any Arch, is to the Secant of the fame,
as the Sine of it is to the' Radius. Alfo fince DE
E :EC::GB:BC, therefore by

inverting that propartion we

A_\.B_, have EC: DE::BC: GBi.e.

F the Secant is to the Tangent, as
\ . the Radius is to the Sine of any

Arch.
* Again, fince the Triangles
C D CDE, CGB are fimilar, there-
‘ G fore (by Art. 74.) it will be CD
: CE ::CG : CB i.ec. as the Radius is to the Secant
of any Arch, fo is the Co-Sine of that Arch to the
Radius. And by inverting the proportion we have:
this, viz. As the Secant of any. Arch is to the Ra-
dius, fo is the Radius to the Co-Sine of that Arch.

Having thus gone thro’ the Theorems of Geome-
try, that are neceffary for the Knowledge of Naui-
gation ; we fhall next proceed to fome Problems
that are ufeful for the Pra&ice of that Art.

Geometrz"éél Problems.

Prob.FR OM a point C in a given Line AB to
I. raife a Perpendicular to that Line. '
Rule. From the paint C take the equal diftances
CB, CA on each fide of it Then ftrecch the
- Compafles to any diftance great-

G ;;-"F' er than CB or C A, and. with
R Y one Foot of them in B, fweep
E|H the Arch EF with the other;
again, with the fame openingy
and one Foot in A, fweep the .
A C B Arch GH with the other, and

thefe
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thele two Arches will interfet one another in the
- point D 5 then join the given points C and D with
the line CD, and that fhall be the Perpendicular
required. ’ L :

" 2. To divide a given right Line AB into two e-
qual parts; that is, to bifet it: :

Rule. Take any diftance with your Compaffes that
you are fure is greater than half the given line ; then
fetting on foot of them inB, e
-with the other fweep theArch Cir.
D ({? Cs am:1 withf the fame . ""E.
diftance and one foot in. A, :F; :
with the other fweep the Arch A—FE B

CED ; thefe two Arches ! ' ’
will interfet one another in “+D-
the points C, D, which join’d "

by the right Line D C will bifet AB in G. -
3. From a given point D to let fall a Perpendi-
cular on a given Line AB. -~ :
Rule. Set on foot of the Compaffes in the point
-D, and extend the other to any diftance greater
than the leaft diftance between the given point and

and the line, and with that D
extent fweep the Arch AEB, .-
cutting the lin€ in the two
points A and B, then (by the ., Ak -
laft Problem) bifet the line . = 1o = o
AB in the point C, laftlyjoin A"+ i%i"'B
- Cand D, and that line CD is
the Perpendicular required. RN
4. Upon theend ———
B of a given right . D
Line BA, toraifea .
Perpendicular. _ 5
Rule. Take any a c :
Extentin yourCom- ‘ ;
pafles, and withone - %, , S~
foot in B fix the o- A__- " B

ther inany point C, . Eereee :
. F 2 with-
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without the given Line, then with one point of the
Compafles in C, defcribe with the other, the Cirgle
EBD, andthro’ E and Cdraw the Diameter ECD
meeting the Circle inD; join D and B, and the right
line DB is that required ; far EBD isa right Angle
(by Cor. 4. of 63d), . :

Another Way.

Upon the point B as a Center, and with any di-

ftance BA, defcribe the Circlé ACD; fet off the

H.E.G Radius from A to C and

B KZ from C to D, then with

. the fame Extent of the

D.escheel Compafles, and one foot

o Te in C, defcribe with the o-

' ther foot the Arch FG,.

Bl ] and with the fame opening

T A on the Center D defcribe

S the ‘Arch K H which will

cut the former in E, then join EBand that fhall be
the Perpendicular requir’d.

Another Way. -

.. From the point Bfet off with your Compafles five
{mall equal parts, then with the diftance of all the
five ‘taken in your Compaffes, fetting one foot at

C."E : the fourth Divifion,
Foommo)iese,,, viz. in the point 4,
A ‘G with the other de-
D fcribe theArchDE;
g Again, Taking the
B length of three af

—+—t—4—+—+A them in your Com-
) J 2 3 4 5 paﬁés,‘viZ:.Bg, and
fetting one foot of them in B, with the other de-
fcribe the Arch F G interfecting the former in the
point C, - join CRB and that is thg line required,
LT -5 Ta
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5. To draw one Line parallel to another given
Line AB, that fhall be diftant from one another by
any given diftance D. /

Rule. Extend your Compaffes to the given di-
ftance D ; then fetting one foot of them in any point
of the given Line (fuppofe A) with the other {weep
the Arch FCG; again, at the fame Extent, and
one foot in any other point of the given Line B

- fweep the Arch HDK, and draw the Line CD
touching them, and that will be parallel to the gi-
ven Line A B, and diftant. from it by the Line D
as was requir’d. - : :

C :'~._.1;).-' -

6. To divide a given Line AB into any Num-
ber of equal parts, fuppofe 7.

Rule. From the point A draw any Line A D,
making an Angle with the line AB, then thro’ the
point B draw a'line BC Parallel toAD; and from
A, with any {mall
opening of the
Compafles, fet off
a Number of e-
qual parts (on the
line AD) lefs by
ene than the pro-
pos’ld  Number .
(here 6.), then C 6
from B fet off the 4
fame Number of the fame parts on the line BC;
lattly, join ‘6 and 1, 2 and 5, 3 and 4, 4 and 3,
sand 2, 6and 1, and thefe lines will cut the given
line as requird, | '

7. Te
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7. To quarter a given Cir-

g b
s cle,. or to divide it into four
’ equal parts. .
A B - Rule. Thro’® the Center C

c of the given Circle draw a Di-
\ - ameter AB, then upon the
. point C raife a Perpendicular

E . . DCEto theline AB; and

thefe two Diameters AB and D E fhall quarter the
Circle. . ' : .

8. Thro’ three given points A, B, and D to draw
a Circle. (Note, the three points muft not lic in the
fame ftreight Line.) : '

Rule. Join Aand.B alfo B and D with the ftreight
lines AB, BD, then by Pro). 2. bifect A B with
the line EC, alfo BD with the lice F C, which two

. lines will cut one another
<\/ B F  in fomepointC, that isthe

N &  Center of the Circle re-
: (\\ quird 5 then fixing one
, point of your Compafles in
D, and ftretching the o-
ther to A, defcribe the

*Circle A BD G, which ‘will

s thro’ the three points
given. The Reafon of this

G is plain from Gor. 1. of Ars.

D

5.

9. Fram the point A of the given line AB, to
draw apother line (fuppofe- A C) that fhall make
with A B an Angle of any Number of Degrees, fup-

ofe 45. - : N

Rule. Let the given line AB be produced, then
take off your Scale the length of the Chord of 60
Degrees, which is equal to the Radius of the Circle
fhe Scale was made for (by Art. 73.) And fetting
one foot in A, with the other {weep the Arch BC};
fhen with your Compafies take from your Sc%i;l;;

\ -
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Chord of 45 Degrees, and fet off that diftance from
Bto C. Latftly join A and C, and the line AC is
that requir’d. For the Angle C A B, which is mea-
fur’d by the-Arch B C, is an Angle of 45 Degrees
as was requird.
“C
4

¢

A
ALx

" 10, An Angle BAC lging given, to find- how
many Degrees it contains. ‘ ‘
Rule. With- your Compafles- take the length of
the Chord of 60 from your Scate. Then fetting
one foot of them
i A, with the o-
ther f{weep the
Arch BC, which
is the Arch cem-
prehended between- ¢ Tl
the two Legs A B, A ' ol
A C produc’d 'if needful. T.aftly, take with your
Compaffes the Diftance BC, and applying it to
your line of Chord on the Scale, you’ll find how
many Degreés the” Arch BC cphtains;. and confe-
quently the Degrees of the Astgle B A C which was
requir'd,” T .
11. Three lines ¥, y, and z being given, to form
a Triangle of them, but any two of thefe lines ta-
klf_ndtogether, muft always be greater than the
third.” :
Rule. Make any one of them, as x, the Bafe;
then with your Compaffes take another of them, as
. . z’

v<)
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2, and fetting one foot in one end of the line-
%, as B, with the other fweep the Arch D E;
and taking with your Compaffes the length of the
other y, fet one foot of them in A, the other
. end of the line x, and with the other {weep the
Arch FG, which will cut the other in C ; laftly,
join CA and CB, and the Triangle CAB is that

requir’d. )

7R FooiE
7 : AN

X

A

. 12.- To make a Triangle having one-of its Legs
of any Number of equas parts (fuppofe 160), and
one of the Angles at that Leg 50 Degrees and the
other 44 Degrees. »

Rule, Draw an indefinite Line ED, then take

" off the Line of equal Parts with your Compafies 3
160 of them, and fet them on the indefinite Line,
as BC then (by Prob. g.) draw B A ‘making the
Angle ABC of 50 Degrees, and by the fame, draw

. from C the Line AC, making the Angle ACB of.
44 Degrees ; which two Lines will meet one another
in A, and the Triangle ABC is that required.

F o~ G
0.‘ ..0 c.. '.‘
..o° ’.00 ;.'. -‘...o
' .... .... .{. ‘...
:0 *, ;A.:f °
N A K
: 0O :
t () 2\
E B Jéo C D
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v.713. Upont 2.giwerp Lide: A.B o yuake a Square.

* Rule, Upon the Extremity A of the given line;
AB raife’ a': Perpendicular/ AC .(by Prob. 4.) 3 then
take AC equalwaABy ..., w2
and with thavextent, fet- - . © . - @ -
tingonefootofthe Com- . <.~ ~. .
pafles in C, :fweep. with i piitwtiriomrord 2
the other foot:the Arch
GH, then with the fame
éxtent and one footinB, . "§.. - I~
with the other fweep the - o
Arch E Fy~which will - ."=i:. e
meet the former in fome A . B

oint D; laftly, join C and D, D and B, and the

igure A BD C will be the Square requir’d.

14. On a given line AB to'draw a Rhomb that
fhall have one of its Angles equal to any Number
of Degrees, fuppofe 60 Degrees. =~ ,

Rule. From the point A of the givemliné AB draw
theline AC, making the Angle C A B of 6o Deg. (by
Prob. 3.); then taEe AC equal to AB, and with
that extent fixing one foot of the Compafles in B,
with the other defcribe the Arch GH, and at the
fame extent fixing one foot of the Compafles in C,
with the other defcribe the, Argh, EF cutting the
former in D ; laftly, join C-D and D B and the Fi- - -
gure ACDB is that requird. - .

.

Py

G'-.:.‘ .’

i

A)

& 15. Giv{n
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15. Giventwo lines » and 2, of tiefe two tomake

3 Reétangle. . . _

:- Ruls. Draw a line, as A.B, equal in length ta ona
of the given lines »#, and on the extremity A of thag
line raife a Perpendicular A €, on which take A C e«
qual to the other line z; then take with your Com+
pafles .the length of the line' A B, and at ‘that extent
fixing one foot of therp in C, with the other fweep
the Arch EF ; and al{q taking with your Compafies
the extent of the line AIC, fix ane foot of them in B
and with the other fwe¢p the Arch G H, which will
meet the former in D ;; laftly join C D and B D, and
the Figure ABD C will be that requir’d. . :

x .
z )
e B
e : ‘D
B G
_ : F
A B

16. Two lines x and 2 being given, of thefe to
form a Rhombeidesthat fhall have one of its Angles
any Number of Degrees, fuppofe 5o. :

Rule. Draw a line AB equal in length to one of
the lines as x; then draw the line A C, making with
the former the Angle B A C equal to the propos’d,
fuppofe 50 Degrees, and on that line take AC e-
qual to the given line 2, then with your Compaffes
take the length of AB, and fixing one foot in C
fweep the Arch EF; alfo taking the length of AC
and fetting one foot in B, with the other fweep the
Arch GH, which will cut the former in D ; then join
CD and DB, fo the Figure ACDB will be that
required,



~ And thus it/¢ have gone thro* all Geometry that
15 neceffary for our prefent Bufinefs, both as to

Theory and Practice. The next thing we go on,

is the Principles of Plain Trigonomeiry.

SECT I
Of Plain T R16ONOMETRY, Right and Obligu
Angled. a

1.YDLAIN TRIGONOMETRY is that Scie
ence by which we meafure the Sides and An-
"gles of plain Triangles. .

2. Since Triangles are either right or obliguc an.

ed 3 therefore ’lgrigonometryis commonly divided
into two kinds, viz. Reffangular and Oblique-angular: :
and firft we fhall treat of Rectangular.

3. In any right angled Triangle as ABC, if the
Hypothenufe be made the Radius, and with that a
Circle be defcribed en the one end A as a Centers
then ’tis plain that BC will be the Sine of the Angle
RAC (by Art.21.of Se£2.1) 3 and if with the fame

G2 diftance,
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o, diftance, andon Basa

~B Center, a Circle be de-
fcribed’, itis plain that
A C will be the Sine of
the Angk ABC; there-

forey—-in-general, if the
Hy{mthe fe of a right
edTriangle bemade

an
e : thc%ladius;' etwoLegs
"sseeviooo- " willbe the Sihigsof their
oppofite Angles. . &
4. If in a right angled Triangle DEF, one of
the Legs, as DF, be made the Radius, and on-the
Extremity D (at one of the oblique . Angles, iz,
that which is form’d’ by the Hypothénufe and the
Leg made Radius) dsa Center, a Circle-be defcribed 5
*tis plain, that'the other Leg E F will be the Tan-
gent of the Angle at D, and the Hypothenufe D E
EE will be the Secant of the fame
Angle (by Art. 24, 25, and 67 of
Seft. 1.). The fame way, making
- the Leg E F the Radius, and on
. . the Center E defcribing a Circle,
. * the other Leg GF will become
the'Tangent of the Angle at E,
pL- and the Hypothenufe DE the
o . Secant of the fame. -
" 5. It'has been already thewn, at Art. 72. of Sel.
1. that the Chord, Sine, ‘Tangent, &J¢c. of any
Atch, or ‘Angle, in one Circle, is proportionable
to the- Chord, Sine, Tangent, &Jc. of the famé
Arch” ifi any other Circle; from which, and the
two_ foregoing Articles the Solutions of the feveral
Tafes of rectangular Trigonometry naturally follows.
" 6. Sincée TFrigonometry confifts jn determining
"A'hg'lcs'and Sides from others givc'n, ‘there arifes va-
fious Cafes, which are feven in Reétangular and fix
in Oblique-angular Trigonometry. o

We



Plasn Trigonometry. 45

» 'We fhall now proceed to the Solution of the fer
ven Cafes of Rettangular Trigonometry.

CASE 1

. The Angles and one of the Legs given, to find the o
sher Leg. ' : -
. Example. In . the Triangle ABC rightangled at
B, fuppofe the-Leg AB, 86 equal parts, (as Feet,
Yards, Miles, &¢,) and the Angle A 33°, 40’ re-
ch:ié'd the other Leg BC in the fame parts with

T Geometrically.

" Draw A B equal to 86, from any Line of equal
parts, then (by Prob. 4. of Sef?. 1.) upon the point
: *, ‘B, ereét the Perpendicular
*G  BC; laftly, from the point
A draw the line AC, ma-
king with AB an Angle
. equal to 339, 40/, and that
% line produc’d will meet BC
* ——2::4B.-¢ in C, and fo conftitute the
., : ! Triangle. The length of
... : /. BC may be found by ta-
“°+<e..i-e king it in your Compafles,

and applying it to the famc%ine of equal parts that
AB was taken from.

By Calculation.

Firt by making the Hypothenufe A C Radius,
the other two Legs will be the Sines of their oppo-

- fite Angles (by Art. 3.0f this) viz. AB the Sine of
C, and CB the Sine of A ; now fince (by Ars. 72,
of Sedi. 1.) the Sine, Tangent, {J¢. of any Arch in

‘ one




46 - Plain Trigonometry.
one Circle is proportionable to the Sine, Tangent,
&5¢c. of the fame Arch inany other Circle, ’tis plain
the Sines of the Angles A and C in the Circle de-
fcribed by the Radius A C, muft be proportional to
the Sine of the fame Arches or Angles, in the Circle,
that the fecond Table at the end of this Book was
+ calculated for; fo the  proportion for finding BC
will be L . :
S,C:AB::§5,A:BC. -
{.e. As the Sine of the Angle C in the Tables, istq
the length of AB (or Sine of C in the Circle whofe
Radius is AC) fo is the Sine of the Angle A in the
Tables, to the length of BC (or Sine of the fame
Angle in the Circle whofe Radius is AC).

Now the Angle A being 33°, 40/, the Angle C
muft be 56°,20! (by Art.61. Cor, 2. Seft. 1,) 5 there-
fore looking in the fecond Table at the end of this
Book for the Sines-of the two Angles, and in the
firft for the Logarithm of 86 the.given Leg, we
fhall find by proceeding according to the foregoing
proportion, that the required -Leg BC, is 57.28 3
and the Operation will ftand as fellows, - .

193450 AB 86

9.74380 S,A  33°, 40!
1167830 B p

9.92027 §,C 56°, 20!

175803 BC 57.28

2dly, Making A B the Radius, °tis plain BC, the
Leg required, will'be the Tangent of the given
Angle A (by the 4th of this), and fa the propor-
gion.for finding BC, when ABismade the mg

will be, .
o R:T,A::AB:BC
" 4 e. as the Radius in the Tables, is to the Tangent
©of the Angle A in the fame, fais thelength of BAx
. P ’ or‘
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of Radius in the Scheme, to the length of BC or
Tangent of A in the Scheme s therefore looking in
the Tables for the parts given in the foregoing pro-
portion, and proceeding with them according to
that Rule,. we fhall find BC to be 57.28 as before,
snd the Operation will be as follows :

A . 982358 L T,A 33% 40"
- - 1.93450 AB 86
"11.75802
‘10.00000 ‘Rad. go°

1.75802 BC -.57.28

Laftly, by making BC, the Leg requir'd, the
Radius, ’tis plain that AB will be the Tangent of
C, and the proportion for finding BC will be as

follows: ', :
T,C:R::AB:BC

i, e. as the Tangent of C 56°, 20’ 10.17648
istoRadius - - = < = 90° = 10.00000
fo is the Lengthof AB - "86 - 1.93450

' 11.93450
10.17648

tothe Lengthof BC - 57.28 - 15802

The Angles and one of the Legs given, to find the
Hypotbenufe.. , '

Example. In the Triangle ABC, fuppofe AB
124, and the Angle A 34°, 20 ; confequently the
Angle C 55°, 40! requir’d the Hypothenufe AC, in
the fame parts with ZB. CL

Geometrically,
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Geametr:mll

-~ & Thls Cafe is con&ruQ
S ¢ted after the fame man-
- ner with the:former; and:
the Hypothenufe AC is
found by taking it
length' in your Compaf-
fcs, and applying that to
- the fame line of equal
- parts you took AB from,

By Calmlamm
- 1f, By making A C the Radms we. ﬂxall havothe
following proportlon for ﬁndmg A C, viz,
‘ S,C:R::AB: AC

i.e. as the Sine ofC 55% 40" - 9.91686

istoRadius - - - - go - - - 10.00000
foisAB - - - - - 124~ - - 209342
toAC - - - - -1502 =~ - =~ 217656

2dly, Making A B the Radius we have this pro-
portion, viz. :
R.Sec.A..AB.AC

i.e. as Radius - - 90" - - 10.00000
is to the Secant of A - 34°,20! - 10.08314
foisAB - - - - -124 - - 209342
. wAC - « - < - 1502 - - 217656

This may be done without the help of the Se—
eants; for fince (by Art. 76. Seft. 1.) R : Sec. :
Co-S.: R ; therefore the former proportion will bc-

come
Co-S.A:R::AB:AC
. i.e, As




Plainm Trsgonometry. 49
- ke Asthe Ca-Sine- of A 34%°;20" 9.91636

- istatheRadits- .- - .- - go® - 10.00000
fois AB .. - - < 124 - 209342
toAC - - - - - - 1502 - 217656

3dly, Making BC the Radius, we have the fol-
lowing propomon, viz, -
T,C:Sec. C:: AB:AC

i. e, as the Tangent of C  55°, 40! 10,16558
istoSec. C - - -.-- 559 40/ 10.24872
foisAB - - - - - . 124 - 209342
toAC - - - - - -1502 - 217656

This likewife may be done without the help of
Secants, for fince (by Art. 76. Seft. 1.) T, : Sec. :
- §,: R ; therefore. the formey Analogy will be re-

duc’d to this, viz

S, C: R:1-rAR: AC
where no Secants do a pear, and it coincides with
that in the firft fuppofition of this Cafe, “fo we ﬂmll
not repeat the Opcrauon _

{

C A SE. 3. o
‘J‘be Ap@k; aq.d Hypptbfnuf; gt'qen, to ﬁml either of

‘the Le Legs.
Example. Inthe Tsiangle ABC,’ fuppofe the Hy-
pot:hcnufc \C}‘14.6 eql?al f?arts, and the Ancrle A
36%, 25/, corfequendy the Angle C 53‘?, 3 > 1€~
qw’d the Leg AB - -

1

Gamtm'allf

Draw the Lme AB at pleafure, and make the
Angle BAC equal to 369, 25" (by Prob. g.Sed. 1.)
then take AC equal to 146 from any Line of equal

H p'u;ts ’
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parts ; laftly from the point C let fall the Ferpendi-
cular CB on the line A B. So the Triangie is con-
ftructed, and AB may be meafutcd from ‘the line
of equal parts. . .

s

.
........

By Calculation.”

1ff, Making A-C the Radius we fhall have the
f'ollomng proporuon, vz,
R:§5,C::AC: AB

‘i.e. as Radius - - - 9o® - - 10.00000
isto the Sineof C - - 53°% 35! - 9.90565
fois AC - - - = - 146 - -+ 216435
toAB - - - - - 1175 - - 207000
2dly, Making A B the Radius, we have the fal-
lowing Analogy, viz. .
gec A:R::AC:AB

i.e as the Secant ofA 36°,25' - 10.09435
istoRadius - - - - - 90 - - 10.00000

fois AC - - - . - 146 - - 216435
toAB - - - - - 117, - - 2.07000

This may be done without the hel of Secants, for
fince (by Arz. 76. Se&t. 1.) Sec. : :R:Co-S;

therefore the former proportion may bc reduc’d to
this, iz,
R:
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o R:Co-S,A:: AC:AB .
which is the fame with the proportion in the firft
fuppofition.

3dly, By fuppofing BC the Radius, we have the
following proportion, viz.

: " Sec.C:T.C:: AC: AB

i’e. as the Secant of C '~ 53°, 35! 10.22647

‘is to the Tangent of C  53°, 35! 10.13212

foisAC - . - - - 146 - 2.16435
toAB - - < - - -117.5 - 207000
“CASE 4.

"The two- Legs being given, vo find the Angles.
.. .Example, In the Triangle ABC, fuppofe AB
94 and BC 56, requir'd the Angles A and C. .

Geometrically.

Draw AB equal to 94, from any line of equal
, then from the point B raife BC perpendicu-

‘ar to AB (by Prob. 4. Set. 1.) and take BC, from
the former line of equal parts .
equal to 56 ; laitly, join
the points A and Cwith the .
ftreight line AC, fotheTri-
angle is conftructed, and the A,
Angles may be meafur’d by

rob. 10. Sefi. 1. ‘

| By Caleulation.
1}, Suppofing AB the Radius we have this A-
nalogy, viz.
AB:BC::R:T.A
ie.as AB - - - 94 - - - 197313
istoBC - - - - 56 - - - 174819
fo is the Radius - - 9o° - - - 10.00000

‘to the Tangent of A 30°, 47! - - 9.77506
H2 - 2dly,
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2dly, Making BC the Radius Welﬁve thzs pro-

portion, ®iz. Cx
BC:BA::R:T.C :

i. 3-. a-S BC - = - 56 - v = ],,748119 i

isto AB .- - - -94 - .« 197313
fo is the Radius - - 9o® - - - 10.000Q0

to the Tangent of C 59°; 13! - - 1022494

CASE. s -

The Hypotbenyfe, and one of the Legs given, to find
the Angles.
Example. In the Triangle DEF, fu pofe ‘the

Leg DE83, and the Hypothenufc :26 res.

quir'd the Angles D and-F, e
Geometrimll].

Draw the line DE 83, from any line of equal
rarts, and from the point ‘E raife the perpehdiculat
EF, then take the.length of
DF 126, from the fameline
of equal parts, and fetting onie
foot of your Cémpafies in I
" with the other crofs the per-
pend:cular EF inF; EI. .
Join Dand F, fo the Tnan le
: 1s conﬁru&ed and the Angles
LT may be mcafurcd by Prob, 10,
8elt. 1,

" By Calculation.

“af, Makmg DF the Radms, we have th;s pra-
portmn, viz,
DF:DE;,R.S,F ]
: ie,
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ie.asDF - . - - 126 - - 210037
isoDE - - - - 83 - - ‘191908
fo is the Radius - - -90° - - 10.00000

to the Sine of F - 4.1°,xz' - - 981871
| 2dly, By fuppofing DE the Radius, we have the

followmg Anal
%YDF :R :Sec, D
ie.asDE - - - - 83- - - 191908
isoDF .- - - - 126 - - -210037
fo is the Radius - - 9o0° - - 10.00000

tothe Secant of D - 48°, 48! - ro.18129

This may be done without the help of Secants,
. for fince by Art. 76, Se. 1. R : Sec, : : Co-S: R 3

therefbre the preceeding Analagy will become dus,
DF:DE::R:CoS, D,

in which no Secants do appear ; and it plainly co-

incides with the jproportion deduc’d from the ﬁrt’t
Suppoﬁuon

CASE 4,

Tbe two Legs gwm, 1o find. the Hypothenufz.
Example. In the Triangle A BD, fuppofe the Leg
AB, 64, and BD, 56, requird thc I—gypothenufe.

Geosetrically, -

The Conﬁrué’tton of this Cafe is perform'&
the fame way as in the faurth Cafe,
and the length of the Hyp0thc-
nufe AB is found by taking it in
your Compaffes, and applying it
to the fame line of equal parts, A B
that the twoLegs weretaken from, By
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By Calmlatt’m.- _

This Cafe being a Compound of -the 47b. and 24
Cafes, we muft firft find the Angles by the 425 thus:
AB:DB::R:T,A

ie.astheLeg AB - - 64 ----- 180618
istothe LegDB - - 56 - - 174819
fo is the Radius- - - - g0 + - T10.00000
-to the Tangent of A - 41°, 11/ -  g.94201

Then by the 2d Cafe we find the Hypothenufe
requir’d thus; = .
.§,A:R::BD:AD ‘

" ,e.astheSineof A - 41° 11! - 9.81854-
is to the Radius - - - 9o®° - 10.00000
foisthe Leg BD - - 56° - - 1.74819
to the Hypothenufe AD 85.05 - 1,92965

This Cafe may alfo be folv’d after the’ following
manner, viz. :
From twice the Log. of the greater fide AB 3.61236
fubtra@ the Log, of the lefler ide BD - 1.74819

and there remains .» - - - - . - 186417
the Logarithm of 73.15 to which adding the leflfer
fide BD, we fhall have 189.15 whofe Log. is 2.11093
to which add the Log. of the leflerfide BD 1.72819

and the Sum will be - - - - - - 385912
the half of which is - < - - - - 1.92956
the Logarithm of the Hypothenufe required.

Or it may be done by adding the fquare of the
two fides together, and taking the Logarithm of
that Sum, the half of which is the Loogarithm of the
Hypotbcnufe requir’d thus in the pre%eant Cafe:

The
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the fquare of AB (64)is - - - - 4096
the fquare of BD (56)is - -+ - - + 3136
the fum of thefefquares, is - - - - . 2232
the Logarithm of which, is ‘& - 2 3.859i6

the half of which; is - - -~ < *.7° - 1.92963"
the Logarithm of 85.05 the Leagth of -the H9ypo. '
thenufe requird, - - - ::-f et

! CASE 7. A

The Hypothenufe and ome of .the Legs given, to find

the other Leg. =~ =~

. Example. In the Triangle BG D, - fuppofe the
BG, 87, and the Hypothenufe BD 142, re-

quir'd the Leg D G. : . o

Geometrically.

The Conftrution here is the fame as in Cafe 5th
the fame things being given y and the Leg D G is

found by taking its length in your Compaffes, ad
applying that to the fame line: of equal parts,
the others were taken from. '

By
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* - - By Galeulation.

The Solution of this Cafe depends upon the zﬁ
and 5tb, and firft we nm&lgg the Oblique An-

gles by Cafe 5¢b thus:
DB: BG:: R: SD

i.e. asthe H poth DB-.142 - - 215229
is to the Leg BG - - 8 - - 193952
, foisRadius - - - - go°% - - 71000000’
- tothe Sineof D - - 37947} = 9.78723

ﬂ;Then by Cafe 1f'we ﬁnd the Leg DG requu d
us:
R: S, B:: BD: DG. '

i.e. asRadius - + go®.4 - - 10.00000
is to the Sine of B - 529, 13 - - 9.8g78r1
;' fo'is the Hypoth. DB - :42 - & .2.15229
: totheLeg DG + r112:2, .- - ~ 205010

The Leg DG may alfo be found in the follow-
ing manner, viz.’ . : ]
- to the Log. of the Sum of the Hypo-
thenufe ang given Leg, viz. 229 y- }2 35984
add the Log, of their difference, viz.-55--1.74036

and their Sumis: = - - - - <« - 410020
the half of thatis - - - - - 2,05010
the Log. of 112.2 the Leg requlr’d

Or it may be done by taking the Square of the
given Leg from the Square of the Hypothenufe,
rand the fquare Root of the Remainder is the
"Leg requir'd thus.n the prcfcnt Cafe:

aa the
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the Square of the Hypothenufe 142,is = 20164
the Square of the Leg BG 87,is - - - 7569

the Difference of them is - - - - 12595

whofe Logarithm is - - - - - 410020

and half of that Logarithmis - - - 2.05010-
which anfwers to the Natural Number 112.2 the
Leg requir'd.

* Thus we have gone thro’ the feven Cafes of right-
angled Plain Trigonometry, from Wthh we may “ob-
ferve 3

1. That to find a Side, when the Angles are gi-
ven, any Side may be made the Radius.

. .2. To find an Angle, one of the given Sides muft
of neceflity be made the Radius.

We now proceed to the Solution of the fix Cafcs
of Obllque-an led Plain Trigonometry, in order to
which we muft premife the following Theorems. -
" Tbeorem 1. In any Triangle, the Sides are pro-
portional to the Sines of the oppofite Anglea Thus
in the Trianglé ABC, Ifay AB :BC::S,C:S, A

and AB: AC::5,C:§,B; alfo AC:BC:
5,B: S, A.

Demonﬁratwn Let the Tnangle ABC be in-
ferib’d in a Circle; then ’tis plain, from A4rz. 66.
Sest. 1. that the half of each fide is the Sine of its
oppofite Angle, but (by Art. 72. Seft. 1.) the Sines |
of thefe Angles-in Tabular Parts, are proportlonal
to the Sines of the fame
in any other meafure ;
therefore in the Trian-
gle ABC, the Sines of
the Angles will be as the
halves of their oppofite 4,
fides; and fince the hal-
ves are as the wholes, it follows that the Sines of.
the Angles are as their oppofite ﬁdcs, ie. §,C:
S, A:: AB:BC, e
‘ I - ‘ Tosor.

-

’
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Tbesr. 2. Inany phin Triangle, as ABC, the fumi:
of the fides;, A'B and BC, ‘is to the difference of
_ thefe fides, as the Tangent of half the fum of the
Angles at the bafe, vz. A and C,.is.to the Tan-
gent of half the difference of thefe Angles.

Demon. Produce A B and make B H equal to BC,.
join HC and from B let fall the perpendicular BE,
thro’ B draw BD parallel to A C, and make HF
equal to CD, and join BF, alfo take BI equal to
B A, and draw IG parallel to BD or AC.

Then ’tis plain that AH will be the fum, and
HI the difference of the fides AB and BC; and
fince HB is equal to BC, and BE perpendicular to
HC, therefore HE is equal to EC; and BD be-
ing parallel to ACand IG, and A B equal to BI,
therefore C D or HF is equal to G D, "and conf¢-
quently HG is equal to F D, and half HG is equal
to half FD or ED. Again, Since HB is equal
to BC, and BE perpendicular to HC, thcr(:}ore

the Angle EBC is half the Angle HBC ; but (by -

Art. 60, Set. 1.) the Angle HBC is equal to the

fum of the Angles A and C, confequently the Angle

EBC is equalto half thefum ofthe Angles A and C.

Alfo fince HB is equal to BC, and HF equal to

'CD, and the included Angles BHF, BCD e
qual, it follows (by Art.62. Seft.1.) that the An-

gle HBF is equal to the Angle D BC, which is

¢qual to BCA (by Arz. 36. Sed. 1.); and fince

"HBD is equal to the Angle A (by 47, 37. Seét.1.)
and HBF equal to BC A, therefore FBD is the
difference, and E B D half the difference of the two
Angles A and BCA; fo making EB the Radius,
*tis plain EC is the Tangent of %alf the fum, and
E D the Tangent of half the difference of the two
Anglesat the Bafe. Now IG being parallelto A C,
the Triangles HI G and H A C will be equiangular,
confequently (by Art. 74.\Sed. 1.) AqH :ITH::
CH : GH, but the wholes are as their halves,
therefore:
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therefore AH:IH:: s CH: 31 GH ; and fince -
$ CH is equalto EC, and : GH equalto : FD
equal ED, therefore AH :1H :: EC : ED.
Now A H is the fum and I H the difierence of the
fides, alfo EC is the Tangent of half the fum, and
ED the Tangent of half the difference of the two
Angles at the Bafe ; confequently in any Triangle,
as the fum of the fides, is to their difference, i%) is
the Tangent of half the fum of the Angles at the
Bafe, to the Tangent of half their difference,

H . 1 B A

c

Theor. 3. If-to half the fum of two Quantities be
added half their difference, the fum will be the
greater of them, and if from half their fum be fub-
trated half their difference, the Remainder will be -
the leaft of them. , '

Demon. Let the two Quantities be reprefented
by the lines AB and B C (making ‘one continued
line) whereof A B is the greater, and BC the leffer.
Bifect the whole line ACin E, and make AD e-

ual to B C; then ’tis plain AC is the fum and DB
3}!: difference of the two Quantities, and A E or
E C their half fum, and ED or E B their half dif-
ference. Now if to A E we add E B, ’tis plain the
fum will be A B, thatis, if to half the fum we add
. the half difference, the fum will be the greater
Quantity ; alfo if from EC we take EB, the Re-
I2 " mainder
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mainder will be BC, that is, if from half the fum

we take half the difference of two Quantities, the
Remainder will be the leaft of them, -

A—m—| | |— C
D E B

Theor. 4. In any right lin’d Triangle, ABD, the
bafe AD is to the fum of the fides AB and BD,
as the difference of the fides, is to the difference of
the Segments of the bafe made by the perpendicu-

+ lar B E, viz. the difference between AE and E D.

Demon. Produce DB till BG be equal to BA
the lefler Leg ; and on B as a Center with the di-
ftance BA or BG defcribe the Circle AGHPF,
which will cut BD and A D in the points H and F' 3
then 'tis plain, GD is the fum and H D the diffe-
rence of the fides, alfo fince AE is equal to E F
(by drt. 64. Seét.1.) therefore F D is the difference
of the Segments of the bafe 3 but by 4rz. v5. Sedt.1,
AD: G% :: HD : F D therefore the bafe, ista
the fum of the ﬁdcs,/fs’t, as was to be proved, ‘

G=x "
T~
ST oF D
C_A SE 1.

In any eblique-angled plain Triangle 3 two Sides, and

an Angle oppofite to ome cf them, given, to find the fn-

- 8/ appofite to bbe othet, ) ‘
R - Example,
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" Example. In the Triangle ABC, fuppofe AB
156, BC 84, and the Angle C, oppofite to BA,
569, 30! 5 requir'd the Angle A oppofite to BC,

Geometrically.

Draw the line A C, and at any point of it, fup-
-pofe C, make the Angle C equal - to 56°, 30' (by
Prob. 10. Sef.1) B
take CB equal to
843 and with the
Len%th of 156 (ta-
ken from the fame
line of equal parts A G
with CB) in your Compafles, fixing one foot in B,
with the other crofs ACin A. Laitly join A and
‘B ; fo the Triangle is conftru&ted, and the rcquir’a
Angle A may be meafur'd by Prob.11. Se. 5. -

By Calculation.

By Theorem 1. we have the following proportion
for finding the Angle A. viz. o

AB:S5,C::BC:S; A,

fe.astheleg AB - - 556° - 219312

is to the Sine of its oppofite Angle C,

.. 56%20" - - - - . - . g.g2r11

foisthe Leg BC -~ - - 84 - 71.92428
11.84539
2.19312

1o the Sine of its c}pp._Angle A 26°, 41'-5.622—-2?

CASE 2.

The Angles, and a Side oppofite to one of them, givén,
70 find @ Side oppofite to another,

Example,
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;.Eunple. ‘In -the -Triangle HBG, fuppoﬁ:'tl;e '

Angle H 46°, 15, and the Angle B 54°, 22/, can-
Tequently the. Angle G 79 231, aud the Leg H B
125, requird HG. R

Cmée)riéalb.

- "Draw_H'B_x',25, from anI Line of equal parts,
’ G' an

make the Angle H

- 46%, 15", and B g4°,221,

then produce the lines HG

and B G ¢ill they meet one

another in the point G ; fo

- " the Triangleis conftructed

H —= B and HG is meafured by

: taking .its length in your

Compalfles, and applying it 10 -the fame line of ¢~
‘qual parts that HB was taken from. , .

By Caleslation.

. By the firft of dxc-prcccedin% Theorems, - we
“have this analo%z' for inding HG. viz. :
S

:HB::§,B: HG,

“'ie. asthe Sineof G = 999,23/ - 9.99250
istotheleg HB - . -12’5 - - 209691

* fo is the Sine of B- - --549, 22! « 9.90996

' toctheLeg HG - ~ - 1034 - - 201437

. CASE 3.
* Swo Sides and an }lngle oppoﬁte‘ 10 one of them given,
20 find the third Side. ’

¢ Example. In the Triangle K LM, fuppofe the
Side KL 126 equal parts, and. KM 130 of thefe
« parts, and the Angle L (oppofite to K M) 63°, 20/,
-requir’d the fide M L., - .
S Geometrically,
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- Geomietrically,
The Geometrical Conftruction of this Cafe is the
' fame with that in Caf61. (there bein M
the fame things giyen in both) ang .

the Leg M L. may be meafur’d by - . —-
applying it to the fame lineof equal '’ - :
parts that-the other two were taken K L

from.

" By Calculation.

d

The Solution of this Cafe depends upon the two
preceeding, and firft we muft: find the other two
Angles by Cafe 1. thus; - )

.MK:S, L::KL:S M.

i.e. astheSideMK - 3 130 .« 211394
istothe Sineof L - - 63°, 20" - 9.9511

fo is the Side KL, - . 126 - - 210037
tothe Sineof M - - 69%," 1/ - 9.93759

Then by Café 2. we find the requir’d Leg ML

thus; .
. S, L:MK::§ K;ML.
" d.eastheSineof L - 63°,20' - g9.95116
» istoMK - - - - -130 - - 211394
fois the Sine of K .- - 53,39: - "g.goboz
toML - - - - - 1172/ - 206830
"CASE 4

 Tuwo Sides and the Contain'd Argle given, o find the
other two Angles, ' ' '

Example,

~
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Example. In. the Trian ﬁlle ACD, fuppﬁfe AC
103, and AD 126, and AngleA 549, 30/, re-
quu’d the Angles C and D.

Geametnml{;.
Draw AD 126 e?ual parts, and make the Anglc

A, 54°, 30!, then fet 103 equal parts from A to C.
Laﬁly, Jom Cand D ; and fo e Tnangle is con-

. C

A D

_ftructed, and the AnglesC-and D may be meafur’d
by the lme of Chords, - - _

. By Calmlat:'m.’

* The Solution of this Café depends upon the fe-
cond and third of the preceeding Theoremss; and
- firft we muft find the Sum and %xﬁ'ercnce of the
Sides, and half the Sum of the unknown Angles.
Thus,

theLegADis S - - 126
the Leg ACis - - - .- - - - - 103

ther Sumis - - - - - . - - - 229
and their Difference is - - - - 23

the Sum of the three Anglcs A,Dand "Cis 180°
the Angle Ais - - - - - - . 5430

~ fothe Sum of the Angles C and D will be 125, 30
and half theirSumis - - - - - - 62° ﬁS'
. then
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. Then by Thporem -2, we have the followmg Pro-
portion, vz,
Asthe Sum of tthxdcsAD and AC 229--2.35984.
is to their Dlﬁ'c;:enci_ - - - - 23---136173
fois theTang. of halfthe Sim
of the unk%own Angles - 629,45/ - -10.28816
to-the Tang, of half their Diff. 11°, 2/+-9.29005
Now ha.vmﬁ ‘half the Sum and half the Difference
of the two unknown Angles Cand D, we find the
Quantity of each of them by Theorem 3. thus, "

To half the Sum of the Angles C and- D- 632°, 45!
add half their Difference’ - - - - =11 , 02

and the Sum is the greater Angle C - 73 , 47
Again from half the Sum-.+ - - - 62 b, 45

take half the Difference - - - -. - 11, 02
and there will remain’the leffer Angle D - 51, 43
C At S E 5.

. Tawe Sides and the Contain’d Angle given, 1o ,ﬁ}zd the
third Side.

Example. In the Tnangle BCD, fuppofe BC

154, and BD 133, and the Angch 56°, 03", re-
quird the SideCTD. ™

. Geometmallj
The Geometrlcal Conﬁruéhon of this Ca.fe is the

R C
fame with that of the laﬁ and the Length of DC
is
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is found by taking its Lengthiin your Compafles, and
applying it to the fame Line of equal Parts that the
two Legs were taken from. -

By Ca{;i{latim.

The Solution of this Cafe depends upon the fe-
cond and fourth ; and firft we muft find the Angles
_ by the laft Cafe ; thus,

"As the Sam of the Sides BD and BC 287 --2.45788
is to their Difference’” - - - - 2I-- 1.32222
{o is the Tangentof half the

Sum of the Angles D and C 61°, 58/--10.27372.
to the Tangent of half their iff. 7, 50 -- 9.13806

'thSG by Theorem 3 . we have the Angles D and C
us,

to half the Sum of the “Arigle.s Dand C - 61°, 58/
add half their Difference - - - - - 7, 50

and the Sum is the greater AngleD - - 69 , 48

Alfo, from half the Sum .- - - - 61, 58 °
take half the Difference - - - - - 7, 50

and there remains the lefler AngleC - 54, 08

Then by Cafe 2. wehave the following Analogy
for finding D C the Leg requir'd, viz.
S,C:BD ::S,B:_DC.

i.e asthe Sineof C - 54°,08' - 9.90869

istoBD - - - - - 133 - - 212385
fois the Sineof B - - 56, 03 - 9.91883
toDC - - - -"- -1362 - 213399

CASE
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CASE s

Tbree Sides given, to find the Angles.

Example. In the Triangle ABC, fuppofe AB
156, BC 84, and AC 185.7; requir'd the Angles
A,B,andC, -

- . Geome rically,

Make AC 185.7 from any line of equal Parts,
and from the fame Line taking 156, the length of
A B, in your Compaffes, fix one Foot of them in
A, and with the other fweep an Arch; then take
84, the Length of BC, "and fixing one Foot in C,

B

n A/ i) C
with the other fweep an Arch, which will crofs the
former in B ; laftly join the Points B A and BC, fo
the Triangle will conftruéted, and the Angles may

be meafur’d by the line of Chords. p

By Calculation.

Let fall the Perpendicular BD from the Vertex
B, upon the Bafe AC, which will divide the Bafe
into the two Segments AD and DC, and to find
the Lengths of thefe, we have, by Theorem 4. the

following Proportion, viz.

K 2 As
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Asthe Bafe AC - - - - - 1857--2.26893

is to the fum of the fides AB &BCz4.o -- 2.38031
fo is the Difference of the Sides - 72 -- 1.85733

to the Diff. of the Segments of the Bafe 93 --1 .9687 I

And having the Sam of the Segents, viz. the
whole Bafe, and their Difference, we find the Seg-
ments themfelves, by Theorem 3. thus, -

To half the Sum of the Segments - - - 92.8
add half their Difference - - - - - - 46.5

and the Sum is the greater ch:ﬂént AD - 139.3

"Alfo' from half the Sum of thc Segments - 92.8,
take half their Difference "= -~ - '-"-"- 46.5

the Remainder is the lefler Segmcnt D C - 46.3

Now the Triangle 'ABC is divided, by the Per-
pendicular DB into two Rxcht-anglcd Triangles,
ADB,and DBC; in the firft of which-are given
the Hypothenufc AB 156, and the Bafe AD 139.3
to find the oblique Angles, for which we have (by

.Cafe 5. of Reftangular Trlgonometry) the following
Ana}ogy, iz, _

As AB - - P 156 - 219312
isto AD - - - - - - 1393 - 24395
fo is the Radius - - - - - go” - 10.00000

to the Co-Sine of the Angle A 26, 40! --9.95083

Alfo the Angle C.is found by the fame Cafe,
thus, . '

As BC - - e = l- 84 - - - -.1.92428
istoCD - - - - 463 - - - - 166558
foistheRadius - - 9a° - -- - 10.00000

to the Co-Sine of C  56°, 30/ - . - g9.74130
~ Having
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Having found the two Angles A and C, we have

the third, B, by taking the'Sum of the other two-
from 180, thus, : S K

. The Suﬁ of ﬂl the three Anéles is -« 180°
. the Sum of AandCis - - - - 83 10

St —————

..th.t_eAngl.eB,i‘s e . -t - 96 50

' All the Proportions us’d for the Solutions of the
‘feveral Cafes in Plain Trigonomeiry, may be perfor-
med by the Scale and Compafs. On the Scale there
are feveral Logarithmic Lines, viz. one of Num~
bers, another of Sines, and one of Tangents, e,
"And the way of working a Proportion by thefe is
this, viz. Extend your Compafles from the firft
Term of your Proportion, found on the Scale, to
the fecond, and with that Extent, fixing one Foot

in the third Term, the other will reach the fourth,
Term requird. - '

" ll
i ’ . .

SECT. Il

Of the Principles of GEOGRAPHY and
ASTRONOMY.

i. HE Land and Water of this Earth make

up a Compofition of a Spherical Form, or
rather an oblong Figure, which is call’d the Terra-
queous Globe. :

2. ThisGlobe moves round its Axis in 24 Hours,
from Weft to Eaft ; and thereby caufing the Cele-
ftial' Bodies to revolve, apparently from Eaft to
Weft, in the fame time, makes the Viciffitudes of

Day and Night. .
' ‘ 3. Thefe
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3. Thefe two Points in which the Axis of the
Earth meets the Surface, are call’d the Poles of the-
Earth; and if the Axis be produc’d on both Sides,
to the Heavens, it will cut them in two oppofite
Points call’d the Celeflial Poles. The one towards
the North, is called the Artic Pole; and the other
towards the South, the Antarétic.

4. Circles upon a ‘Sphere, are either Great or
Leflfer. A Great Circle, is that whofe Plain paffes
-through the Center of the Sphere, or whofe Dia-
_meter is equal to the Diameter of the Sphere. A
Leffer Circle is that whofe Plain does not pafs thro®
the Center of the Sphere, or whofe Diameter is lefs
than the Diameter of the Sphere. '

Cor. 1. Hence it is plain, that-all great Circles
upon a Sphere divide it into Halves, and all leffer
Circles divide it unequally. S

Cor. 2. And fince all great Circles have the fame
Center, wviz, that of the Sphere, it is plain they
muft bifect one another.

. 5. Since the Earth moves wd it’s Axis, ’tis

plain that every Point in the Surf8te (except the two
Poles which are at Reft) will defcribe the Circum-
ference of a Circle; and that which is defcrib’d by
a Point lying in the middle between the two Poles,
is call’'d the Equator, or Equinoitial Line, or fimply.
_ the Line.

6. If the Plain of the Equator be produc’d to the
Heavens, it will there mark out a Circle call’d the
- Celeftial Equator, which will divide the Earth and
Heavens into two Hemifpheres, that towards the
North call’d the Nortbern Hemifphere, and that to-
wards the South, the Soutbern.

7. Great Circles pafling through the Poles of the
World, and cutting the Equatar at Right Angles,
are call’d Meridiaps; and that which paflfes over
any Place, is call'd the Meridian of that Pl;ce’i‘h

' ¢
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8. The Diftance of any Place upon the Earth,
from the Equator, counted in Degrees upon the
Meridian, is call’d the Latitude of that Place; and |
it is either North or South, according as it lies
upon the North or South Side of the Equator.

9. Since by the Rotation df the Earth about it’s
Axis, every Point upon it’s Surface defcribes a
Circle, ’tis plain all the Points between the Equator
and Poles, muft defcribe Circles parallel to the E-
quator 3 and thefe are called Parallels of Latitude.

_10. The Difference of Latitude between two Places,
is the Arch of a Meridian, contain’d between the
Parallels of Latitude pafling over thefe Places.

Cor. 1. Hence if the two Places lie both on the .
fame Parallel, they will have no Difference of La-
titude. T
* Cor. 2, If the Places lie both on the fame Side of
the Equator, and on different Parallels, then their
Difference of Latitude is found by taking the leffer
Latitude from the greater. :

Cor. 3. But if the Places lie on different fides of
the Equator, then their Difference of Latitude is e-
qual to the Sum of the two Latitudes.

11. The Compliment of the Latitude of any Place,
is that Latitude taken from go Degrees, or the
Diftance of the Place from the neareft Pole. :

12. The Longitude of any Place upon the Earth,
is an Arch of the Equator intercepted between the
firft Meridian, and the Meridian pafling thro’ the -
propofed Place. Which is equal to the Angle at
the Pole formed by the firft Meridian and the
Meridian of the Place.

13. The firft Meridian may be placed at Plea-
fure, pafling thro’ any Place; as London, Paris;
Treneriff, &gc and the Longitudes counted fronr it
will be either Eaft or Weft according as they lie on
the Eaft or Weft fide of that Meridian.

14, The
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14. The Difference of- Longitude between two Places
upon the Earth, is an Arch of the Equator com-
rehended between the two Meridians of thefe

laces, and-the greateft poffible is 180 Degrees, '

viz. when the two Places lie on oppofite Meridians.
. 15. Since by the Motion of the Earth about it’s
Axis every point upon the Surface, defcribes the
Circumference of a Circle or 360 Degrees, in 24
Hours time, ’tis plain in one Hour it muft defcribe
15 Degrees; therefore any Place lying 15 De-
grees to the Eaftward of another, has the Sun upon
its Meridian 1 Hour fooner than that other ; fo when
it is Twelve a Clock in the eaftermoft Place, it
will be but Eleven in the other. - . -

_ Cor. Hence the difference of Longitude may
be converted into difference of Time, by allowing
1 Hour for every 15 Degrees, and proportionally
for Minutes,” ¢, alfo diference of Time may
be converted into difference of .Longitude, by
allowing 15 Degrees for.every Hour, and pro.
_portionally for other Time. Confequently by
ﬁnowing the one, we can find the other.

16. If we fuppofe a Plain touching the Surface
of the Earth in any Point, (upon which a Spe&ator
is ftanding) and produced to the Heavens, it will
there make a Circle called the Horizon, which fe-

arates the Vifible from the Invifible Part of the
g—leavens. This Horizon is properly the fenfible
Horizon 3 the true or rational Horizon is a great
Circle parallel to the fenfible, and paffing thro’
the Center of the Earcth, which divides the Hea-
vens and Earth into twe Halves, called the Upper
and Lower Hemi/pberes. .

17. Thefe two Horizons when produced to the
Heavens, may, without any fenfible Error, be fup-
pofed to coincide the Diftance between them, or
“the Earth’s Semidiameter, vanithing when compa-
red with fuch a Diftance,

18. Since
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* 18, Since the Earth moves round its Axis from
Wett to Eaft, ’tis plain a Spectator upon its Surface,
together ‘with his Horizon, muft move the fame
way ; confequently thefe Celeftial Bodies towards
the Eaft, that were before inconfpicuous will be-
come vifible, the Horizon being depreflfed below
them ; and thefe towards the Weft, that were be-
fore in. view, will become invifible, the Horizon
being elevated above them. "And hence arifes the
apparent Motion of all the Heavenly Bodies, by
which they appear to defcribe Circles round the Poles,,
parallel to.the Celeftial Equator, which are greater
or lefs according as they are more or lefs diftant from-
the neareft Pole.

19. When any Celeftial Body comes firft in view,
or when it is on the eaftern fide of the Horizon, it
is then faid to Rife ;. and-when by its apparent Mo-
tion it comes to the Meridian, it1s faid to Culminate ;
and laftly, when it begins to difappear, or is upon
the weftern fide of the Horizon, it is then faid to
Set.

-20: If through the Center of the Earth there be
“drawn a Line perpendicular to the Plain of the Ho-
¥izon, and produc’d to the Heavens, it will there
mark out two Points ; the one, which is directly
over our Heads, is call’d the Zenith ; and the oppo-
fite Point thereto, which is invifible to us, viz. di-
retly under our Feet, is call’d the Nadir. ,

21. Vertical or Azimuth Circles, are great Circles
g:llﬁing thro’ the Zenith and Nadir, and cutting the

orizon at right Angles. Among the Vertical Cir-
cles there are two principal ones, viz. the Meridian,
which paffes thro’ the. Zenith, Nadir, and Poles,
and cuts both the Equator and Horizon at right
Angles; the points in which it cuts the Horizon are

- the South and North Points; and the other princi-
pal Vertical, call’d the prime Vertical, is that which
cuts the Meridian at right Angles, and meets the
L Hori-

/
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Horizon in two oppofite paints, call’d the Eaft and
Weft points. .

22. Lefler Circles parallel to the Horizon are
call’d dimicanthers, or Parallels of Altitude. And
thefe continually decreafe the nearer they are to the
Zenith. s

24. The Altitude, or Depreflion of any heavenly
Body above or below the lgorizon, is an Arch of
a Vertical Circle intercepted between the Horizon
and Center of the Ob'eéE

25. The Zenith Di/}am:e of any heavenly Object,
is that Arch of the vertical Circle pafling through
" it, intercepted between the Center of the Obje&
and the Zenith, which is always the Compliment of
the Altitude. .

26. Let the Circle A HN O reprefent the Earth, -
projected on the plain of fome Meridian, A fome
place upon that Meridian ; draw the Diameter HO
ata %uadrant, or go Degrees, diftance from A;
then HO will reprefent the Horizon of the Place A
(by Arz. 16. of this). Let P and p be the two
Poles ; confequently Pp the Axis of the Earth,
and the Diameter EQ_at right Angles with that
will reprefent the Equator, (by Ar:. 5.) make P ¢
equal to P A, and draw the Circle A 4 parallel to
the Equator E Q, and this will be the parallel of
" Latitude the place A lies on. The Arch AE will be
" the Latitude of the place A, and AP, the Compli-
ment of it’s Latitude (by Ar¢. 8. and'11.) the Point
in the Heavens direétly above A will be the Zenith,
and that directly above N will be the Nadir of the
. Place A (by Art. 20.) the great Circle ACN will be
the prime Vertical (by4r¢. 21.) and the PointsH and
O will be the South and North Points, and C will
reprefent the Eaft and Weft Points in the Horizon
of A. Let S be any heavenly Obje&, and ASN
a vertical or azimuth Circle pafling thro’ the Cen-

ter
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tér of the Obje& s alfo K S.it’s parallel of Ahitude;
then SG will be the Alticude and SA the Zenith
Diftari¢e of the Object 8 (by Ars. 24. and 25.). A-

gain, let any other place upon the Earth be aflum’d, .

as B, and its Meridian will be PBp, and its parallel
of Latitude DBd; then the Latitude of B will be
BF or DE, and the Compliment of it’s Latitude
will be BP or DP. Alfo the difference of Latitude
between the two places A and B, will be BL or
D A (by Art. 10.). If the Meridian paffing thro®
A, be fuppos’d the firft Meridian, then the Longi-
tude of B will be EF (by Ars. 12.) but if the
Meridian of A be not fuppos’d the firft Meridian,
then the difference of Longitude between the two

. Places A and B will be EF (by Art. 14.).
27. The Syftem of the Univerfe according to
the lateft Aftronomers is as follows, viz. The Sun
L2 is
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is fuppos’d to be in the common Center “of - Gra-
vity, of fix opake fpherical Bodies called Plansts,
which are at different diftances from the Sun, and

. and perform their feveral Periods round him in

different Times; the names of thefe Planets and the

Charaéters by which they are exprefs’d, are as fol-

lows, viz. Mercury 3, Vewus 2, the Earth ©,

Mars &, Fupiter ¥, and Saturn ¥. And they all
move round the Sun, from Weft to Eaft, in Orbs
very little inclin’d to one another, and the Plains
of thefe Orbs cut one another in Lines pafling
through the’Center of the Sun; confequently a

Spectator
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Speétator plac’d in the Ceriter of the Sun, will be
in the Plain of each of their Orbs, and will there
view the Planets, performing their feveral Periods
round him, from Weft to Eaft, according to the
order of the Letters ABCD, (in the annex’d Scheme)
and in different Times, viz. Mercury ¥, which is
neareft the Sun, maves round his Orb in 87 Days,
and 23 Hours, .or three Months nearly. Then
Venus @, which is next to Mercury, performs her
Period in 224 Days and 17 Hours, or about
8 -Months. The Planet which is third in order
from the Sun, is our Earth ©¢ which performs its
Circuit in 365 Days, 5 Hours, and 49 Minutes, or
a Year. Next to the Earth is Mars &, who moves
round his Orb in 686 Days and 23 Hours, or a
little lefs than 2 Years. Then Fupiter ¥, whofe
Orb is vaftly extended beyond that of Mars, per-
forms his Circuit in 4332 Days, 12 Hours, wﬁiech
is about 12 Years. And laftly Saturs h, whois
furtheft diftant from the Sun, compleats his Re-
volution in 10759 Days, and 7 Hours, which is
fomething lefs than 30-Years. Their diftances from
the Sun exprefs’d 'in the Scheme, are nearly pro-
portional to their true diftance in the Heavens.

28. Three of the Planets, wviz. Mars, Fupiter,
and Saturn, whofe Orbs are beyond that of the.
Earth, are called juperior Planets ; and the two
Planets Venus and Mercury, whofe Orbs are between
the Earth’s Orb and-the Sun, are called the inferior
Planets. : :

29. The three Planets, Fupiter, Saturn, and the
Earth, are obferved to have other {maller ones
conftantly attending them, called Secondary Planets,
or Satellites. Thefe Satellites always attend their
refpective Primaries in their Revolutions about the
Sun, and at the fame-Time they are conftantly
moving about them; the Earth has one, viz. the

. Moon,
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Moon, which attends it in it’s annual Revolution a<
bout the Sun, and at the fame Time moves round
it as a Center, in about 27 Days, and 7 Hours.
Jupiter has four Satellites attending himn, which are
at different Diftances from him, and move round
him in different Times, viz. that which is innet-
moft or neareft, his Body revolves in 1 Day
18 Hours; the next defcribes it’s Orbit in 3 .Days
and 13 Hours; the third moves round in 7 Days
and 3 Hours; and that which is furtheft from (s
piter’s Body, performs it’s Circuit in 16 Days and
18 Hours. Saturn has five Satellites moving round
him as a Center, which are at different Diftances
from his Body, and perform their Revolutions i
different Times, viz. the firft or neareft to him,
- performs it’s Circuit in 1 Day, 21 Hourss the fe-
cond, .in 2 Days, 17 Hours; thethird, in 4 Days
13 Hours; the fourth, in 15 Days, 22 Hours; and
the fifth, or the moft remote from the Body of
Saturn, compleats it’s Revolution in 79 Days and
8 Hours.

30. The fix’d Stars are fuppos’d to be of the fame
matter with the Sun, and made for the fame Ends,
viz. each of them the Center of it’s own proper
Syftem, having - Planets moving round it as eur
Sun has.

- 31. Having given a curfory View of the Syftem
of the Univerfe, we fhall now confider the Motion
of the Earth, a litle more particularly. Let S
reprefent the Sun in the Center, ABCD the Orbit

the Earth, and v & = w the Heaven of the
fix’d Stars ; then if the Obferver be fuppos’d to be
plac’d in the Sum at S, ’tis plain when the Earth
1s in the point A of it’s Orbit, it will appear to be
at the fix,d Star ¥, and while in moving fromWeft
to Eaft, it goes from the point A of 1t’s Orbit te
B, it will appear to the Obferver at S to pafs tIi:ly'
. c
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the fix'd Stars V" ¥ X & ; and in moving from B
tg .C, it will appear to pafs by the fix’d Stars

$ S M =; and from C to D, the fix’d Stars =
m 7 %; and from D to A the fix’d Stars v
3 7. Again let the Obferver be remov’d from
the Sun to the Earth, then ’tis plain when the
Earth is in the point A of it’s Orbit, the Sun S
will appear to be in the oppofite point of the
+ Heavens, viz. at the fix’d Star == ; and while the
Earth is moving in it’s Orbit from A to B, the
Sun will appear to pafs by the fix'd Stars = m
Z ~» 3 alfo while the Earth moves from B to A,
the Sun will appear to have mov’d from v by
the fix’d Stars & %, &c. to &; confequentl]ly
: the

*
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the Sun to an Inhabitant of the Earth, will appear
to pafs over the fame fix’d Stars, and towards the
fame part of the Heavens, i.c. fromWeft to Eaft, as
the Earth appear’d to art Obferver in the Sun.

32. Hence arifes the apparent Motion of the Sun
from Weft to Eaft. So that if any fix’d Star be
obferv’d to rife with the Sun; fome Days after,
the Sun will have mov’d more eafterly, and the
Star will rife before the Sun, and alfo fet before
it: alfo if a Star, in or near the Path which the
Sun appears to defcribe in his annual Motion,
and at fome diftance from the Sun, be obferv’d
above the Horizon after Sun-fet, it will fome
time after that appear to fet with the Sun, and for

a while, will not be vifible at Night.

' 33. The fame way the Sun will appear to an
Obferver in any of the other Planets to move from
Weft to Eaft, and to defcribe the fame Orbit in the
Heavens that the Planet would appear to do to
an Obferver in the Sun. '

34. The Circle in the Heavens that the Earth to
an Obferver in the Sun, or the Sun to an Obferver
in the Earth, a:ﬁpears to defcribe is called the Ecli-
ptick, and it is divided into twelve equal Parts called
Signs , each containing 30 Degrees, viz. the 4 of
360. The Names and Charalters by which thefe-
Signs are’ ufually exprefs’d, are as follows,

v 3 I S SN Om ™y

Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libra,

", ¥, w o X
Scorpio, Sagittarius, Capricornus, Aquarius, Pifces.

35. Since the Earth is a fpherical Body expofed
to the Rays of the Sun, ’tis plain half of it’s Body
muft be enlightned, while the other half is in
darknefs 5 and if there be a Line drawn from the

Center
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ter of the Sun to that of the Earth, and a plain per-
pendicular to that Line paffing thro’ the Center of
the Earth ; then this Plain will cut the Earth in a
%rcat Circle, which will feparate the enlightned
rom the darkned Hemifphere ; and this Circle is
called the Terminator of iight and Darknefs upon
the Earth. :
36. If the Plain of the Earth’s Equator lay in the
Plain of the Ecliptick, and confequently the Earth’s
Axis were perpendicular to the Ecliptick, then the
Terminator of Lightsand Darknefs would be a
Meridian ; for let the ércle PE p Q_reprefent the
Earth, P and p it’s two Poles, EQ_the Equator,
C the Center of the Earth, and S the Sun laying
in the fame Plain with E Q ; then, by the laft Ar-
ticle, the Terminator muft be perpendicular to SC,
and confequently, in this Cafe, to the plain of the
Equator EQ_; but fince all great Circles perpen-
dicular to the Equator muft pafs thro’ the Poles;
and fo be Meridians; it follows that in this Cafe
the Terminator muft be a Meridian, as P p. And
“fince all Meridians bife¢t the Equator (by 4r¢. 4.
- Cor. 2. of this) they muft alfo bifect it’s Parallels,

_ P
‘*i~ L E(¢c _ l ‘@
] ) L

confequently the Terminator which is here a Meri- -
dian, muft bife&t the Equator and all it’s Parallc:lsf 5
M )



82 The Principles of

fo the half of each Parallel’ muft-be always en-
lightned, and the other half in Darknefs ; and fince
by the Motion of the Earth about it’s Axis, every
point upon it’s Surface, except the Poles, defcribes
a Circle parallel to the Equator; it plainly follows
that it the plain of the %quator lay in the plain
of the Ecliptick, every point upon the Earth’s Sur-
face, except the two Poles, would have the Sun
as long above, it’s Horizon as below it, and fo
there would be a conftant -equality of Day and
Night; viz. 12 Hours each; and the two Poles
would have the Sun confta®tly moving round their
Horizon. - ’
37. The Axis of the. Earth is_obferv’d to be in-
clin’d to the plain of the Ecliptick at an Angle
of about 663 Degrees, and confequently the plain
of the Equator muft be inclin’d to the Ecliptick,
at an Angle of 233 Degrees, viz. the Compliment
of the former. ‘Alfo the Axis of the Earth in it’s
annual Motion about the Sun, keeps always parallel
to the fame Line; fo if there be a Line drawn
thro’ the Center of the Sun, parallel to the Earth’s
Axis, ' while in any point of its Orbit, that Line
will continue parallel to the Axis, whatever point
of the Orbit, the Earth be in (at leaft in a Year’s

time the Difference is infenfible). And this muft
neceffarily happen, if the Earth had no other Mo-
: tion
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tion but a progreflive one in it’s Orbit, and a rota-
tien about it’s Axis: For fuppofe any fphericalBody
as PE pQ_, whofe Center moves along the Line
AB, .and while in A, let any Diameter of it asPp,
be affum’d, inclin’d any way to the Line AB;
then ’tis plain if the Body had no other but the
gogrcmve Motion, when it has come to B, the

iameter Pp will ftill be parallel to it’s former
Situation while in the point A; and if the fame
Body be fuppos’d alfo to move round it’s Axis Pp,
’tis plain all parts of it would ‘confequently be
changing their Situations, except the Axis which
is no way affected by the rotation, and confequent-
‘ly the Axis muft always keep parallel to the fame
right Line. ‘

38. Since the plain of the Equator is inclin’d to
the plain of the Eclipfick, therefore they muft in-
terfett one another in a right Line paffing thro’
the Centers of the Earth and Sun, and fo the plain
of the Ecliptick muft cut the Earth in a great
Circle, which will be inclin’d to the Equator at
an Angle of 23% Degrees, and this will mark out
upon the Earth’s Surface, the path of the Sun in his

annual Motion ; the Line in which the Equator in-

terfects the Ecliptick, muft always be parallel to
the fame Line, whatever point of the Orb the
Earth be in; for fince (by the laft 4rt.) the Earth’s
Axis always preferves a Parallelifm, and that Line
being always inclin’d to the Axis at the fame Angle,
*tis plain therefore, that it muft alfo keep a conftant
Parallelifm. -

'39. If -thro’ the Center of-the Sun, there be
drawn a Line perpendicular to the plain of the
Ecliptick ; then this Line is called the Axis of the
Ecliptick, and the two oppofite Points in which the
Axis meets the Heavens, are called the Poles of
the Ecliptick, -

M2 40. That
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40. That great Circle in the Heavens which paffes
thro’ the Poles of the World and the points of In--
terfection, of the Ecliptick and Equator, is called
the Equinoétial Colure. And that great Circle which
is at right Angles with the former, and paffes thro’
- the Poles of the Ecliptick and World, is called the

Solftitial Colure. 'The four Points in which thefe
Colures cut the Ecliptick, are called the Cardinal
Points. Thefe two in which the equinoétial Colure
meets the Ecliptick, are called Equinoi?ial Points ;
becaufe (as thall be fhewn) when the Sun is in ei-
ther of them there is an equality of Day and Night
to the Inhabitants of the Earth; and the two Points
in which the folftitial Colure cuts the Ecliptick, are
called the Solftitial Points ; becaufe when the Sun
_comes to either of thefe Points, he-is then at his
greateft Diftance from the Equator, and is begin-
ning to return to it again.

41, To explain the Phenomena, or Appearances
that arife from the Earth’s annual Motion about the
Sun: fuppofe ¥ ¥ S 2 the Earth’s Orbit, and S
the Sun; thro’ S draw the right Line = S 7,

arallel to the common Line of Interfection, of the

Ecliptick and Equator, and mceting the Ecliptick
in the two Points v and = ; alfo thro’ S draw the
Line w S & perpendicular to the former; then,
*¢is plain when the Earth is in the Point € of it’s
Orb, the Line S £, joining the Centers of the Sun
and Earth, will coincide with the common Inter-
fection of the Ecliptick and Equator, and fo lie in
the plain of the Equator, and confequently be per-
pendicular to the %arth’s Axis; and fince (by Arz.
35.) this Line is alfo perpendicular to the Termina-
tor of Light and Darknefs, ’tis plain that the Axis
of the Earth will lie in the plain of the Terminator,
which therefore muft pafs thro’ the two Poles, and
fo be a Meridian; alfo the Sun will appear in the
oppofite point of the Orbit at v, wiz, in the Line

= §
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= S produc’d, thatis, in the plain of the Equator;
and confequently by his ap}garent daily Motion, he
will defcribe the celeftial Equator-~ And fince in
this fituation of the Earth, the Terminator of Light
and Darknefs is a2 Meridian, it will bife® the E-
quator and it’s Parallels ;. confequently the half of
cach parallel will be in the enlightned Hemifphere,
and the other-half in the darkned ; and every point

upon the Surface of the Earth, defcribing, by it’s

daily Motion, either the Equator or fome of it’s
Parallels; it plainly follows, that when the Earth

is'in the Point == of it’s Orb, each place upon it’s

Surface,. will be as long in the enlightned Hemif-

phere as in the darkned, i. e. there will be an e-

quality of Night and Day (viz. 12 Hours each) o-

ver all the Earth, except at the two Poles, where

the Sun will appear to defcribe tlie Horizon of each,

viz. the Equator.

The Earth, by it’s annual Motion being carried
along the Signs m 7, the Line of Interfection of
the Ecliptick and Equator remaining always parallel
to itfelf, it cannot now be diteted towards theSun;
but when the Earth is in the firft Point of *», it
muft make with the Line S v, joining the Centers
of the Earth and Sun, a right Angle. And fince
the Line S v is not in the plain of the Equa-
tor, but of the Ecliptick, the Angle B vS, that
the Axis of the Earth AB makes with S v», will
be acute, equal to 663 Degrees, viz. the Inclina-
tion of the Axis of the Earth to the Ecliptick. Thro’
the Center of the Earth v, draw the Circle F L,
perpendicular to &v#, and this will be the Termi-
nator of Light and Rarknefs, (by 4rz. 35.) and the
Arch BL will be¥33 Degrees, viz. the Compli-
ment of L B. Thro’ the Center ¥, draw the Circle
Q_E perpendicular to the Axis AB, .and this will
be the Equator ; then fince the Arch EB is equal
to the Arch T L, (being each a Quadrant) by tak-

ing
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ing away the common Arch TB, we have ET

T
v

4 {r/ v‘TU.“f' //Z, 8
(LD

/ : v////ﬂ/;f{/
'S

equal to BL, 4. e. 2331 Degrees. Make the Arch
' S EM
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EM equal to ET, and thro’ the points T and M
draw the Circles T C, M N parallel to the Equator ;
then ’tis plain that when the Earth is in the point
% of it’s Orbit, the Sun will be perpendicular to
the point T, diftant from the Equator EQ, to-
wards the' North Pole B, 234 Degrees, - which is
his greateft Declination North. The parallel TC
is called the Trepick of Cancer, and the Circle in the
Heavens concentric with this, which the Sun ap-
pears to defcribe at that-time, is called the Celeff1al
Tropick of Cancer ; becaufe the Sun at that time 2’-
Eears to be in the Sign . And becaufe of the
arth’s rotation about it’s Axis, ’tis plain that all
the Points fituate upon the parallel TC, will have
the Sun, when upon their Meridian, in their Ze-
niths. Alfo when the Earth is in this Pofition, ’tis
Elain that the Terminator of Light and Darknefs
L, will go beyond the North Pole B to L, 233
‘Degrees diftant from B; and confequently the
South Pole A muft be as far, from the Terminator
L F in the darkned Hemifphere. Thro’ the points
L and F, draw the Circles LK, F G parallel to
the Equator, and thefe Circles are called Polar Cir-
cles, that towards the North is called the Arrick
Circle, and that towards the South is called the A4n-
tartick Circle. Now fince the Earth moves round
upon its Axis AB, ’ts evident that every point
within the artick polar Circle K L, will, at that
time, have acontinued Day; and on the contrary,
every point within the antartick polar Circle F G,

will have a continued Night.
- Again, the Earth moving forwards thro® the Signs
= ¥ to 7", the Sun will appear to move thro’ the
Signs B, 8, ", and by Degrees to return again to
. the Equator ; and when the Earth has come to the
int ¥ ofit’s Orbit, the Sun will appear to beat =,
g?ow"thccommon Interfection of the Ecliptickand E-
quator ftill remaining parallel to the Line= S ', l;t:;

P
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lain that when the Earth has come to ¥, | the
ine 8 v, joining the Centers of the Earth and Sun,
will lie in the plain of the Equator; and confe-

quently the Sun will appear in the celeftial Equator,

and there will be an Equality of Night and Day,
the fame way as when &e Earth was in ©; and in
this firuation, the Terminator of Light and Dark-
nefs will again pafs thro’ the two Poles.

The Earth moving forwards thro’ the Signs
" ¥ ;, the Sun will appear to move thro’ the op-
Eoﬁte Signs «x m 7, gradually declining from the

quator, towards the South Pole, and when the
Earth comes to %, the Sun appears to be in vr,
Now fince Axis of the Earth A B, does not change
it’s Inclination to the Ecliptick, the Earth will have
the like Afpect and Pofition with refpett to the Sun,
as it had when in the point ¥# of its Orbit ; but with
this Difference, that he is now as far on thé South
Side of the Equator, as (when the Earth was in )
he was on the North Side, i.e. 233 Degrees, and
is perpendicular to the point N; the parallel NM is
called the Tropick of Capricorn, and the Circle in
Heavens concentric to this which he appears to def-
cribe at this time, is called the Celeflial Tropick of
Capricorn 3 becaufe at this time the Sun appears to
be in the Sign; alfo, all within the North polar
Circle KL, which was enlightned when the Earth
was at ¥, is now in Darknefs, and all within the
South polar Circle, is now enlightned.

42. We fhall now confider more particularly the
Appearances that happen to the different Places
upon the Earth, arifing from it’s annual Motion a-

bout the Sun, in conjun&ion with the Rotation a-

pout it’s Axis. In order to which we muft confider,
that the Inhabitants of this Earth, with refpeét to
their fituation upon it, are divided into three Kinds,
viz, Firft, Such as live upon the Equator. Se-
sondly, Such as live between the Poles and E u_a‘tltl)r.

! irdly,
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hirdly, Such as live upo cither Pole; As for thofe
that live ypan the Equatori It Ep-Q P be tha
Projeétian aﬁthc-Eu& upen the plain of fome Me~
ridian, P-th¢:Nawth, and p-thd South Pale; EQ. the
Equator, .and E fome place.upon it; alie'D A the
Ecliptick, G D the Tro;gif:lﬁc:ltxf0 pricorsy apd AR
the Tropick -of Cancer..- Then: ’sis plain- that an
Inhabitans upor the Equaton, fuppofe at E, will
bave the twa Poles P and p-:in-his-Horizan, which
therefore muk be & Merisuan.... And fince - lk Mes
ridians bife& the Equatir-apd it’s Parailelyar righs
Angles, and all the; Fieavenly.: Bodies deferibing
Paraliels -in their apparent diuenal Motion; ‘us

‘evident-that‘in ene intire Révolution of the Earth
aboutit’s Axis, gll the Heavenly Bodies muft'come
in view, and they muft rife and fet perpenditular
to the Horizon, and be as long aboveit, as below,
#, ¢. twelve Hours each. Now-the Sun-always de-
'_fcribinig {forne Parallel, or the Equator itfelf, in his
diurnal Motion ; it follows, thit to an--Iuhableant
" N upan
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upon the Equator there muft be a conftant equality’
of Night and Day,- viz. twelve Hours each; and
.when the Sun in_his annual Motion comes to be
perpendicular to the Point F, he will then defcribe
the Equator in his diurnal Motion 3 and confe-
quently when he comes upon the Meridian of any
" place, E, on the Equator, he will be in the Ze-
nith of it and moving on in the Ecliptick till he
be perpendicular to the Point A, (when he is at
his greateft declination from the Equator towards
the North Pole P, wiz. 233 Degrees) he will then
defcribe the Tropick of Cancer A B, and when he
‘comes on the Meridian of E, ‘he will be remov’d
from the Zenith towards the North 233 Degrees 3
and moving ftill on in the'Ecliptick, he will appear
to return towards the South,-and pafling the Ze-
nith of E, he will go as far South; as he was be-
fore North, viz. 2335 Degrees. Con{equently an
Inhabitant on the Equator will have the\Sun in his
Zenith twice in one' Year, and alfo the Syn will be
half the 'Year on the:North Side, and halfthe Year
- on the South Side of him; and therefore! will be
conftantly changing his place in the Horjzon, for
when he is defcribing the Parallel A B, hq Wwill ap-
pear in the Horizon at G, and when he i defcrib-
ing the Equator EQ, he will be in tbe Horizon
at F (the Eaft or Weft Points); alfp’ when he is
defcribing the Pardllel CD he will- appear in the
- Horizon at H South of the Point F.

Again, Let PE p Q reprefent the Projection
of the Earth on the Plain "of fome Meridian, P
the North, and p ‘the South Pole, EQ _the Equa-
tor, and A fome place upon that Meridian, lying
between the Equator and North Pole, whofe Ho-
rizion is HO; alfo BD the Ecliptick, BN the
Tropick of Cancer, and FD the Tropick of Capri-
corn; thro’ the points H and O, draw the paraﬁe s
PG, HK. - Theq ’tis plain, that to an Inhahitant
. : at
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at ‘A, the North Pole P will be elevated above,
and the South Pole {] deprefs’d as much below the
Horizon ; and the Horizon will cut the Equator
and it’s parallels obliquely. Now fince the Hori-
zon and Equator are both great Circles, they muft
bife¢t one another (by Ari. 4. Cor. 2.); therefore
half the Equator will be above, and half below
the Horizon ; confequently when the Sun is per-
pendicular to the Point C, that is, when he ap-
‘})ears to be in the Equator, there will be an Equa-
ity of Night and Day. And fince the Horizon
cuts the parallels obliquely, it muft therefore cut
them unequally, and ’tis plain from the Scheme,
that of thofe Karallels which lie between the Equa-
tor and neareit Pole, the greater Part is above the
Horizon, and the leffer below ; and thofe that lis
on the other Side of the Equator, has the leffar

2 _AG

X D

Part above and the greater below the Horizons
and the nearer the Parallels are to the Poles, the
more unequally are they cut by the Horizon.

. , N2 ° Confe-
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Conkqgently white'the Sun is upon the North Side
of the Equator, and by his tliurnal Motion deferib-
ing Parallels, lying between the Equator and North
Pole *tisplain he will be longer above than below
tite Horizon of the Place A ; andwhen e comes
to .his . greateft Peclination Notth, and then de-
fcribes the Tropick of Cancer, “tis plain the Days
‘muft then ‘be at. the longeft to the place A; alfo
the ‘Sun returning towards the Equaror, - he will
defcribe Parallels, “whefe pirrs above the Hori-
-zon,-grow ftill nearer- to an Equality with thofe -
‘below, and fo ‘the Days will ?ﬁ_n ecreafe and
‘come nearer to an Equality with the Nights, tifl
"he come to. the Equator, when the Day and Night
.are equal; amd proceeding from the'Equator towards
‘the South Pole, he will then defcribe Parallels ly-
ing between the Equatot and Soutk Pole, whofe
leaft Part is above, and greateft Part below the
Horizon, and confequently dre Days will ftill grow
lefs than the Nj till he comes tp the Tropick
of Capricorn,. when the Day is leaft 4nd the Night
greateft ; and then returaing to thé Equator, the
ﬁays will increafe and the Nighs§ decréafy. When
the Sunis upon the Equator, ’tis plain, from the
Scheme, that his place upon the Harizon.will be C,
that is, he will rife on the Eaft Point ahd fet on
the Weft Point-of the Horizon, and when'he is in
the Tropick of Cancer BN, his place. upon the
Horizon will be M, which is North of the Point
C, alfo when ke is'in the Tropick of Capricorn
F D, his place'upon the Horizon will be L, which
is South of the Point C; from which ’t{s plain, that
the Sun will be always changing his place upon the
Horizon. Again, fince the Horizon of A cuts
the Equator and it’s Parallels obliquely, and the
- #leavenly Bodies by their apparenit-diurnal Motion,
*-deferibing Parallels, . tis plam they muft_rife and
< fet obliquely ; alfo all of them within the Parglcl
e R R o
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G O-can never- rife or fer, but muft be conftanty
in View; for which reafon this Parallel GO .18
called Tbe Circle of conRant Apparision; and all withe
in the Parallel HX can never come in View, but
be -conftantly below ‘the Horizon, and thercfore
the Parsllel HK is called Td¢ Gircle of Perpetusd
Oajt}l:;tian.L- SR R Q reprefe :
“'Laftly, YLet PR pQ- t the proje&ioa
of the yEnr’th-bpor‘i—fome ;:Igri&lan, P l;:OJNortlg
sad’p the Seuth Pole, EQ:the Equator, AB the
Ecliptick, BC the'TFropick of Cancer, and AD
the "Tropick -of Cagticeim 3 thefi *tis plain that the
Edquator is the Horizon of both Poles, and confe:
quently the Northern Hemifphere muftalways be in
view, and the Soirthern -always hid-to an Inhabitaot
at P3 alfo the Heavenly Bodies will appear to
move in Circles piralfel to the Horizon, and the

fix’d Stars will ever defcribe the fame Puaﬂcﬁ,
and always have the fame HMeight above the Ho-
rizon. When the Sun by his annual Motion

comes
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comes to be perpendicular to the Point F, and then:
defcribes the Equator, ’tis plain-he will be in the
Horizon of both Poles, and by his diurnal Motion
will appear to move quite round it; and fince
half the Ecliptick FB is above, and the other half
FA below the Horizon of P, ’tis plain all the
. time the Sun is in defcribing that half of the E-
.cliptick on the North .Side of the-Equator, he
. will be above the Horizon of P, and all the time
he is in defcribing the other half on the South
Side of the Equator, he will be below the Hori-
zonof P from which *us plain, that an Inhabitang
of either Pole will have half a Year continued
Day, and as long Nilﬁht. And fince the Sun’s
greateft Diftance from the Equator South or North
as 233 Degrees, ’tis: plain(}\is greateft Altitude,
or Depreflion, above or below the Horizon of ei-
ther Pole muft be 232 Degrees., -

43. Thofe that live upon the Equator are faid
to have a Right Sphere, becaufe to them the Hea-
venly Bodies appear to rife and fet perpendicular
to the Horizon ; and thofe who live between the

. Equator and either Pole are faid to have an Obligue
" Sphere, ‘becaufe the Heavenly Bodies appear to
rife and fet obliquely ; and Lafly, thofe who live
on cither Pole are faid to have a Parallel Sphere, be-
caufe the Heavenly Bodies appear to move parallel

to the Horizon. ‘

44. The Moon being an opack fpherical Body,
it receives it’s Light from the Sun and reflets that
upon the Earth, and that half of it which is op-
pofite to the Sun is enlightned while the other half,
which is averfe from it, is involv’d in Darknefs 3
but the half which is vifible to us, is that whichis °
oppofite to the Earth ; and therefore according to
the various Situations of the Moon, with refpett to
" the Earth and Sun, it will have different Illumina-

“tions ; for fometimes a greater and fomctimle?r a
effer
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lefler part of the enlightned Hemifphere is turn’d

to the Earth ; and likewife fometimes the whole,
and fometimes none at all.of the enlightned Hemi-
fphere is feen from-the Earth, Tq explain which,
let S reprefent the -Sun, T the Farth, RTX
'a Part of the Earth’s Orbit, which it defcribes
in it’s annual Motion about the Sun, ABCD-
EF GH, the Orbit of the Modn, in which
lt moves round the Earth from. Weft to E

in the fpace of 2 Month; P N'O M the Moon’s .,
Body, and it’s. Center L; let the Centers of -
the Sun and Moon be join’d with the  right Line -
SL, then fuppofe the Plain M\L N paffing thra*- ..

the Center of the Moon, pctpendlmlar to the me
SL; and this plain will cut the Surface of ‘the
Moon in 2 great Circle, which will be the Termi-
nator of Light and Darknefs, viz. it will divide
the enlightned Hemifphere from the darkned ;-al-
fo let the Centers of the Earth and Moan be ]om’d
with the right Line TL, and perpendicular to it
draw a Plain pafling thro’ the Center of the Moon,
and this will cut the Moon’s Surface in a ercle
PL O, which will divide the vifible from the in-

vxﬁblc Hcmxfpherc of the Moon; this Circle is cal- -

Yed the Circle of Vifion. : And, hcncé tis plain, that if
the Moon be in the Point A of it’s Orbit oppofite
to the Sun, the Circle of Vifion PLO will co-incide
‘with the Terminator MLN, and fo the whole enlight-
ped Hemifphere of the Moon will be turnd to-
wards the Earth, and ‘then it is called Full Moon,
with refpect to "the Inhabitant$ of this Earth, but
with refpett to the Situation of the Sun, it is faid
to be in Oppofition ; becaufe the Sun and Moon,.
feen from the Earth, appear at that time to be
in oppafite Points of the Heavens. When the
Moon has come to the Point-B of it’s Orbit,
then ’tis ﬁlam, that the whole enlightned Hemi-
fphcre will pot be tum’d to the Earth, buta parg
o
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6fit, ‘as MP, wilt 'be without ‘the vifible Hemi-
fphere, and therefore the vxﬁble illuminated Part

cannot Jx' but will a ibbous.; when
Point C o er l‘blt, and the
le C a rlghl: nglc, en th e\ Angle T\C

wi alfo stdeaft differing Lu\tlo
frdm.dey for becaufc f the v dn(tana; of the Sun,
the E andf Moon, \the Lingy ST, SC
may*.be tak rallel ; coh%qruc ly the Circle
sifeCt the Terminatdr at right Angles,

and fo only,o e half of the enlighthed Hemifphere
will be in theWVifible, and then thejMoan appears
to be halv’d,

lam
ion only a {mall part P the
enlightned Hem¥phere is turn’d g the Ear , and
the greateft par}y N O of the vifible Hem¥phere
is darkned; and} confequently,
fpherical Fi igure the Moon, j
horned, and it’s
‘Weft. When the

‘Terminator, and
will be turn’d to t

with the Sun it is faidto be i Conjunﬂum, becaufe
it appears to be in tht fame point of the Ecliptick
with the Sun; and when it Jas mov’da little for-
ward to F, ’tis plain rt off the enlightned Hemi-
fpher, viz. MO, will the vifible, and fo it
will again appear homcd nd having them turn’d
towards the Eaft; alfo: wien at G it will appear
halv’d, and when at H gibbous; and Laftly, when

it comes to A it will m _appear full.
45. Tho’ (as was fad in Art. 29.) the Moon
moves quite round #'s Ogbit in 27 Days, and
0 7 Hours,
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7 Hours, nearly, call’d the Periodic Monib ; yet the
R ) e . AR o
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* Time it takes from one Conjunction with the Sun,
_to the next, is greater ; being 29 Days, and about
12 Hours, whxch is call’d t%e Synbdic Mouth ; for
let S be the Sun, T the Earth, AB'a part of the
Earth’s Orbit about the Sun, and ALDC the
Orbit of the Moon; then when the Farth is in T
let the Moon be in' L, in .Conjunétion with, the
Sun; and when the Moon is moving from L. round
it’'s Orbit LACD, s phain that the Earth in -the
mean time will be' moving on in ‘it’s Orbit about
the Sun, and carrying the Moon’s Orbit along ith
it. And when the ' Moon has mov’d quite rotind
it’s Orbit, the Earth will be carried from T to 7,
and ‘the Moon’s Orbit will ‘be in the' Sifuation,
Jacd, and the poinc L will be in the Line ¢,
ﬁrallel to the ‘formér T L, and confequently the
oon will thea bein 7; but will not be in-Con-
junétion with the Sun trll it-has mov’d 4 little fur-
ther and ‘defcrib’d the Arch /M, which is fimilar to
the Arch # T, becaufe the Angles ItM, #ST are
equal (by A, 26.8¢f2. 1.). ‘And-hence it is that
tho’ the Moon moves round it’s Orbit in 27 Days,
7 Hours, yet from new Moon to new Moon it
takes 29 Days, 12 Hours.

46, If the Moon’s Orbit lay in the plin of the
Ecliptick ; ’ris -phain in a Month’s time the Moon
would meve round che fame Clrcle in the Heavcns,
that the Sun appears to do in a Year, viz. the
Ecliptick ; bur tge Moon’s Orbit does not lie in
the fame plam with the Ecliptick, but is inclin’d
to it at an Angle of about five Degrees, and con-
fequenty, mu %t intgrfect it i a right Line paffing
thro’ the Center of the Earths and one half of the
Orbit will bg above the Ecliptick towards the
North, and the other half below towards the
South. The Line of Interfettion is cal¥d tbe Line
of the Nodes, the twod Extremitiés-of Which are called
tb: Nodes, The Node in which the Moon is when

Q: afcending
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afcending - abope:the Ecliptick towards thc North,
is called sbe 4fcending . Node,, o Dragen’s Head,: for
brevities fake marked thus £ ; and the oppoﬁte
one, iz, thatin which the Moon is when defcends
ing below the Ecliptick towards the South, is cal-

!td the gmdmg -Node, or Dragon’s Tail, marked
gins 0. Hence lzm, that the; Mgpon cannot
appoear in the Echpu above twice in' one_Period, -/
viz. when it is in the Nodess and in other points
of it’s Orbit, it will be more or lefs. diftant from
the Ecliptick, according as it js more or lefs ree
moved from the neareft Node; .thefe two oppofite
points in the Orbit, that ke in the middle between
the' .Nodzs, are called #be Limjts 3 and when 'the
Moen:is in either of ithefe, ‘fhe .is- then at her
greatet Diftance from the Ecliptick.

«7. The Heiglt of the ncareﬁ: Pole above the
Horieon of any, place, isiequal to the Latitude of
" that plate. For ket A beany lace upon: the
Earth, A H O its Meridian, H-O ‘the ; onzon,

chc Equator, Pand p the two Poles 5 then ‘tis
plea AE will be &:humdc &f. the placc; wnd

PO the Hci ht of the neareft Pole abave the
Ho;izon, Now finge-the Archeg PE, apd AO aalrg
£quaiy
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equal, Ueing eadi a Qimduant, from both take
the common Arch A P, aad there will remamn A E-
equal to PO ; ahé is,the Height of thePole above
the Horizon' is :esual vo the Ladtude. Alfo. fince
the Arches AH, and E P are equal, being both
Quadrants, from)bsith take:the common Arch AE,
and thert will remain EH equal AP; thatis, the
Height of(the: Equator abowe the Horizon of any
place, . is equal to the Complimentof the Latitude
of that place. + .

- 48. Great Circles - paffing:thre’ the poles of the
Ecliptick and puting it at right Angles, are called
Secondardes of the: Ecliptick. . :

49. The. Jafiude of any Heavenly Body, is an
Airch of the: 8econdary pafling thro’ the Center of
the Objedt, ! idtorcepted between it and the Eclip-
tick ; andvitis either Nosth ar South, accarding as
the Object is @n the Norsh .or South Side of the
Ecliptick; . T S
- 0. The Langitude of any Celeftial Body, is an Arch
of the Ecliptick mﬁl:?ted between the Secondary
ﬂﬂing thro’. that y, and the firft point of
) es.: oo L Lo

51. Tbe Duckination of any Heavenly Body ds an
Arch of a Meridian, paffing owverthat Body, in.
tercepted between the Center ©f it and the celeftia}
Equator ; and it'ig either North or South according
as the Body is om the Northior South Side of the
Equator. . S oo

'32. Singe.the Sun by his .annual Motion, is al.
ways .cither approaching ‘nearer to, or going fure
ther from, the Equator ; ’tis plain he muft be cons
ginually changing his Declination. In the third
Table at the End of this Book, you have his Des
glination for every Day of the Year; in which yey
may obferve that in the Top Columns ftands the
¥ear, Month, and kinds of the D_cclination, uiz,

whether it be Sonth or Nerth;.and in the leftHand.
. ~ ‘ Column



o5 The: Phinciles of -

Column ftands the Day of the Month 3 the other-
Columns contains - the ‘Declinations - anfwerable to:
thefe; confequently to find the Sun’s Declination
for any Day, fupppofe the twentiéth of April, >
1731. I look at the Top for the Year 1731, and "
the Month April, and in the fide Column for 20,
then in the Column below April, and on thg fame
Line with 20, 1find 14°, 59/ for his ‘Declination-
North ; and the fame Way his Declination may be"
found for any other Day. But you muft obferve:
that this Table is calculated only for the Meridian
of London, and the Noon there; that is, it.thews
the Declination of the Sun when upon the Meridian'
of London; and confequently to find the Sun’s De-
clination for any other Time of theDay, - we muft.
confider whether the given Time be before or after
Noopn ; if it be before, then fay as 24 Hours is to
the Difference between the Declination of the Sun,:
the Noon of the preceeding Day, and his Decli-
nation the Noon "of the prafent Day; fo -is the
Time from Noen laft Day, to a fourth Propotional;
which, if the Declination be increafing, muft be ad-~
ded to, but if decreafing fubftratted from, .the
8un’s' Declination th¢ Noon of the " proceeding
Day;.and the Sum, or Remaindér, . is- the Declina-
tion for the prefent Time. o S :

- Example. Suppofe it were requir'd-to find the
Sun’s Declination, -on the fourth Day of April

1781, at 8 Hours, 25 Minutes in the Morning,
To do this, 1 firft look in the Tables,. for the Sun’s

Decljnation the -fourth Day of 4pri/ 1731, and
find it to be 9%, 39/; then I look for. it the third
Day, and find it to be ¢°, 17', the difference of
thefe is 22/ ; ‘then I fay as 24 Hours, is to 22/ fois
" 20 Hours 25 Minutes, the time elapfed fince lafk

Noon, to 18'; which added to 9%, 17/ (becaufe

the Declinatjon is inareafing) gives®, 35/, for the
-Sup’s prefent Peclination, Againy if the :Time

. propofed
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, propofed be after, Noon ; then to find the Declina-
_tion for that Time, we muift ook in the Tables,

for the Sun’s Declination the. Noon of the pre-
fent Da_y--, and for the fame, the Noon of the fol-

. lowing Day, and take the Difference of thefe De-

.clinations ; then fay, as 24, Hours is to the Diffe-

. .rence_of the Declinations, fo is the Time elapfed

_fince Noon, to:a fourth Proportional ; which add-
.ed to, or fubftrated from, the Sun’s Declination
the prefent Day, at Noon (accosding as the Decli-
_nation is increacfing or decreafing) gives the Sun’s
Declination at the Time propofed. .
. Example. Suppofe it were required to find the
‘Sun’s. Declination on the twelfth Day of Fuly 1731,
.at 4 Hours, 23 Minutes after Noon. To do this
- we muft firft look in the Tables, for the Sun’s De-
.clination the twelfth Day of July 1731; and will
find it to be 209, 13, thea for his Declination the
following. Day, which is 20°, o1/, and the Diffe-

- .rence between thefe Two is 12/; then fay as 24 -

Hours, is to 12/, fo is 4 Hours, 23 Minutes, the
.Time elapfed fince Noon, to 2/, which (becaufe
the Sun’s Declination is decreafing) fubftracted
from 20°, 13! the Declination of the Sun at Nooa
of the prefent Day, leaves 20°, 11/ the Sun’s De-
clination for the Time propofed. - :
And fince the Table of the Sun’s Declination atthe
End of this Book is fitted to the Meridian of Lons
don, *tis plain it cannot ferve for the Meridian of any
other place, lying on the Eaft or Weft Side of the
-Meridian of London ; for while the Sun by hisapparent
diurnal Motion is pafling from one Meridian to an-
other, he is at the fame Time ftill moving on in the
Ecliptick, and confequently altering his Declina-
tion. Now to find the Declination of the Sun when
he is on the Meridian of any place, lying on the
Eaft or Weft Side of London, we muft take the
Difference of Longitude between London and the
- ot given
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given Place (or if the Meridian of Lowdn be fap:
.pofed the firlt Meridian, we muft take thé' Longi-
-tude of the Place) and convert this into difference
-of Time; which will fhow the: Time, before aor
-after Noom at Lowdow, the Sun is upon ' the Meri-
dian of the Place propefeds i, ‘it the: Place lie
.on the Eaft Side of Pondon, the Time wilP be be-
fore Noon ; but if oh die Weft 'it will be after-
'Neon ; “then: findingy accordingté ‘the' preceed-
-ing Extamples, the Sun’s Declimationa¢ the Thime
prepofed, the fame will bé his Declimation when
on the Meridian- of the propofed Plaee, - + = -
* “This may be done anothet Wiy viz. by the
dielp of the Table of the Variatien of the Sun’s
‘Decknation to every 15 Degrees of Longitude from
the Meridian of Lomdori annexed to the Table of
Declination ; the uppet Columni of \which contairis
the Degrees, and' the feft hand fide: Colomn con-
tains the Minutes of the Sun’s daily: Vatiation'; and
he other Columns centain the Mirutes anfwering
20 the Degrees and Minutes in.the Top-and Side
Columns. Now to find the Suw’s Declimation any
Day, when he is-on the Meridian of ahy place, ly-
fmg on the Eaft or- Weft Side MLmd);x, by this
Table y we muft firft find the Sun’§ Declination for
the prefent and for the following Day; -and the
Difference between thefe two wil give us the
daily Variation at that time ; then logle m the Table
of Vatiation, &c. at the-Fop, for the Difference
of - Longitude betwccn'Lonagn and ‘the propofed
gace, and in ‘the fide Column for the Mimutes of -
ariation; then below thefe Degrees in the Top
and on the fame Line, with the Variation in the
fide Column we will find the Variation required 3
which, if the propofed place be Weft of London,
#nd the Declination increafing, muft be added to
the Declination for the prefent. Day, and the Sum
fa the Declmation required; bus if the Dccl‘matign.
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be decreafing, -then the Variation fubtra&ed from
the Declination gives that required ; .again, if the .
place lie on the Eaft fide of London, and.the Pe-
clination encreafing, then the Variation fubtraéted
from the Declination for that Day, leaves the De-
clination - required s—but~if- the-Declination -be de=
creafing, then the Variation added to the Decli-
nation gives that required.”. .

Example. Let it be required to find the Sun’s
Declination when he is on_the Meridian of St. Lucdia
(whofe Longitude from Londop is 60°, 15/ Weft)
on the fixth Day of April 1731 To do this, I firft
look in the Tables for ‘the Declination of the Sun
the fixth’ Pay of April 1731, and find, it to.be

19°, 15/; . then ‘for ‘the fame the following Dayy -

and | find'it t6 be 19°, 29/, the difference of
which is 14 Minutes, the Sun’s daily Variation at
that time; then I Jook in the Top of the Table of
Variation, &. for 60 the diffefence of Longitudes
and .in' the fide Column for 14-; and below 6o,
and in the' fame Line with- 14, I find 2 Minutes,
which (becaufe’ the place is Weft of London, and
the Declination encreafing) T add to 19°, 157, and
the fum is 19°, 17/, the Sun’s Declination at St,
Lucia the fixth Day of #pril 1731. ;
From this you may obferve; tMat the Method of
folving this Proplem by the Table of Variation,
&e. is not neat fo good aa{/tTht: former, for here
we can only enter the Table with: 3 Number of
Degrees, which is either. 1 5° or;fdme Multiple
of it below 195°, and alNye odd Degrees and
Minutes muft be thrown away; Jbut in the former
Method we can pfe any number. of Degrees and
Minutes. ) =
53. And fince the fix’d Stars always keep the
fame places in the Heavens (atleaft in 3 few Years
their Variation is infenfible), ’tis plain - their
Declination muft fill bePghg-,famc, At the Em}
‘ . )

»
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of the TabM of the Surfs Declindrion; theré is
Table of die Declltaﬁoﬁs of it 'tooft principa]
fd swk .

._A. ;l, - ._' I‘-“‘: ' r - ' ...'. . .
| é"ﬁ(ir . |

0 f/d’ the Zatztudes of Plam by téz
. Abtudé; ahd Declzhafion, 0f any Cele_/hal O‘é,etZ’

‘fﬁxs' Problers 4detries of feveril Cafes, aocordmg
as the obfitved ac’lé& is fituaté with refpec to the
lEBquétor, and pladé of Obfervauon, which aiec as

11ows, ) :

Cafe 1. When the Sus or” Star oBferved his ne
Dedlindtigh, of is upsn the Equater, ‘thén the
Zehtth diftahéé of the Objeét is equal to the, Latie

de df. the | pldce, w!uéh is North Latitade of the
&!h or St?tl’ coiné 19 the Mendian, on, the Séuth

fide of tht Zenith ;- but South if on the North fide:
For in the antiexed Schemme, let Z reprefent thé
Pplace of Obfervation; PQ_pE i’s Meridian, Iih
.. . - . c
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#Ecgmor,;,ﬂ\o the Herizon, P the North and
¢ the Sputh pole; . then.’gs plain, fince the ob-
ferved Obizét is fuppofed to ave no Dethination,
m_ Q_ will reprefent the path of ¥’s diurnal
tion, 3ad when jt comes upon the Meridian,
ZE will be it's Zenith diftance, whidh is manifeft-
| g0 the Latitude of theplace Z. And whea
;ic. Bject at Eis South of Z, +*ais plain the place Z -
guft be North of E, and confequently the . Lati-
tude will be North. R
Cafe 2. If the Sya or:Sar, when on the Meri<
dian, isin the Zenith; then the Dedlination of the
Dbjest ische fame with-the Latityde of ithe place.
For it ip, eyjdent that jn shis Galle .they . aze equaily
di%(ant rom the Equator, and on the.fame. fide of
it; confequently if the Declination be North, the
Latwde will alfo be North, and if Soush, South.
Cafe 3. If the Sun or Star be -hetween she Equa-
ter and place of Obfervation, then the Laritpde
of the place is equal vo the fum of the Zenith
~diftance and Declination of the .Olje&; and it is
of the fame name with the’ Declination, #iz. if
the Declination be North, the Latitude is alfo

North, £2 e contra. For m ihe adjaq_epf Schémc;.
Jét AB reptefent the Parallel defcribed by the
' - P2 7 T obferved .
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obfefved Obje@ in it’s diurnal Motion, and A ir's
place upon the Meridian, fituate bétween Z; the
place of. Obfervation, and E Q_ the. Equator;
then tis plain that Z E the ‘Latitude of the place
Z, is equal to the fum of E A the Declination,
and A'Z the Zenith diftance, and if the Declina-
tion. be North, the Latitude will alfo’ be North,
&5 ¢ contra s fince in this Cafe the Obje& and place
‘of Obfervation lic both on:the fame fide of the
Equator. _ co ' :
" Example. Suppofe on the twelfth Day of April
1732, the Sun, - when.on the Meridian, has 52°,
12/ of Altitude, and confequently 37°, 48! Ze-
nith diftance, required- the Latitude of the place
of Obfervation. T - ‘

. the Sun’s Déclinatipntl_aat Day is - 12°, 40! N.
- his Zenith diftance - - - - - 37,48 °
* the fum' is the Latitude, viz. - 50,28 N.

Cafe 4. If f’-fhc Sunﬂ or Star be on the contrary
fide of the Equator, with the place of Obfervas

o °

tion, .and confequently both Declipation and Zenith
diftance be of the fame Name, wviz. either both
North or both South ; then the Latitude is fouxl;d

b y
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by mking the Dechnanon from fhe Ze’mr.h dxﬁance,
‘ankdit'is of a contrary ‘name with the Declination,
For in the adjacent Figure let BD reprefent the
Parallel defcribed by tht opferved Objet in it’s
diurnal Motion, ¢ tile ‘othier. fide of the Equator
E Q_with the K;, > @ d B\wnll be it’s place
when upon tlie Meri "Mis plain, that if
from Z B, thé Zeni lﬁance, bé takcn BE the
Dcchnatxon,ﬂwre Temain Z E, ; the Latitude of
the place of Obfctvatxon Z, smithe Latitude will
be of a contrary jame &vith ‘the Dlechnation ; fince
in this Cafe, thc%bﬂ& and Pldce are on contrary
fides of the Equator. ~

Example. Being at Sea the twelfth Day of 7s-
auary 1732, 1 found the Meridian Alm:ud’:: of - the
Sun to be 43‘7 15'; confequently his Zenith
diftance 46°, 45', and he was_South of me: Re-
quired the Latitude of the place of Obfervation,
and which way it is. .
Prom the meridional Zenith diftance - 46°, 45', S.
take the Sun’s Dcchnatlon - -~ =~ 19,35, S.

there remains the Latit. of the place 27 , 10, N.
‘When the Zenith Diftance and Declination are e-
qual, and both of the fame Name, then the Lati-
tude vanifhes, and confequcntly the place is fitua-
ted on the Equator.

Cafe-5. If the Sun or Star bc between: the place
of Obfervation and the neareft Pole, and confe-
quently both Declination and Zenith diftance be
of the fame name; then from the Declination fub-
tract the Zenith dxﬁancc, . and the Remainder is
the Latitude of the place of Obfervation, and it
is of the fame name with the Declination. For in the
annex’d Scheme, let K L reprefcnt the Parallel de-
fcribed by the obferved Object in it’s diurnal Motion,
and K will be it’s place when upon the Meridian 3
then ’tis plain, that if from KE the Declination, be
taken ZK the meridional Zenith diftance, there will

remain
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remain ZE the Latitude of the place, which wi
S5t s in with she Do, foce o

¢

Obje& and place of Obfervation are in this-Cafe
ppon the fame fide of the Equator. '

Example. 3. Suppofe on the twenty third Day of
§une 1733, I obferved the Meridian Altitude of
the Sun to be 82°, 45 confequently his Zenith
diftance 7°, 56': Required the Latitude of the
place of Obfervation, and which way it is.

The Sun’s Declination that Day is - 229, 55/ .
his Zenith diftance is - « 7 ,856 N.
the Difference is the Latitude, viz. - " 14, 59 N.

" Ewxample.2. Being atSea, I obferved theMeridian
Altitude of the middlemoft Star in the Tail of the
great Bear, to be 56°, 44' North; confequently
it’s Zenith diftance 33°, 16/, and it’s Dcz?ination
being 56°, 22/ North: Required the Latitude of
the place of Obfervation, and which way it is.

From the Declination - - 569,22 N.

take the Zenith diftance - - 33 ,16 N.

there remains the Latitude - - 23 ,06 N.
~Cafe 6.
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. Cafr 6. If the Su or Star be becweerd the Hori-
2on.and the élevated Pole, then to the Altitnde
add the Complement of the Declination, and
Sum will be the Lativade of the e of Obfdrs
vation, and of the fame name with the Declina- -
tion. For let AB bt the Parallel defcribed by
the Obje&t in it’s diurnal Motion, B it’s place od
the Meridian; .when botween the Hofiwon and &

levated Pole; -then °tis plin, that if to BO the
Alttude, be added BP the Cemplement of the
Declination of the’ Objeét, the fum PO will be
equal to the Height of the Pole above the Hori-
zon, whicl (by Art. 47. Sedd. 3.) is equal to the
Latitude of the place of Obfervatien Z, and it will
be of the famie name with the Declination, fince
both the Place and the Objeét ar€é on the fame
fide of the Equator. s
. Example. Beiig at Sea, I obferved the bright
Star of the Harp on the Meridian, between the
Horizon and elevated. Pole, it’s Altitude being 8°,
33/, and Declination 38°,!33/ North: Required
the Latitudg of the place of Obfervation.

To the Complimént of the Detlinat. 51°, 27 N.
add the Akitude - - - - . 8 ,33 N.

the fum is the Laticude - - - 6o ,00 N,
: o Cat -
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- Cafe 7. When the bbferved Qbjeé: doks not - fott,
and. confequendyithe; Compliment df it's Declina«
_ tion, lefs, than the. Liatitude ofi.the place; then!tiy
plain, - the- Objectimilb be twiceiupon the Meridian
an' 24 Houts, : oz, :an:it’s. leaft ~and -gtearelt: Alti-
tude ; - when the ‘Altitude is leaft ithe Oij«:é}.‘ is thein
between the Horizon and elévated Pole, and by
that ‘Altitude -and. Declination, .of the Ohbje&, the
Latitude of the place may be found (as in the
Jaft Cafe); but'when the Altitude is greateft, the
Object is then on .the other fide of the Pole.
Now with thefe pwo Meridian™ Algitudes, without -
knowing the .Declination of the Qbje&, we can
find the Latitude of the place, thus; if the two
Altitudes be both en-the: fame fide' af the Zenith,
then from the greateft fybtralt the leaft, and
half the Remaindgr’addcd\s‘th leaft gives the

- Latitude, of the fame name.Avith the Zenith

diftance; for in inp Scheme, where
A B reprefented the Parallel of Declination, de-
feribed by the Objet in it’s diurnal Motion, BO
it’s leaft, 'and A O it’s greateft Meridian Altitade,
*tig phain, if from-A'O be:taken-BQ, the diffe-
yénce will be A‘B,: the half of -which ‘PB added
1o ‘BO, gives -P O the Height of thé Pole above
the Hotizon, -¢qual to the  Latitude of the place.
1 Example.- Being at-Sea, ' I obferved -the Norther-
mioft of the:tws!preceeding - Stars in- the Square
of the Grea? Bear, which did -not fett, and found
the leaft Altitude to be 23°, 12/, and the greateft
%22, 46!, both Nerth of ‘miy Zenith: Required
the ‘Latitude. of. the place: of Obfervation. . - =
; From the greateft Aliitude ~ - - 729, 46/ N,
I -take the leaft” ‘1o . -+ .- 237,42 O
the Remainderis’ = - " L 49 534

the half of whichis -- - .- - 24,4y

to which adding the leaft Altitude 23 ,13
the fum will be = = = A7 3159 .
v ' ’ which
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whieh is equal .to the Latitude of dhe place,-and
it is North, becaufe the Zenith diftance is on the
MNordh fide. S S

But if the greateft and lealt Meridian Ahitudes
of the Obje& be upon different fides of the
Zenith, viz. the :‘!:; gn 'th:!gnm}h andththc Q-
ther upon the S €5 rom the
pleinempo:f the greateft Alitude fubtract the 15:3:
and half the Remainder added to the leaft Alg-
Tude, will give the Latitude of the place of Ob-
fervation, which will be of the fame mame with
the leaft Aldtude, vz North; if the leaft Altj-
-tude be North of the place, & ¢ contra. For in
‘the annnex’d Figure, let B A reprefent the Parallel
defcribed by the Objed in :it’s diurnal Motion,
B and A the places of the Object when upon the
Meridian, on contrary fides of the Zenith Z; BO
i’s leaft Altitude, and H A it’s, greateft Altitude,
the Supplement Whereof is AQ.  Now ’tis plain,
that if fgom AQ we take OB, the Remainder

‘will be'AB, the half of which, PB, added to
B O makes P O the Height of the Pole above the
Horizon, or Latitude of the place Z; which will
be' North if the leaft Altitude BO be on the
North fide of the place, becaufe in this Cafe she
North pole will be elevated. '

Q Example, . .
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. Example. Being at Sea, I obferved the Sun when
‘he did not fett, and found-his leaft Meridian A
titude to be 3°, 29/ on the North fide of the
Zenith, and his greateft Meridian Altitude was
43°, 29’ on the South fide: Required the Latitude
of the place of Obfervation. ‘
From the Supplementof the Sun’sq - co ,;t
greateft Meridian Altiude - - - 3% 317 -
take his leaft Altitude - - - - 38,29
and there remains - - - - - 133 ,02
the half of whichis - - - -° 66 ,3r

" to which adding the leaft Altitude - 3 , 29
the fumis - - -« - - - - - 70,00 N.
the Latitude of the place of Obfervation.

SECT. V..
" Of the Elements of Chronology.

1. I M E confidered "abftrattly, without any
relation to external Objeéts, flows always
equally and uniformly, and it is called Abfolute,
True, and Mathematical Time, or, fimply, Durs-
tion. But that which commonly goes under the
name of Time, is a certain part of Duration mea-
fured by the fimple and uniform Motion of fome
Body, fuch asthe Motion of the Celeftial Bodies 3
and particularly of the Sun and Moon; this is
called Relative, Apparent, or Vulgar Time.

2, Time is divided into Years, l\%onths, Weeks,
Days, Hours, Scruples or Minutes, &c.

3. A Day is of two Kinds, viz. Natural or Ar-
Jificial s a Natural Day is that fpace of Time that
-flows while the Sun moves from any Meridian, till
-he comes to the fame again, An Artificial Dq_y

. . . 18
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is chat fpace of Time that the Sun continues above
the Horizon, and the Time he continues below it
is called a Night.

4. An Hour is acertain determinate part of the
Day, and is either equal or umequal. An equal Hour -
is the twenty fourth part of a natural Day ; and
an unequal Hour is the twelfth part of an artificial
Day, which is alfo called a diurnal Hour, as the
twelfth part of the Night is 'called a noffurnal
Hour ; thefe are likewile called Temporary Hours,
becaufe at different feafons of the Year they are of
different Lengths; for a diurnal Hour in the Sum-
mer is longer, and a Nocturnal fhorter; than in the
Winters but in the equinoctial Day, a diurnal
Hour is equal to a no@urnal, and then they are
called equinoctial Hours.

5. The diurnal Hours begin at the rifing and
end at the fetting of the-Sunj and the mofurnal
Hours begin at the fetting and end at the rifing of
theSun. Thefe Hours were anciently inufe among
the Jews and Romans, and at prefent among the
TFurks. They were anciently called planetary Hours,
becaufe in every Hour one of the feven Planets
was ‘fuppos’d to prefide over the World ; thus for
Example, on Sknday, the firft Hour from Sun-rifing
was allotted to the Sun, the fecond fell to Vemus,
the third to Mercury, and fo on to the reft in order,
viz. to the Moon, Saturn, Fupiter and Mars ; by
which means, the firft Hour from Sun-rifing, the
next Day fell to the Moon; from which it was
called Monday, and fo on thro’ the other Days of the
Week, each Day getting it’s name from the Planet
: r.]l))at was fuppofed to prefide the firft Hour of that

ay.

6}t The Day in different Nations begins at diffe-
rent Times. Thus the Babylonians, Affyrians, and
feveral other caftern Nations began their Day at
Sup-rifing ; the Hour after that, they called the
: Q.2 firft
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" frfk Howr, and fo counted on till they came to the'

twenty fourth or laft Hour, which was the Hour

before Sun-rifing. The Jews and Greciaps began

their Day at Sun-fett; as at this- Time the J2aligus,
Sicilians,  Bobemigns, Polavders and Aufiriens do ;3
the Hour before the Sun-fett they call the laft or
twenty fourth Hour, and the Hour after the Sun

1s fett, they call the firft Hour ; and fo count en.
to the twenty fourth, when the Sun-fetis again. - .

. 7. The Egyptians, and Romans, anciently began
their Day at Mid-night ; which was followed by
Hipparchus, Gopernicus, and ather Afromomers, in
their Aftronomical Obfervations, and is ftill retain-
ed in Britain, France, Spain, and moft other places
in Europe; but the Arabs and modern Afronomers,

begin the Day at Noon, viz. when the Sun is upon,

the Meridian, - -

8. A Waeek is a Succeflion of feven natural Days,

¢ach of which hds a particular Name allotted to it,
iz, the firft is called Sunday, the fecond Monday,
and fo on,

9. A Month 13 a certain Syftem of Days, con-
fifting of fomething more or lefs than thirty Days,
and is of two kinds, viz. Afronomical or Civily an
Afironomical Month is that which is gaverned ei-
ther by the motion of the Sum, or that of the
Moon 3 and confequendy is of two kinds, viz. Solar
or Lynar. A Solar Month is that time which the
Sun takes to run thro’ a whole Sign, or the
twelfth part of the Ediptick; and a Lunar Month
is that which is meafured by the motion of the
Moon round the Earth, and is of three kinds, viz.
Periodical, Synodicel, and that of Hismination; the
Periodical and Symodical Months are defin’d in
Art. 45. Sefl. 3. and the Month of Illumination or
Apparition, is that {pace of time contained between
the Day that the Moon begins to appear after
change, to the Day that fhe difappears; and this
T T confify
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eonfifts of twenty eight Days nearly. A Civilor Pon
kitical Month, differs. from the Afromomical, and.
confifts of more or fewer Days according to the
Inftitution of the Country in which they are ufed,

10. A Year is a gertain fyftem of Months, and
is either Afironomical or Civily the Afiromomical
Xear is of two kinds, viz. Solar, or Lumar ; and
_the Soler Year, is either Sidereal or Tropical. The
Sidereal Year is that fpace of Time that the Sus
takes to move from a fix’d Star till he return to
the fame again; and it confifts of of 365 Days,
6 Hours, 9 Minutes, and 14 Seconds; the Tro-
pical Year is that fpace of Time which flows while -
the Su» moves from any one of the Cardinal
Poaismss, till he returns to the fame again; and it
confifts of 365 Days, 5 Hours, 48 Minutes, and
57 Seconds, and- commonly gets the name of the
Solar Year. 3 : ;
" 11. A Lunar Yesr confifts of a certain number
of -Months, and is either Common or Embolifmic. A,
Common Lunar Xear confifts of twelve Synodic Lu-
nations, and an Emboli/mic contains thirteen. :
" 12. The Civil or Political Year confifts of 3 cera
tain number of Days, more or fewer; accordi
to the Laws and Cuftoms of the Countries in whi
- it is received. .
* 13. Since the Common Lunar 2ear confifts of
owelve Symodic Mywths, or 354 Days ncarly, and
the Solar canfifts of 365 Days, (thrawing away.
the ddd Hours and Minutes) °tis plain that the
Solar Year will exceed the Lunar by about 1%
Days; and .conﬁ:g‘u:ntly in the fpace of about
thirty three Years the beginning of the Lunar 2ear
will be carried thro’ all the Seafons; and hence it is
aalled the Myveable Lunar Year. This form of the
Year is ufed at this Time by the Twrks and Ara-
&ans ; and becaufe in three years Time, the Salar
exceeds the Lungr by 33 Days; thercfore to kedelp
e ' c
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the Lunar Months in the fame Seafons and Times
of the Solar Year, or near it, they added a whole:
Month to the Lunar Year, every third Year, and
fo made it confift of thirtcen Monthss this Year
they called the Embolifmic Year, and the additional
Month, the Embolimean or Intercalary Montb. This
form of the Lunar Year is called the fix’d Lunar
+ Year 5 and it was ufed by the Grecks and Romans
till Fulius Cafar’s time. :

- 14. The Egyptians made ufe of the Solar Years,
and made each confit of 365 Days, which wants
of the Tropical Year, almoft 6 Hours; and confe-
qQuently the Egyptian Year began always 6 Hours
fooner than the immediately preceeding Tropical
Year s by -which means in four times 365 or 1460.
Years, (called the Great Canicular Year or Sothiacal
Period) the beginning of the Year moved thro® all
the Seafons. _ '

1%. Fuhius Cafar, in order to reduce the Civil
er Political Year, nearly to an equality with the .
Fropical, and confidering that the Tropical Year
confifted of 365 Days, and 6 Hours nearly, which.
exceeded the Cowil Year by 6 Hourseach Year, and
confequently in four Years exceeded it by ene
~whole Day; he ordered that to every fourth Year

there fhould be one Day added, and fo make it
confift of 366 Days, by which means the.Civil
and, Solar Years were reduced pretty near o an E-
quality, This additional Day was put in the month
of February, and becaufe in the common Year, the
wwenty fourth Day of February was called by the
Romans, the fixth of the Kalends of March, there-
fore he ordering that this Day fhould be added
after the twenty fourth Day of Febrxary, and called
by the fame Name;. there happened every fourth
Year two Sixths of the Kalends of March, and hence
that Year was called Biffextile or Leap Year. This

way is flill retained, and made ufe of by us.6 B
316. But
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16, But the true Length of ‘the Year being 365
Days, 5 Hours, and 49 Minutes nearly, and by
the Fulian Account 365 Days and 6 Hours; us
plain the Civil 2ear exceeds the Solar by 11 Minutes
yearly. Confequently if the: Sun any Year enter
the Eguinoftial on the twenticth Day of March
at Noon, the next Year, he ‘will enter-the Equi-
aoltial the fame Day, 11 Minutes before Noon,
the next, 22 Minutes before .Noon, and fo on.
Confequently in 131 Years the Solar will anticipate
the Civil Zear, by one whole Day ; and fo either
Efqm'mx will not happen always. on the fame Day
of the Civil Yzar, but be carried in a Retrograde
Order thro® all the Days of it. This was what put
Pope Gregory the XIIL. upon reforming the Fulias
Kalendar; . for finding that at the Time of the
Nicene Council, :when the Time of celebrating Eafier
was inftituted, the vernal ZEguinox happened the
twenty firft Day of March ;5 and by flowing con-
tinually backwards, it happened at his time, in
the Year 1572, on the eleventh Day of March,
anticipating it’s former Time, by 10 whole Days; -
he ordered that thefe 10 Days fhoald be taken out
of the Kalendar; and the eleventh Day of March
fhould be reckoned. the twenty Firft ; and to prevent
the feafons of the Year from going any more back-
wards, as they were before, he ordered that every
hundred Year of the Chriftian £ra (which accord-
ing to the Fulian Kalendar is Biffextile) fhould be a
common Year,.and fo confit only of 365 Days;
but this being too much, therefore every four hun-
dred Year was to remain Bifextile or Leap 2zar.
This form of the Year is receiv’d- in France, Spain,
Germany, Iialy, . and other Countries that allow
of the Pope’s Authority; as alfo in Holland, and
feveral other places where the reformed Religion
is profefs’d. . But the Brifi/b and.other Reformed

) ~ L e northem :
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northerh Nations fill retain the Fukisn form, whicH
is called O/d Stile, and the Gregorias, Nesw Stile. -
. 17. A Kalendar is & regular Difpofition of the
Da sDin the Givil Im‘ il:,to Months and VdVest ’
ay of every eing diftinguithed from
another by one of the firft fex;?n L.esters of the Al.
t, viz. A, B, C, D, E, F, G. Beginning &t
the firft of Fansary, to it is annexedthe Letter A,
to the fecond the Letter B, to:the third C, and
fo on to the feventh, to which is annexed the
Letter G; and beginning again with the Letters,
to the cighth is annexed A, to the ninth B, to the
tenth C, and fo on thro’ the reft of the Days of
the Year, each of them haring one of thefe Letters
annexed to it. Hence ’tis plain . that whatever
Letter is placed againft any Day of any Weeks
that Letter will be placed again#t that Day thro®
the whole Year: thus if the firt Day of Fenw-
ary, againft which ftands the Letter A, be a Sun.
days then all the Days in the Kolendar having
the Letter A ftanding againlt them, will be Swa-
days. Alfo if the fourth Day of : Jasugry, againft
which ftands the Letter D, be a Semday, thea all
the Days in the Kolewdar, having D, annexed to
them wi::”t‘;: Sundays. That Le;oer which anfwers
to the Sundays throughout the Year, is called the
Dominical or Susday Letter, for that Year,
' . But fince the Common 2ear comfifts of 364
Days, if that be divided by feven, the Quotient
will be 52 Weeks, and one Day overy and fince
if nothing remained, then whatever Day of the
"Week the Year began on, the fame Day of the
Week would be the firft Day of each fucceedin
Year ; *tis plain thac whatever Day of the Wee
any Year begins on, the fame Day of the Week
will be che laft Day of the Year; and confequent-
ly, if che firft Day of Fasuary, to. which is annex~
ed the Letter A, be Swndsy, the latt Day on the
car
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Year will be Sunday, and the firft of the next will
be Monday, and the firft Sunday of the Year will
falt on the feventh Day, to which is annexed the
Letter G, .which therefore will be the Dominical
Letter all that Year; and fince the Year began
on Mbnday, it will alfo end on Monday, and the
firfk Day of the next Year will be Tue/day ; con-
fequently the firft Sunday will ‘fall on the fixth
Day, to which is annexed F, which therefore will
be the ‘Dominical Letter all that Year. And the
fame way the Dominical Letter the Year following
will be E, ‘and for the next D'; and in this retro-
grade order the Dominical Letter is carried fuc-
ceflively thro* the feven, after which it begins a-
ain. - : :

& 18. From what has been faid tis plain, that if the
¥earconfifted of 365Daysexadtly, after a Petiod of
feven Years, the fame Day of each Month would fall
on the fame Day of the Week. But becaufe every
fourth Year is Biffextile; confifting of 366 Days,
which is equal to g2 Weeks, and 2 Days; there-
fore if that Year begins on a Sunday, it will end on
Monday, and the next will begin on Tue/day, and
the firft Sunday of that Year will fall on the fixth
Day of Fanuary, to which is annex’d the Letter F,
which will be the Dominical Letter for the Year
following the Leap Year, whofe Dominical Letter was
A. And fince the Biflxtile or Leap Year, returns
every fourth Year, ’tis plain the Series of Dominical
Letters will be interrupted, and will not return
till after four times Seven, or twenty eight Years.
And hence arifes the Cycle of twenty eight Years
called the Solar Cycle, which being compleated the .
Days of the Month return jn the fame order to

the fame Day of the Week. .
19. And fince in every Leap Year, the Interca-
lary Day is placed between the twenty third and
twenty fourth Day of ﬁ:bruary, and fo makes
' two™
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two twenty fourths of. February; which in the
Kalendar are efteemed as one and . the fame Day,
and have the fame Letter affixed to them, and
which by our way of reckoning ar¢ called the
twenty fourth and twenty fifth Day. of. February 3
tis plain the order of the Dominical, Letter will ag
that time be interrupted, and the fucceeding Letter
will take place; thus if in a Leap 2ear the firft
of Fanuary be Sunday, and confequently the Do-
minical Letter A ; the twenty fourth Day of Fe.
bruary, will fall upon a Friday, and,the twenty
fifth on a Saturday; and fince both thefe Days
aree mark’d in the Kalendsr with the fame Letter
F; the following Day, which is Sunday, will be
mark’d’ with G, which Letter will mark out all
the Sundays, and confequently -be-the. Dominical
- Leiter, the remaining part of the Year. And hence
it is that, every Leap Year has two Dominical Let-
ters, the firft of which ferves from the begin<
ning of the Year to the twenty fourth or twenty
fifth Day of February, and then the other takes
place, and ferves for the reft of the Year.

20. The firft Year of the Ss/ar Cycle was plac’d
in a Leap Year, having for it’s Dominical Letters G
and F, whence the Dominical Letter for the fecond
is E, for the third D, for the fourth C; and the
fifth Year of the Cycle is again Biffextile, whofe
Dominical Letters are B and A, confequently the
Dominicgl Letter for the fixth Year is G, and fo
on, as in the following Table which fhows the
Dominical Letter for every Year in the Cycle.

1|GF|g|BA| 9 [DC]13|FE|17}AG|z: astED
12} E}6] Glio} B |t4] D|18]F }22] A]26} C
3| D7 Flua[A|1s)Cl19|E |25] G|z7|B }
4| C|8|E |12] G |16} Bj20| D" z4l F |28 A'

‘Whence
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. 'Whence.’tis plain, that by knowing the Year of
the Cycle, we can find the Dominical Letter anfwer-
ing thereto from the Table. Now fince the firft
Year of the Chriflian Ara happen’d on the tenth
Year .of the Cyck, and confequently g Years of
the Cycle were claps’d before the Chriftian Zra
commenced ; therefore to find the Year of the
Solar Cycle-for any. Year of the Chriftian ABra, and
the Dominical Letter belonging to it; we muft add
g to the given Year and divide the Sum by 28,
then the Quotient will fhow how many compleat
Cycles has paft fince the firft Year of the Solar
Cycle, that the Chriflian Ara commenc’d in, and
the Remainder, if there: be-any, will thow the
current Year of the Cycle;' but if there be no .
Remainder then' the %car is ‘the laft, or twenty
cighth, Year of the current Solar Cycle; and hav-
ing found the Year of the.Cyéle, we have the Do-
minical Letter - anfwering it from the preceeding
Table. ' ‘ :

Example. Suppofe it were required to find what
Year of the -Solar Cycle the Year 1734 is, and
the Dominical Letter belonging to it.

. Figf, T.add’g to the given Year and the Sum
is 1743, which divided by 28, the Quotient 62
fhows that-there are 62 compleat Cycles elaps’d,
fince  the firft Year of that Cycle in which the
Chriftian Ara.commenced ; and the Remainder 7
fhows that the Year 1734 is the feventh Yeéar of
the current Cycle} then looking' in the preceedin
Table, for the feventh Year of the Cycle, 1 fin
the Dominical Letter anfwering thereto is F. '

21, Since the Revolutions of the Sun and - Moon
are found conftantly to be the fame, the Moon
moving with .about thirteen Times the velocity of
the Sun; it follows, that after a certain Numbet |
of Revolutions, they muft meet again in the fame
Point of the Heavens they did fome time before,
) R 2 which
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-which by Meton the Atbenian, was faid to be ‘19
Years juft ; after the expiration of which Time
the new and full Moons were fuppofed to happen
on the fame Day and time of that Day, andin the
fame Month, they did 19 Years before that. This
Cycle is from it’s Author called the Metonic Cycle 3
alfo ’tis called the Lunar Cycle.

22, This Cycle began 1 Year before the com-
mencement of the' Chriftien &ra, and tonfequently
to find what Year of the Cyce any Yearin the
Chriftian Ara is; we muft to the given Year
add 1, and divide the fum by 19; then the Quo-
tient will thow how many Cycles have revolvd
fince the commencement of the Chriftian Ara, and
the Remainder will thew what Year of the Cycle
the prefent Year is; if there be no Remainder
then the given Year will be the laft or ninteenth
Year of the Cycle. The Year of the Cycle anfwer-
ing to any given Year, is, for it’s great Ufe in
determining the Times of the new and full. Moon,
and thereby knowing what Day of the Month.
Eafier Day falls upon, called the Golden Number
or Prime for that Year. ' / :

Example. Required the Goldew Number for the
- Year 1732. p

Firfft, 1 add -1 to the given Year, and the fum
is 1733, this divided by 19, gives g1 for the
Quotient, and 4 for the Remainder ; which thows
that there has revolved 91 compleat Lunar Cycles
fince the firft Year of that Cyclk in which the
Chriffian &ra commenced, ancf that the given
Year is the fourth Year of the current Cyele, con-
fequently 4 is the Prime or Golden Number for the
Year 1732. ) _

- 23. It has been fhown, at Arz. 13. of this, that
the Salar Year exceeds the Lungr by 11 Days near-
ly 5 cenfequently if the Moon be New, or in con-
junction with the Sunm, on the laft Day, or thg'z
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firft of December in any Year, on the laft Day of - ‘

the next Year it will be 11 Days paft conjunétion,
and on the laft Day of the following Year it will
be 22 Days afier new Moon; but becaufe in the
fucceeding Year this amounts to 33 Days;:and
30 Days being allowed for a compleat Moon:
*tis plainy in that Year there will have happened
13 Cogj;né‘tions,' and the Moo? will bn:' 3 Diys
Change on the laft Day of it ; confequently
E::ﬁ the laﬁg Day of the nextyYear the Moon wi
be 14 Days paft the Conjunction, and fo con-
tinually increafing by eleven Days yearly, till after
the end of 19 Years it will become the fame as
before. The Age of the Moon or number of Days
fince the Conjunction, on the laft Day of any .
car is called the Epas for the fucceeding Year. -
" »24. Now fince the EpaZ for the firft Year of
the Lunar Cycle was 11, the Epait for the Second
will be 22, for the Third 3,. for.the Fourth 14,
for the Fifth 25, and fo on conftantly-increafing
? 113 it follows that to find the Epaii for any
ear, we muft multiply the Golden Number for
that Year by 15, and divide the Produt by 30,
‘and the %ticnt,. if there be any, will fhow how
many Emboli or Inmtercalsry Months has hap-
pened fince the firft Year of the current Cycle, and
the Remainder will be the EpaZ? for the given
Year; orwill {how how many Days has clapfed
between the laft Day of the former Year and the
immediately preceeding Conjunétion.’ - . - .
" .Example. Required the Epast for the Year 1735.
. . Firfts By A1, 22. I find the Golden Number for
the Year 1735 to be 7, which multiplied by 11,
gives 77, and this divided by 30 gives 2 for the
Quotient and 17 for the Remainder, and confe-
quently there has been 2 Iwtercalary Months fince
the commencement of the current Cycle to the Year

1735, and. 17 is the Epad for that Year, or itis °-

the

7
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the-Age of the Aoon, the laft ‘Day.of December
3734 . . U S
: 25, Since:by.drt. 23..the Epas? for any.Year
fhews the Age of the Moom on the laft Day of
the preceeding Year, ’tis plain if to. the Epaf we
add ¥, the fum will be.the Age of the' Moon the
firft ‘Day of that Year; but becaufe the Synodical .
- dViosith, or time betwen any two.immediate Con-
yuntions, is equal-to..29 Days and .an Half, and
Fanuary containing 31 Days; therefore if to the
Age of the Moon on the firft of Fanuary be add-
ed 13 or (to avoid Fractions) 2 Days, the fum
will be the Age of the Moon on the firft of Fe-
bruary; and becaufe in common Years the Days
in January and. February taken together make 59;
which. is exaétly equal to two intire” Lunations,
therefore the Age of the Moon. on’ the firft of
Fanuary will be the fame with it’s Age on the
firft -of March,-and . confequently-to it's. Age.on
the firft .of Famuary, there is.nothing added,-in
common Years,. forit's Age on the fisft of March;
but in Leap . Years the fum of the Days. in Fa-
astary and February:being 60, which is more than
two mtire Lunations by 1 Day, it is evident that
in this Cafe,..we muft-add . Day to the Moon’s
iAge on. the . firft of . Fanzary, and the fum will be
it’s' Age on the firft of March. . And-by the fame
way of reafoning it will appear, that -to.find the
Age of the Moor on the firft Day of any Month,
- we muft add. to. it’s’ Age on the firfk of Fanuary
the following Numbers, viz, for Fabruary 2, for
March o, in.common:Years, and 1 in Leap Years,
for April 2, for May'3; for Fune 4, for Fuly 4,
for Auguft 6, -for September 8, for Ofieber 8, - for
November 10, and for December 10. Thefe addi-
tional Numbers are called the Numbers of the
Motiths. ‘ : .

R " 7. 26. From



The_ Elements of Cbrmlqg; 2y

' 26.- From .what has becn faid in the.two laft
Amcles, there naturally follows -this Rule for ﬁnd-
ing the Age . of the Moon on any Day, of a given
Year, viz. To the Epait for the:given Year, ;add
the Day of the Month and numbcr of the Month,
and if the fum be lefs than 30 it is-the Age of the
Mbon required ;" but if it exceed 30 then take 30
from it and the Remainder is the Moon’s Age. -

Example. Required the Mo»s Age on ;he
13 Day of May 1733.

Firfi, by.Ars. 24. I find the Epat for thathar
to be 25 to which adding 13 the Day of the given
Month and 3 the Number of it, the fum is 413
from which-taking 30 there remains 1 1, the Mogr's
Age on the given Day.

27. Since the Moon . takes 30 Days from -one
Conjun&non with the Sun to the next following;

*tis plain fhe muft be 15 Days old when Full, and
7% when in the firt Quarter 5 and 22% Days old
when in the lat Quarter. Confequently to find in
any Month of a given Year the Day of the Moon’s
Change, and when Full, and when in either Quars
ter, we have this Rule, viz. Aflume any Day of
that Month at Pleafure, and by, the laft- 4. find
the Age of the Moon on that. Day; then if it be
15 the Moon will be Full that. Day, and coynting
%5 Days backwards and forwards from that Day,
wc’ll have the Times of the firft and laft Quarsers,
and by counting backwards and forwards from it,
15 Days we’ll have the Times of the . latt and next
Change. But if the Age of the Moon ke greater
then 15, then take 15 from it and the Remainder
will fhow how many Days has run fince laft Full
. Moon. So counting thofe backwards we’ll have
the Day the laft Full Moon happen’d on; and by
knowing that we can find the RDays of the Change
and either Quarter as before. Again, if the Age
of the Moon .on the affumed Day bg lefs then’ dx‘ 5
o en
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then take -that: from 15, and the Remainder will
fhow how many Days are to run till the next Full
Moos 5 and therefore counting fo ‘many.forwards,

" we will have the Day of the Full Mvon, by which

we may find ‘the Days of the Change, ‘and cither
Quarter as above, 1 ‘
«~ Example. Required the Times of Full Moon, New
Moon, and firft and laft Quarters in Oftober 173 4. -
« Firf, 1 aflume any Day at Pleafure, fuppofe
the tenth of that Month; then by the laft Arz. 1
find the Moon's Age on that Day to be 24 Days,
from which taking 15 there remains 9, the Num-
ber of Days fince the laft Full Moon ; therefore
counting fo many Days backwards, I find the Full
Moon happens on the firft Day of that Month, and
counting 73 Days forwards from that I find that
the laft Quarter happens on the ninth Day ; then
from the firft Day, on which the Full Moon hap-
pens, counting 15 Days forwards, I find that the
- Change falls on the 16 Day, and reckoning 74 Days
forward from that, I find that the ﬁrl% Quarter
falls ont the twenty fourth Day.

28, When the Moon is in Conjunilion with the
Sun, then they bath c;%e to the Meridian at the
fame times -but the Moo» moving ftill Eafterly
with a Velocity much greater than that of the Su»,
?tis evident that when the Suz comes on the Meri-
dian the next Day, the Moon will be on the Eaft fide
of it, and confequently cannot be upon the Meri-
dian till fome time after the Sux; and becaufe fhe
compleats her Revolution in 30 Days, therefore in
that time, the difference of time between the Sun
and Moon’s -being on the Meridian will run thro’
the whole 24 Hours: and hence by obferving any
‘Day how long Time the Moon takes to be ugon
the Meridian after the Su», we may by this find
the Age of the Moon that Day, making the fol-
lowing Propofitian,” ¥z, As 24 Hours, the whole
e difference

’
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dificrénce of » Time, is'to 30 Days, -the whole
Number of Days from Chaxge to Change, fo is the
obferved difference of. Tinic. on any Day, to the
Days ‘run’ fince ‘the laft Change, or the Age of
the Moos ar that time, .. .

- Example. Suppofe onariy Day the Moen is ob-
ferved to be upon the Meridian 5 Hours after the
Sun; Required the Age of the' Moon at that time,
Make.it, as-24 is-to 30, {0 is 5 to 653 confequent-
ly the. Muoon is 63 Days .old at the time df obfer-
vation. N .

- 29 The’ Moon moving. round her Orbit, or 360
Degrees, in 30.Days, the_muft move 12 Degrees
in 1 Day; but fince -her Motion is from Weft to
Eaft; and any heavenly Body, 15 Degrees to the
Eaftward of another. being 1 r later of coming
to the. Meridian than that other ; therefore making
it as 15 Dagrees is to: 1 Hour, fois 12 Degrees to
% of an Hour,. or.48 Minutes; we find that the
Moon is always 48 Minutes later of coming to the
Metridian any .Day than fhe was the Day before;
and becaufe the comes on.the Meridian at the fame
Time. with the Suz .on the Day of her Change s
therefore Yo find her Southésg, ar time of her com-
ing on'the. Meridian,:any Day, we muft firft find
her Age (by Ars. 26 for that Day, then this
multiplied. by 48, will give the Minutes of diffe-
rence of Time. between the. Sun and Moer’s coming
on the Meridian ; which divided by 60, will thow
how many. Hoprs' and -Minutes the Moo ‘is later
of ‘coming . op -the Merfidian : than. the Sun ; and
conmnting fo many: forwards-fram twelve of the Day, .
we ‘hawe the Time of the Moon's Soutbing. If the
Hours :ahd'iMinutes. found ws.above be. lefs than
2, thén that will be the Time of the Moon’s
Sautbing ufrer-Noon:; but if greater than 12, then take
x2 from sflerfi.and the Remainder will be the Time
of the Moon’s Southing in the Morning.
-eihd S Example,
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1Example. Required the Time of the Moon"s
Soutbing on the 12th of Offoker 1732. .

Firft, (By Art. 26.) I find the Age of the Moon
that Day to be 4 Days; which mukiplied by 48
gives 192 Minutes, for the difference of Time be-
tween the Sun and Moon's coming to the Meridian
that Day ; and this divided by 6o gives 3 Hours
and 12 Minutes; which being lefs gnn 12 Hours,
is the Time of the Moon's Soutbing after Noon.

Example 2. Required the Time of the Moon’s
Soutbing the 211t Day of May 1733.

“Firft, (by Art. 26.) I find the Moor’s Age that
Day to be 19 Days, which muttiplied by 48 gives
912 Minutes, the difference of Time between the
Sun and Moon’s being on the Meridian that Day,
and this reduced makes 15 Hours and 12 Minutes ;
from which taking 12, there remains 3 Hours
¥2 Minutes, which thews that on the 21ft of May
1733. the Moon comes on the Meridian, at 12
Minutes paft 3 in the Morning. .

30. It was faid at Ar¢. 20. of this, that the firft
Year of the Solar Cycle was Leap Year ; confequent-
ly the fifth muft be Leap 2ear, and the ninth muft
- alfo be Leap 2ear; but the Chriftian Ara com-

mencing on the tenth Year of the Solar. Cycle,
therefore the firft Year of that wasthe firft after Lesp
2ear, and the fourth was Leap 2zar, alfo the eighth,
twelfth, fixteenth, &c. were Leap 2ears; whence
to find whether any propofed Year of the Chrifiian
" Ara be Leap Year, or how many it is the
laft Leap Year; we muft divide the propofed Year
by 4, and if nothing remain, then the propofed
Xear is Leap Year 5 but if any thing remain, that
will thow how many Years has paft fince laft
Leap Year. D
Example. Requir'd whether the Year 2730 be
Leap Xear, or how many fince laft Leap Zear.

B 7 1 divide
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I divide the propofed Year 1730 by 4, and
there remains 2, fo I conculde that the Year 1730-
is the fecond after Leap 2ear. :
- 81, It has been thown at Arz, 17. of this, that
to every Day of the Year there is annexed one of
the firft feven Letters of the Alphabet, beginning
with A, which is always annexed to the firft of
Fanuary, ahd in any common Year, the Letter an-
nexed ‘to the firft Sunday of Fanuary is called the
Dominical Letter for that Year; but each Leap 2zar
having two Dominical Letters (by Art. 19.) the firft
of which ferves from the beginning of the Year
to the twenty fourth or twénty fifth of February,
and the other for the reft of the Year confequently
the Dominical Letter for any common Year, will
thew what Day of Fanuary the firft Sunday of that
Year happens upon, reckoning from A -(which is
annexed to the firft of Famuary) according to the
natural Order of the Letters, and in any Leap 2ear
the firtt of it’s two Dominical Letters will thew what
Day of Fanuary the 6irfl Sunday of that Year falls on,
eounting from A, as above; thusin the Year 1730,
the Dominical Letter is D, fo couiiting from A, viz,
making A’ 6ne, B two, C three, and-D four, I
find -that the ‘Grfl- Sunday of that Year falls on the
fourth Day of ¥enuarys andby knowing what Day
of Fanuary the ‘firft Sunday of dny Year falls on,
we may know what Day of the Week the firft Day’
of that Year falls upon, by counting fo many
Days back “from Sunday ; thus, fince in the Year
1730, the firk Sunday falls upon the fourth of
Fanuary ; therdfore the third will be Saturday, the
fecond Friday, and the firR Thusfday; confequent-
ly the Year 'v730 begins upon Thur/day. From
what has been faid, there arifeth -the following
Rule for finding’ what Day of the Week any Day
of a given Year falls upon, viz. Find the Day of
the Week anfwering to the firfk of Fanuary that

- - S 2 Yeary -

\)
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Year; then, add together the Days contained ~“in
each Month from the beginning of the Xear to
the Month in which the ,pr.opod'eg Day is; and to
this add; the Day. of the given Menth: . Lafy, - Di-
vide this, Sum by:7,. and;if nothing, remaia, then.
the Day-af the Week, . preceeding that Day which
anfwers_to the firlk. of Famuary ntiau;-)’ » 48 the
Day .anfwering to the Pr_gpofed Day ;- hut.if any
thing remain, then—counting fo.'.many Jforward
(beginning with that Day,; the firft; of - Jaypnery. falls
on) we fhall have the Day .of the Waek,- the -pro-
pofed Day falls upen. . :Note, The Days contained
in each Month, -are “as follows, viz. Fauuary 31,
February 28 in common Years, . and- 29 jn Leap
Years, - March 31,...April 30, Mey: 315 . F4Re 30,

 Fuly-31, Auguft 31, September 30, Oftopey 3%, No-

vember. 30, Degember 31.

- Exgmple. Required what bay of tth(sek the.

eighth of Fuly 1730 fallsypon. . ... .57
- Fiefty By the -preceeding Rule in this Aryidle, I
find hat:the firft of Fangary 1790 falls upon =z
Tburfday y then to the Numbers, 31,285 31, 30,
31,30, anlweriag o the clapfed Manths, 1 add 8
the -Day (of-the givep Month, and .the Sum 189
divided by.7,-there repmains-pothing,. fo I.conelude
that the eighthof. July 1730 falls upon.a Weidnefday.
Examply:2.' Regnired. what Day -of; the . Week,

. the’twenty firlk. of/ Mareh 1730 falls-upey. -

-:By. proceeding as. in the -laft Example, -1 find,

after Dipifion that 3 Remains, ‘and the Year, be-

ginning upon & Thuriday, therefore counting Tbur/-
day 1, Friday 2,. pnd Samrday 3,.;1 fingd cthat the
propofed Day falls upon Saturdsy,-. . : - .

. 32. According to the Decred of the Nine Coun-
eil (whitd: is. .followed by the Church-of Esgland)
the Sumday: after-the fourtdenth Day. of that Meon
which bappens after-the twenty firft of March in-
cafively,. i, e afir she Commencement, of the
LSl < . twenty
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twenty. firlt. of March, is Eafler Sunday. - And
fince the fourteenth Day of that-Moos, or the
Pafchal. Full Maoon can. never . happen before t
twenty firft. of ‘March, nor after the eighteenth 2}
dpril 5 therefore. Eafter Day can never happen,
foonsr. than the .twenty fecond of March, nor
later than the twenty fifth of April. . Now to find
what Day of. March or April,,,Eaf:r; Day falls up,
on.in,any Year, :we, have from the foregoing Az,
ticles, the following Rule, wiz." Firf, (hy Art, 26.)
find the Age;of;the Moon on the twenty firft of
Mearch, that- Year,.. and if it be 14, then by the
laft Article find the;Day. of the Week' anfweriag ta
it, and the Sugday following is Eafter.Day ;- but.if
the Mboon’s, Age...on the twenty firft of March be
Bot; 14,. then'reckon fgrward to. the, Day in which
her Age is 14,,and by the latt friicle, find the
Day of the Wa;k-an{wering to that Day, and rec-
koning forward fo, the next Suzday,, we, thall have
the Day required. . . R T
- ‘Exampls. Required when Eafler, Day happens in
the. Year 1730...4 ;. IS R I
Eirft, T.6nd; (by 4rt. 26.):that. the Age of thy
Mobon.on the twenty firft of March 1730, is 134
confequently counting 1 forward; : I find that the
14 Day of the. M=, or..the: Pafehal Full Mion,
happens on the ywenty;fecond -Day of . March ; .then
(by Art. 31,) 1. find, that. the. twenty. fecond ~of
March.1730,, is Sunday; therefore copnting. fors
vards-.to the next Sunday, which is Egfer Day,
find; it happens on: the twc:(fy. ninth , of . Marcb,
Note, In Leap Yearsy infead .of the. twenty. firft of
March you muft ufe the twentieth; becaufe in thefé
Years Fabruary is increafed by.x Day, -~ .
+-83. From vhe,Cydes of the Sun and Moon (ex-
. plained in Arz, 18, and 21.) multiplied into opg
anothey, there arifes another Cycke of 532 Xears,
salled the Zigorian or Dionyfian Cycle, from Di7y-
s
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fius i's Author; after the compleating of whicht,

not only the New Moons and Full Moons return
to the fame Day of the Month nearly; but likewife
the Days of every Month return to the fame Days
of the Week; and confequently the Dominical Lete
2ers, and all the 'Mo'veable‘}’eajh, return in the fame
Order: whence this Cycle is called the Great Paf-
chal Cycle. Now, becaufe the Chriftian Ara com-
menced on the 457th Year of the Cycle; there-
fore to find the Year of the Dionyfian Period for
any Year of the Chbriftian AEra, we have the fol-
lowing Rule, vz, To the current Year of the
Chriftian /Era, add 458, and divide the Sum by
532 ; then the Quotient will thew how ‘many
Periods has paft fince the beginning of that in
which the ~Chriffian Ara commenced, and the
Remainder will thew the Year of the Dionyfian
Period anfwering to ‘the given Year,

* Example. Required the Year of the Dionyfian
Period, for the Year of Cbrift 1733. - =
" Firft, 1add to 1733 the Number 454, and the
Sum is 2190; then I divide this by 532, and the
Quotient is 4," and Remainder 62; confequently
there has paft 4 Dionyfian Periods fince the begin-
ning of that in which the Chriflian Ara commenced,
andg the given Year is the 62d of the Current Cycle.
"' 34. Befides: the ‘Cycles of the Sun and Moen,
there is ‘anothér Cyce confifting of 15 Years,
called the Cycle of Indiction, which- hath .no con-
nection with the Celeftial Motions, and which wag
made ufe of by the Romans for fome Civil Pur-
pofes, and is- {till ufed by the "Popes of Rome in
their Bulls and Diplomas, The Year before the
Birth of Chrift was the third Year of this- Cjele s
and confequently to find the Year of Indiftion for
any Year in the Chrifian Fra, we have this Rule,
viz, fo the given Year add 3, and divide the Sut;n




The Elements of Chromolagy. 135
?f 15, then if dhere be no Remainder, the given
ear is the fifteenth of the Indiftion ; but if there
be any Remainder that will fhew what Year of the-
Indittion the given Year is; and. the Quotient will
. thew how many compleat Cycles of Indiction has.
paft fince the firft Year of that in which the Chri-.
Shan /Era commenced. '
- ‘Example. Required the Year of Indiftion, for
the Year 1733 of the Chriftian Era.
. +Firf, I add 3 to the given Year, and the Sum’
is 1736 ; then I divide this Sum.by 15, and the
Quotient is 115,-and Remainder 11. Confequent-
ly there has been 315 compleat Cycles of Indiction
t)r'om-thc firft Year of that in which the Cbriftian
Zra commenced, and the Year 1733, is the 11th
Year of Indition. :

35. From the Multiplication of the three Cycles,

viz. the Solar of 28 Years, the Lunar of 19, and
that of Indiftion of 15; arifes a Period of 7980
Years, called the Great Fulian Period. This -is
fuppofed to have begun 764 Years before the Crea-
tion: of the World, and is not yet compleated; con-
fequently it muft comprehend all the Actions that,
has happened from the beginning of the World 5
and fince the Year before Chriff was the 4713th
Year of this Perivd, therefore to find what Year
of .the jJulian Period any current Year is, we muft
to thc\Fiven Year of Cbrift, add 4713, and the.
Sum will be the required Year of the. ulian Period.
. ‘Example. Required what Year of the Fulian
Period -anfwers to the corrent Year of Cbriff 1734..
- To the given Year 1734, ¥add:4713, and the
Suin 6447, fhews that the curtent.Year of Chriff
1h54, is the 6447th Year of the. Jwlian Period,
: 36i.As in:the Heavens, there are certain Points.
fram.which A4@remomers begin their'Computations; -
fo. likewife there -are certain Points of Time, from.
which, . as Roets, Chronalogical Computations begin 5
i R . an
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and all memorable Ations are récorded by. Hiflo<
rians according to the Series of :Years following
thefe . Roots, or. fixed Points of Time, which are
called Epochas or ALras. . ‘The maft celebrated and
beft known to us, .is the Chbriffien. Ara, which
commenced on -the firfk of Fdwusry, immediately.
following the birth of Chriff.: - =~ . . . -
--37. The ‘moft Ancient Epochay-is that of the
Creation of the World ; which. commenced 3950
" Years ‘before: Ghrifkc . The nexe.ta this is that.of
the Dezluge, -which:began 2956 Yedrs: before Chrift..
Then follows the  Epocha of the.Qlympiads,.~which
was the moft ancient and: famous; .Epocha -among
the Greeks, -and other Eafters Nations ; each Qlym-
pind contained 4 Years, and they had their Rife
from, certain Games that were celebrated by the
Grecians every fourth  Year ;:in” honour of Fupiter
Olympius, which were called Qlympisk Games. The
beginning . of - this Epocka, is fuppofed to..have
been on the 777th Year before Chriff, and in the
3936th Year of the Fulian Period. . The next E-
pocha, . is that of the Building of Rome, which be-
gan about the End of the third Year. of the .Sixth
Olympaid, - 754 Years before Ghriff,’ and in: the
3959th Yearof the Fulian Périod.. Then follows
the Zra of Nabonafflar King of Babylon, from' the
beginning of whofe Reign it ‘commenced, This
Aira i3 famous among Afiranomers, being made
ufe of by Piolemy,. Albategnus, &¢c. as a . proper
Ara for computing the Motions. of. the Celeftial
Bodies from. It began according to. Piolemy, on
the' fourth of the Kalends:of. Murab, 747 Years
before Cbriff, in the 3966th. Year -of .the Fuliox
Period, and in the feventh Year after the builds
ing " of Rome, and im. the. 4edond Year' ofithe
eighth Olympaid. The next is the Epocha of A-
laxander the Great, which commenced at his Deadhg:
and this happencd about the middle of the Spring;
" in
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in the firft Year of the 114th Olympaid, 324 Years
before Chriff, in the 4390th Year of the Fwlian
Period, and in the 424th Year of the £ra of Nabo-
naffar. ‘There are feveral other Epochas befides
thefe already mentioned of lefs note, which I fhall
pafs over, it not being the Defign here to give a
particular Defcription of all the Epochas and their
feveral Ufes, but only to give a general Account
of the moft remarkable among them.

38. Since by the Rotation of the Earth about it’s
Axis, the Moon appears to move quite round from
Eaft to Wep in 24 Hours; therefore in that Time
fhe muft paft over all the Points in the Compafs,
and fo muft ‘move from one Point to the next
fucceeding in 45 Minutes. Confequently in moving
from the North Point to the South, fhe muft take
12 Hours, and from the North, to the N b E,
or from the South to the S b W 45 Minutes; alfo
from the North to the N N E, or from the South
to SS'W, 1 Hour 30 Minutes; and {o on as in
the following Table, '

Points b, m Points
N} 12 , OO S
NbE O 5 4§ StW
NNE 1, 30 SSW
NEsN 2, 15 SW4§S
~ NE -3 5 0O SW
NESE 3 » 45 SWiHIW
ENE 4 » 30 WSW
E/N § »» 1§ Wi§S.

E s OO ’ w -
EsS 6, 45 W s N
ESE 7 » 30 WNW
-SE4E 8 5 1§ NWsw
SE 9 , 00 NwW
SSE 10 5 30 NNW
S/E 11, 1§ N s W

T . 39. The
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39. The Fluxand Reflux, or Ebbing and Flowing
of the Seas, does conftantly refpect the Motion of
the Moon, and in every place when the Mooz is on
a certain Point of the Compafi, or at a certain
Diftance from the Meridian, it is then High Water
at that Place; and fince fhe is twice at the fame
Diftance from the Meridian, or in two. oppofite
Points of the Compafs, in her diurnal Motion ;
therefore in moft places there is a double Ebbing
and Flowing in a little more than 24 Houss.. There
has been found by Obfervation, for the moft re-
markable Coafts, the Points on which the Moon
is when it is high Water in each of them; as_in
the following Table.

. A Table of the moft remakable Sea Coafts, in an Al

. phabetical Order; foewing in each of them, the

.. ' Points of the Compafs, the Moon muft be on, when
it is bigh Water.

At Bref, before the Bafs,
the River of Bourdeaux within
;hc Hayen, NEZE, and SW

Ww.

. A. C
T Abarwark, ENE and
WSWw.
At Abermerick and Antsverp,

Eand W,

At Alborough, S E & S, and
NW&N.

At Anflerdam and Armenties,
NE andSW.

At 4rmy, NNE, and SSW.

B.

At Beachy and Blacktail, and
before the Race of Blanguet,
Nand S. .

At Blacknefs in Bluet, at Bell
Ifle, NNE, and S SW.

Without Bluet, and at Ber-
wick, NE&N, and SW &S.

At the River Bourdeaux, the
South Coaft of Britaigne, the
Coaft of Bifay, and t-Bekne/s,
NE, andSW.

In the Breefound, Bloy, Bal-
timore, ENE, and WS W.

Before Bremen, and at Black-
n¢y, and in the Channel before
B’Zurdmux, Eand W.

At Bridgewater, ES E, and
WNW.

At Briftol Key, . E 4 S, and
W& N. ’
At Bullen-deep, S SE, and
NW. '

Before the Haven of Caen, in
the Chamber, between Cripples
Jand and the Grey/, and at Ca/-
bot, S6E, and N6 W.

At Caldy, and in the Bay of
-Carnarvan, E-6 N, and W4 S.

Without
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. Without Calais, at Corpus
Cbhrifti Péint, before and at Cam-
Jer, NNE, andSSW.

Between Calais and Dover,
before Conguet, and at the N.
Cape, NE, and SW.

At the Caskets, and at Cham-
bernefs, SE4S, and NW 4 N.

Between Guernfey and the
Caskets, before Cromer, before
she Caskets at Guernfay, at Se-
ven Clifts, and at Catnefs, SE,
and NW.

In the Chamber of Rye, N 3
E, and S4 W.

Without the Caskets, in the
Channel, SEJE, and NW
bW. b .

At Concalo, E and W.

In Condads, N andS.

- At Cork, Calais, CapeClear,
and in the Creek, ENE, and
WSW. - :

AtCams, in the Fofs of Caen,
in €alais Road, and in Chamber-
#iefs Road, SSE, and NN W.

. D.
At Dartmouth, E and W.
At Diep, Dover, and in the
Downs, SSE, and NN W.
At Dover Pier, and before
Duskirk, N and S. '
At Denbeigh and Dogyns, in
thg Road, NE4N, and S W
&8 .
At Dublin, SE 4 E, and
_ NWHW.
At Dunbar, SE, and NW.
At Dungenefs and Dunnofe,
SE4S, andNW 4 N.
At Dungerfan, ENE, and
WSW.
E

At Edam, NNE, and SSW.

At Emden, before the Elye,
before the Eyder, and before
Euchufun, N and S.

139

Before the Eaffern and We{
tern Emes, and Engemonts, SE»
and NW.

. F.

_In the Fair Ifle Roads, and
at the North Foreland, S b E,
and N4 W.

At the Frith, and at the 8. |
Foreland, SSE, and NN W.

Before the Fen, in the Chan-
nel, NNE, and SSW.

At Flamborough and Bradlings
ton, NE, and S W. ’

On the Coaft of Flanders, N
and S.

Without the Banks of Flan-
ders, NE, and SW.
; V?ft Flybing, NSHE, and §

Without Fountney, NE4 N,
and SW4S.

At the Forn, in Foy, at Pal-
mayth, E&N, and W 48S.

Without the F/y, SESE,
and NWoHwW. °

- Before the Coaft of Frize-

land, and the Fly, ES E, and
WNW. -

Between Foy and Falmoutb,
in the Channel, and at Fou/nsfs,
E4S, WiN.

At Frize, and the Fair Ifle,
N W, and SE. .

G.

In the Road of Gibralter, at
Graveling, and before Cher-
burgh, N and S..

Before Goree, at Guernfey,
and at Gragefend, N NE, and
SSW.:

At Groin, at Gafeoign, and
the Coaft of Galicia, N E, and
SW

Tl;wart of Guernfey, in the
Channel, SE4éS, and NW
&N,

T 2 Before
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H.

Before Hamburgh, at Hall,
at the Ho/ms, and before Hum-
ber's Mouth, E and W .

At Hﬂﬂ?lﬂl Kzy, before the

- Hever, betore Horn, N and S.

At Harlem, Havre de Grace,

. and Homebead, S E, and NW,
‘l?;fore Hartlepool, N E, and

At St. Helens, at Hareich, and
without the Banks of Harwich,
SSE,and NNW.

s SAt Humber, E 6N, and W

Under Holy Ifland, and at
Horn, NNE, andSS W,

At Huntciff-Foot, NEE,
and SW2S.

I‘

In all the Havens on the S.
Coafts of Ireland, E 4 N, and
W5S.

On the Weft Coaft of Ire-
land, NE, and SW.

At Jutland Iflands, N and S.

BN

K.
At Kelliers, NE, and S W,
At Kentifp Knock, N and S.
AVEI Kilduyw, ESE, and W

At 'Kildriw, SE, and NW,
s éft Kingfale, ENE, and W

At Lamb, Iv"smE d
) amoay, a
NWIW. >
At Leith, N and S.
AtLynn, R4S, and W SN,
At Liskon, NESN, and
SWiss,
At the Lizard, by the Land,
ESE, ind WNW,
At Leofioff, and thwart of

it without the Banks, SE2 S,
and N W4 N,
In Leofioff Road, and Leng-

Jand Head, S S E, and NNW,

At Lowdon, NE, and SW.
At Londey, E and W,
- Thwart of Londey, and before
Lynn, E4N, and W 4 S,

M.

Within the Maes, at Malden,
N4E, and S6 W.

‘Before the Maes, and before
St. Matthews Point, NESE,
and SWHW.

In St. Magnes Seund, and at
the Magnes Cafle, SESE,
aniNWbW.M SE ad

t the Ifle of Man, , an
N Ifle of

Before -Margate, S b E, and
N4W.

In Milford, at Moonlefs, at
St. Maloes, E 6N, and W S.

Between Moufebole and Fal-
mouth, and in Milford Haven,
ESE, and WNW.

In Moufehole, at St. Mat-
thews, and within Mounts Bay,
ENE, andWSW.

N. :

Between the Naze, and War-
bead of Lower, SSE, and N
bW.

Before the River of Nasts,
NE, and SW.

At the Needles, at the Iffe ‘;f
White, SESE, and N WHW.
; sAt Newcaftle, E 6N, and W

At Newport, half Tide, N
and S. .

At the Weft End of the
Nore, NHE, and S 4 W.

Before St. Nickolas, E& S,
and W4 N.

All
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All the Coaft of Normandy,
and Picardy, S SE, and NNW.

S, Q
At Orfordnefs, SE4S, and
NWsN.

At Orfordmefs, without the
Banks, and between Orford and
Orwell-Waves, SSE, and N
Nw.

At O#fordnefs, within the
Sands, SJE, 'gnd N&w.

At Orknefs, NE, and SW.

At Orkney, SE, and NW.

P.

At St. Pagls in the Haven,
Eand W. .

At the Pews, Porthus, and
Poicty, NE, and S W.

In Plywouth, and before St.
Pauls, E6N, and W4 S. -
. Thwart of Plymouth, E S E,
and WNW. ’ :

Before Podeffemet, E b S, and
W 4N. .

At the Race of Portland,
SE,and NW. C

At Portfmouth, half Tide, N
and S.

Q
At Queenborough, N and S,

S.

In the Sleve, between Upam
and Scilly, at the Shooe, at the
Spitt, at Soutbampton, and all
long the Swin, N and S.

Upon the Coaft of Spain,
and in Shetland, NE, and SW.

At Scilly, in the Sound, Scar-
burgh, and at Staples, NE  E,
and SWiW, ]

At Seven Ifles, without the
Haven, in the Broad Soxnd,
ENE, and WSW.

At the Mouth of Segern, be-
tween Scil/ly and the Lizard,

14t

at the Spwrn and Stockton, E
bN, and W5 S.

Without Scilly, in the Chan-
nel, and Saleomb, E and W.

At Sedmouth, and at the Stare,
E$S, and W4 N.

Of the Start in the Chan-
nel, ESE. and WN W,

Within the §¢yn, and before
Shelbergh, and at Seven Clifts,
SE, and NW,

At Shoram, SE 4 S, and
NWi&N. -

At Sen Head, SSE, and
NNW. :

T. \
Within Tergere, N 4 E, and
SHW, '

- Before Tervese, before the
River of Thames, and at Tix-
mouth, NNE, and S S W,

Before the Tres, and Tin-
mouth, before the Bay of Tin-
mouth, NE, and SW,

At the Clifts of the Texel,
ENE, and WSW.

In Torbay, and before the -
Texel, E and W.

- Inthe Road of the Texe/, B
SE, and WN W,

At Torgin, SE4S, and N
W &N,

R ¢
Before Urek, N and S.
AtUe, NE, andS W,
Between Upant, and the

Moain, NESE, and S W s W.
8¢.Vallery, S SE,and NN

w.

Ww.
At Winckelfes, N b E, and
S$HwW.
At the Waeilings, and from

the Weft End of the Wight,
NNE, and SSW.
Befors



142
Before the Weilings, NE &
N, andS W 4 S.
At Whitby, NE, and § W.
In'the Sea of Wales, and Se-
pern, ENE, and W S W,
In Wales, E4N, and W S,
. At Wells, at Weymouth, and.
at Waterford, E and W.
At Weymouth Key, E4S, 3nd
.WiéN, :
At the Nefs, by Wieripghen,
itl‘”/iﬁlmtm, ESE, and W

W.

Thwart the I/~ of Wight, in
the Channel, all within the I/
of Wight, between the Ife of
Wight, and Beacky, by the
ghore, SE4E, and NW s W,

At the Eat End of Wigh,

The Eleswents of Chronology.

and on Wierington Flats, 8 E
and N W. ot

Y. .
" Before Yarmouth, NNE, and
SSw.
« At Youghall, ENE, and W
Sw

At Yarmouth, SE SE, and
NwWisw. ,

In Yarmouth Roadein Yar-
mouth Hayen, SSE, and N
N w,

On the Coaft of Zealand, N
NE, and SS W,

In the Ziercek Seay N E, and
S W, )

"40. By knowing the Point of the Compafs, the
Moon is on when it is high Water at any place, we
know by Arz. 38. the Time fhe takes to move from
the Meridian to that Point ; and fince we can find
by Art. 29. the Time of the Moon’s,comin%_on the

Meridian any Day ; therefore to find the

ime of

high Water at any place, and on any Day, we
have this Rule, viz. .To the Hours and Minutes
of-the Moon’s Southing (found by Art. 29.) add the
Hours and Minutes ahfwering to the Point of Flow-
ing (found - from the Table of Arz 38,) the Sum

is the Time of full Sea
Noon or Midnight

req_uir’d 3 countingfrom

" Example. Requir’d the Time ‘of High Water at
Briftol Key, on the tenth of May 1731.

Firft, By Art. 29.1 find the Moon comes on the
Meridian that Day, 48 Minutes paft 12 at Night,
then becaufe by the Table in the laft Arsicle, the
Moon muft be on the E4 S, or W 4 N Point of
the Compafs before it be high Water at Briftol; and
fince by the Table at A7t 38. fhe takes 6 Hours,

45 Minutes,
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4% Minutes in moving from the Meridian to either
of thefe Points ; therefore to the 48 Minutes be-
fore found, Iadd 6 Hours, 45 Mi , and the
Sum is 7 Hours, 33 Minutes in the ing, . the
“Time of full Sea at Briftol, for the opofed, -
which is alfo the Time at Nighy, when it is full
Sea again, that Day. :

P

SECT. VL
Concerning the Log-Line, and Compafs.

1. H E Method commonly made ufe of for

T meafuring the Ship’s way at Sea, or how
far the runs in a given fpace of Time, is by the |
Log-Line, and Half-Minute Glafs.

2, The Log is a flat piece of Wood, in fhape
like a Flounder, having a piece of Lead faften’d
to it’s Bottom, which makes it ftand or fwim up-
right in the Water; to this Log is tied or fafteneda
-long Line, which is called the Log-Line 3 and this
is commonly divided into certain Spaces, each of
-which is, or ought to be, fuch a proportional Part
of a nautical Mile (60 of which make a Degree of
a great Circleon the Earth) as half 2 Minute (the
‘Time allow’d for the Experiment) is of an Hour.

3. Thefe Spaces are called Knots, becaufe at the
. End of each them, there is a piece of Twine with
Knots in it, inreeved between the Strands of the
Line, which fthews how many of thefe Spaces or
-Knats, are run out during the half Minute. They.
commonly commence or begin to be counted, at
the diftance of about 10 Fathom, or 6o Feet from
.the Log ; that fo the Log, when it is hove over
Board, may be out of the £ddy of the Ship’sbﬂt{ab

o efore
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“befare they begin to count, and for the more ready
difcovery of this Point -of Commencement, there
is commonl]y faftened at it a piece of red Rag. .

- 4. T vy being thus prepar’d, and hove over
Board from zhe Poop, and the Line veer’d out (by”
the help of a Reel, that turns eafily, and about
which 1t is wound) as faft as the Log will carry
it away, or rather as the Ship fails from it, will
fhew according to the Time of veering, how far
the Ship has run in a given Time; and confe-
quently her rate of failing.

5. A Degree of a Meridian, which is a great
Circle on the "Earth, . according to the exacteft
Meafures, contains about 69.545 Englifb Miles 5
and each Mile, by the Statute being 5280 Feet,
therefore a Degree of a Meridian will be about
367200 Feet ; whence the & of that, wiz. a Mi-
nute, or Nautical Mile, muft contain 6120 ftandard
Feet; confequently fince 3 Minute is the :1. patt
of an Hour, and each Knot being the fame part

.of a noutical Mile (by Art. 2.) it follows, that
each Knot will contain the 3o part of 6120 Feet,
2iz. 51 Feet. .

6. Hence it is evident, that whatever number
of Knots the Ship runs in half a Minute, the fame
number of Miles the will run in one Hour ; fup-

- pofing her to run with the fame Degree of Velo-
city during that Time; dnd therefore it is the
general Way to heave the Log every Hour, to
know her rate of failing ; buc if the force or
direction of the Wind vary, and not continue the
fame during the whole Hour, or if there has been
more Sail fet, or any Sail handed, that fo the
-Ship has run fwifter or flower in any part of the
Hour, than fhe did at the Time of heaving the
Log 5 then there muft be an Allowance made ac-
cordingly for it, and this muft be according to
the difcretion of the Artift, - :
‘ ‘4. Some-
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7. Sometites when the Ship is before the Wind,
and there is a great Sea fetting after her, it will
bring home the Log, and confequently the Ship
will fail fafter than is given by the Log. In this
Cafe it is' ufual, if there bea very great Sea, to
allow one Mile in ten, and lefs. in proportion, if
the Sea be not fo great. But for the generality,
the Ship’s Way is really greater than that given
by the Logs and therefore in order to have the
Reckoning rather ‘before than behind the Ship,
(which is the fafeft way) it will be proper to make
the Space on the Log-Line between Knot and Knot,
to confift of 50 Feet inftead of 51. Some, upon
the Suppofition that 60 Miles makes a Degree on
" the Meridian, make the Diftance between Knot
and Knot 42 Feet; when at the fame time, by
common experience they are oblig’d to leffen the
Half-Minute-Glafs by near 6 Seconds, making it to
run only 24 Minutes nearly ; which plainly is cor-
re&ting one miftake by another. :
- 8. %f the Space between Knot and Knot on the
. Log-Line fhould happen to be too great in pro-
portion ‘to the Half-Minute-Glafs, viz. greater than
50 Eeet ; then the Diftance given by the Log, will
be too fthort, and if that fpace be too fmall, then
the Diftance run (given by the Lsg) will be too
great; therefore to find the true Diftance run in
cither Cafe, having meafured the Diftance between
Knot and Knot, we have the following Proportion,
o
As the true Diftance 50 Feet, is to the meafured
. Diftance, fo is the Miles of Diftance given by the
Log, to the true Diftance in Miles that the Ship
has run. ) '
Example 1. Suppofe a Ship runs at the' rate of
6% Knots in half a Minute, but meafuring the {pace
between Knot and Knot, I find it' to be 56 Feet;
Required the true Diftance in Miles.
‘ u Making
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' Making it as 50 Feet, is to 56 Leet, fo is 6,25
l{not.t"td 7 Knots; 1 find 'dlat"tlic true rage of fail-
ing_is 7 Miles in the Hour. e
" “Example 2. Suppofe a Ship runs at the rate of 64
Knots in Ralf a Nﬁndtq;' but meafuring the fpace
between Knot and’ Kuot, "1 find it to be only 44
Feet: Required the true rate of failing: = - .
*“Muking it as go Fert, is to .44 Feet, 50.15.6.5
Knots, to 5.72 Knot$; 1find that the tiue rate
of failing is"5. 72 Miles.in the Hour, .\, .~
" 9. Again, fuppofing the Diftance between Knot
~and Knot on the Log-Line to be exally 5o Feet,.

but tht the GIafi is nof 30 Seconds s then if, the.
Glafs require longer time to run than 30 Seconds,
the Diftance gii'en.w.ilipbé t0o great, if eftimated
by allowing 1 Mile for every Knot run, in the time
the Glafs runs; and on the contrary, if the Glafs,
require lefs time to run. than 30-Seconds, it will
give the Diftance faiFd too fmall. - Confequent
to find the:true Diftance .in either Cafe, we m
meafure the time the G[afs requires.to.run out (by
the Method in the following Atticle) thep we have
the following Proportian,. wiz. . ... =
_ As the number of Seconds the Glafs runs, is to
half a Minute, or 30 Seconds, fo is ‘the. Diffance
given by the Log, to the ‘true Diftance, * ~
. Example 1. Suppofe. a Ship runs at the ‘rate of
75 Knots in the time ‘the. Glafi runs, “but iea-
furing the Glafs, 1 find it runs 34 Seconds: Re-
quired the true Diftance fail’ld. - .

. Making it as i‘t Seconds, 'is to 30 Secands, fo
is 7.5, t0 6.6 ; I find that ‘the Ship fails at the
rite of 6.6 Miles an Hour. I
. Example 2. Suppofe: a Ship runs at the rate of
65 Knots, .but meafuring the Glafi, 1 find \ic-runs
only 25 Seconds :; Required "the true.rate of fail-

o
ing. . : .
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. Making. it as 25 Secands, is to 30 Seconds, .fo is
6.5 Knots, ;57,8 ﬁYmt; 5 I find that the true rate
of failing is.7. 8 Miles an. Hour.

10. In .order,to know how many- Seconds the
Glafs runs, you may try it by a Watch or Clock,
that vibrates, Seconds ; but if neither of thefe be
dt hand, then.take a2 Line, and to the one end
faftening a Plummet, hang the other upon a Nail
or Pg, fo as the Diftance .from the Peg to the
Center of .the Piummet ;be 395 Inches : then. this
put-into Motion will vibrate -Seconds, i. ¢, every
time it pafles the Perpendicular,you -are'to caunt
one Secopd; confequently by obferving the numn-
ber of Vibratjons that it. makes during the time the
Glafs is running, we kaaw how many Seconds the
Glafs runs. . . - . o

11. If theye be an .Error both .in the Log-Line
and Half- Minute-Glafs, viz, if the Diftance between
Knot and Knot on.the Lag-Line, be either greater
ar .lefs than 50 Feet, and the Glafs runs either
imore or lefs.than 30 Seconds,. then the finding of
the Ships,.true ‘Diftance will be.fomewhat more
-complicate, and pdmit of three Cafes, viz. .

Cafz 1. If the . Glafs .runs.mpre than 30 Secondz
.and the:Diftance hetween Knaz and Knot be. le
than 50 Feet,. then. the Diftance given by the Log-
.Line, viz. by.allowing 1.Mile.for each’ Knot the
Ship fails while the Glafs is runing, will always be
.greater than the.true Diftance; fince either of
.thefe Errors. give the Piftance too great. Confe-
quently to find the true rate of failing, in this Cafe,
-we.muft figlt. find. (by #rz, 8.) the Diftance, on the
fuppofition that. the Log-Line is only wrong, and
.then with: this (by 4rt, 9.) we Jhall find the true
-Piftance, - L o
.. Example, Suppofe a Ship is.-found to run at the -
rate of 6 Kuots; but” examining the Glafs, I find
it runs 35 Scconds, angI meafuring the Log~Lin;i,n ;

2
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find the Diftance between Knot and Knot- to be but
46 Fect: Required the true Diftance run.
Firft, By Art. 8. we have the following propor-

- tion, viz. As 50 Fect : 46 Feet :: 6 Knots : 5.52

Knots. Then by Art.q9. As 35 Seconds : 30 Se-
conds :: 5.52 &m : 4.73 Knots. Confequently
the true rate of failing is 4. 73 Miles an Hour.

Cafe 2. If the Glafs be lcg than 30 Seconds, and
the fpace between Knot and Knot be more than 50
Feet; then the Diftance given by the Loig, will al-

ince either
of thefe Errors leffen the true Diftance.

Example. Suppofe a Ship is found to run at the
rate of 7 Knots, but examining the Glafs, I find it
runs only 25 Seconds, and meafuring the fpace
between Knot and Knot on the Log-Line, I find 1t
is 54 Feet: Required the true rate of failing.’

Firt, By Art. 9. As 25 Seconds: 30 Seconds: :
7 Knots: 8.4 Knots. Then by Art. 8. As 50 Feet:
54 Feet:: 8.4 Knots: 9.072 Knots. . Confequently
the true rate of failing is 9. 072 Miles an Hour.

Cafe 3. If the Glafi runs more than 30 Seconds,
and the fpace between Knot and Knot be greater
than 50 Feet, or if the Glsfs runs lefs than 30 Se-
conds, and the fpace between Knot and Knot be

‘lefs than 50 Feet; then fince in either of thefe two

Cafes the effe@s’of the Errors are contrary, ’tis

:Plain the Diftance will fometimes be too great and

" fometimes too little, according as the greater Quan-

tity of the Error lies’s as will be evident from the
following Examples.* ~ =~ =~
Example 1, Suppofe a Ship is found to run at
the rate of 93 Knots per Glafs, but examining the
Glafs, it is found to run 36 Seconds, and by mea-

{uring the fpace between Knot and Knot, it is

?)und to be 58 Feet: Required the true rate of
ailing. - R :

\ Frfy
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Firft, By Art.8. As 5o Feet : 58 Feet :: 9.5

Knots : 11,02 Knots. Then by Art. 9. As 38 Sé-
conds : 30 Seconds: : 11.02 Knots: 8.7 Kmets, Con-
fequently the Ship’s true rate of failing is 8.7 Miles’
an Hour. . '
. Example 2. Suppofe a Ship runs at the rate of
6 Knots per Glafs ; but examining the G/afs, itisfound
to run only 20 Seconds, and by meafuring the
Log-Line, the Diftance between Knot and Knot is
found to be but 38 Feet: Requiredthe true rate
of failing. . .

Firft, By Art. 8. As 50 Feet: 38 Feet:: 6
Knots: 4. 56 Knots. Then by Art. 9. As 20 Se-
conds : 30 Seconds: : 4. 56 Knots: 6. 84 Knots. Con-
{::Iqucndy the true rate of failing is 6. 84 Miles an

our.

But if in this Cafe it happen, that the time the
Glafs takes torun, be to the Diftance between Knat
and Knot, as 30, the Seconds in half a Minute, is
to 50, the true Diftance between Knot and Knot ;
then ’tis plain, that whatever number of Seconds
the Glafs confifts of, and whatever number of Feet
is contain’d between Kot and Knot 3 yet the Di-
. ftance given by the Log-Line, will be the true

Diftance in Miles. - ' -

12. Though the Method of meafuring the Ship?s -
Way by the Log-Line, defcribed in the foregoing
Artcles, be that which is now commonly-made
ufe of ; yet it is fubjet to feveral Errors, and
thefe pretty confiderable. For firft, the Half-Minute
or Quarter-Minute-Glaffes (by which, and the Log,
the Ship’s Way is determin’d) are feldom or never
true, becaufe dry and wet Weather have a great
Influence on them; fo that at one Time they may
run more, and at another Time fewer tham 30
Seconds, and ’tis evident that a fmall Error in the
Glafs, will caufe a fenfible one in the Ship’s Way.
Again, the chief Property of the Log is to have

-~ ‘ it
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it fwim upright; or pespendicular to the Horizon
‘but thisids too. -aften wanting in Lags, becaufe fexw
Seamen‘examine whether itisfo or not, andgenerally
aake. {t.upon trift, » being fatisfied, .if it weigh a
little more at the Seern than the Head ; and ‘from
tthis:there flows an: Error in -the Reckening, for if
the Log does .not fwim upright, it will not hold
Water, .nor 'rcmain..ftcac{; in_the place where it
s ‘heavld, ‘finge :the.leaft check of the Hand, in
weering ithe Line will make it come up: feveral
Feet ; this repeated will make the Errors -becomp
Fatbosms, and perhaps Knors, which ‘how infignificant
-foever they appear, are Miles and parts of Miles,
-and arount -to a:good deal in a long Voyage.
“Anothier :inconvenience attending -the Log-Lixe is
iv’s ftretching and fhrinking ; for when 2 new Line
tis’ fivft vfed, letic be evérfo well fretched upon
‘the Deck, .and imeafured as true - as.pofilble, yet
aafter weting ‘it . fhrinks -confiderably; and confe-
iquently to be the better affur’d of the Ship’s Way
tby the Dog-Line, we ought to meafure and aglter
>the Kwots on it every time before we .ufe.it; byt
- -this is. feldom-done oftner than onece;a ‘Week, and
fometithes . nat abpve . once or twijce in a -whole
Voydge ; alfo when the Line is meafyred -to it’s
-greateft  Degree -of " fhrinking, it. is generally:left
rthere ; and when by much ufe, it comes to ftrerch
‘again ‘it is feldom or never mended, :tho’ .it will
!ftretch ‘beyorid: what it firft :fhrunk. Thefe and
‘many other ‘Errors, . tao. well known, :steending
.that ‘method of meafuring the Ship’s Way by .the
Log-Line, plainly anfwers for a great.many Erross
committed in Reckonings. So ’tis to-be.wifh’d that
*either this Method were improved ¢r amended, or-
that fome other Method lefs fubject to Error, were
found out. There was a Machine fometime ,aga
invented by Mr. Henry de Saumarez, of the Ifland of
Guernfey, for meafuring the Ship’s Way,. called the
" Marine

. -~
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Marine Surveyor; which is indeed efs fubje® to
Error thah the Log-Line, and was found by feveral
Experiinents to an{wer the end much inore exaltly
than the Log-Tise ; a Défcription of which may be -
feéh ‘in the Philofopbical Tranfaions of the Royal
Society, Vol. xixiii. for the moriths. of November
and’ Decembér 1725 3 ‘and. alfo -in thofe for the
thoaths of March and April i%36 ; and for March
and April'1729. " " o o
" 13. It was igid_at Art. 23, Seft, 3. that the Meri-
diag and prime Vertical of any. ‘place cuts the
Horizon in 4 Points, at go Degrees diftance from:
one another, %iz. the North,. South, 'Eaft and Weft;
that part of the Meridian which extehds itfelf from'
the place to the North point of the Hofizon, is called
the North.Line 5 that which tends to thé South point
of the -Horizon, is called the Soith Linei and that
patt of the Prime. Vertical which extends towards
the right Hand of the Obferver, when his face is
tuin’d to the North, is called the; Eaff Line; and
laftly, that pait of the Prime Vertical which ténds
towards the left Hand, is called thé W2f Line;_the
four Points in which_thefe Lines' meet the Horizon,"
are called the Cardinal Peints,. " . S
" '14. In order to deéterniine the “Courfe of the
Winds, and to difcover -their various Alterations or
Shiftings ; each Quadrant of the Hurizon intetcepted.
bétween the Meridian and Primé Vertical, is ufually
divided -into eighi equal ‘Parts,, and “cosifequently:
the whole Horizon” iato thirty twd’ 4nd the Lines
drawn” from the pla¢e. on_ which, the Obferver
ftandeth, “to the points of Divifion jo, his Hvrizqn,"
are ‘called’ Ramb Lings,, the Tour principdl of which’
aré thofe delcribed in t,hc,yfg:'e,ecﬁhg ‘Article, each’
of them having. it’s name frorh the cardinal Point.
in the Horizon towards which'it ‘téds ;. the reft of
the Rumb Linei have théir namés compounded ‘of
- ' ’ - the

—-
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the principal Lines on each fide of them, as in
the ‘following Figure; and over which-foever of
thefe Lines the courfe of the Wind is direCted,

.that Wind takes it’s name accordingly. .
15. The Inftrument commonly us’d at Sea for
direting the Ship’s Way, is called the Mariners
Compafs ; which confifts of a Card and two Boxes.
The Card is a Circle made to reprefent the Horizon,
whofe Circumference is quartered and djvided in-
to- Degrees, and alfo into thirty two ec}]ual Parts,
by Lines drawn from the Center to the feveral
points of Divifion, called Points of the Compafs, On
the back fide of the Card, and juft below the South
and- North Line, is fix’d a Steel Needle, with a Brafs
Cupola, or hollow Center in the middle, which is
plac’d upon the end of a fine Pin, upon which the
Card may ecafily tutn about; the Needle is touch’d
- with a Load-Stone, by which a certainVirtue isinfus’d
into it, that makes it (and confequently the South
and North Line on the Card, above it) hang nearly
in the plain of the Meridian, by which means the
South and North Lines on the Card produc’d, would
meet the Horizon in the South and North Points;
and confequently all the other Lines on the Card
roduc’d-would meet the Horizon in their refpective

oints.

16. The Card is reprefented in the annexed
Scheme, in which Eou may obferve, that the ca-
ital Letters N, S, E, W, denote the four cardinal
goints, viz. N the North, S the South, &F¢. and
the fmall Letter & fignifies the word by : the Rumbs
in the middle between any two of the Cardinals,
are exprefs’d by the Letters denoting thefe Car-
dinals, that which denoges the Point lying in the
Meridian having the precedence ; thus the Rumb
in the middle between the North and Eaft is ex-
pref’d N E, which is to be read North Eaj‘tf;
. alfo
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alfo S W denotes the South Wef Rumb, &. the
odxcr Rumbs are cxprcﬁ'd accordmg to their

Situatlon with refpect to thefe middle Rumbs,
and the neareft Cardinals, as- 1! plain from the ane
ncxedSchm

X 7 37. The
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. 17. The Cardis put into a round Bews made fop
is, having 3 Pin eostted in the Middle, - upon whicly
the hollow Center of the MNesdl, is fix’d, fo as the
Card may lie Horizontal, and eafily vibrate accord-
ing the Motion of the Needle 5 the Box is cover’d
over ‘with a fmooth Glafs, and is hung in a brafs
Hoop upon two cylindrical Pins, diametrically op-

ofite to one another, and this Hoop is hung with-
in another’ brafs Circle, upon two Pins at right
Angles with the former. Thefe two Circles, and
the Box, are placed in another {quare wooden Box,
fo that the innermoft Box, and confequently the
Card, may keep Horizontal which  way foever the
Ship heels.

18. Sincethe Meridians do all meet at the Poles,
and there form certain Angles with one another ;
and fince if we move never fo little towards the
Eaft or Weft, from one place to another, we there-
by change our Meridian, and in every place the
Eaft and Weft Line being perpendicular to the
Meridian 5 it follows, that the Eaff and #eft Line
in the firft Place, will not coincide with the Eas
and West Line in the fecond, but be inclin’d to it;
at a certain Angle: and confe%ucntly all the other
Rbomb Lines at each Place, will be inclin’d to each
- other, they always forming the fame les with
the Meridian. Hence it follows that all Rumbs,
except the four Cardinals, muft be Curves or Helif-
pherical Lines, always tending towards the Pole,
and approaching it by infinite Gyrations or Turn-
ings, but never falling into it. Thus let P be the
Pole, FQ_an Arch of the Equator, PE, PA,
&Jc. Meridians, and EFGHKL any Rumb;
then becaufe the Angles PEF, PF.G, &c. are by
the Nause of the Bupp Linasqual if mevidensthat
1 wilk farm a qurye Line, an . the Sugfage of the
Globe, always approaching the Pole P, wfmil'

alling

- e

oo
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ﬁllmmcg i::;c: ét&;“ft:: if it were mfﬁblc for it to fall in-

fuliow, that the fane-Like

could cut a infinit¢ Nuniber of other Lines at e-
qual Angles, in the Jame Pbinty which is abfurd.
19, Becaufé thete are 32 Rumbs (or. Poits in
the Compafs ) equally -diftant from ohe andther,
therefore thé Angle contdin’d bétween any two of
theth adjacént, will be i1°, 15/, viz. & Part of
360° 3 amd fo the Angle TonEaiR'd betweed] the
Metidian and the N o E, will:be 11®, 15/ and
between the Meridian and the N'NE, will be 22°,
30/, .and fo of the reft, as inthe following Table.

1

X2 _ A Tably
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A Table of the Angles which every % Poin of the Cove-

24fs makes with the Meridian.
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SECT. VIL: .
| , Of Plain Sailing.

1. T HIS method of Sailing, fuppofes the
Earth to be a Plain, and the Meridians
parallel to oré dnother ; and likewife the Parallels
of Latitude at equal Diftance from one another,
as they really are upon the Globe. Tho’ this me-
thod be in itfelf evidently falfe; yetr in a fhort
Run, and efpecially near the Equator, an Account
of the Ship’s Way, may be kept by it tolerably
well. : : ,
2. The Angle form’d by the Meridian and
Rumb, that a Ship fails upon, is called the Ship’s
Courfe. Thus if a Ship fails on:the NNE Rumb,
then her Courfe will be 22°, 30/, and fo of others.
3. The Diftance between two places lying on the
fame Parallel counted in Miles of.the Equator, of
the Diftance of one place from the Meridian of an-
other, counted as above, on the Parallel paffing
over that place, is called Meridional Diftance; which
in Plain Sailing, goes under the name of Departure.
- 4. Let A denote a certain Point on the Earth’s
Surface, A C its Meridian, and AD the parallel
of Latitude paffing thro’ it ;- and fuppofe a Ship tq
fail from A on the NNE Rumb till fhe arrive
‘at B; and thro’ B draw the Meridian BD (which
according to the Principles of Plain Sailing, muft
be parallel to CA) and the paralle] of Latitude
BC; then the Length of AB, viz. how far the
Ship has fail’d upon the N N E Rumb, i called
her Diffance; AC or BD will be her Di”%erence of
-Latitude, or Northing, CB will be her Desarture,
‘or Eafting, and the Angle CAB will be the Courfe,
S y AR " Hence
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Hence it is plain, that the Difiance fail’d, will al—
ways be greater than either the Differomce of Lati-
tuz,‘ or Departure, it being the Hypothenufe of a
right Angled-Triangle, whereof the other two are
the Legs ; except the Ship fails either on a Meridian,

Latt’n

I
g
.

DiF

or a parallel of Latitudes for if the Ship fails ona
Meridian, then it is plain, that her Diflance will be
Juft equal to her Difference of Latitude, and fhe will
ave no Depariure; but if the fail on a Parallel,
then her Di/{ame will be the fame with her Depar-
ture, and fhe will have no Difference of Latititude.
It is evident alfo from the Scheme, that if the
Courfe be lefs than 4 Points, or 45 Degrees, its
Compliment, viz, the other Obligue A le, will be
reater than 45 Degrees, and fo the Difference
ilitude will be greater than the Departure; but if
the Cour/e be greater than 4 Points, then the Diffz-
rence of Latitude will be lefs than the Departure 5
- and lattly, if the Courfe be juft 4 Points, the Diffs
-rence of Latitude will be equal to the Departure.
5. Since the Diftance, Difference of Latitudas,
“and Departure, form a right amgled-Triangle},1 :l:
- whi
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which the Obligue Angle oppofite to the Departure
is the Courfef’ and th%l;thg??q Gompliment; there~
fore haviag any two of thefe given, we can (hy

Sed. 2.) find the reft; and hence anfeatthafa '

of Plain Saiking, which are a3 follows.
CASE 1.

Courfe gnd Difiance given, to find Difference of Lati-
Pude ‘and Depam:re

Example.
Su pofc a Ship fails from the Latitude of 30°,
25! North, NNE, 32 Miles. Requird the Diffe-

rence of Latxtudc and Departure, and the Latitade
come to.

The Geometrical Conﬁ:ruéhon of this Cafe, is
the fame as in Cafe 3. of Right Angled-Trigemanetry,

the fame Things being given in both ; and from
it we have the following Analogy, for ﬁndmg the
Departure, viz.

AsRadius - - « - - « - - 10.00000
o the Diftance AC - 32 - - - 1950511,3

-
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fo is the Sine of the Courfé A 22°, 30" - 9.58284
to the Departure BC - - 12.25 - 1.08799
fo the Ship has made 12.25 Miles of Departure
"Eafterly, or has got fo far to the Eaftward of her
Meridian. Then for the difference of Latitude, or
Northing, the Ship has made, we have, by Cafe 3.
of Reélangular Trigokometry, the following Analogy,
viz. , .

AsRadius - - - - - - = 2 10.00000
is to the Diftance AC —- - 32° - 150515
fo is the Co-Sine of Courfe A. - 22°, 30! 9.96562
to the Difference of Lat. A B - 29.57 - 1.47077
fo the Ship has differ’d her Latitude, or made of
Northing 29.57 Minutes. -, -

" And fince her former Latitude was North, and,
her difference of Latitude alfo North. Therefore,

" To the Latitude fail'd from - -, 30°, 25! N
"~add the difference of Latitude - oo , 29.57

“and the Sum is the Lat. come to 30 , 54.57 N
By this Cafe is calculated the Table of Difference
of Latitude, and Departure, to every Degree,
Point, and quarter Point of the Compafs; for the

Diftance from 1 to 100 Miles, at the end of this
Section; the Ufe of which fhall be there explain’d.

CASE 2.

Courfe and- difference of Latitude given, to find
Diftance and Departure. . .

Example.
Suppofe a Ship in the Latitude of 45°, 25’

North,. fails NE/ N 1 Eafterly, till the come d:o
.. ¢

P N
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the Latitude of 46° 55’ North. Required the

Diftusice - and’ ‘Departure -midde goed: upss thar
CMG‘ oL L . Yoeeeees ' .\ r'. ‘\

Since both Latitudes are Northerly, and the
Courfoalfo Northerly- Therefore,- 2 .0 " *
- s LS

< R RO r'.'.".‘u:'.ﬂ :
» From the-Latiude ¢dtei t0. 7«0 « . £U469, 50t
«-. fubtradt the: Luatitude fail’d frobd. = ... v 2%

and there remains - - - - - o1, 30,

the Difference ofLatftudé, '.équ%l to 9o Miles. -

“ “The Geométiical Conftrudtiof of this Café, i
the fame with that of Cafe 1. of Refangular Frig

sometry, and- by it-we-have the following Anilogy,
for:ﬁnditgathcpi&u'BD,»»iz.m L
AsRadius - - - + < . . . 10.00000
is to the Diff. of Latitude AB - go - 1.95424
fo is the Tangent of Courfe A - 39°, 22/ g.91404
to the Deparcure BD - . . 7384 1.86828
fo.the Ship has got 73.84 Miles to the Eaftward of
herformer Meridian.

Y Again,
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. A gain, forthe Djhm:e AD v;eha.veby Cafez.
of Reﬂangular L rtgmmtry, the following proper-

uon, viz.

AsRadms . - . ,-" . w.goooo
is to the Secant of the Conrfe 39 ,zz’ 10.11176

fo is the Diff. of Latitude AB 90 .- ": 95424
to&h;DxﬁanceAD bole . 1:6.4. - 3,06600
i CASEw

Differepce.of Latitude and D:ﬁame gvm, to ﬁml'

Cour}? and Departure o )
Exmple )

Suppofc a Ship fails from the Latitude of 56°,
50' North, on- 2 Rumb between South: and Weft
126 Mdcs, and. fhe_is then found by Obfervation
to be in the Latitude of 55°, 40! North. Requird

the Courfe fhe fail’d ong’ and her Departure from
the Meridian.

Since the Latitudes are both North, and the Ship
failing towards the Equator. Thcrefol'e,

From the Latitude fail’d from - - 56°, 50'
fubtra&t the obferv’d Lantudc « - 55 4, 40

- and the Remainder. -~ -. - - '- o1, 10
equal to 70 Miles, s the Difference.of Latitude.,

’
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This Cafe is conftrufted the famc Way asCqfe 5.
of Reftangular Trfgmmtry and by it we have the

followm ropornon for ﬁndm the An le of' the
Gom'fel§ f € 8 ~

" Asthe Dxﬂancc faxl’d DF - 126 - 2.10037

istoRadius - - - . - 10.00000

fo is the Diff. of Latntude FE 70 - 184510

‘to the Co-Sine of the Courfé F 569, 15! 9.74473
which, becayfe fhe fails bet.ween South and Wett,
will be South 56°, 15/ Weft, or S Wi W, Then
for the Departure, we have by Cafe 3. of Reffangu~
lar Trigonometry, the following propomon, viz.

AsRadius - - -"- - - .., - - 10.00000
is to the Diftance faild DF - 326 - 2,10037
fo is the Sine of the Courfe F “- 56°, 15! 9.91985
to the Departure DE - - _ - 1048 - 2.02022
confean;cmly fhe has made 104.8 Miles of Depar-
ture cﬁerly - '

) ] ‘;¢‘~

'Y a CASE 4
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CASE 4 . - . .

3.

. D e mence quaamdc aa:d Peparture gm», W .ﬁnd
Courfe and Diftante,

Example.

Suppofe a Ship fails from the Latitude of 44°,
50! North, betiveen South and Eaft, till the has
made 64 Miles of Eafting, and is then found by
Obfervation to e in the Latitude of 42°, 56! North.

- Requir'd the Cqurfe and-Diftance made good.

Since the Latltudcs are both North, and the Ship
failing towards the Egquator, Thcrefore,

From the Laptudc fail’d from_ - 44°, 50/ N
take the Latitude come to v 42, 56

and there Remains~ s~ - - - - oI , 54
equal to.u4. Mxlcs, the Dx&'ercnce of Lantudc or
Southing. .

This Cafe is conﬁru&cd thc fame Wayms CQO 4
of Refiangular Trigonometry, and by it we have the

L. East-6& v
followmg proportion to find the Courfe KGL, iz,
. ' As
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As the Diff, of Laptudc GK u+ - ~2.05690

istoRadius - .1 - r ~  10.00009
fo is the Departure KL - 64, - 180618
to the Tang. of Courfe G - 29° 19! 9.74928

which becaufe the Ship is faihng Between South

and Eaft, will be-South 29°;"1g/ Eator SSE
3 Eaft ncarly ' ;

Then for the Diftance, we. fhall have by Cafz 2.
of Reiangular %zgommetry, the following Analogy,
wz. Ve
As Radius -, 2F ‘e 4 L. L. 10:00000
is to the Diff.: qf‘La( GK 114 - - 205690
fo is the Secaps'o @Courfc 29°, 19/ 10.05952
to the Diftance GL. - - 1308 - 2, 11642

confequently thé-Ship has fail'd on a SSE 3 Eaft
Courfe x308 Mlla. .

CASE ,5.

.. Diffance -and Departure eﬁ; Yo find Cbm;[é Md
Dxfmm qf -Lamxde - £ - ﬁ

. Exmko j Sre
. / '

Suppofe a Shlp at Sea, fails from the Ladmde
of 34°, 24! North, between North and Weft 124
Miles; and - fauhd to- have made of Wefting: 86
Miles.: ‘Requiredithe Courfe fteer’d;, and the Dife
_ ference of Latityde or Northing made good.

~ o= - - - -

. o
- [

This
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Hence it is plain, that the Difiance fail’d, will al-
ways be greater than either the Differowce of Lt
sude, or Departure, it being the Hypothenufe of a
right Angled-Triangle, wheredf the other two are
the Legs ; except the Ship fails either on a Meridian,

or a parallel of Latitudes for if the Ship fails ona
Meridian, then it is plain, that her Difiance will be
juft equal to her Difference of Latitude, and fhe will
ave no Departure; but it fhe fail on a Parallel,
then her Diftance will be the fame with her Depar-
ture, and the will have no Difference of Lasititude.
It is evident alfo from the Scheme, that if the
Courfe be lefs than 4 Points, or 45 Degrees, its
Compliment, viz. the other Obligue Angle, will be
reater than 45 Degrees, and othcr%zfemm of
iatitude will be greater than the Departure; but i
the Courfe be greater than 4 Points, then the Diffe-
rence of Latitude will be lefs than the Departure 3.
. and lattly, if the Courfe be juft 4 Poiats, the Diffe-

.rence of Latitude will be equal to the Departure.
5. Since the Diftance, Difference of Latitude,
“and Departure, form a right anglcd-TtiangleLi ul:

¥ whic
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Hence to find the Laticude the Ship is in,
both Latitudes are North, and the Ship fall-
ing from the eqmtor Thcrc&rc,

To the Latitude faild from - - . - 34°, 24/

- add the Difference of Laumde - - . 1,29
the fumis . - = 35, 53]
the Latitude the Shnp is in North. : o

CASE. 6 .

Com_-/c and Depamre gmm, te find Dzﬂtm:e aml
D:]fermce of Lamudr

E:mnple. '

Suppofe a Ship at Sea, in the Latitude. of 24°,:
30/ South, fails SE S, till fhe has made of Eaft-
ing 96 Miles. Reqmred the Diftance and Diffe-
- rence of Latitude made good on that Courfe.

This Cafe is projeted the fame Way as Cyfe 1,
of Reflangular Trigonometry, and by Cafe 2. we have

3
3
N
H

— M
Easting 96

-~

the followmg proportion for finding the Dmancc,

iz, As
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" Hence it is plain, that the Diffance fail’d, will al.
ways be greater than either the Differomce of Lt
sude, or Departure, it being the Hypothenufe. of a
right Angled-Triangle, wherebf the other two are
the Legs ; except the Ship fails either on a Meridian,

or a parallel of Latitude s for if the Ship fails cna
Meridian, then it is plain, that her Difance will be
juft equal to her Difference of Latitude, and fhe will
ave no Departure; but if fhe fail on a Parallel,
then her Diffance will be the fame with her Depare -
ture, and the will have no Difference of Latititude.
It is evident alfo from the Scheme, that if the
Courfe be lefs than 4 Points, or 45 Degrees, its
Compliment, viz. the other Obligue Angle, will bre
reater than 45 Degrees, and fo thcn%i erence
iatitude will be greater than the Depariure; but if
the Cour/fe be greater than 4 Poiats, then the Diffe~
rence of Latitude will be lefs than the Departure 3
-and lattly, if the Courfe be juft 4 Points, the Diffe-
-rence of Latitude will be equal to the Departure. -
5. Since the Diftance, Difference of Latitude,
“and Departure, form a right angled-Triangleiﬁ cl?x
: - W




Of Plain Sailing. 159
which the Obligue Angle oppafite to the De re
is the Courfcf« and th%l:thgl??q Gompliment m@-
fore havisg any two of thele given, we can (hy
Sed. 2,) find the rek; and hence arifes the Cafes
of Plain Saiking, which ase ag follows.

GASE 1
Courfe gnd Diftance given, to find Difference of Lati-
" fude ‘and Departure.

Example.

Su ,pdfc a Ship fails from the Latitude of 30°,
25! North, NNE, 32 Miles. Requir'd the Diffe-
rence of Latitude and Departure, and the Latitude
come to,

The Geometrical Conftryction of this Cafe, is
the fame as in Cafe 3. of Right Angled-Trigamanetry,

Lo

the fame Things being given in both ; and from
it we have the following Analogy, for finding the
Departure, viz. ‘

AsRadivs - - - - - < - - 10.00000
to the Diftance AC - 32 - - - 1,5051125)
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fo is the Sine of the Courle A 22°, 30! - 9.58284
to the Departure BC - - 12.25 - 1.08799
fo the Ship has made 12.25 Miles of Departure
"Eafterly, or-has got fo far to the Eaftward of her
Meridian. Then for the difference of Latitude, or
Northing, the Ship has made, we have, by Cafe 3.
of Reclangular Trigohometry, the following Analogy,
iz, -
AsRadius - - - - - - <« < 10.00000
is to the Diftance AC- =- - 32" - 1.50515
fo is the Co-Sine of Courfe A- - 22°, 30! 9.96562
to the Difference of Lat. AB - 29.57 - 1.47077
fo the Ship has differ’d her Latitude, or made of
Northing 29.57 Minutes. "

" And fince her former Eatitude was North, and,
her difference of Latitude alfo North. Therefore,

" To the Latitude fail'd from - - ',3’o°, 25! N
"~ add the difference of Latitude "- oo , 29.57

and the Sum is the Lat. come to 30 , 5§4.57 N

By this Cafe is calculated the Table of Difference
of Latitude, and Departure, to every Degree,
Point, and quarter Point of the Compafs; for the
Diftance from 1 to 100 Miles, at the end of this.
Section; the Ufe of which fhall be there explain’d.

CASE 2,

Courfe and- difference of Latitude given, to find
Diftance and Departure. .

Example.
- Suppofe a Ship in the Latitude of 45°, 25/

North,. fails NE& N 3 Eafterly, till fhe come d:o
.. , ¢
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3. Courfe N W »'W and Diftance 48 Miles.
For Departure.

AsRndms-- w o= < = ‘- e 10.00000

istothe Diltance - - - 48 - -  1.68124
fo is the Sine of the Courfe 56° 15! 9.91985
" to the Departure. - - - 3991 = 1.60109

‘For Difference of- Latjtude.

AsRadius - =~ - « . ... - 10.00000
is to the Diftance - - 48 - - 1.68124
fo is the Co-Sine of theCourfe 56°, 15! ~ 9.74474
to the Diff. of Latitude - 26,67 - 1.42598

4 Courfe SAW 4 Weft and- Diftance 5 4 Miles.
- For Dcparturc‘

As Radxus ~ = =. = = ® - « 10.00000
is to the Diftance - - - 54 - - 173239
{o is the Sine of the Courfe - 16°, 52/ - 9,46262
to the Departurc - - - 1567 - TLIg50I

- For Difference of Latitude.
AsRadius - - = = - = = « 1000000
js to the Diftance - - 54 - ~ 1.73239
fo is the Co-Sine of the Com'fc 162, 52! 9.98090
to the Diff. of Latitude - - 5167 - 1.71329

5. Courfc SE4S 3 Eaft and Diftance 74 Miles,
For Departure.

'As Radius  ,- -« =« - - 10.00000
jsto the Diftance - - - - 1.86923
fo is the Sine of the Cou,rfe 32 » 22! g.80228
to the Departurg =~ - - 167151

Za For

4
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" Hence it is plain, that the Diffance fail’d, will al.
ways be greater than either the Differonce of Lati
tudz, or Departure, it being the Hypothenufe of a
right Angled-Triangle, whercof the other two are
the Legs ; except the Ship fails either on a Meridian,

wew&oe

or a parallel of Latitudes for if the Ship fails cna
Meridian, then it is plain, that her Diffance will be
juft equal to her Difference of Latitude, and fhe will
ave no Departure; but it fhe fail on a Parallel,
then her Diftance will be the fame with her Depar-
ture, and the will have no Difference of Latititude.
It is evident alfo from the Scheme, that if the
Courfe be lefs than 4 Points, or 45 Degrees, its
Compliment, vz, the other Obligue Angle, will be
reater than 45 Degrees, and fo thensi erence
ialitude will be greater than the Departure; but if
the Courfe be greater than 4 Poiats, then the Diffe-
rence of Latitude will be lefs than the Deperture 3
. and laftly, if the Courfe be juft 4 Poiats, the Diff
.rence of Latitude will be equal to the Depariure.
g. Since the Diftance, Difference of Latitude,
“and Departure, form a right angled-T riaugleil ’?ll\
v whi
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which the Obligue Angle oppafite to the Departure
is the Courfc,bq and d\%l:nhgg?m Compliment; there-
fore haviag any two of thefe given, we can (hy
Sed. 2,) find the reflt ; and hence arifes the Cafes
of Plsin Seilking, which ase a follows.

GASE 1.

Courfe gnd Diftance given, to find Difference of Lati~
" #ude and Departure.

Example.

Suppafc a_Ship Gils from the Lasitude of 30°,
25! North, NNE, 32 Miles. Requir'd the Diffe-
rence of Latitude and Departure, and the Latitude
come to,

. _ The Geometrical Conftrycion of this Cafe, is
the fame as in Cafe 3. of&'gbt Angled-Trigananetry,

the fame Things being given in both ; and from
it we have the following Analogy, for finding the
Departure, viz.

AsRadius - - - - - « - - 10.00000
o the Diftance. AC - 32 - - . 1.-5051{.;.
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As the Diff. of Latitude - 96 - 1.9822%
isto Radius - - - .- 10.00000
fois the Departure - - 97 -  1.98677
to the Tang. of the Courfe - 45% 19! 10.00450:

"and.
As Radius - s - - -  10.00000
is to the Diff. of Latitude - 96 -  1.98227
fo is the Sec. of the Courfe  45°, 19/ r10.15293
to the Diftance - - 1365 - 213520

whence the true Bearing and Diftance of the in-
tended Port is SE, 136.5 Miles, o

. 8. In the following Table, computed by Cafz 1.
of Plain Sailing, for the more ready working 2
Traverfe, you may obferve ; that in the top Co-
Jumn of each Page are placed the Courfes begin-
ning at 1 Degree, and proceeding thro’ the feveral
Degrees, Points, and quarter Points, to 45 Degrees,,
the bottom Column beginning with 45°, where
the upper ends and preceeding to go Degrees, the
Pegrees in the upper and Jower Columns being
the Compliments of one another. The two fide
Columns in each Page contains the Diftances, viz,
thofe on the left Hand contains the Diftances from
1 to 50, and thofe on the right-hand- Page con-
tains the Diftances from 50to.100. The other in:
termediate Columns contains Differences of Latj:
tude and Departures, anfwering to the Courfes in
the top and Diftances in the fide Columns. The
ufe of this will be plain, from the following Ex-
ample. -

: Example 1. S
Suppofe the Courfe to. be SE5S % Eaft, and

Diftance 48 Miles. Required Difference of Lati-
tude and Departure,
Firf,
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Firft, 1 look in the top Column for 3% Points

(becaufe it is lefs than 4 Points, or 45 Degrees)

and in the fide Column on the left-hand Page (be-
caufe the Diftance is lefs than 50) for the Diftance
48 ; then b_cloyv the 33 Points, and on the fame
line with 48, I find 37.1 for the Difference of
Latitude, and 30.4 for the Departure. -

. Example 2.

Suppofe the Courfe NEAE, and the Diftance

76 Miles. Required Difference of Latitude and
Departure.
. Firp, Ilook in the bottom Column for the
Courfe, viz. 5 Points (becaufe it exceeds 4 Points
or 45 Degrees) ‘and in the fide Column on the
right-hand Page (becaufe the Diftance exceeds 50)
for the Diftance 76; then above the Courfe, and
on the fame Line with the Diftance, I find 63.2
for the Departure, and 42.2 for the Difference of
Latitude. '

If the given Diftance ‘exceed the Limits of the
‘Table, i e. be greater than 100, then that Diftance
muft be divideg into two or more Parts, each of
which muft be lefs or equal to 100; then find as in
the preceeding Examples, the Difference of Latitude
and Departure for each Diftance on the given
Courfe, and the Sum of thefe Differences of Lati-
tudes will be the Difference of Latitude required,
alfo the-Sum of the Departures, will be the De-
parture required,

Example 3.

_ Suppofe the Courfe SW5S, and Diftance 146
Miles. Required the Difference of Latitude and
_Departure, .

Firft,

\
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Firpt, 1 divide the given Diftance into two, viz,
100 and 46; then the Differences of Latitude and

Dcpargurcs anfwering to thefe on 2 SW}) S Courfe,
found in the Table, will be as follows, viz,

Cwrfe  Dif.  Diff  Lat. Deper.

SWéS 100 83.1 556
46 38.2 25-§
—— 146 121.3 .. 8ia

The Sum of the Differences of Latitude, viz
121.3 is the Difference of Latitude re%uirgd, and
and the Sum of the Departures, viz. 81.1 .is the
Departure required, _ - ’

fcer’the fame manner may a Traverfe be
wrought by the Table, viz, by finding the Diffe-
rence of Latitude and Departure (from the Table)
to cach Courfe and Diftance, and fetting them down
in their proper Columns in the Traverfe Table,

and then working as in the foregoing example of
a Traverfe, '

Example.

Suppofe a Ship in the Latitude of 36°, 43!
North, fails on the following Courfes, viz. SEJS,
56 Miles, SSE 42 Miles, S’}W 64 Miles, and
NEJN 40 Miles. Required the Courfe and Dif-
tance made good upon the whole, and the Lati-
tude the Ship has come to. -

Firf, I take from the Table, the Difference of
Latitude and Departure belonging to each Courfe
and Diftance, and thefe fet down in thcté ;i'roper

. olumns
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Columins in the Traverfe Table, will ftand as fol-
lows. :

Courfes  "Diffancesy Diff. of Lat] Departure
N $ E

SE$S - - ¢6l——] 466 311
SSE - - - g3 ——1 397 | 165 f——
SéwW - - . 62.8 |——{ 125
NEIN_ - - 333 22.2 |——
| 33.3 |149.1 | 69.8 ] 125

333 | 12,9

Diff. of Lat. 115.8 | 57.3 Dep.

Whence it is plain, that the Difference of Lati-
tude made good is 115.8 Miles, and the Depar-
ture is 57.3 Miles; then for the dire&t Courfe and
Diftance it will be, by Cafe 4. of Plain Sailing.

Asthe Diff. of Lat. - 1158 - - 2i09968
Is to Radius - - - -t -  10.00000
fo is the Departure - 573 - - 195815
to the Tang; of the Courfe 24°, 30’ - 9.65847
which; becaufe the Ship is failing between South
and Eaft, will be SSE ; Eaft nearly. Again, for
the Diftance it will be

AsRadius - - - = - - - ¢ 1000008
is to the Diff, of Lat. - 1158 - - 2.09968,
fo is the Sec. of the Coutfe 24°; 30’ - 10.04098
to the Diftance - - 138:3- - - 2.14066

And fince the Ship is failing towatds the Equa-
tor, confequently diminithing her Latitude; there-
fore, ' :

From the Lat. fail'd from - - - 369, 43' N
fubtra&t the Dif.of Lat. - - - 1, 55SY¥
and theré remains - - - - < 2 34, 48N

the Laritude the Ship has come to: . _
Aa A Large
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80.3

93
—

Vdfggess)

__l_)o_!_p.‘.hm:lwbeg '30

62,7333
63.6|33.8 €3.5
64.434:3[64.4
65:3]347165.3
66.2 "" 6‘;' 33+4
67.1 !Se7 67.0
68.0]|36.1167.9
68.9]36.6}68.3
69.7 37-2169.7

7l.s 38.0/71.4
73.4]38:5[72.3

6]37-6170. 70.5

39:0/73.2
39-8174.1
$9.9195.0 40117403 J41.2
40+475.8
40.8{76.7
41.317%7.6
41.8 78§
42.2{79,4 |
42.7




~

194 q able of Difference
C |32 Deg. |33 Deg.|3 Points. 34 Deg.| 35 Deg. |36 =]
2| 1ac |Dep .} Dep Lat.|Lat.|Lat. }‘l'._)e_p_ Lat, -
=2 12ee —r AhAn it -

1 00.8 Joo.s 00,6 00,8]00.6]00.%[00.6J00.8]00.6 1
t  JanLyjot.r of.1 Ots7]or.2]0t.6]08.1§0146f01.3 2
3 |oaslor.6 Of.7,02,5 jo1.7]02.6]01.7]02.4 JO1.8 3
4 Jos.4joa.x 02.2 03.3 [oz.8] 0303023 Jos.af0a3 ] 4
5. [94.2}02.6 92.8104.1f0x. 8] o4t [02.9Joa.cloze8] s
6 Jos.1}o03.2 05.0]03¢4]049]03.4]04.8]03.5F 6
7 |oselosy 05.8]03,9]05.7104.0}05.7 Jogez 7
8 {o6.8o4.2 04.5 | 06es [04.6]06.5 Jog.7] 8
9. 0746 ]04.8 05.0107.4|05.2]07.3 Jos.3 o
10 |0%.¢ [bs.) 05.6 |08.2105.7|0%.1]05.9] 10
e ¥ beind ot § co— — ——tgan | ety ———
I1I lo9s3 |05.8 06,1 109.0/0693]08.9| 065§ 11
2 |ro.3f06.4 09.9106.7]09.8{06,9]09.7107.0] 12
13 |trojos.o 50.8]07.3}10.6{07.5[10.5]07.6f 33
14 fire9fo7.3 0" ,|ttsloB.of11e3]08.2[ 24
15 f127l07.9f12.6 4] 123086 12,1 o8, 3] 15
16 |1.3:6)08.s 08.9)£3.x[09.2{12.9 o9.4] 16
17 |14.4}09.0 095 | £3.9]0g 8]13.7]10.0] 37
18 115.3]09.5 0.1 114.7410.3 1146 10,6 1%
89 J16.1l10.1 10.6}15.6[10.9 |15.4f11.2] 29
20 | 1704106 1aji6grr g6 8) 20
31 [i98Ytira 1L7]17.312.0|17.0] 12,3 | 21
2 H186] 1.9 ta.sf18.0]12.6[17.8{ 12,9 22
23 |1ovs{r2.2 £2,8118.8)13.2]18.6 13.5] a3
24 0.3 120y 13.4]29.7|13.8[19.4]14.1] 24],
28 |2 fpsia ta.0f 205 |ta:330.1 147 ) 25
26 | 22.0(13.8 145 21.3)14.9 |3500] 15.3] 26
27 }22.9114.3 1s.8123.1 )15.5 j21.8] 25.9] 29
28 =3.914.8 15.6]22.9116.1)23.6{ 16.5] 28
29 |24.6{15.4 16.2123.8116.6[33.5] 17.0] 29]
10 12544 {1c,9 16:8124.8117.2) 4:3)17.6] 30
3t |a6.3 m 17.3(28.4) 12.8{a28.1 {18, 30
s2 |29.1]17.0 17.9]26.2{ 18,3128.9{18.8] 32
83 les.0|1r.¢ 18.4]27:0l18.9]26.7] 19.4] 33
84 |88 [18.0 19.0]37.9]59.5 127.5{20.0] 34
35 f20.7 [18.¢42 16.6} 287} 20.1]28.3] 2016] 35
g | s | e § — St | S
36 ]30.5 1yt 20.1129.5420.6 [29.1] 28.3] 36
87 1354 {10.6 20.7130.3128.212p.9) 28,9 37
38 |3z2 {200 :hzp3tafang j30.9022.3) 38
39 |36 209 21.8)32 01223 [31.5] 22.9] g
40 13.p 20.2 243281228 112.4] 235] 40
Ol [ s Sty wnitns | cn—

41 [14.8 219 22.9]33.6423.5 |35.3) 24.1 '
42 |35.6]220 23.5] 34e4 | 2401 |34.0) 2407 42
43 |16.5{22'8 24.0185.2124.6[34.8]{ 2543
441373 |21 4.6 ’:-0 15.2135.6]25.9

3 i fasd 15:3136.2445. 81304264

46 |39,024.4 15.7|37.7]36.4[37.¢]270

47 139.9]"4.9 26,3{38.5]d6.9}38.0}27.6

48 Jg0.7125.4 26.8]19.3/47.5 130.8)28..

49 let1.5]26.0 47.4{491128.1 |39.6]28.8

50 la2.4126.¢ 18 o|41:0}28.7 40.4f29.4

G |Den fLat. |pen Lax. | Der | Lac. |Dep I Lat,

7158 Deg (<. Deg.lc Pointd 56 Deg.Is's Deg.'s4 Deg.
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19§
32 Deg |33 Deg.l;Pomts 34 Deg. l‘_Deg' 36 Deg. =)
2 {Larr Lat, 1Dep | Lat 4 Dep |Lar. DeplLat.iDep] =
o1 a3 18,5 L8[ 29,2 41,3 | 30,0] o1
s 43,1] 29,1 142,6] 29,86 14251§30,6] g2
53 43,9129,6 [43,4]30,4 42,9 31,2 3
s4 44,8] 30,2 34,2§31,0]43,7 ] 31,7 (7}
ss 45,7110,6 145,61 30,7 |45.1§ 315 {445 | 323} s
— —_— me——] —
56 46,4] 31,3 145,9] 32,11 45,3} 32,9] 56
57 +7:3] 30,9 146,71 32,7] 46,1 33,5| 57
s8 48,11 32,4 l47.5] 33,3] 46,9134,1} 8
59 48,9] 33,0 |48,3] 33,8] 37,7} 34,7] s¢
_6o 33,3 49:) 335 1491 34 48:5{35:3| 60
61 50,6] 34,t |s0,0] 34,9] 49.3] 35,9] ‘b1
€2 S8,4[34.7 |50,8) 35.6] §0,2136,4] 62
63 $3,2]35.2 [51,6{36,1]151,01370} 63
64 §3,1] 95,8 |52,4(36,7]s1,8137,6] 64
s 35,4]54,0136,0153,9136,3 |53.2137,352,6138,2] &5
o6 54,7]36,9 54,1 | 37,9 53.4]38,8] &
67 2155,5] 37,5 |549 l‘,{ S4y2139,4 67
68 56,4] 38,0155,7139,0]55,0{40,0] 68
69 57,2 !8.‘ S‘.‘ 3"5 55.8 40-5 69
70 38,91 58,01 39,7 157,3{40.1]56,6{41s1 ] 70
| e— — — —
71 $8,9] 39,7 [58,2 {40,7] 574 41,7} 71
73 59,7| 4943 59,0 /41,3 ]58,2 {423} 72
73 60,51 40.8159,8 (31,9 59,1142,9) 73
74 61,3141,4160,6 4:,4]599163:5] 74
7s 4.7 60z 419 |61,c143,0 1 30T | 44t} 78
7 2163,01 42,5 162,3 43,6 | 61,5 [ 44,7] 76
77 63,8] 43,0163,144.2 62,3]45,9 77
7% 61,7] 43,6 163,9144,7 | 63,1 45,8} 78
79 9]65.5] 44,2164,7 1453|639 146,41 79
80 2 14,41 65,3] 44,7 65,5 | 45,9 84,7 147,01 R0
e | s | ennts § mctian | -cmmne | qume —— Do ad Ennd Poatl bamd TS
T &7.1) 45, 66,4 (46,5 165.5 147,6] 81
82 68,0 45.8]67,337,0]66.3 1 48,2} &2
83 68,51 46,4 [ 48,0147,6167,1 [43,8] 83
84 69,6] 47,0 |58,8}48,2| 68,01994] 84
- g 70,51 47,5 [ 69,6 { 45,8 ] 68 8]s00] 85
— — vy ] et } | e | e |
86 71,31 4%,8 70,5 1 49,31 49,6 150,5] »6
87 72,11 48,6 [71,3149,2] 704 [ s1,1| 87
8% 72,91 49,2 fy2,1[s50,5 | 21,2 |51,7] 88
89 73,81 49,8 72,0 |s1y0] 72,9 {52,3] 89
91 7558] §99]174,5.152,2173,6]53,5] 91
92 76,3] 51:4]75,4 152,88 74| 54,1 ] 92
93 77,11 52/©176,2 |53,3 | 75,2]54,7] 93
94 77,4[ 5256 177,01 53,9 176,0] 55,2} 94
s 78,0 ]53,177,8! 51,6 176,9] 55.8] og
— — L send Innest Sunm Easennd Baas
96 179,61 53,7]78,6 | s5,1] 77.7] 56.4] ‘96
97 o] 80y4] 54,2179,5 55,6 ] 78,5] 57,0 97
of 81,2 54,8]80,3(56,20{79,3]57,6{ 98
o8 Bz a]ss,q]8r,1]56,6]80,1] 58,2} g9
100 “_’-_‘:iiﬁ‘i.'_-:ﬁﬁi‘;'iﬁ‘”m
IS K{Imm Lat Dep' Lat { Den |+ ar. | Dep | Lat.
A - —— el
=248 ch ,-7 ,ueg <§ veg.| 5 vey:lsq Deg. )

Ce o




"3 Tablé of Diffevence’

3% Point ;37 Deg.; 38 Deg. 33 Point| 40 Deg ) ©
fDep [Lat.| Dep | Lac. Dep Lat. Dep | Lar: Dep |
00,6 09,8 | 90,6 00,8 00,6 00,8 | 00,6] ¢
of,2]01,6101,2 or,s{o1,3] 0I5 ot,3 2
or,8]02,4fo01,8 02,3101,9102,3 Joi,9]
02,4 03,1 §02,5 03,1]02,5103, 02,61
03,0} 03,9§03,1 03,9103;1] 03,8 1032 s
o P d Bamnd bsmd Dumnd Lo hrd Banad

03,6 04,7 [ 03,7 05,6038 04,6103,9] T
04y2 | 05,5 | %4,3 05,4 [ 04,4] 05,4 §O4,5 [
04,8]06,3 [ 04,9 06,205,106,z fos,r| g
05,4107,1 [ 05,5 07,0]05,7]06,9105,81 o
06,0}07,9] 96,2 97,7106,3197,7 } 06:4] 4o
06,6} 08,7]06,8 o8,s5107,0] 08,4] 07,1} 1
07,2109,4 | 07,4 09,3] 07,6 0_‘9,2 07,7 12
07,8 | 10,2 08,7 10,0l 08,2 1o,0{084} ;.
08,4 | 11,0[ 98,7 16,0108;91 10,7 109,0] 4
09,0111.6129,3 11,609,5 | 11,5199,6} 4
09,6 | 13,6} 09,8 12,4 10,1 12,3 J10,3 [T
10,2113,4 tog g;,l [o,8{13,0f10,9 17

10,8 14,2101 i3,9f11,4]83,8]11,6 18

15,2 fIT,4 15,0 £ 07 14,7] 13,01 14,5 F 12,2 19
16,012,015,k 123 I, 1271 15,34 1%,9] 20
.8112,6 T‘:; 12,9 16,2] 13,3 16,1 13,5177,
13,2 19,3} 13,5 17,0]14,0{ 16,8} 14,1] ,,
13,8 18,1 14,2 17,8 .4'6 lg" 14,8 23

14,4 18,9 | 14,8 18,5115,2|t8,40 15.4] 54
20,0 15,0 19,7 }15,4 19,31 15,9 119,11 X6,8] ¢

—— | E— L ey, | T — —— { S— | — G———

15,6 [20,5 | 16,0 20,1116,5 19,9] 16,7] T

1642 21,3 16,6 20,9 17,11 20,7" 17,4] ..
168220172 121,6117,8131,4]28,0] .4
17,4f22,8}1 8 22,4 | 18,31 33,2[18,6] ,¢
iT9fse0]180] 361 5 FIRS LI LI [TRY o
18,6 [24,4f2 1 24,0{ 19,7 33,7]19,9. -;-;

25,6 19,3 | 25,28 7 24,7 | 20,3} 24,5 20,6 32
2604 |19,9)26,0|2 3 25,5 | 20,9]25,3[a1,2 33
20,5 |26,8}2 9 26,3 | 21,636, 0]a1,9 84
ELCT ETRY LA L 27,0 3222681825 ) 4
21,7|28,4]7 2 27,8 23:8 27,6 |23, ¥ —’;;
22,329,212 8 28,6 123,5128,3]23,8 37l
22,9'(29,9]3 4 29,4 124,1129,8 24,4 24
23,8 }30,7}2 o 30,1 [24,7] 29925, | 3o
3t 2t fanste S|30Lifasa 30,0 125,41 3061257} 4o
24,7]32,3)% 2 31,7 26»0 3.4 .G»Q —4.(
25,333,112 9 32,5 [26,6] 322 ]37,0] 4,
25,9034,912 5 13321273399 27,6 43
2645 |34,7]2 1 34,0 27,9]38,7(28.3 ) 44l
071 35,52 7 38,8 128,51 30,5 128,90 | .4
fazg s - 3 35,6|29,2]35,2(29,6] 46
28,313 9 36,3 129,8|36,013052] -
8,903 s 37,1 | 30,4 36,8]30,9] 43

29,5 |3 3 37,9301 ]37,5 1308 49
39,9]30.1 13 8 18613171383 133,1} 4o
Tat L oy oot . |Dep Lar, Bt—p; Lat. 'Q_
—— - -
43 Pount]| 50 Deg. ! =

Deg. 52 Deg. .
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~ 2 Ponts
. Dep
00,7
4l ot,e
;1fozn
»8jo2,8
» gﬁ
22§04,2
»9] 04,9
)7 05,7
4 ]06,4
»1107,1
07,8
»5]o8,s
»2109,2
»9]%9,9
,6110,6
1 11 ',’ 11,3
1 O 1250
1 o7 }12,7
1 w134
L1141
81148
oS 15,51
»3116,3
©117,0
"l ‘7'7
]84
W11 E9,8
,8]19,8
5] =°.S
yaj2l,2

92,9
,6122,6
»3[23,3
,0] 24,0
g Y]
l4 =SI‘
N1 ELN
9[26,9
»6 27,6
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,019.0
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RN
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,2133,2
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of Latitude and Etpattﬁte.

19’
L .
9 |+t Deg (42 Deg: vk Point |43 Deg. 44 Deg | 4 Poines) O
P [iax Den Dep | Lat. Dep) Lar.) Dep | Lat. Dep
51]38.5 |33 34,2]37,3 |34,8] 36,7 35,4 |36,1] 36,1
s2]39,2] 340 34,9]38,0035,537,4]36,1|36,8] 36,8
s3]40.0] 34,8 35,6] 38,8 |36,1]38,1136,8)375]137,5
541408 35,4 36,31 39,5 136,8)38,8137,5 [38,0] 38,2
ssfans ]380 36:9140,2 137,11 39:€ 1381 | 18,91 38,9
s6{42,3 | 36,7 37.6] 41,013852 [ 40:3 [ 38,9]39,6] 39,6
s7]43.037:4 38,3141,7]38,9]45,0]39,6 | 40,3] 40,3
s8f43,8] 38,1 38,9 42,4 | 39,5} 417 473 |4x,0] 41,0
s9}d4.5 | 38,7 39,6143,1 |40,2{ 434 | 41,0 41,7] 41,7
6o 45,11 3941407 A0:3 43,8 Lao,9) 3,2 | 41,7 [42,4) $2:4
61 |46,0] 4000 40,0044,6 | 45,7] 43:9] 4294 [43,1] 43,1
6246, 40,7 41,6]45,3] 42,3] 44:6 ] 43,1 [ 43,8] 43,8
63]47,:6] 41,3 42,3)146,1]4¢3,0045:3 ] 43,8 }44,5 ]| 44,5
64 48,3] 43,0 43.0] 46,8 43,6 46,0 44,5 | 45531 45,3
gsfanii|4ns 43.6147,5 | 443 468 L45.1 [46,0] 4600
66]49.8] 43,3 44.3148,3 [45,0] 47,5 | 45,8]46,71 46,7 |
67]s0.6] 440 45,2149, 45,71 48,2 146,53 | 47,4 | 4704
68]s1,3]44:¢ 45:7]49,7|46,4] 48,9 [ 4752 48,1 48,1
69| 5251|453 4613150, | 47,1]49:6 147,9]43,8] 48,8
70|53,8] 45,9] 52,0 | 46,8 519 |37:01 51,2 147,71 50,3 148.6§49,3 | 49,
71153,6]46,6 47+7|55,9]48,4] 51 |49,3] 50,2} 50,2
| 72|54.3] 4702 48,31 52,7149,1] 55,8 | 50,0] 50,9} 50,9
73]s5,0 {400 49,0153,4|49,8]525 ]50,7151,6]51,6
74]55.9] 485 49,7| 54,1 | s0,5] 5352 | 51,4 53,3 | S2.3
75|sS.81422 S0 se8 [stpr| 33,9 | 52,1 | 53,00 530
76} 57,449, St 55,6 155,8]5457]52,8]58,7]53,7
77]58,1] 508 $5,7]86,3]52,5]55:4]53.5]54,4] 5424
78]58,9] 51,2 $2,4]$7.0] 53,2561 | 54,2 ] 55,3} 55,2
70 |59,6] 51,8 $3,0157,8153,0]56,8 s4.9]55.,9] 55,9
oo f525 53,7585 | 54,6571 |33.8] 36,6} 6.6
161,10 53.0 $4:4)59,2]55,2]58,3]56,3]57,3] 57,3
82|61,9 53,8 55,1 ]60,0]55,9 $9,01 57,0 53;0 ’.,0
83]62,6] 5498 55.7}60,7|56,6}59:7 | 57,6} 58,7} 58,7
84]63.4]55: 56,4 ]61,3]57,3] 60,4 | 58,3 ] 594 59,4
85 | 64,2] $5:9]63,2| $6:9163,0 57,1 | 62,2 p 58,0 61,1 § 59,c } 60,1 f 60,1
6]64.9] 504 $7,7]63,0]58,6] 61,9 59,71 60,5 ] 60,8
87]6s,7]57! $8,4163,6]59,3] 62,6 ] 60,4 6145 | 61,5
88]66,4] 57,7 $9,1]6454 | 60,0} 63,3] 61,1] 62,2 62,2
8o]67.2] 584 $9,8]65,1]60,7] 64,0} 61,8]62,9]62,9
90]67,9]59.° 60,4|65,8]65,4]64,7162,5]63,6]63,6
—s | =] — | —| e Bl Eontad o | co—
o1 168,7] 59,7 61,1|66,5162,1]65,5]63,2164,3] 64,3
92]63,4] 60,4 61,8]67,3]62,7{66,2]63,9155,0 6550
93 ]70,:] 61,0 62,4]68,0]63,4] 66,91 64,6]65,8| 65,8
94 {71,0] 61,7 63,1]68,7[64,1]67,6]65,3§66,5 | 66,5
95 |70,7| 623 [ 10,6 ] 83:8 [ 70,4 [62,8] 69, {648 $8,3 | 33,0 ]67,2 7,2
96 | 72,5 930 64,5|70,8]65,5] 69,1166,7167,9 167,9
27 73,2 63.6 65,1)179,9 6‘:' 69;‘ ‘7" 6'.‘ 68,6
98 |74:0] 4.3 65,8 75,7] 66,81 70,5 | 68,1 § 69,3 ] 69,3
99 74,7 85,0 ¢66,5]724 67" 71,2 68,8 70,0} 79,0
sog |78 |81 78| 6. ra.x fe7.2f 731 S8k 70.0) S0 07 ) 707
S |Dep | Lac Lar.| Dep ! Lat.f Dep ! Lat. 1 Dep | Lat.
55 159 Deg.l48 Deg | 43 Poins! 47 Deg.| 46 Deg- 4 Points
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Of Parallel Suikng: 201

8ECT Vil
" . Of Parallel Sailing.
. Q INGE the Parallds of Latitude do always
decreafe the nearer they approach the Polk,
# is plain 2 Degree an any of them rouft be lefs
than a2 Degree upon the Eguator, Now in order
to know the leggth of a Degree on any of them;

let PB repoefent half the Earth’s Axis, P4, a
Quadrant of 3 Meridian, and confequently. A, 3

o p
f‘[ . b

———y —

“Point on the Equator, C a Point on’ the Meridiap,
and CD a Perpendicular from that Point upon the -
Axis, which plainly will be the Sine of CP the

Diftance of that Point from the Pole, or the Co- . °

fine of CA it’s Diftance from .the Equator, and
' CD, will be to.AB, as the Sine of CP or Coe
fine of CA, is to the Radius. Again, if the Qua-
drant PAB be turn’d round upon the Axis P B,
\ Dd "tis



202 Of Parallel Sailing. |

*tis plain the Point A will defcribe the Circumfe-
rence of the Equator whofe Radius is A B, and any
other Point C upon the Meridian will defcribe the
Circumference of a Parallel, whofe Radius is CD.

Cor. 1. Hence (becaufe the Circumferences of
Circles are as their Radii) it follows, that the Cir-
cumference of any Parallel, is to the Circumference
of the Equator, as the Co-fine of it’s Latitude, isto
Radius, :

Cor. 2 And fince the wholes are as their {fimilar
Parts, it will be, as the length of a Degree on any
Parallel, is to the length of 2 Degree upon the E-
quator, fo is the Co-fine of the Latitude of that
Parallel, to Radius. . '

Cor. 3. Hence as Radius, is to the Co-fine of
any Latitude, fo is the Minutes of Difference of
Longitude between two Meridians, or their Diftance
in Miles upon the Equator, to the Diftance of thefe
two Meridians on the Parallel in Miles.

Cor. 4. And as the Co-fine of any Parallel is to
Radius, fo is the length of any Arch on that Pa-
rallel (intercepted between two Meridians) in Miles,
to the length of a fimilar Arch an the Equator,
or Minutes of Difference of Longitude.

Cor. 5. Alfo as the Co-fine of any one Parallel,
is to the Co-fine of any ether Parallel, fo is the
length of any Arch on the firft, in Miles, to the
length of the fame Arch on the other in Miles.

2. From what has been faid, arifes the Solution
?fl lt'he feveral Cafes of Parallel Sailing, which areas

ollow.

CASE 1.
Given the Difference of Longitude between two Places,
. “doth lying on' the fame Parallel, to find the Difiance
. between thofe Places.

Example 3.



Of Parallel Sgiling. 203
Example 1.

ppofe a Srl:g in the Latitude of 54°, 20’
North fails direttly Weft on that Parallel till the -
has dx&'er’d her Longitude 12°, 45'. Required
the Diftance fail'd on that Parallel.

Firft, The Difference of Longitude reduced in-
to Minutes, or nautical Miles, is 765’, which is the
Diftance between the Meridian fail’d from and the
Meridian come to, upon the Equator; then to find
the Diftance between ‘thefe Meridians on the Pa~
rallel of 54°, 20', or the Diftance fail’d, it will
be, by Cor. 3. of the laft Ariicle,

As Radius - "« .- 10.00000
is to the Co-fine of thc Lat. 549, 20/  9.76572
fois the Minutes of Diff. Long. 765 - 2.88366

to the Diftance on the Parallel 446.1 - 2.64938

Example 2.

A Degree on the Eguator being 60 Minutes, or
nautical Miles. Required the length of a Degrcc
on the Parallel of 51°, 32/,

- By Cor. 3. of the laft Article, it will be .

As Radius - - - 10
is to the Co-fine of the Lat 51°, 321 - 9.79383
fo:sthe Min.in 1 Deg.onthe £g. 60 - . 1.7781

- - 3732 - 15719
th% Mxlcf anfwcnng to a Degrec on the Parallel of
5 1%, 320,

Dd: ’ By
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By this Problem the following Table is conftrut~
ed, fhewing the Gesgraphic. Miles anfwering to a
Degree on any Parallel of Latitude; in which you
mhay obferve, ‘that the Columns matk’d at the Top
with D, L. cotkain the Degrees of :Latitude be-
longing to each Parallel; and the.adjatent Columns
mark’d at the Top, Milss, comtain the Miles. an~
{wering to a Degree upon thefe Parallels.

A Table flerwing bozi mawy Miles swfwer 1o & Dagrae.
. of Longitude, .at every Degree of Latitude.

D_ Ly Mifss (| D. L\ Milea| | D. L{ Miles (| D. L Miles\D- L.
) Ly Mides ‘

1 159991] 19 [56.7311 37 |47:93}| 55 {34-41{} 73
2 159.971| 2o [s6.381} 38 W7.28|l 56 {83.55|| 74
3 [59.92]| 21 [s6.01}] 39 |46.62] 57 [32.68{] 75
4 159.86{| 22 [55.63|} 40 la5.95]| 58 [31.79]} 76
§ 59.771| 23 Bs-23|| 41 [45.28 §9 pogel] 77
5 159.67||_24 a8t}] 42 [as0s o.0a{} 78
7 159-55|| 25 [s4-38|} 43 |43.88[} 61 f9.09]} 79
- 8 |59z || 26 158.93]| .44 |43.16{] 62 |aBu7|] 80
9 [59-26|| 27 |53-45|| 45 l42.43]| 63 jz7-24]] 81

10 |59.08]1 28 |52.97}] 46 |41.68]] 64 |26.30]] 82
11 [58.89|| 29 |52.474} 47 Jowgal] 65 |25.361] 83
12 |58.68]] 30 {51.96}] 48 J40.15|| 66 |z4.41]] 84
13 158.461| 31 |55.43}} 49 |39.36]| 67 [23.451} 8
14 [s8.22 ]| 32 |55.884] 50 58-;% 68 [22.48(] 8
15 {57951 33°|50:32]| 5 B72-76]| 69 [21.50[] 87
16 |57.67 11 34 [49.74|| 53 136.94|t 70 [20.52]} 88
17 15737{| 35 |49.151] 53 |36-11|| 71 |r9.54]] 89
18 |57.0641 38 l4& 3411 89 13526]] 72 {i8.55!] 90

- Tho’ this Table does only fhew the Miles an-
fwering to ‘a Degree .of any Parsilel, whofe Lati-
tude confifts of a2 whole Number of Degrees; yet
it may be made ‘to ferve for any Parallel, whofe
Latitude is fome Number of Degrees and Minutes,
_ by making the following proportion, viz.-

"~ As 1 Degree, or 60 Minutes, is to the Difference
between the Miles anfwering to a Degree in the
next greater and next lefs Tabular Latitude tixhan

: o : at

-
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that propofed, fo is the Excefs of the propofed .
Latitude above the next lefs Tabular Latitude, to a
proportional part ; which, fubtracted from the Miles
anfwering to a Degree of Longitude in the next
lefs Tabular Latitude, will give the Miles anfwer-
ing to a Degree in the propofed Latitude.

Exdmple. N

Required to find the Miles: anfwering to a De-
gree-on the Parallel of 56°; 44/.-

Firft, The next lefs Parallel of Latitude in the:
Table, than that propofed, is that of 56°, a De~
grée of which (by the Table) is equal to 33.55
Miles; and the next greater Parallel of Latitude
in the Table, than that propofed, is that of 57°,
a Degree of which is (by the Table) equal to 32.68
Miles 5 the Difference of thefe is .87, and the Di-
ftance between thefe Parallels is 1 Degree or 60
Minutes; alfo the Diftance between the Paraliel of
46°, and the propofed Parallel of 56°, 44! is 44
Minutes ; then by the preceeding proportion it will
be: As 60, isto .87, fois 44, to.638, the Diffe-
rence between a Degree on the Parallel of 56°, and
4 Degree on the Parallel of 56°, 44!, which there-
fore taken from 33.55, the Miles anfwering to a
Degree on the Parallel of 56°, leaves 32.912 the
Miles anfwering to a Degree on-the Parallel of 56°,
44/, as was required.

| CASE a2
. qbe Diffance faiPd in any Parallel of Latitude, or

. the Diftance between any two Places on that Parallel
being given, to find the Difference of Longitude.

Example,
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| Example.
Suppofe a Ship in the Latimde of 55°, 36
" North, fails dire@lly Eaft 685.6 Miles. Required
how much fhe has differ’d her Longitude, .
By Cor. 4. Art. 1. of this Section it will be

As the Co-fine of the Lat. 55°, 36! - 9.75202

is to Radius - - - - 1000000
fo is the Diftance fail’d - 6856 - 2.83607
to Min. of Diff. of Long, - 1213 - 3.08405

which reduc’d into:Degrees, by dividing by 6o,
makes 20%, 13’ the Difference of Longttude the
Ship has made, o -

. This may alfo be folv’d by help of the foregoirg
‘Table, viz. by finding from it, the Miles anfwer-
ing to a Degree on the propofed Parallel, and di-
viding with this the given number of Miles,
the Quotient will be the Degrees and Minutes of

Diff. of Longitude required.

. ‘Thus in the laft Example; 1 find, from the fore-
going Table, that a Degree on the Parallel of 55°,
36! 18 equal to 33.89 Miles; by this I divide the
propofed number of Miles 685.6 and the Quotient
1s 20.23 Degrees, i. e, 20°, 13/, the Difference of
Longitude required.

CASE 3.
Tbe Difference of Longitude between two Places on

the fame Parallel, and the Diftance between them being
given, to find the Latitude of that Parallel,

‘Example,
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Example

Suppofe a Ship fails on a certain Parallel dxrc&ly
‘Weft 624 Miles, and then has differ’d her Long.
tude 189, 46! or 1126 Miles. Required the Lati«
tude of the Parallel the fail'd upon.

By Cor. 3. Art. 1. of this Seéfion it will be

As the Min. of Diff. Long. 1126 - 3.05154
is to the Diftance faild - - 624 - 2.79518
foisRadius - - - - 10.00000
to the Co-fine of the Lat - 56°% 21!  g.74364
confequently the Latitude of the Ship or Paralkl
fhe fail’d upon was 56°, 21’

From what has been faid, may bc folv'd the foL
. lowing Problems,

PROB I. .

S pofe .two Ships in the Lantudc of 46", 30/

, diftant afunder 654 Miles, fail both dire&®-

North 256 Miles, and confequently are come to

Jxe Latitude of 50°, 46!/ North. Required their
‘Diftance on that Parallel,

* By Cor. g.-of Art. 1. of this Section it will be
- As the Co-fine of - - 46°, 3o/

- 9.83781

is to the Co-fineof - - 50, 46 . g.80105
fom - = - - - . 654 - - 281558
- - - - = 601 - - 277882

the Diftance between the Ships when on the. Pa.
rallel of 50°, 46!, .

PR OB, 2,

- |
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PR OB. 2

' . Suppofe two Ships in the Latitude of 45°, 48!
North, diftant afunder 846 Miles, fail dire&iy
North till the diftance between them is 624 Miles.
Required the Latitude come to, and the diftance
fail’d. ‘
By Cor. 5. of Art.1. of this Seftion it will be
Astheir firft Diftance - - 846 - . 2.92737
is to their fecond Diftance - 624 - - 2.79518
fo is the Co-fine of - - 45° 48/ . 9.84334

to the Co-fineof - - - 59, 04 - 9y1115
the Latitude: of the Parallel the Ships are come to.

Confequently to find their Diftance fail’d,

From the Latitude cometo - = . 59°%, 047
fubtra& the Latitude fail’d from - - 45 , 48
and there remains - e 13 , 16

al to 796 Miles, the difierence of Latitude or
diftance fail'd. .

." 3.Tho’ .infolving the Problems in this Se&ion, we
fuppofed the Earth to be really fpherical, yet it i
not fo, butrather an oblate Sphereid having’ the Dia-
metdr of the Equator about g4 Miles longer than
the Axis; which makes the length of a Degree on
the'Meridian, hear the Pole, -about a Mile .Jonger
than the length of a Degree near-the Equator; .and
the :Radii of the Parallels inftead of being Sines in g
Circle, will be Ordinates to the lefler Axe of an
-Ellipfe. Confequently the true length of a Degree
on any Parallel, will fomewhat differ from its length
on the Suppofition of the Earth’s being a Sphere 3
but this difference is fo fmall, that in all nautical
Cafés it may fafely be neglected.

SECT, IX.
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1

. SECT IX
. Of Middle Latitnde Sailing.

1. HE N two "Places lie both on the ‘fame
. VXY Parallel, we thew’d, in the laft Section,
how from' the difference of Longitude given, to
find the Miles.of Eafting or Wefting between them,
& ¢ contra 5 but when twa Places lic not on the
fame Parallel, then their difference of Longitude
cannot be reduc’d to Miles of Eafting or Wefting
on the Parallel of either Place ; forif counted on the
Parallel of that Place that has the greateft Lati-
tude it would be too fmall, and if-on the Parallel of
that Place having the leaft Latitude it would be too
reat. Hence the common Way of reducing the
ifference of Longitude between two Places, lying
on different Para?gk, to Miles of Eafting or Weft-
ing, & e contra, is by counting i on the middle Pa-
rallel between the Places, which is found by adding
the Latitudes of the two Places together, and ta-
king half the-Sum, which will be the Latitude of
the middle Parallel required; And hence arifes the

the Solution of the following Cafes.
__CASE 1
9%e Latitudes of two Places, and their Difference
Longitude, given, to. find the direst Conrf; md'Di}./
tence. . T
~ Example. ‘
. Requir’d the dire& Courfe and Diﬁ:incc-bctwcc’n_

the Lizerd in_the ‘Latitude -of 50°, 0o/ N. and
S i ’ E e : ' Longi-
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Longitude of 5° , 14/ W, and St. Vincent in the

~ Latitude of 17° , 10/ N. and Longitude of 24°
20/ W, : ‘

Firff, To the Latitude of the Lizard - 50 , 00 N
add the Latitude of 8¢, Vincemt - - 17 , 10

The Sumis - - - - - - - - 67, 10
Half the Sum or Latitude of } ‘
the middle Parallel is - = =33,35 N_

- Alfo the Diff. of Latitude is - .. '« 32 , 50
equal to 1970 Miles of fouthing. Again,

From the Long. of St.Vincent - - 204. s 20 W
take the Long. of the Lizard - - -o05 , 14 W’

there remains - - - - - - - 19, 06
equal to 1146 Min. of Diff. of Long, Weft.

Then for the Miles of Wefting, or Departure, it
will be, by Cafe 1. of Parallel Sailing,

As Radius -ﬁ - f « = - = = - 10.00000
is to the Co-fine of the ,
middle Parallel 33° 35/ - - 9.92069

fo is Min. Diff. of Long, - 1146 - - 3.05918.
to the Miles of Wefting - 954.7 - - 2.97987
And for the Courfe it will be, by Cafe 4. of Plain
Sailing, o «
As the Diff. of Lat. - - 1970 - - 3.29447
s toRadius - - - - - - - - .10.00000
fo is the Departure - - 9547 - 2.97987
to the Tang. of the Courfe 25° 51/ - 9.68540

which becaufe it is between South and Weft will
be SSW i Wett nearly.

For the Diftance it will be, by the fame Cafe,
AsRadius - - - - - - - - - 10.00000
is to the Diff, of Lat. - 1970 - . 3.294;?7‘

°
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fo is the Secant of the Courfe 25° 51! - 10.04579
to the Diftance - . -- - 2189 - 32.34026

whence the dire& Courfe and Diftance from the .

Lizard to St.Vincent is SSW § W, 2189 Miles.
CASE 2.
One Latitude, Courfe and Diftance [ail’d, being given,

%0 find the other Latitude, and Difference of Longstude.”

S Example.

S;:Epofc a Ship in the Latitude of 50°, oof
North, fails South 50°, 06! Weft 150 Miles. Re-
quired the Latitude the Ship has come to, and how
much fhe has differ’d her Longitude.

Firft, For the diffcrcncé of Latitude it will be,
by Cafe 1. of Plain Sailing,

AsRadius - - - - . 10.00000
is to the Diftance - - 150 - 2.17609
fo is the Co-fine of the Courfe 50°, 06’ 9.80716
to the Diff, of Latitude - 96.22  1.98325

. equal to 1°, 36/, apd fince the Ship is failing to-

wards the Equator, Therefore,

From the Latitude the wasin - - . 50°, oof
take the diff. of Latitude - - 1, 36

and there remains - - - 48, 24
the Latitude fhe has come to North. Confequent-

ly the Latitude.of the middle Parallel will- be

49°% 12", _

Then for Departure or Wefting it.will be, by the
fame Cafe,

Ee:2 \ ‘ - As
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AsRadivs - . - . - ' ... r0.0000
isto the Diftance .- - 150 - .- .+ 2.17609
fo is the Sine of the Coutfe 50°% 06! - 9.88489
to the Departure "= - 1151 - - 2.06098

and for the difference of Longitude, it wxll be, by
" 'Cafe 2. of Parallel Sailing,

As the Co-fine of the mid. Par 49°, 12! 981519
isto Radius - - - - = -10.00000
fois the Departure - - 1151 - 2.06098

_ to the min. Diff. of Longitude 176.1 - 2.24579

. equal to 2°, 6’ which is thedifference. of Longi-
tude, the Ship. has made Wcﬁ:crly

CASE 3.

Courfe and D@femw of Latitude n, to find the
Dzjtame Jail'd, and Dmﬁ*reme of Long ‘

Example

Suppofe a Ship .in the Latitude of 53% 34'
North, fails SE 58S, till by Obfervatjon fhe’s found
‘to be i m the Lautude of 51°, 12!, and confequent-

has differ’d her Latitude 29, 22' OF 142 ?lelcs

equired the Dl[’tancc fail’d; and the dx&'crcnce of
Longltudc - -

- Fi rji, For the Dcparturc, it will be (by Cajé 2,
0f Plain Sazlmg)

As Radius - - « - -  10.00000

is to the Diff. of Latxtude - 142 - 215229
fo is the Tang. of Courfe - 339 45’ 9.82489 -
* to the. Departure .= - - 04.88° 1.97718

And for the Diftance, it will be, by the fame Caf,
As



ZAngdiué -- e e 10.00000
is'to the diff. of Lat. - - 143 - 215229

fo is the Sécant of Courfe - 33°, 45! 10.08015
‘to'the Diftdnce” - < - - 1708 - 2.23244

Middle Lasitade Sailing. ak3

Then, fince the Latitude fail’™d from was 53¢,
34! North, and the Latitude come to 51°, 12/ North
therefore thé middle Parallel will be 47¢, 23/, and
“confequently, for the difference of Longitude, it
will be (By Cafe 2. of Parallel Sailing)

,As the Co-fine of the mid. Par. 47°,.23! ¢9.83065
" is to the Departure - - ¢4.88 - T1.97718
foisRadius = - - -  10.00000

. to min. of diff, of Longit. - - 140 - 2.14653
. e%ml to 2%, 20/, the difference of Longitude
afterly. _ ) , ‘

$

T CASE 4

Difference of Latitude, and Diftance faild, given, to
Jind the Courfe and Difference of Longitude.

Suppofe a Ship in the Latitude of 43°, 26!
North, fails between South and Eaft, 246 Miles,
and then is found by Obfervation to be in the Lati-
tude of 419, 06/ North. Required the dire& Courfe
-and Difference of Longitude. - -

)

. Firp, For the Courfe it will be, by Cafe 3. if
- Plain Sailing, : ‘ ,
As the Diftance - - 246 - 2.39094
istoRadius - - - - - 10.00000

’ fo
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" foisthe Diff. of Latitude 140 - - 2.14613
to the Co-fine of the Courfe 55°, 19’ 9.75519
which, becaufe the Ship fails between South and

Eaft, will be South 55°, 19/ Eaft, or SE)E
nearly. -

Then for Departure it will be, by the fame Cafa,

- AsRadius ~ - - - - < 10.,00000
_-isto the Diftance © - 246 - 2.39094
' fo'is the Sine of the Courfe 55°, 19! - g9.91504
to the Departure - - 2023 - 2,30598

Lafly, Forthe difference of Longitude, it will
be, by Cafe 2. of Parallel Sailing.

- AstheCo-fineof the inid. Par. 42°, 167 9.86924
* - isto the Departure - = - 2023 - 2.30598
foisRadius - - - « - « <~ ° 10.00000

to min. of Diff.of Longit. - 273.3 - 2.43674
egaé to 4°, 33', the difference of Longitude
» Cl'lyo . . . -

“C A S E 5.

Courfe and Departure given, to find Difference of
Latitude, Difference of Longitude, and Difiance
Jaild. A ‘

, Example.

Suppofe a Ship in the Latitude of 48°, 23¢

NorrE', fails S W5 S, till fhe has made of Wefting

123 Miles. Required the Latitude come to, the.
difference of Longitude, and the Diftance fail’d.

Fir, For.the Diftance it will be, by Cafe 6.
of Plain Sailing, -~ - i :
R : As
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As the Sine of the Courfe  33°, 45’ - 9.74474
is to the Departure - - 123 - - 2.0899r1
fo is Radius - - - - =  10.00000
to the Di[hnce - - = - 2214 - 2.34517

And for the difference of Latitude it will be, by

the fame Cajé,
As the Tang,. of Courfe - 33°, 45! - 9.82489 .
is to the Departure - - ':23 - - 20899r

fo is Radius - - - - = =  10.00000

to the Diff. of Latitude - 184 - - 226502

equal to 39, o4/, and fince the Ship is failin
wards the Equator, the Latitude come to will bc

45°, 19’ North; and confequently the middle Pa-
rallel will be 46° 51l

Then to find the dlﬁ'erencc of Longlmdc it will' be,
~, by Cafe 2. of Parallel Sailing,

As the Co-fine of mid. Par. 46°, 51' - 9.83500

is to Departure - - - 123 - - 20899r.

fostadlus - - e = = e ' 10.00000
to min. of Diff. of Longlt 180 < .- 2.25491

which is equal to 3°, 0o’, the difference of Lon-
gitude Wefterly. )

"CASE s

Difference of Latitude and Departure givén, to find

Courfe,  Diftance, :md Dijfference of Longitude.
' Example

Suppofe a Shlp in the Latitude of 46°, 37o~

North, fails between South and Eaﬁ' till fhe has
madc "of Eating, 146 Miles and is then. found

by
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" by Obfervation to be in the Latitude of 43°, 24’
I‘?o rth. Required the Courfc, Ql&\\pf.c, and dlﬁ"g

rence of Longitude.

Fzr/t, By Cafz 4. P]azaS \ w;ll bs,for
the courfy J 0’1"%

As the Diff, of Létitudc - 193, -. 2.38356
* istoDeparture - - 146 - 2.16137
fois Radigs - - - A BITEE '

59.00000

to the Tang, of the Courfc - 36% 58" . 9.87581
which becaufe the Ship is-failing beewecn South
.and Eaft,-will be South 369, 954 Eaﬁ .ori SEbS
4 Eaft ncarly. . -

. For the Diftance it wxl.l be, by ﬂw fa!m Caﬁ, ]

AsRadius - - = - « '« 2 . 1000000
is to the Diff. of Latitude -~ 193 "~ - 2.28556
Io is the Sec. of the Courfe 36°, 55! . 10.09718
to the Diftance - - - 2414 - 2. 38274. \

" Then for the dn&‘crcncc of. Longlgude u vnll bc. .
by Caf 2. of Parallel Saifing, _

A the Co-fine of the mid; Par 45 ool 984949
is to the Departure - 6? 2,16137
foisRadius =« - - - -"-.. - 1000000
to min. of diff. of Longnt - 205 - 231188

‘i‘,a}t to 3%, 257, the dlﬁ“crcncc of Longxtudc

erly.
CAsn'y

- Difiance and Departure s to find Dgﬂ'emm of
Lasitude, Coutfe, and Differ m of Longitude.
H .

Exdmple.



Middle Lasiznde Saiting. 2¥7

uppofe a Ship in the Latitude of 339, 4o

. No , fails between Squth and Eaft 165 Miles,
‘and has then made of Eafting 112.5 Miles. Re-

% uired the difference. of Latitude, Cousfe, and
ifference of Longitde. .

Firft, For the Courfc, it will be, by Cafe 5. of
Plain Sailing,

s the Diffance = - . .165 - =~ 221748
. isto Radius -~ . 10.00000
fois the Departure - - 02,5 - - 2.0511§
to the Sine of the Courfe 429, 59/  9.83367

. which becaufe the Ship fails batween South and
Eaft, will be South 42°; 59/ Eaft, or SE}S,

. i Eaﬂ: nearly,

And for the difference of Latitude it will be, by
the fame Cafe,

As Radius - © = = 4 10.00000
~isto the Diftance - - 165 -~ + 2.21748
{o is the Co-fine of the Courfe 42°, 59! 9.86436

_ to the Diff. of Latitude - 1207 - 2.08184

equal to 29, 0o’; confequently the Latitude come
to will be 31° 40’ North, and the Latitude of the
middle Parallel will be 32°, 40'. Hence to find
the difference of Longitude it will be, by Cafe 2. of
Parallgl Sadmg,

As the Co-ﬁnc of the mid. Par. 329, 40' 9 9252:
_is to the Departure - - - 112.5 - 2.0511§
foisRadivg - - - - - 10.00000

" Ff : \ to
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to min. of Diff. of Long. - 133.6 - 2.12593

equal to 2°, 13/ nearly, the.diffcrence of Longi-
tude Eaﬁcrly

C cAsss“'

- Dferme of. »itade and Departure given, to ﬁl:d
Dgﬁ’ermce of Latitu Courjé, and Diftance fail’d. -

Example

~_Suppofe a -Ship in the Lattude -of 50°, 46/
‘North, fails between South and Weft, till her
Difference of Longitude is 3%, 12/, and is then
found to have departed from her former Meridian
126 Miles. Required the difference of Lantudc,
Courfe, and Diftance fail’d.

Firft, For the Latitude fhe has come to it will
be, by Cafe 3. of Parallel Sailing,

As Min. of Diff. of Long. - 192 - 2.28330
is to Departure -. - 126 - 2710037
fa is Radius - - 10.04000

. to the Co-fine of the mxd Par 48°, 59! 981707

Now fince the middle Latitude is cqual to half
the Sum of the two Latitudes (by Arz. 1. of this
Set.) and fo the Sum of the two Latitudes equal

to double the middle Latitude; it follows that if"

from double the middle Latitude we fubtract any one
of the Lantudcs, the Remainder will be the other.
Hence from twice 48°, 59/, viz. 97°, 58' taking
50°, 46! the Latitude fail’d from, there remains
47°, 12/, the Latitude come to. Confequently the

dx&'crencc of La.utude is 3 s 34' or 214 Minutess

Theg
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Then for the Courfe it will be, by Cafe 4. of
Plain Sailing, ' . )
Asdiff. of Lat, - - -« - "214 . - 2.33041
istoRadius - - - - - 1000000
fo is the Departure: ~ - 126 -  2.10037
to the Tang. of the Courfe - 30°, 29’ 9.76996

which becaufe it is between South and Weft, will
be South 30°, 29/ Weft, or SSW § Weft nearly.

And for the Diftance it will be, by the fame Cafz,

AsRadius - - - <. -  10.00000
istothediff of Lat. . - 214 - 2,33041
fo is the Sec. of the Courfe - 30°,29/ 10.06461
tothe Diftance - - - - 248.4 - 239502

2. From what has been faid, it will be eafy to
. folve a Traverfe, by the Rules of Middle Latitude
Sailing. .

- Example.

Suppofe ‘a Ship in the Latitude of 43°, 25’
North, fails upon the following Courfes, viz. SW
bS 63Miles, SSW ;i Weft 45 Miles, S’E 54
Miles, and SWHW 74 Miles. Required the .
Latituyde the Ship has come to, and how far fhe
has differ'd her Longitude.

Firft, By Cafz 2. of this §s@. find the difference
of Latitude, and difference of Longitude belong
ing to each Courfe and Diftance, and they will
fiand as in the following Table, " ‘

F f 2 Courfe
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, =D 7 Lar. - DIf. of Longit.
T Conrfe Dif.| .N S | E |\ W

SWsS | 03 |——| 52.4 [m————
SSWEW | 45 J=——" 397 |——eur—
] S:E 54 |——| 530 |13.75
1SWiw {74 -] 4TI |e——

Dif of Lat.. 1862 1z

Diff. of Lang. 143.80

Hence 1t is plain the Ship has differ’d her Lati-
tude 186.2 Minutes, ar 3°, 06/, and fo has come
to the Laritude of 40°, 19/ North, and has made
of difference of Longitude 143.8 Minutes, or 2°,
237, 489 Wefterly. -~ )

3. This method of Sailing, ‘tho’ it be not ftri&-
ly true, yet it comes very near the Truth, as will
be evident,” by comparifig in Example wrought
by this Method, with the fame wrought by the
Method deliver’d in the next Seftion, which is ftri@-
ly true; and it ferves without any confiderable

rror, in runnings of 450 Miles between the Equa-
tor and Parallel of 3a Degrees ; of 300 Miles be-
tween that and the Parallel of 60 Degrees; and of
150 Miles, as far as there is any occafion, and con-
fequently muft be fufficiently ¢xact for 24 Hours
rm.

L -

SECT. X.
Of Mercator's Sailing.

1."TYH O’ the Metidians do all meet at the Pol,
and the Parallels to the Equator do con~
tinually decreafe, and that in proportion to the Co-
fines of their Latitudes; yet in old Sea Charts the
‘ ' Meridians
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Meridigns were drawn parallel to one another, and
confequently the Parallels of Latitude, made equal
to the Equator, and fo a Degree of Longitude on
any Psralle, as large as a Degree on the Equator 3
o in thefe Charts the Degrees of Latitude were
Rill reprefented (as they are in themfelves) equal to
each other and to thofe of the Equator. By thefe
means Places were very erroneouay mark’d down
upon the Chare 3 thus, for inftance, an Ifland on
the Parallel of 60, would in this Chart be reprefen-
ted in a double Proportion, as toit’s length i Eaff-
ing and Wefting, but the fame as to its breadth in
tbing and Sonthing 3 whereas in‘order to its being
truly drawn upon the Chart, it ought to be length-
ened, asto it's Southing and Nortbing, in the fame
Proportion as it is in it’s Eafting and Wefing, fo as
the whole may be reprefented on the Chart propor~
tionally as it is on the Globe itfelf.
. 3. To Remedy this Inconvenience, fo as ftill to
keep the Meridians parallel, ’tis plain we muft pro-
tract, or lengthen, the Degrees of Latitude in the
_ fame proportion as thofe of Longitude are, that fo
the proportion in Eafling and Wefting, may be the
fame with that of Seutbing and Nertbing,
- 3. In the annex’d Scheme let ABD bea (Ltlha-
drant of a Meridian, BF or CG the Radius of the
Parallel defcrib’d by the Point 2
Band C D the Radius of the E-
quator ; draw the Tangent DE A
and Secant CE alfo the right p|
Sine BG. Then it has been
demonitrated, in §¢é7. 8. that a
Degree upon any Parallel, is to .
a Degree on the Equator, asthe ¢ D
Co-fine of it’s Latitude, is to @ :
Radins. Tbus a Degree on the Parallel deferib’d
by the point B,.is to a Degree on the Eguator, ss
BF or CG isto CD the Radius; but (by Ars.
¥4, Sei2. 1.) CG:CD::CB:CE; therefore a -
, Degree
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Degree on any Parallel, is to a Degree on the E-
gquator, as Radius is to the Secant of the Latitude ;

and fince in this Projection the Meridians are fup-.
pos’d to be parallel, and confequently each of di; ,
Parallels equal to the Equator, tis plain the Radius.

‘of any Parallel will become equal to the Radius of
the Equator, and fo CG will every where become
equal to CD; but when CG becomes equal to
CD, ‘’us plain CB will become equal to CE.
Confequently in this Projection, the Radius of the
Meridian at any Parallel, will be equal to the Se-
cant of the Latitude of that Parallel. Alfo fince a
Degree or any fmall Arch upon the Eguator, is
equal to a Degree or the like Arch upon the Mewi-
dian 5 therefore as'the Secant of any Parallel, is to-
Radius, fo is the length of a Degree or any fmall
Arch on the Meridian, to the lergth of a Degree
or like Arch on that Parallel. Hence. ’tis evident
that, in this Projection where the Meridians are pa-
rallel, 2 Degree on ‘any Parallel will be increas’d’
beyond it’s juft proportion, at fuch rate as the Se-
cant of the Latitude, is greater than Radius ; and
confequently the Degrees on the Meridian muft e-
very where be increas’d in the fame Rate; that fo.
the proportion in Northing and Southing, may. be
the {fame with thatof Eafling andWefling, thatis, the
Igpgth of a Degree .or any fmall Arch on the in-
larg’d Meridian, muft every where be to a Degree
or like Arch of the Meridian on the Globe, as the
Segant of the Latitude, is to Radius. Hence by
f:;;qﬁng the Jength of any fmall Arch of the
Meridian Radius, it follows from what has been
faid, S

¢ Cor, 1. That the length of a Degree or any
{mall Arch on the inlarg’d Meridian, is every
where equal to the Secant of the Arch contain’d
between it and the Equator,

2, The
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: 2. The Diftance of any Point upon the inlarg’d

Meridian from the Equator, is cquafxt)o the Sum of

all the Secants contain’d between it and the Equa-

tor.

3. The Diftance between any two Parallels on
the fame fide of the Equator, is equal to the diffe-
rence of the Sums of all the -Secants contain’d be-
tween the Equator and each of the Parallels.

* 4. The Diftance between any two Parallels on

contrary fides of the Equator, is equal to the Sum

of the Sums of all the Secants contain’d between
the Eguator and each Parallel, ' '

" 4 %Tow’ fince it has been thewn, that in this Pro-
Jjetion the Diftance of each point of the Meridian
from the Eguwator, is equal to the Sum of all the
Secants contain’d between it and the Eguator; ’tis
plain that by a continual Addition of the Secants,
beginning at the Eguator, we fhall have the Dif-
tance of every particular Point in the Meridian
from the Equator, which Diftances colleted toge-
ther form the Table, commonly call’d A Table of
Meridional Parts, which'is annex’d to the End of
this Sef?ion, and in which you may obferve that the
top Column contains, the Degrees, and the left-hand
fide Column the Minutes ; the other Columns con-
tain the meridional Parts anfwering to thefe De-
grees and Minutes. There is alfo upon Gunter’s
Scale, a Line of meridional Parts, mark'd Mer.
which fhows the diftance of each Point of the Meri-

_dian from the Equator.

5. By cither of thefe, viz. the Table of meri-
dional Parts, or the meridian Line upon Gunter’s
Scale, may a Mercator’s Chart be conftructed. Thus
for Example, let it be required to make a Chart
that fhall. commence at the Equator, and reach to
_the parallel of 60 Degrees, and fhall contain 80
Degrees of Longitude, ,

Draw
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Draw the Line EQ_reprefenting the Eguator;
(fee Plate 1.) then talg\fro!x’n an;ncgbnvcnicng:f :
of equal Parts, 4800 (the number of Minutes con-
tain’d in 80 Degrecs) which fet off from E to
and this will determine the Breadth of the Chart,

Divide the Line E Q_into cight equal parts, in
the Points 10, 20, 30, &c. each containing 10 De~
grees, and each of thefe divided into 10 equal party
will give the ﬁnic Degrees upon the Equator ; then
thro’ the points E, 10, 20, &c. drawing Lines per-
pendicular to E Q_, thefe fhall be Meridians. _

From the fcale of equal parts take 4527.4 (the
meridional - parts anfwering to 60 Degrees) and fet
that off from E to A and from Q_to B, and join
AB; then this Line will reprefent the Parallel of
60, and will determine the length of the Chart,

Again from the fcale of equal parts take 603.1,
(the meridional parts anfwering to 10 Degrees) and
fet that off from E to 100n the lineE A, and thro’
the point 10 draw 10, 10, g;a.llclto EQ_, and this -
.will be the Parallel of 10 Degrees. The fame way
fetting off from E on the line EA, the meridional
parts anfwering to each Degree, &¢. of Latitude,
and thro’ the ?cvcral points drawing lines parallel to
E Q,, we fhall have the feveral Parallels of Latie
tude. : ) ‘

If the Chart does not commence from the Equa-
tor, but is only to ferve for a certain diftance on the
idian between two given Parallels on the fame
fide of the Eguators; then the Meridians are to be
drawn as inthe laft Example, and for the Parallels of
Latitude you are to proceed thus; viz. from the
mcridiona{ parts anfwering to cach point of Lati-
tude in your Char?, fubtra¢t the meridional parts
anfwering to the leaft Latitude, and fet off the dif-
ferences {everally, from the Parallel of leaft Lati-
tude, upon the two extream Meridians, and the
lines joining thefe points of the Meridians fhall re-
prefent the feveral Parallels upon your Chars. Th
\ us
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. Thuslet it be required ‘ta draw a Chart that fhall
ferve from'the Latitude of 20 Degrees North, to
60 Degrees North, and that. fhall contain 80 De-
grees. of Longitude. .. - ' - .
. .Having drawn-the Line. D C ro. reprefent the
Parallel of. 20. Degrees (fee Plate1.) and the Meri-
dians tQ ity a3 in the . fotegaing. Example ; fet off
663.3(she differerice .bétween -the meridional Parts
‘anfwering to. 30 Degrees, - and !thofe .of 20 De-
%:‘;ey) frem D £ 30, and from. C to 30; then join
the points 30 and 30 with a right Line, and that
fhall be the Parallel of 30. Alfo fet off 1397.6 (the
difference betwéen the meridional Parts anfwerin
- t0 40 Degrees, “and thofe of 20 Degrees (from I%

to 40, and from C to 4o, and joining the points
40, and 40 with a right Line, thattn%iall be the
Parallel of 40. 'And proceeding after ‘the fame
Way, we may draw as many of the intermediate
Parallels as we fhall have occafion for,

But if the two Parallels of Latitude that bounds
the Chart, are on the contrary fides of; the Equator;
then draw a Line reprefenting™the {Equator, and:

. Meridians to it, as in the firft Exawgple ; and from
the - Equator fet off on each fide of"\it the feveral
Parallels contained between it and the given Pa-
rallels as above, and your Char? is finifhed..

... N. B.' Heve you muft notice ; that in all Charts,
~ the upper, part:is the Nortb- Side, and the lower part
or;bottom is;the Saush Side s alfo ¢hat part.of it tos
wards the right Hand is the Eaff,- and that towa

_the left Hand the #%f Side of the Cbart, :
. .6. Since according to this Proje@ion, - the Meri-
digns are parallel right Lines; ~’tis plain, .that the
Rumbs. which- form always equal. Angles with the

 Meridians, will be ftreight Linesy which Property
renders this Projection of the Earth’s furface much
more eafy and proper for Ufe, than any other.

Gg- 7. This
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». This method of projéding the Earth®s furface
upon ‘a Plain, was fitft- invented'by’ Mr. Edward
Wright, but fidt publifhed by Messotor 3 and hence
the failing by the Chart, was called Mercates’s failing.
- .~ 8. In the annexed Scheme, let A and D repre-
fent twao places’ upon the furface oféhe Globe, A C
‘the Meridian of A; and AD -the Rumb’Line be-

di-

tween the two places ;. thro® D draw D«%}u
Lati. -

cular to AC, and this will be the Paralld o
wde of “the place Ds.from A fet' off upon the

A

Meridian, the length A C, equal to the Meridonal
or inlarg’d Difference of Latitude, and thro’ C draw
CE -parallel BD ‘mecting AD produced in E3
then-AB will be ‘the proper Difference of Latitude,
and AC the inlsrg’d Difference of Latitwde, or the
Difference of Latitude accotding to Mercator’s
Chart, between the .places A and D: CE will be
the Difference of Lomgitude, and BD the Departure,
alilo A-D will be the proper Diffance, and AE the
inlarg’d, or according to Mercator’s Chart, and the
Angle BAD will-be-the Conrfe. .

9. Now
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. Now fince in the Triangle ACE, BD is pa-

ral?el to one of it’s fides CE ;" ’tis plain the Trian-

les ACE, ABD will be fimilar, and confequent-

y the. fides proportomal (by Ars. 74. Sef.1.) Hehce

ﬁ’rifcs the Solutiany of the feveral Cafes in this fail-
ipg, which arc as follows, ; .. . ..

N

v wCASE 1

. Tbe Latitudes 05;@00_ Places giuen,. to. find the meri-
dional or inlarg’d Difference ofﬁimde between them. o

_Of this Cafz there are three Varjeties, viz. either
one of the places lies on the Equator, or both on
the fame fide of it; or laftly on different fides.

1. If one of the propofed places lics on the Equa-
tor, then the mendional différence of Latitude, is
the fame with the Latitude of the other place, taken
from the Table of meridional Parts, :

Exampie.

" Required, the meridional difference of Latitude
between ¢, Thomas, lying on the Equator and §t.-
Antonio in the Latitude of 17°, 20! North. I look
in the following Table for the meridional Parts
anfwering to 17°, 20/, and find it o be 1056.2,
the inlatgl’d difference of Latitude required. '

* 2. If the two propofed places be on the fame fide
of the Egnator, then the - meridional difference of
Latitude is found by fubtratting the meridional
Parts anfwering to ‘the leaft Latitude, from thofe

anfwering to the greateft, and the difference.is that
- required, ' ‘

Gga . Example.
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- \ . E:'xa;nple.' = N
\ Required the meridional difference of Latxtude
between the Lizard in the Latitude of 50°, oel. .
North, and Antegoa, in the Latitude of 179, 30f
North. ' :

From the meridioral parts of- - -50°, 00! - 3474.5
fubtract the merid. parts of - 179, 30! - 1066.7
there remains’ < - - 24078
the meridional difference of Latitude required.

* 3. If'the places lie on different fides of the E.,
quator, then the meridional difference of Latitude.
is found by adding together the meridional parts
anfwering to each Latitude, and the Sum is tha¢;
required; -~ - B

- Eiample. |
Required the meridianal difference’ of Latitude

between Antegoa, in the Latitude of 17°, 30! North,
and Lima, in Peru, in 'the Latitude of 12°, 301,

. South. :

To the merid. paxtsaﬁfwering to 17°, 30' - 1066.7
add thefe anfweringto - - 32,30 - 7561

theSumis - - - - - - - . - 18228
-the meridional difference of Latitude required. .
CASE 2

b Latitudes, and Longitudes of two Places gioen,
to find the direét Courfe and Diftance between them.

Example.
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Example. - ' -

‘Required to find the direct Courfe and Diftance
between the Lizard, in the Latitude of 50°, oof
North, and. Poﬂ-Royal in Jamaica, in the Latitude

qf 179, 40/; differing in Longitude 709, 46, Port-
Royal lymg fo far to the Weftward of the Ltzard. .

?reparamn,

Fromthe Latitude of the Lizard B ‘,oo;' o@::
fubtra& the Lat. of Port.Royal ~ .= 17, 40,

and there remains - - - 32,20
equal to 1940 Minutes, the proper dnﬁ'crcncc of
Latitude,

Thcn from the merid. parts of 50°, oo’ 3474.5
fubtratt thofeof - -+ - 17, 40 - 10772

and there remaims - - - - - = 23973
the mendxonal or inlarg’d dxﬂ"crence of Latitude. .

- Geometrically.-
' Draw the. Line AC reprefenting the Meridian of

A

D ) « . E
5 e
the Liggrd at A, and fet off from A, upon that

Line,
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Line, AE equal to 1940 (from any fcale of equal
parts) the proper différence of Latitude, alfo AC
equal to 2397.3 (from the fame fcale) the meridional
or injarg’d difference of Latimde,: © Upan the paine
C raife CB ,pc:{:cl\dwulu ta AC, and make CB
equal 10 4246 the Minutcs of difference: of Longie

tyde. oo : y .

Join AB, and.thee’ E.draw E D paraliel to BCs.
fo the Cafz is conftructed, and A D applied to the
fame fcale of equal parts the other Legs were taken
from, will give the dire¢t Diftance, and the An-
gle. D A E meafured by the line of  Chords wilt
give the Courfe. . R

- . By Calculation.”

“'For the 'An?glc: of the Courfe E AD it will be,
by Cafe 4. of Reflaggular Trigonomesry. - .- -

- .'AC;€B::R: T, B'A"_C.:“"z'.he.' ‘

Aﬁd;émciiwdi-iof.hn -:a.39‘7..'3 '_~ 3;37975'

is to the Diff. of Long. - - 4246.0 - 3.62798

foisRadius - «...~ < - 1000000

~ to the Tang. ofthe diret Courfe 60°, 33/ 10.34826

which becaufe  Port-Royal is Southward of the LZi-

zard, -and the difference of Longitude Wefterly,

will be South 09, 33/ Weft, or SW)H W § Weft
nearly. ' ,

i s
N

Then for the Diftance AD, it will be, by Caféz.

of Regtangular Urigonomairy.
R: hE._ Sec, A:AD, ie
AstheRadiys + - - - - = - 10.00000

fo is the proper diff. of Lat. 1940 - 3.28780
fo is the Sec, of the Courfe + 60°, 33/ 10..,}0833.
"o A A ek
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“tothe Diftance -~ - + » 39456 - 359613

confequently the dire&t Courfe and Diftance be-
*" tween thé Lizard, and Pert-Royal in Yamaica, 1;
South 60‘, 33'cht, 39456 iles.

"'CASE 3.

 Courfe and Pd t Di
MR

Exmple.

gpofea Slnp from the Lzzardm the Lantude
of 50°% oo’ North, fails South 35°, 4of Weft 156
Miles. " Required the Latitade come to, and how
gnuch ﬁxe hax a}tcr’d her. Longxmdc. o

Geamemddlb

. L Draw ﬁxe hne BK reprefentmg the Mend:an
of the Lizargd. at B; from B draw the line B M,

A 4

. .. .
PN

makmg with BK an Angle equal to 35°, 40/, and
upon this line fet o&‘ BM cqual to 156 the given
letance,
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Diftance, and from M let fall the perpendicular
MK upon BK, " .~ S

. Then for B K' the proper difference of Latitude,
it will be, by Cafe 3. of Reftangular Trigonomeiry.

R: MB::§,BMK: BK."

ie. AsRadius, - - - - - . & 1000000
is to-the Diftance - - " 156" -  ‘2,19312
fo is the Co-fine of the Courfe '35°, 40' 9.90978 .
to the proper diff. of Lat. - 127 < 2.10290
equal to 2°, o7/, and fince the Ship is failing from

" a Nortlr Latityde towards-the Squcﬁ, ‘therefore the

Latitude come to will be 47°, 53" North. Hence

the meridional difference of Latitude; will be 193.4.

2. Produce BK to D, till BD be equal to 193,43

thro’ D draw D L parallel to MK, meeting DM

produced in L ; then DL will be the difference

of Longitude: to find which by Calculation; it will
be;: by-Gale 1..of ReBangular Triganometry. . :

< - “R:BD:T,LBD:DL.
. i e AsRadius- - - - - 10.00000

is to the meridional diff. of Lat. 193.4 - 2.28646

fo is the Tan%;‘ of the Courfe 35°, 40! 9.85594

to Min. of Diff, of Long. - - 138.8 2.14240

equal to 2°, 1#', 48! the difference of Longitude
the Ship his - made Wéfterly.

CASE 3

Given, Coufe and botb Latitudes, viz. the Latitude
. fail'd from, and tbe Latitude come to, to find the Di-
Bance fail’d.and the Difference of Longitud.

- Example,

Ty
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.- Bxample.

Suppofe a Ship in the Latitude of 54°, 20/
North, fails South 33%, 45' Eaft, until by Obfer-
vation fhe’s fouad to be in the Latitude of 51°, 45/
North. Required the Diftance fail’d, and the dif-
ference of Longitude. - . . i

-

Geometrically.

 Draw AB, to reprefent the Meridian of the Ship
in the frft Latitude, and feroff from A to B 155,
the Minutes of the proper -
difference of Latitude, alfo A
- AG equal to257.9 the Mi- -
nutes of the enlarg’d Diffe-
rence of Latitade. Thro* B -
and G- draw the Lines BC
and G K perpendicular to
AG; - alfo draz AK mak-
ing with A Gan Angle of 33¢
45! which will n:ehé‘tkthe 'twa )
former Lines in the points .
andK; fo the Cafe is con- @ K
ftruéted, and A C and GK ray be found from the
line of equal parts, to find which

] By Calculation.

| Firft, For the difference of Longitude it will be,
by Cafe 1. of Retangular Trigonomeiry.

R:AG::T, GAK:GK.

i.e. As\Radius “- = ® = » = = 1000000
. i3 to the inlarg’d diff, of Lat. - 257.9 - 2.41145
o Hh-* fo
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fo is the Tang, of the Courfe 33° 45! - 9.82489
to min. of Diff. of Longit. - '172.3 - 2.23634

equal t0 2°, 52',.18", the difference of Longitude
the Ship has made Eafterly. :

This might alfo have been found, by frft find-
ing the Departure BC (by Cafe 2. of Plain Sailing)
and then (by A4rt. 74. Seft. 1.) it would be

AB:BC:: AG:GK. The difference of
Longitude required.

* Then for the dire& Diftance AC, it will be, by
Cafe 2. of Reftangular Trigonometry. .

R:AB::Sec. A: AC,
R i
i.e. As Radiug" - - - - - 10,00000
" is to the proper Diff. of Lat. - 155 - 2.19033
fo is the Secant of ‘the Courfe 33°, 45/ 10.08015
to the dire¢t Diftance - - 186.4 - 2.27048
confequently the Ship has fail’d South 33°, 45/
* Eaft, 186.4 Miles, and has differ’d her Longi-
tude 2°, 52/, 18! Eafterly,

. CASE 3.

' Both Latitudes, and Diftance [ail’d, given, to find
the direft Courfe, and Difference of Longitude.

Exwle.

Suppofe a Ship from the Latitude of 45°, 26'
North, fails between North and Eaft 195 Miles,
and then by Obfervation fhe’s found to be in the
Latitude of 48°, 06’ North. Required the dire&
Courfe and difference of Longitude.

Geometrically,
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Geometrically.

Draw AB equalto 160 the proper difference of
Latitude , and from the poing Bp raife the per-
pendicular BD; then take ‘

195 in your Compafles and C
fetting one foot of them in
A, with the other crofs the B
line BD in D. Produce -
A B tll A C be equal to
233.6 the inlarg’d difterence

of Latitude. Thro’ C draw
CK parallel to BD, meet-
ing AD produc’d inK; fo
the Cafe is conftructed, and
the Angle A may be mea- A

fured by the line of Chords, and CK by the line
of equal parts. To find which

By Calcslation.

Firft, For the Angle of the Courfe BA D it will
be, (by Cafe 5, of Refangular Trigonomesry.)

A_B:R ::AD:Sec. A, i e

As the lgroper Diff. of Lat. 160 - - 2.20412
fstoRadius - - - - - - - - 10.00000
fo is the Diftance - - 195 - - 2.29003
to the Sec. of the Courfe 34°, 52/ - 10.08591

which becaufe the Ship is fajling between North
Eaft, will be North 349, 52! Eaft, or SE}S
1°, o7' Eafterly,

Then for the difference of Longitude it will be,
*(by Cafe 1. of Retangular Trigonomeiry.)

Hh 2 ‘R
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R:AC: T, A:CK.

 GeAsRadius - - - 2 - - . + 10.00000
is to the merid. diff, of Lat. - 233 6 - 236847
fo is the Tang. of the Courfe 349, 52/ ¢.84307
to min. of diff. of Long, ~ - 1638 - 2.21154

equal to 29, 42!, 48/, the difference of Longi-
tude Eaﬁerly

CASE ..

. One Latitude, Courfe, and Difference of Longitude,
given, to ﬁnd the other Lalttude, and Difiance ﬁzl’d.

Exomple

pofe a Shlﬁ from the Latitude of 48°, 50/
North faxls Sout 40' Weft, till her ditfe-
rence of Longitude i 1s 2 s 44 chmrcd the Lati-
tude come to, and the Diftance fail’d.

Geomotrically.

- 1. Draw AE to reprefent the Meridian ‘of the
. Ship in the firft Lamude, a.nd mtakc the Ang]c
F al to '34°, 40/,
o o Ay the Ancie of the Courfe ;
" then draw FC parallel to
. AE, at the diftance of 164
the Minutes of difference
of Longitude, which will
meet AC in the point C,
From C let fall upen AE .
the perpendicular CE; then
AE will be the inlarg’d dif-
ference of Latitude. To find
-which, by Caleslation it will
bc, by Cafe I. of Reétangular Trigonometry, -

ssassaness

?
'
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T, A:R::CE: AE.

i, 2. As the Tang. of the Courfe 34 , 40! - 9.83984
-is to-'the Radius ~ . - ~ = 10.00000
fois min. of diff. Long. - 164 - - 2,21484
to the inlarg’d diff, of Lat., 237.2 - 2.37500

and becaufe the Ship is fanlmg from a North Lati‘-
tude Southerly. . Therefore;.

From the merid. partsof ‘ .
the Latitude fail’d from} 48°, 50! - 33669
takethe meridi diff. of Lat, - - « - 2373

and there remaifs - - . - . . . 3:297

- the meridional parts of the Latitude come to, viz.
469, ogl. :

Hence for the pr'@ﬁe‘r difference of Latitude,
From the Latitude fail’d from - 48°, 56’ N

take the Latitude cometo - - 46,09 N
and theremaing - -« - - - < 2, 4I

qual to 161, the Minutes of difference of Latl
tude

2. Set off upon AE the length AD equal to
161 the proper difference of Latitude, and thro’ D
draw DB parallelto CE; then ABwill be the dxrc&
Diftance. To find whxch by Calculation it will be,
by Cafe 2. of Reftangular Tngonomtry,

R:AD::Sec. A:AB.

ie AsRadius . - - - = 10.00000
is to the proper diff. of Lat 161 - 2.20684
“fois ehegec of theCourfe - 34°%; 40/ 10.08488
to thedxre& Diftance - = 195.8.- 224171

CASE 7



238 - Mercator's Sailing.
CASE. 7.

One Latitude, Courji- and Departure given, to find
the other Latztude, Diftance fail’d and Difference of
Longisude.

Example.

Suppofc a Ship fails from the Latitude of 54°,
36! North, South 429, 33/ Eaft, until fhe has
made of Departure 116 Miles. Required the Lati-
tude fhe is in, -her dire& Diftance fail’d, and how
much tfhe has alter’d her Longitude.

Geometrically.

1. Having drawn the Meridian AB, make the
Angle BAE equal to 429, 33/. Draw F D pa-

v

A

!

B \
EL . . C

rallel to AB at the Diftance of 116, which will
meet AD inD. Let fall u&mn AB thep
dicular DB, Then AB will be the proper di (P

. rence
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rence of Latitude, and AD the dire& Diftance,
to find which, by Calcalation ; firft, for the Diftance
A D it will be, by Cafe 2.of RelZangular Trigonometry.

S, A:BD::R:AD.

ie. As‘ the Sine of the Courfe ' 42°, 33! 9.83010

is to the Departure - - - 116 - 2.06446
foisRadius =~ -. . . .  710.00000
to the dire& Diftance - - 171.5 - 2.23436

Then for the proiacr difference of Latitude it will
be, by Cafe 1. of Reltangular Trigonometry,

T, A:BD::R:AB. '

i.e. As the Tang. of the Courfe 42°, 33/ 9.96281
isto'the Departare - - - 416 - 2.06446
foisRadius - - - - - - - - 71000000
.to the proper diff..of Lat - 126.4 - 2.10165

equal to2°, 6!, confequently the Ship has come
- to the Latitude of 52°, 30/ North, and fo the
meridional difference of Latitude will be 212.2.

2. Produce AB to E, till AE be equal to
212.2; and thro> E draw EC parallel to BD,
meeting AD produc’d in C; Then EC will be
the difference of Longitude, to find which, by
Calculation it will be, by Cafe 1. of Refangular
Trigonometry,

R:AE::T, A EC

ie,AsRadius - - - - . 10.00000

is to the merid. diff. of Lat. - 212.2 - 2.32675
.. fois the Tang. of the Courfe 42°, 33! 9.96281
to the min. of diff. of Long. - 194.8 - 2.28956

- equal to 3°, 14/, 481, the difference of Longi.

tude Eafterly.
This
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. This might hayé. been found otherwife; thus,
becaufe the Triapgles: ACE, ADR are fimilar,
therefore (by Art. 74. Seft. 1.) iswill be }
AB‘: BD ::AE :‘EC.
i, e. Asthe proper diff. of Lat, - 126.4. = 2.10165
-4y to the Departure - < .. 116 » 206446
{o is the inlarg’d diff. of Lat. .~ 232.2 - 2.32675
to mio. diffof Long. ~ - .- 1948 - 2.28956
" CASE s '
Botb Lgtitudes and Depariure given, to find Courfe,
Diftance and Difference of Longitude. "
' Exemple. =
Suppbfc a Ship frem the. Latitude of 46°, 20!
North, fails- between-South-and Wett, till fhe has
made of Departure 126.4 Miles;. and is then fouad
%y QObfervation to be in the Latitude of 43°, 35/
No

rth. Required the Courfe and Diftance fail’d,
and difference of Longitude. . - .

Geometrically.

Draw AK to reprefent the Meridian of the Ship
A in her firft-Latitude, fet off

upon it AC, equal to 165,

. the proper difference of Lati-
- tude. Draw BC perpendi-
cular to AC, equal to 126.4
the Departure, and join AB.

C Set off from A, AK equal
to 233.3, the inlarg’d diffe-
rence of Latitude, and thro®

, » K X draw KD parallel to BC,
mecting A B produc’d in D; fo the Cafe is con-
: ‘ ftructed,




nﬁ~' -r":‘ g .ﬁ. - . 2 t
ftruéted, and DK will be. thc d;ﬁ”erence of Longe

tude, AB the Diftarice, ) ahd ‘the ‘Angle A
Courfe 5 toﬁndwhxch‘ T

v O

CUi By Caltulatiod;

Firf, For DK the difference of Longxtude, it
vnll be (by Art. 74. Set. 1) _

- AC: CB tAK: KD

AN

i. &, Asthe proper diff. of Lat. 165 - 22:748
is to the Depdrture - vi- .- 1264 - 2.10175
{o is the inlarg’d diff. of Lat, - 233.3 - 2.36791
‘to min.of dift. of Loag. - .- 't78.7 ~‘mage18
equal to 2°, 58/, 42" the di&'crcnce of Longx-

tude Wcﬁ:trly :

' Thcn for the Courfc it wﬂl b Cn 4..0 Reﬂi
' angularTngammetry,) ‘be, ®r ﬁ f

ACBC RTA

:.a.‘AsthepMperdiﬁ' ofLa;. 165 - - 221748

isto D 8 - 4 - . 1264. - 2.,10175

. fo is" Radius - 1000000

,totheT:tg. ofth:(burfe- 37°, 27! - 9.88427

‘which becaufe the Ship fails between South and

We& ‘wil] be South: 37° 27! Wek,-or SWi$
. 3o' Wci’:crly v X

Laﬂy For the Diftance AB, it will be, ( by Cajé 2,
of Reﬂangdiar %fgmmtry,j T '

s, A BC R AB

- Ii i e
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ie. As thc Sme of the Cour{g;gz; g,qi' T 459. 73395

is to the Departure - -1 ;12004 &) 2.3QL75

fo is Radius - - - - 10.00000

to the diret Diftanee .-, .207.9 - 231780
C As -E 9. ¢ [P ~i“'x

One Latztude, Dg/tancé fazl’d .and Departure gwax,
té) find the other. Latitude, Difference:of Longitude and
ourfe.

Example R R

-Su fe a Shnp in the - Latitude ' of- 489, 33'
North, ﬁuls between South and Eaft 138 Miles, and
has then made of Departute 112.6. Required ‘the
JLatitude come to, the du‘eé‘t Courfe and dx&'crcnce
of Longitude~ . .« . ;0 -

1 Sy

Geomtnml{r

1. Draw BD for the Mendxan of the Ship at B,
..and paralle] to it draw
- FE, at the: Dxftancc of

112.6, the.De

- Take 1386, the nﬂ:anoe
-in your Compaffes, and
ﬁxmg one point of them
in B, with the other
c crofs the line F E in the
int E; then join B

“.

. Poi
. andE, and from E let fall upon BD the perpen-
.~ dicular E D; fo BD will be the proper difference
fo Latitude, and the .Angle B, will be the Courfe;
to find which, by-Calcalation, - -

L

2 ol Firp,
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* Firft, For the Courfe it will be, (by Cafe’s, of

Rtﬂugalar Trigonomeiry.) .
‘ .. B E: R :DE:S, B. ‘
e e S
‘i e, As the Diftance “=~ - i 138 ""- 2.13988-
is to Radius - - - - . 10.00000
fo is the Departure - 1126 - 205154

to the Sine of the Courfe . - .54°, 41’  9.91166

_which becaufe the Ship fa:ls between South and
‘Eaft, will beSouth 54",‘ 41' Eaft, or SE 9 5 .
" 41! Eaﬁcrly : .

Thcn for the dnﬁ"crence oF Latttude it will bc (by-
- Caﬁ 0f Re&‘angular thoimmetry) '

RBE Co-S B: BD

ie As Radmt - e - : 10.00000
ds to the/Diftance - - -. 138 - - 2,13988
fo is:the Co-fine of the Courfe 54° : 41! 9.76200
‘to the diff. of Lat.- - - - 798 - 190188

equal to'1°, 19/, Conﬁ:qucntly the Ship has come
to the Latitade of 47°, 13/. Hence the meridig-
nal difference of Lantudc waI be 1 17 7. :

" 2. Produce B to A, till BA be equal to 117.7,
and thro’ A draw AC parallcl to DE; mcctmg
BE produc’d in C; then’ AC will be the difference
of Longitude, to find which, by Calculation it will

be (by Art. 74. Set. 1.)
‘BD:DE: -'B‘A‘«"Ao o
i. e. As the proper diff, ofLat 798 .+ 190188

is to the Departure - -; 112:6 - -2.05154
{o i$ the inlarg’d diff, of Lat, 117.7 -' 207078
' Ii2 X to
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to the diff.of Long. - -  366.r. .x-i 223044

equal to 2°, 46/, o6, the difference ofw
tude Eafterly. .

" §. From what has been faid, it will be eafy to
g::;;.c s Traverfe aceording to-the Rules of - Merdor'ss
’”g- c - - . [N v

Exmfpb.‘ |

Suppefe ¢ Ship at the Lizard in the Latitude .of
'50°, oo' North, is bound to the Maders, rin. the
Latitude of 32°, 20! North, the difference of Lon-
gitude berween them, being 11°, 40’ the Wc?
end of the Madera, lying fo much to-the Weftwar
of the Lizard, and confequently the direé Courfe
+ and Diftance (by Caf 2. of this 8¢5:) is-South 26°,
15/ Weft 1181.9 Miles; but by reafon of the
‘Winds the is forced to fail on the followin% Courfes
(allowance being made for Leeway and Varjasian,
&9c.) vis. SSW 44 Miles, SOW § Weft 36 Mile,
SWhS 56 Miles, and SHE 28 Miles. Required
the Latitude the Ship is in, her Bearing and Difs
tance from the Lizard, and her dire® Courfe and
Diftance from the Madera, at the end of thefe Caurfes.

The Geometrical Confiruction of this Traverfe, is
perform’d by laying down the two Ports agcord-
ing to Conftraction of Cafe 2. of this Sef2.-and the
- feveral Courfes and Diftances according to Cafe 3.
: b}} which we have the fallowing Solution by Gal-.
eslation, .

1. Courfe SSW, Diftance 44-Miles. .
For Difference of Latitude
AsRadi’us-' - - - - - 10.00000
is to the Diftance - - - 44 - - «1.'6434‘._5
. (4]

e
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o .js the Co-fine of the Courfe 22°, 30! + 9.9656a
.to thediff. of Lat. - - - 4065 - 1.60907

and finge "the. Courfe is Southerly, therefore the
Laticude eome to will be 49°, 20’ North, and
confequently the meridional difference of Latltucle
will be 618. Then

For Difference of Longitude.

AsRadius - - - - - - - 10.00000
is to the inlarg’d diff. ofLat 61.8 - 1.79099
fo is the ’I’ang. of the Courfe '22°, 3o/ g.61722
to min. ofdeofLong - - 256 - 1.40821

2. Courfe S5 W 4 Weft, Diftance 36 Miles.
For Difference of Latitude.

AsRadius - - - - -« - - . - 1000000
is to the Diftance - - - 36 - - 155630
{o is the Co-fine of the Courfe 16°, 652‘ - 9.98090
to the diff. of Latitude - - 3446 - 1.53720
and fince the Courfe is Sou:hcrly, therefore the
Latitude come to will be 48°, 45. Hence the
meridiolal difference of Latitudc will be 53 4.
Then,

For the Difference of Longitude.
AsRadies - - .. - . 10.00000
is to the inlarg®d diff, of Lat, 5 4 - L72754

fois the Tang. of the Courfe  16°, 52! - 9.4817x
“to the diff. of Long. - - 1619 - 1.20925

3. Courfe WS, Diftance 56 Milss,
" For Difference of Latitude,
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AsRadiss - - . i. . 'joododo
isto the Diftance = - 56° ‘- 1748719
fo is the Co-fine ‘of the Courfe 339, 45/ 9.9198%
to the diff. of Lat. - - - 46.56 - 1.66804
confequently the Latitude come’to is 47°, 597
-and therefore the inlarg’d difference of Latitude
will be 69.2. Then '

For Difference of Longitude. .

As Radius - - - =" < 10.00000
is to the inlarg’d diff.of Lat. 69.2:- - 1.840r1
foisthe Tang. of the Courfe 339, 45' - 9.82489
to the diff.of Long. - - .46.24 - 1.66500

4. Courfe SHE, Diftance 28 Miles.
For Difference of Latitude.

As Radius - - - +» ° = 10.00000
istothe Diftance - - - 28 - - 144716
fo is the Co-fine of the Courfe 11°, 15/ - 9.99157
to the diff. of Lat. - - - 2746 - 143873

confequently the Latitude come to will be 47°, 31/,

and hence' the meridional- .difference of Eatitude

will be 43.2. Then . e

. ‘For difference of Longitude,

AsRadius - - - - - 1000009
isto the inlarg’d diff. of Lat. 432 - “_;,6334,.8
“fo is the Tang, of the Coyrfé 11, 15! 9.29866
Jo the diff. of Lopg. -~ .8.59 - 092414

Now thefe feveral Caurfes and Diftances toge-
ther with the difference of Latitude and Eangitude

belong to each of them, being fet dewn in their
proper Columns in the Traverfe Table, will ftand

as follows,
o Courfe
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e N .. 14
v U : e .
( "_ o " Diff. of Lat. | Dif. of Longi.
i. Qourfp ' Dif.| N § '} E ' {wW
- |SSw. 4.2 /| 4 .6% e — 25.0
I BEWAW | 3 -1 3446 |—— | 16,19
SWéS . |56 a——] 46.56 }——— | 46.24
S4E 28 27.46 | 8.59 |—
Dif. of Lat., ,, 14913 | 8.59 83-03
R AT . S 1 859
N Diff. of Long. 79.44

- LN

“Hence it is plain that the Ship has made of
Southing '149.13 Minutes, dnd canfequently has
corhe to the Latitude of 47°, 31/ 'North, and fo
the . meridional difference of Latitude between that
and. her firft Latitude will be 226.1; and: fince thé
has made of difference of .Longitude 79.44 Minutes
Wefterly ; therefore fot the diret. Courfe and Di-
ftance between the Lizard and the Ship, it will be,
(by Cafe2. of this Seltion) o
. N B 1 . 1.

NN BT For.ﬂleﬁim&»Coufi;e; .

T
-

A the merid. diff. of Lat. 2261 - = ‘2.3543.0
sistoRadius “VE v L= s 40 10000000
fois the diff. of!Long: ~ 7944:.-. .« 1.90004
to the Tang. of the Courfe 19°, 22/ - 9.54574
which becaufe tl'ic'&iﬁ'cri;_nlcf of I atitude is Souther-
ly, and the difference of Longitude Wefterly, wil
be South 19°, :%Wéft,-br St W 82, oy WEA

fterly. Then - ‘ ‘ }
For the dire® Diftance. o3
As Radius - I ' Z  10.00000

is to the proper diff. of Lat. 149.13 - 2.1724

fo is the Sec: of the Coutfe 19°, 22’ 10.0253

to the direét Diftance - - 158 -7 - 2:19879
o From
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| From the Latitude the Shipisin - 4.7", 31/ N
fubtra& the Lat. of the Madera - 32 , 20 .N

_ andthereremaims - - - - 15, tx -

equal to 911 Minites, the pm er dlffercncc of
Latitude between the Ship and the Mdmu

Again from the merid. parts anfwe-
ring to the Lat. the Ship isin - - 32494
Take the meridional parts anfwering q - - -
_to the Latitude of the Mdem - } .‘ 2052.o
and there remajns - - - . - - g 4

the inlarg’d difference of Latltﬂdc betwcc ,Lbe
Ship and the Madera. .. .. 1

Alfo, From the diff, of Long
:between the Liz. and theMadmx 10 ? 46’ W

Take the difference of Long, X
‘between dxeLzzardanddaethp RIS.AL 2 ﬁ& W
and there remains - - - - 10, 20 BwW

equal to 620.56 Minutes :of differtnce of Longi-
tudc between the thp and the Madera Wetterly,

Thcn for the -dn'eét Courfc and Dxﬁance hetwren
tthhxpandthedeero, wwﬂlbe e

. Forthe dire& Courfe;, ¢, -
As the merid. diff, of Lar. uyé.qp, -, 307788
istoRadius - - = - - - - - 10.00000;
fo is the diff. of Long. - 620,56 - 2.79278
o the Tang. of the Courfe 27°%, 357 - 9.71490
For the direét Diftance.

_ AsRadius - - - 1000000
is to the proper dt&' of Lat. 91: - 2.9595;
o
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fotls thie Sec. of the: Courf@ - %o, 251 “18.051%4, .
uLthe dircé’t Dtﬁancd -‘ -t 1627 3o;x26

1o !: is very commoﬂ ia 'm;rkm ') f, s Rec!
koditig:uv Sea, to find' the’ Dﬂetencc of *Latitude’
and Dieparturé to edch :Coirft 'and Piftance, and’
addibjs ‘all the: Depurrares together, ahd ull'the Dif-
ferences of Latitudes for thé whole' ture and
differetice”- Ratitude mide. pood thiat! Day s flomy
theree (by'Gafe 8. of this Szany to find' the dife
rénce: of Longitude, $c; talde gobd thiat Day. Now
thig this method is falfe, will. evidéntly aEpear, if
we confider that the fame Departure reckon’d’ on’
two differbric Pardliels will give vhéqual differences of
Lo § and cmfequbnﬂy when fvéral Dépar!
turéd dré gompounded togethet and réckol’d on theé'
faxhe iParallel, dhe difference of Léngimdb refylt-’
ing:frotts_that; cannot- be the fime with' the fum of
the differencds of Lonpiande refulting Rroth the feve-.
rab Departures on diffstene Paralldls 3 and ‘therefore,:
I bave-ehiofed in'the Rt Examplé of a Traterp, to
find-the diffepence of L gxéﬂde ahfwering’ 10 each
particular Courfe and Diftahie,: th&’ﬁ'f&: -of which’
- tuft Be tho'trde differente of Longitudt rade good
by the Ship om thefe Jevetal Courfes atid Piftances:’
.p1. We théw'd at Arn.: doof this S:2im, how to
conftraét-a: Meriator”s Chiss, and now we (a1l pro-
ceed 0’ its foveral Ui eamm’d in- the following
Prebledss.
Prob. 1. Lct it be rcqmrcd to lay down a place
upon: the-Cbars, its Ldticudd; and the différence of
utle between it, and, foine knomi p‘ltcc up-
on the Chart being given.. - -
Ewnample. Liec the known place bé the' Zizard, -
lying on the Parallel of 50°, oo/ Noith; and the
placc €0 be laid down 82 Katberines, on the eaft
Coaﬁ' of Amerita, differing in Longitade from the
Lizard 42°,.36', lying fo much to the. Weftward

of i it.
Kk Let
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. Let_ L reprefent the. Lizard on;the. Ghant, -(fce
* Plate 1.) lying on the Parallel-of 50%,.00! North;
its Meridian AE.~ Set off from E upon the Equa-
tor. E Q. 42°% 867, -tawatda-Q,, which will reach
from E to. F.... Thro'(F. draw-the Meridian- F,
and this wil] be the Meridiannf §7. Kasheringss then..
fet off from Q. to, H upon the:graduased Meridish,.
Q. B, 28 Degrres; .and  thio} Igr drawithe pevabiel:
ﬁ .I_,ati'tgql_cJ HM, f;.Wh{i_Ch,; wil meet. the, former.
Teridian, ip K she place wpor: the Chars tequikeski.
-+ Prob, 2c1 Given wwo- places upon:the Ghart,ito fad:
;“;3“ difference-of Lathude and differengsmf Longi- .
S TIRIR S BTSN B IR O I
. Thio’ the. two- places:driw: parallelsiofid-stitude 5
d-u;;ﬁxhq: Riftance between, thefe parallels apmbarid.
in: ,qg(gciSﬁszszt§s upen ‘the grafvated: Meri-:
dian, will pe,the differencs.of Latitude: required 5.
and. thro the . swo. glaces drawing Mesirlisnsy: the
diftance; between. thefe.'cpunted . in. uﬁ:&mﬁ:&md'
Minntss on ithe Equasors ereny graduasas pagallch:
will he therdifference-of. Longitude -xeqitisgd.s /. -
. . Prok,3, To.find the bearing.of one- place from,
another, ypon .the Chant; ..l L. . ¢ .00 s .
Exampls, Required: the: bearing. of: §t. Katberines
at K, (fec Plete 1.) from, the Lizard a2 - @ -,
Draw thg Meridian-of the. Lizard AE;. and join
K and Lswith.the right ling K L., then by.the line,
of Chords eafuring the, Apgle K L. B, and with
that entering the Table at Page 156, we fhall have
the thing yequired.; o= v, - w32 d L
_This may. alfo :ba ‘gsmia;:by havjng ‘Compafies
drawn on_the_ Chart ({a ﬁ)‘ofc at twa offts Corners)
then lay the edge of a Ruler over. the. two. places.
and let fall a perpendicular, or take the.neareft
diftance, from.the center of the Compafs noxt the
firlt place, to the Rulers edge; then with this dif-
tance in your Compafies {lide them along.by the
Ruler’s edgg, -keeping-one foot .of them .clofe ;o
. . ) the

o
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therRRdEk et ‘the Gilved adingar us you cafijidper
nifichbar t i, whiok wily &fcribe:the Rumb)
réquirddt 1 oo L =ds abosali b ovi o
= Prodlid Toiﬁl‘ld mamamxeebemmm gwen!
dpdo deerChue. :l2 od Wi & T v op 20
This PxfBemadmhes F fidar Cafes”, act‘brdmg !to{
the Bruntidnnof thid m:»gla!w “with r&!}k‘&«t‘o Onc
another 1 bmite 1t jon yods bor oosiord iy e
1Chfarn SWEhED cher?xmliila‘dts lténb@l!h ﬁpon the’
dvor, 250 7 WOT NI 27 a7
~:dm ol eufmhaéammmwm by¢: cmw:mg:' ;
the'Depgives of:di Mngmﬂa mereepted:
I.‘xtweomdﬁ: into Minuees,iuG . vi2 9y wol O oa
Gafilinn Wihen' thies- dwonphaced-Hip:- b‘ufh “on thel

fame Mcrldxan T ads
1 DrakwedhesParilicls: of Hlﬁ’eMu;dpli@ed, and d!e De-
: gﬁcempbmahngsdduawdz ianij dateroepted bew

tweerr thofe: &rﬂﬁéls,&chd:ed to Minutes; give thes
Diftance minquired. :: >y a:i,.lc 25 1UI0 963 0 sneiy
:C \Velien:: olw:dw ) lie 1 the! ffame
Phﬂ}ﬁhlg;i%“b LT 35d WI [ 2T fod SRR S St od
Example. Requxred to find the Diftance betweess -
the points Kndt N, «{fie Plarla.) Both-lying o the
Parallel of 28°, oo! North. TakecHrour ydum
fedle!thd Chdrd iof ‘6083>0r Radiugrite yeur: Oom-
paffes,»and with :thavcexment on KNIad 2 Bafe]
make the Ifofeeles Triangle KPN ; then.tike from.
the- line! of: Sines thesCosfine’ of 'the.laatitude, or
Sine of'60°, “and-fev shac’off fuorn “Ho 'S and T
’ Jmns'ﬁidd:ﬂ‘ withithestight line S T, ;and that ap-:
plied-ta the graduatéd>Equator wxlb ive :the De-
gressind :Minuces opbntitvequal pithe Diftance 5
which, ‘converted mwmms; wil}be: the Exﬁancc
requwcd UL YL B R P S S I
i« the Reafoar of " thislisvevideny from it 8. for w
has been there demontftrated, that Radiuvs is-%o. thd
Co-fine of any Parallel;» as: the Terigtinof: any “Arch
on the- Equargr,. o the lcngah ‘of the fime Arch on»
Kk that

-



252 Mercarer's Saiding.
that RParalicl : ‘now e shis. Ghars KN is the Diftined
. of the Meridians of destwio: places X -and N:opos;
’ thc Equator, and fince in the Ttiangle PNK; &T
£q: 4N, - therefore( BN :- L3 NK 5 TS,
Coni“ equently T'S will be the Diftance: of - the vowisy
phacesiK and N aponishe Harvaldel of 28%: 2ir I
1 the Paraliel the twe.iplaces lies ‘onbamot: fit:
from the Equator, and they not far afunder.;-then.
their-Diftatee'may- be found thus. Tile the Dif-
tance between them in mzour Compafles, andgp:
gg that 10 tlga gracunued IviRidiag,: {0’ ud dhie wine
¢ resy Tot s many ‘Minstes-above, . a9 the6thei
is below the given Paralelnidvid che Degroes and:
Minwes itedcepted; sdduoed ta Mmﬂm, mﬂ gbve
the Diftance. FECY 3
Qr ik mhay: alfo. i feund thus:: . Takc lhe th
ofh: ‘Degren-ab the Meridisnat the given ,
and suin thaneitér- onthe Rarallel fromcthe: one
place to the other, as oft as yeu oam"then“a ‘oft
ascthatsdxtent il coowdip’d betwicen the /places, . fo
many times 60 Miles will be contam’d in thn th-
moce berwoanthem.; LA na Lo - .
s.Gafe 4. mithe placks dnﬂkr bbuhun I.aongmde
and Latitude; - TR
-ultkampley Suppofe. it mere. rcqun:etbao ﬁdﬁ xhe
Diftahce bct%oh the mmplaces @ and: ¢ mpqn the
Ghart. - By, 14
* Prob. %. Fam:hhwdxﬂ'eminewf Laum&e hntween
them, and .take thas in.yauy Conpafles fram the
graduatied Equiter, whick fet.off on thei Megidian
of 4, fiom a.td b ; . then thrb: b-draw bic para}ht
tode, and taking 4.¢ inyonrddompafies,
the gtnduuedﬁqmtor and iwill. Thow the greeo
and Minutes contain’d in the Diftance required,
which muiuphed by 60 WHL g:ve &c bgles iof
Ditance; -
The Reafon of shis is. cxtxdbnt from Art 8. of
thls Se8 for’tis: plain. d is ahc inlarg’d. dnﬁ'cmncef
i o
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' ¢b the uently, ¢
tim i’
rab. 5 ola Waia place ¢ Lboaert,
i, Lmnde an¢  fom fommgf place
m& wn ;. or. (whi

: h;wmihl Coy e and Differenge of Lm.—
tude tha has made, to lay down the sun.

W .of the Slyp, au;d £ind her p.lpce upon ;hc

Emmle A Sh fm ‘the Lizard in the L'am
tqde of 50% qql qut«b, fuls SSW tijl the has
differ’d- her Latirude 36 2, 4p". Reﬂmr’d her plaqe

the Chaert..
wgonm from, t.hc Ltzcrd at L. m wmadumd
Meridian dowpwmards (becanie the Courfe i3 Souther.
15).96% 49’ %03 thro’ which draw,3 parallel of

- which ‘will-he the paraliel the Ship. i
*in; then from L'draw a SSW line L'f; cutin d;;

formars.- -patallel in- fﬁaqd this wdl be the
nltc wpon the Chert, - .

6. -Ope ‘Latisude, : qurfl; and Dxltaqcp
I'all’ given, to lay down.the. mnmpg of the Sh;g,
wad-find . ber pla¢s.upon she Charf,, |~ .

- dixample. Suppole: a- Sinp At 3 ip xke wadc of
207 qot Nosgh, ils' NMorch 375 o, Ea& 191
Miless Reqaud the-Ship’s’ N@Qﬂ?&

Hmﬂ;; wn the Menidian angd lel of th?
place a, fet off the Rumb line g e, makmg with 4.4

#0.Angle of 37° 2" and upon -jsrfet off 191
from;b:oc; tbt%gt m;;’thc parallel 5, tl:.md o
king. s#-in- yaur Compafies, apply it- to the
timated Equator, and ;ebferve. the maumber of

tees:it. contains; then gount the fame number -of

egrees on the gradyated Meridiap from C to &,

. and thro’ b. draw the parallel be, which will cue

ac %odm’d in the pomt ¢ the- Shlps placc T~
qmt :

Prob. 7.



B e SNl

*® Prob 3 L BOHR Isahmdds “ahd Diffence mila ) g’
ven, to ﬁnd‘ﬂ‘Pthp $ on -the Géaith" il
¢ Exam féla S]ﬁ' IH “from a, ‘i the
L«aﬁmdﬂ 7ol Nbrik,  between -North-land
Eaft” 191" 'Mile§° "is"théif‘éin tihc Latmldeuﬂ'
Q ! i !
f&’c;;tﬂ?ffh‘\fl (A ?‘r "t'utﬂﬂ Sh)g’s P}aee m
- 'Draw 41 pathllel-of 1540, cihd: {8t »oﬂbupm-
thc eridian of 2 upwards, ab equal to the pidy
differefice of Latiende - taken! ftbn! the Equitsr) or
graduated) PAfatlé], «Thre?:5 - draw b parilledieo
¢ then withligi in Your Compilles) fixing: ohe
oot of them in 4 with thc other crofd b¢re6] Join

‘aand ¢ w'ith‘ thei 'l‘me #e; \w ibhlptddu’é’d( w#ill

thegt s o ih e JSh acer SRR
lo Prigp18. ORe: La e “Colir e:and differtiee of
£ oigirude] ghvénito" nd%héﬁ‘fﬁp’s xp‘t«cwpumm
gy,,,, o Ao Usnll Ve e 2 o oweth o S oeitd
& \Example. s‘uﬁpﬂe‘alsﬁqp frdnfitHe' lfzardlm thd
Latitude of 50°, oo’ NorthJ ’ﬁﬁ)s JSW#W il
Her dtﬁ"qrc?x& of Eshgirude s 4a° 06", . d
e’ Ship's PIBEGPeh e G + 03 oop Diad
Having drawn ‘W the ‘Mytidih! of thedlizZans
R E com{tﬁﬁ’oﬂ'l E 't6: Frupon! 1¢-Equater'4r°,
365 qnd thid? F dravh et Meéridlin’ F Gy dhen
from L diw the BWIW tine:iL K and where tHid
ticers FG;1ad Sk o aviimBé the fShlp?s plice ire-
élmlﬂd/-j.lif.ar: e vrdmuil s 2ot L ooy
Y Prob! ¢.""Ofie Rfitude; C@ﬁrfe, “nd. .Departure,

- given, to“firld ¢ Ship’s tiithe Chartr:~

- 'Examplv fc a Ship % @ in the Lntm:d; of
284, 6o/ dﬁgu- Hails - thtlﬁ gy %520/ Eaft; ' till
1He *has' rmb.dé“o;' Departure ' 16 Mlles \'Requm’d
the Ship’s plack upon the Chart. "+ -

3 Having dravwn the Meridian of 8,4t d'nc Dtﬁanoo
of'116, draw parallel o it tthErldla.n ki, "Draw
the Rumb line a¢c, which will meet k! in fome
point ¢; then thro’ ¢ draw the parallel ¢4, and

o ab



Mreator's Saiting. 2gs
-4 - willy be the, propest difference;of! Latitude;. and 34,
the-Depanture. . Take. ¢ ¥ in-your: Camtpafles -and
apply it.to die; Equator br gradusted am.ucx, therb
obferve the number of Degregs-it cantains,.ianth
¢ount {0 many -on tho: graduaged ;Meridian from C
upwards to-&. - Thre’ bdraw the parallel b ¢, whichi
wghmet ac peoduc’diin, fomcmns 2 whmbunt
the Ship’s hccupond\cha'ﬂL. AT

i Praby 104(311: Lafitide; Diftahice, anchpantum,x
gﬂ"eﬂg ;10! @nd, the Sh!p?s placc upoh: thB Charty.. it

w1 Examplé,. Suppofe a Ship-at -4,;in1the Ratitude dﬁ
20%, oo Nosth,: fiils 191 Miles botweeh: Northand;
Eaft; »and thes i is- foumd; to -have. made of ‘Depar-:
wse, 316 Miles, Rc!;u;r’d ﬂm(éyps placc upon.
the Chart.: oooofi: ;

Having «drawn the- Mendnan anﬂ: P;amllel of thCi
plﬁce @, fet offiapon;the Parallel;aim equal to: a6,
and: thro’ .m draw ‘the Matidian k4o Take the.gir.
ven Riffance 191%in your Compafics:fetting ane foot
ofithem in_ 4 . with the  otherbenofs-k 1 ifl ¢, join.aa;.
and thro’ ¢ draw the Parallel ¢b; fo cb will be the
Departure, and a5 the proper difference of Lati-

_tude; then proceeding with this as in the foregoing
Provlem, yow'll find the Ship’s place to be e. .

Prob. 11. The Latitude fail’d from, difference
of Latitude and- Dgpartute; g.aveg, to find the
Ship’s place. upon’ the. Chart.  ~ -

Example. Suppofe a Ship from & in the Latitude
“of 209, oo! North, -fails betwccn North and® Eatft,
till the be in the’ Lamtudc of 452, ool North, and
is then found to have made of Dcpathre 116 Miles.
Requird the Ship’s place upon the Chars.

Having drawn the Meridian_of & fet off upon
it from 4 to b, 25 Degrees, (taken from the Equa-
tor or graduated parallel) the proper difference of
Latltuge 3 then thro’ & draw the Parallel bc, and
make be equal to 116 the Departure, and join ac.
Count from the Parallel of 4 on the graduated

3. N -~ Meridian



’ v

29& - Mevcator's Saslidg. ,
Meridian: 'upwards. to b 25 Dregyres, -and dire® 5
draw . the Parallel  be, . which' will meet sv¢ ‘prow
duc’d in fouie poinve, and chis.will be the placs:
of the Sh%cquiﬁ¢ Cov Lo omodmmn oo
< 12, In8efd, 7. *tis plain that the cenms Meridivaah
Diftance,. Deparsure, and differonce of Lomginds weve
fynonymow, conftantly fignifing: the fame Thing ¥
which evidently follow’d fromy :due fuppolition of
thre earth’s Surface being proje@ed on a Plain,’ in
which:the Meridians were mude -paratié]l and: che
Bregrees of Latitude equa to "dne amother and-to
thofe of the Equarter. But firice it hasbeen-demonfta-
ved (in:tliis Sefzion) thdt,. if in dhie projection’ of the
cavth’s Surface upon a Plain, . the Meeidians be made
gﬁallel, the Degrees of Latitude muft be unequaly-
ill ncrealing niearer they ¢ome to the Pole.
It follows that thefe Terms muftudencte lines reall
different from one another. Differance of Longitu
s defi'd at Am. x4, Selt. 3. Meridionsl Diftance
-3; Art. 3. Sedd. 7. wod-Daparrure av Ari. 8.. of thip
eBim, . .. Sl ‘ :

Nt |
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A Tableof Mevidional-Parss; as9

. — i
0 1 2 |> 3 ) !~ ! af 2

‘M c| Minf. M:n| Min.
go.drso.afzi0.1270:3
91.0 lgm.xFin”.i 271.3

B
R
X

l
|

oft §2.1]2 _
93.of153.1f213.1]273.3
154:11214.1[2743)3 34§
155.112¥5.11275 3131
.of156.1)216.11276.3
Q1 57.1{217.11277313
.fr58.1}218.

Q900 ol
<Y
N

'\»w Lo e
8 P?
Q

AR ARG ]S

.| 60.1}220.2]280.3]
Ai6e.afe2t.

A165.11225.21235.31345.64405 -91466 .45 27.1 |
-J166.1{226.2{286.3 07.:0467.4/528.1]
.J167.1]227. 387334,76 08.01468.4/529.1 }.
. 168.1'1282288334.8 ogdﬁ .§[§30.1
' 169.11229:2/389.3849.64410.0}470. 5153 1.1 §
§0.0]1.60.0 x7o.r1:30:z 290.313 50,614 11.0l4 7 1.§1532.1
5100t 15.0171.1[231.2{291.413 51 6§41 8.0[472.6]533. 1
sz.0l112.00172.5[232.2{292.4{3 5 2.60413.0l4 73-Sl53 4.1
§3.04113.0173.1{233. -b1414.0[474-81535-1
;46u4..o 174.1|234. 41;.04_2_2‘._9936.1
55.0j115.0175.1j235. .6j116.01476.5537.2
§6.0{116.cl1.76.1]236. 6l417.0l477-5]538-2

57.04117.00177-1{237-.2 6}418.0{278.5l539.2
gt 580t 1 Bicf178.1)238. 7l19 o790 85402
.01119.€1179.1J239 420.01480.06041.2
Mr:} Min.| Mis.| Min. M». Miu,_yg Min }

L ts 13 tal g6 17 |8

Lla
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T

17

18 191 20

.. 21 22 . 23

M

Min.

Min. | Min. | Min.

M. | Min.  Min. §

2
3

EXE
111036.3

1037.4
103 8.4

| 41030.5

1098.2]1161.5

1099.3|1162.5
1100.3[1163.

1225.1
1226.2;

1102.4{1165.7]1229.

1289.2|1353.7]1418.
129¢.2{1354.8]1419.7}:
1101.4]1 164.7|1 228.3]1292.4{1 3 56.

(Tzz7 3]129i.3|1355.8j1420.8);

1421.9
1293.5{i358.01423.0

5

8
9

1040.5]

6l1041.6
7|1042.6l1105.6

1043.7
1044.7

1230.4]
1231.§
1168.gj1232.6
1170.0/1233.6
1171.011234.7

1103.51166.
1104.5[1167.

1106.6
1107.7,

129423 9. 142‘;.: :
12 0.1{1 42

ngg 1361.201426.2
1297. 8 1362.3]1427.3
1298.8|r363.3/1428.4

10
Jut
12
s
14
15‘
16
17
18
19

1045.8
1046.8
1047.9
1048.9
1049.9

1172.1]1235.8
11;3112368
1174.2)1237.9

1175.21239.0
1176.3{1240.0

1108.7,
1109.8
11108
V111.9
1112.9

12g9. *364 1429.5
1301.0}r365.51430.6

3 :
3 7
r368.71433.9

1051.0f
1052.0
1053.1

1054.1
105542

111401177. 1241.¢
111501178. 1242.
1116.1]1179.5]1243.2
1117.1f118c.51244-3
lnﬂzjllsl- 12454

J

1302.0[1366.61431.
1369. %-4349.
1

* J2c
21
22
23
24

1056.2]
To§7.3
10§8.3
1059:3
1060.4
1061.4
1062.5
1063.5
1064.6)

1069 6

. 13106

61313,
i1314.

1303.1[1367.6143 2.
1305.3
1306.3{1370.9/1436.
1308.5]r373-1j1438
1309.6/1374-2/1439
1311.7/(37 ﬁrw -5
1312.81377
8jrg78.
J1379

1442
1443

-811316.0]1380.7
-8jt317.1[1381.

-0j1319.2|1383.9)
.0j1320.3

711445-
1446.
1448.
1449.1
1450.

1304.

1307.4{1372.011437
1375314404

-9l1318.1{1382.8

1385.0

Min. | Min. | M:n.

21422 .0 .23 §
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117 ) 18 19 | 20 21 22 23
Min. | Min. | Min. | Min. | Min. | miin. | Mg,

oftob6.2i1129.711193.2f1 2571k 321.4/1386.1{1451.3].
194-3{1258.2|1 322, 1327214524'
195-411269. ‘323‘513 8.311453.5
3 06g81;3d94|96.4|z6o 1324,61389.

107691134.cng7~; 1261'4}1325.7]1 390.
sjto72.0b:135.111198.5[1262.4]1326.7f1391. Sligs68]
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2411493} 208.91 267.8f1 33 2. 1{1396914&2;'
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o} 0877k 150921 4.5 zyﬂsralz
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J
1

2

3

4]

g:og; qusézaziq.sll 283:8]1348:3[1413.2 274,
7

8

9

1094.0 Of 284.011349-441414-3{1479.7
1003, -9f1286.0}1350. .

o9 , . :znggsx. 1416.5
ﬁ°97-au60.. 1j1288.1h1352.
Mis. { Mip. [ Mi Y tain. | Min. | Mis;
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.| 24
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 Min. ]
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Min. Min.
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e v a

L] 45 | 46 47

. 48

49

50.

M} Min. | Min. | Min.

Min. .

Min.

Mixn.

—-‘3030.03; 15.6{3202.8
13031.413117.0
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33034-231 l9-9'3
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3291.6
3204.2|3293.1
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33315

.5]3406.6
054.1j3140.1/3227.7[3317.03408.1
318.013409.6)

3

405.0

3497.93592.7
3499-5[35943
3501.03595.

230.713320.013411.
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326.1{3417.3]3510.513605.
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-13157.513245.5
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Min. | Min.

1238.1)3327.643418.813512.003607.1
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4 | 55
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.5]3866.4

3968.0
3969.7

4073-9,
40757

868.1[3971.5

37671 3
. 3768,3?869.8%973.2
3770-4§3871-513975.

4077-5
4079-3
4081.1

4182.7
4184.5l4296.2
4186.314 2981
4188.2{4300.0
4190.014301.9

4294.3

513673.4}37721
6}3675-0[3773-8
713676.637754

3873.23976.7
3874-913978.5
3846.6[3980.2
3878.313982.0

4082.9
4084.7
4086.5
4088.3

83678.2|3777-1
3679-913778-8

3880.

3983.7]4090.1

4191. 303,8
4193.7]4305-7
4195514307 :6
4197
4199

309-5
318.4

3881.7

: J10]3681.5(3780.2
41136831 3732.‘1‘]
: 783-
3785.5]3886.8
.03787.1]3888.6

113883.413987.2)4.093.7
Tss 51
5

3985-54091.9
3989.
3990.7
3992.5]

4095. 5
4097.3
4099.1

. 3‘,‘7§8.8 3890.3

201.1
202.9
4204.-7!
4206.
42084

ﬂ,gxg;z
43151
43170
43189
4320.8

3994-2)4100.9
3996.04102.7

853895.83009. 543 106.3

997 714104.5

01.314108.1

4210.34322.9
4212.1 4324,6

42'4~%§3z6.5
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401 1.8411 8,9
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401 8.014 12641
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LMt Min, | Min.

Min. | Min.
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M| Min. | Min. | Mn. | Min. | Min..
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' " SECT. XL
. .Of Oblique Sazlmg
HE eftions that may be propos’d on this
Hcad%lcmg 1nnumcrab)l’c, lpﬂxglol only give
a fev«rl of the moﬂ: ufeful

PROB., 1.

Coaftin along the Shore Ifaw a Ca bear
from ‘me , then I ftood away NWsW 20

Miles, and I obfcrv’d the fame Cape to bear from
me NE b E. Required the Diftance of the Ship
from thc Cape at each Scatxoa. :

G_eometrxcdl fy. -

Draw the Circle NW SE to reprefent the Com-
fs, ‘NS the Meredian and W S the Eaft and Weft
ine, and let C be the place of the Ship in her firft
Station ; then from C fet
off upon the NW)W Line,
C A 20 Miles, and A mll
be the place of the Ship in
her fecond Station.
_ From Cdraw th¢e NNE
. Line CB, and frem A draw
AB parallel to'the NEJE
Line CD, which will meet
CB in B the place of the
Cape, and CB will be the
Diftance of it from the Ship in its firft Station, and
AB the Diftance in the fecond, to find which

By
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By Calewidtion.
In. the Frggngle ACRB g{g ycn AL, egpal. to

20 M.llcs, %Aﬂ&kﬁ equal'to 78°; 45", “the
ﬁ

and NW bW Lines,
lCABC, equal toB‘C’D ( ydxt 36.

%‘fﬁ)}jﬁ“ﬂ WS%;a 5% 1;:: P betw ecn
¢ qg}eAcqualto6g 5130/, (byCor' Art 61

chcr: ‘for CB thc Dxﬁancc of €':£pe from
gp Ship 411 her firlt flation, it w be by Cafz 2.
ligug. r,g:mometry.)

"$,"ABC: AC:: s,g4c GB...

i. e. Asthefineof the Angle B, . 33°,45' 9.74474
is to the Diftance rutn AC™"" 20 - - 1.30103
f9 is,.the,Si,nc of B AC, -5‘ ; 675 30,- 9,96562

@ CB, . .33.26° - 152191
the qf he "af om “the Ship at'the firfk
ﬂ:a;;on. h:n for AB lc xy{ll be by the fbme Caf,.

S ABC AC b ACB AB

e r;?

'&se.Asthe\SmcofB -—'- 339;45’ i.. 917447 4

;3!.'0 AC | -. 20 tm b K 1.30193
onstf\cSinc bf C ! 78,, 46 < 9g9!57
0 AB v idie 3531 - 154796

, the Dlﬁagce of the, Sl})p f.rgm tl)c Capt; at her fe-
o cond 1tan.0n. .

.,.“.. ' K OB
Coafting along the Shore I faw two Headlmds,
the fi2ft bore from me NEBE 17 Miles, - the other—-
SSW 20 Miles. Requird. the Bearing-and Di-
Mance of thefe Headlands from one another.
Oa Geomes
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Gepmetrically.

Havuig drawnl the Compafs NWSE ‘let C

o " reprefent the’ place of the
- ‘Ship, fet off upon the NE
'bE Line CA 17 Miles from
. CtoA, and upon the SS
Y ' W Line CB 20 Miles from

~.C to B, and join AB, then
A will be the firtt: Hcad-
Tand, and B the fecond ; al-
fo A'B will be their Diftance
and the Angle A will be
the Bearing from the NE
bE Lme, to find which - -

By C’almlat:m

In the Triangle ACB are ‘given, ‘A'C" 17, CB
20, and the Angle ATB equal to 1019, 15/, the
Diftance bctween the NESE and SSW Lines.
Hence by Cafe 4. of Oblzque-dngular Tngonqmetry it
will be

As the Sum of the Sides AC and CB 37 » 1.56820
. {s-to their Dlﬁ'crepceh - - - =3 047712
fo is the Tang. of 4 the Sum

~.of the Angles A.and B ;39 1223 9.91417.
to the Tang of half their Di 3,549 8.82309

confequently the Angle ‘A will be 437, 117, and

the Angle B 35°, 34); alfo the Bearing of B
from A will be ébW 1%, 49!, Wefterly, and
the Bearing of A from B will NJE 1°, 49/,
Eafterly.

. Then for the Diftance AB it wﬂl be, (by Cnﬁ 2.
o Oblzgae Angular Tr zgonqmetry)
. -§, A:

R
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'S, A:CB::S, C: AB.

ie. Asthe Sineof A - - 439 11! - 9.83527
istoCB - - - - . - 20 - - 130103
foisthe Sineof C - - 101,,15 - 9.99157
toAB - - - - 28,67 - 1.45733
the Diftance between the two Headlands.

PR OB. ;.

Coafting along the Shore I faw two Headlands,
the firft bore from me NW 4N, and the fecond
NNE; dien ftanding away E 5N 2 Northerly 20
Miles, I found the firft bore from me WN W %
Wefterly and: the. fecond'N s W § Wefterly. Re-
?ax;igd the Bearing and Diftance of thefe two Head-

3. ~

Geometrically.

Having drawn the Com fsN WS E, let C re-
prefent the -firft place otP‘l the -Ship, from which

2 | )
draw the NW N Line CB, and the NNE Line

CD, alfo the EZN 1N Line CA, which make
y Oo 2 ; equal
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equal to 20.:" From A draw)ARB rarallel to the
WNW ; W Line, and AD parallel tgthe N3 W
3 W meeting the ewo firft Lmed in;ithe- poims.B.
and D 5 then B will be the firft and D the' fecond
Headlands. Join the points B and D,> and BD
will be rhe diftance between them, and the Angle
CP}B; the Bearing from- the: NN E'Line,” 1@ find
whic

By p;lét;latiqn.

.- L. Inthe Triargle ABC- are gives: the. Angle
BCA, cqual 10 104°, o4, the diftance between
the NWi N Line, -and. the ENE L{E  Ling, the
Angle BAC equal: o 36%, 34!, the diftahce be-
tween the WS W 2 W _Liae .and the W N W3 W
Line, the Angle ABC equal to 39°, 22!, the dit
ftance betwgen the ESE4E Line, and the SW
5S Line, alfo the'‘fide C A gqual to 20 Miles,
whence for CB it will be, (by Cafe 2. of Obligue Tri-
QOMOmetry) it e L e g

As the Sine'of CBA”™ - =’ 39°, 22! -

<9 80524
stoAC - .- - - 20 - - 130103
fo is the Sine of CAB~ - 36%, 34/ - 9.77507
toCB "= - - -\&79 - - 1.27382

the diftance betweex;‘«thc firflt Hekdlﬁ]ad, and the
Ship in her figft ftation, -~ .

2. In the Triangle AT D, aré given the Angle
AC D equal to 47°; 49!, the diftance between the
ENEZE Line, and the NNE E,ine, the Angle
CAD equal to 92°, 4g', the-diftance between the
WSW4W Line, ahd the N5 W3 W _Line, the
Angle CD A equal to 39°, 22/, the diftance be-
tween the SS W Line, and the S/ E 3 E Line, al-
fothe Leg CAequalto20.

Hence for CD'it will be, (by the 2. Cafa'sf Obl>
gue Frigonvihetry.) : A

»

As



-

O que Szzzlmg  a8y”

53 che Ste CD'A 7. - 39°% 22! - g. Soz2f
.istoAC - - 20 - rjoroy

fo is the Sine of CAD - 92°,34! - g.99960

toCD - - ‘3L5 - - 149835

the diftance between the fccond Headland, and nhc
Slup in her firft ffation. .

. In the Triangle BCD are | given BC 1879,
CD j1.5, and'the Angle BCD ¢ gxaﬂ to 56°, 15/,

the diftance berween the NWb Line,. and che:
NNE Line.
Hence for the Angle C DB' i will bc, (by Cafe
4. of Oblique Trigonometr§l) * . -
As the Sum of_;_hc‘Sﬁ?s . soke =" 170148
is to the Diff. of Sides." { - 12jfx - . 1.I0415

the unknown Angles 61°l' 5}:; £ 10.27189
totheTang ofhalftheirdiff. 253,18 - 9.67456

¢onfequendly: the ‘Arigle CBD is 87°, 1o, anid-
th% Angle CD B. 36° 35/, Hence the B

. of the firft Pleadlihd from the fecond will bie

*8 5¢°, 08';iW or SWp Wi W nearly, and fot

fo is Tang. of 3 Sum o .}

the: tiftande ’bmwcdn thcm it witl be.
- As the Sine ofﬁ 15(‘: - - 36°, 35" - 9’.77524.
is toBC - g - 1.27382
fo is the Sine ofﬁ‘tﬁ 56 15' - 991985
soBD . - 26.21 - - 1.41843

th:e diﬁapcgrbemeéﬁ ‘the MH&dlands

" Fhisy dand the firk Pooblem, are of great ufe ui
dtamhg the Blou nf any Harlbnur, ‘or Jayung dan

PLOB 4.

Suppoﬁea Sh:p ﬁhat makes hcr way good wiﬂm
63 pornts of the Wind, at North, is bound to 2
Port bearing Eaft 86 Miles diftance from her. Rc&

quir’

P



286 Olligue Sailing. |
quir’d the courfe and diftance ‘upon each Tack, to
gain the intended Port. v

D Geomesrically.

Having drawn the Compafs NESW, let C re-
prefent the Ship’s place, and fet off upon the Eift
line C:A 86 Miles, fo A will be the intended Porr.
Draw CD and CB oneach fide of the North line:
at 65 :Poings diftance from it, and thro’ A-draw AB:

parallel to. CD meeting CB in B; then the ENE
$E Line CB will. be'the Courfe of the Ship uppn
the Starboard Tack, and CB its. diftance on that
Tack; alfo-the ESE4E Line AB will be the
Courfe on the Larboard Tack,. and BA the di-
fance on that, Tack, to find which .

L3

. B‘j"Calcala'tx;on. o

In the T,riqn%l_c ABC are given, the Angle
A CB equal to 16°, 53/, the diftance between the _
Eaft and EN'E E Line, the Angle CB A equal
to 146°, 14/, the diftance between the ENE i E. '
and the WNWiW Lines, the Angle BAC e- |
qual t6 16°, 53!, thediftance between the Eaft, and i
ESE4E Lines, alfo AC 86 Miles. !
Hence fince the Angle at A and C are equal, the |
Legs CB and ‘B A will likewife be equal; to find
cither of which (fuppofe CB) it will be, by Caf 2. |
of Qblique- Angled Trigonometry, : S
‘As
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Asthe Sthe of B - = 146° 14/ - 9.74493
isto AC = - . --.. 86 - - 1.93450
fois theSineof A’ - - 16,53 - - 9.46303
"toCB - - - - - 4494 - - 1.65260
~the-diftance the Ship muft fail on-each Tack. 't
" There is-a great Variety of ufeful Queftions’ of
this Nature that may bé” propés’d,“but the Nature
of them being better underftood by practice at Sea,
we fhall leave them and. go onto Current Sailing,

.
- Y v

o~

R

o sEeT mLe
“Caﬂéarlniilg: Currents, and how 1o miake proper
L. Allewances for them. !

1.4 YURRENTS are certain feetings of-the Stream,
. N4 by which -all Bodies l(as,.Shipa, &¢.) moving
‘therein, are compell’d to alter their Courfe or Ve-
locity, or both; and fubmit to the Motion impyef-
fed upon them by the Currents . ...,

CASE .

If the Current fets juft with the Courfe of the Ship,
(i.c.) moves on the fame Rumb with it; then the
&otion of the Ship- is increas’d, by as much as is
the Drift or Veloctty of the Current ™ -~ °

- Example. .

Suppofe a Ship fails SE5 S at the rate of 6 Miles
an Hour, in a Current that fets SE5S 2 Miles an
Hour. Requir'd her true Rate of Sailing.

*. Here it is evident that the Ship’s true rate of
-8ailing, will be 8 Milesan Hour. :

S CASE
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“if tlwﬁurrmffcmdwafﬁv. yinft s Ship’sCourle,
en the morlx n of the thg is gl'en’d by as mu,c{\ as
is t;hc Velpc;}ty of the Currcnt

‘Uk .\ -

:J":E ‘ Loy
;1};1"@"" ‘,:.J

o . [S P
NS UE&'MIA’ I IR TS

—Suppofe 2-Ship fails 55W-at the rate of 10 Miles
an Hour, in a Current that fers NNE 6 Milesan
Hour. Requir'didie Ship’sxré te of Sailing,
Here it is evident that the Ship’s true rate of Sail-
wgc'mll be & Milesan Hour. . Heney itis plaiy,
or. 1. 1 the, Velocity, of ;h:: rrent be lefs than
the Velocity of the Ship, then the Ship will get fo
much a Head as js the dlffercncc of thefe Velocigies.
“'Cor. 2. ff’rhe 'Vclocn:y of the Carrent be greager
h;gm that of tHeiShip, then g}; E IEP will fall fo.much
3 tern as is the 4 ﬂ’crencc eft Velocities; =
- Cor.3. Eafth, ¥ ‘thé Veldcity of the Current be
ual to that of the Ship, thetl the Ship' will ftarid
i’ﬁl the one Velocnty deﬂ:roym’g, the other.

EL

,If the ,Cutrmt thwarts the' Courﬁ of :he anh
then it not only leflens er augen ents her Velac
but gives her a new alrc&xon compounded of ug:
Courfe fhe fteers, and the—{cttmg of the Curremt
as is manifeft from the foIIowmg

2

[o

fe . e e lmma -;,..;

¥m &)d»y at A he unp:ll’d hy two Forces at
thc fame time, the. one in the diretion AB ci-
Lo ' pable
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pable to carry that Body from A to B in a ceftain
fpace of Time, and the other in the Direction AD
capable to carry it from A to D . A B
in the fame Time: Compleat the - "¢ e
Parallelogram ABCD, and draw
the Diagonal A C; then the Bo- |
dy at A agitated by thefe two.’

orces together will move along
the Line AC, 'and will beinthe -}
Point C at the end of the Time..
in which it would have mov’da- DI B
long A D or AB with the Fatces feparately applied.
. Hence the Solution of the following Examples
will be evident. . - - -7

Example 1. -

Suppofe a. Ship fails (by the Compafs) diretly
South .96 Miles in 24 Hours; ‘in a. Currest that fers
Eaft 45 Miles in the fame time. Requir'd the Ship’s
true Courfe and Diffance. - ..~ -

_ - Geometrically. - -

- Draw A D (fee the laft Scheme) to reprefent the’
South and North line of th¢ Ship at A, which make -
equal to 96; from D draw D C perpendicular to
AD equal to 45, andjoin AC. Then C will be
the Ship’s true place, A C her true diftance, and
the Angle CAD the true Courfe. To find which

By Calculation.”
Firft, For the-true Courfe D AC, it will be, by
Cafe 4. of Reti-angular Trigonometry,
As the apparent Diftance AD 96 - .1.98227
. is tg the Curren’s Motion DC" ©* 45 - - 1,05381.
) e P P LR o fQ
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fois Radius 7« + o - -~ = 1000000
tothe T t ¢ true . .
Courfe D AC. }25° o7t - 967094

onfequently the Shi £ s true Courfe is S 25 , 07! E
'or SSE 20, 37!, Eifterly.

‘Then for the true diftance Aé it will be, by
Cafe 2. of Redt-angular T rigonometry, ..

Ai the Sine of the Coutfe A - 25°, log! - 962784.
' is to the Departure DC - 4.5 el - 165321
fo'is Radius -- - - - = " 10.00000
tothe true Diftance AC m6. L= = 202537

Example 2.

‘Suppofe a Ship fails SE 120 Miles in 20-Hours,
‘in a Current that fets WA N at the rate of 2 Miles
an Hour. . Requir'd the Ship’s true Courfc and Dx-
ﬂance faxl’d in that time.,

o -

Geometricall ly.

Having drawn the Compals NESW, let C re-
prefcnt the placc thc thp fail’d from ; draw the SE

D .
Wi -
(»;
¢/ .
<’o
) 2 .
75 ol |

: Lme CA, whlch mzkc equal t0 120; ‘then Wl“ A

be the p]acc the Shnp caped at.
From
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‘From A draw' A B parallel o the WAN Line

€D, equal to 40, the motion of the Current in 20

Hours, and join CB; then B will be the Ship’s

true place at the end of 20 Hours, CB her true di-

ftance and the Angle SCB hen true Courfe. To
find which )

By Cakeulation.:

In the Triangle ABC, are given C A 120, AB
40; and the Angle CAB equal to 34° 45, the di-
ftance between the E4S and SE Lines, to find-the
Angles B and C, and the Side CB. R

Firft, For ‘the Angles C and B it will be, by

Cafe 4. of Oblique Krigonometry,

AstheSumof the Sides CAand AB._ 160  2.20412
s to their Diﬁ'cret}ce i = - 80 - 190309
fo is the Tang..ef half the ; .

Sum of the-Angles B and C.{ 73% ©7". 10.51783

to the Tang, of half their Diff. §9°, 45! 10.21680

confequently the Angle B will be 1 21°, 52/, and the
Angle A CB 149, 23!. Heiice the true Courfe
is § 30% 37/ E, or SSE 2°, o7! Eafterly.

Then far the ‘true diftance 'CB, it will be, by

Cafe 2. of Obligue Trigonometry,: - .

As the Sine of B - - " 1319, 52! - 9.87198
stoAC . -. - - 120 - - 20%918
foistheSineof A - . - 33% 45 - 9.74474
to the true Diftance CB - 89.53 - - 1.95194

TExample 3.

Sl}ppofc a Shilp‘coming out from Sea in the Night,.
has fight of Scilly Light, bearing NE&N diftance
4 Leagues, it being then Flood Tide fetting ENE,
2 Miles an Hour, and the Ship running after the
rate of 5 Miles an Hour. Requir’d upon what

’ Ppa2 " Courle
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.Gourfe and how far the muft fail- to. hit the Zi_ ,
zard, which bears from Siilly Ei 8§ diftance . xy
Leagues. - : -’

_ Geometrically.

' Having drawn the Compafs NES W, let A re-
grefcnt the Ship’s place at Sea; and draw the N E
N Line A S, which make equal to 12 Miles, fo
S will reprefent Scilly. o '
From S draw S L equal to 51 Miles, and paral-
lel-to thé E4S Line ; then L will reprefent the Zi-

.

zard,

From L draw LC parallel to the ENE Line,
equal to 2 Miles, and from C draw CD equal to
5 Miles meeting AL in D; then from A draw
AB panllel to €D :meeting L.C produc’d in B,
and AB will be the requir'd diftance, and SAB
the trae Courfe. To find which

Bj Calculation. h

In the Triangle A SL are given the fide AS e-

12l to 12 Miles, the fide S L equal to 51, and
the Angle ASL equal to 118°, o7/, the diftance
between the NE 4 N and W4 N Lines, to findthe
Angles SAL and SL-A. Confequently, by Cafe
4. of Oblique Trigomometry; it will be . A
' - $



Carrent Sasling: 293

As theSum of the Sides ASandSL 63 1 79934
‘is to their Difference - - < 39 159 106
{o isthe Tang, of halfthe Sum , o ¢, 6
of the Angles SAL and SLA 30% 56! 977763
to the Tang, of half their Diff. 20°,21! 9.56935

.oonfc uently the Angle SAL, wil be5: s 171y

o the dire& Bcanng of thc Lizard from the

Shl will be.N 85° ,02'E, or EAN 69, 17'E,

" and for the diftance AL, it wxll be, - by C@f: 2,
.. of Obligue Trigonemetry, ;

Asthe Sineof SAL - - 1°, 171 - 9 89223
istoSL - - 51 - - 170757
fo is the Sineof AS L 118°,07! - 9.94546

to AL - 7.65 - - 176080
the diftance betwecn the thp and the Lizard,

Again in the Trxangle DLC are given the
ngle L equal to 17°, 32, the dlltance between:
NE and N 85°, 02! E Lines, the fide LC
equal to 2 Miles, the Current’s drift in an Hour,
and the Side CD equal to 5 Miles the Ship’s Run in
the fame time. Hence for the Angle D, it will be,
by Cafe 1. of Oblique Trigonomery,

Asdxethpthm«anour DC 5 - - 0.69897
isto theSineof L. - - 179,32' - 9.47894._
fo is the Current’sdrift LC - 2 - - o0.30103
to the Sineof B - <. - 6%355/ - 9.0810Q

confequeritly fince by Conftruétion the Angle
LAB is equal to the Angle LDC, thc'Courfc
the Ship muft fteer is'S 889, 03/ E. '

Then for the diftance AB it will be, by Cafe 2.
of Oblique Trigonométry,

Asthe Sineof B - - 155°,33' - - 9.61689
istoAL - - - - 5765 - - - 176080
o is the Sine ofL - 175,32 - - 9.47894
wAB . - - 4146 - - - 162285

confequently
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confequently fince the Ship is failing at the rate of

5 Miles an Hour, it follows that in failing 8%,
24= S 889, 03' E, fhe will arrive at the Lizard.

| Example 4.

- A Ship from a certain Headland in the Latitude
of 34°, oo! North, -fails SE4S 12 Miles in three
Hours, in a Current that fets between North and
Eaft, and then the fame Headland is found to bear
WNW, and the Ship to be in the-Latitude of
33% 52/ North. Requir'd the fetting and drift of
-the Current. o

’ . | Gcmhetriullj.

: H'aving drawn the Compafs NES W, let A re:
prefent the place of the Ship, and draw the SE 5S
line AB equal to 12 Miles,

N alfo the ESE line AC.
Set off from A upon the’
A Meridian, A D’ equal to 8
] Miles, the difference of Lati-.
D

w
\>C tude, and thro’ D draw D C-
5 ia.rallel to the Eaft and Weft
ine WE, meeting ACin C.

S Join Cand B with- the right
Line BC; then C will be the Ship’s place, the
Angle ABC the fetting of the Current from the
SE5S Line, and the Line BC will be the drift of
the Current in 3 Hours. To find which

By Calculation.

In the Triangle ABC, right angled at D, .are
given the difference of Latitude AD equal to 8
Miles, the Ar_xglc DAC cqual to 67°, 30!. Whence

for AC the cc the Ship hasfail’d, it will beA;
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AsRadius - - - - - . . 2 70.00000
is to the diff. of Latitudle AD - 8 - o.90309
ﬁBsngScc. oft‘he Courfe } 67°, 30! = 1041716
to the diftancerun AC - 209 - - 1.32025 .

Again, in the Triangle ABC, are given AB ¢~
. qual to 12 Miles, A C equal to 20.9 and the Angle
B A Cequal 10 33°, 45/, the diftance between the
SE5$S and ESE Lines. Whence for the Angle
vat Bitwill be - : -
Asthe Sumofthe Sides ACand AB 32.9 1.51720
is to their Difference ;‘ - - - 89 094939
fo is the Tang. of half the -
Sumofthe AnglesBand C 73%,07' 1051806
‘to Tang, of 3 their Diff.  41°, 433 - 9.95025
confequently the Angle Bis 114°, 51!, and fo the
. fetting of the Current will be N81°,06’'E or E
oN 2°, 21'E. Then for B C the Current’s drift -
. in 3 Hours it will be g
As the Sineof B - - "114% 517 > 9.92700.
is to the Diftance run AC 209 - - 1.32025
‘foisthe Sineof A - - 33°%-45! - 9.74474
‘toBC - - - - - - 128 . 110719
the Current’s drift in 3 Hours, and confequently the
. Current fets EAN 29, 21/ E 4,266 Miles an Hour,

SECT.
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‘- 'SECT. XIL

Cmcm;ing the Variation of the Compafs, and
bow 30 find it from the true and.obfervd
" Amplitudds or Azimuths of zbe Sun.

!

1. H E Variation of the Compafs is how far the.
. A -North or South point of the Needle ftands
from the true South or North point of the Horizon
towards the Eaft or Weft; or ’tis an Arch' of the
Horizon intercepted ‘between the Meridian of the
Place of. Obfervation and the Magnetick Meridian,
. 2., Jtis abfolutely neceflary to know the Variati-
on of the Compafs at Sea, in order to correét the
Ship’s Courfe ; for firice the Ship’s Courfe is dire@-
ed by the Compalfs, *tis evident that if the Compafs
be wrong the true Courfe will differ from the ob-
ferved, and confequently the whole Reckoning differ
from the Truth. - : I

3.- The Sun’s true Amplitude is an Arch of the
Hbrizon comprehended between the true Eaft or
Weft’ pains thereof, and the Center of the Sun at
Rifing or Setting; ar it is the Number of Degrees,
" &, that the Center of the Sun is diftarit from the
true Eaft or Weft point of the Horizon, towards
the South or North. -

4. The Sun’s Magnetic Amplitude is the Number

of Degrees that the Center of the Sun is from the
Eaft or Weft point of the Compafs, towards the
South or North point of the fame at Rifing or Setting.
5. Having the Declination of the Sun, together
with the Latitude of the place of Obfervation, we
may {rom thence find the Sun’s true Amplitude,
by the follpwing Aftronomic Propofition, viz. ‘
/s she Co-fine of the Latitude

is to the Radius

f
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o is the Sine of the Sun’s Declination ‘
#0 the Sine of the Sun’s true Amplitude

which will be North or South accordmg as the
Declination is North or. South.

Example.
Requir’d the Sun’s true Amplitude in the Lati-
tude of 41°, 50! North, on the 23 day of Ayril

1731. :

Firet, 1 find from the third Table at the end of
" this Book, that the Sun’s Declination the 23d of
April 1731, is 15°, 54/ North, then for the true
Amplitude, it will be, by the former Analogy,

As the Co-fine of the Lat. 41°, 50’ - 9.57223
isto Radius - - - - 10.00000
fo is the Sine of the Decl 15°% 54! - 9.43769
to the Sine of the Amplit. 21,,35 - 9.56548

which is North, becaufe the Declination is North
at that time ; and confequently in the Latitude
of 41°, 50!/ North, the (gun rifes on the 234 of
April 1731, 21°, 35' from the Eaft part of the
Horizon towards the North, and fets fo much
- from the Weft the fame way.

6. The Sun’s true Azimyth is the Arch of the Ho-
rizon ingercepted between the Meridian and the Ver-
tical Circle pafling thro the Center of the Sun at the
time of Obfervation.

7. The Sun’s Magnetic Azimuth is the Arch of
the Horizon intercepted between the Magnetic Me-
ridian and the Vertical, paffin thro the Sun, -

8. Having the Latitude of the place of Obferva-
gion, together with the Sun’s Dec ination and Altj-
tude at the time of Obfervation, we may . find h;s
trye Azimuth after the following Method, viz,

Q9 . Make
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Makeit, S ' «
oAs the Tangent of balf the. Complimens of the Latitude
is to the Tangent of balf the Sum of the Diftance of the
Sun from tbe Pale and Compliment of the Ahitude
Jo is the Tangent of balf the Difference between the Di-
Sance Z the Sun from the Pole and Compliment of the
Altitude - - - -
10 the Tangent of a fourth Arcb .

which fourth Arch added to half the Compliment
of the Latitude will give a fifth Arch, and this
fifth Arch leflened by the Compliment of the
Latitude will give a fixth Arch; then make it -

As the Radiys - - - - -« - - -
"is to the Tangent of the Altitude

fo is the Tangent of the fixth Arch

to the Co-firie of the Sun’s Azimuth

which is to be counted from the Squth or North, to
. the Eaft or Weft accerding as the Sun is fituated
with refpc& to the place of Obfervation.

If the Latitude of the Place and Decljnation of
the Sun be both North or both South, ‘then the De-
clination taken from 9o® will give the Sun’s diftance
from the Pole ; but if the Latitude and Declination
be on contrary fides of the Equator, then the De-
clination added to go°® will give the Sun’s diftance
from the neareft Pole to the place of Obfervation,

Example.

In the Latitude of 51°, 32/ North, the Sun ha-
ving 19, 39/ North Declination, his Altitude was .
found by Obfervation to be 38°, 18!, Requird
the Azimyth, '

1 ny
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. By the firft of the foregoing Analogys it will be
Asthe Tangent of s the Com- | '

-pliment of the Latitude . .}190’ 14! 9-54269
"is_to the Tangent of % the
.- Sum of: the Diftance.of the(
. Sun from the Pole and Com-

, Pliment of thcAf]:ﬁ“]‘g‘; R I . P
Joisthe T their} . . _

g el TRSTR

‘to the Tang. of a 44b Arch - 40,,20 9.92885

-which fourth ‘Arch 40°, 20/, added to 19, 14/,
* half “the’ €ompliment - of the Latitude gives a
« fifth'Arch'59°, 34, and this fifth Arch leflened

by 389, 28/, the Compliment of the Latitude
* gives the fixth- Arch 21°, 06/'y then for the Azi-
" muth it Wil b¢ by the fecond of the preceeding
A Ana]ogy‘g,"‘-’”“ el . .

As Radius - - - - - 10.00000
is to the Tang, of the Altitude 389,18/ 9.89749
foisthe Tang. of the fixth Arch™ 21,,06  9.58644
to the Co-finedf the Azimuth - 72,,15  9.48393

which, becaufe the Latitude is North and the Sun
South of the place of Obfgivation, muft be coun-
ted frond the South towards the Eaft or Weft;
and confequently if the Alydgde of the Sun was
taken' in the Morning, the Azimuth will be S

- 722, 15'E, orESE 4°, 45/ E'; but if the Alii-
tude was\taken in the Afternoon, the Azimuth
will be S72° 15! W, or WSW 49, 45V
Wefterly, ° ‘

9. Having found the Sun’s true Amplitude or
Azimuth by the preceeding Analogys, and his
Magnetick Amplitude or Azimuth by Obfervation,
*tis evident if they agree there is no Variation ; but
if they difagree, then if the true and obferv’d Am-
plitudes at the Rifing or Setting of the Sun, be bqth

¢ e - Qq 2 .Of

61,,01 10.25655
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of the fame Name, i. ¢, cither both North, or both
South, their Difference is the Varistion : Bat if they
be of different Names, /. 2. one North and the o-
ther South, their Sum is the Variation. Again, if
the true and obferv’d Azimuths be both of the
fame Name, . e. cither both Eaft or both Weft,
their Difference is the Pariation ; but if they be of
different Names their Sum is the Variation : And to
know whether the Varation is Eafterly or Weflerly,
obferve this ral Rule, wiz.

Let the g bferver’s Face be tum’d to the Sun,
then if the true Amplitude or Azimuth be to the
right Hand of the obferv’d, the Variation is Eafterly 3
but if to the left, Wefterly.

To explain which, let NESW prefent a Com-
pafs, .and - fuppofe the Sua is y EbS at the
time of Obfervation, but the Obfcrvcr fees him off

the Eaft point of the Compafs, and fo thetrue Ame
plitude or Azimuth qf the Sun, is to-the right of
the Magncuck or obferv’d ; here ’tis evident d::c

¢
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the E 5 S Point of the Compafs ought to lic where
the Eaft point is, and fo the North where the No'W
is; confequently the North Point of the Compafs is
a Point too far Eaft, 4 e. the Varation in this Cafe
is Eafterly. The fame will hold when the Ampli-
tude oerimud\is.taken on thes Weft fide of the
Meridian, : R '

Again, let the true Amplitude or Azimuth be to
the left Fland of the obferv’d; thus fuppofe the Surnt
is really E3N at the time of Obfervation, but the
Obferver fees him off the Eaft Point of the Compafs,
and fo the true Amplitude or Azimuth to the Left
of the obferv’d: Here it is evident that the EIN
point of the Compafs ouglht toftand where the Eaft
point is, and fo the North where the N4E point
15 ;3 confequently the North poiht of the Compafies
liés a point too far Wefterly, fo in this Cafe the Va-
riation is Weft.: The fame will hold when the Sun
i obferv’d on the Weft fide of the Meridian,

. uSﬂ;pofe the Sun’s true .Amilitude at Rifing is
id to be E 14°, 20! N, ‘but by the Compafs it Is
found to be E 26°,12* N. ' Requir'd the Variati-
on, ind which way itis. : . . ,
Since they are both the fame way therefore

From the Magnetick Amplitude - E 26°, 12/ N,
take the true Amplitude - - - E 14°, 20’ N.

and there remains the Variation 11,52 E.

which is Eafterly becaufe in this Qafe the true Am-
plitude is to the Right of the obferv’d.

Example
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oo . .'Ekample 2,
* Suppofe the  Sint’s true Amplitude at Setting is
‘W 349, 26! S, ahd his Magnetick Amplitude W 23°,
13/ S. Requird the Variation and which way it is.
_ Since they lie both the fame way, therefore
From the Sun’s true Amplitude = W 342, 26'S
take the Magnetick Amplitude. . W23°, 13/S.

:there remains the Variation - - - 'n' 5 I3, W,-_.’

" which is Wefterly becaufe the true Amplitude in
_this Cafe is to the left Hand of the obferv'd. - 3

S « Example 3. :
« Suppofe the Sun’s true Alitude- at Riﬁng is
found to be E 13°, 24’ N, and his Magnetick
E 12°, 32! S. Requir'd the Variation, and which
way it lies. Lo .

Since the true and obferv’d "Amplitudes lie dif-
ferent ways, therefore ) )
To the true Amplitude = - E 139, 24/N.
_add the Magn;tick‘AmplitQQC Eiz2 ,32 5

the Sum is the Variation .- - . 35 , 56 W..)

which is Wefterly, becaufe the tfue Amplitude is,
in’ this Cafe, to the Left of the qbferv’d. -

Example 4.
" Suppofe the Sun’s true Amplitude at Setting s

found to be W 82, 24' N, but his Magnetick Am-
plitude is W 10°%, 13/S. Requir’d the Variation.

To
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To the true Amplitude - - - W 82,24/ N, -
add the Magnetick. - - Wiro% 13/ 8. -
_the Sum is the Variaton - - - 18 ,37 E.°

; which is Eafterly, becaufe the truc Amplitude is
to ‘the Right of the obferv’d. '

Example 5. e

Suppofe the Sun’s true Azimuth at the time of
* Obfervation, is found to be N 86°, 40! E, but by
the Compafs it is N 73°, 24/ E. Requir'd the Va.
riation, and which way it lies. ‘ .
From the Sun’strye Azimuth, N. 86°, 40! E, .
take the Magnetical, - - N.73, 24 E,

There remains the Variation, - 13, 16 E.

" which js Eatterly, becaufe the trye Azimuth is to
the right of the obferv’d. oo

Example 6. . e

Suppofe the Sun’s trtic Azimuthis S. 3°, 24/ E,
and the Magnetical S. 4°, 36/ W. Requird the
Variation, and which way it lies.

o the true Azimuth. - - 8. 3% 24 E. 7
add the the Magnetical Azimuth, 5. 4, 36 W.

Fhe Sum is the Variation. - 8, oo W.

which is Wefterly, becaufe the true Azimuth is.
(in this Cafe) to the Left of the obferv’d.

1o. The Variation of the Compafs was firft
obferv’d at London, in the Year 1580, to be 11°,
15! Eafterly, and in the Year 1622 it was 6°,
o!, E. alfo in the Year 1634, it was 4°, o5/ E.,
ftill decreafing, and the Needle approaching the
true Meyidian, till it coincided with it, and flhen

- x ‘ there
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there was po Variation 3 after which, the Variatiog
bc?n to be wefterly, -and in the Year 1672, it was
obferv’d to be 29, 30/ W, alfo in the Year 1683,
it was 4°, 30’ W, and fince that time the Variati-
on ftill continues at Lomdow to encreafe wefterly 5
but how far it will go that way, Time and Ob.
fervations- will probably be the only means to dif-
cover.

Again, at Paris, in the Year 1640 the Varia-
tion was 3%, oo! E, and in the Year 1666, there
was ng Variation ; but in the Year 1681, it wag
2°, 30’ W. and ftill continues to go wefterly.

In fhort, from Obfervations made in different
‘Parts of the World, it appears, that in different
Places the Variation differs both as to its Quantity
~ and Denomination, ‘it being Eaft in one place,

and Weft in another ; the true Canfe and Theory
. of which, for want of a fufficient nymber of Ob.
fervations, has not as yet been fully explain'd,

SECT. XIV,

Tke Method of keeping & FJowrnal at Ses,
-#nd how to Coerreit st, by making pro-
por Allowances for the Lec-way, Variati-
on, . |

b 8 LEE.-WAI." is the Angle that the Rumb-
Lin¢ upon which the Ship endeavours tg

Bail, makes with the Rumb fhe really fails upon,
This is occafion’d by the force of the Wind, oy
Surge of the Sea, when fhe lies to the windward
or is clofe hawl'd, which caufes her 1o fall off 1335
i : . gl ¢
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glide fide-ways. from the Point of the Compufs the
capesat. . Thus let NE SW reprefent the Compals
and fuppofe a Shipat . N

'C capesit, or endea-
vours tofail upon the
Rumb Ca; but by
e for¢e of the Wind, -
and Surge of the Sea,
the’s oblig’d to fall
off, dnd ' make her
way gobod . upon the.
Rumb Cb; then the
Angle a4 C b is the
Lee-way, and if that S ..

.An]%l ‘be equal to oné Point, the Ship is faid to
.make onc Point Lee-way, and if equal to two
"Boints,: the- Ship is faid vo:make two Peints Lee-
way, & o _

~ 3, The Quantity of this -Angle is 'very uncer-
tajn, becaufe:fome Ships, with the fdme quantity
of Sail, .and. with the fame Gale, Will inake more
Leesway than others ; it depending much upon
the Mould and Trim of the Ship, and the quant.
ty of Water-that the draws. e common Allow-
ances that are.generally made for the Lee-svay, are
as follows: . . . .

1. W4 Ship be dofe haul’d, has all her Sails
fet,- the. Water fmooth, and a moderats’ Gale of
‘Wind; ‘the is then fiippos’d to make little or no
Let-way, . .

" 2.' If it blow fo frefh as to caufe the fmall Sails to
be handed, ’tis ufual to allow ohe Point.

3. If it'blow {0 lard that the Top-fails muft
be clvfe reeft, then the common Allowance is two
Polnts for Lee-way. =~ : o

" .4~ If one Top-fail muft be handed, then the
Ship is fuppos’d to make between two and three
Points Lec-way,

o Rr . 5. When
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5. When both Top-fails muft be handéd, their”
‘the Allowance is about four Points for Les-way. -

6. If it blows fo hard, as to occafion the Fore
Courfe to be handed, the Allowance is between
54 and 6 Points,

5. When both Main and Fare-Courfes muft be
handed, then 6 or 65 Points are commonly al-
low’d for Lee-way. _

8. When the Mizen is handed, and the_ Ship is
trying a Hull, fhe is then commonly allow’d about
7 Points for Lee-way. ‘ B

3. Tho’ thefe Rules, are fuch as are gene-
rally made ufe of, yet fince the Lee-way de-
A ‘B 4 pends much upon the

Mould and Trim of

the Ship, ’tis evidemt

that they can’t exaétly

ferve to every Ship3s

B\N and therefore the beft
AR way is to find it by
A4 § . Obfervation: Thus, let

: the Ship’s Wake be fet
. by a Compafi in the

W E
C Poop, and the oppo-
o \/ gte Rumbdisg;dtrge
ourfe made goo
N S the Ship 5 then the dif-

ference between this
and the Courfe given by the Compafs in the
Bittacle, is the %ee-fwa required. If the Ship
be within ﬁ%ht of Land; ‘then the Le-way may
be exattly found by obferving>a Point on the
Land which continues to bear the fame way, and
the. diftance berween the Point of the Compals it
lies upon, and the Point the Ship capes at, willbe
the Lee.way, Thus, fuppofc a Ship at C, is ly-
: * ing
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ingup' NI W towards A3 but inftead of keeping
that Courfe, fhe is carried on the N N E Line
CB, and confequently the Point B continues to
bear the fame way from the Ship : Here ’tis evi-
dent, that the Angle A CB, or the diftance be-
t'ivecn the N » W Line that the Ship capes at, and
e NNE Line that the Ship really fails upon,
will be the Lee-way. ‘ \
. 4 Having the Courfe fteer’d, and the Lec-way -
given, we may from thence find the true Courfe
y the following Method, wiz, Let your Face be
turn’d direftly to the Windward, and if the Ship
have her Larboard Tacks on Board, count the
Lec-way from the Courfe fteer’d toward the Right-
hand ; byt if the Starboard Tacks be on board,
then count it from the Courfe, fteer’d towards the
Left-hand. Thus fuppofe the Wind at North, and
the Ship lies up within 6 Points of the Wind, with
her Larboard Tacks on board, making one Point
Lee-way ; here °tis plain, that the Courfe fteer’d,
is ENE, and the true Courfe E 5 N; alfo fup-
pofe the Wind is at N N W, and the Ship lyes
up within 64 Points of the Wind with her Starboard
I'acks on board, making 13 Point Lec-way 5 ’tis
4‘:;?(18;% .that the true Courfe, in this Cafe, is

- 5. We have thew’d, in the laft Seion, how to
find the Variation of the Compafss and froni what
bas been faid there, we have this general Rule
for finding the Ship’s true Courfe, having the
Courfe fteer’d and the Variation given, viz, Let
your Face be turn’d towards the Point of the Com-
glafé upon which the Ship is fteer’d ; and if the

ariation be Eafterly, count the Quantity of it
from the Courfe fteer’d, towards the Right-hand;
but if Wefterly, towards the Left-hand; and the
Courfe thus found, is the true Coyrfe fteer’d. Thus,
(uppofc the Courfe fteer’d is N b E, and the Varla.
. R Rra tion

.
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tion one Point Eafterly -3 tien . the "tfue Gourfes
fteer'd, willbe NN H: Alfo-fuppofe the Courfe:
fteer’d is N E b E, and the Variation one :Paing
Wefterly; then in this Cafe, the true Courfe will

be N E, and fo of others. o
Hence, by knowing the Lec-way Variation, and
Courfe fteer’d, we may from thence find the Ship’s’
.true Courfe ; but if there a Current' under Foot,
then that muft be try’d and proper. Allowances.
made for it, as has been fhown at §¢57. 12. from
thence to find the true Courfe.. S
. 6. After making all the proper Allowances for
finding the Ship’s trye Courfe, and making as juf}
an Eftimate of the diftance as we can; yet by
reafon of the many Accidents that attend a Ship in
a Days running, fuch as different Rates of failing
between the times of heaving the Log,' the want
of du¢ Care at the Helm, by not” keping her
fteady, but fuffering her to yaw and fall 'oft, fud-
dain Storms when no Account can be kepr, e
the Latirude, by Account, frequently differs from:
the Latitude by Obfervation, and when that hap-’

ﬁtns, *tis" evident there muft be fome Error in, t
Reckoning ; to difcaver which and where it ligs,
and alfo how ‘to corre& the Reckoning, ‘yoy may
~'obferve the following Rules. O
"~ 1. If the Ship fail near the Meridian, or within
2 or 23 Points’ thereof ; then if the Latitude
by Account, difagrees with the Latitude by
Obfervation, *tis moft likely that the Error les in
the diftance run’; for it is plain that in this Cafe it
will require a very fenfible %rrot in the Courfe to
maké any confiderable Error in the Difference of
Latitude, which can’t well happen, if due care be
taken at the Helm, and proper Allowances be
made for the Lee-way, Igriation, and Currents,
Confequently if the Courfe be pretty near the
Tryth, and the Error in the Diftance run r;g;:-
L Ty
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lgizwtbm’- the whele, we may from the Latitude,
obtain’d by Obfervation, corre& the Diftance and
Departure by Assount, by the follawing Analas
gies, Viz. ‘ ;
As the Difference of Latitude by Aécount

is 80 the true Difference of Latitude,

Jo is the Departure by Aecount

49.1he true depariure, -

ond fo is the direfs Difiance by Account

to tha true direit Difiance,

The Reafon of this' is plain, for let A B denots
the Meridian of the Ship at A, -and fuppofe tlic Ship
fails ‘upon the Rumb A E near the A T
Meridian, tll by Account fhe is found - 4" -
in C, and confequently her Difference -
of Latitude by Accountis A B; but
by Obfervation fhe’s found in the
Parallel E D, and fo her true
Difference of Latitude is A D,
her true Diftance A E, and her .
wue Departure D E ;3 then fince Bl \‘-'
the Triangles ABC, ADE are D E .
fimilar, itwilbe AB:AD::BC:DEand AB:~
AD:AC:AE : ‘

Example,

Suppofe a Ship from the Latitude of 45°, 20!
- North, after having fail’d upon feveral Courfes neas
the Meridian for 24 Hours, %ncr Difference of Latis
tude is computed to be upon the whole g5 Miles
Southerly, and her Departure 34 MilesEafterly ; but
by Obfervation fhe is found to be in Latitude of
43°, 10/ North, and confequently her true Diffes
rence of Latitude is 130 Miles Seutherly; then
for the true Departure it will be. As the Diffe~
rence of Latitude by Account 95, is to the true
: Difference
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Difference of Latitude 130, fo is the Departure ?A
Account 34, to the true Depdrture 46.52, and fo
1s- the Diftance by Account 100.9, .to the true
Diftance 138. ' s

2. If the Courfes are for the moft part near the
Parallel of Eaft and Weft, and the dire@ Courfe
be within' 5% or 6 Points of the Meridian; then
if the Latitude by Account differs from the obw
ferv’d Latitude, it is moft probable that the Error
lies in the Courfe, or Diftance, or perhaps: both 5
for in this Cafe ’tis evidént, the Departure by. Ac-
eount will be very nearly true; and thence, by
the help of this, and the true Difference of Lati-
tude, may the true Courfe and .diret. Diftance be
readily found by Cafe 4tb of Plain-Sailing. - -

: -Exmple.“ o } 

Suppofe ' a. Ship from the. Latitude of 43°,
50! North, - after having -fail'd upon feveral
Courfes near the Parallel of . Eaft and Weft, for
the Space of 24 Hours, is fourd by dead’ Reckon-:
jng to be in the Latitude of' 42°, 45’ North, and
‘to have made 160 Miles of Wc&ing ; ‘but: by a .
good Obfervation the Ship is found to be in the
Latitude of 429, 35' North. Requir’d the true
Courfe, and Dire& diftance fail’d. .

With the true Difference of Latitude 75 Miles,
4nd Departure 160 Miles, we fhall find (by Cafe
ath of Plain-Sailing) the true Courfe to be &
) 64;;, 53! W, and the diret Diftance. 176.7-

€s. ' 3 .
~ 3. If the Coutfes are for the: moft part near-the
- middle of the Quadraot, and. the direét Courfe
within 2 and 6 Points of the Meridian ; then the
Error may be either in the Courfe, or in the Dis
ftance, or in both, which will caufe an Error
both in the Difference of Latitude and Depars
w tqre'
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ture, to corre@ which, having found the true
Difference of Latitude' by Obfervation ; with
-this, and the dire¢t. Diftance by dead Reckoning,
-find a hew Departare (by Cafe 3d of Plain-Sailing)
sthen half the Sum-of this Departure, and that
by dead Reckoning, will be nearly equal to the
tru¢ Departure ; and confequently with this, and
the true Difference of ‘Latitude, we may (by Cafe
,gb of Plain-Sailing) find the true Courfe and Di- -
ance. g :

’

Example.

" Suppofe a Ship from the Latitude of 44°, 38!
North fails between South and Eaff upon feveral
Courfes, near the middle of the Quadrant, for
the Space of 24 Hours, and is then found, by
dead Reckoning to bein the Latitude of 429, 15/
North, and to have made of Eafting 136 Miles ;
but by Obfervation fhe’s found to be in the Lati-
tude of 42°, 04/ North. Requir’d her true Courfe
and Diftance. .

With the true Difference of Latitude 154 Miles,
and the dire& Diftance by dead Reckoning 197.4
yow’ll find (by Cafe 3d of Plain-Sailing) the new De-
parture to be 123.4, and half the Sum of this and
the Departure by dead Reckoning will be 124.7
the true Departure; then with this, and the true
Difference of Latitude, you’ll find (by Cafe 41b of
Plain-Sailing) the true Courfe to be S 39°, 00! E,
and the direét Diftance 198.2 Miles.

7. In keeping a Ship’s Reckoning at Sea, the
common Method is to take from the Log-board
the feveral Courfes and Diftances ftemm’d by the
Ship laft 24 Hours, and to transfer thefe toge-
ther with the moft remarkable Occurrences into
the Log-Book, in which alfo are inferted the Courfes

. corrected,
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.corrected, and the Difference of Latitude and-Djf-
ference of Longitude made wﬂ cach 3 then
the whole Day’s work beipg finifh’d in the Lag-
"Book, if the Latitude by Account agree with
the Latitude by Obfervation,. the Ship's place, will
be truely determin’d ; if not, then the Reckod-
ing muft be corre@ted according to the preeced-
;ng Rules, and plac’d in the Fournal. .- ... -

- The Form of the LogBuok and Fowrws), to-
gether with an Example of 2 Days work; you
have here fubjoin’d.

. Nate, To exprefs the Days of the Week, they
commonly ufe the Charaters by which the Sun
-and Planets are exprefs'd;, viz. & denotes Sunday,
> Monday, & Tucfday, ¥ Wednefday, 3 Tburfday,
@ Friday, and b denotes Saturday. * -

THE
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The Log Book.

H.|K. ;K. | Coutfes. | Winds.| Obfervations and
Day of ——
1t e —| ~ Fair Weather, at
2 North |four this Afternoon
3 I took my Depar-
il ol el O tur; fx.'omhdxcLLi-
zard, in the Lati-
% ; S WhS| NAE tude of 59, ool
1 ==1— North, it bearing
R N N E, diftance
4 A five Leagues.
9|6 4
o6 || -
11| 6 SSW| ES
ry6l ) | The Gale increa- |
“3|76] s - .. | fing and being un-
2| 6] 1 |SW»W| NNE|der all our Sails.
3| 6] 1 : MAftcr tlf\_rce this
1 orning, frequent
pEA Showers with thick
6| 8 Weather till near
1w ol — |Noon.
818l | SW |ENE| The Variation I
x% x reckon to be one
11| 8] 1 |swWyW{NESE Point Wefterly.
12| 8 l
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i The Log-Book. |
A - e Lons,
Courfes Corret.| Dift. Diff. Lat 'D!ﬂ". =%
N| S |E|]W.
SSW [s0 46.2 2.
SbtW |19 18.6] 5.5
S O I BTSN S
SWiS |245 20,2 20,
SW i,s l 25-5] -1 19.5 24.6
b 13421 |12,

| ~

Hence the Ship, by Account, has come to the
Latitude of 479, 46/ North, and has differ'd her
Longitude 2°, 5! wefterly ; fo this Day I have
made my Way good S 31°, 31" W, diftance
157.4 Miles. .

- At Noon the Lizsrd bore from me N 31°, 31/
E Diftance 157.4 Miles, and having obferv’d the
Latitude, I found it agreed with the Latitude by
Accoust, - -

Sfa Tbe
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'.eram

H. K; K. Cpqrfcs Wu_lds. Obfervatnons and
_ __ M Da of

1| 2! j— W W it 14. ‘Hqurs,
2| 1f x Hanplcd the Main “S‘J Gale' of
3| 1t 1 |pnd Fore. Con&rfes g}:d ari-
4|1 1| ee-wayGPomm abc, 'I o

5A il ¥. i T ‘ l

6| 1 1
Al - ) o
“8| 1|1 |The Wind encrea-

9| 1 Mfing, we try'd a|The Maristion 1
10| M=« |Hull, Lee-way 7ijudge ® b &
1 1) [Poimes. . . ~Pguu:We&.
il

1| 72| |SWEW NWbW

2| 1| 1 |Set Main-fail Lee-|
3| 1 vmydl’bmts 1 '
/Bt brared .-ar.r.ﬁﬂ? .
4| T P : . .

Mt - ot

6] 1] 1

AR,

8| 4| |SPE Swiw

9| 4| 1 |Set Fore-fail, Lee-

10| 4| 1 |way 3 Points,
1l 5 ‘ . '+ |Lat. by Obferva-
12| 4] 1 tion, 479, a6' N.

[ ]

The
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" Hence the Ship, by Account, has come to the
Latitude of 47°, 177 North, and has differ'd her
Longitude: 49/ Eaft rl({;a coﬂfeqd;‘xeﬁly. fhe has
got 1%, 16/ to thc"V;”e rd of the Lizgrd, and
has made h¢r Way good the haft 34 Haurs, .8 49°,
08! E, Diftance 44.3 Miles, o .

At Noan the Ligdrd bore from me North 179,
7! Eaft, qiﬁaﬁcc 179.6 Miles, R

¥ o AP
This Day 7t had g0 Obfervatton, 2ad found the
Latitude by Account to difagree with the Latitude
‘by Obfen!\tion by 11 Minutey, T bejng fo much
further to the Southyard than by dead  Reckon.
ing, which by the third of tho preeepding Rules
I corret as in-the: Fourng), | FooT

-

o
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SECT. XV.
Of MENSURATION.

T

Def. T HE Ares of any plain Suiface in Inches,

Feet, or any otherMeafure, is the Num-
ber of Square Inches, Feet, &, that the Surface

contains, ,
1. Let A BCD reprefent a ReCtangular Paral.
lelogram, and fuppofe the Side AB, or DC con-

tains Six equal
D 1 C. Parts, and 'qthc
G H Side ADorBC
E— F three of thefame
Al B Parts; then let

‘ . the Line A B be
moved alon§ in the Dire&ion of A D gl it has
come to EF, where AE or F B the diftance of

is from its firft Situation, may be equal to one

of the equal Parts : Here ’tis evident that the ge: -
neratede%aralle]_ogram .AB FE will contain as

many Squares as the Side A B contains equal Parts
(in this Cafe,  fix), each Square having for its
Side one of the equal Parts into which AB or
A D is divided. Again, let AB move on till it
comesto GH, foas G E or HF may be equal
g0 AE orBF, then 'tis plain that the Parallelo-
gram A G H B will contaln gwice as many Squares
as the Side A B contains equal Parts, each Square-

having one of the ‘equal Parts, into which AB or- o

A D is divided, for its Side ; and by the fame
way of reafoning it will appear that the Parallelo~
gram A D CB will contain three times as many
Squares as the Side A B contains equal Parts, and
in general, that cvery reCtangular Parallelogram

contains
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contains as many Squares as the Product of the
Number of equal Parts in the Bafe multi 5,17’6 ifto
the Number of the fame equal Parts in the height
contains Uhits, #ach SQuart having for i’s Side
orre of the equal Parts,

Hence .arif¢s the Soluuon of the following
Problems.

Tos

?fdlm't x \

" To find the Arca of a Re&angular Pmllelo-.
Bl'am. ’

Rule, Mulaply tbe Bafe into the perpendicalis
chght, and the Product is the Area rcquxr’d :

Example.

* .Suppofe the Bafe A B (fec the preceeding Fi-
gure) of the Re&a.r:ﬁular Parallelogram -ABCD, .
is fix Inches in Length; and the perpendicular AD
three Inches, requir’d the Area.of that Parall;loa
gram in Inches. ,

6 the Bafe AB

3 the Pcrpendlcular AD _
Product 18 the Areaof thc Parallclocrram AB CD
in Inches. ,

fl’roblem 2. l '

¥ To find the Area of an Obhque-Anguiar Pa-
‘rallelogram.

Rule, Mult:ply the Bafc into the perpendxeultr
Height, and the Produt isthe Area. The Reafon
of this Rule is evident from Ars. 69, Se&. 1.

E#am)h

N
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LA P :\’I "' i L SO N | ails v 3
e to e D E#Wk‘"“‘ RIS NTH GENIEE
:.'.-; '.(‘ 3'_;"__; : L. ’{x‘ﬂl "3' ;-7.

Suppofe the Bafe B »tuibeoorn.g
A D, of the Ob-

hque-Angular Pa. -
rallelo rarqADCB
ts 36 Ihclies; 8nlthe:
per ndicular B E . 7
nches. Requir’d the Area in Inches.
l Mulnplym 30 the Bafe into 12 the perpendicu-
ar-Height, “the Produtk 360y istie Atea m- |
ber of- fguarc Inches' coMn’d in tb‘sﬂpmpos d .
‘Fxguré. . P /
“‘Tmblem- 3. e ‘é. Q '

To find tha\Arca of ‘a @ng S .I

Rule. Multiply ‘the Bafe into half the pcrpmdn-
cular Height, and“the Produ& is the Area re- -
qukd The reafon of this .Rule is plain from

_ Eo‘r (A” 68 ﬁlﬁf Jid "[serQ: LR 'x\ .
RO :l“_:;(; .;x: ;E!k“fl'&?!Vlb ,,;lr‘l fi. ::; I:J“ \‘.‘-
}fc;%rqnglc}éhB b, {qppmfc.tfmﬁBﬂ'g AD

C S

th + ,omrene ; N O ,"”"Z"’ 2ol
erpendxcular BC 14, -
equir’d the Arca.

. The.Bafe 56, mul-
aply’d into 7, half thé. X T 7 C~ 6
perpendicidar, gives.392 the \Area or fquare 3 eo:
contamcd in 'the ngcn Tnangk

Troblm 4.

- .To find the Area of any irregular Fi igure.
(: T ¢t . Rule.
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Rule. Reduce the Figure to Triangles by draw-
ing Diagonals therein ; then find the Area of each
Triangle and the Sum of thefe is the Am of the
propos 'd Fi igure. o ‘

\ Eumpk

uird the Area: of thcfe mcgular anurc
%m GET —

-~

.o ; ‘i Y O G . e
.Draw the Diagonals EH, EF, ED, D C and
‘DA, which will divide the Flgurc into fix Tri-
angles, in each of which let fall from any one of
iUs Angles a Perpendicular to the oppofite Side 3
then fuppofing the Lengths of thefe'to beas they
are: exprcfs’d the F:gurc, the Operation will ftanck

as follows:,

ABD

2 18 i

4.5 187 - ACD
2.5 >iato 16 1s 40 \TheAreaoftlie JCED
5 & 17 25.5 Triangle \EDF -
3 23 69 EFH
4 ~237 (g2 EGH

e

343.5 the Area of the whole
Figure.
Probiem
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" Probiem 5.

“To find the Area of any regular Polygon.

Rule. Through any three of. the Angular
Points, draw a Circle (by Prob. 8. Seft. 1.) which
will pafs thro® the reft alfo; then from the Cenger
of this Circle let fall upon any of the Sides a per-’

ndicular, and half this perpendicular muitipr;’d‘
into the Sum of the Sides will give the Area fe-
quird. :

o . Exéml:.

'Rf?uiﬁd'the’Am of -
the Hexagon ABHD
EF, the Centerof whefe - -
circumfcrib’d Circleis C, S
and the perpendicnlar - pad, e
' CG from the Center u :
on one of 'the- Sides is
20.8, each Side of the °
Polygon being 24. - .- ¥ —e
_ The Sum:% the Sides . .. I IR 5
is 144, which multiply’d by 10.4 half the per-
pendicular, gives 1497.6 the Area  of the pro-

pos’d Hexagon. L
2. It has been found by Calculation that if the
Diameter of a Circle be 1, the Circumference of the
fame will be 3.1416 nearly ; and confequently the:
Diameter of any Circle will be to its Circumfe-
rence as I 0 3.1416, &7 ¢ comtra, - L
Cor.1. Hence, multiplying the Diameter of.
of any Circle by 3.1416 the Produ& will be the
Circumference. Thus, let the Diameter of a Circle
be 36; then 36 multiply’d by 3.1416 will give
113.097% the Circumference of the prepos’d Circle,

Tt z." Cor,
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Cor. 2. Hence, dividing the Circumference of
a Circle by 3.1416;.the..Quotient will be the -
Diameter. So xm Circum ‘srence of a Circle ’
be 75.3984. is-divided by .g.x4
give zf%hé i)lgmetejr‘i;f the propos %.‘.u‘c .

Now' a Circlé beinga yfg P an inﬁmte
Number of Sides, ’ the ‘Stm of afl’ w'!uch fs' the
Circumference, aqd the’ erpcndiéﬁ}ar on’ any of
Lhem, thc Radxus, erco 'f‘

‘?roblem 6, TR

Given the Dlamet:er of 2 Circle, to find¥s
Area, v
Rule} Firft find the Circymference, (b
of the’ preceeding Corollariss) then qml{xply that
by half the Radxus\md the: Pt9dn&4; 1 Am
N A e S

G g,

5 7
R;quxr’d ﬂm Ar of @ Cttclé whbfc Dumeter
is 36\ c/

l

Fxr& I, ﬁnd Clrcumfcrence is 113 a6,
which mult ly'd 9 half the Radlus, gwcs
1017 878’4 e At’ea req u-'d. C

‘ ?ro&lemm, -
NI P T

The Oircumﬁ'mnee of a ercle gwen, to ﬂn&
its Area Tyt

Rule; Fmd ‘the’ Dxamctcr, by Cor 23 then
multiply the Circumference by half the Radms,
and the Pn‘odu& B the Area. 5 _
1o A
S Example. RPN

Rd}uﬂ“’d the’ Area of a Cirele, whoﬁ: Circum-
fercncc 18 75. 3984.
ff’ﬁa
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, d Gnd the Diameter to be' 24§ then

mulnplymg the Circumference 75.3984 by half -

. the-Radius,” viz! 6, the Produ& 452 3904. is the
Amrequxr\i

” _j? . .:. ?nblem 8,

B SIS BT

J To find tlw Arca of an Elhpfe

R’ule Mﬁluply the greateft Diameter iato the

eaft 5 am'i—tbg: irdglq& into 7854, and dns laﬂ:
roduct is’ th rt;a. ‘

. 1}
.- '.,:..1 . . -

L
PR Y

;e '[J ;Ex"ﬁpko .' .::.~ “ X Z’
Slippofd in the, Enlpfe ABCD the grcateq;

-(;)ng.\

I
C e eat - e . lep@f®t] cea,
FU T AT e g .“n..‘

R - e . . o, -
T T e a “ M
. !,'}, : C DR J

o -

L N
YRS « e AN e
& M SRS

-
1

."."u - n.".
PO o

¥
.'
~

o, Sy
N .'..ongiuci.‘
.

Diameter A. C ts 36 ‘and the leaft Dxamcter B D
20., Requir'd the Area of that Ellipfe. :
“Multiplying 36" inta 20, ‘the -Produ is 720,

~ which multiply'd info..7854, gives 565.4 8. thq
ﬁrei of the. proposl§ fﬁlixP e.’ .8 , S
‘.. TN ‘r ,‘ . \ \" - ’\... 3. A"
ade ol RGN R . R
sads Ly K .- K . -

o0
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2. A Sokid js that which has length, breadth

and thicknefs. . Co N
= 4 A Cube is 2 Solid.
bounded by Six_equal

* Squares. Thus the So-

lid ABCGFEHD

bounded by the fix e-

. Qual Squares ABCD,

CDFG, ADFE,

ABHE, BCGH

—and HGFE is a

Cube. - :

If the terminating Squares be fquare Inches,
then the Solid is cafl’d a Cubic Inch; if fquare
Feet, a Cubic Foot, &¢. :

5. The Solidfty’ of ‘any Body iri Inches, Feet,
&c. is the Number of Cubic Inches, Feet, &c.
the Body contains. T . v

6. A Parallelippiped is:a Solid.terminated by fix
Quadrilateral Figures, ¢f which edoh two oppofite

-~

Ve

to one another are equal and parallel, as ABCG
-FDHE. - . .

The Solidity of this Body is found by multiplying
the Length, Breadth, and Thicknefs, into one an-
other; and the Produét is that requir'd.

. " Example. Suppofe in the Parallelippiped A BC
DFGHE, the Length EF is 36 Feet, the

Breadth DF 16, and the Thicknefs F G 12 ; then .

thefe
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thefe three mul’u;iply’d into one ancther will give
6912, for the Solidity, or number of CubicFeet the
propos’d Body econtains. e

- The Area -of the Surface, or fuperficial Con-
tent of that Body, is found. by taking the Sum of
the Areas of the Quadrilateral Figures that termi-
P e in a sefangular B raildlogram ACG F,
.. 7. If in a re ar ‘Parallelogram ACGF,
ong of the Sides C:ng‘:'emaiq;ﬁx’gi,qwd the Paralel.
logram move quite round. oo '
to its ﬁrﬁPlacgi 3 th};n I-;hl?‘ | ST,

nerated Solid A QAR A el 4
' Blcalld a Cylinder, . (G~ Y s

- . The Solidity of this Bo- \</4&AANNRE a

dy is found by multipify-_ Ho D

ing the Area of one of its circular Bafes into the

Length. Thus leg the Radins A C of one of the

Bafes of the Cylinder be 6 Inches, and the Length

AF 36; then the Area of the Bafe ABDE will

be 113.0976 (by-Problem 6.) which multiply’d
ésnt.lqd.the Length 36, gives 4071.5136 for the
olidity. - ' S

.. The fuperficial Content is found by multiplying

the Circumference of one of the Bafes ito the

Length, and to the Produ&. adding the Areas of

the two Bafes. : a

"_.8. Solids that decreafe from the Bafe.grz’;dﬁ-f

- T

¢ gt Mé PN

Lally till thcy come to a Point, are in general
- call’d
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€atisd |- Pyramids; - and are of - différent Kinds, ses
ording- 4o ~the Figofe -of their Bafes.! T s 2
Pyramid, having a Trianglar Bafe; s -called’d
q'mhgyzar ‘Pyramid} as AB CH, land if ‘the: Bafe
be e -Patallelogram; ' iv's: cali’d: a: Parallelogranink
id as D EF GK, and if? Circle, it"s ¢all’d'a

Czrggd r Pyramid, or fimply a Cone, as. L M'N,

g[‘ zI’oﬁit in"whidh thé: Py‘raﬁnid ehds; is
eal{"d rthe' Porvex, “dnd a - Liine’ drdin fhom ¢
Vcrtnx pcrpexidlculan to- the' Bafe, is ci}l’d“
Height . of the Pyramid, = > o ool

he ,Solidity, . of a’ Pyramid ‘i found By multi.
p]ymo the Area of the Bafe jnto-4 the' He@gh!‘.
Thus fuppofe the’ Dx@mete&- “oftithe Bafe of a Cone
is 24 Inches, and the Height' g then’ the Ared
of 1 the: Bafe will'be 452.3 4, whick miltiply’d v
a4 “the third Part of the Heigh; gwcs 7690. 636
‘Fhesfupeificial Corivérde: of 'a -Cone’ 1 found
Eiwltilfing the: Circiinference of: the’ Bafe #to
8tadF-thie: Line: joming the ‘Vertex and any- Point iy
sliat Gircumference, and to that Produst: addmg thc
Arca of the Bafe.

- 9. It aSemidiftle: be turr'd émwound tpon
dts Diameter as-an Kxis, it wdl gencx‘atc 2 Sohd
“cali’d :4.Glide ot Sphere. - ”

The Area of .the Surface of a Globe, 1s° fodnd
by mgleplying the. Diainetér inte ‘the¢-Cifcurhfe=
renge of a great Clz%;: upon it. ThusJuppofethe

Diimeter of a Glgbe is 16 Inchesi.” then the
Ciréumference of a/.great Circle upon/ that Globe
willibe 50.2656, “which muitiply’d by 16 the
Diianketer, gives §64. 24)96 for the fu rﬁéxal Con-
tcnt Inches. -~ .

" The Solidity of . a GIobe, is found mulnplymg
the Tu}r:erﬁqal Content.by § the Digmeter. ¥ Thus
fuppofe the Diameter of a Globe is 18, then
‘the Area of the Surface will be 1017.8784 which
‘ mulnply'd by 3 gives 3053. 6352 for the Sohdxty

RO
oo 10. We
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-10, 'We hawtt {liewsplow 0 the Solidity of
a-Cone, . haxing 'the Dimeter. of the Bafe, and
the Heighy given, and: thenot we have a Mathod.
of “findings. the Selidity: 10f, :asFrufiam-of -a -Cone,

thé - Diameter. of the two Bafes and the
Heighie of the Frufam geen.: 1ot -FBD G.de-
nqtcgpmﬁmn(of'ghg e. ABD, BD the
gveare(t, a8dF G- the lealt Diametex: of the Frua
frm: ' Joii the Vcn:exdfshc Cane A, ﬁmﬂ the
Center-of the Bafe Cwih = ©
the right Line A C which ’
wilt pas'thre’ 'H the Qen-:.
ter of tholeaft Bafe of ithe’ «
Fruftum, and thro"Gdrawe <.
GF parallel to: AC, whieli' -
will be equal t6 H'Cthe ":
Height' of!-the Fruftum 5 -
then *tis-evident that B D -
willl be the difference be- -
tween thegreateftandleatt - -
Setttidiametery of the Frus -
ftum, and fince the Tri- B 91)‘ :
angles ACDand GED.
are fimilar, therefore’ (by A, 4. Sefd. 1) DE:
DC: EG:CA, i.e as the .difference. between
the greateft. and leatt Semidiamieters ‘6f the Fru-

m, is to the greateft Semidianieter, 6 is the

n%ht of “the Fruftum, ‘to the Height of the

Cone. Confequently having the Diameter
of' the Bafe, and Helght of the whole Cone we
can find its Solidity ; and from A C, the Height
of the whole Cone, taking C H the Height of
the Fruftum, we have A H the Height of the
Cone cut off, with which, and the Bafe ¥ G, which
is given, we may find the Solidity of the Eone
cut off, AFG. Confequently from the Solidity
of the whole Cone A BD taking the Solidity of
the fmall Cone A F G, there will remain the Soli-
dity of the Fruftum FBDG.

Uu ~ Exampl.

.
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Example. Suppofe the gresteft ‘Diameter, of the
Fruftum of a Cone.is 20 'and .the leaft, 12,:-and
the height 12 5 then the. difference betweeh the two
Semidiameters will be.4, and making.it as 4:x0:>

. 12 : 305 we have 30 for'the Height, of. the whole
Cone, and from 3o..taking 12, there remains 18
the Height of the leaft Cone; fo. the Solidity of.
the whole Cone is 3141.6, and thie; Solidity of
the leaft Cone is 678:5856,. the difference of thefe:

is 2463.0T1.

pos’d Fruftym.
The Su
1s found

which is the. Solidity of the- pro<

ial Content of- a F mﬁumof u Cm;

rfici

g’;ﬁdding to the.fuperficial Comtent of:

the wholg éone, twice the ‘Area  of the Bafe of
the fmall/Cone; and from thas Sum taking the fu-.
perficial :Cohtent of the fmall Cone. .

- 11.. We-have in the preceeding part of this
Book, thewn the Ufe of Plain Trigonometry in.
folving Problems of Navigation ; and now we fhall:
apply it in the following: Problems, to the Mea-

ghts of acceffable and - inacceflable

furing the Hei
Objectts.

Troble)ﬁn.x. -

To find the Height of any acceffable Objeét.
_ Let BC be the Object to be obferv’d, and from
any Point-A in the Level upon which the Object

c.

ftands, let the Angle of
Altitude CA B be ob-
ferved, and meafure the
diftance AB; theninthe
Right Angled Triangle
A % C are given thetwo

JJs”
to find BC it will -be,

Trigonomelry,

R: T, A . AB:BC.

B __ oblique Angles A and C
and ‘ti'e’Sid'e\A.B, whcncé'

by Cafe 1. of Rellangular

Example.
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Example. Supdpofe the Angle of Altitude CAB
is 37°, 24' and the Length A B 116 Feet, then
for BC it will be
+AsRadids - --. - - .- = =~ '10.00000
# to the Tang. of Altitude . - 379%,,24' 9.88341
fois AB - - - . ..-1 -~ 2,00446
tothe Hejghtof theObjet BC 88.69.- - 1.94787
. Note, In-taking the. Height of any Objeét, if’
the Eye be not in the Lievel upon which the Ob-
je&t ftands ; thento or from the Height found, you
oyt add or fubtract the dittance of the Eye from

. the Level, according as it.is placed abave or below
it, and the Sum, or Difference, is the trne Height
of the Objett. - - -

The Hegight of ‘an acceflable Obje& may alfo
be found by means of its Shadow. Thus fyppofe

LB is the Object and B A, its Shadow, caus’d

’ : . A .b/

R )
by the'Sun at S, and let D E be a Stick of a
known length, plac’d perpendicular to the Line of
‘the Shadow, anc*D ir ‘fome Point of it D, fo as the
Extremity of the Shadows of the:Qbje® and Stick
may coinCide at A. Meafure AD.and A B thg -
Lengths. of the Shadows, and then fince E D
and .C Bdre both perpendicular to A B, it
wilkbe 5 ‘as A D the’ Stick’s Shadow, isto DE
the Length iof the Stick, fois A B the Object’s
Shadgr, w0 CB the Height of the Qbjed, ~

b Uua Problem
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To find the Altitudeof the Sun by the Ldngth
of the Shadow of an .acceffable- Qb_‘c& 2. whoﬁ:

mealure is aHo known

Let CB répréfent-'a Stxck or any oorher‘ ac-
oefrabie Ob of “knowh' Lesigth; * ftsding
' peipendicular ‘to the Ho.

* rizoneal) Plaia ' A By and
lt AB bé i Shadow
-made by the Bun 2t 8, Mea- -
fure the longth of  the Sha:
dow A B, and-then i the
Right Angled Triangle A
BC are grvcn thetwondes ABand BC, whence
to find the Angle € A B, of “the Alticude of the
Sun at the time of Obfervation, it will be, by Cafe
4ih of R:ﬂ(ngular Tngonometry

AB:BC:: R:T,A.

Example. Suppofc the Snck B C is 4 Feet, and
the Shadow of it A B 3, thcn for the Sun’s Alti-
tude it will be

As the Length of the Shadow 5 - 0.69897

. isto the Lengd‘\ofthc Stick - 4 - '0.60206
fois Radius - - - - = 10.00000
to. {bc Tang, of the S\ms A-lx 38° ,,39} .90309

\ Posblenn. .

To find the Hcight and Dxﬁance of- an indc-
ccﬁ‘ablc Object. ©

" Let DE, rcprefpnt ;m macoeﬁ'ablc, O@c&, nnd
‘B a Point in. th¢ Horizenwul, Plane an which jz
ftands, and from’ w}}e;;cc we ean obfcxvx r.b,qAngl;
of Altitude D B E." At any other Poing in the. fame
Plain as'A, obferve the Anglc of Altitude D Al::;.l

. an
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-dnd: meafurelxhe Length of A B- the Diftancebe-
tween the two Stations A and B; then in the ‘Tri-
Y o . - - '( .

- - - -

s
" angle ABD having the external Angle D B E,to-

%:s thér with the internal oppofitg one A, we have
'the ‘Angle ADB (by. 4rt. 60, Sedt, 1,) and. alfp
the Side A B; whence for BD the Hypothenufe of
Jhe'right angled Triangle DBE, it will be, &
Cafe’2. of Obligue Angled Trigomometry, .
" S5, ADB:AB::5,A:BD. ;

Then in the Right Angled Triangle B'D E are
%i;cn the Hypothenufe B D and_the Obliqye

ngless whence for D E the Height of the Ob-
je&, it will be,.by Cafe 3d of Rectangular Trigo-
nemetry, AL ’
R;S, DBE::BD ;: DE.

And for BE the Diftance of ‘the Obje&t from
the neareft Station, it will be, by the fame,
v .. R1®8 BDE :: BD"-:-BE:. .
. Example. Suppofe the Angle of Alticude at B
8 43%,, 30/ and*ar A  329,, 12/ and the Diftance
-A B between the two Stations is 112 Feet ; then the
-Angle AD B will be 11°,, 18/°and the Anglé'B
D E‘will be 46%,, go’:'’ Hence for BD it will be'
v2As the Singof ADB - '11%;18/"% 9.29214
BwWAB - . 2SI ¢ o 2.0492%
iforisithie Sitleiof A *- - 329, 127°- 9.72663
goBD - - - -2 - 3046 - - 2.483%%
R Then
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Then for .D. E the Helght of ;the Ob_}c& it
m!} be. ..

As Radius - - - - xoooooo
. is to the Sine of DBE . 43 » 30’ - 9.83781
fois BD - - - . _ 3046 - - 2.48371.
toDE - - - - - 2097 - - 232152

Laﬁly, For B E the Diftance of the Obje®
from the peareft Station it w\ll be,

As Radrus - - — Ss._- - 10.00000
is to the Sine of B D E . 46°,,°30! -, 9.86056
fo sBD - -—- - 3046 - =*2.4837%
noBE -« - = - = 221 - - 234427

If the Obje& ftands upon a Rifing Ground, ‘then
'ﬁnd the Height' of the Qbje& above the Plam op

‘which"you ftand (by the lat - Problem) as alfo the

*Height of fome’ Point on the Rifing Ground néar
\the Foot of the Obje&, and this la(% HCI ht tak
from the fqrmcr wi l give’ the ;ruc chght of the
Oblc& Co ,
et S B TR i

- T—— - " P——

- SECT" XVL
OfﬁURVEYING

{r

"HE Inﬂrumcnts chldﬂy in Ufe for takmg
e Angles in the Field -are,. the Plain-Tible,
fbeadohte, ompafi, Semicirgle, &c. The Nature
-and Ufe of whigh is much eafier obtain’d by view-
dng the Infiruments thcmfelves, ‘than by:a Defcup.
tien of, them, from their Draughts upon Paper.

2. To meafure, ‘Diftances_ upon the Field, thcy
mmmonly Ufc Mr, Gunter’s Chain, which contains
22 "Yards in: Lcngth the fourth Part of :which
s 5; Yards, or 165 F cet, is call’d a Perch ot Pola;

/- pnfequmtly
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confequently a fquare Chain contains 16 fquare
Poles, and fince an Acre contains 10 fquare Chains,
therefore 160 fquare Poles “is equal to one Acre.
This Chain is commonly divided into 100 equal
Parid_.called . Links, and is fometimes. mark’d- ac
every 10 Links for the Conveniency of working
byDJccimals.,' - Ly .
P ".\;g:J' ' -,.-\\- PR,
- i Problem-1.-—— - - A
i : o o )
(T find the Diftince of any Ohje@ from 4 gi-
ven Point.: ' R i
« /Let the Obje@ be D, and the givefi Point A5
thert: lec the diftance. between A and any other
Point B (from whencewecan  *, ~ 126 @ g
fee'the Obje®) bemeafurd, A B
and ‘with a Semicircle, or
any --other propet Inftru: ":| -
ment, - take the Angles D' |
AB and ABDj{ :thenin -
thé Triangle AB D are
given the Angles"and the
' Side AB; whence ‘to find |}
thie Side A D it will be, by ._ |
Cufe 24 of Obigue -Angled DV
Trigomometry, -~ - :
e S, D:AB::S5,B:"AD.

Example. Suppofe B A is 126 Féet ;, the Anglé
A ¢8°,, 71, the Angle B 46°,; 33' and confe=
quently the Angle D 35°,, 20/ ; then for AD it
will be ! S S
. Asthe Sineof D - - 35%, 20! - 9.76218
is to the diftance AB - ~ 126 - - 2.10037'
foisthe Sineof B '- - 46°, 33! - 9.86092'
to the dift. between AandD . 158.2 - 2.19911

‘PrablerAn
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T TP I N PP T DI TS ST
To.find the-Diftarice botween two inacceffable

Qbjects. R A S SEPEN S BT L SERE UVt

~ Let the two Objects be A and B, 1o -whici we
cannet approach, being hinder’d by a River, &e.
i, §:affime in fome con-

-~ venient Place two

g s A . o Poists - €andiD,
g \ - from each.of whigh
you cadtfee the two
i -Qlgefls ¥, andh! med-
. fure_the diftance .beg
¢ . tween: them ; .then ag
D . thePoint C obferye

the Angles A°C:D and D G B,. and at /D>
obferve the Angles C:D.B amd.C D A - fa
in the Triangle ,C D B arg. given the two fnx
gles BC D ard C D B (and..canfequenily wha
Angle CB'D) and the Side. C D ; whepce
to find CBit.will bé. S, CBD.: S, CDB 3
CD : CB. Again, in the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>