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PREFACE
MNE HERE ane b many Books of Ne- ™~ =
‘ 1ion _alreﬂ S0 w2t that it may f 2112 yit=
V324 nert/ svot ublethe World with asew
cer = O B 1 ofpecsully fince foine good Mathe-
o R __scians both. at bonse and abroad, and
many who were perfei Mafters of the Practice, bave
_written o this Subjet. Thbe former of thefe being
{ “fond of ingenions Speculations, have generally been oo
prolis on the Theoryy and voo fbort on the pradical
Part. Whereas the latter bave in a great Meafure ve-
glested the Theory, and not being very [olicitous about
Language or Method, Pave delivered the pradical
Rules in fuch a Manner, as they cannot be eafily com-
prebended, and much Iefs remembred, ¢/pecially fince
there is feldon wention madeof the Reafons on which
they depend- :
But I am very far from finding Fault with all the
Buooks onthis Subjet’, for there are [ome very fullboth
on Theory and Pradice, againft which, I have 1o 0
ther Objection, but that they are too tedious 0 be
taught, and 100 dear to be purchafed by moft People.

Youth
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Youth ought to learn the Elenzents fro jﬁzrtar Trga-
01

 Sifesy and afterwards at their Evifure
zieral Syfterss in order to perfact them-
For thefe Reafonsy T bove woutured:-to publifb this

d read ge-

finail Treatifes; wherein I have made it ny chief Bus.

e[S 10 keop a -due Medium Detwiy ~che two Ex=

“tremeoy into which 11 fpecularive —friters op the one .

Hand, and the practic ' ones o~ the other are apt 0
van. I have laid down. U7 _<ufeful Rules, and trou=
bled the Reader with m.., wre of the Theory than is

seceffary to explain thets < bave alfo explained the -

principles of sdenfuration, & roeying and Gauging,and
ewsd bow phey are applic, to Pradiice, in order that
my Book might better anfwer the particular End for

wich it is_defigned, namely, the inftruion of the

y o=~ Gentlemen of My, Y V»115’s Academy.

4 for the particular < o vts of each SeGion, ths

Re 1der will frud them at “be'r. " of the Bock, and
| #herefore they need 0t be hupear. ¢ ATy

‘

=

obferve, thatr I bave defignedly omu. “reat Circle=

Sailing, as being only (peculative, and depending on
Spherical Trigonometry, which would require @
particalar Volum to explain it. There areindeed two
or three Problems meceffary in Prattice, which de-
pend on_the Refolution of Spherieal Triangles 5 but

for the Solution of thefe, I bave laid down fuch clear

«and fbort Rales that no body ean miftake the Manner
of applying thewi. g : ;
1 know, fore are of Opinion, that the Demonftra-

zions are ot 10 be cafily learnt by every Capacity, on

which account they teach the Pradice only- This

Book is therefors fo.written as to ferve for their Pur-"

pofe likewife, becanfe they may take the Rules alone
without their Rezgﬁm:. It 75 true indeed, that there
may-be great Difficalty in finding out a proper De-
monflration’s but after it is found, it is eafierto ve un-
derflood than that of which it is the Reafons and

: et  therefore
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'therefore they who are not capable of underftanding .
“th Demc’oyimt»iom,,- are much lefs eapable of wi-
Jderftanding the Praical Rules which depend om
2hent. And I am inclireditobelieve, that what is com=
weonly asrilutedtowant of Genius in the Scholar, is
“ofvow owing t- ~ant of Wethod and Perfpicuity in th-
an s
o Anpreparing this Tveatife fo the Prefs, Lown myfel)
obligedte Mr.'gS'r IRL) :,f, P IRES: (é;‘be Am;{r-n£
in Tower-Street) who 0. .15 firft feeing ny Papers,
fo far approved borh of tI. _watter they contained and
of the Ovder i which tf iy were put tcgethér, as to
think them fis to be made public with very little Alte-
sation. =
1 acknowledgeanyfelf alfo obligedto thas moft exr.r-
 Jent Book of Mr.HopesoN, entituled a Syften, of
, Mathematics, which J . "~ t0 be by far themojsa 1=
" pleas Treatife.on t”" .Sub 2%, both ' as to Théory i1d
APaGy o Apd’  is Cleafion I cannot but take o=
tice opia late - __Jery Who has accuféd bim and all
Hviters on Navigation of being guilty of a very gro/s
Evror; which is, thatthey took their Departure
=nd mcridional Diftance to be the fame. Indeed in
Plain-Sailing be took them to be the [ames andis [Fill
of the fame Opinion, wotwithftanding what bas been
* faidto the contrary. Butthat be didnot inother Cafes
takethem to be the fame will appear by the following
Pyffage of bis Book at the End of Mercator’s=Satling.
% "T'o give the Learncrall the Helpsneceffary toa
* ¢ right Underftanding of this moit ufeful Part of
¢ Sailing, I fhall endeavour (before I conclude
"€ this Part) to fet his Notions right, concerning
< Difference of Longitude, Meridional Diftance,
¢ and Departure; and let him fee, that tho” thefc
¢ arefynonymous Terms in Plain-Sailing, conftant-
<€ ly iignifying the fame thing; and in cvery Quel=
£ tion are reprefented by: the fame Right Linc‘,‘ yer
. L in

2,
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. € in the truc Sailing they are effentially different
£ one from an*ot&er; and in the fame Froblem, are,
<« agthey really fHould be, reprefented or exprefieg,
« by different Lines,and are of different Values,

. Now after veading this Paffage, L fball leave it 16>
22« Public to judge as they think fit " the Writer,

" who ewns that be ba. [een M. Hr seson’s Syftem
of Mathematics &y &. s quetin” i, and at the fame :
time affirms that bene *rs ¢ with an Author who
made any Diftinction b swen Departure and Meri=
dional Diftense.

And I bope L inoy be exc fed. for vindicating the
Author to whom I have:pr. fefled myfelf [6 much ob=
tiged, Ieft, from my Silence on this Head, it fbould be
fwypeited thar T were guilty of the fame Error; which
ésu~Zyftly laid to bis Chalge

§ 963 ;f'HE
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PRINCIPLES

NA’VIGATION

. DEFINITION.
AVIGATION is that Arf
whereby we arc enabled to car=
ry 2 Ship from onc Port to ano=
ther. : :

This Sciefice depends upon
fome Parts of the Mathematicksy

RS which muft be known defore we
cah treat of it therefore we thall firft lay dowmn
the Principles of Geometry

B | SECT.




ia Geopetrical Propofitions.

» -

{ sipe Tien .
Of fuch: Geonetrical PropofSions as are abﬁzlz‘_':t?fg

neceffary for NAVIGATiN. 3

Agrt. 1. YEOM ETRY is that Sca ace where=
¥ in w: confider the Prcvertics of

Magnitude. )

2. A Point is that which is not made up of Parts,
or which is of it felf indivifible, as A.

3. A Lirs is 2 Length without Breadth, as B—

4. The Extremities of a Linc are Points; as the
Extremities of the Line AB, are the Points A and B. .

A —B ’
3. If the Line A B be the neareft Diftance be-
tween its Fxtremes A and B, then it is call’d 2
ftrait Line, as A B in the feimer Figure ; but if

it be not the neareft Diftance, then it is called 2
— ~survesimine, as A B.

N i el

- 6. A Surface is that wbich is cénﬁdered 2s hav-
ing only Length and Breadth, but no Thickrefs,

as D,

¢

: B

7. The Terms of a Surface are Lines.
8. A plain Surface is that which lics eaually be-

tween its Extremes. 7
9- The Inclination between two Lines mecting
one another, (provided they do not make one con-
{ tinued

P
1



» the Line A B is fald to be

Geometrical Propofitions. 3

cinued Line) or the Opening between, ‘themy is cal=

led an Angle; thus the In- 1 :
clination of thc Lma AB i G
to the Line B, meeting g
one another 2. B orthe ¢ N\

Opening b .tween e ool naB
Lines A ¥ and C B, is called an Angie.

10. When the Lmes f?)lmug the Angle are right
Lmes, then it is called a right lin’d Angle, as A
if one of them be right and the other curv’d, it 1s'
called 2 ‘mix'd Angle, as B, if both_ of thcm be

' cury’d, it is called a curve-lin d Anglc2 as C.

Nfp

11. Ifaright Line AB; ¢ ll upon another DC,
fa as to incline neither to :
the one fide nor fu i 0-
ther, but make the Angles
A BN, ABC oncach fide

€Gir] tc one another, then D

perpendicular- toiue Line DC; and thc two An-
gles are called right A, Jgles.

12. An obtufe Anglt is that which is greater
than a right one, as A; and an acute Angle,
that which is lefs than a rlght one as B.

A/%

13. Ifa right Line D C be fattened at one of its
Fnds C, and the other End D,
be carru.d quite round, then thc
gpacc comprehended is called a

reles the curve Line deferibed
by the Pomnt D, is called the
Perifery or Cir cumjereme of the |
B2 - Circle ;




4 Geqmitrical P ropofitions.
* Gircle ; the fix'd Point C, is called the Center, of -

It -
" 14, The defcribing Line CD, s called the Ra-
dius, vig. any Line drawn trom th~ Center to'l.g
Circumference ; whence al' Radii oy the fame or
equal Circles are equal.

“15. Any Line drawn through the G -ater, -and,
terminated bothWays by the Circumfarence, is cal=
led a Digmicetery as BD is a Diameter of the Circle
BADE. And the Diameter divides the Circle and
Circumference into two equal Parss, and is double
/the Radjus. ~ S
16, The Circumference of every Circle is fuppo=
fed to be divided inte 360 equal Parts, called De=

rees; and each Degree is divided into 60 equal -
%’arts, called Minutes ; and each Minute into 6g
equal Parts, called Secozds; and thefe into Thirds,
Fourths, &c. thefe Parts being greater orelefs ac=
cording as the Radlus is. : £
- 17. Any Part of the Ciicumference is called an
Axcky 2= 4rc; and iscalled an 4rc of as manw De-
grees as it contains Parts of the 360, inte-whictthe
Circumference was divided: Thus if AD (in the
former Figure) be the § of the Si=nzference; then
the 4rc AD is an Arc of 75 Degrees. 5

. 18 A Line drawn from one
End of an e to the otber, is
called a Chord, and is the Mea-
fure of the Ar¢; thus the right
Line A B is the Chord of the
Are ADB. ;

19. Any Part of a Circle cut off by a Chord, is
called a Segment ; thus the Space comprehended
between the Chord A B and Circumference A DB
(which is cut off by the Chord A B) is called a
Segment.  Whence it is'plain, R

1/t




Geometrical Propofitions, %

1/, That all Chords divide the Circle into two
* Sepments. . s
" 2dly, The lefs the Thord is the more unequal
. are the Segmients; €3 contra. ‘
3dly, Whe', riie\Chord is greateft, viz. when it
is a I ameter, then the 'Segments are equal,
~viz. ¢ ich a Semicircle. |
20, AnyPatt of a Circie (Iéfs than A B
. 2 Semicitcle) contained between two
Radii and an 4yc, 18 called a Secfor
thus the Space contained between C
the two Radii, AC,BC,‘Tland the
.. Aroh AB, is called a Sector.

a21. The right Sine of any 4re, is a Line drawn
perpendicular fromoneEnd
of the Are, toa Diameter ,
drawn fhrough the other,
End of the fame Are.: *hus’
A D is the right Sine+of
the Arc A B, it being a
° Lize drawn from A, the
“ouc End of the 4rc AB, F
perpendiculai to G B, a
Diameter pafling thraugh
B, the other End of ghe
Arec AB.

* Now' the Sines ftanding on the fame Diameter
fill encreafe till they come to the Center, and then
becoming the Radius, it is plain that the Radius
E.C is the greateft poflible Sine, and for that Rea-
fon is called the whole-Sine.

Since the whole Sine E.C muft be perpendicular
to the Diameter F B (by Defs 21.) therefore produ-
cing th~ Diameter B G, the two Diamaters, F B,
E G, muft crofs one another at right Angles, and
{o the Circemference of the Cirele muft be divided
by hem into four parts EB, BG, GF, a)d F E, and

thefe

/
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' ¢hefc four parts are equal to cne anothet (by Defe_
« a1.) and fo 1. B a Quadrant. or fourth Part of the
Circumference ; therefore the Radius E C is jal-
ways the Sine of the Quadrant, or fourth Part ¢F
the Circle E B. : SRy

Sines are {aid to b: of fo many Deg. -es, as the
_Arch contains Parts of the 360, into ' vhich™he
Circumference is fuppofed to be divided; {o the
Radius being the Sme of a Quadrant, or fourth
Part of the Circomference which contains 9o De-
grees s (the fourth part of 360) therefore the Ra-
dius mutt be the Sine of 9o Degrees.

22. That Part of the Radius comprehended be-
tween the Extremity of the right Sine and the lower
End of the 4rch, viz. DB, is called the verfed Sine
of the 4rch AB. o e ;

23. If to any Point ir. the Circumference, viz. B,
there be drawn a Diameter F C B, -4 from the
point B perpendicular tu tiar Diameter, there be
drawn the Line B H ; that Line is called a Tangent
“tae-encle in the Point B, which Tangent can
touch the Circle only in one point By clfe ific—t
rouch’d-it, in more, it would go within it, and fo
ot be 2 Tangent but 2 ChorZ-(by 5. 18.)

24. The Tangent of ary Arch A B, is a right
Line drawa perpendicular Vo a Diameter through
the one End of the 47¢4 B, and terminated by.a Line
CAH, drawn from the Center through the other
FEnd A; thusBH is theTangent of the 4rch A B.

25. And the Line which terminates the Tangent,
wiz. CH, is called the Secant of the Arch A B.

26. What an 4rch wants of 2 Quadrant is called.
the Complement of that drch; thus A E, being what
the Areh A B wants of the Quadrant K B; 15 cal-
led the Complement of the Zrck A B. A

27. Aad what an Arch wants of a Semicircle is
called the S/(_pplemmkof chat Arch; thus fince A F

v r; 1S -
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 is what the 4rch A B wants of the Semicircle BAF,
it is called the Suppicment of the 4rch A B. .
" 28. The Sine, Tang-nt, &¢.. of the:=Complement
* ofany 4ieh, isralled tae Co-Sine, Cc-Tangcnt &e,
of that “Arch’ vhus the Sine, Tangent, €. of the
Areh AE " “called the Co-S'ne, Co-Tange’nt 83¢.
of the Arc /AB. * b 2
® 29. TLe Sine of the Supplement of an b is
the fame with the Sine of the 4rck itfelf, for draw=
ing them according to the Definitions, there refults
the felf fame Line. : :

30 A right lin'd ngle is meafured by an Arch)

. of a Circle defcribed np-

* on the angular Point as D
a Center is comprehended .
between the two Legs that .
farm the Angle ; thus the C/.
Angle A BD is meafurea ;
by the drcsh AD of the B :
Circle CADE that is defcribed upon the Point
Bas a Center; and the Angle 15 £aid to be of as
many Degrees as the Arch is; fo if the 4rch A D
Bt 45 Locarces, then the Augle A B D is faid to be
an Angle of 45 Degrees. :

Hence Angles are greater or lefs according as
the Aroh defcribed about the angular Point, and
terminated by the two Legs, contain a greateror
lefs Number of Degrees. j

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

then the dugles are right; A

(by the 11th) and defcri- :

bing};CircIc on the Cen- :

ter B, fince the Augles —

ABC, ABD are cqﬁal, ¢ B D

their Meafures muft be {o too, 7. e. the Arckes AC,
41D zauft be equai; but the whole CAD is a Se-

] micircle
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micircle, fince €D, a Linc pafling thfough the -
. Center B, is a2Diameter, therefore.cach of the Parts
AC, AD isa Quadrent, i.r. 90 Degreesh, fo the .
Meafure of a right 4ngle is always 0 Degrees. 4
* 32, Ifone Line A B faii any wa;.~oon anothet,_
i ) € D .then \he Sum of
N the two A les AZG
N A BD is always equal
i S e to the Sum of two right
; i Angles. For on the
point B, defcribing the Circle CAD, it is plain, |
that CAD isa Semicircle, (by 15th); but CAD
is equal to C A and A D the Meafures of the two
ugles 5 therefore the Sum of the two Angles is
equal to a Semicircley that is, to two right Augles
(by the latt). ;

Cor: 1. From whenct ‘¢ is plain; that all the /=
gles which can be made from a point in any Line,
towards one fide of the Ling, are equal to two
xight Augles.

5 "o that all the dugles which can be made
about a Point, are equal to four right ones B

53- If one Line AC crofs anethez 5 D in the
Point E, then the oppofite An-
gles arc cqual, viz. BEA to CED,
and BEC equal to AED. For
upon the point E, as a Center,
deferibing the Gircle ABCD, it

; is plain ABC is a Semicircle, as
alfo BCD (by.1 5th) therefore the Aok ABC is equal
to the Arcp BCD; and from both taking the com=
mon Areh BC, there will remein AB equal to €D,
Z.e the Augle BE A equal to the Augle CED
(by 7. 30)., Aftcr the fame Manner we may
f’;gg% thas the Azgle BEC is equal to ths _An?lg

;»

34+ L 1nes
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+ z4. Lines which are - :
$ qually diftant from A =
one another are called.
“Pgarajle] Lipesisas ABj——a 1o o
@by e e v
35. Ifalbae G H crofs twi Parallels A B, C D;

" then the ex crnal Adnugles are equal, vizi GE B e=
gual to CF H and A EG ecqual HF D. For
fince A B and CD are parallel to one another, they,
may be confideted as one broad Line, and GH
. crofling it; then the vertical or oppolite Agles
" GEB, CFH arelcqual (by'the 33d) as'alfo AEG
and HF D by the fame. ° j

36: Ifa Line G H crofs two Parallels A B, CD
then the alternate 4n= (28

gles, viz. A EF and / ‘
BEFD/'or CRE and.. ~ 5
FE EB arcequal; that = A B
1s, the Angle AEF
is equal to the Angle v A D
E F D, and the 4z~ /B -
gle CE E isequal to
the Awngre F E B, for O
GEB isequal to AEF (by the 53d.) and CFH is
equal to EF D by the fame, but GE B is equal to
CEH by the laft. Therefore AEF is equal t6.
EFD; the fame way we prove I E B equal to
HEC
" 39 If a Line GH erofs two parallel Lines AB;
CD, then the external Angle GEB is equal to the
.internal oppofite one EFD; orGEA equal to CFE:
For the Angle AEF is equal to the Angle EED by
, thelat; but AEF isequal to G EB (by the 33d)
urerefore G E B is equal to EF D 5 the fame Way |
‘we may prove A EG equal to CF E. _

S

Cas

B

Y 31. If
c :
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38. Tfa Line GH crofs two parallel Lines A B;
€D, then the Sum of the two internal dugles; wvize -

BEF and DF E, or AEF%nd CF E arc equal to

two right Angles; for fiace the A7l GEB ise-

qual to the Angle EFD (by the l2L.) to both add
the .4ngle FEB, thun G B and B F are equal
toBEFand DFE; but GEB and BEF ar~e=

qual to two  right Augles (by the 32d) therefore -
BEF and DFE are alfo equal to two right Angles. .

The fame Way we may prove that A E F and
CFE. are equal to two right Zngles.

39. A Figare is any part of Sphce bounded, by

Linesor a Line. Ifthé bounding! Lines be ftrait;

it is called a Redilineal Fignre as Aj if they be

curved, itis called a curvilineal Figure as B or C 5 -

if'they be partly curve Lines and partly firait, it
is called a mixt Figurens D.

40. The moft fimple redilineal
Kigure is that which is’bounded
by three right Lines, and is
“called a Triangle, as A.

41, Triangles are divided into different Kinds,
both with Refpec to their Sides and Zzg/es ¢ with

Refped to their Sides they are commonly divided o

into three Kinds, viz. - :
_ 42. A Triangle haying all it’s three Sides equal
to one another, is called an Equilateral Triangle, as A.

43. A Triangle having two of'it’s Sid¢s equal to

. one another, and the third Side not equal to either~

of them, is called an Ifofceles Triangle, as B.

Pasa

44. A Triangle having none of it’s Sides equal

to oné another, is called a Sealene Triangle, as C-

45~ Tri=-
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45 ’I%’iaﬁ‘g’lcs, with Refpedt to their Jygles, are
divided into three different. Kinds, viz. %
46. A Triangle having onc of it’s _dugles, right,
\is called a Right-Angled Triangle, as A.
I 47. A Triangle having one of it’s 4ugles obtufe,
’l greater than a right dugle, is called an Obsufe-

b

j
wngled-Triangle, as B.
' 48. Laftly, a T'riangle, having all it’s Angles a»
\ aute, is called an Acute-Augled Triangle, as C.
“49. In all right-angled Triangles, the Sides come
yrehending the right Jugleate cal= > —
td the Legs, and thie Side oppofite <
«l the tight Augle is called the . ke
Hypothenufe. Thus in the right
ngled Triangle ABC the right p C
Angle being the two Sides A B
id B C which comprehend the right 4igle ABC,
wre the Legs. of the Triangle, and the Side AG;
which is oppofite to the right 4ngle ABC, is the
sjpothenufe of the right-angled-Triangle ABC.
. 50. Both obtufe and acute angled Triangles arc -
n 'general called Oblique- Angled-Triangless in all
which any Side is called the E %%, and the other
iwo the Sides-, s

| C2 "
= 2 : i 51 The



12 Geometrical Propofitions. 2
« 51. The Perpendicular Height of any Trian gle

A is a Line drawn from the

- Qrtex to the Bafe per-

A RS pendiculerly; thusif the

A Triangle A B C bepr,

B—— — €  pofed, and BC be made
» it’s Bafe, then A wiiz ks

the Vertex, viz. The Augle oppofite to the Bafe;
and if from A you draw the Line A D perpendicu-
lar tg BC, then the Line AD isthe Height ofthe
'riangle ABC ftanding on B C ras it’s Bafe.
Hence all Triangles ftanding between the fam’ )
Farallels have the fame Height, fince all the Per ¢
pendiculars are equal by the Nature of Parallels. | [
A 2. A Figure hounded by
; C fojur Sides fi;s called a {,’@a(iri}_:
lateral or Quadrargular Figures
as ABDC. '

55 Quadrilateral Figures whofe oppofite Sides
are parallel, are called Parallelograms.” Thusin the
quadrilateral Figure ABDC, if the Side A G be
patallel to the Side B D 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 _Arngles right, is called a Sguare; as A.

Eligre: T.hat whi_ch hath only the oppofite Sides e-
qual and it’s . ngles right, is calleda Re&angle ;as B.
'56. That which hath equal Sides but eblique
Angles, is called 2 Rbombus, as C; and is juft an
inclin’d Square.” e

=

57. That
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" g7.'That which hath only the oppofite Sides equal,
.--and the Angles oblique, iscalled a R bomboides; as' Dy -
& +and may be conceiveddas an inclined Rect-angle.

e e

~ 5. Wheo none of2the Sides dre parallclito an-
other, then the quadriateral Figure is called a
Tt apezinin.
. 59- Every other right-lined Figure, that has
olsmore Sides than four is'in general called a Polygos-
#94nd Figares are called by particular Names ac-
== ording to the Number of their Sides, viz. One of
_V4ve Sides s called a Pentagon, of fix a Hexagon, of
licyen a Hepragon, 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
- BC, being produced towards D, the external Az-
. gle AGD is equal to both the internal oppofite
» ones taken together, wiz. to ABGC and BAC.
In order to prove this, through C draw CE parallel
to A B, then fince CE is parallel to ABand AC
crofleth them, the dugle E.CD isequal to ABG
by the 37th) and the Angle ACE cqual to CA B
%by the 36th) therefore the Augles ECD and ECA
are equal to the dngles ABC and CA Bj but the
_Angles E.CD and E.C A are together equal to the
Angle ACDy therefore the Augle A CD is equal to
both the 4ugles ABC and CAB taken together.

JE

_ 6o. In
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61. In any Triangle ABC' zll the three dngles”
. talcen together are equal to two right _4ygles. To
prove this you muft produc BC, one of it’s Legs,
to any Diftance, fyppote to D; ihen by the lait
Propofition, the extcmal'A//%Ie, AED, is eaual t
the Sum of the two internal oppolite ones’ CAB .
and A B Cy to both add~the Augle A CB, thea
the Sum of the Angles AGD and ACB will be e-
qual to the Sum of the Angles CAB and CBA
and ACB. But the Sum of the Angles ACD and
ACB, is equal to two right ones (by the 32dV
therefore the Sum of the three Angles C AB and |
CBA and A CB, is equal to two right Angles*
that is, the Sum of the three Angles of any T
angle ACBis equal to two right Angles. ]

Cor. 1. Hence in apy Triangle given, if one ox’
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
fram a Semicircle or 180 Degrees, the Remainder
will be the Sum of the other two. Thus (in the .
former Triangle A B C) if the Angle A BC be

- 40 Degrees, by taking 40 from 180 we have 140
Degrees; which is the Sum of the two Angles BAC,
ACB, the Converfe of this is alfo plain, viz. 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 betwsen
them ; confequently, any one of the oblique Angles |
being given we may find the other by {ubtracting
the given one fror1 9o Degrees, w™i<h is the Sum |
of both. 2 *

to
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62. Ifin any two:T' rianglc\s",*‘A\B C, DEF, two
)

Legs of the one, viz :
AAJg_); and & C, be e-0 A )
‘erqual ‘to two Legs in ]
mishe othir, wiz. to J
""DiEand D F; each S et
. to each refpectivel s G ¥
.e. ABto DE and ACto D F 2 and if the 4s-
gles, included between ‘the equal Legs be equal, -
viz. the Angle BAC equal to the 4igle EDE 5
then I'fay, that the remaining Leg of the one fhall
the equal to the remaining Leg of the other, viz.
;3 Cto E E and the Augles oppofite to the equal
=i egs fhall be equal, wiz. ABC equal to DEF
{ peing oppofite to the cqual Legs A C, and DF)
Llifo ACB equal to DEE (which are oppofite
to the equal Legs AB and DE) for if the Tris
angle ABC be fuppofed to be lifted up and put
upon the Triangle DEF, and the point A on the
- peint D; it is plain fince BA and DE are of e=
qual Length, the Point E will fall upon-the Point
o B; and fince the Angles BAC, EDF are equaly
the Line AC will fall upon the Line DF, and they
being of equal length, the Point.C will fall upon
the Point I, and fo the Line BC will exaétly a-
gree with the Line B F, fo the Triangle A B C will
in all Refpects be exadly equal to the Triangle
DEF; and the Aygle ABG will be equal to the
Angle bEF, alfo the Aygle ACB will be equal
to the Augle DF E. . 5 .
63. Any Augle, asBAD, at
the Circumference of a Circle
BADE, is but half the dugle
BCD at the “ater ftanding on
i, thzfame Areh BED. Tode-
& montftrate this, draw through A
. and the Center C, the right Linc
ACE, then the Augle ECD is
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equal to both_the ﬂ?{glu DAGC and ADC (by
. the 6oth); but jfice AC and CD are equal (being
two Radii of thefame Circle) it is plaingthe dngles
fubtended by them muit be equai alfo; 7. e. the
Angle CAD equal to the Augle CDA, therefore
thic Sum of them is double any one of them, 7 &
DAC and A DG is double of CA D, and therefore
ECD isalfo double of DA C; the “ame Way it
may be proved, that ECEis double of CAB, and
“therefore the Angle BCD ‘is double of the Augle
BAD, or BAD the halfof BCD which was ta
be proved. ¢ :
Cor. 1. Hence an Augle at the Circumference i’
meafured by half the 4rob it fubtends, for th I
Angle at the Center (flanding on the fame Areh) |
is meafured by the whole 4rc (by the 30th); but
dince the Angle at the Center is double that at the
Circumference, it is plain the 4ugle at the Circum-
ference muft be meafured by oaly half the 4rch
it ftands upon. Rt
B Cor. 2. Hence all Zugles at
C g the Circumferehce ofa Circle,
| ° ftanding onx lame Chord
A B are equal 0 on

" inother;
A B for by the la ;%

1

orallaty they

are all meaf l;)%hz famz
: Arc, viz. HWEthe Arc AB

which cach of them fubtends. =

Gor. 3. Hence an Angle in a Segment greater
than a Semicircle is lefs than a right Angle ; thus
if A DB be a Segment, greater than a Semicircle,
(fec the laft Figure ) then the Arch A B, on
which it ftands, muft be lefs than a Semicircle,
and the half of it/lefs than a Quad~ at or a right
Angle; bt the Angle ADB in the Segmens,

is meafured by the half of A B; therefore it is lefs .

than a right Angle. =

‘ :
: Cond.
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.Cor. 4. An Angle in a Se= .

micircleis a right Angle. For

fince ABD isa Semicilcle, the

Arch AED maft alfo be 4 Se="

micircle; bat the Angle A BD
is - mcafu,xcd oy half “the Arch
ALD, that is, by half a-Se-
micirclc or- Quadrant ; there=

fore the Angle ABD isa right one.

~ Cor. 5: Hence an Anglc ina chment lefs thad 4
B

Semicircle, as ABD, is great-
er than aaghtAnglc for fince
‘the Arch ABD is lefs than 2
Yemicircle; the Arch AED
aft be greater than a Semi-
sirele; and fo it’s half greater
than a Quadrant, 7. e. than the
Meafure of a right Angle s

.

therefore the Angle A B D which is meafurcd by
half the Arch AED is greater thana right Angle..
64: If from the €enter C of the Circle A B E;
there be let fall the Perpendicular CD on the Chord
AB; then that Perpendicular will bifet the Cliord
AB in the Point - To demonftrate this; draw
from the Center to the Extremities of the Chord the
two Lines C A, CB; then fince the Lines C A and
CB are equal, the Anglcs CAB, CBA, whith they
fubtend muft be equal alfo; but the Pcrpcndlcular
CD divides the Triangle ACB into two right-an=
gled Triangles ACD and C DB in which the Sum

of the Anglts ACD and

CAD in the one, isequal to
the Sum of the Angles DCB
and G B D in #'ie other, cach
being equal - right Angle,
(by Cors 2. of Ars: 61 ) but
CAD is equalto CBD,

thercfore ACD isequal to BCD So in the two
D :

Trianglés
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Triangles ACD and BCD, the two Legs AC and
- C D in the one are equal to che two Legs B'C and
CD in the other, vach to eack refpectively, and the |
included Angles ACD and BCD ar¢ equal ; there-
fore the remaining Legs AD and’ BD are equa
(by the 62d) and confequently-AB bifected in D. -
6. If from the Center C of a Circle ABE, there
be drewvn a Perpendicular CD on the Chord A B,
and produced till it meet'the Circle in F, then, T
fay, the Linc CF bifedts the Arch A B in the Point
F; for (fec the foregoing Figure) joining the Points
Aand F, F and B by the firait Lines AF, F B,
then in the Triangles ADE, BDF, AD is equal ¢
DB (by the laft) and DF common to both ; thereft S,
AD and DF two Legs of the Triangle ADF, aff’
equal to BD and D F two Legs of the Trianglt.
BDF, and the included Angles ADF, BDF arc
cqual, being both right , therefore (by the 62d)
the remaining Legs AF and FB are equal, but in
the fame Circle equal Lines are Chords of equal
. Arches, <herefore the Arches AF and F B are
cqual. So the whole Arch A F B is bifected in the |
Point F by the Line CF. 5
Cor. 1. From the 64th it follbws, that any Line
bifecting a Chord at right Angles is a Diameter
(if extended) for fince (by the 64th) a Line drawn
from the Center perpendicular to a Chord bifects
that Chord at right Angles, therefore converfly a |
‘Line bife¢ting 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
Arch; for (fee the foregoing Scheme) AD isthe Sine
of the Arch AF, by the Definition” <f a Sine, and
AF is ha'f the Arch AFB, and A w.If the Chord °
AB (br 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 fuppo-
fed
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{ed to be drawn thro’ the three angular Points A,
B, and D of the Triangle ABD; ‘then the Angle
DAB is meafured by Half the Arch B K D (by T

- 1. of Are. 63d)s but the half of BD, viz. BE, is the
_Sine of half the Arch BKD, vzz. T

*the Sine-of BK (by Cori 2. of ~B
the laft) which is the Meefure \
of the Ang'e BAD ; therclore A
the half of BD is the Sine of
the Angle B.A D5 the fame
Wayit may be proyed, that the S
Talf of AD is the Sine of the ) D
Angle ABD, and the half of AB is the Sine of the

~ Angle ADB,

67. The Sine, "Tangent, &¢. of any Arch is.cal-
led alfo theSine, Tangent, &¢. i -

* of the Angle whofe Meafure
the Arch is; thus becaufe
the Arch G D is the Meafure
of the Angle GCD, and fince
'GH is the Sine, DE the Tan-
gent, H D the verfed Sine, A
CE the Secant, alfo GK the
Co-Sine, BE the Co-Tangent,
and CF the Go-Secant, &96. {
of the Arch G D; then GH is called the Sine, DE
the Tangent, €9¢. of the Angle GCD whofe Mealure
is the Arch GD. ¥

68. If two equal and parallel Lines, A B and
CD, be joined by two others, AC and BDj then °
thefe fhall alfo be equal and parallel.© To demon-
ftrate this, join the two oppofite Angles A and D
with the Line A D ; then it is plain this Line AD
divides the Caadrilateral, ACDB, into two Tri-
angles, viz_ 5Dy ACD, in which AB, a Leg
of the one, is equal to DC a Leg of thic other by

- Suppofition, and AD is common to both %

Lriangles;
and fince A B is parallel to €D; the Angle BAD
» D2 i will
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will be equal to the Angle A D C, (by . 36.)
therefore in the two Triangles, B A, and A D,
~and the Angle BA D, is equil to C D and D A,
and the Angle A'D G, that 15, two Legs and

the included Angle in the one, is equal'to two .

Legs and the inzluded Augle in the guner ; (by
A

R the 62d) fo BD s equal to
A G and the Arple DA G

B, therefore the Lines B D,
=D A C are both equal and pa-

!

rallel.

is equal fo the Angle AD |

Cor. 1. Hence it is plain, that the Quadrilateral .,

ABDC is a2 Parallelogram, fince the oppofite Side:
are parallel. -

Gor. 2. In any Parallelogram the Line joining

the oppofite Angles (called the Diagonal) as A D,

diyides the Figure into two equal Parts, finee it
has been proved that the Triangles ABD, ACD
are equal to one another. :

Cor. 3. It follows alfo, that a Triangle ACD
on the fame Bafe C D, and between the fame pa=

vallels with a Parallelogram ABD C, is the half of
~that Parqllelograél] : .

_ Gor. 4. Henee it is plain, that the oppofite Sides
of a Parallelogram are equal ; for it has been pro-
ved that A BDC being a Parallelogram, A B will
be equalto CDand AC equal to BD.

69. All Parallclograms on the fame ot equal
Bafes, and between the fame Parallels, are equal
to one another; that is, if B D and GE be equal,
and the Lines B and A F be parallel, then the
Parallelograms ABDC, BDFE E, and EF R G
are equal to one another. For AC i equal to EF
each being equal to BD (by Cor. 4. of'e.3) To bo
add CF, then AR will be equal to CF. So in the

_two Triangles ABE','CD%‘; AB, aLeg of the
one, 1sequal to CD, 4 Leg in the other; and \E is
:  eqial

s
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equal to CF and the Angle BAE is equal the Anole

DCE (by the 37th); . therefore '{he(}:wo Triflr]ggles

ABE, CDFE are cqual (by the 6a2d) ; and takin

the Triaagle CKF. trom both, the Figure ABK(%

will be equal to the Figure KDFE ; to both which
“2dd the little Triangle K BD, then the Paralles

lesvam A B D C will be equal to the karallelogram

BDF E. vhe fame ‘A C 2 e
- Way it may be pro- ~“r—&L_- E F
ved, that the ‘Paral-
lelogram EEF H G is
equal to the Paralle-
logram EFDB; 6.l = L
-three Parallelograms D G H
ABDC, BDFE, and EFHG will be cqual to
one another.

Cor. Hence it is plain, that Triangles on the fame
Bafe, and between the fame Parallels, arc cqual;
fince they are the half of the Parallelograms on the
fame Bafe and between the fame Parallels,

70. In any right-angled Triangle, A BC, the
Square of the Hypothenufe BC, viz. BCMH is
cqual to the Sum of the Squares made on the two
Sides ABand A G, viz. to ABDE and ACGE.
To demonttrate this, thro’ the Point \ draw AKL
perpendicular to the Hypothenufe BC, join A Hj
AM, DC, and BG; then it is plain that DB is cqual
to BA (by the 54th), alfo BH is equal to BC (by the
{ame); {o in the two Triangles BDC, A BH the
two Legs BD and BC in the one, are equal
to the two Leps AB and BH in the other; and
* the included Angles DB G and A B H are alfo
equal ; (for DB A is equal to CBH being both
right; to bo! “add ABC, then ‘tis plain that DBC
i <qual to »v B H) theretore the Triang'es D BC,
A BH arc cqual (by the 62d), but the Trian-
gle DB C s half of the Square A BDE (by
Cor. > 5F68th) and the Triangle ABH is half the
" Parallelogram BK L H (by the fame), therefl‘;)ré_ ;
hal
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«. halfthe §qua.rc ADBE isequal to half the Parallelo-
— gram BKLH. Confequentlv the Squate ABDE. is
equal to the Parallelogram BRLH. The fame Way..
it may be proved, that the Squarc ACGE is equal
B ~ to the Parallelogram K |
Y GML, - So the Sum:
of the Sgaares A BD.F,
and ACGF - is equil to-
the Sum of the Paralle-
lograms B K L' H and
KCML; but the Sum
of thefe Parallelograms
is £qual to the Square
. BCMH, therefore the
_'Sum of the Squares ofi
AB and AC is equal to-

the Squareon'BC, . .

Cor. 1. Hence in a right-angled Triangle, the Hy- |
pothenufe and one of the Legs being given, we
may cafily find the other, by taking the Square of
the giwen Leg from the Square of the Hypothenufe,
and the Square Root of the Remainder will be |
the Leg required. . : 1

Cor. 2. Hence, the Legs in a right-angled Tri- |
angle bci,gg_;:_nvcn, we may find the Hypothenufe,
by taking the Sum of the Squares of the given Legs,

- and extracting the Square Root of that Sum.

71. If upon the Line AB there be drawn a Semi-
circle ADB, whofe Center is C, and on the Point
C there be raifed a Perpendicular to the Line A B,
wiz. CD'; then ’tis plain the Arch DB isa Quadrant,
or contains 9o Degrées ; fuppofe the Arch DB to
be divided into 9 equal Arches, each of which will
contain 10; Degrees, then on the * vint B raifing |
BE perpendicular .to the Line AB;. .. will baga |
Tangent to the Circle on the Point B, and if to |
every one of the Divifions of the Quadrant, viz. B |
10, B 20, B 30, B 40, €9¢. you draw the Sin~ Tan- |

0 8ot 4
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uadrant, by dividing into 0o equal Parts be=
%mi‘ng \‘f,‘rorr{ B, andg drawir?g -the Sine, Tanx
gent, &es to all the Archec beginning at the fame.
Point B: By this Method they d-aw the Lines of
Sines, Tangents, €3¢: ofa ¢ertain Circle on the Scile 3
for atter drawing thera o1 the Circle they take the .
Length of them, and fet t vem off in the Lin.' drawn
for that Purpofe. "The ' ame Way, by fupg 1o gtae
Radins of any Numoer of equal Parts, (< spofe
1000, OF 10,000, &i(.) *tis plain the Sine, Tangent;
€3¢. of every A.chimuft confift of fome Number of
thefe equal Pats, and by computing them in Parts
of the Radius, we hayve Tables of Sines, Tangents,
‘&8¢ to every Arch in the Quadrant, called Natural
Sines, Tangents, €. and the Logarithms of theiz
gives us Tables of Lojraritt mic Sines, Tangents, &5¢s
To underftand the.Nat: se of which, and the Me-
thod'of ufing them, yo- 1.{aft know that Logarithms
arc only artificial Numbers, contrivid to avoid
long Operations in natural N umbers, each of which
has a Logarithm belonging to it. ‘Their Nature
is fuch, thac Addition of them anfwers to Multis
plication in nataral Numbers, and Subtraction an=
fwers to Divifior/; that i% when two Numbers are
propos’d to beimultiply’d into one another, if we
take the Lee _rithms anfwering to the Numbers
and add thent together, the Sum will be the Lo=
garithm anfwering to the natural Number; which
s the Produét of the two Numbers propofed:
Again, when one Number is prépofed to be di-
vided: by ancther, if from the Logarithm of the
Dividend we fubtract the Logarithm of the Divifor,
the Remainder fhall be the Logarichm of the Quo=
tient. J 5 : ! :
Now to apply thisto Pradice: T.. et Table
at the End of this Book, contains the Logarithmsor |
all the Mumbers from 1 to 10000 ;" the Columns .
mark’d at ‘the Top with () contain the natural
; NN ooy
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J¥umbers, and the adjacent Columns contain the
/Logasithms of thefe Mumbpers:  So to find the Lo-

| aarithm eof any Intezer ‘Number between 1 and

10,000 we mufi look in tlie Columns mark’d with
NN at the Top, till we,f. d\the Number propoes’d ;
and thv' @ancing on the rm\nc Line with it on the

adiacer ~Column is the L serithm/tequired.

_ B ple. Let 1t be teqmved to find the Loga=
rithin = 13655 by looking in ~he Table according
to the above Dire@ion, I(fin it to be 2:56229
The Reverfe of this, viz. Given a Iogarithm, to
find from your Tables the nattiral N mnber anfwes
ring thereto, is pertorm’d by looking .o the Co=

- lumns mark'd with rogariia: dt Top; for that

which is either equal of \ea.ef to the one proposd,
and the Number anfwe:ing o it in the adjacent
Column is that required: F : "

_ Example. Let it be requued to find the natural
Number anfwering to the Logarithm 2.56229, by

._proceeding according to the above Dircétion I find

it to be 3652 RS
Again, if it wete required ¢o fiid the Logarithm

~ of a Mamber; having fome Decimrals in it.  In or=

der to do this, you may obferve in the Table

of Logarithms, that the Logarithr of 10 is 1,

that of 160, 25 and of 1600, 3, €3¢ .. the Lo-
garithms of all the intermediate Numbers between
1o and 109, haye 1 for the integral Part of each,
and al{o thofe between 100°and 1cco have 2 for
their integral Part, and {0 on, which are called theix
Indices. ; Y

Now becaufe any Number confifting of both In<
tegers and Decimals; is equal to the Quotient of

" the whole cor,der’d as an Integer divided by the

1 =

Manaming~ 6fthe decimal Part ; and finee by the
ITature of Loparithms, Subduétion inf them anfwers
to Divifion in other Numbers; therefore it follows;

. that when a Number is given ¢ onfitting both of Tn-

fegers
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tegers and Decimals, we'can find the L(,J‘:gaﬁathﬁ'j(\
an{wering thereto in thy fol'owing Manner - vizd |
Find the Logarithm of ‘thel whole confiderd as
an Integer; then from thiat take the Logarithm of
the Denominatot of thy/ c.‘%imal Part; or (which is
the fame) from the Index of the Logurithn ' of the
whole confidsr’d as an " sger, fubtrsct 2 umber
lefs by Unity than th< Numberiof Plice “gihie
Denominatos of the “<ration, and the Rien s fder
will be the Logarit an required. %0 .

Esxample 1. Supyofe yon were to'find the Loga-
‘rithm of 36/, to do this you moft firft look for ther
Logarith~_“af 365, which is 2456229 then becaufe
10 is the Denomi.oic- of thé/decimal Part of the
propos'dNumber, and ¥.ocho0 its Logarithm,there=
fore ftom 2.560229 ta e 1.,0000 and there semains
1.56229 the Logaritauy v quireds ;

Example 2. And torund the Logarithm of 6.543.
Firft find the Logarithm of 6543 confider'd as ad
Integer, whicl’ by the Tables you will find to
be 3.81578 thery fince 3.00000 is the Logarithm of
1000 the Denomjnator of the fractional Part, there=
fore from 3.81578 take 3.00000 and there will re-
main 0-87 578 Ahich is the Logarithm required.

 The Reve ¢ of this, vz the Logarithm of a |
- Nuamber ~~.. (ting of Integers and Dectimals: being
given to find that Number, is perform’d according
to the following Method. :

Ruiile- 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 loftly |

- divide the Number anfwering the L garithm found |
in your Fables, by a Number conliy ~~ of an-¥l-
nit, and as many Cyphers as thére are Unitsin t!z::mi
Dilference between the two Indices 5 or, which is «
the fame, cut off as may Figurcs (beginning, ¢ the:

: : “aowelt .
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oweft Vlace) of the Number anfwering to the Lo-
garithm in your Tal le, as there are Units in the

Differcnce of the Indices, and the Number laft

found will be that requirid. et

Examp/c- Suppole it s 'ere required to find the
Numb( £ anfvering to th': Logarivhm 2.7 3608,
—Tn ¢ der to do this I.l{ok in h.g Table of Lo-
garh” s (usithowr minding the *I;’,dics:s)' for that
who & ‘aécimal Part is equay o= felly equal, to
73608 the cecimal Rart of t.le . dgarithin pro-
pos'd, and I find it to be 3.2 68/ om the Index
of whicli, vz 3, Utake 2, ¢!« Ingé.  of the pro-
pos'd Logarithm, ¢nd there remains I, Fafly, 1
divide 5446, the Nu. ber amwering the Logarithm
fgund in the Tables, by 10, «7d the Quotient 544.6

' s the Number required *

‘The Reafon of this ¢ i preceding Rule, is
plain from the véry Natute of 1. Garichms,

From what has been f2id on thy| Head we may
eafily folve the following Problep 5 by the Loga-
rithms: viz. # . .

Prob. 1. Given two Numbers, {5 25.6 and 334, to
£ind the Produét of their Multiplication. = To folve

- this by the Logarithms, T firft lao." forthe Loga=

rithm of 25.6 which I find to be 1.4, R24, then for
that of 134 which 1s 2.12710; then I Laa thefe two
Logarithms togethet, and their Sum is 3.53534,
which is'the Logarithm of their Produ&; fo 1 look
in my Table for the Number anfwering to 3.53534,
and 1 find it to be 3430, which is nearly equal to
the Produ&t of 25.6 into 134. :
Again, if it were required to find the Produét of
36nro 234, 1 proceed as in the laft Example, and

the Operation s as follows:
® 226922 the Logarithm of 234
1.55030 the Logarithm of 36
4fym 3.92552 the Logari im of their Prodnd,
: / i 28, Y which,



=

[ *

48 | Geometrical Propofitions.
which, by the Table, 1 find to be 8424, rvhich i\,
the Product of the two Nuir jers propesd. -

Prob. 2. Lt it be requireq to find the Quotient
that arifes by diyiding ond\Number by another, fup-
sEssnlale Tl G R

To folve this by thi, I ogarithms, T fir™ "ook in
the Tables for the Log tichmof 828, the I 1d~—3,
which T fird {0 be 2.91803 then for t ‘aga.

 tithm of 23 £. = TV for, whiz is 1.36173 + i this

daft taken fi/ .4 t € former Logaridhm, there re-
mains r1.555 v thi Logarithm & the Quotient,
which anfw’.. 3'to 7.1 Namber f’gfd the Quotient re=
quircds e se Sk G R
Again, let it be require €0 divide 3055 by 475
by procceding accoring o the laft Fixample, the

Operatior, will be as 51~ 5:

3.48501 th = Logarithm of 3055 the Dividend,

1.67310 t e Logarithm of 47 the Divifor,
1.81201 thel i&oga{gigém of the Quotient.
o the Numbet 65 the Quotient re= %

).

which anfwets #
quired.s 7/ &
' Prob. 3.7 sree Numbers being given to find a
fourth prupo.itional to them, viz. Such as fhall have .
the fame Pyoportion to the third as the fecond has
fo the firft. T s N
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 trom
the Sum take the Logarithm ‘of the firft, and the
Remainder thall be the Logarithm of the fourth ¢

Number requir’d.

Exampls. Let the three propos'd N ... e * ’4§’

48, 66, *o which we ate to find a fourth propc ruce |
nal 5 by the preceding, Rule, the Operatse 1 willis
Rand gs ollows o of ¥ h e (

§
3.68124 7%

-

|
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§.68124 the Loga"ithm’}’ of 48 the 2d Term,
3,81y54 the Loga ,thm of 66, the 3d Term,

"3.50078 ine Logarith n(of thel Produét,
1.55f40 the Logarithn |of tthI{t’Term, 36.

Sy E the Log, of tht 4th ij] requird.

whilh) by Tooking inte the "7bld. & find anfwers
to the natural Number 88,vwhi h i “he 4th Propor..
tional to the th.ee proposd ¥ imbe s,
Again, let it be vequired t . ud 4| “urth propor-
© tional to the threc Numbers 24, 144, 1=5" by pro-
ceeding according tw <he woregoing Rule, the Ope-
ration will ftand as foll wys: 1

2.15836 the Logarit b the ad Teérm 144a
2.08091 the Logarithmot tn3d Term 523.

__4T2-482‘7 the Logarithm of ,thc;: Pro&uét,
1.38021 the Logarithm of thf aft Term 24.

. 8689—_g-_thc Log: of738,the 4. h\Number requird.

Prob. 4. 'To find the Square ofy ny Number by
Logarithms. &

Rule. Multiply the Logarithm of tu€given Num-
ber by 2, and the Product is the Logarithm of the
Square foughe.

Example- Required to find the Square of 36.
Firft T look in the Table for the Logarithm of 36,
and find it to be 1.55630, which doubled gives
3.11200 the Logarithm of theSquare fonght, which
by Infpeétion I find anfwers to the natural Number
1296 the Square of 36, viz. the Product of 36 mul-
B, gl 2

B, 5. To extract the Square Raot cfany pro-
pos afNuniber, 7. e. to find 2 Number which multi-
ply'd into iefelf; hall product the given Ni umbf:z{- /
‘ ; i



30 - Geometrical Propofitions. ;
Rule. Divide the Logarithm of the /jroposct

"> Number by 2, and the Quot: st will be the Loga~
rithm of the Square Rogt reguired. v
" Example. Required o) find the Square Root of
1296. Firft I look in tj;c dbles for the Logarithm
of 1296, -and Fird it & 3-11261, Which Tivided |
by 2 gives 1.55950 foryud Logarithm of t;  Sgrvs
Root, and the netura)/Nambegzanfwering wete
is 36 the Rt reay’ed. ; ;

If for the >, &) a;gent &e. pf,évery Degree |
and Minute 1 the Yuddradt, in thz patural Tables, |
we take the 7 ¢ gari". ‘@ agreeing to each, we fhall

have a T>.¢ of iuogarithmic [Sines, Logarithmic
Tangents, . 25 - o\ the «cond Tabie at the
' End of this Book. - : e
In which you may bfes ‘e, that each Page is di-
vided into eight Coli "~ he ﬁxrft and laft of which
is Minutes, and-+'.< intexmediate Ones contain the
Sines, Tangents and Sccants; the upper and lower
" Columns contait Degrees; the Column ‘of Minutes
on the left, Hanqy of each i’a‘g'e, ‘anfwers to the De-
grees in the top Cilumn, and the Sines, Tangerts,
and Secants, belop ging to thefe Degrees, and Minutes
arein the Colurr /mark’d at the Top with theWords,
Sine, Tangent Secant; the Column o; Minutes on
theright B /of cach Page, anfwers to the Degrees
its the Foot ofthe Page, and the Sines, Tangents, and
Seeants, anfwering to thefe Degrees and Minutes,
are in the Columas mark’d at the Bottom with the
Words, Sine, Tangent, Secant s the Degrees in the
* top Colummn ‘seginning at o, proceed to 44 where
they end, and thofe at the Foot of the Page begin
4t 89 proceed t0 45 in a decreafing Series, the I%c-_- ]
grees in the different Columns beng the Com-
plement of each other. From what h--* “en <1<
we may canly find the Sine, Tangent or Secant, -t
@ny Arch, from our Tables, by looking for t._~ gis-
ven Numberof Degryes 2t the Head or Foot ot he
/ P 'Pagé,‘\é

€
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}Page, ayeording as they are lefs or greater than 45,
Jand ‘invtﬁe propet fideColumn for the odd Minutes,

Sine, Tangent, or Secangsjand on' thelame Line
with the Minutes, we fha{l have that reguird..

- Exan t,’/" 1. Required to find the Siae of 36 deg.

g0 min. ‘A ofind this, I logke at the Hicad of the Page
; ? B 'lz % ~ud in the fideColamn, o th? left Hand,

e then below the Ward Sinr, and on the
fame Eine with 4o, I'find 9.7, 104 ~~Q:fhich is that

\

Fxample 2. Reauird the T agerc 9f 54 dég 30
min. + Vo find this} I look at thf’m Fo ‘\t\bg the {’a:éc
(becaufe the DegreetTpropedd arc greater than 45)
ior 54 deg. and i'n_thc'g% I—}and' 1ide Column for
30 mip. then in the Collimn|nark’d with Tangent
atit’s Bottom, and on ~ame Line with the 50
ain. in the fide Column,sand =o1467 3, which is
the Log-Tangent requir'd. A
_ The Reverfe of this, viz. Fh Eogarithm of 2
Sine, Tangent or Secant, being {ven to find the

Arch belonging to it, is perforfid by only look-
ing in the proper Column for theeareft Logarithm
to that proposd, and the Degra=s and Minutes
anfwering thereto Is what was requi id-

In thefe Tables the Secants mig “have been

~ wanting, becaufe all the Proportions in which the
* Sccants are concern’d may be wrought without them,

by the Sines and Tangents only, as fhall be thewn
particularly in the Solution of the feveral Cafes of
plain Trigonometry. - i :
72, The Chord, Sine Tangent, &3¢ of any Arch
in one Circle, is to the Chord, Sine, Tangent, &
of the fame Atch in another Circle, juft as the Ra=

. Ainsiof rhe one is to the Radius of the other; for

't

\ mj the greater the Radius is, the greater is

1% -
. thed” “edeferibed by that Radius, and confequent=
ity # & greater any particular Arch of that Circle &

and.
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A B is\o'the Chord a2 in the fame Proportion. . So

‘AB:2b::BCibo; the fame way we may prove |
J.all the reft to be proportionals ;

, e PN _
75. If from a Point A without a Circle DECE,
there be drawn two Lines .ADE, ABC, each of
them cutting the Cirele "~ tv5 Points; then, I fay,
the Product of the one w = \ine into its external
Part, viz. AC into AB isequal .‘? the Reétangle
of'the other Line into its external ¥ 'rt, viz. AE in-
to AD: for drawing the Lines DC, BE, ‘tis plain in
* the two Priangles ABE, ADC, the Angle AEB
a in the one is equal to the Angle ACD in the other
(by Cor. 2. of 63d), and the Angle at A is com=
mon § therefcre, R
the other Angle
- ADC is equal to  a_
the Angle ABE(by — 1~
Cor.1.0f61.) there= D \
fore the Triangle 4 L
ABE. is equi-angular to the Triangle ADC;; confes
quently AC : AR :: AD : AB by the laft, and theres=
fore AC into AB is equal to AE into AD.
76. Let ABD be a Quadrant of a Circle defcri=
bed by the Radius CD; BDiany Arch of it, and
B 7 mplement, BG or CF the Sirs, CG or
BF th o-Sine, DE the Tangent, and CE the
1Secan of thae Arch BD.  Then fince the Trian-
sles CDE., CGB are I;Tlilar, or equi-angular, it

-

will
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will be by (4rr. 74.) DE : EC: : GB : BC “ ¢. thy
Tangent of any Arch, is to rhe Secant of the famt;"
as the Sine of it is to the P dius. Alfo fince DE!
4E : EC::GB: B C, therefore by
inveiting that Proportion we
have BC DR BC: GB 7. ¢
the Secant is to the Tangent, as
the. Radius is to the'Sine o~ «ay
Lichs e 5 - =
Again; fince Jhe Triangles
CDE;, €GB arg/ fimilar, there-
G fore (by Art. i74.) it will be CD
:CE::CC., GB ‘.. asthe Radius is to the Sccant
of any atch, fo s the Co-figejof that Arch to the
Radius. And by inverting «ne Proportion we have
this, viz. Asthe S cant fany Arch is to the Ra-
dius, fo is the Radi~r~ he Co-Sine of that Arch.

Having thuf gone thro” the Theorems of Geosze-
try, that are . cefiary for the Knowledge of Nawvi-
gation ; we fhall next proceed to fome Problems that |

* are ufeful for th‘s Practice of that Art. * . y

GEOMETRICAL PROBLEMS.

Prob. R OM a Point C in a given Line A Bto

I. raife a Perpendicular to that Line.

Rule. From the Point C take the equal Diftances
-CB, CA on each Side of it. Then ftretch the
: ; ;) Compafies to any Diftance grea-

..F ¢ ter than CB or CA, and with
one Foot of them in B, fweep |
i the Arch EF with the other ;
again SWithithe G > __
and one oot in A, ccp the
A ¢- B Atch GH with the Gew v, and

the:
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thefe two Arches will, interfeét one another in the
. Point D; then join ( 2e given Points C and D with
the Line CD and that 1ball be the Pbrpcnduular W
required.

2. To divide a gwen ﬂg’at Lme AB into two
equal Parts; ‘that is, to bifedt it.

Ryle. Take any D\ﬁancc with your Comp'lﬂ’cs that
~ouare fure js greater than half the glvr A me then

,femng one Foot of them in B, L
with the other fweep theArch c
D E G5 and with the fame " [ 4

Diftance and one Foot in A, il
with the other fweep theArch | A'_-I :
CE D ; thefe two' Arches
will mtcrfecl one anoth r in
the Points G, D, which jo*~'d!
by the right me DC w1 'vfﬁ’“‘tAB in G
3. From a given Point D to ler fall a Perpendi-
cular on'a given Line AB.
" Rule. Set one Foot of the Compaﬂ"es in the Point
B, and extend the other to any Diftance greater
' than the leaft Diftance between tl'\e given Point and
and the Line, and with that
Extent fweep the Atch AEB,
cytting the Line in the two
Points A and B, then (by the
laft Problem) bifeét the Line
AB in the Point C, laftly join
C and D, and that Line Cb
the Perpendtwlar required.
4. Upon the End
B of a given right
Linc B A, to rajfc a
Pcrpcnduular
o Mmoo 0y
Extent ~pnrCom-
pafles, aua with one A
Footin B fix the o- 7
P ther in any Point C, 5
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without the given Line, then with one Point of the

Compafles in C, deferibe wit' the other, the Circle -
EBD, and thro’ E and C. draw the Diameter, ECD !
meeting the Circle in 15 join D and B, and the righe

Line DB is that requived; for EBD is a right Age

gle (by Cor- 4. of 63d).

o Anctber Way i

Upon the Point 3 as a Center, and with any Di-
ftance BA, deferil = the Circle ACD; fet oft the
I E G Radius from A tp C and
F';;{\EK ~ from C to D, then with
Sl the' fame Extent of the
Compalies, and one Foot
11 €, deferibe with the
ather Foot the Arch FG,
and with the fame Open-
ing on the Center D de-
: {cribe the Arch KH which
will cut the Former in E, then join EEB and that
fhall be the Perpendicular requird, |

 Auother Way.

From the Point B fet off with your Compaffes five
{mall equai Parts, then with the Diftance of all the
five taken in your Compaffes, fetting one Foot at
the fourth Divifion, :
2iz. in the Point 4, C .7l
with the other de- ¥ “G
{ciibe the Arch DE D
Again, Taking the °
Length of three of. .
them in your Com- MBL_y 3 —1L Ly

1) 1i e
palles, viz.B 3, and Y2l s T _eew
fetting cne Foot of them in B, with the ler de- .
{eribe the Arch FG interfc@ing the fOrmier an the
Poiat C, join €B an] that is the Line required. o
i 5 To
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. 5 To draw onc Linc parallel- to another given
Line A B, that fhall*! ¢ diftant from one another by

" any given Diftance I

£

Rule. Extend your Compafies to the given Di-
ftance D ; then fetting bne Foot of them in any
Point of the given Line ({fuppofe A)with the other
fweep the Arch FCG; again, ar the fame Extent,
and one Fuot in any other Point of the given Line
B fwecp the.Arch HD K, and Araw che Line CD
touching them, and that will by parallel to the gi-
ven Ling AB, and diftant from. it by the Line Dias
was requir’d, e e 3

o| g

o,
=

- C : .;l‘" . e, D :
+ 6. To divide a given Line AB into any Numbes
of equal Parts, fuppofe 7. / :

“ Rale. From the Point A driw any Line AD,

~making an Angle with the Linec AB, then thro’ the

Point Bdraw a Line BC parallel to AD; and from A,
with any fmall o- = - -

pening oftheCom-
pafies, fet off a
Number of cqual
Parts (on the Line
AD) lefs by one
than the propes'd
Nember (here 6)
then from B ofet
offthe fame Num-
ber ¢ he fame £
Parts . _he Line BC, laftly, join 6 and 1, 2 and 5,
3 and 4, 4 and 3, 5 and 2, 6 nd 1, and thefe Lings
will cut the given Line as requir'd.

7. To
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i : ; 7. T'n guarter a given Girs

cle, or 5 divide it into four

equal Parts. | gt

Rule Thro' the Center C
of the given Circle draw a
Diameter A B then upon the
Point C raife 3 Pernendicular
DCE to the Linc AB; ané

i thefe ewo Diamcters AB and

DE fhall quarter the Gircle. '

8. Thro’ three giv-n Points A, B, and D to draw
a2 Circle. (Nozi, the three Poirts muft not lie in
the fame drait Lint.) S

Rule. Join A and B, alfo B a.id D with the firait
Lines AB, BD, then by Prob. 2, bifect AB with the
Ling EC, alfo BD with “he Line FC, which two
o\ 7 E d ines will cut one another

e in fome Point C, that is the

Center of the Circle re-
D quired 5 then ﬁxing ene,
Point of your Compafles in
G, and ftretching the other '
to A, deferibe the Circle
ABDG, which will pafs
through the three Points

& given. The Reafon of this
is plain from Cor. 1. of _Art, 65.

. 0. Irom the Point A of the given Line A B, to :
draw another Line (fuppofe AC) that fhall make
with £ an Angle of any Number of Degrees, fup=
pofe 45. : g

Rule. Let the giren Line AB be produced, then
take off yout Seale the Length of the Chord of 60
Degrees, which is equal to the Radias of the Circle
the Scale was made for (by Art.73.) And “iting
one Foot in A, with the other fweep the £ BC;
then with your Compafles take from your Scale the
Chord of 45 Degrees, ‘and fet off that Diftance from

L

B to
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B to C. Laftly join A and C; and the Line AC is

. that requird.. For the Angle CAB, which is mea=

~in A, with the o-

fur'd by the Arch B.J, is an Angle of 45 Degrees
as was requir’d. . % : s

J
s,
.G

*,

",

3
%,

%
Cs"ﬁ e
AL — i

10. An Angle B'A C-heing given, to find how
many Degrees it containg. *

Rale. With your Compafes take the Length of®
the Chord of 6o from your Scale. Then fetting
one Foot of them | B c

ther  fweep the ¢
Arch B C, which W :
is the Archcompre- : e
hended  between ., .~ 05 D 6g b
the two Legs AB, 3
AC produc'd, if needful. Taftly, take with your

 Compaffes the Diftance BC, and applyine it to

your Line of Chords on the Scale, you'll find how
many Degrees the Arch B C contains, and"confe-
quently the Degrees of the Angle BAC which was
requird.

11. Three Lines X,Y, and Z being given, to form
a Triangle of them, but any two of thefe Lines ta-
ken to—ther, muft always be greater than the third.

Ry, Make any one of them, as X, the Bafe;

“then with your Compafies take another of them, as

2
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7., and fetting one Foot in one End of the Line
X, as B, with the other fwelp the Arch DE; and

. taking with your Compafles the Length of the ¢
ther Y, fct one Foot of them in Y, the other End
of the Line X, and with the other {fweep the Arch
FG, which will <ut the other in C; Liftly, join CA
and CB, and the Triangle CAB is that reqal’d,

10 -

X
Y
'z

{ : V.
2. To make 2 Triangle ha iag one of its Legs
of any Number of equal Parts (fappofe 160), and
one of the Angles at that Leg 50 Degrees and the
other 44 Degrees. L
Rule. Draw an indefinite Line ED, then take
off the Line of equal Parts with your Compafles 160
of them, and fet them on the indefinite Line, as
BC then (by Prod. 9.) draw BA making the An~
gle ABC of 50" Degrees, and by the fame, draw |
trom C the Line A C, making the Angle A CB of |
. 44Degrces; which two Lines will meet one another
in A, and the Triangle ABC is that required.
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/
, [ \13. Upon a given Lin AB to make a Square.
=% Rale. Upon the Ertremity A of the given Line

““AB raife a Perpendicular AC (by Prob. 4.); ]
take AC equal to ABY (s : 3)7 o
and with that Extent, fet- \
ing sne Foot of the Com= @ it Mt

afles—a <, {weep with® ) E
the other Fhot the Arch © IH
GH, then with the fame > ;
Extent and on*F( ot in B,
with the other 3 ~.pthe
Arch EF; wh o will A——sr—
meet the former ¥ “me Point D; laftly, ~join o)
and D; D and B,.ina the Figure ABDC will be
the Square requird: 9 »

14. Ona given Line AB to draw a Rhombus that
fhall have one of its Angles equal to any Number
of Degrees, fuppofe 60 Degrees: :

Rule. From the Point A of the given Line AB
draw the Line AC, making the Angle CAB of 66
Deg. (by Probi 9.); then take AC equal to AB,
and with that Extent fixing one Foot of the Com-

. paffesin B, with the other defcribe the Arch G H;

¥

S

and at the fame Extent fixing one Foot of the Com=
pafles in G, with the other deferibe the Arch EF
cutting the former in D; lafily, join CDrand D B

' and the Figure ACDB is that requir'd.

Yo el 15. Given
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A
15 Given two Lines X and Z;-of thefe two+5
make a Reétangle. ! —
Rule: Draw aLine as AB, equal in Length to o.z2
of the given Lines X, und on the Extremity A of
that Line raife a Peroendicular AC, on which take
AC equal to the other Line Z ; thei. take with your
Compafies the Length of the Line AP ani at that
FExtent fixing oae Foot of them in C,/wich the other
fweep the Arch EF; and alfo taking with your
Compalfies the Extent of the L*1e £.C, fix one Foot
of them in B, and with thee ~ fweep the A_rqh
GH, which will meet the forn in D;_ laftly join
CD 21d BD, and the Figur  (BDC will be that
requird. :

X
L
. s D
B
B

: A

16. Two Lines X and Z being given, of thefe to
form a Rhomboides that fhall have one of its Az=
gles any Number of Degrees, fuppofe 5. |

Rule. Draw: a Line AB equal in Length to one of
tue Linesas X, then draw the Line AC, making
Wi the former the Angle BAC equal to the pro-
posd, fuppofe 50 Degrees, and on that Linc take
AC equal to the given Line Z, then with your|
Compafies take the Length of AB, and fixing one.
Foot in G, fiveep the Arch EF} alfo taking the!
Length of AC and fetting one Foot in B, with thy,
other {weep the Arch GH, which will - - the for-|
mer in D then join C D and BD, fo-.he Figure
ACDB will be thzt required. : -
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¢

And thus welr _“gone tiro’ all Geomervy that
is neceflary for on ' prefent Buffhiefs;, both as to
Theory and Praétice. The next Thing we go on,
is, the Principles of Plane Trigonomerry. :

SEGYT. I

Of Plane Tr1c onoMETR v, Right and Ollique
: Aﬂgle;_z", e D

LYDLANE TRIGONOMETRY, is that Sci-
ence by which we meafure the Sides and
Angles of Plane Triangles. e

2. Since T'riangles are either right ¢ hlique-
angled ; therefore Trigonometry is commonly divi~
ded into two Kinds, viz. RedFaygular and Obligue-

angilar » and firft we fhall treat of Reétangular.

3. In any right-angled Triangle as ABC, if the
Hypothenufe be made the Radius, and with thata
Circle be defcribed on the one End A ag a Center;
then ’tis- ain that BCwill be the Sine of tle Angle
BAC (by 4rt. 21. of Secz. 1) and if with the fame

L G2 Diftance,
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& Diftance, cad on B as
B Cengir, a Cirele bewd

{cribed, ‘tis plain that-

'A C will’ be the Sine of
the Angle ABC, there-
fore, in geaeral, if <he
Hypothenufe 71 u—ight-
angled Triagdie be made
the Radius, /he two Legs’,
will be he bines of their

yofite Angles. v g
ppg'. TF in agr'igm-anglgd Trian, . DEF, one of’
the Legs, as DF, be made chr ~ adius, and on the
Extremity D a&pﬁ of the o jlique Angles, viz,
that which is form'd by the Hypothenufe and the
Leg made Radius) as a Center, a Circle be dcfcrip’d;
%tis plain, that the other Leg EF will be the Tans
gent of the Angle at D, and the Hypothenufe DE,
S 2 & will be the Secant of the {ame
Angle (by Art, 24, 25, and 67 of
Sed?. 1.). Thelame Way, making
the Leg E F the Radius, and on
the Center E defcribing a Circle,
the other Leg GF will become °

s 4| the Tangent of the Angle at I
D4 c==—iF and the Hypothenufe D E the
Seccant of the fame. : 3
¢. It has been already fhewn, at 4rt. 72. of Sed.
12 'tnec the Chord, Sine, Tangent, €3¢, of any Axchy
or Augic; m-one Circle, is proportionable to the
Chord, Sine, Tangent, €¢. of the fame Arch, in |
any other €ircle ; from which, and the two fore= |
going Articles the Solutions of the feveral Cafes of |
reétangular Trigonometry naturally follows. :
6. Since Trigonometry confifts in determining the’
‘Angles and Sides from others given, ‘ther= arife va- |
rious Cafes, which are {even in Reétanu.ar and fix
in Oblique-angular Trigonometry. v
&




\
\ %

. We fhall no proceed to the Solution of the
e\ Cafes of Redtangular Trigonome;ry. i

CASE I

fe=

. The Angles 2ud one of the “'Legs given, to find the

other Lage | - SR
. Examprs. In the Triangle ABG right-angled at
B, fuppofe tie Leg A B, 86 equal Pacts, (as Feet,
Yards, Miles, &) and the Angle A 33° 40/ re-
quird the gthe "z B G in the fame Pares with
B. E 3 :

- G ometrically.

Draw AB equal to 86, from any Line of equal
Parts, then (by Prob. 4. of Ses. v.) upon the Point
B, erect the Perpendicular s
B @; laftly from the Point
A draw the Line A C, ma-
king with A B an Angle
equal to 339, 40, ‘and that ,
. Line producd will meet BC %

in C, and {o conftitute'the 3,

Triangle. ' The Eength of =

B € may be found by taking - g

it in your Compaffes, and e
. and applying it to the fame Line of equal Pares < 3¢

AB was taken from. :

By C’al’euic;ﬁ _'071: -

Firft by making the Hypothenufe A € Radius,
the other two Legs will be the Sines of theif oppo-
fite Angles (by Zrs. 3. of this)wiz. A B the Sine of
€, and C B the Sine of A ;5 now ﬁnc&(by Art. 7%
of Sef. 1.} the Sine, Tangent; £5¢, dFany Arch in
% = one

Plans Trigonometry; 4s
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“one Circle is proportionable to the Sine, Tangent

M

i
o

£3c. of the fame Arch in any ofher Circle, *tis plr o

the Sines of the Angles- A’ and G in the Gircic de=
feribed by the Radius AC; muft be proportionable to

the Sine of the fame Atches or Angles, in the Circle,
that the fecond Table at the End of his Book was -

calculated for; fo the Froportion for£ading B C
will be

8§, CLAB S, ATBC,
iv¢. Asthe Sine of the Angle Ci 'th? Tables, is to
the Length of AB (or Sine of €& “ne Circle whofe
Radius 1s A C) > is the Sine of ¥ Angle A in‘the

‘T'ables, to the Length of BC _ “Sine of the fame *

Angle in the Circle whofe Bady sis AC).

Now the Angle A oeing 33%404 the Angle C
muft be 56¢,20! (by Art. 61. Cor. 2. Se. 1.) ; thete-
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; fwe
thall find by proceeding: according to the forcgo;in_g,
Proportion, that the required Leg BC, s 57,285

. and the Operation will ftand as follows.

‘1.95450 AB 86
“0.74380 S, A 33%40f
g I1.67530 :
©_9.92027 'S, C 56590
175803 B C 57.28

24ly; Maxinz A B the Radius, “tis plain BC, the |

Leg reguired, will-be the Fangent of the given
Angle :

tion, for finding BC,  when AB is. made the Radius,
~will be, ‘
i cn R A s N BB O

2. ¢ as tho Radius in the Tables, 1s to the Tangent

(by the 4th of this), and fo the Propor- -

of the Angle A in the fame, {0 is the Length of BA, -
X ; or



Plane Trigonometry. 4
or Radigs in the Scheme, to the Length of BC or
< angent of A in the Scheme; therefore looking in ¥
th: "Tables for the Paits given in the toregoing Pro-

portion, and pioceeding» with them acéording to
that Rale, we fhall find* BG, to be $7.28 as before,
and the Operation will be as follaws: g

98355 T A 338 or
1:93450 A B 84 f

10
100, 20 Rad. 00®

e B 57.28
Laftly, by making B.C, the Leg requir'd, the

Radius, ‘tis plainithat A B will be the Tangent of
C, and the Proportion for finding B C will be as

follows :
: T,C:R::‘AB:BC

-4 e as the Tangent of C §6°,20" 16.17648
isto Radius = - - - - 90° - 10.00000
40 is the Lengthof AB - - 86 ~ 1.93450

—_—

11.93450
210.1764%

tothe Lengthof BC - 5728 = 17582
CASE a

The Angles and one of the Lugs given, tofind the
Hyporhenafe. e
Example. In the Triangle A B C, fuppofc A B
124, and the Angle A 34°,20f; confequencly the
Angle C 55°40!requird the Hypothenufe A G, in
- the fame Patts with A B.

Gegmn‘rimlly
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Al

Geometrié’&l[}"s

This Cafe is confirucs
ted after the fame Man=
ner with the forrer, and
the Hypothenufc AC s
found by t.sing its
Length in your Compai-
{es, ard applying thatto
the. . vz Line of equal
. w~Parte wou took AB
fro~ |

By Calculation.

1/f, By making AC the Radius we fhall have the,
following Proportion for finding AC, vz
S, C:R :: AB:AC :

o s fheSineob € = 55%4ef = ©01680
‘s toRadius - - - - 90 = = I[0.00000"
fois AB = - = = - rog4 - - 2.00342
ARG o= s = o= - 2650

adly, Making AB the Radius we have this Pro=
_portion, 7z v ,
2 " R:Sec.A::AB:AC

5. ¢oac 2adius - - 90%' - = = 106.00000
is to tHe Dywmn,t OF A = 34°,%00 = - Jo.08314
foisAB - - - - 7 tat4.- =% = "2.00342
toAC - - -1 = - 500 @& e 207650

"This may be done without the Help of the Se=
cants; for dince (by Art. 76. Se. 1) R :Sec.::
Co-S.: R; therefore the former Proportion will be=

come
Co=S. A:R ::AB:AC o
é e As



Plans 'Tyi zgdnomr:try | 49

4. é: A the Co-Sine of A 34 207 6.91686
isto the Radius = = 90% & 1000000
fois AB = - - - o 324 - 2.09342,
to G =i ef = ciic. Tfeimd e = b 1h6is6

3dly, Mak;rg BC the Rad-i;:s, we have the fol-
iowmg Propormon, Vi,

& @Sec € AB: &C

4.6 as the Tanant ‘of C 55 ,40’ 10.16558
is to Sec. C A= =555 A0l 1024875
fois AB = - -124 - = 2.00342
to AC - = (—T.::r_* 1502 & - 117656

‘This likewife may ‘be done without the Hclp of
Secants, for fince (by Ars.76. Seft. 1.) T, : Sec. :
S,: R, therefore the sformer Analogy wxll b
duc’ d to this, wz :

S;C:l:: AB: AC
whcre no Secants do appear, and it coincides with
 that in the fitft Suppofition of this Cafe, o we fhall\
not repeat the Operation; :

'C'ASE 3

The ﬂzzgles and, Pfypoﬂyeimﬁ' gzwn, 20 ﬁz/' 2 ezlb:r of
t#by Legse
Example. In the Trlanglc ABC, fuppofc the Flys
pothenufe A G 146 equal Parts; and the s ngre A
308, 256 conﬁ.quem&ly tho Angle T
qulr “d thc Leg AB. : .
i

: Gmmézrfwl@

c A
Dtaw the Line A B at Pleafute; and makc the
Angle BAC equal to 36, 257 (by Lrob. 9.°8ed. 1),
‘rhcn take AQ 5‘1»3—?‘-1 to 146 from any Ling of cquedue—
12k Parts;



50 ° ‘Plave Trigonometry.

Parts; Laftly, from the Point G let {31 the Perpen-

dicular CB on the Line AP, So the Triangle is

. conftraded, and AB may be meafiired from the
Line of equal Parts. '

“ar)

By Calculation. :
iff, Making AC the Radiys, we fhall have th
following Proportion, viz, il
"R :S)C:: AC:AB
i. ¢. as Radius 90° 10.00000
is to the Sinec of C — 3%, 35! =~ 9.90565 i
fois AC 6 e 2.16435
to AB - W75 — . 2ozceod
24y, Making AB the Radius, we have the fol- |
lwine Analogy, viz. . S ol
Sec. AtR i AC:AB
i.e asthoouaht of A 36°, 25 - 10.09435
isto Radigs '—— 90 — 10166000 |
fois AG = 146 * — . 2.06435
to AB 1175 = - f-’a.o7oooé

_ This may be done without thehelp of Secants, {0.!
fince’ (by Ass. 76. Sed. 1.) Sec.: R iR €055
therefore the former Proportion may be reducd o
this, vize s . R:;A

*

.
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Sl R:Co-S, A::AC: AB ¥
- which is the fame with the Propostion in the Frft
Suppofition. z ! ‘
3dly, By fuppoting BC.the Radlus; we have the
> following Proportion, wi%. _ '
- 0 8qc. € TG AC: AB
7-¢. as the Sccant of C° 53% 257/ 10,226
- is to the Tangent of C _i;“’: %f;' 7 doa 32_1}2
doisAC - - - - - a6 - o 216435
WAB - - -.- = - 75 - 20700

e sl

. The vwo Legs being given to find the Anzies.
Example. In the Triangle ABG, (uppofe AB
94 2nd BC 56, requird the L:"ingk?gii&iand .

ol Geomeryically.

Draw AB equal to 94, from any Line of cqual
. Parts, then from the Point B raifc BC perpendicn-
lar to A B (by Prob, 4. Se. 1.) and take BC from
. the former Line of eqnal Parts
: equal to 565 Lajthy, foin the’
Points A and C with the dtraic
Line AC, fo the Ttiangle is =
. conftructed, and the Angles
¢ miay be meafur'd by Prob. 10.-
Se. 1. ,

By Caleulation.

y’;;?Sappoﬁng AB the Radlas, we have this
Anclogy, viz. , .
5 AB:BCi:R:T.A
Do teas AB ci- - 04 - = . - T.g7313
. oGt o §6 - - -2 1.74§59

.. doisthe Radiug - - 9® - - - focoooo
v tothe Tangentof A "30% 47! - = 077506
: TH2 :

24y,
o e
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‘4], Making BC the Ralius we have this Pro-
portion, vz :
o BCIBAGR:T.C

; N
Zioas PE U S0 e e 174819
istoAB =7 -7 04 - - = - 1973104
{fois the Radins -~ 00° - = =  T0.00000

fo the Tancrcnt of C 59", 137 = =Tlo.2240 0
€ AsH

" The Hyporherue, and vie tyf the Legr gweﬂ, to find
the Avgles. §
- By l/llplﬂ In the Triangle DEFE, fuppofe the
Teg DE 83, and the Hypothenule DF 126, re=
qmrd the Analcs D and F.

Geometyically.

Draw the Line D E 83, from any Line of equal
Parts, and from the Point E raife the Perpendicular |
w  BEF, then take the Length of®
DF 126, from the fume Line,
_of cqudl Parts, and fcttmg :
one Foot of your Gompafles:
in D with the other crofs the
Pcrpcndxcular BE inE; Laff-

%y, join D and ¥, fo thc Tri-

S angle is conﬁru&ed and the
S, GE Ancrlcs may be meafurcd by‘

o Dibl. 10. Sett 1.

By Calculation. : 4

.y, Making DE ¢he Radius, we have this Pro-
potrxon,)ga

DE:DE:#:R:SFE

,i' €0 28
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joe.as DE . — = 126 ———— 2‘“?&‘37
1’35 t.o DE SR L 83 e 1.9[908
{o is the Rad\{usﬁ 909 —See 16580000
to the Sine of F 2t AISaal 081871

24ly, By fuppofing DE the Radius, we have the
following Analogy, viz. : whe 1€
iy = DEDE R Sea D

,i.e.aSDE e 83 '——-— 1.01008
staDE e 2:?02_7?7?
{o is the R.Jius —— 90°
£o the Secant of D "= 489, 48/ - 1518129

This may be,done without the Help of Scéants,
for fince (by Ari. 76. Se. 1) R : Sec, :: Co-S :R;
therefore the preceding Analogy will become ihis,

Dz 4
‘ DE:DE::R:Co$D.

~ in which no Secan'ts do appear 5 and it plainly co-
incides with the Proportion deducd from the firfk
Suppofition.
CASE 6

The two Legs given to find the Hypothenafe. .
Example. In the Triangle ABD, fuppofe the Leg
AB, 64, and BD 56, requir'd the Hypothenufe.

Geometrically.
The Conftrution of this Cate is perform'd ths

fame Way as in the fourth Cafe,
+,and the Length of the Hypo-
~thenufe AB is found by taking
it in your Compafies, and ap-
plying it to the fame Line of e-
qual Parts; that the two Legs
were taken from.

I0.00000
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By Calculction.

"This Cafe being 2 Cofmpound of the 4% and 24
Cafes, we muft firft find the Angles by the 474 thus:
AB:DB::R:T, A

{ 5% , »
7 6..as the Le%AB - = 61 -« -773806:8
istothe ieg BB -~ - 56 - - w7419
fois the Radins - - - 00 = - 000000
to the Teagent of A - = 41°% 11/ - g.g1a0s

Théin.by the 24 Cafe we find *he Hypothenufe
teguir’d thus: v o
2 S,A:R::BD:AD

4. 0. as the Sincof A = 1%, 117 - 9.818¢4
is to the Radius . = = 90o% - - j10.000c0
foisthe Leg BD - - <6 - = - 174819
to the Hypothenufe' AD 8505 - - 192065

This Cafe may alfo be folv'd after the following
Manner, viz. ; il
Fromtwice the Log. of the greater Side AB 3.612 36
fubtraét the Log. of the lefier Side BD - 174819

andtereremains = - <. - - - . 1.86457
the Logarithm of 73.15 to which adding the lefler
Side BL,, we fhall have 189.1 swhofe Log. is 2.11095
towsick ad I thedLog. of the lefles Side BD 1.74819

and the Sum will ve - == = = = 38c0r2
the half of which is -.Z.- - = o= ?.93?56 .
the Logarithm of the Hypothenuft required. e |
Or it may be done by adding the Squate of the |
two Sides” together, and taking 'the Logarithm of |
_that Suri, the halt of which is the Logarithm of the |
“~Hypothennfe requird ths in the prefent Caﬁ:.’.’jrix
| The
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 the S‘qu;‘:; of the Hypothenufe 142, is = 3d016s
e . jare of the Leg BG 87, is ' = & - 7569
e Difference of themis - < - - o595~
wiwfe Logarithmis ~ = = = = - 410020

- and helf of that Logarithmis - - + 203010
which anfwers to the Natural Number 112.2 the
Leg reqnird. St

c °

1 T'hus we Have gone thro’ the feven Cafes of right<

;z_‘mglcfi 2 ¢ane Trigonometry, from which we may ob-
erve; o

1. Tiat to iad a Side; when the Angles are
given, any Siae mar-ver 1ade the Radius.

2. To find an “i.gle; one of the given Sides muft
of Neceffity be unade the Radius: .

We now proceed to the Solution of the fix Cafes
of Oblique-angled Plane Trigonometry;, in order to
which wermuft premife the following ‘Theorems.

Theore 15 In any Triangle; the Sides are pro-

fﬁo‘rti-ongf to the Sines of the oppofite Angles: T hus
in the Trianglel ABC, I fay AB:BC::S; C:S, A
and AB ¢ Aﬂ& 1S, €5 B, alfo AC iBE
S; B SR i B

Demonfirdtion: Let the Triangfe ABC be in=
ferib’'d in a Circle ; then ’tis plain, from 4rz. 66.
Seé?. 1z that the half of each Side is the Sifz c=ite.
oppofite Angle; but (by Arr. 72. Seét: 1.) the Sines
of thefe Angles in Tabular Parts, are proportional
to the Sines of the fame By
in any other Meafure; i
therefore in the Trian- 4
gle ABGC; the Sines of
the Angles will be as the
Halves of their oppofite NG
‘Sides s and fince the =F 7
Halves are as the Wholes, it follows that she Sines

. 9¢f the Angles are as their oppolite Sides, 7.2 S, C:
S5, A5 AB:BC, &0

Theor,
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Theor. 2. In any plane Triangle, as ABC #h=Surn
“oithe Sides, AB and BC is to the Differen~ ~&my
thefe Sides, as the Tangent of half the Sum nor & 1

Angles at the Bafe, viz. A and C, i§ to the 1\ gem |
of half 'the Difference nf taefe Angles.

Denzon. Produce A B, and make BH equal to BC,
join H C, and from B let fall the Perpendicular BE;
thro’ B draw BI parallel to AC, and make HE |
equal to CD, and join BF; alfo take BI equal to
B A, and draw I G parallel to BD or AC — "

Then ’tis plain that A H will be the Suny, and HI |
the Difference of the Sides A B and *.C; nd fince |
HB is equal to BC, and B®~ &rpe dicular to HC,
therefore HE is equal to .C5 ¢ d BD being pa-
rallel to ACand IGf and AB eq al to BI, there-
fore CD or HF is equal to GD, and confequently |
HG is equal to FD, and half HG is equal to half |
D or ED. Again, Since HB is equal to BC, |
and B E perpendicular to HC; therefore the Angle ¥
E BCis half the Angle HBC; but (by 47z Go.
Sed. 1.) the Angle HBC is equal to the Sum of the |
Angles A and C, confequently the Angle EBC is
=qual to half the Sum of the Angles A and C. Alfo™{
fince H B is equal to BC,, and HF equalto CD, |
and the included Angles BH F, BCD equal, it |
follows ( by Art. 62. Seé. 1.) that the Angle HBE |

<15 equat to the Angle DBC, which is equal to BCA
(by Art. 36. Sec?. 1.) and fince HBD is equal to
the Angle A (by 4rt. 37. Se. 1.) and HBF equal
to PCA; therefore FBD is the Difference, and |

EBD halfche Difference of the two Angles A and.

BCA ; fo making EB the Radius, ’tis plain ECis
the Tangent of half the Sum, and ED the Tan-
gent of half the Difference of the two Angles at
the Bafe. . Now I G being parallel to AC, the Tri- |
angles H1 G and HAC will be equiangular, confe- |

quently (by 4rz.74. Se.1.) AH:TH ::CH:GH,
‘but the Wholes are as their Halves; therefol
: AH

Eo

RS
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Tl G H r s G I s and fince 2 O |

P, and = G H equal fot ED cqual}igs ]C:EE)’J
T wo e AH:IH:t £C:ED, Now AH is the
smn nd IH the Difference of the Sides, alfo E.C
is the” Tangent of half the Sum, and B.D the Tan-
gent of haif the Difference of the two Angles at the
Bate ; confequently in any T'riangle, as the Sum of
the Sides is to their Difierence, 1o is the Tangent

"ot half the Sum of the Angles at the Bafe, to the

Taur=~" of half their Ditlerence,

Theor. 3. If to half the Sum of two Quantitics be
added half their Difference, the Sum will be the

* greater of them, and if from half their Sum be {ub-

tracted half their Difference, the Remainc=“~=11
be the leaft of them.

Demon. Let the twd Quantities be reprefented
by the Lines A Bg{g'B C ( making onc continued
Line) whereof A Bis the greater, und_BC the lef-
fer. #Bifeét the whole Line A~ in E, and make
AD equal to BC 5 then 'tis plain A C is the Sum,
and D B the Difference of the two Quantities, and
AR or E.C their half Sum, and ED or EB their
half Difference. Now if to A E we add E B, ’tis

 plain the Sum will be A B, that is, to half the Sum

v add halr the Difference, the Sum will be the
greater Quantity; alfo if from EC we take EB,
i Iz the -



6o - Plone Trigonometry,

the Remainder will be BC, that is, iffec _ ’L;I\ffhe,
Suni we take half the Differenzc of two Qua . %~
- the Remainder will be the leaft of them. §

. }51‘1 B -

Theor. 4 In any right lin'd Triangle, ABD, tbs
Bafe AD is to the Sum of the Sides AB and B 0,
s the Difference of the Sides is to the Dif, .-..ce of
the Segments of the Bafe made by the D¢ pendicu; |
lar BE, viz. the Difference betwee- «EadED.

Deron. Produce DB ti"* o {be’ y.alto BA the
Yefier Leg; and on B as a Center vith the Diftance
B A or BG defcribe the Circle AC HE, which will
cut BD and AD in the Points EH and I; then *tis
plain, GD is the Sum, and HD the Difference of
the Sides; alfo, fince A E is equal to B (by rz,
64. Sec?. 1.) therefore B D is the Difference of the
Segments of the Bafe; but (by Ars.75. Seit.1.)

' AD:GD::HD:FD; therefore the Bafe is to
. the Sum of the Sides, &0. as was to be proved, |

sy ASBRRgy,
ottt
oot Moy,
%,
%,

%
)
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CASE &
N

I My"obliq_'uc.-angléd plane Triangle;, two Sidesy |
\?’w] an Angle oppofite 0 one of themy gigen, to g
ike Angle oppofite 4o the others - R
: : Eanpley
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5 In the Triangle ABC, fuppofec AB
e76 3R C 84, and the Angle C, opﬁoﬁtcpto 3};;‘,'?/
A5 o!5 requir'd the Angle A oppafite to BC,

{
-

G_eométrécally.

Dréw the Liﬁe %C, lﬂ,ﬁg at any Peint of it, fup-

b pafe make the Angle C equal’to §6°, 30¢ (b

; 5%5.1’@,8;&. 1) - R
take :'.f‘ equal to
84 ; w00 v b the
Length(of 150 “a=
ken from thfrg e o
Lirie of equal Pa) sC s
ivithCBC)iinqur A R ¢
Compafles, fixing one Foot in B, with the other
crofs ACmn A, Lgftly, join A and B; fo the Fri=,
angle is conftructed, and the requir'd Angle A may
be meatur'd by Prop. 11, Sed. 1. ‘ M

By Cafcuzation:

By Theorerny 1. we have the following Proporty i
for finding the Angle A, wiz. o
A B G BIC ST
i.e. asthe Leg AB - - 1569 -
is to the Sine of its oppofite Angle C, i
509,200 = = < oo - = < 0.02TFF
fois the LegBC < - = 84 - - 192428
; 5 21.84539
4 2.19312
to the Sine of its opp. Angle A 267, 414 9.65227

CASEB 2, v
- ~The Augles, and o Side oppofite to one of theit, G0ty
#0 fnd a Side oppofiie to ariothiers ';‘
e Erapplad

o

R TS
w1951%
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 Bxample. In the Triangle HBG, 6"y

- Moale H 469, 15/, and the Angle B 5297 9~ "~y
fequently the Angle G 795 23/, and the Le «w” B
125, requird HG. A

G’:eorﬁ,(:L“rz'c'ally7 ;

Draw HB 125, fiom any Line of equal Par s
. W0 and make the Ang'e H /5%

; 150 and ¢B sUS % oedthcnl
produce the Li-:s/H G and
BG, till tE. ameet one anow:

© th” . the’ cvint G; fothe
. Triangle's (conftructed, and.
1ib B — =— B HG is me:fured by taking
its Length/in your Compatles, and applying it to
‘the fame Line of equal Parts that H B was taken
from, : i :

: By Calcylation.

" By the firft of the preceding Theorems, we haye!
=alis. Analogy for finding HG, wiz. i
: S,G:HB::8 B:HG.

_é.e.astheSineof G -  79°% 23! - 0.99250 ‘

——asuuthe Leg HB - 129 L 2.096971
{ois the Sincof B - - 54° 22/ - 0.90006

- to the Leg HG - - - 103.4 = = = 2,0143%

F SCASE

= Two Sides ond an Angle oppofite to ove of them.
givens 1o find the third S;'gde. e ol ks 2
_Bxample. In the Triangle K LM, fappofe the
Side KL 126 equal Parts, and KM 130 of thefe
Parts, and the Angle L (oppofite to K. 14) 639, 204 |
‘requir'd the Side M L. ' e
B Goomereically
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Geé;hetri cally. G

S ) Gcometrlcal Conftruction of this Cafe is thc j
fame with that in Cz/z 1. (thare be- , M

in the fame T ‘hings given in both) - "

and the Leg ML may be meafurd -

_bv applying it to the fame Line of © N
L

o el Parfs that the other two were g
[ etaken .. A

y szlcu[atza?z.

The Solutlon o thxs Cafe depends upon the two
preceding 5 and“firft we muft find the other two
Angles by Cz/é.1. thus;

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

7. 0. astheSxdeMK - -130- - = 211394
is to the Sine of i — = 63 5207 = 0.05116

; {0 is the SxdeKL = - s R L 0 (0037
< tothe Simeof M = - 6o°, 1/ = 9.93750 ¢

Then by Ccfe 2. we fmd the requlr d Leg ML
thus
S MR SE N

i.e. asthe Sineof L = 63, 20’ - 9.95116
‘dstoMK = - - - 130 === 2.11304
fo is thcémc of K -~ - 53,39 = - 9.90002 -
to Nt nyl - = 2.06850

- -

CASE a

Tiwo Sides and the consain'd Angle gweﬂ9 70 ﬁizd
the oikier twq Angles.

ﬁxﬂmple.
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Examples In the Triangle ACD, & ~=2 -3¢
1o, and AD 126; and the Angle A 54 5"+
quir'd the Angles € and D«

+ Geoprictrically.
Draw A D 126 equal Paits, and make the Angle |
A, 54°, 30/ thert fet 103 equal Parts from A to C: |
Lejtly, join G and D5 and fo the Triangle is ¢ a<

ftruéted, and the Angles C and D may be nie:z‘fqr’cii !

by the Line of Chords. -
. By Calculation. :
"The Solution of this Cafe depends upon the fe«
cond and third of the preceding Theorems; and
firft we-wit find the Sum and Difference of the
~Sides; and half the Sum of the unknown Angles.
Thus, g : : 0l
HeLegAD s o s ~oimod - w a0 1265
the LegACis = = = = =« - » - 103 |

theirSumis - - - - - = . o - 229

and their Differenceis = = = = - = 23

the Sum of the three Angles A,Dand C is180°

the Angle Ads - - - < . 54 30l
; o

fo the Sum of the AnglesC and Dwill be 1235, 30
and half theitSumis = - - = = 627,45/
, : z 2 ~ then
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8. The Diftance of any Place upon the Earth

from the Equator, counted in Degrdes upos.” the
Meridian, is call'd the Latitude of thit Place: and .
it is either North or South, according as it lics’upon ;
fenhe North or South Side of athe EqL‘:ltor. ;
9. Since by sthe Rotation of the Rarth about it’s
xis, every Powat upon it's Surface’ deferibes a Cir=
L {ile, “tis plain all the Points between the BEquator .
‘a1 Poles, muft deferibe Cirdles*parallel to the -
naeo < and thefe are called Puayyljoss of Latitude.
Diffevence of Latitude between two Places,
is the A<ch of 2 Meridian,. contain'd betweern the
Parallels of Latituac:palling over thefe Places,

Cor. ¥. Hence if the two Places lie both on the

fame Parallel, they will have no Difference of La-
—titude. ¥ :

Cor. 2. If the Places lie both on the fame Side of
the Equator, and on dilferent Parallels, then their
Difference of Latitude is found by taking he lefler
Latitude from the greater. 3 ;

Cor. 3. But if the Places lic on different Sides of

.the Equator, then their Difference of Latitude is
equal to the Sum of the two Latitudes.

1 1. The Complement of the Latitude of any Place,

i is that Latitude taken from 9o Begrees, or the
Diftance of the Place from the neareft Bol e

12. The Longitude of any Place upon thEEEHE,\ s
is an Arch of the Equator intercepted between the
firft Mcridian, and the Meridian paffing thro’ the
propofed Place.  Which is equal to the Anglé at
the Pole formed by the firft Meridian, and the
- Meridian of the Place. 8

15. The firft Meridian may be placed at Plea-
fure, pafling through any Place s as Loudon, Paris,
Teneriffy &c. and the Longitudes countegd from it
will be either Haft or Welt, according as they lic
en the Baft or Weft Side of that Meridian.

14. The
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_ 1.4.The Difference of Longitu de between two Places
upon. the Barth is an Arch ¢f the Equator, com-«
I prehcrfded between the two Meridians of thefe Pla-
ces: and the greateft pdffjble is 180 Degrees, viz.
when the two ﬁlaccs lie on oppofite Meridians.
15. Since bythe Motion of the Earth about b
Axis, every Poine upon ‘the Surfade deferibes th
Gircamfererice ot a Circle or 360 Degrees, in 2:
Hours time, ’tis plain in one Hour it muft defer’ 2
15 Degrees ; therefore any Place lying 1 5, D~ _retay
to the Raftward of another, has the Svn ‘apon its |
Meridian 1 Hovr fooncr than that other 5 {o-when
it is Tvelve a Clock it the Eatermott Place, it will
be but Eleven in the other. > 3
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, €9¢. alfo Dilference of Time may be
converted into Difference of Longitude, by allow=
ing 15 Degrees for every Hour, and proportionally
for other Time. Confequently by knowing the one,
we can find the other. : i
16. If we fuppofe a Plane touching the Surface
of the Earth in any Point, (upon which a Speda-
tor is ftanding?) and produced to the Heavens, it §
. will the 5 make a @ircle called the Horizon, which
feparates the Vifible from the Invifible Part of the
Heavens. This Horizon is properly the fenfible
Horizon 5 the trae ot rational Horizon 18 a great Cir-
cle parallel to the fenfible, and paffing through the
Center of the Earth, which divides the Heayens |
and Earth into two Halves, called the Upper and
Lower Hemifpheres. Sk
17. Thefe two Horizons, when produced to the
Heavens, may, without any fentible Error, be fup- -
pofed to coincide the Diftance between them, or
the Earth’s Semidiameter, vanifthing ~hen compa-
red with fach a Diftance, |
8, Since .
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8. Since the Earth moves round its Axis from
‘Wett to Eaft, ’tis plain a Speétator upon ‘its.Sur-
face, together with his Horizon, muit moy< the
fame Way ; confequently thefc Celeftial Bodies to-

» ~vards the Eaft, that were before inconfpicuous, will
| br come vifible, the Horizon being deprefled S
| them; and the™ towards: the Wef, that were be-
| forein View, will become inyifible, the Horizon

L'ing elevated aboye them. And hence arifes the
apy_tent Motion of all the Heavenly Bodics, by

* which they appear to defcribe Circles round the

, Poles, perallel to the Celeftial Equator, which are

grcater or lefs, 3cc~~ding 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 Side of the Horizon,
it is then faid to R#e; and when by its apparent
Motion it comes to the Meridian, it is then faid to
Culminate » And laffly, when it begins to difappear,
ot is upon the Weftern Side of the Horizon, it is
then faid to Sez:

23. If through the Center of the Harch there be
drawn « Line perpendicular to the Plane of the Ho-
rizon, and produc’d to the Heavens, it will thera
mark out two Points ; the one, which is directly

" over our Heads, is call'd the Zenith; and the op-
pofite Point thereto, which is iavifible to -
 dire@ly under our Fect, is call'd the Nadir.

21. Vertical or Azimuth Cireles are great Circles
pafling through the Zenith and Nadir, and curting
the Horizon at Right Angles. Among the Vertical
Circles there are two principal oncs, vz, the Me-
ridicn, which paffes thro’ the Zenith, Nadir, and
Poles, and cats both the Equator and Horizon at

_ Right Angles; the Points in which it cuts the Ho-
tizon are the South and North Points3 and the
other princival Vertical, call'd the Prime-Versicaly
3s that which cuts the Meridian at Right Anglcs(i

- an
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and meets the Horizon in two nppofite Points, cal’'d

the ®aft and Weft Points. ¢ iy
22, Leffer Cigcles, parallel to the Horizon, are

 calld Aimicanthérs, or Parallels of Altitude.  And

thefe continually decreafe, the nearer they are r
the Zenith. » y
24. The Ajtitude, or Depreflion f any Heaven
Body, above or below the Horizon, is an Arch e,
a Vertical Circle, lnt::rcgtptcd between the Horizra »
nd Center of the Object. |
- 25 7Ehe Zeﬂitb-[)g‘/liame of any Heavenly Objed, |
is that Arch of the Vertical Circlg paffing thro’ it, 4
intercapted between the Center of the Object and
the Zenith, which is alwaystthe Complement of the
Altitude. : ‘
26. Let the Circle AHN O reprefent the Earth,
projeéted on the Plane of fome Meridian, A fome |
Place upon that Meridian; draw the Diameter HO
at a Quadrant, or 9o Degrees, Diftance from Aj |
then HO will reprefent the Horizon of the Place AL
(by Art. 16..0f this). Let P and p be the two
Poles; confequently Pp, the Axis of the Earth, |
and the Diameter B Q_at Right Angles with that,
will reprefent the Equator, (by 4r. 5.9 make Pz |
equal to PA, and draw the Circle Az parallel t
the Eq—tor EQ , .and this will be the Parallel of
Liatitade the Place A lies on. The Arch AE will,
be the Latitude of the Place A, and A P, the Com-
plement of its Latitude (by 7. 8. and 11.) the
Poiut in the Heavens direétly above A will be the
Zenith, and that directly above N will be the Na-
dir of the Place A (by Arz. 20.) the great Gircle
ACN will be the Prime Vertical, (by rz. 21.)and |
the Points H and O will be the South and North
Points, and C will reprefent the Haft and . Wef
Points in the Horizon of A. Let S be any Heaven-
Iy Objeét, and A SN a Vertical or A imuth Circle
palling thro’ the Center of the Objeét; alfo XS its
_ Yarallel

]
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Parallel of Altitude ;- then SG will be the Altitude
ani SA the Zenith Diftance of the Objeét' S {by
Art. 24. and 28.). Again, let any other Place upon

S

the Barth be affum’d, as B, and its Meridian will
" be PBp, and its Parallel of Latitude DB4; then
the Latitude of B will be BE or DE,cand
. Complemgnt of its Latitude will be BP or DP.
Alfo thr;%iﬁ'ercnce of Latitude between the two
Places A and B, willbe BL or DA ( by 4rt. 10.).
. If the Meridian pafling through A, be fupposd the
firft Meridian, then the Longitude of B will be EF
(by Are. 12.) but if the Meridian of A be not {up-
pos'd the firft Meridian, then the Difference of Lon-
gitude between the two Places A and B will be £ I
( by 4rt. 14.) ) v :
27. The Syftem of the Univerfe ( according to
the lateft Afironomers ) is I?s follows, wiz. The 557
g % is
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plac’d in the Center of the Sun, will be in the Plane
of each of their Orbs, and will there view the Pla=
nets performing, their feyeral Periods round him, -
from Weft to Eaft, according to the Order of the
Letters ABCD, (in the annex’d Scheme ) and in
different Tinis, vrz. Mercury 5, which is neareft
the Sun, movesiround his Orb i.n‘BZ Days ; Venus 9, "
. which is next'to Mercury, pérforms her Period in
224 Days and 17 Hours, or about 8 Months. The
Planet which is third in Order from the Sun, is our
Barth e, which performs its Cireuit’in 365 Days,
5 Hours, and 49 Minutes,'or a Year. - Next to the
Farth is Mars &, who moves round his Orb in 686
Days and 23 Heurs, or a little lefs than 2 Years.
Then Fupiter 32, whofe Orb is vaftly extended be-
yond that of Mars, performs his Circuit in 4322
Days, 12 Hours, which is about 12 Years. And
laftly, Satuyn B, who is further diftant from the
Sun, completes his Revolution in 10759 Days and

Hours, which is fomething lefs than 30 Years.

heir Diftances from the Sun exprefsd in the
Sche=¢, are nearly proportional to their true Di- -
ftance in the Heavens.
" 28. Three of the Planets, vizt Mars, Fupiter,

I and Saturn, whofe Orbs are beyond that of the

Harth, are called fuperior Planets ; ata the two,
Planets, Venus and Mercury, whofe Orbs are between
the Earth’s Orb and the Sun, are called the énferior
Planets. ‘ i

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
refpeétive Primaries in their Revolutions about the
Sun, and at the fame Time they are conftantly
moving about them ; the Earth has oney vsz. the
e W b Moo,
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Mooz, whicli attends it in its Anaual Revolution
about the Sun, and at the fam2 Time moves rouad:
.it as @ Center, in about 27 Days, and 7 Hours.
Fupiter has four Satellites attending him, which are’
at different Diftances {rom him, and movz }‘ound
him in different "T'imes, wiz. that which is inner-
# moft or neareft his Body, revolies 'in 1 Day
18 Hours ; the next! deferibes its Oroit in 3 Days
and 13 Hours ; the taird moves round in 7 Days
and 3 Hours'; and that which is fartheft from Fu-
piter's Body, petforms its Circuit in 16 Days and
18 Hours. Saza®n has {'ve Satcllites moving round
him as a Center, which ate at different Diftances
trom: his Body, and perform their Revolutions in
different Times, v¢z. the firft or ncareft to him,
petforms its Circuit in 1 Day, 21 Hours; the fe-
eond in 2 Days, 17 Hours; the third, in 4 Days
13 Hours; the fourth, in 15 Days, 22 Hoars; and
the fifth, or the moft remote from the Body of
Saturn, completes. its Revolution in 79 Days and |

Hours. &

50. The fix’d Stars are fupposd to be of the fame
Matter with the Sun, and made for the fame Finds,
wiz. each of them the Center of its own proper
Syftem, having Planets moving round it as our |
“Sun has.— 2

~ 31. Haying given a curfory View of the Syflem
the Univerfe, we fhall now confider the Motion

of the Earth, a little more particularly. Let S
reprefent the Sun in the Center, A BCD the ?rbit
of the Earth, and ¥ % = 9 the Heaven of the
fix’d Stars; then if the Obferver be fuppos'd to be
plac’ddin the Sun at S, ’tis plain, when the Earth
is'in the Point A of its Orbit, it will appear to be
at the fix'd Star ¥, and while in moving from Weft
10 Ea‘lt_? it goes from the Point A of its Orbit to
B, it will appear to the Obferver at S to pafs by
the

e,
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habitant of the Earth will appear to pafs over the .

fame fix’'d Stars, and towards the fame Part ~f the
Heavens, i. ¢. from Weft to Haff, as the Ea th ap-
pear’d to an Obferver in the Sun. - L.

32. Hence arifes the apparent Motion of fae Sun
from Weft to Eaft. 1So that if any fix'd Star be
obferv’d to rife withfthe Sun, fome Jays after, the
Sun will haye mov’d\ more Fafterly, ind the Star
will rife before the St n, and alfo fet oetore it : Alfo
if a Star, in ¢ r near the Path which the Sun appears
to defcribe in his Antwual Motion, and at fome
Diftance from the Sun, e obferv’d above the Horis
zon after Sun-fet, it will fome Time after that ap=
"pear to fet with the Sun, and for a while wiil not
.be vifible at Night. o

33. The fame Way the Sun will appear to an
Obferver in any of the other Planets to move from

. Wett 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, appears to defcribe, is called cue B='
oliptic, and ic is divided into twelve equal Parts,

called Signs, each containing 30 Degrees, viz. the |
% of 360, The Names and Characters by which

thefe Signs are ufually exprefs'd, are as follows.

% o

v e I ®
Aries, Tansus, Gemini, Cancer, Leo, Virgo, Libia,

"o L= Ry e x
Seorpio, Szzgzt-tm'm.r, Caprivornus, Aguarius, Pifces,

35- Since the Earth is a Spherical Body expofed
to the Rays of the Sun, ’tis plain, half of its Body
muft be enlightned, while the other Half is in
Darknets ; and if there be a Line drawn from the

Center
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ter &.f the Sun to thot of the Earth, and.a plane
Perpendicular to thattLine pafling through the Cen=
ter of the Earth 5 then this Plane will cat the’Barth |
1n 2 ghzat Circle, which il fCFarate the enlightned
from ths darkned Hemifphert 5 and this Circle is
called the Termiznator of Lightrand Darknefs upon
the Earth. Sandlieis e .

56. If the } ke of the Farth’s Fquator lay in the

© Plane of the [icliptic, and corllequently the Earth’s

Axis were perpendicular to.he Helipiic, then the
Terminator of Light and Da zncfs woutd be a Me-=
ridian; for let the Circle\ PE pQ reprefent the
Farth, P and p ies two Poles;, EQ. the Equator;
G the Center of the Earth, and S the Sun lying
in the fame Plane with EQ 3 then, by the laft Ar=
ticle, the Zerminator muit be perpendicular to SC;
and confequently, in this Cafe; to the Plane 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 Pp. And
fince. all Meridians bife¢t the Equatar (by 4rz. 4.
“Cor. 2. of this) they muft alfo bifeét its Parallels;

o

fros =

a

eonfequently*the Tersminator, which is here 3 Meti=

dian, muft bifect the Equator and all its: Parallels 3

e M Y fo
\

¢ &
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fo the HRalf of each Parallel thuft be always fens
lightned, and the other Half irf Dark_lcfs; -fmr'(/ fince
by the Motion of the Earth about. its Axis, Every
Point upcn its Surfaca, except thg Pol;s, det rribes
a Circle parallel to thf Equator; it plainly Zollows,
that if the Plane of "= ;(}iquator lay in the Plane
of the Ecliptic, every Point upon { ae Zarth’s Sur-
fuce, except the twe Poles, would Lave the Sun
as long abov : its Horizon as below it, and fo
there would ‘be 2 cott *.at Equality of Day and
Night, wiz. 12 Houars =ach; and the two Poles
would have the Sun conftantly moving round their
Horizon. S
37. The Axis of the Earth is obferv’d to be in-
clin’d to the Plane of the Edliptic at an Angle
of about 663 Degrees, and confequently the Plane
of the Equator muft be inclin'd to the Eecliptic,
at an Angle of 237 Degrees, viz. the Complement
of the former. Alfo the Axis of the Earth in its
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 F--th’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 Years, j

g

e P

‘Time the Difference is infenfible ). And this muft
ficcefiarily hanpen, if the Earth had no otkzr Mo-
. tion’ - |
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tion but a progreflire one in its Orbit, and a Rota-
tionabout its Axi.. For fuppofe any Spherical -
Body, as PE»Q , whofe Center moves along the. -
Line(:& B and while in'A, let any Diameter of it,
as Pp, be aflum'd, inclin’d iny Way to the Line
AB; then 'tis plain, if the Fody had no other but
the progr fivi. Motion,” when. it hes eome to ‘B,
the Diamets ¢ (P p will fill be 'parallel to its former
Situation, v hile in the Poirit A ; 2nd if the fame
Body be fu’ pos'd alto tow yve rounl its Axis Pp,
‘tis plain, all Parts of it' would cotfequently be
“changing their Situations, except the Axis which
is no Way affecied by the Rotation, and confe-
quently the Axis muft always keep parallel to the
{ame Right Line, ; : .

38. Since the Plane of the Equator is inclin’d to
the Plane of the Hcliptic, therefore they muft in-
terfect one another in a Right Line paffing thro’
the Centers of the Earth and Sun, and fo the Plane
of ‘the Ecliptic muft cut the Earth in 2, greac
Cirele, which will be inclin’d to the Equator at
. an-Angle of 23% Degrees, and this will mark out
upon the Farth’s Surface, the Path of the Sun in
his Annual Motion ; the Line in which the Equa-
tor interfects the Eeliptic, muft always be parallel
to the fame Liney whatever Point of the Orb the
Harth be in; for fince (( by the laft #r#.) the Earth’s
Axis always preferves a Parallelifin, 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. : ¥ e

39: If through the Center of the Sun there be
drawn a Line perpendicular to the Planc of the
Heliptic; then this Line is called the Axis of the
Loliptic 5 and the two oppufite Points in, which the
Axis meets the Heavens, are called the Poles of the
Edliptic. '

M 2 1 o Tha
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T o. That great Circle in thefHecavens wl_ﬁgh v ﬁ'es
'th:‘o’ the Po%cs of the World and tije Pointr of in-
< terfeftion, of the Ecliptic and Equator, is [called
the Equisactial Colurey And that grezt Circle which

is at Right Angles with the former, and pafies thro’ -

the Poles of the Edli ¢ and Woill,is called the
gﬁﬁzial Coltire.  &)le four Points fin’ vhich thefe
" Colures cut the Eci'ptic, are ca}lc:@ the Cardinal
Poings. The's two in which the Ecui) octial Colure
“meets the Buliptic, at > -alled Eqazns Jial .q,)a_”’”_i
becaufe (as fhall be ih ‘“n’) when' the Sun is in ei-
ther of them there is an: Equality of Day and Night
to the [nhabitants ofrhefarth; and the two Points
in which the Salftitiak Colure cuts the Ecliptic, are

called the Soiftitial Points ; becaufe when the Sun

comes to either of thefe Points, he is then at his

‘greateft Diftance from the Hquator, an*d is begin-

ning to return to it again, ; :
" 41. To explain the Ph2nomena, or Appearances
‘that atife from the Earth’s Annual Motion about the
“Sun: Suppofe’ ¥8 vV % = the Earth’s Orbit, and S
the Sun; through S draw the Right Line =S %,
arallel to the commeon Line of Interfection, ofthe
%cliptic”an'd Equator, and meeting the Ecliptic
in the two Points ¥ and = ; alfo thro® S draw the
~Line ¥ S & perpendicular to the former; then

’tis plain, when the Farth is in the Point = of its |

Orb, the Line S =, joining the Centers of the Sun
and Earth, will coincide with the common Inter-

feétion of the Eecliptic and Equator, and fo lic in |

the Plane of the Equator, and confequently be per-

pendicular to the Earth’s Axis; and fince ( by 4rt. .

35.) this Line is alfo perpendicular to the Termina-

" 7oz of Light and Darknefs, *tis plain that the Axis |

of the Ea-th will lie in the Plane of the Zernminator,
which therefore muft pafs thro’ the two Poles, and
{o be 2 Meridian ; alfo the Sun will appear in the

E

oppofite. Point of the Orbit at ¥, wiz. in the Ling

=9
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5= 6, aroduc’d, that i, in the Planc of the Equator;
ard ¢ nfequen ly by his apparent daily Motion, he
will'd feribe the Celeftial Equator. And fince in
this Si fpation ' f the Earth, the Terminatop of Lighe
and Dasknefs is a Meridian, iv will bifeét the Equa-
tor and its~ wallels; confec= ntly the Half of cach
Parallel wii. be 'n the enlighitn :d Herifphere, and
the other H 1{/in the darkn/d; 4nd every Point
upon the S face of the Eaith, defcribing, by its
daily Motic ., either the ¥ guator ot fome of its .
Parallels 5 it plainly follow ., that wh'n the Earch
~ isin the Point = of its O.b, each Place upon its,
Surface, will be as long in the enlightned Hemi-
{phere as in the dorkned, 7. ¢. there will be an Equa-
lity of Night and Day (viz. 12 Hours cach) over
all the Farch, except at the two Poles, where the
Sun will appear to deferibe the Horizon of each,
2i%. the Hquator. e
The Earth, by its Annual Motion being carried
“along the Signs m 2, the Line of Interfeétion of
the Ecliptick and Equator remaining always paral-
“lel #~itfelf; it cannot now be direfled towards the
Sun; but when the Earth is in the fivft Point of Vs,
it muft make, with the Line S ¥, joining the Cen-
ters of the Fagth and Sun, a Right Angle. And
fince the Line S ¥ is not in the Plane of the Equa-
tor, but of the Ecliptic, the Angle B %S, that
the Axis of the Earth AB makes with S vs, will
be acute, equal to 661 Degrees, wiz. the Inclina-
tion of the Axis of the Earth to the Ecliptic.
Thro' the Center of the Farth ¥, draw the Circle
I’ L, perpendicular to S ¥s, and this will be the
_ Ferminator of Light and Darknefs, (by 4rs. 35.)
and the Arch B L will be 231 Degrees, viz. the
Complement of TB. Thro' the Center, ¥8, drave
the Circle Q F. perpendicular to the Axis A B, and
this will be vhe Equator; then, fince the Arch EB
is equal to the Arch T L, ( being cach a( ugdrang)
! i A DY:
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ArchNEM equal to BT, and thro’ the Paints T
and MM raw tho Circles TC, M N parallel to.the
Equato ; then “tis plain, that when the Earta is in
the Poict VS ofits Orbis, the Sun will be perpen-
dicular ‘vo the Joint T, diftai ¢ from the Equator
EQ, tows ..the North Pole B, 232 Degrees;
_ “which is his!,veateft Declinatioij-North. The Pa-
“ rallel TC is!4d/led the Tropid/ of Cander, and the
Circle in the " Ieavens concentric® with, this, which
the Sun appe. .5 to deferib~-a’ ‘that Tiine, is called
the Celeftzal Tropic of Canc' 5 becaufd the Sua at
 that time appears to bein ‘he Sign . And be-{
caufe of the Farth’s Rotatidn about its Axis, ’tis
plain, that all the Points fitnate upon the Parallel
"F C, will have the Sun, when upon their Meridian,
. in their Zeniths. Alfo, when the Earth is in this
Pofition, tis plain, that the Terminator of Light
and Darknefs FL, will go beyond the North Pole
Bto L, 23% Degrees diftant from B; and confe=
quently the South Pole A muft be as far, from the
Terminator L F in the darkned Hemifphere. Thro®
*he Points L and F, draw the Circles LK, FG
arallel to the Equator, and thefe Circles are called
g’alﬂr Circles, that towards the North is called the,
Artic Gircle, and that towards the South is called
the Autardic Gircle. Now, fince the Earth moves
" wound upon its Axis A B, ’tis evident, that every ~
Point within the Artic Polar Circle KL, will) at
that time, haye have a continued Day; and on the
contrary, every Point within the Antartic Polar
Circle’ FF G, will have a continued Niglit.

Again, the Earth moving forwards through the
Signs & # to ¥, the Sun will appear to move thro’
the Signs %, 9, ™, and by Degrees to return again
to the Equator ; and when the Earth has come to
the Point ¥ of its Orbit, the Sun will appear to be
at 2. Now the common Interfeétion ot the'Eclip-
tic and Equator fill remaining paralltcl to tlhc Lin;

)

=t
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= S W; ’tis plain; that when she Earth has ¢ snie:
to 7y the Line S ¥, joining’ the Centers s the
Earth and San, will lie in the Plane of the Equa-
tor ; and confequently tthSuﬂ. wil. appear in the
Celeftial Fiquator, anfl ghere will be an Equ dity of
Night and Day, sthe, ame Way as wy - the Farth
was in = 3 ard in tlis Sithation, the 9 rminator of
Light and Darkxlefs\\vill again pafs tar yu gh the two
€S. | : 3 o % - b
Po'lfic Eart 1 moying orwards throv h the Signs
v, B, I, th. Sun will | 'pear to move [:hl'o’ the op-
pofite Signs =, M, T, ¢ fadvally declining from the
E.quator, towards the :South Pole s and when the
FHarth comes to %, the Sun appears to be in .
Now, fince the Axis of the Earch A B, does not
change its Inclination to the Hcliptic; the Earth.'-;
. will have the like Afpect and Pofition with refpect

to the Sun, as it had when in the Point ¥8 of its
Orbit ; but with this Difference, that he is now as
far on the South Side of the Equator; as (when the
Earth was in ¥%) he was on the North Side, 7. e: |
233 Degrees, and is perpendicalar to the Point N
the Parallel N M is called the Tropic of Capricorn,

and the Circle in the Heavens coneentric to this

which he appears to defcribe at this time, is called

the CGeleftial Tropic of Capricorn s becaufe at this
© time the Sun appears to be in the Sign w3 alfo, all |
within the INorth Polar Circle K L, which was en=
lightned when the Earth was at v8, is now in Dark-
nefs, and all within the South Polar Circle, is now.
enlightned ; L
42. Wethall now confider more particularly the
Appearances that happen to the different Piaces
upon the Earth, arifing from its Annual Motion
about the Sun, in Conjunétion with the Rotation a=
bout its Axis. In order to which we muft confider,
that the Inhabitants of chis Farth, wich refpect to
their Situation upon it, are divided into three Kinds;
viz. Fifi, Siich as live upon the Equator. Se-
! coudlys
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cotlysT i ch as live between the Poles and Equators
Thirdsy, Such as live upon either Pole. As for thofe
that live upon ‘the Equatot; Let E »QP jbe the
Projection of r'.e Farth dpon the Plane -6f fome
* Meridian, P tb | North, and j the South Yole, EQ_
¢ ‘the Equator ad E fome Plajie'upon it ; alfo DA

the Ecliptic «C D the Troic of \Capricorn, and AB
the Zropic of V'aicer. Then ’tif plain, shat an Ins
. habitant upon tht Equator, {fuhpofe at-E; will haye
. the two Pole' ® and p in.his P{orizon; \hich theres
fore muft be a Meridian. & |d fince al) Meridians
bifect the Elquator and irs Pa allels at Right Angles,
and all the Heavenly Bodies defcribing Parallels in
their apparent diurnal Motion ; tis evident; that in

\Dgé/«a

one intire Revolution of the Earth about its Axis
all the Heayenly Bodies muft come in View; and
they mut rife and fet perpendicular to the Horizons
‘and be as long above it as below, i e. twetve Hours
cach. Now the Sun always defetibing fome Paral=
lel; or the Equator itfelf; in his diurnal Motion § it

; ! S © fhllows,
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follows, that to an Inhabitace upon the iquator
“ there -muit be a conftant Equality of Nigac and
“Day, wiz. twelve Hours cach 5 ani when the Sun
‘in his Annual Motiop comgs to be srpendicular to
- the Point-F; he wil} then deferibe “he Equator in
his diurnal Motion);; and confequ 'y when he
comes-upon-the Mé:idiari of any Plac , B, on the
Hquator, hie will bein tife Zenith ptlic; and mov-,
ing on in the, Ecliptic tll he be )cxi'aendxc?lar.to,
the Point A) (when }=ieat his great ¥ Declination i
from the Ejuator ton tds the North Pole P, viz.
231 Degrees) he will then deferibe the Zropic of
Cance- A B, and wher he conies on.the Meridian of
B, 'he will be:remoy’d from the Zienith towards the
North 232 Degrees ; and moyving ftill on in the E-
cliptic, he will appear to return towards the South,
and pafling the Zenith of E, he will go as far
South as he was before North, 232 Degrees. Con-
{fequently an Inhabitant on the Equator will have
the Sun in his Zenith twice in one Year, and alfo .

the Sun will be half the Year on the Notth Side,

and half the Year on the South Side of him : and :

therefore will be conftantly changing his Place in
the Horizon; for when he is defcribing the Parallel

A B, he will appear in the Horizon at G, and when |
he is deferibing the Equator EQ , he will be in the |

Horizon at B (the Haft or Weft Points); alfo-
when he is defcribing the Parallel CD he will ap-
pear in the Horizon at H, South off the Point F.

Again, Let PEpQ reprefent the Projeion of

the Eartl on the Plane of fome Meridian, P the

North, and p the South Pole, EQ_ the Equator,
and A fome Place upon that Meridian, lying be-
tween the Fquator and North Pole, whofe Horizon

s HO; alfo BD the Ecliptic, BN the Tropic of =

Cancer, and ED the Fropic of Capricorn 5 through
the Puints H and O draw the Parallcls QG Ehk
Then 'tis plain, that to an Inhabitanc at A, the

i<k : : : North
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Northa ole R will b elevated above, and the South
Pole pideprefs 1 as much below the Horizon; and:
the Horizon will cut the Equator and'its Parallels -
obliquely. Now, fince the Horizon and Equator
are both gre> Circles, they nuft bifeé one another-
(by Arr.. Sor2.);5 thersfwe’ half the Equator
will be aboi's, nd half below the Horizon ; con-
fequently, v icn the Sun is perpendicular to- the
Point C, th-t i, when he appears ) be in the E-
uator, the.c will be = 7 quality £ Night and
_%ay. And fince the He azon' cuts ‘the Parallels.
obliquely, it ‘muft therefois cut them uncqually ;
and “tis plain {from the Scheme, that of thofc Paral-
lels which lie between the Equator and neareft Pole,
the greater Part is above the Horizon, and the lefler
below s and thofe that lie on the other Side of the.
Hguator, have the lefler Part above, and the greates,

below the Horizon ; and the nearer the Parallels

are to the Poles, the more unequally are 111&63' cut

by the Horizon, Confequently, while the Son is
: > N 2 upon
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upon tke North Side of the Equater, ara by his -
‘tdiarnal Motion deferibing Parallel , lying between
the Fqaator and North Pole ; ’tis/olain, hewill be
longeriat ove than be'ow tlie Horizi n of the Place
A ; and when he cojges to his grea & Rcclmatx)o.q
Nérfh, and then def :ribgs the Tropic Cancer, ’tis
plain, the Days mu't then be at tle Idngeft o the
lace A ; aifo th_:»Su‘p retarning to'/a ds the Equa-
tor, he will [deferibe Parallels, w/iof~ Parts aboyve
the Horizon grow il . .fer to an ..quality with
thofe below ; and fo n e Days will fill decreafe,
and ‘come nearer to a.i Equality with the Nights,
till he come to the Yguator, when the Day and
Nighe are equal ; and procecdirg from the Equa-
tor towards the South Pole, he will then defcribe
Parallels lying between the Equator and South Pole,
whofe leaft Part is above, and greateft Part below
the Horizon, and confequently the Days will fill
grow lefs than the Nights, till he comes to the Zio=
pic of Capricorn, when the Day is leaft and the
Night greateft; and then returning to the Equa-
tor, the Days will increafe and ;e Nights A=crcafe.
‘When the Sun is upon the Equator, ’tis plain, from
the Scheme, that his Place upon the Horizon will
c C, that is, he will rile on the Eaft Point, and
{fet on the Weft Point of the Horizon; and when
he is in the T7opic of Cmicer BN, his Place upon
the Horizon will be M, which is North of the
Point C; alfo when he is in the Tropic of Capricorn
¥ D, his Place upon the Horizon will be L, which
is South of the Point C ; from which ’tis plain, that:
the Sun will be always changing his Place upon the
Horizon. Again, fince the Horizon of A cuts the
FEquator and its Parallels obliquely, and the Hea-
venly Bod'es by their apparent diurnal Motion,
deferibing Parallels, ‘tis plain, they muft rife and
fet obliquely; alfo all of them within the Parallel
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"GO can never rife or fet, but muft be cdnﬂantly"i -
_in View; for which Reafon this Parallel GO iaf
called, The Circlgiof conflant Apparition 5 and ofl with-"-
in the Parallelgel K can never come in View, but
be conftantly 2,elow the I—oxfizon; and therefore
the Parallel@d#i is called, ﬂf Civcle of Perpetuat
Oconltation. ™ 4 s e
Laftly, Lty 1E 2 Q_reprefént the Proje®ion of
the Farth upon \bme Meridign, P thé\ North, and
2 the South kele, EQ ¢l ator, A3 the Ecli p=
tic, BC the Tropic of Canter, and A D the Tropic
of Gapricorn 5 then 'tis plairi, that the Equator is
the Horizon of both Poles, and confequently the
Northetn Hemifphere muft always be ‘in View,
and the Southern always hid to an Inhabitant at P;
alfo the Heavenly Bodies will appear to move in-
- Circles parallel to the Horizon, and the fix’d Stars

will ever defcribe the fame Parallels, and always

have the fame Hiight above the Horizon. hen '

the Sun by his Annual Motion comes to be j rpen-.

: S Hicular®
i
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B

-/ diculat to the Point F, and ' hen drfcribis fhe.fE;

)\

quator, ’tis plain, he ;:\(ill be in t}_lc ?I,on:izon of both
Poles,\and by his dimenal Motie ¢ will appear to.
move quite round “t: and fince FIE the Heliptic
T B is above, and |the other half A below thg
Horizon of P, ’tis rlain, all the tin. the Sun isin.
defcribing that haf of the Eclip“ic on the North
Side of the Equator, he will be at o1 = the Horizon
of B, and a/ the tin:e he is in de cr’hing the other

‘half on the South Si¢ -+ . the Equator, he will be

below  the (Horizon of 5 from ‘which ‘tis plain,
that ‘an Inhabitant of either Pole will have half a
¥ear continued Day, and as long Night. And |
fince the Sun’s greateft Diftancy from the Equator,

South or North, is:23% Degrees, ‘tis plain, his |

‘ greateft: Altitude, or Depreffion, above or below

the Horizon of either Pole, muft be 234 Degrecs.
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 perpendiculat
to the Horizon ; and thofe who live between the
Equator and either Pole, are «id-vahave ~a Obliyssz
Sphere, becaufe the Heavenly Bodies appear to rife
and fet obliquely : And Loy, thofe who live on
cither Pole, are faid to have a Parallel Sphere, be=
caufe the Heavenly Bodies appear to moye parallel
to the Horizon. ; ‘
44. The Moo being an Opake Spherical Body, it
receives its Light from the Sun, and refleéts that
upon the Barth 3 and that half of it which is op-
pofite to the:Sun is enlightded, while the other
half; which is averfe from it, is involv’d in Dark-
nefs; byt the half which is vifible to us, is that |
which is oppofite to the Barth ; and therefore, ac=
cording .o the various Situations of the Moon, with
refpect fo the Earth and Sun, it will haye different
Illum/nations 5 for fometimes a greater, and fome-
5 N { X t1mes:
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timeo-a ‘effer Part of the enlightned Hemifphere is:
. turn’d to the Rarth, and likewifc fometimes the '
whole, and {on stimes none at all of the enliphtned |
Hemilphere is'ien from the Farth. To cxplain
which, let S ‘eprefent the Sun, T ¥ Earth,
RTX a P .of the Earth’s Orbit; which it de-
{cribes in | .’ Annual Moticn about the Sun,
ABCDEEGT], the Orbit of the Moon, in which
it moves rouud the Barth from Weft to Baft, in
the Space of v onth; PN.OM the Moon’s Bo=
dy, and its Genter L s tev t e Centert  of the Sun
and Moon be join’d with ths Right Line S L; then
fuppofe the Plane M LN, paffing thro’ the Center
of the Moon, perpendicular to the Line SL; and
this Plane will cur the Surface of the Moon in 2+
great Gircle, which will be the Termznator of Light
and Darknefs, viz, it will divide the enlightned
Hemifphere from the darkned ; alfo let the Centers
of the Earth and Moon be join’d with the Right
Line T L, and perpendicular to it draw a Plane
pailing through the Center of the Moon, and this
will cut the Moon’s Surface in a Circle PL O,
which wau digae-11e Vifible from the Invifible
Hemifphere of the M. on ; this Circle'is called, T4e
Gircle of Vifion. “And s:=r-2 °tisiplain, that if the
Moon be in:the Point A of its Orbit oppofite to the
Sun, the Circle of Vition PL O will co-incide with -
the Terminator ML N, and fo the whole enlight-
ned Hemifphere of the Moon will be turn'd to-
watds the Barth, and then it is called Ful/ Misw,
with refpeét to the Inhabitants of this Earth, but
with refpect to the Situation of the Sun, it is faid
to ke in Oppofition ; becaufe the Sun and Moon,
feen from the Barth, appear at that Time to be
in oppofite Points of the Heavens. When the
Moon has come to the Point B of its Orbit, then
’tis plain, that the whole enlightned Hemifphere
will not be turn’'d to the Earth, but a Pare of the
Moeoa
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as M P;. will be with: ut the vifible Hemifphere, ana
there fore the v fible illuminated Part cannot be cir-
cular, but will : ppear gibbous; when the Toon is
in the Point Ciof her Crbit, and the Angle CT'S
a Right Angle, then the Angle TGS will alfo be
a Right Aupis (at leaft ditlering litele from it)
for becaufe of rhe vaft Diftarice of tie Sun, from °
the Earth and | doon, the Lines ST, SC may be
taken as parallel ' confequently the Circle of Vifion -
will bifect the Terminaro; at Right An tles, and fo
only one half of the enlightied Hemifphere will be
" in the Vifible, and then th< Moor. appears to be

halv'd, and is call’d Hal/~Muon. In this Sitaation
the Moon is only a Quadran‘’s Diftance from the
Sun, and therefore it is faid to be in one of its Qua~
dratures. The Moon proceeding to D, ’tis plain,
that in this Situation only a fmall Part PN of the
enlightned Hemifphere is turn’d to the Earth_?‘ and
the greateft Part N O of the vifible Hemifphere
is darkned ; and confcquentl‘y,' becaufe of the fphe-
rical Figure of the Moon, it will then appear hern-
ed “and its Horr= w1 be turned towards the Weft.
‘When theivioon is at liy’d at E, ’tis plain, the Gir=
cle of Vifion will again ‘co-ibciae with the Terminz-
tor, and the whole darkmed Hemifphere will be
turn’d to the Farth, and then it is {aid to be New
Moo 3 but with refpeét to its Situation with the
Sun, it is faid to be in Comjuniiion, becaufe it ap=
pears to be in the fame Point of the Ecliptic with
the Sun ; and when it has movd a little forward ta
B ’tis plain, Part of the enlightned Hemifphere,
2iz. MO, will be in the vifible, and fo it will again
appear horned, and having them turn’d towards
the Faft; alfo when at G it will appear haly’d, and
when at H gibbous; and Laftly, when it somes to
A it will again appear full.

45 Tho' ( as it wasdaid in . 29.) the Moon
moves quite round its Osbit in 57 Days, and
7 Hours, nearly, call'd the Periodic Mouth ;) yet the

‘ Q 1) Time,
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Time it takes from ¢ 7 Conjunction with che Sun,
to th': next, is,greater ; being 2 Days, and about
12 Rours, which is call’d; #be S.’;lludzc Morth s for.
let S:be the Sun, T the Earth, A B a Part of the
. Barth’s Qrbit about the Sun, und A L DG the Or=
bit of the Moon; then when the Barch is in A8 lee
the Moon be ir L, in Conjunétion vith the Sun;
and when the M oon is moving from L round its Or=
bit L ACD, ’tic plain, that the Fartn in the mean
Time will be moving or in its Orbit al out the Sun, -
and carrying the Moon's Qibit along with it. And
when the Moon has movd “quite round its Orbit,
the Earth will be carried trom T toz, and the
Moor’s Otbit will be in the Situation, /z¢4, and
the Point L will be in the Line z/, parallel to the "
former T L, and confequently the Moon will then
be in Z; but will not be in Conjunétion with the
Sun, till it has mov’d a little further, and defcrib’d
the Arch /M, which is fimilar to the'Arch ¢ T, be=
caufe the Angles /2 M, ¢ ST are equal (by 4#¢. 36.
Se?. 1.) -And hence it is that though the Moon
. marsg toud ite OS¢ in 27 Days, 7 Hours, yet
! from Newnvioon to! New Moon it takes 29 Days,
12 Hours. SRER G T ! :
46. If the Moon’s Oforrilay in the Plane of the
BEcliptic, ‘tis plain, in 2 Month’s Time the Moon
. would move round the fame Circle in the Hea=
vens, that the Sun appeats to do in a Year, viz. the
i) Ecliptic; but the Moon’s Orbit does not lie in
" the fame Plane with the Ecliptic, but is inclin’d to
it at an Angle of about five Degrees, and confe-
quently muft interfect it in a Right Line paffing
thro’ the Center of the Earth; and one half of the
Orbit will be above the Ecliptic towards the North,
and the other half below, towards the South. The
Lineof Interfection is call'd, ke Line of the Nodes,
- the two Extremities of which are called, 24e Nodes-
The Node in which the-Moon is, when afr cnding
; O 2 above
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bove toe Ecliptic towards the North, i~/ called;
the Afcending Node, ot, Dragon’s E.ad, for Brevi-
ty’s fake marked thus, &3 and th: oppofite one,
" oiz. thas in which the Maoon is, when defefnding
below the. Ecliptic fowards the South, is called,
the Defconding Dodes ox, Dragor's Tzél, marked
thus, 8. Hence 'tis plai, that the Moon cannot -
appear in the Zcliptic avove twic ; In one Period,
viz. when it ‘s in :he Nodess and /in other Points
of its Orbit, it will be moze or left/diftant from the
Feliptic, ac:ording as it is more or lefs remoyed
from the neareft Node; thefe two oppofite Points
in the Orbit, that lic-in the Middle between the
Nodes, are called, the Limits; and when the Moon -
is in either of thefe, fhe is then at her greateft Di-
ftance from the Ecliptic. :

47. The Height of the neareft Pole above thel
Horizon of any Place, is equal to the Latitude of
that Place. 'ﬁ"orr let A be any Place upon the
Barth, AHO its Meridian, HO the Horizon,
EQ the Equator, P and p the two Poles; then tis.
plain, AE will be the Latituds of the Place, ang,

PO thy; Height of the neareft Pole above the
Zlorizc 1. Now fince the Arches PE and A O are
cqual,’
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equal; teing each 2 Quadrants from both Zake the

comyjon Arch- A Py and there will remain AR

equal to PO that is, the Height of the Pole aboye)
the Faorizon is equal to the Laticude.. Alb, fince
the Aiches A H and B P aleare equal, oeing both

Quadrants, from both take the cammon Arch AE,

and there will remain EH equal to AP that is,

the Height of . ac Equator above the Horizon of
any Place, is'e¢ ual to the Complement of the La-

titude of that Plice. | S A
48. Great Circles pafling thro’ the Poles of the

Ecliptic, and cutting it 2t Right Angles, are called

Secondaries of the Fcliptic. 5 e

. 49. The Latitude of any Heavenly Body is an
Arch of the Secondary, pafling thro’ the Center of.
the Obje&, intercepted between it and the Eclip-:
tic; and it is cither North or South; according as .

_the Obje@ is on the North or South Side of the
Eeliptie. 5 ‘ : :

. 50. Tpe Lopgitude of any Celeftial Bedy is an
Arch of the Ecliptic, intercepted between the Se-
condaty o-fling thre’ that Body, and the firft Point.

e D
SI. Ibe Declination, of anv =ieavenly Body isan

Arch of a Meridian, pe-wmg oyer that Body, in-

tercepted between the Center of it and the Celeftial

FEquator 5 and it is either Nosth or South, accord- ~

ing as the Body is on the North or South Side of

the Equator. : '
32. Since the Sun by his annual Metion is abways
either approaching nearer to, or going further from,
the Equator ; ’tis! plain, he muft be continually
changing his Declination. In the third Table, at
the End of this Book, you have his Declination for
every Day of the Year; in which youmay obferve,
that in the Top Columns ftand the Year, Month,
and Kinds or the Declination, viz. whethey it be
South or North; and in the Left-hand ¢ %lunél.
; - ¢ ftands
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ands tae Day of the Month™ the' other Zolumns
‘contain the Declinations anfwerable co thefecon- |
_fequently to find the Sun’s Declinat on for any Day;
fuppofe “the twentieth of April, 1731. 1 l(jok at
the Top for the Year 1731, and the Month 4pri/,
and in the fide Column for 20, ther in the Column
below 4pril, and on the fame Line with 20, I find -
14°, 59 for his Declination North ; and the fame
Way his Declinativn may be founy: _for any 'othcr
Day. But yru muft obferve, that vhis Table 1s cal=
culated only/for the Meridian of Lowdon, and the,
Noon there; that is, it fhews the Declination of
the Sur: when upon the Meridian ‘of London; and °
confequently to find the Sun’s Declination for any
other Time of the Day, we muft confider whether
the given Time be before or after Noon ; if it be.
~ before; then fay, as 24 Hours is to the Diflerence
between the Declination of the Sun, the Noon of
the preceding Day, and his Declination the Noon
of the prefent Day ;5 {o is the Time from Noon laft
Day, to a fourth Proportional ; which, if the De-
¢lination be increafing, muft br-qadded to. hut if 4=
creafing, fubtradted from, the ! sun’s Lecmation the !
Noon of the precedin,, Day * <and the Sum, or Re-
mainder, is the Declinatton-«fom the prefent Time.
Example. Suppofe it were required to find the
‘Sun’s Declination, on the fourth Day of April 1731,
at 8 Hours, 25 Minutes in the Morping. To do
this, I firft look in the Tables for the Sun’s Decli-
nation, the fourth Day of April 1731, and find it
tobe 9% 39/, then I look for it the third Day,
and find it to be 9%, 17/, the Difference of thefe
is 2245 then I fay, as 24 Hours is to 22/3 fois 20
Hours 2 5 Minutes, the T'ime elapfed fince laft Noon,
to 1845 which added to ¢, 17¢ (becaufe the De-
clination is increafing ) gives 9%, 35/ for the Sun’s
prefent Declination.  Again, if the Tiine propofed
< aftel’ Noon; then to find the Declination for
: that
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chat Time, we wuft Yook in the Tables for Cae Sun’ss
Dec}jnation, tr.c Noon of the prefent Day ; and fog)
the {lme, the Noon of the following Day, and take'
the Difference of thefe.Déclinations ; then fay, as '
24 Hours is tol the Differente. of the” Peclinations, -
1o is the Time ¢glapfed fince Noon, to a fourth Pro-
portional ; which added to, or fubftracted from, the
Sun’s Declinatich the prefent Day atNoon (accord-
ing as the Declijation is increafing cr decreafing)
gives the Sun’s icclinaticm 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. o do this
we muft firft look in the Tables for the Sun’s Declia
nation the twelfth Day of Fuly 1731, and will find
it to be 20% 13/ then for his Declination the fol-
lowing Day, which is 20%, o1/, and the Difference
between thefe two is 127; then fay, as 24 Houss is
to 12/, {o is 4 Hours, 23 Minutes, the Time elap-
fed fince Noon, to 2/, which (becanfe the Sun’s
Declination is decreafing) fubftracted from 20°,
C13% theh]?jecring;ti\gg of the Sun at Noon of the
prefent Dayy todves25°, 11/, the Sun’s Declination
tor the Time propofecy,
And fince the ‘T'able ¢ ¢ne Sun’s Declination, at
the End of this Book, is fitted to the Meridian of
London, ’tis plain, it cannot fetve for the Meridian °
of any other Place, lying on the Eaft or Weft Side
of the Meridian of London ; for while the Sun, by
his apparent diurnal Motion, is pafling from “one
Meridian to another, he is at the {ame Time fill -
moving on in the Ecliptic, and confequently alter-
ing his Declination. Now: to find the Declination
of the Sun, when he is on the Meridian of any
Place, lying on the Eaft or Wett Side of London,
we muft take the Difference of Longitude between
Londor and the given Place (or if the Meritian of
> | Londom:
v
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Fondon e fuppofed the firft I 2rididp,we muft take |
the Longitude of the Place) and convert thijinto |
"Difference of Time, which will thew the Timre, be .
fore ot after Néwon zt London, the Sun is uf onithe
Meridian of the Blace ptopofed 5 wiz. if the Place
1ie on the Eat-Side of Lowdon, ths Time will be
before Noor 3 butif on the Weft, it will be after |
Noon then finding, according tiy the preceding
Examples; the Sunss Declination 4 : t!l_c Time pro-
poted, the fime wil] be his Declinationy when on |
the Mertidian of the propofed Place. it

_ This may be done -another Way, wviz. b’y the |
Help of the Table of Variation of the Sun’s De-'
clination, to every 17 Degiees of Longitude from
the Meridian of London, annexed to the Table o
Declination ; the Upper Column of which contains
the Degrees, and the Left-hand fide Column con-
taits the Minutes of the Sun’s daily Variation ; and
the other Columns contain the Minutes anfwering
to the Degrees and Minutes in the Top and Side
Columns. Now, to find the Sun’s Declination any
Day, when he is on the Merid*~p of anv Place,-1v-
ing on the Haft or Wett Sic ¢ of Lonaon, by this
Table 5 we muft firft Cad th #Sun’s Declihation for
the prefent, and for thesollowing Day 5 and the |
Difference between thefe two wil%give us the dai- |
ly Variation at that Time ; then look in the Table
of Variation, €¢. at the Top, for the Difference |
of Longitude between Londor and the propofed |
Place, and in the fidée-Column for the Minutes of

* Variation ;-then below thefe Degrees in the Top,
and on the fame Line, with the Variation in the
fide=Column, we will find the Variation tequired;
which, if the propofed Place be Wett of Lowdols
and the Peclination increafing, muft be added to |
the Declination for the prefent Day, and the Sum
is the JDeclination required ; but if the Declination
¢ e bc’ i
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creafing, ther tne “ariation fubtracted fiom the\
| Declifjation gives that required ; again, if the Place //
»’= onithe Baft-Side of London, and the Declination )
enéreaiing, then the Variation-fubtraéted ffom the '
Declination for that Day, lcaves the Declination
required ; bat ifithe Declination be decreafing, then
the Variation added to the Declinaticn gives that
required. . NS S
Bxample. Let 1€ be required to find the Sun’s De=
clination, when he is on the Meridian of St. Lucia
(whofe Longitude from Londor is 60°, 15/ Weft )

- on the fixth Day of 4pril 1731. To do this, I firit
look in the Tables for the Declination of the Sum
the fixth Day of 4»rz/ 1731, =nd find it to be 19°,
15/, then for the fame the following Day, and I

¢ find it to be 19°, 29/, the Difference of which is

14 Minutes, the Sun’s daily Variation at that time 5’
then I look in the Top of the Table of Variation,
&e. for 6o, the Difference of Longitude, and in
the fide Column for 143 and below 60, and'in the
fame Line with 14, I find 2 Minutes,*which (be=
c215 the Place isMWef off London, and the Declina-
tion encreafing ) I ade to 199, 15/, and the Sum is
19% 17/, the Sun’s Dugclinasion at St. Lucia the

_ fixth Day of April 1731. : :

From this you may obferve, that the Method of
folving this Problem by the Table of Variation, &c.
is not near fo good as the former ; for here we can
only enter the Table with a Number of Degrees,
which is either 15¢, or fome Multiple _of 1t below
1059, and. all the odd Degrees and Mirutes muft

¢ be thrown away ; but in the former Method we can

i ufe any Number of Degrees and Minutes.

' 53. And fince the fix’d Stars always keep the
fame Places in the Heavens (at leaft in a few
Years their Variation is infenfible ) “tis plain, theit ¢

- Declination muft fill be the fame. .

P SECT.
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SEGT. IV

NO find the Latitndes of Plices by the Merin
diau=-Altitvde, and Declinat on of -any Celeflial

Objes.

"This Problers admits of feveral Cafes, according
as the obferved Objeét is fituate wvith refpeét to the
Equator, and Place of Obfervation 3 which are as
follows. e o

Czfz 1. When the Sun or Star obferved has no
Declination, or is upon the Equator, then the Ze-
nith-Diftance of the Obje& is equal to the Lati-
tude of the Place, which is North-Latitude if the
Sun or Star come to the Meridian, on the South-

fide of the Zienith ; but South, if on the North-fide.

For in the annexed Scheme, let 'L reprefent the

Place of Obfervation, PQ pE its Meridian, EQ_
: the -
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.the Equator, HO the Horizon, P the Notth, and '\~
- % the South-pole ; then ’tis plain, fince the obférved !
S o0hieét is fuppofed to have no Declination, that -
B ¢ will reprefent the Path, off its Diurnal Motion,
and when it comes upon the Meridian, Z E will be *
its Zenith Diftance, which is manifetly equal to
the Latitude of the Place Z. Anduwh‘cn the Ob-
~ je&t at B is.South off Z, ’tis plain the Place Z muft
be North off E, and confequently the Latitude willt
be North. :

Cofe 2. If the Sun or Star, when on the Meridi-
an, is in the Zenith; then the Declination of the
Object is the fame with the Latitude of the Place.
Far it is evident, that in this Cafe they arerequally.
diftant from the Equater, and on the fame Side of
it 5 confequently, it the Declination be North, the
Latitude will alfo be North, and if South, South.

Cafe 3. If the Sun or Star be between the Equa-
tor and Place of Obfervation, then the Latitude of
the Place is equal to the Sum of the Zenith Diftance
and Declination of the Objeét; and it is of the
{2~ Name with the Declination, viz. if the Decli»

C

nation be Notth,' the Latitude is alfo Nort}g, & e

comtra. For in the adjacent Scheme, let AJB re-
prefent the Parallel deferibed by the obfervzd Ob= *

: ; P2 et

»
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-.4&& in its Diurnal Motion, a2.d A “ts Place upon,
“the Meridian, fituate between Z, tlie Place ¢f Qt-
.. fervation, and EQ_the Equator; then ’tis plai-f
that Z B, the Latitude of the Place Z, is cijuacto
the Sum of \E A the Declination, and A Z the Ze-
nith-Diftance, and if the Declinatien be North, &
¢ contra 3 firce in this Cafe the Objeét and Place of
Obfervation lie both on the fame Srde of the Equa-
for-

Example. Suppofe on the Twelith Day of April,.
1732, the Sun, when on the Meridian, had 52°,
127 of Altitude, and confequently 37, 48/ Zenith-
Diftance, required the Latitude of the Place of Ob-
fervation. "

. the Sun’s Declination that Dayis - 125, 40(N,
bis Zenith-Diftance - - - - - 37,48

the Sum is the Latitude, viz. - - 50 ,28 N,

Cafe 4, If the Sun or Star be on the contrary Side
of the Equa_tpr, with the Place ofObfcrva,.tioh, and

gonf_cquentiy both -Declination and Zenith-Diftance:
bG 'qu che fame Name, wiz. either both North or.

* both Shuth ; then the Latitude is found by taking
: : , the
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} the Declinaticn fror, the Zenith-Diftance, andicis

{ of a contrary Name with the Declination. Forin

" ~he adjacent Figure let BD reprefent the Parallel .
de.tribed by the obferved Objz¢t in its Diurnal Mo-

_ tion, cn the ather Side of the Equator E.Q , with
the Place Z, and B will be its Place when upon the
Meridian ; then ‘tis plain, that if fiom Z B, the
"LZenith-Diftance, be taken BE thHe Declination,
there will remain Z B, the Latitude of the Place
of Obfervation .., and the Latitude will be of a
contrary Name with the Declination ; fince in this
Cafe, the Objeét and Place are oa contrary Sides
of the Equator. : -

Example. Being at Sea the Twelfth Day of Fa-
nnary 1732, 1 found the Meridian-Altitude of the
Sun to be 43%, 15/; confequently his Zenith-Di-
ftance 469, 45/, and he was South off me : Regui-
red the Latitude of the Place of Obfervation, and
which Way it 1s. e )
From the Meridional Zenith-Diftance 46, 457, S.
take the Sun’s Declination - - - - 19,35, 8.
Lore remains the Latit. of the Place - 25 “io, N.
When the Zenith-Diftance and Declination are,
equal, and both of the fame Name, then the Lati-
tude vanithes, and confequently the Place is fituated
on the Equator. - : . s

Czfe 5. If the Sun or Star be between t}ﬁlgcc
of Obfervation and the nearcft Pole, and tonfe-
quently both' Declination and Zenith-Diftance be
of the fame Name ; then, from the Declination {ub-
tra¢t the Zenith-Diftance, 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 reprefent the Parallel de-
{cribed by the obferved Objed in its Divrnal Mo-
tion, and K will be its Place when upon the Meri-
dian; then ’tis plain, that if from K E the Leclina-
tion, be taken’Z K, the Meridional chith—[‘lﬁa}r:cc,

there



“uiol  Latitude by Obfervation.
tiore will remain ZE, the L titude of the Place;
which will be of the fame Name with the Declinac

o

tion, fince the Object and Place of Obfervation are
in this Cafe upon the fame Side of the Equator.
Example 1. Suppofe on the Twenty-third Day
of Fune 1733, I obferved the Meridian-Altitude
of the Sun to be 829, 475 confequently his Zenith-
Diftance 7°, 56/ Required the Latitude of the
Tiace*o{ Obftrvation, and which Way it is.

The Sun’s Declination that Day is - - 229, 55/ N.
his Zenith-Diftanceis - = - - - 7, 56 N.
_the Difference is the Latitude, viz. - = 14 , 59 Ne

Example 2. Being at Sea, 1 obferved the Meridi-
an-Altitude of the middlemoft Star in the Tail of
the Great Bear, to be 56°, 44/ North 3 confequent-
1y its Zenitn-Diftance 33°, 16 and its Declination.
being 56°, 22/ North : Required the Latitude of’
the Place of Obfervation, and which Way it is.

From the Declination. - = = = 56°, 20/ N.
. take the Zenith-Diftance - - = 33,16 N.

there remains the Latitude - - - 23 ,06 N,

Cafe 6.
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b Cafe 6. If the Sumor Star be between thie Hpr':'-‘ '

| zon and theelevated Pole, then to the Altitude add

= the Complement of the Declination, and the Sum
will be the Latitude of the Place of Obfervation,
and of. the fame Name with the Declipation. F or
let AB be the Parallel defcribed by the Objeét in
its diurnal Motion, B its Place on the Meridian
when bctw'ecn she Horizen and elevated Pole ; thcx;

*tis plain, that if to BO the Altitude, be 2dded
B, the Complement of the Declination of the Ob-
jeét, the Sum PO will be equal to the Height of
the Pole above the Horizon, which (by Az 47-
Sect. 3.) is equal to the Latitude of the Place of
Obfervation Z, and it will be of the fame Name withs
the Declination, fince both the Place and the Ob-
jeét are on the fame Side of the Equator. ;

Example. Being at Sea, 1 obferved the bsight
Star of the Harp on the Meridian, between the
Horizon and elevated Pole, its Altitude being W
33’ and Declination 33°, 33/ North. Regquired
the Latitude of the Place of Obfervation.

To the Complement of the Declinat. «C, 27’1\}
add the Altirude - - - - - - 8,33 N

the Sum is the Latitude - - = - 6o ,—00 N.
= ? %:; ’ Cafe 7.
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X Q_(;'fafe“yx When the obferved Dbject does not fot,
snd confequently the Complement of its Declina-
fion lefd than the Latitude of the Place; then “tis
plain, the Object wil' be trvice upon the Merid” an
in 24 Hours, viz. at its reaft and gr'e.ateft. Alritudes
when the Altitade is leaft, the Objeét is then Le-
tween the Horizon and cievated Pole, -and by that
Altitade and Declination of the Objedt, the Lati-
tude of the Place may be found, (as in the laft
Cafec) ; but when the Altitude is ¢ reateft, the Ob-
et is then on the other Side of the Pole. Now,
“with thefe two Meridian-Altitudes, without know=
ing the Declination of ‘the Objecét, we can find the
T.aticude of the Place. thus; if the two Altitudes
be both on the fame Side of the Zenith, then from
the greateft fubtract the leaft, and halfthe Remain-
der added to the leaft gives the Latitude, of the
{ame Name with the Zenith-Diftance ; for in the
preceding Scheme, where A B reprefented the Pa-
rallel of Declination, defcribed by the Objeét in its
diurnal Motion, BO its leatt, and AO its greateft
Meridian-Altitude, ’tis plain, if from AQO be ta-
%en BO, the Diffetence will be A B, the half of
which, PB, added to BO, gives PO the Height
of the Pole above the Horizon, equal to the Lati-
tude of the Place.

Bxample. Béing at Sea, I obferved the Norther=
moft of the two preceding Stars in the Square of
the Great Bear, which did dot fet, and found the
leaft Alfitude to be 23°, 2/, and the greateft
7329 467, voth North off my Zenith.  Required:
the Latitude of the Place of Obferyation.

From the greateft Altitude = - 229, 467 N,

“takeithe lenlt sa= i iiinome s o2 5t 2
the Remainderis = - = = = ;9_:34
the halt of whichis - - = & 24, 47
to which adding the leaft Altitude - 23 12
the Sum will be = - - = dy 59

Chich
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. that Srace of Timecthat the Sun continyes ab@,fg
the Horizov. and the Time he continues below it
1s called a Night. i :

4. An Hour isa certsin’deferminate Part of the
£ i, and iskither Bgual ot Jnequal. An,Equal Hour
is) he Twenty-fourth Part of a Natural Day; and
an Unequal Hour is the twelfth. Part of an Artificial
Day, which is alfo called a Digrnsi-IHoar, as the
‘twelfth Part of the Night is called va No&urnal-
Hour : thefe are likewife called Temporary Hours
becaule at different Seafons of the Year they aré oF

. different Lengthss for a dintnal Hour in the Sum-
mer is longer, and a Noéturnal fhorter, thann the
© Winter; but in the Equinogtial Day, a Dirnal
Hour is equal to a NoSurnal, and then they are
called, Equinosial Hours. :

5. The Diurnal Hours begin at the rifing, and
end at the fetting of the Sun ; and the Nocturnal
Hours begin at the feteing, and end at the riling of
the Sun. T'hefe Hours wete anciently in afe among
the Fews and Romays, and at prefent among the
Turks. They were anciently called Planetary Hours,
beeanfe i every Hour one of the feven Planets
| was fuppos'd to prelide aver the World ; thus for

_ Example, on Sunday, the firlt Four from Sun-rifing
was allotted to the Sus, the fecond fell to Venus,
the third to Mereury, and fo on to the reft in order, °
viz. to the Mooy, Saturn, Fupiter and Mars s by
- which Means, the firft Hour from Sun-rifing, the
_next Day fell to the Moon; fiom which 1t fvas

called Monday, and [o on thro the other Days of

" the Weck, each Day getting its MName from the
. Planct that was fuppofed to prefide the firft Hour
s of that Day: 5 :

6. The Day in different’ Nations begins at diffe=
ent Times. Lhus the Babylonians, dffyrians; and
{everal other Haftern Nations began their Day at
Sunsrifing : The Hour after that, they called the

- @ 7 figlt
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*Toft Hour, and fo counted on All they Fany ~2c i
Twenty-lourth, or laft Hour, which -as the Hour
before Sun-rifing, The Fews and Grecians began |
their Day at Sun-fet; a5 &t this ‘Time the _Imli,_\‘;;\;‘.,
Sicilians, Bobemiaus, FPolavders and Aufivizas o5
¢he Hour before the Sun-fet they call the laft, = |
Twenty-f vrth Hour 5 and the Hour after the Sun
is fet, they call thefirft Hour; and {o.count onto |

the T wenty-fourth, when the Sun fets again.

. The Egyptians and Ropant anciently began |
their Day at Mid-night ; which was followed by
Hipparchus, Copernicus, and other Afironomers, i |
their Aftronomical Obfervations, and is ftill retained |
in Britain, Frauge, Spain, and moft other Places in -
Europe 5 but the Arabs and modern wfironomers bez |
gin the Day at Noon, v7z. when the Sun is upon .

_the Meridian. ¢ A |

8. A Weck is a Succeflion of feven Natural Days,
each of which has a particular Name allotted to it,
wiz. the firft is called Supday, the fecond Monday, |
and fo on. : ' e

. A Mopth is a certain Syftem of Days, con-

fitting of fomething more or lefs than thircy Days,
and 15 of two Kinds, viz. Affropomical or Crvil 5 an |
Afronomical Month is that which is governed ei-'|
. ther by the Motion of the Sup, or that of the |
Moo 5 and confequently is of two Kinds, viz. Solar
‘or Lunar. A Solar Month is that ‘Time which the
Sun takes to rum through a whole Sign, or the |
twelith Part of the Ecliptsc 5 and a Lapar Month is |
that which is meafured by the Motion of the Mooz
round the Earth, and is of three Kinds, wiz. Peri-
pdicaly Synodical, and that of Dumination  she Pe- |
riodical and Symodical Mouths are defin'd in Arz. 45,
. et 3. ond the Munth of Ylamination o Apparition, |
is that Space of Time cpntained between the Day
that the Moow' begins to appear after Change, to
the Day that fhe difappears; and this confifts of
Gk : Tyentys
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o=, ot Davs nearly. A Givil or Politizal
Month dis‘ers from the Affromomical, and confifts
of more or fewer Days, according to the Inflitus
“on of the Conntry in-whick they are ufcd.
.G10. A Xear is a certain Syftem of Months, and
% [ either Aftronomical or Civils the Apronomical
Jear is of two Kinds, viz. Solar, or Lymar ; and
the Sofar Year, is cither Sideresl or Tiopical. The -
Sidereal Year 1s that Space of Fim: that the Sun
takes to move fiom a fix’'d Star till he returns to the
fame again; and it confifts of 365 Days, 6 Hours,

Minutes, and 14 Seconds; the Tropisal Year is
that Space of ‘Time, which flows while the Suz
moves from any onc of the Cardinal Points, till he
returns to the fame againj and it confifts of 363
Days, 5 Hours, 48 Minutes, and 57 Seconds, and
commonly gets the IName of the Solar Year.

" 11. A Lunar Year confifts’of a certain Number
of Months, and is either Coinnon or Embolifiic. A
Common Lunar ¥ear confifts of twelve Synodic Lu~
natians, 2nd an Embolifinic contains thirteen.

12. The Civil or Political Year confifts of a cet=
tain Number of Days, more or fewer, according to
the Laws and Quftoms of the Countrigs in which it
is received-

" 13. Since the Commwn Lunar Year confifts of
‘twelve Sywodic Months, or 254 Days nearly, and
® the Solar confifts of 365 Days, (throwing away
the odd Eours and Minutes) ’tis plain, that the
Solar Year will exceed the Lunar by about 11 Days;
and confequently in the Space of alout Thirty=
three Years the %eginning of the Lunar Year will
be carried through all the Seafons ; and hence it is
called the Moveable Lunar Year. This Form of the
Year is ufed at this Time by the Turks and Ara-
" biaus 3 and becaufe in three Years Time, the Solzr
exceeds the Lunar by 33 Days ; therelore to kc;p
s ; the -
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- 167~ <ke true Leagth of the Year being 265
Days, 5 Hours, and 49 Minutes nearly, and by the
SFutian Account 365 Days and 6 Hours; ’tis plain
th~ Givild Year exceeds the Solax by 11 Minutes year‘:
1,. < Cenfequently, if the Sun any Year enters the
é_/ winoctia) on-the Twenticth Day of Muwch af
Noon, the next Year, he will enter the Equinoial +
the fame Day, 11 Minutes before Noon, the next,
.22 Minutes before Noon, and fo’on. Confequently
in 131 Years the So/ar will anticipate the Civil Year,
by one whole Day 5 and {o cither Equinox will not
happen always on the fame Day of the Civil Year,
but be carried i a2 Retrograde Order thro’all the
Days of it. This. was what out Pope Gregory the
XI1Ith, upon reforming the Fulian Kalendar; for
finding that at the Time of the Nicere Conncil, when
. the Time of celebrating Eaffer was inftituted, the
Vernal Eguéinosx happened the Twenty-firft Day of
March 5 and by flowing continually backwards, it
happened at his Time, in the Year in 1572, on
the Eleventh Day of Mzreh, anticipating its former
Time, by 1o whole Days; he ordered that thefe
10 Days .ﬂ‘muld be taken out of the Kalendar, and
the Eleventh Day of March thould be reckon’d the
Twenty-firft ; and to prevent the Seafons of the
Year from going any more backwards, as they were |
_ before, he ordered that every hundred Year of the
 Cpriftian Ara (which according to the Fulian Ka=
lendar is Riffextile ) thould be a common Year, and
fo confift only of 365 Days; but this being too.
much, therefore every four hundredth Year was to
vemain Biffextile or Leap-Year- This Form of the
Year is receiv'd in France, Spain, Germany, Italy,
and other Countrics that allow of the Pope’s Autho-
rity 5 as alfo in Holland, and feveral other Places
where the Reformed Religion is profefs'd. But
the Britifb and other Reformed Noxthern IN ati{c%x_iﬁ
; i
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ftil] retain the Falian Form, vhich s 7.3 0l
Style, and the Gregorian, New Style.

17. A Kalendar is a regular Difpofition of the
Day's in the Giwi/ Yeors into> Months and Week= ;-
cach Day of every Week being diftinguifhed frq
another'by oae of the firft feven Letters of the £ -
phabet, wviz. A, B, C, D, E, F, G. Beginning 4t
the firft of Funeary; toit is annexed the Letter A,
to the fecond .he Letter B, to the third C, and {o
on to the feventh, to which is anrexed the Lettes
‘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 Diays of the Year,
cach of them having cne of thefe Letters annexed
to it. Hence ’tis plain, that whatever Letter is
placed againft any Day of any Week, that.Letter
will be placed againft that Day through the whole |
Year : Thus; 1f the firft Day of Fenuary, againtt
which ftands the Letter A, be a Swzday; then all
the Days in the Kalendar having the Letter A
ftanding againft them, will be Susdays.  Alfo if the
Fourth Day of Fanuary, againtt which® #ands the
Letter D, be a” Sunday, then all the Days in the
Kalendar, haying D annexed to them, will be Sun=
days. That Letter which anfwers to the Syndays
throughout the Year, is called the Dominical or
Sunday Letter, for that Year.

_ Bur fince ﬁhe Compaon Year confifts of 365 Days,
if that be divided by feven, the Quotient will be
52 Weeks, and one Day over ; and fince if nothing:
remained, {hen whatever Day of the Week the
Year began on, the fame Day of the Week would
be the firft Day of cach {ucceeding Year ; “tis piain,
that whateyer Day of the Week any. Y ear begins
on, the fame Day of the Week will be the laft
Day of the Year; and confequently, if the Firft
Day ot\jmmary, to which is annexed tnc Letter A,
be Suwd'zy, the laft Day of the Year will be Sun-
. : d{l)‘4
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Year wite®c Sumday, ard the firft of the next wi'l
be Monday, and the fitk Sunday of the Year will
fall on the feventh Day, to which is annexed the
L¢ter G, which therefore; will be the Donzinical
. Lo % 2l that Year; and fince the Year began
o~ Monday, it will alfo end on Monddy; and the
~firft Day of the next Year will be Tty ; con=
fequently the Grft Surday will fall’ en the fixth
Day, to which is annexed F, which_tiierefore will
be the Dominical Letter all that Years And the
fame Way the Dominical Letter the Year following
will be B, and for the next D j-and in this res
trograde Order the Dominital Letter is carried
fucceflively thro’ the feven, after which it begins
again: % 3 A
" 18. From'what has been faid ’tis plain; thdt if the
Vear confifted of 365 Days exactly after a Period of
feven Years, the fame Day of each Month would fall
. on the fame Day of the Week. But becaufe every
fourth Year is Biffestile ; confifting of 566 Days;
which is equal to 52 Weeks, 'and 2 Days; there=
fore if that Year begins on a Suzday, it will end on
Monday, and the next will begin on Zuefday, and
the firit 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 Biffextile or Leap Year returns
every fourth ¥Year, 'tis plain the Series of Dominical
Lesters will be interrupted, and will not return
till after four times Seven, of twernty ciBht Years:
And hence arifes the Cycle %A‘;twcnty eight Years
* called the Sofar Gycle, which being completed, the
Days of the Month return in the fame Order to
the fame Day of the Week. ; o
19. And fince in every Leap-Year the Intercas
* lary Day is placed between the twenty third and

twenty fourth Day of Febrnary, and fo  nakes
R WO

-
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two twenty Fourths of Fubonary; w.virk jn the
Kalendar:are eftcemed as one and the fame Day;
and have ithe fame Letter affixed to them, and

which byZeur Way of Reckoniug are called ¢he |
twenty fourth and twenty fifth Day of Februa, p |

“tis plain thiz Order of the Dowinical Letter wi (at

that Time be interrupted, and the fucceeding Let& -

will take Ptacz; thus if in a Lesp Year the firft
of Fanuery e Surday, and confequently the D=
auinical Letter As the twenty fourth Day of Fe-
braary, will fall upon a Friday, and the twenty
&ifth on a Szturdey; and fince both thefe Days
are mark’d in the Kalewdar with the fame Letter
5 the following Day, which s Sunday, will be
mark’d with G, which Letter'will mark out alf

the Suudays; and confequently be the Dominical|

Letter, the remaining Part of the Year. And hence

it is that every Legp-Year has two Dominical Leta |

zers, the firt of which ferves from the Begin-
ning of the Year to the twenty fourth or twenty

fifth Day of Fibraary, and then the other rakes |

Place, and ferves for the reft of the Year. .

20. The &rft Year of the So/ar Cyole was pl.ac’(ié
in 2 Leap Yzar, having for it’s Dominical Letters G |

and F, whence the Dominical Letter for the fecond:

is B, for the third D, for the fourth C; and the |

* fifth Year of the Cyole is again Biffextile, whofe

Domizical Letters are B and A, confequently the

Dominical Letter for the fixth Year is G, andfo
on, as in the following Table which fhows the
Domiiical Letter for every Year in the Cycle.

3
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‘Whence s plain, that by knowing the Vear of
the Cycle, we can find the Dominical Letter anfwer-
ing thereto from the Table. Now fince the firff
Y- ar of the Chriftian <Fra heppen’d on the tenth
1 ‘ar of the Gycle, and confequently o Years of
“u: Cycle were elaps'd before the Cp iftian Fra
commenced ; therefore to find the Year of the
Solar Cycle for any Year of the Chyijtivn Fra, and
the Dominical Letter belonging te ity we muft add
9-to the given “fear and divide the Sum by 28,
then the Quotient will fiow how many complete
Gycles have paft fince the firft Year of the Solar
Gycle, that the Chriftian Ara commenc’d in, and
the Remainder, if there be any, will fhow the
current Year of the Cycle; but if there be no
Remainder then the Year is the laft, or twenty
eighth Year of the current Soler Cycles and hav-,
ing found the Year of the Cycle, we have the Do-
minical Letter anfwering it from the preceding
"TFable. : i
Example. Suppofe it were required to find what
Year of the So/ar Guele the Year 1734 is, and the
Dyominical Letrer belonging to- it. ~
~ Lirfl, Tadd 9 to the given Year and the Sum
is 1743, which divided by 28, the Quoticnt 62
thows that there are 62 complete Cyeles elaps'd,,.
fince the firft Year of that COycle 1n which the
Chriftian Ara commenced and the Remainder 7
fthows that the Year 1734 is the feventh Year of
the current Gyole; then looking in the preceding
Table, for the feventh Year of the Cyele, I find
the Dowinical Letter anfwering thereto is F.
21. Since the Revolutions of the Sw# and Moor
are found conftantly to be the fame, the _.Mzou_
moving with ahour thirteen Times the Veelocity of
the Suw: it follows, that after a certain Number
-of Revolutions, they muft meet again in the fame
Point of the Heavens they did fome time befqrq
R0 which

)
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‘which by Meton the Athen ai. was ‘ard to be 19
Years juit; after the Expiration of which Time the
gew and ful} Mooms were {uppofed to hagpcp on the
fame Day and Time of thit Day, and in the fame
Month, they did 19 Years before that. This Gy
is from its Nuthor called the Mezonic Cyele; » (n
’tis called the Lunar Cycle. - . ; 4
22. This Cysle began 1 Year before the Coma
smencement of the Cpriftian Ara, and c;énfcq)xcntly
to find what Year of the Gycle any Year in the
Chr{ﬂian Arg is; we muft to the given Year
add 1, and divide the Sum by 19; then the Quo=
tient will fhow how «many Gycfes have revoly'd
{ince 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 nineteenth
Year of the Cyc/e. 'The Year of the Cycle anfwer=
ing to any given Year, is, for its great Ufe in
determining the Times of the #ew and full Moon,
2nd thereby knowing what Day of the Month
Egfter-Day falls upon, called the Golden Number or
Prime for that Year. :
Example. Required the Golden Number for the
Year 1732 e i
_ Firft, 1 add one to the given Year, and the Sum
is 1733, this divided by 19, gives or for the
Quotient, and 4 for the Remainder 5 which thows
that there have revolved 91 complete Lunar Gycles
dince the firk Year of that Cyele in which the
Chviftian . Fra commenced, and that the given
¥ear is the fourth Year of the current Cycle, con-
fequently 4 is the Prizse or Goldes Number for the
Year 1732. ez a5 e
23. It has been thown, at 4rz. 13. of this, that
the Solar Xears exceed the Lunar by Ir Days near-
ly; confequently if the Moon be New; or in Con-
Jjunctior with the Sun, on the laft Day; or thirty
! 3 firit
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firk of December ia {ay 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 after new-Moon.; but becaufe in the
focceeding ¥ear this amounts to 53 Days, and 30

- Dxrys being  allowed for 2 complete, Moon : “tis
p.ain, in that Year there will have happened 13
Conjunétions, and the Moon “ will be, 3 Days paft
Change on the laft Day of it; confejuently on the
laft Day of the next Year the Moon will be 14 Days
paft the Conjunction, and fo continually increafing
by eleven Days yeatly, till afier the End of 19
Years it will become the farme as before. The Age
of the Moon or Number of Days paft fince the
Conjunétion, on the laft Day of any Year is called
the Epac? for the fucceeding Year.

24. Now fince the Epas# for the firft Year of the
Lunar Cycle was 11, the Epas for the Second will
be 22, for the Third 3, for the Fourth 14, for the
Hifth 25, and o on conftantly increafing by 11 ; it
{ollows that to find the Epas for any Year, we muft
multiply the Golder Nymber for that Year by 11,
and divide the Produét by 30, and the Quotient,
if there be any, willdthow how many Embolimean or
Intercalary Months haye happened fince the firft
Year of the current Cycle, and the Remainder'will
be the Bpaé? for the given Year; or will thew how
many Days has ¢lapfed between the laft Day of the
tormer Year and the immediately prefeding Con-
jan&ion. e

" Lxample. Required the Epas for the Year 1755.
Firft, By Art. 2. 1 find the Golden Number for
the Year 1735 to be 7, which multiplied by 171,
gives 77, and this divided by 30 gives 2 for the
Quotient and 17 for the Remainder, and confe-
uently there have been 2 Intercalary Months fince
the Commencement of the current Cye/e to the Year
1735, and 17 is the Epger for that Year, orit his
the:

5

-



126  The Elements of Chronology.
the Age of the Moon, the {ait Day of Deceinber
4734- i 3 :
7;; Since by Art. 23. the Epa® for any Yean
thews the Age of th: Moun on the laft ay of
the preceding Year, ‘tis plain if to the Epzé vig
add 1, the Sum will be the Age of the Moon t--~
firft Day of rhat Year; but becaufe the Symodici} 7

Month, or time between any two in.mediate Con=
junctions, is equal to 29 Days and an Half;, and

" Fanuary containing 31 Days; thevefore if to the

Age of the Moon on the firft of Fanuary be add-
ed 1% (or to avoid Fraétions) 2 Days, the Sum
will be the Age of the Moon on the firft of Fi-
bruary; and becaufe in common Years the Days
in Fanwary and February taken together make 595
which is exactly equal to two intire- Lunations,
therefore the Age of the Moon on the firft of
Fanuary will be the fame with® its Age on the -
firft of March, and. confequently to its Age on
the firlt of Fanuary, there is nothing added, in
common Years, forits Age on the firft of March S
but in Leap Years the Sum of the Days in Fa=
2nary and Febraary being 6o, which is more thag'
two intite Lupations by 1 Day, it is evident that
in this Cafe;, we muft add 1 Day to the Meon’s
Age on the firft of Fanuary, and the Sum will be
its Age on the firft of March. And by the fame
Way of Reafoning it will appear, that to find the
Age of the®™Moon on the firft Day of any Month,
wemult add to its Age on the firft of Fanuary
the followisfig *Numbers, viz. for February 2, for
Mereh o, in common Years, and 1 in Leap Zosrs,
tor dpril 2, for May 3, for Fune 4, for Fuly 3,
for Aduguft 6, for Sepiember 8, for O&ober 8, for

- November 50, and For Decombsr 1o:: Thefe addi=

tional Numbers are called the Numbers of the
Mouths. &

26. From -
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26. From what hes been faid in the two laf
Articles there naturall; follows this Rule for find-
ing the Age of the Moon on any Day, of a given
Year, viz. Lo he Epzéfor the given Year, add
the Day of the Month and Number of the Month
and if the Sum be lefs than 30 it is'the Age of the
1.Toon required; but if it exceéd 30 then take 30
from it and the Remainder is the Maon’s Age.

Bxamplé. Required the Mocn’s Age on the 15th
Day of May 1733- * : i

Firft, By drz: 24. 1 find the Epac for that Year
to be 25 to which adding 13 the Day of the given
Month and 3 the Number of it, the Sum is 413
from which taking 30 there remains 11, the Moon’s
Age on the given Day. P

27. Since the Moon takes 30 Days from one
Conjunétion with the Sun to the next following,
’tis plain the muft be 15 Days 6ld when Full, and
2% when in the firft Quarter; and 221 Days old
when in the laft Quarter. Confequently to find in
any Month of a given Yeat the Day of the Moon’s
Change, and when IFull, and when ia either Quar-
ter, we have this Rale, vz, Aflume any Day of
that Month at Pleafure, ‘and by the laft 4rs. find
the Age of the Moon on that Day; then if it be
15 the Moon will be Full that Day, and counting
~% Days backwards and forwards from that Day
we'll have the Times of the firft and laft Quarters,
and by counting backwards and forwards ffom it,
15 Days we'll have the Times of the laft and next
Change. But if the Age of the Moon be greater
than 15, then take 15 from it and the Remainder
will fhow how many Days have run fince laft Full
Moon. So counting thofe backwards we'll have
the DagFthe laft Full Moon happen’d onj and by
knowing that, we can find th€ Days of “the Change
and cither ‘Quarter as before. Again, if the Age
of the Moon on the atfumed Day be lefs.than }; 55y

; X then

¥
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then take that from 135, ap// tte Re.nainder ill
fhow how many Days are {5 tun till the next Full
Moon; and therefore counting fo many forwards,
we will have the Day »f the Full Mooh, by which
we may find the Days of the Change, and either
Quarter as ahove: : 2

Example. Required the T'ines of Full Moon, New
Moon, and fizft and laft Quarters in Odfober 1734,

Firft, T affunc auy Day at Pleafure, fuppofe the
tenth of that Month; then by the laft 47z 1 find
the Moor’s Age on that Day to be 24 Days, from
which taking 15 there semains 0, the Number of
Days fince the laft FullMoon; therefore counting
fo many Days backwards; I find the Full' Moon
happens on the firft Day of that Month; and count=
ing 7% Days forwards from that I find that the laff
Quarter happens on the ninth Day; then from the
firft Day, on which the Full Moon happens, count=
ing 15 Days forwards, I find that the Change falls
on the 16 Day, and reckoning 7: Days forward
from that, T find that the firft Quarter falls on the
twenty fourth Day. 5 ;

28. When the Moon is in Conjunétion with the
Sun, then they both come to the Meridian at the
fame Time ; but the Moon moving fill Eafterly
with a Velocity much greater than that of the Sun,
‘tis evident that when the Sun comes on the Meri-
dian the next Day, the Moon will be on the Eaft
S-Id.e of it, and confequently cannot be upon the Me-
ridian till fome time after the Sun; and becaufe fhe
completes 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 obferging any
Day how long Time the Moon takes to be upon
the Meridian after the Sun, we may by this find
the _Age of the Moosn that Day, making the fol=
lowing 'Proportion, viz. As 24 Hours, the whole

Diflerence
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Difference of Tims, ¢s to 30_Days; the whole
Number of Days from hange to Change, {o is the -
cbferved Difference of “Lime on any Day, to the
Days Run fince the laftChange, or the Age of the
Moon at that Time. Y
. Example. SuEpofe on any Day the Moon is ob=

“Aefved to be upon the Mﬁi{idian" 5 Hours after the -
Sun ; Required.the Age &f the Mooa 4t that Time.
Make it, as 24 is to 30, o is § to 633 confequent-
ly the Mocn is 6; Days old at the Time of Obfer-
yation, g i

29, The Moon meving ound her Orbit, or 360
Degrees, in 30 Days, the muft move 12 Degrees
in 1 Day; but fince her Motion is from Wetit to
Eaft, and an Heavenly Body, 15 Degrees to the
Eaftward of another being 1 Hour later of Coming
to the Meridian than that other; therefore making
it as 15 Degrces is to 1 Hour, fo is 12 Degrees to
2 of an Hour, or 48 Minutes; we find that the
Moon is always 48 Minutes later of Coming to the
Meridian any Day, than fhe was the Day before;
and becaufe the comes on the Meridian at the {ame
Time with .the Sun® on the Day of her Changej
therefore to find her Southing, or Time of her Com=
ing on the Meridian, any Day, we muft firft find
her Age (by Arz. 26.) for that Day, then this

multiplied by 48, will give the Minutes of Diffe- ¢
rence of Time between the Sun and Moon’s Coming
on the Meridian; which divided by 6o, will thow
how many Hours and Minutes the Moon is later
of Coming on the Meridian than the Sun; and
counting 16 many forwards from twelve of the Day,
we haye the Time of the Moon’s Southing: If the
Hours and Minutes found as above be lefs than 12,
then that will be the Time of the Moon’s Southing
after Noon ; but if greater than 12, thedl take 12
from them, afid the Remainder will be the Time of

the Moon’s Southing in the Mornirg. :
S :

o

Example:

s
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Year; then add together “he -Days contained in
cach Month from the Brginning of the Year to
the Month in which the ropofed Day is, and Q
this add the Day of tne g ven Month: Laftly, di-
vide this Sum by 7, and £ nothing remaia, then
the Day of (the Week, preceding that Day which
anfwers to the firft of Sfaziary that Year, is the
Day anfwering to the ‘propofed Ddy ;- but if any
thing remain, then counting {fo many forward (be+
ginning with that Day the fitft of Jfanuary falls on)
we fhall have the Day of thc W=2k, the propofed
Day falls upon. Note, Tne Days contained in each
Month, are as follow, ‘wiz. Fanunary 31, February

28 in common Years, and 29dn L.cap-Years, March

1, April 30, May 31, Fune 30, Faly 31, dn~ |
?zy’i‘ 31; S‘ept’emba 30; Ocober 31, November 30, |

Deceinber 3r-

Example. Required what Day of the Week thc,:

eighth of Fuly 1730 falls upon.

_ Firft, By the preceding Rule in this 4#ticle, T |
find that the firlt of Fanwary 1730, falls upon 3.
Thurfiay; then to the Numbers, 31, 28, 31, 30, |
31, 30. anfwering to the elapfed Months, I add 8

the Day of the given Month, and the Sum 189 di- |
vided by 7, therc remains nothing, fo I conclude
that the 8th of Fu/y 1730 falls upon a Wednefday. i

Example 2. Required what Day of the Week the

twenty fitlk of March 1730 falls apon.

D

Bv proceeding as in the laft Example, I find

after Divifion that 3 remain, and the Year begin-

ning upon a Thurfday, fherefore counting Thurf=
day 1, Friday 2, and Saturday 3, I find that the
propofed Day falls upon Saturday. :

¢ 32. According to the Decree of the Nicene Conn=

i (whick is followed by the Church of England)

the Sunday after the fourtecenth Day af that Moo
which happens after the twenty fir®of Warch
nclufivel 7, & e after the Commencement of the

twenty |
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gwenty firlt of Mwcp. is Eafer Sunday. Aad
fince the tourteenth Ly Of ‘that Moow, or the
Pafchal Full-Moon can ' ever happen before the
twenty firlt of March, )/ ct after the eighteenth of
April; therefore Bafter Day can never happen foon=

- er than the twenty &c%ad of Maroh, nor later than
the twenty fifth of "4t /4 Now to fud what Day

of March or April, Egfter Day falls apon in any °

Year, we haye from the foregoing Anticles, the fol-

lowing Rule, i~ Finft, (by Ars. 26.) find the Age

of the Moon o~~*he twenty firft of Mareh that

Year, and if it bena, “then by the laft Article find

the Day of thet Week 2. Swering to it, and the

Sunday following is Egfter Day; but if the Moon's
_ Age on the twenty firfk of March be not 14, then

veckon forward to the Day in which her Age is 14

and by the laft Article, find the Day of the Week
.anfwering to that Day, and reckoning forward to

the next Sunday, we fhall have the Day required:

Example. Required when Egfter-Day happens in
the Year 1730, ;

Firft, I find (by Art. 26.) that the Age of the
Moon on the twenty fitft of March 1730, is 13
confequently counting 1 forward, T find that the

- 14 Days of the Moon, ot the Pafehal Full-Moox,
happens on the twenty fecond Day of Marsh ; then,
(by 4. 3@) I find that the twenty fecond of
March 1730, is Sundays thercfore counting for-
svards to the next Sunday, which is¥Ea/fler Day, 1
find it happens on the twenty ninth of Maroin
Note, In Leap-Years, inftead of the twenty firlt of
Marob youmuft ufe the twenticth ; becaufe in thefe
- Years February is increafed by one Day.

33. Brom the Cycles of the Sun and Moon (ex=
plained in 4rz. 18. and 21.) multiplied: into on¢
another, there arifes another Gyole of 532 Years,
called the Victorian ox Dionyfian Cycle, from Diony-

Sis
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by 15, then if thec be no Remainder, th'e given
Year 1s the fifteenth of(the‘ lndiction ; but if there
be any Remainder that ¥ woa.cw what Year of the
Tudigion the givenYear (s 5 and the Quotient will
thew how many complets' Gyeles of Indiion have paft
fince the firft Year forat in which the Chriftian
ra commenced. ‘ i g
 Example, Required tiz Year of Iyaittion, for the -
Year 42 of the Cpriflian Fri.

Fijt, I aad 3 to the given Year, and the Sum is
1736 5 then .o diide this Sum by 15, and the
- Quotient is L1 5, anc =wen. ~inder 11 Confequently

there has been 1t 5 compi. “= Cyoles of Tndizion from
the firft Year of that in which the Chriffian Aire
commenced, and the Year 1733, is the 11th Year
of Indiétion. 4
35. From the Multiplication of the three Cyeles,
iz, the Solar of 28 Years, the Lunar of19, and that
ot Tudidion of 155 arifes a Period of 7980! (Years,
calied the Great Fuliar Periog. . This 1s {uppofed
to have begun 764 Years before the Crearion of the
- orld, and is not yet completed 5 confequently it
muft comprehend all the Actions that have happen-
ed from the Beginning of the World; and fince the
Year before Chriff was the 4713th Year of this
Period, therefore to find what Year of the Fulian.
Period any current Year is, we muft to the given
Year of Chrift, add 4713, and the Sum will be the
requited Year of the Fulian Period.
* Bxomple, Required what Year of the Fulian Pe-
viod anfw.1s to the current Year of Chrift 1734.

To the given Year 1734, T add 4713, and the
Sumi 6447, thews that the current Year of Chrift 1734
is the 64:7th Year ofthe Fulian Period. ;

560 Asin the Heavens, there are cetgain Points
from which 4/ffronomers begin -their Computations 5
{o likewife there are certain Points of Time, from
which, as Roozs Chronologicas Computations begin d,

an
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and all memorable AEt ons are vecorded by Hiffos
vians according to thy: Scries of Years following
thefe Roots, or fixed Tora. of Time which are called
Epocha’s or ra’s, The noft ceicbrated and beft
known to us, is the Chrifita * Zrz, which commen= "
ced on the firft of Fanuary, o rediately following |
the Birth of Ubrifi. Bhs 3 g
37. The moft Ancient Lpocha, is that ofthe Creas
tion of the Wiorld ; which commenced 307> “rears
before Chrift. 'The next to this is that of the
Deluge, which began 2956 Ye->, pefore Chrifs
Then follows the Epockh— wr= .c-Jlympiads; which
was the moft antient 7~ d famous Epsche among |
the Greeks, and other Eaffern Nations 5 each Olym=
piad contained 4 Years, and they had their Kife |
from certain Games that were celebrated by the |
Grecians every fourth Year ; in Honour of Fupiter |
Olympins, which were called Olympic Gantes. The
Beginning of this Epocha, is fuppofed to have been |
on the 777th Year before Ciriff, and in the |
3931th Year of the Fnlian Period. The next E-
pocka, is that of the Building of Rome, which be~
gan about the End of the third Year ofthe Sixth |
Olympiad, 764 Years before Chriff, and in the |
3959th Year of the Fulian Period. Then follows |
the vz of Nabouaffar King of Babylon, from the Be~ =
‘ginning of whofe Reign it commenced.- This
e 15 famous among _dfirosomers, being made |
- ufe of by Prolomy, Albategnus, £35. as a proper
s for computing the Motions of the Celeftial =
Bodies'from. It began according to Prolony, on |
the fourth of the Kalewds of Mazroh, 747 Years
before Chriff, in the 5066th Year of the Fulian
?ferzod, and in the feventh Year after the Build-
g of Rome, and in the fecond Year of the cighth
Olympiad. 'The next is the Epoche of Alexander
the Great, which commenced at his Death 5 and
this happened about the middle of the Spring,
o TR



i N
The Eletnenss of Chronology. , 135"
1 the firft Yiear of the 114 b Olympiad, 324 Years

~ before Chrift, in the 4.qou" Year of the Fulian
Peviod; and in the 424th ' et the g of Nebo-
naffars There aic feve 2! ocher Epochas befides
thefe already mentios»d of lefs Note, which T fhall
pals over, itnat b~ the Defign here to give 2
patticular Defcription.c “aMl the Epogkzs and cheir
feversl Ules, Bat only to'give a genésal Account °
of the'mw,. « ;markable among them. .~

38, Since L the Rotation of the Earsh about its
- Bxis, the Moz~ 2~ to move quite round from
£ Eqft to Weft in 24 o < therefore in that Time
the muft pafs over all the v\ nts in the Compa/s, and
{o muft move from one Point to the next fucceeding
|4 in 45 Minutes: Confequently in moving from the

- Novth Point to' the South, the muft take 12 Hours,

and from the North, to the NHE, or from the South

I to the S&'W 45 Minutes; alfo {rom the Norsh to
| the NN E, or from the Soath to'SSW; 1 Hour 36
| Minutes; and fo om as in the following Table.

Points H: 5, M.|  Points
N 12 5 00 S
NOE o5 45| SEW
NNE T 4,0l SISIW
NEbLN 24 15 | SWEHS
N E 3 500 SW
NEGE 3 3,45 1 SWEW
ENE 4 530 | WSW
EIN 59 X5 [ AR LS
B 6}y OB SHEW.
EbS 6 a5 | WEN
ESE 73,30 WNW
| SELE g 4, x5 NWIW
S o o0 NW
SEBS 9545 NWHN
SSE 16 5 30, NNW
SUE X5 15 N&W
v
B 30. The
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_39: The Flus and R /Zl/x o> Ebbipyg and ]'lo..wm- ’
of the Seas, does con (anrly refpect the Motion of
the Moon, and i et Pdace when the Moow is on
a certain Point of tnc-: ,Cmfuﬁ or at a cesain
Dittance from che Merids, 0, it is then liigh Water -
at that Place; and fince f# 5 twice at tie fame
Diftance fibm tht Meridic. ; ot i two oppohte
Points of tae Compafs, - her diufnal Moz ion 5
therefore. in moft Places there is a'dotibre g
and Flowing in a little more than ol F ours. There
has been found by Obfervation. “#~-"~the moft re- |
markablc Coafts, the P~ . __sWhich the Moo
is when it ts high Water _a€ach of their; asin the
tollowing Tables :

A TABLE of the mofp remarkdble Secz-Coqﬂ.r,
in an Alpbabeticad Order 5 (bewing in each d
them the Points of the Co M » A s's, the Mo ox
miff be on, when it is bigh Water.

A. At the River Bonrdeass, the Stk
Coaft of Britaigne, the Coaft of!
/ T Abaywark, ENE and WS Brﬁ‘q, aud at Bookuefs, N E, and
W.
B Abumere and Autwerp, E At Breff, before the Bafs, theRi
and W. ver of Boxrdeans within the Ham,
At Alborongk, SE 1S, and NW NELE, and SW 6 W.
5N, In the Breefornd, Bloy, and 75.:1:@
At Anflerdarn and Arotenties; NE mores ENE, and W SW,

and o W.! Before ﬂramm, and at B[ackmr,
At 4rmy, NNE; and SSW-. and in theChannel before Borrdeanss :
g E and W, 1
B. At Iindgwatcr, E S E, and WN i
z Ww.
At Beacky and Blacktail, and be- At Briffol Key, Eb'S, and Wbl* |
fore the Race of Blaoiguet, NandS. At Bullon decpy S S E, and 11 N
Ar Blackne[s in Blust, av Bell Ifle, Ww. -

NNE, and §SW.
Without winct, and at Beymick,
NE&N. and § W 48,

C.

Before the Haven of Caeny in the 1
Chamber, bewween Crippicfimnd mlzd |
the
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; me :ﬂ]z, and at Gillapy S E; and

At Calzly, and in the Bay of Car-
mtrwm, E 6N, and W.5S.

Wighout Calais, at Corpus Chriff
Point, before and at Gamfers NN E;
and S 5 W. g

Between talais and Dover, b=~
Congprt, and acthe N-Cape, ) v
S V.

?'“;

At F/ Iamﬁomfgl; and  Bradliygsam,
X E; and S W.
_— 9o the Coaft of FI landers, N and

Wizlxem rhc,Banks of. I’Imdm, NE;

At Flnjhm,q, N E, and s & W,
S On the Coaft of Fhmders; Nand

At thc Forn, 17 "Foy, at Fabmonth’

AG tI € Cagkets, and at Chambcmc]:, © EON, and W

SEbLS,) ) md N N.

Betyye.. - v andthe Caskets,
before Crnmr, . are the Caskess ar
Gieernfey, at Seven), ~ifts, and at Cat-
#efs, S'E; and N Wa i
" In the Chamber of i, .
and § b6 W.

Without the Caskers n tlxc Ghan=»
mel, S EGE, and N'W b

At Cowcalo E and Wi

In Condado N and S. o)

At Cark, Calais; Gape Clgar, and in
the Creck, ENE, and W S W,

At Cows in the Fofs of Caen, in
Caliis Road,and in Chamberne[s Road,
SSE, and NN W,

D.
At Dartmonth, Eand W
At Dicp, Dover, and in the Downs,
SS§ E; and NN W.
At Dover Pier,and before Dnnlmb,
Nand S.
At Denbich and Downs, in the

\Road, NEbN, and § W 55,

‘At Dublin, 'S E, and N N W.

At Duwibar, SE, andN W.

At D lcm'fx and Dmnmfs, SEbLS,
and N W

At Dtm"arfnm, ENE, and W § W.

At Edim NNE, and S S W.

At Emden; before the Efve, be-
forethe Eyder, and before Erichufin,
Wand s,

Before the Eaftern and Wiffern
Lmesy and Engt(mmts, SEand N W.

In the Fair I_{Ie Rn:di, :md at the
North Foreland, 'S b E, and N & W.
Atthe Frith, and avthe S. Foreland,

; SSE.andNNW. o

Before the Fen, in thg Channgh,
NNE, and §§ W.

thum the Hy, S ELE, and N
W

Befox: the Coaft of Iy mﬂand and
the, Fly, ESE, and WN

Berween Zoy and Fa!mm:!u, inthe
inthe Channel and at Forluefs, €6 S,
Wb

N ﬂéxz Fn,:z, and the Faiy Ij[z, NW,

: G.

In the Road of Gibraltar, at Gra-
weling, and before Cherbnrgh. N and
Sa

Before Goree, at Gaerafey, and at
Gravefend, N NE, and SSW.
At Groin, at G‘.xﬁnz_qn, and the Coaft
of Galitia; N E. and SW.
Thwart of Grernfty, inthe Chan-
nel, SEES, and N W 51,

H

Before Hambnrgh, at Hyll, at the
Holms, and before Humber's Mozth,
and W.

At Hampton Key, before the Hever,
before Horz, N and S

At Harlem, Haure e Grace, and °
Homebead, S Eand NW.

Before Hartlepool, N'E, and S W.

At St. Helew's, av Harwich, and
withont the Banks ofHurmﬂ;\ SSEs
and NN W.

At Huwonber, Eb N, and WhS:

Under Holy Iflandy and at Hors,
NNE, and SSW.

At Hewcliff-Foot;, N E b E, and §
WS, ;

Inall the Hayens on the S. Coafis
of Freland,, EbN, and WHS.

On the W. Coattsof Ireland, NE,
and SW.

* At jurland Ifiands; NandS.
T2

3

)‘ 2
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i HE Method con‘;monly ‘made ufe of for
_ meafuring the Ship's Way at Sea, or how
far ihe runs in a given Space of Time;, is by the
Log-Line, and Half-Minure Glafs.

2. The Log is 4 flat Picce of Wood, in Shape
like 2 Floundet, having a Picce of Lead faften'd
to its Bottom, which makes it ftand or fwim up=
right in the Water; to this Log is tied or faftned 2
tong Line, which “is called the Log-Line 3 and this

- o ; “,\ g J

1

. is comionly divided into certain Spaces, each of

which is, or ought to be, fuch proportional Part

of a nautical Mile (60 of which make a Degree

of a great Circle on the Barth) as half a Minute

the Time allow'd for the Experiment) is of an
our.

3. Thefe Spacesare called Kuots, becaufe at the
End of each of them, there is a Piece of Twine
with Kusts in it, inreeved between the Strands of
the Line, which fhews how many of'thefe Spaces or
Kiots ave run our during the half Minute. They
commonly commence or begin to b counted, at
the Diftance of about 10 Fathom, of 6o Feet from
the Logs that {o the Loz, when it is ‘hove over
Board, maysbe out of the £y of the Ship’sb%kc

; : ctore

.

D
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befere they begin to coyat, and for the:more ready
Difcovery of this Poin’: of Commencement, there
is commonly faftned at-it/a Picce of red Rag. :
_ 4: The Log being tltus 'y vepar'd, and heovs Sver
Board from the Pospy and th~ Line veer'd cut (by
the Help of 2 Reel, that tu: ‘eaoyy and abruc
which it is viound) as faf as the Lu, will cilrry

*it-away, - or rather as the Ship failsdx s 2eowilk
thew according to the Time of Veern <, now far
the Ship has runin a given Time 3 a1d onfequently
her Rate of Sailing. My :

5. A Degree of z Meiic” .4, which is 4 great
Circle on the Earth, according to the exacteft
Meafures, contains about 69.54¢ Englib Miles ;
and .cach Mile, by the Statute being 5280 Feet,
therefore a Degree of a Meridian will be about
367200 Feet; whence the 7 of thatyviz. 2 Mis
“nite, or nautical Mile, muft contatn 6126 ftandard
Feet; confequently dince + Minute is the +ic Part
of an Hour, and ¢ach Knor being the fame Part
of a nautical Mile (by rs. 2.) 1t follows, that

* each Kuos will contuin the 5o Part of 6120 oty
iz SLEeete i S -

6. Hence it is evident, that whatever Namber |
of Kiots the Ship runs in half a Minute, the fame
Nuamber of Miles fhe will run in one Hour 5 {fup=
pofing her to run with the fame Degree of Velo=
city during that Time, and therefore it is the
gencral Way 1o heave the 7oz every Hour, to
know her Rate of Sailings  but 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 fct,  or any Sail handed, that fo the
Ship has run 1wifter or flower in any Part of the
Hour, thaa fhe did at the Time of heaving the
Log‘:, tl:u:n there maft be Allowance macde according=
ly foriit, and this maft be according to the Difere-
tion of the Artift. 7. Some=



5. Sometimes whzn the Stip 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 Leg:  In this
Cafe it is ufual, if there be a very great Sea, to
allow one Mi'_ in ‘en, and lefs in Proportion, if
the Sea be p~. fo great- But for the/ Generality;
the Ship's ™ Tax is really’greater thai that given
by the-Z.;: and therefore in Order’to have the
Reckoning | ather before than behind the Ship;
(which is the 12+ V7av) it will be proper to maké
the Space of the Log-L»¢ between Kuot and Kot
to confift of 50 Feet inftead of §1. Some; -upon
the Suppofition that 6o Miles make a a Degree on
the Meridian, make the Diftance between K#or and
Knor 42 Feet; when at the fame Time, by coms
mon Experience they are oblig’d to leffen the Ha/f
Mipute-Glafs by near 6 Seconds, making it to ron
only 24 Minutes nearly ; which plainly is correéting
one Miftake by another.

& 8. If the Space between Knoz and Knot on the

Log-Line thould happen to be too great in Pro=
portion to the Half-Minate-Glafs, viz. greater than
50 Feet; then the Diftance given by the Log, will
be too fhort, and if that Space be too fmall, then
the Diftance run (given by the Log) will be tco
- great 5 therefore to find the true Diftance run in
either Cafe, having meafured the Diftance between
Kot and Knot; we have the following Proporti=
on, viz: . :

As the true Diftance 5o Feet, is to the meafured
Diftance, fo is the Miles of Difiance given by the
Log, 1o the true Diftance in Miles thit the Ship
has run. : : Lo

" Example 1. Suppofe a Ship runs at the Rate of
63 Kuots in halfa Minute, but meafuring the Space
between Koz and Kubt, I .ind it to be 56 Feet;
Reguired the true Diftance in Miles. ;

; L) Making

Of the Log-Lin‘e a‘nd C'ompaf}. i4 5 '
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_ Making it as 50 Fezt is to/ ;6 Fezt, fois 627
Kiots to 7 Kuots s L find that the true Rate of fail- |
ing is 7 Miles in the Hour, £

“Example 2. Suppofe #Ship runs at the Rate of 62
Kaots in hali a Minute, but meafuring the Space
between Kwor and Kuoty, I find = to be enly 44 |
Feer: Required the truc Rate ot !ailing. |

Making ~tas 50 Feet, is to 44 Fe >~ fo is 6.5 |
Kuots, to 54,2 Knats ; 1find that the ir="care of
Sailing is 5.72 Miles in the Hour. v '

@ Again, fuppofing the i~ ouibetween Kngﬁ
and ‘Knoz on the Log-Line o bel exactly so Feet,
but that the Gla/s is ot 30 Sccends.; then if the
Glafs require longer T'ime to run than 30 Scconds, -
the Diftance given will be too great, if eftimated
by allowing 1 Mile for every Knos 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 fail'd too fmall.  Confequently

to find the true Diftance in either Cafe, we muft
meafure the Time the Glafs requires to run out (by.
.the Method in the following Article) then we have

the following Proportion, viz: .

As the Number of Seconds the G/z/s runs, is to |
half 2 Minute, or 30 Seconds, fo is the Diftanice
given by the Log, to the true Diftance. , ‘

Example 1. Suppofe a Ship runs at the Rate of
7% Kyors in the Time the G/gfi runs, but meafur=

.ing the Glafs, T'find it runs 34 Seconds: Required!
the true Diftance fail’d. :
_ Makirg it as 34 Seconds is to 30 Seconds, fo
.18 7.5, to 6)3; I find that the Ship fails at the Rate
of 6.6 Milzs an Hour.

Enainple 2 Suppofe a Ship runs at the Rate of|

" 6% Knots, but meafuring the Glafs, I find it runs.
only 25 Secconds: Required the truc Rate of
Sailing, ; ¢

Making
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;. Making it as 2y Seconds. is to 30 Seconds, fo is
6.5 Kunots, to 7.8 Knors; I find that the true Rate
of Sailing is 7.8 Milcs an Houar.
. 10. In Order to know How many Seconds the
' Glafs runs,” you may try it by a Watch or Clock
that vibrates .comds; but if neither of thefe bé
at Hand, tr_a take a Line, and to he one Eand
faftening & Jwamezs hang the othet apon a Nail
or Peg; ic as the Diftance from the Peg to the
Center of th= Plymme: be 59% Inches: Then this
put _into Motion: will, vibrate Seconds, i. e. every
T'ime it pafles the Perpendicular you are to count
one Second; confequently by obferving the Num-
ber of Vibrations that it makes during the Time
the Glgfs is running, we know how many Seconds
the GJafs runs. 17

11. If there be an Error both in the Log-Lize
and Hglf-Minate-Glafs, viz. if the Diftance between
Kot and Kaor on the Log=Line, be either greater
or lefs than 5o Feet, and the G/a/s runs cither
more or lefs than 30 Seconds, then the finding of
the Skip®s true Diffance will be fomewhat more
complicate, and admit of three Cafes, viz.

Cafe 1. If the Glafs runs more than 30 Seconds,
and the Diftance between Kunot and Kwot be lefs
than 5o Feet, then the Diftance given by the Log-
Line; wiz. by allowing 1 Mile for each Kwot the

* Ship fails while the Gla/s is running, will always be
greater than the truc Diftance ; fince cither of
thefe Errors give the Diftance too great. Confe-
quently to find the true Rate of Sailing.in’this Cafe,
we muft firft find (by Art. 8.) theDiftagte, on the
Suppofition that the Log-Line .s only ‘wrong, and
then with this (by A#z. 9.) we fhall 7ind the true
Diftance. >
_ Example. Svppofe a Shiy+ is found to run at the
‘Rate of 6 f{nots; but exan ining the Glafs, 1 find
it runs 35 Seconds, and meafuring the Log-Line,

g g find

/

1.

@
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find the Diﬁ%ca between Knot and K#ot to be bu(,r‘i
36 Feet: Reguired the true Diftance run.
Firft, By Ars. 8. we have the following Propor=

_tion, vz As 50 Brért 46 Feer :: 6 Kaots: 5.52

Kmots, Then by Art. 9. As 35 Seconds: 30 Se=
aonds i 5-52 Knots : 473 Koots. Gonfequently the
true Rate of Sailing is 4.73 Miles an x our.

 Cafe 2. If rhe Glafs be lefs than 50 seconds. and
the Space between Kot and Kot be mroze than 50
Feet; then the Diftance given by the Log, will al-
ways be lefs than the true Diftance, fince either of |
thefe Errorsleflen the true Diftance.

Example. Suppofe a Ship is found to run at the
Rate of 7 Kwots, but examining the G/a/5, T find it
runs only 25 Seconds, and meafuring the Space be=
tween Knot and Knor on the Log-Liwe, I find it is
54 Feet : Required the true Rate of Sailing.

Firft, By Ari. 9. As 25 Seconds : 30 Seconds 17
Kpors : 8.4 Knots.  Then by Art. 8. As 50 Feez:
54 Feer: : 8.4 Kunots: 9.072 Knots. Confcﬁucntly
the true Rate of Sailing is 9.072 Miles an Hour.

Czfe 3. If the Glafs runs more than 30 Seconds,
and the Space between Kuoz and Kwoz be greater
than'so Feet, orif the G/z/6 runs lefs than 30 Se-
¢onds, and the Space between Kwot and Knuot be
Tefs than 50 Feet; then fince in either of thefe two
Cafes the Effedts of the Errors are contrary, 'tis
plain the Diftance will fometimes be too great and
fometimes too little, accordin g as the greater Quan=
tity of the Error ligs ; as will be evident from the
following Eamples. - :

Examplé fi. Suppofe a Ship is found to run at
the Rate _dF 0% K’%IJ per Glafs, but examining the
Glafs, itis yound to run 36 Seconds, and by mea-
furing the Space between Kuor and Kot it is
fm}nd to be 58 Fect ! Required tke true Rate of
Sailing. / : ; :
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Firft, By ‘drt. 3. As 50 Feet: 58 Feer::i0.5
Kunogs = 11,02 Kuots.  Then by Arr. 9. As 38 Spa
conds : 30 Seconds == 11.02 Kuots : 8.7 Kyors.” Cona
fequently the Ship’s trfie Kate of Sailing is 8.7 Miles
an Hour. .

Example 2. Suppofe a Ship runs at the Rate of 6
Kuots per GLifs 5 but examining the G/afs, it is found
to run Ciy 20 Seconds, and by meafuring the -
Log-Line, the Diftance between Kuor and Knor is
found to be but 38 Feet: Required the true Rate
of Sailing. :

Firft, "By Art. 8. As 50 Feet: 38 Feet:: 6
Knots i 4. 56 Knots. Then by Arr. 9. As 20 Sea
conds : 30 Seconds + : 4- 56 Kwors 1 6. 8.4 Knors. Con=
Aequently the trae Rate of Sailing is 6.84 Miles an
Hour.

But if in this Cafe it happen, that the Time the
Glafs takes to run, be to the Diftance between Kuor
and Knot, as 30, the Seconds in half a Minute, is to
g0, the true Diftance between Knot and Kot 3
then ’tis plain, that whatever Number of Seconds
thé Gla/s confifts of, and whatever Number of Feer
is contain’d between Knot and Kot 5 yet the Di- »
fance given by the Log-Liuze will be the trae Di-
ftance in Miles.

12. Though the Method of meafuring the Ship’s
‘Way by the Log-Line, defcribed in the foregoing
Articles, be that which is now commonly made
ufe of; yet it is fubject to feveral Errors, and
thefe pretty cofiderable. For firft, the Half-Minate.
or Quarter-Minute-Glaffes (by whichsind the Log,
the Ship’s Way is determin’d }rare feldom’or never
trug, becaufe dry and wet Weather have a great
Influence on them; {fo that attone Tir cy may
run more, and at another Tim¢ fewer thyap thirty
Seconds, and ’tis evideristhzt 4 fmall Ertor in the
Glafs, will canfe 2 fenfibie one in the Ship’s Way-
Agaimz the chief Property of the Log'is to hav'c

= it

/
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it {wim upright, or perpendicular to the Horizon 5
but this is too often wanting in Logs, becaufe few
Seamen cxamine whetherit is {o or not, and gene-
rally rake it upon Truft, being#atisfied, ifitweigh a
little more at the Stern than the Head; ard from
this there flows an Error in the Reckoning, for if
‘the Log does not fwim upright, it w.'l not hold
<Water, nor remain fteady in the Plac < where .t
is heav’d, fince the leaft Check of the Hand, in
veering the Line will make it come up feveral
Feet 5 this repeated will make the Errors become
Fathoms, and perhaps Knots, which how'infignifi-
cant foever they appedr, are Miles and Parts of
Miles, and amount to a‘good deal in a long Vayage:
Another Inconvenience attending the Log-Line is i
it's ftretching and fhrinking ; for when a new Line
is-firft ufed, let it be ever fo well fretched upon
the Deck, and meafured as true as poffible, yet
after wetting it fhrinks confiderably ; and confe~
quently to be the better aflur’d of the Ship’s Way
by the Log-Line, we ought to meafure and alter -
the Knots on it every Time before we ufe 168 Ouf
this is {cldom done oftner than once a2 Wieek, and
{ometimes not above once or twice in a whole
Voyage ; alfo when the Line is meafuted to its
greatet Degree of fhrinking, it is generally left
there 5 and when by much Ule, it comes to ffretch
again it isfeldom or never mended, though it will
ftretch beyond what it firft thrank. Thefe and
many “other Hrrors too well known, attending
that Methoa of meaftring the Ship’s Way by the
LOg-li{le, plainly anfivers for a great many Errors
committed in Reckonings. So ’tis to be wifh'd that -
.<ither thisi¥lethod vere improved or amended, or
that fonic, otirer Me thod lefs fubjeé to RError, were
found out. There, =2 5'Machine fometime ago
invented by Mr. Henry de Saurnarez, of the Ifland of
Guersfey, for meafuring the Ship’s Way, called the
e Marine

4
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Murine Suroeyor , which is indeed lefs {ubjeét to
Frror than the Log-tine, and was found by feveral
Experiments to anfwer the End much more cxaéﬂy
than the Log-linz; a Defcription of which may be
deen. in the Philofophical Tranfactions of the Royal

Society; Vol. xxxiil. for the Months of November
and December 17255 and alfoin thofe for the Months

of March and  April 17265 and for March and-

Hpril 1729, : ,

3. It was faid at 4rr, 21, Sei. 3 that the Meri=
‘dian and Prime Vertical of any Place cuts the Ho-
rizon in 4 Points, at 9o Degrees Diftance from one
.another, viz. the North, South, Eaft and Weft; that
Part of the Meridian which extends itfelf from the
Place to the North Point of the Horizon, is called
the North Line; that which tends to the Soutk Point
of the Horizon, 1s called the South Line ; and that
Part of the Prime Vertical which extends towards
the Right Hand of the Obferyer, when his Face is
turn’d to the Norsh, is called the Egff Line; and
Jattly, that Part of the Prime Vertical which tends
towards the Left Hand, is called the A2/t Line ; the
four Points in which thefe Lines meet the Horizon, -
are called the Cardinal Points.

14. In Order to determine the Courfe of the
#inds, and to difcover their various Alterations or
Shiftings ; each Quadrant of the Horizo intercepted

_between the Meridian and Prime Vertical, is ufually
divided into eight equal Parts, and confequently
the whole Horizon into thirty two ; and theLines
drawn from the Place on which <he Obferver
ftandeth, to the Points of Diyifion in his Horizon,

_are called Rumb Lines, the fcar principal of which
are thofe defcribed in the preceding Arvicle, each
of them having its Name fron) the Cardinal Point
in the Horizon towards whict. it tends J the reft
of the Rumu-Lines have tacir Names compounded ;f

: the

\
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the principal Lines on each Side of them, asin rhe
following Figure ; and over which-foever of thefe
‘Lines the Courfe of the. Wind is direéted, that
Wind takes its Nameacgordingly:
15. The Inftrument commonly ufed at Sea for
direéting‘the Ship’s Way, is called the Mariners
Compafs 5 which confifts of a Chard aud two Boxes.
The Chard is « €ircle made to reprefent the Horizong
whofe Circumierence is quartered and divided in=
to Degrees, and alfo into thirty two equal Parts;
‘by Lines drawn from the Center to the feveral
Points of Divifion called Points of the Compafs. On-
the Back-fide of the Chsrd, and juft pelow the Sourkh
and North Line, s fixed a Steel Needle, with a Brafs |
Cupola, or hollow Center in the Middle, whichis
plac’d upon the End of a fine Piz, upon which the
Cherd may eafily turn about 3 the Need/e is touch’d
with a Load-Stone, by which a certain Virtue isinfus’d
_nto it, that makes it (and confequently the Souzh
- and North Line on the Chard, above it) hang nearly
in the Plane of the Meridian, by which Means the
South and North Lines on the Chard produc’d would
meet the Horizon in the South and North Points 5
and confequently all the otheg Lines on the Chard
produc’d would meet the HorMoz in their refpective .
Points. ¢ ?

16. The Chard is reprefented in the annexed
Scheme, in which you may obferve, that the Ca-
pital Letters N, S, 'E, W, denote the four Cardinal
Points, viz. N the ANorzh, S the South, €3¢. and
the fmall Ltiter & figgfifies the Word &y : the Rambs
in the Middle between any two of the Cardinals,
are exprefs’d by the Letters denoting thofe Car-
dinals,” that whichdenotes the Point lying in the
Meridicy Having the Precedence ; thus the' Rumb
in‘the Middle begw 22n gie North and Eaft is ex-
prefs’d N E) which is to be read North-Ez 2

2 ; alfo

v,
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nlfé SW denotes the South-m_ﬁ‘ Rumb, €9, the
other Ruymbs are exprefs'd according ta their Situs

ation with re{pe& to thefe middle Rumbs, and the
neareft Cardinals, as is plain from. the prefixed
Scheme. | i

: = - 37.7The
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£7. The Card is put into a round Box, made for
ity having a Pin ereted in the Middle, upon which
¢the hollow Genter of the Needleis fix'd, fo asthe
Card may lie Horizontsl, wnd eafily vibrate ~accord=
ing to the Motion of the Need/e 5 the Boxis cover-
ed over with afmooth Glafs, and is ung in a brafs
Hoop upon. o cylindrical Pins, diametrically op-
pofite to one +nother, and this Hoop is hung with- .+
in another brafs Circle, upon two Pins at right An-
gles with the former. Thefe two Circles, and the
ox, are placed in another {quare wooden Box, {o
¢ the innermoft Box. and confequently the Czrd,
lcep Horizontal, which way focver the Ship
heels? : . :
18. Sipce the Meridians do all meet at the Poles
and there form certain Angles with one another;
and fineif we move never fo little towards the
Eaft or #eft, from one Place to another, we there-
by change our Meridian, and in every Place the .
Eqft and Weft Line being perpendicular to the Me-
ridian; it follows, that the Eaft and Weft Line in
the firft Place; will not coincide with the Ezf# and
Weft Line in the fecond, but be inclin’d to it, at a
certain Angle :and confequently all the other Rbumb
Lines at each Place, will be thelin’d to each other,
they always forming the fame Angles with the Me- .
ridian. Hence it follows that all Rambs, except
the four Cardinals, muft be Gurves or Helifpherical
Lines, always tending towards the Pole, and ap-
proaching it by infinite Gyrations or Turnings, but
never falling into it. . Thus let P be the Pole, E.Q_
an Archof the Equator, PE, P A, €3¢. Meridians,
and EFGHKL any Rumb; then becaufe the
Angles PEF, PFG, &% are by Nature of the
Rumb-Lins equal,yit is evident that it will form a
Curve-Line on the Surface of the Globe, alwaysap-
proaching the Po/e P, but never falling into it ; fox;-
; S i

-
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for if it were pofliole for it to fall into the Pg:
then it would follow, that the fame Linc could 'cu; p

an infinite Number of other Lines at equal Angles,

| in thefame Point; which is abfurd.

10. Becaufe thereare 32 Rumbs (or Points inthe
Compafs) equally diftant from one another, therefore

| the Angle contain’d between any two of them adja- =~ ¢

cent, willbe 119, 15¢viz. & Part of 3609 5 and fo
the Angle contain’d between the Meridian, and the
N & B, will be 119, 15/ and between the Meridian
and the N N E, will be 229, 30/ and foof the refty

asin the following Table. :

@

0.
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4 Tableof the Angles which every * Point of the Come |
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5 Y : "
Of "Plane Sailing.:

I. H IS Method of._Sailin;; fuppofes the Harth
: to be a Plane, and the Meridians pa-
rallél to one another 3 and likewife the’ Parallels of
Latitude at equal Diftance from one another, asthey
veally are upon the Globe. Tho' this Method be in
it felf evidently falfe; yetin a thort Run, andefs
. pecially 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
Gourfe, Thusif a Ship fails on the NN E Rumb,
then het Gonrfewill beY22%, 307 and fo of others.
2. The Diftance betwixt two Places lying on the
fame Parallel courted in Miles of the Equator, or
' the Diftance of one Place from the Meridian ofano-°
ther, counted as aboye, on the Parallel paffing o-
ver that Place, is ealled Meridional-Diftance; which
inPlome-Sailing, goes under the Name of Deparsurs.
4. Let A denote a certainPoint on. the Earth’s
Surface, A G its Meridian, and A D the Parallel
of Latitude paffing thro’its and fuppofe a Ship to
fail from A on the NNE Rumb il fhe arrive at”
B; and thro’ B draw the Meridian BD (which ac-,
cording the: Principles of Plane-Sailing, muft be
Parallel to CA) and the Parallel of Latitude BC;
then the Length of ‘A B, viz. hosr: far the Ship, has
faild upon the N NE Rumb, is called her Dif~
tance, A C or BD will be her Difference of Lati-
tude, or Northing, C B will be her Departure, OF ;
Eafting, and the Angle CA B will be her Counfe- ™

Hence

5
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I&é,nc,e it is plain, that the Difrance fail'd, will -
ways be greater, than cither the Difference of Latie
tude, or Departire, it being the Hypothenufe - of 2
right-argled Triangle, waereof the other two are
the Legs; cxcept the Ship fails cither on a Mridi=

s

#n, ot a Parallel of Latitude 5 for if the Shipfailsen
2! Meridian, then it is plain, that her Diftance will be
Juft-equal to her Difference of Lasitude, and the will
have no Departure; but if the fail on 2 Parallel,
then her Diffance will be the fame with her Depar-
durey and the will have no Difference of Latitude.
J¢ is evident alfo from the Scheme, that if the
Gourfe be lefs than 4 Points, or 45 Degrees, its Com-
plement, viz. the other Obligre Angle, will be great-
cr than 45 Degrees, and fo the Diffesence of Lati=
#nde will be_greater than the Deparsare; but if the
Courfo be greater than 4 Points, then the Difference
- of Latitude will belefs than the Departure 5 and laft-
1y, if the Courfe be juft 4 Points, the Difference of
Latitude will be equal tothe Departure. '
§- Since the Diftance, Difference of Latitude,
and Departure, ferm a right-angled T'riangle, in
which the OgJigue Angle oppofite to the Departure
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{s the Courfe; and. the other its Comp]emei.t there
fore haying any two of thefo given, wg can (by
Sec. 2.) find the reft 5 and hence arife the Cafes of
Q’lam-Sa;lmg, which are a3 follows

CASE i

' Comﬁ and Diftance given, to find ﬂae Dgﬁérwce of
: Lﬂm:m’e and Departares

- Examplc.-

Suppofe a Ship fails fron: the Latitude of 30°,
a5/ North; NN E, 32 Miles.  Requir'd the Dif -
forence of Latitade and Departure, and the Lati=
" tude come to- :

The Geometrical Conftruction of this Cafe, is the
fame as in Cafe 3. of Right-Angled Trigonometry, the

-

b Diff: Lo N w

fame Things bemg given in both § and from it we
have the following Analogy, for ﬁndmg thc Depaz-

ture, viz.

\

. AsRadius L L ) Tooo000
'-toLheDLﬁanceAC w30 el 1-505‘{_(5]
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i the Sine of the Courfe A 229, 30!.9.58284
tothe [jeparture BC . . . 1225 - 1.08700
“fo the/Ship had made 12.25 Miles of Departure
Fafterly, or has got {0 fir to the Haftward of her
Meridlan. - Then for the Difierencr, of Latitude,
_or Nortiyng, the Ship hasmade, we have, by Cafe
_ 3.0f Re@ta."War Trigonomerry, the following Ana=
logy, viz. ", * ¢ : : 8
As Radius \; : 5 | 100cc0o
isto the Diftance AC . . . 32 . L5051%
{5 is the Co-Sine of the Gourfe A 222, 30! 9 96562
10 the Diff of Latk AB . . 20.57 . T47077

fo the Ship has differ'd her Latitude, or made of
Northing 29.57 Minutes: . i ;

And fince her former ‘Tatitude was North, aﬁd_
her Difference of Latitude alfo North. Therefore,

Tothe Latitudefaild from . . 30% 25! N
add the Difference of Latitude . . 00 ; 29.57

and the Sumis the Lat. come to : 30 , §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 I to roo Miles, at the End of this
Seétion ; the Ufe of which thall be there explain'd.

\CASE 3

-Cbmﬁ: and ‘ThFerence of Latitude given, totivd
the Diftance an@ Departure.
. - Example. -
Suppofe a Ship in the Latitude of 45% 25’
Notth, Gils N 26N § Eafterly, cill fhe come to
the
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the Li Latitude” of 46%, 55/ Notth. ch_u"
_gxﬁ‘ancc and Departure made good.  upda thar.
ourfe ; S

Since both Latxtudes dre Northcrly, ar i the

. Courfe alfo Noztherly. Thcrcf@rc,

4
5

“From the Latxtude comle f0 L a68 0 skt

fubgract the L’ltxtudc fail’d from . . 45 5 9-5

and there remains N : . 30
the Difference of Latitude; equal o 90 Mxles

- TheGeometrical Confttuction of this Cafe, isthe

; fame thh that of szfe L. of Rectangular Teigonome=

B DeptE

';,;_ Difr. Lat f”i\mo

try, and by it we bave the followmg Analogy 5 " for
finding the Departure B B, viz.

As Radius 10.0000C
is to the Diff: of'Latxtude AP s 105024

°

i foisthe Tangent of Courfe A .. 39 29-’9 01402

to the Deparsure BD . 4. 2384 . 1.86828
fo the Ship has got 73.84 Milesto L*}s_ Bafward of
ber former Meridian. :
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! Agzqin; for the Diftance A I, ve haye by Cafe2e -

of Rectag=tar Trigonomerry, the following  Propor=
tion, vizh o

. AsRaflivs . . B ., 1000000
isto t'e Secant of the Couife. . 30%, 22/ 1o.11176
foisthe Diff. of Latitude AB . 90 . .. 1.93424

to the Dinwee AD. . . 116.4 . . 2.06600

>~ * )

\ _CASErg"

Difference of Latitude and Diftange given, 2o find
the Courfe and Departure. :

Example. 2

Suppofe a Ship fails from the Latitude of 56°,
0¢ North, on a,Rumb between South and Weft,
126 Miles, and/he is then found by Obfervation to
be in the Latitude of 559, 40/ North. Required
the Courfe the fail'd on, and her Departure from

_ the Meridian. ° :

Since the Latitudes are both North, and the Ship
failing towards the Eguator. ‘Thetefore, g

From the Latitude fail’d from . . = 56%, 507

{ubtradt the obferv’d Latitude . , 55, 40/

an< the Remainder : L eRe e
equal to 70 Miles, is the Diffetence of; Latitude.

| This
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/T his Cafe is conftructed the fame V\r s wg/?:
gf Reﬁaizgulqr Trtgwxometr_y, and by it wc ﬂ\avc th

70

9D Jo+ -8 E

fotlowing Proportlon for ﬁndmg the Angle of the
Courfe ¥ viz.

As the Diftance faild DF . . 126 . 2.10037
is to Radius ' : 16.00000
fos the Diff. of Latitude F E. . 20 . 1.84510
to the Co-Sing of the Ceurfe F . 56°, 157 974473

. which, becaufe fhe fails between South and Weft,
will be South 56%, 15/ Weft, or SWo'W. Then-
for the Departure, we have, by Cafe 3. of Redtangu-
far: Trtgoﬂnmetry, the following Propomon iz

As Radius J . 10.00000

- istothe D;ﬁancc Gid DF . 126 .7 270037
fois the Sine of the Courle F 56° 154 0,91985

to the Departure DE . . 1048 . . 2.02022

. confgquently fhe has made 194. 3 Mxlcs of D«.Eﬂl‘-
ture \Veﬁcrly

'-.~;
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Diff teuce of Lat)'mdq and Departu: e given, tofiud
Courfe| nd Diftance. - T i

_Excznéi)/e.

Suppofe « Ship fails from the TLititude of 4.L°,I
50! Notth, between South and Faft, till fhe has
made 64 Miles of HEafting, and is then found by
Obfervation to be in the Latitude of 422, 56 North.
Requir'd the Gourfe and Diftance made good.

¥

-1

4

Since the Latitudes are both Notth, and the Ship. |

{ailing towards the Eguator. Therefore,’

" From the Latitude fail’d from . . 44°, 50’ N
take the Latitude come to o - . 42, 56
and there remains . G eiE e

equal to 114 Miles, the D,iffegrcch of Latitude or |

Southing.

"This Cafe is conftructed the fame Way, as Ca/z 4.
of Rectapgular Trigonometry, and by it we haye the

FECo Y108

o

 Basl-64

sfollowin g Prop _ttionto find the Conrfe KG L, vz
i e
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Asthe Diff of Latitude GK - 114" =~ “2q5600
is to Radirs - - = i{9.00000
fois the Deoasture KL - - 64 - “\.80618
to the Tang. of the Couffe G - 20%, 197 }.7.4028
which becaufe the Ship is failing betwee i South
and Eaft, will be South 299, 19/ Eaff’or SSE
1 Baft nearly. e i :

“Then for the Diftance, we fhall havé, by Cafe 2. of
Reangular Trigonongrry, the following Analogy,
il i

AsRadius = © = = ¢ - 10.00000
" js to the Diff. of Latitude G K 114 - 205690
o is the Secant 6f the Courfe - 23,19/ 10.05052
to the Diftance’GL - - 1308 - 211642
confequently the Ship has fail'd ona SSE ; Haft
Courfe 130.8 Miles. i

, eAsE
Diftance and Departure given, 10 find the Courfe

‘qud Difference of ratitude.

Example.

)

" Suppofe a Ship at Sea, fails from the Latitude of
24°, 24/ North, between North and Weil 124
Miles, and is found tohave made of Wefting 86
Miles. Required the Courfe feer'd, and tht Dif-
fegence of Latitnde or Northing made good.

L3
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g e, ‘s conftructed the fame Way as Cq/é 5‘
of Redta igular Trigonometry, and by it we have the

‘N orlt}w}iz_g 8635

fo]'lowmg Prcpomon for ﬁndlng the C@urfc A DB,

iz ;
i

- As the Diftance AD - - - 124 2 - 200342
is to Radius - = = 10.00000
{o is the DepartureAB - - 8 - - 193450
_to the Sine of the Courfe D - 43%, 54/- 0.84108
_fo the Ship’s Courfe is North 439 547 We{’c, ot

WNWHN 3 Wett nearly.

Tlen for the Difference of Latitude, we have by .
Cefe 3. of Reangular Trigonoinetry, the followmg é :

malogy

As Radius - - il go; ooooo
is'to the Diftance AD = = I24s 200540
1o is the Co-fine of the Coutfe - 43°, 547 0. 85726

“to the Diff of Tatitude BD - 80,55 - 1.95108
svhichis equal io 1 Degree, and 29 Minutes near-

Ly
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Ty Hence to find the Latitude Lﬁc'Sbff,*is in,
fince both Latitudes are North, and the 'éi*}p\’{;iL-'
ing from the Eguaror. Therefore, N
Tothe Latitude fail'd flom = - . 3\:\-_0, aqt
add the Difference of Latitude = - ~/F © 2g

‘tthumis" = = v
rhe Latitude'the Ship is in North. ¢ 92 953
CEXSE 6

Courfe. and Departure given, to find the Difnce

and Difference of Latitude. : 4
' - Example. __ :

Suppofe a Shif; at Sea, in the Latitude of 24%,
36/ South, fails SE &S, till the has made of Faft-
ing 96 Miles. Required the Diftance and Differ-
ence of Latitude made good on that Courfe.

This Cafe is projected the fame Way as Cafz 1.
of Retangular Trigonometry, au_d by Cafe 2. we have

G L 3
o
%,
Zi \»
S s
= L
e =
o :
i ¢ s
© -
o
Eafling 96 s

the following Proportion for findin/; the Dfﬂanjgi
- Wiz, : \ S

i
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Asthe “tic o ‘the Courfe G 33°, 45/ 074494
icwo £l peparture HM = 96 = 1= 1. 9Bag%
{fois R adius = =l e (= fe Toioootol
tothe Diffance G M- > #7285 - - - 2,03753

Thei. ‘or the Differenice of Latifude, we Have
by Cafe 1: ¥ ReGangular Trigongmerrys the following
.&,nal‘ogy, Vit ; - e

As the Tang. of the Courfe: = 33°, 45/ = 082480
is to thé Departure H M = = 96 = - = 1.08227
{fois Radius . & - & 10.00000
to the Diffi of Latitude GH 143 = = 215738

equal to 2%, 24! nearly; Confequently fince the

. Lacitude the Ship fail'd from was South, and fhe

failing fhill towards the South. N :
To the Latitude fail'd from <« = = 249 30f
add the Difference of Latitude = 28 o

and the Sum = = - i 26 , 54
is the Latitude fhe is come toSouth. . .

6. When a Ship ftenis févéral Courfes, in 24
Hours, then the Reducing all thefe into one, and
thereby finding the Courfe and Diftance made good
upon theWhole, is commonly called the Refolving of
2 Traverfes

7 At Sea they commonty begin éach Day’s Rec-
konir g trom the Noor of that Day, and from that
Time, they fet down all the dificrent Courfes and
Diftances ftemm’d by the Ship till Noow the next Day
upon the Loz-Board ; then from thefe feveyal Cour=
fes and Diftances bad from the Compafs %md Log-
Liwe, they compuite the Difference of Latitude and
Departure for edch Courfe (by Cafe 1. of Plare-Sail-
i;-z'g.) are fet dowr ing Table called 7he Draverfe-Table,
which confifts o five Columns i, in the firlt of which

: are

<
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are placed the Courfes and Diftance:  in 1% tya,
fext, the Differences of Latitude belongmg| o thefe
Courfes, according as they are North or Sotith; and
in the two laft are placed the Departures belonging
to thefe Courfes, according as they are Haftor -
‘Weft. Then they fum up all the Northi~s, and
all the Southings ; and taking the Differcr e of thefe
they know. the Difference of Latitudv made goo& ?
by ‘the Ship, in the laft 24 Hours, which will be
North or South, according as the Sum of the
Northings or Southings is greateft ; the fame wa
by taking the Sum of all the Eaftings, and likewife
of all the Weftings and {fubtraéting the lefler of
thefe from the greater, the Difference will be the
Departure made good by the Ship, laft 24 Hours,
which will be Fali or Weft according as the Sum of
the Eaftings is greater or lefs than the Sum of the
Wettings ; then from the Difference of Latitude
and Departure made good by the Sh(x:P laft 24 Hours,
found as above, they find the true Courfe and Dif- "'
tance made good upon the whole(by Ca/z 4. of Plane-
Sailing), as al{o the Courfe and Diftance to the in-
tended Port. v

; E:{ca}npl e.

Suppofe 2 Ship at Sea; in the Latitude of 489,
o24s North at Noow any Day, is bound toa Partin
the Latitude of 43°, gor North, whofe Departure
from the Ship is 144 Miles Baft 5 confequently the
direét Courfe and Diftance of the Ship isS S E ; B

' 315Miles; but by reafon of the fhifting ofthe W inds
the is oblig’d to fteer the following Courfes till Nocz
next Day, viz SE#S 56 Miles, SSE A4 Miles,
NWLW 48 Miles; S&W £ Wef* 54 Miles, and
SE S + E 74 Miles. Required the :ovge and Dif-
tance made good the ls%t 24 Hout 4, and the Bear-
A g
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ing: 4o i ance of the Shlp from the mtendcd-
Port, -

o'li‘,‘he Solution of this vanﬁ dcpends entirely .

on the, 1t and 4th Cafes of Plane-Sailing; and firgt,
we mul ¥ (by Cafe 1-) find che Difference of Tatod
and Dep. tture for each (_.ourfc.. Tkus, :

1 Courle SES Diftance 56 MLICS.
For Departure.

AsRadius - - - - - 16:00000 |
isto the Diftance | = 56. - - 1,74819
{o is the Sine of the Courfc =339 a5l o4a74
to the Departurc =" = - o101 - - 149203

For Difference of Laticude.

As Radius - - - el 16:00000 -
is to the Diftance * = 56 = = 74819
{fois the Co-Sine of the Courfe- 2 3 5 51 9:91985

~to the Diff. of Latitude = - 40.57 = L. 66804

2, Courfe SSE and Dxﬂ:ancc 64 Mdes. ;
For Dcparture

‘As Radius - o -b  10.00000
is to the Diftance < s 6a = 2 180618
1o is the Sine of the Courfe~ 229, 30¢ - 0.58284 |

to the Departure - - 24 5 - - T1.38002
For Difference of Latitude.
AsRadios .« = | - - 10.00000
is to the Diftance - 64. = 1.80618

1o is the Co-Sine of the G 229 20 0.96562
tothe Dxﬂ of Tatitude - - 59.13 - 1.77180
' ‘
3. Coutfe
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% Courfc NW %W and Diftance. 8 M Gt
For Dcparture. g S

As R adius ool oo, 10,00000
is to the DL{tancc e a8 s 18810
{o is the Sinc af the Courfe . 5§°, 15/ . 901985
to the Departure 5 3908 il 6or09

e

. . For Difference of Lantudc

A As Radiag - e / 10.00000
is to the Diftance ° .48 .. 1.68124
fo is the Co-Sine of the Courfc 569, 157 974474
to the Diff. of Latitude . °  26.67 ..T.42:508

4 Courle £ W s Weft and Diftance 54 Miles.
For Departure.

As Radxus e P 5 10.00000
. is to the Diftance . S4e . K300
{o isthe Sine of the Courfe .. 169, 52t 0.46262
to the Departure ¢ . % 15.67 . 1.19501

For Difference of ‘Latitude.

As Radius . A W 1806CCo.
isto the Diftance . 24 . 173230
{o is the Co-Sine of the Courfc 16°, 52" . 9.980( o
to the Diff. of Latitude . . . - 5I. 67 1.71329

I 5 Courfe SE2S  Eaft and Diftance 73 Mites.

As Radins : 2 10.00000
is to the Diftance nTA 1.86023
fo is the Sine of the Courfe v 39° 2l , 9:80228
to the Departure « - - 46 q4 S 167158

°

"
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(Basis, : o 24O Difference of Latitude.
AsRadius - LR O o co0ea
is'to the Diftance = .« 74. . 1.86023

1o is the Co-Sine of the ‘dourfc 2 39%, 227. 0.8880y
to the Difference of Latitnde . 57.2% . | 1.75747

Now thefe feveral Courfes and Diftances toge-
ther with the Differences of Latitude and: Depar®
tures deduced from them, betag it down in their
proper Columns in the Traver/e-Table, will ftand as |
follows. - s s A

The Traverfe Table,

Gouyfes. I)z_/t'mx | Dzj" of Lar. | Deparittrg.‘ :
[l SR

SEbS.v 56 | ——[ 46.57] 3107 —— |
SSE G4 1 Lozl oas [ ;
NWeW 48 1266770 o -1 30.01
SOW W 54 —| 5167 ——| 15.67

| 57-21 46.94 —

26.67| 214.58l102.55| 55.58
| 26.67| 55-581
Diff-of Lat. 87,90 46.97 Dep:

%

. Hence it is plain, fince the Sum of the Northings
is 26.67, and of the Southings 214.58, the Differ-
ence between thefe, viz. 187.91 will be the Soath~
ing made good by the Ship, the laft 24 Hours ; al- :
{osthe Sum of the Eaftings being 102.55, and ofthe |
Weftings 55.58, the Difference 46. 97 will be the
Hafling or Depa’ care made good by the Ship’s laft
24 Hours; confé juently to find the true Coutfe and
Biftance made gc od by the Ship in that Time, it will
be by Cofof 4. Plane-Sailing. = As

? 3

B N



Of Plane Sailing: any -

‘As the Diff. of Latitude . . 187.0» . . w3503
isto Radius . . % B e
_fois the Departure . .  46.97 . .. 1.67182
to the Tang. or Courfe - .- 14°,03/. . 0.30789
which is S/ E 4 Eaft nearly. Then for the Dif-
tance it will:be

s Radius . G 10,00000
. is to the Diff. of Latitude .. 187.91 . . 2.27393
fo is the Sec. of theZourfe . 149 03¢ . 1001319 "
tothe Diftance . & .o . 1957 . . 2.08712
confcquently the Ship has made good the laft 24
Hours, on a S 4 Eaft Courfe, 193.5 Miles;,
and fince the Shiniis failing towards the Equator.
Thercfore, - .

From the Latitude fail'd from . . 48° 24'N
take the the Diff. of Latitude madegood 3, oS S
ithore femaing < - .ok il Gl e 4Ky 10N
the Latitude the Shipis in North. And becaufe the
Port the Ship is bound for, lies in the Latitude of
43, 40! North, and confequently South of the,
Ship. = Therefore, ;
From the Latitude the Ship isin . . 45%, 16/ N
take the Latitude theis bound for . . 43° 40N
and there remains . . , 1, 36
or 96 Miles, the Difference of Latitude or South-
ing the Ship has to make: Again, the whole Faft-
ing the Ship had to make being 144 Miles, and fhe
having already made 46.97 or 47 Miles of Eafting;
therefore the Departure or Eafting, fhe ffill has to
. make will be 97 Miles. Confequently to find the
dire& Courfe and Diftance between the Ship and t}_1c
intended Port, it will be by Ca/e 4. of ;Plane-Sail-
g, ; N

As
{ =
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‘Asile Diff of the Latitude = 96. . . 898227
Ax\. e Radins. e i o (A I0i00000)

{o 15 the Departure i 07 1.98677
to the Tang. of the Cearfe . . 45?, 197 10:00450

And:

AsRadius © . S ey . 10.00009
is to the Diff of Latitude . 06. . . 1.98227"
fois theSed: of the Courfe « -45% 19, 16.15293
totheDiftance . . . 136.5 . . 2.13570

_ whence the true Bc;ringr and Di‘f‘;ahcé of the intens=
* " ed Portis SE 136.5 Miles. &

8. In the following Table, compu:-3ty Cafe 1.
of Plane-Sailing, for the more ready working 2
Traverfe, you may obferve; that in the top-Co-
lumn of each Page arc placed the Courfes begin=
ning at ¥ Degree, and preceeding thro’ the feveral
‘Degrees, Points, and quarter Points, to 4.5 Degrees, 1
the bottom=Column beginning with 45% where
the upper ends and proceeding to 9o Degrees, the
Degrees in the upper and lower Columns being the
Complements of one another. The two fide-Co-
lymns in each Page contain the Diftances, wiz.
. thofe on the left Hand contain the Diftances from
ito 50, and thofe on the right-Hand Page contain
-the Diftances from 50 to 100. The other interme=
diateColumns contain theDifferences of Latitude and
Departures; anfwering to the Courfes in the topand
Diftances in the {ide-Columns.  The Ufe of this
will be plain, from the following Example.
o Example 1. ;
Suppofe the Courfe to be SE 5 S » Eaft, and .

Diftance 48 Miles- Required the Difference of
Latitude and Dej arture,
; Finft
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" Eigft, 1 lookin the Top-Columa for.3: Points{pe-
cauic it is lefs than 4 Points; or 45 Degreegy and in
the fide~Column on the lefi-Fland Page (becaufe the
‘Diftance is lefs than 50) for the Diftance 48 ; then:
below the 3% Poipts, and on the fame Line with 48,

T find 37.1 for the Difference of Latitude, and 30.4
for the Depatture.

o Ex{émpk 5

Suppofe the Courfe N F;¢ E, and the Diftance~6
Miles.  Required the Difference of Latitude and
Depatture. £ : - :

‘Firft, T look in the bottom-Column for the
Courfe, wiz. §Points (becaufe it exceeds 4 Points
or 45 Degrevs)iand in the fide Column on theright-

‘Hand Page (becaufe the Diftance exceeds 50) for
the Diftance 765 then above the Coutfe, and on the
fame Line with the Diftance, I find 63.2 for the
Departure, and 42.2 for the Difference ot Latitude.

4 given Diftance exceed the Limits of the
. be gréater than 100, then that Diftance |
: divided into two or more Parts, ecach of
which muft be Iefs or equal to 100 ; then find as in .
the preceding Examples, the Diflerence of Lati-
tude and Departure for each Diftance on the given
Courfe, and the Sum of thefe Differences of ];‘atx-
~ tudes will be the Differcnce of Latitude required,

alfo the Sum of the Bepattures, will be the Llepat-
ture required. T

@
®

Example 3.

Suppofe the Courfe SW.5S, apd Diﬁ.ancc 146
Miles. Required the Difference §_>f Lgmtudc and
Departure. ¥

] P‘ﬂﬁ,
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“.“r«ff, 1divide the given Diftance into two, viz-
100 ana 46 ; then the Differences of Latitude and

Departures anfwering to thefe on a2 SW S Courft,
found in the Table, wili be as follows, viz.

Camfe. Dlﬁ Dif. of Lat.. Depar.

SW&S 100 8.1 % 55.6
e e
o 146 121.3 81.1

 The Sum of the Differences of Latitude, viz.
121.3 is the Difference of Latitude required, and
the Sum of the Departures, 2iz. o. — .3 the De-
parture required. ;

After the fame Manner may 2 Traverfc be wrought
by the Table, viz. by finding the Difference of La-
titude and Departure (from the Table) to each
Courfe and Diftance, and fetting them down in their
proper Columns in the Traverfe-Table, and
working as in the foregoing Example ofia Trave

Exgszle. fa o

P icude of 36
‘Courfes, viz. S|

Suppofc a Ship in ¢
North, fails:on the followij
56 Miles, SSE 42 Mife

gi

8,
] , S& W 64 Miles, and
NEs N 40 Miles. Required the Courfe and Dif-
tance made good upén the whole, and the Latitude
the Ship has come to. : : :

Firft, I take ffom the Table, the Difference of
SAatitude and Departure belonging to each Courfe
and Dlﬁ:,agxcc, and thefe {et down in their proper

Columns
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fo]umns in the ‘Ii’a*ve;ﬁ @akh, will :.'Eand as fq
ows,

Courfes. Diffan. | Dlﬂ‘ of Las. | Ddzpart‘me._f’“'r
e B

‘| ST2S 56 |— 466 | 511 |
| SSE 43 === 507 | 165 |
SoW . 64 j-——f 628 o
NEsN 40 ! 33.3 9.2.9.) :
I 5_,"3 140.1 | 698 | 125
" 333 1125

D:f‘/r of Eﬂt‘ 1L 58 57.3 Deps

rence of Lati-
, and the Departure
e dlre&: Courfe and
. of ?laﬂe Sazlmg)
i 58 2.09068
- - 10.00000%
o 3’7-5 2 Ig5815
ourfe 2 fe} 5
; bc?wcén thg Soﬁﬁ
ly. Again, for

¢ thncc it is 1
; tudc made good i

S
i\t‘]c Dlﬁancc it will be;
AsRadius, = 0 =
1s to the Difference 6
- {0 is’the See. of the €
b to thc: Dlihncc -

10.00000,
; 15 6 2.09968
24, 30/ - 10:04098
1383 =~ - 2 14066

;. And fince the Shlp is failing towards the Equa-
hor, confequently dmnmfhmg her Latxtude, thcu:-
iole,

A2 ot From
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— Trom the Latitude fail ’d from = - 36" 437 N?’ i
Ju. cract the Differcace of Latitude 1 , 55 S |

and there remains = = - = 34, 48 N
the Latitude the Ship has come to.
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~ From thg Long. of St. Vincent = =+ 24 , 20 W

i AsRadius = -

2

dto  Middle Latitude Sailing. (!
Lungztudc of 5 , 14/ W..and St. Vincent in the.

Yatitude of 17°, 1o’ N and Longitude of ;4."
20f WL -

Figft, To thc Latitude of the Lizard , / c' ) oo N
add the Latitude of St. Vncmt R iy S0
The Sum is; - = - - - (S
alf the Sur 6r Latltude of AT
- the middle Parullel is - §' - 33 235
Alfo the Difference of Latitude is = ‘2, 50
=qual to 1 9‘70 Mllcs of Southing. Agam,

take the Long. of the Lizard. = -* 05,14 W ;
~ there remains = - = - - - - "10,006

equal to 1146 Min. of Diff of Long. Weft.

Then for the Miles of Wefting, or Depatture, it
will be, by Cafe 1. of Parailel Smlmg, j

- = 1o ooooo
is to the Co-ime of thc

middle Parallel § 337 3‘5 i 992069 |
fo is Min. Diff. of Long. - 1146 - - 3.05018 "
to the Miles of Wefting = 9547 = = 2.97 087"

And for the Courfe it will be, by Cafe 4. of Plain
Sailing, ;

Asthe Diff of Lat. = - 1970
F. to Radius - - - - - 10.000L
o is ¢he Departure - - ‘95 987 \
tothe'Tang. of the Courfe 25° 511 = ,%}_, 0
which becaufe it is between South and We rowall
be SSW+ Wett nearly. :
For the Diftance it will be, b) the fame Cdfe,
AsRadius - = S
#s to the DIff, of Lmt -~ 1970

N

- = 10.00000
== 3200
: - o



- Middle Latitude Sailing. 21y

‘9 is the Secant of the Courfe 25° 1/ -
Vo - Diftance. = - - - éli;; = Iggggig
wh '\ * the direét Covtfe and Diftance from the
I ~an*to St. Vincent 1s'SSWa W, 2189 Miles.

CUA ST 4.

One dutitude Courfe and Diftarde [ailg, being
given, ta find the other Larizase, and Differance of
Longittn.

Example.

*  Suppofe a Ship in the Latitude of 50%, oo’
Nouth, fails South 50°, 06/ Weft 150 Miles. e~
quired the Latitude the Ship has come to, and how
much fhe has differ’d her Longitude. i

Firft, For the Difference of Latitude it will be,
by Cafe 1. of Plain Saikng,

AsRadius), . = - < . - - *1o.00000
@& istothe Diftance - - 150 - 2.17609
i fois the Co-fine of the Coutfe 50°, 067 9.80716"

to the Diff: of Latitude - ¢6.22 = 1.98325
_equal to 1°, 36/ and fince the Ship is failing

towards the Equator. Therefore, j >

.F tom the Latitude fthe wasin - - = 50°, 00/
take the Diff. of Latitude - - I _,_3&
“ard there remains’ © - - - - 48,24

th- Latitude fhe has come to North. Corfequent-
= the Latitude of the middle Parallq} will be

408 10 N
L} >
Then for Departure or Wetting it will'bs, by the
fame Cafe, .

B2 A



212 Middle Latitude Sailing.:
AsRadilis = = = = = "= = = = ¥ .o¢ 00
is to the Diftance - =+ €50 = = 2. 7639
{o is the Sine of the Coutfe 50, Qbl - <0 1848 g
to the Departare - = IIfI - - 2.C08C08
and for the Difference of Longitude, it will be iy
GiTe 2. of Parallel Sailing,

A e <.

As the Co-fine of the mid. Par. 49°%, 12/ 0.81519
is toRadius - - - - - - {  ~c.o000Q
{c is the Departure = - II5.7 =" 2.06008

« to the min. Diffof Longitade 176,1 . -~ 2.44579
equal to 29, 6% which is the Lfference of Lon=
gitude, the Ship has made Wedterly. S

. 4 CASE 30

Courfe and Difference of Latitude given, #0 _ﬁ"ﬂd
vke Diftance jkil’z; and Difference of Lpﬂgi,tydg,

= Example.

Suppofe 2 .Ship in the Latitude‘ of 537 349[' '
North, fails SE 'S, ¢ill by Obfervation the’s found
to be in the Latitude of 51°, 12/, and confequent-
Iy has differ'd her Latitude 2°, 22/ or 142 Miles.
Required the Diftance fail'd, and the Difference of
Longitude. St E e

Firft, For'the Depart 'tb i %
of ‘Plﬂi’n Sailing) poial il be (by Cf' A

AsiRadinssa = oo S C e e " Bon
_ isto the Diff of Latitude - 142 - ]Z'.? 3329
fo is the Tang. of Courfe 33°,, 45/ 082489
to the Departure - - - 91.88¢ I_.977I§.
And for the Dift. it will be, by the fame Cz/z,

| 7*

« : As



- Middle Lativude Sailing, arg

;,R"lf‘il,ls- a— bR L BT R (oY ole's]
is. o ¢ Diffof Lat. = <« 140 - 2{1553;
o 6} * Seeapt of the Lourle 33°, 45/ 10,8015
tofeb e o = o - 3708 . na304g

fhen, fince the Latitude fail’d from was §3°,

34/ Noith, and the Latitude come to 51%, 127 N,
pacrefore tre middle Parallel will be 479, 23 7, and
confequently for the Diff. of Longitude, it will be
(by Cafe 2. < & Pcrallel Sailing) L

As the Co-fins of the mid. Par, 479, 23/ 083065
istothe Depart. - = - - 0488 - T.977i8
fois Radius =" - - - - - - . 7000C90
to min, of Difff of Longit. - 140 - 214653
equal to' 2%, 20/, the Differénce of Longitude

afterly. ' i : ;

CASE 4

' Difference of Latitude, i Diftance fuil'd given,

2o find the Courfe and Difference of Longitude.
 Example. 2
Suppofe a Ship in the Latitude of 43°, 26/ N.
{-ds between S. and E 246 Miles, and ‘then is
[/ #ound by Obfervation to be in the Latirude of 419,
Y/ of <N. Required the dire@t Courfe and Difference

L AT orgituae. 0

17%, For the Courfe it will be, by Cafe 3’. of
Pluin Sailing, >
As the Dift. = = = 246 = - 230004
 istoRadius ~ - - ~ - I0.000CF,

i o



14 Middle Latitude Sailing.
@ is the Diff: of Latitude 140 - - 2,07~

to the Co-fine of the Courfe 55, 19" ~ ;7 i
whicl: becaufe the Shij fails between  ov 4 and =

Eaft, will be Southi 55°; 19/ Laft, “ S ELE,
* ., meatly. ,

Then for Departure it will be, by the fam: cafz,

A Radiug i s e ml m e 10.00000

istothe Dift. = = 246 =-1= 230004
1o is the Sine of the Coutfe 55, 15 * = 9.91504
iito the Depatty Bie = = 0 202030 = 2.30598

Lafily, For the Difference of Longitude, it will
‘bey by Cafe 2. of Parallel Sailing.

',As the Co-fine of the mid. Par. 42°, 16/ 09.86924
is to the Depart. - - - 202.3 - +2.30508

fo is Radius - - 10.00000

b
'\

to min. of Diff. of Longit. - 5.73.3 = 2.43674

equal to 4°, 33/ the Difference of Longitude
Hafterly. - ;

#CASE 5
Coutfe and Departare given, to find Difference of

Laitude, Difference of Longitude, and Diftance

fail'd:

Emzmplé.

Sup?o{e a Ship in the Latitude of 48°, 23 X

fails SW.5S. till the has made of Wetting 123
Miles. Required the Latitude come to, the Diffe-
rence of Longitude, and the Diftance fail'd.
o Firft, For the Diftance it will be, by Cafe 6.
(~of Plain Sailing, : ;
: As



Middle Lavitude Sailing. 215

e Sine of the Courfe  33°, 457 - 9uag7s
is ‘to. the Depart. , - 123 - - 208901
Yo 'k adius - - i s

o,

to) =i ance = = =T 2014 - o.34677
A, A for the Differcnce of Latitude it will be, by
the fame Cafe, = :

As the Tang, of Courle = 33°45/ - 09.82489
is to the Departuie = = 123 - - 2.08090% °
foisRadius - - - - - 10.00000-
tothe Diff: of Latitude = ‘183 ' - ' 2.26502

equal to 3%, o4/, and fince the Ship is failing to-

wards the Equator, the Latitude come to will be

459, 19¢ North 5 and confequently the middle Pa-
rallel will be 46¢, 51/ '

Then to find thé.Diﬂ'erencc of Longitude by Ca/z 2.
of Parallel Sailing,

As the Co-fine of mid: Par. 46°, 511 - 9.83500
is to the Departure - 123 = 2.08901
fo is Radius - - - 10.00000
to min. of Diff. of Longit. 180 - 2.25491
which is equal to 3°, 0o/, the Difference of Lon-

gitude Wefterly. . 5

CASE 6

" Ditfrence of Latitude and Departure given, tofind
Cor 1fé, Dijtance, and Difference of Longitude.
! A i

Egample.

Suppofe ¢ Ship in the Latitude of*46%, 37/
North, fails between South and Eaft, till the has
made of Hafting, 146 Miles and is then fou.d

by

- =~ TJo.00000



216  Middle Latitude Sailing.

by Obfervation to be in the Latitude of 43°, = #
Worth. Required the Courfe, Diftance 3~ « fatfe=
sence of Longitude, |

Firfl, By Cafe 4. of Plain Sailing, 2 wid Je fof
the Courfc,

As the Diff: ¢f Latitude & 193 = 228556
is to Departure = = 146 R 2.161 37
fo is Radius = S & 10.000C0
ro the Tang. of the Courfe 36°; 55/  9.87581
which becaufe the Ship is failing between South
and Eaft; will be South 36, 55/ Eatt, or SE4S
3 Eaft nearly. o 3

“For the Diftance it will be by the fame Cafz,

As Radius - = = = 10.00000
" istothe Diff. of Latitude - 193 s 2.28556
{o is the Sec. of the Courfe 36°, 55/ 10.09718
to the Diftance = = 2414 - 2.38274

Then for the Difference of Longitude it will be;
by Cafe =. of Parallel Sailing.

As the Co-fine of the mid. Par. 15°, cof 9.84950
isto the Departure - =-- 146 = 216137
foisRadius - - -

- 10.00( 0O
to min. of Diff. of Longitude 205 = 2.311%%
c%a[ to 3% 25/, the Difference of Lony *ude
afterly.
CASE 7

Difiance agd Departiere given, 2o find Difference
of Latitude, Cousfe, and Difference of Longitude.

Example.
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Suppefe 2 Ship in the Latitude of 355 ol
North {ails between South and Haft 165 Mxlc<
ana has then made of Eafting 1125 Miles. Re-

“quu‘cd 1he Difference of Latitade, Gonrfe, and
"Dliferencc oi Longitude. ; <

I'Mﬁ For the Zourfe it will be, (by Caf 5.
?Zﬂﬂe b,'mlmrr 1 Ch ﬂ 2

As ,the Dxﬁan_cc - -“,- =165 = 2051748

isto Radius - = = = - o 10.00000
{o is'the Departure - -102.5 - 205115

.. to the Sine of the Courfe - 42% 50/ 083367

which becaufe the Ship fails between South and

Eaft, will be South 420, 59' Eaﬁ or SEZ’S
Ea.ﬁ near]y

And for the Dl;

rcncc of Lantudc it will be, by
the {ame Ga/e, ;

As Radigs | = o= = = = = 710.00000 *
is toithe Diftance @ = 165 - 2.11748
{o is the Co-fine ofithe Courfe 42"‘ 39 0.86436°
to the Difference of Latitude 1267 - 208184

eraal to 26, 0o/. Confequently the Latitude come
o v%‘.f' be 310, 40! North, and the Latitude of the

In; le Parallel will be 39.° 4o0/. Hence' to find

“¢ne Difference of Longitude it will be, by Ca/z 2. oj
(_p[’lelﬁl Satling.

Aa thc Co-Sine of the mid. @gr. 527 nel ggaj'm
is to the Dcpaltuxc S lTgos - 208005
{o 1s Radius - = 10.000:0
to the Min. of DJIF of Long 135.6 Siliono o3

B £ - cquaL,.




218  Middle-La‘itude Sailing.
cqual to 2°, 13/ ncarl_*‘»?, the Difference of F.o'/=ia
tude Eafterly. (R : s

coaliS R & o

Differenceof Longitdde and Detarture give, to
find the Difference of Latitude, Coutfe, an iziftance |
Juld <7 s

Exanmple. e n

Suppofe a Ship in the Latitudz of 350%, 46/
North, fails betweer: South and Weft, till her Dif-
#-wence of Longitude is 5%, 12/, and is then found |
to have departed from her former Meridian 126

“Miles. Required the Difference of Latitude, Courfe,;
and Dittance fail’'d. 3 i

Firft, For the Latitude fhe has come to it will !
be, by Cafe 3. of Parallel Sailing,

As the Min. of Diff. of Long.® 192 - 2.28330
is to the Departure = - = 126 - 2.10037 |
fois Radiuss - - = .= = - 10.00000
to the Co-fine of the mid. Pzr. 489, 597 9.81707

Now, fince the Middle-Latitude is equal ta half |
_the Sum of the two Latitudes (by Ar7. 1. of this |
“Sec.) and {o the Sum of the two Latitud=s equ'l

to double the middle Latitude ; it follows, 't at s
from double the middle Latitude we fubtract =y
_one of the Latitudes, the Remainder will be the
other. Hence from twice 489, 50/, viz. 97.% 58,
taking 50°, 46/ the Latitude fail’d from, there re-
mains<47°, 12/, the Latitude come to.. “Confe-
~azently the Dificrence of Latitude is 3°, 34/; or
214 Minutes.

Then,



DMiddle-Lariw 1= Sailing® a9

Th‘cg, for the Courfe | it will be, by Cafe 4. of
Plene Sailing. L 5
As the Difference of Lat. - 214 =  2.33041
isto Radiuc = = = » = = 10.00000
{6 is the Diff. of Long. - 126 - 2.10037
i _to the 'rrag. of the Coure - 30% 29! 976996
- which, becausz it is between South and Weff, will.
be South 30% ¢t Weft, or SSW 3 Wett,
nearly, : .

And for the Tiftance it will be, (by the fame Ca/z,

AsRadius., = = = = == TO,Couody
is to the Difference of Lat, 214 - 2,3304L .
o is the Sec. of the Courfe = 30°% 29/ 10.0640%
to the Diftance - - - 248.4° - 2.30502

2, From what has been faid, it will be eafy to-
{olve a Traverfe, by the Rules of Middle-Laritude
Sailing. - ¢

S

- Example.

Suppofe a Ship in the Latitude of 439, 25*
North, fails upon the following Courfes, wiz.
“5S 63 Miles, SSW & Weft 43 Miles, SoE 54
Miles: and S W 5 W 74 Miles. Required the La~
.7 titude the Ship has come to, and how far fhe has

- .Aiffer'd her Longitude. t :

Fioft, By Cafe 2. of this Se?, find the Difference
.. Latitude, and Difference of’ Longitade belong-
ing to cach Courfe and Diftance, and they will
ftand as in the following Table. -

Ff 2  Coutfe
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°

Diff of Lat. | Diff. of Longir.

Coinfa . DI o Bl Sl e ol e I

Sl & =l
SSWiW | 45 |-— | 397 1=——1| 2

‘g%\%w 2ol SOl LR e

' ~ Diffof Lar: 18521 | ‘f;-};

Diff of Long. 143.80

Hence it is plain, the Ship has differ’d her La-
titude 186.2 Minutes, or 3, of’, and fo has come
to the Latitade of 40% 19/ North, and has made

of Difference of Longitude€ 145.8 Minutes, or 2%

2374811 Wefterly.
3. This Method of Sailing, tho’ it be not friétly
‘true, yet it comes very near the ‘Lruth, as will be
evident, by comparing an Example wrought by this
Mehod, with the fame wrought by the Method
«8eli¥dr'd in the next Seiop, which is ftri&ly true ;
®d it ferves withont any confiderable Error, in
Runnings of 450 Miles between the Eguaror and
“Parallel of 30 Degrees ; of 300 Miles between that
and the Parallel of 6o Degrees; and of 150 Miles,
as far ‘s there is any Occafion, and confequently
muft be {ufficiently exaét for 24 Hours Run.

=8 B C T e
Of Mercator’s Sailing,
1. PPAH O the Merigians do all meet at the Pole,
it and thie Parallels to the Equator do conti-
“nually decreafe, and that in Proportion to the Co-
(.f:.. s s O B



Mercaton's 'Sézz'lzng. il
fines of their Latitudes | yet, in old Sea-Charts the
Meridians were drawn parallel to one another, and
confequently the Paralle's of Latitudé, made équal
to the Equator, and fo a Degrec of Longitude on
any Parallel, aslarge as a Degree on the Bguator ;
2o in thete Charts the Degrees of Latitude were
il rcg{efented (as they are in themfelves ) equal
to cachather, and to thofe of tho Eguaror. By
thefe Meads Tlaces were very erroncoufly mark’d
down upon the Chazt; thus, for Inftance, anIfland
on the Parallel ‘of 50, would in this Chart be re-
prefented in a double Proportion, as to its Length,
in Eqfting and Wefting, but the fame as toits Breadth
in Northing and Southings°whereas in order to its
being truly drawn upon the Chart, it ought i be
lengthened, as to its Souzhing and Northing, in the
{fame Proportion as it is in its Egffing and Wefting,
{o as the whole may be reprefented on the Chart
proportionally as it i$ on the Globe itfelf.

3. To remedy this Inconvenience, fo as ill to
keep the Meridians parallel, ‘tis plain we muft pro-
traét, or lengthen the Degrees of Latitude in the
fame Proportion as thofe of Longitude are, that fa-
the Proportion in Eafting and Heffsug, may be the
{fame with that of Souzbing and Nortbing.

3. In the annex’d Scheme let ABD bea Qua.
drant of a Meridian, B F or C G, the Radius of the
Parallel defcrib’d by the Point :

-B.and C D the Radius of the E-
quator; draw the Tangent D K
and Secant CE, alfo the right

®Sine. BG. 'Then it has been
demonftrated, in Ses. §. that a

o Degree upon any Parallel, is to
a.Degree on the Eguator, as the T e
Co-fine of ifs Latitude, is to b ’
Radius. Thus, a Degree on the' Parallel defeh'd
by the Point B, is to-a Degres on the Equzzmr},g\:}i{_\‘%

e 24
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BE or CG is to CD th Radius; but (by 4rr..
74. Sect.1.). CG:CD :vCB : CE; therefore a
Degree on aﬁy’ Parallel, 1s 10 a I?egree on the Egua- -
_ tor, as Radius is to the Secant of the Latitude ; and.
fince in this Proje&tion the Meridians are fappos'd.
to be parallel, and confequently each of the Para’-
Jels equal to the Equator, ’tis plain, the Radius of
any Parallel wil become equal to ‘he Badius of
the Equator, and fo CG will every ~here become
equal to CD ; but when CG begenies equal to CD,
*tis olain, CB will become equalto CE. Confe-
quently in this Projeétion, the Radius of the Meri=
dian at any Parallel, will be equal to the Secant
of the Latitude of that Parallel. Alfo fince 2 De-
grex, or any fmall Arch upon the Eguator, is equal
to a Degree, or the like Arch upon the Meridiau;
therefore as the Secant of any Parallel, is to Radi-
us, {o is the Length of a Degree, or any {mall Arch
on the Meridian, to the Length of a Degree, or
like Arch on that Parallel. Hence 'tis evident that,
in this Projection, where the Meridians are paral-
Iel, 4 Degree on any Parallel will be increas'd be-
yond its juft ‘Proportion, at fuch Rate as the Secant
of the Latitude is greater than Radius; and con-
{fequently the Degrees on the Meridian muft every
where be increas’d in the fame Rate ; that {o the
Proportion in Norzhing and Southing may be the fame
with that of Ezfting and Wefting, that is, the
Lengtp of a Degree; or any fmall Arch on the .
enlarg’d Meridian, muft every where be toa Degree,
or like Atch of the Meridian on the Globe, as the
Secant of the Latitude is to Radius, Hence, by
fuppofing the Length of any fmall Arch of the
;Mfgidian Radius, it follows, from what has been
2id.
" Gor. 17 {hat the Length of a Degree, or any fmall
Arch7on the cnlarg’dg Mridiaﬂ,griz "évcryywhcrc
#qual to the Secant of the Arch contain’d between
( it and the Eguator. 2. ‘The
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9. The Diftance of 2 'y Point upon the ‘enlare’
 Meridian from the Equé tor, is equgl to the SL::rfgi’
all the Sccants contair/d between it and the BE-
\ rquator. o _

3. Th= Diftance between any two Papallels ot
<he fame Sice of the Eguator, is equal to the Diffe-
rence of the Sums of all the Secants contain’d be-
tween toa Bauator and each of the=Parallels.

4. The wa’ance between ‘any two Parallels on
_contrary Sides oi” the Eguator, is equal to the Sum
of the Sums’ of all> the Secants contain’d betevn
the Egquator and each Parallel.

§. Now, fince it has been thewn, that in this
“Projetion the Diftance of each Point of the Meri-
dian from the Equator, is equal to the Sanwor all
-the Secants contain’d between it and the Eqzator;
’tis plain, that by a continual Addition of the Se- .
cants, beginning at the Equator, we fhall have the .
Diftance of every particular Point in the Meridian
from the Equator, which-Diftances colleed toge-
ther from the Table, commonly call’d, 4 Table of
Meridional Parzs, which is annex’d to the End of

* this Sedon, and in which you may obferve that th
Top-Column contains the Degrees, and the Left-
hand Side Column the Minutes; the other Columns
contain the Meridional Parts anfwering to thefe
Degrees and Minutes. There is alfo upon Guanter’s
Scale, a Line of Meridional Parts, mark’d Mer.
which fhews the Diftance of each Point of the Me-
ridian from the Equator. g 1

6. By either of thefe, viz. the Table of Meri-
dionar Parts, or the Merigian Line upon Guuter’s

' Scale, may a Meroator's Chart be conftruéted. Thus
for Example, let it be required to make 2 Chart
that thall commence at the Equator, and. reach to
the Parallel of 60 Degrees, and fhall ‘ccntain 8o
Degrees of Longitude. 4 ~

D:a‘.\?( )
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Draw the Line E.Q 11 prefenting the Equator §
(fec Plate 1.) then take fi )m any conyenient Line,
of equal Parts, 4800 (the Number of Minutes con- -
tain’d in 8o Degrees) which fet ofs” from E to Q4
and this will determine the Breadth of tbe Chart.
‘ Divide the Line E.Q into eight eqda}l Parts, #a
the Points 10, 20, 30, &c. cach containing: 10 De- .
rees, and each of thefe divided Inre ~o equal
arts, will give the fingle Degreesu, 2% the Egua-
tor; then thro’ the Points E, 7o o, &c. drawin
Lires perpendicular to EQ , +iiefe thall be the Me-
ridians. 2
From the Scale of equal Parts take 4527.4 (the
Meridional Parts anfwefing to 6o Degrees) and fet
thav 4 from E to A, and from Q to B, and join
A B then this Line will reprefent the Parallel of
60, and will determine the Length of the Chart.
Again, froni the Scale of equal Parts take 602.1,
( the Meridional Parts anfwering to 1o Degrees)
and fet that off from E.to 10, on the Line E A,
and through the Point 10 draw 10, 10, parallel to:
EQ, and this will be the Paraljel of 10 Degrees.
"The fame Way fetting off from E on the Line E A,
the. Meridional Parts anfwering to each Degree,
&e. of Latitude, and thro’ the feveral Points draw-
ing Lines parallel to EQ,, we fhall have the feve-
ral Parallels of Latitude. g
It the Cparz does not commence from the Egua-
tor, but is only to ferye for a certain Diftance on
the Meridian, between two given Parallels on the
{ame Side of the Eguator; then the Meridians are
to be drawn, as in the laft Example; and for the -
Parallels of Latitude you are to proceed thus; w7z
_frogn the Meridional Pares anfwering to each Poiat
of Latitude in your Gharr, {ubtract the Meridional
Parts an’ vering to the leaft Latitude, and fet off the
Diffe~¢nces fevérally, from the Parallel of the leatt
(&atitude, upon-the two extreme Meridians, and the

Lines -
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Lines joining thefe Point ' 5f the Meridians fhall re-
prefent the feveral Pavall s upon your Charz.
- Thusiet it be required to draw a Chars that thall
ferve from the Latitude of 2o Degrees North t
60 Degrecs North, and that fhall contain 8o De?

N

groes of Longltude. - 24 =

Having drawn the:Line D C to reprefent the
Parallel-o. o~ Tegreds (fe€ Plate 1.)'and the Mers-
dians to it, a.- 7 the foregoing Example ; fet off
663.3 ( the Diffcrer. ~-between the Meridional Parcs
anfwering to 50 Degiv=s, and thofe of 20 Degrec-)
from D to 30, and fiom C to 30; then join the
Points 30 and 30 with a Right Line, and that thall
be the Parallel of 30, Alo fet off 1297:6 (the
Difference between the Meridional Parts answer-

- ing to 40 Degrees, and thofe of 20 Degrees) from
D to 40. and from C to 40, and joining the Points
4o, and 40 with ‘a Right Line, that fhall be the
Parallel of 4o. And proceeding after the fame
Way, we may draw as many of the intermediate
Parallels as we fhall have oceafion for. 5

But if the two Parallels of Latitude that bounds
the Chart, are on the contrary Sides of the Equator;
then draw a Line reprefenting the Eguaror, and
Meridians to it, as in the firt Example 3 and from
the Bguator fet off on each Side of it the feveral-

- Parallels contained between it and the - given Paral
lels, as aboye, .and your Chait is finithed.

- V. B: Here you muft Notice ; that in.all Charts,
the upper Part is the Nonth Side, and the lower
Pare, orBortom, is the South Side; alfo that Part
of it towaurds the Right-hand is the Ea/f, and that
towards:the Left-hand, the #2/# Side ot the Chart.

6. Since, according to this Projection, the Meris
dians are parallel Right Lines, ’tis plain, that the
Rumbs, which torm always equal Angles wi." the
Meridians, will be ftrait Lines; which Proper.:
renders this Proje@ion of the Farth’s Surface much
more eafy and proper for Ufe, than any otker. ' .

G 7. The
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. This Method of pi’ jjecting the Earth’s Surface ¥
upZn a Plane, was firlt inyented by Mr. Edward ,
Weight, but firft publifhi d by .!Wf’rmtor; andihc'npi_ !
the Sailing by the Chert, was calied Meroaror’'s Sail=
3 e, let . and D repes
_ In the annexed Scheme; let #.and D rerte
fenSt tv:lo Places upon the Sarface of the Globe, AC
the Meridian of A, and A D the Ronmb Line be-
eween the two Places ; thro' D dr . BD perpen-
dicutas to A C, and this will b~ «nc q)ar_zzl]eg of Lia-
sityde of the Place D frea A {fet off upon the

(i

B

A ; _ ;
Meridian, the Length A C, equal to the Bleridio=
nal o eniarg’d Difference of Latitudz 3 4nd thro G
drawCE parallel to B D mecting ‘A D'produced i -
E; then A B will be the proper Difference of Latis
2ude, and A C ¢he enlarg’d Difference of Latituds,
or the Difference of Latitude, according 6 Meroa-
gor’s Chart, between the Places A and D : 'CE will
ke the Diffevence of Longitude, and BD the Dor...=
zare 5 alfo A D will be the proper Diance; and AT,
the ~ararg’d, oraccording to Merearor’s Chart, and

flie Angle B A D will be the Courf. ;

. 9. Now
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9. Now fince in the I ' angle ACE, BD is pa- -

rallel to one of its Sides' CE 5 ’tis plain, the Tri-

“angles ACE, ABD wlll be fimilar, and confe-

‘quently the Sides propottional ( by iz, 74. Sec7, 1.)
Hence ari® +he Solytions of thg fcvngI Cafes’ Ta
this Sailing, ».hich are as follow,

Coovis e
‘The Latitudes of tus Plases giveny 1o fiud the Me-

vidional or euiarg d Differeuce of Latitade berweeu
thenz, sl it s

Of this Cafe there are threg Varieties, viz. ~*iuer

one of the Places lies on the Eguator, or both on
the fame Side of it ; or Lafly, on difterent Sides.
1. If one of the propofed Places lies on the Z

guators then the Meridional Difference of Latitude

is the fame with the Latitude of the other Place,
taken from the Table of Meridional Parts.

Example.

Required the Meridional Difference of Latitude

between St. Thomas, lying on the Eguator, and: 87,
_Antonio, in the Latitade of 17%, 20/ North. T look
in the following Table for the Meridional Parts an-

fwering to 179, 204 and find it to be 16562, the

enlarg’d Difference of Latitude required. °

2. It-une two propofed Places beion the {ame,
Side of the: Equator, then the ‘Meridional Difference
« “Tatitude is found by fubtraéting the Meridionat
Parts anfwering to the leaft Latitude, from thofe
anfwering to the greateft, and the Difference.. that

requitedy

Gg 2 Example.

.
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Exa, nple.

-~ Required the Meridional Difference of Latitude
between the Lizard, in the Latituze of 509, oAl
North, and Antegoa, in the Latitiide of 17°, 30
North. :

‘From the Meridional Parts of = 5o, 00/ = 3474.5
{fubtract the Merid. Parts of /- 57 30 - 1066.7

there femaing = - = = = - 24078
. the Meridional Differsnce of Latitude required.

3. 1f the Places lie on differentSides of the E-

« quator, then the Meridional Difference of Latitude
i found by adding together the Meridional Parts
anfwering to each Latitude, and the Sum is that
reguiteds S g e

£ e
Example. ,
: Lo
Required the Meridional Difference of Latitude
between Antegos, in the Latitude of 17°, 30/ North,
zgngl a{dimz, in Pery, in the Latitude of 329, 30/
outh. ] 2 P

To the Merid. Parts anfﬁefihg‘to 179,430/ 1066.7

add thefe anfwering to. - .= 12,30 “56.%

the Sum is - -

- - - = = 8228
the Meridional Difference of Latitude required.

CASE .

T e Latitudes and Longitudes of two Places given,
0 fiud the diret Courfe and Diffansce botween them.

Example.
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Exa mpla. . :

Requ red to fnd the dxl‘f’ﬂ: Courfe and Diftance
between vhe Lizard, in the Latitude of 50°,~Gnt -
N ort;h ana ¥ «rr—Ruyal in Famaica, in the Lantudc
of 172 » 40/; ditlering in Longitude 70%, 46/, Pors-
Royal Ly ngfofar to the W cﬁward of the Lzzard

F rombthc ﬁzt:tudc of the L;zam’ - = 50% oo!
fubtra& the Latitude of Port-Royal -~ 17 , 40

and there rcmam == 30— a0
equal to-1940 l\/[mutes, the proper Dxﬂ'erence of
atitude.”
Thcn from the Merid. Parts of 509, 00! - 3474.5
fubtract thofe of - = 17 , 40~ 1077.2
and there remain - ; San = 23073

* the Meridional or enlarg’d D1ffercnce of Latltude.

Geometrically.
Draw the Line AC reprefenting the Meridian of

the Lizard at A, and fop off from A, upon that\
; Line, §
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Line, AE equal to 1940 ' [ from any Scale of equal
Parts) the propes Differer te.of Latitude, alfo AG
equal €0 2397.3 (from th> fame Scale) the-Meri-
dional or enlarg'd Diffcrence of ‘Latitude " Upon
o Poiut C raife CB perpendicular #27A G, and.
make C B equal to 4246,. the Minutrs ¢ Differencs
Of Longituderl st Hldinte it i
“Join A B, and thro’ E araw ED ganlle" 10 BCs
{o the Cufe is conftrudted, and AD __ _tied to the
fame Scale of equal'Parts the 5r<r Legs were ta=
k=~ from, will give the dire¢. Diftance, and the
Angle DAE, meafured by the Line. of Ghords,
will give the Conrfe, AR e s ARSI Lo

By Calcilation.

For .the Angle of the Courfe E A D it will be,
by Cafe 4. of Redangular Trigonomerry.). e

AC:CB::R:T; BAG, i

&s the Meridional Diff, of Lat. 2397-3 = 3:37970%
is to the Difference of Long. 4246.0 - 3.62708
{o is Radius =7 = = = = .= 1000000,
to the Tang. of the dir. Courfe 60°%, 33/ 10.34828

which becanle Port-Royal is Southward of the Li-

zard, and the Difference of ]:ongitude Wefterly,

will lbc South 60°, 337 Weft, or SW oW z Wett,
nearly. }

Then fo- the Diftance A D, it will be, by Cafe 2.
of Regangular Trigononrerry.

AstheR-dips - - - - = 1000000
is to .ae¢ proper Diff. of Lat. 1040 * -  3.28780
{o 5 the Scc. of the Courfe-  60% 337 10.30833
to the Riftance © = £ 20 30456 "= 13:50613°

, confe- .
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. ‘sonfequensly the @ire, ) Courfe and Diftance’ bés
tween the Lizard and ‘Pors=Royal'in Faniaien, s
iR aacN gy 56 Ml

Comﬁjznd Diftance faild given, to find the Dif=
Gty T vnq ang iferense o Longrmads, 5

F e el
Suppofe a Ship from the Lizard in the Latitude
of 50%; oo/ North, fails South 35°, 40/ Weft 156

Miles:  Required: the Latitude cometo; apd how
much fhe has alterd her Longitade..  © .

-G metﬂml]y.

1. Dyaw the Line BK reprefenting the Meridiary
of the Lizard at Bj ‘from B draw the Line BM,

:‘. V .“, B

L.

» ¥ -~

making with BK an Angle equal to 3 50, 40/ aad

is Li @B M equal to 156, the given
upen this Line fet ¢ eq 5 "‘Diﬁ:ance, }
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Diftance; and from M i [ fall the Perpendiculas
MK uponBRawili=nui) (5 st Susins o
"Then for BK, the propur Difference of Latitugey
it will be, by Caf 3. of Rectangulur TrigomJictry.

 R:MB::S,BMK:BX.
7o Mot S e (8.06000
is to the Diftance E e (o

{o is the Co-fine of the Courfe 259, 40/ 0.90978
o the proper Diff. of Latituae 127 - 210290
equal to 29,07/, and fince ‘the Ship i¢ failing from
a North Latitude towards the South, therefore ther
Latirude come'to'will be 47°, 534 North. Hence
the Meridional Difference of Latitude will be 195.42 -
2. Produce BK to D, till BD be equal to 193.4 3
thro’ D draw DL parallel to MK, meeting DM
produced in L 3 then D L will be the Difference of
Longitude : to find which by Calculation; it will
be, (by Cafe 3. of Reddangular Trigonametry.) .

R:BD::T,LBD:DL.

. e AsRadius - - - - - " 16.00000

is to the Merid. Diff. of Lat. 193.4 - 2.28646

1o is the Tang. of the Courfe  35°, 40/ 0.85594

to the Min. of Diff. of Long. 138.8 - 2.14240

equal to 2°, 18/, 38/ the Difference of Longi-
tude the Ship has made Wefterly.

kAR SR,
Given, Courﬁ—md botb Latitndds, viz. the Lati-
tude fqiid Jrom and the Latitude come to, 1o find
:ﬁ;ﬁDg,«mce fazlz‘iz and. the Difference of La/fgz-

Examples
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‘ Example. 5
. Suppofe.s Shipin the Latitude of 549, 26/ Ngi-*
- fa'ls South 3% 45/ Eaft, until by Obfervation the’s
found to be, in tac Latitude' of 519, 45/ North.
Requiren ‘the Diftance {ail’d; and the Difference of
Longitudes:. : 2 "

éo}l:éetrz;calzy.

..Draw A B, toreprefent the Meridian of the Shig g

" in the firft Latitude, and {ct off fiom A to B 1 53-'

- the Minutes of the proper Diff 4 —

- ference of Latitnde, alfo A G

' equal to 257:0 the Minutes of
the enlarg'd Difference of Lati-

tude: 'I%lro’BandG aw the

Lines B C and GK perpertdis

cular to ‘A G ; alfo draw ; \K B

making with A G an Angleof

33%; 45/ which willmeet the

two formcr Linesiin the Poiats

C and K; {o thé Café is con= G

ftruéted, and A Cand GK may o e

be found from the Line of equal Parts; to find

which o

- ‘_By Caleulation:
Fz'ﬁ, "For thc:k‘.‘Diﬂ'cr‘eﬁce of Longitude it il be;
by Cafz 1. of Recangular, Trigonoinerrys
BR-AG::T,GAK:iGK: -

ive. AsRadius < & = =, 106608
1s to the enlarg’d Diffi of Lat. = 25 : :
Hh

()
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{6 is the Tang. of the jourfe 332 45/ -+0.8248¢

to the Min, of Diff. of [Longit. - 172.3- - 2.23634

qual to 29, 52, 18//;the Diffevence of wongitude
_ <he Ship has made Fafterly. ! %

This might alfo have been foun(, by firft finding
the Departurs BC (by €9/ 2. of Plrne Sz /ing.) and
then (by Art. 74. Sect. 1.) it.would

AB: BC:: AG: GEK. -The Difference of

" Longitude required.

Then for the diteét. Diftance A C, it will be,.by
Ceti 2. of ReFangular Trigonometry.

R:AB:: Sec. A:AC.

7. e. As Radius - - = & 16.00000
is to the proper Diff; of Lat. 155 - « & 2.10033
fo is the Secant of the Courfe 339, 457 10.08015
to the dire¢t Diftance. - - 186.4 - - 2.27048

confequently the Ship has fail’d South 339,55
Eaft, 186.4 Miles, and has differ'd her Longitude
29, 5277 18/4 Eafterly.

CCEACS s

Both Latizades, and Diftance [ail'd, given, to find
the cire Courfe, and Differewce of -Longitude.

Example.

Suppofe a Ship from ghic Latitude of 459, 26

&North, fails between North and Eaft 195 Miles, and
then £y Obfervation the’s found to be in the Lati-
vzae 0'48% 067 North. Required the direét Courle
‘and Diflerence of Longitude.

e : Geometrically.
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- Geometyically. :
Draw A% equal to 160 the proper Differcnce of

Lictitude, and from the Point B raifc the perpendi-
culat B D; then’take 195 ?

in your C.mpaffes, and fet-> € 4 K
“ting one Fooc- #f them in
A, with the othetcrofs the B
Line B D in D.. Produce
AB till AC be ¢qual to
233.6 the enlarg’d Differ-
ence of Latitude. Thro’C -
draw CK parallel to BD,
meeting A D produe’d in
K ; fothe Cafeis conftrudi- A

ed, and’ the Angle A may & ’ J
be meafured by the Line of Chords, and C K by the
Line of equal Parts. To find which

By Calculation.

Fizft, Forthe Angle of the Courfe B-A D it will
be, (by Cafe 5. of Rectangular Trigonowmetry-)

ABT R ADSec. Az e

As the proper Diff of Lat.  160. = = 2.20412
is to Radius = = - - - 10.00000
fois the Diftance = =195 = =22.29003
“to thy Szc. of the Courfe 34°, 52" = 10008591
which becaufe the Ship is failing between North
and Eaft, will be North 34°, 527 Eaft, or SEzS

1%, o7’ Eafterly:

L

-

Then for the Difference of Longitude it wilvbe,
(by Cafe 1.0of Rectangular Trigonomerry.)

Hh s : R:
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R: AC:: T, A: CK, :

3. e, AsRadius e - r#iooc00
is to the Merid, Diff. of Lat, - 253. - /2.36847

- oristhe Tangentof the Courfe 34.0,_,;; 21 0.84307
to the Min. Diff. of Long: « - 152:8 = 220154

Bafterly.

CAS E =6
One Latitude, Courfe,and Difference of Longituds,

given, v0 fiud the other Lavitade, and Diftance [ail' d.

Example,

Suppofe 2 Ship from the Latitude of 489, jof
North, fails South 34%, 40?7 Wet, till her Difference
of Longitnde is 29, 44!. Required the Latitude
come to, and the Diftance fail'd. !

: Geometrically.

T, Draw A E to reprefent the Meridian of the
Ship in the firt Latitude, and make the ‘Angle E A
T A C equal to 34%, 406, the An-

- gle of the Coutfe; then draw.
F C parallel to A E, at the
Diftance of 164 the Minutes
of Difference of Longitude,
which will meet A Gin the

on A E, the perpendicul-z
CE; then AF. will be the
enlarg’d Difference of Lati-
S tude. 1o find which, 2y Cal-
E  culation it will be, by Cafe 1,

¢ of ReGanzubar ﬁigommezri‘,‘ el e
3

¢

(

&
7

;%?al tg 29, 42/, 481, the Differenceof Longitude

Point C. FromClet fallup-
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T, A; R::CE: AE.

b Mg %
" 6. AsiHe Tang’of the Courfe 34°, 40/ - 0:83084
isto the R adius - - - =  10:0000G
{5 are the Min. of Diff. Long. = 164, - - 2.21484
to the enlarg'd Diff of Lat. = 237.2 - - 2.37500

IS4

and becau)i‘d?.tl{q Ship is failing' from 2 North Lati-
tude Southerly. “Fherefore,

From the M‘crid.’ Parts of :
the Latitude fail’d from § 48%, 50’ - 3366.9
take the Merid. Diff. of Lat. - - - 2374

;nid there remains -~ - - ge 51207
the Meridional Parts of the Latitude come to, viz,
46°, o9”. :
! Hénce for the proper Difference of Latitude,
From tl-;g Latitnde 42il’d from - 489, 50'N
take the Latitadecome to - - - 46 , 09 N
and thereremain = - - 2,49
equal to 161, the Minutes of Difference of Latitude..
2. Set oﬁ‘ '\;‘pon AE the Length AD equal to
161 the proper Difference of Latitude, and thro D
draw D Bparallel to CE; then A B will be the di-

re& Diftance.  To find which, by Calculation, 1t will
e, by-8o/% 2. of Rectangular Trigonometry  *

‘R: AD:: Sec. A: AB.

7. ¢. As Radiug - - -~ 1800008

is to the er Diff of Lat. 161 = = 2055‘58%
{o is the f the Courfe  34°, 4o/ 10.0845

to the dire& Diftance - = 1958 - = 2.2017f
; G S B
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CASE 7.

: A Saea il ;

' Oue Latitdde, Courfe and iDeparture give's 10 find
the other Laitude, Difance [ail’d, and Diference of
Longitude. S

Example: .

_ Suppofe a Ship fails from the ‘Latitude of 54°,
36/ North, South 429, 33/ Eaft, until fhe has made -
of Departure 116 Miles. Required ¢the~Latitude
flic is in, her direé Diftance fail’d, and how much fhe
has alt=r’'d her Longitude.

Geometrically.

1. Havlng drawn the Meridian A B, make the
Angle B A D equal to 42%, 33/ Draw F D pa-.

-

(

A

ol

e A AR BB S R KRR R TR

B

rallefto A B at the Diftance of 116, avhich will
.meet A Din D. Let fall upon A * perpen-
: =¥1cular D.B. 'Then A B will be the proper Differ-

o ence
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" rence of Latitude, and A D the direét Diftance, to
find ‘which, by Calowlarion ; firft, for the Diftance
* A D will be, by Cofe 2. Redtangular Trigomometry.

eSS AR RGN,

7. ¢. =55 the Sine of the Courfe 429 33L 9:8z010
is to the Departure - » - 116.5-"= 2.06446
fois Radius . - - % - - 1000000

to the direét Diftance - - 171.5 - - 223436

Then for the proper Difference of Latitude it
will be, by Cafe 1. of Redangular Trigonomerry,

T, A: BD:: R: AB.

i. e. Asthe Tang. of the Courfe 42°, 33/ 9. 6281
is to the Departure - - - 116. e 5.26446’
foisRadius - = - - -  10.08000
tothe proper Dift. of Lat. - = 126.4 -~ 2.10165

equal to 29, 6% confequently the Ship, has come to
‘the Latitude of §2% 30/ North, and {o the' Me-
ridional Difference of Latitude will be 212.2.

2. Produce A B to E, till A E be equal to 212.23
and thro’ E draw E C parallel to B D, meeting A D
produc’d in C; then K C will be the Difference of
Longitude, to find which, Zy Calculation, it will be,
by Cafe 1. of Redangular Trigonometry. '

R:AE 3 A he.
4. ¢. ;ns Radius = = - - = - 16.00000
is to the Meridian Diff: of Lat. = 212.2 = 2.32675

- {ois the Tang. of the Courfe  42°, 337 0.9628¢
to the Min. of Diff. of Long. - 1948 = - 2.28956

equal to 59, 14/, 487 the Difference of Longitude.
afterly. -

This
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"This might have been found otherwife ; thus, be= |

caufe the Triangles A CE, A DB arc fimilary chere= |
fore (by Art: 74. Sed. 1.) it will be ; i

AB: BD:: AE: EC: ( v
N\ 3

i. e. As the proper Diff: of Lat. = 126.4= 20103 |
is tothe Departure = - = = 116, = 2.06446 |
{o is theenlarged DIff of Lat. - = 212.2 - 2.32675
to the, Min. of Diff. of Long.-- ¥ 94:8 = 2:28956

CAS H 8¢

_ Both Latitudes and Departure given, to Find the
Courfe, Diftance and Differeuce of Longitude.

Example.

Suppofe 2 Ship from the Latitude of 46%; 2¢c/
North, fiils between South and Wef, till fhe has
made of Dgparture 126.4 Miles; and is then found
by Obfervation to be in the Latitude of 43°,"35¢
North. Required the Ceourfe and Diftance fail'd; |
and Difference of Longitude.

Geometrically.

Draw AK to reprefent the Meridian of the Ship
A inher firft Latitude, fet offup- |
on it A G, equal to 165, the -
%roper Difference of Latitude:
raw B C perpendicul--to )
C, equal to 126.4 the Depar-
tare, and join A B. Set off. |
C from A, A K equal to 255.3,
the enlarg’d Difference of La-
k titude, and throngh K draw
: K D parallel to B C, meet-
ing A B producd ig D; fo the Cafe 1s conftrull-

ed,



-

& tudey
'Courfe[ﬁ to find which |,

Mercator's Sai/ing : ~oqi
‘fructed, and D K will be the Difference of Longi-
A B the Diftdnce, and the Anglc A ‘the

By Ca[c‘uiﬂrion.

Firff, For LK, the Difference of "Longitude, it
will be (by Ars. 7. Sec. 1.)

AC:CBZ:AK:KDA

i.e. As the proper Diff: of Lat. 165 = 2:21748
is to the Dcparturc - - 126.4 - 2:1017§

{0 is the enlarg’d Diffi of Lat.. = 233.3 - 236791
 to the Mmutes of Diff; of Long 1787 - 2.25218
equal to 2%, 584 4a//, the Difference of Longi=

tude Weﬂcrly.

Then for the Courfe it will be, (by Cﬂfe of Rege
angular Wzgoﬁw/zezry‘

AC:BC::R:T, A
e As the proper. Difi of Lat. 165 = 221948

is to the Departure = = 126.4 = 2.1017§
fo'is Radius -/ = - = 10.00000

* to the Tang! of the Caurfc = 358 o7l 088407

which, becaufe the Ship fails between South and
Weft, will be South 37°, 27/ Wett, ox SWI?S
6= 30/ Wefterly.

Laftly, Flor the Diftance AB, it will be, (by Café 3¢

uf Reﬁngulm %zgmametry
S, A:BC:i R:AB

Ii 15 62
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,/-’ v

i.e. Asthe Sme of the Courlfe 37", 27/ = o ‘/'839’5 1

is to the Departure - - 1206 4 - = 4.10176"

fo is Radius - - - 7/0.00000

to the direct Dli’cancc - _07 9 - 2.31780
CASE o e

One Latitude, Difiance [uild, and Departire
given, to find the other Latitune, Difference of Lo
gitude and Courfes

: Examj)l €.

Suppofe a Ship-in the Latitude of 48°, 33/
North, fails between South and Faft 138 Miles, and
‘has then made of Departure 112.6. Requlrcd the
Latitude come to, the direct Courfe and Difference
of Longitude.

Geometrically.
1. Draw BD for the Metidian of the Ship at B,

and  parallel to it draw

B F F E,Pat the Diftance of

37126, ithe - Departure-

: ~ Take 138, the Diftance,

: " in your Compafies, and

D! B fixing one Point of them

I N in B, with the other crofs

| the Line F E in theroint

< E; then join B and E,

and from F let fall vpon BD the Pcrpcndxcuhr

K. D; fo BD will be the proper Difference of wa~

ntude, and the Angle B will be the Courfe ; to find
which, by Caleulation.

Eief,
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b ReFangular Trigonometry.)
i\ 8 o T
A BE:R D ES B

——— DR e
istoRadius -~ = =, = 3.— - I0.0éggg
fo is the Departure = = 312,6’ - 205144
to the Sine of the Courfe - 54% 411 0.91166
swhich becaufe tie Ship fails between South and

Faft, will be South 54%, 41! Haft, or SE ¢¢, 41¢
Eafterly. 3

Fir, For the Courfe it will be, ( By Cafe 5. of

Then for the Difference of Latitude it will b, (by
Cofe 3. of Redangular Trigonemerry.)

R:BE::Co-S, B:BD.

7.e. AsRadius = = - - =  10.00000
is to the Diftance = - 138 - 2.13988
fo is the Co-fine of the Courfe 549, 41/ 9.76200
to the Difference ot Latitude 79.8 -  1.90188

equal to 19, 19/. Confequently the Ship has come
to the Latitude of 47°, 13/. Hence the Meri-
dional Difference of Latitude will be 117.7. c

2. Produce B to A, till BA be equal to 117.7,
and through A draw AC parallel to D E, meeting
BE produc’d in C 3 then A C will be the Difference
of Longitude, to find which, &y Calealation it will
ve oy Art.74. Sed. 1.)

BDEDE:; BA:AC

i. ¢. As the proper Diff. of Lat. 798 -  1.90158
is to the Departure - - - ¥12.6 - 205154
fo is the enlarg’d Diff. of Lar. 117.7 - 2.07075
to the Difference of Longitude 166.1 = 2.22044

T2 cq‘uai
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; q{lﬂ to 29, 46/, of/!, the Difference of Lojigi=
wude Eafterly: : . 4

9. From what has been faid, it will be rafy to
foloe a Traverfe according to the Rules ‘of Mer-
sator’s Sailing. .

Examplg.

Suppofe asShip at the Lizard in the Latitude of
o, oo’/ Ntrth, is bound to the Mazgera, in the
Latitude of 32°, 20/ North, the Difference«of Lon-
gitude between them, being 11°%, 40/ the Weft
¥nd of the: Madera, Lying {o much to the Weft-
ward of the Lizard, and confequently the direét
Courfe and Diftance (by Cg/z 2. of this Sei.) is
South 26°, 15/ Weft 1181.9 Miles; but by reafon .
of the Winds the is forced to fail on the following
Courfes (Allowance being made for Lee-way and
~Variation, &c.) SSW 44 Miles, S6 W & Welt 36
Miles, SW &S 56 Miles, and S& E 28 Miles. Re-
uired the Latitude the Ship is in, her Bearing and
%iftance from the Lizard, and her dire&t Courfe -
and Diftance from the Madera, at the End of thefe
Courfes. : 3 y
The Geometrical Conftruétion of this Traverfe is
perform’d by laying down the two Ports, according
1o the Conftruétion of Ca/e 2. of this Se. and the
feveral Courfes”and Diftances according to Cafe 3.
by which we have the following Solution &y Galeus=
Jation, SRt ;
1. Courfc SS W, Diftance 44 Miles.
For Difference of Latitude,

As Radiu_s = = = = = .- 1660000
‘istothe Difftance = = a4 - 164345

fo is the Co-fine of the Courfe 229, 30!/ 9.96502
to the Difference of Latitude 40.65 - 1.00907
k S and
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. and \Gnee the Courfe is Southerly, .Lcrc?drc the .
LatitL“dc come to w_i‘ll be 49°, 20¢ Noith, and :
# conlequently the Meridional Difference ot Latitude
will be 61\\.8. Thken, ? '

'For the Difference of Longitude. 7

AsRadius -« = - 7= - O 1000000
is to the enlarg’d Diff. of Lat.’ 613‘8 - 179099
{o is the Tang. of the Courfe 22, 30/ 9.61722
to the Minutes of Diff: of Long, 25.6 , - 1.40821

2. Courfe S& W 3 Weft, Diftance 36 Miles.
For Difference of Latitude.

AsRadigs - = = = - = 10.00000
is to the Diftance B o e T
{o is the Co-fine of the Courfe 16°, 52/ 9,98090
to the Difference of Latitude 34.46 - 1.53720

and fince the Courfe is Southerly, therefore the
Tatitude come to will be 48%, 45/ Hence the
Meridional ‘Differeace of Latitude will be 53.4
Then, 2

For the Difference of Longitude.
. L4

PeRadins & =0 o Fo e 2 10:00000
is to the enlarg’d Diff. of Lat. 53.4 - 1.73754
fo is the Tang, of the Courfe  16°, 52/ 948171
to the Difference of Longitude 16.19 - 1.20925

3. Courfe SW &S, Diftance 56 Miles. -
. For Difference of Latitude.

b AsRadine s oo = o es i IO000CD

“isto the Diftenge = - g6 = ag4Big
| fo is the Co-fine of the Courfe 33%, 4 57 9-91 285
{ %o the Difference: of Latitude 46.56 = 1.06804
1 : O confe~
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¢ confequen*iy. the Latitude come to is 47° sols |
cgnd %hé"efg"é the enlarg'd Diiference of La itude L
will be 692, Then, ]

For the Difference of Longitude

AsRadius o= = = = -= = (10.00000
is to the enlarz’d Diff of Lat. 69.2 - 184011
{o is the Tang. of the Courfe- 339, 45’ 9.82489

_ to the Difference of Long. = 46.24 - 1.66500

4 Courfe S B, Diftance 28 Miles.
For Difference of Latitude.

AsRadius = = - = - - 10.00000
is to the Diftance - - 28 - 1.44716
1o is the Co-fine of the Courfe 11°, 15/ 9.99157
to the Difference of Latitude 27.46 - 1.43873

confequently the Latitude come to will be 47°;
314 and hence the Meridional Difference of La=
titude will be 43.2. Then, .

1

For the Difference of :Longitude.

AsRadius - - = = < = 1000060
is to the enlarg’d Diff of Lat. 43.2 - 1.63548
fo is the Tang. of the Courfe 11°, 15/ 0.20866
to the Difference of Long. - 8.59 - 0.07414

Now thefe feveral Courfes and Diftances, toge=
ther with the Difference of Latitude and Lor=i-
tude, belong to each of them, being fet down in

~ their proper Columns in the T7averfe Table, will
£ v
‘itand as follows.
4
Conrfe
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Diff.of Lar.ll -, Longir.

Cwps DAL R e I
SSW ) | 44 |——| 4065 2500
oW W L 30 | 3446 ¢ 16.19
SWbiS 56 | —— 1 46.56
D) | =8 ‘ 2746 | 3:59 \
Diffof Lat. 149.13 | 8.59 ’\88.03
: i ; 559
Diff. of Long. 79-44

‘Hence it is plain, that the Ship has made of
Southing 149.13 Minutes, and confequently has
come to the Latitude of 47, 31/ North, and fo
the Meridional Difference of Latitude between that

46.24

.and her firft Latitude will be 226.15 and fince fhe

has made of Difference of Longitude 79.44 Minutcs™
Wefterly ; therefore for the direét Courfe and Di-

' fance between the Lizard-and the Ship, it will be,

(by Cafe 2. of this Section.)

; For the dire@ Courle.

‘As the Merid. Diff of Lat. 226.1 - - 2.35430
is to Radius S D e 10.00000
fo is the Diff. of Long. - 790.44 - 1.90004
to the Tang. of the Courfe. 198, 224 - 9.54574

which becaufe the Difference of Tatitude is South=
etly, and the Difference of Longitude Wefterly,
Wil be South 199, 22/ Weft; or S6 W 5, o7¢
Wefterly: Then,

; For the dire& Diftance. >
AsRadius /» - = - = = 1000000
is to the proper Diff. of Lat. 149.13 - 2.17349,
{o'is the Sec. of the Courfe - 199, 22/ 10.02530"~
to the dire& Diftance - 158 - - 239879

Krom
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Prom tle ™ Studethe Shipisin - 49% 74/ N
fubtrae ,  Lat, of the Madera -~ 32 , 20 N,

and the. remains ©° = - = - 15, 11
equal to 9. ¥-Minutcs, the proper Difer ce of
Latitude berween the Ship and the MayenS x

Again, from the Merid. Parts anfwer- .
ging ’to the 1 atitude the Shipsis in % 3248.4
Take the Meridional Parts anrwering§ W ‘o
to the Latitude of the Madeva - 5%

and there remains ~ = = - = = - 71064
the enlarg’'d Differcace of Latitude between the
Shin and the Madera.

Alfo, from the Diff. of Lon!g'." be-p. Q :
tween theilis ond the Madera } 118, 40! W
‘Take the Difference of Long. be- .
tween the Lizard and the Ship } 15 1955 W

and there remains  , = = = 10,2055 W

equal to 620.56 Min. of Difference of Longitnde
between the Ship and the Mzders Wefterly.

Then, for the dire& Courfe and Diftance betsweén
the Ship and the Majdera, itwillbe

Bt (he dinst Contle,

is to Radins - = = = 1000000
{o is the Diff, of Long. 620,56 < 276278
to the Tang. of the Coutfe 279 25/ 971400

As the Merid. Diff, of Lat. 11964 - 3.07788

For the direét Diftance,

! As Radinse ™ - 2 - - = 10.00000
Is to the proper Diff. of Lat. 911 - . 2.95952
2 fo
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f(Si;\is the Sec. of the Courfe 27, /¢ Voo P74
to the diret Diftance = = 102 501126

10: It is very ¢ommon iz working a' Ja);’s Rec-
koning atiSea, to find the Differei syot Tatitade
“a~d_Departure to cach Courfe an f’m}{tancc, and
adding all the Departares togéther,) «d all the Difs
ferences of Lattudes for the whole Departure and
Difference of Latitude made gaod that Day s from
thence (by Ca/e 8: cf this Section) to find the Diffes
rence of Longitudt, £3¢. made good thatDay. Now,
that this Method is falfe, will evidently appear; if
we confider that thie fame Departure reckon'd on
two different Parallels will give unequal Differenices
of Longitude; and conleguently when feveral Depar+
tures are compounded together and reckon’d on the
{fame Parallel, the Difference of Longitudé refults
ing from that, cannot be the fame with the Sum of
the Differences of Longitude refulting from the feve=
ral Departures on different Parallclsy'and therefore,
I have chofen in the laft Exazmple of a Traver/e; to
find the Difference of Longitude anfwering to,each
particalar Courfe and Diftance, the Sum of which
mft be the true Difference of Longitude made good
by the Ship on thefe feveral Courfes and Diftances:
i1. We thew’d at 4rz. 3. of this Sefion, how to,
conftrué a Mercator's Chart, and now we fhall pros
ceed to its feveral Ufes ; contain’d in the following
PLroblemss : 2
Prob. 1. Let it be required to lay down a Place
upon the Chatt, its Latitude, and the Diflerence of
| Longitude between it, and fome known Plce up=
| on the Chart being given. = ;
Example. Let the known Place be the Lizard,
lying on the Parallel of 50¢,00/ N. and the Place tb
be laid down St. Katharines, on the Faft Coaft of
America, differing in Longitude from the Lizgard
42°; 36/ lying fo much to the Weftward gfie. %
: Kk i ey
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Let I rey “fent the Lizard on the Chart, (fee
“Plate 1.), 1 on the Parallel of 50%, oo/ North, !
its Meridi _E. Setoftfrom E upon the Eqaa- |
tor BEQ 4. 5 364 townrds Q , which will reach |
I from BE.to'k. "Thro’ F draw the Meridiap G, and |
ghis will be the Meridian of St. Katharines; thea |
fet off from Q_ o H vpon the graduated Meridian |
Q B, 28 Degrues; and thro' H draw the Parallel |
of Latitude H™M, vhich will meet the former Me=
ridian in K the Place upon the Chaze required, 1
Prob. 2. Given two Places upor the Chart, to find
“their Difference of Latitude and Difference of Lon~
itude. ¢
s Thro’ the two Places draw Parallcls of Latitade ;
then the Diftance between thefe Parallcls number’d
in Degrees and Minutes upon the graduated Meri-
dian, will be the Difference of Latitude required 3
and thro’ the two Places drawing Meridians, the |
Diftance between thefe counted in Degrees and Mi-
nates on the Equator, or any graduated Parallel,
will be the Difference of Longitude required.
Prob. 3. To find the Bearing of one Place from
another upon the Chart. : _
Example. Required the Bearing of St. Kathariues
at K, (fee Plate 1.) from the Lizard at L.
. Draw the Meridian of the Lizard A E, and join
K and L with the right Line KL, then by the Line
of Chords meafuring the Angle K L E, and with
that entering the Table at Page 156, we fhall have
the Thing required. |
This may alfo be done, by having Compafles
drawneon the Chart (fuppofe at two of its Coruers).
then lay the Edge of a Ruler over the two Places
and let fall 2 Perpendicular, or take the neareft
Diftance from the Center of the Compafs nextitne
firtt Place, to the Ruler’s Edge ; then with this Dif=
tance in your Compafies flide them along by the
Ruler's Edge, keeping one Foot of them clofe 111_(,’
‘ 3 the
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‘of Latitude and @& the proper; ¢ " qiently g e
the ;nlbarg’c}r Dxlﬁané:eand_ ‘f! ¢ the pi1 ) :
« Prob. 5.To lay down 2 Place upo.. it
Latitude and Beering fromi fome l?now rlggg’:;gﬁ
the Chart being known ; or (which is <& fame) hay-
iag the Courfe and Difference of watitnde. that 2
Ship hasmade; to lay down the Run igg of the Ship
and find her Place upon the Chart, -~ & el
Example. A Ship from the Lizard in the Latitude
gf 5£°,_ood/ Nggth? fails ﬁ S W till the has differd
‘her Latitude (o), equired her Pl [
the Chart, o g i “POD
Count frem the Lizard at L, on the graduated
Meridian downwards (becaufe the Courfe is South-
ly) 36°, 40’ tog; thro’ which draw a Perallel of

- Latitude, which will be the Parallel the Ship is-in}

then from L draw a SSW Line L, cutting the
former Parallel in f; and this will be the ship’s
Place upon the Chart. Ty
. Prob. 6. One Latitude, Courfe and Diftance fail’d,
given to lay down the Running of the Ship, and
find her Place upon the Chart. ! ;
Example. Suppofe a Ship at z in the Latitude of]
20°, oo/ North, fails North 379, 201 Eaft, 191 Miles-
Required the Ship’s Place upon the Chart. @+
Having drawn the Meridian and Parallel of the
_Place 4, {et off the Rhumb-Line z ¢, making with 2%
an Angle of 37° 20/, and upon it fet off 1pr
from & to ¢; thro’ ¢ draw the ‘Parallel ¢ 4, and ta-
king 2 4 in your Compafles, apply it to the. gra-
duated Equator, and obferve the Numter of De-

' “grees it contains; then count the fame Number of

Degrees on the graduated Meridian from C to 4,
and thro” » draw the Parallel 4e, which will cut
@¢ produc’d in the Paint ¢, the Ship’s Place re=
quird. 5

Prob. 7
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. Prob, 1. T th Lfatitﬂdes, and Diftance fail’d gi= ¢
; ven, to h. : Ship’s Place (apon the Chart. : 5
Examp _-dppofe a Ship fails from @ in the |
Latitudet "20%, 0o/ North, between North and
E. 19rMiles nd is then in the Latitude of 45%00¢ |
N. Required t e Ship’s Place upon the Chare,” = 4
Draw d e tl : Pardllel of 45° and fet off upon |
the Meridian of # upwards, & equ-l to the proper
Difference of |.atitnde taken from the Equator or
‘graduated Parallel, Thro' & draw b ¢ parallel to
‘de 5 then with 101 in your Compares taken as before |
from the Fquator or graduated Parallel, fixing one |
Foot of them in « with the other crofsbein ¢. Join |
« and ¢ with the right Line #¢, which produc’d will |
meet #7 in ¢ the Ship's Place required.
Prob. 8. One Latitude, Courfe and Difference of |
Longitude, given tofind the Ship’s Place upon the |
Chart. v 1
_ Example. Suppofe a Ship from the Lizord in the |
Latitude of 50%, 0o’ North, fails S W 5 W, till her: |
Difference of Longitude is 42°, 36/, Requird the |
Ship’s Place upon the Chart. . |
Hayving drawn A ® the Metidian of the Lizard |
‘at L, count from E to F upen the Equator 42°, |
367, and thro’ F draw the Meridian F G ; then
#rom L draw the SWoW Line LK and whete this
meets FG, as at K, will be the Ship’s Place re-
~qghird, :
- Prob. 9. One Latitude, Coutfe, and Departure,
“gived, to find the Ship’s Place upon the Chart. _
Esample. Suppofe a Ship at # in the Latitude of
20%, 00/ Noth, fails North 37°, 20/ Faft; €ill
Ihe has made of Departure 116 Miles. Requird the
Ship’s Place upon the Chart. {
Having drawn the Meridian of @, at the Diftance
of 116, draw Parallel to it the Meridian kJ. Draw
the Rumb Line a ¢, which will meet 7 in fome
- Peitit ¢5 then thio’ ¢ draw the Parallel ¢ ¥, ang
y X a
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b will be the proper Difference of Ls “tucke, and 5 ¢

the Departure. . Taks 2 in your “oafles and

appily it o the Equator or graduated..  llel; then
obferve the Nurmber of Dsgrees it ¢f itains, and

v

t
\

count {o mapy on thegraduated Me+ dian from C

~owards to 4. Thro’ b draw the P¢ allel he, which
will'meet #¢ produc’d in fomz Poit . as ¢, which is
the Ship’s Place upon the Chart. = B
Prab. 0. One Latitude, Diftance, and Departure,
given, to find the Ship's Place upon the Chart,
Example. Suppale a Ship at # in the Latitude of
20°, oo/ North, fails 191 Miles between North and
BEaft, and then is found to have made of Departure
116 Miles. Requird the Ship’s Placcupon the Chart.
Having drawn the Meridian and Paralle!. of the
Place 4, {et off wpon the Parallel @ 2 equal to 116,
and thro’ 7 draw the Meridian k /. Take the gi-
ven Diftance 191 in your Compafles fetting one Foot
of them in 4, with the other crofs £/ in ¢, Join 4 ¢,
and thro’ ¢ draw the Parallel ¢4 ; fo ¢4 will be the
Departure, and @ 4 the proper Difference of Latis
tude; then proceeding with this as in the foregoing
Prablem, yowll find the Ship’s Place to be e. .
Prop. 11. The Latitude fail’d from, Difference
of Latitude and Departure given, to find the Ship’s
Place upon the Ghare, .~ 5
Example. Suppofe a Ship from zin the Latitude
of 209, oo/ Nerth, fails between North and Eaft,
till the be in the Latitude of 45°, 0o Notth, and is
then found to have made of Departure 116" Miles.
Rc&uir'd the Ship’s Place upon the Chart.

>~ Having drawn the Meridian of 4, fet bff upon

it from z to &, 25 Deprees, (taken from the Equa-
tor or graduated Parallel) the proper Difference of
“atitude ; then thro’ b deaw the Parallel b ¢, and

make ¢ cqual to 116 the Departure, and join 2. -

Count from the Parallel of & on the graduated

Meridia



256 Viercator’s S ing.
, Mefidiat (v uds to & 25 Degrees, and thro’ 5
“draw thes <l b e, which vill meet @2 produc’d
in fome P! ¢, and this will be the Place of the
Ship requit, - L e : Sl
o, In Sect., ’tis plain that the Terms Meridional
Diftance, Depar ure, ard Difference of Longitnde -
wete fynonym¢ s, conftantly fignifying the fame
Thing; which cvidently follow’d from the Suppo=
fition of the E irth’s Surface being projeéted on a .
Plane, in which the Meridians were made parallel
and the Degrees of Latitude equai to one another
and to thofe of the Equator. But fince it has been.
demonttrated (in this Se?7on ) that, it in the Pro=
jection of the Earth's Surface upon a Plane, the Me=
+idians be made parallel, the Degrees of Latitude
muft be uncqual, fill increafing the nearer they
come to the Pole. Tt follows that thefe Terms muft
denote Lines really different from one another:
Difference of Longitude is definid at Ait. 14, Sedt.
5. Meridional Diftance at 7. 3.4805%. 7. and Dex
parturc at Arz. 8. of this Sectiorn.

LR







\5 g S ATable (f\s Md,ﬂd)\t}“ | ::i P art 1

L., O 1
M| Mni, | Min.

of o 604 . 375, r36°7 4~ B
1| 1.0 6%.cllaLoj181. i I+=’l:r 2.00482.6]
2| 2.9 6::0|123.0 32, 39/r361 A ’I+835
3| 3.0165-0/1230[182.I' 5 )J3+363y 4T 4846
2 ols a8et| 13°++3ﬁ\,/-r 5 14856
5| 5w 65%l” siol8s.7 s 54365 7.426.1386.

| 6] 6.0l 66.0,+26.0]186. 262 25064 366.7427.11487.4
7| 7.0 67:0|1127.0{187.\ 247.2|3°7-4|367.7428.11488.¢
8| 8.0 68.0[128.0]188.1148. 7.3084163742.914_39_5
9| _g.0| 69-0/129.0(18, 1’149 13994;69 7.430. 430-1l190.7
AR SRR A -

o|130.0/190.1/2502.2|3 10413 70: 7@31dagry

11| 11.o| 71.0/I3L.0lI91.I zg‘!\',; 311.4371.71432.1(4 95 7

12 Ti.of 72.0(031.6|192. Tz 40s 31243727033 . Ty 53

13| 13.0] 73.0[133.0 lg;.lizgg.: 313.4] 373743424047

I3 _I4:0 74.0[131.0/194.1 1,54..:.&‘1374 7;435 "49;,7

Is] Is.o 75.0135.095.X255.21315.51375.8436.2

16| 16.0| 76.9|136-0/196.1|256.2]316-5[376. 8437.2

17) 17.0 77.0(137.0097.1257.2(317-51377.8/438.2

18 18.0) 78.0/138.0/198.128.2|318.5 378.8439.2

Lol 9.0} 799139.0199.L)255.2(319:5/379 84402

20| 20.6] 80.0l140.6(200.1|260:3[320-5(380.8l44 1.2/

21 21.0| 81.0141.0[201.1 261.3[321.5381.8,442.2

22 22.0f 82.0(142.01203.1{262.3 382. 844.3 2

3| 23.0 83.01143.0[203.1263.3 38; 314441

24 24.0| 84.0)144.00204.T}264.3 384.8/445.2

251 25.0} 85.0l145.0fc05.F 265.3 385_'3i446.3 ‘_

16| 26.5] 86.0|146.0[206.1 266.3 386.8 47°3

17| 2740| 87.9|147.0/207.1]267.3 387 Sla 8. 3;

18] 28.5| 88.0J148.1]208.1 168.3

29| 25- | 89.olr49.11200.11259.3

AL Min. | Min.\Mun, |Min, | Min.

e e e e |

=
o
-
(<)
=)
=
©

Moeo
4

Bl e
:,.C-.J.-‘nv- u-*v-

TN G e D0 [ G
[

o

(8
e

(nlg




1 'i"ablc 2}'4 M?r:fdz'ﬁnal Parts. agn

A
____
IW.il Mii I

,1
33
3434
35
36
37
38
39]
40
41
43
43
ﬁ
45
46

30..

31.0
32.0
33.0

34.9)

350
36.c
37.c
38.0

39.¢

42,0
41.0
42.0
43.0

440

45:C
46.0]
470
48.0]

49.0

§0.9|
s1.0
§2.0
3319
540

§5.0
§ <0
! 7.0

\

J

Mm Mu
~ 0 aol;o..
Iy 1

s 53
94.0£54.1
95.0/T55.1
66.0(156.1
97.0{157.1
98.0/1598.1
7.0/ 8 T30
100.0[160:1
Iol.o[I61.1
102.0{162.1
103.0/163.1
104.0|164.1
[o5.0(165.1
106.0/166,1
107.0/167.1
108.0/168.1
io5 | teg T
110.c{170.1
II1.0171-1
H:..oil7:.l
113 0(173.!
BIf Sl
115.0" 75.1
11€ 3|176.1
1” ,.0ll77.1
;801781

243
Mm
- -l

21a

s/Is2.1, 12
213
zl4.ll_

2Fex]
216.1
217.1
218.2
219.2
220.2
221.2
222.2
223.2
224.2
22'5.2
226.2
227.2
228.2

229.2

230.2
231.2

232.2f
233.2
234.2
235.2
236.21
237.2
238.2

119.0179.1
Min. (Min.

| e

239.2]
Min

78

"‘
27,
377
27°.
279-

285.

288,

296.
297-

299-
'\‘Im.

3

1 Jo 3 340.6/400.9|
#81:3|341.6{401.9)
282.3[342.6{402.9)
283.31343.6/403-9
SIS L L

286.2
287.1|347-6]408-q]

289.3 349.6/410-0 410.9
290.3]350.6]41 1.9
291.2 35 1.61412.0
292.4
293.4
294.4 3 54.6[415.0
285

398.4358.7[419:9

|06

[
Min. Min. Mo Miu.7|Mr'u‘_ e
270.3]330-5{350.bie5 13]5 11,¢
T
272.
LET

313315391

4335513
337-5/397.9

|338.6[398.9
279333943 99:9

3[345-6[495-9
346.61407 .

31348.6}409-¢

352 6/413,0
35 3.6|+14.0

4355 €t160
4!356.6 417.0
4357-6|+18:0

)-4/35 9714200
Min. [Min.

3|3 225 392.9452 3(513,¢
2225 303.9|4443(5 14,¢
W3[3347 195135059

336.5|39.45]

52.3[5 12,

456,35 16 ¢
457,3|518,8
+58.4(51 9.9
459.4[520,0
460.4/521.0
46 1,4/522.0
462,4(523,9
463,41524,0]
464.4 525,05
#65.4 526,9)
466,4!5 27.%
467>4(528,1
468,4i529,1

1’697‘ 7303

479, 479:5, 531 1

1755 15321
472,51533,1
473.5)534.1
474 5|53f’
4755536 2

476 5 537 2
477-5.538,2

478.5.539,2
4796 40-2
480 6 1'41 2

Min, Min. [*

e E S

Bre

|8




»50 A Taéleo Mrzd“w, 4L Payy

o tas 1213, | kK¢ | 15| "o
Min. Mﬂ"fi' Min, \Min. |Min.gll din. (Min, AF
542.2/693,11664,1|725.3|786 < /248.5(910 - 728
543 3lfio4,1{665:1|726.4|7f ~ 849 ) 8 I 97358
s44.3[i05,11t 66,1|727.4]7 $,93:°,6 oA 9748
545-3006,116 57.7 %3 965 L6la” [ 975,9
546.31507, 07 &ilrzg  go.gB52.6 81, kst 876%9
547,3[6¢ % 77 ?;;9353.,1%317,7 97850].
548,31605.2/670,2174  §1793.0/854,7(916,91 9790
549,3[61052/671,2173 ,51794,0(855,7|917,7] 980,0
550,3|61X,2|67252]73\ %|795,0[356,8/918.8) 981,1
s551,4[612.20672.2]73 4.6]796,1{857.8(919,8] 982.1

“xol5 52,46 13.2/674,31735.6) 197.1}858,9/020,8] 983,2
11)553:4|614.2]675,31736,6(,98.1185.9,9921,8] 984.2
125544615, 737561795186 1:0[922,9] 985.2
13[5'55:4]616,31677.3/738,7/800,21862,0923.9] 986,3
14]956.4/617.31678,31730.7/801,2(863.0(925,0| 987.3
I5|557,4/618531679,41740,7[8c2,2|864,1926,0] 9884
16{5 58,46 15,31680,4(741,71803 2186 7 .0l 927,01 989.4}
17]559:41620,31681,41742,8804,31866.1/928,1) 950.4
18[569,5/621,3/682y41743,8]805.3(867 2192 0,1] 991.5
19|56 1,5]622 41683 .41744,8[806.3(36Y,2/930.1] 992,5

o [20]562,51623,41684.5]745,8|807,3]869.2(03 12| 993.6
21|563.5]624,41685,5(746,91808,41870,3/032.2 994.6
2256451625 ,41686,5747,91800,41871.31933 2| 995.6
23156 555(626, 748,9810,4/872.31934,3) 996.7
24|766.61627,41688,51749 9811.4/873.41935,3( 997.7
251567.61528,51689.6|751,0(812,5/874.4]9",6,3| 998.8] *
26/568,61629,5/690 6175 2,08 13,5(875,4193,. 4| 999 3
217|969 °6[930,5|5691,61753,0814,5|876. 59385, 1000, 3
18 570,6|631,5/692.6/754,0815.5/877.5,939.4], ~=r
9871 6)332 51693.61755.1/816.6(378.5 940, 5| . ran

of\Min. (V5 (Min._|pdin. [Min N (Mim. | Min ) w

fo |1t 12 '137| 14 15016

o
o

Ao 09N .pwp—olgi




mz% of Meidional Pares, a6

£ Aoy F 12| 1841415 | 16
) “Min. |Min. | lh in. [Min. M. | Min Man. | Mi
6633.5069- 7561"! 5
3 7.6|879.¢[541,5]
;i 27 szl < 595 5 757.1|818.6|880.6 9?:’; :22?’0
s, 8 = 4
il 5;?{3:7‘53[69'3“%6"
34ls 765 -ISzl 7, Q?Z ijhs ;007’1
351577716 90 71 B2z T ; 10081
36{578.7|639.6 7008|762 823.7 885 4;: v 1509'1 ;
37]579:-7)640.6|701.8763. 824.8(886. 864% / 101071
.&l580. 582 647.7702.8|764- [825.8]887,8 |949,{3 lg:l’3
35 sgx 642.71703.81765 3 8:5.5:58319‘950 Elrbis
40 ng 2643 1794.9|7//6.5/827. 9f889.9 9'9%/ fol :
41 583 6 644.5|70559) 57.4(828.9/899,91952,9 IOIM ;
42 584 8545 7\706 768.41829.91892.0|953,9 lolé” :
e31585-8lc46.71707.91769-4831.5f8 93,055 nol o1 ;
44 586. [647.71705.9 770.4831..0 18040 956:0 I0>Ig,;
45 787.5/648.5]710:0{771-5/833:018y5,1 1 -
1.¢]5788:9)64.5.6/71 L.0[772:5 934.1 896’1 355’1 g
471582:9{6 50.8|712.0177 35 835.1 397T1 i :020]6
48! :;';-9 651.8]713-0[774-5 836.1808,2 32?2 IZ;L7
.ol652.8]714.1[775- Ak s
w 52.8[714 1’775 6(837.21899.2]961.3}1023.8
so|592-9|653-5|735.11776.6 838.2|900,2/962,3}1024,8
515939 554.9716.1|777-6|839-2/901,2 96”# lc:h"
s2|595-cle55.91717.11778.6[340.3 901,;96:4 1022’9
535960 656,9718.21779.7|841.3}903.3 955’.5 10,3.9
54l 97- 657-9719.2|780.7842.31904,31966,5 10;9‘2
55|598-2559.0720.2(781.7/843-4 :
2{781. .4/905,4|967,€
561597 ~[660.0l721.2{782.7/844.4] 906:: 968,6 1232’1
sgsr scl661.0l722.3]783.81845-4[907.4(96 96 1031,’1
o8 SLeledanzazalrie Hisd s So8,419707],033 2
4ffS2¢ nf, o|724.3]785.8/847.51909. 5 Y 1034:3 »
|Vl [, (M, Miin, | MinyNn. | Min: |z
Toar 2113 lug 5| a6




”

/

262 A Table 'g','ff M@’z’dt’o;ﬁ J Pa

iL

17
M. Min.

18-
Min!

cFQ

Map.

20 | 21i) 232
Min:| M. | Min.

1035-3
103653
1037,4
1038¢:
103955
040,53
lo41,6
1042,6
1043,7
I044.7

0 ANy oAl bl ©

[0g8,2
1599,3
I\ 00.3
L1214
xlcz. o
Ix‘:j,

Il -
11056
1106,6
1107,7

L461,5
116255
1636

1164,7
s
~166,8
1167,8

116 9,9
1171,

1168,9]

1225,1|117 59,2
J226, 2 (290,21 7*3;4
1227 1295813 54
229 1 9o g /1350
122 ,11193,5_1_'.

I 5i1294,5|13%/9.0
! 4.5|IE956| 13601
1 32,6{1296,7/1361.2|
1:33.6/1297,8/1362,3
I2,1,7/1298,8 £363,3

L

10]1045,8
11/1046,8

H12/1047,9

I3 1048,9
L4 1049,9

X087
I109,8
11T10,8
I1I11,9
IIla.g

1152,1
1173.1
1174,2
1175,2
1176,3

Izgg.B 1299,9/1364,4
1236\8|1501,0[1365,5
1237,5 1302,0l1366,6
1239,01303,1|1367,6
1240,0/1304,2

I5|Tes 1,0
16]19052.0
17{1053,1
1811054.1
15]1955,2

IT14,0
1115,0
I1116,¢
I117,1
[118.2

201105652
211057,3
22(I058,3
2311059,3

Ic60.4

L1952
[120,3
1121.3
11224
1123.4

11774
1178,4
1179,5
1180,5
1181.61

1369.8
I370.9
I372,0

I1241,111305,3
I242,2)1306,3
1243,211307 .4
I242.3]1308,5

1245.4/11209 6{1374.,2

1353 b

1368,7

137351]¢

1183.7
1184,8
1185,8
1186,9

1182.7/12.46,4)1
T247.5

1310,611375,3
1376,4
1377.4
1378.5
1379,6

1311,7
1312,

1313.8
1314.8

1248.6
1249,6
1250,7

24
Jo|1c6154
Tcea,s
106 3,
To64.6
Lo6s 6
Min.

1114.5
IT25.5
I126,6
I127.6
1128.7
Min.

1188,0|
1189.0
1190,1
I191,1
I192.2

13807
1381°¢
13825
1383.9
1385.9

1316,0
I317.1
1318.1
1319.2
13203

12518
1252.8
125359
I255.0
1256,0

Min.

Min. Mm “Min.

17

19 |

—_————

20 21 a0

T




Table of Mezidicnal Parts. a6

W T e e & e 231

MY 4p. | Mia Win. Min. | M. [\Min. | Min. | -
joll Aa 11;9.7 18a3,2(1257.0|1520.4{1386.1| 145 1.3

31{1o67) L13@a8{11943]1258.211322,4]1385.2) {14524

32|T06P Uit 31:0 ‘lasJ 1259.2{1323)5 ls;}j 114-)36
33{Io69. 13298 %,.»“60 3324 6L 454.6
3ij1072,5 0 40 “'97 (L1975 614 X345, 7‘51_,__2_]!4“ 7
351107 2.c|Th 25,4 T 58.s rA{1326,7[1301 3 14568
36/1073.c|1136:1[(19A,6 b Qh51327.8|40926; i1457.9
37|1e74.0|1137,2{1200,7 12, »51313_9 1393 7i1458.9
38{1975,1 1138,2|l201,7[12¢ |6}y 330.0 1394.8 1460.9)
39l1076,2|1135 3{1202.8 l’_-_"i-?lj;l.o 1395.9/146 1.1},
30jl077.2{1140.3 !103r9l',267.8 1332.1|1356-9) 1462.2
+1|1078,311141,314204.9'(268.8/1333.2|1398.0]146 3.3} _
42707 9,3|1142,4{1205- (1269.9/1334.2|1399:1 14644
+3[1080,4/1143,5{1307,1/I271.0l1335.2|[4002 1465.5
+3|1081,4[1144,6|1208.111272.1{1336.4{T40L.3 1466.6
+5|1082,5 |11 45.6(1209,201273.1/1 33 7.5 |1402.4{1467.7
+6]1083,5|1146,6/1110:2[1274.2/7338.6/14°3-4 14688
17|1o8a,6|1147,712 11 3} 1275.3]133 9.7 T 404-5{1469-8
+8|1085.6|1148,8|1212,4{1276.3/1 340,7|1405.-6/147°.9)
49| 1086.7|1145,8{1213-4 ]177:4]3413 1406-_7 1472 o

50l1087.7|1I50,9|1214:, 1278.5|13 42.9|1407.8|1473.1]
s111088,81152,001215.57279.5/1344.c|1408.811474.2} ~
5211089,8[1153 o|1216,6|1280.6|1345.c11409.9/1475-3
s3|1090,9lt154.1|1217,6{1281.7[1346.1{1411.0{1476-5
sa|tool,gliiss, i|1218,711282.7|; 347.2{1412.1]147 7.5,
55]1093,0|1756,2{1219,8]128348/1348.3(1413.2 1478.6]
1€|1994,0 . 157,201220,911284.911349.4|1414-3]1479.6
1095 1J1158,3)1221.9{1286.0 135074{T415-4 1480.8
1or ) RI159,4i1223 oj1287.0i1 35 1.5{3416.5 14819
. 97,2{1160.4[1224.1}1288.1|v3¢2.611417.6{1483.9
& Min. | Min. | Min | Min. | Min. ﬂlL Min.

NGl a7 18 g 21 29 " ag




Ikg 64 A Table of Meridional Payts

24 125 12627 ) ¢8R 20 13 4.
Min. | Min' [ Min. | Min. | Mif | ofin. | 2 2
148 4.1{1550.¢|1616.5|1683.6[17 1.2[1819.5"" .4
1485.2 175 I.1{1617.6{1684.7k752.31%520.  "889.5
1486.2]1¢ 52.2]1518.7 1585}%1757;4 18217 J9ai7
1487.3|7 553.2|1 719 8l1686Y'_, 54:6/182= 8919
1488.4]1 "54.1]|1620-9]16% [1755:7|18% L._u_x__S_gg.c
1489.5]155 .5]1622.0f1:8r (=" < RC 5211804,
1490.6|1556.5|[623.2 I ©03{L/58.0 !82.6.3 l895‘.;
1491,7[1557.7[1624.3]1 91.4/1759-1 1827.61896.5
1492.8/T558.8]1625.4]1( ~2.5[1760:2/1828.6/18 97.4
1493.9/1559:5|1626 5|169! 6176 L-411829.7/1898.8
1495.0/1561.c|1627.6{1604 8|T762-5[1830.9|1859.9
1496.1[1562,2/1628.7/16 95 - 1753.6\1831.0 19011
7 8
9

e P ey

12(1497.2(1563.2|1629.8/1697.0|>764-8[1833.21 9023
13(1498.3/1564.3f1631.0/1698.1[1765-5|1834.311903 %
14/1499:4/1565. {632,316 99.31767-0fI835.5|1904.6]
I5/1500.5|1566.5|1633.2/1700.4(1768.2r836.6(1905.7
I6/1501.6{1567.6|1634.3[17°1.5]176 93183 7.8{T 906.9
I7(1502.7|1568.7|T635.3|1702.6/1770'5 ngs.? 1908.1
1811503.81569.8]1636.5[1703.8/1771.6/1840.1(1909.2] *
191504.91571.c)1637.7(1704.9{1772.7]1841.2/1910.4
o1 506.0f572.111638.8[1706.0}1773.9|1842 41 91 X5
2[I507.1|1573.21163 9.9[1107,1[1775-011843.5|T912.7} |
221508.201574.3|1641.0{1708.311776.1|1844.6/T913.8}

2311509.3|1575.4|1642.1[1709.4|1777.2/1845.8 1915.0}
24(T510.4/1576.5[1643.2{F710.5/1778-411846.01916.2|
25| IS L 5|05 77.6(1644-3|1711:6/1779:5(184 .1{19717.3
2615 12.6|1578.7/1645.5]1712.8/1780.6{1849:2 1918.
271 L513.7|0579.81646.7{1713.9/178 1.8]1850.4|. -:Ig.s'
2815 14.8|1580.9(r647.80e715.¢|1783.0[085 L.5{1¢ ~.°
29{1515.91582.0[1648.8|1716.11784.1]1852.7|1927 35
Ek,Min. | Min. [ Min- | Min. | Min. | Min. | Min.

Il ea |25 B8 1971 a8 20| 4o




A 'Table o f Meridisnal Parts, 26§

i 2

_gw_,f_ 25126127 | 38 29} 30
Nz | Min | Min. | Min. | Mg, | Min | My
50Ty~ 1583:2)1649:5/1717.3(178)5.2]1853.8 15231
3T|L5a8.T 84, - 1651.0E713.4[785a1185530191.}.3

4 g-l-.rj{* .

3afistos "yErlinnalizio |78y 5856|505,
33fi520:3, o5 165035 720.711788.6 4857"‘“9'—6.5
3alF52 14|15 7.6165 4. 4 Wgz2t.8[1780.8 1‘855’?4[1%7‘8
B TR T oS o 2:911795.5/1899.6)15285
2611523.5[1589.841656 6 1720 Thly790,111860.7[1930.1
37)I524 7|85 90901657 811725 2117 932|286 1.0l 193 1,3
38 1525.8{1592@{1658 911730 1794.3 1863, 1932.4
39|15 26.9|1593.2}1660.0 ijy 4117955 I864’.;_ 1933.6
4oll528.0l1594.366 1.1\ 1 H5 8 17 96.6{1865-3(1934.78
a1lt520, 5Lso5all662.00 0, 5 6l1797.8l1866.5)193 5.
4248530045 96 511663411 750.511798 51567 611937, 1
43|L538-3|1 5 975} 1664.5| 737, 7i1800.0|1868.8L538.,
4a|1532.4{X598.701665.611533 111801.2}1869.5/193 5.,

! |as|E533:5|05 99-811666.7|17 34.2{1802.3{1 87 L1} T 940:5
46|1534.6/1600.981667.81173 5.311803.5{1872.2{194 1.7
47|1535.7/1662,0l1669,0/1736:5/1804.6|18734 1942.9
48[1536.8l1603.1}1670.1)1737.6{1805.7|1874.5| L9440
45|15 37:911604 311671.2|-738.7|1806 | 1875.7]1 9452
50|ry 39-01T605 . 4d1672.31173 9.9]1808.0]1876.8{1 9464
5111540 111606:511673.4(1747.0{1809.2|1878,011947 .5
52|1541.211607.6{1674.6|1742.1§1810.3]1879.2|1948.7
53|1542.311608.701675.7\1743,2/ T8I 4 1880,3(1949 9
9441 543.4{1609:801676.9\ 17444118 12.6|18815|L95 1 0
55|15 44.5|1610.9}1678.0l 7455|1813 7| 882 6[195 2.2
56) 545.611612.001679:111746.6|18 14.9[5883.8{1953,4
57 t54(7 1613.7|1680.2)1747.811816.c{1884.9|1954.5
5o f5 78k 6i4. RLG6ST.3l1748.90817.211886.1|1955.7
5/ (5486l t6x 5. al68 241 750.0[1818.41887.1| 1956 5}
L Min, | Min. [ M. | Min [TV \ Min. \Min.
pii 24 Tag | 26 ) a7 ) 26 | 29

w’—ﬁfur“

o . M m




0]
A - 15 ¢ oy (kv w
266 A'Table of Jﬂerzdzanalifarz‘:. |

I‘ .-'/
5

.._._ gihradl 35 3 _11

1\ Min. [Min._| Mn Mm Min. Mm-_ “Mip. |
o 19521 2028,4)2099,61217 15 -24-4-, 237 -0[2392,8)
]195911029,5 1[0072171,7’7-f Sz X _312393.9 i
2{16.0.4{2030,7j2201,9 uyz- 4346,8127 5523952
3|1961.5|2051,912103,1[21 s, 248 < 5 -l,7i;396,4
4|196 .9,2033.1]2104 3|2, 6 7-2-49 2l 11323.0'2397.7
1963.9]2934,3/2195.5 177.5 2259, 2324:212398,9
1965-0|2035,5[2106] 2178,7[2251,61232.5 412 400,2
1966,2 1.036~7 2107, 12130 ol2252,5(2326,7 2401,4
1 967,4]2037,8/2109, 113 181.2[2254012327,924062.7
'1968.5/2039 of2110,3 182 412255.31232 9,20 403.9
T51969,7|2040:212 1115 (2483 6[2256,5(2330,4[3 4052
T1/1970,92041.4|2112,7]2 cag-._S 2257812 337.6(2406, 4|
12]8972,0{2042.612113.9121865cl225 9,023325912407.8
1319732 2043-8|2115,112187,22260 212324 715 409.0
14/X974:42044.5 2116.3(2188,412261,412335.313410.2
151197556 So46.1[3117.5|2189,6 2262,712336.6/2.4X1.5
161976.8]2047,3]2118.7|2190,8[2263.912337.8|2412.7
1711577.9[2048-5211938]12X92,0|12265,1}2339,0l22414,0
13;1979. 2049 7|2121,0[2193 312266.213340,312415.2
191980.3[2056.8] 1167 6 134tr.‘;lz4-15,5
qu[931 42052:Cly 2242,82417.8
211982 6z053.2 ‘—l%-hﬂ 2156.5 234450241 9:0| "
52|1983,7 1054,4 2125,802198,162 2345,312420,31
23|1984:91205 556112 7,0la199 41 2 1346,5(2421,5 ‘
24| 1986 1936 1 "056 tl2128:3lr 100 5 2347-9l2422.8| |
5|1987 3120581 129,al2201 712 374 o2 34950242450
1 7|1988,412059 1 1305612203, n,,_76 1[2359,2[24- 553
17| to89:612060- S 131 #2042l 577 10351 5124 555
,8|1990.8[206 . 5 1133.02205.40 278 ¢[2352.7)2 . 8
10 1992.02062 7|5 124512206 6 2270,8(2254:0 24; 31
| E\‘l_m__i Min | Min, Min. | Min | Min. _I\flé» ]
Ll 3t 132)331 54135 " 36 39k

5]

wa ol

‘9‘

1

: 1



A Toable of ‘Méridi@gc_gl Parts. zéﬁ\”"

32 1_33 | 34 "',3;_, CCIET;

,'E“Msnf\ Min. ) Min._ | Min. | Min, | Man | Min.

3011993, 11354110734281c‘355.2 2:430.3]
S o9t 3lpesH2136:6 2209, olzzsﬂzas's,smu
22|1995:557066.2 212 7. 8;2110 2 2183 |2357:02432,8
3319966277474 2 B3O 211,41228.923 58024341

63.6{2140. i"ulz JZl2 286|220z (2435 4
35|1999:0 208 omE 4142213 922 87 2| BE 424567
36[2099;212071. o2 142 621:",3 \2288 423627124375
37/2001,3p072 2(2143, 8 zzl? 3'2289.7/2303-9|2439.2
382002 507542 145, olap17.5 [22.90,62365:2(2440 ¢
3012003.,7)2074.6 2 146,313 5 1R.7 |15 05,1|2366:42441,7

1o[200h5)reT .72 L47. 4210 612203 .3 2367.7/2443:¢|
41[2006.cl2576 ol2148. S»zz]_z 2204.6|2368.9/2444 2
dazocr2 2078.1(2149:82222.422.95.§[2370:2| 24479
|i3lz008,4l2079 3tz i510l2223.¢l2207.c237 14 2446 8

14[2009:6l2080.5] 2.152.2222.4.8[2298.3|2372:7 2448.c
li5lzot07leo81.7{P 15 3-412226.012209.5|2 373 91244 9.3
16|2011 6l2082.002 5 4:62227:2]2.300 7123752 (245 0:C
Ma7|2013,312084.7[2 1558 228512302 .0{2376:4[245 1,8
48|2014,3/2085.312 157 02229.7 2303.2(2377:7|2453,1
19 2015.4/2086.5 ?.153.?‘ 22.30.9/2 304.4 2378y9]2454.3
5012016 612087 701594 (22321 2305,7|2 3804245529
1s1 1.017.8 2088.012160-712233.3(2306:9 2381.412456.9
salzergio 5090,1[2161:922314.6[2308.1 2382,6 14-58,1_
§3|2020:2lioot.3 2063:01223 5 .82 300.4|2383.9/2479:4
74’021 3 ,99. 5|2164.312237 c|2210.6 2285 .1|246 0.7,

|20z 5[ oght 2165522382 311 §|2386.42400.5

: _24-1997: T

o

>

2 Y 87.¢[2463.2
5612023 Thag L9|2166.71239.4[2313. 12357 o
571202418 vg%!; 22167 9%2140 7123143 2388 97“4'”4'5
ngozﬁ-h 2097.3|2X69:1 2241.9 23155123992 2465

! <9Z°"-7 202098/512170 3 2243 1|2216.7 2391, 4"457“‘

| Min. | Min: \Mm | Min. | Min | Min. My
= 3%

531541135 56 3%



\

8139 | 40| 4L a2 ) 45144 ).
_Min. ( Min. Min. | Min. | Min. | Min.
2|2545-0/2622;7270L.6 :78;,-' 2863,1|2945.7
6l254652|2624:012702.912.7. S40|2894.5 2947.2)
glis47.5262553/2 704 - 47 34:4]28¢ 5.812048.6
rl2543,8/2626.6[2705. 62.785 SI_ E-722{2950.0].
ibgso.al2627,9k706 0278711 868.51297 1.4
6|25.5 1,4/2629.2/2708.2/2788512870.0 2952.8
Lol2552,7|2630:5[2709,6/2789.8 2871.3]12954.2)
2554.0(2631,9'2710:92791.2/12872.7295 56
o|2555.326332f2012-2|2792:512874,1|12957,0]

7|25 56.6/5634.5(2.13.6|2793.8]2875:412958.4
1o o2557.812635.8(2714.9|2795.1|2876.8)2955.9
11(2482,32559.1[2637.1|2716,22796.5 28782296 1.1
12/2483.5(2560.4/2638,412717-512797,9 2879.6/12962.5
13]2484,8[2561.712639.7/2718.9/2799,3|2880.912963.9
{14]2486.1/2563.0264 1027 20.2/2800.6/2882.312 965 .3}
15]2487,4(2 56 4,3|2642-3(2721,5(2802.0(2883.712 966.7)
16(2488.6/2565,6|2643.6|2722.9/2803.312885.0/2.968.1
17]2489,912566.9/2644.9|2724.2/2804.7/2886,41206 9.5
18}2491,2]2568.212646.3|272 5.52806.0[2887,8l2.970.8
4I9l2492;52559.512647.6[2726,9 2807 4|2289.212 9723
2¢|2493:8{2570,7|2648.8(2728.2|2808.7(2890.5 9737
J21[249 5,025 72,026 50:2|272.9.5]28 10, 1|28 91 5j2975 -1
12212496,3|2573.32651.5]2730.8/2811.4128934315576.5
2312497-6]2574.6/2652.82732,2[2812.82894.7b 977.9
24988 575.0/26541 [2733.5/2812.7/2896,0]2979-3|
2500.1}2577.2(2655,4/2734.8/2815,5|2897-412980.7
250L.412578,512656.8[2736.2/2816.8]2898.8]2982.1
2502,7)2579.8/2658.7273 7.5/2818.2(2 9002|208 3.5
2503-4]>581.112659:4/12738,8/2819,5|2901.512984.9
2§05.2]3582.4|2660.7|2740.2|2820.9/2902.9]2 085.3
Min. | Min. | in. | Min. | Min. | ain. | Min.
30 |40 141142 | 431241

r=y
e

FEE
o

™
\n 5o~

e}

Sisl

o
] £

.



.A Table of Meridéeﬁdl P;zrj-j. 2

i -

,}' .

40 | 41 | 42 (43 [ 44T
Mz | Ml Min. | M. | Min,
5l 2662.0(2741.5/2822. me
31 2507812 58570[2663.3|127 4.2 2823.6(2905.7/2989.1
32|25 05l §86.312704,6 2744.2|12825012. 9055129905
3al2s104 /5876 1666.0/2745:5/2820:312908.41 29919
134]2511.6 35873_,79 z6£7'_~3 2946.9 sz;-__Z 252,7 2993.3
3512512:9 s sgaa]a658.62748:212820. 02 911 2129947
26|25 14.2J2591.5|2669:012749:5 2830:312912.6/2996.5
371251544 2§02.9{2671:2/2750:9 2831.812914.0/2997-§
3825 16.7/259a 1 26725 2752.2(2833.1]2915.312998.9} -
39|2518:0l2795.41267 34127535 283 4.55016.7/3000:1
o5 1935 96.7]2675, 127544 2835.81s 918, 1[3001.2!

1|25 20:6]2598.0]26765 2756.212837:212 01 9,5|3003.2
1af2521.8l25 99,3267 7.8 2757.6/2838.6]2 920.9[3004-6
23]2523.1[2600.6[2679.1 2758:9/283 9.902922.3(3006.0
14]2524:4]2601.9 2680.5|2760:2(2841.31 92 3,6{3007:4
asles25.7|2603.2[2681:8 2761.5[2842:6}2925.0/3008.8,
46les 27,0p604.512683:1[2762:9 2844.0l2 926,4]3010.2)
Na7|z528.3]26058]2684-4 2764.3(2845:42927.8|301 1.6
18l1529.52607.1[26857 ?-765_-6‘!7-3'46;7 2929.2(3013.9)
Lisli530.82608.4f2687.1)2766:92848 1 930,630 144

Jo(532:1(2609.7/2688.4 1758,311.849.5 2932.0[30158
s1la533 4[2611.0[2689.7 2769.612850:812933.317017.2
s2|2534-7(2612.3]26 919 2771,0|2852:212034.7/3018.7
5 3|2536:0|2613 6l2692:3 2772:32853:62936.1{3020-7
LS apalh 1 .gjaamag|ena 71l 2937 5)5021 5
<5|25 3845|126 16-2{2695:0[2775-¢ 2856.302938.9/3022.9
5612539 [2617.5 2696.32776-4 2857.712940.3|3024.3
§7]2541.1]2618.8/2697.6 2777.712859:12941.813027.7
- {58la5a2.4]2620.1[2699.012779:C 2860.5(2943.1{3027.1
59\2543.7[2621.4 5700.3]27.80.4) 2.'85_1-8'1044.4 2028:¢
Vil Min. | Min. | afni. | _Min. Min. [ Min. |_Min:

s o0 oA A | 4




,’fi’r;:a A Table k?f Mevidional Parts,

*

46( 47 [ 48 48 A9 50 Sty
Ml | Min. " Min, Ms “Min.. sz'nl- Min. | Mins
291.5|3382,1{3 4745|356 8:8
| ol5o30:0(3 115.63202,8(3297:5(3382,1[347 .53 5
1{3031.4{3 117032042 |3293,1{3383:6[347641357.0:4
| 203032, |3118.5(3205.7(3294. 5|22 85.213477.613572:C
3
4]

034:203120.6(320742(5296,1{3380.73 4, 1:3|3573 €
2027,6 ;izl.q- 3208.613297,513388 2134F 5713575 24
5|3037:003122.913210,113209.015389 7[3482.313 576 B}
613038 .4(3124.2(32 11,6133 00,5 339153 3483.9 35; 4
7(3039.813125.93213 ©[3302,0[3392,8]3485 4 31~8-°‘°;
813041.313127,1[32 14,515 307,5(339853134.87.0 o g
913042.7(3128 6/3216.:0]3 305.013395,9/3488- 51353343
Tol3044:1[3130,03217 4133 06.5(3397:4|3490-1] 3{34-:9 ;
11[3045:513131.53218.613308,0/33 98-613491.,7/3586,4)

12/3047.9/3132 53220,413300,513400:434532/ 35 85,
13304843134 3522 1,913311,11{402,c13494,83589 5
i,‘,_ 3040.813135.813223,3 33125 (349335 34‘9’
15[3051:2|3137.213228,8 13514013405 013497, 9
16]3052.613138,713226,313315,513406,613499.535 94,2
I7(3054-1{3149,1(3227.713317,013408,113 5010|3555
18130515-5|3141,6/3220.113318,0[3400,6|3702:6(3597,3),
1913956-913143,¢/3230,713320.934 1123 5042{3 5991}
20305 8.313044.513232,7(3321,513412.7(3505.713600)7
211305 9.7)3145 913233,613323.113414,213507.313602,2}
22(3061.213147.4/2235.11332.4.613415,8(3 50859136039
2313062.6/3148,813236.613326,113417 513 520,5(3605.¢|
24{3064.013150.3[3238,113327 6/3418:3 3512;013607.1]
2530654315 1.73239 5{3329 6|2420,4 ;513,,\56;@8,7 ‘
2613066.613053.213241.0/3330 61342 1.913515,1[$610,3
2713068.313154,€|3242.513332,1(3423.513516,7(36 1149
2813069.713156,113244.0/3333,613425.0(35#8.31361 36|
-,_1-93'3f1 13157 513245.713335.,113426.5 ;ﬂg 813615,2

M, | Min. | Min. | M. | Min. | 2. Mm.

a5 196 Uo7 48 | 5 | 5ol 51|




S

ATibls of Wieridienal Parts, 293"

2

L

an
30[3072:6[3 15 95
31
32

45 |49

3074:0,3160,4

37|3082:6/3 1491
3813684,0|3 170,
39/3005,413172.

40|3086,9(317 3.
41/3048,313174
£ 14213089.7|3176.,

< |431091,2(3 177,

1

153
o3 (o7.81 3 A4
¢s3To8. 4310

J4413992.613179 3
4513094:9|3180,9
Asol3095:5(3182,

4713096.9[31837)
4813098 31318
19]3299.8/3185,6
ol3Eer,23 3188,
cai3102, 6 3189
s2{3104; & 3191

;|5 Te5:63192.5

54310993196,

213075 :4{3061,51 3
3313076,9|%163.3
543075335(543
35307 7 3166,2

32484

48 |49 ae L
Min. | Mia: Mm Mm Mn. Mm Mm‘
013246,93336,6|3428.1 3;;1,4 6168

3338,13429,6/3523.0{3618,4
2%.9,9|3339.€]343 ;2 35;4.,6 3620.9
3151,4,;341.1 3432,7/3526,13621. 6
3252 913342.7)3434,2/35 27.813623,01
3254:4/3344.2(3435.813520.313624.

363081-113167,7|3255:8(3345,7|3437.335 30:93626,4
3257:3(3347-2(3438.9(35 32.4{3628.9
,613258,43348.7(2440.43534,013629,6]
/113260313350

542,935 5.603631,3

ol
13
6 12
28112371,
£B3373
/a|3288413374
93235,63376

5|3261,8/3351:713443,513537.2(36 32-94
61326 3.313353:213445.913538,8/3634,5
4[3262,7/3354:8 .
9132662133 56:3(3448.1(3 541.0136 37.7
313267 713357 813449.7|5542.513639:3
2269233593134 5 123 545, 1}3640:9
3]3270:7|3360:8{3452.8
13272233623
3,7|3363,91345 5,913 749.8(3645.8
3270213365 41345 74135 51413647 4L
513366-513459.035 53.0/364.9-9
8,1(3368.413460,512 5 54.6|3650-6
19,513369:G13462,113656.113652:3

b Sfsats 83590 3650 7

2134681313562 536587

3446.6|3540,31363 6.1

3546,7)3642:5
+312548.213644.-2

5{3463.6

3557:7|3653:9

513466.7|3560.913657 ¥

5731112151984}, 3377.613469.8/3564.1{3660.4
-38;117,721990 8c33.7'9:34714,;5;7;(52,0 ’
A5clantd 113201118 :90113380-613473.013567,3136¢ G

Min. | W | | M. Mir.. | Min. | Min n |

L a5 a6y TAS g "o :I*




"8 A"Taazggf Mior dionid Pawsss |
[ T&' p -

L §2 | 53 | 54 | 55 1 356 1 57 |38 |
Min. | Mine| Min. Min. | M. | Min. | Miz.
0[3665.2|3763:8|3864:7}3968.0/4.07 3.9l4 182 7|4 294.3} <
1|3666.913765,513866,4]3965.7 407 5.9[4184.5|4296.2)
213668 53767,113868.11397 1,54 077.5+186:3/42 98,1
3|367001(3768:8(3869:812973,21109,314188.2[4300.9
43671.715770-4387 1:5[3975-2/408 L. 1ML 70.014301.9
5|3673413772.1}3873:23976. 7|5 = <9 1.8[4303.8
6|3675,0|3772-813874:915978.5|5084.7/4193,7[4305-7
713676.6|3775,4387656/3930.214086,5(41 95.5[4307.6
813678,2(3777.113878:3]3982.011588. 314 197,414309:5
5679.9/3778-8[38801013 98737140 90, 11419924 3T 1.4}
18|3681.5/3780:4(3881.713985,51 . 061,914 201.314313,2
11]3683:1(3782.1, 3883,413987.2 1093 aoz,g#305-0f
1+/3684:8(3783,813885, 11368 9,014 005 sle204.7/4317:01
13/3686.413785.513 98681399071 007 511206,61£3 18:9]
|raj3688.03767.113888.615992 14050, 7142 084143208
15/3689.7(3788.8/3890.313994,2\4T 00, ol42 10,3432 2:7
16{3691,3|3790:5/3892,03005.0l r 102,742 12.1/4324:6]
17(3692,93792,113893 7139977l 104, sle s 1 4.0/4326:5)
1813694.63793,8 %3939‘5 106,342 15.8/4328:4
193696,23795.5 SCHTi00T. 31 108.1 4217 7#339:3
1106|3697.813797:213898-8l4003.c[4100.o[4219,5|#3 322
213699,513798:8139005\ 0001 1 1.7j42 2141433452
22/3701.113890,513 902.4l4 0061 5|41 135 [4223.214336.1
2337092,73802.21 39041014008 3|41 L5342 25.1]4338.¢
ﬁ?ﬂt’:’f 3803.9139c5.7l4010,0le117.1 122701433959
25/3726.0(3895.513007 4l orT 8|4118,cl4228.814341,8
263797,7 3807.213 900.1 £013.4]41 20,54230,7143437
2713709:-913898.013910.glu015.3]4T22 5423 2,5 (43456
283710 6[3810.613012.6luor7.1[t124.34234:4/4347,5
QM&3 3914 2la018. o[ t126.1[4236.2(4349.4f

=

Moo Mo | Min | Nom. | Min. | Min. | Min. | Min. |

52 53 Tsa [s5 1 56 57 |58




¥ % > W sEan ;o7 |
U Tatle of Thridiongl Parts. 274

1552 183 | Fa [ 55 5657 | 88,
(M.| Min. | Min. Mxh. Min, | Min. | 2Min
Go|37X4-2 3813 93916:0 tozolgidi 27:914238 ) 135121
31(3715.9/385:613017.91402214l4129.704240.¢]4353 3
32(3717:5|3817:31301.0.5[4024.2 41 3Ts614241:8 4355 2
33[3719.2/3819:0 1921204925914 138,42 43,714357.7)
34(3720:73820713 935 s[1027.704135. 2042 45,6 43599
353722438 222 02 015141 37:0/ 424 7.4/ 436 5.0
36(3724-1(3824:80392(.414031.2(4138 8 4240.314362.8
3713725,7/3825:71392.8.1]403 3.9 1x4o,5|+zgx.z 3648
381372741382 841305 9 84034.8 41425 4253.0/4366.7
3.9/|8725:0 5 e 93 1.5/4)36.6 414453(4254;9/4368 6
4013730.7/3830 813935314038 3 4146.1]4256.8/4370.5
4113732.33832.513935.0l4040,1 41479142 58.6{4372.5
{42]3734:03834-213 93671404104 145.7]4260.5{4374.4
43(3735.6/3835.82938.5/4043.6 4151.614262.4/4376 4
44137373 3837515 940.2l4045. 441534142 ‘
153738:9/3839:21394 0. 9)4047-2/4155:2]4:
463740:6| 3840.9 3943.7|4049:Q{+L57.Of:
47 |3742:2|3842.6] 3945.4/4050.7{41 58.8]4:
+$13743.9{3844-313547.1/4052.5|+160.7
4913745 6/3846.013948.9 4054314 ¥62.¢|327 2 12387,
1305 0.6]4056-1{+164.314275-5/4380.8}-
.4 3952 3l4057.9 11665242774 43907k
385 4:1|405 9,7 416830427 9:314393.7
3955.8/40€1.4/4169.8|4281.1143 95,6
3957.6|4063.:2 4171.7 %?4397,?
55 513856.2]3'95 9,3]4065 - o|4173.5[4284:91£399.5
56 é;:;i 3857.¢ §9§? ?Moaa 8i4175:3|4286-51+40T.4
5715758.8(3859:611052.814568.64177:2 (42887144034
5813760.513861.3(3964. 5l4070- 44!79 ‘o|4290.6|4405.3"
§913762.2|3863.03 966 3je07%.2. l:180.8):292:5 iC’ZiJ 7
M. Min. | Mm Min, | Min. | M"" | Aini} Mine
82 i Bg s S s DAL SO 7Y

N

£

M n



574 A Tézﬁﬁg bf ﬂ;_éfidiandff’?ir}?ﬁ

)
59 6o |61 |62 63 |64 (05

Min. | Min. | Min | Min. | Min. | Mid. | Min. )
74000245 27,4[1649,34775.04905:0/5039,55 178.LF

441 X.0l4529.4/465 1,3[4777,1149°7,2]504 1.7 51812
4473 105 31 4C53,414779:3|49° 9745 044,C 51836
4415 .0lq5 034165555 4781,414911;6/5.046.3|5 186.0
44Lwolss 35014697:514783,5 4913 B8 048 s TR 3}
18.9)4 = 1659,6]14785°7, .~ =15959;5/5190 7
Iizo,g :;;Z:Z 4661.7]478753 4918,215053,2/5193,1
4422 8|4 741,4[4663.7[#790 014920,4|505 555 |5 19§/,4
Sla424.744543.4 4665,3 4 9Z>I 492%}. 05 7:7(5 597,38
o/1426.7/454 5.4 68 7,94 94:2 1493881060 052002

4

—_—

R ALY

: 4_;;7'.; 1669, 9|47965%(4927,1{5962;315202,6
L4430 6[4549 5146720 4798»§ 4929:3 5026 520559
[z ol LsaTa e gl ait sl S 2R
13/4434:5[455355 4676,2|4802> 4933-7|7°69”‘ 5295,7]
144436214555 6146782 4804:214936,9 507 1.5i52 12,1
]—5'@,4 45575 1685,3 4807'l @93‘8:1 :Sb7379 VSZI“%T;
[ 6la410:ala55 0.5[4682,414809:214940,4/5076,1/5216.9
174442,3|4561.5]4684. 5|45 1 E54|4942:6/5078,4l52 19,3}
184444.3\8563 6]+686.614813 514944.8/5080,7[5221,7}
: 1914446;3 4565.6/4688,614815.714947.0/5083 ofc224.
H20l4448.2|4567.6]46 9017|148 17,8(4949,3(5085.3|5.226,5
21l4450.2|4569.614692,814820,01495 155087, 7|5228,9)
23{4452,31457 1,646 94,914822.21495 3,715 090,0[723 1,3

23]4454.114573,7|14697,0[ 1824 3[4956 ,0|5092.3|5233.7
244456014575 0[4699.111826 51495825594 €5 236.1
5144 58,014577,7[4701.2|4828,6]4 9604|5006 915238, 5
26]4460.0/4579,6[4703 2[4830,814962,7]5099.215240,9
27[4461.914581.814705.3(4832 5[4964.9(5 102552433
2814463.9|4593.814707,414835,1[4967.3 |5 103, o5 24 1.7
10(4466.4(1585.8]14709,6]1837.3(4969 4|5 To6.2[5248.T
M. Min. | Min. | Min. | Min. | Min- | ‘Mip. | Min.

rl'50 160 |61 [ 62 ]| 63 {64 | 651

e




AT of ]L’?Z’WQW{Z Payts. 275

i 60 61 & 65
' {.ll/]‘ e Min. Min. | Min.
(30/4467.8/2."87.8 497 1.6 5250.5
31{1469.8145% 9,9 4973.5 5252.9
32447 LEl45 019 4976.1 5255 3
33 4593,9) 4978.3 125747
34 45:56.0 19806 §260.1
35 15,80 4082.8 §262.6
36 460051 4985.1 52659
37 1602, 14987.3 52674
38 4604, 114708 4 49896 5§269:8
39 160652047 30,5 49918 §272:3
40 46083 49941 52747
4114489.6/14610.314734.7 4996.3 52771
(42 46123145360 4998.6 52795
43 16T4,3l4g39.0 5000,9 5282.0
44[4495,5[46 16 447211 5003-1 72844}
45 4618,412743.2(4872, 1/ 50054 5286.8
46 4620 512745 314874,3' 500756 5289.3
47(450T5l4622 5lezay 4[3876.4/59099 52517
48 1624.6/4749.514878 6 50122 52942
49 4626614751 7(4880 85014:4 Y296 6
50 1628 704753 5 5016.7 529991 -
5‘«’ 462021475 5.9 5019:0 53015
52 4632,814758 ¢ 5021,2 9393.9
53 4634.8/4760.1 5023.§ 53064
54 1636.914762.3 5025 € 13088
55 16390, 5028.1 §311.3
56| 1641,0 5030 3 5313.7
57 t643:1 59327 53162
58 1645,1 503 4,9 53186
159 1647 2la772.:9 sP37.2 Nl
0 Min. | Min, | AMin. Ll

M| 59 | 66 | 61




276 A Taéig of M /i8iomal ?&;ﬂ

L,
o

(]
1

66 | 67
Min. Min
§323.6|5474:C
532601547656
547952
54817
$482-3
5486.9

t

af5328:5
3(933:0:9
§335:9
53383
5340.8
5343:3

54997
y§02:3
.2(5504.9
559745

5510 c
AL Ol
ggeLs 2
§517.8
55204
§523.0

19|15 3705
(L

54894
Cl5649.C

58

in. |
3639.91
56335
56362
5638.9
56415
R
564452
56469

56603
56639
5665.7
;668‘.3
s671.1
5673.8
567655
56792
568 19

15819

69
M,

§5794.6
57974
5800 2
5803.0
3895 8
5808.6
58114
y814:2
5817
8

e gt
5966.0|6

7968 616
59718/
5574716
1577.7/6.
:ngn,f.,:fm
5983:516164.2
5986551616743
59894151704
28500261759
5822.615995.316176,6
5825415998336 179.7
7828.215001,216 182 8]
583 1,0l6004.216 185,
5833:900007m116189.0
583¢.7{5010.3|60 92,1
5839,516013.0l6 195>
5842.716016,0/61 98,3
§845:916019,0/62601,4
7848501602 T 916204,

5373305525 ©
5375,515528:3
5378,05539,¢
5380555334
538309360

§684.6
5687.3
5699.0

5850:8(6024.9/6207.7
§853,7|0927-9/62.10.8

56928
5595:_‘

=N

Wi oW

o o2

5385:515538,6
538350[554 1.2
5390:55543.8
$393.0l5 54654
5395555490

5698

§700.9
57936
57063
5.799-X

5856,516030:81627 5.8
5859.316033,8162 171

62:26936,8162 20,2
865.0/0239,816243.3
867.760942,716226.5
5870 616045.71625 9.¢
5873 516948716232 7
§876.419051.7\625¢ ¢

5
5

Har, Min. § Mins

"Min.

“Min.

ILi 66 |67

58

o3snif
6354:3)
6357.6
6360590
2L
63674
6370.6)
63739 -
6377.2
638050 <
6383.71
65387.0
63903
6393.6
63969
6400.2] |
640316
6406.8
641_0.1‘
i
6416.7
6420,0
6423.3
6425.6




B I
{7 e

A TQZZZ; of j‘tt?ﬁdiomi Paypgs, 277

g

s

= 66 ! 67 CB 6 ol e
_l\_/I_ Y Min. | Mun. | Min- | Min: | Min. | Min.
;053980 ;16

59 11,8 5879.31605 4.7 6239,006433.2
31{5 4004|555 a5 71455882, 1605 77162422 643676
32|5403.0|5 56,8 U”’ 3|5885.0 56607624 5:316439, 9]
3315405.6155 5.9:515720,0|5887.816063 7162485516 443.2
134 7.,1§7'7-2-7539076066757-91;7[64466 -
35 e 515803.6 6069 7|62 451644 855
36[5413,1|5 567.55723:2 589641607 2,7/62.58.0/6 453 3
37l5415.6 2915731015 899.516075.7/6261:2/6456,6
38l5418.15 5,73'3-7159‘0»;, 078:8|6264-4l6 46 0.0
3905420715575 s‘736,:4|7905 X (a*: 8l6267.516463.3
415 423,215 577.81573952 5 907. 9l6084.8/6270.7164 667
4115425.71s580.5 5741.9’5’9‘10.8 6087.7/627 3:9/6470.¢
42542.8.215§83,115744-7,5913.716090,816277: 116473 4
4315430.815585,715747.5|5916 616093, 916280:316476 8
ﬁ;_ﬁg 55533 4|5750:2 5919:516096,9 6283.5/6480.1
4515435.8l5591c 7753:0l5922,4/6099:9/6286,6/6483.5
(46154384155 9375795715 925 :216193,0 6289.816486.9
47]5 4409 5 96,3 597.871 6106.0[6293.0(6490.3

485443.5 .3l5931,0l6109,1[6296,2/6493.6
49/54465005 .g%sgggg@g;%ﬂwo

50 ;’443!5 04 5936.816115.1|6302,7|6500.% -,
5 U545 1.1/5606,9 5769, 5939-7)6118,216305.916503.9
52|5453.6|5609:65772.3|5942.6{6 1212 6309.1l6 5072
53l5456.2]5612:25775.0[5945:5|6 124.3|0 32:3}6 5106
541545 8.7|5614.915777-9|5948,5|6 127,463 T5-5165 14,0
5515461-3|5617:5]5780.7/5 95 Ly#|6 130:4}5318 7l6517.4
56]7463.85620.2{5783555954,3[6133 56322 0ld520.8
§7(5466,4|5622,9/5756 2:5957.216136.51532 5-2 6’5 242
(5815468 0l5625,5|5789.0[5960:1|6139 ¢lf328.al6527.6)
590547 1,5)5628.215701 &5963 061427 Kl el
M Min. | M. | Mini § Min. | M. | Min. l Min,
66 167 168 | 691 70 [7x =1 72 \




©
i T

g73 .A Table‘;?f M7 JZO”‘*’ZP i V_J; :

«

74 s Loy R |
Min. | Min \ Min. | Nin. {TM | o VN |
A534,5|67457(6970:3(7200:117467 1774 {8045 7
£537,016749.4/6974-2(72 1421747 1.717759.218051 o) |
654131675 3016978 1)7218.317476.1l775 4218056 2|

5546716756 616980.9]7222.5(7480 31775 9.0[806 1,5
G 5480m5760.3[698¢.8]7226.6 74 776;3;9‘8066.8" ;:
6551561676 3.9(6989.717230.9 748 0:claaz 3 518072 0 =
655510/6767.6(6993.617234.97 :94:+(|7773.5/8077.3) -

6558.5/6771.216997.0(7239.17498.517778.4/8082.6
(561.56774.97001.4[7243.317502,917=83.2 8287.9
6565.4/6778:5(799%:317247.5(75 07:4/7788,1/8093.2
6568,8/6782.2[7009:1172.5 1.6[75 1 X 97793 0/8098,5
6572.31678587013.117255.8/7516,4175707.8,8103,8
6575-7/6789:5(701756|7260:0|7 528978027, 8109,

6579.2/6793.2|7020.9|7264.2(75 250417807, 68114.5
146582 6167 96.5/702.4:817268 4/75 30,0 781:. 58119.8
U5l6586.1/6800.5(7028 717272.6 75 345|781 7,4 51253
166589.5(6804.2/7032.717276.8753 9.07822,318130.6
17(6593:0/6807,9(7036,6/7281.0(7545:6|7827.2/8125.9
18/6596:5/6811.6/7040.5(7285 217548117832 218141.3]
1916600 068 15.8|7044.5(7289,417552:717837. 18 146.7
J¥E1560341681 9 0704 84472.93.9175 57-2|7842 08152, 1]
6606.9/6822.717052.417297.917561.817847 .68 157.5]
6610.416826.4(7056.317302.117566.317851.9/8162.5|
65136168 30.1/706 0,317 306,417 70,978 56,8 16 8.3
$617:¢16833 8)70641217310.617575,517861.618173.7
5620.916837.6|7068.217314.9 7530, 1|786¢.8[8179,2]
$624.416841.317072,2 7310117 594.717871,7/8184.6
56275684 ¢.0l7076.27323.417589.31787¢ 881 90.1]
5631.416848.717080.117327.717593. 61788 1/8[8T 95,5 -
363506852 517094, 1/7332.0/75 98.317884.8(32061 0|

Min | Mot Mt | Min. | Min | rnw: | Moo

173 775 |76 {77 (78 170

Sl

‘;ww‘i“l

=

-,-O\nm\l'm"\

=

=
o

—
o

PRSI e T BT
oy | B G e e

B
ko ooy

"‘ml




4 ﬂ “ableof Iy eridional Payts, o 79

173]74176‘ AT 78@
M) | Mis | Min. | Mg, [ Mine | Min | Min,
30|6638-5) 836:27088.1|7376.217603 1| S o1 8|3206.5)
31j6642.016860-C7092.117340,5(7607.7178 56,882 = 210}
321664 5:5[6863.717696.117344,8176 12.3\756 1 oB217. 5

518649.) 6867?:’7I00.1 7349,1l7617:0l7506,-/82 2 3.c)
, ﬁ_66_57, 616871 71941 73;3.47_5_1_-_1_115 794 Tia|822.9.5
35(6656.416%7 = = 108173 570717626.3l7517.0/82 34,1
36’6559” 6878 71712.217362,0176309.917 922 11823 9.6

7666 3,2 6882517 116,2|7366.4176 535617 927.1|8 2451
;s|6666 8 6",3'6’-37120;.1 7370,7|7649:207 932 51825047
396670 6670 36890.1 7124:317375.0(7044-917937.3(8256.3
+o!6573 916893817128 317375 al7€49:6l7 045 4182613

41/6677.4/6897.617132.317283.717654-3/7947.518267.4
42;6531 -UE5OT,4{7136:317388,6(7659.0l7952.6/8273.0
4316684.6/6995.2 140.417392.47663.717957.7/8278.6
) 6688.10900.0|7144.517396.87668,0l7 062.8/8284.2
.H-lbégl 59128714806 74 ;1’7573_ 96 8:0/828 9.
46,6695,30916.617152.6\7405 sl7677.8[7973.118295.5
47:6698. 969104 156.7(7409.97682.6(7978.2/8301.1
18.6702,40524 2 4.217687.317983.4/8308.8
1967@606” ‘ 18617692 017588583 12,44
$0|67°9,65931 97169 Cl7423:017696.817993.7/83 18
51671321693 5717 1730|7427, ,7701-5}7998.0/8323. g
sale716.86035:s 7577:1/7431.6(7796 3|8 0040183294
53|6720.:416943 .4 ¢ 2{7711.0{8009.218335.1
54167240 5947 27185317440 6 77158 8 Bol4.4 83 40,8
551672756 6951 1l7189 5\7445.cl7720.6 8019 6|8346.6
5616731.21095 4.5|7193.617449.5|7725.48024.8/8352.3
§715734.9 6958,87!97i77473-9’7730-2 8530 of83 8.0
5816738.516062 ¢|7201.817458,3177 35.cl8035:2|8 36 3.7
| m.574z 1 6-366‘,5 7205 dlrags 8i7739.8|8540 5|8369 5
Mo | Vo Min. | Min. | odin. | Mk

M
£l 78 {74 |75 T76 177 78170



‘ijz

18528 2
48520

Q5402

Sqian |9

L
: Min. i Mm . ,'_1[. T
518375:3 (8739.L lig14s5,5 | 9605.¢ isi37.0
5 18381.0|8745:5 | or52.7 | 9614-1 I0146.6
~ 518386.8|87: 1.9 959,09 | 9622.4 | 101562
&3915 875821 9167.2 | 96306 101658
¥72398,3|8764.9 | o17a.4 [ 9638.9 [ 101754 |
5 184041187712 | 538146 pyoary-2 | IOI85.T
6(8409.918777.7. 51889 965’555 | 1o194,8
718415.8 | 87851 | 9’1r5, 9663:8 | 10204,6
884216 | 57906 9672,2 | Tozl4a |
9184274187971 4 8 96806 [ 10234:2
To|8433:5| 880316 i | 6aBg,0 [ 19234,0
18439188100 {96o7s4 | 10243,8
128445 97058 (102537
13184599 lo714,2 ] 102636
g i T, ‘51017"3
X5 846246 10856.3 312 | 102835
16 (84686 (5 9739.7£92935
17184735 07483 | 1030350
18 "84304- 9756:8 X031§6
19184863 976541193237 1
20 ‘8-4:9?5 9774.0| £03338
21 [8498.2 887 9782,7 | 10344,9
22| 8504218 97913 | 103541
2385102 |
; Sﬂ(z !




, ﬁ A och\'fZ. dz'fonq.l._ Pczrt:.'[ 277]

Al

{L-] 8o | b 82
f{ Mm Mm Mip.
30 ‘d;) 3 8)352 L 9368.1
3I{ 8ss5b4| 8943.0( 9375.8
32| 85644 | 8949.8 £ 93835
33| 8570:5 | 8956.6 | 9391.2
34| 8576:6 | 8953 | 9398.9] g%
35| 858247 | 89708 | 9406.6
36| 8588.0 | Boya1 | o4x4s
37| 89950 | 898379 | 9422.¥ | 99236 | 105104
38 Seol.I | 8990.81 9429.0 9032.7 | Ko521.1
391 8607.3:| 8997.7| 94373 | Jgal7 | 105318
40| 8613.5| 90046 § 9445.61 9950.0 | 105426
41| 8619.6 | 90X15 4 945351 99598 | To553.3
42| 8628 | 9918.4 | 5461.31 9968.9 | 10564.1
43| 8632,0 9925:4 § 9469.1 | 19978.0 | T0574.9
44| 86382 | 993231 9477.0| 9987.2 | 10585.8]
45 | 8644-5 | 9939.3 | 94845 ( 05963 | 10596.7
46| 8650.7 | 9046-3 | 9492.9 | Tooos. 5 | Xo607.7
47| 8656.9 | 9053-3 | 9500.8 (10014.8 | 1c618.7
48| 8g63.2 | 906013 1 95088 100240 | 1c629.7 |
49 8’670'5 9067:.3 | 9516.8 | 10033.3 | 10640.8
501 8675.7 | 90744 9524.8| Yoo42:6 | To651.9
|51 86820 90814 9532.9| Too5L.g | I0663:0
y2 | 8688.2 | 9o88.41 95409 10061.3 | 106741
53| 8694.5 | 9995.5| 9548.9] Tooz0:6 | 106853
54| 8701.0 9(027 9557:0 | 10080.0 | [o696.s

Ss 8707—6 | 9109: 9109.8 ;Z?l ESQA 10707-7
56| 87136 o116:9] 9573.2 | 1o098.9 | 10719.0
571 872000 9;14 ol o58r.4 Iolo8i4 | 10730.4

«;8 872614 ‘[oX17.9 | 10741.8

(9’ 87,31.1 10§27.4 107)3 3
— \’Im | Min. LR
\ ‘ 8o 83 ‘84




(78] ATableof M idicnal Cars§
) A

e e A SRR T
| M | Min | Min | Mo

o 107647 [i532.6|12522.4 13916 /[L6299.8 .
‘210776, | 115470 T2541:4 [ 1394554 | 16357.5
2):30787.7 [ LX56 74 12560.7 [13974:4 | 16416.3
3

4‘T

ha799.3 | 11575.9 F25806.0 [14003.7 | 164760
tonaoig | 1150005 | Tas90us | 140332 | 165379

5 | ToBzaus & 1160500| T2619.1[14065:0 | 16594.9
¢l1o834.2 | 1T619:8] 126385 [ 140930 |16662.0
71108459 | 116345 I!6<¢‘36 141233 167262
8| 108577 | 11649:3 156786 14153 9| 167317
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S.E C 2. XL,

 Of Oblique Sailing.

H Ei\iicﬁiogs that ;ﬁay b&prbpos’d on this |
Head bemg innumerable, I dhall only give 2.

few of the moft ufe;;‘fuL
Problem i

" Coafting along the Shore I faw a Cap; bear from

me N® E, then I flood away N W & V.7 20 Miles,

and' I obferv’d the fame Cape to bear from me

NE 4 E. Required the Diftance of the Ship from .
the Cape at each Station, '

. _.G_’eometrical/}z, . "

- Draw the Circle N W SE to reprefent the Com=
vafs, Ivdithe Meridian, and E W the Eaft and Weft
Line, and ¥t C be the Place of the Ship in her firflf
Station; then from C fet .
' off uponthe NW&W Line,
C A 20 Miles, and g will
be the Place of the Ship in
‘D her fecond Station.

FromC draw the NN T
Line CB and from A draw
A B parallel tothe N 107/ e
Line CD, which will meet
_CB.in B the Place of the
Cape, and C B will be the
~ Diftance of it from the Ship in its firft Station, and

*A B the Diffance in the Second, to find which g

e
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: Jig
. By Calcuration, s

Tn the Triangle ACR are given AC, equalitc
20 Milex. the'Angle ACB equal to 782, 45/ the
Diftance botween the NNE and N'W oW Lines,’
* alfo the Angle B G, equal to BCD (bv 4. 26e

Sect. 1:) equal ¢ 33, 45 the Difta~sé between )

the NN Erand W E4 E Lines and,v;’onfequent'ly
the Angle'A equal to 67°, 507, ( byLor. 1. Ars. &
Sect. 1.) y .

Hence for CB, the Di znce’ of the Capc from

the Ship in her firft Statio= it will be (by Ca/e 2.
of Obligue Trigonometry.) -

5,"ABG: AEAS BAC OB 9

i. ¢. As the Sine of the Angle B 33%, 45/ 0.74474
is to the Diftance ran ACg * 23 e %ﬁ@
o is the Sineof BAC - - 67,30 - 9.06562
to CBo a2 2 2 S 38096 - 152001
the Diftance of the Cape from the Ship at the firft

Station. Then for A B it will be &y the fame Cafe:

S, ABC:AC::S, ACB:AB:

ie. AstheSiie of B ‘= = 33% 45t 4 054474
isto AC - = = = 20..- = I.30I03

foisthe Sineof C = = 78,45 = 999157

to AB SHD e aslay ST 54786
the Diftance of the Ship from the Cape at her fe-
cond Station. . 4
< (A \ 3 % L} .
: Problem 2. T

Coatting alvéng the Shore T faw two Headlan;fs,
the firft bore from me N E4 E 17 Miles, the other
SSW 20 Miles: = Required the Beating and Di=

ftance of thefe I—Icadl!pdso from one another: >
3 o ~ Geome=

2
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Vo
Geosnetyically.
" ‘Having drawn the Compals NWSF, let C
reprefent the Plce of the |
A Ship,fet offiion the NE o

$4  Line GA 171diles, from C to
A, and upch the SSW Line
E B, 20 Miles from C to B,
“and-jein A B, then A will be
ti. ; firft Headland, and B the
- Hzcond 5 alfo A B will-be their
. Diftance, and tl'e Angle A °
will be the Beariz g from the
NEE Line, to ind which,

By @y alculdtian.

Tn the Ttiangle ACB are given, AC 17, CB
26, and the Angle A CB equal to 101°, 15/, the
Diftance between the NEZB and SSW Lines.
Hene-, { by Cafe 4. of Oblique- dngular Trigonometry, |
ic will be, : = .

Asithe Sum of the Sides AC and CB 37. 1.56820
ifsito their Difference =« = - 3. 047712
fo is the T'ang. of % the Sum§ ooy :
of the. Angles A and B W2 D417
= Tang. of half their Diff: 3 , 40. 8.82509

niEquently the Angle A will be 43°, 11/, and
_theAngle B 34% 347; alfo the Bearing of B
. from A will be S6 W 19, 497, Wetterly, and the
,Eealrmg of A from B will be NZE 19, 49/ Ea-
erly. D g

Then for the-Diftance A B it will be, by Cafe o
* of Oblique-Aygular Trigonometry.)
< . Oy AL

v
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)S,A:CB::.S;Q,Q:AB.
i. e. As the Si\iﬂe of A Vo230 il o o8 337
e L I R T
LfoistheSinénf C . - 101,15 -  gloorsy’
Gl O e O o LY
the Diﬁancc»!:mfveen the two Headlar iz, cTE
- ] DY z
A diar \
7 ¥ Problem 3, = —
Coafting albng the ono = ~aw two Headlands, -
the firft bore from ni2>- N V& N, and the fecond
N NE ; then ftanding away %4 N 2 Northerly 20
Miles, I fchnd the firft bore from me W N W
3 Wettetly,, lind the fecond N & W £ W, efterly. Re-
quired the’Searing and Diftance of thefe two Head=
lands. ¢

Geometrically.

Having drawn the Corﬁpafs NWSE, let C re~
prefent -the firft Place of the Ship, from which

D

S

draw the N'W & N Line CB, and the N N E Line 2
CD, allo the E4N i N Linc CA, which make
. Qo z + o equal
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" equal to 20. From A draw AB parallel to the .
‘W N'W 2 W Line; anfl AD parallel to the N W
S V7 meeting the two firG Lines ir the Points B
and D ; then B will b tlie firft, and. D the fecond
“Headlind. Join the Points B ang ’D,r_ and BD
will be the Diftance between them--and the Angle '
cDR Eh}g}iea;ing from the N Nj. Line, to find
which Ry

- B Caleularion.

1. In the Triangle 1.4 BCis given the Angle
BCA, equal to 10475 04/, the Diftafice between
the N'W 4N Line, and the ENE 3|8 Line, the
Angle BAC equal to 36%; 344 the iftance  be-

~ tween the WS W ¢ W Ling and the W N'W i W
Line, the Angle ABC equal to 392, 227 the Di-
ftance between the S B £ E Line, and the SW 4 S
Line, alfo the Side C A equal to 20 Miles, whence
for CB it will be, (by Cafe 2. of Oblique Trigono=
metry. ) " i e i

As+h-Sine of CBA = 309 227 & 9.80228
isto AC = - 20: = = 1.30103
{o is the Sine of CAB = 36% 341 = 09.77507

t0iCB Aiadivianl L m R = 1.27382

the Diftance between the firft Headland and the
Ship in'her firft Station. -~ :
o+ 2. In the '?f‘l'igngle ACD, are given the Angle
ACD, equal to 47° 49/, the Diftance between
the ENE4E Line, and the NNE Line; the
£ngls CAD, equal to 929, 494 the Diftance he-
- twemn the WSW £ W Line, ‘and the N2 W : W+
~ Line, the Angle CD A, equal to 30°, 22/, the Di-
france between the SSW Line, 4nd the St E: B
Line, alfo the Leg CA equal to 20, '
* Hence for CD it will be, (by tbe 2. Cafe of Ob=
lique Trigonomerry.) ; B e
0 0. - As



¥
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l/ » . C &4 -‘ 7./ Q o
S e i
e O T
to $ s b - - 140835

: : 1280y %
- the Diftanck between the fecond Headland, / and
the Ship'# " her firft Station. A
3. Inth ‘riangle BCD are givey BC 2879,
CD 31.5 =dClthe Angle BCD, equya to §6°, 15"
the Diffance * stween the N'W 4 X" Line, and the
NNE Lin-. s 5 T % =
Hence, for the'angle ~. & B, it will be, (by Ca/z
4. of Obli e ‘l?ﬁigam/g.;.;n) - o
As the St mof the Sides = §0.20° - 1.70148
is to the Diff of the Sides 12.7r "= 1.1041§
- o is th /Tang. of £ the Sum 6‘ o A n
of tué unknown Angles § 1y a5 1027800
to the Tang. of halftheir diff. 25 , 18 - 9.67456
confequently the Angle CBD is 87°, 10/, and
the Angle CDB 36% 35/.. Hence the Bearing
of the firft Headland from the fecond will be
8 599, 08/ W or SWoW i W nearly, and
and for the Diitance between them it svill be
As the Sineof BDC = = 365, 350 - 9077525
st BIG fat & = 0e A 18.7 - 1.27382
- fois the Sineof BCD - 565,715 = 0.01085
B Bl o S B s 141843
the Diftance betwegn the two Headlands.

This, and the firft Problem, .gre of great Ufe in
drawing the Plot of any Harbour, or laying dawn
__any Sea-Coaft. A

Problem 4.

Suppofe 2 jShip that makes her Way good within,
6= Points of the Wind, at North, is bound to 2
Port bearing Faft 86 Miles diftance from her. I.{‘cé
! e quir’

I
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quir'd the Courfe and D{{’(an‘cc upon each Tack, te
gain the intended Port.” 7 &,

Geomerrically. ;,

‘Having drawn the Compafs NES 7, Tet Cre-
refc:;&»thalShip’s Place, and fet off  n the Eaft,
Eine CA 86-M:les, fo A will be thi interded Port.
Draw CD and GB on'each Side of t» Noxth Line,
at oz Points Diftanca *om it, and thrh" Adraw AR

2

parallel to CD mecting CB in B then the EN T
3 F Li~= €B will be the Courfe of the Ship upon
the Starboard Tack, and CB its Diftance on that
Tack; alfo the ESE$E Line AB will be the
Ceurfe on the Larboard Tack, and BA the Di-
ftance on that Tack, to find which .

By Calculation.

In the Triangle ABC are given the Angle.

A CB equal to 16, 53/ the Diftance betwEen the
Eatand ENE 1 E Line, the Angle CB A equal.

ta 1467, 14/, the Diftance between the ENE : E
and <he W N'W T'W Lines, the Angle BAC e-
,qual to 16% 53, the Diftance between the Eaft,

and ESE 2 E Lines, alfo AC 86 Miles.

. Hence, fince the Angle at A and C are cqual,
the Legs gB and BA will Tikewife be equal; r(;)

: fin
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find cither of which (Suppofe CB) it will ba b /
Cafe 2. of Oblique-Angle) &jgommet?ry.) l ( 4

Asthe SiHEpt B - 7| 146° 147 - <gut
shot Ll - o
foistheSkle of A = 16,53 = - 39_ ;3303

S rolCBE S Nl s e g o o060
the Diftan.  HiShip myft fail on each T éck.jﬁr
There /> 2 "l;reat Variety of ufefuf Queftions of
this Natare t; at may be propes'dgbut the Nosurc
of them beip 4 bettes »=der®iod by Pradtice at Sea,
we fhall lea, e thett, andgo on to Current Sailing.

Bl G L,
Concerning Currents, and how to mahe '
proper Allowwances for them.

I. UR R ENTS are certain Scttings of the
Streain, by which all Bodies (as Ships, €3¢.)
moving therein, arc compell’d to alter their Courfe
or Velocity, or both ; and fubmit-to the iVotion
impreffed upon them by the Current. '

CASE 1 '

TIf the Current {ets juft with the Courfe of the
Ship, (4. e.) moves on the fame Rumb with it ; then
the Motion of the Ship is encreas'd, by as much as
is the Drift or Velocity of the Current.

1

- Example. VN

Suppofc a Ship fails SE5S at the Rate of 6 Miles
an Hour, in a Current that fets SE4S 2 Miles an.
Hour. Requir’d her true Rate of Sailing.

Here it is evident, that the Ship’s truc Rate of
Sailing, will be 8 Miles an Hour. *

CASE

7
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©

S

CA/éL., 73

[ the Current fets dire@ly againft the ’Ship"s
CO{{;\“‘ ihen the Motion of the Sllip ‘sleflen’d by |
s much ps is the Velocity of the & w. 2

- W
N Bxample: ¥

Sunvofe 2 Ship fab 85577 a¢ the\Rate of 16
Mil:f apn Hour, ixf’ a Current that’cts N\T E 6 Miles -
an Hour. Regquird the Snip’s true Rate|of Sailing.

Here it is evident, that the Ship’s tr] e Rate of
Sailing will be 4 Miles an Hour. Hence |  is plain,

Cor. 1. If the Velocity of the Current bi lefs than
the Velocity of the Ship, then the Ship wiii get fo
much z-Head as is the Difference of thefe Veloci=
ties.

Cor. 2. If the Velocity of the Current be greater
than that of the Ship, then the Ship will fall fo
much z-Sters as is the Difference of thefe Velocities.

Co-— ~.Laftly, If the Velocity of the Current be
equal to that of the Ship, then the Ship will ftand
ftill y the one Velodcity deftroying the other.

: CASE 3 :

If the Current thwarts the Courfe of the Ship,
then it not only leffens or augments her Velocity,
but gives her a new Dire&®ion compounded of thé

Corrfe the fteers, and the fetting of the Carrent, as
is‘manifett from the following -

Lemmcz.
« If 2 Body at A be impell'd by two Fofces at

the fame Time, ‘the ‘one in the Dirc@ion A B, ca*
)< . ; pable.
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jable to carry that Body from A to B in a cerfain /
Space of Time, and the o hur in the Direction A D
capable to carry it from- ¥ to D S
in the fame Time: Cempl :te the A‘:’?
Parallelogram ABCL), and draw . i
the Diagonal A C; then the Bo-
dyat A, agifatsi | »y thefe two- ,
Forces togethe o #ill move along S
the Line 2°C, sr 4 will be inthe - | - :

o et tha yind of the Tz, I
in which it we ald Fave inovid a- DL @
long AD or . 4B with the Forces {epafately applied.

ence th ; Solution of tu following Examples
will be evid nt. ;

Examplg 1;

Suppofe a Ship faits (by the Compafs) directly
South 96 Miles in 24 Hours, in a Current that fets
. Eaft 45 Miles in the fame Time. Reguir'd the Ship’s

true Courfe and Diftance. % _’

Geomatrically

Draw AD (fee the laft Scheme) to reprefént the 3
South and North Line of the Ship at A, which make
. equal to 965 from D draw DC perpendicular to
_AD equal to 45, and join AC. Then C will be
the Ship’s true Place, A C her true Diftance, 'z_md
the Angle G AD the true Courfe. To ﬁnd.wluch,-
By Calculation \ g N
\ 2
Fizft, For the true Courfe DAG, it will be (by
Cafe 4. of Reanguler Trigonometry. )
Ais the apparent Diftance AD - 96: - 1.08227
is fo the Current’s Motion DG . 45 = 1.0532%
Pp sSodo

*
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{o4s Radius = - . = e 10,00000
3 t of thZ tcue :

e Togn A N o
confequently the Ship's (cue Cotrfeis § 25°%, o7 E; -
-~ SSE 2°) 37/ Eafterly. 3 ;

Thes for the true Diftance A‘C, i will be, (by

Cafe 2. of Reangular Toigonomert,'s,. :

As the Sine of the Courfe A 25%, 19570~ 0.62784
is to the Curt- Mction DC 45, & = I.5532n
{o is Radius - - - - 10.00000
to the true Diftance A€ 5.6, - = § 2.02537

Example 2.
Suppofe a Ship fails SE 120 Miles in 20 Hours,
in a Current that fets W& N, at the Rate or 2 Miles

an Hour. Requird the Ship’s trae Courfe and Di-
fance fail’d in that Time.

2 Geometrz'cqlly.

> 'ﬁaviﬁg df‘awn;%iic Compafs NE SW, let C re-
prefent the Place the Ship fail'd from; draw the

R

. SE Line CA, which make equal to Y20 then will
A be the Place the Ship 'cape%l at, TR
® : From
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From A draw AR parallel to the W4 N Line

C D, equal to -0, the'M otion of the Current 1,20

Hours, and' join CB ;" hen B will be the Sifip’s

true Place at athe Er d o, 20 Hours, .CB her true

_Diftance, and the Angle SCB her true Conric”
T find whisa, ~

5 ;‘7.'\, S g l‘//
. Wy Calewlaion.

In the Triungle ABG arc given CA 120, AB
40, and the Anpgle © A B equal to 339, 45/, the Di-
ftance betwifen the Fiv-ow. 4 SE Lincs, tofind the
Angles B zuad C, and the Side CB.

. Figft, Bpr the Angles C and B it will be, (by
Cafe 4. of ( /bligue Tgiganomerry,) dei
As the Suin of the Sides CA and A B 160. 2.20412 .
is to their Difference - - - 80. 1.00309
{o is the Tang, of half the o i
Sum o_fthaAgngIcsBand C§73 3107 Stdg S
to the Tang, of halftheir Difft 58 -, 45 - 10.21680
confequently the Angle B willbe 1319, 52/, and the
Angle ACB 149, 237, Hence the tree Courfe
15 S 36% 37! E, or SSE 8%, o7 ! Eafterly.

Then, for the true Diftance CB, it will bey (by
Cufe 2. of Oblique Trigonometry,) s
Asthe Sineof B =« = 1319 53! - 987108

is to AC - s W, e 2io70is
fois the Sineof A - =~ 339 45F -~ 0.74474 .
to the true Diftance CB - 80.53 = 1.95104

s : Nian

Example 3. N

Suppofe a Ship coming out from Sea in the Night,
has Sight of Sezlly Light, bearing N E.& N Diftance
4 Leagues, it being then Flood-Tide, fetting EN E
5 Miles an Hour, and the Ship running after the
Rate of § Miles an Hour. Regquird upon what

P

2 > Gonrle
P!



poe . Currenr Sa’ling.

Cotirfe, and how far fhe, m=® il fo hit the L7
~gard which bears frém Scifly E;§:S}_D1ﬁaqc_e 1y
Loigus. Bl o :

e

4

Having drawn the Compafs DUESW, fet A re<
prefent the Ship’s-Place at Se. and draw the
N EsN Line AS, which make eq al to == ., —
{o: S will reprefent Seilly. 0\

_ From Sdraw SL, equal to 51 Mil s, and paral-
lel to the B #S Line~ anen L will o prefent the

Lizard.

Geometrica

Y iz

N ®
] 2 ) :
o 5 CL
5 ¢
S

o

From L draw LC patallel to the EN B Line,
equal to 2 Miles, and from € draw CD equal to
3 Miles, meeting AL in Dy then from A draw
A B parallel to CD, meeting L€ producd in B,
and AB will be the requird Diftance, and SAR

. the true Courfe.  T'o find which, = R

By Calcularion.

Ir the Triangle ASL are given the Side AS,
“equal to 12 Miles, the fide SL, equal to 51, and
the Angle ASL equal to 118%, o7/, the Diftance
between the N4 N and W 2 N Lines, to find the
Angles SAL and SLA. Confequently, (by Ca/fe
4 of Obligue Trigonometry, it will'be ; A
g C- - i s
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As the Sum of th, iles ‘AS and SL 63. 1.7§934
15 to their D’~Erefice: | » - - 30, 1.50J06
foisthe Taag.ofha) ft!. 2 Sum G082 ‘«;6
of the Ang.‘csSAI“andSLA§3°%’ 9% 977703
. to the Tang. € halftheir Diff: 209, 214 9,205
confequently thic \Angle SA T, will be 2, 17/,
. and fo the dire’; Bearing of the Liza.4 fiom the
Ship, will be 859, 027 E, or B4 N 6°, 17 E,
and {or the Duftance A L, it will be, (by Cz/ . of
Qblique Trigpnometry, ) ) W
As the Sinefof SA T - 519 17} - 080223
istoSL f- - =T=owr, - - - 170757
fois the Sfine of ASL 1182, 07/ = 0.94546
to AL [- - - - 45765 - - 176080
the Dift<nce between the Ship and the Lizard.
Agam, in the Triangle DLC, are givem the
~ Angle L, equal to 179, 32/ the Diftance between
the E NE and N 85%, 02 E Lines, the Side LC
equal to 2 Miles, the Current’s Drift in an Hour,
~ and the Side €D equal to 5 Miles the Ship’s Run
in the fame Time. Hence, for the Angle D, it will
* be, (by Cafe 1. of Obligue Trigonometry,) = . :

As the Ship’s Run in t Hour DC 5. - 0.69807
" istotheSinceof Lo = - - 1795 327047804
{0 is the Current’s Drift LC = 2. - 0.30103
to the Sine of D = - = 6% 355 9.08100
confequently, fince by Confirudtion the Angle
LA% is equal to the Angle LDC, the €ourfe
the Ship muft fteer is S 88¢, 03/ E. o
_Then for the Diftance AB, it will be, (by Gefe
2. of Oblique rigonoimnerry,) N\
Asthe Sine of B - - 155% 337 - = 9.61689""
istoAL = % = - . 5765 - - 176080
foisthe Sincof L = 17,32 - - 947804
toAB - - = = - ‘4196 - - T1.62085,
e g confequently,
-
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. eonfequently, fince the S dip i Ldling at the Rate
-t;%n; %Ailcsy‘;“‘ﬂ‘)‘!{f"‘ forfows;- chat in failing |
K Haurs, 24 Min, S(,‘ :'?,-‘031 Efj,’{hc will ars .
rive at the Liard: TN :

Example 4 :

A Ship from a certain Headlan 1 in the Latitude
“of 34%, 00/ ‘North, fails SEZS 12 Miles inthree
Hours, in 2 Current that fets betwe.'n Notrth and ¥
* Eaft, and then the fame Headl’ ad is. ound_to bear
W N W, and the Shir . o€ in the, Latitude of
3¢, 52/ North. Reqrird the Setting, and Drift of
the Currents 3

Geometrically.

*

Haying drawn the Compafs NESW, let A re-
orefent the Place of the Ship, and draw the S K4S
% Line AB equal to 12 Miles,
alfo the EESE Line A C.

Set off from A tpon the Me=
1 tidian, AD, equal to 8 Miles, -
the Difference of Latitude, and
thro’ D draw D C parallel to
the Eaft and Weft Line WE,

-2 S meeting AC in C. Join € and

B with the Right Line BC; then € will be the
Ship’s Place, the Angle ABC the fetting of the
Carrent from the SE &S Line, and the Einc BC
will be the Drift of the Cyrrens in 3 Hours, To
find which, o !

By Caloulation.

In the Triangle ABC, Right-angled at D, are
given the Difference of Latitude AD cqual to 8-

« Miles, the Angle D AC equal to 67°, 30/. Whence

for A G, the Diftance the Ship has fail'd, it will be,

G As




As Radius 10.00000

is to the Differc™~=iof 1 at AD 8. - 0.00300 -

i >_vi'the (Jow fe g
foD’SAﬂEC C ! t}‘l | A c% 67°, 30! ~ 1041716
to the Diftatise yun/AC " 209 - - 5.32025

- Again, in thv.\‘ Triangle ABC are given AB.
equal to 12 Miles; /A C equsl to 20.9, and/the Afigle
- BAC equal toh )°, 45/, the Diftance between the
SEZ%Sand E§H Lines. Whencep for the Argle
at B, it will bC, : *

Curden Sailing. o
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As the Sum 1}1' the 'SixZisv &-Z4nd AB 32,9 151720

is to their Difference SR e
{o is the Wang. of half theg, o __,; o 42 3%

. Sumofthe AnglesB andC§ 735 07° 10.5100
to the Tahig. of + their Diff 419, 4373 9.95035

confequently the Angle B is 114°, 51/ and fo the

Setting of the Current will be N 819, 06/ K or'

N 29, 21/ E. Then for BC, the Current’s
Drift in three Hours, it will be,

Astthe Sineof B - - 114% 51 - 1907700
is to the Diftance tun AC 20.9 - = 1.32025
{ois the Sine of A - - 33, 45{ - 074474
toBG s ioa 328 =i - lii1o71g
the Current’s Drift in 3 Hours, and confequently

the Current fets BN 29, 21/ B 4.266 Miles
an Hour. ' L ;

N N

-

SECT.,

)

i N



o - A ! L 3
agb  Variation gf I be Compafs.
e SEC L doer A
Concerning the Variai o o}i ’z;"bf‘/f\’?ompaﬁ; ;

and bow 1o findsit frong’to : true and
offerv’d Amplitudes o (Azimuths £
the St - : ‘ i :
I. H B Variation of the Conl afs is how far
the North or South Point. of the Needle

_ ftands from the true South or Morth Point of the

Horizon towards the Eaft ne YWieft s or 'tis an Arch
of thie Horizoa interccpted between tlie Meridian
of the Place of Obfervation and the Magnetic Me~
ridian. ) i S

2. It is abfolutely neeeflary to know the Vzria=
tion of the Compafs 4t Sea, in order to correét the
Ship’s Courfe ; for fince the Ship’s Courfe is dire&t-
ed by the Compafs, ‘tis evident, that if the %]1-
pals be wrong, thetpue Courfe will differ fromiithe
obferved, and confefuently the whole Reckoning

_ differ from the Truth.

= Th¢ Sun’s true Lmplitnde is an Arch of the
Horizon, comprchended between the true Eaft or
Weit Point thercof, and the Center of the Sun at
Rifing or Setting 5 or it is the Number of Degrees,
&e. that the Center of the Sun is diftant from the
true Eaft or Weft Point of the Horizon, towards
the South or North. : i 5
4. The Sun’s Magnetic Amplitude is the Number
of Degress that the Center of the Sun is fiom the -
Faft or, Wett Point of the Compafs, towards the
Southor North Point of the fame at Rifing or Setting:
. & Having the Declination of the Sun, together
with the Latitude of the Place of @bfervation; we
may from thence find the Sun’s true Amplitude, by
the following Aftrénomic Propofition, viz.
As the Cofine of the Latitude
510 the Radins g fé
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fo s ahe Sine of *be Sun's Declination 2
20 the Sine of 37 . S 1 e dmplitide.

<)

) o

5 e & RS % & 4

which will" “North gr Syuth according as the De-
clination isa Y or Sonth: / :

T\_,\'Exbmple. e

! o . 5 e
Requird thé Sun's true Am;f{its&c in the Tat=
tude of 41° 50/ Iorth, on the 23 Day of April

1731, ; S S Al
B, 1 find from the thizd T'able at the End of

this Book, that the Sun’s Declination the 234 of

_April 17315 is 5%, 54/ North, then for the true

Amplitsde, it will be, by the former Analogy.

As the Co-Sine of the Lat. : « 41%, 50/ . 0.87207
isto Radius =« S o 10100000 ¢
fo is the Sincof the Declination 159, 547 . 0.43769
to the Sine of the Amplitude. 21, 35! . 9.50548

which is North, becaufe the Declination is North
at that Time ; and confequently in the Latitud= of
41°, 50! North, the Sun rifes on the 234 of April
1731, 21°, 35/, from the Baft-Parc of the Horizon
towards the North, and fets fo much from the Wef}
the fame Way- : . :

6. The Sun’strue Azinuth isthe Archiof the Ho-
rizon intercepted between the Meridian and the
Vertical Circle paffing thro’ the Center of the Sun
at the Time of Obfervation. g 3 i

9. The Sun’s Magnetic Azimuth is the Arch,hi
the Horizon intercepted between the Magnctic%&
ridian and the Vertical, pafling thro’ the Sum

$. Having the Latitude of the Place of Obferyva-
tion, together with the Sun’s Declination and Alti-
tude at the Time of Obferyation, we may find his .
true Azimuth after the following Method, v/,

Qiq o

*

ake <
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Makeit, 2 &
" s the Tangent of balf the Comp Gmens of the Latitade

18 to the fj{aug ut of balfs e & wir of 2 Diftange of
the Sun from tZe Pole aneComplen]  whe Altitude,

Jo is the Tangens of balf the Diff sience_between the,
Diftaure of the Sun from the Pol ,Eﬁd Complemenz of
the Altitide : . 5 ;

20 1he Tangent of a forth Aroh.

which fourth Arch'added to half the Complenient
of the Latitude, will give a .ifth Alch, and this
fifth Arch leffened by fliccomplement of the La-
ticude wilkgive 2 fixchcArch ; then make it

s T e e e ¢
is to the Tangent of the Altitude

o #s the Tangent of the {ixth Arch

v0 the Co-Sine of the Sui's Azimuth,

; . e
which is to be counted from the Seuth or North, to
the Faft or Weft, according as the Sun is fituated

- with refpeét to the Place ot Obfervation. i

If the Latituds of the Place and Declination of
the Sun be both North or both South, then the De-'
clination taken from 9o, mill give the Sun’s Dil=
tance from the Pole; but ifthe Latitude and Decli-
nation be on contrary Sides of the Equator, then
the Declination added to 9o%, will give the Sun’s
Diftance from the neareft Pole tothe Place of Obfer=
_vation.

Example.
o the Latitudeof 519, 32/ Norfh, the Sun hay-
e 1Ing £0% 307 Norch Declination, his Altitude was
found by Obfervation to be 38%, 18/ Requir'd the
*Azimuth. ; ;

Z . By
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‘By the firft of the for, g;ﬁpg Analogies it will be .

As the :Tan entof £ he Com- 5

‘ L Tacitadd -5 & 19% 147 954269
; " NOIhent of £ the s
- Sum of the Dt ace of the

Sun from the P6lk and Com—g 61,501 /,,.1’017‘15,655 >

plement of the 7 (titude * \
10 is the Tang e of half their 2]
Difference ¢ PmlY 221700

.to thel'ang. of afourth Arch 40,20  0.028855 .

which. fourth Arch gu~; 294 added to 10% 14/
half’ the Complement of the Latitude gives a
fifth Arch 599, 34/ and this fifth Arch leflened by
389, 28/, the Complement of the Latitude gives

. the fi—th Arch 219, 06/ then for the Azimuth

it will be by the fccond of the preceding Ana-
logies,

¢ As Radius : e S . “1boooua

. 15 to the Tang. of the Alcitude 389, 18, 0.80740
fois the Tang. of the fixth Arch 21,06 " 0.566.44
to the Co-Sine of the Azimuth 72,15  9.48393

which, becaufe the Latitude is North, and the Sun
South oft the Place of Obfervation, muft be coun-s
ted from the South towards the Eaft or Weft; and
confequently if the Altitude of the Sun was taken
in the Morning, the Azimuth will be S 722, 157 E,
or ESE 4° 45! E; but if the Alticude was
taken in the Aftcrnoon, the Azimuth will be § 729,
L W, or W S W 49 45/ Wefterly. Voa
0. Haying found the Sun’s true Amplitude or¥-
zimuth by the preceding Analogies, and his Magne-
tic Amplitude or Azimuth by Obfervation, ’tis eyi-
dent if they agree there is no Variation, butif they
difagree, then if the true and obferv’d Amplitudes
at the Rifing or Setting of the Sun, be both of the

/ fame

\



g

/

p I

g3l o (el
qo0  Variarion of ' e Conzpafs.
famé Name, # ¢. cither Bq'yn North, or both South,
thelr Diﬁ?,:regcc is thee Ve e+, L it if they be

. of diffcrent Names, /» ¢. ¢‘ne North, w d the other

South, their Shm is thie:Varlarigne " A Zain, if the
true andl obfery’'d Azimuths be k= fof the fame
Name, 7 ¢, ¢icher both Baft o1 (Toth Wefl, thein |
Diff-r_ave 18 the Fariarion ; bu i1f they beof difs |
ferent Names their Sum is the \ %aviation . And to
know whetl.=r the Pariation is Eafte, "y or Wefterly,
obferye this generulsRule, viz. :
Tet the Obferver’s Face be turn'd to the Sum,
* then if the truc Amplitnde of Azimuth be to the
Right-Hand ~fithe obferv’d, the Variarion is Eafters
lys butif tothe Left, Wefterly. =
To explainwhich, let NE S W reprefent a Com-'
yafs, and fuppofe the Sun is really E. £ S at the
'l'f[“imc of Obfervation, but the Obferver {ees'him off

o

N

2
=

A g p7

SR
W e = E
Wb S i '

495

e

S

.

the Eaft-Point of the Compaft, and {o the trne Am-

« plitude or Azimuth of the Sun, is to the Right of |

the Magnetic, or obferv’d ;, here ‘tis. evident that
: 4 the

|
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the E.4 S Point of the Compafs oughg to lie whete

' the Eaft-Point “s-rnd fo the North where the N6 W~

is ; confeqr eutly thg Noreh2Point of'the Cor pafsis.

a Point to/s fur Eaft, b. ¢.ithe Variat'on in this Cafe

is Bafterlyoi Tht fame Will hold vihen the Ampli=

. tude or Azimuth jis taken on the Weft-fide of the ™

Meridian. ‘ ’ s

- Again, let the ‘rue Amplitude or Azimutirbe to
the Lefi-Hand ok the obferv’ds thus fuppofe the Sun
is really B. & N at the Time of Qbfetvation, but the

Obferver fees himoff' the Baft-Point of the Compalfs,

. and fo the #rue Aihplitude or Azimuth to the Left
of tle obferv’d: Here'it is evident that the E4N
Point of the Compafs ought to ftanarwisere the Eaft-
Point is, and fo the North where the IN & E. Point
is ; confequently the North-Point of the’ Compafs
lies 2 2oint too far Wefterly, fo in this Cafe the
Vaariation is Weft. The fame will hold when the
Sun is obferv’d on the Weft-fide of the Meridian.

' Exczmple 1.

Suppofe the Sun’s true Amplitude at Rifing is
found to be E 142, 20/ N, but by the Compafsitis
found to be E 26°, 12/ North, "Required the ¥a-
viation, and which Way it is.

- Since they are both the fame Way; therefore;

From the Magnetic Amplitude - E 26% 12/ N.
take the true Amplitade - - - = E =9, 20/ N.

—_—

and there remains the Variation - 1T, 52

which is Fafterly, becaufe in this Cafe t’h\c‘tr
 Amplitude s to the Right of the obfcrvb-'du_ :

i .Examp}a
/ __
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e 3 \ X g
o E.’)Ce‘Zl’}le? prls
. Suppofe _theéﬁun’s true- Ampliynde /At Setting s .
‘W 34, 267 S, and his Magnefic Amplitude W~
938 13/8. T:{equir‘d the Variati¢n,and which Way
it is. Since thi:v lye both the fame Way, thercfore,

From the Sin’s #rie Amplitude” W 34°, 26/ S,
take the Magnetic Amplitude W 23%, 13/ S.

there remains the Variatior: Senisp 12W.
. whichis Waerly, becaufe the true Amplitude in
- this Cafe isto the Left-Hand of the obfervd.

Example 3.
_ Suppofe the Sun’s true Amplitude at Rifing is
found to be E 139 24/ N, and his Magnetic
B 129 32/S. Requir'd the Variation, and which
. Wayit lies. :
cuice the true and obferv’d Amplitudes lic dif
ferent Ways, therefore, : > Pl

Tothe true Amplitude 15 U‘I o . i\T ‘

1 o e rebl o il 245 N
add the Magnetic Amplitude B 19.°’, 32 &
the Sumisthe Variation - - 735, s6W. .

which is Wefterly, becaufe the true Am blitude is,
in this Cafe, to the Left of the obfcrv’d%) ;

¢ Example 4. .

J S> ; 5 :

7 uppofe the Sun’s true Amplitude at Setting is
ﬁ;gzni tobe W BS, 24/ N, but his Magnetic i
plitude is W 10%, 1575, Requird the Variation.'

_’,f To
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“ To the true Amplitude . . W 80 240 N,
“add the ms.gréhc sel W 30, x31 5

the Sum is the Varlatlon‘ B , 37 _E
.- whichis haﬁcrly, Ibecaufe’ the true Amphtudc is to A
ifo the Right of thie obfery’d.

i xample s.

Suppofe the quns true Azimuraiit the Time of
Obfevation, is found to be IN 86°, 407 E, but by
the Compafsic is Noy39 a4/ E. chulrdthc Va-
natlol and which Way itliss. :

Fx com the Sun’s true Ammuth N 86°, 40! E
take thc Magnctmal sie s N vaieon B

>

Therc remains the Va.rxanon, Stz 6 E.

 whichis Eaﬂcrly, becanfe the true Azxmuth is to
the Right of the obferv'd.

Example 6.

Suppofe the Sun’s true Azxmuth is S. 3%, 24/ E.
and the Magnetical S. 49, 36/ W. Requlrd thc
Viariation, and which Way it lies.

Mo the true Azimuth PRS2 g,
. add the Magnetical Azimuth. = S. 4, 56 W.

‘The Sum is the Variation. = 8, 0o W

whichis Wefterly, becaufe the true Azimuth is
(cm this Cafc) to the Left of the obfervid.

10. 'The Variation of the Compafs was ﬁ{eﬁ\
obfery’d at London, in the Year 1580, tobe IT \
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 apploachmg the o

true Meridian, till ic coincided yith it, and then
’ there
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_ theré was no Vatiation ;'aftcr which, the Vai‘iatioxl
 began to be Vf:t]crly, and inthe Yeor 2572, it was

rv'd to be} 2%, 30/ W allo in the Year 1683;
gbfﬁ 2% 30" ,’ and fince that Time the Varia- ,.
tion ftill contiuﬂlea at London to ¢ creafe Wefterly s,
buthow far if will go that Way, Time and Cbfer-t©
vations Tvillvérbobably be the only Means to difcover.

Again, at Peris, in the Year 1540, the Variati-
onwas 3% o H, and inthe Year 1666, thereiwas’
no Variation; Watkin the Year 1681, it was 24 30!

< W, and ftill continues to go Wefterly. /

In thort, from Obfervations made ‘in diffcrent
Parts of th~"Yorld, If% appears, that in diferent
Places the Variatidn differs both as to its Quantity
and Deromination, it being Eaft in one “Place,
and Weift inanother; the truc Caufe and Theory
of which, for Want of afufficient Numbet of Ob=
fervations, hag not yet been fully explain’d.

§ SEa7F BN

- "The Merbod of keoping a FJournal at Sea,
and bow to Correl ity by mabing pro-
per Allowances for the Lee-way, Va-

riation, €97,

Y EE-WAY is the Ansle that the Run:b*
A 4 Linc upon which the gShip endeavours to
fail, makes with ‘the Rumb fhe really fails upon.
; Thisis occafion'd by the Force of the Wind, or
Surge of the Sea; when fhe lies to the Windward, /
or is clofe-haul’d, which caufes her to fall off and

glide
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glide fide-ways from the Point of the Compafs the
-capes at. - Thus let NEESW reprefent the Compafe
and {uppole a Ship at »
"Clcapes at, or cniea:

vours to fail uponfthe
R,z 3¢ buttby)
the Force of the Wind
and Surge'of the fea, o
‘d oblig’d to 4l off,
and | make ﬁcr Way
good upon the Rumb

C&; fhen the Angle
2Clb §s the Lec-way,

and if'<hat Angle be : S
€qual o one Point, the Ship is. faid to maike one .
Point lzway; and if equal to two Points, the Ship
s {aid to make two Points Leeway, fec. *

2, The Quantity of this Angle is v ry uncertain,’
becaufe fome Ships, with the fame Quantity of Sail,
and with the fame Gale, will make more Lee-way
than others; it depending much upon the Mould
and Trim of the Ship,! and the Quantity of Water
that the draws. . The common Allowances that e
generally made for the Lee-way, are as follows:

1. If Ship be clofe haul’d, hasall her Sails fet;
the Water fmooth, and a moderate Gale of 'Wind,
1he is then fuppos'd to make little or no Lee-way.

2. If it blow fo fiefh as to caufe the finalt Sails
0 be handed, ‘tis ufual to allow one Poinr.

- 3. If it blow fo hatrd that the Top-fails muft he
clofe reeft, then the common Allowance is two .
Points for Les-way.

4 If cne Top-fail muft be handed, then the Ship
is fuppos’d to make between two and: three Points =
Lee-wey. Rr 5. When
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5 \thn:both Topfails -muft be handed, then
the Allosvance is about four Points for Lez-way.

6. If it blows fo hard, as to cccaﬁon the Forq-
Courfe to be handed, the Allow ince is between §
and 6 Points.

7. When ‘both Main and F cre-Cour ¢s muft l)vc
handed, th-i 6 or 6% Points are commonly allow’d
for, Lee-way: ¢

8. When the Mizen is handed, an‘g the S'iip is
trying a Hull, fhe is-then commenly allow’c about
7 Points f-~ “ee-way. gt :

3. Though thefe Rules are fuch as are g ‘nerally

made ufe of, yet fince the Lee-way deper-s much.
- SR B

upon the Mould and
’ Trim of the Ship, ’fis
evident that they can’t
exaCtly ferve to every
Ship; and therefore the
bek Way is to find it by
« Obfervation: Thus, let
the Ship’s Wake be fet
by a Compafs in the Pogp,
and the oppofite Rumb

ood by-the Ship ; then
tghc Dif}ll’ercnce Eetween_
‘ this and the Courfe given.
Rtas by the Compafs in the
Bittacle, is the Lee-way required. If the Ship be
within Sight of Land ;~ then the Lee-way may be
exaétly found by ob erving: a Point on the Land
which continues to bear the fatie Way, and" the

Diftange between the Point of the Compafs it lies -

. upon, and the Point the Ship capes at, will be the
Lee-way. I'hus, {uppofe a Ship at Sea is lying up
i c 5 = N b W

is the true Courfe made”

YIS

i
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N W towards A ; but inftead of keeping that
Courfs, fie is carried ta the NN E Line CB, and
confequently the Point B continues to bear the fame
‘Way from the Ship: Her¢ ’tis evident, that the
Angle ACB, or {he Diftance between the N & W
Linie ... « the Ship capes at, and the NN E Line

that, the Ship rea;lly {ails upon, will be the Lee- .

way

givefl, we may from thence find the true Courfe
by tije following Method, wiz. Let your Face be
turn’d dire@ly. to the Windward, and if the Ship
have her Larboard Tacks on Bos~'  count the
Lee-we. Mrom the Courfe fteer’d towards the Right-

hand § 'but if the Starboard Tacks be on, Board,

then cdunt it from the Courfe fteer'd towards the
Teft-hdand. Thus, fuppofe. the Wiid at North,
and ths Ship lies up within 6 Points >f the Wind,
with her Larboard Tacks on Board, making onc
Point Lec-way ; here ’tis plain, that the Courfe
feerd is £ N E, and the true Courfe E4 N5 alfo,
fuppofe the Wind it at N N'W, and the Ship lies
up within 64 Points of the Wind with her Scarbosxd
T acks on Board, making 1% Point Lee-way; ’tis

cvident that the truc Courfe, in this Cafe, is

W S W. s i
5. We have fhew’d, in the laft Seétion, how to

£ind the Variation of the Compafs; and from what-

-has been faid there, we have this general Rule
for finding the Ship’s true Courfe, having the
Courfe ficerd and the Variation given, wiz. Let
your Face be turn’d towards the Point of the Com-
pals upon which the Ship is fleer’d ; and if the
Variation be Eafterly, count the Quantity of. it
“from the Courfe eer'd, towards the Right-hand;

" but if Wefterly, towards the Left-hand ; and the.

Courle thus found, is the true Courfe fieer’d. Thus,
Wfuppofe the Courfe ficerd is N & E, and the Varias
2 : SRuag e e tiom

e .
4 Having the Courfe fieer’dl, *ni.the Lee-way

—
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tions one Point Fafterly ; then/ the true’ Courfc
" feer'd, willbe NNE: AY ),__ﬁlgquc the Courfe
fteer’d <is NEE, and the; Variation one Point
‘Wefterly ; then in this Cafe, the true Courle will
be N E3 and (o of others: Sy
Hence, by knowing the Les-way, Vayi~ "~ and |
< Cogrfe fteer'd,ewe may from thence find " ae SEip's
true Courfe ;- but if tnere be a Cur ent uider
Foot, then tha* muit be try’d, and propet A_Il'ow-
ances made for it, as has been fhewn at Sec? 12,
. from thence to find the true Courfe. o/

6. After making all the proper Allowances for
finding the Sip's t;]l;c'Courfc, and making A jafk
an Eftimate of the iftance as we canj ! et by
reafon of the many Accidents that attend a ! 'hip in
a2 Days Running, fuch as different Rates of 'failing;.
between the aYme.'s of heaving the Log, tht Want
of due Care al. the Helm, by not keeping her ftea-
dy, but fuffering her to yaw and fall off, fudden
Storms, when no Account can be kept, €3¢. the
Latitude by Account, frequently differs from the
Latitude by Obfervation, andtwhen that happens,
’tic syident there muft be fome Error in the Rec- -
koning ; to difcover which and where it lies, and
alfo how to corfect the Reckoning, you may ob=
frrve the following Rules. ;

1, If the Ship fail near the Meridian, or within
2 or 2; Points thereof; then, if the Latitude
by Account, difagrees with the Latitude by Ob-
fervation, ’tis moft likely that the Error lies in
the Diftence run; for it is plain, that in this Cafe it-
will require a very fenfible Error in the Courfe to -
make any ‘confiderable Error in the Difference” of
Latitude, whith can’t well happen, if due Care be

/, taken at the Helm, and proper Allowances be

“ made for the Lec-way, Variation, and Currenis.

. Confequently, “if the Courfe be pretty near the
“Fruth, and the Error in the Diftance run regu-

larly



—

' tude obtain’d by

Jos the

' Corvetin, @ Fournal af¥Sea. 30

Tarly through ﬂ%whole, »we may from the Lati-
Jbfaryation, correct the Diftance °

and Departure by A< “nt, by the followipg Anas

logies, viz. S ;

As the Dz']ﬁren'ca'cf Latfhude by Account

eparture by Acconns )

G — ﬁzze Difference of Latitude,

toYhe tr®% Departure, (e
fo is the direct Diftance by Holount
2o Ype true dired Diftance. G

e Reafon of this is plain ; ’fdr let A B denote
the Meridian of the Ship ag A, and fuppofe the Ship
fails Qopn the Rumb A E, mear theanc- ¢
ridianj till, by Account, fhe is found in :
C, anyl confequently her Difference of *
Tatitusle by Account is A Bj but/by Ob-
fervation fhe’s found in the Parallel 1% D,
and {o her true Difference of Latitude is
AD, her true Diftance AE, and her
true Departure D E.; then fince the Tri-- C
angles A BC, ADE are fimilar, it will D 5
be AB:AD::BC:DE and AB:

AD::AC:AE. .

4

Example. Q

. Suppofe 2 Ship from the Latitude of 45°% 207
North, after haying fail’d upon feveral Courfes near
the Meridian for 24 Hours, her Difference-of: La-
titude is computed to be upon the whole, 95 Miles
Southerly, and her Peparture 34 Miles Eafterly;
but by Obfervation the is found to be in Latitude
43°, 10/ North, and confequently her true Diffe-
verice of Latitutle is 130 Miles Southerly 5 thenfor
the true Departure it will be. As the Difference

Ience

of Latitade by Account 95, is to the truc Diffe-
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. zence of Latitude 130, Jo is the ‘Departure by Acs
count*34, to the true Dep:-rure 46:52, and 46 is
the Diftance by Account’ 3.9, *o the true Di-
ftance 1386. : O

0. If'the Coutfes are for the roft Part near the
Parallel of Eaft and Weft, and the Direcr ~_arie

“be not lefs thar 6 Points oft the Meridian ; theif, if
the Latitude Ey Account differs from tk - obferv’d
Latitude, it is .\t probable that the Error lies in
the Courfe, or Ditance, or perhaps both; for in
«this Gafe ’tis evident, the Departure by Accqunt
will be very nearly true; and thence, by the Jdelp
of this, and -1~ tzue,Difference of Latitude,' may

" the true Courfe and dire&t Diftance be readil - .ound

By Cafe 4tb of Plane Sailing.

I o Ekdmp[a. ?

Suppofe a Ship from the Latitude of 43°, 50/
North, after having fail’d upon feveral Gourfes near
the Parallel of Eaft and Weft, for the Space of 24

- Hours, i3 found by dead-Reckoning to be in the
+Latitude of 42°, 45/ North, and to have made 160
Miles of Wettings; but by a good Obfervation the
Ship is found to be in the Latitade of 42°, 357
North. Requir'd the true Courfe, and direét Di-
dance fail'd. P 8

With ‘the trug Difference of Latitude 7 5 Miles;
and Departure 160 Miles, we fhall find ( &y Cofe 4th
of Y‘Plane Sailing ) the true Courfe to be S. 64°; 537
W, and the direct Diftance 176.7 Milcs.

G I the Courfes are for the moft Part near the
; M'}dgilc o_f the Quadrant, and the dire® Courfe
/vs‘nﬂ’nu 2 and 6 Pointskof the Meridian ; then the -
Firror may be either in the Courfe, or 1n the Di-
"_Vﬂam_‘:e, or in both, which will caufe an Error both
in the D:ﬂ“crc;u;‘ of-Latitude and Departure, to
. correct @
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orreét which, hiving found the true Difference of
ia\itudc by Obfervation; with this, and the direét
Diftance by déad & “oning, find a new.,Dépayr.

-ture ( by Cafe 3d of o «ane Sailing ) then half the
Sum of this Dep]rture, 4nd that by dead Reckon-
" rng, Il be nearly equal to the true Departure ; and
co. fequently with this, and the true Difference of
Laicude, we may by Gge 4tk of \Plaue Sailing )
fin¢: the true Courfe and Diftaheey :

\ Esxample. ’

Suj Jofe a Ship from the Latitude of 44°, 387
Nort‘.“‘, fails between Suuth and Baft upen feveral
Courfts, near the middle of the'Quadrant, for the
° Space of 24 Hours, and is then i>und, by dead
Reckoning, to be in the Latitude of 43°, 15/
North, and to have made of Eafting 136 Miles;
but by Obfervation fhe’s found to be in the Latitude
of 42°, o4/ North. Requir’d her true Courfe and
Diftance. S & ’

With the true Difference of Latitude 154 Miles,
and the direét Diftance, by dead Reckoning, 197.4
.« you'll find by Cafe 36 of Plane Sailing ) the new
Departure to be 123.4, and half the Sum of this
and the Departure, by dead Reckoning, will be
124.7 the true Departure 5 then with this, and the
truc Difference of Latitude, you'll find /2y Case
4th of Plane Sailing ) the true Courfe to be S 39°,
oo’ K, and the'dire@ 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,
latt 24 Hours, and to transfer thefe, together with
the moft remarkable Occurrences into the Log-Book,
~ 12 which alfo are inferted the Courfes corrected,
{ and the Diffcrence of Latitude and Difference of

5 : Longitude
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. Longitude made good tipon each ; then the whcz'e
Days Work being ﬁniﬂl’dﬁﬁ,_(t_hc Log-Book, i the
. Latitude by Account agr: ith the Latitude by
. Obfervation, the Ship’»> P cg will be truly deter- 4
min'd ;°if not, then the "Reckorling muft "be cor«
rected according to the preceding Rules, a7 - lacd +-
~ in the Sournal . f
The Form +,f the Log-Book and 70!!!‘11&21, ge-.
ther with an Ex) mple of 2 Days Work, you pave

heré fubjoin’d.

Note, To exprefs the Days of the Week, they
commonly < “tke Chiracters by which the Sun
and Planets are exprefs'd, viz. © denotes 'wday,
D Mowdey, & Tusfday, 2. Wedne/day, % Th-rfdag,
® Friday, and T denotes Saturday. - S

i ¢

e

THE
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the Log—Boog

J 0 IObfervatmns and
.| Courfes. | Winds. | Accidents, » - —
Day of ——

T Fair Weathef, at
North |four thisAfterdoon
I took my Depar-
-{ture from the Li-
Tl zard, in the Lati-
§ O3 NBE tude of 509, oo’
; : North it bearing
E Diftance

hvc :l'.lctagueq

T
n
-

|
I
b
|

!\ocni:!m.n-p-lm,p—'l

-
= Q

SSW. | E&S ¢
L %] The Gale increa-

'_I—"_ fing and being un-
I SWoOWINNE dc.;xal[ our Sails.

! fter three this
_[Morning, frequent
Showers: w1th thick
- Weather, till near
Noaon.

e e Variation I
SW |ENE reckon to be one
1 A Point Wefterly.

o len s s e

I [SWIW|INEIE

poo |l woel wa | o\o,\vo\l ool cora
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The FogBook!

¥ -.l"('_":ourfes Correét. | Dift. "Diﬂ". Lat. | Diff. Long, 5
b NS Elw

Sty M R e S P,

SeW |19 186 g 5

SEW 49 207 45:5

SWiS 24.5 o U 800l

SWcrS |255 T 24.6

134.. ~Ii_5.-5

Hence the Ship, by Account, has come to the
Latityde of 47°, 46/ North, and has differ'd her
Longitude 2°, 5/ wefterly ; fo this Day T have made
my, Way good S £1°,” 31/ W. Diftance 157.4
Miles,

At Noon the Lizard bore fiomme N. 519, 31/
F. Diftance 157.4 Miles, and having obferv’d the
Latitude, T found it agreed with the Latitude by

- Account, :

o oanlig The
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oj{'tficc})iné and.
5 [

"-ﬁ/

\The Lo 0’3Bool§

R =00 M

% R
12

way 41 Points.

i‘ Obfcrvatlons and
H.|K.|: K.|Goutfes. Winds.[Accidents 38—~
qlo“ s Day of - —

TEc e 24 Homs,

2| 1| 1 [Hanl led the Main/ftrons (ale

3l 1 "1 |and | Tore Courfes|Wind and Vari=

4l 1| 1 [Lee-v ay 6 Points, |able.

St

6| 1

ZIE

73 _1 T :I'hc Wind encreas-

9l 1 fing, we try’d a| The Variation I
10| 1 Hull, Lee-way 7|judge to be 1 Point
II| 1 Points, | Wett
REIE A )
S Swew Nwaw

2| ‘1] 1 [Set Main-fail Lees

3

4

3

6

.7

S6E SWiW
Set Fore-fail, Lee-
way 3 Pomts

of

Lat. by Obfer\}a-
tlon: 4707 06/ Nf

The

X
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'{‘be I}.o g-Book

7 : \Y -{Diﬁ'.- Lat. !Ziff. Long;
| courfes Correét. Dift-| N T\ 5 W‘ C

TSELE |325 |7l
ESE 6 251106

Sz 9 Slo| 1.3
C 15 1200496

Hence the Ship, by Account, has corie toithe
Latitrde of 47°, 17/ North, ara has differd her
Longitude 49/ Eafterly 5 confequently, fhe has got
1°, 16¢ to the Weftward of the Lizard, and has
made her Way good the laft 24 Hours, S. 497, 08/
. Diftance 41 3 Milcs, o0

At Noon the FLizard bore from me North, 17°,
o7/ Baft, Diftance 170.6 Miles.

"This Day I had an Obfervation, and found the
Laticude, by Account, to difagrec with the Lati-
tude by Obfervation by 11 Minutes, I being fo
much further to the Southward than by dead Rec-

‘Kkoning, which by the third of the pteceding Rules,
I corredt as in the Fournal.

; ~ A JOUR- .

i

e
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of MENSURATION.

Def. H E Area of any plane € srface in Inches,
Fect, or any other Mefure, is the Num-
ber of dquare Inches, Feet, &z that the Surface
contains. L i
1. Let ABCD reprefent 2 ' \etangular Paral-
lelogram, and fuppofe the' Sid' "B, or DC con-
tains  Six equal

Parts,and the Side D | T (©
AD or BC three G 121
of the-fame Parts; i
then let the Line E : E
AB be moyed a-

. =B

long in the Direc-
tion of AD, till it has come to EF, where AE
or BB (the Diftance of it from its firft Situation )
may be equal to one of the equal Parts: Here tis
evident, that the generated Parallelogram ABF E
will contain as many Squares as the Side AB con-
tains equal Parts (in this Cafe, fix) each Squars
having for its Side one of the equal Parts, into
which AB or AD is divided. Again, let A B moye
on till it comes to GH, fo as GE or HF may be
equal to A E or BF'; then ’tis plain, that the Pa-
 railelogram A GH B will contain twice ~as many
Squares as the Side A B contains equal Parts, cach
Square haying one of the equal Parts, into which
ABor AD is divided, for its Side; and by the
fame Way of Reafoning it will appear, that the Pa-
ralielogram A D CB will contain three times as ma-
ny Squares as the Side A B contains equal Patts,
and in general, that every rectangular Parallelogram
containg
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. confains as many Squaresf as the ¥rodu&t of the,

S

Numbes of equal Parts in the Bafe, multiply’d into
the Namber of the fame cq;ual P‘arts in the Height; |
contains Units,) each Share, havinl for its Side gne

f the tqual Barts. he : :
° H:uzguarif s the Solu. on of the following ]}‘roa

blems. 3y ]

e ' Problcm: X ,
To find the | rea of a Rectangular Parallelos
gram. C

" Raule. Multiy 7 the Bafe into the Perpendiculat
Height, and the Producét is the Area tequird.

Example.
Suppofe the Bafe AB (fee the preceding Fis

. gure) of the Rectangular Parallelogram A BCD,

15 fix Inches in Length ; and the Perpendicular A D
three Inches, requird the Area of that Parallelo=
gram in Inches. :

6 the Bafe AB,

3 the Perpendicular A D,

Produ&—l-su, the Area of the Parallelogram ABCD
in Inghes. o

Problem .

To find the Arca of an Oblique-Angular "Pa;
rallelogram.

Rule. Muleiply the Bafe into the perpendicular
Height, and the Produc is the Area. The Reafon

of this Rule is evident from Arz. 69. Sect. 1.

Z Bxample:

t
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: -Ex&néple.

i 1
Suppofe the Bafe | B
AD, of the Ob- i
lique-Angular Pas ~ &0
rallelogram ADCB |
is 30 Inches, and the v w35
Pérpendicular B E =G
12 Inches. Requird the Area iif Inclics.
Multiplying 30, the Bafe, intcl 12, the Perpens
dicular Height, the Produét 360, is the Arca or
Number of fquare Inches eere ¢d in the pros
pos'd Figure. ' i

]

.P)’O&ng 3". s

To find the Area of a Triangle:

Rule. Multiply the Bafe into half the Petpendis
cular Height, and the Produét is the Area res -
quird: The Reafon of this Rule is plain from
Cor. 3 Arz. 68: 'SEH- 1s

. Example.
Tn the Triangle A BD; fuppofe the Bafe AD is
56 Feet, and the Per- B
pendicular BC 14, Re=
quir’d the Area: <
. The Bafe 56, mul- >
tiply’d into 7, half the A 2 18]
Perpendicular; gives G e

392, the Afen or fquare Feet contained in the givett
Lriangle. I

) .P?”Oé[éfﬂ 4.

To find the Area of anjv

irregular Figtire.
£

.R/‘/ﬁ.‘;
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Rule. Reduce the F‘igfc to Trianglesioy draw=
ing Diagonals therein; thén find the Area of cach
Triangle, and the Sum of thefe is the Area of the
propos'd Figure. - | .

: Example.

Requird ‘he Area oi this Irregular Figure,

ABDEFHGLC

Draw the Diagonals EH, EF, ED, DC and
DA, which will divide the Figure into fix Tri-
angles, in each of which let @Il from any one of
its Angles a Perpendicular to the oppofite Side ;
then {uppofing the Lengths of thefe to be, as they

ate exprefs'd in the Figure, the Operation will fiand
as follows : 7

2 e (5 CABD
4.51 Ix'g[ 81 0 i !AC%
PR (R e he Areaofthe j C B
1§ ¢ dola >1'7 ris< 9.5.5:’ Triangle YEDE
S o
4 4 L33/ 0n ~ EGH
343-5 the Arca of the whole .
igure. :

g e ; " Proklem
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ke P'roHem 5;

To find the Area of iny regular Polygon.

Rule. ‘Thro’ any thrde of the Angular Points
draw a Circle (by Pr %" Sef. 1.) which will pafs
thro’ the reft alfo; th' 1 from the Center of this
. Circle let fall, upon .ny of the Siues, a Perpendi--
gular, and half this Perpendicula® multiply’d into
the Sum of the Sides, will give the Area requird,

Exﬂﬂffz[(g.,/: __

Requir'd the Area of =y Bl
the Hexagon ABHDEF, o ——
the Ce.iter of whofe cir- R ‘
cumferibd Circle is. C, 7/ =
and the PerpendicularCG pa s

from the Center upon one B

of the Sides is 20.8, each N : 2
Side of the Polygon be- SN e
5 VI E A U
ing 24. e

The Sum of the Sides
1s 144, which multiply’d by 10.4, nalf the Perpen-
dicular, gives 1497.6, the Area of the proposd
Hexagon. { ; ;

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 Circumference
as 1 to 3.1416, € e covtra.

_tor. 1. Hence, multiplying the Diameter of any
Circle by 3.1416, the Produ¢t will be the Circum-
ference.” Thus, fet the Diameter of a Circle be 365
then 36 multiply’d by 3.1416, will give 113.0976,
the Circumference of the propos'd Circle.

A0 o) ] Eory

¥
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" Gor. 2. Blrie, d_iviﬂiné the Circumference of 3
Circle by 3.1416, the Quotient will be the Dia-,
meten  Sp if the Circumference of a Circle be
75:3984 . then this divided by 3.1416 will give-
24 thes Liameter of the {opos’d Circle, S

Now a Circle pbeing 2 Polygon of an infinite
Number of S(ides, the &, : ,!f all which is the Cir-
cumference, 2.4 the Perpe, licalar on any of thcm,
the Radius; therefore = :

R

Problem 6.

Given the Miimetér of a Circle; ‘to find i-ts
Area. [
~ Rule. Firft ‘ind the Circumference ( by the firfk
of the precedir.a Corollaries)) then multiply that by
half the Radius, and the Product is the Arca,

Example.

Requird the Ares of a ,(girclg whofe Diametes
is 36. .

Firft;' I find the Circumference is 113.0976,
which multiply’d by ¢ half the Radius, gives
1017.8784 the “‘Atea requir'd. e s

Problem .

The Circumference of a Circle given, to find ity
A€,

_Rule, Find the Diameter by Cor. 25 then multi=
ply the Circumference by half the Radius, and the
Produd is the Area, .

Example,
Bequird the Area of 2 Cizcle, whofe Circum-
ference is 75.3984. ‘
c Firfly
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tiplylng the Circumicrence 75.3084: by half the
yequir'ds

Firft, 1 find the Diamerer to by 143 thep mul-
, the P;oduét 452.3904 15 the Arca
Probem 8. .

* To find the Are- of z:n Ellipf: 5‘_13'

Rule. Multiply ‘he greateft Diamet%r into the
- Jeaft, and the Product into .7854 ; this laft Pre-

duct ‘is, the Area, :
Example.

§uppofc in the Ellipfle ABC L the gféatgﬁ- Dia=

B
o ‘h.‘\\
5
7 RS
/ o =
: 36 2 ;
A 1
. :
.\ g
S {EP0
. o
.
5
L -7
_____________

AAAAA

meter AC is 36, and the leat Diameter. BD 20
Requird the Area of that Ellipfe.

Maultiplying g6 into 20, the Produé is 720,
which multiply'd into 7854, gives 505488 the
Area of the p;opes’d Ellipfe.

.5 A8
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\ 3., A Solig % that which has Length, 3readth,
‘and Thicknds.

e (P c 4. A Cube is a Solid
[ 73+ [ bounded by Six equal
¢ ' Squares. Thus the So-
* lid ABCGFEHD,
. = ounded by the Six -
NG “wal Squares ABCD,
7 GCDFG, ADFE,
; 1 SO BRI R @G

—_— and HGFE, is a
£ E 37 Cube. .

If the tcrminatingﬂsqgares be fquare Inches, then
the Solid is call'd a Cubic Inch; if fquare Feet, a
Cubic Foot, &e. .

5. The Solidity of any Body in Inches, Feet,
€3¢. is the Number of Cubic Inches, Feet, €. the
Body contains. : ;

6. A Parallelipiped is a Solid terminated by. fix
Quadrilateral Figures, of which each two oppofite

‘to one zaother are equal and parallel, as ABCG,

EDHE. 4
‘T'he Solidity of this Body is found by multiply-
ing the Length, Breadth, and Thicknefs, into one

another; and the Product is that requird.

3 Example. Suppole in the Parallelipiped ABG
‘"DFGHE, the Length EF is 36 Feet, the
" Breadth DF 16, 2nd the Thicknefs F G 12 thc{n
C 5 thefe
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thefe thiee multiply’d into one anyther will give
‘6912 for the Solidityz ot Number o; ibic Feet the
propos’d Body contains. e
- The Area of the Curface, or fuperficial Cons«
tent of that Body, is fornd by taking. the Sum of
the Areas of the Quadrilateral Figures that termi-
nate it. gy 3

7- If in 2 reGtangr ar “Parallelogram A C G 1254
one of the Sides GC remain fiX’d, and the Parallew
logram move quite round
to its firft Place ; then the

e T
TSN |

G generated Solid ADHFE
,, AT 1> call’d a Cylinder.
o - ‘ - The Solidity of thisBo-

’ dy is found by multiply-
ing the Area of one of its circular Bafes into the
Lengrh. Thus let the Radius AC of one of the
Bafes of the Cylinger be 6 Inches, and the Length
AF 36; then the Area of the Bafe ABDE will
be 113.0976 (by Probiem 6.) which multiply’d into
the Length 36, gives 4071.5136 for the Solidity.
Lhe fuperficial Content is found by multiplying -
the Circumference of one of the Bafee into the
Length, and to the Product adding the Areas of
the two Bafes.
" 8. Solids that decreafe from the Bafe gradually,
A

till they come to a Point, are in gencral call’d Py-
raimids,
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wamids, and faré of different Kinds, acccrdifig to
the Figure ¢ flieir Bafes.  Thus a Lyramid, hav-

| ing a 'Krlanguldr Bafe, is called a Trinugular Pyva=

mid, as ABCH ; andéf t'ie Bafe be a Parallelo-
ram, ic’s call'd a Para’llogrommic Pyramid, as

SDEFGK, and if a Cirele, it's eall'd a Gircular
= Pyramid, or Amply a Cor-- a5 LMN, &e The

=

oly’d by 3, gives 3053.6352 for the Solidity.

Point in which the Pyramie. -ads, is call’d, the Vers
tex, and a Line drawn from the Vertex, perpendi=
cular to the Bafe, is call’d, th: Heighs of the Pyra=

mid. 7 ;
The Solidity of a Pyranzid is found by multis

- plying the Area of the'Bafe into ¢ ofthe Height.

Thus, fuppofe the Diameter of the Bafe of a Coze
is 24 Inches, and the Height 515 then the Area
of the Bafe will be 452.3904, ‘which multiply’d, by
17, the third Part of the Height, gives 769C.6368.
The fuperficial Content of a Cone is found by
multiplying the Circumference of' the Bafe into
half the Line joining the Vertex, and any Point in
that Circumference; and to that Product adding the
Area of the Bafe. s

9+ If © Semicirele be turi’'d quite round upon its
Diameter as an Axis, it will generate a Solid call’d
a Globe or Spheré

The Area of the Surface of a Globe is found by
multiplying the Diameter into the Circumference
of a great Circle upon it. Thus, fuppofe.the Dia-
meter of a Globe is 16 Inches; then the Circumfe-
sence of a great Circle upon that Globe will be
50-2656. which multiply’d by 16, the Diamecter,
]giv;s 804.2496 for the Superficial Content in

nenes.

The Solidity of a Globe is found by multiplying
t}nc {uperficial Content by 2 of the Diameter. Thus,
fuppofe the Diameter of 'a Globe is 18, then the A=
Tea of the Sarface will be 1017.8784, which multi-

1o, We



X ]
; 2 Y 4
Of MENSURAT ON. 320
10. We have fhewn how to fir ‘e Solidity of] '
a Cone, having the Diametet of the. 1. and thi
Height given, and thence we have a Method of
finding the Solidity of a Frufturs of a Cone, hav=
ing the Diameter of the two Bafes and the Height
of the Fruftum given. Lot FBDG denote a Fru-
Stz of thé Cone ABL"BD the greateft, and FG
the leatt Diameter of che Fraffum. - Join the Ver-
tex of the Cone A, 'ind the Center of the Bafe C,
with the Right Line ‘A C; A
which will pafs thro” H; ‘
the Center of the leaft
Bafe of the Fruftum 5 and
thro’ G draw GE paral-
fel to A C, which will be
equal to HC, the Height
of the Fﬂ?um; then ’tis
evident, that E D will be
the Difference between the
greateft and leaft Semidi-
ameters of the Fruffum;
and fince the Triangles
ACD and GED are fi-
milar, therefore (by Art. 74. Set. 1.) DE : DC ¢
EG:CA,i.e. as the Difference between the great=
eft and leaft Semidiameters of the Frgimﬂ, is to the
greateft Semidiameter, {o is the Height of the
Frafium to the Height of the whole Cone. Con-
fequently, having the Diameter of the Bafe, and
Height of the whole Cone, we can find its Solidi«
ty; and from A C, the Height of the whe'e Cone,
taking CH, the Height of the Fruffum, we have
A H, the Height of the Cone, cut off; with which,
and the Bafe I G, which is given, we may find thes
Solidity of the Cone cut off;, A F G. Confequently,
from the Solidity of the whole Cone A B D, taking
the Solidity of the {mall Cone A F G, there will
wemain the Solidity of the Fruffum FBDG.
Uu Example.

.
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Example. ), vofe the greateft Diamet r of the
K Fruftum of "xope is 20, and the leaft 12, and the

~Hecight 12j, téen the Difference between the twe

5

Semidiameters will be 4, and making itas 4:10::
12 : 305 we have ;30 for the Height of the whole
Cone, and from 3c taking 12, there remains 18,
the Height cf the leaft Cene ;- fo the Solidity of
the whole Cone is 3141.6, °nd the Solidity of the
leaft Cone is 678.5856, the Difference of thefe is
2464.0144, which is the Solidity of the prgpos’d
Fraftum- tal : z

The Superficial Content of the Eryhmz of a Cone
is found by adding to tiie Superficial Content of the
whole Cone, twice the Area of the Bafe of the fmall
Cone, and from that Sum taking the Superficial
Content of the {fmall Cone. S

11. We bave (in the preceding Part cf this
Book ) thewn the Ufe of Plane Trigonometry in folv-
ing Problems of Navigation; and now we fhall ap-
ply in the following Problems, to the Meafuring the
f-{cights of acceflible and inacceflible Objeéts.
5 ¢

Problem 1.

To find the Height of any acceffible Objeét.

Let BC be the Obje& to be obfery’d, and from
any Point A in the Level, upon which the Object
; C  ftands, let the Angle of
Altitude CAB be ob-
{ferved, and meafure the
Diftance AB; then in the
Right-Angled Triangle
ABC are given the two

2 oblique Angles A and C,
and the Side A B, whence
to find BC it will be, by Café 1. of Redangular Tri- -
Gonuinsrry. :
REdb NS BB RC,

.

e Exanple.
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Problem 2,

To find the Altituge cf the Sun by the Length
of the:Shadow of an accedible Ob_]c&, whofe Mea-~
fure is alfo known, ;

" Let CB ieprefent a Stick, or any other accef=
fible Obje& of a known Length, ftanding perpen=
ot : ; dicular to the Horizontal
£¢: Planc AB, and let A B be

~ its Shadow miade by the
‘_3 Sun at S. Meafure, the
Lengthof the ShadowAB;
and then in the Right-

2 B Angled Triangle ABC
TR are given the two Sides

AR and BC, whence to find the Angle CA B, or
the Altitude of the Sun at the Time of Obfer-
vation, it will be, by Cafe 4th of Reéangular Trigos

ety
e s ABeBE: R IE A
Example, Suppofe the Stick BC is 4 Feet, and
the Shaav.s of it AB 3, then for the Sun’s Altitude
it will be 5 ,
_ As the Length of the Shadow - 5 - 0.69897
is to the Length of the Stick - 4 - o0.60206
fo is Radius - - - - - - - 10.00000

tothe T ang, of the Sun’s Altitude 389,39/ 9.90 309

)
{

G

Problem 3.

To find the Height and Diftance of an inaccefz
fible Objcé. ; 4

Let DE reprefent an inacceflible Object, and B
2 Point in the Horizontal Plane on which it ftands,
and froftn whence we can obferve the Angle of Alti-
tude DBE. Atany other Point in the fame Plane,
#s,.8), obferye the Angle of Altitude DAE, and
5 : :

c
5 mealure
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meafurerthe Length of A B the iftance between
 the two Ltations A and B sheni 'a“he Triangle

A BD, having the external Angle DB E, together
with the internal oppofite onc A, we have the
Angle ADB ( by Ars 6o. Sett. 1.) and alfo the Side
AB ; whence for BD, the Hypothenufe of the
Right-angled Triangle DB E, it will be, &y Cufé 2.
- of Oblique-angled Trigonometry, e
‘ S,ADB:AB :: S, A:BD.
~ Then in the Right-angled Triaigle BDE are
given the Hypothenufe B D and . 4c Oblique An-
gles; whence for DE, the Height < che Objeét,
it will be, &y Cafe 34 of Redangular Trigonomerry,
R:S, DBE::BD: DE. 3
And for BE, the Diftance of the Object from
the neareft Situation, it will be, by the fame,
R:S,BDE::BD:BE. :
Example. Suppofe the Angle of Altitude.at B is
432, 307, and at A 329, 12/ and the Diffance AB
between the two Stations is 112 Feet; then the An-
gle ADB will be 119, 18/ and the Angle BDE
will be 46, 30/ Hence for BD it will be
Asthe Sine SCADB - 115,18/ - 929214
5o A B e el ds ST e = BROH02D 4
foisthe Sineof A - - 32120 = 9720663
toBD & 2 - 5 - = 3040 = o= 2.48371
Sl R . dhen
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e o f 4
. Let ARCDE reprefent the Field: and it
fuppcfe you are to plot it with the (Plawe-Ts —
Having planted the Fable with a Sheet of white )
~Paper,* fix'd upon.it, in Or near the Middle of the
Ficld, as at G} mar.x 2 Point upon the Paper to
reprefent the Joint of the Hield on which the Table
ftand~ and «ying the Hdge of your Index upon
that Poinc; and keeping it there, turn it about e
-as you —n, thro the Sights, fec one of the Angles,
as A then from the Point, along the Edge of the
R - Index, draw the Linc
A - GA,and meafuring the di=
\  _ ftance on the Field from
thePlane-Table to the An-
gle at A in Chains and
Links, take it from any
' convenient Line of equal
B Parts, and fet it off upon
: the Paper, from G to A,
along the Line GA ; then
3 (& gk,c(i;pxgg the Table ftill
- , <da =
dex fo asit lying with its Edgeru;;‘tv}fj)l’tc;;i ?}le I<I>]
may, thro’ the Sights, fee the Angle B; and dra’w)i]nu
~the Line GB, meafure the Diftance G B in the Ficldg
-which fet off upon the Table from G to B; after
the fame Manner, drawing the Lines G C. GDh ang
1 B, and joining the Extremities of ther,n with th
Right-Lises AB, BC, CD, DF. and EA, the
Ficld is protraéied, and the Lines BA, A . é? i
takc:n from the Scale from whichs you ’pfotr;&cg
‘Fiz ; C{-cﬂ, will give the Lengths of them in the

To perform the fame wi ' L

; ame with the Theodolite; pl
;l;c tIIéﬂ:rumcmt iny or near, the Middle oi‘thc’fgjgc
at G, aad fo as the Ne’cglc may hang dirc&l);

2 over
e
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it draw a Linc repyefenting the Meridiin ; then
from that Point draw Lines, making A igles wis
the Meridian, as in the Ficld-Book,-and <= .,
from the faid Point ‘upon thefe Lines the feveral
Diftandes exprelf’a-ia the Field—Bgok,. taken from
any Scale df,equal i9 sy Lzy?{y,’ J_ommg_.the E?(-:'
* trémities of tiem witlt Right-Lines, the F icld will
be pr -adr & and the Area of it. in Chains may
bed by Prob. 4. Seit. 15. which divided by
Y0, waegive the Arca in Acres. :
' The Method of plotting a Field by the Semi=
civcle, Civcumferentor, &c. differs {o little from the
ay of doing the fame by the Theodvlite, that it
would be altogether needlefs to thew it in each of
them, When the Angles of the Field are at fuch
a Diftance_from you, that you can’t pertectly per=
geiv~ them from your Station, then put “Marks
™ of whier vaper, ot Pieces of Linnen at each of
‘them, fo as you may eafily fee them,
“#lf it be more convenient to plot the Ficld at one
tation, in or de.r fome Corner of the Field ; then
you are to dc t the fame ‘Way by the Plane-Table,
g’hodol_; &, -- any other of the Inftruments, as
when’ your Sration was in or near the Middle of the
Bl v U R R e

.ft’obfem 4

To plot a Field at two Stations near the Middle
thereof, the Diftance between which Stations ig
known, and from each of which all the Angles in |
the Field can be cafily feen, | S o

Let the Field to be plotted be CDEFGHEK,
in which chufe two convenient Points A and B near
the Middle, from each of which you can perceive
all the Angles, and the Diftance between which
you know 3 then if you are to plot it by the Plzne~
Yalje, plagt the Table upon the Point A, and mark

S ; SN
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have the Plot of the Fjeid, and the Lines DE, B F,,
€0. taken from the fdme Scale of equal "arts the. |

‘A B vas faken from, |will give the Dift .nces o2~
"Angles in the Field filora one another. Laftly, The

Area of the Field heing thus protracted, may be
be found by Pros a. it the laft Sectiom
~In plotting. fa Figl wat two Stations, you ought 4
to take the * Ations as tar afunder as convesiently
you ¢ ‘ot the nearer they are together, the more
ange. _<re isof contrading an Error, €3 ¢ conzra,
To plot the fame by the Theodolite 5 having fix'd
the Inftrument in ong of the Stations as A, turn it
about till the Needle bé dire@ly over the Meridian :
Line of the Chart ;- then turn about the Index till
youican, thro’ the Sights, {ce the other Station B,
and obferve the Bearing ‘of it from the Meridian,
and meafure the Diftance in Chains and Links, both
which <. Jown at the Head of the Field-Book,
Thus, IR
L

AB=~S7 . 23, F~—3 Chains, 24 Links,

'i'heﬁ fu}n th Indé}é fo. the AquIc‘ D, and obfcrvé :

its Bearing fiom the Meridian, and the fame Way,.
turning the Indéx to all the Angles of the Field,
Jbferve the Bearing of each of them, which fet
‘down in the Hield-Book in the fecond Column,

" mark'd at the Top thus, Stazion A. Then go to

the Station B, and fixing your Inftrument as be-
fore, turn the Sights to the Angle D, and obferve
the Bearing of it from the Meridian; and the fame
Woay, tuming the Sights to the reft of the Angles,
obferve the Bearing of each of them, which mark
down in another Column of your Field-Book,

- mark’d at the Top with Stazion B, and your Work

in the Field is fnifh’d ; the plotting of which up-
on Papes is 10 plain and eafy, that it needs no Ex-
ampie, ; o) ks

pic. v
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- =By this Method the prinv dal Places i 2 Survey -
+of a Coutty, or -any large P iece of~G;d}jud, mzy %
‘=~ nlaced in 2 Map, viz. By | naking,Choice ef two
Eminences for your two:Stcti ons, ‘the Diftance be=
‘tween which you can méafu & and from zach of
which you can fee all the prisicipa, Objeéts, fuch as
Churches, Caftles, Hills, Gem ernens=> a}s, and what-
ever elfe is remarkable in thie Ground. 7ou ara Sur-
veying. - . \
If all the Angles in the Ficld can’t be ©.¢n at
two Stations, then make Choice of a third, fiom
whence you ean fee any of the former two, and the
Diftance between which you can meafure; and if .
that be not fufficient, then ufe a 4th, sth, €3c. Sta-
tion ; by which Mears you'll always have two Sta-
tions to proceed with thro’ the Country you are to
Suryve,, be it ever {o large; and even in a Field,
whefe you can take the Survey of it ac-—v.o Sca=
tions alone; the chufing a third Station; from
whence you can fee one of the formei ones, and
alfo all the Angles of the Field, a- a thence taking
the Plot of it, as berore, isa {ure W ay of proving
your former Work, ,;‘

Problemn 5

T'o plot a Ficld by going round it.

- Let the Field be ABCDEFA, and fuppofé
you are to plot it by the Plane-Table. Having
fix’d your Inftrument at any of the Angles, of the
Field, as A, mark a Point upoen the Paper to re-
prefent it 5 then laying the Edge of the Index up-
on A, turn it about, till through the Sights you
can fec the adjacent Angle F, and along the Edge
of the Index draw the Line A F, which meafure
in the Field, and taking that from any Scale of
cqual Parts, fet it off upen the Linc AF on the

g TdNec
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Table Gom A to F,-then move your Table from’
A to Finche Fieldy and laying the Fdge of thn
' N Index /mn Iy tur=—ic!
) about till, thro” the
e Sights, yon can fee
¥, and draw the

Line F E, which

c meafure in theField,
and taking it from
the fame Scale, fet
itoff upon theTable
from F to E.: After

1D the {fame Manner,
> : : . proceeding with the

; ?ﬁ of the Aiigles, you'll have the Plot of the

‘ield. : :

To plot the fame by the Theodolite: Ilaving
plzced =~ == Infirument at the Corner of the Field,
you are to begin from, as at A, fet the Index at
00 Deg. oo Min. then turn the Infirument about
with that Bnd o “the Tndex forward {or towards F )

* that lies upon 0 Deg. oo Mis. till you can, thro’
the Sights, {+', the Angle F 5 and there fixing the
Infrument, ‘turn the Index about till you can,
through the Siglits, fee the Corner B, and mark the
Degrees (in your Ficld-Book ) cut by the Index;
which will be the Meafure of the gnglc FAB;
and meafure AF in Chains and Links, which alfo
mark down in your Field-Book; then remove
your Infirament to F, and placing the Index upon
the Beginning of the Degrees, as before, turn the
Inftrument about till you can, thro’ the Sights, fee
the Corner A, and fixing the Inftrument there,:
-#ura the Index about till you fee, thro’ the Sights,
the Corner F, and mark the Degiees cut by the
Index in your Field-Book, which will be thé Angle
AR, then meafure FE in Chains and Links;
which alfo mark down in yopr Field-Book :'f the

a ame

¥
#

¥
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" fame Way, proceeding with the reft of the Angles,

* mark down the Quantity of each, together with
+he Diftan e from the preceding; in your-Ficld-
Book 3 and thence you mzy project it at Leifure
upon Paper: &, R ol )

. . This Method of plotting a Field by going round
it, is much lefs liable to Erior than ny of the®two
former ; and is more efpecially ufeful’in meafuring
large Fields, or Fields upon which are Woouds, or
other Things to obftruct the Sight, in which Cafe
the other Methods are impracticable.

5 E.C T. Xyl
Of GAGING:

i E have fhiewn in Se@ior « . how to find
) the Solidity of feyeral Sarts of Bodies,
in Inches or Feet, &%. which Solidicy (if taken in
Inches) divided by the Inches contain’d in a Gal-
lon; Bufhel, &g will fhew the Number of Gal=
lons, Buthels, &e. contain’d in the Veficl.
~ The Number of folid Inches contain’d in a Gal-
ton, Bufhel, &¢. as determin’'d by Act of Parlia=

ment; are as follows;

A% ' CAIB of Beery Eogs Al
A Galloni of 2 Wine | 2}

¢ Corn. SR
A Bulliel of % %Zlﬁs L coneains J, - 45;.4 ¥ solid Inches?
A Scots Pint  —— l 102.3

An Itifh Gallen —— (0 Gl )

Y ¥ f.?;‘ In

N\
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2. In Gaging. The Veflels that are not Cylindri=
cal sare commonly reduc’d to Cylinders, ;and their .
Solidities found as fudh; L A

A Cuzsk having different Diameters at the Geaa
and Bung, is reducd to a Cylinder, by taking the
mean of equated Diameter between the two, for the
Diameter of the Cylinder, equal in Length and So- |
lidity to the. propos'd Cask ; the common Method
for figfding the equazed Diameter, and which ferves
pretty julily in.moft Casks, is this, »iz. Multiply
the Difference between the Head and Bung Dia-
meters by .65, and adding the Product to the
Head Diameter; the Sum will be the Diameter of
a Cylinder of squak Leagth and Solidity with the
@ask e :

Hence we have the following Rule for finding
the Content of hny Cask in #7ne, Beer, &ec. The
Head and Bung Diameter, and Length of the Cask
being given in Inches, viz. Find the equated Dia-'
meter between the Head and Bung, Diameters of
the Cask, and”thence find the”Area of the Circle
belonging to ha: Diameter ; then multiply this A= ]
1ea by the Length of the Cask, and the Produét
will be the Solidity of the Cask in Inches, which
divided by the {olid Inches contain’d in a Gallon of
“Wine, Beer, &¢. will give the Content of the Cask
in Wine, Beer, €.

Example. o
Let it be requird to find the Content of the
Cask AEDB in Wine Gallons, whofe Head Di-
amzter AF, or BD, is 26 Inches, the Bung Di-
ameter F'C 34 Inches, and the Length GH 55
Inches. ¢ :
The Difference between the Head and Bung Di-
ameters is 8, which multipiy’'d by .65, gives 5.2
and this added to 26, the Head Diameter, makes

L2

| ¥
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31.2. for the equated Diameter, or Diameter of the
~ Cylinder 'crclual in Lcngth and Solidity with the

propusd Cask, the 2 *

Area of whofe Bafe :
is  764.539776,
which  multiply’d
into 55 the Length,
gives 42040.68768
for the Solidity in
Inches; and this
divided by 231 the
folid Inches con-
tain’d in a Gallon S R
of Wine, gives 182.03528 for theContent of the

propos’d Cask in Wine-Gallons, |

3. Jf the propos’d Cask be ftand ng with its Axis
perpendicular to the Horizon, and is not quite full
of Liquor; then, in order to find /the Contents of
the contain’d Liguor, you muft find the equated Di-
ameter, as above, and thence the A rea of the Bafe
of tne Cylinder, ths Cask is reduced toj which
multiply’d into the Depth of the Liquor, will give
the {olid Content of the contain’d Liquor in Inch-
es, and this divided by the Inches in a Gallon of
‘Wine, Beer, €. according to the Liquor con-
tain'd, will give the Contents of the Liquor in the
Cask.

This Rule more efpecially ferves when the Cask
is more than half full of Liquor ; but when it is lefs
than half full ; then the Content of the contain’d
Liquor is better found by fubtraéting the €ontent
of +he empty Part of the Cask (found as above)
from the Content of the whole. and the Remainder
will be the Content of the contain’d Liquor.,

4. In Gaging, by the Area of any Surface in
‘Wine, €. Gallons is meant the Content of it at
one Inch Depth. Confequently the Area of a Cir-
¢le, 1 Inch Diameter, being 7854, this divided by

i ¥ y2 M
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282 avill give .002783, Tor the Content of that Cirs
cle, 1 Inch Depth in Ale or Beer Gallons, and the
fame divided by 231 will give 0034 for its Content.
in Wine Gallons ; and fince Circles are to one ano=
ther as the Squares of thei. Diameters ; therefore, as.
1, the Square of 1. Diameter, is to .0034, or 002763,
the Area of tnat Cirele in Wine or Ale-Gallons;
{0 is the Squars of the Diameter of any other Cir-
cle, to the Arcq of that Circle in Wine or Ale-
Gallens; hence, fince the firft Term of the Propor=
tion is Unity, it follows, that the Area of any Cir-
cle, in Wine o Ale-Gallons, is found by multiply=
ing the Square!of the Diameter by .0034 for Wine-
Gallons, and by .00278 5 for Ale-Gallons; and this
Area, maltiply’l into the Length ‘of the Cask to
which the Circle belongs, will give the Content of
the Cask in Wi ie or Ale-Gallons; and hence the
two Numbers 8034 and 002785 are called Fie'd
Malripherss o F v e
Again, If 175¢ divided by the former Numbers
0034 and .0027¢ 5, there will be produc'd their Re-
ciprocals 204.12 and 359, with the firft of which,
dividing the Square of the Diameter of any Circle,
the Quotient will be the Area of that Circle in Wine=
Gallons 5 and if the fame be divided by the laft;
+he Quoticnt will be the Area of that Circle in Ale=
Gallons; hence thefe two Numbers 20412 and 359

* are called Fin'd Diwifors, and in Practice, are com-
monly made ufe of by the Gagers. |7 7 'S e
5 When a Cask is lying upon its Side, with the
Axis parallel to the Horizon, and is not full; but
the Surface of the contain’d Liguors cuts the Heads
-0t the Cisk ; then to find the Content of the Li-
quor containd in the Cask, we muft fieft know how
to find the Arca of any Scgmentof a given Cirele.
da onderto whighisin e o s fnn =
Let AEBH reprefent a Circle, whofe Diameter

A Bis 25 then (by Cor. 1. 47y 2. Sedt. 15.) the Cir=
ams B Sl ' cumference

o < R



gumference of that Circle will e 6.2832, and the
Arca 3.1416 (by Prob. 6, Sesz. e R R
dent, that if the Diameter of a Circle be two Inches
- or Feet, &e. the Circumferince of that Circle will
containtwiceasmany Inckes el
or Feet, €. in Length, as
the Area of it containsiquare
Inches or Feet, €96, 7. e. the
Length of the Circumference
1s double the Area; and fince
the Area of the whole Circle,
is to the Area of any Sector :
“of it, as the Length of the T3

whole Circumference, to the 4 e

Length of the Arch of that Seétor ;;it' follows, that
the Eength of half'the Arch of any Sector of a Cir-
cle, wnofe Diameter is 2, is equal’ to the Area of
that Seétor. Sa in the anaexed Sch2me the Length
of DE, half the Auch of the Seéh s DCF E, will
be the Area of that Se¢tor. ;
_ In the annex’'d Scheme, fuppofr, @ E (the verfed
Sine of half the Arth of the Se¢tor DCFE) to
be equal to .4; then,. fince the Radius CEis 1, ‘tis
evident CG ( the Righs Sine'of D A, the Comple~
ment of D E half the Arch of the Seétor ) will 'l')_c
equal to .65 fo making it as 1 is to .6, or (to avoid
Fradtions) as 100 is to 6o, fo is the Radius of the
Tables to a fourth Namber ; this will be the Sine
of AD, and looking in the Table we fhall find it
anfwer to 36.87 Degrees; the Complement of which,
07z §3.13 Degrees is the Arch DE ; which multi- !
ply’d by 017453 the % 0f6.2832, gives .02727789
for the Length of the Arch D E, which is equai to
the Area of the Sector D EF C. &5

' Again, In the Right-Angled Triangle CGD,
’tis evident, (by Cor. 1. drt. 70. Sec. 1.) if from 1, .
the Square of CD, we take .56, the Square of GG,
there will remain .64, the Square of D G, the Square

~ Root
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Root of which, v 8 isequal to DG, and this |
doubled gives 1.6 ¢qual to DFE, which multiply'd |
into .3, the half e produces .48 for the Area of
the Triangle DCE. Then, from .92727780 for
the Aréa of the Jetor DCF E taking .48 the Area
of the Triangle DCH, there will remain .44727789 |
for the Area of the Segment DEF D, and this
taken’from 3.141'6, the Area of the whole Circle,
there will remaitt 2.69432211 for the Area of the |
other Segment DH F D, whofe verfed Sine is 1.6.

After the fame Manoer, by dividing the Diame-
ter of the Cicle, wiz- 2, into 100, or any other
Number of equal Parts; we may find the Arca of
the Segment apk(wering to each verfed Sine. ;
' Haviag by the foregoing Method found the A-
rea of a Segmeiit belonging to any verfed Sine in |
that Circle whe & Diameter is 4, and Area 3.1416 5
we may find thél Area of the fimilar Segment in any
.other Circle by the following Analogy, viz. :
. As the Arell of that Circle; whofe Diameter is
2, wiz. 3.1416, 13 to the S8egment belonging to any
Part of its Diameter, {o is'the Area of any other
Circle, tothe Segment belonging to the like Part
of its Diameter._ g F o

And hence arifes the Conftruction of the follow=
ing Table, -

A TaABuB
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A TasrLe of the Segments of a Circle, whofe
Area is © the Diameter, (viz. 1.128378) be-
ing divided into 100 egaal Rarts.

11}.0598] |31| 2640| |sk}.5127| |71{.5%93 91| -9554
12 {.0680| [32).2759 sz|-s255| |72 |- 108 92| 962§
131.0764| [33(.2878| [s30.5382( |73].5322 93| .9692
Tg].0851| 1341.2098] |sal.5500 [741.7934] | 94| <0755
Is|.0941] 135/.3000] [55.5635] |75(-8 45| | o5 -5813
16 }.1032) [36].3241 565762 |76 |-8155 96| 9866
17{.1127} 137].3364| [57].5888 |77 -8262 97| -9913
18] .71224] [38].5486| [s58].6014| |78|.8369 98| 9952
19|.1323| [39].3611 s9l.-6140| | 798474 99| .9983
20).1424| l4ol.3735| |601.6265 80{.8576 100} I.000G

In this T2ble you may obferve, that the Columns™

mark’d at the Top with V, contain the verfed Sines,
proceeding from I to Ioo, and the adjacent Co-
Tumns contain the Areas of the Segments belonging
to thefe verfed Sines. z "’

By this Zuble the Content of the Liquor con-
taind in a Cask, not full, lying with its Axis.pa-
rallel to the Horizon, and the contain’d Liquor
cutting the Heads of the Cask, may be found after
. the following Manner, /z.

To the wet Inches of the Bung-Diameter add 2
competent Number of Cyphers, and divide this ?y

the

Ve Segm. | | V. |Segm- | |V-|Segm. | | V. |5egm. | | V. | Segrm.
Ij.00l7| |2X|.T526 | |41{.386p 81| -8677
210048 F 2211631 | 42(.3986 82| 8776
310087 |231-1738| |43].4112 83| .8873
4|0034| |24|.1845| |44].4238 84| .8968
510187 l251.01955( |451.4365 85| 9059
602451 |26|.2066| |46|.4%01 86| .9149| -
70308 (27(.2178 47].4618 87| 92361,
80375 | |28].2202 481.4744 (. 88| 9320}
910446 | |z9|2407| |49].4873 89| .9202]
Io{.0520( (30}.2523| |50].5000 90 .9480
e | PR R PO e PSR

N



933 Of GAGING.
the whole Diamet¢ °ry then {eek for the Quotient in
the Columns matk’c " V, at the Top in the preceding
- Table, and oppofit .= to this, in the adjacent Co-
tumn, you'll find ythe Arca of a Segment, which
multiply into_the v shole Content of the Cask, and
the Produdt is t] 1c Content of the Liquor in the
Cask. If inftead. of the wet Inches we had us'd
the dry, then th): laft P'oduét would have.been the
Content of the |zmpty Pare of the Casky which ig
, €all’d the Ullage

Example.

Suppofe 2 Cask Tying with its Azis parallel {5
the Horizon, Has a certain Quantity of Wine in ity
the Bung-Diam( ter is 32 Inches, the Head-Diame=
ter 28, the Lens;th 48, and the wet Inches 2c; Res
quird the Cont nt of the Liquor: =

To the wet Inches 20 I add a Numbet of Cy-
phers, and div'ding it by 32, T find the Quotient
66, which I lock for in the Table, and find it an-
fwer to the Segment 7002, which multiply’d by
152.8, the whole Content of the Cask in Wine-Gale
lons (found by 4r¢. 2. of this Sec.) gives 107 for

. Ahe Content of +he Liquor in the Cask, in Wine
Gallons. 3 ;

6. Malt, when lying on 2 Floor; s gaged by
taking the Depth of it in Inches, in feveral Places;
and dividing the Sum of thele Depths by the
Nuiitber of them, the Quotient will be the mean
Depth ; which multiply’d into the Area of the Sur=
face, gives the Solidity in Inches 5 and this divided
by 2150.4 gives the Content in Bufhels: i

7: Solid Timber is meafurd by the {olid Foot;
¢ach containing 1728 folid Inches, the common
Way is this, viz. Girth the Trée in feveral Placesy
and take : of the mean Girth in Inches, for the
Side of a Squate ; which Square multiply into the

> Length

L



Of GAGING:,  q53

L‘eﬁgﬂi of the Tree; and ‘the Produé will be the
Solidity in Inches, and this divided by 1728, will
will give the Solidity of the T'fce in Feet. -

8. The Solidity of irregular Bodies may be found
exadtly, after the following Mezhod; wiz. Let the
Body be immersd in Water in a Parallelipiped,
whofe Sides are exadtly divided) itita Inches, and
the Solidity of the Water rais'd,) will be equal to
‘the Solidity of the immers’d Bod'y: ;

9. The common Rule for ﬁnd'lng the Tunnage
of a Ship, isiasifollowsss == o Noe o

Multiply the Length of ¢he Keel by the Breadth,
and thé Produét by half the Breadth; then divide
this laft Product by 95, and the Quoti¢nt will give
the Tunnage: :

Exzzmpfe‘;

Suppofe o Ship’s Keel is 135 Feet, and hee
Breadth from out to out, 48 Feet; Requird the
"Tunnage of that Ship. .

The Length of the Keel, viz. 155 multiply’d
into the Breadch 48, produces 6480, and this mul=
tiply’d into 24, half the Breadth, gives 155520,

which laft divided by 93, the Quotient is 1637,
the Tunnage of the propos’d Ships -

BN S
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e . ﬁ,;v.

ATasLe @“thﬁim‘i!adﬁ and Longitudes of fome
of the moft privcipal, Harbom‘;, Hetzg{lm{d:, and
flands in the moft frequented Pares of the Horld,
the Longitude being counted from the Meridian of]
LonNbDoON. Nt L

1
‘Places Names. Lat. Long.

Tae Coaft or’ England. D M) qDs MV

B 7'1]?0] S
Ligerpool - - =
White-Havern - -

SI 32 02 3§
53 20| o3 10
54 10| “lo3 50

s

g
2
=
ERWICK - «iilec sol - o1 30W
Newcaftl; - - = Ei ;28 :O[ 3(9>W
dearborough - - - = G- 20l o1 " 20/W
Stockton - - = -_ - |sa g3 of 24W
Flamborongh-Head = = |54 o8| joc 13|E
Yarmoyth = - = = = [so 45 lo1 4ok
Ipfwich S ne cen ool HoToieo s
Colchefter - + =+ = = lea o4l loo 58K
LONDON - - - [s1 32/ joo oo
‘The Downs  + - = = [¢1 2s5itjor 21K
Dover = = /= = = = 51 158 jor 18/E
Beachy - - - - - |50 482 oo 2jE
PLortfmouth - - = - |50 48/c’jor oo W
Dartmonth = = = - |50 127Zlo3 36/W
Plymouthy - = = - = 50 36/Slog 13/W
N\ Lizard = S e = - 50 ©ooF oy T4W
- - W
- - W
- - W

"“he Coatt of Scotland.

Gl.fgow -

X 5 o4 o5W
Aberdeen s = =i ts i Wf; \3.3; O-I" 3; W
Leith D RS Sete |l
St Kelda et 58 o2 |10 o§W
Cat-Nefi = = - - - |38 4=l loo ob|W
Buckan-Nefs = - = - |57 55 lor 20W]*

Orkney Ijles




Places Names. Lat.’ Long, | &
3 =)
—— 21 O
Coatt of Ireland. _  |D. M| |D. M. =
London-Dery =T = =5 |55 o5 (08 oolw
Bejjzi v s =ipmnm T B UAGL 30000, ey
Cork = = == = = d51 40 100 oW
Cape=Clear = - = = |s1310 |10 30 W
Lambay = = = = =° |53 024 o7 30\
Daplinve s vis s o 1858 a0liilo6 S SN
Coatt of Ho/land and Flanders.
Hamborough = - - = |53 A}l 10 05 F,
Breien = -4 - =753 50| ‘o8 ool
Miho Feupleaiia ok st s s igcli o woiH.
Ampfkevdam i =i = === 0150 - oneodh st 1
Rozerdam et = e G ST G O A S I
Dunkirk L ) Ee, 02 20 [
Calais = - = = = |50 )7 glor 55 B
@
On the Coaft of France and N
Portugal. 2
5
Guernfey - - = lag 36" o2 40 W
Ferfey == = = = |49 20/ |02 19W
Rochel = - - - - 146 10| lor 14 W
Bouwrdeans, - - - = |44 50 [oo 24 WE,
Bilbog : = e == = |43 30 (03 0O W
Porta-Port - = = = = |41 18] [09 20W
Cadiz = = w = 56 20| 106 28 W
Coatt on the main Continent %
within the Straits, and on °
the Coaft ut Spain, &c. E
Gibraltar 3 - - - '[36 11} |05 200Wi
Malaga = = = = = |36 50 03 17W
Parcelona = = = == |41 26| |02 26/E
Marfzilles =~ = = la3 20| |o5 zZ7|E
Fonlop == = - - |43 of| los5 49E
= U =




I

=y

T Tat. <)
Places Names. | D. M| . M3
Genga = = = = = = 44 27| |00 OO|EA
Leghorp = = =) - = |43 18 -|l10 44|E
Bomel o i =timiie e Sl e miad m g o B
Naples STt R AT Sollen ja AN
Gallipoli == = = =~ li0- 08 |18 42oF
Vemie, i iaiimsl (= ie 5= il p SinBl S 10 e i
Conftantinople. = = = |41 072131 4 55
Smyrea = siom == a8 980 o0 El
Scapdersop. = - - - 36 00535 58K,
Tripoli moho=t= = Doz UeCR B AR
Alesandria i- - =" = |31 o7l=.[35 oolE,
digier | =i = = ¥ 136 a0filos ToRE
> o
Coaft of Barbary and Guinea,
&, . -
Sillee . wi e ] 33 43 |06 30W
Cape de Verde : 14 30 [16 26/W
River Gambia . . . 13 16| 15 20W
Monferado - . . . . 6 o5l |09 20W
Capeilofce i %iis 04 40| |o5 1olE
gfzpe Fornofez . . . 04 40| - |08 oolE
iver Callgo e ey 7| 15 27 B
gl s - S nlie g*g Ij_f @l 5 56/E
C. St. Thomas , S E:' rA 40y E
Cape of Good Hope 52 15 |17 ook
Weftern Iflands.
Corvg : 40 o5l [31 S5W
Fyal S e 39 32 [31 52W
Prio chenit e 38 45'7|28 34W
Gratiofn 39 %0/2128 15W
St. Mickael . 5 37 0|5 |24 52(W
St. Mavies - 37 oolttiaz 17|W
Porto'Sano. - . . 32 4516 o35|W
Madera W eff End 32 20/ (17 30|W

L¢]




Lat.’] |Long.| ;

Places Names,

__————-—-—-———;n—. D‘ M" D‘ M9
/ ?1}eriﬁ‘" S ke et 27 50 17 05
e N iy oS o 10

St. Autonio o v e s e 17 20 24 50
Fugga S R S S 15 o9 24 Of
f}“ago S s 15,19 l23 30
St. Lucia st e el a0l 10 o
St. Nickolas . 17 1dl il g
St. Vincent 5 20|
Antegoa, .« s 2ot |17 39 |60 49
Barbadoes + « o o . 13 2ol 58 1o
Berbude s & s = - ol 17 59 16040
alernis s s e 18 oo {65 23

S
-
~
A=t
(6}
»
=

Coatt of Carolina, Virgidia,

Maryland, &Zc 7
e
Charles Toww on 4/7119: Rlvcx 32 -‘40 l':: 78 50
Cape Henry . 37 0ofB 74 23
|Quebeck s o+ - o |47 1§ 168 19
NewsTork s = = o s 41 .00 2172 .03

oy T e B e S R 42 35" |68 50
Trinity-Bay -+ » « - » |48 2 52 15
Cape St. Mary - - - - 47 19 |53 20
Placentic o = b - a7 sl lshEce
Cape Charles .+ + - - 137 14 174 15
St. Fobw's Havbour - - 147 o3l g

—_—

Coaft of H;ui/bn'.v Bay, and

the Straits. =

Cape Sores . < . - - 155 O3 78 56
Albany River? . o « o |51 16| 79 44
S g e R
Buttow'sfle . . . - (60 o3 [66 50
Cape Charles o+ - ~ |62 35 |74 36
{Pors Nelﬁm s o sraieheineiso

*HPnITUOT Yo

5%
L}



Tiars Long.

“Places Names:+« =
-

.'HDG

Coaft of America in' the
South-Sea:

C. St. Sthaftian .
Papair. . .- 5

Aguatalco - 101 03
Cupe S¢. Luca .. |23 25" irre 56
Cape del A’]nva S 16 38 | 88 59

42 49
o8 56

(R

120 40
SZ 18

307 N

Arica . . 18 12 74 OF
Baldivia . - 39 34 |81z 18
Cape Victory o & . . 52yl 820 50
Cope Horn -« o« © 57 58/S] 7o a4
Coaft of Brazilin S. dmerica. L:':

8
Riiver Fullan, <~ - . 148440 Btz 38
Caps Blanco  « = - « ' |46 5o&) 72 0§
St. Katharine's Ile o . 28 00 T|47 350
Cape Frio . S 23 10| | 42 $6
Cape Rogue - . . . .. [O§5 0O |35 52
Coaft on the main Coritir;;; i a

in the Weft-Indies.

v-apm[ﬁuo'] M

North Cape . .« + s [|o2 o5l 4055

— SuriEm o Y e o6 ‘00 E_I 56 44
Certhagena - . . . < ‘|10 35054 75 50
Campeche St 19 20/ 93 ©Of
Podobvelln et oot 09 ss/2) 8o 15
ez @ruzi. s it v 19 132|100 22
€ape Flovida . G 2.4 .4§ ?u" 81 55

Southern Iﬂands. B

Aeonfion s s % ©7 408 | 14 50
St. Helena e L 16 Oﬁs‘ o6 30
St. Matthew's o « . - Pl_i?é‘ [O7u 5958
Princepsic’ bt poiiae ol 35N‘ 09 o3k
SeA TR 0mis. vine o000 cb oo
ANRGOonES e v ol o35S | o7 30E |

: 73



Places Names.

Cozft of thc;, Eafi-Indies.

Mifambique’ =« o v 22 {15 o5lS | 42 39
River de Fugos. . . 2 Joo o0l |41 1%

€ape de Baffus- . . . s
Surrat K Al 107 ¢ et Bl A Oy o
A Siam Entrance Lol e e Ao
Goz : SRR 15 29 &1 73 59
Fort St. George . . |13 o8 7| 81 g4
Blewoigre it x 15 597 81 50
Bengal diei . T 220 oghe OF <40
Malgeed b o 23+ 3221105 = 0§

Cambodial " -« - <. {10, 30liIo4; 20
WNapguzm &t . o | 325 55120 30)

Iflands in the Eaf-Indies.

Abdeleurs s s 12 27{N}
Almircant Ifles, the Eaftermofi| 03 425
Bantgm in Faves < . , ~ |05 375
Batavia i e R o5 4715
Babehnandel, in the Mouth ! .
of the jRe:i Seat N
Borgeo il i e Eoa oS
Good Fortuwe . . . . |oi:28S
Favay Eaft-End . . . |06 zoir 113 37
N
S
S
N
S

"gpmy‘d uory e

FJapan, S. Eaft Point . |34 30N
S. Weft Poine . |35 20

0annd e e 12 - I0 41 =20
Pringes Ile e > |Tog It Yg;,
iqc;tm - 'r};F e 12 25N} 54 20 s
adagajcar, Ngu Bl O = — N
5t ?S'i'é.{t/i;m;; AEE SoEREe
Coaft of the Sound and Bal
B tic Sea. B ;
Giottenbera i 2 |67 - 5aibil 51

2
Chviftiana, sttt 5o toNIE o i




S | Lat. Léng.
Places Names: _ I, (R BRI
S B ; D. M| |D. M:

Blfore = 3-8 « 4 |88 O9), f12..32
Copenbages » =« & . 55 40 |2 30
Stockhboviz g e e

Tyburgh - . . - » |00 20 |29 26
Petersburgh = - - -+ 159 24 |29 5°
Rigee oo c & o - - 56 sof a4 5o
Coningsberg - Sa 55-00] |20 13
Dantzick « » o = 54221 li9 1c

Scaw b 57 26 o 14
Coaft from the Naze of Nors|
way to Archangel. -

: zl- )
Naze of Norway . . « |52 soglo7 22|=
Drowton . . . « « |64 oolmjio 4e|f?
North Gape - v - < . |71 25822 10|=:
Standlavd . . . . . |62 10Z|o4 38|F,
lduyn. . <o . s oo H60E 30l Bdce dae

Archangel-Bar . . . |64 30| |40 30
Grofs land. ~ - . .+ {66 31| |36 10

Coaﬂ; of the Northern I/laud:, 3
Nove Zembla, Ioeland, and !

Sreenland.

Beaodfle v oo e a8 g2
opeslie 0l e mGilal ow e
Catnofe SR e 63 44 (33 13
Pornt Lookont Bt 26 40l (16 25
Horn Sound 97 30| |13 356
Grims Wland . . 66 431 |17 45
Whales Back - « . . |65 271 |10 of
Sound Royal 7.0 . . . 66 20l |14 12

< A TAELE;

%






2 L 4'1"(25!5 of Logezmtbms. gl

Logir- | N | EcRar. Logar. [ [ N
o -300000 4€ 1_667.76 91|L.95904) - | 136 ]
0% 1301034 49\ 67210 92|1.96379) 137 4
b 3[o.az 712 +Bl(§lz.4. 23 l~958"8 138}z o
4loror06 25]1.6 9020) dlroz3ist | r3gle. i
.‘it’ 69897 sell.69807| 1 95|1.97772( | T4cla14613 |
6]>-778150 ¥ . sthzo757 96|1.98227 z4102, i
7084518 §2 (X7 600 971 L.98677 T42); &
8lp.ge309l | 53|1.72428 9899123 14J S G e
g|o-9542 5+i1.73239) 99| 1.99564f 2.15836]
10|1.00080 551736 | 300|2.00000] siu.a6137] &
T1l1.04139 56|1.74819 Tolfz.00432
B 12|l.o79180 | $7|L.75587 102]2.00860
J3|EF394 5876343 |
T4{1.TH6 15y SO 77085
15]L.1 7500 &olr77815 i
1 a6l 20413 611178533
171230451 [ 63]1.79339
#8{Lassag) | 63179934
®191.27875] €411.80618
zolt30%03) | 65(1.81a091
21|T32022 661181 054] .
2241242 42 “67|1.82607]
3 68r83251
691183885
TeliBis 10
711.85126]
21.85733
of 73}1.86333
7411.86923

__75|1.8755¢
+i 15, 761188080
-1, 77|1-88640)
1. 781189209
W185765
. 90300 ]

4101381

2fl.a1908
841 92428
$5. 00290
841192450
8711.93952
8811.94448]
: 394

79
8e
8111.908.49
82
9

| 1p6lz24551)
17712.¢4797|
| 1782 25042
179225285
185z 527

XS L




ST of Logorivtns.,

i N Logar-

18 i]zi25768
1822.26007
1834226245
184{z.26482
185lz.26717

186[2.2695%
1871227184

18812.27416(°

189i2.27646
i

& L;u 2.50785

316:.4,_‘)965
317;7..&?06
3'.87f50u,3
319,2¢50379)
320"2.85515

321'2.50651

32312.50 920
324025 1055
31;!;,;1"[88
326i2.50322
327‘2.51455
328251587
32.9i2:58720
330251851

199212538

229667
< 3340252395

33112141983
332}2. 02 1 T4
3332 52244

235§2-52504[ <
33612526348
33712
33802

2

339
349

4L
-
343
Jadp
1345

T

39602

348}z
343
L 35012-54494
3590254531
S35al254654
353025 4778]
3542 54909
3550255023

356(2.55145]
'.357.2.5'52677
35

=




4. K ‘ﬂ Tzzblmf Loga;’zzbm:. &

~V'Logar. N[ Logar. N | Logar. N.
2.55751 406[2.6085 3 451}2.65418 4951.69;4.8
2.§5871 407|2:60960 452)2.65514| | 497/2:69636
2.55991] | 408[2.61066] | 453|2.656F0| | 498/2.69723
2.5611c| | 409|2.61472 | 454/2.65706] | 499/2:6981¢
65e.56229(" 410:611”8 | 455 2.65801 500(2.69897

2.56348] | 411 2.61384 45€]2.65897 501|2.69984
2.56467 412[2.6F490) 477[2.65992 s§ozl2.70070
2.56585] | 41312615095 45812.66087 503(2.70157
2.56703 41-12.61700 455|2.66181 §04{2.70243
2:56820 415(2.61805 | 460[2.66276 505270329} - |
2.56937] | 416/261900 | 461l2.66370 | so6z70415| -
2l2.57054] 417|2.62014] 46203.66462 so7]2.7e501] |
2.57171 4181262118 4631266558 508[2.70585] 4
2.57287 4192.62221 4641266652 599|2.70672
2.57403] | 42012.62325) | 465/2.66745) | 510279757
2.57519) 421{2.62428 46612.66839 5I1|2.70842
257634 42212.62531 467(2.66952 §12(2.70927|
2.57749 42312.62634| | 468(2.67025 5I3(2.71012
2.97864] | 424/2.62737| | 469067117 §74|2.71096|
2.§7978 425i2.62839 479767210 §¥5l2.71181
2.58093 42612.62941 47%2.67302 516'z.71:,65
2.58256 427263043 | 472[2.67394] 517;2:71349) ©
2.58320] 428[2.63T44 4732.67486 518271433}

58433 42912.63246Y y 474[2.67578 5192.71517 |
:58s546] | 430l2.63347] |475|= 47669) | 5202.71600
58659] ) 431|2.63448| | 476267761 §21}2.71684
58771 43212.63548] | 477|> 67852 $222.71767
-58883 43312.63649| | 4782.67943| |§5232.71850
-58905| | 434]2.63749] | 47¢]2 68034| | 523277033
L2 259106 | 435/2.63810] | 480l2.68134 | 525k72016
2.59218 43612.63949] | 481 68215| | 52612.72095) |

{

(SR

2155932 ¢f 437{2:6104% 482[2.68305 §=7:z 72181

25945¢] | 43812.64147| | 18312.68395| | 52872722630 ¥
2.5955¢ 43912 64246 484/2.68485 5292.723461 |
2.5966c] | 44n2.64345) | 485|2.68572 5 z.o‘zﬂuz% |
25977 | 4412 48612.68664] | 5312.72509
2598700 | 44212.64542] | 487/2.68753 §322.72591
250088 | 4q3is ga€unl | 4880268843 | 533272673 . 4
2.60097 444}2.64738 489l 68031
2.60206 44512 64336 499/2,6 9220, 25 1835
260334} | 44612.64934] | 49¥2.69108 5362:7291€
2.65423 4471265031 49212 649197 272997
260531 448l2.65128 49312.69285 5.,u1.7207“ -4
H2:60838 | 445265225 - | 404/2.69373 s; 273154
2:60746 45002 65321|% | 405i2.69451 . 422.73239
T




A Table of Logarithmy. 5

N, | Logar. N. | Logar. Ny Logar. N. ‘Eavgii
541}2.73320 586(2.7679¢ 631{2.80003 676 1.8:99;
542273499 58712.76864 632(2.80072 67712-83bs59
543}2.73480 588|2.76938 633l280t4c| | 678283123
5442.73569 L, 891277012} | 63412.80200 | 67902-83187
s4s|2.73640] | 599\2.77085) | 635|2.80277| | 680l2.R3251
546|2.73719) §91l2.77159 636(2.80346 6811283315
54712273799 592|2.97232 637 2.80414 682[2 83378
548/2.73878, 5931277395 638(2.80482| l 68312.83442
549|2:73957 §94\2:77379) 6392-89550) 68412.83506
ssolzz4036| | 5952 77453] | 6407280618} | 6851283569
553|2.74115 5961277525 64112,80686| | 686]2.82632
ss2luzatoal | 597277597| | 642j2:80754) | 637)2.83606
55312.74273 59812.77670) 64312.80821 6882.83759
ssatz74350) | 59902.77743] | 64:2:80880] || 6891283822
s55ln7aa20] | 600l2.77815| | 645[2.87956| | G90f2.838850
s56l2.74507| | 691|2-77887 646[2.81023| | 6911283948
557l 74586] €0212.77960 647(2.81092) 69242 8401 1|
55812.74662 60312.,7.8032 648[2.81158 693}2.34073
5i50l2.7/741 G04|2.78104 649[2.81224 59412.84136
s6ol2-74819| || 695|2.78176| | 650p2:81201) | €95l2.84708)
561[2.74896 606l2.78247 651]2.81358 696(2.84261
562|274 974 6071278310 6522.814251 | 697(2.84323
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1642(3.21537| [|¥687:3.22712f Ni732 3.23855 1777|3-24969]
1643[3:21564| [1688/3 22737 1733(3-23880] |1778|3.24993
1644[3 21590 |16893.22753)  [1734/3.23905] (177¢|3 25018
1645|3.21617] |1690/3.22789| {1735[3:.2393¢] [178c(3.25042)
1646]3 21643] |T691(3:22814) [1736[3-23955| [1781]3.25066
1647|3-21669(  {1692(3.22840 1737{3-23980) [178213.250091
164%(321696; [1693|3.22866 173813 2400, 17831325115
1649(3.21722] |1694(3.22891 173643 24030| [1784{3.25139
1650(3.21748] 169513.22917 174c(3.24955} ini 3.25164
165113 21775 1696(3.22943 1741/|3-24c8¢2} |1786(3.25188
1é<=13.21801| [1697(3.22968] |1742(3.24105) |1787|3.25212
16533 21827( |1698[3.22004| |1743[3.24180f [1788]3.25237
1654(8 21854 [1699(3.23019 1744(3-24155 1789(3.25261
165513 21880] [1790/3.23045 Jr7a<|3 2418¢c 1122345185
1656€|3 21906 170I|3.2.3075 1746(3 24204 179114.25310
1657/3:21932| [£702(3.23096 1747(3 2422980 [1792(3.25334
16583 210958] |I703(3.23121 174813 24254 17.93(3.25358]
16593 21 985 1704323147 1749(3-24279] [794.3.25‘38:
1660|3-22011 !70(%.13!7: 17503 24304 1795|3.25 406
16613 22037| [1706]3-23198| [1751(3.24329) |1796/3.2543
1662(3.22063] |1757(3.23223| [1752(3 24352| [1797|3.25459
1663|322080] |1708323249) [1753(3.24378] [I798]3.25479
1664(3.221 L5 1709323274 1754(3-24403 I79¢ 3.153‘03
166513 21481 I710'3:22300 1755/3 24428] 11800325527

[o)73
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i ;czbk e of Logarztbms.,

DLy Logar- | | a4 Loyr 2 Lugar. | "N. | Logars
18oX3.255 51| [1846|3.26623 1891 3.27669 1936|3.286 91
1802/3.25575| [1847[3-26647| [1892|5.27692| (1937328713
1803|3- z;éoo» 1848(3.26C2c] |1893(3.2771 1938(3.28735
180, 1849(3.26694f [1894[3 27788] 11939/3.28758
1805 1850(3.2671y] [1895|3.27761 1940/3.2878¢f
1806). <872} o|1851|3.267414 18963277841 11941]3 28803
1807|132 s596) [1852[3.26764) (1897|3.27807 1942(3:28825
1808|3025 20| |1853'3.26788) 11898/3.27830] [1943)3.28847
1809{3.257-+4| |1854[3.26811| |r89013.27853] [1944(3.2887¢
1810}3.25768| |185513.26834 1908 327875 1945(3:28892
1811{3.25792| |1856|3.26858] 1r951}3.27898 1946(3.28 914
1812|3.25816| (18571326881 l1902[3.27921 1947|3-28937
1813{3.25840| [1858]3.26005] |T9033.27944)  |1948(3:28959)
1814}3.25864| [185e3.26028 190413-27967 1949[3:.28981
1815i3.25888 260951 190§{3-27990 1950(3:29003
1816f3.25912 3.26975| |1906§3.28012 T951(3.29026
181732593 5 3.26998| |1907]3-28035| ! [1952(3.29048
181843.2596 ' |186313.27~24( |19083:28258] = |X952(3:2907¢
f181913.2598 | 11864)3.27045]| |1909}3.28081 |1954|3-29092)
182042.2600) 1865)3.27068 Tolo 3.28103 X955[3:29115
182143.26031( |1866[3.27091] [T9L1f3.28726| (I956[3.29137
18228326055 |1867[1-27114| [191213.28149] [1957|3.29159)
1823{3.26075! [18683.27138] (1973)5.28172] |1958[3:29181
18244336102 |1860]3.27161} [1914/3.28194] [1959(3.29203
1825[3.26126| |1870i3.27184| |1915/3-28217| |1960[3.29226
182613261501 |1871(3.27207| [1916|3.28240| |1961|3:29248
182713261740 |1872(3.27231| |1917]3.28262| |1962|3.29270
I82813.26198| (18731327254 (1918]3.28285| 1063329292
182003 26221 V18741327277 |1o16(3.28308 |1964[3.29314

18343262451 |1875|3.27300] |193c|3.28330| |ross(3:29336
18314326269 |1876/3.27323| [1921)328352|  |1966/3:29358
18321326293) V187713 27346( |1922[3-28375| “|1947|3:29389)
183313.26316| [r878|3.27370| |1923]3.28398| [1968[3.29403
183403263400 |1879(3.27393| |1924]3.28421| |19603.29425
183413.26364| |1880(3.27414| |ro25]3.28443] [1970/3.20447
18312:26387) |18871|3.27439| |1926|3.28466] |1971(3.29469
"837(3.26411| [188:13.27462| Jv527]3.28488] [197213.79491
183813.26435) 1188213.27485| {19:80328511| (1073[3.20513
1839/3.26458| 118843.27508| {102013.28533( 1o74[3.29535
184013.26483] 11885(3.27531) (1030[3.38556] |197513-29557
18411326505 \1886l307554| (15311328578 |1076(3.20575
18421326529 1188713.27577| |1932{3.28601| [19773-29601
184313.265531 |188813.27600] |1933(3.28623| |1978[3.29623
1844 3.26576] |18893.29623| |1934{3.28646| [1970[3.29645
11890327646 1193512 28668] |198c!3.29667

: I981L

)




A Table of Logarztl 3.

N

4

v

| N. | Logar. | Logar. AT M. [ Logar.
1981{3.29688] 120263.30664] |2071[3.31618 zllé;.}zf;;
19823.29710] |2027|3.30685 207213.31639| |2117[3.32572
198313.20732| '20283.30707| 1257313.31660| |2118[3.325
198413.29754] [202913.30728] |2074(3.31681 211l Ra6lg
198513.29776| |2039|3.30750] 2075|3.31702) 22~ 45 32634
1586(3.25798 203113-30771) |2076(3:31722' |24~ }.32654]
198713,29820|  12032[3.307092| |207713.31744 |2 (29 3.;;575
198813.29842) |203313.30814| 20781231765 | 12 13.32695]
198513.29863]  |2034{3.30835] 12079/3.38785| |iT24)3.32715
1990(3-29885| |203513.30856| 12080(3.31806| |2125|3.32736
19913129907 [203613.30878| |208113.31827| |2126[3-32756
199213-29929} 12037(3.30899| 1208213.37848) |212413.32777]
I9933-29951f |203813.30920] [208313.31869| 2128{3.32797
199413-29973) [2939]3-30942| [2984/231890| |2120/3.32818]
1995|3-29994| 12040|3.30963] |2085/3.31011| |21303.32838
L996/3.30016| 2041(3.30984| |2086|3\31931 2131/3-32858
1997/3-30038| [2042[3.31006] [2087/3.5. 952 21333.3287~
199812.30060] 12043(3.3T027| +[»08813.319, 2 72133[3.32699
1999[3.30081) [2044/3.31048| |208913.31994] | |>134(3.32919]
2000(3.30103]  |2045/3.31069| [2090|3.32015 2135]3:32949
2001{3.30125] 2046 ;.31‘591 209113.32035| |2136[3-32960]
2002(3.30146( (2047(3.31112( [2092|3.32056] (2137|3-32980]
2003|3:30168 204813.31133] |209313.32077| (21383-33001
2004330190 204913:3°154 2094(3.32098 2139}3-33021
2005[3.30211| [2050|3-31175| (209533218} [2740[3.33041
2006(3.30233| (20571[3.31197| [2096{3-32139| |2141{3-33062
2007(3:39255( [2052(3:31218| (2097]3.32T60| [2142/3.33082
2008|3.30276( |2053]3:31239] |20983-32131| |2143(3-33102]
2009/3.30298 2051.3 31260| [2099|3 32201| |2144/3-33122
2010{3.30320 7.0;)’3 31281 2100{3.32222 2745{3-33742
2011{3.30341| * (20563.31302| [2107|3:32243] |2146/3.33163
201213.30363] 120573.31323] [2102(3.32263] |2147(3-33183
20133.30384] [20583.31345| |2103(3:32284] [2148/3.33203
20143.30406| |20593.31366| [3704(3:32305| |2149/3-33224
2015(3.30428 “’5"!3'31387 2105/3:32325] |2150[3.33244
2016i3.30449) [2061(3.31408] [2106]3:32346| |2151|%33264) .
207713.30471| [2062:3.31429| [2107[3.32366] |2152{3-32284
201815.30492| [20633.31450| [21083-32387| |a15315.33304
2019(3.30514] 10543 31471( [2109(3-32408| |21543.33325
202013.308 35 i3 111033 428 |2155]3.33345
202113.30557 £ ’—"13 32449 [2156/3-33365]
202213.30578] (20673-31534 [|2112/3.32469] [2157/3.33385
2023 3.30600| [20683.3I555 |2113]3-3249o| [|2158[3.33405
2024 3.30621 20693.31576] |21T14{3.3251K 2155(3.33425
2025 3.30643] |2070l3.3T5071 21151332531 |21Fcl3.324a5

2161



14 2 Vable of Logczrztbms.

N | Logar- N.» N hogar N. | Logar. N. | Logar.
Téil333u65| |s2oaz3a36n| [2251(335238| . [L2o6i3:36097
b 162]3.33480( [2207(3:34380| [|2252(3:35257) 2297 3.36116
6313:33506 [2208[3-3445)  |225313:35276 229813:36135
2164323526 [|220913-34420| 2254(3  |2299[3:36 154
“36| [22103:34439| - |2255(3:35319
T ge) 2111334459 22561335334
33506 |22123-34479 [2257)3:35353 (2392 3:36211

UBo | 131334498 [2258(3.35372| [2303[3:36229)
1533626 |221813:34518) 122591335392 2304/3:36248
3.33646| |2215]3-34537 22603.35411| 2305 3.36267
3.33666| |221613,34557 2261(3.35430] [2306 3.36186
3.33686] |2217{3:34577| [2262[3:35445] |230713.36305
33706 [2218(3-34595) 2263(3.35468 2.30813:36 324
3.33726 22T9|334616] (2264 3.35488|  [2309]3:36342
sfaizslsizad [zaeoliisacss| eesipasior) (31030308
1760333766 [2221]3.34655| |2266(z 35526 [231113:36380
-17703.357%6] |1r2-5-34674] |e267(3:35545| [2312)3:36399
217813.3 3806}, =335 434 224813.35 564 [231313-36418
217913.33826] | (2224[3-34713] ' [2269/3.35583 2314(3.36436]
218c(5.33846] [222¢[3:34733] |*270|3:35603) (2315 3.36455
2181(3.33866| [2226(3.34753 [2271[3.35622| [2316]3:36474
2182{3.33885| [2227|3:34772] [2272(2.35641] 2317(3 36493
218313.33005| [222813.34792| |:273(3:35660] [2318[3:36511
218413.33925, [2220[3.34811 122743.35679 [23193:36539
2185(3.33945] {2230[3:34830| [2275[3-35698| [2320)3.36549)
2186(3-33065| f22313:34850| |2276|3.35717] |23213:36568
2197|2.33985] [223203:34869| [2277(3-35737|  |2322] 3.36586
2188i3.34005| . 2203]3.34889 12278385755 (2323 3-36605]
21843.34025 |223403.34900| |227913.35774| |2324/3:36624
219013:34044| 2235 334928 [228913.35793 23253:36642]
2197(3.34064] l223603.34947| |2281)3.35813f l232¢)3:36661
2192(3.34084] [2237]3:34967] |2282]3.35832] [2327]3:36682
219213.34104) [223813.34986) 122831335851 12183;((93
2194334124 |223013:35005] |228413 35870
219513.34143) 2240]3:39025 228542.35389
21963041630 [22u1[3-35044[ |228613 35908
“12197(3:32183) 1224513-350964 2287{3.35927
2158]3.34203| |2243]3.3508:)  |228813.35546
2199(3-34223) 2441335102 j;zz%%}sws

2201 3.34162 3 223 5\3 3(347
22023.34282 121733 35160l 2292|3.5360211 123373 36866
2203[3.34301] [2248(3.3518]  2203]3.36040] 2338336884
2204[3.34321] j2249(3 35155 2254(3.36059] |2339,2:36993
220§13.34247 225012.25218 229503 26078 134012(0,2

2311




A Tuable of Lagamﬂa(r‘ : i_;

N. jj Logar. N Logar. | N|= ’r%'r_. Lozar
341336040 (2386337767 [a3n[3.38578] [a7e 339375
2342(3.36959| |2387[3-37785) [243213.38596] [2477{3-39393] -
234313-36977| [238€13:37803) (24333.38614) 12478(3.3 9410

234413.36996| (13893.37822] |2334(3.3863) |247013.30428]
2345337014 |23903.37840] 2435 148’\) 29445

v

23463-37033 23913.37858 12436 146“‘2 394634
234713 37051| (239213 .37876]. 24373 39480
2348(3.37070| (2393[3:37894] |2438]3. l 1,5“- 33 9498

23493 37088] 123943.379121 1243130 4841339515
2350[3:37197| [23953-3793 11 |2440/3:38739| [2485(3:39533
2351(3:37X25] 1239€13.37949] |e441|3:38757| [2486]3 39550
23521337144 |2397)3-37967] (2442(3-38775| |2487(3.39568
2353337162 [239813-38985) 12443(3.38792] 12488339585
2354(3-37181) |2399(3.38003|  12444|3.38810| |2489|2.30602)
2355(3:37192] 2450|3:380211  |244513.38828] |24903.39620)
235613137217 \|240113-3803 5} |2446|3138846) ||2491|3.39637]
2357|3 37236[ [2402(3 38037| 1244713.98863| |249213: 39655
235803:37254] [240305.38075] |2448(3.281) 403339627

2359337273| [2404[3.38093 :++9l3 -38899, ([249413.39690
2360[3:37291| |2405 338112 |2450/3:38917! {1249513.39707
2367[3. 37310| [24c63-38 130|251 3.3893 4| " [2296/3.39724]
23621337328 |2407(3.38148; |3452(3.38952) 1249713.3974X
2363|3-37346 (2408[3:38166] |2453(3 38970 |2498{2.3975 ok
2364(3.37365| [240913.381841 1245413389871 |2499(3.39777
2365337383 |241013.38202) a455|3:39009) |25003:39794

2366(3.37401| |2411(3.38220| |1456(3.39023) |2501}3.30811
236703.37420| |2472(3.38238|  [245713.39041] [2502]3.39829)
236813.37438| (2413(3.38256] [2458[3.39058( (2503]3-39846]
236503.37457| [2474(3 38274 asol3:39076] |:504[3.39863
23703 37475 [2415(3 38292| |24603.39094] |2505(3 39881
237113.37493| |341613.38310 145“; 39111}, j2506/3.93898
2372)3.37510| |2417(3.38328) l24623.301200 |259713.39015
237313.37530] [24183.38346| 12463/3.39146] [2508{3.39933
237413135 548] 12419/3.38264) 246413 391641 1250943 39950
237503.37566| |1420(2:38382) [24653:39182] a5T0l3 30967,
23761337585 [2427(3.3%3 99 7.4663 3919¢) 5111339985
1237713-37603  |2422(3.28417] -~4(7‘> 39217|: 35 12{3:40002
237037620 |aa23l3 38435] Bac8339:35] |25 13340910}
237918:37639| |2424(3.35453| [2469[3.39252f |251413.40037
2380|3.376581 12425358471 2515{3.40054
238113.57667] 1242613.38485% . 251613.40071
238203776941 l242713.38507| [2472(3, 39307 251713.42088
23831397712 |24282.385251  124733.3932 251813.40106
13840027731 12225/2.3854°| (24743 st 25193.40123
138¢l3.37749 |243210.28567 2a7si3.30358) 12520340740
252k

3]

)




N. | Logar. p Logar.
25 21{3.40157 2566 ;.409:6 w 261113.41681 2656[3.42423
25 22[3.40175| |2567|3-49943 26123.41697] |2657|3 42439
2523340192 256813.40960| |261313.41714 2658[3-42456
2524(3:40200| |2569(3.4097€| [261413.41731 FH2655)3-42472
zgzg 2.50226 2579 3-40993| 261513 41747 2660(3-42488]
1;;6 3.4% z 3| |25713.4T010 2616341764 U661|3-42504
2 527]304 61 2573341027 2617 3.41780f [2662|3.42521
15283-40°%8| |257313.41044 2G1813.41797) 1266313.42537]
s20|3.40297] 25743410611 |261913.41814) 2664 3.42553
,_;30340311 2575|3-41078] [2620 341839 ﬁ_g_;dq.z;—;q
53 1|3-40329] 12576341095 1621(3-41847| [2666(3-42586
b532|3-40346] 2577341111 2622 3-41863[ |2667(3-42602
25331340364 2578[3.4X128 2623(3.41880| 2668342619
2 534{3:49381) (2575(3.41145| [2624/3-41896) |2669)3.4263 5
»s;sz4°398 2580l5.41162 2625(3:41913) |2670[3.42651
z;}ﬁ; goqls| 25813 anizel 12626(3-41929] [2671[3.42667
2537(3-40432] 2582141196} |2627(3.4X946] 2672 3.42684
. 381340449 25" 341212 12628341963 26733 42709
25 3013-40466) 7584l341. yr|262913.4T97 9| |2674]° 42716
54034-04-33 2585(3.41246| [2630(3-41996) |2675|3 42732
254 113-40500] “12586(2.41263( [2631|3.42002 2676|3-42749
Ls1213.40518) 1258713.41280) |2632]3.4202091 12677342765
254313-40535| [2588|3.40296) 26331542 2678(3.42781
rsaal3405 52| [2589(3.413 13| (2634342062 |2679]3.42797
2545|3-40569) |2590)5-413%2 |2637 342078 |2680[3:42813
z54613-40586] |2591|3.41347] |26363-42095) [2681|3:42830
2547]3-40603| |a502l3.41364] 126373 42011 |2682(3.42846
254813-40620| |2593(3.4138¢] [2638(3.42127 1683(3.42862
2549)3-40637] |2594(3-41397| |2639|3.4214e| [2684]3-42878
2550l3.40654] |asoslziataral [2640(3.92160) [2685[3-42894
2551{3:40671) l2596(3.41432f [2641[3.42077] [2686|3:4291X
2552{3-40688) (2597|3.41447] |2642(3.42103] 2687342927
2552[8.40705] 25083 41464 [264313.42210] [2688]3:42943
25541340722 2599341485 [2644[3.42226] 2689342959
2555034973 5| [2600[3.31407| |2645|3.42243) [2690[3:42975
2556j3-40756| |26o1|7.a01514] |2646[3.42255] 12691342901
2557340773 2602|3.41531| |2647[3-42275| (2692 3‘43003{

2603[3:4T547| {2648|3-42292| (2693134502
260413.4F564! |:649|3.42308] |269413.43040} .
2605(3.41581| |2d5031a525] [2695[3.43056] -
2606(3.41597| [2651[3.42341] [2696[3-43972
156* 3.408581 |26072a1614] 12652 3.42357] |2697(3.4328¢8
12563 340875 |26083.4%63)| (26533 42374 2698|3.43104
2564:3:40892]  |260913.41647| |2654:3:42399] [2699]3:4312¢
2765.3-40909] U2610l3 41664 '26553.42406] |270013.43136
¥ 2701




T

A Table of Lowzrzt) 'm.f.

2

N. Lagar N. Lagdr. N Lo E N ( Logar.
270113:43152| (12746343870 |270113.44576] |283613.45271
2702(3.43160| (27471343886 |279213:44592 2837i3-43286]

1270303431851 (27481343902 |270313.44607] [283813.45301
2704(3.43201| [.749|3.43917] [2794(3.44623 18;93 45317
2705(3.43217| (2759|3-43933| | 795|3:44638) -
2706343233 -12751(3.43949| [2796[3:44654] 2841~ 45347
27071343249 |2752(3.43965| |2777(3-44669| 287 _,l¢5362
270813.43265| [2753(3-43981] [2798(3:44685 2843345378
279913.43281| 127543.43996| |2799(3-44700] [28443.45393
’1_7_1_0 3:43297] |2755(3.44012f [2800|3:44716| 2845 3.45408]
271113.43313|  |2075613.44028] |2801(3.44731| 128463.45423
271213.43329| |275713.44044| [2802(3.44747] |28473:45430]
27131343345 [27583.44050 |2803(3.44762 2848347454
2714/3-43361) 1275903.44075] [2804|3.44778| [28493.45469
27151343377| [2760B3.44091] |2805(3.44793! [28503.45484]
271613:43393| |276113.44107| [2806(3.54809 18515;455‘05
2717|3-43409] 1276213.44122 |280713.45%24] [2352/3:45515]
271813.43425] (27631344138 - 128082 « o, nl |85 313 455 3cfl
27191323441 |2764]3.44154) |2800[3.4485 5], 28541345545
2720/3-43457| (2765|3.44170| [28¥0(3.44871) 2855345561y
272113:43473| [2766[3.44185( (2811 3.44886! [2856l3.45576)
2722(3.43489| |2767[3.44201( [2812[3.44902] [285703.45507
272313.43505) |5768[3.44217 [281313.42017] [2858[3-45606]
272413435211 12769(3.44232| [2814{3-44932" 128593.45621
2725(3.43537( (277093:44248] |2815|3.44048; [286013.45637
27261343553| |2771]3.44264 i8163 44963 [286113.45652]
172713.43565| (177213:44279| |381713.44979] [286213.45667]
272813.43582| 1277313:44205| |28183.4400¢] |286313.45682])
27293. 277413.44311 [281913.45010] |1864/3.45697}
f2739) 277513.4432€| |28203.a5035] [286513.45712]
2731(3: 277613:44342| [2821(3.45040! |186613.45728 :
373243, 2777/3-44358) |282213.45056 [286713.45743}1
27333 27783.44373| [28233.45071| [28683.45758

27343 2779(3-44389| |2824(3.45086| |286913.45773 !
2735343696 |2780(3.44404| [2825)3.45102| 28701345788 {
%736|3.43712| |278113.44420| [2826[3.45117) (28711345803}
2737343727 [278s(3iaasse| [8aliasza| 2872345818
2733(3:43743] [2783(3.44451) |:82813.45148] (28733 45624f}
2739/3:43558 |27843.44467) |:820[3.45163] [28743.45840]
740343775 |27953.00483) |2820[3.45170] [287513.45864f
274¥3:43701) |297843.44408| [i831[3.4510% 7613-45879)
27421343807 (2787344574 [2832[3.45200) |28773.45504]
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2882(3.45965| [|a927346642) |2972|3-47305] [3017(3-47958)
288313.45084] [29283.46657| [2973|3:47315] [30183 475972
2884(3 4600¢c| |292413.46672) [297413.4733 3019(3 47986(
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28su3iancse| [2031[346702 [297613:47363] [3021(3.48015
288713 “oas| [2932(346716F [2977(3.47378] |[3022[3.48029
2888 3.46060| [2933|3 46731 297813.47392) |3023(3 48044
28893 46075 2934046746} [2979(3.47407] [3024]3.48058
2890'3.4600¢| 129351346761 [298013.47490] 130253.48073
2891(3.46105| [2936(3:46776] [298113.47436] [3026/3.48087
2892(3.46120| [2937|3.46790] [2982|3.47451 3027/3.48101
289313.46135| [2938(3.46805] [2983(3.474645] [3028[3-4811¢]
289413.46150 |2939|3.46820] [298413.49480] [3029(3.48139]
2895(3.46165| [2940|5.46885] (2985 3.47494] [3030/3.48144
289613.46180] |2941f3€46850] [2986]3.47500f [3031(3.48159
289712.46195| (294213.46864] [298713.47 524 |3032(3.48173
28098|3.4621c| |29 13.46879| [2988(3.47538] [3033(3.48187
289913.46225) - 944|3iaos o [2989134755 3 150341548202
29003.46240|) |2945[3.46900| 1299013475678 (3035 3.48216
2901(3.46255| (29463 46923] [2991|3.47582] [3036|3.48230
2902i3.46270! (294713 46938] (2199213.47596| 13037(3-48244]

129033.46285| 1204813.46953) [299313.47611] [3038[3.48259
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2999.3.46374| 129543 47041 [2999(3.497608| [3044]3.48344
29103 46389l 12955(3 47056] [3900|3-49712] [3045(3.48359
291113.46404] 129563 a7070| |3001|7.47727) [3046|5.48372
29Y213.46419] |2957]3 a7085| [3002(3.47741] [3047[3 48387
29131346434 |295€[3.47700] [309313.47756] (3048[3.48402
p91413.46449] 1295813 47115) |300413.49770| (30453 48416
291513-46464( (2960(3.47029] 3995|3.47784| (3050348430

3.46475| 1296113.47X44] 1300613 47799 [3051(3 48444
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308213.48883 ) 1212712.49513) [3172(3.50133) [3217)3.50745
308312:48807) 131283.49527] [3173(3 70147 [3218}3.5075 0]
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308513.48926| [313003.49554| (3175[3.50174(™ [322003 50736
328613.48040] 1213113.49568] [3176l3.50188| 3221 3.507.994
30871248054 1313213 49582) 13177'3 50202 322243.50813
308813.48068) |313213.49596| |3178(3.502151 3223 3.50826]
3089(3.48982 3134 3.49610ol |317913.50229] 1222.413.50840]"
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399213.49024| |313713.49651| [31823.50290| [3227|3.5088q]
30931349938 1313¢3:40665, [31833.50284] [3228(3.50893
309413.49052 13930)2.4967¢| [3184|2:50297) [322913.50957]
3095[3.4906¢] |374¢(3.49693 [21853.5031L| 1323013.5092f
39961349084 131411340707 (3186]3.50325| |3231)3.50934
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328613.51667) 133313.52257| |3376[3:52840
; 328713.5168¢|  [333213.52271) 1337713.52853
3243(3-50095| |32883.51¢93 |3333[3:52284) [5378[3.528664
3244|3.51108| [3289)3.51706] [33343.5229/] 13379|3.52879)
3200035172 | 1333513:523101  (3380)3/72802
46[35 - |3291(3.51733] [3336[3:52323] [3381}3.52005
3247|351 X48| 13292(3.5T546] 13337[3.52336] [3382|3.52017
3248)3.51562|. |329313.51759( 33381352349 |3383[3.52930
32400350175 (3294351772 [3339(3:52362| [33843.52043
325013.51188] 1320513.50786] [3340|3:52375| |[3385|3-52956
3251(3.51202) 13296(3.517950 [3341[3.52388) [3386[3.52969
3252(3.50215| [3207(3-51812| [3242(3.52401] [338713.52982
3253(3.51228] 1320813.51825) 334313524141 [3388]3.521994
3254(3:50242| [329913.51838} |334413.524271 133891353007
3255l3.5Tass| 53003 51951) |3345)3 sgake) 13390553020
3256(3.51268] 330113.51865| 13346(3.52453] [3397(3.53033
325713.51282| 1320202.50878) 13347(3.52466] 13392]3.53046]
325813,5025 5] 7,50, > ~180% 11334813 52479] 13393]3.53058}
3259|3-51308 «|3304/3.57904] [3340|3.52492] 1339413.5307%
3269/3:51322 |3305(3.51917] |33503.52504| (33953.53084)
326113.51335) [3306(3:51930 3.52517) (3396(3.53097|
3262{3.51348) 13207/3.51943 3:52539) [3397|3-53 119
3263|3.5362| (3308(3-51957 3.52543] |3398|3.53122
3264(3:51375| [3309(3-5197¢ 3525561 13399/3.53135
3265(3-71388| 13310|3.51583 3.52569] [340013.53148
3266|3-51402 3311(3-51996 3.52582( [3401(3.53161
3267/3-514%5] |3312(3.52009 3-52595] 1340213.53173
326813.57428] |5313(3.52022] {335813.52608] |3403|3.93186
326913-5 1441 13374(3.52035 30526211 [3404f3.5 3!99
GE7ag5Lass) 133100352048 3.52634) 34951353
327113.51468] 13316(3-52061|% 3.52647) 134906[3.5 3
327213.5 1481} §3317.3.5207¢410 |3362]8 5266C 34073-$3137
32733.5T405| [3318(3.52088] |336303.52672] [34083.53250] "
3274]3.51508] 13319/3:5210T) 1336413.52686) [340913.53263
327513 51521 3320(3.52114 336513:52699 342-;.5317;'

3276'3.5¥534]  |3321(3.5:127| [3366(3-52711) [3411{3.53288
3277/3:50548)  |33%2(3.52840| 336713-52724] [3¢412{3153351
3278351561 1332313.52153) 133681352737 [341313.53314
o [327913-505741 1332413.52166| [3369|3-52750] (34143
328013:50587) 1332513 v2170 [337013-2763] |3415)3.53359
328113, 506011 {33263.52T02| |337113:52776] [3416]3.53352
32823516 14) 33271352205 " 1337213.527800 [3417(3.93365
32833.51627) 1332812.52218) [337313.52800] |241813.53377
328413.51640f 13320(3.52231| |3374|3-52815| [3419[3.52390]
22853516541 133303522441 13375/3 52827 134203.53403
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3468|3.54008 351313.54568] [3558[3.551a1
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342613.53479| [3471|3:54045| |35163.54605 355157
134271353491 13472]3.54058( |351713.546171 |356232.55169)
342805.53504| 13473(3.54070 |3518 ;;54630' 3563(3.55182
342913-53517| [3474{3.54083| 135193.546421 |3564(3.55104]
343011.53529|  1347513-54095| [3520[3.54654] |35653.55206

343113.53542| [3476(3.54108] 35211354667 [3566/3.55218
34323-53555| [3477|3:54120| [3522[3.54679] |3567|3:55230
343313.53567| |3478(3.54133| [3523)3.54691] (3568[3.55242
3434[3-53589| [3479[3-54145| [3524|3.54704 3569|3.55255
243513-53593] 34801354158} |3525]3:54716] [3570[3.55267

3436[3:53605| [348X13.541700 |35263.54728| (3571355279
3437)3-53618|  3482(3.54183) [3527)3.54741) |3572(3.55291
34383.53631| |348313.541 05 13528b 4 <3 13574355303
343913-53643| 13484{3.54208] [3y29]3.5476 55 7 [3574[3.55 31 5]
3440[3.53656| [348513.54230| 135303:54777( | 13575355323
344113.53668| [3486|3.54232| 13531/3.54790] (3576[3.55340]
3442(3.53681) (348713.54245] [3532]3.54802f [3577(3.55352
3443|3.53694|  |348813.54258] [3533[3.54814] |357813.55364
3444]3.537961 |34893.54270 |3534]3-54327] 13579[3.55376
3445]3:53715| [3499(3.54283) [3535|3:54839 |3580f3.55388
3446[3:53732| |3491|3.54205| (3536[3:54851 135811355400
3447)3:53744| 13492(3.54307 |3537/3-54864] [3581[3.554030
344813.53757| [349313:54320] 3538/3.54876] [3583[3.55425
344513:53769| 13494/3.54333] [35393-54888) [3584l3.55437
3452[3.53782) 134951354345 (35403 54900f \358+3.55449
3451(3.53795] (3496[3.54357| 3541354913 [3586)3.55461
3452[3:53807| |34973.54370| |35423-54925| |358713.55473
3453|3-53820] 13498]3.54382] 135433.54937] [35883.55485
34543.53832(  13499/3.54394( |3544/3.54949] [35893.55407}"
3455/3.53845| [3500[3-54407| 1354513:54962| 13599[3.55509
3456353857 [3501|3.544X9] [35463:54974| 3591255522
3457(3:53870|  (350213.54432]. (3547354986 135921355534
34581353883 1350313.54444) [35483.54998] 13593[3.5 5546
345913.53895| |3504]3-5445€] [35493-5501L| 35941355558
346013.53908) " |353513.94469f [35503.55023; 135953.55570
346113:53920] |3506(3.54481) [355%3.55035| 1596355582
3462{3.53933] (35073 54494| [35523.55047|  |3597(3:55594f
346313.53945]  13508(3.54506] |35533-55060 3598 3.55606]
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361513.55859] . 66413563y017 [370513.56926] 137543 57420
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Ba3513 560260 1367813565610 13723(3.57080) (3768 357611
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A Table of Logarithms. 23

| N | Logan. N. | Logar. AL ‘ Lng-ar. N lnggr."
3781357761 [382613.58275| |3871(2.58782) 13916|3.59284

3782|3.57772| 1382713.58286] 1387212.58706] 139173-5%9295]
3783(3.57784) {5828]3.98207 Eﬂgzs-s%os 391813.59306

“13784|3-57795| [1829(3:58309| |3¥74(3:58816] [3979'3.59318
3785/3.57807| |3839(3.58320] 3875|3.58829) [3920'3202-5
37863.57818] [383113.58331f |387613.58838] |392K13.59349]
3787(3.57830| 13832|3.58343) 1397713.58850 139223.503 51
37981357841 [383313.58354) 13878/3:58861| [392313.50362]
3789|3.57852] 1383413.58365) 387913588721 |3924!3 59373
379013:57864f [3835/3:58377) [3880(3.588831 [3925i3.59384]
13791(3:57575| [3836]3.58388] 138813.58894] |3926{3.59395
3792/3-57887) 382713.58390; 1388313.58006]- 39271359406
3793|3:57898| 13838/3.58411 [3883|3:58017] [39283.50417
3794|3.57910| 3839358422/ [3884/3.58928] [392913.59428)
3795|3:57921( |3840|3.58433) 13885(3.58930] [393002.59439
3796|3:57933| |3841(3.58444| |3886/3.58950| 3931350450
3797(3:57944| [3842(3.58456| |38873.5 3932 3.59461} -
3798]3.57956| [3843|3 58467, 12888 73 59331359472
37991357967 13%44|3.58478] [38%9[3.58984) " 1393413.59483
3800/3.57978! 1384513.58400| {3890|3.58995f 1393513.50494
3801[3.57999 [3846|3.v8501| [3891(3.59006] [3936]3.59506]
3802|3.5 8001 38473585121 1389213 59017 [3937|3.595127,
3803358013l 3848358524 [389313.590281 393813.59528}
3804/3.58c2 4 1384913.58 5351 1289413.5904ck 1393913.59539
3805(3.58035| [38503.98546/ |389513.59051} (39400359550
3806)3-58047| |3851|3.58557 [3896/3.59062} [3941|3.5956K
380713.58058) |385213.58569 [389713.59073) [394213.59572
3808|3.58070] 138533.58580| '3898i3.5908¢) 3943}3.50583
38003580811 |3854i3.58501] 13899\3.59095) [3944}3.59594
3810|3.980931 385513.58602| 39001350106} 139453.59605
38E1)3.58104 7856(3.58614] (3991(3.59118} 1394613.59616
3812(3.58 115 13857(3.58625| (3902(3.59T25) |3947}3-59627
38131358127 385813.58636| 139033591400 [394813.59638
38143.58138] (1385013.68647/ (3904250151 [394513.59649
ﬂi 3.5814c| [386¢(3.58659| [3995]|3:59162 3959f3.5 9660
3816[3-58161 3861(3.58670] |3906]3.59173] |3951)3-99671
3817]3.58172f [386213.58681| [3907(3.59184 |3952[3-59682
381813.58182) [386315.58602] 13908(3.59T95F 3953(3.5 9693
|3819]3.581958 1386.13.58704] [3900(3.59207} [395413.59704
3810[3-5820¢ 38659358715 ~_3233.191‘18 3955(3-59715

[

(]

%

3821(3 58218] |38¢46(3.58726] [3911[3.59229) [3956/3.59726
382:03:58229 386713.58737| |39%2(3.59240f |3957i3-59737
382313.58240] [3868(3.58749 [3918(3.59251) [39593.59748
38;,,‘;.;81’;7. 38693.58760| (39143 59262| [39593-59759
382513.58263) 1387013 587711 1391513.59273 13960 359774

3961
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o4 A Vabls'of Logarithms,

J A | Logar. N. | Logar. N | Logar. | N [ Logir.

1396113.59780 4006360271 [405143.60756| [#09C|3:61236
396:(3.59791f 4007 3.60282| |eo52l360767| la097 361247
39631359802 40()8'3, .60793] |405313:60778] 409813612574
3964[3.59813] [t0093.60304] |405413.6078) |40993:61268]
2atis go10 3160310 [#055)3:60799]  |#10013:01278
3964 3.59835| |+o113i60325( [405613.60810| |410113.6128
3967(3.59846] |40Izi3.603361 [4057[3160821] (41021361300
13968 3:59857] [|4013|3:60347] [4058[3:60831| |4l03[3.6131
396913.59868] |40X4|5.60358] l405513:60892) |41043.61 321

1397013.598729) |4015|3.60369| [40603.60853] [41052.61331
397113.59890 [4016|3.60379 [4061|3:60863] [4106|3:61342]
397213.59901f |401713:60390) |40623.60874f |4107[3.61353]
2973|3.59912 « |4018(3.60401 [406313.60885| [410812.61363
39743:59923] , |4019]3.604X2] |4064[3:60895] [4109I3.61374)
3975[3-59934| [4020|3.604231 |406%|3.60006] |4110[3.61384
397613-59945| [4021[3:60433] [40663.60017 [411113.61395
3977[3:9956] |4922(3.60444| [4067|3:600937 [4112|3.61405
397813.599¢ | e7a) *iFosgel 1406813:60938) (#T13]3.61416
3979(3-59977) [4024[3.60268] |4069/3.60949 [+1143.6142¢
398013.59988): [Hoz5i3.60a77) |107913.6095 9] (£1153:61437
3981359905 “ [+026(3.6ox8s| (3071]5.60070] |11T6/3.61448
3982(3.6001cf [4027(2.60458] |4072|3:60081) (4TI7[3. 61458
398313.60021) [4028f3:60500] [407313.60901] [4115]3.6146¢
3984[3.60032 l4o20l3.60520l [4074l3.61062] (41T9[3.61479

+93013.6053 K| [4075(2.6X013f |4T20(3.60490
398613.60054) |4931]3.60541] [4076 3.6E023) [41213.61500)
398713.60065| |+031f3.60555) |407713.6034) l4T22(3.67511
398813.600761 {4033[3.60563! [40785.6F0ns| [a1232.61521
398913.60086| l1034l3.60574l |40793.6105s] lrr24l3.61532
399213 60097 4935 3’,:60584 408 0l3. [4T25
399113.60108] 1£03613.60505| (408113 Grozsl [4126
399203.60119 4037}3.60606 4082|3 61087 41271361563
399313.60L 30 1103813.60617| |408313.6T008) |4T128/3.61574
399s)3.60141} [49393.60627| [4084/3.60F00) |4129(3.61584
3995136052 42403 60438) 40853, 6TETgl |+130l5.61595
399613:6016| Roallsosqq| [4086]361130| [£131|3:61606
399713:6a173l ltoa2l3 o660l [(4087(3.60140| [4132(3 61616
399813601841 1104313 cos7o| |4088l3.cnis1f |413313.61627
399513.60195) {40443 60681 [4080iz.6xTez| [41343 61637
4000|3:60206)  49453.60692| |4090l3 arry2| |4135(3.61648
4eol|3.60algf 140465 50703| |4oonlzer13| [a136(5A1658
490213.60228] 140473 o7 13| |409213.60194 [4137(3.61569
#00313.602 391 . 14048 3 o724l l40s3ls61204 4138)361675
400413:602490 149493 Gog3sl |4094l3.61215| |4159(3.61690
100513.60260] 140503 Goga6l '409siR.GI225) 14T492 61700
- :

4145



A Table of Logzmtbﬁa:.

3

4I4T
4142
4143

1147

‘ngar

361711
13.61721
361731

“|4144 361742
4145

1146361763

361752

3.61773

11483.6178%
41493.61794
4150

361805

N.

41513.61815
41523.61826

4.7 96 3-761:'84
4197]3-62204

4241(3.62747
124213.62757

Logar. Logar. Logan.
4186 3:62180| {4231(3.62044] |4276[3.63204
413713.02T 90| 14232362055 4277362114
4188|3.62201] 4233)3.62665]| [4278[3.63124
41801362211 [4.3413.62675] 1427013163134
41901302221} 4235/3.62685 [428012.631 44
41 9113.62232 4-23635z696 4;81;35755
4192[3.62242] |422703.62706) 42811363 165
419313.62252| [42383.62716| (4283 3.63175
4194|3.62263] [4230(362726" 14284]3.63185
4195(3-62273) [14242(3.62737] |4285(2 63105

47.‘36 363205
428713.6321 ¢

4330362634
a

$1533.61836) [4198[3.62304| 3424313.62767) 14288|3.63224
41543.61847) latgel3.62315) [424413.62778] [4289/3.6323¢
41553:61857} la20c|3.62325) [4.4613.42788| [4290[3.63246
41563.61868| la201[3.62335| [+246[562798] [4291
4157(3:61878 4202 3,61345 12473.62808] [4292(3.
4158|5.61888) 14203|3.62356] [4248[3-62818] |42~
415913.67800] |420413.62366)~ i > w2 8ao 4294]2.63286
4160|3:61900] leaosl3.623770 [4250 J|£295(3 63256
41613.61920) 4206/3.62387] 14251|3 '[4296(3.63
+16213.61930] (42071362307 (42523 429713.63317
116313.61941]  |4208[3.62208] l4253|3. 4208(3.63327
41643619518 14209|3.62418] {4354 42993.63337
1165(3.61962] [4210]3.62428] [2255(3.62800| 4300363347
166(3.61972| |42113.62430] |1256]3.62900| |4301(3.623575
116713.61982] 1421213.62449 l4257|3:620T0f |4302(3.63367
1168]3.61993| [4513(3.62450! [42583:62921] (43031363377
4 169]3.62003] 4214362469 l4259/3-62931| |4304/2.62387
¢170[3-62014] [4215(3.62480] [4260]3.62041| [4395[3.63397
+171(3.62024| $4216|3.62490) 426113.62951| 14306/3.63407
1172|3.62034] |4217]3.62500| |4262(3.62961 430736 417
17303.62045] le218]3.62511| [426313.62072) [4308]3. ‘3419.
+174[3.62055] |s219[3.62521] |4264[3-62982) |4309)3-63438
1175(3.62066] l1220[3.65531] [4265[3.62902] |4310]3.63448
417613 62075 |1221|3.82543 |1266]3.63002| [4311(3.63458
4177‘3 62086| l3242]3-62552| |4267[3.63052| [4312]3.93468)°
+17°3. 62097 [42233-62562] |4268/3.63022 +3133.63~‘>ZS
#1793, 62107| wle224|3:62572 4?’.6‘13-53032 43 14/3.63458
;184561!18 222503.62583 4270363043 *3“3{"’9q
1181|362128] l4zaal3.62593| [4271)363053] [43161363508
1182(3.62138| l422713.62603| [427213.63063 ;)17”5“71‘2
1183/3.62179] [1228/3.62614] l42723:63072] (4318365528
18413.623590 |4220]3.62624] |4274i3.63083 319?6“:"
+1852,62370] 427513.530094!, 14 i




26

A Tablé of Logarithms.

N[ Logar y | N | Loger. N Legar.y | N [ Logar. | §
4321 3.63558’ 4366(3.64008] 4411 3.64454| (4456/3.64895]
43220363568 |4367(3.64018] 4412 3.64464| |a457]3.64904]
43231363579 |4368/3.64028] 4413 3.64473] (4458(3.6.1914]
432443 63589] [43693.64038| 4414 3.644T3) l4459(3 649241
— 132512635901  14370(8 64048| |4415 3:64492| |4460[3.64933
4326)3.63609) |4371|3 64058| 14416 3-64503] 4461(3.64943)
432713.63619) |4372(3:64068] 4417 3.64513] |4462[3.64953
432813.63629] |437313-64078| 14418 3.645230 [4463(3-64965
432913.63639) [43743-64088| 14419 3.64533) |4464(3.64972
433013.63649) 4375|3.64098| |eazol3.69522] l446s3.64085
4331[3.63659] [4376(364108| [4213.64552) [4466[3.64992
433203.63660] 437713.64118] |4422 3.64562| |4467(3:65002
4333]3:63679) [4378(3.64128| 442313 64572| (4468/3.65011
433413.63689] 14379/3:64137| 1442413.64582] |4469|3-65027
433513 63699] (1438013164 147 | 4425513 64591 Llaa70l3 6503 L
433613.63709| [438112.64157| l1426[3.64601( [4471|3:-65040
4337/3:43719] |43823.64167] 1442713 64611 [447213.65050
433813.637-9] [43< 12640727 1442813.64621( 44731365060
433913:6373 9| 14384[3.64187 445 913.64631| |4474;3.C5070)
4340 3~63749J 438513.64197] |4430[3.64640( 1447513.65079
#34113.63759)  [4386(3.64207| 1143113.64650| 4476/3.65089
+34213.63769)  [43873.64217] 11432(2.64660 [4477|3:65099)
+34313:63779|  [4388(3.64227] |1433/5.64670] (4478[3.65108
4344[3.637891  1438013.64237) |443412.64680| |4a79]3.65118
434513.63799) 14390[3.64246] |1435(3.64689 4480/3:65728)
#34613.63809)  Le30113.64256] l3236(3.64699] [4481(3.65137
+34713-63810) [4392/3.64266] la437(3.6a700] |4482(3-65147
434813.63829] li39313.64276] 1243813.64710 [4483)2-65157].
“[434913:63830) 1i30413.64286) lag30/3.647208 [1484|3.65167
#35013.63849! 43951364296 |a440(3 64738) [4485|3.65176
14351136385 9] [4396]3.64306) la4413.64748] [4486(3.65186
#35213.63865,14309713.64306] 14442(3.64758) |4487|3.65196
+39313-63870 1430813.643261 144312 62768] ]a438[3.65205
43541363889 143053.6433¢| 44424(3.64777] |448413.65215
#35513.63890) [4400(3.64345] l4405]3.64787] 4400365225
43561363000 |4407(3.64355] |4446(3.64797] |1491(3.65234
4357|3 63910\ 144023.64365| |4447(3.64807] 14492(3.65244
45581363929 1a403)3.64375| [4448(3.64816 14933 65254
+35913:63939) 1440413.64385| |1440(3.64826] [4494]3.65263
436013-63949| la4os5(3.64305| |4450(3.64836] |44095[3.65273
42613.63959| l440613.64404] (4451(3.64846| |a406}3.6528
435:!3-63969 44071364014 |4452 3-4'48:6 -ﬁ’; 262””3
4363.3:63979] 4408264424’ |1453/3.64865| la408(3 65302
#36413:65988| l440013.64434! [4452(3.64875] 44000365312
4165363998 14410364444 '4255'3 64885 lasocls 65221

450L



ATl of Logarztbm 727

N. | Ny Logar. | | N. | Cogar. Logar. A Lagar

; G501(3.65331) [4546(3:65763 47913,6619; 46363-66614
ﬁsoz 3:65341| 14547|3:65773] |4592|366200 14637/3.66624
72313.65350| 14548|3.05782] |450313.66210| l4638 3.555;;
450413.6536¢c| |4,49/365792| |4594(3.66210| 11639366642
45051365369 [4550(3.65801] |0595(3.66229| [4640|3/6686.c~1
450613:€537¢| 14551|3.65811| |45963.66238) |4641]3.666¢;
4507(3:65389] |455213.6582¢0] |4597|3.66247| 14642(3.66673
450813.05398) 1455313.65830]  4508|3.602571 4643366680
450913 65408 las52i365830 4509(3.66266| |4644{3.66684
4510|3:65418| 14555(3.65840] |4600|3:66276| 4645366609
45 11{3.65429| |4556|365858] |4601(3.66285| [464613.66708
45121365437 |4557/3 65868 |4602(3:66295] |464713.66717
451313.65447] 145583.65877 |4603|3.66304| (464813.66727
451413.65456| (45503:65887| |46n4(3.66314| 1464513.6673¢6
451513 65466| |4560|3.658961 |4605(3.66323| (a650]3.66745
- |4516{3.65475| |as561{3.65906] |4606|3.66332| [1651{3.66755
451736 5485| [4562|3.650916] |a607|369342| [4652)5.66764]
451813.65495 (4563(3.65925] %08l 35| |1.55]3.66753
451903.65504| |1564(3-65935| [4609|3.66361| " |4654]3-66783
452013.65514] |456513 65944 |46T0[3.66370 14655366792
4521|3.655230 [1566(3.65054] 4611366380 [4656/3.66801
452213:65533 |1567(3.65963|44612(3.66389) 4657(3.66811
452313.65543| |4568(3.65973]  14613]3.66358| 1465813.66820
452413.65552] |4560(3.65¢%2| |4614]|3.66408| [4659]3.66820
4524[3.65562] |ds70l3-65992( [4615|3.66417| |466¢]|3.66830
4526[3.65571| |4571/3.66001| [4616|3.66427| |466113.66848
15271365583 |4572(3.66011| [4617|3.66436| |466213.66857
452813.65501) Yas7313.66025) [1618/3.6644-| [4663|3.66867
4529365600 |4574/3.66030| [4615|3.66455| |466413.66876
4530|3.65610! |u57513.66039) |4620(3.66464]" |4665]3.66885
4531|3.656100 |45763.66040| l4621|3.66474| [466613.66894
4532|3-65620) las77|366058| [4622(3.66483 [4667]|3-66904
4533365639 |4578/3.66068] [4623|3.66402] |4668]3.66913
45341365648 las79(3.66077| l4624]3.66502| [466913.66022
453513.65658f |xs5¥0|3:66087 |4625366511| |467¢[3.66952
4536|3.65667| |4581|3.66096| (4626(3.66521| 1+671(3.66041
453713.656971 1458213 66106| |4627(3.66530 4672 36‘5950
|4538]3:65686} [a583(3.66115| [4628(3.66530( [4673[3:66560
4539(3-65696] - |458.4]3.66124] |4629]3.66529] [4674]3.66969
4540(3:65706| |45853.66134] |4630/3.66558] 14675366078
4541(3-65715| [1586(3:66143| [+631(3.66567| 46761366987
45421365725 |1587(3.66153| «[46323.66577] [4677/3:56997
4543 3.65734| [4588(3.66162| |[4633(3:66586) [4678(3.670506
A544365744] |a589/3.66172| [4634(3.66596] [4679[3-67015
gsas 3.65703) ls90/3.66181 l46353.66605) l468ol3.67025
: d2 4f‘31




28 A Ta?;le of Logarztkm:g

L

| Logar.| | N Logar- __’____ _Logar. N. Logzz'r.'v
421,, 27034 47~63(7449 4771367861 48l63~68?9
4682/3.67043| |4727:367450| 47721367870 81 ]
£33 6 16787 4817[3.68278
468313 67052 |472813.67478] 1477313.69870] [4815)3.6865]
7152432706’ 472913.67477| |4774/3.:67880] 148193.682.9¢
3o 03:6707 1) |473013.674861 |477513,67807) 148201368305
46861367080 Li7373 67405| [1776|567006| [2821(36831
4ggﬂ35709o 4732(3.67504 4777357916 43L235332;
4688367099 147331767514} |4778]3.67925) |482313.68335
4689 3.67108)  1473413.67523) 477913 67934} [4824 3.68341
56901}3.67”7 4735[3.67532) |478013.67943] 148253, fﬁgso
46913.67127) 1473613.67541 87(3.67553
? +781(36 7053 |4826[3.6
469213.67136] |473713.67550l 14782(5.67063| [4827 35225
+69313:67145) 1473813 67560( 47831367070 (482836837
469413:67154)  |4739]13.67579| |4784(3:67979| |4820|3 éﬂzsz
#6953.67164) |47305 67578 [4785(3.67088] l1820]2.68505
1696|3.67173) |4741|3.67587| |4756/3.6 195113 674
7 6758 786136799 831136
42:7‘; ?7;5; 47423.67596] 4787 3-5800; :8§ ; 53:?;
8136 4743 0 4, (a7 8813.680 F 832126
699367201 laraslsarers 4789 3-53021 Isiaf ngz?
4700i3.672 101 |4745]3.67624]  [4790(3:68034]  [483¢ 3.68 58455
470113 67210 4746367635 8045|1834
7 676331 |4791(3-680 6
47°213:67228) 1474713 67642| 84792 ;590‘:2 1336 ! 52443
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992413:99659110949 1345977 111997413.9588711 593013:50005
[292513.95675\l995013.997821 19975399891 roope.we.wb}
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Crh . Lesarthin of a Fradion, being a Decimal, 15 the fime wi,  WOE
,J’l’n.ll;teg:rg;n;;ly the Index is ncg;tivc, andis fomuch lefsthano, as', ‘Gﬂae;
5F the Decimal i removed from Unity, andthefe Indices may b dift 2uills

<d fiom the Abfoli:. = ones, by festing a Negative Sign over theni. s
AsforEvi b Sl Indices 3 '3 7 @ Gag
2 Numbers 7 6 7 6 ] N 7
Heke the fi., * Pldce of Decimalhas for its Index’s, of the fecond ¥ éFtha’ /
third 7. ¢ - - zel
2 4568. - 5.6;573’ %
: N.B.The Logarithm:
L : ) ReE is the faj «¢, only the
2558 1.65973 Index o ders accord-
x Exampls 4568  0.65973 ingto-deV. ' ~ofthe
ANC : uLy 4568 '9.65978 left and ¥ jureorihe
04568 365;7. giv - _...n?el-
+#94568 7.65937.
To findthe Logarithm of a Vulgar Frai btraé the 3]e.a7772
Togarithm of the Nenominator out of the Logarithm of! 4[0.60106

2he Numerator, the 2 ‘emz nder i< rh_: Logarithm of a De- (C —— .
cimal equivalencto tl.e Vulgar-Fra8ion. —  Example 3. 75 2 587508

The Operation of Decimal Fradtions is the fame as of whole Numbers,
bothin Natural and Logarithmical Axvtthmetic, remembring thefe 3 Cau-
tions. v. 1f weare to fubitradt a greater Logarithm out of alefs we add 1o

_t0the Index of the lefs, and  a. If the Logarithm which anfwers the Quef-
tion (whether be Sum, R emainder, Half, Third, &«.) if the Index be Ten,
Twenty, & negleét or cancel the faid Figure in the Place of Tens in the
Charagteriftie. Laftly, In extraéting the Square Reotof a Decimal, add 1o
20 its Indcx, and then halve it, and in extratting the Cube Rooradd zo0 1o its
Index, and then takeits thirdaudin finding amean between two Numbers,
(if one bea Decimaland the Sum of the Indices be ro) rejeét 10, and halye
the reft;but if it be not 10,add 10 to it, andthen halyeit.

In Arithmetical Operations of Cafes of Trigonometry, where Radius is not
concerned; the WcrE may be abbreviated by taking the Arithmetical Com-
plement of the Logarithm of the firft rerm) whichiis found by takinge the
Remainder of each Figure to 9, only that on the right hand ro 10) and add-
ing it to the Logarithms of the fecond and third Terms, the Sum abating
Radius is the fourth Term required.

> To find 2 or morc Proportionals between z Numbers: Subtraét the Loga-
xithm of the lefs Number our of the Logarithm of the greater; the Remaind-
er dividebya Number greater by one, than the Number of Means fought
as hereby 4 forthrec Means.

Example 12.and 25,

23 1.07918
.25 9.39794

~ ae Quotient added to the Logarithm of 368118
the leffer Number, the Sum is the Loga- LoDl = 4203K

richm of the firft Mean, to which addine. _- = 5.39794
again the faid Quotiencthe Sumisthe Lo- = ° S
garithm of the fecond Mean, and fo for- 1ff. Mear .658 9.81825
ward for as many Means as the Quoticat (£303%
wasat firlt orderd for. ad. Mean 1.73a 1023856
SSe 43031

34. Mcan 4.556 T[‘sﬂr«






S o Degrge.b

.{\ Table of Artificial Singg;,“'

¢

.
3

A
Siae,

UYL,

J :
Tan,g,

0.0000
6446373
676476
6.94285
7.95579

{3.00000

o,oo::oo
6.46373
676476
1520408 5
706574

9:99999
5999995,
599994
9:99599

e
Infinirte.x0.00000)|
13.53627;15.c0001
13,23 524,13.00001
13:9591 5(10.00001
12.93421jr0. 00601

Sécgnt-

/. — |
L:ﬁnite'Go
13.362 759
13.23524 )8
1395915(57
(12.9342156

7.24188
7-30882
7:36682
7:41797

O
1
2
3
4
5
6
7
8
9
(746373
1‘7.505[1
12!7-5419_i
13{7:57767
147:60985
15163982
16{7.G66734
1171769417
[38.7.71950]
19‘7-74143
207.76475

217.78594
'1227.806 15

R

7.16270]

9:99999,
9:99990
9:. 9994

TeTE27C
7:24188
73883

12.83730!(0.00001
12.75812110,00001

7.3668:
741797

9:9 1999
9:9999Y
9.999997.4637+
9:9999917.505 12
9.999997. 54291
999999 7,577 67
999999760986
9 »99999‘7«6}98:
9:9999917.667 8¢
9:99999:7.694 8¢
9.9999913. 716ac
9.999997.74248

299959 1:7647¢
9.9999917.78595
9.999997.8c6 16
9.9999917.8254¢
9.99.9517.843594
9:99999'7.8616;
9999997.87871
9:999997 89510
9:999997.91089
9 9999817.93613
9 99995'\7-94086

Sine.

&

12.691|8J‘m.coool
12,633 1810.00001
(2,58203/10.08001
rz.53617lm,aocol
12.49488/10,9000 1
02.45709 16,0000
[2.42233/10,00001
(259014 10.00001

{2,36018 10.00¢01
(12,3 5215|10.0006 1
(2,39551
1228100
1'1.7.5752
1223524
12.2 1405
i2.19385
27454
1215606,

19.c000;
I0.coco1
10,0500
10,0000 1,
10/0c00 L
[9.0000 T

10,00007112,30583
I'0.00001!1 22810043

1283730155
12758125 4]
12.69118)55
126331852
l2.58203}51

I :.5,3627‘@;
11-49438|4y
12.:1.5709 48
) § 1.422}; 47
12:39015 46

‘xz.géols;q,s
xL;;uqu.q.

43
12.3575247
T2 2352549
12.2140639
12,1938538
12, 1745537
121560730

£2.15833 10.0cc01:
12.1;1;910.000:)1'
12,104.90/10,0606 1
1208911 [0.60001
I12.07387 ko.00502
12,05 911 00202

——

12.13834
12.12131
12,10492
12,0892
12 07388
12,059 16

35
34
33
33
31
30
==

Tang.

Secant

9. Degrees.

=
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| 4 %

* - Tangents and Secants: ri ]

® Degree, : h ) .“‘. :

| {

\

\'—Eﬂ N | s }Iang.‘»\  Secanc, >
e —

39|7:94984

—— |

9.99908 7:94086/12.05 914] [0.00053112.05916 ;
327:9550819.09098 7:955 101124044,90/10,00002/1 2.04492 29
32,7:9085709.00998 796589 12,051 1 1}10200002(12.03 1 13|25
13317,982 :.39.95:993]-93125 12,0177 5110.00002112,01777|2%|
134 2:995 zo|9.9‘9993t7-99522 12.00478110.00002/12.00480l26

—_—

5/8.007769.99998 B,0078 1|1 1,99 211 0. co00al1 199221055
018.0200219.99998 8.92004! 11,970 j6\10.00005 1 197998124/
7/8.9319209-99998 8:03 195y 1.96£ 56/10.500 52'1 196808153
3818,0435019:9999718.94353 |1 195647 10,000 5311 1.95655] 2]
3915034789.9999718:95481 (11945 1glK0.000031 1.945 225 1

T3 Gy Ly

———

4013.0657819.9999718:0658111,03410/10.00003/1 1,934 22|20
4118.079500.99997/8.07653| 11,923 47 10.00003111.923 50l 1g.
42(8.08697! 9-99997}3-03700 11,9 1300110.00003/11,91304! 15
]43 8.0971410,899978.997221 1,002 78 10.00003 11.90282 1y
NS GRS 9.99990]3-10720 11.89280(10.00004/11.89283;6

45511693 9~99996:3-l 1696/11.88304l10.00004 K 1-88 307 5
“46 8:1264710.999968.12651y 1.5 73 45l10. 00004 1 18735515 4]
478.1358110.99996 8.13585!y 1.86415{t0.00004 11864 19"y ol
148.8:14.49519.09096 8.14500|1 1,85 50010, 06004 1135705 32]
49:5.1539119.99996 8.15395l1 1. 846035 m.ocos@ix 184609 17

5018.162680.499958-16273 11,83 727]10.00005'1 1:8373 211 o
51 8.171280.99995 8171331 14.82867|10.00005|1 182872 |
52 81797109.99995 817976 1.82024 10:0095 51 1a82020| &
'558-"379919-99995‘34.'3804'u.SuQG[xo.anoju.81.~.c; 2
548.1961019,999958.19616 ;r.Bc;84l1o.oooo5iu.801901 &

55{8:2040710.99994 '8, 20413 u.79§87€10.oeoo6!11.7959} .
5615.2319519.9999418. 2819517880 5'10.00006 1 178811 v
32/8:21956(9.09994/8,21964 xx.;ﬁo;dm.oooaqx 1478042)08
58(8 2291200.9999418.22720/ 11,77, 81 10.90006,11-77287)
5918:2945615.99998.23463(1 1.765 38 10.000061 1.76544] 1 }
éﬁSJ‘H85?-99993}‘5-'—#'971-1.75808%0.09007’}1.75815

o

e Sine, !

Tang. Secant. u

89 Degrees, =




S .
X '}';ble of

P
Acrtificial Sine! 7

I

Degree.

< e
19,99995 S 24192
19.99993(8-24910
9.’99993(25.2 5617
9.9 9993‘5.26; 12
9:99993 8.26956

of8.24186
1/8.24903
2{8.2560¢
318.26304
850058

L]
Tang. e

L3

Seccnt,

1 l~753°810.occo7
11,7509 31 0.00007
L£1.74384i10.00007;
11.73689 10,00007
1 r.73°°4i1a.ooooy

s
L7581
11.75097
1574301
1£.73695
xl.'73oul‘

8,27661
6/8.28324
7/8-28977
8/8.20621
9830255

9,99991‘8.27669
9.6°092.8.28332
9.99% 91f5-1,39'56
9.99632:8.29629
9.999518.30263

|
1172339
11.11673
11.71023
I1.70379
11,69745
160421
1168505
11678971,
11.67298!
I1.66708

11.7233 lilo.coooﬁ
11,71668 35,50008
11.7801410.00008
11.703 7Iilo.oc008
11,6973 7j10-00909

11.69112 10,05009
11.68495 l0.oooog!
11.67888/10,00009'
11,6728910,00010!
LE66598 7+ 6,00a10!

"‘66“4|10.ooom
11.65539/10.00011
11.6497 1l10.000 11
1X.64411l10 000 I
11.63857/10.00011

11.63311

11.66125
11,06555¢C
11.6498 2|
11.64422
I1.63369

I1.63322

I2.00071 2
11,6277 1/10.00015

11,62783
1 1.622 50
1161724
1 161204/

I1,62238/10.00012
I1.6K71 I10.00013
£1.61 19119,60013

19:99987(8.3932 3
9.99986 8.398;:|
9-99586|8.403 34

1o 8.303799.9999”8.30388
11.8.;:10319.999918.311 12|
13/8.32702'9,99990/8.3 271 1
'xj 8.33875/9.999908.33886
77/835018 9.99989|S.3 5029
1818.3557819.99980/8.35 5 90
fc
208.366785.90855'8.36589
:;8.;7217;9.99 883722
128.377599.99 )& 8.;7762i
23/8.382709.999873.38289
:‘.Sfﬂ.;ggto

26/8.39818

281d.4081
29(85

11(8.3149509.999918.315055
1418.3329209.999908.33 303
1618.34450/5.99989 8-34461
129/8.361 329.99989:8.36133
2218 38795'9.9998§t§.38809f
1271F 40320
308,

Sine.

88

lex 605 T
<22677|19.000131; 1,
Ir1.6016 ,

9°99986 8.40830&11;59170'10.0
+1307/9.9998¢ 8.4132111
+4179219.999 851841807 11

69690

910:000714 y1,60182
610.0

I1:5066 3

0014 11,
+58679 X0.00015 14,
-58193 0.0001 5 ¢y,

Secant,

586933

s

Degrees, ]§:

%014 u--5963t2,3§
5918435

|

42
39
38|
37
36

35

58208 35



Tangents

and Secants-

X

.

Degrees. o

’ l

‘ Tang,

Secant.

— | '
130 8.24792'9.999858.41507
318.422729.9508 8:42287
52:8:427469.99984 §.42762
338.43216/
1343-43680]

2.44139)
$-44594,
8.45044[9.999835- 45061

35
36
37

9.99984/5.83232
9-59984/5-43696

9.999838:44156,
9.59983 54461 i 5538910.00017

11.53’l91ylo.000l‘;
I1,§7713 [0.0C01§
11.57238 yo.00016
11,56769|10,00016
11, 565’:4lxc.oooxﬁ

e

\ ——
1 I«;Szosfgo
11.57728
1 l.§7;f4
11.56784
1r.56320

29
28
27
26

H~55844lm,t:oox7

11.5/93919.06517

11,55861
11-55406
11:549 56

38
39

8.4548919:59992/8.45507 1 1.54495
8.459309.90998218.45948 1154052

10.0¢018
10.6 3018

1154512
11.54070)

25
24
23
22
21

8.46366/9.0998213.46385|
8,4679919+9908118:46817| 11,53 583
3.47226(9:99981/5.4 1245 11,5275
8.4765919.99981 3.47669‘ 11.52331
8.4806919.99980 8‘48389iu.519u

40
41
32
13
44

11.53615

————
10.60018
10,0001
£0.000 19|
10.00019

10.90020/1 1. 51931

1153034
11.54202
152774
11.52350

20,
9
13
4/
16

8.4848519.99980/8.48505 1.5 1495
8.48856/9.999798.48917]11.5 1083
8.49304.9.99979.3:49325 13.50675
512.49708/9-59979 8,49729 11-50271
5.50108|9 999]:1‘5,501;0‘11‘49870

16.00020;
10.0002
10.9C021
1000031
10.00032

11.50292

Ir:5L515)
1551104
11.50696

11.49892/

15
14
13
12
L

5.7050317.99975 8,557 11.49473
8,50897
8.51287
8_5-167'3
8.52055

9'99977‘8.513 1011,486g0

9.99976 8452'079151.47921

9:99977 8,50929 L 1.49080

9.99977:8-516Y6 11.48304 10.60023
: 10.00024

10.00021
10.00023
1p.Qco25

11,4903

11.49496]

11.48713] 8
11.48327
11.47945]

10
2

9.59976.8.5 2459‘ 1147541
019997 5,8:5283 5|1 1:47165
9.59975:8'53208(11.46792
9:90974 81535718 11.40422
9:99974 8:53945 11.4€055

852434
852810
57i8:53183
558.53552
598.53919
60;8,5428:

[

55

Sine. , Tang. |

'10,00024

2-999 ;418.54308 11.45692 10.00C26G

10.0002§
10.0002§
10.00026
10,0026

11.468
11,464
I1,46G281
1145718

11,47566
L1.47190

&

%
6|
)
4
3

2
I
o

| Secant.

88 Dregrees.

Min,




il

y ¥ 2 Degrees:

~ A Table of Artificial Sinm’r:‘l

v J. <
o ® 4

U |

ﬁgi z . & : TE® -
%e- {Tang & ‘Sec_anr-

8.542821989974/8.74308 1145692 10.00026]
'8.54642/9-999738.54669/11.4533110.00027
8.5 500¢(9°9997318.55027|11.44973(T0.00027
8.55354/9°9997218.55382) 1144618 10.00028
8.557051959972(8. 55734 11.44266 10.C002§

B W E

11.446406]

518.56054/9.9997 1(8.56083/11. 43917 10:00029
618.56400/5409970(8. 5642911 43571 1000036
718.5674319.999798.5674 31,4322 7 10,0003

1 818.5708419.99 1708 571151 1.4.2886 1000030
19 8.574219:999.1918.5 74521 242548 10,0603 1

e

j1o 8-5775729-99959 8.57788/1r.42212 To.00031
|%1[8.580899.9996818. 58127, 11,41879'10.0003 2
X218.584199.9096818.584 51\ 11 41549 10,0003 2
113 8-$S747i9.,99968 8.58779| 1,41:21'10_000;1
14/8:590729.999678.5 9105/ 11.4089 5 15,0005 3

IL45718/E
13.45358!c
11.45001 st
bl

11.44295|56

11.43946(55!

11.43257
11.42016
11442579

1142243

11.45581
Irqrass
I1.40928

1518:5929519,9996718. 59428/r1.4¢5 7:/10.000

y10! 8'597'59‘99966][8-59749\1l.4ozsl}lolootg?|.
|12 8:000330.999€68.60008 11.39932 1000034
1188.60349 9,99965!8.60384li 1.3 9616 10,0503 5
:£9'8,6o66: 9,99965;8.66698} 1[\;9302Jm.0033:5

o

i =
i{20/8.60972l0. Gal K }

2o, 319:99964/8.61009/11. 38991 10,00036
;nts.dnsz 9:9996418.613 19!11.336%1'10.0 c3

] 1218.6”-89‘9. 9996318:61626 11.;8374110.'6
|23.8:61894/9.9996218.6193 1|1 1.38069(10.0
24'8-62 19619.99962. 862234 "n.37766110.90:038

G~

.‘,1718.5:497 109961/8.62 53 :.—;— =
1‘2@#.627959.99960 8, 628;§ I 1,2;1‘6; to,fgsgg
: »I;Z §:5399119.999608.63131'11,356860 10 00014
};9‘8.2';;8;9,9996‘: 8.634261 1,365 7:410,00040
.’30_8:6; 28‘9'99960 8.63 718113 G;Sz!xg_ 00040
i 39689.999598. 64005 11.3599 118.00041

S =

11.40605
11.40285
11.39967

E1. 47911

11.436%0|54"

45
44
43

11.39651 42#

17.39338

4L

—— !

I1,38718
1138401}
I1,38106
1137804
IT.37504
II1.37209
11 26909
1136615
lx.;égzlg
11.26032

87 Degree}.

| Secanc.

I1.30027l40

39
33
37
36

351
34,
B;i
3=
3K
39

=
= ]
B

| "




Tangents and Secants-

2z Degrees: |

Tang.

Secant,

33| 68:64827

30/8.65268/9.99959)
31(8.64256/9.99958]8.64208
3-(8.64545/9.59958]8.54585
9:9995718.64870/11.35130
34|8.651109.99956]8.65154

8.640009,11-3 5991

11.35702
11.35415

11.34856,

10,0004+
10i00C42]
1S.00043
10.00043]

12,0004 4

vx 360;;&30
1X.35744
1 1155457523
11.35173:27

29

35)8:653919:99956]8-65435
368.65670(9:99955|8.65715
37|8659485.9995§5[8.65993
38(8.66223|9.99954|8.66269
39(8.66497|9-99954/8.66 543

40(8.66766/9.99953(8.66816]
41 8.67039/9:99952|8 67087
428,6730819.9995218.67356
143 [8:67575|9:9995118,67524
44 [8:6784119.9995118.67890

45 18.6810419.9995¢|8.68754
46(8.6836719.95949]3.68417
1278 6862719:99949 8.68678)
488.6888619.99045/8.68938
40 (8.69144.9.99948[8:69169

11.34565
11.34385
11.34207
11.33731
LI.33457
11.33 1§4
11.32913
L1.3 2644
11.32376
I1.32X X0

70.00044
: (o .oe(,“

I0. 0047
10 ©004.7
16.0004 8

10,0904 9.
10,00049

15.31846
11.31583
11.31322
11.31062
11.30804

10.00050
10,0051
10.000§1
10,00052
10,0005 3

10,0046

10.00¢ 4 5!

[1.33231

I1.82061

10.00048/11.32692

11.32425
11.3216¢,

56 18.6940019:99947
5118.696549.99946)
$5218.6990719.99946]8.69902
5318.701550.90945
54 8.7049919:99944

8.69453
8.69708

8.770214]
8.7046'5

11.30547
11.30292
13.30038
11.29786
11.29535

10.00053
10,000 §4/
10,0005 4|
10.0005§
10.00056

11.39346
11.30093]
£1,29841
11,26591

57|8.7r151

e

5518.70658l9.999448.707 14]
56 8.70905l9.99943|8.70962

9.99942/8.71208

5818713959
59(8.71638

9.99942(8.71453
9.99541(8.71697

60|8.71880 9.9994o|8.7194.c 11.28060

(1.292 86|
£1.2903 8
11,28792
11.28547
11.23303

10.06050|
10 00057
10,0005 8
10:2005 8
10.00059
[0.00c60

r1.28362
c1,28120]

11.348901:6

i}.]qdog‘u
11.34330024
111.34053|23
IX.3377722
11.33§09321

r1.£8605)

20
19
18
£7
16

9
8

I~ | sine |

— ——

Tang.

Secant.

87 Degrees.
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J3

AT

able of Artificial Siner;/

¢

)

-
.

: 3. Degrees.:

fine.
J

Ta}xg.

® i3
L} Secant. ||
i
B

8.71880
8.72120
8.72360
8.72597
8.72834

8.73393
8.73535
8.737537
8.73997

8.73069

5299940

9:99:1348.74063

8.71540/11.28060
9.99940(8.72181
9:9993¢/8.72420
9:99938/8.72659
19:99933(8.72896

9.09937(8:73 132
9.99936/8.73366)
9:9.1934(8.73 Coc|
9.9/1935/8:7383 2

6o
59
=8
0.
56

LI~ 57120
11.27880)
I1.27641
I1.27403
11,27 166

F0.00060
I l.z7819'io.oeo60
11+27580|10.00061
L1.27341/10.0006%
1[.27104/10,0008 z|

[1.:693.
LL.26697
L1.26465
I1.26233
11,26003

11.26868]
1126634
11,26400)|
11.26163)
11425937

10.0006'3
1o.@00G 4|
10.00064
10,00065
I10,00066|

55
54
$3
52
5

‘SI\OOO;I.O\\;::{;Q»HQI 'U!w‘_

8.74226
21 (874454
2 [8.74680
¥3/8.74906]
14 8.75139

9:999348.74292
9.99933|8-74523
9.999328.74748
9-9993 2 8.74974
9:99931/8.75199

¥0.00066
10.00067
18.0006 8
10400069
£6.00069|

(1,25 708
1125475
1.2 5252
1125024
1124801

T125774
ll.:js‘q,ﬁrq__g
162532048
11.2509547
11-24870‘46

50

158,753 53
161875575
371875796
18 '8.760,5
19876234

9:99928/8.76087
9:999278.76307

—

9.99930/8.75423
9:99929/8.7564 § !
9:99920/8.7586711.24133

P R
Io.00p 70
10.0007 1
[0.0007 1
10,0007
[0.00073

Ir.245 77
TI1.24355

45
44
43
42
a1

1124647
(L.24425
E1.24205
11.23985
L.1.23760)

LI[.23913
11.,23694

LT:2 3475
T1.23258
£1.23042
11.22827
11:2,261‘3

2013,76451
218.76668
122/8.76883
2318.7 7097
2418.77310

9499927.8.76325
7:99926/8.76 743
9:99925/8.76958
9-999242.771373
9.9992.4/8.773 87,

[40.c00 74
10,0007,
I'0,Q067 5
10.00076]
L0,0007 7

5.99923 9-7&600
9:999228.7 7811
1:999218.78022

25(8.77522
3618.77733
27 3.77945_
25|8.7815319.09021]8.7823 2 1121768
29[8.7836119:99920/8.7 83411 5.2 ¢ 559

11-22408
1r.22189

10.00077

LE.33 549
Ir23333
11237117
it 1.2_2903
I1.2269¢0

[1.12478

40
39
38
377
30

10.00073

11.25978]

19-052079
19.0008
{0.0008

O
30|8-78568 0-:9991918.78649/1x,21551|L ).ocosl .214353

L3.222673
11.22/057%|3
31,2581823
IF2 1640

—_—
F Sine,

l Ta‘r')g. , S

‘: Seca

nt.

Min,

86 Degxee.r.



)
46
{47
jas
49
50
ST
52
53
54
L
H55
57
58

5881173

8.75, 68
8.78774
8.78979
8.79183
18.79386

‘Tangents and Secants.

3 Degrees.

{
Tang.

9.999198.78649
9:99918|8.78855
9.999178.7906 1
9:99917 8.79266
9.99916/8:79470

Secant,

REET 251!
11.20939
11.20734
I5,20530,

8.79588
8.79789
8.79999
8.80189
8.80388

99991 58:79673
9.999148.79875
9:999138.80070
9.09913 8 80277
9-99912‘[3:80476

n.z_a;:.“7
[1.2002§
I1:19924
17.19724)
I13.19524

{T0.00081E1.2143% 30
I1.21145(10,00082]11,212262 9|

16,0008311 F2102128]
10.00083|1L.2081727
10.060084|1 F.2063426!
10,00085
10.00086
10D00%7
20,0008 7!
:o.cg:}gs

11,2041225
1F.2025 124
1X,2001023
11.1981 122
1F 1061221

8 80585
$.80782
8.80y78

8.81367

9.9991 [{8.80674
9.99910,8,80872
9-99909,8.8 1068
999909 8.81264
99’9908;8.81459

fx.xg;;ﬁ
1519528
11,18932
11.18730]
11.18541

8.81560
8.81752
8.8194

882134
8,82324

it
9:999078,81653
9:99926 8,8 1846
9.90905:8-82038
9.99904 8,52230
9,99904*8.8 2421

11,18347
Ir.18%54
17,17962
{1,377 70
1117580

EL it
10,0008 9
10:Gp090
10.00091
10.00C9 1
10,00092

LI,19415 20
111921819
IT.1902271 8
I1.1882717
11!.1863;‘15

m.ooog4'l 11 S‘HOIXS
10_09094‘[ 1.18248 14
10,00095 11,1 8056} 3
10.00096/F 1. 1786612
lo.ocopﬁil Fo17676[1x

8.82513

8.82888
B.83075
8.83261

8. 82707

9:69905|8.826 10
9.99902(8.827999
9.09901(8.82987
9-99900/8.8317 5
9:99895:8,83 361

LE.X73 90
IT, 17201
I1,17013

10 00097‘1 1.17487
10.,00298/¥1.17299
10,00099 1T, L7113

5

11.06825
1 1.16630

10.00100 17,1692
110,08101(L1,16739
i

8.83446

9.59898/8.83 547

8.83630

39

8.03996
8.84177

‘8.8'38:31

9.998988.83732
9.99897/8.83916
9.99896|8.84100
9.99895/8.87.282

60/8.843589.9 ©804!0.84464

Fr.16453

11,16268:

|10.00102(T1.16554]
i10.00102/1X,16370)
11,16187

r1.16084'50,00103
11,15990 [0.90104
I1.1571810.00105
L1 15536 10.00106

L1,16004|
rr.assas
I1.15642]

O m v | o ww

Sine.

Tang. |

| Secant.

=

86 Degrees.

=

-

i

2



A Table of Artificial Sings?

4 Degrees.

Isawqouhl.amu—o‘l

10
b8
I2
13
14]

xs

§-Léﬂc.

o
Tang:

=

o
Secant.

8.845399.99893
8.847 13’3.99892
8.84897l9.99893

8 8 908 3.87464/1v.1553610.00106
843585993943 84464 :

8.84826]

8.85006

1115355 10.99107
11.15174.39.00108)
11.7499410.00 109

8.85075
8.85252
8.85429
8.85605
8 8578¢c
8.85995

3.86128
885301
8.86474
8.86645
8.86815

8.85185/17.1481 51000210

9.99891

1¥- 364216
ILI546((59)
I11.15282(58
LI.15103|57
X1 1492556

9.998¢90/8.8536311.14637/10,00110
9,99880[8.87 §40[11.14460/10.001 21
9.99808/8.897.17/11.14283|10.001 52
0:19887/8.85893)1 1 14107[10.00113
0.91886]8.86069}11.13 93 1[10.00114

I1,14748|55
T1e1457E{54
13.14395(53
I 1422052
15,14055/5 1

10,0015
10.00T 16
10.00817
tooz118
10.00119

9.99884/8.8624.
9:9988418:86417
9.9983313.86591
9 99882(3.86763
9.99881/3.8693 5

ILI3757
11.713583
I1.13409
11,13237
11,3065

8.86987
8.87157
8.87326
8.87494.
8.87662i

8.87829
8:87995
8.88161
888326
8.88400

[o.€coxr20
i2.00121
10.90 12 2|
10,001 22
10,00823

9.99880|8,371 06|
949988¢|8.87277
-998791%,87447
9.998788,87616
9.99877(8.87785

o — |

1£.12894
12723
IL.12553
11.12384
1012215

I1.13872(59]
L5:13699149
1113526148
111335547
11,15 18440
——— — ]
[I.13013/45
I1.12844144

1:.!:6754;
[1.12506142)
1112339148

9:9987613.87953!15.12047/10.00124]
9.09875'8.88120lr1.11880c/x0.50125
9.9987418 882871 x.-11713|10,00126
9.9987318.88453!x 1.11547|10.00127

9.99872 8,88619111-1 1382(10.00128

11.12172(40
I31.12005(39
11,1183938)
L1.11674137]
EI.X1510[36

8.88654
8.88817
3.88980
8.80142
8.89304
8.80464

- |
9.9987118,88783(11. 11217 10.,00129
9:9987018,88048|11. 11052 10.0013 0]
9:99869/8,89111(11.1088910.0013 1
9.998688.89274i11,1672610.00132,
9.99867/8.8943 7[11.10563 10,0133
9.99866/8.8 9555/ 11. 10402 10.0013 4,

1I.71346]
i1.71183
E1.11020)
11.11858/32
11.30697131)
15.10536/39

35
34
33)

—l—.

Sine, I 'Tang: |

Secant-

] 8§ Degrees.

Min.




Tangents

and Secants.

4 D

egrees.

8.85 64
8.896125
8.89784
8.89943
899102

|
Tang.

9.99866/8.89 598
9.99865(8.89760
9.99864/8.89929
9:99863(8.90089)
9:99862(8.00240

Secant.

E1,10402{10.00134
17.10240|10.C013
11,10080(10,0013
11.0992010.00137
11,0976910.00138

sliraosy s

1

11.10536030
29
28
27
26

1110216
11.10057
1 1.09898

3.90260]
8.90417|
8.99574
8.99730

39 8.90885

9.9986118.90399
Q- 9986:»'3 90557
9.99859/8.90715
9.998588.92873]

11.09601
11.09443
11.09235
[I.091 18
11.08972

10.00139)
10, 100140
{1o,co147
10:00142

0. o? 43

11.09740
m.ogss,
n.094;6
11.09270
15.09115

25
24
23
22
11‘

9‘99357'8 91029

B.91040
418.91405
1‘391349
43 91592
44 8.91655
—
45.8.91807
46 8.91959
47.8.92110
48 8,92261
49,‘892411

j—
40

9.99856/8,91185
9.99855
9:9985418.91495
9:9955318.91650
9.9985:(8.91803
9:9985118.91957
9.99850(8.921 10
0.99849/8.92261
9 998478:92414
5:99846/8.92 505

Jli T 08660

?1.08815

'10“.60144

010.0014 5,
Ll oBso;#m 00146}
11.083§5110.0014 7|
01, 081971::00:48
e e ]
11.08043 19.00149
11.c789010.001§51
11.0773810.07152
11.0758610.00153
11.07435]10.00154

50'8 925 C1ig
5I 591710
52 89 2859
53/8.93007,
5413.93154

9.99845/8.927 15
9.99844/3.92866
9.99843(8.53016|
9:99842(8.93165
9:9984118.93513

11.07285{10.00155
11.0713419.00156
(1,069S5{10.00157
11.0683 51000158
11.05687 10.0005 9

5518.93302
56/8.93448
57(8.93594
58|8°93740
59(8.93885
60|8.94030

9:99840[8.93462
9.99839]8.93609)
5-9983 88 93757
9:9983718.93903
19:3983618,94049
9-9983433.94195

11.06538/10.00160
11,0639 1{10.00161
11.06244{10.00162
11.66097|10.00163
11.05951|1C.0016§
11,05805|10.00166

11.c8962,0
11.08805/, g
11 0865118
11-08498) 7
11.0634535
11.C8194l55
11.0804 1|54
11.0789C1 3
11,07739|12]
r1.07589 ¢

11.07439|10)
[1.07 299
I11.07147
11.06993
11.06 846]
11.06695|
[1.06552
[1.06496 ;
11.06260|"

I1.061I5]
[1.05970 o

)

Sine,

Tang.

Segant.

85 Degrees.

Min,




A Table of Artificial Sin~

§ Deg

Freese

UiIN

: e
Gine Tang.

¢

L
Secant.

8.940306.95834|8.94105
8.941749.995338.94340
8.94317)y, 998315.94485
8.9446119 993318.94630
8.94603‘19.9981°18.94773

11.0580¢%
11.05660
I1055L5
11.05370
105227

10.00166(I1~ 5970
10,0016 9 11.05528

10.00169|11.5553 9!
10.00170{11.05397

10.0p168/17,0 56835

~ —_—

6o
59

57
56

.~'.94-146F9 998298.94917
8994869 0.098288.9 5060
8.950299.99827.8.95202
8.951709.99826 8 95344

8.953 109, ;;524i8,95486
i e

;wm\no\m .nwu-ovi

1105083
1104940
I1.04798
£1.04656,
[1.04514

70[8:0545019.998238.253627
11(8.9:5909 998221895767
12{5.957289 99811;849;903
138 95867.9 998208 96047
14/8.9609 59 99819(8.5615¢

11.04373
11.04233
I1.04093
I1.03953
11.03863

15 8.96143‘9.99817
36 8.96280:9 99516(8,56464
1718.964179.99815(8. 56602
185.965530 955148.96719
198.96680l9.99813/8.56877

8.96325

11.03675
1183536
11,03398
11,03261
11.03123

10.00 171 IL:05 254
10.00172|TT.05113
10.0017311.0497 1
10 0017 5/11.04830!
10 00176{11,04690]

55
Y4
53
52
51

I0.00177|11 ©4550
10.00178/11.04411
1000X79(11.04272

10.00181|11,03995]
10.00183|11.03857
10.00184{11.03720
10.00185(11.03583
10.00186/11.93447
10.00187(T1.033 11

26{59682519.99812/8. 97013

8.96960/9.598108. 97150
2218.9709519.098098.57286
23:8.9722¢9.99898(8 57421
24(8.973639 99807 897556

25(8.9749%5.998068 97651

-

11.02987
1102850
1102715
11.02579
11.02444

——

26|8.976295.99804 3.97825
77/8.97762/9.9980318.5 79 5

30

| —

Sine.

28(8.97894j9.99802 8.98092 11,1908
'-'9‘3'93“5 993018 9822 5/£1.01775(10, 00199 IT.01974)

18.02175
1(*02041

5.9815719,99820|8 583 5811 1.01642/20,00200 15.01843

:Tan g.

|
FI 02300 10,00194/11.02504]

10.00188({11.03175
10.00190{11.03040
1000193102905
10,0012 T1.02771
1000193|11,02637

10,00180| 13.041351,

50

49

46

45
44
43
42
47

140
39

37
36

10.00196|11.023 71

10,00198/11.02.06

10.00197(1%,02238|3

35
KR

32
3K
30

Secant.

3

G5 4 Degrees,

Min




Tlangents and Secants.

—— —

§ Degrees, > ]

E Se: 10 & I Toang, Secant. %

30(8.981:7/9.09800(8.98358/71.01642. 30.60200/11.01843(30
31|5.9828819.997988.984901X.Q151016.00202/x 1.017 12]26)
3218.984%9/9.99797 8-986“!11.01378'10.00:03{1 1.01581[28]
338.98549/9.99796/8.9875311 1.0124716.00204 1 1.0 1451|127
34(8.98679/9.99795 8-98884 1%.05116 z»o_oo:osll 101321 26}

3518.98808/9.99794(8:.9901 5/8 .00 98 5 1&00207'!1&;01 192115
36(898937|9.9979218.99145/E1.008 5 5 10.002Q8]1 1,006 3|24
37(8.99066|9.99791(8.9927511.007 25 10,0209 11.00934(23
3818.9919419.99790 8.99405{'1 1:00596/10{002 10 11.00806|1 3,
39|5:9932219:-99 7851899534 £1:02466 10001 1 11.00678)2 3

40 8.994;0'9.997 87 8-996627;11.‘:0;3 81'1 0.00213 11,005 5020
418:995779.99786/8.9979L11.00209/10,00214 £2.00423|f9
4218.99704'9.99785/8.9991911.0c08 110,002 1 5|11.50206(1
- 14318.998309.99784/9.00047 10.99954/19.00217 11,00 lior'?l
44(8-99956/9-99782/9-00174 30.59816| .:o‘oozxsll 1.0004/ 16
| ;

45 19.0008219:09781 9.50;0;510;99699 xo.ooz:oha@ggts'l‘s
1469.002079.997809.00427110,99573/15.00220/10 697 53 1!
4719.0033219.99778|9.005 $3‘10.99447 10.002:]!0.99653 13

4.519.00456/9.99777/9.00679 10,0932 1/10.00223 10.9954412
14919-20581/5.99 776 9-00805110.99195 10.0022

50,994 2C/TX,
50(9.€070419.997 75 9;009;0‘-10.99010 12.00226/10. 99256/ 10|
5%}9.008289.99773(9.0105 $10.98945|I0.00224f0.99 72|
5219:9095119.99773|9.011 79 10.98821|10.00228/10/9gcgg
9319.2107419,9977 1|9.21303/10,98697|10i0022 510,989 2|
5419.01196/9.99769 9-,01417\10.955‘73 10.00237110.98804)"

| oyoh\g

9:01440(9-99767/9.01673 10.98327/10.0023 :/10.98 560
5719.0156119:9976519.0179610.98204|Tos0023 510,984 30
5819.07681/9.99764 9;019(710.98082 fo.00236/10 983 ]

55 19:01316/9-99765/9.01550'10,084 70(10.60232(T0.9868] 5
8% ! l
3
2
3

5919.0180319.9976319.02040|10 97960(F0.6623 7(10_ 08 17|
6019-01923/9.99761(9 B2162/10.97838/10:0523 910 98074 ©

Sine. l ’ Tang. ’ : Secant. |
84 Degrees,




A Table of Artificial Sives,.

6 Degrees.

———

N

I Sine.

oL.olgzq 9.99761
1j9.02044 9.99760
2/9.02163(9.99759
319.02283(9.99757.
4!9.92402{9.99756.
5!9.0252019.99755
6i9.02635(9-99753
71902757/9.99752
819.02874/0.99751
919.0299219.99749
10[9.03 105
11/9.03226

‘ur

9 99748!
9:99747

*[ Tang.

Secant.

9:; 16210.97838
g.oz:%; 10,7717
|

.02404 10.97596
9:0252515.97475
9.0264610.97355
9.01766;13.9723 5
9.22885/10.97115

IO._0139y1~.98076
10.00240 10,979 57
10.0024110.97837
10.00243!10,97718
10.0034410,97598
lo.oc:45txo.g7430
10,0247 10.97361]

G0
59
58
57

'56

55
54

9.23005(10,9699 5
9.0312410,96876
9:03243/10.96758
4.03361]10.96€39
19.0347910.9652.1

12 19.03342(9.99745

9.9359712.96403

10,0024 810.97243
10.024910,97126
ilo.oo;s 11097008
?t: Cco25210-96891
110.05253110.96774/
110.00255/10.966'5 8

53
52
51
50|
49
48

1319.03458
1419.03574

9 99744(9,03714
9.997439.03832

15
16

9:03690]
9.03805
9.039129
9.04034
9.94149

9:997419.93949
9:99742(9.04065
9.997389.04181
9-99737|9-04297
9-99736]9-04413

10-960 52!
10-95935

19.9579310,00263
10:9558710.00265

9:24263
9:04376)
9-0449
9.04603
9.0 715

[2719:05052
2810.05164

9:99734(9.94528
9.99733|9 04643
9.99731{9.04758
9.99730[9.04873
9.99729/9.04987

9.05328
9,u54ql
905554

9.997 24
9.99723
69721

10.953557 10.00267

10.9478¢
IO.yq.M:.l
10.94559

1.96286 10.00256/10,96542
19.9636810.002 58
10,002 59
15.00260
10.95814 15 00262

10 95472110,00266

10.9524210,002 69
10.95127'10,00270
10.95013 10.002%2
10.94899 10,0027 3
I0.00274
10,0627 0
10,00277
10.94447/r0.00279
i3019.05386 9.997:6}9@566 10.94334/10.00280

a7
46
Joi96310/45
10 96195% 4
10.9605C43
10.95966 22
10.95852/41
——
10.9573 8|40
lo.9$62439
10,955 11138
19.95397137
10.952 8536
1095172
10,9 506¢|
1594948
I2,94837
10.94725
2 oa04

10,96426

35
341
33
32
31
30|

_S}ne. ,

Tang, '

83 Degrees.

Secant.
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Min,
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— Tangents and Secants-

4> >

6 Degreess : ; g

‘Secap,

LI

Sive. | Tang: |,
¢ A 2

3019-0532419,0972¢(9.95666(18:9 43 314}9.09180-10.94614 30
. [31[9:0549719.99719]9:95 778/£0,94222/§0,99282|10.94503 |29

132/9:05627(9,997 1 719-2589°[10.94 ¥ 10,19.00283110,943 93128
33(9:057179.99716/9.96502010,93998 10.0028 4| 10.9425%127
349.058279.99714[9:96113110,9388 7/10.00286{10,94173]26
3519.0593710.997'13]9:06224110 93776|10,00287|10.94063|25
b 1369060469975 9.06335116.93665!10.00289]0.93954|24/
P 137(9:06155(6.9$710/9.0644510.93545110..029¢c|10.63845/23]
3819.0626419.99708/9,°0556110.93444]idk00292{10.95736(22
39/9.0637219.997079.06666/10:9333 5/10.00293{10.936282 1

e

409.0648 119.99705/9.:067 75 15-93215 »15.00195}10.93519 20
419.065%9/0.99704/9.068 85/ (0.93 L1§|10 0029611 0.93412|Ig
41F_06696 9.99702(9,.06994 [6,93006 xo.oozgsllo_g;gaq 18

143 [0:0680410.9970119.07103/10.92897(16.00299 10.93196/r7
4419.0691119.9969919.072 11109278 10.00301|10.9308016)

= e S
4519.07028/9.996989:0732°110.0268 |10.c0502(10.92982/15
4610.07124(9:996966:0742810.92 572115.00304.10.928 76| 14
47610723 1,9:995959,9753650.92464/10.00305[10,92769)13
148/9.073379:99693 9,07643110.92357/10.06307{10.9266 3112
149/9.07442°9-9969219.077 51/10.92245[10.00308/10.925 5811
1 1

o

- l50l9.07548]9:99690/9.07858110.92142/10.003 10/ 10.9245 2|1

'6119.07653(9-99689/9.07964|10,9203 610,003 11/10.92347

(52[9:07778/9.996879,08071(10,01929|10,003X3(10.92242|

53(9.07863|9.996869.08177)10.91823110.00314/10.92137
54]9.07968/9:99684/9.08283110.01717/10,00316/10.92032
155]9:080729:99683]9.08389/I0.016 1 ¥10.00317(10.9192.8
15619.08176/9.99681/9:08495/10:91 505 10,0031 9 §0.9 1824
157]9,08280|9. 996801908 6¢0/T ©.91490,20.00320(10.91720
6819.08,8319,9967 8/9.08 705/ 10,91295 F0.003 22|10 91617
15919.0848619. 995779 0881010.9119¢ 10,00323{10,91514
609,08 58919:99675/9,68914/10.91086 10,0032 510,914 11
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Min,

! 82 Degrees. ’
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A Table of Artificial Sinzs,

e

: sine- . ’-:Tang..

WAL

. 7 Degrees.
;7 Deg

T

. Secant. , £

9-08539‘9-99675'9‘0:5914
9.0.869249,99671,!9_090 19
9.08795/v.9967<9.09123

9-08999i9.9966

9.09101/9.9966 7/9.0943 4.
9,0$20210.69666lg 05537
9.09304/9.9566405. cc640
9.29305(9:99663 oy 740
9.095069.99661]5.0984 5

E.Op} 30

l\am\\ o\ml-uw_u‘-_-_ol

9-’09606'9- 9965915 099 47|
9.¢970719.99658 9.1a04 5|
12/9.09857.9.99656 g.101 5,
1319.995079.996559.10252
14'9.100269.99653 9.103 53
15
16
7
18
19

-
o

11

9.10166‘9_9967 19.10454
9"°‘°5:9-9965°§ lo:ss,
9-1930419.956489 10656
9110493 9,964 70,107 56
9-105019.94644 g.10856
9.10599/9.69643l5.10956
9108975056317, 1 1056
2219107955 59640 9.1 1155
23(9:10893 995638 5. 11254
“124!9.1c990 9.9963 7[9.,1 558

il

20
21

9.68897.9.9967¢2 .ogzz7ilor9077;

100032 5{10-9 1411
10,0032 7 10.913¢§
10.0032810,91205
10.£0330/10.91103
10.00331{I0 9100k

10,9 1086]
10,90981
10.90577

10,906 70

10.90566/10.00333/10.90899)
10.00334,10.997983
. 90696
10.00338{10,90595
10.99494
10,90394
10,902 94
10.90}93
10.99094|
10.559994

19, 90463
10 goj 60
10.90258
10,90155
1092053
12.89951

10.003 36;10,

10.06339,
I0.00341

10.c0342
10.85850(10, 00244
10.69748 10,003 45
to 8964710.00347
10.89546110.003 49
10.8944510.00350
1089344 10.00352
|°.39344!IO.003 53
i°.89lq.q;lo,oogss

10, 89894
10.89795
‘0‘39696%
10.89508,
10.89499

60
59
58]
57
56
5.5
54
53
52
53
50
49
48,
47
46
45
44
43
42
43X

To, 59044110.903 57
10.58044.10.0035$
10.88 84510.0036¢
10.88746/10.00362
10.83647;10_5036;

i ;
2510:1168 7l 56
16.9.11184!3_396
4127 911281
28.9.

359:11452
340.11551

30

—f

9.1 '57°r-996:7

Sine,

19:996329.11645 10,8535 1
113779.996300-117471°.88253
29.9:114749.996299.81845/10.85155
9. 11943/10.880 59 19.0037;

10.8854810,0036'5
10.33449 10.003 67
10.00368
10.00370
10, 00372

10.834

Secant.

Tang.

re.89401
1089303
1-.89205138
10,89107
10.89010

10.88913435
10.88816/34|
10.8571 013 31°
10.98623
10.88526(31

33

40|
39

137
36

o
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Min
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Tangents and Secants.

7 Degrees.

U

30
3
32
33
34

35
36
37
38

439

e

40
41
42
43
44
45
46
47
40
49

50
ST
52
53
54
55
56
57
48
59
6o

Sine

Tang.

|

S_cant,

9.11761
9-11857
0.11952

5,'.115‘70
5.1 1660]

9.9962 7'_9. 1 1943510.88357
9.9962519.12.040 10.87960
9.99624'9.121 38 10.87862
9.99622[9.1223510.87705
999610&9.:233;[!0.87668

5.3233 1

012047
0-12142
9.12236

9.12425

9.996 19l9.l’14:8]l0-87572‘
9:99617.9:1252510-8747 B
©.996.1 59.1:6;0%1 0.873 79‘
9.096139.12717,10.87283
5.9961 119.12813 10.87187

10,0037312.88430
16,003 75 10,883 34!
§0.00377,12.8823 9
10.00378 10.88143!
19.003 80*10.8894.8l
70.00382(10,87953
10,003 8310,87858
10.09385'10.87764

10,0038810.87575

9:12893

9. 12519
9,12613
9.12706,

9.12799!

10.87091
10.86996
10.86901
10,86806
10.86711

9.096 rolg. 12909
9:996989.13004
9.9960719.13099
9-99605/0.13194
9»9960;'|9- 13289

——
,9.00390!10.8748 1
£0.00392{10.87388
10,0503 93.10.87295
10.00395}10:872 1
10.00397:10.87108

9:12985
9.130789,99600
9-1317 1;9:9959‘5
0.13263
9:13355

!
|

9-99596i
9:99595,

10.86416
10.86522
10.86427
10,86333
ro.86240

9.996026.13384
913473
913573
9.13667
9-1376 1

1200399 10.87015
10.00400 10-869 22

10,0040415.856737
10,00405 1086645

e

10,00387 10,8769

10.00401?10.86819

9 :;447,9-9959319- 13854
0-135399.995919.13948
5.1363009 9958519, 15041
9137229 995889.14134
9-113x3'9~99586‘l9~l+u7

.99584(9.143 2¢

513954

19
9. 139_94!9»9,%82 0.144.12
9.14085
9487519995 79‘\944597

©.1426619.99577/9.14689

1¢.86146
10.8605 2!
12.85959

10. co407|10.86553
10,00409 10,86461

30|
29
28l
277
26

15i
24}
23
22
2Ll
20
19
i8
7
16
15
14
i3
12
5
10

o

10.00411.10.86370 &
10.8586010.00412/10.86278 7
‘0-35773|l0.a94.l;p|lo.85187" 6

(0.85680(10.00416 10.86096! §
10.85588 10400531.8‘50.86096‘ 4l
0.99581/9.14594(10.85490/10.00419 10.85915 3/
10.0042 F10.8582 G |
10,0043 lo,8$7g4t

9.1435619:99575|7.1478¢| L0.3521K>‘!0.004z$ 10.85645 &

10.85403

10,8;;125
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A Table of Artificial Sines,

« 8 Degrees.
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x5
16
7
18
19

‘uW

0/9.143 56
5 14345
29.14535
3 9.14624
419.14714,
Slo. 14803
615.1489219.95565
7|9.14980)
8(5.15269)
9lo.15157
o | et
10(9.15245
11515333
11245 1542309.99 554
13515508
14|9.l 5596

Sine. ,

e s | e

9.995 661

999563
995561
9.99559)

|

599575914780
9.99574!
9957
9.99579!
9.99568

Tang.

Secant,|

9.14572
9.14953
9, 15054
9-15145
9.15236
92-E7327

10.85645
12,25555
10.8546 5!
10,853 76
10.85286

10.851.10110,3047.5
10.8512810.00427
10.85037 12.0042 8
10.84946{10.00430
10,8435 5570 0oy 32
19.84764[10‘&@‘434
10,84673]1C.0c43 5

59
58]
57
50

10,85 197

10,85 109154

0. 15457
5.15 508
9.15 598!

10,84583/10,00437
10,8449210,€043 0
10, 81\4.02.‘10,00441

10,8 5020
10.84931
10-34343

5
52
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9-’995‘5'7
9.995 56

9200558
9:99 559

——

5, 23680
9.15778
5.1586
9.15957
9.16040

1e.84755
10.54667
10.84579
10.84492
10,84404

10.84312’1:@0443 50l
10.84223 10.00445
10.84153(10.00446
10:84044 10.00448

47
10,8595 4|10,00450
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9.15683
915770
9.15857
9.15944
9.16030

9.99548
9.5 546
0499545
999543
9.99541

5.16T35
9.16224
9.16312
9.16401
9,16489

£0.8431 7
10,842 30
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10.84057|
19:8397¢

10.83865 10,0045 2
10:8377610.004 54
1083688 10.€0455
[0‘33599|10,00457
10.83 51110.0c459

44
43
4.2
P
I

|20
121
f22

234

124

25

-

127

28
29
3o

9:161169. 9953 9)
98L620310.6953 7
9: 161399-99335
9:1637410.99533
9164699 99532

9.16577
5. 16665
9-16753
9: 16850
9.16928|

“ )
10.85984
19,833 35/10.004 63 [12.83797
10 8324710,00465/10.857 12
10 83150110,90467 10.83626

10° 8307 z,lo,oo,;ﬁS'[o.S; 54¢)

10,8342510,0046 1 40|
39|
38
37
36

9:165451919953 0
5:16631)9,99528
9.16716l5.59526
9.16801(9 95514
9:168865,9952
9.16970l9. 09 §2¢

Sine.

9,57016]
9. 17103
9. 17 160
917277
9:17363
9:17450

10:8245 5
10.83369
I!o.S;zB4
10.82190
[0,83 114
o) 83030

10.8.08 4{10.00470
10.3289710:0047 2
10.828 10| 10,004.74
10;82723/10.00476
10, 82637/19.00478
10.825 5 ¢'10.004 8]

35
34
33
32
34

Tane. ' | Secant.

81 Degrees.
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“+‘Tangents and Secants,
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i
31
32
33
3%
35
36

‘WIN

A
S*ne,

9.1697919.99520
9.:795519.99;18
9:1715919.99517
9:1722319-99515
9:17307(9.99513

5-X 7459
9.17530
9.17622

2

Tang.

2.17708
17794

o )7
s€cant,
°

—_—
8 Degrees,

£0.825%5 £0.00488
10.82464.10.0048,
10.82378 1510048 4]
m.81291:;°.oo485
10.8 1406’19_09487‘

9.17391 9.99;(1
9-1147419-95509

917880
917966

9.17558
9.8764.1
9.17724

37
38
39
40
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42
43
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14519:1822¢
469.18302
47918383
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49 9-18547
509.18628
519.18709
521918790
53918871
5419.18952

9.17807
9.17%90!
9. 27073

9.:8:3'7

5519:19933
56939113
5712-19193
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5919-19353
6010.19433

—

¥

9.1805 5|

9.18051
9.18536
9.1822.1

9.99507
9.99505
9.99503

10.83030
10.82045
1082861
£0.823777
10.82693

30
29
28
27
26|

0489
10.82€55 15.0049 1
1081649 10.00403
10.8186d ¥0.0045 51
10,817 79 12.00457

251
24,
23
22|
21
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10.82526
19.82442
10.82359
§0.82270|

9.”5(’ .18306
9994959, 18391
9:994975.1847 5
9 994969,18560
9.9949419.18644

;0;8169:};'.0,004 9|
:gﬂxéqg.o,oesol
10.87525/10,00503
10.81440 10.0050 5
w.ngsdllo.oosoy

10.82 111

(0.8; 193

10 82027

10.81949
10.81863
%

918728
9.188¥2
9.18896
9:1897¢
9.19063

9:99492
19.59490
9,99 438!
9.99+56f
5:9948 4

10.81172“0.(:0508
10.8 1188 10.00§ 14
103110410 00512
10.81021 10,0054
1©:80937/10.c05 1.6}

9-19146]
9:99480i9.19229
9.99478l9. 19312
9:9947%9.193 95
9.99474i0.1947 ¢
19:9947319:x956'1
9:9947099.19543
9.994%8l9.19725
9:9946€19.19807
9.59464/9.19889
9.99462 11997t

9.99452

12.508 54 (0.00518
10.8077 110.00520
10.8068810.00522
08069 5|10,00524
10.8052210.00526
10 8043 9|
10 80357,
10.86275
10.80193
10.80611
12.80029)

10 00528
10:00§30
10.8053 2
10.00534
10,0053 O
12.00538]

ro.8178¢

10.81698
10.81617
10.51s3s
10,81453

10.81372
[0'81291
10.8 12 10|
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10.§1048
10.80968
10.80887
(9.80807
10.80727]
10.80647
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81 Degrees,

M




E |
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Degrees.

A Table of Artificial Sines,

s L=

“tang.

Secant,

9.994 56
9:99454

Q200453

9.202 16|
0:20297

5[9.1983cla 99452
69.19909/0.99450
7.9 199889.99:14%
89.20067/9.99446
99-20145(9.99444
(1019.20223
F19.20302
1920380
¥310.20458
14020555
1510 20613
16i9.zc>691
137 l9:20768
‘18!9.20845
lxg.g.zo;::

9.0944.2
999440
9.99438
9,99436
9.99434

9:99432
9 99430
9.99427
9.99425
990423

9.20378
922459
9.20570
9.29621
9.20701

lo 20783
9.20862
9.20942
9.21022
|'9.n o2

0.9946 29.19971(10.80029 10.00538}1 0.80567 60
099460
9.994589.20135

10.79947 10:00540

10‘79784:10.0054
10.79703/10.08540

10.79622{10.00548]
10.7954110.05550|
10.7946010.00552]
104793 79’10.00554
1€.7929910,005 56!

10:798566 10.00542

1650488 59
10.80408'58
16.803 7.8;37‘;
10,80249 56,
10.80170
10.80001
10.80012
10.79933
10.7985'5

55|
54
53
52
w.l

xo.y-z)na'lxé!ogs
1079158 10.00560
lc.790$SIIQ.ops62
l0-73978}xo.oaj64
10.78893!'10‘00566

1279777159,
107969849
10.79620!43
10.79542 47|
10.79465146

Ig.zn 82
'9.21261
9.21341
9.21420)
0.21499

10.7“819"1000568
10.78739 10.00571
o 78660 10.00572
10,7858010.0057¢5
10.78501{10.00577

xo-~79;37_'4s
10.7930944
10.7923 2'43
10,7915542
10790784 ¥

2019.2099019 9942 1
2119.2107619,0941 0

0-21573
0:.21657

2209.211531).99417
2319.21229(9.90415
2419.2130619,99413

9.21736
D 218 14|
9.21893

t0.78422
10.78343
10.78264
10.78185
10.78107

10.00579
16.00581
10.Q0583
10.0053§!
10.00587

107990140
l0.78914[} 9
10.78547138
10.78771137
10.78695|56]

20
30

Sine.

25(0.21382 9:994119.2197110. 78029,

2619-2145819 994090 22049|15.77951

27,9:21534 9499407 0.22127

‘-‘-819:?‘42;0 9-994029.2120'; 10.77795|

9-2100519.09402

9.21761 9:994009.2236110.77639
— »

9.22283

10.00589
10.00§91

35
34

10.78618
10.78532

10.77873|10.00593
10.00596

10,77717]10.00598

10.00600(10,78239/39)

10¢78466[33
10.78,9032
10.783 15|31

l
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[ Secant.

80 . Degrees,
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9 Degrees. - A

Sine, Tang.
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AL S e

‘ -€C_nt.

301921 7619:994009.22361
319.21.-69.093989.22438
32

33
34
s
36

9:219879-993949.22593
9.2206219.993929.22670

9-22286,9,993 3S£9.:2901
9.22361(9.9958310.20977
9:224359:993 8 1923054

38
39

9:2191219.993959.22 51610.77484 10700604,10.7808 5 5|

9.22137.9.993089 2274710.77253 (10,9061 1,7786312 5

'10,77639 10.0060¢ 10,-7?,_—; ‘3:
[10:77562,10,00602/10,7816 40 5

10.77497.10.00606/10.780r3/27 |
Im.77 33°!‘°-°°5°3|l°-7,7§;3!m‘

9.2zz12@39}899.;1824’(0.77x76 10,00613175,77789 %

10477209110,£06, 5107771423
10.77023%0,00637'10,7763922/
IQ‘76$46=I0.00519(lo.77'365"zl

9-22509‘9-99379I9-131 31
9:2258319.99377 9:23207
9:226579.99375 9-23285
9-22731(9.99373 9233 59

9-==805;9-99;70i9-zs4;s

40
A1
q.?
45
44

70,7687 38,0062 119,774 Ta0
10.76794 lo.'0062¥10.774l7 19
10,76717|10.0062510. 773431 3
10,76641|10.0062810,77269 17
10.76566| m.acsgo;lo.ﬂ 19516,

T !

45 '9.::.3789,99368?.23 510
46]9-2295219.993669:23566
47(9+230259:99364 9-23661
qS9-=3°98|9-9936'=,9-237a7
49(9:231719.993 5919-23812

10.76490|10 0063 210,771221 5
30.76414110,0063410,77c48 14!
10,76339 10.Qc6}6‘l0,1697 513
10.76263|19.00638/10,76922!5 3/

1076188 10.00641110.16819|u

9.23317
923399
9:23463
9.2353 5

9:993 5%

9-13144'9-99357'19-13887 10.76113[10.006 43
9.993559-23962(10,7603 8 10:00645
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10,767 561
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|

9:99335
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©09-23967(529933 5’9.2463 2’10.7 5368
19:240399:99333 9. 2470610.75294

9:241106.993359.24779 10.75221
?9.5.;-‘1,31 9:993289:2485310.75147
‘}‘9.:415} 9‘993:6?..:4916‘!0.7 5074

10.08665
‘11000667,
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5! 02 ' 2 §0C ‘ID vO
59:34424:9:0932419:2 5 52O 10500
469:2439519.09322(9.253 73110.74927
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129.24838/5.99308(9.25510 10 73490
139.2438589.99306/9.25582 19.74413
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10100676
10.00678
12,0068 1

10.00685,
10.00687
10,00690
10.02692
19.00694
10.00656
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Iw'75890 58

10.0067410.7574) 56!

10,76 .;;lﬁo
1~ 396159

10,75819/57

X0.75676/5 5
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10‘-75393}5 1
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10,7 504!‘46'
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2319.255839.99283/9.263501|T0,7370¢C
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10.00699
&c.Oo jor
10.00703
10.007006)
‘10400.708

197497245
10 74902144
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50.74693 4%

——

19.00710;
10.00713
10.0071 5
10,00717
19,607 19

10,744363 3

£9.74763 /42

10,74417/3 7
10.7434836
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2619-257909.99276|9.26514{10.73486
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10,007 22
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10,007 26
10.05729|
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19.74210/34,
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10.00731/10.74005(3K]
16.60733{10,73937(39
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) 79 Degrees.,

10:00683/10,75464'52
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e
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1719.29150/9.99152/5.29998|1D. 70002|10,00848/10. 70850/43, 4
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5.32995/10.67005 10.00970(10.67974
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43
42
41
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10.67272
10,672 14/
10.67156
9:67098

10:6602610.01014
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9.3410019.959300.3 5 170
431934 €56
4.219:34212
431934268
a4 9-34324

9:989279.3 5229
9:989249.3 5288
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1064771
10.64712
10.64654
10.63595
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10.01096
10.01679
10.01081
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ro.657;zl 7]
12.6567638
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§0.01099
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10.0 1104
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1064911

10.653142
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10,65231
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0-37923
9.37980
11937337

10.0300 l‘lo.p 115
10:63934 10.01 169
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25 0.367139 98789
2919, 36766.9 98736[9
30! 9‘,6819 2.98783
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10.50172]
LQ,5012§

ot [o.;:.gobgg
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55/9.48803|0.578419:50962180.40038[10.02155}10, 51197
5619.48842/9.97837/9:51095(10,48995/10.02163 {10, 51158
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SUPPLEMENT

NEW E D"‘n'.l.d Al

CoNTAINING ., o W

1. The eafy Conftruiov of the Tablesof Sines, Tangents and decanss.

2. Two new Methods of Sailing without Tables or Tnftruments, by only
Vulgar Arithmetick: z~stionedin Wilfons Navigation.

3. Four Ways of Laying down Traver(cs on Paper.

4 The Diﬁgrgement in the fundry Kinds of Sailing exetoplified, in Plain,
Mercator, Middle Latitude, Circle, and Sailing by Paualll;J Parts a ;{:—
thod taughtby Fobn Ward in his Pofthrmosns-Works. >

5. To find the Meridional Parts without a Table of them,

6 To eftimate Diffances by Sound, &«

7. A Table of New and Full Moons, with all the vifible Eclip < for 21 Years.
tocome, flom 1736 t01757. 3 2 >

8. A rcady Method to calculat~ the Lunations throughout the whole Year;
with a Table of Starscorreéted to the Year 1716.

5. Sundry Errors and Defeés in Chards, Corupafies, Quadrant, Crofs-Staffs
No&urnal and Naurical Tables, fpecified with proper Belps, &

10, A Synopfis of all the poffible Varicticsin working an Obfer ~~+ «

By SamMuver Furier.
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Drinted by and for Sam. Furirex, at the Globe
in Mearh-fireer. M pe e xxxV.



2 The SUPP LEMENT,

SecrT. L : .' 7
%z ity

To make the Tal;le' J anarural Sines, Tangents and
; o) Secains eafily :

Natufzl Sine ¢
of o\ Min® ¢, fay, :
As® . eriphery‘r Minutes - = = - 21600
is to the Peripheryin equ(l Patts - - 6283185
is one Minute - - = - = = = e I { ”
to rf}:: ;aus agreeing to that Minute o.0c6290888, €qual tof..e Narural Sine
of one Minute, which agrees with the largeft Table of Natural Sines I ever

faw.

See€lg zue}'eefo;;h‘i’inv,m _afenfibly differs from the Length ¢f the Arch

Next to findits CosiNE.

From the Squareof Radius - - - - 100000000, &z,
dedudthe Sq. of Sine of one Min, 000000084612 3
theremailsis - - = - - =~ - - = ©.99999915388 whof€Sq. R.i5 9599090

the Cofine required or Sing of 89¢, 5o’

Thenin arank of Arches Equidiftant{ay
Asthe Sineof any Arch in that Rank E
istorthe Sum of the Sinesof any 2' Arches equally remote fromit on each

& Side S
 foisthe Sine of any other Archinthef(iid Rank to tlie Sum of the Sines
of 2 Arches nextiton each fide having thefame common Diftance.
Letthe R¢ s be made the mean or middle Term between thefe Extremes
and the Pre jortion will run thus -

As the Radius is to the dou- Andthen iffrom the Sumof the Sines
ble Cofine of one Minute : of 37ai.d 1"be taken, the Sineof 1,
fois the Sineof one Minuteto . Remainder will be the Sine of 3/
the Sing of 27 ando’. thelike, if from the Sum of 4+’and 2 ‘be

. and, % ] taken the Sine of 17 the Remainder
Soisthe Sine of 2! to the Sum will'be the Sine of 4%
of zland i Proceeding thus all'the Natural Sines
el in the Quadrant may be calenlated by
So istheSineof 3/tc theSum Addition and Subtraétion only.
of the SineS’of 4! and 2/, and Haying made the Table of Siues to
1o onina fucceflive Order from form the Table of Nauial Tangents,

Minute to Minute Say,
As the Cofine of any Arch isto its Sinc: So is Radius to its Tangent
Tonght, or for the Table of Natural Secants, Say, 5
Asthe Cofine to Radius, fois Radius to the Secant fought, or divide the
Squarcof Radiusby the Natural Cofine, the Quotient is the Natural Se-
cant .
The Tables of Artificial Sines, Tangents and Secants are only the fe-
fpe&ive Logarithms of their Natural Siues, Tangents and Secants, and have
this Properry thar
Sineand Cofecant - 4
the Arrificial %Tﬂngcnt and Cotangenn'; A G G
Secant and Cofine or double Radius

/ wherefore one isthe Complement of the other o Double Radius

Secr.

vafa Cir e Wi.gﬁ Radiusisx, is 6.283135, and thd
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P LAYN-SDLLIN Arithmetical. a2

B ey

The Ufe of' this Table is
for, vorking th

A TABLE of Given Numb:
| g - Coluinn., 6u have the
Points | Lutitude. | Depart. | Poiyes?| B bsorPoih “ofthpCom-
S\ 5 pa(“;, with then. “-il’(g‘ms,
i > % ¢ ood gu.ivcer Points;fiumber’d
s Y 88 j04:88) 7 2 f:pn? the Meridian or North
oz 992 s2be9 76 7 & and South Line, either Eaft
o % je8 : 91 |14 66 A or Weft, according as they
I 98 t 08 192 51| 7 | fandinoxderdhuss. s W
g is two Points; becaufe South!
il 7 jsupon the Meridian, then S,
I z;o97:1 24 :27 | 6 41 by W.is oncPoint,and$. S.
I % oy : 280 g & W, two Points; & So like-
I3 logsc 33t o wile N. N. E. and N. N. W,
3 92 28 & 27 6 o is two Points from the North
: Again, fuppofe a Ship fails S.
am s Sz | e W. L s. that is, three Points
22090 42: 77, 5 A| andanhalf and N.N. E. &
2 5 |88 47 I3 5 % F. is two Points and a Quar-
2 385 ST: 380 s 2| ters which being aThing fo
3 8 Cs commonly la wn, 1 fhall
3 5 ) D % e
—— fnlin gl not need to adda \y more Ex-
N ¥ A 3 amples. 7
3 % 8orzgil iok Sas S|4 S The Number of Points
33V77.029 63 045 4% thus found, obferve on which
+3 174 30 ] 6% s 4 % Side of the Tableir is found,
a 9 76 e 4 for if you findithe Courfe at
% o the lefr Hand, tllft_n find d;e
P EE | KOs B T Roiminari of Latinide
Points | Departs | Tatisude. Pm'n_fsl e e

3 T But if Lie Courfe be on the
right Hand. find-<he Denomi=
nation of Latitude and Departure at the Bottom ; for the left Hand Column
contains all the Points under four Points, and the right Hand Column con=
tains allthe reftof the Points to 8. Now if the Courfe be found in the
firft Column, (wiz. lcfs than four Points) theniin the fecond Columa isthe gi-
ven Numbers for Difference of Latitude, and in the third Column is the given
Numbersto find Depatture : Butif the Courfe be in the laft Column, (viz.
abave four Points) then in the third Column is the given Numbers 1o find
Differcnce of Latitude, and the fecond is for the Departure, & And the
e of the Table being thus known for the firft Cafe, the reft is cafity
found by Gonfequence, s we have hinted and fhall make it evident and
intelligible to the meaneft Capacity, by the following Examples.
_ Nore, 1f you have a given Number, with a Cypher on the lcft hand, (as
i 7 L and 7 & Points) although a Cypher adds nothing to the Product
(being on the feft Hand) yet it caufeth a Figute more to be cut off for the
Decimal Fraftion; ahd having cut off as many Figures towards the right
Haznd as you multiply by, thereft isthe Latitude or Departure fought, and
thofe cut off are a Numerator of a Decimal Fraétion to a Denominatoxcon
fitting of as many Cyphers as you cut off Figures, with a r at, the lefc
Hands fo if you cutoff 97, iris —£1 or if you cnt off 352, it IS L2345,

‘and fo of the reft. % A2 Nah! 1
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Note, When you have found the given Number in the Table, ym.{ need

not always ufeall the 4 Figures, efpecially, if the third/or fourth te| fraall
Digit, as 1 or 2, as {up;ole jov: given Mumber Le 8315, here the niird
Figur. heing a 1, youmaycut ¢ & the'tyo laffFigures, and ufe only £3, to
work with. Again, if the nicd Figatc be on< of the higheft Digits as 8
or 9, youmaycut off the t'vo laft, only add‘oneto the fecond Figure andfo
work as befi.re; as {upp «e your Number be 289, you may add“s vo Ve
fecond F_are +iz. 58, ~ad then cut of _he two laft, and then y-ur Nur_ser
.70 work will-h{ =~ the Reafr . of -1l which is vary evident to ‘any that
‘underflands t ~-ature of —«cimals,and will by a little Pradite” become
ealy to\thcxv dneft Cap? .ty- : \

' PoLAIN SAILING. L &

i g 5

CASEL Conrfe and Diflance given; to find the Difference o) Latitude and
SRR 1 Departare. i

¥ . 2 e Rule.

Multiply the Diftance by the given Numbets for the Couxfe, and framthe
Produd cutoff as many Figures as. you multiply by, and the reft is the
Difference of Latitnde and Departure fequired. ;

" Queftion. A Ship failsN. W.by N, xs3 Miles; I demand her Diff. of La-
titudeand Departure.

" The given Number for Diff. Latitudebeing 8315, we fhall only ufe 8z,
andcuroff the other two Fignres (towardsthe right hand) and mltiplyinj

the Diftance 123, by the given Number 83, and from the Produét cut off
two Figures, (becanfe you multiply by two Figures) you haye the Difference
of Latitude s * 12 for Departurethe given Number is 5556, the third Figure
being a 5,7 & thall for more Exaénefs ufe three Figures, viz. s g;and work
as before. The Operation for the Difference of Latitude and Departure
will {tand thus:

Foy Diffsrencecf Latitude, For Departure.
123 » 123
83 555
—_—
269 515
984 - 615
—T 615
10209 e
i 68] 265,

The Difference of Latitudeig roz _92 the Departurc is 68 255 but
jou need notregard the FraGions, onlyif a Fra@ion be confiderably aboye
¢ half of one Mile, or Minnte, you may add 1 to the whole Number; as
;ﬁlppoi_'c yout Fraétion be 78, viz. _ 75" you mayadd v to the whole Num-
ber, and rejeé the Fraction, &e. - ;

Another Example in Cafe T,

A Ship 2ils N N.w. I W. 165 Miles; T demand the Difference of Lati-
tnde and Depare M3¢. i) A

2. N. W. L W.is2 | Points.
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iy, Dijﬁ:imreuj Latitudt, ' For Departare.
- ‘
R e s % 2 et
1320 % TR 31 2.
L DE329 5 : 66:3
14| 20 Diff. of Latitude x=5. 7t ;;
Dep. 77,0 £ather 78, becanfe the Fra@tionis ﬁ. L Do “

CASE IL . uife:and Differente of Latitude given, e Dijinm; w1 D
N % g

« parture.

i

Tbe RULE,

For the Diftance, addas miny Cyphersto tie Difference of Latitude asthe
If,umgft‘ dcf_Fégu;es you rlla}nk bto make. '}llee of in the given Number, and
then divide itby the given Number, and the Quotient is the Di i
being found, find the Departire as.in Cafe I.Q ke Ditahcenie

Queftion... A Ship failsS. W. by S. till her Diff=rence of Latitude be 174 ;

1 demand the Diftance and Departure,
The Courfe is 3 Points, the given Numbers 8315 and| s556-

For the Diffance, For Departwre.
83)17400(209 Diffs ‘?zug
« 800 555
—_— 3 —
$3 164§
5 To4§
1045
—
x15] 995

The Diftance 209, and Departure 115, o rather 1 16, becaufe the EraGion
is (o grear, viz. above o8,
CA SE 1. Cowfeand Departare given: 50 find Diffanc.. and Differenceof§ La-
its

ritude.
The R U L E.

‘Add fo many Gyphers to the Departure as you think to ufe Figures in the
given Number; and then divide by the given Number anfwering to Depar-
fure, andthe Quotient is she Diftance, which being found, find the Differ-

ence of Latirude, asin Cafe I.

Qaeftion. A ShipfailsN. by E. 2 E. 1ill her Departure be 7>: ; hex Diftance,

and Difference of Latitude is required.

For the Diffauce. Tor Diff. Late
337)72000(213 214 :
. 460 49
1130 —_—
e 856,
259 1926
% i ol
% 20116
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The Diftance is 274, (bcing {p 'drge a Frad&ion) the D.ffexence of Lus )

tudeis 203,

CASE IV. Diffance mg Diffivence (f Jiationde given to find the Goynfe and

Dipaceire. %

* 7 Tuer RULE. e

Squarethe i Yanc. (that is mwiti~gy it by it felf) and likewife che Diff
ference of Lar* _.¢; and (b 4& the leffer Number from the z.cater, the
{quare Root £ the Remiinder is the Departurerequired, and then for the
Courfe, a° .wo orthr.e Cyphersto the Difference of Lati’y le, and divide.
that SuL. oy the Dl nce, the Quotient is the given Numoer/ = the Gourfe,
which being found in the Table, you have again the Goure required.

Nore, 1f you capnot find exaélythe fame Numbers (whch feldom hap-
pens) find the neareft to it, which is fifficients and finds the Courfeto the
meareft Quarter Point. &

Queffion. A Ship fails betwcen the North and Eaft vyo Miless and then
finds by Obfervation, that fhe hath ais’d the Pole 1 Degtee, or 6o Min: ov
Miles;” I demand the Gourfe and Departure. ¢

 For the Conrfe. : For.1he Departisre
300)60000 (545 I10 60 Sq. of Dift. ~ 1z100 £
5 .50 10 . 6o Sg.of Diff Lat. 3600 .
600 e —_— P
—_— T100 3600 Diff of 8q. - 8(3e
V5o T1o 5ot
S 8500(9z
12100 8
282)400
364
—
36

"The Quotient 545 fought in the Table, the nearef siven Number is 5555
R 2 - X B 2 T
and againk that, for the Conrfe, you haye five Points, whichiis N. E. by E,
betause the Confe disbetween Northand Eaft, and rhe Depdsture 15 92, for
Jyou need npt regard the Fradion in the Square Root, it being bura fmall
Parcof a Mile or Minute in the Departure.

CABSE V. Diflance and Dep

¢ gren, to. find Couyfe and Difference of La~
e,

Tpe: R UL B,

Subtraét the Square of the Deparzure from the Square of the Diftance;
,gxnijstguacxe R}:y_ur of the Remainderisthe Difference of Laritude; and then
€ Courleasin Cafz1V: only mind to find th ient i 2
e Y21V; onlymind to find the Quotient inthe Depar
Rueftion. A Ship fails inthe S. W. Quarter 124 Miles, her Depasture 952

1 demandthe Coutfe and Difference oF Latiende, i e

>
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v the onrfe. 7 \ - Bor the Diffs of Las, :

11270 v bc3(766 ¢ Squareof Dift. 15376

2 SG.of Diff Lat. oz

Diffiof Squares 63 5v
7 M

2
L 760

‘The Couifeis S. W. L W. neareft; for the neareflt given Number to thie
<Quotient 766 is 772, which 1s the Number for four - Points, or S. W. £ wr.
and the Difference of Latitudeis 79, or rather 8o, becaufe the Remainder
of the fquare Root is fo great: And here obferve fora general Rule, that
becaufe the laft Remainder in the Extraltion is a Niimerator to twice the
Root for a Denominator? therefore if wae latt Remainder be more tham
the Root, add one to the Root, and that will be the Root exaé enough in
this Cafes but if the Remainder be lefs than the Root found; the Root is-
neareft whole Number that anfwers the Queftion, and you need not regard
the Fra&ion at all; Thus in the Exainple, Cafe IV. the Rootis 92, and the
Remaind r is but 36,and thereforeI keep 92 for the Departure, and rejeék
the Fra@ion. Bt in the Example in Cafe Vs the Root 1s 79, and the Re-
mainder ismote than the Root, wiz. 110 ; and therefore I add x to 79, and
the Sum 8o isthe Difference of Latitude required, and (o in others.

CASE VI. Diferenceof Latitude and Departure given, o find i Somrfe and
7 | Diftance. Y

Zhe R U L E.

Squtare the Difference of Latitude, and alfis the Departure, and add the
two Squares together; the Squate Root of the Sum is the Diftance xequi-
red; and then find the Courfe, as in Cafe1V; ox Cafe V. - Eston] e

Quefiior A Ship fails in the N. W, Quarter, till her Diffarcne.t Lok
titde be'izo, and her Departure 1085 1 démand the Couxe andDiftance.

For the Diftance.

azo - ros Squarcof Diff Lat 48400
220 168 Squarc of Departure. Zx664
— ——
44 864 Sum of theSquares 60064
44 1080 BPGOY
— e 60&:64(2545
48400 I16G4 2
1 L
¥ 44)200 2
Loy the Consfe. 176
" .
at5)210000(89y 485)2464 5
2400 2425
LP50 ——
39

235
: aThe
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The Faurfe is 2 Points and a Quazcer;or N. N.W. £ W the Diftarce =5
iles. = 0
hthe Operation in th.s Cafe fcéms the moft tediol < or all tha
,&21{2‘:‘:5@ we. l‘lgvﬂ asfiimed greater }Yumbers for the Data ¢x Lhe Quefs
tion, y:tevenia the greateft Number  thisWay is much more exy eitious
¢than working by a Canon; as alittle Prattice will make manifeft.
g / 3 Pt

NAVIGATION New Modellds

DR,

" The Whole Art Pmﬁ;‘m’d by aNew MeTHoD.

i’AaT 105

Welet and Grounds of this Method:

N Order te the right Underftanding of this new Method of Trigosometrys

X fhall proceed, according -othe ufual Method, and fhall, for the Help of

Memory, lay down fome fundamental Rules or Axioms, upon which
the whole Operation depends, and by which all the Cales in Plain Trigono-
meery, boti Righ* and Oblique, may be {olyed, withont sny Baok, Table or
Dnftrmmnent &h atfoever, But beforel come to cthe Axioms, I thall premile,
that whencver a Side and an Angle is given; to find another Side, (whick
is the firt and moft ufeful Cafe in Navigarion) there muft firft be 2 Num-
bez found, which I call the Nawral Radius, not only becaufe it is the O-
xiginal, from whence the Solutions are deduced, but alfo becaufe being
found, it produces the fame Anfwer in Natural Numbess, that the Ra-
dius, or Sinc of 9o, produces in a Sinical Proportion ; and this Natural Ra-
diys isthus found:

MM ETHOD the Firff.

Take the Angle whofe oppofite Sideis cither given or fought, and divide
four times the Square of ais Complement to:9a Degrees by 300 added to
three times the faid Complement, and then the Quotient added to the faid
Angle is the Natural Radius requizeds and this Rule is univeifally wuein
21l Angles from o 10 g0. g

METHOD
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Detliod the Srcond. " >

. But ber- e in Anglesunder 4.5, the Complemec 1o Ate abave 4 55 and theie.
Squarss amount to greater Numbers than the Squar..-of tha Complemens
o & thei Anglés above 455 therefore to rénder the Work = safy, and the
Contrivar: s ufefilas poffible, I thall thaw another Way fo find the Na-
zu 2l Ruc ~  Spall Angles under 45, and the Rule is, e

D.Jide’ « s esithe Square of the Angle (whofeoppofi

£ A deds given
oojthe Quotientaddelto 57 « 3; shatis 1A SURLig
us required: £

This being ) ‘emifed; the Rules are thefe?:

B 3
R L E fhe Fiyft. In Rightangled Triarigled. |
n ,Jnglﬁnd_ aSide given, ta find another Side.

The Nattizal Radinsbears <lways ché fame Froportion to the Hyfothsnifa
;,!mr the Angle (by which the Natural Radius was found) bears to its oppo-
ite Side. R : 3
‘Thereforc if the Angles andHypothentif=, be giyén, it is; As Natural Ra~
dius to Hypothenufe, {6 the Angle'to its oppofite Side. Bur ifthe Anglesand
a Leg be given, thenitis, Asthe Angle to its oppofite Side, fois the No-
#irral Radins to che Hypothenafe. ;
* &
R U L E the Second. In fkigh:—anglckd Triangles.

Tiwo Sides givin, bofind o Thivd.

“The Hypothentfe is equal inPowesto the twd Legs the ., “eSquiateof
&he Hypothenufe is equall to the Sqiiate of both' Legs adied Tueeher; of

_ which feemorc in p. 6. 7.

R U L E theThird In Right-angled Triangles,
[Zhe Epotliontife and e Lég givens to Fnd theother Legs

Multiply éhe Sum of, the Hypothenufe, dnd given Leg, Bylhcig Diffetences
Thic Square Root of the Produét is the other Leg requireds " 4 -

R U L E the Fowrsh, In Right-angled Triangles

; Thhree Sides gi‘fvw, 20 _/;'ml’ an Angle.

&4dHalf thelonger Tieg to the Hypothenufe: Then, As that St o 865 {6
15 the Morter Leg to its oppofite Angle.
A it

R UL E the Fifth. LnOblique Triangles.
Three Sides gﬁm, 20 find where the Perpendicular muft f}zrl;

 Multiply the Sum of the two fhotteft Sidesby theit Difference, and dlﬁ_’)l'fef
the Produét by the third Side, which is the greateft, and upon which the Je‘;,
pendicular is to fall: The Quetient added to the greacelt Side, ox'rubu_aé‘tﬁ
from it, fhall be double the greater or leffer Segment, on cach Side; of the
Ferpendicnlar, ;

; % Arthip
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€CAasT V.
bin %T}w 8k AC 410l © ;

The SiAEYA B 56o§~ N
The-Angle at A 30,0 )

Anithe ‘Criangle 4 EC, is given the Angle at 4 30, and the Hypothenufe
AC 410, to.find € E, which by the firft Cafe hereof is found
Mo be 205, and therefore I need not repear the Operation. Then Fig. 3.
in the fame Triangle 4 C E, there is given the Sides 4C 410,
atid € B 403, to find the Side 4 £ by Rule mﬁ.! e

AC - - - - < 410 126075(355, tiietégzilf.
€E - = = = = ao0p 9

= ——
Sim - - = - - 615 T5)360 Fig. 3.
-Difference -~ - =~ 208 F250;

3075 795)3575

212300 ; 3505 *
Prodiit & - - 136078 ) o

‘The Leg 4 E 355 fubtia&ed fiom the whole Side 4B s50, teffs = B
1285 3 then in the Trangle B EC) you have ziven B E o5, and EC 2055
to find C B by Rule 11, and the Angle B by Reule 1V, buy Cafe, B¢
and £ B being equal, the Angle at B is praved tobe 45. Degrees withour
@alculation. £ 5

CRSE V. & =i
Given ds in CA'st 1V, to find thi thind Side, B C.

Aftliough this is the Fiftli Cafe ifi the Tyigonomesrical Operation  yet the
Side B C is neceffarily found in Cafe IV, before the Angle at B can be
fonnd; and thercfore altho’ the Operation in Cafz IV be forr“what tediouss
yer botli the Fourch and Fifth Cafes, are inclnded in it

. € ASE It

ABE sl
Given gAc - - - - 4105 Reguired the Angle at Al
, CBG = =~ cc 200

! i P
Find A4 E by thie Rule laid down in Axiom 1. of Plain Trianges. As
the Bafe 4B 560, to the Sum of the other two Sides, 700: S
the Difference of the faid Sides 170, to the Difference of the Fig. 4.
© Segments of the Bate 4 D. 150, as by the Operation below.

Fig, 4.
720 56.0)8400.0(156
7690 280
§4000 .. 000!

S i A DT
To the half#Diff. 75 add the half Rafe 280, the Sum 355 is the greates

zsle 4 E; but fubmacted, the Difference is the leffer Bafé £ B 205,
(5 '7_;!\c
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. : ; !
Then in the Triangls A E G, there is given 4.C 410, aud £ E 355, 0 o
fin¢ € B by Rele LI 29d the, Algle at 4 by Rude Zvs RS f

3 The Side 4C - - 410 .47.:77 (2o +
. Theside 4 E - - 358 405)02075, i
= 2025 ;

l

¥Fheir Sum - - -.765 . —_—

Their Difference = 55 5o : .
g e The fquare Root ef 42076,

wiz. 205 is the Side C Exe- -

3825 5
3815 > quired.
_—
Produ@ - - --4%075 =

Then, by R U L E IV, find the Angles ar 4.

Hypothenufe - - - aI°
Half the longeft Leg - = 177.5
TheirSum=1 =f == 5875

As §87.5,t0 863 S0 CE 205, 10 the Angle oppofite at 4 zos

205 587:5)17630:2(30 The Angle at /4
Te86 k) i Req.

1230 50 \
1640

17630 g

Althoughe thi- Method be not altogether {o expeditious for oblique
Triangle~, as the Calculation by Logarithms, becaufe you are obliged to
divide every oblique Triangle into two right-angled ones, which fome- |
times requires two Operations s yet T thonght fic to inferg it to make the
Metliod eomplete, it being of great Ufe when Tables are yanting, and
of fufficient Exa@nefs for moft Ufcs in Nayigation ; but the right-angled
Cafcs, as perform’d hereby, I thall recornmend to the Reader, as a Thing
very ufeful, fufficicntly cxadt, and as cxpeditious’ as any ‘Method com-
monly in Ufe. i %

- To ‘help the Memory, and fhun the former Operations of finding the
Natnral Radius, fome nie the follosying Approximnation.

Deg.  Deg,
5 oo and 15 57
Ifthe Dejrees of the I 12 ‘:‘rr‘lﬁ ;: The Natural ”;
% DL c
Angle be berween ol Radius is 27
4o and 5o SE ‘

And for every intermediate Degreqthey add —Lor .1 to the proper Natu-

ral Radins aforegoing, {0 35¢ will have6o.s for its Natural*Radius.
2 SECT.
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Szcr. NI 3 /'

Four Ways of Laying down Tr hvev\f; on -’Pape_,rl.; 2

A Tr_verfe may be protra&ed four diffzent Ways; viz, * ~
LA * Ny

M By drawing new Meridians thro® the Extremity of every Courfe paral-
lel to the firt Meridian: then laying off the Courfe and Diftance,

II. By laying down the Quantity of the’Angle (after the firft Courfe is
protraéted) berween the Point nextto be laid down, a~d the Point oppo-
fite to the Courfe laft protradied; and fo proceeding till the wholc is
finifhed.

II1. Having a Cixcle deferibed and divided like the Mariners Compafr,
draw the feveral Courfes patallel 1o the Rumbs in the Compafs, am:{lay
off the Diftances as ufiial, which being d_ne, a Line drawn from the Port
Ieft to the Place laft laid down is the Diftance and the Angle, which this
Line makes with the Meridian, is the dir26 Courfe in all the Methods.

1V. Some have 3 Brafs Circle cut into 32 Points of the Comipafs like
Teeth, about the Center of which underneath a thin Brafs Scale of equal ™
Parts is madc to play all round;: theu draw a Meridian Line on the Paper,
on it fet the North and South Points of the Brafs Compafs, and prick off
the firt Courfe and Diftance by turning the Scale to the given Courlc,
and againft the Diftance on the Scale make a Prick, and fo draw the
firft Courle, on which Line lay its oppofite Rumb of the Brafs Compafs,
and then turn the Scale to the fecond Courfe; and by the scale fer offuits
proper Diftance, and fo do with the reft of the Conrfes, “.ill rcr?embring
zo place the Compaf5 on the laft Linc with that Rumb - pofitc to the Cousle
laft laid down. —

Secr IV.

The Difagreement in the fundry Kinds of Sailing
exemplified in Plain, Mercator, &c.

M IDDLE Latitude Sailing is at beft bur an Approximation, and Ap-
proximations are to be ufed either when we have no direft Rule
for folving the Propofition, or that by fich an Approximation we
fave the Expence of fome Trouble, neither of which is the Cafe before uss
1is abfurd to ufe a Multiplicity of Rules approximate, when a few direét
ones will adequately and traly folve all the Cafes » Buc fome f;z:nVoyag:s
near the Equaror, and in very fhort Runs; the Error is but fmall, which
= is granted; but inafmuch as its Rules are every where more or lefs Ex-
Toneous, itis cerrainly very abfurd to ufe them, and the more fo becaufe
meither Time nor Trouble is faved, the Multiplicity of Rules making more
Varicty of Cafes than all the truc ones put together, why (hould People
burthen their Memories with fuch an Heap of Falfities, s
Great Circle Sailing can be but of little Ufe in Navigation o long as
Ships are fteerd by the Compafs, and therefote our Author did well to
omiy it

®_ To exemplify the Difagreements 6f the fundry Sorts of Sailing, I fhall
inflansc the following Example: From Licland, Lat 66,26 €0 the River
: ()
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of the Amazons on the Equinogtial, whofe Diffecence of Longitude fup-
‘gofc to be 36t W.
- 3T Diff of Let. 66%16" — 3986 Milis
'%\‘? 2 The DIX Senz 36... — 2160 -
ARSI e According to

Plain Sailing | Middle Lat. | Mercator , Taral. Parts,
SngmECoun(e 285277 ‘ 433 | 232§ l 2£0.47
T DIt 4533 | 4376 atos | 4263

By the Arch of a g.eat Circle Diftance is 4368

i L SR
Wherefore whatfoeyer Method will not hold pretty near to the Truth,
@iz to that by the Arch of a great Circle in I~ng Diftances, is proportion-
ably falfe in fhort ones; and altho’ the Errors are not {o evident in fhott
Voyages, yet the Aggregate or Sum of® thofe Errors, will amount to thag
of a long Voyage; and therefore it is my Opinion, that neither Plain
Sailing, nor thar by the Middle Latitude onght to be depended uponig
any Voyage. - X ;

SEeT. V.

To fupply thedbfence of (o to form) a Table of
. Meridional Parts by the 3 following ProBLEMS,

ProB. L To find the Meridional Parts to any given Latitude.

r RULE.

T O the given Latitude add so, then find the Tangent of half that Sum,
from which fubtra& the Radius, and divide the Remainder by

;g;g.a, the Quotient is the true Meridional Parts contain’d between the

mator and that Latitude.

Example. Given the Lat. 48.30.

)
|

Bere 9ot-f-48%30—13%.30 and the halfiss9.rs,whofe Tan. is 10.412514%

deduét Radius, the Dividend'is 4125142, and being divided by r163.3 the
Quotient is 3336.6, the Meridional Parts an{wering the Lat. 48.30. .

Pro® IL Tofind the Meridional Parts contain’d betwaen the Latitude of any
two Places in ons Hemifphere

RULE.

To exch of the given Latitudes add 9o, then find the Tangent of theit

f3LE Sums 45 above, the Diﬂ"cxcncé gf thefe two Tangents being dividft;o .
& o
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By 1563.3 the Quotient will be the &k Mcr}'dionnl Tarts containy
tween thofe two Latiudes.
i Do
o U Eamble. Given the Lat. 30. .
128 And Yat. 1z .3

g bo‘:h N’.’,. :

“Here 3a+ 50 = 140, whofe half is 705, its Tangen:

>
is 104380341
4And 90 4 12.54==102.14 WhofO half is s1¢ 7’its Tang,

1 iS 10.0934397
; 3
Differfice of the Tangents 3454944

Which being divided by 126343 the Quotient is 2~348 the Meridional
Parcs fought. E . g

Prom. UL To find the Mevidional Parts contain’d between the Latitudes of
wo Places that are.in different Hemifpheres. £

RULE.
To each of the given Latitudes add go, and find the Tangent to
gach of their half Sums, then add théte o Tangenrs together and their
Sum 1aade lefs by twice the Radius 20.000; &, divide the Remainder

by 1263.3 the Quotienr is the tye Meridional Parts between the two
Latitudes.

Example. Given the Lat. 1424 No.
Andlat 16.3 S°.

Here gof 1. 3653 — 106¢ 31 its half is 55% 1°. 307 2and ;

2 5 20,1233
itsiTangentis it URBES, bl SN T g " 34793
And go.L 1424 — 104244t half is 52.12 ?r' 118 i)
Pangentis S IRES RO —p=—
{ e

. J Total 20| 2335976
‘Which divide by r263.3 the Quotient is 1 849.1
the meridional Partscontain’d between the 2 Latitudes.

SEcT, VL
To Eftimate the Difances of Places by Sound
and Lightning. G

i i i ls
ROM fundry Experiments it has been determin’d that Sound travel

F at the Rate cy>f' 1542 Feet-in onc Second of Time; bur rJEe Motion ?lf
Light is in a Manner inflantancous, moving 10cco Miles in a Second,
wherefore, if the Difference between the Time an Explofion is firft fcen,)
and the Time that the Sound reaches the Ear be given, the Diftance may

eafily be found. ¥
F°¥ an Exglifh Mile contains 5280 Feet, cox_-nfcqucml)j Sound requires
4".623 to travel a Mile; but a Geo, raphical Mile according to Norwood's
Experiment Contains 6320 Fect, Wherefore, .
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: As'5280 : 6120 3 : 4,623 Secads s 5.358 Seconds Sounl takes to (12«
wel a Geographical Mile. :Then,. T
Ast §Z.623 7 So is ap; v' Englifh Q8 Smth’i& Time rhat Sound zca
; 5538 venDiﬁgl.;:in gGeog. % ﬁ < quicestotravel oyerthatDift.
e

isto
¢ | ° apdonthe Contary,

49523 D £ to x, fo is the Number of Secondsbe 2 Eglifl I~ 2
'A g e een the Time a $6.nd is generared,
s

;’%’d the Timeitarrivesatany Place to the Jike
5388 ;E)iﬁ: berween tho® two Places in Geog. ¥
So if I coumgﬁ 79%Se~unds between: the Sight of the Lightning and
hearing the Clap of Thunder, the Diftance of faid Thunder was I5.04
Englifb Miles, % 5
The belk Way- of meafiiring Scconids is by a Watch or Clock that fhews
Seconds or by“the Vibration of .a Plummet of'29.2 Inches Letwixe the
@etiter of the Piummet and Pin whereon it hangs ; then give it a {mall
cSwing, and the Number of Vibrations equal the Number of 'Scconds ‘of
Time during the Experiment: if the Plummet be but 9.8 Inches, each Vi
bration will'be but half a Second ot Time.
By this may an half Minute Glals be examined

SEcT VIIIL

By haviyy e Time of the ﬁrﬁ New D iz Janu-
aty, all oibier. dfpects of the D and © may be
sollecied vhraughous vhe whole Vear by adding to-

} H. ¢« n

00 ©o 00

L inig herAoe o
For the Sextile Afped 5 take
HiniiSquare/mis F S il i i 0T T
Jfiangle Afpect A= &0 o o o 9 20 14 41
Hull D or & Oppofition - - =~ 14 1§ 22 2
Full % A Triangle laft ~ = - 1918 20 o
Decond ElSgrarciis o C v o0 35200
3

£ o 3 ik D'
‘Jaw. ¥, the D being New org o
4

Sccond * Sextile - - - o 24 14 26 4
Other New Do g = = . 30 15 44

o~
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Sundy Trvors and Defests in Cljié;‘ds,'“ Comp::'ﬂés,
Quudrant, Crofs-Staft, INoéturnal 7,77 Nautica
" Wables, fpecified with proper Helps, ke, :

o) 1S now above one Hundred and Fifty Years fince the

T plain Chard haye been detefted and }::ortc&ed by E‘ ng};r,stﬁi 2:
smous Author of what is falfly called Mersator’s Ghard, and Mercator’s
Sailing s and yet becaule of its Eafe and Antiquity,‘¢se Plain Chard is too
.much in Ufe and Vogue among the Ignorant, tho’ its very Foundation is
Erroneous, {uppofing the Earth to be a Plane, and not a Globe, which may
caufe the Mariner in far northerly Voyages to err fometimes one; two, oF
three Points in his Courfc, and make his viftance double or triple the true
Diftance: Alfo by it the Proportion of ihe Length of Places far diftant from

the Equator to their Breadth is {o much the more fanlty, by how much

.zhe more diftant they are from the Eqaator : the Longitude of Places.on
the common Sea Chaxd, is only true on or n2ar the Line, becaufe r.h‘ere
only the Meridians and Parallels arc equal; bu: the Parallels decreafe and
grow lefs and lefs towards the Poles, where all the Mecridians wnite and
Tnect in a Point; wherefore, °tis not fafe to truft to thele common Sea-
s Chards neither for Longitude, Courfe ner Diftance of Plices: much lefs to
ransfer Places from them ro the Globes: all thefe Errins are excellently

correéted by the true Chard commonly called Mercator’s, whofe Latitade, .

Longitude, Couxfe and Diftance of Places agree with the Globe, a
only 1o be ufed by the expere Sailor, who %ieﬁxes to hit e F’g[(n fnﬁuﬂ}f
thither the fhortett, furcft and fafet Way. >

_The Cuftom of dtawing Rumb Lines for e «ointofthe Compafs from
feyeral Places in the Charr, is very abfurd; { ix thefe Rumbs do very much
déface and obfcure the Chart, fo that the ‘laces laid thereon are not {o
readily difcern’d as otherwife they would; befides, thele Rumbs are butof
little or no Ufe, and the common Way. of ufing them is moftly Guefs-
ok ar befts but to find the Bearing of Places without fuch Perplexity
and Confufion of Rumb-Lines, lay the Meridian of a Proua@or on the
Meridian of the Chart, the Center rhereof being on one ®lace, from which
firetch a fine Thread to cu the Protraétor, and the other Place ; that De-
gree of the Protractor fo cur by the Thread, gives the Bearing of* faid
Place, in the Abfence of a Brafs or Horn Protradtor; ger one of Velom or
Paftboard, having the Points of tlie Compafs correfponding, which oughtto
.go along with the Charts. i :

Tho® it can’t be expefted that a Chatt (hould be more exatt than the
Difcoveries of the Times will admit, yet it might be expeéted asexatt and
complete as thofe Diftoyeries would make it; therefore they are to blame,
who let Errors pafs, which they might with a little Pains have corredied’s
but we can expeét no better, when Men - that are capable decline the
“Task, and leave it to thofe to perform who know little or nothing of the
Dlatter. < 3

Asto the Compafs, the chicfeft Inftrument fox Leeping the Courle; if its
Variation be neglefted, and no Allowance for Lee-Way be made; hiow,
scany Points will the nepligent sailor mils in fundrggPlaces ¢ and what
#£lfe Bearings and Diftances of Places will he snake? this added ro the falic
. ® Frojettion

The SUPPLEMENS" o3
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Projeltion of th> tomm in Sea Tudrt, tendets it an inexuica_bl’er bytinthi
g?llirﬁ:r, out of which 7/ wili be hard for 2 Man to free himitiu ~ren

over, the follow ing £ ~itions ought to be minded in makiag the itz le”

here the Cp .. afs is placed; great Care fhould be taken” 5 mi-e
(i)tx g‘ﬂil;quum-:, ol-at_sight Asglcs, and fo fized that -~ of iy Sides be
exaétly pa-allcl 1) taie true Diretion of the Ship, whicit is generally thews
bythe Creyvife bythtén the two taiddle Planks uponthe Deck. ~Tivalfo a
bad Cuftom to hlv.' & two Compafies in chefame Bitracle, for thelr Actradtion
may make hem’ %ty half a Point from each other, which is plain if they
\were removed farther off, they would exaétly point out the fame Degrec,
tho? touch’d by different Maguets, provided both were good. Alfo to ufc g
Slow Chard in bad Weather isabfird 3 for if the Chard will not Traverfe, it
imay as well be laidafides and confider that the apparent Motions of the
Chard fhews the real Motion of the Ship; and not of it felf; which Motion
being fhewn, they have the Advanage of knowing how and when to
checE her, and confequently of btingiiig her fteady much fooner. The
Mariner (hould often examine how the Compafs plays or maverfes; whether
if moved from its Point it will’return again or ftand on either Side; then
examine whether the Center-Pin Gnd Cap be free from Ruft; Roughnefs;
Blunnels, or Dirtynefs; for the leaft Refiftance or Friction about the Gen-
ter, will very much hinder its Vabration, becnul‘g the atttactive Power of
the Magner 1s {inall in Proportion to thatof Gravity.

For the eafier cleaning the Gap and Needle, 'tis no Giidll Iriptoverrent
to faften the Glafs in a Brafs Ring fitted to the Head of the Box like a Sur-

\
1
{

{

weyor’s, fo thatat any Time ir may be raken off, or lified up v-ith Eafe,

sgithour jolting the Chard off and on, whereby the Pin is blunted and
Apoild; and ‘befifes, if the Mariner has feveral Chards very light fitted to
the fame Box, h may eafily change and ufe which he likes beft, without
the Charge a3 \Lumber ol’y Compafls-Boxes carricd only for the Sake of
their Chards: = <

Alfo I prefer an heavyo.. ™ Coitipafs to a 1ight Wooder o : for the lof
the Chatdpis difturb’d, the nl wer will it keep to its true Meridian,

As to the common Azimuth Compafs, tis kardly pra@icable to obferve
within halfa Point, notwithflanding the pretended Accuracy of fome Peo-
gle in obferving the Minutes Uf a Degree; for if any Obfervation were to

e made by the common Azimith Compafs, on Zérre Firma, (where we
may have Time and Ofpporrunlty fufficient for refiifying it, which is not
eafily had at Sea) the faid Inftrument muft be firft of afl re@ified by the
Help of the Chard, and this Re&ification will b more or lefs accurare zc-
cording to the Goodnels or Length of the Needle: It plainly appears then,
thar whatever Exafinefs we pretend 1o by Help of the Index, is only Ima-
ginary; fince the Goodnefs of the Obfervation entirely depends upon the
Pofition of the Needle; for reifying of which, the Index is of no Manner
of Help to'us, and confequently ‘s Very abfurd to pretend to make Ufe of
it even on Zerra Firma, bue vaftly more ‘on Ship-board, where the continual
Yawing of the Ship, and Motion of the Chard, render fuch Obfervations
vaftly uncertain, differing, and lefs exa@® than the Cousfe pointed by the
common Chard; becaufe, when one looks downwards upon the Glafs, the
fmallelt Alteration in the Pofition of the Eyc, will make an dpparent Alte~
zation in the Pofition of the Chard; fvhereas looking dire@ly before at
ZRetpendicular Line drawn in the Box, we aré nos fo lyable to err; and as
the Ship andChard are both in continual Motion, the Motion of the Chard
is render'd ambiguous, and hence no Manner of Certainty, whether the
Needle at the Time of Obfervation be in its own Meridian, ot confideratly
to theE. or W, nor how much we cannot judge. Agsin onc ?Bi‘fun‘colrli_—

& tinually



- . ©SUPPLEMENE

# (el %y moves the Index as the Ship yaivs, and a jother Iooks through the |

. siven while the Index had moved*is/~~ 2o Degtees out of its
£, .ex Pcfitiof: And confequently the Obfervat ,a muft be valtly uncer=
+ .n, fin - there\is no manner of Guide, when and | “etc to rake it> no
@5 I likew , wei %al Obferyation taken by two or ¢l rec. Hands at once,
and prekats among ti.e Caralogue of vulgar Ercors, thize snot ca Inftance,
whetein People imot@ more upon themfelves, than | v their eommoxn
Notion coficexning the Accyracy of Obfervations made by-this Inftrument.

Sigh’- ﬁvm&ﬁ{\t:] well; as Notice he fees the \ 'hjett, which Notice has

The Defeription of @ New Azimath-Compafs.

THIS Inftrument confifts of aChard and two Boxes, and is hung in

rwo Brafs Rings after the fame Manner with the common Sea-Com-
pafs, the innermoft Box wherein the Chard is placed is made to tum cafily
in the innermoft Ring wit..out difturbing th2 outward Box; 10 the Qurfide
of the faid innermoft Box are fixed tw). upright Sights. like Surveyor's,
diamietrically oppofite fox re@ifying the Infiument, by Keeping the faid
sights to the Objcét; at the Bottom of tF e faid Box is fixed a large Picce
of Lead to keep it parallel to the Horizon; widhin this Box are drawntwo
ipright black Lines, exatly undet the Middle of the two upright Sights,
and at 9o¢ Diftance from t};eﬁ: are drawn two other black Lincs aftex the'
fame Manner.

_Tn obfecving look 'tﬂrough the ﬂir-s'ig[;:, tﬁrn;'.ng till the Hait ot:

hf "Thread cut the Sun or Star, then hold and keep ftill the fume Sight fteas

dy, which will flay the Inftrament from being affefted w'th the yawing
of the Ships then obferve what Degree of the Chard is cucbv the Perpen-
dicular black Line under the obje&-Sight, for the magner . auplitude o
Azimuth. -

Nute, *Tis beft to take the Sun’s Amplitnd | wher oS fower Limb is
about L¢ above the Horizon, becaufe the X\t_‘[:'mf"un makes the Sun ap-
pear fo high when his Center isreally in the Hoglzon ; but indeed for Prac:
tice, if the Place of Obfervation be not too ‘it from the Equator, the:
Bearing of the Sunmay be yery well taken for /an Amplitude atany Height -
not exceeding = Degrees.

“This Inffrument is very ufeful for finding the Lee-Way s and aifo for fet-
ting the Bearings of Head-Lands, for having direéted the Index to the
Wake of the Ship, the Chard will point out the true Coutfe; the Difference
of which, and the Comfe fhewn by the Compafs in the Bitacle is the
*L.ce-Way required.

Or when the Ship is within Sight of Land, the Lee-Way may be found
swithout fetting her Wake, thus, As the Ship fails along obferve carefully
what Point on the Shore keeps ftill on the fame Point of the Compafs with=
out any Alteration. I fay (E:\I: is the Ship’s true Coutfe, and the Diffe~

= ence betwixt it andthe Point of the Compafs the Ship capes at, is the Ship's
Drift or Lee-Way.
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Of Daviss €« Ix_'la,ﬁt commonly call
/ 7 olifh’ Quadrant,

(T <
mﬁd o &

Ly

So c L >
T HE commor Method of: {litting the Horizon-V e {lopewile, is, both
abfurd, and leads the Obferver 1nta Exror; for when the Sight-Vane
and Horizon-Vane are direétly in a right Line paffing ' through the Center
nearthe Middle of the Quadrant, the Openingin the Horizon-Vane appears
{o contraéted, that the Horizonis not diftin¢tly Uifcerntd, and the faid Open-
ing will appear wider, or narrower, according as the Sight-Vane is nearce
to, or farther from tite Beginning of the Gtaduation; Whereas, the uppes
Edge thereof on the Forefide of the Horizon-Vane, fhould be made the gd
cial Edge, (becaufe the Sky is quicker difcern’d than the Water) and/fo
that it may be exaély perpendicular to the Center of the Inftrument. Oz
lez f2id Vane have a wide Opering; and in the Middle a String, Wire, &e.
to.cut the Horizon, above. it; theSky, and under it, the Watcr.” When the.
Sun’s Altirude exceed 12 of 15¢ ufe the Sca Quadrant, ifilefs, ule the Fore-

or Crofs-Staff.

Note, When Obfervation is made. by the upper Edge of the fhade-Vane,”
add 16’to the Zenith-Diffance ; for the trme Zenith-Diftance, if by the lower:
Edge of the thade-Vane, fubtraét 16 fiom the Zenith-Diftanee fos the trues
becaufe in the firlt Cafe the Shadow is termipated by a Ray, proceeding from
the upper Part of the Sun’s Disk, and nor from its Center: Enthe lait Cale |

_ 2tis the low f Part of the Sun that determines the Shadow. @

To help thic; chere is another Vane call’d the Glafs-Vane, having a dou-
ble conyesras.ted in it, which contrats the Sun’s Rays, and cafts them:
in a fimall br, -t op. “upon a little Circle made upon the Horizon-Vanes
this Spot being i ade b, "''rhe folar Rays ontradted together correfponds
to the Center of th., Sun, at | is fo clearand comfpicuous that even in ha-
2y Weather the Sup’sa. “ud |may betaken, and m clear Weatherthe Spot
is more confpicuous than vaeShadow, which at beft is hardly defin’d,

Tk Crofs-Staffe -

" ZV Hex!by_' the Altitude of Sun, Moon and Stars is taken, and the Tati-

tude found; and by which th'e dead Reckoning is correéted; both
as to Courle and Diftance, may lead the Mariner aftray, if he negle@ the
proper Abarement for the Eccentricity of the Eye by 20, 30, or 60 Minutes,
if the Heighe be much, the Staff {mall, and the Eccentricity. of the Eye *
great. To this may be added other proper Allowances for the Heightof |
the Eye above the Level, for the Parallax and Refiaction of the Sun: Ta-
Bles 6F which follotw = - '

‘Height of the Eye.  Allowances. Becaufe the Eye of the Obferver is:
Fect. Binurcs! always aboye the Surface of the Sea,

3 z the apparent Horizonmuft be loyzer

3 8 than the true Horizon (pafiing thro”

Lz & the Eye) and confequently the Al

il 5 titude muft be made more than it

39 3 really is, and the Zenith-Diftance o

40 - 7 much lefs, and this Error wull be

@

5% geeaterox lefsaccording o thie chgluf
S - 4 2 of

e



. gle ABb the Dip of the Ho-
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>
of tlf> Eye above the Water, which being %no 7n, the Dip may be foun]
#="ue foreooing Table, Thus,if the Height o) e Eyc above the Surface

be 20 Feet, theDip of the Forizo . “be 5 Miriutes; and fo
¥ 2R added to 1:'e Zenith-Diftance. 3

.7\713 Calcilation of the above TABLE ‘G0

. LetDE — Dia. efrthcEarth,
CD—=C A its Semidiameter,
and B D —Height of the Eye
above the Surface of the Wa-
tcr, then will A be the Point
where the Sky and Warter
feem to meer. Let Bb be
-paraliel ta DA (which becaufe
ofthe Smallnefs of the Axch
may in this Cafe be takenor
a right Line) then is the An-

rizon, to find which by Cal-
eulation, in the righr-angled
‘Triangle CA B right-angled
at A, are,given C A - Semi-
diameter of the Earth, and
CB—(CD -} DB) equal to
¢he Semidiamerer of the Earth together, with thic Height ofshe Eye above
its Surfage s where to find the Angje Bfayas €Bto €A fo is Radiu: "o Sincof B
the Gomplement, wheteof is AB b, the Dip requireds afte:’ e fatie Manner
BA, the Semidiamerey of thic apparent Horizon maybe for-  Tnefid 3, 36,
BE {-BD—BAgcxBCg—CAg—BAg.

Zenith Diftance,  Add Refradtion = D#” it Parallax,

Degrees. & Minutes, J Minutes.
$5400) 35 3
89 23 1 B
88 17+ 2% :
87 =i ) ;l 3
86 S 1oe Bt
85 9 2:59
. 82 7% 258
83 6% 2:58
B2 p & 2.57
g1 5+ 2.57
8o S 257
79 45 256
2 77 .32 255
[ 75 5; 294
"“’-ﬂ ; 70 25 2.48
L) E ) 236
50 1 208
30 = 1.30
: 20 = xI.
D s The
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The Refattion of all [¢/venly Bodies (occafion’d by the Dpaﬁgy&"v.,
Armofphere or thick—"_ urs of the Air) makes th;n_l appes -
they rzally are, ~fpe¢ 1y whenthey are near the Horizon; * _avh

ou have found r.— nith Diffance, add thereto the Refra” _dibtrae,
it from the Alritnde  whichaccording to Flamfieed’s Obl_vition, is in our
Latitude as'in the wiegoing Table, Suppofing the ©Obfe-v-s Eyc \a be
20 Foot above the urface of the Sea, and the Zenith Diltanct obferved by
the Quadrans or Clofs-Staff, to be 75¢ the true Zenith Diftance (3llowing
for Refraction and Dip of the Hotizon) will be 75° 8!

The common Fore or Crofs-Staff, is very incommodious, and alfo liable
to Error, For, 1. Becanfe the Vanes are made to {lide towards or from the
Eye, the Radius is continually alter’d from about 30 Inches, to about's
or 9 Inches, which is a very great Defeét and Inconvenience. 2. The Man-
ner we are obliged to hold the Inftrament being Sideways from the Eye,
and then look a8 it were flanting over e Croffe-, is very aukward and
nnnatural ; fot certainly in all Obfervations, the Inftrument which carries
the Sight ouglit to be fo' contrivid as to be held dire@ly berwixt che Eye
“and the Objett. Laftly ’tis difficult to place the Staff fo that the Eye may
exadtly anfiwer to the Centers alfo the Number of Crofles andfo many Sets
of Divifions on the §taff; 'and to make the Croffes keep always perpendi
cular 1o the Place of thie Staff, are nlofmall Inconveniencies. =~

To help all which Defes, &c. fome contrive a new: Soit with a flat Staffy
and one tranfum Crofs, having ar theEnd of the Staff a Sight Vane onthe
wanfum Crof- flide two Objet¥iVancs like the Sight of a Cizcumferentor,
onc for th StaF, and the other for the Horizon, haying Degrees gradua-
ted on boti Sif o5 from the End of the Staff, which Degrees in Time of
Obferygtio - <& .be added to form the Altitude. : :

Thefe Inftrumh s ¢a  do but little Servic: tho’ never o well contriy’d
and ufed, if the . =clinaue.  of the Sun and Stars be not alfo known;
Wwherefofe new anu. “reét Fables agreeing with Celeftial Obfervarions
dhould not only be made % Jf, fiich as make the gredteft Declination of
tie Sun, but 23% 29/ not 3% 314 30'% or more, as formerly; buc the
proporrional Parts agrecing t, the daily Difference of Declination, and Dif-
ference of Longiwraw the Ship < in at'Sea, Mould be alfo properly applicd
asthe Decunation either increalt - or decreafes, elfe by fuch Neglect, anEr=
xor of 24/ ju the Latitude may happen. Morcover, the Declination of
Stars in fomie Tables have been out in whole Degrees, and the Mariners
beloved Pole Star has been made 4o’ farther fiom the Polc than'it oughts
Wwherefore Flamfieed’s new Table of the Stars Reétified to the prefent Year,
ought to I;g preferd above all other extant. 7 ;

The No@urnal is defigrd for finding the Honfof the Night, and Altitude
of the Pole Star; but it happens to be fo imperfedt as not to anfiver cither
of thefe' Particulars. 1. For holding the Infirument in the Plane of the
‘glq_umo&;al, there is no other Guidethanto look through the Hole in the
Middle of a du_n Plane; in this Cafe ’tis eafy to err even half a Scorz
Degrees,  both inDirection towards the North, and in the Elevationat. ve
theHorrizon. Some arc of Opinion a better Guefs may be made withe it
the Inftrument than with it; moreover, the Pole-Star’s Diftance from « >
Pole is 207 more than 1t ought, and is variable both in the fame and Dik
ferent Latitudes, T T R SR SR e ST
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31 worszsof all the pofﬁblc
apen in workmg an Obfev cwen At Se.

Lt

ati- (Spn’s sha— RULE. “7hat Lau—
on. dow. ‘tude,
Add the Declination and Ne
Jie Zenith Diftance; the Sym
Ned. Sed, s the Latitude. s

o Ned. sed. | The: Dpﬁr'erence of them! So

5 3 +  lis the Latitude, when the :

g2 sed. Neod. - |Zenith Diftance is grcamx Ne

Ne Ned. SEGH gut when the Zenith] = Ne
% Diftance is lefs than the De-

82 8ad. *Ned.  [clination, the Dxﬂerenve is] Se |
L the Latitude. &
j-"—f |

INed. | sed. Hoe
iNo Shadow| The Zenith-Diftance is o
U " Ned, |the Latinde. - Ne
<N lon ehely Sha: | The Declination js the] N9
TR Zenith «ow.  (Laritude. s2
B ‘North O in the Latitude
s i & 2 Sonth is nothing, con-
Neer Wed, ¢ 1035 55 0 ehypard fequently under
S2di C Southward the Equaror.

thWNt the 1oth of March and the rath of Szrember, the Declination®
&f the Suhl is Noith, and betwixe the 12th of Sepeember and xoth of

Maych the Declination is Soth.

Bur if tlie Sun or Star do not Rife of Set in 24 Hours, obferve this

‘seieral Rule.

1f the Ob- under S Sum
jeét ob: % %thc Pole
fery’d be above 2 Difference

,A‘uzuqc and Complement of Declination, is the Latitude of the fame

2ame with the Declination.

Or withotr the Declination, obferye the Meridian-Alritude when above

the Pole; and when below ¢ Half theix Sum 15 the Latitude.

£

o

% of the Meridian-

Tt

- e e o
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Z the Longitude &y Penc i m-Watches.

e - s .
“two Watches, that if one fhenld / opoby apy Mifhag
~her may keep going. ©

2. Keep th&in clofe, {ree from Moifture or Duft. P :
3. Let thefn be well adjnited by an Equation-Table, before they be ta=,

ken to, Sea, iand kepe going yhile ar Sca. : i,

4. Scr thera to the exaét Moment of Time obfetved by the San in the:

Place left; regarding the Equaticn-Number. i

5. Then arriving at"the Place whofe Longitude i fought, obferve ex~
agly the Timie by the Sun:in that Plage, andalfo by the Watch, allo

for the Equation if they both agrce exagily, there js no Diffe 3
. Longitude. But if the Time of the Daythere, be greater than that (hewmn

by [f]tw Watches, then t. ~Difference of Longitude is ly: bur Ie@,

Wetterly. 3

6. Convettf ‘the Dix’fgience of Time inl(x? Degrees, which&will ‘Br;hg:re 8
Dificrence of Longitude. in Degrees with greater Exatknefs dn? thofe ~
Wiy lat Qepent upos Tables. I xouoch: e thmlv% uch, as;™
Calculations of Lunax-Eclipics, &, which are as laborious as uncerain,,
and theix rue Beginning or Ending are fearce to be diftinguifhed, RS,
Minutes, by Reafon of the Penumbra: tho four Minutes in Ti M
alter the Longitude a whole Degree. <

7. To convert Time into chrees., or Degrees into Times

-1 Take ab le
vor Negled. o

Time. - M= tfure-
Hour. Min. Sec. o o Mimeg
Remember 1 . o g0 7} ). S
o a4t ol R T ¢ o
= 1 o ¢ls eq.\:al e s i
o o 2 o x 4
Hours. Min, Sec. Deg, __om:
Thus 3 424 2 = S5 TR
For 3 ol : o 45 o
40, o 1o o.
5 o (o} 3z
o 2y = o £

8. Wherefore, confidering the vaft Improyement in. Warchywork b;g,

the Learned Dr. Haok, the Tngenious Hugens, @&c. whole very fitff Wouk,,

* bejos uy'd by Major Hom's, prov’d both Samsfattory and Wieful ina
t Streight, and met with Commendation, and the Approbation of tie.

0

S¢atzs of Holland ; {nfomuch that he obtain’d a Patent for them; th

P Rs it Readinef3, and besanle done by onc alone, no delpifable Wa
not infallible.
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(
0 (R j :
TiJearn the Nov s o the moft noredStarsty
o e 3 : !
ol i i R IR g ~
Rekify the Glung to the Latitude, Day, and Hour of cac . v then §
every Sgr i chfe ¢ he fid a Hoje, and the Eye' was el ki b
. Qenter of the Gldbe, and looking thro’ each Hole, a dit“.t 4o tomthe »
Eye thro? the Cenler of the Star if extended to the Firmame Rould cuy/
2he fame St® in the Heavens, which that Star on the'Globe Areprefented;

if the Globe was duly re@ified and fer exa@ly level, and the Micridian du
North, then would the Srars that bey Tl
s ° \

Lifing 4 Rifing % 2
%;ﬁlt’}%wMeridim p ©On the Meridian S
©On the Zenith on the On the Zenith i the Hea
Setting Globe be 7)Seiting. i > vens,
On any Azimiith » ¢ Onthe fame &oamuth

©Onany Almicantar . S Onthe fame Almjcantar

" Wherefore, take the Azimuth gr Amplitude by a Compafs, or Altitude
~ by a Quadrant of any Stag avhofe Name is defired, and find what Star hat
the fame Alritude or Azimuth by it is cithér its Name, or what Parrofthe
Conftellation it poffefles, as allo irs Magnitude, & It may be objected
shat the Planets 3, & . and '@ cfp&ially, may caufe the young Begin
ner to miftake, wherefore this (hall be the next Problens.

x » @ ¢ >
To dﬁ?iz‘gnijb the Planets froime the fixed Stars. i

¥, Plancts\. °t’« vinkle commonly. 2. They are bigger than ordinarys,
3% and @ efpeciolly. tgl}’cy are. of difffing Colars, T of a leadeny
Color, and of tlic 38 Magnitiile, 22 bigger than che firft, of a Silver-Co |
for, & of the fecond M snilude, jof a Copper-Color, @ bigger than 2r 1
-of a Gliltering Color like Mew-coin’d Silver, t3 of the third Size, Tale,
White, like Quick-filyer, nder aboye thirty Degrees fiom the Sun, fel4

[onfeer *"v:t When he rifesWpefore the Sun, ox fets juft afrer the Sun,
4. They (i sheir Rlaces in a Weele or two obfervably from fome knowa
fized Star. @s. Confult an Ephémeris to fec in wliar Sign the Plancts  axcy
and if they are not in the Sign obferved, know it is'a fixed Star, *

- o fleer in the Night by the fixed Stars.

1. Re&ify the Globe to the Latitude and Hour of the Day. 2. Then turn
the Globe till the'Difference of Longitude has pafled thro’ the Meridiag)
shat is berwixe the Place left and the Place faild to. 3. Lf any Star inf
the Latittude and Longitude aim'd at, come to or near the Meridian, tly
Star is then in or near the Zenith of the Port defired. Then direét
Ship towards the fame Star in the Heayens without Fear, fill obfervin
what St is ia ar near the Zenith of the Place fail’d to,

. e :
\ 1 o

Iy a i



