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‘in onr Curve, the greateft Breadth is when the Point F divid:s
the Line A B in extream and mean Proportion: whereas in the
Foliate st is when A B istriple in power10 B, And the greatcls
EF or Ordinate in the FO]IE[ES is to that of our Curve nzarly
453 104, orexaltly as ViV s — L o sy 5l

But f#ill thefe Differences are not enough 10 make them two
diftinét Species, they being both defined by a like Equation, if
the Afymptote SGP be taken for the Diameter. And they
are both comprebended under the fortieth Kind of the Curves
of the third Order, as they ffand enwmerated by Sir Ifaac
Newton, in his incomparable Treatife on that Subjec?.

IV. 4n eafy Mechanical Way to divide the Nautical
Meridian Line in Mercator’s Projeétion 5 with an
Account of the Relation of the fame Meridian Line
to the Curva Catenaria. By J. Perks, M. A.

HE moft ufeful ProjeCtion of the Spheric Surface

of Earth and Sea for Navigation, is that common-
ly call’d Mercator’s; tho' its true Nature and Confirution
is faid to be firft demonftrated by our Countryman
M. Wright, in his Correition of the Ervorsin Navigation.
In this ProjeGtionthe Meridians are all parallel Lincs, not
divided equally, asin the common plain Chart (which is
therefore erroneous,) but the Minutes and Degrees (or
ftricly, the Fluxions of the Meridian,) at every feveral
Latitude are proportional to their refpeélive Secames.  Or
a Degree in the projected Meridian at any Latitude, is
to a Degree of Longitudc in the Equator, as the Secanz
of the fame Latitude is to fadius.
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‘I'he Realon of which Enlargement of the Elements of
Laritade is, to counterbalance the Inlargement of the
Degrees of Longitude. For in this Projection, the Me-
ridians being all parallel, a Degree of Langitude at ({up-
pofe) 6o Deg. Lat. is become equal to a Degree in the
Equator, whereas it reallyis (on the Glebes Surface) but
kalf as much, the Radius of the Parallel of 60 Deg.(that
is its Coftne) being but half the Radius of the Equator.
Thercfore to proportion the Degrees of Latitude to thofe
of Longitude, a Degree (or Elemental Particle) in the
Meridian, is to beas much greater than a Degree (or like
Particle) in the Equator, as the Radius of the Equator is
greater than the Radius of the Parallel of Latitude, viz.
its Cefrae.

in Fiz. 3" let the Radius C D reprefent half of the Equa-
tor, DM an Arc of the Meridians MS§ its Sine, C E its
Secant ; thenis CS equaltoitsCofine :and CS : C M : -
CD(=CM):CE, that is, as Cofine : to Radius :: fo
is Radius : to Secant. The Cofines being then, in this:
Projection, fuppos’d all equal ro Radius, or (which comes
to the fame) the Parallels of Latitude being all made
cqual to the Equator, the Radius of the Globe, at every
point of Latitude, (by the precedent Analogy)is {uppo-
fed -equal to the Secant of Latitude ; and confequently
the Elements (Minutes, ¢r¢.) of the Meridian muft be
proportional to their refpective Secants,

The Way Mr. Wrighs takes for making his Table of
Meridional Pares, is'by a continual Addition of Natural
Secants, beginning at 1 Minute, and o proceeding to
8, Deg. Dr. Wallis (in Phil. Tranf. No.176) finds the
Meridional Part belonging to any Latitude by this S,.
ries, putting § for its Natural Sine, viz.S 4 874 £ 85
~87 + 5 8" &c. which gives the Merid part required:
How to find the fame Mechanically by means of an eafi
ly-conftruéed Curve Line, is what | fhall now fhew.
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1. Prepare a Rular 4 B (Fig. 2. ) of a convenient Lengti,
in which let B o be equal to the Radius of the intended
Projeétion, To the Point o as a Center (on the narrowe
er Edgz o theRular) faften a little Plate-Wheel w 4 tighe
to the Ruiar, and of a Diameter a little mo ¢ than che
thicknefs of the Rular.  Let AR (Fiz. 3.} reorefent ano-
ther long Rular, to which 4 R is a pcrpendicular Linc.
Piace the Rular 4 B upon the Line <R, wiih the Centar
of the Wheel.at 4. Then with one Hand holding falt
the Rular & &, with the other Hand flide the end B or
the Rular 4 B by the Edge of KR35 fo will the little
Wheelw 4 defcribe on the 'aper a Curve Line AC B, to
be continued as far as is convenient,

2, Having drawn the Curve 4CB, draw a {ircighe
Line X R by the Edge of the Rular X R: which Line is
the M:ridian to be divided, and allo an Afymptote tothe
Curve 4CB.

3. In this Meridian, (accounting i to be the Point of its
Interfe@ion wich the Equator,) -the Point anfwering to
any Degree of Latirude is thus found. in the perpend:-
cular. 4 R, make R G equal to the Cofime of Latitudc
(Radius being 4 R,) and from G draw G C parallcl to
K R, and interfe@ing the Curve in C. Wich Center €
and RadiusC M = AR, ftrike an Arc cutting the Meri-
dian at M; fo is Mthe Point defir'd.

. Tn the Curve 4 C, let ¢ be a Point infinitely near to
C, and ¢m, (= CM,) a Tangent to the Curve at ¢, ma-
king the little Angle M C m, to which let the Angle R -7
beequal: fo is R » = M d (a Perpendiculat from Mo ¢ m.)
Draw C D equal and parallel to A4 R, interfecting A R in
S.  With Center .Cand Radius CD draw the Arc D M,
and its Tangent D E and Secant:C E.

5. Becaufe of the like Triangles CDE, Mdm3 CD :
C E::Md: Mm, thatis, as Radius to Secant of the
Arc D M, (whofe Cofine s CS=GR,) ::fo isM 4
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¢ = R» aDegree or Farticle of the Equator:) to Mm
the Fiuxion or correfpondent Particle of the Meridian Line
R M. Whence, and from what is premifed concerning
the Nature of this Nautical Projection, ’tis evident that
R M is the meridional Part anfwering to the Latitude whofe
Cofmmeis G R. Or thus; With Center R and Radius
A R defcribe the Quadrant 4 x @, in which let the Arc
A = be equal to the given Lat. From x draw x C paral-
lel to X R, and interfecting the Curve in C, fo is € x the
Meridional Part defir'd being equalto R M, as is eafy
to thew.

As to the other Properties of this Curve, tis evident,
from its Conftruction, that its7angent (asC M) is a Con-
ftant Line every where equal to 4 R; the Curve being
generated by the Mortion of the Wheel at the End ot
the Rular which is its Tangent. And from hence the
Curve 4 C3 may, for diftintion, be call'd the Equi-
tangential Curve.

7. The Fluxion of the Area 4 R MC is the little Se-
&or or Triangle MC d, which {ame is alfo- the Fluxion
of the Sector C D 2f : whence the Areas 4R MC,
C D M arc equal, and the whole Area AC B &c, K MR
being infinitely continued, isequal to the Quadrant 4R a:

8. To find the Radius of Curvature of aay Particle,
as € ¢, from Cdraw aa indefinite Line C7 perpendicular
to C M, (on the concave fide of the Curve) and from ¢
another Line perpendicular to ¢, which Lines, (becaufe
of the Inclinationof C M toc¢m,) will fomewhere meet
asat 7, makingan Angle C7¢c= MCm. Thefe Angles
being equal, their Radii are proportional to their Arcs
therefore, Md: Cc:: MC : CZ. ButCc=dm (be.
cauleof CM =¢m)fothatMd:dm (::CD : D E)
22 CM : CT. ButCD=C M, therefore CT=DE —
Tangent of the Arc D M-
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9. So that fuppofing 47 ¢ a Curve Line in which are
all the Centers of Curvature of the Particlesof 4CB,
any point as 7 being found as before, the Length 47
(by the nature of Evolution of Curves,) is every where
equal to the Zangent of its correfpondent Circular Arc D M.
The Point 7 is alfo found by making M 7 perpendiculac
to R M, and equal te the Secant C £ : for fo is the An-
gle CMT=McD; and the Triangle MC7 equal to
the Triangle C D E.

10. Let 4 A 5 be an Equilater Hyperbola whofc Semi-
axis is 4 Rand Center R. In theMeridian let R P be e-
qual to the Tangent D E. Join AP, and draw P & = AP
and parallelto 4 R. Compleat the Parallclogram HNR P,
{o will the Point A be in the Hyperbola, and its ordi-
nate HN(=R P = D E=CT)be equal te the Curve
ATt From whence, and from Prop. 3. Coroll. 2. of
Dr. Gregory's Catenaria (Phil- Tranf. N. 23 1:) it appears that
the Curve ATt is that call'd the Catenaria or Funicularia,
viz. the Curve into whofe Figure a flack Cord or Chain na-
turally difpofes its felf by the Gravity of its Particles.

““ 11. Hence we have another Property of the Catenaria
“ not hitherto taken notice of (that | know of,) wv#%. that
“ fuppofing 4 R (= 4, the conftant Line in Dr. Gregory)
“ equal to the Radius of the Nautical Projection, and
“ R N the Secant of a given Latitude, then is N7 the
“ Catenaria’s Ordinate at N, equal to R M the Meridio-
“ nal Part anfwering to the Latitude whofe Secant is
“ RN.

12. That 7 A4is the Catenaria isallo demonftrable from
Dr. Gregory's firft Prop. Let T be the the Fluxion of
the Ordinate N7 ; and #s (= N ») the Fluxion of the
Axe A N. Thenbecaufe of like Triangles T7C M, T ut,
CM:CT(=T4):: Tu:ut, thatis, as CM acon-
fiant Line to 7 4 the Curve :: {o is the Fluxion of the
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Ordinate, to that of the Axe (j - x ) accordingto Prop.
1,Catenariz. '

13. From the Premifes the Conftru@ion and f{everal
Properties of the Catenaria are eafily deducible; one or
two of which I'll fet down.

1. The Area A7 M R is equalto 40 P R a ReQangle
contained by Radius 4 R and R P the Tangent anfwe-
ring to Secant ZP =7 M. For becaufe of the like Tri~
anglesC Mmy CEes CM : CE :: Mm : Ee, that is,
putting r, s, 7, m for Radius, Secant, Tangent and Me-
ridional part RM.) » : s :: m : t+whence 7 + = sm, and
all the » r — all the sm, thatis A0PR = AT MR,
which agrees with Dr. Gregory's Cor. 5.0f Prop. 7.

14. Suppofing the former Conftruction, let be added
the Line R A, including the Zhperbolic Secter AR H,
I fay the fame Sector is equal to half the Retangle
AR M Qcontained by Radius A4 R and theMeridional Part
RM, (= *rm), FortheSe&or 4 R H —Triangle RN H
wanting the Semilegment 4 N/, The Fluxion of the

-
Triangle RN H is -{—tj;———{ . The Fluxion of 4 NA is

v _ f ts
: 1. So the Fluxion of the Se&or 4 RA is il
2
L St ~—ts
—ts= — Tis found before ( Sei?, 13.) that

5 N s s .
res(s:—):rm: :; whence s 1 = — m. Aad becaufe

r r
cf the like Triangies CD E, Ef e, CD + DE':: Ef:
Fe bur E f=Mm—= m, dbecanle both E fand Mm are
to M4 in the fame Reaion, viz. as r to »; thereforer : ¢
vt oot St—ts
(t:—):om : s:whence 2 s=— m, and ————
r ” 2
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L & 2 rr .

m=— m= %r m, =the Fluxion of the Hy:
27 27

perbolic Seftor 4 R H, whofe flowing Quantity is there-
fore equalto trm=1%L AR M. 2 E.D

15, This{hews another Property of the Catenaria, viz.
that it {quares the Hyperbola; for R M is equaltoNT
the Ordinate of the Carenaria.

16..In Fig. 4. Let A R be Radius, AC Bthe Equj(an gena
tial Curve; M R N its Afymptote, in which let /4, N, be
any two Points equally diftant from R- Upon M draw:
ML parallel to 4 R and equal to the Difference of the
Secant and Tangent of. that Latitude whofe Meridionalk
Part is R M (by $ 3, 4.) Upon N draw. .N.O parallel to
AR, and equal to the Summ 'of the forefaid Secant and
Tangent. Do thus;from as many Points inthe Afymprote.
as is convenient, and:a Curve drawn equably through the
Points L - - -4 :--0, &c..will be a Logarithmic Curve,
whofe Subtangemt (being conftant) is equal to Radius
AR.

17. Let 70 be an Ordinate infinitely near and paral--
lal to NO. 0p= N» the Fluxion of the Afymptote ;
O 7 the Tangent, and 7 N the Subrangent to the Loga-
rith. Curve in 0. Then op : p O 2: ON = N7. But
ON=gs-+t; therefore 0 p = s+ 7. pO=m (the
Tluxion of the Meridian or Afymptote.) So the Analo-.
gyiss-t :m sz s+t : NI, BySet. 13,14, s:m
.2t :01: alfo, t:mz:: s r. andthence.s 1 0 m z:
t+ s ¢ wherefore is N7 (the Subtangensto L 40) e-
qual to Radius 4 R a conftant Line, and comequently
the Curve L A0 is the Logarithmic Curve, and its Sub-
tangent known.

18. The fame Demonftration {erves for- L M, (any
Ordinate on the other Side of 4 R) only changing the
Sine -+ into — 3 and then it agrecs with Mr Fames
Gregory's Frop. 3. pag. 1. of his Exercitations, viz. Tha

883 the
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the Nauticsl Meridian is a Scale of Logarithms of the Diffc-
rences whereby the Secants of Latitude exceed their refpective
7. angents, Radius being Unity.  So here R M is the Loga-
tithm of M L, the Difference of the Secant and Tangeng
of the Latitude whofe Meridional part is £ M.

19. Suppofing the precedent Conftruction, if through
any point € of the Curve 4CB be drawn a right Line
G C W parallel to M R, terminated with the.Logarithmic
Curve in W and the Radius 4 R in G : I fay that the fame
right Line WG is equal to the intercepted part of theCurve
Line 4C.

20, Letw g be a Line infinitely near and paralle] to
WG, and terminated by the fame Lines; and €S, W e,
perpendicular to the Meridian 5 C S interfe@ing w g in 2,
and Wo in 3 Let CM be a Tangent to 4C in C;
W a Tangentto AW inW ; {ois C M= ~. Becaufe of
like Triangles Cz¢, CSM; and Wyw, Wor; CS -
CM::Cz:Co:alfo Wo:or:t Wy: ymn Bue
Wae=CS8; o v —CM; Cz=Wy; therefore is yw
the Fluxion of G, equal to C¢ the Fluxion of the
Curve 4¢: Confequently G W= AC, g.¢.4.

It may be noted that this Equitangential Curve gives
the Quadrature of a Figure of Tangents ftanding perpen-
dicular on their Radius. In Fig. 3. let A9 T be a Curye
whofe Ordinates as ¢ 9, G T, are equal to the Tangents
of their refpe@tive intercept Arcs 4 k, Ax. Let I'G be
produced to touch the Curve 4 € inC: then is the Areg
AT G equal to the Rectangle contained by Radius 4 R
and G C the produced part of the Ordinate ; or 4T G —
AR x GC. The Demonftration of which, and of the fol-
lowing Seétion, 1 for Brevity omic.

22. If we fuppofe the Figure 4 CB &c. X R (Fig. 3.)
infinitely continued, to be turned abour its Afymprote
R K as an Axe, the Solid o generated will be. equal o
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reGtangled Cone whofe Altitude is equalto 4 R And its
Curve Surface will be equal to half the Surface of a
Globe whofe Radiusis 4 £, So that if the Curve be
continued both ways infinitely (as its Nature requires) the
whole Surface will be equal to that of a Globe of the fame
Radius 4 R.

The Defcription of the Rular and Wheel, Fis. 2.
is fufficient for the Demonftration of the Propertics of
the Curve : but in order to an a&ual Conftruction for
Ufe, I have added Fiz, 5. where 4B is a brafs Rular ;
w b the little Wheel, which muft be made to move free-
ly and tight upon its Axe (like a Watch-Wheel) the Axe
being exactly perpendicular to the Edge of the Rular.
sreprefents a little Screw-pin to-{et at {everal Diftances for
diﬂgrent Radii, and its under Endis to flide by the Edge
of theotherfixt Rular.  pisa Stud for convenient holding
the Rular in its Motion.

Note, Moft-of thefe Properties of this Curve by the Nim:
of ia Tra@rice, arcto be found in 4 Memoire of M. Bomic
among thofe of the Royal Academy of Sciences for the Tear
1752.. but not publifp'd till x715 : Whereas this Paper of
Mr. Perks was produced before the Royal Socicty. in May
1714, 4s appears by their Journal.

VI 4n Account of a Book entituled Methodus Incre~
mentorum, Aucfore Brook Taylor, LL.D. &
R.S. Secr. By the duthor.

T HEN Iapply’d my felf to confider throughly

the Nature of the Method of Fluxions, which

has juftly been the Occafion of fo much Glory to its great
Inventor Sir Zfaac Nemton our moft worthy Prefident, I
fell by degrees into the Method' of Increments, which |
have endeavour’d toexplainin this Treatife. For it being
the Foundation of the Method of Fluxions that the Flux-
ions



7
<

NIY

-

7%17‘7450/2. Lfizryac.

V545

Ejg

i

S




