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OR, A
New Introduction
TO THE '

MATI—IEMATICS |

Containing the

PRINCIPLES

OF
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DEMONSTRATED,
~ In a Short and Eafie Method ;
WITH

Their Application to the moft Ueful Parts there-

of: As, Refo.vms; of Equations , Infinite Serics,
Mak: ngthe Leogarit! s Intereft, Simple and Com- |
© pound 3 The " Chic t lmmnu uf the  Conic

Scétions 5 Menfiration of £pjac dnd Solids §

The Fundamenta! Frocopts d Peifi L,,un 3 Tii-
gonometry 3 ‘T'he Laws of Motion ayply d {0 Me-

chanic Powersy Gunnery, &C.

Dofigw’d for the Benefity ard auJ‘D!‘ed to the Capacitics
of BEGINNEKRS.
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TO THE
HONOURABLE

William Lowndes, E{q;
"SECRETARY

"TO THE

TR.EASURY

SIR,

4 1incurr’d ouble . Cenfure :
ae by Infcanlg 4 Small Traé’z_
-0

!N this Attem t, lﬁear, Ihave



DeEpicaTioN.

of AriTuMETIC, to fo Great
a Mafter in Numbers, And ano-
ther by throwing in my poor en-
deavors among the Public Af-
. fairs, and Crowd of Tranfa&ions
of the Higheft Concern, which
Contmual]y pafs thro ’ YourHands.
1 fhou’d, therefore, offeratanA-
polog yfor my prefumption; And
entreat Your favorable Interpre-

tation of my performances.
¢ 1 might inform You too, Sir, of
the Forwardnefs'of my Zeal to
produce fomething more worthy
Your Acceptance, by a future Pro-

grefs in thefe Studies.

- My Devotion would lead me
farther: But remembring how
Valuable every Moment muft
be toa Perfon in Your Station,
and to One that fo Faithfully, fq
Exaétly difchargesthe Important
Bufinefs of 1t only crave the
- Hono¥



DeEpicaTioN.

Honor to Declare, how Ambi-
tious I am of fhewing my juft
Efteem and Refpe&, and how -
Proud to fubfcribe my felf,

" SIR,
- Your moft obedie;nt,

moft bumble Servant,

" W Jones.



THE

PRE FACE

H E greaseft pars of she following Sheets was drawn

up, and put into this Form, for the Ufe of fome
Friends, who bad meither Leifurs, Comveniency, nor, pere
Baps, Pasience 10 fearch into fo many differems Aushors, and
turn over [0 many tedious Volumes, a5 ¢ umavoidably re-
guir'd to make but a tolerable Progrefs in the Mathema-
tics: sAnd the Benefie receiv'd by the Metbod we bave
sakem, encourag’d ws to Publifb the fame, for the Ufe of
Learners, wheber inclin’d o she Study of them, or occafi-
onally oblig’d to be Employ’d in the Prallise of fome pars
of this Sciewce 3 whofe Principles, sberefore, they are con-
corn’d 10 be well acquainsed with, bus are unwilling to be
ancumber’d wish more than is juft necefJlary.  The Particulars
infifted upon in thi Treatife are a5 folow.

1. The Fundamental Rules of Numeral Computation
or Common Arithmetic in whole Numbers are briefly,
bus fully deliver'd; with the necefiry Examples in the  fe-
veral Cafesy mot omitsing she moft Simple Compendiums in.
sbe Operasions, thas might be of any Ufe to Prafisioners,

2. The Firft Principles of Literal Computation, ufuslly
called Algebra, are illuftrated wish Varicty of Inftances,
and the Reafons of the feveral Operasions. '

3. Tbe ufual Metbods, s well of Raifing Simple Powers,
as of Extrafbing the Roots of fuch Powers, with Examples
botb in Numbers and Species. _

4. The Nusure and Propersies of Proportion j where
we bave bin defignedly large, adapting, a5 far a5 poffible,
every thing 1o the Capacities of young Beginners, thas they
mighs wot. be 1o feck for sheir Cbie? Materials, inprofe-
enting thefe Studies: For the whole Bady of Mathematics
%, in reality, nothing elfe, bus the Dodrine of Proporti-
on ; fince is oxly comprebends whatever admits of Greater
or Lefs, as fuch ) ;

: 5. Fra»



The PrRErPACE.

4. Frallions, Vulgar a»d Decimal; (being oxly 0-
perasions abous Propersions) where we bave bin no lefs
partienler, well kmowing, that more thaw an Obfeure Con-
sepsion of thefe Things m required in bim shat deferves she
Neme of aw Accomprant.  And thas the Reader might be
<ompleat! ”ﬁarm]h‘d with what i neceffary so 1he Underftand-
ing the following pars of this Treasife, we have givemw Va-
victy of Exampies botb Numerad awd Liveral in the feve-
ral Cafes :

6 “{bc Aritbmetic of Swed or Fncommenfurable Roots
% bere made plain and eafic: Being Operasions frequently
sfed insbe Pradice of Algebra. .

7. Some general Direldions are laid down for the Soluri-
on of Mathematical Problems ; With tbe Mcthods of Re-
ducing Equatioys, Exemplified in all the Cafess As alfo ths
Derivation, Compofision, and Selusion of Equasions. And
the Meshod ufed, as wellin the few eafic nfiances given in
Simple Equations, as in she Ordinay Rales of Commoa
Arithmetic (which fall under shar Fead) if well wnderftood
and pradis’d, is [ufficient 10 inable the Reader for the So-
Jution of any Queftion whasever relasing 1o any of shefs
Rules, snd shas after the moft Compendious Mamuer. .

8. Arithmesical Progreffion, with she Solution of ske feve~
ral Cafes, and the Operations ap Lemgth 3 thas the Learmer
mighs be farther acquainred wish Aralytical Inveftigations,
and she Mevhod of procceding in the like Calculasions. To-
gevher with fome mot unufeful Rules relatingro the Arithe
metic of Infinites ; by which we bave, in 13s praper place,
demonflrated, bricfly and dire8ly, fome of she moft com-
fiderable Propofisions in Geomeiry, Whence alfo we bave
explain’d the Naturc and Propersies of Figurase Numbers 3
and foown the Method of Summing up a Series of fuch Num-
bers,” From thefe of courfe are deriv’d she Gemerak Theo-
rems for Extra@ing the Raot of awy Binomial or Infi.
nitinomial Fower, or for I@iﬁnifucbl Power s, On which
we infiffed the more,” becaufe the Mesbod of Approsima-
sions by Irfinite Servies depends thereom : Befides, many va-
tuable Rules and Comtrivances for she more ready Solusiom
of foms of the greareft Difficulties in Mathematics are
bus w1 fo many immediare Confequences dravn from bemce §
and, indecd moft of whus we call Late Improvements,
or New Methods of Inveftigations, 4re Jitrle elje, shas -
she dus Application of thefe Rules. -

4



The PREFACE.

- A Remarkable Inftance of the Ufe of this Theorem is gi-
wem, inthe next place, for making thofe Numbers called Lo~
garithms, with feveral Examples, and fuch Explications of
she Nature of them, as may render their Conftruédion and
Ufe intelligisie to ordinary Capacisics, Otber Eminent Theo-
rems drawn from bence, are thofe for Extradting the Roots
of Finite and Infinite Equations; The former we indea-
wor'd 1o exphain from the Jucceffive curious Improvements of
Mr. Raphfon, . Halley, and Mr. Sharp, with fuch Illu-
frasions and eafic Diretlions, as might compleas she Learner
in the Management of Nawural Numbers, by the moft ex-
pedisious and realy Metbods. .

9. Increafing and Decredfing Geometric Progreffions,
with the Solution of the feveral Cafzs sherein, and the Ope-
rations as Lengtb. S »

x0. Insereft, Simple and Compound, folv'd in all its Cafes.

11. Combinations, Ele%ions, Permusations, and Compofi -
tions of Quansisies fully banded.

12. The Rudiments of Geometry, wherein the. moft va-
lusble and ufeful Propofitions in Eaclid, Archimedes, A-
pollonius, and others, are demonftrared in @ Naaral, Con-
cife, and Eafie Metbod 5 The principal Fropertizs of (thofe
Figures called) the Conic-S=&ions are conjider’d both with,

" and wishous refpe to the Cone. Togesher with Rules for
the Menfurarion of Lengths, Surfaces, and- Solids, inve-
figased by the common gener i} Metbods , with the Applica-
tion of [ime of shofe Rules 1o Calk-Gauging: In she In-
frances there given, fome Quantisies’ (as the Learned Dr.
Wallis looi’d upon >em) are desermin’d by Summing up their
Elemenss, by the Arithmetic of Infinites ; Some (as the In-
comparable Sir 1(. Newton confider’d >em) by the Velocisics
of the Motion or Increments, by which thzy are Genc-
rated 3 ascording as they render’d the marter eitiher more

ort, edfie, or general: And, for a Jursher IBuftrazion,
fome by botd thefe Methods. _
13 The Principles of Projedion, containing the Funds-
mental Rules for the Pradice of Perfpedive, or for repre-.
fenting any Obje@ a5 iv appears vo the Eyein any given'Si-
Suation : wish the Laws of the Octhographic, Stcreogra-

bic, and Gaomonic Projecdion of the Sphere, by which any
one may readily Projed she [ame upon the Flane of any greas
Circle, or she feveral Cafes of Spheric Triangles, and mea-
fure any Arcar Angle when Projefted 3 As alfo Delinesse

oy Dysil, anl with Eafe deferibe tivc Parillels o{‘y z'b,e
. us s
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Sun’s Declination, or any other Furniture, on the Plave
théreof.

. 14. Trigonometry both Plane and Spherical, with the
Rules neceffary for the Solusion of any Cafe therein, briefly
demonftrased.

15. The Principles of Mechanics, with the general Laws
of Motien and their Application in explaining the Powers
of Simple Machines and Engines ; With [ome Sele@ Theo-
rems from Galileus, Sir If. Newton, and Hugenius, re-
laving to the Motion of Pendulums, Centriperal Forces,
Centres of Gravity, &c. To which is added tbe Doltrine
of  the Motion of Projels, particularly applied 1o Gunne-
XYY and Throwing of Bombs 3 with Direltions bow to lay 2
Gun or Mortar to pafs fo asso ftrike a Mark with the great-
eft Certainty and Advansage : where we indeavor'd to fol-
low the Steps of the Learned Geometer Mr. Halley. As
alfo the Common Principles of Optics, wherein the chief
Properties of Refrafbedand Reflefted Rays are briefly deli-
wver'd s withthat ufeful and general Rule, given by she laft
mention’d Excellent Perfon, for the Principal Foci of
iI_(efrzu‘kd » 0r Reflelled Rays, om amy Figur'd Sur-
aCCs .

The whole is perform’d with as much Perfpicuity and
Plainnefs, as tbe Subjed and our Limits wou’d admit 5 And
tho’ we bave not bin aver nice in ranging the Particulars of
this Treasife, yes we carefully obferv’d the Méthod ufed by
the moft Eminent Masbematicians, who in their Writings
-were pleafed to condefiend 1o the Capacities of Beginmers,
a5, more efpecially, inthe Arithmetical pare, Vieta, Ough-

- tred, Tacquet, and Wallis.  Nor bave we bin lefs wans-
ing in confulting the Works of the moft Celebrated” Ancient
and Modern Geometers, that thereby no confilerable and
ufeful Prepofision or Obfervation already pullifiyd, mighe
efcape ouwr Notice. We bave every where indezvor'd to
exprefs things aftér ske cleareft and moft imselligible man-
fer s, and as the [ame time bave avoided all unnece(Jary Curi-
ofities that might Cloy the Fancy, or Burden the Memory
We likewife [bun’d the tedious Pomp of Linear Demonfirasi-
ons, affeded by fome, in things purely Arithmetical, (a5

) thofe,
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vhofe, which depend wpow Proportion and_the Common Affc- .
Gions of Quantities in_general, are reckon’d vo be ;) fince
Analytical Demonfraions are pot only more General and
Abffrait, and therefore wmore ‘UniverfaBy apphcable to Par-
ticular Occafions,bus 4lfo more Plain wmd Simple and alto-
gesher as Sciemific, as thofz made by Linesand Figures : Nvr
35 there any Difficulty from fuch to difguife the matter fo as
to mabe it look more Geométrical. And fince she Excellency
of vhas Science, which vequires Arsenvion, is ¥ss being fhire
wnd plain 5 we sherefore bave in every thing fludiza Ere-
ity with Per[picuity : So shas we doubs mot, but a Learner,
Yhar Hoes mot wans the meceffary Qualificasions of Diligente
sitnd Ininftry, will find, with’ Aavamage, Thas vhe whole i
Cas defign’d ) A Compendium of the moft Seleét and Pri-
mary Principles of Mathematics, and mar ferve, ar lealt,
s an ufetul Incroduction'so fursher Enfhirics. ‘

hus baving given our Impirtial Realer & Brief Accotm
of this Treatife, we bope bis Candor will provipt bim favo-
yably so excufe what s amifs, and amend thofe Errors

which unavoidably kvrend Things of this Nature.

*Twou’d be bere needlefs 10 expatiase on the Ufefulne(svf
Mathematics, & Part of: Humane Liserature , to whirh
all the Concerns of Humane Life are deeply engag’ds Our
Pledfure, Security, and Commerce are almoit efiig;rety pro-
tir’d, maimai’d and tmprov’d, by the Meins of ‘Civil,
Military, ¢zd Naval Architefture 5 md in thefe sbere
gre Variery of illuftrions Inftances and gufprizih‘glj magni-

¢ens Pieces vf Ars, wherein the Effels of Geometry ap-
sear in an extraordingry manner. And fince we are defti-
‘wuteof Senfes acute enough o difcover the exult Bulk, Mv-
yion, and Figure of Bodics,on which their Properties depent,
Yeing conceal’d from us, eisher by their Remosenefs, Mi-
Wutenefs, or Trahjparency ; Since sherefore, shis bounds our
sitbitious Defires of viewing ‘the miore fecrer Whrks of Ni-
sure, and our Endeavors 10 fubje@ ‘e 1o the Dodrine-of
Magnisude and Numbers , whereby we might, beyond the
viffibitisy of Oppofitionor Doubs, Account for she feveral
' E’nar‘;bm'eug coméersy d in our Enquities; Tet, ‘

™
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Eft quodam prodire tenus, fi non datur ultra 3 ,
and 30’ fomewhar of Content to the Inquifitive Mind (who
is ever the leaft [asisfi'd with that, whofe Caufe-is moft
conceal’d) that by Mechanics and ~ Optics, the Natural
Abilities we fo /{ar Afffted  and Improv’d; as 1o dif-
cover Immenfely diftant, or Extremely fmall Objellsy Hence
we are pur in a Capacity of making more Corre& EfFi-
mations , and of forming jufter Notions of the Mag-
nitude, Revolutions and ~Diftances of thofe Spupendions
Fabrics of Nusure, which ars e conftiny Subjed o
pur Obfervaions, : -

ER-




ERRATA.

Age 18.1.18.1. 24. . 26, 1. 21. 1. 648. P- 39.1. 6.ce.

P 43. 1. 12. x 2 —16). p.44. L 14. E2. p.47. ) 244
242 p.$3.17. (2=. p. $4. . 9. 34¢ 2, p.6o. 1.8,
a4 6d. ibid.l. 27.dele whick. p.64.1.6. 3%. p. 68.1. 8,
a7 .. 86. 1 20. 1. 384, p.9g.1. 12, And 3. p.9g. 112,
1.2, ib. L. 15. the Denominators. p. 96 1. 13. x3
4-30x. p. 175. L. 24, nxs p.180. | 21. dele the:
p- 18s. L. 5. =L, 22. p. 206. 1. 6. Solution. p.211.1. 19.
£. a5 we. p. 239.1 2§, —b 2, p. 244.1. 32. of 4 —a.p. 249:
k12, : y2 ibid.L 19, 72 2z 1. pe 2760 1. 30. Declina-
tion.

The Reader % dcﬁr’d to corredt thefe ; and

to excufe any other that poffibly may
bave ¢fcap’d Notice: '

Synopfis




SYNOPSIS
Palmariornm Mathefeos.

General “Definitions.
T HE moft pars of the Objects of -oar
) q,K&mMgemqbemQWQQM£C¢m
ble of Augmentation and Diminytion ;' and
our Idea of Things a5 far as they have that
I(/L';pacit], # what we call Quantity : Bywhich
Word may be comprehended whatever, can_be
properly faid 10 have Pares. .y

SCHOLIUM 1. .

~ Under this Definition of Quansity, we may rank Ex»
tenfion , Number , Weight, Mosion, Time; §c.” The one
béing taken. as Gréater or Lefs, Heivier ‘or Lighter,
Swifter or Slower, e, in relation to ancther of the fameg

kind. . o S
¥or Great and Small, ©c. are only comparative Terms
of Things that are Homogeneous.

B SCHO-



2 Generdl Definitions.

__‘S_CH__O'LI’UM 2.

- And fince-the Primery and moft confiderable Property
of Quantity is a being Capable of More or Lefs; Therefore
Quantities may .be Added to, Subtraited from,' Mtiplied
by one another, and Divided into the Parts they contain.

Lo L ' ‘
“The mutual Relation of two Things of

* the fame kind Comp ared together, in refpeét
of Quantity, is call’d Ratio; And the Simi-

Jitude of Ratio’s#s cefld Proportion. .

I
The Kpowlege of thefe Comparifons of
Quantities, br :Z: Relations they have
one 1o amother, & what is gewerally cal’d

Mathematicks.

(-

: 1v.

Al Quantities Aave their Parts either
Continuous or Difcrete, that s, either U-
nited or Separated.

And that Quantity, which has its Parts -
Sepatated, # caf’d Multitude, and i the
Subjeit of avfthymetich ; Bar thar Quan-
tity, which has #ts. Parts Vnited, is caled
Magnitude , 4nd i the Sabjeit of ©00-

S CHO.



" Generddl Defnitions. 3
SCHOLIUM 1

The word Part only denotes our manner of conceiv-
ing a Thing when confider’d in Relation to its Whole,
and may be taken as an Indivifible (Component) ofit;
or as that whofe furthcr Dnv:ﬁbnhty 1s not then enqulred
into., Hence,"

SCHOLIUM 2.

Unit is properly a Name given to any’ Qmmtj, con-
fider'd as an Jndivifbles and, , .
* Numbér is.¢ Golledlion: of Unins M’ﬂwﬂc Uniraare
Jook'd ppas as #/kie the Aumber ops gadler thé ame
ofan Integer 3 but if they are taRen as Parts of a Whole,
then it is called'a Fradiow, - -, ;
R i) :133.)'3 Ty el

w . . v iNH

B2 The



Tbe Ezplzcatzon af the Szgns and
- Charalters uﬁd in tbts Treatzjé,

[ Equality, or equal to.
Majority, or greater than,
Minority, or lefs than.
More, or to bg added.

d Lefs, or to be fubtraéted.
The Difference or Extej}.
Mulriplied by.

Radicality.

Continual Proportion.

-

.\r
Signifies

hex S | FAV]

Other Signs or Abbreviations of Words that occur, are
explain’d in their own Places.
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fPalmarzomm Jl/[atbcfeo:.

PART L

f Conmmng the

PRINCIPLES

. ()F
, NUMER arand LITERAL

"ARITHMETICK.

'SECTIGN L

Of Pumeral Integers,
o CHAPI. .
 Motation of Pumeral Inceges.

D EF INITIO N L ,
Umeral N otanon teacbe: how t0 ex-

prefs in guf” "&mg my Namlzer

Words
gropog o:’d n Cbaraﬂer:
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6 Symopfis :  Part 1. Se. 1.

) SCHOLIVM
1. The CharaBersufed to exprefs Numbers by, are either-

The Ten Nemeral Fi- o, The $even Nuigeral
gares of the Arabiang : Letters of the Remans.
Marks [Named > - ?d\arksi Names, .\ & 1

1 |One o 1 |One

2 |Twd T g

3 |Three 4V | P

4 |Four . X {Tenm

s |Five .

6 |6k T L F’f‘] " 7

7 [Sewewi 3 4 L ed

g ﬁ;gbt D |Five Hundred

) Notbnzg o-v nyber M Tbonﬁmd "
&, & l" "Q 3 ~ ot . r

3, Eaehof vhmh Fagam, bcﬁdes their own fiagle Value,
receives feveral Denommataons, according to their Place
and Order.

3. And a Number has {o many Places, as there are
Figures in it}'as, 36387 is 2 Aumser of five Places.

4. The Order io whole Numbcxs , o) ftoq the Right
to the Left. .

The Value of Plu{s maea{‘es ina Decuple Propomon 3
for every Place to ' the ‘Left, is ‘“Ten times the Value of
the next Place to the, Right.

6. Each Place alfo has its Name' and thofe Names, °

for the more eafie 1@ading dof Hrge umbers, are di-
finguilh'd by Periods, balf Periods, &¢. ., .-, 7
For as a Place % Ten. tmes the, Value o th%t

a balf Periad g7 is Thoufend
kil e Yol S L
7. A Gypher is of its felf infignificant ; Jout by its Phace
alters the Value of the Subfequent Figurg. -~ - .: And
REGEE AT

% E S



et s g

Chap. 1.  Palmariorum Matbeﬁo:. +
8. And fince the Value of each Place i s Ten times the -
Value of the next 'bbforc it, “tis ccrtam,

E 2 In the ficft m the m the 100 D
. . Phce is 3 d. 200 s .
€.

. | The Order avd Names | = - -
. RS .fPCﬂOdI, &6 . o

-y

U i ON
ulons
»mt‘J\-"-_P-'» ’3\‘:2
L I B | \ B! PR
1 IV S
“Bifltens 3]
".J ? . 4 g
&
Trillions

COROL-



8 : Synopfrs -~ Part. [.Se@t.
B COROLLARY. '
Whence the Value of each Figure in any Rank of Num. .
bers, how large foever, is readily found by the following -
h RULE

Begin at Units, fes a Point under the 7tb Place, then,
reckoning that as ome, coums forwards, and fer another
under the mext 7tb Place, [o comtinue to the end.

1ft. - HMillions
2d. ' Billions

Then the L 3d. > Point fromUnits [lands under Q Trillions
gth - g«adrilliom
6‘ . B . Ce

As is evident from the following
EXAMPLE.

Periods | Quadrill. Trillions* Billions Millions  Units
_ oA AAN AN AN AAN
HalfPer.{ th un th" un th . un th un th un
NN AN 0NN AN AN AN AN NN AN VN
Degrees {cX@licxucxucxucxucxucxucxucxucxu
Figures, 12345?78909%765432.10123@567891

By this means you have as clear a Notion of, and may
as eafily read a Number of 70 Places , as that of
feven.

» " CHAP:



Clap: 2. Palmasiorum Mathafios,

CHAP 1
Qubition ‘of Integersy
| DBH’N:T:&N"

é DDITION is the Collettion of

Jeveral Numbers or Quantities into
one Sum.

PR ,OB LEM 1
T add Integers g kke Name into one Sum.

- RO LE

,Pifm el Numbers of Tike kind upder one ayosher, Add up
. the “Unirs, an(’ 'if their Sum be wader’ Ton, fn tbn Sum
unkmeatb' &

'=‘~‘s ual ko } Tm,orTcm,fet i tZe gxti_e/} } underneath :

And for e-utrj Ten; carry an Ubi sa the next Place, and f3
proceed, .

(~E x,nupz,z}x.

_ To 23¢ 200130 - g
43)}""{400 :taq +2
Sum 667 6oo+6o -3,1 ;
. 'I‘hemannerofOMm ¥ " : :

2 dnd § = e L
3and 3 = 6 wlnch fet under 2 e
4and 2=6 Hundreds

¢ 233
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233 235 ,
43¢

Forthcrcarc% § %6 gm the given Numbers.

Therefore 667 = 667 muﬂ be their Sum.
EXAMPLE 2
To 698 '
. Add 7645 .
“And 4310 -

Sum 18940

The manner of Operation.

~oand sand s =10 and carryx
.3 and 1and gand 8 =14 fet down -to the next
1 and3and6and 9 =19 placc.

1 and 4and7and 6 = 18

6985
17645
4310
g 1o Units
3 2 Cin e Nunbes
 17... Thoufands{_ given.

Thcrcﬁ'rc 18940 muﬂ be the Number required,
«equal to all thafe.giuven. -
Since thofe tbtnga which are qxu,l mongﬁ tbmfelm,
are djb qudi 1 m wiosher,

"

o1

For there aré "f &

E X
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EXAMPLE I

To 38796 38796 38796. 38796
Add 4638 ' 4638 4638 - 4638
30000 ' " 14 13 ° 43434
(32000 . 180 I2ip, -
1300. . ‘1390 3 14 .
. .120 T 12000 e———e
14 , 30000 43434 .. ..

-;;4;‘; .—4-;4‘;;: N
,To'jdd,.b):gber: of different Names,
N ~ ““Rare
Plf:'x:: {:‘v;:ag{ ::xd ;ﬁpﬁm;ﬁ:na with the Sign 4
EXAMPLES -

1 2 3
——re - — }7
M
Sum= 40 ~}6 ;| 8b-}-35m | 16%4-94d. 7
EERA LA e

LS S .
TRk N )
R oK BRO,
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‘PROBLEW L

Yo Add ﬁnegir:? “and Parts.

r“,u MPLE L

‘ 6?. 41‘
Add % }“ T2
Sum 11. 30 f_-—,"',-.lsi._.,"-

EXAMPLE I

To 1647 4&s.: 6d.§ {11841. 155, 6d,
Add 79, . 12 2. 9
Sum 544. 8. 3. = 243. 27. IS

CHAP HL

%uhtractfnn of jlntebetﬁ.

. - ﬂannr'nron. -

—,

.
B

.-

UBTR.ACTION is the ;talzmg.of oné Num-
ber or - Qaam‘#y from: Mlm', to

find their Difference.’
SCHOLIVM

The greateft Q of the given Numbers § Minuend
leaft is called the - Subducend

} And

tbc Mmber found 4s call’d tbe R!:mamder or Difference.

7

PR OB
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PROBL L

To Subttald Integm' Qf izke Names, when the
Supmmr_Numbm are ,gmmr thun, or equal to
their lnfemlm, :

\

,RIILE. ’

1. Place the Subduiend mdcr she M;mm:d, and draw a
Lige. uuder both, .
2. Begin at the Right-band, take the lefs from the Sreater,

or Equals from Equds, and ﬁ.'t the Difference of each
Row underneath. 1

Example ) In“lrmgers alone.

s . Minvend 638
V. Subducc;nd ai3

!{emann;l‘er 42 s

Wowdg v

RN n\’ﬂu manner oﬁOpermbﬂ-

3 8{ Ll
1 >from 2 and there remain - 2 wh:ch fet bclow,
2

ga Hm

Ll
N ’Iha:_is; *

S
1w0f ) 39 . 20
200 Sfrom L 800 remamder is <€ 400

s

Theref, 213,) 7 (618D 25
For fince the WbolQ’u- ggual tadbc Sum of oll its Parts,

therefore the Subduion of all the Parss is the fame with the
Sume of the whole,

N

Examples,
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Examples, In ntegers: and Parss.

~ Minuend 274. 48, 36/. 1461 185 64:
: Squuccndr 31 24 2 82

RN

Remainder 1. 17, 12 124. 100 4o
PR O B 1L

To Swbdutt Integers of the fame Name, when
Jome of the Supmonr Nkmbcr: are Iej} than their
Ixfmwr

RBLE

1. Place your Numbers, and begin as before.
2. And according 1o their refpelive Value, take one of
* the mext Denomination , out of which Subdu& 3 and so
the Remainder, add the Snpmour. fmmg sheir Sum un
derneath.
3. Then add what you to0k to the next Place on the
Lefi-band 5 and fo proceed:by his, or she former Rule,
Examplé, Inlntegers alane, :
From 2§37 <k
Subd. 1648

¢ ouininsinieee

: Rem. 889
‘The manngr of Operatnon. _

8
rand 4= s§&om§ %Rem.% %which I‘et bclow,
and6=7

That

£

s
s

\,’-\ )
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That i,

e et e 8 7 . 1o CoL . 9
15 - jo 30 100 ) - 8o
100 < 600 g $oo =100\ p . J 800
1000 - 1000 & “)2000, =} 0000 * Noooo
Theref. 16480 L2537 5 Ly

For by faying 8 from 7, I add Ten fo the Minuend,
but I add alfo the fame to the Subducend, by faying 1 and
4= s therefore the Remainder muft be the fame.

... 'The Operation alfo may be thus;

8y (1 ) 9 Units
4 131 8 Tens- .
-§ (from  15—1 CREMY e Hondreds ,
1) L2—1)  (o. ,
" Thatis,
40 ;o:t 100= 10 .
o § 500 ;1000 — 100 H
1Q0of" &t )2000 =t 0000 — 1000 o} °
Theref. 1648 2537 R ¢

For by adding-a TFen to'thd Waits, and taking it a.
way from the Tens, the valus .of the: Number is not

¢hanged. A o
~ .. Examples, In fusegers and Parss. i,

rrcm;s;tga;}t '-g;.'r;’a.‘} {“4};’5{;45 -
9% $™ 93 5 SOr33. o
6 = 2.

Subd. 2.

Rem. 2 ‘o — 2. 6-

From
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From. 2461 3 S 4d. 3461. 23s. 16d.
Subd. 68. lg. }i e{ 1. 6. }

Rem. 177. 12 10 = '377- 12. 10

ad

S“bdo 68. 10, 6. ]

%From 245L 225 16d.
o

Rem. 177. 12 10,

THEOREM

In SubtraGion, the Subducend sogesher wiih the Remains
_der, s equal to the Minuend.

For all the Parts taken oogethcr, are equal to the
whole.

And if the Subducend be taken from the Minuend,
there refts the Remainder.

But if a Part be taken from the Whole, the Remain-
der will be the other Part.

Therefore the Sabducend, together with the Remain-
‘der are.all the Parts of the Minuend, and ooufcqucnﬂy
equal to it

COROLLARY.

Henoe, Addition and Subduion, ferve Rec:promlly
to prove eich other.

For Addition and Sobdution are oppoﬁté in all Cafes;
ind what is done by the one,-is undotic by the othet:

Thas
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Thusifto 6 - © ‘And if from 10
beadded 4, Subduit. 4
Sum -;; .. . ., Rem, 6

Thatis, if 6 4+ 4=10, then 10 2 f=%6.

e HEEe v
Pultiplication of Integers,

&

i

"DEFINITION

A} SLTIPLICATION is.a manifoki Addi-
1V tion, or the repeating a given Quanti-
ty,4s of ten as required; That is, 10 t ake 4Quan-
tity fo many Times, Part or Parts of «
Time, as is reprefented by dnothey,

. ( B [
SCHGLIVM | .
The Nam- § to be Repgatkd }m called § Multiplicand
ber {of Repetitiogs the - 2 Mulriplier.

The Sum of the Number fo dften Repeated, is called
the Produd. .Both Muhiplicand.and Mudtiplier are call’d
Faorss |\ v

T COROILL ART
Hence, As Unit, is 10 one Falor:
80 is the other Falor,to the Produd.

1o D CASE
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CASE ‘I.
To Multiply fingle Numbers by one anothery

EXAMPLE,
Mult. 4 o
. by 3

Prod: 12 i e, 4-F4+4FIX3I=3X¢
SCHOLIVM.
Altthe variety that can happen in this Cafe, is expre(s'd
in the following

Table of MULTIPLICATION,

1] 2

pEE N
El K s
4] 8112 16 5
{55 |= (4.
6|1=)18)24) 0f36] 7
F114]21|28]35)42] 49
8lictal| e | {05
9]18]27'36]431s4163] 72183

L E M«
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LEMM& 1.

ﬂel’rolu& Qf any swo Nimben, is equal to the feveral
Produds made by mulsiplying one of thofc Numbers by she fe.
veral Parss of the other.

Thus ° 9;:.0.{4"'3"'2 34}: e§3°+4

27 = 12+b9+46 68 = 60+ 8
For, fince the VWhole, and all its Pyrts taken together,
make but one and the fame thing
Therefore the Multiplying the VVhole, and all its Parss,
givés e fame Produt. -

. cassm -
To Mulsiply s Compownd Numsber by a Single one,
EXAMPLE

- Mult. 6492 6000 4004 s0-}2
; sby-”}“{ + 4004 +

vi’rodﬁ'&. 19356 = ) 18000+J200+ ;50 +5
-~ "That s '84\9}6‘, i 6452 or{ 645»2

11156 6 18000

82 - -. 1§90 1200
—— . . 3200 150
19356 #8000

- - 19336 19356
. Pa:  fo

o



20 Synopfs .. Part !I:Sﬂa"IIo

6000 18000

. s {409 o 1200

For fince 3 times soC 150
- - .2 . . ‘: ‘,.6; v

Therefore 3timés 6452 ,s ~ 13935'6:'_,7'

. LEMM A IL
The' Produt of any two Quantities, is equad -{o the fevieral
Droduls made by Multiplying all tbe Pam of;.:bc one,
by all she Farts of the other.:

Efntednfidef ot ey
) ';:=30+6+4o+8 = 18+12,+6+z44i-f;¢;|18‘, ,

CA SE (L
To Mulnply one Campound Numlm' lgy azmbar,

i RULE'
1. Place each Number réfpeGively wnder its kind.
2y Multiply each Figure of the Multiplicand, by cach Figure
of the Multiplier 3 and obferve to fes the firft Figure of
each refpeftive Produftwnder shas Figure of the Muiphicr
by which it was made. S
3+ Add the feveral Produds vogether for the whole Produst,
EXAMPLE I,
Mult. 123 Co
by 23
N amkt—
369
246'

282

', %“3§+{‘”§°f§‘°°+2313

a——

2460 + 269 = 20°°+4oo+6°+3°o+60;l-g
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:100.= 300

3X< 20 = . 6o

" Ford & 3= 9
SR ‘100 2000

. - d20X L 20 =" 400
i . © 3 ‘60

‘Therefore 23x 123 ._.3829 ;

ﬂ Rl

s EXAMPLE.z. R

Multlphcand 5326
. Mulcnyher o427
LR } Cmsmm—— &
! S 37282 )
P 10652
W€ T e 2130"4 -
c2gd T —— | i
s . Produ& , 2374202
- ‘The manner ofOpemidu P

6 I\ izkge § %4.

1, 7 timesd 2 T 4=18
’ 2and§arry I
¢t

ot

3, r=a2
5;*:-:#37
(6, Wy
z,—l-r_ [
B =6
» =

IIL 4 times {2 -+ %’_ xg }fubrc;xbe { }carry {

‘;-.'5 : [
K

' : £ e
LA !

¥

T .
11. ztimes
61

'.fubfcribe_-_ fubfcribe

\‘
LR i

Multie
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Multiplicand  ~§326

Multipliet 427
. b ot mem—
. 6= ‘20 1. 1
r xd 0= U 14o. 2 ]\,
. 7 3oo=  2l006. 3 !
§000== 35000. 4 ;
. 6: 120. s
20= 400. 6
For fince < 'IOX% 300= $000. 7 PPtodu&l.
So00 = Iooocoo. 8
0= 000 « 10
(L400XQ g0 = 120000. 11
'5090; 2000000.12 }

Seem———

Therefore 2274202 is the Sum of
the Produdls of att"the Parts of the Multiplicand $326,
Multiplied by all the Parts of the Multiplier 427, and con-
fequently equal to 5326 X 437, by Lemme 2,

v, SCHOLIUM 1.

When exthqt the M\ﬁtxghcand, Mlﬂhyher or both,
bave Cyphers towards the Right-hands then Multiply
the Significans Figures by she former Rules, and ammex
s the Prodult asmpyy Cypbers as there, we in :be Mu)-
viplicand and muhtﬂm'p -z .

.EXAMPLE&

Lot € R
© € 1o - eg60
100 2¢6c>o
246 by. 1000 ives 246000
€ 10000 2460000

143



143 9520 - 624006
20 3400 4300
.2860 3808 1872
— 2886 2496

32368000 . 2'68§zooooo

SCHOLIVUM 2.-

 When there are Cyphers in the Multiplier; thew Sué-
{eribe thofe Cypbers in Order, before the particular Pro-
dud of the nexr Multiphier by the Mubsipticand.

EXAMPLE,

' 427 6700042
308 ' ¥0000$
- 4562 33500210

- 12810 67000420000 .

. _.130663 670037700210

SCHOLIUM 3 -

To Multiply by any Compound Number under 20§
you need only, ) o

Ses sbe Produd made by the Unis Figure of she Mubtiplier,
& Place fursher to the Right-band, and dd thereto she
Multiplicand:  Thus, '

; ’ | _tMultipli‘«
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Multiplicand 25436 :
Multiplier 14

m .xﬁ. Produé:
Prodn& 356104-: '
.Or fhorter, thus.
29436 - .
14

[, Guhpm———

356104

The manner of Oﬁeration.
=24 '
3=12y=2+4+6=20
4=16, = 2 4 3=21

4by §=120, -} 2 -+ 4=26
2= 8,2 =I5\
Then 2-41= 3

 SCHOLIUM 4

1f a Quantity be Multiplied by the Gomponent Parts of
the Multiplier, the Produ& will be the fame as if it had
been Multiplied by the Multiplier it felf. S

Thus, 245 by 7, and the Produét by 6, i the fame ae
if 245 was Multiplied by 7 X 6, that s, by 42-

¢t Subfer.

W A= O P
crry

B xY »:

CHAP.
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Dipifion of Integets:

1VISION #a MamfoldS\xbdu&xon ;
vor the taking of ome Number or

(?lantlty ot q" ar)otber, as qften as pof
f lfa L

As 6 D.vxdcd by 2 gnyes 3. ,
;’,6-4—2-—-2-— 2—‘-0. o
DUURL [
SC'HQLI‘DM. ten
to be Dzvzded Dwu?emi
The Number { Dividing. } .scaued { priag

And the N‘umber of szes they contam each ~other,
is caued Quofiem. '

CoxoLLA&r. s
Hence, as the Divifor, is Yo vhe ‘Dividend :
So is Unity ¥ ow’be) qug!ﬁm'L SRR
The Termis<in' Div¥fion are tHus Placed.
Divifor Dzwdend Quotient
2) *-uw . (3 \
Ot} -

t
thdeml 6*

uouem.
Divifor 2 (BQ

L

B PROB.

>
<j'
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PROBLEM.
To Divide one Number by amether.

‘ RULE

1. Set & Point ubder the WJF of the Lefs-band Places in'
the Divldehd; b Vf wbich the Divifor may be Yakchs
gnd the Nusber of Phuces vo fhe Right of th& Polks

 inclufive, gives the Number of Phaces in the Quoticm. -

2. Ty bow often you cam take she Divifor tus of fhas
firft pare of the Dividend, festing the Number of Times
# the Qudrichsy théh Mnltiply the Divifor shereby,
Subdul the Produst ous of the fiid part of the Divi:
dendy and [ubforite the Remainder,

30 Jo she Right of the Remainder, fes she next Figure of
e Diildind; from [bbich tike the Diokfer ds ofien
as g0k cam, festing she Numbér of Times in she Quorient,
Hulriply the Divifor ‘shereby, Subdulling the Produ ‘&
before ; and in shis momer she Operation wuft be re
peased, tilh you tote so the eRd. '

EXAMPLE L
Divifor Dividehid Giosicnt
3) 62 (34

2
LR ]
K

4.
4.

H“']

for
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. For 2 mg oo (3oo

Therefore 2) 1543 (324 ‘times
EXAMPLE 1L
D 19358 (G452
18;,;
e
13 oo

1300
S—

1%.

Vw43 00

’ 18000 (6000
. 2
msm% ‘,;?gg ‘t"%

——
v L Y

Rem.

’;‘pcrefore 3) ;9358 (65541

Ex4%
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EXAMPLE L
Divifor Dividend Quotient
24) 5664 (236

&
86
72

——

144
144

D e——

Q00
The manner of Operation.

1. Having placed the Numbers, and pointed them as
the Rule Direéts: and finding I can have 24 in $6 but
2 times, therefore I fet 2 in the Quotiens, the- Divifor
Multiplied thereby, gives 48, which'Subduéted from s6
leaves 83 to the Right of 8 Ifet the next Figure of the
Dividend, 6.

2. I can have 24 in 86 thrice, therefore I fet 3 in the
Quotiens ; then thrice 24 is 72, which Subduéted from 86
leaves 1473 to the Right of 14, I fet 4the next and laft
Figure of the Dividend.

3. I can have 24 in 144, 6 times, thereforc Ifet 6
in the Quotient; then 6 times 24 is 144, Which Sub-
dufled from 144, leaves nothing. Hence, I conclude;
That 24 is contained 236 times in §664.

The
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The Reafon of this Operation is evident from the fol-
lowing Procefs.

L

. X 24in) 5600 (200 times
VT 2008 24 = 4800 -
8o
6o
1. 24in) 860 (30 times
30X 24= 720 . .
N j “, .
140
Sl —— ,
111, 24in) 144 (6 times
‘ 6X24= 142 /
S——
000
. 24) 4800-(200
And finceL24) 720 ( 30
24) 144 ( 6 Stimes

Therefore 24) 5664 (236
'SCHOLIUM 1. : o
If the Divifor be greater than the Dividend; or if ‘they
- be of different Names, then, Tke Dividend fe above, and
the Divifor below a Line, reprefent the Quotiens: - =
Ex. 1. .4‘1‘)ividec! byg, the Quotientis—;'— , '
" I 24 Feet Divided by & Yards.
‘ . . 24 Feet
The Quotient js m—
: 6 Yards,

§C HOG
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' SCHOLIUM. 2
1f the Divifor have Cypbers towards the Right Hand

then

~cut off fo many of the Right Hand Places of the Divi-
dend as there are Cypbers im she Divifor, wbich ammex to the
I{,emmdcr, when the Operasionis finifbed.

EXAMPLES

1. 10) 267|8 (2673
IIO 300) 69152 (2;300
IH.  3200) 2457|126 (76342

224
217
192

25
THEOREM

e Divifor Mubsiplied by the Quotiews s equal so the
Dividend. ‘
Asfuppofe 15 was Divided by 3, the Quetiens willbe .
But the Quotient § is fo many Parts of the Pividend

a3, as ‘Uit s of the Divifor 3, thes ésy she third Pars

by Definis. of Divifion.

Therefore, If the Quotiens be taken fo many times a5
there are Units in the Djvifor 3, the Sym will be egual
¢o the Dividend 1.

And all the Parts (5 times 3) taken together are e-
qual to the whole (15) ’

Therefore, The Produ& of the Divifor by the Quosiens
is equal to the Dividend,

COROIL»
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COROLLART
 Hence, tis cvident, That Multiplication and Divifiow
ferve Reciprocally to prove each other.
For Multiplication and Divifion are two contrary Ope-
rations, and what is done by the one, is undone by
other. ‘

. . Thus, if s Multiplied by 3, ;ivc 1§.
SV A % Cotiin’ 3 Himds T i,
I 1
Therefore —§(=;and—-§- (=3
Alfo if 15 Divided by 3 give s,

Then g taken 3 times is 15.
o hetefore X 3zt I5=3 X 4.



SECT. IL - .
Of Witeral o QAgebaaic Fntegers:

CHAP'L
RNotation of Algebwic Intexers.
DEFINITION.

NT Namber or Qiantity whatfoever,
whether known or uwknows, may be
univer[ally expre[s’d by Notes, Charaters
or Letters of the Alphabet, at Pleafure :
And this way of Notation, applied to Arith-
metical Operations, is what i commonly . call’d
ALGEBRAICAL or LITERAL A-
RITHMETIC.

SCHOLIVM

1. In Operations perform’d by Literal Arithmetic, al
Quantities, knowm or unkmown, are reprefented by Let-
sers, with prefix’d Marks or Signs, whereby, (according
to the Nature of the Propofition) they may be fo order’d
by. Addition , Subdution , Multiplication , Divifion, &c.
as if each particular Part was alually known; fo that

the
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the Pofition and Relation of one Quantity to another is
vifible thro’ the whole Courfe of the Procefs, and con-
' fequently that of the kmown to the unknown,

2. Quamities reprefented by {;’;’ e:ﬁi} Letters in

any Operation, are fuppofed to be of { ;l;}!zz: }Value.

3t"And betweek Quantities of different values, there
may be an Equdlity, as 6a=25; 6 Feet =2 Yards.

4. The number of Times ay Quantity is taken, muft
be prefix'd to it, and is call’d a Coefficient, or Co-falfor.

$ A Quantity without a g;;f"'””}is fappofed to

have § 00 +}preﬁx’d to it. '
6:Simple  Q Quantities, are § have but one Member.
Compornd § - thofe: which  are tonne&ted by }-and—.
And fince Addition, Subduion, Mubtiplication and
“Divifion, ire the Common Affe&tions of all Quantities,
therefore we fhall in the next plate epdeavour with all
the Brevity and Plainnefs poffible, -to apply thefe
Riiles to Lesters, as we haveto Numbers,

AXIOMS.

1. Ifto or from equal Quantities, equal ones
be Added or Subduted, their “Sum og_ Remaik=
der will be equal. . . ;

2. If equal Quantities be Multiplied or Di
vided by equal ones,- their Produtts or Quorii
ems will be equal. e .

- AU N

§

F CHAP
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| CHAP. IL
aubftion of Qigeheaic Integers.

CASE. L

When wamm bave the fame Name, azd the
fame Sigp, .
" RULE
Let the propos’d Quansities be Colleled, and their rejpe&
&ive Signs adjoyn’d.
EXAMPLES

4 26 J—2m | yyfax—z

iﬁ l:tsb ‘—— » ‘ It 3a—5

Sum + 444 2”+$bl-—.anv‘ 2074 §2—7
Or 424 |47 v '
For ’tis manifeft from the Common way of Numbering,
that 2} $ =7, of any thmgofhke Name 3 as 2 Miles

and 5 Miles are 7 Miles. ,
CASE I

- When Onantities have the fome Name, ha'
 differem Signsy T

RULE. -

Let them be Subduled from cach otber, and the sign o:f
the Greaser #3joyw’d vo the Remaindere

E X%
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EXAMPLES.

To <3« ;-3:: “+4z 6a4—x 430
Add —2a]42x —47 x—zo-j;agz

Sﬂm+3"¢-ul —3%bax | 44'1—4¢ +10
Or - 4 i

For to Add a Negative, is to take away a Poff fitive 3

Therefore, to Conneét a Negatwe and a I’oﬁmze, isto
make the one and deftroy. the other.

" Thus, If A has 600l and owes 400/ ’tis plain that
the Sum, or his Worth is but 200/

And if Ahas 6ool. and owes gool. then the Worth
. i8 — 300/ or 300/ worfe. than nothing,

e 20 e}

CASE IIf,

When Quantities are of different Names,
R u L E.

Let tbem be fes down in order, with their own Signs
prefix’d.
EXAMPLES.

To alsh a-tb 34—27—3x46
Add  cl4m c—d 47+ pp+3a42x
Suma~-¢|5btam| afbtc—d | 6a+ 53 —354pp
For 4 MMiles dnd s Hours, make neither 9 Miles nor [}
dowrs

Fa : CHAP.
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CHAP IL

Subluction of Almehaaic antewz.

3 1. -} from and — from -
Gfe 2. — from 4 3 and 4 fr om — §

Both pcrform’d by this
General R U L E.

Let (or fuppofe) all she Signs of the Subducend be dmgd,
Then she Quamsivies Colle@ed, ( as in Addition) gwc
the Remainder.

EXAMPLES In Cafe 1.

From +3l —2b sn44 16
Subd. 424 :I-. —2b 60+3§ 9

Rem.-t-34—24 l ax—ax l —2b4-25 ‘ su 43 —63

Or s
For to take away any Thing, is the fame as to Sub;oyn
the Defei of that Thing.

Therefore, to § Affirmation  ofany thing, § Negatéve
take away the 3 Negation  § is to make it Aﬂf rmarive.

EXAMPLES, InCife 2

From +34] —3x]-p6a 388—52-F7
Subd. iza F2x | —24—y| as+ dig

Rem. +sa| —sx | 484ty | 248 —6a9

For to zake away the want of a Thing, is to A4d4d that
very Thing, by taking away the Negation of it.

But to take away the Being or Affirmasion of a Thing,

muft neceffarily produce the Wemt or Negation of that
Thing,

§C H 0a
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SCHOLIUM.

In Addition and Subduion, it is indifferent as to
Order, how the fcvcra\ Qxantmcs do ftand, fo that each
has its own Sign.

For x—y =24 {—y=~—=y+t1-4x x— J=n
Or8-—6-+2=8 2—6=—6+2+8:; s—‘g__4

CHAP V.
epumplizattun of Qlebuic 3!nteger§.
NOTE.

‘That in Mul- § Like . S,
tiplication Unlike }31805 8!“{ _}m tpcProdu&.

Multxphcand Multiplier  Produét

i e 5

For to Multiply an Afirmative by { an Ié:gz?f:we }

Quantity, is fo often to repeat the fzﬁ;"'i‘;;""” }otig;
by Def.of Mult. T )
Therefore{"" } into -, ngcs{"'

But to Multnply a Negasive by a Negative Quantity, is
fo many times to deny that Negation.

* And fo many times to deny the Negasion of a Tbmg, isfo
many times to Affirm that Thing.

dooL Thcrefore—m/m gwes+

PR OB
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PROBL. I
To Multiply Siriple Quamsisics.
RULE.

Foy the Fallors together, and prefix to them she Produd
 of he Coefficienss, if there be any, obfcrvmg the fore-

gomg Natc.
EXAMPLES.

Mult.ib | -—-b l-- :tc |— 34b
Prod.}-ab | +ab —ab +3¢|—1546
PROB IL '
To Multiply Compound Quantitics,
RULE.

Each part of the Multipher muft be drawn into each pars
of the Mulsiplicand 3 by Lem. 2. Chap. 1. §. 1.

1

—ab

Examples, Of Compounds by Simples.

Mult.atz [x—) [ rr—6]a—ntm
By s l s' s

Prod.ha-t—ng grr—18 | —yatyn—ym

X X=—x)

Exdmplei,
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Examples, Of Compounds by Compounds.

Muu'o¢+e x—-¢+3
By as—e *— 4
da-fac |2xx—~xa43x o
—ac—ee ’ . —8x44a—12
Prod. 22—ac 2Xx—x2—8x-t4e~12

Mult, 44? a3—24-1"
By ¢’izc +6 +

Prod. 44 —1744+ 743 F294% ~19s46

Mult. Z2Z—2n2ZZ—nnn
+ a4 224

—2n’s

By 224202 440
— & —pn

-+ aa

Z5 =282 —4n*2) —pI123 —29%Z —ynt
« 288 a3 F2n43 S-qnai

o 2na  —2nts —4nls —8nty
S22 — 24 4 W4 hynta

—8nd o g4 qmat

+4n2 in’c +F2ng2 +8n’¢’

—gna — nia
+ 42 —yna + a5
— 2143 —2p7 43
“ + o
Pr.zs % k3 — M2Z — 2942 —4ns

+ 243 A2ned f2nrgd
K +xon'¢ —3nla —ynty
- 684 — & — m"’

-+ zu’a* 17::3

\

SC Ho-
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SCHOLIUM 1.

Sometimes Produds are exprefs ’d only by the Quan-
tities to be Mulsiplied with the fign X between them!

Thus, The i’rodu&ofc-l—xbye-{-{, isafxxet1.

And the Produ& of 4+ x by m—=n -y, and that Pro-
do&t bye-zr

Is e4xx m-—-n-{-y X c-\—zr. ,
S C' HO L IYM 2.
. The Quamity producd by the Multiplicatioh of Two,
Three, &c. Quantities, is faid to be of Two, Threc, &c.
::mxﬁm 5 and the Quansities thus Mulsiplied, are call-

8§ }ma()gm-{ Dimenfions, whole § 4, &,

z b ¢§ tityof é Roots are 4,b,¢.
[ [0

But xf the Roots are the fame, then the Quantities pros

duted are ufually call’d Powers, as

a lg. D

ae (. ) 2d. { Power of «, and may )a2
b YT is the d.} be thus exprefs’d y%d. : %
A ¥, A €o A e

;".A,“'.' . ": R CHAP.
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CHAP V. | -

Divifion of Ageboaic Integers.
General RULE. 4

Set the Drvzjbr under the Dmdend with & Line be-
tween them.

CEXAMPLES.

Divide « nntrletbe—dd |an—nx
By ] x—s) x4z3| e+ u

s lnntrlatbc—ddlan—nx
Qotient | 5wy | Takax | oFw
For byv Common qufon, in Dividing 6by 2, ’tis the

fame thing. whether 3, or be the Quotiedt.
" But fometimes thisMark - + isufed as a fign of Divifion.
SCHOLIVM 1,

" 'If-a Quantity is found .o be a Common Mulsiphier in
both, it'may be expunged from both; Obl'crvmg that

: .lVland .
+ J+24
Divifor §Qu0t|en:.

From the like &ggjbu m t_hat in mmtiutzm

) EX
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EXAMPLES

Divide }-ae] —«ce | tae | —ac |natne
By-ts | —« 142 |» +

Quote e | 4¢é | —e | —e atfe

Yor eXa=de, andab-¢ X n=na-f ne. byTheor.
Chap. 5. §. 1.

Divide am-{-4n 8—acdn—cn
By m+n l g _(a+'”

JCHOLI‘UW 2,

In reducing thefe Quotiewts into lower Terms; it
happens frequently, when the Dividend and Divifor-
are Multinomial Quantities, that there may be a Com-
mon Multiplier of both, which does not immediately

appear; yet is found (as in Ordmary Ambmem) by
this: :

RIEILE..

Find one Member of she Quosicnt, by which Mulsiply, the
Divifor, Subduiing. the Prodxu& from the Dividend, and
bythe Remainder feck another Member of the Quotient, and
proceed shus, till :be Operaion bejingbed. :

_xxamrzz&

x-f) "’—’t’ (s'+xz+a

| —;'T':—;—T_' -
otxz*—q?

GRS (SRE—
) o

The'
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The manner. of Operatioa.

1. Find what-Quantity ‘Multiplied by % (the firft
Member of the Divifor) will give x3, (the firft Membep
of the Dividend ) and that muft be x* ; whereby Multiply
%w—2, the Produdt x? —x? 7 Snbdn&ed from the Dw
vidend, leaves x? 7 —z?%.

2. Seek what Quantity Mult:phcd by %, gnves x?3,
that muft be 7 x; which (as before) Multnphcd and Sub-
duflted leaves x3» — 23, - K

3.In the fame manner, feck the thu'd Mernhet of
the Quotient, which Mulnphcd and Subdu&cd, leaves 0.

X —19) %6 — 8x4—124x’-—64{x4+8x3+4
x% 4 16x4
T — 8x* .
4+ 8x%—y128x?

s—4xz
+a4x*—64
o

x3—n2) xS fn? xt—ptx3 e  (xtfomixifnt
-‘J’ _2]1 +’4 _2,,] — ]‘ __”:Jz
-.”‘j
R — Sp——— .
-2 x4
_jl

~+2x? x‘-rzn“

_jl - ’l

. .+ 74
+n* x> —n¢

+ n? szi_ 2 ”4.’:
—n’j"
—

o
SCHO
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SCHOLIUM 3.

1f the Divifor be not an even -Part of the Dividend,
the Operation may either be terminated by annexing
to the Quotient, the Remainder fet over the Divifor,
with a Line drawn between them 3. or elfe continued on
in an Infinite Series.

EXAMPLES
Dividegniy*  on*yl | nty¢ a2y’

By 2ny - 2 4nya . &
an) 8u'tyniaty’ —3n2at(qnsfana’y? — Ll
 — § 2

o o
—21) TOBS——12n34% == 6a%c? (—su*-}-6n%42 +§_‘:Lf
[

o (o]

e} ef e? e?®
4e—ce) ase (c+—;; +‘_4+F+F +&§(.

aae—¢?
e‘
. s
} o —
€= 2«
‘f
44
e’ e’
a8 a*
e’
"
& &

» - , AR=37
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ta-{()aaax(dx+i‘:—’-‘+%:+%‘+ &c,

PYTERVEEE:

F—¥) I (1fxfxxetxdf x4, &
I T A .

x.
B—xXXx

SCHo
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SCHOLIVM 4

In Mubtiplication and Divifien, 'tis indifferent (as to
Order) how the Quamtities ftand, fo the Operations be
Performed fucceffively.

CHAP VI.
Tnvolution of Duantitics,

. DEFINITION.

A Quantity Multiplied into its felf a
Number of Times is faid to’/6~ef I:{
volved ; the Produlls arifing are called
gowers, and the Quantitiy fo Multiplied a
oot.

$aXa=—=gsaora?
Thus{ax.zxa:auou’

' &¢.

Here ais the Root or Firft Power 342, 4 3 &c. The Second,
Third, &c. Powers of it.

SCHOLIVUM.

Some of thefe Powers have borrowed their Demomina-
sions from Local . Extenfion.
" For a Lime having but one Dimepfion , viz. Length,
drawn into it felf, produces a Square-Plane,

And thit Square having two Dimenfions, viz. Length
and Breadih, drawn into it felf, producesa Cubed-Solid.
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. ‘This Cube has three Djmenfions, viy. Length, Breadsh,
and Thickwefs3 But the Nature and Propergy of Space
-admits of no other Exsenfion.
- Whence it follows, That the Root or Firft Power be-
ing taken asa Side, the Second Power will be a Square,
the Zhird a Cube.

LE‘MMA.

- Any Quamtity (u < Root), Divided into P.u-ts as Pleds
fure, the Sum of the Prodult of thofe Parts drawn inso'
themfelves, and inso -each other any Number of Times,
will be cqual 1o shat Quantity drawm into it fef she like

Number of Times, =~ - ‘
Thus, If the Rqot (r) be. made a Binomial ¢+c.
Then, r> =122 42 g¢ firk  Q Pow-
And rd=ad{34’c- 3n’+e' fccoml 'er.

e R ‘
\ ,, .:,,, P’or, .
Firft Power == fqie :{:R‘oot R
ISR L~ XIS
e ol

iy e’
o ke ke

Second Power ?-“’., ;: ? +e ¢= = Squareg o
ot by i i .

3 g " é? )#‘5
. i:&a‘_ 1#:5.;_ ]

Ilmd Pmm S 43 42—!— ie ‘4::.’.=,Cnbe.

&‘t"‘ REEAR-FY $ 2T ¥ s
The Method of Proceedmg is the fame —n”ﬂTe'Genera-
ting of Higher Powers, from any given Rgor, Whether Bino-
mialy or Mulsinomial.

C0-
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COROLLARY

Now from the Nature of the Dimenfion of each Spe-
cies, their Place and Valne in Numbers are foon Difco-
. vered.

snftheRoot{ 4_2014
aet2acefce=rr.
1Its Square is < 20 X zo+zxzox4+4>(4}__,s76
‘ i.e. 4004 160+ :

B 2ss-t388ct-3acetece =rrr
O aoxzoxzoi;xzoxzox4 3X20X484-T4N4X4
3 4800} 960+ 64 = 13824

Alfo for the Square of a Binomial Number.
Root 75= 70+s = ' a+e
49.'.‘4900 |49.. | & '

.70.| .700 | 35
ve25 | o025 3;_.}‘“,’
25

i. ¢. 8000

'C’

Square §625=5625==5625 = 4° +24e+c?

And for the Cube.

Root 7% —1o+5—4+e ,

343 0. | 343000 | aaa
73$-~I 73500 ] 344¢

528 §250] 34ce
125 12 ] cece

Cube 421815—42x87s=4'+;4'¢+a¢=’+¢’

]
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_In psher Roots confifting of more Figures, the like. Pro-
cefs 96 1o be ufed.

. 5+ Taking the Left-hand Figure for (4), and the next
fo it for (¢); then by the Theorem for the Power fet all
the Parts in their due Plaécs, and their Sum is the
Power of thofé two Figuges..

-2.- Thele two - Figures deing taken for (4), the next
for (¢), and Procéeding as before , you'l have the
Power of the three Figures; aod foon, tilt you have
mmpleatcd the Power of the whole Roos. Thus, .

i For the :quare or fecond Power of 3 Mulsinpmial

Number,
46357 Root. =~
]6'.. .;..--4OOOOX 40000 = 44 ‘
436-| = 40000 X 6000 X 2 =24¢
36 - fﬁﬁﬂm’fm = ee¢
2116240l 46000 X g4boco - == 4
276 .4 = 46000 X 300 X 2 ==2a¢]
' . * 300 X 300 = ecec}’
4300 X ¢8300 = 44f,
== 46300 X 50X2=:24c‘
so X 30 = eef
‘ — 46350 X 46350 = a4
463%0 X 7 X 2=22g¢
7X - 7 = ee
2148971449 Squaré.

H : For
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For the Cube, or Third Power of 3 Multinomial Number.

¢ 63  Root
64+ .. = 400 X 400 X 4co = aas
288.. |== 400 X 400 X 60X 3 = 3aac
432. = 400 X 60 X G6oX3 = 34ce¢
216 = 6o X 60X 6o = cecet
97336+.¢]== 460 X 460 X 460 = 444
19044 ..]== 460 X 460 X 3 X3 = 344c¢
1242.)]= 460 X 3 X 3X3 = 3ace
27]= 3X 3XxX 3 = cee

J992532847  Cube

“‘The like Method is to be obferved in the Compofiti-
on of other Powers, each according to the Nature of the
Theorem thereto belonging.

SCHOLIVYM

‘This way of raifing Powers from their Component Parts,
rather leads to the Method of finding the Roor of a
given Fower, than to find the Power of a given Root,
which is foon doge by the Cowtinual Multiplicasion of that

Root,

CHAP
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CHAP VI
cEﬁumtmu of Nuantities.

DEFINITION

HE Refolution of Powers into their
Roots #s called Evolution .or tbe
Analyf s of Powers.

SCHOLI’UM.

And fince any Root may be confidered, as coufifting
of two Parts, one of which is fuppofed already known,
and the other, tho’ unknown, is yet difcoverable by
means of Thegrems rais’d by the Involution of the Bings
mial Root 3 in which *tis very eafy to difcern how each
part of the Root is concern’d in the Power, and confe-
quently how much is already known, and what remaios
farther to be enquired for.

Whence, the Method of Extrading sbe Root of any
Power, may without difficulty be perform’d by ebfery-
ing only the Conftisution of Powers, which plainly direQts
what manner of Operation each requires.

Now, the firk thing to be done, is to dlftingnih
the given Number into feveral Parts, by Points fet o-
ver fuch Places as the Index of the Power dire@ts.

Viz. That of Squares, Cubes, &c. into Two’s, Three’s,
. &c. beginning always from the Place of Units, and fo
towards the Left-band in Integers, towards the Righs-
bihd in Decimals 3 and there will be as many Plazes in

the Roots, as there are Poinss.

H2 The

~
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The Mcthod of Extraling the Roos of the Second
Power:

Lisersd E X AMPLES.

L aat2actce (ate
. (13 L
. 2a<e)oH2ac -
_ . izaei -
11 a3—6 4»—[—9n’+2¢x—6nx+x’ (¢—=3 n-tx |
‘ 'Y S
28443 9) =G an4-9n>
3 ) —-64.-\-91:‘ .
24— 68F%) 24x —6nxf 22 .
+ izu-—wxi
o © o

1L ¢:+44’e+6¢’e’+44e’+e4(4’+2a et 62

2 51+z ae)o-{-qa’e-§-6a’e?

+4adet4a’c’
200fqaete?) o 42aterd4¢ e’:te“
: » 2u2er4-4ae8
‘ [o} K- O'

}{uincxal
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Numeral EXAMPLE.
Theorically thus.

ERpr v

e e o o

: - as + 2 u+ce 178929 ( 423

‘4: 4)( 4- 16....

4 = 2X4= a) 018900 (...-e
a“ﬂ 8’(2— ."..‘

-6 = aXas cocdiie .
28 =z 42X 27=284) ..2529 (3= 8
24e tm 84 x 3= 0252,

e = 2X3= 00.'--9

Q00000

Praficaly thus.
1;952; (423
83) . 189 o

843) —;-5;;

o000

) ‘[he Method of Extraing the Roos of the Third Power, n
Literll EXAMPLE

¢'+34’e+gu’ +e’ (84

34 ct3ac?

3"+3“+‘_’)°:|.|.3” e+ a2 1‘;

Q ‘ Q Q
Numeral
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Numeral E X AMP LE.
Theorically thus.

) . . ac
et $-3atet3aeifei= 75686967<42;
S = 4X4K4 = 64,.....“

387 =3 X4X4———z=  48) 11686, (2=
;¢3e=3x4x4’(3 —_.'.'9600000'
;c’e=3x4:'taxz-—-=._-_.-48§|... .
e} = 2X2X2 « t—— ss0pBoes
34%e - 3a¢* 4-e? = 10088 «» «

34 == 3 X 43 X 42m——c= 5202), 1;98967 {3=¢}
3426=3X 42X 42X 3 ==-—"_,14876..
34er==3X 42X 3X3 = ——_ J1134.
e} =3% 3X3 = veeese27
3ate 4 34c A€ mmm—— WZ’

« 0000000

Pralically thus.

75685967 (423
48) 11686

g ——

96..|

©000000.

N OoTE
If the Noftiber is not an exa& Square, Cube, &c. An.
nex to the Remainder, Two’s, Three’s, &c. of Cyphets,
fo any deficed Number of Decimal Places may be had in
that Rgoz. SECT.
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"SECT: 0L

- Of the Comparitons of Duantities.
 CHA Pf L
Of 1Dwpotion.

DeriNiTION L

HE Relation of smo Homogeneous
- Quantitics ome to0 another, may be
confrdered, either,

1. By how much the one Bxceeds the
- other, which is called their Difference.

* Thus § exceeds 3 by the Differencca. -

2. Or what Part or Parts one is of an-
other, which is cal’d Ratio.

. 6tozisé=2 or Double
Thus, the Ratia of { 3t06iss= Lor Subduple.

Nose, That the Quantity Compared is called the Ansece-
dens; and that to which it is Compared is called the
Confequens, : : :

DeriNi-



DeriNiTION IL

Wlmt two e ejaai . the
Terms th . are [aid to be
Arithmetically

'{Geomemca lly }P ropertional..

SCHOLIVM L

Suppofe the Terms to be 4. and 5, their Dif-
ference d.

le e4-d
1 abethe § 48 Lramenend 4T 43 =0,
Therefore in any Arithmesic Proporsion when the A

_ cedems w{:{:n"}than the Confequens, The rem may
. f’db ¢+d . )
be exprefs .yaaqd{‘__:_‘}_ ;

SCHoLIUM IL°

Suppofe # and & to be the Terms of any Rasio;
. Ifobethc leat 7erm

Put r::—. thenar=6 by lqudm
But £ e the legt Tem. _
Putr =, then br = a by Equal M.

Apd i:. = b'dy Equal Divifioo.

Therefore
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Therefore, in any Geometric Proporsion, when the Anse-

te&en_t is {2‘;@ Trér } fhan théConﬁqﬁeut,the Terms may be

C C Caand ar
expreid by, , 1 ¢ & o
=S
. DerriniTioNn IL
Hofe Quantities whofe Excefs or Quos
tients are the. fame, are call’d Pro--
portionals.. : :
 case L
When of ﬁmml"Q_u_amkiu he 8;‘&::3: e}”f‘hz

ift. and 2d. is the /3»;: with that of the 2d.
and 3d. they are faid to be. in a Continued

§'Arithmetic ‘
Geometric {1 "FP _I: .
4 24d 'é-l-.zd; e+3d, a4 4d
Thus,§‘: l-s-l:a 24y 4= gd,’ & i 4d:}&"
is a Series of Continucd Arishmeric Proporsionals, whofe
Common Difference is d.
ga, ar, arr, arrf, arree, ars %
And a & a a a > &,
o & _ a
g r(r’ rrry’ rS
is a Series of Comtinued Gesmesric Proportionals, whofe

Common Mul- ) — € or whofe Ra-§1tor
tiphier 15’ = tio is thatefQ r to1 §*

Note, That the Sign- 2 Sig‘niﬁés Comvinusd Proporsion,

b CASE
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CASE 1L

When of [everal Quantities tbe{ g‘i]‘ﬁ'i':::e } of

the 1ft. and 2d. is the [amé with that of the 3d.
and 4th. (and not of the 24 and 3d.) they are faid

tobeina Difcontinﬂed{é::fgﬂerti'cc » Propor-
tion; fuch as,

T g"?da‘td;“?da e-rd}

Forabd —a= ctd—e=d.

4 ¢ _ 1
2.{::, arye, ";}for' ar er ’
bar, a5¢r, ¢ ar _er _ r
2 e 1
CHAP IL

The Chief Properties of Qtithmetic
Prwpotion.

In any Number of Continued Arithmetic Pro-
portionals :
1. If the Number of Terms be even
The Sum of the Extreams, and that of every
two equally diftant from them, are equal.
2. If the Number of Terms be odd
Then thofe Swms are each equal to the Dowble
us
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Thus in, 4, 2-+d, 224, a4 34, a-} 4d.
“Tis evident that 4 a4 d=a- dt-af 3d =2 4-}4 d.
COROLLART 1.
Therefore, Jf shree Quantities are in a4 Compinued A-
rithmetic Proportion 3
The Sum of the Extreams is equal to the Double of
the Middle Term. ‘

PROBL I

To find any Number (n) of Arithmetical Mean
Proportionals, betwees any two given Quanti-
ties, a, and e. ‘

Since, 8, et dy a-4-2 d, 4434, 508 + % +1xd = e.

o e-—a
TherefidXxn+4-1=¢ —a; and d= i
Or putting x.== Firft mean = Second Term,
Then 6,x,2 x—4,3 %—2 4,4 x—3 4,80 x X 1 b 1—na=¢

Therefore xxXn-1=¢-}n4, and x= %'-:_14.
I
Now having either the Difference, or the Firft Mean,
the reft are foon found.

PR OB 1L

To find @ 3d. 4th. §th. or nth. Arithmetic Pro-
portional to zny two giver Quantities, a and x.

*Tisevidenta+n—=txXd, or xX#— 1 =g X 71 —2
isthe Propdrtional required by the preceding Problem.

T2 co-
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COROLL ARTIL

Ifin a Rank of Cowtinyed Arithmesiz Proportienals, there
be taken any Series of Bquidiftant Terms, That Series
will be alfo Proportional.

Forif, a, a+d at2d, a+3d a-|—4d a—l—sd ¢+6d Q‘i’c
= a ’ 4-t2d ’ 4 4 ? @& 6 d, Ce
P (e ’ a43d , af-sd Ge.

:.
THEOQOREM 2.

If 4 Quantities be Ambmmcaﬂy Proportional ; The
Sum of the Extreams is ¢qual to the Sum of the
Means.

.. S a, a4d, a-t-2d, a} 3d, Continued.
That ls)lf{‘: ‘id,. s C:‘*'-d ’D,ﬁ-m,md.

’TisAplain §4+a+gd—¢+d+a+2d=za+gd
etetd=a+td-te

‘ C HA P IIL
The Chief Propertles of ©eomettic
1P20potion.
THEOREM 1.

In any Number of ContinuedGeometricProportionals:
1. If the Number of Terms beeven;
The Produéts of the Extreams,and that of every
twoT erms, equally diftant from them are equal.
2. If the Number of Terms beodd 3

Then thofe Produéts which are each equal to
; the Square of the Mddlc Tcrm. Th
us,
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" Thus, in
o, &r, ar?, ar?, art, ars, aré, )

*Tis evident that,
axarS=arxar =ar:xart=—ar’xari—=g? r‘

COROLLART 1,

Heance, If three Quantisies are in a Comtinual Geome-
tric Proportion ;.

The Produit of the Extreams is equal tothe SQum of
the Middle Term. .

Thus in, a ar, ar?,

’szPlamax ar? —arxar-—a‘ X rie

i

PROBLEM L

T find any Number (1) of Geometrical Means
between any twa given Quantities, * a and e

Since, 4, ar, ar®, ar3, Ge, ar*+1=e

—

. 1
e [ purvaes .
Therefore, 77—+ 5= — And t=—;’ "+ 1 == Ratio.

Or, putting, x == Fisft Meaw = Secand Term.
x? x3 x4 x.n-f- 1
Then, a, %7 =5 ;—;,&.—-«;ﬁw =e

Tbcrehe’ xl\"" X o gn ' An‘,*&u ln—o- 1,
Now, haviag found either the sz or Fzrﬁ Mean,
thc reﬁ are foan gob

. g

"PROB.
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PROBLEM IL

Given, any two Quantities, a and x.
Required, « 3d, 4th, sth, or nth, Geo-

metric Proportion.
*Tis evident from the Preceding Problem, that

:l -X
[ 2 JAREY Jrrery is the Proportiona) required.

" COROLLART 2

If out of a Rank of Continued Geometric Proportionals,
there be taken any Series of Equidiftant Terms, that Series

fhall be alfo Proporsional.

Thus,
e, ar, ar®, ard, ar, ars, ar®, ar?, 4r®
4 , ert , art , ar® , ard
g ar , ar® , &rt 4 ar’ et
ﬁ a , ard , are ,
a ’ art s ar?

.
) THEOREM a2

If 4 Quantities be Geometrically Proportional;
"The Produg of the Extreams, is equal to that

of the Means.
' 4, ar, ar?, ars, Continued

Thlt ist,if{ a,ar, ¢, ¢r Difoontinued

’T‘nsp\ainthat{“x"’ =arxar® (=a*r)
Yo —
i

%
axer —arxe (=acr=arch

Or,
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2X3:2X5

X
6 10

Then 3x10=4X%X6 4}___ o
t e 3X2X5=¢x2x3§~ 3

Or, if 3:4:
fee. 3553

CONVERSE

If 2 Produtts n:ﬁ':f from the Multiplication of
swo Quantities be equal ;

Thofe 4 Quantities will be Proportional.
CASE L

In any two Produ@s, if the Fattors of the one be \
. made the 1ft. Antecedent, and the 2d. Confe-
quent ; thofe of the other, the 1£. Confequent,
and 2d. Antecedent, then the Terms are Jaid
to be Dire&ly Proportional.

That is, if Ab=4B,

e

ta:byorA:a :2 B: b,
4,
: B

A : B

B it b:a,orB b sz A
Then<, $tA:Boora A :: b

L W BiA,orb :B::g:A

L

00 o0 08 o0
oW

SCHOLIVUM

1fin 4 Quantities dire@ly Proporsional (A:a: :B:b)
any Three be given, the Fourth is readily found,

For Ab=Bay i e 1fh )5 4th =24, % 34d. by this
Theorem, ' ‘

¢
H

arhcreforq
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d d

fl ._%'rg;i:zd’.x —i—;:gd.x 2—m

o X g e B

Theref. 3 3 A 4:

%é?f:ﬁf 3d.=i2‘i£=lﬁ'x ‘g,i—':"l—th-x ':_T

4th.— -26:‘ 30 =A‘zd.x };;—;.*?d. xA %:—;
NOTE.

- ‘That -]%‘-t- isa .4th Proportional to A, B, and 4, may
be proved alfo thus; '
Forfince A:Baitt :PE“ by'Deﬁ of Divifion.
And AX %f(—_-_-ln 2 X 1) == B« by this Theor.
Therefore, A:Bs:a: %—4, by its Converfe, 4. e d.

CASE IL

But if the Falors of the one be made the 1ft.

- Antecedent, and 1ft. Confequent ; thofe of
the other, the 2d. Antecedent, azd 2d. Con-
fequent, then the Terms are faid to be Rg-
ciprocally Proportional. -

That is, if Ab==4B.
,g:b::%.z,orAzb::a:B.
saiA:b,orBia ::b : A;
Then <, B 3:6 :A ora:BitAs:b,
LbiAia:B,or b:A::B 4.
5 C Ho-
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S CHOLIUM .

Ifin 4 Quanfities Reciprocally Propomoml (A} 1b:: t4:B)
any Three be given, the 4th is éafily found.

For Ab= lB! lolo lﬁ x 2d. = 3d- X 4tho b’ the
Def of Rmpr Propomm.

r 4'1! ] . th : '3d

4
1&.:—;-——--‘3(1-’4 —;-=4th.x e
- 33 4_éh N 3‘
3 “ o — —-—v——~—-——- d. —-' e ——
b‘I‘heref W= =3dea X
byequal 9.~ . yaxqe d - 18
'.Drv’.ﬁm\ 3dc= tll —‘ﬂ'x T:zd X F :
1) od 2d ' ,n .
4th_'“-—-3-;—'=lﬁx ;———2(’." vyl

"COROLLART 2 . .
In Ranks -of Similer Proportions, the Sums or

" Difference of the Ooxrefpondmg Tarms fhall be Proe
parmmal.

R YRV I RN RN 1.5
Tha“sf'fgx:xr EEEE L
Ce . - .

- Then gk x:arkxra:etgcerdzn
" COROLLART 3.

In two Ranks of Proporsionals , .. the Produfis
or Quotients of the Comefpond;ng Terms will be Pro~
portional. ’

frhacis,if{‘ ari:

e
x® X523

K ‘Then
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ekt arxs ;zegcerys

- Thend « ar e .er
. e § e sl
. 3 t X) g s

TCOROLLARY 4 v
The Powers of Proportionals, are allo Prqpmibml{
. That is,

. Comtinued Bifcominued
Ifc, an &r ,47' &, 4 $#y €, ery Rootse

8 i’ e2r2,a2rhatrs Batrige? c*r‘ ’.
!5 av b',&'v‘ a¥r?p i c*f!"gcl;z! ‘

co 2(01.11{? s

Produ@s having the fame Common Faldor are as
thc other Fc&or:. '

: ﬂ: ten ig e
; 2NME INM2> 42 Co
O,

For anX c=menX 43 adﬂmxc enmX a, &c.

SCHOLY ’U M 1
Hence, The Produ of any two Quimthkes amd e, is
a mean Proporsiogal betwoen the Squares of thofe Quer-

R ‘This a:avirazzee.
© 0 Mo P Meies & Po Busrcims. ;

SCHe-
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SCHOLIVM 2. )

Therefore, between #* and ¢”, there are ¥—1 mmfra-
portionals Compofed of two Ranks of Pewers,

o 1, n—1 LIE LY
“‘-{ofxfew':. creefing, from{:,,,,, :g’;._,-; }
‘ SCHOLIUM 3.

If Unit be put for the tft, Term, the Roor for the
2d. and its Confequent Powers for the 3d. 4th, (5c. Terms
- <(in order), they will be a Series of Geometric Proporsio-
#als, whofe Common Ratl is the Rvor or Second Terms
And their Exponengs will be a Series of Aritbmetic Pro-
portionals, (exprefling the Dimenfion of each Term, or its
_ Diftasce from Untty) cither Affirmaive of Negative, ac-
«cording as the Roor is More or Lefi than Ynit.

wn .

B 4 A3 A2tz 0o-1 —3 —3 -4 Expon.
B2 a4,8 8,8, 1,6,8 ya, 4, O Y Powers*
4% &3 a* g 1 1 1 ¥
.BWI,TT’ e "‘;" O
1
Therefore, 4" = ey
Hence it is, that a Quantity drawn into it felf any
Number of Times, that Number mere one is the Expo-

nent thereof. o

Double Square}) that

Therefore, to @i""- gthe Index ofany Y - 1, %wa
) Co

Pewer, isto £5c, er.
Coteq§ § RIUBE I SIIOCD py af gt
to take U*c. Exsrad the S, Power,

Thereforey ‘\/_a“ 1s more Naturally expre(s'd by 47 .
K2 Or
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Or, Becaufe the Root is the 1t Geomtrml Mean be-
tween 1 and the Powerg .

\/,_- is the 1ft. Geometrical Mean between the
Powcrs 1 and 4"« by Probl, 1. Ch. 3. N E
And'- is the 1ft.’ Arishmetical Mean betwecn thc;t Ex-
ponents oand 7. by Probl. 1. Cho2.
Thercforc — is the Expouent of the Power,

r;hat s Ve =) =47
)

: 12 — 1 -t
. a* 4"‘ T .
‘I s N NP
And =T =X — =6 "= 7

For the fame &qaﬁm.
COROLLARY 6

: IfAm:an::B:b, thenAmb=enB
Theref. A : & t:Bun:bm, for Abm=aBm

K COROLLARTL. 7.

Ifasarzzezer
Thenx.mazari:ne:er

er
R S, Bacz ar ::e:—’-

' ar coh
3. & 7:2”636{.

COROLLART 8.

If A:«;:B:5b
ic. A AriiB:Br

,Tlien
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Thenr. AA:az:: AB:gbh.

-2 Aa-tAb:i: Ab; BA
3. AA: 4B:: AB: Bb.
4. AB: A¢::BB:Ab
'COJ[OLLART Ge-
LLaedd tariiecer,

If{x Xriieiém

-4
Then a"‘x :ar ‘*’xr iteer
9

cqxoLLA&r 1p.

If{A BiiA: b}thenA C:id:b
For Ab (_.vB 4) =C, by thls Thear,

ThcrcforeA C::d:b by its Conv:rfe. ‘

‘C'OI(’OL‘LAI(T .-

A, B,C A:B::d:c
In a:b’c ‘f B:C::4:6 .
Then A:C::a:v. .

For A¢ (=Bb)= Cg, by this Tbcérem. :

ThereforeA C 214z by its Converfe.
" COPLOLLARI’ 12

Masariie:er.

ser

Then{ :4'}::4__: c:a r*‘er.‘

co R OI.LAI{I‘ 13.
In any Number of Geomeirlc Proportionals
- As ome Ansécedent is fo its Confequent ;

So is the Sum of she Antecedents, to the Swm of the Con-

Jequenss,

i. €.



20  Sympfis Part 1. Seft. 3,

1§54 8rar, ar’, & Comsbyned,
helte, ary ¢ er, & Dy’mmmcl

Then,
&:ar:: adartard: {‘:F'_‘::rx."_’:‘r:‘

azariiede: {:;"_"_’::
COROLLART 14
A:4::B:5 Then
1. Alternately, A : B :: 4 : b,
2. Inverfly, a:A::b:B,
3.Compound. Aeta:e::Bpb:b.
a.Converfly, A:AXa::B:B2b.
S. Dividedly, A—g:a::B—b:h
6. Mixtly, A-ta:A—a::B4b:B—5.
All evidently Propertional, fince the Produls of thejr
Extreams and Meeny are the fzme with thorc of the

given Proporsion.
SCHOLILIV M.

Proportions Compounded , Comverted, Divided and_
Mixt , are alfo. Propersiomals when Ahcmed and /s
werseds

co&oz.LAxr 15,

1 a.4ar ¢ et
ceier iuiur

“Thens:87::8:87 . .

SCHO-
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SCHOLIY M

A‘B,C 'f{B .4 b

. :‘
Then A:C::a:e.

ForA'a'-B & '
And B: b:: }by Alsern.
Thcrefarea\.t..c_ c.b,thsm"

And A :C::q ;¢ by disern,
CORDLLIART 16

Boar e er
n{ cArciu ar}

“Then e:er::u:ur

DeraxiTion IV.

VHE Produ of she like Tmm‘p arly
Ratio #s caled a4 Compound Ratio

or 4 Ravio ¢ mpmddof thefe Ratio’s.

‘l'hus, the Keﬁo i Comtmded of — and a ,or of
-i- and ;-. e : .
sScHO L JY M

Whence, Conpeund Rgrio’s ape produced by the Mulsia
plication of the &uio s compounlmg them;

For
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For mnac=annc'by Schol 4.Ch. s. §. 2.

And mu L an;me ae by Conv. Theor. 2.
an e

Theref. ——-;-’;" %;mn bycqualDwxj'

. a e aer

e 1 iy RE I R )
_ ze & el
Conl‘eq..-,;i—” = X by Tbc?r.‘z-. ‘

£

: v
DerFiNITION. V.

Imilar Produls are tizojé whofe Cor-
re/iondmg Fa&ors are Proportional,

T HEOREM 3
Al Similar ‘Produ&s are as the Terms bf the Ra-
tio of the Correfponding Ea&ors, nm’d into Jhe

~ Produt®’s Dimenfion.
Suppofe ABGC, U, and ¢ b ¢, Eﬁ:. the Pmdu&s, whofa

Number of Dimenfion is n.
The Similar Fallors being as rta s . . .»

A:a::r:s
ThatisdB:b::ir:s
.G sciirs s

T T e ;

Theref, ABC,E’:. : 4 bey ¥ }f 5% by 5{,3. ﬂca';z
FOROLLARY 1.

The &gm of any two produa: is Compofed of the R«-
_ ms of the Fafors.
¢ 0-
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COI(OLLA&I‘ -

And all Szm:lar Powers are in a Ratio Oompounded of
their Rooti (axs’d into the Judex of thefe Powers; '

COJ{OLLAI{_T 3.

Alfo l(zmo; Oompoundcd of equal ones are equal to

one another.
Ve

2
"l'hus,;f—r-&*-.‘and———-—, then;n—;—-;‘—:f
THEOREM 4

f any given annuties, (a; b, &,d, ¢,) the Rd.
tio of the Extreams is Campoundcd of all th:
" Intermediate ones,

Thatls’-;:bx?x'.d ,‘= bede®

Qoilfeq: A:D1:a;dl by Def. of Proport

i DEFE
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DEFINITION VI.

L L Ratio’s Compounded of 2, 3, G

Eqaal ones, are called the Dupli-
cate, Triplicate, é‘c. of azy one of thofe
Ratio’s.

P ee ..

Thus, if 57 = 57 then = = s Dupli-
£ a e

cateof 7, OF 0

COROLLARY

Therefore , In any Number of Comtinued Geomerric
Propomomls,
1, 2, 4%, 43, 4%, &%, 4%, o,

. licate ’ '
The Ratio of the Dup of that of the
1ft to the 4th- Z‘%Z‘;'f ift. to the 2d.

And Confeqncntly,
Duplicase : v
’I'hcf &;zm to the Triplicise of ttha:hgf g:c 2d.
ol the th Quadrupl, 0 o

SCHOLIUM.
In any Serics of Geometric Proporsionals 5

4, &7, 47% arl, ar*, ars, ar®, e,

Asa i art: a4 Xty that s,
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As any Power of the 1ft. is to the like of the 2d.
~_ So isthe 1ft. to the n {1 Term:
Or, S0 is the 1ft. 2d. 3d. ¥e. to the ath. Term from it.

LEMMA

To Multiply & Ratio &y any Quansity, is to Multiply the

Antecedent of shat Ratio by that Quantisy.
mA

. A
That is, mXE ="p°

For B:A::m: B byScb.toC’oﬂv.Tbeor.z.

L Biasin A g
And B:A::1:g by Def. of Divil.

A
:L by Cor. 16. Theor. 2.

cew
X

Theref. 1:
by Def. of HMuls.

Confeg.

g
o> wl> >

THEOREM s

Ratio’s’ hmmxg the fame Confequents are Dire-
aly as their Antecedtnts.

Thatxs, B -fzzA:a

L

A A A
For aX 5 & B,andAx-g:—B—-
A a

aA Aa A
ButB—-B:oraxB_ Xg

by Lem. 1.

]
PpiiAla by Conv, Theor. 2.
L2

Theref. = .
' LEM-

o
v
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LBMMA 2.

If a Quamiry Mult:phes dﬂotber, and the Produ& ¢ Di-,
vided by the fame, tbc Qt_:otncnt mll be the Qymw;
Mulnphcd-

4n anr
Thatis,a= - = rrs) Ge.

For 1:4::n:an. by Def. of Muls.
And nian::n :-‘f- by Def. of Divif.
Theref. 1:4::1 :f_"_by Cor, 1. Theor. 2,
. B
i Confe a—‘ an
9 4= —=, & by Df of Proport.
COROLLART.

Therefore If the Terms of a Ratio be Multiplied or Divided
by the fame Quantity, the Ratio will be the fame.

i X __ X%
That is, prt ”{,&c.

L ‘ an‘ x .ooeny  xg
ff'or puttmg an—=—x, then =3 énd "TRT:
' an o

But —-(=4a) = =1 by this LCMI..

x . .
Therefore  —r = ;—{-, §:c. by Squnut_xon,.

THE
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THEOREM &

Ratio’s baving the fame Antecedents are Recic
procally as their Confequents. ‘

3 AO‘ L) .
Thatxs-ii C"C'B‘
A AC BA
Eor B = B and -6.... B C by prcccd. Cor.
: AC BA
But BC BC :AC: BA, byﬂ,cor. 5.

A A
That]s, B M C .. ’C : B.

R THEOREM 7. \
If A:B:ia:b
~A 4
.__.;B —v b
, #A:B:iina:b LIS ?1
Thend "AinBiia 1nb g ands B
. ‘ Af"..lo 7
.  For A:z ::B: b, by Adhern.

And #A:ina::Azg, by Cor.to. Lem, 2.
Theref, nA:B:ina: b, by Aitern,

A o
2 Alo ‘- -;;';‘—':A:zbyfbeor.s,

- Thetef.- B" 6by4t:em. -

L . ‘ I'HE*
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THEOREM 8

Quantities Proportional to their Differences are
Continnally Proportional.

Forifa: a—bizb:b—c
Then 4—4—b:a—bs:b—b—c:b—c, by Divid,
Thatis b:a—biic s b—sc .
And biciia—b:ib—c LaftQ o
Bug A:b::a—b:b-—c}by‘”’""‘of{ﬁrﬁ}g
Theref. ;b33 b:¢c. by Cor. 16, Theor. 2. ‘

THEOREM o

If Quantities are Continvally Proportional,
their Sums or Differences are alfo in Contin-
ual Proportion.

T Yorifazbribiesicidiid:e, &c.
Thena:aztbisbibtoitciexdiid:d*e
azbiza=b:b=x
And{b: ciib=e 3‘.‘;‘.';}-‘)" Altern.
* &C- .
Buta:b::bic::c:d, & by Sup,
Theref. axb:btreiib>cicrd, &

THEOREM 1o
IFA:B::asbjthenA: ABIiia:ablh,

For AA:AB:: a: b ;.
And AA:AB::da:4b} by Cor. Lem. 2.

Therefo A ; ABJ7::4: E\'?, by Ewvolution.

CHAP.
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CHAP V.

of Datmonic » Contra-Harmionic
. o8 Proportions. bar

‘ DeriNiTioNn L
' }I;,” 3 Terms are fo difpofed, that
the

1ft. w2d.: 2do 0 3d. 2 afh : gds ‘
they are faid to be Harmonically Pro-
portional. ' :

Thus, o, 13, 30, are Harmonis. Proportional.
For 10»n15:15w30:: 102 30.

And b* —bn, b* —»3, b* |- bn, make an Harm. Prop.
For bn—n*:bn-tn2::b*— bn: b> b
Alfo, 12, 6, 4, are Harmon. Proport.

Form—6:6—4::u:4. _
So b* - 3bn—t215%,b* + 2 bn, b* -+ bw, are Har.Prop.
Forbnet-20* cbu:ib* § 3bntan®: b 4 ba.
COROLLART
Whence, If the 2 firft Terms of an Harmonic Proportion
be given, the 3d. is readily found.
, For if 4, b, ¢, be Harmonically Proporsional.
Then, a—b:b—c::a:¢c,and ac—bc=$ab—ac
 Therefo ¢b=2a—bXc,and bo—2¢— b x a.
be

4b
Confeq. ¢ = ;:5 ,and 2 =T

DEFi-
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DeriNiTiON IL

H;,” 4 Terms are jb difpofeid; that
the

1ft. v»nad. : 3d. o 4the ;o 1ft ; 4the

" they are alfo Harmonically Propomonal

* Ks 10, 16, 24, 683 For 1016 : 249603 xo.6o.
COROLLART.
If ghe 3 ﬁtﬁ Terms of I‘uch an Harmonic Propomon be
ngen, the 4th is eafily found. ,

4 For if 4, b, ¢, d, be Harmon. Propmzonal.
Thenw—b:c-—d;::a:d;andad —bd=ac—ad

: bd
Theref.d:: d b,andz._zd

DeriNiTioNn IIL
F the Terms of a» Harmonic Proporti-

on be continued, shen *tis called an Har-
monic Progreﬂion.

P b to be the 2d. Terni : ,
Thas, Suppoﬁng{d the Difference of the 1/t and 2
And that the 1ff. exceeds the 2d.
. The Progreffion will be ;
, bbbd btbd btbd BAbd
Era b Fad g bted b+5d’& .

COROL
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COROLLARY 3

thnce, If out of a Rank of Harmonic onpamomk
there be taken any Series of cqmdnﬁant Terms, that
Series will be Harmonically Propertional.

SCHOLIUM

*Tis ob[érved alfo, that Hirsonic Prmrzion has fes
yeral other Propertics totnmon with thole of Arithmesic and
Gewmesric Proportions.

DeriNiTION IV.
Henthree Terms dre o difpofed,that the
Dlﬁ'ofvbc i, wnd 2d, Dsﬁ' dfrbe ad. and 3d. ;2 3& aft.

thgy dre ]Iud ¢ be in a Contra-Hatmonic
Propornon. .

Thus, 6, §23s and 12, Io, 4, are Comra-Harmamm ;
Fo:é-——s s—~3::3:65and12=10: 10-—4 14512
. Or I'uppof ing b grea,tcf than 7,
Ifthe 2d. Term be greater than the 1ff: o
Then b tn, b* 02, b 4 b, are Contra-Harmon-
For bn—b* : n* —bniib*-bu:bntn.
_ But if the it Term exceeds the 24 :
Tm b* by b* w2, bnt n*, are Comn-ﬁarmom
For hu—nt:b* —bn::bntu b +bn

-

M . CHAP:
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CHAP. V.

Of ffradiong or IParts of Intesers.
' DeriNiTION I

NT Whole Thing or an Unit,

may be confidered as Divided into
any Number. of Equal Parts, which have
their Name from the Number contain’d in
that Unit.

As if an Unit be conceivid to be divided into four
equal Pares, thole Parts are call'd Fourshs, and are thus
written, .

And any Number of thofe Parts, fuppofe threc are
thus exprels’d, Three Fourths, or Three divided by Foury
and thus written %, and called a FRACTION.

SCHOLIUM 1.

Hence, the Numbcr{‘b”"" theLine is § Numerator }
?

below § calli'd the ) Denominator
cxpremng{f”":flof }thofe Parts into which the Unis
is Divided. .

SCHOLIUM 2,

_Cgreater than the Denomi- C greater than <
If the Ni- equal to - nator, the equal to g
meragor be &

lefs than Frattion is ¢Jefs than

and is called { ° :'},g;f:op e } Fration.

CORO L

e . - - caa -
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COROLLART 1.

Whence it follows, That a Fraftion is but a Quosi-'
ent, fignifying a Part or Parts of an' Unit , exprefs’d
by a Numerator as a Dzwdend and a Denominator as
a Divifpr,

Thus, owe Third part of any Thing is the Quotient of
that Thing Divided by Three, which by Common Divifion.
is exprefled thus, 1.

Alfo 4 fignifies Three Fourth parts of an Unit, or One
Fourth part of Three Units.

For {3 } fourth of { 2 g’;’:} is Thrice ome fourth of

“one Unit.
COROLLARTY 2.

As the Numevator is to the Denominator 5

So is the Fra&ion to Unit.

For the Dividend is to the Divifor,

As the Quotient is to Upit. by Def. of Divifian.
COROLLARTY 3.

Frations having the fame Denominators are one to
another as their Numerators.

Thus, 3 : 3 ::2: 3

For 2:%2::54:

And 3:4:: g : :} by preced. Cor.
335t 2 0 3,byCora6.7h,2.Ch.3

Theref.
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CORO L!L ARTY 4

As any FraBlion is tQ Unif,
so is "Unit ‘to the Reverfe fra&wﬂ. .

"Thus, 3t 13304
e tiiiiiimons
Theref. % : r:: 1 byCor.16.Tlrz.Cb 3¢
LEMMA »
To Multiply the Numerator is to Multiply the Fra
aiox;chus,%—g:gxg. | ‘ ‘

For §:2::3: —2—5-—3by Cafey.of Conv.to 11;2
A;nd 1201 ;,'by Def.ofDx:vif. ‘

Theref. 1:4::32 253 by Cor. 16 7h. 2. Cb. 3.
But 1:%: .3.sxg,byDef ofMult. "

| Theref, o2 = =ix
aérel. i)
LEMMA 2
The Terms of a Fralion being Mulnplwd of Dm.ied
oy tbc fame: anmny alter notits value, '

2)(}____6
Ths , 5 =

¥or 2 X3 (._6) 2X4(=8)::3:4, byCor. 517; 2.
Therefi & = &, by Def of- Propomon.

4

Allg
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$) 1o (3
Alfo, 9715 (3
For, ':'-3: '!':f i 1ot 18, ?YCW-a-P!f-I{
10 1§ :

But, —»:“—’:: 2: 3

Theref. 43 = §, by Def. of Proporsien. .
© DeriNiTiON IL

? IS not only an Unit that may be Di-

wvided into awy Number of Equal

Parts, but alfo asy of thofe Parts may be

divided infinitly into others cal’d Compound

Fraltions, and thof¢ again [ubdivided infi-

zzitly. ' ‘ ' -

Thefe thiogs being throughly underftood, all Q-

~ perations relating to Fraffions admit of very few or
po Difficulties t

Derinrrron IIL

HE Chaxging of Quantities out of one
Form or Denomination #nto ano-

sher, (either for the more eafe in Working,
or Eftimating of their Value) is called
Redultion. ’

-

SCHO-
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SCHOLIUM

Singe it often happens in Reducing, Addzng, Subtrg-
&ing, &c. Fraltions, that they fwell into too great
Numbers, which are not fo managable as fmaller
ones ; therefore we fhall in ‘the next place
fhew the way of Reducing them into their Leaff
Terms, ecither before or after fuch Operations, as
there is occafion; which is done by the help of the

followmg
PROBLEM.

Tiwo Numbers Mm:g given, to find their Greateft
‘Common Meafure, (i.e.) the Greateft
Number that can Divide both without Re-

mainder.
RULE

' .Dzwdc the Greateft by the Leaft, and that Divifor by
the Remainder comimually, till nothing remain, and the
laft Divifor will be the greateft Common Meafure.

EXAMPLE
If the Numbers be 152, and 184:
Thexr Greateft Common Me afure is 8.
 152)384(2
7" 308

“80(152(1
80

72)80(1

/2
8)72 (9
72 ¢

i
Y For
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For, Suppofe 2 and & were the Quantities, whofc
Greareft Common Meafure is required,

Now fuppofe a==4 b},
And b=2c-4d
Alfo c=3d. -

Then b=17 4, an&a 31dy thcrefbrc d is the Grear
eft Common Meafure of 4 and b.

NOTI:'.

If 1 be the Greateft Common Meafure, the Numbers are
faid ta be Prime to one another.

PROPOSITION 1 .
To reduce a Fraltion into its Leaft Terms.
RULE.
Divide the Numerator and Denominstor by their Greateft

- Common Meafure, their Quotients will be & Fradion e-
- quivalens 10 the former, and in the Leaft Terms.

Numerabl EX AMPLE.

If the given Fraftion be 7%,
The Greatet Common Meafure is 15.

, 15) 75(s
And 15) 135 (9 the given Fraftion in its leadl Terns.
3_7 )
For 9 =133 by Zem. 2.

And 15 isthe Greatet Number that will Divide 75 and
135 thhout Remainder, by the foregomg Probl,

’l'heref. 1s the leaft Term -1—3;2 can be broug_ht t0,

Nete, -
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h &orn

When the Greateit Common Muﬁcrc is 1, the Fm&hm
is already in the (malleft Terms. 7
For dividing by 1 do’s niot diminifh them.
COROLLART 1.

A Fration whofe Terms are even, may be abbreviated
by a Comtinual Divifion by 2.

.. 236 - 2

Thus, 384=—-
; 2)256'!28 32 16' 8 __l__z_
For 2) 384 | 192 96 48 24|12 3

COROLLART 2 |
% alfo may any Terms, that afe found to be Divifible

by any other Digit. _

: 162 . 3 - 1

Thus, 7556 = r-s‘

162 18
For 3 162 34) 181 6 2
CO&OLLA&T;}

When both Terms have Cophers adpynmg, cot nﬂ' nqual
Cyphers from both.

h 1000 1. o 1 'c00 1
= —_—— = —
%> Jo00 = 37 1 3 oco 3
1c00 5 1000 . lo__ § °
And —— = = or'——‘-—-'—--;"'

1460 7’ k 14 co 14 _
Thefe Corollaries are evident from Lemms 2.

'

Literal
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© Literat EXAMPLES.
:'Eh * __2sf ___s____éﬁ?r_’ i
Thls is cvxdent ftom C'or. to Lcm 2. Sed. 3.
mm nad un—-fm ::‘-----}x x’—-’
nn+2n4+u ErEY) ’x*+zxj+y= .H"
x¢ 43 ’n'+4x‘4'n’m x‘;*n'
ymrrtgnmirt T Tmigt

Alfo —

And
PROPOSITION 2.
To Rédu‘éq o Integer into as Tmproper Fradtion,
CASE L
Whes shere is mo Denomiaator dﬁgﬂ’d.

RllI.B. -

iet the given Integer be & Numerator; and Vit A4
exominasar,

e,

And % = -’-" 'y 8 6=
¥or Dlvidmg by 'Um does not danimﬂx the Valuz,

N EhsE
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CASBE I

Where there is a Denominator affign’d.
RU L E.

mulnp{y the Integer by the a_{]’ ign’d Denominasor, the Pro
duit fhall be the -Numerator,

) Numcral EXAMPLE.

14 Integer
lf{ § be the gived {De»ommmr.

Thcn~x4(~‘~—9ﬁ) = v,
Fot 1263 9 i: ¥4 : 1. by Def. of Divift -

And 126 : 9 :: 23 ;. 1 by Cor. 2. Def. 1.

Therdfore g4= 238 =~ ' = L
X1 X
Ol‘l4=.‘..;}_=9 'ﬁ=’;—°—5-4d:1;£ by Lem.2.

9% 1 9

For xXn=nx; xtyxn=xn-tyn, G,
PROPOSITION 3
To Rednrz mixt Fra@ions duts Improper ones.

- RULE
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RULB

Multiply she Imieger by she Demaminasor of she Frafbion,
and add the Numerator to the Produ& fubfmbmg the
Jame Denammator.

Numcraxz‘xdmuzs. o

363 (= a6x:+3 = 1444—1-3) 142
. For’ the Uwir here is confider'd as dmded into 4
Equal Parts.
Therefore the Jwtegers muft be Multiplied by 4, to
produce 4ths.
To which 3 faurths being Added, the Sum will be
“rﬁ ‘»ﬁlSe :

" Literal EXAMPLES.

n
I]. {+‘—i +
' x% dar+¢rn--xx
2. a+n-—- 7;=_—_;7——~—

PROPOSITION 4.

To Rcduce an _Jmpreper Fradbion intp .an Integer, or
Mixt Fm&wn.

RWULE.

Divide the Numerasor by tbe Denominator, and the Quo-
tzcm will be the Imeger, or mixt Fraltion required.

Thqs! 238 = 14; and 231 = 361,

N 2 ‘ - For
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_Eor—':,%-‘: I3:126: 9, byCor, 2. Dcf. .

And 14 TI:x26 9, byDef of.Dwg‘

Thercf —’1}-5 = 14.

Alfo,iﬁi"*” +4—”"and _Tn-t—-:"

PRQPOSITION 3.

To Reduce @ Frallion imto its Equivalent :bn ]ball bz'u:
lﬂj 4_0"1gn’d Denommator.

RllLE.

Mulsiply the Numcrasor of the Fraliow by the 4 ign'd
Denominasor, and Divide the Produ@ by the ‘Denowli-

nator of the Fm&mn the Qumem _ﬂull be the Nume-
rator requirzd.

EXAMPLE,
To reduce } into a Fradtion, whofe Denominator is 12.

_43x12__4)36

= = 3.
4 12 . 12 T 13
: X 12
?‘or4:3::n° 3-»4 =:-2—‘,;=9-'
' X
Theref, 3 (——-ﬂ-—g--*—: % by Dg{ of Prap

12

coxoL
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COROLLARTY

By this Propofition, Fraiens are reduced into their
Known Parts of Time, Meafure, Weight, Coin, &c. As
Calloi mto Decimals, Sexage[fimals, &c. and the contrary.

3 X 20

Thus, 3 l. =( 3 =)i53-

r e o ~ ’
X 6

And 2 Deg. =,(2 3 = =) 4o

Allo 2 :D‘Q' =38/, 10/, s4//!, 32/, &c.

For 1.2 Min. — (7’:6" =) 38/ 2+

2.3 Min, o= ( 2X S0

o 69 '
3.-:?— See. =( —_f— =) 54]{/ 6 .

4~-x-f~nif#=(, I
. £9¢, )
) SCHOLI'UM.

Hence alfo, To redpcc a Fradion into its quwalem,
that fhall have any affign’d Numerator.

EXAMPLE.
To reduce 3. into a Frattion, wWhofe Numerasor is 2

>.3.
* "<3)4X9

Fp_r 3:4::9:'

Then ) 2.

=12,

g

PRO:
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‘ pn‘-oposlno_N 6.

%o voduse Fraltions of Different Dcnommétom, into
vheir lquiwlems » which fhak M-ue the fame Denomi-
nator.

RULE ‘
Mulsiply all the Denominaners cbntirfuwj, forea Common
- Denomingtor, and each Numerasqr continyally by-the o-
ther’s Denominasors, for new Numérators.
‘Numeral EXAMPLES.
1. $ and § make —& and %
IRENEEL 4 8

For —=— —
%
3 3%4 % by Lem. 2.
Ana X —3%3 _9 :
3T 4%3 =
2. % 1, £, make 3t o i M i
Pl Tégxy_ 814} -
l* 2X4%X7 67 28
3 _3x2%X7_42
For |4-_TX2X7=:56+ 8 by Lem. 2,
'i_i""x‘&{'{g 2oJ .
L7 7 7xax4" 56™3%
Literasl EXAMPLEs,
4 ¢ T
?. - :e ’" ma e ?j‘-’—
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c ¥m G oamg ext waxm
"";’ T’ make ;?{ x’{ x??.
fi"""‘f amz(_a'\
X XmX g xmX %
EXEXT_EXF (= €
mXxXXe WK @
'rnxxxm__mxm(__rn
IXRXRWT kw7

a
s

For by Lem. 2.

Therefore they are Eqnivalcnt Frafbions, by Prep. 1.
SCHOLIU M. -

Hence, tl) find Two tmrégers, that fhall be oneé td the
other as two given Frations. ' :

Suppofe the Fm&xom werfe + and -;-
Then 3 ¥ 3¢ 24 1 53 by this Prop.

But—-ﬁ- 183: 14 5 15 byCor. 30 Def, 1
Theref. 2 : £ :: 14 : 15 by Cor. 16:7h: 2. Ch. 34

PROPOSITION 7. .,
Addision wrd Subtra@lion' of Commen Fta&ions.

Note, If the Numeratqrs are not cqual, the) muft be
- reducd to fﬁch as have equal enés s then by-this

A “RULE

Tbe Sum, or Difference of the Numerators fer over the
Common Denominator, [Vl be the Sum or Difference
of the given Fraltions.

Numeral
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Numeral ZXAMPLE.
Let the Fra@ions be and S

by Cor. 3. Def. 1é

And $ 2.2 5 5 byCompmd.or.Dmd«

L. §k2

But 5 :%::s*z 2.byCor. Def.i.
23 -

Theref. § i 235 -5—-9—' 2 2 by Cors 16s Theor, 2

, . —+

Confeq. § 2 =s—;-2,'

Literal Examples in Addition.
aa ce . adtce . s
—-—-o+ —_— =__—‘——-.

¢¢+¢x 244
20 4% b a—% ’ ,
: cc. .ec . .c’nx+c5n2+e'ﬂ§-
3 T+ %= nmx
L 125 - x— 23 x’+3ox’+2sox+62;
o 2sx Txdloxt2s x*Fsxi—25x 125 %

Literal Examples in Subsraion,

4z cc  aa—ce .

3. 2 én
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24an-+4n* _ an
¥ Tekn Tt

a3 4 n3 " mnnn a'tadnd —ntx
4:. - —— . — g

X —XX  aac—84x 4 iX—43 X1,
The Reafon is-the fame with that in Numbers.
' PROPOSITION 8.
Multiplication of Common Frations.

RULE

- Numerators | Numerator.. -
Multiply "”{Denominators }f or anew {Dcnomjnat‘or,

Numeral EXAMPLE.

4 lb xz-—.—!-—?—l
y § make ~—— Thakiakiahs

S

S 4%
—-% 2, by Lem, 2.
by Cor. 1. Def, 1.

X X
wl»
l|

For

And
“Thatis, -
Or,

Theref. - %

lﬁ :L »L -

8
4
1

er a0 4
e e 4,

th

g o S

-
-nww [+

‘X'_'

the Nature of Proporsion
NOTE.

% Mixs Fradions,are to be Mul- § ImproperQ &
Compo:md tiplied, feduce themto 3 Single § S

- 2:'I one of the Faffors be a whole Number, it muft
bc made an Improper Fraion. :

Literal EXAMPLES.

e _ e

nm

(0] S . For

a e
LR

4

Bayerische
Stastsbibliothek
Mincfien
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BN

= '

For xfx = ‘, and ¢ = --, by Sulﬁh.

”
’l‘hcn = xu, ande = { m, by anuh.
..._i._ ) = Lx £
And( (_x?).._ ”’S"‘
4’+2¢b+b* bb  abd b
AT ¢+b a
an aen X1 at

3w M=o ad mn xate=

cec -

4 ¢+

—, Xxa—c=aa—actcc

: nn n3
Xa— 2n+ — = a*—2an-}2n2— =
- R 5

SCHOLI"UW 1.

Thc Produdl of any Quantity Multiplied by a Proper
Fra&wn, 5 always Lefs than that Quantity. =

"For in Multiplying by an ‘Unu, the Produ& w;}l be
¢qual to the Multiplicand. :
- But a Lefs Mumplur gives a Lefs Produd ¢ .

Therefore Mulsiplying by a Preper Fraltion, (i.e. by
Lefs than Unit) the Pfodu& muff be Lefs than thc
muluplmud.

2

JCHOLJ'UW 2

Whence the Produ& of two Propcr I-'rc&wns muﬁ be
lej.'r than cxther of them. '
ad

Thus,
EERE
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Thus, 2 x-} =12, and 12 is Lefs than eitlier

7 or L
CForrifiiicih byDcfofadult

Andg I >§ % theref, S %

PROPOSITION 9.
Divifion of Common Frattions.

. ) _RULE.‘
fhybi)y.zbc Dividend by she Divifor’s Reverfe Fraltion O.r,: .
(which 1s the feme) Imagine the Terms of she Divifor

shanged, shen work as in muhiphmim.

Numeral EXAM PLE.

Forx.-:-. .xL:-,by Def. of Mult

But #: r::1:% by Cor.4.Defo 10 o
~And 2 31 2: $2 L3, by Cor. 13, 7b. 2.. C'b.g.s.g° )
’I‘heref. % = 3 =12, by the Narure of Proport.

NO TB.

T & If either Dnmdemi or Divifor be -wbolc or mixt Num-
bcrs, or if both be Mixs Numbers; &cduu them to imo

proper Frafions.
120 If they are Cmpauml Fra&im- &eduu tbem %0 ﬁngk

M“o

3-.; év - .
Litem]

Oz
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theraIEXAWPLZ.
4 . x npa ar . m _ nar
Loy =5 and;%‘r--;z’;x—{‘
nt3 20¢_3nf9 ae. .y
z;——s——-.-T'—‘n 1902 ;and-;;-.-cd:;;
xxé. XXX xXxx axn
e ST anda—t—-,,—,;:m
, g—¢ nnxx nx
fa—ecr " = ;-and—-'--:-—r—-_-.nx

e f2andnt—ar—nr atn—r _afn -
5‘ antar—nr—rr Btr T a—r

Which may be Dewmonftrated thus.‘ R

xt‘
nC’ ”‘,by I’rop. 60;

xc an
But-—;:,-——;:xc an, by Cor. 3. Def. 1. i

n
— iixcyam by Equal Dw:ﬁon.
x an

Thcrcf. - —:— T by Def. of Proport.
SCHOLIUM 1.

_'If'the Fraftions are of one Denomination,

Then caft off tlm Denominator, and Divide the Num‘
‘ttor:. :
. Becaufe Fraltions having the fame Denominators, are
as their Numerasors, by Cor. 3. Def, 1.

~

SCHO-
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scHOLIVM 2

The Quotiens of any Quantity divided by a Preper Fra-
&ion is always Greater than that Quansity, .
. For in Dividing by Unit, the Quotient will be equal
to the Dividend 5 = '
But a Lefs Divifor gives a Greater Quotient :
Therefore in Dividing by a Froper Fraftion, (i, e, by
Lefs than an Unit) the Quotient muft be Greater tham
the Dividend. = '
Or thus, 3) 2 (=4, And § is Grearer than =X
Fori1:¢::2 :-},bstﬁofDivif.
And 1: 2:: $: 4, by Alrernation.
But 1> 3,theref. $ >4 o
PROPOSITION 1o
7o reduce Compound Fra&tions inro Sitigle ones,
RULE

Multiply § Numerators contimually § Namérasor.
" the 3 Demominators § for a new Denominasor,

EXAMPLE.

Thus, 2 of $ being Reduced, is -:::—‘; =t
For if 4 ==, then 2 of;is.g.n=.;. xn
, 2x4

P ==
Therefore 2 of 2 3x7 “?’

PeriNi-
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DEFINITION IvV.

N Unit may be imagin'd 10 be eqmd-

). divided into 10 Parts, and each

g tho[e into 1o more; [o that by a conti-.

nual Decimal Subdivi [cm, the Unit may be

Jappofed to be Divided into 10, 100, £000;

é"c. equal Parts, csl’d, 1oth, lootb mootb
Parts of an Umt.

And fince Intcgers Immfc from llmt, mmrds the
Lef:-band, in q Decuple Proportion, fo that 2z Figure
in any Place i Ten times as much as the Jame in the,
next Place below it, and bus & Teuth part of whas it
fignifies in tbe nexs .Plaq: above it ;5 therefore as the,
1yt 2d. 3d. &c. Place above that of Units, # Tens,
Hundreds, Thoufands, &c. So the 1} 2d. 3d. &c. Place
below that of Units, is Tenths, Hundredths, Thou.
fandths, &c. Decreafing in - Subdecuple Poportion
as i evident from the following Table.

e

Insegers. Parss,
N N

T ¥ € ?
Bill. Millions  “Umits « Umirth  Millionsh Bill
rMnM/\M/*rW\M/\m
L un. th. um. th. un,. un. th. un. th. un.
AN AN AN AN NANRAR AN AN AN AN
Xucxucxucxucxuxcuxcuxcuxcux
556 789987654321,23456 789987 6s :

ce

T

Whence
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* Whence thofe Fradions, whofe Denominators are an
Unis with a Cypher ‘or Cyphers, are cailed Decimal Fra-
&ions, and may be written without their Denominators,
diftinguithed by a Point or Cmma prefix’d, and read

like Integers, gmng thcm thc flame of the laft le
to thc R_gb: -band. :

1 s Tamb:.
e x?s’ { ”}ﬁgmﬁes{zs ﬂuadnd;&:,

.\..".v, go;{ou.A:{r.”'

AS 1cpbm Integers
: m‘{ﬂetfmk} (advmmg them fo
many Places tpwards thc { L‘f;‘} b 4) {lnmafe }
hexr wlue.

L g§CHOLIVOM

1. Hence it is, That 1, 2, 3, e Cyphers before a
Demmtl, advance it fo many Places forward, whcrcby'
tis ‘made 10, 100, 1000, @e. times les. Thus, :

A O 1] Hm?red;,b:

& . 25 Thoufandths
> fignifies <58 Tew Thoufundibs
(25 Hundred Thoufandshs.

Vo

2. Thcrefore, a anure in the 1ft. 2d. 3d. ©c. Deci-
ma} Place, is 10y 100, 1000, &¢C. times lc('s than if it
' wcre an Jmseger.

. 3 Confequcntly, “each removal of a Figuro into a
Place forward makes it Ten times les than it was
befotc. : :

PRO
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' PROPOSITION 1.
10 reduce Vulgar Frattions into Decimals,

RULE

" To the Numerator add as many Cypbm as you wou]d
bave Decimal Places; then divide it by the Denomi-
nator, and the Quotient (if there be no Remainder) will
be a Decimal equivalent so the vulgar Fraltion given.

But when there # a Remainder, you may by adding more
c}yher:.yrm:d foas 10 bring the Quatiens nearly egqi

l.o
'I‘hus,, —-,..s,fo:,z:x:: 1.0 : .§

3.00
i= -—4._.75, for 4:3.:% 1.00:.75

R 2.000000 &C.

3= -—7—-—- =.285714 = -’, near, not wantlag

mPMOf an Unit.
For 7: 2: : 1. 000000, &C. : .285714, &c.
SCHOLIUM

*Tis obferved when a Fraftion is reduced to the jmll-
eft Terms:

That if its Denominator be Compounded only of the
Prime Numbers 2 and § (the Components of 10) the De-

cimal of that Fra&ion will be determin’d.
- But if the Denominasor be Compounded of any pther

Prime Numbers, it will be Indetermined ; and the fame
Figures will return again in order, and continue 'ty
Circulate, either by one Figure, or by two, three, &c.
hgures. tho’ never by more than thc Number of "Umt:
in the Denominator lefs I.

For
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For the Remainder being always lefs than the Divijor,

therefore may be any Nesber féfs by 1 than it:

, Bat in fomany Operations, at moft, as there are ”u»m

{1 the Divifor, one of the Remainders muft return again;
Therefore; the fame Figure in the Quosiens muft alfo

retum, and fo contmue the Circulation,

To find the Mumiber of the Cirelasiig Fxgures.

1. Divide the Denominator by -2 and § as often as

poffible; | if it come to be 9, 99, 599, 9999, &c. or an

- Alignot pirt of fuch Number, of a Namber Compounded

of 2 or 5, and fuch Aliquor Part 5 Then the, Number of

the Circulaving Figures, will be equal 10 5 manmy Figures
of 9, as ﬂrre are in shs Mmiber fouhd‘

2 If one of the Prime Nxmkr: compoundi’ng the Dena-
nominator (excluding thofe of 2 and sJ be not an Ali.
quot part of the other: ;

. Tben the Number of she C‘;rcummg Figures will be equal
to the Prodult of them required by thofe Compounding
Prime Numbers.

3. And when the Dewominator is Compounded ofa,
or 5, or any Power of them; Then the Circulating Fz-,
gum begin at fuch & Place of Dectmal:, as s denoted
by the Index of 2 or s, affumed in that Compoj’ ticn
more 1. ‘ _

PROPOSITION 12
Addition «»d Subdu&ion of Decital Frattions.

K

RuLE

e
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RULE,
Place every-Figure under that of the lite Nume, and Add
_or Subdu&, as if zbej were Integers.
Thus’

To 34.25 . From 16.5s
Add 3.026 Subd. .125

eem—t ee—

Sum 37.276 Rem. 16.375
The Reafon is the fame with that of Insegers.-

PROPOSITION 13
Multiplication of Decimal Frattions.
RULE '

Multiply the Fallors as 1f all’ were Integers; And tbe
Decimals in the Produd, muft be equal to the Sum of
thofe in bath Fadlors ; if xl:e) are not, prefix Cyphers to

Jupply the Defett.

For the Jndex of each Figure in the Produ&, muft be
equal to thie Sum of the Indices of the Muhxﬂzed and
Mulsiplying Figures.

Thus,,. - .
Mult. 3.92 by 4.3, the Produd is 15,136

3.52=3§2 352 4 43 15536
For 1.3 = Y33 and 352 x $i =253 =15, 136
» = 3 ‘

Alfo, . o13 Mult. by .cos, gives .cccobs
‘5 ‘Ol 3= -E_} ndmvxm—""ﬁﬁo 03 e—--°°°°5$

:
B 2 005 5

SCHO-
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SCHOLIVM 1.

When a Decimal, or Mix’d Number is tobe Multiplied
_ by an Unit with Cypbers 5 Tis but removing the Poirt or
Lomma [o many Places towards the Right-band in the Mul-
tiplicand, as there are Cyphers annex’d 1o the Unit.

Thus,
io 2.537
100 25.37
»2537 Mult. by < 1000 Prod.is< 253.7
10000 - 2537
1c0000_ ) 25370

SCHOLIUM 2.

In Multiplication, if it were required to find only an
affign’d part of the Produtt.

L. Set the Unit Place cf the Leffer Number under that
Flace of the Grearer, whofe Index is equal to thar of the
defigd Right-band Place of she Produ (i.e. she firft in
Integers, and the laft in Decimals) or to the Number of
Figures to be eut off in she Integers, “or left in the De-
cimals.

2. Then fer the reft of the Figures of the Leffer Num-
ber in a contrary Order, ‘

3. And begin to Muliply always as thas Figure of the
Mulsiplicand, which ftands over the Muliplier.

Note, Thar particular regard muft be bad of the In-
creafe thas would arife from the foregoing Figures of the
 Multiplicand,

P2 4 Ce
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4+ Set the Right-band Places of the Peodulls of each Fi-
gure in the Muhxpher under ome another, and ri'm Sum
er by ﬂw Produit. rcquxred : i

EXAMPLE.

In Mult. 1098612286
By 4342945

Produét. 477121@73441 227\3

But fappole i this Preduft of 16 Places; the firfk
3 Places only were rcqmted then by the foregomg
Rule.

Indices 11 10,9876¢51432 1 o
Multiplicand + * [t0986[122 8 6
Muleiplier 6 4(92434feee o
!ndiccf, o 1234561789301

‘43944

3296

439

22

10

————

47712 rcquircdg

Ip
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20 PETE v ' , 1o¥ .
}Inthcimd.of 7580635 Inthe Prod. szlg.;
7 § ‘ By o.g ; ;;
Requlred thc Imegm only chd.theln;egers only
7980625 4193
4587 57360
VA
55864 251
399 3
31 ‘
267 Required.
- 62679 Requfrred‘. o o
In the Prod: of §.o§ In the Prod. of ;’;22 §§
' °oTT TIT% B
By 7854 By .637
Reqd 2 Decimak riam‘. Reqd. 3 Decimal Is'lasm
7980625  $3%3635
4587 57360
5586437 321338
638450 | ‘16067
39903 3749
3192 267
62679.82 Reqd, 341421

The Reafon of this Contralion is obvious:

For the Index of the Right-hand Figure of any Pre-
dud is, the Sym of the Indices of the Fadors;

- And by inverting the pofition of the Figures (as the
)Qdc diredts) the Sums of the Indices of each Correfponding
Place in the Faors, will be equal among themfelves ; and
therefore equal to the Index of the Rngt-l:and-l’lzce of
the Produ& rcqmred ‘ -

But
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But Produls, whofe Indices are.equal, belong to the
fame Place, therefore muft be fet under each other,
and their Sum muft be the Produ## required.

" PROPOSITION 14
Divifion of Decimal Frattions,
RULE. o

Divide as if all were Insegers; (annexing Cypbers to the
Dividend, if need be): And

Les the firft Figure in the Quotient be of the fame Neme
(i. e. bave tke fame Index) with this Figure of the Di-
vidend, which ftands, (or # imagin’d to fland) over she
Unit Place of the Divifor.

For the Index of each Figure in the Quatient, muft be
equal to the Index of the Divided Figure lefs by the In-
dex of the Dividing Figure,

Or, the Decimal Places in the Divifor- and Quotient
muft be equal to thofe in the Dividend 3 If they are not pre-
fix Cyphers to the Quotient, to fupply the Defett.

Yor the Dividend is equal to the Produ& of the Divi-
for and Quotiens §

But both Faftors contaia as many Decimal Places s
the Produ@ does:

Therefore, what Decimal Places are in the Dwtdend‘
more than in the Djvifor, muft be fupplied ia the”
QHU”eﬂ’o

Thus,
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Thus, 0325 Divided by .25, gives .13 in the Quotient.

n

Fof {-0325—"loooo}and :_3_ 32 ( 3::2:=.!;

l1eo

SCHOLIU M

1. If the Divifor be Greater, or have more Decima}
Places, than the Dividend ; :hen by annexing Cyphers 1o
the Dividend, the Qyonem may be had 30 any accuracy.:
Thus; «25) .07864, 00'(.31456.

2. Therefore, when there isa Remainder after Divifion,
(tho’ neither Dividend or Divifor conéft of any Deci-
mals ) ’tis but adding Cyphers 1o the Dzvzdeml ard fo
proceed 1o any exaltnefs.

3. When a Decimal or Mix’d Number is to be Divided
by an Unit with Cyphers, *Tis but removing the Poin ar
Comma in the Dividend , fo many Places further towards
the Lefi-hand, as there are Cyphers annex’d to the Unit,
prefixing Cyphers to the Dividend to fupply vacancy, if need be.
Thus,

) 10 . 235379
. . 10 . . 2.
2 3 3.7 Divided by X ogo: . Quotient s, 2 ; ;
" { 10000 02537

4. In Dividing by aa Infinite Number, the Divifion
may oftentinies be very ufefully Contraded, by

TFaking as many of the. Left-band Figures of the Divifer
as you think comvemient, for the firft Divifor, by which
Divide the given Number, and omit ome Figure of the
Divifor as each following Operation.

Tfms,
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| Thus,

10936 123$6345) 47712127)(4342, 94 —
ceee ses 219_7_ 59

471803

735

10387

405

6

PROPOSITION 15

7o reduce 2 Decimal into « Common Fra&ion.

, RULE.
Multiply the Numerasor of the Decivia by the Denomine-
tor of the Common Fraion.
Thus, .575 of ahis 115 64.

.75 For 1000 : 5§75 11 205 : 1155
20

s.n'soo , . o
And 10 :,9 :: 12d. 3 64

d. 6looo
PROPOSITION 1i6.

To find 'z Multiplier that ﬂmg; Efe& the Jame 25 2 gwm.
lVl L.

CASE L

If she Divifor be an Integer; make it & Denonpmator,‘
and 1 the Numerator, that Fraétion fball be the Mul-
tiplier required.

For
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For %‘—;—: N x-‘lﬂ' -
CASE I
" Yfthe Divifor be a Fra%ion; ’
fis Reverje Frafbion foall be sbe multiﬂier reguirci.

£ _1)N . d. . N,
T DETXD
NOTE

Hence, Divifor given : 1 ::'1 : Mulsiplier required:
And by finding of a Fafbor, when a Divifor is given §
or aDjvifor, when a FaBor is givensone may advantagiouf -
ly Contratt feveral tedious Operations Tn Arithmesic, and
find: variety of excellerit ufeful Rules, for éafe and expe-
- dition in Commdn and Pratical Accompts.

R ~ « . -,\ . e e

GHAP. VI

The Qeithmetic of Fncomvienfuribies: -

| DEriNiTiON L

“Hofe Quansities, which have thé famé

" Common M¢afure, are faid 10 bé

ommenfurable: . | |
scHOLIV A 1. |

. Therefore Cominenflrablé: Quantities mad be expref'd

- By Nimibeti; or dre ad. Nuilber to Nissiber:

& Bk
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DPerrNnrTion IL
N D thofe Quantities which have not
the fame Common Meafure, are [1id
to ve Incommentfurable.

SCHOLIVM 1.

Therefore Incommenfurable Quantities are not as Nam~
ber to Number, that is, their Magnitudes cannot be ex-
pre(s’d by Numbers, yet they may be Commenfurable in
Fower, '

SC’HOLI"UW 2.

Therefore the Roots of Imperfedt Powers are Mcom.
menfurable Quantisies, and are ufually all'd Surd Roots,
becaufe inexprefible by any known way of Notgtion, o-
therwnfc than by their Radical Signs or Indjces.

And tho’ Imommenﬁtrable Quantities have no: Ratio:
of Number to Number with Commenfurable ones, yet
they may-be Commenfurable one to another.

PROPOSITION 1.

Toreduce Rootssnto their moft Simple Expreffions,
CRULE
Divide the given Power by the grease[t Power, denoted py
:be Index, contained therein, ' that Meafures it wigh-
ot Remuinder; let the Quotient be 4fe&ed by the R‘a- A

dical Sign, and have the Roos of the Divifor- preﬁx'd, or
connelted by she Sign X.

‘Thus, to reduce a’ mto its mﬂ smple Expreﬂ' ions
or Loweﬂ Term. ..

Suppofe
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Suppole x* the greatet » Power, that will Divide
4-without Réemainder. C

A L
® 0

Let;:f;, thenwill2® = x X y

E - 1
For a==x "y, theref, 2" (=x'jl =x"" Xyr) =xXy*
Soaly—a'y*t2ayxtayxi—ayifyini—apat s

will be 2 x—yXaytyi|=
And, 2°~9 454-274%—15 4} —1084* 43244~ 324]-{-

will be 2a—3x43 +_—1;i';‘.

Alfo 75| and 27|  will be s X 3 ¥ and 3x 3%

For 5_2 = 3, by the Rule

27 9
=i —, .
Theref. 751" =27|"—= 3%, by Evolution
5 3

Then, 75" =g x 3 ¥, and 271" =3% 3% by pun.
PROPOSITION 2.

T reduce Roots of Different Names, intothofe of
the fame Name,

RULE

Involve the Powers Reciprosally gecording 1o each otbers
Index, for new Powers;
And Jev the Prodult of the Indices, be the Common Index.

Qa . Thus,
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*r
2 K e —-
Thus, ¢* and ¢ will be ¢”|"™ ande?|""
—— 1 —

m il T
axx] and e{jyjl »w:llbeaxx” apde(]jjpl :

‘fobxa" andcxe"',wlﬂ be & x a"' ""‘and:xe l""‘

This will be endent, when ’cis confidered

'

Tha_tanyl(oor,-xxli‘:: :_:31 ;x*ﬁ; x'l", &
"GOROLLART 1.

Hence, Rational Quantities may be redyced to the Forin
of any affign’d Root.-

[

Thus, 2 reduced to the Formof x ™ is 2”]
COROLLART 2

Alfo, Rogts with Raricmal Coefficiemts may henge be
{cduced fo asto be wholly aﬁ‘»aed by the &zdual Sign.

—_—

Thm AXe =a et ,andaj*Xxirl"—xirajj“
COROLLARY 3. ‘

Hence is known, whether any two given Roots are
Commenfurable on€ to another; As alfo, to find their
Xatio.

" For after Kedu&nm into rﬁe Joweft Terms, and tbe ﬁzme

Naney
If the Powers are equal, The Roots are Commenfurable ;

And their Ratio i equal 50 ((m of 1e J(_arzonpl Coeﬂium,.

Thos,
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Thus, ¥ 75 and Y 27 reduc’d, will be 5V3and 3¥3
wlnch are Cammenfumbk.
ForsY3:3v3::5:3, byCor. '3 n.z.cb. 3

PROPOSITION 3
-Multiplication azd Divifion of Simple Roats.
RULE

Let the Produét, or Quotie'nt, of the Powers be affe&ed by
" the Radical Sign, prefixing the Produdt, or Quotient, of
tbe Ratignal Coeﬂmems (if there ke m_y).

Examples in Multiplication.

S uttiys Sy S —.
Thus, a® X ¢" = ae|*;and a7|* X ex{"= aer x|*

’ X X g R .
Alfo, a” X ¢ == ae® "anda" x em=q"c"|""
For 1 : a4 :: e : ae, by Def. of Mulriplication.

But 17 : 4" i: €% : ze|”, by Cor. 4. Thear. 2. Che 3.
Theref. 4% X ¢ = ae.”, by Conv. Theor. 2. Chs,
' Examples in Divifion.

L
n

£ % . L b
Thus, 2"—- e = 21, and bam - ea = —
- | e
X '1',, p—
seviieliEIR =

t’

For
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4
For e:x::4: by Def owazfou.
Bute™: 1°:: e : 2" by Cor. 3. Th. 2. Ch. 3.
e

Thcrcf. & et = “ by Conv. Ths 2, Cbh. 3.

c

‘ NOTE. ‘

If the Popers be the fame ; Then the Power affedted by she
$um, or pgﬁeren;e of thé Indices, foall be the Produtt, or
Quotient fought,

In MULTIPLICATION.

i v

- ns—hmr ” 7 R
l.j.’; xy' =y ™ ;amd the —~Power of y~ *isy™ ™’
K m—l-n
a._‘_x..’;.‘.,orj"gj m...._y =t -
jnl—"—' Jm-}—n{’;
1 1 - '
30 S X or, "'Xj ¢ will be
N E
L LI S 1
_? m == TET N - T ;Alr‘
,.’ l)p .’fu—hlml{m
n r
4o X-_.,orz “n x,'ij"T will be
" F .
. _Smere 1
; " x'y '_‘ ”f = m :m*rn ’ or
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In DIVISION.

Rt ®

2
LYy T wil give y*“"

And j'i‘-’—jr-..j ‘5‘:]"‘?;' _
2. -L' +loymwry— =J"£;‘J=-—-t

FEN 4 i.::.l%

PROPOSITION 4
Addition and Subtrattion of /ike Simple Roots.
General R U L E.

Les the given Roots be Connedted by the Sign 4, or —.
1. But if the Roots are Commenfurable;; then;,

Since inany two Quantities, ande, £ 4 1 xe—=g4o.

"Therefore, o

—_1) - L e X
8 4 o5 =g ( o 76 + ¥ = Tergft
-:aiz—- ¥ = 85 ) ViE7sF — 3v = 788F ;

pu

2. And if the Rootsare reduced into their Joweft Terms 5

Tben the Sum, or Difference, of the Rational Coeffyei-
ents Multiplied by the Commen Root, will bethe Sum, or
D;ﬂ:‘erencc, of the given Roots, '

R

Thus, aer*bx "mathixr”
For, 1fr"= o thena)(r"zu, andbx r"-—b:,theref»
aikbe=aFbX¥e= 4+bxr"—axr"+bxr'
3. Alfo
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3. Alfo the Sum, or Dtﬁereme, of any two Square Roots
is equal to
The Square Root of the Sum, or Dzﬁé_reme, between the
Sum of the Powers, and twice she Produft of their Roorsi
Thus, ¥ 7§ +v¥48=1"243 or 9 V3
Alfo Y 94 Va=7V25=3
For fuppofe ¥ 4 2, and ¥ e e any given Qxantxtxes, '

*tis plain, 24/* +ee|1—4+e—4ziz ae—recl*
NO T E

The dpemlons of Compound Surds are fo ea‘ily deduced
from what has been faid :of Simple omés, that we need
not infift on them.

-

CHAP. VH

The Method of Refolvmg C}aatbemattml
IPwblems,

GENERAL DIRECTIO‘NS.’

L YT # abfolutely mc:ﬂlry to have a clear and
diftinét Conceptwn of the Conditions 0f thé

- Queftion propas’d to be Réfolv’d.

IL. Then [ubfiitice fome Chara&er or Letter,
for éach Q_uantlty voncern’'d in the Queltion.

And becaufe in Algebraic Operations; the known and
wnknown Quantities are oftentimes very much Compllcated 5
*tis ufual, for eafier diftintion, to put the firft Lettersof -
the Alphabet, for knows, and. the latser tor ankngson
Quantities,

But
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* Bat if Quamsities. of different Species be. Noted by the
ﬁr]} Letter of their Niumes (when it can convesiently be
done) the: Expreffion will thea be fo-Simple, - fo readily
khewn and. remember’d, -as- to be.of vaft help and ad-
vahtage -to the Imajination.; befides, it fhortens the
. Procefs, yet -preferves i free from all ebfcurity 5 and 2t
the fame time, wonderfully fatilicages the :olutiou it felf;
as the Ingemom Leamtr vnll foori find by Pm&xtv.
oo 3

NI, By ek, vgnfoming from. the Conditicms bf
the. Queflion; lez rhe. Quantitics. concerned theres
in be juftly Sta(qd, avd cavefully compared s, fo thas
their. gelation te one another may, appear, md
the difference which renders them unequal,
difcovered; and gon]i ~¢£t[y the fame Thlng fo:m3
expreﬂilalc two W rought into M nat;onz

or.into [everal natlons mdepmdmt on  cAc
other.

ﬁorﬁ , o
1. I thebe are us 7;14»] Eq'utiiiin; g}vcﬁ; ) reéui;d.
...-Then.the Qxeﬂ:on has a dcmmable Numbct of
Solmmx: 3

Becaufe, cach Q.nntnty .tbcrem has but ong valuc. P
As fuppofe 2 Queftion propofed coticetning the Age
of 3 Perfons, was thus Conditien’d, viz.

" Tbe 2d. 4 7 Tears older :banbuﬂ The Ageqftbe,},l.
is Triple ‘this of the 1ft. and 2d. dnd ské sumh of ibelr
Age i 68 Years; requtrcd the Age of cach}

Putg forthedge ofthe the iy o
’l’hcng,{-f-y,&z-}-zusthenge oftbcxlh 24, audgd

Anﬁ %+7+6{+2r, or 84428248, by the
. itions of the Queftion. l% ::
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. So that here is but one Eqmox gwm, and one ve-
gmrc({. e RN
2 If there are more Equasions. gnm t!ml raguired. .. 5
_"Then. the Excefles are fuperfiustiny and-may fometimes
happen to be contrary t9, or Incohfiftent. withr the raft s
and by that means, not only. limhit, hmrtmhr the ngﬂt‘*
on incapable of any Solssiom ... . R
3. If thira dre more Eqmationy rmfml rm given.
Then the Queftion is Imperfeitly determined 5 4
“‘Becule capable Of aN Mfinik Mnb2¥ of Mnfersi -
S TuBPOT® & Beftibh Dropde’d toncerning th Age' or
thiée Pesfoms, &ds thils tonditivh¥,. v#: :
The Age of he e eqkm ?o tb? fqb&nof ﬂ:e Jge

of he fosbhi? * "
wd be Sum of the gt a}“:v»e 1’4‘) L, % eqm
ﬁe}&‘e’afﬂﬂgd‘ - a{% _‘“ T,

Required the Age of cacb.

Put x, », and 7, for thc Age of the 1ft, 2d. and 3d'
Perfon.

Then x=yy, and x+j ﬁ.by the . Condisions of
the defnon.

- S6 that here &% Wb Eq‘adﬂgm given, and thré‘é re-
quired::
. Thekefore the grefiioh 15 lmpbﬁm}’dm)ﬁzm"f _

* Por WAy Ol 'éf thef‘c Qﬁﬁt‘ﬁéa miy b ﬁﬁ'tf'mea at
Plcafure

1&5 the Quelhion w‘flen xs fo
fived efermﬁ'a 1€ Nﬁ" 6&\"/?0}‘ Solutions llﬂd tﬂ ‘
Then the Equitios du‘e‘?ﬂy drawn from the Comlrmm-
of the oucftion, (becaufe. 8t thdt om¥ bhe Hhotbe hitd ‘k’!‘
Proson ohanRics, ure for vite hrof> p‘ift very much Coth.
pounded and mix’d together 68 ch Kt theteof) Tiohse
seducd into anothcr,ﬁyEq"ﬂAﬁmmwin A DARPHNon,
. wherc
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only one Power . . is
where{d’ﬁ- 20‘7‘1'3 }qﬂk— lg!lkl_lowﬂﬂualmsz{ are}

found equal to fome known ones; which is- call’d a
Simple or P ; . e :

pA 0'%’ ‘Y orl:;jﬁ god § Equaion’s And is then prepared for
Solution, and diftinguilh’d by the Nuans of the Index of
the Illgbeﬁ Power of tire ngnq [yugbt -

V. Let the Equmap be cleared frqm all Frafti-
ons and Surd Roe¥s,as alfo the higheft unknown Powe
er from apy Cnﬁamr e

VL. Letall the Termson the Right-fide b: Tunf
poid tathe Lefr, o that the whals be made aqual
to nothing ; And let the feveral Lke Terys be
brought into one, by preﬁxlng their Signsand
Coefficients 3 plaging the bigheft “unknown Power
firft, the reft fucgeeding ig Order, and the Ab-
folu;e lmonm Ouanmy Mg

BEDU CTION qfﬁquAIIONs.
1. By Franfpofition,
That is, by Equal Aldition, if the Quantity be Ngga-
Hve, and by Equal Subdulion, if Affirmuive §

‘And is performed by transferring the Qunmq 10 the
otber fide of the Equation, with 2 consrary fign.

If ¥—1o=x40 If x+ 10 =40
Add +1o -{-m Sub. — 1a  —io

1
Thenx-xo+lo—4o+1o x+lo—to—_::4o--xo
i e x--—so Orx =30
If ¢ —,-;4{ =4 —bizt2er
=223t 4 b7 +b’;——24{‘ }
Thenyi—sazit-bi3= & o o
“The Reafon of this Operation is plain from Axiom 1.
R2 1I. By
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| IL By Equd Mulnphcatmt.

3
If’-—:b. If-‘-—t—g-—-{-n—}-c_{—}-a.
Mult. by ¢ s Mult by ¢ - c .

Tbcn =4b' “Then P43 +cn=¢(.
. . . 2 .
1f—+ 4t - =gt
‘Then 433 +4a‘. *—4 c{f—-—u' ¢t
_The Reafon is evident from Axiom 2. :
And by this means Equmom are clcarcd from Fr4-

&ions. -+ R
Il[ By Equal Di'w]_ian.
fax=c 4q+c¢=cb sy+20=

Divid, bys a 4+c ,+ R 5
o ": cbh » 60—.—2(;
Thenx"-': ¢+e j,_—s—z

It {"—{-24{3——03 z', then 7> 2475’

If 3% —2432 =53 ¢, then 72 —22 =107,

The Reafon of thxs Operatxon is alfo evxden; &om
4xtom 2.

VI By Equal Inwlumn.

By means of which Egu stions are clm’d from fur¢
LQuancities, « - - - . R

AT ax]* —b==¢qr a:]*:;-..c —b&
T" snax==¢* -—-2:5 + b’,.by .s'quarmg eacb ﬁdc,

z\If
P
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2. lfx-l—abx-a‘clf Then,
x)—3ax*-} 3a’x—¢¥-—4bx-—a’:, by Cubing. .
S (£33 —xt’¢+t’b-o,putt’¢—m,andt'b-» '

Then x —-mx-}-n-— ¢. And m= —,—+— byrr.gg’p,,

Thcref. m xt= xS +2nx? +n* by Muk. and Imml.
And —n= ;- ”——-_—‘";—::’ i by Tranf. and Dwy'

Therefore,, x* % — 2 m? e PR 4+ m*xt -
amin? xf-n%== . by mlt.lnwl.and Tmy"

V. By Equal Evolumn.

1. If n:zs,,thcn = V_zs: S
2 X x*f2xa-f-a?=¢2, then x - a=¢
3 Ifg 4223344772 ---m4 », Then,
+¢§—m’ n, by Exr. the 8q. Raot.
45 —3a 432724 —431""8»13»’
Then 2* — ¢ == 2 mn, by Extr. the Cube Roor.
se I x* 4 2xa=c?, then by Extr, the 5¢. R. of the
unknown fide, we hive x 4 a, w:ch—-a’ remaining 3

"I‘hereforc, xta(=x+4 2x4+¢’l )=¢? +4’P’
And 1&' ¥ —4ax=c*, -then the §¢.R, of the
unknown ﬁde will be x —~24, with —g44a* rcmam-
ing ; therefore, '
¥—22 (-—-x’—-4.zx+4¢*[ )-:’-{-44*[?
Therefore this Operation may be performied, by Ad-
ding tbe Square of balf the Coefficient o each fide of fuch
i.'quamn, and is cal!cd (not improperly ) Compleasing
the J‘gch . - c
[

6 1f
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6. Xyt t 41y’ 43 yr==at gt —24c tygmpated,

then gl;esq,,xaoz of the unk nown fide widbey* 247 —

£5% wtl‘-—-c" {eimaining 3 the;efo;c, :

J -;t-‘}a_y*-{-u’j iy —-2.:; ;—\-' c“l
. wnll be eqfial to 24’; —(—'c“] 4
That xsy +24;—» c? 24’;’—},—’:4{’

.

"...HSCHaleM

- * IS

Whenee the Fer Arft Propofitions of the fecond Book
of Euclid appear at Snght :

By putnngs—-a-i- e, then xsa_._s—e, ande=s—a.

PROPOSITIONS.
| : ;’: .—:- . '_;_'_ fﬁ%by Equal Multiplication.
3. s.q =4 +a¢ nd se=et +aehyEq Mule,
Lo fe= - £ f20e4et, by Equal hrvelution.
L5 ;:s-—-'d’-—}-ae, for 4 s* — 1d*=qae
6. sd 4> = a*, forsd—a‘——e’

254 e’ =t {e- =s*—25a-4a*
25€ a’:::ﬁ .e=f 4t =53 —2s5¢-4¢€*
2 3 2 ol 2
3 c+4l =sttesat=gsa+ e by Precd.
ste —:‘+2:e+e‘—4:e+4* '
9.} srebidizzardet forate| +a—e| =24 Fr2c?
o 10y stakdi=24" o 2¢e*, by Preceding. :
And by the {ike Comparifons moft of thofe’ Propofisions
given by Viess, Oughsred, and others, with mnumerab}e.
more of this kind, of excellenr ufe in the various Parts
of the Matbematics, are deduced with great Facility.

The
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The Dcmvahaﬁ 2hd éempiﬁﬁdn of

EOJ!ATIONS. -

Since any Quanmy tampofed of Parts may be reduc’d
into Parts, it uft dvidestly folbwy That-the Ofiginad
Components or Roots  of all Equations , may be clthcs

" Affirmative, Negatiwe, Mix’d, ot Iuagindy.

-And becaufe in all prepared Equations, any _one of- its
confhitutive Koots thay bE put of the uﬁfaqmz ,Q;mg,
tity 5

Therefore, all prepared Epum are Really, or Ima-

‘ ginarily conflituted BY the Pronds of fo many Affirma-

tive Roots with Nagmvk :’gm, or Negative, Rgors

with Aﬁrmme Signs, ‘connetted to the ynknown, Quan,
titg, s is denotea By the Index of its Higbgé Pawer =

.thus in s
- The (mgmmon of egdmm Wh&. ne
= *__S+ 3:&-1-_‘0 R
. e n:{xz:-f* e then Fepize  odn
Wby Bett commrnd——_— N, N

by

’i‘hercfore x'xv-—dx-{—ae_.o
—ex
Put :4,..4-:}-:. then R “J*+4‘FQ¢_’ mt

—e—q +'!_1..°.'~-—" R
o If{_x 4 Sthen

{

Xy .
. ’I‘hereforexz F{—ae_g:.:\_;_"h '
Put’_“+'r thenx +!":+4'ea:o‘ “-';’z
- ;“ o ;“. :

Y e S R IR N vt

3. If
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b e L ey

Therefore xx—ax—ac=0
. . tex .
Put d=awnc; if%-zbe{f&%""}than —c.
Then:x:pd:éae—o

‘l’bereforc, all guadrm. unmm are reducxblc to one
of thefe” Forms,

I XX s fe=b
 2exxFdx—ge=o
‘f'he Ongmmm of any, t’ubw, B:guadram, or hnghcr
Equasion, may after the fame mannc: be cafily derivd,
From which Cmpmfm tis evident that:
1. In every Prepared Equation Really conftituted, whxch
has, or is fuppofed to have, all its Terms;
.. The unkmown Quantity bes fo many Reots or Values, a5
ne the Dmnﬁm: of its highdt Power§ wbmaf Jo many.

cre Aﬂirmtm as the Signs in Order bsve Changes, and
the reft are Negasive,

. 1L ‘In fuch Prepared Equations, by changmg the :tgns
in cven Plages; |

1. The Affirmative Roots wre mle Négame, and the
Negative Roots Affirmasive.

Alfo, the Coefficiens of the 2d. Term is the Sum of &8
the Roots fo fign'd,. |

And the Cocfficient of the 3d, 4th, stb, e. Tem, % the
Siim of the Produils made of the Roots tabem by 2's, 3'5,4's, &e.

B"dt
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But the Number of Produils, whofe Sum is 10 be saken
inthe 3d, qib, <ih, &c. Term s the uncie of the 3d, yrh,
sthy &c. Term of @ binomial rais'd 1o the Dimenfion of
this  Equation, o o
.Therefore he Laft' Term -or Abfolute knvwn Quantity
is only the Produtt of all the Roots. : .
2, Hencey If all the Negative Produdts made of the
Roots saken by 25, 35, 4’s, & (Sechuding their Signs),
are equal 1o all the Affirmative ones, (1ho’ mot refpe- ,
cively bme to anotber ) then the 3d,4th, sth, &c. Term
ds wanting. " ‘ ' )
"And the conirary, If thefe are wanting, thfe muft be
eqil. '

PRIOBLEM i

To Increafe, or -Diminifh the wvalué of the Wit
knoton Roots of aii Equation , by any given
Quantity. . - , .

‘ " ‘R u io Eo - /

Inftedd of the untmown Root, Subftitute andsher Lefs, or

- Greater than it, by the Quantity given. _ o
Exam. . To Augreni the Rooti of this Equatitn;

xx-4ax —bb=o, by the Quantity c.

Put x=37 —v¢, then you will have this Equation
T3t at—208—ac4cc—bb=o, whofe Rooté
exceed thofe of the former, by the Buansity c.

N

_ Exam. 3. To Diminifh the Roots of thig Equasion;
x* 4 ax42bb =0, bythe Quantity ¢, S
- Put x=2g¢, then you will have this Eqiation
Rt artecrdactoc—bb=o0, whole Rooi
~ are lofs chan thofe of the Equation proposd, by the.Qiian:
ity ¢ _ : ‘
| § E0Ro £
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COROLLARY 1

' To take away any one Term, except the Firft, from
any given Equation.
-Let the Equation be x% —ax} 4 bx* —¢x-+d=o.
Put y+#%=x. Then '

g +4”J’+5”’] +arytnt =+ xx2x
— & —388 —34N*—gni=—-—gxxx’

+7 b h2bn dbw=tbex

E el === X
4+ 4 =+4d
‘Now ’tis plain, That any Term, except the Firfl, may
be taken away from this Equation, becaule » was taken
at Pleafure.
So that by putting 4n—a=xo, orn="14, the 2d
Term muft vanifh ;
And putting 65* — 3an-{-b=o, the 3d Term will
-alfo vanith: ‘
After the fame manner any other Term in thxs, or any
other Equmon may be deftroy’d
Therefore, in taking away the 2d Term of any Egut:m;
I.ct the Index of she bigheft unknown Power be m, and if

‘
. the Cocfficiens. of the 2d Term be =k &, fubfYitute » ¥,

* in the room of x every where, then the 24 Term of tbn E-
qumm ‘il be deftroyd.

COROLLART 2

To add to an Eguation any Term that is wanting. .
Suppofe the Equarion was x* 4 ¢1x —d*=xo

Pue .
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Put x ==y — ¢, then,
gt gyt 62y gyttt =doxxxx
”» 4:+ l+ ,i'ﬁ: xx2

—dt =4

gy +6}‘j3—3c’j—d4=o.
PROBLEM 2

To Multiply, or Divide she Roots of an Equation,
by any given Quantity.

RULE.

Multiply, or Divide each Term refpeively, by'a Rank of
Continual Proporsionals from 1, whofe Ratio is the Quan-
tity given.

Exam. 1. To Multiply the Roots of this Equation,

xtax* —b*x=ccc, by 43
Mult. by 1 4 16 64 then,

‘We have x}-f-4ax*=166* x=64c>, an Equation
whofe Rooss are Quadruple thofe of the former.

"COROLLART 1.

chcc, an Equasion may be clear’d from Fradionsy By
Mulsiplying its Roass by the Produdt of the Denominarors
of the Fralion.

“Thus, i x* —2ax* 43 bbx —cic=o.
Muls. by 1 12 144 1728

Preduf, x’ —8ax*-}108bbx—1728¢% =o.

NOTE.
If the Coefficient of the 2d Term of awy Equation e
. »ot the Index of that Equation’s Dimenfion, or fome
Multiple thereof, the Solution will be incumbred with
82 Frations;
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Fradtions ; to qvoid which, Multiply all the Coeffici-
ents by a Rank of Continual Proportionals from 1,
whofe Ratio is the Equation’s Dimenfion.

~ CO)(_OL\I ART 2

Alfo, Equations may by this Rule, fometimes be
clear’d trom Surd Quantities; By Multiplying the Roots of
b Equation by the Surd Quantities to be clear’'d,

Thus, it x"'+ 2 ax3 \/2+8bbx’— 3x ‘\/8—2:1“

MuIt. by 1 ‘\72 2 \/8 4

Prode x'ofgax’16bbx*—8cix=8d%

Exam. 2. To Divide the Roots of this Equation
- x4 6axt—18 (31: x—162¢3 =o, by 3;
Divide by 1 3 9 27 then,

Wehave x3 4 24x¥ — 26> x—6¢3 = o, an Equs-
{ion, whole Roors are Ikirds of thofe of the former. '
COROLLART

Hence al(o Eguidtions are fometimes clear’d from Surd
Quantities, without being rais’d to higher Powess § E_;
Dividing their Roots by the Surd Quantity 0 be clear’d,

Thus, if 24— 2x? ‘\/z-l-gbbx’—cx \/8....2d4 ‘

pzv;de_by- | S \/2 2 \/8  4

e o te

puotsen %t —axd A bbx> — cx =Lt

Ang.
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"~ And 1fx>-—4xx\/2+bbx‘\/52 =ed?
Djvide by 1 ‘ ‘\/2 '\/4 2

Qyotxem x’—axx+2bbx'—' cdd.

THE SOLuTION OF EOJIATIONS.

1. Of Simple or Pare Eqaztz'om,.

That the Reader might know the manner of applying _
the foregoing Rules, we thought it neceflary in this Place,
to infert fome of the eafieft Queftions we ‘could ﬁnd.

And if the Mcthod of Solption here ufed be well ob-
ferved, the young Learner will find no difficulty in're-
folving thofe that are more intricate.

1, Qt{eﬂ One bemg askd bow old ke was, Anfwerd 1f
Lof mj Age be Multiplied by § of tke fame, tbe
I’rodu& will be my Agey 1 demami bis Age. Suppofe
it x. :
x g x 5%XX x x .
/Then ZoX g~ = 1o =1x, by the oueftion;
And 160x = § xx, by Multiplication ;

The;a,fore, 10=35x, and x= ﬁ = 32, by D,w/’

Queft. 2. One a:k’d a Shepkerd 1o jé]l bim a 1000 Sheep,
' who Anfwered, that he could not theny for be wanted of
kis Demands juft a5 many, balf as many, and 72 % Sheep
more than  he I«ad 3 How many bad be? Suppofe
lt x

g -

Then
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Then x+ x4 ¥x -+ 72 § = 1000, by the Queflion;
And2x 4 & x==1000 ~ 72, $== 927, 5, by Iranfp.

18
Theref. sx=18¢5, and x = -T”-_— 371, fought,

Queft. 3. A Privascer running ar the rase of 10 Miles
&n Howr difcovers a Ship 6 Leagues off, making away
at the rare of 8 Miles an Hour ; Idemand in bow many
bours cen the Privasecr come in with the Ship, Suppofe
inx hours, '

Then 8 x - 18==10%, by the Queftion;
And 10 x — 8 x = 18, by Tran/pofition ;

r 18 18
Thegef. i = 9 bows fought.

Quet. 4.' The Age of two Perfons A and B, being 100
Years; the Age of A- exceeds thar of B, by 4o Tears:
I demand the Age of each. Suppofe them x and j.

x}py=100 i+ x=100—Jy:i* y=30
Then, {x——j':—‘ 401+ x= 4oty abdx.:“],o. :
'Orthus,

suppofe x == Age of 4, then x — 40 == Age of B,
. And 2 x — 40 = 100, by the Question, theref. 2x=14o0,

Confeq. x = %3 = 70, and the Age of B is 30.

Queh.
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Queft. 5. The Perfons A, B, C, owe nee Money, bus 1 for-
. got both the Sxm and Particulars, yes by comparing fome
Accounrs I bave by me, it appears shas the Debs of
A and B is 471 of A and C, 711 of B and C, 88k
1 demand each Man's Debs. Suppofe them x,, and z.

SCxFr=47:  x=47—22., ,
Sx q=7l:-x=7z-—] A S
3=88: - y=88z=m7—24

Theref. =36l y=32).and x = 15l.

Queft. 6. 4 Gensleman boughs & Houfe, a Park, end &
" Gardens their prices were 4t 12, §, snd 15 but the
Sum of double tbe price of the Houfe, sriple the price
of the Park, and quadrupie the price of the Gardem, is
_Jo much greater than 10000 Pounds, as sthe Sum of the
price of the Houfe and Park is lefs than 000 Pounds ;
1 demand whas cach «oft.

Then 24x 415 x - 4x =43 x >by the Queft.
And 43x — 10000 = 5000 — 17 %
Theref. 60x= 15000, by Tranfpofision,

The Houfe coft 12%, Park § x, Garden 1 x%l

, ¥5000 -
And  x=—— =250, by Divifion,

Theref. the Houfe colt 30001, Park 1240k Garden2gol.

NOTE.

“That fome of the preceding Queftions with innumerable
more {uch may be refolv’d much eafier, by other Methods

Peculiar to cach;
But our defign is only to acquaint the Reader with

General ways of refolving fuch Queftions, whence he may
at Pleafure draw variety of Particular ones for his Pra-
&ice. And
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"And the Method of expreffing each unknown Quan-
tity by an unknown Lerter, we take to be the moft Ge-,
neral; bccaufe it ferves smiverfally in all Cales, and does
not in the lea& appear as if comriv'd : and therefore is
prefcrablc to any other.

‘Befides, this way candot poﬂ';bly firain the Imagl-
nation, nor miflead the Fancy, in finding other particu-
lar ways of Notation : For allthe Resfoming, it fuppofes,.
is no diore than what is immediately founded on the
Conditions of the gueftion; and all the Dedutions are
Natvrally drawn, only by reducing the Equasion thus
form’d, and fubftituting in the room of certain un- -
known Quantities, their Equivalents in different Expre(-
fions,

Thofe that ate able to judge what Method of ptoo
ceeding is the moft Natural will fee that we introduce
only that which ought to be known,and deferves atrention;
the which we have infifted on the more that the Beginner
might have clear and diftinét Ideasof, and be through-
ly acquainted with the Principal Foundation of all Ans-
bfis, that he might hereafter the eafier knoWw how to .

draw ufeful Inf‘érenccs, and make Methodical Applicati--
~ ons in the more Abftrufe Parts.

For Analyfis of all other Methods is the moft conducive -
to, nt not the only means for the Difcovery of unknown
Truths; and not only the PMatbemarics, but in General all
other Sciences would have bin imperfe& without ity
and the more they obferve its Laws, the nearer they
artive to Perfe&ion,

. Of .

. . m—— . ——
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~ OfIndétermined QueTtions,

Quett. 7..4 Compifision js*vo be made ‘of vhree higredients,
the whole -being 10 Pound Weight, she parsicilars are
‘worth 25, 45. and $s. the Powhd; ‘tis required 1
mix them fa, as that the Pound may be afforded for. 5 sl
How much of each muft be taken? Suppofe Xy 2

h =] e
,{n;nz : i 4‘; :t: 3 :._. .;; }hy.Aéthondmom of tthueﬂ.
Here’ tis, plam, the Queﬂ:an is Indetermmed bccaufc

there are three unknows Quamivies, and but two Equ:t-
imm‘

‘ Thercfore let the Limits of ary one of the unknown

Quantitjes, fuppofe g, be desetmined, which mybe done
after this manner.

Smtcxm—\to-y--z i——-—-——-——-by ?‘rm.
And y=15—33 Tﬁcrch:eq<s.

Alﬁ)x(:‘.lo-——ls "‘33“3)"'33"'6 {>2'{;/
Whenc&tbefe men whole Mmbm. ‘

S e —

24

Q\)cﬂ‘. 8. Awmrlm 31 ots, #'deercffd;ﬁ'ermjbxemﬁ

7, of 45 6, and. 'fxo qzmmjue, af wbhich be

mizld mix. 20 pounl toeight, fo a5 10 miake it 8 Outices

finés bow much mu8 be sake of egch fors? Suppole %,
7> dnd 7.

1 T
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Then x4 y4 1= 20} .
And 4x 4654 103=160 by the Queftion 5

6o—6y—1
;-'Tbcrefx—zo—j—-{-—!—i- i oq
And 1_40—2{: therefore 7 < 14+
Alfo x (= 20—40—3{—{) 2¢{—20:i¢ > ¥o¢
Whence thefe Anfwers in whole Numbers.

N R T ) x
11 7 2
12| 4 ‘g
13y 1 | 6

‘(@eﬂ 9. " A Grocer baving 4 [orts of Sugar, at 12d. 8d;
6d. and 4d. a Pound, defires to bave a mixture of
a100 weight made out of them, fo as sbas it may be of-
fordcd at 10d. ¢ Pound: bow many Pounds muft be
taken of each? Suppofe X, 7, 3, #e

u=1oo
Eﬁﬁnu 318516{141« =1I0X xoo}by the Quefts

Theref U==100 —x

Ans 8;i6§i4u—xooo—ux} by Tranfp. .

gt is s ey
00— 4% << 1000= 12X+ X< 75

Then {300—8::) 100 — I2X1. ¥> 50

Therefore fuppofing x (for inftance) = 6o ; let it be’
' fubftituted in _the Equations which cxprcié the Conidi-
onis of tbe Queﬁ‘um.

.

' Then

e e e et trf b MNJ
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Then 6o -4 7+ #=100
And 72048y46z7+4u= oo
280 —67 — 42
Theref, y =40 —3 — p=—a
And  =20—2u, thereforex < 10
But y (= 40 — 20—24—u)=20+} 4,
Therefore # has no other Limits, but may be any
Number under 1o. -~
. Hence, in takmg x= 6o, we have thcfe Anfwers in
whole Num&en. : '

6o]6o|60|6o|60|60]6o|60|60'

21122)23)24)25]26]|27]28]29
18l16]14)12f10|8]6] 4] 2

]| x

1l21314]1sl6171819]

And by taking x = to fome other Number between
its refpeftive Limits, more Anfwer: in whole Numbers
may be found. "

"SCHOLIUM.

From thisand the foregoing Chapters the feveral Praftical
Rules in Common Arithmetic are naturally deduced.

I. The Single Rule of Three, Dire&
and Inverfe.

Wherein there are three Terms given, two of whxch
are of the fame Denamination.

And in Queftions falling under this Rule, the Terms
';naybe difpofed in this order, viz.

T2 'T‘hc"
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“The ue'yzng Term.
Thato the ame kind,  >in the. Rlige : Then.
And that of dtﬂérem Kind )

Jf the grcmr} than the 1 I and rcqmrcs g
3d.be Q ks that.the. ah’fhoulclbe le/

than the 24. -
’Ihat 15y, if % T }rcq;urm.{ﬁ%’}
The. Proportion is Dired 5 Bllt

Ifthe greater than the 1ff. and requizes § Z%ff ‘R .
3d.be lefs that the 4th. !hould be kf&ite"?

than the 2d,.

That i xs, if! % s }regmres% Jefs }_ :

'I:Zhe Bmyamw. is. I:werje :

—i:# in the Direlt J;

A x g Rule:
.‘lﬂ—::—zim the Inverjé O

But in the Jnverfe )(x;ie, if the Zerms be placed thus’
wvige ’ o :

The Required Termis = <

The Q{l&mng Férm: - ﬂ
Thatsofthie fime: knder in the £'3.ds & Plaze 3,
That of different kind 2 d. )

Then cﬁe Work is.as in the Dm&‘ Rufcs
CoOROLLA RT

When the Rule of Tbree Dise& has. 1 for the 1f.
lem, tis, ufually called, the Ruls-of Praffice, from its
,regucnt ufe and ready Bcrfoman;cs, ur Camm Af' o
a:r; ; for, :

v ¥
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1. If the Price,, &e. of the Jutqger bean Alqmgm
of a Pound, .SMkngz &c.. 8,; :

6 1
I ljd mﬂ‘ u* Bat Gﬂz*m-:.
X 420 s 420 4%
e w(f 1n = -2* = .a:-*—-:;:zmw)m c&m

1? . l,d. HH 6&;4- w‘?'md&::;z‘—t:z:‘;u

6 s. 6
e w-(b-—-ﬁ 3. -—3—» 3.-::--—&) w2k skl
L ] Ll

Wigd : 1o it 340 . w? ‘[?“t“b_-’;':""‘?f:’;‘(-g

ooNse dem_ B oM
PE T ew T bk, 2% K J=17l

2
Jfrydos 255t 56}4. : w?but 2s=gh=100

u
R wg—'"—l-’é’fl :,-..;’g):zsl.-i-é»a: =s5kL12s

2. 1f the- Price,, Giv of ‘thi-IusogerisCompafed: ofthe
Azquan; Bartscaf.a Bowndy, mlm:g,~ &Go. Sy,

Ifxyd od: 84jd iw?butg d. (-‘2:+——s)=-:+lh
, . w(= ——n}--—-r-q.z-r—bezx a:::&;-:?’-— 3% 35 ‘
{f 1 ;d :7s ‘:.2641d : w?, but.7;.(;=;al. +§E’.'=)ZI' + ;al.

few(= ———f—i— = 661 -+ 261 -+ 45X 25) = 921.8%.

3. Alfo
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3, Alfo if 1lb. : nf. 121G (=) w?
Since 112 f. (=25t 4d)=25+1 groat,
Therefore w=1nX 25+ 1 fought,

‘The manner of Operationin the other Cafes of the I(:_dc of
Praitice cannot butappear cvident to them that through.
1y underftand what is here already delivered, therefore
this alone was thought fufficient; efpecially, fince
that Accurate Pewman and moft Ingenious Accompant
Mr.George Shelley, in his late Supplement to Mr. Wingase’s
Aritbmetic, has (amongft variety of very ufeful Compendious
Ryles for the ready Solving of fuch Queftions, as daily occur
in Common and Ordinary Affairs) particularly infifted
o the feveral parts of the Rule of Pradice, the which
be that would be farther inform’d would do well to
confult.

IL. The Compound Rule of Three,
Dnrego and Inverfe.

‘Let the Terms of the Suppofition with their corre(pond-
ing onesof the Demand, be'fo placed, as to appear di ..
relly Stated; then ’twill be either 3

1 2 3

A, B, G, A, B, G A, B

a4 by ,4 , ¢ 5 b ¢,
[

. C'ab' b "cAB .
\_vherecz AB > _Cx ,‘4: RS

¥og
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A:C:: For
. ___be
1. B.w.. } AB:C::ab: c AB-
_cAB'
2.{4 w“B b} Ca A:ieB: b= A%

EXAMP’_LB I

. ¥§Ee§ e {}‘: }in the ﬁme{’f%fpend i’ounds‘{;?

. Pme

ThchT:P:-:mt:p:M—T
’ . . Pm
‘For M:m:: P ‘M
Pm Pms

And T : ¢ ::——'MT_pfought.

' EXAMPLB 2,

¥h:}3o47 {L}ng,{?}Broad {T}ggi‘ '?’ _

Then LBT: W :: lbt : LBT =w.

For Lol s W T
. Wi Wib.
Alﬁ) B B' b R ,L . B"

Wib Wib:

And T:it o iB : ‘LB]ET -—-,An_t"?\‘lg‘ht;

. I, The



ILL. The Rule of Rifiowdlrip.
Example in the Single Rule ¢f Fellomfhip.

, M2 ° QL :
Suppoie %M% put _§J;§_int_o fhe Foivs Koik 5
: n .
&¢. &c. . .

Let x be the whole 'Gﬁn, or. Lofs :
Reqmied!he th, or Lofs of €ach of them. Thcn,

iFL Lx o
i =Ms § _
+1 & &
. __*L T
L h&eixi: 4 DIL T8 =M5 b5
Ix ws L 5
iz E+1.+z g —=ms§0

L &c.
I#+Lx+1x,&c. ~ ¥
(]

;°,L+L+1 i L+L+l,&c"“f‘.F.T§. T . =¥

M
Sup. Z put in igfor the Tmzc >3 Then,

"T L’I‘+LT+ & “‘1.%
o T LT x ~
LT+Lf+h,&c.':;:.¢ Lf u+1_f+y,,&c,"'“ +3
' lex s 'g
’e LT+1.r+1:,&c.—””
L&
LTx-} IT=

Foe LY LT,& x5t LTHLT, & .LT+LT&C~—8"
w. of
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1V. Of Redu@ion ind Exchanges.

Ex. 1. If 100 Ells of ﬁgxtwerp = 75 Yards of Lb’{xdan ]
How many Yards of London == 27 Ells of Antwerp?

a7x75

too A=7sL,:¢ t A=<1tLand 27 A= o0 L[=20%

Lyons
Amwerp
Frankfors
 Frankfort

) C 38 Vien#a == 247
Ex.2. 12 3 Lyons =
, ‘ Too { =) Amwerp=125
How many — Vienna = so

Ells of
Ells of

3sV= 24L:. 1L=135V
3L= sA:.xL:-}A:%{-V.::A:i‘;‘,—E—i% 4
o A= iasFii § A i F= 3350 Thcrefore
100 A=125 F: lA—HFf'SX24V’ T§emfow,¢‘.
. 10oX3X3§ .  soR100X3X35 .
1\VF=——"—"5" V'5°F"xasx‘;x_2; =35

129X X244 °
i  61b.of pepper 12 Ib. of Ginger
o QalbiofGinger oo ) 418, cf Cinmamon
: Y stbof Ciniamon ' WOrtNS 45 1. of Suger
& 11b. of Sugar ‘6 Pence Sterlings
How many Penceis - 112 1b. of Pefper woitth ?
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: ‘Sincc;
6P=12G:- 1G=1PQ C_“"G.
24G= 4C:- 1 G=+}C MRt PY P

o 24X6 24 X6 X3
— s e 60 Lo . s
§C=608:-1C= ,3_12)(.41’..1 =Tax4x6o
_ ___24x6xs . 12X 4X60X6
xS...; 6d""1‘2X4x60P" 1P"'—r2-4_x6x5— o
12X 4%60X6X112 : '
And T12P= 24X 6X's d==26884d.

That is, 1121b. of Pepper is worth 11 L 4s. Sterling.

V. The Rule of Alligation.

This we fhall Wholly omit as Imperfe&, becaufe ‘the
Gueftions Talling Wiider it are Indéterminéd ones, “which
this Rule, ‘as’commonly delivered, cannot fully Solves
‘tho’ ‘it may perhaps give dne or more Trie Anfwers, yet
& ::nayingt'bq thofe that are required fo.x'nprgfcnt oc-
cafion 3 , of ‘whichfeveral Inftances might':c_aﬁly be gi-
ven, as the Learnéd'Dr. Wallis has done in’ Cb. 52, Vol 2.
of his Works. : _ -

B as to Yhe ‘Solutions of fuchsQueftions', we-refer
the Reader to the Method already given for Sol
ving Indesermined Queftions , of which the Rule of Alli-
gation is but an Example.

V1. The Rule of Falfe Pofition.

1. Single Pofitions

Let A reprefent the Abfolute Number given 5
P any Suppofed Number 5

S, The
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s § The sum produced by P, whea order’d according
to the Conditions of she Queffion " ~'™ " !
PA )
Then —g~is the Number [oughs.
This is evident from the Operation it feif. -
2. Double Pofition.

Let P,p, be the 1wo Pofitions 3
Ee Their refpetive Errers, when order’d accerd-
£16Q ing ta the Queftion 5 e
# The Nymber fought : Then,
PewpE Pe B
IfXE,*en= Em’: 3 Ifiﬁ’:"”:‘-—g—%'
For fuppofe it were required to know what Quantity ine
to 4 would give 2 z. :

L I P =t X e p =#—%
Then 2 — x 4isnot=n4——n4—3aisnot =n 4
Therefore,Ez=ns—na—x4 e=na—na—34
And by Subdugion, becaufe the Signs are: like,
xawnygax=Ewne

JRESSEE---

ButP e=n34—=xg4, and pE=nxa—zx4,
Theretore, by Subdudion alfo,.
i

PewpE (=n3avvxs) =nX iiv;c
' " PewpE -
Confequently 7 = ——ﬁ;";—’e’——. by Pivifion,

LI P=n ¥ P8 —
Then na- xais not==ns, Ba—3aisnot=n4

Theref E=navt-xa—nay———C=n4—A4—34
And by Additign, becaufe the Signs are unlike,
gatia=Ete

a3 But
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ButPe=z4an-}z4x%, andp E_xan—-{ax :
Therefore by Addition alfo,

PetpE (=5an+tzan) ,-F--Hx .

Confequently » = —I PE by Divifios.

1. OF QUADRATIC EQUATIONS,
31 xx—ax { n }b—o,orx {+ }b, putyct-Lacx,
'Pgep 1yt a +7“=4J+-'~“§+} .
Theref. 7y =4 44{"'?1, and_y—'za{+}b|

Confeq. x =+ 1 az+ 144{4‘% bl ,
 2dfxx-tax { T }a,?o,or;xj;_ag { + }b e A pe—
Thenyy—ay+jse=—aytiasd T ds
Theref, yy =44 {“'}b,and;:-;:{_“:}—il%

| Confeq. x = —— »'- % §+§b|

Therefore if V be put for the Sign of any Term, and
A for the contrary, all Forms of Quadmxm, with theu'
J‘oluuam, wnll bc rcduc’d to this one.

Iff;V‘x Vb =o,then= /\ laztia FLaaN I,I:
Thefe .gq!miom may alfp be found thus;

LW IrESr=—e
%‘orm{z rr..;..dr:—}-w.

Singe
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-Since Ls1d= { :} » Therefore,

FsdidRis—id=5 —Ldi =,
And 4 e=s* — 42, ‘Thercforc,
d=s* —-4¢]%,and s=d? +4¢]%

But I477 (=td)=15 =27, and

S (=i =1d Fa]

-

b~
——
b%—l—c,-}-e:—[-.:,::tzu—-w!:

—gy — = — Ll L — ]

Theref. 5 sSF S5 —a

2 )+ _'e=+.x,di;‘_z_fi.mi
C s tre=—dTidd g afr

EXAMPL}ES.

1. I xx—gx=125thenx =46, or — 2,

2. Ifxx—25= 7; thenx::_‘_"8';',or1.i'z)gz§‘
3. Ifx* —ax—4-x=05-—c—d; Then,

rEye—iXie —jaqitb—i—qt

l
4. Ifx’+~1;-x=c, then ;

aa . 4 Fatgbroi —g
— e — e —
TEETa | T ST

$ox’mabx—cdxtefx—ghy=im ntpgr—sim

’!‘heux=-},-{_"‘_:i-g?+lmn+pfr—nw|%
6 xt—ax?=b, let x* =y, theny —gy=15, and

———

y=He R bR s e it

7.%¢ —
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7. x6—axiz=b, letx’ =4, ghenj"-a_yzb, and
y=ReeiTaf bl x=tataat bl
8. nx* —ax=}, thenx = %4ii’f‘;+.ﬂﬂ%

T 1
& aa b7

4 &
 an +’,{|

Thatis, ny=1%¢ :‘_*:J;_a‘ 4 5|7, theref, x ==,

N
e

ax b
2 ——— — v X =
For x2 = » +”’;

N

atbiniadli—ab
_?t —
22 x2 ) = — 4 then

JO. ¥t x* —m* x* ~ xE=—¢ th

0 3 4|+
1 _1_‘-};4 —n3 et 4wt ot|T

x=2_

9. nx2=}2abx=cdn, thenx=

T hn—mm

' 2+ 1|

s

12, nyx*td xt—e x2=—+a°— bS+-¢7, let d—e=3.

1. §Xx—4%=13, thenx—

b
2

Thenx =—itEitzta — b dxn "lil
ry :
Queft. 1. A Man bought a Horfe, wbich be fold again

for 24 1. and found be bad gain'd as much per Cent.
“us the Horfe coft bim 5 I demand whar the Horfe coft

a firft. Syppofe it cofty Pounds. -
Let 244, 100 =h
ba—by
Theny:4—y b :—7—?;], by the Queft.
Therefore
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Therefore 5y + by= ba, by Muls. and Tranfp.
Confeq. y = T_:}'- 1 bbl* —1h
" Or,y'=12400 4 zscor — $0 ==-20% fought.

" ‘Queft. 2. A Vininer bought a.parcel of Clarret and ({x

nifh Wine, which sagether coft -bim ¥20l. as for the

feparate prices, *tés omly -kmown -thas their Produd was

equal to 2700 1. Required whas each coft ?

The Clarret coft c

Then -Rbenifh coft 120 =
. e an—

And xzoc—-cc—nob

by the Qn_tcﬁm.

Theref, = 120%120 __ 2"7‘o'ol " 4129 oofought,
4 . 2
That is, The Clarret coft.go 2. "Rbenifb 30 1.

QueR. 3. ‘Having bought a” Quiinsity bf Goods, vize "rappn
Clmm, Ambergreice, their ptices were forgot, but tis
“lmown that “ihéy ‘wére comrimually Proportivnal, ‘ind that
the Pepper and Cloves ooﬂ 10k the Ambergreice 241
“ore ihan the Clovés ; *tie vequired wlm each coft.

The I‘epper ot "p, " then Cloves cpﬂr fo—p.

Thénp:'to—p:ii1o=—p: ’06"2:?""[’? oo .g
(1]
A\nd(IOO'—ﬁop—w —_ loo—3¢p+__£_24 i

_ Therefore p p —27p= 50, ,by .‘Mult. Trmj}:. and ij'

'Andp-z Zf?.’:.?mi =2,

“Theteforé Peppe? coft 2l Cltves 8V, A‘mb?rgﬂm 32k

1L O F
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I OF CuBIC EQUATIONS.

Al Cubic Equations, whofe fécami Term is defiryed;
may be reduced into thefe Forms xxx Fax—b=o,
That is, xxx Fax=-b.

Becaufe in thofe where the Abfolute known Qudmtity is

Negative, there ficeds no moi& than making the Roors
which were Affirmative in thofe, Negative in thefe.

. b ’
Ifx3 Fax—b=o, thenx* s - 7 =

And fince ibe {g&ﬁ}of any two like Cubes, 4 e%-

Diff.
Sum
Suppofe, b=m? = n’, and x =mTn, thén the

ally divifible by be of sheir Roots 5 Tﬁerefofé,'

Bguasion will be E3nm Fa=o, theref.n,:E‘;

. . a3 o . -
Andm} -l_-(”; =) 2"7—";,:6, then m‘—bmi=i;_7.4;
“Theref. m*'=§b+;'-f,-bb_—_*'-;}di,butmi;i-_,,s’__-u
Then b= '.b+1’/'_;.bb:o‘--z—;,,s;,,;’ Or
: i

w==Lb

I+

YibbXsyad,andm=m, i, e,

_ b vbh &% 3 b Bb av
. x""\/-;-l- ’\/z-"_’.";; = \/4.-—;1 ‘\/—I:."‘-:-;

Therefore;

1 If xitx-i-;i‘x =+b =0, Ther, }

3 2 3 - §;~
Fe VA VS Y bV
‘ T 2. K
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2, If xxx—dx-o-b—o, Then

VAR LI SVAT R b; 3

Having difeovered one of the Roots of an Equation, the ieﬁ
may be found by vanﬁon.

And as for Equmom of bnger Dxmmj‘ Gons, we fhall omi¢
the like Mcthods that might bé given for their Solutidns :
becaufe moré intricate and tedious for Pra&ice, than the
Rules of Numeral Exegef is delnvereq by Vieta, Hmm,
and Ouglmed which are yet abundantly nmpmvcd by
the Method of Infinitly Converging Series , (an Uni
verfal way of Exm&mg the Roots of any Equation what-
!‘oevet.) And of this Method we fhall in its proper Plate,
give General Examples, whence all poffible Particules
ones may be drawn;

NOTE
That Equations of bigh Dimenfions may oftentimes
be advantagcouﬁy rcdnced lower, by fome of the for:
mer Rules, or thofe that may eafily be deduced fro

thcm, according to the Methods of Hudden, Merry,
gthers ; and then the Solnsion will be fefs troublefome.

¥ EHAP
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CHAP. VIl

Of Qrithmetic 1opteflion,

DeriNITION I

Q Continued Arithmetic Proportlon,
xnd -

that is, wheve the Terms do Increafe
ecreafe 6] equal Diffevences, # call’d
Arithimetic Progreffion.

St,atdy ad-24,4a 3 d, &e. Mcreafin '
Thus h,z —, ai_:d ajgd &c.Decreaﬁrgg}by"

SCHOLI"UW 1.

‘But fince this Progreﬂ" oy is only a Compound of two
Serics,

B, . & .
vige °f34mmrop o,%r-d;-u-u# =34, »u,} &e,
Therefore the mok. Nattital Artrbvhem !’rbgy'qﬂ' i is
'&m wmca beg:hs With o

, -- . ) ;
Aso,‘_"d "*‘Zd "'3d _"4‘1 +5d {gg;::fﬁgg

SCHOLIUM 2,
In an Arithmetic Progreffion ;

Firf} Term

Cominon Difference
be the < Number of Terms

Lait Term

Sum of all the Terms

If

Rl A

Thea
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"Then any Three of thefe Terms being given, the o-
ther Two are eafily fozmd
And the feveral Cafes are reducible into Ten Propofisionss
which are all Solved by she Twa following Lammara.

LEMMA 1.

. 1 any Aritbmm’c Frogre(fisn

<
i

VCTis 1t ..4+7.:.
. (s 1. ¢
et ¢ I— -d a1
Far K¢424dp4< ! —24d>=<Ls+4 1>
a4r3d8 - Pl—3d - e+
. - (e RPN

s ..—_.‘ &t ixn
egixm '
'

tiafl:s

"COROLLARIES

Therefore s
That is, 2s

el A+

Confequently, 1 :

. 25 25—nl
o= - — = =2s5—2alX n
2s s 1
2.n=;¥l=z X Tzzsx‘——’l‘l'
2s 25—na Y

3. l-—-—”-—-a.-—..: = =2s—naX o

—_— nxa—l—-l na—l—nl ‘adt
4 S——x -i: 2 2 *"n.x 2' .

X2 L E M-
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LEMMA 2
In any +Arithretic Progreffion;
Tistin—j3;:d:l—a
{or, 8, ¢+4d, a42d, a-f 34, 41—y "d;.‘?

That is, » — 1 X d=1 — a, by Tran/pof;
Therefore 1 :m—1 21 d: ) —a

COROLLARIES

5 4..,1—::‘—-1)(4 2l nd+ 4

l—2a 1—a d
;.n:*—-d—-—l—l,. +

3.d§”—_—_-;:=l ax
47=¢+ﬂ-rl?<d_l+8d 4,
PROPOSITION 1.
G_‘ivcn a, d;n; quuireg 1. )

SOLl_lTION.

L. l=z+nd-—~d = ?—{———*bylenzd.and nﬁ

'Ihcn n4+nud——nd=z s—na, by Muls.
And 2:—2»a+nnd—nd by Tranj}. ' ¢

? ’rhcrcﬁ sE=n4 + —_— by Dwzﬁon.

AT
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PROPOSITION 2.
Given, 4,4, 15 Required, 7, 5.
SOLUTION.

pr=—g = 4+’ by Lem, 2d. and 1t a
Then 2ds;-..ll+ld—-a’+ad by Muit.
2, Theref, s =——— +Id-—2:’+ad by Divifiom
'PROPOSITION 3.
,Given? a, 4, 53 Required 2, 7,
SOLllTION.

R § —
Smcc l= '—’—”—'2—-4+nd—-d, by Lem. 1,and 2.

Theref. nnd+zm-—n d =2 s by Muls.and Tranfp.

—d 2
 And un+ n=—~byDzvt_[on,
M—l— dd—ad-{-zd:]"—a
1. Then n= : L4

}— d
And becaufe # = i‘i_-l.—_ ——;+ by Lem 1. and 2,

Theref. U4 di= 2d:-—-¢d+u,by Mult. and Tranfe

2.Thenl=2d5—2d+t4 a—hdd{‘-»,-d» by Comph
the sguar., and Evolus,

PRO



158 9wl Partrn§elh g

PROPOSITIQN 4.
Given, 4, }, s ; Required #, 4.
soOLuT I1ON.

2s 1—a-td
A=, T 4 by Lem. 1 and 2,

Then 24:—14—-4d=ll;—aa, by Muds. and Trquf,

Il —
g."ghe_;gfg == l by Dwdx’ov

PRQPOSITIQN Sa
Given ¢, #, s ;Required } d.
SOLu TI (0] N

2:-—-714
pl=— =atnd—d by Lem. 1. and 2,
Then nnd——nd__zs—zua bymh.and anj
25—2%4

2. Theref. d = ————, by Dzvrﬁm.

?RQ‘BOSITION 6.
Girenr.‘a, n, } 3 Required 4, s.
SOLUTIQN
l1—a

L d= —;::i—ax o

! — .
2.5—’1—‘——‘-—”' + - byLemmdl.

by Lemma 2. .

PR O
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PROPOSITION 7.
Given d, I n; Required g, s.

SOLUTION -

: 25wl
La=l—nd+d = > by Lem. 2. and 1,

Then 2s=enl—annd -\ ud, by Mult. ind Tranjf

2nl—nndtnd ..
T—by Divifion.

2. Theref.s::
PROPOSITION &
Given d, n, 53 Required 4, /.
SOLUTION.

Sifice l==a~}-nd=-d -_-:3-{-';‘715, by Z2m. 2. and 1.

Thenz2za =25 — nnd+ nd, by Muk. and Tranp.

. 25—nndtnd
1. Theref. 2 o= ‘_“—2—’1':t‘-"‘$1)y Di'yiﬁa”. ‘
< 25s—nl
Atdfince a2 —wd 4 d ===, by Lem. 2. a0d 1.

““Then 297222 s 4% nd—nd, by Malz, and Traifp.
25mnd—nd :

an by Divifion.

2. Theref. 1=

PR O-
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PROPOSITION o.
Given, d, J, s ; Required ¢, #.
"SOLUTION;
Smccn;;-z-_‘—i-i l—:—‘-d by Lem. i. and 2.
© Then aa—ad=10+41d —2ds, byMuIt.andTunj

1. Theref. 4=:1:11+1d—2d:+,dd| -i-~ d,
And becaufe, a==1—nd-} d="2 by].e’h.z &1,
Thcref—nud+zul+nd_u,by Mult. & Tranf.

d
And-—nn+—+—-n=—bmefan.

I5IF3 u+14—qur

[y

2; Thenn=1+

PROPOSITION ic.

Given, 1, I, s Required, a, &;
SOLUTION

2s nl . .

p =}—nd-d by Lem. 1. and 2.

Then 22} —2s=nnd—2d, by Mult. and Tranfp.

lo a=

. 2nl—2s
2. Theref. 4 =5 —a by Divifion.

PR OB
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"PROBLEM 1

To find the Sum of the Powers of any
Atithmetic Progreflion,

PREPARATION

"Suppofe » the Jndex of the Power.

Let each Term of the Progreffion be raifed to each
Fower, under that whofe Sum is fought.

" And let the Sum of each Rank fo rais'd be .mulsiplicd

by the Multiple of the like Dimenfion of & in a{-d|*=+*
Put 7 for the Sum of all the Prodads. -

And m for the Mulsiple of a* in the Power g—{-d[*~+*

SOLUYTION,

Thea I3l — 0T RS o
m

any Series of Powers whofe Roots are Arithmesically Pro-
porsional.
For. Suppofe the Sum of the Cubes of this Ari
© Progreffion, ¢, a-\-d, ¢—-2d, ¢-}-3d, was requir ed
1. adr+r = F ebd|*=at4ardtsard + 4ud '+14
And the Sam of this Seriesis 4a 64

Whicls Mulsiply by 4d* (the Muitiple of 2 ina 44 +d| pwi)y
The Produd will be 16 4d} 4244+
Alfothe Sum of their Squaresis 4 a*-f-12 ul-\- 144>

Which Mult. by  &6d*(the Multiple of 4* in s+ dl”""
The Produd will be 214' a2 + 72adi 484 4%

Yy - Thesefere
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Theref. 1==24 4*d*-+}884d* 4-1084* = Sum ofthefe Prod.
Towhichadd¢‘+44‘_. . (=adrrgnd i)

Sum is a*4-244d>-88ad ?+l 12d4(=a*+1pnd+1}3)

From J1d,*+ =114 d|*=a%4162’d}962*d* $2 564 d* t246d*
Subd.g*+® $pdr+* $7=a* X t244d’ 88ad’trradt
Then

Vfdl""'—l""'fnd“"" tr= 16a’dt724*d*$1682d% t 144d*

1643 d} 724 d* 41684 d} +144d
nd =) ad =44 ’+18&‘

+ 4244> 3643, she sum of the Cubes of the gwen Term.
Becaufe,

a isa
- )a- d|s¢3 axd 3ad? d3
The Cube of a-4-2dis 43 6a’d+124d’:t 8 d3
a-t+3disa’ 9¢‘d+274d‘+27d’

The Sum is 4a' 4184 d4-424d* 43643,
the fame with the Quotiert found.
_"Tisthe fame in any other Series for any other Power,

COROLLART 1.
Thereforc, In a Series of Laterals beginning with 1,
if 5 be put for_the Sum of the » Power thereof, Thcn
' I+|l"""-l+n+¢=m:. or,

;Ql_-Fx—]’—'x—,-—ﬁ =2
ST — 1t 3 eyl
ST —ibataiber =4l
?f_.f‘_‘-—ﬁ-i-#—i-f»s-i-xo:-}-xos ..53‘;1
o 5 5

Sl 1|¢ — +n+63+lss+zo:+xss=6:
S -~ b COROLg



Chap. 8. .- Palmariorum Mathefeos, 163
COROLLARTY 2 -
..Hgnce, when 2 =o, then =1+ 1, And ‘

?r’+l]’ —H-;J'ri 2”+3l‘+l 2

=33

;.1+114 —T +6”’+3"+ e =Y _14+zzs+l=_4:

Therefore,
yop L o S Y
1os= =—4 2
: 2P 1 l l ) + n ”
2 b= +3 + + P4 P——p+6_——u—-6”'

4 4ol3 ]2 T ald s -
3.; 5 -\—21 -H H—:l +'+; p=? +9£_.
4 4
&c', T e .
. COROLLARTY 3. -
But if the Nambepof Terms n be fuppofed Infinite
and g be ‘put for the greateff Term or Pow:r, ‘

' Ihcn':;jg, therefore 12+ 41 :: Y "ge
This Proportion will hold, whether » be Aﬁrmizie,
or Neggtire, Wbole, Fm&ed, er Surd Q_mxit].

DeriNiTiON I 4

~He Sums of Numbers in a Coutmu-
ed Arithmetic Propomon é;rom U-
pity are ¢sl’d Figurate or Combinatory

N nmbcrs. Tbm,
Y2 , If
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If 1, 144, 1d-2d, 1434, 1444, 1sd, 1-1-64,5¢.
be an Arithmetic Progreffion 3 then ’
1, 1514, 1410 ibad, i -t iaditad
. are Figurate Numbers. . o S

For the Units in each may be difpefed into the Form of
-2 Regular Polygon, ‘whofe Number of Angles xsd+z,
and whofe Side (s) is equal to the Numbe' of Term: that
compole it.

Let f be the Figurate Number,
s its Side, or Number of Terms compoﬁng it
e the Nu)nber of Angies (=d + z) "

?ROBLE‘M 2.' L
Café 1. Given Sy {l Requn-edf: e

SOL’KITION. -

Since f isbut the Sumof a Series Arithmetically Fr epor-
‘ nonal beginning vm’o 1,:by this Dcﬁmmx 3

(2] SX1
‘Theref. . ~—'+——- (= + -_) —-'_{, by me x,
Bixt :d——d+l'-l by Lemma 2-
s _, — :
2s+ssd—-sd :xd

bySubf

'(Conf‘eq. f= = = +

Café 2. Given s, a; Requlred f ; v
SOLuTI ON. .
-smemuq-z, d—t—e,bydwwmﬁ
Tmf ? a-a-—z:)t:hywimm
e :maf

/
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PR OB L EM. 3.
- Cafe 1. vaen 5 d; Requxred 52
' SOLUTION

e o d— disd

, 5incef=2f+§; .\'d= +:: ;-s bym.e.
‘25 —sd - PRILY Y

Ihetef. :;+*__,,+,xw.§?f, |

ot = TEET AT G

R

Café 2. Givenf, a5 Required s>
SOLUTION.
$ince d=a— 2, by this Definition.

Z ,_m+fxs+mf_xef1 thamg
Theref. ___‘_-—__- “aa—g »

anmnon III

e iﬁ. Pyramidals
Sum 2d. Pyramidals Care call’d
‘f_ éfl Pyramidals)

 from Unity

o

Pyramidals, beving their Namcsﬁ‘om tlmr
Number of,Sxdes -

COROLLART

"* Therefore in a Rank of ’“ '
Unhs - M - Laterals (o) .
Laterals g,,% Triangulars & ‘: £)3d s
Y Triamguiars Syt Pﬁdmtd. ;:. SYpb (s
lﬂ Pjramld k ;;; 2d Pjramzd sth )

&e

E X
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EXAMPLE

Units T I S5 S T S P O
Laserdls 1.203.4.5.6 47 8.9
Triangulers § 1.3, 6 030,15 21 .28 0 36 . 45
1ft. Pyramid. | 1.4.10.20.35. 56 , 84 .120 . 165

ﬁ.P_g‘ramid. 1.§.14.35.70.126. 210.330.495
(X :

1. Here ’tis evident, that each Figurate Number is the
Aggregate of the preceding Serics fo far.

2. That each Figurate Number is alfo equal to the
Sum of the pre_ccding one, and that abovc it

PROBLEM@

To ﬁnd the Sum of fuch Series, or to ﬁnd
particular Figurate Number ; by baving the side
- Number of Terms ump{[ing it given.

1 In 7 rmngnlars or Fzguram of the 3d. Order.

{ .Since ekcry Trianguiar Number is =~ d S'“ , by Dcﬁmt 3.'

 AAY-A AA-L4 aa
’{he ef. + ) ;‘— +4 &e. is a Seriet

of Tnanguhrs, or Figurates of the ;d. Order,
ss ..t-r
But A + AL~ l, &C. = 2—
’ s3 s2 s3ads3
And A A+ AA.-{— & 4, &ey =——\—;!'-—-+-;—";-
" 3 r c——
; ) , )

T iq

Theref.
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“Theref AA+AA+¢4+A+A+4&C. :’-l-g s‘+2:

is the Sum of any Series of Figurates of the 3d. Order, oris
a Figurase Number of the 4th Order, whofe fideis s,

IL In Figurate Nuwmbers of the 4thOrder.
sifasidas |
6

the preceding. Problem ; Therefore the Series is
A43A'42A A43442d o F30 420
s 6 T & &

Sinte every Figiirat of the 4th: Order is by

2A 424 424, &c=ssts g
) o4 9
BN H3L430, &a=o4e4+—, (3
41 a1 af P
A 4 A3 a2, - &c.:.{—-h +£—;‘:‘i &
st 6115246 "
And % of the Summuﬁbe pi _I; ! + !

which is the Sum of a Series of Figurases of the 4th or,
der; or a Figurate of the sthOrder, whofe fide is s,

Therefore, _
s’+x s.-l-o :+1 T

J:d:;s’+2: s-|-o :+x :-|-2
s‘+6:’+u:’+6: :+o :+1x:+2x:+g

',’24’-" .

is aF:g On.lez 3 ot the Sum of
M« cr 4th. a Series of Figurdres 3d. Order
sth. ) of the 4tH.

LAf E X-
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' EXAMPLE

Given, Fhe Number of Terms, fuppofe 8, in & Series of
Figurates of the 4th Order 3 .

Required, The Sum of thas Seriess or the 8th. Figurate
'O‘ftbe 5'b0 o’de'. o .. »
Subftitute 8 in the room of s, then by the Rule,

8 842 8
a2 B e, gt

SCHOLIUAM.

From what has been here faid, we may cafily Inve.
fligate that excellent Theorem of the Tdufirious Mr. New
ton, for Reifing & Biwomial, to any given Power.

For let any Bimomial (a-4-x) be raifed to any Pawer,
whofe Index fappofe #, (reprefenting any Number, 4f-
firmative ot Negative, Inseger o Fralion; The feveral
Powers of that Binomial are, .

1.4 1%

2.4 2ax4 1 x*

e

goa*--4a? x4 6a*x?4- gax? |- 1 x* :

5. & —\_544::_\-104’::"—\-10&’::’—\- gax*- 1x* :

g{. 45 \-6a5 x-15a%%7-}-208% 3 -1 sarxdtbaxs 41x%
(v. N ‘.
Here 'tis evident at fight; that the Ui of -

p . 'e . N -
Gl Lrmvine S o {order whofe Phe
th 3d. ( Dumber 7 34, Side 15 “P,‘FF

C43B Yof the  Carb. fed by N &
&C < &e oot
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Which being Subfituted in the room.of s, in the pre-
ceding Theorems (for finding fuch Figurate Numbers)
fhall give.

1 e 1

¢ n—o n~—=0

x—= — 1X—

. Biml Mo ¢ or S N—eQ NI

IR 1 X g ¥x.—l——x-_2—-—_—
M2 By p—o B0 N—1 N—2
x X X

&. " 2 3 ) .1x T XX 3
&C. : &C.

the " Uncie or Toefficiemss of the 1ft. zd. 3d. 4th. &c,
Term.
Therefore, the Uncie of any Binomia) (4+ x) rais'd
to the Power whofe Index is n, will be,
" N—0 Pl N—2 u—g n—4

lxlx2x3x4xsx6,&c.s.¢.

n—Q N—0 N—i #—0 N~I %—2
1.1X 1 I X 1 X .lx—’X"—K &c'
reipe&ively. Therefore
Far=a

‘#—0 ——1
AT x
7—0 #—1
. s el el bl
2—0 #—1 n—
- B sl
+= PY 3 a*=rx
RO P—f B—2 =3
S s -
b el S 3 - ':‘*
&e. -



x90 - Swapfe - Bart 15e&. 3
O Butting g = them -t ha -z ke TF Y

A g Faq =¢°
- - s Sl AF

N—0 N—I1 N—2 n— .
+——&-— —-x-——a'g‘ )

3 4
. ke

. Alfoputting A =18, Term, B=3d. C=3d. Damgth, ke.
it will ‘be,

2oy *‘+“Aﬂ-——84 o e
0r if the lndu b.. R thcn '
4+4g| " =a" 4—;Aq+ ——Bq+ ’§”ﬁ e,+ Bq, &c.

Note, That there are feveral other ways oi_ Inveﬁz‘gr
sing this Important Theorem, yet Ronc lm'e_wou)d be fo
appofite as this.

And we have infifted the mepa thereon, ba;aufc its
extenfive Ufe is almoft Inﬁm:e 3 fince tis not for the
Difcovery of one Immquaﬁa}one tm»ﬁ.‘qles. ’tis
not only Involusion, E'uolunon& Divifion by Fowers, or
Radica} Quagivies, 3ad-the like, 35 welk upmber: as
Species that it performs 5 But-it even Comprehgnds the
Method of Indivifibles, the Aritkmesic of Infinités; the Do-
q?e of Series: andin a wogd, there is fcarce any Inquiry

{0 Sublime and Intricate, or any smprovement fo Eminent
and
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and Confiderable, in Pure Mathemasics,but by a Prudens
application of this Theorem; may éafily be éxhibited and
deduced ; and that by a General and Dire& Calralasion,
in as Perfe& a manner as the Nature of the 7bing will ad-
mit 3 a few of which we fhafl Inftance.

L. To raife any Tri-nomial, Quadri-nomial, ¢c.
oF hifidito-nomial 46 4ny given Power.

Suppofe the Inflittdyomial -+ byt c3* +d1?, &
was to be raifed to the Power whofe Index is n,
- ...__'__’_? - 3 —_— .
Put f‘_ﬂ'_‘i.i_f ,;“.ic;l =% C.in the Binom. Theor.
Angl by czr 4 d3Y; & =x?
&c.  Then we have this Theorem.

eVt Fp ot =ar

-|--1:-4! - xbytep Hpi &e.|'
% g b R
L + & that is
Gbrte i &=t
+—’:'4 =t b 2

+—1-‘-gn-——;£di— 3 j‘i{i

” -
+ T et
7 B=—1 n—2
+—.—x_2_xT‘ 353 t,
n n—I
+ T xTenm e
2o
+ T md

+= &e. Z2
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And Multiplying both Sides by 7%, ’twill be
atbi et &efr=a" ¢ ‘

n
Frer by
n  n—i |
d = 1
-+ ‘4 .,c
+—x"—_—lx1—;34""’b’ et3
” n—
o X2t b
: n
+ T‘-—'d

&c. as exprefs'd by the” Anthor
thereof, the Excellent AnalyR Mr. 45, de Moivre, (in
Pbilof. Tranf. N. 230.)

Here ’tis manifeft, that

1. AL the Produdls, that cam be made fo as to bave
the Sum of the Exponents of the Lesters compofiug thew
equal to fome Index of she Power of z, muft belong to
v. Power,

« The Number, which exprefles how many ways the Lét-
of each Produd may be changed, mu!i be preﬁx’i w
Pmiu&.

Bat



bd
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But by putting A = 1ft. Tmn, B=2d, C= 3d D—4th.
&c. then will

g+4bz+c3* 447 & " be found equal to
R \ . A ,

1nAb
HRETEL

ahAc*:;:}_]_i_f ¢

24 .

lgnAd-l-chf—n;Tsz @

H 34 :

4nAei3n—1Bdi2n—2Cot1 n—ng
1 44
+anf+4n-—1Be-l-gn—z‘“d*zn—gD:i-m-4 Eb "

’ a
&c, where the La:v of Ceminuation is vnﬁble° but the

Al:ylmtwn to Pra&;ce is fomewhat more dnﬂicult than tbc
formcr. ’

1I. Of the Nature and Confiruttion of
' - Logarithms.

t&

From hence alfo, the Celebrated Masbemasician o,
Hallcy, Savilian Prof ﬂbr of Geomet(y in Oxford, among
the feveral admirable Difcoveries, and bappy Advances,
in Ufeful Learning , which he obliges the World with,
has (in Philof. Tranf. N. 216. ) drawn a very curious Me-
thod for Comftruiting Logarithms, not only compre-
hending all the Improvements that Mercator, Gregory,
and others have made by the Help of Geomesric Figures,
but fhewing with'great Accuracy, from the Common Pro-
persies of Numbers, (as moft Natural and Agreeable it
Zlvmgs purely Aritbmetical,) how the Logarithms may be
produced to any defired Number of Places, with far moré

Bafe and Expcdxtlon than by any Method known before.
Smco
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Sifice théf® Lagaitibms (dventéd by ¢hé Lofd ANiper)
as Jmproved by Mr. Briggs, are one of the fhoft ufefal
Difcoveries in Arishmeric, 38d he Démenftration of
this Method of Confirufting them follows properly in this
Place, andis fo worthy the Reader’s Knowlege ; we have
here inferted a Specimen of their Nature and Confiri@ioh,
according to Mr. Halley’s Metbod.

1. Suppofing an Infinite Number n of equal I(guo s of
Ratiuncule in a continued Scale of Propiriionals be¢ween
the two Termsof any Ratio, asbetween 1 and 1 4 xor

14 xl then 1 4% Wiﬁ be the Firft Méan of Root ef

the Infinite Power x +xu , anid Iek x be a Ratiunenley or
Fluxionof the Rasioof 1to 1 4-x, then
Geow2  —t ° +1! +2 e, -|-n
L ,11-{-: 1+x| 801-{-*[
SEEINN |

where ’tisévident, that any Mdex expreﬁ'es the Number
of Raiuncule contain’d in the Rarigof 1 to fuch Term.

2. Hence, we'may value Ratio’s by the Nintbe? of Re-
simmcule contzin’d in each, and may confider thiem &
Quantirdtes faigeneris, beginfing from the Rario of i to ¥
—o, being Affrnidttvé, of Negative, accordidg to theit
Increafe or Decreafe, above or below Unity. -

So that Ratio’s may be toone another as the Number of
fike and equal Retiunculz contain’d between their Terms ;
and tlieir Duplicate, Triplicate, &c, contains Twice, Thrige,
&, that Number. ' . Y

3 And
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3. Asd the Number of Retiuncule herwoen 1 and any.
Number or the Value (i. e, the Expanent) ot the Ratio of
Unity to any Number, is called the Logarishm of that
Number, as it’s Espmon Alyay dpduds very propers
}y 1mports.
Thus fuppofe betwaen 1oad 1qan Iufinite Numbker of
mean Proporsiongls, exprefled by 10000 3¢ jn infinitum.
Then between 130d 2, 1 and 3, xaad 4y v and 103
There will be 3010 &%, 4771 &% 6989-%. 19000 £%¢.
which are the. Loggrithms of 2, 3, 4, 1o, or rather the Lo
garishms of the Ratioof 1to 2, 1 to 3, 1 to 4o 1 to 10.
Soif the Ratjo of 1t0 10 1qo0 m Reti-
© Thatof xts g“.p’}ﬂ'f §¢oatams %2000 uncule »

Therefore, Logarithms or the Viues of {ﬂia’: are..
i an Arithwesic Pregre(fians

4. But becaule any Infinite Nzkmber of means may be
taken hetween the Terms of any Raslo, provided the fame

Proportion be every where ohferved ;therefore # may as.
well be pytfor the I.o&m:km of 1 to x4 x, 7. ¢.the Sum
of the Ratiuncule may as well be the Audex as the Numler
of them then,

. . . .
o IX, 2X 5, 3%, 4% ,8&unx

L 5 t"";l‘; ‘+;"4:v ‘+;l,) 1'*';‘40 & Lopen

Therefore l+81% —tmx (the Rarivncuia)

And iFEF—ixn=ni=L, 1+x

Therefore
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’I'hcrcf 1+9| Tes °£§’c.—1xxc00,8:c._xooo&c.x::_l.,lo.

—

And 1+1|?m8’:.—lxgolo,&o—3olo&ax:——L,a.

Whence, L, 14 : L, 17 :: Nxinz

And thefe Ratiuncule being hitherto confidered as ha-
ving the fame Magniriide in all Ratio’s 3

Therefore L, 1 4-%:L, 147 ::N:». Thatis

The Logarithms of Rasic’s are as the Number of Rati-
uncule contain’d besween their Terms :

But if the Number of Ratiuncule be fuppofed the fame
in all Retio's,

ThenL, 1+: Lyadgiix: 2, that is

The Logarithm of cach Ratio will be as tbe Fluxion
tbereof.

Therefore the Logarithm of any Number is found by
saking the Difference besween Unity and the Infinize Roos of
that Number.

Hence ’tis evident that there may be as many different
Scales of Logarithms ,as there are affumed different Infinite
Indices (n) of the Power whofe Rootis fought,

1f 33 = § 10000 €c, the Lord Napcr s } Logaritbm will
% = 23025 U, Mr. Briggs's be produced.

1 1

~ Therefore, put lixl' for the Infinite Power to be
refolvd 3 Then, ;

: 70 F—1 =2 o—
The Coefficienss being 1 % ==X “5—X 3'25 2
&c. when # is Finite, by the former Rules.

But
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i—0 o e
Bat—l—- —— R 1= i
5 —1 I I
7 Oy =0T

1 1 1 I
T(or;""—,)ﬂ an = émn 37
3 [ S | I

7 (or— Px 7 lam g -

And % being lnﬁniﬂ; Iwﬁmte, therefore that whichi
is divided thereby muR vanith: Confequerity the Cos .
efficients will be

1

'+ "L Rt 2": + 3,,’ 4;,' + 5”’ &e. ﬁﬂd

1
l.,.,".._..,4-_. =2 —x1 -a--;-; "'“ﬁ x4 == &e, Hence

-;;x x+££’+,x’.p;x4+ &c=1» l_xl'—x—Ll+x
And fince the I»ﬁum Index (n), may be afflumed a¢
pleafure, the feveral Scales of Logarithms to fuch Indices

will be as -&-, or Reciprocally as fuch Indices. Therefore;
if # = 10000, &c. as in Néper's Logarithmss then

g R Fixd4ixt Ke=%=L, 1 Ex.
But if ncither of the Terms of the Rasls be 1, they
muft bé reduced into fuch, wherein ore of the Terms

may be 1; Thys, \

\\
If thie Leaft be 4, the Greaseft b; let 5= bt-a,d==b—4,
b b b—as _ 4
g) e:b:: t:x+x=—".'.x=7—1=—‘ =7
B 4 b—as d
b ‘cc! f-x—b"x-l_b~ b ——b
Aa Thtrefore

\
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Therefore the Logarithm of ‘the Ratio contain’d be-
tween 4 and b, may be doubly exprefs’d.
Now fuppofe the Ratio of 4 to 5, was divided into
that of 4 to } s, and of Lstob.

ThenL,, + ’ b=L’b sfors sxT='?:b =7

b %s b Lisb b
Or L, 4L »_1 =Ly for;x;:m:;

a a4 5—a
g :-Sil'.:l:l——x"—"z“ M) == _d
< ECRY b b—1sC s

Ls: b..l l+x_,$ (=

for both Ratios thereforc
1 & D =
7 _1'2.‘.11‘;‘31'4:41‘ s;t&c'—A—L) g a&ls
v d 4 4 & & S
%5 et natome=b=L )& (15 &b

RuLE Te

1 24 a2d3  2d5 , oy
—x — % +§s—’* + & e=A4B=L, Rat. of s to b.

25 & ,_ _ab
And AnB=1L,7}) is (—-m or
d* : Vab Vab

‘—x*233*+454*+ 6366,"-1" L __‘

1 4
X 2?+? + 37 + W,ts’:. =L, of the Ratio
fthe Ggametrmd to the: Ambmema mean between ()
and ( lz) '

\.

 But
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But the Difference of the Terms of the Ratio, i.e.ts$
—ab, orfa 4 2ab4- b —ab=%a—Ltab+
S ='-'-—¢--‘.b|'- L d* =1 (inthisCsc): And put-
‘ting 4ss-¢ab=y, . (fincey =5, and d =1) it fol-

I 2y 2 02 02
lows, that —- x -J—+3f’ +”, -+ ”7bc. =1L, of
the Ratio between L ss and 4 5, by Rule 1. Whence

RULE a2

—y — f— -—
5 X +3j’+5]’+7j7+ ©e. =L, of the

xgtio between X s and Ty Which Rule is of Excellent ufe
for finding the Logaritbms of Prime Numbers, having the
Logarithms of the adjoyning Numbers given.

In making Briggs’s Logarithms, the Index (n) muft be
2,3025850, &c. as was hinted before '

For if the Index n be 100000000 &c. i infinitum,

The Loganthm of 10 will be 2,3025850, &c. as in
Naper’s 3

But that the Logmthm of ) may be 1000020, 9. as
in Briggs’s,

The Index # muft be 2, 3025850, &c.

And this Index, i.e. Naper's Logarithm of 10, may
be eafily found feveral ways, "either by the Number 1o
it felf, or by its Component Farts: But we fhall inftance .
only this w1y,

Since to=2X2X 2X 1% *wLyio=3 I.,2+L 153
therefore the Log, of 2, aad the Log. of 1 muft bcfoundf
to the /ndex 100000, &¢.

. \ Aa2 And
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(Aot 2t 2 1,2
And Nap. L, 2 is 3‘+'3""§T+5 xzc*’;i‘375§&&‘g

2

T2 L T
9 T3 93,‘1-5 9;+7X9 O O

Alfo Nap. L, 1} is

2 6 2 6 . 2 6,
But =P g7 =37 57 =3 &g. Therefore.
The Operatiay ftands thus:

vg: PR RTEEERURERE '%‘ 2 2,.-..0..0.,...
3 2= A 2222222222222|% A4 2 A 2962962962962
IA=B  246p13380246|3 B 49382716049
IB=C  27434842249|% Cc44C 13064210593
iC=D  "3c4831:805/3 D 338701756
3D=E 3387017567+ E -+ B 98531420
tE=F 37633529|+1 F 2894887
sF=G 418150374 G+ 3 G 876124
1G=H 464612)-4 H 27330
{1H=1 Tgi62af4 T2 1 8454)
11=K 57531+ K 273
3K=L . 637|4 L+ L 85
%L:M yal 3"{M ' 3
T Therefore Naper’s Log. of 10, is  2,3025850929940

> S

Or the Index () for Brigg’s Scale of Logarithms
which, by tontinuing the the Operation, is found to be
2.302585092,;‘394,‘045684‘017991454_,684{;64_20760: 104§

1
3628{1729160133338,&9’:.thcrefo\rc_-; will be
0:43429448 19032413296 51';2391891@60598%23*;27@
pho3ge65661 14454 U ‘

| EXA M-
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EXAMPLE 1.
o find Briggs’s Logarithm of 2, enly to 1o Places.
Note, That the Index muft be affamed of a Figwre
or two more than the intended Logarithm is to haves;
1 ’ :
therefore, in this Example, == 0, 434294481903 = 8,

d=1y and s =3.

2 1 2 I 2 1 2 '
Andgxs 33‘3‘,+5x;;+7xg,&c.=t.,z.&g,

8 1 8 1 8 1 8

Qr ~3—+?x;-;+—s-x 3—,+7x 3—.,&c. ;%L, 2.
Tbe Operation fends thus:

$a= As144764827300 | + A ==,134764857301
sA=B 16084980811 | + B = 4361660270
3B=C 1787200090 | ¥ C = 357444018
$+C=D 198580010 | 57 D = 28368572
iD=E 22004443 | > E = 2451604
+E=F 2451608 |+ F = 222873
+F=G 272400 ,-%G = 20953
$G=H" © 30266 3 H= 2017
3H=1 3362{35 I = 197
yI=K 373| s K= 19
IK=L ¢l = (
“Sam =1L, 2 == 0,150%14997826

X 2

Theref. the Logaritbmof 2 is  0,3010299956,52 I

ﬂut the fame Logarithm may yet be obtained muth
gfier and fopner from this Confideration, vit.

That
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_; te 1 1000 I’ 1.
That 21 T 102423 1024 X Jooo — 1024 3
Ln-r-’:"' La'r oo Ln'?'?? ' L
2 : = =L 2
There f. — o o L,1t0 2, ,'
!ooo 125_ 2
But L, oo st x gt i D

*253'3 253’ 5 253"
; 12§ 'zpd 234’ de’ 20d7 d
it Ly g ot gys t— 757 OebyRnLet - =¢.
Ixt x28d=A= 0.01029947387912
IxXqqxA =B =x 4827199$
ixqqxB =C= - 4072

SemL, .’3:,, (=L,32§)= 0.01029995663980

‘Add L, 2~ = 3,00800000000000

And % of that Sum is

 0,30102939566398,0=L,2.
EXAMPLE 2
To fiad Briggs’s Logarithm of 3.

. 4 A
Here d=2,/ s=4, therefore 5 =1, confeg. by &1,

L3= Bx—'" +—x‘+— 2t7 ,—25'&-

4 r B .
—;L,3?-= “+""'—+ s 32 X 5 e whence

the feveral Terms may be readily found by a Continual Dj-

wifion of —f— by 4, and thofe again by the Indices of the

odd Powers, each refpe&ively, and twice the Sum of the,
Quotes will be the Logarithm of 3 foughts

But
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" But the Logarithm of 3, i$ found abundantly fooner,
by Rule 2. The adjoyning Numbers being 2 (=¢) and
4 (=5

s =3 ‘Arith.
Ands, .0 = mean betw. 2 and 4,
Vab=1v4x2 Geom, .

And Lss=9, and 1sstab=9g 8= 17=y,
b { I
Xdaxz I therefore,

L. Vm_ 1
bV Th 1s =L, of 1to3, orL,3,

CTher,Y4%2_84 v 2 T 2 T & ..
Tth,—_:’—;‘-—-l—_’ ;xl—”+?x;?+—7~x?3"¢:

I ~L 4+le
AndL; oo —’\2 0451544993499

IX3xB8=A " 255467342296
TX5XA=B 294656680
$XixB=C S 611744
FX58C=D - ISt
The Sum is the L, 3 ©,477121254719,0

And the ame Logerithm may yet be very expediti-
oufly found by means of the Katio of 27 te ¢ x 3%

(‘"’“‘;‘j? 37, and s= 65573).

4 A
For SX3° 3° X P =30 Therefore,
25 [ ‘ Qr¢ :
L §x3° +La;? or L, W’-}-L,zu.{,,
8 8 -—L,3

But
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But L, 2* =L, § = 3,81647993062 .
‘And ',\’ x28 d‘s = 3:0004;3’;2708 1ft Step of theSerdes:

Sum i3 o =L,3*
And § thereof is 3'2;39:73 123;1;? :L‘,’g. .

Here the firft fiep alone gives the Logerithm true to
11 Places. '

Such Contralions, to expedite the Operation, may alfo
be found for the other Prime Numbers, by means where-
of the Series is made to Comverge wonderfully quick:
as the Logarithm

P77 [ gxatXs? I 1

1 ,x7:xl°1 34xl|3

i3 2 FX11X5%X2¢ 3x13?

17| § [ 13%2}x$? 317

19 L a4 T0*X17 1X 13219
69 23 o J 10X27 X34 o9 ;'ng* 1

29 | 8 | 17xa3x2sx7? 36x29?

3ty & 10617X 19X 22X 3?2 118x91?

37 | 3% IX17X29X2* Lu'xs?‘

L41 - 7XIOXIIX17 X2% . 37%x% 48

e, ) . ..

EXAMPLE 3

Tofiod Briggs’s Logarithm of the Prime Numbet 23>
from the 2d. Rule; as perform’d by Mr. Halley, in the
aforementioned Philof. Tranf

'rbe adjoyning Numbers are 22 ( =x4) and 24 (= b)
o d=2, s7=¢6, $ 5 =23 0d {55+ abor sF9eps28
=1Q57 =2

But
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But
th 1 __1 ‘/24&22 t ' '
i“ th e oL,—— +L’V24x2; L,; = L,23:
v 24Xéz B 8 L
A d L’ 3 s = +3];+5]’+7]7+9J’&C. b’& I

Since 2X2M2K3 == 24, and 2 X 11 = 22, therefore
' L,24-}-1,22
3L,2+L,3=L,24,andL,2+L,x 1L;=22.But — : + -

Ort, 1’41’ = 1,36:;1 g 12669061234$oo9t72659893
74

Ixyxd 4108746281014681434731588636

~x,,XA—- 12258521544181829460074
3",," B=C 6583235184376175
EX5XC=D 4208829765
Ix ;gx D=¢g 2930

Sum = L. 23=1:3617278360175928788677771 1224117

The Ingenious may for his Praétice, with the fame eafe
continue the Logarithm-to any Number of Places, by taking
the Index accordingly 3 tho the defign of this Treatife; and
the. marrownefs of the Page; determin’d our Example but
to few Places 3 in the Explication of which, we have bin
the more large, to the end that the Logarithm of any
other fmcompofite Nustber may be made by the foregomg
J(yle: withouc any Grther Diredtion. -

)

NOTE.

1, The Logarithms of Compofire Numbers are found by
Alding of she Logerishms of their Fallors; Thus, the
Logapithm of 6is the Sum of the Lagcmlmu of 2 andg ’

forax3ssé. o
Bb o t-q-
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2. The Logarithms of the Powers ot any Number arc
obtain’d by Mulsiplying the Logarithm of thas Number' by
the Index of the Power ; for thele Indices are Proporsional
to thofe ZLogarithms: Thus the Logarithms of 4, 8, 16,
32, 64, &c. are found by Mulsiplying the Logarithm of
the Root 2, by the Iudices 2, 3, 4, 5, 6, &c, of thofe
Powers refpetlively. Theref. ifx "=4a, thennl.,x==L, <.

So that an indiffereat Capacity may hence fee how.
‘the Logarisbms of Numbers are made to any exafnefs or
Number of Places; and therefore, how the whole Table
of Logarithms may be Calculated anew, or how ¢ne al-
ready made may be examined, with all -defirable Fasility
and Difpatch. .

And as for'the Tables themfelves; ’tis not thought
neceffary ‘here to infift on their various Ufes, becaufe
they are fo evident to them that underftand what isal-
rcady faid, and:fo largely handled and exemplified by
moﬂ Wnters oF Pra&ual .'Matbematzc:. ' .

co&oz.z, R T

, Hence allo, from the I.ogambm gwcn, tis- u[y t0 ﬁnd
what Ratio is_expreffes. :

ForL,x“"x(orL)-—lm l‘*"xf S l.‘_"x' |

(‘onf‘eq. |+L\"—- 1.z x, that is, eqnal to
1ZFaL-trn2 L2 3 +' WL ot Lée L nsLs &,

Therefore, if Naper’s Log.be gnven (fince 7 = 1000 &¢.)

A= L LR D L ol LY, &,

U “Wherefore, it one of the Tc‘rm (a being. the Leafls

and b the G’reatcﬂ) of the &tgm, whereof L is_the

$ g ariibin, be given; the other is readily found ; for in,

ﬁf.’ ‘log.{l=b§x I -:L+3L’ _&,“L',{_‘ ’L“, &.Co
K3 ] a
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Or let the next neareft Logarithm be call'd «, if Lefs, B if
Greater thanL,(its Num.s, or b)and L—z,0r g—L=fythen’
b}x|+4‘+ W] J\a—l-—'-é S+ IiL%, &G = N,
the Number anfwering to the Logerithm L § where the
Series converges according to the fmafldefs of &\ .

And the 1ft. Step a-fa 9, 6—b P, or 4+n ad, b—-n b J‘
ferves for the Commion Tables.

Y=

Where the 1ft. Step only. is- fufficisnt for Practice, i
Tables exceeding any yct extant.

R Bt PO 3 S ' o —
Ai}-o&.i—l-:_l_}éy. S 444’{‘\ +3;4 J&c._N. .

i € _¢+,_,J,andb L“l"

IL. Te A!;‘.xtra& the Root of an. lnﬁmte Equatlon.
. ,§upp0{e » for. mﬁangc : ‘the Infinite. Equation to be
43 b o b Al EGe=ay 4Byt by -+ Soh&e,
Put z==A y=+By*+Cy +Dy*Eys,&eThen by the 1f.
41*»—-4&0?" BXyiteCXy't.wDx y*t aE %)

= bA’ 2 B: :; § 26BC:
s T‘KAB ‘PzﬁbAC 1 256AD:

b Y AL 2 t cA’ : f;:A‘B,. + 3¢AB2: &e
2t : ,‘_’_: P -t geArCe
tizr=" : "t 5t oaas s "t 4dAB:
1-:'{“"" : o : Tt eAt

&c.:aaxj'}ﬁx)' T oy %9t 9 Xyt ¢ xyS&c

Wiherg ’tis ev;dcnt, by comparing the Coeffivienss, That
Bb 2 A=
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s .
A::-;
B~—bA?
4
y—2bAB—cA3
a

J‘—bB’—szC—;u}*B_—:_d__A_‘_ ‘

B =

Cax=

D=
_ t—2bBC-2b AD—-;:AB‘-— A’C-4 A B-eAS

&c. Therefore by swﬁ:mm, v

v 2

L4 *-7.7 .

B—bA? o

T -
a—2bAB—cA?
— .”
. ‘, ) ’
d~bB*—2bAC—3¢A2B—-dA* .
t—2bBC—25AD~3cAB2~2cA2C~4MIB—¢AY -

+ p) - 7. j‘

&c. Which is the Theorem given for this purpofe, by that
Ingenious Mathematician Mr. D¢ Mowre, (h Pﬁthf
Tranf. N° 240.)

" And the Obfervatigns made for the é‘vmmMee of zlus
,\‘enc:, are hcnce al(o manifeft ; viz. /

1. Tha cach Capital Lefter is equal to the Coeffi-
cient of the. Iem precgdmg tbat where it was ﬁrﬁ

exprefsd.
2. Thay vhe W#Mﬂeﬁmﬂ mﬂ'#

m‘ﬁa.‘ h
T s - ’.ﬁ

Lo
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3. Thas the yt. Term of the Numerator muft be & re- -
Jpelive Cocfficiens in the Sevies, a y 4 8 y2, &e

4. That the Capisal Lesters muft be Combin'd, as ofsen
88 the Sum of their Exfonems cam be made cqual 10 she
Mudex: of she Power to which shey belong.

s: That there muft be . fo many Capitals i eech Term,
as are denoted by the Expomemss of the fmall Letser om.
nex'd. e

6+ Thas the Ctpxul: of nw; Member are upouo of
fo many Permusations o are e!pref:‘d by the Nwmeral Fz-
anes: preﬁx'a‘

‘No TE 1 'rhe Qmmm 4 b t, &c. ¢,£,7, &c.
are taken at Pkafure Therefore may each reprefent an
Inﬁmze Series €if need be), or any udcremmd Onanti-
ties; Confequently, if the Equmon involve mere than
wo indesermmed Quantities, fuch alfo may eafily be de-
duced from hence.

NOTE 2., This Theorem may be. made Infinitely
more General, by Subflituting »% 7 2%, y ", &c inthe
room of 3, 3, 53, &c. and putting gemerd) Wmfor
particu lar ones in the other Indeterminases, then proceed
as thele Exponense require:.

And thofe al(o may be made Inﬁmtcly more’ G'mgrd‘
by abferving the foregoing Method.

418 To Inveftigate General Ways of Extraing
the Roots of all forts of Equatlons '

Suppofe any Equation whatfoever, as,
L AL 2 N TN X eIy P lak ) » & Azze
Wbcnce A is the Abfolnte known Quantity 3 '

x the Root required

n the Index of the ngbeﬁ Power 5

x. a, ' c, &c. the refpe&nve Coeﬂium:.
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Put k Y hmnnm anmzy, takmat Pleafnre, tho’ the near-
et the True Root the better) ZEu (an unkmwa Quantityy
_egual to x ; then the Equmon wm be ... ..

) § k "'ul-- % 0‘k+ul'- l' b km“l,— :, 60- ‘o qA—-O, or

T g0 " N—
—"12“"-0““—0B~1x""—_& h"-ax“u’&pc

n—1 n——:k,,-,
skaxb .. a——;?‘?xu,.. i S xuﬁ,&c

S L) ;’ G YN
FhXEP— eon—2 Wee—7 x—-z—* 'xun,&c.

s . . M—4, w0
»‘i‘xpi;"ﬂ_gi’~4xu —-éx 24"‘)§uu,&c

Ay b

O s st et ‘

AT e e S ,

R AT \'VW I '-:\‘.-al ‘o
P ) X3 q .o &Fo

,\1

1. Now‘lf? Irejeéling tlie" Pomrs of «, and ehéir Coef-
ﬁuemr, ftmaybe exprefd by'a Simple qumn, and
“and its True wakie found By rcpe'atmg the Opermon fo
far as is neceffary- b

For fince u is greater than ‘it fhould be when’ it has a
- Pofitive, but lefs when it has a Negative ﬁsn therefore
’tis plain, that if the ﬁtppofed’l(qo: be lefs thah the #e-
guired Rooty the following Operagion will make, it greaser,
and if 1tbe greater, *twill continue 1’0, tho lej:c than the
former, therefore the Roor muft’ neceffarily o verge ; and
after an Infinise Convergeusy (if peed be) muft become
£aul to-that fought : . And. therefore alfo the refc of the
of the Terms may be fafely re;eﬂed, :

E

~ Theref,
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Ak Zak" = bk =2 ek -3, (9’:..

nir- ‘*n—mk' Y R n—s

And fince ktu=x, by J‘uppof mﬂ, there"ore
A+n-lk "—l-n-zdk"— e Y L 2 4n_gok* 3, €5,

- onkr - '—m—-nak"‘ 2 bn—2bk* — ibm—g ck"—%, &,

. Whence Particular Tbeorems, (agreeing with thofe gi-

by the Learned and Ingenious Mr. Rephfon, in his' Ans-

bfis Equationum ) are eafily drawn, for Extralting the

Roots of all forts of Equmom, however C‘mpounded or
Affeded..

Theref u=

2=

And whatever Term is wanting in the Equmon,
muft be omitted in the Tbeorem.

As 1. Yor all Pure Pomr:, ive. if x*=A,

—1 b"
Thenu—”': —F ,andx_A.tf_'”
2. If +xx—_c-¢x._A, then,
_“A—k=:..¢k i Ap2
= T okwa adx= g

And the like in any other Equation.

NOTE, That k may be taken at Pleafure ; thcn in
renewing the Operation, if you ufe the .
F:rj} Thbeorem, Let c:omi Tbeorem, Let

: §k"‘ %1&% gzg % 2d. P |
2d, ZFu=J23d. x=<3d. >k
3d. 3d. 4th. % S %ahg »

11 Sincex = -}- u, by'.‘.’uppaf tion; Therefore ‘

) ”n B Rl
XY=k" ..-—lz""u..—x~;~k'—’uu O

And
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Andifx'bc{g'f‘}:"} than k% “twill be g+ u: \
id = lx”:l P ) i _
;et(x"wk'.-:.)‘;'k' oD Tl B =m

“Therefore u taken équal to

bttt s
-

[ »
—pe= (= Doubles
a—_'-:’:—x ”—-,?—k‘ - tu(=b) Triples

n—1_ n—2 S
b-r";l‘ XX Prmiad(==c)  Quedr

5 n—t n—2 n—3

— 18— a— uin’-
L‘i,‘x 2 X3 Xt 4y (=d)W )
&c. &c.

the Truc Figwres in the affumed &, at each Operation.

. —_ , OF
Slnccgu—-”kn—t ﬂl"'_—i--;-}tr—:—};k"—.u

Therefore ’tis equal to

» — O m
—— m "I
”k'“'_ﬁ:%"f-fnk*"x,;'l. =i Akt em
. mk Co
That is u= ===.——» which is the -R&tione}

nk*xin—1m
Theorem given by Ms. Halley, (in Philof. Tranf. N. 210.)
-for Extrafting the Rooss of ali Pure Powers.

Alfe
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Ai(b, *ab- ‘ut-inn- nP— ’uu,&c.—;-m,' by Zp.

Thenuu+ L PP, — by Equal Divifien:
n—1 tun—nk*-3

Andu—_,‘,a_k_.-%- k I“ ;—-— ; Theref.
r—1 pe—il “Lun—nk"—?

(k'*m]'ork*u_)x——kf__’)aq. l B

n—1| T~ twm—ni®—3
Which is the Irrational Tbeorem given fok the fame
purpofe.

Nose, If the Root of avery bigh Powér be req{ured'
the renewing the Thedresn will be fomewhat troublerome :
Therefore having found 3 or 4 Fxgum of u, the reft
may be attain’d mich eafier, by applymg the followmg

Correion, vig. ifitbe kb u. .

—-n—zx’—b""'—n-—zx—n—;x"—‘l‘ zx-n-;x—n~4x’ &

S * 1 = .
—i k-. thn—nb—2"™ x2

1n repeating the Corre@ion, the u laft found muft be
ufed 3 and in the 1ft, 2d, 3d. &c. Correltion, the DAP
dend muft have 2, 4, 6, Uc. Tersis.

Alfo the Divifor muk be corre@ed every Operision, by
J‘ubdn&zug, Jor Adding the ld(t Corre@ion, from, ot 0 it;
ifitbe k= u,

Thas, if %365 = 1,06; *tis found with wonderfql fi-
cility, by only one Suppofision of %=1, dnd Com&m:,
fhat %=1, coel$96535874329474417154» o which
would have bid an intolerable Labour to pcrfomw aoy

ather Method.

& it Wi
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III. Whence alfo may be had variefy of other Theorems
. for finding the Roots of Equations By refaming the
former- General Equation, where
A=pesqu..ru. sud., tut,, 0.
And for Equatiens under the oth Dimenfion, the fol-
lowing 7able will abundantly affift the Pra@itioner 3 Where.

¥9a'd'xso.bx7000x‘oo lx'-.€x4.cfx3. .gx’..bx. 'A=:Oo

9 | 8- S s |41 3 2[1]

7 — —ar e |
Bl ot 5| k| dbs| ekt FE| g B BHA

9F*| 8ak?| 75 k5| 6ok sdk34e k3 3f b lag | h [xu

36 k728 ak®|2 1B k5|1 sc k% 1odkii6ek? af b | g Ixu?

Ih ~ [ay~

84k°[s6 ak®|35bk%|20c B [10d B2 |3e £ | f IXu
t [126k% |70 ak* 3sbk3|tsck?| sdk | e X u*
?,W ;6_4?215}2’ 6ck| d Ix u‘l
w| 84K (28 4F° E I EY
738k 8ak || Xw

MBS

* 1."Obferve, That the Terms in the Ranks p,r, 1, &
muft have thé fume Signs with their refpeétive ones in
the Egnation, o
iﬁ:g.'zlf ithe kp, thenku=x. .
3. If it be k== u, then the Termsin the Ranks 45,7,
muft-haxe the fume Signs ‘with, or differewt from their
‘refpatixe axes-in the given Equation. -
And fince Perqeerutaisus o, tut, & o A=0, "
“Thenp=i.qu..ri*.. . Therefore u taket =to

.J‘*:.w L ‘?;’;felf’ The True Figures in

N7y s Quady.. ¢ the affumed. k, at
Coy ru, s, 1 yd Quing, ) €ach ?I{f’ﬂt{ﬂ?f-_ .
&e. &e. Since

R P se



_Chap;' 8.  Palmariorum Mathefeos, 195

-~

Since n = q orq___,,ru °r1‘_*'5g—qqi 7
9

Theref. x = + —q%f:r s which is the Rational Theo-

rem for finding the Roots of Affe@ed Equasions of what
- Power foever.
Alfo becaufe quXru=+pby Suppofzwx.
Therefore, if p and A have like, or unlike 3 orp and r,
‘unlike, or like Signs, ’twill be k-, or Iz—u- and
u= FLETTET Ly jx=kkE q"’:,q‘ll"-P".
r r
which is. the Jrrational Theorem for Joing Affeted
Equations. . .
And by renewing the Calculasion ( if need be) and
taking always the x J4ft fourd for the b in the New £~
quation, ’tis eafy to proceed togany exaltnes. But i in-
ftead of renewing the Theorem, you may advantagioufly
ufe the following Correion. -

sui, tut, vus,wus, Ge.  Lsut,Lrut Lous O
axiggEprls O 3gqEprE
according as ¢ and r have like, or unlike Signs. Where, °
in the Dividend, thofe Terms of the Equation that have
the fame Signs with’, or different from 5 muﬁ; be

-, or—.

And, in the Divifor, % qq Fpr contrary 1o, or the ﬁzme
with the Sign s, if it be k —u, but on the contrary, if
ithek + .

Alﬁ), in repeating the Corre@ion, the Divifor may be’
correfted by Subdubing, or Adding the laft Corre@ion
multnphed by ry from, ortg u, if s be Aﬂimmve, or Ne-

Vig.

Cca - gmw 3



196 Synopfis  Part. 1.5e&k.3.
Lasive 3 Then if g and » have the Jame, or differens Signs,
the new Correlfion muft have the ﬂzme Signs with, or dif-
fmnt Signs from 5.
EXAMPLE.
Suppofe the Value of x in this Cubic Equation
x3 <438 x* — 7825 x — 98508430=x 00
orxxx -t axx~—bx—A=o0. was rcquired
Let x =k u; (whichk ﬂxould be aﬁ«m‘d as near as
poffible’ to x, becau‘l’c cnvenient, but not ncccffary) $
, thcrefocc, .
1. Suppofc k = 3co0, then
%t =~ 27000000-27¢000 % 4 900 utud
4 ax* =+ 3942000c+2628c0 4 438> . (_
sbx . - C—

= — 2347%00— 7825 u -
—~ A" ==—098508430

—34435930+52497su+1;38u==o R
“ P+ qu A ruw=o ox=btu

Thcn by the &nional Ibcorm

" % (== -__—) = 56, 2; thcrcf xt_k+l¢)—3‘6 2~

1+
And by the Irr.monal T bearcm

,qq+fpl =575 therefx (=k+w) =357+

2. Renew thc Qperation ; And let k== 255, then,
x'—-+451180x6+380208u 168 u-4us
o} ex? = §5510368-1-311856 4 4381&z
—bx =— 2785700= 7825u : i
~ A =x—98508430 '

—_ 665‘)4 684239u 1506 u’-—o
i, i ¥ o x=lz+u
Thcn
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' Then by the Rational Theorem

“ <=,~’—'-;;) =, 970894 " X =356, 970894 —,

9+-q‘

* And by the Zrrationa} Theorem
(-—4‘ q q + "Pl q =, 970898 u'o.§'= 3;6,970898‘*‘

N

Or ruppoﬁng k= 337, Then,
x) = 445499293~ 382347 u -+ 1071 41
+¢x’-f- 55822662—312732 -}~ 438uu
—bx = — 2793528+ 78234
— A == ==98508430 ‘
ive. {izoooo—-—ésngui 15°9"u=°}°.°x=k-—u

P — 4qu ruu =o

Then by the Retional Theorem

8 (= =,oz9log18169'.°:=3;§,97o8968183+
T~ [}
- And by the Irrational Theorem
u (-—’ —igg—rpl ) =,02910318180, therefore,

r

x= 35_6, 9798968x82--

1f more Accuracy were required, repeating the Ope-
rasion, or applying the Corre&zm, would give any defi-
red Number of Figures true in the Roor.

The vaft Advantage of this Method, beyond any other
whatever, will be cvident to them that judicieufly
examine cach 5 who will alfo find it, confidering the fe,
veral Compendxouﬂy ealy ways of apemiax, togethey

: : with
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with its Swiftnefs of Comverging, (0 Compleat, that
no Ufeful Improvement therein can be well expeéted.

PR

CHAP IX.
of Geomettic 1Pwprelfion.
DerFINITION.

Continued Geometric Proportion,

"\ that i, where the Terms do Increafe

or Decreafe &y Bqual Ratio’s, & called »
Geometric Progreflion ; rbas,

&, ar,arr, arrr, Sc. ner. ' Mult.
4 4’ . . ’ . {_from a Con- b
8y —y —— y —— 8. Decr. C tinual yr

rrr’ rry Divif,

SCHOLIUM 1,

But fince this Progreffion is only a Compound of two Se-
ries, Vige ’ )
¢ S Equals Ay 8y 4y a4y . 4y 4y g -
Of{Geom. Propore. 1, 1,73, 3, 13, 17, ¢ 5
Therefore, the moft Natural Progr-ffon is that which
>
begins; with 1. . ..+ :
X r r? r3 gt s . )
Bs — — — 73 _"Z ;
| SO LA SLAS SR SO § S&c.;-lmrequg.
f.6. I, ryr?, r?,.r“,,nr‘ o
1 1 1 1 I e
ENr IR T ‘}&c. _ D&‘c,r'c;ﬂ/"wg.'
- ' SCHo-
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SCHOLIUM 2.

"In Geometric Progreffion 5 -

4 Firft Term,
rf atio.
If <> be the< Number of Terms.
1 Laft Term.
s Sum of all the Terms.

Then any three of thefe Terms being given, the other

$wo are eafily found.
And the feveral Cafes are reducible to Ten Propofisions,
which are all Solved by the Two following Lemmata.

I. Of - Increafing Progreffions.
LEMMA 1
In an Irtreafing Geometric Progre(fion.
a, ar, at"’, ari, ar4, a'rf ars, &

Tis 1: 7 12
For azar::} 1:

But ¢:ar:: byC‘otr Tﬁ 2.
_ Thercf. 13770 :—l : :—-zz, |6

CMULLLME&

: s—l :S—4a.

3. 4 = s-}—ri—r:ﬁrl—-,&x r—g-
r:—s—l—a a+r._;xg S—2

4"— ’ S r—t —

LEM’



200 Symopfis  Patt 1. Set. §:
LEMMA. 2
In an Increafing Geometric Progre(fion.

Mis 1 2 i 4l
For a4, ar, ar®, ars, art, &c, art =1
Theref. 1: 7 i1 a b
‘CROLLARIES.

,i.‘l = u“‘°' = ax rm?
M
2. 4 =n = X .
L, Li—La , .
3'”=(L,r +1=)- Iir +i

4 r =Tzafrr
PROPOSITIONS.
1. Given «,7,7 ; Required /, s.
1.1 = ar™ (=aXr*:) bylem, 2.

l—a
But r::r;_—_r by Lem. 1. And rx 1 =4 r* by Muls.

. .— .— . » .
2. Theref, s= - : o ‘ (=ax rr__:) bysubftitution.

1. Given 4,7, /; Required s, 7.

rl—a l—a y
Los = =r—1+l) by Zem. 1.

28 = L"f_—+ 1 bylLem. 2.

PR O-
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II. Given a, 7, s Retjuireci Iy n.

I -_-:_#l:f (=ar*') by Lem, lf}.mxédz

Then  7—ix $+4 (=r X 47"')""47' by Muls.

Amd = ""‘"‘" byDivlf:BitrL = "'"“""
2 Therefln:l"—'ﬂ'ki-:l'—‘ by Diifion. .

Lr

IV. Given «, b 53 Required 7, 7.

s—a

. r -—;— (..._.s—l x —) bylm.l.
Lyt . L,l L,s
20 And — .. -
#(= L,r +!) L,: —a—L 55— ln'-l (byl. 2)

V. leen ans; Reqmred ryl.

Smce ’+‘ =I) —uN byLm. lﬁ and zd.

'Ihcn Sr—griz=s —g4 by.Dx-uy' and Tranﬁv
S——g

1. Theref; — r» -|--r—-— = - — 1,by Dmf

4

Andﬁncel._ar",andr—-—-i,thercf. =4 N ‘—‘l

2 Thcrcﬂl);:-tl N P by Muh.

& d V1. Givea
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V1. Given 4, n,,, Required r, =

: —_— 1-
1. re=1J]= 2l by Lem.2. But ———5+I='r byL.1

2. Therefis=

-+ 1, by Subftisution.
l——z}rx —_1

VII. Givea r, n,/; Required «, s.

—-—a
1. a= ;:;bchm. 2.But ——l—— 5, by Lent, 1.
!
lr—

yrex Ir*—}

2. Theref. s = v bY subﬂnutxox.

r—i  r*—

VIIL. Given 7, 7, s; Required «, 4
Since sr—sfo=ar* by LZem, 1ft. and 2d.
“Fhen sr—s=ar"—a (=axr®—1) byTranp.

§re—3$ '—-l
o Therefoa= —1 = 1

(%S by Divifion.
4
Qn,d fince s.—.:-—"—;-;:byProp To® ot 6T s 1™ ':Ir b H
sre—sr
r"—- 1

2. Theref. I = by Divifon.

IX. Given 7, /,s; Required «, 7.
t.e=strl—rs (=lr—sxXr—1) by Lem. 1.

P l
ut;("—"—’;‘_r,m):r"' by Zem, 2.

Aad
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And L’s+rl —-"—l L, r by the Nut. Of Lag.
J—1L }—
2. Thetef. n= L ’L‘+r +x,bwa.am! Tr.
. )

X. Givea », }, s ; Required 7, 4.
Since s7*—sr*i=}r*—1], by Prep. 8,
Then b=s r™*—sr *-I1" (=s7 ™' —s —+IXr" ) byTranf,

s s
1. Therefo —r +:i' =g )=

2. axs—at=IXs—I by Prop. s.

1I. Of Decreafing Geometric Progreffions.

In Finife Decreafing Progreffions, the fame Rules wi
ferve for the like Propofitions, if the Series be inverted,
fo that the Leaft Term be the Firfl, and the Greaseft the

Laft.

And fince in the fncreafing Geomeric Progreffion
4, ar, ar’, ar’, ar4, ar’, Oc, to ar** =1
Misr—1: 1t b—a:s—1h
Therefore in 2 Decresfing Geometric Progreffion
*Tisr—1: I : a—1} : s—a bylnverting the Terms

COROLLARIES..

g But in an Infinite Decreafing Progrefiion /=03
Therefore 7—1 : 1 :: 4 : s—4, whence, '

-

Dd:2 Given
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Prop. .| Given |Requd.] Solution
- . .,. . " R
t
1. ) de S rar—1
2. | $, 4 | r. s = s—a
: i —_—
4 57, 4. $—s2r

' a a., '
2. Allo — -r—(x.e. 1ft—2d.:2dorx):ir—1:1.

' ‘ a—l¢ . . §.a Finire .
Thcref.a-—x:x::{ }"""'“{anlnﬁnite}l’“g"‘
sa—xl, aa
And s= T-——m a me, ors=_-— in an bxﬁ-
!ne Decreaﬁ»g Progreffion.

: Qxcﬁnon. auppofe a Bodj Jhould move as this rate, viz. in

- she 1ft. Moment 10 Miles,in the 2d. 9 Miles, in the’ 3d.
81U etermzly, as 1010 93

Here is given r 5= 13, a =103 required s ; then,

I : . ' ‘
By Cor. s= Q"4+ "1 > = 100 Miles fought.
i .2 - (et a—x .

That is, a Moveablé Body continuing its Motion in that
Ratio esernally, would only run 100 Miles, ‘or more than
iny thing that.is lefs than 100 Miles. o

- 3. Since r--x :1::4a: s—a, therefore,

l
§—a= 7 r,.;’g’" +,-_:'+:_3'€"‘
Whencc, zf any Q_uangy a be continually divided 6; any

nbcr,gumxgz r, the Sum of all the Terms_ wil be :_-;

3

i.e
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. 1 1
f"’r—-xx"“‘ther-: of 4 e

- 1 1 ) 4 I y 1

Theref. e x — + +;,—,+;;-,£9’c.=4x’:
1

Or, 7 +r‘ +r3 +r“’ O =,
thrc, fe=sr—1, thcns._l. .
4. Whence, ’tis evident, That an Znfinite Progreffion,
or an Infixiscly Infinite one, may- be Cellelted into one
Sum3 which Sum may not be only Finite, but equal to

Notbing.
And of Infinites tis hence plain, that fome are e qual,

others unequal 3 and alfo that one Infinite may be equal

to Two or more Finites, or Infimites

CHAP X
of Intereft,

I Of « Single Sum of Money Paid either
Before, or After tis Due

1. Allowing S1MPrLe INTEREST.

Put p = Principal, or Sum forborn.
# = Number of Years, or parts of & TYear.
r = Rate of 11. per Annum.
m = Amouns of the @id Principal, for that Time,
at that Rase. ’

Since
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" since the Amouns of 11, for t Year, is 1473

Thesefore the Amouns of 1. for » Yearsis 1 4773

And 14 : 14nr:ipipgprr=m the Amount,
and prn = Intereft of the Frincipal p, atthe Rate r, in
u Years. Hence,

‘Probl.l Given Reqd. Sﬁmn

1. {pryni m pxI-rang

2. imyr,n| p |mz1tr2

e | ve— | g—

g0 |mp n| o |mpspr

Che My Py M r. m—ppn

Whence variety- of eafy Rules for Pradice may be de-
duced ; fuch as, To find the Intereft of any Sum, at any
Rate, for any Number o days. :

, for amy f dy < 5652

°Tis plain; that # Days x p Pence - 7;05 is the Intee
reft in Perice, at § 1. per Cent. per An.  Therefore,

2r  #p np o, np .
- x——,or2r X - --10Q0, Or2rX = 10, i
10" 7300 73 " 7300

- the Intaveft in Pence, at the Rape e -

5. Allowiog CoMPOUND INTEREST.

Put x (= 1 - r)= Principal and Intereft of 1], for any

given Time, at any given Rare.. Then,

Since, 1.t x 1 p PpX = 1ft. .
1o xipx 1pX — 2d. > Year Anouns (m).
1ho: x.2; pxt s px =3d.

&c. - &c.

Therefose ’tis g =m; Wheni,
‘ Prob.
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Probl. | Given |Reqd. Solution

X |pymy x| m. |pXx® orL,p+ L, xXn

2, mu,x| p. |m+x"orLym—L, xx»n

m
—

3. |pymyx] » |x"xorL,x*:L,x

~
\

4. 1pymnl = m_‘—ﬂ""or L,m-—-f.;-l-n

- Queft. 1. Suppofe the an:;nd p were at Intereft for n Tmu
at the Rate t; what is the Amount m 2

Queft. 2. If the Sum m wa po be paid n Times bewce 5,
" what #s its prefent Value p dzfcowmng @ the Rate r?

Queft. 3. I the Principal p at she Rate r gives ibe A-
mount M. ; what is the Time of forbearance n?

Queft. 4. If the Principal p forborn n Trwes gives the .Auma.n:
m 5 what is the Rate r of Interglh?

II. Of feveral Equal Payments s feveral
Equal Times.
Firft, When paid after shey are due;,

Or Rules for finding the Amount, &c. of Annujsies, Pen-
fions, or Remts, $9¢. in Arrear,

1. Allowing SimPLe INTEREST.

Put « for the Armuiy, Rent, or Penfion 3 then,
>Tis evident, 11, : r :: 2l ¢ ar, that is,
The Imcreﬂ ofal, at the Rase r, per 1 1. per An.i xs ar,

4 Frer . ;g :
B Sgt- 207 is the 3d. Years Amount (m).
Latn—1xar nth.

Thercfope
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Therefore na-i-"’f:”
or theAmoum (m) of the Ammhity () at the nth,
Year’s end 5 whence,

ar is the Sum of thofe Amounts,

Probl. | Given ] Requd. . Solution
‘ nn—n
1. |4 n,r3] m |na+ g Xar
: 2m
2 |mmn, 3} a —_—_
A 24-nr—rxn
ol m—max:
3 m, %, a3 7. —
n—iXna

4 mnral m | idrt8mra
t Let24—ra=z ara

2. Allowing CoMPGUND INTERES T

Since the Laft Ycar’s Annuity (a) tarries out no
Time, therefore nq Intereft can be demanded for it;
confequently the Firft Year’s Anmnaity will become ax™?,

Wherefore, 2 -} ax 4 a x> e x3 | 4x*, &c. to ax™*
== o the Amount ’

But ¢; 2x.... PETE. b
Thatis 1 + x }..m—-ax m 4,byCor.t;.@2.

Therefore m x — &% * =2 1 — 4, $hence;

12y ‘(,.4{

Drobl
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Probl. | Given | Reqd. Solution
x*—1X2z
. . m.  —
1 a4y X, 7 T
2. My Xy Bl 4. X

x*—1

Lix—1 X m+4a—L,a
Lx

32 |mxel

—— S

" m—a
4. |myayn)] x —--x"+7x=: T

Queft. 1, If the Awnuity a be forbern n Timesy at the
the rate t 3 what Amount m will it arife s0?

Queft. 2. 'If in n Times forbeavance', at the-Rate r the
Amount m s raifed; what was the Annuity a forborn 2

Queft. 3. If the .Ann‘uil;y a, at the Rate 1, raife or amount
to my whar was the Time n of forbeavance ?

Queft, 4. If the Annuity a forborm n Times, vaife the
Stock, oraAmount m 3 whas was the Rae t of Intereft?

Secondly, Being paid before they are dne.
Ot Rales for finding the Difiount, &c. in Buying and
Selling of Annmuisies, Penfions and Leafes in Reverfions, &g, .
1. Allowing SiMPLE INTEREST.

Since, As the Amouns of 11. for any Time is to Ll
S0 i the Amount of ap Annuity, 10its Prefent velue.

. nn—u  natinm—uxar
e tnririinedt PEELAE +l+," =
o " Ee ~ Thercfore
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Thercfore,
Probl. | Given | Reqd. Solution
T PP . intnnr—nrxe
~24-2nr
2-42n7XS
2. |s, r,m; a e
24 nr—rxn
na—sXs
3. i, 1, a; 7. = .
25—an-taXn

l.\', ryayl m | ztizd8ser|®
"Letasr4-ra—2a=2 278

.

4

2. Allowing CO\MPQUNP INTEREST.

<\
x:1hiia:— 1ft.
X,
8 g LA = Prefent Va- ), \ Year’s
SN F RN lue(s)acthe N L end.
2 2N - Y
x:11l SR . 3d.
&Co ‘ &Cg

P 4 2 a e _
Theref. -x-+;;__+;; +;; » &c.to oy =Prefent value 5o

‘ a ]
But — i §— by Cor.13.76.2,Ch. 3.

S::S *

Theref. s — f— = sx.— 71 Whence follows,

Probl.
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Probl. | Given [ Reqd. Solution
, 4 . T
1. |, %9 s Tt
N x 2 - ;—
2. |5, x, .| @ Xx—1Xxs

Lysa—~L,a+4s—sx

3. s, x 4| n
IO L, x
’ p a
4 |5 x| mar=

Queft. 1. The Annuity a is to be fold for n Tears, aﬂom',.x
the Purchafer the Rute T3 what is the Prefent worsh s
of the Arinuity 2

Queft. 2, Having the Sum s ready to be laid out, af the Rate
T, 20 buy an Annuity for n Tears; what Annuity will is
Purchafe ¢

Queft, 3. The Annutity a is to be fold for n Tcnr:, Sfor the
_ready Sum s ; what rate t bas the Purcbafer for bis Money 2

Queft. 4, The Annsity a is made over for Payment of a Debs
s, allowing she Cveditor the Rate of Intercft v ; In what Time
n will the Debt' be paid ?

Several other more Pratical Rules for folving the
laft Problem in this, and the formcr Cafe, are eafily found;
we as fhall fhew hereafter.

COROLLART 1.

By Suppofing #, in the laft Theorems, to be Infinite, and
& the Annual Rent; it follows that s=sx—a.

Whence;, Rules are drawn for Buying and Sell-

ing of Eftates in Fee-Simple, allowing Com, Insereft.
Ee 2 Prol,
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Prop. | Given | Reqd. ’ Solution
1. 4, X, s, 2 x—1
N I
3. s x. stass

Queft. 1. There is « Fee-Simple to be fold, of al. per
Annum, allowing the Purchafer the Rate 1, Comp. Intereft
what Sum 8 will Purchafe this Eftate ?

Queft. 2. There is a Suym s, ready to be laid out, at the Rate

r, Comp, Intereft, for Buying a F««ﬁmﬂe, what Tearly Rent
can fuch an Effate be of 2

Queft. 3. Having with the Sum s bought a Fee—SimpIc, whafe
Yearly Value is al, what Rate t of Comp. Intereft was allonw’d
for the Money 2

CORVULLART 2

"Whence alfo, If it be required, how many Years Pur-
chafe, any Annuity is worth, allowing Comp. Insr.

Suppofe N the Number of Tears fought ;
Now,that Nz=7s is evxdcnt s ande=sx—s by Freg.

Theref.N (= Py

3 hence,

Probl, leven }chd ] Solution

N. t‘% x'—[ d

YN
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Queft, 1. There #s @ Fee-Simple to be fold; bow many Tears
Pirchafe N is it worth, allowing the Purchafer the Rate r Comp.

° Intercft ? C '

Queft. 2. There is a Fee-Simple bought, and N Tears Purchafe
given for it ; what Rate © of Com, Imterelt is she Money na-
Iued at?

R

CHAP XL
I. Of Combinations of Quantities:

DeriNITION.

The feveral Ways or Different Cafes, of Taking
or Leaving amy Number of Quantities, ont of
any Number of Things expofed, witheut re-
garding their Order or Places, are called the
Combinations ¢f Quantities.

Let N be the Number of Things expofed. ‘
n the Number of Quantisies to be taken or left.
1. The Combinations of 2 Quantities, in thefe 6, viz.

4, b, ¢, d, ¢, f, are 1s.

4a——ab, ac, ad, ae, af; 5.
'b—————bt', bd, be, bf;4o

“Forwith < ¢ ——cd,ce,cf3 3
d “de, dfs 2.
e efs 1.

Therefore the Combinasions of 2 in 6 is 153
which is @ Figurate Number of the 3d. Order, whofe side
- is
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is N—1, or N—#— 1 Becaufe ’tis the Aggregase of
a Series of the 2d. Order. _

' 2. The Combinations of 3 Quantities in thele 6, are

20, Vig. .
with 4, with &, . withe, withd.
abe,abd.abe,abfs4.bcd, bce,bcf, 3 cdc,cdf,z.dej; 1
acdyace,acf33.. bde,b 520 -ccj,;. 1

ade,adf; 2. bef;1. 3
a ef 2 6
%

And 1o+ 6434 1=203 wluch isa thurate Nunt-
Ber of the 4th Order, whofe fideis N—2, or N— 7 — 13 3
Becaufe ’tis the Aggregate of a Series of the 3d Order &
The fame in any other.

Hence, #n-t 1 exprefles what Order of Figurate Num-
bers to take. '

o 1=15, or Side of the Fig. Number,
1 —o0
fn= 2 then Ne—1p=s=N—n-—1.
3 N—:2
e, Ge.
l S12 B
Confequently, + S+ + ,Beto” +—

fhall be the l-‘zgurare Number requ:red or the Number
of Combinations of Quamtiziesin N by Prab, 4.Cb. 8-

SCHOLIUM,

Whence, the ufual Examples, given by Writers on this
Subje&t, areeafily So/v’4; and the Reafon of thofe Sofuti-
ons made evident.

IL of
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IL. Of Ele&i;ons of Quantities,

The Sum of all the Combinations found by tak-

ing o, 1, 2, 3, &c Quantmcs out of any
I\imbcr of T'hmgs expofedy is called the F_le-

Gion of Quantities.
Thus in 6 Quantiries, the Ele8ions are 64.

° 1
1 6

2 V15

The Combinationsof {3 > in 6, is <20
4 15

5 [

6 1

Therefore the Eleion of 6 Quantities is 64: And fo
in any other Number.

Hence ’tis evident, that the feveral Combinations in any
Number, are only the Uncie of the. feveral Terms of a
Binomial Root, rais’d to the Power N ; or the Members

- of the re[‘pe&we Powersof 141 taken as a Binomidl 3

Therefore 1+1l or 2N is the Elefion of N me-
ties, or the Number of Varietics in taking or leaving,
®y 1, 2, 3, . of any Number of Things expos °d, withe
eut regarding their Order.

* Note, If the taking of o be excluded; Then 2™ — 1
will be EleZion of N Quantitics.

But if the saking of o and 1 be excluded 3 ﬂmz
2 — N1 will be the Blettions of N Quansisies. -

Ilof



216 . Sopfs Part1.8c&. 3.
IJI. Of Perimutations of Quantisics.

DEFINITION,

The feveral ways, that the Ordef of a certain
" Naumber of Different Quantities, may be va-
ried or differently Placed, are called Alte-
rations; Variations, or Permutations of Quan-
tities. ,
As fuppofe the Quantities were , b, ¢, d, ©c. "Tis plain,
In 1 Qiant. 2. In2 Quant. ¢, b. In 3 Quant. a, bye, &eo

  ‘§»4‘,> 2b 2be,
L ba ackh
1 =1 var. e bac
T C 1% 2= 2 variat, Vbca
" cab
tba
H,
o - _ IX2X3= 6 Var.
Theref. NX N—1 X N—2x N—3, . toN—N
is tchumb:r of Alerations, o Chayges of Order in N Quan.
tities '

1. Hence the Changes thas any Number of Bells admit of,
are readily foupd. -

2. 4s alfo, bow many ways; the' Letsers of & Numey
or Word may be differemtly difpofed of, by way of Anna.
gram As the word Roma admits of 4X3x2X 152 24
Chunges. : - o

But if one, or more of the Zétters, dooccur more than
onee ; Then the whole Number of Changes, muft be divi-
ded by ske Prodald of the Changes of the l(:?Pttixio# of-
thofe Lessers ; Thus, ' )
p3X4%3x2x1 __ 120

%

=7 = 10 Changes,
1y, Coma

g4abc admits o
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IV. Compofition of Quantities.
| DEFINITION.

The feveral Difpofitions of any Number of Quan-
tities placed according to all the different wayt,
they are capable of , by taking them cither
fingly, or conneiting the given Rank to each
Term therein, as often as required, are cal’d
Compofition of Quantities: Thwus, '

iv
The Compofition of 2 Quantities in th;}(’c 35 a4, by 1
is 9 ' ‘
For with 4. 5. .
s ab ac .
ba bb b¢
ca ¢b ¢

N et s o

34+3+3=9 ,
And the Compofition of 3 Guemisics in Three is 27.
or Gemerally N*.is the Compofision of n Quansities in N.
COROLLART '
Whence becaufe N', N2, N?, N4, &c. to N* ot
NN a-Geometric Progreffion, whole Firft Term =N
== Ratio, and Number of Terms = n. Therefore

) N*—1_ NN'—N_ N—1
its Sum (N X -Tq—.:_—-ﬂ——:-r_)N i——[-t.N—“

(by Prop. 1.Ch. 9.) will give the feveral Difpofitions
there may be of N Quansities, taking them onc and one,

swo and two, &c. to N Quansities.

Ff §C HoO-
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And fince 2424 (NN) = 1333735776%0284124449
081472843776 is the Number of the feveral Compofitions
that 24 Lesters make, by taking each time 243 therefore,.
NN _ NN o N—p=)rorme20889y29
999425128493303200 , is-the Number of alf the words
Significans and i, gmﬁcam, thas can be mdc of 24
. Lesters.

Variety of Inﬂoxces might have bin given, on the, fe-
veral Heads of this Firft Part, but becaufe the Applica=
tion is endlefs, the Learner (in moft Places). iy left to
his Liberty of taking what Examplesheplcafcs For we
would ufe as much brevity as poffible, i Order that o-
ther ufeful things defign’d for this Treatife, may come
in: And ’tis hoped what bas already bin laid down, if
well regarded, is fufficient withowt-any farther illuftra-
tiom, to render the whele A% of Nawhoning, Whethor
Theorisad o Pradicaly nlﬁelhgnbk tvasy reafisabie Capa-
city.

The Symbols. nfed 1’

£

..

SYNOP
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* Containing the

PRINCIPLES
GEOMETRY

HAT Stience by which we lcam how %0 Come
pare _'I‘hm%s extended the one with the o
ther, etermine how the one is More
: Lefs, 191‘& as Mucii cxtended as dnother, is callcd GE0-.
MNE

2. Ta 'Thin extended we diftinguith’ duac Dimons-
m{.vx_zo ngﬁ, Brcadtlr, and nulmf:. S

Bfe . m
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The Quan-C Length, Breadsh & Thicknefs P 2 C Solid.

- tity whereinQonly Lewgth, and Bréadth &5 ' Suiface,

we conlider  ¢pothing but Lengsh o ¢ Line,
And that whercin we confider neither Lengsh,Breadth,

or Thickne[s, and therefore is conceiv’d to'have no Parts,
or whole Divifibility is not confider’d, is called a Point. -

3. Lines, surfaces, and Selids may be confider’d as ge-
nerdted by a continual Motion of Poings, Lines, and Sur-
faces: And as thefe Motions may be different, fo may
there be different Sorts of Lines, Surfaces, and-Solids de-

. fcribed by them,

4. If a Point move towards another the reareRt way,
*twill defcribe a Right Line, otherwife a Cyrvd one: So
a Righs Lind moyed on a Righs, or Curved Ling, will-pro-
duce’a Plgne, ok Curved Surface : The fame .
ceived of Sokgs. -

. R Y

s. The Curve-line whéfe parts are equally diftant-from
a Point in the fame Plane, is called a Circumference 3 that
Point the Cemtre ; Right Lings dréwn from the Centre
to the Circumference are called Radii: Thofe drawn
from one Point of the Circumference to the other are
called Chords 3 and that Chord which paffes thro’ the
Centre is: called a Diameter and dévides the Circumfe-
yence equally sinstwo. -Alfo any ‘ Circumference ‘may be
conceived to be divided into 360 equal parts called
Degrees, and each Degree into 60 equal parts, called
Minuses, and each .of thofe agajy fubdivided fnts Bq
Seconds, &¢.; Any part: of the Circumference is called
ah A':. N . N .

6, The Inclination of two Right Lines meeting in a
Point, To'as'not to make one Right Line, is called a.Plane’

Je ; which therefore may be conceived tobe generated

by the Rotation of Sides; And its Meafure is an Apc de-
feribed ffom- the Angular Point as 4 Centre, étj} inter*
cepted between the Lines which form it. An dngle is
faid to. be Equal to, ‘Greater,"or ‘Lefs than anoth€f, Sc-
cording as the Arc which-meafures-it contains, as HMaty,
More, or Fewer of the equal parts into which that Cire
sumference js fuppofed to be divided. e '
2 Lo N " s

ay be cone

7. When
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Z. When a Right Line ftands upon‘dnother, fo as to
thake equal Inclinations or- Angles on-each Side thereof,
that Line is called a Perpendicular 3 and -is the neareft
Diftance between a given Point and a given Line; thofe’
equal Angles are called Right Angles; which therefore
“have each for their ‘Meafure § of the Circumference or
o6 Deg. Confeq. % the Circumf. = two Right Anm-
gles ; and the whole Circumf, = 4 |_s. An Angle greeser;:
or Jefs than a Right Angle iscalled Obuufe, or Acute.

8. 'Half the Chord of twice any Arc is called the Righs-
Sine of that Arc: That part intercepted between the Ars:
and its Righe Sine, is called the Verfed Sine théreof. And
the Jime of an Angle is the Sime of the Arc which mea-
fares thac-Angle; and is a Perpendicular from one
end of the Arc, on a Right Line drawn from the Angular
Point to the other. v : . L

9. A Right Line falling upon another makes swo Angles
equal to two Right Angles. For they are meafured by -
the Circumference, which meafures 2 {.5 (by 7.) Con-
fequently all she Ls made at the [ame Pdint, on sbe fame.
ﬁl; of a Right Line, are =2 |_s. Therefore, thas is &
Right Linc on which another falling makes two' L s==to
2 {_s. And_all she & s that can be made abous any Poing
we=4Ls I

1o. Therefore the op. Ls. (a, ¢) of croffing - :
Lines a‘:e :-).. ;thFor fo:e - b=a2l:s =t§- e S

-¢ ( by erefore. €=x¢ ( by Subdma ..\ b
?i:m.) o ’)>\‘\
* ¥1. A Tangens to any Point of the Circumferesnce is Per-
pendicular to the Radius drawn 30 that Poiny.~ Por the Ra-'
dius is the neareft Diftance. v e
‘12, ARight Line'drawn Perpendicular to' the Radius,
paffing thro’ one end of an Arc, and limited by a Line,
called Secant, drawn from the Centre thro’ the other cnd.g
is the Tangen: of that Arc. o 4

13. The Radius being (uppofed divided intoany Num-
ber of = parts ; the Quantity of the Sines, Tangenss,c.
of all Angles are eftimated according as they contain
more or fewer of fach Parts, * Therefore,

In
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. dn she fape or.aqual Circumfexepeps, the Sines, Tomgemsss
&0 of cqual Arcs or Angles are, r«é;:dn:? JJE’.‘ ge.e-

qufe they conéft of an egual Number of Parss of the.
“fame or equal Radii. Do .

- Ju snequel Circumferensces, the Sines, Tangents, &o of
egual L s, or Similsr Ares are Similar alfo. Becaule they

c:ih the like Number of Pasts, - of their refpetive

14. The Diffecence of an Arc from &, or § the Cig-
qunference is called the Supplemeyt, or Compiemens sof
that dro. . An drc and its Supplomery, have the Lme,
Sine, Tangen, and Secet. And the Sive, Jumgens, 0%
Sesans of the Complemsens, is called the CoaSimg, Co
Faugens, or Co-Sccans of the dre, whole Complemens
*h?f-l& T ol . EREEN

. 14. Lines which no where incline -one to €he othet
are called Faralic Lines. - -

- 16, Andewe Parallel right Lines (B, p’) have -the Laxee
Mclination o 4 third Line (L). Bor Lines parallel may
be taken a5 ane broad Line.. - o
" 17. If Parabel Right Limes¥be cut by a gighy 7L
ey ¥ e
1. Allsbe op. Lsare equaly And the comra- i€ .
7. For a=c,e=g (by 16,) but a=85, 4%
¢ =d, e=f,‘,glig:&," ( by.1q,) Therefore »
a=bt=c=4 ; ande ==f = g'==b by Subfirusion.

2. The swo ep L 5, whether—imterned or exgernal are =t

2 _‘f —s‘:- and tlbvc %:ammrj;“_ For + L .

a=bicx=¢ =d =205 (bye);

.but 4=c.¢,=_§.:‘(gbg,1.6‘ ?Ih:re e f4-c=d g’
=e+b=-e4d=2 s by Subflisution. ‘ ,
18. And, all Chords drawm parallel so the Tangens, are
bifelled by the Dicmeser paffing sbra’ the Point of Contad..

Becaufe they.are perpendicular to it. ( by 12,) and their
Extremities are ¢qually diftant from the Centre, and
alfo from the Point of Contaft; therefore the Parts
- of the Chords will be Sines' of equal Arcs, and conféq,

equal (by13 ) e :

Thereforé if @ Chord be bifé@ed by auerber ar Right An:
gles, the bifetting onc'is & Diameser : And the contrary.

) 19, Whence
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¥9. Whevse a Circumferesee oy be dravn thro’ any .
three Poinss, wok in: & Right Live : dnd the Inses[eBion of
two Right Lines bife&ing the Dift amar besween. thofz Poimes
at L3 issheCemre 3 Since Right Lines bife&ting Chards
at L_¢ are Diameters ¢ by r8. )

20. A bounded Space is catled a Figwre: 1f bounded:
by Right, or Curv’d Lines; ’tis called aReSilimear; oc
Cwwvilinesr Blaxe Figwre. = - '

-

2n. Thofe Re@ilinear Plane Figures, whole &5 are .

refpetively equal, and' the Sides aboutthofe L. s: direbhe .

ly proportioml, are cafled 8imitar Re2ilinear Figures.

22.. Thofe Re@ilinear Plane Figures thatare boumded*
by 3, of 4 RightLines, are called Trilaserat or Friangular,
Qnadrilateral or Quadrangular Plane Figures. ;

23. Tréangalar Figures are confidered' with refpeét to
theic Sides or Awgles. . 4

. Thafe that have 3 equal, 2 equal, or 3, unequal
Sides are called Equilateral, Lofceles, ot Scalenows Trian-

les.. N

8 2. Thofe that have 1 Right L, 1 Obtufe,or 3 Acutes s

are called Righs, Obtufe, or Acure L@ A s
24.. Guadrilaseral Figures, whofe oppofite Sides are pa-

rallel, ace calied Perwliclagrams. A
Right£d. §afl- }{Siiles equal § Sqanres.

Pgrs.having 2 only ops § are cal’d Q Re@angies..
AnCblig. Ld. §all. }Sides e%xal%&baubr«:.
Pgr.having 2 only op. § is Gal’d'a Z Rbomboides.

25.. Aadia Pevallclogram may be conceived to be gene- -~
rated by, a. Right moveable. Line drawa uniformiy imo
the Length of a Right Tmmoveable one » Therefore the
Surface. generated' by thofe Lines fball contain fo many little
Plines equiangulisr wib she whole, ascthere: ave. Uniss i the
Prod® of their Pars..

26.. Therefore -Egrs. and: confequemtly As baving: ome
L equaly, mfax :bfgyrm& of the Sides abou: thas L. ~ Akd!
if thofe Sides be recipracally i3V, the Parallciograms, or
As [oaltbe equals, and the comprary., :

27. Alfs
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27. Alfo, if h and b be the Height and Breadsh of &
Redkangle s its Area will be h b, from its Genefis, i e. twill
consain fo many [quare Areas as there are Units in the Pro-
dult of iss Height and Breadib. co .
And fince the Contents of all Surfaces ave eftimated by
the Square of fome known Length; therefore fuch Fi-
gures muft be reduced to Re@angular ones, before they
can be Medfured. : - , »
28. A Quadrilateral Figure of unequal Sides is called
a Trapezium:  And all other Re&tilinear Figures,are in ge-
neral, called Polygons, and have particular Names from the
Number of their Sides or Angles, as thofe of s Sides Pex-~
tagons, of 6, Hexagonsy of 7, Heptagons, &c.
All Plane Figures having equal, or unequal Sides or
Angles, are called Regular, or Irregular Figures.

29. A Right Line drawn from (L to L inany Figure, is
called a Diagonal, or by fome a Digmeser. .
The Height of any Figure is the neareft Diftance be-
tween its '_#op and Bafe ; Therefore all Figures between the

Jame Parallels bave she fame Height.

30. A Plane Figure whofe Extremities are equally di-
ftant from a Point therein, is called a Circle: And may
be conceived to the generated by the Revolution of a right -
Line, one end being fix'd as the Centre, the other defcri-
bing the Circumfereme ff the Circle. And the Space, lefs
than a Semi-Circle, defcribed by a partial Converfion is
called the Se@or of 2 Circle. A Part of a Circle cut off
by 2 Right Lire is called the Segment of 4 Circle.

" 31. Hencey al} Circumferences, as alfo like Ares, sheir
Sines, Tangents, &c. are assheir Radii. ‘

32. The Genefis of Solids may be exhibited various
ways, fome refpe@ing the Dimenfion both of their Soli-
dity and Swrface; others, that of the Surface only. As,

1. A Pardliclogram being conceived to move uniform-
ly the Length of an immoveable Right Line, fhall ge-
nerate a Solid called a Parallelepiped : Or if the Defcri«
bing Surface be a Square moving the Length of, and
pecpendicular to, its Side, the Solid is called a Cube:
Therefore s Re@angular Parallelepiped contains fo many equal
Cubes, asthereare Units in the Produtt of the Square Areas

in
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in the defcribing Plane, by the parts, of like meafure for
Lengib, in the Length moved: So that if b be its Heighe,
and b the Area of its Bafe, then hb = Solid Comtent; or
if 1,6 Ll{)e the Length, and Breadih of the Bife, then bbl
= Solidity. '

If the defcribing Plane be a Polygon, or CGircle, the
generated Solid is called a Prifm; or Cylinder. 4
" But if the defcribing Polygonal, oc Circular Plane, i
moving be fuppofed to decreale uniformly, ’till it comes
to a Point, the Solid generated is called a Pyramid, or
Cone.

2. A Right Line moving uniformly, fo that its ends
may defcribe the Periphery of two parallel, fimilar, aud
equal Poljgons, will generate the Surface of a_Prifm,
whofc Bafes are thofe Polygons.

If the Bafes are Pgrs. A s, or Circles, the Surface ge-
nerated will be that of a Paralielepiped, Iriangular Prifm,
or Cylinder.

The right Line conne&ing the Centres of the Polygo-
nal Bafes is calléd the Axis. '

And aright Line fix’d by oneend to a Point, and with
the other defcribing a Polygon, or Circle; will generate the
Surface of a Pyramid, or Cone, whofe Bafe is that Poly-
gon, or Circle.

The right Line connefting the fix’d Point, and the
Centre of the Bafe isalfo called the Axis.

And that Selid whofe 4xe is perpendicular, or oblique
to its Bafeis faid to be Right, or Scalemous, .

The Converfion of a Semicircle rouad the Dizmeter
will generate a Solid called a Sphere.

Solids contain’d under an equal Number of like Sur-
faces, are faid to be Similar.

33. And Quantities, as alfo their Ratio’s; that continual-
Iy tend to an Equality, and therefore thas approach nearer
the one to the other, than any Difference that can poffibly be
affign’d, ds v 1aft become equal. " For, either they’ll beac
laft equal, or there will .be fome Ditference (4) nearer
than which they cannot approach; But they do continus

Gg ally
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ally approach by Suppofision 5 therefose there can at laft
be no difference, therefore they muft be equal.

Hence, all Carved Lines may be confidered as compofed
of anInfinite Number of Infinitely little right Lines: And
any one of them Produced,only Touches the Curve,there-
fore is called a Tangent to that Point of the Curve.

And as all Surfaces may be confider’d as compofed of an
Infinite Number _of Parallel, Right, or Curved Lines, or
Surfaces of an infinitely fmall Breadth.

So alfo Solids, of an Infinite Number of Parallel, Plane,
or Curved Surfaces, or Solids of an infinitely fmall Thick-
nefs, called the Elementa of Figures.

34. And by confidering Quantities as generated by
continual Motion, tis apparent, that in equal Spaces of
Time, they will become greater, or lefs proportionally as
the Celerity of the Motion by which they are fo genera-
ted is greater or lefs: Hence the Celerity of the Moti-
on is very properly called Fluxion, and the Quantity ge-
nerated Fluent,

Now thefe Fluxions of Quantities are in the Firft Ravio
of their Nafeent Augments; and may be expre(s’d by Fi-
nize Quantities proportional to them.

And as x ( by moving uniformly ) becomes x -0,

x* becomes x 4- o|" =x"4-nx"—*Xo4 jnn—=n
x"—? X co4, . But the

Augmenss o, &nx""'o+4-Lnn—nx""* o0 + .

areas 1 and nx*—! 4 Lnn—nx" 2o+ Ua e
as 1 &auxtt
Th Fx:F,x*::1:8x*"!

The Flux. of the Fluents x, X X, x, e are denoted
by 'x',i,;,;,&c. whichare the 1ft.2d.3d-4tb,&c. Flux, of x,

Alfo, as x=F, x, and x= F, x ; So we may confi-
fider
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/ /. ”
fider x = F, x,and x=F, x, ©c. As allo denote the
Fluxion of

— —e— —_ — 1 ax+xx

— 2l —
ax—x|T,ex—x 7,4 x| 3 T
. ey 1 1 axtxx%

by—i—x——;\%, ax—xx|r,ax—xx|*, ",

Hence 1 : nx*—'::x: mxx"* =F,x", whe,

ther n be Affirmative or Negasive, Integer OF Fradion,
as for Inftance.
1 ”x

n—1x 3 —_ .
_— _”xxxnrf—; —) x,,—i" b3

R S
F,x ”(—;; )is (—nxx

b _ . . x
The B, — (x* ) is (— xx"*=) — 7.
x x
R L m . m=1 '
Fx (%) is—r xx
x* nooo
X, e X . —_ = x
F,xtis ({xx* T=ixxx a=1x ;'-=)."1'
z . 2x?

35. In any given Equation, involving Fluents »

¢he Fluxion. ’ & Fluents, to find

Rule. Muitiply every Term of the Equation
the feveral Indices of the Powers of the Huﬁf;”;;?rl{;:{
andin every fuch Prodult, chinge one of the Roots of the
Paowers into its Fluxion, the Aggregate of all she Pxo-
duds,conneed under their proper Signs, will be the Fluxi-
on of the Equation foughs. - R
This Rule is ufually demonftrated after this manner;

If x3 —x3* -|= 4%y —b* =o0; Then its Fluxion is
'g"‘?x —x)y— 2% 5y \-a*7=o0: For fupp.o an
Gg: In§-
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Infinitely fmall Quantity ; let ox, oy, 07, reprefent
the Inftantaneous Increments of the Fluents x,-9, 13
Thefe aftera Momentary Increment of Time, will become

x-to X, 4oy, 140 7, which being fubftituted
inftead of x, y, 7, in the given Equation, ’twill be x3

+3x"o;c+gx'o’£’ —\—03;3 —_ Xyt - q;:_y’-—
‘2x0j_y.-— 2 ;Eo’y}— x 0% )2 ,—x'o3j’+a’g+
a?o{: ~—b'=o0. From tbis Subdué& the given Equati-

on; Then divide the Remainder by o; and rejeét all
Terms multiplied by it, (as beinginfinitely little;) There

refts 3x’§c — ;c]’ — 2xj_} -+ 4’{-;: o
Alfo, if x3—xy* =|- a*x H—y’li — b3 =o0, then
its Flux. is 3%°x = xp*— 2%y 2% ax—yy|* == o.
Or let g:Tx-ﬁ!yF, th.g* =ax—y*; and ( by

this ) fzqz':aé—nj}, th. {.r_—_ “;"’.-."!_,i. e

. L .
Th 3ws—xyt —2xy 5+ L2228 =0
2¥ax—y*

And by repeating the Operation, the Second, Third,c.
Fluxions of Equations ate found.



Palmariorum Mathefeos. 229
If 7 93 — 3t 4 4* =0, then by Operation '
L3 31007 —det = |
2 57+ 6357 +3107 60 v 43¢
—_1 g‘g’ *=o “ v .
Hence, Tke Fluxion of Quantities multiplied, g the

Sum of the Produlls of the Fluxion of each Falot, by the
Produt of tbe other Faltors. - Thus, .

F,xyisxy4xy; AndF, byis (bj-}-oj) by

_1 rx—2 x — o
F, 2rx—x*|® is (2LXT2¥X =) E—xx

—_— —

— f——
—_—

2X 2 rx—x%x|* gyx__xxl;

F, {x.-i-s—x-]"" is,?”f_fx'l' 2¥x o Aad

2X7x4 xaT
- 3 -2 0 -
F,ax —gg|* is gXxuax —z3|" Xax —27%
and fo in others: Alfo in Fradions

—

x . 1 . . I j ;j___
.F, — X —)is X— — = Xx)——- .
’;] (*,)l (¥ 7 y x) 1y

.

x

|

a T .. 1 “ a%
—_— —_ Xe—m — — X2 == ) — —
F, x.(“_x 2 ) is(o x a0 ) x

7h. the Flux. of any Fradion, (N béiﬂg Numerat. and

D Demoninat.) is ND—ND -~ DD .
If the Indices are Flowing Quantities  as for inftance,
, "8 N ?

x x-P;: . x}l—*——q x .

F,y isy F=xyy —y, For .
_— x —‘:'x4_:: x+a; . x-i-;.'.-[ v
y FEy (=l )=y ey ,

Therefore if the Index be the Sum, Produt, or Power,
of Fluents; ’tis burfubftituting it, and its Plux, inftead
of xand x in this.
36. And
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e,
-+ a1

— 1

36. And the Fluens (o) of = «is ;:__;_‘___‘-

. .
The Fluent of a{r 1 X bFcpl iscafilyfound tobe
1 a r-nt1

mndr4 1 "‘(—c_(A')xI
n-r-1

+Axmn+r-n+1

an 1

ab r-
X—; (B) Xz

27-7r-1 ab r-3 841
'+Amen-Fr-2n+l X7 (C) %3

M- 1
+&C¢x b"“(-‘{"l

Henee g, of 4y 4 ay—r'|* i F 4y —y
‘And the like of others- ' )

37. Wherethe Extreme Value, whether Greateft orLeadft,
of any Quantity is required ; fince it isan Invariable by
Sup. and its Flux. = 05 Therefore to determine it to
an Extremum, Put the Equation into Fluxions, let the
Fluxion of thas Quantity = o 5 then will all the Terms
wberein *tis found vanifb, and the Extremum be desermincd
by the remaining omes.

38. The L (n,N) made by the Tangent(PG,PT) and Chord
(PB) bas for its meafure an Arc = balf that Jubtended by
:be cbo'd- ’ : ‘

Draw a Diameter L PB, then is the Arca, and Chord.
PB bife&ed (by 18), draw the Rad. CP, asalfo CD || PB.

Then Ln-Lz=L=LrLx o 5
by Conftr.) But g =x (by 17) then= o N
rby Eq.Subdu&. And } a Meafures the  / Pt
Lr ¢by6) thereforealiothe £ »; Alld 8
# 4 N are meafured by 32+ 1A (by A
9) th. N ismeafured by 7 A. =

39. An L (c) in the Circumference made by two Cherds,
is meafured by + its fubtending Arc A. o

I

—

For
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For +N <4~ A 4- M mealures # 4-c 4 m
(by 9)But + N,1 M meafures n, m (by 38) ——7 Smc
Therefore + A meafures c. , }Y:
40. All Ls in the Circumference, fubtend- c
ed by the [ame Arc or Chord, are equal. For
each is meafured by ¥ the fubtending Arc.

41. An L (C) at the Cemtre is double that (c) at the
Circumference ftanding on the fame Arc (A)) For C is
meafured by the whole (by 6),and ¢ by 3 theArcA (by 39)

42. An L in a Segment >,=,< Semicircle is Acute,Right,
Obtufe : For ’tis fubtended by an Arc <, ==, > Semicir-
cumference,whofe L(the Meafure of the L,by 39)is <,=,
> god. and therefore is Acute, Right, Obtufe (by 7)

43. Whence, To draw a Tangent (PT) to any point ®
of the Circumference of a Circle : Let PB=Rad.(PC), draw
€Bout, let BT = BC, draw TP the Tangent fought.

For fince PB = BC=BT (by Conftr.) an Arc paf
fing thro> C, P, T, (by 19) will be a 3
Circumference, th, LP=1_, (by 42)th.
PTisa Tangent to the point P (by 12)

Hence the Praftical Methods of
Ere@ing and Letting fall Perpendiculars
are evident.

44. Oppofise Ls (n4-N) in the Cir- s
cumference , ftanding on the [ame Chord @

are = 2 |_s. For each is meafured by 3
its fubtending Arc, therefore both by 3 the_ @
Circumference, which meafures 2 | _s (by7) N

45. Hence, The op. L s of & Quadrilateral Fig, infer. in
a Circleare=2 \_s. Andtbas Quadrilat. Fig. the Sum
of whofe op. L s is = 2 s, may be inferib’d in a Circle.

46, And the Sides thereof be produc’d, the external L
(a) is = to the internal op. one (N.) Fora (4n=
2 L (byg) = N (4-nbythis.) .

47. The L (x,2,) made by a Tangens and Chord, is =
20 an L ( u,0) inthe op. Segment.

For x,7,= +4, T A (by38) =m0 “
( by 39) '

48. Hence
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48. Hence, To cut off a Segment from a given Circle
carable of comsaining a given L (2). .

Draw the Tangent ¢ & (by 43,) makel SR
x=1Lz, then a=x (by 47)=171, there= , _J e
fore tac is the Segment reqd.

49. Alfo,baving the Chord (ab ) of a Segment capable of
containing a given L (x) . To find the Point (p) thro> which
the_ Arc fhall pafs.

Draw a¢, and at any point (e) make
Le—Lx,daw bp || de, theng (=)=

x, therefore the Arc fhall pafs thro’p: In ad =iy
the {ame manner the other pointsare found.

so. In aCircle, equal Chords are equally diftant from the
Cemre, and the Conirary. For thole .= Chords are =
double Sizes, therefore their Co-fines, which is their di-
ftance from the Centre, muft be —.

1. In aTriangle, the 5 of each Side is the Sine of its ope
L. " For ( being infcr, in a Circle by 16 ) the Sides are
Chords of Arcs, which meafure & their op. Ls; And+
thofe Chords are the Sines of thofe Arcs (by 8) i.e. - the
Sides are the Sines of theirop. Ls. -

$2. The 3 Ls of cvery Plme A, is — 21 _s: For ( be-
ing infcr. in a Circle by 19)their Meafure is - the Circum-
ference, which meafure 2 Ls (by 7)

3. Therefore in a Plme A, if the Sile be

produced, the extern. L (d ) will be = 10tke Y
swo intern. and op. ones (a4-b.) Forat-

b(4c=2Lsbyg2)y=d {4cbyo) »

4. Hence the meafure of an Angle; as ¢ in Fignre

Y. Neither at Centre or Circumf. made by two Croffing
Chords 3 Or. v

2. Inthe Circumf. made by the Chord and Secants is ( =

J4xbys3) =3 A+45a(bysg)
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3, Without the Circumference, made by two Secants 5 or

4. Made by two Tangemss; is (=x—yby53) =
3A—7a (bys39) :

$5. The mixt L RPd made by the Circumference, and
Rad. is greater than any Re@ilinear Acuse
L (RPy or 2.) For drawing RnPerp. P7, .\
then L» (= L_) > L3z. therefore RP 7 N
> Ra, and the point # is within the €ir- pA Lf N
cle Confeq. { 7 <L RPd, R

Whence, be L made by she Circwmference and Taugens is
lefs than any Acuse L.

Therefore no Righs Line can be dravon besween the Tangens
and Circumference, tho’ an infinite Number of Curv'd ones
mdj‘

§6. A Curvilinear L ( CPc ) made by two Interfeling
Circumferences. (C,c ) is =='t0 & Relilinear L (RPr)
made by the Radii (RP, rP) drawn to the Inter[e&. point
(P. ) For, drawing the Tangents PT, P¢, then LcPC
= LtPT, and tPT (4 TPr= |.) = RPr (4=
sPT.)

$7. In a Triangle >, =, < Angles are fubtended by >»
=, < Sides3 And the comrary. For >, =, < Sides are
Chords of Arcs which meafure >, =, < Angles.

1, Therefore Equilateral A s muft be alfo Equiangular;
And the contrary, .

2. Andthofz A s are equal, if in both, either 3 Sidess
or 2 Sides, with the included L 5 or 2 Sides, with the L ope
to the fame Side 5 or 2Ls, withzibe intérjacens Side 5 or 2Ls,
wish the Side fubtending the fame L 5 be equal.

3. Therefore the Ls at she Bafe of an Ifofceles A wré

= ’L For the equal'Sides are Chords of Arcs meafuring
=Ls

4. And that Line from the Vertex bifeiting the Bafe of
an Ilfofceles’ A, is Perp. 1o it,

§8. The Insern. L s of any Polygon are = to twice ds
many L. s as it bas Sides, except 4. For (» being the N°
of Sides or Ls,) every Polygon may be divided into 7—2
A's, ( by Linesdrawn from any L toall the reft, except

the adjoining ones, ) therefore will have 27 — 4 L_s.
Hh 1, And

,}.
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1. #nd (produsing the Sides ) all the extern Ls=4 L s
For each Intern with its Extern is==2 |_s, ( by 9)

therefore all the Intern and Extern £ s==2n {_s5 but

the IntEn ds==2nL.—4 Ls (bys8) th. the Extern

Ls=4 L s.

2. Therefore the Intern L (A) of anmy Regular Polygon

ismaen—4Tnl; FornA=2n—4 Ls

3« And the L (a) at the Cemre is==4 |8 = n (=%
2ls—A) ) .
. 59 Hence it follows, that there are only 3 Regular Surfa-
ces that can fill a Space, viz. Triangles, Squares, and Hexe
gOHL

Since all the £s round a Peint = 4 L_s, and the £ of

6

\ Regul. A is 3

a Square  is 1 |_>whichmultiplyby<l4 0> =4 L
Hexagow is & | 3

. Bucin a Pentagan, 3s are lefs, 4Ls greater 41, and

;__n Fi%;res baving moge Sides, 3 & s greater 4 L_s, theres

ore, &Je.

6o. Alfo, There are only § Requlge Bodies. For a Selid

, L confifts of lefs than 4 L_s, aad 3 Plane Ls are the fews

eft that can make it 3 But 6, 4,34 sof A's, 01, Hexer

gens, make 413, and 44s of Perragans are greater4 L_s,

therefore only a A, [, and a Pentag. can forma Solid £ 3
fo thatthere can be but s Reguler Bodies, viz. the'

Tetr- Yw 4 389 .. C Na(l ¢ 12
o8- e ) 68T Yias &\ 'g 12 §. ¢l 3
QU Sy
Ieof- S 12 poxu<5As T 20 5,30 >R 60 R
Hex- ()8 B8 230 8 ) 6( 5 21203 )2 (3
Dodec- ) ¥ {20 30)s 12 )& (309 L6 D™

6« The Inserfelion of 2 Plames is a Right Lime : For
the Right Line drawn on either Plaps tram auy two Poists
of the Seftion willbg thefame, And '
Lo The Iuserfeitions of 2 Paral. Plancs by & 3d arc Parade
2 AFerpato aroffing Lings, is Perp. 1q their Planes -
L . 3. &gh

i
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3. Right Lines, or Planes, Perp. to she fame Pline, or
Right Lines are Parallel. ' :

4» APerp, 10 & Plane is Perp, to s Parad. Plave y dnd
the comsr. :

5. If & Right Line (L) be Perp. toany Plane (P) rhemall
Planes paffing shro> (L) are Perpto Py Andif 3 Planes be
Perp. to P, shefr Prrerjetion will alfo be PerporoP.

6. In any Number of Planes paffing thro’ the Line L Patal.
$0a certain Plane Pytheir Iterfetbion with P are || to L.and 16
each other. ‘

7. Twopair éf meeting Lines refpeFively || in diffsrent
Planescomain =s Ly and Par ab. Pianes.

62, he Equizngular [\ s, the Sides abour 2= L s are di-
veltly 1: 135 And the coner.  For, being wmbkr.in & Cics
cle, the Sides will be Chords of Sinmikar Arcs, .

63. Therefore Bquiangnlar A s are fimiler (by 21 ) ;
Confeq. fimitar A s bave sheir Sides about ==L s ::1.

1. And tbere{ore‘ thofe A s are alfo fimilar, whick bave
am L=, and the Sides abous that L :; |, Or which brve 2
Sides 331, an L op. 10 one of *em ==, and tho arher of she
Jame kind, _

2. Hence fimilar A s have sbeir Heights 3 ¥ to their
Bafes > For making a Side next the vertiQa) L Radius, the
Heights will be Sines of fimilar Arcs, which are as the'
Radii (by 31,) and thofe Radii as the Bafes (by §2).

3. And a4 Right Line, or Plane cutsing a Frieaghe, ov.

Fyramid, eitber parallel or fubcontrary to the Bsfe, euts o
4 Mgwre fmilor 1o the whole. For the L axthe Top is
conrman, the others are == by Coxflr. theretase the Fi~
gures are fmilar.
" 4o Confeg. in & [, tke parss of she Sides oie Bs & Wishy
Line drawn | to ins Bafa are &:{m, I AM?&@ 555;.
For the A cutodf being Sim- ta the whote ( by Canfls. »
the Sides about the common £ at the Top will be : : }
( by 62.) therefese, He. '

5. Henco is drawn. the Mothed of dividing a' Righe
Line e x given ::5 Aod offladinga 3d, or4th :: Fo 2,
or 3 given right Lines; with Variety of Praftices in

- Geometry, '

Hh 2 6 s
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6. Inany A, the Bafe is to its Parallgl, as the Sides are
to the Parts next the Vertex.

X,

For y:ix::mim:: b :p(a) by 4.63 ".@i#\_l’j <

Theyd-s:x:iintmm::btacp ‘

7. In any Quadrilas. Fig. inferib’d in a Circle, the [
of the Diagonals is = 1o the 2 | s of the op. Sides.

Let LDAE=L BAC, AC =), BE==m; then As
AED, ?BC,and ABE, ACD, are gimilar. A

tmiiye c=ny

Th. 4:im: :j;d}by63’th' ad=my

The ad4-be=(myt4ny ) yxm4n

8. Al Figures of the fame kind, flanding upon the fame,
or equal Bafes, and of == Alitudes are =. For the Ele-
menta of the one are refpe&ively equal to thole of the
" other, both in Number and Magnitude. Th. in Pgrs.

Ppds. Prifms, and &ylinders, if B, H, he the Bafe, and
Height, then BH = Content; Andin Triangles,the Area
T'%)BH; bec, ‘Triangle : Circumfer. Pgr. 3 1:2 (by
this ). ' ' ’ '

9. And aRedlilinear Figure of # Sides may be reduced
into n—2Triangles, by n—3 Diagonals; and its Areais=
to the Area of all its Triangles. ’ :

10. Th. in a Circle whofe Area call A,Circumf. ¢, Rad.r,
fince fre (4re°’c) = A, th. Lre=A, ( by 36.) And 4*
(ar)i3reis2r (d) :4c.  Alfo,if ¢ = Arcy then the
Seltor =% rc. , : :

1. All Homologous Figures,(1) Of equal Bafes ave as their
Heights, or of equal Heights, are as their Bafes; (2) Of dif-
fertns Bafes and Heights, are astheir Produéts, or thofe of
the Sides into the Bafes or Heights; (3) Andtheref, are alfe
#s their like Sides raifed into the Figure’s Dimenfion.

Suppofe L, J, the Length or Sides of the Figures ( x,7)
or let S, 75, ¢S, the Sides of the ore, and,s, rs, ¢s, thofe of
the other ; then, if s

1¢3 B=b,or H=b; x :y::BH :bb:: H:b, 0r::B: 4,

all differ 5 x:y::BH:bb::BL: 8l : HL: bl

Forl tb::H:b (by2.63) 13 L:lk (by 63) Therefore

In

1
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I 5 Plames x2y:: (S*riS2riz:) S*:82,

- Y Solids x: 9 (S3rg:83rp2:) S3: 83,

And like infcrib’d Figures are as their refpe&ive wholes,
Tb. all fimilar Surfaces, or dolids, are as she Squares, or
Cubes of their like Sides. '

" And if fuch Figures are equal, they have their Bafes and
Heighis regiprocally 2 : \. Aud the comtrary. '

12. A Right Line bife@ing an L of a A, ;
cuss the opgidc diredly ::1 tgo the Legs. i.e. 4‘:‘(&&
J:i7 (::A:B (byr163) ::tax:ex 7 2

(by26) ::a:e.

13« If from any L(BAE) of a A Infer. in a Circle, whofe
.Dimetej: 1{: AD,anerp. (AF) ,b{Iet fall upon the op.Side:, them
(bec. A ABF Sim. AED ) AF: AB:; AE : AD.

Alfo, let AC bifeft L A, then ( bec.
AABC sim. AEF ) AC:AB:: AE:
AF, or BAE = CAF = AF* 4 CFA =
AF* - BFE.

In any Plane A, whofe Sides are 4,b,¢c, Height p, and .
their op. Ls x, 7, - Since the Diameter ( of the Cir-
cumfcr. Circle ) d:a::c: (ac ~d) p.th. AreaA=14acb
—2d,thed:2a::cb: Ayjord:sLx::ch: A,

Again, As baving one L common, are as she Falls of the
Sides abous that L.

Alfo, finced:c:: (abipb==2A::) Lab: 1A, or
JieiifabiA, th. Red:ic®iitab: A, that is, dxs,z
SCPIisx XSy Al '

64. A Perpendicular demitted from the Right L of a Plane
A upon the op, Side, divides shas A into swo, each fimilar so
the whole, and sherefore to one anosher. For
each has 1 L, and 1 common to the whole,
therefore are fimilar ( by 63.) Whence

' arxz::xh the x> —ab"
b e:j::j:b}byég’gth. g =ceb

2. The x* 4-y* (=ab-eb=atexb) = b*
pIala,b=xdy %, x=b =[5, =]

%, %P‘1
h

4 And
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4+ And x? sy (:zabzeb) izase.
g x2:p (srabiae)sihie, &y ipt (iebrae) shis
‘6o bdyiuizxth—y; And by-nzyiiyih—x
g ipaipieix iy, the pramacs @ = px j @R
8. Th., Tofind ¢ wean : ; | bemween any 3Righs Lixes ases.
Let a}-¢ be made the Diameter of 2 Circle, the Petp..

ereéted on the Point of meeting, and terminated by the
Circumf. will be the mean reqd.
9, Whence we bave the Meshad of mki:;g a Square =
20 4 given Pgr. Andth. = sa any Right lin'd Figwrs ghvens
10. Alfo,Fa cur a Line (1) in Extreem and Moan . 3'; (k€.
abat the 1 of 1he grester pars (X ) may be ==ta the (]
made of the leffer para (1% ) avd the whale Line. )
Make Zand 31 theLegsof a L A; them the &)ype-
tenufe — Tl=x fouglit. For x* =1* —lx, t};.x‘—‘ =3
‘mmldth. 2= P A 1B 3 i
r1. And, In any Plage A, the Sides being b, 7 : Sap.”
lines (m,m) from the Vertex v, making each at, the Bafe &
a like £ with that at v ; letrbe the part of the Bafe lino
$ntercepted between m andm, Then §* =x*+4-y* &
2y, if v >, or < go degreess
Theref. if v=90°, b>==x* 2?3 ¥ v==120° 0r §0?,
P=xtytx: ~ S :
Hence she Radiys of sy Giscle is == Chord of 60°.
1If v 134°, or 45°%, B2 x>y ) X V3
If v==140°, Or 30°% 8* =x*4»* T xyx ¥3, .
12. In & Circle, she Circumforib’d Square is to the In-
ferib’d as 2 0 1.. For the ( Diameser, or ). Side of the
Circumfcr. is the Diggonal of the hafecrib’d Square ; but
the Diagonal (quated 15 to the Side fquared, as 2 ta 1.

Henee:
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13. Hence the Diagonal (D) is Incommenfurable to the
Side (S ) of tke Square. For S:D::1; 2, and (s)
any part of S fhall be in the fame : : to 4, its correfpone
ding part of D3 and how fmall foever s be taken, yet 4
is capable of a further Divifion, and that in infinitum 5
therefore ’tis impoffible to find {ucha part s, that will ex-
aétly mealure D. - ' ‘

Whence the Infinite Divifibility of Quastity is evidens,

14+ If fimilar Figures ( H,X,Y ) be made on the Sides
(byx,¥) of a L Ay that (H) on the Eyporenufe (h)
iscsz shofe (X,Y ) om the Legs (x,y.) For H,X,Y are
as b*, x*y*, (by 51.63) But b>==x>+4-»*, (by 2.64) the
H= X4-Y. _

Henee *tis edfic so find the' Differewce bevwoen any fie
milar Figures; As alfo, the Sum of any Nusber of fuch Fi-
gures,

And the Quadratwre of sthe Lunes of
Hyppocrates of Scio, is alfo evident. Let
4be be an Jfofeles Ay Lat & Then
wd-r=x-}-r (by4.64) thhm=x b —&

35« Alfo fimiler Figures mede ov 4::1 Lines (a,bcd
are :i L. As fup. Sim. As A,Bon a,b; and Sim. Pex-
1. C, D one,d; thes A:B:: 2*: é* (by 1. 63)
sic*:d* (byPreport.)::C D (byi1.63)

16, InObtufe, or Acute Ld A% c22=4® 4= 6> % gbx,

For (p =) &' — P b s e
= —x? ﬁf i

17. Hence x == 4> 37 ¢* 4= b*—* 34 el

18. Alfo,given she 3 Sides of a Plaxe &, reqd. the Area.
(Fig. 2.) Since p* == (2 — x* ==g? v fgbu—x?, th..

x=c' - b —at T2, M p=ct —x[L, th

L
3

(sp%por) S5 x o — A F i —a 2] or

1L
Fab et dbrd — deat == or

(fb=Iatbtc)bxb=axb—>bx b-—cF: Ared.
) " 19. 4
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. 19, A Tangent (PT) isa wiean: | between the whole Sé-
cant (BT) and its extern. Part (CT.)
¥or A TPC Sim, A_B_TP, theref. BT:
PT::PT:CT, or PT =BTC.

20. Whence the [)s made of fuch Se-
aants, from the fame Point (T) and their
autward Segments are =. .e. BTC=
&Te, For each is=totaefame J (PT?.)

21, Theref. thofe Secants are reciprocally as sheir outward
Segmentsy e, BT:6T::¢T:CTs

22. Hence allo, Two Tangents drawn from the fame point -
are =: i, . PT=pT ; For the Sq. of each is = tothe
fame Re&angle.

23. And the parts of Croffing Chords are reciprocally <2 1.
i. e. Bz:Cgiibgiey, or Bgc=4RC ; For A BC Sim.

A bze.

6. Hence if r=Rad. d = Diameter, s== Sine, v=
Verfed-fine, v=Co-verfed-fine, c=Chord, s= Co-fine, t==
Tangent, t=Co-tangens, {==Sccant, f=Co-fecans , a =z Arc.

1. dv—vv=82==2rv—v?3 for d—v:s::5: V.
c2.dzezieivy fordv (Z=videst ) =¢ -
3 C*ec2 (2:dVedv) ::Vive
4 4:CH¢c::C—c:V—y,
for C3am3=dV—dv

5. tt=r? 5 tor BTXDE —BCD lv;.::-.... ome s )

o,

"

6.3f=r*; for AcxCE=ACD %[\
7. .sf=r2 3 for CeXCT—BCA p
8. Th. t,AXt,A(=r2)=t,axt,2

9.And 5,AX[A (==r2)=s,eX ;s

10, sr==st; for AgX CB=Cgp

xBT .

n {rv=s,%4 X 25,4; for CBp—BN x BA
rv=s,aXt,ta for CB‘ = Afx"B x

13. Theirve=s? u=1s,a % 4,34

13 And "~
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13. AndL,v==2 Ls,5¢ — L5, 30° '
i {*;'rv:s’,{-l;, for +KeXCB=CN.( iafll() XCN
. 4 Lry=—is,axt,ta; for ; Kg X CD=3A¢ X De
e S TR S22 =282 % 5,43 for CBX Age=AB x CN
59 7 X v,2¢ = 25%, 4} thatis, CB X Bg==ABX BN
o . . O ce——
16. Alfo,f,a 4=or —t,a 2= 0f ty3 90° — 4
" 17. And *tis evident, Cs % (Ve) Hor==me X em, for
¢V Sim. AexrC; But taking the Tangent ¢o infigitely
fmall, *twill be = its correfporiding Arc, th. s X so=r>
X Har 3 Confeq.the Sum of all the Sines erefied on any Are
(6Y) és==1v: Th. the Sum of all the Sines ereficd on the
.Qu(ldfmtﬂ Are is =r3, ‘ : :

18. Alfo, if cw be infinitely fmall, thenCo:CY::ou
(D) enpand Co:Ceizonisw (), Thi®srizitia =
. 19. CA:CO 2 as: Pi(Od)3 &Car:Cs:: MO: MP
Th.(P: +=MP)s, A+ 2= " XS AT SARSEST

20. If, kg=30°,and qx =qu, then Yq= 60°. And
wz= X 4 V4 qx* (or 4 X jux*=4xt?) — x¢* (9x*)
or V3 gx*y. or ¥3 X qx, d.e. s, Arc > 30° =, Arc as
much < 3o°® 43, of its Defed X V3.

- 2t. Alfoux =he J-aq, i ¢, 5, Arc > 60° =, Are
as much < 60° - sy of i1s Defelt. '

22, If B, BB, By, be Equidiff. Arcs, whichcall 2, m,e ;
their commo,n Di’f!'. d: thenqu f‘CR : ’ G (278) , : ;J:
toy fsasiibe risdiiasm: e d=s,a =2

The 83 8,84 s,e:28,M2 5,4 4=5,E

And S se=5dX 2smor2 4,4 X sgm =1

23. Becanfe #2=S-=s, M0 == £Chord of A—a, then op,
prodﬁc’d" io de, will be = ¥84-s; Th. & (V—v)
1S—s s 3598 S m 523 (@), and g 1 i=s,q,0r 5,4

24. Since r*-;s’ls", (s):irsiss(a)ri—si] "_{' Xrs
RN 2 1 .
e g =23 IXs* oxs (25Xs v

1 i : a4, And
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13. AndL,y =2 L3¢ — L5, 30° o
© 1§ Fru=gt 24 for $KexCB=CN.( $ AK)XCN
. 14 Lry=1s,ax 1,243 for 3 Ke X CD=74¢ X Ds
L re STk 20=28,2 % 5,3 for CBX Age=AB x CN

rx v,2¢ =125, 43 thatis, CB X Bg==ABX BN

16. Alfo,f;4 4-or —t,a2=¢ OF t,3 90° — 4 _

© 17. And ’tis evident, Ce X (Ve) Hr=7¢ X ¢o, for
Vo Sim, A¢xC; But taking the Tangent < infisitely
fmall, "twill be = its corre{poniding Arc, th. s X go=1r>
X Hr 3 Confeq.the Sum of all the Sines ereed on any Are
(€Y) se==rvs Th, the Sum of al} the Sines erelied on the
Quadrantal Are is =r*, = - . -

18, Alfo, if ¢ be infinitely fmall, thenCp:CY::ou
(t) omyand Co:Ce:: puisw(a), Th®:rsitia ~
.. 19, CA:CO::as: Pi(Od); &Ca: Cs i i MO MP
Th.(P: =MP)s, A+ a= XS AT SAXSET

20. If, kg==30°,and qx == qu, then Yq= 60°. And

o2 5= X0 4 V4 qx* (or 4 X fuxi= 4xt*) — xt* (9x?)
or Y3 9x% or V3 Xqx,i.e. s, Are > 30° =5, Arc-as
much < 30° 4, of its Defe@ x V3. _
21, Alfoux =he $-aq, i ¢, 5, Arc > 60° =5, Ar¢
as much < 60° -5y of 15 Defeld. '
22, If Ba, B3, By, be Equidiff. Arcs, whichcall 2, m,e ;
their common Diff. 4, thenCy : CR::9G (278)::i9L
toy frsa.b.risdiiasm: s, ds,a=¢

Th. 88 8,8 4= 5,62 28, M2 5,4 4=5,E

And 8- se=5dX asmor2 5,d X sgm ¢
23. Becanfe #2=S-——s, Mo = $Chord of A—a, then op,
produc’d to ‘dc, will be = 48455 Th. S (V—v)
iSmmg e {é?s s§i— s*=3d( q), and q# +\=s,4,0r 5,4
24, Sitice 733 |7 (s)': rius:(e)r—si| ’fﬁl rs
hoaz S - IRy 9XST gy 25Xs?
Thes=1 4 &4 Byt &

24373 ¢Rgr? 6X7r3
1i : 24, And
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a a3 " a’ e
25, And ==~ 4= —y &,

R 1xz>(3r1 xxzx;xp(sr“
26. Bec. dv-—-v’l (S) riivi(a) dV—V'l Xry

i 35v
— & X 2
Tho ‘—I+ + 4°d 112d‘ !— ‘l;’ C dv‘

1152
- B 1 2% a¢ R
- — - 4= ’ ; &eo
21 VS R T Tkaxaxgr 1X2X3X 4X sXErs’
. S L at . a4 . ,
. .,aﬁ. Th.:‘(r—v):r-— 4+ —_ &

1X2r © IX2X3X4r?
29, £ (13 ) =1ie bt s e a
30. TheS,{ ‘searad sttt s St r 21 L 40 &,
=L,t, -90-\-4 in szersForm.
3L f("“s)'_ l"‘—‘—?"" H‘“ +-?Ts':¢ +,&c.

32. Bec. ..-...f, &.-.._4 alfo (al‘)__..__F,S,f’

sE=stss? -{—.ss4 455t s s"+ss’+,&c.(|fr=x)
Th. S, s =s4-Js3 g7 =587 -Pds At o, &
Alfo S, ’s == 352 4= 5% J- 386 4= Js® J-rIste, &eo
33, And (ifr=1) 2 =t = 14-t* (by 18, 65) =
tXT—0 J-t4 — 6 - tP—pr et &e.
Thea==t=g o fer — 207 a0 — 00 &
34- Andt=cJad 4205 2707 4 ,«;g,a’-q;-,&c.
Th. # (85t) =1 - g—ta—pta’— -4-,4 —i7a7a’—, &c,
33: Sits=aatriat et ot T S e o e
36. Andifn =2, 3058 509, &¢ (10 being Radius) then
;} ol i S Tk AU ULE, R S EPLR TR RS L,s,of,
in Naper s Form 3 And +th thereof will give Briggs’s.
37- Given ¢ the Chord of an Arc 4: Reqd, G that of
another Arc A, fo that A.c.. n L Smce

-

v A=
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L e G 3¢T o
e e T

. 3 ] e e
Thnc+-6%; +’&C-="x.‘+3‘a—, 4, & =A
) e , 1—n', | 9—n? 25— , ' &¢.

Th' Cz——' " ;)ad,‘ “""-4‘—'-,‘5‘1,“3‘*‘_6—'—'574, p 2L

38,B‘cc;,t,4=('.3.) -rr:'c’:—:(ig‘bcgo.)_%_ -
R s Y’r’-s‘ ' LT Y3
And 64,.0r 6X t—}t? 4§ 05, &c. =3 Periphery (7)
B1.1t : Gx;-s = %:ﬁg:zﬁg? apd ti=}; Let
| a5=12¥3, =, y =38, =}9,0¢.
© Thene—1 44y — 4 -3¢, Ue =237, or -

132  d 132y B ‘i3 et .
gz—,»;— '5"9"","75‘;'?“'5;; —Tig + Tigye e,
Theref. the ( Radius is to 5 Periphery, or ) Diamescr is
to the Peripbery, as 1,000, &c. 10'3,141592653.88979323
04.6264338327.2502884197. 1693993751.0582097494.
4592307816, 4062862¢89. 9862803482. §342117057. 9

» True toabgve a 100 Places 3 as Computed by the
Accurate and Ready Pen of the Truly Ingenious Mr.
Fobn Machin : Purely as an Inftance of the Vaft advan-
tige Aritbmetical Calculations receive from the Nodern
Analyfis, ina Subjeét that has bin of fo Engaging a Natare,
as to have employ’d the Minds of the moft Eminent Mathes
maticians, inall Ages, to the Confideration of it. For as
the exa& Proportion between the Diameter and the Cir-
cumference can never be expre(s’d in Numbers 5 (o the in-
provements of thofe Enquirers the niore plainly appeac’d,
by how-iuch the more Eafieand Ready, they render’d the -
Way to find a-Proportion the neareft poffible: Butthe
Method 8f Series ( as improv’d by Mr. Newton, and Mr.
Hualley )-performs "this with great Facility; when com.
pared with the Intricate and Prolix Ways of Archime-
des, Vieta, Van Ceulen, Metius, Snellius, Lansbergiusgc.
~ 'Tho’ fome of them were faid to have (in this Cafe )

fet Bounds to Human Impr;ntemcnts, aad to have leit

s iz ro-

e
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nothing for Pofterity to boaft of ; But we fee no reafon
why the indefatigable Labor of out Anceftors thould re-
ftrain us to thofe Limits, which by means of the NModern
Geomery, are made fo eafie to furpafs. -~ - -
Variety of other Series might be given far this pur-
pofe, tho’ probably none fo fimple as this. ‘ :
39. I’ r=1.000, ©e. the Length of the Arc of ¢ will.
be'( 3, 4159, <+ 180X60 ), 00029-08882.08665.721
§9.61539.48461,8¢. (=) ; Let # be the Number of Mi-
nesinany other Arc s, fhen will 4 m=na: So-that, by
the forr:going‘Ru]es and Series, the Nasural Sine, Co-
fine, Tangens, &c. of any ‘Arc is readily made to any
defired Number of Places as alfo theis Logarithms , and
that from the Arcicfelfe -+ - DA
Other Theorems might have bin added for the Calcu-
lating of a Iable of fuch Numbers 3 but thefe alone were
thought fufficient to pgrform the fame, by various eafie
WaYS.'. I Lo N . ]
66. Let BL, PB, be any two Arcs (4,4) Then
ML=s,A ; MR=s;a. N A
LH=IR=s5,4+}5,¢3
- IH=z LR =s,4—s,2
DPn=v,A4-aj DK=v,A—a.
dn:v,ﬂ-; 3 dK=v, A—a.’
Dl=s, A Fa=125,3A F 23
" DL::c:K:-a = u,%li-:_’a.
In==s,Ata 3 LK =s,A—a.
dH=s,A+}s5,¢35 DR=53~—5,A=V:A—v,2.
Idla=s,iA -a; ddL=s3A—2, B
Here ’tis plain, the Trapegie LAHK,IDRa,}dHs,LDKR
are fimilar ; Foreach hastwo== £s at the Cirennif. (vigs
one=21Ax-2, the other ==} the Supplementof AFs,)
as alfo ;L_t\;, form’d by the refpe ?ve Diagonals: and
Sides, which are refpe&ively fimilar ; theref. the SideSa-
bout the =L s will be : : 1, Confeq. the Trapegia are all
ﬁmilﬁl’. R -J P R ’

2y

iy
v
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, p? this Scheme, which T receivd from the Learned Mr-
Haliey, an endlcls Variety of ufeful Theorems may ‘e,
deduc’d, and that by Infpedtion only; Such asthefe for.
foftance.
1 s A aind—saiind e $A —4¢
: s A "::”U,A:F‘a:s$l*‘-"’d_
IRTR Y FErITE W T a,
& C .

0 td g 581 84 s tgd e tid—e

3. V,d =8 8,34 Feissddazin,

4 534 4 aisdds, ¢ i9tdTsisA—g
IR o (Gox : 28, FA~4)
Theref. in Ezuidif-Args, (whers m is the Mcan between
. 4 &e, its Equi ift, Extremes ) "tis, '
¢ 8y Syb o 802 5 34M: 54 4 S.Fy (a5 30 A7t 23y 54.)°

67. The Diameter of a Plane Figure is a Right Line

bifetding all: Parallels to the Tapgeats. The Lines bi-
{c@ed are called Ordimates to that Diameter- The Point
of Goncayrfe of all Diametars is called the Centre of the
Figure. The Inferfe@ion of the Curve and Diameter '
“is called the Fertex.: - - .. _ S

- ThatDiameteryto which the Ordinates ftand ag right
Angles, is called the dwis, - The comman Interfetion of .
. the Dizmeter and Ordihate is called the Point of ﬁ-.
plicasiom.:- The Segment of the Diameter intercapted be-,
tween the Vertex and the Point of Application is ¢al-
led the Abfviffe or Inseregpied Diameter, .
- And Geometric Lines are diftingnifth’d according to the
Dimenflons of the Bguation exprefling the Relatjon be-
tween the Ordinates and Abfciffe; or according to the
Number of Points in which they may be ¢ut by aright
Line. Then a Line of the Firft Order; will be a Right
Line 3 Thole of the Serond, of Quedratic Order, will be
Conis Sciins 3 and thole of the Third, e Cubic Order,
will be the Cubic Paraboioid, &e, Thepgfore 3 Carve
of the 1R, 2d, 34, &co Kind, is the fame with a Line
?fthﬁ,a‘,“h’&"or Fo - e

2 B LR

And_
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And a Line of ‘the Infinisefimal Order, is that whicha_

right Line may cut in an Infinite Numbers of Poﬁ,;;\; is’

the Spiral, Cycloid, &c. and all tholt generated by IHfEE"

Revolutions of a Radius. o
63. Of Cyrves of the Firft Kind.

If in any Right Line, upon 4 Plane, there be taken twe
Poimts ¢, 3 an Infinite Number of. Points (p) may be found,
Josbar £p= op= vuorfl agiven Right Line, and po =
pl cvery where,” "For with vu (or £1) from £, defecribe the
Arc gl, draw tbe Lines f 1, make -the
pl=7pp; Andthe Curve drawn shro’ p, A

l . }?
as in Fig. 1. © 2. :

2. If £ be infinisely diftans from ¢, the Arc gl will be-
come & Right Line perpendicnlar to vu, and the Curve is
called a Parabola. o -

3. If £ and peoincide, the Curve will be a Circle, wh
Radius is 3fp4-1op. .

Therefare, If upon & Plane, any Right Line vu be m}a, :

and vherein v ==uf, ard the Peings-m within, or without ¢
and €3 and Arcs defcribed. with vm, umi, from o, f, will
interfe in the Curve of an Ellipfe, or Hyperbola,

Liep=Llp or
it be fp =t op, is called an Elipfe, or Hyperbola ;

And in any indefinite Right Line €g ( Eig- 3.) fet Xg = -

==veg, and pa Perp. fg 3 with ga, from ¢ cas pa inp, =,
the Curve Line drawn thro’ them will be &' Parabola.
The Point v is the Vertex, pa (¥ ) an Ordinase, va(x)
the Abfeifla, o, f the Foci, vu (t) the Tranfverfe Axe. . -
>Tis evident the Parabola has but one Focus o, fo that
# is Infinite. Therefore the Properties of the: Rarabolic
Curve are eafily drawn from ‘thofe ‘of the other; yet to

gratifie the Learner, we chofe to do them feparatelys -

In the Fllipfé and Hyperbola.

Y. Thro’ p draw pt making Lipt==Ltpe 3 Then fball pt
be & Tangent 0 Curve in-p. For, making pl=po, end
saking any Points in the Line pty then e = el; bus f )
(vu) < fed-¢l (in the Ellipfe), ‘and 1 (vi) 4- ¢l S fe-
(in the Hyperbola). Th. ¢ iswithous vbe Curve. . . °.

2. Draw



Place this Figure at Page 246.
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2 Drawce||fp, eutting ty in-¢, and pp in 0, Then L
®sp (Llps) == Lope. And ¢o = po— (bec. gc=-%of, and th,
€0=13p) $p2, Th. & (Fop & 3fp) = cv. Th. (bec. ¢ye,p4
are iz ¢ Sciu:ivc. whofe Censreiso) the Loep =L, .

3. I{et cr* (5#*): vou (¢34 Xq):: VU (8) :p==Pars-
metery Thei (becs31* (2 Xx8) s 4p (Xp)ii et so g
Xg) Mp=sigXgqorven. . .

4. Draw c9 || tp, cutting pfin v, Then (bec. cv [| pe, and
1| fp) pr (ce) = cv,.( by 2. ) Supply the Hyperb. Figure.

5. Fromp, thro’ ¢ deferibe a Circumf. cutting vu in ¢
and fp.in d,{; Bife&-fd inv § then f e .

3fl: Ifp :_iif{:%{d,-i. e:“c}:cf: _;:-aca fv, th..
1.-CV 2CV it caffriicv s ev-fecfd-cad-fr,
Cobar isycv ofv: s ua: fp+4-fa, ] And et

2. cvacracfiicas @wfy iiove caicv—cf—caf-fr -

[rbasis,cvifusivasfp—ia] - S

Th. cv?:vfuiivans (fpr~—fa*)ap. )

Choes I qXIE e AXX YT LI P Kx X YR

6. And (bec. Llpt=%L1pp=L pdo, thitp || od || cv. ) fr
sfciiossct, but. (bys ) frifeizcatevic(ov )ce:ct,
that is, L1+ x4t i1 4913t a4 (whichisalfotrue, if ¢
be the Diameter ) 23 (3t4itFx:lttieasi)txc 1

o (e irxiitngiedil)xia

2. ‘Theref.t+=4:4::tF %1% And, .

8 M x:xii(it:al it or) texixtea

9. Or, Stux:txizdsisdai i x4 And,
“"ro. p+a:1tTa :':g:-{-gg 4. Th. uSicrizap:vs

A Alfo,eipii (T xx) fiEx X xtaiy!

12, The =TT x 2 op P2y P
U xdea t  -at- ap 't
“13. If vs, us (|| ap) iees ty in s, = 3 shen

{vs:ap::(vt: at::) ev: ua-(& 8.) th
_Qus:ap:ii(ue:at:i) cviva(byg.) *

L VSKUE: ovi (3o AP ivausip i) ¢ s pap s fri=cv.

5.

7’
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75 vs X WE = dpz=t g Xg ITCTXAp
- MNote, ia thelﬂgsrbola, fupply the Fig, decaufe here
omitted to avoid ‘Cunfidion 5 And obferve the fame in
other pla¢es where tis required. ‘ .
14. If from she Dmzerfold, o,m of amy Fangews tvy, and &
Civcle defer. on vu, I-’erpendia:hrs ¢, nf be erefted ’; Then.
( bec, Astvs, tuZ, Sime As tng, tnf,) uZ & ofizepivs,

Th. vs X US, == ¢oXnf = ( vabx¢ul§ X VEXT % ) voxen

or vx fuaxze 3,_?40( q (=ipe=cr X ap) Th. o andf ure
she Foci. _ .
1§+ Alfo drawing ps 1 pt, or{|:gs, @l sxysA 1 Do, Pf
then ( bee. Lsfpe, fpa, Sim. Aliflq): SPA )’fl (05 t) x’
pA ==l (er 2¢0) Xfuz=dp X # Th pr =px=7if-
16, Let vs, us (Perp.vu) imseifeld amy Tangens 1 in s,
5, dram §f, 51 Then { bee. vexus == vix ¢ (& 14 ) 1b.
uS s uf 22 fvevs, and sbe Meiuded Ls % uf, fvs are.|_,b.
Asare Sim, apd Lfsue=L vis, but Lfsu =L of ==L
= Lvisd-L0fS, 1h. ) Lsf S={ . And sr=pr=Fr=S57.
Tb. if $3. be made vhe Diameser of a Circle, she Circumf.
will pafs thro’ the Foci £, p» ( Supply vhe Figures. )
- ‘17, Draw zx |f th; canting Cp in a ; Thew te =t ar:

For ( producing 12 to a, &nd &p 10 m,x,w.)’_; (::aug =
S : ‘ at -

A ?2y= x 2, ¢h cvRmXU= (Vox u?

ap 14 Vo 14

x%:) vox v (by ) the ¢V X m X 2 .‘}?wmi

Gl (= VeX VD g Ve X a? or ta-x X X+ 1 x]
- o Xve
X Vo) = veXcv? the vaXev=aq X ( X JixdiHm X

12, th. A Vo = A eix & hz = ( by the dike arguing )
Acmd' F Anmr; she-AazX s and Sim. Aard'y The za =
ar; which theréfdre are Ordinates to the Diameser pq.
Therefore" all Lines paffing thro® the Centre are Didme-
ters 5 And all Diamesers pafs thro’ the Cemre 3 And aB
Ordinates are parajlch o the Tangent as sit Versex of sheir
Diametersi

18, Henée
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18. Hence ( bec.ve :ap (::vc:ac) sitcive (By6)
Acpt (Acapd; tap) = A CVw, th. A tvs = Aspw §
And Fig. vixo= A mz, alfo Fig. aptn = A axz, i. ¢

«p X an -} Pt X ap = aX X a2 = ap (on) X an +-pt.
19. And pa:ps (::aX:az) i32pt: P == Parameser

10 the Diamerer pq.  For P x P2( 22X 20t  P2d —
. P4 ax n
oL % pagx (2B or Bt o 7t ) 7t — 22
aX Pq Pc gh~ pa ax
or acd-cp X ot, or tpd-ne X (sn) ap, o7 ) aX X az =

X (aqxet,

“ x az Xt X ) = az?= ar?,
ax

Theref. the Squares of the Ordinates so lanj Diameter (D)
«re asthe Re@angles under the Segmemts of bas Diame~
teryieee D xxxity? (::D:P):: D XxX.1?

And (bec.3d? : 4 1 d: p)c (sheConjug. Diam. Jis=Ydp,

20. Let co==r, vp =q, ¢f = J", shen

I x=¢q, (t:p::itp (3Fqxq):?)y=4%

And t: 2117 qXxq:iiy?, Thy =tFq X g+ it
2n Since s (IFI=rang Xq=) HE Q) 4 4
dr32p Th f2 s Hamql? s B lpF gp, dees
e s i ieap Thedtirarifp+gp, The
r = Al 4= Pl v ind = gl

22, Sup. any Ordinasenr,of an Elipfe, tomees the Focal
Tangensin 3 3 Thew or=my. Let cp =7, cv=», cm

- vou, __b—r b
-—’f: ’mﬂ’("c;'_ =3 —'thc \Cp) .

K k | thoot
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bt—r b’;'-'-m’ th(b:r: :_l’.iif”

th. ot = , énd mt =

r r )

tepy - Ca . - -
b ==my ; But (bec. cviyp sivmusmr’ i e bs

. b’e—-f‘v e

4_;. 3__y2p2 2
.__b_... br—pn? :)ml} —_ b*—bn*—r2p*d-rin ,

b!

e R . 4 29 20—y 2
and gm*=r* — 2rn4=n, th.orr = b ‘+'; —’i’.."_"_ 5

and or = b_:;gz =y ; *Tis the fame in tbe Hypérbola

and Parabola. .
23. Theref. if cb meet she Focal Tangent in T, then ¢v
(¢b) —cv=cu. \

240 (Bee. S () 1w (¢0) 1t kv (o
4+( % (ct) 2 v (e7) o F (v
=) US ==Up, O =VS=Vp. o .
25, The fame being fHill fuppofed, ( that is, thar x=q)
draw pu casting any Ordinate mr.inQ ; Then 58 = om.
( Supply the Figure. ) '

26. If on vu, aCircle be defiribed, then bec.
ap* :mr: (::vauiumy) :iaw?, me?, th
ap:mr::az:mg3jap:pw:imr:re,
Qrap:aw (::mrimg sichicv) iiclt.
Tb. all (ap’s: allaw’s:: ) Elipe: Qriieitiietis?
HEYE: (V) O Th Elpfe= V. Anidhe
Ellipfes E 1 : TC i {bec. ci= V'tp')'P%T’f:p’ft%
27. Purallelograms circumfikibing an. ESjpfe , baving
their Sides paralled to the Conjugate Diamerers , are equale
For fince App7=Aurb (b v8) dnd L s p=, Th. 70
spupiim7iby, theTpt ppiiby i ny) Aqrg; Acupsii
Ac7b : Acub, but Acrp=ac7b (& 18) th. Acup =
acub, and Afcp (% (3 ft )= Atcp, th, Acbf==Acpt,
th O cf=[D ct; 4lfo I cy (2A¢3y = 2Ac94 =
2ACYB )= fc, but -
‘e IYC: Oac (iy3:37sapipt)reJmci et
pc: I ke(:: Bvivkiikb:b)i: (2 ke: Tcfe

»
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75, r=yxc =y ke, and tberéf. 4 =4 ke
28. 7b. if cp, cg be Semi-conjugate Diameters, and ps
1c9, themcogxps (L3p9) =¢vxeh. = T 7

Of the Hyperbolic Afymptotes.

29. Since ctxca==cv?* (&y 6) if ct==o, then ca==%y
— 1 —1
vt=ut, th, vsmuS=vsXux|? = 3|7 ; 7F if vEer vVA

( v 1 vu) be mede = %—;p]';‘, then CE, C A 2re called Afympsotes
80 the Hyperbola or Oppefite Hyperbolas.

30. ci*:zan? ;: (cv? s yEri 4P itpiiespi)
vau: ap? ::ca® —vau: an® ——ap?; but ca*> vau, th.
an® >ap?*; 7h. n will always be without the Hyperbola, and
confeq. cn, tho’ infinitely “conpinucd, fhall mever mees the
Curve, ) ’ ’

31. Alfo cv? =ca? ~vau, th. vE? (an*—ap?) =npN
orngN 3 And vE*=191K or %RK, th.npN=191K, bus
PN < 1K, ‘th. pn >y, Th. the Eyperbole and its Afymp-
soses do continually approach nearer. ’

32. Andif <L, cK are Afymptoses, and by any paint (p)
of the Curve, a Tangens be drawn custing _cL, King,s,
Thew ps= 1pwXP|* =p7 ;Lrxr4 = 7pXps=3paXP;}
And Lr=z4. _ :

33. Draw 3, pargliel to any Semi-djameter pc, cutting
the Afymptoses in B, x ; Then Bry=cp* : Forthe Ordinascs
appijed po sbe poinss p, o, mees she Alymproses iy 7, 5, ¢4
Lah B x B=Loy T g ac

pc  pc Br 1 -
And(bec. Bry = cp* =ca@* = x3B, alfo Br =3y )
ry=Bs. A A :

34 If thro’ anypoints P, a, of the Hyperbola, be drawn
right Lines P3; z2, par’d};l to ‘e 'Aﬁm;t(s, Then
( bec. Ampa. Sim. APy3, and wu="Py, th. q:‘;',:‘{_,g, and
ua=P3,) P3iaai: (u2:y3:: peicyiicu—P3 icy
—®@2:7) €21 ¢3, T P3X'3c=®m2X 2.~ 7'

35+ If the Segmemss v, cb\, €3, of ke Afymptote cy be
=2, Then fhall v, ds, 3I; (dr’aim; | to the aiber Afymp-
1082 C[A,) b‘ :—:u . h

Kk 2 For
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For yw:ds:: (cdieriicgicdin) ds: 3P.
But if cv—ye—ed'=dn, &c. that is
if o, ce,cd, ck, &c, bein a Contin. Arith. Provort,
Then yas, er, J‘s, kb, &c. are in a Contin, Harmon. port.
And ern =Ly, J‘s.._ pva, kb=tvw, &c. ‘as tis eafic to
demongrate.

Let os || Y, them sd s ps:: P3:yP, and sd: ¢ssivms
yw. th. s8'? s 1 P3 Xyw: ny Y@, but s8*=P3Xv=m
(by35) th. gs*—l’ya or YPu, t5. ¢s is a Tangent, and P
an Ordinase to the Diameser ¢S, th. AySc == AuSc, and
Space SsP ._Sw, but Acsd'= Acsg, th. Space sd'3P—=s92%
but = ca=t = Cs, th ) B9 = n sve Th, Space,
sd'3P = sdy=.

Likewife, if ck, ¢, ce —, draw kb, ex || cy, then
Space easd = J‘skb, tb. bkya = eaP3, and bec, va X P3
=dJs=er Xkb, ¢ b._?.\ =kb s Tb, Afymptotic .s'pac;s are
. B . y
as the Logaritbms. So the Space «7P3 is the Log. of the

&ma’: Pi= a =2, Ami the Log of the Rmo of Bquahy

-(—x)no
¢-rr

In the Parabola

36. Let v9=4, tben ag (op) = =x + q, ¢a_x-g
end y* (g —ap =gl — F—il) dge=pr
.4ud (4q) p is sabed tbe Parameter of the Axe.

37: Th. vo=3p; And ze==dov=1p.

38 Aloyrer® (sipxipX)iix: X

39. Since x < X, th.y < T, th, the Cur'ue af e Parabola
runs off infinitely,

40. pX X—% (PX—px) = r+yxr—-j (r—y?)
thati isy pXZx = rSx=k.
4N Sincey?iXt (::x:X):iyi e

mrexy(=r)=%Xp
Vo A

42 Aoy
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42. Any right Line nz cutting the Axe and Curve, will
again if produc’d, cutshe Curve in r, fo that v, vn, vm ==
Suppofe it fo, let rm, 21 J nm, then ve:vn:ivn: vms:
vid-vn: vo 4= vm:: ns o nm,and ;2 :mr? s ng? iam?
s:var 2 vn® c:vizvm, th. the Point ris in the Curve.

43. Draw pt, fothattv — va, then pt fball touch the
Curve in p 5 fince any otber poing (¢) in pt will be without

>:Vt —mva v
va? va? va

. 44 Tb. op (ga)=te; and if dp || fv, then Ldpy
(Lotp) = L opt. -

45. If ps 1 pt, then a¢ = Lp3 for (pxav) Lpxaav
= (ap?) 2avXxas.

Tb. if ¢x, soi pd, p, then, (bec. As gpx, spo, spa
are = and Sim.) pr = po = sa= 1p.

46. And fince op = ot, and L spt = |_,the Poims 5, p,
t, are in’a Semi-Circ. whofe Cemire s ¢, Th. op = p¢ = ot.

Hence the L made by the Tangenss, from the Extremities
of any Ordinate, is % ‘thas at the Focus made by Lines from
the fame Extremities. C

Th. if the Ordinase paffes thro’ the Focus, the L made by
the Interfe&ion of its Tangents will be a Righs one.,

And (bec. av = vt)vs* (Lap*)=1LavXp.

47. Let any Rt.Linezr, drawn || tp, cut the Curve in’
2, T, and 1pd (jjva)in a; les tm, 2: (|| pa) cur pa inn,
he Thenre = za, -

For A apt (9«3, bec. 2av — at): Aszn (::ap? ¢ 4z?
f2av:gv)ii [ s Qary the Aszn = Dy and (by the
like arguing) Amrn = Dwm, th. Fig. zzrm (Arnm — Azre
=0Dwm — pwt) =ghm, th. Aran = and Sim. Azah

b T = 2a, and pd isa Diameter, whofe Ordinate s rz.

Hence, insbe Parabola, every Line parallel to the Axe is
a Diameser. And all Diameters are parallel the one to the
other.  Alfo all Ordinases are parallel 1o the Tangent at the
Versex of their Diameter. Theref. a Line, thro’ the Vertex
of she Diameter, drawn parallel to the Ordinase is a Tan-
é”' to the Parabola. :

48. And
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48. And Fig, yptm (Aptat-Dmp = dot-mp=0ms)
= Amrn, th. Tnat= Aarn,i:e. 2pt Xpa = arXen:
49, Let pw spsc:2pt s Pyice. vaspts: pt: P— Para-

meser 10 the Diameter pd ; For (aptxpax (& or FP:’ or )
an P

2= ) PaX P ( =—arXanX ) — wr® =r2*. Th
2pt . ah X .
the Ab[cifJe of every Diameter are asthe Squares of their
refpedive Ordinases. ‘ :

"§0. Sinfe (pt? = vB* =) 4x*+4y> = Px, Th. P =
(434 L =) 4xtp (49) 4nd P—p=yx. :

Hence pis the leaft of all the Paramesers.
Alfo 1P (x4-q) =ag or op- ’Aml if s be 3 pt, thep sp*

= (po*—%pti(ps?) =x4q — x*—x¢ = x4-gx¢=)
PeXq 3 Th.sg? is ever as po. :

st. If an Ordinate db 10the Diameter dp paffes thro’ the
Focus ¢, then 1P (x+4-q or vt4-vp by 9) =dp. Alfo(bec.
Pxdp = £P* =db?) 1 P= db= 2dp (dp4-psJ) = ts.

Thefe are the chief Properties of Curves of the Firft
Kind 3 tho’there may be an innumerable Variety of o=
thers, moft of which, if thought worth the Labour,
may be drawn from che foregoing Principles. And fuch
whofe Curiofity prompts them to a farther Inquiry into’
thefe Matters, may have Recourfe to larger Volumes.’

69. Of the Conic Seétions.

1. If a Conebe cus by a Plane thro’ the Axe, the Seiop
will be « Triangle. But if cus Pa-
rallel, or Subcontrary to she Bafe, i
the Se@ion will be a Circle : Fara
Cone may be confider’d as.compa-
fed of an infinite Number.of Cir-
«les, all parallel to the Bafe ; And
.the Subcontrary Selion is evident- N
ly Similarto the Bafe, Bec. ApcV

Sime APcv,h. pexcv=(PcxcV=) ca?,th.vap & & Circle.
2. If in any Scition of a Cane, & .righs Line 6ViP) sexmi-

nasing in the Curve inmserfelt amy swoPerallc) Lines :(&E;
¥ o
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ag) the Redangles of the imsercepted Segments of thas Line
will be, as ::5 l{e&{ngics of the Segmenss_ af the refpedive
Parallels : For

Let the right Line VP be the Common Seétion-of the
ANTR, (paffing thro’ the Vertex of the Cone, but not
thro’ the Axe) and the Se&ion AVE.
_ Then RCXCN = BCXCA , and rexcn = ecxca
(by 'It‘st;‘ 23. gAlﬁ‘y( ré .-‘Rc'(il:-’:‘cP *CPjand hc: NC: :V¢ :VC,
, rCXen ¢ X :
Or ecx ta fECXCA -§ *+PexcV: PCXCV.

_ 3. Tb.in any Comic Seibn, - if two
Pirallsls are cas ‘by tvbo ovbérs, and all
terminate at the Curve, "the Re@am-
glés of the Segments Jpall be* Proporti-
onal,ise.ace: ACE ::(mén s mCn::

pev: PCV. .

" 4 Lerany Pline AVE cut'the Bafe
of a Cone in ‘A, E, thén'NR drawn Perp. to AE, and
thto’ the Centre, bifefts' AE: Leta Plane N'TR cutthe
Cone thro"NR'add the: Axe {ard a Plane /nare) cutit{)
fothe Bafe, then the com. Seé. ae,and nr, of the Planes
0ar, ave,'dnd nar, nlrdre || to EA and NR; batnor
phallesthro’ the Centre, th: bite&s éa in ¢ 5 alfovC (the

com.
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com. Seft. of the Plane AvE and that per Axem) bifeéls
all right Linesdrawn | | to AE in the Seétion, th.vcis a
Diameter of the Seftion, and AC, ac, are Ordinates. If the
Plane per Axem be Perpendicular, or Oblique to the
Bafe, vC will be the Axe, or Diameter of the Se&ion.

5. Let NRTbea A thro’ the Axe
of a Cone, then all right Lines in the
Plane of that A, from any Point v in
the Side thereof, are Diameters of Curves
of the Firft Kind.

1. And if a Plane thro® any of
thofe Diameters, meet both Sides
of the A per Axem below the ;
Vertex of the Cone, the A
Seétion will be an Els Y Y
lipfe; Bat if it i Y
meet one { pro- K
duced ) a-
bove the 3

Vertex, the Se@ion willbe an Eyperbola, and the Sefti<
ons of theoppofite Cones will be equal Hyperbolas. For

1o ve:vC:: 1¢: RC, and uc :uC ¢ :nc: NC

Th. vcd: vCu :: (ncr: NCR :2) ac? : AC?

2. Draw TM, vh|| vu, NR 3 make vuivh:ius: P
the Parameser For veicr:: vus vs:: TM :Ms, and uc:
cn s: vu:vh 22 TM : Mu, th. veu ¢ (ncr)ca® i 2 (vu s
usxvh (vuxP) ::) vu:P. 4lfo TM* : sMu::vu:P.

The fame appears more general by 69, 2. For (if D, dy
be the Tranfverfe and Conjugate Diameters 3 y, T, Ordinases
to the Diameter D} x, X, theic Abfiiffe) xxDirx : X X
DiX::y: 1% And if an Ordinate (T) be applied to
the Centre, ’twill become = 14, then 1D?* : 1d*:: xx
Dix : y*,Allo, let (1) D:ds:d: PyAnd(2) D x:s
P: 7athen (bec. Dmx :x :: Pz : g(by 2) th. gxDFx
ZxXPiz, but D iP:: D 2 d? (by1)i:xXDix:

by )



, Palmariorum Mathefeos. 247
(bysg:2) ¢ 2% :3(by 2):: %% DI-x :3% DFx )x X PF7

== 9> = DPx3Px*~ D. And bec. DP = d*, dp= p1,
th, Pp=Dd, and }:d* (:DP) == LDXLF. )

- 2. Ifthe Plane be Parallel to one Side of the A per
Axem, the Seétion will be a Parabola. For

1. ve:vCiz(er: CR::ner s NCR :; jca? :CA.

2. Make NTR : NR?:: Tv: P, the Pargmeser § For
NC(vh) :vT :: NR:RT, and RC: Cv:: RN: NT, -
th. CA* (NCR): TvC:: (NR?: NTR:: P: Tv::)
PxvC : TvC, th. CA? == pPxvC. Or by 69. 2.(bec
D—x=D—X, finceD—o ) x: X:: y*: 1%,

Andifx:y::y: P, then r* = PXevery where  For
Px(p?)irtii(x1X:i) Px:PX. -

6. If thro’ v and b a Cirele be defcrib’d,whofe Segmems vih.
fomtains an & = L Tvh,the Chords vz [ball be she Parameters
89 the Diameters vu; vc, &c. For in ihe Ellipfe and Hy-
perbola, (bec. A vhz Sim. A vsn th.) vuxP (vhxsu) =
VUXyz, th, P = vz. dpd in the Parabola ( bec. Avhz
Sim. AVRC) vCXP(vh (NC)XCR ) ==vCX vz, th.
P—=vaz. .

And ut Tangenss tothe Circle from she Extremities of
phe Diemeters, fball be the Diftance of the Foci  Far ut?.
S=vu® T vzxvu (by 64. 19) = square of the Diftance of
theFoci (by 68. 22.)

7. In awy Conic Sedion vpx, where ap, aw are Ordi-
wates, Va the Diameter, vy « Tangens y Let pe, 7w (|| va)

be infinjtsly fmall, Then (fince ap* == p - t XtXva = va*
=(bec.vazitiin:o )pEs xXeXva, and fo £

ax?=pTt XtX Ve, th:ap? :'ax®::va: va,
or)ver vyt spCiav. Thocpicvii(va:iap::
apitp =t:3) v o, And (bec. vp? = (yc?
4= cp? == ) vc2) vp = vo. Tb. Chord vp — Taz-
gemve==dArevp; And pc: ay;: vpii yal.
8. Let any Line vf cus pc, oy, produced, in e, f, then
cp:ceii1ioo, th ec=ep, and A vee= A vyf. Th.
Avpe : Avafi:(Avee : Avif::vet s 2 p) ved : vio,

~7o. Curve Linesare by fome diftingyifh’d thus; That,
whofe Nature is expres’d I{]lan Equation, wherein the

twe
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two Indeterminate Quanptities reprefent Right Lines, or
one of them a Curve Line, they call an Algebraic, or
Tranfcendent Curve: And thofe, the Exponent of whofe
Equatioa are variable Quantitics, they call Exponentin}
Curves, ‘

But fince the Relations between the Indeterminate
Quaatities in the Equation of a Curve may be infinitely
" varied, theref. the Number of fuch Curves is infinite;
Somte of which, befides thofe of the Firft and Second
Kind, Geometers have confider’d ; But of thefe, we fhall
in this place, only take Notice of the Primary Proper-
ties of the moft Simple Tranfcendent, and Exponential
Curve; the Cycloid, and Logaritbmic Line; theirUfe be-
ing very confiderable. '

71. If the Tangents to the Points of any Curve be
produced till they become equal to their refpeétive
Parts of the Curve, their Extremities will be inanother
Curve ; which is faid to be defcrib’d by Evolving the
former, the Curve Evolvd is called the Evolutz, and
the Tangents fo prolong’d are called the Radii of the
Evolute, or Radii of the Curvature; Which therefore
are all perpendicular to the Curve defcrib’d by the Evo-
lution : So that the Points of the Evoluta arebut the In-
terfections of Perpendiculars, to the Curve defcrib’d;
that are infinitely near the one to the other. :

Th. fup. the Ordinates AP, ap, in- C
finitely near, and C the Interfeétion v
of the Perpendiculars to the Curve
VPp, in P and p. Draw CB || AV, 3

then Pe : Pp:: PB : PC, itex:

Xy 12 X4y ixzs 3,

But whilft x and y increafe by x and 4, PCbecomes pC,
th. does not increafe, Confeq. the Flux. of (PC)
32 .o :
xz+ 3?xz;.ooz o o 4 .
y , iszXx tzy 'i:zy.y=o,th. (bec.

X Xy X x

M) 2

. b + Y _' .
y=z)zz=——,but Pc;Pp_::PB:PC,::e X
. ‘ Tl

x'+y 3
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-y —_—xy - .-

Evoluta or Radius of the Comcavity of any Curve, or the
Radius of a-Circle that touches the Curvein P or p. .
_72. The Curve Line defcrib’d by the Motion of any
Point of the Circumf., of a Circle revolving ona Right,
ot Circular Bafe is called a Cycloid. Thus (when the
Bafe is a Right Line) the Arcs EP, BQV, are thofe of
the generating Circle, in their due places, whilft the
Points P, Vot the Cycloid are defcrib’d ; So that (draw-
ing PQ || CB)CE = arcEP=arc BQ, th. arc QV (BE)
fe Pl R Lo :
~ Whence, to defcribe this Curve, make d : ic::BV:,
BC = Arc BQV, divide BC, and thearc BQV into the -
like Number of = parts, in the points E,\qi_),‘fbfc. and Q.q,
¢, draw BQ, Bq, compleat the Pgrs. BQDE, Bgre, the
Points P, o, will be in the Curve. _

1. And where a part of fome Curve VQ = x, and PQ_

2 2 '._;_.—;'_i_ .
x4 y 2 'l—;* - *rY . x_'l:'_Y___‘__ the Ray of she

. . v . TEom

=Y, then the TangentQt ==y x -+ » 3 But if x = Arc
of a-Circle, and x :ys:m:n, th.x=ym = , th.Qt
= ym> n=x. Butinthe Primary, Protrafed, or Con-
traited Cycloid, n =, >, <m, Th.inthe Primary Cy-
' cloid Qt=y ==x. Th.LtPQ (LtQA)= LVQA, 7h.
she Tangent Pt 1o any PointP.of vhe Cycloid 45 || to the re-
Jpe&ive Chord VQ. . : o

2. ThQA: AV::PA; AT; AndPT : TA:: QV
(YAXYV): VA (Yyx¥v)::vVd:yv. -

T B R 3. And
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3. And (bec.VQ = vdv, and || PT)v: ydv :: v :

I L Y .
d3vT T v .= 2, th. the Cycloidal Arc VP = (2vdv) 2VQ,
ize. The Cirve is = tiwicé the coré fpouding Chord.

‘4. If thé Semicycloid CLd be Evolv'd, the Curve de-
ferib’d will be @ Semicycloid, 8imilar and Eqiad 10 tbe Evo-
Jutz. For the Ray of the Cutvature PL is a Tangeng
€0 the Cyeldid in L, th. $ LP = 1 4r¢LC = Cy =15,
th, EP=Cy (==BQ) but EP || Cy, th. (VB =and ||
€D) a Circle thro’ B, Q, V, is = Circle DYC, and thé
Care B(%:: arc Cy == yL = CB, Th. the Curve CP isa
Cycloid, equal and like to CLd.

Th. if CDdk M be two like Cycloidal Plates, a Weight
fulpendedat d, by the Chord dLP, when put in Metion,
will defcribe a Cycloid, whofk Axe is & the Length of the
defcribing Peirditum. _ _

Thefe things will allo appear, by finding the Value of
the Ray of the Ewvolusta, attording to the genetdl Rule
{Art:71.) -

Sincey=a s, thy =rw Fsdrv—vvi

Iy

; v = W AR
= 2rvV—vyV FS5=VX2r— V= V| ,thyy = — .

Py 3 —_— %
e gyt F_8oviivil
v = vs, th.PL (or — .~ =—_—=
' —vy L. —VYy

gri v 6%’}!;[? XVS _ 16- —-_Srvlif= 2x 4,:_2,“—}
rv?
= 2 X AQ*+ AB* /¥ = 2QB = 2PE.

Th.if v=o0, PL=Vd=(2X4r*|}) r =2d. And
(fincé LP is Perp. to the Curve and ff Bg) a Line PT {}
VQ fhall bea T##pens.  Alfoany part (CL) of the Gyeloka
ditl Are, is=té twice (Cy) the cortefponding Ghords
" The Cycloidal Spece (VCB) between the Curve and the
Circleis == (be¢. its Elements are = to their corrcl}blndu
ing Aics, which are an Arth. Pragr.)§ (O EBV = jér
&= Generdsing Circle, _

" 23. Let two right Lines mové at right s, the one
11;;?. cqual Spaces ja equal Times, the other thro“‘ ggie(;?
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decreafing in a Geometric Progreffion in the fame Times,
the Curve defcrib’d by theif Interfedtion is called the Lo-
garitbmic Line, ‘Th. its Ordinates to the Equal Divifions
in the Axe are Geometrically Froportignal. This Curve
therefore may be defcrib’d thus § Divide BP continually,
fo that BP : BR :: #: m, by making Bb (= b3 == 8C, .}
=1 BM, and drawing bp, 37, &c. || BP, alfo MP, MR,
¢, then Rp, rx, Oc drawh | LR
BM will give the Points p, , &¢. ‘i"" ey
inthe Curve. By the Generation " ]
of this Line, ’tls plain. - B .
1. If the Ordinates BP, bp, . C e |
are as Abfulute Numbers, then
. Bb, BB, U increafing, or BM,
bM, e. decreafing, as the Abfo-
lute Numbers Decreafe, are as
theit Logarithms, according to Nae
per’s, or Briggs’s Method. el le

2. Bec. MP = Secant of 44° to the Radins BM and Tan-
gent BP, 'Th. the Logarithmic Line is compoled of all the -
Secants. :

3. The Line BC continued, will be an Alymptote to
the Curve PAC: And the Subtangent (s) orCT(=y X
'y ) is. every where the famej For Y:Y::y: y,
and X (€8)1s conftant.

4. Since x = sy, th. Flux. of the Area ( iy) = sy,
The the Infinite Space ACec = sy = "+ ACT =
2AACT. Th. the Space between any two Ordinates Y,
y, is==s X Y—y.

74. TF whilt a Ray, withan Equable  Motion, de-
fcribes she- Circumf. of a Circle, a Point from the Ex-
tremity thereof, moving towards the Centre with a Ve
lacity degreafing in a Geometric Progeeffion, will gene-
rate a Curve called the Logarithmic Spiral.

1. The Arcs Ar, re, 8¢, or the s ACa, aCa, . bes
ing [uppefed infinitely final), and in an Arish. Progieffion;
and the Radii, or Sides ahout thoft I3 in a Geometric
Progreffion, Th. the Ls made by the Radii and Curve are
eyefy where cqual, © " o 2 If
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2. If the Radii CA, Ca, &, ’ s

-are as Numbers, the Arcs Ar, Ag,
. will be as their Logarithms.

3. If Ca=), cA:j, A =

7, ta=s, then, becaufe m 173

‘giyiisiy, themy = ny, th,
: =n3, = ns th.s= 3, i:e, :

Fbe Infinite Spiral aC s = to she Tangent at.

7s. The Oirdinates in all Curves refpe& either the
Axss, or adetermined Point.  And where the Ordinates
are made parallel to one another, and right to the Axis 3
Let T = Tangent, 7 == Subrangent, P == Perpendicular,
o = Subperpendicular,3 = x - @,and a =7 — x. Then,

LGip Ty T= g T x sy
2. (JixiiyiIT=yx2y ( \

g (ki Aty p= gty 1
4 (xpiy:)a=yyx

s ("+j].°r\£=){=j}+x;: 2%

RRmmam e O

I

E4

6. (Bcc.x+a=j;c 5—})4:]::-:}-:—} _
The Values of any of thefe being made, from the gi-
ven Conditions of a Problem propofed, refpe@ively e-
qual to their Values here, the Nature of the Curve will

be found ; and the contrary. Thus, .

r= n;':;ic < s then ny "—;:, they* = x,

And if y*=—x, thcm-(;:; -~ } )=n) =nx.

Qr if px = »?, then px = 2]},th.fu'(=jj T Ex
NET2yx)=1p .

76. To find the Length (1), or Ares («,)of any Curve
Line, or Cugvilinear Plane. ’ (o) y

" X Where
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1. Where the Ordinates are parallel ;3\:..-'-' x? +’;=‘-‘-.
nd = & o
2. Where the Ordinates refpe& a Point:, (Let r — Rad,

of ‘a Cirde defcrib’d on that Point; x = Abfciffs, aod
y = that part intercepted between the Point and

.

Curve) A =) x3 4+ r{; 37 = r, and @ = y’x'-,&-
ar. Aad by fubftituting in the room of % ory *,or of

x or y, their Values from the Equation of the Curve,
there will be preduced an Equation who'e Fluent is the
~ Length, or Arca fought.

Thusin Cafe 1. If y = =%, then 2 = %%, th. o ==

xt1 xx*® 1 .
=" _—) . — x5 And the 4[ymptoti; Spac
‘,,'ynr’nu"’ od the Afmprotic Space,

in the Hyperbola, (7 being there Negaive ) is ==

—n11

be Finite, Infinite, cx More than Infinite.

More Examples are given where Occalion requires, th,.
are here, for Brevity’s fake, omitted.

Theré are various other ways of finding the Leygths,
or Areass of particular Cuwrve Lines, or Planes, which
may very much facilitate the Pra&ice 3 as for Infance,
in the Circle, the Diameter is to Circumference as 1 to

___f‘: xy; Thereforeif n<, =, > 1, the Space will

16 4 16 4 16 " "
s 239 ¢ 239’+"'s‘ 239° “.’5'"—*

3-14159, ©o. =,  This Series (among others for the
fame purpofe, and drawn from the fame Principle) I re-
cexv’d’ from the Excellent AnalyR, and my much E-
freem’d Friend Mr. Fobn Machin 3 and by means there-
ofy Van Ceulen’s Number, or that in Art. 64.38. may
be Examin’d with all defireable Eafe and Difpatch. |

Whence in the Circle, any one of thefe three, a,¢,d,
being given, the other two are found, ar, d = ¢=

—_— d. = >'-7r|':" —_— d — I—'\ T 2
T ATATIN = AXT = aXq7|n « = laxd® =
L X4 ) Apd,


Bjørn
Fremhæv

Bjørn
Fremhæv
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And any Segment of 4 Circle = SeSor — Triangle theres -
10 == Lar — 3 or 5 But like Segments are as their refpe-
&ive Circles, i: e. 7 (the Circle wherer = 1): j4— 33

t: wor +a*d (the Circle propoicd J : d—sXa =
27, or 4~—s X d* X} ; but « (of » degrees) in parts of sis

‘::‘T-;-,— an, th.Segment .—.ﬁ;—wnﬁ*a-i— 21,0:1{711}-5
%X d? Xge

Or let v == Verfed Sine or Height of the Segment, and
s == Sine of n the double Co-Arc (in degr. and patts) to

the Sine 1— 2v= d (from the Table of Nus. Sies), then

Than—s Xa + 27 = Segment. :
8. To find the $urfaces (s) of Solids generated by
the Rotation of Planes about an AXis. '

1. Where the Axis of Rotation é the Abfeiffa, ; =

—— R ee—

. 3
'
e 3'=

5 4 %** X exrty. Examples

_r% gyt € T rx?, .
InaCone,j_.F,th.f—(-r-"——"‘\/-,"b;'l‘"

b
exx ;"—:};bi _ cx;: 1’@ _ exx *
=T RV =g X Ty T
1 cx? R o
P th.s = (75 1) 1ol or 3adl (when x == b).

The Lrdl: 3xdr 52 12 7. And if the Side of the Fru-
flum of aright Come = b, its Cugv’d Surface will-be =
CYex b In a Sphere, B
—— ., L Tixi—arxxtd xix?
J = XXX th., = T or—x

e Y AL S R et
th. y a+x \3=VZ"_£———;; the s =¢( v
Xr % X 2rx—xx| r)ex. Th, ¢ = cx (wdx the Surf. of the
Segment) — (when x = d) ¢d or 7d* the Swrf. of the

e o The

.
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The wdx: wd*::x:d. And 7dX —adx s 2d* ::
X—x : d. Hence the Curved Surfaces of Segments, or
Fruftums of Spheresy cus by parallel Planes, are equal to
the correfponding Surfaces of the Spbere’s Circumfor. Cylinder.

Andicd:ed::rczc, ize. The Surface of the Sphere
contain’d between amy two greas Circles, & to the whole .
Surface, asthe L of Imclination, 4 to 4 L_s. »

h. 1 :r:: 3Ls (of any Sph. Aabc) —20.s (in
parts of r ) ; Surf, of the Sph. A. For
Abac = feh, and Abec="fah; And 4 _: g
" Lcba4-bca 4= bac:: ¢ (Surfi Sph.):bahch /7 i\
-+ cbfac 4~ abeca, i 1 e, 4L : 3Ls: 1
s:2A d-Lg, or 211 3Ls 2155 4A4s, the L\-’//
2l (L):3ls—2L_ (4)::¢: 44, th %

2%A (d5) = 2red'y Th, A = rd,th. Ge. :
2. Where the Axis of Rotation is parallel to the Abfrifa
(let the longeft Perp. from the Curve to the Axis of Ro.

e

tation be p) s =p—y X ’4:—;-"% Xcer.
3. Where the Axis of Rotation is the Bafe of the Cutve;

S=p—xX 34 2 [Fxcrr
4. Where she Axss of Rotation 3 a Tangent to she Vertex
of the Curve, § —y '+ XX XX cxr.
. 79- To find the Contents (i) of Solids generated by
the Rotation of Planes aboutan Axis,

1. Where the Axis of Rotation is the Abfiiffa, and the
genmerating Plane adjacent to it, or to the Tangent at the

Vertex. (1) x = %* X ¢ dy0r (2) x=x p_t:j:x o de
Examples in Cafe 1. of this.

rx rixs o 2,20
Ina Cone; g = ythe s == o thox == "y

crix’ . . ~
x=.( Sl = wrh =) fwd *by Theref. Cylinder
(3md*b): Come (Fpmd?h)iigin. .

Ot becaufe the Elements of 3 Pyrdinid, of Cone, are
as the (q: Numbers from o, th. their Sum, i:e. the Pyra;
#id, or Cope, is+ of fomany times the greateft, i: e.x

M m of
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of the Circumfcr. Prifm, ot Cylinder. - Or fup. B the
Bife of al A, b, b, &c. its Parafiels, B + b = 1z,
or &, Th. b =B~ 4, and »* = B* —~ 2B/ 44, th.

all the b%s = hB*—bBd }-1b4* = b x B*—BI 14
= b X Bb4-38* = § b x 3Bb4-4* (B:fb:’) = 1bX

B*{-Bb4-b* = 1 bX 1 —Bb = Fruftumof a 4. Pyramid.
Th. the Fruft, of any Pyramid or Cone, (A, a being the

Areasof'the Bafes)isbX A4-YAata x = If the Bafes
are Circles, D, d, their Diameters, then the Fraff. =

bx 2*—Ddx 7, and the whole Come = -:.xD3b,
as before. o

If the Frufl. of a Cone be cut by a Diagonal Plane
_ paffing thro’ the op. Extremities of the Bafes, then the

Greareft, or Leaft Fruft. = b x LDd4-D*ord* x . 73
This is evident, as alfo, the preceding Theoréms, upon
Sight of a Fruftum of a Right Pyramid of Four (or any e-
ven Number of Sides) reduced into its Component  Py-
ramids and Prifms.

In the Sphere, y* — dx—x2, th. k(dc:;x—cx’x'-;- 4

= cx;c—cx’;c—:- d, thy 5 = lex*—ex32-3d = Lndx?
— Jax? = (when x = d) 2cd* or xd? = 34X Surf,
(7d2,) Th.Sph, (47xd?) : Cylind. (47d?)::2: 3. -Or
-fiace the Ring DE (— @CE — QAE= _
OCA) = OAN, all the Rings DEs = all * z
the O AN, th. Figure YEXZY = Cone CXZ | ; l 4
=+ Gylind. And Hemifph. (Cyl. — Cone) == 2 4/’
Cylinder. Th. Cone, Sph. and Cylind. are as ©
1,/ 2,and 3.
Orinces? = ¢? (dv) —v?, th. all the s*s — JvXc?

@ ————
— VXFV (= LVX$*4V? (C})—LvXiVv:) =
17xs v of VK@@V, or vxas| *-tvix g,

or v % 3x2s|® - 4v?X 2w = Segment of 4 Sphere. Th.
x Sphs = 37d?r, and st-4=%wd ’f as before.

“And
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And,‘:{, a_Sphere be cut by any twa Parallel Planes, S, s,
fhall be the Radii of the Fruftum’s Bafes,its Height(V—v)
call b, then V.= b 4 v : but bec. any Segment of a

Sph. = #rv? — {7vi, Th. Fruft. = 2rv—vi x 7b}-
r—v X 7b* — 17h} = (bec. 2ry—v? = s?, and r—v
=S*—s*4b* :- 2b,by 65.23) b X S*Fs*Sb X L.

Thev X s*4efv? X L 7 = Segment,and S7d*r = X Sphere,
as before.

Tan Oblong Spheroid, leta = Lt = X the Tranfverfe,

7= ;. the Conjugase Axe, then(bec. a* 172 :: 2ax—x? ;

,_ 28xri—xr? . 24xr’xXe—x'xric ~
r»y= P XR=" the x =
rlax2c—3rixic 2rac :
—_s = T — gy —

27 = Segment, th. 2 6dj"7ra =

Spheroid, and $d*art = Spberoid. Th. Cylind. (i7d*):
Spheroid (7d*s) ::3:2. And Come (3 Cylinder) =2
Spheroids ' o '

Or (fup. Parameter = p,and p = ¢ = z) fince y* (¥

X 20%—x7) == {Xa'—a—x|" or 7a4® — gm*, th. all
the y*s = byxa*—Im* = }hyx 3P —m* =

hX 274’ 34 —3m* = (bec. y* = z4* — zm*, and 7*
=z4%) }hx2r*4=y*, Th. 3bX2@r+@y or (if D, d be

the Diameters of the Bafes) hx 2 D*<4-d? X ;7 = Fruft.
o{ & Spheroid cut by two parallel Planes, the one pafling
thro’ the Centre. Th. the Spheroid — Dt X + 7, as
before.

Ify=x", then ;E:%:Ex",and x=

cxnt1

2n+Tx.l

Thif m=1,% (= ex?s+2d =¢p*x = gr) =1
erh = d*b X § = = Obtufe Parabolic Conoid, Th. Conoid
(37d?b) : Cylind. (4xd*h) ::1:2. And Cowe, Conoid,
and Cylnder areas 2,3,and 6.

Mm2 2. 17k
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" 2. Where the Axis of Rotation is the Bafe (b) of the
Curve, and the Plane adjacent to it, or te the Tangent at

the Vertex (1))}_: ’.‘_[y—-—x_j x;;_-r-,Ot (2)x = xX

—_—— —— P

p—xxb—y x ez

Example in Cafe 1. Ify==x", % = px"x — xx"H X .

c pxrtr o oxm2
"'., th-x —_—
r rXnt1  rXnd-2

cx*y  exy

common dcute Parabolic Conoid, theny (= —5= -
) 2

. Th.if » =%, as in the

Jwdy — txd?y) = Eaxd*h. Th.is to the Cylinder as
gtors, s
Or in this Solid, call the Axe of the Curve B, its Pa-
rallels b, b, &c.and B—b=4' Th. b= B — J\, and b*
2=B* —2BS4d'2, th. all theb*s=bB*—ibx 2B 1hd*=

bxB*—: BIY1d? = 1hx 257138 H(B* —2BS p*—d*
—1bx 2B 5 —13" or (2@ BF 06— 0O = Fruf.
of an Acute Parabolic Camoid, = (if D, d be the Diame-

ters of the Bafes) 2D 44> —2J> Xbx 7.
o, Where the Axis of Rotation s & Tangent at sbe Ver-

:ex’;;f the Curve, and the Flane adjdcent 1o it, or to the Ab-

feiffe (r)x -_—__jx‘xc_:.__d—,or(;);'c= XpxX 0 7. S0
that (in Cafe 2.)if y = %7, x::; X xx™+1, and y =

cxu-i-—: . .
~—=—=, Th.if s = 4 2 (as in the Comman Parzbola)

———

rxni-2
ch"fx’
to 5. And the Solid generated by the Infinite Af;mp-
totic Space (in the Apollonian' Hyperbola, where y =x—")
about that Afymptote, is = L7dxy ; Th. is to the Cylinder
(the )Sad, of whofe Bafe is x,and Alt. = y) as2to 1. &80
that, in 'shis Cafe, an Infinite Space generares a Solid of 4
Finjte' Dimenfion. e D
bt R 4. Where

SR

=) {ad?h 3 Th. is to the Cylinder as 4
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4 Where the Axis of Rotasion i parallel to the AbfeifJa,

and the Plane adjacent to it, or to the Abfeifla; (1) x =
«— i3 — . P Nyt Y—
xy—j\ X c=d,or(2)x= xp’—p—-ﬂ X ¢=d.

Note, Where the Ordinates are Oblique to the Dia-
meter, or Axis of Rotation, or where they refpeét a
determined Point ; they are to be reduced to other e-
quivalent ones, parallel between themfelves, and right
to the Axisof Rotatian.

Hence in Cask Gauging, let B, H,he the Buxg, and
Head Diameters, L, the Length, n the Number of Cu-
bic Inches in the Gallon  and the Diam. : Periph.:: 13 7,

Then the Contents of a Cask taken as the middle
Froftum of an' Acute Parabolic Conoid, or of an Oblong
Spheroid, is

— 122 T 124
IX 2B - —3B—pl ' ——0r IX 2 B2 - A =

Th. in a Spheroidal Cask, when nos Full, she Axs being
Perpendicular 10 she Horizon, w = wetpartof L, d = &
Leiwjifwbe >, or <AL, the Cask is more, or lefs

g 1222
than % Full by 3Bd—d3 x B* —&* -3L* == » and

therefore the Liquor contain’d therein mult be

FLX2B* 4+ A 3B P X B* — H* - 1L = ‘—;3

Bus iz a Cask not Full, whofe Axe lies parallel to the Ho-
rizon, and the Liquor curting the Head 3 Let w — wet
part of B, S = Segment of a Circle (Whole Ares = 1)to
the vyerfed Sine w = B, and C = Content of the Cask,
then will SC be the Quantity of Liquor remaining.

8o. Of Proje&ion.

The Impreflion or Reprefentation of a Surface, on a
Plane is called the Proje&ion of that Surface : If the Im-
preffion be made by parallel Lines, ’tis called an Ortho- -
graphic Projeltion , But if by Lines interfefting in the
fame Point, ’tis called a Stereographic Projefion. :
v : 1. In
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1. In the Orthographic Projection, tis evident that, 1. A
right Line Perpendicular, Parallel, or Oblique to ¢he
Orthographic Plane is projeéted.into a Point, an Equal,
or aShorter Line: And parallel Lines, tho’ oblique to
the Plane, are, parallel when projeéted. 2. A: Surface
perpendicular to the Plane is proje€ted into a right
Line, equal to thatintercepted between the projedting
Lines: Buta Surface parallel'to the: Plane, intoan.equal
and like Surface. - 3. Any Comic Seivn Oblique to the
Plane is projefted into another of the fame Kind:s
Hence a Circle into an Ellipfe. 4. The Reprefentation
of any Point of the Surface of the Sphere, Ortbographi-
cally proje€ted upon a Plane bife&ing it, is diftant from
the Centre, by the Sine: of the: Arc from the Point to be
projeted to the Vertex of that Sphere. '
. Hence ca is Bquivalent to 74, ¢6 tozd. Andall Cirs
cles Perpendicular, or Parallel to the Plane, are projeéted
into Right Linmes, or "Equal Circles; but.all other imto
Ellipfes. Theref. alt right Lines pafling thro’ the Centre
of this Projetion, are meafured from the Sines 3 and all
others are reduced te fuch ;5 As for Inflance,

Given the Latityde. gf the Place, Suw’s Declination end
Ahitude 5 Reqd.tbe Sun’s Azimurh, and- Hour of the Day;
the Sphere being Orsbograpbicelly projeéted upon the Plane
of the Meridian. - co

Let r® — Co-Latitude, ra or ca — ®’s Ahitude, zd or
¢6 = © Declination : Draw aa, d6 the Paraliels of Als.
and Decl. draw Oz, Ou || ac,6¢; then cz, cy = Sines of
the like Azimuth from the Weft, or Hour from 6, ®«, @6

Todefcribe the Re- ) S
prefentation of Oblique .
Circles on this Pro-
jedion 5 Asfuppofe,to

‘deferibe a Meridian,
paifing thro’ the nth.
Degree of the Equa- ¢/ _
tor, on the Analemma. .S < .
*Tis but making cz : cn: :yxvzix v:: 6d:6®, and
the Pointsy, @, arein the Elipfe fought. Or the whole
Ellipfe (according to the Method in At 68.) is readily
drawn by meansof the Foci, {¢,t) found by cutting the
Tranfverfe Axe from » with pe its half.

P A

’,

A
v

o 2. In |
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2. In-the Stereogyaphic Projeiom, that Pointin which
all Lines from the Extremes of the thing projeéted do

-coneur is, ealled the .Prejeding .

Point ;- thofe Lines the

“Projeding: Lines; the Plane cutting them, the Srereqgra-
“phic -Plang, ot ‘Plane .of Projedion: And the ‘Stereogr.
Plane is fuppefed (if tot otherwife mention’d) perpead.
~to-another which*is- aif fuppofed. paral. to the Horizon,
haviag thereon, the sesr dr Iobmography of the thing to be
‘projedted, and cilled the Original or (bytfome) the Geo-
-mstrical Plane. A:Plane pafing thro’ the projeéting Point,
{}:to the Horiz.or perp. to it and to the P, of Proj. is cali'd
the Horizontal, or Vertical Plane. The com. Scét. of the
Horiz. Plane, and Plane of Proj. is called the Horizon-
va} Line, And the com .Se&. of theVertical and Horiz.Pl is
called the Axis of Proje@ion. The Interfe@. ofthe Axis
of Proje&. and the Horizontal Line is called the Centre
of Proje&ion. The com. Sé&. of the-Stereographic and

Original Plane is called the Bs

e-Live. The Interfeét.

of the Horiz. Line, and another drawn from the proje-
€ting Point parallel to a given right Line (L) is called

the Projetting Cemsre of the Line

L.

In this Proje@ion, *tis manifeft, that, 1. The Proje-
&ion of 3 Poiut, or Right Line is a Point, or Right Line.
2. The Proje&tion of a right Line, on or above the Ori.
ginal Plane, paral. to the Bafe-Line is parallel to it in

the Pl of Proje&ion : And the

parts of its Projeétion,-

are : ;1 to thofe of the Line it felf. 3. The Proje¢tion of
a l?ht Line | or inclin’d to the Original Pl. and || to
th

Pl of Proj. is 1 or fo much in
And the Proje@tions of the e
to the Pl of Proje@. are unequal

- pemate are the fmalleft.

clin’d to the Bafe Line :

qual parts of a Line perp.

5 and thofe of the moft

4. The. Projsétions.of paralicl

- ¥ight Lines on or- parallel. to the Orig. Plaand inclin’d to -

- thePlane of Projedt. being produced
the fame Point in the Horiz.. Line.

- jeQion of right Lines pespend. ¢

. pafs thro’ the: Centre of: Projedtion. .4, Thep,

of equal ‘Lines pezp. or

» fhall all- pafs thro’
5. Theref, the Pro-
othe Pli-of Projeét. do
rojetions

qqualy joclin’d the fame ‘Wayy

on the fame right Line (L) inclin’d to the Pl of Projeétion,
are limited by two Lines, which being prolong’d, fhall
: pafsthro’ the Proje@ing Ceptre of the. Line L. ~ 7. The

- Projetions of Points above,

or-below-the Horjz. - Plane, -

are above, or below the H crizentak Line ; .andthe more

emote
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remote they are, the lower, or higher they be, 8. Gi-
ven, the Height of the Projeting Point abovetbe Original
_ Plane, with its Diftance from the Plane of Projecion, as

alfo the Dift. of the Point 1o be projeded from the fame s
Reqd. the Projeiion of that Point. 1. If the Point to be
Pprojeéted be on the Original Plane; Let E, bethe Proj.
Centre,& B,C, the Flane,and Cemsre of Proje&ion; PaPoint
in the Orig, Plane A, whofe Projeétion p is fought. Set
EC on the Horizont. Line, and PN on the Bafe-Line,
the contrary way; as from C to d,and from N to n,draw
nd, CN, their Interfeét. p is the Proje&ion of P reqd:

\

i

For (bec. Ed || Pn)d is the Projeélting Centre of the
Line Pn, but the Projeét. of P isin nd (by 4) andin NC
(by §) th. muftbe in their Interfe&@. p. 2. If the Point
to be proje&ted be (#) above the Original Plane (A)
Find P its Sest,and N the Point of Incidence of P, ereé&t
Nz = Ps, then will CN, Ce be the produced Proje&ti-
ons of PN, 4a(bys,) and p the Proje&. of P (by the
}_ﬂﬁ»)hth- (drawing p7 || Na) 7 will be the Project. of &
ought,
Thefe are the Principles on which the Practical Part
- of Common Perfpeive depends ; and by which ’tis eafie
to give the true Reprefentation of any Object, w;!}:fcl_
‘ itw-
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Situation, with Refpe to the Eye and to the Plane on
which 'tis to be reprefented are, given.
As inthe following Inftance, where 123is the Bafe of
a Triangular Prifm, whofe- Alfitude is bt, to be put into
Perf] pcftivq; <'the, Censre of Proje&ion ot Poins of Sight 3
d the Pr}j9&in‘;(:¢mre39r Point of Diftance: The Pra-
g Satdssh :

s

: : Vo, % .
" cessasseececesion . o
"+ . - o gt
K _ .
L5 SONNE S S . 2o e,
Q - ! oty
T 1 TN
K Y ~.,
kY Ky 9
. . : L H
. ) . . V\".‘ ."'. §
N -, ., S
L ~., i
: e, —e

EREE S L 4 2

&ice is evident from the foregoing Rules.

Note, That ’tis indifferéat what Point of the Horizon-
tal Line be taken, for determining the Elevations; it
may as well beat »asat ¢y forzx ﬁ a3, bec. nx :xt::
(Caiat::t3u3hic) nz:zh, th, zx (|| ht) || a3.

9. The Stereographic Proje&ion of any Point (A)of the
Surface of a Sphere, from the Pole of a Plane bife&ing ir,
upon that Plane, is diftant from the Centre by the 1 Tan-
gent of the Arcfrom the Point to be projefted to the Pole
oppofite to'the projefting Point3; Thus, M is the Pro-
je&ion of Ay th, BM equiv. BA, MC equiv. Ao, and cd* .
equiv.Md. - ¢

1.Here all Circles;paffing thro’the proje&ing Point,are
projeéted into Righs Lines ; But all others into Circles:
Since the Plane of the Projeétion cuts the Surface of the
Cone form’d by the projeéting Lines, either parallel, or
(bec, LBQP = 1ar¢ BP — !arc ba(by 54) = farc Pa =
LaAP) fublontrary tofts Bafe. And the Angles in this
grgje&ibn are equal to ‘their correfpondent ones on che

phere.

.Nn-- 2. I
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. 2. If Aa be the Diameter of a great Circle to be pro-
jefted, whofe Obliquity is AB (ore); Letor = AB=
ak, draw Pp7, Pck, p thall be the Upper Pole (bec. 7A
=Bo=90*,) and ¢ the Centre of the Froje&ed Oblique

Circle PMo; fince (M (=t, o J ¢, 190~lo="( w
(by 65.16) =¢P. And if Pb= AB or o7, a right Lige thro’
Pand b will proje& the Under Polein the produced Plane,

Alfothe Centre of a Lefler Circle (Ly}) perpendicu-
lar to the Plane, is found by drawing CL, and Lu \ to it,
then will # be the Centre reqd. Since wy (=1, @ — ¢,

+90°—!lw = t,w (by6s.16) = Lu.

The Radius and Cemtre of any Circle whofe Diftance
from its Pole is d, may eafily be found thusy From (P)
the projgéted Pole, on a great Circle (whole Centre is¢)
paffing thro’ it, d being fet off, finds a Point. (p), whofe
Tangent, terminated at = in a Line thro’ ¢ and P, or
(which is the fame) a Tangent to P, terminatedat = in a
Line thro’ cand p, (hall be the Radius, and #¢ the Diftance
from the Cemtre required. . :

3.The Centre x of any great Circle (NMg,) paffing thro’
M, fhall be in ¢x, the produced Diameter- of a Circle
(PMo) bife@ing the Primitivein P and o ; And (bec.
Sph. LPMN =1L cMx by §6) cx = Tangent of the Sph..
L PMN to the Rad. Mc. : .

4. Hence to draw she Circumf. of a greas Circle sbro” any
tmo Points, (m,n,) one,or basp within the Primitive, lero;

n .
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{m) one of the Points 'in the Circle, draw a Diameter
"As, and b ) to it, draw 7 m, let bf =24r, a Raler
-onxand f cuts A2 in e, thro’ edraw v || #b, a right
Line (Bb,) bifeéting the Diftance between m and njat (s,
will cut ¢» in the Centre fought. For the Centres of
all great Circles paffing thro’ mare in the Linesy, and
the Centre ofa Circle paffing thro’m and  is in the Line
Bb, th. the Centre reqd. mult be-in both, . e, in their
Interfe&ion . , :
5. The Circumf. of a great Circle in this Projeétion, is
- Divided,or Meafured, by a Ruler taid on either Pole, and
the Divifions of the op. & Periphery of the Primitive ;
For, fince Bo equiv. Mo equiv. Co equiv. cc equiv. 9o°. th.
BD (equiv. Gy equiv. ¢d') equiveMd. And the Circumf,
of a finall Circle (whoft Dift. from its Pole is ) may be
divided by Lines from that Pole to the Divifions in the
-Circumf. of a (mall Circle || to the Pl of Proj. and
defcr. at the Dift. 4 from the under Pole of that Plane.
Or any Projeéted Circum®. is divided by Lines from
the Divifions of its produced ¢ Periphery to either Pole,
6. A Spheric Lor the Inchination of the Planes of two
great Circles is equal to the Diftance of their Poles, or
(which is the fame) is meafured by an Arc of a great Cir- .
cle whofe Pole is the Angular Point 3 and theref, isfo in
the Projetion. And the Circamfs. of great Circles intere
fe&ing at Ls, do mutually pafs thro’each other’s Poles.
7. The Aadb, and Aadd' are the Stereographic and 0r-
-ghographic Projections of the fame Sph. A'j and their Ls
band 4 are inthe fame Radius cu.  Let sc§ perp.-cy.
Given b, Reqd. &'; draw Shy, and vd'||sS.
Given & Reqd. b ; draw d |] Ss, and vbS.
. q

4

8, Let



276 Synopfes © Part 2,
8. Let vA =15, draw Saq, with gs, from q, defer. a
Circumf, spxS cutting ¢T,cR,db,ab, in pyr,z,e, then
will p,7,c, be the Pole of db,ab,ad 3 and b the Pole of s»S
:Draw bpe,brE, thenEe ==erp = Sph. Lb.: .~ o

9. Draw A7m,GpM, make mn = ma, and MN =
Md, aLine thro’ A and n, G and N gives k,K, the Cen-
tre of the ArcabA,dbG. ' ' .

10. Draw &'2,8'3 || HR,tT,then will Ha,t8 equiv.bx,by.
11. Andinthe Sph.Acap, Lc= ad} Lp = xz=dbe-
quiv.dB 5 La = Supl. xw = Supl. ab = Ab equiv.Aa, ise.
Le,lplr Q. . §addb,Suplab. . .o
{ pr,c;,cp 1 Acp,is "‘{ Lb,La,Supl.Ld in Aabd.
i2. Hence (bec.ad 4 dB 4~ Ax =21 s 4 «B) the
3Lsof aSph. A is greaterthan2Ls. C

10. The Projection of any Point (P) of 2 Hemifphere,
from the Centre (C) of the Sphere, upona Plane touch-
ing it (in T) is diftant from the Point of Gontact (T) by
the Tangent of the Arc PT; And this is called the
Gnomonie Proje&ion 5 where ’tis plain, that, 1. All great
‘Circles on the Spherey perpendicular to the Plage, are
projected into Right Lines 3 all others, (as they are paralle?
to, touch, cus, or neither, a great Circle parallel to the
Plane) into Circles, Parabola’s, Hyperbola’s, or Elipfes.

Hence, if the Sun moves in a Circle parallel to the
Equator, the Shade of the Centre will defcribe a Conic
Surface; And therefore, upon a Plane parallel to a great
Circle, touching, or custing the Conic Sarface, or neither,
willdefcribe the Curve of a Parabola, Hyperboli, or El-
Jipfe. Theref. on any Plane where the Sun fets, does nos fet,
or only eouskes, the Projection of any Parallel of Declisa-

on i an Hyperbols, EBipfe, or Parabola. ' :

Thus, if ce, c4 be the Stile, and Subflile, dec or dec
the Co-deslinat. of the Suny then, . ‘

If ed produced be parallel to the Plane, and ed pro-
duced cutitin g, leten =¢q, from # with #g cat ¢¢, the
Projected Meridian producedy in Sup. 7, then g = Pe-
rameter, and Lxq, (et from ¢ the Verzex, gives the Focxs
f of the Parabola: 1f ed produced cut czin g, and ed
produced cut itin Q, above, or below the Vertex e, let
1 = ¢, bifect 24 in y, make of = yp = inQ, then
fhall £, o be the Foci of the Ellipfes, or oppoﬁtca._!:gp;r'-
I R Pe e P VOIS
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“old’s defcribed by the Shade of the Point ¢, their Tran/~
verf¢ Axe being Q¢,and Diftance of the Foci nQ_(by69.6)
Hence tire Paralléls of the Sua’s Detlination, ¢, |
the Gwomonic Proje@ion, are eafily .defcribed (‘by 68')
‘upon an Horizontal Plane, in ady Latitude. :
< :And all Planes are parallel to fome great Circles, which
allo are Aorizons in fome place or other ; therefore al
Planes on which Dyals are made, arc Horizontal Dyals
on fome part of the Earth. =~ =~

The Method of projefting the Hour Circles Gnomo-
fically, on an: Horizbntal Plarie, &¢. of the Praice of
Dyalling is hence alfo evident 3 Thus, let cx2 be the Pru-
jeetion of the Meridian, and (06 .1 torit,)that of the 6th
Heur Circley make Lase = Stilc’s Height, and af = Sing
-thereof, to ang Rad<4 ; Ict ax —cm = 4f, on ax, mx,
from 4, m, fet, the Tangeats of the Hour: L at the Pole,
from 12to 3, and 6 to 3, te the Rad. ax, mx ;dLincs
L T S S o rawn
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drawn from ¢ thro’ thofe Poiats, fhall be the Howr-Lincs

regd.

Yor carrszax:tyacxeandcm:r:: mx :t, mex
fa:riax:t,afx. and gm:r:: mx:t, mgx

th, ta:fa::t, afx:t,acx. esd cm : gm ::t, mgx :t, mcx

iie. Rad.:S, Stile’s Height . t, Howr L at the Pole:t,

Hour Lon the Plane. '

81. Of Trigonometry.

The Menfuration of theSides and Angles of Triangles,
whether Plane or Spberical, is called Trigomomesry.

A Triangle bas Six Parts, viz. 3 Sides, and 3 s,
whereof any three (except the 3 Ls of a Plane A)being
given, the other threec may be tound by Irigonomesrical
Calculation. i

1. Of Plane Trigonometry.

PROBLEM 1. In any rightlin’d &, if amowg the
Dasa, there be an oppofise Side and Angle.

RULE 1. Asanyone Side s to she Sine of its op. L.

S0 gs amy other Side 1o the Sine of its op. L.

For half the Sidesare the Sines of their op. £s (by s1)
but halves are as their wholes, th. the Sides are as the
Sines of their op. Ls. :

PROBLEM 2. Given two Sides and an L incly-
ded 5 Reqd. she Ls. The Legs being 4, ¢; and y the
incl. £; then 180* —y=3 = Sum of the unknown Ls
whofe Difference call d.

RO LE 2. a4-c:a—ciit,ig,L5: t,1d,Ls5 And 3414
=>,< Lreqd.

For a4-¢ : g—c(::S4-s: S—s)::t,iz: t,2d(by 66.2)

Note, If Ly = |_, thena:r::c: t,op.l, or ¢ir::
aityop. L. .

For the Tabular Parss of any two Lines are proportional
to their Parts according to any other Meafure.

- PROBLEM 3. Given the three Sidess Reqd- the
Ls. Leta, cbethe Legs of the . reqd. and atc =3,
or d, call the Bafe or Side op. b, and the Diff. of the Seg-
ments of b, made by a perp. from the L foughs, callds

RULE
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RULE 3. biziidsd(Forp’4m* 4

drdeond = pidn® (¢%) Yd*+24d, -Th. Z‘p. E‘
2n4-4 ¢ 2a+d-t:_: d :J‘;’;\m;l- b ld = ‘d
>,< Segment ; whence the Ls may be found
by Probl. 1, :

Or bec.r:is(::6:'x) 23 2axe: (2axx) a2 7p*
€by 64.17) th. 24c: (2ac 030> T b2 ) 32 —b*, or b*—
d*:ir:(res)v, or v irY o (2rv) s3,1L 0r (Lv)
§2,1L (by6s.14& 12) th.gqac:r2iig*—b* 153,001
b3—gq> 18,50, Andpr—bibi—d? i st MLl
$ir2:t2,1L (by 65, d0) ety L ir? (by6s. s)leth =

244-54¢ (3745 then will thefe Rules follow, viz.
L. (4ac: 3 bxg—b:: )ac: b x b—biira:shid
2. (4ac: bhdx b—d::) e b—aX b—eii T8, 1L
3 (;Fbx{—_b:mkm;:)bxm;b—_;xgzzr’:t'.:L
4. mXb-—d;{+bxiflz;:)bfaxF:E;bxb_-Z:;r’ 5L

_Andif L = Logarithm Sine, and } = Arith, Compl. of
any Log. Sine, then, for Pralice, - .

Ladlod-Lib4-dLvb— ¢2 2="L, flreqd.
.To the various WUles of Plane :
Trigonometry, may be added, that, \

If an Equasion bex* tax=15%;

Make 5, and lathe Legs (AB,BC) [/
of ‘a L A, Then Hypotenufe =4a B gD
(i:'e EB, or BD)=x. Orbec. * & ~=x

beriilaie,il, Thoribeetylix,ors,L:b:is,l %,

If the Equation be —x*—ax =b* 5 Make &, and { 2
the Perp. and Hypot. (AB, AC)of a. LA, then Hypote-
pufc 7= Bafe (i:¢. BD, BE) == Greaseft, or Leaft Root.
Tho bec. Sa:r::h:is,2d, thesy ors,Libiis, or s,lia
the < or> Root. : ' :

2. 0f :Sp'hebri'c Ifigdnom.etry.

‘Ta LA SphAC,\B, Cadb Onbogw»l)x'ulb\ projeted, .
fup. H,P, & B, the Lyposenufe, Perpendienler, and Bafe..
PN v

1.
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1.§8, His P eus,bis,p:iR1%¢;
{s, B:t, P:’:s,‘b:t,,’;:: R:t, t‘at thc'%lfe-‘ .
‘ForcA :Ayi:ch:ad; AndcB: TBr:ch:th, - -
2. Inany Sph. A (b28), The Sines _ & x
2] the Siduptre & the Sines of / N
gheir op. Ls. _For (by prec.) R ,.-s;,ﬁ WATCIM & P
213, fbzs, Bbyand R :s,ai:5ab 70 45X i
#'5,Bbg The s, :5,a :25,2b i3, Bb.dl5
3. Theref.in Right Zd Sph. As,
of the three Parts which (befides. \
the L) enter the Queftion, let that @
be called the Middie to which both o
Extremes are éither Conjué or Disjené; Theny .
Rad. 4~ Log. of the Middle = Logs. of she Extremes-

{If on | Middle. |Extr. Conj. |Extr. Disj.
Hyp. or L|Co-Sine. |Co-Tangent. |Sine.
Leg. Sine. Tangent. Co-Sine..

Hence all the Cafes are eafily folved. o g

For the Middle pars may be one of the Legs <" 1
(b,p3) the Compl. of the Hypdsenisfe (b3) ot Aei
the Compl, of ejther of the Oblique Ls (¢,¢3) Xyl
In each, there are three Cafes: As fup. the ', ¢f'%
Midde, be b, Le, b, - R

1.(r: tyles2)s,betyp(by 1) styLecr(by63.9) BT

2. (r:t,8(nb)rs8)se s () pybastyber(by 1) |

3. (rotylosesm) s,b s (tie)t,e(by 1)::t,0: r{by 63.4)

“Th. RXS, Middle = (Y Tangents of the Conj. Extremes.

1. 7z (3,b) 5,0 22 (syLe) sy% ¢ 8,6 (By 1) L

20 1 3(Sike) Hx 13 (4T P (s48) 556 -

3. re(5,m) 5P iz (5,8) Sbasn (sb) o

Th.Rx S M‘tdzﬁc = (O Co-Sines of the Disj. Extremes,

Note, In L Sph. 4, if the Legs (and th. the 4s) be
like, or unlike, the: Hyposenufe i8 &,  or > go°®. and the
contrary. ' .o

If the Eypotenufe is < ar > 90°, cither Side will be
Jike, or unlike its adjatent; L5-and the contrary.-

In Oblique Ld Spherical Triangles 3 Suppofe the Obl. A
to be divided into L A:,‘gy'a:p'bif«' let-fall frath ohe
Endof a given Side, (whofe. other. .End'is.adjacéhs ‘to.a:

givea



Paimariotums Mathefeos. 281

given L) within, or withous the A, as the £s at the Bafe
are of the fame, or of differens Kind. Then, i there
are two parts giveninone A, correfponding fo the two
given and fought in the other, the perp. beinga 3d.ineach,
will denote @ Middle or Exsreme Part; And (rejecliog
the Perp.) she Logarithms of ske op. parss are equal. But
if 4 fuch Pasts don’t correfpond (as it happens when the
perp. falls from ot oma part given or required ;) find {by.3)
a part (in the LdA wherein 2 Sideandan’ L are given)
of the given or foughs one, from or en Which the perp.
falls ; Then yoy)bave the 4 parts reqd. for the Sccond
Operation. ' '

When two Sides, or Ls, and the L, or Side included,
are given 3 the osher Ls, or Sides may be found, witbous
Jetsing falf a perp. by thefe Proportions.

Lo Syt2yc7 1 Sy doer s 3 CtyiL s LykdyLs. Ny,

2. C5,13,075 C8, 8doer 23 3L S IRL5. i

For, let vbg be the Obl. Spb. A Stereogra- ¢
phically projeded, if the Righi Line b3, and ,
the Tangentsb, 47, be drawn, it appears that the sph. L
v2b—vb3 = Plane L v3b—ub3, Th. (367 sdser 22)ct, 1LY
Sty Ls (by 81,1, Pro2.) 3o (Roityer s dyltferis ) s,ieers
SyLdyor (by 66.) And bec. dsy 7 35,67 33 dysyls L 35,08
(by81,2,1.) the(by6E6) tyidyer(syidser 7€)1 tper (5,5 257
cs)it Gyhd,L8: 1,575, The €813, 1€, dher 2 Ch,EL S
t,i7,Ls.  This Demonfirativn, with feveral cther New
and Valuable things of this Natare, 1 had from the E%-
<ellent Geometer Mr. Halley, whofe Freedom in Com-
municating, and Readinefs in Afiftiog, 1 thall always
own with the higheit Gratitude.

4. The two Cafes excepted, vig.

Y. Three Sides being given ; the Angles reqd. Let x3

be the Legs of the £ fought, and behe Bif, or Side op.

Then 1,x4-1% ‘l"La{.'b‘*"‘*m_'\’"t‘L)‘;:bm x5z T 2= Log.
5, OF S, +L:For i Anoa, (Fig-1.p-28c.) Lo = me =%;

' —— —
§,L1 == 5,5 P1% 3 MATZh v xfog 3 OA equiv. ym ==
Arc om = SuppleLv ; me (Amw==s,FATCM®) = C5,3Lv35
Draw eg || x@3 va (s0A) ==5,2: Then s,0 15,2 133mA 3
Loa, and yA tloa (2irimg) Lirtl (rxmg) me*. Th.
T80 X VA A Ks,n 53T imels thatis,
N - Oo - §,%X8,{



282 Synopfis Part 2.

—_—_ —
$,XX 87 1% Sylb caxfgX s,kbd-x4-g: 1 r2 st L.
And after the like manner ’tis prov’d that

$,XXKS)T 2 S35 vox g XS,1hd-xeng 10?183, 1L,

2. Three Angles being given ; the Sides required. In-
fread of the greateft £, take its Supplement, and call the
és jS:idcs, and the Sides s 3 then do as in the preceding

a e.

82. The Principles of Mechanics.

1. Velocity (v) or that Affe€tion of Motion, whereby
a Body rumsagiven Space (s)ina given Time{t) is the
Ratio of the Space to the Time, i.e.v=s<1t; Th.vt =
5, and VIs=wuS. Th.if Viv:: Tet, then Sxi* =
SXT?, or SXv?* = sxV?.

3. Moment (m) or that which conduces to the effeéting
.of Morion, is compounded of the Velocity (v) and Quan-
sity of Master or Weight (w)i. e« m = vw;, Th. mVi =
Muw.And bec. V=5 T= M+ W, th. TM : tm : :WS: ws.

That Motion is faid to be Equable, which runs over
all the Parts of Space with the fame Velocity ; but Ae-
celerated, or Retarded when its Velocity is continually
Augmented, or Diminif’d. The Innate or Natural Force
ot aBody is that by which it endeavours to perfevere
in its State of Reft, or uniform direét Motion.” An Im-
prefs'd Force is an Adtion exercis’d on a Body to change
its State of Reft, or Motion. Centripetal Force is that
by whicha Body is Impell’d, or Attrafted towards fome
Pointas a Centre. Centrifygal Force is that by which a
Body endeavours to recede from its Centre,

3+ Al Bodies will continue in their Stase of Reft,or uni.
form dire@ Motion, unlefs they are compell’d to alter thar
‘Stase by [ome Force impre[s’d upan them, .

4 The Change of Motion 4 ever propertional to, and its
Direltion ss in tbe fame righs Linc with she Imprefs’d Foi ce.

s+ The Aflions of two Bodies upon one another are always
equal, and bave contrary Direions. '

6. Hence, if 4 Body g (in Fig.6.) be impell’d by two diffe-
rept Forces (B, t) 10 move (in gd'ga) with an uniform Ve-
decity, it will defcribe the Diagonal (gh) of a FParallelogr.
' : i
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in the fame vime as it would deferibe the Sides (gd\\gr) by
F, f, feparately, ¥or, becaufe the Force F, f (ingd',ga)
_ hinders not the Velocity of the Force f, F from carrying
the Body (g)toa Line (Ah,Jh) paral. to the Direétion
of F,f, in the fame time; whether the Force F, f be im«
prefs’d or not th.(g) will be found in each of the parals.
i. e. in their Interfeétion. .

7. Whence we bave the Metbod of Compounding and Re-
Jolving any given Diredions. For any Motion may be
confider’d as Compounded of others, and th, may be Ze-
Jolved into them.

8. If & Body be beld immoveable by swo equal Forces a-
&ing with comtrary Dire&ions, fince either of thefe For-
ces may be refolv’d into two others, theref. ’tis the fame
as if the Bady was beld by three differens Forces; And thefe
three Forces are one to the otber, as Lines drawn parnlle}
20 the refpe@ive DireBions, and serminased at their muty-
al Concourfe.

9. Alfo the Proportion of an Oblique Force to move 4 Body,
# 10 thas of the fame Force coming with a Perpendicular Di- -
cection, as the Sine of the L of Incidence, i to the Radius.
For the Oblique Force is compounded of two Forces,
the one ||,and the other i to the Surface of the Obfta«
cle, which is only affe@ed by the lacter or Sine of Inci-
dence, the Oblique Force being made Radius.

. 10. Hence she Forces of a Fluid Medium on 4 Plane
cutting the Dire&ion of its Motion at differem Inclinasi-
ons, are as the Squares of the Sines of the Ls of Incidence.
For the Force of a Particle is as the Sine of Incidence 3
And the Number of Particles, that firike in equal time,
isas the Sinesof Incidence; Th. the Forces of all the
Particles are as the Squares of the Sines of the Zs of In-
cidence.

11. If she Velosisy of a Medium be different, the Forces
on a Plane cutting that Medium with the feme Inclination,
are as the Squares of the Velocity. For the Force of each
Particle isas its Velocity; And the Number of Parricles,
that firike in equal time, is as their Velocities: The.
the Forces are as the Squares of the Velocity.

12. The Force of the Water upon the Rudder of a
Shipin Motion is as the Sq. of rhe Sine of the Inclinatis
on of the Rudder to the Keel (by 11); Aund the Force of
the Rudder upon the Keel i‘s) asthe Co-Sine into the Sqi

92 e
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of the Sine of that Inclination, i. e 35 r*—s*|¥ X s?;
which if a M ximum, then —s3s -+ r*—s* |+ 4 assx

r‘-—s‘i:: 0, Th. s = ¥ir*(= 54°,44/,08/ near)=Sine
of tha Angle which the Rudder, inshe moft advansageous
Pofision, fbould meke with the K ecl.

13. And the Force (f) of a Fluid Medium upon a L&
moving sccording to the Dire&ion of iss Bafe (b) é g0 the
Force (F) on the Circumfcr, Parallelogr. a5 the Sq. of the
Perp. () to the Sq. of the Hypotemufe (h) ine.f, A : F,
[3J::p*:b* Andthe Force, ftriking with the Velo-
city (v) upon the Surf. defcr. by p, taken iafinitely fimall,
about an Axe, atthe Diftance y, is as 127] (for py isas
that Surf) Th. b*: p* ::vpy: vp3y < b* the Force on
the Surf. deicr. by b, at the fame time.

Th. if &, bbeany two adjoyning Particles of a Curve,

I3 b T3 - Hror gpd +pibt 4 rPATpA4-BY
isthe Force of the Fluid on the. Surface generated by the
Rotation of & 4 b 5 which if a Minimum, then (B, b

being variable) 2bbyp3 - b* = — 2BBYPs - H* or (bec.
B 4-bisconftant, th, b = — B)Brps +H* = b3+

b*, or xyy3 -zt or(fup. P=p) xy +3* =an Invarie~
ble: The Property of the Curve that generates the Surfase
of a Solid, whichmoving ina Fluid Medium, according 10
the Direltion of its Axis of Rotation, (hall meer with lefs
Refiftance than any otber Solid gemerated by a Curve de-
Jeribed to that Axe, and paffing thro’ the Extremity of the
given Ordinate y.

And drawing = | to the Axe, and 7 |] to the TFan-
gent, the L. A made by @, 7, B is §im. to A made by

p b by th 4w 3 (4w Kant 1)1 7 (3P 5P 1is T

(wx+7):0

34. Let the unegual Radii CL, Cl (Fig.in p. 289.) fu-
Jtain the Weights P, W, by the Cords LP, 1W 5 Required
their Forces to move the Wheel: Sup. (w,w) CD,Cd | te
the Dire&ions of P,W, with CD defer. a Circumf. cut-
ting the Direétion of Win g3 Then (fince a Body hang:
ing freely by any Point, makes that Point as heavy a;fs
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if it exifted there) the Weight W is as gb, and its Force
to turn the Wheel isas gd', And if W P::(gh :gd::
gECor) CD: Cdyi-e. ifPxa =W X @, or when Px
fp-P= W x fp- W, Then contrary Forces and Refiftan-
ces will fuftain one another § Th. if P be greater thaa

o+ ax Wor fp. W= fp. P x W, the Power will over-
come the Refiffance or Weight, with a Force equal to the
Excefs. Hemce any givem Weight or Refiftance, may be
moved or overpower’d by any given Force: Confequently, the
greaseft comceivable Weight may be moved by she leaft con-
seivable Power. And, , ‘

15, Inthe Leaver,or Steel-yerd, when P X 7 — Wxo,
the Power wifl (uRain the Weight of the Weights will
Equiponderate. Theref. in the Ballance, where o= = @,
the Weights muft be equal.

This Property of the Lesver explains the Powers of
Odrs in Rowing 3 of Irom Crows in moving or lifting
Weights ; of the Hemmer in drawing out Nails, €c. alio
of Pincers, Shears, &c. which confift of double Lesvers
bearing on a Common Fulcrum. ,

If two Fidcimenss (x,z) fuftaina Lesver Horizontally,
and ¢ be the Centre of grav. of the Burden ; Then (with
refpe&t to the fix’d Pointsx,7) p,x s Wit et xg, &p3 -
Wi xc:xp, Thopx:ipgiigesxc; Andx, or ¢z will
fuftain zc = 2x, or xc < x of W. Hence a Weighs
carried between two Meh may be placed on the Lesver
in any given Proportion 3 And fo two Horfes draw-
ing any Weight, the Refiftance may be divided according
to the Strength of the Horfes.

If two Fulciments (x,3) fuftain a Leaver oblique to the
Horizon, and 4, its Interfe&ions with the § sto the Ho-
rizon, paffing thro’the C. of Gravity of the Weight(W)
fuftain’d Below,or Above that Leaver 3 Then x,3, will bear

ag+ X7, ax+ %3 Part, or ez X3, cx & xg partof W, And
if the Centre of Grav. be Below, or Above the Leaver,
the Superior, or Inferior Fulciment will bear fo much the
greater part of W, as the Leaver is more inclin’d.

_If a Weight. (W) be placed on Three Beams (ep,3p,
2p) joyn'd in p, and fupported by Three Props «,3,y 3 -
{fuppofe cach Beam a Line, and produced thro’ p, to meec
the Sides of a A (whofe angular Points are at a,8,y) in 4,
b,c: Then a,8,), will bear pa: a4, pb:- b, pis- ¢ parc
of W, -Hengcs,

. . -l
JEEDRVEXN " Sg PO - Y R Iades ol
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Hence, in Building, where the Foyfts or Girders are
too fhort, they may be placed fo as to fuftain each other
and by the Combination of fuch, any Flooring, or the
like, may b= compleated, and the Weight fuftain’d at
cach Contignation may readily be computed.

Hence allo, the Strength of Beams fix’d at one End
is eafily found : And that a Parabolic, or a Prifmasic Pa-
rabolic Beam, has the fame Refiftance in all its parts;
Theref. 2, or ; of the Timber, will in this Cafe, dothe
fame Service : Which in Civil and Naval Archise@ure is
is of no fmall Importance, :

16. Tathe Wheel; when Power X Rad. of the Wheel =
Weight X Rad. of the Windlace, the Power will fuftain the
Weight.  Whence the Force of the Capftan, the Crane,
&c. as alfo of all Engines with Tooth’d Wheels, may be ac-
counted for. ‘

17. In the Pulley 5 (let » = Number of Falls or Cords
at the Block hoek’d to the Weight) when P: W : : (Sp.
W:sp.P::)1:n,or when P=% W, the Power will
{uftain the Weight.

18. In the Wedge 5 the Weight w lying on the two Ob-
lique Planes at,a7 (. L7) in Fig.p.289.may be cenfider’d
asa Wedge, where fw on a7 : f, Hammer (according to
the Line wx) on that Plane :: tx:wx, and f,w ona7:

fwonat::tx: we. And when Force X Altitude of the
Wedge = Refiftance X Thicknefs, the Power will be Equi-
valent to the Refiftance. This accounts for the Force of
Haichets, Chifels, and all Edg’d or Poimed Inftruments,
as alfo Saws, Files, &c. '

19. Inthe Screw, which may be taken as a Wedge im-
pel’d bya Leaver 3 When sbe Power that turns the Screw
X Circumf. defir by it = Refiftance of the Obftacle (to be
prefs’d or rais’d ) X Diftance besween the Tbrids of the Screw,
then the Pow:r will be Equivalent to the Refiftance,

20. Leta Weight (w = P) be fuftain’d parcly by a
Power at L, and partly by the Inclin’d Plane 4b; draw
wx, and we | Korizon, and Plane ; then the defcending
Force of w may be exprefs’d by wx, which may be re-
folv’d into the Forces wegx: Th. f,w delcending along
the Incl. Pl 45 : f,w along the Perp. Ploas:: (sx s wx ¢2

SyLxXWE 2 s,Lewy 1 2) s, of Inclinasion : cs,L of Tradion.
" 21, Th.if a Powerat L{uftain a Weight (w) upon an
Inclin’d Plane, by a Direétion (Lw) which, pafling tln;)‘
the
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the C. of Grav. of w, meets the Plane 3 Then Fower :
Weight :: s,L Inclination : cs,b Traltion. If Lw || b,
Then (bec. Awex Sim. Absa Sim. AsFa, if sF) ab) Power
Weight :: (1x:xw ::) as :ab::s, Inclingt. ; Radius. Th,
at 30 Deg. Incl. the Power muft be double of that which
is neceflary to draw a Weight upon an Horizontal Plane.

If Lw || sb, then Power : Weighs (:: 1x: wx) :: as: sb
238, Incle ¢ ¢sy Incl. And Power at L, when Lw || ab:
Power at L, when Lw || sb: : sb : ab.

22. If as,ab, be two Planes, the one | , the orher Oblique
%o the Horizom, Jes sE § ab 3 Then the Initial Forces, or.
Celerities of Defcenss, acquir'd in the [ame time, are: : (sa
saF::)ab:sa, i. e. are reciprocally as the Lengtbs of the

_ Planes.

23. And in equal Times, Sp.run inab : Sp. run inas::
(vel.inab: vel.inas::as:ab) :: aF : as, i. e, The Weighes
Jball defcend thro’ aF, and as in equal Times. And (draw-
ing un || sF) the Spaces us,aF [ball be pafs'd over in the
Jame Time,

-Tb.if the Diameter of a Circle be | to the Horizon, a
Body foall defeend inthe fame Time thro’ any Chord whas-
Joever comterminous to that Diameter. .

24. Times in ab, as, are : : (Times in ab,aF;: ¥ab: VaE
:3) ab: as, i. e. Times of Defcents 1hro’ Planes equally bigh
are direly a5 the Lengbs of vhe Planes. Tb. (if wF || sb,)
Times inFb, us : : Fb, us. .

25 .And fince vyins; v, inF (i:as :aF::yab: vaF)
tiv,inbiv,in F, Thov,ins=wv,in b, i.e, The Veloci

 sies acquir'd in falling thro’ Planes equally bigh are equd.

26. Or, let a Body defcend by a Line (1) inclin’d to the
Horizon, witha Velocity increaling as the Time (r.) Sup.
by the Sine and Co-Sine of the Inclinasion, v the laft Ve-

locity; Then (7 and ¢ being variable) / =« + 2, but v
isas ¥hyth. sin Lisas ¢ -¥bx Jor e Vhxyhiges,

——

th,t,in l is as Ybh*4-c* = Ybhorl & ¥b,th.s?is 1>~ b,
and H7*1* = b* L3, alfo (bec. vt==1) HTlv = biLV.,
Hence, .

Yo Ti# it LXVbiIXYH AvdV iv:: IHT: bt
o 2. ¥ LikiHih, ThenTiv:; YL:VI: iV v
.3 HH=b ThenT;t::L:}; And V=1 I
4
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4 1 L=1, Then T:¢::vbh: VH, And Vv To

s. If L2b=1H, ThenT=1, AndV:v::L:.LTh
the Times of Defcents thro’ the Chords (L,!) of Arcs
(whofe vers’d Sinesare H,b) are equal. For, in a Cir-
cdeL?: 1. H:b (by65.3:) .

27. If a Body deicends thro® how many foever contigu-
ous Planes, however inclin’d, it fhall acquire the fame
Velocity in the loweft Point, as if it bad defcended by
the Perpendicular. Th. a Body defcending by the Cir-
cum?. of a Circle, orany Curve Line, fhall acquire in the
Loweft Point, that Velocity which it would get by a Perp.
fall from the fame Height. And, bec. a Body: thrown
upwards with that Velocity which it got laft by-a Perp.
fall, doesafcend to the fame Height, 2 Body if carried
upwards (with the Velocity acquir’d in the Loweft Point,
in delcending by any Curved Surface) by the fatme,or:any
other Surface, however inclin’d,’ fhallafcend to the fame
Height from whence it came, and have ,in Points equal-
Iy high, the ame Velocity.

28, The Velocities of a Pendulous Body (a15) defiribing
differens Arcs (sf,8F) are in the lweft Point (s) a3 the Chords
of thofe Arcs. For (drawing cf,uF L 45,)v, in sare as (¥s
sVus i ¥osa: Vusass)sfiskE

29. And (fince the Diretion of the Tmpetus of a Bo-
dy defcending by a Curve Line is Horizontal in the
loweft Point) if a Pendulous Body be ftruck in the loweft
Point () by an Horizonsal Force equal $o-thas in falling thro’

it fball afcend from thence to she Jame Height. “Since
the fmalleft “Arcs coincide with their Chords, which in
the loweft Point are Joeronal, Th. she fmalleft unequal
ofcillasions are perform’d in the fame Time. But greater
Arcs are not as their Chords, Th. Longer Pendulunts, this
defiribe fewer Degrees, errlefs; And groaser Arcs vakekp
alistle more time than fborter ones do. .

30. Let MAC,mac be feveral contiguous Planes, equally
inclin’d soone anotber, and to the Horixon, and of Propor-
sional Height; Then the Times in P
wbich 4 Body runs shro’ thofe Planes, e
Jhall be in ¢ Subduplicate Ratio of
their Alzisadcs Mtl;,mb. F;’)r(t,M‘,)fl;
st,mai: YMA: Yma::¥VFA i y t
::VgC—VFA:Vﬁ_—-Vfaé:C BC b
t, AC :tac: :)r,MA 4-t,AC, &e. s tma 4~ tac (L
YMB: ¥mb. . TR +' T
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Tb. in two Pendulums defcribing like Arcs (if L} =
Lengths, T, = Times, N,n= Number of Vibrations in the
fame Time)7: ¢t:: YL : VI And (ince NT—m) N :n
GeteDe:VieVLyor N* :n® s:l:L. Theif L =
39,12 Inch. and N == 60 Vibrations in 1/ of Time ; Reqd.
3, fo as to make » or {up. 100 Vibrations in that Time ;

Then ! = LN?* 2 n* = 33,125X60*2- 1002. Alfo if 2
= 20 Inches,and n the Vibrarions in 1/ be requir’d, Then

n =ML /I = 60°x39,125+ 20}%. :
31. The Times, in which a Weight defcends from any
Point (&) of a Cycloid, arc equal among themfelves: And
bave to the Time of a Perpendicular fall thro’ (as) the Axis
of the Cycloid, the Ratio of % the Circumf. of 4 Circle 1o
‘the Diameter. ' ) o

For, let wB1sa, and any Rt. Line pm || @8, cutting
the & Circumf. onsa, s3 in g, t ; Jet pe and re touch the Cy-
choid and Circlein p and r, draw ey || pm, and [uppofz’em
infinisely near, Then will xe, and pe coincide with their re-
Jpetive Arcsy Bus paimu (tigsism:ia (sa):ise (by
65.2.) 13 Vi ¥sm, the pe = muX¥as. Ysm, and vel. in

) ) N mpXYae
por misasYmp, the 1, inpe # (o= — oS =

me , _fe e @ 1o & I
Va= Va=g Xy, =T Xgp=)7%h

in @, Th. 2, inall the pe’s (7. e, in the Cycloidal Arc =s)

# = to all shexe’s, or Lo = d X t,in a, And t,in the Cycloid
Xd=t,in the Axe X ¢

P 32. Hence
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32. Hence, c:d ::t, of 1 Ofillstion: t, of Defcem in
1 the Length (1) of she Pendulum. Forl = twice the
Axe (by72.4)

Put A for the Length of a Pendulum, that meafures 1/
of Time imeach Ofcillasion 5 Thenc:diiv(t,1):dvs¢
= Time(7)intA; And (72:v? i) d* it ila b= -
Hz:ighe fallen trom in 1/ of Time. But ’tis found, by
means of Clocks adjufted by the Heavens, thata=39,125

‘Tnches London Meafure, Th. b (= IaX¢* = 124d%) =
15,0895 Feet, or 16 F. and about 1 Inch.

The Reliftance of the Medium does fomewhat vary
the Time of Defcent in a Cycloid 5 Butin a Medium that
does not Refift, the thorter Ofcillations in a Cycloid are
nearly Ifocronal. And the greater the Fumipendulows Body
is, the les does the Medium Refift it: But then the
greater is the Diftance of the Centreof Graviy from the
Centre of Ofcillation (i. e. the Point whofe Dittance from
the C. of Sufpenfion is the Length of a_Simple Pendulum,
whofe Vibrations fhall be Ifocronalto thofe of the given
Magnitude, or that Point wherein all the Figure is fup-
pofed to be contratted, with the Forces, while it vi-
brates.) A Right Line parallel to the Horizon, about
which the Ojzillasion is made, is called the Axw of Ofcills-
tion. And every right Line, or Plane paffing thro’ the
Centre of Gravityisan Axs, or Plane of Equilibrium.

33. Given two Weights (W,w) and the Diftance (Dd)
besween their Centres of Gravity Dyd : Reqd. (g)their Com-
mon Censre of Gravity, or that Point in which all their For=
ces unite, or where, if they be joynily [ufpended, they'll
produce the fame Effed as they did [eparasely. Let(W :
w;idg::iDg, i.e)W 4+ w:W::Dd: Dg, or Wtmw
sw:: Dd:dg. Th.if there be any given Weights A,B,
C, &z, and the Diftance between their Ceatres of Gra-
vity ; Then (g) the Common Centre of Gravity of 'em
all is eaGly found : For let « be the Centre com. to A
and B, alfo 3 the Centre of A - Band C, &¢. And
if any Weight A ,B,C, €¢. be apply’d toany Points ofa
Line fuipended at-a given Point, ard diftant from it by
a,byc, &c. Then will (4) the Diftance of their Common
Centre of Gravity (g) from the Point of Sulpenfion be = to

A2 Bb4-Cc, Beoz- A4-B4-C, Ge. or My-m-m, e =

Wi-wiw, Ca Alfo, if there be givenfeveral Weights
. AB,C,
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A,B,C, . (inthe fame or different Planes) whofe Di-
flance from the Axis of Ofcillation call a,b,c, &c. and
the Diftance of their Common Centre of Grav. frow the
fame is d; Then the Diftance (&) of the Cesntre of Of-
cillation from the Point of Sulpention (or the Length of
a Simple Pendulum that fhall move as faft as a Pendulum
compofed of all the Weights) is equal to
A‘z+Bb:+C", Ufc—:— A+B+C’ 6‘9 X d, that is’
FHf, &c. = M4+-m4-m, &c. Th. if the Weights are
equa‘}, and their Number 7, then &'=a? 4- b2 4-¢2,8%.
= nd.

* 34. In Quantities that are Sufpended to, or do Ofsillte
about an Axis (A)3 Lt 4,d* be the Diftance of the Cex-
tre of Gravity, or of Ofcillation from (A) the Axis of Suf~
penfion, or of Ofcillasion: x the Abjfcifla of a Curve whole
Ordinates (y) are parallel among themfelves, and right
to the Diameter j A the Length of the Curve ; « the A-
rea adjacent to the Abfciffa or ics Parallel, and Flowing
1 to A ¢ the Surface of a Solid generated by the R ota-
tion of a Plane adjacent to the Abf.iffa or irs Parallel, a-
bout any Side of the Curve’s circumfer. Pgr. and Flow-
ing 1 toA ; % the Contentof fucha Solid; p the great-
eft Perp. from the Curve to A5 let m reprefent either
Astss, OT % 3 and o the Fluent of any Fiuxion: Then,

1o Where A is a Tangens 10 the Versex of the Curve ; d =
oymxs My & = ¢p,r§x’f—:-¢,1°nx.
2. Where A is the Bafe of the Curve; d:= pm—pymx -
ny =0, ;—::i’r;!—;- O,Fx m, . .'
3. Where A s the Abfiiffas d= @, my-m3 J = pymy?
i

'5‘9’3% : .
4. Where A # pdrlﬂgl to the Abfiiffay d = pm—o, ;"j

<m;d=0,p—|" = cp,;:]r;u Examples in Cafe 1.

If y = x"then & = (%) *x% thoa =%+ snt-1,

R W S 1
&b, 4 = ( Py )”+2"155‘1J‘-( it ”+3,;’S°

“tppa Alfo,
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Alfo, bec. y = xx*"x crr& x==ex o rXand1

Th.d = e xx 2n41 _ ¢,5¢x’ . 2n4-2
( -———x )———-2”_*_2 %3 And d —(T).c" )2——'1_‘_‘;

- Note, A Surface, or Solid generated by the Uniform .
Rotation of a Line, or Surface abeut an Axe, is equal
to a Surface, or Solid whofe Bafe is that given Line, or
Surface,, and whofe Aititude is = to the Periphery
defcr. by its Centre of Gravity. ‘

Ina Cylinder (whofe Height = b, Rad. of its Bafe
= 7) fulpended by (P) the Excremity of the Axe, The -
Diftance (g¢) from & (the Centre of Grav.) to ¢ (that of

Ofcillation) is = & Pg 4-7* = 2b. Andin a very fmall
Rod (PE) fulpended oy the End I, g — -} ¢E. But if
PE be taken as the Diameter of a Spbere {uipended by P,
then ¢g = 3 Pg. And if a Sphere he {ufpended from an-

other Point (@,) thencg =2 Pgx VPg-- =g, which gives

the Centre of Ofcillation in Order 1o adjuft the Pendulum of

# Clock.  So that if g remain the fame, then g will be

as Pgy Th, if mg == 39,125 Inches, and Pg = 1, then

g= ,i;nearly; Alloif =g = 30,125, and Pg = 3,

then ¢g — 2 nearly.

~ If (=wg) the Diftance between the Centres of Sufpen-

fion and Gravity be the fame, then the Greater the Sphere

is, the Slower will it Ofcillatey But if neither the Big- .

nefs of ‘the Sphere, nor g be alter’d, then, in Refifting,

or Non-refifting Mediums, the Lighter the Sphere is, the
flower, or quicker willit Ofcillate. And without having

Refpet to the Cemtre of Ofcillastion, the Length of a

Pendulum for determining any 7ime, or for any Faral-

Telof Lasirtude, cannot be accurately found.

- 3% Suppofea Body in the 1ft Moment of Time torun
thro’ ab, theref. the fame Velocity RS
continuing,it fhall run in the2d Mo- d

ment thro’ 9 3 but in &, fup. the ™~

Centripetal Force afting, draw ¢ X)
{15C, and = to the Length thro’ b
which the Body is carried towards ‘
1

Cin a Moment, then b¢is run thyo’ € - .

in the 2d Moment 5 and the A:Ch = A5 Ch = AbuCs

~ Likewife in the next Momeat, will the Bodig glt: .
N N e
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fcribe ©dy making the A¢Cd = A9Ch, and fo on;
Whence , equal Areas are deferlb’'d in cqual Times. Let
as well the Moments of Times, as the right Lines 45,
bc, &c. be conceiv’d infinitely {mall, then the Polygon
abed will become a Curve Figure, from whofe Tangent
the Body isperpetaally retraéted by the Vis-Cemtripesay
And shé Areas deferib’d by the Radii drewn from the Cemre
(C) o the Body [ball be Propersionad to the Times of De-
Jeripion. :

And ifa Body move in a Curve Line, and by Rays
drawn tothe fame Point defcr. Areas Proportional to
the Times, it is retralted from the Tangent to this
Curve bya Centripetal Force tending to this Peint.

36, LetC be the Cenmifugal or Cemsripe- o
tal Force, Tthe Periodical Time, V the Ve- B
Jocity 3 Sup. AB a Tamgent, BH a Secant,
then BE=: AB* = BH (by 64.19) But if,
AB be infinitely {mall, then will BE =
AE* = EHj Th. (if AE, 4¢ be Arcs de-
ferib’d by two movable Bodies in the fame H'
Time; Then C:c:: (AB*-2R:4e2 2r :3) V2r:v?R
s2Re2rT* 5 The if T2 242 22 R2:r2, thenCR =07
AndV = v If 7% 132 ¢ RS 193, then CRY = ¢r2
And Vx¥YR= vxyr..

*Tis obferv’d, Thatthe Primary Plancss do deferibe equal
Areas about the Sun in equal Times 5 And thas the Squares
of their Periodic Times are as she Cubgs of their Diffances
rom it 5 Tha’tis the Sum that is the Centre of the Pla-
netary Syftem, ’ '

It follows alfo, that the Forceof Gravity of the Hea-
" wvenly Bodies is Reciprocally as the Squares of their
Diftances from the Centre, And V:v::r: VR :: YRy
R, th, the ncarer the Centre, the greater she Velocity,

If 2 Bodies defcribe equal Areas (CAE,ca¢) ia equal
Times, or if CAXAE == caXae, i. ¢. VR = w, and
V:R* = v**) ThenC s (V2= R:ov2 2rirria,
R:R?>r::)r?:R3, . *

-37. The Ls, 4,4 (which, a Body defcr. about the Cen-
treof Attraétion)areas r2 to R3. ForV:v::RA:
ray the Asa(:2Vr: vR):: (bec.if T—=¢, then V:v
ser:R)r2 :R?2, '

38. If v,V == Velocity acquired in the Time ¢,T, s ==
Space run, fuppofing, " :T*:: v® : V™ ; § = Speee ranby
an Equable Motion inthe Zime'T, with Velocity V, (let

m
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# =% = x) Then t=Tv8.;_V*,gh.§ = xv Tv*—1

2 V%, but s = vt = xv Tv*: V¥, the s= x-2 x}-I

ATy*+1o V¥ = (putting V forv) m = m4-sx TV 5
AndS=VT, Th.s:S::m:m+4-»; Orif Tis::V
svthens:S:ir:2,

Th. if S, and =, = Space run by an Equable, and an
Equably Accelerated Motion in the Time ¢, and v$, Then
3 iy23 51815, and S ($Sv?) S22

39- Let the Arc 4 be defcr. by a Body revolving in 3
Circle with an uniform Metion in the Time 35 and the

. Rt. Line b defcr. by its Defcent with Ascelerated Motion

in the Time vt then (bec.a:biz2:v?,)a =2bzv?;
but the Centrifugal Force (¢) in the time ¢ is 4 2 2 (by
36.) = 4b* < 2ry%, Therefore the Space run by the
Centrifugal Force (c) in the Time ¢ : fp. run by (Gravi-
) g in Timevt(::4b*= 2rpdi b )it 2bivvd,

_Th.if a Body (whofe Cemrifugal Force is ¢, Gravita-
ting Force g) moves uniformly in a Peripbery (p) whofe
Rad. is r, with a Velocity equal to that acquired by falling
the Aeighs b; Then fhall ¢ ; g ;:2b: 7, Th.if b=1r,g=c

400 If any two Pendulums, carried with a Conic Motion,
defer, Feripheries (P,p) whofe Radii are R,r3 The Times
(T,t)of Defiription fhall be as the Square Roots of the Alti-
tudes (A,a) of the Comes. For g iciiair, thec= (’g

.2a) 2bg =r, and b=(r* -24) v, thov=r 2 V2a,but

£p+v) pxV2azr=Time tinps And (pxV24 3 7 :

Pxy2A =R ) Y2 :¥A4::8:T. Thif A=, then
T=t -

41. Ina Pendulum carried by a Conic Motion ; Time
in defer. the leaft Periphery : Time in. falling an Alt. =
swice the Length (L): : Circumf. .: Diameter. For v, in 2A

_is¥2A, and Timeis 4A+- ¥2A or 2¥2A, And 2¥2A :

PXY2A=-R :: 2R :P:iDiam, : Circumf. But (bec. R is
fup. infinitely fmall) L = A, Th. ®c. Tb. the Time in
deferibing the fmalleft Circuit # = 30 sbe Time of the swo
Jmalleft Ofcillavions of the Pendulume

42. 1f
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42. Y (pXV24+ r) Time in defcr.p = (2v}) Time
in falling Alt.=1; ‘Then (bec. 4} = 2p*a - r*)a:l::
2r* : p*, Or'S, Inch, 2 Rad. : : Infir, 8¢. : Sq. Circumf.

43- If a Pendulum defcends thro’ a Quadrantal Arc,
the Vel. in the loweft Point is — to that acquired in falling
thro’ 7, th-c = (2bg2.r) = 2¢, Th. the Force in the low-
eft Poiot is = (2g-4-g) 32. '

- 44+ Tbe Spaces, which a Body impell’d by fome regular
Force deferibes, are in the very Beginning of the Motion,
a5 the Squaresof the Times, Forif the Times be exprefs’d
by 'ue,'v_; (Fig. Ar1 69,7.) and the. Celeritics in thofe Times,
by epfm, then the Spaces thall be as the Areas vpe,vaf,
which are as ve? to vf* (by 69,7.) .

45. Ifa Body in revolving about a Centre () defcribes
a Curve Line vp7j Let
pt be a Tangent, t7 || ‘
and 7u § ps ; Now time
(T)is as asap (by 35)
oras 7uXsp, and if T be
given, the Lincols 37 is
as C (the Centripetal

Force,)but if Cbe giver,
trisas T?, oras zu? x
sp*, theref. univerfally,
#7isas CX7utxsp?, the

Cisastr = zu*Xsp.

Example. Jf o Body revolve in an Ellipfe 3 to find the
Law of the Centripetal Force vending 10 the Fooms.” Draw
the Diameter pz, and «b Conjugate to it, cutting ps in 43
Letpm § abyand 7x |, pt cuttin g pSspe,pm in rnx = Then
ap=cv(by 68. 4. )and cb X pm=cd X cv( by 68.28.)
allo (bec. 7 2 1p:: 1 2 a0) ar = 7x, and 7m = 2}
But 7u* sart (1 pm? 1pat i ipm? iocvd ) i:ied?
cb*y and @r2 ; qmp ;' (on? samp i: ) eb? 2 pe?, the 7u?
sed* (Rimpiap Tawmp:(opigp) Xepiiprilpa)iita:

360, th. b7l aut = Lw % cd®, th. Cor tm =7u® x sp?

- (=3cvscd? X sp*) is as 12-5p? (fince Lrv,and «d? are

Randing Quantities) Thas 4, the Cemripetal Force is re-

ciprocally as the Square of the Diflance. :

, And by a like reafoning, ’tis readily found, that if a
Body move in an 2yperkolay or Parsbola, ihe Cemr;:perd
orce
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Force sending tothe Focws, [ball be reciprocally as the Square
of the Diftance. But if the Centripetal Force thould ténd
fo the Centre of the Ellipfe or Hyperbols (which is no
where found) it would be dire@lyas the Diftance.

Hence, if a Bedy move inaR¢t. Line from any place,
with any Velocity, and with a Centripetal Force that is
reciprocally asthe Square of the Diftance, it fhall move
in fome of the Conic Seilions, whofe Fosus isin the Cen-
#re of Forees. _

46.Let A,a be the Areas defcrib’d in different orbs
or Ellipfes E,c,whofe Tranfv. Axes are D,d, Parameters
Py, let Tyt be the Periodical Times, Then if feveral Bo-
dies revolve about aCommon Centre, and that Cis as
2= ps, Then (bec.P= (ed*- jcv, by 68.5) wu- tor
and in a given Time, ¢7 isas C (by 43)or as1 =~ sp*,
th. Pisas(ru® X sp* =) A4*, Thatis, P:p:: 4* :a?,
Or the Parameters of the Orbs [ball be as thé Squares of the
Areas deferib’d inthe fame time. .

47. Th.if T=1, Ais as¥D, butif P —=p, 4isas T,
Th.univerfally, A:2:: YPXT: ¥pxt,but A:a:: YPX
¥D3 : Ypxyds (by68.26) th. T2:32 :: D7 : % Thas
#s, the Squares of the Periodic Timesare as the Cubes of the
Tranfverfe Axes, or mean Diftances from the Centre of
Astralion.

48. The fame things being fuppofed (as in 43,) draw
s1(=4") 1 pt the Tangent,) Thenthe Velocity (V) of
the Bodyis as the little Arc pr defcr. ina given Time,
d.e.a6 pt OF a7, butari au 32 S the pt is as wuXsp

=51y ive. V isas(A-d) VP dtor VP 4.
'83. Of the Motion of Projects.

1. A Body being Projecled by, any Force moves in_the
- Curve of & Parabola, unlefs fo far as the Refiftance of the
Medium binders it. Thus, if HKbe | to the Horizon,
and any Rt. Lines pv,mV be fuch, a8 that in the Time
the Bady by its Projeile Motion arrive to u,m, it may
fall, by its Defeending Motion, the Leagth uv,mV ; Then
(by 82.1.) pv: mVi: Hu’: BHm*, or Hi . HK :: kv?
: Xv?, whichis the Property of the Parabola.
2. The Horizontal Diftances (H,h) of Projetks, made
with the fame Velocitics, at feveral Elevations (Bye) are
. “
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| ¢s the Sines of the double ‘Ls of Elevasions. For (if s =
Sine, s = Co-Sine) x (RL)=hs = ¢, and y (HL) =br=-¢

bs  b3r? 5 1 .
th-(j‘)%-:—g—,-,tb.b:(i-;‘:-’-rz-x%’j = (bec.

255 +r — $,2L,by15.68.) 5,2 x Yp= v, The H s b:s
5,2LE 1 5y 2Le.

2. Hence, when Le = 45°, the Sine of its double is the
greateft Sine ; but the Ranpes arz as rhe Sines of the
double Ls, Th. the greateft Random 35 it 45° Elevation.
And bec. at4s° Elevit. s, 2L = r,th. b(org)=—1p, i. e«
The greaseft Random is equal 10 the Parameter.  Alio,
the Ranges equally diftant above 2nd below 45°* are equal.

3. The Altitudes (A,a) of Projelions, made with the
fame Velocity, av feveral Flevations ( Eye) are as the Ver-
fed sines of the double s of Fl.vai.ms. Fors:s::(h)

= o ; s 22
P By Aada v = Vi) pxeml =2
" r i 4r? r

—(b 23“_. r2l by L P p— P
4,—( ec. = = V,24,D¥15.65:0%,2L.% ] (=v2t f(-é;)
Th. A:1::vs2LE i vy2Le. And fince 2r = greateft
Cwers’d Sine, the v 2r i3 ipt Ap =greaseft Aitisude = 3
the greausfl Random.

4o Th- limes (T,t) of the Flights of a Proje thrown
with the [1me Velocty at different Elevations (E,e) ére as
the sines of the Eilcvations. For let y (HL) reprefent
the Time, th=n :r:i(b)pss =72 ips +r=0, thrip
tisiyiiSiY,de. TitiisLES s,lee

s. Given (I) rke Horizomtal Diftance of an Obijeit, (e)
the L of Elc:ion, (m) the Afcent or Defcent. * Reqd. the
greaseft Random (g == 1p,; and Velocity,

. 1. Cs,enbiis,eixtn, and b’—\—’x:‘:n":}’.
Orrifyeiihiy, andy* (x=p= %
2. Since x — Fall in the Time y, th. 193 Mnches 1x ::
Ov: A x X 0 1/ = Sg- of th Jine inx, Th. Velocity

T3

(5= T) =y Vlx =Vpx =Vt x =193

6. Since the Force or Velocity or a Projecty defcribing
a Curve Line, is compounded uf the Ur:rorm Velodity
iny, and of that Unirormly Accelciated ia x3 which
will carry it but & the Space that it would ren unitomlxy-

Qq
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ly wich the laft acquir’d Velocity in the fame Time, (by ‘
33.82.) Therefore, the Velocity ia any Point (P) of
the Curve is to the Velocity imprefs'd in H, as the Tan-
gems to the Ordinate 3 or as the Lengths ot Tangents, to
the Points P,and A, intercepted becween the Diamerers
to thofe Poiats; or as the Secants of the Ls made by
thofe Tangents produc’d , and the Horizontal Line. Th.
the Leait Force is at the Vertex of the Curve, or at the
Height of £p.  And at equal Diftances from the Vertex,
the Forcesare equal.  Alfo, Leadf Force - Imprefi’d Force
at H: i:fLe.

7- Given, Le,g (1p),#, and Lay Required p.
Bec. ys 7 =x <+n, th. XTYSErm--r—y:.2

6. Given, b 00 et 2 e e
call ¢.) Siace, bz - 7. (6) =x+a, th. b n =x;but
Ti‘._n'xp (=xp= y*) = b= + 6%, and &: =¥
S np~—>b*. Therefore, t: 7— 1;?21:: f)

—_—————— f_ — .
P apn- gbr xl' Ort =rX1p 7 ¥ip* Tpn—pi-rb.

Th. b2 B T 4h*=to af?, whofe
Tangens is f, And f+1p Zh—y F,e, foughr,

L Thif f>rpep orif pr> b2, then, in Defeents,
the Dire&tion of the Jower Elevation will be below the
Horizon. But if px ==b*, the Dire&ion will be Horizon-
%, andpr - p — Tangent of the upper Elevation. And
if b +py> $P* the Obje@( in_dfzents, or Defeents)

is beyond the reach of the Projeét thrown with that
Velocity.

2. Ifrpr —p:. pn, in Afients, or Defcenss, there
@n be but one Elevation (whofe Tangent is pr—= op)
that will reach the Objet. Then= tp—Fs +p, or
b* =p— %, which determines the utmoft Height of any
& upon €ach given Horizontal Diftance. And !p
=Vbitar gy Horiz. Range at 45° of a Projeét,
thrown with the leaft Velocity  capable to reach

: the



Palmariorum Mathefeos. 299

the Obje& ; Or the Charge requifite (in Afcents, or De-
fents)  to hit a Mark is that which at 45° Elevation

wouw'd throw the Shot the Diftance of vb*1»* *#
upon the Plane of the Horizon. '

3. Th biriht F w07 (g Emorft, Indl)
:t, the Tangens of an Elevation proper for a Gun fo
charg’d, to ftrike the Objeét with the greateft Cercainty

and Advantage: But {3 t,=ct,ort, X 9o® — Jucl*
(by 16. 65.) Th. the wmo@ Ramge, on an inclined
Plane, is made, when the Axis of the Piece makes =13
with the Perp. and Objeét 3 So that there needs no more,
than to let the Axis of a Picce, duely charg'd, bifedt the
L (a) between the Perpendicular and Obg&t. -

4-The Geomesrical Conftrution of the laft Problems may
be thus. Let O B( _LOH) :—}P, and BU(”OH)":—HPO

e

Fromc, withBP (P e n)edeferibe an Arc, which (if the.
thing be_poffible) will cut OB in 1,15 Then will H\ be the
Lines of Direlion fought. For (if BP =w, Bl=u,.
HP=3)Ww*—3* =¥ = (bec. u = w—x) w*—2wx{-x?,
th, g - #* = (2mx ) px F2nx; Andy* = ({* 4-%%
: Qa2 any

-
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oux —=px I oanx 2nx =) pxji.e. HI* =pxPL
th. the Curve will pafs thro’ P. Or bec. # =(w* — ¢*|*

=%P;”52—b’+”'1;=)m\%’ there-
fore Ol=1p*u, and bsr:i:ip *u: (t,E,e)

rXLp*ipr . — [ b Otherwife, Let CH
1 BHP, AH (1HO)= 17, «-LAC|| HO j From C,with
CH, deferibe an Arc cuttin (1f pr [fible) OB in 1,1 ; Then
will Hl be she Lines of Direddion.  For fince AC =

Lpni-b(=c¢), theref, CB* = (2 =m4-b2, and CI?
(CH*) =¢* 417, th Bl= 1" = pn—F*|5 And
b:r:iip u: (t,E,e)rxip=tu-< b Hence the sth,
7th, and 8th Propofition may be Arithmerically Solv’d thus,

1. (3 E4e=90°—}a, th) 90® —jawvn e =1 E—e
and v,& (AZ)—v,E—¢ (BZ)=q(AB), Then g :5,2(AH),
sshiyp=g .

o, Hpa_v_ifgfound q, then s,a:q::4p:h

3. Let Jpibiis,a (AH) 1q (AB), and v, —¢g
(AZ—AB) = Vv,E—e (BZ), but LE4e (=
1180 —a) =—=90* —1Lea; And } E 4-e7 [E—e
= E,¢, required.

And becaule of the Air’s Refiftance, ihe Line of Pro-
jedts is pot exa@lly Parabolical, but racher a kind of an
Hyperbola 3 which, if confider’d,ard apply’d to Praltice,
would render the Computation far more operofe, and
the very fmall Difference (as Experience thews in Heavy
Shot) would, in a great Meafure, lzffen the Elegancy of
the Demonftrations given by Accounting for it; fince
the former Rules are fufficlently exa& and eafie for
Praflices : ‘
* The Theory of the Motion of Projefts is fo perplex’d a
Subje&, and depends fo much upon Phyfical Obfervations,
that fuch Accuracy cannot be expeéted therein, asdon’t
require fome Allowances. But the Refiftance of the Me-
dium, and other Accidental Impediments, may be in fome
: Coo e 0 meafure
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meafure Redtified, by fuppofing the Shot to move in
Right Line to a certain Y)iﬁancc (d) from the Axi o%
the Gun, and afterwards to defcribe the Curve of a
Parabola. :

_Given, E,e35 H;h: Reqd.p,d. Since d{-y, and x are
given (by Trigonom.)allo y = ¥px¥x (by 36. 6,8 ),andd =

D; th. D¥1on dy= ru;y:;/Wpr, Th.p=
Dyroddy: VXA V5" Andd=d3gy—Vix ()
Given d,ip,Lep s Reqd. b, Sincer:d4-yi:s s dstps
wr (=xEn) =y s pn, thory* — py = pis F
;;f Y e; s gi v:cixp; Hdrs ifyp:):aél:e];b-}o?xét:? '_iii
Given dbipny Reqd. Le. Beco xm = (3 =p

)y py the yrmp s gl B =rHAL, the 9t

& anp—p? X y* — 2dp*y==d*~b*—n* X p*sthe y isgi-
venj And d 4 y:7:: bics,Lefought.
84. Of Optics.

That Science, which accounts for the various Appea-
rances of Objedls, from the Reflexions, Refra&tions, and
Inflexions of the Rays of Light, is called Optics.

Experience fhews that the Light of the Sun confifts of
Rays that are differently Reflexivie and Refrangible. The
Angle comprehended between the Incident, Refleéted,.
or Refraéted Ray, and the Perpendicular to the Refle-
&ing, or Refradting Surface is called the Angle of Inci-
dence, Reflexion, ot Refraltion. fmd thefe three Angles
lie in gge and the fame Plane, The Refrafion out of a
Rarer Medium into a Denfer* is made towards the Per-
pendicular and the contrary.

And, fuppofing Nature’s Method of working to be
the moft eafic and expedite, if there be given two
Points (B,P} in Mediums of different gi- B ~13 g
ven Denfities, and the Pofition of the /N i
Plane (br) dividing thofe Mediums 3 Reqd. "3
the Doint (¢) in that Plane, thro’ which\ &}
the Body paffes by takisg the forteft N} )
Time to move fromB to P 'ct
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Let Be,eP=5,S 5 BLPp=6,C 5 bp= a,be =3,then
pe=a-3; letv,V = Velocisy in 5,S: Th. fincet,inssz

£,S::5V:Sv, th.t,ins 4 Siserd* T x V +

Cota—q|' |+ x v, which if 2 Minimam, then Vg = s

4 vzy—wag =S=9¢. Th.SVz =—svXxa—z, th. SV
1svi:a—3:3, The (luppofing s =S} v:V:iizie—zg
Gom:n)i.e.The Sines of the L of Incidence, and of the
"Refralted L are direitly as she Velocities, or reciprocally as
she Denfisies of the Mediums.

But if a Body moving from B to e be Refle@ed to E,
bec. it continues in the fame Medium, th. » — V, con-
feq. s: S::7:a—7;and Lsat band 7 areright,th. LBeb
= L Bew, i.e. The L of Incidence 8 = L of Reflexion.

Homogeneal Rays, (or thofe of like Refrangibility)
which flow from feveral Points of any Objeét, and fall
almoft Perpendicularly on any Refle&ting, or Refralting
Surface, fhall afterwards Diverge, or Converge, to, or
from fo many other Points, or be Parallel to fo many o-
ther Lines, either accurately or very near. The fame
happens if the Rays be refleéted or refratted (ucceffively
by two or more Surfaces. That Point to, or from which
Rays Converge, or Diverge is called the Forms.

Given a double Convex Lens (GLy) whofe Thicknefs s
‘G (=), and O 4 Point or Obje& inthe Axis of the Lenms 5
the Ratio of Refrabion being as mto n : Reqd. the Point
(F) at which the Beams shas we neareft she Axis of the
Lens are colle&ed.

Let OG (= OP) =4, the Diftance of the Obje&,
CG (=CP)=r, and ¢y (=c7) =g, the Radius
of the Segment fowards and from the Objeét = And let
S, L Incid. (OPM) : S, Refr. L(NPM or CPp)::m: 3 §
then, ia very fmall s, L Incid. ; Refr-L .. m %, Theref,
dir::LC:LOth. d4-r isasthe L Incid. (0:?’)
andm:n::d 7 :ndinr - m, which isasthe Rejr,
| Frendmrem L (CPo)
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& {CPp); But LPCO—CPo (or d —nd 47 = m)
={(PpO. And the L9p:LO::PO:Pp (=Gop)

—mvd > mid —nd — nr, ( that is, the Beams from O
by the firtt r\efra&ion will be colletted in p.) lf_ ar be
greaser, ot equal to md — nd, then the Beams after Re-
traftion go Diverging from, or Parallel to the Axis,
and the Point p is on the [ame fide beyond P, or Infinitely
diftans.  Alfo (if F=Go—Gy=oporp) dI:¢
siteiloyth e isasthel Incid TKxg,) and

#im: 1P o med-md 1w, which is asthe Refr.l(KaF)

But £ K7F -~ K(F (or Wm =¥ — &) = Lz,
And- the LcF7 1 LKE ;; oy 0 aF = wed =

md — - mg= (if a—n = m—n) unto
m.zdre—do—z:;gxm

= f= (ifs be reje&led
MX dr4-do—-ar g —md—nd—nr x 1 f G cjetiedd
‘dfg—:jl’-}—d(’_—_?g‘ Wh‘rcnce, any fonr of thefe five
Quantidies (d,7,¢,4,f) being given, the fifth is readily
found. And

kd

_1n Diverging Rays, falling on a doxble Cenvex, or
Comcave (Whete it is 4-d, & —r, =) “+adrp -
dr 4-1¢ T;a';:_-:_" ; But, in the Cinvex, if arp
> dr 4- dp, then’tis —f.

In Cowverging Rays, falling on a double Convex, or
Concave, (where *ts — d, and *=r, * ) — adrg
= dr —d -:'Tf = = f, But inthe C‘orz;a.ve if ar
> dr 4-4dp, ‘then ’tis J-f. ’ ? ¢

Ia Diverging, or Converging Rays, falling on a Mewif-
ous, “Fafrp .

Fdrdp 4= arp —A-f, whilft dr —
de> or <are; But if dr—de <, or > arp, "tis = — f.
In Parallel Rays, falling on a Double Convex, (where
4= °°)f’.= 483 r3-¢or (inGlafs, wherem:n::3
2)=2.'f7‘"+§’,Th.ifr:g,thmf=". :
Yo Diverging Rays, on a Plano-Convex, {wherer =
®) f=—ads = d — ap,
e =2 &vr= ¢ and 4 = o, then f =

oNF —— Wr - 2m — an, = (in a Sphere of Gl4f)
2 7.0r in a Sphere of Warer,(where m:n:: 4; 32) f=r.

And
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And wherever the Rays,which come from all the.Points
of any Obje&, meet again in fo many Points, after they
have been made to Converge by Reflexion or Refrati-
on, there will they make a Piture of the Objeét. Now,
a Lens being given, to find the Diftance, whereas an 0b-
je& being plac’d, fhall be Reprefemsed as large as the Ob-

je@t it felf 3 Hered =f, Th. 2arg+ r4¢ ==d;orif
r—e¢, then d — arjor, inGlafsd =2r : In a Plno
Convex, d = 2ar, i. €. inGlefs,d = 47, This is of
fingular ufe for Drawing things in their juft Magnitude,
by Tran(mitting the Species by aGlafs iatoa dark
Room, whereby, notonly the True Figure and Shades
are perfeély given, but allo the Colers nearly as Vivid
as the Life. "Tis al{o eafie from hence, to SMagnify or
Diminifh ap Obje&t in any given Proportion. An Ob-
je& feen by Reflexion or Refratbion, appears in that Place
from whence the Rays, after their lalt Reflexion or Re-
. fra8ion, diverge in falling on the Spelator’s Eye.
Whence, As tbe diftance of the Objed from she Lensis to the
Diameter of the Obje’s Magnitude,fo ss the Diftance of the
Image 10its Diameter.  And if the Obje& be feen, thro’
two or more Glaffes, every Glafs fhall make a New I«
mage, and the Objeét fhall appear in the Place, and
of the Bignefs of the laft Image : Upon thisdepends the
Theory of Microfcopes and Telefcopes.

Having given (r) the Rad. of one Segment of a
Lens 5 to ficd theRad. of the Cormvexity or Concavityy
neceffary to make a vaftly diftant Objeéf be reprefcnted
ata given Focus. Since r, 4, f, and d, are given, Th. drf =

adr —df { arf= (becaufe d =) 1f _: g—f

=, or (ff>ar) =—¢, and 7fi-f—ar=
Radius of the Concavity.

NOTE, That by putting 2rx — xx = to the Value
of ¥ in any Curve, and rejefting the Terms concern’d
with the Powers of x, the Radius ora Circle Equicurve
with that of the Lens, at the Vertex, is determin’d,
(and in the Conic Seions will be =} the Parameter); this
fubftituted in the room of r, ¢, will give the Theorem for a
Lens of any given Figure. And where the Rays are Re-
flefted from (GL) the Concave Surface of a Speculum,
(bec. *tis 4 d, 4= my—f, =1, — 5, ad m = n,) f=

lr.;.?—r. .
FINIS
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