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PREFA C E,

ALTHOUGH a preface is not abfolutely neceffary, to render initelli-
gible the plan and object of the following work, yet as it difiers very
materially from all works on the fame fubjet, I think it proper to ex-
plain the reafons that have induced me, to depart from the notions and
methods of preceding authors.

According to molft of the treatifes on abftra@ fcience, that from the
time of Sir Ifaac Newton, have been publifhed in this country, the
binomial and other related theorems have an origin diftin& from that
of theorems and methods purely algebraical; or in other words, their
-demonftration is not merely effefted by what are called the ordinary
operations of Algebra, but derived from a dotrine founded on a prin-
ciple of motion.

It required no great fagacity to perceive, that a principle of motion,
introduced to regulate procefles purely algebraical, was a foreign
principle, and that the notion of conceiving quantity, of all kind
whatever, as generated by a continual flux, was partial and merely
illuftrative; accordingly, to the principle and conneéted method, objec-
tions have been ftated, by foreign writers, but more fully and diftin&tly
by a late diftinguifhed mathematician of this country. We have ftill,
however, adhered to the principle and method, either from veneration of
their great inventor, or becaufe, if we did reject them, what was propofed
-, to be {ubftituted in their ftead, appeared deficient in perfpicuity and
- precifion. Ry
a That
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That of two methods, the beft is that which is the molft fimple, naturat,

and direct, is a propofition, the truth of which is involved in the fignifi-
 cation of its terms; no progrefs is made in difcuffion, byan affent to fuch
a propofition; fince the difficulty and contention will be: to determine
what is moft fimple, natural, and dire&. On’ this account I fhall

flightly trace out the courfe of calculation I purpofe to follow, and the
courfe ufually moved in by thofe, who regard a principle of motion as
the proper or eflential bafis of tlie fluxionary and differential calculus,
and leave the reader to the operations of his own judgment. L I
I regard the rule for the multiplication of algebraic fymbols, by which
addition is compendioufly exhibited, as the true and original bafis of that
calculus, which is equivalent to the fluxionary or differential calculus; on
the direct operations of multiplication, are founded the reverfe opera-
tions of divifion and extraction of roots, by infpection and - trial, and
when thefe operations, direct and inverfe, are performed on a binomial
(% + @), the refults, fo it appears by mveftigation, ‘may be generally ex-
prefled under a common formula, called the binomial theorem. From
this theorens, other forms, or modes of reprefenting quantity are deduced ;
and certain properties being common to the expanfion of thefe forms and
of the binomial, they are ftill farther comprehended under a general
i formula, called the expanfion, or developement of a funion: from the
i fecond term of this expanfion, the fluxion or differential of a quantity
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1 may immediately be deduced, and in a particular application, it appears !
to reprefent the velocity of a body in a motion. i

-The fluxionifts purfue a method totally the reverfe; they lay down a :

principle of motion as the bafis of their calculus, thence deduce fome of ;
its firlk procefles, and eftablith the binomial theorem, by which it is ¥

faid, the extraction of roots may be cffeCted: by this method, the bino- ¢

mial theorem does not propofe to comprehend under a gencral mode of f

0 : expreflion, the refults of the rules of divifion, extra&tion, &c. but rather :
: to [
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to fuperfede thofc rules. The projet of extracting the {quare and cube
roots of algebraical quantities by a principle of motion, is furely revolt-
ing from common fenfe, and the fa& 1s, that except the methods of
extralting quantities be previoufly examined, the binomial theorem can-
not be demonftrated.

The {ubject of the fluxionary and differential calculus, I now purpofe
to treat diffufely: and, if on a plain cafe I appear to argue tcdiouﬂy and
unneceffarily, let it be recollefted, that T am only paying a tribute, which
1s always exafed, when an opinion long received or fanétioned by great
authority, is controverted.

According to the notions of the great inventor of the method of
fluxions, quantities are fuppofed generated by motion, and the degree of
tendency, or velocity with which they are generated, is called the fuxion:
perhaps this method may aid conception, yet as tendency prefcinded from
its effet is not intelligible, and as velocity is a term not of itfelf accu-
rately underftood, fome definition is neceffary to fix its meaning: and
when it is defined to be the f{pace which would be defcribed by the
motion continued uniform, that fpace being unknown, becomesthe object
of computation ; fo that the very principle fet out from, fo far from ,
being fimple, is only eftablifhed fubfequently to calculation; and con-
fequently the dotrine of fluxions cannot be derived folely from the
confideration of velocity.,

Of his own method, Newton left no fatisfactory explanation: thofe
who attempted to explain it, according to what they thought the notions .
of its author, foon difcerned that the very principle of the method was
itfelf a fubje of calculation, and endeavoured to efablith it, by reafon-
ings which fairly may be called tediousand prolix. Of the commentators
on the method of fluxions Maclaurin is to be efteemed moft acute and
judicious, but his Introduction exhibits rather the.exertions of a great

az genius
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genius ftruggling with difficulties, than a clear and.diﬁin&‘ accour* of
the fubject he was difcuffing.

To remove the prolixity into which difcuffions to cf‘cableh the dotrine

of fluxions, on the bare confideration of velocity ran, it was.propofed '

conformably to the notions of Newton, to call in as an auxiliary prin=
ciple, the dolltrine of prime and ultimate ratios, or 'of limits: thefe
new terms, however, not explaining themfelves, it became neceffary to-
fix their meaning by definition : what has been given, although laboured:
into correétnefs by conditions and limitations, does not readily excite 'dif-

tinct ideas. According to- this new view of the theory of Auxions, the-

bufinefs of computation was to determine the limiting ratios of quan-
tities, after this propofition had been eftablifhed, to wit, that the ratio:

of the velocities with which quantities are generated, ‘is the fame as thc.

limiting ratio of the increments generated in a given time..

Euler and Dalembert went a flep farther: they rejeéted the notion of:

the generation of quantities by motion, but retained the do&rine of
limiting ratios: what the former author has faid is not fatisfatory;
he foon quits the difcuffion of principles for the work of calculation,
and the explanation of Dalembert, if luminous, is only fo by the partxal
luftration of an example.

In all explanations of the differential calculus, the chlef pomt and
difficulty is in the method of deducing the fecond term of the expanfion
of an algebraical funétion of x, when & 15 made x +Ax; now, to draw
a tangent to a curve, to find the velocity of a moving body at a given
point, &c. it is neceffary to havethis fecond term called the differential or
fluxion computed: hence it is clear, that if by any independent method
or train of reafoning, we could find the value of the fubtangent of a curve,
or the value of the velocity of a body in motion, reverfely, we might
explam, what a fluxion or differential was, by reference to the properties

of
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of curves or of motion ¥, and this in faét is the method in the doétrine
of fluxions: for, as it will appear in the following pages, if a the fpace
be a function of the time #, or be thus exprefled, # = o7, then increafing-

- ] ' ) . £ . . : ; 2
t by £, @f becomes ¢ + (qat_) t +(q> ) t* 4, &c. in which feries -(q;;) :

1.2¢%

< t e A : "D
denotes the velocity, (o 2 the accelerating force ; hence, fince (—‘P})—, or
1.2

;—f denotes the velocity, if we could independently of the above method, .

and by fome new procefs determine the velocity, it is clear we might call.

the fluxions of quantities, velocities, and thence determine i and con-

fitently with this definition of fluxions, all quantities muft be conceived.

to be generated by motion, and the language of analyfis muft confift of.
figurative expreflions borrowed from the doétrine of motion. And here
it is eafy to explain why in difcuffing the principles of fluxions, authors

fell into fo'many abfurd and unintelligible expreffions : If  be a fun&tion.

-

. . ‘ X X .’
of the time (#) and 7 becomes'# + 7, then » becomes e L ey

L2.1*
9 1, &c. and the fpace deferibed in time (F) =+ #.4 &
— . L C, and the 4dCC dcicribed 1n time — —
1.2.3.t3 +, p ' 5 t I.z"tz

t* +, &c. in which colle&tion of partial motions, 5 ¢ 1s the fpace de--

fcribed in an uniform meotion with a vclocxty:;, ——; #* 1s the fpace:

1.2.2°

defcribed in a motion uniformly accelerated, by an accelerating force :

e
1.2.38%" 1.2.9:40%°

P L but the other terms as

M -referred .

* See an inflance of this reverfe mode of reafoning, by which from the propertics of motion,
thofe of fluxions are obtained in Robin’s Trads, P 34. Vol ii.

fince they cannot be.
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sreferred to any known motion are not defignated by any name, as -

/

T ar, which refer to motions known in nature. The firft fluxion
‘T2

could then be called the velocity, the fecond the tendency of the velocity,
or the rate of the increafe of the firlt velocity fuppofing it not uniform,
or whatever was equivalent to the accelerating force, but the third,
fourth, &c. fluxions could only be called by analogy and circuitoufly, the
tendency of the tendency of a velocity, &c. &c. phrafes, to which no
precife notions.could be attached, and which occurring in a {cience, that ‘
ought to poffefs, if any other, perfpicuity and accuracy, difgufted men

of found minds, and alicnated them from the ftudy of the abtrufe and
Jine geonetry. ) !

T

- : x. R
As in the equation ¥—¢¢ when Fis deduced :@}l; 7 does not

heceﬁarily mean the velocity, except + be ufed to denotea {pace defcribed,
and 7 the time of defcribing it, fo, if x =g, exprefles the relation be-

tween any other fubjeét of inveﬁigation,':-: may have a correfponding

meaning, and be exprefled by an appropriate term; and hence, as in the
principle of motion, if the fluxion or differential of a quantity be de-
fined to be that term, and by any procefs we can compute it, the new
calculus may be eflablifhed accordingly, and its figurative expreffions,
muft be all borrowed from the new fubje of inveftigation *,
- Since the method of fluxions leads to right refults, it may no doubt
be explained into perfpicuity and precifion, but it furely is a partial
theory and its language figurative and allufive: and if fo, is it more 2
commodious,

4 3
* Thus a fluxion of a quantity might be defined by means of the fubtangent of a curve, then the g
difiiculty in computation would be, to find the value of the fubtangent. To compute the velocity of

a’body in motion; to draw a tangent are problems of the fame kind and difficulty; if you can do the
onc, you can the other, :
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commodious, and logical, by principles and reafonings new in mathe-
matics, to eftablifh that theory, and by expreffions borrowed from it,

to form the general language of Analyfis; or from the principles and.

ordinary operations of Algebra, to form a language in no ways figurative,
and to employ it as thc common inftrument in the inveftigation, not

~only of the properties of motion, but in mathematical inveftigation of
all kind whatever ?

The theory of fluxions, founded on a reverfion of the natural and
logical order of ideas, ought on the ground of compenfation to confer

on abftraét fcience, the advantages of perfpicuity and illufirition,
fince it has diminithed the accuracy of its demonftrations; to be con-
vinced of this, let us attend to the demonftration of the famous binomial
theorem as given by Maclaurin and fubfequent- writers.
Firft, (1 +a)" isput=1 4+ Az 4 pa? +cad 4, &c.
And here, as Landen obferves, we muft firft conceive a # to be a line
generated by motion, 5a* to be another line likewife generated by mo-
tion, &c. and then, that the fum of all thefe lines, generated by different
kinds of motions, to equal the line (1 +237, generated likewife by mo.
tion.  Here is a very wide departure from any thing like fimp icity ;
but is the method rigorous and accurate? in the next ftep 3
2% (1 +a) "= Ax+ 282542 30%% 4+, &c.

Or the fluxions are made equal, becaufe, when two quantities generated
by motion are always equal, their velocities or their fluxions arc equal :
but is (r +a) really and metaphyfically equal to 1 + Az + 5a® +ca’ 4
&c.? no fuch thing, for when 2 is a negative number or fraction, the
feries 1 +Ax +B2%, &c. runs on in infinitum, and confequently there
can be no abfolute equality, between (1 + )" and 1 4 ax -+ Ba® +, &c.
when fpecific numbers arc fubftituted for x: this ftep, then according
to the principle of the generation of quantities by motion at lealt wants
proof, in all cafes, except when 7 is a poiitive integer number.

In
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sbige Foss ! i A 23
In the next ftep, dividing by 7 there refults (1 42)"= =
&c. and it is faid, that fince the equation is true, whatever is, it follows
; A g :
that, makingx =0, 1 =2 now, to-make this good logic, one of the w/at-.
n

ever values of # muft be o: but as in the ufual and proper meaning of
whatever, o is not comprehended, it ought formally to have been compre-
hended: but if o be comprehended, then it is in fa&t afferted, that

(1 +a)— = % o 2%” + ,&c. when & =0, 0orin other words, itis afferted,

that 1 =%, whichif true, at leaft wants proof, fince it is no confequence

7
from what has preceded *,

The

under the term whatever, is to be found
“ Dubium hic fuboriri poffet, an, fi dux hujuf-

* "This mode of tacitly including the particular value o,
in many demonftrations: Euler frequently employs it
modi feries fuerint inter fe aquales

A4 Bz 4 cz* 4, &, =a+4 bz} cz* 4, &c,
neceflario inde fequatar, coefficientes fimiljum poteflatum ipfius = inter fe effe 2quales; feu an fit

A=a; B=4, &c. Hoc autem dubium facile tolletur, fi perpendamus hane zqualitatem fubfiftere
debere guemcungue valorem obtincat variabilis =, Sit igitur % = o, atque manifeftum eft fore 4 =aq,
&e. Analy. p. 177. inf,

Now, if gremcungue valorem is made to mean o as well as all other values, it muft in fa& be afferted,
that A -+ n2 -, &c. — 4 + éx +, &c, when = = o, but what js this but arbitrarily making & =a?
Is it not true, then, it may be afked, that, if fuch an equation fubfifts whatever z is, a =a, =4}
I anfwer, if the equations terminate at terms, M2", M’ z", by continually climinating A a4, B, b, &c.
we at length arrive at an equation of the form (sr—1e"), &c. =0, and confcquently, M= m', and
then by reverfing the fteps, we find L — 1’ and 2 =2, A = a: butif the {eries do not terminate,
and as propofed, they are never fuppofed to terminate, then the cquality of the coeflicients of the
like powers of the arbitrary quantity cannot, Lapprehend, be ftrifly proved: and in fa&, the flate-
ment that A + 5z +y&c adinf.=a 4 bx 4, &e. ad inf. has no diftin& meaning.

¢ But this method of indeterminate coefficients is a ufeful method and Ieads to right refults.”
True; but in its application the conditions are different from what they are when the problem is ge-

+ c2%, &c. may exprefs the evolution of an

2— (x4 8)= 3
expreflion as of Yy oy s g and 24 3z 4, &c. the evolutions of expreflions as

;:'?z-. 1——!-;‘3; in which the equality inftituted between the infinite feries would have meaning :

but
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The principle of motion being itfelf an objeét of calculation, and by
no means natural in proceffes purely algebraical, different bafes have
been propofed for the fluxionary calculus, Newton in the Principia,
having employed the do&trine of prime and ultimate ratios *, Dalembert
in the Encyclopedie, firft formally propofed as a bafe that do&rine, or
what is equivalent, the dotrine of limits. Landen in his Refidual
Analyfis, fubftituted not fo much a new bafis, as a new Calclllus, by
which' all problems within the province of fluxions, might be folved:
M.Carnot, within thefe few years, has by peculiar arguments, and with
great ingenuity, given the Metaphyfics and Logic of Leibnitz’s infinite-
{imal calculus. , :

Thefe metheds I now examine, and fhall endeavour to fhew that in
all there is the fame kind of difficulty, when the paflage is made from
finite to infinite, or from difcrete to continued quantity : and that all are
equally liable to the obje&tion of Berkeley, concerning the fallacia fup-
politionis, or the /kifting of the hypothefis.  Of the infinitefimal calculys
of Leibniz I fhall take no notice, becaufe jts principles as formally laid
down by him, are acknowledged to be inadmiflible; and it is not necef~

fary to controvert, what no man undertakes to defend T
: In

but the theorem feparately and abftra&tedly propofed, as it is found in Euler and other authors, is

not felf-evident and therefore cannot properly be laid down as a principle, and not only, is not proved

as it is attempted to be, but feems incapable of being proved. See Arbogaf. p. xii. Prefice.

Carnot, p. 40. Reflexions fur la Metaphyfique du calcul, inf, Coufin, P- 124.

* M. Coufin in the preface to his Treatife on the Differential Calculus, fays, that before Dalem-

bert had publifhed his thoughts in the fourth Volume of the Encyclopedic, the true metaphyfics
_of the Differential Calculus, the method of limits, was abfolutely unknown: was the ftep then from

Newton’s doétriric of prime and ultimate ratios to that of limits fo difficalt an one?

+ From feveral paffages in the letters of this great man, he appears, however, to have had jult
conceptions of the principles of his ealculus: it is to be regeetted, that neither he nor Newton com-
plied with the wifhes of Wallis, < Optaverim ita, ut tibi vacet tuum calculum Differentialem et
¢ Newtono fuam Fluxionum methodum jufto ordine exponere; ut quid fit utrique commune, et quid
“interfic difcriminis, et utramque diftin&ius intelligamus.” Ex Epiftolis Wallifii ad Leibnitium,

Julii 30, 1697,
h
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In the theory of ultimate ratios, or of limits, the quantities employed
in 'the calculation are not what are called infinitefimal quantities, nor the
ratios of fuch quantities, but the limiting ratios of fuch quantities, and
exprefled by finite terms: thus if y ==, increafe » by 7, and y + 4, (4 its
increment,) becomes 2™ + ma™* 7 4, &c.

o A A
ch=ma™" i+ m. - 224, &c.

m -1 - : '
m—2 2
%1 4, &c.

vk .
and -zf_:nzx”?“ +m.

decreafe 7,/ is decreafed, and the exprefion on the right hand fide of
the equation approaches more nearly to the value of ma™* ; make 7 = o,

and ma™* is called the limit of the ratio of A to 7, or L. == ma™ %,
. z

To fhew its application, conceive in a parabola, of which the equationt
is ax =y, two ordinates M p, 7 p rightly applied, and through the points
p, p of the curve a line ppT to be drawn cutting the axis in T; and
morcover, fuppofe p T’ to reprefent the tangent, (the line that meets the
- curve but does not cut it,) and a line pn to be drawn parallel to the

axis. :
pun_PM
then “———=__ but PM, y=at.az,
PA TM
and pm, or PM +pn—aa (v +4)3, (Mm=i),

N s T

e P”:ﬂ’- ( 3 — —Szi Y &C-)
_x. A -
XY, & e )

and j;-:;: a‘z‘(~—~ - — +» &c.)

n afx“i
?
P

make i=o and L %—

, but when 7 the interval between the ordi-

AT P M ] m .
nates diminifhes, oy approaches more nearly to the value of 2,—-, and
. ' . TN :

the




PREFACE., - s ‘xi

2 . X X X, Y
st PM:- m m azx = 22207 % x>
the limit of — js ‘1,—, hence, ])T: y O Tm="—" " —
T™M T m T m 2 az

the value of the fubtangent; according to the differential notation

275 exprefled by %, according to the fluxionary, by L.

LJ,—
P2 X

The theorem on which Landen’s method cllentially depends, is this, -

' v »\* v\ 3 ‘ ;
i 1‘+—+<—> +(— e+« (m terms)
a5 — U3  \aJ -\« b s
X

— a3t — — ’
= ‘ ~ - AN
5 .lv 1 +.(q—J) + (—) +, &ec. (# terms)
2 x L :
B 77 ¢

which (when v becomes ), =43 x Z.
n

In M. Carnot’s very ingenious, view of the fubjedt, he fhews that
Leibniz’s method in which infinitefimal quantities are introduced, leads to
right refults by a compenfation of errors ¥, In his examples he procures

" what

*" A note of M, Lagrange’s affixed to 2 memoir De I'Infini abfolu, contains notions very fimilar to
M. Carnot’s: the following is an extra& from the note, :

¢ In en eft ici comme dans la methode des infiniment petits, ou le caleul redrefMe auffi de lui méme
les faufles hypotefes que Pon y fait. On imagine, par exemple, qu’une courbe foit un poligone d’une

. infinité de petit cdtés, dont chacun etant prolongé devienne une tangente a la courbe. Cette fup- -

pofition eft reellement faufle; car le petit coté prolongé ne peut jamais étre autre chofe qu'une veritable
fecante: mais erreur eft detruite par une autre erreur qu’on introduit dans le calcul eny negligeant

comme nulles des quantités, qui felon la fuppofition ne font quiinfiniment petites. C'cft en quoi confifte,

ce me femble, 1a metaphyfique du calcul des infiniment petits; tel que P’a donné M. Leibniz. La
methode de M. Newton ¢ft au contraire tout a fait rigoarcufe {oit dans les fuppofitions, foit dans les
procédés du calcul,  Car il ne congoit qu’nne fecante devienne tangente, que lorfque, les deux
points d’interfeftion viennent tomber P’an fur Pautre, et alors il rejette de fes formules toutes les
quantités que cette condition rend enticrement nulles. - Cette methode exige abfolutement qu’on re-
garde comme evanouiffantes, c’eft & dire comme nulles, les quantités dont on cherche les premicres,
ou derniéres raifons: et C’eft ce qui rend fouvent les demonftrations longues et compliqueés. La fup-
pofition des infinitement petits fert 3 abrégér, et a faciliter ces demonfirations : mais ce n’e qu’apres
avoir prouvé en général que Perrenr quelle fait naitre eft toujours corrigée par la maniere dont on

manie le caleul, qu’il eft permis de regarder les infiniment petits comme dés realités et de les emploier

~comme tels dans la folution des problemes’. Mifc, Taur. 1760.

b2

> .
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what he calls imperfect equations, which become true, when the arbitrary
or infinitefimal quantities difappear : the two members in the imperfeét
equationsare unequal, but may, by changing the infinitely fmall, or arbi-
trary quantities, be made to approach each other within any affigned
limits of accuracy, and their ultimate ratio, is a ratio of equality: va-

nithing quantities, the author confiders as the limits of infinitely fmall’

quantities, having their relative value afligned by the law of continuity.

- Againft the method of limits, or of prime and ultimate ratios, there
are feveral objections, on the points of perfpicuity, of logical precifion,
and of commodioufnefs in the procefles of ealculation: and firft, the
method is not perfpicuous, inafmuch as-it confiders quantities in the
flate, in which they ceafe to be quantities; for when /4 and 7 are finite,
the ratio between them is {ufficiently clear and telligible ; not {o, when
2 and 7 vanifh, or become nothing at the fame time; to conceive this
ratio, the mind feels confiderable difficulty, and to explam it, many
reafonings and illuftrations are requifite. ;

The fecond objection is, that, the fluxions of quantities in this me-
thod of limits, are not obtained by juft and logical inference: for, when

a7 . e m— 1 3 :
¥ 1s increafed by 7, a” becomes a™ 4 ma™%; +m.—2~x"‘“’z‘, &c. and

V] m—

=M™ - m,
z ¢

A™7*#, &c, and putting 7/ = o, the right hand expreflion

‘ i
becomes m 4™ : but fince m 4™ +m.

¥"~* i, &c. was produced

on the exprefs fuppofition, that 7 is fome Quantity, if you make 7 = o,
the bypothefis, is as Berkeley fays ¥, fhifted, and there is 2 manifeft fophifm

in

® To this point the following queries in the Analy(t are diredied.

Qu. 28. Whether the fhifting of the hypothefis, or (as we may. call it) the fallacia fuppofitionis,,
be not a fophifm, that far and wide infeds the mo

phy, and in the abftrufe and fine geometry ?

Qu. 43,

dern reafonings, both in the mechanical philofo-

SRR o i e

—
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in the proccf's for obfaining L ? fince, if the hypothefis be 'deﬁ.royed,fthe:

confequence ought not to be retained,

The third objection relates to the mnconvenience, that muft appear '1;1'
the fundamental propofitions and firft procefles of calculation, fince the
quantities employed eannot be confidered feparately from each other,

2 /2 Y/
but muft appear conneéted, two and two, as in =ma™, L S
: i
when y =4* and % is the increment of y, when. 7 is the increment of .
add to this, that the principle of the méthod, the definition of a limi,
is neither fimple nor concife ; and that, in finding the limiting ratio. of
(v +7) — 2 to (¥ + 7)™ 2" itis not clearly fhewn, that by diminifhing
(m - 1)

3 ] . T — . m. m—1 - 2
7, the rejeftaneous quantity R a"TE g4 ( ) ( )
1.2.3

473 i* 4, &ci may be madé of any degree of (mallnefs.

The method of Landen is liablc_to two objections, firft }—;;:— 1S Oba
(I 3.5 (?), &e. )
& X
(:+C) () o)

on the hypothefis that x is greater than v, therefore in good Iogic, yow
cannot retain the conclufion, when the hypothefis is deftroyed,. or when

15

tained — a5+

Qu. 43. Whether an algebraical note, or fpecies can at the end of a procefs be interpreted in a
fenfe, which could not have been fubftituted for it in the beginning? Or whether any particular fu
pofition can come under a general cafe which doth not confift with the reafoning thereof ? :

Qu. 46. Whether, although algebraical reafonings are admitted to be ever fo jult, when confined to
figns, or fpecies as general reprefentatives of quantity, you may not neverthelefs fall into error, if,’
when you limit them to ftand for particular things, you do not limit yourfelf to reafon, confiftently-

with the nature of fuch particolar things? And whether fuch error ought to be imputed to pure
algebra? :
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is made = w: fecondly, the method in its apphcatmn is found to be very
incommodious and embarraffing. . :

The infinitefimal’ calculus, as explained by M. Carnot, condués to

very eafy procefles and operations, but it is in fome fort fubjected to the
objection. of the fallacia fuppofitionis, and his three theorems, reft on

confiderations two finc and remote from the common and ﬁmple prin- -
ciples of calculation. :
Thefe methods are equally liable to the fame obje&mn and they all

. employ nearly the.fame artifice, in effeting the paflage from difcrete to
continued quantity,

In the methods of limit, the limit of 7 is obtamcd~ by firft confidering
i as a quantity, and then by putting i = o, and in this cafe -/z-‘ s éxprcﬂ'ed

.by 80

’
-

In Landen’s method - "% is obtained by firlt conﬁdcnng x 7 v, and

‘then by putting —'-fv, in which cafe, " is eXprefTed by -

2 - .

In the mﬁmteﬁmal calculus, arbitrary quantm(s are mtroduced to ex-

prefs the conditions of the problem and then eliminated: a diftance js

irft fuppofed between two points or lines, &c. and then that diftance

is made to difappear; in this cafe what are called infinitely fmall become

vanifhing quantities, whofe. ratio although vagucly cxpreﬂ'ed by oo,
1s afligned by the law of continuity *.

R 1 .

* [n Defca.rtcs s method of drawing tangents, may be difcerned the kindred nouon, on which de-
"pends the paflage from difcrete to continued quantity ; he firlt finds an equation with unequal roots

to reprefent the interfection of a curve wjth a circle, and thén makes the roots equal, in which cafe
there is no interfedtion. ;




