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PREFACE TO THE FIRST EDITIOXN.

Tar principles of the Calenlus are veached from thres differcnt
points of view in the methods respectively of Leibnits, Newton, and
Lageange, The mothed of the latter ot being adapted to elemen-
tary instroction, tho cholee fie this perpose les botwoen thoso of
the two former.  The peemt daxt-books, both Boglizh: and French,
ava in general based upon the method of Newton, The expedienoy
of thig may well ba questioned,  The artifos whidh lies ab the Dagia
of tha Caloulus, sonsiats in the employment of certain spesial maxil-
iary quantities pdapted to fecilitate the foriation of the equations
of o problem. Tha limir, or differontial ecefficient, the suxiliavy
emploved inthe method of Newlon, i not easily represented to the
mind, and being composed of tero partd which cannot he sepavately
conzidered, it in with the more diffieulty applisd to the solution of
problema,  On the othor hand the difforantial, the aaxiliary coploy-
ed in the method of Veibnite, ig gimple in theolf) 12 very veadily con.
eoived, awl sadapts Thedf with wonderful Facility to abl the ditforent
claszes of questions which require for their solation the nid of the
Calealos,  Prom these nod similer eonsiderations, confirmed by tha
renlts of exporience, T do not heaitate to prafer the method of
Leibmite as the basis of an elenentary work on the Caloulus, A
perfect knowledge of the subject refuires, indeed, that it should be
exawmined from oll the different pointe of view which have heen
named,  Bub the lesrner shon!d begin with the method of Leibnite,
In accordance with these views the present work bag been prepared.
The following snalysis exhibits the courae pursued.

Tha firat objoct i to show the necessiiy for the new insbument of
investigniion wo sre ahoub to ezemine, A simple problem is, thave.
fore, introdused for which an equation cannot be divectly obtained
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in terms of the guantities which enter into if, and which reqaire to
be considered, In these sircumstances the oedinary expedisnt of
analysis, ia the employroent of suxiliney quantitios to aid in the for-
mation of the equation reqnived. B from the vaviable natore of
the quanticies which the problem pwesents, the auxiliaries most
guitable to be employed, it fs obvioms, sre not the fivite and deter-
minate quantities of ardinary algebra, bat cevtain indeterminate
quantities cupable of being taken ag smpll a8 we please, withoub
changing therehy the valuse of the quandities for which they are to
bs subatituted or in conmection with which they are to be uzed, We
are thus led to the considevation of quantities infloitely pmall, or
infinitesimals ; which form the subjosd of the fiest section,

The auxitiaries employed in any ease must, it 1s evident, suskain
relations to their primitives, in viceie of which they may be elimi-
nated, after they have saryed the purpose for which they ara intro-
doeed.  Wo have, then, nest to establish such relations for the new
suxilinriss we wish to employ.  The variable quantities of the prob-
Tem muy be regarded s changing their values by increwents or de-
crements iofinitely small.  If wo tale, then, the differonce between
any two succossive states of the variables, tha results will be guan-
tities infieitely pmall, which will have aleo a0 neeessary velation to
the priitives from which they are devived.  Wo may employ them,
therefors, for the suzilisvies reguived. They are ealled differen-
tisls ; and the process by which thay nee obtained iz called differ
entiation ; tne roles for which, for simple algehraic quantities, are
developed in the second zevtion,

We have now oot Tnstrument in part, and proceed af ones to ie
uze. We commenss with the problem of langents, one of the most
intereating of the problems whish oceupied the attontion of the
ableat peometers of antiquity, and which long defied their efforta
and bafied their skill.  We find it yield ot once to the instrumen-
fality we have now acquired, The third section i3 oceupied with
various portionlar sages of this genoral problem, snd the stodent iz
thas introdneed to the Diffarential Cadoulng, of the nutare of which
B iz now enabiod to form a peneral iden.

In the problems solved thus far, the guantities whose relations
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are sought enter dhﬂecﬁ}r inty the differentinl eqaations obteined.
Wea are able, thevofire, to elimivate by the ovdinpry processes of
algebira. the snxilisvies emploved.  But we meet next with a olasg
of problema fn which this cavuot be done,  And fn which the only
moede of freving the eqaations from the indeterminutes employed
consistd o reburning from theem to their primiives, by a process the
reveraa of that by which they see ohtained,

The infinitely zmall quantties we have emplored a8 saxiliavies,
may he regarded s the elements of which the varinble quanticies of
the problem are respectively composed. Fhiz revorse process will
then erinsist in the summing up or loking the whole of these ele-
menid.  Lb is called integration, the rules fur which, for simple al-
gebraie quantities, sre developed in tho furth seetion,  Prosesding
immedintely to the applieation of sur instrament a2 now improved,
we introducs in tha ffth seckion various proplems spon the quadra-
ture of aréns, snd the eubature of solids; the solution of which gives
the student an elementazy view of the Inbegeal Caloulss,

The problems of the vectification of corve lines, and the guadra-
ture of the surfires of the solids of revoiution, requiving the aid of
hoth the processes of slimination witenly etoplowed, hrings into wee
the entire nstranrent. Xt is thut seen ag nowhols, and the student
hes now o gengral idea of Tur Catcewes, ns tho entire instrament
by way of eminercs is ealled.  What remains, is only its more
full developmert, with each pew applications as will most clearly
exhibit its povwor,

With this ohjeet in view. we pass-to the sixth sestim, A pro-
posed problem being ton dithenlt for vhe anxilinies alveady obiain.
ed, we naturally seek for additiona? cnes hy a vepetition of the arti-
fiea already emploged.  Regarding oor Grat suxiliaries, thecefore,
as now becoming primitives in thelr tarn, we toke theic differentiala,
and ngain the differentinls of these last, and s0 on. W thus cbiain
second, thivd, o, differentinla, These form the sebiect of the sixth
section,  Making iwmediate application of these new auxilisries,
wa introdnee 1o the seventh soetion the problem of the davelopment
of & funetion of one or more variables, and obtain the tmportant

theorems of Maclanrin and Taglor. Awd with vesources thus ine
1%
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crensed, we disooss af largs in the eighth and ninth sections the
great problem of mazima and minima, and the whole theory of
curves,

Thus far our problems have involved alpebraie gquantities only,
Puszing nexf to those whirh invelve transcendental functions, we
develop in the tenth section yolea hoth for' the differentistion and
intagration of quantities of this deeaription. The diseussion of the
ginusoid, the logarithmic curve, sod the dpirals in general, prescota
in the eleventh scotion o application of the Chlsalus to problems
depending upon transceadental quaocities.

[t wmsst, by thiz time, bave heen perreived that the Differential
Calonlus s fiw it pdvarice of the Integrel. The twelfth seotion ia,
thorefore, oocupied with the davelopment of various artifices and
mathods of reduction sdapted to fugilitate the process of integration,
or the eliminaiion of the anziliuries we have oceasion to ewploy,
With theso incrcased facilities we advance, in ths thirteenth ssetion,
to s full exumination of the netare and propertics of the Cycloid,
the most beautiful a8 woll as impoviant of all the transcendental
gurves,  Here the fall power of the Calenlns is more distinetly ex-
hibited, Problema are soived by ity as with the dash of a pen,
which eleded the grasp of the most distinguished of the ancient
peametars, ov were solved ouly after laborions efforts, and by moth-
ods alike cirenitous and eomplicated,

In the foprtconth seetion, seme additional problame upon the
tuadrature of arcas and aobature of salids are mtrodueed, and with
thesa is closad the application of the Caloules to problems of pure
FEOMBTY.

Tn the fheenth and siztessth sections we enter a wider field and
upon topics of & higher interest, In these the Caloulus s applied
to various prohiems of Mechanie: tnvelving variad modion, motion
along oueve lineg, ond the determination of forees ; probiems upon
eguiiibvium, the determinetion of the centre of gravity of hodies,
and the pressure and discharge of fluids,  We thos see the sppli-
eation of the Calenlus to the Phyeical Solences, the aphers to which
it i specislly sdapred, snd within which its powers have been mogt
remarkably diaplayed.
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At this point, we take our fins! step in the improvement of the
instrament we are consideriny,  We eome to & elass of problems
far transoending in diffisalty those whish have previossly heen
golved ; and which vequire for their soletion a higher degree of in-
determinnteness in the snziliveies complored,  The new elass of anx-
ilinriez reqaived nre differsntinls undet b new point of view. They
are called variations, Thele derivation with some examples of their
use forms the mabject of the seventeenth section. We slose our necess
sarily limilad view of the sublime Inscrament before a3, by its appli-
eation in the eightesath seotion to two of the mest mportant prob-
leme of astranomy—:thn atiraction of spheres, snd the investigation
of the law of the foree whieh binds the plonsts and somets to their
oghits,  The work terminates in the ninetesuth sootion, with a brief
exposition of the methods of Newton and Lagrawge, and a few mis-
eellaneous exampley,

The plen of the work differs, it will be perceived, widely from
the many exeellont kext-hooks o the subjest pecant[y published. It
iszubmitted with diffidence in regard to ite exosution, bat with great
-ponfidenca that the plan iteell i well adapted to inteoduee the stus
dent by a nacuesl and eagy procoss to a general kucwledge of the
Caleulus, to enable him clearly to anderstand in whal ib consisld,
and o discern its power; and espacisily to awaken in bim an inter-
eat in thoss profnind invescigations o respect to which it s the wp-
propriaste fostrumant,

The work completes the coarse of textbooks of prre mathemat-
ies prepured by the author, Tls materials have heon selosted fom
the ordinary sonrces, The geperal view taken of the philosophy of
the Oaloulos is the some with that of Crnot ip his Reflegtions on
the Meataphyrics of the Tiffevential sud Tobegral Cateolos, and of
Comte in biz Pesitive Philosophy,

WM, sMYTH.
Bown. Coll,, March, 3854,



