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PREFACE.

Tu1s pamphlet is a revised edition of a paper which was read
before the American Academy of Arts and Sciences, January
14, 1873, and subsequently published in its Proceedings.

It is now reproduced for the purpose—first, of presenting a
new method of deriving the Differentials of Funotions by means
of their Algebrain characteristics with the aid of a few element-
ary properties easily established ; and, secondly, of showing that
the method of rates or fluxions may be advantageously used
for the purposss of instruction, and the use of infinitesimals,
limits and series entirely avoided until the student is well
grounded in the elements of the Calculus ; thus securing the
edvantages afforded by the real and precise definitions of this
method, instead of sacrificing them by employing the diffieult
and readily misconceived notions of limits or infinitesimals in
deducing the formulas for differentiation,

In the original paper it was shown that the new method of
deducing the differentials was applicable to all the functions
of a eingle variable; some of these applications are now
omitted to be replaced by other methods which we consider
preferable for the purposes of elementary instruction.

It is our infention to publish a text-book prepared in ac-
cordance with this plan, the first part of which has already
been printed for the use of the cadeis at the T. S. Naval
Academy.

J. M R

Axvarorss, My, July, 1875. W.W.I






CONTENTS.

o

Tee NEwToRIAN MeTHOD oF PLUXIONS ........

The methods of tresting the Differontisl Caloulns in
gemeral use at the present time. ... .occcvvevninns cnan
Extract from Todbunter's Differential Calenlus .........
Extraot from Laoroix’s Treatiss on the Differeniial and
Integral Calenlns ....vees cnsnannasens snes cnnrasarss
Extract from Camot's Metaphysios of the Infinitesimal
Oalenl i, issusnnsmome srrs anns snar asssnrasinnnsinn
Extract from Conrnot's Infinitesimal Calenlus ... .... ..

Proroeen MeTHOD OF TREATING THE DIFFEREN-

TIAL CALCULUB . 4as savn snre snrs suns suns sas reses 1832

Definitions and Fotation. s ve vese cove vars srus snsn snne

Elementary Proposibions. .. cove cove vonr vors sass nnnns
Constant Batio of the Rates of o Variable and s linear Fane-

BOD . s ees s Haas caaa R e A L R R RS
Varishle Ratio of the Rates of a Variable and s Fune-
tion not HBERE. ... vaiasensmsrs samm arensssnsanan snnn

The genernl deflnition of & tangent line fo & curve .......
The Ratic of the Rates is independent of their alwoluts

BT T I S

ATLORERAIC FOKOTIONB .. oo teue anss ssss sass samnan

The Differential of the Bguars. ... cove varsvveanrrnsa s
mmmﬂfﬁlﬂw”--uu-u -------------

PanEs.  ART.

T-12

18-20

-3

89
10

11

12
12

13

15-18
17



6 CONTENTR.

The Diffarential of the Logarithmic Function ..ovuoaua .
The Rate or Differentisl of an Ares.....covnriecniaiins
Hyperbolio Areas, and Napierian Logarithme ... .c0. ...
The Napierian base intermediate in valne between 2 and 3
The Differentials of the Trigonometric Fanotions.......
Coneluding Rematks ..ovveuuntanns ssmsssosssnnnanens




THE NEWTONIAN METHOD OF FLUXIONS.

1. It is & well-known fact that writers on the Differential
Caleulus deduce the same elementary theorems from fonda-
mental conceptions which have little or no apparent resem-
blance, and frequently smploy methods which present to the
conscientious student difficultios of a character too formidable
to be ignored.

Notwithstanding the unusoal attention which many of the
ablest mathematical writers since the time of Newton and
Leibnitz have bestowed upon this subject it is undoubtedly
true that many instructors still tacitly permit their stndents to
follow the trite precept of D'Alembert,—"Allez en avant, ¢ Ila
Joi vous piendra.” Few habits sre more pernicious to the
student of mathematics than that of following rules founded
upon principles which he does net thoroughly comprehend ;
yet it is precisely this habit that D'Alembert's procept tends
to confirm.  Faith comes—only too soon.

In the words of Condillac—* Ce n'est point par la routine
qu'on g'instruit, c'est par sa propre réflexion; et il est essential
de contracter I'habitude de se rendre raison de ce qu'on fait;
cotte habitude s'acquiert plus facilement qu'on me pense; et
une fois aoquise, elle ne ae perd plua”

2. Most of the French writers on the Caloulus have adopted
a method of treating the subject which may be charaeterized



8 THE NEWIONIAN METHOD OF FLUXIONH,

a8 & combination of the method of limits with that of infinites-
imals. One of the best examplesis the work of J. A. Barret,
Paris, 1868. This method, although excellent in extemsive
treatisea like those of Berret and Bertrand, seems to us far too
difficult for o beginner not possessed of unusual mathematical
ability, especially as it involves several fundamental proposi-
tions very hard to comprehend. In nearly all cases, it will be
found best for the student not to attempt these works until he
has prepared himeelf by studying one of a less formidable
character.

8. A distinguished English writer of mathematical text-
books (Mr. I. Tedhunter), who has himsell adopted the method
of limits, remarks that— A diffieulty of & more serious kind
which is connected with the notion of a limit, appears to em-
harrass many students of this subject, namely, & suspicion that
the methods employed are only approximative, and-thersfore
a doubt as to whether the results are absolutely trna. This ob-
jection is ecertainly wery natural, but at the same time by no
means easy to meet, on account 6f the inabilify of the reader
to point out any definite place at which his uncertainty com-
mences,” * This remark seems to us not only to go to the root
of the difficulty, but also to suggest an excellent mode of testing
the student's comprehension of the subject when taught by
the ordinary methods,

* Todhunder's Differential Caltwlus, Maomillan snd Co. London, 1860,
page 12,




