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PREFACE.

This text-book 15 based on the metlod of wtes, which, in
the experience of the nuthor, has proved most satisfactory
in a fivst presentation of the objeet and scope of the Caleulns,
No eomparisons bave been mwade between this method and
those of limits or of infinitesimals, Thiz Targer view of the
Calenlus, and of mathematical reasoning and processes in
general, canpot readily be given with good results in the
briel time allotted the subjeet in the general eollege course

The fmmediate object of the Differentinl Caloulns is tho
measurement and comparison of roates of change when the
change is not uniferm.  Whether a guaskity iz or is not
ehanging unifornly, however, the rate al any instant is de-
termined in essentially the same wanuer; vie by ascertaining
what its cliange would have been in a unit of time had its
rate remamed what i was at the mstant in gquestion. T8 is
this ehange which the Calenlns enables us to determing,
however complicated the Iaw of wvariation mnay be.  This
eoneeption of the nature of the problem iz simple, and secms
to afford the best foundation for further and more compre-

hengive study; while for those who are not to make o
Lii
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iv TREFACE,

special study of mathemnaties it secures a more intalligent
anid less mechanical grasp of the problems invelvisd than
other methods whose couceptions and Jogic are not easily
mastered in undergraduate conrses.

My thauks are due to Pofessor Worthen, my colleague,
for valuable suggestions awd assistance in the reading of

prinofa,
ARTHULR SHERBURNE HARDY,

HaRGvER, N0, Jdonn 2 1800,



CONTENTS,

PPapT . —THE IMrrERENTIAL (CALOULUS.

CHAPTER L—INTRODUCTORY THEOREMS.

AIVT, FARN
L CntbtiessafAbve Onboutes -0 - 5o oGt s s s 1
DA e o e s e R e e e PR T e e 2
B Gl A O O TIVEIOIIR. - 2 veiim (o d o kw5 i
N T h T 11 1 i
B: Tmiform chamme oo coioll] SR R et el e R A et i
B Do modon s s s e s s s S e e S e

T D e e e s e e v e e o by e
B T N o L o et e B S i A e B 0

i i R |

1 IMatinctions between incremient, Jifferential, and mte. L
1 Cormrerponding differentials ol stonliameoms mtes oo oL i
L Symbol OF 0 mE. oo e e e e e ]

=

12 Corresponding diffcrentials of eqmads are equal. oo oo i
14, Ojeet of the Differential Caloalus . cooiiii i e
T T R e e e i et o A L L e

S
=i

CHAPTER IIL —DIFFERENTIATION OF EXPLICIT FUNCTIONS.
The Algebraie Funections,

15 Differentialof & constamte. | i i dii i 12
T -Bilerentii] b g = —p oo o s p e s e e 3t
17. Differentlnl oF mr. .o e ittt a s saran. B2
= LR D 1101 B T e N e S P
o L e ) R A R e o e B L R |-

30, DARPEBHAE O = . oo oo vsrenisason st an ssp s sba g 13
2L Differentinl of %, ERUIMDIER. - ..ottt io e ri sanaianaris 11



vi CONTENRTS.
ART.
22 Anadytie sisnification of '%: ...................................
L
EL Applieatlons. .. ooveneias A R R T R N
4 Geometrie slgnification of :iz .................................
= .I's I'F'.'l' "‘

26, Relations be s

elRTans LWECh rf.t‘ JIII e _ s GG
Hi. Lxpressioms for il anil L. TN, e

ol s
2 TIDCRRIONI < o b O Bt e S e e e e T O
The Transcendents] T oot isss.
The L-;»gure'ﬂ‘rmu'u- aurl .H.iprmurh'mr Fenad fiwirs,
28, Differemtial of e, .o e i ievevasicisneins SR e s
2, Differendial of o®,  Examples;: . oocoiiae i vie e ioiiie
S VOTRRRB IO, oo oain i S i o B 0
The Trigpmvsmedviz Fapelisis,
#1. Civorlar mieasure oF dan sl oo i e
e v T B -
D evemtialiof Gosmw Lo iy ee SR T R S s
. Differentinkof tanr ... P P
L T LR T P P S L
e O B o e T e o o T e
0T THOEeperdin] ol enee o i e s s e et b it e ey %
o R I Al R . e s e e
. DHEerentlal of coverse, Exmiuplis . ..coiicvniiciansiacaronns
The Cirevdur Fanctiens,

B, I¥ifferential of S r, . e e ey e
A TR T e e e G P P P o el 2 L e o e
A0 Tt o e =Ty s e s s
43, IAMErentind Oliol="a ey o wo macaom o onsn 8 o mac et e ra
4. DHIEHenIn] Of B00 o s s donin b e sa e nia s ba s ke pa g nh ans s
45, Differentlal of eosec Lo, o R e et R S S e ik
A0, T Rerentinl o Mem Tl i s S s o v e e e e e
47, Differential of covers-1z, Exmbiples oo cvnevanararnisnrarsnars
44, Applications. . ., , e A S e e S e

FAOE

14

a1
-
4



CONTENTS, vii

CHAPTER III. — SUCCESSIVE DIFFERENTIATION.

ART. FAGE
47, Equirrescent variable. . R e e e
My, Differentlal of an rquu'rwm.rnl 'l.iumbiu ........................ 49
51, Suceossive derived equELHIS. oo it s i e e e 40
T R 1 A e P S S Sy S e e by
51 Remark om the equicrexcent variable, Examplis. ... o .ooienee i}
54, Bueeesmive dertvalINes ... i ru s it s a e s b
55, Bign of the nth devivative. Exnmiples, ... oviciviiassinsseias i
G5, Derived fnnctions which beoome 2 oo iviiiie i irrmmionnae i
T TR NI o i o b o i o S AR R A S ay
68, Change of the equicrescent variable. Fanmples. ..o, 7
Applientions of Successive IMfferentintion.
Aecelerutions.

&0 Aecelerationg i ot R e e
G0. Signs of the :ujal aﬂc&l&ﬂtlm‘lt l- xalup!ns- .................... 4]
Development of Continnons Furctions.

17 T 1o B T ) - S S PP R SRR S P
(2. Greometrienl Bt il i e e e LA R e i
B3 Toro maeaninees OF el vy o v iiii i v s s m e r e L
B4, A quantily cannot have two Wnits ..o e i
G5, Cantimbors Fametiong., .o o) ool il rii s e e s s s Es L4
[ P S S S I I e S R 13
7. Sum of a derles ... R W A e
(E8 Mclupmenlufnfumw:ln e PR e D LA |
09, Muchmrin s thesrem . /o L n e e e e e e ety OO
T0. Taylor's theorem., .. .co e vins LA et BT SR e B A T it
71, Congpletion of Taylor's and Maclaurln's fommde. .. ooooo0nn i
7o, Applications. . 5 s TR
7% Falling cases u:f 'I-'t:,]nr & mu] I!l.hc,m:nn & fnrm:liil. ............. Bl
Eealuation of Hiusory Forus,

74 The form g Exmanplen. o cdm s vs i d o g miss s s a i svss 'B1
T8 The form 2. ESAPIES, oo viasnirnie et 8y
0. The form 0o, Frumples. . pcoeceioeniarnauizs-stisnain T
T Thetform £ —dn. BEoamples. . ..oiiiaiierinee casnsnmmsr s 88

T8 The formsao® 17, 1P, BExmmplis., v ivee semr ssnanninsarosaess EY



viii

CONTERTS.

Mieimwe and Minima,

AET. FadE
70. Definition of maxima and minlioa Yales oo vvomrivrnioreras 1
50, Condition of & maximum or mindmmm valae. ... ..., 1]
81, Goometzio MUBAHONE .« ool e e i cnis s e i s e e
B2, Examination of the critical values when fled=00.000 00000 15
B S R R L TN . s o e A A . 2 e o e e 3
B4, Abbreviated processes, HExamples. ...oocoioiiisrmseneinnein i L
#5. Kxamination of the oritfeal vadnes when f*(x¢) ==, Examples.. 99
86, Gopmetrical problemi.. .. i i s st e e ey VD

CHAPTHR IV, —FUNCTIONS CF TWO OR MORE VARIABLES,

8y.
BE.
£
.
91
L.
HHH
B,

Pt Aetarambaals o e e e e R R 111
INOIEEOIL, - o s o i esesssic e mam s e b e 111
Partial derivatives: Eamyples: oo ioiiviiisina it aiaii 1L
Tolal diffenvnlial, Braluples: @i e ees es i s o s sy aeies 115
Tl BRI RE v i b WL B g R A LR 114
Total derlvatlve witl respeel to any variable, Fxamples, ..., 115
Impliell fupeltions of two variables. Examples..........ic00.. T

Evaluation of the first derivative of an implieit fonetion,  Fx

CHAPTER V,-PLANE CURVEB.

Cuorvalure.
B, SIS I EIRERN, .« o o mrs miems 87 i = A By e P m 121
U6, Paoints of fofexion, Examples: .o i i vineiai oo 121
BT Bt O ORI s s Wi i 125
5. :i—:' g L L o P 124
O e 1L Pl D8 ST 12 Ly 1] T O e P 125
100, Badinr i CuPvREADE, o 0 v vn = r s s r s S r AT AT PR SR T L2
I00C Cemire el em e s s s SR R e S s e i 1k
102, Maxinnim o MWITEmm COrvabime . oo o coiacains sam s nnaor sasaas 137
108, Intersection of the eneve and civele of corvature,  Faxamples, . 1497

L,
106,

Evolotes aml Envelopos.

Frootute il pnovslinba: - ool s L T e D e 20
Eyuation of the evolinte, TEamplea, . covicoiisssissiiasnais L2



