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Wednesday, November 4, 2020 7:00 PM

4.9 Antiderivatives

The goal of differentiation is to find the derivative f' of a given function f. The reverse
process, called antidifferentiation, is equally important: Given a function f, we look for

an antiderivative function F whose derivative is f; that is, a function F such that F' = f.
Antiderivative
A function F is an antiderivative of f on an interval / provided F'(x) = f(x), for
all xin I
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THEOREM 4.15 The Family of Antiderivatives
Let F be any antiderivative of f on an interval /. Then all the antiderivatives of f

on / have the form F + C, where C is an arbitrary constant.

Ch4 - Sect43-45 Page 1



- \f\Ulf.SQ 4\/\ 7[(,._\0‘\9—\5 o H)T
Wednesday, November 4,2020  7:08 PM \\/\ —nQ_ CL)f f ! CU’ UM

EX!:«:IMPLE'I Ffﬁt]lmfgllntd nﬁlt ves Use what you know about derivatives to f'd_ll—.
a. flx) = 3 hf(r)thxg c. (1) = sin
0. 0= Ix" Fix)= )
3 ! A -
FO=z x5 (o dF - (x2) = 3x :f(x)
oX

CH ox\o'\’\‘(()ij Co~Stast

C. 4‘(‘(\: St ,F('HT- 7

|

OF s prz( ) (ost) = -t
o ‘\&od)':*sw&
(%)= -cost + C

Wi

= ( cost ‘rC\ = =t +t0 — 'P




jjﬂ(x)-c)x: F(x)+ C
) “4-%/0\ 5\\8»'\
.P&?O —) \\A*Qﬁfda()

X — dHeruha\ (x 15 e f‘«l)QP’AdZd’W)
(x>Voviable of Hej?raﬂoﬂ)

C Cstont ol Wejmh\o\
Fk\k\ﬂ Q)MP\Q:"Q _':,DIM _[ o~ch ks vty




Ch4-

Wednesday, November 4, 2020 7:19 PM

Indefinite Integrals

d
The notation x (f(x)) means take the derivative of f(x) with respect to x. We need analo-
X

gous notation for antiderivatives. For historical reasons that become apparent in the next chap-
ter, the notation that means find the antiderivatives of f is the indefinite integralf f(x) dx.
Every time an indefinite integral sign | appears, it is followed by a function called the
integrand, which in turn is followed by the differential dx. For now, dx simply means that x is
the independent variable, or the variable of integration. The notation f f(x) dx represents all
the antiderivatives of f. When the integrand is a function of a variable different from x—say,
g(t)—we write f g(t) drt to represent the antiderivatives of g.
Using this new notation, the three results of Example 1 are written

|
'+ x2

J3x2dx =2 + C, J dr = tan"'x + C, and fsinrdr = —cost + C,

where C is an arbitrary constant called a constant of integration. The derivative formulas

presented earlier in the text may be written in terms of indefinite integrals. We begin with . 3
the Power Rule. -

THEOREM 4.16 Power Rule for Indefinite Integrals

] Y
frac= e A dx =Xy

D

where p # —1 is a real number and C is an arbitrary constant.

THEOREM 4.17 Constant Multiple and Sum Rules

Constant Multiple Rule: J cf(x) dx = C‘J f(x) dx, for real numbers ¢

Sum Rule: | (f(x) & g(x)) dx = [f(x)dx & [g(x)dx

The following example shows how Theorems 4.16 and 4.17 are used.

EXAMPLE 2 Indefinite integrals Determine the following indefinite integrals.

a. f{3x-" + 2 —5Vx)dx b. 1(4"‘” :_ 51_8) dx c. f(z2 + 1)(2z — 5) dz
A a -‘/

g S (3842-5 %) dx = | I%-dx+|20x- 5K dx
3
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Table 4.9 Indefinite Integrals of Trigonometric Functions

d . [ . .
1. — (sinx) = cosx = IL‘UH xXdx = sinx + C
dx J
d . . .
2. — (cosx) = —sinx = lﬁm xdx = —cosx + C
dx J
d > " - .
3. I (tan x) = sec“x = J!\'CC".I’ drx = tanx + C
dx
1“.'1" - [ - -
4. Ix (cotx) = —csc“x = Icsc‘.x‘ dx = —cotx + C
dx .
. d [ )
5. J’_ (secx) = secxtanx = l secxtan x dx = secx + C
dx )
d i B
6. J’_ (cscx) = —cscxcotx = ' cscxcotxdy = —cscx + C
dx J

EXAMPLE 3 Indefinite integrals of trigonometric functions Evaluate the following
indefinite integrals.

a. J sec”x dx b. l (2x + 3 cosx) dx c. J Smjx dx
: cos” x

0. jdeczx- I = tex + C

b. j(lm-@sx\dx: Xx+3- SWX C

M
C. K ‘dx: S SWX 1 dx
(o5t % J cosx X

:j—\w- secx - dx
- SeCX —+ C
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EXAMPLE 4 Indefinite integrals involving trigonometric functions Determine the
following indefinite integrals.

a. ’(%%m x =2 csc:_r) dx b. _[_4 Cosglsfinz"" dx
a- N constest # (3.1G — )
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Table 4.10 Other Indefinite Integrals

7. i( ) = = Jg"dx=€"+C

dx

d 1 [ dx
. —_— = = —_— = A + C
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EXAMPLE 5 Additional indefinite integrals Evaluate the following indefinite ’ d — \ X ‘
integrals. — b X —_— N J
w [E b [ AL
J x J 3

Q. J_SJXL—' \I\|X\+C (Qx\l

EXAMPLE 6 Indefinite integrals Determine the following indefinite integrals using
Table 4.10.
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