Antiderivatives

If F'(x) = f(x), then F is called an antiderivative of f.

EXAMPLE 22.1: x’ is an antiderivative of 3x?, since D, (x*) = 3x>. But x*> + 5 is also an antiderivative of 3x?, since
D(5)=0.

() In general, if F(x) is an antiderivative of f(x), then F(x) + C is also an antiderivative of f(x), where C
is any constant.
(IT)  On the other hand, if F(x) is an antiderivative of f(x), and if G(x) is any other antiderivative of f{x), then
G(x) = F(x) + C, for some constant C.

Property (IT) follows from Problem 13 of Chapter 18, since F'(x) = f(x) = G'(x).
From Properties (I) and (II) we see that, if F(x) is an antiderivative of f(x), then the antiderivatives of f(x)
are precisely those functions of the form F(x) + C, for an arbitrary constant C.

Notation: f f(x)dx will denote any antiderivative of f(x). In this notation, f(x) is called the integrand.
Terminology: An antiderivative f J(x)dx is also called an indefinite integral.

An explanation of the peculiar notation f f(x)dx (including the presence of the differential dx) will be
given later.

EXAMPLE 22.2: (a) fxdx =+x2+C;(b) f—sinxdx =cosx+C.

Laws for Antiderivatives

Law 1. dex=C.
Law 2. fldx=x+C.

Law 3. fadx=ax+C.

xr+l
r+1
r+l

(4) follows from the fact that D (%) = x" forr=—1.
Law5. [af(dy=af f(x)dx.

Note that D, (af f(x)dx) = aD, ([ f(x)dx ) = af ().
Law 6. [(f()+g()dx = [ f(x)dx+ [g(x)dx.

Note that D, ([ f(x)dx+ [g(v)dx) =D, ([ f(x)dx)+ D, (f5x) dx) - F00) +g(x).
Law 7. [(f()- g()dx = [ f()dx~ [g(x)dx.

Note that D, ( [redx= [g() dx) =D ( [7) dx) D, ( fg(x)dx) — F() - g(x).

Law 4. f x"dx = + C for any rational number r = —1.
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EXAMPLE 22.3:
(@) [¥xdr=[xBdr=27+C=3x" +C by Law (4).

4/3
b) J%dx=]x’2dx={_1+cz_%+c by Law (4).
4
(c) J7x3dx = 7J.x3aix = 7(%)+ C =%x*+C by Laws (5), (4).
(d) [ +4ydx=[xdx+ [4dx= %XS +4x+ C by Laws (6), (4), and (2).

(© [(Bx—4x)dx=[3x%dx— [4xdr=3[x"dx—4[xdx=3(}x")-4(4x*)+ C=3x" - 20 + C.

EXAMPLE 22.4: Laws (3)—(7) enable us to compute the antiderivative of any polynomial. For instance,
j(6x8 — 20 +Tx* +3)dx=6(3 x°) = 2(£x0) + T(: x°) +3x+ C
=2x° —Ix*+Ix° +3x+C
Law (8). (Quick Formula I)

J.(g(x)) g (x)dx= (g()c))’*l +C for any rational number r # —1

o 1 1
E%;?;rgaiztlon’ D, (m(g(x))”‘) o Ple)) =7 +1 (r+D(g(x))"g’(x) = (g(x))"g’(x) by the power

EXAMPLE 22.5:  [(4x* +7) X’ dr=4(x’ +7)° + C.
To see this, let g(x)=(3x*+7) and r=5 in Quick Formula L.
EXAMPLE 22.6: [ (x> + 1)’ xdv=1 5 [ 1P 2xdx = (5/3)(x ++C= 5 S+ +C
In this case, we had to insert a factor of 2 in the integrand in order to use Quick Formula I.
Law (9). Substitution Method
[ (a8 (x)dx = [ flu)du

where u is replaced by g(x) after the right-hand side is evaluated. The “substitution” is carried out on the
left-hand side by letting u = g(x) and du = g’(x) dx. (For justification, see Problem 21.)

EXAMPLE 22.7:
(a) Find stin(xz)dx.

Let u =x% Then du=2xdx. So, xdx=%du.By substitution,
fxsin(xz)dx = Jsinu 3)du=+(-cosu)+ C=—-Lcos(x*>)+C

(b) Find [sin(x/2)dx.
Let u = x/2. Then du = +dx. So, dx =2 du. By substitution,

Jsm( )dx J(smu)2du ZJsmudu—Z( cosu)+C= —2cos(%)+C
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Observe that Quick Formula I is just a special case of the Substitution Method, with u = g(x). The advan-
tage of Quick Formula I is that we save the bother of carrying out the substitution.

The known formulas for derivatives of trigonometric and inverse trigonometric functions yield the fol-
lowing formulas for antiderivatives:

jsinxdxz—cosx+C
jcosxdxz sinx+C
jseczxdx= tanx+ C
jtanxsecxdxz secx+C
jcchxdxz —cotx+C

fcotxcscxa’xz—cscx+C

1 .
j dx=sin""x+C

J1-x?

1
J‘dez tan"'x+C

1
— dx= x4 (
J ) 1 X=8€C X

1 .
jﬁdxzsm“ (%)-FC fora>0
a —X
I#dx:%tan" (%)-FC fora>0

1 1 X
j—dxz—sec‘l —|+C fora>0
xVx*t—a? a (a)

SOLVED PROBLEMS

In Problems 1-8, evaulate the antiderivative.

1. j xdx=Lx7+C  [Law (4)]

. 1
2. j%:fﬁdx=_—5x5+c=—§+c [Law (4)]

3. [Wzde=[2"dz= e +C=3RR +C [Law (4)]
4. [dv=[xde=oxt s =3+ € [Law @)]
S Ty 13

5. @x*-5x+3)dv=2[xdx-5[xdx+ [3dx

=2(3x)=5GF ) +3x+C=2x-3x2+3x+C [Laws (3)—(7)]
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Ja=wVxdx=[(1-xpdx= [ (" = x%)dx
—J.x”zdx J' 2y = 3/2_Lx5/2+c
3/2 5/2
=2 -2 +C=2x"E -1+ C [Laws (4), (7)]

7. j(3s +4)ds= f(9s2 + 245 +16)ds
=945 +24(15?) +165+C =35> +125> + 165+ C [Laws (3)—(6)]

Note that it would have been easier to use Quick Formula I:

[Bs+4yds =4 [(Bs+423ds =1 (4 Bs+4)) + C=(H)Bs +4) + C

J.x%—i_i#dxz f(x+ 5—-4x?)dx=3x*+5x— 4(}1x")+ c

=t +5v+dec [Laws B

Use Quick Formula I in Problems 9-15.

9. [(s8+27BsY)ds=4(s+2)+C

10. [ +2)x2dx =14 [ (x* +2)*3x%dx = %(3}—2(;& + 2)3’2) +C=2(+2)2+C

1. -[(x +2)3dx_ ISR ’3x2dx—%(—<x +2) )+C:‘%ﬁ+c

12. Jé/%=%J.(x3+2)’”43x2dx=%(3/4(x +2)*’4)+C AP+ +C

13. f3xmdx=—%_[—4xmdx
="J4x(1—2x2>”2dx——%(3,2(1—2x2)3/2)+c

=—1(1-2x)" +C
14, [J1=xde=—4[(1- )" (2x)dx
= —%(4#/3(1 - x2)4’3)+ C=—3(1-x)"+C
15. Jsinz xcosxdx = j(sinx)z cosxdx=3+(sinx)’+C=1sin*x+C
In Problems 16-18, use the Substitution Method.

16. Md
J Nl
Let u=+/x = x"2. Then du=2x"dx. So, 2du=—dx.Thus,

Jx

jdez 2jcosudu =2sinu+ C = 2sin(vx)+ C
Jx

Antiderivatives
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17.

18.

19.

20.

21.

J.xsecz(4x2 —5)dx.
Let u =4x2— 5. Then du = 8x dx, +du = x dx. Thus,

Ixsecz(4x2 —5)dx= %Iseczu du=+%tanu +C=Ftan(4x*-5)+C

_[xlex+ldx.
Letu=x+1.Then du=dxand x=u— 1. Thus,
szx/x+ Tdx= j(u — 1 u du = j(u2 — 2u+ DuMdu

— J(MSIZ _ 2u3/2 + u1/2) dl/l — %u7/2 _ 2(%),/{5/2 +%M3/2 + C
=2 (but —2u+ )+ C

=2+ DL (x+1)2 —2(x+ D)+ 4]+ C

A stone is thrown straight up from the ground with an initial velocity of 64 ft/sec. (a) When does it reach its
maximum height? (b) What is its maximum height? (c) When does it hit the ground? (d) What is its velocity
when it hits the ground?

In free-fall problems, v = J.a dt and s = Iv dt because a = % and v = % Since a = -32 ft/sec?,

v={-32dr=-32+C,

Letting t = 0, we see that C, = y,, the initial velocity at ¢ = 0. Thus, v =-32¢ + ¢,. Hence,

s= J(—32t+ v,) dt =—16> + vt +C,

Letting t = 0, we see that C, = s, the initial position at r = 0. Hence
s=—161" + vt + 5,
In this problem, s, = 0 and y, = 64. So,
v=-32t+64, s =—16t* + 64t
(a) At the maximum height, % =2=0. So, =32t + 64 = 0 and, therefore, t = 2 seconds.
(b) When =2, s =—16(2)* + 64(2) = 64 ft, the maximum height.

(c) When the stone hits the ground, 0 = s = —16#2 + 64¢. Dividing by ¢, 0 = —16¢ + 64 and, therefore, ¢ = 4.
(d) Whent=4, v=-32(4) + 64 =—64 ft/sec.

Find an equation of the curve passing through the point (3, 2) and having slope 5x? — x + 1 at every point (x, y).

Since the slope is the derivative, dy/dx = 5x* — x + 1. Hence,

y=J(sz—x+1)dx=%x3—%xz+x+c

Since (3, 2) is on the curve, 2=3(3)° - +(3)> +3+C=45-3+3+C. So, C=—% . Hence, an equation of the
curve is

y=ix—batam

Justify the Substitution Method: f f(g(x)g’(x)dx = j f(w) du.
Here, u = g(x) and du/dx = g’(x). By the Chain Rule,

D, ([ £ du)=D, ([ fooy du)- 4 = )9 = pgay)- /()



SUPPLEMENTARY PROBLEMS

In Problems 22-44, evaluate the given antiderivative.

CHAPTER 22

2x"2A+3x+1xH)+C

X2
x+1+C

1sin3x+C

secy+C

2. (”Tf) dx. Ans.

2. | (ijlz)f) dx Ans.

24, Jcos 3x dx Ans.

25. J % Ans.

26. T +i)cc)sx (Hint: Multiply numerator and denominator by 1 — cos x.)
Ans. —cotx+cscx+C

27. J (tan2x + sec2x)?dx

dx
Sl

d
. 9 +x)c2
30. [——%—  (Hint: Factor 16 out of the radical.)

25 -16x?
Ans.  tsin™! (4?’6)+ C

dx

31. 4x*+9

Ans. +tan™ (%) +C

2 | dx

xJ4x* -9

Ans. lsec" (ZTX) +C

3

x2dx

NI

33. J (Hint. Substitute u = x3.)

dex

M )w 3

(Hint: Substitute u = x2.)

dx
35. j—x =

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

tan 2x + sec 2x —x+ C
sin™ (%) +C

+tan™ (%) +C

(Hint: Either factor 4 out of the denominator or make the substitution u = 2x.)

(Hint: Either factor 4 out of the radical or make the substitution u = 2x.)

Isin'(x*)+C

B[ oc

afd
+cos 1()C—Z)+C

Antiderivatives
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36. 3.x —4x +3xd
x*+1

sec x tan x dx

37. 9+4sec’x

38.

=

J‘ (x+ 3)dx

dx
39. -[xz +10x+ 30

dx

40. | —2——
'[\/20+8x—x2

dx
41. 2x2+2x+5

4. J‘L
V28 —12x—x?

43, [——24£3 4
'[\/5—4x—x2 !

x+2

44jm

In Problems 45-52, use Quick Formula I.

45. j(x —2)"dx

46. j e 1)3

d
47. j\/xx?

48. [VAx—Tdx
49. [V2=3x dx
50. [(2x*+3)"x dx
51. J. 1+y*y* dy

x dx
52. -[(x 2+4);

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

%—4x+4tan x+C

%tan,l(2s§cx)+ c

—J1—=x%>+3sin”'x+C

gtan’] [—(x +55)\/§ j +C

- 5—4x—x2+sin"(x;2)+c

—J4x—-x? +4sin“(x£2)+C

2(x-2y"+C

2Jx+3+C
2@Bx—-1)"2+C
—2Q2-3x)"+C
2Qx2+3)+C
s(1+yH)"+C

1

“aee+ar ¢
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Problems 53-64, use any method.

53. J'(x—l)zxdx Ans. Fx*-3ixX+ix*+C
54. j(x2 —x)*2x—1)dx Ans. 1> -xP+C
55. jM Ans. P +2x—4+C
Jxr+2x—4
2
56. jmdx Ans.  2(1+/x) +C
Jx
57. J%d}c Ans. 2x%2 =23 4y 4 C=2x" (x> —1x-2)+ C
58. Jsech tan3x dx Ans.  +sec3x+C
59. j csc?(2x) dx Ans. —Ltcot2x+C
60. Jx sec?(x?) dx Ans.  +tan(x?)+C
61. Jtanzxdx Ans. tanx—x+C
62. J.cos4 xsinx dx Ans. —tcos’x+C

dx - x5
63. jﬁ Ans. sin 1(—5 j+ C
_sec’xdx_ L
64. 1—4an’x Ans.  zsin”'(2tanx)+C

65.

66.

67.

A stone is thrown straight up from a building ledge that is 120 ft above the ground, with an initial velocity of
96 ft/sec. (a) When will it reach its maximum height? (b) What will its maximum height be? (c) When will it hit
the ground? (d) With what speed will it hit the ground?

Ans. (a) t=73 sec; (b) 264 ft; (c) % ~7.06sec; (d) ~129.98 ft/sec

An object moves on the x axis with acceleration a = 37 — 2 ft/sec®. At time ¢ = 0, it is at the origin and moving
with a speed of 5 ft/sec in the negative direction. (a) Find a formula for its velocity ». (b) Find a formula for its
position x. (c) When and where does it change direction? (d) At what times is it moving toward the right?

Ans. (a)v=%z2—2z—5;(b)x=%t3—t2—5t;(c)Zig/ﬁ;(d)t>2+§/§ or t<#

A rocket shot straight up from the ground hits the ground 8 seconds later. (a) What was its initial velocity?
(b) What was its maximum height?

Ans. (a) 128 ft/sec; (b) 256 ft
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68. A driver applies the brakes on a car going at 55 miles per hour on a straight road. The brakes cause a constant
deceleration of 11 ft/sec?. (a) How soon will the car stop? (b) How far does the car move after the brakes were
applied?

Ans. (a) 5 sec; (b) 137.5 ft

69. Find the equation of a curve going through the point (3, 7) and having slope 4x* — 3 at (x, y).

Ans. y=%x>-3x-20



