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Integration Techniques,

Se
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HAPTER 7
L’Hopital’s Rule, and Improper Integrag

ction 7.1  Basic Integration Rules

Solutions to Even-Numbered Exercises
d D VA S
@ gl /EFT+ q- 5(x2 + 1) T2+

12

308

®) d[ 2 c] _ 02+ 172) - 902 + @) _ 2(1 = 35)

ax (@ +1)? 2+ 1)* (2 + 1)

d o
©) a—[arclanx + (] = T+ 2
2x

(d) %[m(x2 +1)+(C]= Z+1

J;_;:_ ] dx matches (a).

- (2) %[Zx sin(x? + 1) + C) = 2[cos(x + 1)(2x)] + 2 sin(x + 1) = 2[2x? cos(x? + 1) + sin(x? + 1)]

o) %[—%sin(xz +1) + C] = —%cos(x" + 1)(2x) = —xcos(x® + 1)

© de{%sm(xz +1)+ C] = -;-cos(xz + 1)(2x) = x cos(x® + 1)

(d) %[‘276 sin(x® + 1) + €] = —2x[cos(x? + 1)(2x)] — 2 sin(x? + 1) = —2[2x2 cos(x? + 1) + sin(x? + 1)]

jx cos(x? + 1) dx matches (c).

2t —1 2 ;
. | 5———adt W e =
f12~:+2 g f(21—1)2-1-4dr lo'f xz_4d"
u=—1+2,du=(2t— 1)dt u=2t—1,du=2dt,a=2 1
u=x2-4,du=2xdx,n="5
Use il U i
u’ = Wl + a2
UseJ’u"du.
fscc 3x tan 3x dx 14. f 1 dx
x/x2 -4

u=3x,du=3dx
u=x,du=dx,a=2

Use Isec i tan u du,

Use J__d"__
usu? - q?’
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Section 7.1  Basic Integration Rules 309

e—

16. Let u = x — 4,du = dx

i)

JG(x—4)5dx 6J’(x—-4)5d.x 6 5 ﬁ+C

=(-4p+C

20. Letu = 4 — 2x%, du = —4xdx.
f x4 — 232dx = —i (4 = VY- 4x)dx
—gl4 -2+ C
24. Letu=x2+2x — 4,du = 2(x + 1) dx.
x+1 1
— = — -_— 'l/2
md}t 2J'(x2+2x 4H-12(2)(x + 1) dx

= JET T =4 +C

dx=f2dx+fri‘—4m=u+81nlx—4|+c

[

18. Letu=¢t—9,du = dt.

f( g)zdt J’(r—9) 2d:~—9+(:

22, “x—a—i—w]dwjxm—%j(zﬁs)"(z)dx

1f_1 11
§j3x— 1(3)‘1‘_5j37ﬁ(3)dx

1 1 B
28 J(3x-—1—3x+1)dx_
-l—ln|3x—l|——[n|3x+1|+C LN 1+C
3 3 3x+1
1 3.3 1 ( 3 ) 1 1
L 3.3 V= |(x+3+=+5)dr=m2+3x+ L5
30.jx(1+x) fx(l+x+x2+f)dx f.x Sl xzdx 2Jr2 3x + 3 In|x| x+C
32, J sec 4x dx = -}fsec(4x)(4) dx 34. Letu = cosx,du = —sinxdx.
SIBE S, S B
=i—[n|sec4x+m4x|+c j r_cosxdx j(COSX) (—sinx) dx
= —-2/cosx + C
36. Let u = cotx, du = —csc’ xdx. 5 _ ( 1 )(e_‘j)
38'[3@4‘“‘4 37 —2)\e ) &
J’csczxec‘”‘a’x= —J‘e°°“(—csc2x)dx= —e**+ C e x
=5f3—2e-xd"

= (2e7) dx

2)3— 2

5 -x
=51n|3—2e [ i
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310 Chapter 7 Integration Techniques, L’Hépital’s Rule, and Improper Integrals

—
i 1+ cosa
= —— ——da= | cscada+ J’cot ada
WJﬂu=MmuiM=?%%m 4zj ————da f
I —— = —In|csc @ + cot & + In|sin a + ¢

J' (tan x)(In cos x) dx = —f (In cos x)(—tan x) dx

iy r i

2 secx + 1 3

p = — 46. |=——dt =3 arctant + C
. J‘3(sccx~~1)ﬂh 3fsccx-1 scc.:c-thl)dﬁc f12+1

_2 scc.x+l
T3] tan?x
= %J‘ tscc X dx J’ cot? x dx

2
= gj:;sz';dx + %f(csczx = 1) dx

T B L _2

—3( sinx) 3cotx 3:H—C

2
= —g[cscx +ecotx+x]+C

48. Letu = /3x,du = /3dx. 50. Lelu=%.du=—_tzl dt.
j : zdx=Lf_‘/§—zdx i SR N (| O Y
4 + 3x 3 4+(\/§I) ’ 'tTdt—— e 2 dt= —e"+ C
1 V3x ‘ :
=——=arctan| —— | + C
23 ( 2 )

1
52. J’(x oy ——4::2 = f[z(x = 1)}de arcsec|2(x — 1)| + C

= = X2
54. jJ1—4x— j.~/5—x2+4x+4 J‘mdx a.rcsm(\/g)-pc (a=J§)

@ _
56. 5, = tan (2x), (0, 0)

® j tan? (23} = j (s29) ~ 1 ds = tan(an) = x + €

1.2

0,0: 0=C
y= %‘an(lx) —x " // -

-12

) + )2 r 2r
58 __ons 60.r:J'(1 Ie) d:=f1+2" te
L AL e e’
N
;;// (R !
oy Yy
SN AR =[le"+2+e)dt=—e"+2+e+C
.fu.r/ffr/u
Lt L delr v ¢ 1
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62. Letu = 2x,du = 2 dx.

B 1 " 2
y Lm"x fsz(zx)z——l‘i‘

= arcsec|2x| + C

66. Letu=1—Inx, du=_Tla‘x.

J’: L _xlnxdx = —J:e(l - In x)(-_;l-)dx

[—%(1 —In x)z]: =

|-

= arcsin% = (0,927

4
1 x|*
70. ——-dx=[arcs'n—]
,[)\/25—x2 s 0

=z M. ol _4 x+2
72. Ix2+4x+13dx—21n(f+4x+13) 3arctan(—-)+C\

3

The antiderivatives are vertical translations of each other.

e +e*\3 1 - -3
= — X — X — X + C
74. f( 3 ) dx 24[63 + 9¢* — 9e e ]

The antiderivatives are vertical translations of each other.

17N

¢+ =5

-5

du 1 (4)
YRR [P oo SNV =1+ C
78. Arctan Rule: jaz e g arctan 7

2 4
) =4
84 Lx2+1dr

Matches (d).

82. f(x) = é(f — 7x% + 10x)

y

5
j f(x) dx < 0because
0

more area is below the x-axis
than above.

5

64. Let u = sin ¢, du = cos t dt.

m ] m
j sin2tcos tdt = [— sin3 r] =0
0 3 o

d.x=f(1 —%)ab:

2
= [.x— 2lnx:|l =1-In4=-0386

2—
w.fx 2
IX

10

-8

76. Jsecutanudu=secu-+-c

80. They differ by a constant:
secx + C; = (tanx + 1) + C; = tan*x + C.

/2
86. A =J. sin 2x dx
]

1 /2 _
[—Ecos Zx]o =1
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312 Chapter 7 Integration Techniques, L'Hépital’s Rule, and Improper Integrals

BT
2 i
88. f 27 dx
o
(a) Let f(x) = 272 over the (b) Let f(x) = /2x over the (c) Letf(x) = x over the interval
interval [0, 2]. interval [0, 2]. Revolve this [0, 2]. Revolve this region

region about the x-axis. about the y-axis.

2
V= 2'rrf x(x) dx
)

2
A= | 2mx?) dx
'L V= wjz(ﬁx)zdx
0

y
2
- 2 = 2
o - f 27 dx Lz"” @
(|
154 ¥y
104
54 : /=1 4
e
1 /n 1 win
90. T N 5 il i _ 1 n/n 9
(@) (w/n) — O.L sin(nx) dx = 'n'J; sin(nx)(n) dx = [—;cos(nx)]o =i
1 * 1 3 1
SRS R i
R S AT A [6 m“"”]ﬁs g o
92. 3= 2\/)-.: 94. y= x2f3
y’ = —I— b 2
Vx Y =35
1 x+1
] =+ (y 2 = —— N2 — _4
()I) 1+x g 1+(y)2_1+9x2/3 :
9 =
Gt g 8
S=2m| 2x /E—ax < AP
WL B e s= ) N1+ gamde= 1637
9
= 217[ 2Vx+ 1dx
o
9
~[oef2cs ]
3 o
_ 8

(10/10 — 1) =~ 256.545

3

Section 7.2  Integration by Parts

d . : x ;
2 E[xzsmx + 2xcosx — 2sinx] = x*cosx + 2xsinx — 2xsinx + 2 cos x — 2 cos.x = x2 cos x. Matches (d)
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