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VQUICK CHECK EXERCISES 8.2  (See page 522 for answers.)

—_—
1. (a) If G'(x) = g(x), then © /sin‘lde; U= dv=___
dx = Gx) = ———
/ f(x)g(x) x f(x) (x) (d / _'x_dx; U= ,dv=
, vx—-1
(b) fu = f(x) and v = G(x), then the formula in part (a) 3. Use integration by parts to evaluate the integral.
can be written in the form fu dv = (a) / 2 4 )/ln 1
2. Find an appropriate choice of u and dv for integration by Ve ¢ b

parts of each integral. Do not evaluate the integral.

n/6
(c) f xsin3xdx
(a) /xlnxdx; U= , dv = 0

4. Use a reduction formula to evaluate f sin® x dx.

i

®) /(x—2)sinxdx; u= dv

EXERCISE SET 8.2

2 1 .
1-40 Evaluate the integral. 29. / xe® dx 30. / xe > dx
0
e Oe ‘ € Inx
1. fxe‘ dx 2, /xe3" dx 31 / *lnxdx 32. —dx
1 Je X
2 % 2_-2x 1 ’ V312
3. /" ¢ dx 4. _/" edx 33, / In(x +2) dx 34, f sin! x dx
-1 [¢]
. 4 2
5. fxsm3xdx 6. /xcostdx 3s. f sec™! /0 d6 36. f xsec xdx
_ 2 . 1
2 2. x . x
7 f" cosx dx 8 /" st x dx 37. / x sin 2x dx 38. f (x + x cos x) dx
0 0
9. | xlnxdx 10. xlnxdx 3 2
/ / v 39, / JrtanlJTde 4o, / In(e? + 1) dx
1 g 0
11. / (nx)’dx 12. E dx 41. Ineach part, evaluate the integral by making a u-substitution
vx - 3 and then integrating by parts.
13. fln(Sx —2)dx 14../-111(x2 +4)dx (a) /e‘/‘?dx (b) fcosﬁdx
42. Prove that tabular integration by parts gives the correct
1. / sin! x dx 16. / cos™! (2x) dx answor for Eration By pars &l
17. / tan~! (3x) dx 18. / xtan~lxdx f P(x)q(x) dx
where p(x) is any quadratic polynomial and q(x) is any
19. / e sinx dx 20. / > cos 2x dx ~function that can be repeatedly integrated. A
e . . . Hon by
21. f ¢ sin bx dx 2. f e sin 56 do f ;:ns 46 Evaluate the integral using tabular integration by
23. fsin(]nx) dx 24, fcos(ln x)dx , 43, /(3x2 —x+2DeFdx 44, /(xz_ +x+ Dsinxdx
25. / x sec’ x dx 26. f xtan’ x dx 45. f 4x* sin 2x dx 46. / x3v/2x + Ldx
2. /xz‘e’z dx 28../ xe* W ' 47. Eval.uate the? integralfsinxcosxd; using o
(x+1)2 (a) integration by parts (b) the substitutionx = sm'-



EXERCISE SET 8.3

8.3 Trigonometric Integrals 529

‘ 1-52 Evaluate the integral.

.

1. / cos® x sinx dx
/ sin? 56 4o

/ sin® af d6

ol

h

b

/ sinax cosax dx

N-J

. / sin? ¢ cos’ t dt
1. / sin® x cos® x dx
13. / sin 2x cos 3x dx
15. / sinx cos(x/2) dx
/2
17. f cos® x dx
0

/3
19. / sin 3x cos® 3x dx
0

/6
21. / sin4x cos 2x dx
0

2

W

. /secz(Zx —1)dx
25, /e““ tan(e ) dx
27, fscc4x dx

29, /tanzx sec® x dx
L /tan 4x sec* 4x dx
3. / sec® x tan3 x dx
3. /tan4xsecxdx
7. /.tantse:c3 tde

3. /sec"'xa’x

i ftan3 4xdx

4. /\/taszec“xdx

0 x/8
’ /0 tan? 2x dx

2.

»

o

10.
12.

14.

20.

22.
24,
26.

28.

32.

36.

38.

40.

42,

46.

/ sin® 3x cos 3x dx

/ cos®3x dx
/ cos® at dt

/ sin® x cos? x dx
/ sin3 x cos® x dx
f sin x cos* x dx

sin 36 cos 26 d@

—

1/

cos'/3 x sin x dx

7/2 b

22X 2 X
sin 5 cos 5 dx
4

cos? 56 do
w

27

/ sin? kx dx

0

/ tan Sx dx
/ cot3xdx

/ sec\(/;{,?)

T S—

dx

5 /tansxsec“x dx

/ tan* 0 sec* 6 46

./tan59secede

/tanzx sec® x dx

/tanx sec x dx

/secsxdx
/tan“xdx

ftanxsec3/2xdx

n/6
/ sec® 20 tan 20 do
0

47.

49.

54.
55.

56.

§7.

58.

60.

FOCUS ON CONCEPTS
61. (a) Show that

n/2 x 1/4
/ tan’ = dx 48. f sec srx tan 7x dx
0 2 0
/ cot® x esc? x dx 50. f cot? 3¢ sec 3¢ dt
. / cot® x dx 52. / csct x dx
- Let m, n be distinct nonnegative integers. Use Formulas

(16)—(18) to prove:

2
(a) f sinmxcosnxdx =0
o
®) / cosmx cosnxdx =0
)}

27
(c)/ sinmx sinnx dx = 0.
0

Evaluate the integrals in Exercise 53 when 7 and n denote
the same nonnegative integer.

Find the arc length of the curve y = In(cos x) over the in-
terval [0, 7r/4].

Find the volume of the solid generated when the region en-
closedby y = tanx, y = 1, and x = 0is revolved about the
x-axis.

Find the volume of the solid that results when the region
enclosed by y = cosx, y =sinx, x =0, and x = 7/4 is
revolved about the x-axis.

The region bounded below by the x-axis and above by the
portion of y = sinx from x = 0'to x = 7 is revolved about
the x-axis. Find the volume of the resulting solid.

. Use Formula (27) to show that if the length of the equatorial

line on a Mercator projection is L, then the vertical distance
D between the latitude lines at ¢° and B° on the same side
of the equator (where o < ) is

L sec 8° + tan B°
—p=F TP
27 |seca® +tana®
Suppose that the equator has a length of 100 cm on a Mer-
cator projection. In each part, use the result in Exercise 59
to answer the question.

(a) What is the vertical distance on the map between the

equator and the line at 25° north latitude?

(b) What is the vertical distance on the map between New

Orleans, Louisiana, at 30° north latitude and Winnipeg,
Canada, at 50° north latitude?

D=

/cscxdx = —Injcscx +cotx| + C
(b) Show that the result in part (a) can also be written

as
/cscx dx =In|cscx —cotx| + C




EXERCISE SET 8.4

[e] cas

! .
1-26 Evaluate the integral.

. /\/4—x2dx

2./ 1—4x%dx
4/ dx
) x24/9 — x?
%2
6./ dx
V5+x2

dx
8. / —
2/x* - 16
10. /x3\/5 — xtdx

- / x2 dx

7 V16 — x2

5, /L
(4 4 x2)2

; /¢x2—9
Tk
x

- 3x3
9. / dx
V1=1?

dx
0 [
3 / _dx 14, f %
"] aZzn x2/%2 + 25
dx dx
15. /m 16. /——1+2x2+x4
dx
o | @x? =9y

6
19. / RN 20. / L L
2
1
21./ %Y1 —x%dx
4]

dt

/m

t

12.

18 / 3% 4
) Vxt =925
—sin?6

1/2 dx
2. /O ——

S
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2 dx 2 Vaxt -4
23. —_— 24. —_—dx
VZx2/x? -1 V2 X

3 dx 3 x3
25. —_— 26. / —_———dx
/1 x*xt 43 o (3+x2)2

FOCUS ON CONCEPTS ]
27. The integral X !
e, |
x24+4

can be evaluated either by a trigonometric substitution

or by the substitution u = x2 + 4. Do it both ways and

show that the results are equivalent.
28. The integral /- x2

can be evaluated either by a trigonometric substitution
or by algebraically rewriting the numerator of the inte-
grand as (x% 4+ 4) — 4. Do it both ways and show that
the results are equivalent.
-— |
29. Find the arc length of the curve y=Inx from x =1 to
x =2
30. Find the arc length of the curve y = x? fromx = Otox = |,

31. Find the area of the surface generated when the curve in
Exercise 30 is revolved about the x-axis,

32. Find the volume of the solid generated when the region
enclosed by x = y(1 —y)'4, y =0,y =1, and x = 0 is
revolved about the y-axis.

i
|
|
g
fJ
x———2+4dx [
|
|
f

| —

: 33-44 Evaluate the integral.

dx
R B e e—
/x2 —4x+5

35, /L
V34+2x —x?

34 / dx
) V2x = x2

dx
3. [ —
/ 16x2 -+ 16x +5

dx x
. —_— 38. —d
37 f /¥ —6x 4 10 /x2+2x+2 *
X
39. / V3-2x —x2dx 40, / ‘ dx
V14 42
dx 2x +3
41, —_— 42. —_—
/2x2+4x+7 /4x2+4x+5dx
2 dx 4\/“
43./ e — 44./ x(4—x)dx
1 dx —x2 0

| 45-46 There is a good chance that your CAS will not pe
- able to evaluate these integrals as stated. If this is $0, make 5
| substitution that converts the integral into one that your CAS
| can evaluate.

v

[c] 45. /cosx sinxv/'1 — sin* x dx
[c] 4e. /(x cosx + sinx)v'1 + x2 sin® x dx

FOCUS ON CONCEPTS

'

47. (a) Use the hyperbolic substitution x = 3 sinh u, the |
identity cosh? u — sinh? y = 1, and Theorem 7.94 |

to evaluate dx
/ VxZ+9
(b) Evaluate the integral in part (a) using a trigonomet- |
ric substitution and show that the result agrees with |

|
|
|
i
|
J
; that obtained in part (a).

j 48. Use the hyperbolic substitution x = cosh u, the identity
f sinh®u = I (cosh 2u — 1), and the results referenced in |
; Exercise 47 to evaluate ‘

I foz—ldx, x>1
———




EXERCISE SET 8.5  [S] cas

—

-8

| Write out the form of the partial fraction decomposition.
| (Do not find the numerical values of the coefficients.)

. 3x—1 5 5
(x —3)(x +4) T x(x2—4)

3 2x —3 x?
3 —x2 T (x+2)3
1—x2 3x

T BGxZE2) 6. (x — 1)(x2 + 6)
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2_g 241
15.f" dx 16./" +1dx
17 10 dx 18 / S dx
) x2—4x+4 ) x2-3x+2
5 2 5 _ 3
19. /Lwdx 2. /x el
X3 —x x3 —4x
2x2 43 3x? —x+1
=12, 22, d
21 /x(x—l)2 * / PE
2 _ 2 _ _
2. 2x 10x + 4 dx 2. /2x 2x ldx
(x 4+ D (x —3)2 x3 — x2
x? 2x24+3x 43
25, | — 4 2. | — 277,
> /(x+1)3 g / c+nr &
2x% —1 dx
27. | —22 —— _ax 28
/(4x—1)(x2+1) * _/x3+2x
2 +3x2+x+9 B+xlyx42
29 [ T2 TXTI

") DG+ 3) v nai+ Y

x—2xt 125 -2

31. / 1 dx
2 /x4+6x3+10x2+x
) x24+6x+10

[ 33-34 Evaluate the integral by making a substitution that !
| converts the integrand to a rational function. J
cosf é

33-/ - 46 34./
sin“6 +4sing — 5 2 _ 4

35. Find the volume of the solid generated when the region
enclosed by y = x2/(9 —x2),y=0,x =0, and x = 2 is
revolved about the x-axis.

dt

36. Find the area of the region under the curve y=1/(1+¢),
over the interval [—1n 5, In 5]. [Hint: Make a substitution

that converts the integrand to a rational function.}

37-38 Usc a CAS to cvaluate the integral in two ways: (i)
integrate directly; (ii) use the CAS to find the partial fraction |
decomposition and integrate the decomposition. Integrate }
by hand to check the resuits. l

!
[c] 37.

x2+1 d
—dx
(x2 +2x + 3)2

4x3 — x 1—3x*
T (x2+5)2 T =22+ 1)2

9-32 Evaluate the integral.

9. /
o
13. /

x2—-3x -4

Hx+17

dx r dx
10'/x2—6x—7
5x =5

_— 12. —d
2 r x4 /3x2’—8x—3 o
2x2 —9x — 9 dx
g dx 14. f e

x4 dd p4x? 44 4

38. / dx

(x2 +2)3

39-40 Integrate by hand and check your answers using é
CAS.

@39./

dx
x4 —3x3 —T7x24+27x — 18
dx

40.
(<] 40 /16x3—4x2+4x—1

FOCUS ON CONCEPTS

41.

42,

43.

I 44,

45,

Show that ‘
I T
x b4 !
——dx = — |
_/0 x4 41 8
Use partial fractions to derive the integration formula

a+x 1

a—Xx

1 1
Suppose that ax® + bx + c is a quadratic polynomia] |
and that the integration

1 J |
/ ax?+bx+c¢ * i
produces a function with no inverse tangent terms. What
does this tell you about the roots of the polynomial?
Suppose that ax” + bx + ¢ is a quadratic polynomial
and that the integration

/ —1‘ dx
ax? +bx +c
produces a function with neither logarithmic nor inverse ‘
tangent terms. What does this tell you about the roots |
of the polynomial?
Does there exist a quadratic polynomial ax? + bx + ¢ \‘
such that the integration :
X

[
ax? 4+ bx +¢

produces a function with no logarithmic terms? I so, |
give an example; if not, explain why no such polynomial |
can exist.
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t/ QUICK CHECK EXERCISES 8.8

(See page 580 for answers.)

1. Ineach part, determine whether the integral is improper, and
if so, explain why. Do not evaluate the integrals.
3n/4

(a) cotx dx ®)

/4 /4
Ll d d w1
(c)/o o dx ()f1 o
T
(e)/ tan x dx
0

2. Express each improper integral in Quick Check Exercise 1

cotxdx

3. .The improper integral

+oo
/ x Pdx
1

convergesto____ provided .

4. Evaluate the integrals that converge.

+w +o
@ f e dx ®) /
0 0

1
1
in terms of one or more appropriate limits. Do not evaluate (©) / % dx (d)
the limits. o X 0 ‘/_
EXERCISE SET 8.8 ™ Graphing utiity  [€] cas
U xdx

1. Ineach part, determine whether the integral is improper, and

if so, explain why.
5
dx
®) /1 x+3

5
@ / s
oo
(d)/ e dx (e)/ dx (f)/ tan x dx

2. Ineach part, determine all values of p for which the integral

is improper.
g

(a)/—" )/ ax (c)/e”dx
o XxP

{ 3-30 Evaluate the integrals that converge. I
———— . — |
+oo +o
3, / e~ dx 4. f X dx
0 ) 4 1422
RRl)
5. / dx 6. /
-1
+x
7. / — 8. / dx’
x1In° x 2 x+Inx

1
©) / Inxdx

dx 3 dx
> e (2x — 1)3 10. f_mx2+9
0 0
1. / e dx 12. e dx
o e 3 —2e*
+x +ea
13. f xdx 14. / X iy
oo —= x2+2
15 / T_X 4 6 [T 4
" G ‘L Trez®

4 dx 8 dx

/2
19. / tanx dx
0

22,

24. fﬂM ﬂdx
0 1—tanx

1
d
21_/ ___._'x_:___
0 V1 —x?

n/2 sin x
23. / ———dx
/3 /1 —2cosx

3 dx 2 dx
25. 26. —
_/(; X — 2 2 xz
8 1
d
27. / x13 gx 28. / _
-1 0 (x—1)3
= 1 x
29. f —dx 30. _—
o * 1 x/x?—

31-34 Make the u-substitution and evaluate the resultmg |
definite integral. ‘

+2 -E
31. /
) E
e dx )
2 Jx(x+4)’

+= P
33. / —_—
0 Y1—e*
[Note: u—1 as x — +c0.]
+o2 e
34, / —_—
0 Vi-e®F
35-36 Express the improper integral as a limit, and then |

evaluate that limit with a CAS. Confirm the answer by eval-
uating the integral directly with the CAS.

= /x [Note: u—> +w as x — +cx.]

u= %

dr,u=1-¢*

dx, u=e™*

-+ +
[c] 3s. f e*cosxdx [c] 36. / xe ¥ dx
0 0



P Exercise Set 8.4 (Page535) —_—

2
A56 Answers to Odd- ﬁumbeﬁred Exe:cnfei - i 2sin‘1(x/2)+lx\/?1—“x2+c 3 8sin-l (;)_ xv162 2 e
N o 5. L tan~1 V= sl —1
> Exercise Set 8.2 (Pages20) =~ . S A /2 + (4+ )+C 7. 9—3sec™!x/3)+C
1 7
1. “2"( +—)+C 3. xze“—erX+28’t+C 9 . +2m c 9x2 -4 x
I — . Cc 1x -2
1 2 41 =+ o T ¢1—x2+c
S =3xcos3x+ osin3x+C 7. x?sinx + 2vcosx — 2sinx 4+ C 13 VAT =94x4+C 17, =% - +C
3 9 o8
x? x2 0 1 - 9/4x2 —
% S Inx— "4 C 1L x(nx)? ~2xInx+2x 4 C 19. 3 sin~!(e%) + 1 2€V1I—-eZ 4 C 1, 2/3 22 (W3-V2)/2
2 t, be 10V3+18 )
o xlnGx =2 —x— 2nGx -+ € 15 xsin x4 VTSR 40 e L R R
24242
17. xtan_1(3x)—éln(1+9x2)+c 1. Lef(sinx —cosx) + C 29, L=J5—\/§+lnm 3t S= %{18ﬁ—ln(2+ﬁ)]
ax
21 ﬁ;(asinbx-bcosbx)-;-c 33, tan‘l(x—2)+C 35 sin~! x;l)-i-C
bl 3 — );
23, (x/Z)[sm(lnx) cos(lnx)]+C 23 xtanx +1Inlcosx| + C 37 ln(x—3+\/m)+c
hlrd 2 x2 j
7 4x%e — Lot o2y, —<3e +1) 3263 +1)/9 39, 2sin —1( )+ SG+DV3i-2c x4 C
a2, 3ln3~ 33, -—f+1 37 ~w/2 : “

1
. tan— \/>(x+1)+C 43, 7r/6
J10
9. (zfn———2+1n2) )
43, u=sin?y, /\/1~u2du

41. (a)Z(ﬁ—l)ef+C () 2/x sin \/x + 2cos /% + C
43, —(3x2 +5x+Te* +C = 4[sm xv'1 —sin x+s1n“(sin2x)]+C

45, (4x3 —6x)sm2x—(2x —6x? +3)cos2x + C A VxT49
47. (a) sinh /3 +C Inf ——2 42
47. (a)—sm x+C (b)2sm x+C @ x/3) ®) In 3 +3 te
9. (a)A—l (b)V——rr(e~2) SV =27 53 g3 _¢6p .
- ; 3 P> Exercise Set 8.5 (Pagesss) ===
35 (a) - s1n xcosx—§51nxcosx+ sx+C (b)8/15 1. A + B 1 ﬁ+£+ ¢
i = 2 _
59 (a)—tan3x—tanx+x+C (b)—sec xtanx + 2 Ftanx +C _ A 3B JH&4 Dx’fq—Ex‘ Xx—:-lB Cx+D
© X3¢ —3x2e% 4 6xer _ gt 4 o0 T ItwEtot sy s T T
63 x+DIME+ 1) —x+C 65 ;(xz—kl)tan_lx*%x‘f'c 9 lln r—4 +C 1. 3In|2x H43lnjx+4)+¢C
- . 7 -
P Exercise Set 83(Pages29) . —_— > x(;_t;)z 2
9 1 _— s x__
L —teoss+C 3 3 350106+ C 13- In x—3 g s ve
| 1 B
3 .
S 3~cos"al —cosaf+C 7. . qin2
34 1 +C 7 2asm ax+C 17. 3x + 12Injx — 2| — 22+c
9. lsin3t——sin5t+c Mo dx— Laing 3 x
3 - n x+C _ 2
3 3 19 x4+ 5 p |G- D2x+ ) +c
13. —gpcos5x+ Lcosx+C I3 —-cos(3x/2)-—cos(x/2)+C 3 x?
17. 2/3 19. 0 ’l 7/24 23, —tan(2x—1)+C 21. 3Inlx]—ln{x—1]—i+c
25 lnlcos(e"‘)H—C 27. 4II1'SCC4X+[8.I14XJ+C *—1
29, 3tan *+C 3L Lsectaxr ¢ 23 %sec7x—§sec5x+c 23, Tt =3+l +c
35, Isec? xl:anx—gsecxtanx+8ln[secx+tanxl+C v 2 1
37, gsec t+C 39, [anx+—tan3x+C TUox+1 72(x+1)2 rhlttc
41. §tan 4x+—lnlcos4xl+C 43 Zand2y 4 2tan’2x 4 ¢ 27. 3 1“14"7‘]”"‘171"(" T+ Fanl x4
45, i_g 47, __+1n2 19, _%CSCSI+_CSC3X+C 29. 3;&1’1 X+ III(X +3)+C
_ x 1 1 1 —sing
51 —%Csczx—lnlsmxH—C B[ L=hW2+1 s7. V=n/2 3. 7*2x+ meT D e gln(ﬁ)+c
03 1 In va? +p2 +acosx—bsmx c NV - ns) 37, 1 +1 1
S — —_— 7 REN = ——— —_— - —_—
JaZ ¥ B2 asinx + bcos x + ]T( 1 ) ﬁt (ﬁ)+x2+2x+3+c
5. @3 B)3/16 ©F& (@) se/32 9. ‘1"*1-“—““'*‘2'+ulﬂlx—3l minlx+3+c
3 _— = R

e 8

P> Exercise set 8.8 (Page 576) _
1. (a) improper; infinite discontinuity at x = 3 (b) not improper
(c) improper; infinite discontinuity at x = 0
(d) improper; infinite interval of i Integration
(e) improper; infinite interval of ; Integration and infinite discontinuity
atx = 1 (f) not improper
12 5m2 7oL e o1y 313 divergent 15. 0
17. divergent 19. divergent 21. /2 23 L 25 divergent
27,3 29 divergent 31.2 332 35 3
37. () 2.726585  (b) 2.804364 (c) 0.219384 (d) 0.504067 3v. 12
Homl 33 35 @V =2/2 (B)S =3 +In(1 + v3))

47. (b)Y 1/e (o) Ttis convergent.  53. 27]2# (1 - ﬁ)
-3

55 (0)2.4 x 107milb  57. (a) (b) (c)* - (a) 1.047

5. 1.809 67. @) =1 (c)F(2)—I re) =2, r(4)—6

69. (b) 1.37078 seconds
—_—
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