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SECTION 5.5 THE SUBSTITUTION RULE =

5.5 | THE SUBSTITUTION RULE

I Click here for answers. Il Click here for solutions.
1-6 = Evaluate the integral by making the given substitution. 21. f sin®x cos x dx 22. J’ tan20 sec26 do
I.Jx(xz—l)ggdx, u=x>—-1 (1 + J3)
23. f tsin(t?) dr 24, f Yk
2 indx u=2+x? vx
V2 + x3 25. f sec x tan x /1 + sec x dx 26. f t*cos(l — £*) dt
3. | sindxdx, u=4x
f 27. fe“ sin(e*) dx 28. J‘COS4X sin x dx
X
4. | ————, u=2x+1 41 .
Ve el 0. [y
X X e
x+3
————dx, u=x>+ 6x
24+ 6x)?7 7
(x + 62) 3. 20 =) d 3. fCO}ﬁd
X
6. f sec af tan af df, u = af
33. f sin(2x + 3) dx 34. fcos(7 — 3x) dx
7-35 = Evaluate the indefinite integral. 35. f(sin 3a — sin 3x) dx
7. J(Zx + D(x*+x+ 1)dx 8. fx3(l — x"dx " " " " " " " " " "
36-43 = Evaluate the definite integral, if it exists.
9. | vVx — ldx 10. | /1 — xdx 7,
f f 36. fol cos 7t dt 37. fo A sin 4t dt
1. fx3\/2 + x4 dx 12. fx(x2 + 1) dx 4 1 1 3 dx
38. — 1+ —d 39.
fl x? X * 02x +3
2 1
3. [ ——ar 14, [ ———~di | " ’
(t+1) (1 -3 40. fo 2x — 1) dx 41. fo JT = 2x dx
_ 13 [ s/3
15. (1 -2 dy 16. [ V3= 5y dy . [+ ) d i j‘s 3 -1
0 (x - X)2
7. J cos 20 d0 18. | sec®36d6 L -

44. Show that the area under the graph of y = sin /x from 0 to 4
3r— 1 20 is the same as the area under the graph of y = 2x sin x from 0

x
19. | =7 dx . | ——d
J(Sx - 2x + 1)* f\/xz'i‘] * to 2.
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2 = SECTION 5.5 THE SUBSTITUTION RULE

5.5 | ANSWERS

A Click here for exercises.

(xg _ 1)100

+C

L
* 200

3. —% cosdx + C

1

5 2(:r2+6x)+c
Li@vztr1)' 0
9. 2 (x—1)** 1 C
e+ e
no—2 _jC

5(+1)
15 ————+C
5 16 +
17. %sin20+C’

1

19. — o

6 (322 —2x+1)

21. % sin*z + C

23. —% cos (tz) +C

25. % 1+ sec:):)3/2 +C
27. —cos(e*)+C

28. —% cos®’ z + C

29. 31In|a® + 22|+ C

30. tan ! (e +C

L (1-a)P -1 (1-
32. 2sin \/5 +C

33. —% cos(2z+3)+C
34. —% sin (7 —3z) + C
35. (sin3a)x + % cos3x+ C
36. 0

37.
38, 22 _ 55
39. 1In3
40. 5
4. -2
42.

43.

222+ 23+ C

1
4'_2(2x+1)+c

sec af

6. —— +C
a

8. — L (1—964

24 )6+C

10.-2(1-2)"*+C
1.1 (2 +1)" 1o
1

W —+C
9(1—3t)?

16. -1 (3—5y)%° 1 C
18. % tan 360 + C
20./z2 +1+C

22. L tan®0 + C

10
2. % +C

2. —3sin (1—1%) + C

$2)5/2 + C

Bl Click here for solutions.
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5.5 | SOLUTIONS

SECTION 5.5 THE SUBSTITUTION RULE

3

A Click here for exercises.

1. Letw = 22 — 1. Then du = 2z dzx, so

9 99 99 [ 1 10t
/m(m —1) dx:/u (Ed“):§100+c

)100 + C

o

2. u =2+ z®. Then du = 322 dx, so
2% dx /%du 1/ “1/2
— = == [u du
V2 + a3 Vu 3
1ul/?
= +C=22+4+23+C

T 31/2
3. Let u = 42. Then du = 4dx, so

/sin4xdz E /sinu (i du)

= Z—i(—cosu)JrC:—icosélirC

4. Letu = 22 + 1. Then du = 2dz, so

/(2;?1)2 B / (1/53 - :%/u%du

1, 1
- C=-}C
g 1 2@z +1)

5. Letu = 2 + 6. Then du = 2 (z + 3) dx, so
/ r+3 1 du
72 d,Z' = = —2
(2 + 62) 2/ u

= %/qudu:—éuflJrC

1
T 2(2? + 6x) +

6. Let u = af. Then du = a db, so

/seca0tana0d0 E /secutanu (1) du
a

sec al

C

:lsecu+C: +C
a

7. Letu = 2® + 2 + 1. Then du = (2x + 1) dz, so

f(2x+1)(x2+x+1)3 dx:fu3du
:iu4+C
1.2 4
=3z +z+1) +C

8. Letw =1 — z*. Then du = —4z® dx, so

Jx? (1—x4)5 de = [u® (—idu)

— -t () re

—L(1-2Y+C

9. Letu =z — 1. Then du = dzx, so
f\/x—ldx = ful/Qdu:éu?‘/QJrC
=2@-1*"* 40
10. Letu = 1 — 2. Then du = —dx, so
[ vz —1dx = —fu1/3du:—%u4/3+0
=201-2"+C
1. Letw = 2 + z*. Then du = 42 dx, so

fx3\/2 + 2t de = fu1/2 (i du)

=124+
12. Letw = 2% + 1. Then du = 2z dz, so
fx(x2+1)3/2 de = [u*? (% du)

5/2
- %1;/2 +C=3? 0

=1 (x2+1)5/2+0

5
13. Letu = t + 1. Then du = dt, so

2 g9 wldu=—-2u"°+C
(t+1)6 5

2
= ———=—4C
5(+1)

14. Letu = 1 — 3t. Then du = —3dt, so

/ﬁdt = /u*‘* (=1 du)

15. Letu = 1 — 2y. Then du = —2dy, so
JA=29)" dy = [u'? (=5 du)

1 u2A3
-3 (ﬁ) +o

2.3
_ (-2 _fé/) +C
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16. Letw =3 — 5y. Then du = —5dy, so
[ B3 =Bydy = [u'/® (—3 du)
=-1. %u6/5 +C
= -13-5y)° 0
17. Let w = 20. Then du = 2d#, so

cos20d0 = [cosu (L du) =Lsinu+C = 1sin20+C.
2 2 2

18. Let u = 30. Then du = 3d0, so [ sec® 30 df =
fsec2u (% du) = % tanu + C = % tan 360 + C.

19. Letu = 32 — 22 + 1. Then du = 2 (3z — 1) dz, so

/—3x_1 4dx:/u74(%)du
x? — 2x
(322 =2z +1)

-3
“3 3 ¢

1
—+C
6 (322 — 2z + 1)°

20. Let w = 2% + 1. Then du = 2z dx, so

zdz 7/%du
NoEa S
- %/u*/?du: P(2u) 4 C
=Vu+C=+a22+1+C
21. Let w = sinz. Then du = cosx dzx, so
fsin3x0()sxdx: fu3du: iu‘l +C :isin4x+ C
22. Let u = tan6. Then du = sec? 6 df, so
[tan®Osec’ 0d0 = [u?du = iu® + C = Ltan® 0+ C
23. Letuw = ¢2. Then du = 2t dt, so
ftsin (tQ)dt = fsinu(%du)
= —%cosu+C:—%cos(t2)+C

2. Letu =1+ /z. Thendu = ﬁ,so

NG
/%dx:/ug~2du

U
2— 4+ C
10Jr

10
B RV B
5
25. Letu = 1 + secx. Then du = secx tanx dx, so

fsecxtanx\/lJrsecxdx = fu1/2 du
= §u3/2+0

— %(1+secx)3/2+0

2. Letw = 1 —t3. Then du = —3t2 dt, so
[t cos (1—¢*)dt = [cosu(—3du)
= —isinu+C
= —%sin(l—t?') +C
27. Let u = e®. Then du = €® dx, so
J[e*sin(e*)dz = [sinudu
= —cosu+C =—cos(e’)+C
28. Let u = cos z. Then du = — sin z dx, so
Jcos* zsinzdr = [u* (—du)
5

= —%u +C:—%c055x+0

29. Letu = 2 + 2z. Then du = 2 (= + 1) dz, so

z+1 3 du
do — [ 222
/x2+2x v / u

=iyl +C =32’ + 22|+ C

30. Letu = e®. Then du = €® dx, so

e’ de — du
e?r 1 o u? +1

— tan *u 4+ C = tan * (e +C

31. Letw = 1 — 2. Then z? = 1 — v and 2z dz = —du, so
/x3 (1—x2)3/2 de = /(1—x2)3/2x2 -xdr

- /u3/2 (1 —u) (—é) du

dx
2. Letu = y/x. Thendu = ——=
32. Letu = /z. Then du 2\/5’50

/Coj/g_yxdx E /cosu~2du

= 25inu+C:25in\/:E+C
33. Letu = 2z + 3. Then du = 2dx, so
[sin(2z 4 3)dx = [sinu (5 du)

= —% cosu+ C
= —%cos(2x+3)+C
34. Letu = 7 — 3z. Then du = —3dx, so
Jeos (7=3x)dr = [cosu(—3 du)
= —% sinu + C
= —%sin(7—3x)+C
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35.

36.

37.

38.

39.

40.

Let u = 3z. Then du = 3dz, so

J (sin3a — sin3z)dz = [ (sin3a — sinu) 1 du

1 [(sin3a)u + cosu] + C

3

(sin3a)z + % cos3x + C

Letu = 7t, sodu = wdt. Whent = 0,u = 0; whent = 1,

u = . Therefore,
f01 cosmtdt = [ cosu (% du)

= 3 [sinylj =2 (0-0)=0

o

Letu = 4t,s0 du = 4dt. Whent = 0, u = 0, whent = 7,

u = . Therefore,

f0”/4 sindtdt = fow sinu (i du)

= —i [cosuly = —i (-1-1) :%
Letu=1+ é,sodu: —i—i When z = 1, u = 2, when

x =4, u = 2. Therefore,

‘1 1 5/4 179
/? 1+;dx:f2 ul/? (—du)
1

2

()
— 42

2

5/4

_ 5v5

3 12

Letu =2z + 3, so du = 2dx. When z = 0, u = 3; when
x = 3,u = 9. Therefore,

P ode % 3du
0o 26+3  Js w

= [{Iny]; =1 (09 —In3)

=1mmg=1m3 (ornv3)

Letu =2x — 1. Then du = 2dx, so

1 1 1
/ 2z —1)'° dz = / u' (= du
0 -1 2

1.

1s an even function

[ ]t 1
101 101

0
Letu =1 — 2z. Then du = —2dz, so

f074 V1-=2zxdxr = flg ut/? (—% du)

/1 100 [since the integrand]
= u o du
0

_ 1.2,3/2
——
— =2

SECTION 5.5 THE SUBSTITUTION RULE

42. Letu = z* + . Then du = (4x3 + 1) da, so
fol (x4 + x)5 (4x3 + 1) dr = f02 u® du
{uﬁr 26 32

6

0

43. Letu = 2® — z. Then du = (3952 — 1) dz, so

3 322 -1 2 du
— s dr = 2
2 (23 —x) 6 U

44. The area under the graph of y = sin \/z from 0 to 4 is
A = f04 sin y/z dz. The area under the graph of
y = 2xsinx from 0 to 2 1s

2 u=2% du=2zxdx,
Ao :/ 2xsinx dr ‘
0 Vu=zfor0<z <2

4
= / sin v/u du

0

Since the integration variable is immaterial, A; = A,.



