5.5 The Subsfitution Rule

SECTION 5.5 THE SUBSTITUTION RULE

B Click here for answers.

1-6 w1 Evaluate the integral by making the given substitution.

1. J x(x2— 1)®dx, u=x2-1
x? 5
fﬁdx, u=2+Xx

3. fsin4xdx, u = 4x

dx
4, | —, =2x+1
f(2x+1)2 u=x
X+ 3 )
=x2+
5f(x+6x)2 X, U= X*+ 6x

6. fsecaetanaodo, u=ab

7-35 1 Evaluate the indefinite integral.

7. f 2x + (x® + x + 1)%dx 8. fx3(1 — x%5dx

9. f\/x ~1dx 10. fs/l —x dx

1. fx3\/2 + x4 dx 12. fx(x2 + 1)%2dx
2 1

15. f(l — 2y)3dy 16. j $3— Bydy

17. [ cos26de 18. [ sec?30d6
X—-1 X

19. mdx 20. fﬁdx

B Click here for solutions.

21. fsin3x cos x dx

23. ftsin(t?)dt
25. Jsecxtanx\/l + sec x dx

27. J e*sin(e*) dx

.

31. Jx3(l — x?)%2 dx
33, J sin(2x + 3) dx

35. f(sin 3a — sin 3x) dx

22.

24,

26.

28.

30.

32.

N

34.

ftan20 sec29 do
1+ x)°

j‘ ( +\/} X) dx

ftzcos(l — %) dt

f cos’x sin x dx

X

fez“rldx

f cos\/i

J‘ cos(7 — 3x) dx

36-43 1 Evaluate the definite integral, if it exists.

36. fol cos 7rt dt

38. J“l 1/1+—o|x
1X

40. jol (2x — 1)™® dx

42. f: (x* + X)%(4x® + 1) dx

37. fo”/ “sin 4t dt

3 dx
J: 2x + 3

41. f:«/l ~oxdx

B, f 3x? —l

(X - X)2

44. Show that the area under the graph of y = sin/x from0to 4
is the same as the area under the graph of y = 2x sin x from 0

to 2.
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Anstuers

Clich here for exercises.

1.

13. —

15. —

17.

19. —

21.

23.

25.
27.
28.
29.
30.
3.
32.
33.
34.
35.
36.
37.
38.
39.
40.
1.
42.

43.

+ 306 (

Wiy A=

)100

-1 +C

. —i cosdx + C

1
" 2(22? + 62) e

(® +z+ 1) +C
(x—1)%?+C
(

2+x4)3/2

2
5(t+1)° e
(1 _2y)2A3

4.6
% sin20 + C

1

+C

ol

+C

isin4x+C

—% cos (tQ) +C
%(1+secx)3/2+0
—cos(e®) +C

—% cos®’ x4+ C
3In|z® 4+ 22| + C
tan~* (e”) + C

QSin\/:E+C
—% cos(2z+3)+C

—1sin(7—32) + C

0

—+C
6 (322 — 2z + 1)*

1= (-

(sin3a) z + % cos3x+ C

222+ 23 +C

1
4'_2(2x+ 1) e
5, Secad sec al LC

a

8.—2—14 (1—x4)6 +C
0.-301-2)"*+C

5/2

12.4 (> +1)""+C

1
¥ —+C
9(1—3t)?

16.—1 (3-5y)° + C
18.%tan30 +C
20. /22 +1+C
22. 3 tan®0 + C

10
24.% +C

2. —3sin (1—t%) + C

1'2)5/2 + C

B Click here for solutions.
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16. Letw =3 — 5y. Then du = —5dy, so
[ &3 =bydy = fu1/5 (—3 du)
— _% . %u6/5 +C
= -13-5y)° 0
17. Let w = 20. Then du = 2d#, so
fcosQ@d@ = fcosu (% du) = % sinu+C = %sin20+CA
18. Letu = 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 u = 22 + 1. Then du = 2z dx, so

xdz 7/%du
v ) v
- %/u*/?du: (2u) 4 C

=Vu+C=+22+1+C
21. Let uw = sinz. Then du = cosx dx, 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. Letu = ¢2. Then du = 2t dt, so
ftsin (tQ)dt = fsinu(%du)

1

= —5cosu+ 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. Letuw = 1 — ¢>. Then du = —3¢? dt, so
ft2 cos (1 - t3) dt = fcosu (_% du)

1

—3sinu + C

—% sin (1—t3) +C

27. Letu = 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

[cos* zsinzdr = [u* (—du)
5

= —%u +C:—%c055x+0

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

z+1 3 du
do — [ 222
/m2+2x v / u

=iyl +C=1n|2’ + 22|+ C

30. Letu = e®. Then du = €® dx, so

du
u? +1

el’
/e“+1m”’/

— tan *u + 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

32. Letu = /z. Then du

[ cos (7 —3z)dx

1-28)"? - 1(1-23)" yC

dx
——.s0

2,/x°
/C():'/Exdx — /c()SU'QdU

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

= —% cosu + C

= —% cos(2z+3)+ C
34, Letu = 7 — 3x. Then du = —3dx, so

[ cosu (—% du)
—% sinu + C

—4sin(7—32) + C
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35. Let w = 3z. Then du = 3dz, so 42. Letu = z* + . Then du = (4x3 + 1) da, so
J (sin3a — sin3z)dx = [ (sin3a — sinw) 1 du [ (2 + x)5 (42° + 1) do = [2u’ du
= %[(sin3a)u+cosu]+0 B u_6 272_679
= (sin3a)x+%cos3x+0 |6 07 6 3
36. Letu = 7t, so du = mwdt. Whent = 0,u = 0, whent = 1, 43. Letu — 2° — . Then du — (?,gy2 — 1) dz,s0
u = 7. Therefore, 8 3.2 1 o 24 du
fycosmtdt = [ cosu (L du) y @—2)? Jo u?
= L sinulf =2 (0-0)=0 7{ lr‘* 1,11
37. Letu = 4¢,s0 du = 4dt. Whent = 0, u = 0, whent = 7, Ul 24 6 8
u = 7. Therefore, 44. The area under the graph of y = sin \/z from 0 to 4 is
f0”/4 sindtdt = [ sinu (3 du) A = f04 sin y/z dz. The area under the graph of
= 2xsi fi Oto21
3 feosulf — 3 (~1—1)— 1 y = 2xsinz from 0 to 21is
1 d 4 22 o u=2% du =2zxdx,
_ _ _ _ . = rsinx dx
38.Letuf1+;,soduf—§AWhenxfl,qu,when 2 /) s Vi =z for0<a<?2

x = 4,u = 2. Therefore,

4
= sin v du
4 1 5/4 12 /)
=1+ =de = [/ ul/? (—du) A A A A o A B
;T x Since the integration variable is immaterial, A; = A,.

2
(2 1/2 _|2,3/2
*f5/4“/ d“*[§“/]5/4

()
— 42

_ 55

3 12

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

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

— [% lnu]g = % (In9 —1In3)

=1lmg=1m3 (ornv3)

40. Letw — 2z — 1. Then du = 2dx, so

1 1 1
/ 2z —1)'° dx = / w' (= du
0 -1 2

/1 100 since the integrand
= u o du | § )
0 1s an even function

[ e] oL
101 101

0
41. Letu = 1 — 2z. Then du = —2dx, so

f074 V1-—2zxdxr = flg ut/? (—% du)




