REVIEW MATH 1910 Recitation
§5.7 (Substitution Methods) September 13, 2016

e Try the Substitution Method when the integrand has the form f(u(x))u’(x). If F is an
antiderivative of f, then

e The differential of u(x) is related to dx by du =  u'(x) dx

e The Change of Variables Formula says that

- For indefinite integrals: Jf(u(x))u'(x) dx = Jf(u) du

b u(b)
— For definite integrals: J flu(x))u'(x)dx = J f(u)du

a
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SOLUTIONS MATH 1910 Recitation
§5.7 (Substitution Methods) September 13, 2016

(1) Evaluate the indefinite integral.
(a) Jx(x+ 1) dx
SOLUTION: Letu = x + 1. Then x = u — 1 and du = dx. Hence,
Jx(x +1)%dx = J(u —1)u’ du = J(ulo —u?)du
_ 190 1 g0 _ 1 1 1 10
= It 0" +C_11(x+1) 10(x+1) +C
(b) Jsin(Zx—4) dx

SOLUTION: Letu = 2x —4. Thendu = 2dx == %du = dx. So

Jsin(2x—4)dx = %Jsinudu = —%cosu—&—C = —%cos(Zx—él) +C

3
© | e

SOLUTION: Letu = x* + 1. Then du = 4x3 dx or %du = x3 dx. Hence
x3 1(1 1 1
— _—dx="|Sdu=——ul+C=——=(*+1)34+C
J(x4+1)4 * 4Ju4 =t ot T
(d) J\/4x—1dx
SOLUTION: Letu:4x—1.Thendu:4dxor%du:dx. Hence,

1 2 1
dex: Zjul/zdu: ~§u3/2+C: 6(4x—1)3/2—+-C

1
4
(e) J x cos(x?) dx

SOLUTION: Let u = x2. Then du = 2x dx or %du = xdx. Hence,

chos(xz)dx = %Jcosudu = %sinu—i—C = %sin(xz) +C.
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(f) J sin® x cos x dx
SOLUTION: Letu = sinx. Then du = cos x dx. Hence,

1 1
Jsin5xcosxdx = Ju“"_’du = gué—i—C = gsin6x+C.

(g) J sec? xtan* x dx
SOLUTION: Let u = tan x. Then du = sec? x dx. Hence,

1 1
Jsechtan4xdx = Ju4du =-u+C=-tan’ x + C.

5 5
dx
h | %
® | oy
SOLUTION: Letu = 2 + y/x. Then du = =1~ dx, so that

2/x
2v/xdu =dx = 2(u—2)du = dx.

Using this, we get

(
2

(2) Evaluate the definite integral.

1 X
—d
@ |, @+
SOLUTION: Letu = x2 + 1. Then du = 2xdx or %du = xdx. Hence,
1 2 2
X 1 1 1 1 1 1 3
" dx==| Sdu=> —u? =—— ==
L(x2+1)3dx 2Lu3” 2 2" T 161 16
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17
(b) LO (x—9)72/3 dx

SOLUTION: Letu = x —9. Then du = dx. Hence,

17 8 8
J (x—9)*2/3dxzj u23dx =3u3| =3(2-1)=3
10 1 1

© Jg <

————dx
8§ 3+ cos?x
. . . 15
SOLUTION: Tbls function is odd! Set flx) = 3+§T%x’ a.md then f(—x) = —f.(x). The
bounds of the integral are symmetric, and the function is odd, so the answer is zero.

/2
(d) J sec?(cos 6) sin 6 df
0

SOLUTION: Let u = cosf; then du = —sin 6 df, and the new bounds of integration
are cos0 = 1tocost/2 = 0. Thus,
0 1

/2
J sec?(cosf) sinf df = —J sec? udu = tanu| =tanl.
0 1 0

J—Z 12x dx
4 (x2 + 2)3

SOLUTION: Let u = x? + 2; then du = 2x dx and the new bounds of integration are
u =18 tou = 6. Thus,

2 6
12xdx 6
L4 (x2+2)3 Ls w3 !

6 2

27

18

8
(f) L VE+8dt

SOLUTION: Letu = t+8; then t* = (u—8)? and du = dt. The new bounds of
integration are u = 9 to u = 16. Thus,

16 16

8
J tzx/t+8dt=J (u—8)2\/ﬂdu:J (u5/2—16u3/2+64u1/2> du
1

9 9
2 32 128
_ <7u7/2 _ €u5/2 + 3u3/2)

1 66868

, 105
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/3 ginf
® | o
o cos?/30

SOLUTION: Letu = cosf. Then du = —sinfd6 and when 8 = 0, u = 1 and when
0=m/3,u= %2. So

/3 sinf 1/2 5 1/2 3v/4
— —2/3 — 1/3 — 2—1/371 .
J-o 7@52/39(19 L u du 3u 1 3( )=3 o

4
® | lx=1)=3)lax

SOLUTION:

4 1 3 4
J |(x—1)(x—3)|dx:J' (x2—4x+3)dx+J(—x2+4x—3)dx+J(x2—4x+3)dx
—2 1

3 4

3

1
+ <x3 —2x% + 3x)

3
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