6.2 Integration by Substitution
In problems 1 through 8, find the indicated integral.

L. [(2z+6)°dx
Solution. Substituting v = 22 4 6 and %d.-u = dx, you get

\ B ]- 5 ]‘ G B l . )
/(23: +6)°de = /-u"du = Eub +C = 5(2:1: +6)°+C.

=

2. [z —1)°+3(z—1)? +5]de
Solution. Substituting © = z — 1 and du = dz, you get

/[(3)—1)5—%.‘%(\1’—1)2—1—5} dr = /(-u':‘—ki%uz'—l—!B)d-u:
1 .

= Eub+u3+5u+(':

1 . : \

E(;r—l)b—l—(x—l)3+5(;r—l)+(-'.

Since, for a constant (', (' — 5 is again a constant, you can write

=4 G T ]_ ~
/ (=1 +3(x—1)>+5]de = E(;r — 1)+ (z— 1) +52+C.



3. f re® dx

Solution. Substituting v = 2? and %du = xdz, you get

x2 1 u 1 u ~ 1 @2 v
W - L = = . — —c = —Cc (- .
/ re' dr 5 / e du 26’ + 26 +

|4 _ .6
4, fa;"e] = dx

Solution. Substituting u = 1 — 2% and —édu = x°dz, you get

5 1—z8 ]- U 1 u ¥ 1 1—z8 1
re de = —— Hdu = ——e (= —= .
/re T G/e u 66’ + 66 +

2% _
5. SI’E’—i—l dl’

Solution. Substituting v = 2° + 1 and %du = 2ztdx, you get

2x* 2 [1 ‘ s
/r5+ldt‘:gfzdl£_3lﬂ|a‘+( = 111'

1023 —5z
6. f\,iﬁ T2+bdx

Solution. Substituting u = 2* — 2?46 and 3du = (102® — 5z)dz, you
get

10z° — 5 5
* 0L de = —du— u Qdu—3-2u%—|—(’:
vVt —a224+6 2 2
— =)\,-":l': - 33’2 _I_ _I_("

7. f 1 dx

clnz
Solution. Substituting © = Inz and du = %d:c: you get

1 1
/ da;:f—du:ln lu| +C =In|lnz| + C.

rlnax u



8. [y
Solution. Substituting © = Inz and du = %d:c: you get

In 22 2Inz L, \
fnx d;.g:/ nxdx:2/udu:2-§u2—|—(-‘:(lnaj)g—i—(’.

T X

9. Use an appropriate change of variables to find the integral

/(:c +1)(x — 2)%dz.

Solution. Substituting u = —2, u+3 =z + 1 and du = dx, you get

/(x +1)(z—2)%z = /(u + 3 u’du = /(ulo + 3u?)du =

l 11 % 10 a
- — = =
TR

1 | 3
e —_— —2 11 — ‘—2 10 (_'Y.
g2+ gle-27+



10. Use an appropriate change of variables to find the integral
f(2a: + 3)V2x — ldzx.

Solution. Substituting u =2z — 1, u+4 = 2z + 3 and %a’.u = dx, you

2z —1)2V2z — 1+ = 2@—1\/2337—“*—
\ 9 4

= (2;r—l)\/23:—l(—:c———|—__—)+(.‘:
‘ 5 5 3

get
\ 1 1
/(2;r+f%)\/2;r—ld:c = E/(u—ké)ﬁd-uzg/u%du+2/u?du—
1 2 2 1 4
1 5 4 ‘
= —(2x—1)3 +—(2x—1)%+(*:
5] 3
1
5!

5 25

2 1 ,
= (;r+ ')(2:c—1)\/2;~c—1+(-'.



Homework

In problems 1 through 18, find the indicated integral and check your answer
by differentiation.

1.

-] Ot o

©

fe‘r""d;r 2. f\/-Lr — ldx

f3$1+5dx 4. fel_’”d;r
flre“’"z_]dr 6 f;r(xg +1)%dx

f."u:\fo + 8dx 8. f;’CQ(;I’s + l:)%d.x

f—a—fxf) dz 10. " [(z +1)(2® + 2 +5)%dz
[ (322 f”s'—xdr 12, [ S de
3x— 3 ’ — L3
f{:c? 22+6)2 14 da®— 4:r+1d‘1
flndxdr 16. f:r(ln:a:) dx
2z In(z°+1 1Q
J‘%d 18. f V/Ed‘r

In problems 19 through 23. use an appropriate change of variables to find
the indicated integral.

19.
21.
23.

Lo
ot

. Find the function whose tangent has slope

f 5 20. f va+ ldx
f{:cL r 22, (,f—’_f)g
——dx

QZB-I—]

. Find the function whose tangent has slope xv/x? + 5 for each value of

xr and whose graph passes through the point (2, 10).

1_2;’,52 tor each value of = and
whose graph passes through the point (0,5).



In problems 19 through 23, use an appropriate change of variables to find

the indicated integral.

19.
2].
23.

24.

2
=1

[ Fqda 20. [avr+ lde
{ﬁd"f 2. [ popde

= dx
2241

Find the function whose tangent has slope xv/x2? + 5 for each value of
x and whose graph passes through the point (2, 10).

2z
1—3z2
whose graph passes through the point (0, 5).

Find the function whose tangent has slope tor each value of x and

). A tree has been transplanted and after = years is growing at the rate

of 1+ m meters per year. After two years it has reached a height
of five meters. How tall was it when it was transplanted?

. It is projected that t years from now the population of a certain country

0.02¢ million per year. If the current

will be changing at the rate of e
population is 50 million. what will the population be 10 years from

now?’
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15.
17.
19.
21.
23.

-

b
ot

)
=N

(]
=1

. 61 million

Answers

%e"‘r—f—( 2.
éln 3z + 5|+ C 4.
e + 6.
(x2+&)\/r +8+C 8.
3(;‘: H +(‘ 10.
e” _"‘—f—(’ 12.
2(»:2 2:c+6) +C 4.
l111 S + C 16.
lln (22 + 1)+ 18.
1—i—ln|r—l|—|—( 20.
— — 2
(x— o]5 4(xz— 0]4 + 22.
—"'—2""’4 Ly — 4 In|2z + 1| +C
flz)=3(=*+5)Va2 +5+1
. flx)=—3In|1— 32 +5
%meters

é(-Lr —1)vdxr -1+ C

l—:r

+C

(2 +1)° —l—(‘

%
= (2* +l}

1(7:

+C
+ 2z +5)13

+C

3n|a® + 5zt + 10z + 12| +
§1n|91‘— 1|+

]
—— 1 C
In
26‘/5%—1—(‘
3(‘1—#1) Ve+l-3(@+1)Va+1+C
T +Injz—4|+C

T x4



