Chapter 5.5: Indefinite Integrals and the
Substitution Method



Substitution Method
Helping to integrate chain rule

d% (f(g(x))) = f'(g(x))g’(x) /f’(g(X))g’(X) dx = f(g(x)) + C

/f’(g(x))g'(x) dx = / f'(u) du 2xv/x2 + 1 dx = /\/E du

u=g(x) u=x*+1
u=g'(x) dx du = 2x dx

Goal is to simplify the expression.
Look for a function in a function to

identify the substitution to make. / Vu du = %u3/2+C = %(x2+1)3”"2+C
Sometimes need to write dx = h(u) du. - 3 3



Substitution examples

/3x2eX3 dx
/sin(m +3)do

/(3)(2 +1)(x® + x)* dx

/(x6 + x)* dx
/sin(x)3 cos(x)? dx

1
/ dx
eX e~ X

/(1 +v/x)? dx for a# —1,-2,-3.




/3x2ex3dx:/e”du:e“+C:e3+C

3

u=Xx
du = 3x? dx
. . 1 1 1
sin(70 +3) df = sm(u)? du = - cos(u)+ C = —?cos(79+3) + C.
u=70+3
du=17d60

1 1
/(3X2+1)(X3+X)4 dX:/u4 du = gus—&-C: g(x3+x)5+C

x3+x

du = 3x>+1 dx

u






/sin(x)3 cos(x)? dx = /sin(x) (1 = cos(x)?) - cos(x)* dx

3

sin(x) cos(x)? — sin(x) cos(x)* dx

/
= /sin(x) cos(x)* dx — /sin(x)cos(x)5 dx
/ u’ du — / u* du

1 1 1 1
= _ZU4 + 6u6 +C= 6cos(><)6 - Zcos(x)4 +C
u = cos(x)

du = —sin(x) dx



1
/— dx
eX+e %

So, let u = ¥

1
/7dx
eX 4 e X

= R R
ex—i—ex (e¥)2+1

. Then du = €* dx and so

x 1
= /(ex)ez dx = /m du = arctan(u)+C = arctan(

e)+C



/(1+\/_) dX_/ 3. (v —2u+1)du—/3u2+a—6u1+a—|—3uadu

6 3
3+a 2+a a+1
3+au 2+au 6+a+1u +C
1 3+a 1 2+a 1 3 a+1 C
= 35 (L TV = S (U V)T (1 V)T

Use u =14 /x =14 x3.

Also notice that (v — 1)® = x. Hence
dx=du-3-x3=du-3-(u—1)3i=du-3-(u—12=du-3- (v —2u+1)



