13.2 Substitution

The chain rule for derivatives gives us an extremely useful technique for finding anti-derivatives. This
technique is called change of variables or substitution.

Substitution Rule - If u is a function of x, then we can use the following formula to evaluate an integral:

[ fax=] %du
dx

Rather than use the formula directly, we use the following step-by-step procedure:
1. Write u as a function of x.
2. Take the derivative du/dx and solve for the quantity dx in terms of du.

3. Use the expression you obtain in step 2 to substitute for dx in the given integral and
substitute u for its defining expression.

Say what??? Sometimes math is easier to understand when you see it instead of just hearing the rules.
General guidelines: The "inside" for integration is generally the same as for derivatives. We use the
exponent for exponentials, the inside of parenthesis for powers (including radicals).

Examples: Evaluate using substitution.
1 [ (2x+5) " dx
['C'\' w=2x+$ s would have been "asle Tor Chala role
Then QU286 e sulstibve
Lcl,ui(l,x
- -1
-1 -1 - _\_
S(?.xw\ dy = SU\ %_A“ s | dut

-\

=1luv sC
9
= _ ,LC

alunbs sooehbohe duoce ?_T

-— —
-—

Dy —— 2 (2x49)
Once

v C




Z.Ie*"dx = Se_“(-lrlu» < - Se“iw = - E.M*C

led w=-x = -+
du= -1dx
1= &

3 [ (-1l Ta = S(),,/,{ e\
Led we CYﬂ\S 367

. = %e“‘a— C
du= 3(x-N{\dx (x-1y
= '\_e +
__l’—élh-—é_x —5 C
301
4.]4.1«/2x+3dx = gqld_u_Liu =2 nguh— wu
YA
13+
Led = 2x+3 =205 v _ ¢
du=24x Al _ .
‘\i,Lm:_ é,)c = 2.05 Ml_'_) vC = Zl'o;_ (ZX“.S\. » C
l. !

5. I 2x3x? —ldx

2 K
= glx\f o ld= -‘;guléw — mulkyly g
Led n=3x-1 ex Y 3 reciprocal
X = - ‘ ul _ \ 2 u/1+c
duz el S A G
= Gxdx 332 K

[ éu‘ A - 2 q
Pt = Z(3x-~ +C
¢ o Ykt & (30

Most of these problems are straight forward since the dx portion took care of any extra

variables that might have been in the integral. Sometimes we have to do our substitution a little
differently, we do a double substitution.
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This double substitution allowed use to use distribution to make the integral possible with u where it
was not possible with x.



