AP Calculus AB—Unit 7 (Chapter 7 Integration & U-Substitution)

87.1 Integration by Substitution (U-Substitution)

Find the derivatives using the Chain Rule:

D i(em): 2) %(tan(2X5+7x)):

See if you can determine the anti-derivative for these:

3) [(24x)sin(6x")= 2) j[ 15x + 2 jx

5% +2Xx+3

We now will find out how to “undo” the Chain Rule using the formal rule called U-Substitution.
Consider the problem of finding [ (2x+3)cos(x” +3x) dx

Stepl) Letu=

du
Step 2)  Take the derivative with respectto X : & =
Step 3) Rearrange: du =
Step 4)  Rewrite the integral using substitution: I du

Step5) Integrate: ICOS udu =

Step 6)  Substitute back in for u:

Step 7)  Check your answer by taking the derivative of the result in Step 6.

[Practice Problems]

1. [(5x* +1) (10x)dx 2. [(1+2x)"(2)dx 3. [(x* 1) (2x)dx
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4. j\/9 —x* (—2x)dx

5. j2xe‘x2+l) dx

6. j4x3\/x4 +5dx

The Substitution Rule: If u=g (x) is a differentiable function whose range is an interval | and f is continuous

on that interval, then:

[ F(g(x)g'(x)dx = f (u)du

In some cases, we may need to modify g'(x). Consider J'x(x2 +1)2dx

e Letu=x*+1,then du=2xdx, what is missing in our integrand?

[More Practice]

7. IXZ\/X3 +1dx

8. Isec 2x tan 2xdx

9. _[x3\/x4 + 2dx

1Y 1
10. I(“EJ t—zdt

12..[ ! dx
1-9x2

13. .[xsin x2dx

15. Icos xsin? xdx
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87.1 More Practice with Integration by Substitution (U-Substitution)

Find the following integrals.

1. je’sxdx 2. _[sinxcos3 xdx 3 J‘2 1 5dx
X+

" J'(Inx)zdx 5. IeX\/eX+5dx 6. J’ COSX  4x

X 2+sin X

1 -
7. [ o o 9. [sin(20+1)do
—X 8. J._Zdy
2 3
10. Itanzxdx 11 J-In X dx 12. J.\/;(x+2)dx
COS™ X X
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13. ftan xdx 14. I cot xdx 15. _[(3tan5 X)sec” xdx
16. [(8cot® x)csc? xd cos (3x 18

‘[< € X)CSC o 17 Isins((3x)) dx ICSC(GXZ +3x)cot(6x2 +3x)(4x +1)dx
19. J'(43><5+9x )(5X4 n 3) dx 20. I65x2+35x (2X n 7) dx 21

J'sec(3x4 +8x)tan (3x* +8x)(3x*+2) dx

22. ICOS(53X)(53X)dX 23 Jsec%lnﬂ)(%)dx 24. jcscz(7x3—6x2)(7x2—4x)dx
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87.1 Integration by Substitution, the Definite Inteqral

2. 2
Evaluate fl XSII’](X )dX. There are two methods:

Method 1:
Change the limits of integration the indefinite integral using udu substitution to find the general antiderivative:
2 2
— 2_
Ix3|n(x2)dx fxsm(xz)dx let u=x* & if *? then""?,~
u=(1)"=1
1 1
du = 2xdx
1t .
—Ism (u)du
2 1
4
=—COS(U
5 0s(u)
-1
= 7[003(4) —cos(1) | 0.597
Method 2:

Evaluate the indefinite integral using udu substitution to find the general antiderivative:
2
jxsin(xz)dx J'xsin(xz)dx let U= x>
1
du = 2xdx

%jsin(u)du :;COS(U)—FC

2
:;cos(xz)

:_71[005(22)—cos(12ﬂ

= %l[cos(4) —cos(1) |~ 0.597

Basically: A 2(0)
[ F@0g'()dx= | f(u)du
a g(a)
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Evaluate each integral by either method:

¢ X (Inz)’
L dx 2. [l
> 1+ x° bz

1
3. ix\/xz—ldx 4. Ix(x2+1)3dx

1

o

5.

O Sy

1
(3x —1)*dx 6. I Xv1—x?dx
0
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