The Substitution Rule

1. Review: Find the derivative of f(x) = . <3 Chain rule!

(%) = e

y
Then evaluate: /464“”” der = ¢ "+ C /645” de = L 6”" +C <3 Hint: exactly what

1 is different here?
ALy |
e L Te” )= g™ = e
2. Review: Find the derivative of f(z) = sin(z?). Now evaluate the following:

L) = 2% eos (xz)

/2x cos(z?) dx
_ S.m(xzs «C :%szws(x1)4x = SIA (XZ) +(

—

5x cos(z?) dx / 32? cos(z?) dx

= Saule)« C sice 4 (si6)) = 32 s ()

3. With your group, act out the following dialogue:

Lana: I really need to evaluate / sin(x)e® dx

Erez: OK. Let’s try substitution for this one!
Lana: Why do you think substitution will work? We are supposed to find something

to make u and then search for the derivative of u, also. Oh, I guess we can do that!

Erez: Yeeeceeah! We can let u be sin(z), and I see its derivative 2 = cos(z) is also

d
in there. Easy!
Lana (shaking her head): Erez, Erez, Erez...

(a) Why is Lana shaking her head at Erez?

If u=zsi (x\/ Hen duz os(x)de. Rut  He grien ,'n+ejm( doesat  contain  cos(x) dx.
(b) What would be a more useful choice for u? Why?
‘rr}’ U= 0"5(")- TL‘CA d%= - S (x) dx .

After explaining her idea to Erez, Lana and Erez are left with the problem / —e" du.

Lana: I can do that integral!! The final answer is —e" + C'. Yes!!
Erez (shaking his head): My turn! Lana, Lana, Lana...

(c) Why is Erez shaking his head at Lana?

The £inal answer shold be in tems of %, not w.

That st j—eudu z-e"+ C = —e,cps(x)* C.
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4. For each part, everyone should think alone for 20 seconds and not write anything.
Then, as a group, have a quick chat about what you might choose for u and why. < Go through all for

Finally, check to see if you can finish each integral. problems
/ w f@s = 9l +C = sV +C CHECK  YouR
ANSWERS RY
= = ed
e e DIFFeP\EI\JTIAT’NG!
e@+4 " N &
@@ 2 () da = 2e+8u+C = 265 80 «C
du= zﬁdx
3
2 3/ 2 72 _
TR R
Uz x-4 = 1 dx
W feZx @)@ = [enlhdne sl oC + safer) < C
ce’x o’.u 2)(9 dx

5. The beauty of the substitution method for definite integrals is that you can also
substitute for the bounds, meaning you never have to change back to the original

variable. Find each of the following using u-substitution where you substitute u-
values for each of the bounds.

1 e us
(a) /0 ecos(e’) dr = \[ es(u)du = sia (u\ u-.,e = <in (e,x - SiA (1)

It %0, Her usel=1. IF x=1, He use'ze.

Levr 4y

NG dr = Zjl (e““() du = [Ze“+zu];:'z = (Ze,7'+|6> - (2&-'-8) = 2&1"26+g

I'F ')(:1-/ Hhea U.'-\E:i. ¢ x"'q/ Hhaa u=\ﬁ-=2.

o [V < s 3P[0 )3 (s0) - 4

If x-5, then u-5-4=1. T x=8 Heo u=-4:4.

@ | e con (¢7) de = f s =

1
Tf x=0, e uw=€=1, TF x=1, He u=ei=e,

(b)

= ll\ C\ - Sin (1

4 1
6. If/ g(x) dx = 12, evaluate / 93z +1) dx.
1 A —Jo

gl = &|f, g = 5(n) =

uz 3x+l du=2d x
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7. More practice! Evaluate the following:
3 4

@ [@TD = [og, = &
-8

usx>-5 du= 2xdx

0 g = 4 [ e = £l

w= 2+3X3 o'u.=q><ld7(

e g
(C) /gdx = \J\_;C? dx - \[.1_ dx = X + C < Is this simpler than

it seems?

(d)LJ - "ifu du = gu+C = Jq(s;A(zx§§z+ C

W= Sia (ZX) du= 2 cos (2x) dx

© 2, ° (2 % 2 3,
o5 = [ a5 ] = (38507

q

pocvte = 3(0-367) = 1

1+ , 2%
f dr = l < Hint:
( ) / 1+ 22 \[\ |+ 9(7‘ A‘X- * ij\ > u= lext %(arcttanz) =

duz2x dx

w=1-%x*

_1
1+a22

= ord—m(x) + -é— j L du
= arc'\m/\(xﬁ + ‘lz‘, In (MS + C

ESANE (x\ + —‘2-_|A (1+'xz> + C
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