21-122 - Integration and Approximation
Instructor: Adam Gutter
Fall 2014

21-122 - Week 1, Recitation 1

Agenda
e Introduction
e Announcements: HW 1
e Review
e 5.5: Examples 2, 3, 4, 8
e 5.5: 12, 13, 23, 35, 45, 59, 64, 69 (time permitting: 21, 25)
e Questionnaire
Review

e The Substitution Rule, (a.k.a. wu-substitution or change of variables formula): Allows us to simplify
complicated integrals by making the substitution

u=g(r), du=g'(z)dz

e How do we apply this rule?

e Idea: Choose u to be a function of = in the integrand whose differential also occurs in the integrand
(except possibly for a constant factor)

e For definite integrals, we must also change the limits of integration.

b oz 90
/(...)dz“—ﬂ()/ (--Vdu
a g(a)

Section 5.5
We’ll start with some examples of indefinite integrals solved via substitution

Example 2: Evaluate [ 2z +1 dx.
Solution - Let v = 2z 4+ 1, so du = 2 dz, or dx = %du. By the Substitution Rule,

/\/ﬁdx:/\/ﬂ-%du

:%/ul/zdu

=12z +1)*2 40

Example 3: Find [ dx.

T
V1—4x2
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Solution - Let u = 1 — 4z2. Then du = —8z dz, or = dr = ffdu By the Substitution Rule,

/ﬁﬁzdx—/f —gu

——8/ 2y

= —%(2u1/2) +C

=—iV1-422+C

O
Example 4: Calculate [ e dx.
Solution - Let u = 5z, so du = 5 dx, or do = %du. Now
/e5xdm:/e“-%du:%/e“du:%6“4—02%65’”4—0
O

Now we’ll do a definite integral

Example 8: Evaluate fl m
Solution - Substitute ©w = 3 — 5x, so du = —5 dx, or dx = —é du. Note, when z =1, u = —2. When z = 2,

u = —7. Now
2 -7
dx _ 1 du __ 1 1
/ m**g/ w =50
1 -2

O

Now we’ll do some problems for this section. The substitutions will be less obvious, but the same idea applies.
Look for a function that appears in the integrand along with its differential

12. Evaluate [ sec?26 df.

Solution - Substitute u = 26, so du = 2 df or df = % du. Now

/sec229d9:%/sec2udu:%tanquC:%tanQGJrC’

O
13. Evaluate | z© 3L
Solution - Substitute u = 5 — 3z, so du = —3 dx, or dx = —% du. Now
/5i§12—§ du— _llnfu/+C=-32In|5-3z|+C
O

23. Evaluate [ sec? @ tan®6 d6.
Solution - Substitute u = tanf, so du = sec? 6 df. Now

/secQGtan?’Hd@:/u duf—+C’ tdn tan” 0 4
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35. Evaluate [ v/cotz csc? z du.
Solution - Substitute u = cot x, so du = — csc? z dz or csc? 2z dx = —du. Now

/\/cotxcsczxdx: —/\/ﬁdu: —§U3/2+C:—%(Cotx)3/2+0
O

45. Evaluate fjﬁ dz.
Solution - We can split this up as [ H% de + [ 1157 dz. The first integral is just tan~!x 4+ C. For the

second, substitute v = 1+ 22, so du = 2z dx, or x do = %du. Now

[t o=} [Lau= il 0= ina+a?) 40

Thus

9

/ 11:';2 dr=tan 'z + JIn(l+2?) +C

O
Now some definite integrals, remember to change limits
59. Evaluate ff e;f
Solution - Substitute u = 1/z, so du = *%2 dx, or Tl—z dxr = —du. Now
2 1/2 1/2
/ e;g dx:—/ e du = —e" =e—el/?
1 1 u=1
O
64. Evaluate [ 2va? — 22 da.
Solution - Substitute u = a® — 22, so du = —2x dz, or z dx = —%du. Now
a 0 a? a
/ rva? — 22 dr = —%/ Vu du = %/ Vudu =1 2u3? = 1(a?)%? = 1d®,
0 a? 0 u=0
assuming a > 0. O
64
69. Evaluate | m\%ﬂ‘
Solution - Substitute v = Inx, so du = % dx. Now
e 4 4
dx _ du __ _ _ _
/e xlnz_/lﬁ_2\/ﬂu_l_2(2 1)=2
O
TIME PERMITTING
21. Evaluate j‘% dx.
Solution - Substitute v = Inx, so du = % dx. Now
(lnm)2 _ 2 T _ (mm)s
/730 dx—/u du=*%+C=""7-+C
O

25. Evaluate [e”y/1+ e® dx.
Solution - Substitute u = 1 + €%, so du = e* dx. Now

/elmdx:/\/ﬂdu:§u3/2+0:§(1+ew)3/2+0



