Math 131 Lab 10

1. Try integrating these rational functions. One of them is NOT by partial fractions.
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2. Use #1(c) to evaluate the improper integral / ﬁ dx. You have already done the anti-differentiation, so just
3 \T—

evaluate the appropriate limit. Use proper notation!

3. OK, here’s an easy one. The p-power theorem will be very important. Use it to determine these improper integrals.
Do not do any integration. Just use the theorem.
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4. Evaluate each improper integral; determine whether it converges or not. Use proper notation! Suggestion: Do
the indefinite integral first and then use your work to evaluate the improper integral, as you did in problem #2.

oo 0 0o
: 2z
a dz b 22e™ da c / ———— dx triangle or not?
) /2 ) \/700 ) 0o V1+a? &

Come back to the next two after doing some limits below.

®Inz ° 1
d —d —d
A A

5. Some interesting limits. Classify each as indeterminate (indicate what type: “%”, “z”, “0- 007, 41907, 4ol «00”
or “0o — 00”) or not indeterminate. Answers not in order: 0, 0, 0, 0, In4, 1, 2, 2, e¥, 400, and —6.
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in #1(a), so just evaluate the appropriate limit. You will need to use log properties to simplify the limit calculation.
Use proper notation!
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6. Harder Evaluation: Evaluate the improper integral / dz. You have already done the anti-differentiation
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Do these only after completing all of the problems above. Practice for the next Exam.

7. Try this octet of problems requiring a variety of techniques. Begin by determining which techniques you will use for
each.

a) /\/%dx b) /ﬁdm c) /ﬁd,@ d) /ﬁdx
e) /ﬁdl’ f) /4fxx2dx g) /W%dx h) /\/ﬁimzdx




Some Answers

Complete detailed answers are online. Caution: Watch for typos. First to find a particular mistake gets Extra
Credit.

a) 2ln|z|+lnjz—1+Injz+2|+¢ b) 2In|u| = 2In |z — 42| + ¢
c) 2z—-1)"t—(z—-1)"?+¢

2. 5/4.

3. 1, diverges, diverges, %, and 3.

4. a) llmbﬁoolnll;;—% —ln% =Inl+1In3=1In3
a a3 oo
b) oo 25 U ET L0
c) limp oo 3(1+6%)%/3 — 2 = +00. Diverges
o)
d) limyoo 2(Inz)?|  =limp 0 3[(Inb)? — 0] = oo Diverges
1
e) 1
6. 0

7. Use a variety of techniques.

2
a) —8\/4—x—|—§(4—x)3/2—|—c b) —vV4—-22+c c) m24 2| —In|2—z|+¢
d) arcsing—l—c e) 2arctan§+c f) —2In|4—2?% +c
x?—4 n(2) — 1o /A= 22
g) T—l—c h) 2arcsin(3) — zzv4 —2% +c



Math 131 Lab 10: Answers

1. Use partial fractions for all but part (b):
a) Homework
b) Substitution: u = 2® — 4z, du = (3z% — 4) dz. So 2du = (62® — 8)dz. =2 [ L du=2In|u| =2In|z® — 4z| + c.

o) 2. A n B n C Aaz —2A$+A+B$—B+C
(x—13 2-1 (z—-12 (z—-1)3 (z—1)3
x2: A =0 9 9
x: —2A+ B =2 :>A:0,B:2:C./ 12+ 13dx:72(x71)*17(:c71)*2+c.
const: A -B+ C =0 (@-1)? (z-1)
2. a) / e = i T2 lim —2(z = 1)~ = (@ — 1)
. x = lim ———dr = lim —2(x — x —
b—oo Jg (LL' — 1) —00 3
2 1 1 5 5
= lim — — —([-1-=)=-0-04+-=-
bhoe (b—1)  (b—1)2 ( 4) T1T1
3. /1 o dx = {f)_ixlzérges EZ z 1 . So the answers are: 1, diverges, diverges, % 5, and 3.
4. In each I first outline the antiderivative, then do the improper integral.
a) Partial fractions: [ A5 de = [ A5 — g de=Injz— 1] —In|z 41| = "’”—H‘ So
) b2 — 1 b—1 1
/ 5 dxr = lim Td:c: lim In ‘ = lim In —In-=In1+1In3=1n3.
2 x4 —1 b— o0 2 X -1 b— oo LL’+1 2 b— o0 b—|—1 3
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b) u-sub: u = 23, du = 322 dr, and %du:xQdaj. So/x26$3dx:g/e“duzefﬁ-c:ef—l—c. So
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/OOO 22 dg = agriloo ao 22 dr = aEIEloo 623 ’ = aggloo i _ 63a3 a’2-o0 é - g = é
c¢) u-substitution (u =1+ 2?): [ \3/17 =3(14+2%%3. So
[ =i [ J%d = i M i B S o e

d) w-substitution: u =1Inz. Then [22dy = [udu= tu®+c= i(lnz)>+c. So

1 1 1 oo 1
/ 2T gz = lim 2% gz = lim §(ln x)2’ = lim 5[(ln b)? — 0] = co Diverges.
1

T b—oo Jq x b—oo 1 b—oo
e) Homework

5. Make sure to check those stages at which I’'Hopital’s rule applies.

cosdx —cos2x VHo ,. —4sindzr +2sin2x yuo .. —16cosdx + 4cos2z —16+4
a) —————— = lim =" lim = = —6.
.L—>0 2 z—0 2x z—0 2 2
2Inz v 2 222
b) 0-c0. lim 2zlnz = lim — O fim = lim —— = lim —2z =
z—0t r—0Tt P z—0t1 -2z r—0t T z—0t
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. Tl 2x v
c) o0-0. lim 2%e™® = lim — MO iy 220 iy 2,
T—00 r—o00 e’ z—o00 e¥ z—o0 et
cos &
d) Not indeterminate. lim — : +o00. I’'Hopital’s rule does not apply.
a0+ x? 0t

r—00 xT T—00
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e) 00— 0. mllrxgcln(4x+9)—ln(x+7) = lim ln< z—:;)) = lim ln<1i£) =1In4.
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g) 00 Lety= 1im+(3x)’”. We want to find y. Using the log process,
z—0
Iny =1In( lim (32)*) = Iny Gt Jim In(3x)”
z—0t z—0t
Iny = lim xln3x
z—0t
. In3x
=
I'H =
1 =’ lim -3¢
ny "l S5
Iny = lim —z =0.
z—0t
But Iny = 0 implies y = e” = 1. So lim (3z)* =y =1
z—0+
h) 1. Let y = lim (1 +22)"", so
z—0+
Iny = In lim (1+ 2x)1/x
z—0t
Iny 2% lim In(1+ 22)""
z—0*t
1
1 = lim —In(1+2
ny = Jim
In(1+2
lny = lim M
z—0t x
' 2 2
Iny HHo iy 122 2 o
z—0t+ 1 1
But Iny = 2 implies y = 2. So lim (1 + 2x)1/x = e
z—0+
i) oo — 0.
. 1 1 e —1—-22 'Ho .. 2¢2r _ 9 Ho .. 4e2®
lm | —— ——— | = =" lim =" lim =
z—0+ \ 2z e2* —1

o0+ 27(e2r — 1) a0+ 2(e2* — 1) + dze?®

k x
) . We want to find y. Using the log process,
x

j) 1. Let y = lim <1+
T—00

Iny =In [limggHOO (1 + g)x}

Cont

Iny ="lim; .00 ln (1 + g)x
Iny =lim;_ s zln (1 + %)
n(1+E
Iny = limg,_, o : (lj_’)
I'Ho ,. 1+1l'(_LL2)
Iny = limy 0o —=——
22
Iny =lim,_, H%
Iny =k.

But Iny = k implies y = €*. So lim

T—>00

k x
<1+> =y=k.
x
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k) 1. Let y = lim (1 + ) . We want to find y. Using the log process,
T—r00 €T

Iny =In [limm_>Oo (1 + %)ﬁ}

z—0+ 4e2% 4 4e2% 4 8pe2®
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Iny Cont lim,_, o In (1+ %)x
Iny =limy_o2?In (1 + %)

1
lny = llmz_)m ln(]i_m)

z2
I'Ho ,. 1+1l(71%)

Iny = limy oo —=——

23
Iny = lim,_, H%
Iny = 0.

k/’ x
But Iny = oo implies “y = e>” (Diverges). So lim (1 + > = oo (Diverges).
T—00 €T

0 arctan 4z 1'Ho lim H{ﬁ _ i _ 9
0" 250 sin2x z—0 2cos2x 2 '
. ) . sindx O A 1
Not indeterminate. lim = — = 0. I’'Hopital’s rule does not apply.

z—0 3secT 3

6. / =" % gr= lim 277 gr= lim 721n\m|+ln\x71|+ln|x+2|'
2 b—oo 2

3 + 2% — 2z booo Jo xd + 22 — 21
24z —2[ b24b—2 1+3 -3
lim In % = lim ln +2‘—ln|1|— lim In|—2—2"| —In|l|=1In[1| —In|1] =0
b—00 x 5 b—oo b b—oo

ul/2
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7. a) Use substitution: u = 4—x and du = —dx to get = — / == —/4u_1/2 —ut? du = —8u1/2+§u3/2+c =

b)
)
d)

e)
f)
g)

h)

2
—8\/4—x+§(4—x)3/2+c.
Useu=4—12%toget [—2u2du=—u'/? +c=—-Vi—2? +c
Partial fractions: [ ;15 da = [z +ogde =242 -In[2—2|+c

. X . X
dx = arcsin — + ¢ = arcsin 5 +c.
a

1 1 1
= de= | — = [ —
/\/4—:102 v /\/22—x2 v /\/a2—x2

4 1 1 4 x "
/mdx:4/mdx:4/md$:5afctaﬂg+c:2arctan§+c.

Useu=4—a2?toget [—2du=—2Inul+c=-2In}4— 2% +c
Triangle sub: x = 2secf, dr = 2secftan6df, and V2 — 4 = 2tan6.
1 1 1 .: Va—x2
.:/m25609tan9d9:/10089d9:Esmez o tc

Triangle sub: z = 2sinf, dz = 2cos 6 df, and vz2 — 4 = 2 cosb.

4sin” § N/
/ QSCI(I)ISQ -2cosfdf = /4sin29d9 = /2—200529d9 = 20—sin 20 = 20—2sinf cos§ = 2arcsin(%)—Jav4 — z2+c



