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6.6 | IMPROPER INTEGRALS

SECTION 6.6 IMPROPER INTEGRALS

B Click here for answers.

1-33 = Determine whether each integral is convergent or
divergent. Evaluate those that are convergent.
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B Click here for solutions.
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33.
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34-37 = Sketch the region and find its area (if the area is finite).

3. S={(x,y)|x=1,0sys=

35. S={(x,y)[x=0,0=<y=<

36. S={(x,y)]|0=

37. S={(x,y)|[3<x=<7,0=<y=<

38-40 = Use the Comparison Theorem to determine whether the
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integral is convergent or divergent.

- sin’x
38 | S dx

2 1
39. J; ﬁdx
=1+ x
40. fl de



Copyright © 2013, Cengage Learning. All rights reserved.

2 = SECTION 6.6 IMPROPER INTEGRALS

6.5 | ANSWERS

A Click here for exercises.

2
I.%

3. Divergent
5. Divergent
7. Divergent
9. Divergent

11. Divergent

INE

15. —In2

17. Divergent

62

IS

V2

23. Divergent

21.

25. Divergent
27. Divergent
29. Divergent
31.

Wi oy

33.

34. 0.2

—0.1
Area =1

36. 10 y = tanx sec x
v

0 xX= %
Area is infinite
38. Convergent

40. Divergent

B Click here for solutions.

2.1
4. Divergent
1
6.1
8. Divergent
1
10. 5
12. Divergent
14.1
16. Divergent
18. Divergent
20. 1
1
22. —
In2
5
2. <
26. Divergent
28.23/4
30. 2
32. Divergent
35. 2
. ‘
-1
Area is infinite
37. 2
x=3 _ 1
YT
0
Area =4
39. Convergent
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6.6 | SOLUTIONS

A Click here for exercises.
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> dx £ dx 0
1./ ——— = lim — 8. [ xdx= xdx + [° zdrand
2 (z43)%? =)y (z43)%?2 fg"o e {0
’ o 7t S xde = hrn [éxz] = tléEnoo (—%tz) = —o0.
- tlggo [1 [z + 3} 9 Divergent
— lim ;2 4 i — l oo 2
=ln |\ =t E =z 9. [* (22° —x+3)dx
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2 [° _de—hmf e “dr = lim [—e_ﬂg = [T (22" —2 +3) da + ¥ (22" —w +3) do
t—oo ) t—oo but
= lim (—e "+1) = 0 2 o 2.3 2 0
t_;oo( ) fioo (23@ —m+3) dx —tlll_nDo [gx — %m +3x]t
3% o®de = [°_a®de+ [ de, but _ 2,3 1,2 _
LOOO :Jc3 =[x 1$4+0f0 z° dz u1 4 = lim_ [—2t° + 3t° — 3t] = o0
[ @t da = hm [32%], = ti”ﬂnoo (=3t Divergent
. - 10 0 3acd_l 03xd_1- 1 3270
Divergent e dr = o o e dx = - [3€°7],
1 : 3
v - i [ =
0 b
. d . d oo . .
= GEIPM/(l \ES/Tw_—E) + bl_lgl* 0 \3/ww_—5 1. fl sinTxdr = tlil’{.lo 771r [COS 7'r:L’H
1 10 _dw gt 4 dw =-1 tlim (cosmt + 1)
+ lim im >
=5t Jo  Vw T Vw —5 which does not exist. Divergent
(The values 0 and 10 could be any palr of values
surrounding 5.) If any one of these four integrals diverges, ° 5dr todr
. 12. m
then I diverges, and (for example) /0 2z + 3 /0 2z + 3

d—oo J1g YW —5  d—oo 10

_5y
2t
d d
lim dw = lim [% (w — 5)2/3} = g hm [In (2z + 3)}
gtlggo [In(2t+3)—In3] =00

= lim [% (d— 5)2/3 _ % (5)2/3] — =

e Divergent
Thus, [ is divergent. verg

©  dx . t 3
s [ [ ey = i e, b [ o i e ()]

= thm (2\/t +3 - 2\/5) = 00

= tim 2[5 —tan (30)]
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b de 1Y 2de s\aT2) 71
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1 1 1 14. — = lim — = lim |——
= lim = |- e z(Inx) t—oo J, x(Inx) t—co | Inz],
t——o0 2 2z —3],
= lim {1 - L} =
1 1 1 = =
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tJIPw[2+2(2t—3)} 2
1 o .
dl? . —1 —1/3 / dx . 1 1
1. =1 -1 15. . — _ d
/_w ot Am S (o) de y @i (@+3) ioe), lzr2 743"
t
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—lim/t i—l— 3 dx
Ctseo fy z+2 x4+ 3

= tlim [3In(z +3) — 2In (= + 2)]}

3
= lim {ln (t+3) 1 27} =00

o rdx
16. /O @+2)(z+3)

2)2* Ky

t—oo

Divergent
oo _ . .
17. [ coszdr = tli}lglo [sinz]) = Jim

exist. Divergent

18. fﬁ/251n20d0— hm fﬂ/ sin 20 d6

= hm [—%cos%]:/

t——
= lim (14 Lcos2t
Jim (5 + 5 cos2t)
This limit does not exist, so the integral is divergent.

1 . 1
9. f ze®*dr = lim i) ze®® dx
- t— —oo t

_ lim_ (ot~ 3]

t——00

= lim [% —i — %te%—&—%em}

t——o0
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_ 1,2 _ 1.2
—4e 0+ 0 = ze” since

. 2t t H
lim te® = lim — = lim ——
t——oo t——oco e~ 2t t——oo —267275
. 2t
= lim 1t =
t——oo

20. fooo re *dxr = lim [—xefz — ef“"”]

t—
=1— lim t+1£1— lim —
t—oo et t—oo et
=1-0=1

hm sin ¢, which does not

_/0 dx +/°° dx
co (@242 Jo (@+2)7+2

Now
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4 (t+2
tan™ " v2 — tan 1(—
== w\f{ V2

= lim

%(tan_lx/_Jr )

and
/00 e lim = [tarf1 (x—i—?)y
0o (z+2)2+2 toey2 V2 /1o
— 3 (5 - tan VD)
o dx T
Therefore, /_Oo m = E

n/m@—hmeWWﬂm-—Lfﬁ
) 0 2z - t—o0 V0 - t—00 In2
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ln 2 t—oo

2 5/4 2
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23. = . But
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5/4  dg 1 ¢
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5 d[E . 5 3/5 t
n [ i - [40-0,
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/2 .2 _ t
25. fﬁ/4 sec’ xdr = t*}:'r%f [tanz], /,
= lim (tant—1)=
t—mw/27
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26. fﬂ/ztan%cdm = lim f (sec T — 1) dz
t—mw /27
= lim [tanz — x|
1,—>7r/2_[ }71'/4
=2 -1+ lim (tant—1t)=
4 t—>7r/2_( )

Divergent

27. foﬂ/4 csc2tdt = Slir(l)l+ f:“ csc? tdt

= lim [— cott]w/4
s—0

= lim [fcot§+c0ts] =00
s—0

Divergent

/4 cosx dx .
28. : = lim -
0 Vsinx t—ot Jy Vsinx

/4
= lim [2\/sinx]7r
t—0t t
/1
= tEIél+ <2 7 24/sin )
—9o [ __2 _ 93/4
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2 2 dx . -1 dx " O dx
) ax2—1 ), 221 L x2=1
n Vode n 2 dzx
o x2—1 1 x2—1

and
dx dx 1 T
/332—1 /(ac—l)(:c—l—l) 2n$+1’+ 50
' _da = lim llnm ! t*lim lln t-1
0o T2—1 o1- (20 |z4+1]], —=1-20 [t+1
= -0
Divergent
2 zdx toxde

_rar oy _rar
o V4 — 22 t—lgl* 0o V4 —z2
t
— lim [—\/4—:,;2] = lim (2—\/4—152) =2
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/9 dx . /9 dx
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i[5 gy (4= Ve = uf do = 2udw

3 2du - 3
lim /\/_ popri hm+ [% tan™' (%u)}ﬁ

t—0+ t—0
_2 (Z) _T
T 3\4/) 6
32. f3ﬂ/4tanxdx:f:/4 tanxdx+f3ﬂ/4tanxdx
But
fw/z tanzdr = lim [ln|seca:|}i/4
t—(7/2)~
= lim [In(sect) —Inv2| = o0
t—(mw/2)~
Divergent

33. Letw = Inz. Then du = d?x =

/6 de_ _ / dx lim b odu
1 zvIlnz  t—1t ), m4lnx t—1+ lnt\/_

lim [éu3/4] '
3 Int

t—1+
. 4 3/4 _ 4
-t {31} =3
34. 02
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y=Ea
71L JIO
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We integrate by parts with u = Inz, dv = (1/2°) dw
du=dz/z,v=—1/z:

oo t
/ ln_;dgc— lim ([——lnw} +/ % )
1 T t— 1T

= lim (7ln_til+1>
t—oo t

SECTION 6.6 IMPROPER INTEGRALS = 5

35.
*  dx t
Area= = lim |2v/x + 1| = oo, so the area
/0 v+ 1 t—o0 [ 0
is infinite.
36. 10 y = tan x sec x
v
00 = % T
Jo tanzsecz da
= fO"/z tan x sec x dx + f:/Q tan x sec x dx
But
fﬂ/Qtanxsecxdx— lim f tan x sec z dx
0 t—(7/2)~ 0
= lim [secz]j = lim (sect—1)= o0
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0
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= = I1 —_
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t—3+
) oo
sin“ x 1 dx .
38. o < —zon [1,00). /1 218 convergent by
oo i 2
Equation 2, so / T g is convergent by the
1
Comparison Theorem.
1 1 * dx
), —— < — . —=75
39 = 1 o on [1,00) /1 —3/3 converges by

Equation 2, so is convergent by the

/ ° dx
1 vV 3+ 1
Comparison Theorem.

40. Vitye ! [1,00) /

— is divergent by

o
V1
%Sl’ 6] ;\/_dxls
1 VT

divergent by the Comparison Theorem.
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Equation 2 with p =



