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gral.

e II improper

integral.

er integral.

) i s

, and the area for
r ) 1 i s

E. / - I,* ;* dr :,W 
I,' dydz Now

|  #o* : *  |  #^  tu :3 r * r ' d 'u :3d ' r l

: -+rtc:-s(srb+c'
|  1  . ' l ' : h - i  

r  1 l  ^  1  1so'r : , [ t  
L-r(3rrr)J,  ,* ."  l -s1et1D 

* o]  :0* i :  i '  convergent

t 
/: #d,r 

:,Ir." 
l, ' *d,n 

:,Ir"" llrnlzr- blll : gg [] rnr - * u,1zt - sll

Divergent

p-L t  r - t  r  -
t  |  + d , t a : .  l i m  |  - # d , u : . l i * _ _ l - z t / z -  r r 1 - '  f u : 2 - u , d , u : - d w l

J -* \ /2 - lD t+-a J, \ /  2 - ID t+-oo '

: 
,IIL l-z 6 + 2 \Ft] : -. Divergent

: *(o+ +) : *. Convergent

9. Jf e-a/2 aa: ]y -f i .-op ay: ]* l-r .-" ' '1. 
:  

r t :*t-2e-t/z *2e-2):0* 2e-2 - 2e-2.

Convergent

f0. /-i e'2' dt: ,I% I*t "-" 
dt : ,IT." l-t"-"tl, 

t : 
,IT"" l-L"' + *u-'*): oo. Divergent

l l .  [ *  - * o ' ^ :  
f o  r d n  f *  n d r  '

J - @  L + n '  J - * 4 " ' +  J o  4 * z f f i o

L#: ,IrL [+ h(l + *'))l : ,Ir." lo - * tn(l + t')] - -*. Divergent

12. I :  [?*12-on)d,u:  r t1-  rz:  / : ""(2 _ rn)d,u + [ f , (2-on)d,a,but

/, : 
,IT"" lz" 

- +rt]: : 
,IIL(- 

zt + lt') : -oo. Since .I1 is divergent, -f is divergent, and there is no need

toevaluate.[2. Divergent

|3. /a ,u-*' d,r: I!**u-" dr + If re-" d,r.

I!*,"-*' d,r :,IgL(-*) ["-"]l :,I=:(-*l (r - "-'") : 
-t ' | : -], and

ff,  *.-* '  d*: ,W(-+) l"-"]r : , t jg(- t)("-" - r) :  - ] ' (-1) :  *.
Therefore, [i*xe-*' d, : -* * * : O. Convergent

t4.Ja r'e-*" d"r: [!**'"-*" d* + Itr *'"-'" d,r,and

I!*r'.- '" d,*:,IT"" [-*"-"]i 
: -+ * t (,If"""-") : oo. Divergent

15. E sinl d,0: 
,!L /lt, sin 0 d0 -- 

rli* [- cos g]l- : 
,t:t(- 

cos t + 1). This limit does not exist, so the integral

isdivergent. Divergent
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/ o - c o s ,  a d , a : , r j g / . j  * ( r + c o s 2 o )  d , a : J * l * " * | s i n 2 a ) t o : J l * l * t + ] s i n z t ) :  
o o s i n c e

l{ sin Ztl a } for all t,but }t 
-> oo as t --+ oo' Divergent

,r. l,* #hd, : M I,' 
t## d,r: *J* lr,,("' +z*11',: +1gg [r"(t' +2t) - h3]

: oo. Divergent

,r. Io* z#".r: J:'i l,' lh - Hd"" : ]*lt(#)].
: J:* lt"(H) 

- t"(;)l : In1 * rn2 :tn2' convergent

rr. ,[* ,"-u"a" :,tL lo' ,"-u"d": J]lL [-;""-'" 
- *u'"). l:Xfru:1

: gg (-Lut"-u' - *"-ut + #) :0 - 0* *! [byl 'Hospital 'sRule]

: +. Convergent

,r. f -re'/'dr: ,!y* Iru ,"''' d': ,Iy*lzre'tz 
- n"'''), [;n*m':"1]

:  
r I lL ( lge2 

-ge2 -3 te t /3  *9et /27 - -9e2 -0+0 [by l 'Hospi ta l 'sRule ]

-- 9e2. Convergent

25. Integra

since .
f

f@ . ,

26. I :
J o

1u: t

f r a
t -

J (1

f -  Inz  [1 tnz )2 - l '
21.

J t  f  r * o o  L  z  ) l

n. t :*"- l ' l  d*: J:"" e* d,r+ - lo- e- 'd' tr ,  [ !*" '4a : 
, l rm le*] l

If, "-' 
a' : )Hl-"-"): 

: 
A* (r - "-') 

: 1' rherefore' J]

(by substitution with u : ln r, d'u -- d'rlr): ,[ng 
tr#: oo' Divergent

: 
,IT"" (1 - "') 

: 1, and

" - l t l  
6 * : 1 *  L : 2 .  C o n v e r g e n t

lt foll

I"*

so , I,* #"d"r:Z M I,' #" d'n : 2',tl* [; tan-1 (+)l .

gs ; 
tan-1 (*) :? 

; 
:; convergent

24.Integrateby parts with u :yrtr,d'u: d'r l13 + d'u: drlr 'u: - ! l (2" ') '

l,* 
'# d,r :,r]g f' 

'!* o*:,rit (f *-4 , *i l, # *)

:A% ?;V+o- +'*i) :i

since lim
t +OO

ln t

t,

L l t  1
J*#: ,\'g fr 

-- 0. convergent

Convt

27. There

l"' :
28. There

1," ,
29. There

l-,t
to. I, 

-
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r Bt,. J _,
n. l"'-



6. Integrate by parts with u : lrrtr, du : dr lr2 +
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- I / r .

t  lnr
---; df : Ilm

t+co

+ 0 + 1 : 1

Convergent

o. Ir* Tffi d,* : ,\" Ir' 
Vfi.*tt.if d,n.Letu : arctan r, d,n : 

#fu. rhen au:
I  f  2r  dr  - I /2

u : t  
|  7a " r y :11 ; ; , and

I trW dr : -;W . ; I rhl l,:=:::!;,,)
: _ l a r c t a n r * 1  [ s e c 2 0 d 0

2  7 + r '  
' . 2  

I  $ e c 2 0 ) 2
l a r c t a n e  I  f  , .

2 I t r 2  2 J

: _l arctanr 
* I _ sind cosg _ r-- t  

1 + r ,  -  4 -  4  
' r "

:  - ;W+]a 'c tan 
"* f ,7 f7*c

It follows that

f *  rarc tanr  ,  I  la rc tanz 1 1  r  I t

Jo  O+Wd ' r : , 93L -z  r+#  i na rc tan ' t  +1+ r r ) ,
. .  /  l a r c t a n t  I  L  t  \:  I l m  l - :  -  - r ; a r c t a n t - r -  I  -

t = . i \  2 I + t "  4  4 l + t 2 )
Convergent.

27. There is an infinite discontinuity at the left endpoint of [0,3].

I,' #: ,m I,' #: ,1T* lz 'nl ; : ,1T. ('Ji - 2 \/i) : 'Ji' convergent
28. There is an infinite discontinuity at the left endpoint of [0,3].

[ ' :+: hT [' ^",,3!- : l im l+]' : -4* 
lim 4 : *. Divergenr

lo fr \ /r  t-o+ Jt trs/z t-o+ l t /rJ, , /S t-o+ t/ t

29. There is an infinite discontinuity at the right endpoint of [-1,0].

fo d' .' 
[ ' 9: hT f+l' : rim f-i * 4-l : * Divergent

J-ra 
: 

r1to"- J-t n- ,-o- L r ) _t ,-o- L t -rl lvergent

n. I, '#:,1,n'- I, '#:, lF l;a- q', ' f , : , lT- l ; tr- s) ' /" -;(4)] -0-6:-6.
Convergent

g t .  f t 4 : f o 4 "  f t d , *  f o d , r -  r i -  |  n - 3 1 t  t -  1  1 ' l  _ ^ ^
J_zrn  l_ r rz+  Jo  p .bu t  J_ ra : ,1 .0 "_  L - - l  _ r : ,11"_  L -m 

-  
%) :oo .  D ive rgen t

Convergent
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L + n 2 '

Divergent

o*1 [+o:;ergent

:ven].



678 N GHAPTER 8 TECHNIOUES OF INTEGRATION

3il. There is an infinite.discontinui ty at n: r. frB(c 
- r)-t1s a* : [i@ 

- t1-r/5 dr + "frtt(" 
- l)-t/s dr'Hqe

I i ( * -L ) - t1sd ,n : , \ - t J ( * -L ) - t1sdr : ,Y- [ : t " - l )n /u l . : ,1T-  [ t t ' -  L )n ru  - l ]  : - i *o

[ lu(*-L)- r /s  d* :  , \ * I l " (* - r ) - t1s 
a*--  , \ [ : t " -  

' )n 'u l ] ' : , !T i [ : ' tu  - tn$-  r ;a/51 :zo '

Thus, .[ott (" - L)-t1s dr : -2 + 20 : T' Converlen

3a. /(s) : tl(4v- 1) has an infinite discontinuitV ^t1;Z'i

L',^;do 
:,-!th,. I: #au 

:''ffi'* [1 t" l+a - tl]i

:,*lirln,* l] tn: - |tn1+t - 1)l - oo

f '  1 ,  : :--^--^-  ̂ -rh fr 1 'rdiverges. Diverge

"o J'n ua-dgr 
diverges' and hence' 

;/ #dy 
diverges' Divergent

35. /J secnd,n: f f / 'secrd'n + ffpsecrd'n'  [{ / 'secrd'n 
-- 

,} ! f f"- f isecndn

: 
, ] l ru_-[rr lr""r 

*tan"l l . :  , :yr-Inlsect 
*tantl  :  oo' Divergent

f4  d ,n  f4  d* - - [ ' ,  o*  * [n . ; f f i1 r ,una
n'  J"F#-:  Jo @EWD: J,G-N;q- J 'z (a

l"' 6=ffi .q",ry- I,' l# - #)*
:,ry_i['"\#l -'31 :

rpartiar rractionsl :,1* 
[l " I # I ],

-oo. Divergent

37. rhere is an infinite discontinui ty at n : o. 
It ,*d'r 

: 
l:rha* 

+ 
lo' f1o"'

[,*d,n 
:,\- 

I -,ha' 
--,W[' '  l" '  - t l ] '-, :,1'o'- [t" l" '  - r l  - hle-1 - 1l ] :

,o 
,Lt hdr 

is divergent. The integral 
Ir' hdr 

also diverges since

I *,d* :,\* l, '  hd* :,\*[n1"' - t l l ] :,1T. [r"t" - 1l - lnl"' - rl l  : * '

Divergent

,r. 1," #d,r: I,'' ' #o** I,',,,#d'nand
j *d,r : i I'#rd,n 

-- i I l' 
- #-)d'r : i* - itnt2r- 3l + c' so

I"'" #a' 
: 

,)Vr-il '"- 
3ln 12' -tl] ' : - Divergent


