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11.

The function f(x)=x"""is continuous, positive and decreasing un[l,m], so the Integral Test applies.

b

0.7 07

. - 0.7 0.7
j x’ﬂ'Jd,tzlimJ x_ﬁjd.:r:lim[t } =Iim[ b1 ] w0, Because this improper integral
1 bsx Jb bsx | ()7

diverges, the series Zn"” also diverges by the Integral Test.

n=|

15. The function f(x)= x*¢™ is continuous, positive and decreasing (*) on [l,w) , 0 the Integral Test
- x’ _ 1 _—x _ _LE bl_—]=_]__—l=L
applies. L dx= lﬂ bxe dx = llm[ e l llm( e ] 3(0 e ] -
Because this improper integral is convergent, the seriesane‘"' is also convergent.
n=l
3
(*) £(x)=x2™ (3x))+e™ (2x)=xe ™ (<3x+2)= &;’x} <0forx>1
e
19 l+l+l o= i ] The function f(x) = ] is continuous, positive and decreasing on
579 T Sl 2x+3 P £
[1,0), so the [ntegra] Test applies
—11m a‘x—llm In(2x+3 —11m In(26+3)—In5
j2x+3 2x+3 m [31n@x+3)) =lim 4-(In(25+3)~In5) =
Because this improper integral is divergent, the series z 13 is also divergent by the Integral Test.
n+
23. The function f(x) =]%is continuous, and positive on[l,=¢), so the Integral Test applies.
+x
{1+:(j"2 Lx—l.'lz _x—l.'lz %‘x]-'ﬁ % -1/2 l _%v . 32
F(x)= (3 ),q i (357)_1x b e _<0forx 21, sofis
(1+x)? (1+x7%) 2Jx(1+°%)
decreasing on [1 o), and the Integral Test applies.
J_ J_ 3/ 2 7
T 51,1_93 b +x32dx llm[ In(l+x"* ]] —hm [ In(1+b jlnz]—m, so the
series Ziu diverges.
n=1 ] n
-4 2 1 . : . . - ,

27. The function f(x)= =—+—— [by partial fractions] is continuous, positive and decreasing

©-2x x x-2
0n[3,oc )because it is the sum of two such functions, so we can apply the Integral Test.

j x4 dx=limj[z+ ‘ }dx=lim[21nx+]n[x—2)]?=lim[21nb+ln{b—2)—2]“3]=°°-
Yooy be= | Ix x-2 b= -

o

3n .
The integral is divergent, so the series Z—Z is divergent.
n=l 1 — &N
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40.

41.

42.

43.

. a2 X . . . L
. The function f(x)=xe™ =— Is continuous and positive on[],ao), and also decreasing since

&

4 -—xe"z 2x 1-2x°

(exl)l exl
= s _ o L 1 oE
| xe™ dx=lim | xefttrzllm[——ﬂe’] =lim [—%eb +%el]=—,50the sr&rn:leﬁm"2
Ji B J1 - 1 - - 2e -

b—x b

fi(x)=2

< 0forx > \Em 0.7, so we can use the Integral Test Dn[].,-:o).

CONVErges.

@ IF £(0) =2 then f'(x) =
€
ultimately decreasing.

(b)j]mf(x)dx=E|Ji_>12‘|~lb](]xe_xa&=£['ir§ ([—]ﬂxe_x]f _J’lb_lﬂe-xdx]ziﬂ[ lﬂb+——[]ﬂ _x:l ]

(12,1010, 10) 1 (4,20 ) 20

bo= | g e € e e €

e d0-10ve 100 0-9 _I00-9) 4 forys1. Thus, fis
(&) (e") e

(c) The function f(x)= 10x
e

). so we can apply the

Integral Test. Because I f(x)dxconverges, the series Z— must also converge.
n=]1 €

The series Z

= n(lnn)”
. 0.05n . 0.05
lim = lim
nse 20n+3  mee 20+ ¥

converges for p > 1, option (A). (See Exercise 36.)

=(0.0025 =0, so series I diverges by the nth term test. Similarly,

X
+1

lim [ . € ] = a0, s0 series II also diverges by the same test. The function f,(x)=———1is
n== | sin(2) b

continuous, positive and increasing on [1,=0),so we may apply the Integral Test.

J ——dx=1im
 x +1 e +1

Therefore, option {I)) is correct.

dx =lim [—m(x +1}] —l[ln(é +1)—|n2] o0, 50 series III diverges.

Series (A) converges by Exercise 29. Series (B) is a constant multiple of the convergent p-series

ZE with p =2 >1, so it converges. Series (D) can be shown to converge by the Integral Test. The
=1

function fi(x)= 1 —— is continuous, positive and decreasing on [1 @), so we can apply the Integral

Test. f L dx=lim [ x™ dy=lim [
1

b —x b=

b
. 1 .
xl‘m} =lim [bm - 1] = w0, 50 series (C)
2 b= 1—In2

z 1 also diverges.

In2
n=] 1
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v"_ J_ foralln=2, so > ] ] diverges by comparison with EL which diverges because
n=1YH — n=1 Y M

it is a p-series with p =1 <1.

15. ; I %_(EJ forallz=1. 3 (%)" isa convergent geometric series(jr|=£>1), so 5:5 1
- Sl n=l ”

diverges b}f the Comparison Test.
(.'»"Jr Nk -1) - 2k(k) Efrj 2 - soz (2k —1)(4{' —])
(k+1)(ﬁ- +4y KEY F K o {k+l)(£ 4)

converges by comparison

with 22—1, which converges because it is a constant multiple of a p-series with p=2>1.

=l

1 ] -
, S0 Z— converges by comparison with Z erges because it is a

n" = n “n
p-series withp=2>1.

27. Use the Limit Comparison Test withg, =H‘4+—ntl and b, = lq :
no+n n
2 2 2 1

lim 2= = lim w= im ~ ?Hl =lim It e =1> 0. Because Z— is a convergent

na® h o onm g (' +1) s gt 4+ el S —n

p-series| p =2 > 1], the series ZL”T also converges.

= B +n
3" 3" 3" 3 13y

3. 22 > = =—£—] for all » =1, so the senesz dwerges by

n+2" wm+2" 27427 2.2 212 =+

comparison with1>"(2)" , which is a constant multiple of a divergent geometric series(|r|=1>1).

m=1

Or: Use the Limit Comparison Test witha, = i +§H and 5, =[%] :
n+ _

44.1f {a,} and {b, } are sequences of positive constants witha, > b, for alln =1,2,3,---, then if Za,,

converges, Zb must also converge, which means lim 5, = 0. This is choice (D).

A=
n=1

45. EJE 2 SJ_ < 4 ‘J_ = 4L S0 Z EJ__ converges by comparison with the senesz

2 n n=1 2 n=l sz ’
which is a p-series wnth[ p=1%>1] This is choice (B).

46. (ﬁw J;)Sp < { 6?;)p < ( z)f’“ ,which is a p-series, so it converges for p—1>1<> p > 2, choice (D).
n— n— n—

47. n* —Sn+7z=n* foralln=1, so— 1 < ! for all n=1. The series Ziz COnverges

n—5n+7 n'-5n+7 —

because it is a p-series [p =2> 1], SO i .

also converges. This is series (C).
= —n+7



n n n n+l
4. (099" +7(0.6)" _(0.95"  (06) \(ﬂ 95) n \ [ 095y J
n n n Hr\ n+l  (0.95) n+l
= hm(ﬂ 05)" —/ =0<1, so Z ( converges by the Ratio Test (see Section 9.6). Similarly,
ntl o n

lim 706 | = (({] 6)" - Jz 0<1, so ZM also converges by the Ratio Test.
nse g+ T('EIE-) n— n+1 n

Therefore, Z (0.95)+7(0.6) converges. This is option (D).

n

40 If Z— converges then Z— converges by the Limit Comparison Test using 4, = L3 and B, =

n=l a n=l n I'J aﬂ'
because lim 4 _ lim kla, _ lim ka, _ k>0, If weletq _k and B, = . then
o B onx |fq o g a, k-a,
lim 4 _ lim l/k-a, = lim -2 =l >0, SDZ also converges by the Limit Comparison Test.
e B ow® 1/g =@ fkea k = k-a,

Finally, suppose a, =n". Then Z Z— converges, but Z = ZL diverges because it

=l dy = N n Y /.
is a constant multiple of the divergent harmonic series. Thus, the correct choice is (B), I and 1L
50. Given thatzlcnnverges, if a = and b = L , then lim = = lim L3 lim 3
~=73 3 4n 3" I'I‘—)“I'E'_l“ s 3" 4p 1 e 3 4p
=1 ! =1=10, so converges ZL by the Limit Comparison Test. In addition, if we let,
I+ % =3 +n
1 1 13 i =1
a, =— and b, =—, thenlim —-—=1lim (1) =(. By Exercise 54 (a), because Z— converges, so
4:': n n—w A" e = 3"

does Zl” However, we cannot use the Limit Comparison Test to determine the convergence of
n=1
;I—” (which diverges). Thus, the correct choice is (C).
1

H=



