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p. 706: 17-29 odd, 35-47 odd, 48-51, 55-59

17, lim %= < lim (S i
i > |(n+1)* (-
is divergent by the Ratio Test.

3 @)

[2(r+D)+1]! (3) |

u+|
ﬂ'

m |(=2)-———{=2-lim =21, sothe seriesZﬂ
o (n+1)° (1) 1o

1 s 1

19. lim |22 -3)
(2n+3)2n+2)| im (2n+3)(2n+2)

n—

L =1im

n—

g n—

=3(0) =0<1,so the series Z (=3) is absolutely convergent by the Ratio Test.

= (2n+1)!
{k+1) '
21. lim Gen &—]im[kﬂ-e']]: 1+}/ {1:}=—&1 sotheserlesZAa
== | a, k—wz ke® A 4 ek-= ] e

absolutely convergent by the Ratio Test. Because the terms of this series are positive, absolute
cﬁnvergence is the same as convergence.

lim (n+1)! 100" . n+l

e (1007 pl

=l
=0, 50 the series E]S? diverges by the Ratio Test.
n=1

lﬂ

23. 11m

n—yx

a, = 100

diverges by the Test for

n+l

25. lim |a |—]1m‘ o

lun n'’ =« =0, so the serlesz

n— H—2
n= ]
Divergence.
. |a . n+1)! »n" N A 1 1
27. lim |4 =lim ( jﬂ -—| =1lim ( }nﬂ =lim —=lim ————=—<1, so the serlesZ—
nsm | g | oms= ((n+])"T nl| o mo= (n+]) nse op onse (1+1/n)" e “~n

is absolutely convergent by the Ratio Test.

20 Tim |%4t| - iy 202+ DI (n)° | 2nt2@ntD) 2452+ %) _2:2
== a, | == |[m+DT @) - (m+Dn+) == 1+0)(1+%) 1]

=4 =1, sothe

® f
series ) EET)),' diverges by the Ratio Test.
n=1 \I1: )

.
5. i -

Test.

— ‘ =lim E =0 <1, so the series Z{ 2 is absolutely convergent by the Root

:I'J—)Mn n

Sn 5 5 5
37. lim gfla,| =lim ; =221 lim —27 —32-lim[ -2 | =32-lim(1+ %)’ =32-(1)=32 >1, so
" n+l n—y®

ny e W 41 e (n+1) nys

5n
the series Z[ ";J diverges by the Root Test.
n+

39. LI_I}I; .{*_/ an = 11_}[2 ,nf{arctan n)'| = llm arctann=7<>1, so the senesZ[arctan n)" diverges by the Root

n=0
IESL

convergent by the Root Test.

= lim n-l =lim ]_’J{'=lc:l= so the seriesZ[ -

. ] )
] is absolutely
no® Ip+ 2 moe 34y 3 o

2+3n



2mt+2 n+l
43, lim |2 = |(H+1)j 10 |—lim5 D) 3, m(1+ %)= []}—E}lsothesenes
= a Hc| 10" e T 2
o In
Z T - diverges by the Ratio Test. Or: Because lim a, = =0, the series diverges by the Test for
= |. H—s
Divergence.
45. sin(nz)/ 6| < 1 l,.ﬁ . s0 the series > ————= -~ Sin(nz) /6 converges by comparison with the
1+nJ_ | ]+n-\/_ - = +n~f_

=<>1). It follows that the given series is absolutely convergent.

convergent p-series Z

n=l

47. The function f(x)= is continuous, positive and decreasing on[z,w].

xinx
® (1 =1
dx =lim dx = ]lm [In(Inx)]; = hm [In{ln&)—In(ln 2)] = ==, so the senesz
» xInx == ), xlnx = nlnn

diverges by the Integral Test. Now {b, | = { } with» = 2 is a decreasing sequence of positive

nlnn

(="

terms and llm b =0. Thus, Z converges by the Alternating Series Test. It follows that

—nilnn
D is conditionally convergent.
=nlnn
2 n 2 .
48.1f @, =" thenlim [2=L “”P Zlgim | 2222 L (1434 1) =2, B).
2 nse | g “—F’C 2" nt| ome=2  opt ) 2 e 2

CO[IVEI'EES

n+l
49. {b } ={ L } is a decreasing sequence of positive terms and lim b, = 0,so0 Z(_ )
n +1 e o+l

is continuous, positive and decreasing on

by the Alternating Series Test. The function f(x) = zx 1
X+

* . Py . 5 L 5 :
[l,m). j] > dlel_g; x3+]afr=£1m Eln(:r +1]]2 =11m [In(A~ +1)—In(2)] =<0, so the series

+1
o I: )n+|
Z " diverges by the Integral Test. Thus series (I). Z l .converges conditionally.
n=2 =0 +
lim T #0, and lim - #0, so series (1) and (III) diverge by the Test for Divergence. Therefore

n=® == 4]
the correct choice is (A), I only.



50.

51

55.

56.

57.

lim » [l+n ] ‘ = lim [] o ] =1lim (1+ ) ) =1, so the Root Test is inconclusive for the series
—C i m—s0 ) s n—

Z(Hn] lim (EHI] ‘=lim[2+HJ=lim (2+ )4)=2>1,s0 by the Root Test, the series

=l 7 FI—330 71 m—0 7l F—30

“[2+n]" . . [1+H]2n
> diverges. lim »
n—3o0 2

n=| n i

2 I 2
=Iim(1+n] = lim [%] =%<::1, so by the Root Test,

n—30 n "0

the series Z(H—n] converges. Thus, the correct option is (C), 11 only.

n=|

i

Sn+1
dx+3

5

a . . .
—u=l = —>1, so the series diverges by the Ratio Test.

da H

= lim
n—3a

By the recursive definition, lim
P—3C

Statement (A) is not true because the harmonic series diverges but lim ! =(). Statement (B) is not

H—an bl
true because it is missing the requirements that /(x) be continuous, positive and decreasing.

< for the Alternating

Statement (D) is not true because it is missing the requirement that |a,_,

a.ﬂ‘

alﬁ']

[#]

=L <1 is the necessary condition for the

Series Test. However, statement (C) is true as lim
n—®
Ratio Test.

Both i(—l)” " and i(—l)“‘
n=l n=1

nt+1

N

nt+

1 converge by the Alternating Series Test. The function

X

x*+1

is continuous, positive and decreasing on[l,).

Sfx)=

x +1 b f o x7 41 2

oo b
X T X BRT 1 2 b T 2 _ _ 1
Jl dx =lim dx = !lm [2 In (x +1)} = !ll‘l‘l [In(d” +1)—In(2)] ===, so the series

oo

Z " diverges by the Integral Test. But by the Integral Test, Z Z/El converges. Thus, the

n=2 nz +1 =1 1 +
correct option is (C): Series [ is conditionally convergent, while series [I is absolutely convergent.

2 . : .. X = n+2
bl= nﬂ+ } is a decreasing sequence of positive terms and lim b = 0. Thus, ~1™!
{ n} {3n‘+5 gsed P n—m ;{ ) I +5

converges by the Alternating Series Test. The function f(x)= ;;_ 25 is continuous, positive and
X+

oo

2 b x+2 2 3x [

decreasing on[1,0). f XT2 x=lim de=lim | LIn(3x*+5 +—I;an“[—}

gon[le). | s sé=lm | 553 w[ﬁ (3~ ]415‘ 351

: , 2 [ 3 ® n+2
=lim |1In(3b" +5)+——tan”' | — | |- (L In(5)+ 0) = . 50

m[ﬂ G 9+ 75 (Jﬁﬂ () +0)=w0u50 T3S

i 2
Test. Thus series (C), > (-1)"™" 3”2—+5, converges conditionally.
=0 H +

diverges by the Integral



1 .
a;|l=—=<|a , S0 it is not true that|a
127 <laf= 16 s

= = 1 =1 i
statements (A) and (D) are not true. However, » a_ = —— — |. The first series
(A md®) 2 [E(zm)- §{2n}-]

. : RN .
converges by comparison with the convergent p-series Z—j and the second series converges by

n=1

i+ 3]

: ) ) 1 )
comparison with the convergent p-series > —. The sum of two convergent series converges, so the
n=l

o
series Za" must converge. The correct statement is (C).

n=l

59. (A) lim ; im —~ = lim 1 = 1. Inclusive.
n—m e (g 41) H'—>'3"{1+/]|
(B) rllim Z:;l 2: = rlH[m H;Il = !Hm [12}! J —< 1. Conclusive (convergent)

(©) lim ‘3) “/’_’

=3lim ’ ‘ =3 = 1. Conclusive (divergent)
n3e \p+1

lim{ 1+ ) - }/H } 1. Inconclusive
Ja+(1+ 1)}

The Ratio Test is inconclusive for Statements (A) and (D).

® tin

p. 710: 5-33 EOO, 42-43, 45-48
-1

5. Use the Limit Comparison Test witha, =—— and b, =
n +1 n
. a, .. (m-Dn . n'— 1-1/n° 1
lim— = lim——-—=1lim =lim =1= 0. Because Z— is the divergent harmonic
e T B +1 n—>x1+1xn —n
-1 .
series, the series also diverges.
;113 +1 g
e e’
9. lime" =<, lim x* ==c and lim 2x =<, so by I’'Hopital’s Rule (twice), lim — =lim — =
X300 n—3® n—yo I—3® Y_ = Dy
e N B :
lim — =o0. Thus, the series Z_z diverges by the Test for Divergence.
x—m )
2mt2 I 2 211
13. lim |2 = Jim |~ (Zn} | = T =0 <1, s0 the series Z[ 1) absolutely
el g | ons= |(2n+2)! | ﬂ—>°ﬂ (2n+2)(2n+1) - (2m)!
convergent (and therefore convergent} by the Ratio Test.
n+l 2 1 n_2
17. lim |92 = lim " (n+ly ”2|—lim 3(n+1) =3lim ]—ﬂml SDthESEF]ESZSH
nse g | o= (n+])! 3 | ns= (n+1)n” ne= on’ = n!

converges by the Ratio Test.



[1:3-5--@n=D)@n+1) 2-5-8--Gn=D|_. 2+l 244

21. lim |a, |=lim =lim —<:1 so the
n—3 ﬂ—>°=|2 5-8--(3n— l}(3n+2} 1-3-5---(2n— 1}| o Ip42 omom 34 Y
o k=lak+l
series =converges by the Ratio Test.

n=|

25. lim |a, |=lim |(~1)" cos(1/ n*)| =1im |cos(1/ n*)|=cos0 =1, so the series 3" (~1)" cos(1/ ) diverges
n—3 Ry H—p3 n=l
by the Test for Divergence.

1 " g™
29. Use the Ratio Test. lim|Z=L| = lim (HH,)'-E— =lim w =lim n+} l] 0<1 SGZ—
- ﬁ'" o £:F|I[r1'+]r‘ H! - en +2n+]H! e e..?r+ 5 o
converges .
J_ S—x
33. Let f(x) =5 Then f(x) is continuous and positive -:-n[l ) and since f'(x) = <0

2x(x+57

forx =35, f(x) is eventually decreasing, so we can use the Alternating Series Test.

: mn . 1 n
lim Jn =lim— =0 so the serlesz J_ converges.

1/2
—Sep4+y mep 4+ 5n - rz+5

[= =]

42. Because f(x)=

1s continuous, positive and decreasing nn[],-w), andj =0, We can use

x+ D x4+ 2
the Integral Test to show that the series diverges. We can also show the series diverges using the
- : , 1 1
Limit Comparison Test witha, =—, and b, = .
n n+2

Then lim 2= = lim U _ lim212 - lim(1+2/n)=1>0,and {ay} is the harmonic series so it
s b om® ]l fp+2 m g wo®@

diverges. Therefore {b,} also diverges. However, we cannot use the Ratio test because

lim == =lim M lim Z 2 =lim 1—’_/ =1, so the Ratio Test is inconclusive. Therefore,

e | q "—>=°1f[n+2) = p43 '1—>°°1+/

option (B) is correct.



(n+1) 2"

2u+| H3

43. lim 1+< += + =2-1=2. Thus, we can

n—3m

r 3
~ lim 2-[””] =21im |(1+4)'| =2-lim

n—ym 71 n® n—3x

test (A) for convergence using the Ratio Test.

! (n+1Y 1+ 1+2+3+3
However, lim (}Hl) 2z —|=1lim HH] 1 |_ { |+”+"'+ﬂ = I =1,
s ((nt ) 7| = n ) (n+)| i {n+l) oz [ (n+1) 0+1
2 +1)+1 n*+3 2n+3  w'+3 | 2n+3) . n’+3
and lim =lim = [im dim | —
w2 (141213 2n+1| =20+l wtr2n+4| 2 2n11) = 0?1 2n4 4

—lim [ +/] m[i]—ll—l and
ns= | 24+ 1+7+ 7

|ln{n+]) i [ n ] ln(n+1)|_ im L) 0t Il
n—m | (n+1)° ln{n)| nso \ p+1 Inn | =\ (I+})) »= Inn e Inn
Because In x is continuous for x = 1 and lim In(x+1) = lim In(x) = =0, we can use I'Hopital’s Rule to
{
findlim 20Dy VD i Xy i DD perefore lim 2D _ g ana g
e Inx e 1/x ==y +] n=e Inn nse  Inn
45. Only series (D), Z{—l} % does not converge. By the Divergent Series Test,

im _n*3 lim Hy_’{ =1#0. O _ =5 .1 <5(0.1)" and > 5(0.1)" converges because
2 Spg (0.1)" noe 5400/ 0.2n n —

it is a geometric series with» = 0.1 < 1. Therefore series (A), Z(— also converges. Series (B)
n=I| n

L= <] L= <]

converges by comparison with the sum of two geometric series (24(0.7')" and Z(%J" because

n=l =1

<4(0.7)" +(1.5)™ =4(0.7)" +(4)". For series (C), as n —=2,(0.2)" —0, so we can

40.7)" +(1.5)™
n

. =5 521
consider only > —=—>"— which converges because it is a constant multiple of the convergent
n=l e n= 1 L

p-series Z (p=2>1).

=1

46. The series converges, so statement (A) is not true. The series is not a geometric series, so (B) is not
true. The series does fail the hypotheses of the Alternating Series Test, but that does not imply that

the Series diverges. Statement (D) is true: The function f(x)=xe ™ is continuous, positive, and
decreasing 0[1[2.00) and using parts we find

I xe "dx—]lmj xe dx—]lm (—xe +e " —llm[_f+lb]—[;?+i,]=ﬂ+%=%.

b=l ¢ e e e e e



48.

EE—%-TE—%-TL =§-F’% diverges since it is a multiple of a p-series with p =% < 1.
n=l OH :r:h=llI H T:]iﬁj; EH

Z# diverges (see Exercise 11). lim n+2 = lim 1+ 1 —#0so0 Z[ 1)”“ 2 diverges
= nafInn sz 6n+4  nsw 6+ 6 — +4

by the Test for Divergence. However, (D), Z converges because

n=1

Jon__on 6 i s 16

- — converges since it is a multiple of a p-series
T R R . prEOTp

withp =5>1.

The first series is a geometric series with |r| = g,and in order for it to converge we need 0 <k <3.

Eji 3 = 21 :5 i;; Zik converges for k=1 (it is a multiple of a p-series), and

no+7 n n" N

o 2 . = k : = 2”2 +5 . '
— : — | and will converge only if

2 U 2T o

k=4, which is option (C).



