Ch11-5

HEH
B Which of the following series converges?
(1) acd (2) abd (3) bcd (4) a,b,c
o Tt e
ha | -t
© Yeyhn @ TOo
Ans : 3
SOL :
() - L@%zl Zﬁ diverges. (11-2)
(b) :]/H:Zl Zr:/_—Zn : >n 2 g Z SU p:g>1:>in2 converges.

n=1

So > \/E 1 converges by the Comparison Test. (11-4)

(c) Let f(x)_—>0 for x>0 and f'(x)= Inx <0 for x>e
X
so f isdecreasingon (e, o). Also, |Im|n—x—|l 1/1X 0
X—00 X X—00

So the series converges by the Alternating Series Test. (11-5)

(d) Let f(x):\/%>0 for x>0 and f'(x):—m<0 for x>0
) . ) 1
so f isdecreasingon (0,).Also, lim =0
gon (0,0) m——

So the series converges by the Alternating Series Test. (11-5)



B Determine which series is divergent .

o0 0 n .
-n’ (=D'n =, sinn
@ Yne". (b ©) ) .
nz=:1 nZ=:110n2 -1 Z_:1n2 +7n+1 nZ:;‘n2 +1
Ans : c
SOL :

@ f(x)= xe ™ is continuous and positive on (0,).

f'(x) = e X —2x% X =™ (1— 2x2)< 0 for x>0,s0 f isdecreasingon
(0,0) . Thus, the Integral Test applies

_[xe dx = lim xe < dx

a—w

_a? - _ 2 a2 ] —a? _ a1
Stim [ = teau] T e Liimfe [ mtim- oL a3
asedl D du = —2xdx 2 ae 2 2e

2
1>0 for x>0 and f'(x):—M<0 for x>0

(10x* —1)°

(b) Let f(x)= 10x)2(

so f isdecreasingon (0,c).Also, lim——— =
x>10x° -1

So the series converges by the Alternating Series Test. (11-5)
n 1 . .
c) Let a. =——— and b_=—.Then a_ and b. are series with
© " n?+7n+1 "n 22 2.0,
n/n>+7n+1 . n2

. . a :
positive terms and lim—=Ilim————=lim—————=1>0
ooy o 1/n oo NS +7n+1

Since an is the divergent harmonic series, Zan also diverges by Limit

Comparison Test. (11-4)

sinn 1 1 1 >
(d) <—=n?, dYn?EY =4 p=2>1= > n? converges
241 n2 +1 n? 2 an = nZ:;‘

0

So Z_; :;n+n1 converges by the Comparison Test. (11-4)




B Which of the following series converges ?
@ Ysn). @ ot @ SEEE ©
> 1
n=2n(In n)2 .

Ans : d

SOL :

l) and b, =—

(a) Use the Limit Comparison Test with a, :sin(n

Then > a, and Y b, are series with positive terms and

lim 3 _ [im sin(/n) _ lim sin(9)

n—w bn n»o 1/n O—0

=1>0

Since b, is the divergent harmonic series, >_a, also diverges. (11-4)

(b) Let f(n)=""" consider [ fxmx=[" —dx_l —dx
n a—o0
. flna u=Inx . u? Ina (Ina)2
Z!ﬂl In1 udu[du %dX]zlm 2 ° _!Loo 2 -7

By Integral test ZlnTn diverge. (11-3)
=1

n

c) Let b = 3 D"b, , now I|mb _I|m—_1¢0
© " Zl n+1 Zl( )b, ne 41

Since lim(-1)" —1 # 0, the series diverges by the Test of Divergence. (11-5)
+

n—o0

1 . oo
(d) Let f(n):w,conﬂder L f(x)dx = ZW !\»oo-[z x(Inx)?

e u=Inx _ 1 - -
—lim[ —d 1 |=lim 1:“;‘_Iim O Wt
aswdn2y2 | du= Xd a>e g ™ aselna In2 In2

By Integral test Zﬁ converge. (11-3)
nn

n=2



B Thesetof p forwhich the series z ) converges is

~n(Inn)®
(A) (=o0,0), (B) (—=.1),
©) (1,00), (D) [1,00).
Ans : A
SoL :
Let f(x)= >0 for x>1 and f'(x)z_(('”x)p_l'('”“p))<o if

x(Inx)°® (x(Inx)?)?
x>e P so f iseventually decreasing for every fixed p.

Clearly lim
x->o X(In x)

By the Alternating Series Test. (11-5)

=0, so the series converges for all p.

s 5N

B Which of the following statements about the infinite sequence {an}:’:l are

true ?

(A)If lima, =0, then lim|a,|=0;

nN—oo

0

(B) If ian converges, then >"(|a,|+a,) converges;
n=1 n=1

o0

(©)If > ([la,|+a,) converges, then ian converges;

n=1 n=1

(D) If > a, converges, then » a’ converges.
n=1 n=1

Ans I A

SOL :
(A) Ture!
<pf.1>

T - =

Since as| = {a + laal} —ax AN [ +lagl = 15" e " 2 g
L o




o MM el an | =Hmyoofay + lag|)—ay =0—-0=0 = (11-1)
<pf.2> (By definition.)

Nosg ety = @ =>%e = @35 = @ such that |a; — @[ ==, for all n>N
||an|—€1| =|a,— 0| = foralln>N. = (11-1)

(B) False!

. [ el . .
Consider a, = % => T=.a; converge (By alternative series test)

- |H"| +a, = ]:E.l If 11 {2 ever.
&, ifnl=zodd.

=>Eiedf lagl +ag)d = Ditivem %: divergss. (Since }'_]ﬁ diverges.) (11-5)
(C) False!

Consider a_ = '?1 => |ag|+ag =0 =>T(|ay| +a,) =0 (converges)
But, £, a, diverges. (11-2)

(D) False!

. e L . .
Consider a, = % => T= . &, converges. (By alternative series test)

But %, a,%= f::.% diverges. (11-5)



B Which of the following statements is true ?

(A) Assume that the series Zan converges. Then the series Z(—l)”an

n=1 n=1

also converges.

(B) Assume that the series Zan converges. Then the series Zanz also

n=1 n=1

converges.

(C) Assume that the series Zan and an converge. Then the series
n=1 n=1

0

Z(an +b,) also converges.

n=1

(D) Assume that the series Zan and an diverge. Then the series
n=1 n=1

0

> (a,+h,) also diverges.

n=1
Ans : C
SOL -
(A)False!
Consider a, = % => Eri,a8; converges. (By alternative series test.)
But, B%,(—1)"a, = ;‘=1§ diverges. (11-5)
(B)False!
Consider 3, = % => E,a, converges. (By alternative series test.)
nf
But, %, a,% = EZ‘=1§ diverges. (11-5)
(C)Ture!
<pf>
Since EFL,a; . Eiz,a; converges
=> Zpmafy tEgmi by = Hmgee Bfy dy + Himigoc B by
= Ui Zfizq (g + by ) =Z5qfa, +by)
converges.
(11-2)
(D)False!

Consider a, =-1, by =1 => X, a,+b, =0 converges. (11-2)



B Which of the following series are convergent ?

() iln(“z”],

rl2

8) (-1 tan”,

n=3
> n
C —,
© ~100n° +1
(D) sinn.
= n!
Ans : ABD
SOL :
1
n2+1) . In(“nzj 1
(A). Let a, =In — |, lIm———~=lim——=1
n n—ow 1 n—o 1
e I+
n

2
n=1 n

o0 2 o0
By the limit comparison test, Zln[n +1j converges < ziz converges. (11-4)
n=1 n

(B). Let a, =tan=. a >0 satisfies (i) a,, <a, and (i) limtanZ=0.
n n—oo n

By the Alternating series test, Z(—l)n tan% converges. (11-5)

n=3
n
2 2
(C). Let a, =———— with positive terms, lim4000°+1 _ ji n2 _ 1 >0
100n° +1 n—>c0 1 n>»100n“+1 100
n
.. ) =1 . © n .
By the limit comparison test, — diverges < ——— diverges. (11-4)
y P Z:;n J “~100n* +1 J
.Let a =——. |——|<— an — converges (by the ratio test
(D). L n smln 5|r:1'n §| q :. (by th . )
n! ! I ~'n!

By the comparison test, Zﬂ converges. (11-4)
1 NE



B Which of the following series are convergent ?

.
A) Zn 1 B) ng(—n tan-—

C) Zln(sn_

Ans : BD

o0

D) Z cosn

n=

SOL :

n
2

. 2 . n
lim DL fim ——=1>0.
n—w l n—o N +1

n

(A). Let a, =

11-4

_ . 1. > N
By the limit comparison test, > = diverges < > —
gl N +1
(B). Let a,=tan—. a, >0 satisfies (i) a,, <a, and (ii) limtan—=0.
n n—owo n

n+1

By the Alternating series test, Z(—l)n tan% converges. (11-5)

n=3

Inn

(C). Let a, _In( <a, and (ii) IimT:O.

1) a, >0 satisfies (i) a

n+1

<Pf.> (i). _[In_xj_ Inx<0 for x large.
dx\ x X

By the Alternating series test, Z(—l)”*lln—n converges. (11-5)
n

n=1

n 1 a_ _E
©. an_In(3n_1)_In(3_1/n)_ln(3—1/n) =-1In(3 n)

lima, = I|m In(3——) =-In3#0

n—o0

So the series diverges by the Test of Divergence. (11-5)

(D). Let a, =@. cosn l and Z— converges (by the ratio test)
n! n! T
= Ccosn
By the comparison test, Z converges. (11-4)

Nl



