+ gp = Z Thmsap-semsmzhp“’
) el I

. anud }: 5373 are convergent p-series with p == 4 > 1 a:ﬁdp',:_%‘}_ _L_tésp@c:éi’vﬁly. ’I‘hﬁs,

camferges T

4 j’{x} m

50 we can use tke iniégm Test {m}w that f is rot céacrsas;zzg ofi él o«;}i

<f}§9r$>2

f Rt Jim {‘ fﬂé’x"‘«? i}f = § Jim sﬁm;f + 15 ki‘% eo, Wﬁﬂmes 353 ’“"’g‘“ ém“g"s*
:2:3 -r i ' ) o= i
the given series, rg} T , oo

S . )
Another sm’wien: Use the Limit Comparison Test with a,, = ﬂ;i
' 2

sy ; noen H
i o fffi FIi T ,fffi T = = 1 > 0. Bince the harmonic ser.msag;i - aﬁwrges so.does ﬁg};%

R R 1

.



112, 50), and also decreasing since [{z) = — < Gforz > 2, so we can

[ £ o0
use the integral Tes&/ dr = Hm {nflne o= Hm n{ind) — Infin?
: i plad Qo Inin g, .

5 lnr foise b s

1
= o0, 5o the series Y‘ —— diverges.
o elnm

w11 = opt g 1 . L
gy == ¥ Ty tonverges by comparison with V‘ 55 which converges because it is
Int 8wt A qpd L iy B
a constant multiple of a convergent p-series [ p o= 2 > 11 The terms of the o given series are positive for > 1, which is good
enough,
cos? 1, 1 1 t ) ) . . ST~ §
T b ) <= 350 the series 3“ ST converges by comparison with the p-series 3 - fp=2>1]
e - i vy TEE A ey T
4 4o 37:, 3?1 13 AT 37
57 5 = ) forail vz > 1, s0 divezgeq by comparison with the divergent geometric series Z ( I
7w}
n—1, -1 n 1 1 Xon—1 . .
is positive for 2 > 1 and < = o = 7] 50 ¥ ~— converges by com arison with the convergent
4w BRO n 4” ndn  4n 4 A ondn Bes by P g
ooy }_ TR
geometric serjes ¥ { = | .
=l 4
! ! ___l == comverges by comparison with the vergent i
= converges by comparison w ¢ convergent p-series
RIS Y A% Vnd ] =
x01
r 3 5
?{—:} waE P=F 1)
; s . . . 1
Use the Limit Comparison Test with ey == s and by, = -
S Ve 41 T
.l . . 1
im == = lim = lim s == | 2 (3 Since the harmonic series X — dwerges
e oe By, noe W2 e Thomnh X v (IS (]];?12/} yiemy TH
3 H
s0 does y .
amn Ve 4+ 1
; P . o i i .a 7t i 1
Use the Limit Comparison Test with o, ~ and b, = -1  lim — = lim = e =)
Zn -3 w8, onse I+ 3 alac D4 {3/my 2
1 -
Since the harmonic series E - dwemc sodogs 3 Z 3
Fizz R P A
I+ {1y : - . . -
oz == converges because it is a constant multiple of the convergent p-series 3 o
HAVEE 1T/ AsE M1

z - :
=g > 150 the given series conve zes by the Comparison Test,

I

i+ sinn 2 =/ . . . ) .
TR IS an V ET’?- =35 { ) . 3¢ the given series converges by comparison with 2 constans multiple of 3
530 I ey 10 nmo 10/

OnVergent geonistric series,




T CHAPTERE SERES

Ty i
Hin e =
v by,

;

£ i .. } . ;KT
e A0 By = o Then Hmo— = but Yk
Fre (Xl b

e 7

. == (L 5o there exists N such that A~ < 1 for

Since 3, converges, so does Y. 05 by the Comparison Test,

“ ————_ This is a p-series. which converges for all & such that — Inb > |
7

s

eb<~1 & b<e™d a poi/e fwiths = 03],

Other Convefgfence Tests

1) An alternating series is a series whose terms are alternately positive and negative.

> H . . N . .
') An alterrating series 37 (=177 b, converges if G < b, , by forallnand lim b, = 0, (This is the Alternating
) T oo

Series Test,)

} The error invoived in using the partial sum s,.

as an approximation 10 the (otal sum s is the remainder R,
size of the error is smaller than &,

ythatis, (R0 < by, oy (This is the Alternating

Series Estimation Theorem.)
JSmee lm 2 g g part (b) of the Ratio Test tells us that the series Ta.
Tty

is divergent.

) Since Jim 1.8 < 1, part (2) of the Ratio Test telis us that the series 3" a,, is absolutely convergent (and
n—ae oy,

¢ Since lim 1= L the Ratio Test fails and the series 3 a., might converge of it might diverge.
B iy

c= S iy 2 Now b, = s >0, {b.}is decreasing, and lim 4, = (3. s0 the
o [ o ] il ¥ ° FEoe 0

ies converges by thé Alernating Series Tes:.

act the Bmit does not

converges by the Alternating Series Test,

¢ 3 T £, -
st ' i

act the Himit does not exian, the serles diverges by the Test for Diy Srgence,

=z § —~ &, and the



SECTION &4 Ommem CONVERGENCE TESTS

. nn N e law
: T R > 2, and H i = -~ then
- 1 =z
i
! =50 {6, is eventially decreasing, Also,
H
; = {150 the seriey converges by the szematmﬁ Series Test,
SAUSHES (1) of the Alternating Series Teer because
/ 29 : 3 2
) T b <Ay and I S o BT RN =
: I - ) }ss-«—vfx. 7l oy ~ 1 21
; series is convergent. Now bs = P 0025 > g and by = 28 /81 o ) 006 < 0.01. s by the Alternating Seres
.{ A
; Estimation Theorem, 5 = 7. {That is, since the 8th term is less than the desired error, we need 1 add the fisst 7 terms tc
% S o the desired accuracy.;
s (g
: 10. The series Z o satisties (1) of the J\Itemarxrza Series Test benwse olm e o
= n tmso 13 B
. 1 1
the serjeg ig comvergent. Now b, == 755 = 00004 > 0.0001 ang by = -—~———~;~ = 0.000064 <o, 0001, 5o by the Alter
. 5. 5%
Serieg Eszimation Theorem, 7 = 4, {That is, since the 5th term is less than the desired CITOE, We need o add the first 4 e
£T the sum 1o the desired accuracy.) o
RS S L B B . 1 - 1
1. The series S T satisfies (G of the Alternating Series Test because — and (21; im - = = {1, g0tk
ns1 onb o138 T e o b
. . 1 1 . ] o .
SENes 15 convergent. Now § by = i 0.000064 - 0. 00005 and by, - 5~ 0.00002 « 0.00005; 50 by the Alternating !
Estimation Theorem, n - 5, (1 hat is, since the 6th term is lesg than the desjred &rror, we need to add the first 5 terms 1o g
sum to the desired acouracy,)
: . . . P N N it T
12, Using the Rarip Test with the series PR E SEa P = ey —_—
=] Frem ] e

: [

i Lrb . i ol 1 e” i .
nm ;= i [ e S ‘j:“*“«-\—?-u--;...‘ = [ |
R A N g | PRIt {1ty o ]

50 the series iz absolutely convergent (and therefore convergent). Now by = 6ief o

7 0.015 > 0.0 and

f} b it

= 0006 < 0.01. 50 by the Al temating Series Fsij

mation Theorem, n = g, {That is, smce the
the daazrcd STOr, we need o add the first

7th term is legs 1]
& terms o get the sum to the desired accuracy, }

i P
13. by = :l: R yracevall=— 8410 (355 Oy 8G
7 6,507

b5 10 55 doss not oh ange the

o

ourth decimal al place of 5.

» 50 the sum of the SETILS, Correct o mﬁr dcwm. places,

R T T

L R b A b0



b o LAE 5 a6 . i ine &
s+ et T TS T mEees T Tehoo = 0067614, Adding br 10 55

b fourth decimal place of %6, 50 the sum of the series, correct o four decimal places, is 0. 0678,

5 qhm
hD -%m%% S - S Ton — s & ~0.283471 Adding be to 55 does not change the

tace of 85, 50 the sum of the series, correet to four éeczma} p aces, is —£h 2835,

) 3 : . : ,v_w;.:.l.v;;.;:'--' TR T Lo
373 -1 F _2_49 i T ) '. ?”he_lE;{?t.%:t%ar%}a.tf s;mr;fths SErIcs is an

e N ! Py ' , 3
3T = Sgg 4 ( - w) + ( Fri EZ) = -+ -, and the terms in parentheses are all pogitive,
7 . :

The :e'siti_ antbe seen geometrically in Figure 1,

1
<
{n‘i‘} ™ onp

i

ffp >0, H{1/n"}is decreasing] and Elm ;5; = {}, 50 the series converges by the Alternating Series

t [ o )ﬁvi
Fest. If p < '{), Iim =

o frd

does not exist, so the series diverges by the Test far Divergence. Thus,

TRONVEIgES < p >

o the series dives‘ges_

- -i 2
il NGRS i . 1
“he series —-}zas ositive terms and lim 2251 B e LI Ly =i
P ] 1 2
1 2 - EoAntl gy ] st i

TS (L Tk O

0 the seties i absdlutely convergent by the Ratio Test,

oy 0
; n--oaog i?’i*p’l}f ( IOE TG TR+

diverges by the Limit Comparison Test witl the harmonic serfes: lim el — -
e 1;72 Boson 7Rl 4 1

- T = 1. But

0
s =1 i

. . . 7
I comverges by the Alternating Series Tost: { T } has positive terms, is decreasing since
Fie - Fi

e}
SOforr > 1 and Hm =0 Thus, 37 (-1 —

- Is canditionatly comve ent.
r—ee 7t 4 ] g e 5 1 - ‘&

“-—u»,::-u converges by the Alternating Series Test, but Z Sz sadivergent pseries p = 1 < )

- i
R B
H ¥ =1 V

s

3 the given series is conditionally convergent,

L L e LI,

e,

e,
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vergence, =L S0 am (1"

— dogs not axist
t'i

Ze
3.

s the series ig absoly itely venvergent by the Rarip Test, Since the s of this series are Bositive
S2Me 35 convergence

’ o 1 R
21ges by comparisan with the comve CIECHE gedinetric series L il .
B~ P bl & s i;, f

Thus, Z st dn

e ig *«bs@?uief}« a

L08 {nm /3y
27, T L

EEN

@iges absolutely by
Comparison Tes:,

Frac

L.

mE A 2 -
. a a . . . Lo

28, Iim / = > 1, so the series diverges by the Ratio e

E S o S} 4 )

(=1¥" arctann | 772 . 5 w2 e {1 aret
29. ""*““J_-;Tbm < Ty sosince 30 M}}i_;w = = 2> 11, the given series 3 e

i : iz B [ B i
coenverges absolutely by the Comparison Test,

30 Hm

o ‘ -
. ; . . e'-wl‘
Ry L, 50 the serjes § £
emze ¥ R T T

converges absolytel

v by the Roet Tc«:f

I47 o P
M L e S ) : a
Codm o g oo— T e o o g0 e S¢ries E Erwica
e Fwag s {47, 33 - .

; ; n+] L
T . Fino= 1) 3 .
Or: 3 e i %*i-w- Bl B ifm

i i [iRand="c

Z i1
I+ “\] Hm iy e 1) s
fi/f e o

the Ratio Test,

50 the series js divergent by

. i . . . 1 L= 1}
32 Since { L 1§ decreasing and Jipy -t = 1), the series E R
nlinn ne ninn :

N i
S

s Test, Sing

di \erveb by the Iy egral Test {Fxercise 3.3 iS5

B e
S AICLAN »
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o <k s0 the ser




