2. From the first figure, we see that

JF fx)dz < 3°5_, a;. From the

second figure, we see that
7 S8 ,ai < [ f(z) dz. Thus, we have
1:20"<f1 (I)dw<z

[+°) o0
5. 3 n’isapseries withp = —b. Y b™ is a geometric series. By (1), the p-series is convergent if p > 1. In this case,

n=1 n=1

Y nt=3Y (1/n7t),s0-b>1 & b < —1arethe values for which the-series converge. A geometric series
n=1 1

n=

y ’ o]
~— ¥ ar" ! converges if [r| < 1,50 3 b" comverges if [b] <1 & —1<b<1.
n=1 n=l

12 Lad s 2 ies wi
. ngl v an ngl -~y are convergent p-series withp =4 > land p = % > 1, respectively. Thus,
2\ Gt m =0 X i +4 3 —75 is convergent by Theorems 8.2.8(i) and 8.2.8(i).

g8
= )<0fora:>2

. f(z) = =T

T
1 is continuous and positive on {2, 00), and also decreasing since f'(z) =

so we can use the Integral Test [note that f is not decreasing on [1, co)].

o 2 2
A —_— Jlim [$In(z® + 1)]; =1 Jim. [In(t* + 1) — In9] = oo, so the series Z —n:_—l diverges, and so does

3+ 1 n=2 Tt
. . =< n?
the given series, :A__:l Hrl
: n? 1 Y
- Another solution: Use the Limit Comparison Test with an = —5—— and by = —: o
lim %% — jim nln = lim ————— =1 > 0. Since the harmonic series Z ~ dwerges so does Z "
n~co b, ns50 78 F 1 n—'°cl+1/ n® n=1T IR

16n2—1<n2 <n2 11 io:n"— . i o= 1 : o
T <3y <za -3 23y converges by comparison with n}; 32 which converges because it is
a constant multiple of a convergent p-series [ p = 2 > 1]. The terms of the given series are positive for n > 1, which is good
-—————=enough— —— —— —_——— S i G s et S
. oo n
24. -lls—lﬁ < —2—— d 2 =23 ( ) so the given series converges by comparison with a constant multiple of a
10" 107 no 107 = \ 10

— convergent geometric series,

S - V \
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29, (a) Y \y=f(x) Yzf(x)

An+1|a,4n
M o

An+i a4
0 5 i3 0

n+1 *
We use the same notation and ideas as in the Integral Test, assuming that f is decreasing on [n, o0). Comparing the areas

of the rectangles with the area under y = f(z) for z > n in the first figure, we see that

=a.n+1+an+2+---§/ f(z)dz

Similarly, we see from the second figure that

Ry

Rn:an+l+an+2+"'2/ f(l')dz
n+1
So we have proved that [} f(z)dz < Rn < [ f(x)dz.

{(b) If we add sy, to each side of the inequalities in part (a), we get s,, + f":l fx)dz <s<sn+ [ f
because 8p + Rn = 8.

30. (a) f(z) = 1/z* is positive and continuous and f (z) =

—4/1° is negative for z > 0, and so the Integral Test applies.
x 1 1 1 1
Z NS = gt tg et W a2 1.082037. From Exercise 29(a) we have

] 1 1" . 1 1 1 . -
Rio £ /10 —dz= :l—l.nolo [_3$3]10 = tlgg(—gt? + 3_(1T)3) = m,sotheen‘or is at most 0.0003.
(b) s +/mid:c<s<s +/loold$ = 3§ +L< < 810+ s
S10 - S 8% S0 - por 10 3(11)° S8 5 510 3(10)

1.082037 + 0.000250 = 1.082287 < s < 1.082037 + 0.000333 = 1.082370, so we get s =~ 1.08233 with
error < 0.00005.

N
(c)Rns/ Lol SoR.cnpom = <
n T 3n3 3n3

Tiad 33 >10° = n> {/(10)5/3~322,

that is, forn > 32.

41. Since )" a,, converges, lim an

0, so there exists /V such that lan — Ol<1iforalln>N = 0<a,<1forall
S

n>N = 0<al <a, SinceY a, converges, so does 3 a2 by the Comparison Test

n
n—1
5 by, = = > 0, {bn} is decreasing, and hm bn = 0, so the series Z (Gt i converges by the Alternating Series Test.
\/_ n=1 \/ﬁ
o0
v . S RS UUPR
6. nglan = Z( 1)”1+2\/_ 75-'1( 1)"b.. Now hm by, = Jgr;o CER YN AN #0. Smceﬂgx;oa,. #0
(in fact the limit does not exist), the series diverges by the Test for Divergence




2 n 2
20. The series Z —hasposmveter'ms and him 2t lim [M z } = hm (1+ 1) %

series is convergent. Now by = 27/T! a2 0.025 > 0.01 and bs = 2°/8! ~ 0.006 < 0.01, so by the Altemating Series
Estimation Theorem, n = 7. (That is, since the 8th term is less than the desired error, we need to add the first 7 terms to get the

sum to the desired accuracy.)

2

n—,l N0 Qp n—ooo an+1l n2

so the series is absolutely convergent by the Ratio Test.

(—10)n+! n!
(n+1)! " (=10)7

n—H
Un

Using the Ratio Test, lim

n—oo

=00

1m
n—oo |1+

absolutely convergent.

3 Z 21 1 diverges by the Limit Comparison Test with the harmonic series: lim n/(n®+1)

A T, nll'r{.xo ot 1. But
o0
> (- _zn_ converges by the Alternating Series Test: _EP_‘ has positive terms, is decreasing since
n=1 n?4+1 n2 41
’
= _ Lo <Oforz > 1 and im —— =0 Thus, Z( 1)»-! is conditionally convergent
2241 _(1:24-1)2 nocon2 41 ne1 1 Y gent.
3 3
B @ tim YOI — = = lim ———— =1. Inconclusive
1/n n—o (p+ 1) n—oo (1+1/n
. |n+1) 27 n 1 .
—_—T e — | = —_— — P -— t
nILn; s ﬂl_’<>o - n]l. n =3 Conclusive (convergent)
o (=8)" ive (divergent N
) (¢) nllon;o \ﬁﬁ-— ( 3)n z ﬂ_m n_m 17 1 /n 3. Conclusive (divergent) ~_
(d) lim A 2.1+n = lim 1/1+—1-- In? +1 5| =1 Inconclusive
n—oo |} 4 (n+1) n—co n 1/n?+(1+1/n)

P

Inz
oc’(—1) Inn =0+ E( n"- 1(lnn) bn=h1_7.7'>0forn>2and|ff(m)—‘—then
' 'n.;l n=2 n
fl(z) = n < Oforz > e, so {bn} is eventually decreasing. Also,
i =l i lim L) £ tim 1/ = 0, so the series converges by the Alternating Series Test.
n.l—l-onclobn_n—-oco n - z—o0o X T—00
(-2 | 2" . . : .
. The series Z (_n2')_ = Z(—I)"H satisfies (i) of the Alternating Series Test because
ne=l . n=1
” = 3 2 2 9
e 2w 2 2 b o, and i) Bim S=f S 2 T=0sothe
b"+1:(n+1)!—(n+1)n! n+l1l nl n4l o noconl  non

—101 ’ = 0 < 1, so the series is



S@/V;QS HCI\AOKGQA\'

@ &) Ll Com persca e
=z < oUuwﬁps
|
Lex o, = oz cnch  loa: ™

- —

\
= o e AT, lim S 2

b T'/\ w2 v Y w2 o

!
S,w;g 27‘,\ dJAMgej o loo dloes ZWZ

\O3 /\RW} CW,OOV\TM Test

\ .1
CAn = — . = e
wttlto

A \/\ /‘——’f | _(ji —= ]

or Jerio . NN v
Shce 2\—'/\ oki%es So  foo olews 2 Jiorm®

) \\/\k%vo)\ e sk
o

\ A 5 Lot (A = ko =3 e=2 s
& o lax h Au = dx HEs =D
2 >C
- v
=? g _L dU _ \\\/\‘Ml ’ — D 0\\/45%,93
A v T
ln?
) 5 2 . B '(J;I od)
A \ d . e du« = L
e T ' 2
\/\(\vw\\ == YA =N
Z \V\Z




@ C‘B AST Canwnelr \os

lh/\f\ Zk* <ok -
be—> £ IOLCZ*‘:)Lt -
~ K 2l -lok
Z (-1 ok 2 + Bk
e s !

k3/z PR A
S»\/\UL é ‘_b‘:;/,(
k<1t
ST ()" s
o} % \ =
5 = |

 olo Te:h'};,,,) ricie Sl \ - |.‘M_C,,___ -

2D

SQJOS (OL/\\AJ/(APQ of

CAow ) > -3
< =



@O‘> }\{CD T\/\Q Suwa ) MP‘M\”B E/w«xuod i

O\f\{g vcp/UO{ F {Vl < I ¢ !V\ s

Cose = -1 So }VI:(

‘)

b(,,lr WS use ol "’Q/d T v ctdp o Pyvvu./Q C\

1< ‘A Coyve . T e § Ms [Z)QCOKUK
Hre w e 17 Clon © ‘3‘72“’\

So [ T =2 O
W 1S

L

)
Ner qeod  acluce - Caxsicls e

e=1
Tl e & P*S@/’\GS et p=| So ir cQ)w,j?S

\;’V‘ ..L —> (O ¢
e flnomain o e

Aice = Cco TO  ANpeew's SECTION
NG LEARN How TO BO
THie  Proee RLx !/



