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SECTION 122 SERES ETSECTIONN.2 O 1M
12.2 Series : ET 11.2

1. (a) A sequence is an orderad list of numbers whereas a series I8 the swm of 8 list of numbers,
(b) A series is convergent if the sequence of pattial sums is a convergent sequence. A series is divergent if it is not
convergent.
2 5 0" . an = 5 means that by adding sufficiently many terms of the series we can get as close as we like to the

number &. [n other words, it means that lim,,— e #n = B, where s, i the nth partial sum, that is, 35, d4.

Th 8n
—2.10000 - ‘\
—1.92000 . !

—2.01600 o )

—1.99680
—9, 000K
-1 00987
—2,00003 ’
—1.99999 _\3 ~
—2,00000

10 | —2.00000 From the graph and the table, it seems that the series converges to -2, Tn fact, it

o d k) —

Lo w s B N e o}

is a peometric series with o = =24 and r = —L, 5o its sum i

i 12 -24 _ -24
1-(-%) 2

= —2, Note that the dot corresponding
it =1 is part of hath {a.} and {sn}.

T1-86 Note: To graph {ar } and {3, ]}, set your calculator to Param made and DrawDot mode, (DrawDot is under

GRAPH, MORE, FORMT (F3).) Now under B (£} = make the assignments: ¥xt1=t, ye1=12/(~5)*L,

xtd=t, yt2wsaum soqg(ytl,t,1,k,1} . (Qurm and segare under LIST, OPS (F5), MORE.) Under WIND

ue 1,10,1,0,10,3,-3,0%,1 toobtain a graph similar to the one above. Then use TRACE (F4) to see the

values.
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0.50000
1.90000
3.60000
b.42303
7.30814
0.22706
11.16706
13.12001]
15.08432
17.06462

‘g'ﬂ

O 0 00 -1 O oot oA Lo by ]

]

1.56741
—0.62763
—0.77018

0.38764
—2.99287
—3.28388
—2.41243
—0.21214
—0.66446
—9.01610

3

dn

0o =] T o e W b
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1.00000
1.60000
1.98000
2.17600
2.30660
2.38336
2.43002
2.45801
2.47481
2,484818
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The series - diverges, sines its terms do not approach Q.
Doy g PP
ni=1

2

oo R I
0 + 7 + . 1

R R
[au}' o u
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L {Su} A a a y,

=10
= =]
The scries Z tan n diverges, since its terms do not approach 0.
n=1
3
r A
{Fa}
. Lo}
0 L = L] = . <11

From the graph and the table. it seems that the series converges to 2.5.

In fact, it is & geomatric serias with @ = 1 and » = 0.6, o its sum is

= . 1 1
0.6y = =_— =25
;( ) 1-0.6 175 5




FEB-23-2007 FRI 08:58 Al HCC BLDG.

15 FAX NO. 206 870 4803

SECTION122 SEAIES ETSECTIONT1.Z O

7.
n i ¢ . .+ =
1| 0.64645 oo i)
L 2 | 0.80755 )
3 | 0.87500 ]
4 | 0.91056
5 | 0.93196
& | 0.94601 R
. . " » " . N . ¥, "
7 | 0.95581 0
& | 0.86296
9 | 0.96838
10 | 0.97239

From the graph, it seems that the serices converges to 1. To find the sum, we write

1 1
=3 (7 - 7o)
=(1-35)+ (7 -a) (7o) ++ (33 ) =
Sothesumis lim s, =1—-{1=1,
) Tt
| 8.
n Sp ]',, ™
2 | 0.50000 Lo
i | 0.RA66T {n}
W 4 | 0.75000 .
— 5 | 0.B0000
6 | 0.83333
7 | 085714 L . {4} . )
8 { 0.B7RO0 0 tot——" 12
g | 088880
10 | 090000
13090900
100 | 0.99000

From the graph and the talla, it seems that the serics converges to 1. To find the sum, we wrile

™ 1
_g i(i—1y

[partial fraciions]

(\i—1 i
LI N D DIV S S A RO
(3-3)+G-3) = (F-2) =15

and so the sum is lirn &, = ] — 0 = 1.
T—+ 20

P. 03/06
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O GHARTER12 INFINITE SEQUENCES AND SERIES ET CHAPTER 11

o
(a) Il_i__m an, = 11n T q_:: 1 j. s0 the sequence {an } is vonvergent by (12.1.1) [ET (11.1.1)].

] e - - - .
(b) Since limn a, = 3 # 0, the seriex 3 o, is divergent by the Test for Divergence (7).

—ra n=1

. a o _ _ _
(2) Both »7 a; and 37 ay represent the sam of the first v terms of the seqeence {am }, that is, the rth partial sum,

=1 a=1
() E Gy == a4 -+ aj + - - - -+ a; = na;, which, in general, is not the same as E ai=ay+as+---+ aa.
i=l L =

11 kerms

34244+ &4 isa geometric series with lirst term o = 3 and commen ralio r = 2. Sinee |r| = ﬁ < 1, the

. ey ath, — % 3
series converges o yte = =% = /3 = Q.
L L b 14... isageometric series with r = —2. Since |r] =2 = 1, the series diverpes.

Al . Y . K 1. Y] . ' .
-2 £ — 2 418 _ ... gy peomelric series witha = —2and r = _—Lz = —2, Since |r| = & > 1, the serics
diverges by (4).
)

1+ 0.4+0.16 + 0.084 + - -+ is a geometric series with ratio 0.4. The series converges to 72 = T%'/“ =3

since || = £ < 1,

[=u]
_: =1 - - P . . a .
E —3 153 geomelne series with a = Sund 7 = % Since |7| = 5 < 1, the scries converges to

1
—&)" ; -

E ( rn_L is a geometric series with o = 1 and »

n=1

—£. The series diverges since |r| = 2 = 1,

(_5 H—'l o2 3 w—1L
2 1 = 4 Z (—E) . The latter series 1s geometric with a = 1 and » = —%_ Since |r~| = % < 10
"=l )

1

e 4 : ey o . Iy iy — 1
CONVErgEs [0 5 7. Thus, the riven series converges to (‘1) (7) = z.

= (‘—.'5/4) =
] 1 1

——— is & geometric series with ralio 7 = —=. Sinee |r| = — = 1, the series converges. Its gum is
Z (/2)e V2 vz

=il &

1 R R T L 2 ST S
TS AT = Vil \/§+1—\/§(\/§-J 1) =2++/2.

7t 1o porym, . . . - T o ’ L .
Z el Z (_i) is a geometric series with ratio r = T Sinee [r| = 1, the series diverges,

=0 n=0
=)
. ayh, . . A ; , e .
— =3y (E) Is a geometric series With first term 3(e/3) = & and ratio 7 = 2. Since |r| < 1 the
=] n=1

. . =
sEriEs converges, s sum iy ———— = ——.
£ 1 /8 3-¢

[£=]
" . . S . )
ngl P diverges since nlil.lga fy = 1‘}1{%._. m 'I' =1 2 0. [Usae (7Y, the Test for Divermence. ]

P. 04/06
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[=.=] o=
3 1. . . . s . . ;
2y n= 3 E o diverges since each of its partial sums is 3 times the corresponding partial sum of the harmonic
n=1 il ’

[="=] ="} ey
. 1 N : 3 1
series E o which diverges, [If E - were lo converge, then 5 o would alzo have to converge hy

e - n=1 n=1 =1

Theorem 8(i).] In general, constant multiples of divergent series are divergent.

23, Using partial fraciions, the partial sums are

= . . | 1 1 3
s 3 oy = gim (- - a) = 5
= (n+1)" ] e ) .
24, ; —n(n 3 diverges by (7), the Test for Divergence, singe
, . ni42n+1 ] 1 .
i on = tim TLEE = i (14 o) =120
an [ 2
25 Z _k diverges by the Teal for Divergenee since lim a; = lim L 1#0
-k=2k2""1 £ Y o & hi—r o kw_vlr‘—rmkgwl_ '
26, Converges. s, = i __g.,_ = i 1 1 (using partial fractions). The Talter sum is
S P+ +3 S\i+1 it3 :
- 1
G-D+E-D+E-D+GE-Dr+(F-ah)+ () =iti-sa-=h
[
. . 2 . 1 1 1. 1 1 1 5
telescoping series), Thus, ¥ —————— = 1 2 D e — — ] = = == 2
(telescoping feries) "“‘”Z_:_lnw-em-l-a ﬂEl;lﬂ(z "3 ni3 n+3) 37376
N L R (3“ an =N SRS A 1/2 1/3 1_3
27. Converpes. o — +— | = =} w{= - o R
e =2l te) "2 |(3) <5 -1z 1-1a" T2 2
2, Z: [(0.8)" " ~ (0.3)"] = Z(D.B)"’_1 - Z:(f.l.-':'n)’1 [difference of two convergent geometric series)
=1 n=1 m=1
_ 1 03 _ 5_ 3 _ a2
T1-08 1-03° o7

L a)
29, Z Va=24+vV2+V2+V2+.. diverges by the Test for Divergence since
n=1

Jim o = lim YE= lim 2Y/" =2 =1 £,

Th—+ 30 =00
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: s n . 1
30. nli:};lo Gy = n.lﬂ 111(2n T 5) = ,,,llui.:, ln(m) =1lpi s 7 0, 50 the series diverges by the Test for
Divergence.
a. ,11‘1.1.1.3.5 ap = 11111 arctann = § # 0, 50 the series diverges by the Test Tor Divergence, .
32 Z(cos l}k’ is a geometric series with ratio r = cog 1 /= 0.540302. It converges because |r| < 1. Its sum is
k=1
cog l. o
T ™ L 178343,
33, The first series is a telescoping sum:
= 3 = (1 1 — (1 1 1 1 1 1
g n{n -4 3) _nZ=1 L nvlvﬁ) - ngl (*ra. -+ + n+l n+2 * n+2 n+3)
— (1 1 = 1 1 =1 1
=2 (3-751) 2 (5 -m) t2 (-7
,, 1,1 11
=ltst3=%
) 5 1 = § 8/4 5 ..
The second series is geomelric with firat lerm 7 and ratio 7 11Z=:1 FoIoiATT Thus,
— 3 5 = 3 =5 . : 1. 5 7
ﬂ};_i (m + F) = ; s T ,2 2 sum of two convergent series] = == + 5 = 7.
, i (l + ) diverges because i =2 Z — diverges. (If it converged, then l 2 Z = wnuld alan
n=1 o n n=1 f=]

converge by Theorem 8(i}, but we know from RExample 7 that the harmonic series Z % diverges.) If the given

n=1

[
n=1 =1

geries converges, then the difference E (— }e ) 2 == musl converie (since Z is a convergent

O
. . 2 . 2 ., . . .
geometric seried) and equal E o but we have just seen that E " diverges, so the given series must also diverge,

n=1 n=1

36 0E= *i% + -1% - -+ i% & geometric series with a = 1—20 and r = 110 1t converges (o ']"'E_ = T%Z'%%T} = g
RUTE D DI

3% 3.H7=3-|—% + Téz +--- —S-F% =3+ 33,3, = 14;‘]4 = %

% 625162+ 5L L 5 L _ean 54/10° 62 54 _ 6102 _ 344

108 108 1—1/10° 10 " 860 990 55



