Determine whether or not the following alternating series converge. For
those that converge, first find upper and lower bounds, and then
approximate accurate to within 0.001.

o (=1
L Z In(k)

k=2

» Convergence?

Alternating Series Test, Part 1: Suppose kIim ax = 0 and
— 00
0 < agy1 < a for all k > 1. Then the alternating series

o0
E (—1)*1a, converges.
k=1

{ak} = {In(lk)} In(x) is positive, increasing on [2,00) = In(lx)

positive,decreasing on [2,00) = Alternating Series Test applies.
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» Convergence? (continued)

o if lemoo W =0, kz:; In converges (by AS.T.)

diverges, by kth term test.

00 _ %
Since k|L>moo In ) =0, 22 (In(k)) does indeed converge.
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Upper and Lower Bounds:

Alternating Series Test, Part 2: If an alternating series
converges, its limit lies between any two consecutive partial
sums. That is, if the series converges to S, then S lies between
Sy and Sy; for any N.

Pick any 2 consecutive partial sums.

Easiest: S, and S3. Because S is positive and S3 = S,—something,

S <505

1 _ 1 <5< 1
In(2) In(3) — — In(2)
b32 <S5 1443
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Approximate within 0.001

Alternating Series Test, Part 3: If an alternating series
converges, |S — Sy| < an4;.

If any1 < 0.001, this will guarantee |S — Sy| < 0.001.

1
Remember, ay = ——

In(k)

1 _ 1
In(N + 1) ~ 1000

= In(N+1) > 1000 = N+1 > e'%0 = N > 1001

Let M=the next integer larger than 1900 — 1.

M 00
(_1)k is within 0.001 of (_1)k.
; In(k) ; In(k)
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+1
2.3 ()"
n=1

» Convergence?
2
{an} = {,72_ 1}'

X
Looking at a graph of 21 | can see that it is positive and
2 —

decreasing, so the Alternating Series Test applies.

ce n+1 n2
o If nleoo n2 =0, Z converges (by the A.S.T.)
=1
”Oo n+1 2
o If nll_)moo n2 — #0, ; diverges, by the nth term test.
2 St -1 n+1,2
Since nan;o nzn_ = 1:#£0, ; (,72)7_1,7 diverges
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.3 S

J=3
| 3

4J

Convergence?

1
{a;j} = { } Because 4 is positive and increasing on [3, c0), = is

positive and decreasing on [3,00), so the Alternating Series Test
applies.

.1 (*1)1'
IfIm—.:O,E by th S.
° j| 2 converges (by the A.S.T.)
If lim 1 #0 E 1) diverges, by the jth term test.
° i - iv
i 1 ' 2 m g Y J

|
w

J

1 = (—1y
Since Jan;o i =0, Z % does indeed converge.
=
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4J

(-1y

s

T
vV W

Upper and Lower Bounds:

Pick any 2 consecutive partial sums.

Because S; is negative and S; = S3+something,

S3 <S§S< S5
1 1 1
e <S< Vel + o
—.0156 <S< —-.0118
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Jj=3
» Approximate within 0.001

If any1 < 0.001, this will guarantee |S — Sy| < 0.001.

1
Remember, a; = —.

1
7T < Toos = 4N+ >1000 = (N + 1) In(4) > In(1000)

In(1000)
In(4)

= N> — 1~ 3.98.

41V © 1y
Thus j{: (4}) is within 0.001 ofjgj (4}) . 50
k=3 j=3

S~ 5,£0.001~0.011718 £+ 0.001.
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oo o
L) (-1
+1
= 3/ +J
» Convergence? Use Alternating Series Test/jth Term Test:

e/ o1 /e\d . e
0<JI_|>n;o 5] <J|_I>r20§(§) =0, since 3 < 1.

. e . .
Squeeze Principle = lim ———— = 0 = the alternating series
j—oo 3t 4

Z( 1 577 converges by the Alternating Series Test.

But does it converge conditionally or absolutely?
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> e
1. Jz_g(—l)‘,w (Contlnued)
» Conditional vs Absolute Convergence?

Doesz
j=0

Comparison Test vs Integral Test: | don’t particularly feel like
X

e — &
(—-1y 3j+1 Jrj‘ Z T converge?

integrating T so try comparison test.
_ Y S I /eN/ .. .
Since jZO 3J+17+J < jZO FEl = 3 jZO (§> , which is a convergent

e
geometrlc series, E 3}+1 COhVGI’gES

Hence Z 3,+1 converges absolutely.

Math 104-Calculus 2 (Sklensky) Solutions-In-Class Work November 18, 2009 10 / 12



o0
2k + 2
k+1
2 Z(_l) k2 + 2k

k=1
» Convergence? Use Alternating Series Test/kth Term Test:
lim 2K+ 2 1,
k— oo k2 —+ 2k o

ki1 2Kk +2

1ok converges by the

oo
Therefore the alternating series Z(—l)

k=1
alternating series test.

Math 104-Calculus 2 (Sklensky) Solutions-In-Class Work November 18, 2009 11 /12



o0
2k +2
2. Z‘; kHﬁ (continued)

» Conditional vs Absolute Convergence"
(oo}
2k +2 2k +
Doss 3| (-1 R = >
k=1

k2 + 2k k2 + 2k
Comparison test vs Integral Test: The most obvious things to
compare the numerator and denominator to get me nowhere, since
1
2k +2 > 2k, but k2+2k§k2 o
On the other hand, this can be easily integrated:

2 2 <1 oo
/ s dx:/ —du= In(><2—i—2x)‘1
1 X

converge?

x2 + 2x L u
- 2k +2
This diverges, so Z (1)Kt . :—2/(‘ diverges, and our original sum

k=1
converges conditionally.
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