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Test Criterion and Examples
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Motivation

We have dealt with series where the terms are always positive
(integral /comparison tests). But how can we deal with this

series? @ A,{,((,(ML e 3(?4/!,

Are there some series Z an where lim,_, o, a, = 0 implies the
series converges?
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Test Criterion and Examples
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Alternating Series Test

Theorem 1 (Alternating Series Test)
The alternating series E(—l)’”r converges if: Qa7

The terms a, are non-increasing in magnitude (eventually):

a N
Onez > ;@;;F > 0 for4 greater than some index N

limpo00an =0

Why? Use Monotone Convergence onljg),v andLS},_‘Vi_ll (see p.g.
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Test Criterion and Examples
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The Alternating Harmonic Series

The alternating harmonic series converges. Moreover,
o0 (_1)n+1 Yaalh l"Jd(:] ? SCL
3 Zin2 " Chepl 2

n

n=1

Why does it converge? n < N+ (
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Test Criterion and Examples
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Example Ry

Problem 3

Determine whether Y72 N57% converges or diverges. State the

n=1 ";37%
test used.
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Test Criterion and Examples
0000000

Example

Problem 4

Determine whether 372 % converges or diverges. State the
test used.
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Test Criterion and Examples
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Example

Problem 5

Determine whether 372 1(—1)
State the test used. —
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Example

Problem 6

Determine whether Y72 ,(—1)"' converges or diverges. State
the test used.
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Error Bound Derivation Sc“‘f Z_\(ff) a =S

For a series >.(—1)""1a,, what is a bound for |RN|7
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erion and Examples The Remainder Term Absolute Convergence Extra Examples
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Error Bound Formula

Theorem 7 (Remainder in Alternating Series)

Let 3°°°,(—1)"*1a, be a convergent alternating series converging
toS. Let Ry =S — Sy = Y52 ny1(—1)""ta, be the remainder in
approximating S by the sum of the first N terms. Then:

Ryl < awn Oy

In other words, the magnitude of the remainder is less than or
equal to the magnitude of the first neglected term.
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The Remainder Term
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Approximating In 2

Problem 8

Recall 372 1(—1)"*1L = In2. How many terms of the series are
required to approximate In2 with an error less than ¢ = 107°7
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Approximating e!

Problem 9

=> 20 g_Tl,E accurate to 3 decimal places.

=3
[Rul = Qun %T\_/% 00005
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The Remainder Term
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Approximating m

Problem 10

Leibniz’s formula for © (Proved in §11.2) states that:

e 4

™ = '1;()(_1)”2,7_'_ 1 5:)
Bound the error for the approximation 7t A Z,, ol— 1)"2,,4+1
_ _fi ~ < /o
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Definition 11
v .
If " |an| Converges, we say Y a, is absolutely convergent,
or Y |an| converges absolutely.

If " |an| diverges and >~ a, converges, we say > a, is
conditionally convergent, or > a, converges conditionally.

The alternating harmonic series is conditionally convergent (Why?)
—Senes

i _c:_o_} VO e
O 2 5Tk ki JNesz[FPg[

2,
ZJ? -2
e

i L;_Q_:Hr Conperaes 191 _H\Q' QZkﬂ'\CJ@ senTs
~= Mﬁ

Z. Pence
MA 16200: Plane Analytic Geometry and Calculus Il



Absolute Convergence
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Example SLVM Z’aa/ conw'jc,e

Show »~02 4 g_—tf;&l is absolutely convergent.
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Absolute Convergence
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Abs. Conv. Implies Convergence

Theorem 13 (Absolute Convergence Implies Convergence)

If 3" |an| converges, then Y a, converges.
If 3" ap diverges, then Y |a,| diverges.

Why? Y(an + |an]) < 23" |an| converges by the comparison test.

So,
Zan = Z(an + |an]) — Z |an| < 00

(2) is the contrapositive of (1).
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Absolute Convergence
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Example

Problem 14

Determine if .°° ; S0 diverges, converges absolutely, or
converges condit/onally =
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Absolute Convergence
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Example

Problem 15

_1)nt1 ;
Determine if > °° CEU™ diver es, converges absolutely, or
n=1 /n 8 8 Y

converges conditionally.
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Absolute Convergence
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Example

Problem 16

. ; —1 n+1 .
Determine if 32021 *— 5 = diverges, converges absolutely, or

converges conditionally.
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Absolute Convergence
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Example

Problem 17

Determine if >~ ¢ g—;% diverges, converges absolutely, or
converges conditionally.
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Extra Examples
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Example U2

Problem 18

Determine if 3372 1(—1)"sin = converges or diverges.
. IT
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Extra Examples
oe

Example

Problem 19

Determine if Y72 1(—1)"—L— converges absolutely, conditionally,

or diverges.
(O A= 0 decreacny, posime, and
("[Y\ L P X bt Cortinma mgm /Esh"")-

© . S
[ ( i b . &1 L L éﬂﬁq L
2_1 nian n=f " Bud ,5 Kl w:awi*zgn‘?”%]i}b;‘“[ ?(1-

h= .
= t_
F\r& ﬂbso\u\o\«?\ me'ﬂ“t lac] the WLU"WQ Go m—
e2 (4)ﬂ._f__ U@O[-x éf_c"‘t‘ﬁ-‘l"':)'- ‘P(.'X); ;f]:;c ? ‘P(OC): - (xLnx E‘?;:v)
;:—‘ Nan. ™ 1< on [(2:60) . @ b~ Fn = O
C@uefag COnAajﬁof\an\Q )')0 ‘H\L Gl\elm%\a Serys -)-fs't

Z. Pence
MA 16200: Plane Analytic Geometry and Calculus Il




	Test Criterion and Examples
	The Remainder Term
	Absolute Convergence
	Extra Examples

