M16600 Lecture Notes
Section 11.6: Absolute Convergence and the Ratio and Root Tests

B Section 11.6 textbook exercises, page 782: #1, 2, 3, 4, 5, 7, 8, 9, 11, 14, 25, 26, 27, 31,
33, 35.

DEFINITION OF ABSOLUTE CONVERGENCE. A series Y a, is called absolutely con-
vergent if the series of absolute values > |a,| is convergent.

FExample 1: Test for absolute convergence.
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DEFINITION OF CONDITIONAL CONVERGENCE. A series Y a, is called conditionally
convergent if

e it is not absolutely convergent, but

e it 1s convergent.
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For example, the series Z
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is conditionally convergent because



Example 2: Determine whether the series is absolutely convergent or conditionally convergent.
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THEOREM. If a series ) a,, is absolutely convergent then > a,, is convergent.
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For example, we know the series Z is absolutely convergent from example 1. There-
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fore, by the theorem above, Z ( >2 is automatically CoM\\y ‘QX\& U\i_ without
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using Alternating Series Tests.
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is convergent or divergent.

Example 3: Determine whether the series Z
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The following test is very useful in determining whether a given series is absolutely convergent

THE RATIO TEST. Given ) a,. First, we compute lim Ontl
n—oo an
a
i) If lim || = a number < 1, then the series ) a, is absolutely convergent (and
n—oo a y
n

therefore ) a, is convergent).

a
i) If lim || > 1 (or = 0o , then the series » a, is divergent.
g
n—00 Qyp,
a :
(iii) If lim "*1) = 1, then the Ratio Test is inconclusive; that is no conclusion can be
n—0oo |y,

drawn about the convergence or divergence of > a,.




Example 4: Use the Ratio Test to determine whether the series is convergent or divergent

@ S BT a=() CM ST G =63 5™
. 3 BY\H
bt | 4 c
k—g%\ - \\::‘i - bﬁw% — 5(Y
" B A ch\\ (oY 57 3 (naly

Riv \Qﬂ*\\ = fin 50 = lin 5% _ 5

N> An

——

WO 3 (i WP 3.2 3
5 >
>

S By e ToXo Jqqgicj divon Recies g Al exgent

O ye-
-3 N+~ \
&\I\t Q :_5 0\1\.\.\ — 3\
N () |
N _[n-
= \(}Eﬂ = 4 '-“/\—7 = a“ U\“\(\\. — anl
&m ()l Q- ‘
~ ]
= /“’\: _ e&_
C“*Bz“’\f N+ |

Qim \CX‘\*\ \ = 9\*«\ E QN | > BY ToXo %ex%a) atven
NS® B NDS® Kevies 12 abg. (onve-



The following test is convenient to apply when nth powers occur. '\

THE RooT TEST. Given ) a,. gw/\ 1\, |4n) 9«‘(\ V\
— ®
(i) If lim {/|a,| = a number < 1, then the series ) a, is absolutely convergent (and
n—oo

therefore Y a,, is convergent).

(ii) If lim {/|a,| > 1 (or = 00), then the series ) a, is divergent.
n—oo

(iii) If lim +/|a,| = 1, then the Root Test is inconclusive.
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Example 5: Test the convergence of the series Z (Bn n 2) :
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