Section 11.6: Absolute convergence and the ratio and
root test

Definition: A series > a,, is called absolutely convergent if the series > |a,| is

convergent. p—

P —

Definition: A series > a,, is called conditionally convergent if the series > |a,|

——

is divergent and the series > a,, is convergent. p—
: 211
——

Theorem: If a series ) «a,, is absolutely convergent. then it is convergent.
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Example: Determine if the series is absolutely convergent, conditionally convergent,
or divergent?
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Example: Determine if the series is absolutely convergent, conditionally convergent,

or divergent?
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Example: Determine if the series is absolutely convergent. conditionally convergent.

or divergent?
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Example: Determine if the series is absolutely convergent, conditionally convergent,
or divergent?
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The Ratio Test: Z bn

. a . . .
(a) If lim "t [ with 0 < L < 1, then the series E a, is absolutely con- !
n—oo [ 7% [ -
n=1 #b#m‘ .
vergent (and therefore convergent).

————
o0 .
o ans . ana . . e Omh{n'yé
(b) If lim |——| =L >1or lim |[——| = oo, then the series E a,, is divergent. X/o
n—=o0 | (1 n—=roc | e

L _J = —

Note: If the limit for the ratio test is 1, then this test fails to give any information.
Try something else.

Consider the results of the ratio test for two of our known p—series.

1
(a) E ok where a,, = Pl converges since p > 1.

\_lz_l)/

. [ X 1/(n+1)2 . n? . .
lim Ll = lim /(7,) = lim ———— =1 by L’Hopitals.
n—oo |y, n—oo ]/n- n—00 (n -+ ]J2
[—

> 1
(b) Z —, where a,, = —. diverges since p < 1.

n=1 "
. [T . 1/(n+1 . n . .
lim Ll = lim M‘ = lim —— =1 hy L’Hopitals.
n—oo | dy, n—00 1/n n—oo 4+ 1

Ch-11-6 Page 6



Page 7

Example: Determine if the series is absolutely convergent. conditionally convergent.,

or divergent?
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Example: Determine if the series is absolutely convergent, conditionally convergent.

or divergent?
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Example: Determine if the series is absolutely convergent, conditionally convergent,

or divergent?
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Example: Determine if the series is absolutely

convergent. conditionally convergent. N= 7
or divergent? n== 7. /2
N3 2.12:17
o (—4)"n! Nn-y 2./2-/17:22
HX—:l (T_*IQ* 17 % ...%(5n + 2)

—

a I

nk\
Y
Nl on (mﬂ?' ‘
Lo— /- ( ch /({H'l)' 2002 (7 - (SNH2)
o> 4, -

ey 2P L efsard)s (Slaryry =) /
X 700217 - ( (Sn” (’ /“'

= Lo~ Y (n)

- = M - % =L
> A < A 519

Swce 5L ¢ ( ﬁd— Seriey [ < ﬂbs (onV.

Ch-11-6 Page 10



Page 11

Example: The series Y a,, is defined recursively by
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The Root Test: (not covered in this course but is in the textbook)

o0

(a) If lim Y/|a,| = L, with 0 < L < 1, then the series Z a, is absolutely con-
n—oo
n=1
vergent (and therefore convergent).
o0
(b) If lim {/|a,| =L >1or lim {/|a,| = oo, then the series Z ay, is divergent.
n—oo n— 0o 1
n—

Note: If the limit for the root test is 1, then this test fails to give any information.
Try something else.

Example: Determine if the series is absolute convergent, conditionally convergent,
or divergent?

i An + 3\ "
1 3n+7

n=

o o I{4n+3\" . [(4n+3\ 4
lim {/|a,| = lim = lim =—->1
n—o0o n—o0 3n + 7 n—oo \ 3n -+ 7 3

By the root test the series will diverge.
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