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An alternating series is of the form» a, = > (=1)"" b, or i(—l)" b,,(where b, >0)
n=1

n=1 n=1

(it has successive terms of opposite signs)

= (1) 1111
Example: =l ...
P zl n’ 4 9 16 25

=(-1)'n* _ 1.4 9 16

E 1 : =t g4 ——...
xample nzz; nts 6 7 8 9

Forms for the term that makes the series alternate in sign:
n—1 n n+l
) =) (=)
cos(nr) Sin((Zn —1)”}
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n
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n
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The Alternating Series Test

If the alternating series »_( —1)""b, (where b, >0) satisfies:

n=1
i) limb, =0

n—oo

i) {b,} is a decreasing sequence, and

,then the series is convergent.

Note:

a) This test is for convergence only. It says nothing about divergence.

b) Like the function in the Integral Test, the sequence {b, }

needs to be decreasing "eventually" i.e., for all n > N for some N
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n-1
z(‘l) p oL lim L =0
o n n n—e p
. 1
consider f (x)=—
x
’ _1 , .. . .
f(x)=—  f’(x)<0 forall positivex = {b,} is decreasing

n—1

= (-1

z( ) is convergent by the Alternating Series Test
n=1 n

The Alternating Harmonic Series converges.

Example 2:
w (_ ntl o 2 n2
z(l)in b = _n lim 3 =1 the Alternating Series Test Does not apply
= n*+5 "ont45  men+S
(_1 n+l nz : 2 “
lima, =lim =lim(-1)"" - lim =1lim(-1)"" - 1= The limit does not exist.
n—see " nose n-+5 n—seo n—e pt 45 noee

The series diverges by the Test For Divergence, since does not exist.
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Example 3: 10.6 Alternating Series Test
- (_ l )n—l ]n n ln n 525 and Absolute Convergence
Sl -
= n n
. . Inn
limbp, =lim— _ . M on
P noee g = Indeterminate form = Use L'Hopistals Rule
(o]
L'H 1
=lim* =0
n—e |
_Inx

consider f (x) =—
x

_xt=Inx j_Ipx

IO L E
f’(x) will be negative when 1-Inx<0 =Inx>1
elnx>el
x>e

{b,} is decreasing for n >2

(-1)""1nn

n

Z is convergent by the Alternating Series Test

n=1
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#:=%" and Absolute Convergence

An infinite series

Zan is called absolutely convergent if the positive series Z‘an‘ converges.
n=1 n=1

Absolute convergence implies converges.

(If the series of absolute value converges, then the original series also converges)

If the series of absolute value diverges, it is still possible
for the original series to converge.

Use the Alternating Series Test on the original series.

If the Alternating Series Test gives convergence, then this is a special
type of convergence.

An infinite series

Zan is called conditionally convergent if it converges but Z‘an

n=1

diverges.

n=1
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onvergent > a, is absolutely convergent
n=1

> a, is convergent

n=l1

divergent
On Zan try :

n=1
a) the Alternating Series Test, or
b) the Test for Divergence

If the Alternating Series Test gives convergence, If the Test for Divergence gives divergence,

Z a, is conditionally convergent Zan is divergent
n=l1 n=l1
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A major difference between absolutely convergent and conditionally convergent

comes in the rearrangement of the terms.

If Zan is absolutely convergent with sum s,

n=1

then no matter how the terms are rearranged, the sum will always be s.

If Z a, is conditionally convergent and r is any real number,

n=l1

1.1
.
4 5 6

= (—] n-1
DO LA
n 23

11 1 11

1

1—7+7—7+7—7+7—1+m
2 3456 738

cortiotior oty
2 4 6 8

n=1

+---=In2 (We will show this later) —

=In2

:1m2
2

3
52

then there is a rearrangement of the sum Z a, that has the sum r.

Determine whether the series is absolutely convergent,

conditionally convergent, or divergent.

COS

Zr

o )

n=l1 n=l1

convergent pP— series

_, 3o eos(nr) (

n=1

1S

absolutely convergent

ii) g(_j);n
Z

dlvergent p —series

1

1/2

n=1 1

——=——use AST.:

— is decreasing,
Jn
and limb, =0

convergent by A.S.T.
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(_4)n+1
3’1

M

iii)

=) o

= Zs"_4z( ]

divergent geom. series

=
i

- 4)n+1
Z 3 use T.F.D.:
n=l1
. (_4)n+1 '
hmT does not exist
n—soo "

. (_1)n+1 .

= AN
; \/; 1S

conditionally convergent

divergent




