EEXD Math 104 - Rimmer

12.5 Alternating Series Test & rniniion

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) b,=la,
= (-1)"" 1111
Example: =l ...
b 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)”}

2
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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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Example 1,,:71 ; 12.5 Alternating Series Test
i(—l) p oL lim~ =0
g n n n—e p
. 1
consider f (x)=—
x
’ _1 ’ o . .
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 ?: - 12.5 Alternating Series Test
o
> (—1) Inn Inn
yEl b, e
n=1 n n
. . Inn -
limb =lim—— _ . , .
nse " nse p = Indeterminate form = Use L'Hopistals Rule
(o]
L'H 1
=lim%* =
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




Alternating Series Estimation Theorem & j.xm. ...

If the alternating series Y (=1)" b

n

(where b, >0) satisfies:

n=1
i) limb, =0

n—oo

ii) {b,} is a decreasing sequence

then ‘Rn‘ = ‘s—sn‘ <b,,

The size of the error is at most the size of the first omitted term.

The actual sum is between s, —b,,, and s, +b,,,.

n

The error has the same sign as the first omitted term.
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~\~ -~ I}f -
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A

The error committed in using the 9th partial sum to approximate the total sum is R,

The size of this error is at most the size of the first omitted term.

R|=[s—s|sb = Loyt

100 100

The actual sum is between

S, S8y +—
100 100 s, —b,, ands, +b,,,.
The sign of the error is the sign of the first omitted term.

Ry =5-5,<0 =8>S s, 18 an overestimate
1
100

since a,, =—




