
   Alternating Series 
Def: An alternating series is a series of the form ...54321 +−+−+ aaaaa  
 Such as ...654321 +−+−+  
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Satisfies the following conditions: 
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Then the series is convergent. 
 
Ex: Determine whether the following series is convergent or divergent. 

a) ( )∑
∞

=

−−

1

11
n

n

n
 

 
 
 
 
 
 
 
 
 
 
 
 

b) ( )∑
∞

= −
−

1 14
31

n

n

n
n this is an alternating series, but 0

4
3

14
3limlim ≠=
−

=
∞→∞→ n

nb
nnn

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



c) ( )∑
∞

=

−
1 2

11
n

n
n  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

d) ( )∑
∞

=

+

+
−

1
3

2
1

1
1

n

n

n
n ;  Let 

13

2

+
=
n
nan ; How do we know 

13

2

+
=
n
nan is decreasing, consider 

the following  function ( ) ( ) ( )
( )

( ) 0'
1

2'
1 23

3

3

2

<⇒
+

−
=⇒

+
= xf

x
xxxf

x
xxf for 3 2>x i.e. 

13

2

+
=
n
nan is decreasing. 

 0
1

lim 3

2

=
+∞→ n
n

n
.  By the Alternating Series Test, 

13

2

+
=
n
nan is convergent. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

e) ( )
1

cos
3 2n

n
n
π∞

= +
∑  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

f) ( ) 4
0

1
5

n

n

n
n

∞

=

−
+∑  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Estimating Sums: 

Alternating Series Estimation Theorem: If ( )∑
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Ex: Approximate the sum of the alternating harmonic series ( )∑
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