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5)  .            Explain why this series converges.
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Explanation:
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 is a Geometric Series with .
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6)  0.4 0.11 .            Explain why this series converges.

Explanation:
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0.11   is a Geometric Series with 0.11.  
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7)  1.7 .            Explain why this series diverges.

Explanation:

1.77  is a Geometric Series with 1.7.

By Geometric Series Theorem 1.7  diverges because  r > 1.
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8)        Use the th Term Test to explain why the series  diverges.  
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9)  1 .            Explain why this series diverges.  Use nth Term Test.
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10)  .            Explain why this series diverges.  Use nth Term Test.
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11) Telescoping Series .   Does the series converge or diverge?
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12) Telescoping Series .   Does the series converge or diverge? 
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13)  .            Explain why this series diverges.  Use Integral Test.
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14)  .            Explain why this series diverges.  

Explanation:

1 1
   is a p-series with p = 5/7 < 1.
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By p-series Theorem     converges because p < 1.
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15)  .            Explain why this series converges.  

Explanation:

1
 is a p-series with p =5/4 >1; 
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16)  .            Explain why this series converges.  
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Explanation:
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 is a Geometric series with r = 1/3    and    -1 < r < 1.
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17)  .            Explain why this series diverges.  

Explanation:

1 1 1 1
.

1 1
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18)  .            Use Basic Comparison Test to explain why this series converges.  
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19)  .            Explain why this series diverges.  Use Limit Comparison Test.
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20)  .            Explain why this series diverges.  Use Limit Comparison Test.
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           
     
 
 

 
  

 

 

4
n=1 n=1

h diverges.  

1
Since  diverges,  also diverges.

3

n

n n n

    
  

   
 
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3
n=1

n n 3 / 23 3

n 3 / 2
n=1 n=1

1
21)  .            Explain why this series converges.  Use Limit Comparison Test.

5

Explanation:

1 1 1
Let a ;       b

5

1
Note: b  is a p-series with p = 3/2;

n n

nn n n

n



 

 
 

 

  


 
  

 



 

   

3 / 23

3

3 / 2

n n

n=2

 hence it converges.

1

5
lim lim lim lim 1

1 5

Because lim 1 0  Limit Comparison Test says that either 

both a  and b  converges or

n
n

n n n n
n

n

n
n

a nn n
a

b n n
n

a

b

   





 
           
     
 
 

 
  

 



 

n=2

n 3 / 2 3
n=1 n=1 n=1

 both diverges.  

1 1
Since b  converges,  also converges.

5n n n



     
   

   



  
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n=1

n n

n

n=1 n=1

4
22)  .            Explain why this series diverges.  Use Limit Comparison Test.

( 5)

Explanation:

4 1
Let a ;       b

( 5) ( )

1
Note: b  is a p-series with p = 1; 

n

n n

n n

n n n n n

n



 

 
 

 


  



 
  

 



 

   

2

2

n n

n=2 n=

hence it diverges.

4

4( 5)
lim lim lim lim 1

1 5

Because lim 1 0  Limit Comparison Test says that either 

both a  and b  converges or

n
n

n n n n
n

n

n
n

n

a nn n
a

b n n

n

a

b

   





 
    
       

    
 
 

 
  

 



 

2

n

n=1 n=1 n=1

 both diverges.  

1 4
Since b  diverges,  also diverges.

( 5)

n

n n n



     
   

   



  

 

 

 



 

n=1

n n

n

n=1 n=1 n=1

1
23)  .            Explain why this series converges.  Use Limit Comparison Test.

3 7

Explanation:

1 1
Let a ;       b

3 7 3

1 1
Note: b  =   is a Geometric serie

3 3

n

n n

n

n



  

 
 

 

 


   
    

   



  

 

 

s with r = 1/3; hence it converges.

1
ln3 333 7lim lim lim lim lim 1

1 3 7 ln3 3

3

Because lim 1 0  Limit Comparison Test says that eit

nnn
n

n n nn n n n n
n

n

n

n
n

a
a

b

a

b

    



 
                       

 

 
  

 

   

 

n n

n=2 n=2

n

n=1 n=1 n=1 n=1

her 

both a  and b  converges or both diverges.  

1 1 1
Since b  =   converges,  also converges.

3 3 3 7

n

n n

 

        
      

     

 

   
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4

n=1

n 4

4

1
24)  .            Explain why this series converges.  Use Alternating Series Test.

Explanation:

1
Let a .    

1
a)  Show lim 0 :     lim lim 0

b) Show   is decreasin

n

n n
n n n

n

n

n

a a
n

a



  

 
 
 
 



 
   

 



 

1

n n+14 4

14 4

n 4

4
n=1

g   or show  

1 1
   a        and      a ;     

( 1)

1 1
   Note:  ;      so  

( 1)

   

1
Hence, a  is decreasing 

1
Therefore, by Alternating Series Test,  converges.

n n

n n

n

a a

n n

a a
n n

n

n









 


 




 
 
 
 


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2

n=1

n 2

2

1 ( 3)
25)  .            Explain why this series converges.  Use Alternating Series Test.

4

Explanation:

3
Let a .    

4

3 1
a)  Show lim 0 :     lim lim lim

4 2

n

n n
n n n n

n

n

n

n

n
a a

n n



   

  
 
 
 






  
   

 



     

1 2 3 4 5

2

2 2 2 2

2 2 2
2 2 2

0

b) Show   is decreasing.

a =4/5; a =5/8;  a 6 /13;    a 7 / 20;    a 9 / 40

3
Also, for  ( )  , x 1;  

4

( 4)(1) ( 3)(2 ) 4 2 6 6 4
          ( ) 0  for x 1.

4 1 1

Hence,

na

x
f x

x

x x x x x x x x
f x

x x x


 

 

  


 



        
     

  

 

n 2

2
n=1

3
 a  is decreasing 

4

1 ( 3)
Therefore, by Alternating Series Test,  converges.

4

n

n

n

n

n








  
 
 
 


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2

n=2

n 3

3 2

1 ( )
26)  .            Explain why this series converges.  Use Alternating Series Test.

5

Explanation:

Let a .    
5

1
)  Show lim 0 :     lim lim lim

5 3

n

n n
n n n n

n

n

n

n

n
a a a

n n



   

 
 
 
 




   
     

   



     

 

3 2 3 3 3

2 2 23 3 3 2

n 3

0

) Show   is decreasing.

( 5)(1) ( )(3 ) 5 3 2 5
Also, for  ( )  , x 2;   ( ) 0  for x 2.

5 5 5 1

Hence, a  is decreasing 
3

1 (
Therefore, by Alternating Series Test, 

n

n

b a

x x x x x x x
f x f x

x x x x

n

n

n



     
      

   





2

n=2

)
 converges.

5n

  
 
 
 


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n=1

n

1/ 2

1
27)  .            Explain why this series converges.  Use Alternating Series Test.

4

Explanation:

Let a .    
4

(1/ 2)
)  Show lim 0 :     lim lim lim

4 1

n

n n
n n n n

n

n

n

n

n n
a a a

n





   

 
 
 
 




  
      



 
       

1/ 2

1 2 3 4

1/ 2

2 2 2 2

n

1
lim 0

2

) Show   is decreasing.

2 3 4
a =1/2;  a ;   a ;  a ;

3 4 5

Also, for  ( )   x 1;   
4

1 ( 4) 2 4
( 4) (1/ 2) 2 2 2

( ) 0  for x 2.
4 4 4 4

Hence, a

n

n

n

b a

x
f x

x

x x x x
x

x x x x x x
f x

x x x x

n

n





  
    

 

  

 


    


 
      

   




 

n=1

 is decreasing 
4

1
Therefore, by Alternating Series Test,  converges.

4

n
n

n

  
 
 
 


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 

n=4

n

1
28)  .            Use th Term Test to explain why this series diverges.

5

Explanation:

Let a .    
5

1
)  Show lim 0 :     lim lim lim 1

5 1

1
Therefore,  

n

n n
n n n n

n

n
n

n

n

n

n
a a a

n



   

 
 
 
 




   
      

   





n=4

 diverges by nth Term Test.
5

n

n

  
 
 
 



 

 

  3

n=2

3

n

3

1 ln
29)  .            Explain why this series converges.

Explanation:

ln
Let a .    

ln 3ln 3(1/ ) 3
)  Show lim 0 :     lim lim lim lim lim

1

n

n n
n n n n n n

n

n

n

n

n n n
a a a

n n n



     

 
 
 
 



      
         

     



   

 

3

2 2

3

n

3

n=2

0

( ) 3/ 3ln (1)ln 3ln 3 3ln
) Let ( ) ; ( ) 0  for x 3

ln
   Hence, a  is decreasing.

1 ln
Therefore, by Alternating Series Test,  converges.

n

x x xx x x
b f x f x

x x x x

n

n

n

n




 



 
     



 
 
 
 

  



n=1

n n
n n

n
n

5 1
30)  .            Explain why this series diverges by using Root Test.

2 5

Explanation:

5 1 5 1 5 1
Let a .      a

2 5 2 5 2 5

5 1 5
lim a lim lim

2 5

n

n n

n n n

n

n

n n n

n n n

n
L

n



  

 
 

 

     
     

     

 
   

 



n=1

5
1

2 2

5 1
Therefore,   diverges by Root Test because 1.

2 5

n
L

n



 
  

 

 
 

 


 

 

n=1

n n
n n

4
31)  .            Explain why this series converges by Root Test.

9 1

Explanation:

4 4 4
Let a .      a

9 1 9 1 9 1

4 4 4
lim lim lim

9 1 9 9

Theref

n

n n

n
n n n

n

n

n n n

n n n

n
L a

n



  

 
 

 

   
     

     

   
      

   



n=1

4
ore,   converges by Root Test because 1.

9 1

n
n

L
n

  
 

 

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2 2 2 2

2

2

n=1

n n+1 ( 1) 2 1 2 1

1

2 1

4
32)  .            Explain why this series converges by Ratio Test.

Explanation:

4 4 4 4 4 4 4
Let a ;        a =  =     

4 4
lim lim

4

n

n n n n n n

n

n

n nn n
n

n

e

n n n n

e e e e e

a n e
L

a e e



   



 

 
 
 

  
 


  



2

2 1 2 1

n=1

4 1 1 4 1 1
lim lim lim (1)(0) 0

4 4

Therefore,   converges by Root Test because 1.

n nn n n

n

n n

n n e n e

n
L

e

   



      
          

     

 
 

 


 

 

 

3
n=1

1 1

n n+13 3 3

1 3 1 3

1

3 3
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33)  .            Explain why this series diverges by Root Test.

Explanation:

5 5 5 5
Let a ;        a =     

( 1) ( 1)

5 5 5
lim lim lim

( 1) 5 ( 1)

n

n n n

n

n

nn n n
n

n

n n n

a n n
L

a n n







  

 
 
 

 
 

 
     

  



3

3

3
n=1

5
lim 5

( 1)

5
Therefore,   diverges by Ratio Test because 1.

n

n

n

n

L
n





 


 
 

 

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34)  .            Explain why this series diverges by Ratio Test.

Explanation:

( 1) ( )( 1) (3)(2)(1)! ( 1)! ( 1)[ !]
Let a ;        a =  =     

( 1)[
lim lim

n

n n n n

n

n n
n

n

e

n n nn n n n

e e e e e e

a n n

a







 

 
 
 

  
 






 
1 1

n=1

!] 1 1 1
lim ( 1) lim 1 lim ( )

!

!
Therefore,   diverges by Ratio Test.

n

n n n n

n

e
n n

e e n e e e

n

e

  



     
               

     

 
 
 


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35) ( ) .   Write a 3rd degree polynomial to approximate ( ) values around 0.

( )                   (0) =1                   

( ) 2             (0) 2  = -2             

( ) 4

x

x

x

f x e f x c

f x e f e

f x e f e

f x e







 

 

    

  2 0

2 0

2 3

3

2 3

3

            (0) 4  = 4               

( ) 8          (0) 8  = -8             

( )( ) ( )( )
( ) ( ) ( )( )

2! 3!

(4)( ) ( 8)( )
( ) 1 ( 2)( )

2 6

x

x

f e

f x e f e

f c x c f c x c
P x f c f c x c

x x
P x x





 

    

  
    


    
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36) ( ) cos .   Write a 4th degree polynomial to approximate ( ) values around 0.

( ) cos                   (0) 1                   

( ) sin             (0) 0             

( ) cos   

f x x f x c

f x x f

f x x f

f x x





 

 

 

 

   

   2

3

(4) 4 4

2 3 (4) 4

4

4

      (0)              

( ) sin           (0) 0  

( ) cos           (0)            

( )( ) ( )( ) ( )( )
( ) ( ) ( )( )

2! 3! 4!

( ) 1 (0)( ) (0)( )

f

f x x f

f x x f

f c x c f c x c f c x c
P x f c f c x c

P x x x



 

  

  

  

 

   
     

  
2 2 3 4 4( )( ) (0)( ) ( )( )

2 6 24

x x x 
  

 

 

3

3 0

3 0

37) ( ) .   Write a 3rd degree polynomial to approximate ( ) values around 0.

( )                   (0) =1                   

( ) 3             (0) 3  = -3             

( ) 9

x

x

x

f x e f x c

f x e f e

f x e f e

f x e







 

 

    

  3 0

3 0

2 3

3

2 3

3

              (0) 9  = 9               

( ) 27          (0) 27  = -27             

( )( ) ( )( )
( ) ( ) ( )( )

2! 3!

(9)( ) ( 27)( )
( ) 1 ( 3)( )

2 6

x

x

f e

f x e f e

f c x c f c x c
P x f c f c x c

x x
P x x





 

    

  
    


    
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38) ( ) tan .   Write a 3rd degree polynomial to approximate ( ) values around .
4

( ) tan                                         1            
4

( ) sec                              

f x x f x c

f x x f

f x x





  

 
    

 

 

2

2 2 4

3

         2             
4

( ) 2sec tan                          4               
4

( ) 4sec tan  +2sec         16             
4

( )(
( ) ( ) ( )( )

f

f x x x f

f x x x x f

f c
P x f c f c x c







 
   
 

 
     

 

 
    

 


   

2 3

2 3

3

2 3

3

) ( )( )

2! 3!

( 4)( ) (16)( )
4 4( ) 1 (2)( )

4 2 6

( 4) (16)
4 4

( ) 1 (2)
4 2 6

x c f c x c

x x

P x x

x x

P x x

 


 



 


    

     

   
     

     
     

 

 

 



n=0

1 1

n n+1

1

n+1

n

39) .            Find interval of convergence for this series.
10

Let u     and  u =  
10 10 10 10

 
u 10 10

lim = lim
u 1

 
10

n

n n n

n

n nn n

x

x x x x

x x

x
a

x





 

 
 
 

       
        
       

   
   
   


 
 
 



0

Set 1.
10

Hence, 1 < 1    10  < 10
10

Therefore, interval of convergence is  (-10, 10).

x

x
x

 
 
 

 
 

 

    

 

 



 

     

2
n=0

1 1 1 1

n n+12 2 2

1

n+1

n

( 1) ( 2)
40) .            Find interval of convergence for this series.

1

( 1) ( 2) ( 1) ( 2) ( 1) ( 2) ( 2)
Let u     and  u

1 ( 1) 1 2

u ( 1) ( 2) (
lim = lim

u

n n

n n n n n n

n n

n n

x

n

x x x x

n n n

x x



  



 

 



      
  

   

 



 

   

 

 

 

     

2 21
1

2 2

2

2

2 2 2
n=0 n=0

1 12)
lim ( 2)

( 1) ( 2)2 2

1
   lim lim 2 1 2 2

2

Set 2 1.

Hence, 1 2< 1    1  < 3

( 1) ( 2) ( 1) ( 1) 1
Note when 1,   converges by Int

1 1 1

n n n

n n

n n n n

n n
x

xn n

n
x x x

n

x

x x

x
x

n n n



 

 

 
   
  


       



 

    

   
  

  
 

     

n=0

2 2 2
n=0 n=0 n=0

egral Test.

( 1) ( 2) ( 1) (1) ( 1)
Note when 3,   converges by Alternating Series Test.

1 1 1

Therefore, interval of convergence is  [1, 3].

n n n n nx
x

n n n



     
  

  



  

 

 

 

n=0

1 1

n n+1

41) !( 2) .            Find interval of convergence for this series.

Let u !( 2)     and  u ( 1)!( 2) ( 1)( )!( 2) ( 2)

Note that ( 1)! ( 1) ( )( 1)( 2) (3)(2)(1) ( 1)( )!

lim

n

n n n

n

n x

n x n x n n x x

n n n n n n n







        

       



1

n+1

n

n=0

n=0 n=0 n=0

u ( 1)( )!( 2) ( 2)
= lim lim ( 1)( 2)

u !( 2)

   lim ( 1) lim ( 2) lim ( 2)

Therefore, !( 2)  only converges when 2.

When 2, !( 2) !(0) 0 0.

n

nn n

n n n

n

n n

n n x x
n x

n x

n x x

n x x

x n x n

  

  



  

  
  



         

 

    



    



n=0 n=0

2
42) ( ) .   Find a power series representation for ( ) centered at c 0.

3

2 2 /3 2 /3
Note: 

3 3/3 /3 1 /3 1  

2
So power series representation  for ( ) is  

3 3

n

n

f x f x
x

a

x x x r

x
f x ar

 

 


  
   

  
   

  
 

 

 

 
n=0 n=0

3
43) ( ) .   Find a power series representation for ( ) centered at c 0.

2

3 3/ 2 3/ 2
Note: 

2 2 / 2 ( ) 1 ( ) 1  

3
So power series representation  for ( ) is  

2

nn

f x f x
x

a

x x x r

f x ar x
 

 


  
     

 
  

 
 

 

 

n=0

6
44) ( ) .   Find a power series representation for ( ) centered at c 1.

4

6 6 6 6 /3 2
Note: 

4 4 ( 1) 1 3 ( 1) 3/3 ( 1) /3 1 ( 1) /3 1  

1
So power series representation  for ( ) is  2

3

n

f x f x
x

a

x x x x x r

x
f x ar



 


    
          


 




n=0

n 





 

 

1
45) ( ) .   Find a power series representation for ( ) centered at 2.

3 2

:   3 2 3 2( 2) 4

1 1 1/ 1 1 1
Note: 

1 2( 2)3 2 3 2( 2) 4 1 2( 2) 1 2( 2) 1  

1 1

So power series representation

f x f x c
x

Note x x

a

xx x x x r

 


    

  
    

           


 

  
n=0 n=0

  for ( ) is  1 2( 2)
nnf x ar x

 

    

 


