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BACHELOR OF SCIENCE (GENERAL) / 

BACHELOR OF ARTS (GENERAL) 
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Term-End Examination 

June, 2024 

BMTC-133 : REAL ANALYSIS 

Time : 3 Hours     Maximum Marks : 100 

Note : (i) Question No. 1 is compulsory. 

 (ii) Do any six questions from Q. Nos. 2 to 8. 

 (iii) Use of calculator is not allowed.  

1. Which of the following statements are TRUE or 

FALSE ? Give reasons for your answers in the 

form of a short proof or a counter-example, 

whichever is appropriate : 2×5=10 

(a) The series 
1

4 7

3n
n

n




  is convergent. 
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(b) The function f given by : 

  ( ) | 3|f x x  

[ 4, 4]x    

has a local maximum point. 

(c) The negation of ~p q  is q p .  

(d) Every increasing sequence has a 

convergent subsequence. 

(e) ( ) [ ]f x x  is not integrable on [– 1, 1]. 

2. (a) Show that the sequence ( ) ,n na N  where 

( 1)

5

n

n n
a


  is a Cauchy sequence. 5 

(b) Show that the function f defined on [0, 1] 

by :   5 

        
   


1
, when for some( )

0, elsewhere

x x nf x n
N

 

is Riemann integrable. 

(c) State the Fundamental Theorem of 

Calculus. Use it to evaluate 
1

0
3x dx . 5 
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3. (a) Prove that 3 2nn  is divisible by 3 for all 

1,n  by mathematical induction theory. 5 

(b) Let f be a function defined on R as : 5 

      
 when  is rational1,

( )
0, when  is irrational

x
f x

x
 

Prove that f is discontinuous at each xR . 

(c) Define pointwise convergence for a 

sequence of functions. Check whether the 

sequence ( )n nf N , where : 5 


3

cos 2
( ) ,n

nx
f x

n    
[0,1]x  

is pointwise convergent or not. 

4. (a) Check whether the following sets are 

closed or not : 4 

(i) 5 4 3
1S  = { : 5 4 –3x x x x R   

         22 1 0}x x   

(ii)  2S  = [5, 10] [3, ] [ 5, 11]  

(b) Test the following series for convergence : 6 

(i) 







1

1

.3n
n

n

n
 

(ii) 
1/2 1/4

1

1

2 3n n n



  
  
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(c) Evaluate : 5 

 

1

3
0

lim

3

n

n
r

n

n r




 
  

5. (a) Let S be an open subset of R. Show that SC 

is closed. 5 

(b) Prove that : 5 

 2( )f x x  

is Riemann integrable. Hence, show that 

1 2

0

1

3
x dx  . 

(c) State Cauchy’s first theorem on limits. Use 

it to show that : 5 

             
2 2 2

1 1 1
lim .... 0

( 1) ( 2) (2 )n n n n

 
    

  
 

6. (a) Prove that if a function f is uniformly 

continuous on an interval I, then it is 

continuous on I. How about its converse ? 

Prove or disprove. 5 
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(b) Test the convergence of the following  

series :  5 

(i) 
1

3

(4 1)!

n

n
n






  

(ii) 









1

2 1

7 4

n

n n
n

 

(c) Consider the function : 5 

1/3( ) (1 )f x x  , 0x   

Find the Taylor’s polynomial 2P ( )x and the 

remainder term 2R ( )x at a = 0. 

7. (a) Find a limit point of the set : 5 

1 ( 1) 1
:

2

n

n
n

   
  

  
N ,  

if any. 

(b) If an infinite series an converges, then 

show that  lim 0n
n

a


 . 5 

(c) Show that for the function : 5 

3( ) 6 5f x x x    

there is some ]2, 3[c  such that ( ) 12f c  . 

Find a value for such a point c. 
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8. (a) Show that the sequence (an), where :  




 


1 1

4 3
1, ,

3 2

n
n

n

a
a a

a
 

1n  

is convergent. Also find the limit of an as 

n   . 5 

(b) Prove that between any two real roots of 

.cos 1xe x  , there is at least one real root 

of .sin 1xe x  . 5 

(c) Show that : 5 

2

3 3

nx

n x
  

is uniformly convergent on [0, 2]. 
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(i) 

(ii) 

(iii) 

2×5=10 

 
1

4 7

3n
n

n





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  ( ) | 3|, [ 4, 4]f x x x      

f 

  ~p q q p

( ) [ ]f x x [– 1, 1]

( )n na N ] 

]  
( 1)

5

n

n n
a




[0, 1] 

f : 


   


1
, N ( )

0,

x x nf x n   

1

0
3x dx

1n

3 2nn  3 
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f, R 


 


  1,( )
0,   

x
f x

x
 

xR f 

( )n nf N


3

cos 2
( ) ,n

nx
f x

n   
[0,1]x  

(i) 5 4 3
1S  = { : 5 4 –3x x x x R   

      22 1 0}x x      

(ii)  2S  = [5, 10] [3, ] [ 5, 11]  

(i) 







1

1

.3n
n

n

n
 

(ii) 
1/2 1/4

1

1

2 3n n n



  
  
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 

1

3
0

lim

3

n

n
r

n

n r




 
  

S, R 

SC 

2( )f x x

1 2

0

1

3
x dx 

               
2 2 2

1 1 1
lim .... 0

( 1) ( 2) (2 )n n n n

 
    

  
 

f I 

] I 
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(i) 
1

3

(4 1)!

n

n
n






  

(ii) 









1

2 1

7 4

n

n n
n

 

1/3( ) (1 )f x x  ,  0x   

a = 0 

2P ( )x 2R ( )x

5 

1 ( 1) 1
:

2

n

n
n

   
  

  
N  

na ]

lim 0n
n

a






 [ 12 ] BMTC-133 

   

3( ) 6 5f x x x    

]2, 3[c

( ) 12f c  c 

(an), 

1 1

4 3
1, , 1

3 2
n

n
n

a
a a n

a


  



] n   na

. cos 1xe x

.sin 1xe x 

2

3 3

nx

n x
  

[0, 2] 
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