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BACHELOR’S DEGREE PROGRAMME 

(BDP) 

Term-End Examination 

June, 2021 
MTE-09 : REAL ANALYSIS 

Time : 2 Hours     Maximum Marks : 50 

Note : Attempt five questions in all. Q. No. 1 is 

compulsory. Answer any four questions from 

Question Nos. 2 to 7.  

1. Are the following statements true or false ? 

Give reasons for your answers : 2 each 

(a) The set { : 5}x x∈ ≤R  is not a closed set 

in R. 

(b) The function f defined by : 

= − − ∈( ) 3 ,f x x x R  

has a local maxima.   
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(c) 
1

1sin
n n

∞

=
∑  is a convergent series.   

(d) If a function : [ , ]f a b → R  has finitely 
many points of discontinuity in [a, b], then 
f is integrable on [a, b]. 

(e) The function : [2, 4] ,f → R  defined by 

3( )f x
x

=  is uniformly continuous on its 

domain.  

2. (a) Show that the set [ 5,3[ ] 3,5]− ∩ −  is a 
neighbourhood of 2. 2 

(b) Test the following series for convergence :  

 2 2 2 2 2 2
2.3 4.5 6.7 ......

4 .5 6 .7 8 .9
+ + +   3 

(c) State the second mean value theorem of 
integrability. Verify it for the functions f 
and g defined by f (x) = 6x and g (x) = –5x 
on [3, 4]. 5 

3. (a) Check whether the following sets are open 
or not :  3 

(i) The set of rational numbers Q. 

(ii) The set 2
1 n
n

⎧ ⎫
∈⎨ ⎬

⎩ ⎭
N   
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(b) Check whether the sequence { }na , where 

1 1 1....
1 2 2na

n n n
= + + +

+ +
 is convergent 

or not.   5  

(c) Show that the equation : 2 

3 22 3 7 18 0x x x− + − =   

has a root which is real and positive.  

4. (a) Evaluate : 3 

3 2

3
1

lim
(4 )

n

n r

n
n r→∞ = +∑   

(b) Consider the function f defined on R by : 

3 2( ) 2 3 72 36f x x x x= + − −   

In which of the intervals is the function f 

increasing, and in which of the intervals is 

f decreasing ? Justify your answer. 4 

(c) Find the value of m so that : 3 

→

+
30

sin 2 sin 3lim
x

x m x
x

  

is finite. 
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5. (a) Use the principle of mathematical 

induction to show that : 4 

sin sinnx n x≤  

for all Nn ∈  and for all x ∈ R .   

(b) Give an example of each of the following : 3 

(i) a function with a removable 

discontinuity  

(ii) a totally discontinuous function  

(c) Using the ε-δ argument, prove that : 3 

3
1
2

9lim( 1)
8x

x
→

+ =   

6. (a) Show that the function : [0,1]f → R  

defined by : 4 

2, when is rational( )
3, when is irrational

xf x
x

⎧
= ⎨
⎩

 

is not Riemann integrable on [0, 1]. 

(b) Test whether the series 
∞

= +∑ 5 3
0

1
n n x

 

converges uniformly or not. 3 
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(c) Prove that the sum of two convergent 

sequences is convergent.  3 

7. (a) Let f be a function defined on R by : 4 

+⎧ ≠⎪= −⎨
⎪ =⎩

2
5 , when 5( ) 25

1 , when 5

x xf x x
x

  

Check whether f is uniformly continuous 

on [– 3, 3] or not. 

(b) Find the local extreme value of 1 x

x
⎛ ⎞
⎜ ⎟
⎝ ⎠

, if it 

exists.   4  

(c) Show that the function ( ) cos 2f x x=  is a 

periodic function. 2 
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l=kkar ijh{kk 

twu] 2021 

MTE-09 % okLrfod fo'ys"k.k 

le; % 2 ?k.Vs     vf/dre vad % 50 

uksV % dqy ik¡p iz'uksa ds mÙkj nhft,A iz- la- 1 

vfuok;Z gSA iz- la- 2 ls 7 rd fdUgha pkj iz'uksa 

ds mÙkj nhft,A   

1- D;k fuEufyf[kr dFku lR; gSa ;k vlR; \ vius 

mÙkjksa ds dkj.k nhft, % 

(d)  leqPp; { : 5}x x∈ ≤R ] R  dk lao`r 

leqPp; ugha gSA  
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([k)  ( ) 3 ,f x x x= − − ∈ R  }kjk ifjHkkf"kr iQyu 

dk LFkkuh; mfPPk"B gSA  

(x)  
1

1sin
n n

∞

=
∑  ,d vfHklkjh Js.kh gSA  

(?k)  ;fn fdlh iQyu : [ , ]f a b → R  ds [a, b] esa 

ifjfer :i ls dbZ vlkarR; fcUnq gSa] rks 

f, [a, b] ij lekdyuh; gksrk gSA  

(Ä)  3( )f x
x

=  }kjk ifjHkkf"kr iQyu 

: [2, 4] ,f → R  vius izkar ij ,dlekur% 

larr gSA  

2- (d)  fn[kkb, fd leqPp; − ∩ −[ 5, 3 [ ] 3, 5], 2 dk 

,d izfros'k gSA  2 

([k)  fuEufyf[kr Js.kh ds vfHklj.k dh tk¡p  

dhft, % 3 

2 2 2 2 2 2
2.3 4.5 6.7 ......

4 .5 6 .7 8 .9
+ + +  
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(x)  lekdyuh;rk ds f}rh; eè;eku izes; dk 

dFku nhft,A bls f (x) = 6x vkSj g (x) = – 5x  

}kjk ifjHkkf"kr iQyuksa f vkSj g ds fy, [3, 4] 

ij lR;kfir dhft,A  5 

3- (d)  tk¡p dhft, fd fuEufyf[kr leqPp; foo`r gSa 

;k ugha %  3 

 (i)   ifjes; la[;kvksa dk leqPp; Q 

 (ii)  leqPp; 2
1 n
n

⎧ ⎫
∈⎨ ⎬

⎩ ⎭
N  

([k)  tk¡p dhft, fd vuqØe { },na  tgk¡ % 5 

1 1 1....
1 2 2na

n n n
= + + +

+ +
 

 gS] vfHklkjh gS ;k ughaA 

(x)  fn[kkb, fd lehdj.k % 2 

3 22 3 7 18 0x x x− + − =  

 dk ,d ewy okLrfod /u la[;k gSA  
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4- (d)  fuEufyf[kr dk eku Kkr dhft, % 3 

3 2

3
1

lim
(4 )

n

n r

n
n r→∞ = +∑  

([k)  3 2( ) 2 3 72 36f x x x x= + − −  }kjk R 

ifjHkkf"kr iQyu f yhft,A fdu varjkyksa esa f 

o/Zeku gS vkSj fdu varjkyksa esa f kleku  

gS \ vius mÙkj dh iqf"V dhft,A  4 

(x)  m dk eku bl izdkj Kkr dhft, fd % 3 

→

+
30

sin 2 sin 3lim
x

x m x
x

 

 ifjfer gksA  

5- (d)  xf.krh; vkxeu ds fl¼kUr ls fn[kkb, fd 

lHkh n ∈ N  vkSj lHkh x ∈ R  ds fy, % 4 

sin sinnx n x≤  

 [ 10 ] MTE-09 

   

([k)  fuEufyf[kr esa ls izR;sd dk ,d mnkgj.k 

nhft, % 3 

 (i) vius; vlkarR; ds lkFk ,d iQyu 

 (ii) ,d laiw.kZr;k vlarr iQyu 

(x)  ε-δ rdZ dk iz;ksx djds] fl¼ dhft, % 3 

3
1
2

9lim ( 1)
8x

x
→

+ =  

6- (d)  fn[kkb;s fd % 4 

⎧
= ⎨
⎩

2,( )
3,

xf x
x

ï ï ïï ï ïï ï ï ïï
ï ï ï ïï ï ïï ï ï ïï

  

 }kjk ifjHkkf"kr iQyu : [0,1]f → R  [0, 1] ij 

jheku lekdyuh; ugha gSA  

([k)  tk¡p dhft, fd Js.kh 
∞

= +∑ 5 3
0

1
n n x

 ,d& 

lekur% vfHklfjr gksrh gS ;k ughaA 3 
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(x)  fl¼ dhft, fd nks vfHklkjh vuqØeksa dk 

;ksxiQy Hkh vfHklkjh gksrk gSA  3 

7- (d)  eku yhft, f : 4 

+⎧ ≠⎪= −⎨
⎪ =⎩

2
5 , 5( ) 25

1 , 5

x xf x x
x

ï ï ïï

ï ï ïï
 

 }kjk R ij ifjHkkf"kr ,d iQyu gSA tk¡p 

dhft, fd [–3, 3] ij f ,dlekur% larr gS 

;k ughaA 

([k)  1 x

x
⎛ ⎞
⎜ ⎟
⎝ ⎠

 dk LFkkuh; pje eku Kkr dhft,] ;fn 

bldk vfLrRo gSA  4 

(x)  fn[kkb, fd iQyu ( ) cos 2f x x=  ,d vkorhZ 

iQyu gSA  2 
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