
   

   

NETAJI SUBHAS OPEN UNIVERSITY 
ÿoˆÁTˆ„EıÁw¯Ã[˝ YÁPˆy‘] ( P. G.) 

%X«`›_X Yy (Assignment) : L«X, 2020/ ◊Qˆ„a∂ëˆÃ[˝, 2020 (June-2020/Dec.-2020) 
MATHEMATICS 

Paper - 2A : Real Analysis & Metric Spaces 
Y…SÔ]ÁX : 50   QUESTION PAPER CUM ANSWER BOOKLET  ]Á„XÃ[˝ mÃ[˝”±ºˆ : 20% 
(Full Marks : 50)  (Weightage of Marks : 20%) 
Y◊Ã[˝◊]Tˆ C ^UÁ^U =w¯„Ã[˝Ã[˝ LXÓ ◊[˝„`b ]…_Ó ÂVCÃ^Á c˜„[˝* %£à˘ [˝ÁXÁX, %Y◊Ã[˝¨K˜~TˆÁ A[˝e %Y◊Ã[˝õıÁÃ[˝ c˜ÿôˆÁl˘„Ã[˝Ã[˝ 

Âl˘‰y X∂ëˆÃ[˝ ÂEı‰ªRÙO ÂXCÃ^Á c˜„[˝* =YÁ„‹ôˆ Y“‰`¬Ã[˝ ]…_Ó]ÁX a…◊ªJÙTˆ %Á‰ªK˜* 
Special credit will be given for precise and correct answer. Marks will be  

deducted for spelling mistakes, untidiness and illegible handwriting.  
The figures in the margin indicate full marks. 

Name (in Block Letter) : ........................................................................................................... 
 

Enrolment No.             

 
Study Centre Name : .............................................................................. Code : ..................... 

To be filled 
by the 

Candidate 

Serial No. of 
question 
answered 

             TOTAL 

For 
Evaluator's 

only 

Marks 
awarded               

Q.P. Code : PA/4/IIA 
 
 PG-Sc.-AP-17099 Signature of Evaluator with Date 

 
 

NETAJI SUBHAS OPEN UNIVERSITY 
 ÿoˆÁTˆ„EıÁw¯Ã[˝ YÁPˆy‘] ( P. G.) STUDENT'S COPY 

%X«`›_X Yy (Assignment) : L«X, 2020/ ◊Qˆ„a∂ëˆÃ[˝, 2020 (June-2020/Dec.-2020) 
MATHEMATICS 

Paper - 2A : Real Analysis & Metric Spaces 
 
Name (in Block Letter) : ........................................................................................................... 
 

Enrolment No.             

 
Study Centre Name : .............................................................................. Code : ..................... 

Q.P. Code : PA/4/IIA 
 
 PG-Sc.-AP-17099 Received Answer Booklet 
 Signature with seal by the Study-Centre

 



 QP Code : PA/4/IIA 2 / 20 PG-Sc.-AP-17099 

   

LÃ[˝”◊Ã[˝ ◊X„V¤` / Important Instruction 

%ÁGÁ]› ◊`l˘Á[˝bÔÁ‹ôˆ YÃ[˝›l˘ÁÃ^ (T.E. Exam.) XT«ˆX [˝Ó[˝ÿöˆÁ %UÔÁd Y“`¬ac˜ =w¯Ã[˝ Y«◊ÿôˆEıÁ (QPAB) Y“[˝Tˆ¤X EıÃ[˝Á c˜„[˝* 
Ac˜O XT«ˆX [˝Ó[˝ÿöˆÁÃ[˝ a„Ü YÃ[˝›l˘ÁUfi„VÃ[˝ %\ˆÓÿôˆ EıÃ[˝ÁÃ[˝ LXÓ [˝Tˆ¤]ÁX %X«`›_X Y‰y ◊X„V¤` %X«^ÁÃ^› Y“◊Tˆ◊ªRÙO Y“‰`¬Ã[˝ 
=w¯Ã[˝ ◊X◊V¤rÙ ÿöˆÁ„Xc˜O ◊V„Tˆ c˜„[˝* 
New system i.e. Question Paper Cum Answer Booklet (QPAB) will be introduced in the 
coming Term End Examination. To get the candidates acquainted with the new system, 
assignment answer is to be given in the specified space according to the instructions. 

Detail schedule for submission of assignment for the 
PG Term End Examination June-2020/Dec.-2020 

1. Date of Publication : 20/06/2020 
2. Last date of Submission of answer script  by the student to the study 

centre 
: 19/07/2020 

3. Last date of Submission of marks by the examiner to the study centre : 16/08/2020 
4. Date of evaluated answer scripts distribution by the study centre to 

the students (Students are advised to check their assignment marks 
on  the evaluated answer scripts and marks lists in the study centre 
notice board. If there is any mismatch / any other problems of marks 
obtained and marks in the list, the students should report to their 
study centre Co-ordinator on spot for correction. The study centre is 
advised to send the corrected marks, if any, to the COE office within 
five days. No changed / correction of assignment marks will be 
accepted after the said five days.) 

 
 
 
 
 
 
 
 
: 23/08/2020 

5. Last date of submission of marks by the study centre to the 
Department of C.O.E. on or before 

 
: 31/08/2020 
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Answer Question No. 1 and any four from the rest. 
1. Answer any five questions :  2 × 5 = 10 
 a) Find the total variation of f : [ 0,1 ] → IR defined as  

  
⎪⎩

⎪
⎨
⎧
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x
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 b) If E is a bounded measurable set then show that there exists a subset EF ⊆  such 
that F is a countable union of closed sets with )()( EmFm = . 

 c) Show that the set of rational numbers Q is measurable. 

 d) Using definition of R-S integral, show that ∫ =
2

0

2 5][d xx ; where ][ x  denotes the 

largest integer x≤ . 
 e) If }{ nF  is a sequence of sets of first category in a metric space )d,( X  then show that 

∪
∞

=1n
nF  is also a set of first category. 

 f) If A and B are two sets in a metric space ( X, d ) such that φ≠∩ BA , then          
show that )()()( BDiamADiamBADiam +≤∪   

  where )(SDiam  stands for the diameter of S, for any XS ⊆ . What happens if the 
condition φ≠∩ BA  is not given ? Justify. 

 g) If A and B are disjoint compact sets in a metric space )d,( X  then show that there 

are disjoint open sets 1G , 2G  in )d,( X  such that 1GA ⊆  and 2GB ⊆ . 

 h) Is the set 
⎭
⎬
⎫

⎩
⎨
⎧

=+∪= ,...2,1:
2
13]3,2[ nA n  with usual metric induced from IR a 

compact set ? Justify. 

  
First Answer : 
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Second Answer : 
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Third Answer : 
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Fourth Answer : 
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ªFifth Answer : 
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2. a) Let }{ kE  be an increasing sequence of measurable sets such that ∪
∞

=

=
1k

k EE  is 

bounded. Show that E is measurable and )()( nEmn
limEm ∞→= . 4 

 b) If f : [ a, b ] → IR is a bounded measurable function and 21,JJ  are open intervals in 

IR , then show that )( 21
1 JJf ∪−  is a measurable set in [ a, b ]. 3 

 c) Either prove or disprove : 
  Every measurable function is continuous but every continuous function need not be 

measurable. 3 

3. a) If f : [ a,b ] → IR is summable and if ∫=
x

a

tfxF d)(  in bxa ≤≤ , then show that 

)()( xfxF =′  almost everywhere in [ a, b ]. 5 

 b) If xxf cos
2
1)( +=  in π20 << x , then find +f  and −f . 2 

 c) Find the Fourier series for ],[: ππ−f  → IR 

  given by =)( xf    x ,       if 0<<− xπ  

                               x−π  , if π<< x0  3 
4. a) If ],[: ππ−f → IR is a bounded and R-integrable and f is periodic with period π2=  

and if f is increasing in ),0( α  where a<< α0 , then show that 

)0(
2

dsin)(
0

+=∞→ ∫ ft
t
nttfn

lim
a

π . 5 

b) Show that Fourier series for 2)( xxxf +=  in ],[ ππ−  is 

∑
∞

=
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−+

1
2

2

2
sincos)1(4

3
n

n
n
nx

n
nxπ .  

 What are the sums of the series at ?π±=x   Jusitify. 5 

5. a) If two metrices ρ  and d on a set )( φ≠X  are equivalent then show that a Cauchy 

sequence in ),( ρX  is a Cauchy sequence in )d,( X  and conversely.  5 

 b) If |tantan|),( 11 yxyx −− −=σ  for all ∈yx, IR, then show that ( IR, )σ  is a metric 
space. Is it complete ? Justify. 5 

6. a) If a continuous function f : IR → IR satisfies the property )()()( yfxfyxf +=+ , for 

all ∈yx, IR , then show that )1()( fxxf = , for all ∈x IR. 4 

 b) If T is a contraction in a complete metric space X and Xx ∈  show that 

)()( 1 xTn
limxTn

limT nn +=⎟
⎠
⎞⎜

⎝
⎛ . 4 

 c) Let ( X, d ) be a metric space and Xx ∈0 . Show that }5),(1|{ 0 <<∈ xxdXx  is an 

open set in ( X, d ). 2 
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7. a) Either prove or disprove : 
i) Continuous image of a connected space is connected. 
ii) Continuous image of a locally connected space is locally connected. 2 + 2 

 b) Show that a continuous injective function of ( 0, 1 ) to real numbers with usual 
metric is a monotone function. 3 

 c) If A is a compact subset of a metric space ( X, d ) and Ax ∉0 , then show that 

),(),( 000 axdAxd =  for some Aa ∈0 . What happens if 'compactness' of A is 

suppressed ? 3 

  
First Answer : 
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Second Answer : 
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Third Answer : 
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ªFourth Answer : 
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