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Fifth Semester 

Mathematics — Main  

REAL ANALYSIS — II 

(For those who joined in July 2017 onwards) 

Time : Three hours Maximum : 75 marks  

PART A — (10 × 1 = 10 marks)  

Answer ALL questions. 

 Choose the correct answer : 

1. ÁÇUQß ö©m›UQÀ [–3, 5] Cß Âmh® 

___________. 

 (A) 2   (B) 0 

 (C) 8   (D) 5 

 With usual metric, the diameter of [–3, 5] is 
___________. 

 (a) 2   (b) 0 

 (c) 8   (d) 5 
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2. ÁÇUP©õÚ ö©m›UQÀ, R&CÀ vÓ¢u £¢x B(–1, 1) 

Gß£x ___________. 

 (A) [–2, 0]  (B) (–1, 1) 

 (C) [–1, 1]  (D) (–2, 0) 

 In R, with usual metric, the open ball B(–1, 1) is 
___________. 

 (a) [–2, 0]  (b) (–1, 1) 

 (c) [–1, 1]  (d) (–2, 0) 

3. ÁÇUP©õÚ ö©m›UQÀ R&CÀ EÒÍ JÆöÁõ¸ Kº 

EÖ¨¦ Pn•® ___________. 

 (A) ‰i¯x     

 (B) vÓ¢ux 

 (C) ‰i¯x ©ØÖ® vÓ¢ux    

 (D) ‰i¯x©À», vÓ¢ux©À» 

 In R with usual metric, every singleton set is 
___________. 

 (a) closed   

 (b) open 

 (c) both open and closed     

 (d) neither open nor closed 
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4. 

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A  GÛÀ A&Cß vÓm]¦ÒÎ 

___________ BS®. 

 (A) 0   (B) 1 

 (C) 
n
1

   (D) ∞ 

 If 


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A , then the accumulation 

point of A is ___________. 

 (a) 0   (b) 1 

 (c) 
n
1

   (d) ∞ 

5. ( ) 2xxf =  GÚ Áøμ¯ÖUP¨£k® \õº¦ RRf →:  

BÚx R&Cß «x ___________. 

 (A) öuõhºa]¯õÚx BÚõÀ ^μõÚ 
öuõhºa]¯ØÓx     

 (B) ^μõÚ öuõhºa]¯õÚx 

 (C) öuõhºa]¯ØÓx    

 (D) öuõhºa]¯õÚx©À», ^μõÚ 
öuõhºa]¯õÚx©À» 
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 RRf →:  defined by ( ) 2xxf =  is ___________ on 

R. 

 (a) continuous but not uniformly continuous     

 (b) uniformly continuous 

 (c) not continuous    

 (d) neither continuous nor uniformly continuous 

6. \õº¦ RRf →:  BÚx ( ) [ ]xxf =  GÚ 

Áøμ¯ÖUP¨£iß, Aø»Ä ( )5,fw  = ___________. 

 (A) 0   (B) 1 

 (C) 2   (D) 5 

 If RRf →:  is defined by ( ) [ ]xxf = , then 

oscillation ( )5,fw  = ___________. 

 (a) 0   (b) 1 

 (c) 2   (d) 5 

7. { }0−R  BÚx ___________. 

 (A) öuõkzux    

 (B) öuõkzuÀ» 

 (C) Pa]u©õÚx    

 (D) öuõkzux BÚõÀ Pa]u©õÚuÀ» 
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 { }0−R  is ___________. 

 (a) Connected  

 (b) Not connected 

 (c) Compact  

 (d) Connected but not compact 

8. R&Cß EmPn® ___________ BÚx Pa]u©õÚx 
©ØÖ® öuõkzux® BS®. 

 (A) R   (B) (0, 1) 

 (C) [0, 100]  (D) Q 

 The subset of ___________ R is both compact and 
connected. 

 (a) R   (b) (0, 1) 

 (c) [0, 100]  (d) Q 

9. \õº¦ f BÚx  c GßÓ ¦ÒÎ°À ÁøP°hzuUPx 

GÛÀ )(
1 c
f

′









= ___________. 

 (A) ( )[ ]2cf
c

  (B) 
( )

( )[ ]2cf
cf ′

 

 (C) 
( )

( )[ ]2cf
cf ′−

  (D) 
( )
( )[ ]cf
cf ′
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 If f is differential at a point c, then )(
1 c
f

′









 = 

___________. 

 (a) ( )[ ]2cf
c

  (b) 
( )

( )[ ]2cf
cf ′

 

 (c) 
( )

( )[ ]2cf
cf ′−

  (d) 
( )
( )[ ]cf
cf ′

 

10. ( ) ( )21 xxf −= , [ ]1,1−∈x  GÛÀ, ÷μõ¼ß 

÷uØÓzvß£i c°ß ©v¨¦ ___________. 
 (A) 2   (B) 0 

 (C) –1   (D) 1 

 If ( ) ( )21 xxf −= , [ ]1,1−∈x , then by Rolle’s 
theorem the value of c is ___________. 

 (a) 2   (b) 0 
 (c) –1   (d) 1  

PART B — (5 × 5 = 25 marks) 

Answer ALL questions, choosing either (a) or (b). 

11. (A) 1d  ©ØÖ® 2d  Gß£Ú M&«uõÚ C¸ 

ö©m›USPÒ, ( ) ( ) ( )yxdyxdyxd ,,, 21 +=  

GÛÀ, M&Cß «x d J¸ ö©m›U GÚ {ÖÄP. 

  If 1d  and 2d  are two metrics on M and if 
( ) ( ) ( )yxdyxdyxd ,,, 21 += , then prove that d 

is a metric on M.  
Or 
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 (B) G¢uöÁõ¸ ö©m›U öÁÎ (M, d) °¾® 
JÆöÁõ¸ vÓ¢u £¢x® J¸ vÓ¢u Pn® GÚ 
{¹¤. 

  Prove that in any metric space (M, d), each 
open ball is an open set. 

12. (A) G¢uöÁõ¸ ö©m›U öÁÎ°¾®, •iÂÀ»õ 
öuõS¨¤À EÒÍ ‰i¯ Pn[PÎß öÁmk® 
J¸ ‰i¯ Pn® GÚ {ÖÄP. 

  Prove that in any metric space arbitrary 
intersection of closed sets is closed. 

Or 

 (B) RCÀ EÒÍ G¢uöÁõ¸ öÁØÓØÓ vÓ¢u 
CøhöÁÎ (a, b) BÚx Cμshõ® ÁøP GÚ 
{¹¤. 

  Prove that any non empty open interval  
(a, b) in R is of second category. 

13. (A) (M, d) J¸ ö©m›U öÁÎ, Ma ∈  GÛÀ 
( ) ( )axdxf ,=   GÚ Áøμ¯ÖUP¨£k® \õº¦ 

RMf →:  BÚx öuõhºa]¯õÚx GÚ {¹¤. 

  If (M, d) is a metric space and if Ma ∈ , then 
show that the function RMf →:  defined by 

( ) ( )axdxf ,=  is continuous. 

Or 
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 (B) ( ) xxf sin=  GÚ Áøμ¯ÖUP¨£k® \õº¦ 

RRf →:  BÚx R Cß «x ^μõÚ 
öuõhºa]²øh¯x GÚ {ÖÄP. 

  Prove that the function RRf →:  defined by 

( ) xxf sin=  is uniformly continuous on R. 

14. (A) ö©´ ©v¨¦øh¯ öuõhºa]¯õÚ \õº¤ØPõÚ 
Cøh©v¨¦ ÷uØÓzøu TÔ {ÖÄP. 

  State and prove intermediate value theorem 
for real continuous function. 

Or 

 (B) J¸ ö©m›U öÁÎ M Cß Pa]u©õÚ 

EmPn® A BÚx GÀø»US Em£mhx GÚ 
{¹¤. 

  Show that any compact subset A of a metric 
space M is bounded. 

15. (A) f&BÚx c GßÓ ¦ÒÎ°À ÁøP°hzuUPx 

GÛÀ, c&CÀ f BÚx öuõhºa]¯õÚx GÚ 
{¹¤. 

  If f is differentiable at c, then show that f is 
continuous at c. 

Or 

 (B) ÷μõ¼ß ÷uØÓzøuU TÔ {ÖÄP. 

  State and prove Rolle’s Theorem. 
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PART C — (5 × 8 = 40 marks)  

Answer ALL questions, choosing either (a) or (b). 

16. (A) R&EÒÍ G¢uöÁõ¸ vÓ¢u EmPnzøu²® 

JßÖUöPõßÖ ö£õxÁØÓ GsohzuUP 
vÓ¢u CøhöÁÎPÎß ÷\ºUøP¯õP 
öÁÎ¨£kzu •i²® GÚ {¹¤. 

  Prove that any open subset of R can be 

expressed as the union of a countable 
number of mutually disjoint open intervals.  

Or 

 (B) (M, d) J¸ ö©m›UöÁÎ ©ØÖ®  

( ) ( )yxdyx ,2, =ρ  GÛÀ d ©ØÖ® ρ  BQ¯Ú 

Cøn¯õÚ ö©m›USPÒ GÚ {¹¤. 

  If (M, d) is a metric space and if 

( ) ( )yxdyx ,2, =ρ , then prove that d and ρ  

are equivalent metrics on M.  

17. (A) ÁÇUP©õÚ ö©m›UQÀ, C •Êø©¯õÚx GÚ 

{¹¤. 

  Prove that C with usual metric is complete. 

Or 
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 (B) ÷Psh›ß öÁmk® ÷uØÓzøu TÔ {ÖÄP. 

  State and prove Cantor intersection  

theorem. 

18. (A) ( )11, dM  ©ØÖ® ( )22, dM   BQ¯Ú C¸ 

ö©m›U öÁÎPÒ GÛÀ 21: MMf →  

öuõhºa]¯õÚuõP C¸UP ÷uøÁ¯õÚ ©ØÖ® 

÷£õx©õÚ {£¢uøÚ AøÚzx 1MA ⊆ US® 

( ) ( )AfAf ⊆  GÚU PõmkP. 

  If ( )11, dM  and ( )22, dM  are two metric 

spaces, then prove that 21: MMf →  is 

continuous iff ( ) ( )AfAf ⊆  for all 1MA ⊆ . 

Or 

 (B) [ ] Rbaf →,:  Gß£x J¸ ÷£õUS \õº¦ GÛÀ, 

[ ]ba, &CÀ f&Cß öuõhºa]¯ØÓ ¦ÒÎPÎß 

Pn® GsohzuUPx GÚ {¹¤. 

  If [ ] Rbaf →,:  is monotonic function, then 

prove that the set of points of [ ]ba,  at which 

f is discontinuous is countable. 
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19. (A) M Gß£x öuõkzuõP C¸UP ÷uøÁ¯õÚ 

©ØÖ® ÷£õx©õÚ {£¢uøÚ JÆöÁõ¸ 

öuõhºa]¯õÚ \õº¦ { }1,0: →Mf &® ÷©À 

÷PõºzuÀ AÀ» GÚ {¹¤. 

  Prove that M is connected iff every 

continuous function { }1,0: →Mf  is not onto. 

Or 

 (B) öí´Û ÷£õμÀ ÷uØÓzøuU TÔ {ÖÄP. 

  State and prove Heine-Borel Theorem. 

20. (A) ÁøP°h¾UPõÚ \[Q¼ Âv ÷uØÓzøuU TÔ 
{ÖÄP. 

  State and prove the chain rule for 
derivatives. 

Or 

 (B) öh´»›ß ÷uØÓzøuU TÔ {ÖÄP. 

  State and prove Taylor’s Theorem. 

——————— 


