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Answer ALL the questions. 

 Choose the correct answer : 

1.  4)1( i  

 (a) i4    (b) i4  

 (c) 4    (d) 4  

(6 pages) 
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2. Which of the following is a region? 

 (a)  12:  iZZ  (b)  1Im: ZZ  

 (c)  1Re: ZZ  (d)  1Im: ZZ  

3. 



 2

4
lim

2

2 Z

Z
Z

 

 (a) 0   (b) 1 

 (c) 4   (d)   

4. If )(zf  and )(zf  are analytic, then )(zf  

 (a) 0   (b) constant 

 (c) )(zf   (d) )(zf  

5.  ),1,0,(i  

 (a) 1i   (b) 1i  

 (c) i1   (d) i  

6. The invariant points of the transformation 

21

21




W  are 

 (a) 0, 1   (b) 1, –1 

 (c) ii ,   (d) 0, i  
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7. If C is the circle 2z , then  







 C

dz

z

z
2

2

sin


 

 (a) i2   (b) 4  

 (c) i4   (d) 0 

8.  ....
!3!2!1

1
32 zzz

 

 (a) zsin   (b) zcos  

 (c) ze    (d) ze  

9. If 2)(
z
e

zf
z

 , then  0);(Res zf  

 (a) 0   (b) –1 

 (c) 1   (d)   

10. The singular points of the function 

65

1
)(

2 



zz

z
zf  are 

 (a) 1, 0   (b) 2, 3 

 (c) –2, –3  (d) –5, 6 
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SECTION B — (5 × 5 = 25 marks) 

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

11. (a) Prove : 2121 zzzz  . 

Or 

 (b) Prove : 21
2

1 argargarg zz
z

z









. 

12. (a) Verify that whether the function zzf )(  is 

differentiable. 

Or 

 (b) If 4224 6),( yyxxyxu  , find the analytic 

function ),(),()( yxiuyxuzf  . 

13. (a) Show that the transformation 
24

45





z

z
W  

maps the unit circle 1z  into a circle of 

radius unity and centre 
2

1
. 

Or 

 (b) Find the bilinear transformation which maps 
the points  ,1,1  respectively onto ii ,1, . 

[P.T.O.] 
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14. (a) Prove :  
C

dzz 0
2

 if C is the unit circle 1z .   

Or 

 (b) Evaluate  C z

zdz

12
 where C is the positively 

oriented circle 2z . 

15. (a) Expand 
)2)(1(

1




zz
 as a power series in z in 

the region 21  z . 

Or 

 (b) Evaluate :  


C

dz
zz

zz

)3)(1(

13
2

2

 where C is the 

circle 2z . 

SECTION C — (5  8 = 40 marks) 

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

16. (a) Prove that 1z  and 2z  are inverse points with 

respect to a circle 0  zzzz  if and 

only if 02121   zzzz . 

Or 

 (b) Find the point ),,( 321 xxxQ   on the sphere S 

that represents the complex number 
iyxz  . 
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17. (a) Derive the Cauchy-Riemann equations in 
polar coordinates. 

Or 

 (b) Find the analytic function ivuzf )(  if 

xy

x
vu

2cos2cosh

2sin


 . 

18. (a) Find the image of the circle 33  iz  under 

the map 
z

W
1

 .  

Or 

 (b) Prove that a bilinear transformation 

dcz

baz
W




  where 0 bcad  maps the real 

axis into itself if and only if dcba ,,,  are real. 

19. (a) State and prove Cauchy’s theorem. 

Or 

 (b) Expand zze2  in a Taylor’s series about 1z  
and determine the region of convergence. 

20. (a) State and prove Laurent’s theorem. 

Or 

 (b) Evaluate :  




2

0 sin513

d
. 

—————– 
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 Choose the correct answer : 

1. ]®¨ÍUì AmhÁøn°À QøhUS® uø»ø© EÖ¨¦ —

————— 

 (A) _Ç¼¯UP EÖ¨¦ 

 (B) «a]Ö© EÖ¨¦ 

 (C) Áμ®¦ÒÍ EÖ¨¦ 

 (D) Áμ®¤À»õ EÖ¨¦ 
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 The leading element obtained in simple table is 
also called —————— element. 

 (a) pivotal   

 (b) minimum 

 (c) bounded   

 (d) unbounded 

2. J¸ ÷|›¯À vmhU PnUQß wºÄPÎß Pn®  

——————. 

 (A) ‰i¯ Pn®  

 (B) vÓ¢u Pn® 

 (C) SÂPn®   

 (D) HxªÀø» 

 The set of all feasible solution to a LPP  is a  
——————. 

 (a) closed set  

 (b) open set 

 (c) convex set  

 (d) none 

3. RÌPshÁØÖÒ Gx ö\¯ØøP ©õÔ ~m£® BS®? 

 (A) Áøμ£h •øÓ 

 (B) ]®¨ÍUì •øÓ 

 (C) ÷ÁõPÀ •øÓ 

 (D) ö£›¯ M •øÓ 
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 Which one of the following is an artificial 
technique? 

 (a) Graphical method  

 (b) Simplex method 

 (c) Vogel's method  

 (d) Big method 

4. •ußø© C¸ø© ÷áõiø¯ Aø©US® ÷£õx C¸© 

Pmk¨£õkPÎß GsoUøP ——————US \©©õP 

C¸US®. 

 (A) •ußø© Pmk¨£õkPÎß GsoUøP 

 (B) C¸© ©õÔPÎß GsoUøP 

 (C) •ußø© ©õÔPÎß GsoUøP 

 (D) CøÁ HxªÀø» 

 In the formulation of primal dual pair, the number 
of dual constraints is always equal to —————. 

 (a) number of primal constraints 

 (b) number of dual variables 

 (c) number of primal variables 

 (d) none of these 

5. «a]Ö ö\»Ä •øÓ°ß ©Öö£¯º ——————. 

 (A) Ao&]Ö ©v¨¦ •øÓ 

 (B) £zv&]Ö ©v¨¦ •øÓ 

 (C) {μÀ&]Ö ©v¨¦ •øÓ 

 (D) Áh÷©ØS ‰ø» •øÓ 
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 The other name for the least cost method is  
——————. 

 (a) matrix-minima method 

 (b) column- minima method 

 (c) row- minima method 

 (d) north west corner rule 

6. J¸ ÷£õUSÁμzxU PnUQÀ —————— \õº£ØÓ 

\©ß£õkPÒ EÒÍÚ. 

 (A) 1mn   (B) 1 nm  

 (C) nm    (D) mn  

 The number of linearly independent equations in a 
transportation problem is ——————  

 (a) 1mn   (b) 1 nm  

 (c) nm    (d) mn  

7. JxURmkU PnUøP wºÄ Põq® •øÓ ——————. 

 (A) \õºßì  (B) hõß]U 

 (C) ÷PõÛU  (D) ÷ÁõPÀ 

 The method of solving an assignment problem is 
—————— method. 

 (a) Charnes  (b) Dantzig 

 (c) Konig  (d) Vogel 
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8. J¸ JxURmkU PnUQß Ezu© AmhÁøn  

——————À {Özu¨£k®. 

 (A) np    (B) pn   

 (C) np    (D) np   

 An optimum assignment table stop when  
——————. 

 (a) np    (b) pn   

 (c) np    (d) np   

9. J¸ C¯¢vμ® ÷Áø» ö\´¯õ©À C¸US® ÷|μzvØS  

—————— ÷|μ® GßÖ ö£¯º. 

 (A) •Ê ÷|μ® (B) ö\¯À£k® ÷|μ® 

 (C) IiÀ ÷|μ® (D) HxªÀø» 

 The time for which the machine has no job to 
process is —————— on machine. 

 (a) total time (b) processing time 

 (c) idle time  (d) none 

10. —————— ÷|μzøu J¸ ÷Áø» •ÊÁøu²® •iUP 

£¯ß£kzx® ÷|μ® GÚ¨£kQÓx. 

 (A) ö\¯À£k® (B) •iÁøh²® 

 (C) IiÀ  (D) ö©õzu 

 —————— time is a time for a job to flow 
through the system. 

 (a) processing (b) completion 

 (c) idle   (d) total 
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PART B — (5 × 5 = 25 marks) 

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

11. (A) ¤ßÁ¸® J¸£i vmhU PnUQß vmh ÁiÁ® 

GÊxP. 

  «a]ÔuõUS 321 52 xxxz   

  Pmk¨£õkPÒ  

  

0,,

1054

102

2043

321

321

321

321









xxx

xxx

xxx

xxx

 

  Write the following LPP in standard form  

  Minimize 321 52 xxxz   

  Subject to  

  

0,,

1054

102

2043

321

321

321

321









xxx

xxx

xxx

xxx

 

Or 
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 (B) Áøμ£h •øÓø¯ £¯ß£kzv RÌPsh PnUøP 

wºUP : 

  «¨ö£›uõUS 21 3020 xxz   

  Pmk¨£õkPÒ 

  

.0,

6062

5025

3633

21

21

21

21









xx

xx

xx

xx

  

  Solve the following LPP graphically 

  Maximize 21 3020 xxz   

  Subject to 

  

.0,

6062

5025

3633

21

21

21

21









xx

xx

xx

xx

  

12. (A) C¸ £Sv ]®¨ÍUì •øÓø¯ ÂÁ›. 

  Explain the two  phase simplex method. 

Or 
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 (B) RÌPõq® ÷|›¯ PnUøP Cμmøhz ußø© PnUPõP 

GÊx. 

  «¨ö£›uõUS 321 32 xxxz   

  Pmk¨£õkPÒ 

  

.0,,

1056

9454

321

321

321







xxx

xxx

xxx

 

  Write the dual of the following LPP 

  Maximize 321 32 xxxz   

  Subject to 

  

.0,,

1056

9454

321

321

321







xxx

xxx

xxx

 

13. (A) RÌPsh ÷£õUSÁμzxU PnUQØPõÚ Ai¨£øh 

\õzv¯ wºÂøÚ «a]Ö ö\»Ä •øÓ¨£i PõsP. 

 W1 W2 W3 ai  

F1 8 10 12 900  

F2 12 13 12 1000  

F3 14 10 11 1200 AÎ¨¦

bj 1200 1000 900 3100  

   ÷uøÁ   



 Code No. : 30010 B Page 9 

  Find the initial basic feasible solution by 
least cost method to the following 

transportation problem. 

 W1 W2 W3 ai  

F1 8 10 12 900  

F2 12 13 12 1000  

F3 14 10 11 1200 Supply 

bj 1200 1000 900 3100  

   Demand   

Or 

 (B) RÌPsh ÷£õUSÁμzxU PnUQØPõÚ Ai¨£øh 

\õzv¯ wºÂøÚ Áh÷©ØS ‰ø» •øÓ¨£i PõsP. 

  Find the initial basic feasible solution by 
North West corner method to the following 

transportation problem. 

 W1 W2 W3 ai 

F1 2 7 4 5 

F2 3 3 1 8 

F3 5 4 7 7 

F4 1 6 2 14 

bj 2 9 18 34/29 
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14. (A) J¸ ©v¨¦ Ao°À G¢u J¸ {øμPÎÀ AÀ»x 

{μÀPÎÀ J¸ ©õÔ¼ø¯ Tmh÷Áõ AÀ»x 

PÈUP÷Áõ, ö\´uõ¾® JxURmkU PnUS •øÓ°À 

Ezu© wºÁõÚx ©õÓõuuõP C¸US® Gß£øu 

{ÖÄP. 

  Prove that the optimal solution to the 

assignment problems remains the same if a 

constant is added or subtracted to any row or 

column of cost matrix. 

Or 

 (B) JxURmkU PnUøP wº¨£uØPõÚ ö\¯À 

ÁÈ•øÓPøÍ GÊxP. 

  Write the algorithm for solving assignment 

problem. 

15. (A) Ea\ öuõhº PnUøP²®, 5 ÷Áø»PÎß «a]Ö 

ö©õzu Ph¢u ÷|μzøu²®, Cμsk C¯¢vμ[PÎß 

K´Ä ÷|μzøu²® Psk¤i 

÷Áø» : 1 2 3 4 5 

G¢vμ® M1 3 8 5 7 4 

G¢vμ® M2 4 10 6 5 8 
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  Determine the optimum sequence for the  
5 jobs and minimum total elapsed time and 
idle time of two machines. 

Job : 1 2 3 4 5 

Machine M1 3 8 5 7 4 

Machine M2 4 10 6 5 8 

 Or 

 (B) n ÷Áø»PøÍ m G¢vμ[PÐhß ö\´x 

•iUP¨£k® •øÓ°øÚ ÂÁ›. 

  Describe the method of processing n jobs 
through m machines. 

PART C — (5  8 = 40 marks) 

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

16. (A) RÌPõq® ÷|›¯À vmhU PnUøP ]®¨ÍUì 

•øÓ¨£i wºUP 

  «¨ö£›uõUS 21 2025 xxz   

  Pmk¨£õkPÒ 

  

.0,

80168

1001216

21

21

21







xx

xx

xx
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  Using simplex method to solve the following 

LPP 

  Maximize 21 2025 xxz   

  Subject to 

  

.0,

80168

1001216

21

21

21







xx

xx

xx

 

Or 

 (B) RÌUPõq® ÷|›¯À vmhU PnUøP ]®¨ÍUì 

•øÓ¨£i wºUP. 

  «a]ÔuõUS 321 23 xxxz   

  Pmk¨£õkPÒ 

  

0,,

10834

1242

723

321

321

21

321









xxx

xxx

xx

xxx
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  Use simplex method to solve the following 

LPP. 

  Minimize 321 23 xxxz   

  Subject to 

  

0,,

10834

1242

723

321

321

21

321









xxx

xxx

xx

xxx

 

17. (A) RÌPõq® ÷|›¯À vmh PnUøP  

ö£›¯ M •øÓ¨£i wºUP. 

  «¨ö£›uõUS 214 xxz   

  Pmk¨£õkPÒ 

  

0,

42

634

33

21

21

21

21









xx

xx

xx

xx
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  Use Big M method to solve the following LPP 

  Maximize 214 xxz   

  Subject to 

  

0,

42

634

33

21

21

21

21









xx

xx

xx

xx

 

Or 

 (B) RÌPsh •ußø© ÷|›¯À ö\¯À vmhU  PnUQøÚ 

AuÛÀ C¸ø© ÷|›¯À ö\¯À vmhU PnUQøÚU 

Psk¤izx wºUPÄ®. 

  «a]ÔuõUS 21 32 xxz   

  Pmk¨£õkPÒ 

  

0,

62

5

21

21

21







xx

xx

xx

 

  Solve by simplex method using dual of the 
following LPP: 

  Minimize 21 32 xxz   

  Subject to 

  

0,

62

5

21

21

21







xx

xx

xx
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18. (A) RÌPsh ÷£õUSÁμzx PnUQøÚ wºUP 

 D1 D2 D3 D4 ai 

S1 3 1 7 4 300 

S2 2 6 5 9 400 

S3 8 3 3 2 500 

bj 250 350 400 200 1200 

  Solve the following transportation problem. 

 D1 D2 D3 D4 ai 

S1 3 1 7 4 300 

S2 2 6 5 9 400 

S3 8 3 3 2 500 

bj 250 350 400 200 1200 

Or 

 (B) RÌPsh ÷£õUSÁμzxU PnUøP wºUP. 

 F1 F2 F3 F4 ai 

W1 10 15 12 12 200 

W2 8 10 11 9 150 

W3 11 12 13 10 120 

bj 140 120 80 220 560/470 
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  Solve the following transportation problem. 

 F1 F2 F3 F4 ai 

W1 10 15 12 12 200 

W2 8 10 11 9 150 

W3 11 12 13 10 120 

bj 140 120 80 220 560/470 

19. (A) RÌPsh JxURmkU PnUøP wºUP. 

 A B C D 

X 18 24 28 32 

Y 8 13 17 19 

Z 10 15 19 22 

  Solve the following assignment problem. 

 A B C D 

X 18 24 28 32 

Y 8 13 17 19 

Z 10 15 19 22 

Or 
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 (B) ¤ßÁ¸® JxURmkU PnUQß AvP¨£i¯õÚ 

C»õ£zøu PnUQkP. 

 A1 A2 A3 A4 

J1 62 71 87 48 

J2 78 84 92 64 

J3 50 61 111 87 

J4 101 73 71 77 

J5 82 59 81 80 

  Solve the following assignment problem, find 
the maximum profit. 

 A1 A2 A3 A4 

J1 62 71 87 48 

J2 78 84 92 64 

J3 50 61 111 87 

J4 101 73 71 77 

J5 82 59 81 80 

20. (A) RÌUPõq® ÷£õUSÁμzx PnUQøÚz wºUP. 

G¢vμ[PÒ  M1 M2 M3 M4 

÷Áø»PÒ J1 15 5 5 15 

 J2 12 2 10 12 

 J3 16 2 4 16 

 J4 18 3 4 18 
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  Solve the following transportation problem. 
Machines  M1 M2 M3 M4 

Jobs J1 15 5 5 15 

 J2 12 2 10 12 

 J3 16 2 4 16 

 J4 18 3 4 18 

Or 

 (B) RÌPõq® ÷£õUSÁμzx PnUQøÚz wºUP. 

÷Áø» 1 Á›ø\ ÷|μ®  A B C D 

  4 6 7 3 
÷Áø» 2 Á›ø\ ÷|μ® D B A C 

  8 7 4 5 

  Solve the following transportation problem. 
Job 1 Time sequence A B C D 

  4 6 7 3 
Job 2 Time sequence D B A C 

  8 7 4 5 

—————— 
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 Choose the correct answer : 

1. The leading element obtained in simple table is 
also called —————— element 

 (a) pivotal   

 (b) minimum 

 (c) bounded   

 (d) unbounded 
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2. The set of all feasible solution to a LPP  is a  
—————— 

 (a) closed set (b) open set 

 (c) convex set (d) none 

3. Which one of the following is an artificial 
technique? 

 (a) Graphical method 

 (b) Simplex method 

 (c) Vogel's method 

 (d) Big method 

4. In the formulation of primal dual pair, the number 
of dual constraints is always equal to —————— 

 (a) number of primal constraints 

 (b) number of dual variables 

 (c) number of primal variables 

 (d) none of these 

5. The other name for the least cost method is  
—————— 

 (a) matrix-minima method 

 (b) column- minima method 

 (c) row- minima method 

 (d) north west corner rule 
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6. The number of linearly independent equations in a 
transportation problem is ——————  

 (a) 1mn   (b) 1 nm  

 (c) nm    (d) mn  

7. The method of solving an assignment problem is 
—————— method 

 (a) Charnes  (b) Dantzig 

 (c) Konig  (d) Vogel 

8. An optimum assignment table stop when ———  

 (a) np    (b) pn   

 (c) np    (d) np   

9. The time for which the machine has no job to 
process is —————— on machine 

 (a) total time (b) processing time 

 (c) idle time  (d) none 

10. —————— time is a time for a job to flow 
through the system 

 (a) processing (b) completion 

 (c) idle   (d) total 
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PART B — (5 × 5 = 25 marks) 

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

11. (a) Write the following LPP in standard form  

  Minimize 321 52 xxxz   

  Subject to  

  

0,,

1054

102

2043

321

321

321

321









xxx

xxx

xxx

xxx

 

Or 

 (b) Solve the following LPP graphically 

  Minimize 21 3020 xxz   

  Subject to 

  

.0,

6062

5025

3633

21

21

21

21









xx

xx

xx

xx
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12. (a) Explain the two  phase simplex method. 

Or 

 (b) Write the dual of the following LPP 

  Maximize 321 32 xxxz   

  Subject to 

  

.0,,

1056

9454

321

321

321







xxx

xxx

xxx

 

13. (a) Find the initial basic feasible solution by 

least cost method to the following 

transportation problem. 

 W1 W2 W3 ai  

F1 8 10 12 900  

F2 12 13 12 1000  

F3 14 10 11 1200 Supply 

bj 1200 1000 900 3100  

   Demand   

Or 
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 (b) Find the initial basic feasible solution by 
North West corner method to the following 
transportation problem. 

 W1 W2 W3 ai 

F1 2 7 4 5 
F2 3 3 1 8 
F3 5 4 7 7 
F4 1 6 2 14 
bj 2 9 18 34/29 

14. (a) Prove that the optimal solution to the 
assignment problems remains the same if a 
constant is added or subtracted to any row or 
column of cost matrix. 

Or 

 (b) Write the algorithm for solving assignment 
problem. 

15. (a) Determine the optimum sequence for the  
5 jobs and minimum total elapsed time and 
idle time of two machines. 

Job : 1 2 3 4 5 

Machine M1 3 8 5 7 4 

Machine M2 4 10 6 5 8 

 Or 

 (b) Describe the method of processing n jobs 
through m machines. 
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PART C — (5  8 = 40 marks) 

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

16. (a) Using simplex method to solve the following 

LPP 

  Maximize 21 2025 xxz   

  Subject to 

  

.0,

80168

1001216

21

21

21







xx

xx

xx

 

Or 

 (b) Use simplex method to solve the following 

LPP. 

  Minimize 321 23 xxxz   

  Subject to 

  

0,,

10834

1242

733

321

321

21

321









xxx

xxx

xx

xxx
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17. (a) Use Big M method to solve the following LPP 

  Maximize 214 xxz   

  Subject to 

  

0,

42

634

33

21

21

21

21









xx

xx

xx

xx

 

Or 

 (b) Solve by simplex method using dual of the 
following LPP: 

  Minimize 21 32 xxz   

  Subject to 

  

0,

62

5

21

21

21







xx

xx

xx

 

18. (a) Solve the following transportation problem. 
 D1 D2 D3 D4 ai 

S1 3 1 7 4 300 

S2 2 6 5 9 100 

S3 8 3 3 2 500 

bj 250 350 400 200 1200 

Or 
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 (b) Solve the following transportation problem. 
 F1 F2 F3 F4 ai 

W1 10 15 12 12 200 

W2 8 10 11 9 150 

W3 11 12 13 10 120 

bj 140 120 80 220 560/470 

19. (a) Solve the following assignment problem. 

 A B C D 

X 18 24 28 32 

Y 8 13 17 19 

Z 10 15 19 22 

Or 

 (b) Solve the following assignment problem, find 
the maximum profit. 

 A1 A2 A3 A4 

J1 62 71 87 48 

J2 78 84 92 64 

J3 50 61 111 87 

J4 101 73 71 77 

J5 82 59 81 80 
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20. (a) Solve the following transportation problem. 

Machines  M1 M2 M3 M4 

Jobs J1 15 5 5 15 

 J2 12 2 10 12 

 J3 16 2 4 16 

 J4 18 3 4 18 

Or 

 (b) Solve the following transportation problem. 
Job 1 Time sequence A B C D 

  4 6 7 3 
Job 2 Time sequence D B A C 

  8 7 4 5 

—————— 
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1. If the resultant of two forces acting at a point is 
greatest, then the angle between them is 

 (a) 180   (b) 90  

 (c) 0   (d) 45  
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2. If, QP ,  are two forces then the least resultant is  
––––––––––––––– 

 (a) QP    (b) QP    

 (c) Q
P    (d) P

Q  

3. If three coplanar forces acting on a regid body 
keep it is equilibrium then they must be 

 (a) 0    

 (b) Perpendicular  

 (c) Either concurrent or parallel  

 (d) Parallel  

4. If three forces acting at a point are in equilibrium 
then each force is proportional to the –––––––––––
of the angle between the other two  

 (a) Cosine  (b) Sine  

 (c) Tan   (d) Sec  

5. The horizontal velocity of a projectile is  
––––––––––––––– 

 (a) sinu   (b) cosu   

 (c) tanu   (d) sin2u   
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6. The time of flight of a particle is 

 (a) 
g

u sin2
  (b) 

g
u cos2

  

 (c) 
g

u
2
sin

  (d) 
2g

sin
  

7. The period of a simple harmonic motion is  
–––––––––––––––   

 (a) 

2

  (b) 


 2
  

 (c) 

2

  (d) 

2

 

8. In a simple harmonic motion  the frequency of 
oscillation is ––––––––––––––– 

 (a) 



   (b) 

2

  

 (c) 



2
   (d) 




  

9. The  rp   equation of a parabola is ––––––––––– 

 (a) arp 2   (b) 32 arp   

 (c) arp    (d) 2arp    
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10. Radial velocity = ––––––––––––––– 

 (a) r    (b) r   

 (c) r    (d) r   

PART B — (5  5 = 25 marks) 

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

11. (a) State and prove the triangle law of forces. 

Or 

 (b) If three parallel forces are in equilibrium, 
then show that each is proportional to the 
distance between other two. 

12. (a) If three coplanar forces acting on a rigid body 
keep it in equilibrium, then prove that they 
must be concurrent or parallel. 

Or 

 (b) State and prove just Trigonometrical theorem. 

13. (a) If the greatest height attained by the particle 
is a quarter of its range of the horizontal 
plane through the point of projection, then 
find the angle of projection. 

Or   

[P.T.O.] 
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 (b) If h  and h are the greatest heights in the two 
paths of a projectile with a given velocity for a 
given range R , then prove that hhR  4 . 

14. (a) A particle moving with simple Harmonic 
motion and while making on oscillation from 
one extreme position to the other, its distance 
from the centre of oscillation at 3 consecutive 
seconds are 321 ,, xxx . Prove that the period of 

oscillation is 








 

2

311

2
cos

2

x
xx


. 

Or 

 (b) A particle executing a simple harmonic 
equation has velocities 1v , and 2v  when its 
distance from mean position are 1d  and 2d  
respectively. Find the amplitude, period of 
velocity when its distance form the mean 

position is 
2

21 dd 
 

15. (a) If a point moves so that its radial velocity is k  
times its transverse velocity, then show that 
its path is an equiangular spiral. 

Or 

 (b) Derive the rp   equation of a central orbit 
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PART C — (5  8 = 40 marks) 

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

16. (a) State and prove Lami’s theorem. 

Or 

 (b) State and prove Varignon’s theorem. 

17. (a) A uniform rod of length a , hands against a 
smooth vertical wall being supported by 
means of a string, of lengths l , tied to one end 
of the rod, the other end of the string being 
attached to a point in the wall. Show that the 
rod can inclined to the wall at an angle   

given by 
 

2

22
2

3
cos

a
al 

 . 

Or 

 (b) A rod of length  ba   whose centre of gravity 

divides it in the ratio a: b is at rest with its 
ends in contact with a smooth vertical wall 
and a smooth inclined plane inclined with the 
wall at an angle if the rod is inclined at an 
angle   with the vertical, then show that 

a
ba 

 tantan  or 
b
ba 

. 
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18. (a) Show that the greatest height which a particle 
with initial velocity v  can reach on a vertical 
wall out a distance a from the point of 

projection is 
2

22

22 v
ga

g
v

 . Also prove that 

particle in its flight is  224

6

2 agvg
v


  

Or 
 (b) Show that for a given velocity of projection the 

maximum range down an inclined plane of 
inclination   hears to the maximum range up 

the inclined plane the ratio 



sin1
sin1




. 

19. (a) Obtain the differential  equation of simple 
Harmonic equation and solve it completely. 

Or 
 (b) Find the composition of two simple harmonic 

motions of the same period in the same 
straight line and the composition of two 
simple harmonic motions of the same period 
in two perpendicular directions. 

20. (a) Find the law of force towards the pole under 
which the curve  cosnn au  can be 
described. 

Or 
 (b) Obtain the differential equation of the central 

orbit in the form 
222

2

uh
p

u
d
ud




. 

——————— 
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1. In any  qp,  graph    ivd  ——————. 

 (a) p2    (b) q2  

 (c) q    (d) p  

2. The complete graph with p  points is denoted by 
——————. 

 (a) ppK ,   (b) pK  

 (c) 2p
K    (d) npK ,  
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3. The length of the cycle 4C  is ——————. 

 (a) 2   (b) 3 

 (c) 4   (d) 1 

4. The partition  1,3,3,4,5,6,6P  is ——————. 

 (a) not graphic (b) graphic 

 (c) not partition (d) none 

5. Every tree is a ——————. 

 (a) bipartite graph (b) cyclic graph 

 (c) acyclic graph (d) not connected graph 

6.  qpA ,  graph G  is a Tree if 

 (a) 1 qp   (b) 1 pq  

 (c) 1 qp   (d) 2 pq  

7. 3,3K  is ——————. 

 (a) planar graph (b) non-planar graph 

 (c) cyclic  (d) path 

8. The chromatic number of a tree is ——————. 

 (a) 6   (b) 4 

 (c) 2   (d) 1 
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9. The coefficient of 1p  in  ,Gf  is 

 (a) q    (b) q  

 (c) p    (d) p  

10. The constant term is  ,Gf  is 

 (a) 1   (b) 2 

 (c) 3   (d) 0 

PART B — (5  5 = 25 marks) 

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

11. (a) If G  is a K –regular bigraph with bipartition 
 21,VV  and 0K , then prove that 21 VV  . 

Or 

 (b) Prove that    mnrnmr ,,  . 

12. (a) Prove that a graph G with P  points and 

2
1


p  is connected. 

Or 

 (b) Prove that if G is a K–connected graph then 

2
pk

q  . 
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13. (a) If G  is a graph in which the degree of every 

vertex is atleast two then prove that G 

contains a cycle. 

Or 

 (b) Prove that every Hamiltonian graph is  

2-connected. 

14. (a) If G is a plane connected  qp,  graph without 

triangles and 3p  then prove that 

42  pq . 

Or 

 (b) If a  11, qp  graph and a  21, qp  graph are 

homeomorphic, then prove that 

1221 qpqp  . 

15. (a) Prove that if G is a tree with n  points  2n  

then     11,  nGf  . 

Or 

 (b) Show that 234 33    cannot be the 

chromatic polynomial of any graph.  

[P.T.O.]
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PART C — (5  8 = 40 marks) 

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

16. (a) Prove that the maximum number of lines 
among all p –point graphs with no triangles is 










4

2p
. 

Or 

 (b) (i) Define   and    

   (ii) Prove that p  . 

17. (a) Prove that a graph G with atleast two points 
is bipartite iff all its cycles are of even length. 

Or 

 (b) Prove that in any graph G,  K . 

18. (a) State and prove Dirac theorem. 

Or 

 (b) Prove that  GC  is well defined. 

19. (a) State and prove Euler theorem. 

Or 

 (b) Show that  







evenisnifn
oddisnifn

Kn 1
  
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20. (a) State and prove Five colour theorem. 

Or 

 (b) Prove that coefficients of  ,Gf  is alternate 
in sign. 

 

——————— 
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1. Under which scalar multiplication defined below, 
RR   is not a vector space over R ?  

 (a)    yxyx 2,,     

 (b)    0,0, ba   

 (c)    0,, aba    

 (d) All the above 
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2. The union of two subspaces A  and B  is a vector 
space if  

 (a)   BA  

 (b) AB   

 (c) BA   or AB   

 (d) AB   

3. If   SSL  , then for the vector space V , S  is 
a/an ——————  

 (a) empty set  (b) equal set 

 (c) equal space (d) subspace 

4. The vector space of all polynomials of degree n  
on  xR  over R  has dimension ——————  

 (a) 1n    (b) n  

 (c) 1n    (d) 1 

5. For the linear transformations 1T  and 2T  if rank 
  212 TrankTT  , then ——————  

 (a) 1T  is 11    

 (b) 2T  is 11   

 (c) Both (a) and (b)  

 (d) Neither (a) nor (b) 
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6. The vector of unit length normal to the vector 
 4,3,1  is 

 (a) 






 
2

1
,

2

1
,

2

1
 (b) 







 
3

1
,

3

1
,

3

1
 

 (c) 






 

3

1
,

3

1
,

3

1
 (d)  4,3,1   

7. The inverse of the matrix 







43
21

 is ——————  

 (a) 










13
24

 (b) 










13
24

2
1

 

 (c) 










13

24
2
1

 (d) 










13

24
 

8. Which of the following is true? 

 (a) ),( BArankArank   

 (b)  BArankArank ,  

 (c)   0, BArank   

 (d)  BArankArank ,  

9. If zero is an eigen value of A  , then —————— 

 (a) 0A   (b) 0A  

 (c) 0A   (d) 0A  
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10. The matrix 









13
21

A  satisfies the equation  

——————  

 (a) 0522  IAA  

 (b) 0522  IAA  

 (c) 0522  IAA  

 (d) 0522  IAA  

PART B — (5  5 = 25 marks) 

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

11. (a) Let V  be a vector space over a field F . 
Prove that a non-empty subset W  of V  is a 
subspace if and only if Wvu ,  and 

WvuF   , .  

Or 

 (b) (i) 22: RRT   defined by 
  baT ,  baba 4,32   is a linear 

transformation. Prove. 

  (ii) Show that if WVT :  is a linear 
transformation,   VT  is a subspace of 

W .  

[P.T.O.]
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12. (a) Let V  be a finite dimensional vector space 
over F . Then prove that any linearly 
independent set of vectors in V  is a part of a 
basis. 

Or 

 (b) Show that any two vector spaces of the same 
dimension over a field F  are isomorphic. 

13. (a) Let V  and W  be two finite dimensional 
vector spaces over F . Let mV dim  and 

nW dim . Show that  WVL ,  is a vector 
space of dimension mn over F . 

Or 

 (b) State and prove Schwartz’s inequality and 
triangle inequality. 

14. (a) Find the inverse of the matrix 



















312
113

201

A . 

Or 

 (b) Show that the system of equations is 
inconsistent.  

  112  zyx ; 8564  zyx ; 

  19322  zyx . 
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15. (a) Verify Cayley Hamilton theorem for 















 


200
422

201

A . 

Or 

 (b) The product of two eigen values of the matrix 






















310
212

722

A  is –12. Find all eigen values 

of A . 

PART C — (5  8 = 40 marks) 

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

16. (a) Show that for a vector space V  and its 
subspace W  over F ,  VvvWWV  //  is 
a vector space over F .  

Or 

 (b) State and prove fundamental theorem of 
homomorphism.  

17. (a) Show that if BAV  , then 
BAV dimdimdim  . 

Or 

 (b) Prove that any two bases of a finite 
dimensional vector space have same number 
of elements. 
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18. (a) Show that every finite dimensional inner 

product space has an orthonormal basis. 

Or 

 (b) Let 1W  and 2W  be subspaces of a finite 

dimensional inner produce space. Then show 

that  

  (i)      2121 WWWW . 

  (ii)     2121 WWWW . 

19. (a) Find the rank of the matrix 


















7012
7436

3124

A . 

Or 

 (b) For what values of  , the equations are 

consistent? 1 zyx ;  zyx 42 ; 

2104  zyx . And solve them. 
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20. (a) State and prove Cayley Hamilton theorem. 
Using this theorem find the inverse of 


















021
210

201

A .  

Or 
 (b) Find the eigen values and eigen vectors of 

the matrix 

















113
151

311

A . 

 

—————— 
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1. 0z &À 
2

)( zzf   GßÓ \õº¦ J¸ —————— 

BS®. 

 (A) £S•øÓa \õº¦ 

 (B) ÁøP°hzuUPx 

 (C) ÁøP°hzuUPuÀ» 

 (D) öuõhºa]¯ØÓx 
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 At 0z , the function 
2

)( zzf   is ——————.  

 (a) analytic  

 (b) differentiable 

 (c) not differentiable 

 (d) not continuous 

2. C.R  \©ß£õmiß •Êø©¯õÚ £iÁ®  

——————. 

 (A) ifyfx   (B) 
x
f

ifx 


  

 (C) yx iff   (D) 
2

2

x
f

ifx 


  

 Complete form of C.R  equations is 

 (a) ifyfx   (b) 
x
f

ifx 


  

 (c) yx iff   (d) 
2

2

x
f

ifx 


  

3. ‘ a ’ GßÓ ø©¯¨¦ÒÎ°À ‘ r ’ &I Bμ©õPU öPõshx 

C  GÛÀ  
C

az
dz

&ß ©v¨¦ —————. 

 (A) i2   (B) – i2  

 (C) 0   (D) r2  
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 If C  is a circle with centre ‘ a ’ and radius ‘ r ’, then 

the value of 


C
az

dz
 ——————. 

 (a) i2   (b) – i2  

 (c) 0   (d) r2  

4. C   Gß£x rz   GßÓ Ámh® GÛÀ 
C

z
zd

&ß ©v¨¦ 

——————. 

 (A) i   (B) i2  

 (C) 2   (D)   

 If C  is a circle rz  , then the value of 
C

z
zd

 is  

——————. 
 (a) i   (b) i2  

 (c) 2   (d)   

5. 
 z

z
z

sin
lim

0
 ——————. 

 (A) 0   (B) 1  

 (C)    (D) 1  

 
 z

z
z

sin
lim

0
 ——————. 

 (a) 0   (b) 1  

 (c)    (d) 1  
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6. 
)(

1
izz 

 Gß£uß J¸ø©¯¨ ¦ÒÎPÒ  

——————. 

 (A) 0 ©ØÖ® 1 (B) 0 ©ØÖ® i 

 (C) 1 ©ØÖ® 2 (D) 2 ©ØÖ® 0 

 The singularities of 
)(

1
izz 

 are ——————. 

 (a) 0 and 1 (b) 0 and i 

 (c) 1 and 2 (d) 2 and 0 

7. 



2

0

)sin,(cos df &I ©v¨¥k ö\´²® ÷£õx,  

z  = —————— GÚ¨ ¤μv°h ÷Ásk®. 

 (A) 
iez   (B) 

iez   

 (C) 
iez 2  (D) 

iez  2  

 To evaluate 



2

0

)sin,(cos df , which we 

substitute for z  is ——————. 

 (a) iez   (b) iez   

 (c) iez 2  (d) iez  2  
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8. 
22

2

)22(
1

)(





zz
z

zf GÛÀ, Á›ø\ 1 Eøh¯ 

§ä¯[PÒ —————— BS®. 

 (A) i  ©ØÖ® i  

 (B) i1  ©ØÖ® i1  

 (C) i1  ©ØÖ® i1    

 (D) CøÁ HxªÀø» 

 Let 
22

2

)22(
1

)(





zz
z

zf . Then —————— and 

—————— are zeros of order 1. 

 (a) i  and i  

 (b) i1  and i1  

 (c) i1  and i1   

 (d) none of these 

9. bzw  &ß {ø»¨¦ÒÎPÒ Z ——————. 

 (A) 0   (B)   

 (C) 0  ©ØÖ®   (D) 1  

 The fixed points of bzw   is Z ——————. 

 (a) 0   (b)   

 (c) 0  and   (d) 1  
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10. izw   Gß£x J¸ _ÇØ]ø¯U SÔUP ÷Ásk©õÚõÀ, 

—————— _ÇØÓ ÷Ásk®. 

 (A) 
2


  (B)   

 (C) 
2

3
  (D) 2  

 izw   represents a rotation through an angle  
——————. 

 (a) 
2


  (b)   

 (c) 
2

3
  (d) 2  

PART B — (5 × 5 = 25 marks) 

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

Each answer should not exceed 250 pages. 

11. (A) )sin(cos)( yiyezf x  
 GßÓ \õº¦US C.R  

\©ß£õkPøÍa \›£õºUPÄ®. 

  Verify C.R  equations for the function 
)sin(cos)( yiyezf x   . 

Or 

 (B) u  ©ØÖ® v  Gß£Ú Cøn Cø\a \õº¦PÒ 

GÛÀ, CÁØÔß ö£¸UPÀ uv &²® Kº 

Cø\\õº¦ GÚ {¹¤. 

  Show that if u  and v  are conjugate 
harmonic functions, uv  is a harmonic 
function. 
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12. (A)  
b

a

b

a

dttfdttf )()(  GÚ {¹¤. 

  Prove that  
b

a

b

a

dttfdttf )()( . 

Or 

 (B)  



C C

dzzfdzzf )()(  GÚ {¹¤. 

  Prove that  



C C

dzzfdzzf )()( . 

13. (A) 1z &À, 
)3()1(

1
 zz

 SÔzx PõmkÁuØPõÚ 

öh´»›ß öuõhøμU PõsP. 

  Obtain the Taylor’s series to represent 

)3()1(
1

 zz
 in 1z . 

Or 

 (B) »õμsm&ß öuõhøμ¨ £¯ß£kzv, 1z &À, 

2

2

)1( z
e z

&ß Ga\zøuU Psk¤i. 

  Use Laurent’s series, find residue of 
2

2

)1( z
e z

 

at 1z . 
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14. (A) Contour öuõøPø¯¨ £¯ß£kzv 

 




2

0
cos2

d
&ß ©v¨ø£U PõsP. 

  Using Contour integration, find the value of 

 




2

0
cos2

d
. 

Or 

 (B) ©v¨¥k ö\´P :  




2

0
sin45

d
. 

  Evaluate  




2

0
sin45

d
. 

15. (A) 
2
1

w  GßÓ \õº¦Âß RÌ 33  iz  GßÓ 

Ámhzvß ¤®£zøuU Psk¤i. 

  Find the image of the circle 33  iz  

under the map 
2
1

w . 

Or 
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 (B) 
24

45





z
z

w  GßÓ E¸©õØÓ®, 1z  GßÓ 

Ámhzøu 1 GßÓ AÍøÁ Bμ©õPÄ®, 
2
1

 &I 

ø©¯©õPÄ® öPõsh ÁmhzvØS ©õØÖ® GÚ 

{¹¤.  

  Show that the transformation 
24

45





z
z

w  

maps the unit circle 1z  into a circle of 

radius unity and centre 
2
1

. 

PART C — (5  8 = 40 marks) 

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

16. (A) C.R  \©ß£õkPøÍ x¸Á B¯[PÎÀ u¸Â. 

  Derive C.R  equations in polar coordinates. 

Or 

 (B) xyyaxyxu  22),(  J¸ Cø\a \õº¦ GÛÀ, 

©õÔ¼ a &ß ©v¨ø£U PõsP. ÷©¾® u  Gß£x 

ö©´¨£Sv GÛÀ, £S•øÓ\õº¦ )(zf IU 

PõsP. 

  If xyyaxyxu  22),(  is harmonic, find 
the value of ‘ a ’. Find an analytic function 

)(zf  for which u  is the real part. 
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17. (A) ÷Põæ&Sº\õzvß ÷uØÓzøuU TÔ {¹¤. 

  State and prove Cauchy-Goursat theorem. 

Or 

 (B) ©v¨¤kP : 

  (i) 






 C z

dzz
2

2

sin


, C  Gß£x 2z  GßÓ J¸ 

Ámh® 

  (ii)  C iz
zdz

3

3

)2(
 C  Gß£x J¸ Kμ»S Ámh®. 

  Evaluate :  

  (i) 






 C z

dzz
2

2

sin


, where C  is the circle 

2z . 

  (ii)  C iz
zdz

3

3

)2(
 where C  is the unit circle. 

18. (A) »õμsiß öuõhøμU TÔ {¹¤. 

  State and prove Laurent’s series. 

Or 
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 (B) 
1
1

)(




z
z

zf  GßÓ \õºø£  

  (i) 0z  GßÓ ¦ÒÎø¯¨ ö£õÖzx® 
  (ii) 1z  GßÓ ¦ÒÎø¯¨ ö£õÖzx® 

öh´»›ß öuõh›À Â›zx GÊxP. 

÷©¾®, SÂ²® £Svø¯  
   (1)&US®, 
   (2)&US®, Psk¤i. 

   Expand 
1
1

)(




z
z

zf  as a Taylor’s series  

  (i) about the point 0z  and 
  (ii) about the point 1z . Determine the 

region of convergence in each case. 

19. (A) ©v¨¤kP : 


0
222 )( ax

dx
.  

  Evaluate : 


0
222 )( ax

dx
. 

Or 

 (B) Põslº öuõøPø¯¨ £¯ß£kzv, 




  )4()1( 22

2

xx
x

dx&ß ©v¨ø£U Psk¤i. 

  Using the method of Contour integration, 

evaluate 


  )4()1( 22

2

xx
x

 dx. 
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20. (A) ÷\ºUøP°ß RÌ, Cμmøh J¸£i ©õØÓzvß 

Pn® J¸ S»® GÚ {¹¤. 

  Prove that the set of all bilinear 
transformations is a group under 
composition. 

Or 

 (B) |õßS ¦ÒÎPÒ J¸ Ámhzvß ÷©À C¸US® 

GÛÀ, AÁØÔß SÖUS ÂQu® ö©´ GÚ {¹¤. 

  Prove that the cross ratio of four points is 
real when the points lie on a circle. 

  

——––––––––– 
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   JMMC 62 

B.Sc. (CBCS) DEGREE EXAMINATION,  
APRIL 2020. 

Sixth Semester 

Mathematics/Mathematics with CA – Main 

COMPLEX ANALYSIS 

(For those who joined in July 2016 only) 

Time : Three hours Maximum : 75 marks 

PART A — (10  1 = 10 marks) 

Answer ALL questions. 

Choose the correct answer. 

1. At 0z , the function 
2

)( zzf   is ——————.  

 (a) analytic  

 (b) differentiable 

 (c) not differentiable 

 (d) not continuous 

(7 pages) 
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2. Complete form of C.R  equations is 

 (a) ifyfx   (b) 
x
f

ifx 


  

 (c) yx iff   (d) 
2

2

x
f

ifx 


  

3. If C  is a circle with centre ‘a ’ and radius ‘ r ’, then 

the value of 


C
az

dz
 ——————. 

 (a) i2   (b) – i2  

 (c) 0   (d) r2  

4. If C  is a circle rz  , then the value of 
C
z
zd

 is  

——————. 

 (a) i   (b) i2  

 (c) 2   (d)   

5. 
 z

z
z

sin
lim

0
 ——————. 

 (a) 0   (b) 1  

 (c)    (d) 1  



 

Code No. : 30341 E Page 3 

6. The singularities of 
)(

1
izz 

 are ——————. 

 (a) 0 and 1 (b) 0 and i 

 (c) 1 and 2 (d) 2 and 0 

7. To evaluate 



2

0

)sin,(cos df , which we 

substitute for z  is ——————. 

 (a) iez   (b) iez   

 (c) iez 2  (d) iez  2  

8. Let 
22

2

)22(
1

)(





zz
z

zf . Then —————— and 

—————— are zeros of order 1. 

 (a) i  and i  

 (b) i1  and i1  

 (c) i1  and i1   

 (d) none of these 

9. The fixed points of bzw   is Z ——————. 

 (a) 0   (b)   

 (c) 0  and   (d) 1  
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10. izw   represents a rotation through an angle  

——————. 

 (a) 
2


  (b)   

 (c) 
2

3
  (d) 2  

PART B — (5 × 5 = 25 marks) 

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

Each answer should not exceed 250 pages. 

11. (a) Verify C.R  equations for the function 

)sin(cos)( yiyezf x   . 

Or 

 (b) Show that if u  and v  are conjugate 
harmonic functions, uv  is a harmonic 
function. 

12. (a) Prove that  
b

a

b

a

dttfdttf )()( . 

Or 

 (b) Prove that  



C C

dzzfdzzf )()( .  

[P.T.O.] 
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13. (a) Obtain the Taylor’s series to represent 

)3()1(
1

 zz
 in 1z . 

Or 

 (b) Use Laurent’s series, find residue of 
2

2

)1( z
e z

 

at 1z . 

14. (a) Using Contour integration, find the value of 

 




2

0
cos2
d

. 

Or 

 (b) Evaluate  




2

0
sin45
d

. 

15. (a) Find the image of the circle 33  iz  

under the map 
2
1

w . 

Or 

 (b) Show that the transformation 
24

45





z
z

w  

maps the unit circle 1z  into a circle of 

radius unity and centre 
2
1

. 
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PART C — (5  8 = 40 marks) 

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

16. (a) Derive C.R  equations in polar coordinates. 

Or 

 (b) If xyyaxyxu  22),(  is harmonic, find 

the value of ‘a ’. Find an analytic function 

)(zf  for which u  is the real part. 

17. (a) State and prove Cauchy-Goursat theorem. 

Or 

 (b) Evaluate :  

  (i) 






 C z

dzz
2

2

sin


, where C  is the circle 

2z . 

  (ii)  C iz
zdz

3

3

)2(
 where C  is the unit circle. 

18. (a) State and prove Laurent’s series. 

Or 
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 (b) Expand 
1
1

)(




z
z

zf  as a Taylor’s series  

  (i) about the point 0z  and 
  (ii) about the point 1z . Determine the 

region of convergence in each case. 

19. (a) Evaluate : 


0
222 )( ax

dx
. 

Or 
 (b) Using the method of Contour integration, 

evaluate 


 
dx

xx
x

)4()1( 22

2

. 

20. (a) Prove that the set of all bilinear 
transformations is a group under 
composition. 

Or 

 (b) Prove that the cross ratio of four points is 
real when the points lie on a circle. 

——––––––––– 
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PART A — (10  1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1. SøÓÁØÓ •ÊUPøÍU öPõsh G¢u J¸ öÁØÓØÓ 

Pn•® ————— EÖ¨ø£U öPõsi¸US®. 

 (A) «a]Ö  (B) «¨ö£¸ 

 (C) §ä¯®  (D) •iÂ¼ 

 Every non empty set S of nonnegative integers 
contains a ————— element.  

 (a) least   (b) greatest 

 (c) zero   (d) infinity 
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2. 

























....

420
nnn

 

 (A) 
n2    (B) 

12 n
 

 (C) 
12 n

   (D) 0 

 

























....

420
nnn

 

 (a) n2    (b) 12 n  

 (c) 12 n    (d) 0 

3. nt  Gß£x n -–Áx •U÷Põn Gs GÛÀ nt  

 (A) 







2
n

   (B) 






 
2

1n
 

 (C) 
2

1n
   (D) 







 
2

1n
 

 If nt  is the n th triangular number, then nt  

 (a) 







2
n

   (b) 






 
2

1n
 

 (c) 
2

1n
   (d) 







 
2

1n
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4. «.].© abba ),(  GÚ C¸UPz ÷uøÁ¯õÚx® 

÷£õx©õÚx©õÚ {£¢uøÚ —————. 

 (A) «.ö£õ.Á 1),( ba  

 (B) «.ö£õ.Á aba ),(  

 (C) «.ö£õ.Á bba ),(  

 (D) «.ö£õ.Á abba ),(  

 lcm abba ),(  if and only if —————. 

 (a) gcd 1),( ba  (b) gcd aba ),(  

 (c) gcd bba ),(  (d) gcd abba ),(  

5. 5# + 1 = —————. 

 (A) 5   (B) 6 

 (C) 11   (D) 31 

 5# + 1 = —————. 

 (a) 5   (b) 6 

 (c) 11   (d) 31 

6. 360--&ß {¯©Ú ÁiÁ® —————. 

 (A) 300 + 60 +0 (B) 3 + 6 + 0 

 (C) 5 # 8 # 9  (D) 2
3
.3

2
.5 
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 The canonical form of 360 is —————. 

 (a) 300 + 60 + 0 (b) 3 + 6 + 0 

 (c) 5  8  9  (d) 23.32.5 

7. !100...!2!1  ----&I 12&BÀ ÁSUP QøhUS® «v  

—————. 

 (A) 0   (B) 9 

 (C) 11   (D) 1 

 The remainder when we divide !100...!2!1   by 
12 is —————. 

 (a) 0   (b) 9 

 (c) 11   (d) 1 

8. 15  ————— )7(mod . 

 (A) 64   (B) –20 

 (C) –64   (D) 0 

 15  ————— )7(mod . 

 (a) 64   (b) –20 

 (c) –64   (d) 0 

9. p  ©ØÖ® q  öÁÆ÷ÁÖ £Põ GsPÒ ©ØÖ® 

)(modqaap  , )(mod paaq   GÛÀ pqa   

————— )(mod pq . 

 (A) 
2a    (B) 1 

 (C) a    (D) 0 
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 If p  and q  are distinct primes with  

)(modqaap   and )(mod paaq  , then  

pqa  ————— )(mod pq  

 (a) 2a    (b) 1 

 (c) a    (d) 0 

10. «a]Ö ö£õ´ø© £Põ Gs —————. 

 (A) 2   (B) 101 

 (C) 341   (D) 1001 

 The least pseudoprime is —————. 

 (a) 2   (b) 101 

 (c) 341   (d) 1001 

PART B — (5  5 = 25 marks) 

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

11. (A) •iÁÖ ©Öu¸Âzu¼ß •u»õÁx uzxÁzøuU 

TÔ {¹¤. 

  State and prove the first principle of finite 
induction. 

Or 

 (B) £õìPÀ–ß Âvø¯ TÔ {ÖÄP. 

  State and prove Pascal’s rule. 
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12. (A) G¢u J¸ 1a --&US® 3/)2( 2 aa -- J¸ •Ê Gs 

GÚ {¹¤. 

  Prove that 3/)2( 2 aa  is an integer for all 
1a . 

Or 

 (B) ³UÎi¯ß ÁÈ•øÓø¯¨ £¯ß£kzv 

«.ö£õ.Á (12378, 3054) Põs. 

  Find g.c.d. (12378, 3054) using Euclidean 
algorithm. 

13. (A) £Põ GsPÎß GsoUøP •iÂÀ»õux GÚ 

{¹¤. 

  Show that the number of primes is infinite. 
Or 

 (B) np  Gß£x n ---&Áx £Põ Gs GÛÀ 
122



n

np GÚU PõmkP. 

  If np  is the n th prime number, prove that 
122



n

np . 

14. (A) )(modncbca   GÛÀ 







d
n

ba mod , 

d «.ö£õ.Á ),( nc  GÚ {¹¤. 

  If )(modncbca  , then prove that 









d
n

ba mod , where d gcd ),( nc . 

Or 
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 (B) )30(mod219 x  GßÓ ÷|›¯À \ºÁ 

\©ß£õmøhz wº. 

  Solve the linear congruence )30(mod219 x . 

15. (A) ö£º©õm&ß ÷uØÓzøuU TÔ {ÖÄP. 

  State and prove Fermat’s theorem. 

Or 

 (B) 12499&I Põμo£kzxP. 

  Factorize the number 12499. 

PART C — (5  8 = 40 marks) 

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

16. (A) (i) BºUQªi¯ß £sø£U TÔ {ÖÄP. 

  (ii) {³mhÛß \©ß£õmøh Á¸Â. 

  (i) State and prove the Archimedean 
Property.  

  (ii) Derive Newton’s identity. 

Or 

 (B) D¸Ö¨¦z ÷uØÓzøuU TÔ {¹¤. 

  State and prove the binomial theorem. 
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17. (A) a  ©ØÖ® b  BQ¯Ú Cμsk® §ä¯©õPõu 

•ÊUPÒ GÛÀ «.ö£õ.Á byaxba ),(  GÚ 

Aø©²©õÖ C¸ GsPÒ x  ©ØÖ® y  C¸US® 

GÚ {¹¤. 

  Given integers a  and b , not both of which 
are zero, show that there exist integers x  
and y  such that byaxba ),gcd( . 

Or 

 (B) J¸ ÁõiUøP¯õÍº ¹. 132&US B¨¤Ò ©ØÖ® 

Bμg_ £Ç[PÒ 12 Áõ[SQÓõº. J¸ B¨¤Ò 

£Çzvß Âø» J¸ Bμg_ £Çzvß Âø»ø¯ 

Âh ¹. 3 AvP® BS®. ÷©¾® B¨¤ÒPÎß 

GsoUøP Bμg_Îß GsoUøPø¯ Âh 

AvP® GÛÀ JÆöÁõ¸ ÁøP°¾® GzuøÚ 

£Ç[PÒ Áõ[QÚõº? 

  A customer bought a dozen pieces of fruit,  
12 apples and oranges for Rs. 132. If an 
apple costs Rs. 3 more than an orange and 
more apples than oranges were purchased, 
how many pieces of each kind were bought? 

18. (A) Pou Ai¨£øhz ÷uØÓzøuU TÔ {ÖÄP. 

  State and prove the fundamental theorem of 
arithmetic. 

Or 
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 (B) (i) 2  J¸ ÂQu•Óõ Gs GÚ {¹¤. 

  (ii) 34 n  GßÓ ÁiÂÀ GsnØÓ £Põ 

GsPÒ C¸US® GÚUPõmkP. 

   (i) Prove that 2  is irrational. 

  (ii) Show that there are an infinite number 

of primes of the form 34 n . 

19. (A) )(modnbax   GßÓ ÷|›¯À \ºÁ \©ß£õmiØS 

J¸ wºÄ C¸UPz ÷uøÁ¯õÚx® 

÷£õx©õÚx©õÚ {£¢uøÚ bd , d  «.ö£õ.Á 

),( na  GÚ {¹¤. ÷©¾® bd  GÛÀ 

JßÖUöPõßÖ \ºÁ\©©ØÓ d  wºÄPÒ C¸US® 

GÚU PõmkP. 

  Prove that the linear congruence 

)(modnbax   has a solution if and only if 

bd  where d gcd ),( na . If bd , then it has 

d  mutually incongruent solutions modulo n . 

Or 

 (B) ø\Ü]ß «v ÷uØÓzøuU TÔ {¹¤. 

  State and prove Chinese reminder theorem. 
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20. (A) p  Kº JØøÓ¨ £Põ Gs GßP. )(mod012 px   

GßÓ C¸£i \ºÁ \©ß£õmiØSz wºÄ Aø©¯ 

÷uøÁ¯õÚx® ÷£õx©õÚx©õÚ {£¢uøÚ 

)4(mod1p  GÚU PõmkP. 

  Let p  be an odd prime. Prove that the 

quadratic congruence )(mod012 px   has a 
solution if and only if )4(mod1p . 

Or 

 (B) ÂÀ\Ûß ÷uØÓzøuU TÔ {ÖÄP. 

  State and prove Wilson’s theorem. 

 

—————— 
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2. 

























....

420
nnn

 

 (a) n2    (b) 12 n  

 (c) 12 n    (d) 0 

3. If nt  is the n th triangular number, then nt  

 (a) 







2
n

   (b) 






 
2

1n
 

 (c) 
2

1n
   (d) 







 
2

1n
 

4. lcm abba ),(  if and only if —————. 

 (a) gcd 1),( ba  (b) gcd aba ),(  

 (c) gcd bba ),(  (d) gcd abba ),(  

5. 5# + 1 = —————. 

 (a) 5   (b) 6 

 (c) 11   (d) 31 

6. The canonical form of 360 is —————. 

 (a) 300 + 60 + 0 (b) 3 + 6 + 0 

 (c) 5  8  9  (d) 23.32.5 
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7. The remainder when we divide !100...!2!1   by 
12 is —————. 

 (a) 0   (b) 9 

 (c) 11   (d) 1 

8. 15  ————— )7(mod . 

 (a) 64   (b) –20 

 (c) –64   (d) 0 

9. If p  and q  are distinct primes with )(modqaa p   

and )(mod paaq  , then  

pqa ————— )(mod pq . 

 (a) 2a    (b) 1 

 (c) a    (d) 0 

10. The least pseudoprime is —————. 

 (a) 2   (b) 101 

 (c) 341   (d) 1001 

PART B — (5  5 = 25 marks) 

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

11. (a) State and prove the first principle of finite 
induction. 

Or 

 (b) State and prove Pascal’s rule. 
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12. (a) Prove that 3/)2( 2 aa  is an integer for all 

1a . 

Or 

 (b) Find g.c.d. (12378, 3054) using Euclidean 

algorithm. 

13. (a) Show that the number of primes is infinite. 

Or 

 (b) If np  is the n th prime number, prove that 
122



n

np . 

14. (a) If )(modncbca  , then prove that 









d
n

ba mod , where d gcd ),( nc . 

Or 

 (b) Solve the linear congruence )30(mod219 x . 

15. (a) State and prove Fermat’s theorem. 

Or 

 (b) Factorize the number 12499.  

[P.T.O.] 
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PART C — (5  8 = 40 marks) 

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

16. (a) (i) State and prove the Archimedean 
Property.  

  (ii) Derive Newton’s identity. 

Or 

 (b) State and prove the binomial theorem. 

17. (a) Given integers a  and b , not both of which 
are zero, show that there exist integers x  
and y  such that byaxba ),gcd( . 

Or 

 (b) A customer bought a dozen pieces of fruit,  
12 apples and oranges for Rs. 132. If an 
apple costs Rs. 3 more than an orange and 
more apples than oranges were purchased, 
how many pieces of each kind were bought? 

18. (a) State and prove the fundamental theorem of 
arithmetic. 

Or 

 (b) (i) Prove that 2  is irrational. 

  (ii) Show that there are an infinite number 
of primes of the form 34 n . 
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19. (a) Prove that the linear congruence 
)(modnbax   has a solution if and only if 

bd  where d gcd ),( na . If bd , then it has 

d  mutually incongruent solutions modulo n . 

Or 

 (b) State and prove Chinese reminder theorem. 

20. (a) Let p  be an odd prime. Prove that the 

quadratic congruence )(mod012 px   has a 
solution if and only if )4(mod1p . 

Or 

 (b) State and prove Wilson’s theorem. 

 

—————— 
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 Choose the correct answer : 

1.   3deg 1 v    2deg 2 v ;   2deg 3 v ;   2deg 4 v  

GßÓ |õßS ¦ÒÎPÒ öPõsh ÁøμPÎß GsoUøP 

 (A) 1  (B) 2 

 (C) 3  (D) 0 
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 The number of graphs a with four vertices having 
  3deg 1 v    2deg 2 v ;   2deg 3 v ;   2deg 4 v  

 (a) 1  (b) 2 

 (c) 3  (d) 0 

2. •U÷Põn©ØÓ p ¦ÒÎPÒ öPõsh Áøμ°À EÒÍ 

÷PõkPÎß GsoUøP°ß AvP£m\® ___________ 

BS®. 

 (A) 







4

2p
  (B) 








2

2p
 

 (C) 







3

2p
  (D) 








6

2p
  

 The maximum number of lines among all p point 
graphs with no triangles is ___________. 

 (a) 







4

2p
  (b) 








2

2p
 

 (c) 







3

2p
  (d) 








6

2p
 

3. 10 ¦ÒÎPÒ öPõsh J¸ ©μzvÀ 3 ¦ÒÎPÒ J¸ £i 

öPõshøÁ GÛÀ öÁmk ¦ÒÎPÎß GsoUøP 

___________ BS®. 

 (A) 3   

 (B) 7 

 (C) 1–US® 7–US® Cøh¨£mh H÷uÝ® J¸ Gs 

 (D) 1–US® 10–US® Cøh¨£mh H÷uÝ® J¸ Gs 
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 Support T is a tree with 10 points among which 
3 are pendent points then the number of cut points 
in T is equal to  

 (a) 3   

 (b) 7 

 (c) any number between 1 to 7 

 (d) any number between 1 to 10 

4. GßÓ ©μzvß ø©¯® 

  

 (A) gf ,   (B) jg,  

 (C) gih ,,  (D) g  

 The contre(s) of the tree  

  

 (a) gf ,   (b) jg,  

 (c) gih ,,  (d) g  
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5. G Gß£x  qp, –«¨ö£¸ uÍ Áøμ GÛÀ  

 (A) 63  pq  (B) 63  qp  

 (C) 
3

6


q
p  (D) 43  pq   

 If G is a maximal planar  qp,  graph then  

 (a) 63  pq  (b) 63  qp  

 (c) 
3

6


q
p  (d) 43  pq  

6. J¸  qp, –Áøμ G Gß£x A¯ Cμmøh GÛÀ  

 (A) 63  pq  (B) 32  pq  

 (C) 22  pq  (D) 63  pq   

 If a  qp,  graph G is self dual then 

 (a) 63  pq  (b) 32  pq  

 (c) 22  pq  (d) 63  pq  

7. G Gß£x J¸   qp,  Áøμ GÛÀ  

 (A) 









2
p

q  (B) 









2
p

q  

 (C) 









2
p

q  (D) 









2
p

q   
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 If G is a  qp,  graph then  

 (a) 









2
p

q  (b) 









2
p

q  

 (c) 









2
p

q  (d) 









2
p

q  

8. ___________ GÛÀ G Gß£x J¸ ÷Põmk Áøμ GÚ 

AøÇUP¨£kQÓx. 

 (A) H÷uÝ® J¸ H–US  HLG   

 (B) AøÚzx H–US®  HLG   

 (C) J¸ H–US  HLG   

 (D) G¢u C¸ H–US  HLG    

 A graph G is called a line graph if  

 (a)  HLG   for some H 

 (b)  HLG   for all H 

 (c)  HLG   for one H 

 (d)  HLG   for two H 
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9. J¸ \UPμzvÀ JØøÓ GsoUøP°À ¦ÒÎPÒ 

C¸¢uõÀ Auß Ásn Gs ___________ BS®. 

 (A) 4  (B) 5 

 (C) 3  (D) 2  

 A wheel has chromatic number ___________ if is 
has an odd number of points. 

 (a) 4  (b) 5 

 (c) 3  (d) 2 

10. G Gß£x J¸ Áøμ GÛÀ  

 (A) 1x  (B) 1x  

 (C) 1x  (D) x   

 If G is any graph then 

 (a) 1x  (b) 1x  

 (c) 1x  (d) x  

PART B — (5 × 5 = 25 marks) 

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

11. (A) G¢uöÁõ¸ ÷íªÀ÷hõÛ¯ß Áøμ²®  

2–öuõkUP¨£mhøÁ GÚ {¹¤. 

  Prove that every hamitonian graph is  
2–connected.  

Or 
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 (B) G Gß£x öuõkUP¨£mhøÁ AÀ» GÛÀ G  

öuõkUP¨£mhøÁ GÚ {¹¤. 

  If G is not connected then prove that G  is 

connected. 

12. (A) G¢uöÁõ¸ öuõkzu Áøμ°¾® J¸ Â›US® 

©μ® C¸US® GÚ {¹¤. 

  Prove that every connected graph has a 
spanning tree. 

Or 

 (B) G GßÓ AØ£©ØÓ G¢uöÁõ¸ ©μzv¾® £i  

1 öPõsh ¦ÒÎPÒ SøÓ¢u£m\® Cμsk 

C¸US® GÚ {¹¤. 

  Prove that every non-trivial tree G has 

atleast two vertices of degree. 

13. (A) 5K  GßÓ Áøμ uÍzvÀ Áøμ¯zuUPuÀ» GÚ 

{¹¤. 

  Prove that the graph 5K  is not planar.  

Or 
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 (B) G Gß£x JÆöÁõ¸ •P•® J¸ n–_ØÖ GÚU 

öPõsh  qp,  uÍ Áøμ GÛÀ 
 

2
2





n
pn

q  

GÚUPõmkP. 

  If G is a  qp,  plane graph in which every 
face is an n cycle then prove that 

 
2
2





n
pn

q . 

14. (A) G¢uöÁõ¸ Áøμ²® öÁmk Áøμ GÚ {¹¤. 

  Prove that every graph is an intersection 
graph. 

Or 
 (B) RÌUPsh Áøμ°ß Akzu Ao Põs 

 
  Write the adjacency matrix of the graph 

given below. 
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15. (A) RÌUPsh ÁøμUS Ásn Gs 3 GÚU öPõsh 

Ásn £S¨¦ Põs. 

 

  Write the charomatic partitioning which has 
chromatic number 3 of the graph given 
below. 

 

Or 

 (B) 
234 33    Gß£x G¢u ÁøμUS® Ásn 

£À¾Ö¨¦U ÷PõøÁ¯õP Aø©¯õx GÚ {¹¤. 

  Prove that 234 33    cannot be the 
chromatic polynomial of any graph. 
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PART C — (5  8 = 40 marks) 

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

16. (A) G GßÓ J¸ Áøμ öuõkUP¨£mhuõP C¸¢uõÀ 

©ØÖ® C¸¢uõÀ ©mk÷© v –I  

1v  ©ØÖ® 2v  GßÓ EmPn[PÍõP ¤›US® 

G¢uöÁõ¸ ¤›¨¤¾® 1v –À J¸ ¦ÒÎø¯® 

2v –À J¸ ¦ÒÎø¯²® CønUS® J¸ ÷Põk 

C¸US® GÚUPõmkP. 

  Prove that a graph G is connected iff for any 

partition of v into subsets 1v  and 2v  there is 

a line of G joining a point of 1v  to point of 2v . 

Or 

 (B) J¸ Áøμ ÷íªÀ÷hõÛ¯ÚõP C¸¢uõÀ ©ØÖ® 

C¸¢uõÀ ©mk÷© Auß ‰h¾® 

÷íªÀ÷hõÛ¯ÚõP C¸US® GÚ {¹¤. 

  Prove that a graph is hamiltonian if its 

closure is hamiltonian. 
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17. (A) G Gß£x J¸  qp,  Áøμ GßP. GÛÀ RÌPsh 

TØÖPÒ \©õÚ©õÚøÁ GÚ {¹¤. 

  (i) G J¸ ©μ® 

  (ii) G –ß G¢u C¸ ¦ÒÎPøÍ²® J¸ uÛzu 

£õøu CønUS® 

  (iii) G öuõkUP¨£mhx ©ØÖ® 1 qp  

  (iv) G _ØÓØÓx ©ØÖ® 1 qp . 

  Let G be a  qp,  graph. The following 
statements are equivalent  

  (i) G is a tree 

  (ii) Every two points of G are joined by a 
unique path 

  (iii) G is connected and 1 qp  

  (iv) G is cyclic and 1 qp . 

Or 

 (B) G¢uöÁõ¸ ©μzvß ø©¯zv¾® J¸ ¦ÒÎ 

AÀ»x C¸ Akzukzu ¦ÒÎPÒ C¸US® 

GÚUPõmkP. 

  Prove that every tree has a centre consisting 
of either one point. 
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18. (A) J¸ Áøμø¯ ÷PõÍzvß ÷©Ø£μ¨¤À £vUP 

•i¢uõÀ ©ØÖ® •i¢uõÀ ©mk÷© Aøu J¸ 

uÍzvÀ £vUP •i²® GÚ {¹¤. 

  Prove that a graph can be embedded in the 
surface of a sphere iff it can be embedded in 
a plane. 

Or 

 (B) 3p  ¦ÒÎPÒ öPõsh uÍzvÀ Áøμ¯UTi¯ 

Áøμ°À £i 6–I ÂhU SøÓ¢u ¦ÒÎPÒ 

SøÓ¢u£m\® ‰ßÖ C¸US® GÚUõmkP. 

  Prove that every planar graph G with 3p  
points has atleast three points of degree less 
than 6. 

19. (A) G Gß£x J¸  qp, –Áøμ GßP. GÛÀ  GL  

Gß£x J¸  2, qq –Áøμ GÚ {¹¤. CvÀ 

qdq
p

i
iL 







 

1

2

2
1

 BS®. 

  Let G be a  qp,  graph. Then prove that 
 GL  is a  2, qq  graph where 

qdq
p

i
iL 







 

1

2

2
1

. 

Or 
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 (B) 1G  Gß£x J¸  11 , qp –Áøμ ©ØÖ® 2G  Gß£x 

J¸  11 , qp  Áøμ GßP. 

  (i) 21 GG   J¸  2121 , qqpp   Áøμ 

BS® 

  (ii) 21 GG   J¸  212121 ,, ppqqpp   

Áøμ BS® 

  (iii) 21 GG   J¸  122121 ,, pqpqpp   Áøμ 

BS® 

  (iv) ][ 21 GG  J¸  1
2
22121 , qpqppp   Áøμ 

BS®. 

  Let 1G  be a  11 , qp  graph and 2G  be a 

 22 , qp  graph. Then prove that  

  (i) 21 GG   is a  2121 , qqpp   graph 

  (ii) 21 GG   is a  212121 ,, ppqqpp   
graph 

  (iii) 21 GG   is a  122121 ,, pqpqpp   graph 

  (iv) ][ 21 GG  is a  1
2
22121 , qpqppp   graph. 
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20. (A) G GßÓ J¸ Áøμ°À M GßÓ J¸ ö£õ¸zu® 

«¨ö£¸ ö£õ¸zu©õ´ C¸¢uõÀ ©ØÖ® 

C¸¢uõÀ ©mk÷© G –À M –ö£¸US® £õøu 

C¸UPõx GÚ {¹¤. 

  Prove that a matching M in a graph G is a 
maximum matching if and only if G contains 
no M-augumenting path. 

Or 

 (B) nK2  GßÓ •Êø©¯õÚ Áøμ°À EÒÍ 

Pa]u©õÚ ö£õ¸zu[PÎß GsoUøP Põs. 

  Find the number of perfect matchings in the 
complete graph nK2 . 

——––––––––– 
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1. The number of graphs a with four vertices having 
  3deg 1 v    2deg 2 v ;   2deg 3 v ;   2deg 4 v  

 (a) 1  (b) 2 

 (c) 3  (d) 0 
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2. The maximum number of lines among all p point 
graphs with no triangles is ___________. 

 (a) 







4

2p
  (b) 








2

2p
 

 (c) 







3

2p
  (d) 








6

2p
 

3. Support T is a tree with 10 points among which 
3 are pendent points then the number of cut points 
in T is equal to  

 (a) 3   

 (b) 7 

 (c) any number between 1 to 7 

 (d) any number between 1 to 10 

4. The contre(s) of the tree  

  

 (a) gf ,   (b) jg,  

 (c) gih ,,  (d) g  
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5. If G is a maximal planar  qp,  graph then  

 (a) 63  pq  (b) 63  qp  

 (c) 
3

6


q
p  (d) 43  pq  

6. If a  qp,  graph G is self dual then 

 (a) 63  pq  (b) 32  pq  

 (c) 22  pq  (d) 63  pq  

7. If G is a  qp,  graph then  

 (a) 









2
p

q  (b) 









2
p

q  

 (c) 









2
p

q  (d) 









2
p

q  

8. A graph G is called a line graph if  

 (a)  HLG   for some H 

 (b)  HLG   for all H 

 (c)  HLG   for one H 

 (d)  HLG   for two H 
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9. A wheel has chromatic number ___________ if is 
has an odd number of points. 

 (a) 4  (b) 5 

 (c) 3  (d) 2 

10. If G is any graph then 

 (a) 1x  (b) 1x  

 (c) 1x  (d) x  

PART B — (5 × 5 = 25 marks) 

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

11. (a) Prove that every hamitonian graph is  
2–connected.  

Or 

 (b) If G is not connected then prove that G  is 
connected. 

12. (a) Prove that every connected graph has a 
spanning tree. 

Or 

 (b) Prove that every non-trivial tree G has 
atleast two vertices of degree.  

[P.T.O.] 
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13. (a) Prove that the graph 5K  is not planar.  
Or 

 (b) If G is a  qp,  plane graph in which every 
face is an n cycle then prove that 

 
2
2





n
pn

q . 

14. (a) Prove that every graph is an intersection 
graph. 

Or 
 (b) Write the adjacency matrix of the graph 

given below. 

 
15. (a) Write the charomatic partitioning which has 

chromatic number 3 of the graph given 
below. 

 
Or 

 (b) Prove that 234 33    cannot be the 
chromatic polynomial of any graph. 
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PART C — (5  8 = 40 marks) 

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

16. (a) Prove that a graph G is connected iff for any 
partition of v into subsets 1v  and 2v  there is 
a line of G joining a point of 1v  to point of 2v . 

Or 

 (b) Prove that a graph is hamiltonian if its 
closure is hamiltonian. 

17. (a) Let G be a  qp,  graph. The following 
statements are equivalent  

  (i) G is a tree 

  (ii) Every two points of G are joined by a 
unique path 

  (iii) G is connected and 1 qp  

  (iv) G is cyclic and 1 qp . 

Or 

 (b) Prove that every tree has a centre consisting 
of either one point. 
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18. (a) Prove that a graph can be embedded in the 
surface of a sphere iff it can be embedded in 
a plane. 

Or 

 (b) Prove that every planar graph G with 3p  
points has atleast three points of degree less 
than 6. 

19. (a) Let G be a  qp,  graph. Then prove that 
 GL  is a  2, qq  graph where 

qdq
p

i
iL 







 

1

2

2
1

. 

Or 

 (b) Let 1G  be a  11 , qp  graph and 2G  be a 
 22 , qp  graph. Then prove that  

  (i) 21 GG   is a  2121 , qqpp   graph 

  (ii) 21 GG   is a  212121 ,, ppqqpp   
graph 

  (iii) 21 GG   is a  122121 , pqpqpp   graph 

  (iv) ][ 21 GG  is a  1
2
22121 , qpqppp   graph. 
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20. (a) Prove that a matching M in a graph G is a 
maximum matching if and only if G contains 
no M-augumenting path. 

Or 

 (b) Find the number of perfect matchings in the 
complete graph nK2 . 

——––––––––– 
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1. öPõkUP¨£mh Pn® A  °ß GÀ»õ Sk®£ 
EmPn[PÐ® Gß£x 

 (A) A  °ß AkUS Pn®  

 (B) A  °ß öuõhº {μ¨¤  

 (C) A  °ß £s¤¯À \õº¦  

 (D) CÁØÔÀ GxÄªÀø» 
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 The family of all subsets of a given set A  is called 
the ——————.  

 (a) power set of A   

 (b) relative complement of A  

 (c) characteristic function of A   

 (d) none 

2. A  GßÓ Pnzvß C¸ ÷ÁÖ¨£mh öÁØÔÀ»õ 
EmPn[PÎß Sk®£® 

 (A) A  °ß ¤›¨¦ 

 (B) A  °ß Põºmj]¯ß ö£¸UPÀ 

 (C) Tmk Sk®£® 

 (D) CÁØÔÀ GxÄªÀø» 

 A family of pairwise disjoint non empty subsets of 
a set A  is called ——————. 

 (a) a partition of A  

 (b) cartesian product of A  

 (c) nested family 

 (d) none of these 

3. G¢uöÁõ¸ A )(x  

 (A) AA    (B) AA   

 (C) AA 






   (D) AA 






   
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 For A )(x  ——————. 

 (a) AA    (b) AA   

 (c) AA 






   (d) AA 






   

4. YXf :  Gß£x {ø»¯ØÓ \õº¦ GÛÀ, G¢uöÁõ¸ 

iA IiX ),(  ©ØÖ® iB )(X , 21 BB  BP 

C¸¢uõÀ 

 (A) )()( 2
1

1
1 BfBf    

 (B) )()( 2
1

1
1 BfBf    

 (C) )()( 2
1

1
1 BfBf    

 (D) )()( 2
1

1
1 BfBf    

 Let YXf :  be an arbitrary crisp function then 

for any iA IiX ),(  and iB )(X  if 

21 BB   then ——————. 

 (a) )()( 2
1

1
1 BfBf    

 (b) )()( 2
1

1
1 BfBf    

 (c) )()( 2
1

1
1 BfBf    

 (d) )()( 2
1

1
1 BfBf    
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5. G¢u J¸ RIBA , , BA   

 (A) BA    

 (B) BA    

 (C) BA    

 (D) CÁØÔÀ GxÄªÀø» 

 For any RIBA , , BA  , ——————. 

 (a) BA    (b) BA    

 (c) BA    (d) None 

6. JÆöÁõ¸ ©õÓõö©ß {μ¨¤²® öPõsi¸¨£x 

 (A) AvP£m\® J¸ \©{ø» 

 (B) SøÓ¢u£m\® J¸ \©{ø» 

 (C) J¸ \©{ø» 

 (D) CÁØÔÀ GxÄªÀø» 

 Every fuzzy complement has ——————. 

 (a) atmost one equilibrium 

 (b) atleast one equilibrium 

 (c) equal to one equilibrium 

 (d) none 
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7. 4.,2.,1.,3.W  GÛÀ )7.,2.,9.,6(.wh  

 (A) 54.  

 (B) 4.5  

 (C) 45  

 (D) 5.4  

 If 4.,2.,1.,3.W  then )7.,2.,9.,6(.wh  

 (a) 54.   (b) 4.5  

 (c) 45   (d) 5.4  

8. ]5,2[A  ©ØÖ® ]3,1[B  GÛÀ  BA  

 (A) ]8,3[  

 (B) ]6,5[  

 (C) ]4,7[  

 (D) ]15,2[  

 If ]3,1[],5,2[  BA  then  BA  ——————. 

 (a) ]8,3[   (b) ]6,5[  

 (c) ]4,7[   (d) ]15,2[  
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9. G¢uöÁõ¸ öÁUhº nxxxX ,...,, 21  ß £i  

—————— GÚ SÔUP¨£kQÓx. 

 (A) )(XDi  

 (B) )(XBi  

 (C) )(XZi  

 (D) )(Xdi  

 For each vector nxxxX ,...,, 21 , the degree is 

denoted by ——————. 

 (a) )(XDi  (b) )(Xdi  

 (c) )(XBi  (d) )(XZi  

10. ),( ji xxS  

 (A) 
n
xxN ji ),(

 (B) nxxN ji ),(  

 (C) ),( ji xxN  (D) 
n
xxN ji

2

),(
 

 ),( ji xxS  ——————. 

 (a) 
n
xxN ji ),(

 (b) nxxN ji ),(  

 (c) ),( ji xxN  (d) 
n
xxN ji

2

),(
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PART B — (5 × 5 = 25 marks) 

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

Each answer should not exceed 250 words. 

11. (A) ©õÓõö©ß PnzvØPõÚ P¸zøu ÂÁ›. 

  Describe the concept of fuzzy set. 

Or 

 (B) SÂÄ Pnzøu Áøμ¯Ö. SÂÄ PnzvØS® 
SÂÄ AÀ»õu PnzvØS® GkzxUPõmk 
öPõk. 

  Define convex set. Give an example of convex 
set and non convex set. 

12. (A) BA, )(X GßP. G¢uöÁõ¸  ]1,0[,  , 

BABA   )(  GÚ {ÖÄP. 

  Let BA, )(X  then prove that 

BABA   )(  for all ]1,0[,  .  

Or 

 (B) YXf : Gß£x {ø»¯ØÓ \õº¦ GßP. 

HuõÁx A )(X J¸ }mi¨¦ öPõÒøP¯õÀ 
©õÓõö©ß BUP¨£mh f  BÚx 


]1,0[

)()(





 AfAf  GßÓ \©ß£õmøh {øÓÄ 

ö\´²® GÚ {ÖÄP. 
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  Let YXf :  be a arbitrary function then 

prove that for any A )(X , f  fuzzified by 

the extension principle satisfies the equation 


]1,0[

)()(





 AfAf . 

13. (A) ©õÓõö©ß {μ¨¤°ß •uÀ ©ØÖ® Cμshõ® 

ÁøP¨£kzuÀ ÷uØÓzøu GÊxP, 

  State first and second characterization 

theorem of fuzzy complements. 

Or 

 (B) ),min(),(),(min babaibai w   {¸¤. 

  Prove that ),min(),(),(min babaibai w  . 

14. (A) ‰i¯ CøhöÁÎ°À |õßS GsPou 

ö\¯À£õk öPõÒøPPøÍ GÊxP. 

  Define four arithmetic operations in a closed 

intervals. 

Or 
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 (B) 


















31,
11,

31,0
)(

2
3

2
1

xfor
xfor
xandxfor

xA
x

x  ©ØÖ® 



















53
31,

51,0
)(

2
5
2

1

xfor
xfor
xandxfor

xB
x

x  GÛÀ 

AøÁPÐøh¯  ---- ---&-öÁmk PõsP. 

  If 


















31,
11,

31,0
)(

2
3

2
1

xfor
xfor
xandxfor

xA
x

x and 

  


















53
31,

51,0
)(

2
5
2

1

xfor
xfor
xandxfor

xB
x

x  

  find their  -cuts. 

15. (A) ©õÓõö©ß ÷|›¯ ö\¯Àvmh PnUøP 

Áøμ¯Ö. 

  Define fuzzy linear programming problem. 

Or 
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 (B) RÌPõq® ÷|›¯ ö\¯Àvmh PnUøP Áøμ£h 
•øÓ°À wºUP. 

  «a]ÔuõUS 21 2xxZ   Pmk¨£õkPÒ 

1

2

21

21

0

,20

,62

,13

x
x
xx
xx








 

  Solve the following by graphical method 

  Min 21 2xxZ   

  

subject to

 

1

2

21

21

0

,20

,62

,13

x
x
xx
xx








 

PART C — (5  8 = 40 marks) 

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

Each answer should not exceed 600 words. 

16. (A) PÚ ö\¯À£õmiß HuõÁx Gmk ÷Põm£õmøh 
GÊxP. 

  Write any eight fundamental properties of 
crisp set operations. 

Or 
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 (B) ©õÓõö©ß Pn® A  BÚx RI  ß ÷©À SÂÄ 

GÛÀ, G¢uöÁõ¸ 21 , xx RI  ©ØÖ® ]1,0[  

)](),(min[))1(( 212 xAxAxxA    GÚ 

{ÖÄP. Cuß ©Öuø»ø¯²® {ÖÄP. 

  Prove that a fuzzy set A  on RI  is convex iff 
)](),(min[))1(( 212 xAxAxxA    for all 

21 , xx RI  and all ]1,0[ . 

17. (A) YXf :  Gß£x {ø»¯ØÓ \õº¦ GßP. 

HuõÁx J¸ A ),(X  }mi¨¦ 

öPõÒøP¯õÀ ©õÓõö©ß BUP¨£mh f  BÚx 

)()]([ AfAf     GßÓ \©ß£õmøh {øÓÄ 

ö\´²® GÚ {ÖÄP. 

  Let YXf :  be an arbitrary crisp function. 

Then for any A ),(X f  fuzzified by the 

extension principle satisfies the equation 

)()]([ AfAf    . 

Or 

 (B) BA, ),(X  GÛÀ BABA   )(   

Gß£øu {¸¤. 

  Let BA, ),(X  then prove that 

BABA   )( . 
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18. (A) cui ,,  À  cui ,, BQ¯Ú |kzuμ }UP¨£mh 

Âv ©ØÖ® •μs£õmk Âvø¯ {øÓÄ 
ö\´²® GÚ {ÖÄP. 

  Prove that cui ,,  satisfies the law of 
excluded middle and the law of contradiction. 

Or 

 (B) c  Gß£x öuõhºa]¯õÚ ©õÓõö©ß {μ¨¤ 
GÛÀ c  BÚx uÛ \©{ø»°À C¸US® GÚ 
{ÖÄP. 

  Prove that if c  is a continuous fuzzy 
complement then c  has a unique 
equilibrium. 

19. (A) ),(),( ABMINBAMIN   ©ØÖ® 
),(),( ABMAXBAMAX   GÚ {¹¤. 

  Prove that ),(),( ABMINBAMIN   and 
),(),( ABMAXBAMAX  . 

Or 

 (B) ©õÓõö©ß \©ß£õmøh £ØÔ ÂÁ›. 
  Explain about fuzzy equations. 

20. (A) SÊÁõP •iöÁkzuÀ £ØÔ ÂÁ›. 
  Explain about multiperson decision making. 

Or 

 (B) uÛ¯õP •iöÁkzuÀ £ØÔ ÂÁ›. 
  Explain about individual decision making. 

——––––––––– 
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2. A family of pairwise disjoint non empty subsets of 
a set A  is called ——————. 

 (a) a partition of A  

 (b) cartesian product of A  

 (c) nested family 

 (d) none of these 

3. For A )(x  ——————. 

 (a) AA    (b) AA   

 (c) AA 






   (d) AA 






   

4. Let YXf :  be an arbitrary crisp function then 

for any iA IiX ),(  and iB )(X  if 

21 BB   then ——————. 

 (a) )()( 2
1

1
1 BfBf    

 (b) )()( 2
1

1
1 BfBf    

 (c) )()( 2
1

1
1 BfBf    

 (d) )()( 2
1

1
1 BfBf    

5. For any RI, BA , BA  , ——————. 

 (a) BA    (b) BA    

 (c) BA    (d) None 
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6. Every fuzzy complement has ——————. 

 (a) atmost one equilibrium 

 (b) atleast one equilibrium 

 (c) equal to one equilibrium 

 (d) none 

7. If 4.,2.,1.,3.W  then )7.,2.,9.,6(.wh  

 (a) 54.   (b) 4.5  

 (c) 45   (d) 5.4  

8. If ]3,1[],5,2[  BA  then  BA  ——————. 

 (a) ]8,3[   (b) ]6,5[  

 (c) ]4,7[   (d) ]15,2[  

9. For each vector nxxxX ,...,, 21 , the degree is 

denoted by ——————. 

 (a) )(XDi  (b) )(Xdi  

 (c) )(XBi  (d) )(XZi  
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10. ),( ji xxS  ——————. 

 (a) 
n
xxN ji ),(

 (b) nxxN ji ),(  

 (c) ),( ji xxN  (d) 
n
xxN ji

2

),(
 

PART B — (5 × 5 = 25 marks) 

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

Each answer should not exceed 250 words. 

11. (a) Describe the concept of fuzzy set. 

Or 

 (b) Define convex set. Give an example of convex 
set and non convex set. 

12. (a) Let BA, ),(X  then prove that 

BABA   )(  for all ]1,0[,  .  

Or 

 (b) Let YXf :  be a arbitrary function then 

prove that for any A fX ),(  fuzzified by 
the extension principle satisfies the equation 


]1,0[

)()(





 AfAf .  

[P.T.O.]
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13. (a) State first and second characterization 
theorem of fuzzy complements. 

Or 

 (b) Prove that ),min(),(),(min babaibai w  . 

14. (a) Define four arithmetic operations in a closed 
intervals. 

Or 

 (b) If 


















31,
11,

31,0
)(

2
3

2
1

xfor
xfor
xandxfor

xA
x

x and 

  


















53
31,

51,0
)(

2
5
2

1

xfor
xfor
xandxfor

xB
x

x  

  find their  -cuts. 

15. (a) Define fuzzy linear programming problem. 

Or 

 (b) Solve the following by graphical method 

  Min 21 2xxZ   

  

subject to

 

1

2

21

21

0

,20

,62

,13

x
x
xx
xx







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PART C — (5  8 = 40 marks) 

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

Each answer should not exceed 600 words. 

16. (a) Write any eight fundamental properties of 
crisp set operations. 

Or 

 (b) Prove that a fuzzy set A  on RI  is convex iff 
)](),(min[))1(( 212 xAxAxxA    for all 

21 , xx RI  and all ]1,0[ . 

17. (a) Let YXf :  be an arbitrary crisp function. 
Then for any A fX ),(  fuzzified by the 
extension principle satisfies the equation 

)()]([ AfAf    . 

Or 

 (b) Let BA, ),(X  then prove that 

BABA   )( . 

18. (a) Prove that cui ,,  satisfies the law of 
excluded middle and the law of contradiction. 

Or 
 (b) Prove that if c  is a continuous fuzzy 

complement then c  has a unique 
equilibrium. 
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19. (a) Prove that ),(),( ABMINBAMIN   and 
),(),( ABMAXBAMAX  . 

Or 
 (b) Explain about fuzzy equations. 

20. (a) Explain about multiperson decision making. 

Or 
 (b) Explain about individual decision making. 

——––––––––– 
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Mathematics – Main  
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Time : Three hours Maximum : 75 marks  

PART A — (10 × 1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1. In May 15, The value of E ––––––––––––––– 

 (a) sm2114   (b) sm453   

 (c) sm226   (d)  sm2216   

2. In 21 EEE  where 1E is called the equation of 
time due to ––––––––––––––– 

 (a) Eccentricity (b) Obliquity  

 (c) Acutity  (d) None 

(6 pages) 
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3. Lunar month is about ––––––––––––––– days 

 (a) 2
128   (b) 2

129   

 (c) 2
130   (d) 2

131  

4. If elongation is 90 , then the moon is said to be  
––––––––––––––– 

 (a) Conjuction (b) Opposition  

 (c) Quadratures (d) None 

5. The minor lunar ecliptic limit is ––––––––––––––– 

 (a) '3118   (b) '2415  

 (c) '512    (d) '309  

6. The minimum number of eclipses in a year is 

 (a) 2   (b) 7 

 (c) 3   (d) 5 

7. The inner planets are ––––––––––––––– 

 (a) Mars, Jupiter (b) Mercury, Venus 

 (c) Saturn, Uranus (d) Neptune, Pluto 
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8. The maximum elongation is  ––––––––––––––– 

 (a) 







a
b1sin   (b) 








a
b1cos  

 (c) 








a
b1tan   (d) 









a
b1cot  

9. ––––––––––––––– is the simplest form of sundial  

 (a) Horizontal (b) Equatorial 

 (c) Zenith Sector (d) None 

10. ––––––––––––––– is a simple instrument used by 
Greeks and ancient Hindus. 

 (a) Telescope  (b) Microscope  

 (c) Sundial  (d) Moondial  

PART B — (5  5 = 25 marks) 

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

11. (a) Express in sideral time an interval of 
smh 241816 of mean time. 

Or 
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 (b) If ☉ is the sun's longitude, prove that 

2cotcot 2 E ☉ 2cosec ☉
2

cot3 w . 

12. (a) Lunar liberations  – Explain.  

Or 

 (b) Find the horizontal parallax of moon by 
meridian observation. 

13. (a) Prove that the maximum number of eclipses 
in a year is 7. 

Or 

 (b) Find the condition for the totality of lunar 
eclipse. 

14. (a) Explain Bode's Law. 

Or 

 (b) Find the relation between the sideral and 
synodic periods of a planet. 

15. (a) What is a spectroscope.  Explain it uses. 

Or 

 (b) Derive the latitude of a place.  

[P.T.O.]
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PART C — (5  8 = 40 marks) 

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

16. (a) If 21,tt are the hourly variations in the 
equations of time when the sun is at perigee 

and apogee show that 
2

tan2

21

21 w
tt
tte




 , 

assuming that the equinoctial line to be 
perpendicular to the apse line of earth's orbit. 

Or 

 (b) Prove that  
2

tansin2 2 wkleE  l2sin with 

usual notation. 

17. (a) Discuss the different phases of moon. 

Or 

 (b) Prove that the phase of the moon 
2
cos1 

 . 

18. (a) Prove that the length of the earth's shadow is 
215 time the radius of the earth. 

Or 

 (b) Derive the condition for the occurences of 
lunar and solar eclipses. 
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19. (a) Find the different phases of a planet in one 
synodic revolution.  

Or 

 (b) Prove that the phase of a planet 
2
cos1 

 . 

20. (a) Explain constellations. 

Or 

 (b) Write short notes on  

  (i) Helio meter 

  (ii) Chronograph 

  (iii) Radio telescope. 

——————— 
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PART A — (10 × 1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1. The radio-active decay for white lead is  
——————— 

 (a) 4 Years   

 (b) 8 Years 

 (c) 11 Years   

 (d) 22 Years 

(6 pages) 
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2. The time period for simple harmonic motion is  
——————— 

 (a) 
g
a2   (b) 

a
g2  

 (c) 
g
a

2
1

  (d) 
a
g

2
1

 

3. In SIS-Model, 
dt
ds

——————— 

 (a) ISI     (b) ISI    

 (c) ISI     (d) ISI    

4. In Domar Macro Model, I(t) = ——————— 

 (a)  tY    (b)  tY  

 (c)  tS    (d)  tS  

5. The acceleration of the planet towards the sun is 
——————— 

 (a) 2r
GS

   (b) 2r
GP

 

 (c) 2r


   (d) 
r

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6. If 1e  , then the path is ——————— 

 (a) Parabola  (b) Hyperbola 

 (c) Ellipse  (d) None of these 

7. In the inverse square law, central force F  
——————— 

 (a) 
r


   (b) 2r


 

 (c) 

r

   (d) 


2r
 

8. In Samuelson's Interaction Models,  tY =  
——————— 

 (a)  tC    (b)  tI  

 (c)    tItC    (d)    tItC   

9. A graph in which every pair of its vertices is joined 
by an edge is called ——————— 

 (a) Digraph  (b) Regular 

 (c) Complete  (d) Signed graph 

10. The Euler's formula for a polygonal graph is 
 ——————— 

 (a) 2 FEV  (b) 2 FEV  

 (c) 2 FEV  (d) 2 FEV  
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PART B — (5  5 = 25 marks) 

Answer ALL questions, choosing either (a) or (b). 
Each answer should not exceed 250 words. 

11. (a) Find the orthogonal trajectories of 

,12

2

2

2





  b

y
a
x

  parameter. 

Or 

 (b) Explain population growth Models. 

12. (a) Explain the stability of Market Equilibrium. 
Or 

 (b) Discuss Domar Macro Model. 

13. (a) State and prove Kepler's third law of 
planetory motion. 

Or 

 (b) Discuss the circular motion of satellites. 

14. (a) Derive the Harrod Model. 

Or 

 (b) Discuss the Samuelson's Interaction Models. 

15. (a) Write a note on balance of signed graphs. 
Or 

 (b) Define planar graphs and draw two non 
planar graphs.  

 [P.T.O.]
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PART C — (5  8 = 40 marks) 

Answer ALL questions, choosing either (a) or (b)  
Each answer should not exceed 600 words. 

16. (a) Discuss the motion of a rocket when gravity is 
taken into account. 

Or 

 (b) Derive the equation of Simple Harmonic 
Motion. 

17. (a) Derive Richardson's Model for Arms Race. 

Or 

 (b) Prove that    
  ten
nntS n 1

1



  and 

     

  ten
tentI n

n




1

11







  for simple Epidemic 

Model. 

18. (a) Prove that the radial and trasverse 
components of acceleration are 12'' rr   and 

 '1 2r
dt
d

r
. 

Or 

 (b) Prove that 222

2

uh
Fu

d
ud




. 
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19. (a) State and prove Hardy-Weinberg Law. 

Or 

 (b) Define the Cobweb Model. 

20. (a) Explain the application of Directed graph to 
detection of cliques. 

Or 

 (b) Discuss the weighted digraphs and Markov 
chains. 

——————— 
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PART A — (10  1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1.   2zzf   GÛÀ  yxu ,  ß ©v¨¦ 

 (A) 
22 yx   (B) 22 yx   

 (C) xy2   (D) iyx    

 If   2zzf  , then the value of  yxu ,  

 (a) 22 yx   (b) 22 yx   

 (c) xy2   (d) iyx   
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2.   zzzf Im  GÝ® \õº¦ G¢u ¦ÒÎ°À 

ÁøP°huUPx 

 (A) z   (B) 0 

 (C) AøÚzx ¦ÒÎPÒ (D) HxªÀø» 

   zzzf Im  is differentiable at ___________. 

 (a) z  (b) 0 

 (c) all point (d) none 

3.  
z

zf
1

  ©ØÖ® C  Gß£x rz   GÝ® Ámh® GÛÀ 

 dzzf
C
   ß ©v¨¦ 

 (A) 0  (B) i2  

 (C) i2  (D) i4   

 If  dzzf
C
  where  

z
zf

1
  and C is the circle 

rz  , then    dzzf
C

 ___________. 

 (a) 0  (b) i2  

 (c) i2  (d) i4  
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4. f Gß£x J¸ \õuõμn ‰i¯ ÁøÍÂß AøÚzx 

¦ÒÎPÎ¾® £S¨¦ \õº¦ GÛÀ  
C

dzzf ß ©v¨¦  

 (A) i2   (B) i  

 (C) 0  (D) i2  

 If f a function which is analytic at all points inside 
and on a simple closed curve C, then   

C

dzzf  

___________. 

 (a) i2   (b) i  

 (c) 0  (d) i2  

5.  ...
!

......
!2!1

1
2

n
zzz n

? 

 (A) 
ze

  (B) 
ze  

 (C) 
z
1

  (D) 
z
1

   

  ...
!

......
!2!1

1
2

n
zzz n

? 

 (a) ze   (b) ze  

 (c) 
z
1

  (d) 
z
1

  
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6.  
zz

z
zf

2
1

2 


  ß x¸Á[PÒ 

 (A) 0, 2  (B) 0, 1 

 (C) 0, –1  (D) 0, –2  

 The poles of  
zz

z
zf

2
1

2 


  

 (a) 0, 2  (b) 0, 1 

 (c) 0, –1  (d) 0, –2 

7.  
14

2
2 



zz
i

zf  GÛÀ    32;Res zf ? 

 (A) 
3

i
  (B) 

3

i
 

 (C) 
3

2
  (D) 

3

2
  

 If  
14

2
2 



zz
i

zf , then    32;Res zf ? 

 (a) 
3

i
  (b) 

3

i
 

 (c) 
3

2
  (d) 

3

2
 



 

Code No. : 30578 B Page 5 

8. 
1

2
z

zez
dz

 ß ©v¨¦  

 (A) i2   (B) i2  

 (C) i   (D) i   

 The value of 
1

2
z

zez
dz

 

 (a) i2   (b) i2  

 (c) i   (d) i  

9. 
z
z

w




1
1

 Gß E¸©õØÓzvß {ø»¨ ¦ÒÎPÒ 

 (A) ii ,   (B) i,0  

 (C) i,0   (D) ii 2,   

 The fixed points of the transformation 
z
z

w




1
1

 

 (a) ii ,   (b) i,0  

 (c) i,0   (d) ii 2,  
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10. J÷μ J¸ {ø»¨¦ÒÎø¯U öPõsh (DöÓõ¸£i) 

Cμmøh J¸ £i E¸©õØÓ® Gß£x 

 (A) £μÁøÍÄ (B) Av£μÁøÍÄ 

 (C) ÷|º÷Põk (D) }ÒÁmh® 

 A bilinear transformation with only one finite 
fixed point is called ___________. 

 (a) parabolic  (b) hyperbolic  

 (c) straight line (d) elliptic 

PART B — (5 × 5 = 25 marks) 

Answer ALL questions. 

11. (A)   3zzf   GÝ® \õº¤ß CR \©ß£õmøh 

\›£õºUP. 

  Verify CR equations for the function 
  3zzf  .  

Or 

 (B) J¸ £Sv°ß ©mk ©õÔ¼ø¯U öPõsh £S¨¦ 

\õº¦ ©õÔ¼ GÚ {ÖÄP. 

  Prove that an analytic function in a region 
with constant modulus is constant.  
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12. (A)     
b

a

b

a

dttfdttf  GÚ {ÖÄP. 

  Prove that     
b

a

b

a

dttfdttf . 

Or 

 (B) C Gß£x ÷|º©øÓ \õº¢u Ámh® 2 iz  

GÛÀ  C

z

dz
z

e
42

 I ©v¨¤kP. 

  Evaluate  C

z

dz
z

e
42

 where C is positively 

oriented circle 2 iz . 

13. (A) 1z  I ö£õ¸zx,  
z

zf
1

  Gß£vß öh´»º 

öuõhº Â›ÁõUPzvøÚU PõsP. 

  Find the Taylor’s series expansion for 

 
z

zf
1

  about 1z . 

Or 
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 (B) 
 31z

zez

 Gß£uß Ga\zøu Auß x¸Á[PÎÀ 

PõsP. 

  Find the residue of 
 31z

zez

 at its pole. 

14. (A) C Gß£x 2z  GÛÀ  
C

z
dz

32
 I ©v¨¤kP. 

  Evaluate  
C

z
dz

32
 where C is 2z . 

Or 

 (B) ©v¨¤kP  




2

0
sin45

d
. 

  Evaluate  




2

0
sin45

d
. 

15. (A) ,,2 21 izz  23 z  GßÓ ¦ÒÎPÎß 

1,,1 321  wiww   Gß£Ú •øÓ÷¯ 

DöÓõ¸£i E¸©õØÓ® PõsP. 

  Find the bilinear transformation which maps 
the points ,,2 21 izz  23 z , onto 

1,,1 321  wiww  respectively.  

Or 
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 (B) 
iz

w
2

1


  Gß£uß {ø»¨¦ÒÎø¯U PõsP. 

  Find the fixed points of 
iz

w
2

1


 . 

PART C — (5  8 = 40 marks) 

Answer ALL questions. 

16. (A) 0r  ©ØÖ®  20   GÛÀ 

  





 

2
sin

2
cos


irzf Gß£x  

ÁøP°hzuUPx GÚ {ÖÄP. ÷©¾®  zf   I 

PõsP. 

  Show that   





 

2
sin

2
cos


irzf  where 

0r  and  20   is differentiable and 
find  zf  . 

Or 

 (B) )(zf  Gß£x £S¨¦ \õº¦ GÛÀ 

   222
2

2

2

2

4 zfzf
yx

















 GÚ {ÖÄP. 

  If )(zf  is analytic. Prove that 

   222
2

2

2

2

4 zfzf
yx

















. 
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17. (A) Põæ°ß ÷uØÓzøu GÊv {ÖÄP. 

  State and prove Cauchy’s theorem. 

Or 

 (B) ö©õ÷μμõÂß ÷uØÓzøu GÊv {ÖÄP. 

  State and prove Morera’s theorem. 

18. (A) »õμsm –ß ÷uØÓzøu GÊv {ÖÄP. 

  State and prove Laurent’s theorem. 

Or 

 (B) Põæ°ß Ga\z ÷uØÓzøu GÊv {ÖÄP. 

  State and prove Cauchy’s residue theorem. 

19. (A) ©v¨¤kP  




2

0
sin513

d
. 

  Evaluate  




2

0
sin513

d
. 

Or 

 (B) {ÖÄP 



0

2 21
cos

e
dx

n
x 

. 

  Prove that  



0

2 21
cos

e
dx

n
x 

. 
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20. (A) ¤ßÁ¸ÁÚ ö£õx ÁiÁ ÷Põ¨¦PÒ GÛÀ Auß 

¦ÒÎPøÍU PõsP. ÷©¾® AÁv¨ ¦ÒÎPÒ 

C¸¨¤ß AuøÚ²® PõsP.  

  (i) 
z

zw
1

  

  (ii) zew  . 

  Find the points where the following 
mappings are conformal. Also find the 
critical points of any.  

  (i) 
z

zw
1

  

  (ii) zew  . 

Or 

 (B) G¢u J¸ DöÓõ¸£i E¸©õØÓ•® SÖUS 

ÂQuzøuU öPõkUS® GÚ {ÖÄP. 

  Prove that any bilinear transformation 
preserves cross ratio. 

——––––––––– 
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Answer ALL questions. 

 Choose the correct answer : 

1. If   2zzf  , then the value of  yxu ,  

 (a) 22 yx   (b) 22 yx   

 (c) xy2   (d) iyx   

2.   zzzf Im  is differentiable at ___________. 

 (a) z  (b) 0 

 (c) all point (d) none 

(6 pages) 
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3. If  dzzf
C
  where  

z
zf

1
  and C is the circle 

rz  , then    dzzf
C

 ___________. 

 (a) 0  (b) i2  

 (c) i2  (d) i4  

4. If f a function which is analytic at all points inside 
and on a simple closed curve C, then   

C

dzzf  

___________. 

 (a) i2   (b) i  

 (c) 0  (d) i2  

5.  ...
!

......
!2!1

1
2

n
zzz n

? 

 (a) ze   (b) ze  

 (c) 
z
1

  (d) 
z
1

  

6. The poles of  
zz

z
zf

2
1

2 


  

 (a) 0, 2  (b) 0, 1 

 (c) 0, –1  (d) 0, –2 
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7. If  
14

2
2 



zz
i

zf , then    32;Res zf ? 

 (a) 
3

i
  (b) 

3

i
 

 (c) 
3

2
  (d) 

3

2
 

8. The value of 
1

2
z

zez
dz

 

 (a) i2   (b) i2  

 (c) i   (d) i  

9. The fixed points of the transformation 
z
z

w




1
1

 

 (a) ii ,   (b) i,0  

 (c) i,0   (d) ii 2,  

10. A bilinear transformation with only one finite 
fixed point is called ___________. 

 (a) parabolic  (b) hyperbolic  

 (c) straight line (d) elliptic 



 

Code No. : 30578 E Page 4 

PART B — (5 × 5 = 25 marks) 

Answer ALL questions. 

11. (a) Verify CR equations for the function 
  3zzf  .  

Or 

 (b) Prove that an analytic function in a region 
with constant modulus is constant.  

12. (a) Prove that     
b

a

b

a

dttfdttf . 

Or 

 (b) Evaluate  C

z

dz
z
e

42
 where C is positively 

oriented circle 2 iz . 

13. (a) Find the Taylor’s series expansion for 

 
z

zf
1

  about 1z . 

Or 

 (b) Find the residue of 
 31z

zez
 at its pole.  

[P.T.O.] 
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14. (a) Evaluate  
C
z
dz

32
 where C is 2z . 

Or 

 (b) Evaluate  




2

0
sin45
d

. 

15. (a) Find the bilinear transformation which maps 
the points ,,2 21 izz  23 z , onto 

1,,1 321  wiww  respectively.  

Or 

 (b) Find the fixed points of 
iz

w
2

1


 . 

PART C — (5  8 = 40 marks) 

Answer ALL questions. 

16. (a) Show that   





 

2
sin

2
cos


irzf  where 

0r  and  20   is differentiable and 
find  zf  . 

Or 

 (a) If )(zf  is analytic. Prove that 

   222
2

2

2

2

4 zfzf
yx

















. 
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17. (a) State and prove Cauchy’s theorem. 

Or 

 (b) State and prove Morera’s theorem. 

18. (a) State and prove Laurent’s theorem. 

Or 

 (b) State and prove Cauchy’s residue theorem. 

19. (a) Evaluate  




2

0
sin513

d
. 

Or 

 (b) Prove that  



0

2 21
cos

e
dx

n
x 

. 

20. (a) Find the points where the following 
mappings are conformal. Also find the 
critical points of any. 

  (i) 
z

zw
1

  

  (ii) zew  . 

Or 

 (b) Prove that any bilinear transformation 
preserves cross ratio. 

——––––––––– 
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Answer ALL questions. 

 Choose the correct answer 

1. 784241    ß ©v¨¦ 

 (A) 3081  (B) 2261 

 (C) 2061  (D) 1661 

 The sum of 784241    is 

 (a) 3081  (b) 2261 

 (c) 2061  (d) 1661 
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2. n  J¸ ªøP •Ê Gs ÷©¾® nr   J¸ ªøP •Ê 

Gs GÛÀ 1 rr ncnc  ß ©v¨¦ 

 (A) rcn 1   (B) 11  rcn  

 (C) rnc   (D) 1rnc  

 If n is a given positive integer, and nr   is also a 

positive integer, than the value of 1 rr ncnc  

 (a) rcn 1   (b) 11  rcn  

 (c) rnc   (d) 1rnc  

3. «.ö£õ.Á   36,8  ——————— 

 (A) 8    (B) 4  

 (C) 4    (D) 8  

 gcd   36,8  ——————— 

 (a) 8    (b) 4  

 (c) 4    (d) 8  

4. K  §]¯©À»õu •Ê Gs GÛÀ «.ö£õ.Á. 

 kbka, ? 

 (A) K «.ö£õ.Á  ba,  (B) K «.ö£õ.Á  ba,  

 (C) «.ö£õ.Á  ba,  (D) 
2k «.ö£õ.Á  ba,  
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 For any interger 0k , gcd  kbka, ? 

 (a)  baK ,gcd.   

 (b)  baK ,gcd  

 (c)  ba,gcd  

 (d)  bak ,gcd2  

5. Gs 30 US® SøÓÁõÚ EÒÍ JØøÓ¨£øh £Põ 

GsPÎß GsoUøP¯õÚx. 

 (A) 8   (B) 9 

 (C) 10   (D) 11 

 The number of odd prime less than 30 is 

 (a) 8   (b) 9 

 (c) 10   (d) 11 

6. ÁSzuÀ ö\´ÁÈ¨£i, JÆöÁõ¸ Cμmøh¨£øh 

ªøP Gsøn²® uÛa]Ó¨¦¨£h ———————  

GÚ GÊu •i²®. 

 (A) 14 n    

 (B) 34 n  

 (C)   244 norn   

 (D) CøÁ÷¯x® CÀø» 
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 According to division algorithm, every positive 
even integer can be uniquely written as 

 (a) 14 n   (b) 34 n  

 (c)   244 norn  (d) None of these 

7. x6  ———————  21mod  GßÓ 

•ØöÓõ¸ø©¯õÚx wºÄPøÍU öPõshuõS®. 

 (A) 3   (B) 2 

 (C) 6   (D) 8 

 The congruence x6  ———————  21mod  
has solutions. 

 (a) 3   (b) 2 

 (c) 6   (d) 8 

8. E»Pzuμ ¦vuõP Gsoß £zuõ® C»UP® a
10 

=  
——————— 

 (A)  


9

1

11mod
k

kKa   

 (B)  


9

1

11mod
k

ka  

 (C)    



9

1

11mod1
k

kaK     

 (D)  


10

1

11mod
k

kKa  
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 In ISBN, the tenth digit 10a  is given by  

——————— 

 (a)  


9

1

11mod
k

kKa   

 (b)  


9

1

11mod
k

ka  

 (c)    



9

1

11mod1
k

kaK     

 (d)  


10

1

11mod
k

kKa  

9.  (225) ß ©v¨¦ 

 (A) 15    

 (B) 45 

 (C) 75    

 (D) 120 

 The value of   (225) is 

 (a) 15   (b) 45 

 (c) 75   (d) 120 
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10. P  J¸ JØøÓ¨£øh £Põ Gs GÛÀ 

  111 121   ppp p  I P ÁSUS® ÷£õx 

QøhUS® «v ¯õx? 

 (A) 1   (B) 2 

 (C) 
2

1p
  (D) 1p  

 If P  is an odd prime find the remainder when 
  111 121   ppp p  is divided by P . 

 (a) 1   (b) 2 

 (c) 
2

1p
  (d) 1p  

PART B — (5 × 5 = 25 marks) 

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

11. (A) (i)  •uÀ n C¯À GsPÎß TkuÀ J¸ 

•U÷Põn C¯À Gs BS® GÚ {¹¤. 

  (ii)   Akzukzu Cμsk •U÷Põn GsPÎß 

TkuÀ J¸ •Êø©¯õÚ ÁºUP® GÚ 

{¹¤. 

  (i)  Prove that the sum of first n natural 
numbers is a triangular number.  

  (ii)  The sum of any 2 consecutive 
triangular numbers is a perfect square. 

Or 
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 (B) AøÚzx 2n  US® 

   






 

































3

1
22

4
2
3

2
2 nn

  ß ©v¨¦ 

PõsP. 

  For 2n , Find the value of 








 

































3

1
22

4
2
3

2
2 nn

 . 

12. (A) cba ,,  BQ¯Ú §a]¯©ØÓ H÷uÝ® Cμsk 

•ÊUPøÍU öPõsh •Ê GsPÒ 

d «.ö£õ.Á. ),,( cba  

  d «.ö£õ.Á.( «.ö£õ.Á.) )),,( cba  

  = «.ö£õ.Á.   ,(,, acba  «.ö£õ.Á. )),( cb  GÚ 

{¹¤UP. 

  Let cba ,,  be integers no two of which are 

zero. Show that  cbad ,,gcd  

    cbad ,,gcdgcd  

      cbacba ,gcd,,,gcd    

Or 

 (B) «.ö£õ.Á.  ba,  «.].©.   abba ,  GÚ {¹¤. 

  Prove that  ba,gcd .1cm   abba ,  for 

positive integers. 
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13. (A) GßÓ GsPÎß £Põ Põμoø¯ Psk¤i. 

  (i) 10140 

  (ii) 36000 

  Find the prime factorization of  

  (i) 10140 

  (ii) 36000 

Or 

 (B) n &Áx £Põ Gs nP  GÛÀ 
122



n

nP GÚ {¹¤. 

  If nP  is the thn  prime number, then prove 

that 
122



n

nP . 

14. (A) 64165   (©mk 7) ß ©v¨ø£U PõsP. 

  Calculate  7mod64165  . 

Or 

 (B) 3018 x (©mk 42) GßÓ ÷|›¯À •Ê J¨¦ø© 

\©ß£õmøhz wºUPÄ®. 

  Solve the linear congruence 

 42mod3018 x  
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15. (A) ö£º©õmiß ©Öuø»ø¯ J¸ GkzxUPõmk 

öPõkzx ÂÍUSP. 

  Explain about the converse of the Fermat's 
theorem by giving an example. 

Or 

 (B) P  J¸ £Põ Gs GÛÀ, G¢uöÁõ¸ •Ê Gs 

a US®  !1 paP p
 a  ©ØÖ® 

  aapP p  !1   GÚ {¹¤. 

  If P  is a prime, prove that for any integer 
 !1,  paPa p  and   aapP p  !1 . 

PART C — (5 × 8 = 40 marks)  

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

16. (A) D¸Ö¨¦ ÷uØÓzøu {º©õoUPÄ®. 

  Establish the binomial theorem. 

Or 

 (B) (i)    14.33.22.1 nn   

  
   

1,
3

21



n

nnn
  

     GÚ {¹¤. 

  (ii) öuõSzuÔ •øÓ (•iÄÖ) °ß Cμshõ® 

öPõÒøPø¯ GÊv {¹¤UP. 
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  (i) Prove that 

      
.1,

3
21

14.33.22.1 


 n
nnn

nn  

  (ii) State and prove the second principle of 
finite induction. 

17. (A) ³UÎi¯ß £i•øÓU TÔ {ÖÄP. 

  State and prove Euclidean Algorithm. 

Or 

 (B) (i) a/b ©ØÖ® a/c GÛÀ   Zyxcybxa  ,,  

GÚ {¹¤. 

  (ii) ÁSzuÀ PnUS •øÓø¯ GÊv {¹¤UP. 

  (i)  If a/b and a/c, prove that 

  Zyxcybxa  ,,
. 

  (ii)  State and prove Division Algorithm. 

18. (A) Gso¯¼ß Ai¨£øhz ÷uØÓzøuU TÔ 

{ÖÄP. 

  State and prove fundamental theorem of 
arithmetic. 

Or 
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 (B) (i)  £Põ GsPÒ Gso»h[PõuøÁ GÚU 

PõmkP. 

  (ii)   2 J¸ TÖ£hõ Gs GÚ {¹¤. 

  (i) Show that there are infinite number of 
primes. 

  (ii) Show that the number 2  is irrational 

19. (A) (i) ø\Üì «vz ÷uØÓzøuU TÔ {ÖÄP. 

  (ii) wºUP, 2x (©mk 3), 3x  (©mk 5), 

2x (©mk 7). 

  (i) State and prove Chinese Remainder 
theorem. 

  (ii) Solve
 

     7mod2,5mod3,3mod2  xxx .  

Or 

 (B) (i) ba  (©mkm ) ÷©¾®  xf  Gß£x J¸ 

£À¾Ö¨¦U ÷PõøÁ GÛÀ 

   bfaf  (©mkm ) GÚ {¹¤. 

  (ii) •ØöÓõ¸ø©ø¯¨ £¯ß£kzv 

ö£º©õmì Gs 1232
5 F  J¸ £Põ Gs  

AÀ» GÚ {¹¤. 
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 (i) If  mba mod  and  xf  is a 
polynomial coefficient, show that 
    mbfaf mod . 

 (ii) Using congruences prove that the 
Fermat's number 1232

5 F  is not a 
prime. 

20. (A) aa 21
(©mk 15) GÚU PõmkP. 

  Show that  15mod21 aa  . 

Or 

 (B) ÂÀ\ß ÷uØÓzøuU TÔ {ÖÄP. 

  State and prove Wilson's theorem. 

————————— 
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Answer ALL questions. 

 Choose the correct answer 

1. The sum of 784241    is 

 (a) 3081  (b) 2261 

 (c) 2061  (d) 1661 

2. If n is a given positive integer, and nr   is also a 

positive integer, than the value of 1 rr ncnc  

 (a) rcn 1   (b) 11  rcn  

 (c) rnc   (d) 1rnc  

(6 pages) 
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3. gcd   36,8 ——————— 

 (a) 8    (b) 4  

 (c) 4    (d) 8  

4. For any interger 0k , gcd  kbka, ? 

 (a)  baK ,gcd.  (b)  baK ,gcd  

 (c)  ba,gcd  (d)  bak ,gcd2  

5. The number of odd prime  less than 30 is 

 (a) 8   (b) 9 

 (c) 10   (d) 11 

6. According to division algorithm, every positive 
even integer can be uniquely written as 

 (a) 14 n   (b) 34 n  

 (c)   244 norn  (d) None of these 

7. The congruence x6  ———————  21mod  

has solutions. 

 (a) 3   (b) 2 

 (c) 6   (d) 8 
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8. In ISBN, the tenth digit 10a  is given by  

——————— 

 (a)  


9

1

11mod
k

kKa   

 (b)  


9

1

11mod
k

ka  

 (c)    



9

1

11mod1
k

kaK     

 (d)  


10

1

11mod
k

kKa  

9. The value of   (225) is 

 (a) 15   (b) 45 

 (c) 75   (d) 120 

10. If P  is an odd prime find the remainder when 

  111 121   ppp p  is divided by P . 

 (a) 1   (b) 2 

 (c) 
2

1p
  (d) 1p  
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PART B — (5 × 5 = 25 marks) 
Answer ALL questions, choosing either (a) or (b). 

11. (a) (i)  Prove that the sum of first n natural  
numbers is a triangular number.  

  (ii)  The sum of any 2 consecutive triangular 
numbers is a perfect square. 

Or 

 (b) For 2n , Find the value of 








 

































3

1
22

4
2
3

2
2 nn

 . 

12. (a) Let cba ,,  be integers no two of which are 
zero. Show that  cbad ,,gcd  

    cbad ,,gcdgcd  

      cbacba ,gcd,,,gcd     

Or 

 (b) Prove that  ba,gcd .1cm   abba ,  for 
positive integers. 

13. (a) Find the prime factorization of  

  (i) 10140 

  (ii) 36000  
Or 

 (b) If nP  is the thn  prime number, then prove 

that 
122



n

nP . 

 [P.T.O.] 
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14. (a) Calculate  7mod64165  . 

Or 

 (b) Solve the linear congruence 

 42mod3018 x  

15. (a) Explain about the converse of the Fermat's 
theorem by giving an example. 

Or 

 (b) If P  is a prime, prove that for any integer 

 !1,  paPa p  and   aapP p  !1 . 

PART C — (5 × 8 = 40 marks)  

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

16. (a) Establish the binomial theorem. 

Or 

 (b) (i) Prove that 

     
.1,

3
21

14.33.22.1 


 n
nnn

nn  

  (ii) State and prove the second principle of 
finite induction. 
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17. (a) State and prove Euclidean Algorithm. 
Or 

 (b) (i)  If a/b and a/c, prove that 
  Zyxcybxa  ,, . 

  (ii)  State and prove Division Algorithm. 

18. (a) State and prove fundamental theorem of 
arithmetic. 

Or 
 (b) (i)  Show that there are infinite number of 

primes. 

 (ii)  Show that the number 2  is irrational 

19. (a) (i) State and prove Chinese Remainder 
theorem. 

 (ii) Solve 
     7mod2,5mod3,3mod2  xxx  

Or 
 (b) (i) If  mba mod  and  xf  is a polynomial 

coefficient, show that     mbfaf mod . 

 (ii) Using congruences prove that the 
Fermat's number 1232

5 F  is not a 
prime. 

20. (a) Show that  15mod21 aa  . 

Or 

 (b) State and prove Wilson's theorem. 

————————— 
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Answer ALL questions. 

 Choose the correct answer. 

1. 4,3K –CÀ EÒÍ ÷PõkPÎß GsoUøP  

 (A) 7   (B) 12 

 (C) 3   (D) 4 

 The number of edges in 4,3K  is   

 (a) 7   (b) 12 

 (c) 3   (d) 4 
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2. J¸ JÊ[S Áøμ¤À 8  GÛÀ   ————–. 

 (A) 8   (B) 7 

 (C) 9   (D) 16 

 If 8  for a regular graph then  ————–.  

 (a) 8   (b) 7 

 (c) 9   (d) 16 

3. ÁøμÄ G &°ß £õ»® e  GÛÀ  )( eGw   

——————.  

 (A) 1)( Gw   (B) )(Gw  

 (C) 1)( Gw   (D) )(2 Gw   

 If e  is a bridge of graph G  then  )( eGw   
————–.  

 (a) 1)( Gw    (b) )(Gw  

 (c) 1)( Gw    (d) )(2 Gw  

4. 4C &ß öÁmk¨ ¦ÒÎPÎß GsoUøP  

 (A) 1   (B) 0 

 (C) 3   (D) 2 

 Number of cut points of 4C  is   

 (a) 1   (b) 0 

 (c) 3   (d) 2 
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5. ÁÇUP©õÚ SÔ±miß £i,  FEV   

——————.  

 (A) 2   (B) 1 

 (C) 0   (D) 3 

 With usual notations,  FEV  ————–.  

 (a) 2   (b) 1 

 (c) 0   (d) 3 

6. T  J¸ ),( qp  ©μ® GÛÀ, RÌPshÁØÖÒ Gx uÁÖ?  

 (A) T  J¸ _Ç»ØÓ öuõkzu Áøμ¦ 

 (B) T  J¸ öuõkzu JÊ[S Áøμ¦ 

 (C) T  J¸ öuõkzu Áøμ¦, 1 pq  

 (D) T  J¸ _Ç»ØÓ Áøμ¦, 1 pq  

 If T  is a ),( qp  tree then which statement is false? 

 (a) T  is a connected acyclic graph  

 (b) T  is a connected regular graph 

 (c) T  is a connected graph, 1 pq  

 (d) T  is an acyclic graph, 1 pq  

7. RÌPshÁØÖÒ Gx J¸ uÍÁøμ¦? 

 (A) 7K    (B) 6K  

 (C) 5K    (D) 4K  
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 Which of the following is a planar graph? 

 (a) 7K    (b) 6K  

 (c) 5K    (d) 4K  

8. 5K &ß Ásn Gs ——————. 

 (A) 2   (B) 3 

 (C) 5   (D) 1 

 Chromatic number of 5K  is ————–. 

 (a) 2   (b) 3 

 (c) 5   (d) 1 

9.  1023197),( 2345 Gf  GÛÀ G&°À 

EÒÍ ¦ÒÎPÎß GsoUøP  

 (A) 4   (B) 5 

 (C) 7   (D) 10 

 If  1023197),( 2345 Gf  then the 

number of points in G is   

 (a) 4   (b) 5 

 (c) 7   (d) 10 
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10. RÌPõq® vø\Áøμ¤À, 2&ß Em£i Gx?  

 

 (A) 1   (B) 2 

 (C) 3   (D) 4 

 What is the in-degree of 2 in the following 
diagraph? 

 
 (a) 1   (b) 2 

 (c) 3   (d) 4 

PART B — (5  5 = 25 marks) 
Answer ALL questions, choosing either (a) or (b). 

11. (A) G¢uöÁõ¸  uß{μ¨¦ Áøμ¤ØS® n4  AÀ»x 

14 n  ¦ÒÎPÒ EÒÍÚ GÚ {¹¤.  

  Prove that any self complementary graph 
has n4  or 14 n  points. 

Or 
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 (B) G  Gß£x ),( 21 VV  GÚ C¸ ¤›ÄPøÍU 

öPõsh J¸ C¸TÖ Áøμ¦ ©ØÖ® G  J¸ 

k JÊ[S Áøμ¦, 0k  GÛÀ 21 VV   GÚ 

{¹¤. 

  Let G  be a k regular bipartite graph with 
bipartition ),( 21 VV  and 0k . Prove that 

21 VV  . 

12. (A) )2,2,2,4,4,4(P  J¸ Áøμ¦ öuõhμõ? B® 

GÛÀ p &UPõÚ J¸ Áøμø£ ÁøμP.  

  Is )2,2,2,4,4,4(P a graphic sequence? If 
yes then draw a graph for p . 

Or 

 (B) G  GßÓ Áøμ¤À k  GÛÀ G &US 

k &}Í•ÒÍ J¸ £õøu Esk GÚ {¹¤. 

  In a graph G , if k  then show that G  has 
a path of length k . 

13. (A) JÆöÁõ¸ ©μzvß ø©¯zv¾® J¸ ¦ÒÎ÷¯õ 

AÀ»x C¸ Asøh ¦ÒÎP÷Íõ C¸US® GÚ 

{¹¤.  

  Prove that every tree has a centre consisting 
of either one point or two adjacent points. 

Or 

 (B) )(GC  |ßS Áøμ¯ÖUP¨£mhx GÚ {¹¤. 

  Prove that )(GC  is well-defined. 
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14. (A) 5K &J¸ uÍ Áøμ¦ AÀ» GÚ {¹¤.  

  Prove that 5K  is non-planar. 

Or 

 (B) uÛzu •øÓ°À n Ásn¨£kzuUTi¯ 

JÆöÁõ¸ Áøμ¦® )1( n öuõhº Áøμ¦ GÚU 

Põmk. 

  Show that every uniquely n colourable 

graph is )1( n  connected.  

15. (A) C¸ vø\ Áøμ¦PÒ \© J¨¦ø©²øh¯x GÛÀ 

Jzu ¦ÒÎPÒ J÷μ £i ÷áõi öPõsi¸US® 

GÚ {¹¤.  

  If two digraphs are isomorphic then prove 

that corresponding points have the same 

degree pair. 

Or 

 (B) )1)....(2()1(),(  nkf n   GÚ 

{¹¤. 

  Prove that  

  )1)....(2()1(),(  nkf n  . 
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PART C — (5 × 8 = 40 marks) 

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

16. (A) G  Gß£x •U÷Põn[PÒ CÀ»õu ),( qp  

Áøμ¦ GÛÀ 









4

2p
q  GÚ {¹¤.  

  If G  is a ),( qp graph without triangles then 

prove that 









4

2p
q .  

Or 

 (B) (i) JÆöÁõ¸ Áøμ¦® öÁmk® Áøμ¦ GÚU 

PõmkP. 

  (ii) G  Gß£x J¸ ),( qp Áøμ¦ GßP. )(GL  

J¸ ),( Lqq  Áøμ£õS® GÚ {ÖÄP. C[S 

qdq
p

i
iL 









 

1

2

2
1

. 

  (i) Show that every graph is an 
intersection graph. 

  (ii) Let G be a ),( qp graph. Prove that 
)(GL  is a ),( Lqq  graph where 

qdq
p

i
iL 









 

1

2

2
1

. 



 Code No. : 30580 B Page 9 

17. (A) SøÓ¢ux C¸¦ÒÎPÒ öPõsh J¸ Áøμ¦ G  

C¸TÖ Áøμ£õP C¸¢uõÀ, C¸¢uõÀ ©mk÷© 

Auß AøÚzx _ØÖPÐ® Cμmøh¨ £øh 

}ÍzvÀ C¸US® GÚU PõmkP.  

  Show that a graph G with atleast two points 
is bipartite iff all its cycles are of even 
length. 

Or 

 (B) (i) J¸ Áøμ¤ß ¦ÒÎ öuõhºa], ÷Põk 

öuõhºa] CÁØøÓ Áøμ¯Ö. 

  (ii) •øÓ¯õÚ SÔ±kPÎß £i  k  GÚ 

{¹¤. 

  (i) Define vertex connectivity and edge 
connectivity of a graph. 

  (ii) With usual notations, prove that 
 k . 

18. (A) J¸ öuõkzu Áøμ¦ G  B°½›¯ÚõP Aø©¯ 

÷uøÁ¯õÚ ©ØÖ® ÷£õx©õÚ {£¢uøÚ G &ß 

JÆöÁõ¸ ¦ÒÎ°ß £i²® J¸ Cμmøh £øh 

Gs GÚ {ÖÄP. 

  Prove that a connected graph G is Eulerian 
iff  every point of G has even degree. 

Or 

 (B) Dirac's&Cß ÷uØÓzøu TÔ {ÖÄP. 

  State and prove Dirac's theorem. 
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19. (A) J¸ Áøμø£ ÷PõÍzvß ÷©Ø£μ¨¤À £vUP 

÷uøÁ¯õÚ ©ØÖ® ÷£õx©õÚ {£¢uøÚ A¢u 

Áøμø£ J¸ uÍzvÀ £vUP •i²® GÚ {¹¤. 

  Prove that a graph can be embedded in the 

surface of a sphere iff it can be embedded in 

a plane. 

Or  

 (B) 








nn

nnn
kn ,1

)1(,
)(  

  GÚ {ÖÄP. 

  Show that  

  








evenisif1

)1(oddisif
)(

nn
nnn

kn  

20. (A) 2n  ¦ÒÎPøÍU öPõsh J¸ Áøμ¦ G  

©μ©õP C¸UP ÷uøÁ¯õÚ ©ØÖ® ÷£õx©õÚ 

{£¢uøÚ 
1)1(),(  nGf   GÚ {¹¤. 

  Prove that  a graph G  with 2n  points is a 

tree iff 1)1(),(  nGf  . 

Or 

J¸ JØøÓ£øh Gs  

J¸ Cμmøh£øh Gs 
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 (B) J¸ Á¾ÁØÓ vø\ Áøμ¦ D  B°½›¯ß vø\ 

Áøμ£õP C¸UPz ÷uøÁ¯õÚx® {£¢uøÚ 

GßÚöÁÛÀ JÆöÁõ¸ ¦ÒÎ°ß AP¨£i²® 

¦Ó¨£i²® \©® GÚ {ÖÄP. 

  Prove that a weak digraph D  is Eulerian iff 
every point of D  has equal in-degree and 
out-degree. 

 

—————— 



  

   Reg. No. : ....................................................  

Code No. : 30580 E Sub. Code : SMMA 63 

B.Sc. (CBCS) DEGREE EXAMINATION, APRIL 2020. 

Sixth Semester 

Mathematics — Core 

GRAPH THEORY  

(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. The number of edges in 4,3K  is   

 (a) 7   (b) 12 

 (c) 3   (d) 4 

2. If 8  for a regular graph then  ————–.  

 (a) 8   (b) 7 

 (c) 9   (d) 16 

(6 pages) 
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3. If e  is a bridge of graph G  then  )( eGw   

————–.  

 (a) 1)( Gw    (b) )(Gw  

 (c) 1)( Gw    (d) )(2 Gw  

4. Number of cut points of 4C  is   

 (a) 1   (b) 0 

 (c) 3   (d) 2 

5. With usual notations,  FEV  ————–.  

 (a) 2   (b) 1 

 (c) 0   (d) 3 

6. If T  is a ),( qp  tree then which statement is false? 

 (a) T  is a connected acyclic graph  

 (b) T  is a connected regular graph 

 (c) T  is a connected graph, 1 pq  

 (d) T  is an acyclic graph, 1 pq  

7. Which of the following is a planar graph? 

 (a) 7K    (b) 6K  

 (c) 5K    (d) 4K  



 Code No. : 30580 E Page 3 

8. Chromatic number of 5K  is ————–. 

 (a) 2   (b) 3 
 (c) 5   (d) 1 

9. If  1023197),( 2345 Gf  then the 
number of points in G is   

 (a) 4   (b) 5 
 (c) 7   (d) 10 

10. What is the in-degree of 2 in the following 
diagraph? 

 
 (a) 1   (b) 2 
 (c) 3   (d) 4 

PART B — (5  5 = 25 marks) 
Answer ALL questions, choosing either (a) or (b). 

11. (a) Prove that any self complementary graph 
has n4  or 14 n  points. 

Or 

 (b) Let G  be a k regular bipartite graph with 
bipartition ),( 21 VV  and 0k . Prove that 

21 VV  . 
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12. (a) Is )2,2,2,4,4,4(P a graphic sequence? If 
yes then draw a graph for p . 

Or 

 (b) In a graph G , if k  then show that G  has 

a path of length k . 

13. (a) Prove that every tree has a centre consisting 
of either one point or two adjacent points. 

Or 

 (b) Prove that )(GC  is well-defined. 

14. (a) Prove that 5K  is non-planar. 

Or 

 (b) Show that every uniquely n colourable 

graph is )1( n  connected.  

15. (a) If two digraphs are isomorphic then prove 
that corresponding points have the same 
degree pair. 

Or 

 (b) Prove that  

  )1)....(2()1(),(  nkf n  .  

[P.T.O.] 
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PART C — (5 × 8 = 40 marks) 

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

16. (a) If G  is a ),( qp graph without triangles then 

prove that 









4

2p
q .  

Or 

 (b) (i) Show that every graph is an 
intersection graph. 

  (ii) Let G be a ),( qp graph. Prove that 
)(GL  is a ),( Lqq  graph where 

qdq
p

i
iL 









 

1

2

2
1

. 

17. (a) Show that a graph G with atleast two points 
is bipartite iff all its cycles are of even 
length. 

Or 

  

 (b) (i) Define vertex connectivity and edge 
connectivity of a graph. 

  (ii) With usual notations, prove that 
 k . 
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18. (a) Prove that a connected graph G is Eulerian 
iff  every point of G has even degree. 

Or 

 (b) State and prove Dirac's theorem. 

19. (a) Prove that a graph can be embedded in the 
surface of a sphere iff it can be embedded in 
a plane. 

Or  

  

 (b) Show that  

  








evenisif1

)1(oddisif
)(

nn
nnn

kn  

20. (a) Prove that  a graph G  with 2n  points is a 
tree iff 1)1(),(  nGf  . 

Or 

 (b) Prove that a weak digraph D  is Eulerian iff 
every point of D  has equal in-degree and 
out-degree. 

 

—————— 
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1. «¨ö£¸ E¯μ® Aøh¯ J¸ GÔuÀ GkzxU 

öPõÒÐ® Põ»® –––––––––––––  

 (A) 
g

u sin
  (B) 

g
u sin2

 

 (C) 
g

u 2sin
  (D) 

g
u sin2
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 Time taken by the projectile to reach the greatest 
height is –––––––––––––  

 (a) 
g

u sin
  (b) 

g
u sin2

 

 (c) 
g

u 2sin
  (d) 

g
u sin2

 

2. öuõk ÁõÚzvØS   ÷PõnzvÀ \õ´¢v¸US® J¸ 

ÁÇÁÇ¨£õÚ \õ´uÍzvß «x HÖ® ö£õ¸Îß 

•kUP® –––––––––––––  

 (A) sing   (B) cosg  

 (C) g    (D) HxªÀø» 

 The acceleration of a particle moving up a smooth 
inclined plane of inclination   to the horizon is  
–––––––––––––  

 (a) sing   (b) cosg  

 (c) g    (d) None of these 

3. ¤ßÁ¸® ö£õ¸mPÎÀ GÁØÓõÀ ö\´¯¨£mh  

2 £¢xPÒ ÷©õx® ÷£õx «Ò uÒø© AvP©õP 

C¸UQÓx?  

 (A) Psnõi  (B) u¢u® 

 (C) D¯®   (D) C¸®¦ 
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 Which of the following material balls when 
impinge on each other has more elasticity?  

 (a) glass   (b) ivory 

 (c) lead   (d) iron 

4. {³mhÛß Âv¨£i ÷©õu¾US¨ ¤ß vø\÷ÁP[PÒ 

12 vv  = ––––––––––––– [ 21,uu &÷©õu¾US •ß 

EÒÍ vø\÷ÁP[PÒ]  

 (A)  12 uu   (B)  21 uue   

 (C)  21 uue    (D)  21 uu   

 As per Newton's experimental law, the velocities 
after impact 12 vv   = ––––––––––––– [where 

21,uu - velocities before impact)  

 (a)  12 uu   (b)  21 uue   

 (c)  21 uue    (d)  21 uu   

5. Kº GÎ¯ ^›ø\ C¯UPzvß Põ»Áøμ ––––––––––––        

 (A) 

2

   (B) 

2

 

 (C)  /    (D) HxªÀø» 
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 The period of a simple Harmonic motion is  

 (a) 

2

   (b) 

2

 

 (c)  /    (d) None of these 

6. Kº GÎ¯ ^›ø\ C¯UPzvÀ, 't' GßÓ ÷|μzvÀ 

Pmh©õÚx –––––––––––––  

 (A) 


t   (B) 


1
t  

 (C) 


t   (D) 



2
1

t  

 In a simple Harmonic motion, the phase at time t 
is ––––––––––––– 

 (a) 


t   (b) 


1
t  

 (c) 


t   (d) 



2
1

t  

7. •kUPzvß BμU TÖ –––––––––––––  

 (A) 
2 rr    (B) 

2r  

 (C)  rr  2   (D) 
2 r  
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 The radial component of acceleration is  
–––––––––––––  

 (a) 2 rr    (b) 2r  

 (c)  rr  2   (d) 2 r  

8. ø©¯a _ØÖ¨ £õøu°ß ÁøPU öPÊ \©ß£õk  

–––––––––––––  

 (A) Fu
d
ud

2

2


 

 (B) 22 uh
F

u
d
du




 

 (C) Fu
d
ud

 2
2

2


 

 (D) 
22

2

2

/ uhFu
d
ud




 

 The differential equation of central orbit is  
––––––––––––– 

 (a) Fu
d
ud

2

2


  

 (b) 22 uh
F

u
d
du




 

 (c) Fu
d
ud

 2
2

2


  

 (d) 22
2

2

/ uhFu
d
ud



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9. vø\÷ÁPzvß SÖUSU TÖ –––––––––––––  

 (A) r    (B) r  

 (C) r    (D) 
2 rr   

 The transverse component of velocity is  
––––––––––––– 

 (a) r    (b) r  

 (c) r    (d) 2 rr   

10. ø©¯a _ØÖ¨ £õøu°ß  rp   \©ß£õk  

–––––––––––––  

 (A) F
dr
dp

p
h 2  (B) F

dr
dp

p
h 

2
 

 (C) F
dr
dp

p
h 2

2
 (D) F

dr
dp

p
h 3

2
 

  rp   equation of the central orbit is  
–––––––––––––  

 (a) F
dr
dp

p
h 2  (b) F

dr
dp

p
h 

2
 

 (c) F
dr
dp

p
h 2

2
 (d) F

dr
dp

p
h 3

2
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PART B — (5 × 5 = 25 marks) 

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

Answer should not exceed 250 words. 

11. (A) J¸ SÔzu öuõhUP ÷ÁPzvÀ SÔzu Qøh©mh 

Áμ®ø£ Aøh¯ C¸ GÔuÀ ÷Põn[PÍõÀ 

C¯¾® GÚU Põmk.  

  Show that for a given initial velocity, there 
are two possible directions of projections to 
obtain a given horizontal range. 

Or 

 (B) J¸ \õ´ uÍzvÀ GÔ¯¨£mh ö£õ¸Îß Áμ®¦ 

Põs. 

  Find the range of a particle projected on an 
inclined plane. 

12. (A) J¸ ÁÊ ÁÊ ÷PõÍ® {ø»¯õÚ ^μõÚ uÍzvÀ 

÷©õv¯¤ß Auß ÷ÁP® ©ØÖ® |P¸® vø\ 

Põs.  

  Find the velocity and direction of motion of a 
smooth sphere after its impact on a fixed 
smooth plane. 

Or 



 

 Code No. : 30581 B Page 8 

 (B) J¸ £¢x ußøÚ Âh M ©h[S Gøh²® 
n
1

 

©h[S vø\÷ÁP•® öPõsk A÷u vø\°À 

|P¸® £¢øu ÷©õxQÓx. ÷©õu¼À •uÀ £¢x 

{ßÖ Âh, «Òußø© ÁøPUöPÊ  1

nm
nm

 GÚ 

{¹¤. 

  A ball overtakes another ball of m times its 

mass, which is moving with th
n
1

 of its 

velocity in the same direction. If the impact 

reduces the first ball to rest, prove that the 

coefficient of elasticity is  1

nm
nm

. 

13. (A) C¸ ö\[Szx vø\PÎÀ \© Põ»Áøμ°À 

C¯[S® C¸ GÎ¯ ^›ø\ C¯UPzvß 

öuõSzuÀ Põs.  

  Find the composition of two simple harmonic 

motions of the same period in two 

perpendicular directions. 

Or 
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 (B) Kº GÎ¯ ^›ø\ C¯UPzvÀ EÒÍ ö£õ¸Ò J¸ 

GÀø» C¸¢x ©Ö GÀø» Áøμ Aø»PÒ 

HØ£kzx® ÷£õx, Aø»Âß |kÂÀ C¸¢x 

Auß yμ® •øÓ÷¯ 321 ,, xxx , ‰ßÖ 

Akzukzu ö|õiPÎÀ GÛÀ Aø»Âß 

Põ»Áøμ 








 

2

311

2
cos

2

x
xx


 GÚ {¹¤. 

  A particle is moving with SHM and while 
making an oscillation from one extreme 
position to the other, its distances from the 
centre of oscillation at 3 consecutive seconds 
are 321 ,, xxx . Prove that period of oscillation 

is 








 

2

311

2
cos

2

x
xx


. 

14. (A) \©÷Põn _¸ÒÁøμUS B¯a \©ß£õk Põs.  

  Find the polar equation of equiangular 
spiral. 

Or 

 (B) B¯z öuõø»ÄPÎÀ vø\ ÷ÁP® ©ØÖ® 

•kUP® Põs. 

  Find the velocity and acceleration in polar 
Co-ordinates. 
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15. (A) SÂ¯zvÀ x¸Á® öPõsh Av£μÁøÍ¯zvß 

ªv \©ß£õk u¸ÂUP.  

  Derive the pedal equation for hyperbola-pole 
at focus. 

Or 

 (B) J¸ ö£õ¸Ò Ámh® Áøμ¯ÖUP Auß EÒ 

¦ÒÎ°ß C¯[S® Âø\°ß Âv Põs. 

  Find the law of force to an internal point 
under which a body will describe a circle. 

PART C — (5 × 8 = 40 marks) 

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

Answer should not exceed 600 words. 

16. (A) ¤ßÁ¸ÁÚÁØøÓU Põs : 

  (i) GÔu¼ß «¨ö£¸ E¯μ® 

  (ii) «¨ö£¸ E¯μ® Aøh²® ÷|μ® 

  (iii) £ÓUS® Põ»® 

  (iv) Qøh©mh uÍzvß GÔu¼ß Áμ®¦.  

  Find the following 

  (i) The greatest height attained by a 
projectile 

  (ii) Time taken to reach the greatest height 

  (iii) Time of flight  

  (iv) Range of projectile.  

Or 
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 (B)   ÷PõnzvÀ GÔ²® ÷£õx J¸ x¨£õUQU 

Ssk Áμ®¦ 1000 «. A÷u Ssk C»UøP 

÷|õUQ 36 Q.«/© ÷ÁPzvÀ |P¸® ©QÌÄ¢vÀ 

A÷u ÷PõnzvÀ GÔ¢uõÀ Áμ®¦ 

7
tan1000 

 «  E¯μ® GÚU Põmk. 

  The range of a rife bullet is 1000 m. When   
is the angle of projection. Show that if the 
bullet is fired with the same elevation from a 
car travelling 36 km/hr towards the target, 

the range will be increased by 
7
tan1000 

 m.   

17. (A) C¸ ÁÊÁÊ ÷PõÍ[PÒ ÷|μõP ÷©õx® ÷£õx 

C¯UP BØÓ¼ß CÇ¨¦ Põs.  

  Find the loss of kinetic energy due to direct 
impact between two smooth spheres. 

Or 

 (B) J¸ {ø»¯õÚ Qøh©mh uÍzvß «x 'h' GßÓ 

E¯μzv¼¸¢x J¸ ö£õ¸Ò ÂÊQÓx. e Gß£x 

«Òußø© öPÊ GÛÀ, G®¤ {Özx® •ß 

A¨ö£õ¸Ò Ph¢u ö©õzu yμ® 











2

2

1
1
e
e

h  GÚ 

{¹¤. ÷©¾® ö©õzu ÷|μ® 
g
h

e
e 2

1
1



 

GkUP¨£mhx GßÖ® Põmk. 
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  A particle falls from a height h upon a fixed 
horizontal plane if e  be the coefficient of 
restitution, show that the whole distance 
described before the particle has finished 

rebounding is 











2

2

1
1
e
e

h . Show also that the 

whole time taken is 
g
h

e
e 2

1
1



. 

18. (A) Kº GÎ¯ ^›ø\ C¯UPzvß Áøμ£h SÔ±møh 

ÂÍUQU TÖ.  

  Describe the geometrical representation of 
simple harmonic motion. 

Or 

 (B) J¸ |P¸® ¦ÒÎ°ß Ch¨ö£¯ºa] 

twbtwax sincos   GßÓ \©ß£õmiß ‰»® 

G¢÷|μzv¾® öPõkUP¨£mhõÀ, C¯UP® Kº 

GÎ¯ ^›ø\ C¯UP® GÚ {¹¤. ÷©¾® 3a , 

4b , 2w , GÛÀ Põ» Áøμ, Ãa_, «¨ö£¸ 

vø\ ÷ÁP® ÷©¾® «¨ö£¸ •kUP® Põs. 

  If the displacement of a moving point at any 
time be given by an equation of the form 

twbtwax sincos  , show that the motion 
is simple harmonic. Also if 3a , 4b , 2w , 
then find period, amplitude, maximum 
velocity and maximum acceleration of the 
motion. 
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19. (A) J¸ {ø»¯õÚ vø\°À ©õÓõ vø\÷ÁP® 

''u &Ä®, {ø»¦ÒÎ O&C¸¢x Áøμ¯¨£mh 

Bμ® OP US ö\[Szx vø\°À ©õÓõ vø\ 

÷ÁP® ''v &²® öPõsh ¦ÒÎ P °ß £õøu 

O&øÁ SÂ¯©õP, 
v
u

&ø©¯¨¤ÓÌÁõPU 

öPõsh T®¤ß ÁøÍÄ GÚ {¹¤.   

  Show that the path of a point P which 
possesses two constant velocities ''u  and   

''v  the first of which is in a fixed direction 

and the second of which is perpendicular to 
the radius OP drawn from a fixed point O, is 
a conic whose focus is O and eccentricity is  

v
u

. 

Or 

 (B) ©õÓõ vø\÷ÁP•®, {ø»¯õÚ ¦ÒÎ O 
øÁ¨ö£õÖzx ÷Põnzvø\÷ÁP® BÚx O 
¦ÒÎ°¼¸¢x yμzxUS uø»RÌ ©õÔ¯õPÄ® 

C¸US® ¦ÒÎ P Áøμ¯ÖUS® ÁøÍÁøμ 

\©÷Põn _¸Î, Auß x¸Á® O GÚ {ÖÄP. 

A¨¦ÒÎ°ß •kUP® P&°ØS ö\[SzuõPÄ® 

OP&US uø»RÇõP ©õÖ® GÚ {¹¤. 
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  A point describes a curve with constant 
velocity and its angular velocity about a 
given fixed point O varies inversely as the 
distance from O, show that the curve is an 
equiangular spiral whose pole is O and that 
the acceleration of the point is along the 
normal at P and varies inversely as OP. 

20. (A) ø©¯ _ØÖ£õøu°ß ÁøPU öPÊ \©ß£õk 

B¯z öuõø»ÄPÎÀ Põs.  

  Find the differential equation of a central 
orbit in polar co-ordinates. 

Or 

 (B) SÂ¯zvøÚ ÷|õUQ G¨ö£õÊx® C¯[S® 

Âø\°ß RÌ J¸ ö£õ¸Ò }Ò Ámh©õP 

|P¸QÓx. Âø\Âv, £õøu°ß ¦ÒÎ°À 

vø\÷ÁP® ©ØÖ® Põ»Áøμ ÷|μ® Põs. 

  A particle moves in an ellipse under a force 
which is always directed towards its focus. 
Find the law of force, the velocity at any 
point of the path and its periodic time. 

––—————— 
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PART A — (10 × 1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1. Time taken by the projectile to reach the greatest 
height is –––––––––––––  

 (a) 
g

u sin
  (b) 

g
u sin2

 

 (c) 
g

u 2sin
  (d) 

g
u sin2
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2. The acceleration of a particle moving up a smooth 
inclined plane of inclination   to the horizon is  
–––––––––––––  

 (a) sing   (b) cosg  

 (c) g    (d) None of these 

3. Which of the following material balls when 
impinge on each other has more elasticity?  

 (a) glass   (b) ivory 

 (c) lead   (d) iron 

4. As per Newton's experimental law, the velocities 
after impact 12 vv   = ––––––––––––– [where 

21,uu - velocities before impact)  

 (a)  12 uu   (b)  21 uue   

 (c)  21 uue    (d)  21 uu   

5. The period of a simple Harmonic motion is  

 (a) 

2

   (b) 

2

 

 (c)  /    (d) None of these 
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6. In a simple Harmonic motion, the phase at time t 
is ––––––––––––– 

 (a) 


t   (b) 


1
t  

 (c) 


t   (d) 



2
1

t  

7. The radial component of acceleration is  
–––––––––––––  

 (a) 2 rr    (b) 2r  

 (c)  rr  2   (d) 2 r  

8. The differential equation of central orbit is  
––––––––––––– 

 (a) Fu
d
ud

2

2


  

 (b) 22 uh
F

u
d
du




 

 (c) Fu
d
ud

 2
2

2


  

 (d) 22
2

2

/ uhFu
d
ud



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9. The transverse component of velocity is  
––––––––––––– 

 (a) r    (b) r  

 (c) r    (d) 2 rr   

10.  rp   equation of the central orbit is  

–––––––––––––  

 (a) F
dr
dp

p
h 2  (b) F

dr
dp

p
h 

2
 

 (c) F
dr
dp

p
h 2

2
 (d) F

dr
dp

p
h 3

2
 

PART B — (5 × 5 = 25 marks) 

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

Answer should not exceed 250 words. 

11. (a) Show that for a given initial velocity, there 
are two possible directions of projections to 
obtain a given horizontal range. 

Or 

 (b) Find the range of a particle projected on an 
inclined plane.  

[P.T.O.]
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12. (a) Find the velocity and direction of motion of a 
smooth sphere after its impact on a fixed 
smooth plane. 

Or 

 (b) A ball overtakes another ball of m times its 

mass, which is moving with th
n
1

 of its 

velocity in the same direction. If the impact 

reduces the first ball to rest, prove that the 

coefficient of elasticity is  1

nm
nm

. 

13. (a) Find the composition of two simple harmonic 
motions of the same period in two 
perpendicular directions. 

Or 

 (b) A particle is moving with SHM and while 
making an oscillation from one extreme 
position to the other, its distances from the 
centre of oscillation at 3 consecutive seconds 
are 321 ,, xxx . Prove that period of oscillation 

is 








 

2

311

2
cos

2

x
xx


. 
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14. (a) Find the polar equation of equiangular 
spiral. 

Or 

 (b) Find the velocity and acceleration in polar 
Co-ordinates. 

15. (a) Derive the pedal equation for hyperbola-pole 
at focus. 

Or 

 (b) Find the law of force to an internal point 
under which a body will describe a circle. 

PART C — (5 × 8 = 40 marks) 

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

Answer should not exceed 600 words. 

16. (a) Find the following 

  (i) The greatest height attained by a 
projectile 

  (ii) Time taken to reach the greatest height 

  (iii) Time of flight  

  (iv) Range of projectile.  

Or 
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 (b) The range of a rife bullet is 1000 m. When   
is the angle of projection? Show that if the 
bullet is fired with the same elevation from a 
car travelling 36 km/hr towards the target, 

the range will be increased by 
7
tan1000 

 m.   

17. (a) Find the loss of kinetic energy due to direct 
impact between two smooth spheres. 

Or 

 (b) A particle falls from a height h upon a fixed 
horizontal plane if e  be the coefficient of 
restitution, show that the whole distance 
described before the particle has finished 

rebounding is 











2

2

1
1
e
e

h . Show also that the 

whole time taken is 
g
h

e
e 2

1
1



. 

18. (a) Describe the geometrical representation of 
simple harmonic motion. 

Or 

 (b) If the displacement of a moving point at any 
time be given by an equation of the form 

twbtwax sincos  , show that the motion 
is simple harmonic. Also if 3a , 4b , 2w , 
then find period, amplitude, maximum 
velocity and maximum acceleration of the 
motion. 
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19. (a) Show that the path of a point P which 
possesses two constant velocities ''u  and   

''v  the first of which is in a fixed direction 
and the second of which is perpendicular to 
the radius OP drawn from a fixed point O, is 
a conic whose focus is O and eccentricity is  

v
u

. 

Or 

 (b) A point describes a curve with constant 
velocity and its angular velocity about a 
given fixed point O varies inversely as the 
distance from O, show that the curve is an 
equiangular spiral whose pole is O and that 
the acceleration of the point is along the 
normal at P and varies inversely as OP. 

20. (a) Find the differential equation of a central 
orbit in polar co-ordinates. 

Or 

 (b) A particle moves in an ellipse under a force 
which is always directed towards its focus. 
Find the law of force, the velocity at any 
point of the path and its periodic time. 

––—————— 
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  PART A — (10 × 1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1. On which of the following  days, the equation of 
time is stationary?  

 (a) January 12 (b) March 15 

 (c) July 27 (d) October 3 

2. During summer, the longitude of the sun increases 
from ___________. 

 (a) 0 to 90 (b) 90 to 180 

 (c) 180 to 270 (d) 270 – 360  

(6 pages) 
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3. The eccentricity of the lunar orbit is ___________. 

 (a) 
18
1

  (b) 
16
1

 

 (c) 
60
1

  (d) 
15
1

  

4. How many times does the path of moon crosses the 
earth's orbit? 

 (a) 12  (b) 23 

 (c) 24  (d) 25  

5. For a total lunar eclipse to occur, the angular 
distance of the moon’s centre from the line of 
centres of sun and earth must be at most 
___________. 

 (a) 22' 8''  (b) 28' 6'' 

 (c) 26' 8''  (d) 25' 6''  

6. The minimum number of eclipses in a year is 
___________. 

 (a) 1 solar eclipse (b) 1 lunar eclipse 

 (c) 2 lunar eclipse (d) 2 solar eclipses   
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7. Which of the following is not an outer planet?  

 (a) Mercury (b) Mars 

 (c) Jupiter (d) Saturn  

8. The maximum elongation of Venus is nearly 
___________. 

 (a) 28  (b) 35 

 (c) 45  (d) 38  

9. Which of the following  planets exhibit all phases?  

 (a) Venus (b) Earth 

 (c) Mars  (d) Pluto  

10. Stefan’s law suggests that if temperature is 
doubled, the radiation becomes greater by 
___________ times.  

 (a) 2  (b) 4 

 (c) 8  (d) 16 

PART B — (5  5 = 25 marks) 

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

11. (a) Prove that the equation of time vanishes four 
times a year. 

Or 

 (b) Write in detail about the causes of seasons. 
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12. (a) Find the relation between sidereal and 
synodic month. 

Or 

 (b) Explain about the surface structure of moon. 

13. (a) Find the condition for the occurence of a 
lunar eclipse. 

Or 

 (b) Find the length of earth's shadow.  

14. (a) Describe about Bode’s law. 

Or 

 (b) Prove that of two planets, the planet nearer 
to the sun moves with greater angular and 

linear velocities than the other.  

15. (a) Find the elongation of the planets when they 

are stationary as seen from each other. 

Or 

 (b) Write about asteroids.  

[P.T.O.]
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PART C — (5  8 = 40 marks) 

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

16. (a) Find an analytic expression for the equation 
of time. 

Or 

 (b) Find the actual lengths of various seasons in 
a year. 

17. (a) Explain in detail about lunar librations.  

Or 

 (b) Write about the metonic cycle, Golden 
number. Find the epact of the year 1952. 

18. (a) Explain in detail about the changes in the 
elongation of a planet. 

Or 

 (b) Define sidereal period and synodic period of 
a planet. Find the relation between them. 

19. (a) Discuss on ecliptic limits. Calculate the 
major and minor ecliptic limits. 

Or 

 (b) Find the maximum number of eclipses in a 
year.  
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20. (a) Write in detail about the different phases of 
a planet in one synodic revolution. 

Or 

 (b) Describe the astronomical facts of the  
planet – Jupiter. 

________________ 
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PART A — (10 × 1 = 10 marks)  

Answer ALL questions. 

 Choose the correct answer : 

1. ¤ßÁ¸ÁÚÁØÔÀ G¢u Aøh¯õÍ® E»PÍõÂ¯ 

PnzøuU SÔUQÓx 

 (A)     (B) a  

 (C) A    (D) X  

 Which of the following symbol is used for 
universal set  

 (a)     (b) a  

 (c) A    (d) X  

(8 pages) 
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2. EÖ¨¤Úº \õº¤ß \μP® 

 (A) {ö©´ GsPÒ} (B)  A  

 (C) X    (D)  1,0  

 The range of membership function is 

 (a) {real numbers} (b)  A  

 (c) X    (d)  1,0  

3. BA,  X  ©ØÖ®  1,0,   GÛÀ  

  BA
 ——————. 

 (A)  BA
 (B) BA    

 (C) BA    (D) HxªÀø» 

 Let BA,  X  and  1,0,   there 
  BA

 ——————. 

 (a)  BA  (b) BA    

 (c) BA    (d) none 

4. •uÀ ]øuÄ ÷uØÓ® SÔ¨£x 

 (A) 
 


1,0




 AA  (B) AA   

 (C) 
 


1,0




 AA  (D) AA   
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 First decomposition theorem states 

 (a) 
 


1,0




 AA  (b) AA   

 (c) 
 


1,0




 AA  (d) AA   

5.  0,au  ß ©v¨¦  

 (A) 0   (B) a  

 (C)  au   (D)  0u  

 The value of  0,au  

 (a) 0   (b) a  

 (c)  au   (d)  0u  

6.  1,0, ba  ©ØÖ® ba   GÛÀ 

 (A)    aCbC   (B)    bCaC   

 (C)    aCbC   (D)    bCaC   

 If  1,0, ba  and ba  , then 

 (a)    aCbC   (b)    bCaC   

 (c)    aCbC   (d)    bCaC   

7. EA   ©ØÖ® FB   GÛÀ  

 (A) FEBA   (B) BAFE   

 (C) BAFE   (D) FBFA   
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 If EA   and FB   then 

 (a) FEBA   (b) BAFE   

 (c) BAFE   (d) FBFA   

8.   AAAMAX ,  Gß£x 

 (A) \©Û  (B) ußÚkUS 

 (C) ußÚP¨£kzuÀ (D) Cø¯¦øh¯x 

   AAAMAX ,  is 

 (a) identity  (b) idempotence 

 (c) absorption (d) associativity 

9. öuÎÁØÓ •iöÁkzuø» AÔ•P¨£kzv¯x 

 (A) ö£À÷©ß (B) ¤¼ß 

 (C) Âßìhß (D) ÷hß]U 

 Fuzzy decision making was introduced by 

 (a) Bellman  (b) Blin 

 (c) Whinston (d) Datiz 

10. £» |£º öuÎÂÀ»õ •iöÁkzuÀ AÔ•P Bsk 

 (A) 1970  (B) 1974 

 (C) 1980  (D) 1982 

 Multi person decision making was introduced  

 (a) 1970  (b) 1974 

 (c) 1980  (d) 1982  

[P.T.O.]
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PART B — (5 × 5 = 25 marks) 

Answer ALL questions. 

11. (A) ¤ßÁ¸ÁÚÁØøÓ Áøμ¯Ö : 

   (i)  –öÁmk 

   (ii) Á¾ÁõÚ  –öÁmk 

  Define the following : 

   (i)  –cut 

   (ii) strong  –cut 

Or 

 (B) ¤ßÁ¸ÁÚÁØøÓ Áøμ¯Ö : 

   (i) CøhöÁÎ ©v¨¦øhø¯ öuÎÂÀ»õ 

Pn® 

   (ii) L-öuÎÂÀ»õ Pn®. 

  Define the following : 

   (i) Interval valued fuzzy sets 

   (ii) L-fuzzy sets. 

12. (A) BA,  X  GÛÀ AøÚzx  1,0,   

ÂØS®   BABA    GÚ {ÖÄP. 

  Let BA,  X , then for all  1,0,   

prove that   BABA   . 

Or 
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 (B) YXf :  Gß£x J¸ ª¸x \õº¦ GÛÀ 

AøÚzx A  X À    
 


1,0t
AfAf


  GÚ 

{ÖÄP. 

  Let YXf :  be an arbitrary crisp function. 

Then for any A  X , prove that 

   
 


1,0t
AfAf


 . 

13. (A) G¢u J¸ öuÎÂÀ»õ §μn•® AvP£m\® J¸ 

\©{ø»ø¯U öPõshx GÚ {ÖÄP. 

  Prove that every fuzzy complement has 
atmost one equilibrium. 

Or 

 (B) t –Cøn {¯©zvß J¨¦UöPõÒÍ¨£mh 

Esø©PøÍ GÊxP. 

  Write the axiom of t –conorms. 

14. (A) CøhöÁÎ°À GsPou ö\¯À£õkPøÍ 

ÂÁ›. 

  Explain the arithmetic operations on 
intervals. 

Or 

 (B) öuÎÂÀ»õ \©ß£õkPÒ £ØÔ ]Ö SÔ¨¦ 

ÁøμP. 

  Write a short note on Fuzzy equations. 
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15. (A) öuÎÂÀ»õ ©õv› Tmk •iöÁkzuø» ÂÁ›. 

  Explain the fuzzy model group decision. 
Or 

 (B) öuÎÂÀ»õ J¸£i vmhªhø» ÂÁ›. 

  Explain the fuzzy linear programming. 

PART C — (5 × 8 = 40 marks)  

Answer ALL questions. 

16. (A) ª¸xPn® £ØÔ ÂÁ›UP. 

  Explain the crisp set in detail. 
Or 

 (B) öuÎÂÀ»õ Pn[PÎß Ai¨£øh 

P¸zxUPøÍ ÂÁ›. 

  Explain the basic concepts of fuzzy sets. 

17. (A) •uÀ ]øuÄ ÷uØÓzøu GÊv {ÖÄP. 

  State and prove first decomposition theorem. 

Or 

 (B) öuÎÂÀ»õ Pn[PÎß Â›ÁõUP öPõÒøPø¯ 

ÂÁ›. 

  Explain the extension principle for fuzzy 
sets. 

18. (A)  1,0, ba  GÛÀ      babaibai ,min,,min   

GÚ {ÖÄP. 

  If  1,0, ba , then prove that 
     babaibai ,min,,min  . 

Or 
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 (B) t–{¯©zvß ÁøP¨£kzuÀ ÷uØÓzøu GÊv 

{ÖÄP. 

  State and prove characterization theorem of 
t–Norms. 

19. (A)  /,,,   ©ØÖ® BA,  Gß£x 

öuõhºa]²øh¯ öuÎÂÀ»õ GsPÒ GÛÀ 

öuÎÂÀ»õ Pn® BA * , 

       yBxAzBA
yxz

,minsup*


  GßÖ 

Áøμ¯ÖUP¨£mh öuõhºa]²øh¯ öuÎÂÀ»õ 

Gs GÚ {ÖÄP. 

  Let  /,,,   and let BA,  denote 
continuous fuzzy numbers. Then prove that 
the fuzzy set BA *  defined by 
       yBxAzBA

yxz
,minsup*


  is a 

continuous fuzzy number. 

Or 

 (B) öuÎÂÀ»õ GsPÎß ¤ßÚÀ umiø¯ ÂÁ›. 

  Explain the lattice of fuzzy numbers. 

20. (A) uÛ|£º •iöÁkzuø» ÂÁ›. 

  Explain the individual decision making. 

Or 

 (B) £»|£º •iöÁkzuø» ÂÁ›. 

  Explain the multiperson decision making. 
————————— 
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PART A — (10 × 1 = 10 marks)  

Answer ALL questions. 

 Choose the correct answer : 

1. Which of the following symbol is used for 
universal set  

 (a)     (b) a  

 (c) A    (d) X  

2. The range of membership function is 

 (a) {real numbers} (b)  A  

 (c) X    (d)  1,0  
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3. Let BA,  X  and  1,0,   there 
  BA

 ——————. 

 (a)  BA  (b) BA    

 (c) BA    (d) none 

4. First decomposition theorem states 

 (a) 
 


1,0




 AA  (b) AA   

 (c) 
 


1,0




 AA  (d) AA   

5. The value of  0,au  

 (a) 0   (b) a  

 (c)  au   (d)  0u  

6. If  1,0, ba  and ba  , then 

 (a)    aCbC   (b)    bCaC   

 (c)    aCbC   (d)    bCaC   

7. If EA   and FB   then 

 (a) FEBA   (b) BAFE   

 (c) BAFE   (d) FBFA   
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8.   AAAMAX ,  is 

 (a) identity  (b) idempotence 

 (c) absorption (d) associativity 

9. Fuzzy decision making was introduced by 

 (a) Bellman  (b) Blin 

 (c) Whinston (d) Datiz 

10. Multi person decision making was introduced  

 (a) 1970  (b) 1974 

 (c) 1980  (d) 1982  

PART B — (5 × 5 = 25 marks) 

Answer ALL questions. 

11. (a) Define the following : 

   (i)  –cut 

   (ii) strong  –cut 

Or 

 (b) Define the following : 

   (i) Interval valued fuzzy sets 

   (ii) L-fuzzy sets. 
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12. (a) Let BA,  X , then for all  1,0,   

prove that   BABA   . 

Or 

 (b) Let YXf :  be an arbitrary crisp function. 

Then for any A  X , prove that 

   
 


1,0t
AfAf


 . 

13. (a) Prove that every fuzzy complement has 

atmost one equilibrium. 

Or 

 (b) Write the axiom of t –conorms. 

14. (a) Explain the arithmetic operations on 

intervals. 

Or 

 (b) Write a short note on Fuzzy equations. 

15. (a) Explain the fuzzy model group decision. 

Or 

 (b) Explain the fuzzy linear programming.  

[P.T.O.]
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PART C — (5 × 8 = 40 marks)  

Answer ALL questions. 

16. (a) Explain the crisp set in detail. 

Or 

 (b) Explain the basic concepts of fuzzy sets. 

17. (a) State and prove first decomposition theorem. 

Or 

 (b) Explain the extension principle for fuzzy 
sets. 

18. (a) If  1,0, ba , then prove that 

     babaibai ,min,,min  . 

Or 

 (b) State and prove characterization theorem of 
t–Norms. 

19. (a) Let  /,,,   and let BA,  denote 

continuous fuzzy numbers. Then prove that 
the fuzzy set BA *  defined by 
       yBxAzBA

yxz
,minsup*


  is a 

continuous fuzzy number. 

Or 

 (b) Explain the lattice of fuzzy numbers. 
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20. (a) Explain the individual decision making. 

Or 
 (b) Explain the multiperson decision making. 

————————— 
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SECTION A — (10 × 1 = 10 marks)  

Answer ALL questions. 

Choose the correct answer. 

1. J¸ ÂøÍ¯õmiß ö£¸®]Ö© ©ØÖ® ]Öö£¸© 

©v¨¦PÒ \©©õP C¸US® ÷£õx, —————— 

 (A) Ax ÷\n® ¦ÒÎ¯õP C¸US® 

 (B) wºÄ QøhUPõx 

 (C EzvPÒ P»øÁ¯õP C¸US®    

 (D) •iÄØÓ wºÁõP  C¸US® 
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 When maxmin and minmax values of the game 
are same, than ––––––––––––––– 

 (a) There is a saddle point 

 (b) Solution does not exist 

 (c) Strategies are mixed    

 (d) Infinite solution 

2. CμsiØS ÷©Ø£mh BmhUPõμºPÒ J¸ 

ÂøÍ¯õmiÀ Dk£mhõÀ Ax —————— 

 (A) ^μØÓ ÂøÍ¯õmk  

 (B) ÷£a_ÁõºzøuUS¨£mh ÂøÍ¯õmkPÒ 

 (C) •μs£mh ÂøÍ¯õmk    

 (D) n–|£ºPÎß ÂøÍ¯õmkPÒ 

 Games which involve more than, two players are 
called ––––––––––––––– 

 (a) Biased games (b) Negotiable games 

 (c) Conflicting games (d) n-person games  

3. ©õØÖu¾UPõÚ PnUS —————— £ØÔ P¸zvÀ 

GkzuUöPõÒÁvÀø». 

 (A) Áøμ£h Ÿv¯õP ÷©õ\©øh¢u ö£õ¸øÍ 

 (B) wjöμÚ ö\¯À£õmøh CÇ¢u ö£õ¸øÍ 

 (C) EP¢u ©õØÖ CøhöÁÎø¯ wº©õÛ¨£øu    

 (D) »õ£zøu Dkö\´¯ J¸ ö£õ¸øÍ £μõ©›¨£x 
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 The problem of replacement is not concerned 
about the ––––––––––––––– 

 (a) Items are deteriorate graphically    

 (b) Items that fails suddenly 

 (c) Determination of optimum replacement 
interval    

 (d) Maintenance of an item to work out 
profitability  

4. £nzvß ÷|μ ©v¨¦ P¸u¨£k® ÷£õx ————— 

 (A) ö\»Ä uÒÐ£i ö\´¯¨£h ÷Ásk® 

 (B) ö\»ÂÚ[PÎß ÷|μ® •UQ¯® 

 (C) uØ÷£õøu¯ ©v¨¦ PõμoPÒ GøhPÍõP 

ö\¯À£kQßÓÚ.    

 (D) ÷©ØPsh AøÚzx® 

 When time value of money is considered 
––––––––––––––– 

 (a) Cost need to be discounted 

 (b) Timing of incurrence of costs in important 

 (c) The present value factors serve as the 
weights    

 (d) All of the above 
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5. ¤ßÁ¸ÁÚÁØÖÒ Gx \›¯õÚx AÀ»? 

 (A) Á›ø\U ÷Põm£õk Gß£x ÁõiUøP¯õÍºPÎß 

Á¸øP ÷\øÁø¯¨ ö£ÖuÀ ©ØÖ® 

Aø©¨¤øÚ Âmk öÁÎ÷¯ÖuÀ ÷£õßÓ 

`Ì{ø»ø¯U øP¯õÒQÓx    

 (B) Á›ø\U ÷Põm£õmiÀ ÁõiUøP¯õÍºPÒ 

GÚ¨£k£ºPÒ ©ÛuºPÒ, C¯¢vμ[PÒ ©ØÖ® 

Piu[PÒ ©ØÖ® £» BQ¯ÁØøÓ EÒÍhUQ¯x 

 (C) J¸ Á›ø\ Gß£x ÁõiUøP¯õÍºPÐUS 

÷\øÁ ö\´¯U Põzv¸¨£øu SÔUQÓx    

 (D) Á›ø\U ÷Põm£õmiß B´Ä ÷©»õÍ¸US 

EP¢u AÍÂ»õÚ ÷\øÁø¯ {ÖÁ EuÄQÓx 

 Which of the following is not correct? 

 (a) Queuing theory deals with situations where 
customers arrive, wait for the service, get the 
service and leave the system    

 (b) Customers, in queuing theory might include 
humans, machines, ships, letters and so on 

 (c) A queue refers to physical presence of the 
customers waiting to be served.    

 (d) A study of queuing theory help the manager 
to establish an optimum level of service 
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6. £» ÷\øÁ¯P[PÒ Gß£x —————— 

 (A) Cøn¯õP C¸UP»õ® 

 (B) öuõh›À C¸UP»õ® 

 (C) Cøn¯õP ©ØÖ® öuõhμõP C¸UP»õ®    

 (D) ÷©ØPsh AøÚzx® 

 Multiple serves may be ––––––––––––––– 

 (a) In parallel  

 (b) In series  

 (c) In combination of parallel and series 

 (d) All of the above 

7. Critical path analysis–À CPM GßÓ Áõºøu°ß 

ö£õ¸Ò 

 (A) Critical Path Method 

 (B) Crash Project Management  

 (C) Critical Project Management    

 (D) Critical Path Management 

 In critical path analysis, the word CPM means 

 (a) Critical Path Method    

 (b) Crash Project Management 

 (c) Critical Project Management    

 (d) Critical Path Management 



 

 Code No. : 30591 B Page 6 

8. ö\¯À£õmk ©¢u©õÚ ÷|μzvØS ö£õxÁõP 

£¯ß£kzu¨£k® ö\õÀ —————— 

 (A) ©¢u{ø» AØÓ  

 (B) _¯õwÚ ©¢u{ø»  

 (C) ö©õzu ©¢u{ø»  

 (D) ÷©ØTÔ¯ AøÚzx®  

 The term commonly used for activity stack time is 
––––––––––––––– 

 (a) Free float (b) Independent float  
 (c) Total float (d) All of the above  

9. ö£õxÁõP \μUSPÎß Pmhø©¨¦ Gß£x  

—————— 

 (A) {μ¨¦uÀ Põ»zvÀ ÷uøÁø¯ §ºzv ö\´¯ 

 (B) £ØÓõUSøÓz uÂºUP C¸¨¦ \μUSPøÍ 

Gkzxaö\À» 

 (C) \¢øu {ø»ø©PÐUS HØ£ ©õØÔU öPõÒÍ     

 (D) ÷©ØTÔ¯ AøÚzx® 

 Inventories in general are build up  
––––––––––––––– 

 (a) Satisfy demand during period of 
replenishment 

 (b) Carry reserve stocks to avoid shortages 

 (c) Keep place with changing market conditions    

 (d) All of the above 
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10. G¢u ö\»ÄPÒ Bºhº AÍÄhß ©õÖ£k®? 

 (A) A»S ö\»Ä ©mk® 

 (B) øÁzv¸US® ö\»Ä ©mk®  

 (C) ©Ö JÊ[S ö\»Ä ©mk®    

 (D) CøÁ AøÚzx® 

 Which cost can very with order quantity? 
 (a) Unit cost only (b) Holding cost only  
 (c) Re–order cost only (d) All of these  

SECTION B — (5 × 5 = 25 marks) 
Answer ALL questions, choosing either (a) or (b). 

11. (A) ¤ßÁ¸® ö\¾zuÀ Aoø¯ Eøh¯ 

ÂøÍ¯õmøh P¸zvÀ öPõÒP. 

 ÂøÍ¯õk£ÁºB

5 0 
 

ÂøÍ¯õk£Áº A 
0 2 

  ÂøÍ¯õmk Psi¨£õP wº©õÛUP¨£mhx GÚ 

{ÖÄP. ÷©¾® ÂøÍ¯õmiß ©v¨¦ PõsP. 

  Consider the game with the following payoff 
matrix  

 Player B

5 0 
 

Player A 
0 2 

  Show that the game is strictly determinable. 
Also find the value of the game. 

Or 
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 (B) ¤ßÁ¸® ö\¾zxuÀ Aoø¯U öPõsh 

ÂøÍ¯õmiØPõÚ EP¢u EzvPÒ ©ØÖ® 

ÂøÍ¯õmiß ©v¨¦ wº©õÛUP. 

 P2 

5 1 
 

P1 
3 4 

  For the game with the following payoff 
matrix determine the optimum strategies 
and the value of the game 

 P2 

5 1 
 

P1 
3 4 

12. (A) C¯¢vμ® A–ß Âø» ¹.90,000 Á¸hõ¢vμ 

C¯UP ö\»Ä, •uÀ Á¸hzvØS ¹.200 ©ØÖ® 

Ax Á¸huvØS ¹.2,000 Ãu® 

E¯ºzu¨£kQÓx. A¢u C¯¢vμzøu 

©õØÖÁuØPõÚ ]Ó¢u Á¯vøÚU PnUQkP. 

÷©¾®, ©õØÓzvØPõÚ EP¢u öPõÒøP 

¤ß£ØÓ¨£kQÓx GÛÀ, A¢u C¯¢vμzvøÚ 

øÁzv¸UP ©ØÖ® C¯USÁuØS BS® \μõ\› 

Á¸hõ¢vμ ö\»Ä GßÚ? 

  Machine A costs Rs.9,000. Annual operating 
cost are Rs.200 for the first year, and the 
increase by Rs.2,000 every year. Determine 
the best age at which to replace the machine. 
If the optimum replacement policy is 
followed, what will be the average yearly cost 
of owning and operating the machine? 

Or 
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 (B) uÛ¨£mh ©õØÖ öPõÒøP £ØÔ ÂÁ›UP. 

  Explain individual replacement policy. 

13. (A) J¸ \õø» ÁÈ¨ ÷£õUSÁμzx {ÖÁÚzvÀ J¸ 

÷|μzv» J¸ •ß£vÄ PnUPº C¸UQÓõº. 

AÁº £ì AmhÁønPÎß uPÁÀPøÍU 

øP¯õÐQÓõº ©ØÖ® •ß£vÄ ö\´QÓõº. J¸ 

©o ÷|μzvμØS 8  ÁõiUøP¯õÍºPÒ GßÓ 

ÂQuzvÀ Á¸QÓõºPÒ ©ØÖ® PnUPº J¸ ©o 

÷|μzvμØS \μõ\›¯õP 12 ÁõiUøP¯õÍºPÐUS 

÷\øÁ ö\´QÓõº. E[PÐøh¯ FP[PÐUS 

¤ÓS, RÌPshÁØÔØS Âøh¯Î. 

  (i) PnUP›ß ÷\øÁUPõP Põzv¸US® 

ÁõiUøP¯õÍºPÎß \μõ\› GsoUøP 

GßÚ? 

  (ii) ÷\øÁø¯U ö£ÖÁuØS •ßÚõÀ 

Põzv¸US® ÁõiUøP¯õÍºPÎß \μõ\› 

÷|μ® GßÚ? 

  A road transport company has one 
reservation clerk on duty at a time. He 
handles information of bus schedules and 
makes reservations. Customers arrive at a 
rate of 8 per hour and the clerk can service 
12 customers on an average per hour. After 
stating your assumptions, answers the 
following. 
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  (i) What is the average number of 
customers waiting for the service of the 
clerk? 

  (ii) What is the average time a customer 
has to wait before getting service? 

Or 

 (B) J¸ |õøÍUS 30 μ°ÀPÒ GßÓ ÂQuzvÀ \μUS 

μ°ÀPÒ J¸ ¯õºiÀ Á¸QßÓÚ GßÖ øÁzxU 

öPõÒÐ[PÒ, ÷©¾® Á¸øPUS Cøh÷¯¯õÚ 

÷|μ[PÒ J¸ Av÷ÁP Â{÷¯õPzøu¨ 

¤ß£ØÖQßÓÚ GßP. JÆöÁõ¸ μ°¾US® 

÷\øÁ ÷|μ® 36 {ªh[PÒ GÚ Av÷ÁPzvÀ 

PnUQh¨£kQÓx. ¯õºiÀ 9 μ°ÀPøÍ {ÖzvU 

öPõÒÍ •i¢uõÀ (10 ÷PõkPÒ EÒÍÚ. 

AÁØÔÀ JßÖ ÷£õUSÁμzvØPõP EÒÍx), 

GÛÀ Põ¼¯õÚ  {PÌuPøÁU PnUQkP ©ØÖ® 

\μõ\› Á›ø\ }ÍzvøÚU PõsP. 

  Assume that the goods trains are coming in a 
yard at the rate of 30 trains per day and 
suppose that the inter arrival times follow an 
exponential distribution. The service time for 
each train is assumed to be exponential with 
an average of 36 minutes. If the yard can 
admit 9 trains at a time (there being 10 
lines, one of which is reserved for shunting 
purpose),  calculate the probability that the 
yard is empty and find the average queue 
length. 
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14. (A) •UQ¯©õÚ £õøu ©ØÖ® vmhzvß Põ»® 

BQ¯ÁØøÓU PõsP. 

{PÌÄ A B C D E F G H I J 

•ß÷Úõi – – A B C,D C,D E E F,G H,I 

Põ»® 

(|õmPÒ) 

4 6 9 7 4 4 3 6 9 4 

  Find the critical path and duration of project: 

Activity : A B C D E F G H I J 

Predecessor : – – A B C,D C,D E E F,G H,I 

Duration 
(days) 

4 6 9 7 4 4 3 6 9 4 

Or 

 (B) J¸ vmh® ¤ßÁ¸® Põ» AmhÁønø¯U 

öPõskÒÍx. 

{PÌÄ 1-2 1-3 1-4 2-5 3-6 3-7

÷|μ® Áõμ[PÎÀ 2 2 1 4 8 5 

{PÌÄ 4-6 5-8 6-9 7-8 8-9  

÷|μ® Áõμ[PÎÀ 3 1 5 4 3  

  PERT Áø»¤ßÚÀ Pmhø©UP ©ØÖ® 

•UQ¯©õÚ £õøuø¯ ©ØÖ® Auß 

Põ»zvøÚ²® PnUQkP. 
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  A project has the following time schedule : 

Activity 1-2 1-3 1-4 2-5 3-6 3-7

Time in week 2 2 1 4 8 5 

Activity 4-6 5-8 6-9 7-8 8-9  

Time in week 3 1 5 4 3  

  Construct PERT network and compute the 
critical path and its duration. 

15. (A) J¸ Gsön´ C¯¢vμ EØ£zv¯õÍº J¸ £Sv 

¹.42 Ãu® ©\S Gsön°øÚ 

ÂØ£øÚ¯õÍ›h® C¸¢x öPõÒ•uÀ 

ö\´QÓõº. Cuß ÷uøÁ Á¸hzvØS ¹.1,800. 

J¸ Bºh›ß Á›øP AÍÄ GßÚÁõP C¸UP 

÷Ásk®. J¸ Bºhøμ øÁ¨£uØPõP J¸ 

¹£õ¯US \μUS _©US® Pmhn® 20 ø£\õ 

©mk÷© 

  An oil engine manufacturer purchases 
lubricants at the rate of Rs.42 per piece from 
a vender. The requirements of these 
lubricants is Rs.1,800 per year. What should 
be the order quantity per order, if the cost 
per placement of an order is Rs.16 and 
inventory carrying charge per rupee per year 
is only 20 paise. 

Or 
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 (B) J¸ J¨£¢uPõμº J¸ Bm÷hõ ö©õø£À 

EØ£zv¯õÍ¸US J¸ |õøÍUS ¹.10,000 

uõ[S E¸øÍPÒ ÁÇ[P ÷Ásk®. AÁº J¸ 

u¯õ›¨¦ Kmhzøuz öuõh[S® ÷£õx, J¸ 

|õøÍUS 25,000 uõ[S E¸øÍPÒ E¸ÁõUP 

•i²® GßÖ AÁº PshÔ¢xÒÍõº. J¸ 

Á¸hzvØS J¸ uõ[Q øÁzv¸¨£uØPõÚ 

ö\»Ä ¹.2 ©ØÖ® J¸ EØ£zv Kmhzvß 

Aø©Ä ö\»Ä ¹.1,800 BS®. EØ£zv Kmh® 

GÆÁÍÄ AiUPi ö\´¯¨£h ÷Ásk®? 

  A contractor has to supply 10,000 bearing 
per day to an automobile manufacturer. He 
find that, when he starts a production run, 
he can produce 25,000 bearing per day. The 
cost of holding a bearing in stock for one year 
is Rs.2 and the set up cost of a production 
run is Rs.1,800. How frequently should 
production run be made? 

SECTION C — (5 × 8 = 40 marks)  

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

16. (A) RÌPsh 2  4 ÂøÍ¯õmøh Áøμ£h •øÓ°À 

wºUP 

  ÂøÍ¯õk£Áº B

  B1 B2 B3 B4

A1 2 1 0 –2
 

ÂøÍ¯õk£Áº A 
A2 1 0 3 2 
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  Solve the following 2  4 game graphically : 
  Player B 

  B1 B2 B3 B4

A1 2 1 0 –2
 

Player A 
A2 1 0 3 2 

Or 
 (B) RÌUPõq® ÂøÍ¯õmiß ö\¾zxuÀ 

Aoø¯z wºUP. 

 B1 B2 B3 B4

A1 4 –2 3 –1

A2 –1 2 0 1 

A3 –2 1 –2 0 

  Solve the game whose payoff matrix is given 
below :  

 B1 B2 B3 B4

A1 4 –2 3 –1

A2 –1 2 0 1 

A3 –2 1 –2 0 
17. (A) £nzvß ©v¨¦ Á¸hzvØS 10% GÚU 

P¸u¨£hmk®, JÆöÁõ¸ 3 Á¸h[PÐUS¨ 

¤ÓS C¯¢vμ® A ©õØÓ¨£k® GßÖ øÁzxU 

öPõÒ÷Áõ®, A÷u \©¯® JÆöÁõ¸ BÖ 

Á¸h[PÐUS® ¤ßÚº C¯¢vμ® B 

©õØÓ¨£kQÓx. Cμsk C¯¢vμ[PÐUS® 

Bsk ö\»ÄPÒ R÷Ç öPõkUP¨£mkÒÍÚ. 
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Bsk : 1 2 3 4 5 

C¯¢vμ® A :  1000 200 400 1000 200

C¯¢vμ® B : 1700 100 200 300 400

  G¢u C¯¢vμzøu Áõ[P ÷Ásk® Gß£øuz 

wº©õÛUPÄ®. 

  Let the value of money be assumed to be 10% 
per year and suppose that machine A is 
replaced after 3 years whereas machine B is 
replaced after every six years. The yearly 
costs of both the machines are given below : 

Year : 1 2 3 4 5 

Machine A :  1000 200 400 1000 200

Machine B : 1700 100 200 300 400

  Determine which machine should be 
purchased. 

Or 

 (B) iâmhÀ PoÛ°À J¸ SÔ¨¤mh ÁøP 

iμõß]ìhºPÐUS ¤ßÁ¸® ÷uõÀÂ 

ÂQu[PÒ Põn¨£kQßÓÚ. 

Áõμzvß 

•iÂÀ : 

1 2 3 4 5 6 7 8 

CßÖÁøμ 

÷uõÀÂ°ß 

{PÌuPÄ : 

0.05 0.13 0.25 0.43 0.68 0.88 0.96 1.00 
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  £ÊuõÚ J¸ iμõß]ìh›øÚ ©õØÖÁuØPõÚ 

ö\»Ä ¹.1.25. C¢u iμõß]ìhºPÒ AøÚzx© 

J÷μ ÷|μzvÀ {ø»¯õÚ CøhöÁÎ°À  

©õØÓÄ®, uÛ¨£mh iμõß]ìhºPÒ ÷\øÁ°À 

÷uõÀÂ¯øh²® ÷£õx, AÁØøÓ ©õØÓÄ® 

•iÄ ö\´¯¨£kQÓx. SÊ ©õØÖÁuØPõÚ 

ö\»Ä J¸ iμõß]ìh¸US 30 ø£\õ GßÓõÀ, 

SÊ ©õØÖPÐUS Cøh°»õÚ ]Ó¢u 

CøhöÁÎ GßÚ? iμõß]ìh¸US G¢u 

SÊ©õØÖ Âø»°À  Psi¨£õP uÛ¨£mh 

©õØÖ öPõÒøP HØÖU öPõÒÍUTi¯ 

Â¸®£zuUP öPõÒøP¯õP C¸US®? 

  The following failure rates have been 
observed for a certain type of transistors in a 
digital computer: 

End of the 
week : 

1 2 3 4 5 6 7 8 

Probability 
of failure 
rate : 

0.05 0.13 0.25 0.43 0.68 0.88 0.96 1.00 

  The cost of replacing an individual failed 
transistor is Rs.1.25. The decision is made to 
replace all these transistors simultaneously 
at fixed intervals and to replace the 
individuals transistors as they fail in service. 
If the costs of group replacement in 30 paise 
per transistor, what is the best interval 
between group replacement? 
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18. (A) J¸ ö£õxz öuõø»÷£] \õÁi°À 

ÁõiUøP¯õÍºPÎß Á¸øP ÂQu® J¸ 

ÁõiUøP¯õÍ¸US® Akzu 

ÁõiUøP¯õÍ¸US® Cøh°À \μõ\›¯õP 10 

{ªh[PÒ £õ´\õß £μÁø»U öPõskÒÍx. 

öuõø»÷£]°ß Põ»® Av÷ÁP¨ £μÁø» 

¤ß£ØÖÁuõP P¸u¨£kQÓx, \μõ\› ÷|μ® 3 

{ªh[PÒ. 

  (i) \õÁiUS Á¸® J¸Áº Põzv¸UP 

÷Ási¯ {PÌzuPÄ GßÚ? 

  (ii) AÆÁ¨÷£õx E¸ÁõS® öÁØÖ AÀ»õu 

Á›ø\PÎß \μõ\› }Í® GßÚ? 

  (iii) ©Põ|Pº öuõø»÷£] {Põ® ¼ªöhm 

CμshõÁx \õÁiø¯ {ÖÄ® ÷£õx, 

ÁõiUøP¯õÍºPÒ AøÇ¨¦ ÂkUP 

SøÓ¢u£m\® 3 {ªh[PÒ Põzv¸UP 

÷Ásk® GßÖ ÁõiUøP¯õÍºPÒ  

Gvº£õºUQÓõºPÒ. CμshõÁx \õÁiø¯ 

{¯õ¯¨£kzu ÁõiUøP¯õÍºPÎß 

Kmh® GÆÁÍÄ ÷|μ® AvP›UP 

÷Ásk®. 

  (iv) öuõø»÷£] £¯ß£õmiÀ C¸US® J¸ 

|õÎß £Svø¯ ©v¨¤k[PÒ 

   öuõø» ÷£]UPõP Põzv¸US® AÁμx 

AøÇ¨ø£ •iUP AÁ¸US 10  

{ªh[PÐUS ÷©À GkUS® {PÌuPÄ 

GßÚ? 
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  The rate of arrival of customers at a public 
telephone both follows Poisson distribution 
with an average time of 10 minutes between 
one customer and the next. The duration of a 
phone call  is assumed to follow exponential 
distribution, with mean time of 3 minutes. 

  (i) What is the probability that a person 
arriving at the both will have to wait? 

  (ii) What is the average length of the non–
empty queues that form from time to 
time? 

  (iii) The Mahanagar telephone Nigam  Ltd. 
will install a second booth when it is 
convinced that the customers would 
except waiting for at last 3 minutes for 
their turn to make a call. By how much 
time should the flow of customers 
increase in order to justify a second 
booth estimate the fraction of a day the 
phone will be in. 

  (iv) What is the probability that it will take 
him more than 10 minutes altogether 
to wait for phone and complete his call? 

Or 
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 (B) J¸ `¨£º ©õºöPmiÀ Cμsk ö£sPÒ 

PÄsh›À ÷\øÁ ö\´QÓõºPÒ. 

ÁõiUPø¯õÍºPÒ £õ´\õß ÷£åÛÀ J¸ ©o 

÷|μzvØS 12 GßÓ ÂQuzvÀ 

ÁõiUøP¯õÍºPÐUS Á¸QÓõºPÒ. ÷\øÁ 

÷|μ® JÆöÁõ¸ ÁõiUøP¯õÍºPÐUS 

Av÷ÁPzvÀ 6 {ªh[PÒ GÚ  GkzxU 

öPõÒÍ¨£k®, GÛÀ  

  (i) ÷\øÁø¯¨ ö£ÖÁuØS Á¢u 

ÁõiUøP¯õÍºPÒ Põzv¸US® ÷|μzvß 

{PÌuPÄ 

  (ii) Aø©¨¤À \μõ\›¯õP EÒÍ 

ÁõiUøP¯õÍºPøÍ PsiÔP. 

  (iii) \õiUøP¯õÍºPÒ `¨£º ©õºöPmiÀ 

ö\»ÁÈUS® \μõ\› ÷|μ® BQ¯ÁØøÓU 

PõsP. 

  A super market has two girls serving at the 
counters. The customers arrive in a Poisson 
fashion at the rate of 12 hour. The service 
time for each customer is exponential with 
mean 6 minutes. Find 

  (i) The probability that an arriving 
customer has to wait for service 

  (ii) The average number of customers in 
the system, and 

  (iii) The average time spent by a customer 
in the super–market. 
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19. (A) J¸ ]Ô¯ vmh® HÊ {PÌuPÄPøÍ 

EÒÍhUQ¯x, AøÁ öuõhº£õÚ uμÄPÒ R÷Ç 

öPõkUP¨£mkÒÍÚ. 

{PÌÄPÒ •¢øu¯ {PÌÄPÒ {PÌÄUPõÚ Põ»® 

(|õmPÒ) 

A – 4 

B – 7 

C – 6 

D A,B 5 

E A,B 7 

F C,D,E 6 

G C,D,E 4 

  (i) ö|möÁºQøÍ ÁøμP ©ØÖ® vmh 

•Êø©UPõ»zvøÚU PõsP. 

  (ii) JÆöÁõ¸ {PÌÄPÐUS©õÚ ö©õzu 

ªuøÁø¯U PnUQkP, ©ØÖ® 

•UP°©õÚ £õøuø¯ •ßÛø»¨ 

£kzuÄ®. 

  A small project consists of seven activities for 
which the relevant data are given below: 

Activity Preceding activity Activity duration
(Days) 

A – 4 

B – 7 

C – 6 

D A,B 5 
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Activity Preceding activity Activity duration
(Days) 

E A,B 7 

F C,D,E 6 

G C,D,E 4 

  (i) Draw the network and find the project 
completion time. 

  (ii) Calculate total float for each of the 
activities and highlight the critical 
path. 

Or 

 (B) Gmk {PÌÄPøÍU öPõsh J¸ vmh®, 

RÌUPsh öuõhº¦øh¯ uPÁÀPøÍU 

öPõskÒÍx. 

{PÌÄ  EhÚi 

•ß÷Úõi 

PoUP¨£mh Põ»® (|õmPÒ) 

  |®¤UøP ªPÄ® 

Â¸®¤¯

AÁ 

|®¤UøP

A – 1 1 7 

B – 1 4 7 

C – 2 2 8 

D A 1 1 1 
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{PÌÄ  EhÚi 

•ß÷Úõi 

PoUP¨£mh Põ»® (|õmPÒ) 

  |®¤UøP ªPÄ® 

Â¸®¤¯

AÁ 

|®¤UøP

E B 2 5 14 

F C 2 5 8 

G D,E 3 6 15 

H F,G 1 2 3 

  (i) PERT– I Áøμ¯ ©ØÖ® Gvº£õºUP¨£mh  

vmh {øÓÄ Põ»zvøÚ²® PõsP. 

  (ii) {PÌÄ F–ß \μõ\› Põ»® 14 |õmPÒ 

AvP›zuõÀ 95% {a]¯zußø© Eøh¯ 

Gvº£õºUP¨£mh vmhzvß Põ»zvÀ 

HØ£k® uõUP® GßÚ. (z=1.465, 
 45.0645.10 p  

  A project consists of eight activities with the 
following relevant information. 

Activity Immediate Estimated duration (days) 

  Optimistic Most likely Pessimistic 

A – 1 1 7 

B – 1 4 7 

C – 2 2 8 

D A 1 1 1 

E B 2 5 14 
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Activity Immediate Estimated duration (days) 

  Optimistic Most likely Pessimistic 

F C 2 5 8 

G D,E 3 6 15 

H F,G 1 2 3 

  (i) Draw the PERT and find out the 
expected  project completion time. 

  (ii) What duration will have 95% 
confidence for project completion? 

  (iii) If the average duration for activity F 
increase to 14 days, what will be its 
effect on the expected project 
completion time which will have 95% 
confidence? (For z=1.465, 
 45.0645.10 p  

20. (A) £ØÓõUSøÓ CÀ»u {ºn¯ PμUS PnUSPÎÀ, 

ö©õzu \μUS ö\»Ä SøÓUP¨£k® ÷£õx, 

EP¢u ö£õ¸Íõuõμ JÊ[S AÍÂøÚ (EOQ) 
wº©õÛUPÄ® ÷©¾® Auß £s¦PøÍ¨ ö£ÖP. 

  Determine an optimum economic order 
quantity  (EOQ) when the total inventory 
cost is minimized for the deterministic 
inventory problem with no shortages. Also 
obtain its characteristics. 

Or 
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 (B) £ØÓõUSøÓ CÀ»õu {ºn¯ \μUS PnUSPÎÀ 

Áøμ¯ÖUP¨£mh {μ¨¦u¾hß Ti¯ EP¢u 

ö£õÍõuõμ JÊ[S AÍÂøÚ (EOQ) 
wº©õÛUPÄ®. ÷©¾® Auß £s¦PøÍ¨ 

ö£ÖP. 

  Determine an optimum economic order 
quantity (EOQ) for the problem with finite 
replenishment production. Also obtain its 
characteristic. 

——————— 
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SECTION A — (10 × 1 = 10 marks)  

Answer ALL questions. 

Choose the correct answer. 

1. When maxmin and minmax values of the game 

are same, than ––––––––––––––– 

 (a) There is a saddle point 

 (b) Solution does not exist 

 (c) Strategies are mixed    

 (d) Infinite solution 
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2. Games which involve more than, two players are 

called ––––––––––––––– 

 (a) Biased games (b) Negotiable games 

 (c) Conflicting games (d) n-person games  

3. The problem of replacement is not concerned 

about the ––––––––––––––– 

 (a) Items are deteriorate graphically    

 (b) Items that fails suddenly 

 (c) Determination of optimum replacement 

interval    

 (d) Maintenance of an item to work out 

profitability  

4. When time value of money is considered 

––––––––––––––– 

 (a) Cost need to be discounted 

 (b) Timing of incurrence of costs in important 

 (c) The present value factors serve as the 

weights    

 (d) All of the above 
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5. Which of the following is not correct? 

 (a) Queuing theory deals with situations where 
customers arrive, wait for the service, get the 
service and leave the system    

 (b) Customers, in queuing theory might include 
humans, machines, ships, letters and so on 

 (c) A queue refers to physical presence of the 
customers waiting to be served.    

 (d) A study of queuing theory help the manager 
to establish an optimum level of service 

6. Multiple serves may be ––––––––––––––– 

 (a) In parallel  

 (b) In series  

 (c) In combination of parallel and series 

 (d) All of the above 

7. In critical path analysis, the word CPM means 

 (a) Critical Path Method    

 (b) Crash Project Management 

 (c) Critical Project Management    

 (d) Critical Path Management 



 

 Code No. : 30591 E Page 4 

8. The term commonly used for activity stack time is 
––––––––––––––– 

 (a) Free float (b) Independent float  
 (c) Total float (d) All of the above  

9. Inventories in general are build up  
––––––––––––––– 

 (a) Satisfy demand during period of 
replenishment 

 (b) Carry reserve stocks to avoid shortages 
 (c) Keep place with changing market conditions    
 (d) All of the above 

10. Which cost can very with order quantity? 
 (a) Unit cost only (b) Holding cost only  
 (c) Re–order cost only (d) All of these  

SECTION B — (5 × 5 = 25 marks) 
Answer ALL questions, choosing either (a) or (b). 

11. (a) Consider the game with the following payoff 
matrix  

 Player B

5 0 
 

Player A 
0 2 

  Show that the game is strictly determinable. 
Also find the value of the game. 

Or 
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 (b) For the game with the following payoff 
matrix determine the optimum strategies 
and the value of the game 

 P2 

5 1 
 

P1 
3 4 

12. (a) Machine A costs Rs.9,000. Annual operating 
cost are Rs.200 for the first year, and the 
increase by Rs.2,000 every year. Determine 
the best age at which to replace the machine. 
If the optimum replacement policy is 
followed, what will be the average yearly cost 
of owning and operating the machine? 

Or 

 (b) Explain individual replacement policy. 

13. (a) A road transport company has one 
reservation clerk on duty at a time. He 
handles information of bus schedules and 
makes reservations. Customers arrive at a 
rate of 8 per hour and the clerk can service 
12 customers on an average per hour. After 
stating your assumptions, answers the 
following. 
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  (i) What is the average number of 
customers waiting for the service of the 
clerk? 

  (ii) What is the average time a customer 
has to wait before getting service? 

Or 

 (b) Assume that the goods trains are coming in a 
yard at the rate of 30 trains per day and 
suppose that the inter arrival times follow an 
exponential distribution. The service time for 
each train is assumed to be exponential with 
an average of 36 minutes. If the yard can 
admit 9 trains at a time (there being 10 
lines, one of which is reserved for shunting 
purpose),  calculate the probability that the 
yard is empty and find the average queue 
length. 

14. (a) Find the critical path and duration of project: 

Activity : A B C D E F G H I J 

Predecessor : – – A B C,D C,D E E F,G H,I 

Duration 
(days) 

4 6 9 7 4 4 3 6 9 4 

Or 
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 (b) A project has the following time schedule : 
Activity 1-2 1-3 1-4 2-5 3-6 3-7

Time in week 2 2 1 4 8 5 

Activity 4-6 5-8 6-9 7-8 8-9  

Time in week 3 1 5 4 3  

  Construct PERT network and compute the 
critical path and its duration. 

15. (a) An oil engine manufacturer purchases 
lubricants at the rate of Rs.42 per piece from 
a vender. The requirements of these 
lubricants is Rs.1,800 per year. What should 
be the order quantity per order, if the cost 
per placement of an order is Rs.16 and 
inventory carrying charge per rupee per year 
is only 20 paise. 

Or 

 (b) A contractor has to supply 10,000 bearing 
per day to an automobile manufacturer. He 
find that, when he starts a production run, 
he can produce 25,000 bearing per day. The 
cost of holding a bearing in stock for one year 
is Rs.2 and the set up cost of a production 
run is Rs.1,800. How frequently should 
production run be made? 
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SECTION C — (5 × 8 = 40 marks)  

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

16. (a) Solve the following 2  4 game graphically : 
  Player B 

  B1 B2 B3 B4

A1 2 1 0 –2
 

Player A 
A2 1 0 3 2 

Or 
 (b) Solve the game whose payoff matrix is given 

below :  
 B1 B2 B3 B4

A1 4 –2 3 –1

A2 –1 2 0 1 

A3 –2 1 –2 0 

17. (a) Let the value of money be assumed to be 10% 
per year and suppose that machine A is 
replaced after 3 years whereas machine B is 
replaced after every six years. The yearly 
costs of both the machines are given below : 

Year : 1 2 3 4 5 

Machine A :  1000 200 400 1000 200

Machine B : 1700 100 200 300 400

  Determine which machine should be 
purchased. 

Or 
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 (b) The following failure rates have been 
observed for a certain type of transistors in a 
digital computer: 

End of the 
week : 

1 2 3 4 5 6 7 8 

Probability 
of failure 
rate : 

0.05 0.13 0.25 0.43 0.68 0.88 0.96 1.00 

  The cost of replacing an individual failed 
transistor is Rs.1.25. The decision is made to 
replace all these transistors simultaneously 
at fixed intervals and to replace the 
individual transistors as they fail in service. 
If the costs of group replacement in 30 paise 
per transistor, what is the best interval 
between group replacement? 

18. (a) The rate of arrival of customers at a public 
telephone both follows Poisson distribution 
with an average time of 10 minutes between 
one customer and the next. The duration of a 
phone call  is assumed to follow exponential 
distribution, with mean time of 3 minutes. 

  (i) What is the probability that a person 
arriving at the both will have to wait? 

  (ii) What is the average length of the non–
empty queues that form from time to 
time? 

  (iii) The Mahanagar telephone Nigam  Ltd. 
will install a second booth when it is 
convinced that the customers would 
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except waiting for at last 3 minutes for 
their turn to make a call. By how much 
time should the flow of customers 
increase in order to justify a second 
booth estimate the fraction of a day the 
phone will be in. 

  (iv) What is the probability that it will take 
him more than 10 minutes altogether 
to wait for phone and complete his call? 

Or 

 (b) A super market has two girls serving at the 
counters. The customers arrive in a Poisson 
fashion at the rate of 12 hour. The service 
time for each customer is exponential with 
mean 6 minutes. Find 

  (i) The probability that an arriving 
customer has to wait for service 

  (ii) The average number of customers in 
the system, and 

  (iii) The average time spent by a customer 
in the super–market. 

19. (a) A small project consists of seven activities for 
which the relevant data are given below: 

Activity Preceding activity Activity duration
(Days) 

A – 4 

B – 7 
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Activity Preceding activity Activity duration
(Days) 

C – 6 

D A,B 5 

E A,B 7 

F C,D,E 6 

G C,D,E 4 

  (i) Draw the network and find the project 
completion time. 

  (ii) Calculate total float for each of the 
activities and highlight the critical 
path. 

Or 

 (b) A project consists of eight activities with the 
following relevant information. 

Activity Immediate Estimated duration (days) 

  Optimistic Most likely Pessimistic 

A – 1 1 7 

B – 1 4 7 

C – 2 2 8 

D A 1 1 1 

E B 2 5 14 

F C 2 5 8 

G D,E 3 6 15 

H F,G 1 2 3 
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  (i) Draw the PERT and find out the 
expected  project completion time. 

  (ii) What duration will have 95% 
confidence for project completion? 

  (iii) If the average duration for activity F 
increase to 14 days, what will be its 
effect on the expected project 
completion time which will have 95% 
confidence? (For z=1.465, 
 45.0645.10 p  

20. (a) Determine an optimum economic order 
quantity  (EOQ) when the total inventory 
cost is minimized for the deterministic 
inventory problem with no shortages. Also 
obtain its characteristics. 

Or 

 (b) Determine an optimum economic order 
quantity (EOQ) for the problem with finite 
replenishment production. Also obtain its 
characteristic. 

——————— 
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2. The maximum number of code words of length 
4n  in a code in which any single error can be 

detected is ———————.  

 (a) 6   (b) 8 

 (c) 12   (d) 16 

3. The distance of a linear code is the weight of the 
non zero codeword of ——————— length. 

 (a) non zero  (b) most 

 (c) least   (d) zero 

4. The number of different bases for 2k  is ————. 

 (a) 1   (b) 3 

 (c) 2   (d) 4 

5. The equivalent code of  101,001,100,000c  is  
———————. 

 (a)  110,010,100,000   

 (b)  110,010,100,001  

 (c)  110,001,010,000  

 (d)  110,100,010,001  

6. The distance of a linear code is the ——————— 
weight of any non zero code word. 

 (a) half of   (b) two times 

 (c) maximum (d) minimum 
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7. The upper bound for the dimension 3 of a linear 
code of length 6 is ———————. 

 (a) 4   (b) 2 
 (c) 8   (d) 6 

8. The distance of the extended Golay code 24C  is  
———————. 

 (a) 2   (b) 4 
 (c) 6   (d) 8 

9. If   431 xxxxf   and   421 xxxg   be the 
polynomials in  xk , then    xgxf  = ———––—. 

 (a) 432 xxx   (b) 21 xx   

 (c) 42 xxx   (d) 32 xxx   

10. The cycle shift of the word 10110U  is ———–—. 
 (a) 0 1 1 0 1  (b) 0 1 0 1 1  
 (c) 1 0 1 0 1  (d) 1 1 0 1 0 

SECTION B — (5  5 = 25 marks) 

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

Each answer should not exceed 250 words. 

11. (a) Let C  be the code of all words of length 3. 
Determine which code word was most likely 
sent if 0 0 1 is received. Add a parity check 
digit to the code words of C. 

Or 
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 (b) Calculate  wv,97.0  for each of the following 
pairs of v  and w : 

  (i) 1000110,01101101  wv  
  (ii) 11010,00101  wv  
  (iii) 01001,10110  wv   

12. (a) Prove that a linear code of dimension k  
contains precisely k2  code words. 

Or 
 (b) If G  is a generator matrix for a linear code C  

of length n  and dimension k , then prove that 
uGv   ranges over all k2  words in C as n 

ranges over all  k2  words of length k. 

13. (a) Let C  be a linear code with parity-check 
matrix. 

  

























10
01
10
11
11

H . Find  

  (i) a generator matrix for C , 
  (ii) a generator matrix for C . 

Or 

 (b) List all the cosets of the linear code 
   1110,0101,1011,0000C .  

[P.T.O.]
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14. (a) Can there exist perfect codes for the values 
23n  and 7d . 

Or 

 (b) Find generating and parity-check matrices of 
an extended Hamming code for a linear code 
with generator matrix. 

  

















11100
10010

01001

G . 

15. (a) For a cyclic code  1111,0101,1010,0000C , 
find the generator polynomial  xg  and then 
represent each word as a multiple of  xg . 

Or 

 (b) Find a basis and generating matrix for the 
linear cyclic code of length 7n  with 
generator polynomial   31 xxxg  . 

SECTION C — (5  8 = 40 marks) 

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

Each answer should not exceed 600 words. 

16. (a) Explain why a channel with 0p  is 
unintervesting. 

Or 
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 (b) Let C  be the code of all words of length 3. Add 
a parity-check digit to the code words in C  
and use the resulting code to answer the 
following questions. 

  (i) If 1101  is received can we detect an 
error? 

  (ii) If 1101  is received what code words were 
most likely to have been transmitted? 

  (iii) If any word of length 4 that is not in the 
code, closed to a unique code word?  

17. (a) Develop the algorithms to find bases for a 
linear code and its dual. 

Or 

 (b) Find a generator matrix for the linear code 
generated by each of the following sets. Give 
the parameters  dkn ,,  for each code. 

  (i) S ,11001100,11110000,11111111{  

    }10101010  

  (ii) ,001001001,010010010,100100100{S  

    }111111111  

  (iii) ,000111,110111,011010,101101{S  

    }110000 . 
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18. (a) If C  is a linear code of length n  and 

dimension k  with generator matrix G  in 

standard form, then prove that the first k - 

digits in the code word uGv   form the word 

u  in kK . 

Or 

 (b) For each of the following codes, use SDA to 
decode the given received words. 

  (i) 11000101,1001,{0000,C   

   (1) 1110w , (2) 1001w ,  

(3) 0101w  

  (ii)  100011,001110,111000C  

   (1) ,101010w  (2) 011110w , (3) 

011001w  

19. (a) What is a lower and an upper bound on the 

size or the dimension k  of a code with 9n  

and 57d ? 

Or 

 (b) List seven important facts about the extended 

Golay code C24 with generator matrix 

 BIG , . 
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20. (a)   87641 xxxxxg   generates a  2 error-
correctly linear cyclic code C of length 15. Use 
decoding linear cyclic codes algorithm, decode 
the received word 110001100111001w  that 
were encoded using C.  

Or 

 (b) Prove that every cyclic code contains a unique 
idempotent polynomial which generates the 
code. 

——————— 
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2. Every program statement must terminated with            

 (a) Colon (b) Semicolon 

 (c) Underscore (d) Comma 

3. Which operator from the following has the lowest 
priority? 

 (a) assignment  (b) division  

 (c) comma  (d) conditional 

4. Relational operators cannot be used on ————–. 

 (a) Structure  (b) Long  

 (c) String  (d) Float 

5. Which of the following cannot be checked in a 
switch case statement? 

 (a) character  

 (b) integer  

 (c) float  

 (d) enum 

6. ————– statement is used to exit the switch 
statement. 

 (a) If  (b) Break  

 (c) Else  (d) Nested 
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7. Set of consecutive memory locations is called as            

 (a) loop  (b) array  

 (c) pointer (d) function 

8. The maximum number of dimension an array can 
have in C is ————–. 

 (a) 3   (b) 4  

 (c) 5   (d) Compiler dependent 

9. A function which calls itself is called a ————– 
function. 

 (a) self  (b) auto  

 (c) recursive (d) static 

10. How many functions are required to create 
recursive functionality? 

 (a) one  (b) two  

 (c) more than two  (d) none of the above 

PART B — (5 × 5 = 25 marks) 

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

Each answer should not exceed 250 words. 

11. (a) Explain in detail about constants with 
example. 

Or 

 (b) Describe about C character set with example. 
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12. (a) Write a brief account on special operators. 

Or 

 (b) Write a C program to calculate factorial of a 

given number. 

13. (a) Explain in detail about switch statement 

with example. 

Or 

 (b) Write a brief note on formatted input with 

example. 

14. (a) Write a C program to print the numbers in 

ascending order. 

Or 

 (b) Describe in detail about string handling 

functions with example. 

15. (a) Define function. Discuss about functions 

with example. 

Or 

 (b) Write a brief note on Recursion.   

[P.T.O.]
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PART C — (5 × 8 = 40 marks) 
Answer ALL questions, choosing either (a) or (b). 

Each answer should not exceed 600 words. 

16. (a) Describe in detail about data types with 
example. 

Or 

 (b) Write a brief account on assigning values to 
variables with example. 

17. (a) Elaborate note on operators and its types 
with example. 

Or 

 (b) Explain about precedence of arithmetic 
operators with example. 

18. (a) Detail account on if statement and its types 
with example. 

Or 

 (b) Discuss about looping statements with 
example. 

19. (a) Illustrate about two dimensional arrays with 
example. 

Or 

 (b) Describe in detail about reading strings from 
terminal. 
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20. (a) Explain in detail about category of functions 
with example. 

Or 

 (b) Write a brief account on scope, visibility and 
lifetime of variables. 

 

—————— 
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1. In C, the first character of the variable should be  

 (a) an integer (b) an alphabet 

 (c) a symbol (d) All the above  

2. Which of the following statement is wrong? 

 (a) 5+5=a;  (b) SS=12.25; 

 (c) st= ‘m’+ ‘b’; (d) is = ‘A’ +10; 

 (6 pages) 
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3. What is the value of !0? 

 (a) 1   (b) 0 

 (c) -1   (d) 10 

4. Hierarchy decides which operator  

 (a) is the most important  

 (b) operator on large numbers 

 (c) cannot be executed 

 (d) is used first 

5. What function is appropriate for accepting a 
string? 

 (a) getch ( )  (b) getche ( ) 

 (c) gets ( )  (d) scanf ( ) 

6. The loop for (a=1; a<=5; a++) will be executed for 
___________  times.  

 (a) 4   (b) 6 

 (c) 5   (d) Infinite loop 
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7. int ];5[x  this array  can hold values in between 
___________  to ___________    

 (a) -32768 to 32767 

 (b) 0 to 255 

 (c) -65564 to 65563 

 (d) -65564 to 65564 

8. ___________  copies one string to another  

 (a) strstr ( )   

 (b) strcpy ( ) 

 (c) strcat ( )   

 (d) strcmp ( ) 

9. Following one keyword is used for function not 
returning any value  

 (a) void   (b) int 

 (c) auto   (d) None of the above 

10. By default, function returns ___________  value   

 (a) binary   

 (b) integer 

 (c) float    

 (d) string 
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PART B — (5  5 = 25 marks) 

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

11. (a) Explain C keywords and identifiers. 

Or 

 (b) How do you define symbolic constants? 
Explain. 

12. (a) Explain arithmetic operators. 

Or 

 (b) Discuss the bitwise operators. 

13. (a) Explain If .... ELSE statement. 

Or 

 (b) Write a program to find the sum of numbers 
upto ‘n’ term. 

14. (a) Write a note on multi dimensional arrays. 

Or 

 (b) Write a program to count the vowels present 
in a word    

[P.T.O.]
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15. (a) Discuss the need for user defined functions. 

Or 

 (b) Write a program to find factorial of a number 
using recursion. 

PART C — (5  8 = 40 marks) 

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

16. (a) Discuss on declaration of storage classes. 

Or 

 (b) Explain about declaring variables and 
constants. 

17. (a) Describe the assignment, increment and 
decrement operators. 

Or 

 (b) Explain the evaluation of expressions. 

18. (a) Write a program to find the sum of prime 
numbers below 100. 

Or 

 (b) Explain  

  (i) WHILE statement 

  (ii) Do statement  
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19. (a) Describe the string handling function. 

Or 

 (b) Write a program to sum the odd numbers 
present in an array. 

20. (a) Discuss the scope, visibility and lifetime of a 
variable. 

Or 

 (b) Write a program to convert decimal number 
to binary number using the function. 

 

——————— 
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PART A — (10 × 1 = 10 marks)  

Answer ALL questions. 

 Choose the correct answer : 

1. ).*,(Q À 1ß ÷|º©õÖ 

 (A) –1   (B) 0 

 (C) 1   (D)   

 In the group ).*,(Q , the inverse of 1 is 

 (a) –1   (b) 0 

 (c) 1   (d)   
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2. ¤ßÁ¸ÁÚÁØÖÒ Gx ).*,(C °ß EmS»® CÀø»? 

 (A) },1,,1{ ii   (B) }1,1{   

 (C) }1{    (D) },{ ii   

 Which of the following are not subgroups of 
).*,(C ? 

 (a) },1,,1{ ii   (b) }1,1{   

 (c) }1{    (d) },{ ii   

3. ),( 12 Z  GßÓ S»zvÀ EÒÍ ¤Ó¨£õUQPÎß 

GsoUøP 

 (A) 1, 2, 3, 4  (B) 1, 3, 6, 9 

 (C) 1, 5, 7, 11 (D) 2, 3, 5, 7, 11 

 The set of all generators of group ),( 12 Z  is 

 (a) 1, 2, 3, 4  (b) 1, 3, 6, 9 

 (c) 1, 5, 7, 11 (d) 2, 3, 5, 7, 11 

4. G  Gß£x J¸ •iÄÖS»®. H Gß£x G °ß 

EmS»® GÛÀ, O( H ) BÚx O(G ) I ÁSUS®. 

 (A) ö»Uμõg]°ß ÷uØÓ® 

 (B) ö£º©õmiß ÷uØÓ® 

 (C) B´»›ß ÷uØÓ® 

 (D) ÷Põê°ß ÷uØÓ® 
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 “If G  is a finite group and H  is any subgroup of 
G  then the order of H divides the order of G ”. 
This theorem is known as 

 (a) Lagrange’s theorem 

 (b) Fermat’s theorem 

 (c) Euler’s theorem  

 (d) Cauchy’s theorem 

5. Cμsk JØøÓ Á›ø\ ©õØÓzvß ö£¸UPÀ Kº  
––––––– 

 (A) Cμmøh Á›ø\ ©õØÓ® 

 (B) _ÇÀ 

 (C) JØøÓ Á›ø\ ©õØÓ® 

 (D) CvÀ GxÄªÀø» 

 The product of two odd permutations is an  
–––––––––– 

 (a) even permutation (b) cycle 

 (c) odd permutation (d) none of these 

6. ).*,(),(: CZf   GßÓ \õº¦ ninf )(  GßÖ 
Áøμ¯ÖUP¨£mkÒÍx GÛÀ f  K¸ 

 (A) JßÖUöPõßÓõÚ \õº¦ 

 (B) ö\¯À÷PõºzuÀ 

 (C) ÷©»õÚ \õº¦ 

 (D) CøÁ GxÄªÀø» 
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 The map ).*,(),(: CZf  given by ninf )(  is 

 (a) one-one  (b) a homomorphism 

 (c) onto  (d) none of these 

7. )1,,( Q  GßÓ ÁøÍ¯zvß ]Ó¨¦ Gs 

 (A) 1   (B) 0 

 (C) •iÄÓõux (D) 4 

 The characteristic of the ring )1,,( Q  is 

 (a) 1   (b) 0 

 (c) infinite  (d) 4 

8. J¸ ÁøÍ¯® §¼¯ß ÁøÍ¯® GÛÀ ––––––– 

 (A) ea 2  AøÚzx Ra  Gß£x ö£¸UPÀ \©Û  

 (B) ea 2  AøÚzx® Ra  

 (C) 02 a  AøÚzx® Ra     

 (D) 0na  H÷uÝ® Rn   

 A ring is called a Boolean ring if 

 (a) ea 2  for all Ra , where e  is the 
multiplicative identify 

 (b) ea 2  for all Ra  

 (c) 02 a  for all Ra     

 (d) 0na  for some Rn  
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9. m
mxaxaxaaxp  2

210)( , 
n

n xbxbbxq  10)(  Gß£øÁ ][xF ß EÖ¨¦PÒ. 
)()( xqxp   BP C¸UP ÷uøÁ¯õÚ ©ØÖ© 

÷£õx©õÚ {£¢uøÚ ––––––– 

 (A) ii ba  , 0i  (B) ii ba  , 0i  

 (C) ii ba  0 , 0i  (D) ii ba   

 m
mxaxaxaaxp  2

210)( , 
n

n xbxbbxq  10)(  are defined in ][xF . Then 
the sufficient and necessary condition for 

)()( xqxp   is 

 (a) ii ba  , 0i  (b) ii ba  , 0i  

 (c) ii ba  0 , 0i  (d) ii ba   

10. zzf :  GßÓ \õº¦ 3)( 2  xxf  GÚ 
Áøμ¯ÖUP¨£kQÓx GÛÀ f Gß£x 

 (A) ö\¯À©õÓõ ÷PõºzuÀ ÁøÍ¯® 

 (B) ö\¯À©õÓõ ÷PõºzuÀ ÁøÍ¯® AÀ» 

 (C) C¯À©õÓõ ÷PõºzuÀ ÁøÍ¯®    

 (D) •Ê J¨¦ø© ÁøÍ¯® 

 The map zzf :  defined by 3)( 2  xxf  is  
–––––––––– 

 (a) a ring homomorphism 

 (b) not a ring homomorphism 

 (c) a ring isomorphism 

 (d) a ring epimorphism 
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PART B — (5 × 5 = 25 marks) 

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

Each answer should not exceed 250 words. 

11. (A) H , K  Gß£Ú G °ß EmS»[PÒ GÛÀ 

KH  ²® G °ß EmS»® Gß£øu {ÖÄP. 

  If H  and K  are subgroups of a group G  

then prove that KH   is also a subgroup of 

G . 

Or 

 (B) G J¸ S»® GÛÀ Auß ø©¯® )(GZ  Gß£x 

G °ß EmS»® Gß£øu {ÖÄP. 

  Prove that the center of G  )(GZ  is a 

subgroup of G . 

12. (A) ö»Uμõg]°ß ÷uØÓzøu GÊv {ÖÄP. 

  State and Prove Lagrange’s theorem. 

Or 

 (B) JÆöÁõ¸ ÁmhUS»•® A¤¼¯ß S»® 

BS® GÚ {ÖÄP. 

  Prove that any cyclic group is abelian. 
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13. (A) ': GGf   J¸ ö\¯À©õÓõU ÷PõºzuÀ GÛÀ 
f ß EmP¸ G °ß J¸ ÷|ºø© EmS»©õS® 

GÚ {ÖÄP. 

  Let ': GGf   be a homomorphism. Prove 
that the Kernal K  of f  is a normal 
subgroup of G . 

Or 

 (B) )(GI  Gß£x AutG °ß ÷|ºø© EmS»® 
{ÖÄP. 

  )(GI  is a normal subgroup of AutG  prove. 

14. (A) JÆöÁõ¸ PÍ•® Gsnμ[P©õS® Gß£øu 
{¹£n® ö\´P.  

  Prove that any field F  is an integral domain. 

Or 

 (B) J¸ Gsnμ[Pzvß ]Ó¨¦ Gs Gß£x 
§äâ¯® AÀ»x £Põ Gs Gß£øu {ÖÄP. 

  Prove that the characteristic of an integral 
domain is either 0 or a prime number. 

15. (A) nZZf :  GßÓ \õº¦ rxf )( , r  Gß£x 
rqnx  , nr 0  GÚ Áøμ¯ÖUP£mkÒÍx 

GÛÀ f  Gß£x ö\¯À©õÓõU ÷PõºzuÀ GÚ 
{ÖÄP. 

  If nZZf :  defined by rxf )( , where 
rqnx  , nr 0  then prove that f  is 

homomorphism. 

Or 
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 (B) ][xR  Gß£x J¸ Gsnμ[P® GÛÀ R  

Gß£x® J¸ Gsnμ[P® BS® Gß£øu 

{ÖÄP. 

  Prove that ][xR  is an integral domain iff R  is 

an integral domain. 

PART C — (5 × 8 = 40 marks)  

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

Each answer should not exceed 600 words. 

16. (A)  RbRabaG  *,|),(  CvÀ ),(*),( dcba  

),( dbcac   GÚ Áøμ¯ÖUP¨£mhõÀ (G * ) J¸ 

S»® GÚ PõmkP. 

  Let  RbRabaG  *,|),( . Then prove that G  

is a group under the operation *  defined by 
),(),(*),( dbcacdcba  . 

Or 

 (B) S»® G °ß C¸ EmS»[PÎß ÷\º¨¦ Pn® 

G °ß EmS»©õP C¸UP ÷uøÁ¯õÚ ©ØÖ® 

÷£õx©õÚ {£¢uøÚ JßÖ ©ØöÓõßÔß EÒ 

Aø©²® GÚ {¹¤. 

  Prove that the union of two subgroups of a 
group G  is a subgroup iff one is contained in 
the other. 
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17. (A) B°»›ß ÷uØÓzøu GÊv {¹¤UPÄ®. 

  “State and prove Euler’s theorem.” 

Or 

 (B) KH ,  Gß£Ú G  GßÓ S»zvß •iÄÖ 

EmS»[PÒ GÛÀ 
KH

KH
HK


  GÚ {ÖÄP. 

  Let KH ,  be any two finite subgroups of a 

group G . Then prove that 
KH

KH
HK


 . 

18. (A) öP´¼°ß ÷uØÓzøu GÊv {ÖÄP. 

  State and prove Cayley’s theorem. 

Or 

 (B) ö\¯À©õÓõU ÷Põºzu¼ß Ai¨£øhz 

÷uØÓzøu GÊv {ÖÄP. 

  State and prove fundamental theorem of 
homomorphism. 

19. (A) ,,( nZ ◎) Gß£x J¸ ÁøÍ¯® Gß£øu 

{¹¤. 

  Prove that ,,( nZ ◎) is a ring. 

Or 
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 (B) R  Gß£x \©Û EÖ¨¦øh¯ £›©õØÖ 
ÁøÍ¯® GßP. ^º©® M  Gß£x R ß «¨ö£¸ 
^›¯ ÁøÍ¯©õP C¸¨£uØS ÷uøÁ¯õÚ 
©ØÖ® ÷£õx©õÚ {£¢uøÚ MR |  J¸ 
PÍ©õS® GÚ {ÖÄP. 

  Let R  be a commutative ring with identify. 
Prove that the ideal M  of R  is maximal iff 

MR |  is a field. 

20. (A) ö\¯À©õÓõU ÷Põºzu¼ß Ai¨£øhz 
÷uØÓzøu ÁøÍ¯zvÀ GÊv {ÖÄP. 

  State and prove fundamental theorem of 
homomorphism of rings. 

Or 

 (B) ][xF À )(xf , )(xg  Gß£Ú C¸ EÖ¨¦PÒ. 
CvÀ 0)( xg  GÛÀ ][xF À £À¾Ö¨¦U 
÷PõøÁPÒ )(xq  ©ØÖ® )(xr  Gß£øÁ    

)()()()( xrxgxqxf   GÚ C¸US®. C[S 
0)( xr  AÀ»x )(xr ß £i )(xg ß £iø¯ Âh 

]Ô¯x GÚ {¹¤. 

  Let F  be a field. Let )(xf  and )(xg  be two 
polynomials in ][xF  with 0)( xg . Then 
prove that there exist unique polynomial 

)(xq  and )(xr  such that 
)()()()( xrxgxqxf  , where either 0)( xr  or 

deg )(deg)( xgxr  . 

————————— 
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2. In a vector space, the set of all vectors under 
addition is a  

 (a) field   (b) ring 

 (c) group  (d) abelian group 

3. If 4dim A , 3dim B  and   6dim  BA  then 

  ?dim  BA   

 (a) 1   (b) 8 

 (c) 4   (d) 2 

4. If A  and B  are any two subspaces of a vector 
space V  then  

 (a) VBA dimdimdim   

 (b)   VBA dimdim   

 (c) VBA dimdimdim   

 (d) VBA dimdimdim   

5. If WVT :  is a linear transformation then   

 (a)  VTV dimdim   

 (b)  VTV dimdim   

 (c)  VTV dimdim   

 (d) None of these 
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6. If    
1

0

, dttgtfgf  and   2 ttf  then 

?f  

 (a) 
3
7

   (b) 
7
3

 

 (c) 
3
7

   (d) 
3

4
 

7. The rank of the matrix 



















0000
0110

0110
1221

 is  

 (a) 1   (b) 2 

 (c) 3   (d) 4 

8. Choose the matrix for which the inverse exists 

 (a) 







34
5.12

  (b) 







22
33

 

 (c) 








5
1

20
1

5
2

10
1

  (d) 







43
21
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9. The characteristics equation of the matrix 











13
21

A  is —————— 

 (a) 0722  xx  (b) 0522  xx  

 (c) 0522  xx  (d) 0522  xx  

10. The quadratic form of the matrix 







10
01

 is  

——————  

 (a) 22 yx    (b) xy2  

 (c) xyx 22    (d)  2yx   

PART B — (5  5 = 25 marks) 

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

11. (a) If A  and B  are subspaces of a vector space 
V then prove that BA   is also a subspace 
of V . In BA   a subspace of V ?  

Or 

 (b) If :T   defined by 
   bababaT 4,32,   then verify 

whether T  is a linear transformation or not. 

[P.T.O.]
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12. (a) Prove that    2,1,0,1,3,2{ S ,  }2,1,1  is 
a basis for 3V ( ). 

Or 

 (b) LetV  be a finite dimensional vector space 
over a field F  and A  be a subspace of V . 
Prove that there exists a subspace B  of V  
such that BAV  . 

13. (a) Prove that an orthogonal set of non-zero 
vectors in an inner product space is linearly 
independent. 

Or 

 (b) Find the linear transformation determined 

by the matrix 
















 111
110

111

 with respect to the 

standard basis  321 ,, eee  in 3V ( ). 

14. (a) Verify Cayley-Hamilton theorem for the 

matrix 



















110
432

433

. 

Or 

 (b) Find the rank of the matrix 



















0111
1032

1210

. 
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15. (a) Prove that the characteristic roots of a 
Hermitian matrix are real. 

Or 

 (b) Find the matrix of the bilinear form 
  1221, yxyxyxf   with respect to the 

standard basis in 2V ( ). 

PART C — (5  8 = 40 marks) 

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

16. (a) Prove that  is a vector space over . 
Or 

 (b) If A   and B  are two subspaces of a vector 
space V  over a field F  then prove that 

BA
B

A
BA





. 

17. (a) (i) Prove that any subset of a linearly 
independent  set in a vector space V  is 
linearly independent. 

  (ii) Let V  be a vector space over a field F . 
Let VTS , . Prove that 
     TLSLTSL  . 

Or 

 (b) Let V  be a finite dimensional vector space 
over a field F . If W  is a subspace of V  then 
show that   WVWV dimdim/dim  . 
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18. (a) Prove that every finite dimensional inner 
product space has an ortho-normal basis. 

Or 

 (b)  If V  and W  are vector spaces of dimensions 
nm,  respectively over F  then show that 
 WVL ,  is a vector space of dimension nm.  

over F . 

19. (a) State and prove Cayley-Hamilton theorem. 
Or 

 (b) Find the inverse of 






















1230
2121

0020
1211

 by 

elementary transformation. 

20. (a) Find the eigen values and eigen vector of the 

matrix 



















134
244

110

. 

Or 

 (b) Reduce the quadratic form  

  434232413121 22 xxxxxxxxxxxx   to 
the diagonal form using Lagrange's method. 

 

 ——————  
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 Which one of the following is not true in a vector 
space V   

 (a) F  00.   

 (b) vvv  0.0  

 (c)     vwuv  .  

 (d)   vuvu    

2. J¸ öÁUhº öÁÎ°À, öÁUhºPÎß Pn® 

Tmhø»¨ ö£õÖzx J¸  

 (A) Pn®   (B) ÁøÍ¯® 

 (C) S»®   (D) A¥¼¯ß S»® 

 In a vector space, the set of all vectors under 
addition is a  

 (a) field   (b) ring 

 (c) group  (d) abelian group 

3. 4dim A , 3dim B  ©ØÖ®   6dim  BA  

GÛÀ   ?dim  BA   

 (A) 1   (B) 8 

 (C) 4   (D) 2 
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 If 4dim A , 3dim B  and   6dim  BA  then 
  ?dim  BA   

 (a) 1   (b) 8 

 (c) 4   (d) 2 

4. V  GÝ® öÁUhº öÁÎUS A  ©ØÖ® B  Gß£Ú 
H÷uÝ® C¸ EÒöÁÎPÒ GÛÀ  

 (A) VBA dimdimdim   

 (B)   VBA dimdim   

 (C) VBA dimdimdim   

 (D) VBA dimdimdim   

 If A  and B  are any two subspaces of a vector 
space V  then  

 (a) VBA dimdimdim   

 (b)   VBA dimdim   

 (c) VBA dimdimdim   

 (d) VBA dimdimdim   

5. WVT :  Gß£x J¸ £i {ø»©õØÓ® GÛÀ  

 (A)  VTV dimdim   

 (B)  VTV dimdim   

 (C)  VTV dimdim   

 (D) CøÁ HxªÀø» 
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 If WVT :  is a linear transformation then   

 (a)  VTV dimdim   

 (b)  VTV dimdim   

 (c)  VTV dimdim   

 (d) None of these 

6.    
1

0

, dttgtfgf  ©ØÖ®   2 ttf  GÛÀ 

?f   

 (A) 
3
7

   (B) 
7
3

 

 (C) 
3
7

   (D) 
3

4
  

 If    
1

0

, dttgtfgf  and   2 ttf  then 

?f  

 (a) 
3
7

   (b) 
7
3

 

 (c) 
3
7

   (d) 
3

4
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7. 



















0000
0110

0110
1221

 GßÓ Ao°ß  uμ® —————— 

 (A) 1   (B) 2 

 (C) 3   (D) 4 

 The rank of the matrix 



















0000
0110

0110
1221

 is  

 (a) 1   (b) 2 

 (c) 3   (d) 4 

8. uø»RÌ C¸UPUTi¯ Aoø¯ ÷uº¢öuk  

 (A) 







34
5.12

  (B) 







22
33

 

 (C) 








5
1

20
1

5
2

10
1

  (D) 







43
21

  



 Code No. : 30574 B Page 6 

 Choose the matrix for which the inverse exists 

 (a) 







34
5.12

  (b) 







22
33

 

 (c) 








5
1

20
1

5
2

10
1

  (d) 







43
21

 

9. 









13
21

A  GßÓ Ao°ß ]Ó¨¤¯À¦ \©ß£õk  

——————  

 (A) 0722  xx  (B) 0522  xx  

 (C) 0522  xx  (D) 0522  xx   

 The characteristics equation of the matrix 











13
21

A  is —————— 

 (a) 0722  xx  (b) 0522  xx  

 (c) 0522  xx  (d) 0522  xx  

10. 







10
01

 GßÓ Ao°ß C¸£i ÁiÁ® ————  

 (A) 22 yx    (B) xy2  

 (C) xyx 22    (D)  2yx    
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 The quadratic form of the matrix 







10
01

 is  

——————  

 (a) 22 yx    (b) xy2  

 (c) xyx 22    (d)  2yx   

PART B — (5  5 = 25 marks) 

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

11. (A) A , B  Gß£Ú öÁUhº öÁÎ V -–ß 
EÒöÁÎPÒ GÛÀ BA  –²® V  ß 
EÒöÁÎ GÚ {ÖÄP. BA   Gß£x V  ß 
EÒöÁÎ¯õ?  

  If A  and B  are subspaces of a vector space 
V then prove that BA   is also a subspace 
of V . In BA   a subspace of V ? 

Or 

 (B) :T   Gß£x  

   bababaT 4,32,   GßÖ 

Áøμ¯ÖUP¨£mhÀ T J¸ ÷|›¯À E¸©õØÓ©õ 
GÚ ÷\õvUP. 

  If :T   defined by 
   bababaT 4,32,   then verify 

whether T  is a linear transformation or not. 
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12. (A)    2,1,0,1,3,2{ S ,  }2,1,1   GÝ® Pn®   

  3V ( ) ß J¸ AiUPn® GÚ {ÖÄP. 

  Prove that    2,1,0,1,3,2{ S ,  }2,1,1  is 

a basis for 3V ( ). 

Or 

 (B) V  Gß£x F  GßÓ PÍzvß «x Aø©¢u 

•iÄÖ £›©õn•ÒÍ öÁUhº öÁÎ GßP.  

V  Cß J¸ EÒöÁÎ A  GÛÀ BAV   

GßÓÁõÖ B  GÝ® Kº EÒöÁÎ C¸US® GÚ 

{¹¤. 

  Let V  be a finite dimensional vector space 
over a field F  and A  be a subspace of V . 
Prove that there exists a subspace B  of V  
such that BAV  . 

13. (A) J¸ Emö£¸UPÀ öÁÎ°À EÒÍ §a]¯©ØÓ 

ö\[Szx öÁUhºPÎß Pn® J¸ £ia \õμõux 

GÚ {ÖÄP.  

  Prove that an orthogonal set of non-zero 
vectors in an inner product space is linearly 
independent. 

Or 
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 (B) 3V ( )– À vmh©õÚ AiUPn®  321 ,, eee  I¨ 

ö£õÖzx 

















 111
110

111

 GßÓ Ao E¸ÁõUS® 

÷|›¯À E¸©õØÓzøuU PõsP. 

  Find the linear transformation determined 

by the matrix 
















 111
110

111

 with respect to the 

standard basis  321 ,, eee  in 3V ( ). 

14. (A) 




















110
432

433

GßÓ AoUS öP´¼–÷íªÀhß 

÷uØÓzøu \›£õº. 

  Verify Cayley-Hamilton theorem for the 

matrix 



















110
432

433

. 

Or 
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 (B) 



















0111
1032

1210

 GßÓ Ao°ß uμzøuU 

PõsP. 

  Find the rank of the matrix 



















0111
1032

1210

. 

15. (A) Jº öíº«æ¯ß Ao°ß ]Ó¨¤¯À¦ 

‰»[PÒ ö©´¯õÚøÁ GÚ {¹¤.  

  Prove that the characteristic roots of a 
Hermitian matrix are real. 

Or 

 (B)  2V ( )–À C¸©õÔ ÷|›¯À Aø©¨¦ f Gß£x 

  1221, yxyxyxf   GÚ 

Áøμ¯ÖUP¨£mkÒÚx. C[S  ;21xxx    

 21, yyy  GßP.  21, ee  GßÓ vmh 

AiUPnzøu ö£õÖzx f&US›¯ Ao°øÚU 

PõsP. 

  Find the matrix of the bilinear form 

  1221, yxyxyxf   with respect to the 

standard basis in 2V ( ). 
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PART C — (5  8 = 40 marks) 

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

16. (A)  Gß£x –ß «x Aø©¢u Kº öÁUhº 

öÁÎ  GÚ {ÖÄP.  

  Prove that  is a vector space over . 

Or 

 (B) A  ©ØÖ® B  Gß£øÁ F  GßÓ PÍzvß «x 

Aø©¢u öÁUhº öÁÎ V  ß C¸ EÒöÁÎPÒ 

GÛÀ 
BA

B
A
BA





 GÚ {¹¤. 

  If A   and B  are two subspaces of a vector 
space V  over a field F  then prove that 

BA
B

A
BA





. 

17. (A) (i) öÁUhºöÁÎ V –°À J¸ £i \õμõu 

Pnzvß G¢u J¸ EmPn•® J¸ £i 

\õμõux GÚ {ÖÄP. 

  (ii) F  GßÓ PÍzvß «x Aø©¢u öÁUhº 

öÁÎ V  GßP. ÷©¾® VTS ,  GÛÀ 

     TLSLTSL   GÚ {¹¤. 
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  (i) Prove that any subset of a linearly 
independent  set in a vector space V  is 
linearly independent. 

  (ii) Let V  be a vector space over a field F . 

Let VTS , . Prove that 

     TLSLTSL  . 

Or 

 (B) V  Gß£x F  GßÓ PÍzvß «x Aø©¢u 

•iÄÖ £›©õn® Eøh¯ öÁUhº öÁÎ GßP. 

V  °ß EÒöÁÎ W  GÛÀ  

    WVWV dimdim/dim   GÚ Põs¤. 

  Let V  be a finite dimensional vector space 
over a field F . If W  is a subspace of V  then 

show that   WVWV dimdim/dim  . 

18. (A) JÆöÁõ¸ •iÄÖ £›©õn® öPõsh 

Emö£¸UPÀ öÁÎUS® Kμ»S-–ö\[Szx 

AiUPn® Esk GÚ {ÖÄP.  

  Prove that every finite dimensional inner 
product space has an ortho-normal basis. 

Or 
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 (B) PÍ® F –ß «uõÚ öÁUhº öÁÎPÒ V ,W  

BQ¯ÁØÔß £›©õn[PÒ •øÓ÷¯ nm,  

GÛÀ  WVL ,  Gß£x nm.  £›©õn® EÒÍ  

F –ß «uõÚ J¸ öÁUhº öÁÎ GÚ PõmkP. 

   If V  and W  are vector spaces of dimensions 
nm,  respectively over F  then show that 
 WVL ,  is a vector space of dimension nm.  

over F . 

19. (A) öP´¼–÷íªÀhÛß ÷uØÓzøuU TÔ {ÖÄP.  

  State and prove Cayley-Hamilton theorem. 

Or 

 (B) 






















1230
2121

0020
1211

 GßÓ Ao°ß uø»RÌ 

Ao°øÚ, Buõμ ©õØÓ[PÒ ‰»® PõsP. 

  Find the inverse of 






















1230
2121

0020
1211

 by 

elementary transformation. 
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20. (A) 




















134
244

110

 GßÓ Ao°ß £õßø© 

©v¨¦PøÍ²® £õßø© öÁUhºPøÍ²® 
PõsP.  

  Find the eigen values and eigen vector of the 

matrix 



















134
244

110

. 

Or 

 (B) 434232413121 22 xxxxxxxxxxxx   

GßÓ C¸£i ÁiÁzøu ‰ø»Âmh 
ÁiÁzvØS »Uμõg]¯ß •øÓø¯ £¯ß£kzv 
_¸USP. 

  Reduce the quadratic form  

  434232413121 22 xxxxxxxxxxxx   to 
the diagonal form using Lagrange's method. 

 

—————— 
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PART A — (10 × 1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1. Which one of the following is not a topology on ܺ = {ܽ, ܾ, ܿ}? 

 (a) {߶, ܺ, {ܽ, ܾ}, {ܾ, ܿ}, {ܾ}	} 
 (b) {߶, ܺ, {ܽ, ܾ}, {ܾ, ܿ}, {ܾ}, {ܿ}} 
 (c) {߶, ܺ, {ܽ, ܾ}, {ܾ, ܿ}} 
 (d) {߶, ܺ, {ܽ, ܾ}} 
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2. Which one of the following is not true? 

 (a) If ܣ = {(
n
1 )/ܼ݊߳+} then ̅ܣ = {0} ∪  ܣ

 (b) If ܤ = {0} ∪ (1,2) then ܤത = {0} ∪ [1,2] 
 (c) If ܥ = ܳ then ̅ܥ = ℝ 
 (d) If ܦ = ܼା then ܦഥ = ܼା ∪ {0} 
3. Let ߨଵ be the projection of ܺ × ܻ onto X. If U is 

open in X then ߨଵି ଵ(ܷ) is  

 (a) ܷ  (b) ܷ × ܻ 

 (c) ܺ × ܷ  (d) ܷ × ܷ 

4. If ݂: ܺ → ܻ is continuous and A is a subset of X 
then 

 (a) ݂(̅ܣ) =   തതതതതത(ܣ)݂

 (b) ݂(ܣ)തതതതതത ⊂  (ܣ̅)݂
 (c) ݂(̅ܣ) ⊆   തതതതതത(ܣ)݂

 (d) ݂(ܣ)തതതതതത ⊆  (ܣ)݂
5. With respect to the standard metric on ℝ, if (5,9) = ,ݔ)ܤ Σ) then 

 (a) ݔ = 5, Σ = 9  

 (b) ݔ = 7, Σ = 2 

 (c) ݔ = 14, Σ = 2  

 (d) ݔ = 7, Σ = 4 



 

Code No. : 5845 Page 3 

6. If ݀ is the euclidean metric and ߩ is the square 
metric on ℝ௡ then  

 (a) ݔ)ߩ, (ݕ ≤ ,ݔ)݀ (ݕ ≤ ,ݔ)ߩ	2√  (ݕ
 (b) ݀(ݔ, (ݕ ≤ ,ݔ)ߩ (ݕ ≤ ,ݔ)݀	݊√ ݊) 
 (c) ݔ)ߩ, (ݕ ≤ ,ݔ)݀ (ݕ ≤ ,ݔ)ߩ	݊√  (ݕ
 (d) √݊	ݔ)ߩ, (ݕ ≤ ,ݔ)݀ (ݕ ≤ ,ݔ)ߩ	  (ݕ
7. Let ܺ = {ܽ, ܾ, ܿ}, ߬ = ൛߶, ,ݔ {ܽ, ܾ}, {ܾ, ܿ}, {ܾ}ൟ. Then 

 (a) {ܽ} ∪ {ܾ, ܿ} is a separation of ܺ 

 (b) {ܽ, ܾ} ∪ {ܾ, ܿ} is a separation of ܺ 

 (c) {ܽ, ܾ, ܿ} ∪ ߶ is a separation of ܺ 

 (d) ܺ has no separation 

8. Which one of the following set is compact in ℝ? 

 (a) ℝ   

 (b) [0,1] 
 (c) {0} ∪ {(

n
1 )/(ܼ݊߳+	)}  

 (d) Q 
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9. The one point compactification of the real line ℝ is 
isomorphic with  

 (a) The sphere ܵଶ  
 (b) ℝ 
 (c) The circle  
 (d) The open interval (0,1) 

10. Which one of the following is not locally compact? 

 (a) Every simply ordered set having the l.u.b. 
property 

 (b) The space ܴ௡ 

 (c) The subspace Q of rational number 

 (d) The real line ℝ 

PART B — (5 × 5 = 25 marks) 

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

Each answer should not exceed 250 words. 

11. (a) Let X be a set; let ௙ܼ be the collection of all 
subsets ܷ of ܺ such that ܺ − ܷ either is finite 
or is all of ܺ. Prove that ௙ܼ is a topology on ܺ. 

Or    

 (b) Define a Hausdorff space. If X is a Hausdorff 
space, Prove that a sequence of points of X 
converges to at most one point of X. 
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12. (a) State and prove any two rules for 
constructing continuous functions. 

Or 

 (b) Let {ܺ∝} be an indexed family of spaces; let ܣ∝ ⊂ ܺ∝ for each ∝. If ܺߨ∝ is given either the 
product or the box topology, prove that ܣߨ ∝തതതതത=  തതതതതത∝ܣߨ

13. (a) Let ݀ and ݀ᇱ be two metrics on X; Let ߬ and ߬ᇱ be the topologies they induce, respectively. 
Prove that ߬ᇱ is finer than ߬ if and only if for 
each ݔ in X and each Σ > 0, there exists a ߜ > 0 such that ܤௗ′, ,ݔ) (ߜ ,ݔ)ௗܤ Σ) 

Or 

 (b) Let ݂: ݔ →  be matrizable ݕ and ݔ let ;ݕ
metrics ݀௫ and ݀௬ respectively. Prove that 
the continuity of ݂ is equivalent to the 
requirement that given ܺ߳ݔ and given Σ > 0, 
there exists ߜ > 0 such that ݀௫(ݔ, (ݕ < ߜ ⇒݀௬൫݂(ݔ), ൯(ݕ)݂ < Σ. 

14. (a) Let {ܣ௡} be a sequence of connected 
subspaces of X, such that ܣ௡ ∩ ௡ାଵܣ ≠ ߶ for 
all ݊. Show that ܷܣ௡ is connected. 

Or 

 (b) Show that every closed subspace of a 
compact space is compact. 
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15. (a) Show that compactness implies limit point 
compactness. 

Or 

 (b) Define a locally compact space. Show that ℝ 
is locally compact and ℝ௪ is not locally 
compact. 

PART C — (5 × 8 = 40 marks) 

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

16. (a) Define the standard topology, lower limit 
topology and ݇ − topology on the real line ℝ 
and obtain the relation between these 
topologies. 

Or 

 (b) For a subset A of a topological space X, 
define the sets ܣ′ and ̅ܣ and show that ̅ܣ = ܣ ∪  .ᇱܣ

17. (a) Let ݂: ݔ →  are topological ݕ and ݔ where ,ݕ
spaces. Prove that ݂ is continuous ⇔ for 
every subset ܣ of ܺ, ݂(̅ܣ) തതതതതത(ܣ)݂ ⇔ for every 
closed set ܤ of ݕ, the set ݂ିଵ(ܤ) is closed in ܺ. 

Or 
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 (b) Let 
 XAf : be given by the equation ݂(ܽ) = ൫ ∝݂(ܽ)൯∝ఢ௝, where  xAf :  for each ∝. Let ܺߨ∝ have the product topology. Prove 

that ݂ is continuous ⇔ each function ∝݂ is 
continuous. 

18. (a) Prove that the topologies on ܴ௡ induced by 
the Euclidean metric ݀ and the square 
metric ݂ are the same as the product 
topology on ܴ௡. 

Or 

 (b) Show that ܴ௪ in the box topology is not 
metrizable. 

19. (a) If the sets C and D form a separation of X 
and if Y is a connected subspace of X, prove 
that Y lies entirely within either C or D and 
hence show that the union of a collection of 
connected subspaces of X that have a 
common point is connected. 

Or 

 (b) Prove that the product of finitely many 
compact spaces is compact. 
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20. (a) If X is metrizable, prove that every 
sequentially compact space is compact. 

Or 

 (b) If X is a locally compact Hausdorff space that 
is not itself compact, Prove that X has a one-
point compactification. 

——––––––––– 



      

  

     Reg. No. : .......................................... 

Code No. : 5090 Sub. Code : HMAM 43 

M.Sc. (CBCS) DEGREE EXAMINATION, APRIL 2020. 

Fourth Semester 

Mathematics 

ANALYTIC NUMBER THEORY 

(For those who joined in July 2012-2015) 

Time : Three hours Maximum : 75 marks 

PART A — (10  1 = 10 marks) 

Answer ALL the questions. 

 Choose the correct answer : 

1. Which one of the following is not a prime number 

 (a) 73   (b) 89 

 (c) 17   (d) 119 

2. If   1, ba  , then  baba  ,  is 

 (a) 1   (b) 2 

 (c) 1 or 2  (d) 3 

(7 pages) 
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3. The value of    1010    is 

 (a) 5   (b) 10 
 (c) 4   (d) 20 

4.  
nd

d
/

is 

 (a) 




n
1

  (b) nlog  

 (c) n    (d) 1  or 0 

5. If f  is multiplicative, then    
np

pf
/

1  is 

 (a) 0   (b)    
nd

dfd
/

  

 (c)    
nd

dfd
/

 (d)    
nd

dfd
/

  

6. If   has a Dirichlet inverse 1 , then the 

equation    



xn

nxG   






n
x

F  implies 

 (a)    










xn n
x

GnxF   

 (b)      



xn

xGnxF 1  

 (c)    


 







xn n
x

GnxF 1  

 (d)    


 







xn n
x

GnxF 11  
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7. The average order of  nd  is 

 (a) n    (b) nlog  

 (c) 
12

2n
  (d) 2

3

n

 

8.  








xn n
x

n  is 

 (a)  xlog   (b) !log x  

 (c)  xlog   (d) 1 

9. Chebyshev’s  -function is defined by 

 (a)    



xn

nx   (b)    



xn

nx  

 (c)   



xn

px log  (d)    



xn

nx   

10.  62.11  is 

 (a) 5   (b) 4 

 (c) 6   (d) 11 
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PART B — (5 × 5 = 25 marks) 

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

11. (a) Prove that there are infinitely many prime 
numbers. 

Or 

 (b) Prove that if 12 n  is prime, then n  is 
prime. 

12. (a) If 1n , prove that   





nd n
d

/

1 . 

Or 

 (b) State and prove the Mobius inversion 
formula. 

13. (a) If f  and g  are multiplicative, prove that 

their Dirichlet product gf   is also 

multiplicative. 

Or 

 (b) Define the Liouville’s function  nx  and find a 

formula for  
nd

d
/

  for 1n .  

[P.T.O.]
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14. (a) If 1x , prove that 










xn x
Cx

n
1

0log
1

. 

Or 

 (b) Prove that the average order of  n  is 2

3

n

. 

15. (a) Prove that 
 

1
log

lim 
 x

xx
x


 implies  

   
1

log
lim 

 x
xx

x


 

Or 

 (b) State and prove Abel’s identify. 

PART C — (5  8 = 40 marks) 

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

16. (a) Prove that the infinite series 


1

1

n np
 diverges. 

Or 

 (b) State and prove the division algorithm. 
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17. (a) Define the Euler Quotient function  n  and 

show that for 1n  ,   
nd

nd
/

 . 

Or 

 (b) For 1n , prove that   








p

nn
np

1
1

/
 . 

18. (a) If both g  and gf   are multiplicative, prove 

that f  is also multiplicative. 

Or 

 (b) Assume f  is multiplicative. Prove that  

  (i)      nfnnf 1  for every square free n  

  (ii)      2221 pfpfpf   for every prime p . 

19. (a) State and prove the Euler’s summation 
formula. 

Or 

 (b) Define the density of the lattice points visible 
from the origin and find the density of the set 
of lattice points visible from the origin. 



 Code No. : 5090 Page 7 

20. (a) Prove that the following relations are 
logically equivalent : 

  (i) 
 

1
log


 x

xx
lt
x


 

  (ii) 
 

1
 x

xQ
lt
x

 

  (iii) 
 

1
 x

x
lt
x


. 

Or 

 (b) For every integer 2n , prove that 

 
n

n
n

log
.

6
1

 . 

 

—————— 
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PART A — (10 × 1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1. If A  is measurable and B  is any set disjoint from 
A , then 

 (a)      BmAmBAm ***      

 (b)    AmBAm **   

 (c)    BmBAm **      

 (d)        BAmBmAmBAm  ****  
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2. If 1E  and 2E  are measurable, then 

 (a)        212121 EmEmEEmEEm      

 (b)        212121 EEmEmEmEEm   

 (c)      2121 EmEmEEm      

 (d)        212121 EEmEmEmEEm   

3. Let the function f  have a measurable domain E . 

Then which one of the following is true  

 (a)      





1K

KxfExxfEx     

 (b)      





1K

KxfExxfEx  

 (c)      





1K

KxfExxfEx     

 (d)      





1K

KxfExxfEx  
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4. Let f be a bounded measurable function on a set of 

finite measure E. Suppose A and B are disjoint 

measurable subsets on E. Then 

 (a) 



BABABA

ffff     

 (b)  



BABABA

ffff  

 (c)  
 BABA

fff     

 (d)  
 BABA

fff  

5. The function f  defined on  1,0  by 

 

















00

10
1

sin 2
2

xfor

xfor
x

x
xf , then 

 (a) f   is integrable over  1,0    

 (b) f   is not integrable over  1,0  

 (c) not continuous    

 (d) none of these 
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6. The functions f  and g  on  1,1  by   31xxf   for 
11  x  and 

       








00

1,1,02cos2

xif
xxifxx

xg


 

 (a) neither f and nor g are absolutely continuous 
on  1,1    

 (b) f is absolutely continuous on  1,1  and g is 
not absolutely continuous 

 (c) both f and g are absolutely continuous  1,1     

 (d) none of these 

7. If A  and B  are measurable sets and BA  , then 

 (a)    BA    (b)    BA    

 (c)    BA    (d)    BA    

8. For an outer measure    ,02:* X , we call a 
subset E of X measurable (with respect to * ) 
provided for every subset A  of X , 

 (a)    EAA  **      

 (b)    CEAA  **   

 (c)      CEAEAA  ***      

 (d)      CEAEAA  ***   
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9. Consider a   algebra  ,XM  . Then the only 
measurable functions are  

 (a) Bounded functions  

 (b) Constant functions 

 (c) Continuous functions  

 (d) None of these  

10. Let  ,, MX  be a measure space and f a non 
negative measurable function on X for which 


X

df  , then one of them is true 

 (a)   0 xfXx  is a  –finite   

 (b)   0 xfXx  is not a  –finite 

 (c)   0 xfXx  is finite    

 (d) None of these  

PART B — (5  5 = 25 marks) 

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

11. (a) Prove that the union of a countable collection 
of measurable sets is measurable. 

Or 

 (b) Let f  and g  be measurable functions on E  
that are finite almost everywhere on E . Then 
prove that fg  is measurable on E . 
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12. (a) Let  nf  be a sequence of measurable 

functions on E  that converges pointwise 

almost everywhere on E  to the function f. 

Then prove that f is measurable.  

Or 

 (b) State and prove bounded convergence 

theorem. 

13. (a) Let f  be an increasing function on the closed 

bounded interval  ba, . Then prove that for 

each 0 , 

      


 1
,*  xfDbaxm .     afbf   and 

        0,*  xfDbaxm . 

Or 

 (b) Prove that a function f on a closed bounded 

interval  ba,  is absolutely continuous on 

 ba,  if and only if it is an indefinite integral 

over  ba, . 



 Code No. : 5089 Page 7 

14. (a) Let   be a signed measure on the measurable 

space  MX , . Prove that every measurable 

subset of a positive set is itself positive and 

the union of a countable collection of positive 

sets is positive. 

Or 

 (b) Prove that the union of a finite collection of 

measurable sets is measurable. 

15. (a) Let  MX ,  be a measurable space, f a 

measurable real-valued function on X , and 

RR :  continuous. Then prove that the 

composition RXf :  also is measurable. 

Or 

 (b) Let  ,, MX  be a measure space and f a  

nonnegative measurable function on X for 

which  
X

df  . Then prove that f is finite 

almost everywhere on X and   0 xfXx  

is  finite. 
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PART C — (5  8 = 40 marks) 

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

16. (a) Prove that the outer measure of an interval is 

its length. 

Or 

 (b) Prove that the Lebesque measure possesses 

the following continuity properties  

   (i) If   1KKA  is an ascending collection of 

measurable sets, then 

 k
K

K
k AmAm















lim

1
   

  (ii) If   1KKB  is a descending collection of 

measurable sets and   1Bm , then 

 K
K

K
K BmBm















lim

1
 . 
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17. (a) Assume E has finite measure. Let  nf  be a 

sequence of measurable functions on E that 
converges pointwise on E to the real valued 
function f. Then prove that for each 0 , 
there is a closed set F  contained in E for 
which   ffn   uniformly on F and 

  FEm ~ . 

Or 

 (b) State and prove the Lebesgue dominated 
convergence  theorem. 

18. (a) Prove that if the function f is monotone on the 
open interval  ba, , then it is differentiable 

almost everywhere on  ba, . 

Or 

 (b) Prove that a function f is of bounded variation 
on the closed bounded interval  ba,  if and  

only if it is the difference of two increasing 
functions on  ba, . 

19. (a) State and prove the Hahn Decomposition 
theorem. 

Or 

 (b) Prove that the union of a countable collection 
of measurable sets is measurable. 
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20. (a) State and prove Fatou's lemma. 

Or 

 (b) Let  ,, MX  be a measure space and  nf   a 
sequence of functions on X that is both 
uniformly integrable and tight over X. Assume 
  ffn   pointwise almost everywhere on X 
and the function f is integrable over X. Then 
prove that  


EE

n
n

dfdf lim . 

 

 

——————— 
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PART A — (10  1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer. 

1. The radius of convergence of the series  nZn  is 

 (a) 0   

 (b)   

 (c) e   

 (d) 1 
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2. If 
2

)( zivuz   then 



y
u

—————— 

 (a) x2   (b) y2  

 (c) – y2   (d) – x2  

3. The transformation 
z
1

 is called ——————. 

 (a) parallel translation 

 (b) inversion 

 (c) rotation 

 (d) homothetic transformation 

4. Which one of the following is false? 

 (a) two reflections result is a linear 
transformation 

 (b) reflections are linear transformations 

 (c)  zw  is called a parallel translation 

 (d) 







Z
Z 1

Im)(Im  

5. 



1z

z

z
dze

 

 (a) 1  (b) 0 

 (c) i2   (d) none of these 
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6. If C is the circle ,52 z  then  C z
dz

3
 is 

 (a) i2   (b) 0 

 (c) 1  (d) 2  

7. 
z

zf 1
)(   has a removable singularity at  

Z = ——————. 

 (a) 1  (b)   

 (c) 0  (d) none 

8. For the function 4

21
)(

z
ezf

z
 , the point 0Z  is 

a pole of order. 

 (a) 4  (b) 3 

 (c) 1  (d)   

9.  


0

sinlog dxx  —————— 

 (a) 2log  (b) 3log2  

 (c) 2log  (d) none of these 
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10. The number of roots of the equation 
0162 357  zzzz  in the disc 1z  is 

 (a) 3  (b) 4 

 (c) 5  (d) 7 

PART B — (5 × 5 = 25 marks) 

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

11. (a) State and prove the necessary condition for 
differentiability. 

Or 

 (b) State and prove Lucas theorem. 

12. (a) At each point z for a region   where )(z  
is analytic and 0)(  zf . Then prove that the 
mapping )(zfw   is conformal. 

Or 

 (b) Find the linear transformation which carries 
0, i, –i into 1, –1, 0. 

13. (a) Compute 



2

2 1z z
dz

 by decomposition of 

integral into partial fraction. 

Or 

 (b) State and prove Cauchy’s Integral formula.  

[P.T.O.]
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14. (a) State and prove fundamental theorem of 

algebra. 

Or 

 (b) State and prove Weierstrass theorem for 

essential singularity. 

15. (a) State and prove Rouche’s theorem. 

Or 

 (b) State and prove the argument principle. 

PART C — (5 × 8 = 40 marks) 

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

16. (a) Prove that every rational function has a 

representation by partial fraction. 

Or 

 (b) Prove that a rational function )(zR  of  

order p has p zeros and p poles and also 

prove that every equation azR )(  has 

exactly p roots. 
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17. (a) Prove that the cross ratio ),,,( 4321 zzzz  is 

real if and only if the four points lie on a 
circle or on a straight line. Also prove that 

zz   is not a linear transformation. 

Or 

 (b) Prove that the integral 


dzzf )( , with 

continuous f, depends only on the end points 
of   if and only if  is the derivative of an 

analytical function in  . 

18. (a) State and prove Cauchy’s theorem for a disk. 

Or 

 (b) Define winding number and write three 
properties of winding number. 

19. (a) Prove that an analytic function has 
derivatives of all orders. 

Or 

 (b) Prove that a non constant analytic function 
maps open sets onto open sets. 
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20. (a) Evaluate 





0

2

20,
)1log( Hx
dxx

. 

Or 

 (b) Prove that 
2

sin

0






dx
x
mx

. 

——––––––––– 
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PART A — (10 × 1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1. If G  is simple then 

 (a) 









2


   (b) 









2


  

 (c) 









2


   (d) 






 


2
1

  

(6 pages) 
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2. If e  is a link of G  with 5 vertices, 6 edges and 2 

components then      eGeGeG ...    is 

 (a) 11   (b) 12 

 (c) 10   (d) 13 

3. The edge connectivity   11 Gk  if  

 (a) G is connected    

 (b) G  is connected with a cut edge  

 (c) G  is connected with a cut vertex    

 (d) G  is disconnected 

4. The number of bridges in the Konigsberg bridge 

problem is  

 (a) 8   (b) 6 

 (c) 9   (d) 7 

5. If every vertex of G  is M saturated, then the 

matching M  is called  

 (a) A maximum matching    

 (b) A perfect matching 

 (c) A minimum matching    

 (d) A M  saturated matching 
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6. 1    
  
=? 

 (a) 1   (b) 2 

 (c) 3   (d) 4 

7. If ,0  then ?'  

 (a)  '   (b) '   

 (c) 'a   (d) ''    

8. The value of  3,3r  is 

 (a) 4   (b) 5 

 (c) 6   (d) 1 

9. If G  is k  chromatic, n  then G  contains a 
subdivision of .kk  This is senown as  

 (a) Brooks' conjecture    

 (b) Hajos' conjecture 

 (c) Dirac's conjecture    

 (d) Erdos conjecture 

10. Every critical graph is  

 (a) A clique  (b) A block 

 (c) Complete  (d) An odd cycle 
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PART B — (5  5 = 25 marks) 

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

11. (a) Define   and   in a graph G  and prove that 

  2 . 

Or 

 (b) If G  is a tree, prove that 1  . 

12. (a) Let G  be a 2-connected graph with .3  
Prove that any two vertices of G  are 
connected by at least two internally disjoint 
paths. 

Or 

 (b) Show that  GC  is well defined. 

13. (a) Prove that a matching M  in G  is a maximum 
matching if and only if G  contains no  
M -augmenting path. 

Or 

 (b) Let G  be a connected graph that is not an odd 
cycle. Prove that G  has a 2-edge colouring in 
which both colours are represented at each 
vertex of degree at least two.  

 [P.T.O.]
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14. (a) Prove that a set VS  is an independent set 

of G  if and only if SV   is a covering of G . 

Or 

 (b) Prove that   











1

2
,

k
lk

lkr . 

15. (a) If G  is k-critical, show that 1k . 

Or 

 (b) If G  is simple, prove that 

      
kkk

eGeGG .  for any edge  

e  of G . 

PART C — (5  8 = 40 marks) 

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

16. (a) "A graph is bipartite if and only if it contains 

no odd cycle" – is it true? Justify your answer. 

Or 

 (b) Define a cut edge with an example. Prove that 

an edge e is a cut edge of G  if and only if it is 

contained in no cycle of G . 
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17. (a) Define the parameters 1,kk  and   and prove 

that .1 kk  

Or 

 (b) Prove that a nonempty connected graph is 
eulerian if and  only if it has no vertices of odd 
degree. 

18. (a) State and prove Hall's theorem. 

Or 

 (b) State and prove Vizing's pheorn. 

19. (a) Prove that   '' . 

Or 

 (b) Prove that   22, kkkr  . 

20. (a) State and prove Brooks' theorem. 

Or 

 (b) If G  is 4-chromatic, prove that G  contains a 
subdivision of .4k  

  

——————— 
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PART A — (10 × 1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1. A solution of       yxz
dz

xzy
dy

zyx
dx








 is 

 (a) cxyz    (b) yx 2  

 (c) 2yx    (d) yzx   

2. A  pfaffian DE in Z  variables is of the form  

 (a) 0Pdx   (b) 0dyP  

 (c) 0QdyPdx  (d) None 

(6 pages) 
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3. The PDE  obtained by eliminating ba,  from 
  byaxz   is 

 (a) 2qqypx   (b) zqp   

 (c) zpq   (d) c
q
p
  

4. Eliminating the arbitrary function f  from 
 yxfz   we got ——————— 

 (a) cqypx    (b) 0qp  

 (c) zqp    (d) 2qp  

5. For the PDE    ,0,,,, qpzyxF  the equation 
  0,,,, bazyxF  is a  

 (a) General integral    

 (b) Complete integral 

 (c) Particular integral    

 (d) Singular solution 

6. 
t
z

kx
z






 1

2

2

 is  

 (a) Two dimensional equation    

 (b) One dimensional diffusion equation 

 (c) Wave equation    

 (d) Laplace equation 
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7. A complete integral of the equation 1pq  is  

 (a) cyax      

 (b) zyax   

 (c) bazyxa 2     

 (d) cbyax   

8.  qpzyxfTtSsRr ,,,,  is a  

 (a) Legendre equation    

 (b) pfaffian equation 

 (c) Cauchy problem    

 (d) Hyperbolic equation 

9. zzyyxx UUU   is 

 (a) Parabolic  (b) Hyperbolic 

 (c) Elliptic  (d) None 

10. 2

2

22

2 1
x
z

Cx
z








 is 

 (a) One dimensional diffusion equation  

 (b) Wave equation 

 (c) Heat equation  

 (d)  Laplace equation 
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PART B — (5  5 = 25 marks) 

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

11. (a) Describe how will you solve 
R
dz

Q
dy

p
dx

 . 

Or 

 (b) Find the integral curves of  

      .
xyba

cdz
zxac

dyb
yzcb

adx








 

12. (a) Find a PDE  by eliminating arbitrary function 
from   0, vuF  where vu,  are functions of 

.,, zyx  

Or 

 (b) Explain the method of solving the Lagrange's 
equation .RQP qp   

13. (a) Find the integral surface of the equation 
     zyxqxxypyyx 2222   through the 

curve .0,3  yaxz  

Or 

 (b) Find the equation of the system of surfaces 
which cut orthogonally the cones of the system 

.222 cxyzyx    

 [P.T.O.]
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14. (a) Explain Laplace's equation.  

Or 

 (b) Find a particular integral of the equation 
  .212 xzyzDD   

15. (a) Describe Cauchy's problem for the second 
order .PDE  

Or 

 (b) By separating the variables, solve the PDE   

.
1

2

2

22

2

t
z

Cx
z








 

PART C — (5  8 = 40 marks) 

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

16. (a) Show that a necessary and sufficient condition 
that the pfaffian differential equation 

0. rdX  should be integrable is that  

0. XcurlX . 

Or 

 (b) Solve .032  dzxydyxzdxyz  

17. (a) Solve       zyxyxyxqyyxpx  22 . 

Or 

 (b) Find the integral surface of the PDE  
     zyxqzxypzyx 2222   which contains 

the straight line .0 yx  
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18. (a) Show that the equations ,yqxp  
  xyyqxpz 2  are compatible and solve them. 

Or 

 (b) Find the solution of the equation 

    yqxpqpZ  22

2
1

 which passes 

through the .axisx   

19. (a) Explain charpit's method. 

Or 

 (b) Show that the characteristics of the equation 
 qpzyxfTtSsRr ,,,,  are invariant with 

respect to any transformations of the 
independent variables. 

20. (a) Explain how you will solve hyperbolic 
equations of second order. 

Or 

 (b) Discuss the solutions of the equation 

.
1

2

2

2

2

t
z

ky
z

x
z












 

  

——————— 
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Answer ALL questions. 

 Choose the correct answer : 

1. Analytic functions are characterized by the 
condition 

 (a) 0


x
f

  (b) 0


z
f

 

 (c) 0


z
f

  (d) 0


y
f
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2. The radius of convergence of the series  !n
zn

 is  

 (a) 1   (b) 0 

 (c) 
n
1

   (d)   

3. A linear transformation carries circles into 

 (a) quadrilaterals (b) circles 

 (c) rectangles (d) straight lines 

4. Consider a circle C with the centre a, represented 

by the equation ,iteaz   20  t , then 





C

az
dz

 is 

 (a) i2   (b) 0 

 (c) 1   (d) 2  

5. The index of the point a w.r.t. the curve   is  

 (a)  


az
dz

  (b) 
i2

1
 


az
dz

 

 (c)  


az

dz
  (d) 

i2
1

  
2az

dz
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6. A function which is analytic and bounded in the 

whole plane must reduce to a constant. This 

theorem is known as 

 (a) Morera’s theorem    

 (b) Fundamental theorem of algebra 

 (c) Liouville’s theorem    

 (d) Cauchy’s theorem 

7. The residue of    25  zz
ez

 at 2z  is 

 (a) 
3

2


e

   (b) 
3

2e
 

 (c) 
3

5e
   (d) 

3

5


e

 

8. If   ,lim 


zf
az

 the point ‘a’ is said to be  

 (a) an isolated singularity    

 (b) a zero 

 (c) a pole    

 (d) an accumulation point 
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9. The residue of     321

2

 zzz
z

 at 1z  is 

 (a) 1   (b) 2 

 (c) 0   (d) 1/2 

10. If iez   then 





 

z
z

i
1

2
1

 is 

 (a) cos   (b) sin  

 (c) 2cos   (d) 2sin  

PART B — (5 × 5 = 25 marks) 

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

11. (a) Verify Cauchy-Riemann’s equations for the 

function 3z . 

Or 

 (b) If all zeros of a polynomial  zP  lie in a half 

plane, prove that all zeros of the derivative 

 zP   lie in the same half plane.   

[P.T.O.]
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12. (a) Given three distinct points 432 ,, zzz  in the 

extended plane, prove that there exists a 

unique linear transformation S which carries 

them into 1, 0,   in this order. 

Or 

 (b) Complete 


xdz  where   is the directed line 

segment from 0 to 1 + i. 

13. (a) State and prove Morera’s theorem. 

Or 

 (b) State and prove Liouvelle’s theorem. 

14. (a) Define the following : 

  (i) isolated singularity of a function 

  (ii) zero of order h of a function 

  (iii) pole of a function 

  (iv) meromorphic functions 

Or 

 (b) State and prove the maximum principle for 

analytic functioning. 
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15. (a) State and prove Rouche’s theorem. 

Or 

 (b) If 1u and 2u  are harmonic in a region ,  

prove that 

   


0** 1221 duuduu  for every cycle   

which is homologous to zero in  . 

PART C — (5  8 = 40 marks) 

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

16. (a) If  yxu ,  and  yxv ,  have continuous first 

order partial derivatives which satisfy the 

Cauchy-Riemann differential equations, 

prove that      zivzuzf   is analytic with 

continuous derivative  zf   and conversely. 

Or 

 (b) State and prove Abel’s limit theorem. 
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17. (a) If ,
1

,
3
2

21 






z
z

zT
z
z

zT  find ,21 zTT  zTT 12  

and zTT 2
1

1
 . 

Or 

 (b) Prove that the line integral  


qdypdx , 

defined in  , depends only on the end points 

of  if and only if there exists a function 

 yxU ,  in   with the partial derivatives 

  q
y
U

p
x
U









, .  

18. (a) State and prove Cauchy’s theorem for a 

rectangle. 

Or 

 (b) Suppose that    is continuous on the arc  . 

Prove that the function    
  


 


nn

z

d
zF  is 

analytic in each of the regions determined by 

 , and its derivative is    zFnzF nn 1 . 
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19. (a) State and prove Taylor’s theorem. 

Or 

 (b) State and prove the lemma of Schwarz. 

20. (a) State and prove the argument principle. 

Or 

 (b) Evaluate 


0
22

,
sin

dx
ax

xx
a real. 

 ———————  
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PART A — (10  1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer :s 

1. A point P  where ————— is called a point of 
inflexion. 

 (a) or    (b) or   
 (c) or    (d) orr .  

2.  rrr  ,,  is 

 (a) 2K   (b) 2K  

 (c)   612 
uK   (d) O 

(7 pages) 
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3. A helix of constant curvature is necessarily 

 (a) a sphere  (b) a spherical helix 

 (c) a cylindrical helix (d) a circular helix 

4. A necessary and sufficient condition that a curve 

be a straight line is 

 (a) K = 0 at all points (b) 0  at all points 

 (c)  rrr  ,, = 0 (d)  rrr  ,, = 0 

5. Eliminating u and v from ,coshvux   

,,sin 2uzhvuy  the constraint equation is 

 (a) zyx  22  (b) zyx  22  

 (c) zyx  22  (d) zyx  22  

6. The formula for 2ds  is 

 (a) 22 GdvFdudvEdu   

 (b) 22 2 GdvFdudvduE   

 (c) GdvFdudvduE  2     

 (d) 22 2 GduFdudvdvE   
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7. If the parametric curves are orthogonal then the 
curve cv   will be geodesic if and only if 

 (a) E is a function of v only    

 (b) E is a function of u only 

 (c) G is a function of v only    

 (d) G is a function of u only 

8. Orthogonal trajectories are called 

 (a) orthogonal parallels     

 (b) orthogonal geodesic 

 (c) geodesic parallels    

 (d) geodesic trajectories 

9. The second fundamental form is 

 (a) 22 2 NdvMdudvLdu      

 (b) 22 NdvMdudvLdu   

 (c) NdvdvMduLdu  222     

 (d) 22 2 NdvMdudvLdu   

10. The Gaussian curvature K is defined by 

 (a) 2

2

FEG

MLN




 (b) 2

2

FEG

MLN




 

 (c) 2

2

FEG

MLN




 (d) 2

2

MLN

FEG



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PART B — (5 × 5 = 25 marks) 

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

Each answer should not exceed 250 words. 

11. (a) Calculate the curvature and torsion of the 

cubic curve given by  32,, uuur  . 

Or 

 (b) Prove that  rrr  ,,  = 2K . 

12. (a) Show that the osculating plane at P has, in 
general, three point contact with the curve at 
P. 

Or 

 (b) Show that the involutes of a circular helix are 
plane curves. 

13. (a) Show that a proper parametric transmission 
either leaves every normal unchanged or 
reverses every normal. 

Or 

 (b) Find the coefficients of the direction which 
makes an angle 2/  with the direction whose 
coefficients are  ml, .   

[P.T.O.]
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14. (a) In the paraboloid ,22 zyx   find the 
orthogonal trajectories of the section by the 
planes z constant. 

Or 

 (b) Prove that the curves of the family 
23 /uv constant are geodesics on a surface 

with metric 2222 22 dvududvuvduv   
(where 0,0  Vu ). 

15. (a) Find the geodesic curvature of the parametric 
curve cv  . 

Or 

 (b) Prove the Euler’s formula  

   22 sincos ba KKK  . 

PART C — (5  8 = 40 marks) 

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

Each answer should not exceed 600 words. 

16. (a) Obtain the Serret-Frenet formulae. 

Or 

 (b) Find the curvature and the torsion of the 
curve     323 3,3,3 uuaauuuar  . 
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17. (a) Show that the spherical indication of a curve 
is a circle if and only if the curve is a helix. 

Or 

 (b) Prove that the necessary and sufficient 
condition for a curve to be a helix is that its 
curvature and torsion are in a constant ratio. 

18. (a) Show that the parametric curves on the 
sphere given by ,cossin vxax   

,sinsin vuay   ,cosuaz   2/0  u , 

,20  v  form on orthogonal system. 
Determine the two families of curves whch 
meet the curves v = constant at angles of 4/  
and 4/3 . 

Or 

 (b) Show that on a right helicoids, the family of 
curves orthogonal to the curves 

vu cos constant in the family  22 au   

v2sin  constant. 

19. (a) Prove that, on the general surface, a 
necessary and sufficient condition that the 
curve cv   be a geodesic is 

 12 FEEE 02 1 EF  when v = c, for all 

values of u. 

Or 

 (b) Find the geodesics on a surface of revolution. 
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20. (a) Define lines of curvature and characterize the 
lines of curvature. 

Or 

 (b) State and prove Hilbert’s lemma. 

 ———————  
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1. 


n

i
ii yx

1
qp

yx  is known as the 

 (a) Minkowski’s inequality    

 (b) Holder’s inequality 

 (c) Triangle inequality     

 (d) Schwartz’s inequality 
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2. The conjugate space of nl  is 

 (a) nl    (b) 
1l  

 (c) nl1    (d) l  

3. Which one of the following is not reflexive? 
 (a) 3l    (b) 0C  

 (c) 4L    (d) 6
2l  

4. If X  is a compact Hausdorff space then  XC  is 
reflexive if and only if 

 (a) X is an infinite set    
 (b) X is an uncountable set 
 (c) X is a finite set    
 (d) X is a singleton set 

5. In a Hilbert space ziyx 4,   is 

 (a) zxyxi ,4,   (b) zxyxi ,4,   

 (c) zxyxi ,4,   (d) zxyx ,4,   

6. In a Hilbert space H, which one of the following is 
not true (Here S is a nonempty subset of H) 

 (a)   H0    

 (b)  0 SS  

 (c)   2121 SSSS     

 (d) S  is a closed linear subspace of H 
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7. The value of  
2

0

74 dxee xxi  is 

 (a) –3   (b) 11 

 (c) 0   (d) 2  

8. An operator T on H is normal if and only if 

 (a) TxxT *  for every x    

 (b) xTx   for all x 

 (c)    yxTyTx ,,   for all x and y    

 (d)  xTx,  is real for all x 

9. A closed linear subspace M of H reduces an 

operator T if and only if M is invariant under 

 (a) T   (b) *T  

 (c) either T or *T  (d) both T and *T  

10. An operators T on H is an isometric isomorphism 

of H onto itself if and only if 

 (a) T is unitary    

 (b) T is normal 

 (c) T is self adjoint    

 (d) T is a positive operator 
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PART B — (5 × 5 = 25 marks) 

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

11. (a) Define a Banach space with an example. 
Prove that the addition and the scalar 
multiplication are jointly continuous in a 
Banach space. 

Or 

 (b) If M is a closed linear subspace of a normed 
linear space N and 0x  is a vector not in M, 

prove that there exists a functional 0f  in *N  

such that   00 Mf  and   000 xf . 

12. (a) If B and B  are Banach spaces, and if T is a 
linear transformation of B into B , prove that 
T is continuous if  its graph is closed. 

Or 

 (b) If B is a Banach space, prove that B is 

reflexive if and only if *B  is reflexive. 

13. (a) Prove that a non-empty subset X  of a 
normed linear space N is bounded  Xf  is 

a bounded set of numbers for each f in *N . 

Or 

 (b) State and prove Schwarz inequality in a 
Hilbert space.   

[P.T.O.]
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14. (a) Prove that a Hilbert space H is separable   
every orthonormal set in H is countable.  

Or 

 (b) Prove that an operator T on H is self-adjoint 

   xTx,  is real for all x. 

15. (a) If T  is an operator on H, prove that T  is 

normal   its real and imaginary parts 

commute. 

Or 

 (b) If P is the projection on a closed linear 

subspace M of H, prove that M is invariant 

under an operator T PTPTP  . 

PART C — (5  8 = 40 marks) 

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

16. (a) Let M be a closed linear subspace of a normed 

linear space N. If the norm of a coset x + m 

 in the quotient space N/M is defined by 

  Mx  = inf  MmMx  , prove that 

N/M  is a normed linear space. Also show 

that MN /  is a Banach space if N is a 

Banach space. 

Or 
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 (b) Let M be a linear subspace of a normed linear 
space N and let f be a functional defined on 
M. If 0x  is a vector not in - M and it 

 00 xMM   is the linear subspace spanned 
by M and 0x , prove that f can be extended to 
a functional 0f  defined on 0M such that 

ff 0 . 

17. (a) Prove that xFx   is a norm preserving 

mapping of N into xN * where xF  is defined 

by     *NfxffFx  . Also show that the 
mapping xFx   is linear and an isomeric 

isomorphism of N into *N . 

Or 

 (b) If B  and B  are Banach spaces, and it T is a 
continuous linear transformation of B onto 
B , prove that the image of each open sphere 
centered on the origin in B contains an open 
sphere centered on the origin in B . 

18. (a) State and prove the uniform boundedness 
theorem. 

Or 

 (b) Prove that a closed convex subset C of a 
Hilbert space H contains a unique vector of 
smallest norm. 
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19. (a) Let H be a Hilbert space and let  ie  be an 
orthonormal set in H. Prove that the 
following are equivalent : 

  (i)  ie  is complete 

  (ii) x  ie  0 x  

  (iii) If x is an arbitrary vector in H then x = 
  ii eex,  

  (iv) If x is an arbitrary vector in H, then 

  22 , iexx  . 

Or 
 (b) Let H be a Hilbert space and let f be an 

arbitrary functional in *H . Prove that there 
exists a unique vector y in H such that  
 xf =  yx,  for every x in H. 

20. (a) If P is protection on H with range M and null 
space N, prove that NM    P is  
self-adjoint and in this case show that  
N = M . 

Or 
 (b) Let T be an arbitrary operator on H. Let 

m ,,........., 21   be the eigen values and let 

mMMM ,.......,, 21  be their corresponding 
eigen spaces. Prove that if T is normal then 
the iM ’s are pairwise orthogonal and span H. 

 ———————  
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1. If  zf  is a real function of a complex variable then 

 (a) the derivative does not exist    

 (b) the derivative exists 

 (c) either the derivative is zero or the derivative 
does not exist    

 (d) the derivative is zero 

(7 pages) 
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2. The formula 



nR
lim

1
 sup n

na  is known as 

 (a) Hadamard’s formula  

 (b) Cauchy’s formula 

 (c) Abel’s formula    

 (d) Rouche’s formula 

3. If   idzzf  2


 then  


dzzf  is 

 (a) 2 – i  (b) 2 + i  

 (c) – 2 – i  (d) 0 

4. If  
dcz
baz

zSw



  then  wS 1  is 

 (a) 
acw

bdw



  (b) 
acw
bdw




 

 (c) 
acw

bdw



  (d) 1z  

5. 


1z

z
dz

z
e

 is 

 (a) 0   (b) 1 

 (c) 2    (d)   
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6. The index of the point a w.r.t. the curve   is 

 (a)   



dzaz

i2
1

 (b)  


 az
dz

i2
1

 

 (c) 



dz

i2
1

  (d)  


az
dz

 

7. ‘‘If  zf  is a polynomial of degree > 0 then   0zf  

must have a root’’ — This result is known as  

 (a) Liouville’s theorem    

 (b) Morera’s theorem 

 (c) Fundamental theorem of algebra    

 (d) Cauchy’s theorem 

8. If  zf  is analytic and non constraint is a region   

then 

 (a)  zf  has no maximum in      

 (b)  zf  has maximum in   

 (c)  zf  has maximum in      

 (d)  zf  has no maximum in   
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9. The residue of the function    bzaz
ez


 at the 

pole a is 

 (a) 
ab

ea


  (b) 

ba
ea


 

 (c) 
ba

eb


  (d) 

ab
eb


 

10. Residue of 
zz

z

2

1
2 


 at z = 0 is 

 (a) 
2
1

   (b) 0 

 (c) 3/2   (d) – 1/2 

PART B — (5 × 5 = 25 marks) 

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

11. (a) State and prove Lucas’s theorem. 

Or 

 (b) Show that an analytic function cannot have a 

constant absolute value without reducing to a 

constant.   

[P.T.O.]
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12. (a) Find the linear transformation which carries 
0, i, – i into 1, –1, 0.  

Or 

 (b) Show that the transformation zz   is not a 
linear transformation. 

13. (a) If the piecewise differentiable closed curve   
does not pass through the point a, prove that 

the value of the integral  


az
dz

 is a multiple 

of i2 . 

Or 

 (b) As a function of a, prove that the index 
 arn ,  is constant in each of the regions 

determined by   and zero in the unbounded 
region. 

14. (a) State and prove Morera’s theorem. 

Or 

 (b) State and prove the fundamental theorem of 
algebra. 

15. (a) State and prove Rouche’s theorem. 

Or 

 (b) State and prove the residue theorem. 
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PART C — (5  8 = 40 marks) 

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

16. (a) Derive the Cauchy-Riemann differential 
equations which must be satisfied by the real      
and imaginary part of any analytic function 

and hence show that   2zf   is the Jacobian of 

u  and v  w.r.t. x and y where 
     zivzuzf  . 

Or 
 (b) State and prove Abel’s limit theorem. 

17. (a) Obtain a necessary and sufficient condition 
under which a line integral depends only on 
the end points. 

Or 

 (b) Compute 



1

.1
z

dzz . 

18. (a) If the function  zf  is analytic in a rectangle 
R, prove that  

R
dzzf


 0 . 

Or 
 (b) Let  zf  be analytic on the set 'R  obtained 

from a rectangle R by omitting a finite 
number of interior points  j . If 

iz
lt

 iz  f (z) = 0 for all i, prove that 

 
R

dzzf


 0 . 
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19. (a) Suppose that    is continuous on the arc 

 . Prove that     






nz

d
zFn  is analytic 

in each of the regions determined by   and 
derivatives is    zFnnznF 1 . 

Or 

 (b) (i) State and prove the maximum principle. 

  (ii) State and prove the lemma of Schwarz. 

20. (a) State and prove the argument principle. 

Or 

 (b) Evaluate ,
sin

0

22 dx
ax

xx







 a real. 

 ———————  
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 Choose the correct answer 

1. If Q is the field of rational numbers, then 

     QQQQ :3:2   is 

 (a) 2   (b) 6 

 (c) 4   (d) 5 
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2. If L  is a finite extension of F  and K  is a subfield 
of L  which contains F , then  

 (a)    FLKL ::  (b)    FLFK ::  

 (c)    KLFL ::  (d)    FKFL ::  

3. 2 s a root  of      2332 254  xxxx  of 

multiplicity 

 (a) 4   (b) 3  

 (c) 5   (d) 11  

4. The characteristic of the field of rotational 
numbers Q  is 

 (a) A prime number P (b) 0 

 (c) 1   (d) A composite number 

5. If G is a group of automorphisons of K , then the 
fixed field of G  is 

 (a)   Gaaka       

 (b)   Goaka    

 (c)   Kaaaa      

 (d)   Kaaa   0  
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6. If K= and F= , then the fixed field of  FKG ,  
is 

 (a) K     

 (b) F  

 (c) a filed betweenK  and F  

 (d)   

7. Which one of the following is a filed? 

 (a) 6J     (b) 18J   

 (c) 28J    (d) 19J   

8. The cyclotornic polynomial  x4 is 

 (a) 12 x   (b) 1x   

 (c) 1x    (d) 12 xx   

9. Let H  be the Hurwitz ring of integral 
quaternions. If Ha  then Ha 1  if and only if. 

 (a)   0aN   (b)   1aN  

 (c)   1aN   (d)   0aN  

10. Let C be the field of complex numbers and 
suppose that the divisions ring D  is algebraic are 
C . Then 

 (a) CD    (b) CD    

 (c) DC

   (d) CD


  
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PART B — (5  5 = 25 marks) 

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

11. (a) If L  is an algebraic of K  and if K if K  an 
algebraic extension of F , prove that L  is an 
algebraic extension of F .  

Or 

 (b) If a, Kb  are algebraic over F  of degree on 
and n , respectively, and if m  and n  are 
relatively prime, prove that  baf , is of degree 
mn over F . 

12. (a) Prove that  a polynomial of degree n  over a 
field can have at most n  roots in any 
extension field. 

Or 

 (b) If  xf and  xf   have a non trivial common 

factor, prove that    xFxf   has a multiple 
root. 

13. (a) Prove that  FKG , is a subgroup of the group 
of all automorphism of K . 

Or 

 (b) If K  is finite extension of F , prove that 
    FKFKGO :,  .   

[P.T.O.] 
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14. (a) For any prime number P  and any integer m , 
prove that there is a field having mp  
elements. 

Or 

 (b) Let G  be a finite abelian group enjoying the 
property that the relation exn   is satisfied 
by at most n  elements of G , for every integer 
n , prove that G  is a cyclic group. 

15. (a) Suppose that the division ring D  is algebraic 
over the field of complex number D , prove 
that CD  . 

Or 

 (b) Let Q  be the divisions ring of real 
quaternions for Qx , define  xN  and prove 
that      yNxNxyN  for all Qyx , . 

PART C — (5  8 = 40 marks) 

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

16. (a) With usual notations, prove that 
     FKKLFL :::  . 

Or 

 (b) Prove that the element of ka  is algebraic 
over F  if and only if  aF  is a finite extension 
of F . 
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17. (a) If  xP is irreducible in  xF  and if v is a root 
of  xp , prove that  vF is isomorphic to  wF   
where w is a root of  tp . 

Or 

 (b) If F is of characteristic O and if ba,  and 
algebraic over F , prove that there exist an 
element  baFC , such that    cFbaF , . 

18. (a) Prove that K  is a normal extension of F  if 
and only if K  is the splitting field of some 
polynomial over F . 

Or 

 (b) State and prove the fundamental theorem of 
Galois theory.  

19. (a) If F is a finite field and o , 0  and two 
elements, of F , prove that we can find 
elements a  and b in F such that 

01 22  ba  . 

Or 

 (b) Prove that a finite divisions ring is necessarily 
a commutative field. 

20. (a) State and prove Frobenius theorem. 
Or 

 (b) Prove that every positive integer can be 
expressed as the sum of squares of four 
integers. 

——————— 
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1. A space for which every open covering contains a 
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 (c) Lindelöf   (d) Second countable 
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2. Which one of the following is not true? 

 (a) T2 and compact   normal    

 (b) T3 and Lindelöf   
2
1

3
T  

 (c) T2 and compact T3 and Lindelöf   

 (d) T2 and compact T3 and Lindelöf 

3. Every regular space with a countable basis is 

 (a) normal    

 (b) completely regular but not normal 

 (c) regular but not completely regular    

 (d) compact and Hausdorff 

4. A space X is completely regular then it is 

homeomorphic to a subspace of 

 (a)  J1,0     

 (b) nR  where n is a finite 

 (c) JR     

 (d)  J1,0  where n is a finite number and J is 

uncountable. 
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5. Normal space is also known as 

 (a) 4T    (b) 
2
1

2
T  

 (c) 
2
1

3
T    (d) 3T  

6. Tietze extension theorem implies 

 (a) The Urysohn Metrization theorem    

 (b) Heine-Borel theorem 

 (c) The Urysohn lemma    

 (d) The Tychonof theorem 

7. Let   ZnnnA  :1,1 . Which of the 

following refine A. 

 (a) 














  Znnn :

2
3

,
2
1

    

 (b) 














  Znnn :

2
3

,
2
1

 

 (c) 














  Znnn :2,

2
1

    

 (d)   Rxxx  :1,  
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8. Which one of the following is locally finite in R? 

 (a)   Znnn  :1,1     

 (b) 
















Zn
n

:
1

,0  

 (c) 
















 Zn
nn

:
1

,
1

1
    

 (d)   Rxxx  :1,  

9. Which of the following is not true? 
 (a) Every non empty subset of the set of 

irrational numbers is of second category    
 (b) Open subspace of a Baire space is a Baire 

space 
 (c) The set of rationals is a Baire space    

 (d) If  X = 


1n
nB  and X is a Baire space with 

1B , then atleast one of nB  has nonempty 
interior. 

10. Which one of the following is not true? 
 (a) Any set X with discrete topology is a Baire 

space     
 (b) Every locally compact space is a Baire space 
 (c) [0, 1] is a Baire space    
 (d) Rationals as a subspace of real numbers is 

not a Baire space   

[P.T.O.]
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PART B — (5 × 5 = 25 marks) 

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

11. (a) Let X be a topological space. Let one point 

sets in X be closed. Then prove that X is 

regular if and only if given a point x of X and 

a neighborhood U of x, there is a 

neighborhood V of x such that UV  . 

Or 

 (b) Show that if X is regular, every pair of points 

of X have neighborhoods whose closures are 

disjoint. 

12. (a) Examine the proof of Urysohn lemma and 

show that for a given r, 

    ,1_















 
 

rp rq
qp UUrf  where p and q are 

rational. 

Or 

 (b) Prove that every normal space is completely 

regular and completely regular space is 

regular. 
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13. (a) Prove that Tietze extension theorem implies 
the Urysohn lemma. 

Or 

 (b) State and prove imbedding theorem. 

14. (a) Give an example of a collection of sets A that 
is not locally finite, such that the collection  
B =  AAA :  is locally finite. 

Or 

 (b) Define finite intersection property. Let X be a 
set and D be the set of all subsets of X that is 
maximal with respect to finite intersection 
property. Show that  

  (i) DAAx   if and only if every 
neighborhood of x belongs to D. 

  (ii) Let DA . Then prove that 
DBAB  . 

15. (a) Define a first category space. Prove that X is 
a Baire space if and only if ‘given any 
countable collection  nU  of open sets in X, Un 

is dense in X ,n  then nU  is also dense’. 

Or 

 (b) Define a Baire space. Whether Q the set of 
rationals as a space is Baire space? What 
about if we consider Q as a subspace of real 
numbers space. Justify your answer. 



 Code No. : 5855 Page 7 

PART C — (5  8 = 40 marks) 

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

16. (a) Prove that the space LR  satisfies all the 

countability axioms but the second. 

Or 

 (b) Prove that product of Lindelof spaces need 

not be Lindelof. 

17. (a) Define a regular space and a normal space. 

Prove that every regular second countable 

space is normal. 

Or 

 (b) State and prove Urysohn’s lemma. 

18. (a) State and prove Tietze extension theorem. 

Or 

 (b) State and prove Uryzohn’s metrization 

theorem. 
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19. (a) State and prove Tychonoff theorem. 

Or 

 (b) Let X be a metrizable space. If A is an open 
covering of X, then prove that there is an 
open covering   of X refining A that is 
countably locally finite. 

20. (a) Let X be a space ; let (Y, d) be a metric space. 
Let YXfn :  be a sequence of continuous 
functions such that    xfxfn   for all ,Xx   
where .: YXf   If X  is a Baire space, prove 
that the set of points at which f  is 
continuous is dense in X. 

Or 

 (b) State and prove Baire Category Theorem. 

 ———————  
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 (c) Continuous  

 (d) Discontinuous  
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2. If  1:  xxS  is the closed unit sphere in N, 

then its image  ST  is a ——————set in 1N .   

 (a) Bounded  (b) Unbounded  

 (c) Continuous (d) Discontinuous  

3. If x  and y  are any two vectors in a Hilbert space, 

then   yxyx ,  

 (a)     (b)    

 (c)     (d)    

4. If M and N are closed linear spaces of a Hilbert 

space H such that NM  , then the linear 

subspace NM   is ——————.  

 (a) open   (b) closed  

 (c) union  (d) disjoint  

5. Which one is the property of orthonormal? 

 (a) ji eeji   (b) 0ie  for every i  

 (c) 1ie  for every i (d) ji eeji    
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6. Every non-zero Hilbert space contains a complete 
——————set.  

 (a) parallel  (b) normal  

 (c) orthonormal (d) closed  

7. If N is a normal operator on H, then 2N =  

—————— 

 (a) 1   (b) 0  

 (c) N   (d) 2N   

8. The unitary operators on H form a ——————.   

 (a) subgroup  (b) cyclic subgroup  

 (c) group  (d) abelian group  

9. If A is a division algebra, then it equals the set of 
all scalar multiples of the ——————.  

 (a) identity  (b) constant  

 (c) reciprocal  (d) inverse  

10. If G is an open set, then S is a —————— set.  

 (a) open   (b) closed  

 (c) normal  (d) orthonormal  
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PART B — (5  5 = 25 marks) 

Answer ALL questions, choosing either (a) or (b). 
Each answer should not exceed 250 words. 

11. (a) Prove that if N is a normal linear space and 
0x  is a non-zero vector in N, then there exist a 

functional 0f  in *N  such that   000 xxf   

and 10 f . 

Or 

 (b) If N and N  be the normal linear spaces and T 
a linear transformation of N into N . Then 
prove that the following conditions on T are 
all equivalent : (i) T is continuous (ii) T is 
continuous at the origin, in the sense that 

  00  nn xTx . 

12. (a) State and prove open mapping theorem. 

Or 

 (b) Prove that if M is a closed linear space of a 
Hilbert space H, then  MMH . 

13. (a) Prove that an operator T on H is self adjoint 
 xTx ,  is real for all x. 

Or  

[P.T.O.] 
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 (b) Prove that if  ie  is an orthonormal set in a 
Hilbert space H, and if x is any vector in H, 
then the set   0:  iii exeS  is either empty 
or countable.  

14. (a) Prove that if P is the projection on a closed 
linear subspace M of H, then M is invariant 
under operator PTPTPT  . 

Or 

 (b) Prove that if T is normal, then the iM ’s are 
pairwise orthogonal. 

15. (a) Prove that G is an open sat, and therefore S is 
a closed set. 

Or 

 (b) Prove that    nn xx   . 

PART C — (5  8 = 40 marks) 

Answer ALL questions, choosing either (a) or (b)  
Each answer should not exceed 600 words. 

16. (a) Prove that let M be a closed linear subspace of 
a normal linear space N. If the norm of coset 

Mx   in the quotient space MN /  is defined 
by  MmMxfMx  :inf . Then 

M
N  is a normal linear space  

Or 
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 (b) Show that let M be a linear subspace of a 
normed linear space N, and let f be a 
functional defined on M. If 0x  is a vector not 
in M , and if  00 xMM   is the linear 
subspace spanned by M and 0x  such that 

ff 0 . 

17. (a) State and prove closed graph theorem. 

Or 

 (b) Prove that a closed convex subset C of a 
Hilbert space H contains a unique vector of 
smallest norm. 

18. (a) State and prove Bessel’s Inequality. 

Or 

 (b) Prove that let H be a Hilbert space, and let f 
be an arbitrary functional in *H . Then there 
exists a  unique vector y in H such that 
   yxxf ,  for every x in H. 

19. (a) Prove that if P is a projection on H with range 
M and null space N, then PNM   is self 
adjoint; and in this case  MN . 

Or 

 (b) Prove that if T is normal, then the iM ’s span 
H. 
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20. (a) Prove that if r is an element of A with the 
property that xr1  is regular for every x, 
then r is in R. 

Or 

 (b) Prove that   nnxxr
1

lim . 

——————— 

 


