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Prove each of the following assertions :

(i) If a: b(modru), mf n then o = b (mod

(ir) If o=b(modn) and c>0 t
tca = cb (mod ru).

(iir) If a= b(modru) and the integers a,b.
are all divisible of d > 0 t
ald=bld(mod,n).

20.

Or

(+) L9einougLb Gprflueu slD6inunL_6Dr$ $n :

I7x=9(mod276).

Solve the following linear congruence.

17x=9(mod276).

(er) "'.GlunLonL-rqeir Gpgpgeop or119$ 6f0rql.
LD ngp6n6D p_erorenLour n oren Gen$$$ @s.

State and prove Fermat's theorem. T
whether the converse is true.

Or

(g) o9ctuoruaflein Gpppp6np er119$ erp6irr
Gen$g$l@o.

State and prove the Wilson's theorem
the converse.
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Reg. No. : ...............................  

Code No. : 41148 B Sub. Code : JAMA 11/ 
   SAMA 11 

B.Sc. (CBCS) DEGREE EXAMINATION,  
NOVEMBER 2018. 

First/Third Semester 

Mathematics — Allied 

ALGEBRA AND DIFFERENTIAL EQUATIONS 

(For those who joined in July 2016 onwards) 

Time : Three hours Maximum : 75 marks 

SECTION A — (10  1 = 10 marks) 

Answer ALL questions. 

Choose the correct answer. 

1. ara
r
a

,,  Gß£Ú 08147 23  xxx  GßÓ 

\©ß£õmiß ‰»[PÒ GÛÀ, ‘a’&Cß ©v¨¦  

——————. 

 (A) 8  (B) –8 

 (C) –2  (D) 2 
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 If the roots of the equation 08147 23  xxx  are 

ara
r
a

,,  then the value of ‘a’ is ——————. 

 (a) 8  (b) –8 

 (c) –2  (d) 2 

2. 0)( xf  Gß£x J¸ Cμshõ® ÁøP ©ØÖ® 

C¸ø©¨£i öPõsh uø»RÌ \©ß£õk GÛÀ  

—————— Gß£x )(xf &Cß J¸ Põμo¯õS®. 

 (A) 1x   (B) 1x  

 (C) 12 x  (D) 12 x  

 If 0)( xf  is a reciprocal equation of second type 
and even degree, then —————— is a factor of 

)(xf .  

 (a) 1x   (b) 1x  

 (c) 12 x  (d) 12 x  

3. 029103 23  xxx  GßÓ \©ß£õmiß ‰»[PøÍ 

3&BÀ ö£¸UP QøhUS® E¸©õØÖ \©ß£õk  

——————. 

 (A) 020009001003 23  xxx  

 (B) 02279027 23  xxx  

 (C) 05481303 23  xxx  

 (D) 0
3
2

3
3

10 23  xxx  
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 When the roots of the equation 
029103 23  xxx  are multiplied by 3 the 

transformed equation is ——————.  

 (a) 020009001003 23  xxx  

 (b) 02279027 23  xxx  

 (c) 05481303 23  xxx  

 (d) 0
3
2

3
3

10 23  xxx  

4. 0)( xf  GßÓ \©ß£õmiß Gvº©øÓ ‰»[PÒ  

——————. 

 (A) 0)( xf &Cß ÷|›øh ‰»[PÒ 

 (B) 0
)(

1


xf
&Cß ÷|›øh ‰»[PÒ 

 (C) 0)(  xf &Cß ÷|›øh ‰»[PÒ 

 (D) 0)( xf &Cß Gvº©øÓ ‰»[PÒ 

 The negative roots of 0)( xf  are ——————.  

 (a) positive roots of 0)( xf  

 (b) positive roots of 0
)(

1


xf
 

 (c) positive roots of 0)(  xf  

 (d) negative roots of 0)( xf  



 

Code No. : 41148 B Page 4 

wk12 

5. 









00
10

A  GßÓ Ao°ß ]Ó¨¤¯À¦ \©ß£õk  

——————. 

 (A) 02 x  (B) 012 x  

 (C) 01 2  x  (D) 01 x  

 The characteristic equation of the matrix 











00
10

A  is ——————.  

 (a) 02 x  (b) 012 x  

 (c) 01 2  x  (d) 01 x  

6. 













cossin
sincos

 GßÓ Ao°ß IPß ©v¨¦PÎß 

TkuÀ ——————.  

 (A) 0  (B) 1 

 (C) cos2  (D) 2cos  

 The sum of the eigen values of 













cossin
sincos

 is 

——————.  

 (a) 0  (b) 1 

 (c) cos2  (d) 2cos  
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7. byaxZ  &¼¸¢x QøhUS® £Sv ÁøPUöPÊ 

\©ß£õk ——————. 

 (A) yqxpZ 22   (B) yqxpZ 22   

 (C) qypxZ   (D) qypxZ   

 The partial differential equation from byaxZ   

is ——————.  

 (a) yqxpZ 22   (b) yqxpZ 22   

 (c) qypxZ   (d) qypxZ   

8. 0232  pp -&Cß wºÄ ——————. 

 (A) 0)()2( 21  cxycxy  

 (B) 0)()2( 21  cxycxy  

 (C) 0)3()3( 21  cxycxy  

 (D) 0)4()4( 21  cxycxy  

 The solution of 0232  pp  is ——————.   

 (a) 0)()2( 21  cxycxy  

 (b) 0)()2( 21  cxycxy  

 (c) 0)3()3( 21  cxycxy  

 (d) 0)4()4( 21  cxycxy  
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9.  ][ 3teL t ——————. 

 (A) 4)1(
!1

s
 (B) 4)1(

!2
s

 

 (C) 2)1(
!4

s
 (D) 4)1(

!3
s

 

  ][ 3teL t ——————.  

 (a) 4)1(
!1

s
 (b) 4)1(

!2
s

 

 (c) 2)1(
!4

s
 (d) 4)1(

!3
s

 

10. 








92
1

s
sL ——————. 

 (A) t9cos  (B) t9sin  

 (C) t3cos  (D) t3sin  

 








92
1

s
sL ——————.  

 (a) t9cos  (b) t9sin  

 (c) t3cos  (d) t3sin  



 

Code No. : 41148 B Page 7 

wk12 

SECTION B — (5  5 = 25 marks) 

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

11. (A) 03938112 23  xxx  GßÓ \©ß£õmiß 

J¸ ‰»® i32   GÛÀ \©ß£õmøhz wºUP. 

  Solve the equation 03938112 23  xxx  if 
one root is i32  . 

Or 

 (B) 01834 23  xxx  GßÓ \©ß£õmiß C¸ 

‰»[PÒ \©® GÛÀ, \©ß£õmøhz wºUP. 

  Solve the equation 01834 23  xxx , 
given that two of the roots are equal. 

12. (A) 024410 234  xxxx  GßÓ \©ß£õmiß 

‰»[PøÍ 2&BÀ AvP›UP QøhUS® 

\©ß£õmøhU PõsP. 

  Increase the roots of the equation 
024410 234  xxxx  by 2. 

Or 

 (B) 0133  xx  GßÓ \©ß£õmiß {øÓ 

‰»zøu Cμsk u\© Chzv¸zu©õP 

{³mhÛß •øÓ¨£i PõsP. 

  Find by Newton’s method, the positive root of 
0133  xx . 
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13. (A) 























211
121

112

A  GßÓ Ao°ß ]Ó¨¤¯À¦  

\©ß£õhøhU PõsP. 

  Find the characteristic equation of 























211
121

112

A . 

Or 

 (B) 









11
42

A  GÛÀ 
3A  ©ØÖ® 

3A  

BQ¯ÁØøÓU PõsP. 

  If 









11
42

A , find 3A  and 3A . 

14. (A) wºUP : 02 232  yxpxp . 

  Solve : 02 232  yxpxp . 

Or 

 (B) )( 222 zyxfnzmylx   GßÓ \©ß£õmi& 

¼¸¢x \õº¦ ‘f ’&I }UP QøhUS® £Sv 

ÁøPUöPÊ \©ß£õmiøÚ Aø©UPÄ®. 

  Form the partial differential equation by 
eliminating the arbitrary function ‘f ’  from 

)( 222 zyxfnzmylx  . 
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15. (A) PõsP : ]2cos3[cos ttL  . 

  Find ]2cos3[cos ttL  . 

Or 

 (B) PõsP : 








134
3

2
1

ss
sL . 

  Find 








134
3

2
1

ss
sL . 

SECTION C — (5  8 = 40 marks) 

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

16. (A) 023  srxqxpx  GßÓ \©ß£õmiß 

‰»[PÒ ö£¸US öuõh›À C¸UP ÷uøÁ¯õÚ 

©ØÖ® ÷£õx©õÚ {£¢uøÚ sqpr 33   GÚ 

{¹¤. 

  Show that the roots of the equation 

023  srxqxpx  are in G.P. if and only if 

sqpr 33  . 

Or 

 (B) wºUPÄ®: .06113333116 2345  xxxxx  

  Solve : 06113333116 2345  xxxxx . 
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17. (A) 035724812 234  xxxx  GßÓ 

\©ß£õmiß CμshõÁx EÖ¨ø£ }UQ wºÄ 

PõsP. 

  Solve 035724812 234  xxxx  by 
removing the second term. 

Or 

 (B) íõºÚº •øÓø¯¨ £¯ß£kzv 0263  xx  

GßÓ \©ß£õmiß ö©´ ‰»zøu Cμsk u\© 

Chzv¸zu©õPU Psk¤i. 

  Using Horner’s method, find the real root of 

the equation 0263  xx  correct to two 
decimal places. 

18. (A) 























312
132

226

A  GßÓ Ao°ß IPß ©v¨¦ 

©ØÖ® IPß öÁUhøμU PõsP. 

  Find the eigen values and eigen vectors of 























312
132

226

A . 

Or 
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 (B) ÷P÷»&÷íªÀhß ÷uØÓzøu 


















211
121

111

A  

GßÓ AoUS \›£õºzx Auß ‰»® 
1A &I 

PõsP. 

  Verify Cayley-Hamilton theorem for 


















211
121

111

A  and also use it to find 1A . 

19. (A) wºUP : 06)23( 222  xypyxxyp . 

  Solve : 06)23( 222  xypyxxyp . 

Or 

 (B) wºUP : xyzqzypyzx  222 )()( . 

  Solve : xyzqzypyzx  222 )()( . 

20. (A) (i) 



 

t
tL cos1

 

  (ii) 











)2()1(
11

sss
L  BQ¯ÁØÔß 

©v¨¦PøÍU PõsP. 
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  Find : 

  (i) 



 

t
tL cos1

 

  (ii) 











)2()1(
11

sss
L . 

Or 

 (B) C»õ¨»õì E¸©õØÓzøu £¯ß£kzv wºUPÄ®: 

tteyyy  54 ; 0)0( y , 0)0( y . 

  Using Laplace transform solve 
tteyyy  54 , given that 0)0( y , 

0)0( y . 

 

——————— 
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B.Sc. (CBCS) DEGREE EXAMINATION,  
NOVEMBER 2018. 

Second Semester 

Mathematics — Main 

ANALYTICAL GEOMETRY OF THREE DIMENSIONS 

(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 condition for the lines whose direction cosines 
are 111 ,, nml  and 222 ,, nml  are perpendicular is  
–––––––––––– 

 (a) 
2

1

2

1

2

1

n
n

m
m

l
l

  

 (b) 0212121  nnmmll  

 (c) 
2
2

2
1

2
2

2
1

2
2

2
1

n
n

m
m

l
l

  

 (d) 02
2

2
1

2
2

2
1

2
2

2
1  nnmmll  

(7 pages) 
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2. Equation of yz  plane is –––––––––––– 

 (a) 0z , 0y  (b) 0y  

 (c) 0z   (d) 0x  

3. The coordinates of the points on the straight line 

0
3

1
3

3
1 





 zyx

 is   

 (a) )3,3,1(   (b) )3,3,1(  

 (c) )1,3,2(  (d) None 

4. The direction ratio of the line 

5
23

4
6

2
43 





 zyx

 is 

 (a) 







3
5

,4,
3
2

 (b) )5,4,2(  

 (c) )2,6,4(  (d) )5,4,6(  

5. The centre of the sphere  

 07642222  zyxzyx  

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

 (c) )1,2,3(  (d) )6,4,2(   
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6. In the equation of sphere the coefficient of xy  is 

 (a) 2  (b) 0 

 (c) 1  (d) –2 

7. Every line meets the cone in –––––––––––– points. 

 (a) 2  (b) 3 

 (c) 4  (d) 1 

8. The degree of the quadric cylinder is ––––––––– 

 (a) 1  (b) 3 

 (c) 2  (d) 4 

9. If the plane 72  yx  touches the conicoid 

213 222  zyx  then point of contact is  

–––––––––––– 

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

 (c) )0,3,2(   (d) )1,3,2(  

10. The intersection of 1
2

2

2

2

2

2


c
z

b
y

a
x

 is –––––––– 

 (a) a parabola (b) an ellipse 

 (c) hyperbola (d) circle 
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PART B — (5 × 5 = 25 marks) 

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

11. (a) Show that the points )0,7,10( , )1,6,6(   
and )4,9,6(   form an isosceles right angled 
triangle. 

Or 

 (b) Find the direction cosines of the bisectors of 
the angle between the lines whose direction 
cosines are ),,( 111 nml  and ),,( 222 nml . 

12. (a) Find the equation of the plane which passes 
through the point )2,3,1(  and to  to two 
planes 522  zyx , 8233  zyx . 

Or 

 (b) Find the distance of the point )0,1,2(  from 
the plane 01722  zyx . 

13. (a) Find the image of the points )3,2,1(   in the 
plane 03232  zyx . 

Or 

 (b) Find the condition for the line 
11110 dzcybxadczbyax  , 

33332222 0 dzcybxadzcybxa   
to be the coplanar.  

[P.T.O.]
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14. (a) Obtain the equation of the sphere 
circumscribing the tetrahedron whose faces 

are 0x , 0y , 0z , 1
c
z

b
y

a
x

. 

Or 

 (b) Find the equation of the sphere having the 
circle 07642222  zyxzyx , 

522  zyx  for a great circle. 

15. (a) Find the equations of the tangent planes to 
the cone 01649 222  zyx  which contain 

the line 
727232
zyx

 . 

Or 

 (b) Show that the equation of a right circular 
cone whose vertex is O, axis OZ  and 
semivertical angle   is 2222 tanzyx  . 

PART C — (5 × 8 = 40 marks) 

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

16. (a) Show that the three lines which join the mid 
points of the opposite edges of a tetrahedron 
pass through the same point and are 
bisected at that point. 

Or 
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 (b) If the direction cosines of the two lines 
satisfy the equations 0 nml , 

022  mnll nm  then find the angle 

between the lines. 

17. (a) Find the equation of the plane passing 
through the points )3,5,2(  , )5,3,2(   and 

)3,3,5(  . 

Or 

 (b) Prove that the reflection of the plane 
0 dczbyax  in the plane 

01111  dzcybxa  is the plane 

 )()( 1111111 dzcybxaccbbaa
)()( 2

1
2
1

2
1 dczbyaxcba  . 

18. (a) Find the condition for the straight lines 

n
zz

m
yy

l
xx 111 







 to meet the surface 

1222  czbyax  in two coincident points. 

Or 

 (b) Find the shortest distance between the lines 

1
8

1
8

3
3









 zyx

, 
4
6

2
7

3
3









 zyx

. 
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19. (a) Find the equation of the sphere which passes 
through the circle 042222  yxzyx , 

832  zyx  and touches the plane 
2534  yx . 

Or 
 (b) Find the condition that the lines 

n
cz

m
by

l
ax 







 where 1222  nml  

should touch the sphere 
0222222  dwzvyuxzyx . Show 

that there are two spheres through the 
points )0,0,0( , )0,0,2( a , )0,2,0( b  which 
touch the above line and that the distance 
between their centre is 

  2/122222
2

)(
2 ncbac
n

 . 

20. (a) Find the condition for the equation 
0222222  hxygzxfyzczbyax  to 

represent a right circular cone. Obtain the 
equation of the axis and the vertical angle of 
the cone. 

Or 

 (b) Obtain the condition for the plane 
0 nzmylx  to touch the quadric cone 

0222222  hxygzxfyzczbyax . 

——————— 
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B.Sc. (CBCS) DEGREE EXAMINATION,  
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First Semester 

Mathematics – Main 

CALCULUS 

(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. 
2


x  GßÓ ¦ÒÎ°À xy sin4  GßÓ 

ÁøÍÁøμ°ß ÁøÍÄ Bμ® ––––––––––. 

 (A) 2   (B) 2 

 (C) 
2

1
  (D) 22   
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 The radius of curvature of the curve xy sin4  at 

the point 
2


x  is ––––––––––.  

 (a) 2   (b) 2 

 (c) 
2

1
  (d) 22  

2. J¸ Ámhzvß Bμ® r GÛÀ Auß ÁøÍÄ Bμ®  

––––––––––. 

 (A) r  (B) 
r
1

 

 (C) 
2r   (D) 

2

1
r

  

 If the radius of a circle is r, then its radius of 
curvature is ––––––––––. 

 (a) r  (b) 
r
1

 

 (c) 2r   (d) 
2

1
r

 

3.   sin ax  ©ØÖ®  cos1  ay  GßÓ Ámh 

ÁiÂÀ ö\[÷Põmkz uÊÂ ––––––––––. 

 (A) J¸ Ámh®  

 (B) J¸ ÷|º÷Põk 

 (C) ©ØöÓõ¸ Ámh ÁiÄ  

 (D) \[Q¼¯® 
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 The evolute of the Cycloid   sin ax  and 
 cos1  ay  is ––––––––––. 

 (a) a circle (b) a straight line 

 (c) another cycloid (d) catenary 

4. ar   GßÓ Áøμ°ß öuõø» öuõk÷Põk  

––––––––––. 

 (A) ar sin  (B) ar sin  

 (C) ar cos  (D) 
a

r 1
sin    

 The asymptote of the curve ar   is ––––––––––. 

 (a) ar sin  (b) ar sin  

 (c) ar cos  (d) 
a

r 1
sin   

5. J¸ ¦ÒÎ¯õÚx Pq¨¦ÒÎ GÛÀ 

22












yx

f
  

–––––––––– 
2

2

2

2

.
y

f
x

f






. 

 (A) <  (B) > 

 (C) =  (D)    
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 A point is a node if 
22












yx

f
 –––––––––– 

2

2

2

2

.
y

f
x

f






. 

 (a) <  (b) > 

 (c) =  (d)    

6.    xxxy  11 22
 GßÓ ÁøÍÁøμ –––––––––– I 

ö£õÖzx \©a^μõÚx  

 (A)  x – Aa_ (B) y – Aa_ 

 (C) C¸ Aa_PÎ¾®  (D) xy    

 The curve    xxxy  11 22  is symmetrical 
about ––––––––––. 

 (a)  x – axis (b) y – axis 

 (c) both the axis  (d) xy   

7.   
a b c

dzdydx
0 0 0

–ß ©v¨¦ ––––––––––. 

 (A) abc  (B) 
abc
1

 

 (C) 
2

abc
  (D) 2 abc  
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 The value of    
a b c

dzdydx
0 0 0

 ––––––––––. 

 (a) abc  (b) 
abc
1

 

 (c) 
2

abc
  (d) 2 abc 

8. ,uyx   uvy   GÛÀ 







yx
vuJ

,
,

 ––––––––––. 

 (A) v  (B) u 

 (C) 
u
1

  (D) 
v
1

  

 If ,uyx   uvy  , then 







yx
vuJ

,
,

 ––––––––––. 

 (a) v  (b) u 

 (c) 
u
1

  (d) 
v
1

 

9. 
2

0

56 cos.sin



dxxx  –ß ©v¨¦ 

 (A) 
693

8
  (B) 

693
3

 

 (C) 
512
3

  (D) 
693
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 The value of  
2

0

56 cos.sin



dxxx  ––––––––––. 

 (a) 
693

8
  (b) 

693
3

 

 (c) 
512
3

  (d) 
693


 

10. 





 









2
1

2
pp

–ß ©v¨¦ ––––––––––. 

 (A)  pp 
12


 (B)  pp 12


 

 (C)  pp 
2


 (D)  1
2 1

 pp


  

 The value of 





 









2
1

2
pp

 ––––––––––. 

 (a)  pp 
12


 (b)  pp 12


 

 (c)  pp 
2


 (d)  1
2 1

 pp
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PART B — (5  5 = 25 marks) 

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

11. (A) (1, 1) GßÓ ¦ÒÎ°À 244  yx  GßÓ 

ÁøÍÁøμ°ß ÁøÍÄ Bμ® PõsP. 

  Find  the radius of curvature of the curve 
244  yx  at the point (1, 1). 

Or 

 (B) 
 cotaer   GßÓ ÁøÍÁøμUS HuõÁöuõ¸ 

¦ÒÎ°À ÁøÍÄ Bμ® PõsP. a ©ØÖ®   – 

©õÔ¼PÒ GßP. 

  Find the radius of curvature at any point on 
the curve  cotaer  , where a and   are 
constants. 

12. (A)  cos1
2


ar  GßÓ ÁøÍÁøμ°ß rp   

\©ß£õmøh PõsP. 

  Find the rp   equation of the curve 

 cos1
2


ar . 

Or 
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 (B) 06116 3223  yxxyxxyy  GßÓ 

ÁøÍÁøμ°ß öuõø» öuõk ÷PõkPøÍ 

PõsP. 

  Find the asymptotes of  

  06116 3223  yxxyxxyy .  

13. (A)    23 22  xyyx   GßÓ ÁøÍÁøμ°ß 

uÛzu ¦ÒÎPÐUPõÚ C¯Àø£ PõsP.  

  Find the nature of the singular points on the 
curve,    23 22  xyyx . 

Or 

 (B)  xyxxyyxx 222 2224  xy2  
012 y  GßÓ ÁøÍÁøμ°À (0, 1) GßÓ 

¦ÒÎ°À CμshõÁx ÁøP¯õÚ JØøÓ •Pk 

C¸US® GÚU PõmkP. 

  Show that,  xyxxyyxx 222 2224  

0122  yxy  has a single cusp of the 
second kind at (0, 1). 

14. (A) ,0x  0y  ©ØÖ® 1 yx  GßÓ £Svø¯ 

öPõsh   dydxyx  22
 –ø¯ ©v¨¤kP. 

  Evaluate   dydxyx  22  over the region 

,0x  0y  and 1 yx . 

Or 
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 (B) 
   

 



1

0

1

0

1

0
31

x yx

zyx
dxdydz

 –I ©v¨¤kP. 

  Evaluate 
   

 



1

0

1

0

1

0
31

x yx

zyx
dxdydz

. 

15. (A)   !1 nn   GÚ {ÖÄP. 

  Prove that   !1 nn  . 

Or 

 (B) 



d
2

0

tan  –I ©v¨¤kP. 

  Evaluate  



d
2

0

tan . 

PART C — (5  8 = 40 marks) 

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

16. (A) (2, 1) GßÓ ¦ÒÎ°À 2xy  GßÓ ÁøÍÁøμ°ß 

Aa_¨ ¦ÒÎPÎß ÁøÍÄ ø©¯zøu PõsP. 

  Find the co-ordinates of the centre of 
curvature of the curve 2xy  at the point  
(2, 1). 

Or 



 

Code No. : 41319 B  Page 10 

wk ser

 (B) 
2

3ayx   GßÓ ¦ÒÎ°À axyyx 333   

GßÓ ÁøÍÁøμ°ß ÁøÍÄ Bμzøu PõsP. 

 Find the radius of curvature of the curve 

axyyx 333   at the point 
2

3ayx  . 

17. (A) 3cosax  ; 3sinay   GßÓ ÁøÍÁøμ°ß 

ö\[÷Põmk uÊÂø¯ Põs. 

  Find the evaluate of the curve 3cosax  ; 
3sinay  . 

Or 

 (B) 184842 3223  yxyxyyxx  GßÓ 

ÁøÍÁøμ°ß öuõø» öuõk÷PõkPøÍ 

PõsP. 

  Find the asymptotes of  

  184842 3223  yxyxyyxx . 

18. (A)  xyxxyyxx 222 2224  xy2
 

012 y  GßÓ ÁøÍÁøμ°À  1,0   GßÓ 

¦ÒÎ°À Cμshõ® ÁøP¯õÚ JØøÓ •Pk 

C¸US® GÚU Põmk. 



 

Code No. : 41319 B  Page 11 

wk ser

  Show that,  xyxxyyxx 222 2224  

0122  yxy  has a single cusp of the 
second kind at  1,0  . 

Or 

 (B) 
1
1

2

2





x
xy   GßÓ \©ß£õmiØS ÁøÍÁøμ 

ÁøμP. 

  Trace the curve whose equation is 

1
1

2

2





x
xy . 

19. (A) 
222 ayx   GßÓ Aøμ Ámhzvß ªøP Gs 

£Sv ÁÈ¯õP   dydxxa  22
 GßÓ 

öuõøP°hø» ©v¨¤kP. 

  Evaluate   dydxxa  22  taken over the 

half of the circle 222 ayx   in the positive 
quadrant. 

Or 

 (B) 
 
 

 
 

 
  ,,

,
,,
,,

.
,,

,








 wvuzyx

zyx
wvu

 GÚ {ÖÄP. 

  Prove that, 
 
 

 
 

 
  ,,

,
,,
,,

.
,,

,








 wvuzyx

zyx
wvu

 . 



 

Code No. : 41319 B  Page 12 

wk ser

20. (A) 
     

qp
qp

p
qp

q
qp







 ,,11, 
 GÚ {ÖÄP. 

  Prove that, 
     

qp
qp

p
qp

q
qp







 ,,11, 
. 

Or 

 (B) 





2

0

2

0

sin
sin

1 dd  GÚ {ÖÄP. 

  Prove that, 





2

0

2

0

sin
sin

1 dd . 

________________ 
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Time : Three hours Maximum : 75 marks 

PART A — (10  1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1. 08147 23  xxx  GßÓ \©ß£õmiß J¸ ö©´ 

‰»® –––––––––––––. 

 (A) –2   (B) 
2
1

 

 (C) 
2
1

    (D) 2 
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 One real root of the equation 
08147 23  xxx  is –––––––––––––. 

 (a) –2   (b) 
2
1

 

 (c) 
2
1

    (d) 2 

2. 01644 23  xxx  GßÓ \©ß£õmiß C¸ 

‰»[PÒ i2  ©ØÖ® i2  GÛÀ Auß ©ØÖö©õ¸ 

‰»® –––––––––––––. 

 (A) i1    (B) i1  

 (C) i2    (D) 4 

 If the equation 01644 23  xxx  has two 
roots i2  and i2  then, the other root is  
–––––––––––––. 

 (a) i1    (b) i1  

 (c) i2    (d) 4 

3. 0234  dcxbxaxx  GßÓ \©ß£õmiß 

‰»[PÎß TkuÀ –––––––––––––. 

 (A) 
a
b

   (B) 
a
b

 

 (C) a    (D) a  
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 The sum of the roots of the equation 
0234  dcxbxaxx  is –––––––––––––. 

 (a) 
a
b

   (b) 
a
b

 

 (c) a    (d) a  

4. 01262 234  xxxx &ß J¸ ‰»® a  GÛÀ  

–––––––––––––. 

 (A) a &® J¸ ‰»®  

 (B) 
a
1

&® J¸ ‰»® 

 (C) 1&® J¸ ‰»®    

 (D) ÷©ØTÔ¯ HxªÀø» 

 If a  is a root of 01262 234  xxxx  then  
–––––––––––––. 

 (a) a  is also a root (b) 
a
1

 is also a root 

 (c) 1 is also a root (d) none of the above 

5. 029103 23  xxx  GßÓ \©ß£õmiß 

‰»[PøÍ 3&BÀ ö£¸US® ÷£õx QøhUS® 

E¸©õÔ¯ \©ß£õhõÚx –––––––––––––. 

 (A) 020009001003 23  xxx     

 (B) 02279027 23  xxx  

 (C) 05481303 23  xxx     

 (D) 0627309 23  xxx  
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 When the roots of the equation 
029103 23  xxx  are multiplied by 3, the 

transformed equation is ––––––––––––– 

 (a) 020009001003 23  xxx  

 (b) 02279027 23  xxx  

 (c) 05481303 23  xxx     

 (d) 0627309 23  xxx  

6. 035724812 234  xxxx  GßÓ \©ß£õmiß 

Cμshõ® EÖ¨ø£ }UP, Auß ‰»[PÒ  

––––––––––––– BÀ SøÓUP¨£h ÷Ásk®. 

 (A) 1   (B) 2 

 (C) 3   (D) –1 

 To remove the second term of 
035724812 234  xxxx  the roots are to be 

diminished by 

 (a) 1   (b) 2 

 (c) 3   (d) –1 

7. 01363  xx  GßÓ \©ß£õmiß J¸ ö©´ ‰»® 

––––––––––––– Cøh÷¯ C¸US®. 

 (A) 0 ©ØÖ® 1  (B) 1 ©ØÖ® 2 

 (C) 3 ©ØÖ® 4  (D) –1 ©ØÖ® 0 
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 One real root of 01363  xx  lies between  
–––––––––––––. 

 (a) 0 and 1  (b) 1 and 2 

 (c) 3 and 4  (d) –1 and 0  

8.  xf  Gß£x n£i öPõsh £À¾Ö¨¦U÷PõøÁ GÛÀ, 

  0 xf  GßÓ \©ß£õmiØS ––––––––––––– 

C¸US®. 

 (A) n  ‰»[PÒ  (B) 1n  ‰»[PÒ 

 (C) 1n  ‰»[PÒ (D) 2n  ‰»[PÒ 

 If  xf  is a polynomial of degree n  then the 

equation   0 xf  has –––––––––––––. 

 (a) n  roots  (b) 1n  roots 

 (c) 1n  roots  (d) 2n  roots 

9. |õßS£i \©ß£õmiøÚ wºUS® J¸ •øÓ¯õÚx  

–––––––––––––. 

 (A) Põºhß •øÓ (B) {³mhß •øÓ 

 (C) ö£μõ› •øÓ (D) ö»Uμõg] •øÓ 

 One method of solving a biquadratic equation is  
–––––––––––––. 

 (a) Cardon’s method (b) Newton’s method 

 (c) Ferrarils method (d) Lagrange’s method 
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10. 033 32
2

1
3

0  axaxaxa  GßÓ •¨£i 

\©ß£õmiß PõºhÛß {ø»¯õÚ ÁiÁõÚx 

 (A) 033  GHzz  

 (B) 03  GHzz  

 (C) 032
2

1
3

0  axaxaxa     

 (D) 03 23  GHzz  

 Cardon’s standard form of the cubic equation 
033 32

2
1

3
0  axaxaxa  is –––––––––––––. 

 (a) 033  GHzz   

 (b) 03  GHzz  

 (c) 032
2

1
3

0  axaxaxa  

 (d) 03 23  GHzz  

PART B — (5 × 5 = 25 marks) 

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

Each answer should not exceed 250 words. 

11. (A) 03938112 23  xxx  GßÓ \©ß£õmiß 

J¸ ‰»® i32   GÛÀ Ca\©ß£õmøh wºUP. 

  If one root of the equation 
03938112 23  xxx  is i32  , solve the 

equation. 

Or 
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 (B) 05234  rxqxpxx &ß C¸ 

‰»[PÎß ö£¸USz öuõøP Auß ©ØÓ C¸ 

‰»[PÎß ö£¸USz öuõøPUS \©©õP 

C¸US® ÷©¾®, spr 22   GÚU PõmkP. 

  If the product of two roots of 
05234  rxqxpxx  is equal to the 

product of the other two. Show that, 
spr 22  . 

12. (A) 0147  xx &ß ‰»[PÎß 6&® AkUQß 

TkuÀ 3 GÚ PõmkP. 

  Show that the sum of the 6th powers of the 
roots of 0147  xx  is z . 

Or 

 (B)    2232 12714  xxxx  Gß£x J¸ 

{ø»¯õÚ uø»RÌ \©ß£õk GÚ Põmk. 

  Show that    2232 12714  xxxx  is a 
standard reciprocal equation. 

13. (A) 010023  xxx  GßÓ \©ß£õmiß 

‰»[PøÍ 4&BÀ SøÓ. 

  Diminish the roots of the equation 
010023  xxx  by 4. 

Or 
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 (B) 02018214 23  xxx  GßÓ \©ß£õhiß 

‰»[PÎß C¯Àø£ PõsP. 

  Find the nature of the roots of the equation 
02018214 23  xxx . 

14. (A) 0415124 23  xxx  GßÓ \©ß£õmiØS 

Cμmøh ‰»® GÛÀ AuøÚ wºUP. 

  Solve 0415124 23  xxx  given that it 
has a double root. 

Or 

 (B) 0134  xx  GßÓ \©ß£õmiß ‰»[PÒ 1 

©ØÖ® 2 US Cøh÷¯ EÒÍx GÛÀ AuøÚ 

C¸ u\© ¦ÒÎPÎÀ PõsP. 

  Find correct to 2 places of decimals the root 
of the equation 0134  xx  that lies 
between 1 and 2. 

15. (A) 024503510 234  xxxx  &I ö£μõ› 

•øÓ°À wºUP. 

  Solve 024503510 234  xxxx  using 
Ferrari’s method. 

Or 

 (B) 01332 23  xxx &I wºUP. 

  Solve 01332 23  xxx . 
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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) 01598 245  xxxx  GßÓ \©ß£õmiß 

C¸ ‰»[PÒ 3  ©ØÖ® i21   GÛÀ 

Ca\©ß£õmøh wºUP. 

  Solve the equation 

  01598 245  xxxx  if 3  and i21   
are two of its roots. 

Or 

 (B) 023  srxqxpx &ß ‰»[PÒ Tmkz 

öuõh›À C¸UP ÷uøÁ¯õÚ ©ØÖ® ÷£õx©õÚ 

{£¢uøÚ pqrspq 9272 33   Gß£øu 

PõsP. 

  Show that the roots of the equation 
023  srxqxpx  are in arithmetic 

progression iff pqrspq 9272 33  . 

17. (A) 0304919 234  xxxx GßÓ 

\©ß£õmiØS (i) 2  ©ØÖ® (ii) 2 &I 

Psk¤i. 

  Find (i) 2  (ii) 2  for the equation 

0304919 234  xxxx . 

Or 
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 (B) 065444456 2456  xxxxx &I 

wºUP. 

  Solve 065444456 2456  xxxxx . 

18. (A) 035724812 234  xxxx &I Cμshõ® 

EÖ¨ø£ }USÁuß ‰»©õP wºUP. 

  Solve 035724812 234  xxxx  by 
removing the second term. 

Or 

 (B) 010204 234  xxx  GßÓ \©ß£õmiß 

‰»[PÎß C¯Àø£ PõsP. 

  Find the nature of the roots of 
010204 234  xxx . 

19. (A) 0432 26  xxx  GßÓ ö©´ ‰»[PÎß 

GsoUøP ©ØÖ® {ø»ø¯ PõsP. 

  Find the number and position of the real root 
of 0432 26  xxx . 

Or 

 (B) 0432 23  xxx  GßÓ \©ß£õmiß ªøP 

‰»[PøÍ ‰ßÖ u\© ¦ÒÎPÍõP v¸zv 

PõsP. 

  Find the positive root of the equation 
0432 23  xxx  correct to three places 

of decimals. 
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20. (A) 0133  xx &I PõºhÛß •øÓ°À wºUP. 

  Solve by Cardan’s method 0133  xx . 

Or 

 (B) 0541284 234  xxxx GßÓ 

\©ß£õmøh ö£μõ› •øÓ°À wºUP. 

  Solve 0541284 234  xxxx  using 
Ferrari’s method. 

 

———————— 
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DIFFERENTIAL EQUATIONS 
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Time : Three hours Maximum : 75 marks 

PART A — (10 × 1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1. 232 yppxy   GßÓ \©ß£õmiÀ Á›ø\ ©ØÖ® £i 

•øÓ÷¯  

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

 (C) 1, 3   (D) 3, 1 

 The order and degree of the equation  
232 yppxy   are   

 (a) 1, 2   (b) 2, 1 
 (c) 1, 3   (d) 3, 1  
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2. 0 ypx  GßÓ \©ß£õmiß wºÄ 

 (A) cxy    (B) cyx   

 (C) cyx    (D) cyx 2
 

  The solution of the equation 0 ypx  is  

 (a) cxy    (b) cyx   

 (c) cyx    (d) cyx 2  

3. 023  yyy  GßÓ \©ß£õmiß J¸ wºÄ 

 (A) xy     (B) 
xey 2  

 (C) 
xey 2   (D) xy sin   

 One solution of the equation 023  yyy  is  

 (a) xy     (b) xey 2  

 (c) xey 2   (d) xy sin  

4.   axeyaDD 2
&ß uÛzwºÄ 

 (A) 0   (B) 
axxe  

 (C) 
a
xeax

   (D) 
axaxe  

 The particular integral of   axeyaDD 2  is  

 (a) 0   (b) axxe  

 (c) 
a
xeax

   (d) axaxe  
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5. 024
2

2
2  y

dx
dyx

dx
ydx  GßÓ \©ß£õmiß wºÄ 

 (A) 
2x
B

x
Ay   (B) BxAy  log  

 (C) 
x
BAy    (D) 

xx BeAey 2  

 The solution of the equation 

024
2

2
2  y

dx
dyx

dx
ydx  is 

 (a) 
2x
B

x
Ay   

 (b) BxAy  log  

 (c) 
x
BAy   

 (d) xx BeAey 2  

6. 
dx
dx  GÛÀ 

mx2  = —————————. 

 (A) 
1mmx   (B) 

mmx  

 (C) 
mxm2

  (D) 
12 mxm  

 If 
dx
dx  then mx2  = —————————.  

 (a) 1mmx   (b) mmx  

 (c) mxm2   (d) 12 mxm  
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7. }UP¨£h ÷Ási¯ ©õÔ¼PÎß GsoUøP \õμõ 

©õÔPÎß GsoUøPø¯Âh AvP® GÛÀ  

————————— \©ß£õk QøhUS®. 

 (A) •u»õ® Á›ø\ 

 (B) Cμshõ® Á›ø\ 

 (C) Cμshõ® Á›ø\US ÷©À 

 (D) CøÁ HxªÀø» 

 If the number of constants to be eliminated is 
greater than the number of independent variables 
then we get equations of —————————.  

 (a) First order 

 (b) Second order 

 (c) More than second order 

 (d) None of these 

8. ——————  Gß£x ))(,,,,( afazyx  = 0 ; 0


a


 

BQ¯ÁØÔ¼¸¢x ‘a’ &I }UPU Qøh¨£x. 

 (A) ]Ó¨¦z öuõøP 

 (B) ]øu¢u öuõøP 

 (C) ö£õxz  öuõøP 

 (D) •Êø©¯õÚ öuõøP 
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 The ————————— is obtained by eliminating  

 ‘a’ between ))(,,,,( afazyx  = 0 ; 0


a


.  

 (a) particular integral 
 (b) singular integral 
 (c) general integral 
 (d) complete integral 

9. QºPõL¨¤ß Âv £i CLR EEEE   =  

—————————.  

 (A) 1   (B) 2 

 (C) –1   (D) 0 

 According to Kirchhoff’s law, CLR EEEE   = 
—————————.  

 (a) 1   (b) 2 
 (c) –1   (d) 0 

10. I &ß {ø»¯õÚ £Sv. 

 (A) 
R
E0    (B) 

0E
R

  

 (C) 
0R
E

   (D) 0RE  

 Steady state part of I is  

 (a) 
R
E0    (b) 

0E
R

  

 (c) 
0R
E

   (d) 0RE  
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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) wº : 022  xypxp . 

  Solve : 022  xypxp . 

Or 

 (B) wº : 
22 cot2 yxypp  . 

  Solve : 22 cot2 yxypp  . 

12. (A) 
xx exe

D






1

 GÚ  {¹¤. 

  Prove that xx exe
D







1

. 

Or 

 (B) wº :   xeyD x 4cos16 32  
. 

  Solve :    xeyD x 4cos16 32   . 
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13. (A) 
dx
dx  GÛÀ  


 dxXxxX 11 


 GÚ 

{¹¤. 

  If 
dx
dx , then prove that   

      


 dxXxxX 11 


. 

Or 

 (B) wº : xxy
dx
dyx

dx
ydx

dx
ydx log3

2

2
2

3

3
3  .  

  Solve : xxy
dx
dyx

dx
ydx

dx
ydx log3

2

2
2

3

3
3  .  

14. (A)    yxyxfz   &¼¸¢x f  ©ØÖ®   &I 

}USP. 

  Eliminate f  and   from     yxyxfz   . 

Or 

 (B) wº : 1 qp . 

  Solve : 1 qp . 
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15. (A) Cμshõ® {ø» ÂøÚ°À 
kAabt
abtkAx




1

2
 GÚ 

{¹¤. 

  In the second order reaction, prove that 

kAabt
abtkAx




1

2
. 

Or 

 (B) ÁÍºa] ©ØÖ® ÃÌa] {ø» ]UPÀPÒ £ØÔ 

ÂÁ›. 

  Explain growth and decay problems. 

PART C — (5  8 = 40 marks) 

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

Each answer should not exceed 600 words. 

16. (A) wº :   (i) 0sin2
2

2
 tx

dt
dy

dt
xd

 

    (ii)  0cos2
2

2
 ty

dt
dx

dt
yd

. 

  Solve :  (i) 0sin2
2

2
 tx

dt
dy

dt
xd

 

    (ii)  0cos2
2

2
 ty

dt
dx

dt
yd

. 

Or 
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 (B) wº :   (i) 06 222  yxyppx  

    (ii)   yppxyx 22  . 

  Solve :  (i) 06 222  yxyppx  

    (ii)   yppxyx 22  . 

17. (A) wº :    xcoxyDD 23sin342  . 

  Solve :   xcoxyDD 23sin342  . 

Or 

 (B) wº :   xexyDDDD 2234 4432  . 

  Solve :     xexyDDDD 2234 4432   

18. (A) wº :  xxy
dx
dyx

dx
ydx log43 2
2

2
2  . 

  Solve :  xxy
dx
dyx

dx
ydx log43 2
2

2
2  . 

Or 

 (B) wº :       5
2

2
2 64 xy

dx
dyax

dx
ydax  . 

  Solve :      5
2

2
2 64 xy

dx
dyax

dx
ydax  . 
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19. (A) wº :        2222 yxzqzxypzyx  . 

  Solve :       2222 yxzqzxypzyx  . 

Or 

 (B) wº :  (i)       11 2  zqqp    

   (ii)      zqypx  321 . 

  Solve : (i)       11 2  zqqp    

    (ii)      zqypx  321 . 

20. (A) 500 ¼mhº P»øÁ öPõsh öuõmi JßÔÀ 250 

Qμõ® E¨¦ EÒÍx. {ªhzvØS 15 ¼mhº |À» 

uspº AuÝÒ £õ´QÓx. ÷©¾® A÷u AÍÄ 

P»øÁ öÁÎ÷¯ÖQÓx. 3 ©o ÷|μzvØS ¤Ó 

GÆÁÍÄ E¨¦ C¸US®? 

  A tank contains 500 liters of brine having 
250 grams of salt in solution. Pure water is 
running into the tank at the rate of 15 liters 
per minute and the mixture runs out at the 
same rate. How much salt is in the tank at 
the end of 3 hours? 

Or 

 (B) Brachistochrone PnUQøÚU TÔz wº. 

  State the solve the Brachistochrone problem. 

—————— 
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PART A — (10 × 1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1. Every non empty set of real numbers which is 
bounded above has a –––––––––.   

 (a) infimum  (b) supremum 

 (c) prime number (d) rational number 

2. xx   if 

 (a) 0x    (b) 0x  

 (c) 0x    (d) 0x  

(6 pages) 
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3. The limit of the sequence 







n
1

 is 

 (a) 1   (b) n  

 (c) 0   (d) 2 

4. A monotonic increasing sequence which is 
bounded above converges to 

 (a) l.u.b.   (b) g.l.b 

 (c)     (d)   

5. If 
!

1
...

!2
1

!1
1

1
n

an   then the value of nn
a


lim  is 

 (a) 0   (b) 1 

 (c) e    (d)   

6. 





 

 nnn

1
....

3
1

2
1

1
1

lim = –––––––––.  

 (a) 0   (b) e  

 (c) 1   (d)   

7. The series .......1 2  nrrr  converges if  

 (a) 1r    (b) 10  r  

 (c) 1r    (d) 1r  
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8. If nn n
na !

  then 
n

n
n a

a 1
lim




= –––––––––.  

 (a) 1   (b) e  

 (c) 0   (d) 
e
1

 

9. If na  converges, then 
n
an  

 (a) convergent (b) divergent 

 (c) oscillatory (d) none 

10. Radius of convergence of expoential series in  

 (a) 0   (b) 1 

 (c) n    (d)   

PART B — (5 × 5 = 25 marks) 

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

Answer should not exceed 250 words. 

11. (a) State and prove unique factorization 
theorem. 

Or 

 (b) State and prove Cauchy-Schwarz in equality. 
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12. (a) Show that 
n

lim  
11 na  where 0a  is a real 

number. 

Or 

 (b) Prove : 0
1

0,)( 









n
nn a

Nnaa . 

Show that the converse of this theorem is not 
true. 

13. (a) Prove that every sequence )( na  has a 
monotonic subsequence. 

Or 

 (b) Prove that  

    ennnn
n

n 4)])....(2(1[
1 1







   

14. (a) Show that  
 2

1
14

1
2n

. 

Or 

 (b) Discuss the convergence of the series 

 


1
....21

4

22

n
n

.  

[P.T.O.]
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15. (a) Show that the series 333 4
1

)21(
3
1

2
1

  

....)4321(
5
1

)321( 3   

Or 

 (b) State and prove Abel’s test. 

PART C — (5 × 8 = 40 marks) 

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

Answer should not exceed 600 words. 

16. (a) State and prove triangle in equalities.  

Or 

 (b) If ....
!

...
!3!2

1
32


n
xxxxe

n
x

, then 

prove that e  is an irrational number.  

17. (a) Prove 

  (i) abbabbaa nnnn  )()(,)(  

  (ii)   aaanaaa nnn  0,0,)(   

Or 

 (b) Prove 

  (i) bababbaa nnnn  )()(,)(  

  (ii)   0,0,)(,)( bnbbbaa nnn    

   








n

n

b
a

b
a

.   
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18. (a) State and prove Cauchy’s first limit theorem. 

Or 

 (b) Discuss the convergence of the geometric 
sequence )( nr . 

19. (a) Discuss the convergence of pn
1

 . 

Or 

 (b) Test the convergence of  

  ...
7.5.3
3.2.1

5.3
2.1

3
1 32  xxx  

20. (a) State and prove Leibnitz’s test. 

Or 

 (b) Find Maclaurin series for xsin  and also find 
its radius of convergence. 

 

—————— 
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SECTION A — (10  1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1. If mVF dim , then ),(dim FVHomF   
————————— 

(a) m    (b)  2m  
 (c) 1   (d)  0 

2. v  ————————— 

 (a)  vv,    (b)   vv,  

 (c)  2, vv   (d)    vv,  

 (6 pages) 
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3. An element in  VA  which is not regular is called  

————————— 

 (a) irregular  (b)  invertible 

 (c) singular  (d)  non singular  

4. F  is called a characteristics root of T  if 

————————— 

 (a) T  is singular 

 (b) T  is regular  

 (c) T  is regular 

 (d) T  is singular  

5. The relation of similarity is ————————— in 
 VA . 

 (a) reflexive  (b)  symmetric 

 (c) transitive  (d)  all the above  

6. If M , of dimension m , is cyclic with respect to T , 

then for all mk  , the dimension of kMT  is  

————————— 

 (a) mk    (b)  km   

 (c) km    (d)  
k
m
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7. If A  is invertible, then    1AArt  ————— 

 (a)  Art   (b)  )(Crt  

 (c) 0   (d)   CArt  

8. If   is a scalar matrix, then *  

 (a)     (b)    
 (c) 0   (d)    

9. If  VAT   is Hermitian, then all its 
characteristic roots are ————————— 

 (a) integers  (b)  purely imaginary 
 (c) real   (d)  complex numbers 

10. If N  is normal and if 0kvN , then —————— 
 (a) 0v    (b)  0N  
 (c) 0vN   (d)  0k   

SECTION B — (5  5 = 25 marks) 

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

11. (a) Prove that   wwAA )( . 

Or 

 (b) If V  is a finite dimensional inner product 
space and if W  is a subspace of V , then 
prove: (i) V  is the direct sum of W  and W  

(ii)   WW 
 . 
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12. (a) If V  is finite dimensional over F , then show 
that )(VAT   is invertible if and only if the 
constant term of the minimal polynomial for 
T  is not 0. 

Or 

 (b) If F  is a characteristics root of 
)(VAT  , then prove that for any 

polynomial    xFxq  ,  q  is a 
characteristic root of )(Tq . 

13. (a) If )(VAT   is nilpotent, then show that 
m

m TT   ....10 , where Fi  , is 
invertible if 00  . 

Or 

 (b) If V  is n-dimensional over F  and if 
)(VAT   has all its characteristics roots in 

F , then prove that T  satisfies a polynomial 
of degree n  over F .  

14. (a) If F  is of characteristic 0 and if S  and T  in 
)(VAF  are such that TSST   commutes 

with S , then show that TSST   is 
nilpotent. 

Or 

 (b) Prove that  'detdet AA  .  

[P.T.O.]
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15. (a) If N  is normal and NAAN  , then show 
that ANAN **  . 

Or 

 (b) Prove:  

  (i)  If )(VAT  , then  VAT *   

  (ii)    TT ** . 

SECTION C — (5  8 = 40 marks) 

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

16. (a) State and prove the Schwarz inequality. 
Or 

 (b) Explain the Gram-Schmidt orthogonalization 
process. 

17. (a) If A  is an algebra, with unit element, over 
F , then show that A  is isomorphic to a sub 
algebra of  VA  for some vector space V  
over F . 

Or 

 (b) If V  is finite – dimensional over F , then 
 VATS , , prove: 

  (i)    TrSTr   

  (ii)    TrTSr   

  (iii)     )(TrTSrSTr   for S regular in 
 VA . 
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18. (a) Prove that there exists a subspace W  to V , 
invariant under T  such that WVV  1 . 

Or 

 (b) Show that two nilpotent linear 
transformations are similar if and only if 
they have the same invariants. 

19. (a) Prove that the determinant of a triangular 
matrix is the product of its entries on the 
main diagonal. 

Or 

 (b) For nFBA , , show that 
     BAAB detdetdet  . 

20. (a) Prove that the linear transformation T  of V  
is unitary if and only if it takes an 
orthonormal basis of V  into an orthonormal 
basis of V . 

Or 

 (b) If  VAT   is such that   0, vvT  for all 
Vv , then show that 0T . 

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

Answer ALL questions. 

 Choose the correct answer. 

1. If G  is a group  and H  is a subgroup of index 2 in 
G then  

 (a) H is a normal subgroup of G 

 (b) H is a abelian in G 

 (c) HHaa 1 , Ga  

 (d) None of these 

(7 pages)
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2. If   is a homomorphism of G into G , then which 

one of the following is not true 

 (a) Gbabaab  ,)()()(    

 (b) ee )( , the unit element of G  

 (c) Gxxx   11 ))(()(    

 (d) None of these 

3. Let G  be a group of order 36 and let H  be a sub 

group of order 9, then H  contains a normed sub 
group of order   

 (a) 3 or 4 (b) 5 or 7 

 (c) 3 or 6 (d) 3 or 9 

4. A group G is said to be solvable if there exist 
subgroups )(.....210 eNNNNG r   such 

that  

 (a) each iN  is normal in 1iN  

 (b) ii NN /1  is abelian 

 (c) Both (a) and (b) are true 

 (d) None of these 
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5. Let nA  be the set of all even permutations in nS . 
Then )( nAO ——————.  

 (a) n   (b) 
2

n
 

 (c) n   (d) 
2
n

 

6. k
pS  has a p sylow sub group of order  

 (a) )(knp   (b) kp  

 (c) p  (d) None 

7. Let G  be a group of order 72. Then 

 (a) G  must have a non trivial normal subgroups 

 (b) G  is simple 

 (c) G  is not having any normal subgroup 

 (d) None 

8. Product of an even permutation and an odd 
permutation is  

 (a) odd  (b) even 

 (c) both  (d) none 

9. Every finite abelian group is the direct product of 
——————. 

 (a) Subgroups (b) Abelian groups 

 (c) Cyclic groups (d) None 
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10. If A and B are groups then BA   is isomorphic to  

 (a) A  (b) B 

 (c) AB   (d) None of these 

SECTION B — (5 × 5 = 25 marks) 

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

11. (a) Prove that HK  is a subgroup of G  if and 
only if KHHK  . 

Or 

 (b) The subgroup N  of G  is a normal subgroup 
of G  if and only if every left coset of N  in G 
is a right coset of N in G. prove this.  

12. (a) Prove that any non abelian group of order 6 
is isomorphic to 3s .  

Or 

 (b) If a group )(eG   is solvable, then show that 
G  contains a normal abelian subgroup 

)(eM  . 

13. (a) Prove that nS  has nA  as normal subgroup of 
index 2. 

Or 

 (b) If 2)( pGO  , when p  is a prime number, 
then show that G is abelian.  

[P.T.O.]
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14. (a) Prove that any two p-Sylow subgroups of a 
group G are conjugate to each other. 

Or 

 (b) Find the number of 11-Sylow subgroups and 
13-Sylow subgroups of a group of order 

22 1311   and show that this group is abelian. 

15. (a) Suppose G  is the internal direct product of 

nNNN ,....., 21 . Then for ji   show that 

}{ eNN ji   and if iNa , jNb  then 

baab  . 

Or 

 (b) Let G  and G  are isomorphic abelian groups 

then show that for every integer s , )(sG  and 

)(sG  are isomorphic. 

SECTION C — (5  8 = 40 marks) 

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

16. (a) (i) If H  and K  are finite sub-groups of G 
of orders )(HO  and )(KO  respectively 

then show that 
)(
)()(

)(
KHO
KOHO

HKO


 . 
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  (ii) If H  and K  are subgroups of G and 
)()( GOHO  , )()( GOKO   then 

show that )(eKH  . 

Or 

 (b) State and prove Cauchy’s theorem for 
abelian groups. 

17.  (a) If G  is a group, H  is a subgroup of G and S 
is the set of all right cosets of H in G. Then 
show that there is a homomorphism   of G  
into )(sA  and the kernel of   is the largest 
normal subgroup of G  which is contained  
in H. 

Or 

 (b) (i) Let G be a group. Prove that )(G , the 
set of all inner automorphisms of G, is 
a subgroup of )(GA . 

  (ii) Also prove that  ZGG /)(  , Z is the 
centre of the group G. 

18. (a) State and prove Cauchy’s theorem for 
general group. 

Or 

 (b) Prove that the number of conjugate class in 
nS  is )(np , the number of partions of n. Also 

prove that Za  if and only if GaN )( .   



 

 Code No. : 9114 Page 7

19. (a) State and prove Sylow’s theorem for general 
group. 

Or 

 (b) State and prove third part of Sylow’s 
theorem. 

20. (a) Let G  be a group and suppose that G is the 
internal direct product of nNNN ,...,, 21 , let 

nNNNT  ........21 . Then prove that G 
and T are isomorphic. 

Or 

 (b) Prove that two abelian groups of order np  
are isomorphic  iff they have the same 
invariants.  

–——————— 
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1. The number of positive integral solutions of 
5235  yx  is 

 (a) 3   
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 (c) 1   

 (d) 2 
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2. The equation cbyax   with gba ),(  has at 
least one positive solution if, 

 (a) cg|  and abgc   (b) gc|  and abgc   

 (c) cg|  and abgc   (d) gc|  and abgc   

3. The number of positive solutions of 222 zyx   
which are in geometric progression is, 

 (a) 0  (b) 1 
 (c)    (d) 2 

4. With usual notations the values of )1(),1( PN   and 

)1(Q  are, 

 (a) 2,2,2  (b) 2,1,2 
 (c) 1,2,1  (d) 2,2,1 

5. The value of the infinite continued fraction 
...,1,1,1,1  is, 

 (a) 
2

51 
 (b) 

2
51 

 

 (c) 
2

15 
 (d) 

2
5

 

6. The infinite continued fraction of 2  is, 

 (a) ,...2,2,2,1,1  (b) ,...2,2,2,1  

 (c) ...2,2,2,2,1,1,0  (d) ...2,1,2,1,2,1,1  
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7. The units of the rational number field Q are, 

 (a)  i  (b)  1 

 (c)  2   (d)  3  

8. Non zero integers   and   are called associates, 
if 

 (a)     is a unit (b)   +   is a unit 

 (c) 



 is a unit (d)     is a unit  

9. Which one of the following is not the correct 
answer? 

 








 
c

mbaQ  

 (a) )( mbaQ   (b) )( mbaQ   

 (c) )( mbQ  (d) )( mQ  

10. The value of 








 
4

235N  in  2Q  is, 

 (a) 
16
43

  (b) 
16
11

 

 (c) 
4
7

  (d) 
16
7
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SECTION B — (5 × 5 = 25 marks) 

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

11. (a) Prove that the equation cbyax   with a 
and b are integers has integral solution if 

cba |),( . If ),( 11 yx  is a particular solution of 
cbyax  , find the general solution of the 

same. 
Or 

 (b) Solve 132  zyx . 

12. (a) Discuss the equation nyx  224 . 

Or 

 (b) Prove that if r and s are arbitrary integers of 
opposite parity with 0 sr  and 1),( sr  

then 2222 ,2, srzrsysrx   is a 

positive primitive solutions of 222 zyx  . 

13. (a) Prove that the equation  222 czbyax 0 
where a, b, c are non zero integers such that 
the product abc is square free, has a solution 
in integers x, y, z not all zero if a, b, c do not 
have the same sign and that –bc, –ac, –ab are 
quadratic residues modulo a, b, c 
respectively. 

Or 

 (b) Prove that any two infinite simple continued 
fractions converge to different values.   

[P.T.O.]
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14. (a) If   is any algebraic number prove that 

there is a rational number b such that b  is 

an algebraic number. 

Or 

 (b) Prove that the nth convergent of 
x
1

 is the 

reciprocal of the )1( n th convergent of x if  

x is any real number 1 .   

15. (a) If  ,,  are in  mQ  then prove the 

following : 

  (i) )()()(  NNaN   

  (ii) 0)( N  iff 0  

  (iii)  if   is an integer in  mQ  then 

1)( N  iff   is a unit. 

Or 

 (b) Prove that there are infinitely many units in 

any real quadratic field. 



 

Code No. : 9132 Page 6 

wk 3 

SECTION C — (5 × 8 = 40 marks) 

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

16. (a) (i) Find all positive solutions of 
111715  yx . 

  (ii) Prove that the equation cabyax   

is solvable iff cbyax   is solvable. 

Or 

 (b) Discuss the procedure of solving the equation 
2,...221  kcxaxaxa kk . 

17. (a) Prove that the positive primitive solutions of 
222 zyx   with y even are 

2222 ,2, srzrsysrx   where r and s 

are arbitrary integers of opposite parity with 
0 sr  and 1),( sr . 

Or 

 (b) Prove that the only integral solutions of 
244 zyx   are the solutions 

2,,0 xzyx   and 2,0, xzyx  . 
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18. (a) Find the value of, ...2,1,2,1,2,1  and hence 

deduce the values of ...2,1,2,1,2,1,2  and 

...2,1,2,1,2,1,3,1 . 

Or 
 (b) Prove that the value of an infinite simple 

continued fraction Xaaa n ,,..., 110   is 
irrational. 

19. (a) If ba /  is a rational number with positive 
denominator such that  

  nn khba //    for some 1n , prove 

that nkb  . In fact 

  nn hkab    for some 0n , then 

1 nkb . 
Or 

 (b) Prove the following : 

  (i) For 0n   
1

1




nnn

n

kkk
h  and 

1

1




n

nn k
hk  

  (ii) The convergents 
n

n

k
h

 are successively 

closure to  , that is 

1

1




n

n

n

n

k
h

k
h

 . In fact the stronger 

inequality 11   nnnn hkhk   
holds. 
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20. (a) Prove that every quadratic field is of the 
form  mQ  where m is a square free 
rational integer, positive or negative but not 
equal to 1. Numbers of the form mba   
with rational integers a and b are integers 
 mQ  if 2m  or 3 (mod 4). If 1m  (mod4) 

the numbers 








 
2

mba
 with odd rational 

integers a and b are also integers of  mQ  
and there are no further integers. 

Or 

 (b) Let m be a negative square free rational 
integer. Prove that the field  mQ  has units 

1  and these are the only units except in the 
case 1m  and 3m . The units for  

Q(i) are 1  and i . The units for  3Q  

are 1 , 
2

31 
 and 

2
31 

. 

   

——––––––––– 
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1. If RR :  is a ring homomorphism, then the 
kernel of   is 

 (a)   1/  aRa  (b)   0/  aRa    

 (c)   1/  aRa  (d)   0/  aRa   

2. Let R  be the ring of integers, which one of the 
following is not a maximal ideal of R  

 (a) (5)   (b)  (19) 

 (c) (11)   (d)  (8) 

 (6 pages) 
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3. In a Euclidean ring R , if    1dad   then 

 (a) 1a    

 (b) Ra 1  

 (c) a  is the unit element 

 (d) 0a   

4. In    idiJ 32,   is 

 (a) 13   (b)  13  

 (c) –5   (d)  5 

5. The root of 93 x  over the integers 11mod  

 (a) is 3   (b)  is 4 

 (c) is 9   (d)  does not exist 

6. Which one of the following is not primitive? 

 (a) 2173524 xx   (b)  33432421 xx   

 (c) 212862 xx   (d)  3293 xx   

7. The intersection of all prime ideals of R  which 
contain a given ideal I is the  

 (a) prime radical of I 

 (b) nil radical of I  

 (c) jacobson radical of I    

 (d) primary radical of I  



WS4 
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8. b  is a quasi inverse of a  if 

 (a) 0 abba   

 (b) 0 ba  

 (c) 0 abba   

 (d) xaxb   for same x   

9.  eZJ  is 

 (a)     (b)   0  

 (c) eZ    (d)  Z  

10. A ringR  is isomorphic to a subdirect sum of fields 
if and only if 

 (a) R  is semi simple 

 (b) R  is without prime radical  

 (c) R  is commutative    

 (d) R  is a ring containing no non zero nil ideals  

SECTION B — (5  5 = 25 marks) 

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

11. (a) Define the kernel of a homomorphism   of 
R  into R . Prove that the homomorphism   
is an isomorphism if and only if    0I . 

Or 
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 (b) Let R  be a commutative ring with unit 
element whose only ideals are 10 and R 
itself. Prove that R  is a field. 

12. (a) State and prove unique factorization 
theorem. 

Or 

 (b) If p  is a prime number of the form 14 n , 
prove that we can solve the congruence 

12 x (mod p). 

13. (a) State and prove the division algorithm. 

Or 

 (b) If  nf  and  ng  are primitive polynomials, 
prove that    ngnf is also a primitive 
polynomial. 

14. (a) Prove that an element a is invertible in the 
ring R  if and only if the coset Ra rad  is 
invertible in the quotient ring RR rad/ . 

Or 

 (b) Let  iiM  be the set of maximal ideals of the 

ring R . If for each i , there exists an element 

ii Ma   such that  iaI  rad iMR  , 
prove that  iM  is a finite set.  

[P.T.O.]
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15. (a) Define the J-radical of a ring R  and show 
that the ring eZ  of been integers is  

J-semisimple. 

Or 

 (b) For any ring R , prove that the quotient ring 
 RJR /  is J-semi simple. 

SECTION C — (5  8 = 40 marks) 

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

16. (a) Define a maximal ideal of a ring. If R  is a 
commutative ring with unit element and M  
is an ideal of R , prove that M  is a maximal 
ideal of R  if and only if MR /  is a field. 

Or 

 (b) Prove that every integral domain can be 
imbedded in a field. 

17. (a) Define a principal ideal ring and prove that a 
Euclidean ring is a principal ideal ring. 

Or 

 (b) Define  iJ . Prove that  iJ  is a Euclidean 

ring. What are the units of  iJ ? 
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18. (a) State and prove the Eisenstein criterion. 

Or 

 (b) Prove that  xR  is a UFD if R  is a UFD. 

19. (a) For any ring R , prove that the quotient ring 
RR rad/  is semisimple. 

Or 

 (b) For any ring R , prove that the idampotents 
of RR rad/  can be lifted into R . 

20. (a) Let nIII ,...,, 21  be a finite set of non trivial 
ideals of the ring R . If RII fi   whenever 

ji  , prove that  ~ .// ii IRIR   

Or 

 (b) State and prove the representation theorem 
due to Birkhoff. 

———————— 
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 (a) open   (b) bounded  

 (c) perfect  (d) dense  

2. The set of all integers is  

 (a) closed  (b) open   
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3. If 
n

sn
n)1(1 

  then the sequence  ns   

 (a) converges to 1 (b) diverges to 1  

 (c) oscillates  (d) converges to 2  

4. If 0p then 


n
n

plim  

 (a) 0   (b) 1  

 (c) n   (d)   

5. The series  
n

n)1(
 

 (a) converges absolutely 

 (b) converges non absolutely  

 (c) diverges 

 (d) none  

6. For the series ....
3
1

2
1

3
1

2
1

3
1

2
1

3322   

n
n

n
a


lim  is  

 (a) 0   (b) 
3

1
 

 (c) 
2

1
   (d)   
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7. The function 





irrational0
rational1

)(
x

x
xf then f is  

 (a) continuous  

 (b) discontinuous of first kind  

 (c) discontinuous of second kind 

 (d) none  

8. The number of points at which monotonic 
functions have discontinuous of second kind is  

 (a)     (b) 1 

 (c) finite   (d) 0  

9. 









00

0
1

sin)(
2

x

x
x

xxf  then )0(1f  is  

 (a) 0   (b) 1  

 (c) –1   (d) does not exist  

10. If 0)(1 xf  in ),( ba  then f  is  

 (a) monotonically increasing in ),( ba  

 (b) strictly increasing in ),( ba   

 (c) constant 

 (d) none  
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PART B — (5  5 = 25 marks) 

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

11. (a) Prove that a set E is open if and only if its 
complement is closed. 

Or 

 (b) Prove that a finite point set has no limit 
points. 

12. (a) Let  np  be a sequence in a metric space X . 
Prove that  np  converges to Xp   if and 
only if every neighbourhood of p contains all 
but finitely many of the terms of  np . 

Or 

 (b) If  na  converges and if  nb  is monotonic 

and bounded, then prove that nnba  

converges. 

13. (a) Suppose (i) the partial sums nA  of  na  

form a bounded sequence (ii) ....210  bbb   

(iii) 0lim 
 n

n
b  Then prove that nnba  

converges. 

Or 

 (b) Prove that the Cauchy product of two 
absolutely convergent series converge 
absolutely.   

[P.T.O.]
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14. (a) Suppose f  is a continuous mapping of a 
compact metric space X  into a metric space 
Y . Then prove that )(xf  is compact. 

Or 

 (b) Let ]1,0[I  be the unit closed interval. 
Suppose f  is a continuous mapping of I into 
I. Prove that xxf )(  for at least one Ix  . 

15. (a) Let f  be defined on ],[ ba . If f has a local 

maximum at a point ),( bax   and if )(1 xf  
exist, then prove that 0)(' xf . 

Or 

 (b) State and prove Mean Value Theorem. 

PART C — (5  8 = 40 marks) 

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

16. (a) State and prove Heine Borel Theorem. 

Or 

 (b) Prove that Every K-cell is compact. 

17. (a) (i) If  np  is a sequence in a compact 
metric space .X  Then prove that some 
subsequence of  np  converges to a 
point of .X  

  (ii) Prove that every bounded sequence in 
kR  contains a convergent 

subsequences. 

Or 
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 (b) (i) If E  is the closure of a set E in a 
metric space .X  then prove that  
deam EdeamE  . 

  (ii) If nK  is a sequence of compact sets in 
X  such that .....2,1,1   nkk nn  and 
if 

n
lim  deam 0nk  then prove that  

n
n

k


1

contains exactly one point.  

18. (a) (i) State and prove Root Test. 
(ii) Discuss the convergence of the series 

....
3
1

2
1

3
1

2
1

3
1

2
1

3322   

Or 
 (b) State and prove Merten’s Theorem. 
19. (a) Let f  be a continuous mapping of a compact 

metric space X into a metric space Y. Then 
prove that f is uniformly continuous on X. 

Or 
 (b) Let f be a monotonically increasing on ),( ba . 

Then )( xf  and )( xf  at every point of x  of 
),( ba . More precisely  

 
)(inf)()()()(sup tfxfxfxftf

btxxta 
 . 

Further more if byxa   then prove 
that )()(  yfxf .  
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20. (a) State and prove L’ Hospitals Rule. 

Or 

 (b) State and prove Taylor’s Theorem. 

 

——————— 
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PART A — (10  1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1. If E is closed and every point of E is a limit point 
of E. Then E is  

 (a) open   (b) bounded  

 (c) perfect  (d) dense  

2. The set of all integers is  

 (a) closed  (b) open   

 (c) perfect  (d) bounded  
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3. If 
n

sn
n)1(1 

  then the sequence  ns   

 (a) converges to 1 (b) diverges to 1  

 (c) oscillates  (d) converges to 2  

4. If 0p then 


n
n

plim  

 (a) 0   (b) 1  

 (c) n   (d)   

5. The series  
n

n)1(
 

 (a) converges absolutely 

 (b) converges non absolutely  

 (c) diverges 

 (d) none  

6. For the series ....
3
1

2
1

3
1

2
1

3
1

2
1

3322   

n
n

n
a


lim  is  

 (a) 0   (b) 
3

1
 

 (c) 
2

1
   (d)   
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7. The function 





irrational0
rational1

)(
x

x
xf then f is  

 (a) continuous  

 (b) discontinuous of first kind  

 (c) discontinuous of second kind 

 (d) none  

8. The number of points at which monotonic 
functions have discontinuous of second kind is  

 (a)     (b) 1 

 (c) finite   (d) 0  

9. 









00

0
1

sin)(
2

x

x
x

xxf  then )0(1f  is  

 (a) 0   (b) 1  

 (c) –1   (d) does not exist  

10. If 0)(1 xf  in ),( ba  then f  is  

 (a) monotonically increasing in ),( ba  

 (b) strictly increasing in ),( ba   

 (c) constant 

 (d) none  
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PART B — (5  5 = 25 marks) 

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

11. (a) Prove that a set E is open if and only if its 
complement is closed. 

Or 

 (b) Prove that a finite point set has no limit 
points. 

12. (a) Let  np  be a sequence in a metric space X . 
Prove that  np  converges to Xp   if and 
only if every neighbourhood of p contains all 
but finitely many of the terms of  np . 

Or 

 (b) If  na  converges and if  nb  is monotonic 

and bounded, then prove that nnba  

converges. 

13. (a) Suppose (i) the partial sums nA  of  na  

form a bounded sequence (ii) ....210  bbb   

(iii) 0lim 
 n

n
b  Then prove that nnba  

converges. 

Or 

 (b) Prove that the Cauchy product of two 
absolutely convergent series converge 
absolutely.   

[P.T.O.]
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14. (a) Suppose f  is a continuous mapping of a 
compact metric space X  into a metric space 
Y . Then prove that )(xf  is compact. 

Or 

 (b) Let ]1,0[I  be the unit closed interval. 
Suppose f  is a continuous mapping of I into 
I. Prove that xxf )(  for at least one Ix  . 

15. (a) Let f  be defined on ],[ ba . If f has a local 

maximum at a point ),( bax   and if )(1 xf  
exist, then prove that 0)(' xf . 

Or 

 (b) State and prove Mean Value Theorem. 

PART C — (5  8 = 40 marks) 

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

16. (a) State and prove Heine Borel Theorem. 

Or 

 (b) Prove that Every K-cell is compact. 

17. (a) (i) If  np  is a sequence in a compact 
metric space .X  Then prove that some 
subsequence of  np  converges to a 
point of .X  

  (ii) Prove that every bounded sequence in 
kR  contains a convergent 

subsequences. 

Or 
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 (b) (i) If E  is the closure of a set E in a 
metric space .X  then prove that  
deam EdeamE  . 

  (ii) If nK  is a sequence of compact sets in 
X  such that .....2,1,1   nkk nn  and 
if 

n
lim  deam 0nk  then prove that  

n
n

k


1

contains exactly one point.  

18. (a) (i) State and prove Root Test. 
(ii) Discuss the convergence of the series 

....
3
1

2
1

3
1

2
1

3
1

2
1

3322   

Or 
 (b) State and prove Merten’s Theorem. 
19. (a) Let f  be a continuous mapping of a compact 

metric space X into a metric space Y. Then 
prove that f is uniformly continuous on X. 

Or 
 (b) Let f be a monotonically increasing on ),( ba . 

Then )( xf  and )( xf  at every point of x  of 
),( ba . More precisely  

 
)(inf)()()()(sup tfxfxfxftf

btxxta 
 . 

Further more if byxa   then prove 
that )()(  yfxf .  
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20. (a) State and prove L’ Hospitals Rule. 

Or 

 (b) State and prove Taylor’s Theorem. 

 

——————— 

 



Ws 6 

 

  

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

Code No. : 9120  Sub. Code : PMAM 22 

M.Sc. (CBCS) DEGREE EXAMINATION,  
NOVEMBER 2018 

Second Semester 

Mathematics – Main  

ANALYSIS — II  

(For those who joined in July 2017 onwards) 

Time : Three hours Maximum : 75 marks 

PART A — (10  1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1. *P  is a refinement of P   if _____________ 
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 (8 pages) 
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2. If bsa  , f is bounded on ],[ ba , f  is continuous 

at s , and    sxIx  , then  
b

a
fd = 

_____________ 

 (a)  of    (b)   sf  

 (c)  af    (d)   bf  

3. A curve   is rectifiable if _____________ 

 (a)   0    (b)       

 (c)   1    (d)       

4. If  nf  is a sequence of continuous functions on E  
and if ffn  uniformly on E , then f is 
_____________ on E . 

 (a) Uniformly continuous 

 (b) Not continuous  

 (c) Continuous    

 (d) Not Uniformly continuous  

5. If there exists a number M  such that 
   ,......3,2,1,,  nExMxfn  then  nf  is 

_____________ 

 (a) Bounded  (b)  Uniformly bounded 

 (c) Continuous (d)  Uniformly continuous  
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6. Every member of an equicontinuous family  
 is _____________ 

 (a) Continuous  

 (b) Continuous equally 

 (c) Uniformly continuous   

 (d) Not continuous  

7. If the each xx  , there corresponds a function 

g  such that   0xg , then we say that  
_____________ of E .  

 (a) Vanishes at no point 

 (b) Vanishes at every point 

 (c) Vanishes at some points    

 (d) Not  Vanishes at some points 

8. 
 





x
x

x
1log

0
lim

 _____________ 

 (a) 0   (b)  1 

 (c)     (d)  xe  

9. If  n is orthonormal on  ba, and if 

   


1
~
n

nn xcxf  , then ncn
lim

 = 

 (a) 0   (b)  1 

 (c) n    (d)  c  
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10. For  1,.....3,2,1  nn =_____________ 

 (a)  !1n   (b)   1nn  

 (c) 1n    (d)  !n  

PART B — (5  5 = 25 marks) 

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

Each answer should not exceed 250 words. 

11. (a) If f is continuous on  ba, , then prove that 

f      on  ba, . 

Or 

 (b) Suppose f is bounded on  ba, ,  f  has only 

finitely many points of discontinuity on 

 ba, , and   is continuous at every point at 

which f is discontinuous. Then show that  

f    . 

12. (a) Show by means of an example that limit 

processes cannot in general be interchanged 
without affecting the result. 

Or   

[P.T.O.]
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 (b) Prove that the sequence at functions  nf  
defined E , converges uniformly on E  if and 
only if for every 0 , there exists an integer 
N  such that Nm  , Nn  , Ex   implies 
     xfxf mn . 

13. (a) Give an example of a uniformly bounded 
convergence sequence which contains no 
uniformly convergent subsequence. 

Or 

 (b) Let   be montonically increasing on  ba, . 

Suppose nf     on  ba, , for 
,....3,2,1n  and suppose ffn  uniformly 

on  ba, . Then show that f    on  ba,  

and  
b

a n

b

a
dfnfd 

lim
. 

14. (a) Let ℬ be the uniform closure of an algebra 

of bounded  functions. Prove that ℬ is a 

uniformly closed algebra. 

Or 

 (b) Suppose  nC  converges. Let   





0n

n
nxcxf , 

11  x . Then show that   





0

lim
1

n
ncxfx  
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15. (a) If f  is continuous with period 2  and if 
0 , then show that there is a trigonometric 

polynomial P  such that      xfxP  for 

all real x . 

Or 

 (b) Prove : 

  (i) Ґ   xx 1  Ґ  x  if  x0  

  (ii) log  is convex on  ,0 . 

PART C — (5  8 = 40 marks) 

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

16. (a) Show that f    on  ba,  if and only if 
for every 0 , there exists a partition  
P such that  ,, fP    ,, fPL . 

Or 

 (b) Suppose f    on  ba, , Mfm  ,   
is continues on  Mm,  and    xfxh   on 

 ba, . Then prove that h    on  ba, . 

17. (a) Let X  be a metric space. Prove that the set 
 X  of all complex – valued continuous, 

bounded functions with domain X  is a 
complete metric space. 

Or 



Ws 6 

 

 Code No. : 9120 Page 7 

 (b) Suppose ffn  uniformly on a set E  in a 
metric space. Let x  be a limit point of E . 
Then prove that 

lim
xt

lim
n    



t

n tfxtnt
limlim

nf  

18. (a) Suppose  nf  is a sequence of functions, 
differentiable on  ba, . and such that   on xf  
converges for some point ox  on  ba, . If 

 'nf converges uniformly on  ba, , then show 
that  nf  converges uniformly on  ba, , to a 

function f and    xfnxf n
'

lim
'  . 

Or 

 (b) Show that there exists a real continuous 
functions on the real line which is nowhere 
differentiable. 

19. (a) State and prove the Weierstrass’ theorem. 

Or 

 (b) Let be an algebra of real continuous 

functions on a compact set K . If vanishes 

at no point of K , then prove that uniform 
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closure  ℬ of  consists of all real 

continuous functions on K . 

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

Or 

 (b) Let  n  be orthonormal on  ba, . Let 

  



n

m
mmn xcxs

1

)(  be the nth   partial sum of 

the Fourier series of f and suppose 

   



n

m
mmn xxt

1

 . Then prove that 

  
b

a

b

a nn dxtfdxsf
2

2
 and equality holds 

if and only if .......,3,2,1, nmcmm   

———————— 
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 Choose the correct answer. 

1. If 1),( ba , then  ),( 22 bababa  

 (a) either 1 or 2 (b) either 1 or 3 

 (c) 2  (d) 4 

2. Which one of the following is not correct? 

 (a) nn|   (b) n|1  

 (c) n|0   (d) 0|n  
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3. For  )(,1 nIn  

 (a) 1  (b) n 

 (c) 0  (d) log n 

4.  )1(  

 (a) 1  (b) –1 

 (c) 0  (d) not defined 

5. For real or complex   and 1n  )(n  

 (a) 
nd

d

| 
  (b) 

nd

d

| 
 

 (c) 
nd

d
|

  (d) 
nd

d
|

  

6.  )(1 n  

 (a) 1  (b) )(n  

 (c) –1  (d) 1  

7. 












xn
x

x
n

log
1

lim  

 (a) Euler’s constant 

 (b) Riemann zeta function 

 (c) 






x
1

0   

 (d) )(0 1 sx   
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8. )(rN  

 (a) 12 r  (b) )(02 2 rr   

 (c) )(04 2 rr   (d) ][2 r  

9. The Chebysev’s   function is )(x  

 (a) 
xp

plog  (b) 



xn

n)(  

 (c) 
xp

p
|

log  (d) 
xp

plog  

10. 





1

2

)(

n n
n

 

 (a) )2(   (b) 
2

6


 

 (c) 
6

2
  (d) 

6


 

SECTION B — (5 × 5 = 25 marks) 

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

11. (a) Prove that 44 n  is composite if 1n . 

Or 

 (b) Prove that CDbDaCDbDa )()(  . 
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12. (a) If 1n , prove that  
nd

nd
|

)( . 

Or 

 (b) If ,1),( nm  show that )()()( nmnm   . 

13. (a) Show that the möbius function is 
multiplicative but not completely 
multiplicative. 

Or 

 (b) Prove that, for 1n .  

14. (a) If 1x  and 0 , prove that 

  








xn

xO
x

n )(
1

1






. 

Or 

 (b) For 1x , prove that 

  



xn

xxOxn )log()2(
2
1

)( 2
1  . 

15. (a) State and prove Abel’s identity. 

Or 

 (b) Calculate the highest power of 10 that 
divides 1000 !.  

[P.T.O.]



 

Code No. : 9116 Page 5

SECTION C — (5 × 8 = 40 marks) 

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

16. (a) Show that the infinite series 


1

1

n np
 diverges. 

Or 

 (b) State and prove ‘The Division Algorithm’. 

17. (a) Prove that  
nd

nd
|

2

2

)()(   and 




 


otherwise1

1somefor|if0
)

mnm
d

k

  

Or 

 (b) If 1n , prove that 
nd

dn
|

)(log . 

18. (a) If both g and gf   are multiplicative. Prove 

that f is also multiplicative. 

Or 

 (b) Given f is multiplicative. Prove that f is 
completely multiplicative if and only if 

)()()(1 nfnnf   for all 1n . 
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19. (a) State and prove Euler’s summation formula. 

Or 

 (b) Show that the set of lattice points visible 

from the origin has density 
2

6


. 

20. (a) Prove that for every integer ,2n  

  
n
n

n
n

n
log
6

)(
log6

  . 

Or 

 (b) Prove that the following relations are 
logically equivalent. 

  (i) 1
log)(

lim 
 x

xx
x


 

  (ii) 1
)(

lim 
 x

x
x


 

  (iii) 1
)(

lim 
 x

x
x


. 

——––––––––– 
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Answer ALL questions. 

 Choose the correct answer. 

1. If 1),( ba , then  ),( 22 bababa  

 (a) either 1 or 2 (b) either 1 or 3 

 (c) 2  (d) 4 

2. Which one of the following is not correct? 

 (a) nn|   (b) n|1  

 (c) n|0   (d) 0|n  
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3. For  )(,1 nIn  

 (a) 1  (b) n 

 (c) 0  (d) log n 

4.  )1(  

 (a) 1  (b) –1 

 (c) 0  (d) not defined 

5. For real or complex   and 1n  )(n  

 (a) 
nd

d

| 
  (b) 

nd

d

| 
 

 (c) 
nd

d
|

  (d) 
nd

d
|

  

6.  )(1 n  

 (a) 1  (b) )(n  

 (c) –1  (d) 1  

7. 












xn
x

x
n

log
1

lim  

 (a) Euler’s constant 

 (b) Riemann zeta function 

 (c) 






x
1

0   

 (d) )(0 1 sx   
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8. )(rN  

 (a) 12 r  (b) )(02 2 rr   

 (c) )(04 2 rr   (d) ][2 r  

9. The Chebysev’s   function is )(x  

 (a) 
xp

plog  (b) 



xn

n)(  

 (c) 
xp

p
|

log  (d) 
xp

plog  

10. 





1

2

)(

n n
n

 

 (a) )2(   (b) 
2

6


 

 (c) 
6

2
  (d) 

6


 

SECTION B — (5 × 5 = 25 marks) 

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

11. (a) Prove that 44 n  is composite if 1n . 

Or 

 (b) Prove that CDbDaCDbDa )()(  . 
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12. (a) If 1n , prove that  
nd

nd
|

)( . 

Or 

 (b) If ,1),( nm  show that )()()( nmnm   . 

13. (a) Show that the möbius function is 
multiplicative but not completely 
multiplicative. 

Or 

 (b) Prove that, for 1n .  

14. (a) If 1x  and 0 , prove that 

  








xn

xO
x

n )(
1

1






. 

Or 

 (b) For 1x , prove that 

  



xn

xxOxn )log()2(
2
1

)( 2
1  . 

15. (a) State and prove Abel’s identity. 

Or 

 (b) Calculate the highest power of 10 that 
divides 1000 !.  

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

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

16. (a) Show that the infinite series 


1

1

n np
 diverges. 

Or 

 (b) State and prove ‘The Division Algorithm’. 

17. (a) Prove that  
nd

nd
|

2

2

)()(   and 




 


otherwise1

1somefor|if0
)

mnm
d

k

  

Or 

 (b) If 1n , prove that 
nd

dn
|

)(log . 

18. (a) If both g and gf   are multiplicative. Prove 

that f is also multiplicative. 

Or 

 (b) Given f is multiplicative. Prove that f is 
completely multiplicative if and only if 

)()()(1 nfnnf   for all 1n . 
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19. (a) State and prove Euler’s summation formula. 

Or 

 (b) Show that the set of lattice points visible 

from the origin has density 
2

6


. 

20. (a) Prove that for every integer ,2n  

  
n
n

n
n

n
log
6

)(
log6

  . 

Or 

 (b) Prove that the following relations are 
logically equivalent. 

  (i) 1
log)(

lim 
 x

xx
x


 

  (ii) 1
)(

lim 
 x

x
x


 

  (iii) 1
)(

lim 
 x

x
x


. 

——––––––––– 
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Answer ALL questions. 

 Choose the correct answer : 

1. If F  is a function of ,', yx  the Eular’s equation is 

 (a) C
y
FyF 




'

'  (b) C
y
F





'
 

 (c) C
y
F





  (d) O
y
F
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2. The Lagrange’s equation for minimizing the 
quantity  zyxf ,,  subject to the constraint 
  0,, zyx  is 

 (a) 0 f  (b) 0 f  

 (c)  yx ff  (d) zxf   

3. 
b

a

dxxyI )(  is a 

 (a) Natural number (b) Function 

 (c) Variation (d) Funcional 

4.  u
x





 = 

 (a)  y
y





  (b)  u
dx
d   

 (c) 









x
u   (d)  v

x





 

5.   
1

0

)(311)(  dyxxy is 

 (a) A fredholm equation  

 (b) A volterra equation 

 (c) An improper integral 

 (d) An Eular equation 
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6. The Green’s function ),( xG  is 

 (a) Independent of boundary conditions 

 (b) Not continuous at x  

 (c) Symmetric 

 (d) Continuous at x  

7. In the integral equation  
R

dcxGxe  )(,)( , 

the function ),( xG  is called 

 (a) The effect distribution 

 (b) Cause distribution 

 (c) The influence function 

 (d) Sum of effects 

8. In the integral equation  

  



2

0

)()(sin)( dyxxy  the Kernel is 

 (a) Inseparable   

 (b) Separable 

 (c) Not defined  

 (d) A cause function 
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9. The characteristic functions )(xym  and )(xyn  of 

the homogeneous Fredholm equation 


b

a

dyxKxy  )(),()(  are  

 (a) Equal    

 (b) Real numbers 

 (c) Complex numbers  

 (d) Orthogonal 

10. The solution of 
b

a

dyxKxfxy  )(),()()(  

orbits by iterative method if 

 (a) 
)(

1
abM 

   

 (b) 0  

 (c) 
)(

1
abM 

   

 (d) None  

[P.T.O.]
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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 the shortest distance between two 
points in a plane is a straight line. 

Or 

 (b) Determine the point on the curve of 
intersection of the surfaces 

1,5  zyxyxz  which is nearest the 
origin. 

12. (a) Show that the integral 
1

2

)',,(
x

x

dxyyxFI  is 

stationary if and only if its first variation 
0I . 

Or 

 (b) If   
1

0

222 ' dxyyxI , calculate both I  

and I when xy   and 2xty  . 
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13. (a) If  
x

a

n
n dfxxI  )()()( 1 , where n is a 

positive integer prove that  

      


x

a

x

a

x

a

x

a
nn

n

xI
n

dxdxdxxf
3 2

)(
!)1(

1
...)(.... 211 . 

Or 

 (b) Show that the integral equation 
corresponding to the boundary value 

problem 02

2

 y
dx
yd  , y(0)=0, 0)( ly  is 

a Fredholm equation of the second kind. 

14. (a) Derive the integral equation for the 
determination of small deflections of a string 
due to a loading distribution. 

Or 

 (b) Obtain an approximate solution of the 
integral equation  

   
1

0

2)()(sin)( xdyxxy  . 
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15. (a) Show that the characteristic numbers of a 
Fredholm integral equation with a real 
symmetric Kernel are all real. 

Or 

 (b) Solve   
1

0

)(311)(  dyxxy  by 

iterative methods. 

PART C — (5  8 = 40 marks) 

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

Each answer should not exceed 600 words. 

16. (a) Of all the rectangular parallelepipeds which 
have sides parallel to the coordinate planes, 
and which are inscribed in the ellipsoid 

12

2

2

2

2

2


c
z

b
y

a
x

, determine the diminutions 

of that one which has the largest possible 
voluem.     

Or 

 (b) State and prove a necessary condition for 


2

1

)',,(
x

x

dxyyxfI  to be an extremum. 

17. (a) Summarize the steps followed to maximize 
or minimize an integral using constraints 
and lagrnage multipliers.  

Or 

 (b) Illustrte the Dirichlset problem. 
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18. (a) Show that 
b

a

dxGxy  )(),()(  is an 

integral formulation of the differential 
equation 0)(  xLy   with homogeneous 

boundary conditions 0'  yy  . 
Or 

 (b) Transform the Bessal equation 

  0)0(,012
2

2
2  yyx

dx
dy

dx
ydx  , 0)1( y  

into an integral equation. 
19. (a) Suppose that a string is rotating uniformly 

about the x -axis with angular velocity w. 
Show that the influence function is the 
Green’s function of the problem.  

Or 
 (b) Determine the characteristic values of the 

integral equation  

    
1

0

)()(31)( xFdyxxy   and the 

corresponding characteristic functions. 
20. (a) Explain an iterative method for solving a 

fredholm equation of the second kind. 
Or 

 (b) Generate characteristic functions for the 
case when )(sin),(   xxK  and  

  )2,0(),( ba  of 
b

a

dxK ))(),(  . 

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

Answer ALL questions. 

 Choose the correct answer : 

1. A particle of mass ‘m’ has momentum p, its kinetic 
energy will be 

 (a) mp  (b) mp /2  

 (c) mp 2/2  (d) mp2  

2. Constraint is a rigid body is 

 (a) holonomic (b) non-holonomic 

 (c) sclernomic (d) rheonomic 

(7 pages) 
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3. The equation   
i

ii raF 0  is called 

 (a) the principle of virtual work   

 (b) D’Alembert’s principle 

 (c) Hamilton’s principle 

 (d) Fermat’s principle 

4. 
dt

dwf  = ––––––––––––. 

 (a) 
2
1

  (b) 2  

 (c) 0  (d) 3  

5. The brachistochrone problem was analysised by 
––––––––––––. 

 (a) Rabin (b) Euler 

 (c) John Bernoulli (d) Rudin 

6. –––––––––––– is necessary and sufficient 
condition for Lagrange’s equations. 

 (a) Newton’s principle  

 (b) Euler’s principle 

 (c) Hamilton’s principle  

 (d) Poisson’s principle 
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7. 2

2
1
r  is called 

 (a) linear velocity  

 (b) angular velocity 

 (c) a real velocity  

 (d) relative velocity 

8. In the relation  ,
21

21

mm
mm


  is called 

 (a) reduced mass (b) extented mass 

 (c) regular mass (d) linear velocity 

9. If 1e  and 0E , then the orbit is 

 (a) circle  (b) ellipse 

 (c) parabola (d) hyperbola 

10. The square of the period proportional to the cube 
of the major axis. This is known as 

 (a) Newtons second law of motion 

 (b) Kepler’s first law of planetray motion 

 (c) Kepler’s second law of planetray motion 

 (d) Kepler’s third law of planetray motion 
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SECTION B — (5 × 5 = 25 marks) 

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

11. (a) Define escape velocity of a particle on the 
earth. Show that the escape velocity for 
earth is 6.95 mi/sec. 

Or 

 (b) Show that for a single particle of constant 

mass VF
dt
dT

  and if the mass varies 

with time then 
 

PF
dt
mTd

 . 

12. (a) State and prove D’Alembert’s principle. 

Or 

 (b) Discuss about the dissipation function. 

13. (a) Show that the geodesis of a spherical surface 
are great circles. 

Or 

 (b) Find the equation of motion of a head sliding 
on a uniformly rotating wire in a force-free 
space.  

[P.T.O.]
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14. (a) State and prove Kepler’s second law of 
motion. 

Or 

 (b) Show that the inverse square law of force the 

Virial’s theorem can be stated at VT
2
1

 . 

15. (a) Show that the central force problem is 
solvable interms of elliptic functions of the 
distance with the following exponents. 

  
3
7

,
3
5

,
3
1

,
2
5

,
2
3 

n . 

Or 

 (b) Prove that the central orbit is invariant 
under reflection about the apsidal vectors. 

SECTION C — (5 × 8 = 40 marks) 

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

16. (a) Show that the total angular momentum of a 
system of particles about a point is equal to 
the sum of the angular momentum of the 
system concentrated at the mass centre and 
the angular momentum of the system about 
the mass centre. 

Or 

 (b) State and prove the conservation theorem for 
total angular momentum. 
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17. (a) Derive Lagrange’s equation of motion 

  0










 

jj q
L

qd
L

dt
d


. 

Or 

 (b) Obtain the Lagrangian equation of the 
Atwood’s machine and find its acceleration. 

18. (a) Derive Eulev-Lagrange differential 
equations. 

Or 

 (b) Derive Lagrange’s equations for  
non-holonomic systems. 

19. (a) Obtain the differential equation for the orbit 
if the force law for the potential V, is known. 

Or 

 (b) Discuss the equivalent one-dimensional 
problem and classification of orbits.   

20. (a) Derive the orbit equation : 

   











 


cos

2
11

1
2

2

2 mK
ElmK

r
. 

Or 
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 (b) Two particles more about each other in a 
circular orbits under the influence of 
gravitational forces with a period  . Their 
motion is suddenly stopped at a given 
instant of time and they are then released 
and allowed to fall into each other. Prove 

that they collide after a time 
24


. 

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

Answer ALL questions.  

 Choose the correct answer: 

1. A curve is a straight line if and only if 

 (a) 0k   (b) 0k  

 (c) 0   (d) 0  

2. Which of the following is correct? 

 (a) nb 1   (b) nkt 1  

 (c) bn 1   (d) tkbb  1  

(6 pages) 
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3. The centre of the osculating circle is c  

 (a) tr     

 (b) nr   

 (c) nr     

 (d) tr   

4. If k  is a constant, the centre of curvature and the 
centre of spherical curvature 

 (a) are distinct  

 (b) are not comparable 

 (c) coincide   

 (d) are not equal 

5. The parametric curves v  constant are called 

 (a) parallels   

 (b) meridians 

 (c) congruent curves  

 (d) helices 

6. At an ordinary point on surface  21 rr  

 (a) 0    (b) r  

 (c) 21 rr    (d) none 
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7. A characteristic property of geodesics is that at 

every point its principal normal is ––—————— 

to the surface. 

 (a) tangent  (b) parallel 

 (c) normal  (d) torsion 

8. The expression for U  and V  satisfy 

 (a) 0 VvUu  (b) 0 VvUu   

 (c) 
dt
dT

VvUu    (d) 
dt
dT

VvUu    

9. A curve with zero geodesic curvature is a 

 (a) circle  (b) straight line 

 (c) geodesic  (d) parabola 

10. If ak  and bk  are two principal curvature at a 

point on a surface, then the mean curvature   

 (a) bakk    (b) bakk  

 (c) ba kk    (d) 
2

ba kk 
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PART B — (5  5 = 25 marks) 

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

11. (a) Find the length of the curve given as the 

intersection of the surfaces 1
2

2

2

2


b

y

a

x
, 

a
z

ax cosh  from the point  0,0,a  to the 

point  zyx ,, . 

Or 

 (b) Show that the equation of the osculating plane 
is        00,0,0  rrrR  where 0r . 

12. (a) Derive the equation of an involute of a curve. 

Or 

 (b) If C  is the given curve and 1C  is the locus of 
its contras of spherical curvature, prove that 
the product of the torsions at the 
corresponding points is equal to the product of 
curvature.  

13. (a) Prove that a proper parametric 
transformation either leaves every normal 
unchanged or reverses the direction of the 
normal. 

Or 

 (b) Find the angle between the parametric curves.  

[P.T.O.]
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14. (a) Find the differential equations for geodesics 
on the catenoid of revolution obtained by 

rotating the curve 






c
z

c cosh  about the  

z -axis. 

Or 

 (b) State and prove the normal property of 
geodesics. 

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

Or 

 (b) State and prove Euler’s theorem. 

PART C — (5  8 = 40 marks) 

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

16. (a) Derive Serret – Frenet formulae. 

Or 

 (b) Find the curvature and torsion of a curve 
given as the intersection of two surfaces. 

17. (a) Prove that a curve is a helix if and only if 

k

 is 

a constant. 

Or 

 (b) If the radius of spherical curvature is 
constant, prove that the curve either lies on a 
sphere or has constant curvature. 
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18. (a) Prove that the metric is invariant under a 
parametric transformation but the coefficients 

GFE ,,  are not invariant. 

Or 

 (b) Show that on a right helicoid, the family of 
curves orthogonal to curves vu cos  constant 

is the family    vau 222 sin  constant. 

19. (a) Derive the canonical geodesic equations 

0















u
T

u
T

ds
d

U , 0














v
T

vu
T

ds
d

V . 

Or 

 (b) Prove that the curves of the family  


2

3

u

v
 constant are geodesics on a surface  

with the metric 2222 22 dvuuvdudvduv  , 
 0,0  vu . 

20. (a) State and prove Robigus’s formula. 

Or 

 (b) State and prove Liouville’s formula. 

——————— 
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PART A — (10  1 = 10 marks) 

Answer ALL the questions. 

 Choose the correct answer : 

1. Which denotes the regular expression and denotes 
the empty set 

 (a)   (b)   

 (c)  (d)   

2. Let r be a regular expression. Then there exists an 
NFA with -transition that accepts 

 (a) L (b) L () 
 (c) R (l) (d) L (r) 

(6 pages) 
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3. There is an algorithm to determine if two 
automata are   

 (a) efficient (b) infinite 

 (c) finite (d) equivalent 

4. If a class of operation closed under a particular 
Property is called 

 (a) properties (b) Open Property 

 (c) Clousure Property (d) Closed Property 

5. S is a special variable and is called 

 (a) start (b) strong 

 (c) stable (d) stay 

6. Which is a finite set of variables each of which 
represents a language 

 (a) free grammar 

 (b) context free grammar 

 (c) context grammar 

 (d) grammar 

7. Q is a finite set of 

 (a) qurries (b) language 

 (c) states (d) grammar 
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8.  is an alphabet called the 

 (a) input alphabet (b) stack alphabet 

 (c) output alphabet (d) null alphabet 

9. CFL is closed under 

 (a) automorphism (b) homomorphism 

 (c) homeomorphism (d) Kernal 

10. Which is not closed under complementation 

 (a) CFL (b) CLF 

 (c) LCF (d) CLFF 

PART B — (5  5 = 25 marks) 

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

11. (a) Prove that if L is accepted by a DFA, then L is 
denoted by a regular expression. 

Or 

 (b) Define Regular expression and give suitable 
example. 
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12. (a) Prove that the regular sets are closed under 
intersection. 

Or 

 (b) Prove that the class of regular sets is closed 
under homomorphisms and inverse 
homomorphisms. 

13. (a) Define derivations and languages with 
suitable example. 

Or 

 (b) Prove that every CFL without  is defined by 
a grammar with no useless symbols,  
-productions, or unit productions. 

14. (a) If L is N(M1) for some PDA M1, then prove 
that L is L(M2) for some PDA M2. 

Or 

 (b) If L is a context free language, then there 
exists a PDA M such that L = N(M). 

15. (a) Show that the metalinear languages are not 
closed under*. 

Or 

 (b) Use CYK algorithm to determine weather 
‘aaaaa’ are in the grammar.  

[P.T.O.]
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PART C — (5  8 = 40 marks) 

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

16. (a) Explain Finite automation with -moves. 

Or 

 (b) Let L be a set accepted by a no deterministic 
finite automaton. Then prove that there exists 
a deterministic finite automaton that  
accepts L. 

17. (a) Explain substitutions and homomorphisms. 

Or 

 (b) Show that 2DFA with endmarks accept only 
regular sets by making use of closure 
property. 

18. (a) Explain the relationship between derivation 
trees and derivations. 

Or 

 (b) Explain simplifications of context free 
grammar.  
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19. (a) Explain Pushdown automation with suitable 
examples. 

Or 

 (b) Explain moves with examples. 

20. (a) Show that the set of strings with an equal 
number of a’s and b’s is a CFL that is not a 
metalinear languages. 

Or 

 (b) Show that the linear languages are not closed 
under*. 

 

—————— 
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Answer ALL questions. 

 Choose the correct answer : 

1. A connected graph on 10 vertices contains  
 atleast _____________ edges. 

 (a) 10    

 (b) 10C2 

 (c) 9    

 (d) 6 

 (6 pages) 
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2. A block contains no _____________ 

 (a) Cut vertex   

 (b) Bridge 

 (c) Both  (a) and (b)  

 (d) Either (a) or (b)   

3. Which of the following is not Eulerian? 

 (a) nC2    (b)  nK2  

 (c) 12 nK   (d)  4,4K  

4. If G  is hamiltonian then for every non empty 

proper subset S of ,V   SG   _____________ 

 (a) S    (b)  S  

 (c) S    (d)   S  

5. Perfect matching is found in _____________ 

 (a) 5K    (b)  7C  

 (c) Peterson graph (d)  5,1K   
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6. If G  is bipartite, then ' _____________ 

 (a) 2   (b)   

 (c) 1    (d)  1  

7. A subset S of V  such that  SG  is complete is 

called _____________ 

 (a) Matching  (b)  Covering 

 (c) Independent (d)  Clique 

8.    4,3r _____________ 

 (a) 3   (b)  6 

 (c) 9   (d)  4 

9. Every critical graph is a _____________ 

 (a) Complete  (b)  Clique 

 (c) A block  (d)  Bipartite 

10. If G is empty, then  Gk = _____________ 

 (a)    1.....1  vkkk    

 (b) vk    

 (c) 2k     

 (d)  G   



Ws 6
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PART B — (5  5 = 25 marks) 

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

11. (a) Show that for a tree ,G  1 v . 

Or 

 (b) Prove that  'KK  

12. (a) Prove : A connected graph has an Euler trial 

if and only if it has at most two vertices of 
odd degree. 

Or 

 (b) Show that closure of a graph is well defined. 

13. (a) Prove that in a bipartie graph, the number of 

edges in a maximum matching is equal to 
the number of vertices in a minimum 

covering. 

Or 

 (b) For a connected graph G  other than an odd 

cycle, show that G has a 2–edge colouring in 

which both colours are represented at each 
vertex of degree atleast two.   

[P.T.O.]
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14. (a) (i)  Show that   











1
2

,
k
lk

lkr  

  (ii) Prove  the    

Or 

 (b) Prove that if a simple graph contains no 
,1mK then    vmTG ,  . Also show that 

   vmTG ,  only if vmTG ,  

15. (a) Show that in a critical graph, no vertex cut is 
a clique. 

Or 

 (b) In a simple graph G , prove that 
     eGeGG kkk    for any edge e of 

G . 

PART C — (5  8 = 40 marks) 

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

16. (a) Prove that   2 n
n nK . 

Or 

 (b) Show that nmH ,  is m  connected. 



Ws 6
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17. (a) For a connected graph ,G prove that G  is 
Eulerian if and only if it has no vertices of 
odd degree. 

Or 

 (b) If G is a simple graph with 3  and 
2v , then show that G  is hamiltonian. 

18. (a) State and prove Hall’s marriage theorem. 

Or 

 (b) State and Prove Vizing’s theorem. 

19. (a) Show that   22,
k

kkr   . 

Or 

 (b) State and Prove Erdos’ theorem, which is 
required to prove Turan’s theorem. 

20. (a) State and Prove Brook’s theorem. 

Or 

 (b) For any positive integer k , prove that there 
exists a k chromatic graph containing no 
triangle. 

———————— 
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Answer ALL questions. 

 Choose the correct answer : 

1. If A  is the set of irrational numbers in the 
interval  1,0  then  Am *  is 

 (a) 0    

 (b) 1 

 (c)      

 (d)   

(7 pages)
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2. Which one of the following is not true? 

 (a) the outer measure is defined for all sets of real 
numbers    

 (b) the outer measure of an interval is its length 

 (c) the outer measure is countably additive     

 (d) the outer measure is translation invariant  

3.   cxfffEx n  )/,,max 21   is 

 (a)   cxfEx k
nk


1

max     

 (b)   
n

k
k cxfEx

1

  

 (c)   
n

k
k cxfEx

1

     

 (d)   



n

k
k cxfEx

1

 

4.  xf  is defined by 

 (a)       xfxfxf  ,min     

 (b)     0,max xfxff   

 (c)     0,max xfxf      

 (d)       xfxfxf  max  
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5. Define f  on  1,0  by setting   1xf  if Qx  and 
  0xf  if QRx  . Let P  be any partition of 

 1,0 . Then    PfUPfL ,,   is 

 (a) 1   (b) 0 

 (c) –1   (d) 2 

6. Support of a function f  is defined by 

 (a)   0 xfEx  (b)   0 xfEx  

 (c)    xfEx  (d)    xfEx  

7. If  nE is an ascending countable collection of 

measurable subsets of E  and if f  is integrable 

over E  then 












nE

f  converges to 

 (a) 0   (b) 

n

nE

f  

 (c) 

n

nE

f    (d) 
E

f  
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8. ‘‘If the function f  is monotone on  ba,  then it is 
differentiable almost everywhere on  ba, ’’– This 
theorem is known as  

 (a) Jordan’s theorem  

 (b) Lebesgue’s theorem 

 (c) Vitali’s theorem  

 (d) Dominated convergence theorem 

9. Which one of the following is not true 

 (a) Absolutely continuous functions are 
continuous     

 (b) Linear combinations of absolutely continuous 
functions are absolutely continuous 

 (c) Composition of absolutely continuous 
functions is absolutely continuous    

 (d) A function f on  ba,  is absolutely continuous 
if and only if it is an indefinite integral over 
 ba,  

10. The measure   is defined by 

 (a)      EEE        

 (b)      EEE     

 (c)      EEE        

 (d)       EEE   ,max  for all ME   

[P.T.O.]
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PART B — (5  5 = 25 marks) 

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

11. (a) Prove that if   0 Am  then 

   BmBAm * . 

Or 

 (b) Prove that the union of a finite collection of 
measurable sets is measurable. 

12. (a) Prove that the product of measurable 
functions is measurable. 

Or 

 (b) State and prove the simple approximation 
lemma. 

13. (a) Let  nf  be a sequence of bounded measurable 
functions on a set of finite measure E . If 
  ffn   uniformly on E , prove that 

 


EE

n
n

ff


lim . 

Or 

 (b) Let f  be a non negative measurable function 

on E . Prove that  
E

f 0  if and only if 0f  

a.e. on E . 
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14. (a) Let f  be integrable over E  and   1nnE  a 
disjoint countable collection of measurable 
subsets of E  whose union is E . Prove that 

 





1n EE n

ff . 

Or 
 (b) Let C  be a countable subset of  ba, . Then 

prove that there is an increasing function on 
 ba,  that is continuous at the points in 
  cba , . 

15. (a) Prove that a function f  on  ba,  is absolutely 
continuous on  ba,  if and only if it is an 
indefinite integral over  ba, . 

Or 
 (b) State and prove the Borel-Cantelli lemma on 

a measure space ,(X , ) . 

PART C — (5  8 = 40 marks) 
Answer ALL questions, choosing either (a) or (b).  

16. (a) Show that the outer measure of an interval is 
its length. 

Or 
 (b) Let E  be a measurable set of finite outer 

measure. Prove that for each 0 , there is a 
finite disjoint collection of open intervals 

  1kkI  for which if ,0
1

n

k
kI



  then 

      EmEm ~00~ . 
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17. (a) State and prove Egoroff’s theorem. 

Or 

 (b) State and prove Lusin’s theorem. 

18. (a) State and prove the bounded convergence 
theorem. 

Or 

 (b) Let f  and g  be non negative measurable 
functions on E . For any 0  and 0 , 

prove that    
EEE

gfgf  . Also 

prove that  
E E

gf  if gf   on E . 

19. (a) State and prove the Lebesgue dominated 
convergence theorem. 

Or 

 (b) State and prove the Vitali covering lemma. 

20. (a) Let the function f  be absolutely continuous 
on  ba,  prove that f is the difference of 
increasing absolutely continuous functions 
and is of bounded variation. 

Or 

 (b) State and prove the Hahn decomposition 
theorem. 

——————— 
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 Choose the correct answer : 

1. Stirling’s formula is the average of 

 (a) Newton’s forward and Newton’s backward 
interpolation formula 

 (b) Gauss forward Gauss backward 
interpolation formula 

 (c) Both (a) and (b) are true 

 (d) None 

(8 pages)
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2. Stirling formula is used for the values of p lying 
between 

 (a) –1 and 1 (b) 
2
1

  and 
2
1

 

 (c) 0 and 1 (d) none 

3. 










 







  

26
1

2
1 2

3
1

3
10 yyyy

h
  

          











   
230

1 3
5

2
5 yy

 

 is a formula for 

 (a) 
oxxdx

dy




  (b) 

0




xdx
dy

 

 (c) 
phxxdx

dy






0

 (d) none 

4. 
0

2

2







xdx
yd

 is 

 (a) 



  0

4
0

3
0

2
2 12

111
yyy

h
   

 (b) 



  0

4
0

3
0

2
2 12

111
yyy

h
 

 (c)   0
4

0
3

0
2

0
1

yyyy
h

   

 (d) none 
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5. The error in Simpson’s formula is of order 

 (a) 2h   (b) 4h  

 (c) 6h   (d) none 

6. Romberg’s formula is 

 (a) 
3

12
2

II
II


  (b) 

3
31

1
II

II


  

 (c) 
3

21
0

II
II


  (d) 

2
21

0
II

II


  

7.   3,2,1,0,1  nyxhfyy nnnn  is 

 (a) Picards interaction formula 

 (b) Euler’s formula 

 (c) Taylor’s method 

 (d) None 

8.   11,
1

2  y
xx

y
dx
dy

 then  11 y  is 

 (a) 0  (b) 1.1 

 (c) 1  (d) none 
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9. 
24

, 01
h

yCyn    211 5199   nnnn yyyy  

represents 

 (a) Milnes corrector formula 

 (b) Adam-Bashforth corrector formula 

 (c) Both (a) and (b) 

 (d) None 

10. For solving differential equation in Milne’s 
predictor formula the required number of initial 
values are 

 (a) 4  (b) 3 

 (c) 2  (d) 1 

PART B — (5 × 5 = 25 marks) 

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

11. (a) From the table find  5y  using Bessel’s 

formula. 

x : 0 4 8 2 

 xy  : 143 158 177 199

Or 

 (b) Apply Lagrange’s formula to find 2U  from 

the data 19,29,5,2 7310  UUUU .  

[P.T.O.]
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12. (a) Given 57,15,5 210  UUU  and 4
dx
dU

 

at 0x  and 72 at 2x . Find 0
3U  and 

0
4U . 

Or 

 (b) Find 
dx
dy

 and 2

2

dx
yd

 at 51x  from the 

following data : 

x : 50 60 70 80 90 

y : 19.96 36.65 58.81 77.21 94.61 

13. (a) 


3

3

4dxx  by using Trapzoida rule by dividing 

the range into 6 equal parts. 

Or 

 (b) Evaluate  
1

0

2

dxe x  by dividing the range into 

four equal parts. 

14. (a) Using Taylor’s method find  1.0y  correct to 

3 decimal places from 12  xy
dx
dy

, 00 y . 

Or 
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 (b) Solve   00,1  yy
dx
dy

 using Euler’s 

method. Find y at 1.0x  and 0.2. 

15. (a) Using Milne’s Predictor corrector method 
find  4.0y  for the differential equation 

  20,1  yxy
dx
dy

. 

Or 

 (b) Evaluate  4.1y  given that 2

1
xx

y
y   and 

  ,11 y      986.021,996.011  yy  
  972.03.1 y  by using Adam’s Predictor 

Corrector. 

PART C — (5 × 8 = 40 marks) 

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

16. (a) Derive Laplace-Everett’s formula. 

Or 

 (b) Find the Hermite’s interpolation polynomial 
for the following data : 

x 0 1 2 

 xf  1 0 9 

 xf  0 0 24
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17. (a) Derive an expression for 
dx
dy

 and 2

2

dx
yd

 at 

0xx   by using Newton’s forward difference 

formula. 

Or 

 (b) Find the first and second derivative of y  at 

6.0x . 

x : 0.4 0.5 0.6 0.7 0.8 

y : 1.58 1.8 2.01 2.33 2.65

18. (a) Evaluate  

1

0
1 x

dx
 using : 

  (i) Trapezoidal rule 

  (ii) Simpson’s one third rule 

   Compare the results with actual 

integration. 

Or 

 (b) Evaluate   

2

1

2

1

1
dydx

yx
 using Trapezoidal 

rule with 25.0 kh . 
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19. (a) Using Runge-Kutta method of fourth order 
find    2.0,1.0 yy  and  3.0y  given that 

xy
dx
dy

 1 ;   20 y . 

Or 

 (b) Given   11,
1

2  y
xx

y
dx
dy

. Evaluate  3.1y  

by modified Euler’s method. 

20. (a) Explain Milnes method. 

Or 

 (b) Using Adams Bashforth method, determine 
 4.1y  given that 22 xyxy  ,   11 y . 

Obtain the starting values from Euler’s 
method. 

——––––––––– 
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Answer ALL questions. 

 Choose the correct answer : 

1. The current basic solution of the transportation 

problem is optimal if 

 (a) one 0 ijij ez  (b) all 0 ijij ez  

 (c) one 0 ijij ez  (d) all 0 ijij ez  
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2. Which of the following European country is 
associated with the assignment problem 

 (a) Norway  (b) Hungary 

 (c) Sweedan (d) Greek 

3. A circuit is a loop in which all the branches are 
oriented in the –––––––––– 

 (a) Opposite direct (b) Same direction 

 (c) Both direction (d) None 

4. Total float of an activity is ijTF  –––––––––– 

 (a) ijij DESLC   (b) ijij DESLC   

 (c) ijij DESLC   (d) None 

5. Which one of the following is IP 

 (a) Zero - one (b) Mixed zero - one 

 (c) Pure integer (d) Mixed 

6. Additive algorithms required presenting the 0 – 1 
problem in a convenient form that satisfies 
–––––––––– requirements. 

 (a) 1   (b) 2 

 (c) 3   (d) None 
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7. EOQ model lead time is 

 (a) zero   (b) one hour 

 (c) one year  (d) none 

8. In constant rate demand with instantaneous 
replenishment and no shortage model *Y ––––––  

 (a) 
2

YK
Y

DK
  (b) 

h
DK2

 

 (c) 
2

Yh
   (d) DKh2  

9. The expected waiting time in the model 
)//(:)1//( DGMM  is 

 (a) 



1

   (b) 
)1(

1
 

 

 (c) 
)1( 




 (d) 



1

2

 

10. In )//(:)1//( DGMM  model 0P = –––––––––– 

 (a) 1    (b)   

 (c) 

1

   (d)   
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PART B — (5  5 = 25 marks) 

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

11. (a) Describe Vogel’s approximation method. 

Or 

 (b) Solve the assignment problem. 
$3 $8 $2 $10 $3 
$8 $7 $2 $9 $7 
$6 $4 $2 $7 $5 
$8 $4 $2 $3 $5 
$9 $10 $6 $9 $10

12. (a) Write the Dijkstra’s algorithm. 

Or 

 (b) Discuss the maximal flow algorithm. 

13. (a) Write the branch and bound algorithm. 

Or 

 (b) Convert the following 0 – 1 problem to 
satisfy the starting requirements of the 
additive algorithm. 

  Maximize 21 32 xxz   

  Subject to 

    

)1,0(,

1052

3

21

21

21






xx

xx

xx
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14. (a) An item is consumed at the rate of 30 items 

per day. The holding cost per unit per day is 

$ .05 and the set up cost in $ 100. Suppose 

that no shortage is allowed and that the 

purchasing cost per unit is $ 10 for any 

quantity not exceeding 500 units and $ 8 

otherwise. Determine the optimal inventory 

policy given a 21 – day lead time. 

Or 

 (b) A music store sells a best – selling compact 

disc. The daily demand for the dise in 

approximately normally distributed with 

mean 200 disen and a standard deviation of 

20 dise. The cost of keeping the dise in the 

store is $ .04 per dise per day. It cost the 

store $ 100 to place a new order. The 

supplier normally specifies a 7-day lead time 

for delivery. Assuming that the store wants 

so limit the probability of running out of dise 

during the lead time to no more than .02, 

determine the stores optimal inventory 

policy. 
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15. (a) Prove that the mean and variance of the 
Poisson distribution during an interval t  
equal to t , where   is the arrival rate.  

Or 

 (b) (i) For the )//(:)1//( GDMM  show 

that the expected number in the queue 
given that the queue is not empty 




1
1

. 

  (ii) The expected waiting time in the queue 

for those who must wait 
)(

1
 

 . 

PART C — (5  8 = 40 marks) 

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

16. (a) Solve the transportation model. 

$ 0 4 2 8

 2 3 4 5

 1 2 0 6

 7 6 6  

Or 
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 (b) Solve the assignment model. 

3 9 2 3 7

6 1 5 6 6

9 4 7 10 3

2 5 4 2 1

9 6 2 4 5

17. (a) Determine the shortest route from node 1 to 
node 7 using Floyd’s algorithms in the 
following network. 

 

Or 

 (b) Discuss the computations of critical path 
method. 
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18. (a) Solve the following using additive algorithm. 

  Minimize 22 642 xxxz   

  Subject to 

    

)1,0(,,

4792

2236

548

321

321

321

221









xxx

xxx

xxx

xxx

 

Or 
 (b) Solve the following using fractional cut. 

  Maximize 21 107 xxz   

  Subject to 

    

integer.and0,

357

63

21

21

21






xx

xx

xx

 

19. (a) The following data describe four inventory 
items. The company wishes to determine the 
economic order quantity for each of the four 
items such that the total number of orders 
per year (365 days) is atmost 150. 

Item Ki

$ 
Di  

units/d
hi

1 100 10 .1
2 50 20 .2
3 90 5 .2
4 20 10 .1

Or 
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 (b) Electro uses resin in its manufacturing 

process at the rate of 1000 gallons per 

month. If cost electro $ 100 to place an order 

for a new shipment. The holding cost per 

gallon per month is $ 2 and the shortage cost 

per gallon is $ 10. Historical data show that 

the demand during lead time is uniform over 

the range (0, 100) gallons determine the 

optimal ordering policy for electro. 

20. (a) Explain )//(:)//( NGDCMM , NC  . 

Or 

 (b) Patients arrive at a clinic according to a 

Poisson distribution at the rate of 20 

patients per hour. The waiting room does not 

accommodate more than 14 patients. 

Examination time per patients is 

exponential with mean of 8 minutes. 
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  (i) What is the probability that an 

arriving patient will not wait? 

   (ii) What is the probability that an 

arriving patient will find a vacant seat 

in the room? 

  (iii) What is the expected waiting time until 

a patient leave the clinic? 

 

——————— 
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PART A — (10  1 = 10 marks) 

Answer ALL the questions. 

 Choose the correct answer : 

1. If 1y  and 2y  are two solutions then  21,yyw = 

 (a) 1221 yyyy    

 (b) 1221 yyyy   

 (c) 2112 yyyy    

 (d) None 

(7 pages) 
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2. If 1y  and 2y  are two linearly dependent solution 
of     0 yxQyxPy  then W  is 

 (a) Identically zero (b) Never zero 

 (c) spdxce   (d) None 

3. An infinite series of the form 
    ....2

62010  xxaxxaa  is called a power 
series in –––––––––– 

 (a) x    (b) 0x  

 (c) 0xx    (d) None 

4. The equation   01 22  ypyxyx  where P  is 
a constant is known as 

 (a) Hermite equation  

 (b) Legendre equation 

 (c) Chebyshev's equation 

 (d) Airy's equation 

5. The singular point of 0222  yyxyx  is 

 (a) 1   (b)   

 (c) 0   (d) –1 

6. In Legendre polynomials  xP0  is 

 (a) 0   (b) 1 

 (c) x    (d) None 
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W

7. The value of  2/y = –––––––––– 

 (a)     (b)   

 (c) 2    (d) None 

8. The Bessel function of the first kind of order P  is 

 (a) pJ    (b) pJ  

 (c) pJ  and pJ  (d) None 

9.  
tt

tt

ee
ee

tW
23

23

2
 = 

 (a) te 5    (b) te5  

 (c) 
2

5te
   (d) 

2

5te
 

10. By solving the linear system using auxillary 
equations . If 1m  and 2m  are equal real numbers 

then the roots are ––––––––––  

 (a) not linearly independent 

 (b) linearly independent 

 (c) same 

 (d) none 
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PART B — (5 × 5 = 25 marks) 

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

11. (a) If  xy1  and  xy2  are two solutions of the 
equation     0 yxQyxPy  on  ba, . 
Then  they are linearly dependent on this 
interval if and only if their Wronskian is 
identically zero. 

Or 

 (b) Find the general solution of 
    0 yxfyxfxy . 

12. (a) Find a power series solution of the 
differential equation 1 yy . 

Or 

 (b) Find the general solution of the equation 
0 yy  in the form of    xyaxyay 2110   

where  xy1  and  xy2  are power series. 

13. (a) Find the nature of the point 0x  in the 
following equation   0sin  yxyx . 

Or 

 (b) If       ....
21

1 2
2102




txptxpxp
tx

 

     n
n txp ... find  1np  and  1np .  

[P.T.O.]
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W

14. (a) Show that 
2
1

. 

Or 

 (b) Express    xJxJ 32 ,  interms of  xJ0  and 
 xJ1 . 

15. (a) Show that tt eyex 44 3,2   and 

 tt eyex   ,  are solutions of the 

homogeneous system yx
dt
dx

2 , 

yx
dt
dy

23  . 

Or 

 (b) Find the general solutions of yx
dt
dx

 , 

yx
dt
dy

24  . 

PART C — (5  8 = 40 marks) 
Answer ALL questions, choosing either (a) or (b). 

16. (a) Show that x
e

x xcecy 2
2

2
1   is the general 

solution of 044  yyy  on any interval. 

Or 
 (b) Verify that are solution of 

    0112  yxyxyx  is given by 
xey 1  and find its general solution. 
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17. (a) Express  x7sin  in the terms of a power 

series nxan  by solving   2/121


 xy  in two 
ways. Use this result so obtain the formula. 

  ....
2.5
1

.
4.2
3.1

2.3
1

.
2
1

2
1

53 
b


 

Or 

 (b) Find the general solution of 
  0221 2  yyxyx  in terms of power 
series in x . Can you express this solution by 
means of elementary functions. 

18. (a) Find the two independent Frobonius 
solutions of the differential equation 

  0122 2  yyxxyx . 

Or 

 (b) Show that     n
n

n

nn x
dx
d

n
xp 1

!2
1 2  . 

19. (a) Prove that 

  (i) 
  

!2
!12

!
2
1

12 n
n

n n









   

  (ii) 
!2

!2
!

2
1

2 n
n

n n





  . 

Or 
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W

 (b) Prove that 

  (i)     xJxxJx
dx
d

p
p

p
tp

1  

  (ii)      xJxxJx
dx
d

p
p

p
p

1
  . 

  Hence deduce that 

  (1)      xJxJxJ ppp 112    

  (2)      xJxJxJ
x
p

ppp 11
2

  . 

20. (a) If  tW   is the Wranskian of the two solutions 
   tyytxx 11 ,   and  txx 2 ,  tyy 2  of 

the homogeneous system 

    111 ytbxta
dt
dx

 ,     ytbxta
dt
dy

22  . 

Then  tW  is either identify zero or no where 
zero on  ba, . 

Or 

 (b) Find the general solution of the system 

yx
dt
dy

yx
dt
dx

25,24  . 

 

–––––––––– 
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SECTION A — (10  1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1. A Pfaffian differential equation in two variables 
always posseses 

 (a) direction ratio  

 (b) an integrating factor 

 (c) direction cosines  

 (d) none of these 

(8 pages) 
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2. The direction cosines of the tangent to the curve 
)(),(),( sZZsyysxx   at the point ),,( zyxp  

are 

 (a) 







ds
dz

ds
dy

ds
dx

,,   

 (b) ),,( dzdydx  

 (c) ),,( zyx    

 (d) ),,( zdzydyxdx  

3. The equation 2222 )( aczyx  represents 

 (a) The set of all spheres whose centre’s lie along 
the x – axis 

 (b) The set of all spheres whose centre’s lie along 
the z – axis 

 (c) The set of all spheres whose centre’s lie along 
the y – axis 

 (d) none of these 

4. The p.d.e of )()( byaxz  is 

 (a) pqz    (b) pqz 2  

 (c) 22qpz    (d) 0z  
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5. Along every characteristic strip of the equation 
0),,,,( qpzyxF  then the function 

),,,,( qpzyxF  is  

 (a) a constant   

 (b) a strip 

 (c) non constant   

 (d) characteristic strip 

6. J is defined by 

 (a) 
),(
),(

qp
gf

J



  (b) 
),(
),(

qq
gf

J



  

 (c) 
),(
),(

qx
gf

J



  (d) 
),(
),(

qy
gf

J



  

7. The telegraphy equation is 

 (a) 
tx 





 

2   (b) 
tkx 





  1

2

2

 

 (c) 
tx 





 

2

2

  (d) 
t

k






 

8. The Poisson equation is 

 (a)  42   (b) 42    

 (c) 42    (d)  42   
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9. The surface 0  is called 

 (a) paraboloid   

 (b) unique surface  

 (c) characteristics surface  

 (d) none 

10. If the matrix ija  is singular then the equation 

  


3 3

1
)()(

ij i iiijij ucpbpauL  is said to be 

 (a) elliptic   (b) parabolic  

 (c) conic   (d) none 

SECTION B — (5 × 5 = 25 marks) 

Answer the following choosing either (a) or (b). 

11. (a) Find the integral curves of the equation 

  
)()()( yxz

dz
azyxx

dy
azyxy

dx








. 

Or 

 (b) Prove that a pfaffian differential equation in 
two variables always possesses an integrating 
factor.  

[P.T.O.]
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12. (a) Eliminating the arbitrary function from the 
equation )(xyfyxz  . 

Or 

 (b) Find the general integral of the equation 

)2(2 yzxxyqpy  . 

13. (a) Find the complete integral or the equation 
1)()(  yqpxzqp . 

Or 

 (b) Find the complete integral of the equation 

)( 22222222 yxqxyxqp  . 

14. (a) If )()( iyxgiyxfu   where the functions  

f & g are arbitrary then show that 

02

2

2

2









y
u

x
u

. 

Or 

 (b) If u is the complementary function and 1z  a 

particular integral of a linear partial 
differential equation then 1zu   is a general 

solution of the equation. 
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15. (a) Classify the equation zzyyxx uuu  . 

Or 

 (b) Classify the equation 

  yzxyzzyyxx uuuuu 222  . 

SECTION C — (5 × 8 = 40 marks) 

Answer the following, choosing either (a) or (b). 

16. (a) Find the orthogonal trajectories on the cone 
2222 tanzyx   of its intersections with the 

family of the planes parallel to 0z . 

Or 

 (b) A necessary and sufficient condition that 
there exists between two functions 

),(&),( yxvyxu  a relation 0),( vuf  not 

involving x or y explicitly is that 0
),(
),(





yx
vu

. 

17. (a) Find the general integral of the equation 
)22()()()( zyxyxyxqyyxpx  . 

Or 

 (b) Find the integral surface of the  
linear partial differential equation 

zyxqxxypyyx )()()( 2222   passing 

through the curve 3axz   and 0y . 
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18. (a) Find the complete integral of 

)(23 22qxzyqxp  . 

Or 

 (b) Find the complete integral of he equation 
222 )1( qxxyp   by using clairauts method. 

19. (a) Find the solution of the equation 

yx
y
z

x
z









2

2

2

2

. 

Or 

 (b) If 2)'()',( rrr DDDDF     

then if ,0r  ,0r  


r

r
rrrrrr

r

x
eyxyaxxz







 )()(
1

 

where r  and r  are arbitrary functions is a 

solution of 0)',( ZDDF . 

20. (a) Solve the wave equation 2

2

22

2 1
t
z

cx
z








. 

Or 
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 (b) Show that if the two dimensional harmonic 
equation 02

1   is transformed to plane polar 
coordinates r and   defined by cosrx  , 

sinry   it takes the form 

0
11

2

2

2

2














V

rr
V

rr
V

. 

——————— 
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SECTION A — (10  1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1. Which of the following declaration is wrong? 

 (a) long char x  (b) long int x 

 (c) long float x  (d) long double x 

2. A variable name cannot start with ––––––––– 

 (a) a digit   (b) an alphabet  

 (c) an underscore  (d) an upper case letter 

(7 pages) 



 

 Code No. : 9124 Page 2 

Wk6

3. By default members of a class are ––––––––– 

 (a) private    

 (b) public  

 (c) protected    

 (d)  none of the above 

4. Which of the following is an example for default 
arguments? 

 (a) float sum )int,(int yx  

 (b) float sum (5, 4) 

 (c) float sum )4int,(int yx ; 

 (d) float sum )int,5(int yx   

5. Unary operators overloaded by using a member 
function, the number of arguments are 

 (a) 2    (b) 1 

 (c) 0    (d) None of the above 

6. By using a friend function, which of the following 
operator cannot be overloaded  

 (a) /   (b) \ 

 (c) =   (d) ! 
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7. An abstract class is a ––––––––– 

 (a) base class   

 (b) derived class  

 (c) class which cannot he inherited  

 (d) none 

8. A class is declared as virtual for ––––––––– 

 (a) single inheritance  

 (b)  multiple inheritance  

 (c) multilevel inheritance 

 (d) hybrid inheritance. 

9. The meaning of the parameter ios::noreplace is  
––––––––– 

 (a) open fails if the file already exists 

 (b)  open fails if the file does not exists 

 (c) delete the contents of the file 

 (d) none 

10.  What will he the output of the following 
statement? 

 cout.precision(3); cout <<2.24052; 

 (a) 2.240   (b) 2.241 

 (c) 2.24   (d) 2.24052 
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SECTION B — (5 × 5 = 25 marks) 

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

11. (a) Write a program to calculate the variance 
and standard deviation of N numbers.  

  Variance =  
N

i xx
N 1

2)(
1

 

  Standard deviation =  
N

i xx
N 1

2)(
1

 

  Where 
N

ix
N

x
1

1
 

Or 

 (b) Explain symbolic constant enum. 

12. (a) Write a function power( ) to raise a number 
m to a power n. The function takes a double 
value for m and int value for n and returns 
the value correctly. Use a default value of  
2 for n to make the function to calculate 
squares when this argument is omitted. 
Write a main( ) that gets the value of m and 
n from the user to test the function. 

Or 

 (b) Define a friend function. Write its special 
characteristics.  

[P.T.O]
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13. (a) Explain constructors and their special 
properties.  

Or 

 (b) Write a program to over load unary minus. 

14. (a) Explain virtual base class and abstract class. 

Or 

 (b) Write a program for multilevel inheritance. 

15. (a) Explain with example the functions (i) get( ) 
(ii) put( ) (iii) getline( ). 

Or 

 (b) Write a program which reads a text from the 
key board and displays the following 
information on the screen in two columns. 

  (i) Number of lines 

  (ii)  Number of words 

  (iii)  Number of characters 

  (iv)  Number of sentences. 

   Strings should be left justified and 
numbers should be right justified in a 
suitable fieldwidth. 
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SECTION C — (5 × 8 = 40) 

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

16. (a) Explain memory management operators new 
and delete and their advantages over  
malloc( ). 

Or 

 (b) An election is contested by five candidates. 
The candidates are numbered 1 to 5 and the 
voting is done by marking the candidate 
number on the ballot paper. Write a program 
to read the ballots and count the votes cast 
for each candidate using an array variable 
count. In case a number read is outside the 
range 1 to 5, the ballot should be considered 
as a spoilt ballot and the program should 
also count the number of spoilt ballots. 

17. (a) Explain function over loading. 

Or 

 (b) Write a class to represent a vector (a series 
of float values). Include member functions to 
perform the following tasks. 

  (i) To create the vector. 

  (ii) To modify the value of a given element. 

  (iii)  To multiply by a scalar value. 

  (iv)  To display the vector in the form  
(10, 20, 30,....) 

   Write a program to test your class. 
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18. (a) What do you mean by type conversion? 
Explain three types of conversions. 

Or 

 (b) Create a class MAT of size m  n . Define all 
possible matrix operations for MAT type 
objects. 

19. (a) Write the syntax for a derived constructor 
and write a program to illustrate this.  

Or 

 (b) Run time polymorphism — Explain. 

20. (a)  What is command line arguments? Explain it 
with a program. 

Or 

 (b) A file contains a list of telephone numbers in 
the following form. 

  John  9254328790 

  Rachel 9087654321 

  ............................... 

  ............................... 

  The names contain only one word and the 
names and telephone numbers are separated 
by white spaces. Write a program to read the 
file and output the list in two columns. The 
names should be left justified and the 
numbers right justified. 

——————— 
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Answer ALL questions. 

 Choose the correct answer : 

1. The role written requirement for the Ph D degree 
is a 

 (a) Synopsis  

 (b) Dissertation 

 (c) Thesis   

 (d) Guide 

(6 pages) 
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2. List of contents is usually followed by 

 (a) Introduction  

 (b) List of publications 

 (c) List of abbreviations  

 (d) References 

3. The ––––––––– for research explains why you 
decided to emark on you research project. 

 (a) Guide  (b) Motivation 

 (c) Problem  (d) Title 

4. A summary of the essential elements of a research 
project is  

 (a)   the main problem (b) abstract 

 (c) proposal  (d) synopsis 

5. If 23 8te t   is the mgf of a random variable X , 
then the variance of X  is 

 (a) 3   (b) 8 

 (c) 16   (d) 4 

6. The variance of a gamma distribution with 
parameters 2  and 3  is 

 (a) 6   (b) 5 

 (c) 12   (d) 18 



 

 Code No. : 9131 Page 3

7. If T  follows a t  distribution and 
,90.0)(  bTbP  then b  –––––––––, 

provided the degrees of freedom = 14.  

 (a) 0.95   (b) 1.90 

 (c) 1.761   (d) None 

8. If 


 


elsewhere,0

,30,)3(
)(

4 xxcx
xf  is a pdf, then c  

 (a) 0.0525  (b) 0.0412 

 (c) 0.125   (d) 0.325 

9. If ),...2,1( niXi   donote a random sample from 

),( 2n , then  





 


n

ixY
1

2




 has ––––––––– 

distribution.  

 (a) normal  (b) beta 

 (c) chi-square (d) Cauchy 

10. 
)(

1

n

nx
n

i
i







= 

 (a) 
n

xn




  (b) 
n

nxn 
 

 (c)  


X
n

 (d) 
n

X
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PART B — (5  5 = 25 marks) 

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

11. (a) Write a note on ‘Acknowledgements’. 

Or 

 (b) What is originality? 

12. (a) Explain the language of critquing. 

Or 

 (b) Explain the various elements of conclusion. 

13. (a) Let X  be a random variable such that 

!3
3)!3(

)(
m

m m
XE


 , ...3,2,1m  Find the 

distribution of X . 

Or 

 (b) Show the constant c  can be selected so that 

,,2)(
2

  xcxf x  satisfies the 
conditions of a normal pdf. 

14. (a) If 1X  and 2X  are two independent Poisson 
random variable with parameters 1  and 

2 , find the distribution of the random 
variable 21 XXY  . 

Or   

[P.T.O.]
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 (b) Show that the t  distribution with 1r  
degree of freedom and the Cauchy 
distribution are the same. 

15. (a) Let X  be the mean of a random sample of 
sign n  from a distribution that is ).100,(n  

Find n  so that .954.0)55(   XP  

Or 

 (b) Let Y  be .
3
1

,72 





b  Approximate 

).2822(  yP  

PART C — (5  8 = 40 marks) 

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

16. (a) How will you format your ‘References’? 

Or 

 (b) Explain the differences between a 
dissertation and a thesis. 

17. (a) Summarize the salient features in 
structuring the literature review. 

Or 

 (b) Explain why methodology is important.  
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18. (a) If the random variable X  is ),,( 2n  show 

that the random variable 2

2)(




X

V  is 

)1(2 . 

Or 

 (b) Find the mgf, mean and variance of gamma 
distribution. 

19. (a) Derive the pdf of Fisher’s F  distribution. 

Or 

 (b) Given 21,XX  are a random sample from a 
distribution that has pdf 



 


elsewhere,0

,10,1
)(

x
xf . If ,211 XXY    and 

,212 XXY   find the joint pdf of 1Y and 2Y  
marginal pdf’s of 1Y  and 2Y . 

20. (a) State and prove the central limit theorem. 

Or 

 (b) Find the pdf of 2

2


nS

. 

 

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

Answer ALL questions. 

 Choose the correct answer : 

1. Which one of the following is a topology on 
 dcbaX ,,, . 

 (a)       cbacbbaX ,,,,,,,,  

 (b)       baba ,,,,  

 (c)     cbcX ,,,,  

 (d)     dcbbaX ,,,,,,  

(7 pages) 
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2. Consider the subspace topology on  1,0Y  3,2  
on a subset of R. In Y ,  1,0  is  

 (a)  open only  

 (b) both open and closed 

 (c) neither open nor closed    

 (d)  closed but not open 

3. Let YXAf :  be given by the equation 
      afafaf 21 , . Suppose VU   is a basic 

element  of YX  . Then  VUf 1  is 

 (a)    VfUf 11    (b) VU   

 (c)    VfUf 2
1

1
1    (d)    VfUf 2

1
1

1    

4.    ....,11.,6.,8.,3.,3.,9.,9.,5.7  is 

 (a) .9   (b) .6 

 (c) 7   (d) .11 

5. The standard bounded metric corresponding to d  
is given by 

 (a)     1,,max, yxdyxd      

 (b)       xydyxdyxd ,,,min,   

 (c)     yxdyxd ,,1min,     

 (d)  


 


otherwise1

0
,

yxif
yxd  
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6. If d  is the Euclidean metric and p  is the square 
metric then 

 (a)      yxnyxdyx ,,,    

 (b)      yxdnyxyxd ,,,    

 (c)      yxnyxdyx ,,,     

 (d)     .,, nyxdyx   yx,  

7. Which one of the following is connected? 
 (a)    1,00,1   (b) Q  

 (c) lR    (d)  1,1  

8. Which one of the following is compact? 
 (a) R    (b)  1,0  

 (c)  1,0    (d)  1,0  

9. The minimal uncountable well ordered set S , in 
the order topology, is  

 (a) both compact and limit point compact 
 (b) limit point compact but not compact 
 (c) compact but not limit point compact 
 (d) neither compact not limit point compact 
10. Which one of the following is true? 
 (a) R is locally compact Q is not locally compact 
 (b) R is locally compact; Q is locally compact 
 (c) R is not locally compact; Q is locally compact  
 (d) Both R and Q  are not locally compact 
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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 A be a 

subset of X. Suppose that for each Ax   there 

is an open set U containing x  such that 

AU  . Show that A  is open in X. 

Or 

 (b) Define a Hausdorff space. Prove that every 

finite point set in Hausdorff space is closed. 

12. (a) If  is a basis for the topology of X and  is a 

basic  for the topology of Y, prove that the 

collection  CandBBCBD { } is a 

basic for the topology of XY. 

Or 

 (b) Let  X  be an indexed family of spaces; let  

 XA  for each  . If  X  is given 

either the product on the box topology, prove 

that    AA . 

[P.T.O.]
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13. (a) Let X  be a metric space with metric d. Define 

XXd : R by the equation 

    1,,min, yxdyxd  . Prove that d  is a 

metric that induces the same topology as d . 

Or 

 (b) State and  prove the sequence lemma.  

14. (a) Let  A  be a collection of connected 

subspaces of X ; Let A  be a connected 
subspace of X. Show that if   AA  small 

 , then 







 



AA  is connected. 

Or 

 (b) Prove that every compact subspace of a 
Hausdorff space is closed. 

15. (a) Prove that compactness implies limit point 
compactness. 

Or 

 (b) Let X be   locally compact Hausdorff; let A be 
a subspace of X. If A is closed in X of open in 
X, prove that A is locally compact. 
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PART C — (5  8 = 40 marks) 

Answer ALL questions, choosing either (a) or (b). 
16. (a) Define the standard topology, lower limit 

topology and k- topology on R and find the 
relation between these topologies. 

Or 
 (b) (i) Let A be a subset of the topological space 

X. Prove that 'AAA  . 
  (ii) If X is a Hausdorff space, prove that  a 

sequence of points of X converges to at 
most one point of X. 

17. (a) Let X and Y  be a topological spaces; let 
YXf : . Prove that the following are 

equivalent. 
  (i) f  is continuous 

  (ii) For every subset A  of X, one has 
   AfAf   

  (iii)  For every closed set B  of Y, the set 
 Bf 1  is closed in X. 

Or 

 (b) Let 



J

XAf


:  be given by the equation 

   Jfaf  )(: , where f : XA   for 

each  . Let  X  have the product topology. 

Prove that the function f is continuous if and 
only if each function f  is continuous. 
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18. (a) Define a suitable topology on R  such that it 
induces the product topology on R . 

Or 

 (b) State and prove the uniform limit theorem.  

19. (a) Prove that a finite product of connected spaces 
is connected. 

Or 

 (b) State and prove the tube lemma. 

20. (a) Prove that sequentially compactness implies 
compactness in a metrizable space. 

Or 

 (b) Let  X  be an indexed family of non empty 

spaces show that  is  X  is locally compact, 

then each X  is locally compact and X  is 
compact for all but finitely many values of  . 

–––––––––––––––––––––– 


