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B.Sc. (CBCS) DEGREE EXAMINATION, APRIL 2021.  

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. J¸ ÁøÍÁøμ°ß ÁøÍÄ ø©¯zvß {¯©¨ 
£õøu ___________ BS®. 

 (A) ÷|º÷Põk (B) Ámh[PÒ 

 (C) ö\[÷PõmkzuÊÂ (D) £μÁøÍ¯® 

 The locus of the center of curvature for a curve is 
___________. 

 (a) Straight line (b) Circles 

 (c) Evolute  (d) Parabola 
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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. J¸ ö|g_ ÁøÍ°ß p-r \©ß£õk ___________ 
BS®. 

 (A) rp =2   (B) p = r 

 (C) 2rp =   (D) 
a
rp
2

3
2 =  

 The p-r equation of the cardioid is ___________. 

 (a) rp =2   (b) p = r 

 (c) 2rp =   (d) 
a
rp
2

3
2 =  
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4. axy 42 = GßÓ £μÁøÍ¯zvØS ___________. 

 (A) öuõø»zöuõk÷Põk C¸UPõx     

 (B) J¸ öuõø»zöuõk÷Põk C¸US® 

 (C) 4 öuõø»zöuõk÷Põk C¸US®    

 (D) Cμsk öuõø»zöuõk÷Põk C¸US® 

 The parabola axy 42 =  has ___________. 

 (a) no asymptotes (b) one asymptotes 

 (c) 4 asymptotes (d) two asymptotes 

5. J¸ ÁøÍÁøμ°ß C¸ QøÍPÒ J¸ ¦ÒÎ ÁÈ÷¯ 

ö\ßÓõÀ A¢u ¦ÒÎ ___________ ¦ÒÎ BS®. 

 (A) uÛzu  (B) Pq¨ 

 (C) Cμmøh¨ (D) •Pk 

 If two branches of a curve pass through a point 
then it is called a ___________ point. 

 (a) singular  (b) node 

 (c) double  (d) cusp 

6. J¸ ¦ÒÎ¯õÚx Pq¨¦ÒÎ GÛÀ ( )2xyf  

___________ yyxx ff . 

 (A) <   (B) > 

 (C) =   (D) ≠ 
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 A point is a node if ( )2xyf  ___________ yyxx ff . 

 (a) <   (b) > 

 (c) =   (d) ≠ 

7.  
1

0

2

0

2dydxxy  = ___________. 

 (A) 
3
4

   (B) 
4
3

 

 (C) 4   (D) 
2
3

 

  
1

0

2

0

2dydxxy  = ___________. 

 (a) 
3
4

   (b) 
4
3

 

 (c) 4   (d) 
2
3

 

8. 
∞

−

0

2

dxe x  = ___________. 

 (A) 
2
π

   (B) 
2
π

 

 (C) π    (D) ∞  
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 
∞

−

0

2

dxe x  = ___________. 

 (a) 
2
π

   (b) 
2
π

 

 (c) π    (d) ∞  

9. 1+n  = ___________. 

 (A) n   (B) n + 1 

 (C) 1   (D) n! 

 1+n  = ___________. 

 (a) n   (b) n + 1 

 (c) 1   (d) n! 

10. 







2
1

,
2
1β  = ___________. 

 (A) 
2
π

   (B) 
2
π

 

 (C) π    (D) π  

 







2
1

,
2
1β  = ___________. 

 (a) 
2
π

   (b) 
2
π

 

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

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

11. (A) 
c
xcy cosh=  GßÓ ÁøÍÁøμ°ß ÁøÍÄ 

Bμ® A¢u ÁøÍÁøμUS x-Aa_US® 
Cøh¨£mh ö\[Szx ÷Põmiß }ÍzvØS 
\©® GÚU PõmkP. 

  Show that the radius of curvature of the 

curve 
c
xcy cosh=  is equal to the length of 

the portion of the normal intercepted 
between the curve and the x-axis. 

Or 

 (B) 832 += xy  GßÓ ÁøÍÁøμUS ( )0,2−  GßÓ 
¦ÒÎ°À ÁøÍÄ Bμ® PõsP. 

  Find the radius of curvature 832 += xy  at 

( )0,2− . 

12. (A) 06116 3223 =++−+− yxxyxxyy  GßÓ 
ÁøÍÁøμ°ß öuõø»z öuõk÷PõkPÒ 
PõsP. 

  Find the asymptotes of the curve 
06116 3223 =++−+− yxxyxxyy . 

Or 
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 (B) 0sin =+ θra  GßÓ ÁøÍÁøμ°ß p-r 
\©ß£õmøhU PõsP. 

  Find the p-r equation of the curve 
0sin =+ θra . 

13. (A) ( ) ( )222222 xaxxay −=+  GßÓ ÁøÍÁøμø¯ 

ÁøμP. 

  Trace the curve ( ) ( )222222 xaxxay −=+ . 

Or 

 (B) 0232 4222234 =+−−− axayaayx  GßÓ 

ÁøÍÁøμ°ß Cμmøh¨ ¦ÒÎPøÍ Bμõ´P. 

  Examine the double points of the curve 

0232 4222234 =+−−− axayaayx . 

14. (A) 222 ayx =+  GßÓ Ámhzvß ªøP PõÀ 

Ámh¨£Sv°À   xydxdy  Gß£uß ©v¨¦ 

PõsP. 

  Find the value of   xydxdy  taken over the 

positive quadrant of the circle 222 ayx =+ . 

Or 
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 (B) 122 ≤+ yx  GßÓ Ámh¨£Sv°À 

  dxdyyx 22 &IU PnUQkP. 

  Evaluate   dxdyyx 22  over the circular area 

122 ≤+ yx . 

15. (A) ( )
( )

∞

+

−

+
=

0

1

1
, dx

x
xnm nm

m
β  GÚ {¹¤. 

  Prove that ( )
( )

∞

+

−

+
=

0

1

1
, dx

x
xnm nm

m
β . 

Or 

 (B) 
2

tan
2

0

πθθ
π

= d  GÚ {¹¤. 

  Prove that 
2

tan
2

0

πθθ
π

= d . 

PART C — (5 × 8 = 40 marks)  

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

16. (A) 244 =+ yx  GßÓ ÁøÍÁøμ°ß ÁøÍÄ 

Bμzøu (1, 1) GßÓ ¦ÒÎ°À PõsP.  

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

Or 
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 (B) 3
2

3
2

3
2 ayx =+  GßÓ ÁøÍÁøμ°ß ÁøÍÄ 

Bμ®, ( )θθ 33 sin,cos aa  GßÓ ¦ÒÎ°À 

θθ cossin3a  GÚ {¹¤. 

  Prove that the Radius of Curvature at a 

point ( )θθ 33 sin,cos aa  on the curve 

3
2

3
2

3
2 ayx =+  is θθ cossin3a . 

17. (A) 12

2

2

2

=+
b
y

a
x

 GßÓ }ÒÁmhzvß p-r 

\©ß£õmøhU PõsP. 

  Find the p-r equation of the ellipse 

12

2

2

2

=+
b
y

a
x

. 

Or 

 (B) 06 223 =+− yxyx  GßÓ ÁøÍÁøμ°ß 

öuõø»zöuõk÷PõkPøÍU PõsP. 

  Find the asymptotes of the curve 

06 223 =+− yxyx . 
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18. (A) ( )( )( )321 −−−= xxxy  GßÓ ÁøÍÁøμø¯ 
ÁøμP. 

  Trace the curve ( )( )( )321 −−−= xxxy . 

Or 

 (B) ( ) ( )23 22 +−=+ xyyx  GßÓ ÁøÍÁøμ°ß 
uÛzu ¦ÒÎPÎß C¯Àø£U PõsP. 

  Find the nature of the singular points of the 

curve ( ) ( )23 22 +−=+ xyyx . 

19. (A) 2222 azyx =++  GßÓ ÷PõÍzvß ªøP Gs 

£Sv ÁÈ¯õP  dxdydzxyz &I ©v¨¤kP. 

  Evaluate  dxdydzxyz  taken through the 

positive octant of the sphere 2222 azyx =++ . 

Or 

 (B) öuõøP±miß Á›ø\ø¯ ©õØÔ ©v¨¦ Põs 

 
∞ ∞ −

0

dxdy
y
e

x

y
. 

  By changing the order of integration, 

evaluate  
∞ ∞ −

0

dxdy
y
e

x

y
. 
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20. (A) {¹¤ : ( ) ( ) ( )
( )nm

nmnm
+

=,β . 

  Prove : ( ) ( ) ( )
( )nm

nmnm
+

=,β . 

Or 

 (B) ( ) ( ) πnnnn 2
2
1

2 12 =





 +−  GÚ {¹¤. 

  Prove that ( ) ( ) πnnnn 2
2
1

2 12 =





 +− . 

——————— 
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ANALYTICAL GEOMETRY OF THREE DIMENSIONS 
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PART A — (10 × 1 = 10 marks)  

Answer ALL questions. 

Choose the correct answer. 

1. x-Aa]À vø\U öPõø\ßPÒ ___________. 

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

 (C) ( )0,1,0   (D) ( )1,0,0  

 The direction cosines of the x-axis are ___________. 

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

 (c) ( )0,1,0   (d) ( )1,0,0  
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2. l, m, n Gß£øÁ J¸ ÷|º÷Põmiß vø\U 
öPõø\ßPÒ GÛÀ 

 (A) 1222 =++ nml  (B) 
l
n

n
m

m
l ==  

 (C) 1=++ nlmnlm  (D) 1=++ nml  

 If l, m, n are the direction cosines of a line, then 

 (a) 1222 =++ nml  (b) 
l
n

n
m

m
l ==  

 (c) 1=++ nlmnlm  (d) 1=++ nml  

3. uÍzvß \©ß£õmiß £i ___________. 

 (A) 4   (B) 3 

 (C) 2   (D) 1 

 Degree of a plane equation is ___________. 

 (a) 4   (b) 3 

 (c) 2   (d) 1 

4. ( )0,0,a , ( )0,,0 b , ( )c,0,0  BQ¯ ¦ÒÎPÒ ÁÈ¯õP 

ö\À¾® uÍzvß \©ß£õk ___________. 

 (A) 0=++ czbyax  (B) 0=++
c
z

b
y

a
x

 

 (C) 1=++
z
c

y
b

x
a

 (D) 1=++
c
z

b
y

a
x
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 The equation of the plane through ( )0,0,a , 
( )0,,0 b  and ( )c,0,0  is 

 (a) 0=++ czbyax  (b) 0=++
c
z

b
y

a
x

 

 (c) 1=++
z
c

y
b

x
a

 (d) 1=++
c
z

b
y

a
x

 

5. y-Aa]ß \©ß£õk ___________. 

 (A) 0=y ; 0=z  (B) 0=y  

 (C) 0=x ; 0=z  (D) 0=x ; 0=y  

 The equation of the y-axis is 

 (a) 0=y ; 0=z  (b) 0=y  

 (c) 0=x ; 0=z  (d) 0=x ; 0=y  

6. r
n

zz
m

yy
l
xx =−=−=− 111  GßÓ \©ß£õk 

___________I SÔUS® 

 (A) Ámh®  (B) ÷|º÷Põk 

 (C) }ÒÁmh® (D) Av£μÁøÍ¯® 

 r
n

zz
m

yy
l
xx =−=−=− 111  is the equation of the 

___________. 

 (a) circle   (b) straight line 

 (c) ellipse  (d) hyperbola 
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7. ÷PõÍzvß \©ß£õmiÀ yz&ß öPÊ ___________. 

 (A) 0   (B) 1 

 (C) 2   (D) 3 

 In the equation of the sphere, the coefficient of yz 
is 

 (a) 0   (b) 1 

 (c) 2   (d) 3 

8. 25222 =++ zyx  GßÓ ÷PõÍzvß Âmh® 

___________. 

 (A) 10   (B) 25 

 (C) 50   (D) 5 

 The diameter of the sphere 25222 =++ zyx  is 

 (a) 10   (b) 25 

 (c) 50   (d) 5 

9. JÆöÁõ¸ ÷Põk® T®¤øÚ ___________ 
¦ÒÎPÎÀ \¢vUS®. 

 (A) 1   (B) 2 

 (C) 3   (D) 4 

 Every line meets the cone in ___________ points. 

 (a) 1   (b) 2 

 (c) 3   (d) 4 
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10. J¸ E¸øÍ°ß Aa_® Auß ¤Ó¨£õUQ²® 

___________ BP C¸US®. 

 (A) ö\[Szx (B) Cøn 

 (C) \©®   (D) öÁÆ÷ÁÖ 

 The axis of the cylinder is ___________ to the 
generator of the cylinder. 

 (a) perpendicular (b) parallel 

 (c) equal   (d) different 

PART B — (5 × 5 = 25 marks) 

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

11. (A) ( )0,7,10 , ( )1,6,6 −  ©ØÖ® ( )4,9,6 −  BQ¯ 
¦ÒÎPÒ C¸ £UP \© ÷|º÷Põn 
•U÷Põnzøu Aø©US® GÚU PõmkP. 

  Show that the points ( )0,7,10 , ( )1,6,6 −  and 

( )4,9,6 −  from an isosceles right angled 
triangle.  

Or 

 (B) 111 ,, nml  ©ØÖ® 222 ,, nml  GßÓ vø\U 
öPõø\ßPøÍ Eøh¯ C¸ ÷PõkPÐUS 
Cøh£mh ÷Põnzøu PõsP. 

  Find the angle between the lines whose 
direction cosines are 111 ,, nml  and 222 ,, nml . 
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12. (A) ( )111 ,, zyx , ( )222 ,, zyx  ©ØÖ® ( )333 ,, zyx  

GßÓ ¦ÒÎPÒ ÁÈ¯õP ö\À¾® uÍzvß 
\©ß£õmøh u¸Â. 

  Derive the equation of the plane passing 
through the points ( )111 ,, zyx , ( )222 ,, zyx  

and ( )333 ,, zyx . 

Or 

 (B) ( )2,1,3  ©ØÖ® ( )4,4,3  ¦ÒÎPÒ ÁÈ¯õPÄ® 

045 =++ zyx  GßÓ uÍzvØS ö\[SzuõPÄ® 

ö\À¾® uÍzvß \©ß£õk PõsP. 

  Find the equation of the plane passing 
through the points ( )2,1,3  and ( )4,4,3  and 

perpendicular to the plane 045 =++ zyx . 

13. (A) ( )1,9,3 −P  GßÓ ¦ÒÎ°¼¸¢x 

5
13

1
31

8
8 −=−=

−
+ zyx

 GßÓ ÷Põmiß 

ö\[Szx }Í® PõsP.  

  Find the perpendicular distance from 

( )1,9,3 −P  to the line 
5
13

1
31

8
8 −=−=

−
+ zyx

. 

Or 
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 (B) 11110 dzcybxadczbyax +++==+++  ©ØÖ® 

, +xa2 0222 =++ dzcyb 3333 dzcybxa +++=  

BQ¯ C¸ ÷PõkPÒ J¸ uÍzvÀ Aø©¯ 
÷Ási¯ {£¢uøÚø¯U PõsP.  

  Find the condition for the lines 

11110 dzcybxadczbyax +++==+++ , +xa2  
0222 =++ dzcyb 3333 dzcybxa +++=  to be 

the coplanar. 

14. (A)  ( )2,1,6 −  GßÓ ¦ÒÎø¯ ø©¯©õPÄ® 

0222 =−+− zyx  GßÓ uÍzøu öuõmka 

ö\À¾® ÷PõÍzvß \©ß£õmøhU PõsP. 

  Find the equation of the sphere which has its 
centre at the point ( )2,1,6 −  and touches the 

plane 0222 =−+− zyx . 

Or 

 (B) 03224222 =−++−++ zyxzyx  GßÓ 

÷PõÍzøu 1622 =−− zyx  GßÓ uÍ® öuõmk 

ö\À¾® GÚ PõmkP. 

  Show that the plane 1622 =−− zyx  touches 

the sphere 03224222 =−++−++ zyxzyx . 
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15. (A) ¦ÒÎ 0, Aa_U÷Põk OZ ©ØÖ® Aøμ 
Ea]U÷Põn® α &I Eøh¯ ÷|ºÁmh T®¤ß 

\©ß£õk α2222 tanzyx =+ GÚU PõmkP. 

  Show that the equation of a right circular 
cone whose vertex is 0, axis OZ and semi 
vertical angle α  is α2222 tanzyx =+ . 

Or 

 (B) 
277232
zyx ==  GßÓ ÷PõmiøÚ EÒÍhUQ¯ 

01649 222 =+− zyx  GßÓ T®¤ß 
öuõk÷Põk uÍzvß \©ß£õmiøÚU PõsP. 

  Find the equation of the tangent planes to 
the cone 01649 222 =+− zyx  which contain 

the line 
277232
zyx == . 

PART C — (5 × 8 = 40 marks)  

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

16. (A) 0=++ nml ; 022 =−+ mnlmlm  GßÓ C¸ 
\©ß£õkPÐ® J¸ ÷Põmiß  vø\ – 
öPõø\ßPÐUS Em£k©õ°ß AøÁPÐUQ–
øh÷¯¯õÚ ÷Põnzøu Psk¤i. 

  If the direction cosines of the two lines 
satisfy the equations 0=++ nml ; 

022 =−+ mnlmlm ; then find the angle 
between the lines. 

Or 
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 (B) J¸ PÚ\xμzvß |õßS ‰ø»Âmh[PÎ¾® 
J¸ ÷Põk δγβα ,,,  GßÓ ÷Põnzøu 
E¸ÁõUSQÓx GÛÀ 

  
3
4

coscoscoscos 2222 =+++ δγβα . 

  A line make angles δγβα ,,,  with the four 
diagonals of a cube then prove that 

3
4

coscoscoscos 2222 =+++ δγβα . 

17. (A) ( )2,3,1−  GßÓ ¦ÒÎ ÁÈ¯õP ö\À¾®, 

522 =++ zyx  ©ØÖ® 8233 =++ zyx  GßÓ 
uÍ[PÐUS ö\[SzuõÚx©õÚ uÍzvß 
\©ß£õmøhU PõsP. 

  Find the equation of the plane which passes 
through the point ( )2,3,1−  and 
perpendicular to the two planes 

522 =++ zyx  and 8233 =++ zyx . 

Or 

 (B) 742 =+− zyx  ©ØÖ® 0832 =+−+ zyx  GßÓ 

uÍ[PøÍ öÁmkÁx® ( )3,2,1 −  GßÓ ¦ÒÎ 
ÁÈ¯õP ö\À¾® uÍzvß \©ß£õmiøÚU 
PõsP. 

  Find the equation of the plane through the 
point ( )3,2,1 −  and the intersection of the 
planes 742 =+− zyx  and 0832 =+−+ zyx . 
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18. (A) 
2

1
8
10

3
1 −=+=

−
+ zyx

; 
1

4
7

1
4
3 −=+=

−
+ zyx

 

GßÓ ÷PõkPÒ J÷μ uÍzvÀ Aø©²® GÚ 

{ÖÄP. ÷©¾® AøÁ öÁmk® ¦ÒÎø¯²® 

AøÁ ö\À¾® uÍzvß \©ß£õmiøÚ²® 

PõsP. 

  Prove that the lines 
2

1
8
10

3
1 −=+=

−
+ zyx

 and 

1
4

7
1

4
3 −=+=

−
+ zyx

 are coplanar. Find also 

their point of intersection and the plane 

through them. 

Or 

 (B) 
1

2
2

4
1
3 +=−=

−
− zyx

 ©ØÖ® 

2
2

3
7

1
1 +=+=− zyx

 GßÓ ÷PõkPÐUS 

Cøh£mh yμ® ©ØÖ® \©ß£õmøh 

Psk¤i. 

  Find the shortest distance and equation of 

the shortest distance between the lines 

1
2

2
4

1
3 +=−=

−
− zyx

 and 
2

2
3

7
1

1 +=+=− zyx
. 
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19. (A) ©õÓõ Bμ® k&I öPõsh ÷PõÍ® ø©¯¨¦ÒÎ 
ÁÈ¯õPa ö\À¾® ©ØÖ® Aa_U ÷PõkPøÍ A, 
B, C&À \¢vUS® GÛÀ •U÷Põn® ABC, 

( ) 2222 49 kzyx =++  GßÓ ÷PõÍzvß 
ø©¯¨£Sv°À Aø©²® GÚ {ÖÄP. 

  A sphere of constant radius k passes through 
the origin and meets the axes in A, B, C. 
Prove that the centroid of the triangle ABC 
lies on the sphere ( ) 2222 49 kzyx =++ . 

Or 
 (B) 042222 =−−++ yxzyx , 832 =++ zyx  GßÓ 

Ámhzvß ÁÈ¯õPÄ® 2534 =+ yx  GßÓ 
uÍzøu öuõk® ÷PõÍzvß \©ß£õmøh 
PõsP. 

  Find the equation of the sphere which passes 
through the circle 042222 =−−++ yxzyx , 

832 =++ zyx  and touches the plane 
2534 =+ yx . 

20. (A) ( )0,0,a , ( )0,,0 a , ( )a,0,0  BQ¯ ¦ÒÎPÒ 
ÁÈ¯õP ö\À¾® Ámh® EuÂ ÁøÍ÷PõhõP 
öPõsh ö\ÆÁmh E¸øÍ°ß \©ß£õmøhU 
PõsP. 

  Find the equation of the right circular 
cylinder described on the circle through the 
points ( )0,0,a , ( )0,,0 a , ( )a,0,0  as a 
guiding curve. 

Or 



 

 Code No. : 20572 B Page 12 

 

 (B) 0=++ nzmylx  GßÓ uÍ® 

0222222 =+++++ hxygzxfyzczbyax  GßÓ 

|õØPõ¼ T®ø£ (quadric cone) 
öuõkÁuØPõÚ {£¢uøÚø¯ Psk¤i. 

  Find the condition for the plane 
0=++ nzmylx  to touch the quadric cone 

0222222 =+++++ hxygzxfyzczbyax . 

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

Answer ALL questions. 

Choose the correct answer. 

1. The direction cosines of the x-axis are ___________. 

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

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

2. If l, m, n are the direction cosines of a line, then 

 (a) 1222 =++ nml  (b) 
l
n

n
m

m
l ==  

 (c) 1=++ nlmnlm  (d) 1=++ nml  

(7 pages) 
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3. Degree of a plane equation is ___________. 

 (a) 4   (b) 3 

 (c) 2   (d) 1 

4. The equation of the plane through ( )0,0,a , 
( )0,,0 b  and ( )c,0,0  is 

 (a) 0=++ czbyax  (b) 0=++
c
z

b
y

a
x

 

 (c) 1=++
z
c

y
b

x
a

 (d) 1=++
c
z

b
y

a
x

 

5. The equation of the y-axis is 

 (a) 0=y ; 0=z  (b) 0=y  

 (c) 0=x ; 0=z  (d) 0=x ; 0=y  

6. r
n

zz
m

yy
l
xx =−=−=− 111  is the equation of the 

___________. 

 (a) circle   (b) straight line 

 (c) ellipse  (d) hyperbola 

7. In the equation of the sphere, the coefficient of yz 
is 

 (a) 0   (b) 1 

 (c) 2   (d) 3 
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8. The diameter of the sphere 25222 =++ zyx  is 

 (a) 10   (b) 25 

 (c) 50   (d) 5 

9. Every line meets the cone in ___________ points. 

 (a) 1   (b) 2 

 (c) 3   (d) 4 

10. The axis of the cylinder is ___________ to the 
generator of the cylinder. 

 (a) perpendicular (b) parallel 

 (c) equal   (d) different 

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 −  from an isosceles right angled 

triangle.  

Or 

 (b) Find the angle between the lines whose 

direction cosines are 111 ,, nml  and 222 ,, nml . 
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12. (a) Derive the equation of the plane passing 
through the points ( )111 ,, zyx , ( )222 ,, zyx  

and ( )333 ,, zyx . 

Or 

 (b) Find the equation of the plane passing 
through the points ( )2,1,3  and ( )4,4,3  and 

perpendicular to the plane 045 =++ zyx . 

13. (a) Find the perpendicular distance from 

( )1,9,3 −P  to the line 
5
13

1
31

8
8 −=−=

−
+ zyx

. 

Or 

 (b) Find the condition for the lines 

11110 dzcybxadczbyax +++==+++ , +xa2  
0222 =++ dzcyb 3333 dzcybxa +++=  to be 

the coplanar. 

14. (a) Find the equation of the sphere which has its 
centre at the point ( )2,1,6 −  and touches the 

plane 0222 =−+− zyx . 

Or 

 (b) Show that the plane 1622 =−− zyx  touches 

the sphere 03224222 =−++−++ zyxzyx .  

[P.T.O.]
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15. (a) Show that the equation of a right circular 

cone whose vertex is 0, axis OZ and semi 

vertical angle α  is α2222 tanzyx =+ . 

Or 

 (b) Find the equation of the tangent planes to 

the cone 01649 222 =+− zyx  which contain 

the line 
277232
zyx == . 

PART C — (5 × 8 = 40 marks)  

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

16. (a) If the direction cosines of the two lines 

satisfy the equations 0=++ nml ; 

0ln22 =−+ mnlm ; then find the angle 

between the lines. 

Or 

 (b) A line make angles δγβα ,,,  with the four 

diagonals of a cube then prove that 

3
4

coscoscoscos 2222 =+++ δγβα . 
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17. (a) Find the equation of the plane which passes 
through the point ( )2,3,1−  and 
perpendicular to the two planes 

522 =++ zyx  and 8233 =++ zyx . 

Or 
 (b) Find the equation of the plane through the 

point ( )3,2,1 −  and the intersection of the 
planes 742 =+− zyx  and 0832 =+−+ zyx . 

18. (a) Prove that the lines 
2

1
8
10

3
1 −=+=

−
+ zyx

 and 

1
4

7
1

4
3 −=+=

−
+ zyx

 are coplanar. Find also 

their point of intersection and the plane 
through them. 

Or 
 (b) Find the shortest distance and equation of 

the shortest distance between the lines 

1
2

2
4

1
3 +=−=

−
− zyx

 and 
2

2
3

7
1

1 +=+=− zyx
. 

19. (a) A sphere of constant radius k passes through 
the origin and meets the axes in A, B, C. 
Prove that the centroid of the triangle ABC 
lies on the sphere ( ) 2222 49 kzyx =++ . 

Or 
 (b) Find the equation of the sphere which passes 

through the circle 042222 =−−++ yxzyx , 
832 =++ zyx  and touches the plane 

2534 =+ yx . 
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20. (a) Find the equation of the right circular 
cylinder described on the circle through the 
points ( )0,0,a , ( )0,,0 a , ( )a,0,0  as a 
guiding curve. 

Or 

 (b) Find the condition for the plane 
0=++ nzmylx  to touch the quadric cone 

0222222 =+++++ hxygzxfyzczbyax . 

——————— 
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Answer ALL questions. 

Choose the correct answer. 

1.  ),( 8 ⊕Z  GßÓ S»zvÀ, EÖ¨¦ 3&ß Á›ø\ 

  (A) 2   (B) 4 

  (C) 6   (D) 8 

 The order of the element 3 in ),( 8 ⊕Z  is 
___________. 

 (a) 2   (b) 4 

 (c) 6   (d) 8 
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2. - RÌÁ¸ÁÚÁØÔÀ Gx S»®? 

 (A) 6(Z , ʘ)  (B) ,( 7Z  ʘ) 

 (C) { },0( 11 −Z  ʘ) (D) { },0( 8 −Z  ʘ) 

 Which one of the following is a group? 

 (a) 6(Z , ʘ)  (b) ,( 7Z  ʘ) 

 (c) { },0( 11 −Z  ʘ) (d) { },0( 8 −Z  ʘ) 

  

3. ⊕,( 12Z ) GßÓ S»zvß ¤Ø£õUQPÎß Pn® 

___________. 

 (A) { }4,3,2,1  (B) { }9,6,3,1  

 (C) { }11,7,5,1  (D) { }7,5,3,2  

 The set of generators of the group ⊕,( 12Z ) is 

___________. 

 (a) { }4,3,2,1  (b) { }9,6,3,1  

 (c) { }11,7,5,1  (d) { }7,5,3,2  

4. S»® ( )⊕,18Z &ß Ámh EmS»® 2 &À EÒÍ 

EÖ¨¦PÎß GsoUøP ___________. 

 (A) 1   (B) 18 

 (C) 9   (D) 5 
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 Number of elements in the cyclic subgroup 2  of 

( )⊕,18Z  is 

 (a) 1   (b) 18 

 (c) 9   (d) 5 

5. 560Z  GßÓ ÁSzuØS»zvß EÖ¨¦PÎß 

GsoUøP ___________ 

 (A) 3   (B) 5 

 (C) 15   (D) 20 

 The number of elements in the quotient group 

560Z  is 

 (a) 3   (b) 5 

 (c) 15   (d) 20 

6. 







=

213
321

α  Gß£x J¸ Á›ø\ ©õØÓ® GÛÀ 

1−α  Gß£x ___________.  

 (A) 







213
321

 (B) 







132
321

 

 (C) 







321
321

 (D) 







123
321
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 If 







=

213
321

α  is a permutation then 1−α  is 

___________. 

 (a) 







213
321

 (b) 







132
321

 

 (c) 







321
321

 (d) 







123
321

 

7. ¤ßÁ¸ÁÚÁØÔÀ Gx ÁøÍ¯® AÀ»õux? 

 (A) (ℤ , +, . )  (B) (ℚ, +, . ) 

 (C) ,( nZ ʘ, ⊕) (D) ,( nZ ⊕, ʘ) 

 Which one of the following is not a ring? 

 (a) (ℤ , +, . )  (b) (ℚ, +, . ) 

 (c) ,( nZ ʘ, ⊕) (d) ,( nZ ⊕, ʘ) 

8. ℤ  GßÓ ÁøÍ¯zvÀ (n) Gß£x J¸ «¨ö£¸ 

P¸zv¯À ⇔ 

 (A) n J¸ £Põ Gs (B) n J¸ £S Gs 

 (C) n ≠ 2   (D) n > 13 
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 In the ring ℤ , (n) is a maximal ideal ⇔ 

___________. 

 (a) n is a prime number 

 (b) n is a composite number 

 (c) n ≠ 2    

 (d) n > 13 

9. f : C →  GßÓ \õº¦ ( ) zzf =  GÚ Áøμ¯ÖUP¨ 

£kQÓx GÛÀ f&ß EmP¸ ___________. 

 (A) ϕ   (B) { }0  

 (C) { }1    (D) { }i  

 Let f : C →  be defined by ( ) zzf = . Then kerf is 

___________. 

 (a) ϕ   (b) { }0  

 (c) { }1    (d) { }i  

10. ℚ&ß DÄPÎß ¦»® ___________. 

 (A) Q   (B) N 

 (C) ℤ    (D) HxªÀø» 



 

 Code No. : 20573 B Page 6 

 

 Field of quotients of is ℚ is ___________ 

 (a) Q   (b) N 

 (c) ℤ    (d) None 

PART B — (5 × 5 = 25 marks) 

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

11. (A) G Gß£x Cμmøh GsoUøP²øh¯ 

EÖ¨¦PøÍU öPõsh J¸ •iÄÖ S»® 

GÛÀ SøÓ¢u£m\® Á›ø\ 2 Eøh¯ J¸ 

EÖ¨÷£Ý® G&°À C¸US® GÚ {ÖÄP. 

  If G is a finite group with even number of 

elements then prove that G contains atleast  

one element of order 2. 

Or 

 (B) H ©ØÖ® K Gß£Ú G GßÓ S»zvß 

EmS»[PÒ GÛÀ KH ∩  Gß£x G&°ß 

EmS»® GÚ {¹¤. 

  If H and K are subgroups of a group G then 

prove that KH ∩  is also a subgroup of G. 



 

 Code No. : 20573 B Page 7 

 

12. (A) Ámh S»zøu Áøμ¯Ö. J¸ ÁmhS»zvß 

EmS»•® ÁmhS»® GÚ {ÖÄP. 

  Define a cyclic group. Prove that a subgroup 

of a cyclic group is cyclic. 

Or 

 (B) B´»›ß ÷uØÓzøu GÊv {ÖÄP.  

  State and prove Euler’s theorem. 

13. (A) G¢uöÁõ¸ •iÄÓõ ÁmhS»•® (ℤ , +)GßÓ 

S»zxhß \© J¨¦ø© Eøh¯x GÚ {ÖÄP. 

  Prove that any infinite cyclic group is 

isomorphic to (ℤ , +). 

Or 

 (B) N Gß£x G GßÓ S»zvß ÷|ºø© EmS»® 

GÛÀ G/N J¸ S»® GÚU PõmkP. 

  Let N be a normal subgroup of a group G. 

Show that G/N is a group. 
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14. (A) R J¸ ÁøÍ¯®, Rba ∈,  GÛÀ 

  (i) 00..0 == aa  

  (ii) ( ) ( ) ( )abbaba −=−=−  

  (iii) ( )( ) abba =−−  

  (iv) ( ) cabacba ... −=−  GÚ {ÖÄP. 

  Let R be a ring and Rba ∈, . Prove that 

  (i) 00..0 == aa  

  (ii) ( ) ( ) ( )abbaba −=−=−  

  (iii) ( )( ) abba =−−  

  (iv) ( ) cabacba ... −=− . 

Or 

 (B) R Gß£x \©Û EÖ¨¦øh¯ J¸ £›©õØÖ 

ÁøÍ¯® GßP. J¸ P¸zv¯À P £Põ 

P¸zv¯À GßÓõÀ ©mk÷© R/P J¸ 

öuõS¨¦U PÍ® GÚ {¹¤. 

  Let R be a commutative ring with identity 

and P be an ideal of R. Prove that P is a 

prime ideal iff R/P is an integral domain. 
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15. (A) R ©ØÖ® R' Gß£Ú ÁøÍ¯® GßP. 

': RRf →   Gß£x ¦ÚÀ\õº¦ GßP. 

{ }0ker =f  GßÓõÀ ©mk÷© f J¸ JßÖUS 

JßÓõÚ \õº¦ GÚ {ÖÄP. 

  Let R and R' be rings and ': RRf →  be a 

homomorphism. Prove that { }0ker =f  iff f is 

one-one 

Or 

 (B) [ ]xR  J¸ öuõS¨¦ PÍ® GßÓõÀ ©mk÷©  R 
J¸ öuõS¨¦ PÍ® BS® GÚ {¹¤. 

  Prove that [ ]xR  is an integral domain ⇔ R is 

an integral domain. 

PART C — (5 × 8 = 40 marks)  

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

16. (A) G GßÓ S»zvß EÖ¨¦PÒ ‘a’ and ‘b’ GÛÀ 
RÌPshÁØøÓ  {ÖÄP. 

   (i) a&ß Á›ø\ =  1−a &ß Á›ø\ 

  (ii) a&ß Á›ø\ = abb 1− &ß Á›ø\ 

  (iii) ab&ß Á›ø\ =   ba&ß Á›ø\  
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  If ‘a’ and ‘b’ are elements of a group G then 
prove the following : 

  (i) Order of a = Order of 1−a  

  (ii) Order of a = Order of abb 1−  

  (iii) Order of ab = Order of ba  

Or 

 (B) G GßÓ S»zvß C¸ EmS»[PÎß 
÷\º¨¦Pn® J¸ EmS»® GßÓõÀ ©mk÷© 
JßÖ ©ØöÓõßÔß EÒ C¸US® GÚ PõmkP. 

  Show that the union of two subgroups of a 
group G is a subgroup iff one is contained in 
the other. 

17. (A) J¸ S»zvß Ch CønPn[PÎß öuõS¨¦ 
AUS»zvß ¤›ÂøÚ BS® GÚ {ÖÄP. 

  Prove that the collection of all left cosets 
forms a partition of the group. 

Or 

 (B) H ©ØÖ® K Gß£Ú S»® G&ß 
Áøμ¯ÖUP¨£mh SÔ±mk EmS»[PÒ GÛÀ 

KH ∩  Gß£x G&ß Áøμ¯ÖUP¨£mh 
SÔ±mk EmS»® GÚ {¹¤. 

  Let H and K be two subgroups of G of finite 
index in G. Prove that KH ∩  is a subgroup 
of finite index in G. 
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18. (A) öPõkUP¨£mh Á›ø\°À S»® G&US J÷μ 

J¸ EmS»® H GÛÀ A¢u EmS»® H J¸ 
÷|ºø© EmS»® GÚ PõmkP.  

  If a group G has exactly one subgroup H of 
given order then show that H is a normal 
subgroup of G. 

Or 

 (B) öP´¼°ß ÷uØÓzøu GÊv {ÖÄP. 

  State and prove Cayley’s theorem. 

19. (A) R Gß£x \©Û Eøh¯ J¸ £›©õØÖ 

ÁøÍ¯® GßP. R&ß P¸zv¯À M J¸ 

ªSÁøμ P¸zv¯À GßÓõÀ ©mk÷© R/M 
J¸ PÍ® GÚ {¹¤. 

  Let R be a commutative ring with identity. 
Prove that an ideal M of R is maximal iff 
R/M is a field. 

Or 

 (B) RÌUPshÁØøÓ {ÖÄP. 

  (i) nZ  Gß£x J¸ ¦»® ⇔ n J¸ £Põ Gs. 

  (ii) J¸ öuõS¨¦PÎß ]Ó¨¤¯À¦ 0 AÀ»x 

J¸ £Põ Gs. 
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  Prove the following : 

  (i) nZ  is a field ⇔ n is prime. 

  (ii) The characteristic of an integral 
domain is either 0 or a prime number. 

20. (A) ÁøÍ¯[PÐUQøh÷¯¯õÚ ¦ÚÀ \õº¤ß 
Ai¨£øhz ÷uØÓzøuU TÔ {ÖÄP. 

  State and prove the fundamental theorem of 
homomorphism for rings. 

Or 

 (B) G¢uöÁõ¸ öuõS¨¦ PÍzøu²® J¸ ¦»zvÀ 
£vUP •i²® GÚ {¹¤. 

  Prove that every integral domain can be 
embedded in a field. 

——————— 
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1. The order of the element 3 in ),( 8 ⊕Z is 
___________. 

 (a) 2   (b) 4 

 (c) 6   (d) 8 

2. Which one of the following is a group? 

 (a) 6(Z , ʘ)  (b) ,( 7Z  ʘ) 

 (c) { },0( 11 −Z  ʘ) (d) { },0( 8 −Z  ʘ) 

(7 pages) 
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3. The set of generators of the group ⊕,( 12Z ) is 

___________. 

 (a) { }4,3,2,1  (b) { }9,6,3,1  

 (c) { }11,7,5,1  (d) { }7,5,3,2  

4. Number of elements in the cyclic subgroup 2  of 

( )⊕,18Z  is 

 (a) 1   (b) 18 

 (c) 9   (d) 5 

5. The number of elements in the quotient group 
560Z  is 

 (a) 3   (b) 5 

 (c) 15   (d) 20 

6. If 







=

213
321

α  is a permutation then 1−α  is 

___________. 

 (a) 







213
321

 (b) 







132
321

 

 (c) 







321
321

 (d) 







123
321
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7. Which one of the following is not a ring? 

 (a) (ℤ , +, . )  (b) (ℚ, +, . ) 

 (c) ,( nZ ʘ, ⊕) (d) ,( nZ ⊕, ʘ) 

8. In the ring ℤ , (n) is a maximal ideal ⇔ 

___________. 

 (a) n is a prime number 

 (b) n is a composite number 

 (c) n ≠ 2    

 (d) n > 13 

9. Let f : C →  be defined by ( ) zzf = . Then kerf is 

___________. 

 (a) ϕ   (b) { }0  

 (c) { }1    (d) { }i  

10. Field of quotients of is ℚ is ___________ 

 (a) Q   (b) N 

 (c) ℤ    (d) None 
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PART B — (5 × 5 = 25 marks) 

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

11. (a) If G is a finite group with even number of 

elements then prove that G contains atleast  

one element of order 2. 

Or 

 (b) If H and K are subgroups of a group G then 

prove that KH ∩  is also a subgroup of G. 

12. (a) Define a cyclic group. Prove that a subgroup 

of a cyclic group is cyclic. 

Or 

 (b) State and prove Euler’s theorem. 

13. (a) Prove that any infinite cyclic group is 

isomorphic to (ℤ , +). 

Or 

 (b) Let N be a normal subgroup of a group G. 

Show that G/N is a group.   

[P.T.O.]
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14. (a) Let R be a ring and Rba ∈, . Prove that 

  (i) 00..0 == aa  

  (ii) ( ) ( ) ( )abbaba −=−=−  

  (iii) ( )( ) abba =−−  

  (iv) ( ) cabacba ... −=− . 

Or 

 (b) Let R be a commutative ring with identity 

and P be an ideal of R. Prove that P is a 

prime ideal iff R/P is an integral domain. 

15. (a) Let R and R' be rings and ': RRf →  be a 

homomorphism. Prove that { }0ker =f  iff f is 

one-one. 

Or 

 (b) Prove that [ ]xR  is an integral domain ⇔ R is 

an integral domain. 
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PART C — (5 × 8 = 40 marks)  

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

16. (a) If ‘a’ and ‘b’ are elements of a group G then 
prove the following : 

  (i) Order of a = Order of +a  

  (ii) Order of a = Order of abb 1−  

  (iii) Order of ab = Order of ba  

Or 

 (b) Show that the union of two subgroups of a 
group G is a subgroup iff one is contained in 
the other. 

17. (a) Prove that the collection of all left cosets 
forms a partition of the group. 

Or 

 (b) Let H and K be two subgroups of G of finite 
index in G. Prove that KH ∩  is a subgroup 
of finite index in G. 

18. (a) If a group G has exactly one subgroup H of 
given order then show that H is a normal 
subgroup of G. 

Or 

 (b) State and prove Cayley’s theorem. 
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19. (a) Let R be a commutative ring with identity. 

Prove that an ideal M of R is maximal iff 
R/M is a field. 

Or 

 (b) Prove the following : 

  (i) nZ  is a field ⇔ n is prime. 

  (ii) The characteristic of an integral 

domain is either 0 or a prime number. 

20. (a) State and prove the fundamental theorem of 

homomorphism for rings. 

Or 

 (b) Prove that every integral domain can be 

embedded in a field. 

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

1. ( ) ( )RVRVT 32: →  ÷|›¯À E¸©õØÓzvÀ 

( ) ( )0,,,, yxzyxT =  GÚ Áøμ¯ÖUP¨£mhx 

GßÓõÀ, KerT  = ___________. 

 (A) ( ){ }Rzz ∈/,0,0   

 (B) ( ){ }Ryy ∈/0,,0  

 (C) ( ){ }Rzxzx ∈,/,0,   

 (D) ( ){ }Rzyxzyx ∈,,/,,  
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 In Linear Transform of ( ) ( )RVRVT 32: →  is 

defined as finite ( ) ( )0,,,, yxzyxT = ,  KerT  = 

___________. 

 (a) ( ){ }Rzz ∈/,0,0   

 (b) ( ){ }Ryy ∈/0,,0  

 (c) ( ){ }Rzxzx ∈,/,0,   

 (d) ( ){ }Rzyxzyx ∈,,/,,  

2. J¸ vø\¯ß öÁÎ V Cß EÒ öÁÎPÍõÚ A 

©ØÖ® Bø¯ EÒÍhUQ¯ «a]Ö EÒöÁÎ¯õÚx 

___________. 

 (A) BA ∪   (B) BA ∩  

 (C) BAΔ    (D) BA +  

 The smallest subspace of a vector space V, which 
contains the subspaces A and B is ___________. 

 (a) BA ∪   (b) BA ∩  

 (c) BAΔ    (d) BA +  

3. ( )RV2 -&À, ( ){ }0,4=S  GßP. GÛÀ ( ) =SL  

___________. 

 (A) S   (B) ( ){ }Rxx ∈/0,  

 (C) ( ){ }Ryy ∈/,0  (D) ( )RV2  
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 In ( )RV2 , let ( ){ }0,4=S . Then ( ) =SL  ___________. 

 (a) S   (b) ( ){ }Rxx ∈/0,  

 (c) ( ){ }Ryy ∈/,0  (d) ( )RV2  

4. L(L(S)) = ___________. 

 (A) S   (B) L(S) 

 (C) V   (D) ( )SL2  

 L(L(S)) = ___________. 

 (a) S   (b) L(S) 

 (c) V   (d) ( )SL2  

5. VrankT dim=  GÛÀ, Nullity =T  ___________. 

 (A) 0   (B) dim V 

 (C) 1   (D) ∞ 

 If VrankT dim= , then Nullity =T  ___________. 

 (a) 0   (b) dim V 

 (c) 1   (d) ∞ 

6. ( )RV3 À uμ©õÚ EÒÏmk ö£¸UP¼À (1, 2, 3) GßÓ 

vø\¯ß }Í® ___________. 

 (A) 6   (B) 14 

 (C) 14    (D) 1 
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 The norm of the vector (1, 2, 3) In ( )RV3  with 

standard inner product is ___________. 

 (a) 6   (b) 14 

 (c) 14    (d) 1 

7. 
















4400
4310

3111

 GßÓ Ao°ß uμ® ___________. 

 (A) 1   (B) 2 

 (C) 3   (D) 4 

 The rank of the matrix 
















4400
4310

3111

 is 

___________. 

 (a) 1   (b) 2 

 (c) 3   (d) 4 

8. uø»RÌ Ao Põn C¯»õu Ao Gx? 

 (A) 







10
01

  (B) 








11
2

3
2

3
 

 (C) 







01
10

  (D) 










2
1

2
1

2
3

2
1
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 The inverse matrix does note exist for ___________. 

 (a) 







10
01

  (b) 








11
2

3
2

3
 

 (c) 







01
10

  (d) 










2
1

2
1

2
3

2
1

 

9. Aß IPß ©v¨¦PÒ –1, 2, 5 GÛÀ ( ) 13 −A  Ao°ß 

IPß ©v¨¦PÒ ___________. 

 (A) 1, 
4
1

, 
25
1

 (B) –3, 6, 15 

 (C) 
3
1− , 

6
1

, 
15
1

 (D) 1, 4, 25 

 If the eigen values of A are –1, 2, 5, then the eigen 
values of ( ) 13 −A , then ___________. 

 (a) 1, 
4
1

, 
25
1

 (b) –3, 6, 15 

 (c) 
3
1− , 

6
1

, 
15
1

 (d) 1, 4, 25 

10. C¸£i ÁiÁ® 22 342 yxyx +−  Gß£uß Ao 

ÁiÁ® ___________. 

 (A) 







− 32

22
  (B) 








−

−
32
22

 

 (C) 







−

−

2
32
21

 (D) 







−

−
34
42
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 The matrix of the quadratic form 22 342 yxyx +−  is 
___________. 

 (a) 







− 32

22
  (b) 








−

−
32
22

 

 (c) 







−

−

2
32
21

 (d) 







−

−
34
42

 

SECTION B — (5 × 5 = 25 marks) 

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

11. (A) F GßÓ ¦»zvß «x V J¸ vø\¯ß öÁÎ 
GßP. J¸ öÁØÓØÓ EmPn® W, AøÚzx 

Wvu ∈, , ∈ Fβα , Wvu ∈+ βα  GÚ 

C¸¢uõÀ ©mk÷© V&°ß EÒöÁÎ BS® 
GÚU Põmk. 

  Let V be a vector space over a field F. Show 
that a nonempty subset W of V is a subspace 
of V if and only if Wvu ∈,  and ∈ Fβα ,  

Wvu ∈+ βα .  

Or 

 (B) F ¦»zvß «x V ©ØÖ® W vø\¯ß öÁÎPÒ 
GÛÀ L(V, W) Gß£x VÀ C¸¢x WUS 
Aø©²® ÷|›¯À E¸©õØÓ[PÒ AøÚzx® 
öPõsh Pn® GÛÀ, L(V, W) Gß£x Fß «x 
Aø©²® vø\¯ß öÁÎ GÚ {¹¤. 
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  Let V and W be vector spaces over a field F. 
Let L(V, W) be the set-off all linear 
transformations from V to W. Then prove 
that L(V, W) is a vector space over F. 

12. (A) ÷|›¯À \õº¦øh¯ Pnzøu EÒÍhUQ¯ 
G¢uöÁõ¸ Pn•® ÷|›¯À \õº¦øh¯x GÚU 
Põmk. 

  Prove that any set containing a linear 
dependent set is also linear dependent. 

Or 

 (B) J÷μ £›©õn•øh¯ C¸ vø\¯ß öÁÎPÒ 
K›Ú \õº¦øh¯øÁ GÚ {ÖÄP. CvÀ C¸ 
vø\¯ß öÁÎPÎß ¦»•® F GÚU öPõÒP.  

  Prove that any two vector spaces of the same 
dimension over a field F are isomorphic. 

13. (A) Qμõ®&ìªz •øÓø¯¨ £¯ß£kzv uμ©õÚ 
EÒö£¸UPÀ Eøh¯ ( )RV3 ß AiUPn® 

{ }321 ,, vvv . CvÀ ( )1,0,11 =v , ( )1,3,12 =v , 

( )1,2,33 =v  Gß£uØS A»S ö|Ô© ö\[Szx 
AiUPn® PmkP. 

  Apply Gram-Schmidt process to construct an 
orthonormal basis for ( )RV3  with the 
standard inner product for the basis 
{ }321 ,, vvv  where ( )1,0,11 =v , ( )1,3,12 =v , 

( )1,2,33 =v . 

Or 
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 (B) J¸ Áøμ¯ÖUP¨£mh £›©õn•øh¯ 

EÒö£¸UPÀ öÁÎ V GßP. W Auß 

EÒöÁÎ GÛÀ ⊥⊕= WWV GÚ {ÖÄP. 

  Let V be a finite dimensional inner product 
space W be its subspace. Then prove that 

⊥⊕= WWV . 

14. (A) Ao°ß uø»RÌ Põs Ai¨£øh E¸©õØÓ 

•øÓ¨£i 
















−
−=
312
113

201

A . 

  Find the inverse of the matrix 

















−
−=
312
113

201

A  using elementary 

transformations. 

Or 

 (B) öP´¼ ÷íªÀhß ÷uØÓ® \› £õº 









=

34
21

A . 

  Verify Cayley Hamilton’s theorem for the 

matrix 







=

34
21

A . 



 

 Code No. : 20574 B Page 9 

 

15. (A) 
















−

−
=

310
212

722

A  GßÓ Ao°ß C¸ IPß 

©v¨¦PøÍ¨ ö£¸UQÚõÀ –12 GÛÀ A&ß 
IPß ©v¨¦PÒ Põs. 

  The product of two eigen values of the matrix 

















−

−
=

310
212

722

A  is –12. Find the eigen values 

of A. 
Or 

 (B) J¸ ö©´ \©a^º Ao°ß ]Ó¨¤¯À¦ 
wºÄPÒ AøÚzx® ö©´ GÚ {ÖÄP. 

  Show that the characteristic roots of a real 
symmetric matrix are real. 

SECTION C — (5 × 8 = 40 marks)  

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

16. (A) F GßÓ ¦»zvß «x V Gß£x vø\¯ß öÁÎ 
GßP. W Gß£x Vß EÒöÁÎ GÛÀ {ÖÄP. 

WV /  Gß£x F «x EÒÍ J¸ vø\¯ß 
öÁÎ. 

  Let V be a vector space over F and W be a 
subspace of V. Then prove that WV /  is a 
vector space over F. 

Or 
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 (B) ÷|›¯À E¸©õØÓzvØPõÚ Ai¨£øhz 
÷uØÓ® TÔ {ÖÄP. 

  State and prove fundamental theorem of 
homomorphism. 

17. (A) F GßÓ ¦»zvß «x V J¸ öÁUhº öÁÎ. 

{ }nvvvS ....,, 21=  GßÓ Pn® V°ß ÷|›¯À 

}mh® GßP. { }mwwwS ...,,, 211 =  J¸ ÷|›¯À 

\õº¤À»õ vø\¯ßPÎß Pn® GßÓõÀ nm ≤  
GÚU Põmk. 

  Let V be a vector space over a field F. Let 
{ }nvvvS ....,, 21=  span V. Let 

{ }mwwwS ...,,, 211 =  be a linearly 

independent set of vectors in V. Then show 
that nm ≤ . 

Or 

 (B) V Gß£x Áøμ¯ÖUP¨£mh £›©õn•øh¯ 

vø\¯ß öÁÎ GßP. A, B Gß£øÁ V&°ß 
EÒöÁÎPÒ GÛÀ, {ÖÄP 

( ) ( )BABABA ∩−+=+ dimdimdimdim . 

  Let V be a finite dimensional vector  
space over a field F. Let A, B be subspaces of 
V. Then show that 

( ) ( )BABABA ∩−+=+ dimdimdimdim . 
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18. (A) JÆöÁõ¸ Áøμ¯ÖUP¨£mh EÒö£¸UPÀ 
öÁÎ²® Kμ»S ö|Ô© ö\[Szx AiUPn® 
öPõshx GÚ {¹¤. 

  Prove that every finite dimensional inner 
product space has an orthonormal basis. 

Or 

 (B) Áøμ¯Özu £›©õn•øh¯ EÒö£¸UPÀ 

öÁÎ°ß EÒöÁÎPÒ 1W  ©ØÖ® 2W  GÛÀ, 

{ÖÄP ( ) ⊥⊥⊥ ∩=+ 2121 WWWW . ÷©¾® 
⊥⊥⊥⊥ +=∩ 2121 WWWW . 

  If 1W  and 2W  are subspaces of a  

finite dimensional inner product space,  

show that ( ) ⊥⊥⊥ ∩=+ 2121 WWWW  and 
⊥⊥⊥⊥ +=∩ 2121 WWWW . 

19. (A) Ao°ß uμ® Põs. 















=

7012
7436

3124

A . 

  Find the rank of the matrix 
















=

7012
7436

3124

A . 

Or 
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 (B) öP´¼&÷íªÀhß ÷uØÓ® £i 















 −
=

200
422

201

A  AoUS 1−A , 4A  Põs. 

  Using Cayley Hamilton’s theorem for the 

matrix 














 −
=

200
422

201

A . Find 1−A , 4A . 

20. (A) IPß ©v¨¦ ©ØÖ® IPß vø\¯ßPÒ Põs 

















−

−
=

131
111

222

A . 

  Find the eigen values and eigen vectors of 

the matrix 
















−

−
=

131
111

222

A . 

Or 

 (B) C¸£i ÁiÁ® ‰ø»Âmh ÁiÁ©õP 
SÖSÁøu ö»Uμõßâ •øÓ¨£i ÂÍUSP. 

  Explain the Lagrange’s method of reducing 
quadratic form to a diagonal form. 

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

Answer ALL questions. 

 Choose the correct answer : 

1. ÁÇUQß ö©m›UQÀ [–3, 5] Cß Âmh® 

___________. 

 (A) 2   (B) 0 

 (C) 8   (D) 5 

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

 (a) 2   (b) 0 

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

Gß£x ___________. 

 (A) [–2, 0]  (B) (–1, 1) 

 (C) [–1, 1]  (D) (–2, 0) 

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

 (a) [–2, 0]  (b) (–1, 1) 

 (c) [–1, 1]  (d) (–2, 0) 

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

EÖ¨¦ Pn•® ___________. 

 (A) ‰i¯x     

 (B) vÓ¢ux 

 (C) ‰i¯x ©ØÖ® vÓ¢ux    

 (D) ‰i¯x©À», vÓ¢ux©À» 

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

 (a) closed   

 (b) open 

 (c) both open and closed     

 (d) neither open nor closed 
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4. 






= ,...

1
,...,

3
1

,
2
1

,1
n

A  GÛÀ A&Cß vÓm]¦ÒÎ 

___________ BS®. 

 (A) 0   (B) 1 

 (C) 
n
1

   (D) ∞ 

 If 






= ,...

1
,...,

3
1

,
2
1

,1
n

A , then the accumulation 

point of A is ___________. 

 (a) 0   (b) 1 

 (c) 
n
1

   (d) ∞ 

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

BÚx R&Cß «x ___________. 

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

 (B) ^μõÚ öuõhºa]¯õÚx 

 (C) öuõhºa]¯ØÓx    

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

R. 

 (a) continuous but not uniformly continuous     

 (b) uniformly continuous 

 (c) not continuous    

 (d) neither continuous nor uniformly continuous 

6. \õº¦ RRf →:  BÚx ( ) [ ]xxf =  GÚ 

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

 (A) 0   (B) 1 

 (C) 2   (D) 5 

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

oscillation ( )5,fw  = ___________. 

 (a) 0   (b) 1 

 (c) 2   (d) 5 

7. { }0−R  BÚx ___________. 

 (A) öuõkzux    

 (B) öuõkzuÀ» 

 (C) Pa]u©õÚx    

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

 (a) Connected  

 (b) Not connected 

 (c) Compact  

 (d) Connected but not compact 

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

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

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

 The subset of ___________ R is both compact and 
connected. 

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

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

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

GÛÀ )(
1 c
f

′









= ___________. 

 (A) ( )[ ]2cf
c

  (B) 
( )

( )[ ]2cf
cf ′

 

 (C) 
( )

( )[ ]2cf
cf ′−

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

′









 = 

___________. 

 (a) ( )[ ]2cf
c

  (b) 
( )

( )[ ]2cf
cf ′

 

 (c) 
( )

( )[ ]2cf
cf ′−

  (d) 
( )
( )[ ]cf
cf ′

 

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

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

 (C) –1   (D) 1 

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

 (a) 2   (b) 0 
 (c) –1   (d) 1  

PART B — (5 × 5 = 25 marks) 

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

11. (A) 1d  ©ØÖ® 2d  Gß£Ú M&«uõÚ C¸ 

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

GÛÀ, M&Cß «x d J¸ ö©m›U GÚ {ÖÄP. 

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

is a metric on M.  
Or 



 Code No. : 20575 B Page 7 

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

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

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

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

Or 

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

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

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

RMf →:  BÚx öuõhºa]¯õÚx GÚ {¹¤. 

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

( ) ( )axdxf ,=  is continuous. 

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

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

  Prove that the function RRf →:  defined by 

( ) xxf sin=  is uniformly continuous on R. 

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

  State and prove intermediate value theorem 
for real continuous function. 

Or 

 (B) J¸ ö©m›U öÁÎ M Cß Pa]u©õÚ 

EmPn® A BÚx GÀø»US Em£mhx GÚ 
{¹¤. 

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

15. (A) f&BÚx c GßÓ ¦ÒÎ°À ÁøP°hzuUPx 

GÛÀ, c&CÀ f BÚx öuõhºa]¯õÚx GÚ 
{¹¤. 

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

Or 

 (B) ÷μõ¼ß ÷uØÓzøuU TÔ {ÖÄP. 

  State and prove Rolle’s Theorem. 



 Code No. : 20575 B Page 9 

PART C — (5 × 8 = 40 marks)  

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

16. (A) R&EÒÍ G¢uöÁõ¸ vÓ¢u EmPnzøu²® 

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

  Prove that any open subset of R can be 

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

Or 

 (B) (M, d) J¸ ö©m›UöÁÎ ©ØÖ®  

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

Cøn¯õÚ ö©m›USPÒ GÚ {¹¤. 

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

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

are equivalent metrics on M.  

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

{¹¤. 

  Prove that C with usual metric is complete. 

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

  State and prove Cantor intersection  

theorem. 

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

ö©m›U öÁÎPÒ GÛÀ 21: MMf →  

öuõhºa]¯õÚuõP C¸UP ÷uøÁ¯õÚ ©ØÖ® 

÷£õx©õÚ {£¢uøÚ AøÚzx 1MA ⊆ US® 

( ) ( )AfAf ⊆  GÚU PõmkP. 

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

spaces, then prove that 21: MMf →  is 

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

Or 

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

[ ]ba, &CÀ f&Cß öuõhºa]¯ØÓ ¦ÒÎPÎß 

Pn® GsohzuUPx GÚ {¹¤. 

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

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

f is discontinuous is countable. 



 Code No. : 20575 B Page 11 

19. (A) M Gß£x öuõkzuõP C¸UP ÷uøÁ¯õÚ 

©ØÖ® ÷£õx©õÚ {£¢uøÚ JÆöÁõ¸ 

öuõhºa]¯õÚ \õº¦ { }1,0: →Mf &® ÷©À 

÷PõºzuÀ AÀ» GÚ {¹¤. 

  Prove that M is connected iff every 

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

Or 

 (B) öí´Û ÷£õμÀ ÷uØÓzøuU TÔ {ÖÄP. 

  State and prove Heine-Borel Theorem. 

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

  State and prove the chain rule for 
derivatives. 

Or 

 (B) öh´»›ß ÷uØÓzøuU TÔ {ÖÄP. 

  State and prove Taylor’s Theorem. 

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

Answer ALL questions. 

 Choose the correct answer : 

1. J¸ ¦ÒÎ°ß ÷©À ö\¯À£k® C¸Âø\PÎß 
ÂøÍÄÂø\ «a]Ôx GÛÀ AÆÂ¸ 
Âø\PÐUQøh÷¯¯õÚ ÷Põn©õÁx ___________. 

 (A) 180°   (B) 90° 
 (C) 0°   (D)  45° 

 If the resultant of two forces acting at a point be 
least then the angle between them is 

 (a) 180°   (b) 90° 
 (c) 0°   (d)  45° 
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2. C¸ \©Âø\PÎß AÍÄ p, 

AøÁPÐUQøh÷¯¯õÚ ÷Põn® 60° GÛÀ 

ÂøÍÄ Âø\°ß AÍÄ ___________. 

 (A) 2p   (B) 3.p  

 (C) 2p    (D) 
2
p

 

 If two equal forces of magnitude p make 60° 
between them then the magnitude of their 
resultant is ___________. 

 (a) 2p   (b) 3.p  

 (c) 2p    (d) 
2
p

 

3. J¸ Âø\¯õÚx J¸ ö£õ¸øÍ PiPõμ •Ò 

vø\°À v¸¨£ •¯Ø]US® ö£õÊx Auß 

v¸¨£zvÓß ___________ BS®. 

 (A) Gvº©øÓ (B) ÷|º©øÓ 

 (C) §a]¯®  (D) CøÁ HxªÀø» 

 If a force tends to turn a body in the clockwise 
direction then its moment is ___________. 

 (a) negative  (b) positive 

 (c) zero   (d) none of these 



 Code No. : 20576 B Page 3 

4. ¦ÒÎ O&I¨ ö£õÖzx F  GßÓ Âø\°ß 

v¸¨¦zvÓß ___________. 

 (A) NOF ×   (B) 
ON
F

 

 (C) ONF .   (D) FON ×  

 The moment of a force F  about a point ‘O’ is 

___________. 

 (a) NOF ×   (b) 
ON
F

 

 (c) ONF .   (d) FON ×  

5. J¸ vh¨ö£õ¸Îß «x ‰ßÖ Âø\PÒ ö\¯À£mk 

A¨ö£õ¸øÍ \©{ø»°À øÁzuõÀ AøÁPÒ 

___________. 

 (A) 0    

 (B) ö\[SzuõÚøÁ 

 (C) J÷μ uÍzuø©¢uøÁ     

 (D) Cøn¯õÚøÁ 
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 If three forces acting on a rigid body are in 

equilibrium then they must be ___________. 

 (a) 0   (b) perpendicular 

 (c) coplanar  (d) parallel 

6. ‰ßÖ Cøn¯ØÓ Âø\PÒ ©mk÷© 

ö\¯À£k©õ°ß AøÁPÒ ___________. 

 (A) J¸ ¦ÒÎ°À \¢vUS® 

 (B) ö\[SzuõÚøÁ  

 (C) _Ç¼øn     

 (D) CøÁ HxªÀø» 

 If there are only three non-parallel forces then 

they must ___________. 

 (a) meet at a point (b) perpendicular 

 (c) couple  (d) none of these 

7. Eμõ´Âß AvP£m\ ©v¨¦ ___________. 

 (A) μ   (B) μR 

 (C) R   (D) 
R
F
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 The maximum value of friction is ___________. 

 (a) μ   (b) μR 

 (c) R   (d) 
R
F

 

8. ö\õμö\õμ¨£õÚ \õ´uÍzvß ÷©À øÁUP¨£mkÒÍ 

J¸ ö£õ¸Ò uÍzvÀ ÁÊUS® {ø»°À C¸¨¤ß, 

Eμõ´Âß ö\¯À£õhõÚx ___________. 

 (A) uÍzvß RÌ ÷|õUQ C¸US®     

 (B) uÍzvØS ö\[SzuõP C¸US® 

 (C) uÍzvß ÷©Ì ÷|õUQ C¸US®    

 (D) CøÁ HxªÀø» 

 If a body placed on a rough inclined plane be on 

the point of sliding down the plane then the 

friction acts ___________. 

 (a) down the plane     

 (b) perpendicular to the plane 

 (c) up the plane    

 (d) none of these 
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9. J¸ ö£õx \[Q¼¯zvß HuõÁx J¸ ¦ÒÎ°À 

CÊÂø\ ___________. 

 (A) ws   (B) wc 

 (C) wx   (D) w.y 

 The tension at any point on a common catenary is 

 (a) ws   (b) wc 

 (c) wx   (d) w.y 

10. J¸ \[Q¼¯zvß Põºmj]¯ß \©ß£õhõÚx 

 (A) axy 42 =  (B) 222 ayx =+  

 (C) ψtancs =  (D) 





=

c
xcy cosh  

 The Cartesian equation of the catenary is 

 (a) axy 42 =  (b) 222 ayx =+  

 (c) ψtancs =  (d) 





=

c
xcy cosh  
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PART B — (5 × 5 = 25 marks) 

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

11. (A) Âø\PÐUQøh÷¯¯õÚ •U÷Põn Âvø¯ 

TÔ {ÖÄP. 

  State and prove triangle law of forces.  

Or 

 (B) ABC Gß£x J¸ •U÷Põn®. OA, OB, OC 

ÁÈ÷¯ C¯[S® P, Q, R GÝ® Âø\PÒ 

\©{ø»°À C¸¨¤ß cbaRQP :::: =  GßÖ 

{ÖÄP. O Gß£x A®•U÷Põnzvß 

ö\[÷Põmk ø©¯®. 

  ABC is a given triangle. Force P, Q, R acting 
along the lines OA, OB, OC are in 
equilibrium. Prove that cbaRQP :::: =  if 

‘O’ is the Orthocentre of the triangle. 

12. (A) ‰ßÖ Cøn Âø\PÒ \© {ø»°À C¸¨¤ß 

AøÁ JÆöÁõßÖ® ©ØøÓ¯ 

CμsiØQøh÷¯¯õÚ yμzxUS \›¯õÚ 

AÍÄ ÂQuzvÀ C¸US® GÚ PõmkP. 

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

Or 
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 (B) P ©ØÖ® Q Gß£Ú Jzu Cøn Âø\PÒ. 

Âø\ Q Auß vø\US Cøn¯õP x yμ® 

|Pºzu¨£mhõÀ, P ©ØÖ® Q&ß ÂøÍÄ Âø\ 

QP
Qx
+

 yμ® |P¸® GÚ {ÖÄP. 

  P and Q are two like parallel forces. If Q is 
moved parallel to itself through a distance ‘x’ 
then prove that the resultant of P and Q 

moves through a distance 
QP

Qx
+

. 

13. (A) ‰ßÖ J¸uÍ Âø\PÒ ÷uØÓzøu GÊv 

{¹¤. 

  State and prove three coplanar forces 
theorem. 

Or 

 (B) J¸ ÁÊÁÊ¨£õÚ ö\[Szx _Áº ©ØÖ® ‘a’ 
yμzvÀ EÒÍ J¸ öPõUQ BQ¯ÁØÔß ÷©À 

‘16a’ }Í•ÒÍ ^μõÚ ui JßÖ K´Ä {ø»°À 

C¸¢uõÀ A¢u ui ö\[Szxhß HØ£kzx® 

÷Põn® 30° GÚU PõmkP. 

  A uniform rod of length 16a rests in 
equilibrium against a smooth vertical wall, 
and upon a peg at a distance of ‘a’ from the 
wall. Show that the inclination of the rod to 
the vertical is 30°. 
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14. (A) J¸ ö\õμö\õμ¨£õÚ \õ´uÍzvß ÷©À EÒÍ 

J¸ ö£õ¸Îß \©{ø»ø¯ ÂÁõvUP. 

  Discuss the equilibrium of a particle on a 

rough inclined plane. 

Or 

 (B) \©{ø»°À Aø©¢u ^μõÚ Ho°ß J¸ 

•øÚ uøμ°¾® ©Ö•øÚ ö\[SzuõÚ 

_ÁØÔ¾® \õzv øÁUP¨£mkÒÍx. uøμ 

©ØÖ® _ÁØÔß Eμõ´Ä öPÊUPÒ •øÓ÷¯ 

μ , 'μ GÛÀ, AÆHo \ÖUS® {ø»°À 

C¸US®÷£õx Ax uøμ÷¯õk Aø©US® 

÷Põn® θ  GÚU öPõsk 
μ
μμθ

2
'1

tan
−=  GÚ 

{ÖÄP. 

  A uniform ladder is in equilibrium with one 

end resting on the ground and the other end 

against a vertical wall which are both rough 
with coefficient of friction μ  and 'μ  

respectively. If the ladder is one the point of 

slipping then show that the inclination θ  of 
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the ladder to the ground is given by 

μ
μμθ

2
'1

tan
−= .  

15. (A) J¸ ö£õx \[Q¼¯zvß ÁiÁ Pou 

£s¦PøÍU TÔ {¹¤. 

  State and prove the Geometrical Properties 
of the Common Catenary. 

Or 

 (B) 110 «mhº }Í•ÒÍ J¸ \[Q¼°ß 

QøhÃa_ 109 «mhº GÛÀ \[Q¼°ß 

öuõ´Ä GßÚ?  

  Find the sag if the length of the chain is 110 
meters and horizontal span is 109 meters. 

PART C — (5 × 8 = 40 marks)  

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

16. (A) Âø\PÒ P ©ØÖ® Q BQ¯ÁØÔß ÂøÍÄ 

Âø\ R. Âø\ Q Cμmi¨£õS®÷£õx R&® 

Cμmi¨£õQÓx. ÷©¾® Q ÷|º Gvºvø\°À 

v¸®¦® ÷£õx® R Cμmi¨£õQμÓx. 

2:3:2:: =RQP  GÚ PõmkP. 
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  The resultant of forces P and Q is R. If Q  

be doubled, R is doubled, R is also doubled  

if Q is reversed. Show that 

2:3:2:: =RQP .  

Or 

 (B) Qøh©mhzxhß γ  ÷Põnzøu HØ£kzx® 

J¸ P°ØÔß EuÂ²hß, J¸ Gøh¯õÚx ‘α ’ 

\õ´÷PõnzøuU öPõsh J¸ ÁÊÁÊ¨£õÚ 

uÍzvß «x øÁUP¨£mkÒÍx. P°ØÔß 

\õ´Ä ©õÓõ©À uÍzvß \õ´÷Põn® 

β &ÂØS AvP›UP¨£kQÓx GÛÀ P°ØÔß 

CÊÂø\¯õÚx C¸©h[PõQÓx. 

γβα tancot2cot =−  GÚ {¹¤. 

  A weight is supported on a smooth plane of 

inclination ‘α ’ by a string inclined to the 

horizon at an angle γ . If the slope of the 

plane be increased to β  and the slope of the 

string unaltered, the tension of the string is 

doubled. Prove that γβα tancot2cot =− . 
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17. (A) J¸ PmiÖUP¨ ö£õ¸Ò «x ö\¯À£k® C¸ 
Gvº Cøn Âø\PÎß ÂøÍÄ Âø\°øÚU 
PõsP. 

  Find the resultant of two unlike parallel 
forces acting on a right body. 

Or 

 (B) 2a }Í•® W Gøh²® öPõsh J¸ ^μõÚ 

Pmøh ‘b’ yμzvÀ EÒÍ C¸ 

¦ÒÎPÐUQøh°À Qøh©mhzvÀ 
uõ[P¨£kQÓx. Pmøh {ø»uk©õÓõ©À, 

Auß C¸ •øÚPÎ¾® øÁUPUTi¯ 

AvP£m\ Gøh  •øÓ÷¯ 1W , 2W  GÛÀ 

a
b

WW
W

WW
W =

+
+

+ 2

2

1

1  GÚ {¹¤.  

  A  uniform plank of length ‘2a’ and weight W 

is supported horizontally on two vertical 

props at a distance ‘b’ apart. The greatest 
weight that can be placed at the two ends in 

succession without upsetting the plank are 

1W  and 2W  respectively. Prove that 

a
b

WW
W

WW
W =

+
+

+ 2

2

1

1 . 
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18. (A) ‘a’ }Í•ÒÍ J¸ ^μõÚ ui°ß J¸ •øÚ 

ÁÊÁÊ¨£õÚ ö\[Szx _Áº «x® ©Ö•øÚ 

‘l’ }Í•ÒÍ P°ØÓõÀ Pmh¨£mk® 

öuõ[PÂh¨£mkÒÍx. P°ØÔß ©Ö•øÚ 

ö\[Szx _ÁØÔÀ J¸ ¦ÒÎ°À 

ö£õ¸zu¨£mkÒÍx. ui \©{ø»°À 

C¸US®ö£õÊx Ax _ÁØÔÀ EshõUS® 

÷Põn® ‘θ ’ GÛÀ 2

22
2

3
cos

a
al −=θ  GÚ 

{ÖÄP. ÷©¾® \©{ø» Qøh¨£uØS 

Áõ´¨¦ÒÍ Áμ®¦PÎß ÂQu® la :  GøÁ? 

  A uniform rod of length ‘a’ hangs against a 

smooth vertical wall being supported by 

means of a string of length ‘l’, tied to one end 

of the rod, the other end of the string being 

attached to a point in the wall. Show that the 

rod can rest inclined to the wall at an angle 

‘θ ’ given by 2

22
2

3
cos

a
al −=θ . What are the 

limits of the ratio la :  in order that 

equilibrium may be possible? 

Or 
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 (B) ‘2a’ }Í•ÒÍ ^μõÚ ui J¸ SÈÁõÚ 

Aøμ÷PõÍzvÝÒ øÁUP¨£mk J¸£Sv 

öÁÎ÷¯ }miU öPõsi¸UQÓx. ÷PõÍ Bμ® 

‘r’ GßP. Aøμ÷PõÍ ÷©ÀÁmh® 

Qøh©mhzvÀ C¸UQÓx. Qøh©mhzvØS 

ui \õ´¢v¸US® ÷Põn® ‘α ’ GßÓõÀ 

αα cos2cos2 ar =  GÚ {ÖÄP. ui EÒ÷Í 

AÊzxªhzvÀ GvºÂø\ ©ØÖ® Áμ®¤À 

GvºÂø\ •øÓ÷¯ αtanW , 
α

α
cos

2cosW
 GÚ 

{ÖÄP. C[S W Gß£x ui°ß Gøh. 

  A heavy uniform rod of length 2a, rests 

partly within and partly without a smooth 

hemispherical bowl of radium ‘r’, fixed with 

its rim horizontal. If ‘α ’ is the inclination of 

the rod to the horizon, show that 

αα cos2cos2 ar = . Also prove that the 

reactions at the points of contact of the rod 

with the bowl and with the rim are 

respectively αtanW  and 
α

α
cos

2cosW
 where W 

is  the weight of the rod. 
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19. (A) Eμõ´ÄUöPÊ, Eμõ´ÄU ÷Põn®, {ø» 
Eμõ´Ä ©ØÖ® Eμõ´ÄU T®¦ BQ¯ÁØøÓ 
ÂÍUSP. 

  Explain coefficient of friction, angle of 
friction, statical friction and cone of friction. 

Or 

 (B) J¸ ^μõÚ ui Aø\ÁØÓ {ø»°À 

ö\õμö\õμ¨£õÚ öÁØÖ ÷PõÍzvÝÒ EÒÍx. 

ui ‘ α2 ’ ÷Põnzøu ÷PõÒ ø©¯zvÀ EÒ 

AhUQ°¸UQÓx. Eμõ´ÄU ÷Põn® ‘ λ ’ GÚU 

öPõsk ui Qøh©mhzvhß E¸ÁõUS® 

\õ´Ä÷Põn® 





+
= −

λα
λθ

2cos2cos
2sin

tan 1  GÚU 

PõmkP. 

  A uniform rod rests in limiting equilibrium 

within a rough hollow sphere. If the rod 

subtends an angle ‘ α2 ’ at the centre of the 

sphere and if λ  is the angle of friction, show 

that the inclination of the rod to the 

horizontal is 





+
= −

λα
λθ

2cos2cos
2sin

tan 1 . 
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20. (A) ‘l’ }Í® öPõsh J¸ ^μõÚ \[Q¼ Auß 

GøhUS ‘n’ ©h[S CÊÂø\ø¯ ©mk® 

uõ[PUTi¯x. Ax J÷μ QøhU÷PõmiÀ 

EÒÍ C¸ ¦ÒÎPÎÀ öuõ[SQÓx. Auß 

ø©¯¨ ¦ÒÎ°À HØ£hUTi¯ «a]Ö öuõ´Ä 












−−

4
12nnl  GÚ PõmkP. 

  A uniform chain of length ‘l’ which can just 

bear a tension of ‘n’ times its weight is 

suspended between two points in the same 

horizontal line. Show that the least possible 

sag in the middle is 











−−

4
12nnl . 

Or 

 (B) ö£õx \[Q¼¯zvß Põºmj]¯ß \©ß£õmøh 

u¸Â. 

  Derive the Cartesian equation of a common 

catenary. 

——————— 
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Answer ALL questions. 

 Choose the correct answer : 

1. ( )[ ]axfF  = ___________. 

 (A) 






a
sF   (B) 







a
sF

a
1

 

 (C) 






a
saF   (D) 







s
aF

a
1

 

 ( )[ ]axfF  = ___________. 

 (a) 






a
sF   (b) 







a
sF

a
1

 

 (c) 






a
saF   (d) 







s
aF

a
1
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2. ( ) ( )[ ]xfFsF =  GÛÀ ( )[ ]xxfF  = ___________. 

 (A) ( ) ( )[ ]
ds
sFd

1−  (B) 
( )[ ]

ds
sFdi  

 (C) ( ) ( )( )
ds
sFdi−  (D) 

( )[ ]
ds
sFdi  

 If ( ) ( )[ ]xfFsF = , then ( )[ ]xxfF = ___________. 

 (a) ( ) ( )[ ]
ds
sFd

1−  (b) 
( )[ ]

ds
sFdi  

 (c) ( ) ( )( )
ds
sFdi−  (d) 

( )[ ]
ds
sFd

 

3. ( )[ ]xfFc '  = ___________. 

 (A) ( ) ( )ssFf s+0
2
π

 (B) ( ) ( )ssFf c+0
2
π

 

 (C) ( ) ( )ssFf c+− 0
2
π

 (D) ( ) ( )ssFf s+− 0
2
π

 

 ( )[ ]xfFc '  = ___________. 

 (a) ( ) ( )ssFf s+0
2
π

 (b) ( ) ( )ssFf c+0
2
π

 

 (c) ( ) ( )ssFf c+− 0
2
π

 (d) ( ) ( )ssFf s+− 0
2
π
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4. [ ]xs eF −  = ___________. 

 (A) 
π
2

   (B) 
2
π

 

 (C) π2    (D) π  

 [ ]xs eF −  = ___________. 

 (a) 
π
2

   (b) 
2
π

 

 (c) π2    (d) π  

5. ( )π,0 -&CÀ [ ]xFc  = ___________. 

 (A) ( )[ ]11
1 −− n

n
 (B) ( )[ ]11

1
2 −− n

n
 

 (C) ( )n
n

1
1

2 −   (D) ( )[ ]11
1

2 +− n

n
 

 [ ]xFc  = ___________ in ( )π,0  is ___________. 

 (a) ( )[ ]11
1 −− n

n
 (b) ( )[ ]11

1
2 −− n

n
 

 (c) ( )n
n

1
1

2 −   (d) ( )[ ]11
1

2 +− n

n
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6. ( )l,0  CÀ ( )[ ]xfFs   = ___________. 

 (A) ( )
−

l

l

dx
l
xnxf π

sin  (B) ( )
l

dx
l
xnxf

0

sin2
π

 

 (C) ( )
l

dx
l
xnxf

0

sin
π

 (D) 
( )


l

xdxn
l
xf

0

sin2 π  

 ( )[ ]xfFs  in ( )l,0  = ___________. 

 (a) ( )
−

l

l

dx
l
xnxf π

sin  (b) ( )
l

dx
l
xnxf

0

sin2
π

 

 (c) ( )
l

dx
l
xnxf

0

sin
π

 (d) 
( )


l

xdxn
l
xf

0

sin2 π  

7. [ ]1−naZ  = ___________. 

 (A) 
az
z
+

  (B) 
az +

1
 

 (C) 
az
z
−

   (D) 
az −

1
 

 [ ]1−naZ  = ___________. 

 (a) 
az
z
+

  (b) 
az +

1
 

 (c) 
az
z
−

   (d) 
az −

1
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8. 





2
sin

πnZ  = ___________. 

 (A) 
1

2

+z
z

   (B) 
1+z
z

 

 (C) 
12 +z

z
  (D) 

12 −z
z

 

 





2
sin

πnZ  = ___________. 

 (a) 
1

2

+z
z

   (b) 
1+z
z

 

 (c) 
12 +z

z
  (d) 

12 −z
z

 

9. 
( ) 









−
−

2
1

1z
zZ  = ___________. 

 (A) n – 1   (B) n  

 (C) n + 1   (D) 2n  

 
( ) 









−
−

2
1

1z
zZ  = ___________. 

 (a) n – 1   (b) n  

 (c) n + 1   (d) 2n  
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10. 
( ) 









−
−

2
1

2

1

z
Z  = ___________, (CvÀ 1≥k ) 

 (A) ( ) 121 −− kk  (B) ( )( ) 121 −− kk  

 (C) 
( )

2
2 1−kk

  (D) 
( )

k

k

2
2 1−

 

 For 1≥k , 
( ) 









−
−

2
1

2

1

z
Z  = ___________. 

 (a) ( ) 121 −− kk  (b) ( )( ) 121 −− kk  

 (c) 
( )

2
2 1−kk

  (d) 
( )

k

k

2
2 1−

 

PART B — (5 × 5 = 25 marks) 

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

11. (A) ( )






>

<
=

ax
ax

xf
,0

,1
GÛÀ f(x)&Cß L§›¯º 

E¸©õØÓzøuU PõsP. 

  Find the Fourier transform of 

( )






>

<
=

ax
ax

xf
in0

in1
.  

Or 
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 (B) L§›¯º E¸©õØÓzvØPõÚ £õº]÷Á¼ß 
Aøh¯õÍz ÷uØÓzøu TÔ {ÖÄP. 

  State and prove the Parseval’s identify for 
Fourier Transform. 

12. (A) ( ) 2
2xxexf −=  BÚx L§›¯º ø\ß 

E¸©õØÓzøu¨ ö£õÖzx _¯ uø»RÈ GÚ 
PõmkP. 

  Show that ( ) 2
2xxexf −=  is self reciprocal 

w.r.to. Fourier sine transform. 

Or 

 (B) E¸©õØÓ[PøÍ¨ £¯ß£kzv 

( )( )
∞

++0
2222 bxax

dx
Cß ©v¨ø£U PõsP. 

  Evaluate ( )( )
∞

++0
2222 bxax

dx
 using 

transforms. 

13. (A) ( ) kxxf cos= Cß •iÄÒÍ L§›¯º ø\ß 

E¸©õØÓzøu π<< x0 &CÀ PõsP. 

  Find the finite Fourier Sine transform of 
( ) kxxf cos=  in π<< x0 . 

Or 
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 (B) ( )
2

1 





 −=

π
xxf &Cß •iÄÒÍ L§›¯º 

÷Põø\ß E¸©õØÓzøu π<< x0 &CÀ PõsP. 

  Find the finite Fourier Cosine transform of 

( )
2

1 





 −=

π
xxf  in π<< x0 . 

14. (A) ( )[ ] ( ) ( )
−

=

−−=+
1

0

m

i

imm ZifZFZmnfZ , mn −≥  

GÚ {ÖÄP. 

  Prove that ( )[ ] ( ) ( )
−

=

−−=+
1

0

m

i

imm ZifZFZmnfZ , 

mn −≥ . 

Or 

 (B) ( )( )






++ 21

1
nn

Z &Cß ©v¨ø£U PõsP. 

  Find ( )( )






++ 21

1
nn

Z . 

15. (A) 





−− −−
−

21
1

5.05.11
1

ZZ
Z Cß ©v¨ø£U PõsP. 

  Find 





−− −−
−

21
1

5.05.11
1

ZZ
Z . 

Or 
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 (B) ( ) ( )







−−
−

21 2

3
1

zz
zZ &Cß ©v¨ø£U  PõsP. 

  Find ( ) ( )







−−
−

21 2

3
1

zz
zZ . 

PART C — (5 × 8 = 40 marks)  

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

16. (A) ( ) xaexf −= &Cß L§›¯º E¸©õØÓzøuU 
PõsP. ÷©¾® 

  (i) xae
a

dt
ta
xt −

∞

=
+ 2

cos

0
22

π
 GÚÄ®  

  (ii) [ ] ( )222

2

as
asxeF xa

+
=−  GÚÄ® u¸Â. 

  Find the Fourier Transform of ( ) xaexf −=  
and hence deduce that 

  (i) xae
a

dt
ta
xt −

∞

=
+ 2

cos

0
22

π
.  

  (ii) [ ] ( )222

2

as
asxeF xa

+
=− . 

Or 
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 (B) ( )






>>

<−
=

0,0

,22

ax
axxa

xf  Cß L§›¯º 

E¸©õØÓ® 





 −

3

cossin2
2

s
asasas

π
 

GÚUPõmk. ÷©¾® 
4

cossin

0
3

π=−

∞

dt
t

ttt
 

GÚÄ® £õº]÷Á¼ß Aøh¯õÍzøu 

£¯ß£kzv 
15

cossin

0

2

3

π=





 −

∞

dt
t

ttt
 GÚÄ® 

{¹¤. 

  Show that the Fourier transform of 

( )






>>

<−
=

0,0

,22

ax
axxa

xf  

  is 





 −

3

cossin2
2

s
asasas

π
. Hence deduce that 

4
cossin

0
3

π=−

∞

dt
t

ttt
 using Parseval’s identity 

show that 
15

cossin

0

2

3

π=





 −

∞

dt
t

ttt
. 
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17. (A) ( )
x
exf
ax−

=  GßÓ \õº¤ß L§›¯º ø\ß 

E¸©õØÓzøuU PõsP. 

  Find the Fourier sine transform of the 

function ( )
x
exf
ax−

= . 

Or 

 (B) ( ) 22xaexf −=  GßÓ \õº¤ß L§›¯º ÷Põø\ß 

E¸©õØÓzøuU PõsP. ÷©¾® [ ]22xa
s xeF −  

©v¨ø£U PõsP. 

  Find the Fourier cosine transform of 
( ) 22xaexf −=  and hence find [ ]22xa

s xeF − . 

18. (A) ( ) 2xxf =  GßÓ \õº¤ß •iÄÒÍ L§›¯º 
ø\ß ©ØÖ® L§›¯º ÷Põø\ß 
E¸©õØÓ[PøÍ lx <<0  GßÓ 
CøhöÁÎ°À PõsP. 

  Find the finite Fourier sine and cosine 
transform of ( ) 2xxf =  in lx <<0 . 

Or 

 (B) ( )l,0 &CÀ ( ) axexf =  GßÓ \õº¤ß •iÄÒÍ 
L§›¯º ø\ß ©ØÖ® L§›¯º ÷Põø\ß 
E¸©õØÓ[PøÍU PõsP. 

  Find the finite Fourier sine and cosine 
transform of ( ) axexf =  in ( )l,0 . 
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19. (A) [ ]nnaZ  ©ØÖ® ( )[ ]nZ 2−  BQ¯ÁØÔß 
©v¨¦PøÍU PõsP. 

  Find ( )nnaZ  and ( )[ ]nZ 2− . 

Or 

 (B) CÖv©v¨¦ (Pøh{ø» ©v¨¦) ÷uØÓzøu 
TÔ {ÖÄP. 

  State and prove 

20. (A) 








++
+−

42
2

2

2
1

zz
zzZ Cß ©v¨ø£U PõsP. 

  Find 








++
+−

42
2

2

2
1

zz
zzZ .  

Or 

 (B) Ga\ ÷uØÓzøu¨ £¯ß£kzv 

( )( )






+−

−−

25
32

1

zz
zzZ &Cß ©v¨ø£U PõsP. 

  Find ( )( )






+−

−−

25
32

1

zz
zzZ  using residue 

theorem. 

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

Answer ALL questions. 

Choose the correct answer. 

1. n++++ ....321  ___________ GßÓ öuõh›ß 
©v¨¦. 

 (A) 
( )

2
1+nn

  (B) 
( )

3
1+nn

 

 (C) ( )1+nn   (D) 
( )

6
1+nn

 

 The value of n++++ ....321  is ___________. 

 (a) 
( )

2
1+nn

  (b) 
( )

3
1+nn

 

 (c) ( )1+nn   (d) 
( )

6
1+nn
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2. £õìPÀ •U÷Põnzvß nÁx {øÓ°À ( )1+k &Áx 

Gs ¯õx? 

 (A) 







k
n

   (B) 







+1k
n

 

 (C) 







−1k
n

  (D) 







+ 2k
n

 

 In the Pascal’s triangle, the ( )thk 1+  number in the 

nth row is 

 (a) 







k
n

   (b) 







+1k
n

 

 (c) 







−1k
n

  (d) 







+ 2k
n

 

3. «.ö£õ.Á. (119, 272)ß ©v¨¦ 

 (A) 27   (B) 9 

 (C) 17   (D) 57 

 The gcd (119, 272) is 

 (a) 27   (b) 9 

 (c) 17   (d) 57 
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4. k §a]¯©À»õu •Ê Gs GÛÀ «.ö£õ.Á. (ka, kb) 

= ? 

 (A) k «.ö£õ.Á. (a, b) (B) k  «.ö£õ.Á. (a, b) 

 (C) «.ö£õ.Á. (a, b) (D) 2k  «.ö£õ.Á. (a, b) 

 For any integer 0≠k , gcd (ka, kb) = ? 

 (a) k gcd (a, b) (b) k gcd (a, b) 

 (c) gcd (a, b) (d) 2k  gcd (a, b) 

5. ÁSzuÀ ö\´ÁÈ¨£i, JÆöÁõ¸ Cμmøh¨£øh 

ªøP Gsøn²® uÛa]Ó¨¦¨£h GÊu •i²® 

 (A) 14 +n    

 (B) 34 +n  

 (C) n4  (or) 24 +n   

 (D) CøÁ÷¯x® CÀø» 

 According to division algorithm, every positive 

even integer can be uniquely written as 

 (a) 14 +n   (b) 34 +n  

 (c) n4  (or) 24 +n  (d) none of these 
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6. R÷Ç öPõkUP¨£mkÒÍÁØÖÒ ÂQu•Óõ GsPÒ 
Gx? 

 (A) 2
1

3     

 (B) 2
1

11  

 (C) 4
1

4     

 (D) ÷©ØSÔ¨¤mh AøÚzx® 

 Which of the following is irrational? 

 (a) 2
1

3    (b) 2
1

11  

 (c) 4
1

4    (d) All the above 

7. 485 I 7BÀ ÁSUS® ÷£õx QøhUS® «v 

 (A) 1   (B) 2 

 (C) 4   (D) 9 

 If 485  is divided by 12, then the remainder is 

 (a) 1   (b) 2 

 (c) 4   (d) 9 

8. 25 ≡x  (©mk 26) GßÓ J¸£i J¸[Qø\Ä 
\©ß£õmiß J¸ wºÄ 

 (A) 10   (B) 12 

 (C) 14   (D) 16 
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 A solution of the linear congruence ( )26mod25 ≡x  is 

 (a) 10   (b) 12 

 (c) 14   (d) 16 

9. ( ) 1!1 −≡−p (©mk 2p ) GßÓ J¸[Qø\Ä 

\©ß£õmøh EÖv ö\´²® ªPa ]Ô¯ JØøÓ¨£øh 

£Põ Gs 

 (A) 5   (B) 7 

 (C) 11   (D) 13 

 The least odd prime for which the congruence 

( ) ( )2mod1!1 pp −≡−  holds good is 

 (a) 5   (b) 7 

 (c) 11   (d) 13 

10. ã÷μõ (¦øÚ) £Põ GsPÎß GsoUøP 

 (A) 0     

 (B) 1 

 (C) JßÖUS ÷©Ø£mhx BÚõÀ 

Gso»h[Q¯x    

 (D) Gso»h[Põux 
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 The number of pseudo primes is 

 (a) 0    

 (b) 1 

 (c) more than 1 but finite    

 (d) infinite 

PART B — (5 × 5 = 25 marks) 

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

11. (A) {¹¤UP : ( )
3

4
12...531

3
2222 nnn −=−++++  

1≥∀ n . 

  Prove that ( )
3

4
12...531

3
2222 nnn −=−++++  

1≥∀ n .  

Or 

 (B) •U÷Põn Gsøn Áøμ¯ÖUP. GkzxUPõmk 

öPõk •uÀ n C¯À GsPÎß TkuÀ Gß£x 

•U÷Põn C¯À Gs BS® GÚ {¹¤. 

  Define a triangular number. Give an 
example prove that the sum of the first n 

natural numbers is triangular. 
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12. (A) ³U¼miß •Ø÷PõøÍ TÔ {¹¤. 

  State and prove the Euclid’s Lemma. 

Or 

 (B) «.ö£õ.Á. ( ) 1, =ba , GÛÀ «.ö£õ.Á. 

)),( 22 bababa +−+ ß ©v¨¦ 1 AÀ»x 3 GÚ 
{¹¤. 

  If ( ) 1,gcd =ba  prove that 

=+−+ )),(gcd 22 bababa  1 or 3. 

13. (A) 1>n  GÛÀ 42 +n  J¸ £Põ Gs GÚU 
PõmkP. 

  If 1>n , show that 42 +n  is composite. 

Or 

 (B) 1949 ©ØÖ® 1951 BQ¯Ú Cμmøh¨ £Põ 
GsPÒ Gß£øua \›£õºUP. 

  Verify that the integers 1949 and 1951 are 
twin primes. 

14. (A) a ©ØÖ® b GßÓ ußÛaø\¯õÚ •Ê 

GsPÐUS ba ≡  (©mkn ) BP C¸UP 

÷uøÁ¯õÚ ©ØÖ® ÷£õx©õÚ Pmk¨£õk a 
©ØÖ® b BQ¯Ú nÀ ÁSUP¨£k® ö£õÊx 
J¸ ©õv›¯õÚ Gvº©øÓ¯ØÓ Ga\zøu Âmka 
ö\À¾® GÚ {¹¤.  
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  Prove that for arbitrary integers a and b, 

( )nba mod≡  if and only if a and b leave the 

same non-negative remainder when divided 

by n. 

Or 

 (B) 
999 GßÓ Gsoß Pøh] Cμsk 

C»UP[PøÍU PõsP. 

  Find the last two digits of the number. 
999  

15. (A) ö£º©õm]ß ÷uØÓzøuU TÔ {ÖÄP. 

  State and prove Fermat’s Theorem. 

Or 

 (B) P J¸ £Põ Gs GÛÀ, G¢uöÁõ¸ •Ê Gs  

a US® ( )!1| −+ paP p  a ©ØÖ® 

( ) aapP p +− !1|  GÚ {¹¤. 

  If P is a prime, prove that for any integer 

( )!1|, −+ paPa p  and ( ) aapP p +− !1| . 
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PART C — (5 × 8 = 40 marks)  

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

16. (A) DÖ¸¨¦ ÷uØÓzøu {º©õoUPÄ®. 

  Establish the binomial theorem. 

Or 

 (B) (i) BºUQ«i¯ß £s¤øÚ GÊv {¹¤UP. 

  (ii) öuõSzuÔ •øÓ (•iÄÖ) °ß •uÀ 

öPõÒøPø¯ GÊv {¹¤UP. 

  (i) State and prove Archimedean Property. 

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

17. (A) ÁSzuÀ ö\´ÁÈø¯ TÔ {¹¤. 

  State and prove the Division Algorithm. 

Or 

 (B) 900075180 =+ yx  GßÓ ÷|›¯øh÷¯õ 

£õsøhß \©ß£õmøhz wºUPÄ®. 

  Solve the linear Diophantine equation 

900075180 =+ yx . 
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18. (A) (i) Gso¯¼ß Ai¨£øhz ÷uØÓzøuU 
TÔ {ÖÄP. 

  (ii) {¹¤UP ( )20|48 2 +mm . 

  (i) State and prove the fundamental 
theorem of Arithmetic. 

  (ii) Prove that ( )20|48 2 +mm . 

Or 

 (B) ÷PõÀk£õU AÝ©õÚzøu Â›ÁõP 
ÂÍUPÄ®. 

  Discuss about the Goldbach conjecture. 

19. (A) (i) cbca ≡  (©mk n )  d = «.ö£õ.Á. (c.n.) 

GÛÀ  ba ≡  (©mk 
d
n

) GÚ {¹¤.  

  (ii) !100!99...!3!2!1 +++++ I 12 
ÁSUS® ÷£õx QøhUS® «v ¯õx?   

  (i) If, ( )ncbca mod≡  prove that 







≡

d
nba mod  when d = G.C.D. (c.n.). 

  (ii) What is the remainder when the sum 
!100!99...!3!2!1 +++++  is divided by 

12. 

Or 
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 (B) ( ) bma |,  GÛÀ, bax ≡  (©mk m ) Gß£x 

\›¯õP ( )ma,  wºÄPøÍU öPõskÒÍx GÚ 

{¹¤. 

  If ( ) bma |,  prove that ( )mbax mod≡  has 

exactly ( )ma,  solutions. 

20. (A) P J¸ £Põ Gs GÛÀ aaP ≡  (©mk P) GÚ 

{¹¤. CvÀ a Gß£x J¸ •Ê Gs. 

  If P is a prime, then ( )PaaP mod≡  for any 

integer a. 

Or 

 (B) n Gß£x J¸ JØøÓ¨£øh ÷£õ¼ £Põ Gs 

GÛÀ, 12 −= nMn  Gß£x ªP¨ö£›¯ JßÖ 

GÚ {¹¤. 

  If n is an odd pseudo prime, then prove that 

12 −= nMn  is larger one. 

——————— 
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PART A — (10 × 1 = 10 marks)  
Answer ALL questions. 

Choose the correct answer. 
1. The value of n++++ ....321  is ___________. 

 (a) 
( )

2
1+nn

  (b) 
( )

3
1+nn

 

 (c) ( )1+nn   (d) 
( )

6
1+nn

 

2. In the Pascal’s triangle, the ( )thk 1+  number in the 
nth row is 

 (a) 







k
n

   (b) 







+1k
n

 

 (c) 







−1k
n

  (d) 







+ 2k
n

 

(6 pages) 
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3. The gcd (119, 272) is 

 (a) 27   (b) 9 

 (c) 17   (d) 57 

4. For any integer 0≠k , gcd (ka, kb) = ? 

 (a) k gcd (a, b) (b) k gcd (a, b) 

 (c) gcd (a, b) (d) 2k  gcd (a, b) 

5. According to division algorithm, every positive 

even integer can be uniquely written as 

 (a) 14 +n   (b) 34 +n  

 (c) n4  or 24 +n  (d) none of these 

6. Which of the following is irrational? 

 (a) 2
1

3    (b) 2
1

11  

 (c) 4
1

4    (d) All the above 

7. If 485  is divided by 12, then the remainder is 

 (a) 1   (b) 2 

 (c) 4   (d) 9 
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8. A solution of the linear congruence ( )26mod25 ≡x  
is 

 (a) 10   (b) 12 

 (c) 14   (d) 16 

9. The least odd prime for which the congruence 
( ) ( )2mod1!1 pp −≡−  holds good is 

 (a) 5   (b) 7 

 (c) 11   (d) 13 

10. The number of pseudo primes is 

 (a) 0    

 (b) 1 

 (c) more than 1 but finite    

 (d) infinite 

PART B — (5 × 5 = 25 marks) 

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

11. (a) Prove that ( )
3

4
12...531

3
2222 nnn −=−++++  

1≥∀ n .  

Or 

 (b) Define a triangular number. Give an 
example prove that the sum of the first n 
natural numbers is triangular. 
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12. (a) State and prove the Euclid’s Lemma. 

Or 

 (b) If ( ) 1,gcd =ba  prove that 

( ) =+−+ 22,gcd bababa  1 or 3. 

13. (a) If 1>n , show that 42 +n  is composite. 

Or 

 (b) Verify that the integers 1949 and 1951 are 
twin primes. 

14. (a) Prove that for arbitrary integers a and b, 
( )nba mod≡  if and only if a and b leave the 

same non-negative remainder when divided 
by n. 

Or 

 (b) Find the last two digits of the number. 
999  

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

Or 

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

( )!1|, −+ paPa p  and ( ) aapP p +− !1| .  

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

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

16. (a) Establish the binomial theorem. 

Or 

 (b) (i) State and prove Archimedean Property. 

  (ii) State and prove the first principle of 

finite induction. 

17. (a) State and prove the Division Algorithm. 

Or 

 (b) Solve the linear Diophantine equation 

900075180 =+ yx . 

18. (a) (i) State and prove the fundamental 

theorem of Arithmetic. 

  (ii) Prove that ( )20|48 2 +mm . 

Or 

 (b) Discuss about the Goldbach conjecture. 
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19. (a) (i) If, ( )ncbca mod≡  prove that 







≡

d
nba mod  when d = G.C.D. (c.n.). 

  (ii) What is the remainder when the sum 

!100!99...!3!2!1 +++++  is divided by 

12. 

Or 

 (b) If ( ) bma |,  prove that ( )mbax mod≡  has 

exactly ( )ma,  solutions. 

20. (a) If P is a prime, then ( )PaaP mod≡  for any 

integer a. 

Or 

 (b) If n is an odd pseudo prime, then prove that 

12 −= nMn  is larger one. 

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

Answer ALL questions. 

Choose the correct answer. 

1. JßÖUS ÷©Ø£mh EÖ¨¤ÚºPÒ öPõsh J¸ 
TmhzvÀ, \©©õÚ |s£ºPøÍ²øh¯ 
EÖ¨¤ÚºPÎß GsoUøP 

 (A) 3   (B) 2 

 (C) 4   (D) 5 

 In any group of more than one people, the number 
of people having the same number of friends 
inside the group is 

 (a) 3   (b) 2 
 (c) 4   (d) 5 
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2. ‘6’ ¦ÒÎPøÍU öPõsh J¸ Áøμ¤ß Cøn¯õ 
¦ÒÎ Gs 2 GÛÀ Auß öuõk¦ÒÎ Gs 
___________. 

 (A) 4   (B) 2 

 (C) 6   (D) 3 

 For a graph with 6 points, the independence 
number is 2. Then the covering number is 
___________. 

 (a) 4   (b) 2 

 (c) 6   (d) 3 

3. 8C &ß ]Ö_ØÔß AÍÄ 

 (A) 2   (B) 4 

 (C) 6   (D) 8 

 Girth of 8C  is 

 (a) 2   (b) 4 

 (c) 6   (d) 8 

4. G J¸ öuõkzu Áøμ¦ GÛÀ ( )Gw  = ___________. 

 (A) 0     

 (B) 2 

 (C) 1    

 (D) ÷PõkPÎß GsoUøP 
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 If G is a connected graph then ( )Gw  = 

___________. 

 (a) 0   (b) 2 

 (c) 1   (d) number of edges 

5. 10 ¦ÒÎPÒ öPõsh J¸ ©μzvß ÷PõkPÎß 
GsoUøP 

 (A) 10   (B) 11 

 (C) 9   (D) 5 

 Number of edges of a tree of order 10 is 

 (a) 10   (b) 11 

 (c) 9   (d) 5 

6. G¢u ÷uØÓ® iμUQß ÷uØÓzøu Âh 
Á¼ø©ªUPx? 

 (A) öP´÷» ÷uØÓ® (B) B°»›ß ÷uØÓ® 

 (C) íõªÀhß ÷uØÓ® (D) \ÆhõÀ ÷uØÓ® 

 Which theorem is stronger than Dirac’s theorem? 

 (a) Cayley theorem  

 (b) Euler’s theorem 

 (c) Hamilton’s theorem    

 (d) Chvatal’s theorem  
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7. r •P[PÒ öPõsh G¢uöÁõ¸ ( )qp,  öuõkzu 
uÍÁøμ°ß SøÓ¢u£m\ ÷PõkPÎß GsoUøP 

 (A) 
2
3r

   (B) 
3
2r

 

 (C) 63 +p   (D) 1−p  

 In any connected plane ( )qp,  graph with r faces, 
the minimum number of edges is 

 (a) 
2
3r

   (b) 
3
2r

 

 (c) 63 +p   (d) 1−p  

8. SøÓ¢u £m\® 2 ¦ÒÎPøÍU öPõsh ©μ® T&ß 
Ásn Gs 

 (A) 1   (B) 2 

 (C) 0   (D) 3 

 The chromatic number of a tree T with atleast 2 
points is 

 (a) 1   (b) 2 

 (c) 0   (d) 3 

9. G J¸ ( )qp,  Áøμ¦ ©ØÖ® ( ) ...., 1 ++= −rr sGf λλλ  

GÛÀ r, s •øÓ÷¯ 

 (A) qp,    (B) pq,  

 (C) pq −,   (D) qp −,  
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 If G is a ( )qp,  graph and ( ) ...., 1 ++= −rr sGf λλλ  

then r, s are respectively   

 (a) qp,    (b) pq,  

 (c) pq −,   (d) qp −,  

10. J¸ vø\Áøμ¤À 

 (A) ( ) ( ) qvdvd =Σ=Σ −+  (B) ( ) qvd 2=Σ +  

 (C) ( ) qvd 2=Σ −  (D) CøÁ HxªÀø» 

 In a digraph, 

 (a) ( ) ( ) qvdvd =Σ=Σ −+  (b) ( ) qvd 2=Σ +  

 (c) ( ) qvd 2=Σ −  (d) None of these 

PART B — (5 × 5 = 25 marks) 

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

11. (A) K›Ú \õº¦ ¦ÒÎPÎß £iø¯ £õxPõUS® 
GÚ {ÖÄP. 

  Prove that isomorphism preserves the degree 

of vertices.  

Or 
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 (B) JÆöÁõ¸ Áøμ¦® öÁmk® Áøμ¦ GÚ 

{¹¤. 

  Prove that every graph is an intersection 

graph. 

12. (A) ( )1,3,3,4,5,6,6=P  GßÓ £iz öuõhº 

Áøμ¦ öuõhº AÀ» GÚ PõmkP. 

  Show that the partition ( )1,3,3,4,5,6,6=P  

is not graphical. 

Or 

 (B) G¢u J¸ vu −  |øh²® J¸ vu −  £õøuø¯U 

öPõsi¸US® GÚ {¹¤. 

  Show that any vu −  walk contains a vu −  

path. 

13. (A) Áøμ¦ G&ß J¸ •øÚ¨¦ÒÎUS® £i 

SøÓ¢u £m\® Cμsk GÛÀ A¢u Áøμ¦ J¸ 

_ØøÓ EÒ AhUQ°¸US® GÚ PõmkP. 

  If G is a graph in which the degree of every 

vertex is atleast two then show that G 

contains a cycle. 

Or 
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 (B) J¸ ©μzvÀ G¢u C¸ ¦ÒÎPÐUS 
Cøh÷¯²® J÷μ J¸ £õøu C¸US® GÚ 
{¹¤. 

  Prove that in a tree, between any two points 
there is a unique path. 

14. (A) JÆöÁõ¸ £ß•PzvØS® SøÓ¢u £m\® 
Cμsk •P[PÒ J÷μ GsoUøP°»õÚ 
÷PõkPøÍ GÀø»°À öPõsi¸US® GÚ 
{¹¤. 

  Prove that every polyhedron has atleast two 
faces with the same number of edges on the 
boundary. 

Or 

 (B) B°»›ß £ß•P `zvμzøu TÔ {ÖÄP. 

  State and prove Euler’s polyhedron formula. 

15. (A) Áøμ¯Ö : 

(i) vø\ |øh 

(ii) £i ÷áõi 

(iii) vø\ Áøμ¦.   

  Define : 

  (i) Directed walk 

  (ii) Degree pair 

  (iii) Digraph. 

Or 
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 (B) 234 33 λλλ +−  Gß£x G¢uöÁõ¸ Áøμ¤ØS® 
Ásn £À¾Ö¨¦U ÷PõøÁ¯õP C¸UP 
•i¯õx GÚU PõmkP. 

  Show that 234 33 λλλ +−  cannot be the 
chromatic polynomial of any graph. 

PART C — (5 × 8 = 40 marks)  

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

16. (A) 1G  J¸ ( )11, qp  Áøμ¦ ©ØÖ® 2G  J¸ 

( )22, qp   Áøμ¦ GÛÀ 21 GG +  Gß£x 

( )212121 , ppqqpp +++   Áøμ¦ ©ØÖ® 

21 GG ×  Gß£x ( )122121 , qppqpp +  Áøμ¦ GÚ 

{¹¤. 

  If 1G  is a ( )11, qp  and 2G  is a ( )22, qp  graph 

then prove that 21 GG +  is a 

( )212121 , ppqqpp +++  graph and 21 GG ×  is 

a ( )122121 , qppqpp +  graph. 

Or 

 (B) p&¦ÒÎPøÍ²øh¯x® •U÷Põn[PÒ 
CÀ»õux©õÚ Áøμ¦PÎÀ, «¨ö£¸ 

÷PõkPÎß GsoUøP 







4

2p
 GÚ {¹¤. 
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  Prove that the maximum number of lines 
among all p-point graphs with no triangles is 









4

2p
. 

17. (A) Kº Cμmøh¨£øh Gsøn 

pdddp ≥≥≥≥− ....1 21  GßÔ¸US©õÖ p 

£SvPÍõP¨ ¤›zu ( )pdddP ...,,, 21=  GÝ® 

¤›¨¦ J¸ Áøμ¦ ¤›¨£õP C¸UP 
÷uøÁ¯õÚx® ÷£õx©õÚ {£¢uøÚ 
GßÚöÁÛÀ 









+
−

−−= pd
d
d

ddP ...,,.
1
1

,....1,1
1

32
1  GÝ® 

¤›¨¦ Áøμ¦ ¤›¨£õP C¸UP÷Ásk® GÚ 
{¹¤. 

  Prove that a partition ( )pdddP ...,,, 21=  of 

even number into p parts with 

pdddp ≥≥≥≥− ....1 21  is graphical iff the 

modified partition 









+
−

−−= pd
d
d

ddP ...,,.
1
1

,....1,1
1

32
1  is 

graphical. 

Or 
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 (B) SøÓ¢u £m\® C¸ ¦ÒÎPøÍ²øh¯ Áøμ¦ 

G J¸ C¸TÖ Áøμ£õP C¸UP ÷uøÁ¯õÚ 

©ØÖ® ÷£õx©õÚ {£¢uøÚ GßÚöÁÛÀ 

Auß AøÚzx _ØÖPÐ® Cμmøh¨£øh 

}ÍzvÀ C¸US® GÚ {ÖÄP. 

  Prove that a graph G with atleast two points 

is bipartite iff all its cycles are of even 

length. 

18. (A) ¥mhº\ß Áøμ¦ J¸ ÷íªÀ÷hõÛ¯ß 

Áøμ¦ AÀ» GÚ {ÖÄP. 

  Show that the Petersen graph is  

non-hamiltonian. 

Or 

 (B) J¸ öuõkzu Áøμ¦ G&°À R÷Ç EÒÍøÁ 

JßÖUöPõßÖ \©©õÚ©õÚøÁ GÚ {¹¤ : 

  (i) G J¸ B°÷»›¯ß Áøμ¦. 

  (ii) G&ß JÆöÁõ¸ ¦ÒÎ²® Cμmøh¨£øh 

£i²øh¯x. 

  (iii) G&ß ÷PõkPÎß Pn® _ØÖPÍõP 

¤›UP¨£hUTi¯x. 
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  Prove that the following statements are 
equivalent for a connected graph G. 

  (i) G is Eulerian. 

  (ii) Every point of G has even degree. 

  (iii) The set of edges of G can be partitioned 
into cycles. 

19. (A) (i) 5K  ©ØÖ® 3,3K  BQ¯ Áøμ¦PÒ 
uÍÁøμ¦PÒ AÀ» GÚ {ÖÄP. 

  (ii) G J¸ •U÷Põn[PÒ CÀ»õu öuõkzu 
( )qp,  uÍÁøμ¦ ©ØÖ® 3≥p  GÛÀ 

42 −≤ pq  GÚ {¹¤. 

  (i) Prove that the graphs 5K  and 3,3K  are 

not planar. 

  (ii) If G is a plane connected ( )qp,  graph 
without triangles and 3≥p  then prove 
that 42 −≤ pq . 

Or 

 (B) ( )




−
≠

=
nn

nnn
Kn ;1

)1(···;
'χ  

GÚ {¹¤. 

  Prove that ( )




−
≠

=
evenisif1

)1(oddisif
'

nn
nnn

Knχ . 

J¸ JØøÓ¨£øh Gs 

J¸ Cμmøh¨£øh Gs 
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20. (A) ( )λ,Gf &ß SnP[PÎß SÔ±k ©õÔ ©õÔ 

Aø©²® GÚ {¹¤. ÷©¾® G J¸ ( )qp,  

Áøμ¦ GÛÀ 1−pλ &ß SnP® q−  GÚ {¹¤. 

  Prove that the coefficients of ( )λ,Gf  are 

alternate in sign. Also prove that if G is a 

( )qp,  graph then the coefficient of 1−pλ  is 

q− . 

Or 

 (B) J¸ Á¾ÁØÓ vø\ Áøμ¦ D B°½›¯ß 
vø\Áøμ£õP C¸UPz ÷uøÁ¯õÚx® 
÷£õx©õÚx©õÚ {£¢uøÚ GßÚöÁÛÀ 
JÆöÁõ¸ ¦ÒÎ°ß AP¨£i²® ¦Ó¨£i²® 
\©® GÚ {ÖÄP. 

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

——————— 
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Answer ALL questions. 

Choose the correct answer. 

1. In any group of more than one people, the number 
of people having the same number of friends 
inside the group is 

 (a) 3 9  (b) 2 
 (c) 4   (d) 5 

2. For a graph with 6 points, the independence 
number is 2. Then the covering number is 
___________. 

 (a) 4   (b) 2 
 (c) 6   (d) 3 

(7 pages) 
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3. Girth of 8C  is 

 (a) 2   (b) 4 

 (c) 6   (d) 8 

4. If G is a connected graph then ( )Gw  = 

___________. 

 (a) 0   (b) 2 

 (c) 1   (d) number of edges 

5. Number of edges of a tree of order 10 is 

 (a) 10   (b) 11 

 (c) 9   (d) 5 

6. Which theorem is stronger than Dirac’s theorem? 

 (a) Cayley theorem  

 (b) Euler’s theorem 

 (c) Hamilton’s theorem    

 (d) Chvatal’s theorem  

7. In any connected plane ( )qp,  graph with r faces, 

the minimum number of edges is 

 (a) 
2
3r

   (b) 
3
2r

 

 (c) 63 +p   (d) 1−p  
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8. The chromatic number of a tree T with atleast 2 
points is 

 (a) 1   (b) 2 

 (c) 0   (d) 3 

9. If G is a ( )qp,  graph and ( ) ...., 1 ++= −rr sGf λλλ  

then r, s are respectively   

 (a) qp,    (b) pq,  

 (c) pq −,   (d) qp −,  

10. In a digraph, 

 (a) ( ) ( ) qvdvd =Σ=Σ −+  (b) ( ) qvd 2=Σ +  

 (c) ( ) qvd 2=Σ −  (d) None of these 

PART B — (5 × 5 = 25 marks) 

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

11. (a) Prove that isomorphism preserves the degree 
of vertices.  

Or 

 (b) Prove that every graph is an intersection 
graph. 
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12. (a) Show that the partition ( )1,3,3,4,5,6,6=P  
is not graphical. 

Or 

 (b) Show that any vu −  walk contains a vu −  
path. 

13. (a) If G is a graph in which the degree of every 
vertex is atleast two then show that G 
contains a cycle. 

Or 

 (b) Prove that in a tree, between any two points 
there is a unique path. 

14. (a) Prove that every polyhedron has atleast two 
faces with the same number of edges on the 
boundary. 

Or 

 (b) State and prove Euler’s polyhedron formula. 

15. (a) Define : 

  (i) Directed walk 

  (ii) Degree pair 

  (iii) Digraph. 

.Or 

 (b) Show that 234 33 λλλ +−  cannot be the 
chromatic polynomial of any graph.  

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

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

16. (a) If 1G  is a ( )11, qp  and 2G  is a ( )22, qp  graph 

then prove that 21 GG +  is a 

( )212121 , ppqqpp +++  graph and 21 GG ×  is 

a ( )122121 , pqpqpp +⋅   

Or 

 (b) Prove that the maximum number of lines 
among all p-point graphs with no triangles is 









4

2p
. 

17. (a) Prove that a partition ( )pdddP ...,,, 21=  of 

even number into p parts with 

pdddp ≥≥≥≥− ....1 21  is graphical iff the 

modified partition 









+
−

−−= pd
d
d

ddP ...,,.
1
1

,....1,1
1

32
1  is 

graphical. 

Or 

 (b) Prove that a graph G with atleast two points 
is bipartite iff all its cycles are of even 
length. 
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18. (a) Show that the Petersen graph is  

non-hamiltonian. 

Or 

 (b) Prove that the following statements are 

equivalent for a connected graph G. 

  (i) G is Eulerian. 

  (ii) Every point of G has even degree. 

  (iii) The set of edges of G can be partitioned 

into cycles. 

19. (a) (i)   Prove that the graphs 5K  and 3,3K  are 

  not planar. 

  (ii) If G is a plane connected ( )qp,  graph 

without triangles and 3≥p  then prove 

that 42 −≤ pq . 

Or 

 (b) Prove that ( )




−
≠

=
evenisif1

)1(oddisif
'

nn
nnn

Knχ . 
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20. (a) Prove that the coefficients of ( )λ,Gf  are 

alternate in sign. Also prove that if G is a 

( )qp,  graph then the coefficient of 1−pλ  is 

q− . 

Or 

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

——————— 
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1. Kº GÔö£õ¸Ò Aøh²® «¨ö£¸ E¯μ® 

 (A) 
g

u
2
sin22 α

 (B) 
g

u
2
cos22 α

 

 (C) 
g

u
2

sin2 α
  (D) 

g
u αsin2

 

 Greatest height attained by a projectile is 

 (a) 
g

u
2
sin22 α

 (b) 
g

u
2
cos22 α

 

 (c) 
g

u
2

sin2 α
  (d) 

g
u αsin2
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2. 45° ÷PõnzvÀ, 280  Ai/ÂÚõi ÷ÁPzvÀ 

GÔ¯¨£mh J¸ ö£õ¸Ò £Ó¨£uØS 

GkzxUöPõÒÐ® ÷|μ®  

 (A) 2 ÂÚõi (B) 5 ÂÚõi 

 (C) 4 ÂÚõi (D) 3 ÂÚõi 

 A particle is projected with velocity 280  ft/sec at 

an elevation of 45° then the time of flight is 

 (a) 2 sec   (b) 5 sec 

 (c) 4 sec   (d) 3 sec 

3. E¢u® Gß£x J¸ 

 (A) ©õÔ¼  (B) vø\°¼ 

 (C) öÁUhõº  (D) CøÁ HxªÀø» 

 Momentum is a ___________. 

 (a) constant  (b) scalar 

 (c) vector  (d) none of the above 

4. J¸ •Ê «m]zußø©²ÒÍ ÷PõÍ® J¸ 

ÁÇÁÇ¨£õÚ {ø» uÍzvß «x \õ´ÁõP ÷©õx® 

÷£õx Auß ¤μv£¼¨¦ ÷Põn® = ___________. 

 (A) 90°   (B) 45° 

 (C) 0°   (D) £k÷Põn® 
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 When a perfectly elastic sphere impinges on a 
fixed smooth plane, the angle of reflection = 
___________. 

 (a) 90°   (b) 45° 

 (c) 0°   (d) angle of incidence 

5. J¸ ^›ø\ C¯UPzvß «¨ö£¸ vø\÷ÁP®  

1 «/ÂÚõi, Auß C¯UP Põ»® ÂÚõi°À 
5
1

 

©h[S GÛÀ Auß Ãa_ 

 (A) 
10
1

 «  (B) π10 « 

 (C) 
10
π

 «  (D) 
π10

1
 « 

 The maximum velocity of a particle executing 

SHM is 1 m/sec and its period is 
5
1

 of the second. 

The amplitude is 

 (a) 
10
1

 m  (b) π10 m 

 (c) 
10
π

m   (d) 
π10

1
m 

6. wtbwtax sincos +=  GÛÀ ^›ø\ C¯UPzvß 
©õÔ¼ μ &ß ©v¨¦ 

 (A) w   (B) –w 

 (C) 2w    (D) 2w−  
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 If wtbwtax sincos += , then the constant μ  of the 

SHM is 

 (a) w   (b) –w 

 (c) 2w    (d) 2w−  

7. vø\÷ÁPzvß BμUTÔß AÍÄ 

 (A) r    (B) θr  

 (C) r    (D) θ2r  

 The magnitude of the radial component of velocity 

is 

 (a) r    (b) θr  

 (c) r    (d) θ2r  

8. ‘a’ Bμ® Eøh¯ Ámh¨£õøu°À |P¸® 

ö£õ¸ÐUS P GßÓ ¦ÒÎ°À öuõk÷Põmiß 

ÁÈ÷¯ ö\À¾® •kUPzvß TÖ ___________. 

 (A) 2θa    (B) θa  

 (C) θa    (D) θ2a  
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 For a particle describing a circle of radius a, the 
acceleration at any point P has the component 
___________ along the tangent at P. 

 (a) 2θa    (b) θa  

 (c) θa    (d) θ2a  

9. _¸Îß ( )rp,  \©ß£õk  

 (A) 2arp =   (B) αcosrp =  

 (C) αsinrp =  (D) αtanrp =  

 ( )rp,  equation to the spiral is 

 (a) 2arp =   (b) αcosrp =  

 (c) αsinrp =  (d) αtanrp =  

10. J¸ xPÒ ø©¯ £õøu°À |Pº¢uõÀ θ2r  = 

___________. 

 (A) h   (B) 
2
h

 

 (C) 2h   (D) –h 

 If a particle moves in a central orbit then θ2r  = 
___________. 

 (a) h   (b) 
2
h

 

 (c) 2h   (d) –h 
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PART B — (5 × 5 = 25 marks) 

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

11. (A) J¸ GÔö£õ¸Ò Aøh²® ö£¸© E¯μ©õÚx, 
GÔ¦ÒÎ°ß ÁÈ¯õP ö\À¾® QøhzuÍzvß 
«xÒÍ Ãa]ß PõÀ£Sv GÛÀ 
GÔ÷PõnzøuU PõsP. 

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

Or 

 (B) öPõkUP¨£mh GÔ÷ÁPzvÀ GÔ¯¨£mh 
xPÎß \õ´uÍzvß «xÒÍ ö£¸© Ãa]øÚU 
PõsP. 

  Determine the maximum range on an 
inclined plane, given the magnitude of the 
velocity of projection of a particle. 

12. (A) 8 Q÷»õQμõ® {øÓ²øh¯ £¢x JßÖ 
ÂÚõiUS 10 «mhº ÷ÁPzxhß C¯[QU 
öPõsk A÷u vø\°À ÂÚõiUS 2 «mhº 
÷ÁPzxhß C¯[S®. 24 Q÷»õQμõ® 
{øÓ²ÒÍ £¢x JßÖhß ÷|μi¯õP 

÷©õxQÓx. 
2
1=e  GÛÀ ÷©õv¯ ¤ß EÒÍ 

÷ÁP[PøÍU PõsP. ÷©¾® C¯UP BØÓ¼À 
HØ£k® CÇ¨ø£²® PõsP. 
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  A ball of mass 8 kg moving with a velocity of 
10 m/sec impinges directly on another ball of 
mass 24 kg moving at 2 m/sec, in the same 

direction. If 
2
1=e  then find the velocities 

after impact. Also calculate the loss in 
kinetic energy. 

Or 

 (B) ‘m’ {øÓ²ÒÍ J¸ ÁÇÁÇ¨£õÚ ÷PõÍ® 
K´Â¼¸US® ‘M’ {øÓ²ÒÍ ÁÇÁÇ¨£õÚ 
©ØöÓõ¸ ÷PõÍzvß «x \õ´ÁõP ÷©õxQÓx. 

eMm =  GÛÀ ÷©õu¾US¨ ¤ß C¯UP 
vø\PÒ ö\[SzuõP C¸UQßÓÚ GßÖ {¹¤. 
(e Gß£x «Ò\Uv öPÊ) 

  A smooth sphere of mass ‘m’ impinges 
obliquely on a smooth sphere of mass ‘M’ 
which is at rest. Show that if eMm = , the 
directions of motion after impact are at right 
angles. (e is the coefficient of restitution) 

13. (A) J¸ xPÒ J¸ Ámh¨ £›v°À ^μõÚ 
÷ÁPzxhß |PºQÓx. {ø»¯õÚ J¸ 
ÂmhzvÀ, Auß ÃÌa] J¸ \õ©õÛ¯ ^›ø\ 
C¯UP® GÚ {ÖÄP. 

  A particle moves along a circle with uniform 
speed. Show that the motion of its projection 
on a fixed diameter is simple harmonic. 

Or 
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 (B) \õ©õÛ¯ ^›ø\ C¯UPzvÀ C¯[QU 

öPõsi¸US® J¸ xPÒ ‘a’ GßÓ Ãaø\²® 

‘T’ GßÓ AÍÄ ÷|μzøu²® öPõskÒÍx. 

Auß \μõ\› öuõø»Â¼¸¢x Auß 

öuõø»Ä ‘x’ BP C¸US® ÷£õx Auß 

vø\÷ÁP® ‘v’ Gß£x ( )22222 4 xaTv −= π  

GÝ® \©ß£õmhõÀ ö£Ó¨£kQÓx GÚ {¹¤. 

  A body moving with SHM has an amplitude 
‘a’ and period ‘T’. Show that the velocity ‘v’ at 
a distance ‘x’ from the mean position is given 
by ( )22222 4 xaTv −= π . 

14. (A) Bøμz vø\°¾® Auß SÖUSz vø\°¾® 

J¸ xPÎß •kUPzvß TÖPøÍz u¸Â. 

  Derive the radial and transverse components 
of acceleration of a particle. 

Or 

 (B) J¸ ¦ÒÎ°ß Bøμz vø\÷ÁP® Auß 

SÖUSz vø\÷ÁPzøu¨ ÷£õÀ k ©h[S 

GÛÀ A¨¦ÒÎ°ß £õøu J¸ \©÷Põna 

_¸Ò GÚ {ÖÄP. 

  If a point moves so that its radial velocity is 
k times its transverse velocity then show 
that its path is an equiangular spiral. 
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15. (A) J¸ ø©¯ £õøu°À, £μ¨¦z vø\÷ÁP® pv
2
1

 

GÚ {ÖÄP. 

  Prove that, in a central orbit, the areal 

velocity is pv
2
1

. 

Or 

 (B) J¸ xPÍõÚx •øÚøÁ ÷|õUQ J¸ ø©¯ 

Âø\°ÚõÀ C¯UP¨£mk θ2cos22 ar =  GßÓ 

£õøuø¯ Aø©UQÓx. Âø\°ß Âvø¯U 

PõsP. 

  Find the law of force towards the pole under 

which the particle describes the curve 

θ2cos22 ar = . 

PART C — (5 × 8 = 40 marks)  

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

16. (A) Bμ®£ vø\÷ÁP® ‘v’&²hß GÔ¯¨£mh xPÒ 

JßÖ GÔ¦ÒÎ°¼¸¢x ‘a’ öuõø»Â¾ÒÍ 

J¸ ö\[Szxa _Á›À Aøh¯UTi¯ «¨ö£¸ 

E¯μ®   2

22

22 v
ga

g
v −  GÚU PõmkP. 
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  Show that the greatest height which a 
particle with initial velocity ‘v’ can reach on a 
vertical wall at a distance ‘a’ from the point 

of projection is 2

22

22 v
ga

g
v − .  

Or 

 (B) J¸ GÔö£õ¸Îß £õøu°ß Ea]°¾®, 

H÷uÝ® J¸ SÂ¯|õoß ~ÛPÎ¾® 

A¨ö£õ¸Îß vø\÷ÁP[PÒ •÷Óø¯ u, 

1v , 2v  GÛÀ 22
2

2
1

−−− =+ uvv  {¹¤. 

  If 1v  and 2v  be the velocities of a projectile at 

the ends of a focal chord of its path and u is 
the velocity at the vertex, prove that 

22
2

2
1

−−− =+ uvv . 

17. (A) Cμsk \© AÍÄ £¢xPÒ J¸ ÁÇÁÇ¨£õÚ 

÷©ø\°À JßøÓö¯õßÖ öuõmkU 

öPõsi¸UQßÓÚ. AÁØÔß ö£õx 

öuõk÷Põk ÁÈ¯õP A÷u AÍÄÒÍ 

‰ßÓõÁx £¢x, Cμsiß «x® J÷μ 

÷|μzvÀ ÷©õxQßÓx. e Gß£x 

«Ò\UvUöPÊ GÛÀ ÷©õu¾US¨ ¤ß 

( )21
5
3

e−  ©h[S C¯UP BØÓø» 

CÇ¢v¸US® GÚ {ÖÄP. 
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  Two equal balls are in contact on a smooth 

table and a third equal ball moving along 

their common tangent strikes them 

simultaneously. Prove that ( )21
5
3

e−  of its 

kinetic energy is lost by impact, e being the 

coefficient of restitution for each pair of balls. 

Or 

 (B) ‘h’ E¯μzv¼¸¢x QøhzuÍzvß ÷©À «Ò 

C¯À¦øh¯  ‘m’ {øÓ £¢x JßÖ ÂÊ¢x 

GÊ®¦QÓx. ÷©õxøP°À C¯UP BØÓÀ 

AÈÄ ( )21 emgh −  GÚU Põmk. ÷©¾® 

GÊ®¦Áøu {Özx® Áøμ Gkzu Põ»® 









−
+⋅

e
e

g
h

1
12

 GÚU Põmk. 

  An elastic ball of mass ‘m’ falls from a height 

‘h’ on a fixed plane and rebounds. Show that 

the loss of kinetic energy of impact is 
( )21 emgh − . Show also that the time taken 

before the particle has finished rebounding is 









−
+⋅

e
e

g
h

1
12

. 
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18. (A) J¸ xPÒ \õ©õÛ¯ ^›ø\ C¯UPzvÀ 
C¯[QU öPõsi¸UQÓx. öuõhº¢x Á¸® 
‰ßÖ Põ» CøhöÁÎPÎÀ Aø»Ä 
ø©¯zv¼¸¢x Auß yμ[PÒ 1x , 2x , 3x  

BS®. Aø»Ä Põ»® 








 +−

2

311

2
cos

2

x
xx

π
 GÚ 

{¹¤. 

  A particle is moving with SHM has distances 
1x , 2x , 3x  in ‘3’ successive intervals of time 

from its center of oscillation. Show that its 

period is 








 +−

2

311

2
cos

2

x
xx

π
. 

Or 

 (B) JßÖUöPõßÖ ö\[SzuõÚ J÷μ Aø»Ä 
÷|μzøuU öPõsh Cμsk \õ©õÛ¯ ^›ø\ 
C¯UP[PÎß öuõS¨ø£U PõsP. 

  Find the composition of two SHMs of the 
same period in two perpendicular directions. 

19. (A) J¸ xPÒ ‘v’ GÝ® ^μõÚ ÷ÁPzxhß 
( )θcos1 += ar  GÝ® ÁøÍÁøμ°À |PºQÓx. 

x¸Ázøu¨ ö£õÖzx Auß ÷Põn ÷ÁP® 

a

v

2
2

sec
θ

 GÚÄ® BøμÁÈ •kUPUTÖ 
a
v

4
3 2−

 

GÝ® ©õÔ¼ GÚÄ® {ÖÄP. 
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  A particle moves with a uniform speed ‘v’ 
along the curve ( )θcos1 += ar . Show that its 

angular velocity about the pole is 
a

v

2
2

sec
θ

 

and the radial component of its acceleration 

is the constant 
a
v

4
3 2−

. 

Or 

 (B) {ø» Bvø¯¨ ö£õÖzx |P¸® ö£õ¸Îß 

Bμzvø\ ©ØÖ® AuØS ö\[SzuõÚ 

vø\°À ÷ÁP[PÒ λγ  ©ØÖ® μθ . C[S 

μλ,  Gß£Ú ©õÔ¼PÒ GÛÀ xPÎß 

£õøu°ß \©ß£õk ÷©¾® Bμzvø\ ©ØÖ® 

AuØS ö\[SzuõÚ vø\PÎÀ Auß 

•kUP[PøÍU PõsP. 

  The velocities of a particle along and 

perpendicular to the radius from a fixed 
origin are λγ  and μθ , where μλ,  are 

constants. Find the path and the 

accelerations along and perpendicular to the 

radius vector. 
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20. (A) J¸ xPÒ }ÒÁmh® £õøu°À SÂ¯zøu 

÷|õUQ¯ Âø\°À |PºQÓx. AÆÂø\°ß 

Âvø¯U PõsP. ÷©¾® £õøu°ß HuõÁx 

J¸ ¦ÒÎ°À Auß vø\÷ÁPzøu²® 

Aø»Ä ÷|μzøu²® PõsP. 

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

Or 

 (B) p Gß£x x¸Ázv¼¸¢x öuõk÷PõmiØS 

Áøμ¯¨£k® ö\[Szx yμ® GÛÀ  
2

2
2

1






+=

θd
du

u
p

GÚ {ÖÄP. 

  If p is the perpendicular from the pole on the 

tangent then prove that 
2

2
2

1






+=

θd
du

u
p

. 

——————— 
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Answer ALL questions. 

Choose the correct answer. 

1. Greatest height attained by a projectile is 

 (a) 
g

u
2
sin22 α

 (b) 
g

u
2
cos22 α

 

 (c) 
g

u
2

sin2 α
  (d) 

g
u αsin2

 

2. A particle is projected with velocity 280  ft/sec at 
an elevation of 45° then the time ofp flight is 

 (a) 2 sec   (b) 5 sec 
 (c) 4 sec   (d) 3 sec 

(8 pages) 
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3. Momentum is a ___________. 

 (a) constant  (b) scalar 

 (c) vector  (d) none of the above 

4. When a perfectly elastic sphere impinges on a 

fixed smooth plane, the angle of reflection = 

___________. 

 (a) 90°   (b) 45° 

 (c) 0°   (d) angle of incidence 

5. The maximum velocity of a particle executing 

SHM is 1 m/sec and its period is 
5
1

 of the second. 

The amplitude is 

 (a) 
10
1

 m  (b) mπ10  

 (c) m
10
π

   (d) m
π10

1
 

6. If wtbwtax sincos += , then the constant μ  of the 

SHM is 

 (a) w   (b) –w 

 (c) 2w    (d) 2w−  
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7. The magnitude of the radial component of velocity 

is 

 (a) r    (b) θr  

 (c) r    (d) θ2r  

8. For a particle describing a circle of radius a, the 

acceleration at any point P has the component 

___________ along the tangent at P. 

 (a) 2θa    (b) θa  

 (c) θa    (d) θ2a  

9. ( )rp,  equation to the spiral is 

 (a) 2arp =   (b) αcosrp =  

 (c) αsinrp =  (d) αtanrp =  

10. If a particle moves in a central orbit then θ2r  = 

___________. 

 (a) h   (b) 
2
h

 

 (c) 2h   (d) –h 
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PART B — (5 × 5 = 25 marks) 

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

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

Or 

 (b) Determine the maximum range on an 
inclined plane, given the magnitude of the 
velocity of projection of a particle. 

12. (a) A ball of mass 8 kg moving with a velocity of 
10 m/sec impinges directly on another ball of 
mass 24 kg moving at 2 m/sec, in the same 

direction. If 
2
1=e  then find the velocities 

after impact. Also calculate the loss in 
kinetic energy. 

Or 

 (b) A smooth sphere of mass ‘m’ impinges 
obliquely on a smooth sphere of mass ‘M’ 
which is at rest. Show that if eMm = , the 
directions of motion after impact are at right 
angles. (e is the coefficient of restitution)  

[P.T.O.]
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13. (a) A particle moves along a circle with uniform 
speed. Show that the motion of its projection 
on a fixed diameter is simple harmonic. 

Or 

 (b) A body moving with SHM has an amplitude 
‘a’ and period ‘T’. Show that the velocity ‘v’ at 
a distance ‘x’ from the mean position is given 
by ( )22222 4 xaTv −= π . 

14. (a) Derive the radial and transverse components 
of acceleration of a particle. 

Or 

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

15. (a) Prove that, in a central orbit, the areal 

velocity is pv
2
1

. 

Or 

 (b) Find the law of force towards the pole under 
which the particle describes the curve 

θ2cos22 ar = . 



 

 Code No. : 20581 E Page 6 

 

PART C — (5 × 8 = 40 marks)  

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

16. (a) Show that the greatest height which a 

particle with initial velocity ‘v’ can reach on a 

vertical wall at a distance ‘a’ from the point 

of projection is 2

22

22 v
ga

g
v − .  

Or 

 (b) If 1v  and 2v  be the velocities of a projectile at 

the ends of a focal chord of its path and u is 

the velocity at the vertex, prove that 
22

2
2

1
−−− =+ uvv . 

17. (a) Two equal balls are in contact on a smooth 

table and a third equal ball moving along 

their common tangent strikes them 

simultaneously. Prove that ( )21
5
3

e−  of its 

kinetic energy is lost by impact, e being the 

coefficient of restitution for each pair of balls. 

Or 
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 (b) An elastic ball of mass ‘m’ falls from a height 
‘h’ on a fixed plane and rebounds. Show that 
the loss of kinetic energy of impact is 

( )21 emgh − . Show also that the time taken 

before the particle has finished rebounding is 









−
+⋅
e
e

g
h

1
12

. 

18. (a) A particle is moving with SHM has distances 
1x , 2x , 3x  in ‘3’ successive intervals of time 

from its center of oscillation. Show that its 

period is 








 +−

2

311

2
cos

2

x
xx

π
. 

Or 

 (b) Find the composition of two SHMs of the 
same period in two perpendicular directions. 

19. (a) A particle moves with a uniform speed ‘v’ 
along the curve ( )θcos1 += ar . Show that its 

angular velocity about the pole is 
a

v

2
2

sec
θ

 

and the radial component of its acceleration 

is the constant 
a
v

4
3 2−

. 

Or 
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 (b) The velocities of a particle along and 
perpendicular to the radius from a fixed 
origin are λγ  and μθ , where μλ,  are 

constants. Find the path and the 
accelerations along and perpendicular to the 
radius vector. 

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

Or 

 (b) If p is the perpendicular from the pole on the 

tangent then prove that 
2

2
2

1






+=

θd
du

u
p

. 

——————— 
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1. {³mhß&μõ¨\ß •øÓ°À 1+nx  = ___________. 

 (A) 
( )
( )n
n

n xf
xfx

'
+  (B) 

( )
( )n
n

n xf
xfx

'
−  

 (C) 
( )
( )n

n
n xf

xfx '−  (D) 
( )
( )n

n
n xf

xfx '+   

 In Newton-Raphson method 1+nx  = ___________. 

 (a) 
( )
( )n
n

n xf
xfx

'
+  (b) 

( )
( )n
n

n xf
xfx

'
−  

 (c) 
( )
( )n

n
n xf

xfx '−  (d) 
( )
( )n

n
n xf

xfx '+  
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2. a ©ØÖ® bUS Cøh°À ( ) 0=xf &ß ‰»® C¸UP 

{£¢uøÚ 

 (A) ( ) 0>af  ©ØÖ® ( ) 0>bf     

 (B) ( ) 0>af  ©ØÖ® ( ) 0<bf  

 (C) ( ) 0<af  ©ØÖ® ( ) 0<bf     

 (D) CvÀ GxÄªÀø» 

 Condition for a root of ( ) 0=xf  to lie between a 

and b is 

 (a) ( ) 0>af  and ( ) 0>bf     

 (b) ( ) 0>af  and ( ) 0<bf  

 (c) ( ) 0<af  and ( ) 0<bf     

 (d) none of the above 

3. ¤ßÁ¸ÁÚÁØÖÒ Gx \›? 

 (A) 1−⋅=Δ rr xrhx  (B) ( ) ( )1−⋅=Δ rr xrhx  

 (C) xxn ee =Δ  (D) GxÄªÀø» 

 Which of the following is true? 

 (a) 1−⋅=Δ rr xrhx  (b) ( ) ( )1−⋅=Δ rr xrhx  

 (c) xxn ee =Δ  (d) none of the above 
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4. 2
2y∇  = ___________. 

 (A) 012 2 yyy ++  (B) 012 2 yyy +−  

 (C) 012 2 yyy −−  (D) 2y  

 2
2y∇  = ___________. 

 (a) 012 2 yyy ++  (b) 012 2 yyy +−  

 (c) 012 2 yyy −−  (d) 2y  

5. \©ÚØÓ CøhöÁÎ Eøh¯ ¦ÒÎPÐUS 
£¯ß£kÁx ___________ `zvμ®. 

 (A) {³mhß  (B) Põì 

 (C) ìöhº¼[ (D) »Uμõg] 

 For unevenly spaced point we use ___________ 
formula. 

 (a) Newton  (b) Gauss 

 (c) Sterling  (d) Lagrange 

6. {³mhÛß ÷|º•P CøhUPo¨¦ `zvμzøu¨ 
£¯ß£kzv ___________ C¸US® y&©v¨¦PøÍ 
Põn»õ®. 

 (A) CÖv AmhÁøn ©v¨¦PÒ A¸QÀ    

 (B) |k AmhÁøn ©v¨¦PÎÀ 

 (C) Bμ®£ AmhÁøn ©v¨¦PÒ A¸QÀ    

 (D) GxÄªÀø» 
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 Newton’s forward interpolation formula is used to 
find the values of y 

 (a) near the end of the tabulated values    

 (b) in the middle of the tabulated values 

 (c) near the beginning of the tabulated values    

 (d) none 

7. 







−Δ+Δ−Δ=








=

....
321

1 0
3

0
2

0

0

yyy
hdx

dy
xx

 Gß£x 

___________. 

 (A) {³mhÛß ÷|º•P ÁøPUöPÊ `zvμ®     

 (B) ö£éÀ `zvμ® 

 (C) {³mhÛß ¤ß•P ÁøPUöPÊ `zvμ®    

 (D) GxÄªÀø» 

 







−Δ+Δ−Δ=








=

....
321

1 0
3

0
2

0

0

yyy
hdx

dy
xx

 is 

___________. 

 (a) Newton’s forward differentiation formula 

 (b) Bessel’s formula  

 (c) Newton’s backward differentiation formula     

 (d) None 
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8. iμõ¤\õ´hÀ Âv°À ¤øÇ°ß Á›ø\ 

___________. 

 (A) h    (B) 2h  

 (C) 3h    (D) GxÄªÀø» 

 The error in the Trapezoidal rule is of order 

 (a) h    (b) 2h  

 (c) 3h    (d) none 

9. ©õÔ¼ø¯ }UQ ÷ÁÖ£õmk \©ß£õmøh 

E¸ÁõUSP n
n ay 3= . 

 (A) nn yy −+1   (B) nn yy 21 −+  

 (C) nn yy 31 −+  (D) nn yy 41 −+  

 Form the difference equation by eliminating the 

constant from n
n ay 3=  

 (a) nn yy −+1   (b) nn yy 21 −+  

 (c) nn yy 31 −+  (d) nn yy 41 −+   

10. wºÄ PõsP 0158 12 =+− ++ nnn yyy . 

 (A) xx
n CCy 53 21 +=  (B) xx

n CCy 87 21 +=  

 (C) xx
n CCy 42 21 +=  (D) GxÄªÀø» 
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 Solve 0158 12 =+− ++ nnn yyy  

 (a) xx
n CCy 53 21 +=  (b) xx

n CCy 87 21 +=  

 (c) xx
n CCy 42 21 +=  (d) None 

PART B — (5 × 5 = 25 marks) 

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

11. (A) {³mhß&μõ¨\ß •øÓ°À 0133 =−+ xx  ß 
‰»zøu PõsP. 

  Find a root of 0133 =−+ xx  by Newton-
Raphson Method.  

Or 

 (B) Põì }UPÀ •øÓ°À wºUP : 

  2=+ yx , 532 =+ yx  

  Solve by Gauss elimination method : 

  2=+ yx , 532 =+ yx . 

12. (A) {ÖÄP : ( ) xnhxn eee 1−=Δ . 

  Prove that ( ) xnhxn eee 1−=Δ . 

Or 

 (B) {ÖÄP : 5
3

2
3 yy ∇=Δ  

  Prove that 5
3

2
3 yy ∇=Δ . 
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13. (A) {³mhÛß ÷|º•P `zvμzøu £¯ß£kzv 

5=x À y&ß ©v¨¦ PõsP. 

x : 4 6 8 10 

y : 1 3 8 16 

  Find y when 5=x  by using Newton’s 
forward interpolation formula. 

x : 4 6 8 10 

y : 1 3 8 16 

Or 

 (B) »Uμõä]°ß •øÓ°À 6=x À y&ß ©v¨¦ 
PõsP. 

x : 3 7 9 10 

y : 168 120 72 63 

  Find y when 6=x  by Lagrange’s Method. 

x : 3 7 9 10 

y : 168 120 72 63 

14. (A) 
dx
dy

&ß ©v¨ø£ 51=x À PõsP. 

x : 50 60 70 80 90 

y : 19.96 36.65 58.81 77.21 94.61 
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  Find 
dx
dy

 at 51=x . 

x : 50 60 70 80 90 

y : 19.96 36.65 58.81 77.21 94.61 

Or 

 (B) 2.0=h  GÚ öPõsk iμõ¨¤\õ´hÀ Âv¨£i 

 +

1

0
21 x

dx
 ©v¨ø£ PõsP. 

  Taking 2.0=h , find  +

1

0
21 x

dx
 by Trapezoidal 

rule. 

15. (A) wºÄ PõsP : n
nnn yyy 523 12 =+− ++ . 

  Solve n
nnn yyy 523 12 =+− ++ . 

Or 

 (B) wºÄ PõsP : n
nnn yyy 665 12 =+− ++ . 

  Solve n
nnn yyy 665 12 =+− ++ . 
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PART C — (5 × 8 = 40 marks)  

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

16. (A) 02.1log10 =−xx ß 2 ©ØÖ® 3US 
Cøh°»õÚ ‰»zøu uÁÓõÚ {ø» 
•øÓ¨£i PõsP. 

  Find the root of 02.1log10 =−xx  which lies 

between 2 and 3 by false position method.  

Or 

 (B) Põì&^hÀ •øÓ°À wºUP : 

  

221032

2210

9210

=++−
−=−+

=++

zyx
zyx
zyx

 

  Solve by Gauss-Seidel method. 

  

221032

2210

9210

=++−
−=−+

=++

zyx
zyx
zyx

 

17. (A) RÌPshÁØøÓ {ÖÄP : 

  (i) 
4

1
2
1 2

2 δδδ ++=Δ . 

  (ii) 1

2
1

2
1 −Δ+Δ= Eμδ . 
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  Prove the following : 

  (i) 
4

1
2
1 2

2 δδδ ++=Δ . 

  (ii) 1

2
1

2
1 −Δ+Δ= Eμδ . 

Or 

 (B) {ÖÄP : 

 ( ) ( ) ( ) ( ) 1110810820765 123234 +++=+−++Δ xxxxxxx

  Prove : 

       ( ) ( ) ( ) ( ) 1110810820765 123234 +++=+−++Δ xxxxxxx  

18. (A) 84=x  GÛÀ y&ß ©v¨¦ PõsP. 

x : 40 50 60 70 80 90 

y : 184 204 226 250 276 304 

  Find y when 84=x . 
x : 40 50 60 70 80 90 

y : 184 204 226 250 276 304 

Or 

 (B) {³mhÛß ÁSzu ÷ÁÖ£õmk `zvμzøu 
£¯ß£kzv ( )8f ß ©v¨¦ PõsP. 

x : 4 5 7 10 11 13 

f(x) : 48 100 294 900 1210 2028 
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  Find ( )8f  by using Newton’s divided 

difference formula. 

x : 4 5 7 10 11 13 

f(x) : 48 100 294 900 1210 2028 

19. (A) 
dx
dy

, 2

2

dx
yd

&ß ©v¨ø£ 550=x À PõsP. 

x : 500 510 520 530 540 550 

y : 6.2146 6.2344 6.2538 6.2729 6.2916 6.3099

  Find 
dx
dy

, 2

2

dx
yd

 when 550=x . 

x : 500 510 520 530 540 550 

y : 6.2146 6.2344 6.2538 6.2729 6.2916 6.3099

Or 

 (B) ©v¨¤kP  +

1

0
1 x
dx

 (i) ]®\ß  
3
1

Âv (ii) ]®\ß 

8
3

 Âv C[S 
6
1=h  GÚ GkzxU öPõÒÍÄ®. 

  Evaluate  +

1

0
1 x
dx

 using (i) Simpson’s 
3
1

 rule 

(ii) Simpson’s 
8
3

 rule, taking 
6
1=h  for all 

cases. 
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20. (A) wºÄ PõsP : nn
nnn yyy −

++ +=+− 2244 12 . 

  Solve : nn
nnn yyy −

++ +=+− 2244 12 . 

Or 

 (B) wºÄ PõsP : n
nnn yyy 4168 12 =+− ++ . 

  Solve : n
nnn yyy 4168 12 =+− ++ . 

——————— 
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Choose the correct answer. 

1. In Newton-Raphson method 1+nx  = ___________. 

 (a) 
( )
( )n
n

n xf
xfx

'
+  (b) 

( )
( )n
n

n xf
xfx

'
−  

 (c) 
( )
( )n

n
n xf

xfx '−  (d) 
( )
( )n

n
n xf

xfx '+  
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2. Condition for a root of ( ) 0=xf  to lie between a 

and b is 

 (a) ( ) 0>af  and ( ) 0>bf     

 (b) ( ) 0>af  and ( ) 0<bf  

 (c) ( ) 0<af  and ( ) 0<bf     

 (d) none of the above 

3. Which of the following is true? 

 (a) 1−⋅=Δ rr xrhx  (b) ( ) ( )1−⋅=Δ rr xrhx  

 (c) xxn ee =Δ  (d) none of the above 

4. 2
2y∇  = ___________. 

 (a) 012 2 yyy ++  (b) 012 2 yyy +−  

 (c) 012 2 yyy −−  (d) 2y  

5. For unevenly spaced point we use ___________ 

formula. 

 (a) Newton  (b) Gauss 

 (c) Sterling  (d) Lagrange 
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6. Newton’s forward interpolation formula is used to 
find the values of y 

 (a) near the end of the tabulated values    

 (b) in the middle of the tabulated values 

 (c) near the beginning of the tabulated values    

 (d) none 

7. 







−Δ+Δ−Δ=








=

....
321

1 0
3

0
2

0

0

yyy
hdx

dy
xx

 is 

___________. 

 (a) Newton’s forward differentiation formula 

 (b) Bessel’s formula  

 (c) Newton’s backward differentiation formula     

 (d) None 

8. The error in the Trapezoidal rule is of order 

 (a) h    (b) 2h  

 (c) 3h    (d) none 

9. Form the difference equation by eliminating the 
constant from n

n ay 3=  

 (a) nn yy −+1   (b) nn yy 21 −+  

 (c) nn yy 31 −+  (d) nn yy 41 −+   
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10. Solve 0158 12 =+− ++ nnn yyy  

 (a) xx
n CCy 53 21 +=  (b) xx

n CCy 87 21 +=  

 (c) xx
n CCy 42 21 +=  (d) None 

PART B — (5 × 5 = 25 marks) 

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

11. (a) Find a root of 0133 =−+ xx  by Newton-Raphson 
Method.  

Or 

 (b) Solve by Gauss elimination method : 

  2=+ yx , 532 =+ yx . 

12. (a) Prove that ( ) xnhxn eee 1−=Δ . 

Or 

 (b) Prove that 5
3

2
3 yy ∇=Δ . 

13. (a) Find y when 5=x  by using Newton’s 
forward interpolation formula. 

x : 4 6 8 10 

y : 1 3 8 16 

Or  

[P.T.O.]
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 (b) Find y when 6=x  by Lagrange’s Method. 

x : 3 7 9 10 

y : 168 120 72 63 

14. (a) Find 
dx
dy

 at 51=x . 

x : 50 60 70 80 90 

y : 19.96 36.65 58.81 77.21 94.61 

Or 

 (b) Taking 2.0=h , find  +

1

0
21 x

dx
 by Trapezoidal 

rule. 

15. (a) Solve n
nnn yyy 523 12 =+− ++ . 

Or 

 (b) Solve n
nnn yyy 665 12 =+− ++ . 

PART C — (5 × 8 = 40 marks)  

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

16. (a) Find the root of 02.1log10 =−xx  which lies 

between 2 and 3 by false position method.  

Or 
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 (b) Solve by Gauss-Seidel method. 

  

221032

2210

9210

=++−
−=−+

=++

zyx
zyx
zyx

 

17. (a) Prove the following : 

  (i) 
4

1
2
1 2

2 δδδ ++=Δ . 

  (ii) 1

2
1

2
1 −Δ+Δ= Eμδ . 

Or 

 (b) Prove : 

 ( ) ( ) ( ) ( ) 1110810820765 123234 +++=+−++Δ xxxxxxx  

18. (a) Find y when 84=x . 

x : 40 50 60 70 80 90 

y : 184 204 226 250 276 304 

Or 

 (b) Find ( )8f  by using Newton’s divided 

difference formula. 

x : 4 5 7 10 11 13 

f(x) : 48 100 294 900 1210 2028 
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19. (a) Find 
dx
dy

, 2

2

dx
yd

 when 550=x . 

x : 500 510 520 530 540 550 

y : 6.2146 6.2344 6.2538 6.2729 6.2916 6.3099

Or 

 (b) Evaluate  +

1

0
1 x
dx

 using (i) Simpson’s 
3
1

 rule 

(ii) Simpson’s 
8
3

 rule, taking 
6
1=h  for all 

cases. 

20. (a) Solve : nn
nnn yyy −

++ +=+− 2244 12 . 

Or 

 (b) Solve : n
nnn yyy 4168 12 =+− ++ . 

——————— 
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Answer ALL questions. 

 Choose the correct answer : 

1. TP ∧  = ——————.   

 (A) T   (B) F 

 (C) P   (D) P  

 TP ∧  = ——————.  

 (a) T   (b) F 

 (c) P   (d) P  
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2. ( )QP ∨  = ——————.  

 (A) QP ∨    (B) QP ∧  

 (C) QP ∨   (D) QP ∧   

 ( )QP ∨  = ——————.  

 (a) QP ∨    (b) QP ∧  

 (c) QP ∨   (d) QP ∧  

3. ( )PPR ∧∨  Gß£uØS \©õÚ `zvμ® ————.  

 (A) P   (B) R 

 (C) T   (D) F 

 The equivalent formula for ( )PPR ∧∨  is  
——————.  

 (a) P   (b) R 

 (c) T   (d) F 

4. QPQ →,  GßÓ TØÖPÎß ÂøÍÄ ————. 

 (A) P    (B) Q  

 (C) P    (D) T  

 The premises QPQ →,  implies ——————.  

 (a) P    (b) Q  

 (c) P    (d) T  
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5. J¸ S»zvÀ bxa =∗  GßÓ \©ß£õmiß wºÄ  
——————;  Gba ∈, . 

 (A) 1−∗ ab    (B) ( )1−∗ ba  

 (C) ba ∗−1    (D) 11 −− ∗ ba  

 For bxa =∗ , where G  is a group, the solution of 
the equation of type bxa =∗  ——————. 

 (a) 1−∗ ab    (b) ( )1−∗ ba  

 (c) ba ∗−1    (d) 11 −− ∗ ba  

6. íõª[ yμ® ( ) ( )zyHyxH ,, +  ——————.  

 (A) ( )zxH ,≥    (B) ( )zxH ,≤  

 (C) ( )zxH ,=    (D) ( )zxH ,≠  

 The Hamming distance ( ) ( )zyHyxH ,, +  
——————. 

 (a) ( )zxH ,≥    (b) ( )zxH ,≤  

 (c) ( )zxH ,=    (d) ( )zxH ,≠  

7. baba ⊕⇔≤   = ——————.  

 (A) ba ∗    (B) a  

 (C) b′    (D) b  

 baba ⊕⇔≤   = ——————.  

 (a) ba ∗    (b) a  

 (c) b′    (d) b  
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8. ( )′∗ ba  = ——————.  

 (A) ba ⊕    (B) ba ′∗′  

 (C) ba ′∗    (D) ba ′⊕′  

 ( )′∗ ba  = ——————. 

 (a) ba ⊕    (b) ba ′∗′  

 (c) ba ′∗    (d) ba ′⊕′  

9. 211101  = ——————.  

 (A) 1039    (B) 1024  

 (C) 1033    (D) 1029  

 211101  = ——————. 

 (a) 1039    (b) 1024  

 (c) 1033    (d) 1029  

10. 10693  = ——————.  

 (A) 81265    (B) 81263  

 (C) 81621    (D) 81256  

 10693  = ——————.  

 (a) 81265    (b) 81263  

 (c) 81621    (d) 81256  
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PART B — (5 × 5 = 25 marks) 

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

11. (A) {¹¤ : QPQP ∨⇔→ .  

  Prove : QPQP ∨⇔→ . 

Or 

 (B) ¤ßÁ¸£øÁ ö©´¯õ AÀ» •μnõ GÚU 
Põs. 

  (i) ( ) QPQ ∧∧  

  (ii) ( )QPP ∨→  

  (iii) ( )QP ∧       P . 

  Find whether the following are tautologies or 
contradictions. 

  (i) ( ) QPQ ∧∧  

  (ii) ( )QPP ∨→  

  (iii) ( )QP ∧       P . 

12. (A) ¤›Ä {ø» C¯À ÁiÁ® Põs : 

  (i) ( )QPP →∧  

  (ii) ( )QP ∨        QP ∧ . 
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  Obtain disjunctive normal forms of : 

  (i) ( )QPP →∧  

  (ii) ( )QP ∨        QP ∧ . 

Or 

 (B) ( )SQP →→ , PR ∨ ,Q  GßÓ 

TØÖPÎ¼¸¢x SR →  GßÓ ÂøÍÄ 
ö£Ó¨£k® GÚ {ÖÄP. 

  Show that SR →  can be derived from the 
premises ( )SQP →→ , PR ∨  and Q . 

13. (A) ∗,G  J¸ _ÇØ] S»® ‘a’ GßÝ® EÖ¨¦ 

öPõsk E¸ÁõUP¨£kQÓx. G &°ß Á›ø\ n 
GÛÀ ean =  GÚ {ÖÄP. ÷©¾® ean =  
GßÝ® ÁiÂÀ Á¸® «a]Ö C¯À Gs n 
GÚU Põmk. 

  Let ∗,G  be a finite cyclic group generated 

by an element Ga ∈ . If G  is of order n , 
then show that ean = . Also prove that ‘n’ is 
the least positive integer for which ean = . 

Or 
 (B) S»USÔ±miß §ä¯©ØÓ SÔ±mk 

ÁõºzøuPÎß ªPa]Ô¯ Gøh Auß 
ªPa]Ô¯ yμzvØS \©©õS®. 

  Show that the minimum weight of the  
non-zero code words in a group code is equal 
to its minimum distance. 
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14. (A) ≤,L  Kº Tmhø©¨¦ ©ØÖ®  Lcba ∈,,  

GÛÀ {¹¤.  

  (i) ( ) ( ) ( )cabacba ⊕∗⊕≤∗⊕  

  (ii) ( ) ( ) ( )cabacba ∗⊕∗≥⊕∗ . 

  Let ≤,L  be a lattice and Lcba ∈,, , then 

prove that inequalities : 

  (i) ( ) ( ) ( )cabacba ⊕∗⊕≤∗⊕  

  (ii) ( ) ( ) ( )cabacba ∗⊕∗≥⊕∗ . 

Or 
 (B) §¼¯ß ÁiÁ[PøÍ ö£¸UPÀPÎß TmhÀ 

{¯©Ú ÁiÂÀ GÊxP. 

  (i) 21 xx ∗  

  (ii) 21 xx ⊕ . 

  Write the following Boolean expressions in a 
sum-of-products canonical form 

  (i) 21 xx ∗  

  (ii) 21 xx ⊕ . 

15. (A) \© GsPÍõP ©õØÖ. 

  (i) ( )21011.0  

  (ii) ( )1824.0  

  (iii) ( )87.2  

  (iv) ( )1612.37 . 
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  Convert to decimal numbers : 

  (i) ( )21011.0  

  (ii) ( )1824.0  

  (iii) ( )87.2  

  (iv) ( )1612.37 . 

Or 

 (B) ©v¨¦ Põs. 

  (i) 22 1011111 +  

  (ii) 22 1001001 −  

  (iii) 22 110101110011111 + . 

  Evaluate : 

  (i) 22 1011111 +  

  (ii) 22 1001001 −  

  (iii) 22 110101110011111 + . 

PART C — (5 × 8 = 40 marks) 

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

16. (A) ( ) ( )( ) ∨∨∧∧∨ RQPQP  

     ( ) ( )RPQP ∧∨∧   

  J¸ ö©´ GÚ {¹¤. 



 Code No. : 20584 B Page 9 

  Show that : 

   ( ) ( )( ) ∨∨∧∧∨ RQPQP  
                    
( ) ( )RPQP ∧∨∧  is a tautology. 

Or 

 (B) {ÖÄP : 

  (i) ( ) ( )( ) ( )QPQPPQP ∨⇔∨∨→∧  

  (ii) ( ) ( )( ) ( )QPQPPQP ∧⇔∧∧∧∨ .  

  Show that : 

  (i) ( ) ( )( ) ( )QPQPPQP ∨⇔∨∨→∧  

  (ii) ( ) ( )( ) ( )QPQPPQP ∧⇔∧∧∧∨ .  

17. (A) ( ) QRP (∧→       P) GßÓ `zvμzvØS 
•ußø© Cøn¯ C¯À ÁiÁ® ö£ÖP. 
÷©¾® •ußø© ¤›Ä {ø» C¯À ÁiÁ•® 
Põs. 

  Obtain the principal conjunctive normal form of 
the formula S  given by ( ) QRP (∧→     P). 
Also obtain the principal disjunctive normal 
form of S . 

Or 
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 (B) TØÖPÒ 

  (i) ( ) ( ) ( )( ) ( ) ( )( )yWyMyxSxFx →→∧∃  

  (ii) ( ) ( ) ( )( )yWyMy ∧∃ , Gß£v¼¸¢x 

( ) ( ) ( )( )xSxFx →  ÂøÍÄ Á¸® GÚ 
{¹¤. 

  Show that from : 

  (i) ( ) ( ) ( )( ) ( ) ( )( )yWyMyxSxFx →→∧∃  

  (ii) ( ) ( ) ( )( )yWyMy ∧∃ , the conclusion 

( ) ( ) ( )( )xSxFx →  

18. (A) ö»Uμõßâ ÷uØÓ® TÔ {ÖÄP.  

  State and prove Lagrange’s theorem. 

Or 

 (B) J¸ SÔ±k C¸ SÔ±mk ÁõºzøuPÎß 
«a]Ö yμ® SøÓ¢ux 12 +k  GÚ C¸¢uõÀ 
©mk÷© k  AÀ»x AuØS SøÓÁõÚ 
uÁÖPÎß AøÚzx Âu ÷\ºUøP²® \› 
ö\´¯ •i²® GÚU Põmk. 

   Show that a code can correct all 
combinations of k  or fewer errors if and only 
if the minimum distance between any two 
code words is atleast 12 +k . 



 Code No. : 20584 B Page 11 

19. (A) ≤,L  J¸ Tmhø©¨¦ GßP. AøÚzx 

Lcba ∈,,  {¹¤UP 




⊕≤⊕
∗≤∗

≤
caba

caba
cb .  

  Let ≤,L  be a lattice. For any Lcba ∈,, , 

prove that 




⊕≤⊕
∗≤∗

≤
caba

caba
cb . 

Or 

 (B) G¢u §¼¯ß C¯ØPou•®, H÷uÝ® J¸ 

Pn® S &ß ( ) Ss ,~,,,, ϕρ ∪∩  GßÓ 

C¯ØPouzvØS C¯À ©õÓõ ÷Põº¦ Eøh¯x 
GÚ {¹¤. 

  Show that any Boolean algebra, is 
isomorphic to power set algebra 

( ) Ss ,~,,,, ϕρ ∪∩  for any set S .  

20. (A) ö£¸USP : 

  (i) 22 10111111 ×  

  (ii) 22 10110 × . 

  Multiply :  

  (i) 22 10111111 ×  

  (ii) 22 10110 × . 

Or 
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 (B) ÁSUP  :  

  (i) 2100001  ÷  2110  

  (ii) 2100000  ÷  2100 . 

  Divide :  

  (i) 2100001  by 2110  

  (ii) 2100000  by 2100 . 

 

—————— 
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 Choose the correct answer : 

1. 0nC  = ___________. 

 (a) 0   (b) 1 

 (c) n   (d) none 

2. P(5) = ___________. 

 (a) 5   (b) 20 

 (c) 100   (d) 120 

(6 pages) 
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3. The number of different pairings of 2n objects is 

 (a) (2n)!   (b) 
( )

!
!2

n
n

 

 (c) 
( )

( ) !!2

!2

n
n
n   (d) 

( )
!2

!2n
 

4. The system of distinct representatives for the sets 
{ }2,11 =A , { }42 =A , { }3,13 =A , { }4,3,24 =A  is 

 (a) {1, 2, 3, 4} (b) {1, 4, 3, 2} 

 (c) {1, 3, 2, 4} (d) {1, 3, 4, 2} 

5. In a simple tree, the degree of each vertex is 

 (a) ≤ 3   (b) = 3 

 (c) ≥ 3   (d) 1 

6. The number of derangements of the 3 symbols  
1, 2, 3 is 

 (a) 1   (b) 2 

 (c) 3   (d) 4 

7. How many ways are there of placing 5 non-taking 
rooks on a 5 × 5 chess board? 

 (a) 3!   (b) 4! 

 (c) 5!   (d) 6! 
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8. For any board C, ( )Cr1  = ___________. 

 (a) number of rows of C     

 (b) number of squares of C  

 (c) number of columns of C      

 (d) none 

9. In a block diagram, the subsets of S are called 
___________. 

 (a) blocks  (b) varieties 

 (c) elements (d) none 

10. In a block diagram each element lies in exactly 
___________ blocks? 

 (a) k   (b) λ 

 (c) r   (d) v 

PART B — (5 × 5 = 25 marks) 

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

11. (a) How many permutations are there of the  
26 letters of the alphabet in which the five 
vowels are in consecutive places? 

Or 

 (b) P.T. ( )!!
!

rnr
n

r
n

−
=








. 
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12. (a) A pack of 52 cards is divided among 4 people 

so that each gets 13 cards. How many such 

deals are possible? 

Or 

 (b) Define Latin square and give an example. 

13. (a) If 21 65 −− −= nnn aaa 3≥∀n  and 121 == aa , 

find na . 

Or 

 (b) Let ....
2

2
1

1
0

+






 −
+







 −
+








=

nnn
bn  Verify that 

11 =b , 22 =b  and show that 21 −− += nnn bbb  

3≥∀n .  

14. (a) How many integers from 1 to 1000 are 

divisible by none of 3, 7, 11? 

Or 

 (b) Find the rook polynomial of the board. 

 

[P.T.O.]
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15. (a) Show that there exist no (12, 8, 3, 2, 1) 
configuration.  

Or 

 (b) Show that there are no integers a, b, c such 
that 222 6cba =+  apart from a = b = c = 0. 

PART C — (5 × 8 = 40 marks)  

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

16. (a) Prove that 






 −
+








−
−

=







r

n
r
n

r
n 1

1
1

. 

Or 

 (b) By using the identify ( ) ( ) ( )nnn xxx ++=+ 111 2  

and considering the coefficient of nx   

on both sides, prove that 
222

...
10

2








++








+








=








n
nnn

n
n

. 

17. (a) Show that if a graph has 2n vertices, each of 
degree ≥ n, then the graph has a perfect 
matching. 

Or 

 (b) State and prove marriage theorem. 
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18. (a) If na  denote the number of derangement on 
1, 2, 3, …. n, prove that 

  ( )[ ]211 −− +−= nnn aana 3≥∀n  and 01 =a , 
12 =a . 

Or 

 (b) Solve the recurrence relation for the 
Fibonacci sequence. 

19. (a) If A and B are non interfering parts of a 
chess board C, prove that 

( ) ( ) ( )BxRAxRCxR ,,, += . 

Or 

 (b) In constructing a 6 × 6 Latin square the first 
two rows have been chosen as follows : 

1 2 3 4 5 6 

2 4 1 3 6 5 

  In how many ways can a third row be 
chosen? 

20. (a) Prove that for a (b, v, r, k, λ) configuration, 
vb ≥ . 

Or 

 (b) Prove that there is no finite projective plane 
of order 6. 

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

Answer ALL questions. 

 Choose the correct answer : 

1. Cμsk Pmk¨£õkPÒ •uÀ ÷|º©øÓ PõÀ£Sv°À 

öÁmiU öPõÒÍÂÀø» GÛÀ ___________. 

 (A) HuõÁöuõ¸ Pmk¨£õk ÷uøÁ¯ØÓx     

 (B) \õzv¯©ØÓ wºÁõS® 

 (C) GÀø»¯ØÓ wºÄ QøhUS®    

 (D) CøÁ GxÄ® CÀø» 



 Code No. : 20586 B Page 2 

 If two constraints do not intersect in the positive 
quadrant of the graph, then ___________. 

 (a) one of the constraint is redundant     

 (b) the solution is infeasible 

 (c) the solution is unbounded    

 (d) none of these 

2. ö£›uõUP¨£mh LPP°ß J¸ Ai¨£øh 
\õzv¯©õÚ wºÄ, J¸ EP¢u wºÁõP ©õÖÁuØS 
÷uøÁ¯õÚ ©ØÖ® ÷£õx©õÚ {£¢uøÚ 
___________. (GÀ»õ j&US®) 

 (A) 0≥− jj cz   

 (B) 0≤− jj cz  

 (C) 0=− jj cz   

 (D) 0>− jj cz  (or) 0<− jj cz  

 A necessary and sufficient condition for a basic 
feasible solution to a maximization LPP to be an 
optimum is that (for all j) ___________. 

 (a) 0≥− jj cz   

 (b) 0≤− jj cz  

 (c) 0=− jj cz   

 (d) 0>− jj cz  (or) 0<− jj cz  
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3. m&Pmk¨£õkPÒ ©ØÖ® n&Gvº©øÓ AÀ»õu 
©õÔPøÍU öPõsh J¸ •ußø© ö£›uõUP¨£mh 
LPP°ß Cμmøh Gß£x ___________. 

 (A) J¸ ]ÔuõUP¨£mh LPP     

 (B) n&Pmk¨£õkPÒ ©ØÖ® m&Gvº©øÓ AÀ»õu 
©õÔPøÍU öPõshx 

 (C) ÷uºÄ (A) ©ØÖ® (B) Cμsk®    

 (D) CøÁ GøÁ²® CÀø» 

 The dual of the primal maximization LPP having 
m constraints and n-non-negatives variables 
should ___________. 

 (a) be a minimization LPP 

 (b) have n-constraints and m non-negative 
variables   

 (c) both (a) and (b)    

 (d) none of the above 

4. CμmøhUS J¸ GÀø»¯ØÓ wºÄ GÛÀ, Auß 
•ußø©US ___________.  

 (A) J¸ GÀø»¯ØÓ wºÄ     

 (B) \õzv¯ªÀ»õu wºÄ 

 (C) \õzv¯©õÚ wºÄ    

 (D) CøÁ GøÁ²ªÀø» 
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 If dual has an unbounded solution, then primal 
has ___________. 

 (a) an unbounded solution    

 (b) infeasible solution 

 (c) a feasible solution     

 (d) none of the above 

5. J¸ Ch©õØÖuÀ PnUS Gß£x ___________ 
Ch©õØÖuø» øP¯õÒQÓx.  

 (A) J¸ JØøÓ¨ ö£õ¸øÍ £» ‰»[PÎ¼¸¢x 
J¸ C»UQØS     

 (B) £» ö£õ¸øÍ £» ‰»[PÎ¼¸¢x £» 
C»UQØS  

 (C) J¸ JØøÓ¨ ö£õ¸øÍ £» ‰»[PÎ¼¸¢x 
£» C»UQØS    

 (D) J¸ JØøÓ¨ ö£õ¸øÍ J¸ ‰»[PÎ¼¸¢x 

 The transportation problem deals with the 
transportation of ___________. 

 (a) a single product from several sources to a 
destination     

 (b) a multi-product from several sources to 
several destinations 

 (c) a single product from several sources to 
several destinations    

 (d) a single product from a source to several 
destinations 
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6. m&‰»[PÒ ©ØÖ® n&C»[SPÒ öPõsh J¸ 

T.P.°ß wºÄ \õzv¯©õÚx, Auß JxURkPÎß 

GsoUøP Gß£x ___________. 

 (A) m + n – 1 (B) m + n + 1 

 (C) m + n   (D) m × n 

 The solution to a T.P. with m-sources and  

n-destinations is infeasible, if the number of 

allocations are ___________. 

 (a) m + n – 1 (b) m + n + 1 

 (c) m + n   (d) m × n 

7. n-÷Áø»¯õmPÒ ©ØÖ® n -÷Áø»PÒ C¸¢uõÀ, 

C¨£i¯õP C¸US® ___________. 

 (A) n wºÄPÒ (B) n! wºÄPÒ 

 (C) (n – 1)! wºÄPÒ (D) ( )nn!  wºÄPÒ 

 If there are n-workers and n-jobs, there would be  

 (a) n solutions (b) n! solutions 

 (c) (n – 1)! solutions (d) ( )nn!  solutions 
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8. J¸ JxURmk PnUS Gß£x ___________ BP 
C¸UP•i²®. 

 (A) T.P. ÷£õ» ÁiÁø©¨¦ ©ØÖ® wºÄ    

 (B) ö£›uõUP •øÓ 

 (C) {øμ ©ØÖ® {μÀPÎß GsoUøP \©©õP 
C¸¢uõÀ ©mk÷© wºÄ    

 (D) ÷©ØPsh AøÚzx® 

 An assignment problem can be ___________. 
 (a) designed and solved as a transportation 

problem     
 (b) of maximization type 
 (c) solved only if number of rows equals the 

number of columns    
 (d) all of the above 

9. n-÷Áø»PÒ ©ØÖ® Cμsk C¯¢vμ[PÎÀ, (A 
©ØÖ® B GßP) Á›ø\•øÓ PnUSPÒ CvÀ 
ö\¯»õUP Á›ø\ Gß£x AB BS®.  

 (A) C¯¢vμ® B°À SøÓ¢u£m\ ÷|μ® öPõsh 
÷Áø» •u¼À ö\¯»õUP¨£kQÓx     

 (B) C¯¢vμ® A°À SøÓ¢u£m\ ÷|μ® öPõsh 
÷Áø» CÖv°À ö\¯»õUP¨£kQÓx 

 (C) C¯¢vμ® B°À SøÓ¢u£m\ ÷|μ® öPõsh 
÷Áø» CÖv°À ö\¯»õUP¨£kQÓx    

 (D) C¯¢vμ® B°À AvP£m\ ÷|μ® öPõsh 
÷Áø» CÖv°À ö\¯»õUP¨£kQÓx 



 Code No. : 20586 B Page 7 

 In ‘n’ jobs are two machines, say A and B, 
sequencing problems in which the order of 
processing is AB 

 (a) job having minimum time on machine B is 
processed first   

 (b) job having minimum time on machine A is 
processed in the last 

 (c) job having minimum time on machine B is 
processed in the last    

 (d) job having maximum time on machine B is 
processed in the last 

10. n&C¯¢vμ[PÎÀ Cμsk ÷Áø»PøÍ 
ö\¯»õUSÁx öuõhº£õÚ Á›ø\ •øÓU PnUSPÒ 
___________. 

 (A) Áøμ£h •øÓ°» wºUP •i²®     

 (B) Áøμ£h •øÓ°» wºUP •i¯õx  

 (C) Cμsk ÷Áø»PÎß ö\¯õ»UP® Psi¨£õP 
J÷μ Á›ø\ öPõsh {£¢uøÚ¯õP C¸US®    

 (D) ÷©ØPsh GxÄ® CÀø» 

 Sequencing problems involving processing of two 
jobs on ‘n’ machines ___________. 

 (a) can be solved graphically     

 (b) cannot be solved graphically 

 (c) have a condition that the processing of two 
jobs must be the same order   

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

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

11. (A) ¤ßÁ¸® LP&I Áøμ£h •øÓø¯ 

£¯ß£kzv wºUP : 

]ÔuõUP¨£mh 21 4020 xxz +=  

Pmk¨£õkPÐUS Em£mh 

        

1001020

36123

10863

21

21

21

≥+
≥+

≥+

xx
xx

xx
 

        ©ØÖ® 0, 21 ≥xx .  

  Solve the following linear problem by using 

graphical method : 

  Minimize 21 4020 xxz +=  

  Subject to the constraints : 

    

1001020

36123

10863

21

21

21

≥+
≥+

≥+

xx
xx

xx
 

    and 0, 21 ≥xx .  

Or 
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 (B) RÌUPsh LPP&I Áøμ£h •øÓ°À wºUP. 

  ö£›uõUP¨£mh 21 xxz +=  

  Pmk¨£õkPÐUS Em£mh 

           
33

1

22

21

≥+−
≤+
xx

xx
 

             0,0 2 ≥≥ xx .  

  Solve the following LPP by graphical  
method : 

  Maximize 21 xxz +=  

  Subject to the constraints :  

    
33

1

22

21

≥+−
≤+
xx

xx
 

    0,0 2 ≥≥ xx .  

12. (A) RÌUPsh LPP&UPõÚ Cμmøhø¯ GÊxP. 

  ]ÔuõUP¨£mh 321 423 xxxz +−=  

  Pmk¨£õkPÐUS Em£mh : 

            

2274

352

1027

436

7453

321

321

321

321

321

≥−+
≥+−
≤−−
≥++

≥++

xxx
xxx
xxx
xxx
xxx

 

         0,0,0 31 ≥≥≥ xxx x . 
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  Write the dual of the following LPP : 

  Minimize 321 423 xxxz +−=  

  Subject to the constraints : 

    

2274

352

1027

436

7453

321

321

321

321

321

≥−+
≥+−
≤−−
≥++

≥++

xxx
xxx
xxx
xxx
xxx

 

    0,0,0 31 ≥≥≥ xxx x . 

Or 

 (B) RÌUPsh LPP&I Cμmøh ]®¤ÍUì 
•øÓ°À wºUP. 

  ]ÔuõUP¨£mh 213 xxz +=  
  Pmk¨£õkPÐUS Em£mh : 

         
232

1

21

21

≥+
≥+
xx

xx
 

         01 ≥x , 02 ≥x . 

  Use dual simplex method to solve the 
following LPP : 

  Minimize 213 xxz +=  

  Subject to the constraints : 

    
232

1

21

21

≥+
≥+
xx

xx
 

    01 ≥x , 02 ≥x . 
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13. (A) RÌUPsh T.P.&°ß öuõhUP Ai¨£øh 
\õzv¯ wºÂøÚ Ao ]ÔuõÚ •øÓ°À 
ö£ÖP. 

 D1 D2 D3 D4 C¸¨¦

O1 1 2 3 4 6 

O2 4 3 2 0 8 

O3 0 2 2 1 10 

÷uøÁ 4 6 8 6  

  Obtain an initial basic feasible solution to 
the following T.P. using the matrix minima 
method. 

 D1 D2 D3 D4 Capacity

O1 1 2 3 4 6 

O2 4 3 2 0 8 

O3 0 2 2 1 10 

Demand 4 6 8 6  

Or 

 (B) RÌUPsh T.P.&°ß öuõhUP Ai¨£øh 
\õzv¯ wºÂøÚ Vogel’s ÷uõμõ¯ •øÓø¯¨ 
£¯ß£kzv PõsP. 

 D1 D2 D3 D4 AÎ¨¦

S1 20 25 28 31 200 

S2 32 28 32 41 180 

S3 18 35 24 32 110 
÷uøÁ 150 40 180 170  
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  Find an initial basic feasible solution to the 
following T.P. using Vogel’s approximation 
method. 
 D1 D2 D3 D4 Supply

S1 20 25 28 31 200 
S2 32 28 32 41 180 
S3 18 35 24 32 110 

Demand 150 40 180 170  

14. (A) RÌUPsh ChJxURmk PnUQøÚ PÁÚzvÀ 
öPõÒP. 
   ÷Áø»¯õmPÒ 

  W X Y Z 
A 8 7 9 10 
B 7 9 9 8 
C 10 8 7 11 

 
÷Áø»PÒ 

D 10 6 8 7 

  ö\¯»õUP ö©õzu ö\»Ä SøÓ¢u£m\©õP 
C¸US®£i¯õÚ ÷Áø»¯õmPÎß ÷Áø» 
JxURmøhU PõsP. 

  Consider the following assignment problem : 
   Workers 

  W X Y Z 
A 8 7 9 10 
B 7 9 9 8 
C 10 8 7 11 

 
Jobs 

D 10 6 8 7 

  Find an allocation of jobs to the workers so 
that the total cost processing is minimum. 

Or 
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 (B) RÌUPsh JxURmk PnUQøÚz wºUP. 

 A B C D 

1 10 25 15 20 

2 15 30 5 15 

3 35 20 12 24 

4 17 25 24 20 

  Solve the following assignment problem : 

 A B C D 

1 10 25 15 20 

2 15 30 5 15 

3 35 20 12 24 

4 17 25 24 20 

15. (A) RÌUPsh uPÁÀPÒ C¯¢vμ[PÎß «uõÚ 

ö©õzu ö\¯»õUP ÷|μ®, ©o÷|μ[PÎÀ 

ÁÇ[P¨£kQÓx, ©ØÖ® Ph¢x ö\ÀÁx 

AÝ©v°Àø» GßÓ Ai¨£øh°À 

C¸UQÓx GÛÀ SøÓ¢u£m\ ö©õzu 

÷|μzøuU öPõsh ÷Áø»PÎß EP¢u 

Á›ø\°øÚU PshÔP.  

÷Áø» : A B C D E F G 

C¯¢vμ® M1 : 3 8 7 4 9 8 7 

C¯¢vμ® M2 : 4 3 2 5 1 4 3 

C¯¢vμ® M3 : 6 7 5 11 5 6 12 



 Code No. : 20586 B Page 14 

  Determine the optimal sequence of jobs that 
minimizes the total elapsed time based on 
the following information processing time on 
machines is given in hours and passing is not 
allowed : 

Job : A B C D E F G 

Machine M1 : 3 8 7 4 9 8 7 

Machine M2 : 4 3 2 5 1 4 3 

Machine M3 : 6 7 5 11 5 6 12 

Or 

 (B) Áøμ£h •øÓø¯ E£÷¯õQzx, Põmh¨£mh 

C¯¢vμ[PÎÀ ¤ßÁ¸® ÷Áø»PøÍa 

ö\¯»õUSÁuØPõP ÷\ºUP¨£mh ÷|μzøu 

SøÓUPÄ®, AuõÁx JÆöÁõ¸ C¯¢vμ•® 

•u¼À ö\´¯ ÷Ási¯ ÷Áø»ø¯U 

PshÔ¯Ä®. ÷©¾®, Cμsk ÷Áø»PøÍ²® 

•ÊÁx©õP ö\´x •iUP ÷uøÁ¨£k® 

ö©õzu ÷|μzvøÚ²® PnUQkP. 

÷Áø» 1 Á›ø\ : A B C D E

 ÷|μ® :  3 4 2 6 2 

÷Áø» 2 Á›ø\ : B C A D E

 ÷|μ® :  5 4 3 2 6 
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  Use graphical method to minimize the time 
added to process the following jobs on the 
machines shown, (ie) for each machine find 
the job which should be done first. Also 
calculate the total time elapsed to complete 
both the jobs : 

Job 1 Sequence : A B C D E
 Time :  3 4 2 6 2 
Job 2 Sequence : B C A D E
 Time : 5 4 3 2 6 

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

16. (A) Simplex •øÓø¯¨ £¯ß£kzv RÌUPsh 
LPP&ø¯z wºUP : 

  ö£›uõUP¨£mh 21 104 xxz +=  
  Pmk¨£õkPÐUSm£mhx : 

            

932

10052

502

21

21

21

≤+
≤+

≤+

xx
xx

xx
 

            0, 21 ≥xx . 

  Use Simplex method to solve the following 
LPP : 

  Maximize 21 104 xxz +=  
  Subject to the constraints : 

    

932

10052

502

21

21

21

≤+
≤+

≤+

xx
xx

xx
 

    0, 21 ≥xx   
Or 
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 (B) Big-M •øÓø¯¨ £¯ß£kzv,  

  ö£›uõUP¨£mh 21 23 xxz +=  

  Pmk¨£õkPÐUSm£mhx : 

           
1243

22

21

21

≥+
≤+

xx
xx

 

                       0, 21 ≥xx . 

  Use Big-M Method to 

  Maximize 21 23 xxz +=  

  Subject to the constraints : 

    
1243

22

21

21

≥+
≤+

xx
xx

 

    0, 21 ≥xx .  

17. (A) Cμmøh •øÓø¯¨ £¯ß£kzv RÌUPsh 

¤ßÁ¸® LPP&ø¯ wºUP. 

  ö£›uõUP¨£mh 212 xxz +=  

  Pmk¨£õkPÐUSm£mhx : 

     

12

2

6

102

21

21

21

21

≤−
≤−
≤+

≤+

xx
xx
xx
xx

 

     0, 21 ≥xx . 
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 Use duality to solve the following LPP: 

  Maximize 212 xxz +=  

  Subject to the constraints : 

    

12

2

6

102

21

21

21

21

≤−
≤−
≤+

≤+

xx
xx
xx
xx

 

    0, 21 ≥xx .  

Or 

 (B) ¤ßÁ¸® LPP&I Cμmøh simplex •øÓ°À 
wºUP. 

   ]ÔuõUP¨£mh 321 2610 xxxz ++=  

  Pmk¨£õkPÐUSm£mhx : 

         
23

1

321

221

≥−+
≥++−

xxx
xxx

 

         0,, 321 ≥xxx . 

  The dual simplex method to solve the 
following LPP. 

  Minimize 321 2610 xxxz ++=  

  Subject to the constraints : 

    
23

1

321

221

≥−+
≥++−

xxx
xxx

 

    0,, 321 ≥xxx . 
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18. (A) ¤ßÁ¸® Ch ©õØÖuÀ PnUQøÚz wºUP. 
Bμ®£® C»US C¸¨¦ 

 D1 D2 D3 D4  
O1 1 2 1 4 30 
O2 3 3 2 1 50 
O3 4 2 5 9 20 

÷uøÁ 20 40 30 10  

  Solve the following transportation problem : 
Origin Destination Available 

 D1 D2 D3 D4  
O1 1 2 1 4 30 
O2 3 3 2 1 50 
O3 4 2 5 9 20 

Required 20 40 30 10  

Or 

 (B) 13x  = 50 AÍÄPÒ, 14x  = 20 AÍÄPÒ, 21x  = 

55 AÍÄPÒ, 31x  = 30 AÍÄPÒ, 32x  = 35 

AÍÄPÒ, ©ØÖ® 34x  = 25 AÍÄPÒ Gß£øÁ 
öPõkUP¨£mkÒÍx. CøÁ T.P. °ß EP¢u 
wºÁõ : 

     AÍÄPÎß C¸¨¦

 6 1 9 3 70 
 11 5 2 8 55 
 10 12 4 7 90 
÷uøÁ¯õÚ 
AÍÄPÒ 

85 35 50 45  

  CÀø»ö¯ÛÀ, AuøÚ ]Ó¢u \õzv¯©õÚ 
wºÁõP ©õØÖP. 
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  Given 13x  = 50 units, 14x  = 20 units, 21x  = 
55 units, 31x  = 30 units, 32x  = 35 units and  

34x  = 25 units. Is it an optimal solution to 
the transportation problem : 

     Available units 

 6 1 9 3 70 

 11 5 2 8 55 

 10 12 4 7 90 

Required units 85 35 50 45  

  If not, modify it to obtain a better feasible 
solution. 

19. (A) ¤ßÁ¸® PnUQØS EP¢u JxURmiøÚ 
PõsP. 

 E F G H 
A 18 26 17 11 
B 13 28 14 26 
C 38 19 18 15 
D 19 26 24 10 

  Find optimal assignment to the following 
problem. 

 E F G H 

A 18 26 17 11 

B 13 28 14 26 

C 38 19 18 15 

D 19 26 24 10 
Or 
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 (B) ¤ßÁ¸® JxURmk PnUQØS EP¢u 
JxURmk AmhÁønø¯U PõsP. 

 A B C D 
1 5 3 2 8 
2 7 9 2 6 
3 6 4 5 7 
4 5 7 7 8 

  Determine the optimum assignment 
schedule for the following assignment 
problem. 

 A B C D 

1 5 3 2 8 

2 7 9 2 6 

3 6 4 5 7 

4 5 7 7 8 

20. (A) J¸ Bø»°À, BÖ ÷Áø»PÒ ö\´¯ 
÷Ási²ÒÍx. AøÁ JÆöÁõßÖ® Cμsk 
C¯¢vμ[PÒ A ©ØÖ® B, A, B GßÓ 
Á›ø\°À, ÁÈ÷¯ ö\À» ÷Ásk®. A¢u 
÷Áø»PÎß ö\¯»õUP ÷|μ[PÒ (©o 
÷|μ[PÎÀ) C[÷P öPõkUP¨£mkÒÍx. 
}[PÒ ö©õzu ÷|μzøu T SøÓ¢x 
ö\¯»õUP® |øhö£Ó ÷uøÁ¯õÚ 
÷Áø»PÎß Á›ø\ø¯U PõsP. Tß 
©v¨¤øÚU PõsP. 

÷Áø» : J1 J2 J3 J4 J5 J6 
C¯¢vμ® A : 1 3 8 5 6 3 
C¯¢vμ® B :  5 6 3 2 2 10 
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  In a factory, there are six jobs to perform, 

each of which should go through two 

machines A and B, in the order A, B. The 

processing time (in hours) for the jobs are 

given here. You are required to determine 

the sequence for performing the jobs that 

would minimize the total elapsed time, T. 

What is the value of T? 

Job : J1 J2 J3 J4 J5 J6 

Machine A : 1 3 8 5 6 3 

Machine B :  5 6 3 2 2 10 

Or 

 (B) RÌUPsh ÷Áø»PÒ ‰ßÖ C¯¢vμ[PÎÀ 

ABC Á›ø\°À ö\¯»õUP¨£kQÓx, GÛÀ 

ö©õzu ÷|μzvøÚU SøÓ¨£uØPõÚ 

÷Áø»PÎß Á›ø\ø¯U PõsP. 

÷Áø» ö\¯»õUP ÷|μ® (©o ÷|μ[PÎÀ) 

1 2 3 4 5 6

C¯¢vμ® A 8 3 7 2 5 1

C¯¢vμ® B 3 4 5 2 1 6

C¯¢vμ® C 8 7 6 9 10 9
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  Find the sequence that minimizes the total 

time required in performing the following 

jobs on three machines in the order ABC : 

Job Processing Time (in hours) on 

1 2 3 4 5 6

Machine A 8 3 7 2 5 1

Machine B 3 4 5 2 1 6

Machine C 8 7 6 9 10 9

——————— 
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2. If the mean time 5h12m20s p.m. and the equation 

of time 5m25s then apparent time = ___________. 

 (a) 5h27m45s p.m. (b) 5h17m25s p.m. 

 (c) 5h17m23s p.m. (d) 5h17m45s p.m. 

3. A lunation is about ___________ days. 

 (a) 28½    (b) 29½ 

 (c) 29 3
1   (d) 29 

4. The moon is said to be in a quadrature if its 

elongation 

 (a) 90°   (b) 180° 

 (c) 0°   (d) 45° 

5. The distance of moon is only 60 times the earths 

___________. 

 (a) diameter  (b) perimeter 

 (c) radius  (d) none 

6. The major solar ecliptic limit is ___________. 

 (a) 15°24'  (b) 18°31' 

 (c) 12°5'   (d) 9°30' 
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7. The smallest objects moving between the orbits of 

___________ are called minor planets. 

 (a) Mars and Jupiter (b) Mars and Venus 

 (c) Jupiter and Venus (d) Earth and Mars 

8. The mean temperature of Umbra is about 

___________.  

 (a) 4200°C  (b) 4300°C 

 (c) 4250°C  (d) 4100°C 

9. Cepheids variables are periodic variable stars 

having periods upto ___________ days. 

 (a) 46   (b) 47 

 (c) 49   (d) 45 

10. Cepheids are very useful to measure the depth of 

the ___________. 

 (a) moon  (b) earth 

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

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

11. (a) The sun rose at 5h59m at a place and the 

equation of time on the day was 4m9s. Find the 

time of sunset. 

Or 

 (b) Explain the method to convert mean solar 

time into sidereal time. 

12. (a) Find the relation between sidereal and 

synodic months. 

Or 

 (b) What is lunar day and lunar time? 

13. (a) Find the angle between a direct common 

tangent and the line of centers of two circles. 

Or 

 (b) Find the condition for the totality of a lunar 

eclipse.  

[P.T.O.]
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14. (a) If E is the elongation of a planet from the sun 

at the moments when the planet is stationary 

and if the orbit of the earth and planet is 

circular and coplanar and radii a and b 

respectively, show that  

  EEE
a
b 22 tan4tan

2
1

tan
2
1 ++= . 

Or 

 (b) If Jupiter’s mean distance from the sun is 5.2 

times that of the earth, find the interval 

between two consecutive conjunctions of 

Jupiter and Earth. 

15. (a) Write short notes on : 

(i) Main sequence stars 

(ii) Giants. 

Or 

 (b) Find the relation between apparent and 

absolute magnitude of a star. 
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PART C — (5 × 8 = 40 marks) 

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

16. (a) Derive analytical expression for the equation 
of time. 

Or 

 (b) Find the sidereal time at Trivandrum at 5 
p.m. I.S.T. on 1st April 1949 given that the 
sidereal time of mean midnight at Greenwich 
on 1st April was 12h36m5s and that the 
longitude of Trivandrum is 76°59'45''. 

17. (a) Derive the formula for the phase of the moon. 

Or 

 (b) Find the path of the moon with respect to the 
Sun. 

18. (a) Find the maximum number of eclipses in a 
year. 

Or 

 (b) Find the maximum and minimum number of 
eclipses possible near a node of the lunar 
orbit. 
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19. (a) Find the elongation of the planets when they 

are stationary as seen from each other. 

Or 

 (b) Find the different phases of a planet in one 

synodic revolution.  

20. (a) Write briefly on Ancient Astronomy. 

Or 

 (b) Explain briefly about ‘‘The Milky Way’’. 

——————— 
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1.  J¸ £» ©v¨¦PÒ Pn® A C¯À Pn® GÛÀ Auß 

E¯μ® ( )Ah &ß ©v¨¦  

 (A) 0   (B) 1 

 (C) < 1   (D) > 1 

 A fuzzy set A is called normal when ( )Ah  is 

 (a) 0   (b) 1 

 (c) < 1   (d) > 1 
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2.  ( )BAS ,  = ___________. 

 (A) 
A
BA∪

  (B) 
A
BA∩

 

 (C) 
B
BA∪

  (D) 
B
BA∩

 

 ( )BAS ,  = ___________. 

 (a) 
A
BA∪

  (b) 
A
BA∩

 

 (c) 
B
BA∪

  (d) 
B
BA∩

 

3.  ∈BA, (X) ©ØÖ® [ ]1,0, ∈βα  GÛÀ  βα ≤   

 (A) AA βα ⊇   (B) AA
+⊇ βα  

 (C) AA βα ⊆+  (D) AA βα ⊇  

 Let ∈BA, (X) and [ ]1,0, ∈βα . Then  βα ≤   

 (a) AA βα ⊇   (b) AA
+⊇ βα  

 (c) AA βα ⊆+  (d) AA βα ⊇  
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4.  YXf →:  Gß£x H÷uÝ® J¸ C¸©v¨¦a \õº¦ 

©ØÖ® ∈A  (X) GÛÀ 

 (A) ( )( )AffA −⊂  (B) ( )( )AffA 1−⊃  

 (C) ( )( )AffA 1−⊆  (D) ( )( )AffA 1−⊇  

 Let YXf →:  be an arbitrary crisp function and 

∈A  (X), then 

 (a) ( )( )AffA −⊂  (b) ( )( )AffA 1−⊃  

 (c) ( )( )AffA 1−⊆  (d) ( )( )AffA 1−⊇  

5. 





=

nnn
W 1

,...,
1

,
1

 GÛÀ  Wh Gß£x 

 (A) Tmka \μõ\› (B) ö£¸USa \μõ\› 

 (C) ^›ø\a \μõ\› (D) ö£õxa \μõ\› 

 For 





=

nnn
W 1

,...,
1

,
1

, Wh  is the 

 (a) arithmetic mean (b) geometric mean 

 (c) harmonic mean (d) generalized mean 
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6. ( ) ( )babau += ,1min,  Gß£x 

 (A) ÁÇø©¯õÚ ÷\º¨¦  

 (B) C¯ØPou TmkzöuõøP  

 (C) Áμ®¦Ö TmkzöuõøP     

 (D) Pkø©¯õÚ ÷\º¨¦ 

 ( ) ( )babau += ,1min,  is known as 

 (a) Standard Union (b) Algebraic Sum 

 (c) Bounded Sum (d) Drastic Union 

7. ( ) CABACBA ⋅+⋅⊆+⋅  GßÓ £s¤ß ö£¯º 

 (A) ÷\º¨¦¨ £s¦  

 (B) £[Rmk¨ £s¦ 

 (C) EÒ÷\º¨¦¨ £s¦  

 (D) EÒ £[Rmk¨ £s¦ 

 The property ( ) CABACBA ⋅+⋅⊆+⋅  is known as 

 (a) associativity (b) distributivity 

 (c) subassociativity (d) subdistributivity 
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8. &À EÒÍ £» ©v¨¦PÒ Pn® A J¸ £» ©v¨¦ 

GsnõP C¸UP ÷Áskö©ÛÀ A GÆÁõÖ 

C¸UP÷Ásk®? 

 (A) SÂÄ Pn©õP (B) SÂÄ AØÓ Pn©õP 

 (C) SøÓ°¯À Pn©õP (D) C¯À Pn©õP 

 To qualify as a fuzzy number a fuzzy set A on  

must be 

 (a) convex  (b) not convex 

 (c) subnormal (d) normal 

9. J¸£i vmhUPnUQÀ [ ]ijaA = , mNi∈ , nNj∈  

GßÓ Ao°ß ö£¯º 

 (A) C»US Ao (B) Pmk¨£õmk Ao 

 (C) ö\»Ä Ao (D) •iöÁkzuÀ Ao 

 In a Linear Programming Problem, the matrix 

[ ]ijaA = , mNi∈ , nNj∈  is 

 (a) goal matrix (b) constraint matrix 

 (c) cost matrix (d) decision matrix 
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10. £»|£º •iöÁkzu¼À, ( )ji xxS ,  = ___________. 

 (A) 
( )
n
xxN ji ,  (B) 

( )
n
xxN ij ,  

 (C) ( )ji xxN
n
,

 (D) ( )ij xxN
n

,
 

 In multiperson decision making ( )ji xxS ,  = 

___________. 

 (a) 
( )
n
xxN ji ,  (b) 

( )
n
xxN ij ,  

 (c) ( )ji xxN
n
,

 (d) ( )ij xxN
n

,
 

PART B — (5 × 5 = 25 marks) 

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

11. (A) Áøμ¯Ö : 

  (i) α-öÁmk 

  (ii) Á¾ÁõÚ α-öÁmk 

  (iii) £» ©v¨¦PÒ Pn® A&ß E¯μ® 

  (iv) C¯À £» ©v¨¦PÒ Pn® 

  (v) SøÓ°¯À £» ©v¨¦PÒ Pn®. 
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  Define : 

  (i) α-cut 

  (ii) Strong α-cut 

  (iii) Height of a fuzzy set A 

  (iv) Normal fuzzy set 

  (v) Subnormal fuzzy set.  

Or 

 (B) &À EÒÍ J¸ £» ©v¨¦PÒ Pn® SÂÄ 

Pn® ⇔ ( )( ) ( ) ( )[ ]2121 ,min1 xAxAxxA ≥−+ λλ  

∈21, xx  , [ ]1,0∈λ  ©ØÖ® min Gß£x 
]Ö©a ö\¯¼ø¯U SÔUS® GÚ {¹¤. 

  Prove that : A fuzzy set A on  is convex ⇔ 
( )( ) ( ) ( )[ ]2121 ,min1 xAxAxxA ≥−+ λλ  for all 

∈21, xx   and all [ ]1,0∈λ  where min 

denotes the minimum operator. 

12. (A) ∈BA, (X) ©ØÖ® [ ]1,0∈α  GÛÀ 

( ) ( ) AA +−= αα 1  GÚ {¹¤. 

  Let ∈BA, (X). Then for all [ ]1,0∈α , prove 

that ( ) ( ) AA +−= αα 1 . 

Or 
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 (B) YXf →:  Gß£x H÷uÝ® J¸ C¸  

©v¨¦a \õº¦. ∈A (X) GÛÀ }m]U 

÷Põm£õmøh¨ £¯ß£kzv £»©v¨£õUP¨£mh 

f,  ( ) ( )
[ ]


1,0∈
+=

α
α AfAf  GßÓ \©ß£õmøh 

{øÓÄ ö\´²® GÚ {¹¤. 

  Let YXf →:  be an arbitrary crisp function. 

Then prove that for any ∈A (X), f fuzzfied 

by the extension principle satisfies the 

equation ( ) ( )
[ ]


1,0∈
+=

α
α AfAf . 

13. (A) cui ,,  Gß£x Â»UP¨£mh |kzuμ 

Âvø¯²®, •μs£õmk Âvø¯²® {øÓÄ 

ö\´²® J¸ C¸© •®ø© GÛÀ cui ,,  

£[Rmk ÂvPøÍ {øÓÄ ö\´¯õx GÚ 
{¹¤. 

  Let cui ,,  be a dual triple that satisfies the 

law of excluded middle and law of 

contradiction. Then, prove that cui ,, does 

not satisfy the distributive laws. 

Or 
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 (B) ÁÇø©¯õÚ £» ©v¨¦ Pn[PÎß öÁm÷h 
ußÚkUS t-A»S GÚ {¹¤. 

  Prove that, the standard fuzzy intersection is 
the only idempotent t-norm. 

14. (A) ö©õÈ°¯À ©õÔPÒ — ÂÁ›. 

  Explain Linguistic Variables. 

Or 

 (B) MIN ©ØÖ® MAX BQ¯øÁ &À EÒÍ 
D¸Ö¨¦a ö\¯¼PÒ. 

  ( )( )
( )

( ) ( )[ ]yBxASupZBA
yxZ

,min,MIN
,min=

= , 

  ( )( )
( )

( ) ( )[ ]yBxASupZBA
yxZ

,min,MAX
,max=

= , 

∈Z  GÚ Áøμ¯ÖUP¨£mhõÀ, 
( )[ ] ( )[ ]CBACBA ,MIN,MIN,,MINMIN =  

∈CBA ,,   GÚ {¹¤. 

  Let MIN and MAX be binary operations on 
 defined by 

  ( )( )
( )

( ) ( )[ ]yBxASupZBA
yxZ

,min,MIN
,min=

= , 

  ( )( )
( )

( ) ( )[ ]yBxASupZBA
yxZ

,min,MAX
,max=

=  for 

all ∈Z  . Then for any ∈CBA ,,   prove 
that, 

( )[ ] ( )[ ]CBACBA ,MIN,MIN,,MINMIN = . 
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15. (A) 
=

n

j
jjxC

1

max  

  s.t 
=

≤
n

j
ijij BxA

1

 ( )mNi∈ ? 

  0≥jx  ( )nNj∈ , 

  iB , ijA  BQ¯øÁ £» ©v¨¦ GsPÒ GßÓ £» 

©v¨¦PÒ J¸£i vmhU PnUøPz wºUS® 

•øÓø¯ ÂÁ›. 

  Explain the method of solving the fuzzy 

linear programming problem defined by, 


=

n

j
jjxC

1

max  

  s.t 
=

≤
n

j
ijij BxA

1

 ( )mNi∈  

  0≥jx  ( )nNj∈  

  where iB  and ijA  are fuzzy numbers. 

Or 
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 (B) ¤ßÁ¸® £» ©v¨¦PÒ J¸£i vmhU 
PnUøPz wºUP. 

  max  21 56 xxZ +=  

  Pmk¨£õkPÒ 

    9,6,252,4,62,3,5 21 ≤+ xx  

   14,7,131,5.1,22,3,5 21 ≤+ xx  

  0, 21 >xx .  

  Solve the following fuzzy linear 
programming problem. 

  max  21 56 xxZ +=  

  S.t  9,6,252,4,62,3,5 21 ≤+ xx  

   14,7,131,5.1,22,3,5 21 ≤+ xx  

  0, 21 >xx .  

PART C — (5 × 8 = 40 marks)  

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

16. (A) CøhöÁÎ ©v¨¦ £» ©v¨¦PÒ Pn[PøÍ 
GkzxUPõmkhß ÂÁ›. ÷©¾® CøhöÁÎ 
©v¨¦ £» ©v¨¦PÒ Pn[PÎß 
|ßø©PøÍ²® wø©PøÍ²® GÊxP. 
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  Explain Interval Valued Fuzzy Sets. Also 

write down the advantages and 

disadvantages of Interval Valued Fuzzy Sets.  

Or 

 (B) C¸ ©v¨¦ Pn ö\¯À•øÓPÎß Ai¨£øh¨ 

£s¦PÒ AøÚzøu²® GÊxP.  

  Write down all the fundamental properties of 

crisp set operations. 

17. (A) Cμshõ® ]øuÄÖÁuÀ ÷uØÓzøuU TÔ 

{¹¤. 

  State and prove Second Decomposition 

Theorem. 

Or 

 (B) YXf →:  Gß£x H÷uÝ® J¸ C¸ ©v¨¦a 

\õº¦. ∈A (X), [ ]1,0∈α  GÛÀ }m]U 

÷Põm£õmøh¨ £¯ß£kzv 

£»©v¨£õUP¨£mh f&ß £s¦PÒ 

¤ßÁ¸ÁÚÁØøÓ {øÓÄ ö\´²® GÚ {¹¤. 

  (i) ( )[ ] ( )AfAf ++ = αα  

  (ii) ( )[ ] ( )AfAf αα ⊇ . 
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  Let YXf →:  be an arbitrary crisp function. 

Then for any ∈A (X) and all [ ]1,0∈α , 
prove that the following properties of f 
fuzzified by the extension principle hold : 

  (i) ( )[ ] ( )AfAf ++ = αα  

  (ii) ( )[ ] ( )AfAf αα ⊇ . 

18. (A) £» ©v¨¦PÒ {μ¨¤°ß •u»õ® 
ÁøP¨£kzuÀ ÷uØÓzøuU TÔ {¹¤. 

  State and prove first characterization 
theorem of fuzzy complements. 

Or 

 (B) GÀ»õ [ ]1,0, ∈ba US®,  

  ( ) ( ) ( )baubauba w ,,,max max≤≤  GÚ {¹¤. 

  For all [ ]1,0, ∈ba , prove that 

( ) ( ) ( )baubauba w ,,,max max≤≤ . 

19. (A) ¤ßÁ¸ÁÚÁØøÓU PnUQkP. 

  (i) [ ] [ ]3,15,2 +  

  (ii) [ ] [ ]3,15,2 −  

  (iii) [ ] [ ]5.0,21,1 −−⋅  

  (iv) [ ] [ ]5.0,21,1 −− . 
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  Calculate the following : 

  (i) [ ] [ ]3,15,2 +  

  (ii) [ ] [ ]3,15,2 −  

  (iii) [ ] [ ]5.0,21,1 −−⋅  

  (iv) [ ] [ ]5.0,21,1 −− . 

Or 

 (B) { }/,,, ⋅−+∈∗  ©ØÖ® A, B Gß£øÁ 

öuõhºa]¯õÚ £» ©v¨¦PÒ GsPÒ GÛÀ 

( )( ) ( ) ( )[ ]yBxASupZBA
yxZ

,min
∗=

=∗ , ∈Z , GÚ 

Áøμ¯ÖUP¨£k® £» ©v¨¦PÒ Pn® BA ∗  

J¸ öuõhºa]¯õÚ £» ©v¨¦PÒ Gs GÚ 

{¹¤. 

  Let { }/,,, ⋅−+∈∗  and BA,  be continuous 

fuzzy numbers defined by 

( )( ) ( ) ( )[ ]yBxASupZBA
yxZ

,min
∗=

=∗  for all ∈Z , 

show that fuzzy set BA ∗  is a continuous 

fuzzy set. 
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20. (A) £» |£º •iöÁkzuÀ — ÂÁ›. 

  Explain Multiperson Decision Making. 

Or 

 (B) ¤ßÁ¸® £» ©v¨¦PÒ J¸£iz vmhU 
PnUøPz wºUP. 

  «¨ö£›uõUS 

  21 3.4. xxZ +=  

  Pmk¨£õkPÒ 

  121 Bxx ≤+  

  2212 Bxx ≤+  

  0, 21 ≥xx  

  
( )










<

≤<−
≤

=

x

xx
x

xB

500when0

500400when
100

500
400when1

)(1  

  ©ØÖ® 

  
( )










<

≤<−
≤

=

x

xx
x

xB

600when0

600500when
100

600
500when1

)(2  
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  Solve the following fuzzy linear 
programming problem. 

  Max 21 3.4. xxZ +=  

  S.t  121 Bxx ≤+  

   2212 Bxx ≤+  

   0, 21 ≥xx  

  Where 1B  is defined by 

  
( )










<

≤<−
≤

=

x

xx
x

xB

500when0

500400when
100

500
400when1

)(1  

  and 2B  is defined by 

  
( )










<

≤<−
≤

=

x

xx
x

xB

600when0

600500when
100

600
500when1

)(2  

——————— 
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2. ( )BAS ,  = ___________. 

 (a) 
A
BA∪

  (b) 
A
BA∩

 

 (c) 
B
BA∪

  (d) 
B
BA∩
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3. Let ∈BA, (X) and [ ]1,0, ∈βα . Then  βα ≤   

 (a) AA βα ⊇   (b) AA
+⊇ βα  

 (c) AA βα ⊆+  (d) AA βα ⊇  

4. Let YXf →:  be an arbitrary crisp function and 

∈A  (X), then 

 (a) ( )( )AffA −⊂  (b) ( )( )AffA 1−⊃  

 (c) ( )( )AffA 1−⊆  (d) ( )( )AffA 1−⊇  

5. For 





=

nnn
W 1

,...,
1

,
1

, Wh  is the 

 (a) arithmetic mean (b) geometric mean 

 (c) harmonic mean (d) generalized mean 

6. ( ) ( )babau += ,1min,  is known as 

 (a) Standard Union (b) Algebraic Sum 

 (c) Bounded Sum (d) Drastic Union 

7. The property ( ) CABACBA ⋅+⋅⊆+⋅  is known as 

 (a) associativity (b) distributivity 

 (c) subassociativity (d) subdistributivity 
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8. To qualify as a fuzzy number a fuzzy set A on  
must be 

 (a) convex  (b) not convex 
 (c) subnormal (d) normal 

9. In a Linear Programming Problem, the matrix 
[ ]ijaA = , mNi∈ , nNj∈  is 

 (a) goal matrix (b) constraint matrix 
 (c) cost matrix (d) decision matrix 

10. In multiperson decision making ( )ji xxS ,  = 

___________. 

 (a) 
( )
n
xxN ji ,  (b) 

( )
n
xxN ij ,  

 (c) ( )ji xxN
n
,

 (d) ( )ij xxN
n

,
 

PART B — (5 × 5 = 25 marks) 

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

11. (a) Define : 

  (i) α-cut 

  (ii) Strong α-cut 

  (iii) Height of a fuzzy set A 

  (iv) Normal fuzzy set 

  (v) Subnormal fuzzy set.  

Or 
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 (b) Prove that : A fuzzy set A on  is convex ⇔ 

( )( ) ( ) ( )[ ]2121 ,min1 xAxAxxA ≥−+ λλ  for all 

∈21, xx   and all [ ]1,0∈λ  where min 

denotes the minimum operator. 

12. (a) Let ∈BA, (X). Then for all [ ]1,0∈α , prove 

that ( ) ( ) AA +−= αα 1 . 

Or 

 (b) Let YXf →:  be an arbitrary crisp function. 

Then prove that for any ∈A (X), f fuzzfied 

by the extension principle satisfies the 

equation ( ) ( )
[ ]


1,0∈
+=

α
α AfAf . 

13. (a) Let cui ,,  be a dual triple that satisfies the 

law of excluded middle and law of 

contradiction. Then, prove that cui ,, does 

not satisfy the distributive laws. 

Or 

 (b) Prove that, the standard fuzzy intersection is 

the only idempotent t-norm.  

[P.T.O.]
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14. (a) Explain Linguistic Variables. 
Or 

 (b) Let MIN and MAX be binary operations on 
 defined by 

  ( )( )
( )

( ) ( )[ ]yBxASupZBA
yxZ

,min,MIN
,min=

= , 

  ( )( )
( )

( ) ( )[ ]yBxASupZBA
yxZ

,min,MAX
,max=

=  for 

all ∈Z  . Then for any ∈CBA ,,   prove 
that, 

( )[ ] ( )[ ]CBACBA ,MIN,MIN,,MINMIN = . 

15. (a) Explain the method of solving the fuzzy 
linear programming problem defined by, 


=

n

j
jjxC

1

max  

  s.t 
=

≤
n

j
ijij BxA

1

 ( )mNi∈ ? 

  0≥jx  ( )nNj∈  

  where iB  and ijA  are fuzzy numbers. 

Or 

 (b) Solve the following fuzzy linear 
programming problem. 

  max  21 56 xxZ +=  

  S.t  9,6,252,4,62,3,5 21 ≤+ xx  

   14,7,131,5.1,22,3,5 21 ≤+ xx  

  0, 21 >xx   
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PART C — (5 × 8 = 40 marks)  

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

16. (a) Explain Interval Valued Fuzzy Sets. Also 

write down the advantages and 

disadvantages of Interval Valued Fuzzy Sets.  

Or 

 (b) Write down all the fundamental properties of 

crisp set operations. 

17. (a) State and prove Second Decomposition 

Theorem. 

Or 

 (b) Let YXf →:  be an arbitrary crisp function. 

Then for any ∈A (X) and all [ ]1,0∈α , 

prove that the following properties of f 
fuzzified by the extension principle hold : 

  (i) ( )[ ] ( )AfAf ++ = αα  

  (ii) ( )[ ] ( )AfAf αα ⊇ . 
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18. (a) State and prove first characterization 

theorem of fuzzy complements. 

Or 

 (b) For all [ ]1,0, ∈ba , prove that 

( ) ( ) ( )baubauba w ,,,max max≤≤ . 

19. (a) Calculate the following : 

  (i) [ ] [ ]3,15,2 +  

  (ii) [ ] [ ]3,15,2 −  

  (iii) [ ] [ ]5.0,21,1 −−⋅  

  (iv) [ ] [ ]5.0,21,1 −− . 

Or 

 (b) Let { }/,,, ⋅−+∈∗  and BA,  be continuous 

fuzzy numbers defined by 

( )( ) ( ) ( )[ ]yBxASupZBA
yxZ

,min
∗=

=∗  for all ∈Z , 

show that fuzzy set BA ∗  is a continuous 

fuzzy set. 
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20. (a) Explain Multiperson Decision Making. 

Or 

 (b) Solve the following fuzzy linear 
programming problem. 

  Max 21 3.4. xxZ +=  

  S.t  121 Bxx ≤+  

   2212 Bxx ≤+  

   0, 21 ≥xx  

  Where 1B  is defined by 

  
( )










<

≤<−
≤

=

x

xx
x

xB

500when0

500400when
100

500
400when1

)(1  

  and 2B  is defined by 

  
( )










<

≤<−
≤

=

x

xx
x

xB

600when0

600500when
100

600
500when1

)(2  

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

Answer ALL questions. 

Choose the correct answer. 

1. ÂøÍ¯õmiÀ ö\¾zxuÀ Ao°ß AÍÁõÚx 

G¢u ÷Põm£õmiß £i SøÓUP¨£kQÓx? 

 (A) £v¨¤À ÂøÍ¯õmk     

 (B) _ÇØ] SøÓ¨¦ 

 (C) BvUP    

 (D) Ch©õØÓ ÂøÍ¯õk£Áº 
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 The size of the payoff matrix of a game can be 

reduced by using the principal of ___________. 

 (a) game inversion (b) rotation reduction 

 (c) dominance (d) game transpose 

2. ÂøÍ¯õk£Á›ß C»õ£[PÎß TmkzöuõøP¯õÚx 

CßöÚõ¸Á›ß |èh[PÎß TmkzöuõøPUS 

\©©õS® `Ì{ø» CÆÁõÖ AÔ¯¨£kQÓx 

 (A) £UPa \õº£õÚ ÂøÍ¯õmk    

 (B) §äâ¯ öuõøP ÂøÍ¯õmk 

 (C) {¯õ¯©õÚ ÂøÍ¯õmk    

 (D) ÷©ØPsh AøÚzx® 

 When the sum of gains of one player is equal to 

the sum of losses to another player in a game, this 

situation is known as 

 (a) biased game  

 (b) zero-sum game 

 (c) fair game  

 (d) all of the above 
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3. J÷μ Ÿv¯õÚ \mh ö\»Ä E¸¨£iPÒ SÊ ©õØÖU 

öPõÒøPUS ö£õ¸zu©õÚx Â¸®£¨£kÁx 

GÚuõÀ 

 (A) J¸ Põ» PmhzvÀ ÷uõÀÂ¯øhÁx     

 (B) vjöμßÖ ÷uõÀÂ¯øhÁx 

 (C) •ÊÁx©õP ©ØÖ® ÷uõÀÂ¯øhÁx   

 (D) ÷©ØPsh GxÄªÀø» 

 The group replacement policy is suitable for 

identical law cost items which are likely to 

 (a) fail over a period of time    

 (b) fail suddenly 

 (c) fail completely and suddenly    

 (d) none of these 

4. ÷Áø» {PÌÂß A»SPÒ ÃÌÁx ©õØÖU 

öPõÒøP°ß ¤μa\øÚ¯õP Enμ¨£kÁx 

 (A) EhÚi¯õP  

 (B) £i¨£i¯õP 

 (C) (A) ©ØÖ® (B)  

 (D) ÷©ØPsh GxÄªÀø» 
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 There problem of replacement is felt when job 
performing units fall. 

 (a) suddenly (b) gradually 

 (c) (a) and (b) both (d) none of these 

5. J¸ Á›ø\°À \μõ\› ÁõiUøP¯õÍºPÎß 
GsoUøP¯õÚx 

 (A) 
p

p
−1

    

 (B) 
p

p
−1

2

 

 (C) 2

1
p

p−
    

 (D) ÷©ØPsh GxÄªÀø» 

 Average number of customers in the queue 

 (a) 
p

p
−1

   (b) 
p

p
−1

2

 

 (c) 2

1
p

p−
   (d) none of these 

6. ( ) ( )FIFONMM /:1// , 1=l  GÛÀ 0P  = 
___________. 

 (A) N + 1   (B) N 

 (C) 
1

1
+N

  (D) 
N
1
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 For the model ( ) ( )FIFONMM /:1// , 1=l  if 0P = 

___________. 

 (a) N + 1   (b) N 

 (c) 
1

1
+N

  (d) 
N
1

 

7. CPM&À ÂøμÄzxÁUP ÷|μzvØS® ©ØÖ® 

uõ©vzu •iÄ ÷|μzvØS® Cøh÷¯ EÒÍ 

÷ÁÖ£õmøh ___________ GßQ÷Óõ®. 

 (A) öuõ´Ä ÷|μ® (B) •iÄ ÷|μ® 

 (C) Bμ®£ ÷|μ® (D) HxªÀø» 

 In CPM, the difference between the latest finish 

time and earliest start time is defined as 

___________. 

 (a) slack time (b) finish time 

 (c) start time (d) none 

8. J¸ Áø»¨¤ßÚÀ \›¯õÚ ÁøP°À Aø©ÁuØS 

÷uøÁ¯õÚ {PÌa] 

 (A) SÖP»õÚx (B) ÷£õ¼¯õÚx 

 (C) Ámh©õÚx (D) ö\ÆÁP©õÚx 
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 The activity to maintain the proper logic in the 
network 

 (a) narrow  (b) dummy 

 (c) circle   (d) rectangle 

9. Ai¨£øh EOQ PnUQÀ «a]Ö Bsk C¸¨¦a 
ö\»Ä = 

 (A) 12 CDCS  (B) SCDC /2 1  

 (C) 1/2 CDCS  (D) CøÁ HxÄªÀø» 

 For the fundamental EOQ problem, the minimum 
total annual inventory cost is 

 (a) 12 CDCS  (b) SCDC /2 1  

 (c) 1/2 CDCS  (d) None of these 

10. £ØÓõUSøÓ²hß EÒÍ EOQ PnUQÀ ©Ö÷uøÁ 
AÍÄ 

 (A) oo QQ −1   (B) oo QQ −  

 (C) oo QQ 10 −   (D) 
2

1
oo QQ −

 

 In EOQ problem with shortages reorder level is 

 (a) oo QQ −1   (b) oo QQ −  

 (c) oo QQ 10 −   (d) 
2

1
oo QQ −
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PART B — (5 × 5 = 25 marks) 

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

11. (A) Bmh C¯¼ Ch®ö£Ö® RÌUPsh ö\õØPøÍ 
ÂÍUSP. A¢u BmhvÓ®, ÷\n¨¦ÒÎ, 
ÂøÍ¯õmiß ©v¨¦, 2 BÒ 0 & TmhÀ 
Bmh®.  

  Explain the following terms in game theory : 
pure strategy, saddle point, value of the 
game and 2-person 0-sum game.  

Or 

 (B) nn ×  ÂøÍ¯õmiß Gs Pou \©a^º 
•øÓ°øÚ ÂÍUSP. 

  Explain the arithmetic method for nn ×  
games. 

12. (A) Põ»¨÷£õUQÀ AÈ²® ÁøPPÎß ©õØÖU 
öPõÒøPø¯ ÂÁ›zx AuØPõÚ ö©õzuÂø» 

( )nT , \μõ\› Âø» ( )nA  BQ¯ÁØÔß 

Áõ´¨£õkPøÍz u¸P. 

  Describe the replacement policy of items 
with deteriorate time and give the formulae 
for the total cost ( )nT  and average cost 

( )nA . 

Or 
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 (B) J¸ C¯¢vμzvß E›ø©¯õÍº C¯¢vμzøu 

£ØÔ RÌUPsh ÂÁμ[PøÍU TÖQÓõº. 

C¯¢vμzvß Áõ[Q¯ Âø» ¹£õ´ 8,000. 

Bsk 1 2 3 4 5 6 7 8 

£μõ©›¨¦a 

ö\»Ä ¹. 
1,000 1,300 1,700 2,000 2,900 3,800 4,800 6,000

©Ö ÂØ£øÚ 

Âø» ¸. 
4,000 2,000 1,200 600 500 400 400 400

  G¢u BsiÀ C¯¢vμzøu ¦x¨¤UP 

÷Ásk®? 

  The maintenance cost and resale value per 
year of a machine whose purchase price is 
Rs. 8,000 is given above when should the 
machine be replaced? 

Year 1 2 3 4 5 6 7 8 

Maintenance cost 

in Rs. 

1,000 1,300 1,700 2,000 2,900 3,800 4,800 6,000

Resale value in Rs. 4,000 2,000 1,200 600 500 400 400 400 

13. (A) JÊ[S Á›ø\US›¯ Ai¨£øhU Sn[PøÍ 

ÂÁ›. 

  Discuss the basic characteristics of queueing.  

Or 
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 (B) J¸ öuõø»UPõm] ö£miø¯ £Êx£õº¨£Áº 

J¸ ö£miø¯ £Êx£õºUP \μõ\›¯õP  

30 {ªh[PÒ GkzxU öPõÒQÓõº. £õ´\õß 

£μÁø» Ai¨£øh¯õPU öPõsk 8 ©o ÷|μ 

J¸ |õøÍUS 10 ö£miPÒ Á¸QßÓÚ. J¸ 

|õøÍUS £Êx £õº¨£Áº GzuøÚ ©o 

÷|μ® ÷Áø» CÀ»õ©À C¸¨£õº? J¸ 

ö£miø¯ £Êx£õºUP öPõsk Á¸® ÷£õx 

\μõ\›¯õP GzuøÚ ö£miPÒ A[S 

Põzv¸UQßÓÚ. Gß£øu²® PõsP. 

  A TV repairman finds that the time spend on 
the TV sets has an exponential distribution 
with mean 30 minutes of the TV sets are 
repaired in the order in which they come in 
and the arrival is approximately Poisson 
with an average rate of 10 for 8 hour days, 
what is the repairman’s idle time each day? 
How many jobs are a head of the average set 
just brought in? 

14. (A) J¸ ÷Áø» RÌUPshÁõÖ {PÌa]PøÍU 

öPõskÒÍx. 

{PÌa] 1-2 1-3 2-3 2-4 3-4 4-5 

Põ»® (|õmPÒ) 20 25 10 12 6 10 

  C¢{PÌa]PÐUS Áø»¤ßÚÀ wº©õÛzx, 

wº©õÛUS® £õøu PõsP.   
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  A project has the following characteristics. 

Activity 1-2 1-3 2-3 2-4 3-4 4-5

Duration (days) 20 25 10 12 6 10 

  Draw the network for the project and find 

the critical path. 

Or 

 (B) PERT £ØÔ SÔ¨¦ ÁøμP. 

  Write briefly on PERT. 

15. (A) J¸ öuõø»÷£] \õÁi°À Á¸øP £õ´\õß 

•øÓ°À \μõ\› CøhÁ¸øP ÷|μ® 5 {ªh® 

GßÓÁõÖ EÒÍx. J¸ öuõø»÷£] 

AøÇ¨¤ß \μõ\› ÷|μ® 2 {ªh[PÐhß 

AkUSU SÔ¨£μÁ¼À Aø©¢x C¸UQÓx 

GßÓõÀ 

(i) ¦vuõP Á¸£Áº öuõø»÷£]UPõP 

Põzv¸UP ÷Ási¯ {PÌuPÄ ¯õx? 

(ii) \μõ\›¯õP A¢u \õÁi°À EÒÍÁºPÒ 

GzuøÚ ÷£º? 

(iii) J¸ Á¸øP 10 {ªh[PÐUS ÷©À 

Põzv¸UP ÷Ási¯uß {PÌuPÄ GßÚ? 
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  Arrivals at a telephone booth are considered 

to be Poisson with an average time of  

5 minutes between one arrival and the next. 

The duration of the phone call is assumed to 

be distributed exponentially with mean  

2 minutes. 

  (i) What is the probability that a person 

arriving at a booth will have to wait? 

  (ii) Find the average number of persons in 

the system. 

  (iii) What is the probability that the waiting 

time is more than 10 minutes? 

Or 

 (B) J¸ £Àö£õ¸Ò A[Põi°À Cμsk ö£sPÒ 

÷Áø» ö\´QÓõºPÒ. JÆöÁõ¸ 

ÁõiUøP¯õÍ¸US® ÷\øÁ ÷|μ® £iSÔ 

£μÁÀ ©ØÖ® \μõ\› 4 {ªh® 1 ©oUS 10 

©ÛuºPÒ GßÓ ÃuzvÀ ÁõiUøP¯õÍºPÒ 

£õ´\õß •øÓ°À Á¸QÓõºPÒ GÛÀ.  
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(i) ÷\øÁUPõP Põzv¸US® ÷|μzvß 

{PÌuPÄ ¯õx? 

(ii) JÆöÁõ¸ ö£sq® Gvº£õºUS® K´Ä 

÷|μzvß ÂÊUPõk ¯õx? 

(iii) ÁõiUøP¯õÍº Põzv¸US® {ø»°À 

Põzv¸US® ÷|μzvß Gvº£õº¨¦ }Í® 

¯õx? 

  A super market has two girls running up 

sales at the centers. If the service time for 

each customers is exponential with  

4 minutes, and if people arrive in a Poisson 

fashion at the rate of 10 an hour 

  (i) What is the probability of having to 

wait for service? 

  (ii) What is the expected percentage of idle 

time for each girl? 

  (iii) If a customer has to wait, what is the 

expected length of his waiting time? 
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PART C — (5 × 8 = 40 marks)  

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

16. (A) ¤ßÁ¸® 6 × 2 ÂøÍ¯õmkU PnUøP 

Áøμ£h® ‰»® wºUP. 

    21 BB    

  A 



























−

−

−

05
22
14
61
53
31

6

5

4

3

2

1

A
A
A
A
A
A

 

  Solve graphically the above 6 × 2 game. 

    21 BB  

   A 



























−

−

−

05
22
14
61
53
31

6

5

4

3

2

1

A
A
A
A
A
A

  

Or 
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 (B) ÷\n¨¦ÒÎ CÀ»õu, 2 |£º 0–TmhÀ 

ÂøÍ¯õmiß EP¢u P»¨¦ BmhzvÓzøu²® 

ÂøÍ¯õmiß ©v¨ø£²® {ºn°US® 

÷uØÓzøu TÔ {¹¤UP. 

  State and prove the theorem for determining 
the optimum mixed strategies and value of 
the game of a 2-person zero sum game 
without saddle point. 

17. (A) Tmh ©õØÖU öPõÒøPø¯ £ØÔ ]Ö SÔ¨¦ 

ÁøμP. 

  Write a short note on group replacement 
policy. 

Or 

 (B) J¸ Aø©¨¤À 1,000 £À¦PÒ EÒÍÚ. AuØS 

BS® ö\»Ä R÷Ç öPõkUP¨£mkÒÍÚ. 

Áõμ® 0 1 2 3 4 
Áõμ CÖv°À ö\¯À£k® 

£À¦PÎß GsoUøP 
1000 850 500 200 100

  SÊ ©õØÖU öPõÒøP°À 1,000 £À¤ØPõÚ 

ö\»Ä ¹. 100 ©ØÖ® uÛzuÛ ©õØÖU 

öPõÒøPUPõÚ ö\»Ä J¸ £À¤ÓS ¹. 0.50. 

Gx ö£õ¸zu©õÚ ©õØÖU öPõÒøP Gß£uøÚ 

Psk¤i. 
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  There are 1,000 bulbs in the system. 

Survival rate is given below : 

Week 0 1 2 3 4 

Bulbs in operation  

at the end of the week 

1000 850 500 200 100

  The group replacement of 1,000 bulbs costs 

Rs. 100 and individual replacement is  

Rs.0.50 per bulb. Suggest suitable 

replacement policy.  

18. (A) JÊ[S Á›ø\ ©õv›ø¯ Áøμ¯øÓ ö\´ 

©ØÖ® Auß Ai¨£øh Sn[PøÍ ÂÍUS. 

÷©¾® JÊ[S Á›ø\ ©õv›°ß ]» •UQ¯ 

£¯ß£õkPøÍ TÖ. 

  Define queueing system and explain its basic 

characteristics. Also give some important 

applications of queueing theory. 

Or 
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 (B) (i) ( ) ( )FCFSNMM /:1//  GßÓ Á›ø\ø¯ 

ÂÁ›. 

  (ii) J¸ |õÎÀ 2 ©o ÷|μzvÀ (8-10 a.m.) 
JÆöÁõ¸ 20 {ªhzvØS® J¸ 

¦øPÁsi ö\ÀQÓx. BÚõÀ £μõ©›¨¦ 

36 {ªhzvØS® SøÓÁõP 

|øhö£ÖQÓx GÛÀ Auß ÷|μzøu 

PnUQkP. 

   (1) Põ¼¯õP C¸¨£uØPõÚ {PÌuPÄ. 

   (2) ¦øPÁsi°ß Á¸øP AÍÄ  

4 ©mk® GÛÀ Auß \μõ\› 

Á›ø\ }Í®. 

  (i) Explain ( ) ( )FCFSNMM /:1//  

  (ii) If for a period of 2 hours is a day  
(8-10 a.m.) trains arrive at the yard 
every 20 minutes but the service time 
continuous to remain 36 minutes, then 
calculate for this period. 

   (1) The probability that the yard is 
empty. 

   (2) Average queue length, on 
assumption that the line capacity 
of the yard is limited to 4 trains 
only. 
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19. (A) J¸ Tmk Áøμ£hzøu ÁøμÁuØPõÚ 

ÂvPøÍ²® ÷£õ¼ ö\¯À vÓßPøÍ²® 

öÁÎ÷¯ØÖ® £õ[QøÚ²® ÂÁ›. 

  Describe the rules for drawing a network 

diagram, pointing out the role of dummy 

activities. 

Or 

 (B) RÌUPsh uPÁÀPøÍU öPõsk vmh 

Áø»¨¤ßÚÀ ©ØÖ® wº©õÚ¨ £õøu°ß 

}Í®, ©õÖ£õk, Â»US ÁºUPa \μõ\› 

BQ¯ÁØøÓ PnUQkP. 

Job tm to tp 

1-2 2 1 3 

2-3 2 1 3 

2-4 3 1 5 

3-5 4 3 5 

4-5 3 2 4 

4-6 5 3 7 

5-7 5 4 6 

6-7 7 6 8 
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Job tm to tp 

7-8 4 2 6 

7-9 6 4 8 

8-10 2 1 3 

9-10 5 3 7 

  Draw the network and calculate the length, 
variance and square deviation of variance of 
the critical path for the following data. 

Job tm to tp 

1-2 2 1 3 

2-3 2 1 3 

2-4 3 1 5 

3-5 4 3 5 

4-5 3 2 4 

4-6 5 3 7 

5-7 5 4 6 

6-7 7 6 8 

7-8 4 2 6 

7-9 6 4 8 

8-10 2 1 3 

9-10 5 3 7 
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20. (A) RÌÁ¸® ÷\P›¨¦ ©õv›ø¯ ÂÍUSP. ^μõÚ 

÷uøÁ°ß AÍÄ, •iÂ¼ EØ£zv, £ØÓõUSøÓ 

CÀ»õu {ø» GßÓ {£¢uøÚPÐhß EOQ 

PõsP. 

  Discuss the inventory model with uniform 

rate of demand, infinite production and no 

shortages obtain EOQ.  

Or 

 (B) J¸ Á¸hzvØS J¸ SÔ¨¤mh ö£õ¸Îß 

÷uøÁ 18,000 A»SPÒ BS®. J¸ A»SUS 

J¸ BskUS øÁzv¸US® ö\»Ä ¹. 1.20 

JÆöÁõ¸ •øÓ²® Áõ[S® ÷£õx BS® 

ö\»Ä ¹. 400. umk¨£õk Qøh¯õx. 

  (i) AvP£m\ Bºh›ß AÍÄ 

  (ii) J¸ Á¸hzvÀ ö\´²® Bºh›ß 

GsoUøP 

  (iii) BºhºPÐUS Cøh÷¯²ÒÍ Põ»® 

BQ¯ÁØøÓU PõsP. 
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  The demand for a particular item is 18,000 

units per year. The holding cost per unit is 

Rs. 1.20 per year. The cost of procurement is 

Rs. 400. No shortages are allowed determine. 

  (i) Optimum order quantity 

  (ii) Number of orders per year 

  (iii) Time between orders. 

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

Answer ALL questions. 

Choose the correct answer. 

1. The size of the payoff matrix of a game can be 
reduced by using the principal of ___________. 

 (a) game inversion (b) rotation reduction 
 (c) dominance (d) game transpose 

2. When the sum of gains of one player is equal to 
the sum of losses to another player in a game, this 
situation is known as 

 (a) biased game (b) zero-sum game 
 (c) fair game (d) all of the above 
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3. The group replacement policy is suitable for 
identical law cost items which are likely to 

 (a) fail over a period of time    

 (b) fail suddenly 

 (c) fail completely and suddenly    

 (d) none of these 

4. There problem of replacement is felt when job 
performing units fall. 

 (a) suddenly (b) gradually 

 (c) (a) and (b) both (d) none of these 

5. Average number of customers in the queue 

 (a) 
p
p
−1

   (b) 
p

p
−1

2

 

 (c) 2

1
p
p−

   (d) none of these 

6. For the model ( ) ( )FIFONMM /:1// , 1=l  if 0P = 

___________. 

 (a) N + 1   (b) N 

 (c) 
1

1
+N

  (d) 
N
1
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7. In CPM, the difference between the latest finish 

time and earliest start time is defined as 

___________. 

 (a) slack time (b) finish time 

 (c) start time (d) none 

8. The activity to maintain the proper logic in the 

network 

 (a) narrow  (b) dummy 

 (c) circle   (d) rectangle 

9. For the fundamental EOQ problem, the minimum 

total annual inventory cost is 

 (a) 12 CDCS  (b) SCDC /2 1  

 (c) 1/2 CDCS  (d) None of these 

10. In EOQ problem with shortages reorder level is 

 (a) oo QQ −1   (b) oo QQ −  

 (c) oo QQ 10 −   (d) 
2

1
oo QQ −
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PART B — (5 × 5 = 25 marks) 

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

11. (a) Explain the following terms in game theory : 
pure strategy, saddle point, value of the 
game and 2-person 0-sum game.  

Or 

 (b) Explain the arithmetic method for nn×  
games. 

12. (a) Describe the replacement policy of items 
with deteriorate time and give the formulae 
for the total cost ( )nT  and average cost 

( )nA . 

Or 

 (b) The maintenance cost and resale value per 
year of a machine whose purchase price is 
Rs. 8,000 is given above when should the 
machine be replaced? 

Year 1 2 3 4 5 6 7 8 

Maintenance cost 

in Rs. 

1,000 1,300 1,700 2,000 2,900 3,800 4,800 6,000

Resale value in Rs. 4,000 2,000 1,200 600 500 400 400 400 
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13. (a) Discuss the basic characteristics of queueing.  

Or 

 (b) A TV repairman finds that the time spend on 
the TV sets has an exponential distribution 
with mean 30 minutes of the TV sets are 
repaired in the order in which they come in 
and the arrival is approximately Poisson 
with an average rate of 10 for 8 hour days, 
what is the repairman’s idle time each day? 
How many jobs are a head of the average set 
just brought in? 

14. (a) A project has the following characteristics. 

Activity 1-2 1-3 2-3 2-4 3-4 4-5

Duration (days) 20 25 10 12 6 10 

  Draw the network for the project and find 
the critical path. 

Or 

 (b) Write briefly on PERT. 

15. (a) Arrivals at a telephone booth are considered 
to be Poisson with an average time of  
5 minutes between one arrival and the next. 
The duration of the phone call is assumed to 
be distributed exponentially with mean  
2 minutes. 
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  (i) What is the probability that a person 

arriving at a booth will have to wait? 

  (ii) Find the average number of persons in 

the system. 

  (iii) What is the probability that the waiting 

time is more than 10 minutes? 

Or 

 (b) A super market has two girls running up 

sales at the centers. If the service time for 

each customers is exponential with  

4 minutes, and if people arrive in a Poisson 

fashion at the rate of 10 an hour 

  (i) What is the probability of having to 

wait for service? 

  (ii) What is the expected percentage of idle 

time for each girl? 

  (iii) If a customer has to wait, what is the 

expected length of his waiting time?  
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PART C — (5 × 8 = 40 marks)  

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

16. (a) Solve graphically the above 6 × 2 game 

   A 



























−

−

−

05
22
14
61
53
31

6

5

4

3

2

1

A
A
A
A
A
A

  

Or 

 (b) State and prove the theorem for determining 
the optimum mixed strategies and value of 
the game of a 2-person zero sum game 
without saddle point. 

17. (a) Write a short note on group replacement 
policy. 

Or 

 (b) There are 1,000 bulbs in the system. 
Survival rate is given below : 

Week 0 1 2 3 4 

Bulbs in operation  

at the end of the week 

1000 850 500 200 100
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  The group replacement of 1,000 bulbs costs 

Rs. 100 and individual replacement is  

Rs.0.50 per bulb. Suggest suitable 

replacement policy.  

18. (a) Define queueing system and explain its basic 

characteristics. Also give some important 

applications of queueing theory. 

Or 

 (b) (i) Explain ( ) ( )FCFSNMM /:1//  

  (ii) If for a period of 2 hours is a day (8-10 

a.m.) trains arrive at the yard every 20 

minutes but the service time 

continuous to remain 36 minutes, then 

calculate for this period. 

   (1) The probability that the yard is 

empty. 

   (2) Average queue length, on 

assumption that the line capacity 

of the yard is limited to 4 trains 

only. 
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19. (a) Describe the rules for drawing a network 

diagram, pointing out the role of dummy 

activities. 

Or 

 (b) Draw the network and calculate the length, 

variance and square deviation of variance of 

the critical path for the following data. 

Job tm to tp 

1-2 2 1 3 

2-3 2 1 3 

2-4 3 1 5 

3-5 4 3 5 

4-5 3 2 4 

4-6 5 3 7 

5-7 5 4 6 

6-7 7 6 8 

7-8 4 2 6 

7-9 6 4 8 

8-10 2 1 3 

9-10 5 3 7 
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20. (a) Discuss the inventory model with uniform 

rate of demand, infinite production and no 

shortages obtain EOQ.  

Or 

 (b) The demand for a particular item is 18,000 

units per year. The holding cost per unit is 

Rs. 1.20 per year. The cost of procurement is 

Rs. 400. No shortages are allowed determine. 

  (i) Optimum order quantity 

  (ii) Number of orders per year 

  (iii) Time between orders. 

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

Answer ALL questions. 

 Choose the correct answer : 

1. The ___________ of the word is the number of 
digits in the word.  

 (a) length (b) code 

 (c) decode (d) none 

2. The word that belong to a given code with be 
called ___________ code. 

 (a) binary (b) block 

 (c) perfect (d) none  
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3. Any set of vectors containing zero is ___________ 

 (a) Linearly independent 

 (b) Linearly dependent 

 (c) Null space  

 (d) None  

4. A code C is a ___________ code if vu +  is a word in 
C whenever u and v are in C. 

 (a) linear (b) equal 

 (c) dual  (d) none  

5. A matrix H is a parity-check matrix for some 
___________ code C iff the columns of H are 
linearly independent.  

 (a) linear (b) symmetric 

 (c) perfect (d) none  

6. If C is a linear code of length n and dimension k, 
the rank of the generator matrix is ___________ 

 (a) k  (b) n 

 (c) nk +  (d) kn   

7. The Golay code 23C  is a ___________ code. 

 (a) error  (b) imperfect 

 (c) perfect (d) none  
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8. In the rth order Reed-Muller code ( )mrRM , ,  
length =n  ___________ 

 (a) r2   (b) m2  

 (c) 12 −r   (d) None  

9. The extended code *
23C  is indeed of ___________ 

 (a) 23C   (b) 24C  

 (c) *
24C   (d) none  

10. Hamming codes are ___________ single error 
correcting codes. 

 (a) linear (b) perfect 

 (c) dual  (d) none  

PART B — (5 × 5 = 25 marks) 

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

11. (a) Write the basic assumption about the 
channel. 

Or 

 (b) Suppose we have a BSC with 1
2
1 << p . Let 

1v  and 2v  be code words and w a word. Each 
of length b. Suppose that 1v and w  disagree 
in 1d  positions and 2v  and w disagree in 2d  
positions. Then prove that 

( ) ( )wvwv pp ,, 21 ϕϕ ≤  iff 21 dd ≥ . 
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12. (a) Show that C = {0000, 1100, 0011, 1111} is a 
linear code and that its distance is 2=d . 

Or 

 (b) Find the different number of basis for the 
code SC = , where =S {010, 011, 111}. 

13. (a) Find a systematic code C ′  equivalent to the 
given code C. Check that C and C ′  have the 
same length, dimension and distance. 

  (i) C = {00000, 10110, 10101, 00011} 

  (ii) C = {00000, 11100, 00111, 11011}. 

Or 

 (b) List the cosets of the linear code C with the 

generator matrix 















=

111100
110010

011001

G . 

14. (a) For any ( )dkn ,,  linear code, prove that 
knd −≤−1 . 

Or 

 (b) What is a lower an upper bound on the size 
or the dimension of a code with 9=n  and 

5=d ?  

[P.T.O]
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15. (a) Find the remainder and the quotient 
dividing ( ) 119621 xxxxxf ++++=  by 

( ) 521 xxxg ++= . 

Or 

 (b) Let ( )xaa ↔ , ( )xbb ↔  and 

( ) ( )1−=′↔′ xbxxbb n  mod nx+1 . Prove that 

( ) ( )xbxa  mod 01 =+ nx  if and only if 

( ) 0=′⋅bakπ  for 1...,,2,1,0 −= nk . 

PART C — (5 × 8 = 40 marks) 

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

16. (a) (i) Find the length of the information rate 
of a code =2C {000000, 010101, 101010, 
111111}. 

  (ii) Define Information rate, Channel; 
Symmetric. 

Or 

 (b) Explain how to convert a channel with 

2
1

0 ≤≤ p  into a channel with 1
2
1 <≤ p . 

What can be said about a channel with 

2
1=p ? 
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17. (a) Find a basic B for the code SC = , where  

S = {1010, 0101, 1111} and a basic ⊥B  for the 
dual code ⊥C . 

Or 

 (b) Let nb  be the number of different bases for 
nK , verify the entries in the following  table. 

n 1 2 3 4 5 6 

nb  1 3 28 840 83328 27998208

18. (a) Lit the cosets of the linear code C = {0000, 
1011, 1010, 1110} and also find the number 
of different cosets. 

Or 

 (b) Find the parity check matrices from the 
following : 

  (i) C = {0000, 1110, 0111, 1001} 

  (ii) C = {0000, 1001, 0110, 1111} 

  (iii) C = {00000, 11110, 01111, 10001}. 

19. (a) Show that the weight of any word in 24C  is a 
multiple of 4. 

Or 

 (b) Write an algorithm for IMLD for 24C . 
Further decode w = 001001001101, 
101000101000 given that the syndrome  
s = 100000000001. 
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20. (a) Let C be a cyclic code of length n and let 
( )xg  be the generator polynomial. If  

=− kn  degree ( )( )xg , prove that 

  (i) The codewords corresponding to ( )xg , 

( ) ( )xgxxxg k 1,...., −  are a basis for C. 

  (ii) ( ) Cxc ∈  if and only if ( ) ( ) ( )xgxaxc =  
for some polynomial ( )xa  with degree 

( )( ) kxa < . 

Or 

 (b) The generator polynomial ( )xg  for the 
smallest cyclic code of length n containing 
the word v (polynomial )(xv ) is the greatest 

common divisor of  )(xv  and nx+1 . 

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

Answer ALL questions. 

 Choose the correct answer : 

1. Who is the father of C language? 

 (a) Bjarne Stroustrup (b) James A. Gosling 

 (c) Dennis Ritchie (d) E.F. Codd 

2. The format identifier ‘%d’ is used for ___________ 

data type. 

 (a) char  (b) int 

 (c) float  (d) double  
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3. Operator % in C language is called ___________ 

 (a) Percentage (b) Quotient 

 (c) Modulus (d) Division  

4. Which among the following is NOT a logical or 

relational operator?  

 (a)    !=  (b) == 

 (c) ||  (d)  =    

5. An array index start with ___________ 

 (a) 2  (b)  1  

 (c) 0  (d)  3   

6. What is the default return type of getchar( )? 

 (a)  char  (b)  int  

 (c) char*  (d)  none of the above    

7. Array is ___________data type in C programming 

language.  

 (a)  Primitive  (b)  Derived 

 (c) Custom (d) None of the above   
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8. Smallest element of an array is called as 

___________  

 (a) Middle bound (b) Lower bound 

 (c) Upper bound (d) Range  

9. A recursive function can be replaced with 

___________ in C language. 

 (a) for loop (b) while loop 

 (c) do…while loop (d) all of the above 

10. ___________ keyword must be used to achieve 

expected result using Recursion. 

 (a) printf (b) scanf 

 (c) void  (d) return  

PART B — (5  5 = 25 marks) 

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

Each answer should not exceed 250 words. 

11. (a) Define Variable. Write a brief account on 

variables with example. 

Or 

 (b) Describe about symbolic constants. 
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12. (a) Write a brief account on Relational 

operators.  

Or 

 (b) Write C program to calculate the given 

number is prime or not. 

13. (a) Explain in detail about conditional operator 

with example. 

Or 

 (b) Add a note on reading and writing a 

character with example. 

14. (a) Write a short note on two dimensional 

arrays. 

Or 

 (b) Describe in detail about writing strings to 

screen. 

15. (a) Discuss in detail about definition of 

functions. 

Or 

 (b) Write a C program to calculate factorial of a 

given number using Recursion.  

[P.T.O] 
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PART C — (5  8 = 40 marks) 

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

Each answer should not exceed 600 words. 

16. (a) Detail account on data types with example.  

Or 

 (b) Explain in detail about constants with 

example. 

17. (a) Elaborate note on Arithmetic operators with 

example. 

Or 

 (b) Describe about precedence of arithmetic 

expressions. 

18. (a) Write a brief account on if statement and its 

types with example. 

Or 

 (b) Discuss in detail about looping statements 

with example. 

19. (a) Illustrate about initialization of one 

dimensional array with example. 

Or 

 (b) What is String? Describe about String 

handling functions with example. 
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20. (a) Explain in detail about category of functions 

with example. 

Or 

 (b) Discuss about scope, visibility and lifetime of 

variables.  

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

Answer ALL questions. 

Choose the correct answer. 

1. 01  = ___________ ÷μi¯ßì 

 (A) π    (B) 
180

π
 

 (C) 
90
π

   (D) 2π  
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 01  = ___________ radians. 

 (a) π    (b) 
180

π
 

 (c) 
90
π

   (d) 2π  

2. x1sinh−  = ___________. 

 (A) 




 −+ 1log 2xxe  (B) 





 −+± 1log 2xxe  

 (C) 




 ++ 1log 2xxe  (D) 





 ++± 1log 2xxe  

 x1sinh−  = ___________. 

 (a) 




 −+ 1log 2xxe  (b) 





 −+± 1log 2xxe  

 (c) 




 ++ 1log 2xxe  (d) 





 ++± 1log 2xxe  

3. θ  Gß£x ÷μi¯ÛÀ C¸¢uõÀ, θsin  = 

___________. 

 (A) ....
!5!3

53

++− θθθ  (B) ....
32

1
32

−+−+ θθθ  

 (C) ....
32

1
32

++++ θθθ  (D) ....
15
2

3

53

+++ θθθ  
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 When θ  is expressed in radians, θsin  = 
___________. 

 (a) ....
!5!3

53

++− θθθ  (b) ....
32

1
32

−+−+ θθθ  

 (c) ....
32

1
32

++++ θθθ  (d) ....
15
2

3

53

+++ θθθ  

4. xtanh = ___________. 

 (A) xtan   (B) ( )ixtan  

 (C) ( )ixi tan   (D) ( )ixi tan−  

 xtanh = ___________. 

 (a) xtan   (b) ( )ixtan  

 (c) ( )ixi tan   (d) ( )ixi tan−  

5. ( )xeL 2  = ___________. 

 (A) 
2

1
+s

   (B) 
2

1
−s

 

 (C) 
s
1

   (D) 1 

 ( )xeL 2  = ___________. 

 (a) 
2

1
+s

   (b) 
2

1
−s

 

 (c) 
s
1

   (d) 1 
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6. 





−

s
L 11 ß ©v¨¦ 

 (A) 1   (B) 0 

 (C) x   (D) 
x
1

 

 Value of 





−

s
L 11  is 

 (a) 1   (b) 0 

 (c) x   (d) 
x
1

 

7. ( )axL sinh  ß ©v¨¦ 

 (A) 2s
a

   (B) ( )2as
a

+
 

 (C) 22 as
a
−

  (D) 22 as
a
+

 

 Value of ( )axL sinh  is 

 (a) 2s
a

   (b) ( )2as
a

+
 

 (c) 22 as
a
−

  (d) 22 as
a
+
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8. 







+
−

222
1

bsa
sL ß ©v¨¦ 

 (A) bxa cos   (B) bx
a

cos
1

 

 (C) 






a
bxa cos2  (D) 







a
bx

a
cos

1
2  

 Value of 







+
−

222
1

bsa
sL  is 

 (a) bxa cos   (b) bx
a

cos
1

 

 (c) 






a
bxa cos2  (d) 







a
bx

a
cos

1
2  

9. ( )xf  J¸ Cμmøh \õº£õP C¸UP ( )xf −  = 

___________. 

 (A) ( )xf    (B) – ( )xf  

 (C) ( )2xf    (D) – ( )2xf  

 ( )xf  is an even function of ( )xf −  = ___________. 

 (a) ( )xf    (b) – ( )xf  

 (c) ( )2xf    (d) – ( )2xf  
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10. ( )ππ ,−  GßÓ CøhöÁÎ°À §›¯º öPÊ na  = 

___________. 

 (A) ( )
−

π

ππ
nxdxxf cos

1
 (B) ( )

−

π

ππ
nxdxxf cos

2
1

 

 (C) 
−

π

ππ
nxdxcos

1
 (D) 

−

π

ππ
nxdxcos

2
1

 

 In the interval ( )ππ ,− , the Fourier Co-efficient 

na = ___________.  

 (a) ( )
−

π

ππ
nxdxxf cos

1
 (b) ( )

−

π

ππ
nxdxxf cos

2
1

 

 (c) 
−

π

ππ
nxdxcos

1
 (d) 

−

π

ππ
nxdxcos

2
1

 

PART B — (5 × 5 = 25 marks) 

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

11. (A) ...sincoscoscos 22
2 +−= − θθθθ nn nCn  GÚ 

{¹¤. 

  Prove that 

   ...sincoscoscos 22
2 +−= − θθθθ nn nCn  

Or 
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 (B) 102cos154cos66coscos2 65 +++= θθθθ  GÚ 

{¹¤. 

  Prove that 

   102cos154cos66coscos2 65 +++= θθθθ . 

12. (A) xx
x
x

2sinh2cosh
tanh1
tanh1 +=

−
+

 GÚ {¹¤. 

  Prove that xx
x
x

2sinh2cosh
tanh1
tanh1 +=

−
+

. 

Or 

 (B) θseccosh =u  GÛÀ 





 +=

24
tanlog

θπ
eu  GÚ 

{¹¤. 

  If θseccosh =u , prove that 







 +=

24
tanlog

θπ
eu . 

13. (A) ( )ttttL 22 sincos2cos ++  PõsP. 

  Find ( )ttttL 22 sincos2cos ++ . 

Or 

 (B) 















+
+−

bs
asL log1  PõsP. 

  Find 















+
+−

bs
asL log1 . 
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14. (A) »õ¨»õì ©õØÔø¯¨ £¯ß£kzv 

xeyy 23' −=+ , ( ) 40 =y  &I wºUP. 

  Using Laplace transform, solve xeyy 23' −=+ , 

given ( ) 40 =y . 

Or 

 (B) ( )( )






++

−

21
11

sss
L  PõsP. 

  Find ( )( )






++

−

21
11

sss
L . 

15. (A) ( )π,·0  GßÓ CøhöÁÎ°À ( ) kxf =  GßÓ 

\õº¦US sine öuõhøμ PõsP.  

  Find the sine series for the function ( ) kxf = , 

π<< x0 . 

Or 

 (B) ( )π,0  GßÓ CøhöÁÎ°À ( ) xxf −= π  GßÓ 

\õº¦US cosine öuõhøμU PõsP. 

  Find the cosine series for the function 

( ) xxf −= π  in the interval ( )π,0 . 
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PART C — (5 × 8 = 40 marks)  

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

16.  (A)  

   1cos32cos160cos256cos1288cos 2468 +−+−= θθθθθ  

  GÚ {¹¤. 

  Prove that 

    1cos32cos160cos256cos1288cos 2468 +−+−= θθθθθ . 

Or 

 (B) ∈n + GÛÀ 

 ( ) ( )[ ]...4cos2coscos
2
1

cos 211 +−+−+= − θθθθ nnCnnCnn
n

 GÚ {¹¤.
 

  When ∈n +,  

 ( ) ( )[ ]...4cos2coscos
2
1

cos 211 +−+−+= − θθθθ nnCnnCnn
n  

  Prove. 
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17. (A)  





 −++


























=







− 22
2

2
2log

1
1 θππ

θ

θ ni
coec

e
Log i  

GÚ {¹¤. 

  Prove that  

  





 −++


























=







− 22
2

2
2log

1
1 θππ

θ

θ ni
coec

e
Log i . 

Or 

 (B) ∞++++ ...3coscos2coscoscoscos1 32 θθθθθθ  

GßÓ •iÄÓõ öuõh›°ß Tmku öuõøPø¯ 

PõsP. 

  Find the sum to infinity the series 

        ∞++++ ...3coscos2coscoscoscos1 32 θθθθθθ . 

18. (A) (i) ( )( ) ( )( ) ( ) ( )0'0'' 2 fsfxfLsxfL −−=  GÚ 

{ÖÄP. 

(ii)  ( ) 








+
−

2
1

2s
sL ß ©v¨ø£U PõsP. 
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  (i) Prove that  

   ( )( ) ( )( ) ( ) ( )0'0'' 2 fsfxfLsxfL −−= . 

  (ii) Find ( ) 








+
−

2
1

2s
sL . 

Or 

 (B) ( ) ( ) 








−+
+−

22
1

12

21

ss
sL ß ©v¨ø£U PõsP. 

  Find the value of ( ) ( ) 








−+
+−

22
1

12

21

ss
sL . 

19. (A) »õ¨»õêß ©õØÓzøu¨ £¯ß£kzv wºUP : 

  xeyyy −=++ 213'4'' ,  ( ) 00 =y , ( ) 10' −=y . 

  Solve by using Laplace transform : 

  xeyyy −=++ 213'4'' , given ( ) 00 =y , ( ) 10' −=y . 

Or 
 (B) »õ¨»õêß ©õØÓzøu¨ £¯ß£kzv wºUP : 

  ty
dt
dx

sin=+ , tx
dt
dy

cos=+  given ( ) 20 =x , 

( ) 00 =y . 

  Solve by using Laplace transform : 

  ty
dt
dx

sin=+ , tx
dt
dy

cos=+  given ( ) 20 =x , 

( ) 00 =y . 
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20. (A) ππ <<− x  GßÓ CøhöÁÎ°À 

( )
∞

= 









 −+=
1

2

2
2 cos1

4
3 n

n

n
nxx π

 GÚU Põmk. 

Cv¼¸¢x 
12

....
3
1

2
1

1
1 2

222

π=−+−  GÚ Á¸Â. 

  Show that 
( )

∞

= 









 −+=
1

2

2
2 cos1

4
3 n

n

n
nxx π

 in 

ππ <<− x . Deduce that 

12
....

3
1

2
1

1
1 2

222

π=−+− . 

Or 

 (B) ( )ππ ,−  GßÓ CøhöÁÎ°À ( ) xxf =  GßÓ 

\õº¤ß §›¯º Â›øÁU PõsP. 

  Find the Fourier Expansion ( ) xxf =  in the 

interval ( )ππ ,− . 

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

Answer ALL questions. 

Choose the correct answer. 

1. 01  = ___________ radians. 

 (a) π    (b) 
180

π
 

 (c) 
90
π

   (d) 2π  

(7 pages) 
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2. x1sinh−  = ___________. 

 (a) 




 −+ 1log 2xxe  (b) 





 −+± 1log 2xxe  

 (c) 




 ++ 1log 2xxe  (d) 





 ++± 1log 2xxe  

3. When θ  is expressed in radians, θsin  = 

___________. 

 (a) ....
!5!3

53

++− θθθ  (b) ....
32

1
32

−+−+ θθθ  

 (c) ....
32

1
32

++++ θθθ  (d) ....
15
2

3

53

+++ θθθ  

4. xtanh = ___________. 

 (a) xtan   (b) ( )ixtan  

 (c) ( )ixi tan   (d) ( )ixi tan−  

5. ( )xeL 2  = ___________. 

 (a) 
2

1
+s

   (b) 
2

1
−s

 

 (c) 
s
1

   (d) 1 
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6. Value of 





−

s
L 11  is 

 (a) 1   (b) 0 

 (c) x   (d) 
x
1

 

7. Value of ( )axL sinh  is 

 (a) 2s
a

   (b) ( )2as
a

+
 

 (c) 22 as
a
−

  (d) 22 as
a
+

 

8. Value of 







+
−

222
1

bsa
sL  is 

 (a) bxa cos   (b) bx
a

cos
1

 

 (c) 






a
bxa cos2  (d) 







a
bx

a
cos

1
2  

9. ( )xf  is an even function of ( )xf −  = ___________. 

 (a) ( )xf    (b) – ( )xf  

 (c) ( )2xf    (d) – ( )2xf  
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10. In the interval ( )ππ ,− , the Fourier Co-efficient 

na = ___________.  

 (a) ( )
−

π

ππ
nxdxxf cos

1
 (b) ( )

−

π

ππ
nxdxxf cos

2
1

 

 (c) 
−

π

ππ
nxdxcos

1
 (d) 

−

π

ππ
nxdxcos

2
1

 

PART B — (5 × 5 = 25 marks) 

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

11. (a) Prove that 

   ...sincoscoscos 22
2 +−= − θθθθ nn nCn  

Or 

 (b) Prove that 

   102cos154cos66coscos2 65 +++= θθθθ . 

12. (a) Prove that xx
x
x

2sinh2cosh
tanh1
tanh1 +=

−
+

. 

Or 

 (b) If θseccosh =u , prove that 







 +=

24
tanlog

θπ
eu .  

[P.T.O.]
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13. (a) Find ( )ttttL 22 sincos2cos ++ . 

Or 

 (b) Find 















+
+−

bs
asL log1 . 

14. (a) Using Laplace transform, solve xeyy 23' −=+ , 
given ( ) 40 =y . 

Or 

 (b) Find ( )( )






++

−

21
11

sss
L . 

15. (a) Find the sine series for the function ( ) kxf = , 
π<< x0 . 

Or 

 (b) Find the cosine series for the function 
( ) xxf −= π  in the interval ( )π,0 . 

PART C — (5 × 8 = 40 marks)  

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

16. (a) Prove that 

    1cos32cos160cos256cos1288cos 2468 +−+−= θθθθθ . 

Or 
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 (b) When ∈n +,  

 ( ) ( )[ ]...4cos2coscos
2
1

cos 211 +−+−+= − θθθθ nnCnnCnn
n  

  Prove. 

17. (a) Prove that  

  





 −++


























=







− 22
2

2
2log

1
1 θππ

θ

θ ni
coec

e
Log i . 

Or 

 (b) Find the sum to infinity the series 

        ∞++++ ...3coscos2coscoscoscos1 32 θθθθθθ . 

18. (a) (i) Prove that  

   ( )( ) ( )( ) ( ) ( )0'0'' 2 fsfxfLsxfL −−= . 

  (ii) Find ( ) 








+
−

2
1

2s
sL . 

Or 

 (b) Find the value of ( ) ( ) 








−+
+−

22
1

12

21

ss
sL . 
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19. (a) Solve by using Laplace transform : 

  xeyyy −=++ 213'4'' , given ( ) 00 =y , ( ) 10' −=y . 

Or 

 (b) Solve by using Laplace transform : 

  ty
dt
dx

sin=+ , tx
dt
dy

cos=+  given ( ) 20 =x , 

( ) 00 =y . 

20. (a) Show that 
( )

∞

= 









 −+=
1

2

2
2 cos1

4
3 n

n

n
nxx π

 in 

ππ <<− x . Deduce that 

12
....

3
1

2
1

1
1 2

222

π=−+− . 

Or 

 (b) Find the Fourier Expansion ( ) xxf =  in the 

interval ( )ππ ,− . 

——————— 
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PART A — (10 × 1 = 10 marks)  
Answer ALL questions. 

Choose the correct answer. 

1. 18 ©õuzvÀ 6% Ámi ÂQuzvÀ ¹. 2,000US 
÷\ªUP •i²® uÛÁmi 

 (A) ¹. 120  (B) ¹. 180 

 (C) ¹. 216  (D) ¹. 240 

 How much simple interest will Rs. 2,000 earn in 
18 months at 6% per annum? 

 (a) Rs. 120  (b) Rs. 180 

 (c) Rs. 216  (d) Rs. 240 
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2. ¹. 8,000US 5% Ámi ÂQuzvÀ 3 Á¸h[PÐUPõÚ 
uÛÁmiUS® Tmk ÁmiUS® Cøh÷¯ EÒÍ 
÷ÁÖ£õk 

 (A) ¹. 50  (B) ¹. 60 

 (C) ¹. 61  (D) ¹. 600  

 The difference between compound interest and 
simple interest on Rs. 8,000 at 5% p.a. for 3 years 
is 

 (a) Rs. 50  (b) Rs. 60 

 (c) Rs. 61  (d) Rs. 600 

3. A Gß£Áº J¸ ÷Áø»ø¯ 8 ©o ÷|μzv¾® B 
Gß£Áº A÷u ÷Áø»ø¯ 12 ©o ÷|μzv¾® 
ö\´QÓõº. A ©ØÖ® B C¸Á¸® Cøn¢x 
AÆ÷Áø»ø¯ •iUP BS® ÷|μ® 

 (A) 10 ©o  (B) 4 ©o 

 (C) 
4
1

5  ©o (D) 
5
4

4 ©o  

 A can do a piece of work in 8 hours while B alone 
can do it in 12 hrs. Both A and B working together 
can finish the work in 

 (a) 10 hrs  (b) 4 hrs 

 (c) 
4
1

5  hrs  (d) 
5
4

4  hrs 
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4. A Gß£Áº J¸ ÷Áø»ø¯ n |õmPÎÀ •izuõÀ, 

A&ß 1 |õÒ ÷Áø» 

 (A) 
n
1

   (B) n 

 (C) 1   (D) 2n  

 If A can do a piece of work in n days, then A’s  

1 day work is 

 (a) 
n
1

   (b) n 

 (c) 1   (d) 2n  

5. 54 km/hr = ___________ m/sec. 

 (A) 12   (B) 15 

 (C) 20   (D) 25 

 54 km/hr = ___________ m/sec. 

 (a) 12   (b) 15 

 (c) 20   (d) 25 

6. yμ® = ÷ÁP® × ___________. 

 (A) ÷|μ®   (B) ÷Áø» 

 (C) 
5

18
   (D) 

18
5
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 Distance = Speed × ___________. 

 (a) time   (b) work 

 (c) 
5

18
   (d) 

18
5

 

7. 15 ö£õ®ø©PÎß Âø» ¹. 35 GÛÀ 39 

ö£õ®ø©PÎß Âø» GßÚ? 

 (A) 90   (B) 70 

 (C) 75   (D) 91 

 If 15 dolls cost Rs. 35, what do 39 dolls cost? 

 (a) 90   (b) 70 

 (c) 75   (d) 91 

8. 72 : 132 : : 48 : x GÛÀ x = 

 (A) 80   (B) 82 

 (C) 88   (D) 86 

 If 72 : 132 : : 48 : x then x = 

 (a) 80   (b) 82 

 (c) 88   (d) 86 
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9. J¸ SÇõ´ J¸ öuõmiø¯ x ©o ÷|μzvÀ 
{μ¨¦©õ°ß, Ax 1 ©o ÷|μzvÀ {μ¨¦® £Sv 

 (A) x   (B) 
x
1

 

 (C) 
n
1

   (D) n 

 If a pipe can fill a tank in x hours, then part filled 
in 1 hr is 

 (a) x   (b) 
x
1

 

 (c) 
n
1

   (d) n 

10. J¸ {ªhzvÀ 1 £UöPmiß 
7
3

 £Sv {μ¨¦©õ°ß, 

«u•ÒÍ £Sv {μ®£ BS® ÷|μ® 

 (A) 2 {ªh[PÒ (B) 
3
4

 {ªh[PÒ 

 (C) 7 {ªh[PÒ (D) 
3
8

 {ªh[PÒ 

 In 1 minute 
7
3

 of a bucket is filled. The rest of the 

bucket can be filled in ___________. 

 (a) 2 minutes (b) 
3
4

 minutes 

 (c) 7 minutes (d) 
3
8

 minutes 
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PART B — (5 × 5 = 25 marks) 

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

11. (A) 9 ©õu[PÎÀ 
3
2

6 % Ámi ÂQuzvÀ  

¹. 5,600/&UPõÚ uÛÁmiø¯U Psk¤i. 

  Find S.I. on Rs. 5,600 at 
3
2

6 % p.a. for  

9 months.  

Or 

 (B) 2 Á¸h[PÎÀ 8% Ámi ÂQuzvÀ  

¹. 6,250&UPõÚ Tmk Ámiø¯U Psk¤i. 

  Find compound interest on Rs. 6,250 at 8% 
p.a. for 2 years. 

12. (A) A Gß£Áº J¸ ÷Áø»ø¯ 8 |õmPÎÀ 

•iUQÓõº. B Gß£Áº A÷u ÷Áø»ø¯ 10 

|õmPÎÀ •iUQÓõº. A ©ØÖ® B C¸Á¸©õP 

Cøn¢x AÆ÷Áø»ø¯ GzuøÚ |õmPÎÀ 

•iUP •i²®? 

  A can do a piece of work in 8 days, which B 
alone can do in 10 days. In how many days 
both working together can do it? 

Or 
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 (B) A, B ©ØÖ® C ‰Á¸® Cøn¢x J¸ 

÷Áø»ø¯ •iUP Âø» ¹. 1,800. A – 6 

|õmPÐ®, B – 4 |õmPÐ®, C – 9 |õmPÐ® 

÷Áø» ö\´QÓõºPÒ. ‰Á¸® 5 : 6 : 4 GßÓ 

ÂQuzvÀ vÚUT¼ ö£ÖQÓõºPÒ GÛÀ A 

©mk® ö£ØÖUöPõÒÐ® öuõøP GÆÁÍÄ? 

  A, B and C completed a piece of work costing 

Rs. 1,800. A worked for 6 days, B for 4 days 

and C for 9 days. If their daily wages are in 

the ratio are in the ratio 5 : 6 : 4, how much 

amount will be received by A. 

13. (A) AÛuõ J¸ SÔ¨¤mh yμzøu, 1 ©o 24 

{ªh[PÎÀ PhUP •i²®. AvÀ 3&À  

2 £Svø¯ 4 km/hr yμzøu²® Gg]¯øu  

5  km/hr yμzv¾® PhUQÓõº GÛÀ ö©õzu 

yμzøuU PõsP. 

  Anita can cover a certain distance in 1 hr 24 

minutes by covering two-third of the distance 

at 4 km/hr and the rest at 5 km/hr. Find the 

total distance. 

Or 
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 (B) î÷hè J¸ SÔ¨¤mh yμzøu 70 km/hr 
GßÓ ÷ÁPzvÀ Põ›À PhUQÓõº. «sk® 

AÁº xÁ[Q¯ ChzvØS 55 km/hr ÷ÁPzvÀ 

ìTmh›À PhUQÓõº. GÛÀ ö©õzu 

£¯nzvØPõÚ \õμ\› ÷ÁPzøu PõsP. 

  Hitesh covers a certain distance by car 
driving at 70 km/hr and returns back to the 
starting point riding on a scooter at 55 
km/hr. Find his average speed for the whole 
journey. 

14. (A) 20 ©ÛuºPÒ Cøn¢x 6 |õmPÎÀ 112 «. 

}Í•øh¯ _ÁøμU PmiÚõÀ, 25 ©ÛuºPÒ 3 

|õmPÎÀ GÆÁÍÄ }Í•øh¯ _ÁøμU 

Pmh»õ®? 

  If 20 men can build a wall 112 m long in 6 
days, what length of a similar wall can be 
built by 25 men in 3 days. 

Or 

 (B) 16 BsPÒ J¸ {»zøu 30 |õmPÎÀ 

AÖÁøh ö\´¯ •i²® GÛÀ 20 BsPÒ 

A¢u {»zøu GzuøÚ |õmPÎÀ AÖÁøh 

ö\´¯ •i²®? 

  16 men can reap a field in 30 days. In how 
many days will 20 men can reap the field? 
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15. (A) A ©ØÖ® B GÝ® SÇõ´PÒ J¸ öuõmiø¯ 

•øÓ÷¯ 24 ©o ÷|μ® ©ØÖ® 30 ©o 

÷|μ[PÎÀ {μ¨¦®. Cμsk SÇõ´PÐ® J÷μ 

÷|μzvÀ vÓUPm£k©õ°ß öuõmiø¯ {μ¨£ 

BS® ÷|μ® GßÚ? 

  Two pipes A and B can fill a tank in 24 hours 

and 30 hours respectively. If both the pipes 

are opened simultaneously in the empty 

tank, how much time will be taken by them 

to fill it? 

Or 

 (B) Cμsk SÇõ´PÒ A ©ØÖ® B J¸ öuõmiø¯ 

24 Â|õiPÒ ©ØÖ® 32 Â|õiPÎÀ {μ¨¦®. 

Cμsk SÇõ´PÐ® J÷μ ÷|μzvÀ 

vÓUP¨£mk®, GÆÁÍÄ ÷|μ® PÈzx SÇõ´ 

B&I ‰iÚõÀ, öuõmi 18 Â|õiPÎÀ 

{μ®¦®? 

  Two pipes A and B can fill a tank in 24 

minutes and 32 minutes respectively. If both 

the pipes are opened together, after how 

much time B should be closed so that the 

tank is full in 18 minutes.  
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PART C — (5 × 8 = 40 marks)  

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

16. (A) J¸ SÔ¨¤mh öuõøP¯õÚx 2 Á¸hzvÀ ¹. 

756&BPÄ® 
2
1

3  Á¸hzvÀ ¹. 873&BPÄ® 

EÒÍx GÛÀ Auß TkuÀ ©ØÖ® Ámi 

ÂQu® Psk¤i. 

  A certain sum of money amounts to Rs. 756 

in 2 years and to Rs. 873 in 
2
1

3  years. Find 

the sum and rate of interest.   

Or 

 (B) J¸ SÔ¨¤mh Tku¾US 2 Á¸hzvÀ 8% 

Ámi ÂQuzvÀ uÛÁmiUS® Tmk 

ÁmiUSªøh÷¯¯õÚ Âzv¯õ\® ¹. 240 

GÛÀ TkuÀ PõsP. 

  The difference between compound interest 

and simple interest on a certain sum at 8% 

per annum for 2 years is Rs. 240. Find the 

sum. 
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17. (A) J¸ ÷Áø»ø¯ A ©ØÖ® B 12 |õmPÎ¾®; B 

©ØÖ® C 15 |õmPÎ¾®; C ©ØÖ® A 20 
|õmPÎ¾® ö\´QßÓÚº GÛÀ ‰Á¸® 
Cøn¢x GzuøÚ |õmPÎÀ •i¨£º? ÷©¾® 

A ©mk® GzuøÚ |õÎÀ •i¨£º? 

  A and B can do a piece of work in 12 days; B 
and C can do it in 15 days while C and A can 
do it in 20 days. In how many days will they 
finish it working together? Also, in how 
many days can A alone do it? 

Or 

 (B) A Gß£Áº B&I Âh C¸©h[S ÷ÁP®. 
C¸Á¸® Cøn¢x J¸ ÷Áø»ø¯ 12 

|õmPÎÀ •izuõÀ, B ©mk® AÆ÷Áø»ø¯ 
GzuøÚ |õÎÀ •i¨£º? 

  A works twice as fast as B. If both of them 
can together finish a piece of work in 12 
days, then B alone can do it in how many 
days? 

18. (A) A ©ØÖ® B GßÓ C¸ 
{ø»¯[PÐUQøh÷¯¯õÚ öuõø»Ä 450 

Q.«. J¸ öuõhºÁsi A {ø»¯zv¼¸¢x 
©õø» 4 ©oUS ¦Ó¨£mk 60 Q«./©o 

\μõ\› ÷ÁPzvÀ B&I ÷|õUQ ¦Ó¨£mhx. 
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©ØÖö©õ¸ öuõhºÁsi ©õø» 3:20 ©oUS 

B&°¼¸¢x A&I ÷|õUQ 80 Q«/©o 

÷ÁPzvÀ ¦Ó¨£mhx GÛÀ A&°¼¸¢x 
GÆÁÍÄ öuõø»ÂÀ ©ØÖ® G¢u ©o 
÷|μzvÀ \¢vUS®? 

  The distance between two stations A and B is 

450 km. A train starts at 4 p.m. from A and 

moves towards B at an average speed of 60 

km/hr. Another train starts from B at 3:20 

p.m. and moves towards A at an average 

speed of 80 km/hr. How far from A will the 

two trains meet and at what time? 

Or 

 (B) J¸ ÂÁ\õ° 9 ©o ÷|μzvÀ 61 Q.«. yμ® 

£¯n® ö\´uõº. AÁº J¸ £Svø¯ 4 

Q«/©o ÷ÁPzvÀ |h¢x® «u•ÒÍ yμzøu 

9 Q«/©o ÷ÁPzvÀ ªvÁsi°¾® 

ö\ßÓõÀ AÁº |h¢x ö\ßÓ yμ® GßÚ? 

  A farmer traveled a distance of 61 km in  

9 hours. He traveled partly on foot at 4 

km/hr and partly on bicycle at 9 km/hr. What 

is the distance traveled on foot? 
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19. (A) 5 BsPÒ ©ØÖ® 9 ö£sPÒ Cøn¢x J¸ 
÷Áø»ø¯ 19 |õmPÎÀ •izuõÀ 3 BsPÒ 
©ØÖ® 6 ö£sPÒ Cøn¢x AÆ÷Áø»ø¯ 
GzuøÚ |õmPÎÀ •i¨£º? 

  5 men and 9 women can do a piece of work in 
19 days. In how many days will 3 men and 6 
women do it? 

Or 

 (B) J¸ |õÎÀ 9 ©o ÷|μ® 6 C¯¢vμ[PÒ 
C¯[P 15 ö©m›U hß {»UP› ~P¸©õ°ß, 
J¸ |õÎÀ 12 ©o ÷|μ® 8 C¯¢vμ[PÒ 
C¯[P ÷uøÁ¨£k® {»UP› GÆÁÍÄ? 

  If 6 engines consume 15 metric tonnes of coal 
when each is running 9 hours a day, how 
much coal will be required for 8 engines, 
each running 12 hours a day, it being given 
that 3 engines of former type consume as 
much as 4 engines of later type? 

20. (A) Cμsk SÇõ´PÒ J¸ öuõmiø¯ •øÓ÷¯ 
14 ©ØÖ® 16 ©o ÷|μ[PÎÀ {μ¨¦®. 
Cμsk SÇõ´PÐ® J÷μ¯i¯õP 
vÓUP¨£k®÷£õx, öuõmi°ß Ai¨£Sv°À 
HØ£mh P]Ä Põμn©õP 32 Â|õiPÒ 
AvP©õP ÷uøÁ¨£mhx. öuõmi •Êx® 
{μ®¤¯¤ß G¢u ÷|μzvÀ P]Ä Põμn©õP 
öuõmi Põ¼¯õS®? 



 

 Code No. : 20595 B Page 14 

 

  Two pipes can fill a cistern in 14 hours and 

16 hours respectively. The pipes are opened 

simultaneously and it is found that due to 

leakage in the bottom it took 32 minutes 

more to fill the cistern. When the cistern is 

full, in what time will the leak empty it? 

Or 

 (B) J¸ SÇõ´ 6 ©o ÷|μzvÀ J¸ öuõmiø¯ 

{μ¨¦®. Aøμzöuõmi {μ®¤¯ ¤ß A÷u 

Âu©õP 3 SÇõ´PÒ vÓUP¨£mhõÀ, öuõmi 

{μ®£ GkzxU öPõÒÐ® ö©õzu ÷|μ® 

GßÚ? 

  A tap can fill the tank in 6 hrs. After half the 

tank is filled, three more similar taps are 

opened. What is the total time taken to filled 

the tank completely? 

——————— 
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PART A — (10 × 1 = 10 marks)  
Answer ALL questions. 

Choose the correct answer. 

1. How much simple interest will Rs. 2,000 earn in 
18 months at 6% per annum? 

 (a) Rs. 120  (b) Rs. 180 
 (c) Rs. 216  (d) Rs. 240 

2. The difference between compound interest and 
simple interest on Rs. 8,000 at 5% p.a. for 3 years 
is 

 (a) Rs. 50  (b) Rs. 60 
 (c) Rs. 61  (d) Rs. 600 

(8 pages) 
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3. A can do a piece of work in 8 hours while B alone 

can do it in 12 hrs. Both A and B working together 

can finish the work in 

 (a) 10 hrs  (b) 4 hrs 

 (c) 
4
1

5  hrs  (d) 
5
4

4  hrs 

4. If A can do a piece of work in n days, then A’s  

1 day work is 

 (a) 
n
1

   (b) n 

 (c) 1   (d) 2n  

5. 54 km/hr = ___________ m/sec. 

 (a) 12   (b) 15 

 (c) 20   (d) 25 

6. Distance = Speed × ___________. 

 (a) time   (b) work 

 (c) 
5

18
   (d) 

18
5
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7. If 15 dolls cost Rs. 35, what do 39 dolls cost? 

 (a) 90   (b) 70 

 (c) 75   (d) 91 

8. If 72 : 132 : : 48 : x then x = 

 (a) 80   (b) 82 

 (c) 88   (d) 86 

9. If a pipe can fill a tank in x hours, then part filled 

in 1 hr is 

 (a) x   (b) 
x
1

 

 (c) 
n
1

   (d) n 

10. In 1 minute 
7
3

 of a bucket is filled. The rest of the 

bucket can be filled in ___________. 

 (a) 2 minutes (b) 
3
4

 minutes 

 (c) 7 minutes (d) 
3
8

 minutes 
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PART B — (5 × 5 = 25 marks) 

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

11. (a) Find S.I. on Rs. 5,600 at 
3
2

6 % p.a. for  

9 months.  

Or 

 (b) Find compound interest on Rs. 6,250 at 8% 
p.a. for 2 years. 

12. (a) A can do a piece of work in 8 days, which B 
alone can do in 10 days. In how many days 
both working together can do it? 

Or 

 (b) A, B and C completed a piece of work costing 
Rs. 1,800. A worked for 6 days, B for 4 days 
and C for 9 days. If their daily wages are in 
the ratio are in the ratio 5 : 6 : 4, how much 
amount will be received by A. 

13. (a) Anita can cover a certain distance in 1 hr 24 
minutes by covering two-third of the distance 
at 4 km/hr and the rest at 5 km/hr. Find the 
total distance. 

Or  

[P.T.O.]
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 (b) Hitesh covers a certain distance by car 
driving at 70 km/hr and returns back to the 
starting point riding on a scooter at  
55 km/hr. Find his average speed for the 
whole journey. 

14. (a) If 20 men can build a wall 112 m long in  
6 days, what length of a similar wall can be 
built by 25 men in 3 days? 

Or 

 (b) 16 men can reap a field in 30 days. In how 
many days will 20 men can reap the field? 

15. (a) Two pipes A and B can fill a tank in 24 hours 
and 30 hours respectively. If both the pipes 
are opened simultaneously in the empty 
tank, how much time will be taken by them 
to fill it? 

Or 

 (b) Two pipes A and B can fill a tank in  
24 minutes and 32 minutes respectively. If 
both the pipes are opened together, after how 
much time B should be closed so that the 
tank is full in 18 minutes.  
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PART C — (5 × 8 = 40 marks)  

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

16. (a) A certain sum of money amounts to Rs. 756 

in 2 years and to Rs. 873 in 
2
1

3  years. Find 

the sum and rate of interest.   

Or 

 (b) The difference between compound interest 

and simple interest on a certain sum at 8% 

per annum for 2 years is Rs. 240. Find the 

sum. 

17. (a) A and B can do a piece of work in 12 days; B 

and C can do it in 15 days while C and A can 

do it in 20 days. In how many days will they 

finish it working together? Also, in how 

many days can A alone do it? 

Or 

 (b) A works twice as fast as B. If both of them 

can together finish a piece of work in  

12 days, then B alone can do it in how many 

days? 
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18. (a) The distance between two stations A and B is 

450 km. A train starts at 4 p.m. from A and 

moves towards B at an average speed of  

60 km/hr. Another train starts from B at  

3:20 p.m. and moves towards A at an average 

speed of 80 km/hr. How far from A will the 

two trains meet and at what time? 

Or 

 (b) A farmer traveled a distance of 61 km in  

9 hours. He traveled partly on foot at  

4 km/hr and partly on bicycle at 9 km/hr. 

What is the distance traveled on foot? 

19. (a) 5 men and 9 women can do a piece of work in 

19 days. In how many days will 3 men and  

6 women do it? 

Or 

 (b) If 6 engines consume 15 metric tonnes of coal 

when each is running 9 hours a day, how 

much coal will be required for 8 engines, 

each running 12 hours a day, it being given 

that 3 engines of former type consume as 

much as 4 engines of later type? 
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20. (a) Two pipes can fill a cistern in 14 hours and 
16 hours respectively. The pipes are opened 
simultaneously and it is found that due to 
leakage in the bottom it took 32 minutes 
more to fill the cistern. When the cistern is 
full, in what time will the leak empty it? 

Or 

 (b) A tap can fill the tank in 6 hrs. After half the 
tank is filled, three more similar taps are 
opened. What is the total time taken to filled 
the tank completely? 

——————— 
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Answer ALL questions. 

Choose the correct answer. 

1. N = 450, (A) = 150 GÛÀ () = ___________. 

 (A) 600   (B) 300 

 (C) 50   (D) 150 

 If N = 450, (A) = 150, then () = ___________. 

 (a) 600   (b) 300 

 (c) 50   (d) 150 
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2. A, B

___________

 3 4

 6 9

 For two attributes A and B, the total number of 

class frequencies is ___________. 

 (a) 3   (b) 4 

 (c) 6   (d) 9 

3. 

___________

 100
10

01 




qp

qp
100

11

01 




qp

qp

 100
10

11 




qp

qp
100

00

11 




qp

qp

 With usual notations, Paasche’s index number is 

___________. 

 (a) 100
10

01 




qp

qp
 (b) 100

11

01 




qp

qp
 

 (c) 100
10

11 




qp

qp
 (d) 100

00

11 




qp

qp
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4. 0p 1p

0q 1q

20001  qp

5000  qp

___________

 25 400

 125 200

 Let 0p , 1p  denote the prices of the base year and 

prices of the current year respectively. Let 0q , 1q  

denote the quantities consumed in the base year 

and current year respectively. Also, if 20001  qp  

and 5000  qp , then Laspeyre’s index number is 

___________. 

 (a) 25   (b) 400 

 (c) 125   (d) 200 

5. 

___________

 Marshall-Edgeworth

 Fisher

 Fixed base

 Bowley
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 The arithmetic mean of Laspeyre’s and Paasche’s 

index number is defined to be ___________. 

 (a) Marshall-Edgeworth’s index number    

 (b) Fisher’s index number 

 (c) Fixed base index numbers    

 (d) Bowley’s index number 

6. Marshall

___________

 100
1000

1101 




qpqp

qpqp

 
2

100
1000

1101 




qpqp

qpqp

 100
2

1000

1101






qpqp

qpqp

 100
1000

1101 




qpqp

qpqp
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 With the usual notation, Marshall’s index number 

is ___________. 

 (a) 100
1000

1101 




qpqp

qpqp
  

 (b) 
2

100
1000

1101 




qpqp

qpqp

 

 (c) 100
2

1000

1101






qpqp

qpqp

    

 (d) 100
1000

1101 




qpqp

qpqp
 

7. 

___________

  
10

11
1001

qp

qp
II




    

11

00
1001

qp

qp
II






     1 qppq II     11001  II

 With the usual notations, the time reversal test is 

___________. 

 (a)  
10

11
1001

qp

qp
II




  (b)    

11

00
1001

qp

qp
II




  

 (c)     1 qppq II  (d)     11001  II  
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8. ___________

 (A) Fisher’s  (B) Paasche’s 

 (C) Kelly’s  (D) Laspeyre’s 

 ___________ index number is an ideal index 

number. 

 (a) Fisher’s  (b) Paasche’s 

 (c) Kelly’s  (d) Laspeyre’s 

9. nxxx ....,,, 21

nyyy ....,,, 21

 ii yx , ni ...,,2,1

___________
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 Let nxxx ....,,, 21  be the values of the independent 

variables ix  and nyyy ....,,, 21  be the 

corresponding values of the variables iy . If the 

points  ii yx , , ni ...,,2,1  are plotted on a graph 

paper, we obtain a diagram called ___________. 

 (a) Unscatter diagram  

 (b) Perfect diagram  

 (c) Scatter diagram     

 (d) None of these 

10.  iii xfyd 

___________

 id id

 
2

id
2

id

 If  iii xfyd  , then the principle of least square 

is ___________. 

 (a) id  is minimum  

 (b) id  is maximum 

 (c) 
2

id  is maximum  

 (d) 
2

id  is minimum 
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PART B — (5 × 5 = 25 marks) 

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

11. A B

    975AB ,   100B ,   25A ,   950  

  Given the following ultimate class 

frequencies of two attributes A and B. Find 

the frequencies of positive and negative class 

frequencies and the total number of 

observations. 

    975AB ,   100B ,   25A ,   950  

Or 

   9A   12B 20N   6AB

 

  Given the following positive class 

frequencies.   9A ,   12B , 20N  and 

  6AB . Find the negative class frequency 

  . 
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12. 

     ö£õ¸ÒPÒ 

Á¸h® 

A B C 

Âø» AÍÄ Âø» AÍÄ Âø» AÍÄ 

1950 2 8 4 14 4 2 

1956 4 6 5 10 8 5 

  Find Laspeyre’s index number for the 

following data. 

     Commodities 

Year 

A B C 

Price  Quantity Price  Quantity Price  Quantity 

1950 2 8 4 14 4 2 

1956 4 6 5 10 8 5 

Or 

 

     ö£õ¸mPÒ 

Bsk 

I II III 

Âø» AÍÄ Âø» AÍÄ Âø» AÍÄ 

1960 10 2 30 5 20 4 

1962 20 4 40 10 30 8 

  Find Paasche’s index number. 

     Commodities 

Year 

I II III 

Price  Quantity Price  Quantity Price  Quantity 

1960 10 2 30 5 20 4 

1962 20 4 40 10 30 8 
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13. 

ö£õ¸mPÒ Ai©õÚ Á¸h® uØ÷£õøu¯ Á¸h® 

Âø» AÍÄ Âø» AÍÄ 

A 15 3 30 5 

B 10 4 30 10 

  Find Bowley’s index number. 

Items Base Year Current year 

Price Quantity Price Quantity 

A 15 3 30 5 

B 10 4 30 10 

Or 

 

ö£õ¸ÒPÒ Ai©õÚ Á¸h® uØ÷£õøu¯ Á¸h® 

Âø» AÍÄ Âø» AÍÄ 

A 40 4 80 10 

B 30 4 60 5 

  Find Marshall Edgeworth’s index number. 

Commodities Base Year Current year 

Price Quantity Price Quantity 

A 40 4 80 10 

B 30 4 60 5 
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14. 

Bsk A›] ÷Põxø© 

Âø» AÍÄ Âø» AÍÄ 

1990 8 100 5 15 

1992 9 80 8 10 

  Calculate Fisher’s index number for the year 

1992. 

Year Rice Wheat 

Price Quantity Price Quantity 

1990 8 100 5 15 

1992 9 80 8 10 

Or 

 

  Explain the characteristics of Index 

Numbers. 

15. 

x : 0 1 2 3 

y : 1 1.8 3.3 4.5 

  Fit a straight line to the following data : 

x : 0 1 2 3 

y : 1 1.8 3.3 4.5 

Or 
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x : 0 1 2 3 

y : 2.1 3.5 5.4 7.5 

  Fit a straight line to the following data : 

x : 0 1 2 3 

y : 2.1 3.5 5.4 7.5 

PART C — (5 × 8 = 40 marks)  

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

16. 

(i)

(ii)

(iii)

  Of 500 men in a locality exposed to cholera, 

172 in all were attacked; 178 were inoculated 

and of these 128 were attacked. Find the 

number of persons (i) not inoculated not 

attacked (ii)  inoculated not attacked (iii) not 

inoculated, attacked.   

Or 
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        
2

N
BA   (i)    AB

(ii)    BA  

  If        
2

N
BA   , show that  

(i)     AB  (ii)    BA   . 

17. 

28 : 27

x

ö£õ¸ÒPÒ p0 q0 p1 q1 

A 1 10 2 5 

B 1 5 x 2 

  Find the value of x in the following data if 

the ratio between Laspeyre’s and Paasche’s 

index number is 28 : 27. 

Commodities p0 q0 p1 q1 

A 1 10 2 5 

B 1 5 x 2 

Or 
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ö£õ¸ÒPÒ p0 q0 p1 q1 

A 1 5 1 10 

B 2 9 3 6 

C 3 15 4 10 

D 3 9 4 12 

  Calculate Paasche’s and Laspeyre’s index 

numbers for the following data : 

Commodities p0 q0 p1 q1 

A 1 5 1 10 

B 2 9 3 6 

C 3 15 4 10 

D 3 9 4 12 

18. 

ö£õ¸mPÒ p0 q0 p1 q1 

A 2 8 4 6 

B 5 10 6 4 

C 4 12 5 9 

D 2 15 3 10 
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  Find Bowley’s index number for the following 

data : 

Commodities p0 q0 p1 q1 

A 2 8 4 6 

B 5 10 6 4 

C 4 12 5 9 

D 2 15 3 10 

Or 

 

ö£õ¸ÒPÒ Ai©õÚ Bsk uØ÷£õøu¯ Bsk 

Âø»  AÍÄ Âø»  AÍÄ 

A 20 6 40 6 

B 40 8 40 8 

C 30 10 30 10 

D 10 5 10 15 

  Find Marshall’s index no. for the following 

data : 

Commodities Base Year Current year 

Price Quantity Price Quantity 

A 20 6 40 6 

B 40 8 40 8 

C 30 10 30 10 

D 10 5 10 15 
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19. 

ö£õ¸ÒPÒ A B C D 

Ai©õÚ 

Bsk 

AÍÄ 50 40 120 30 

Âø» 5 6 4 3 

uØ÷£õøu¯ 

Bsk 

AÍÄ 60 50 110 35 

Âø» 7 8 5 4 

  Show that the given data satisfies time 

reversal test. 

Commodity A B C D 

Base 

Year 

Quantity 50 40 120 30 

Price 5 6 4 3 

Current 

Year 

Quantity 60 50 110 35 

Price 7 8 5 4 

Or 

 

ö£õ¸ÒPÒ Ai©õÚ Bsk uØ÷£õøu¯ Bsk 

Âø» AÍÄ Âø» AÍÄ 

A 10 25 12 30 

B 8 21 9 25 

C 4.5 28 6.5 35 

D 3.5 16 4 20 
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  Find Fisher’s index number for the following 

data :  

Commodities Base Year Current year 

Price Quantity Price Quantity 

A 10 25 12 30 

B 8 21 9 25 

C 4.5 28 6.5 35 

D 3.5 16 4 20 

20. 

x = 5 y

x : 1 3 4 6 8 9 11 14 

y : 1 2 4 4 5 7 8 9 

  Fit a straight line to the following data and 

estimate the value of y when x = 5. 

x : 1 3 4 6 8 9 11 14 

y : 1 2 4 4 5 7 8 9 

Or 
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x : 1 2 3 4 6 8 

y : 2.4 3 3.6 4 5 6 

  Fit a straight line to the following data. 

x : 1 2 3 4 6 8 

y : 2.4 3 3.6 4 5 6 

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

Answer ALL questions. 

Choose the correct answer. 

1. If N = 450, (A) = 150, then () = ___________. 

 (a) 600   (b) 300 

 (c) 50   (d) 150 

2. For two attributes A and B, the total number of 

class frequencies is ___________. 

 (a) 3   (b) 4 

 (c) 6   (d) 9 
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3. With usual notations, Paasche’s index number is 

___________. 

 (a) 100
10

01 




qp

qp
 (b) 100

11

01 




qp

qp
 

 (c) 100
10

11 




qp

qp
 (d) 100

00

11 




qp

qp
 

4. Let 0p , 1p  denote the prices of the base year and 

prices of the current year respectively. Let 0q , 1q  

denote the quantities consumed in the base year 

and current year respectively. Also, if 20001  qp  

and 5000  qp , then Laspeyre’s index number is 

___________. 

 (a) 25   (b) 400 

 (c) 125   (d) 200 

5. The arithmetic mean of Laspeyre’s and Paasche’s 

index number is defined to be ___________. 

 (a) Marshall-Edgeworth’s index number    

 (b) Fisher’s index number 

 (c) Fixed base index numbers    

 (d) Bowley’s index number 
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6. With the usual notation, Marshall’s index number 

is ___________. 

 (a) 100
1000

1101 




qpqp

qpqp
  

 (b) 
2

100
1000

1101 




qpqp

qpqp

 

 (c) 100
2

1000

1101






qpqp

qpqp

    

 (d) 100
1000

1101 




qpqp

qpqp
 

7. With the usual notations, the time reversal test is 

___________. 

 (a)  
10

11
1001

qp

qp
II




  (b)    

11

00
1001

qp

qp
II




  

 (c)     1 qppq II  (d)     11001  II  

8. ___________ index number is an ideal index 

number. 

 (a) Fisher’s  (b) Paasche’s 

 (c) Kelly’s  (d) Laspeyre’s 
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9. Let nxxx ....,,, 21  be the values of the independent 

variables ix  and nyyy ....,,, 21  be the 

corresponding values of the variables iy . If the 

points  ii yx , , ni ...,,2,1  are plotted on a graph 

paper, we obtain a diagram called ___________. 

 (a) Unscatter diagram  

 (b) Perfect diagram  

 (c) Scatter diagram     

 (d) None of these 

10. If  iii xfyd  , then the principle of least square 

is ___________. 

 (a) id  is minimum (b) id  is maximum 

 (c) 
2

id  is maximum (d) 
2

id  is minimum 

PART B — (5 × 5 = 25 marks) 

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

11. (a) Given the following ultimate class 

frequencies of two attributes A and B. Find 

the frequencies of positive and negative class 

frequencies and the total number of 

observations. 

    975AB ,   100B ,   25A ,   950  

Or 
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 (b) Given the following positive class 

frequencies.   9A ,   12B , 20N  and 

  6AB . Find the negative class frequency 

  . 

12. (a) Find Laspeyre’s index number for the 

following data. 

     Commodities 

Year 

A B C 

Price  Quantity Price  Quantity Price  Quantity 

1950 2 8 4 14 4 2 

1956 4 6 5 10 8 5 

Or 

 (b) Find Paasche’s index number. 

     Commodities 

Year 

I II III 

Price  Quantity Price  Quantity Price  Quantity 

1960 10 2 30 5 20 4 

1962 20 4 40 10 30 8 

13. (a) Find Bowley’s index number. 

Items Base Year Current year 

Price Quantity Price Quantity 

A 15 3 30 5 

B 10 4 30 10 

Or 
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 (b) Find Marshall Edgeworth’s index number. 

Commodities Base Year Current year 

Price Quantity Price Quantity 

A 40 4 80 10 

B 30 4 60 5 

14. (a) Calculate Fisher’s index number for the year 

1992. 

Year Rice Wheat 

Price Quantity Price Quantity 

1990 8 100 5 15 

1992 9 80 8 10 

Or 

 (b) Explain the characteristics of Index 

Numbers. 

15. (a) Fit a straight line to the following data : 

x : 0 1 2 3 

y : 1 1.8 3.3 4.5 

Or 

 (b) Fit a straight line to the following data : 

x : 0 1 2 3 

y : 2.1 3.5 5.4 7.5 
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PART C — (5 × 8 = 40 marks)  

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

16. (a) Of 500 men in a locality exposed to cholera, 

172 in all were attacked; 178 were inoculated 

and of these 128 were attacked. Find the 

number of persons (i) not inoculated not 

attacked (ii)  inoculated not attacked (iii) not 

inoculated, attacked.   

Or 

 (b) If        
2

N
BA   , show that (i)  

   AB  (ii)    BA   . 

17. (a) Find the value of x in the following data if 

the ratio between Laspeyre’s and Paasche’s 

index number is 28 : 27. 

Commodities p0 q0 p1 q1 

A 1 10 2 5 

B 1 5 x 2 

Or 
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 (b) Calculate Paasche’s and Laspeyre’s index 

numbers for the following data : 

Commodities p0 q0 p1 q1 

A 1 5 1 10 

B 2 9 3 6 

C 3 15 4 10 

D 3 9 4 12 

18. (a) Find Bowley’s index number for the following 

data : 

Commodities p0 q0 p1 q1 

A 2 8 4 6 

B 5 10 6 4 

C 4 12 5 9 

D 2 15 3 10 

Or 

 (b) Find Marshall’s index no. for the following 

data : 

Commodities Base Year Current year 

Price Quantity Price Quantity 

A 20 6 40 6 

B 40 8 40 8 

C 30 10 30 10 

D 10 5 10 15 
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19. (a) Show that the given data satisfies time 

reversal test. 

Commodity A B C D 

Base 

Year 

Quantity 50 40 120 30 

Price 5 6 4 3 

Current 

Year 

Quantity 60 50 110 35 

Price 7 8 5 4 

Or 

 (b) Find Fisher’s index number for the following 

data :  

Commodities Base Year Current year 

Price Quantity Price Quantity 

A 10 25 12 30 

B 8 21 9 25 

C 4.5 28 6.5 35 

D 3.5 16 4 20 
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20. (a) Fit a straight line to the following data and 

estimate the value of y when x = 5. 

x : 1 3 4 6 8 9 11 14 

y : 1 2 4 4 5 7 8 9 

Or 

 (b) Fit a straight line to the following data. 

x : 1 2 3 4 6 8 

y : 2.4 3 3.6 4 5 6 

——————— 
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Answer ALL questions. 

Choose the correct answer. 

1. 0=++ cbyax  GßÓ ÁøÍÁøμ°ß ÁøÍÄ 

___________. 

 (A) b   (B) a 

 (C) 0   (D) HxªÀø» 

 The curvature of the curve 0=++ cbyax  is 
___________. 

 (a) b   (b) a 

 (c) 0   (d) none of the above 
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2. xey =  GßÓ ÁøÍÁøμUS ( )1,0 À ÁøÍÄ Bμ® 

___________. 

 (A) 1   (B) 2 

 (C) 22    (D) HxªÀø» 

 The radius of curvature of xey =  at ( )1,0  is 
___________. 

 (a) 1   (b) 2 

 (c) 22    (d) none of the above 

3.  
b a

xy
dxdy

1 1

ß ©v¨¦ ___________. 

 (A) 






b
a

log   (B) ( )ablog  

 (C) ba loglog  (D) HxªÀø» 

 The value of  
b a

xy
dxdy

1 1

 = ___________. 

 (a) 






b
a

log   (b) ( )ablog  

 (c) ba loglog  (d) none of the above 

4. yxu += , yxv −= ß C¯U÷Põ¤¯ß ___________. 

 (A) 2   (B) 1 

 (C) –2   (D) HxªÀø» 
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 The Jacobian of yxu +=  and yxv −=  is 
___________. 

 (a) 2   (b) 1 

 (c) –2   (d) none of the above 

5. ( ) −
1

0

2 1 dxxx = ___________. 

 (A) 2   (B) 
12
1

 

 (C) 
3
1

   (D) HxªÀø» 

 ( ) −
1

0

2 1 dxxx  = ___________. 

 (a) 2   (b) 
12
1

 

 (c) 
3
1

   (d) none of the above 

6.   
π π

φθθ
0 0

1

0

2
2

sin ddrdr  = ___________. 

 (A) 
2
π

   (B) 
3
π

 

 (C) 
4
π

   (D) HxªÀø» 
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   
π π

φθθ
0 0

1

0

2
2

sin ddrdr  = ___________. 

 (a) 
2
π

   (b) 
3
π

 

 (c) 
4
π

   (d) none of the above 

7. 32 +  GßÓ ‰»zøu²øh¯ \©ß£õmiß 

SøÓ¢u£i ___________. 

 (A) 3   (B) 2 

 (C) 4   (D) HxªÀø» 

 The least degree of the equation with rational 
coefficients one of whose roots 32 +  is 
___________ 

 (a) 3   (b) 2 

 (c) 4   (d) none of the above 

8. 023 =+++ rqxpxx  GßÓ \©ß£õmiß ‰»[PÒ 

γβα ,,  GÛÀ α
1

ß ©v¨¦ ___________. 

 (A) 
r
q−    (B) 

r
q

 

 (C) 
r
p

   (D) HxªÀø» 
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 If γβα ,,  are the roots of 023 =+++ rqxpxx  then 

α
1

 = ___________. 

 (a) 
r
q−    (b) 

r
q

 

 (c) 
r
p

   (d) none of the above 

9. 01 =+nx  (n Cμmøh¨£øh Gs) GßÓ 

\©ß£õmiß ‰»[PÒ ___________. 

 (A) AøÚzx® PØ£øÚ 

 (B) (n – 1) PØ£øÚ 

 (C) (n – 2) PØ£øÚ     

 (D) HxªÀø» 

 The roots of the equation 01 =+nx  (n is even) are 

___________. 

 (a) all imaginary  

 (b) (n – 1) imaginary 

 (c) (n – 2) imaginary 

 (d) none of the above 
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10. 02332 23 =−−+ xxx  GßÓ \©ß£õmiß ‰»[PÎÀ 
JßÖ –2 GÛÀ, ©ØÓ ‰»[PÒ ___________. 

 (A) –2, –1  (B) 1,
2
1−  

 (C) 1,
2
1 −−   (D) HxªÀø» 

 One of the roots of the equation 
02332 23 =−−+ xxx  is –2, the other roots are 

___________. 

 (a) –2, –1  (b) 1,
2
1−  

 (c) 1,
2
1 −−   (d) none of the above 

PART B — (5 × 5 = 25 marks) 

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

11. (A) θ2sin22 ar =  GßÓ ÁøÍÁøμ°ß p-r 
\©ß£õk Psk¤i. 

  Find the p-r equation (pedal equation) of the 
curve θ2sin22 ar = .  

Or 

 (B) axyyx 333 =+  GßÓ ÁøÍÁøμUS 







2
,

2
aa

 

GßÓ ¦ÒÎ°À ÁøÍÄ ø©¯zøuU Põs. 
  Find the coordinates of the center of 

curvature of the curve axyyx 333 =+  at 









2
,

2
aa

. 
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12. (A) axy 42 =  ©ØÖ® ayx 42 =  GßÓ 

ÁøÍÁøμPÐUS ö£õxÁõP EÒÍ £Sv°ß 
£μ¨£ÍÄ PõsP. 

  Find the area of the region common to 

axy 42 =  and ayx 42 = . 

Or 

 (B) xyu 2= , 22 yxv −= , θcosrx = , θsinry = , 

GÛÀ 
( )
( )θ,

,
r
vu

∂
∂

 Psk¤i. (÷|μi¯õP 

¤μv°hõ©À) 

  If xyu 2= , 22 yxv −= , θcosrx = , θsinry = , 

evaluate 
( )
( )θ,

,
r
vu

∂
∂

 without actual substitution. 

13. (A) 
( )

!4
!2

2
1

n
nn
n

π=





 +

 where ,...2,1,0=n  GßÖ 

{ÖÄ. 

  Prove that 
( )

!4
!2

2
1

n
nn
n

π=





 +

 where 

,...2,1,0=n  

Or 
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 (B)  





 ++=

2

0
2

1
,

2
1

2
1

cossin
π

βθθθ qpdqp  GÚ 

{ÖÄ. 
  Prove that 

    





 ++=

2

0
2

1
,

2
1

2
1

cossin
π

βθθθ qpdqp . 

14. (A) 0147 =+− xx  GßÓ \©ß£õmiß wºÄPÎß 
BÓõ®£i°ß TkuÀ 3 GßÖ {¹¤. 

  Show that the sum of the 6th powers of the 
roots of 0147 =+− xx  is 3. 

Or 

 (B) γβα ,,  Gß£Ú 023 =+++ cbxaxx  GßÓ 

\©ß£õmiß wºÄPÒ GÛÀ αβ , αγ , βγ Iz 
wºÄPÍõPU öPõsh \©ß£õmøhz u¸Â. 

  If γβα ,,   are the roots of the equation 

023 =+++ cbxaxx , form the equation whose 
roots are αβ , αγ  and βγ . 

15. (A) 023184 234 =+−−− xxxx  GßÓ \©ß£õmiß 
‰ßÓõÁx EÖ¨ø£ }UQ QøhUS® 
©õØÓ¨£mh \©ß£õk Põs. 

  Transform the equation 
023184 234 =+−−− xxxx  into an equation 

with the third term absent. 

Or 
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 (B) 0
72
1

16
1

4
1 23 =+−+ xxx  GßÓ \©ß£õmiß 

ÂQu•Ö öPÊUPøÍ }USP. 

  Remove the fractional coefficient from the 

equation 0
72
1

16
1

4
1 23 =+−+ xxx . 

PART C — (5 × 8 = 40 marks)  

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

16. (A) xxy log=  GßÓ ÁøÍÁøμUS, 0=
dx
dy

 BP 

EÒÍ ¦ÒÎ°À ÁøÍÄ ø©¯zøuU Põs. 

  Find the coordinates of the center of 

curvature of xxy log=  at the point where 

0=
dx
dy

.   

Or 

 (B) Bìmμõ´k 3
2

3
2

3
2 ayx =+  ß ÁøÍÄ 

ø©¯zvß {¯©¨£õøuø¯U Psk¤i. 

  Find the evolute of the astroid 3
2

3
2

3
2 ayx =+ . 
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17. (A)  
−1

0

2 y

y

xydxdy  GßÓ öuõøP±miß Á›ø\ø¯ 

©õØÔ ©v¨ø£U Psk¤i. 

  By changing the order of integration, 

evaluate the integral  
−1

0

2 y

y

xydxdy . 

Or 

 

 (B) ÷£õ»õº uÍzvØS ©õØÖÁuß ‰»® 

( ) 
∞ ∞

+− =
0 0

4

22 πdxdye yx  GÚ {¹¤. ©ØÖ® 


∞

−

0

2

dte t ß ©v¨ø£U PnUQk. 

  By changing into polar coordinates, show 

that ( ) 
∞ ∞

+− =
0 0

4

22 πdxdye yx . Hence evaluate 


∞

−

0

2

dte t . 
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18. (A) Põ©õ \õº¤ß ‰»®  ( ) −
1

0

1 dxxx pnm  PnUQk 

©ØÖ®  −

1

0 1 nx
dx

 Psk¤i. 

  Evaluate ( ) −
1

0

1 dxxx pnm  in terms of gamma 

functions and hence find  −

1

0 1 nx
dx

.  

 Or 

 (B) Põ©õ \õºø£ £¯ß£kzv 

( )  −− dxdyyxxy 2
1

1 ø¯U Põs. C[S D 

Gß£x 0=x , 0=y , 1=+ yx  (ªøP 

PõØ£Sv°À) GÀø»PÍõP öPõshx. 

  Using gamma functions evaluate 

( )  −− dxdyyxxy 2
1

1  over the area enclosed 

by the lines 0=x , 0=y  and 1=+ yx  in the 

positive quadrant. 

19. (A) 016116 22 =−+− xxx  GßÓ \©ß£õmiß 
‰»[PÒ Cø\zöuõhº Á›ø\°À C¸¢uõÀ, 
\©ß£õmøhz wº. 

  Solve 016116 22 =−+− xxx  where roots are 
in harmonic progression. 

Or 
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 (B) 0=+++ dcba  GÚ C¸¢uõÀ 

 
325

333322225555 dcbadcbadcba +++⋅+++=+++
 

GßÖ {¹¤. 

  If 0=+++ dcba , show that 

  
325

333322225555 dcbadcbadcba +++⋅+++=+++
 

20. (A) 01243 234 =+−+− xxxx  GßÓ \©ß£õmiß 
‰»[PÎÀ JßøÓ SøÓzx QøhUS® 
GsPøÍ ‰»[PÍõP Eøh¯ \©ß£õk 
uø»RÌ \©ß£õk GÚU Põmk. Auß ‰»® 
öPõkUP¨£mh \©ß£õmøhz wº. 

  Show that the equation 
01243 234 =+−+− xxxx  can be transformed 

into a reciprocal equation by diminishing the 
roots by unity. Hence solve the given 
equation.  

Or 

 (B) 06355656356 2456 =−+−+− xxxxx  GßÓ 
\©ß£õmøh wº.  

  Solve the equation  

  06355656356 2456 =−+−+− xxxxx . 

——————— 
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Answer ALL questions. 

Choose the correct answer. 

1. The curvature of the curve 0=++ cbyax  is 
___________. 

 (a) b   (b) a 
 (c) 0   (d) none of the above 

2. The radius of curvature of xey =  at ( )1,0  is 
___________. 

 (a) 1   (b) 2 

 (c) 22    (d) none of the above 

(7 pages) 
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3. The value of  
b a

xy
dxdy

1 1

 = ___________. 

 (a) 






b
a

log   (b) ( )ablog  

 (c) ba loglog  (d) none of the above 

4. The Jacobian of yxu +=  and yxv −=  is 
___________. 

 (a) 2   (b) 1 

 (c) –2   (d) none of the above 

5. ( ) −
1

0

2 1 dxxx  = ___________. 

 (a) 2   (b) 
12
1

 

 (c) 
3
1

   (d) none of the above 

6.   
π π

φθθ
0 0

1

0

2
2

sin ddrdr  = ___________. 

 (a) 
2
π

   (b) 
3
π

 

 (c) 
4
π

   (d) none of the above 
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7. The least degree of the equation with rational 
coefficients one of whose roots 32 +  is 
___________ 

 (a) 3   (b) 2 

 (c) 4   (d) none of the above 

8. If γβα ,,   are the roots of 023 =+++ rqxpxx  

then α
1

 = ___________. 

 (a) 
r
q−    (b) 

r
q

 

 (c) 
r
p

   (d) none of the above 

9. The roots of the equation 01 =+nx  (n is even) are 
___________. 

 (a) all imaginary (b) (n – 1) imaginary 

 (c) (n – 2) imaginary (d) none of the above 

10. One of the roots of the equation 
02332 23 =−−+ xxx  is –2, the other roots are 

___________. 

 (a) –2, –1  (b) 1,
2
1−  

 (c) 1,
2
1 −−   (d) none of the above 
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PART B — (5 × 5 = 25 marks) 

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

11. (a) Find the p-r equation (pedal equation) of the 
curve θ2sin22 ar = .  

Or 

 (b) Find the coordinates of the center of 
curvature of the curve axyyx 333 =+  at 









2
,

2
aa

. 

12. (a) Find the area of the region common to 
axy 42 =  and ayx 42 = . 

Or 

 (b) If xyu 2= , 22 yxv −= , θcosrx = , θsinry = , 

evaluate 
( )
( )θ,

,
r
vu

∂
∂

 without actual substitution. 

13. (a) Prove that 
( )

!4
!2

2
1

n
nn
n

π=





 +

 where 

,...2,1,0=n  

Or 

 (b) Prove that 

    





 ++=

2

0
2

1
,

2
1

2
1

cossin
π

βθθθ qpdqp .  

[P.T.O.]
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14. (a) Show that the sum of the 6th powers of the 
roots of 0147 =+− xx  is 3. 

Or 

 (b) If γβα ,,   are the roots of the equation 

023 =+++ cbxaxx , form the equation whose 
roots are αβ , αγ  and βγ . 

15. (a) Transform the equation 
023184 234 =+−−− xxxx  into an equation 

with the third term absent. 

Or 

 (b) Remove the fractional coefficient from the 

equation 0
72
1

16
1

4
1 23 =+−+ xxx . 

PART C — (5 × 8 = 40 marks)  

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

16. (a) Find the coordinates of the center of 
curvature of xxy log=  at the point where 

0=
dx
dy

.   

Or 

 (b) Find the evolute of the astroid 3
2

3
2

3
2 ayx =+ . 
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17. (a) By changing the order of integration, 

evaluate the integral  
−1

0

2 y

y

xydxdy . 

Or 

 (b) By changing into polar coordinates, show 

that ( ) 
∞ ∞

+− =
0 0

4

22 πdxdye yx . Hence evaluate 


∞

−

0

2

dte t . 

18. (a) Evaluate ( ) −
1

0

1 dxxx pnm  in terms of gamma 

functions and hence find  −

1

0 1 nx
dx

. 

Or 

 (b) Using gamma functions evaluate 

( )  −− dxdyyxxy 2
1

1  over the area enclosed 

by the lines 0=x , 0=y  and 1=+ yx  in the 

positive quadrant. 
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19. (a) Solve 016116 22 =−+− xxx  where roots are 
in harmonic progression. 

Or 

 (b) If 0=+++ dcba , show that 

  
325

333322225555 dcbadcbadcba +++⋅+++=+++
 

20. (a) Show that the equation 
01243 234 =+−+− xxxx  can be transformed 

into a reciprocal equation by diminishing the 
roots by unity. Hence solve the given 
equation.  

Or 

 (b) Solve the equation  

  06355656356 2456 =−+−+− xxxxx . 

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

Answer ALL questions. 

Choose the correct answer. 

1. 023 222 =++ yxyppx  GßÓ \©ß£õmiß wºÄ 

___________. 

 (A) ( )( ) 02 =−− cyxcxy   

 (B) ( ) 0=− cxy  

 (C) ( ) 02 =− cyx   

 (D) 02 =+ yxxy  
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 The solution of the equation 023 222 =++ yxyppx  

is ___________ 

 (a) ( )( ) 02 =−− cyxcxy  (b) ( ) 0=− cxy  

 (c) ( ) 02 =− cyx  (d) 02 =+ yxxy  

2. 12 =+ p
dx
dpy  GßÓ \©ß£õmiß wºÄ ___________. 

 (A) ( )222 cxyc +=+  (B) ( ) 022 =+−+ cxyc  

 (C) 022 =+ xc  (D) 0222 =++ cyx  

 The solution of the equation 12 =+ p
dx
dpy  is 

___________ 

 (a) ( )222 cxyc +=+  (b) ( ) 022 =+−+ cxyc  

 (c) 022 =+ xc  (d) 0222 =++ cyx  

3. ( ) 0452 =++ yDD &ß xøn¯»S \©ß£õk 

___________. 

 (A) 0452 =++ mm  (B) 0452 =−− mm  

 (C) 04 =+m  (D) 02 =+ mm  
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 The auxiliary equation of ( ) 0452 =++ yDD  is 

___________. 

 (a) 0452 =++ mm  (b) 0452 =−− mm  

 (c) 04 =+m  (d) 02 =+ mm  

4. ( ) xeyDD =++ 652  GßÓ \©ß£õmiß C.F. = 

___________ 

 (A) xx ecec 3
2

2
1 +  (B) xx ecec 3

2
3

1 +  

 (C) xx ecec 3
2

2
1

−− +  (D) xx ecec 3
2

2
1 +−  

 C.F. of the equation ( ) xeyDD =++ 652  is 

___________. 

 (a) xx ecec 3
2

2
1 +  (b) xx ecec 3

2
3

1 +  

 (c) xx ecec 3
2

2
1

−− +  (d) xx ecec 3
2

2
1 +−  

5. ( )8,2,1  ©ØÖ® ( )3,1,1  BQ¯ ¦ÒÎPøÍ 

CønUS® ÷Põmiß ø©¯¨¦ÒÎ ___________. 

 (A) ( )11,3,1   (B) 







2
11

,
2
3

,1  

 (C) 







2
11

,
3
2

,1  (D) 







11
2

,
3
2

,1  
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 The middle point of the line joining the points 

( )8,2,1  and ( )3,1,1  is ___________. 

 (a) ( )11,3,1   (b) 







2
11

,
2
3

,1  

 (c) 







2
11

,
3
2

,1  (d) 







11
2

,
3
2

,1  

6. 1642 =−+ zyx  ©ØÖ® 04563 =+−+ zyx  BQ¯ 

uÍ[PÐUQøh÷¯ EÒÍ ÷Põn® ___________ 
BS®. 

 (A) 
4
π

   (B) 
2
π

 

 (C) 
3
π

   (D) π  

 The angle between the planes 1642 =−+ zyx  and 

04563 =+−+ zyx  is ___________. 

 (a) 
4
π

   (b) 
2
π

 

 (c) 
3
π

   (d) π  
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7. ( )8,5,2  ©ØÖ® ( )3,6,1−  BQ¯ ¦ÒÎPøÍ 

CønUS® ÷|º÷Põmiß \©ß£õk ___________ 
BS®. 

 (A) 
5

8
1
5

3
2 +=

−
+=− zyx

    

 (B) 
5

8
1

5
3

2 +=+=+ zyx
 

 (C) 
5

8
1
5

3
2 −=

−
+=− zyx

    

 (D) HxªÀø» 

 Equation of the straight line joining the points 
( )8,5,2  and ( )3,6,1−  is ___________. 

 (a) 
5

8
1
5

3
2 +=

−
+=− zyx

    

 (b) 
5

8
1

5
3

2 +=+=+ zyx
 

 (c) 
5

8
1
5

3
2 −=

−
+=− zyx

    

 (d) None 

8. r
n

zz
m

yy
l
xx =−=−=− 111  GßÓ \©ß£õk 

___________ I SÔUS®. 

 (A) Ámh®  (B) ÷|º÷Põk 

 (C) }ÒÁmh® (D) Av£μÁøÍ¯® 
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 r
n

zz
m

yy
l
xx =−=−=− 111  is the equation of the 

___________. 

 (a) Circle  (b) Straight line 

 (c) Ellipse  (d) Hyperbola 

9. 
n

zz
m

yy
l
xx 111 −=−=−

 GßÓ ÷Põk 

0=+++ dczbyax  GßÓ ÷PõmiØS Cøn GÛÀ 

 (A) 0=++ cnbmal  ©ØÖ® 0111 ≠++ dczbyax     

 (B) 0=+ bmal  ©ØÖ® 0111 ≠++ dczbyax  

 (C) 0≠++ cnbmal  ©ØÖ® 0111 =++ dczbyax     

 (D) 0≠++ cnbmal  ©ØÖ® 0111 ≠++ dczbyax  

 The line 
n

zz
m

yy
l
xx 111 −=−=−

 is parallel to the 

plane 0=+++ dczbyax if 

 (a) 0=++ cnbmal  and 0111 ≠++ dczbyax     

 (b) 0=+ bmal  and 0111 ≠++ dczbyax  

 (c) 0≠++ cnbmal  and 0111 =++ dczbyax     

 (d) 0≠++ cnbmal  and 0111 ≠++ dczbyax  
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10. 0222222 =++++++ dwzvyuxzyx ,

pnzmylx =++  \©ß£õkPÒ ___________ ø¯  

SÔUS®. 

 (A) J¸ ÁmhzøuU (B) J¸ E¸øÍø¯U  

 (C) J¸ T®ø£U (D) J¸ £μÁøÍ¯zøuU 

 The equation 0222222 =++++++ dwzvyuxzyx , 

pnzmylx =++  represent ___________. 

 (a) a circle  (b) a cylinder 

 (c) a cone  (d) a parabola 

PART B — (5 × 5 = 25 marks) 

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

11. (A) wºUP : 322 pypxy +=  

  Solve : 322 pypxy += .  

Or 

 (B) wºUP : ( )dtxttdx 2−=  

    ( )dttxtytxtdy −++= 2 . 

  Solve : ( )dtxttdx 2−= . 

      ( )dttxtytxtdy −++= 2 . 
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12. (A) wºUP : ( ) mxynnDD cos2 4224 =++ . 

  Solve : ( ) mxynnDD cos2 4224 =++ . 

Or 

 (B) wºUP : ( ) xyDD 5sin8982 =+− . 

  Solve : ( ) xyDD 5sin8982 =+− . 

13. (A) ( )4,5,2 − , ( )3,4,1 − , ( )6,7,4 −  ©ØÖ® 

( )7,8,5 −  BQ¯ ¦ÒÎPÒ J¸ CønPμzøuU 

SÔUS® GÚU PõmkP. 

  Show that the points ( )4,5,2 − , ( )3,4,1 − , 

( )6,7,4 −  and ( )7,8,5 −  are the vertices of a 

parallelogram. 

Or 

 (B) ( )2,5,3 −A , ( )0,2,2B  ©ØÖ® ( )6,11,5 −C  

BQ¯ ¦ÒÎPÒ J÷μ ÷|ºU÷PõmiÀ Aø©²® 

GÚ {¹¤. 

  Prove that the points ( )2,5,3 −A , ( )0,2,2B  

and ( )6,11,5 −C  are collinear. 
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14. (A) 012632 =++− zyx , 02632 =−+− zyx  GßÓ 
C¸ Cøn¯õÚ uÍ[PÐUS Cøh÷¯ EÒÍ 
yμzøuU PõsP. 

  Find the distance between the parallel 
planes  

  012632 =++− zyx , 02632 =−+− zyx . 

Or 

 (B) 
3

1
5
2

2
3 −=

−
−=− zyx

©ØÖ® 

2
6

2
4
1 −=+=

−
− zyx

 BQ¯ ÷PõkPÒ J÷μ 

uÍzvÀ Aø©²® GÚU PõmkP. 

  Show that the lines 
3

1
5
2

2
3 −=

−
−=− zyx

 and 

2
6

2
4
1 −=+=

−
− zyx

 are coplanar. 

15. (A) ( )2,1,6 −  GßÓ ¦ÒÎø¯ ø©¯©õPÄ® ©ØÖ® 

0222 =−+− zyx  GßÓ uÍzøu öuõk® 
÷PõÍzvß \©ß£õmøhU PõsP. 

  Find the equation of the sphere which has its 
centre at the point ( )2,1,6 −  and touches the 

plane 0222 =−+− zyx . 

Or 



 

 Code No. : 20711 B Page 10 

 

 (B) 24522106222 =+++++ zyxzyx , 

0141181412222 =+−−−++ zyxzyx  BQ¯ 

÷PõÍ[PÒ JßøÓö¯õßÖ öuõk® GÚU 
PõmkP. öuõk® ¦ÒÎø¯U Psk¤i. 

  Show that the spheres 

  24522106222 =+++++ zyxzyx ; 

0141181412222 =+−−−++ zyxzyx  touch 

each other. Find the point of contact. 

PART C — (5 × 8 = 40 marks)  

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

16. (A) wºUP : tyx
dt
dx =−+ 32  

    teyx
dt
dy 223 =+−  

  Solve : tyx
dt
dx =−+ 32  

    teyx
dt
dy 223 =+− .  

Or 
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 (B) wºUP :  303152

2

=++ yx
d

xd
θ

 

     04102 2

2

=+++ y
d

ydx
θ

 

  Solve : 303152

2

=++ yx
d

xd
θ

 

     04102 2

2

=+++ y
d

ydx
θ

. 

17. (A) wºUP : ( ) xxexyD x cos1 222 +=+  

  Solve : ( ) xxexyD x cos1 222 +=+ . 

Or 

 (B) wºUP : ( ) xeyDD x 4sin65 22 +=++ − . 

  Solve : ( ) xeyDD x 4sin65 22 +=++ − . 

18. (A) 0=++ cnbmal ; 0=++ hlmgnlfmn  

BQ¯ÁØøÓ vø\UöPõø\ßPÍõP öPõsh 

÷|º÷PõkPÒ ö\[Szx GÛÀ 0=++
c
h

b
g

a
f

 

©ØÖ® Cøn GÛÀ 0=++ chbgaf  

GÚU PõmkP. 
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  Show that the straight lines whose direction 
cosines are given by 0=++ cnbmal ; 

0=++ hlmgnlfmn  are perpendicular if 

0=++
c
h

b
g

a
f

 and parallel if 

0=++ chbgaf . 

Or 

 (B) ( )111 ,, zyx  GßÓ ¦ÒÎ°¼¸¢x 

0=+++ dczbyax  GßÓ uÍzvØS EÒÍ 

ö\[Szx }ÍzøuU PõsP. 

  Find the length of the perpendicular from 
the point ( )111 ,, zyx  on the plane 

0=+++ dczbyax . 

19. (A) 03232 =++− zyx  GßÓ uÍzvÀ 

2
3

5
2

2
1 −=

−
+=− zyx

  GßÓ ÷PõmiØPõÚ 

J¨¦ø©U ÷Põmiß \©ß£õmøh PõsP. 

  Find the equations of the image of the line 

2
3

5
2

2
1 −=

−
+=− zyx

 in the plane 

03232 =++− zyx . 

Or 
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 (B) 
1

2
2

4
1
3 +=−=

−
− zyx

; 
2

2
3

7
1

1 +=+=− zyx
 

BQ¯ ÷PõkPÐUS Cøh÷¯ EÒÍ SÖQ¯ 

yμzøuU PõsP. 

  Find the shortest distance between the lines 

1
2

2
4

1
3 +=−=

−
− zyx

; 
2

2
3

7
1

1 +=+=− zyx
. 

20. (A) ( )cba ,,  GßÓ {ø»¨¦ÒÎ ÁÈ¯õP ö\À¾® 

J¸ uÍ® B¯ Aa_PøÍ A, B, C&À 

öÁmkQÓx. ÷PõÍ® OABC&ß ø©¯zvß 

{¯©¨£õøu 2=++
z
c

y
b

x
a

 GÚU PõmkP. 

   A plane passes through a fixed point ( )cba ,,  

and cuts the axes in A, B, C. Show that the 

locus of the center of the sphere OABC is 

2=++
z
c

y
b

x
a

. 

Or 
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 (B) ©õÓõ Bμ® k&IU öPõsh ÷PõÍ® 

ø©¯¨¦ÒÎ ÁÈ¯õP ö\À¾® ©ØÖ® Aa_U 

÷PõkPøÍ A, B, C&À \¢vUS® GÛÀ 

•U÷Põn® ABC&ß ø©¯U ÷Põmka \¢v 

( ) 2222 49 kzyx =++  GßÓ ÷PõÍzvß 

ø©¯¨£Sv°À Aø©²® GÚ {ÖÄP. 

  A sphere of constant radius k passes through 
the origin and meets the axes in A, B, C. 

Prove that the centroid of the triangle ABC 

lies on the sphere ( ) 2222 49 kzyx =++ . 

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

Answer ALL questions. 

 Choose the correct answer : 

1. In a quotient group 
N

N
G ,

 is  

 (a) any proper subgroup of G  

 (b) a cyclic subgroup of G  

 (c) a normal subgroup of G  

 (d) a proper abelian subgroup of G  

(6 Pages) 
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2. If GG :  is a homomorphism, then )(abc   
——————— 

 (a) )().().( cba   (b) )(. bc
b
a  







 

 (c) )()()( cba    (d) none of these 

3. Every group is isomorphic to a subgroup of the 
group of automorphisms )(SA  for some set S  is 

due to 

 (a) Legrange  (b) Cayley 

 (c) Cayley Hamilton (d) Sylow 

4. If G  is a group having 36 elements and H  is a 
subgroup with 9 elements, then )(Hi  = 

 (a) 4!   (b) 4 

 (c) 3   (d) 9! 

5. Product of seven even and four odd permutations 
is an ——————— permutation. 

 (a) odd    

 (b) even 

 (c) either odd or even  

 (d) none 
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6. The group nS  has ——————— elements. 

 (a) n    (b) !n  

 (c) 
2
!n
   (d) 2nc  

7. The number of 2-Sylow subgroups of order 2 in 3S  

is 

 (a) 1   (b) 4 

 (c) 2   (d) 3 

8. Any group of order 72 must have a normal 
subgroup and hence  

 (a) is simple  (b) not simple 

 (c) neither (a) nor (b) (d) none of the above 

9. The number of non-isomorphic abelian groups of 

order 43  is 

 (a) 4   (b) 3 

 (c) 5   (d) 6 

10. Number of 3-sylow subgroup in a group of order 15 
is 

 (a) 1   (b) 2 

 (c) 3   (d) 5 
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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) Define cosets. Prove that the subgroup N  of 
G  is normal subgroup of G  if and only if 
every left coset of N  in G  is a right coset of 
N  in G . 

Or 

 (b) Define the terms homomorphism, Ker  and 

normal subgroup. Prove that if GG :  is 
a homomorphism, then Ker  is a normal 
subgroup of G . 

12. (a) Define inner automorphism. Prove that 

Z
GGI )( , where )(GI  is the group of inner 

automorphisms of G  and Z  is the centre of 
G . 

Or 

 (b) What are the elements in the group of 
automorphisms of an infinite cyclic group? 

13. (a) Define conjugacy and prove that conjugacy is 
an equivalence relation on G . 

Or 

 (b) Define normalizer of an element in a group. 
Prove that it is a subgroup of G .  

[P.T.O]
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14. (a) If A  and B  are finite subgroup of G  then 

prove that 
)(

)()()( 1


BxAo
BoAoBAo . 

Or 

 (b) Prove that any group of order 72 has a 
nontrivial normal subgroup. 

15. (a) Suppose that G  is the internal direct 
product of mNNN ,...,, 21 . Then, for 

)(, eNNji ji   and. If ji NbNa  , ; 

then baab  . 

Or 

 (b) If A  and B  are groups, prove that BA  
and AB  are isomorphic. 

PART C — (5  8 = 40 marks) 

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

Each answer should not exceed 600 words. 

16. (a) State and prove Sylow’s theorem for abelian 
groups. 

Or 

 (b) If H  and K  are finite subgroups of G  of 
orders )(Ho  and )(Ko  respectively, then 

prove that 
)(
)()()(

KHo
KoHoHKo


 . 
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17. (a) If G  is a finite group and GH   is a 
subgroup of G  such that )!(|)( HiGo  , then 
H  must contain a non-trivial normal 
subgroup of G . 

Or 

 (b) State and prove Cayley’s theorem. 

18. (a) State the prove Cauchy’s theorem. 

Or 

 (b) Prove that nS  has a normal subgroup of 

index 2, the alternating group nA , consisting 

of all even permutations. 

19. (a) State and prove the second part of Sylow’s 
theorem. 

Or 

 (b) State Sylow’s theorem and give the third 
proof. 

20. (a) Prove that every finite abelian group is the 
direct product of cyclic groups. 

Or 

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

—————— 
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PART A — (10 × 1 = 10 marks) 

Answer ALL questions.  

Choose the correct answer. 

1. The number of ideals of the set of all rational 
numbers is ___________. 

 (a) 1   (b) 2 

 (c) 0   (d) none of the above 

2. Suppose γ  is a real number 10 ≤≤ γ , 
( ) ( ){ }0| =∈= γγ fRxfM  is a ___________ ideal of R.  

 (a) Left ideal  (b) Right ideal 

 (c) Prime ideal (d) Maximal ideal 

(7 pages) 
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3. The number of units in the ring of integers is 
___________. 

 (a) 1   (b) 2 

 (c) 0   (d) none of the above 

4. The gcd of 3 + 4i and 4 – 3i in J[i] is ___________. 

 (a) 2 – i   (b) 2 + i 

 (c) 1 + 2i  (d) none of the above 

5. The content of the polynomial 166 +− xx  is 

___________. 

 (a) 0   (b) 1 

 (c) 2   (d) none of the above 

6. Which of the following is the unique factorization 
domain? 

 (a) Z   (b) ( )5−Z  

 (c) (a) and (b) (d) no one of the above 

7. The only idempotent element is rad R is 

 (a) 0   (b) 1 

 (c) 2   (d) none of the above 
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8. Let F[(x)] be the ring of formal power series over a 
field F. Then rad F[[x]] = ___________. 

 (a) (0)   (b) (1) 

 (c) (x)   (d) none of the above 

9. A ring R is subdirectly irreducible if and only if 
the heart of R is not equal to ___________. 

 (a) {1}   (b) {0} 

 (c) R   (d) None of the above 

10. If { }0^ ≠R , then the annihilator of the set of zero 
divisors of R is ___________. 

 (a) R   (b) {0} 

 (c) ^R    (d) None of the above 

PART B — (5 × 5 = 25 marks) 

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

11. (a) If φ  is a homomorphism of R into R' with 
kernel I(φ ), then prove that (i)  I(φ ) is a 
subgroup of R under addition, (ii) If ( )φIa ∈  
and Rr ∈  then both ar and ra are in I(φ ). 

Or 

 (b) If U is an ideal of the ring R, then prove that 
R/U is a ring and is a homomorphic image of 
R. 
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12. (a) Let R be a Euclidean ring. Then any two 

elements a and b in R have a greatest 

common divisor d. Moreover bad μλ +=  for 

some R∈μλ, . Prove. 

Or 

 (b) Let R be a Euclidean ring and Rba ∈, . If 

0≠b  is not a unit in R, then ( ) ( )abdad < . 

13. (a) State and prove the Gauss lemma. 

Or 

 (b) Define primitive polynomial and prove that if 

f(x) and g(x) are primitive polynomials, then 

f(x)g(x) is a primitive polynomial. 

14. (a) Let I be an ideal of R. Then prove that 

RradI ⊆  if and only if each element of the 

coset 1 + I has an inverse in R. 

Or 

 (b) For any ring R, prove that the quotient ring 

RRadR /  is without prime radical.  

[P.T.O.]
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15. (a) For any ring R, the J-radical J(R) is an ideal 

of R. 

Or 

 (b) An element Ra ∈  is quasi-regular if and only 

if aIa ∈ . 

PART C — (5 × 8 = 40 marks) 

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

16. (a) Prove that every integral domain can be 

imbedded in a field. 

Or 

 (b) Let R and R' be rings and φ  a homomorphism 

of R onto R' with kernel U. Then R' is 

isomorphic to R/U. Moreover there is one-to-

one correspondence between the set of ideals 

of R' and the set of ideals of R which contain 

U. This correspondence can be achieved by 

associating with an ideal W' in R; the ideal W 

in R defined by ( ){ }'| WxRxW ∈∈= φ . With W 

so defined, R/W is isomorphic to R'/W'. 
Prove. 
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17. (a) Define Euclidean ring and prove that J[i] is 
an Euclidean ring. 

Or 

 (b)  If p is a prime number of the form 14 +n  then 
22 bap +=  for some integers a and b.  

18.  (a) State and prove the Eisenstein criterion. 

Or 

 (b)  Define unique factorization domain and prove 
that if R is a unique factorization domain then 
so is [ ]nxxxR ...,,, 21 . 

19.  (a) Let I be an ideal of the ring R. Further, 
assume that the subset RS ⊆  is closed under 

multiplication and disjoint from I. Then prove 
that there exits an ideal P which is maximal 
in the set of ideals which contain I and do not 
meet S; any such ideal is necessarily prime. 

Or 

 (b)   If I is an ideal of the ring R, then  

(i)  ( )
I

IRradIRrad +⊇/  and (ii)  whenever 

RradI ⊆ , ( ) ( ) IRradIRrad // = . 
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20.  (a) A ring R is isomorphic to a subdirect sum of 
rings iR  if and only if R contains a collection 

of deals { }iI  such that iIR /  ~ iR  and 

{ }0= iI . 

Or 

 (b)  Let nIII ....,,, 21  be a finite set of ideals of the 

ring R. If RII ji =+  whenever ji ≠ , then 

 iIR  ~ 







⊕Σ

iI
R

. 

——————— 

 



 

  

 

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

Code No. : 6837 Sub. Code : PMAM 22 

M.Sc. (CBCS) DEGREE EXAMINATION, APRIL 2021. 

Second Semester 

Mathematics — Core  

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.  If ∈f (α ) and ∈g (α ) on [ ]ba,  then ∈fg   

 (a) 2 (α )   

 (b) (α ) 

 (c) ( 2α )   

 (d) None of these 

(8 pages) 
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2.  ∈f (α ) if 

 (a) f is continuous on [a, b]     

 (b) f is monotonic on [a, b] 

 (c) f is bounded on [a, b]    

 (d) none of these 

3.  ( )( ) n

nm
xm 2!coslimlim π

αα →→
= 

 (a) 0   (b) 1 

 (c) –1   (d) none of these 

4.  Let ( ) ( )nn xxnxf 22 1 −=  ( )...,3,2,1,10 =≤≤ nx . 

Then 
2
1

 is the value of 

 (a) ( )xfnn α→
lim   (b) ( )→

1

0

lim dxxfnn α
 

 (c) ( )( ) →

1

0

lim dxxfnn α
 (d) none of these 

5.  If  has the property that ∈f  whenever ∈nf  
( )...,3,2,1=n  and ffn →  uniformly on E, then  
is said to be  

 (a) uniformly closed (b) pointwise closed 

 (c) closed  (d) none of these 
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6.  ( )
−

−
1

1

21 dxx n
 is 

 (a) less than 
n

1
 (b) equal to 

n
1

 

 (c) greater than 
n

1
 (d) none of these 

7.  Let K be compact and let ∈nf (K) ....,3,2,1=n . 

{ }nf  contains a uniformly convergent subsequence 

is ___________. 

 (a) { }nf  is pointwise bounded 

 (b) { }nf  is equicontinuous on K  

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

 (d) Neither (a) nor (b) is true 

8.  Suppose the series 
∞

0

n
nxC  converges for Rx <  

then 
∞

−

1

1n
nxnC  converges in 

 (a) 





−

RR
1

,
1

 (b) ( )RR 2,2−  

 (c) ( )RR,−   (d) None of these 
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9.  







2
1

= ___________. 

 (a) π    (b) π  

 (c) 
2
π

   (d) 
2
π

 

10.  The sequence of complex functions { }nφ  is said to 

be orthonormal if 

 (a) ( ) =
b

a
n dxx 12φ  (b) ( ) =

b

a
n dxx 1φ  

 (c) ( ) =
b

a
n dxx 1

2φ  (d) ( ) =
b

a
n dxx 12φ  

PART B — (5 × 5 = 25 marks) 

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

11.  (a) State and prove fundamental theorem of 

Calculus. 

Or 

 (b)  Prove that ∈f (α ) on [a, b] if and only if for 

every 0>ε  there exists a partition P such 
that ( )αfPU  – ( )αfPL  < ε. 

[P.T.O.]
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12.  (a) Prove that the limit of the integral need not be 
equal to the integral of the limit even if both 
are finite. 

Or 

 (b)  State and prove the Cauchy Criterion for 
Uniform Convergence. 

13.  (a) Let α  be monotonically increasing on [a, b]. 
Suppose ∈nf (α ) on [a, b] for ...,3,2,1=n  
and suppose ffn →  uniformly on [a, b], prove 

that ∈f (α ) on [a, b]  and  ∞→
=

b

a
n

b

a
n

dffd αα lim . 

Or 

 (b)  If K is a compact metric space, if ∈nf (K) for 
....,3,2,1=n  and if  { }nf  converges uniformly 

on K then show that  { }nf  is equicontinuous on 
K. 

14.  (a) Let  be the uniform closure of an algebra  
of bounded functions. Then show that  is a 
uniformly closed algebra. 

Or 

 (b)  Suppose nCΣ  converges. Put ( ) 
∞

=

=
0n

n
nxCxf  

( )11 <<− x . Then show that ( ) 
∞

=
→

=
0

1
lim

n
nx

Cxf .  
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15.  (a) If ( ) 0=xf  for all x in some segment J then 

show that ( ) 0:lim =xSN ρ  for every Jx ∈ . 

Or 

 (b)  If x > 0 and y > 0 then show that 

  ( ) ( ) ( )
( )yx

yxdttt yx

+Γ
ΓΓ=− −−

1

0

11 1 . 

PART C — (5 × 8 = 40 marks) 

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

16.  (a) Suppose ∈f (α ) on [ ]ba, , Mfm ≤≤ , φ  is 

continuous on [m, M] and ( ) ( )( )xfxh φ=  on 

[ ]ba, . Then show that ∈h (α ) on [ ]ba, . 

Or 

 (b)  Assume α  is increased monotonically and 

∈'α  on [ ]ba, . Let f be a bounded real 

function on [ ]ba, . Then prove that ∈f  (α ) 

if and only if ∈'αf  and ( ) ( ) =
b

a

b

a

dxxxffd 'αα . 
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17.   (a) Suppose { }nf  is a sequence of functions, 

differentiable on [ ]ba,  and such that ( ){ }0xfn  

converges for some point 0x  on [ ]ba, . If { }'nf  

converges uniformly on [ ]ba, , then show that 

{ }nf  converges uniformly on [ ]ba, , to a 
function f, and ( ) ( )xfxf nn

'lim'
∞→

=  ( bxa ≤≤ ). 

Or 

 (b)  Prove that there exists a real continuous 

function on the real line which is nowhere 

differentiable. 

18. (a) If 'γ  is continuous on [ ]ba,  then prove that γ  

is rectifiable and ( ) ( )=Λ
b

a

dtt'γγ . 

Or 

 (b) Let { }nf  be a sequence of functions such that 

ffn →  uniformly on E in a metric space. Let x 

be a limit point of E. Then show that 
( ) ( )tftf nxtnnnxt →∞→∞→→

= limlimlimlim . 
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19. (a) State and prove the Stone-Weierstrass 

theorem. 

Or 

 (b) Given a double sequence { }ija ( )...,3,2,1=i , 

( )...,3,2,1=j , suppose that 
∞

=

=
1j

iij ba  

( )...,3,2,1=i  and ibΣ  converges. Then prove 

that  

  
∞

=

∞

=

∞

−

∞

=

=
1 11 1 j ii j

aijaij . 

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

Or 

 (b) Define gamma function. Prove that if f is a 
positive function on ( )∞,0  such that (i) 

( ) ( )xxfxf =+1  (ii)  ( ) 11 =f  (iii) flog  is convex 

then show that ( ) ( )xxf Γ= . 

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

Answer ALL questions.  

Choose the correct answer. 

1. The moment of force about 0 is defined by N = 
___________. 

 (a) Fr ⋅    (b) r × F 

 (c) r × P   (d) None 

2. The scalar quantity 22mv  is called the 
___________. 

 (a) Kinetic energy (b) Potential energy 

 (c) Torque  (d) Mass 

(6 pages) 



 

 Code No. : 6838 Page 2 

 

3. The Lagrangian function L = ___________. 

 (a) T – V  (b) T + V 

 (c) TV   (d) T ÷ V 

4. The equation of motion is ___________. 

 (a) 0=− ii pF  (b) ii tF −  

 (c) ii rF δ   (d) ijF  

5. Generalized momentum conjugate to a cyclic  

co-ordiante is ___________. 

 (a) conserved  (b) variable 

 (c) zero   (d) none 

6. Curves that give the shortest distance between 

two points on a given surface are called the 

___________ of the surface. 

 (a) perpendicular (b) geodesics 

 (c) torque  (d) mass 

7. Conservation of total energy T + V = ___________. 

 (a) 0   (b) 1 

 (c) constant  (d) none 
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8. All point transformations are ___________. 

 (a) canonical  (b) non-canonical 

 (c) both   (d) none 

9. The potential force under inverse square law of 
force is ___________. 

 (a) 2r
K−    (b) 

r
K−  

 (c) Kr   (d) 2Kr  

10. The nature of orbit when 1=e  and 0=E  is 
___________. 

 (a) elliptic  (b) parabola 

 (c) hyperbola (d) circle 

PART B — (5 × 5 = 25 marks) 

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

11. (a) State and prove conservation theorem for total 
angular momentum. 

Or 

 (b) Prove that if the total force F is zero then 
0=P  and the linear momentum P is 

conserved.  
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12. (a) Derive D’Alembert principle. 

Or 

 (b) Write about the Atwood’s machine. 

13. (a) Explain about the Brachistochrone problem. 

Or 

 (b) Show that the minimum surface of revolution 

is a catenary. 

14. (a) Find the total number of integral exponents 

resulting in elliptic functions. 

Or 

 (b) Prove that the central force motion of two 

bodies about their centre of mass can always 

be reduced to an equivalent one body problem. 

15. (a) Derive the Kepler’s equation ψψ sinewt −= . 

Or 

 (b) Derive the condition 2

2

2e
mK

E
−=  for circular 

motion.  

[P.T.O.]
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PART C — (5 × 8 = 40 marks) 

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

16. (a) State and prove conservation theorem for the 
angular momentum of a particle. 

Or 

 (b) Show that for a single particle with constant 
mass the equation of motion implies the 
following differential equation for the kinetic 

energy VF
dt
dT ⋅=  while if the mass varies 

with time the corresponding equation is 
( )

PF
dt
mTd ⋅ .  

17. (a) Derive Lagrange’s equation from DAlembert’s 
principle. 

Or 

 (b) Derive equation of motion interms of 
Lagrangian and Dissipation function. 

18. (a) Find the shortest distance between two points 
in a plane. 

Or 

 (b) Derive Lagrange’s equation from Hamilton’s 
principle for nonholonomic system. 
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19. (a) Discuss about the equivalent one dimensional 
problem. 

Or 

 (b) State and prove viral theorem. 

20. (a) Discuss Kepler Problem. 

Or 

 (b) Explain about Laplace Runge Lenz Vector. 

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

Answer ALL questions.  

Choose the correct answer. 

1. The equation of the rectifying plane at a point u of 

the circular Helix ( ) ( )buuauaur ,sin,cos=  is 

 (a) 0sincos =−+ auYuX     

 (b) 0sincos =++ auYuX   

 (c) 0sincos =+− auYuX     

 (d) 0sincos =−+ buYuX  

(8 pages) 
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2. The curvature of the circle 2522 =+ yx  is 

 (a) 0   (b) 5 

 (c) 25   (d) 115 

3. A necessary and sufficient condition for a curve to 
be a Helix is 

 (a) curvature is a constant     

 (b) torsion is a constant 

 (c) torsion is zero    

 (d) ratio of curvature to torsion is constant 

4. The position vector of the center of the oscillating 
sphere is 

 (a) bnrc σρ ++=  (b) bnrc τρ ++=  

 (c) bnrc σρρ '++=  (d) bnrc τρρ '++=  

5. The direction coefficients of the parametric 
directions are respectively 

 (a) 















GE
1,0,0,1  

 (b) ( ) ( )GE
1,0,0,1  

 (c) 













−

GE
1,0,0,1     

 (d) 





 −








GE
1,0,0,1  
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6. If ( )22,, vuvur −=  is the position vector of any 

point on the paraboloid, then the value of 2H  is 

 (a) 22 441 vu ++  (b) 22 441 vu +−  

 (c) 22 441 vu −+  (d) 22 441 vu −−  

7. Every space curve is a geodesic on its 

 (a) rectifying developable 

 (b) osculating developable  

 (c) polar developable     

 (d) ellipsoid 

8. If ijkΓ , 2,1,, =kji  are Christoffel symbols of the 

first kind, then 111Γ  is 

 (a) 2/1E   (b) 2/2E  

 (c) 2/1G   (d) 2/2G  

9. If L, M, N vanish at all points on a surface, then 

the surface is a 

 (a) right helicoid (b) sphere 

 (c) cone   (d) plane 



 

 Code No. : 6839 Page 4 

 

10. The Gaussian curvature of the surface 
( ) ( )( )uvvubvuar ,, −+=  is 

 (a) 422 /4 Hba  (b) 422 /4 Hba−  

 (c) 442 /4 Hba  (d) 442 /4 Hba−  

PART B — (5 × 5 = 25 marks) 

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

11. (a) If u is the parameter of the curve r, then the 
equation of the oscillating plane at any point 
P with position vector ( )urr =  is 

[ ] 0,, =− rrrR  . 

Or 

 (b) Find the curvature and torsion of 
( )αθθθ cos,sin,cos aaar = . 

12. (a) If R is the radius of spherical curvature, show 

that 
τ2

''

k
tt

R
×

= . 

Or 

 (b) Find the involutes and evolutes of the circular 
helix ( )θθθ baar ,sin,cos= .  

[P.T.O.]
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13. (a) For a right helicoid given by 
( )avvuvu ,sin,cos , determine ( )Nrr ,, 21  at a 
point on the surface and the direction of the 
parametric curves. Find the direction making 

angle 
2
π

 at a point on the surface with the 

parametric curve v = constant. 
Or 

 (b) Prove that position vector of a point on the 
anchor ring is  

  ( ) ( )( )uavuabvuabr sin,sin)cos,cos,cos ++=  
where ( )0,0,b  is the center of the circle and  
z-axis is the axis of rotation. 

14. (a) For a variable direction at P, prove that 
dS
dφ

 

is maximum in a direction orthogonal to the 
curve ( ) constant, =vuφ  through P and the 
angle between ( )12, φφ−  and the orthogonal 

direction in which φ  is increasing is 
2
π

. 

Or 

 (b) Prove that the curves of the family 

constant2

3

=
u
v

 are geodesics on a surface with 

the metric 2222 22 dvuuvdudvduv +− , 0>u , 
0>v . 
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15. (a) Prove that a curve on a surface is a geodesic if 
and only if the geodesic curvature vector is 
zero. 

Or 

 (b) Show that the points of the paraboloid 

( )2,sin,cos uvuvur =  are elliptic but the 

points of the helicoids ( )avvuvur ,sin,cos=  

are hyperbolic. 

PART C — (5 × 8 = 40 marks)  

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

16. (a) Let γ  be a curve of class 2≥m  with arc 

length s as parameter. If the point p on γ  has 

parameter zero prove that the equation of the 
oscillating plane is ( ) ( ) ( )[ ] 00'',0',0 =− rrrR  

where 0'' ≠r . If 0'' =r , assuming γ  is analytic 

and prove that the equation of the plane at an 

inflexional point is ( ) ( ) ( )[ ] 00,0',0 )( =− krrrR . 

Or 

 (b) Prove by an example that at a point of 
inflexion, a curve of class α  need not possess 
on oscillating plane. 
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17. (a) Prove that the curvature 1k  and torsion 1τ  of 

an involute C  of c are 22

22
2
1 )( sck

kk
−

+= τ
, 

( )( )221
''

τ
τττ
+−

−=
ksck
kk

. 

Or 

 (b) Find the center of spherical curvature of the 
curve given by ( )uauauar 2cos,sin,cos= . 

18. (a) Prove that the first fundamental form of a 
surface is a positive definite quadratic for in 
du, dv. 

Or 

 (b) Obtain the surface equation of sphere and find 
the singularities, parametric curves, tangent 
plane at a point and the surface normal. 

19. (a) State and prove Liouville’s Formula. 

Or 

 (b) A helicoids is generated by a screw motion of a 
straight line which met the axis at an angle 
α . Find the orthogonal trajectories of the 
generators. Find also the metric of the surface 
referred to the generators and their 
orthogonal trajectories as parametric curves. 
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20. (a) If k is the normal curvature in a direction 
making an angle ψ  with the principal 

direction constant=v , the prove that 

ψψ 22 sincos ba kkk +=  where ak  and bk  are 

principal curvatures at the point P on the 
surface. 

Or 

 (b) State and prove Rodrigue’s formula. 

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

Answer ALL questions.  

Choose the correct answer. 

1. If G is a forest, then the number of edges is 
 (a) ωγε −=   (b) 2−= γε  

 (c) γε =   (d) 
2
γε =  

2. If any two vertices of G are connected by atleast 
two internally disjoint paths, then G is 

 (a) 2-connected (b) 3-connected 

 (c) 4-connected (d) 5-connected 

(6 pages) 
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3. A connected graph has an Euler trail if it has 
atmost ___________ vertices of odd degree. 

 (a) 3   (b) 2 

 (c) 1   (d) 4 

4. The number of Eulerian graphs with γ even and ε  

odd is 

 (a) 1   (b) 2 

 (c) 0   (d) γε  

5. Which one of the following is not 1-factorable? 

 (a) Petercen Graph (b) 5.5K  

 (c) 10K    (d) None of these 

6. The edge-chromatic number of the graph  

 is 

 (a) 1   (b) 2 

 (c) 3   (d 4 

7. G is a graph on 12 vertices. The covering number 
of G is 4. Then the independence number of G is 

 (a) 16   (b) 48 

 (c) 8   (d) 3 
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8. ( )4,4Kχ  = 

 (a) 1   (b) 2 

 (c) 4   (d) 0 

9. If G is a loopless graph with 3=Δ , then 'χ  

 (a) = 3   (b) = 2 

 (c) < 4   (d) 4≤  

10. If G is 4-chromatic, the G contains a subdivision of  

 (a) 1K    (b) 2K  

 (c) 3K    (d) 4K  

PART B — (5 × 5 = 25 marks) 

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

11. (a) Prove that every tree has either one center or 

two adjacent centers. 

Or 

 (b) Prove that a connected graph G is a tree if and 

only if every edge of G is a cut edge. 
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12. (a) Prove that a connected graph has an Euler 
trial if and only if it has atmost two vertices of  
odd degree.  

Or 

 (b) Explain the traveling salesman problem. 

13. (a) Prove that every 3-regular graph without cut 
edges has a perfect matching. 

Or 

 (b) Let M and N be disjoint matchings of G with 
NM > . Prove that there are disjoint 

matchings 1M  and 1N  of G s.t. 11 −= MM , 

11 += NN  and NMNM ∪=∪ 11 . 

14. (a) For any two positive integers k and l, prove 

that ( )22,
mlkr ≥  where { }lkm ,min= . 

Or 

 (b) State and prove Turan’s Theorem. 

15. (a) If G is a K-Critical, prove that 1−≥ Kδ . 

Or 

 (b) Prove that every critical graph is a block.  

[P.T.O.]
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PART C — (5 × 8 = 40 marks) 

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

16. (a) Prove that ( ) 2−= n
n nKτ . 

Or 

 (b) Prove that the spanning tree obtained by 
Kruskal’s algorithm is an optimal tree. 

17. (a) Let G be a simple graph with degree sequence 
( )γddd ...,,, 21  where γddd ∈≤≤ ....21  and 

3≥γ . Suppose that there is no value of 
2
γ<m  

for which mdm ≤  and md m −<− γ8 . Prove that 

G is Hamiltonian. 

Or 

 (b) If G is Eulerian, prove that any trial in G 
constructed by Fleury’s algorithm is an Euler 
Tour of G. 

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

Or 

 (b) Prove that in a bipartite graph, the number of 
edges in a maximum matching is equal to the 
number of vertices in  minimum covering. 
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19. (a) In any graph G with ( ) 0>Gδ , prove that 

γβα =+ 11 . 

Or 

 (b) For any two integers 2≥k , 2≥l , prove that 

( ) ( ) ( )2,11,, −+−≤ lrlkrlkr . If ( )1, −lkr  and 

( )lkr ,1−  are both even, prove that strict 

inequality holds. 

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

Or 

 (b) If G is a tree, prove that ( ) ( ) 11 −−= γπ kkGk  and 

hence find the chromatic polynomial of  

——————— 
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Answer ALL questions. 

 Choose the correct answer : 

1. Every linear transformation of N into an arbitrary 
normal linear space N   is ——————.  

 (a) Bounded   

 (b) Unbounded  

 (c) Continuous  

 (d) Discontinuous  
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2. If  1:  xxS  is the closed unit sphere in N, 

then its image  ST  is a ——————set in 1N .   

 (a) Bounded  (b) Unbounded  

 (c) Continuous (d) Discontinuous  

3. If x  and y  are any two vectors in a Hilbert space, 

then   yxyx ,  

 (a)     (b)    

 (c)     (d)    

4. If M and N are closed linear spaces of a Hilbert 

space H such that NM  , then the linear 

subspace NM   is ——————.  

 (a) open   (b) closed  

 (c) union  (d) disjoint  

5. Which one is the property of orthonormal? 

 (a) ji eeji   (b) 0ie  for every i  

 (c) 1ie  for every i (d) ji eeji    
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6. Every non-zero Hilbert space contains a complete 
——————set.  

 (a) parallel  (b) normal  

 (c) orthonormal (d) closed  

7. If N is a normal operator on H, then 2N =  

—————— 

 (a) 1   (b) 0  

 (c) N   (d) 2N   

8. The unitary operators on H form a ——————.   

 (a) subgroup  (b) cyclic subgroup  

 (c) group  (d) abelian group  

9. If A is a division algebra, then it equals the set of 
all scalar multiples of the ——————.  

 (a) identity  (b) constant  

 (c) reciprocal  (d) inverse  

10. If G is an open set, then S is a —————— set.  

 (a) open   (b) closed  

 (c) normal  (d) orthonormal  
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PART B — (5  5 = 25 marks) 

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

11. (a) Prove that if N is a normal linear space and 
0x  is a non-zero vector in N, then there exist a 

functional 0f  in *N  such that   000 xxf   

and 10 f . 

Or 

 (b) If N and N  be the normal linear spaces and T 
a linear transformation of N into N . Then 
prove that the following conditions on T are 
all equivalent : (i) T is continuous (ii) T is 
continuous at the origin, in the sense that 

  00  nn xTx . 

12. (a) State and prove open mapping theorem. 

Or 

 (b) Prove that if M is a closed linear space of a 
Hilbert space H, then  MMH . 

13. (a) Prove that an operator T on H is self adjoint 
 xTx ,  is real for all x. 

Or  

[P.T.O.] 
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 (b) Prove that if  ie  is an orthonormal set in a 
Hilbert space H, and if x is any vector in H, 
then the set   0:  iii exeS  is either empty 
or countable.  

14. (a) Prove that if P is the projection on a closed 
linear subspace M of H, then M is invariant 
under operator PTPTPT  . 

Or 

 (b) Prove that if T is normal, then the iM ’s are 
pairwise orthogonal. 

15. (a) Prove that G is an open sat, and therefore S is 
a closed set. 

Or 

 (b) Prove that    nn xx   . 

PART C — (5  8 = 40 marks) 

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

16. (a) Prove that let M be a closed linear subspace of 
a normal linear space N. If the norm of coset 

Mx   in the quotient space MN /  is defined 
by  MmMxfMx  :inf . Then 

M
N  is a normal linear space  

Or 
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 (b) Show that let M be a linear subspace of a 
normed linear space N, and let f be a 
functional defined on M. If 0x  is a vector not 
in M , and if  00 xMM   is the linear 
subspace spanned by M and 0x  such that 

ff 0 . 

17. (a) State and prove closed graph theorem. 

Or 

 (b) Prove that a closed convex subset C of a 
Hilbert space H contains a unique vector of 
smallest norm. 

18. (a) State and prove Bessel’s Inequality. 

Or 

 (b) Prove that let H be a Hilbert space, and let f 
be an arbitrary functional in *H . Then there 
exists a  unique vector y in H such that 
   yxxf ,  for every x in H. 

19. (a) Prove that if P is a projection on H with range 
M and null space N, then PNM   is self 
adjoint; and in this case  MN . 

Or 

 (b) Prove that if T is normal, then the iM ’s span 
H. 
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20. (a) Prove that if r is an element of A with the 
property that xr1  is regular for every x, 
then r is in R. 

Or 

 (b) Prove that   nnxxr
1

lim . 

——————— 
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Answer ALL questions.  

Choose the correct answer. 

1. A compound proposition that is always true no 

matter what the truth values of the propositions 

that occur in it is called ___________. 

 (a) logic   (b) tautology 

 (c) inverse  (d) truth value 

2. The conditional statement qp  is false when p 

is true and q is ___________. 

 (a) true   (b) false 

 (c) both   (d) none 

(7 pages) 
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3. The number of different bit strings of length seven 

are ___________. 

 (a) 7!   (b) 7–1! 

 (c) 72    (d) 62  

4. By product rule the number of different subsets of 

a finite set S is ___________. 

 (a) S    (b) 
S

2  

 (c) 
1

2
S

   (d) 1S  

5. A relation R on a set A is called ___________ if 

  Rab ,  whenever   Rba ,  

 (a) refluxive  (b) symmetric 

 (c) transitive  (d) antisymmetric 

6. A domain of n-ary relation is called a ___________ 

when the value of the n-tuple from this domain 

determines the n-tuple. 

 (a) tables  (b) primary key 

 (c) extension  (d) inclusion 

7. The value of 1 + 1 = ___________ in Boolean 

function. 

 (a) 1   (b) 0 

 (c) 2   (d) –1 
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8. A ___________ is a Boolean variable or its 

complement. 

 (a) inverse  (b) literal 

 (c) minterm  (d) none 

9. The ___________ which accepts the value of one 

Boolean variable as input and produces the 

complement of this value as its output 

 (a) inverter  (b) gate 

 (c) nor   (d) and 

10. Cells are said to be ___________ if the minterms 

that they represent differ in exactly in one literal. 

 (a) normal  (b) complement 

 (c) adjacent  (d) none 

PART B — (5  5 = 25 marks) 

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

11. (a) Write the truth table for the biconditional 

qp . 

Or 

 (b) Show that  rqp   and    rpqp   are 

logically equivalent. 
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12. (a) How many one to one functions are there from 

a set with m elements to one with n elements? 

Or 

 (b) How many cards must be selected from a 

standard deck of 52 cards to guarantee that 

atleast three cards of the same suit are 

chosen? 

13. (a) How many refluxive relations are there on a 

set with n elements? 

Or 

 (b) Define 
21 RRM   and 

21 RRM  . Suppose that the 

relations 1R  and 2R  on a set A are 

represented by the matrices 



















010

001

101

1R
M  

and 



















001

110

101

2R
M  then what are the 

matrices representing 21 RR   and 21 RR  . 

14. (a) Find the sum of products expansion for the 

function    zyxzyxF ,, . 

Or 

 (b) Write down the Boolean identities with their 

names.  

[P.T.O.] 
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15. (a) A committee of 3 individuals decides issues for 

an organization. Each individual votes either 

year or no for each proposal. A proposal is 

passed if it received atleast two yes votes. 

Design a circuit that determines whether a 

proposal passes. 

Or 

 (b) Find K-maps for (i) yxxy  (ii) yxyx    

(iii) yxyxyx  . 

PART C — (5  8 = 40 marks) 

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

16. (a) Show that     xQxPx   and 

   xxQxxP   are logically equivalent. 

Or 

 (b) (i) Write down the truth table for 

   qpqp  . 

  (ii) Show that    qpqp   is a tautology. 

17. (a) Each user on a computer has a password 

which is six to eight characters long, where 

each character is an uppercase letter or a 

digit. Each password must contain atleast one 

digit. How many possible passwords are 

there? 

Or 
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 (b) Prove that every sequence of 12 n  distinct 

real numbers contains a subsequence of 

length n + 1 that is either strictly increasing 

or strictly decreasing. 

18. (a) Find the zero one matrix of the transitive 

closure of the relation R where 



















011

010

101

RM . 

Or 

 (b) Prove that the relation R on a set A is 

transitive iff RRn  , n = 1, 2,… 

19. (a) Translate the distributive law 

  zxyxyzx   into a logical 

equivalence. 

Or 

 (b) Translate 0100.1   into logical 

equivalence. 

20. (a) Use K-maps to minimize these sum of 

products expansions. 

(i) zyxyzxzyxzxy   

(ii) zyxzyxyzxzyxzyx   

Or 
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 (b) Construct circuit that produce the following 

outputs : 

(i)  xyx   

(ii)  zyx   

(iii)   zyxzyx  . 

——————— 

 



 

  

 

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

Code No. : 6843 Sub. Code : PMAE 23 

M.Sc. (CBCS) DEGREE EXAMINATION, APRIL 2021. 

Second Semester 

Mathematics  

ELECTIVE - PARTIAL DIFFERENTIAL EQUATIONS 

(For those who joined in July 2017 onwards) 

Time : Three hours Maximum : 75 marks  
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Answer ALL questions.  

Choose the correct answer. 

1. The primitive of the equation 

  03 3232  dzxdyxydxyzx  is 

 (a) cxyxz  3  (b) cyzx  32  

 (c) cxyzx  32  (d) cxyzx  22  

2. If X is a vector such that 0CurlXX  and   is 

an arbitrary function of x, y, z, then 

   XCurlX   = ___________. 

 (a)     (b) 0 

 (c) 1   (d) X 

(7 pages) 
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3. By eliminating the arbitrary constants from 

  byaxz 
2

2  we get the partial differential 

equation ___________. 

 (a) qqypx   (b) 0qypx  

 (c) 2qqxpy   (d) 2qqypx   

4. The equation  yxfz   gives the partial 

differential equation ___________.  

 (a) 0qp   (b) 0qp  

 (c) 0qypx  (d) 0qxpy  

5. Along every characteristic strip of the equation 

  0,,,, qpzyxF , the function  qpzyxF ,,,,  is 

___________. 

 (a) zero   (b) a constant 

 (c) independent (d) equal 

6. If every solution of   0,,,, qpzyxf  is also a 

solution of   0,,,, qpzyxg , then they are said to 

be ___________. 

 (a) equal  (b) equivalent 

 (c) compatible (d) solvable 
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7.   byaxeDDF ',  ___________ byaxe  . 

 (a) 
 baF ,

1
  (b)  baF ,  

 (c)  byaxF  ,  (d)  abF ,  

8. 
2

2

22

2 1

tcx 






 
 is called the one-dimensional 

___________ equation. 

 (a) diffusion  (b) heat 

 (c) wave  (d) harmonic 

9. The characteristic cone at a point touches 

___________ characteristic surface(s) at the point. 

 (a) only one  (b) at least one 

 (c) many  (d) all the above 

10. The surface generated by the bicharacteristics of 

the linear equation   0uL  is called a 

___________. 

 (a) Monoid  (b) Characteristic cone 

 (c) Conoid  (d) Conic 
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PART B — (5  5 = 25 marks) 

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

11. (a) Verify that the equation 

      0222222  dzayzdyzxydxayx  is 

integrable and solve it. 

Or 

 (b) Find the integral curves of the equations 

2yz

dz

y

dy

zx

dx





. 

12. (a) Find the general integral of 

  22 xyyqxpz  . 

Or 

 (b) Prove that the general solution of the linear 

partial differential equation RQqPp   is 

  0, vuF  where F is an arbitrary function 

and   1,, czyxu   and   2,, czyxv   form a 

solution of 
R

dz

Q

dy

P

dx
 .  

[P.T.O.] 
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13. (a) Show that the equations xyqxp  , 

xzqqx 2  are compatible and find their 

solution. 

Or 

 (b) Find a complete integral of the equation 

zyqxp  22 . 

14. (a) Explain the role of second order equations in 

Physics. 

Or 

 (b) Solve the equation  

  yxe
y

z

yx

z

yx

z

x

z 


















3

3

2

3

2

3

3

3

22 . 

15. (a) Classify the equation zyyxx uuu  . 

Or 

 (b) Classify the equation zzyyxx uuu  . 

PART C — (5  8 = 40 marks) 

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

16. (a) Show that a necessary and sufficient condition 

that the Pfaffian Differential equation 

0drX  should be integrable is that 

0CurlXX . 

Or 

 (b) Verify that the equation 

        022  dzyxxydyxzzdxyzz  Is 

integrable and find its primitive. 
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17. (a) If u is a function of x, y and z which satisfies 

the equation 

        0















z

u
yx

y

u
xz

x

u
zy  show that 

u contains x, y and z only in combinations 

zyx   and  222 zyx  .  

Or 

 (b) Find the equation of the integral surface  

of the differential equation 

     32232  xyqzxpzy  which passes 

through the circle 0z , xyx 222  . 

18. (a) Find the solution of the equation 

    yqxpqpz  22

2

1
 which passes 

through the x-axis. 

Or 

 (b) Explain Charpit’s method. 
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19. (a) Find the solution of the equation 

yx
y

z

x

z










2

2

2

2

. 

Or 

 (b) Explain the method of solving reducible 

equations. 

20. (a) Discuss the characteristics of equations in 

three variables. 

Or 

 (b) Explain the method of separation of variables 

and illustrate it by an example. 

——————— 
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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 
},,{ cbaX   

 (a) }}{},{,,{ baX   

 (b) }},{},,{,,{ cbbaX  

 (c) }},{},{},{,{ baba   

 (d) }},{,,{ caX  

(8 Pages) 
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2. Which one of the following is not true  

 (a) If ]1,0[A , then ]1,0['A  

 (b) If 






  Zn

n
B /1

 then }0{'B  

 (c) If QC   then RC '  

 (d) If  ZD  then  ZD'  

3. 3  (7, 8, 9, 2, 3, 5) is 

 (a) 9   (b) 8 

 (c) 2   (d) 3 

4. If RRf :  is defined by 13)(  xxf  then 1f  

is given by  

 (a) 
3

1)(1 
 yyf  (b) 

3
1)(1 

 yyf  

 (c) 13)(1  yyf  (d) 1
3

)(1  yyf  

5. If d  is the discrete metric on X , which one of the 
following is not true (Here Xa  and 2|| X ) 

 (a) }{)2/1,( aaB   (b) XaB )1,(  

 (c) XaB )2,(  (d) }{)8.0,( aaB   
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6. Which one of the following is of true 

 (a) nR  in the product topology is metrizable 

 (b) wR  in the product topology is metrizable 

 (c) The uniform topology on JR  is metrizable 

 (d) wR  is the box topology in metrizable 

7. Which one of the following set is connected in R  

 (a) (2, 5)   (7, 9)  

 (b) (2, 6)   (5, 10) 

 (c) {0}   (1, 2)  

 (d) Q  (the set of all ration number) 

8. Which one of the following is not true? 

 (a) every closed subspace of a compact space is 

compact 

 (b) every compact subspace of a Hausdorff space 

is closed 

 (c) any space containing only finitely many 

points is compact 

 (d) R  is compact 
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9. A space X  is said to be limit point compact it 

 (a) every finite subset of X  has a limit point 

 (b) every infinite subset of X  is bounded 

 (c) every infinite subset of X  has a limit point 

 (d) every subset of X  has a limit point 

10. Which one of the following is not locally compact 

 (a) the real line  

 (b) the subspace Q  of rational numbers 

 (c) the space  

 (d) every simply ordered set having the l.u.b. 
property 

PART B — (5  5 = 25 marks) 

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

Each answer should not exceed 250 words. 

11. (a) Let B  and 'B  be bases for the topologies   
and '  respectively on X . Prove that '  is 
fines than   if and only if for each Xx  
and each basis element BB  containing x , 
there is a basis element '' BB  such that 

BBx  ' . 

Or 

 (b) Define a Hausdorff space. Prove that every 
finite point set in a Hausdorff space is closed.  

[P.T.O]
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12. (a) If B  is a basis for the topology of X  and e  is 
a basis for the topology of Y , prove that the 
collection  CBBCBD and/{ } is a 
basis for the topology of YX  . 

Or 

 (b) State and prove the pasting lamma. 

13. (a) Let X  be a metric space with metric d . 
Define RXXd :  by the equation 

}1),,(min{),( yxdyxd  . Prove that d  is a 
metric that induces the same topology as d .  

Or 

 (b) Let YXf : . If the function f  is 
continuous, prove that for every convergent 
sequence xxn   in X , the sequence )( nxf  

converges to )(xf . Also show that the 
converse holds if X  is metrizable. 

14. (a) If the sets C  and D  form a separation of X , 
and if Y  is a connected subspace of X , prove 
that Y  lies entirely within either C  on D . 

Or 

 (b) Prove that the image of a compact space 
under a continuous map is compact. 
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15. (a) Define a limit point compact space. Give an 
example of a limit point compact space which 
is not compact with justification. 

Or 

 (b) Let X  be a locally compact Hausdorff; let A  
be a subspace of X . If A  is closed in X  or 
open in X , prove that A  is locally compact. 

PART C — (5  8 = 40 marks) 

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

Each answer should not exceed 600 words. 

16. (a) Define a topology. Find two non comparable 
topologies on },,{ cbaX  . If }{   is a family 

of topologies on ,X  show that   is a 

topology on X . Is   a topology on X ? 

Justify. 

Or 

 (b) (i) Let Y  be a subspace of X . Prove that a 
set A  is closed in Y  if and only if it 
equals the intersection of a closed set of 
X  with Y . 

  (ii) If X  is a Hawsdorff space, prove that a 
sequence of points of X  converges to at 
most one point of X . 
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17. (a) State and prove any three rules for 
constructing continuous functions. 

Or 

 (b) Define the box and product topologies and 
compare them. 

18. (a) Define a suitable metric D  on wR and show 

that it induces the product topology on wR . 

Or 

 (b) State and prove the uniform limit theorem. 

19. (a) (i) Prove that the union of a collection of 
connected subspaces of X  that have a 
point in common is connected. 

  (ii) Show that if X  is an infinite set, it is 
connected in the finite complement 
topology. 

Or 

 (b) Prove that the product of finitely many 
compact spaces is compact. 

20. (a) Define a sequentially compact space and 
show that every limit point compact space is 
sequentially compact if X  is metrizable. 

Or 



 

 Code No. : 6845 8

 (b) If X  is a locally compact Hausdorff space 
that is not itself compact, prove that X  has 
a one-point compactification. 

 

—————— 
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PART A — (10 × 1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

1. If 6dim =V  and ),( VVHomW =  then 
),(dim FWHom  is 

 (a) 6   (b) 36 × 6 

 (c) 236    (d) 36 

2. If ivu =),(  and iwu += 2),(  then ),( wivu +  is 

 (a) i32 +   (b) i+3  

 (c) i+1    (d) i22 +  

(7 Pages) 
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3. If )(VAT ∈ , then F∈λ  is called a characteristic 
root if 

 (a) T=λ  is regular 

 (b) for some 0≠v  in V , vvT =  

 (c) 0)( =λf  for some polynomial Fxf ∈)(  

 (d) T+λ  is singular 

4. If 







=

43
21

)(Sm  and 







=

125
63

)(STm  then )(Tm  

is 

 (a) 






−
23
01

  (b) 






 −
32
10

 

 (c) 






−
32
01

  (d) 






−
43
01

 

5. If )(VAT ∈  is nilpotent, then 6 is called the index 

of nilpotence of T  if 

 (a) 06 =T  but 05 ≠T  (b) 05 =T , 06 ≠T  

 (c) 06 =T  but 07 ≠T  (d) 06 =T  
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6. Which one of the following is not a Jordan block 

 (a) 
















200
120
012

  (b) 
















210
020
012

 

 (c)  
















300
130
013

  (d) 
















100
110
011

 

7. If F  is a field of characteristic 2 teritte matrix 

















100
110
001

 has trace 

 (a) 1   (b) 0 

 (c) 3   (d) 4 

8. The secular equation of 







03
21

 is 

 (a) 62 +− xx   (b) xx −2  

 (c) 62 −− xx   (d) 72 −x  

9. Which one of the following is not true 

 (a) TT =×)*(   (b) **)*( STTS +=+  

 (c) *)*( SS πλ =  (d) **)*( TSST =  
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10. Which one of the following is not a characteristic 
root of an unitary transformation 

 (a) 1   (b) i  

 (c) 
2

1
2

1 +   (d) i+1  

PART B — (5 × 5 = 25 marks) 

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

Each answer should not exceed 250 words. 

11. (a) If V  finite-dimensional and Vv ∈≠ 0 , prove 
that there is an element Vf ∈  such that 

0)( ≠vf . 

Or 

 (b) If W  is a subspace of an inner product space 
(finite dimensional) V , define ⊥W  and show 
that WW =⊥⊥ )( . 

12. (a) If V  is finite dimensional over F , prove that 
)(VAT ∈  is regular if and only if T  maps V  

onto V . 

Or 

 (b) Let V  be vector space of all polynomials over 
F  of degree 3 or less and let D   
be its differentiation operator compute  
the matrix of D  in the basis (i) 32 ,,,1 xxx   

(ii) 32 1,1,1,1 xxx +++ .  

[P.T.O]
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13. (a) If )(VAT ∈  is nilpotent, prove that 
m

mTT ααα +++ ...10  where the iα F∈ , is 

invertible if 00 ≠α . 

Or 

 (b) Suppose that 21 VVV ⊕=  where 1V  and 2V  
are subspaces of 1V  invariant under T . Let 

1T  and 2T  be the linear transformations 
induced by T  on 1V  and 2V  respectively. If 
the minimal polynomial of iT  over F  is 

2,1),( =ixPi , prove that the minimal 
polynomial of T  over F  is the least common 
multiple of )(1 xp  and )(2 xp . 

14. (a) For nFBA ∈,  and F∈λ , prove that 
trAAtr λλ =)(  and )()( BAtrABtr = . 

Or 

 (b) Prove that )'det()det( AA = . 

15. (a) If ),(),( vvvTvT =  for all Vv ∈ , prove that T  
is unitary. 

Or 

 (b) Let N  be a normal transformation and 
suppose that λ  and μ  are two distinct 
characteristic roots of N . If wv,  are in V  
and are such that vvN λ= , wwN μ= , prove 
that 0),( =wv . 
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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) If V  and W  are of dimensions m  and n , 
respectively, over F , prove that ),( WVHom  
is on dimension mn over F . 

Or 

 (b) State and prove Schwary inequality. 

17. (a) If V  is finite dimensional over F , prove that 
)(VAT ∈  is invertible if and only if the 

constant term of the minimal polynomial for 
T  is not 0. And hence show that if )(VAT ∈  

is invertible then 1−T  is a polynomial 
expression in T  over F . 

Or 

 (b) Let V  be he vector space of polynomials of 
degree 3 or less over F  and defined T  on V  
by =+++ Txxx )( 3

3
2

210 αααα  

   3
3

2
210 )1()1()1( ++++++ xxx αααα .   

  Compute the matrix of D  is the basis  
  (i) 32 ,,,1 xxx  (ii) 32 1,1,1,1 xxx +++  (iii) if  
  the matrix in (1) is A  and that in part (2) is  
  B , find a matrix C  so that 1−= CACB . 
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18. (a) If )(VAT ∈  has all its characteristic roots in 
F , prove that there is a basis of V  in which 
the matrix of T  is triangular. 

Or 

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

19. (a) For all nFBA ∈, , show that (i) AA =)''(   

(ii) '')'( BABA +=+  and (iii) '')'( ABAB = . 

Or 

 (b) For nfBA ∈, , prove that 

)(det)(det)det( BAAB = . 

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

Or 

 (b) If )(VAT ∈ , prove that (i) )(* VAT ∈  (ii) 
TT =*)*(  and **)*( TSTS +=+ . 

—————— 



 

  

 

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

Code No. : 6847  Sub. Code : PMAM 34 

M.Sc. (CBCS) DEGREE EXAMINATION, APRIL 2021. 

Third Semester 

Core –– Mathematics 

OPERATIONS RESEARCH 

(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. A feasible solution is called a basic feasible 
solution if the number of non-negative allocation is 
equal to 

 (a) 1+− nm   (b) 1−− nm  

 (c) 1−+ nm   (d) nm +  

2. For maximization in TP, the objective is to 
maximize the total 

 (a) solution  (b) profit 

 (c) profit matrix (d) demand 
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3. Which of the following is the correct answer? 

 (a) CPM is an improvement upon bar chart 
method 

 (b) CPM provides a realistic approach to daily 
problem 

 (c) CPM avoids delays which one very common 
in bar charts 

 (d) All the above 

4. The performance of a specific task in CPM is 
known a  

 (a) Dummy  (b) Event 

 (c) Activity  (d) Contract 

5. Which of the following is not correct? 

 (a) An IPP that has no constraints is known as a 
knapsack problem 

 (b) An IPP that has only one constraint is 
known as a knapsack problem 

 (c) Capital budgeting problems may be handled 
as a "0 – 1” type IPP 

 (d) A traveling salesman problem may be solved 
using branch and bound method 
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6. Branch and bound method divides the feasible 
solution space into parts by 

 (a) enumerating (b) branching 

 (c) bounding  (d) all the above 

7. What aims at optimizing inventory levels? 

 (a) Inventory control  

 (b) Inventory capacity 

 (c) Inventory planning 

 (d) None of the above 

8. The minimum stock level is calculated as  

 (a) Reorder level – (normal consumption × 
normal delivery time) 

 (b) Reorder level + (normal consumption × 
normal delivery time) 

 (c) (Reorder level + normal consumption) × 
normal delivery time 

 (d) (Reorder level + normal consumption) / 
normal delivery time 

9. Service mechanism in a queuing system is 
characterized by 

 (a) server’s behaviour 

 (b) customers in the system 

 (c) customer’s behaviour 

 (d) all of the above 
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10. The calling population is assumed to be infinite 
when 

 (a) arrivals are independent of each other 

 (b) capacity of the system is infinite 

 (c) service rate is faster than arrival rate 

 (d) all the above 

PART B — (5 × 5 = 25 marks) 

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

Each answer should not exceed 250 words. 

11. (a)  
 Denver Miami Supply

Los Angles 80 215 1000 

Detroit 100 108 1300 

New orleary 102 68 1200 

Demand 2300 1400  

  Suppose that for the case when the demand 
exceeds the supply, a penalty is levied at the 
rate of $200 and $300 for each undelivered 
car at Denver and Miami, respectively. 
Additionally, no deliveries are made from the 
Los angles plant to the Miami distribution 
center set up the model, and determine the 
optimal shipping schedule. 

Or 
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 (b) Compare starting solutions obtained by the 
north-west corner and VAM for the model. 

0 2 1 6 

2 1 5 7 

2 4 3 7 

5 5 10  

12. (a) Determine the minimal spanning tree of the 
network given below under the conditions. 

  (i) Nodes 5 and 6 are linked by a 2-mile 
cable. 

  (ii) Nodes 2 and 5 cannot be linked. 

 

 

Or 
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 (b) Construct the project network comprised of 
activities A to P that satisfies the following 
precedence relationship. 

  (i) A, B and C, the first activities of the 
project, can be executed concurrently. 

  (ii) D, E and F follow A. 

  (iii) I and G follow both B and D. 

  (iv) H follows both C and G. 

  (v) K and L follow I.  

  (vi) J succeeds both E and H. 

  (vii) M and N succeed F, but cannot start 
until both E and H are completed. 

  (viii) O succeeds M and I. 

  (ix) P succeeds J, L and O. 

  (x) K, N and P are terminal activities of 
the project. 

13. (a) Find optimum integer solution to the LPP. 

  Maximize 21 2xxz +=  

  Subject to the constraints 

  72 2 ≤x , 721 ≤+ xx , 112 1 ≤x , 0, 21 ≥xx  and 

are integers. 

Or 

 (b) Explain Branch and Bound algorithm. 
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14. (a) Calculate the optimum level of inventory if 
the demand is instantaneous. 

Weakly sales : 0 1 2 3 

Probability : 0.01 0.06 0.25 0.35

Weakly sales : 4 5 6  

Probability : 0.20 0.03 0.10  

  The cost of carrying inventory is  
Rs. 30/unit/week and the cost of unit 
shortage is Rs. 70 per week. 

Or 

 (b) A contractor has to supply 10000 bearing 1 
day to an automobile manufactures. He finds 
that when he starts a production run, he can 
produce 25000 bearings per day. The cost of 
holding a bearing in stock for one year is  
Rs. 2 and the set up cost of a production run 
is Rs. 1800. How frequently should 
production run be made? 

15. (a) In a railway yard, goods trains arrive at rate 
of 30 trains per day. Assuming that the inter 
arrival time follows an exponential 
distribution and the service time distribution 
is also exponential with an average 36 mins. 
Calculate (i) the mean queue size and (ii) the 
probability that the queue size exceeds 10. 

Or 

 (b) Derive litter’s formulae. 
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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) Explain Hungarian assignment method. 

Or 

 (b)  
 Men 

Task E F G H 
A 18 26 17 11
B 13 28 14 26
C 38 19 18 15
D 19 26 24 10

  How should the tasks be allocated, one to 
man so as to minimize the total man hours? 

17. (a) Determine the shortest route from station 1 
to station 8. 

 
Or 

 (b) Distinguish CPM from PERT. 
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18. (a) Find the optimum integer solution to the 
I.P.P. 

  Maximize 21 4xxz +=  subject to the 

constraints 742 21 ≤+ xx , 1535 21 ≤+ xx , 

0, 21 ≥xx  and are integers. 

Or 

 (b) Use branch and bound method, solve 

  Maximize 21 97 xxz +=  subject to 

  63 21 ≤+− xx ; 357 21 ≤+ xx ; 72 ≤x , 0, 21 ≥xx  

and are integers. 

19. (a) Determine the optimal order quantities. 

item i Ki Di (units/day) hi ai (ft2)

1 20 22 0.35 1.0 

2 25 34 0.15 0.8 

3 30 14 0.28 1.1 

4 28 21 0.30 0.5 

5 35 26 0.42 1.2 

  Total available storage area = 25 ft2. 

Or 
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 (b) Lube can specializes in fast automobile oil 
change. The garage buys an oil in bulk at 3 
per gallon. A discount price of 2.50 per gallon 
is available if Lube car purchases more than 
1000 gallons. The garage services 
approximately 150 cars per day, and each oil 
change balls 1.25 gallons. Lube car stores 
bulk oil at the cost of 0.02 per gallon per day. 
Also, the cost of placing an order for bulk oil 
is 20. There is a 2-day lead time for delivery. 
Determine the optimal inventory policy. 

20. (a) Explain pure death model. 

Or 

 (b) Explain the model (M/M/C) : (GD/ ∞ / ∞ ). 

 

 

—————— 
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PART A — (10 × 1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answer : 

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

 (a) CFyF y =− ''  (b) CFy ='  

 (c) 0' =− xy FxF  (d) CxFy ='  

(8 Pages) 
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2. Volume of ellipsoid 12

2

2

2

2

2

=++
c
z

b
y

a
x

 is =f  

 (a) yzx2    (b) 28xyz  

 (c) xyz8    (d) 2xyz  

3. =)( 21FFδ  

 (a) 21 FFδ   (b) 21)( FFδ  

 (c) 1221 FFFF δδ +  (d) 1221 FFFF δδ −  

4. A stationary function for an integral functional is 
one for which the variation of the integral is 

 (a) positive  (b) negative 

 (c) zero   (d) constant 

5.  −+=
1

0

)()31(1)( ξξξλ dyxxy  is a ——————— 

integral equation. 

 (a) I kind volterra  

 (b) II kind volterra 

 (c) III kind volterra  

 (d) Fredholm 
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6. If ),( ξxG  is the Green’s function, then 

=− )(')(' 12 ξξ GG  

 (a) 0   (b) 1 

 (c) 
)(

1
ξp

  (d) 
)(

1
ξp

−  

7. If ),( ξxK  is a polynomial in x  and ξ  then it is a 
——————— Kernal. 

 (a) Continuous (b) Separable 
 (c) Symmetric  (d) None separable 

8. The solution of +=
b

a

dyxKxFxy ξξξλ )(/,()()(  can 

be found by iterative method if || λ  

 (a) 
)(

1
abM −

=  (b) 
)(

1
abM −

<  

 (c) 
)(

1
abM −

>  (d) 0=  

9. The characteristic functions )(xym  and )(xyn  of 
the homogeneous Fredholm equation 

=
b

a

dyxKxy ξξξλ )(),()(  are  

 (a) real    
 (b) differ by a constant 
 (c) orthogonal 
 (d) equal 



 

 Code No. : 6850 4

10. The characteristic numbers of a Fredholm 
equation with a non-symmetric Kernal are 

 (a) real    
 (b) complex 
 (c) equal    
 (d) proprotional 

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 stationary function of 

=
1

0

2 )(' dxxfyI , 0)0( =y , 1)1( =y  where 









≤<

<≤−
=

.1
4
1,1

4
10,1

)(
x

x
xf  

12. (a) (i) Find FΔ  for 
),,,,,,,( yxyx vvuuvuyxFF = . 

  (ii) If  +−=
1

0

222 )'( dxyyxI , find IΔ  and 

Iδ  when 2xdy =∈ . 

Or  

 [P.T.O.]
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 (b)  Solve  ′+=
2

1

21
x

x

dxyI , 11 )( yxy = , 

)()( 22 xgxy =  where bmxxg +=)( , bm,  are 
constants 

13. (a) State the properties of Green’s function. 

Or 

 (b) Transform 1" =+xyy , 0)0( =y , 1)( =ly  into 
an integral equation. 

14. (a) Obtain a n  approximate solution of the 
integral equation  

   +=
1

0

2)()sin()( xdyxxy ξξξ . 

Or 

 (b) Obtain the volterra equation of the second 
kind. 

15. (a) Solve  −+=
1

0

)()31(1)( ξξξλ dyxxy  by 

iterative methods. 

Or 

 (b) Show that if =
b

a

dyxKxF ξξξ )(),()(  

possesses a continuous solution, then it is of 
the form  +=

n
nnn xxfxy )()()( φφλ . 
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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) Of all rectangular parallelepipeds which 
have sides parallel to coordinates planes and 
which are inscribed in the ellipsoid 

12

2

2

2

2

2

=++
c
z

b
y

a
x

, determine the dimensions 

of that one which has the largest possible 
volumes. 

Or 

 (b) Find the minimal surface of revolution 
passing through two points. 

17. (a) Obtain the partial differential equation 
satisfied by the equation of a minimal 
surface. 

Or 

 (b) Illustrate the Dirichlet problem. 

18. (a) Show that =
b

a

dxGxy ξξφξ )(),()(  is an 

integral formulation of the differential 
equation 0)( =+ xLy φ  with homogeneous 
boundary conditions 0'=+ yy βα , where 

q
dx
d

dx
dp

dx
dpL ++= 2

2

. 

Or 
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 (b) Transform the problem  

 0)1( 2
2

2
2 =−++ yx

dx
dyx

dx
ydx λ , 0)0( =y , 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) Explain the procedure to solve Fredhom 
equations of second kind with separable 
Kernals. 

20. (a) Determine the characteristic values  
and the corresponding characteristic 
functions of the integral equation  

 +−=
1

0

)()()31()( xFdyxxy ξξξλ . 

Or 

 (b) Explain an iterative method for solving a 
volterra equation. 

—————— 



 

  

 

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

Code No. : 6853 Sub. Code : PMAM 42 

M.Sc. (CBCS) DEGREE EXAMINATION, APRIL 2021. 

Fourth Semester 

Mathematics — Core  

COMPLEX ANALYSIS 

(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. If 3zivu =+ , then 
x
u

∂
∂

 is 

 (a) 22 33 yx −   (b) 22 33 yx +  

 (c) xy6    (d) xy6−  

2. A function u which satisfies 0=Δu  is said to be 

 (a) Analytic  (b) Harmonic 

 (c) Continuous (d) Homomorphic 

(7 pages) 
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3. A mapping by the conjugate of an analytic 
function with a nonvanishing derivative is said to 
be 

 (a) Conformal  

 (b) Holomorphic 

 (c) Indirectly conformal  

 (d) Conjugate  

4. If ( )
dcz
baz

zSw
+
+== , then ( )wSz 1−=  is 

 (a) 
acw
bdw

+−
−

  (b) 
dcw
baw

+
+

 

 (c) 
acw
bdw

+−
+

  (d) 
acw
bdw

+−
−−

 

5. If ( ) 1=βhe , then ( )βh  must be 

 (a) 0   (b) a multiple of 2πi 

 (c) a multiple of 2π (d) a multiple of πi 

6. If C is the unit circle 1=z , then 
C

z

dz
z
e

 is 

 (a) 0   (b) 1 

 (c) 2πi   (d) 2πei 
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7. ‘‘A function which is analytic and bounded in the 

whole plane must reduce to a constant’’ — This 

result is known as 

 (a) Liouville’s Theorem    

 (b) Morera’s Theorem 

 (c) Cauchy’s Theorem    

 (d) The fundamental theorem of algebra 

8. If ( )zf  is defined and continuous on a closed 

bounded set E and analytic on the interior of E, 

then the maximum of ( )zf  on E is assumed 

 (a) on the interior of E 

 (b) on the boundary of E  

 (c) on the set E     

 (d) on the closure of E 

9. The residue of ( )2az

ez

−
 at z = a is 

 (a) 0e    (b) e 

 (c) ae    (d) 
2ae  
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10. An integral of the form 
( )
( )

+∞

∞−

dx
xQ
xP

 converges if and 

only if 

 (a) deg Q(x) is at least two units higher than deg 
P(x) andif no pole lies on the real axis     

 (b) deg P(x) is at least two units higher than deg 
Q(x) and if no pole lies on the real axis 

 (c) deg Q(x) is at least one unit higher than deg 
P(x) and if no pole lies on the real axis    

 (d) deg P(x) = deg Q(x)  

PART B — (5 × 5 = 25 marks) 

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

11. (a) Prove rigorously that the functions ( )zf  and 

( )zf  are simultaneously analytic. 

Or 

 (b) State and prove Lucas’s theorem. 

12. (a) Given three distinct points 432 ,, zzz  in the 
extended plane, prove that there exists a 
unique linear transformation which carries 
them into 1, 0, ∞ in this order. 

Or 

 (b) Find the linear transformation which carries 
0, i, –i into 1, –1, 0.  

[P.T.O.]
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13. (a) State and prove Cauchy’s integral  

formula. 

Or 

 (b) If the piecewise differentiable closed curve γ 

does not pass through the point a, prove that 

the value of the integral  −γ az
dz

 is a multiple 

of 2πi. 

14. (a) Compute 
=

−

1z

nz dzze . 

Or 

 (b) State and prove the fundamental theorem of 

algebra. 

15. (a) State and prove the residue theorem. 

Or 

 (b) Find the residue of 
zz

z
2
1

2 −
+

 at its poles. 
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PART C — (5 × 8 = 40 marks) 

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

16. (a) Prove that 22 yxu −=  is harmonic and find its 

harmonic conjugate. Also find the 
corresponding analytic function. 

Or 

 (b) State and prove Abel’s limit theorem. 

17. (a) Obtain a necessary and sufficient condition 
under which a line integral depends only on 
the end points. 

Or 

 (b) If 
3
2

1 +
+=
z
z

zT ,
12 +

=
z
z

zT , find zTT 21 , zTT 12  

and zTT 2
1

1
− . 

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

Or 

 (b) Compute 
= −ρz az

dz
2  under the condition 

ρ≠a . 
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19. (a) Prove that analytic function ( )zf  has 
derivatives of all orders which are analytic 
and can be represented by the formula 

( )( ) ( )
( ) +−

=
C

n
n

z

df
i

n
zf 12

!

ξ
ξξ

π
. 

Or 

 (b)  State and prove Taylor’s theorem. 

20. (a) State and prove the argument principle. 

Or 

 (b)  Evaluate 
∞

+
0

21
cos

dx
x
x

. 

——————— 
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Answer ALL questions.  

Choose the correct answer. 

1. What is the degree of 3 52 +  over Q? 

 (a) 2   (b) 4 

 (c) 6   (d) 8 

2. The number e is 

 (a) rational  (b) a unit 

 (c) algebraic  (d) transcendental 

(6 pages) 
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3. If E is the splitting field of ( ) 23 −= xxf  over the 

field of rational numbers then [E : F] is 

 (a) 3   (b) 6 

 (c) 2   (d) 4 

4. If ( ) ( )xFxf ∈  is irreducible and if characteristics 

of F is zero then f(x) has 

 (a) a unique root (b) more than one root 

 (c) a multiple root (d) no multiple root 

5. With usual notations, ( )[ ]SxxxF n :...,,, 21  = 

 (a) ( )naaaF ....,,, 21  (b) nS  

 (c) n   (d) n! 

6. If F is the field of real numbers and K is the field 
of complex numbers then ( )( )FKG ,  is 

 (a) 0   (b) 1 

 (c) 2   (d) 3 

7. The cyclotomic polynomial ( )x3φ  = 

 (a) x – 1   (b) x + 1 

 (c) 12 ++ xx   (d) 13 +x  
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8. If the field F has mp  elements then the splitting 

field of xx
mp −  has ___________ elements. 

 (a) m   (b) mp  

 (c) z   (d) ppm −  

9. Every polynomial of degree n over the field of 
complex numbers 

 (a) is irreducible  

 (b) has only one real root 

 (c) has all its roots in the field of complex 
numbers    

 (d) has no multiple root 

10. The irreducible polynomials over the field of real 
numbers are of degree less than 

 (a) 3   (b) 4 

 (c) 2   (d) 7 

PART B — (5 × 5 = 25 marks) 

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

11. (a) If Kba ∈,  are algebraic over F of degrees m 
and n respectively, and if m and n are 
relatively prime, prove that ( )baF ,  is of 
degree mn over F. 

Or 
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 (b) If 
{ }FaaT no

n
n ∈+++= −

−
− 11

1
110 ,...,,,/.... ββββββ  

where Ka ∈  is algebraic of degree n, show 
that ( )aFT = . 

12. (a) If Ka ∈  is a root of ( ) [ ]xFxp ∈ , where KF ⊂ , 
prove that, in [ ]xK , ( ) ( )xpax /− . 

Or 

 (b) If F is a field of characteristic p, show that 
[ ]xFxx

mp ∈− , for 1≥n , has district roots. 

13. (a) If K is a finite extension of F, show that 
( )FKG ,  is a finite group and 

( ) [ ]( )FKFKGO :, ≤ . 

Or 

 (b) Prove that ( )FKG ,  is a subgroup of the group 
of all automorphisms of K. 

14. (a) Given F is a finite field with q elements and 
KF ⊂  where K is also a finite field. Show 

that K has nq  elements where [ ]FKn := . 

Or 

 (b) Show that for every prime number p and 
every positive integer m there exists a field 
having mp  elements.  

[P.T.O.]
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15. (a) Let C be the field of complex numbers and 
suppose that the division ring D is algebraic 
over C. Prove that D = C. 

Or 

 (b) State and prove Lagrange Identity. 

PART C — (5 × 8 = 40 marks) 

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

16. (a) If Ka ∈  is algebraic of degree n over F, show 

that ( )[ ] nFaF =: . 

Or 

 (b) If L is a finite extension of K and if K is a 
finite extension of F, prove that 
[ ] [ ][ ]FKKLFL ::: = . 

17. (a) Prove that a finite extension of a field of 
characteristics D is a simple extension. 

Or 

 (b) If p(x) is a polynomial in F[x] of degree 1≥x  
and is irreducible over F, show that there is 
an extension E of F, such that [ ] nFE =: , in 

which p(x) has a root. 
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18. (a) Given ( )nxxxF ...,,, 21  is the field of rational 
functions in nxxx ....,,, 21  over F. Show that 
the field S of symmetric rational functions 

naaa ....,,, 21  is ( )naaaF ...,,, 21  and 
( )( ) SSxxxFG nn =,...,,, 21 , the symmetric 

group of degree n. 

Or 

 (b) State and prove the Fundamental Theorem of 
Galois. 

19. (a) Let K be a field and let G be a finite subgroup 
of the multiplicative group of non zero 
elements of K. Show that G is a cyclic group. 

Or 

 (b) State and prove Wedderburn theorem on 
finite division rings. 

20. (a) State and prove Left-Division Algorithm in 
the Hurwitz ring of integral quaternions. 

Or 

 (b) Prove that every positive integer can be 
expressed as the sum of squares of four 
integers. 

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

Answer ALL questions.  

Choose the correct answer. 

1. A space for which every open covering contains a 

countable sub covering is called 

 (a) Separable  

 (b) Lindelöf 

 (c) Second countable  

 (d) Compact 

(8 pages) 
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2. Find the wrong statement 

 (a) T2 and compact  normal    

 (b) T3 and Lindelöf  
2
13T  

 (c) T2 and compact  T3 and Lindelöf    

 (d) T2 and compact ⇐ T3 and Lindelöf 

3. Every regular space with a countable basis is 

 (a) normal    

 (b) completely regular but not normal 

 (c) regular but not completely regular    

 (d) compact and Hausdroff 

4. A space X is completely regular then it is 
homeomorphic to a subspace of 

 (a) [ ]J1,0    

 (b)  where n is a finite  

 (c)     

 (d) [ ]J1,0  where n is a finite number and J is 
uncountable 

5. Normal space is also known as 

 (a) 4T    (b) 
2
12T  

 (c) 
2
13T    (d) 3T  

J 
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6. Tietze extension theorem implies 

 (a) The Urysohn Metrization theorem    

 (b) Heine-Borel Theorem  

 (c) The Urysohn Lemma    

 (d) The Tychonof Theorem 

7. Which refines  ( ){ }Znnn ∈+−= :1,1 ? 

 (a) 








∈





 +− Znnn :

2
3

,
2
1

    

 (b) 








∈





 ++ Znnn :

2
3

,
2
1

 

 (c) 








∈





 +− Znnn :2,

2
1

    

 (d) ( ){ }Zxxx ∈+ :1,  

8. Find the set which is locally finite in R? 

 (a) ( ){ }Znnn ∈+− :1,1     

 (b) 








∈





 Zn

n
:

1
,0  

 (c) 








∈







+
Zn

nn
:

1
,

1
1

    

 (d) ( ){ }Rxxx ∈+ :1,  
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9. Which one of the following is not true? 

 (a) Any set X with discrete topology is a Baire 

space      

 (b) Every locally compact space is a Baire space 

 (c) [ ]1,0  is a Baire space    

 (d) Rationals as a subspace of real numbers is not 

a Baire space 

10. Which of the following is not true? 

 (a) Every non empty subset of the set of irrational 

numbers is of second category     

 (b) Open subspace of a Baire space is a Baire 

space 

 (c) The set of rationals is a Baire space    

 (d) If 
∞

=

=
1n

nBX  and X is a Baire space with 

φ≠1B , then atleast one of nB  has nonempty 

interior  

[P.T.O.]
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PART B — (5 × 5 = 25 marks) 

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

11.  (a) Define ℝK topological space. Prove that the 

space ℝK  is Hausdorff but not regular. 

Or 

 (b)  Show that if X is regular, every pair of points 
of X have neighborhoods whose closures are 
disjoint. 

12.  (a) Examine the proof of Urysohn lemma and 
show that for a given r, 

( ) 









−=

<>

− 
rq

q
rp

p UUrf 1 , where p and q are 

rational. 

Or 

 (b)  Show that a compact Hausdorff space is 
normal. 

13.  (a) Is it true that Tietze extension theorem 
implies the Urysohn lemma? 

Or 

 (b)  State and prove Imbedding theorem. 
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14.  (a) Let A be a locally finite collection of subsets of 

X. Then prove that (i)  The collection 

∈= AAB :{ } is locally finite, (ii)A =A . 

Or 

 (b)  Define finite intersection property. Let X be a 

set and D be the set of all subsets of X that is 

maximal with respect to finite intersection 

property. Show that (i) DAAx ∈∀∈  if and 

only if every neighborhood of x belongs to D, 

(ii) Let DA ∈ . Then prove that 

DBAB ∈⊃ . 

15.  (a) Define a first category space. Prove that X is a 

Baire space if and only if ‘given any countable 
collection { }nU  of open sets in X, nU  is dense 

in nX ∀ , then nU∩  is also dense’. 

Or 

 (b)  Define a Baire Space. Whether Q the set of 

rationals as a space is a Baire space? What 

about if we consider Q as a subspace of real 

numbers space. Justify your answer. 

A∈ A∈



 Code No. : 6855 Page 7 

PART C — (5 × 8 = 40 marks) 

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

16.  (a) What are the countability axioms? Prove that 

the space ℝL satisfies all the countability 
axioms but the second. 

Or 

 (b)  Prove that product of Lindelof spaces need not 
be Lindelof. 

17.  (a) Define a regular space and a normal space. 
Prove that every regular second countable 
space is normal. 

Or 

 (b)  (i) Prove that every normal space is 
completely regular and completely 
regular space is regular. 

  (ii) Prove that product of completely regular 
spaces is completely regular. 

18.  (a) State and prove Tietze extension theorem. 

Or 

 (b)  State and prove Uryzohn’s metrization 
theorem. 
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19.  (a) State and prove Tychonoff theorem. 

Or 

 (b)  Let X be a metrizable space. If A is an open 

covering of X, then prove that there is an open 
covering ξ  of X refining A that is countably 

locally finite. 

20.  (a) Let X be a space; let ( )dY ,  be a metric space. 

Let YXfn →:  be a sequence of continuous 

functions such that ( ) ( )xfxfn →  for all Xx ∈ , 

where YXf →: . If X is a Baire space, prove 

that the set of points at which f is continuous 

is dense in X. 

Or 

 (b)  State and prove Baire Category Theorem. 

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

Answer ALL questions. 

 Choose the correct answers : 

1. Diophantus is a ––––––––– mathematician. 

 (a) Greek  (b) Latin 

 (c) English  (d) German 

2. If  ba  ––––––––– and 0c  then cbyax   

has not solution. 

 (a) 1   (b) 0 

 (c) –1   (d) 2 

(6 Pages) 
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3. If U  is unimodular then )det(U  ––––––––– 

 (a) 1   (b) –1 

 (c) 1    (d) 0 

4. IF 1U  exists where U  is unimodular which has  

––––––––– 

 (a) Integral  (b) Zero element 

 (c) Elements  (d) Unity 

5. ––––––––– is a zero of the form 222 zyx  . 

 (a) 







1,

5

4
,

5

3
  (b) 








1,1,

4

3
 

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

6. The value of any infinite simple continued fraction 

,...),,( 210 aaa  is ––––––––– 

 (a) zero   (b) rational 

 (c) irrational  (d) unity 

7. Any divisor of the integer 1 is called a ––––––––– 

of F . 

 (a) zero   (b) rational 

 (c) irrational  (d) unity  
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8. The integers of any algebraic number field from a 

––––––––– 

 (a) ring   (b) field 

 (c) subfield  (d) unit 

9. In a quadratic field, Q )(  where   is a root of an 

irreducible ––––––––– polynomial over Q. 

 (a) Quadratic (b) Cubic 

 (c) Linear  (d) Zero 

10. The ––––––––– of an algebraic number field form 

a multiplicative group. 

 (a) zeros  (b) units 

 (c) roots  (d) elements 

PART B — (5  5 = 25 marks) 

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

11. (a) When does cbyax   have infinitely many 

solutions? 

Or 

 (b) Find all integers x  and y  such that 

369258147  yx . 

12. (a) If u  and v  are relatively prime positive 

integers whose product uv  is a perfect square, 

then prove that u  and v  are both perfect 

square. 
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Or 

 (b) Prove that the Diophantine equation 
2234 1 yxxxx   has the integral 

solutions (–1, 1), (0, 1), (3, 11) and not others. 

13. (a) For any positive real number x , prove that 

21

21
110 ),,...,,(











nn

nn
n

kxh

hxh
xaaa . 

Or 

 (b) Expand 5  as an infinite simple continued 

fraction. 

14. (a) For any 0n , prove that 
1

1




nnn

n

kkk

h
 . 

Or 

 (b) Let   denote any irrational number. If there 

is a rational number 
b

a
 with 

22

1
1

bb

a
b    

then prove that 
b

a
 equals one of the 

convergents of the simple continued fraction 
expansion of  .  

15. (a) Prove that if m  and n  are two different 

square – free rational integers with 1, nm  

then prove that nbam  . 

 [P.T.O] 
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Or 

 (b) Prove that there are infinitely many units in 

any real quadratic field. 

 
PART C — (5  8 = 40 marks) 

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

16. (a) Find all solutions of 500049999  yx . 

Or 

 (b) Find all solutions in integers of 

5432  zyx . 

17. (a) Prove that the positive primitive solutions of 
222 zyx   with y  even are 22 srx  , 

rsy 2 , 22 srz  , where r  and s  are 

arbitrary. 

Or 

 (b) Prove that the equation 9715 22  yx  has no 

solution in integers. 

18. (a) Prove that two distinct infinite simple 

continued fractions converge to different 

values. 

Or 
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 (b) Expand 12   as an infinite simple continued 

fraction. 

19. (a) If 
b

a
 is a rational number with positive 

denominator such that 
n

n

k

h

b

a
   for 

some 1n , then prove that nkb  . 

Or 

 (b) Prove that if   is any algebraic number, then 

there is a rational integer b  such that b  is 

an algebraic integer. 

20. (a) If   is an integer in Q )( m , then prove that 

1)( N  iff   is a unit. 

Or 

 (b) Let m  be a negative square – free rational 

integer. Then prove that the field Q )( m  has 

units 1 . 

——————— 
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Answer ALL questions. 

 Choose the correct answers : 

1. The sufficient condition that y  be a maximum or 

minimum at 0x , if 

 (a) 0
2

2


dx

yd
 (or) 0

2

2


dx

yd
 at 0x  

 (b) 0
2

2


dx

yd
(or) 0

2

2


dx

yd
 at 0x  

 (c) 0
2

2


dx

yd
 (or) 0

2

2


dx

yd
 at 0x  

 (d) 0
2

2


dx

yd
(or) 0

2

2


dx

yd
 at 0x  

(8 Pages) 
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2. The operators y  and 
dx

d
 are commutative if 

 (a) 
dx

dy
y

dx

d
   (b) 

dy

dx
x

dy

d
   

 (c) 
dx

dy
y

dx

d
   (d) 

dy

dx
x

dy

d
   

3. The variational of a functional is a first order 

approximation to change in that function 

 (a) along a particular curve 

 (b) from curve to curve  

 (c) along a straight line 

 (d) none of these 

4. The derivative of the variation with respect to an 

independent variable is same as 

 (a) differentiation of derivative 

 (b) variation of the derivative 

 (c) independent derivation 

 (d) variational of functional 
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5. Volterra equation is 

 (a) 

b

a

dyxKxFxyx  )(),()()()(  

 (b)  

b

a

d)(y),x(K)x(y)x(  

 (c) 

x

a

dyxKxFxyx  )(),()()()(   

 (d) 

x

a

dyxKxyx  )(),()()(  

6. Volterra equation of the second kind is 

 (a)  

x

a

yaxyyaAdfxxF 0
1
00 )]()([)()()(   

 (b)  

x

a

ydfxxF 0)()()(   

 (c)  

x

a

dfxxF  )()()(  

 (d) None of these 
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7. Green’s function is symmetric if 

 (a) ),(),( xGxG     

 (b) ),0(),(  GxG   

 (c) )0,(),( xGxG   

 (d) None of these 

8. If 0 , then the integral equation 

 

b

a

xFdyxKxy )()(),()(   has 

 (a) finite solutions 

 (b) infinitely many solutions 

 (c) no solution 

 (d) only one solution 

9. The necessary condition for trivial solution 

0)( xy  is  

 (a) 0   (b) 0  

 (c) 0   (d) 0  

10. The characteristic numbers of a Fredholm 

equation with a real symmetric Kernel are 

 (a) all imaginary (b) all real 

 (c) imaginary and real (d) none of these  

 [P.T.O] 
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PART B — (5  5 = 25 marks) 

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

11. (a) Determine the point on the curve of 

intersection of the surfaces 5 xyz , 

1 zyx  nearest to the origin. 

Or 

 (b) Derive the necessary and sufficient condition 

for )y,x(fz   to passes a relative maximum 

or minimum in a region R  at ),( 00 yx . 

12. (a) Show that if x  is the independent variable, 

the operators   and 
dx

d
 are commutative. 

Or 

 (b) Show that if stationary function for an 

integral functional in one for which the 

variation of that integral is zero. 

13. (a) Transform )(
2

2

xfy
dx

yd
  , 1)0( y , 0)0(' y  

into integral equation. 

Or 

 (b) Derive the volterra equation of the second 

kind of integral equation. 
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14. (a) Find the cause and effect of linear equation. 

Or 

 (b) Give a short notes on Fredholm equations 

with separable. 

15. (a) With suitable example, show that a 

continuous function   can be represented 

over ),( ba  be a linear combination of the 

characteristic functions )...(),( 21 xyxy  of the 

homogenous Fredholm integral equation with 

),( xK  as its Kernel. 

Or 

 (b) Find the solution of Fredholm equation 

   

1

0

311 d)(y)x()x(y . 

PART C — (5  8 = 40 marks) 

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

16. (a) Find the conditions of stationary functions 

associated with integral  

1

0

222 )'( dxywTyI  . 

Or 



 Code No. : 6322 Page 7 

 (b) Find the maximum (or) minimum value of a 

continuously differentiable function )(xy  for 

which the integral 

2

1

)',,(

x

x

dxyyxFI  and with 

end conditions )( 11 xyy  , )( 22 xyy  . 

17. (a) Find the minimum area of the equation of the 

surface is in the form ),( yxzZ  . The area to 

be minimized  

R

yx dxdyZZS 2122 )1( . 

Or 

 (b) Determine the curve of length l  with passes 

through the points (0, 0) and (1, 0) and for 

which the area I  between the curve and x  

axis is a maximum. 

18. (a) Find the Fredholm equation of second kind 

from the corresponding boundary – value 

problem. 

Or 

 (b) Show that the relation 
b

a

dxGxy  )(),()(  

gives the differential  equation 0)(  xLy  

together with boundary conditions. 
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19. (a) Derive the conditions to determine a influence 

function if the string is rotating uniformly 

about x  axis with angular velocity w . 

Or 

 (b) Show that the integral equation 

 

1

0

)()()31()( xFdyxxy   can be written 

as the sum of )(xF  and sum of linear 

combinations of the characteristic functions. 

20. (a) State and prove Hilebert – Schmidt thoeyr. 

Or 

 (b) Solve 
b

a

dxK  )(),(  if )sin(),(   xxK  

and )2,0(),( ba . 

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

Answer ALL questions. 

 Choose the correct answers : 

1. The language is a ––––––––– if it is the set 

accepted by some finite automation. 

 (a) Regular set  

 (b) Just regular 

 (c) (a) and (b)  

 (d) Language accepted 
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2. The language accepted by ––––––––– 

 (a) DFA   (b) NFA 

 (c) (a) and (b) (d) Not DFA 

3. The regular sets are closed ––––––––– 

 (a) Union  (b) Concatenation 

 (c) Kleene closure (d) All 

4. Every finite automation induces a ––––––––– 

invariant equivalence relation. 

 (a) Right invariant (b) Left invariant 

 (c) Index  (d) Invariant 

5. A context-free grammar is a finite set of –––––––– 

each of which represents a language. 

 (a) Syntactic categories 

 (b) Non terminals 

 (c) Terminals 

 (d) All 

6. A string of –––––––––,   is called a sentential 

form if S*   a 

 (a) Terminals (b) Variables 

 (c) (a) and (b) (d) Equivalent 
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7. Push down automation will have an ––––––––– 

 (a) Input tape (b) Finite control  

 (c) Stack  (d) All  

8. The push down automation is essentially a finite 

automaton with control of ––––––––– 

 (a) Input tape (b) Stack 

 (c) First in first out (d) All 

9. The context free language are not closed under  

––––––––– 

 (a) Intersection (b) Complementation 

 (c) (a) and (b) (d) Homomorphism  

10. If L is a CFL is ––––––––– under intersection with 

a regular set. 

 (a) Closed  (b) Not closed 

 (c) Union  (d) All  

PART B — (5  5 = 25 marks) 

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

11. (a) Explain regular expressions with an example. 

Or 

 (b) Explain finite automata with  -moves. 
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12. (a) Prove that the class of regular set is closed 

under substitution. 

Or 

 (b) Write the algorithm for marking pairs of in 

equivalent states. 

13. (a) Define derivation tress with an example. 

Or 

 (b) Write the Greibach normal – form algorithm. 

14. (a) If L is a context-free language then prove that 

there exist a PDA M such that L =  M(N). 

Or 

 (b) Explain accepted languages. 

15. (a) Prove that the CFL’s are not closed under 

intersection. 

Or 

 (b) State and prove Ogden’s lemma.  

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

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

16. (a) If L is accepted by an NFA with  -transitions 

then prove that L is accepted by an NFA 

without  -transitions. 

Or 

 (b) If L  is accepted by a DFA then prove that L is 

denoted by a regular expression. 

17. (a) State and prove pumping lemma for regular 

set. 

Or 

 (b) State and prove Myhill-Nerode theorem. 

18. (a) Let G = (V, T, P, S) be a context-free 

grammar. Then prove that S*     iff there 

is a derivation tree in grammar G with yield 

 . 

Or 

 (b) Given a GFG  G = (V, T, P, S) with L(G)   

find an equivalent CFG  G’ = (V’, T,P’, S) such 

that for each A in V’ there is some w in T* for 

which A*   w. 
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19. (a) Let L is N(M) for some PDA  M then prove 

that L is a context – free language. 

Or 

 (b) Explain push down automation with an 

example. 

20. (a) State and prove pumping lemma for context-

free language. 

Or 

 (b) Prove that the context free languages are 

closed under inverse homomorphism. 

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

 PART A — (10 × 1 = 10 marks) 

 Answer ALL questions. 

 Choose the correct answer: 

1. Let G be the group of integers under addition and 

let N be the set of all multiples of 3. Then  NGO  

is 

 (a) 1  (b) 2 

 (c) 3  (d) infinity 

(6 pages) 
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2. If   is a homomorphism of G in to G , the kernel 

of   is a subgroup of 

 (a) G  (b) G  

 (c) GG   (d) GG   

3. Let G be a group of order 36. Suppose that G has a 

subgroup H of order 9. Then  Hi  is 

 (a) 4  (b)  45 

 (c) 9i + 36 (d)  9 

4. Let G be a group;  for Gg , the inner 

automorphism gT  is defined by 

 (a)  xgTx g    (b)  gxgTx g
1  

 (c)  gxTx g   (d)  1 xggTx g  

5. If 









4213

4321
 and 










4231

4321
 then 

  is 

 (a) 








1432

4321
 (b)  









3412

4321
 

 (c)  








4123

4321
 (d)  









4312

4321
 

6. The value of  5P  is  

 (a) 6  (b)  5 

 (c)  7  (d) 10 
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7. If   72GO , the number of 3 – sylow subgroups of 

G is 

 (a) either 1 or 3 (b)  either 1 or 4 

 (c)  exactly 1 (d)  either 1 or 4 or 8 

8. The order of a 3 – sylow subgroup of a group of 

order 18 is 

 (a) 9  (b)  18 

 (c)  3  (d)  6 

9. The number of non isomorphic abelian groups of 

order 43  is  

 (a) 4  (b)  43  

 (c)  5  (d)  3 

10. If G is an abelian group and s is any integer then 

 sG  is defined by 

 (a)   exGx s    

 (b)    sxoGx   

 (c)  xxGx s    

 (d)   exGx s   
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PART B — (5  5 = 25 marks) 

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

11. (a)  If H and K are two subgroups of G, define 

HK and give an example to show that HK 

need not be a subgroup of G. 

 Or 

 (b) Prove that N is a normal subgroup of G if 

and only if NgNg 1  for every Gg . 

12. (a)  Let G be a group and   an automorphism of 

G. If  Ga  is of order   ,a 00   prove that 

    aa 00  . 

 Or 

 (b) Define a solvable group and show that a 

subgroup of a solvable group is solvable. 

13. (a)  Prove that nA  is a normal subgroup of  

index 2 in nS . 

 Or 

 (b) If   2PGO   where P is a prime number, 

show that G is abelian. 

[P.T.O.] 
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14. (a) State and prove the second part of sylow’s 

theorem. 

 Or 

 (b) Prove that any group of order 22 1311   must 

be abelian. 

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

of nN...,N,N 21 . Then for di  , Prove that 

 eNN ji   and if ,Na i , ,Nb j  then 

baab  . 

 Or 

 (b) If G and 'G  are isomorphic abelian groups, 

then for every integer s, show that  sG  and 

 s'G  are isomorphic. 

PART C — (5  8 = 40 marks) 

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

16. (a)  Let H and K be subgroup of G, Prove that 

HK is a subgroup of G if and only if  

HK = KH. 

 Or 

 (b) Let   be a hormomorphism of G onto G  

with kernel k. Prove that .G
K

G   
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17. (a)  State and prove Cayley’s theorem. 

 Or 

 (b) Prove that  
Z

GG  , where  G  is the 

group of inner automorphisms of G and Z is 

the center of G. 

18. (a)  If   npGO   where p is a prime number, 

prove that    eGZ  . 

 Or 

 (b) Prove that the number of conjugate classes 

in nS  is  nP ,  the number of partitions of n. 

19. (a)  State and prove the third part of Sylow’s 

theorem. 

 Or 

 (b) If G is a group of order 231. Prove that the 

11-Sylow subgroup is in the center of G. 

20. (a)  Define the internal and external direct 

product of normal subgroups and show that 

they are isomorphic. 

 Or 

 (b) Show that every finite abelian group is the 

direct product of cyclic groups. 

 ________________ 
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ANALYSIS –– I 
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Time : Three hours Maximum : 75 marks  

PART A — (10  1 = 10 marks) 

Answer ALL questions. 

 Choose the correct answers : 

1. Let ),( dX  be a metric space when X  is the set of 

all real numbers. If every infinite subset of X  is 

open then 

 (a) all finite sets are not open 

 (b) all finite sets are also open 

 (c) d  is usual metric 

 (d) can not say 

(8 Pages) 
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2. Every interval ],[ ba  ba   is 

 (a) countable and perfect 

 (b) uncountable and not perfect 

 (c) uncountable and perfect 

 (d) countable and not perfect 

3. If 0p , then 










n

n p

1

1
lim  

 (a) 0   (b) 1 

 (c)     (d) not convergent 

4. If 1x , then 


n

n
xlim  

 (a) 0   (b) 1 

 (c)     (d)   or   

5. Let nan  0  and 









 


n

n

n a

a 1suplim  Then , 
n

na  

converges if   

 (a) >1   (b) =1 

 (c) <1   (d) >0 

6. The radius of convergence of the series 
n

n

n

z
3

 is 

 (a) 0   (b) 1 

 (c)     (d) 3 
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7. The function 







otherwisex

rationalisx
xf

2
)(  is 

discontinuous at 

 (a) of first kind at 2  

 (b) of second kind at 2  

 (c) of first kind at  2  

 (d) of second kind at  2  

8. Let YXf :  be a monotonic decreasing function. 

Then the number of discontinuities of first kind is 

 (a) 0    

 (b) has to be finite 

 (c) atmost countably infinite 

 (d) can be uncountably infinite 

9. Let f  be defined for all real numbers and  

suppose that for all real numbers x , y  

2)()()( yxyfxf  , then 

 (a) f  is monotonically increasing 

 (b) f  is monotonically decreasing 

 (c) f  is constant 

 (d) none of the above 
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10. Let f  be a differentiate function. Then the 

number of simple discontinuities of 'f  is 

 (a) 0    

 (b) atmost countably infinity 

 (c) can be uncountably infinite 

 (d) none of the above 

PART B — (5  5 = 25 marks) 

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

11. (a) Define the terms neighborhood, limit point. 
Show that if p  is a limit point of a set E , 

then every neighborbood of p contains 

infinitely many points of E . 

Or 

 (b) Define connected set. What are the connected 
subsets of the real line. Justify your answer. 

12. (a) Define terms subsequence, subsequential 
limit. Prove that the subsequential limits of a 
sequence )( np  in a metric space X  is a closed 

set in X . 

Or 

 (b) Define the terms monotonic sequence, 
bounded sequence. Prove that a bounded 
monotonic sequence is convergent.  

 [P.T.O] 
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13. (a) State and prove ratio test. 

Or 

 (b) State and prove Leibnitz theorem. 

14. (a) (i) Let YX ,  be two metric spaces. Let 

YXf :  be a continuous mapping. 

Then prove that )()( EfEf   for every 

subset E  of X . 

  (ii) Also prove that this inclusion can be 

proper. 

Or 

 (b) (i) Define discontinuities of first kind and 

second kind. 

  (ii) Prove that if f  is a monotonic function 

defined on ),( ba , the number of points at 

which f  is discontinuous is not 

uncountable. 

15. (a) (i) Define local maximum. 

  (ii) If f  is defined in ],[ ba  and f  has a local 

maximum at a point ),( bax  and if 

)(' xf  exists then prove that it is 0. Also 

state L’Hospital’s rule. 

Or 

 (b) State and prove Taylor’s theorem. 
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PART C — (5  8 = 40 marks) 

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

16. (a) Define perfect set, Cantor set. Prove that 

Cantor set is perfect. 

Or 

 (b) Define the terms compact set, k-cell. Prove 

that every k-cell is compact. 

17. (a) (i) Define the number e . 

  (ii) Prove that 32  e . 

  (iii) Prove that 

n

n n
e 












1
1lim . 

  (iv) Prove that the number e  is not rational. 

Or 

 (b) (i) Define the terms convergent sequence 

and Cauchy sequence. 

  (ii) Prove that convergence sequence is a 

Cauchy sequence and the converse holds 

if the space is compact. 

  (iii) Prove that in k , a Cauchy sequence is 

convergent. 

18. (a) (i) Define absolute convergence of a series. 
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  (ii) Prove that absolute convergence implies 
convergence but not conversely. 

  (iii) If   
n n

nn

n

n aBbAa ;;  converges 

absolutely and 



n

k

knnn bac
0

, then prove 

that ABc
n

n  . 

Or 

 (b) State and prove root test. Deduce  

that 




































3222

5

3

3

2

5

3

3

2

5

3

3

2
 is 

convergent. 

19. (a) Define compact set and connected set. Prove 
that the continuous image of a compact is 
compact and connected set is connected. 

Or 

 (b) (i) Define monotonic functions. 

  (ii) Let f  be monotonically increasing on 

),( ba . Prove that ),( xf  and  ,xf  exist 

for all x  in ),( ba  and is such that 

)(inf),()(),()(sup tfxfxfxftf
btxxta 

 . 

Also prove that  byxa  

),(),(  yfxf  
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20. (a) (i) State and prove chain rule of 

differentiation. 

  (ii) Let f  be defined as 













)0(0

)0(
1

sin
)(

x

x
x

x
xf . Prove that )0('f  

does not exist. 

  (iii) Let f  be defined as 













)0(0

)0(
1

sin
)(

2

x

x
x

x
xf . Prove that 

0)0(' f . 

Or 

 (b) (i) State and prove Generalised mean value 

theorem. 

  (ii) Discuss the behaviour of f  according as  

(1) 0)(' xf ; (2) 0)(' xf ; (3) 0)(' xf . 

  (iii) Suppose f  is real differentiable on ],[ ba  

and suppose )(')(' bfaf   , then there 

exists x  such that bxa   and 

)(' xf . 

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

Answer ALL questions. 

Choose the correct answer. 

1. If mxymxy 10,8 21   are solutions of the linear 

ordinary differential equation, then Wronskian is 

________ 

 (a) 1 (b) 0 

 (c) –1 (d)  1 

2. Two independent solutions of 0"  yy are 

 (a) 2, xx  (b) xx sin,cos  

 (c) 
x

x
1

,log  (d) xx ee ,  

(6 pages) 
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3. ...
753

753


xxx

x  is 

 (a) 
x1

1
 (b) 

x1

1
 

 (c) )1(log x  (d) x1tan  

4. ...
2.7

1

6.4.2

5.3.1

2.5

1

4.2

3.1

2.3

1

2

1

2

1
753
  

 (a) 
3

2
 (b) 

6


 

 (c) 
3

2
 (d) 

4


 

5. If 0x  is a singular point of 0)(')("  yxQyxPy  

then 

 (a) )(xP  is not analytic 0x  

 (b) )(xQ  is not analytic 0x  

 (c) either (a) or (b) 

 (d) either (a) or (b) or both (a) or (b) 

6. The singular points of 0)1('2")1( 2  yppxyyx  

are  

 (a) 1, 0 (b) 0, –1 

 (c) 1, –1 (d) 1, 2 
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7.  )1(nP  

 (a) 1 (b) –1 

 (c) n)1(  (d) 0 

8. 



1

1

2 )( dxxPn  

 (a) 
12

1

n
 (b) 

1n

n
 

 (c) 
12

2

n

n
 (d) 

12

2

n
 

9. 







 !

2

1
 

 (a) e  (b)   

 (c)   (d) none 

10. The homogeneous system yx
dt

dy
yx

dt

dx
 2;4  

has solution 

 (a) tt eyex 33 ,   

 (b) tt eyex 22 2,   

 (c) both (a) and (b) 

 (d) neither (a) nor (b) 
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PART B — (5 × 5 = 25 marks) 

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

11. (a) Solve the initial value problem ,0" yy  

0)0( y  and 1)0(' y  

Or 

 (b) Solve 2)0(,0"  yyy  and 3)0(' y  

12. (a) Find a power series solution of ,')1( pyyx   

1)0( y . 

Or 

 (b) Find the radius of convergence for nxn


0
!  

and 


0 !n

xn
 

13. (a) Define the Legendre polynomial )(xPn . 

Or 

 (b) Describe Legendre series. 

14. (a) Define )(xJ p . Also find )(0 xJ  and )(1 xJ . 

Or 

 (b) Prove that   )()( 1 xJxxJx
dx

d
p

p
p

p
  

[P.T.O] 
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15. (a) Find )(xPn  for n 1, 2, 3 

Or 

 (b) Show that the Bessel’s equation 

0)1('" 22  yxxyyx  has only Frobenius 

series solution. 

PART C — (5 × 8 = 40 marks) 

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

16. (a) If )(
1
xy  and )(

2
xy  are linearly independent 

solutions 0)(')("  yxQyxPy  on ],,[ ba  

Prove that )()( 2211 xycxyc   is the general 

solution for a suitable choice of constants 1c  

and 2c . 

Or 

 (b) If )(1 xy  is a known solution of 

0)(')("  yxQyxPy  describe how you will 

find another solution. 

17. (a) Solve 0" yy  to find a power series 

solution. 

Or 

 (b) Obtain power series expansions for 

xxex cos,sin,  
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18. (a) Prove that n

n

n

nn x
dx

d

n
xP )1(

!2

1
)( 2   

Or 

 (b) State and prove the orthogonal property of 

Legendre polynomials. 

19. Find two independent Frobenius solutions of the 

following equations: 

 (a) 0'2"  xyyxy . 

Or 

 (b) 0)2('" 222  yxyxyx  

20. (a) Find the general solution of the system 

yx
dt

dy
yx

dt

dx
 ;43  

Or 

 (b) Find the general solution of the system 

yx
dt

dy
yx

dt

dx
24;   

——————— 
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1. Which one of the following is not true  

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

numbers 

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

 (c) outer measure is countably additive  

 (d) outer measure is translation in variant 
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2. If A  is a measurable set of finite outer measure 

that is contained in B  then )(*)~(* BmABm   

is 

 (a) )(* Am   (b) )(* Am  

 (c) )(* BAm   (d) zero 

3. For a function f  defined on E , )(xf   is defined 

by 

 (a) max 0),(xf  (b) max  )(),( xfxf   

 (c) max  0),(xf  (d) –max 0),(xf  

4. Let A  and B  be any sets, then BA  is 

 (a) BABA  .     

 (b) BA    

 (c) 
BABA 

    

 (d) BA  .  

5. The set E  of rational number in [0, 1] is a 

measurable set of measure 

 (a) 1   (b) 0 

 (c)     (d) 2  
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6. Let f  be a bounded measurable function on a set 

of finite measure E , suppose BA,  are disjoint 

measurable subsets of E , then 
AuB

f  is 

 (a) 
A

f    (b) 
B

f  

 (c) 
A

f  + 
B

f   (d) 
A

f  – 
B

f  

7. The average value function fAvh  of ],[ ba  is 

defined by 

 (a) 




hx

x

h baxf
h

xfAv ],[
1

)(  

 (b) ],[)( bax
x

f

xfAv

hx

x
h 




















 

 (c) ],[)( bax
al

f

xfAv

hx

x
h 






















  

 (d) ],[
)()(

)( bax
h

xfhxf
xfAvh 


  
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8. If the function f  is monotone on the open interval 

),( ba  then it is differentiable ..ea  on (9, 4) this 

result is known as 

 (a) Jordan’s theorem  

 (b) Lebesgue’s theorem 

 (c) Mean value theorem 

 (d) Vital’s theorem 

9. Which one of the following is not true 

 (a) Absolutely continuous functions are 

continuous  

 (b) Sum of two absolutely continuous functions is 

absolutely continuous 

 (c) Composition of absolutely continuous 

functions is absolutely continuous 

 (d) Linear combination of absolutely continuous 

functions is absolutely continuous 

10. The function f  defined on [0, 1] by xxf )(  for 

110  x  is 

 (a) both absolutely continuous and Lipschitz 

 (b) neither absolutely continuous nor Lispchitz 

 (c) absolute continuous but not lipchitz 

 (d) lipchitz but not absolutely continuous  

 [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 outer measure is countably 

subadditive. 

Or 

 (b) State and prove the Borel – Cantelli lemma. 

12. (a) Prove that f  is measurable if and only if for 

each open set 0, the inverse image of 0 under 

f , )0(1f , is measurable. 

Or 

 (b) Let }{ nf  be a sequence of measurable 

functions on E  that converges point wise a.e. 

on E  to the function f . Prove that f  is 

measurable. 

13. (a) Let f  be a bounded measurable function on a 

set of finite measure E . Prove that f  is 

integrable over E  

Or 
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 (b) Let f  be a non negative measurable function 

on E . Prove that  

E

f 0  if and only if 0f  

a.e. on E . 

14. (a) Let f  be integrable over E  and  
1nnE  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 the open 

interval ),( ba . Prove that there is an 

increasing function on ),( ba  that is 

continuous only at points in Cba ~),( . 

15. (a) Let f  be integrable over ],[ ba . Prove that 

)(xff
dx

d
x

a
















  for almost all ),( bax . 

Or 

 (b) Let   be a measure. Explain the method of 

obtaining the outer measure induced by  . 
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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) Prove that the outer measure of an interval is 

its length. 

Or 

 (b) State the two continuity preparation of the 

Lebesgue measure and prove them. 

17. (a) Let f  and g  be measurable functions on E  

that are finite a.e. on E . Prove that gf    

and fg  are measurable on E  for any   and 

 . 

Or 

 (b) State and prove Egoroff’s theorem. 

18. (a) Let f  and g  bounded measurable functions 

on a set of finite measure E . Prove that 

 

EEE

gfgf   for any   and   and 

show that if gf   on E  then  

EE

gf . 

Or 

 (b) State and prove the boundary convergence 

theorem.  
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19. (a) State and prove the Lebsegue dominated 

convergence theorem. 

Or 

 (b) If the function f  is monotone on the open 

interval ),( ba , prove that it is differentiable 

almost everywhere on ),( ba . 

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 Hahn’s lemma without proof and deduce 

the Hahn Decomposition theorem with proof. 

——————— 
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Answer ALL questions. 

 Choose the correct answers : 

1. Let Y  be a sub space of X . If U  is open in Y  

then U  is ––––––––– in X . 

 (a) Open  (b) Closed 

 (c) Clopen  (d) None 

(8 Pages) 
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2. A subset of a topological space is closed if and only 

if it contains ––––––––– 

 (a) All its limit points 

 (b) Only one of its limit points 

 (c) None of its limit points 

 (d) None  

3. Let A  be a subset of a topological space X  and 

Xx . If every neighbourhood of X  intersects A  

then x  is ––––––––– 

 (a) An interior point of A  

 (b) A limit point of A  

 (c) A closed point of A  

 (d) None  

4. Let X  and Y  be topological spaces; let yxp :  

be a surjective map. The map p  is called a  

––––––––– map, provided a subset U  of Y  is open 

in Y  if and only if )(1 Up  is open in X . 

 (a) open   (b) inverse 

 (c) closed  (d) quotient 

5. The set of limit points of the set  znnB |/1  is  

 (a) { }   (b) {0} 

 (c) {1}   (d) {2} 
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6. ––––––––– is a compact space. 

 (a) R    (b) Q  

 (c) (2, 3)  (d) [4, 5] 

7. A subspace of Hausdorff space 

 (a) is Hausdorff  

 (b) is not Hausdorff 

 (c) need not be Hausdorff 

 (d) none 

8. A finite cartesion product of connected space 

 (a) Is always connected 

 (b) Need not be connected 

 (c) Is open 

 (d) None 

9. Which is the following is true 

 (a) Every regular space is Hausdorff 

 (b) Every regular space is normal 

 (c) Every Hausdorff space is regular 

 (d) Every Hausdorff space is normal 
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10. Which of the following is true? 

 (a) A regular space is completely regular 

 (b) Every topological space has a metrization 

 (c) Every subspace of a completely regular space 

is regular  

 (d) None 

PART B — (5  5 = 25 marks) 

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

 Each answer should not exceed 250 words. 

11. (a) Define product topology of two topological 

spaces and give examples. 

Or 

 (b) Prove that every finite point set is a Hausdorff 

space is closed. 

12. (a) State and prove the pasting lemma. 

Or 

 (b) Let A  be a subset of a topological space X  

and let 'A  be the set of all limit points of A . 

Prove that 'AAA  .  

 [P.T.O] 
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13. (a) State and prove sequence lemma. 

Or 

 (b) Prove that the topologies on nR  induced by 

the Euclidean metric d  and the square metric 

  are the same as the product topology on 

nR . 

14. (a) Let YXf :  be a bijective continuous 

function. If X is compact and Y is Hausdorff 

prove that f is a homeomeorphism. 

Or 

 (b) Prove that the product of finitely many 

compact spaces is compact. 

15. (a) Prove that compactness implies limit point 

compact but not conversely. 

Or 

 (b) Prove that nR  is locally compact but 
wR  is 

not locally. 
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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) Define finite compliment topology and a 

convergent sequence in a topological space. 

What are the closed sets in it? 

Or 

 (b) If }{ J  be a family of topologies on X , show 

that J  is a topology on X . Is J  a 

topology on X ? 

17. (a) Let X  and Y  be topological spaces and let 

YXf :  be a mapping. Prove that the 

following are equivalent. 

  (i) f  is continuous 

  (ii) for every subset A  of X , )()( AfAf   

  (iii) for every closed set B  of Y , the set 

)(1 Bf   is closed in X . 

Or 

 (b) If X is a Hausdorff space for each  , prove 

that X  is a Hausdorff space in both the box 

and product topology. 
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18. (a) Let YXf : . If the function f  is continuous 

prove that for every convergent sequence 

xxn   in X , the sequence )( nxf  and that the 

converse holds if X  is metrizable. 

Or 

 (b) Prove that WR  is connected in the product 

topology that not in the box topology. 

19. (a) State and prove tube lemma. 

Or 

 (b) Let A  be a connected subset of X . If 

ABA  , then prove that B  is also 

connected. 

20. (a) Let X  be a metrizable space. Prove that the 

following are equivalent. 

  (i) X  is compact 

  (ii) X  is limit point compact 

  (iii) X  is sequentially compact. 

Or 
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 (b) Let X  be a space. Prove that X  is locally 

compact Hausdorff if and only if there exists a 

space Y  satisfying the following conditions. 

  (i) X  is a subspace of Y  

  (ii) The set XY   consists of a single point 

   (iii) Y  is a compact Hausdorff space. If Y  

and 'Y  are two spaces satisfying these 

conditions then there is a 

homoeomorphism of Y  with 'Y  that 

equals the identity map on X . 

——————— 
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1. If V  is a vector space than its dual space is 

 (a) Hom ( ),VV  (b) Hom ),( VF  

 (c) Hom ),( FV  (d) Hom ),( FF  
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2. An orthonormal set consists of 

 (a) zero vector 

 (b) unit vector 

 (c) linearly dependent vector 

 (d) inner products 

3. If )(, VATS   and S  is regular then )(STr  

 (a) )(Sr    (b) )(Tr  

 (c) 1   (d) 0 

4. If 1  is singular then   is 

 (a) also singular (b) regular 

 (c) an eigen-value (d) zero 

5. The invariants of 
















000

000

110

 are 

 (a) 1, 1   (b) 5, 4 

 (c) 2, 1   (d) 3, 2 
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6. If W  is a subspace of V  and )(VAT   are 

WWT  , then W  

 (a) equal T    

 (b) variant under T  

 (c) invariant under T   

 (d) has no other subspaces 

7. Trace of A  is defined when A  is a ––––––––– 

matrix. 

 (a) triangular (b) symmetric 

 (c) square  (d) skew-symmetric 

8. If the matrix B  is obtained from A  by a 

permutation, which is odd, of the rows of A  then 

Adet  

 (a) Bdet   (b) Bdet  

 (c) 0   (d) 1 

9. If T  is )(VA  is Hermitian then all its 

characteristic roots are 

 (a) real   (b) imaginary 

 (c) 0   (d) 1 
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10. If all the characteristic roots of a normal 

transformation are of absolute value 1, then it is 

 (a) identity  (b) symmetric 

 (c) transitive  (d) unitary 

PART B — (5  5 = 25 marks) 

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

11. (a) Show that if mV dim  then 

2),(dim mVVHom  . 

Or 

 (b) State and prove the Schwartz inequality on 

inner product spaces. 

12. (a) If )(, VATS   and if S  is regular, prove that 

T  and 1STS  have the same minimal 

polynomial. 

Or 

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

that )(VAT   is regular if and only if T  

maps V  onto V .  

 [P.T.O] 
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13. (a) If M , of dimension m , is cyclic with respect 

to T , then prove that kMTdim  is km  . 

Or 

 (b) Suppose 21 VVV  , where 21,VV  are 

subspaces of V  invariant under T . If 21TT  

are linear transformation induced by T  on 1V  

and 2V , with minimal polynomials )(1 xp  and 

)(2 xp , respectively, show that the minimal 

polynomial of T  is the lcm of )(1 xp  and 

)(2 xp . 

14. (a) Prove that if all the elements in one row of A  

in nF  are multiplied by   in F , then Adet  is 

multiplied by  . 

Or 

 (b) If two elements of A  are equal, show that 

0det A , where A is an m  n matrix. 

15. (a) Prove that the linear transformation T  on V  

is unitary if and only if it takes an 

orthonormal basis of V  onto an orthonormal 

basis of V . 

Or 

 (b) If T  is Hermitian and 0kvT  for all 1k  

then prove that 0vT . 
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PART C — (5  8 = 40 marks) 

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

16. (a) If there is a homogeneous system of m  

equations in n  unknowns with mn  , prove 

that if has a non-trivial solution. 

Or 

 (b) If W  is a subspace of a finite dimensional 

vector space V , then prove that V  is the 

direct sum of W  and its orthogonal 

complement. 

17. (a) If k ...,,, 21  in F  are distinct characteristic 

roots of T  in )(VA  and is kvvv ,...,, 21  are 

characteristic vectors belonging to k ,...,, 21  

respectively, show that kvvv ,...,, 21  are linearly 

independent. 

Or 

 (b) Show that )(VA  and nF  are isomorphic 

algebras. 

18. (a) If )(VAT   has all its characteristics roots in 

F , show that this is a basis of V  in which the 

matrix of T  is triangular. 

Or 
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 (b) If )(VAT   is nilpotent, prove that there 

exists a subspace of W  of V , invariant under 

T , such that 11 ,VWVV   is spanned by 
11...,,...,
n

vTvTv . 

19. (a) If F  is a field of characteristic 0, and if 

0itrT  for all 1i , prove that T  is 

nilpotent. 

Or 

 (b) For BA,  in nF , prove that 

)det()det()det( BAAB  . 

20. (a) If },...,,{ 21 nvvv  is an orthonormal basis of V  

and if )( ija  is the matrix of T  in )(VA , prove 

that the matrix of *T  in this basis is )( ij  

where ijij   . 

Or 

 (b) If N  is a normal linear transformation on V , 

prove that there exists an orthonormal basis 

in which the matrix of N  is diagonal. 

——————— 
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1. The starting basic feasible solution consists of 

___________ variables. 

 (a) 1nm  (b) 1nm  

 (c) 2 nm  (d) None 
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2. The supply amount at each source and the 

demand amount at each destination exactly equals 

1 is ____________ 

 (a) Transportation model 

 (b) Assignment model 

 (c) Both (a) and (b) 

 (d) None 

3. Traffic intensity   __________  

 (a)    (b)  



 

 (c) 



  (d)    

4. eff  is __________  

 (a)    (b)    

 (c)     (d)    lost 

5. Which operation is used in Floyd’s algorithm 

 (a) one  (b)  double 

 (c)  triple  (d) None 

6. To find shortest route between two given nodes in 

a network we use 

 (a) Hungarian method  

 (b)  Dijikstra’s algorithm 

 (c)  Floyd’s Alogorithm 

 (d)  Maximal Flow algorithm 
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7. In the fractional cut we have taken only 

___________ fractions. 

 (a) Positive (b)  Negative 

 (c)  Improper (d)  None 

8. __________ algorithm is the first special 0  – 1 

algorithm. 

 (a) Binary (b)  Zero-one 

 (c)  additive (d)  multiplicative 

9. When the inventory drops to a certain level, the 

order placed is called 

 (a)  periodic point (b)  price break point 

 (c) re order point (d)  both (b) and (c) 

10. If the product has been brought with a discount 

the inventory policy follows  

 (a)  classic EOQ model  

 (b)  probabilistic EOQ model 

 (c) EOQ with price breaks 

 (d)  multiple EOQ 
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PART B — (5  5 = 25 marks) 

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

11. (a)  Find the Initial basic feasible solution by the 

Vogel’s Approximation method. 

5 1 7 10 

6 4 6 80 

3 2 5 15 

75 20 50  

 Or 

 (b) Solve the assignment problem 

 1 2 3 4 

I 1 4 6 3 

II 9 7 10 9 

III 4 5 11 7 

IV 8 7 8 5 

12. (a)  A hiker has a 5 ft3 backback and needs to 

desire onto most valuable items to take on 

hiking trip. There are three items from 

which to choose. Their volumes are 2, 3 and 4 

ft3 and the hiker estimates their associated 

value on a scale from 0 – 100 as 30, 50 and 

70 respectively. Express the problem as the 

longest route network and find the optimal 

solution. 

 Or 

[P.T.O.] 
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 (b) Find the Critical path for the following 
network : 

   

13. (a)  Solve the following IPP 

21 107Max xxz   

     sbt 

153

102

21

21





xx

xx
 

    021 x,x  integers. 

 Or 

 (b) Explain Branch and Bound Algorithm. 

14. (a) Given that ,,D,EOQ 101001000   

050.  and 8L . Find LL ,  and the 

lower limit of buffer size. 

 Or 

 (b) Determine the optimal inventory policy and 
the associated cost per day in which no 
shortage is allowed and the lead time is 30 
days. Also given that k = $100, h = $0.05 and 
D = 30 units per day. 
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15. (a)  Explain pure birth model. 

 Or 

 (b) If    GDMM :1  model, find Ls, Ws, 

and Wq. 

PART C — (5  8 = 40 marks) 

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

16. (a)   

10 2 20 11 15 

12 7 9 20 25 

4 14 16 18 10 

5 15 15 15 50 

Given ,x,x,x,x 0101515 22242312   

531 x  and 534 x . Is it an optimal solution 

to the transportation problem. 

 Or 

 (b) Solve the assignment problem using 
Hungarian method. 

 A B C D E 

I 3 8 2 10 3 

II 8 7 2 9 7 

III 6 45 2 3 5 

IV 8 4 2 3 5 

V 9 10 6 9 10 
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17. (a)  Explain man-flow algorithm. 

 Or 

 (b) 
Activity Predecessor a m b 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

– 

– 

– 

A 

B 

C 

C 

E, F 

D 

H, G 

5 

1 

1 

1 

1 

1 

2 

4 

2 

2 

6 

3 

4 

2 

2 

5 

2 

4 

5 

2 

7 

5 

7 

3 

9 

9 

8 

10 

8 

8 

  (i) Compute the project network. 

  (ii) Find the expected duration and 
variance of each activity. 

  (iii) Find the critical path and expected 
project completion time. 

  (iv) What is the probability of completing 
the project on or before 22 weeks? 

18. (a)  Solve the following integer programming 
problem to Branch and Bound technique : 

  21 2010Max xxz   

  sbt to 

123

4886

21

21





xx

xx
 

     021 x,x  integers. 

Or 

 (b) Explain Gomory’s cutting plane algorithm. 
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19. (a)  The following data describe 3 inventory 

items. Determine the optimal order 

quantities. 

Item i ki $ Di unit/day hi ($) ai (ft2) 

1 

2 

3 

10 

5 

15 

2 

4 

4 

.3 

.1 

.2 

1 

1 

1 

Total available storage area = 25 ft2. 

 Or 

 (b) Explain classic EOQ model. 

20. (a)  Explain    NGD:MM 1 , Also find 

 eff . 

 Or 

 (b) Explain multiple serve/model 

   GDCMM : . 

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

Answer ALL questions. 

 Choose the correct answers : 

1. Plagiarism means 

 (a) Copying from others research work 

 (b) Conclusion  

 (c) Introduction 

 (d) A summary of the main problem 

(6 Pages) 
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2. The ––––––––– for research explains why you 

decided to embark on your research project. 

 (a) guide  (b) motivation 

 (c) problem  (d) talk 

3. The role written requirement for the Ph.D degree 

is a ––––––––– 

 (a) synopsis  (b) dissertation 

 (c) thesis  (d) guide 

4. List of abbreviations is given 

 (a) at the end of a research project 

 (b) at the references base 

 (c) at the starting of project 

 (d) none 

5. If the mgf of X  is 6)21()(  ttM , then the 

distribution of X  is  

 (a) )6,2(N   (b) )2,6(N  

 (c) )2(2X   (d) )12(2X  

6. If 
275 tte   is the mgf of a random variable X  then 

the variance of X  is 

 (a) 7   (b) 14 

 (c) 5   (d) 9 
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7. If a t  distribution has 10 degrees of freedom 

  228.2TP  

 (a) 0.01   (b) 0.03 

 (c) 0.04   (d) 0.05 

8. If X  is the mean of a random sample and 25 from 

the distribution )100,3(n  then )60(  XP  = 

 (a) 0.786  (b) 0.866 

 (c) 0.833  (d) 0.723 

9. If YX,  are random variables with 11  , 42  , 

42
1  , 62

2  , 
2

1
  what is the mean of 

YXZ 23   

 (a) 4   (b) –4 

 (c) –5   (d) 5 

10. If X  is )3/1,72(b  then )2822(  XP  

 (a) 0.5205  (b) 0.6035 

 (c) 0.8305  (d) 0.1905 
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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) How will you chose your title for your project? 

Or 

 (b) Why is methodology important? 

12. (a) Explain the language critiquing. 

Or 

 (b) What do you mean by literature review? 

13. (a) Find the mean and variance of chi-square 

distribution. 

Or 

 (b) Find the mgf of normal distribution. 

14. (a) Show that the t  distribution with 1r  degree 

of freedom and the Cauchy distribution are 

the same. 

Or 

 (b) If 21,XX  denote a random sample of size two 

from a distribution that is )1,0(n . Find the 

pdf of 2
2

2
1 XXY  .  

 [P.T.O] 
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15. (a) If )1( niXi   are stochastically independent 

random variables with distributions ),(
2

iin   

show that iiXkY   where ik  are constants, 

is normally distrusted using mfg technique. 

Or 

 (b) If 21,XX  are stochastically independent 

normal distributions ),( 2
11 n  and ),( 2

22 n  

respectively, find the pdf of 21 XXY  . 

PART C — (5  8 = 40 marks) 

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

Each answer should not exceed 600 words. 

16. (a) Briefly explain the elements of introduction.  

Or 

 (b) Write an essay on selection of topic and 

choosing your supervisor. 

17. (a) How will you format your references? 

Or 

 (b) To sum up the thesis what were various 

points to be considered before writing the 

conclusion? 



 Code No. : 6320 Page 6 

18. (a) Let X  be ),( 2n  

  (i) If 90.0)89( XP  and 95.0)94( XP  

find   and 2 . 

  (ii) If 90.0










b

X




 find b . 

Or 

 (b) Find the mean and variance of gamma 

distribution. 

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

Or 

 (b) If 21,XX  are independent chisquare variables 

with two degrees of freedom, find the pdf of 

2
21

1

XX
Y


 . 

20. (a) Explain, in detail, the mgf techniques, Give 

illustrations also. 

Or 

 (b) State and prove the central limit theorem. 

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

Answer ALL questions. 

Choose the correct answer. 

1. If a transportation model is unbalanced, then ____ 

 (a) It cannot be solved 

 (b) It can’t be balanced 

 (c) We can add a dummy source/destination 

 (d) None 

2. Using North West Corner Method 

 (a) we can obtain a starting basic solutions 

 (b) can be used to solve a TP Model completely 

 (c) is a failure method 

 (d) is a cumbersome procedure 

(7 pages) 
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3. Equipment replacement is an example of a 

 (a) shortest route model 

 (b) graphical model 

 (c) simplex model 

 (d) an assignment model 

4. Which of the following is used to solve acyclic 

networks 

 (a) north west corner rule 

 (b) least cost method 

 (c) Dijkstra’s algorithm 

 (d) simplex algorithm 

5. EOQ is refers to 

 (a) lead time (b) order quantity 

 (c) price break (d) static model 

6. CPM is used to find 

 (a) optimum dination of the project 

 (b) critical activities 

 (c) project evaluation 

 (d) review techniques 

7. The extra inventory maintained in addition to the 

required inventory corresponding to normal 

consumption rates is called 

 (a) abundant stock 

 (b) stock for discount 

 (c) buffer stock 

 (d) surplus stock 
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8. Time horizon 

 (a) is always one year 

 (b) five years 

 (c) period over which the inventory will be 

controlled  

 (d) period during which inventory become zero 

9. When service facility includes more than one 

server and all servers offer the same service, the 

facility is said to have. 

 (a) random series (b) parallel series 

 (c) servers in series (d) FCFS 

10. Jockey renege are linked with 

 (a) Queuesize 

 (b) calling source 

 (c) human behavior in Queues 

 (d) none 

PART B — (5 × 5 = 25 marks) 

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

11.  (a) Explain transportation algorithm with an 

example. 

Or 

 (b) Describe an assignment model 
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12. (a) Explain critical path method 

Or 

 (b) Define optimistic time, most likely time and 

pessimistic time. 

13. (a) Find the critical activities of the project 

 

Or 

 (b) Explain PERT in detail 

14. (a) With usual notations, consider the inventory 

model with K = Rs.10, h = Rs.1,  = 5 units, 

c1 = 2, c2 = 2, q = 15 units. Find the 

associated total cost per unit time. 

Or 

 (b) Let K = $ 100, D = 1000 units, p = $ 10, 

h = $ 2 and assume that the demand during 

the lead time follows a uniform distribution 

over the range 0 to 100. Find the optimum 

reorder level. 

[P.T.O] 
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15. (a) Explain the roles of the Poisson and 

exponential distributions in Queueing 

Theory 

Or 

 (b) Describe the various service disciplines in 

Queueing theory 

PART C — (5 × 8 = 40 marks) 

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

16.  (a) Solve the Assignment model.  

                          Job 

  1 2 3 4 

 1 1 4 6 3 

Worker 2 9 7 10 9 

 3 4 5 11 7 

 4 8 7 8 5 

Or 

 (b) Find a starting solutions to the 

Transportation model by any two methods. 

    Supply 

 10 4 2 8 

 2 3 4 5 

 1 2 0 6 

Demand 7 6 6  
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17. (a) For the following network find the shortest 

routes between every two nodes. Arc (3,5) is 

directional. The distances are given in Kms 

 

Or 

 (b) How will you formulate a shortest route 

problem as linear programing problem? 

18. (a) Explain Cutting plain algorithm. 

Or 

 (b) Explain Vogel’s approximation method 

19. (a) For the single period model with 

instantaneous demand and no setup cost 

obtain single critical number policy. 

Or 

 (b) Find the economic order quantity formula for 

a single item static inventory model with 

instantaneous supply and shortages allowed 

and uniform demand. 
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20. (a) Explain pure birth model. 

Or 

 (b) Cars arrive at a toll gate according to 

Poisson distribution with mean 90 per hour 

Average time for passing through the gate is 

38 seconds. Drivers complain of the long 

waiting time. Authorities are willing to 

decrease through passing time through the 

gate to 30 seconds by introducing new 

automatic devices. This can be justified only 

if under the old system the number of 

waiting can exceeds 5. In addition to 

percentage of the gate’s idle time under the 

new system should not exceeds 10% can the 

new device be justified? 

——————— 


