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 Section A  (10 × 2 = 20) 

Answer all questions. 

1. Define Directional cosines. 

 vø\ öPõø\ßPøÍ Áøμ¯Ö. 

2. Find the ratio in which the xy - plane divides the line 
joining the points )2,4,7( −A  and )3,5,8( −B . 

 )2,4,7( −A  ©ØÖ® )3,5,8( −B  CøÚUS® ÷Põk BÚx 

xy - uÍzøu ¤›US® ÂQu® PõsP. 

3. Define Coplanar lines. 

 J¸ uÍ ÷PõkPÒ – Áøμ¯Ö. 

4. Write down the formula for the angle between the planes. 

 uÍ[PÐUQøh÷¯¯õÚ ÷Põn® Põq® `zvμ® GÊx. 

5. Define Cone. 

 T®¦ Áøμ¯Ö. 
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6. Define right Circular Cone. 

 ÷|ºÂmh T®¦ Áøμ¯Ö. 

7. Define Gradient of a Vector. 

 öÁUh›ß \õ´Ä ÂQu® Áøμ¯Ö. 

8. Prove : )()()( ψφψφ GradGradGrad +=+ . 

 {ÖÄP : )()()( ψφψφ GradGradGrad +=+ . 

9. Define line integral. 

 ÷Põmkz öuõøP Áøμ¯Ö. 

10. Define surface integral. 

 £μ¨¦ öuõøP Áøμ¯Ö. 

 Section B  (5 × 5 = 25) 

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

11. (a) Find the equation of the plane which passes 
through the point )1,2,1( −  and is perpendicular to 

each of the planes 023 =−++ zyx  and 

042 =++− zyx . 

  023 =−++ zyx  ©ØÖ® 042 =++− zyx  GÝ® 

uÍ[PÐUS ö\[SzuõPÄ® )1,2,1( −  ÁÈ¯õP 
ö\À¾® uÍzvß \©ß£õk PõsP. 

Or 

 (b) Find the image of the point )4,3,2(  under the 

reflection in the plane 652 =+− zyx . 

  652 =+− zyx  GÝ® uÍzvß ¤μv£¼¨¤À 

)4,3,2( ß ¤®£® PõsP. 
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12. (a) Find the equation of the plane containing the point 

)2,7,1(−  and the line 
2
2

3
2

2
3

−
−=+=+ zyx

. 

  ¦ÒÎ )2,7,1(−  ©ØÖ® ÷Põk 
2
2

3
2

2
3

−
−=+=+ zyx

&I 

öPõsh uÍzvß \©ß£õk PõsP. 

Or 

 (b) Find the equation of the circle on the sphere 

023106222 =+−+++ zyzyx  with centre )2,2,1( − . 

  ø©¯® )2,2,1( − , ÷PõÍ® 

023106222 =+−+++ zyzyx &ß «x Ámhzvß 

\©ß£õk PõsP. 

13. (a) Find the equation of the right circular cone whose 

vertex is at the origin, whose axis is the line 

321
zyx =−=  and which has a semi vertical angle  

of 30. 

  Bvø¯ •øÚ¯õPÄ® 
321
zyx =−=  Aa\õPÄ® 

©ØÖ® Aøμ÷|º÷Põn® 30I öPõsh ÷|ºÁmh 

T®¤ß \©ß£õk PõsP. 

Or 
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 (b) Find the equation of the cylinder whose generators 

are parallel to the line 
321
zyx =−=  and whose 

guiding curve is the ellipse 0;12 22 ==+ zyx . 

  }ÒÁmh® 0;12 22 ==+ zyx I ÁÈPõmi 

ÂøÍÁõPÄ® ÷Põk 
321
zyx =−= US Cøn¯õÚ 

E¸ÁõUQPøÍ²® öPõsh E¸øÍ°ß \©ß£õk 
PõsP. 

14. (a) If kyzxjzxixyz


22323 32 ++=∇φ  find ),,( zyxφ  if 
4)2,2,1( =−φ . 

  4)2,2,1( =−φ  ©ØÖ® kyzxjzxixyz


22323 32 ++=∇φ  

GÛÀ ),,( zyxφ  PõsP.  

Or 

 (b) Prove that nn rnrrdiv )3()( +=⋅ . Deduce rrn ⋅  is 
solenoidal if and only if 3−=n . 

  nn rnrrdiv )3()( +=⋅  GÚ {ÖÄP. rrn ⋅  £õ´Ä 

AØÓx ⇔  3−=n  GÚ u¸Â. 

15.  (a) Evaluate  −++= jyxiyxfdrf )()(, 2222 . 

  ©v¨¤kP :  −++= jyxiyxfdrf )()(, 2222 . 

Or 

 (b) Verify Stokes theorem for the vector function 

kxzjyiyf


)()()( 2 −+=  and S  is the upper half of 

the sphere 2222 azyx =+−  and 0≥z . 

  kxzjyiyf


)()()( 2 −+= US 2222 azyx =+−  ©ØÖ® 

0≥z  GÝ® ÷PõÍzvß ÷©À Aøμ¨£Sv S  GÛÀ 
ì÷hõU ÷uØÓ® \›£õº.  
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 Section C  (3 × 10 = 30) 

Answer any three questions. 

16. Find the image of the point )4,3,1(  in the plane 

032 =++− zyx . Hence prove that the image of the line 

3
4

2
3

1
1

−
−=

−
−=− zyx

 is 
2
2

5
5

1
3

−
−=

−
−=+ zyx

. 

 uÍ® 032 =++− zyx &À )4,3,1( &ß ¤®£® PõsP. 

÷©¾® 
3
4

2
3

1
1

−
−=

−
−=− zyx

&ß ¤®£® 
2
2

5
5

1
3

−
−=

−
−=+ zyx

 

GÚ PõmkP. 

17. Find the shortest distance and the equation of the line of 

shortest distance between the straight lines 

26
6

4
3 zyx =−=

−
+

 and 
1

7
14

3 −==
−
+ zyx

. 

 ÷|º÷PõkPÒ 
26

6
4
3 zyx =−=

−
+

 ©ØÖ® 
1

7
14

3 −==
−
+ zyx

US 

Cøh°»õÚ SøÓ¢u yμ® ©ØÖ® SøÓ¢u yμU÷Põmiß 

\©ß£õk PõsP. 

18. Find the equation of the right circular cylinder whose 

guiding curve is the circle through the points 

)0,1,0();0,0,1(  and )1,0,0( . 

 )0,1,0();0,0,1(  ©ØÖ® )1,0,0( ß ÁÈ¯õP ö\À¾® 

Ámhzøu ÁÈPõmi ÁøÍÁõP öPõsh ÷|º Ámh T®¤ß 

\©ß£õmøh PõsP. 
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19. Prove )(
2

)()(2 rf
r

rfrf ′+′′=∇ . 

 {ÖÄP : )(
2

)()(2 rf
r

rfrf ′+′′=∇ . 

20. Evaluate  dsnF ˆ


 where kjyxiyzxF


22)( 23 +−−=  and 

S  is the surface of the cube bounded by 
ayaxzyx ===== ;;0;0;0  and az = . 

 S  Gß£x ayaxzyx ===== ;;0;0;0  ©ØÖ® az =  
GÝ® GÀø»PøÍ öPõsh PÚ Pxμzvß £μ¨¦ GÛÀ 

 dsnF ˆ


 PõsP, C[S kjyxiyzxF


22)( 23 +−−= . 

  
———————— 
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 Section A  (10 × 2 = 20) 

Answer all questions. 

1. Define Bounded sequence. Given an example. 

 Áμ®¦ öuõhøμ Áøμ¯Ö. GkzxUPõmk JßÖ u¸P. 

2. Prove that convergent sequences are Cauchy sequences. 

 J¸[S® öuõhºPÒ Põæ öuõhº BS® GÚ {ÖÄP. 

3. Show that every bounded sequence has a convergent 
subsequence. 

 G¢u J¸ Áμ®¦ öuõh¸US® J¸[PUTi¯ Emöuõhº 
Esk GÚ PõmkP. 

4. Show that the sequence 







n
1

 is a Cauchy sequence. 

 öuõhº 







n
1

 J¸ Põæ öuõhº GÚ PõmkP. 
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5. Show that if  na  converges, then 0lim =
∞→ nn

a . 

  na  J¸US® GÛÀ 0lim =
∞→ nn

a  GÚ PõmkP. 

6. State Kummer’s test. 

 S®©›ß ÷\õuøÚø¯ TÖ. 

7. Give an example of absolute convergent series. 

 uÛ J¸[S® Á›ø\US GkzxUPõmk JßÖ u¸P. 

8. What is the difference between conditional convergence 
and absolute convergence? 

 {£¢uøÚ²hß J¸[SuÀ ©ØÖ® uÛ J¸[Su¾US EÒÍ 
Âzv¯õ\® GßÚ? 

9. Define rearrangement series. 

 ©Ö Á›ø\ öuõhºÁ›ø\ø¯ Áøμ¯Ö. 

10. State Abel’s theorem. 

 A¤¼ß ÷uØÓzøu TÖP. 

 Section B  (5 × 5 = 25) 

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

11. (a) Show that any sequence }{ na  converging to ∞  is 
bounded below but not bounded above. 

  ∞  US J¸[S® G¢u J¸ }{ na &® RÌÁμ®¦ 
Eøh¯x. BÚõÀ ÷©À Áμ®¦ Eøh¯x AÀ» GÚ 
PõmkP. 

Or 

 (b) Show that a sequence cannot converge to two 
different limits. 

  G¢u J¸ öuõh¸® C¸  GÀø»PÐUS J¸[Põx GÚ 
PõmkP. 
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12. (a) Prove : 0
!

lim =
∞→ n

xn

n
. 

  {ÖÄP : 0
!

lim =
∞→ n

xn

n
. 

Or 

 (b) Show that a sequence is convergent if and only if 
every subsequence if it converges to same limit. 

  J¸ öuõhº J¸[S® ⇔  Auß EmöuõhºPÒ A÷u 
GÀø»US J¸[S® GÚ PõmkP. 

13. (a) Test the convergence  2)(log
1

nn
. 

  J¸[Suø» ÷\õvUP  2)(log
1

nn
. 

Or 

 (b) Discuss the convergence  !
1
n

. 

  J¸[Suø» ÂÁõv  !
1
n

. 

14. (a) Test the convergence  −
p

n

n
)1(

. 

  J¸[Suø» ÷\õvUP  −
p

n

n
)1(

. 

Or 

 (b) Prove that  )(log
sin

n
n

 is convergent. 

   )(log
sin

n
n

 J¸[S® GÚ {ÖÄP. 
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15. (a) Show that the Cauchy product of two absolutely 
convergent series is convergent. 

  C¸ uÛ J¸[S® Á›ø\PÎß Põæ ö£¸UPÀ 
J¸[S® GÚ PõmkP. 

Or 

 (b) Show by an example that Cauchy product of two 
convergent series need not converge. 

  C¸ J¸[S® Á›ø\PÎß Põæ ö£¸UPÀ J¸[P 
÷uøÁ CÀø» Gß£øu GkzxUPõmk öPõsk 
PõmkP. 

 Section C  (3 × 10 = 30) 

Answer any three questions. 

16. Prove the following : 

 (a) 1)(lim /1 =
∞→

n
n

a , 0>a  

 (b) 1)(lim /1 =
∞→

n
n

n  

 ¤ßÁ¸ÁÚÁØøÓ {ÖÄP. 

 (A) 1)(lim /1 =
∞→

n
n

a , 0>a  

 (B) 1)(lim /1 =
∞→

n
n

n  

17. State and prove Cauchy’s second limit theorem. 
 Põæ°ß CμshõÁx GÀø» ÷uØÓzøu TÔ {ÖÄP. 

18. Prove Gauss’s test. 
 Põêß ÷\õuøÚø¯ {ÖÄP. 

19. State and prove Leibnitz’s test. 
 ½ßmêß ÷\õuøÚø¯ TÔ {ÖÄP. 

20. Prove Merten's theorem. 
 ö©ºmhÛß ÷uØÓzøu {ÖÄP. 

————— 
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 Section A  (10 × 2 = 20) 

Answer all questions. 

1. Define a group. 

 J¸ S»zøu Áøμ¯Ö.  

2. In an abelian group prove that ( ) 222 baab = . 

 J¸ A¤¼¯ß S»zvÀ ( ) 222 baab =  GÚ {ÖÄP. 

3. Define  subgroup and give an example. 

 Áøμ¯Ö : EmS»® ©ØÖ® J¸ GkzxUPõmk öPõk. 

4. Let G be a group of order n. Let Ga ∈  then prove that 
ean = . 

S»® G ß Á›ø\ n GßP. Ga ∈  GÛÀ ean =  GÚ {ÖÄP. 

5. Define  normal subgroup.  

 Áøμ¯Ö : ÷|ºø© EmS»®. 

Sub. Code 
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6. Define a homomorphisms.  

 Áøμ¯Ö : ö\¯À ©õÓõU ÷PõºzuÀ. 

7. If R is a ring such that aa =2  for all Ra ∈ . Prove that 

baab = . 

R Gß£x aa =2  ÷£õßÓ J¸ ÁøÍ¯©õP C¸¢uõÀ 

Ra ∈∀ , baab =  GÚ {ÖÄP. 

8. Define Integral domain.  

 Áøμ¯Ö Gs Aμ[P®. 

9. Define prime ideal. 

 £Põ^º ÁøÍ¯zøu Áøμ¯Ö. 

10. Define associates.  

 Áøμ¯Ö Cøn¨ö£s. 

 Section B  (5 × 5 = 25) 

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

11. (a) Let G be a group in which ( ) mmm baab =  for three 

consecutive integers and for all Gba ∈, , then prove 

that G is an abelian group.  

  G Gß£x ‰ßÖ öuõhºa]¯õÚ •ÇUPÐUS® 

AøÚzx Gba ∈,  ØS® ( ) mmm baab =  GÝ©õÖ EÒÍ 

J¸ S»® GÛÀ G J¸ A¤¼¯® S»® GÚ {ÖÄP.  

Or 
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 (b) Let An be the set of all even permutations in nS . 

Prove that An is a group containing 
2
!n

 

permutations. 

  nS  –À EÒÍ AøÚzx Cμmøh Á›ø\ ©õØÓ[PÎß 

Pn® An C¸US® GÛÀ An Gß£x 
2
!n
 Á›ø\ 

©õØÓ[PøÍU öPõsk J¸ S»® GÚ {ÖÄP. 

12. (a) If H and K are subgroups of a group G, then prove 
that KH ∩  is also a subgroup of G.  

  H ©ØÖ® K BQ¯øÁ G S»zvß EmS»[PÍõP 
C¸¢uõÀ KH ∩  Gß£x G ß EmS»©õS® GÚ 
{ÖÄP. 

Or 

 (b) Let G be a group and a be an element of order n in 
G. Prove that eam =  iff n divides m. 

  G J¸ S»©õPÄ®, G CÀ a ß Á›ø\ n GßP.  

  eam =  ØS ÷uøÁ¯õÚ ©ØÖ® ÷£õx©õÚ n BÚx  
  m I ÁSUS® GÚ {ÖÄP. 

13. (a) Prove that every subgroup of an abelian group is a  
normal subgroup. 

J¸ A¤¼¯ß S»zvß JÆöÁõ¸ EmS»•® Kº 
÷|ºø© EmS»® GÚ {ÖÄP. 

Or 

 (b) Let GGf ′→:  be an isomorphism. If G is cyclic then 
prove that G′  is also cyclic. 

  GGf ′→:  Gß£x uß J¨¦ø©. G ÁmhU S»©õP 

C¸¢uõÀ G′  ²® Ámh S»©õS® GÚ {ÖÄP. 
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14. (a) If R is a ring and Rba ∈,  then prove that  

  (i) 0== aooa  

  (ii) ( ) acabcba −=− . 

  R J¸ ÁøÍ¯® ©ØÖ® Rba ∈,  GÛÀ  
  (i) 0== aooa  

  (ii) ( ) acabcba −=−  GÚ {ÖÄP. 
Or 

 (b) Prove : A non-empty subset S of a ring R is a 
subring iff SbaSba ∈−∈,  and Sab ∈ . 

  R GßÓ ÁøÍ¯zvÀ S Gß£x öÁØÔ»õ EmPn® 
GÛÀ R ß J¸ EÒ ÁøÍ¯® BÁuØS ÷uøÁ¯õÚ 
©ØÖ® ÷£õx©õÚ {£¢uøÚ SbaSba ∈−∈,  

©ØÖ® Sab ∈  GÚ {ÖÄP. 

15. (a) Let R be any commutative ring with identity. Let  
P be an ideal of R. Then prove that P is a prime 
ideal PR /⇔  is an Integral domain. 

  R \©Û EÖ¨¦hß G¢uöÁõ¸ £›©õØÖ ÁøÍ¯® 
GßP. P BÚx R Cß ^ºÁøÍ¯® GßP. P Gß£x 
J¸ £Põ ^º ÁøÍ¯® PR /⇔  Gß£x Gs Aμ[P® 
GÚ {ÖÄP. 

Or 
 (b) Let R be an Euclidean domain. Let a and b be two 

non-zero elements of R. Then prove that  
  (i) b is not a unit in ( )abdadR < )(  

  (ii) b is a unit in ( ) ( )abdadR = . 

  R Gß£x ³UÎi¯ß Aμ[P® GßP. a ©ØÖ® b 
BQ¯øÁ R Cß §äâ¯©ØÓ Cμsk EÖ¨¦PÒ 
GßP. 

  (i) b Gß£x  R À J¸ A»S AÀ» GÛÀ 
( )abdad <)(  

  (ii) b Gß£x  R À J¸ A»S GÛÀ ( ) ( )abdad =  
GÚ {ÖÄP. 
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 Section C  (3 × 10 = 30) 

Answer any three questions. 

16. Let G denote the set of all matrices of the form 







xx
xx

 

where *Rx ∈ . Then prove that G is a group under matrix 
multiplication.  

 







xx
xx

 ÁiÁzvß AøÚzx AoPÎß EÖ¨¦PøÍ²® G 

SÔUPmk®, C[S *Rx ∈ . G Gß£x AoPÎß 
ö£¸UPzvß RÌ J¸ S»® GÚ {ÖÄP. 

17. Let G be a group P and H be a subgroup of G. Then prove 
that  

 (a) HaHHa =∈  

 (b) HbabHaH ∈= −1  

 (c) 11 −− ∈∈ HbabHa  

 (d) bHaHbHa =∈ . 

 G Gß£x S»® ©ØÖ® H Gß£x EmS»® GßP. 

 (A) HaHHa =∈  

 (B) HbabHaH ∈= −1  

 (C) 11 −− ∈∈ HbabHa  

 (D) bHaHbHa =∈  GÚ {ÖÄP. 

18. State and prove Cayley's theorem. 

 öP´¼ ÷uØÓzøu GÊv {ÖÄP. 
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19. Let R be a ring and I be a subgroup of ( )+,R . Prove that 
the multiplication in R/I given by ( )( ) abIbIaI +=++  is 
well defined I⇔  is an ideal of R. 

 R Gß£x ÁøÍ¯® ©ØÖ® I Gß£x ( )+,R  ß EmS»® 

GßP. ( )( ) abIbIaI +=++  BÀ öPõkUP¨£mh R/I –CÀ 

EÒÍ ö£¸UPÀ |ßS Áøμ¯ÖUP¨£mkÒÍx I⇔  Gß£x 
R –Cß ^ºÁøÍ¯® BS® GÚ {ÖÄP. 

20. State and prove the fundamental theorem of 
Homomorphism of rings. 

ÁøÍ¯[PÐUPõÚ ö\¯À©õÓõU ÷Põºzu¼ß Ai¨£øhz 
÷uØÓzøu GÊv {ÖÄP. 

_________ 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Find C.F. of xeyDD 32 )96( =+− . 

 xeyDD 32 )96( =+−  &ß C.F. PõsP.  

2. Define : Exact differential equation.  

 Áøμ¯Ö : xÀ¼¯ ÁøPUöPÊa \©ß£õk.  

3. Solve : 
xy
dz

zx
dy

yz
dx == . 

 wºUP : 
xy
dz

zx
dy

yz
dx == . 

4. Write the general form of linear equations with variable 
coefficients.  

 ©õÖ£k® SnP[PøÍU öPõsh J¸£i \©ß£õmiß 
ö£õx ÁiÁzøu GÊxP.  

Sub. Code 
7BMA3C2 



F–8970 

  

  2

5. Write the condition of integrability.  

 öuõøP°ku¼ß {£¢uøÚø¯ GÊxP.  

6. Write the general form of linear equation of second order.  

 Cμshõ® Á›ø\ J¸£ia \©ß£õmiß ö£õx ÁiÁzøu 
GÊxP.  

7. Form PDE : abbyaxZ ++= . 

 PDE Aø©UP : abbyaxZ ++= . 

8. Define : Complete integral.  

 Áøμ¯Ö : •Êz öuõøP±k.  

9. What is a retarded fall? 

 ÷|μØÓ ÃÌa] GßÓõÀ GßÚ? 

10. Define : Trajectory.  

 Áøμ¯Ö : GÔÄÁøμ.   

 Part B  (5 × 5 = 25) 

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

11. (a) Solve : 0)6()32( 2222 =−+++− dyxxyydxyxyx . 

  wºUP : 0)6()32( 2222 =−+++− dyxxyydxyxyx . 

Or 

 (b) Solve : 06)32(2 =++− ypyxp λ . 

  wºUP : 06)32(2 =++− ypyxp λ . 
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12. (a) Solve : 4
2

2
2 42 xy

dx
dyx

dx
ydx =+− . 

  wºUP : 4
2

2
2 42 xy

dx
dyx

dx
ydx =+− . 

Or 

 
(b) Solve :

 teyDx
yxD

22)2(3

03)2(

=++

=++

.
 

  
wºUP :

 teyDx
yxD

22)2(3

03)2(

=++

=++
. 

13. (a) Write the procedure for solving total differential 
equations.  

  •Ê ÁøPUöPÊ \©ß£õkPøÍ wºUS® •øÓø¯ 
GÊxP.  

Or 

 (b) Solve : 0)()( 22 =+++ dzdxydyzx . 

  wºUP : 0)()( 22 =+++ dzdxydyzx . 

14. (a) Form the partial differential equation by 
eliminating the function from )( 222 zyxfz ++= .  

  )( 222 zyxfz ++=  & °¼¸¢x \õºø£ }UQ £Sv 
ÁøPUöPÊa \©ß£õk Aø©UP.  

Or 

 (b) Solve : 1=+ qp . 

  wºUP : 1=+ qp . 

15. (a) Explain flow of water from an orifice.  
  J¸ _ØÖ Ámhzv¼¸¢x Á¸® }º Kmhzøu ÂÁ›.  

Or 
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 (b) Find the orthogonal trajectories of 
x
a

dx
dy =








2

. 

  
x
a

dx
dy =








2

 &ß ö\[Szx GÔÄ Áøμø¯U PõsP.  

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Solve : xey
dx
dy

dx
yd x 3cos454 3
2

2

+=−− . 

 wºUP : xey
dx
dy

dx
yd x 3cos454 3
2

2

+=−− . 

17. Solve : 
)()()( 222222 yxz

dz
xzy

dy
zyx

dx
−

=
−

=
−

. 

 wºUP : 
)()()( 222222 yxz

dz
xzy

dy
zyx

dx
−

=
−

=
−

. 

18. Solve by variation of parameters method. 

 xxyD sin)1( 2 =+  

 ©õÖ£k® AÍÄÖUPÒ •øÓ°À wºUP : 

 xxyD sin)1( 2 =+  

19. Solve by Charpit’s method: 01)()( =−++ qypxqp . 

 \õº¤mì •øÓ°À wºUP : 01)()( =−++ qypxqp . 

20. Explain Brachistochrone problem.  

 ¤μõ]ì÷hõLU÷μõß ¤μa\øÚø¯ ÂÍUSP. 

———————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Prove: ( ) ( )[ ] ( )[ ] ( )[ ]xgLxfLxgxfL βαβα +=+  

 {ÖÄP ( ) ( )[ ] ( )[ ] ( )[ ]xgLxfLxgxfL βαβα +=+  

2. Prove: ( )[ ] ( )[ ] ( ) ( )0'0' 2 fsfxfLsxfL −−=  

 {ÖÄP ( )[ ] ( )[ ] ( ) ( )0'0' 2 fsfxfLsxfL −−=  

3. Find: 





−
−

252

1

s
sL  

 PõsP 





−
−

252

1

s
sL  

4. Find: 





++
+−

22
1

2

1

ss
sL  

 PõsP 





++
+−

22
1

2

1

ss
sL  

5. Define: Fourier series 

 Áøμ¯Ö: L§›¯º öuõhº 
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6. Define: odd and even functions 
 Áøμ¯Ö: JØøÓ ©ØÖ® Cμmøh \õº¦PÒ 

7. Prove: ( ){ } ( )sFeaxfF ias=−  

 {ÖÄP: ( ){ } ( )sFeaxfF ias=−  

8. Define: Convolution 
 Áøμ¯Ö: ©i¨¦ 

9. Prove: ( )[ ]
1

1
+

=−
z
zZ n  

 {ÖÄP: ( )[ ]
1

1
+

=−
z
zZ n

 

10. Prove: [ ]
!

1/11

n
eZ z =−  

 {ÖÄP: [ ]
!

1/11

n
eZ z =−  

 Part B (5 × 5 = 25) 

Answer all the questions, choosing either (a) or (b). 

11. (a) Evaluate: ( )axxL cosh2  

   ©v¨¤kP: ( )axxL cosh2  

Or 

 (b) Evaluate: 





 −

x
xL 2cos1

 

   ©v¨¤kP: 





 −

x
xL 2cos1

 

12. (a) Find: ( ) 







−

−
22

1

1s
sL  

   PõsP: ( ) 







−

−
22

1

1s
sL  

Or 
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 (b) Find:  














 −−

2

2
1 1

log
s
sL  

   PõsP: 














 −−

2

2
1 1

log
s
sL  

13. (a) Find the fourier expansion of  
( ) πππ <<−−= xxxf ,22  

   ( ) πππ <<−−= xxxf ,22  &ØS L§›¯º Â›øÁU 
PõsP. 

Or 

 (b) Expand ( )xx −ππ
8

 in a sine series is ( )π,0  

   ( )π,0 &À ( )xx −ππ
8

 &I J¸ ø\ßöuõhμõP Â›UP. 

14. (a) Prove: ( ){ } 0,
1 ≠






= a
a
sF

a
axfF  

   {ÖÄP: ( ){ } 0,
1 ≠






= a
a
sF

a
axfF  

Or 

 (b) State and prove parsival’s identity. 
   £õº]Á¼ß \©Ûø¯ GÊv {ÖÄP. 

15. (a) Find: ( )( )






++ 21

1
nn

Z  

   PõsP ( )( )






++ 21

1
nn

Z  

Or 

 (b) Find: ( ) ( )






−−

−

21 2

3
1

zz
zZ  

   PõsP ( ) ( )






−−

−

21 2

3
1

zz
zZ  
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. (a) Prove: ( )[ ] ( )[ ] ( )0fxfsLxfL −=  

  {ÖÄP ( )[ ] ( )[ ] ( )0fxfsLxfL −=  

 (b) Find: 





 −

x
xL cos1

 

  PõsP 





 −

x
xL cos1

 

17. Using Laplace transform solve 

 
( ) ( ) 00,20

;cos;sin

==

=+=+

yx

tx
dt
dyty

dt
dx

 

 »õ¨»õì E¸©õØÓzøu¨ £¯ß£kzv wºUP 

 

( ) ( ) 00,20

;cos;sin

==

=+=+

yx

tx
dt
dyty

dt
dx

 

18. Find the Fourier expansion of ( ) ( )xxf −= π
2
1

 is ( )π2,0  

 ( )π2,0  &À ( ) ( )xxf −= π
2
1

 ØS L§›¯º Â›ø£U PõsP. 

19. Prove: (a) ( ){ }
ds
dFsxxfFC =  (b) ( ){ }

ds
dFcxxfFs −=  

 {ÖÄP: (a) ( ){ }
ds
dFsxxfFC =  (b) ( ){ }

ds
dFcxxfFs −=  

20. Solve: ( ) ( ) ( ) ( ) ( ) 01,00,22132 ===++−+ yynynyny n   

 wºUP: ( ) ( ) ( ) ( ) ( ) 01,00,22132 ===++−+ yynynyny n  

———————— 
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 Section A  (10 × 2 = 20) 

Answer all questions. 

1. Prove : ( ) ( ) ( ) VvFvvv ∈∈∀−=−=− ,αααα . 

 {ÖÄP: ( ) ( ) ( ) VvFvvv ∈∈∀−=−=− ,αααα .  

2. Define : Epimorphism. 

 Áøμ¯Ö : •Ê J¨¦ø©. 

3. Define : Linearly independent. 

 Áøμ¯Ö : ÷|›¯À \õº£ØÓøÁ. 

4. When do you say that a linear transformation is singular? 

 J¸ E¸©õØÓzøu G¨÷£õx A¸{ø» GÚU TÖÁõ´? 

5. Define the length of x  in an inner product space. 

 J¸ Emö£¸UPÀ öÁÎ°À x &ß }Ízøu Áøμ¯Ö. 

Sub. Code 
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6. What do you mean by an orthogonal complement of a set? 

 J¸ Pnzvß ö\[Szx {μ¨¤ Gß£x £ØÔ } AÔÁx 
¯õx? 

7. Define an unitary matrix and give an example. 

 J¸ A»S{ø» Aoø¯ Áøμ¯Özx J¸ GkzxUPõmk 
öPõk. 

8. Define : Rank of a matrix. 

 Áøμ¯Ö : J¸ Ao°ß uμ®. 

9. State Cayley Hamilton theorem.  

 öP´¼ ÷íªÀhß ÷uØÓzøuU TÖP. 

10. Define : Symmetric bilinear form. 

 Áøμ¯Ö : \©a^º C¸£i ÁiÁ®. 

 Section B  (5 × 5 = 25) 

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

11. (a) Prove that RR×  is a vector space over R. 

  R-&ß «x RR×  J¸ öÁUhºöÁÎ GÚ {ÖÄP. 

Or 

 (b) Prove that 22: RRT →  defined by 

( ) ( )bababaT 4,32, +−=  is a linear transformation. 

  ( ) ( )bababaT 4,32, +−= GÚ Áøμ¯ÖUP¨£mh 

22: RRT →  J¸ ÷|›¯À E¸©õØÓ® GÚ {ÖÄP. 
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12. (a) Prove that the vectors ( ) ( )0,1,2,1,2,1  and ( )2,1,1 −  

are linearly independent. 

  ( ) ( )0,1,2,1,2,1 ©ØÖ® ( )2,1,1 −  GßÓ öÁUhºPÒ 

÷|›¯À \õº£ØÓøÁ GÚ {ÖÄP. 

Or 

 (b) Prove that any vector space of dimension ‘n’ over a 

field F is isomorphic to ( )FVn . 

  J¸ PÍ® F&ß «x ‘n’ £›©õn® öPõsh G¢u J¸ 

öÁUhº öÁÎ²® ( )FVn &Ehß \©J¨¦ø© Eøh¯x 

GÚ {ÖÄP. 

13. (a) State and prove triangle inequality. 

  •U÷Põn \©Ûßø©ø¯ TÔ {ÖÄP. 

Or 

 (b) If 1W  and 2W  are subspaces of a finite dimensional 

inner product space then prove that 

( ) ⊥⊥⊥ ∩=+ 2121 WWWW . 

  1W ©ØÖ® 2W  Gß£Ú J¸ •iÄÖ £›©õn® 

öPõsh Emö£¸UPÀ öÁÎ°ß EÒöÁÎPÒ GÛÀ 

( ) ⊥⊥⊥ ∩=+ 2121 WWWW  GÚ {ÖÄP. 
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14. (a) Find the inverse of the matrix 
















−
−=
312
113

201

A  

  
















−
−=
312
113

201

A -GßÓ Ao°ß ÷|º©õÖ PõsP. 

Or 

 (b) Find the rank of the matrix: 
















7012
7436

3124

 

  Ao°ß uμzøuU PõsP : 
















7012
7436

3124

 

15.  (a) Verify Cayley Hamilton  theorem : 
















−
−

110
432

433

 

  öP´¼ ÷íªÀhß ÷uØÓzøua \›£õºUP 
















−
−

110
432

433

 

Or 

 (b) Reduce the Quadratic form −+− 4131212 xxxxxx  

434232 2 xxxxxx −+  to the diagonal form using 
Lagrange’s method. 

  434232413121 22 xxxxxxxxxxxx −+−+− GßÓ 
C¸£i ÁiÁzøu ö»Uμõg]ß •øÓ°À ‰ø»Âmh 
ÁiÁ©õP ©õØÖP. 
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 Section C  (3 × 10 = 30) 

Answer any three questions. 

16. State and prove the fundamental theorem of 
homomorphism. 

 ö\¯À ©õÓõU ÷Põºzu¼ß Ai¨£øhz ÷uØÓzøuU TÔ 
{ÖÄP. 

17. If V is a finite dimensional vector space over a field F and 
A, B are subspace of V then prove that  

 ( ) ( )BABABA ∩−+=+ dimdimdimdim  

 V Gß£x F&ß «x •iÄÖ £›©õn® öPõsh J¸ öÁUhº 
öÁÎ ©ØÖ® A, B Gß£Ú V&ß EÒöÁÎPÒ GÛÀ  

 ( ) ( )BABABA ∩−+=+ dimdimdimdim  

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

 •iÄÖ £›©õn® öPõsh JÆöÁõ¸ Emö£¸UPÀ 
öÁÎ²® J¸ ö\[Szx AiUPnzøuU öPõsi¸US® 
GÚ {ÖÄP. 

19. Check the consistency and solve 

 

354
332
523

952

−=+−
=−+
=+−

−=−+

zyx
zyx
zyx
zyx

 

 JÆÄø©ø¯ \›£õºzx wºUP. 

 

354
332
523

952

−=+−
=−+
=+−

−=−+

zyx
zyx
zyx
zyx
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20. Find the eigen values and eigen vectors of the matrix 

 
















−

−
=

131
111

222

A  

 Ao 
















−

−
=

131
111

222

A &ß IPß ©v¨¦PÒ ©ØÖ® IPß 

öÁUhºPøÍU PõsP. 

  
 

———————— 
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 Part A  (10 × 2 = 20) 

Answer all the questions. 

1. Define an uncountable set. 

 J¸ Gsoh •i¯õu Pnzøu Áøμ¯Ö. 

2. Define a metric space. 

 J¸ ö©m›U öÁÎø¯ Áøμ¯Ö. 

3. Prove that in R with usual metric any closed interval  

[a, b] is a closed set. 

 R&ß ÁÇUP©õÚ ö©m›UQß RÌ G¢u J¸ ‰i¯ 

CøhöÁÎ [a, b]²® J¸ ‰i¯ Pn® GÚ {ÖÄP. 

4. Define: Cauchy sequence. 

 Põê°ß Á›ø\ Áøμ¯Ö. 

5. Define: homeomorphism. 

 Áøμ¯Ö : ÁiöÁõ¨¦ø©. 
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6. Prove that the function RRf →:  defined by 

( ) xxf sin=  is uniformly continuous on R. 

 ( ) xxf sin=  GÚ Áøμ¯ÖUP¨£mh \õº¦ RRf →:  

BÚx Rß «x ^μõÚ öuõhºa] GÚ {ÖÄP. 

7. Define a connected set. 

 J¸ Cøn¢u Pnzøu Áøμ¯Ö. 

8. Prove that if f is a non-constant real valued continuous 
function on R  then the range of f is uncountable. 

 f Gß£x R ß «x Aø©¢u ©õÔ¼¯ØÓ ö©´ ©v¨¦PøÍU 
öPõsh öuõhºa]¯õÚ \õº¦ GÛÀ f&ß Ãa_ Gsoh 
•i¯õux GÚ {ÖÄP. 

9. Define open cover. 

 Áøμ¯Ö : vÓ¢u EøÓ. 

10. Define sequentially compact space. 

 Áøμ¯Ö : öuõhº¦ Pa]u©õÚ öÁÎ. 

 Part B (5 × 5 = 25) 

Answer all the questions, choosing either (a) or (b). 

11. (a) Prove that countable union of countable sets is 
countable. 

   GsohzuUP Pn[PÎß GsohzuUP ÷\º¨¦ 
GsohzuUPx GÚ {ÖÄP. 

Or 

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

   G¢u JÆöÁõ¸ ö©m›U öÁÎ (M, d)°¾® 
JÆöÁõ¸ vÓ¢u £¢x® J¸ vÓ¢u Pn® GÚ {ÖÄP. 
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12. (a) Let (M,d) be a metric space If MBA ⊆,  then prove 

the following: 

(i) BABA ⊆⊆  

(ii) BABA  =  

(iii) BABA  ⊆  

   (M,d) J¸ ö©m›U öÁÎ MBA ⊆,  GÛÀ ÷©À 

Á¸ÁÚÁØøÓ {ÖÄP. 

Or 

 (b)  Prove that a subset A of a complete metric space  

M is complete A⇔  is closed.  

   J¸ •Êø©¯õÚ ö©m›U öÁÎ Mß J¸ EmPn® 

A  BÚx •Êø©¯õÚx A⇔  ‰i¯x GÚ {ÖÄP.  

13. (a) Let (M1, d1) and (M2, d2) be two metric spaces. Prove 

that a function 21: MMf →  is continuous ( )Ff 1−⇔  
is closed in M1  whenever F is closed in M2. 

   (M1, d1) ©ØÖ® (M2, d2) C¸ ö©m›U öÁÎPÒ GßP. 

\õº¦ 21: MMf →  öuõhºa]¯õÚx 2M⇔ ÂÀ  

F ‰i¯uõP C¸US®ö£õÊx, M1À ( )Ff 1−  ‰i¯x 

GÚ {ÖÄP. 

Or 

 (b)  Prove that the metric spaces (0, 1) and (0, ∞) with 

usual metrics are homeomorphic. 

   ö©m›U öÁÎPÒ (0, 1) ©ØÖ® (0, ∞) ÁÇUP©õÚ 

ö©m›U öÁÎ°ß RÌ ÁiöÁõ¨¦ø© GÚ {ÖÄP. 
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14. (a) Prove A metric space M is connected ⇔ there does 

not exist any continuous function f from M onto the 

discrete metric space {0,1}. 

   {ÖÄP : J¸ ö©m›U öÁÎ M Cøn¢ux.  

⇔ M ¼¸¢x ¤›{ø» ö©m›U öÁÎ {0,1}ØS G¢u 

J¸ öuõhºa]¯õÚ \õº¦ f ® Aø©¢v¸UPõx. 

Or 

 (b) If f is a real valued continuous function defined on 

an interval l then prove that f takes every value 

between values it assumes. 

   f Gß£x J¸ CøhöÁÎ l ß «x Áøμ¯ÖUP¨£mh 

ö©´ ©v¨¦øh¯ öuõhºa]¯õÚ \õº¦ GÛÀ f BÚx 

Ax ©v¨¤k® ©v¨¦PÐUS Cøh°À JÆöÁõ¸ 

©v¨ø£²® GkUS® GÚ {ÖÄP. 

15. (a) Prove that a closed subspace of a compact metric 

space is compact. 

   J¸ Pa]u©õÚ ö©m›U öÁÎ°À J¸ ‰i¯ EÒ 

öÁÎ²® Pa]u©õÚx GÚ {ÖÄP. 

Or 

 (b) Prove that a metric space (M, d) is totally bounded 

⇔ every sequence in M contains a Cauchy  

sub-sequence 

   J¸ ö©m›U öÁÎ (M, d) •Ê Áμ®¦øh¯x ⇔ M ß 

JÆöÁõ¸ Á›ø\²® J¸ Põ]ß EÒ Á›ø\ø¯ 

ö£ØÔ¸US® GÚ {ÖÄP. 
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16.  If 1≥p , prove that  

 
ppp n

i
p

i
n

i
p

i
n

i
p

ii baba
111

111 



+



≤



 +  ===

, where 

naaa ,, 21  and nbbb ,, 21  are real numbers.  

 1≥p  GÛÀ 
ppp n

i
p

i
n

i
p

i
n

i
p

ii baba
111

111 



+



≤



 +  ===

 

GÚ {ÖÄP. CvÀ  naaa ,, 21  ©ØÖ® nbbb ,, 21  Gß£Ú 

ö©´ GsPÒ. 

17.  State and prove Baire’s category theorem. 

 ÷£›ß ÁøP°ß ÷uØÓzøuU TÔ {ÖÄP. 

18.  If (M1, d1) and ( )22,dM  are two metric spaces then prove 

that 21: MMf →  is continuous ( ) ( ) 1MAAfAf ⊆∀⊆⇔ . 

 (M1, d1) ©ØÖ® ( )22,dM  Gß£Ú C¸ ö©m›U  

öÁÎPÒ GÛÀ 21: MMf →  öuõhºa]¯õÚx 

( ) ( ) 1MAAfAf ⊆∀⊆⇔  GÚ {ÖÄP. 
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19.  Prove that a subspace of R is connected ⇔ it is an 

interval. 

 R&ß J¸ EÒ öÁÎ Cøn¢ux ⇔ Ax J¸ CøhöÁÎ 

GÚ {ÖÄP. 

20.  Prove that any closed interval [a, b] is a compact subset 
of R.  

G¢u J¸ ‰i¯ CøhöÁÎ [a, b]&²® R&ß J¸ Pa]u©õÚ 
EmPn® GÚ {ÖÄP. 

 
———————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Find the geometric mean of the numbers 2,4,6,7. 

 2,4,6,7 GßÓ GsPÐUS ö£¸US \μõ\› PõsP. 

2. Write the formula for coefficient of variation. 
 ©õÖ£õmk öPÊÂß `zvμzøu GÊxP. 

3. Define Kurtosis. 
 •PmhÍøÁ Áøμ¯Ö. 

4. Write the formula for Bowley’s coefficient of Skewness. 
 ö£Í½ì ÷PõmhU öPÊÂß `zvμzøu GÊxP. 

5. Write the two regression equations. 
 C¸ öuõhº¦ \©ß£õkPøÍ GÊxP. 

6. What is a correlation? 
 ©õÖ£õk GßÓõÀ GßÚ? 

7. Prove that Δ+= 1E . 

 {¹¤ Δ+= 1E . 

Sub. Code 
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8. Given ( ) ,30=A ( ) ,25=B ( ) 30=α  Find ( )β . 

 ( ) ,30=A ( ) ,25=B ( ) 30=α  GÛÀ ( )β &I PõsP. 

9. Write the formula for arithmetic mean and geometric 
mean index number. 

Tmk \μõ\› ©ØÖ® ö£¸US \μõ\› SÔ±mk Gsoß 
`zvμ[PøÍ GÊxP. 

10. What are the methods used for the measurement of 
trends in a time series? 

÷|μz öuõh›ß ÷£õUSPøÍ AÍUP¨ £¯ß£kzu¨£k® 
•øÓPÒ ¯õøÁ? 

 Part B (5 × 5 = 25) 

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

11.  (a) Find the Harmonic mean for the following data. 

Class 0-10 10-20 20-30 30-40 40-50

Frequency 15 10 7 5 3 

   ¤ßÁ¸® uμÄPÐUS Cø\a \μõ\› PõsP. 

ÁøP 0-10 10-20 20-30 30-40 40-50

{PÌöÁs 15 10 7 5 3 

Or 

 (b)  Calculate standard deviation for the following data. 

x 10 9 8 7 6 5 4 3 2 1

f 1 5 11 15 12 7 3 3 0 1

   ¤ßÁ¸® uμÄPÐUS vmh Â»UP® PnUQkP. 

x 10 9 8 7 6 5 4 3 2 1

f 1 5 11 15 12 7 3 3 0 1
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12.  (a) For a frequency distribution ( )ixfi / , show that 

12 ≥β . 

   ( )ixfi /  GßÝ® {PÌöÁs £μÁ¼À 12 ≥β  GÚU 

PõmkP. 

Or 

 (b)  Fit a straight line to the following data. 

x 0 1 2 3 4 

y 2.1 3.5 5.4 7.3 8.2

   ¤ßÁ¸® uμÄPÐUS ÷|ºU ÷Põmøh ö£õ¸zxP. 

x 0 1 2 3 4 

y 2.1 3.5 5.4 7.3 8.2

13.  (a) Find the correlation coefficient for the following 
data. 

x 160 161 162 163 164

y 50 53 54 56 57 

   ¤ßÁ¸® uμÄPÐUS JmkÓÄU öPÊ PõsP. 

x 160 161 162 163 164

y 50 53 54 56 57 

Or 

 (b)  Find the rank correlation coefficient. 

x 165 167 166 170 169 172

y 61 60 63.5 60 61.5 64 

   JmkÓÄU öPÊøÁ PõsP. 

x 165 167 166 170 169 172

y 61 60 63.5 60 61.5 64 
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14.  (a) Given that ( ) ( ) ( ) ( )
2
NBA ==== βα   

  Show that 

  (i)  ( ) ( )αβ=AB   

  (ii) ( ) ( )BA αβ =  

   ( ) ( ) ( ) ( )
2
NBA ==== βα  GÚU öPõkUP¨£mkÒÍx 

GÛÀ  

  (i)  ( ) ( )αβ=AB   

   (ii) ( ) ( )BA αβ =  GÚ {ÖÄP. 

Or 

 (b)  Find 5U  given that 13;7,4 421 === UUU  and 

307 =U . 

   13;7,4 421 === UUU  ©ØÖ® 307 =U  GÛÀ 5U &I 
PõsP. 

15.  (a) Find the consumer price index number for the 
following data: 

Commodity Price (Rs.) Quantity in 
quintals in 1991 

 1991 1992  

A 7 7.5 6 

B 6 6.75 3.5 

C 5 5 0.5 

D 30 32 3 

E 8 8.5 1 
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   ¤ßÁ¸® uμÄPÐUS ~Pº÷Áõº Âø» SÔ±mk 

Gsøn PõsP. 

ö£õ¸Ò Âø» (¹) 1991 ß EØ£zv SÂßhõ¼À 

 1991 1992  

A 7 7.5 6 

B 6 6.75 3.5 

C 5 5 0.5 

D 30 32 3 

E 8 8.5 1 

Or 

 (b)  Compute the trend values by the method of 4 yearly 

moving average for the data given below. 

Year 1982 1983 1984 1985 1986 1987

Production in quintals 45 46 44 47 42 41 

Year 1988 1989 1990 1991 1992  

Production in quintals 39 42 45 40 48  

   RÌPõq® uμÄPÐUS 4 BskPÒ |P¸® \μõ\› 

•øÓ¨£i ÷£õUS ©v¨¦PøÍ PõsP. 

Bsk 1982 1983 1984 1985 1986 1987

EØ£zv SÂßhõ¼À 45 46 44 47 42 41 

Bsk 1988 1989 1990 1991 1992  

EØ£zv SÂßhõ¼À 39 42 45 40 48  
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16.  Find the mean, median and mode for the following data: 
Mark 0-9 10-19 20-29 30-39 40-49 50-59

No.of. Students 6 29 87 181 247 263 

Mark 60-69 70-79 80-89 90-99   

No.of. Students 133 43 9 2   

 ¤ßÁ¸® uμÄPÐUS \μõ\›, Cøh{ø» ©ØÖ® •Pk 
PõsP. 

©v¨ö£s 0-9 10-19 20-29 30-39 40-49 50-59
©õnÁºPÎß GsoUøP 6 29 87 181 247 263 
©v¨ö£s 60-69 70-79 80-89 90-99   
©õnÁºPÎß GsoUøP 133 43 9 2   

17.  Calculate 14,3,21 ,, βμμμμ  and 2β  for the following data:  

x 0 1 2 3 4 5 6

y 5 15 17 25 19 14 5

 ¤ßÁ¸® uμÄPÐUS 14,3,21 ,, βμμμμ  ©ØÖ® 2β  

BQ¯ÁØøÓ PõsP. 

x 0 1 2 3 4 5 6

y 5 15 17 25 19 14 5

18.  Find the two regression equations. 
x 25 28 30 32 35 36 38 39 42 45

y 20 26 29 30 25 18 26 35 35 46

 C¸ öuõhº¦ \©ß£õkPøÍ PõsP. 

x 25 28 30 32 35 36 38 39 42 45

y 20 26 29 30 25 18 26 35 35 46
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19.  Estimate the population for the year 1945, using 
Newton’s formula. 

Year 1941 1951 1961 1971 1981 1991

Population  2500 2800 3200 3700 4350 5225

 {³mhß `zvμzøu £¯ß£kzv 1945 B® BsiØPõÚ 
©UPÒ öuõøPø¯ PnUQkP. 

Bsk 1941 1951 1961 1971 1981 1991

©UPÒöuõøP 2500 2800 3200 3700 4350 5225

20.  Calculate (a) Laspeyer’s (b) Paasche’s (c) Fisher’s index 
numbers for the following data. 
Commodities Base Year 1990 Current Year 1992

 Price Quantity Price Quantity 

A 2 10 3 12 

B 5 16 6.5 11 

C 3.5 18 4 16 

D 7 21 9 25 

E 3 11 3.5 20 

¤ßÁ¸® uμÄPÐUS (A) ÷»ì£›ì (B) £õ^ì  
(C) L¤ìéºì SÔ±mk GsPøÍ PõsP. 

ö£õ¸mPÒ Ai¨£øh Bsk 1990 |h¨¦ Bsk 1992

 Âø» AÍÄ Âø» AÍÄ 

A 2 10 3 12 

B 5 16 6.5 11 

C 3.5 18 4 16 

D 7 21 9 25 

E 3 11 3.5 20 

 

 
———————— 
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B.Sc. DEGREE EXAMINATION, APRIL 2023 
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Mathematics 

OPERATIONS RESEARCH – I 

(CBCS – 2017 onwards) 

Time : 3 Hours Maximum : 75 Marks 

 Part A  (10 × 2 = 20) 
Answer all questions. 

1. Write the standard form of a general linear programming 
problem. 
ö£õx J¸£ia ö\¯À vmhU PnUQß •øÓ¯õÚ 
ÁiÁzøu GÊxP. 

2. Define surplus variable. 
E£› ©õÔø¯ Áøμ¯Ö. 

3. What is the use of artificial variables? 
ö\¯ØøP ©õÔPÎß £¯ß GßÚ? 

4. Find the dual of the following problem 
 Maximize 21 35 xxz +=  

 Subject to  1553 21 ≤+ xx  

   1025 21 ≤+ xx  

   0, 21 ≥xx  

 ¤ßÁ¸® PnUQß C¸©® PõsP. 

 «¨ö£›uõUS  21 35 xxz +=  

 Pmk¨£õkPÒ  1553 21 ≤+ xx  

    1025 21 ≤+ xx  

    0, 21 ≥xx  

Sub. Code 
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5. Write the mathematical formulation of the 
Transportation problem. 
÷£õUSÁμzx PnUQß Pou Aø©¨¤øÚ GÊxP. 

6. Define unbalanced transportation problem. 
\©ÚØÓ ÷£õUSÁμzx PnUQøÚ Áøμ¯Ö. 

7. What is an assignment problem? 
JxURmk PnUS GßÓõÀ GßÚ? 

8. Write the difference between transportation and 
assignment models. 
÷£õUSÁμzx ©ØÖ® JxURmk ©õv›PÒ GÆÁõÖ 
÷ÁÖ£kQÓx GÚ GÊxP. 

9. What is meant by a idle time on a machine? 
J¸ C¯¢vμzvß ÷Áø»¯ØÓ ÷|μ® Gß£uß ö£õ¸Ò 
GßÚ? 

10. Write the formula for total elapsed time. 
ö©õzu Ph¢u ÷|μ® Põq® `zvμzøu GÊxP. 

 Part B (5 × 5 = 25) 
Answer all questions, choosing either (a) or (b). 

11. (a) Solve graphically 
  Minimize 21 2xxz +−=  

  Subject to  103 21 ≤+− xx  

    621 ≤+ xx  

    221 ≤− xx  

    0, 21 ≥xx  

   Áøμ£h •øÓ°À wºUP 

  «a]ÔuõUS  21 2xxz +−=  

  Pmk¨£õkPÒ  103 21 ≤+− xx  

    621 ≤+ xx  

    221 ≤− xx  

    0, 21 ≥xx  
Or 
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 (b) Obtain all the basic solution to the following system 
of linear equations 

  
552

42

321

321

=++
=++

xxx
xxx

 

   ¤ßÁ¸® J¸£i \©ß£õkPÐUPõÚ AøÚzx 
Ai¨£øh wºÄPøÍ²® Psk¤i 

   
552

42

321

321

=++
=++

xxx
xxx

 

12. (a) Using two-phase Simplex method solve 
   Maximize 21 35 xxz +=  

  Subject to  12 21 ≤+ xx  

    64 21 ≥+ xx  

    0, 21 ≥xx  
   C¸£i uÛ¨ £ß•P •øÓø¯¨ £¯ß£kzv wºUP 

   «¨ö£›uõUS  21 35 xxz +=  

  Pmk¨£õkPÒ 12 21 ≤+ xx  

     64 21 ≥+ xx  

     0, 21 ≥xx  

Or 

 (b) Explain Dual Simplex method.  

   C¸ø© £ß•P •øÓø¯ ÂÁ›. 

13. (a) Solve using North west corner method.  
 1D  2D  3D  4D Available

1O  5 3 6 2 19 

2O  4 7 9 1 37 

3O  3 4 7 5 34 

Demand 16 18 31 25  
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   Áh÷©ØS ‰ø» •øÓø¯ £¯ß£kzv wºUP 

 1D  2D  3D  4D C¸¨¦

1O  5 3 6 2 19 

2O  4 7 9 1 37 

3O  3 4 7 5 34 
÷uøÁ 16 18 31 25  

Or 

 (b) Using Least Cost method solve the following 
Transportation problem.  

 1D  2D  3D  4D Capacity

1O  1 2 3 4 6 

2O  4 3 2 0 8 

3O  0 2 2 1 10 

Demand 4 6 8 6  

   ¤ßÁ¸® ÷£õUSÁμzx PnUQøÚ «a]Ö ö\»ÂÚ 
•øÓø¯¨ £¯ß£kzv wºUP. 

 1D  2D  3D  4D C¸¨¦

1O  1 2 3 4 6 

2O  4 3 2 0 8 

3O  0 2 2 1 10 

÷uøÁ 4 6 8 6  

14. (a) Solve the following assignment problem.  
 1M 2M  3M  4M

1J  5 8 3 2 

2J  10 7 5 8 

3J  4 10 12 10 

4J  8 6 9 4 
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   ¤ßÁ¸® JxURmk PnUQøÚ wºUP 

 1M 2M  3M  4M

1J  5 8 3 2 

2J  10 7 5 8 

3J  4 10 12 10 

4J  8 6 9 4 

Or 

 (b) Solve the assignment problem  
 1 2 3 
I 9 26 15
II 13 27 6 
III 35 20 15
IV 18 30 20

   JxURmk PnUQøÚ wºUP 

 1 2 3 
I 9 26 15
II 13 27 6 
III 35 20 15
IV 18 30 20

15. (a) Explain the procedure for determining the optimal 
sequence for ‘n’ jobs on ‘k’ machines. 

   ‘k’ - C¯¢vμ[PÎÀ ‘n’ ÷Áø»PÒ PnUQÀ EP¢u 
Á›ø\ø¯ wº©õÛUS® ö\¯À•øÓø¯ ÂÁ›. 

Or 

 (b) Solve the sequencing problem.  
Jobs : 1 2 3 4 5 

Machine A : 5 1 9 3 10

Machine B : 2 6 7 8 4 



F–8975 

  

   6

   Á›ø\¨£kzxuÀ PnUQøÚ wºUP 

÷Áø» : 1 2 3 4 5 

G¢vμ® A : 5 1 9 3 10

G¢vμ® B : 2 6 7 8 4 

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Solve by Simplex method 

 Maximize 21 104 xxz +=  

 Subject to  502 21 ≤+ xx  

   10052 21 ≤+ xx  

   9032 21 ≤+ xx  

   0, 21 ≥xx  

 uÛ¨ £ß•P •øÓ°ß £i wºUP. 

 «¨ö£›uõUS  21 104 xxz +=  

 Pmk¨£õkPÒ 502 21 ≤+ xx  

    10052 21 ≤+ xx  

    9032 21 ≤+ xx  

    0, 21 ≥xx  

17. Solve by Big M method 

 Maximize 21 46 xxz +=  

 Subject to  3032 21 ≤+ xx  

   2423 21 ≤+ xx  

   321 ≥+ xx  

   0, 21 ≥xx  
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 ö£›¯ M •øÓ¨£i wºUP 

 «¨ö£›uõUS  21 46 xxz +=  

 Pmk¨£õkPÒ 3032 21 ≤+ xx  

    2423 21 ≤+ xx  

    321 ≥+ xx  

    0, 21 ≥xx  

18. Find the optimum solution to the following 
Transportation problem. 

 1D 2D  3D  4D Supply

1S  3 7 6 4 5 

2S  2 4 3 2 2 

3S  4 3 8 5 3 

Demand 3 3 2 2  

 ¤ßÁ¸® ÷£õUSÁμzx PnUQØS Ezu©z wºøÁ PõsP 

 1D  2D  3D  4D ÁÇ[PÀ

1S  3 7 6 4 5 

2S  2 4 3 2 2 

3S  4 3 8 5 3 

÷uøÁ 3 3 2 2  

19. Solve the following assignment problem. 
 A B C D

I 1 4 6 3

II 9 7 10 9

III 4 5 11 7

IV 8 7 8 5
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 ¤ßÁ¸® JxURmk PnUQøÚ wºUP  

 A B C D

I 1 4 6 3

II 9 7 10 9

III 4 5 11 7

IV 8 7 8 5

20. Find the optimum sequence and minimal total elapsed 
time. 

Job A B C D E F G 

Machine 1M  3 8 7 4 9 8 7 

Machine 2M  4 3 2 5 1 4 3 

Machine 3M  6 7 5 11 5 6 12

 EP¢u Á›ø\ ©ØÖ® «a]Ö ö©õzu Ph¢u ÷|μ® PõsP. 

÷Áø» A B C D E F G 

G¢vμ® 1M  3 8 7 4 9 8 7 

G¢vμ® 2M  4 3 2 5 1 4 3 

G¢vμ®  3M  6 7 5 11 5 6 12

 
———————— 
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Time : 3 Hours Maximum : 75 Marks 

 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Define a covering of a graph.  

 J¸ ÷Põmk¸Âß EøÓø¯ Áøμ¯Ö. 

2. Define adjacency matrix.  

Asø© Aoø¯ Áøμ¯Ö. 

3. Define an Euler graph.  

B´»º ÷Põmk¸øÁ Áøμ¯Ö. 

4. What is a Hamiltonian graph? 

íõªÀ÷hõÛ¯ß ÷Põmk¸ GßÓõÀ GßÚ? 

5. Define the centre of a tree.  

©μzvß ø©¯zøu Áøμ¯Ö. 

6. Define a perfect matching.  

ö\ÆÂ¯À ö£õ¸zu® & Áøμ¯Ö. 

Sub. Code 
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7. What is a planar graph? 

uÍ ÷Põmk¸ GßÓõÀ GßÚ? 

8. Define a chromatic number.  

Ásn Gs & Áøμ¯Ö. 

9. Prove : )1)...(1(),( +−−= nkf n λλλλ . 

{ÖÄP : )1)...(1(),( +−−= nkf n λλλλ . 

10. Define a diagraph.  

vø\U÷Põmk¸øÁ Áøμ¯Ö. 

 Part B (5 × 5 = 25) 

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

11. (a) If 1G  is a ( )11, qp  graph and 2G  is a ( )22 ,qp  graph, 
prove that 21 GG ×  is a ( )122121 , pqpqpp +  graph.  

   1G  J¸ ( )11, qp  ÷Põmk¸ ©ØÖ® 2G  J¸ ( )22 ,qp  

÷Põmk¸ GÛÀ 21 GG ×  Gß£x ( )122121 , pqpqpp +  
÷Põmk¸ GÚ {ÖÄP. 

Or 

 (b) Prove : ( ) ( )mnrnmr ,, = . 

   {ÖÄP: ( ) ( )mnrnmr ,, = . 

12. (a) For any graph G , prove that .δλ ≤≤k  

   G¢u J¸ ÷Põmk¸ G &US® δλ ≤≤k  GÚ {ÖÄP.   

Or 

 (b) Prove that a closed walk of odd length has a cycle.   

   JØøÓ }Í•øh¯ ‰i¯ |øh°À J¸ _ØÖ Esk 
GÚ {ÖÄP. 
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13. (a) Find the number of perfect matchings in .2nk  

   nk2 &À ö\ÆÂ¯À ö£õ¸zu[PÎß GsoUøP 

PõsP. 

Or 

 (b) Prove that every tree has a center with either a 
point or two adjacent points.  

   JÆöÁõ¸ ©μzv¾® JØøÓ¨¦ÒÎ AÀ»x C¸ 
Asø©¨¦ÒÎPøÍ öPõsh ø©¯® Esk GÚ 
{ÖÄP. 

14. (a) Prove that every uniquely n -colourable graph is 
( )1−n  connected.  

   G¢u J¸ J¸ø© n &{Ó ÷Põmk¸Ä® ( )1−n  

Cøn¢ux GÚ {ÖÄP. 

Or 

 (b) Prove that 5k  is non-planar.  

   5k  uÍU÷Põmk¸ AÀ» GÚ {ÖÄP. 

15. (a) If G  is a ( )qp,  graph find the co-efficient of 1−pλ  in 

( )λ,Gf . 

   G  J¸ ( )qp,  ÷Põmk¸ GÛÀ 1−pλ -ß SnPzøu 

( )λ,Gf &À PõsP. 

Or 

 (b) Prove that a tournament is strong <=> it has a 
spanning cycle.  

   ÷£õmi Á¼ø©¯õÚx <=>  AuØS AÍºÄ (£μÁÀ) 
_ØÖ Esk GÚ {ÖÄP. 
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Prove, with usual notations, βαβα ′+′==+ p . 

ÁÇUP©õÚ SÔ±kPÎß£i βαβα ′+′==+ p  GÚ {ÖÄP. 

17. State and prove Chavatal’s theorem.  

\õÁmhõ¼ß ÷uØÓzøu TÔ {ÖÄP. 

18. State and prove Hall’s marriage theorem.  

íõ¼ß v¸©n ÷uØÓzøu TÔ {ÖÄP. 

19. State and prove the five colour theorem.  

I¢x Ásn ÷uØÓzøu TÔ {ÖÄP. 

20. Let G  be graph with 2≥n  points. Then prove that G  is 
a tree <=>   1)1(),( −−= nGf λλλ . 

G  J¸ 2≥n  ¦ÒÎPøÍ öPõsh ÷Põmk¸ GßP. G  J¸ 

©μ® <=>  1)1(),( −−= nGf λλλ  GÚ {ÖÄP. 

 
———————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Define Transcendental function. 

 Áøμ¯Ö : Âg]¯ \õº¦. 

2. Write the formula for Newton-Raphson method. 

 {³mhß μõ¨\ß •øÓ°ß `zvμzøu GÊxP. 

3. Define : Interpolation. 

 Áøμ¯Ö : Cøhaö\¸PÀ. 

4. Write the Lagrange’s interpolation formula. 

 ö»Uμõg]ß Cøhaö\¸PÀ `zvμzøu GÊxP. 

5. State Newton’s backward difference formula to compute 

derivatives. 

ÁøP±møhU Põs£uØS {³mhÛß ¤ß÷ÚõUS 

÷ÁÖ£õmk `zvμzøu TÖP. 

Sub. Code 
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6. Write Simpson’s 1/3rd rule. 

 ]®\Ûß 1/3 Âvø¯ GÊxP. 

7. Write Gauss Elimination method. 

 Põ]ß }UPÀ •øÓø¯ GÊxP. 

8. What is an iterative method? 

 ©Öö\´øP •øÓ GßÓõÀ GßÚ? 

9. State Taylor’s series formula. 

 öh´»º öuõhº `zvμzøu GÊxP. 

10. Write modified Euler’s formula. 

 ©õØÔ¯ø©UP¨£mh B´»›ß `zvμzøu GÊxP. 

 Part B (5 × 5 = 25) 

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

11. (a) Find a real root of the equation 0523 =−− xx  using 

bisection method. 

   C¸\©U TÔhÀ •øÓ°À \©ß£õk 0523 =−− xx  
ß J¸ ö©´ ‰»zøuU PõsP. 

Or 

 (b) Use the method of iteration to find a positive root 

between 0 and 1 of the equation 1=xxe . 

   \©ß£õk 1=xxe –ØS 0 ©ØÖ® 1–US Cøh°»õÚ 
J¸ ªøP ‰»zøu ©Ö ö\´øP •øÓø¯¨ 
£¯ß£kzv PõsP. 
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12. (a) A function ( )xf  is given by the following table. Find 
( )2.0f  by a suitable formula. 

x : 0 1 2 3 4 5 6 

( )xf  : 176 185 194 203 212 220 229

   J¸ \õº¦ ( )xf  BÚx RÌÁ¸® AmhÁøn°À 

öPõkUP¨£mkÒÍx. uS¢u `zvμzvß ‰»® ( )2.0f  
PõsP. 

x : 0 1 2 3 4 5 6 

( )xf  : 176 185 194 203 212 220 229

Or 

 (b) Evaluate ( )8.1f  from the following data : 

x : 0.0 0.5 1.0 1.5 2 

( )xf : 0.3989 0.3521 0.2420 0.1295 0.0540

   RÌÁ¸® uμÄPÎ¼¸¢x ( )8.1f  I ©v¨¤kP. 

x : 0.0 0.5 1.0 1.5 2 

( )xf : 0.3989 0.3521 0.2420 0.1295 0.0540

13. (a) From the following table values of x  and y  obtain 

dx
dy

 and  2

2

dx
yd

 for 2.1=x . 

x : 1.0 1.2 1.4 1.6 1.8 2.0 2.2 

(y) : 2.7183 3.3201 4.0552 4.9530 6.0496 7.3891 9.0250

   x  ©ØÖ® y  ß RÌÁ¸® AmhÁøn 

©v¨¦PÎ¼¸¢x 2.1=x –À 
dx
dy

 ©ØÖ® 2

2

dx
yd

 PõsP. 

x : 1.0 1.2 1.4 1.6 1.8 2.0 2.2 

(y) : 2.7183 3.3201 4.0552 4.9530 6.0496 7.3891 9.0250

Or 
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 (b) Evaluate  +

1

0
21 x

dx
 using Trapezoidal rule with 

2.0=h . 

   2.0=h  GÚUöPõsk iμõ¤\õ´hÀ Âvø¯¨ 

£¯ß£kzv  +

1

0
21 x

dx
I ©v¨¤kP. 

14. (a) Use Gauss elimination method to solve  

  1694;18323;102 =++=++=++ zyxzyxzyx  

   Põêß }UPÀ •øÓø¯ £¯ß£kzv wºUP. 

    1694;18323;102 =++=++=++ zyxzyxzyx  

Or 

 (b) Solve by Gauss-Seidal method : 

   442202;9210 −=−+=++ zyxzyx ; 

221032 =++− zyx  

   Põì ^hÀ •øÓø¯¨ £¯ß£kzv wºUP. 

    442202;9210 −=−+=++ zyxzyx ; 

221032 =++− zyx  

15. (a) Using Taylor series find ( )1.0y  where ( )xy  satisfies 

2yxy −=′ , ( ) 10 =y . 

   öh´»º öuõhøμ¨ £¯ß£kzv ( ) 10 =y  PõsP. CvÀ 

( )xy  Gß£x 2yxy −=′ , ( ) 10 =y  Gß£øu {øÓÄ 

ö\´QÓx. 

Or 
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 (b) Using modified Euler method find ( )2.0y  and ( )1.0y  

if ;22 yx
dx
dy +=  ( ) 10 =y . 

   ;22 yx
dx
dy +=  ( ) 10 =y  GÛÀ ©õØÓ¨£mh B´»›ß 

•øÓø¯¨ £¯ß£kzv ( )2.0y  ©ØÖ® ( )1.0y –I 
PõsP. 

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Use Newton-Raphson method to obtain a root of equation 
0353 =+− xx . 

 0353 =+− xx –ß J¸ ‰»zøu {³mhß μõ¨\ß 
•øÓø¯¨ £¯ß£kzv ö£ÖP. 

17. Using Lagrange’s interpolation formula find the value of 
y  corresponding to 10=x  from the table. 

x : 5 6 9 11

y : 12 13 14 16

 ö»Uμõg]ß Cøhaö\¸PÀ `zvμzøu¨ £¯ß£kzv 
10=x  US Cøn¯õÚ y –ß ©v¨ø£ 

AmhÁøn°¼¸¢x PõsP. 

x : 5 6 9 11

y : 12 13 14 16

18. Evaluate : 
2

0

sin
π

dxx  using Simpson’s 3/8 rule. 

 ]®\Ûß 3/8 Âvø¯¨ £¯ß£kzv 
2

0

sin
π

dxx –I 

©v¨¤kP. 
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19. Find the solution of the system using Gauss Jacobi 
method : 

 9541183 =−+ zyx ; 10413527 =++ zyx ; 
712983 =++ zyx  

 Aø©¨¦ 9541183 =−+ zyx ; 10413527 =++ zyx ; 

712983 =++ zyx  ß wºøÁ Põì áõU÷Põ¤ß •øÓø¯¨ 
£¯ß£kzvU PõsP. 

20. Using Runge-Kutta 4th order  method find ( ) ( )4.0,2.0 yy  

and ( )6.0y . Given that 21 y
dx
dy += , ( ) 00 =y . 

 21 y
dx
dy += , ( ) 00 =y  GÚUöPõkUP¨£mkÒÍx. μ[÷P 

Smhõ 4 B® Á›ø\ •øÓø¯¨ £¯ß£kzv ( ) ( )4.0,2.0 yy  

©ØÖ® ( )6.0y  IU PõsP. 

 

 

 
———————— 
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 Part A  (10 × 2 = 20) 

Answer all the questions. 

1. State parallelogram law of forces. 
Âø\PÎß CønPμ Âv°øÚU TÖP. 

2. Define centre of two parallel forces. 
Cμsk Cøn Âø\PÎß ø©¯zvøÚ Áøμ¯Ö. 

3. Define statical friction. 
{ø»¯õÚ Eμõ´Ä Âø\°øÚ Áøμ¯Ö. 

4. Define uniform catenary. 
Jzu \[Q¼¯® Áøμ¯Ö. 

5. Define the angle of projection. 
GÔ÷PõnzvøÚ Áøμ¯Ö. 

6. Write the formula for greatest height attained by the 
projection. 
ÃÇ¼À ªP AvP E¯μzvøÚ Aøh¢uuØPõÚ 
`zvμzvøÚ GÊxP. 

7. Define line of impact. 
÷©õxøPU ÷PõmiøÚ Áøμ¯Ö. 

8. Define elasticity. 
Áøμ¯Ö : ö|QÌa]. 

Sub. Code 
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9. Define central force. 
ø©¯ Âø\°øÚ Áøμ¯Ö. 

10. Write (P, r) equation of central orbit. 
ø©¯ Âø\¨ £õøu°ß (P, r) \©ß£õk GÊxP. 

 Part B (5 × 5 = 25) 
Answer all the questions, choosing either (a) or (b). 

11. (a) State and prove triangle of forces. 
   Âø\PÎß •U÷Põn Âvø¯ GÊv {ÖÄP. 

Or 

 (b) State and prove lami’s theorem. 
   ÷»ªì ÷uØÓzøu GÊv {ÖÄP. 

12. (a) If three coplanar forces keep a rigid body is 
equilibrium then either be concurrent or be all 
parallel. 

   J¸ PmiÖUP¨ ö£õ¸Îß «x ö\¯À£k® ‰ßÖ J¸ 
uÍ Âø\PÒ A¨ö£õ¸øÍ \©{ø»°À øÁzuõÀ 
AÆÂø\PÒ JßÖUöPõßÖ Cøn¯õP÷Áõ (A) J¸ 
¦ÒÎ°À \¢v¨£øÁ¯õP÷Áõ C¸UP ÷Ásk® GÚ 
{ÖÄP. 

Or 
 (b) Derive the intrinsic equations of the catenary.  
   \[Q¼¯zvß EÒÎ¯À¦ \©ß£õmøhz u¸Â. 

13. (a) A particle is thrown over a triangle from one end of 
a horizontal base and grazing the vertex falls on the 
other end of the base. If A, B are the base angles 
and α  the angle of projection, then show that 

BA tantantan +=α . 
   •U÷Põnzvß Ai¨£UP J¸ •øÚ°À C¸¢x 

GÔ¯¨£mh xPÒ ÷©À•øÚ°øÚz öuõmk Ai 
£UP ©Ö•øÚ ÷©À ÂÊQÓx. A ©ØÖ® B Gß£Ú 
•U÷Põnzvß Ai¨£UP ÷Põn[PÒ ©ØÖ® α  
Gß£x GÔ÷Põn® GÛÀ BA tantantan +=α  
GÚUPõs¤. 

Or 
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 (b) Show that the greatest height which a particle with 
initial velocity ν  can reach on a vertical wall at a 

distance ‘a’ from the point of projection is 2

22

22 ν
ν ga

g
− . 

  ν  GßÓ öuõhUPz vø\÷ÁPzxhß GÔ¯¨£k® 

J¸ xPÍõÚx GÔ ¦ÒÎ°¼¸¢x ‘a’ öuõø»Â¾ÒÍ 
J¸ {ø»USzxU_Á›À J¸ ¦ÒÎø¯ Aøh¢uõÀ 

A¨¦ÒÎ°ß ö£¸® E¯μ® 2

22

22 ν
ν ga

g
−  GÚ {ÖÄP. 

14. (a) Obtain the impact of the smooth spheres on a fixed 
smooth plane. 

   ÁÍÁÍ¨£õÚ ÷PõÍ® J¸ {ø»¯õÚ ÁÍÁÍ¨£õÚ 
uÍ®«x ÷©õxuø» ö£ÖP. 

Or 

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

   C¸ ÁÇÁÇ¨£õÚ ÷PõÍ[PÒ ÷|μi ÷©õu»õÀ 
HØ£k® C¯UP BØÓÀ CÇ¨¤øÚU PõsP. 

15. (a) Derive the pedal equation of central orbits. 

   ø©¯ Âø\°ß RÌ C¯[S® C¯UPzvß 
ÁøPUöPÇa \©ß£õmøh u¸Â. 

Or 

 (b) A particle describes the orbit θnar nn cos=  under a 
central force find the law of force. 

   J¸ xPÒ ø©¯ Âø\°ß RÌ θnar nn cos=  GßÓ 
£õøu°À C¯[SQÓx GÛß Auß Âø\ Âvø¯ 
PõsP. 
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Find the Resultant of any number of Coplanar forces 
acting at a point. 
J¸ ¦ÒÎ°À HuõÁx J¸ GsoUøP°»õÚ uÍ 
Âø\PÎß ÂøÍÄ PõsP. 

17. A uniform rod of length 2l rests with its lower end in 
contact with a smooth vertical wall. It is supported by a 
string of length a, one end of which of fastened to a point 
in the wall and the other end to a point in the rod at a 
distance b from the lower end. If the inclination of string 

to the vertical be θ , show that 
( )

( )lbla
bab
−

−=
2

cos
2

222
2 θ  

2l {Í® Eøh¯ ^μõÚ P®¤¯õÚx Auß Ai•øÚ 
ÁÇÁÇ¨£õÚ ö\[Szx _ÁØÔÀ öuõk®£i¯õP EÒÍx.   
a }Í® EÒÍ P°ØÔß EuÂ²hß P®¤ \©{ø»°À 
EÒÍx. P°ØÔß J¸ •øÚ _ÁØÔ¾® ©Ö •øÚ 
P®¤°ß Ai°À C¸¢x b öuõø»ÂÀ Pmh¨£mkÒÍx. 

ö\[Szxhß P°ØÔß \õ´Ä θ  GÛÀ 
( )

( )lbla
bab
−

−=
2

cos
2

222
2 θ  

GÚ {ÖÄP. 

18. Find the range on an inclined plane when a particle is 
projected. 
J¸ xPÎß ÃÇ¼ß ö£õÊx \õ´uÍzvß 
Ãa]øÚUPõsP. 

19. Discuss oblique impact of two smooth spheres. 
Cμsk ÁÇÁÇ¨£õÚ ÷PõÍ[PÎß \õ´Ä ÷©õu¼øÚ 
ÂÁõv. 

20. Derive the differential equation of central orbit.  
ø©¯ öÁõÊUQß ÁøPUöPÊa \©ß£õmiøÚ Á¸Â. 

 
———————— 
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Time : 3 Hours Maximum : 75 Marks 

 Part A  (10 × 2 = 20) 

Answer all questions. 

1. What is the difference between analytic function and 
differentiable function? 

 £S•øÓ \õº¦ ©ØÖ® ÁøP°hzuUP \õº¤ß Âzv¯õ\® 
GßÚ? 

2. Check whether the function xyzf =)(  is differentiable 

at the origin. 

 xyzf =)(  BÚx Bv°À ÁøP°hzuUPuõ GÚ ÷\õvUP. 

3. Define Cross Ratio. 
 SÖUS ÂQu® & Áøμ¯Ö. 

4. Find the image of the circle 33 =− iz  under the map 

z
1=ω . 

33 =− iz ß ¤®£zøu 
z
1=ω &ß RÌ PõsP. 

5. Write the formula for the nth derivative of an analytic 
function.  

£S•øÓ \õº¤ß n&Áx ÁøPø¯ Põn `zvμ® GÊx. 
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6. Find 
c

dz  for a closed curve C . (using the definition) 

 Áøμ¯øÓø¯ öPõsk C  J¸ ‰i¯ ÁøÍÄ GÛÀ 
c

dz  

PõsP. 

7. Write the difference between zero and isolated zero.  
 §ä¯® ©ØÖ® uÛzu §ä¯®, Âzv¯õ\® GÊx. 

8. Expand 1)1( −− z  if 1<z  and if 1>z . 

 1)1( −− z I 1<z  ©ØÖ® 1>z À Â›ÁõUSP. 

9. Find the residue of 
12

3

−z
z

 at ∞=z . 

 
12

3

−z
z

ß Ga\® ∞=z À PõsP. 

10. Find  ++
+

)4)(2(
52
22

2

zzz
z

 along the square with vertices 

iii 22,2,1 +++  and i21 + . 

\xμzvß •øÚPÒ iii 22,2,1 +++  ©ØÖ® i21 +  

ÁÈ¯õP  ++
+

)4)(2(
52
22

2

zzz
z

 PõsP. 

 Part B (5 × 5 = 25) 

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

11. (a) Derive the RC −  equation in polar form. 
   RC −  \©ß£õmøh x¸Á ÁiÂÀ PõsP. 

Or 
 (b) If ivuzf +=)(  is an analytic function and 

xy
xu

2cos2cosh
2sin

+
=  find )(zf . 

   ivuzf +=)(  BÚx £S•øÓ \õº¦ 

xy
xu

2cos2cosh
2sin

+
=  GÛÀ )(zf  PõsP. 
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12. (a) Find the bilinear transformation which transforms  
∞=== 321 ,1,0 zzz  respectively onto ,1 i=ω  

i−=−= 32 ,1 ωω . 

   ∞=== 321 ,1,0 zzz I ,1 i=ω i−=−= 32 ,1 ωω  
BS•øÓ÷¯ ÷PõºUS® C¸£i ÷|›¯À E¸©õØÓ® 
PõsP. 

Or 
 (b) Obtain the general form of a bilinear 

transformation having two fixed points.   
   C¸ {ø»¨¦ÒÎPøÍ Eøh¯ C¸£i ÷|›¯À 

E¸©õØÓzvß ö£õx ÁiÁ® u¸Â. 

13. (a) State and prove Cauchy’s integral formula.  
   Põæ°ß öuõøP `zvμ® TÔ {ÖÄP. 

Or 
 (b) State and prove the fundamental theorem of 

algebra. 
   C¯ØPou Ai¨£øh ÷uØÓzøu TÔ {ÖÄP. 

14. (a) If az =  is a zero of order m  for )(zf , show that 

az =  is a pole of order m  for 
)(

1
zf

. 

   az =  Gß£x )(zf &ß m &Á›ø\ §äâ¯® GÛÀ 

az =  BÚx 
)(

1
zf

&ß m &Á›ø\ x¸Á® GÚ PõmkP. 

Or 
 (b) Classify the singularities with examples.  
   ÁÊ©[PøÍ ÁøP¨£kzv GkzxUPõmk u¸P. 

15. (a) Evaluate : 
∞

+0
21 x

dx
 

   ©v¨¤kP : 
∞

+0
21 x

dx
 

Or 
 (b) State and prove Cauchy’s Residue theorem.  
   Põæ°ß Ga\z÷uØÓzøu TÔ {ÖÄP. 
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Let ),(),()( yxivyxuzf +=  be a function defined in a 
region D  such that vu, and their first order partial 
derivatives are continuous in D . If the first order partial 
derivatives of vu, satisfy the RC −  equation at a point 

Dyx ∈),( . Prove that f  is differentiable at iyxz += . 

D GÝ® £Sv°À vu, &ß •uÀ Á›ø\ £Sv ÁøPPÒ 

öuõhºa]¯õP C¸US©õÖ ),(),()( yxivyxuzf +=  BÚx 

DÀ Áøμ¯ÖUP¨£mkÒÍx. vu, &ß £Sv ÁøPPÒ RC −  

\©ß£õmøh Dyx ∈),( À §ºzv ö\´²®. f BÚx 

iyxz += À ÁøP°hzuUPx GÚ {ÖÄP. 

17. Determine the bilinear transformation which maps 
∞,1,0  into ii −− ,1,  respectively. Under this 

transformation show that the interior of the unit circle of 
the z -plane maps on to the half plane to the y -axis.  

∞,1,0  I ii −− ,1,  BP •øÓ÷¯ ÷PõºUS® C¸ ÷|›¯À 

E¸©õØÓ® PõsP. C¢u E¸©õØÓzvß RÌ z -Aa]ß 
A»S Ámhzvß Em¦Ó® BÚx y -Aa]ß AøμzuÍ©õP 
÷PõºUS® GÚ PõmkP.  

18. State and prove Cauchy’s integral theorem. 
Põæ°ß öuõøP ÷uØÓzøu TÔ {ÖÄP. 

19. State and prove Laurent’s theorem.  
»õμsiß ÷uØÓ® & TÔ {ÖÄP. 

20. Evaluate :  +

π

θ
θ2

0
sin45
d

. 

©v¨¤kP :  +

π

θ
θ2

0
sin45
d

. 

———————— 
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 Part A  (10 × 2 = 20) 

Answer all the questions. 

1. What is meant by Random variable. 
 \©Áõ´¨¦ ©õÔ GßÓõÀ GßÚ? 

2. Define expectation. 
 Áøμ¯Ö : Pou Gvº£õºzuÀ. 

3. Define Poisson distribution. 
 £õ´\õß £μÁø» Áøμ¯Ö. 

4. State the M.G.F. of Binomial distribution. 
 D¸Ö¨¦¨ £μÁ¼ß v¸¨¦zvÓß E¸ÁõUS® \õº¤øÚ 

TÖP. 

5. What are large samples? 
 ö£¸[TÖ GßÓõÀ GßÚ? 

6. Write the formula for test of significance for single mean 
in large samples. 

 ö£¸[TÖPÐUPõÚ \μõ\›°ß ö£õ¸ÐÖ ÷\õuøÚ°ß 
`zvμzøu GÊx. 

7. Define confidence limits. 
 Áøμ¯Ö : |®¤UøP GÀø». 
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8. Write the formula for students t-distribution. 

 ©õnÁº t-£μÁ¼ß `zvμzvøÚ GÊxP.  

9. State any two applications of chi-square test. 

 øP&ÁºUP ÷\õuøÚ°ß H÷uÝ® C¸ £¯ßPøÍU TÖ. 

10. State 2χ –test for population variance. 

 2χ &÷\õuøÚ°ß CÚ Â»UP ÁºUP \μõ\›ø¯ TÖ. 

 Part B  (5 × 5 = 25) 

Answer all the questions, choosing either (a) or (b). 

11. (a) If A and B are events of a sample space s such that 
BA ⊆  then prove that ( ) ( )BPAP ≤ . 

  TÖöÁÎ s&À, A ©ØÖ® B {PÌÄPÒ, BA ⊆ , GÛÀ 

( ) ( )BPAP ≤  GÚ {ÖÄP. 

Or 

 (b) (i) Find the constant k, such that X is continuous 
random variable is probability density 

function ( )


 <<=

otherwise
xkxxf

,0
30,2

 

  (ii) Compute ( )21 << xP  

  X GßÓ J¸ öuõhºa]¯õÚ \©Áõ´¨¦ ©õÔ°ß 

{PÌuPÄ Ahºzv \õº¦  ( )


 <<=

,0
30,2 xkxxf  

(i) k&°ß ©v¨¦ PõsP. 

  (ii) ( )21 << xP  PõsP. 

12. (a) Explain addition property of binomial distribution. 

  D¸Ö¨¦¨ £μÁ¼ß Tmh® £s¤øÚ ÂÁ›. 

Or 

÷ÁÖ Ch[PÎÀ
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 (b) Find moment generating function of normal 
distribution.  

  C¯À{ø»¨ £μÁ¼ß v¸¨¦zvμß E¸ÁõUS® 
\õ¨¤øÚ PõsP. 

13. (a) Explain the procedure for testing of a statistical 
hypothesis. 

  J¸ ¦ÒÎ°¯À Gk÷PõÒ ÷\õuøÚ°ß ö\´•øÓø¯ 
ÂÁ›. 

Or 

 (b) Explain the test of significance for single mean in 
large sample. 

  ö£¸[TÖPÐUPõÚ J¸ \μõ\›ø¯a ÷\õuøÚ°k® 
ö£õ¸ÐÖ ÷\õuøÚø¯ ÂÁ›. 

14. (a) Explain the t-test of significance for the difference 
between the means of two samples. 

  C¸ TÖPÐUS Cøh°»õÚ \μõ\› 
Âzv¯õ\zxUPõÚ t&ö£õ¸ÐÖ ÷\õuøÚø¯ 
ÂÍUSP. 

Or 

 (b) Explain the test of significance based on F-test. 

  F-÷\õuøÚ°ß Ai¨£øh°»õÚ ö£õ¸ÐÖ 
÷\õuøÚø¯ ÂÍUSP. 

15.  (a) Describe 2χ  test for the independence of attributes. 

  \õμõu £s¦PÐUPõÚ 2χ &÷\õuøÚø¯ ÂÍUSP. 

Or 

 (b) Test the hypothesis that 8=σ , given that 10=s  for 
a random sample of A size 51. 

  10=s  GÝ®÷£õx 8=σ  GÝ® Gk÷PõøÍ 
\©Áõ´¨¦ TÖ AÍÄ 51&US ÷\õuøÚ ö\´P. 
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. State and prove Baye’s theorem. 

 ÷£°ß ÷uØÓzøu TÔ {ÖÄP. 

17. Find mean and variance of Poisson distribution. 

 £õ´\õß £μÁ¼ß \μõ\› ©ØÖ® Â»UPÁºUP \μõ\› PõsP. 

18. Derive the test of significance for difference of 
proportions. 

 ÂQu[PÐUPõÚ Âzv¯õ\zvß ö£õ¸ÐÖ ÷\õuøÚø¯ 
u¸Â. 

19. State : Test for significance of an observed correlation 
and a random sample of 27 pairs of observation from a 
normal population gave a correlation co-efficient of 0.6. Is 
this significant of correlation in the populations? (Given 

06.2,25227 05.0 ==−= tv ) 

 JmkÓÄU öPõÊøÁ ÷\õuøÚ°k®, •UQ¯zxÁ 
÷\õuøÚø¯ ÂÁ› ©ØÖ® J¸ C¯À{ø» ö£¸[TÔÀ 
C¸¢x 27 áøuPÒ EÒÍ J¸ TÖ GkUP¨£mhx. Auß 
JmkÓÄU öPÊ 0.6 GÛÀ ö£¸[TÔÀ JmkÓU öPÊ 
•UQ¯zxÁ® Áõ´¢uuõ GÚ ÷\õuøÚ°k. (Given 

06.2,25227 05.0 ==−= tv ). 

20. Fit a poisson distribution for the following data and test 
the goodness of fit. 

x 0 1 2 3 4 5 6 Total

f 273 70 30 7 7 2 1 390 

 R÷Ç öPõkUP¨£mkÒÍ AmhÁøn°¼¸¢x £õ´\õß 
£μÁ¼ß ÷\õuøÚ°ß |ßø©ø¯ ö£õ¸zxP. 

x 0 1 2 3 4 5 6 ö©õzu®

f 273 70 30 7 7 2 1 390 

  
———————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. What is a replacement problem? 

 C¯¢vμ ©õØÖU PnUS GßÓõÀ GßÚ? 

2. Write the formula for average annual total cost. 

 \μõ\› Á¸hõ¢vμ ö©õzua ö\»Âß `zvμzøu GÊxP. 

3. Write the formula for EOQ with one price break. 

 J¸ Âø» CøhöÁÎ°À EOQ &ß `zvμzøu GÊxP. 

4. State the types of inventories. 

 \μUQ¸¨¤ß ÁøPPøÍU TÖP. 

5. Write the characteristics of a queneing system. 

 Á›ø\ Aø©¨¤ß ]Ó¨¤¯À¦PøÍ GÊxP. 

6. State the Kendal notation. 

 öPßhõÀ SÔ±møhU TÖP. 
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7. Define: Total float and free float. 

 Áøμ¯Ö: ö©õzu ªuø£ ©ØÖ® PmhØÓ ªuø£. 

8. What is optimistic time? 

 \õuP ÷|μ® GßÓõÀ GßÚ? 

9. Define: Optimum strategy. 

 Áøμ¯Ö: Ezu© Ezv 

10. What is a saddle point? 

 ÷\n¨¦ÒÎ GßÓõÀ GßÚ? 

 Part B (5 × 5 = 25) 

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

11. (a) The cost price of a machine is Rs. 12,200 and its 
scrap value is Rs. 200 running cost are given below 
when should the machine be replaced? 

Year 1 2 3 4 5 6 7 8 

Running 
cost 

200 500 800 1200 1800 2500 3200 4000

   J¸ C¯¢vμzvß AhUP Âø» ¹. 12,200 ©ØÖ® 
Auß PÈÄ ©v¨¦ ¹. 200 Kmha ö\»ÄPÒ 
¤ßÁ¸©õÖ 

Á¸h® 1 2 3 4 5 6 7 8 

Kmha 
ö\»Ä 

200 500 800 1200 1800 2500 3200 4000

   G¨ö£õÊx C¯¢vμzøu ©õØÓ»õ®? 

Or 
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 (b) The cost of a new machine is Rs. 5,000 the 
maintenance cost of nth year is Cn = 500 (n-1), 
n=1,2,.. suppose that the discount rate per year is 
0.5. After how many years it will be economical to 
replace the machine by a new one? 

   J¸ C¯¢vμzvß Âø» ¹. 5,000 nÁx Á¸h 
£μõ©›¨¦a ö\»Ä Cn = 500 (n-1), n=1,2,..  Auß 
Á¸hõ¢vμ uÒÐ£i 0.5 GÛÀ GzuøÚ 
Á¸h[PÐUS¨ ¤ÓS AuøÚ ÂØÓõÀ 
]UPÚ©õÚuõP C¸US®? 

12. (a) Explain the costs associated with inventories. 

   \μUQ¸¨¤ØS öuõhº¦øh¯ ö\»ÂÚ[PøÍ 
ÂÍUSP. 

Or 

 (b) An item costs Rs. 235 per tonne. The monthly 
requirement is 5 tonnes and each time there is a 
set-up cost Rs. 1,000. The cost of carrying inventory 
is at 10% of the value of the stock per year. What is 
the optimal order Quantity?   

   J¸ ö£õ¸Îß Âø» hßÝUS ¹. 235 ©õuõ¢vμ 
÷uøÁ 5 hßPÒ ©ØÖ® JÆöÁõ¸ •øÓ²® 
Aø©¨¦a ö\»Ä ¹. 1,000. \μUøP Gkzxaö\À¾® 
ö\»Ä Á¸hzvØS Auß ©v¨¤À 10% GÛÀ Auß 
]UPÚ ÷Pm¦ AÍÄ ¯õx? 

13. (a) Explain : ( ) ( )0/:1// FIFMM ∞  model. 

   ÂÁ›: ( ) ( )0/:1// FIFMM ∞  ©õv› 

Or 

 (b) If 10=λ , 16=μ  in ( ) ( )FIFOM /:1// ∞Μ  model find 

0P  and ( )nE  

   ( ) ( )FIFOM /:1// ∞Μ  ©õv›°À 10=λ , 16=μ  

GÛÀ 0P  ©ØÖ® ( )nE  PõsP. 
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14. (a) Find the critical path of the project. 

Activity A B C D E F G H I J 
Predecessor – – A B C,D C,D E E F,G H,I
Duration (days) 4 6 9 7 5 4 3 6 9 4 

   
 vmhzvß ©õÖ{ø» £õøuø¯U PõsP. 

ö\¯À A B C D E F G H I J 
•ßö\¯À – – A B C,D C,D E E F,G H,I
Põ»® (|õÎÀ) 4 6 9 7 5 4 3 6 9 4 

Or 
 (b) Distinguish between PERT and CPM. 

   PERT ©ØÖ®  CPM – I ÷ÁÖ£kzxP. 

15. (a) Solve the game graphically. 

B 
3 –3 4 A 
–1 1 –3 

   ÂøÍ¯õmøh Áøμ£h•øÓ°À wºUP. 

B 
3 –3 4 A 
–1 1 –3 

Or 
 (b) Solve the following game by linear programming 

technique. 
B 

1 –1 3 
3 5 –3 

 
A

6 2 –2 
   RÌÁ¸® ÂøÍ¯õmøh ÷|›¯À vmh Ezv°À wºUP. 

B 

1 –1 3 

3 5 –3 

 
A

6 2 –2 
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. The purchase price of a truck is Rs. 8,000 maintenance 
cost and resale value are as given below. Find at which 
time it is profitable to replace the truck. 

Year 1 2 3 4 5 6 7 8 

Maintenance 
cost 

1,000 1,300 1,700 2,200 2,900 3,800 4,800 6,000

Resale value 4,000 2,000 1,200 600 500 400 400 400

 J¸ iμUQß Áõ[Q¯ Âø» ¹. 8,000 £μõ©›¨¦a ö\»Ä 
©ØÖ® ©ÖÂØ£øÚ ©v¨¦ ÷©÷» öPõkUP¨£mkÒÍx. 
G¨ö£õÊx iμU&I ©õØÔÚõÀ »õ£Pμ©õP C¸US®? 

Bsk 1 2 3 4 5 6 7 8 

£μõ©›¨¦ 
ö\»Ä 

1,000 1,300 1,700 2,200 2,900 3,800 4,800 6,000

©Ö ÂØ£øÚ 
©v¨¦ 

4,000 2,000 1,200 600 500 400 400 400

17. Find the EOQ for a product whose price breaks are as 
follows. 

Quantity Cost per unit 

1000 1 <≤Q  20 

200100 2 <≤Q  18 

3200 Q≤  16 

The monthly demand for the product is 400 units. The 
storage cost is 20% of the unit cost of the product and the 
cost of ordering is Rs. 25 per months.  
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 R÷Ç öPõkUP¨£mkÒÍ J¸ ö£õ¸Îß Âø»¨£mi¯¾US 

EOQ PõsP. 

AÍÄ Kº A»Qß Âø»

1000 1 <≤Q  20 

200100 2 <≤Q  18 

3200 Q≤  16 

 A¨ö£õ¸Îß ©õuõ¢vμ ÷uøÁ 400 A»SPÒ.Auß 
øÁzv¸¨¦a ö\»Ä Auß Kº A»S Âø»°À 20% 
÷Pm¦a ö\»Ä ©õuzvØS ¹. 25. 

18. Explain the elements of a queneing sytem. 

 Põzv¸¨¦ Á›ø\ Aø©¨¤ß EÖ¨¦PøÍ ÂÁ›. 

19. Find LE TT ,  and critical path for the project given below 

Activity to tm tp

1-2 1 2 3

2-3 1 2 3

2-4 1 3 5

3-5 3 4 5

4-5 2 3 4

4-6 3 5 7

5-7 4 5 6

6-7 6 7 8

7-8 2 4 6

7-9 4 6 8

8-10 1 2 3

9-10 3 5 7
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 R÷Ç öPõkUP¨£mh vmhzvØS LE TT ,  ©ØÖ® ©õÖ{ø»¨ 
£õøu PõsP. 

ö\¯À to tm tp

1-2 1 2 3

2-3 1 2 3

2-4 1 3 5

3-5 3 4 5

4-5 2 3 4

4-6 3 5 7

5-7 4 5 6

6-7 6 7 8

7-8 2 4 6

7-9 4 6 8

8-10 1 2 3

9-10 3 5 7

20. Solve the game graphically 

 B1 B2 B3 B4

A1 4 –2 3 –1

A2 –1 2 0 1 

A3 –2 1 –2 0 

 Áøμ£h •øÓ°À ÂøÍ¯õmøhz wºUP. 

 B1 B2 B3 B4

A1 4 –2 3 –1

A2 –1 2 0 1 

A3 –2 1 –2 0 

 
———————— 
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 Part A  (10 × 2 = 20) 

Answer all the questions. 

1. What is conjunction? 

 Cøn¯À GßÓõÀ GßÚ? 

2. Prove that ( ) PQP →∨  is a tautology. 

 ( ) PQP →∨  \ºÁ Esø© GÚ {ÖÄP. 

3. If { }4,3,2,1=A  and 

( ) ( ) ( ) ( ) ( ) ( ){ }3,4,3,3,2,3,3,2,3,1,1,1=R  draw the digraph 

of R . 

 { }4,3,2,1=A  ©ØÖ® 

( ) ( ) ( ) ( ) ( ) ( ){ }3,4,3,3,2,3,3,2,3,1,1,1=R  GÛÀ R–ß vø\ 
Áøμø£ ÁøμP. 

4. If { }dcA ,= , { }2,1=B , { }3,2=C  find ( ) ( )CABA ×∪× . 

 { }dcA ,= , { }2,1=B , { }3,2=C  GÛÀ ( ) ( )CABA ×∪×  
PõsP. 

Sub. Code 
7BMAE3A 
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5. Define : Hamming distance. 

 Áøμ¯Ö : öíª[ yμ®. 

6. Find the minimum distance of the encoding function 
42: BBe →  given by ( ) 000000 =e , ( ) 011010 =e , 

( ) 101101 =e , ( ) 110011 =e . 

 ( ) 000000 =e , ( ) 011010 =e , ( ) 101101 =e , ( ) 110011 =e  

GÚ öPõkUP¨£mh SÔ±mk \õº¦ 42: BBe → –ß «a]Ö 
yμ® PõsP. 

7. Define : NFA. 

 Áøμ¯Ö : NFA. 

8. When do you say that two automata are equivalent? 

 G¨÷£õx C¸ uõÛ¯[Q C¯¢vμ[PÒ \©õÚ©õÚøÁ GÚU 
TÖÁõ´? 

9. Define : A phrase – structure grammer. 

 Áøμ¯Ö : J¸ ö\õØöÓõhº Aø©¨¦ C»UPn®. 

10. Define : Type 1 and Type 2 grammer. 

 Áøμ¯Ö : ÁøP 1 ©ØÖ® ÁøP 2 C»UPn[PÒ. 

 Part B (5 × 5 = 25) 

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

11. (a) Construct truth table : 
( )( ) ( ) ( )RPRQRQP ∧∨∧∨∧∧ . 

   Esø©z ußø© AmhÁønø¯ ÁiÁø©UP. 

    ( )( ) ( ) ( )RPRQRQP ∧∨∧∨∧∧  

Or 
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 (b) Prove by indirect method : 

  q , qp → , tp ∨ t  

   ©øÓ•P ÁÈ°À {ÖÄP q , qp → , tp ∨ t . 

12. (a) If { }4,3,2,1=A  and 
( ) ( ) ( ) ( ) ( ) ( ){ }2,4,1,4,4,3,3,2,3,1,1,1=R  then find the 

transitive closure of R . 

   { }4,3,2,1=A  ©ØÖ® 

( ) ( ) ( ) ( ) ( ) ( ){ }2,4,1,4,4,3,3,2,3,1,1,1=R  GÛÀ R–ß 
PhzuÀ Aøh¨ø£U PõsP. 

Or 

 (b) If ( )≤,L  is a lattice and for any Lba ∈, , prove that 
the following are equivalent. 

(i) ba ≤  

(ii) bba =∨  

(iii) aba =∧   

   ( )≤,L  J¸ Áø»¨¤ßÚÀ ©ØÖ® Lba ∈,  ØS 
RÌÁ¸£øÁ \©õÚ©õÚøÁ GÚ {ÖÄP. 

(i) ba ≤  

(ii) bba =∨  

   (iii) aba =∧   

13. (a) Explain group code function. 

   S»USÔ±mka \õºø£ ÂÍUSP. 

Or 

 (b) Explain decoding and error correction. 

   SÔÂ»UP® ©ØÖ® ¤øÇ v¸zu[PøÍ ÂÁ›. 
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14. (a) Construct a finite automation M  accepting 

{ }baab, . 

   { }baab,  øÁ HØS® J¸ •iÄÖ uõÛ¯[Q M  I 

ÁiÁø©UP. 

Or 

 (b) Construct an NFA accepting { } 3:,{ * ≥∈= xbaxL  

and third symbol of x  from the right is a }. 

   { } 3:,{ * ≥∈= xbaxL  ©ØÖ® Á»x¦Ózv¼¸¢x  

x –ß ‰ßÓõÁx SÔ±k a } CuøÚ HØS® J¸  

NFA I ÁiÁø©UP. 

15. (a) Construct a grammer for the language 

{ }1:, 2 ≥= ibaL ii . 

   { }1:, 2 ≥= ibaL ii  GßÓ ö©õÈUS J¸ C»UPnzøu 

ÁiÁø©UP. 

Or 

 (b) Construct an NFA accepting ( )GL  where 

{ }abSaAAbbAaSSG ||,|| →→= . 

   ( )GL  I HØS©õÖ J¸ NFA ÁiÁø©UP CvÀ 

{ }abSaAAbbAaSSG ||,|| →→= . 
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. (a) Obtain the principal conjunctive normal form 

( ) ( )PQRP ↔∧→ . 

 (b) Obtain the principal disjunctive normal form  

  ( ) ( )( )PQQPP ∨∧→→ . 

 (A) •ußø© J¸[QøÚ¢u C¯À ÁiÁzøu¨ ö£ÖP 

( ) ( )PQRP ↔∧→ . 

 (B) •ußø© ¤›¨¦ C¯À ÁiÁzøu¨ ö£ÖP. 

   ( ) ( )( )PQQPP ∨∧→→  

17. Show that the direct product of any two distributive 

lattices is a distributive lattice. 

C¸ £[Rmk ¤ßÚÀPÎß ÷|μi¨ ö£¸UP¾® J¸ 

£[Rmk¨ ¤ßÚÀ GÚ {ÖÄP. 

18. Explain the procedure for generating group codes. 

 S»U SÔ±kPøÍ E¸ÁõUS® •øÓø¯ ÂÁ›. 

19. If L  is the set accepted by an NFA M , then prove that 

there exists an FA M ′  that accepts L . 

 L  Gß£x M  GßÓ J¸ NFA–BÀ HØÖUöPõÒÍ¨£mh 

Pn® GÛÀ L I HØÖUöPõÒÐ©õÖ M ′  GßÓ J¸ FA 

Aø©¢v¸US® GÚ {ÖÄP. 
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20. (a) Find the language generated by the grammer 
( )SPTNG ,,,=  where { } { }baTASN ,,, == , 
{ }baAbAaAaAbSaSSP →→→→= ,,, .  

 (b) Show that the set { }1; ≥ncba nnn  is a context – 
sensitive language. 

 (A) C»UPn® ( )SPTNG ,,,=  BÀ E¸ÁõUP¨£mh 

ö©õÈø¯U PõsP. CvÀ { } { }baTASN ,,, == , 
{ }baAbAaAaAbSaSSP →→→→= ,,, . 

 (B) Pn® { }1; ≥ncba nnn  J¸ `Ì{ø»US Em£k® ö©õÈ 
GÚU Põmk. 

 

 

 
———————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Define : A+α . 

 Áøμ¯Ö : A+α . 

2. When is a fuzzy set normal? 
 G¨÷£õx J¸ öuÎÁÖ Pn® C¯À£õÚx? 

3. What is a fuzzy complement? 
 öuÎÁÖ {μ¨¤ GßÓõÀ GßÚ? 

4. Define a fuzzy intersection. 
 öuÎÁÖ öÁmøh Áøμ¯Ö. 

5. State the De-Morgan’s laws for fuzzy sets. 
 öuÎÁÖ Pn[PÐUS j&©õºPß ÂvPøÍ TÖP. 

6. Define a fuzzy number. 
 öuÎÁÖ Gsøn Áøμ¯Ö. 

7. State the identity law of fuzzy intervals. 
 öuÎÁÖ CøhöÁÎPÐUPõÚ \©Û Âvø¯ TÖ. 

Sub. Code 
7BMAE3B 



F–8982 

  

  2

8. Define Max-min composition. 

 AvP&SøÓ ÷\º¨¦ Áøμ¯Ö. 

9. Define a transitive fuzzy relation. 

 Ph¨¦ öuÎÁÖ öuõhºø£ Áøμ¯Ö. 

10. Define a fuzzy weak ordering. 

 öuÎÁÖ |¼¢u Á›ø\¨£kzxuø» Áøμ¯Ö. 

 Part B (5 × 5 = 25) 

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

11. (a) Prove :  
Ii Ii

i AiA
∈ ∈








=αα . 

   {ÖÄP :  
Ii Ii

i AiA
∈ ∈








=αα . 

Or 

 (b) Prove : ( )[ ] [ ]AfAf ++ = αα . 

   {ÖÄP : ( )[ ] [ ]AfAf ++ = αα . 

12. (a) Prove  that the equilibrium of a fuzzy complement is 
unique. 

   öuÎÁÖ {μ¨¤°ß \©{ø» J¸ø© Eøh¯x GÚ 
{ÖÄP. 

Or 

 (b) Give four examples of t -norms which are fuzzy 
intersection.  

   öuÎÁÖ öÁmhõP C¸US® |õßS t - ö|Ô©[PÎß 
GkzxUPõmk u¸P. 
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13. (a) If ( )cui ,,  is a dual triple, prove that 

( ) ( ) ( )[ ]( )bcacicbau ,, =  is a t -conorm. 

   ( )cui ,,  Gß£x C¸© •®©i GÛÀ 

( ) ( ) ( )[ ]( )bcacicbau ,, =  J¸ t -Cnö|Ô©® GÚ 

{ÖÄP. 

Or 

 (b) What is law of excluded middle? Give three fuzzy 
operation satisfy it. 

   Â»UP¨£mh |kÄUPõÚ Âv GßÓõÀ GßÚ? AuøÚ 
§ºzv ö\´²® öuÎÁÖ ö\¯¼PÒ ‰ßøÓ u¸P. 

14. (a) Explain a fuzzy equivalence relation with example. 

   öuÎÁÖ \©õÚ öuõhºø£ GkzxUPõmkhß 
ÂÍUSP. 

Or 

 (b) Explain the arithmetic operation on fuzzy numbers. 

   öuÎÁÖ GsPÎß «x GsPou ö\¯¼PøÍ 

ÂÍUSP. 

15. (a) Illustrate using figure the concepts, ordinary and 
strong fuzzy homomorphism. 

   \õuõμn ©ØÖ® Á¼ø©¯õÚ öuÎÁÖ 
ö\¯ö»õ¨¦ø©PøÍ £h® Áøμ¢x ÂÍUSP. 

Or 

 (b) Explain fuzzy ordering relation.  

   öuÎÁÖ Á›ø\£kzx® öuõhº¦PøÍ ÂÍUSP. 
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. State and prove the necessary and sufficient condition for 
a fuzzy set on R  to be convex. 

R &ß «x EÒÍ J¸ öuÎÁÖ Pn® SÂÁõP C¸UP 
÷£õx©õÚ ©ØÖ® ÷uøÁ¯õÚ {£¢uøÚø¯ TÔ {ÖÄP. 

17. Prove that the standard fuzzy intersection is the only 
idempotent t -norm.  

{ø»¯õÚ öuÎÁÖ öÁmk ©mk÷© ußÚkUS t -ö|Ô©® 
GÚ {ÖÄP. 

18. State the prove the necessary and sufficient condition for 
A  to be a fuzzy number. 

 A  öuÎÁÖ GsnõP C¸UP ÷£õx©õÚ ©ØÖ® 
÷uøÁ¯õÚ {£¢uøÚø¯ TÔ {ÖÄP. 

19. CBA ,,  are fuzzy intervals, prove that 
( ) CABACBA ... +=+ , if BbCb ∈∀≥ 0.  and Cc∈ . 

CBA ,,  Gß£Ú öuÎÁÖ CøhöÁÎPÒ, BbCb ∈∀≥ 0.  

©ØÖ® Cc∈  GÛÀ ( ) CABACBA ... +=+  GÚ {ÖÄP. 

20. Explain fuzzy Morphisms.   

 öuÎÁÖ J¨¦ø©PøÍ ÂÍUSP. 

 

 

 
———————— 


