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B.Sc. DEGREE EXAMINATION, NOVEMBER 2023 
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Mathematics 

ANALYTICAL GEOMETRY OF 3D AND VECTOR 

CALCULUS 

(CBCS – 2017 onwards) 

Time : 3 Hours Maximum : 75 Marks 

 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Find the distance between the two points )2,3,1( −−  and 

)4,5,2( − . 

 )2,3,1( −−  ©ØÖ® )4,5,2( −  BQ¯ C¸ ¦ÒÎPÐUS 

Cøh÷¯ EÒÍ öuõø»Ä PõsP. 

2. Find the direction cosines of the line joining )4,2,1( −  

and )3,1,2( − . 

 )4,2,1( −  ©ØÖ® )3,1,2( −  BQ¯ ¦ÒÎPøÍ CønUS® 

vø\ QhUøPPøÍ PõsP. 

3. Define Skew lines. 

 ÷PõmhU ÷PõkPÒ Áøμ¯Ö. 
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4. Find the centre and radius of the sphere 

05422222 222 =−−+−++ zyxzyx . 

 05422222 222 =−−+−++ zyxzyx  GßÓ ÷PõÍzvß 

ø©¯® ©ØÖ® Bμ® PõsP. 

5. Write the equation of the cone. 

 T®¤ß \©ß£õmøh GÊxP. 

6. Define right circular cylinder. 

 ÷|ºÁmh E¸øÍ°ß Áøμ¯Ö. 

7. Prove that ara 
=⋅∇ )(  for any constant vector a . 

 ‘ a ’ J¸ ©õÔ¼ öÁUhº GÛÀ ara 
=⋅∇ )(  GÚ {ÖÄP. 

8. Prove that kxyzjzxyiyzxf


)()()( 22 −+−+−=  is 

irrotational. 

 kxyzjzxyiyzxf


)()()( 22 −+−+−=  Gß£x _ÇØ]¯ØÓx 

GÚ {ÖÄP. 

9. Define line integral. 

 ÷PõmkÁÈz öuõøP Áøμ¯Ö. 

10. State Green’s theorem. 

 QŸßì ÷uØÓzøu GÊxP. 
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 Part B  (5 × 5 = 25) 

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

11. (a) A  line makes angles δγβα ,,,  with the four 

diagonals of a cube. Prove that 

3
8

sinsinsinsin 2222 =+++ δγβα . 

  J¸ ÷Põk PÚ\xμzvß |õßS ‰ø»Âmh[PÐhß 

δγβα ,,,  GßÓ ÷Põn[PøÍ HØ£kzxQÓx GÛÀ 

3
8

sinsinsinsin 2222 =+++ δγβα  GÚ {ÖÄP. 

Or 

 (b) Find the angle between the lines 
302 =−+==+− zyxzyx  and  

zyxzyx 5128052 ++==−++ . 

  302 =−+==+− zyxzyx  ©ØÖ®  

zyxzyx 5128052 ++==−++  BQ¯ ÷PõkPÐUS 

Cøh÷¯ EÒÍ ÷Põnzøu PõsP. 

12. (a) Prove that the lines 
3

1
5
2

2
3 −=

−
−=− zyx

 and 

2
6

2
4
1 −=+=

−
− zyx

 are coplanar. Find the point of 

intersection. 

  
3

1
5
2

2
3 −=

−
−=− zyx

 ©ØÖ® 
2

6
2

4
1 −=+=

−
− zyx

 

BQ¯ ÷PõkPÒ J÷μ uÍzvÀ EÒÍÚ GÚ {ÖÄP 
©ØÖ® AøÁ öÁmk® ¦ÒÎø¯ PõsP. 

Or 
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 (b) Find the equation of the sphere passing through the 
points )0,1,0(),0,0,1(),0,0,0(  and )1,0,0( . 

  )0,1,0(),0,0,1(),0,0,0(  ©ØÖ® )1,0,0(  BQ¯ 

¦ÒÎPÒ ÁÈ¯õP ö\À¾® ÷PõÍzvß \©ß£õmøh 
PõsP. 

13. (a) Find the equation of the cone with its vertices at 
)3,2,1( −  with its base curve given by 

7,42 222 =+−=+− zyxzyx . 

  )3,2,1( −  •øÚ ©ØÖ® 

7,42 222 =+−=+− zyxzyx  GßÓ AiÁøÍøÁ²® 

öPõsh T®¦PÎß \©ß£õmøh PõsP. 

Or 

 (b) Find the equation of a right circular cylinder of 

radius 3 with axis 
2

1
6

4
3

2 −=−=+ zyx
. 

  Bμ® 3 ©ØÖ® 
2

1
6

4
3

2 −=−=+ zyx
 GßÓ Aa\õPU  

öPõsh ÷|ºÁmh E¸øÍ°ß \©ß£õmøh PõsP. 

14. (a) Prove that : fff


2)()( ∇−⋅∇∇=×∇×∇ . 

  {¹¤ : fff


2)()( ∇−⋅∇∇=×∇×∇ .  

Or 

 (b) Prove that : 
rr

rdiv 2=









. 

  {¹¤ : 
rr

rdiv 2=









. 
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15.  (a) Evaluate  ⋅
C

drf


 where jyxiyxf


)()( 2222 −++=  

and C  is the curve 2xy =  joining )0,0(  and )1,1( . 

  jyxiyxf


)()( 2222 −++=  ©ØÖ® C  Gß£x )0,0(  

©ØÖ® )1,1(  BQ¯ ¦ÒÎPøÍ CønUS® 2xy =  

GßÓ ÁøÍÁøμ GÛÀ  ⋅
C

drf


 I ©v¨¤kP. 

Or 

 (b) Verify Green’s theorem for the function 

jxyiyxf


2)( 22 −+=  and C  is the rectangle in the 

xy  plane bounded by 0,,0 === xbyy  and ax = . 

  jxyiyxf


2)( 22 −+=  ©ØÖ® C  Gß£x xy  uÍzvÀ 

0,,0 === xbyy  ©ØÖ® ax =  BQ¯ Áμ®¦PøÍ 

öPõsh ö\ÆÁP® GÛÀ QŸßì ÷uØÓzøu 

\›£õºUP. 

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Find the equation of the plane passing through )1,2,2(  

and )6,3,9(  and perpendicular to the plane 

9662 =−+ zyx . 

 )1,2,2(  ©ØÖ® )6,3,9(  BQ¯ ¦ÒÎPÒ ÁÈ¯õPÄ® ©ØÖ® 

9662 =−+ zyx  GßÓ uÍzvØS ö\[SzuõPÄ® EÒÍ 

uÍzvß \©ß£õmøh PõsP. 
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17. A sphere touches the plane 0722 =−−− zyx  at 
)1,1,3( −−  and passes through )3,1,1( − . Find its 

equation. 

 J¸ ÷PõÍ® 0722 =−−− zyx  GßÓ uÍzvøÚ )1,1,3( −−  

GßÓ ¦ÒÎ°À öuõkQÓx ©ØÖ® )3,1,1( −  GßÓ 
¦ÒÎ°ß ÁÈ¯õP ö\ÀQÓx GÛÀ Auß \©ß£õmøh 
PõsP. 

18. Find the equation of the cone formed by rotating the line 
632 =+ yx , 0=z  about y -axis. 

 632 =+ yx , 0=z  GßÓ ÷Põmøh y -Aaø\¨ ö£õ¸zx 
_ÇØÖ® ÷£õx QøhUS® T®¤ß \©ß£õmøh PõsP. 

19. Find the equation of the  

 (a) tangent plane and 

 (b) normal line to the surface 4=xyz  at the point 
)2,2,1( . 

 )2,2,1(  GßÓ ¦ÒÎ°À 4=xyz  GßÓ uÍzvØS  

 (A) öuõk uÍ® ©ØÖ®  

 (B) ö\[÷Põk BQ¯ÁØÔß \©ß£õmøh PõsP. 

20. Verify Stoke’s theorem for jxyiyxf


2)( 22 +−=  in the 
rectangular region byaxayx ==== ,,,0 . 

 byaxayx ==== ,,,0  GßÓ ö\ÆÁP £Sv°À 

jxyiyxf


2)( 22 +−= &ØS ì÷hõUì ÷uØÓzøu \›£õºUP. 

———————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Define a bounded sequence. 

 J¸ Áμ®¦øh¯ JÊ[S Á›ø\ø¯ Áøμ¯Ö. 

2. Give an example of a monotonic sequence. 

 J¸÷£õUS öuõhºÁ›ø\US J¸ \õßÖ u¸P. 

3. State Cauchy’s second limit theorem. 

 Põæ°ß Cμshõ® Áμ®¦ ÷uØÓzøu GÊxP. 

4. Define a cauchy sequence. 

 Põæ Á›ø\ø¯ Áøμ¯Ö. 

5. Test the convergence of the series n

n

n
n!3Σ . 

 n

n

n
n!3Σ  GßÓ öuõh›ß J¸[S® ußø©ø¯ ÷\õvUPÄ®. 
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6. State Cauchy’s root test. 

 Põæ°ß ‰»a ÷\õuøÚø¯ GÊxP. 

7. Define an alternating series with an example. 

 J¸ JßÓõhz öuõhøμ J¸ \õßÖhß Áøμ¯Ö. 

8. State Dirichlet’s test. 

 i›aö»m ÷\õuøÚø¯ GÊxP. 

9. State Riemann’s theorem. 

 Ÿ©õß ÷uØÓzøu GÊxP. 

10. Define Cauchy product of two series. 

 Cμsk öuõhºPÎß Põæ ö£¸UPzøu Áøμ¯Ö. 

 Part B  (5 × 5 = 25) 

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

11. (a) Prove that a sequence cannot converge to two 
different limits. 

  J¸ JÊ[S Á›ø\ C¸ öÁÆ÷ÁÖ Áμ®¦PÐUS 
J¸[Põx GÚ {ÖÄP. 

Or 

 (b) Show that 
3
1...21

lim 2

222

=






 +++
∞→ n

n
n

. 

  
3
1...21

lim 2

222

=






 +++
∞→ n

n
n

 GÚU PõmkP. 



F–0234 

  

  3

12. (a) If 
!

1
...

!2
1

!1
1

1
n

an ++++=  then prove that 

3lim2 ≤≤
∞→ nn

a . 

  
!

1
...

!2
1

!1
1

1
n

an ++++=  GÛÀ 3lim2 ≤≤
∞→ nn

a  GÚ 

{ÖÄP. 

Or 

 (b) Prove that a sequence na  in R is convergent iff it 

is a Cauchy sequence. 

  R&À na  GßÓ JÊ[S Á›ø\ J¸[SÁuØS 

÷uøÁ¯õÚ ©ØÖ® ÷£õx©õÚ {£¢uøÚ Ax J¸ 
Põæ Á›ø\¯õS® GÚ {ÖÄP. 

13. (a) State Cauchy’s general principal of convergence and 
prove it. 

  J¸[Su¾UPõÚ Põæ°ß ö£õxU ÷Põm£õmøh 
GÊv {ÖÄP. 

Or 

 (b) State and prove Raabe’s test. 

  μõ¥ì ÷\õuøÚø¯ GÊv {ÖÄP. 

14. (a) Prove that any absolutely convergent series is 
convergent. 

  G¢u J¸ uÛ J¸[Sz öuõh¸® J¸[S® GÚ 
{ÖÄP. 

Or 

 (b) State and prove Abel’s test. 

  H£¼ß ÷\õuøÚø¯ GÊv {ÖÄP. 
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15. (a) Prove that the sum of an absolutely convergent 
series is unaltered by any rearrangement of its 
terms. 

  J¸ uÛ J¸[Sz öuõh›ß Tku»õÚx Auß 
EÖ¨¦PøÍ ©õØÔ Aø©¨£uõÀ ©õÓõx GÚ {ÖÄP. 

Or 

 (b) State and prove Abel’s theorem. 

  H£¼ß ÷uØÓzøu GÊv {ÖÄP. 

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. If aan →  and 0,,0 ≠∀≠ anan  then prove that 
aan

11 → . 

 aan →  ©ØÖ® 0,,0 ≠∀≠ anan  GÛÀ 
aan

11 →  GÚ 

{ÖÄP. 

17. State and prove Cauchy’s first limit theorem. 

 Põæ°ß •uÀ Áμ®¦ ÷uØÓzøu GÊv {ÖÄP. 

18. State and prove Kummer’s test. 

 S®©›ß ÷\õuøÚø¯ GÊv {ÖÄP. 

19. State and prove Leibnitz’s test. 

 ¼¤Ûmì ÷\õuøÚø¯ GÊv {ÖÄP. 

20. State and prove Merten’s theorem. 

 ö©ºhßì ÷uØÓzøu GÊv {ÖÄP. 

——————— 
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 Section A  (10 × 2 = 20) 

Answer all questions. 

1. Define permutation groups. 

 Á›ø\ ©õØÖ S»zøu Áøμ¯Ö. 

2. Show that in a group ,G exxx =⇔=2 . 

 G  GßÓ S»zvÀ exxx =⇔=2 , GÚ {ÖÄP. 

3. Prove that any cyclic group is abelian.  

 G¢uöÁõ¸ ÁmhUS»•® A¥¼¯ß S»©õS® GÚ {ÖÄP. 

4. State Euler’s Theorem.  

 B´»›ß ÷uØÓzøu GÊxP. 

5. Let ': GGf →  be an isomorphism. Prove that 
11 )]([)( −− = afaf . 

 ': GGf → uß C¯À©õÓõU ÷PõºzuÀ GÛÀ 
11 )]([)( −− = afaf  GÚ {ÖÄP. 

Sub. Code 
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6. Define: Isomorphism.   

 Áøμ¯Ö. ußJ¨¦ø©. 

7. If R  is a ring such that ,2 Raaa ∈∀=  prove that 
0=+ aa . 

 ÁøÍ¯® R À ,2 Raaa ∈∀=  GÛÀ 0=+ aa  GÚ {ÖÄP. 

8. Define: Subring. 

 Áøμ¯Ö: EÒ ÁøÍ¯® 

9. Define: Homomorphism.  

 Áøμ¯Ö: ö\¯À©õÓõU ÷PõºzuÀ. 

10. Define: UFD 

 Áøμ¯Ö: UFD 

 Section B  (5 × 5 = 25) 

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

11. (a) Let G  be a group in which mmm baab =)(  for three 
consecutive integers and ∀ Gba ∈, then prove that 
G  is an abelian group. 

  G Gß£x ‰ßÖ öuõhºa]¯õÚ •ÇUPÐUS® 

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

J¸ S»® GÛÀ G J¸ A¤¼¯ß S»® GÚ {ÖÄP. 

Or 

 (b) Prove that the symmetric group 3s  is non-abelian. 

  \©a^º S»® 3s &BÚx A¤¼¯ß S»©À» GÚ 
{ÖÄP. 
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12. (a) Prove that a non-empty subset H  of a group G  is a 
subgroup of HabHbaG ∈∈⇔ −1,, . 

  G  GßÓ S»zvß öÁØÔ»õ EmPn® H  Gß£x Kº 

EmS»® HabHbaG ∈∈⇔ −1,, . 

Or 

 (b) State and prove Lagranges Theorem. 

  ö»Uμõg]°ß ÷uØÓzøu GÊv {ÖÄP. 

13. (a) If H  is a subgroup of G  and N  is a normal 
subgroup of G , then prove that H N  is a subgroup 
of G . 

  H  Gß£x G  ß EmS»® ©ØÖ® N  Gß£x G &À 
÷|ºø© EmS»® GÛÀ H N  Gß£x G À EmS»® 
GÚ {ÖÄP. 

Or 

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

  ': GGf → ØPõÚ uß C¯À©õÓõU ÷PõºzuÀ GßP. G  

ÁmhU S»©õP C¸¨¤ß 'G ²® ÁmhUS»® GÚ 
{ÖÄP. 

14. (a) Prove that any finite integral domain is a field.  

  G¢u J¸ •iÄÖ Gsnμ[P•® J¸ PÚ® GÚ 
{ÖÄP. 

Or 

 (b) Prove that the characteristic of an integral domain 
D  is either 0 or a prime number.  

  J¸ Gs Aμ[P® D  Cß ]Ó¨¤¯À¦ 0 AÀ»x J¸ 
£Põ Gs Gß£øu {¹¤UPÄ®. 
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15.  (a) Prove that the field of quotients F  of an integral 
domain D  is the smallest field containing D . 

  J¸ Gs Aμ[P® D  Cß ÷©Ø÷PõÒPÎß PÍ®  
F BÚx D  öPõsh ªPa]Ô¯ PÍ® Gß£øu 
{¹¤UPÄ®. 

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

non-zero elements of R . Then a  and b  are 
associates bua =⇔  when u  is a unit in R . 

  R  Gß£x Gs Aμ[P® GßP. a  ©ØÖ® b  Gß£Ú 
R &ß §ä]¯® AØÓ EÖ¨¦PÒ GßP. a  ©ØÖ® b  
Cønö¯s bua =⇔ , C[S u  Gß£x R  ß KμÍS 
GÚ {ÖÄP. 

 Section C  (3 × 10 = 30) 
Answer any three questions. 

16. Prove that  

 (i) znmaaa nmnm ∈= + ,, . 

 (ii) znmaa mnnm ∈= ,,)(   

 (i) znmaaa nmnm ∈= + ,, . 

 (ii) znmaa mnnm ∈= ,,)(  GÚ {ÖÄP. 

17. Prove that a subgroup of cyclic group is cyclic.  
 ÁmhU S»zvß JÆöÁõ¸ EmS»•® ÁmhUS»® BS® 

GÚ {ÖÄP. 

18. State and prove fundamental theorem of Homomorphism.  
 ö\¯À©õÓõU ÷Põºzu¾UPõÚ Ai¨£øhz ÷uØÓzøu GÊv 

{¹¤. 

19. Prove that nz  is an integral domain ⇔ n  is prime. 

 nz  J¸ Gs Aμ[P® ⇔ n  J¸ £Põ Gs GÚ {ÖÄP. 

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

 R  Gß£x \©Û²hß J¸ £›©õØÖ ÁøÍ¯® GßP. R  ß 
^ºÁøÍ¯® M «¨ö£¸©® BÁuØS ÷uøÁ¯õÚ 
÷£õx©õÚ {£¢uøÚ MR / Gß£x PÍ® BS® GÚ 
{ÖÄP. 

———————— 
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 Section A  (10 × 2 = 20) 

Answer all the questions. 

1. Solve : ( ) 0232 =+− yDD  

 wºUP:  ( ) 0232 =+− yDD  

2. Write the condition for exactness. 

 xÀ¼¯©õÁuØS›¯ {£¢uøÚ GÊxP. 

3. Solve : 
22222 =

==
yx
dz

x
dy

y
dx

 

 wºUP:  
22222 =

==
yx
dz

x
dy

y
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 
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5. What is the condition for integrability? 

 öuõøP°ku¼ß {£¢uøÚ ¯õx? 

6. Define: Total differential equation. 

 Áøμ¯Ö: •Ê ÁøPUöPÊa \©ß£õk.  

7. Form PDE: 22 babyaxZ +++=  

 PDE : Aø©UP 22 babyaxZ +++= . 

8. Define: Singular solution. 

 Áøμ¯Ö: uÛzu wºÄ. 

9. State Newton’s 2nd law. 

 {³mhÛß CμshõÁx Âvø¯ GÊxP. 

10. Define: Free fall. 

 Áøμ¯Ö: uøh°À»õ ÃÌa] 

 Section B  (5 × 5 = 25) 

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

11. (a) Solve: 0)2()1( =++++ dyxedxyxeye xxx  

  wºUP:  0)2()1( =++++ dyxedxyxeye xxx  

Or 

 (b) Solve: pppy cossin +=  

  wºUP: pppy cossin +=  
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12. (a) Solve: bxy
dx
dyx

dx
ydx =++ 24
2

2
2  

  wºUP:  bxy
dx
dyx

dx
ydx =++ 24
2

2
2  

Or 

 (b) Solve:  (i) teyDDx −=+− )1(  

    (ii) teyDx 2)1( =−+  

  wºUP:  (i) teyDDx −=+− )1(  

    (ii) teyDx 2)1( =−+  

13. (a) Explain variation of parameters methods. 

  AÍÄÖ ©õÖ£õk •øÓø¯ ÂÁ›. 

Or 

 (b) Solve: 0)()()( =−+−+− dzmxlydylznxdxnymz  

  wºUP:  0)()()( =−+−+− dzmxlydylznxdxnymz  

14. (a) Form the partial differential equation by 

eliminating cba ,,  from 12

2

2

2

2

2

=++
c
z

b
y

a
x

. 

  12

2

2

2

2

2

=++
c
z

b
y

a
x

¼¸¢x cba ,, I }UQ £Sv ÁøPU 

öPÊa \©ß£õk Aø©UP. 

Or 

 (b) Find the complete and singular solution of 
22 qpyqxpZ −++=  

  22 qpyqxpZ −++= &ØS •Ê ©ØÖ® uÛzu wºÄ 
PõsP. 
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15.  (a) Explain retarded form of falling bodies.  

  ÃÊ® ö£õ¸mPÎß ÷|μØÓ ÃÌa] ÁiÁzøu ÂÁ›. 

Or 

 (b) Write the working rule to find orthogonal trajectory.  

  ö\[Szx GÔÄ Áøμø¯U Põq® ö\¯À ÂvPøÍ 
GÊxP. 

 Section C  (3 × 10 = 30) 

Answer any three questions. 

16. Solve: 22 )4( xyD =+  

 wºUP:  22 )4( xyD =+  

17. Solve: 
)()()( 2222 yxz

dz
yxx

dy
yxy

dx
+

=
−−

=
−

 

 wºUP:  
)()()( 2222 yxz

dz
yxx

dy
yxy

dx
+

=
−−

=
−

 

18. Solve by variation of parameters method xy
dx

yd
tan2

2

=+ . 

 ©õÖ£k® AÍÄ¸UPÎß •øÓ°À wºUP: xy
dx

yd
tan2

2

=+ . 

19. Solve by Charpit’s method 022 2 =+−− pqqxypxxz . 

 \õº¤mì •øÓ°À wºUP: 022 2 =+−− pqqxypxxz . 

20. Explain Brachistochrone problem. 

 L¤μõ]ì÷hõU÷μõß ¤μa\øÚø¯ ÂÍUSP. 

 
———————— 
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 Part A  (10 × 2 = 20) 

Answer all the questions. 

1. Find  : ( )ttL 3cos . 

 PõsP : ( )ttL 3cos . 

2. Find : ( ))(tfL  where 




<<−
<<

=
btb
bt

tf
21

01
)( . 

 PõsP : ( ))(tfL  CvÀ 




<<−
<<

=
btb
bt

tf
21

01
)( . 

3. Find : 







−

−

82 2
1

s
sL . 

 PõsP : 







−

−

82 2
1

s
sL . 

4. Find : ( ) 








−
−

5
1

3

1

s
L . 

 PõsP : ( ) 








−
−

5
1

3

1

s
L . 
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5. Define Fourier coefficients in ( )π2,0 . 

 ( )π2,0  À L§›¯º SnP[PøÍ Áøμ¯ÖUP. 

6. Find '' 0a  in the Fourier series expansion of xxf =)(  in 

ππ <<− x . 

 ππ <<− x &À xxf =)( &ß L§›¯º öuõhº Â›ÂÀ '' 0a  

PõsP. 

7. State Fourier integral theorem. 

 L§›¯º öuõøP±mkz ÷uØÓzøu TÖP. 

8. State the linear property of Fourier transform. 

 L§›¯º E¸©õØÓzvß J¸£i¨£sø£U TÖP. 

9. Define : Z-transform. 

 Áøμ¯Ö : Z&E¸©õØÓ®. 

10. Prove : ( )
az

zaZ n

−
= . 

 {ÖÄP : ( )
az

zaZ n

−
= . 

 Part B  (5 × 5 = 25) 

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

11. (a) Evaluate : 






 − −−

t
eeL

tt 43

. 

  ©v¨¤kP : 






 − −−

t
eeL

tt 43

. 

Or 

 (b) Find ( )thtL 3cos3sin 33 + . 

  PõsP ( )thtL 3cos3sin 33 + . 
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12. (a) Evaluate : ( ) 













+
−

222

1

as
sL . 

  ©v¨¤kP : ( ) 













+
−

222

1

as
sL . 

Or 

 (b) Evaluate : ( ) 











++

+−
22

1

13

3

bss
sL . 

  ©v¨¤kP : ( ) 











++

+−
22

1

13

3

bss
sL . 

13. (a) Obtain a Fourier series for 




<<−
≤<−+

=
ππ

ππ
xx
xx

xf
02

02
)( . 

  




<<−
≤<−+

=
ππ

ππ
xx
xx

xf
02

02
)( &ØS L§›¯º öuõhº ö£ÖP. 

Or 
 (b) Obtain the half range cosine series for xxf =)(  in 

( )π,0 . 

  xxf =)( ØS ( )π,0 &À Aøμ Ãa_ öPõø\ß öuõhº 
ö£ÖP. 

14. (a) Find the Fourier cosine integral of the function 
axe− . 

  \õº¦ axe− &ß L§›¯º öPõø\ß öuõøP°hÀ PõsP.  

Or 

 (b) Find ( )xx
c eeF 52 25 −− + . 

  PõsP ( )xx
c eeF 52 25 −− + . 

15. (a) Prove : 







−

=







+ 1

log
1

1
z

zz
n

Z . 

  {ÖÄP: 







−

=







+ 1

log
1

1
z

zz
n

Z . 

Or 
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 (b) State and prove the first shifting property of  
Z-transform. 

  Z&E¸©õØÓzvß •uÀ ö£¯ºa]¨ £sø£U TÔ 
{ÖÄP. 

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Find (a) 





 −

t
ttL 3cos2cos

 (b) ( )tetL t 2sin− . 

 PõsP (A) 





 −

t
ttL 3cos2cos

 (B) ( )tetL t 2sin− . 

17. Using Laplace transform solve tzeyy =+" ; 1)0( =y ; 
2)0(' =y . 

 »õ¨»õì E¸©õØÓzøu¨ £¯ß£kzv wºUP 

 tzeyy =+" ; 1)0( =y ; 2)0(' =y . 

18. Find the half range sine series for ( )xxxf −= π)(  in ),0( π . 

Deduce that 
32

....
5
1

3
1

1
1 3

333

π=−+− . 

 ),0( π  À ( )xxxf −= π)( &ØS Aøμ Ãa_ ø\ß öuõhº 

PõsP. 
32

....
5
1

3
1

1
1 3

333

π=−+−  GÚÄ® u¸Â. 

19. State and prove Parseval’s identity. 

 £õº]ÁÀì \©Ûø¯U TÔ {ÖÄP. 

20. Solve using Z-transform : 

 ( ) ( ) 0)1(,0)0(,2)(2132 ===++−+ yynynyny n . 

 Z&E¸©õØÓzøu¨ £¯ß£kzvz wºUP : 

 ( ) ( ) 0)1(,0)0(,2)(2132 ===++−+ yynynyny n . 

———————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Define a Vector space. 

 J¸ vø\¯ß (öÁUhº) öÁÎø¯ Áøμ¯Ö. 

2. Define a linear transformation. 

 J¸ ÷|›¯À E¸©õØÓzøu Áøμ¯Ö. 

3. Prove that : TnullityTrankV +=dim . 

 {ÖÄP : TnullityTrankV +=dim  

4. Define a minimal generating set. 

 J¸ «a]Ö E¸ÁõUPU Pnzøu Áøμ¯Ö. 

5. Prove that : wvwuwvu ,,, βαβα +=+ . 

 {ÖÄP : wvwuwvu ,,, βαβα +=+ . 

6. Define an orthonormal set. 

 J¸ ö|Ô© A»S ö\[Szx Pnzøu Áøμ¯Ö. 

Sub. Code 
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7. If A  is a square matrix then prove that TAA −  is skew 
symmetric matrix. 

 A  Gß£x J¸ \xμ Ao GÛÀ TAA −  Gvºa\©a^º Ao 
GÚ {ÖÄP. 

8. Define the coefficient matrix. 

 öPÊ Aoø¯ Áøμ¯Ö. 

9. Find the characteristic polynomial of 







=

43
21

A . 

 







=

43
21

A &ß ]Ó¨¤¯À¦ £À¾Ö¨¦U ÷PõøÁø¯U 

PõsP. 

10. Find the matrix of the bilinear form 1221),( yxyxyxf −=  
with respect to the standard basis in )(2 RV . 

 )(2 RV &À ÁÇUP©õÚ AiUPnzøu¨ ö£õ¸zx 

1221),( yxyxyxf −=  GßÓ C¸©õÔ ÷|›¯À Aø©¨¤ß 
Aoø¯U PõsP. 

 Part B  (5 × 5 = 25) 

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

11. (a) Let V  be a vector space over a field F . Prove that a 
non-empty subset W  of V  is a subspace of V  iff 

Wvu ∈,  and WvuF ∈+∈ βαβα , . 

  V  Gß£x F  GßÓ J¸ ¦»zvß ÷©À EÒÍ J¸ 
vø\¯ß öÁÎ¯õS®. J¸ öÁÖø©¯ØÓ EÒPn® 
W , V &ß J¸ EÒöÁÎ¯õÁuØSz ÷uøÁ¯õÚ 
©ØÖ® ÷£õx©õÚx Wvu ∈,  ©ØÖ® 

WvuF ∈+∈ βαβα ,  GÚ {ÖÄP. 

Or 
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 (b) Let V  be a vector space over a field F  and 
VTS ⊆, , then prove that )()()( TLSLTSL +=∪ . 

  V  Gß£x F  GßÓ J¸ ¦»zvß ÷©À EÒÍ J¸ 
vø\¯ß öÁÎ ©ØÖ® VTS ⊆,  GÛÀ 

)()()( TLSLTSL +=∪  GÚ {ÖÄP. 

12. (a) Prove that any subset of a linearly independent set 
is linearly independent. 

  J¸ ÷|›¯»õÚ \õº£ØÓ Pnzvß G¢u J¸ 
EÒPn•® ÷|›¯À \õº£ØÓx GÚ {ÖÄP. 

Or 

 (b) Prove that any vector space of dimension n  over a 
field F  is isomorphic to )(FVn . 

  F  GßÓ ¦»zvß ÷©À EÒÍ n  £›©õnzøu Eøh¯ 
G¢u J¸ vø\¯ß öÁÎ²® )(FVn &ØS \© 
J¨¦ø©¯õÚx GÚ {ÖÄP. 

13. (a) Find the linear transformation )()(: 33 RVRVT →  

determined by the matrix 
















− 431
110

121

 with respect 

to the standard basis },,{ 321 eee . 

  },,{ 321 eee  GßÓ ö\¢uμ Ai¨£øhø¯¨ ö£õÖzx 

















− 431
110

121

 GßÓ Ao¯õÀ wº©õÛUP¨£k® 

)()(: 33 RVRVT →  GßÓ ÷|›¯À E¸©õØÓzøuU 
PõsP. 

Or 

 (b) State and prove Schwartz’s inequality. 

  ìÁõºmì \©Ûßø©ø¯ GÊv {ÖÄP. 
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14. (a) Compute the inverse of the matrix 

















−
−−

−
=

225
5615

112

A . 

  

















−
−−

−
=

225
5615

112

A  GßÓ Ao°ß ÷|º©õÖ 

PnUQkP.  

Or 

 (b) Find the rank of the following matrix 
















=

7012
7436

3124

A . 

  ¤ßÁ¸® Ao°ß uμ Gs PõsP. 
















=

7012
7436

3124

A  

15.  (a) Verify Cayley Hamilton’s theorem for the following 
matrix 









=

34
21

A  

  ¤ßÁ¸® AoUS öP´¼ íõªÀhß ÷uØÓzøu 
\›£õº. 









=

34
21

A  

Or 
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 (b) Reduce the Quadratic form 
2
332

2
23121

2
1 416444 xxxxxxxxx +++++  to the diagonal 

form. 

  2
332

2
23121

2
1 416444 xxxxxxxxx +++++  GßÓ 

C¸£iÁiÁzøu ‰ø»Âmh ÁiÁzvØS _¸USP. 

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. State and prove the fundamental theorem of 
homomorphism. 

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

17. Let V  be a finite dimensional vector space over a field 
F . Let A  and B  be subspaces of V . Then prove that 

)dim(dimdim)dim( BABABA ∩−+=+ .  

 V  Gß£x F  GßÓ ¦»zvß ÷©À EÒÍ J¸ •iÄÖ 

£›©õnzøu Eøh¯ vø\¯ß öÁÎ. A  ©ØÖ® B  Gß£Ú  

V &ß EÒöÁÎPÍõS®.  

)dim(dimdim)dim( BABABA ∩−+=+  GÚ {ÖÄP. 

18. Apply Gram-Schmidt process to construct an orthonormal 
basis for )(3 RV  with the standard inner product for the 

basis },,{ 321 vvv  where ),1,0,1(1 =v ),1,3,1(2 =v  

)1,2,3(3 =v . 

 Qμõ® èªm ö\´•øÓø¯¨ £¯ß£kzv },,{ 321 vvv  GßÓ 

)(3 RV &ß AiUPnzvØS Ai¨£øh EÒö£¸UPø» 

ö£õÖzx J¸ ö|Ô© A»S ö\[Szx AiUPnzøu 

E¸ÁõUPÄ®, C[S ),1,0,1(1 =v ),1,3,1(2 =v )1,2,3(3 =v . 
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19. Show that the following equations are consistent and 
solve them. 

0355
481272
1664

1634

=+−
=++
=+−

−=−−

zyx
zyx
zyx
zyx

 

 ¤ßÁ¸® \©ß£õkPÒ Cø\ÄÒÍÚ GÚUPõmkP ©ØÖ® 
AuøÚ wºUP. 

0355
481272
1664

1634

=+−
=++
=+−

−=−−

zyx
zyx
zyx
zyx

 

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

















−

−
=

131
111

222

A  

 ¤ßÁ¸® AoUS IPß ©v¨¦PÒ ©ØÖ® IPß 
öÁUhºPøÍU PõsP. 

















−

−
=

131
111

222

A  

———————— 
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REAL ANALYSIS 

(CBCS – 2017 onwards) 

Time : 3 Hours Maximum : 75 Marks 

 Part A  (10 × 2 = 20) 

Answer all the questions. 

1. Define a countable set and give an example. 
 J¸ GsohzuUP Pnzøu Áøμ¯Ö ©ØÖ® J¸ 

GkzxUPõmk öPõk.  

2. What is an open ball? 
 vÓ¢u £¢x GßÓõÀ GßÚ? 

3. Define: Interior of a set. 
 Áøμ¯Ö : J¸ Pnzvß AP®. 

4. What is a dense set? 
 Ahºzv¯õÚ Pn® GßÓõÀ GßÚ? 

5. Define: continuity. 
 Áøμ¯Ö : öuõhºa]. 

6. Give an example of a uniformly continuous function. 
 ^μõÚ öuõhºa] \õº¤ØS J¸ GkzxUPõmk öPõk. 

7. Define a connected set. 
 J¸ Cøn¢u Pnzøu Áøμ¯Ö. 

Sub. Code 
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8. Give an example to show that a subspace of a connected 
metric space need not be connected. 

 J¸ Cøn¢u ¯õ¨¦ öÁÎ°ß EÒ öÁÎ Cøn¢uuõP 
C¸UP ÷Ási¯vÀø» GÚU Põmh J¸ GkzxUPõmk 
öPõk. 

9. Define: Compact metric space. 
 Áøμ¯Ö : Pa]u©õÚ ¯õ¨¦ öÁÎ. 

10. What is sequentially compact? 
 öuõhº¦ Pa]u©õÚ ¯õ¨¦ öÁÎ GßÓõÀ GßÚ?  

 Part B  (5 × 5 = 25) 

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

11. (a) State and Prove Minkowski’s inequality. 
  ªß öPÍìQ°ß \©Ûßø©ø¯ TÔ {ÖÄP. 

Or 

 (b) Prove that in any metric space the intersection of a 
finite number of open sets is open. 

  G¢u J¸ ¯õ¨¦ öÁÎ°¾® •iÄÖ vÓ¢u 
Pn[PÎß öÁmk® vÓ¢ux GÚ {ÖÄP. 

12. (a) Let M  be a metric space and 1M , a subspace of M. 
If ,11 MA ⊆  then prove that 1A  is open in 1M  iff 
there exists an open set A  in M  such that 

.11 MAA =  
  M J¸ ¯õ¨¦ öÁÎ ©ØÖ® 1M  Gß£x M ß EÒ 

öÁÎ GßP. 11 MA ⊆  GÛÀ 1A  BÚx 1M &À 
vÓ¢uuõP C¸¨£uØS ÷uøÁ¯õÚ ©ØÖ® ÷£õx©õÚ 
{£¢uøÚ 11 MAA =  GÝ®©õÖ J¸ vÓ¢u Pn® 
A I M  ö£ØÔ¸US® Gß£uõS® GÚ {ÖÄP. 

Or 

 (b) Prove that C with usual metric is complete. 
  ÁÇUP©õÚ ¯õ¨¤ß RÌ C •Êø©¯õÚx GÚ 

{ÖÄP. 
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13. (a) Prove that the metric spaces (0,1) and ),0( ∞  with 
usual metrics are homeomorphic. 

  ÁÇUP©õÚ ¯õ¨¦PÎß RÌ (0,1) ©ØÖ® ),0( ∞  
ÁiöÁõ¨¦ø©¯õÚøÁ GÚ {ÖÄP. 

Or 

 (b) Prove that the function Rf →)1,0(:  defined by 

x
xf 1

)( =  is not uniformly continuous. 

  
x

xf 1
)( =  GÚ Áøμ¯ÖUP¨£mh \õº¦ Rf →)1,0(:  

^μõÚ öuõhºa]¯À» GÚ {ÖÄP. 

14. (a) If A is a connected subset of a metric space M, prove 
that A  is connected. 

  A Gß£x J¸ ¯õ¨¦ öÁÎ M&ß J¸ Cøn¢u 

EmPn® GÛÀ, A &® Cøn¢ux GÚ {ÖÄP. 

Or 

 (b) State and prove intermediate value theorem. 
  Cøh{ø» ©v¨¦ ÷uØÓzøu TÔ {ÖÄP. 

15. (a) Prove that any compact subset of a metric space is 
bounded. 

  J¸ ¯õ¨¦ öÁÎ°ß G¢u J¸ Pa]u©õÚ EmPn•® 
Áμ®¦øh¯x GÚ {ÖÄP. 

Or 

 (b) Prove that continuous image of a compact metric 
space is compact. 

  J¸ Pa]u©õÚ ¯õ¨¦ öÁÎ°ß öuõhºa]¯õÚ 
¤®£® Pa]u©õÚx GÚ {ÖÄP. 

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Prove that R is uncountable. 
 R GsohzuUPuÀ» GÚ {ÖÄP. 
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17. State and Prove Cantor intersection theorem. 
 ÷Pßhº öÁmkz ÷uØÓzøu TÔ {ÖÄP. 

18. (a) Prove that f is continuous ⇔  inverse image of every 
open set is open. 

 (b) If (M1, d1) and (M2, d2) are two metric spaces then 
prove that 21: MMf →  is continuous ⇔  

f(A)Af ⊆)(  for all .1MA ⊆  

 (A) {ÖÄP : f  öuõhºa]¯õÚx ⇔  JÆöÁõ¸ vÓ¢u 
Pnzvß ¤μv ¤®£® vÓ¢ux.      

 (B) (M1, d1) ©ØÖ® (M2, d2) C¸ ¯õ¨¦ öÁÎPÒ GÛÀ 
{ÖÄP. 21: MMf →  öuõhºa]¯õÚx ⇔  AøÚzx 

1MA ⊆ ØS f(A)Af ⊆)( . 

19. Prove that a subspace of R is connected iff it is an 
interval. 

 R ß J¸ EÒöÁÎ Cøn¢v¸¨£uØS ÷uøÁ¯õÚ ©ØÖ® 
÷£õx©õÚ {£¢uøÚ Ax CøhöÁÎ¯õP C¸zu»õS® 
GÚ {ÖÄP.  

20. In any metric space M, Prove that the following 
statements are equivalent. 

 (a) M  is compact 

 (b) Any infinite subset of M  has a limit point 

 (c) M is sequentially compact 

 (d) M is totally bounded and complete. 
 G¢u J¸ ¯õ¨¦ öÁÎ M À RÌÁ¸® TØÖPÒ 

\©õÚ©õÚøÁ GÚ {ÖÄP. 
 (A) M  Pa]u©õÚx 
 (B) M ß G¢u J¸ •iÄØÓ EmPnzvØS® J¸ GÀø»¨ 

¦ÒÎ Esk  
 (C) M  öuõhº¦ Pa]u©õÚx 
 (D) M  •Ê Áμ®¦øh¯x ©ØÖ® •Êø©¯õÚx. 

—————— 
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STATISTICS – I 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Define  Weighted mean. 

 {ø»°mh \μõ\›ø¯ Áøμ¯Ö. 

2. Find the range for the following values. 

 20, 22, 27, 30, 40, 48, 45, 32, 31, 35 

 ¤ßÁ¸® ©v¨¦PÎß Ãa_ PõsP. 

 20, 22, 27, 30, 40, 48, 45, 32, 31, 35 

3. Define rμ′ . 

 rμ′ &I Áøμ¯Ö. 

4. Write the formula for Bowley’s coefficient of skewness.  

 ö£Í¼°ß ÷PõmhU öPÊUPõÚ `zvμzøu GÊxP. 

5. Define  Correlation.  

 JmkÓøÁ Áøμ¯Ö. 
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6. What is the angle between the two regression lines? 

 Cμsk öuõhº¦¨ ÷£õUSU ÷PõkPÐUS Cøh°»õÚ 
÷Põn® GßÚ? 

7. Prove that : ( ) 11 −∇−=E . 

 {ÖÄP : ( ) 11 −∇−=E . 

8. If ( ) ( ) ( ) ( )
2
NBA ==== βα , then prove that ( ) ( )BA αβ = . 

 ( ) ( ) ( ) ( )
2
NBA ==== βα  GÛÀ, ( ) ( )BA αβ =  GÚ {ÖÄP. 

9. Define Geometric mean Index number. 

 ö£¸UPÀ \μõ\› SÔ±möhsøn Áøμ¯Ö. 

10. Write the components of a time series. 

 Põ»®\õº öuõh›ß TÖPøÍ GÊxP. 

 Part B  (5 × 5 = 25) 

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

11. (a) Find the Geometric Mean and Harmonic Mean of 
the following distribution. 

x : 1 2 3 4 5 

y : 2 4 3 2 1 

  ¤ßÁ¸® £μÁ¼ß ö£¸UPÀ \μõ\› ©ØÖ® Cø\a 
\μõ\› PõsP. 

x : 1 2 3 4 5 

y : 2 4 3 2 1 

Or 
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 (b) Find the standard deviation for the following data. 

x : 10 9 8 7 6 5 4 3 2 1 

y : 1 5 11 15 12 7 3 3 0 1 
  ¤ßÁ¸® ÂÁμ[PÐUS vmh Â»UP® PõsP. 

x : 10 9 8 7 6 5 4 3 2 1 

y : 1 5 11 15 12 7 3 3 0 1 

12. (a) Calculate the Karl Pearson’s coefficient of skewness. 

Wages in Rs. : 10 11 12 13 14 15

Frequency : 2 4 10 8 5 1 
  PõºÀ ¤¯º\Ûß ÷PõmhU öPÊøÁ PnUQkP. 

Fv¯® ¹. : 10 11 12 13 14 15

Aø»öÁs : 2 4 10 8 5 1 

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¸® ÂÁμ[PÐUS ÷|º÷Põk 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 : 10 12 18 24 23 27
y : 13 18 12 25 30 10
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  ¤ßÁ¸® ÂÁμ[PÐUS JmkÓÄU öPÊ PõsP. 

x : 10 12 18 24 23 27
y : 13 18 12 25 30 10

Or 

 (b) Find the rank correlation coefficient between the 
height and weight of 6 soldiers in Indian Army. 

Height : 165 167 166 170 169 172

Weight : 61 60 63.5 63 61.5 64 
  C¢v¯ CμõqÁzvß 6 ]¨£õ´PÎß E¯μ® ©ØÖ® 

Gøh°ØS Cøh°»õÚ uμ JmkÓÄU öPÊ PõsP. 

E¯μ® : 165 167 166 170 169 172

Gøh : 61 60 63.5 63 61.5 64 

14. (a) If 118U;202U;246U 858075 === ; 40U90 =  then 
find 79U . 

  118U;202U;246U 858075 === ; 40U90 =  GÛÀ 

79U &I PõsP. 

Or 

 (b) Find xU  for the following data and hence find 3U . 

x  0 1 2 5 

xU  2 3 12 147

  ¤ßÁ¸® ÂÁμ[PÐUS xU &I PõsP ©ØÖ® Auß 

‰»® 3U &I PõsP. 

x  0 1 2 5 

xU  2 3 12 147
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15. (a) Find the cost of living index for the following data. 

 Items  Price Weight 

 1991 1992  

Food 700 850 40 

Clothing 300 280 15 

Rent 200 225 7 

Fuel 70 82 5 

Medicine 100 135 9 

Education  500 550 12 

Entertainment 100 90 10 

Misc. 475 425 23 

  ¤ßÁ¸® ÂÁμ[PÐUS ÁõÌUøPzuμU SÔ±möhs 
PõsP. 

ö£õ¸mPÒ Âø» Gøh 

 1991 1992  

EnÄ 700 850 40 

Bøh 300 280 15 

ÁõhøP 200 225 7 

G›ö£õ¸Ò 70 82 5 

©¸¢x 100 135 9 

PÀÂ 500 550 12 

ö£õÊx÷£õUS 100 90 10 

Cuμ ö\»ÄPÒ 475 425 23 

Or 
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 (b) Compute the seasonal indices for the following data 
by simple average method. 

 Season 1990 1991 1992 1993 1994

Summer 68 70 68 65 60 

Monsoon 60 58 63 56 55 

Autumn 61 56 68 56 55 

P
ri

ce
s 

in
 d

if
fe

re
n

t 
se

as
on

 

Winter 63 60 67 55 58 

  ¤ßÁ¸® ÂÁμ[PÐUS GÎ¯ \μõ\› •øÓ¨£i 
£¸Á Põ» SÔ±kPøÍU PnUQkP. 

(£¸Á®) Põ»® 1990 1991 1992 1993 1994
÷Põøh Põ»® 68 70 68 65 60 

£¸Á ©øÇ Põ»® 60 58 63 56 55 

Cø»²vº Põ»® 61 56 68 56 55 

ö
Á

Æ
÷
Á

Ö
 £

¸
Á

[
P
Î

À
 

Â
ø

»
P
Ò

 

SÎº Põ»® 63 60 67 55 58 

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Find the Mean, Median and Mode of the following 
frequency distribution. 

Class Frequency Class Frequency 

20 – 24 3 40 – 44 12 

25 – 29 5 45 – 59  6 

30 – 34 10 50 – 54 3 

35 – 39 20 55 – 59 1 
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 ¤ßÁ¸® Aø»öÁs £μÁ¾US \μõ\›, Cøh{ø» ©ØÖ® 
•Pk PõsP. 

ÁS¨¦ Aø»öÁs ÁS¨¦ Aø»öÁs

20 – 24 3 40 – 44 12 

25 – 29 5 45 – 59  6 

30 – 34 10 50 – 54 3 

35 – 39 20 55 – 59 1 

17. Fit the curve abxy =  to the following data. 

x : 1 2 3 4 5 6 

y : 1200 900 600 200 110 50

 ¤ßÁ¸® ÂÁμ[PÐUS abxy =  GßÓ ÁøÍÁøμø¯ 
ö£õ¸zxP. 

x : 1 2 3 4 5 6 

y : 1200 900 600 200 110 50

18. The two variables x and y have the regression lines 
02623 =−+ yx  and 0316 =−+ yx . 

 Find : 

 (a) the mean values of x and y 

 (b) the correlation coefficient between x and y 

 (c) the variance of y if the variance of x is 25. 

 x ©ØÖ® y GßÓ C¸ ©õÔPÒ 02623 =−+ yx  ©ØÖ® 
0316 =−+ yx  GßÓ öuõhº¦ ÷£õUSU ÷PõkPøÍU 

öPõskÒÍÚ. 

 (A) x ©ØÖ® y&ØPõÚ \μõ\› ©v¨¦PÒ 

 (B) x ©ØÖ® y&ØS Cøh°»õÚ JmkÓÄU öPÊ 

 (C) x &ß £μÁØ£i 25 GÛÀ y&ß £μÁØ£i CÁØøÓU 
PõsP. 
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19. If 1200=N ; ( ) 600=ABC ; ( ) 50=γβα ; ( ) 270=γ ; 
( ) 36=βA ; ( ) 204=γB ; ( ) ( ) 192=− αA ; ( ) ( ) 620=− βB . 
Find the remaining ultimate class frequencies. 

 1200=N ; ( ) 600=ABC ; ( ) 50=γβα ; ( ) 270=γ ; 

( ) 36=βA ; ( ) 204=γB ; ( ) ( ) 192=− αA ; ( ) ( ) 620=− βB  
GÛÀ «u•ÒÍ ÁS¨¦ Aø»öÁsPøÍU PõsP. 

20. Calculate : 
 (a) Laspeyre’s  
 (b) Bowley’s 
 (c) Paasche’s  
 (d) Fishers index number 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¸® ÂÁμ[PÐUS  
 (A) »õì¤¯º 
 (B) ö£Í¼ 
 (C) £õìQ 
 (D) ¤ì\º SÔ±möhsPøÍU 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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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. What is meant by linear programming? 
 J¸£i ö\¯Àvmh® GßÓõÀ GßÚ? 

2. Define Basic solution.  
 Ai¨£øh wºÂøÚ Áøμ¯Ö. 

3. Define primal problem.  
 •ußø© PnUøP Áøμ¯Ö. 

4. Find the dual of the following problem.  
 Minimize 321 1864 xxxZ ++=  

 

Subject to

 

0,,

52

33

321

32

21

≥
≥+
≥+

xxx
xx
xx

 

 ¤ßÁ¸® PnUQß C¸©® PõsP.  

 «a]ÔuõUS 321 1864 xxxZ ++=  

  

Subject to

 

0,,

52

33

321

32

21

≥
≥+
≥+

xxx
xx
xx
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5. Define loops in transportation problem.  
 ÷£õUSÁμzx PnUQÀ Pso Gß£øu Áøμ¯Ö.  

6. State the necessary and sufficient condition for the 
existence of a feasible solution in Transportation 
problem.  

 ÷£õUSÁμzx PnUQØS Cø\¢u wºÄ C¸¨£uØPõÚ 
÷uøÁ¯õÚx® ©ØÖ® ÷£õx©õÚx©õÚ {£¢uøÚø¯U 
TÖP.  

7. Write the mathematical formulation of an assignment 
problem.  

 JxURmk PnUQß Pou Aø©¨¤øÚ GÊxP.  

8. What is an unbalanced assignment problem? 
 \©ÚØÓ JxURk PnUS GßÓõÀ GßÚ? 

9. Define sequencing problem.  
 Á›ø\¨£kzxuÀ PnUQøÚ Áøμ¯Ö.  

10. Define total elapsed time.  
 ö©õzu Ph¢u ÷|μ® Áøμ¯Ö. 

 Part B  (5 × 5 = 25) 

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

11. (a) Explain the advantages of models in O.R.  

  O.R. À EÒÍ ©õv›PÎß £¯ßPøÍ ÂÁ›.  

Or 

 (b) Solve graphically  

  Maximize 216 xxZ +=  

 

 Subject to 

0,

0

32

21

12

21

≥
≥−

≥+

xx
xx
xx
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  Áøμ£h •øÓ°À wºUP 

  «¨ö£›uõUS 216 xxZ +=  

 

 ST 

0,

0

32

21

12

21

≥
≥−

≥+

xx
xx
xx

 

12. (a) Solve the following problem using Big M method. 

  Maximize 21 23 xxZ +=  

  

Subject to

 

0,

1243

22

21

21

21

≥
≥+
≤+

xx
xx
xx

 

  ¤ßÁ¸® PnUQøÚ ö£›¯ M •øÓø¯¨ 
£¯ß£kzv wºUP. 

  «¨ö£›uõUS 21 23 xxZ +=  

 

 ST

 

0,

1243

22

21

21

21

≥
≥+
≤+

xx
xx
xx

 

Or 

 (b) Use dual simplex method to solve the following 
LPP. 

  Minimize 213 xxZ +=  

  

Subject to

 

0,

232

1

21

21

21

≥
≥+
≥+

xx
xx
xx

 

  ¤ßÁ¸® L.P.P I& C¸ø© £ß•P •øÓ°øÚ 
£¯ß£kzv wºUP.  

  «a]ÔuõUS 213 xxZ +=  

  

ST

 

0,

232

1

21

21

21

≥
≥+
≥+

xx
xx
xx
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13. (a) Solve by North-West corner method.  

 D E F G Available

A 11 13 17 14 250 

B 16 18 14 10 300 

C 21 24 13 10 400 

Requirement 200 225 275 250  

  Áh÷©ØS ‰ø» •øÓ¨£i wºUP.  

 D E F G C¸¨¦

A 11 13 17 14 250 

B 16 18 14 10 300 

C 21 24 13 10 400 

÷uøÁ 200 225 275 250  

Or 

 (b) Solve by least cost method.  

 1 2 3 4 Availability

1 20 22 17 4 120 

2 24 37 9 7 70 

3 32 37 20 15 50 

Requirement 60 40 30 110  

  «a]Ö ö\»Ä •øÓ¨£i wºUP.  

 1 2 3 4 C¸¨¦

1 20 22 17 4 120 

2 24 37 9 7 70 

3 32 37 20 15 50 

÷uøÁ 60 40 30 110  
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14. (a) Explain Hungarian method of solving an 
assignment problem.  

  í[÷P›¯ß •øÓ°À JxURmk PnUQøÚ wºUS® 
•øÓø¯ ÂÁ›.  

Or 

 (b) Solve the 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

  JxURmk PnUQøÚ 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

15. (a) Explain the sequencing problem for ‘n’ jobs on  
2 machines.  

  ‘n’ ÷Áø»PÒ 2 C¯¢vμ Á›ø\¨£kzxuÀ PnUQøÚ 
ÂÁ›.  

Or 

 (b) Solve the sequencing problem.  
Jobs : J1 J2 J3 J4 J5 J6

Machine A : 1 3 8 5 6 3 

Machine B : 5 6 3 2 2 10

 Á›ø\¨£kzxuÀ PnUQøÚ wºUP.  
÷Áø»PÒ : J1 J2 J3 J4 J5 J6

G¢vμ® A : 1 3 8 5 6 3 

G¢vμ® B : 5 6 3 2 2 10
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Solve by simplex method.  

 Maximize 21 23 xxZ +=  

 

Subject to

 

0,

2

4

21

21

21

≥
≤−
≤+

xx
xx
xx

 

 uÛ¨ £ß•P •øÓ°À wºUP  

 «¨ö£›uõUS 21 23 xxZ +=  

 ST

 

0,

2

4

21

21

21

≥
≤−
≤+

xx
xx
xx

 

17. Using two-phase simplex method solve  

 Maximize 321 345 xxxZ +−=  

 

Subject to

 

0,,

50638

761056

2062

321

321

321

321

≥
≤+−
≤++
=−+

xxx
xxx
xxx
xxx

 

 C¸£i uÛ¨ £ß•P •øÓø¯¨ £¯ß£kzv wºUP. 

 «¨ö£›uõUS 321 345 xxxZ +−=  

 

ST

 

0,,

50638

761056

2062

321

321

321

321

≥
≤+−
≤++
=−+

xxx
xxx
xxx
xxx
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18. Find the optimum solution to the following 
transportation problem.  

 1 2 3 4 Availability

1 21 16 25 13 11 

2 17 18 14 23 13 

3 32 27 18 41 19 

Requirement 6 10 12 15  

 ¤ßÁ¸® ÷£õUSÁμzx PnUQØS EP¢u wºÄ PõsP.  

 1 2 3 4 C¸¨¦

1 21 16 25 13 11 

2 17 18 14 23 13 

3 32 27 18 41 19 

÷uøÁ 6 10 12 15  

19. Solve the following assignment 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

 ¤ßÁ¸® JxURmk PnUQøÚ wºUP. 

 E F G H 

A 18 26 17 11

B 13 28 14 26

C 38 19 18 15

D 19 26 24 10
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20. Solve the following sequencing problem and find idle 
times.  

Job 1 2 3 4 5 

Machine A 8 10 6 7 11

Machine B 5 6 2 3 4 

Machine C 4 9 8 6 5 

 ¤ßÁ¸® Á›ø\¨£kzxuÀ PnUQøÚ wºzx ÷Áø»¯ØÓ 
÷|μ[PøÍU PõsP.  

÷Áø» 1 2 3 4 5 

G¢vμ® A 8 10 6 7 11

G¢vμ® B 5 6 2 3 4 

G¢vμ® C 4 9 8 6 5 

  

  

  
———————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Define the complement graph. 

 {μ¨¤ ÷Põmk¸øÁ Áøμ¯Ö. 

2. What is a Ramsey number ( )nmr , ? 

 μõ®÷\ Gs ( )nmr ,  GßÓõÀ GßÚ? 

3. Define a Connected Graph. 

 Cøn¢u ÷Põmk¸øÁ Áøμ¯Ö. 

4. Give an example of a graph which is Euler but not 
Hamilton.  

B´»º BÚõÀ íõªÀhß CÀø» GÝ©õÖ J¸ 
÷Põmk¸øÁ GkzxUPõmhõP u¸P. 

5. Define a Tree. 

 ©μ® Áøμ¯Ö. 

Sub. Code 
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6. What is the number of perfect matching in nmK , ? 

 nmK , &À ö\ÆÂ¯ ö£õ¸zu[PÎß GsoUøP GzuøÚ? 

7. What is a four colour problem? 

 |õßS Ásn PnUS GßÓõÀ GßÚ? 

8. Define a Planar Graph. 

 uÍ ÷Põmk¸øÁ Áøμ¯Ö. 

9. Define a Digraph.  

 vø\U÷Põmk¸øÁ Áøμ¯Ö. 

10. Define a chromatic polynomial. 

 Ásn £À¾Ö¨£õøÚ Áøμ¯Ö. 

 Part B (5 × 5 = 25) 

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

11. (a) Prove : p=+ βα . 

   {ÖÄP : p=+ βα . 

Or 

 (b) Prove : p=+ 11 βα . 

   {ÖÄP : p=+ 11 βα . 

12. (a) Explain Fleury’s algorithm. 

   ¨¿›°ß ö\¯À•øÓø¯ ÂÍUSP. 

Or 

 (b) Prove that the closure of G  is well defined.  

   G &ß Aøh¨¦ |ßS Áøμ¯ÖUP¨£mhx GÚ {ÖÄP. 
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13. (a) Explain marriage problem.  
   v¸©n PnUøP ÂÍUSP. 

Or 

 (b) If G  is acyclic and 1+= qp , prove that G  is a tree. 

   G  Gß£x _ØÖPÍØÓx ©ØÖ® 1+= qp  GÛÀ G  
J¸ ©μ® GÚ {ÖÄP. 

14. (a) Prove that 5K  and 3,3K  are non-planar. 

   5K  ©ØÖ® 3,3K  uÍU÷Põmk¸UPÒ AÀ» GÚ {ÖÄP. 

Or 

 (b) Prove : ( ) ( )GG ′+≤ δχ max1 . 

   {ÖÄP : ( ) ( )GG ′+≤ δχ max1 . 

15. (a) Prove that 234 33 λλλ +−  is not a Chromatic 
polynomial for any graph.  

   234 33 λλλ +−  BÚx G¢u J¸ ÷Põmk¸ÄUS® 
Ásn £À¾Ö¨£õß AÀ» GÚ {ÖÄP. 

Or 

 (b) Prove that every tournament has a Hamiltonian 
path. 

   G¢u J¸ ÷£õmiUS® íõªÀhß £õøu Esk GÚ 
GÊxP. 

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Prove, with usual notations, ( ) ( )GG =  and 

Δ≤≤
p
q2δ . 

ÁÇUP©õÚ SÔ±kPÎß£i ( ) ( )GG =  ©ØÖ® 

Δ≤≤
p
q2δ  GÚ {ÖÄP. 
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17. State and prove Dirac’s theorem. 

 iμõUQß ÷uØÓzøu TÔ {ÖÄP. 

18. Prove that every tree has a centre with one point or two 
adjacent points. 

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

19. State and prove the Euler’s theorem on planar graphs. 

 uÍU÷Põmk¸UPÐUPõÚ B´»º ÷uØÓzøu TÔ {ÖÄP. 

20. Prove that a weak digraph D  is Eulerian ⇔  every point 
of D  has equal indegree and outdegree.  

J¸ |¼¢u ÷Põmk¸ D  B´»º ÷Põmk¸ ⇔  D &°ß 
JÆöÁõ¸ ¦ÒÎUS® EÒ£i ©ØÖ® öÁÎ¨£i \©ß GÚ 
{ÖÄP. 

 

 

 
———————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Define transcendental equation. 

 Âg]¯ \©ß£õmøh Áøμ¯Ö. 

2. Write down the formula for False position method. 

 ¤øÇ{ø» •øÓ `zvμzøu GÊxP. 

3. Define shift operator E . 

 ö£¯ºa] ö\¯¼ E &I Áøμ¯Ö. 

4. Prove that : ( )2/12/1

2
1 −+≡ EEμ  

 {ÖÄP : ( )2/12/1

2
1 −+≡ EEμ  

5. Write down the Newton’s backward interpolation formula 
to find the derivative. 

ÁøPUöPÊÂØPõÚ {³mhÛß ¤ß÷ÚõUS ÷ÁÖ£õmk 
`zvμzøu GÊxP. 

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

 ]®\ß 1/3 Âvø¯ GÊxP. 

7. Write the difference between Gauss elimination and 
Gauss Jordan method. 

Põì }UPÀ ©ØÖ® Põì ÷áõºhõß •øÓUS® Cøh°»õÚ 
÷ÁÖ£õmøh GÊxP. 

8. Write the condition for convergence of Gauss Seidel 
method. 

 Põì ^hÀ •øÓ J¸[SÁuØPõÚ {£¢uøÚø¯ GÊxP. 

9. Write down Euler’s modified formula. 

 B´»›ß v¸zv¯ `zvμzøu GÊxP. 

10. Write Runge-Kutta second order formula. 

 μ[÷P&Sm÷h Cμshõ® Á›ø\ `zvμzøu GÊxP. 

 Part B (5 × 5 = 25) 

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

11. (a) Find a root of the equation 0123 =−+ xx  by 
iteration method. 

   ©Ö ö\´øP •øÓ¨£i 0123 =−+ xx  GßÓ 
\©ß£õmiß ‰»zøu PõsP. 

Or 

 (b) Find a root of the equation 0cossin =+ xxx  by 

Newton-Raphson method. 

   0cossin =+ xxx  GßÓ \©ß£õmiß ‰»zøu 

{³mhß μõ¨\ß •øÓ¨£i PõsP. 
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12. (a) Prove that :                

                 +++=







+Δ+Δ+

!2!2

2

2100
2

2

00
xuxuuuxuxuex  

   {ÖÄP 

 +++=







+Δ+Δ+

!2!2

2

2100
2

2

00
xuxuuuxuxuex

 

Or 

 (b) Using Lagrange’s interpolation formula, find the 
form of the function ( )xy  from the following table. 

x 0 1 3 4 

y – 12 0 12 24

   ö»Uμõßâ Cøhaö\¸PÀ `zvμzøu £¯ß£kzv, 

¤ßÁ¸® AmhÁøn°¼¸¢x, ( )xy  GßÓ \õº¤ß 
ÁiÁzøu PõsP. 

x 0 1 3 4 

y – 12 0 12 24

13. (a) Evaluate =
1

0

sin dxxI π  using cubic spline method. 

   =
1

0

sin dxxI π  &I •¨£i ìø£»ß •øÓ¨£i 

©v¨¤kP. 

Or 

 (b) Evaluate  +

1

0
1 x

dx
 by Trapezoidal rule. 

    +

1

0
1 x

dx
&I iμ¤\õ´hÀ Âv ‰»® ©v¨¤kP. 
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14. (a) Solve the following system by Gauss Jordan 
method. 

  
1694
18323

102

=++
=++

=++

zyx
zyx

zyx
 

   Põì ÷áõºhõß •øÓ¨£i ¤ßÁ¸® Aø©¨ø£ 
wºUPÄ®. 

   

1694
18323

102

=++
=++

=++

zyx
zyx

zyx
 

Or 

 (b) Solve the following system by Jacobi method. 

  

9102

27210

15102

3210

4321

4321

4321

4321

−=+−−−
=−+−−
=−−+−

=−−−

xxxx
xxxx
xxxx

xxxx

 

   á÷Põ¤ •øÓ¨£i ¤ßÁ¸® Aø©¨ø£ wºUPÄ®. 

   

9102

27210

15102

3210

4321

4321

4321

4321

−=+−−−
=−+−−
=−−+−

=−−−

xxxx
xxxx
xxxx

xxxx

 

15. (a) 2' yxy −=  and ( ) 10 =y , compute ( )1.0y  using 
Taylor’s series method. 

   2' yxy −=  ©ØÖ® ( ) 10 =y , öh´»º öuõhº 

•øÓ°À ( )1.0y &ß ©v¨¦ PõsP. 

Or 

 (b) Solve the equation 2' yxy += , ( ) 10 =y  by Picard’s 
method.  

   2' yxy += , ( ) 10 =y  GßÓ \©ß£õmøh ¤UPõºiß 
•øÓ¨£i wºUP. 
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Find a positive root of the equation 1=xxe  which lies 

between 0 and 1 by Bisection method. 

1=xxe &ß ªøP ‰»zøu 0 ©ØÖ® 1&US Cøh°À 

Cøh©v¨¦ •øÓø¯ £¯ß£kzv PõsP. 

17. The table below gives the values of xtan  for 

30.010.0 ≤≤ x . 

x 0.10 0.15 0.20 0.25 0.30 

y = xtan  0.1003 0.1511 0.2027 0.2553 0.3093

 Find  

 (a) 12.0tan  

 (b) 26.0tan  

 (c) 50.0tan  

 R÷Ç öPõkUP¨£mkÒÍ AmhÁøn°À 

30.010.0 ≤≤ x &À xtan &ß ©v¨¦ öPõkUP¨£mkÒÍx. 

x 0.10 0.15 0.20 0.25 0.30 

y = xtan  0.1003 0.1511 0.2027 0.2553 0.3093

 PõsP  

 (A) 12.0tan  

 (B) 26.0tan  

 (C) 50.0tan  
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18. From the following data, find 
dx
dy

 and 2

2

dx
yd

 at 2.1=x  

and 2.2=x . 

¤ßÁ¸® ÂÁμ[PÐUS 2.1=x  ©ØÖ® 2.2=x &À 
dx
dy

 

©ØÖ® 2

2

dx
yd

& I PõsP. 

19. Solve the following equations by factorization method. 

 
823
632
932

=++
=++
=++

zyx
zyx
zyx

 

 ¤ßÁ¸® \©ß£õkPøÍ £SzuÀ •øÓ°À wºUP. 

 

823
632
932

=++
=++
=++

zyx
zyx
zyx

 

20. If xy
dx
dy −= , ( ) 20 =y  compute ( )1.0y  and ( )2.0y  using 

Runge-Kutta fourth order formula. 

xy
dx
dy −= , ( ) 20 =y  GÛÀ, μ[÷P&Smhõ |õßPõ® 

`zvμzøu £¯ß£kzv ( )1.0y  ©ØÖ® ( )2.0y  I PnUQkP. 

 

 

 
———————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Find the magnitude and direction of resultant of two 
equal forces at an angle α . 
÷Põn® α –ÂÀ EÒÍ C¸ \©©õÚ Âø\PÎß ÂøÍÄ 
Âø\US vø\ ©ØÖ® AÍÄ PõsP. 

2. Define the moment of a force. 
 Âø\°ß v¸¨¦zvÓøÚ Áøμ¯Ö. 

3. Define the co-efficient of friction. 
 Eμõ´Âß öPÊøÁ Áøμ¯Ö. 

4. Write the intrinsic equation of catenary. 
 \[Q¼¯zvß EÒÍõº¢u \©ß£õmøh GÊx. 

5. Define the angle of projection. 
 GÔö£õ¸Îß ÷Põnzøu Áøμ¯Ö. 

6. Define the time of flight. 
 £Ózu¼ß ÷|μ® Áøμ¯Ö. 

7. What is a direct impact? 
 ÷|μi ÷©õuÀ GßÓõÀ GßÚ? 

8. State the principle of conservation of momentum. 
 E¢uzvß Põ¨¦ {» öPõÒøPø¯ TÖ. 

Sub. Code 
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9. Write the equation of motion in polar co-ordination. 

 x¸Á Aø»U TÖPÎÀ C¯UPzvß \©ß£õmøh GÊx. 

10. Write the polar equation of equiangular spiral. 

 \©÷Põn _¸Î°ß x¸Á \©ß£õmøh GÊx. 

 Part B (5 × 5 = 25) 

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

11. (a) State and prove the perpendicular of triangle of 
force. 

   Âø\PÎß •U÷PõnzxUPõÚ ö\[Szøu TÔ 
{ÖÄP. 

Or 

 (b) Find the condition for three forces to be in 
equilibrium. 

   \©{ø»°À ‰ßÖ Âø\PÒ C¸UP {£¢uøÚ PõsP. 

12. (a) Find the radius of curvature at any point on the 
catenary. 

   \[Q¼¯zvß «xÒÍ H÷uÝ® J¸ ¦ÒÎUS 
ÂÍÁõμ® PõsP. 

Or 

 (b) State the lawn of friction.  

   Eμõ´Âß ÂvPøÍ TÖ. 

13. (a) Find the greatest height attained by a projectile. 

   GÔö£õ¸Ò Aøh²® AvP£m\ E¯μ® PõsP. 

Or 

 (b) Find the horizontal range of projectile. 

   GÔö£õ¸Îß Qøh©mh Ãa_ PõsP. 
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14. (a) Find the velocities of two spheres after direct 
impact. 

   ÷|μi ÷©õu¾US ¤ß, C¸÷PõÍ[PÎß 
vø\÷ÁP[PøÍ PõsP. 

Or 

 (b) State the three fundamental lawn of impact. 

   ÷©õu¼ß Ai¨£øh ÂvPÒ ‰ßøÓ TÖ. 

15. (a) For the central orbit with usual notations, prove 
that pvh = . 

   ø©¯ {¯©¨£õøuUS ÁÇUP©õÚ SÔ±kPÎß£i 

pvh =  GÚ {ÖÄP. 

Or 

 (b) Find the rp −  equation of circle, pole at any point. 

   x¸Á® H÷uÝ® J¸ ¦ÒÎUS Ámhzvß rp −  

\©ß£õk PõsP. 

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. State and prove Varigon’s theorem. 

 Áõ›PõÛß ÷uØÓzøu TÔ {ÖÄP. 

17. Derive ( )c
xcy cosh=  for a catenary. 

 \[Q¼¯zxUS ( )c
xcy cosh= –I u¸Â. 

18. Prove that the path of the projectile in a parabole. 

 J¸ GÔö£õ¸Îß £õøu £μÁøÍ¯® BS® GÚ {ÖÄP. 
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19. Prove that there is a loss of kinetic energy due to direct 
impact of two spheres. 

C¸ ÷PõÍ[PÎß ÷|μi ÷©õu¼ß ‰»® C¯UP BØÓ¼À 
CÇ¨¦ Esk GÚ PõmkP. 

20. Derive the differential equation of central orbit.  

 ø©¯ {¯©¨£õøu°ß ÁøPUöPÊ \©ß£õmøh u¸Â. 

 
———————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Express 3zw =  in the form ),(),( yxivyxu + . 

 3zw =  I, ),(),( yxivyxu +  GßÓ ÁiÁzvÀ 
Â›zxUPõmkP. 

2. Prove that the function Zzf Re)( =  is nowhere 
differentiable. 

 Zzf Re)( =  GßÓ \õº¦ ÁøPUöPÊ PõnzuUPvÀø» GÚ 
{ÖÄP. 

3. Define Inversion. 
÷|º©õØÓzøu Áøμ¯Ö. 

4. Find the invariant points of the transformation 
z
zw

−
+=

1
1

. 

 
z
zw

−
+=

1
1

 E¸©õØÓzvÀ, {ø»¨¦ÒÎPøÍU PõsP. 

5. Define piecawise differentiable curve. 

 xskÁ› ÁøPø©²Ö ÁøÍÁøμø¯ Áøμ¯Ö. 

Sub. Code 
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6. State Liouville’s theorem. 

¼÷¯õÂ¼ì ÷uØÓzøu GÊxP. 

7. Expand : CoshzSinhz,  

ÂÁ›UP : CoshzSinhz,  

8. Find the zero’s  of zezizzf 32 )3()2()( +−= . 

 zezizzf 32 )3()2()( +−= –ß §äâ¯[PøÍ PõsP. 

9. State Cauchy’s residue theorem. 

Põ]°ß Ga\z ÷uØÓzøu GÊxP. 

10. State Jordan’s lemma. 

÷áõºhõß xønz ÷uØÓzøu GÊxP. 

 Part B (5 × 5 = 25) 

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

11. (a) If 
xyyx ∂∂

∂=
∂∂

∂ 22

. Prove that 
zxyx ∂∂

∂=
∂
∂+

∂
∂ 2

2

2

2

2

4  

   
xyyx ∂∂

∂=
∂∂

∂ 22

 GÛÀ 
zxyx ∂∂

∂=
∂
∂+

∂
∂ 2

2

2

2

2

4  GÚ {ÖÄP. 

Or 

 (b) If ),(),()( yxivyxuzf += is an analytic function and 

xCosyCosh
xSinyxu

22
2

),(
+

= , find )(zf . 

   ),(),()( yxivyxuzf += J¸ £S¨£õ´Ä \õº¦ ©ØÖ® 

xCosyCosh
xSinyxu

22
2

),(
+

=  GÛÀ, )(zf – I PõsP. 
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12. (a) Find the image of the square region with vertices 
(0,0), (2,0), (2,2), (0,2) under the transformation 

)2()1( iziw +++= . 

   (0,0), (2,0), (2,2), (0,2) GßÓ •øÚPøÍ Eøh¯ 
\xμ¨ £Sv°ß ¤®£zøu )2()1( iziw +++=  GßÓ 
E¸©õØÓzvß RÌ PõsP. 

Or 

 (b) Find the bilinear transformation which maps the 
points ,2,,2 321 −=== zizz  onto 

1,,1 321 −=== wiww  respectively.  

   2,,2 321 −=== zizz GßÓ ¦ÒÎPøÍ 

1,,1 321 −=== wiww  GßÓ ¦ÒÎPÍõP ©õØÓUTi¯ 
C¸£i E¸©õØÓzøuU PõsP. 

13. (a) Prove that : dttfdttf
b

a

b

a  ≤ )()( . 

   {ÖÄP : dttfdttf
b

a

b

a  ≤ )()(  

Or 

 (b) State and prove the fundamental theorem of 
algebra. 

   C¯ØPou Ai¨£øhz ÷uØÓzøu GÊv {ÖÄP. 

14. (a) Find the Laurent’s series for 
)2()1( ++ zz

z
 about 

.2−=z  

   .2−=z  GßÓ ¦ÒÎø¯a _ØÔ 
)2()1( ++ zz

z
–ß 

»õμßmì öuõhøμ GÊxP. 

Or 

 (b) State and prove Riemann’s theorem. 
   Ÿ©õß ÷uØÓzøu GÊv {ÖÄP. 
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15. (a) Find the residue of 222 )(
1
az +

 at aiz =  

   222 )(
1
az +

–US aiz = Ga\[PÒ PõsP. 

Or 

 (b) State and prove Rouche’s theorem. 

  ÷μõa\ì ÷uØÓzøu GÊv {ÖÄP. 

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Derive Cauchy – Riemann equations in polar  
co–ordinates. 

Põ] – Ÿ©õß \©ß£õkPøÍ ÷£õ»õº Aa_PÎÀ u¸Â. 

17. Prove that any bilinear transformation can be expressed 
as a product of translation, rotation, magnification or 
Contraction and inversion. 

G¢u J¸ C¸£i E¸©õØÓzøu²® ö£¯º¨¦, _ØÓÀ, 
E¸¨ö£¸UP®, _¸UP® ©ØÖ® ÷|º©õØÓ® CøÁPÎß 
ö£¸UP©õP GÊu •i²® GßÖ {ÖÄP. 

18. State and Prove Cauchy’s theorem. 

Põ]°ß ÷uØÓzøu GÊv {ÖÄP. 

19. State and prove Taylor’s theorem. 

öh´»›ß ÷uØÓzøu GÊv {ÖÄP. 

20. Prove that : 
∞

=
−0 6

4

6
3

1
π

x
dxx

.  

 {ÖÄP : 
∞

=
−0 6

4

6
3

1
π

x
dxx

. 

———————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Define random experiment.  

\©Áõ´¨¦ ÷\õuøÚø¯ Áøμ¯Ö. 

2. If ....3,2,1;
3
2

)( =





= xcxf

x

 find C. 

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

)( =





= xcxf

x

 GÛÀ C–I PõsP. 

3. Write the p.d.f for a binomial variate. 

J¸ D¸Ö¨¦ ©õÔ°ß {PÌuPÄ Ahºzv \õº£»øÚ 
GÊxP. 

4. Define Gamma distribution. 

Põ©õ¨ £μÁø» Áøμ¯Ö. 

5. What is meant by random sampling? 

Áõ´¨¦U TÖ GßÓõÀ GßÚ? 

Sub. Code 
7BMA6C3 
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6. Define alternative hypothesis. 

 ©õØÖ Gk÷PõøÍ Áøμ¯Ö. 

7. Define t-Test. 

t–÷\õuøÚø¯ Áøμ¯Ö. 

8. Find the least value of r in a sample of 11 pairs from a 
bivariate normal population significant at 5% level. 

 5% ö£õ¸ÐÖ ªøPzußø© ©mhzvÀ, Jº C¸©õÔ C¯À 

©UPÒöuõøP°¼¸¢x 11 ÷áõiPÎß ©õv›°À r –°ß 
SøÓ¢u£m\ ©v¨ø£U PshÔ¯Ä®. 

9. Define 2χ  test. 

 2χ –÷\õuøÚø¯ Áøμ¯Ö. 

10. State Yate’s Correction. 

÷¯mì v¸zuzøu GÊxP. 

 Part B (5 × 5 = 25) 

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

11. (a) State and prove Baye’s theorem. 

   ÷£°ì ÷uØÓzøu GÊv {ÖÄP. 

Or 

 (b) Prove that 
0

1 ))(()(
=










∂
∂−=

t
r

r
r

r t
t

i φμ  

   {ÖÄP 
0

1 ))(()(
=










∂
∂−=

t
r

r
r

r t
t

i φμ  
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12. (a) If X is a Poisson variable such that P(X=1) = 0.3 and 
P(X=2) = 0.2. Find P(X=0).  

   X  Gß£x P(X=1) = 0.3 ©ØÖ® P(X=2) = 0.2 Eøh¯ 

J¸ £õ´\õß ©õÔ GÛÀ, P(X=0) – I PõsP. 

Or 

 (b) In a normal distribution 31% of the items are under 
45 and 8% are over 64. Find the mean and standard 
deviation.  

   J¸ C¯À £μÁ¼À 31% ö£õ¸mPÒ 45–US 

SøÓÁõÚøÁ ©ØÖ® 8% 64–US ÷©À EÒÍÚ, Auß 
\μõ\› ©ØÖ® vmh Â»UP® PõsP. 

13. (a) A sample of 1000 products from a factory are 
examined and found to be 2.5% defective. Another 
sample of 1500 similar products from another 
factory are found to have only 2% defective. Can we 
conclude that the products of the first factory are 
inferior to those of the second? 

   J¸ öuõÈ¢\õø»°¼¸¢x 1000 ö£õ¸mPÎß ©õv› 

B´Ä ö\´¯¨£mk 2.5% SøÓ£õkÒÍuõPU 
PshÔ¯¨£mhx. ©ØöÓõ¸ öuõÈØ\õø»°¼¸¢x 
1500 A÷u ©õv› ö£õ¸mPÎß ©ØöÓõ¸ ©õv›°À 

2% SøÓ£õk ©mk÷© EÒÍx, •uÀ 
öuõÈØ\õø»°ß ö£õ¸mPÒ CμshõÁx 
öuõÈØ\õø»ø¯ Âhz uõÌ¢ux GßÖ |õ® •iÄ 
ö\´¯ •i²©õ? 

Or 

 (b) In a random sample of 50 pairs of values the 
correlation was found to be 0.89. Is this consistent 
with the assumption that the correlation in the 
population is 0.84? 

   50 ÷áõi ©v¨¦PÎß  J¸ Áõ´¨¦U TÔß JmkÓÄ 
0,89 GÚ PshÔ¯¨£mhx. Cx ©UPÒ öuõøP°À 
JmkÓÄ 0,84 GßÓ P¸x÷PõÐhß Jzx¨÷£õQÓuõ? 
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14. (a) A group of 10 rats fed on a diet A and another group 
of 8 rats fed on a different diet B recorded the 
following increase in weight in grams. Test whether 
diet A is superior to diet B. 

Diet A 5 6 8 1 12 4 3 9 6 10

Diet B 2 3 6 8 1 10 2 8 – – 

   10 G¼PøÍ Eøh¯ J¸ SÊÂØS EnÄ A ©ØÖ® 8 
G¼PøÍ Eøh¯ ©ØöÓõ¸ SÊÂØS ÷ÁöÓõ¸ 
EnÄ 8–® öPõkUP¨£mh÷£õx AÁØÔß Gøh 
AvP›¨¦ Qμõ®–À ¤ßÁ¸©õÖ £vÄ ö\´¯¨£mhx. 

EnÄ B –I Âh EnÄ A E¯º¢uuõ Gß£øu 
÷\õvUPÄ®. 

EnÄ  A 5 6 8 1 12 4 3 9 6 10

EnÄ B 2 3 6 8 1 10 2 8 – – 

Or 

 (b) For a sample of size 19 a correlation of 0.36 was 
obtained. Can this be a from a population with 
Correlation coefficient 0=ρ ? 

   19 AÍÄøh¯ J¸ TÖUS JmkÓÄ 0,36 GÚ 

ö£Ó¨£mhx. Cx 0=ρ  Gß£øu JmkÓÄU 

öPÊÁõP Eøh¯ J¸ ©UPÒ öuõøP°¼¸¢x 
Á¢uuõ? 

15. (a) Test the hypothesis that 8=σ and s = 10 for a 
random sample of size 51. 

   51 AÍÄøh¯ J¸ Áõ´¨¦U TÔÀ 8=σ  ©ØÖ®  

s = 10  GßÓ Gk÷PõøÍa ÷\õvUPÄ®. 

Or 
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 (b) Analyse the variance in the following Latin square. 

B 20  C 17  D 25 A 34

A 23  D 21  C 15 B 24

D 24  A 26  B 21 C 19

C 26  B 23  A 27 D 22

  ¤ßÁ¸® »zwß \xμzvß £μÁØ£iø¯¨ £S¨£õ´Ä 
ö\´¯Ä®. 

B 20  C 17  D 25 A 34

A 23  D 21  C 15 B 24

D 24  A 26  B 21 C 19

C 26  B 23  A 27 D 22

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. If 








≤≥
<≤−
≤<

=
0&2,0
21,2

10,

)(
xx
xx
xx

xf  then find the distribution 

function of X. 

 








≤≥
<≤−
≤<

=
0&2,0
21,2

10,

)(
xx
xx
xx

xf  GÛÀ X –ß £μÁÀ \õº£»øÚU 

PõsP. 

17. A biased Coin was tossed 5 times and the experiment was 
repeated 200 times. The following frequencies of 
0,1,2,3,4,5 heads were obtained. Fit a binomial 
distribution and find the expected frequencies. 
No. of heads 0 1 2 3 4 5 Total

Frequencies 12 56 74 39 18 1 200 
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J¸ ¤ÓÌa]²øh¯ |õn¯® 5 •øÓ Ã\¨£mhx ©ØÖ® 
A¢u ÷\õuøÚ 200 •øÓ «sk® «sk® |hzu¨£mhx. 
0,1,2,3,4,5 uø»PÎß ¤ßÁ¸® Aø»öÁsPÒ 
ö£Ó¨£mhÚ. D¸Ö¨¦¨ £μÁø» ö£õ¸zxP ©ØÖ® 
Gvº£õº¨¦ Aø»öÁsPøÍU PõsP. 
uø»PÎß GsoUøP 0 1 2 3 4 5 ö©õzu®

Aø»öÁsPÒ 12 56 74 39 18 1 200 

18. The mean production of wheat of a sample of 100 plots is 
200 kgs per acre with s.d of 10 kgs. Another sample of 
150 plots gives the mean production of wheat as 220 kgs 
with s.d. of 12 kgs. Assuming the s.d. of the 11 kgs for the 
universe find, at 1% level of significance, whether the two 
results are consistent. 
100 {»[PøÍ²øh¯ J¸ ©õv›°À ÷Põxø©°ß \μõ\› 
EØ£zv HUP¸US 200 Q÷»õ ©ØÖ® vmh Â»UP® 10 
Q÷»õ. 150 {»[PøÍ²øh¯ ©ØöÓõ¸ ©õv›°À 
÷Põxø©°ß \μõ\› EØ£zv 220 Q÷»õ ©ØÖ® 
vmhÂ»UP® 12 Q÷»õ ¤μ£g\zvØS 11 Q÷»õ vmh 
Â»UP® GÚ P¸v. Cμsk •iÄPÐ® ^μõP EÒÍuõ GÚ 
1% ö£õ¸ÐÖøP ªøPzußø© ©mhzvÀ PõsP. 

19. Two random samples drawn from 2 normal populations 
are given below.  Test whether the 2 population have the 
same variance. 
Sample I 20 16 26 27 23 22 18 24

Sample II 17 23 32 25 22 24 28 6 

 
Sample I 25 19 – – n=10

Sample II 31 33 20 27 n=12

 Cμsk C¯À ©UPÒ öuõøP°¼¸¢x GkUP¨£mh Cμsk 
Áõ´¨¦U TÖPÒ R÷Ç öPõkUP¨£mkÒÍx. Cμsk ©UPÒ 
öuõøPUS® J÷μ £μÁØ£i¯õ GßÖ ÷\õvUPÄ®. 
TÖ I 20 16 26 27 23 22 18 24

TÖ II 17 23 32 25 22 24 28 6 

 
TÖ I 25 19 – – n=10

TÖ II 31 33 20 27 n=12
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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 

¤ßÁ¸® ÂÁμ[PÐUS £õ´\õß £μÁø» ö£õ¸zxP 
©ØÖ® ö£õ¸zuzvß ö\®ø©ø¯ ÷\õvUPÄ®. 

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. Define a replacement problem. 

 C¯¢vμ ©õØÖ PnUS Áøμ¯Ö. 

2. What is group replacement policy? 

 SÊøÁ ©õØÔ¯ø©US® vmh® GßÓõÀ GßÚ? 

3. Define Buffer inventory. 

 uõ[PÀ (Buffer) \μUQ¸¨¦ Áøμ¯Ö. 

4. Define purchase cost and ordering cost. 

 öPõÒ•uÀ ö\»Ä ©ØÖ® Bºhº ö\»Ä Áøμ¯Ö. 

5. Define a queue. 

 Á›ø\ Áøμ¯Ö. 

6. Write Little’s formula. 

 ¼miÀ’ì `zvμzøu GÊxP. 

Sub. Code 
7BMA6C4 
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7. Define predecessor and successor activity. 

 •ß÷Úõi ö\¯À£õk ©ØÖ® ¤ßÁ¸ ö\¯À£õk Áøμ¯Ö. 

8. Define optimistic and pessimistic time. 

 \õuP©õÚ ÷|μ® ©ØÖ® |®¤UøP¯ØÓ ÷|μ® Áøμ¯Ö. 

9. Define a saddle point. 

 ÷\n¨ ¦ÒÎø¯ Áøμ¯Ö. 

10. Define optimum strategy. 

 EP¢u Ezvø¯ Áøμ¯Ö. 

 Part B (5 × 5 = 25) 

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

11. (a) The cost of a machine in Rs. 12,200, its scrap value 

is Rs. 200. The running costs are as follows : 

Year 1 2 3 4 5 6 7 8 

Running cost 200 500 800 1,200 1,800 2,500 3,200 4,000

When should the machine be replaced? 

   J¸ C¯¢vμzvß Âø» ¹. 12,200. Auß ìUμõ¨ 

©v¨¦ ¹. 200 Auß Kmha ö\»Ä ¤ßÁ¸©õÖ : 

Bsk 1 2 3 4 5 6 7 8 

Kmhaö\»Ä 200 500 800 1,200 1,800 2,500 3,200 4,000

   G¨÷£õx A¢u C¯¢vμzøu ©õØÓ ÷Ásk®? 

Or 
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 (b) Let 9.0=v  and initial price is Rs. 5,000. Running 
cost varies as follows : 

Year 1 2 3 4 5 6 7 

Running cost 400 500 700 1000 1,300 1,700 2,100

What would be the optimum replacement interval? 

   9.0=v  ©ØÖ® Bμ®£ Âø» ¹£õ´ 5,000. Auß 
Kmha ö\»Ä ¤ßÁ¸©õ ÷ÁÖ£kQÓx. 

Bsk 1 2 3 4 5 6 7 

Kmha ö\»Ä 400 500 700 1000 1,300 1,700 2,100

   C¯¢vμzøu ©õØÖÁuØPõÚ EP¢u CøhöÁÎ 
GßÚ? 

12. (a) A contractor has to supply 10,000 bearings per day 
to as automobile manufacturer. He finds that, he 
starts a production run, he can produce 25,000 
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. 1,800. How frequently should 
production run be made? 

   J¸ J¨£¢uUPõμº J¸ Bm÷hõö©õø£À 
EØ£zv¯õÍ¸US J¸ |õøÍUS 10,000 
¤¯›[UìPøÍ ÁÇ[P ÷Ásk®. AÁº J¸ EØ£zv 
Kmhzøu öuõh[S® ÷£õx J¸ |õøÍUS 25,000 
¤¯›[UìPøÍ EØ£zv ö\´² •i²®. J¸ 
Á¸hzvØS C¸¨¦ øÁzv¸¨£uØPõÚ ö\»Ä 2 
¹£õ´ ©ØÖ® J¸ EØ£zv Kmhzvß Aø©Ä ö\»Ä 
1800 ¹£õ´. EØ£zv GÆÁÍÄ AiUPi ö\´¯¨£h 
÷Ásk®? 

Or 

 (b) Explain the different types of inventories.  

   £À÷ÁÖ ÁøP¯õÚ \μUQ¸¨¦PøÍ ÂÍUSP. 
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13. (a) Explain the operational characteristics of a queuing 
system.  

   J¸ Á›ø\ Aø©¨¤ß ö\¯À£õmk £s¦PøÍ 
ÂÍUSP. 

Or 

 (b) In a railway marshalling yard, goods trains arrive 
at a 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 minutes. Calculate 
the following : 

  (i) The mean queue size and 

  (ii) The probability that the queue size exceeds 10. 

   J¸ μ°À÷Á ©õºåõ¼[ ¯õºiÀ, J¸ |õøÍUS 30 
μ°ÀPÒ Ãu® \μUS μ°ÀPÒ Á¸QßÓÚ. Á¸øPUS 
Cøh¨£mh ÷|μ® ©ØÖ® ÷\øÁ ÷|μ Â{÷¯õP•® 
Av÷ÁP Â{÷¯õPzøu \μõ\›¯õP 36 {ªh[PÒ 
¤ß£ØÖQÓx GÛÀ ¤ßÁ¸ÁÚÁØøÓ 
PnUQk[PÒ. 

   (i) \μõ\› Á›ø\ AÍÄ ©ØÖ® 

   (ii) Á›ø\ AÍÄ 10 I uõsk® {PÌuPÄ 

14. (a) Explain the rules of network construction. 

   Áø»¨¤ßÚÀ Aø©¨¦ ÂvPøÍ ÂÍUSP. 

Or 

 (b) Draw a network for the following data : 
Activity A B C D E F G H I J 

Preceding Activities None A A B A B, E C D, F G H, I

   ¤ßÁ¸® uμÄPÐUS ö|möÁõºU Áøμ£h® ÁøμP. 
ö\¯À£õk A B C D E F G H I J 

•¢øu¯ ö\¯À£õkPÒ None A A B A B, E C D, F G H, I
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15. (a) Solve the game : 

 B1 B2 B3 

A1 – 2 15 – 2

A2 – 5 – 6 – 4

A3 –5  20 – 8

   Bmhzøu wºUP : 

 B1 B2 B3 

A1 – 2 15 – 2

A2 – 5 – 6 – 4

A3 –5  20 – 8

Or 

 (b) Solve the following game using dominance property. 

 B1 B2 B3 

A1 10 5 – 2

A2 13 12 15 

A3 16 14 10 

   ÷©»õsø© £s¦PøÍ £¯ß£kzv ¤ßÁ¸® 

Bmhzøu wºUP. 

 B1 B2 B3 

A1 10 5 – 2

A2 13 12 15 

A3 16 14 10 
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. The cost of a new machine is Rs. 5,000. The maintenance 
cost of nth year is given by ( ) ,2,1,1500 =−= nnCn . 

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¸ ¦v¯ C¯¢vμzvß Âø» ¹£õ´ 5,000 n Áx 

Á¸hzvß £μõ©›¨¦ ö\»Ä ( ) ,2,1,1500 =−= nnCn  

©ØÖ® Á¸hzvØS uÒÐ£i ÂQu® 0.5 GÛÀ GzuøÚ 
BskPÐUS ¤ÓS ¦v¯ C¯¢vμzøu ©õØÖÁx 
EP¢uuõP C¸US®? 

17. A company purchases 9000 pairs of a machine for its 
annual requirements, ordering one month usage at a 
time. Each part costs Rs. 20. The ordering cost per order 
is Rs. 15 and the carrying charges are 15% of the average 
inventory per year. You have been assigned to suggest a 
move economical purchasing policy for the company. 
What advise would you offer and how much would it save 
the company per year? 

J¸ {ÖÁÚ® Auß Á¸hõ¢vμ ÷uøÁUPõÚ J¸ 
C¯¢vμzvß 9000 £õP[PøÍ Áõ[SQÓx. J÷μ ÷|μzvÀ 
J¸ ©õu £¯ß£õmøh Bºhº ö\´QÓx. JÆöÁõ¸ 
£õPzvØS® 20 ¹£õ´ ö\»ÁõS®. Bºhº ö\»Ä J¸ 
Bºh¸US 15 ¹£õ´ ©ØÖ® Gkzx ö\À¾® ö\»Ä \μõ\› 
\μUSPÎÀ 15% BS®. {ÖÁÚzvØS ªPÄ® ]UPÚ©õÚ 
öPõÒ•uÀ öPõÒøPø¯ £›¢xøμUP E[PÐUS 
JxUP¨£mkÒÍx. }[PÒ GßÚ B÷»õ\øÚ ÁÇ[SÃºPÒ 
©ØÖ® Ax Á¸hzvØS {ÖÁÚzvØS GÆÁÍÄ 
ªa\¨£kzx®? 
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18. Explain the characteristics of ( ) ( )FIFOMM /:1// ∞  
model. 

 ( ) ( )FIFOMM /:1// ∞  ©õv›°ß £s¦PøÍ ÂÁ›. 

19. Draw the network and find the critical path for the 
following data. 

Activity 1-2 1-3 1-4 2-4 3-6 3-7 4-6 5-8 6-9 7-8 8-9

Time 2 2 1 4 8 5 3 1 5 4 3 

 ¤ßÁ¸® uμÄPÐUS Áø»¨¤ßÚÀ Áøμ¢x ©õÖ{ø»¨ 
£õøuø¯U PõsP. 

ö\¯À£õk 1-2 1-3 1-4 2-4 3-6 3-7 4-6 5-8 6-9 7-8 8-9

÷|μ® 2 2 1 4 8 5 3 1 5 4 3 

20. Solve the following game graphically.  
  Player B 

  B1 B2 B3 B4 

Player A A1 2 1 0 – 2

 A2 1 0 3 2 

 ¤ßÁ¸® Bmhzøu Áøμ£h •øÓ°À wºUP :  

  BmhUPõμº B 

  B1 B2 B3 B4 

BmhUPõμº A A1 2 1 0 – 2

 A2 1 0 3 2 

 

 

 

 
———————— 
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B.Sc. DEGREE EXAMINATION, NOVEMBER 2023. 

Sixth Semester 

Mathematics 

Elective – DISCRETE MATHEMATICS 

(CBCS – 2017 onwards) 

Time : 3 Hours Maximum : 75 Marks 

 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Prove that P P⇔  

 {ÖÄP P P⇔ . 

2. Obtain the PDNF for P ∨ Q. 

 P ∨ Q –ØS PDNF ö£ÖP. 

3. Define partial order relation. 
 £Sv Á›ø\ EÓøÁ Áøμ¯Ö. 

4. Define a lattice. 
 J¸ ¤ßÚø» Áøμ¯Ö. 

5. If 1011=x , 0101=y  then find ),( yxδ . 

 1011=x , 0101=y GÛÀ ),( yxδ –I PõsP. 

6. Define an encoding function. 
 J¸ SÔ¯õUPa \õºø£ Áøμ¯Ö. 

7. Define a finite automaton. 
 J¸ Áøμ¯ÖUP¨£mh Bm÷hõ÷©mhøÚ Áøμ¯Ö. 

8. Define equivalent automata’s. 
 \©©õÚ Bm÷hõ÷©mhõUPøÍ Áøμ¯Ö. 
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9. If ( )SPcbasG ,},,,{},{=  and P consists of cbsbaSaS → .  

find L(G). 
 ( )SPcbasG ,},,,{},{= ©ØÖ® P Gß£x cbsbaSaS → –I 

Eøh¯x GÛÀ L(G)–I PõsP. 

10. Define type 2 grammar. 
 ÁøP 2 C»UPnzøu Áøμ¯Ö. 

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

11. (a) Draw the parsing tree for the formula 
((( →p ))()) qpq ∧→ . 

   ((( →p ))()) qpq ∧→  GßÓ `zvμzvØS £õº][ 
©μzøu ÁøμP. 

Or 

 (b) Establish that: →∧ )( QP ( (∨P  

()) ∨ QP )QP ∨ . 

   {ÖÄP →∧ )( QP ( (∨P  

()) ∨ QP )QP ∨ . 

12. (a) Let },,,{ dcbaA = .  Find the relation R on A 

determined by the matrix 



















=

0001
1100
0100
1011

RM  and 

draw the digraph of R. 

   },,,{ dcbaA =  A–ß «x, 



















=

0001
1100
0100
1011

RM  GßÓ 

Ao¯õÀ wº©õÛUP¨£k® EÓÄ R–I PõsP ©ØÖ® 
R–ß vø\ ÷Põmk¸øÁ ÁøμP. 

Or 
 (b) Prove that every chain is a lattice.  
   JÆöÁõ¸ \[Q¼²® J¸ ¤ßÚÀ GÚ {ÖÄP. 
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13. (a) Show that the )1,( +mm  parity check code can 
detect one error. 

   )1,( +mm  GßÓ \©{ø» \›£õº¨¦ SÔ±k J¸ 
¤øÇø¯U PshÔ²® GÚU PõmkP. 

Or 

 (b) Show that )1,( +mm  parity check code 
1: +→ mm BBe  is a group code.  

   1: +→ mm BBe  GßÓ \©{ø» \›£õº¨¦ SÔ±k J¸ 
S»U SÔ±k GÚU PõmkP. 

14. (a) Let ),,,,( 0 FqQM δΣ=  be a finite automaton.  Let R 
be a relation in Q defined by 21Rqq  if 

),(),( 21 aqaq δδ =  for all a in Σ .  Show that R is an 
equivalence relation. 

   ),,,,( 0 FqQM δΣ=  Gß£x J¸ Áøμ¯ÖUP¨£mh 

Bm÷hõ÷©mhß. ),(),( 21 aqaq δδ =  Σ∈∀a  
GÝ®÷£õx  21Rqq  –GßÖ Q–ß «x 
Áøμ¯ÖUP¨£mh J¸ EÓÄ R GÛÀ, R J¸ \©õÚ 
EÓÄ GÚU PõmkP. 

Or 

 (b) Construct a finite automaton M accepting },{ baab . 

   },{ baab –I HØÖUöPõÒÐ® J¸ Áøμ¯ÖUP¨£mh 
Bm÷hõ÷©mhß M–I Aø©UPÄ®. 

15. (a) Construct a regular grammar to generate 
}1,,:{ ≥nmlcba nml . 

   }1,,:{ ≥nmlcba nml –I E¸ÁõUP J¸ JÊ[S 
C»UPnzøu Aø©UPÄ®. 

Or 

 (b) Construct a regular grammar which will generate 
all strings of 0’s and 1’s having n odd numbers of 0’s 
and odd number of 1’s. 

   n JØøÓ¨£øh 0 øÁ²® ©ØÖ® n JØøÓ¨£øh  
1–I® Eøh¯, 0 ©ØÖ® 1–I Eøh¯ AøÚzx 
\μ[PøÍ²® E¸ÁõUPUTi¯ J¸ JÊ[S 
C»UPnzøu Aø©UPÄ®. 
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Construct the truth table for the following formulas. 

 (a) ( ∧∨ )QP ( )PQ ∨  

 (b) ()( ∨∧ QP ∧∨∧ PQP () () ∨Q ∧P )Q  

 ¤ßÁ¸® `zvμ[PÐUS Esø© ©v¨¦ AmhÁønø¯ 
Aø©UPÄ®. 

 (A) ( ∧∨ )QP ( )PQ ∨  

 (B) ()( ∨∧ QP ∧∨∧ PQP () () ∨Q ∧P )Q  

17. Prove that ),,( ∨∧× ML  is a lattice. 

 ),,( ∨∧× ML Gß£x J¸ ¤ßÚÀ GÚ {ÖÄP. 

18. State and prove the properties of distance function δ . 

 öuõø»Ä \õº¦ δ –ß £s¦PøÍ GÊv {ÖÄP. 

19. Let L be the set accepted by an NFAM.  Then prove that 
there exists an FA 'M  which accepts L. 

L Gß£x J¸ NFAM–BÀ HØÖUöPõÒÍ¨£mh Pn©õS®.  
L–I HØÖUöPõÒÐ® J¸ FA 'M  C¸UQÓx GÚ {ÖÄP.   

20. Construct a grammar G generating }1:{ ≥= ncbaL nnn .  

 }1:{ ≥= ncbaL nnn –I E¸ÁõUS® J¸ C»UPn®  

G–I Aø©UPÄ®. 

 
———————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Define cut−α , Aα . 

 α &öÁmk Aα &øÁ Áøμ¯Ö. 

2. State extension principle. 
 Â›ÁõUP öPõÒøPø¯ TÖ. 

3. State the fuzzy complement axioms 1C  and 2C . 

 öuÎÁÖ {μ¨¤°ß AiU÷PõÒPÒ 1C  ©ØÖ®  2C &øÁ 
TÖ. 

4. State the fuzzy intersection axioms 321 ,, iii  and 4i . 

 öuÎÁÖ öÁmiß AiU÷PõÒPÒ 321 ,, iii  ©ØÖ® 4i  TÖ. 

5. Define a dual triple ( )cui ,, . 

 C¸ø© •®©i ( )cui ,, &I Áøμ¯Ö. 

6. State the law of excluded middle. 
 Âk£mh |k¨£Sv Âvø¯ TÖ. 
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7. Define the multiplication and division on closed intervals. 

 ‰i¯ CøhöÁÎPÐUPõÚ ö£¸UPÀ ©ØÖ® ÁSzuÀ 
Áøμ¯Ö. 

8. Define the equivalence class xA  of a fuzzy relation.  

 J¸ öuÎÁÖ öuõhº¤ß \©õÚ ÁS¨¦ xA &I Áøμ¯Ö. 

9. Define minimum and maximum for a partial ordering. 

 £Sv Á›ø\UPõÚ «a]Ö ©ØÖ® «¨ö£›øu Áøμ¯Ö. 

10. Define a strong homomorphism.  

 PiÚ ö\¯À©õÓõ \õºø£ Áøμ¯Ö. 

 Part B (5 × 5 = 25) 

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

11. (a) Prove : ( ) BABA +++ ∪=∪ ααα . 

   {ÖÄP : ( ) BABA +++ ∪=∪ ααα . 

Or 

 (b) Prove : ( ) BABA ααα ∩=∩ . 

   {ÖÄP : ( ) BABA ααα ∩=∩ . 

12. (a) Prove that every fuzzy complement has atmost one 
equilibrium. 

   G¢u J¸ öuÎÁÖ {μ¨¤US® BPU TkuÀ J¸ 
\©{» ©mk÷© Esk GÚ {ÖÄP. 

Or 

 (b) Prove : ( ) ( ) ( ) [ ]1,0,,,,,max max ∈∀≤≤ babaubauba .  

   {ÖÄP : : ( ) ( ) ( ) [ ]1,0,,,,,max max ∈∀≤≤ babaubauba . 
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13. (a) Prove  that ( )cmax,min,  and ( )cui max,min,  are duals 

with respect to c . 

   c &I ö£õÖzx ( )cmax,min,  ©ØÖ® ( )cui max,min,  
Gß£Ú C¸ø©PÒ GÚ {ÖÄP. 

Or 

 (b) For the dual ( )cui ,,  explain, law of excluded 
middle, law of contradiction and distributive law.  

   C¸ø© ( )cui ,, &US uÛzu |k¨£Sv Âv, •μs 
Âv ©ØÖ® £[Rmk Âvø¯ ÂÍUSP. 

14. (a) State and prove the Commutative and Associative 
law for closed interval. 

   ‰i¯ CøhöÁÎPÐUPõÚ £›©õØÖ ©ØÖ® ÷\º¨¦ 
ÂvPøÍ TÔ {ÖÄP. 

Or 

 (b) Explain Binary fuzzy relation with an example. 
   GkzxUPõmkhß Dμi öuÎÁÖ öuõhº¦PøÍ 

ÂÍUSP. 

15. (a) Explain fuzzy morphisms with example.  
   GkzxUPõmkhß öuÎÁÖ ö\¯ö»õ¨¦ø©PøÍ 

ÂÁ›. 

Or 

 (b) Explain the following terms with example. 

  (i) Dominated 

  (ii) Undominated 

  (iii) Dominating class 
   ¤ßÁ¸ÁÚÁØøÓ GkzxUPõmkhß ÂÍUSP. 

  (i) BvUP•øh¯x 

  (ii) BvUP©ØÓx 

   (iii) BvUP ÁS¨¦ 
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Prove that a fuzzy set A  on R  is convex ⇔  
( )( ) ( ) ( ){ }2121 ,min1 xAxAxxA ≥−+ λλ . 

A  GÝ® öuÎÄÓõ Pn® R &ß «x SÂÄ ⇔  
( )( ) ( ) ( ){ }2121 ,min1 xAxAxxA ≥−+ λλ  GÚ {ÖÄP. 

17. State and prove the second characterization theorem of 
fuzzy complements. 

öuÎÁÖ {μ¨¤PÐUPõÚ CμshõÁx ]Ó¨¤¯À¦ 
÷uØÓzøu TÔ {ÖÄP. 

18. Define u  on { }1,0  by ( ) ( )( ) ( )( )( )bcacicbau ,, = . Prove that 
u  is a t -conorm and ( )cui ,,  is dual triple. 

 u øÁ { }1,0  «x ( ) ( )( ) ( )( )( )bcacicbau ,, =  GÚ Áøμ¯Ö. u  

BÚx J¸ t -Cnö|Ô©® ©ØÖ® ( )cui ,,  J¸ C¸ø© 
•®©i GÚ {ÖÄP. 

19. Under what conditions, the distributive law for intervals 
are true? Prove for such cases. 

G¢u {£¢uøÚPÎß Rº £[Rmk Âv ‰i¯ 
CøhöÁÎPÎÀ Esø©? A¢u ¤›ÄPÐUS {ÖÄP. 

20. Explain fuzzy ordering relations with an example in 
detail.  

öuÎÁÖ Á›ø\ öuõhº¦PÍõP GkzxUPõmkhß Â›ÁõP 
ÂÍUSP. 

 
———————— 


