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B.Sc. DEGREE EXAMINATION, APRIL 2024 

Second Semester 
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ANALYTICAL GEOMETRY OF 3D AND VECTOR 
CALCULUS 

(CBCS – 2017 onwards) 

Time : 3 Hours Maximum : 75 Marks 

 Part A  (10 × 2 = 20) 

Answer all the questions. 

1. Find the locus of P such that 222 kPBPA =+  where A is 
)5,4,3(  and B is ( )7,3,1 −−  and K is constant.  

 222 kPBPA =+  GÝ©õÖ P-ß {¯©¨ £õøu PõsP CvÀ  
A= )5,4,3(  ©ØÖ® B= ( )7,3,1 −−  ©ØÖ® K J¸ ©õÔ¼. 

2. Find the distance between the two Parallel planes 
01922;0822 =++−=−+− zyxzyx . 

 01922;0822 =++−=−+− zyxzyx  GßÓ Cøn 
uÍ[PÐUS Cøh¨£mh yμ® PõsP. 

3. Define : Skew lines.  

 Áøμ¯Ö:  \õ´Ä ÷PõkPÒ. 

4. Write the equation of the sphere in centre radius form.  

 ø©¯® Bμ ÁiÂÀ ÷PõÍzvß \©ß£õmøh GÊxP. 
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5. Define : Right circular cone.  

 Áøμ¯Ö:  ÷|º ÁmhU T®¦. 

6. Define : Enveloping cylinder.  

 Áøμ¯Ö:  uÊÄ® E¸øÍ. 

7. Prove : Grad  )( ψφ +  = grad ψφ grad+ . 

 {ÖÄP : Grad  )( ψφ +  = grad ψφ grad+ . 

8. If kxyjxjyz


++=∇ 2φ  find φ . 

 kxyjxjyz


++=∇ 2φ -&GÛÀ φ  PõsP. 

9. Define : Surface integral. 

 Áøμ¯Ö:  £μ¨¦z öuõøP°hÀ 

10. State Stoke’s theorem.  

 ì÷hõUì&ß ÷uØÓzøuU TÖP. 

 Part B  (5 × 5 = 25) 

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

11. (a) Derive normal form of the equation of the plane.  

  C¯À ÁiÁ uÍzvß \©ß£õmøhz u¸Â. 

Or 

 (b) Find in symmetrical form the equations of the line 
01352;75 =++−=−+ zyxzyx . 

  01352;75 =++−=−+ zyxzyx  GßÓ ÷Põmiß 
\©ß£õmøh \©a^º ÁiÂÀ PõsP. 
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12. (a) The circle on the sphere 

02310222 =+−+++ zbyzyx  has centre ( )2,2,1 − . 

Find its equation.  

  ÷PõÍ® 02310222 =+−+++ zbyzyx &ß «x 

Aø©¢u Ámhzvß ø©¯® ( )2,2,1 −  BS®. Auß 

\©ß£õmøhU PõsP. 

Or 

 (b) Find the equation of the plane with passes through 
( )1,2,1 −  and which contains the line 

1
2

3
1

2
1

−
+=−=+ zyx

. 

  ( )1,2,1 −  ÁÈa ö\ÀÁx® 
1
2

3
1

2
1

−
+=−=+ zyx

 GßÓ 

÷Põmøh ußÝÒ÷Í öPõshx©õÚ uÍzvß 
\©ß£õk PõsP. 

13. (a) Prove that the cones 0222 =++ czbyax and 

0
222

=++
c
z

b
y

a
x

 are reciprocal.  

  0222 =++ czbyax  ©ØÖ® 0
222

=++
c
z

b
y

a
x

 

Gß£øÁ ©Öuø»U T®¦PÒ GÚ {ÖÄP. 

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
 I Aa\õP Eøh¯ 

÷|º Ámh E¸øÍ°ß \©ß£õk PõsP. 
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14. (a) Prove : Curl ff 2divgrad)fCurl( ∇−= . 

  {ÖÄP. Curl ff 2divgrad)fCurl( ∇−= . 

Or 

 (b) If 53243 3322 −−++−= yxyxzyzxφ  find φ2∇ . 

  53243 3322 −−++−= yxyxzyzxφ  GÛÀ φ2∇  

PõsP. 

15.  (a) Evaluate ( ) +−+ drkzjyxzix .)2(3 2


 along the 

straight line from )0,0,0(  to )3,1,2( . 

  )0,0,0(  & C¸¢x )3,1,2(  Áøμ EÒÍ ÷Põmiß «x 

( ) +−+ drkzjyxzix .)2(3 2


 I ©v¨¤kP. 

Or 

 (b) Evaluate  ++
S

dydxyzdxdzydzdyxy 2  If is  

S surface 2222 azyx =++ . 

  2222 azyx =++  GßÓ £μ¨¦ S GÛÀ 

 ++
S

dydxyzdxdzydzdyxy 2  –I ©v¨¤kP. 
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Find the equation of the plane passing through 
)1,2,1(),0,1,1(  and )1,2,2( −− . 

 )1,2,1(),0,1,1(  ©ØÖ® )1,2,2( −− ÁÈ¯õPa ö\À¾® uÍzvß 
\©ß£õk PõsP. 

17. Find the shortest distance and the equation of the line of 
shortest distance in symmetrical form of the lines 

7
10

16
9

3
8 −=

−
+=− zyx

 and 
5
5

8
29

3
15

−
−=−=− zyx

. 

 \©a^º ÁiÁ ÷PõkPÒ 
7
10

16
9

3
8 −=

−
+=− zyx

 ©ØÖ® 

5
5

8
29

3
15

−
−=−=− zyx

 CÁØÔØS Cøh¨£mh «a]Ö yμ® 

©ØÖ® «a]Ö yμU ÷Põmiß \©ß£õk PõsP. 

18. Find the equation to the cone with vertex at the origin 
which passes through the curve 

pnzmylxabxzyx =++=++++ ,02222 . 

 Bv°À •øÚø¯U öPõsk ÁøÍÁøμ 

pnzmylxabxzyx =++=++++ ,02222  ÁÈ¯õPa 
ö\À¾® T®¤ß \©ß£õk PõsP. 

19. Show that the vector 

  ( ) ( ) ( )kzxzxyjxyxzixyzzyf


223232322 +−+++−+−=  is 
both irrotational and solenoidal. 

 ( ) ( ) ( )kzxzxyjxyxzixyzzyf


223232322 +−+++−+−=  
GßÓ öÁUhº Á›a_ØÖøh¯x ©ØÖ® _Ç»ØÓx 
GÚUPõmk. 
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20. Verify Gauss divergence theorem of 

( ) kyxjyizxyf


)3(2 2 +−++= . Over the region bounded 

by 0,0,0,622 ====++ zyxzyx .  

 0,0,0,622 ====++ zyxzyx  BÀ `Ç¨£mh £Sv°ß 

«x ( ) kyxjyizxyf


)3(2 2 +−++= &US Põ]ß £õ´Ä 
÷uØÓzøua \›£õºUP. 

 
———————— 
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 Part A  (10 × 2 = 20) 

Answer all the questions. 

1. Define : Monotonic sequence. 

 Áøμ¯Ö : J›¯À¦ Á›ø\  

2. What is a divergent sequence? 

 Â›²® Á›ø\ GßÓº» GßÚ? 

3. Prove that any convergent sequence is a cauchy sequence. 

 G¢u J¸ J¸[S® Á›ø\²® J¸ Põæ Á›ø\ GÚ {ÖÄP. 

4. Define : Limit points. 

 Áøμ¯Ö : GÀø»¨ ¦ÒÎPÒ 

5. State Comparison test. 

 J¨¥mka ÷\õuøÚø¯U TÖP. 

6. State integral test. 

 öuõøP±mk ÷\õuøÚø¯U TÖP. 

Sub. Code 
7BMA2C2 



F–1008 

  

  2

7. Show that the series ...
4
1

3
1

2
1

1 +−+−  converges 

 ...
4
1

3
1

2
1

1 +−+−  GßÓ öuõhº J¸[S® GÚU Põmk 

8. Define : absolutely convergent series. 

 Áøμ¯Ö : uÛ J¸[S öuõhº 

9. Write the effect of insertion of brackets in an infinite 
series. 

 •iÂ¼z öuõh›À Aøh¨¦USÔPøÍ ö\¸SÁuß 
ÂøÍø¯ GÊxP. 

10. Define Cauchy product of an  and bn . 

 an  ©ØÖ® bn  –ß Põæ ö£¸UPø» Áøμ¯Ö. 

 Part B  (5 × 5 = 25) 

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

11. (a) Prove that ( )n)1(−  is not convergent. 

  ( )n)1(−  J¸[Põx GÚ {¹¤ 

Or 

 (b) If ( ) aan →  and 0,0 ≠≥ anvan  then prove that 

( ) ( )aan →  

  ( ) aan →  ©ØÖ® 0,0 ≠≥ anvan  GÛÀ 

( ) ( )aan →  GÚ {ÖÄP. 
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12. (a) If 
!

1
...

!2
1

!1
1

1
n

an ++++=  then prove that 

3lim ≤≤
∞→ nn

az  

  
!

1
...

!2
1

!1
1

1
n

an ++++=  GÛÀ 3lim ≤≤
∞→ nn

az  GÚ 

{ÖÄP. 

Or 

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

  Põæ°ß •uÀ GÀø»z ÷uØÓzøuU TÔ {ÖÄP. 

13. (a) Discuss the Convergence of the series 

  
( ) −+

nP
nn 1

 

  
( ) −+

nP
nn 1

 GßÓ öuõh›ß J¸[Suø» ÂÁõv. 

Or 

 (b) State and Prove Cauchy’s root test. 

  ÷Põæ°ß ‰»a ÷\õuønø¯U TÔ {ÖÄP. 

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

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

Or 

 (b) Show that the series ( ) ( ) 



 −+− nnn 11 2  is 

conditionally convergent. 

  ( ) ( ) 



 −+− nnn 11 2  GßÓ öuõhº {£¢uøÚ J¸[P 

öuõhº GÍÚU Põmk.  
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15.  (a) State and Prove Riemann’s theorem. 

  Ÿ©õÛß ÷uØÓzøuU TÔ {ÖÄP. 

   

Or 

 (b) Show that the Cauchy product of two divergent 
series may be convergent. 

  C¸ Â›²® öuõhºPÎß ÷Põæ ö£¸UPÀ 
J¸[P»õ® GÚU Põmk. 

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. If ( ) aan →  and ( ) bbn →  then prove that ( ) baba nn +→+  
and ( ) abba nn → . 

 ( ) aan →  ©ØÖ® ( ) bbn →  GÛÀ ( ) baba nn +→+  ©ØÖ® 

( ) abba nn →  GÚ {ÖÄP. 

17. Discuss the behaviour of the geometric sequence ( )nr . 

 ö£¸USzöuõhº Á›ø\ ( )nr  –ß J¸[Suø» ÂÁõv. 

18. State and prove kummer’s test. 

S®©›ß ÷\õuønø¯ TÔ {ÖÄP. 

19. State and prove Leibnitz test. 

 ¼¤Ûmì ÷\õuønø¯U TÔ {ÖÄP. 

20. State and prove Abel’s theorem. 

 H£¼ß ÷uØÓzøuU TÔ {ÖÄP. 
———————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. If G is an abelian group, prove that 222)( baab = . 

 G J¸ A¥¼¯ß S»® GÛÀ 222)( baab =  GÚ {ÖÄP.  

2. Define a cycle of length r . 

 r  }Í•øh¯ _Çø» Áøμ¯Ö.  

3. Define a coset.  

 xøn Pn® Áøμ¯Ö. 

4. Prove that any cyclic group is abelian. 

 G¢u J¸ \UPμU S»•® A¥¼¯ß S»® GÚ {ÖÄP.  

5. Define a quotient group.  

 DÄS»® Áøμ¯Ö.  

6. Define a Homomorphism.  

 ö\¯ö»õ¨¦ø© Áøμ¯Ö.  

Sub. Code 
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7. Define an ideal.  

 ^º©® Áøμ¯Ö.  

8. Define a quotient ring.  

 DÄ ÁøÍ¯® Áøμ¯Ö.  

9. Define a maximal ideal.  

 «¨ö£¸ ^º©® Áøμ¯Ö.  

10. Define unique factorization domain.  

 uÛzu Põμo¯õUP Aμ[P® Áøμ¯Ö.  

 Part B  (5 × 5 = 25) 

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

11. (a) Prove that { }1and/ =∈= zczzG  is a group under 

multiplication.  

  ö£¸UP¼ß RÌ { }1and/ =∈= zczzG  J¸ S»® 

GÚ {ÖÄP.  

Or 

 (b) If G  is a group with mmm baab =)(  for 3 consecutive 
integers, Gba ∈, , prove that G  is abelian.   

  G  J¸ S»®, Gba ∈,  ©ØÖ® Akzukzu ‰ßÖ •Ê 

GsPÐUS mmm baab =)(  GÛÀ G  J¸ S»® GÚ 
{ÖÄP.  

12. (a) Let G  be a group and H  be its subgroup. Then 
prove that bHaHbHa =∈ . 

  G  J¸ S»®, H  Auß EmS»® GßP. 
bHaHbHa =∈  GÚ {ÖÄP.  

Or 
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 (b) Prove that center of G , )(GZ  is a subgroup of G . 

  G &°ß ø©¯®, )(GZ  BÚx G &°ß EmS»® GÚ 
{ÖÄP.   

13. (a) Prove that any finite group of order n  is isomorphic 
to ),( ⊕nz . 

  G¢u J¸ n  Á›ø\ EÒÍ •iÄÒÍ S»•® 
),( ⊕nz &® C¯ö»õ¨¦ø© Eøh¯x GÚ {ÖÄP.   

Or 

 (b) If G  is a group and H  is its subgroup, Ga ∈ , prove 
that 1−aHa  is a subgroup of G . 

  G  J¸ S»®, H  Auß EmS»® ©ØÖ® Ga ∈  GÛÀ 
1−aHa  BÚx G &°ß EmS»® GÚ {ÖÄP.  

14. (a) Let R  be a ring with identity. Prove that the set of 
all units in R  is a group under multiplication. 

  R  Gß£x \©ß Eøh¯ ÁøÍ¯® GßP. R &À EÒÍ 
A»SPÎß Pn® BÚx ö£¸UPø»¨ ö£õÖzx 
S»® BS® GÚ {ÖÄP.  

Or 

 (b) If R  is a ring and Raaa ∈∀=2 , prove the 
following. 

  (i) 0=+ aa  
  (ii) baab =  

  R  J¸ ÁøÍ¯®, Raaa ∈∀=2  GÛÀ 
¤ßÁ¸ÁÚÁØøÓ {ÖÄP.  

  (i) 0=+ aa  
  (ii) baab =  

15. (a) Prove that { }0)2/1(/ =∈= fRfM  is a maximal 
ideal.  

  { }0)2/1(/ =∈= fRfM  J¸ «¨ö£¸ ^º©® GÚ 
{ÖÄP.  

Or 
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 (b) Prove that any Euclidean Domain has on identity 
element.  

  G¢u J¸ ³UÎi¯ß Aμ[S® J¸ \©Û EÖ¨¦ 
öPõsi¸US® GÚ {ÖÄP.  

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Prove the following  

 (a) znmaaa nmnm ∈=⋅ + ,,  

 (b) znmaa mnnm ∈= ,,)(  

 ¤ßÁ¸ÁÚÁØøÓ {ÖÄP.  

 (A) znmaaa nmnm ∈=⋅ + ,,  

 (B) znmaa mnnm ∈= ,,)(  

17. State and prove Legranges theorem. 

 »Uμõßâß ÷uØÓzøu TÔ {ÖÄP.  

18. Prove that isomorphism is an equivalence relation among 
groups.  

 S»[PÐUQøh°À C¯ö»õ¨¦ø© BÚx \©õÚ öuõhº¦ 
BS® GÚ {ÖÄP.  

19. Prove that any finite integral domain is a field.  

 G¢u J¸ •iÄÒÍ Gs Aμ[P•® J¸ PÍ® BS® GÚ 
{ÖÄP.  

20. Prove that any Euclidean domain is a unique 
factorization domain.  

 G¢u J¸ ³UÎi¯ß Aμ[S® J¸ uÛzu Põμo¯õUS® 
Aμ[P® BS® GÚ {ÖÄP.  

———————— 
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 Part A  (10 × 2 = 20) 

Answer all the questions. 

1. Find the integrating factors of  
( ) ( ) 032 2322 =−−− dyyxxdxxyyx . 

 ( ) ( ) 032 2322 =−−− dyyxxdxxyyx &ß öuõøP±mkU Põμo 
PõsP. 

2. Find the particular integral of ( ) xeyDD =++ 652 . 

 ( ) xeyDD =++ 652 &ß ]Ó¨¦z öuõøP PõsP. 

3. Write the general form of linear equation with variable 
coefficients. 

 ©õÖ£mh SnP[PøÍU öPõsh J¸£i \©ß£õmiß 
ö£õx ÁiÁzøuU PõsP. 

4. What is the value of X
αθ −

1
? 

 X
αθ −

1
&ß ©v¨¦ ¯õx? 
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5. Write the criterion of integrability of 0=++ RdzQdyPdx . 

 0=++ RdzQdyPdx &I öuõøP°ku¼ß Áμß•øÓø¯ 

GÊxP. 

6. How do you reduce the equations into normal form? 

 \©ß£õkPøÍ C¯À ÁiÁzvØS GÆÁõÖ SøÓ¨£õ´? 

7. Define : Singular integral. 

 Áøμ¯Ö : uÛzu öuõøP. 

8. Solve : kpq = . 

 wºUP : kpq = . 

9. State Torricelli’s law. 

 öhõ›ö\À½ì Âvø¯U TÖP. 

10. Define : Trajectory. 

 Áøμ¯Ö : GÔÄøμ. 

 Part B  (5 × 5 = 25) 

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

11. (a) Solve : ( ) ( ) 02 2222 =−++ dyyxxyxdxyxxyy . 

  wºUP : ( ) ( ) 02 2222 =−++ dyyxxyxdxyxxyy . 

Or 

 (b) Solve : 22 log pxypyy += . 

  wºUP : 22 log pxypyy += . 
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12. (a) Solve : xxy
dx
dyx

dx
ydx

dx
ydx log3

2

2
2

3

3
3 +=+++ . 

  wºUP : xxy
dx
dyx

dx
ydx

dx
ydx log3

2

2
2

3

3
3 +=+++ . 

Or 

 (b) Solve : 
xz
dz

xy
dy

zy
dx ==

−− 22
. 

  wºUP : 
xz
dz

xy
dy

zy
dx ==

−− 22
. 

13. (a) Solve ( ) 021 12
2 =+++ yxyyx  by changing the 

independent variable. 

  \õº£ØÓ ©õÔø¯ ©õØÔ ( ) 021 12
2 =+++ yxyyx &I 

wºUP. 

Or 

 (b) Solve :  

  ( ) ( ) ( ) 0222222 =++++++++ dzyxyxdyxzxzdxzyzy . 

  wºUP :  

  ( ) ( ) ( ) 0222222 =++++++++ dzyxyxdyxzxzdxzyzy . 

14. (a) Solve : pqqypxz 2++= . 

  wºUP : pqqypxz 2++= . 

Or 

 (b) Solve : ( ) yxpq cossin =− . 

  wºUP : ( ) yxpq cossin =− . 
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15.  (a) Find the orthogonal trajectory of θ2cos22 ar = . 

  θ2cos22 ar = &ß ö\[Szx GÔÄÁøμø¯U PõsP. 

Or 

 (b) State and prove the tautochronous property of the 
cycloid. 

  E¸ÒÁøÍ°ß hõ÷hõLU÷μõÚì £sø£U TÔ 
{ÖÄP. 

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Solve : ( ) xeyDD x cos423 =+− . 

 wºUP : ( ) xeyDD x cos423 =+− . 

17. Solve : 0sin2
2

2

=+−+ tx
dt
dy

dt
xd

. 

 wºUP : 0sin2
2

2

=+−+ tx
dt
dy

dt
xd

. 

18. Solve : ( ) ( ) 011 1
2

2
2

3 =+−−+− xyyxyxyx . 

 wºUP : ( ) ( ) 011 1
2

2
2

3 =+−−+− xyyxyxyx . 

19. Solve the Charpit’s method: 022222 =+−−+ xyqypxqp . 

 \õº¤mì •øÓ°À wºUP : 022222 =+−−+ xyqypxqp . 

20. Describe the Brachistochrone problem. 

 L¤μõ]ì÷hõU÷μõß PnUøP ÂÁ›. 
———————— 
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(CBCS – 2017 onwards) 

Time : Three Hours Maximum : 75 Marks 

 Part A  (10 × 2 = 20) 

Answer all the questions. 

1. Find : ( )tL 2sin3 . 

 ©v¨¦ PõsP : ( )tL 2sin3 . 

2. Find : ( )tetL 22 −⋅ . 

 PõsP : ( )tetL 22 −⋅ . 

3. Find : 







++
−

44
1

2
1

ss
L . 

 PõsP : 







++
−

44
1

2
1

ss
L . 

4. Find : ( )






+

−

1
11

ss
L . 

 PõsP :  ( )






+

−

1
11

ss
L . 

5. Find ‘ 0a ’ in the Fourier expansion of ( ) xxxf sin=  in 
π20 ≤≤ x . 

 π20 ≤≤ x À ( ) xxxf sin= –ß L§›¯º ¤›ÂÀ ‘ 0a ’ PõsP. 

Sub. Code 
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6. Define : Half range cosine series. 
 Áøμ¯Ö : Aøμ Ãa_ öPõø\ß öuõhº. 

7. Define : Fourier transform. 
 Áøμ¯Ö : L§›¯º E¸©õØÓ®. 

8. State any two properties of Fourier transform. 
 L§›¯º E¸©õØÓzvß H÷uÝ® C¸ £s¦PøÍU TÖP. 

9. Find : [ ]nZ n 2cosh3 . 

 ©v¨¦ PõsP : [ ]nZ n 2cosh3 . 

10. Find : ( )nnaZ . 

 ©v¨¦ PõsP : ( )nnaZ .   

 Part B  (5 × 5 = 25) 

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

11. (a) Evaluate : 







t

tL
2sin

. 

  ©v¨¤kP  : 







t

tL
2sin

. 

Or 

 (b) Evaluate : 













−t t

dt
t

teL
0

sin
. 

  ©v¨¦U PõsP : 













−t t

dt
t

teL
0

sin
. 

12. (a) Evaluate : ( ) 










+
−

22

1

1s
sL . 

  ©v¨¦U PõsP : ( ) 










+
−

22

1

1s
sL . 

Or 
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 (b) Evaluate : 







−
−

1
1

4
1

s
L . 

  ©v¨¦U PõsP : 







−
−

1
1

4
1

s
L . 

13. (a) Expand ( ) ( )2xxf −= π  in ( )ππ ,− . 

  ( )ππ ,−  À ( ) ( )2xxf −= π I Â›UP. 

Or 

 (b) Obtain the Fourier sine series for 
( ) π<<= xxxf 0,cos . 

  ( ) π<<= xxxf 0,cos –ØS L§›¯º ø\ß öuõhº 
ö£ÖP. 

14. (a) State and prove Parseval’s identity. 
  £õº]ÁÀì \©Ûø¯ TÔ {ÖÄP. 

Or 

 (b) Find : [ ]22xa
C eF − . 

  ©v¨¦ PõsP : [ ]22xa
C eF −  

15.  (a) Find : ( )( )






++ 21

1
nn

Z . 

  ©v¨¦ PõsP : ( )( )






++ 21

1
nn

Z . 

Or 

 (b) Find : 





++
−−

65
4

2
1

ZZ
zZ . 

  ©v¨¦ PõsP : 





++
−−

65
4

2
1

ZZ
zZ . 



F–1011 

  

  4

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Find : 

 (a) ( )tteL t cos−   (b) ( ) 












<<
<<

=
ππ

π
20

0sin
t
tt

tfL  

 ©v¨¦ PõsP : 

 (A) ( )tteL t cos−   (B) ( ) 












<<
<<

=
ππ

π
20

0sin
t
tt

tfL  

17. Using Laplace transform, solve teyyy −=+′+′′ 34 , ( ) 10 =y ; 
( ) 00 =′y . 

 »õ¨»õì E¸©õØÓzøu¨ £¯ß£kzv wºUP. 

 teyyy −=+′+′′ 34 , ( ) 10 =y ; ( ) 00 =′y . 

18. Find the Fourier series expansion of ( ) 2xxf =  in 
ππ ≤≤− x . 

 ππ ≤≤− x –À ( ) 2xxf = –ß L§›¯º öuõhº Â›ÁõUPzøuU 
PõsP. 

19. Prove :  
 (a) ( )[ ] ( )sFeaxfF ias=−  

 (b) ( )[ ] 0,
1 >






= a

a
sF

a
axfF .  

 {ÖÄP : 

 (A) ( )[ ] ( )sFeaxfF ias=−  

 (B) ( )[ ] 0,
1 >






= a

a
sF

a
axfF .  

20. Solve : ( ) ( ) 12 =++ nyny , ( ) ( ) 010 == yy . 

wºUP : ( ) ( ) 12 =++ nyny , ( ) ( ) 010 == yy . 

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

 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Define Vector Space. 

 öÁUhº öÁÎ Áøμ¯Ö. 

2. Define Homomorphism. 

 ö\¯À©õÓõU ÷PõºzuÀ Áøμ¯Ö. 

3. Prove that ( ) ( ) ( ){ }1,0,0,0,1,0,0,0,1=S  is a basis for 
( )RV3 . 

 ( ) ( ) ( ){ }1,0,0,0,1,0,0,0,1=S  Gß£x ( )RV3  ß AiUPn® 
GÚ {ÖÄP. 

4. Define dimension of a Vector Space. 

 öÁUhº öÁÎ°À £›©õn® Gß£uøÚ Áøμ¯Ö. 

5. Define inner product on Vector Space. 

 öÁUhº öÁÎ°À Emö£¸UPø» Áøμ¯Ö. 

Sub. Code 
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6. Find the norm of (1, 1, 1) in ( )RV3  with standard inner 
product. 

 ( )RV3  À (1, 1, 1) ß ö|Ô©zøu ÁÇUP©õÚ Emö£¸UQÀ 
PõsP. 

7. If a square matrix A is symmetric then prove that 
TAA = . 

 A GßÓ \xμ Ao \©a^º GÛÀ TAA =  GÚ {ÖÄP. 

8. Define symmetric and skew symmetric matrix. 

 \©a^º ©ØÖ® Gvº \©a^º Áøμ¯Ö. 

9. Define characteristic matrix. 

 ]Ó¨¤¯À¦ Ao Áøμ¯Ö. 

10. Find the characteristic root of the matrix 









−−
−

=
θθ
θθ

cossin
sincos

A . 

 







−−
−

=
θθ
θθ

cossin
sincos

A  GßÓ Ao°ß ]Ó¨¤¯À¦ ‰»® 

PõsP. 

 Part B  (5 × 5 = 25) 

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

11. (a) Prove that RR ×  is a vector space over R under 
addition and scalar multiplication defined by 
( ) ( ) ( )22112121 ,,, yxyxyyxx ++=+  and   

( ) ( )2121 ,, xxxx ααα = . 

  ( ) ( ) ( )22112121 ,,, yxyxyyxx ++=+  ©ØÖ®   

( ) ( )2121 ,, xxxx ααα =  Gß£Ú TmhÀ ©ØÖ® AÍÂ 

ö£¸UPÀ GÛÀ RR × &I R Gß£vÀ öÁUhº öÁÎ 
GÚ {ÖÄP. 

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

  V Gß£x F&ß «uõÚ J¸ öÁUhº öÁÎ ©ØÖ® 

VTS ⊆,  GÛÀ ( ) ( ) ( )TLSLTSL +=∪  GÚ {ÖÄP. 

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

  F GßÓ ¦»zvÀ «x n £›©õn® Eøh¯ J¸ öÁUhº 

öÁÎ, ( )FVn  Ehß \© J¨¦ø© EÒÍx GÚ {ÖÄP. 

Or 

 (b) Prove that the vectors (1, 2, 1), (2, 1, 0) and (1, –1, 2) 
are linearly idependent in ( )RV3 . 

  ( )RV3  À (1, 2, 1), (2, 1, 0) ©ØÖ® (1, –1, 2) BQ¯ 
öÁUhºPÒ J¸£i \õº£ØÓx GÚ {ÖÄP. 

13. (a) Obtain the matrix for the linear transformation 
( ) ( )RVRVT 33: →  gives by  

( ) ( )cbabaacbaT ++−= 2,,3,,  with respect to 

{ }321 ,, eee . 

  { }321 ,, eee  I ö£õ¸zx. ( ) ( )RVRVT 33: →  Gß£x 

( ) ( )cbabaacbaT ++−= 2,,3,,  GßÓÁõÖ EÒÍ 
J¸£i E¸©õØÓzvß Aoø¯U PõsP. 

Or 

 (b) Prove that yxyx +≤+ . 

  {¹¤ yxyx +≤+ . 
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14. (a) Let A and B be two nm ×  matrixes then prove that  

  (i) ( ) AA TT =  

  (ii) ( ) TTT BABA +=+ . 

  A ©ØÖ® B Gß£Ú C¸ nm ×   AoPÒ GÛÀ {¹¤. 

  (i) ( ) AA TT =  

  (ii) ( ) TTT BABA +=+ . 

Or 

 (b) Compute the inverse of the matrix 

















−
−−

−
=

225
5615

112

A . 

  
















−
−−

−
=

225
5615

112

A  GßÓ Ao°ß ÷|º©õÖ PõsP. 

15.  (a) Prove that the characteristic roots of a Hermitian 
matrix are all real. 

  öíº«]¯ß Ao°ß ]Ó¨¤¯À¦ ‰»[PÒ 
AøÚzx® ö©´ GsPÒ GÚ {ÖÄP. 

Or 

 (b) Find the matrix of the bilinear form 
( ) 2211, yxyxyxf +=  where ( )21,xxx =  and 

( )21 , yyy =  with respect to the standard basis 
{ }21,ee . 

  { }21,ee  GßÓ ÁÇUP©õÚ AiUPnzvÀ 

( ) 2211, yxyxyxf +=  GßÓ C¸©õÔ ÷|›¯À 

Aø©¨¤ß Ao°øÚ PõsP, CvÀ ( )21,xxx =  

©ØÖ® ( )21 , yyy = .  
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. State and proves fundamental theorem of homomorphism 
of vector spaces. 

 öÁUhº öÁÎ°À ö\¯À©õÓõ ÷PõºzuÀ Ai¨£øh 
÷uØÓzøu GÊv {¹¤UP. 

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

 ( ) ( )BABABA ∩−+=+ dimdimdimdim . 

 V Gß£x F ß «uõÚ J¸ •iÄÒÍ £›©õn® öPõsh 

öÁUhº öÁÎ. A  ©ØÖ® B Gß£x V&ß EÒöÁÎPÒ 

GÛÀ ( ) ( )BABABA ∩−+=+ dimdimdimdim  GÚ 
{ÖÄP. 

18. Let V be a finite dimensional inner product space. Let W 

be a subspace of V. Then prove that TWWV ⊕= . 

 V Gß£x J¸ •iÄÖ £›©õn® öPõsh Emö£¸US 

öÁÎ GßP. W Gß£x V ß EÒöÁÎ GÛÀ TWWV ⊕=  
GÚ {ÖÄP. 

19. Show that the following equations are consistent and 
solve them. 

3074
1432

6

=++
=++

=++

zyx
zyx

zyx
 

 ¤ßÁ¸® \©ß£õkPøÍ JÆÄø© GÚ {¹¤zx AÁØøÓ 
wºUP : 

3074
1432

6

=++
=++

=++

zyx
zyx

zyx
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20. Using Cayley –  Hamilton theorem, find the inverse of the 

matrix 
















−
−−

−

126
216

227

. 

 öP´¼ ÷íªÀhß ÷uØÓzøu £¯ß£kzv 
















−
−−

−

126
216

227

 

GßÓ Ao°ß ÷|º©õÖ PõsP. 

  
———————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Define an open set. 

 vÓ¢u Pn® Áøμ¯Ö. 

2. Define a bounded set. 

 Áμ®¦Ö Pn® Áøμ¯Ö. 

3. What is a limit point? 

 GÀø»¨¦ÒÎ GßÓõÀ GßÚ? 

4. Define a complete space with example. 

 GkzxUPõmkhß •Ê öÁÎø¯ Áøμ¯Ö. 

5. When is a function continuous at x? 

 x &À G¨÷£õx J¸ \õº¦ öuõhºa] Eøh¯x? 

6. Define homeomorphism. 

 ÁiöÁõ¨¦ø© Áøμ¯Ö.  

Sub. Code 
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7. Give an example of a disconnected set. 

 Cøn¯õu PnzxUS GkzxUPõmk JßÖ u¸P. 

8. Define a connected space. 

 Cøn¢u öÁÎø¯ Áøμ¯Ö. 

9. Define a compact metric space. 

 Pa]u©õÚ ö©m›U öÁÎø¯ Áøμ¯Ö. 

10. Give an example of a closed set which is not compact. 

 ‰i¯ Pn® JßÖ Pa]u©õP CÀ»õuuØS J¸ 
GkzxUPõmk u¸P. 

 Part B  (5 × 5 = 25) 

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

11. (a) Prove that ( ]1,0  is uncountable. 

  ( ]1,0  Gsn •i¯õux GÚ {ÖÄP. 

Or 

 (b) In R , prove that yxyxd −=),(  is a metric.  

  R &À yxyxd −=),(  J¸ ö©m›U GÚ {ÖÄP. 

12. (a) Prove that a closed subset of a complete metric 
space is complete. 

  J¸ •Ê ö©m›U öÁÎ°ß ‰i¯ EmPn•® 
•Êø©¯õÚx GÚ {ÖÄP. 

Or 

 (b) Let BA,  set subsets of R . Prove that 

BABA ×=× .  

  A  ©ØÖ® B  Gß£Ú R &ß EmPn[PÒ GÛÀ 

BABA ×=×  GÚ {ÖÄP. 
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13. (a) If RMf →:  and RMg →:  are continuous 

functions then prove that RMgf →+ :  is also 

continuous.  

  RMf →:  ©ØÖ® RMg →:  öuõhºa] \õº¦PÒ 

GÛÀ RMgf →+ : &® öuõhºa] \õº¦ GÚ {ÖÄP. 

Or 

 (b) Prove that Rf →]1,0[: , 2)( xxf = , is uniformly 

continuous.   

  Rf →]1,0[: , 2)( xxf =  Gß£x ^μõÚ öuõhºa] \õº¦ 
GÚ {ÖÄP. 

14. (a) State and prove intermediate value theorem. 

  Cøh ©v¨¦ ÷uØÓ® TÔ {ÖÄP. 

Or 

 (b) Let M  be a connected metric space and MA ⊆  is 

connected. Then prove that A  is also connected.  

  M  J¸ Cøn¢u ö©m›U öÁÎ ©ØÖ® MA ⊆  

Cøn¢ux GÛÀ A &® Cøn¢ux GÚ {ÖÄP.  

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

  J¸ Pa]u©õÚ ö©m›U öÁÎ°ß G¢u J¸ ‰i¯ 
EmPn•® Pa]u©õÚx GÚ {ÖÄP. 

Or 

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

  G¢u J¸ Pa]u©õÚ ö©m›U öÁÎ°ß öuõhºa] 
¤®£•® Pa]u©õÚx GÚ {ÖÄP. 
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. State and prove Minkowsky’s inequality. 

 ªß÷PõÆìQ \©Ûßø©ø¯ TÔ {ÖÄP. 

17. State and prove Baire’s category theorem. 

 ÷£›ß ÁøP°ß ÷uØÓzøu TÔ {ÖÄP. 

18. Let ),( 11 dM  and ),( 22 dM  be metric spaces. Then 

21: MMf →  is continuous )()( AfAf ⊆⇔ MA ⊆∀ . 

 ),( 11 dM  ©ØÖ® ),( 22 dM  Gß£Ú ö©m›U öÁÎPÒ. 

21: MMf →  öuõhºa] Eøh¯x )()( AfAf ⊆⇔ MA ⊆∀ , 
GÚ {ÖÄP. 

19. Prove that the continuous image of a connected set is 
connected. 

 J¸ Cøn¢u Pnzvß öuõhºa] ¤®£•® Cøn¢ux GÚ 
{ÖÄP. 

20. State and prove Heine Borel theorem. 

 öí´ß ÷£õμÀ ÷uØÓ® TÔ {ÖÄP. 

————— 
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 Part A  (10 × 2 = 20) 

Answer all the questions. 

1. Find the mode for the following numbers. 

63, 65, 66, 65, 64, 65, 65, 61, 67, 68 

 ¤ßÁ¸® GsPÐUS •Pk PõsP. 

 63, 65, 66, 65, 64, 65, 65, 61, 67, 68 

2. Write the formula for standard deviation. 

 vmh Â»UPzvß `zvμzøu GÊxP. 

3. Define : Kurtosis. 

 Áøμ¯Ö : •PmhÍøÁ 

4. Write the normal equations for fitting a parabola. 

 £μÁøÍ¯zøu ö£õ¸zxÁuØPõÚ C¯À \©ß£õkPøÍ 
GÊxP. 

5. Write the two regression equations. 

 Cμsk ¤ßÚøhÄ \©ß£õkPøÍ GÊxP. 

Sub. Code 
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6. Write correlation coefficient interms of regression 
coefficients. 

 JmkÓÄ öPÊøÁ öuõhº¦ ÷£õUS öPÊUPÎß 
EÖ¨¦PÍõP GÊxP. 

7. Write Yule’s coefficient Q. 

 ³¼ß öPÊ Q & I GÊxP. 

8. If ( ) ( ) ( ) ( ) 2030,25,30 ===− αβα andBA , then find 
( )β . 

 ( ) ( ) ( ) ( ) 2030,25,30 ===− αβα andBA  GÛÀ  

( )β & øÁ PõsP. 

9. Define ideal index number. 

 ÂÊª¯ SÔ±möhs 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 mode for the following data : 
x : 3 4 5 6 7 8 9 10

f : 10 28 38 42 45 15 8 7 

  ¤ßÁ¸® uμÄPÐUS •Pk PõsP. 

x : 3 4 5 6 7 8 9 10

f : 10 28 38 42 45 15 8 7 

Or 

 (b) 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 
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  ¤ßÁ¸® ÂÁμ[PÐUS Cø\a \μõ\› PõsP. 
ÁS¨¦ 0-10 10-20 20-30 30-40 40-50
Aø»öÁs 15 10 7 5 3 

12. (a) For a frequency distribution ( )xifi / , show that 
12 ≥β . 

  ( )xifi /  GßÝ® {PÌöÁs £μÁ¼À 12 ≥β  GÚU 
PõmkP. 

Or 

 (b) Fit a straight line to the following data : 
x : 0 5 10 15 20 25

f : 12 15 17 22 24 30

  ¤ßÁ¸® uμÄPÐUS ÷|ºU ÷Põmøh ö£õ¸zxP. 

x : 0 5 10 15 20 25

f : 12 15 17 22 24 30

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

x : 10 12 18 24 23 27

y : 13 18 12 25 30 10

  ¤ßÁ¸® uμÄPÐUS JmkÓÄU öPÊ PõsP. 

x : 10 12 18 24 23 27

y : 13 18 12 25 30 10

Or 

 (b) Find the rank correlation coefficient. 
x : 35 56 50 65 44 38 44 50 15 26

y : 50 35 70 25 35 58 75 60 55 35

  uμ JmkÓÄU öPÊ PõsP. 

x : 35 56 50 65 44 38 44 50 15 26

y : 50 35 70 25 35 58 75 60 55 35
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14. (a) If 13,7,4 421 === UUU  and 307 =U , then find 

5U . 

  13,7,4 421 === UUU  ©ØÖ® 307 =U  GÛÀ 

 5U & I PõsP. 

Or 

 (b) Find the limits of ( )BC  for the following data : 

  ( ) ( ) ( ) ( ) 7,45,62,48,125 ===== βACBAN  and 

( ) 18=γA . 

  ¤ßÁ¸® uμÄPÎ¼¸¢x ( )BC &ß Áμ®¦PøÍ 

PõsP. 

  ( ) ( ) ( ) ( ) 7,45,62,48,125 ===== βACBAN  

©ØÖ® ( ) 18=γA . 

15.  (a) Construct the wholesale price index number for 
1991 and 1992 from the data given below using 
1990 as the base year. 

Commodity Prices (Rs.) 

 1990 1991 1992

A 700 750 825 

B 540 575 600 

C 300 325 310 

D 250 280 295 

E 320 330 335 

F 325 350 360 
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  ¤ßÁ¸® uμÄPÎ¼¸¢x 1990 & I Ai¨£øh 

BshõP öPõsk 1991 ©ØÖ® 1992 BQ¯ 

BskPÐUS •Ê Âø»U SÔ±möhsøn 

Aø©UP. 

ö£õ¸mPÒ Âø» (¹.) 

 1990 1991 1992

A 700 750 825 

B 540 575 600 

C 300 325 310 

D 250 280 295 

E 320 330 335 

F 325 350 360 

Or 

 (b) Calculate  

(i) 3 yearly moving average 

  (ii) short term fluctuations for the following data 

Year 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

Production 45 46 44 47 42 41 39 42 45 40 48 

  ¤ßÁ¸® uμÄPÐUS  

(i) 3 BskPÒ |P¸® \μõ\› 

  (ii) SÖQ¯ Põ» HØÓ CÓUP® BQ¯ÁØøÓ PõsP. 

Bsk 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

EØ£zv 45 46 44 47 42 41 39 42 45 40 48 
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. The scores of two cricketers A and B in 10 innings are 
given below. Find who is a better run getter and who is 
more consistent player. 

A Scores 40 25 19 80 38 8 67 121 66 76

B Scores 28 70 31 0 14 111 66 31 25 4 

 A ©ØÖ® B GßÓ C¸ Q›UöPm ÃμºPÎß  
10 CßÛ[UêÀ Gkzu μßPÒ R÷Ç öPõkUP¨£mkÒÍÚ. 
¯õº ]Ó¢u μß ÷\P›¨£õÍº ©ØÖ® ^μõÚ Ãμº GÚ PõsP. 

A μßPÒ 40 25 19 80 38 8 67 121 66 76

B μßPÒ 28 70 31 0 14 111 66 31 25 4 

17. Calculate 14321 ,,,, βμμμμ  and 2β  for the following data : 

x 0 1 2 3 4 5 6 7 8

f 5 10 15 20 25 20 15 10 5

 ¤ßÁ¸® uμÄPÐUS 14321 ,,,, βμμμμ  ©ØÖ® 2β  

BQ¯ÁØøÓ PõsP. 

x 0 1 2 3 4 5 6 7 8

f 5 10 15 20 25 20 15 10 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¸ ¤ßÚøhÄ \©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



F–1014 

  

  7

19. Using Newton’s formula find xU  for the following data.  

0U  U1 U2 U3 U4

1 11 21 28 29

 Hence find  

(a) 5.1U  and 

 (b) 9U  

 ¤ßÁ¸® uμÄPÎ¼¸¢x {³mhÛß `zvμzøu 
£¯ß£kzv xU  &I PõsP.  

0U  U1 U2 U3 U4

1 11 21 28 29

÷©¾® 

(A) 5.1U   ©ØÖ® 

 (B) 9U   & I PõsP. 

20. Calculate  

(a) Laspeyre’s 

 (b) Paasche’s  

 (c) Fisher’s  

 (d) Bowley’s index numbers 
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 
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 (A) »õì¤¯ºì 

 (B) £õìQì 

 (C) L¤ì\ºì ©ØÖ® 

 (D) ö£Í¼ì SÔ±möhsPøÍ PnUQkP 

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. Define a bipartite graph with an example. 
 GkzxUPõmkhß J¸ C¸ TÖ ÷Põmk¸øÁ Áøμ¯Ö. 

2. Define a covering of a graph. 
 ÷Põmk¸Âß Eøμø¯ Áøμ¯Ö. 

3. Define cutpoint and a bridge. 
 J¸ £õ»® ©ØÖ® J¸ öÁmk® ¦ÒÎø¯ Áøμ¯Ö. 

4. Define an Eulerian graph. 
 B´÷»›¯® ÷Põmk¸øÁ Áøμ¯Ö. 

5. Define centre of a tree. 
 ©μ E¸Âß ø©¯® Áøμ¯Ö. 

6. Define a perfect matching. 
 ö\ÆÂ¯ ö£õ¸zu® Áøμ¯Ö. 

7. Define a polyhedral graph. 
 £ß•P ÷Põmk¸øÁ Áøμ¯Ö. 

Sub. Code 
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8. Define chromatic partitioning. 

 Ásn TÓõUPø» Áøμ¯Ö. 

9. What is a chromatic polynomial? Give an example. 

 Ásn £À¾Ö¨£õß GßÓõÀ GßÚ? GkzxUPõmk u¸P. 

10. Define a directed graph. 

 vø\ ÷Põmk¸øÁ Áøμ¯Ö. 

 Part B  (5 × 5 = 25) 

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

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

  G¢u J¸ uß {μ¨¦ ÷Põmk¸Â¾® n4  AÀ»x 

14 +n  ¦ÒÎPÒ C¸US® GÚ {ÖÄP. 

Or 

 (b) With usual notations prove P=+ '' βα . 

  ÁÇUP©õÚ SÔ±kPÎß£i P=+ '' βα  GÚ {ÖÄP. 

12. (a) State Fleury’s algorithm. 

  ¨¾›°ß ö\¯À•øÓø¯ TÖ. 

Or 

 (b) Prove that a line x  of a connected graph G  is a 
bridge ⇔  x  is a not on any cycle of  G . 

  J¸ Cøn¢u ÷Põmk¸ G  °À EÒÍ ÷Põk 

£õ»® ⇔   x  Gß£x G & °À G¢u _Ç¼¾® CÀø» 
GÚ {ÖÄP. 
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13. (a) Prove that every connected graph has a spanning 
tree. 

  G¢u J¸ Cøn¢u ÷Põmk¸ÄUS® J¸ AÍõÄ 
©μE¸ Esk GÚ {ÖÄP. 

Or 

 (b) Find the number of perfect matchings to the 
complete graph nk2 . 

  •Ê ÷Põmk¸ nk2  ß ö\ÆÂ¯ ö£õ¸zu[PÎß 
GsoUøP Põs. 

14. (a) For a connected planar graph with V  vertices, E  
edges and F  faces, prove that 2=+− FEV . 

  V  •øÚPÒ E  ÂÎ®¦PÒ ©ØÖ® F  •P[PøÍ 
öPõsh Cøn¢u J¸ uÍ ÷Põmk¸ÄUS 

2=+− FEV  GÚ {ÖÄP. 

Or 

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

  G¢u J¸ J÷μ •øÓ°À n & {Ó©ÎUS® ÷Põmk¸Ä® 
( )1−n  Cøn¢ux GÚ {ÖÄP. 

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

  C¸ vø\U÷Põmk¸UPÒ C¯ö»õ¨¦ø© Eøh¯x 
GÛÀ Auß öuõhº¦øh¯ ¦ÒÎPÐUS J÷μ £i 
Cμmøh Esk GÚ {ÖÄP. 

Or 

 (b) If G  is a tree with n points, 2≥n  then prove that 

( ) ( ) 11, −−= nGf λλλ . 

  G  J¸ n ¦ÒÎPÒ, 2≥n , Eøh¯, ©μE¸ GÛÀ 

( ) ( ) 11, −−= nGf λλλ  GÚ {ÖÄP. 
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. With usual notations, prove the following  

(a) Δ≤≤
p
q2δ  

 (b) ( ) ( )GG μμ =  
 ÁÇUP©õÚ SÔ±kPÎß£i ¤ßÁ¸ÁÚÁØøÓ {ÖÄP. 

(A)  Δ≤≤
p
q2δ  

 (B) ( ) ( )GG μμ =  

17. For any graph G , prove that δλ ≤≤k . 
 G¢u J¸ ÷Põmk¸ G  &°¾® δλ ≤≤k  GÚ {ÖÄP. 

18. If G  is a ( )qp,  graph, then prove that the following are 
equivalent. 
(a) G  is a tree 

 (b) G  is connected and 1+= qp  

 (c) G  is a cyclic and 1+= qp  

 G  J¸ ( )qp,  ÷Põmk¸ GÛÀ ¤ßÁ¸Ú \©õÚ©õÚøÁ 
GÚ {ÖÄP. 

(A) G  J¸ ©μE¸ 

 (B) G  Cøn¢ux ©ØÖ® 1+= qp  

 (C) G  _Ç»ØÓx ©ØÖ® 1+= qp   

19. State and prove the five colour theorem. 
 I¢x Ásnz ÷uØÓzøu TÔ {ÖÄP. 

20. Prove that 234 33 λλλ +−  cannot be a chromatic 
polynomial of any graph. 

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

———————— 
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 Part A  (10 × 2 = 20) 

Answer all the questions. 

1. What is transcendental equation? 

 C¯ØPou Aø©¨¦ AØÓ \©ß£õk GßÓõÀ GßÚ? 

2. Write down the formula for Newton – Raphson method. 

 {³mhß – μõ¨\ß •øÓ°ß `zvμzøu GÊxP. 

3. Prove : 0122
2 2 yyyy +−=∇ . 

 {¹¤ : 0122
2 2 yyyy +−=∇ . 

4. Prove : Δ+= 1E . 

 {¹¤ : Δ+= 1E . 

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

 ÁøPUöPÊÂØPõÚ {³mhÛß •ß÷ÚõUS ÷ÁÖ£õmk 
`zvμzøu GÊxP. 
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6. Write Simpson’s 1/3 rule. 

 ]®\® 1/3 Âvø¯ GÊxP. 

7. What is backward substitution? 

 ¤ß÷ÚõUS ¤μv°kuÀ GßÓõÀ GßÚ? 

8. What is partial pivoting? 

 £Sv¯ ¤÷Áõmi[ GßÓõÀ GßÚ? 

9. Write the formula for second order R.K. method. 

 Cμshõ® Á›ø\ R.K. •øÓ°ß `zvμzøu GÊxP. 

10. Write down Euler’s Formula. 

 B´»º _zvμzøu GÊxP. 

 Part B  (5 × 5 = 25) 

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

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

the method of false position. 

  ¤øÇ Ch •øÓ°À \©ß£õk 0523 =−− xx &ß 

J¸ ö©´ ‰»zøuU PõsP. 

Or 

 (b) Find a positive root of 1=xxe  which lies between  

0 and 1 using Bisection method. 

  1=xxe &ß ªøP ‰»zøu 0 ©ØÖ® 1&US® Cøh°À 

C¸TÔhÀ •øÓø¯¨ £¯ß£kzvU PõsP. 
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12. (a) If 19,12,4 431 === yyy  and 7=xy  find x  by 
Lagrange’s interpolation formula. 

  19,12,4 431 === yyy  ©ØÖ®  7=xy  GÛÀ x ß 
©v¨ø£ ö»Uμõg]ß Cøhaö\¸PÀ `zvμ¨£iU 
PõsP. 

Or 

 (b) Find 301log10  by Newton’s forward interpolation 
formula, from the following table.  

x : 300 304 305 307 

xlog  : 2.4771 2.4829 2.4843 2.4871

  RÌPsh AmhÁøn°¼¸¢x {³mhÛß 
•ß÷ÚõUS `zvμzvß ‰»® 301log10 &ß ©v¨¦ 
PõsP. 

x : 300 304 305 307 

xlog  : 2.4771 2.4829 2.4843 2.4871

13. (a) Evaluate :  +

1

0
1 x

dx
 by Simpson’s 1/3 rule taking 

25.0=h . 

  25.0=h  GÚU öPõsk  +

1

0
1 x

dx
&I ]®\ß 1/3 Âv 

‰»® ©v¨¤kP. 

Or 

 (b) Evaluate 
2.5

4

log xdxe  correct to 5 decimal places by 

taking 2.0=h  using Trapezoidal rule. 

  
2.5

4

log xdxe &ß ©v¨ø£ 2.0=h  GÚ 

GkzxUöPõsk mμ¤\õ´hÀ Âv ‰»® 5 u\©zvØS 
PõsP. 
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14. (a) Solve the following equations by Gauss Jordan 
method : 2;532 =+=+ yxyx . 

  Põêß ÷áõºhõß •øÓ°À wºUP : 

2;532 =+=+ yxyx . 

Or 

 (b) Solve by Gauss Seidal method : ;32 =+ yx  

532 =+ yx . 

  Põì ^hÀ •øÓ°À wºUP : ;32 =+ yx  

532 =+ yx . 

15.  (a) If 2yxy −=′  and ( ) 10 =y  compute ( )1.0y  using 

Taylor’s series method. 

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

•øÓ°ß ‰»® ( )1.0y ß ©v¨¦ PõsP. 

Or 

 (b) If yxy +=′ 2  and ( ) 10 =y  compute ( )1.0y  using 

modified Euler’s method. 

  yxy +=′ 2  ©ØÖ® ( ) 10 =y  GÛÀ v¸zu¨£mh 

B´»›ß •øÓ¨£i ( )1.0y &ß ©v¨ø£ PõsP. 

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Find a real root of the equation 0cossin =+ xxx  using 
Newton Raphson method. 

 0cossin =+ xxx  GßÓ \©ß£õmiß J¸ ö©´‰»zøu 
{³mhß μõ¨\ß •øÓ¨£i PõsP. 
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17. Using Newton’s interpolation formula find θ  at 43=x  
and 84=x . 

x : 40 50 60 70 80 90 

θ :   184 204 226 250 276 304

 {³mhÛß Cøhaö\¸PÀ `zvμzvß ‰»® θ &ß ©v¨ø£ 

43=x  ©ØÖ® 84=x  GßÓ ¦ÒÎPÎÀ PõsP. 

x : 40 50 60 70 80 90 

θ :   184 204 226 250 276 304

18. From the following data find 2

2

,
dx

yd
dx
dy

 at 2.1=x . 

x : 1 1.2 1.4 1.6 1.8 2 2.2 

y : 2.7183 3.3201 4.0552 4.953 6.0496 7.3891 9.25

 ÷©ØPsh ÂÁμ[PÎÀ 2.1=x  GßÓ ¦ÒÎ°À 

2

2

,
dx

yd
dx
dy

&ß ©v¨¦PøÍU PõsP. 

x : 1 1.2 1.4 1.6 1.8 2 2.2 

y : 2.7183 3.3201 4.0552 4.953 6.0496 7.3891 9.25

19. Solve by Gauss Elimination Method: 

 
20725

1382
18543

=+−
=+−

=++

zyx
zyx
zyx

 

 Põ]ß }UPÀ •øÓ°À wºUP : 

 
20725

1382
18543

=+−
=+−

=++

zyx
zyx
zyx
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20. Using Picard’s method, solve ( ) 20,1 =+= yxy
dx
dy

. Find 

( ) ( )2.0,1.0 yy  and ( )3.0y . 

 ¤Põºmì •øÓ¨£i wºUP : ( ) 20,1 =+= yxy
dx
dy

. 

( ) ( )2.0,1.0 yy  ©ØÖ® ( )3.0y  PõsP. 

  
———————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. State parallelogram law of forces. 

 Âø\PÎß CnPμ Âvø¯ TÖP. 

2. Define like and unlike forces. 

 Jzu ©ØÖ® JzuuÀ»õu Âø\PÒ Áøμ¯Ö. 

3. Define friction. 

 Eμõ´øÁ Áøμ¯Ö. 

4. Define a common catenary. 

 ö£õx \[Q¼¯® Áøμ¯Ö. 

5. Define the angle of projection. 

 G›ö£õ¸Îß ÷Põn® Áøμ¯Ö. 

6. Define the time of flight. 

 £Ózu¼ß ÷|μ® Áøμ¯Ö. 
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7. When do we say two bodies impinge directly? 

 G¨÷£õx CÊ ö£õ¸ÒPÒ ÷|μi¯õP uõUSQÓx GßÖ 
TÖ÷Áõ®? 

8. Define co-efficient of elasticity. 

 «Òø©°ß SnP® Áøμ¯Ö. 

9. Write the pedal equation of central orbit. 

 ø©¯ {¯©¨£õøu°ß £õu \©ß£õmøh GÊx. 

10. Write the radial and transverse components of 
acceleration. 

 SÖUS ©ØÖ® Bμ¨÷£õUQÀ •kUPzvß TÖPøÍ GÊx. 

 Part B  (5 × 5 = 25) 

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

11. (a) Explain the geometrical representation of moment. 

  v¸¨¦ vÓøÚ SÔUS® ÁiÂ¯À ÂÍUPzøu ÂÁ›. 

Or 

 (b) State and prove the polygon law of forces. 

  Âø\PÎß £»÷Põn Âvø¯ TÔ {ÖÄP. 

12. (a) With usual notations, prove that 
( )ψψ tanseclog += cx . 

  ÁÇUP©õÚ SÔ±kPÎß£i, ( )ψψ tanseclog += cx  
GÚ {ÖÄP. 

Or 

 (b) Explain the three coplanar forces theorem. 

  ‰ßÖ J¸ uÍ Âø\PÒ ÷uØÓzøu ÂÍUSP. 
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13. (a) Find the range on an inclined plane of projectile. 

  \õ´Ä uÍzvÀ GÔö£õ¸Îß Ãaø\ PõsP. 

Or 

 (b) A body is projected with a velocity of a 98 m/sec. in a 
direction making angle 3tan 1−  with horizon. Find 
the greater height. 

  J¸ ö£õ¸Ò 98«/Â|õi vø\ ÷ÁPzvÀ 

öuõkÁõÚzxhß ÷Põn® 3tan 1−  BP 
C¸US®vø\°À Ã\¨£mhõÀ Auß AvP£m\ 
E¯μ® PõsP. 

14. (a) Explain Newton’s experimental law. 

  {³mhÛß £›÷\õuøÚ Âvø¯ ÂÍUSP. 

Or 

 (b) Find the velocities after direct impact of law 
spheres. 

  C¸ ÷PõÍ[PÎß ÷|μi ÷©õu¼ß ¤¢øu¯ ÂøÍÄ 
Âø\PøÍ PõsP. 

15.  (a) Derive the polar equation of equiangular spiral. 

  \©÷Põn _¸Î°ß x¸Á \©ß£õk u¸Â. 

Or 

 (b) Find the pedal equation of a circle. 

  Ámhzvß £õu \©ß£õk PõsP. 

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. State and prove the Varigon’s theorem. 

 Áõ›PõÛß ÷uØÓzøu TÔ {ÖÄP. 

17. Derive the geometrical properties of common catenary. 

 ö£õx \[Q¼¯zvß ÁiÂ¯À £s¦PøÍ u¸Â. 
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18. Show that the path of the projectile in a parabola. 

 GÔö£õ¸Îß £õøu J¸ £μÁøÍ¯® BS® GÚ Põmk. 

19. Find the loss of kinetic energy due to oblique impact. 

 \õ´Ä ÷©õu»õÀ HØ£k® C¯UP BØÓÀ CÇ¨ø£ PõsP. 

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. Define : Limit. 

 Áøμ¯Ö : GÀø» 

2. What is an analytic function? 

 £S•øÓa \õº¦ GßÓõÀ GßÚ? 

3. Define a bilinear transformation. 

 C¸©õÔ E¸©õØÓzøu Áøμ¯Ö. 

4. Define : Cross ratio. 

 Áøμ¯Ö : SÖUS ÂQu®. 

5. Prove :  =
−C

i
az

dz π2  where C  is the circle with centre ‘ a ’ 

and radius ‘ r ’. 

  =
−C

i
az

dz π2  GÚ {ÖÄP CvÀ C  Gß£x ‘ r ’I Bμ©õPÄ® 

‘ a ’I ø©¯©õPÄ® öPõsh Ámh®. 
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6. State Liouville’s theorem. 

 ¼÷¯õÂ¼ß ÷uØÓzøuU TÖP. 

7. Write the Maclaurin’s series expansion of zsinh . 

 zsinh &ß ö©U»õ›ß öuõhº Â›øÁ GÊxP. 

8. Find the singular point of 
)(

1
)(

izz
xf

−
= . 

 
)(

1
)(

izz
xf

−
= &ß A¸{ø» ¦ÒÎPøÍU PõsP. 

9. Define : Residue of )(zf   at ‘ a ’. 

 ‘ a ’&À )(zf ß Ga\zøu Áøμ¯Ö. 

10. Evaluate :  =
+C

zc
z
dz

2:,
32

. 

 ©v¨¤kP :  =
+C

zc
z
dz

2:,
32

. 

 Part B  (5 × 5 = 25) 

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

11. (a) Prove that 22)( ixyxzf +=  is nowhere 
differentiable. 

  22)( ixyxzf +=  G[S® ÁøP°hzuUPuÀ» GÚ 
{ÖÄP. 

Or 

 (b) Prove that the real and imaginary parts of an 
analytic function are harmonic functions. 

  £S•øÓa \õº¤ß ö©´ ©ØÖ® PØ£øÚ¨ £SvPÒ 
Cø\a \õº¦PÒ GÚ {ÖÄP. 
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12. (a) Describe Geometrically the transformation 

1
1
−

=
z

w . 

  E¸©õØÓ® 
1

1
−

=
z

w I ÁiÂ¯À Ÿv¯õP ÂÁ›UP. 

Or 

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

  G¢u J¸ C¸£i E¸©õØÓ•® SÖUS ÂQuzøu¨ 
÷£q® GÚ {ÖÄP. 

13. (a) State and prove  
  (i) Cauchy’s inequality 
  (ii) Fundamental theorem of algebra. 
  (i) Põæ°ß \©Ûßø© 

  (ii) C¯ØPouzvß Ai¨£øhz ÷uØÓ® CÁØøÓ 
TÔ {ÖÄP. 

Or 

 (b) State and prove Cauchy’s integral formula. 

  Põæ°ß öuõøP±mk `zvμzøuU TÔ {ÖÄP. 

14. (a) Expand 
)2()1(

1
−−

−
zz

 as a power series in z  in the 

region 21 << z . 

  21 << z  GßÓ £Sv°À 
)2()1(

1
−−

−
zz

I z &ß 

AkUSz öuõhμõP Â›UP. 

Or 

 (b) Find the zeroes of zzzf sin)( 2= . 

  zzzf sin)( 2= &ß §äâ¯[PøÍU PõsP. 
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15.  (a) State and prove Cauchy Residue theorem. 

  Põæ°ß Ga\z ÷uØÓzøuU TÔ {ÖÄP. 

Or 

 (b) Evaluate  =
C

zcdzz 2:,tan . 

  ©v¨¤kP :  =
C

zcdzz 2:,tan . 

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Derive C-R equations in Cartesian form. 

 Põºmj]¯ß ÁiÁzøu C-R \©ß£õkPøÍ u¸Â. 

17. Prove that any bilinear transformation which maps the 
unit circle 1=z  onto the unit circle 1=w  can be written 

in the form 







−

−=
1z

zew i

α
αλ  λ  real number. 

 Kμ»S Ámh® 1=z I Kμ»S Ámh® 1=w  BP 

E¸©õØÓ® G¢u J¸ C¸£i E¸©õØÓzøu²® 









−

−=
1z

zew i

α
αλ  GßÓ ÁiÂÀ GÊu»õ® GÚ {ÖÄP. CvÀ 

λ  ö©´ö¯s. 

18. State and prove Cauchy’s theorem. 

 Põæ°ß ÷uØÓzøuU TÔ {ÖÄP. 

19. State and prove Taylor’s theorem. 

 öh´»›ß ÷uØÓzøuU TÔ {ÖÄP. 

20. State and prove Argument theorem. 

 BºU³ö©ßm ÷uØÓzøuU TÔ {ÖÄP. 

———————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Define a random experiment. 

 \©Áõ´¨¦  ÷\õuøÚø¯ Áøμ¯Ö. 

2. If 4.0)( =AP , 3.0)( =BP  and 2.0)( =∩ BAP , then find 
)( BAP ∪  . 

 4.0)( =AP , 3.0)( =BP  ©ØÖ® 2.0)( =∩ BAP  GÛÀ 
)( BAP ∪ &I PõsP. 

3. Compute the mode of a binomial distribution 







4
1

,7B . 

 







4
1

,7B  GßÓ C¸•Pmk £μÁ¼ß •Pk PõsP. 

4. Define Gamma distribution. 

 Põ©õ¨ £μÁø» Áøμ¯Ö. 

5. What is sample size? 

 ©õv› AÍÄ GßÓõÀ GßÚ? 
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6. Define alternative hypothesis. 

 ©õØÖ Gk÷PõøÍ Áøμ¯Ö. 

7. Write the 95% confidence limits for μ . 

 μ &ß 95% |®¤UøP Áμ®ø£ GÊxP. 

8. Write the formula for −F test. 

 −F ÷\õuøÚ°ß `zvμzøu GÊxP. 

9. What is meant by analysis of variance? 

 ©õÖ£õmk £S¨£õ´Ä Gß£uß ö£õ¸Ò GßÚ? 

10. State Yate’s correction. 

 ÷¯mì v¸zuzøu TÖP. 

 Part B  (5 × 5 = 25) 

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

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

  ÷£°ì ÷uØÓzøu GÊv {ÖÄP. 

Or 

 (b) For the distribution function  

  








≥

<≤−+
−<

=

11

11if
4

2
1if0

)(

xif
xx

x
xF  

  find  

  (i) 





 ≤<−

2
1

2
1 XP  

  (ii) )0( =XP  

  (iii) )1( =XP  

  (iv) )32( ≤≤ XP  
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≥

<≤−+
−<

=

11

11if
4

2
1if0

)(

xif
xx

x
xF  GÝ® £μÁÀ \õº¤ØS  

  (i) 





 ≤<−

2
1

2
1 XP  

  (ii) )0( =XP  

  (iii) )1( =XP  

  (iv) )32( ≤≤ XP  BQ¯ÁØøÓ PõsP. 

12. (a) If X  is a Poisson random variate such that 
3.0)1( ==XP  and 2.0)2( ==XP . Find )0( =XP . 

  X  Gß£x J¸ £õ´\õß \©Áõ´¨¦ ©õØÖ® 
3.0)1( ==XP  ©ØÖ® 2.0)2( ==XP  GÛÀ 

)0( =XP &I PõsP. 

Or 

 (b) If X  is normally distributed with zero mean and 

unit variance find the expectation of 2X . 

  X  GßÓ C¯À{ø»¨ £μÁ¼À \μõ\› §äâ¯® 

©ØÖ® £μÁØ£i 1 GÛÀ  )( 2XE &I PõsP. 

13. (a) A coin is tossed 800 times and a person gets  
350 heads. Can we say that he has made a random 
tossing each time? 

  J¸ |õn¯® 800 •øÓ Ã\¨£kQÓx ©ØÖ® J¸ |£º 
350 uø»PøÍ¨ ö£ÖQÓõº. JÆöÁõ¸ •øÓ²® 
AÁº J¸ ^μØÓ •øÓ°À yUQ GÔ¢uõº GÚ TÓ 
•i²©õ? 

Or 
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 (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÷Põ¾hß Jzx¨ ÷£õQÓuõ? 

14. (a) The following table gives the biological values of 
protein from 6 low’s milk and 6 buffalo’s milk. 
Examine whether the differences are significant.   

Cow’s milk  1.8 2.0 1.9 1.6 1.8 1.5

Buffalo’s milk  2.0 1.8 1.8 2.0 2.1 1.9

  ¤ßÁ¸® AmhÁøn 6 £_®£õÀ ©ØÖ® 6 G¸ø© 
£õ¼À C¸¢x ¦μuzvß E°›¯À ©v¨¦PøÍ 
ÁÇ[SQÓx. CÁØÔß ÷ÁÖ£õkPÒ 
SÔ¨¤hzuUPÚÁõ Gß£øu Bμõ´P. 

£_®£õÀ 1.8 2.0 1.9 1.6 1.8 1.5 

G¸ø©£õÀ 2.0 1.8 1.8 2.0 2.1 1.9 

Or 

 (b) A random sample of 27 pairs of observation from a 
bivariate normal population gave a coefficient of 
correlation 0.40. Is this value significant of 
correlation in the population? 

  C¸©õÔ C¯À{ø» •Êø©z öuõSv°À 27 
÷áõiPÎß Áõ´¨¦ ©õÔ°ß JmkÓÄU öPÊ 0.40 
GÛÀ C¢u ©v¨¦ ©UPÒ öuõøP°ß JmkÓÄhß 
öuõhº¦øh¯uõ?  

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

  51 AÍÄøh¯ J¸ Áõ´¨¦ TÔÀ 8=σ  ©ØÖ® 
10=s  GßÓ Gk÷PõøÍ ÷\õvUPÄ®. 

Or 
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 (b) The following table gives the classification of 100 
workers according to sex and nature of work. Using 

2χ -test examine whether the nature of work is 
independent of the sex of the worker. 

Nature of  
work 

Sex 

Skilled  Unskilled Total

Male  40 20 60 

Female  10 30 40 

Total  50 50 100 

  ¤ßÁ¸® AmhÁøn £õ¼Ú® ©ØÖ® ÷Áø»°ß 
ußø©US HØ£ 100 öuõÈ»õÍºPøÍ 
ÁøP¨£kzxQÓx. ÷Áø»°ß ußø©, 
öuõÈ»õÎ°ß £õ¼Úzv¼¸¢x \õº£ØÓuõ Gß£øu 
Bμõ´P. 
÷Áø»°ß  

ußø© 
£õ¼Ú® 

vÓø©¯õÚÁº  vÓø©¯ØÓÁº ö©õzu®

Bs 40 20 60 
ö£s 10 30 40 
ö©õzu® 50 50 100 

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. A random variable X has the following probability 
function.   

xi –2 –1 0 1 2 3 

Pi = P(xi) 0.1 k 0.2 2k 0.3 k 

 Find : 
 (a) The value of k  
 (b) Mean  
 (c) Variance 
 (d) )2( ≥XP  
 (e) )2( <XP   
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 Áõ´¨¦ ©õÔ Xß {PÌuPÄ \õº£»ß ¤ßÁ¸©õÖ : 

xi –2 –1 0 1 2 3 

Pi = P(xi) 0.1 k 0.2 2k 0.3 k 

 (A) k ß ©v¨¦ 

 (B) \μõ\› 

 (C) £μÁØ£i  

 (D) )2( ≥XP  

 (E) )2( <XP  BQ¯ÁØøÓ PõsP. 

17. Five unbiased coins are tossed and the number of heads 
noted. The experiment is repeated 64 times and the 
following distribution is obtained. Fit a binomial 
distribution and find the expected frequencies. 

No. of heads : 0 1 2 3 4 5 Total  

Frequencies : 3 6 24 26 4 1 64 

 I¢x |õn¯[PÒ hõì ö\´¯¨£mk uø»PÎß 
GsoUøP SÔ¨¤h¨£mkÒÍx. ÷\õuøÚ 64 •øÓ 
«sk® «sk® ö\´¯¨£mk ¤ßÁ¸® £μÁÀ 
ö£Ó¨£kQÓx GÛÀ D¸Ö¨¦ £μÁø» ö£õ¸zv 
Gvº£õº¨¦ {PÌöÁsPøÍ PõsP. 

uø»PÎß GsoUøP : 0 1 2 3 4 5 ö©õzu®

{PÌöÁs  3 6 24 26 4 1 64 

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

19. Two random samples gave the following results. Test 
whether the samples could have come from the same 
normal population.  

Sample  Size  Sample Mean  Sum of Squares of  
distribution from mean

I 10 15 90 

II 12 14 108 

 Cμsk Áõ´¨¦U TÖPÒ ¤ßÁ¸® •iÄPøÍ 
öPõkzxÒÍÚ. AøÁ J÷μ C¯À ©UPÒ öuõøP°¼¸¢x 
ö£Ó¨£mhÚÁõ GÚ ÷\õvUPÄ®. 

©õv› AÍÄ  ©õv› \μõ\›  \μõ\›°¼¸¢x Â»UP[PÎß 
C¸£iPÎß Tmkz öuõøP 

I 10 15 90 

II 12 14 108 

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 ußø©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. What is a replacement problem? 

 C¯¢vμ ©õØÖ PnUS GßÓõÀ GßÚ? 

2. State Mortality theorem.  

 ©õºhõ¼mi ÷uØÓzøu GÊxP. 

3. Define : Holding cost.  

 Áøμ¯Ö : øÁ¨¦ ö\»Ä. 

4. Write Wilson’s formula to find EOQ. 

 EOQ Põs£uØPõÚ ÂÀ\Ûß `zvμzøu GÊxP. 

5. Define queue.  

 Põzv¸¨¦ Á›ø\ Áøμ¯Ö. 

6. Write any two queue discipline.   

 H÷uÝ® Cμsk Á›ø\ JÊ[øP GÊxP. 

Sub. Code 
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7. Define critical path.  

 ©õÖ{ø»¨ £õøu Áøμ¯Ö. 

8. Define Pessimistic time.  

 |®¤UøP°À»õ ÷|μzøu Áøμ¯Ö 

9. What do you meant by zero-sum game? 

 §ä¯&öuõøP Bmh® GßÓõÀ GßÚ? 

10. Define pay-off matrix.  

 •Êø© ÁÇ[PÀ Aoø¯ Áøμ¯Ö. 

 Part B  (5 × 5 = 25) 

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

11. (a) Machine A costs Rs.9,000. Annual operating costs 
are Rs.200 for the first year and then increase by 
Rs.2,000 every year. Determine the best age at 
which to replace the machine. If the optimum 
replacement policy is followed, what will be the 
average yearly cost of owning and operating the 
machine? 

  C¯¢vμ® A ß Âø» ¹£õ´ 9,000 Cuß C¯UP 
ö\»Ä ¹.200 GÚ •uÀ Bsi¾®, Auß ¤ßÚº 
JÆöÁõ¸ Bsk® ¹£õ´ 2,000 AvP›UQÓx. 
C¯¢vμzøu ©õØÖÁuØS E›¯ BsiøÚ 
PnUQkP. EP¢u ©õØÖU öPõÒøP 
Pøh¤iUP¨£kQÓx GÛÀ C¯¢vμzøu 
Áõ[SÁuØS®, C¯USÁuØS® Bsk \μõ\› ö\»Ä 
GßÚ? 

Or 

 (b) Write short notes on Group replacement policy.  

  SÊ ©õØÖU öPõÒøP £ØÔ ]ÖSÔ¨¦ ÁøμP.  
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12. (a) Write the reasons for carrying inventories.  
  \μUQ¸¨ø£ Gkzxa ö\ÀÁuØPõÚ Põμn[PøÍ 

GÊxP. 

Or 
 (b) A company purchases 9,000 parts of a machine for 

its annual requirements, ordering one month usage 
at a time. Each part costs Rs.20. The ordering cost 
per order in Rs.15, and the carring charges are 15% 
of the average inventory per year.  You have been 
assigned to suggest a more economical purchased 
policy from the company. What advice would you 
offer and how much would it save the company per 
year? 

  J¸ {ÖÁÚ® Auß Á¸hõ¢vμ ÷uøÁPÐUPõP J¸ 
C¯¢vμzvß 9,000 £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® Gkzxa 
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®? 

13. (a) A TV repairman finds that the time spent on his 
jobs has an Exponential distribution with mean 30 
minutes. If he repairs sets in the order in which 
they come in, and if the arrival of sets is 
approximately Poisson with an average rate of 10 
per 8-hour day, what is repairman’s expected idle 
time each day? How many jobs are ahead of the 
average set just brought-in? 

  J¸ öuõø»UPõm] £Êx £õº¨£Áº AkUS £μÁÀ 
•øÓ°À öuõø»UPõm] JßÖUS 30 {ªh[PÒ 
ö\»ÂkQÓõº. Á¸QßÓ Á›ø\¨£i÷¯ £Êx 
£õºUQÓõº. £õ´\õß £μÁÀ •øÓ¨£i 8 ©o ÷|μ 
|õÒ JßÖUS 10 öuõø»UPõm]PÒ Á¢x ÷\ºQßÓÚ. 
AÁº JÆöÁõ¸ |õÎ¾® K´ÁõP EÒÍ ÷|μzøu²®, 
\μõ\›¯õP |õÒ JßÖUS Á¸QßÓ ÷Áø»ø¯²® 
PõsP. 

Or 
 (b) Discuss Birth–Death process. 
  ¤Ó¨¦–CÓ¨¦ •øÓø¯¨ £ØÔ ÂÁõvUP. 
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14. (a) Explain the rules for network construction. 

  Áø»¨¤ßÚÀ Aø©¨£uß ÂvPøÍ ÂÁ›UP. 

Or 

 (b) Draw a network for the following data.  

Task A B C D E F G H I 

Immediate  

predecessor 

– – A B C,D B E E F,G

  ¤ßÁ¸® uμÄPÐUS J¸ Áø»¨¤ßÚÀ ÁøμP. 

ö\¯À A B C D E F G H I 

EhÚi  
•ß÷Úõi 

– – A B C,D B E E F,G

15. (a) Solve the game. 

Player A 

  A1 A2 A3

 B1 1 3 1 

Player B B2 0 –4 –3

 B3 1 5 –1

  Bmhzøu wºUP. 

BmhUPõμº A 

  A1 A2 A3

 B1 1 3 1 

BmhUPõμº B B2 0. –4 –3

 B3 1 5 –1

Or 
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 (b) Solve the following game. 

Player B 

  I II III IV

 I 3 2 4 0 

Player A II 3 4 2 4 

 III 4 2 4 0 

 IV 0 4 0 8 

  ¤ßÁ¸® Bmhzøu wºUP. 

BmhUPõμº B 

  I II III IV

 I 3 2 4 0 

BmhUPõμº A II 3 4 2 4 

 III 4 2 4 0 

 IV 0 4 0 8 

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. The cost of a machine is 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 1200 1800 2500 3200 4000

 When should the machine be replaced? 
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 J¸ C¯¢vμzvß Âø» ¹.12,200. Auß PÈÄ ©v¨¦ 
¹.200 Auß C¯UP ö\»Ä ¤ßÁ¸©õÖ. 

Á¸h® 1 2 3 4 5 6 7 8 

C¯UP 
ö\»Ä 

200 500 800 1200 1800 2500 3200 4000

 G¨÷£õx A¢u C¯¢vμzøu ©õØÓ ÷Ásk®? 

17. The price breaks of a product are given below. 

Quantity Unit Cost (Rs.)

8000 1 ≤≤ Q  Rs.1.00 

2800 Q≤  Rs.0.98 

 They yearly demand for the product in 1,600 units per 
year, cost of placing an order in Rs.5, the cost of storage is 
10% per year. Find the optimum order quantity. 

 J¸ ö£õ¸Îß Âø» Â£μ® ¤ßÁ¸©õÖ. 

AÍÄ A»S Âø» (¹.)

8000 1 ≤≤ Q  1.00 

2800 Q≤  0.98 

 A¨ö£õ¸Îß Á¸h ÷uøÁ 1,600 A»SPÒ, ÷Pm¦a 
ö\»Ä ¹£õ´ 5 ©ØÖ® \μUS SÂ¨¦ ö\»Ä Á¸hzvØS 
10%  GÛÀ EP¢u ÷Pm¦ AÍøÁ PõsP. 

18. Explain (M/M/1) : (N/FIFO) model. 

 (M/M/1) : (N/FIFO) ©õv›ø¯ ÂÍUSP. 
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19. A project consists of eight activities whose data given 
below. Draw the network and find the critical path.  

  

Activity Immediate Predecessor Duration  
(Days)  

  t0 tm tp 

A – 1 1 7 

B – 1 4 7 

C – 2 2 8 

D A 1 1 1 

E B 2 5 14 

F C 2 5 8 

G D, E 3 6 15 

H F, G 1 2 3 

  J¸ vmhzvÀ Gmk ö\¯ÀPÒ EÒÍÚ. Auß 
uPÁÀPÒ R÷Ç öPõkUP¨£mkÒÍÚ. Áø»¨¤ßÚÀ 
Áøμ¢x ©õÖ{ø»¨ £õøuø¯U PõsP. 

ö\¯À EhÚi •ß÷Úõi Põ» ÷|μ® (|õmPÎÀ)

  t0 tm tp 

A – 1 1 7 

B – 1 4 7 

C – 2 2 8 

D A 1 1 1 

E B 2 5 14 

F C 2 5 8 

G D, E 3 6 15 

H F, G 1 2 3 
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20. Solve the game graphically. 

1 –3 

3 5 

–1 6 

4 1 

2 2 

–5 0 

  

 Áøμ£h •øÓ°À Bmhzøu wºUP. 

1 –3 

3 5 

–1 6 

4 1 

2 2 

–5 0 

 
———————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Write the truth table for qp ∨ . 
 qp ∨ &ß Esø© AmhÁøn GÊx. 

2. What is a PCNF?  

 PCNF GßÓõÀ GßÚ? 

3. What is the digraph of a relation? 
 öuõhº¤ß vø\U÷Põmk¸ GßÓõÀ GßÚ? 

4. Define a Boolean algebra. 

 §¼¯ß C¯ØPou® Áøμ¯Ö. 

5. Define a group code. 

 S»USÔ±k Áøμ¯Ö. 

6. Define Hamming distance. 

 íõª[ yμ® Áøμ¯Ö. 

Sub. Code 
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7. Define finite automation. 
 •iÄÒÍ ußÛ¯UP® Áøμ¯Ö. 

8. Define NFA. 
 NFA Áøμ¯Ö. 

9. Define phrase structure grammar. 
 ÁõUQ¯ Aø©¨¦ C»UPn® Áøμ¯Ö. 

10. Define one step derivation. 
 J¸ ÁÈ Á¸ÂUP¨£mhx – Áøμ¯Ö. 

 Part B  (5 × 5 = 25) 

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

11. (a) Draw the parsing tree 

  )()( qpqp ∧→→  

  £õº][ ©μ® ÁøμP 

  )()( qpqp ∧→→  

Or 

 (b) Prove : )( qpqp ∧⇔∨ . 

  {ÖÄP : )( qpqp ∧⇔∨ . 

12. (a) State and prove the associative law of composition 
of relations. 

  öuõhº¦PÎß Cøn¨¤ØPõÚ ÷\º¨¦ Âvø¯ TÔ 
{ÖÄP. 

Or 

 (b) Draw Hasse diagram 

  )},3,2,1({ ⊆P . 
  íõ] Áøμ£h® ÁøμP 

  )},3,2,1({ ⊆P . 
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13. (a) Prove that )1,( +mm  parity check code is a group 
code. 

  )1,( +mm  £õ›mi ÷\õuøÚ SÔ±k J¸ S»USÔ±k 
BS® GÚ {ÖÄP. 

Or 

 (b) Let rm
rm Bcccyyyx +∈=  2121 . Then prove that 

)(0 bexHx H=⇔=∗ . 

  rm
rm Bcccyyyx +∈=  2121  GßP. 

  )(0 bexHx H=⇔=∗  GÚ {ÖÄP. 

14. (a) If ),,,,( 0 FqQM δΣ= , 21 qRq  if  ),(),( 21 aqaq δδ =  
Σ∈∀a  prove that R  is an equivalence relation. 

  ),,,,( 0 FqQM δΣ=  ©ØÖ® ),(),( 21 aqaq δδ =   GÛÀ 

21 qRq  GÛÀ R  J¸ \©õÚ öuõhº¦ GÚ {ÖÄP. 

Or 

 (b) Construct a finite automata which accepts },{ baab . 

  },{ baab &øÁ HØÖUöPõÒÐ® •iÄÒÍ 
ußÛ¯UPzøu Aø©UPÄ®. 

15.  (a) Find grammar for }0,1/{ ≥≥= mncbaL mnn . 

  }0,1/{ ≥≥= mncbaL mnn &US C»UPn® PõsP. 

Or 

 (b) Explain the following grammars with example. 

  (i) Type 0 (ii) Type 1 

  (iii) Type 2 (iv) Type 3 
  ¤ßÁ¸® C»UPn[PøÍ GkzxUPõmkhß 

ÂÍUSP.  

  (i) ÁøP 0 (ii) ÁøP 1 

  (iii) ÁøP 2 (iv) ÁøP 3 
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 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Find PDNF  

 )]()[( PQQPP ∨∧→→  

 PDNF  PõsP  

 )]()[( PQQPP ∨∧→→  

17. State and prove the representation theorem for finite 
Boolean algebra. 

 •iÄÒÍ §¼¯ß C¯Ø Pouzøu SÔUS® ÷uØÓzøu 
TÔ {ÖÄP. 

18. Prove that ),( nm  encoding function e can detect k or fever 
errors ⇔  its minimum distance is atleast 1+k . 

 e GÝ® ),( nm  SÔ¯õUP \õº¦ k AÀ»x AuØS SøÓ¢u 
¤øÇPøÍ Põq® ⇔  Auß ]Ö© yμ® SøÓ¢u £m\® 

1+k  BS® GÚ {ÖÄP. 

19. Let L  be the set accepted by NFA, M . Then prove that 
there exists an FA, M ′  which accepts L . 

 M  GÝ® NFA&BÀ HØÖUöPõÒÍ¨£k® Pn® L  GÛÀ 
M ′  GÝ® FA JßÖ L I HØÖUöPõÒÐ©õÖ C¸US® GÚ 
{ÖÄP. 

20. Construct a grammar G  which generates 
}1/{ ≥= ncbaL nnn . 

 }1/{ ≥= ncbaL nnn &I E¸ÁõUS® C»UPn® G  
Aø©UPÄ®. 

—————— 
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 Part A  (10 × 2 = 20) 

Answer all questions. 

1. Define α -cut. 
 α &öÁmk Áøμ¯Ö. 

2. What is the height of a fuzzy set? 
 öuÎÁÖ Pnzvß E¯μ® Gß£x GßÚ? 

3. Write the standard fuzzy operations. 
 {ø»¯õÚ öuÎÁÖ ö\¯ÀPøÍ GÊx. 

4. Define fuzzy complement. 
 öuÎÁÖ {μ¨¤ Áøμ¯Ö. 

5. Define a dual triple. 
 C¸ø© •®©i Áøμ¯Ö. 

6. State the law of excluded middle. 
 ø©¯® uÂºzu Âvø¯ TÖ. 

7. How do you divide two closed intervals? 
 GÆÁõÖ C¸ ‰i¯ CøhöÁÎPøÍ ÁS¨£õ´? 

Sub. Code 
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8. Define fuzzy compatibility relation. 
 öuÎÁÖ Cø\ÁõÚ öuõhºø£ Áøμ¯Ö. 

9. Define a dominating class. 
 BvUP ÁS¨ø£ Áøμ¯Ö. 

10. Define a fuzzy homomorphism. 
 öuÎÁÖ ö\¯ö»õ¨¦ø© Áøμ¯Ö. 

 Part B  (5 × 5 = 25) 

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

11. (a) Prove  : )()( )1( AA +−= αα . 

  {ÖÄP : )()( )1( AA +−= αα . 

Or 

 (b) Prove : )()]([ AfAf ++ = αα . 

  {ÖÄP : )()]([ AfAf ++ = αα . 

12. (a) Prove : ]1,0[))(()( ∈∀=⇔= aaaccacda . 

  {ÖÄP : ]1,0[))(()( ∈∀=⇔= aaaccacda . 

Or 

 (b) Prove that the standard fuzzy intersection is the 
only idempotent t -norm. 

  {ø»¯õÚ öuÎÁÖ öÁmk JßÖ ©mk÷© 
ußÚkUS t -& ö|›©® BS® GÚ {ÖÄP. 

13. (a) Prove that the following are dual for fuzzy 
complement c . 

  )max,(min, c  and ),,( maxmin cui . 

  öuÎÁÖ  {μ¨¤ c &US ¤ßÁ¸ÁÚ C¸ø© GÚ 
{ÖÄP. 

  )max,(min, c  and ),,( maxmin cui . 

Or 

 (b) Explain fuzzy cardinality with example. 
  öuÔÁÖ ö\ÆöÁsøn GkzxUPõmkhß ÂÍUSP. 
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14. (a) State and prove the sub distributivity property for 
intervals. 

  CøhöÁÎPÐUPõÚ xøn £[Rmk Âvø¯ TÔ 
{ÖÄP. 

Or 

 (b) Explain fuzzy equivalence relation with an example. 
  GkzxUPõmkhß öuÎÁÖ \©õÚ öuõhºø£ 

ÂÍUSP. 

15.  (a) How do you draw Hasse diagram for partial 
ordering? Explain with example.  

  GÆÁõÖ £Sv Á›ø\PÐUS íõ] Áøμ£h® 
ÁøμÁõ´? GkzxUPõmkhß ÂÍUSP. 

Or 

 (b) Explain the following : 

  (i) Isomorphism  

  (ii) Endomorphism  

  (iii) Automorphism. 
  ¤ßÁ¸ÁÚÁØøÓ ÂÍUSP. 

  (i) C¯ö»õ¨¦ø©   

  (ii) uß ö\¯ö»õ¨¦ø© 

  (iii) uß J¨¦ø©  

 Part C  (3 × 10 = 30) 

Answer any three questions. 

16. Let YXf →:  be a crisp function. Then f , fuzzified by 
the extension principle satisfies 

 )(,)()(
]1,0[

XFAAfAf ∈=
∈

+
α

α . 

 YXf →:  J¸ öuÎÁõÚ \õº¦ GßP. Â›ÁõUP öPõÒøP 

‰»® öuÎÁØÓuõP BUP¨£mh f  BÚx 

)(,)()(
]1,0[

XFAAfAf ∈=
∈

+
α

α &I §ºzv ö\´²® GÚ {ÖÄP. 
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17. State and prove the second characterization theorem of 
fuzzy complements. 

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

18. State and prove the necessary and sufficient condition for 
)(RFA ∈  to be a fuzzy number. 

 )(RFA ∈  BÚx öuÎÁÖ GsnõP C¸UP ÷£õx©õÚ 
©ØÖ® ÷uøÁ¯õÚ {£¢uøÚø¯ TÔ {ÖÄP.  

19. Find the transitive closure .TR  
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20. Explain the difference between an ordinary fuzzy 
homomorphism and a strong fuzzy homomorphism with  
example. 

 GkzxUPõmkhß öuÎÁÖ \õuõμn ö\¯ö»õ¨¦ø©US® 
Á¼ø©¯õÚ ö\¯ö»õ¨¦ø©US Cøh°»õÚ ÷ÁÖ£õmøh 
ÂÍUSP. 

  

——————  


