
 

  

OCTOBER 2013 U/ID 4733/JAE 

Time : Three hours Maximum : 100 marks 

PART A — (10 × 2 = 20 marks) 

Answer ALL questions. 

Each question carries 2 marks. 

1. Define independent events.  

 \õº£ØÓ {PÌÄPÒ – Áøµ¯Ö. 

2. If X  and Y  are independent random variables with means 10 

and 20, variances 2 and 3 respectively, find the variance of 

YX 43 + . 

 X  ©ØÖ® Y  BQ¯ \õº£ØÓ ÷µsh® ©õÔPÎß \µõ\› ©v¨¦PÒ 
•øÓ÷¯ 10 ©ØÖ® 20, ÁºUP Â»UP[PÒ •øÓ÷¯ 2 ©ØÖ® 3 GÛÀ,  

YX 43 + –ß ÁºUPÂ»UP® PõsP. 

3. Write an equation involving random variables  

X  and Y  with correlation coefficient 1. 

 JmkÓÄU öPÊ 1 EÒÍ \©Áõ´¨¦ ©õÔPÒ X , Y  BQ¯ÁØøÓU 
öPõskÒÍ \©ß£õk GÊxP. 

4. Define cumulants. 

 SÂ¨ö£¸UPzvøÚ Áøµ¯Ö. 

5. Find the mean of uniform variate. 

 ^µõÚ ©õÔ°ß \µõ\›ø¯U PõsP. 

6. Find ( )XE  given ( ) pqrXP r== ; K,2,1,0=r  

 ( ) pqrXP r== ; K,2,1,0=r  GÛÀ ( )XE  IU PõsP. 

7. Define consistent estimator. 

 JÆÄø©²ÒÍ AÍøÁø¯ Áøµ¯Ö. 

8. A random sample ( )54321 ,,,, xxxxx  of size 5 is drawn from a 

normal population with unknown mean .µ  Verify that 

5

54321
1

xxxxx
T

++++
=  is an unbiased estimator of µ . 
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 AÍÄ 5 öPõsh \©Áõ´¨¦U TÖ ( )54321 ,,,, xxxxx  öu›¯õu 

\µõ\› µ  Eøh¯ ÷|ºø© CÚzöuõSv°¼¸¢x GkUP¨£kQÓx. 

GÛÀ 
5

54321
1

xxxxx
T

++++
=  Gß£x µ -ß ¤ÓÌa]¯ØÓ 

AÍøÁ¯õ GÚa \›£õºUPÄ®. 

9. Define power of the test. 

 ÷\õuøÚz vÓøÚ Áøµ¯Ö. 

10. Define critical region. 

 wº©õÚ¨ £Svø¯ Áøµ¯Ö.  

PART B — (5 × 16 = 80 marks) 

Answer ALL questions. 

Each question carries 16 marks. 

11. (a) State and prove addition theorem on expectation. 

 (b) Given : ( ) ( ) ∞<<= +− xeyxf yx 0,, , ∞<< y0 .  Are X  and 

Y  independent? 

  Find : 

  (i) ( )1>XP   

  (ii) ( )YXYXP 2<<  

  (iii) ( )21 <+< YXP  

 (A) Gvº£õº¨¦ TmhÀ ÷uØÓzøu GÊv {ÖÄP. 

 (B) ( ) ( ) ∞<<= +− xeyxf yx 0,, , ∞<< y0  GßP. 

  X  ©ØÖ® Y  JßøÓö¯õßÖ \õµõv¸US©õ? 

  (i) ( )1>XP   

  (ii) ( )YXYXP 2<<  

  (iii) ( )21 <+< YXP  

   BQ¯ÁØøÓU PõsP.  

Or 

 (c) Find the moments 432 ,, µµµ  of Binomial distribution. 

 (d) Let X  and Y  be two random variables having finite 

means. Prove that  

  (i) ( )[ ] ( ) ( )[ ]YEXEYXE ,Min,Min ≤  

  (ii) ( )[ ] ( ) ( )[ ]YEXEYXE ,Max,Max ≥ . 



 

 U/ID 4733/JAE 3 

 (C) D¸Ö¨¦¨ £µÁ¾US 432 ,, µµµ  BQ¯ v¸¨¦z vÓßPøÍU 

PõsP. 

 (D) X , Y  BQ¯Ú •iÄÖ \µõ\›PÒ öPõsh \©Áõ´¨¦ ©õÔPÒ 

GßP. ¤ßÁ¸ÁÚÁØøÓ {ÖÄP. 

  (i) ( )[ ] ( ) ( )[ ]YEXEYXE ,Min,Min ≤  

  (ii) ( )[ ] ( ) ( )[ ]YEXEYXE ,Max,Max ≥ . 

12. (a) For a distribution, the cumulants are given by : 

( ){ } 0,!1 >−= nrnK r . Find the characteristics function. 

 (b) The joint pdf of two random variables X  and Y  is given by  

  ( )
( )[ ]






 >≤≤−+
=

elsewhere0

0,,,1
4

1

,

22

2
aayaxyxxy

ayxf  

  Find the characteristics function of YXZ += . 

 (A) J¸ £µÁ¼ß SÂ¨ö£¸UP[PÒ ( ){ } 0,!1 >−= nrnK r  GÛÀ, 

]Ó¨¦a \õº¦ PõsP. 

 (B) X , Y  BQ¯ \©Áõ´¨¦ ©õÔPÎÀ Cøn {PÌuPÄ Ahºzva 

\õº¦ 

  ( )
( )[ ]






 >≤≤−+
=

0

0,,,1
4

1

,

22

2
aayaxyxxy

ayxf  

  GÛÀ YXZ += ß ]Ó¨¦a \õº¦ PõsP.  

Or 

 (c) Show that the correlation coefficient is independent of 

change of scale and origin. 

 (d) A symmetric die is thrown 600 times. Use Chebychev’s 

inequality to find the lower bound for the probability of 

getting 80 to 120 sixes. 

 (C) öuõhº¦U öPÊ A»S ©ØÖ® Bvø¯²® \õµõux GÚU Põs¤. 

 (D) J¸ \©a^µõÚ £PøhUPõ´ 600 •øÓ GÔ¯¨£kQÓx. 

ö\¤aö\Æ \©Ûßø©ø¯¨ £¯ß£kzv, 80¼¸¢x 120 •øÓ  

6 ö£ÖÁuØPõÚ {PÌuPÂß RÌÁµ®¦ PõsP.  

 ¤Ó£SvPÎÀ 
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13. (a) Find the mgf of Binomial distribution ( )pnB , . Hence find 

the distribution of YX +  given ( )pnBX ,~ 1  and 

( )pnBY ,~ 2  and YX ,  are independent. 

 (b) If nXXX K,, 21  are independent random variables, iX  

having an exponential distribution with parameter 

( )nii ,,2,1, K=θ  then show that ( )nXXXZ K,,min 21=  

has exponential distribution with parameter ∑
=

n

i

i

1

θ . 

 (A) D¸Ö¨¦¨ £µÁÀ ( )pnB , ß v¸¨¦z vÓß E¸ÁõUS® \õº¤ß 

PõsP. ( )pnBX ,~ 1 , ( )pnBY ,~ 2 , YX ,  JßøÓö¯õßÖ 

\õµõuøÁ GÛÀ YX + ß £µÁø»U PõsP. 

 (B) nXXX K,, 21  BQ¯Ú JßøÓö¯õßÖ \õµõu \©Áõ´¨¦ 

©õÔPÒ iX  Gß£x ( )nii ,,2,1, K=θ  AÍÄÖ öPõsh 

AkUS¨ £µÁÀ GÛÀ ( )nXXXZ K,,min 21=  Gß£x ∑
=

n

i

i

1

θ  

öPõsh AkUS¨ £µÁÀ GÚU PõsP. 

Or 

 (c) For the 2 × 2 table, 

a b 

c d 

  Prove that chi-square test of independence gives 

( )
( ) ( ) ( ) ( )dcbadbca

bcadN

++++
−=

2
2χ , dcbaN +++= . 

 (d) Derive student’s t-distribution. 

 (C)  

a b 

c d 

  GßÓ 2 × 2 AmhÁønUS øPÁºUP \õµõv¸¨£uØPõÚ ÷\õuøÚ 

( )
( ) ( ) ( ) ( )dcbadbca

bcadN

++++
−=

2
2χ , dcbaN +++=  GÚ 

{ÖÄP. 

 (D) ìlhßm t-£µÁ¼øÚ u¸Â. 
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14. (a) State and prove Rao-Cramer inequality. 

 (b) Obtain the MVB estimator for µ  in a normal population 
( )2,σµN , where 2σ  is known.  

 (A) µõÆ–Qµõ©º \©Û¼ø¯ GÊv {ÖÄP. 

 (B) 2σ  öu›²® GÚU öPõsk ( )2,σµN  GßÓ C¯À £µÁ¼ß 

MVB-ß ©v¨¥mhÍøÁø¯¨ ö£ÖP. 

Or 

 (c) Obtain the ( )%1100 α−  confidence intervals for the 

parameters  

  (i) θ  and  

  (ii) 2σ  of the normal distribution 

   ( )















 −−=
2

2

1
exp

2

1
,,

σ
θ

πσ
σθ x

xf , ∞<<∞− x . 

 (d) Find the maximum likelihood estimate for the parameter 

λ  of a Poisson distribution on the basis of a sample size n . 
Also find its variance. 

 (C) ( )















 −−=
2

2

1
exp

2

1
,,

σ
θ

πσ
σθ x

xf , ∞<<∞− x  GßÓ 

C¯À£µÁ¾US 

  (i) θ  ©ØÖ®   

  (ii) 2σ  BQ¯ÁØÔß ( )%1100 α−  |®¤UøP  

CøhöÁÎø¯¨ ö£ÖP. 

 (D) AÍÄ¸ λ  öPõsh £õ´\õß £µÁ¼¸¢x ö£Ó¨£mh n  AÍÄ 
öPõsh TÔØS λ ß «¨ö£¸ {PÌzuUP ©v¨¥mhÍøÁ 
PõsP. ÷©¾® Cuß vmh Â»UP ÁºUP® PõsP. 

15. (a) Given a random sample nxxx ,,, 21 K  from the distribution 

with p.d.f. 

  ( ) 0,, >= − xexf xθθθ  

  Show that there exists no ump test for testing 00 : θθ =H  

against 01 θθ ≠=H .  

 (b) Let ( ) µµ ,4,~ NX  unknown. To test 1:0 −=µH  against 

1:1 =µH  based on a sample of size 10 from this 

population, the critical region 10102 1021 ≥+++ xxx K  is 

used. What is its size? 
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 (A) ( ) 0,, >= − xexf xθθθ  GßÓ {PÌuPÄ Ahºzva \õº¦ öPõsh 

£µÁ¾øh¯ \©Áõ´¨¦U TÖ nxxx ,,, 21 K  GßP. 

  00 : θθ =H –I 01 θθ ≠=H –ØÔøÚ ©õØÓõPU öPõsh 

÷\õvUP ump ÷\õuøÚ CÀø» GÚU Põs¤. 

 (B) ( ) µµ ,4,~ NX  öu›¯õux GßP. Cuß CÚzöuõSv°À 

ö£Ó¨£mh AÍÄ 10 öPõsh TÔøÚU öPõsk, 
1:0 −=µH I  1:1 =µH  GvµõPa ÷\õvUP 

10102 1021 ≥+++ xxx K  GßÓ wº©õÚ¨ £Sv 

£¯ß£kzu¨£kQÓx. Cuß AÍÄ GßÚ? 

Or 

 (c) Let X  have a p.d.f of the form : 

  ( )





 >∞<<
=

−

elsewhere,0

0,0;
1

,

/ θ
θθ

θ xe
xf

x

 

  To test 2:0 =θH  against 1:1 =θH , the random sample 

21 xx  of size 2 is used. Define the critical region : 

( ){ }2121 5.9:, xxxxW +≤= . 

  Find :  

  (i) Power of the test 

  (ii) Significance level of the test. 

 (d) Explain the test for the mean of a normal population. 

 (C) ( )





 >∞<<
=

−

elsewhere,0

0,0;
1

,

/ θ
θθ

θ xe
xf

x

 Gß£x X ß {PÌuPÄ 

Ahºzva \õº¦ GßP. 2:0 =θH I 1:1 =θH  GvµõP ÷\õvUP 

AÍÄ 2 öPõsh \©Áõ´¨¦U TÖ 21 xx  £¯ß£kQÓx. 

Áøµ¯ÖUP¨£mh wº©õÚ¨ £Sv 
( ){ }2121 5.9:, xxxxW +≤=  GÛÀ  

  (i) ÷\õuøÚz vÓß 

  (ii) ÷\õuøÚ°ß ]Ó¨¦ AÍÄ 

   BQ¯ÁØøÓU PõsP. 

 (D) C¯À CÚzöuõSv°ß \µõ\›ø¯ ÷\õvUS® ÷\õuøÚø¯ 
ÂÍUSP. 

———————  


