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Probability Theory : EMT-12 
a]Ã^  f ªV«c˜O H∞RÙOÁ (Time : 2 Hours)  

Y…SÔ]ÁX  f 50 (Full Marks : 50) 

]Á„XÃ[˝ mÃ[˝”±ºˆ  f 70% ( Weightage of Marks : 70% ) 

Y◊Ã[˝◊]Tˆ C ^UÁ^U =w¯„Ã[˝Ã[˝ LXÓ ◊[˝„`b ]…_Ó ÂVCÃ^Á c˜„[˝* 
%£à˘ [˝ÁXÁX, %Y◊Ã[˝¨K˜~TˆÁ A[˝e %Y◊Ã[˝õıÁÃ[˝ c˜ÿôˆÁl˘„Ã[˝Ã[˝ Âl˘‰y X∂ëˆÃ[˝ 

ÂEı‰ªRÙO ÂXCÃ^Á c˜„[˝* =YÁ„‹ôˆ Y“‰`¬Ã[˝ ]…_Ó]ÁX a…◊ªJÙTˆ %Á‰ªK˜* 
Special credit will be given for accuracy and relevance 

in the answer. Marks will be deducted for incorrect 
spelling, untidy work and illegible handwriting. 

The weightage for each question has been 
indicated in the margin. 

Y“Tˆ›Eı ◊ªJÙc˜‘m◊_ Y“ªJÙ◊_Tˆ %UÔ[˝c˜* 

Symbols have their usual meaning. 

◊[˝\ˆÁG — Eı 

Â^-ÂEıÁ„XÁ V«◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 10 × 2 = 20 

1* (Eı) W˝Ã[˝Á ^ÁEı, E AEı◊ªRÙO Y“Vw¯ ^V ¨K˜ YÃ[˝›l˘Á* ^◊V 

nAAAA ,...,,, 321  
Â^ ÂEıÁ„XÁ n HªRÙOXÁ c˜Ã^, TˆÁc˜„_ 

  Y“]ÁS EıÃ[˝”X Â^  

i) ∑
=

−≥
n

i
in APAAAP

1
21 )(1)...( , 

ii) ∑
=

−−≥
n

i
in nAPAAAP

1
21 )1()()...( . 3 + 2 

 (F) ^◊V 1)|( =BAP , TˆÁc˜„_ Y“]ÁS EıÃ[˝”X Â^- 

)()( BCPABCP = , Â^FÁ„X A,B,C c˜_ ◊TˆX◊ªRÙO 

HªRÙOXÁ* 5 

2* (Eı) AEı◊ªRÙO YÃ[˝›l˘ÁÃ[˝ Zı_ ◊≈y]Á◊≈yEı ÂV„` 4 ◊ªRÙO ◊[˝≥V«Ã[˝ Â^ 

ÂEıÁ„XÁ AEı◊ªRÙO a]a½ˆÁ[˝XÁÃ^ c˜„Tˆ YÁ„Ã[˝ ^Á„VÃ[˝ EıÁTˆfiÃ^ 

ÿöˆÁXÁ·¯ c˜_ (1,0,0), (0,1,0), (0,0,1) A[˝e (1,1,1)* 

^◊V A,B,C ^UÁy‘„] Ac˜O HªRÙOXÁm◊_ ◊X„V¤` Eı„Ã[˝ :   

'x-ÿöˆÁXÁ·¯ 1', 'y-ÿöˆÁXÁ·¯ 1' 'z-ÿöˆÁXÁ·¯ 1', TˆÁc˜„_ 

A,B,C YÃ[˝&Ã[˝ ÿëˆÁW˝›X [˝Á %X„Yl˘ ◊EıXÁ ^ÁªJÙÁc˜O 

EıÃ[˝”X* 5 

 (F) ^◊V n ◊ªRÙO YÃ[˝&Ã[˝ ÿëˆÁW˝›X HªRÙOXÁÃ[˝ a½ˆÁ[˝XÁ 

nppp ,...,, 21  c˜Ã^, TˆÁc˜„_ ÂVFÁX Â^ A„VÃ[˝             

]„W˝Ó %‹ôˆTˆ AEı◊ªRÙO HªRÙOÁÃ[˝ a½ˆÁ[˝XÁ c˜„[˝ 

)1)...(1)(1(1 21 nppp −−−− . 5 

3* (Eı) ^◊V X ÂYÁÃ^Áag-μ  ªJÙ_Eı c˜Ã^, Tˆ„[˝ Y“]ÁS EıÃ[˝”X  

  

xxe
n

nXP nx d
!

1)( ∫
∞

−=≤

μ

, 

  Â^FÁ„X n AEı◊ªRÙO W˝XÁ±¡Eı Y…SÔaeFÓÁ* 5 
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 (F) 2a ÈV„HÔÓÃ[˝ AEı◊ªRÙO ÂÃ[˝FÁVâ¯¯ AB-Ã[˝ =YÃ[˝ ^V ¨K˜\ˆÁ„[˝ 

AEı◊ªRÙO P ◊[˝≥V« ÂXCÃ^Á c˜_* AP, PB Ac˜O 

%ÁÃ^Tˆ„l˘‰yÃ[˝ Âl˘yZı_ 
2

2a
 
%◊Tˆy‘] XÁ EıÃ[˝[˝ÁÃ[˝ 

aïˆÁ[˝XÁ ◊XSÔÃ^ EıÃ[˝”X* 5 

4* (Eı) ÂYÁÃ^Áag μ -◊X„[˝`„XÃ[˝ LXÓ ÂVFÁX Â^ 

  ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+= −+ μ

μ
μμμ

d
d

11
k

kk k  

  AÃ[˝ ÂU„Eı %a]Yl˘TˆÁÃ[˝ ]ÁYEıÁ·¯ C %Á◊W˝„EıÓÃ[˝ 

]ÁYEıÁ·¯ ◊XSÔÃ^ EıÃ[˝”X* 5 

 (F) ^◊V ^V ¨K˜ ªJÙ_ X A[˝e Y-AÃ[˝ ◊•]Á◊≈yEı HX±ºˆ 

%„Yl˘Eı  

  22 683),( yxyxyxf +−= , 0 < x < 1,             
0 < y < 1 

  c˜Ã^, TˆÁc˜„_ ÂVFÁX Â^ %„Yl˘EıV«◊ªRÙO %X„Yl˘ XÃ^* 5 

◊[˝\ˆÁG — Fı 

Â^-ÂEıÁ„XÁ ◊TˆX◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 6 × 3 = 18 

5* X, Y-AÃ[˝ ^«GΩ HX±ºˆ %„Yl˘Eı c˜_  
                      8/)6( yx −− ; 0 < x < 2, 2 < y < 4 

                       0; %XÓy 

 )3( <+YXp  A[˝e )3|1( =< YXp  ◊XSÔÃ^ EıÃ[˝”X*    6 

6* ^◊V X, Y %X„Yl˘ γ -ªJÙ_Eı c˜Ã^ ^ÁÃ[˝ Y“ªJÙ_ ^UÁy‘„] l C m 

TˆÁc˜„_ ÂVFÁX Â^ YX
X
+

 AEı◊ªRÙO ),(1 mlβ  ªJÙ_Eı* 6 

7* ^◊V nXXX ,...,, 21  %X„Yl˘ [˝Á YÃ[˝&Ã[˝ ÿëˆÁW˝›X ÿëˆÁ\ˆÁ◊[˝Eı ª

),0( σ  JÙ_Eı c˜Ã^, TˆÁc˜„_ ÂVFÁX Â^ 

nn
XXX n 422

2
2
1 2...

var σ=
⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛ +++
. 6 

8* ^◊V X, Y-AÃ[˝ ^«GΩ HX±ºˆ %„Yl˘Eı c˜Ã^ 

 ayeayxf −= 2),( , yx ≤≤0 , ∞<≤ y0 , 

 TˆÁc˜„_ )0(),( >aYXρ  ◊XSÔÃ^ EıÃ[˝”X* 6 

9* ^◊V X AEı◊ªRÙO 2χ -ª◊X„[˝`X c˜Ã^ ^ÁÃ[˝ ÿëˆÁTˆ„‹óˆÓÃ[˝˝ ]ÁyÁ n, 

TˆÁc˜„_ ÂVFÁX Â^ 
2
X  AEı◊ªRÙO ⎟

⎠
⎞⎜

⎝
⎛

2
nγ  ªJÙ_Eı* 6 

10* AEı◊ªRÙO ]«V–Á 2000 [˝ÁÃ[˝ ÊªKg˜ÁQÕˆÁ c˜„_, ÿëˆÁ\ˆÁ◊[˝Eı %Áa~TˆÁ 

[˝Ó[˝c˜ÁÃ[˝ Eı„Ã[˝ Head YQÕˆÁÃ[˝ aeFÓÁ 900 C 1100-AÃ[˝ ]„W˝Ó 

UÁEıÁÃ[˝ a½ˆÁ[˝XÁ ◊XSÔÃ^ EıÃ[˝”X* W˝Ã[˝”X 990)52( ⋅=Φ . 6 

◊[˝\ˆÁG — Gı 

Â^-ÂEıÁ„XÁ ªJÙÁÃ[˝◊ªªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX f 3 × 4 = 12 

11* X›‰ªJÙÃ[˝ a…ym◊_ Y“]ÁS EıÃ[˝”X : 

 )(1)( ABPBAP −=+  A[˝e )()()( ABPBPBAP −= .  

  1 + 2 

12* Y“]ÁS EıÃ[˝”X Â^   

 )(...)()()...( 2121 nn APAPAPAAAP +++≤+++ . 3 

13* ÂVFÁX Â^ )0()()( −−=≤≤ aFbFbXaP . 3 

14* Y“]ÁS EıÃ[˝”X Â^ 1)()( −=∞+−∞− FF . 3 

f ( x, y ) = 
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15* ^◊V nX AEı◊ªRÙO ◊•YV ( n, p ) ªJÙ_Eı c˜Ã^, TˆÁc˜„_ ÂVFÁX Â^ 

pn
X

pin
n ⎯⎯⎯ →⎯  Â^FÁ„X ∞→n . 3 

16* ^◊V XX pinn ⎯⎯⎯ →⎯  A[˝e YY pinn ⎯⎯⎯ →⎯  ^FX ∞→n , 

TˆÁc˜„_ ÂVFÁX Â^ YXYX pinnn .. ⎯⎯⎯ →⎯ ^FX ∞→n . 3 

17* ^◊V V«◊ªRÙO ªJÙ_Eı X C Y-AÃ[˝ _◊Húˆ [˝GÔ ◊X\ˆ¤Ã[˝S aÃ[˝_„Ã[˝FÁm◊_ 

2623 =+ yx  C 316 =+ yx  c˜Ã^ TˆÁc˜„_ )(XE , )(YE

C ),( YXρ -AÃ[˝ ]ÁX ◊XSÔÃ^ EıÃ[˝”X* 3 

18* )(nγ  ªJÙ_„EıÃ[˝ È[˝◊`rÙÓ %„Yl˘Eı◊ªRÙO ◊XSÔÃ^ EıÃ[˝”X* 3 
 

 
 ( English Version ) 

Group – A 

   Answer any two questions. 10 × 2 = 20 

1. a) If nAAAA ,...,,, 321  be any n events 

connected to a random experiment E, then 
prove that  

i) ∑
=

−≥
n

i
in APAAAP

1
21 )(1)...( , 

ii) ∑
=

−−≥
n

i
in nAPAAAP

1
21 )1()()...( . 3 + 2 

 b) Let A,B,C be three events such that 
1)|( =BAP , then prove that 

)()( BCPABCP = . 5  

2. a) Let the equally likely outcomes of an 
experiment be one of the four points in the 
three-dimensional space with rectangular 
coordinates (1,0,0), (0,1,0), (0,0,1) and 
(1,1,1). Let A,B,C denote the events             
'x-coordinate 1', 'y-coordinate 1' and                
'z-coordinate 1' respectively. Verify whether 
the three events A,B,C are mutually 
independent. 5 

 b) The probabilities of n independent events 
are nppp ,...,, 21 . Then show that the 

probability that at least one of the events 
occur is )1)...(1)(1(1 21 nppp −−−− . 5 

3. a) Let X be a Poisson variate with parameter   

μ . Show that xxe
n

nXP nx d
!

1)( ∫
∞

−=≤

μ

, 

where n is a positive integer. 5 
 b) A point P is chosen at random on a line 

segment AB of length 2a. Find the 
probability that the area of the rectangle 

AP, PB will not exceed 
2

2a . 5 

4. a) Obtain the recurrence relation  

  ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+= −+ μ

μ
μμμ

d
d

11
k

kk k  

  for the Poisson distribution with    
parameter μ . Hence find the coefficient of 
skewness and the coefficient of excess of 
the Poisson μ  distribution. 5 
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 b) The random variables X and Y have the 
joint density function 

  22 683),( yxyxyxf +−=  for 0 < x < 1,         
0 < y < 1. 

  Then prove that X and Y are not 
independent. 5 

Group – B 
   Answer any three questions. 6 × 3 = 18 
5. The joint probability density function of two 

random variables X, Y is given by 
                      8/)6( yx −− ; 0 < x < 2, 2 < y < 4 
                       0; elsewhere. 
 Calculate the following probabilities : 
 )3( <+YXp  and )3|1( =< YXp . 6  
6. If X and Y be independent γ  variates with 

parameters l and m respectively, then prove that 

the distribution of YX
X
+

 is ),(1 mlβ . 6 

7. If nXXX ,...,, 21  be mutually independent   

normal ),0( σ  variates, then show that 

nn
XXX n 422

2
2
1 2...

var σ=
⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛ +++
. 6 

8. If the joint probability density function of X and Y 

be ayeayxf −= 2),( , yx ≤≤0 , ∞<≤ y0 , then 

find the value of )0(),( >aYXρ . 6 

9. If X has 2χ -distribution with n degree of 

freedom, then show that 
2
X  is a ⎟

⎠
⎞⎜

⎝
⎛

2
nγ  variate. 6 

10.  Find the probability that the number of heads     
in 2000 throws with a fair coin lies between     

900 and 1100. Assume 990)52( ⋅=Φ . 6 
Group – C 

   Answer any four questions. 3 × 4 = 12 
11. Prove the following formulae : 
 )(1)( ABPBAP −=+  and )()()( ABPBPBAP −= .  
  1 + 2 
12. Prove that 

)(...)()()...( 2121 nn APAPAPAAAP +++≤+++ . 3 

13. Show that )0()()( −−=≤≤ aFbFbXaP . 3 

14. Prove that 1)()( −=∞+−∞− FF . 3 

15. If nX  be a binomial ( n, p ) variate, then prove 

that pn
X

pin
n ⎯⎯⎯ →⎯  as ∞→n . 3 

16. Let XX pinn ⎯⎯⎯ →⎯  and YY pinn ⎯⎯⎯ →⎯  as ∞→n , 

then show that YXYX pinnn .. ⎯⎯⎯ →⎯  as ∞→n . 3 

17. Two random variables X, Y have the least square 
regression lines with equations 2623 =+ yx  and 

316 =+ yx , then find the values of )(XE , )(YE , 

),( YXρ . 3 

18. Find the characteristic function of )(nγ  variate. 3 

    

f ( x, y ) = 


