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ÿoˆÁTˆEı YÁPˆy‘] ( B.D.P.) 
◊`l˘Á[˝bÔÁ‹ôˆ YÃ[˝›l˘Á ( Term End Examination ) : 

 ◊Qˆ„a∂ëˆÃ[˝, 2015 C L«X, 2016 

G◊STˆ ( Mathematics ) 
B◊¨K˜Eı YÁPˆy‘] ( Elective ) 

•ÁV` Yy ( 12th Paper : Probability Theory ) 
a]Ã^  f ªV«c˜O H∞RÙOÁ Y…SÔ]ÁX  f 50 
Time : 2 Hours 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) V«◊ªRÙO YÁ‰y ^UÁy‘„] 2 ◊ªRÙO aÁVÁ C 1 ◊ªRÙO EıÁ„_Á A[˝e  

1 ◊ªRÙO aÁVÁ C 5 ◊ªRÙO EıÁ„_Á [˝_ %Á‰ªK˜* AEı◊ªRÙO [˝_ 
Y“U] YÁy ÂU„Eı ◊•Tˆ›Ã^ YÁ‰y ÿöˆÁXÁ‹ôˆ◊Ã[˝Tˆ EıÃ[˝Á c˜_ 
A[˝e TˆÁÃ[˝YÃ[˝ ◊•Tˆ›Ã^ YÁy ÂU„Eı AEı◊ªRÙO [˝_ ªRÙOÁXÁ c˜_* 
ªRÙOÁXÁ [˝_◊ªRÙO aÁVÁ c˜CÃ^ÁÃ[˝ aïˆÁ[˝XÁ Eı› ? 5 

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

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

%‹ôˆTˆ AEıª◊ªRÙO HªRÙOÁÃ[˝ aïˆÁ[˝XÁ c˜„[˝ 

)1)...(1)(1(1 21 nppp −−−− . 5  

2* (Eı) AEı◊ªRÙO a]aÓÁÃ[˝ a]ÁW˝ÁX A EıÃ[˝„Tˆ YÁÃ[˝ÁÃ[˝ aïˆÁ[˝XÁ    

5
2 A[˝e TˆÁ B EıÃ[˝„Tˆ YÁÃ[˝ÁÃ[˝ aïˆÁ[˝XÁ 3

1 * ^◊V 

V«L„Xc˜O ÿëˆÁW˝›X\ˆÁ„[˝ ÊªJÙrÙÁ Eı„Ã[˝, a]aÓÁ◊ªRÙO a]ÁW˝Á„XÃ[˝ 

aïˆÁ[˝XÁ EıTˆ ? 5 

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

  ∫
∞

−=≤

μ

xxennXP nx d
!

1)( , 

  Â^FÁ„X n AEı◊ªRÙO W˝XÁ±¡Eı Y…SÔaeFÓÁ* 5 

3* (Eı) AEı◊ªRÙO %W˝Ô[˝ „w¯Ã[˝ [˝ÓÁaÁW˝Ô 1 A[˝e ÂEı≥V– ]…_◊[˝≥V«„Tˆ 

%[˝◊ÿöˆTˆ* B %W˝Ô[˝ „w¯Ã[˝ =YÃ[˝ AEı◊ªRÙO ◊[˝≥V« ^V ¨K˜\ˆÁ„[˝ 

ÂXCÃ^Á c˜_* Y“]ÁS EıÃ[˝”X Â^ [˝ÓÁ„aÃ[˝ =YÃ[˝ AÃ[˝ 

%◊\ˆ„l˘Y ◊[˝≥V«Ã[˝ ÂEı≥V– ÂU„Eı V…Ã[˝±ºˆ Ac˜O ªJÙ_Eı◊ªRÙOÃ[˝ HX±ºˆ 

%„Yl˘Eı c˜„[˝ 
21

1

x−π
, 11 <<− x . 5 

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

  ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+= −+ μ

μ
μμμ

d
d

11
k

kk k  

  A[˝e AÃ[˝ ÂU„Eı 1γ C 2γ -Ã[˝ ]ÁX ◊XSÔÃ^ EıÃ[˝”X* 5 
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4* (Eı) AEı◊ªRÙO aÃ[˝_„Ã[˝FÁFâ¯ AB, C ◊[˝≥V«Ã[˝ •ÁÃ[˝Á AC C CB 

Ac˜O V«\ˆÁ„G ◊[˝\ˆN˛ ^Á„VÃ[˝ ÈVHÔÓ ^UÁy‘„] a C b * 

V«◊ªRÙO ◊[˝≥V« P C Q ÿëˆÁW˝›X\ˆÁ„[˝ C ^V ¨K˜\ˆÁ„[˝ ^UÁy‘„] 

AC C CB-Ã[˝ =YÃ[˝ ÂXCÃ^Á c˜_* AP, PQ, QB 

AEı◊ªRÙO ◊≈y\«ˆL ÈTˆ◊Ã[˝ EıÃ[˝„Tˆ YÁÃ[˝ÁÃ[˝ aïˆÁ[˝XÁ EıTˆ ? 5 

 (F) ÂVFÁX Â^ _◊Húˆ [˝GÔ ◊X\ˆ¤Ã[˝S ÂÃ[˝FÁV«◊ªRÙOÃ[˝ ]„W˝Ó a…©ø 

ÂEıÁS θ  c˜„_ 22

2
.1tan

yx

yx

σσ

σσ

ρ
ρ

θ
+

−
= . 

  0=ρ  A[˝e 1±=ρ  c˜„_ θ -AÃ[˝ ]ÁX C TˆÁÃ[˝ [˝ÓÁFÓÁ 

Eı› ?
 

5 

◊[˝\ˆÁG — Fı 

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

5* 2a ÈV„HÔÓÃ[˝ AEı◊ªRÙO aÃ[˝_„Ã[˝FÁVâ¯ AB-Ã[˝ =YÃ[˝ ^V ¨K˜\ˆÁ„[˝ 

AEı◊ªRÙO ◊[˝≥V« P ÂXCÃ^Á c˜_* AP.PB Ac˜O %ÁÃ^Tˆ„l˘‰yÃ[˝ 

Âl˘yZı_ 2
2
1a %◊Tˆy‘] EıÃ[˝ÁÃ[˝ aïˆÁ[˝XÁ ◊XSÔÃ^ EıÃ[˝”X*  

6* Y“]ÁS EıÃ[˝”X Â^ )()()}({ 222 YEXEXYE ≤  Â`ÁÃ^ÔÁd„aÃ[˝ 

%a]TˆÁ A[˝e AÃ[˝ ÂU„Eı =YYÁVX EıÃ[˝”X 1),(1 ≤≤− YXρ . 

7* AEı◊ªRÙO %„Yl˘Eı f ( x )-AÃ[˝ aep˚Á c˜_ : 

                x       ;   0 < x < 1 

 f ( x ) =     k – x ;   1 < x < 2 

                0       ;   %XÓy 

 ÂVFÁX Â^ W˝–”[˝Eı k-AÃ[˝ ◊X◊V¤rÙ ]Á„XÃ[˝ LXÓ f ( x ) AEı◊ªRÙO 

aïˆÁ[˝XÁ HX±ºˆ %„Yl˘Eı* ªJÙ_Eı◊ªRÙO 2
1  C 2

3 -AÃ[˝ ]„W˝Ó UÁEıÁÃ[˝ 

aïˆÁ[˝XÁ ◊XSÔÃ^ EıÃ[˝”X* 

8* ^◊V ( X, Y )-AÃ[˝ ◊X„[˝`X c˜Ã^ aÁW˝ÁÃ[˝S ◊•ªJÙ_Eı ÿëˆÁ\ˆÁ◊[˝Eı 

◊X„[˝`X, TˆÁc˜„_ ÂVFÁX Â^ 

)1/(
)())((

2
)( 2

2

2

2

2
ρ

σσσ
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σ
−

⎪⎭
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⎪
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−
−
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y

yx

yx
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x mYmYmXmX
 

 Ac˜O ªJÙ_„EıÃ[˝ ◊X„[˝`X c˜„[˝ 2χ  ^ÁÃ[˝ aÁTˆ‹óˆÓ ]ÁyÁ 2. 

9* ^◊V aX inPn ⎯⎯ →⎯  A[˝e bY inPn ⎯⎯ →⎯  ^FX ∞→n , 

TˆÁc˜„_ ÂVFÁX Â^ baYX inPnn // ⎯⎯ →⎯  ^FX ∞→n

A[˝e 0≠b . 

10* Y“]ÁS EıÃ[˝”X Â^ [˝ÁÃ[˝X«◊_Ã[˝ =YYÁVÓ a]ÁX %e„`Ã[˝ LXÓ [˝ c˜d 

◊XÃ^„]Ã[˝ ◊[˝„`b Zı_* 
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◊[˝\ˆÁG — Gı 

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

11* ^◊V t  ªJÙ_„EıÃ[˝ ◊X„[˝`X t ( n ) c˜Ã^, Y“]ÁS EıÃ[˝”X Â^        
2t AEı◊ªRÙO F ( 1, n ) ªJÙ_Eı* 

12* AEı◊ªRÙO %„Yl˘Eı ^ÁÃ[˝ ]ÁX (–1,1) %‹ôˆ„Ã[˝ |x| A[˝e %XÓy 

`…XÓ* ÂVFÁX Â^ A◊ªRÙO AEı◊ªRÙO aïˆÁ[˝XÁ HX±ºˆ %„Yl˘Eı A[˝e 

TˆÁÃ[˝ Y“◊TˆbÜ› aïˆÁ[˝XÁ ◊X„[˝`X %„Yl˘Eı ◊XSÔÃ^ EıÃ[˝”X* 

13* ^◊V X AEı◊ªRÙO ÿëˆÁ\ˆÁ◊[˝Eı ),( σm  ªJÙ_Eı c˜Ã^, Y“]ÁS EıÃ[˝”X Â^ 

 ⎟
⎠
⎞⎜

⎝
⎛ −−⎟

⎠
⎞⎜

⎝
⎛ −=<<

σ
φ

σ
φ mambbXaP )(  

 A[˝e ])(1[2)||( aamXP φσ −=>− , 

 Â^FÁ„X )(xφ  %ÁV`Ô ÿëˆÁ\ˆÁ◊[˝Eı ◊X„[˝`X %„Yl˘Eı* 

14* ^◊V )(xF  AEı◊ªRÙO ^V ¨K˜ ªJÙ_ X-AÃ[˝ ◊X„[˝`X %„Yl˘Eı c˜Ã^, 

TˆÁc˜„_ ÂVFÁX Â^ 
 )()0()( aFbFbXaP −−=<<  
 )0()()( −−=≤≤ aFbFbXaP . 

15* W˝–”[˝Eı k-AÃ[˝ ]ÁX ◊XSÔÃ^ EıÃ[˝”X ^ÁÃ[˝ LXÓ 
 kxyyxf =),(  )0,10( xyx <<<<  

 AEı◊ªRÙO aïˆÁ[˝Ó ◊•]Á◊≈yEı HX±ºˆ %„Yl˘Eı c˜Ã^* Y“Á◊‹ôˆEı HX±ºˆ 

%„Yl˘Eım◊_ ◊XSÔÃ^ EıÃ[˝”X A[˝e ÂVFÁX Â^ ªJÙ_Eı V«◊ªRÙO 

%X„Yl˘ XÃ^* 

16* ^◊V X,Y %X„Yl˘ c˜Ã^, TˆÁc˜„_ YbXa 11 +  C 

YbXa 22 +  Ac˜O V«◊ªRÙO ªJÙ_„EıÃ[˝ ac˜GÁ·¯ ◊XSÔÃ^ EıÃ[˝”X* 

17* ◊X\ˆ¤Ã[˝S aÃ[˝_„Ã[˝FÁV«◊ªRÙO 66 =+ yx , 1023 =+ yx c˜„_ 

GQÕˆm◊_ C ac˜GÁ·¯ ◊XSÔÃ^ EıÃ[˝”X* 

18* ]„X EıÃ[˝”X ,..., 21 XX  AEı◊ªRÙO ^«GΩ\ˆÁ„[˝ %XX«[˝μ˘› ªJÙ_„EıÃ[˝ 

y‘], ^Á„VÃ[˝ aa›] GQÕˆ ]ÁX ^UÁy‘„] ,...,...,, 21 nmmm

A[˝e a]Eı ◊[˝ªJ«ÙÓ◊Tˆ ^UÁy‘„] ,...,...,, 21 nσσσ * Y“]ÁS 

EıÃ[˝”X Â^ Ac˜O ªJÙ_E ıy‘„]Ã[˝ LXÓ [˝ c˜d aeFÓÁÃ[˝ ◊XÃ^] FÁ‰ªRÙO 

^◊V }{ nσ  y‘]◊ªRÙO a›]Á[˝à˘ c˜Ã^* 
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 ( English Version ) 

Group – A 

   Answer any two questions. 10 × 2 = 20 

1. a) Two urns contain respectively 2 white and 
1 black balls, and 1 white and 5 black 
balls. One ball is transferred from the first 
to the second urn, and then a ball is drawn 
from the second urn. What is the 
probability that the ball drawn is white ? 5 

 b) If the probabilities of n mutually 
independent events are nppp ,...,, 21 , then 

show that the probability that at least one 
of these events will occur is 

)1)...(1)(1(1 21 nppp −−−− . 5  

2. a) The probability that A can solve a certain 

problem is 5
2  and that B can solve it is 3

1 . 

If both try it independently, what is the 
probability that it is solved ? 5 

 b) If X is Poisson distribution with     
parameter μ , then prove that 

∫
∞

−=≤

μ

xxennXP nx d
!

1)( , where n is any 

positive integer. 5 

3. a) A point is chosen at random on a semi-

circle having centre at the origin and radius 

unity and projected at a point on the 

diameter. Prove that the distance of the 

point of projection from the centre has 

probability density 
21

1

x−π
for 11 <<− x . 

   5 
 b) For the Poisson distribution with parameter 

μ , prove that ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+= −+ μ

μ
μμμ

d
d

11
k

kk k . 

Hence calculate 1γ  and 2γ . 5 

4. a) A straight line AB is divided by a point C 

into two parts AC and CB whose lengths 

are a and b respectively. If points P and Q 

are independently chosen at random on AC 

and CB respectively, find the probability 

that AP, PQ, QB can form the sides of a 

triangle. 5 

 b) Show that acute angle θ  between the least 

square regression lines is given by  

  22

2
.1tan

yx

yx

σσ

σσ

ρ
ρ

θ
+

−
=  

  Find the values of θ  and discuss the cases 
when 0=ρ  and 1±=ρ .

 
5 
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Group – B 

   Answer any three questions. 6 × 3 = 18 

5. A point P is taken at random on a line segment 
AB of length 2a. Find the probability that the 

area of the rectangle AP.PB will exceed 2
2
1a .  

6. Prove Schwartz's inequality for expectations that 

)()()}({ 222 YEXEXYE ≤ , and hence deduce that 

1),(1 ≤≤− YXρ . 

7. Show that a function f ( x ) given by 

                x       ;   0 < x < 1 

 f ( x ) =     k – x ;   1 < x < 2 

                0       ;   elsewhere 

 is a probability density function for a suitable 
value of the constant k. Calculate the probability 

that the random variable lies between 2
1  and 2

3 .  

8. If ( X, Y ) has the general bivariate normal 
distribution, show that  

)1/(
)())((

2
)( 2

2

2

2

2
ρ

σσσ
ρ

σ
−

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧ −

+
−−

−
−

y

y

yx

yx

x

x mYmYmXmX
 

 has a 2χ -distribution with 2 degree of freedom. 

9. Let aX inPn ⎯⎯ →⎯  and bY inPn ⎯⎯ →⎯  as ∞→n . 

Then show that baYX inPnn // ⎯⎯ →⎯  as ∞→n , 

provided 0≠b . 
10. Obtain Bernoulli's theorem as a particular case 

of the law of large numbers for equal 
components. 

Group – C 
   Answer any four questions. 3 × 4 = 12 
11. If t has t-distribution with n degrees of freedom, 

then show that 2t  is an F ( 1, n ) variate. 
12. Show that a function which is |x| in (–1,1) and 

zero elsewhere is possible probability density 
function, and find the corresponding distribution 
function. 

13. If X is a normal ),( σm  variate, prove that 

⎟
⎠
⎞⎜

⎝
⎛ −−⎟

⎠
⎞⎜

⎝
⎛ −=<<

σ
φ

σ
φ mambbXaP )(  and 

])(1[2)||( aamXP φσ −=>− , where )(xφ  
denotes the standard normal distribution 
function. 

14. If )(xF  denotes the distribution function of a 
random variable X, then show that 

)()0()( aFbFbXaP −−=<<  
 )0()()( −−=≤≤ aFbFbXaP . 
15. Determine the value of the constant k which 

makes kxyyxf =),(  )0,10( xyx <<<<  a joint 
probability density function. Calculate the 
marginal density functions, and show that the 
variates are dependent. 
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16. If X and Y are uncorrelated, find the correlation 
coefficient between the linear combinations 

YbXa 11 + and YbXa 22 + . 

17. If the regression lines are 66 =+ yx  and 

1023 =+ yx , find the means and correlation 
coefficient. 

18. Let ,...,...,, 21 nXXX  be a sequence of pairwise 

uncorrelated random variables having finite 
means ,...,...,, 21 nmmm  and standard deviations 

,...,...,, 21 nσσσ respectively. Show that the law of 

large numbers holds if the sequence }{ nσ  is 

bounded. 

    
 


