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Part A

Answer all questions.

Each question has weightage 1.

1. Every r.v. has a unique distribution function. Is the converse true ? Justify.

2. Let X be a discrete r.v. with pmf 
1( 1) 3 2

P X ; 1, 2, .
3

j j

j
j j

+ −
= = = … 

  
 Find E(X) if it exists.

3. State the Markov inequality and deduce the Chebyshev’s inequality from it.

4. Define a mixture distribution. If ( )XF ( ) 1 1 ,xx p p e−θ= − + −  identify the discrete part and

continuous part of the decomposition.

5. Define independence of random variables.

6. If X1, X2, … Xn are iid random variables having exponential distribution with parameter θ,

obtain the distribution of { }(1) 1 2X min X , X , , X .ni= …

7. If P
X X, then prove that X X.

r
n n→ →  Is the converse true always. Establish.

8. Check whether WLLN holds for the sequence { }X ,n n ≥  of random variables defined as

( ) ( )1
P X P X .

2
n nn n= = = = −

(8 × 1 = 8 weightage)

Part B

Answer any six questions choosing two from each unit.

Each question has weightage 2.

UNIT 1

9. For an integer valued r.v. X, with P(X = n) = pn and P(X ≤ n) = qn so that 0 ,n
i i np q= =∑  then

prove 
X

0
P ( )

P(X ) ,| | 1,
1

n
n

s
n s s

s
∞
= ≤ = ≤∑

−
 where PX(s) is the probability generating function

of X.
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10. Obtain the distribution of Xc if X has a Weibull distribution with F( ) 1 , 0, 0.
cxx e x c−= − > >

11. Show that X X E X E X .
r rr

n n→ ⇒ →

UNIT 2

12. Define the joint central moments (first four) for a bivariate distribution.

13. If 
1

( , ) (1 ), 1, 1,
4

f x y xy x y= + < <  then show that X2 and Y2 are independent but X and Y

are not.

14. Prove that Var (X) = E[Var(X|Y)] + V[E(X|Y)].

UNIT 3

15. Prove that P X
X 0 E 0.

1 X

n
n

n

 
→ ↔ → 

+  

16. Examine whether WLLN holds for the sequence { }X ,n n ≥  of i.i.d. random variables defined

as ( ) (2 1)P X 2 2 ; 1n n
n n− += ± = ≥  and ( ) 2P X 0 1 2 .n

n
−= = −

17. State and prove the Linberg-Levy’s form of Central Limit Theorem.

(6 × 2 = 12 weightage)

Part C

Answer any two questions.

Each question has weightage 5.

18. Prove that a distribution function is symmetric if and only if its characteristic function is

real and even.

19. The joint pdf of two random variables X and Y is

8 , 0 1
( , )

0, otherwise.

xy x y
f x y

≤ < ≤
= 


Find (i) the marginal pdfs of X and Y ; (ii) the conditional pds ; (iii) Var(X) and Var(Y) ;

(iv) E(Y/X = x), Var(Y/X = x) ; and (v) E(XY/Y = x).

20. Let X1 follows Gamma ( )1,α β  and X2 follows Gamma ( )2,α β  and are independent with

pdfs ( )
( )

( )
( )

1 11 21 2
1 21 2

1 1 2 2
1 1

, for 0 and , for 0,
ax axe x e x

f x x f x x
β − β −− −β βα α

= ≥ = ≥
Γ β Γ β  then what are the

distributions of X1 + X2 and the distribution of 
1

2

X
?

X  Are they independent ?
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21. (a) Show that every sequence of independent random variables with uniformly bounded

variance obeys the SLLN.

(b) Prove that the WLLN holds for the sequence of random variables { }X , 1n n ≥  defined

as ( ) 1 1
P X  if and only if < .

2 2
n nα= ± =

(2 × 5 = 10 weightage)
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INSTRUCTIONS TO THE CANDIDATE

1. This Question Paper carries Multiple Choice Questions from 1 to 20.

2. The candidate should check that the question paper supplied to him/her contains

all the 20 questions in serial order.

3. Each question is provided with choices (A), (B), (C) and (D) having one correct

answer. Choose the correct answer and enter it in the main answer-book.

4. The MCQ question paper will be supplied after the completion of the descriptive

examination.
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MTH 3E 04—PROBABILITY THEORY

(Multiple Choice Questions for SDE Candidates)

1. If X and Y are two random variables with means X and Y  respectively, then the expression

( ) ( )E X X Y Y − −   is called :

(A) Variance of X. (B) Variance of Y.

(C) Cov (X, Y). (D) Moments of X and Y.

2. The random variables X and Y have variances 0.2 and 0.5 respectively. Let Z = 5X – 2Y. The

variance of Z is ?

(A) 3. (B) 7.

(C) 4. (D) 5.

3. The weight of persons in a country is a r.v. of the type :

(A) Continuous r.v.

(B) Discrete r.v.

(C) Neither discrete nor continuous.

(D) Discrete as well as continuous.

4. Consider a r.v. X that takes values + 1 and – 1 with probability 0.5 each. The value of the

distribution function F(x) = at x = – 1 and + 1 are :

(A) 0 and 0.5. (B) 0 and 1.

(C) 0.5 and 1. (D) 0.25 and 0.75.

5. Two random variables X and Y are said to be independent if :

(A) E(XY) = 1. (B) E(XY) = 0.

(C) E(XY) = E(X) E(Y). (D) E(XY) = any constant value.

6. A discrete r.v. has probability mass function ( ) , 1, 2, 3, 4,xp x kq p p q x= + = = …  the value of

k should be equal to :

(A) 1/q2. (B) 1/p.

(C) 1/q. (D) 1/pq.
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7. If X and Y two independent variables and their expected values are X and Y  respectively

then :

(A) ( ) ( ){ }E X X Y Y 0.− − =

(B) ( ) ( ){ }E X X Y Y 1.− − =

(C) ( ) ( ){ }E X X Y Y C (constant).− − =

(D) All the above.

8. If X is a random variable and its p.d.f. if f(x), E(log x) represents :

(A) Arithmetic mean. (B) Geometric mean.

(C) Harmonic mean. (D) Logarithmic mean.

9. If X and Y are two random variables, the covariance between the variables aX + b and cY +

d in terms of COV (X, Y) is :

(A) COV (aX + b, cY + d) = COV (X, Y).

(B) COV (aX + b, cY + d) = abcd × COV (X, Y).

(C) COV (aX + b, cY + d) = ac COV (X, Y) + bd.

(D) COV (aX + b, cY + d) = ac COV (X, Y).

10. The equation |ρ| = 1 holds if and only if there exist constants 0a ≠  and b such that

————.

(A) { }P X 1 1.a b+ = = (B) { }P X 1 0.a b+ = =

(C) { }P X 0 1.a b+ = = (D) { }P X 1 1.a = =

11. If V(x) = 1, then V (2 3)x ± is :

(A) 5. (B) 13.

(C) 4. (D) 10.

12. The correlation coefficient ρ between two r.vs satisfies :

(A) |ρ| = 1. (B) |ρ| ≤ 1.

(C) |ρ| < 0. (D) ρ > 1.
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13. Let (X, Y) be an RV of the discrete type, then the joint probability mass function of (X, Y)

defined as :

(A) { }P X , Y , 1, 2, 1, 2, .ij i jp x y i j= = = = … = …

(B) { }P X , Y , 1, 2, 1, 2, .ij i jp x y i j= > > = … = …

(C) { }P X , Y , 1, 2, 1, 2, .ij i jp x y i j= < < = … = …

(D) { }P X , Y , 1, 2, 1, 2, .ij i jp x y i j= = > = … = …

14. If (X, Y) is an RV of the continuous type, then marginal pdf of X is ————.

(A) 1( ) ( , ) .f x f x y dy
∞

−∞
= ∫ (B)

0

1( ) ( , ) .f x f x y dy
−∞

= ∫

(C) 1
0

( ) ( , ) .f x f x y dy
∞

= ∫ (D) None of the above.

15. Let (X, Y) be an RV of the continuous type, then conditional PDF of X, given Y = y defined

as :

(A) X/Y
2

( , )
( | ) .

( )

f x y
f x y

f y
= (B) Y/X

2

( , )
( | ) .

( )

f x y
f y x

f y
=

(C) X/Y
1

( , )
( | ) .

( )

f x y
f x y

f x
= (D) Y/X

1

( , )
( | ) .

( )

f x y
f y x

f x
=

16. Two RVs X and Y, of the continuous type are independent if and only if :

(A) 1 2( , ) ( ) ( ).f x y f x f y= + (B) 1 2( , ) ( ) ( ).f x y f x f y= −

(C) 1 2( , ) ( ) / ( ).f x y f x f y= (D) 1 2( , ) ( ) ( ).f x y f x f y=

17. If f(x) is a probability density function of a continuous random variable then ————.

(A) ( ) 0.f x dx
∞

−∞
=∫ (B) ( ) 1.f x dx

∞

−∞
=∫

(C) ( ) 1.f x dx
∞

−∞
>∫ (D) ( ) 0.f x dx

∞

−∞
<∫
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18. The expected value of the constant b is ————.

(A) 0. (B) 1.

(C) 1/b. (D) b.

19. If you roll two dice, what is the likelihood that you will roll two numbers that are the

same ?

(A) 1/6. (B) 2/36.

(C) 1/36. (D) 1/12.

20. Suppose X P( ).λ∼  What is the distribution of 
(X )

Y ?
− λ

=
λ

(A) N(λ, σ). (B) N(0, 1).

(C) N(µ, 1). (D) N(λ, 1).
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