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   CO BL 
Q.1(a) Consider the identity 𝐴(𝐵 ∪ 𝐶) = 𝐴𝐵 ∪ 𝐴𝐶 and show that if in a set identity all sets are 

replaced by their complements, all unions by intersections, and all intersections by 
unions, the identity is preserved. 

[5] 1 I 

Q.1(b) In a group of n people, prove that the probability that two or more persons will have the 

same birthday (month and date) is given by 1 − 𝑒ି 
೙(೙షభ)

ళయబ  

[5] 1 V 

     
     

Q.2(a) If 𝑋 is a Gaussian random variable with zero mean, then prove that 𝑌 = 𝑋ଶ represents a 
chi-square random variable with one degree of freedom. 

[5] 2 V 

Q.2(b) Prove that a Poisson distributed random variable with parameter 𝜆 has the equal value of 
mean and variance. 

[5] 2 V 

     
     

Q.3(a) 
If the function 𝑓௑,௒(𝑥, 𝑦) = ቊ

𝑎𝑒ିଶ௫𝐶𝑜𝑠 ቀ
௬

ଶ
ቁ    𝑓𝑜𝑟  0 ≤ 𝑥 ≤ 1, 0 ≤ 𝑦 ≤ 𝜋  

0                                             𝑒𝑙𝑠𝑒𝑤ℎ𝑒𝑟𝑒
, where a is a positive 

constant, is a valid joint density function. Find the constant a. 

[5] 3 III 

Q.3(b) Suppose 𝑋 and 𝑌 are zero mean independent Gaussian random variables with common 
variance 𝜎ଶ. Define 𝑟 = √𝑋ଶ + 𝑌ଶ and 𝜃 = tanିଵ ௒

௑
, where | 𝜃| < 𝜋. Determine their joint 

density function 𝑓௥,ఏ(𝑟, 𝜃). Are 𝑟 and 𝜃 independent? 

[5] 3 V 

     
     

Q.4(a) State and prove the central limit theorem. [5] 4 II 
Q.4(b) A random variable 𝑋 has a probability density function 𝑓௑(𝑥) = 𝑒ି௫  𝑓𝑜𝑟 𝑥 ≥ 0. Using the 

Chebyshev inequality determine the probability, 𝑃[|𝑋 − 1| ≥ 2]. Further, find the actual 
probability, 𝑃[|𝑋 − 1| ≥ 2]. 

[5] 4 V 

     
     

Q.5(a) A random process is given by 𝑋(𝑡) = 𝑎𝑐𝑜𝑠𝜔𝑡 + 𝑏𝑆𝑖𝑛 𝜔𝑡 , where 𝑎   and 𝑏  are random 
variables. Prove that the process 𝑋(𝑡) is WSS, when the random variables 𝑎  and 𝑏 are 
uncorrelated and with equal variance. 

[5] 5 V 

Q.5(b) The autocorrelation, 𝑅௑௑(𝜏)  of the WSS process, 𝑋(𝑡)  is given by 𝑅௑௑(𝜏) =

ቊ
1   𝑓𝑜𝑟  |𝜏| ≤

ఈ

ଶ
 

0        𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
.  Determine the power spectral density, S (𝜔) of the process 𝑋(𝑡). 

[5] 5 V 
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