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   CO BL 
Q.1(a) Consider the symmetric matrix 

A = ቂ2.2 0.4
0.4 2.8

ቃ 

Find the eigenvalues and the corresponding normalized eigenvectors of A. Also, obtain the 
spectral decomposition of matrix A. 
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Q.2(a) 

The random vector X' = [X1, X2, …, X5] with mean vector 𝜇 = [2, 4, −1, 3, 0] and variance 
covariance matrix  

∑ = 

⎣
⎢
⎢
⎢
⎡

4 −1 1/2 −1/2 0
−1 3 1 −1 0
1/2 1 6 1 −1
−1/2 −1 1 4 0

0 0 −1 0 2 ⎦
⎥
⎥
⎥
⎤

, partition X as X(1) = (X1, X2) and X(2) = (X3, X4, X5). Consider 

A = ቂ1 −1
1 1

ቃ and B = ቂ1 1 1
1 1 −2

ቃ 

 
(a) Find the E(AX(1)) and E(BX(2)).  
(b) Find the Cov(A X(1)) and Cov(B X(2)).  

[3] 2 3 

Q.2(b) Prove that the sample mean vector is an unbiased estimator of the population mean vector. [2] 1 3 
Q.3(a) Let X = (X1, X2, X3)`follow a trivariate normal distribution N3(μ,Σ) with mean vector μ′ = 

(2,−3,1) and covariance matrix 

∑ = ൥
1 1 1
1 3 2
1 2 2

൩ 

Relabel the variables if necessary, and find a 2×1 vector ‘a’ such that X2− a′ (X1, X3)′ are 
independent. 

[4] 2 3 

Q.3(b) What do you mean by generalised variance? [1] 2 2 
Q.4(a) State and prove the Cramer-Wold theorem. Also, explain the importance of this theorem in 

real-life scenarios. 
[3] 1 3 

Q.4(b) If X is distributed as Np(µ, ∑), what can you say about the distribution of any linear combination 
of variables, say, a’X, where a is a real vector of size p x 1?  Support your answer with a 
proper argument and obtain the distribution of a’X. 

[2] 1 3 

 
Q.5(a) 

Let X be a p-dimensional multivariate normal distribution with a mean vector µ and variance-
covariance matrix ∑, but ∑ = diag (σ11, σ22,…,σpp). Derive the maximum likelihood estimators 
of µ and ∑. 

 
[4] 
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Q.5(b) Explain the Wishart distribution. 
 

[1] 2 1 
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