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Instructions: All questions are compulsory. There are internal choices in Q6 and Q11. 

SECTION A  

(5Qx4M=20Marks) 

S. No.  Marks CO 

Q 1 
Check if the matrix [

1 0 0
1 2 0
−3 5 2

] is diagonalizable. Justify your answer. 4 CO1 

Q 2 What is the algebraic multiplicity and geometric multiplicity of an 

eigenvalue? Hence, mention the criterion for the diagonalizability of a square 

matrix. 
4 CO1 

Q 3 State the necessary and sufficient condition for a subset of a vector space to 

be a subspace. Is the set {𝟎} containing only the zero vector, a subspace of the 

vector space? Explain. 
4 CO2 

Q 4 If {𝑣1, 𝑣2, 𝑣3, 𝑣4} is a basis for a vector space 𝑉 and 𝑈 is a subset of 𝑉 such 

that 𝑣1, 𝑣2 ∈ 𝑈, and 𝑣3, 𝑣4 ∉ 𝑈. Prove that 𝑈 is a subspace of 𝑉. If not, give a 

counter example. 
4 CO2 

Q 5 Examine the linearity of the transformation 𝑇:ℝ3 → ℝ3, such that  

𝑇(𝑥, 𝑦, 𝑧) = (𝑥, 𝑦, 𝑥𝑧). 4 CO3 

SECTION B  

(4Qx10M= 40 Marks) 

Q 6 Let  

𝑈1 = {(𝑥, 𝑦, 0) ∈ ℝ3: 𝑥, 𝑦 ∈ ℝ}, 
𝑈2 = {(0, 0, 𝑧) ∈ ℝ3: 𝑧 ∈ ℝ}, 
𝑈3 = {(0, 𝑦, 𝑦) ∈ ℝ3: 𝑦 ∈ ℝ} 

be subspaces of ℝ3. Then, show that the sum of these subspaces, 

 𝑈1 + 𝑈2 + 𝑈3 is not a direct sum. 

OR 

10 CO2 



Show that the intersection of any finite number of subspaces of a vector 

space is also a subspace. 

Q 7 What is the order of the matrix representation of the linear transformation 

𝑇:ℝ𝑛 → ℝ𝑚. Let 𝑀:ℝ3 → ℝ2 be a linear transformation defined as 

𝑀(𝑥, 𝑦, 𝑧) = (3𝑥 + 2𝑦 − 4𝑧, 𝑥 − 5𝑦 + 3𝑧). 
Find the matrix of 𝑀 with respect to the basis,  

𝑆 = {(1, 1, 1), (1, 1, 0), (1, 0, 0)}. 

10 CO3 

Q 8  State the Rank Nullity Theorem. Let 𝐴𝑋 = 𝐵 denote the matrix form of a 

system of 𝑚 linear equations in 𝑛 unknowns. Then the matrix 𝐴 may be 

viewed as a linear mapping 𝐴:ℝ𝑛 → ℝ𝑚. What will be the dimension of 

kernel of 𝐴, if the rank of the matrix is 𝑟.  

10 CO3 

Q 9 Determine whether the linear transformation 𝑇: 𝑃3 → 𝑀22 is an isomorphism 

or not, where  

𝑇(𝑎 + 𝑏𝑥 + 𝑐𝑥2 + 𝑑𝑥3) = [
𝑎 𝑏
𝑐 𝑑

]. 

Here, 𝑃3 is a vector space of all the polynomials with degree less than or 

equal to 3, and 𝑀22 is a vector space of all the matrices of order 2 × 2. 

Also find the rank of 𝑇 and nullity of 𝑇. 

10 CO3 

SECTION-C 

(2Qx20M=40 Marks) 

Q 10 Let 𝑉 be a vector space spanned by 𝒇𝟏 = sin𝑥 and 𝒇𝟐 = cos 𝑥.  

a) Show that 𝒈𝟏 = 2 sin𝑥 + cos 𝑥, and 𝒈𝟐 = 3 cos 𝑥 form a basis for 𝑉. 

b) Find the transition matrix from 𝐵′ = {𝒈
𝟏
,𝒈

𝟐
} to 𝐵 = {𝒇

𝟏
,𝒇

𝟐
}. 

c) Find the transition matrix from 𝐵 to 𝐵′. 

d) Compute the coordinate vector (𝒉)𝐵, where 𝒉 = 2 sin𝑥 − 5 cos𝑥. Use it 

to find (𝒉)𝐵′. 

20 CO2 

Q 11 Let 𝑇:ℝ𝟐 → ℝ𝟑 be a linear transformation defined by  

𝑇(𝑥1, 𝑥2) = (𝑥1 + 3𝑥2, 𝑥1 − 𝑥2, 𝑥1). 

Find the matrix representation of  𝑇 with respect to the ordered basis  

{𝒖1, 𝒖2} and {𝒃1, 𝒃2, 𝒃3}, where 𝒖1 = (1, 2), 𝒖2 = (3, 1), and  

𝒃1 = (1, 0, 0), 𝒃2 = (1, 1, 0), 𝒃3 = (1, 1, 1). Hence find the dimension of 

the kernel of  𝑇 and comment if the transformation is one-one and onto. 

OR 

If the matrix representation of a transformation 𝑇:ℝ𝟑 → ℝ𝟑 with respect to 

the standard basis is given by 

[
3 2 −1
1 6 3
2 −4 0

]. 

Find the transformation 𝑇(𝑥, 𝑦, 𝑧). Check if the transformation is invertible. 

If yes, find 𝑇−1(𝑥, 𝑦, 𝑧). 

20 CO3 

 




