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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  If 𝐴 and 𝐵 are square matrices, there exists an invertible matrix 𝑃 such 

that 𝐵 = 𝑃−1𝐴𝑃. If 𝑋 is the eigenvector of 𝐵 corresponding to an 

eigenvalue 𝜆, what will be the eigenvector of 𝐴 corresponding to the 

same eigenvalue. Prove it.  

4 CO1 

Q 2 
Check for the diagonalizability of the matrix [

0 1 0
0 0 1
4 −17 8

] without 

finding the eigenvectors. Explain the reason. 

4 CO1 

Q 3 Let 𝑉 = ℝ3. Check whether 𝑊 is a subspace of 𝑉, where  

𝑊 = {(𝑎, 𝑏, 𝑐) ∈ ℝ3: 𝑎2 + 𝑏2 + 𝑐2 ≤ 1}. 4 CO2 

Q 4 Find the basis and dimension of a subspace {(𝑥, 𝑥, 𝑦) ∈ ℝ3: 𝑥, 𝑦 ∈ ℝ} of 

ℝ3. 4 CO2 

Q 5 If 𝐴 is an 𝑚 × 𝑛 matrix, what is the largest possible value for its rank and 

the smallest possible value for its nullity? 4 CO3 

SECTION B  

(4Qx10M= 40 Marks) 

Q 6 Write the necessary and sufficient condition for the sum of two 

subspaces of a vector space to be a direct sum. Let 𝑈 be the 𝑥𝑦 −plane 

and 𝑊 be the 𝑦𝑧 −plane in ℝ3. Can we write every vector in ℝ3 as the 

sum of a vector in 𝑈 and a vector in 𝑊? Justify your answer.  

OR 

Suppose 𝑈 = {(𝑥, 𝑥, 𝑦, 𝑦) ∈ ℝ4: 𝑥, 𝑦 ∈ ℝ}. Find a subspace 𝑊 of ℝ4, 
such that ℝ4 = 𝑈 ⊕ 𝑊.  

10 CO2 



Q 7 Consider the basis 𝑆 = {𝑣1, 𝑣2} for ℝ2, where 𝑣1 = (1, 1) and  

𝑣2 = (1, 0), and let 𝑇: ℝ2 → ℝ2 be a linear transformation for which 

𝑇(𝑣1) = (1, −2) and 𝑇(𝑣2) = (−4, 1). Find a formula for 𝑇(𝑥, 𝑦), and 

use that to find 𝑇(5, −3). Also find the formula for 𝑇−1(𝑥, 𝑦), if exists.  

10 CO3 

Q 8 State the Rank Nullity Theorem, and use it to find the nullity of 𝑇, if 

a) 𝑇: ℝ5 → 𝑃5 has rank 3, 

b) 𝑇: 𝑃4 → 𝑃3 has rank 1, 

where 𝑃𝑛 is a vector space of all the polynomial with degree less than or 

equal to n, defined over the real field. 

10 CO3 

Q 9 Define Isomorphism on vector spaces.  

Let 𝑇: 𝑃2 → 𝑀22 be a linear transformation defined by 

𝑇(𝑝(𝑥)) = [
𝑝(0) 𝑝(1)
𝑝(1) 𝑝(0)

], 

where 𝑃2 is a vector space of all the polynomials with degree less than 

or equal to 2, and 𝑀22 is a vector space of all the matrices of order 

2 × 2. Is 𝑇 a linear transformation. Justify your answer. 

10 CO3 

SECTION-C 

(2Qx20M=40 Marks) 

Q 10 Consider the bases 𝐵 = {𝒑𝟏, 𝒑𝟐}, and 𝐵′ = {𝒒𝟏, 𝒒𝟐} for a vector space 

of all the polynomial with degree less than or equal to 1, 𝑃1, where 

𝒑𝟏 = 6 + 3𝑥, 𝒑𝟐 = 10 + 2𝑥, 𝒒𝟏 = 2, 𝒒𝟐 = 3 + 2𝑥 

a) Find a transition matrix from 𝐵′ to 𝐵. 

b) Find a transition matrix from 𝐵 to 𝐵′. 
c) Compute the coordinate vector (𝒑)𝐵, where 𝒑 = −4 + 𝑥, and use it 

to compute (𝒑)𝐵′. 

20 CO2 

Q 11 Find the matrix representation of each linear transformation, 

 𝑇: ℝ3 → ℝ3, relative to the standard basis of ℝ3. Also find the nullity 

of 𝑇 in each case. 

a) 𝑇(𝑥, 𝑦, 𝑧) = (𝑥, 𝑦, 0) 

b) 𝑇(𝑥, 𝑦, 𝑧) = (𝑧, 𝑦 + 𝑧, 𝑥 + 𝑦 + 𝑧) 

c) 𝑇(𝑥, 𝑦, 𝑧) = (2𝑥 − 7𝑦 − 4𝑧, 3𝑥 + 𝑦 + 4𝑧, 6𝑥 − 8𝑦 + 𝑧) 

OR 

The matrix representation of a linear transformation 𝑇: 𝑃2 → 𝑃2 with 

respect to the standard basis is given by 

[
1 −5 25
0 3 −30
0 0 9

]. 

Find a formula for the transformation 𝑇(𝑎 + 𝑏𝑥 + 𝑐𝑥2). Check if 𝑇 is a 

one-one onto map. If yes, find  𝑇−1(𝑎 + 𝑏𝑥 + 𝑐𝑥2). 

20 CO3 

 




