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SECTION A 

 

Instructions: Attempt all questions. Each question will carry 5 marks. 

S. No. Question CO 

Q1  

Let 𝑅 be the ring of integers under ordinary addition and multiplication. Let 𝑅′ be the set of all 

even integers. Let us define addition in 𝑅′ to be denoted by " ∗ " by the relation 𝑎 ∗ 𝑏 =
𝑎𝑏

2
 

where 𝑎𝑏 is the ordinary multiplication of two integers 𝑎 and 𝑏. Then which statement is 

correct. 

A. (𝑅′, +,∗) is a commutative ring. 

B. 𝑅 is isomorphic to 𝑅′. 

C. Unit element of 𝑅′ is 2. 

D. All are true. 

CO1 

Q2 

Which one is not TRUE? 

A. The set of integers 𝐼 is only a subring but not an ideal of the ring of rational numbers 

(𝑄 , + , ∙). 

B. The set 𝑄 of rational numbers is only a subring but not an ideal of the ring of real 

numbers (𝑅 ,+ ,∙). 

C. If 𝑚 is a fixed integer, the set 𝑃 of integers given by 𝑃 = {𝑥𝑚 ∶ 𝑥 𝑖𝑠 𝑎𝑛 𝑖𝑛𝑡𝑒𝑔𝑒𝑟} is 

not an ideal of the ring (𝑅 , + ,∙) of all integers.  

D. None of the above. 

CO2 

Q3 

Consider the real vector space 𝑉 = 𝑅3(𝑅) and following of its subsets 

(i) 𝑆 = {(𝑥, 𝑦, 𝑧) ∈ 𝑉: 𝑥 = 𝑦 = 0}. 

(ii) 𝑇 = {(𝑥, 𝑦, 𝑧) ∈ 𝑉: 𝑥 = 0}. 

(iii) 𝑊 = {(𝑥, 𝑦, 𝑧) ∈ 𝑉: 𝑧 ≠ 0}. 

Which one of the following statement is correct 

A. 𝑆, 𝑇 and 𝑊 are subspaces. 

B. Only 𝑆 and 𝑊 are subspaces 

C. Only 𝑇 and 𝑊 are subspaces 

D. Only 𝑆 and 𝑇 are subspaces. 

 

 

 

CO4 



Q4 

The set 𝑆1 = {𝛼 = [
1 −2 4
3 0 −1

] , 𝛽 = [
2 −4 8
6 0 −2

]} and 𝑆2 = {𝑓 = 𝑢3 + 3𝑢 + 4, 𝑔 =

𝑢3 + 4𝑢 + 3} are 

A. Both linearly dependent 

B. Both linearly independent 

C. 𝑆1 is linearly dependent but 𝑆2 is not 

D. 𝑆2 is linearly dependent but 𝑆1 is not 

CO4 

Q5 

If 𝑉(𝐹) and 𝑈(𝐹) be vector spaces of dimension 4 and 6 respectively. Then 𝑑𝑖𝑚{𝐻𝑜𝑚 (𝑉, 𝑈)} 

is  

A. 24 

B. 10 

C. 6 

D. 4 

CO5 

Q6 

Consider the mapping 

(i) 𝑇: 𝑅3 → 𝑅2, 𝑇(𝑥, 𝑦, 𝑧) =  (𝑥 + 1, 𝑦 + 𝑧).  

(ii) 𝑇: 𝑅3 → 𝑅, 𝑇(𝑥, 𝑦) =  𝑥𝑦.  

(iii) 𝑇: 𝑅3 → 𝑅2, 𝑇(𝑥, 𝑦, 𝑧) =  (|𝑥|, 0).  

Which of the above are linear transformation? 

A. (i) 

B. (ii) 

C. (i) and (ii) 

D. None of the above 

CO5 

SECTION B 

 

Instructions: Attempt all questions. Each question will carry 10 marks. Question 11 has internal choice. 

Q7  
If 𝑅 is a ring, show that 𝑍(𝑅) = {𝑥 ∈ 𝑅 ∶ 𝑥𝑦 = 𝑦𝑥 𝑓𝑜𝑟 𝑒𝑣𝑒𝑟𝑦 𝑦 ∈ 𝑅} is subring of 𝑅. Further 

show that 𝑍(𝑅) is a field if 𝑅 is a division ring. 
CO1 

Q8  

Consider the ring 𝑅 of all 3 × 3 matrices of the type [
𝑎 𝑏 𝑐
0 𝑑 𝑒
0 0 𝑓

] under matrix addition and 

multiplication where 𝑎, 𝑏, 𝑐, 𝑑, 𝑒, 𝑓 are real numbers. Show that the set 𝐼 of all matrices of the 

form [
𝑎 0 0
0 0 0
0 0 0

] is a left ideal of 𝑅, which is not a right ideal. 

CO2 

Q9 

If 𝑅 is a ring with unit element 1 and 𝜙 is a homomorphism of 𝑅 into an integral domain 𝑅′ 

such that the kernel of  𝜙 i.e. 𝐼(𝜙) ≠ 𝑅, then prove that 𝜙(1) is the unit element of 𝑅′. 

 

CO3 

Q10 

Find the dimension of subspace of 𝑅4 spanned by the set 

 
{(1, 0, 0, 0), (0, 1, 0, 0), (1, 2, 0, 1), (0, 0, 0, 1)}. 

Hence, find its basis. 

 

CO4 



Q11 

Let 𝑇 be a linear operator in 𝑅3 defined by  

𝑇(𝑥1, 𝑥2, 𝑥3) = (3𝑥1 + 𝑥3, −2𝑥1 + 𝑥2, −𝑥1 + 2𝑥2 + 4𝑥3). 

Find the matrix of 𝑇 in the ordered basis {𝛼1, 𝛼2, 𝛼3}, where 

𝛼1 = (1, 0, 1), 𝛼2 = (−1, 2, 1), 𝛼3 = (2, 1, 1) 

OR 

Find a linear transformation 𝑇: 𝑅2 → 𝑅2such that 𝑇(1, 0) = (1, 1) and 𝑇(0, 1) = (−1, 2). 

Prove that 𝑇 maps the square with vertices (0, 0), (1, 0), (1, 1) and (0, 1) into a parallelogram. 
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SECTION C 

 

Instructions: Attempt all questions. Each question will carry 20 marks. Question 12 has internal choice. 

Q12 

Let 𝑈 and 𝑉 be vector spaces over the field 𝐹. Let 𝑇1 and 𝑇2 be linear transformations from 𝑈 

into 𝑉. The function 𝑇1 + 𝑇2 is defined by 

(𝑇1 + 𝑇2)(𝛼) = 𝑇1(𝛼) + 𝑇2(𝛼)  𝑓𝑜𝑟 𝑒𝑣𝑒𝑟𝑦 𝛼 ∈ 𝑈 

is a linear transformation from 𝑈 into 𝑉. 

If 𝑐 is any element of 𝐹, the function (𝑐𝑇) defined by  

(𝑐𝑇)(𝛼) = 𝑐𝑇(𝛼)  𝑓𝑜𝑟 𝑒𝑣𝑒𝑟𝑦 𝛼 ∈ 𝑈 

is a linear transformation from 𝑈 into 𝑉. 

Prove that, the set 𝐿(𝑈, 𝑉) of all linear transformations from 𝑈 into 𝑉, together with the 

addition and scalar multiplication defined above is a vector space over the field 𝐹. 

OR 
Prove that, two finite dimensional vector spaces over the same field are isomorphic if and only 

if they are of the same dimension.                                                                    
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