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Attempt any four questions. All questions carry equal marks. 

1. Find the inverse of the element  ቂ2 6
3 5

ቃ  in 𝐺𝐿(2, ℤ).   

Let 𝐺 =  ቄቂ
𝑎 𝑎
𝑎 𝑎

ቃ | 𝑎 ∈ 𝑅 , 𝑎 ≠ 0ቅ. Show that 𝐺 is a group under matrix multiplication. 

2. Prove that a group 𝐺 is Abelian if and only if  (𝑎𝑏)ିଵ = 𝑎ିଵ𝑏ିଵ for all 𝑎 and 𝑏 in 𝐺. 

How many subgroups are there, of cyclic group ℤସ. Find them and write the elements of all the 
subgroups. 

3. Let = ቂ
1  2  3  4  5  6  
2  1  3  5  4  6 

ቃ  and  𝛽 = ቂ
1  2  3  4  5  6  
6  1  2  4  3  5 

ቃ . Compute each of the following 

    (i)  𝛼ିଵ,     (ii)   𝛽𝛼,          (iii) 𝛼𝛽. 

Also find the orders of  𝛼, 𝛽, 𝛼ିଵ, 𝛽𝛼, 𝛼𝛽 . 

4. Show that the set  𝑆 = ቄቀ
𝑎 0
𝑏 0

ቁ : 𝑎, 𝑏 ∈ ℤቅ  is a subring of the ring 𝑀ଶ of 2 × 2 matrices over 

integers.  

Prove that the only ideals of a field 𝐹 are {0} and 𝐹 itself. 

5. Let 𝑉 =  {𝑎ଶ𝑥ଶ + 𝑎ଵ𝑥 + 𝑎 ∶  𝑎, 𝑎ଵ,  𝑎ଶ ∈ ℝ}  be a vector space over ℝ. Show that {𝑥ଶ + 𝑥 +1, 
𝑥 + 5, 3} is a basis of  𝑉. 

Let 𝑉 = ℝଷ  and  𝑊 =  {(𝑎, 𝑏, 𝑐) ∶ 𝑎, 𝑏, 𝑐 ∈ ℝ and 𝑎 + 𝑏 = 𝑐}. Is 𝑊 a subspace of 𝑉? If so, 
what is its dimension? 

6. Which of the following maps 𝑇: ℝଶ → ℝଶ are linear transformations?  
(i)  𝑇(𝑥ଵ, 𝑥ଶ) = (1 + 𝑥ଵ, 𝑥ଶ),              (ii)   𝑇(𝑥ଵ, 𝑥ଶ) = (𝑥ଶ − 𝑥ଵ, 0). 

Let  𝑇: ℝଷ → ℝଶ  be a linear transformation such that  𝑇(2,1,0) =  (1,2), 𝑇(1,0, −1) =  (−1,1) 
and 𝑇(0,3,1) = (1,3).  Find 𝑇(5,3, −1). 


