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Q.1(a) Define basis of a vector space. Determine whether the set 

 𝑆 = ቄቀ
1 1
1 0

ቁ , ቀ
1 1
0 1

ቁ , ቀ
1 0
1 1

ቁ , ቀ
0 1
1 1

ቁቅ is a basis of ℝଶ×ଶ. 
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Q.1(b) Consider the subspaces 𝑆 = {(𝑥ଵ, 𝑥ଶ, 𝑥ଷ, 𝑥ସ): 𝑥ଶ − 2𝑥ଷ + 𝑥ସ = 0} and  
𝑇 = {(𝑥ଵ, 𝑥ଶ, 𝑥ଷ, 𝑥ସ): 𝑥ଵ = 𝑥ସ, 𝑥ଶ = 2𝑥ଷ} of ℝସ. Find the dimension of 𝑆 ∩ 𝑇. 
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Q.2(a) Prove or give a counter example of the statement: Union of two subspaces of a vector 

space 𝑉 is a subspace of 𝑉. 
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Q.2(b) Let 𝑉 ⊂ ℝ be a set of all ordered pair of all real numbers with standard operation of 
addition and the scalar multiplication defined by 𝑎(𝑥ଵ, 𝑥ଶ) = (𝑎𝑥ଵ, 0). Show that 𝑉 is 
NOT a vector space. 
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Q.3(a) Consider a linear transformation 𝑇: ℝଷ → ℝଷ  defined by 𝑇(𝑥ଵ, 𝑥ଶ, 𝑥ଷ) = (𝑥ଵ + 𝑥ଶ +

𝑥ଷ, 2𝑥ଵ + 𝑥ଶ + 2𝑥ଷ, 𝑥ଵ + 2𝑥ଶ + 𝑥ଷ), (𝑥ଵ, 𝑥ଶ, 𝑥ଶ) ∈ ℝଷ. Find 𝐾𝑒𝑟(𝑇) and 𝑁𝑢𝑙𝑙𝑖𝑡𝑦(𝑇). 
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Q.3(b) A linear transformation 𝑇: ℝଷ → ℝଷ  defined by 𝑇(𝑥ଵ, 𝑥ଶ, 𝑥ଷ) = (2𝑥ଵ + 𝑥ଶ − 𝑥ଷ, 𝑥ଶ +
4𝑥ଷ, 𝑥ଵ − 𝑥ଶ + 3𝑥ଷ), (𝑥ଵ, 𝑥ଶ, 𝑥ଶ) ∈ ℝଷ. Find the matrix of 𝑇 relative to the standard  basis 
{(1,0,0), (0,1,0), (0,0,1)} of ℝଷ. 
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Q.4 Determine the values of 𝑎 and 𝑏 for which the system of linear equations, given by  

𝑥 + 2𝑦 + 3𝑧 = 6, 𝑥 + 3𝑦 + 5𝑧 = 9, 2𝑥 + 5𝑦 + 𝑎𝑧 = 𝑏  has (𝑖)  no solution (𝑖𝑖)  Unique 
solution (𝑖𝑖𝑖) infinitely many solutions.  
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Q.5(a) Decompose the matrix 𝐴 = ൦

2 −1 0 0
−1 2 −1 0
0 −2 2 −1
0 0 −1 2

൪ in form of 𝐴 = 𝐿𝑈, where 𝐿 is a lower 

triangular matrix and 𝑈 is an upper triangular matrix.  
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Q.5(b) 
Find the inverse of the matrix 𝐴 = ൥

1 3 3
1 4 3
1 3 4

൩ by using elementary row operations.  
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