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  Marks CO BL 

Q.1(a) Consider the set of all 3× 3 real matrices, 𝑉 = {𝐴 ∈ ℝଷ×ଷ: 𝐴 + 𝐴் = 𝑂}. Find the basis 
and dimension of 𝑉. 
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Q.1(b) Let {𝛼ଵ, 𝛼ଶ, 𝛼ଷ} and {𝛽ଵ, 𝛽ଶ, 𝛽ଷ} be ordered bases of the real vector spaces 𝑉 and 𝑊 
respectively. A linear mapping 𝑇: 𝑉 → 𝑊  maps the basis vector as 𝑇(𝛼ଵ) =
𝛽ଵ, 𝑇(𝛼ଶ) = 𝛽ଵ + 𝛽ଶ, 𝑇(𝛼ଷ) = 𝛽ଵ + 𝛽ଶ + 𝛽ଷ . Find the matrix related to the ordered 
bases {𝛼ଵ, 𝛼ଶ, 𝛼ଷ} of 𝑉 and {𝛽ଵ, 𝛽ଶ, 𝛽ଷ} of 𝑊. Hence verify that  𝑇 as well as the matrix 
𝑚(𝑇) is non-singular. 
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Q.2(a) 
For which values of 𝑥 ∈ ℝ  the matrix 𝐴 = ൥

1 2 𝑥
0 1 3
2 5 4

൩  is invertible? Using row 

elimination compute 𝐴ିଵ for 𝑥 = 1.   
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Q.2(b) Consider the matrix 𝐴 = ቂ
4 1
3 2

ቃ. Find a matrix 𝑃 for which 𝑃ିଵ𝐴𝑃 = 𝐷, where 𝐷 is a 

diagonal matrix. Hence compute 𝐴ହ. 
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Q.3(a) Consider the vector space ℝଶ×ଷ of all 2 × 3 matrices with inner product defined by 

⟨𝐴, 𝐵⟩ = 𝑡𝑟𝑎𝑐𝑒(𝐵்𝐴) . If 𝐴 = ቂ
2 𝑎 3
1 0 −2

ቃ  and 𝐵 = ቂ
−4 3 𝑎
5 7 2

ቃ  such that 𝐴  is 

orthogonal to 𝐵, find the value of 𝑎. 
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Q.3(b) Let 𝑆 be the orthogonal set of vectors 𝑣ଵ = (1,2,1), 𝑣ଶ = (2,1, −4), 𝑣ଷ = (3, −2,1) in 
the inner product space ℝଷ  with standard inner product. If 𝑢 = (7,1,9) ∈
𝑠𝑝𝑎𝑛{𝑣ଵ, 𝑣ଶ, 𝑣ଷ}, represent 𝑢 in terms of 𝑣ଵ, 𝑣ଶ and 𝑣ଷ. 
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Q.4(a) Consider the inner product ⟨ , ⟩ in ℝଶ defined by ⟨𝛼, 𝛽⟩ = 4𝛼ଵ𝛽ଵ + 𝛼ଶ𝛽ଶ, where 𝛼 =
(𝛼ଵ, 𝛼ଶ) and 𝛽 = (𝛽ଵ, 𝛽ଶ). If 𝛼 = (−2,3), 𝛽 = (3, −4), find ‖𝛼‖, ‖ 𝛽‖ and ‖𝛼 − 𝛽‖. 
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Q.4(b) Let 𝑃ଷ(𝑡) be the vector space of all polynomials of degree less than or equal to 3 
with inner product defined by ⟨𝑓, 𝑔⟩ = ∫ 𝑓(𝑡)𝑔(𝑡)𝑑𝑡.

ଵ

ିଵ
 Apply Gram-Schmidt 

orthogonalization process to find an orthogonal basis from the basis {1, 𝑡, 𝑡ଶ, 𝑡ଷ}. 
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Q.5 Reduce the quadratic form 𝑄(𝑥) = 2𝑥ଵ
ଶ + 𝑥ଶ

ଶ − 3𝑥ଷ
ଶ − 8𝑥ଶ𝑥ଷ − 4𝑥ଷ𝑥ଵ + 12𝑥ଵ𝑥ଶ into its 

canonical form. Hence determine the index, signature and nature of the quadratic 
form. 
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