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Q. 

No. 

SECTION A (𝟓 × 𝟐 = 𝟏𝟎) 

Answer ANY FIVE questions 

CO KL 

1. Define a vector space. 1 1 

2. What is meant by dilation of linear transformation. 1 1 

3. Define the kernel of a linear transformation. 1 1 

4. What is a coordinate vector of a vector relative to a basis? 1 1 

5. Define an inner product on a real vector space. 1 1 

6. State the Rank-Nullity Theorem. 1 1 

 
Q. 

No. 

SECTION B (𝟏𝟎 × 𝟏 = 𝟏𝟎) 

Answer ALL questions 

CO KL 

7. The set of all linear combinations of a given set of vectors is called 

 (a) basis 

 (b) dimension 

 (c) span 

 (d) rank 

2 2 

8. The dimension of a vector space 𝑉 is: 

(a) The number of elements in 𝑉 

(b) The number of vectors in any basis of 𝑉 

(c) The number of subspaces of 𝑉 

(d) The rank of any matrix representing 𝑉 

2 2 

9. Which of the following statements is TRUE? 

 (a) Every spanning set is linearly independent 

 (b) Every linearly independent set spans the vector space 

 (c) A basis is a linearly independent spanning set 

 (d) A basis always contains the zero vector 

2 2 

10. If a matrix 𝐴 is diagonalizable, then: 

(a) 𝐴 has n distinct eigenvalues 

(b) 𝐴 has n linearly independent eigenvectors 

(c) 𝐴 is symmetric 

(d) 𝐴 is orthogonal 

2 2 
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11. If 𝑇: ℝⁿ → ℝⁿ is a linear transformation defined by 𝑇(𝑥)  =  𝐴𝑥, then 𝑇 

is one-to-one if and only if: 

(a) A is singular 

(b) A is nonsingular 

(c) rank(A) < n 

(d) nullity(A) = n 

2 2 

12. The projection of a vector v onto a subspace 𝑊 gives: 

(a) A vector orthogonal to 𝑊 

(b) The closest point in 𝑊 to 𝑣 

(c) A basis for 𝑊 

(d) The norm of 𝑣 

2 2 

13. The range of a linear transformation is a 

(a) scalar 

(b) subspace 

(c) basis 

(d) matrix 

2 2 

14. Two vectors u and v in an inner product space are orthogonal if: 

(a) ‖𝑢‖  =  ‖𝑣‖ 

(b) < 𝑢, 𝑣 > = 0 

(c) 𝑢 +  𝑣 =  0 

(d) < 𝑢, 𝑢 > ≥ < 𝑣, 𝑣 > 

2 2 

15. The norm of a vector is 

(a) a vector 

(b) a scalar 

(c) a matrix 

(d) a transformation 

2 2 

16. The least squares solution of 𝐴𝑥 =  𝑦 is used when: 

(a) The system has a unique solution 

(b) The system has infinitely many solutions 

(c) The system has no solution 

(d) The system has finite number of solutions 

2 2 

 
Q. 

No. 

SECTION C (𝟐 × 𝟏𝟓 = 𝟑𝟎) 

Answer ANY TWO questions 

CO KL 

17. (a) Show that the set 𝑃2 of all polynomials of degree at most 2, with the  

      usual addition and scalar multiplication, forms a vector space.   

(b) Determine whether the set of vectors {(1, 2, 3), (2, 4, 6), (1, 0, 1)}  

      in ℝ3 is linearly independent or dependent. Justify your answer.  

(7+8) 

3 3 
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18. (a) Find the projection of the vector 𝑣 =  (6, 7) onto the vector 

      𝑢 =  (1, 4) in ℝ2.  

(b) Let 𝑇: ℝ³ → ℝ² be defined by 𝑇(𝑥, 𝑦, 𝑧)  =  (𝑥 +  𝑦, 2𝑧).  Find  

     the kernel and range of 𝑇. Verify the Rank-Nullity theorem for this  

      transformation.  

(7+8) 

3 3 

19. (a) Let 𝐵 and 𝐵’ be bases for a vector space 𝑈 and 𝑃 be the transition  

       matrix from 𝐵 to 𝐵′, then prove that  𝑃 is invertible and the  

       transition matrix from 𝐵’ to 𝐵 is 𝑃−1.  

(b) Let 𝐵 =  {(1,2), (3, −1)} and 𝐵’ =  {(3,1), (5,2)} in ℝ². Find the  

       transition matrix from 𝐵 to 𝐵’. If 𝑢 is a vector such that 𝑢𝐵  =  [
2
1

],  

       then find 𝑢𝐵′. 

(8+7) 

3 3 

20. Find the least squares line 𝑦 =  𝑎 +  𝑏𝑥 that best fits the data points: 

(1, 1), (2, 2.4), (3, 3.6), (4, 4).  

3 3 

 
Q. 

No. 

SECTION D (𝟐 × 𝟏𝟓 = 𝟑𝟎) 

Answer ANY TWO questions 

CO KL 

21. a) Let the vectors {𝑣1, 𝑣2, . . . , 𝑣𝑛} span a vector space 𝑉. Prove that each    

     vector in 𝑉 can be expressed uniquely as a linear combination of  

     these vectors if and only if the vectors are linearly independent. 

(b) Prove that the nonzero row vectors of a matrix 𝐴 that is in reduced  

      echelon form are a basis for the row space of 𝐴. The rank of 𝐴 is  

      the number of nonzero row vectors.  

(8+7) 

4 4 

22. (a) State and prove Gram–Schmidt orthogonalization process to obtain an  

     orthonormal basis for a given vector space. 

(b) The set {(1,2,0,3), (4,0,5,8), (8,1,5,6)} is linearly independent in  

       The vectors form a basis for a three-dimensional subspace 𝑉 of  

        Construct an orthonormal basis for 𝑉. 

                                                                                                            (6+9) 

4 4 

23. Prove that an orthogonal transformation preserves norms, angles, and 

distances. 

4 4 

24. Let A be an 𝑛 × 𝑛 symmetric matrix. Then prove that  

(a) If 𝐴 is real, all the eigenvalues of 𝐴 are real numbers.  

(b) The dimension of an eigenspace of 𝐴 is the multiplicity of the  

      eigenvalue as a root of the characteristic equation.  

(c) The eigenspaces of 𝐴 are orthogonal 

4 4 
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Q. 

No. 

SECTION E (𝟐 × 𝟏𝟎 = 𝟐𝟎) 

Answer ANY TWO questions 

CO KL 

25.  Evaluate whether the set 𝑊 = {(𝑥, 𝑦, 𝑧) ∈ ℝ3 ∣ 𝑥 + 𝑦 + 𝑧 = 1} is a 

subspace of ℝ3. Justify your conclusion and compare to the set 𝑉 =

{(𝑥, 𝑦, 𝑧) ∈ ℝ3 ∣ 𝑥 + 𝑦 + 𝑧 = 0}? 

5 5 

26. State and prove orthogonal matrix theorem. 5 5 

27. Let T be a linear transformation of ℝ𝑛 → ℝ𝑛, then prove that T is 

invertible if and only if it is nonsingular. Also prove that the inverse is 

unique and linear. 

5 5 

28. Find the least-squares linear approximation to 𝑓(𝑥) = 𝑒𝑥 over the interval 

[−1,1]. 

5 5 
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