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Note : (i) There are seven questions in this paper. 

 (ii) Question No. 7 is compulsory. 

 (iii) Do any four questions from questions  

1 to Q. No. 6. 

 (iv) Use of calculator is not allowed.  

1. (a) Define a skew-hermitian matrix and give 

an example. 2 

(b) Check whether the vectors (1, –1, 1);  

(1, 1, 0) and (2, 1, 3) are linearly 

independent. 3 
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(c) If the matrix of a linear transformation 

2 2T : R R  with respect to the ordered 

basis {(1, 1), (1, 0)} is : 

 
 
 

1 1

1 2
 

find the linear transformation T. 3   

(d) Check whether the matrix : 

 
 
 
  

2 3 2

0 3 1

0 1 1

 

satisfies the polynomial equation 

 2( 2) 0x . 2   

2. (a) Check that the vector : 

 
 


 
  

1

1

1

v   

is an eigenvector for the matrix : 

 
 


 
  

1 1 0

A 0 1 1

1 0 1

 

find the corresponding eigenvalue. 2 
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(b) Find the signatures of the forms 

  2 2 2 2
1 2 3 4x x x x  and   2 2 2 2

1 2 3 4x x x x . Are 

these forms equivalent ? Justify your 

answer.  3 

(c) Let : 

 
  
 

1
A ,

1

a

b
  

 
  
 

1 2
B

3 2

a

b
  

and          
  

  
 

11 8
C

8 6
 . 

Are there values a, b such that AB = C ? If 

‘Yes’, find the values. If ‘No’, justify your 

answer. 3 

(d) Check whether 3x x  is in the linear span 

of 3 2 2{ 1, 2 }x x x x    in the vector space 

of polynomials with rational coefficients. 2    

3. (a) Check whether or not the matrix : 

3 2 4

A 1 0 2

0 0 1

 
 

 
 
  

 

is diagonalisable. If it is, find a matrix P 

and a diagonal matrix D such that 

1P AP D.   If A is not diagonalisable, find 

the adjoint of A. 6 
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(b) Consider the linear operator 3 3T : C C  

defined by : 

          1 2 3 1 2 3 1 2 1 3T( , , ) ( , 2 , )    z z z z iz z iz z z z  

Find T*. Is T self adjoint ? Justify your 

answer. 4   

4. (a) Check whether the following system of 

equations can be solved using Cramer’s  

rule : 

   x + y + z = 3 

  2x + y – z = 4 

x + 3y + 2z = 2 

If ‘yes’, solve the system of equations using 

Cramer’s rule. If ‘No’. solve the system of 

equations using Gaussian elimination. 5 

(b) Find a basis dual to the basis {(1, 1, 1),  

(1, –1, 0), (1, 1, 0)} of 3R . 5  

5. (a) Find the orthogonal canonical reduction of 

the form 2 2 22 2 6x y z xy yz     and its 

principal axes.  7 
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(b) Find the vector equation of the plane 

determined by the points (1, –2, 1), (1, 1, 0) 

and (1, –1, 1). Also check whether 
1 1 1

, ,
2 2 2

 
  

 

lies on it. 3 

6. (a) Show that the set S of all 2 × 2 upper 

triangular matrices with entries from R 

form a vector space over R under usual 

addition an scalar multiplication of 

matrices. Find a basis of this vector space.  

8 

(b) Check whether the map 2 2T : R R

defined by T ((x, y)) = (–y, x) is a linear 

operator. 2 

7. Which of the following statements are true and 

which false ? Justify your answer with short 

proof or a counter example, whichever is 

appropriate. 

(a) If V is a vector space, W1 and W2 are 

subspaces of V, then W1   W2 is a vector 

space.   2 
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(b) If A is an n × m matrix and B is an n × m 

matrix then ABt
 and BAt

 have the same 

rank.  2 

(c) If V is a vector space of dimension four over 

R, there is a linear operator T: V V  

with characteristics polynomial (x – 1)  

(x – 2) 2( 3)x   and minimal polynomial  

(x – 1) 2( 2) ( 3)x x  . 2 

(d) If A M ( )n R  is diagonalisable, then A is a 

symmetric matrix. 2 

(e) The function R R R2 2
1 1: : (( , ),x y   

2 2 1 2 1 2( , )) 2x y x x y y   is an inner product 

on 2R .  2  
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(i) 

(ii) 

 (iii) 

(iv) 

(1, –1, 1); (1, 1, 0) 

 (2, 1, 3)

{(1, 1), (1, 0)}

2 2T : R R  

 
 
 

1 1

1 2
 

T
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 
 
 
  

2 3 2

0 3 1

0 1 1

 

 2( 2) 0x

 
 


 
  

1

1

1

v  

 
 


 
  

1 1 0

A 0 1 1

1 0 1

  2 2 2 2
1 2 3 4x x x x

  2 2 2 2
1 2 3 4x x x x

3 

 
  
 

1
A ,

1

a

b
 

 
  
 

1 2
B

3 2

a

b
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  
  

 

11 8
C

8 6
  

 a, b

AB = C

3x x

3 2 2{ 1, 2 }x x x x  

3 2 4

A 1 0 2

0 0 1

 
 

 
 
  

 

P D

1P AP D  A

A

3 3T : C C

                1 2 3 1 2 3 1 2 1 3T( , , ) ( , 2 , )    z z z z iz z iz z z z  

T* T
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   x + y + z = 3 

  2x + y – z = 4 

x + 3y + 2z = 2 

3R {(1, 1, 1), (1, –1, 0), (1, 1, 0)} 

2 2 22 2 6x y z xy yz   

(1, –2, 1), (1, 1, 0)  (1, –1, 1)

1 1 1
, ,

2 2 2

 
  

2 × 2

S, R
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2 2T : R R

T ((x, y)) = (–y, x)

V 1W

2W
 
V 1 2W W

A n × m B n × m

ABt BAt

V, R

T: V V

(x – 1)  

(x – 2) 2( 3)x  (x – 1) 

2( 2) ( 3)x x 

A M ( )n R A

R R R2 2
1 1: : (( , ),x y   

 

2 2( , ))x y  1 2 1 22x x y y 2R
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