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

 (ii) The eighth question is compulsory. 

 (iii) Do any six questions from Question one 

to question seven. 

 (iv) Calculators are not allowed. 

1. (a) Define a symmetric matrix and give an 

example. 2 

(b) Complete the set S = {(1, 1, 0)} to a  

basis R3. 3 

(c) Determine the equation of the plane 

spanned by the vectors (1, 0, 1) and  

(1, 1, –1). 3 
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(d) If the matrix of a linear transformation 

with respect to the standard basis is 

 
 
 

1 2

1 2
 find the linear transformation. 3 

(e) Check whether the vector (1, 0, 2) is an 

eigenvector for the linear transformation  

T : R3   R3 defined by T (x, y, z) = (x + 2z, 

2x –z, 4x + y + 3z). Find the corresponding 

eigenvalue.  2 

(f) Check whether the matrix : 

1 6 3

2 6 2

1 2 1

  
 
 
 
  

 

satisfies the polynomial equation 

 
2

2 0x   . 2 

2. (a) Define the coset of a vector space. If  

W =   , | 3 0x y x y   is a subspace of R2, 

describe the coset (0, 2) + W.  3 
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(b) Let B =  (1,1,0),(–1,0,1),(0,–1,1)  and  

B  = {(1, 1, 0), (0, 1, 1), (1, 0, 1)}. Find B
BM
 . 

7 

(c) Let V1 be the subspace of Mn (C) of all  

n × n hermitian matrices and let V2 be the 

subspace of Mn (C) of all n × n skew 

hermitian matrices. Show that  

Mn (C) = V1 + V2. Check whether  

Mn (C) = V2   V2. 5 

3. (a) Obtain an orthogonal basis for C3 by 

applying the Gram-Schmidt orthogonal 

process to {(i, 1, 1), (i, 0, 2), (0, i, 0)}. 7 

(b) Check whether or not the matrix :  

2 0 7

A 1 1 1

0 0 1

 
 

 
 
  

  

is diagonalisable. If it is, find a matrix P 

and a diagonal matrix D such that  

P–1 AP = D. If A is not diagonalisable, find 

adjugate of A. 6 
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(c) Let B =  1 2 3, ,    be an ordered basis of 

R3 with    1 21,1, 1 , 1,1,0      and 

3 (1,0,0)  . Write the vector v = (a, b, c) as 

a linear combination of the basis vectors 

from B. 2 

4. (a) Check whether  

1W , ,
0

a b
a b c

c

  
   

  
R  

forms a subspace of M2 (R). Is 

2W , , , , 0, 0
0

a b
a b c a c

c

  
     

  
R  

a subspace of W1 ? Justify your answer. 4 

(b) Check whether the following system of 

equations can be solved using Cramer’s 

rule : 

2x y z     

3 6x y z     

2 1x y z     

If ‘Yes’, solve the system of equations using 

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

equations using Gaussian Elimination. 5 
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(c) Find the conditions on 1 2,b b  and 3b  for 

which the following set of equations is 

consistent : 6 

1 2 3 4 13x x x x b     

1 2 3 4 2x x x x b     

1 2 3 4 3x x x x b       

5. (a) Consider the linear operator T : C3   C3 

defined by : 

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

   1 2 1 3(1 ) 2 , )i z z iz z   

Find T*. Is T self adjoint ? Justify your 

answer. 4 

(b) Let T : R2   R3 be defined by  

T (x, y) = (x, y, x + 2y) and S : R3 → R2 be 

defined by S (x, y) = (x + y, y + z). Suppose 

that B1 and B2 are the standard bases of R2 

and R3. Check that [T o S] 2

2

B

B
  [T] 21

2 1

BB

B B
S   . 8 
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(c) Find the vector equation of the plane 

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

(1, 0, 1) and (1, –1, 1). Also check whether  

(1, 1, 1) lies on it. 3  

6. (a) Let R+ = {x R |x > 0}. Show that R+ is a 

real vector space with respect to   and  , 

defined by a b ab   and    ,aa a a  

 ,b R R . 6 

(b) Find the inverse of A = 

1 1 1

1 1 1

0 1 1

 
 
 
  

, using 

the Cayley-Hamilton theorem. 5 

(c) State the Cauchy-Schwarz inequality for 

inner product spaces. Verify the inequality 

for the vectors (i, 1, 0) and (1, 0, i). 2  

(d) Let A be a 3 × 4 matrix. Write down the 

elementary matrices with which, when we 

multiply on the left, will perform the 

following row operations on A : 2 

(i) R2   3R2 

(ii) R3 3 2R 4R   
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7. (a) Find the orthogonal canonical reduction of 

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

principal axes. 8 

(b) Find the current flow in each branch of the 

following circuit : 7 

 

 

 

 

 

 

 

 

8. Which of the following statements are true and 

which are false ? Justify your answer with 

short proof or a counter example, whichever is 

appropriate : 10 

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

subspaces of V, then W1   W2 is a vector 

space. 
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(b) For any real value of  , the matrix 

cos sin

sin cos

   
 

  
 is invertible.  

(c) There is no 3 × 3 matrix for which the 

minimal polynomial is 2x . 

(d) If for u v  (u, v) = 0 for all Vv , V an 

inner product space, then u = 0. 

(e) The nullity of the transformation  

T : R3   R, defined by  

T  , , 2x y z x y z     

is 2. 
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(i) 

(ii) 

(iii) 

(iv) 

 S (1,1,0)
3R

] ] ] ] – 
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1 2

1 1

 
 
 

]

³  1,0,2 ]
3 3T: R R ]

T (x, y, z) = (x + 2z, 2x –z, 4x + y + 3z)

1 6 3

2 6 2

1 2 1

  
 
 
 
  

 
2

2 0x  

   2W , | 3 0x y x y   R

]  0, 2 W

B =  (1,1,0),(–1,0,1),(0,–1,1)

B  = {(1, 1, 0), (0, 1, 1), (1, 0, 1)}.  

B
BM

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V1, Mn (C) n × n

2V

 2 1 2M V V C

 2 1 2M V V C

{(i, 1, 1), (i, 0, 2), (0, i, 0)}

3C

2 0 7

A 1 1 1

0 0 1

 
 

 
 
  

]

P D

 1P AP D A ]

A
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  3
1 2 3B , ,    R

 1 1,1, 1   ]

 2 1,1,0   3 1,0,0 

 , ,a b c B

1W , ,
0

a b
a b c

c

  
   

  
R ]  2M R

       2W , , , , 0, 0
0

a b
a b c a c

c

  
     

  
R 1W  

2x y z     

3 6x y z     

2 1x y z    
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1 2,b b 3b

1 2 3 4 13x x x x b     

1 2 3 4 2x x x x b     

1 2 3 4 3x x x x b     

3 3T: C C

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

   1 2 1 3(1 ) 2 , )i z z iz z  

T*

T

T : R2   R3,  

 T ,x y    , , 2x y x y  3 2S : ,R R  

S (x, y, z) = (x + y, y + z) 
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1B 2B 2R 3R

[T° S] 2

2

B

B
  [T] 21

2 1

BB

B B
S  

 1, 2,1  1,0,1  1, 1,1

 1,1,1

R+ = {x R |x > 0}

R 

a b ab  ]   aa a   

 ,a  ,b R R

A = 

1 1 1

1 1 1

0 1 1

 
 
 
  

 ,1,0i

 1,0,i
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A 3 4

A

A

 (i) R2   3R2 

 (ii) R3 3 2R 4R   

2 2 22x y z   – 6xy – 6yz
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]

V W1 W2

V 1 2W W V

v

cos sin

sin cos

   
 

  
 

×

3x

Vu ] Vv

u, v 0 ] V

] 0u 

2T: R R] T  , , 2x y z x y z    

BMTE–141   


