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BMTE-141 : LINEAR ALGEBRA

Time : 3 Hours Maximum Marks : 100

Note : (i) Answer all the questions in Section A
and Section B.

(ii) Answer any five questions in Section C.

Section—A

(Compulsory Question)

1. Which of the following statements are true and
which are false ? Justify your answer,
respectively, with a short proof or a counter
example. 10

(i) If  and  are eigenvalues of two n × n

matrices A and B, respectively, then   
is an eigenvalue for A + B.
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(ii) If S and T are linear transformations such
that SoT is injective, then S is 1 – 1.

(iii) 3 3 : R R R     1 1 1 2 2 2, , , , ,x y z x y z

       1 1 1 2 2 2x y z x y z

is an inner product on R3.

(iv) Any subset of a vector space that does not
contain the zero element is linearly
independent.

(v) No non-zero skew-symmetric matrix is
diagonalisable.

(vi) If A and B are n × n matrices and AB = BA,

we have A B B At t t t .

(vii) If 3, , 0,u v u R 0,v  then . 0.uv 

(viii) The matrix 1 2
2 1
 
 
 

has a unique Row

Echelon form.

(ix) The projection operator 2
1 :pr R R is

injective.

(x) Every unitary operator is invertible.
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Section—B
(Answer all the questions.)

2. (a) Define the coset of a subspace. Let :
       3W , , | 0x y z x y z R .

Check whether the vectors (3, 3, 1) and
(1, 0, 0) are in the same coset of W or not. 3

(b) Check whether the vectors (1, 1, 1),
(1, 1, –1) and (–1, –1, 3) are linearly
independent. 3

(c) If the matrix of a linear transformation
T : 2 2R R with respect to the standard
basis is :

1 3
2 1
 
  

find the linear transformation. 2
(d) Check whether the vector :

 
   
  

1
1
0

v

is an eigenvector for the matrix
1 1 1

A 1 1 1
1 1 3

 
   
   

.

If ‘yes’, what is the corresponding
eigenvalue ? If ‘no’, can you change one
coordinate of v to get an eigen vector of the
matrix A ? 2
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3. (a) Find the equation of the plane
corresponding to the vector space spanned
by    1, 1, 1 , (1, 0,1 . 3

(b) Check that the matrix
2 1 0
1 0 0
1 1 1

 
 
 
  

satisfies

the equation  21 0x   . 2
(c) Find the adjoint of the matrix

1 1 1
1 1 1
1 2 1

  
 
 
  

Hence find its inverse. 5
4. (a) Let :

 
  
 

2A .
3
a

b

2 1B
1

a
b
 

  
 

and 0 3C
7 2
 

   
.

Are these values a and b such that
AB = C ? If ‘yes’, find them. If ‘no’ justify
your answer. 3

(b) Obtain an orthonormal basis for 3R by
applying Gram-Schmidt orthogonalisation
process to the ordered basis : 5

{(1, 0,1), (0,1,1), (1,1, 0)}
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(c) Let B be the standard basis for 3R and
B be another basis such that

B
B

1 1 2
M 1 1 1

0 0 1


 
   
  

.

Find B . 2
Section—C

5. (a) Consider the linear operator 4 4T : C C
defined by

T (    1 2 3 4 3 1 2 4, , , , , ,z z z z z iz iz iz 

Find T*  1 2 3 4, , ,w w w w where
1iw i  C , 2, 3, 4 and check whether T

is self adjoint under the standard inner
product on 4C . Further, check if T is
unitary. 6

(b) Find the rank and nullity of the matrix : 4
1 1 3 0
1 2 3 0
1 2 4 1

 
  
  

using row reduction.
6. (a) Let :

B = {(1, –1, 1), (1, –1, –1), (1, 1, 0)}
and B' = {(1, 0, 1), (1, 1, 0), (1, 1, –1)}
be two bases of 3R . Find B

BM  . 7
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(b) Let V1 be the subspace of all n × n

hermitian matrices and let V2 be the

subspace of n × n skew-hermitian matrices.

Show that : 3

   1 2M V V .n C

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

1 1 1
A 0 2 2

0 2 3

 
   
  

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

 Adj A . 7

(b) Find the signature of the quadratic 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
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8. (a) Let :

  3A , , | 2 0x y z x y z    R ,

  B (0,0, | .x x R

Check that A and B are subspaces of 3R

and 3 A  B R . 7

(b) Explain why the following matrix is not in
row reduced echelon form :

1 1 1
0 1 0
0 0 1

 
 
 
  

.

Also, reduce it to Row Reduced Echelon
form. 3

9. (a) Find the orthogonal and normal canonical
reductions of the quadratic form

2 27 6 7x xy y  . Hence identify the conic
represented by 2 27 6 7 200x xy y   .
Also, find the principal axes of the given
quadratic form. 7

(b) 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, ,
2 2 2
 
 
 

lies on it. 3
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10. (a) Consider the subspaces :

1

1 1 2
V 0 , 1 , 1

1 0 1

       
               
              

,

2

1 1 1
V 1 , 1 , 3

2 1 5

       
               
              

of 3R .

Find a basis of 1 2V V and a spanning set

for 1 2V V . 8

(b) Let 2 2T : R R be the linear operator

defined by T    , , 2x y x y x y   . Find

the matrix of the operator T with respect to

the basis {(1, 1), (1, 0)}. 2

11. (a) Consider the basis  1 1,1,0 ,e

 2 0,1,1e and 3 (0,0,1)e of 2R over

R . Find the dual basis of { 1 2 3, e ,e e }. 4
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(b) Verify Cayley-Hamilton theorem for the
matrix :

2 1 1
A 1 2 1

1 1 3

 
   
  

Also, find 1A  if it exists. 4

(c) Find the minimal polynomial of

A = 2 1
0 2
 
 
 

. 2
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(i)

(ii)

&

]

(i)   ] ] n n A

B ]   

A + B
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(ii) S T

SoT ] S

(iii) 3 3 : R R R     1 1 1 2 2 2, , , , ,x y z x y z

       1 1 1 2 2 2x y z x y z

3R

(iv) ]

]

(v) ]

(vi) A B n n

AB BA ] A B B At t t t

(vii) 3, , 0,u v u R 0,v  . 0u v 
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(viii) 1 2
2 1
 
 
 

(ix) 2
1 :pr R R

(x)

&

       3W , , | 0x y z x y z R

] ]

] ]

] ] ] ] ]

 1, 1,3 
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T : 2 2R R 1 3
2 1
 
  

]

 
   
  

1
1
0

v

1 1 1
A 1 1 1

1 1 3

 
   
   

] v

A

  1, 1 1 , (1, 0,1 

2 1 0
1 0 0
1 1 1

 
 
 
  

 21 0x  
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1 1 1
1 1 1
1 2 1

  
 
 
  

 
  
 

2A ,
3
a

b

2 1B
1

a
b
 

  
 

0 3C
7 2
 

   

a b

AB C

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

B

B
B

1 1 2
M 1 1 1

0 0 1


 
   
  

B

&

T : C4 – C4, T (z , z , z , z ) = (z , iz , iz , – iz )

T*  1 2 3 4, , ,w w w w

1, 2, ,3, 4i  iw  C

4C

T

T
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1 1 3 0
1 2 3 0
1 2 4 1

 
  
  

B = {(1, –1, 1), (1, –1, –1), (1, 1, 0)}

B' = {(1, 0, 1), (1, 1, 0), (1, 1, –1)}

3R B
BM 

1V n n

2V n n

 Mn C  1 2V V



[ 17 ] BMTE-141

P. T. O.

1 1 1
A 0 2 2

0 2 3

 
   
  

]

P D

1P AP D  A

]  Adj A

2 2 2 2
1 2 3 4x x x x  

2 2 2 2
1 2 3 4x x x x  

  3A , , | 2 0x y z x y z    R ,

  B (0,0, |x x R

A 3B, R
3 A  B R
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1 1 1
0 1 0
0 0 1

 
 
 
  

2 27 6 7x xy y 

2 27 6 7 200x xy y  

   1, 2,1 , 1,0,1  1, 1,1

1 1 1, ,
2 2 2
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3R

1

1 1 2
V 0 , 1 , 1

1 0 1

       
               
              

,

2

1 1 1
V 1 , 1 , 3

2 1 5

       
               
              

1 2V V 1 2V V

2 2T : R R ,      T , , 2x y x y x y

 (1,1), (1, 0) T
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R 3R

 1 1,1, 0 ,e  2 0,1,1e , 3 (0,0,1)e

1 2 3{ , e , }e e

A

2 1 1
A 1 2 1

1 1 3

 
   
  

1A  ]

2 1
0 2
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