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BACHELOR’S DEGREE PROGRAMME 
(BDP) 

Term-End Examination 
December, 2022 

MTE-02 : LINEAR ALGEBRA 

Time : 2 Hours     Maximum Marks : 50 

Note : (i) Question No. 7 is compulsory. 
 (ii) Answer any four questions from Q. No. 1 

to Q. No. 6. 
 (iii) Use of calculator is not allowed. 

1. (a) Define a binary operation on a set.  
Check whether defined by = +2 2.x y x y  
is a binary operation on the set 

{ }S 0x | x >= ∈ R .  2 

(b) Define the row-reduced echelon form of 
matrices. Check whether the matrix 

1 0 1 1
0 0 0 0
0 0 0 1

 
 
 
  

  is in row-reduced echelon 

form.   2 
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(c) Define the determinant rank of an m × n 
matrix. Find the determinant rank of the 

matrix 
1 0 2

A 1 2 0 .
1 1 3

 
 = − 
  

 3  

(d) Define a unitary matrix. Check whether 

the matrix 

1
2 2B

1
2 2

i

i

 
 
 =
 
  

 is unitary. Is 

this matrix invertible ? Justify your 
answer.  3 

2. (a) Write down the formula for the angle 
between two vectors 3,u v ∈ R . Find the 
angle between the vectors (i + k) and 

2 2
i k 

+ 
 

. 2  

(b) Let →2 3S : R R  be defined by  
S (x, y) = (x + y, y, y) and →3 2T : R R  be 
defined by T (x, y, z) = (x – z, y). Find S o T 
and T o S. 2 

(c) Define the characteristic polynomial of a 
matrix. Find the characteristic polynomial 

of the matrix 
1 0
1 1

 
 − 

.  2  
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(d) Define a quadratic form. Check whether 
2 2x xy zx yz+ + +  is a quadratic form.  2 

(e) If V is an inner product space and , V,u v ∈  

when are u and v orthogonal ? Check 
whether the vectors (1, 1, 0, 1) and  
(–1, 0, 1, 1) are orthogonal to each other 

with respect to the standard inner product  

on 4.R   2  

3. (a) Let :  6 
3 1 1

A 2 2 1
2 2 0

− 
 = − 
  

 

Find :   
(i) The characteristic polynomial of A 

(ii) The eigen values of A 

(iii) The eigen vectors of A 

(b) Solve the following system of equations by 
Gaussian elimination : 4 

x + y + z + t = 5 

x – y + z + t = 1 

      x + z + t = 3 
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4. (a) State the Cayley-Hamilton theorem. Use it 
to find the inverse of the matrix : 5 

1 1 1
A 0 1 1

1 1 1

− 
 =  
 − − 

 

(b) Check whether the basis B = {(–1, 1, 0),  
(1, 1, 0), (1, 0, –1)} is an orthogonal basis 
for 3R  with respect to the standard inner 
product on 3R . Apply Gram-Schmidt 
orthognalisation process to B to obtain an 
orthonormal basis for 3R  with respect to 
the standard inner product on 3R .   5 

5. (a) If V is a finite dimensional vector space 
and 0v ≠  is a vector in V, show that there 
is a linear functional V*f ∈  such that 

( ) 0f v ≠ . 2  

(b) Find the rank and signature of the 
quadratic forms 2 2 2 2

1 2 3 4x x x x+ − +  and 
2 2 2 2
1 2 3 42 .x x x x− + −  Check whether the 

forms are equivalent. 3 
(c) Find the adjoint of the matrix : 

1 1 1
A 1 1 0

0 1 1

− 
 =  
  

 

Hence find its inverse. 5 
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6. (a) Let 1 2 3B { , , }= α α α  be an ordered basis of 
3R  with 1 (1, 0, 1)α = − , 2 (1,1,1)α = , 

α =3 (1,0,0) . Write the vector v = (a, b, c) 
as a linear combination of vectors from B. 4 

 (b) Let V be the vector space of 2 × 2 matrices 
over R and 1 2W , W  be subspaces of V, 
defined by : 

              
1W | ,a a

a b
b a

 − 
= ∈  

  
R

 

and        
  

= ∈  
  

2W | , ,
–

a b
a b c

c a
R   

Find the dimensions of 1 2W , W  and 

1 2W W .∩   5 

(c) If 
1 2

A 3 1
2 0

 
 =  
  

 and 
1 1 0 1B
2 3 0 1

− 
=  
 

, is 

AB defined ? Justify your answer.  1 

7. Which of the following statements are true and 
which are false ? Justify your answer with a 
short proof or a counter-example :   

(a) If 1W  and 2W  are subspaces of a  
vector space V, then 1 2W W∩  is a 
subspace of V. 2 
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(b) There is no linear operator T with 
characteristic polynomial 2( 1) ( 2)x x− +

( 3)x +  and minimal polynomial (x – 1)  
(x + 1) (x + 2). 2 

(c) If the characteristic polynomial of a 3 × 3 
matrix is − +2( 1) ( 2),x x  it is not 
diagonalisable.  2 

(d) If all the eigen values of a matrix are real, 
the matrix is symmetric. 2 

(e) Any subset of a linearly dependent set of 
vectors is also linearly dependent.  2 
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Lukrd mikf/ dk;ZØe (ch- Mh- ih-) 

l=kkar ijh{kk 

fnlEcj] 2022 

,e- Vh- bZ--02 % jSf[kd chtxf.kr 

le; % 2 ?k.Vs     vf/dre vad % 50 

uk sV % (i) iz'u la 7 vfuok;Z gSA  

 (ii) iz'u la- 1 ls 6 eas ls fdUgha p kj iz'ukas ds 
mÙkj fyf[k,A 

 (iii) dSYdqysVj dk iz;ksx djus dh vuqefr ugha gSA  

1- (d)  ,d leqPp; ij f}&vk/kjh lafØ;k dks 

ifjHkkf"kr dhft,A tk¡p dhft, fd tks 

= +2 2.x y x y  }kjk ifjHkkf"kr gS] leqPp; 

{ }S 0x | x >= ∈ R  ij ,d f}&vk/kjh 

lafØ;k gS ;k ughaA 2 
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([k)  ,d vkO;wg dk iafDr lekuhr lksikud :i 

ifjHkkf"kr dhft,A tk¡p dhft, fd vkO;wg 

1 0 1 1
0 0 0 0
0 0 0 1

 
 
 
  

 iafDr&lekuhr lksikud :i esa 

gSA   2 

(x)  vkO;wg m × n dh lkjf.kd dksfV dks ifjHkkf"kr 

dhft,A vkO;wg 
1 0 2

A 1 2 0
1 1 3

 
 = − 
  

 dh 

lkjf.kd dksfV Kkr dhft,A 3 

(?k)  ,sfdd vkO;wg dks ifjHkkf"kr dhft,A tk¡p 

dhft, fd vkO;wg 

1
2 2B

1
2 2

i

i

 
 
 =
 
  

 ,sfdd 

gSA D;k B O;qRØe.kh; gS \ vius mÙkj dh 

iqf"V dhft,A 3 

2- (d)  nks lfn'k 3,u v ∈ R  ds chp ds dks.k Kkr 

djus ds fy, lw=k fyf[k,A lfn'k (i + k) vkSj 

 
+ 

 2 2
i k  ds chp dk dks.k Kkr dhft,A 2 
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([k)  eku yhft, →2 3S : R R , S (x, y) = (x + y, 
y, y) }kjk ifjHkkf"kr gS vkSj →3 2T : R R   

T (x, y, z) = (x – z, y) }kjk ifjHkkf"kr gSA S o T 
vkSj T o S Kkr dhft,A 2 

(x)  ,d vkO;wg dh vfHkyk{kf.kd cgqin dks 

ifjHkkf"kr dhft,A vkO;wg 
1 0
1 1

 
 − 

 dh 

vfHkyk{kf.kd cgqin Kkr dhft,A 2 

(?k)  f}?kkrh; le?kkr dks ifjHkkf"kr dhft,A tk¡p 

dhft, fd 2 2x xy zx yz+ + +  ,d f}?kkrh 

le?kkr gSA  2 

( )  ;fn V ,d vkarj xq.kuiQy lef"V gS vkSj 

, V,u v ∈  u vkSj v dc ykafcd gksaxs \ 

tk¡p dhft, fd lfn'k (1] 1] 0] 1) vkSj  

(&1] 0] 1] 1) 4R  ds ekud vkarj xq.kuiQy 

ds lkis{k ykafcd gSA 2 

3- (d)  eku yhft, % 6 

3 1 1
A 2 2 1

2 2 0

− 
 = − 
  

 

 Kkr dhft, % 

 (i)  A dk vfHkyk{kf.kd cgqin 



 [ 10 ] MTE-02 

   

 (ii)  A ds vkbxsu eku 

 (iii) A ds vkbxsu lfn'k 

([k)  fuEufyf[kr lehdj.k fudk; dks xkmlh; 

fujkdj.k fof/ ls gy dhft, % 4 
x + y + z + t = 5 
x – y + z + t = 1 
      x + z + t = 3 

4- (d)  dSys&gSfeYVu izes; dk dFku nhft,A mldk 

iz;ksx djds vkO;wg % 

1 1 1
A 0 1 1

1 1 1

− 
 =  
 − − 

 

 dk O;qRØe fudkfy,A 5 

([k)  tk¡p dhft, fd vk/kj B = {(–1, 1, 0),  
(1, 1, 0), (1, 0, –1)} ekud vkarj xq.kuiQy ds 

lkis{k ,d ykafcd vk/kj gS ;k ughaA 3R  ij 

ekud vkarj xq.kuiQy ds lkis{k 3R  ds fy, 

ykafcd izklkekU; vk/kj izkIr djus ds fy, 

xzke&f'eV ykafcdhdj.k izfØ;k ykxw dhft,A 5 

5- (d)  ;fn V ,d ifjfer foeh; lfn'k lef"V gS 

vkSj 0, Vv ≠  esa ,d lfn'k gS] rks fn[kkb, 

fd ,d ,slk jSf[kd iQyud V*f ∈  gksrk gS 

ftlds fy, ( ) 0f v ≠ A 2 
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([k)  ,d f}?kkrh le?kkr 2 2 2 2
1 2 3 4x x x x+ − +  vkSj 

2 2 2 2
1 2 3 42x x x x− + −  ds fpÉd vkSj  

tkfr Kkr dhft,A tk¡p dhft, fd ;g rqY; 

gS ;k ughaA 3 

(x)  vkO;wg 
1 1 1

A 1 1 0
0 1 1

− 
 =  
  

 dk lg[kaMt Kkr 

dhft,A blls A dk O;qRØe Kkr dhft,A 5 

6- (d)  eku yhft, 1 2 3B { , , }= α α α ] 3R  dk Øfer 

vk/kj gS] tgk¡ 1 (1, 0, 1)α = − ] 2 (1,1,1)α = ] 

3 (1, 0, 0)α = A lfn'k v = (a, b, c) dks B ds 

vk/kj lfn'kksa ds ,d ?kkr lap; ds :i esa 

fyf[k,A 4 

([k)  eku yhft, V, R ij 2 × 2 vkO;wgksa dh lfn'k 

lef"V gS vkSj 1 2W , W  % 5 

                  
1W | ,a a

a b
b a

 − 
= ∈  

  
R

 

rFkk     2W | , ,a b
a b c

c a
  

= ∈  
  

R   

 }kjk ifjHkkf"kr V dh milef"V;k¡ gSaA 1 2W , W
vkSj 1 2W W∩  dh foek,¡ Kkr dhft,A 
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(x)  ;fn 
1 2

A 3 1
2 0

 
 =  
  

 vkSj 
− 

=  
 

1 1 0 1
B ,

2 3 1 1

D;k AB ifjHkkf"kr gS \ vius mÙkj dh iqf"V 

dhft,A 1 

7- fuEufyf[kr dFkuksa esa ls dkSu&ls dFku lR; vkSj 
dkSu&ls dFku vlR; gSa \ vius mÙkj dh iqf"V 
Øe'k% ,d y?kq miifÙk ;k izfr&mnkgj.k }kjk  
dhft, % 

(d)  ;fn 1W  vkSj 2W  lfn'k lef"V V dh 
milef"V;k¡ gSa] rks 1 2W W∪  Hkh V dk 
milef"V gSA 2 

([k)  ,slk dksbZ jSf[kd ladkjd ugha gS ftldk 
vfHkyk{kf.kd cgqin 2( 1) ( 2)x x− + ( 3)x +  
gS vkSj vfYi"V cgqin (x – 1) (x + 1) (x + 2) 
gSA   2 

(x)  ;fn ,d 3 × 3 vkO;wg dh vfHkyk{kf.kd 
cgqin 2( 1) ( 2)x x− +  gS] rks vkO;wg 
fod.kZuh; ugha gSA 2 

(?k)  ;fn ,d vkO;wg ds lHkh vkbxsu eku okLrfod 
gSa] rks vkO;wg lefer gSA 2 

(Ä)  ,d jSf[kdr% vkfJr leqPp; dh dksbZ Hkh 
milef"V Hkh jSf[kdr% vkfJr gSA 2 

MTE–02   


