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BMTE-141 : LINEAR ALGEBRA 
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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 

Nos. 1 to 7. 

 (iv) Use of calculator is not allowed. 

 (v) Do your rough work in a clearly 

identifiable part of the bottom of the 

same page or in the side of the page 

only. 
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1. (a) Let A be an m n , B an n k  and C an 

m k  matrix. Which of the following 

operations are possible ? 

(i) AB C   

(ii) A C Bt    

For those operations that are possible, 

what will be order of the matrix 

obtained ? 3 

(b) Find the rank and nullity of the matrix : 

1 1 1

1 2 1

1 0 3

 
 
 
 
  

  

using row reduction. 3 

(c) Determine the equation of the plane 

corresponding to the vector space 

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

( 1, 1, 1) . 3 
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(d) Check whether the vector : 

1

1

1

v

 
 


 
  

  

is an eigen vector for the matrix : 

2 1 0

A 0 2 1

2 0 1

 
 

 
 
  

  

Find the corresponding eigen value. 2 

(e) Define the norm of a vector in an inner 

product space. Find the norm of the 

vector 3( ,1 ,1 )i i i  C . 2 

(f) Find the magnitude of the volume of the 

box spanned by the vectors (1, 1, 1),  

(1, 1, 0) and (0, 1,1). 2 
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2. (a) If the matrix of a linear transformation 

2 2T : R R  with respect to the 

standard basis is : 

1 1

1 1

 
 
 

  

find the linear transformation. 3 

(b) Find the rank and signature for each 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

0
V , ,

a
a c d

c d

   
   

   

R  and 

2V , ,
0

u v
u v r

r

   
   

   

R  be subspaces of 

2M ( )R . Prove that 2 1 2M ( ) V V R . Is 

2 1 2M ( ) V V R  ? Justify your answer. 

3 
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(d) Let 1

1 1
,

2 2
u

 
  
 

 and 2

1 1
,

2 2
u

 
  
 

. 

Show that 1 2{ , }u u  forms an 

orthonormal basis for R2. Write the 

vector (3, 2) as a linear combination of 

1u  and 2u . 2 

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

elementary matrices with which, when 

we multiply A on the left, will perform 

the following row operations on A : 2 

(i) 2 2R 3R   

(ii) 3 3 1R R 3R    

(f) Find the values of a for which the 

matrix 

1 1 1

1 0

0 1

a

a

 
 
 
  

 is not invertible. 2 
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3. (a) Find the conditions on 1 2,b b  and 3b  so 

that the following system of equations 

is consistent : 7 

1 2 3 4 1x x x x b      

1 2 3 4 22x x x x b       

1 2 3 4 35 5x x x x b      

(b) Find the adjugate of the matrix : 

1 1 1

A 2 0 1

1 1 1

 
 


 
   

.  

Further, find the inverse of A using the 

adjugate. 5 

(c) Is the matrix : 

           

1 1 1 0

0 1 0 1

0 1 1 0

 
 
 
  

  



 [ 7 ]  BMTE–141 

A–432/BMTE–141 P. T. O. 

in Row Reduced Echelon form ? Is it in 

Row Reduced form ? Justify your 

answer. If it is not in Row  

Reduced Echelon form, use row 

operations to reduce it to Row Reduced 

Echelon form. 3 

4. (a) Check whether the matrix : 

1 1 1

A 1 1 1

1 1 1

 
 

 
 
   

  

is diagonalisable. If it is diagonalisable, 

find a diagonal matrix D and an 

invertible matrix P such that 

1P AP D  . 8 

(b) Let 3:f C C  be the linear functional 

defined by  1 2 3 1 2 3( , , )f z z z z iz iz   . 

Find 
3

1 2 3( , , )y y y C  such that : 3 

           1 2 3 1 2 3 1 2 3( , , ) ( , , ),( , , )f z z z z z z y y y . 
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(c) Apply the coordinate transformation 

1 1

2 2

1 1

2 2

 
 
 
 
 
 

 to conic 2 2 6 1x y xy   . 

What is the nature of this conic ? 4 

5. (a) Using row reduction, find a basis B for 

the vector space spanned by the set : 

S {(1, 1,1), ( 1,1,2), (1,2,4)}     

such that B S . 4 

(b) Show that the linear transformation 

3 3T  R R  given by : 

T(( , , )) ( , , )x y z x y x z    

is an isomorphism. 3 
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(c) Let 2 3T  R R  be defined by 

T(( , )) ( , , )x y x y x y   and 3 2S  R R  

be defined by S(( , , )) ( , )x y z x y y z   . 

Let 1B  and 2B  be the standard bases of 

2R  and 3R , respectively. Check that : 8 

    2 1 2

2 2 1

B B B

B B B
[T S] [T] [S]   . 

6. (a) Find the orthogonal canonical reduction 

of the quadratic form : 

 
2 2 2 2 2 2x y z xy xz yz     .  

Also, find its principal axes. 9 

(b) Find the vector equation of the plane 

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

and (2, 2, 1). Also, check whether (2, 1, 1) 

lies on it. 3 
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(c) Define the coset of a subspace. Let : 

 
3W {( , , )| 0}x y z x y z    R   

Check whether vectors (3, 1, 2) and  

(1, 1, 3) are in the same coset of W or 

not.   3 

7. (a) Let 1 2 3B { , , }u u u  be an ordered basis of 

3R , where 1 2(1,1,1), (1,0, 1)u u    

and 3 (1,1,0)u  . Use Gram-Schmidt 

orthogonalisation process on B to find 

an orthonormal basis for 3R . 5 

(b) Let B {(1,0,1),(0,1, 2),( 1, 1,0)}     be a 

basis of 3R . Find the dual basis of B. 5 

(c) Check whether the set : 

 
  1 2S , ,...., , 0n i na a a a a  R   

is a subspace of nR  or not. 3 
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(d) If 1 2,v v  and 3v  are linearly independent 

vectors in a vector space V over C , show 

that 1 2 2 3 3 1, ,v v v v v v    are also 

linearly independent. 2 

8. Which of the following statements  

are true and which are false ? Justify your 

answer with short proof or a counter-

example :  10 

(a) Eigen values of a symmetric matrix are 

real. 

(b)  If 1 2S S  are subsets of a vector space 

V and S2 is linearly independent, S1 is 

also linearly independent. 

(c) For any linear transformation : 

4 5T : , Ker(T) {0} R R . 
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(d) Every unitary matrix is Hermitian. 

(e) There exists a linear operator 

4 4T : R R  with characteristic 

polynomial 2( 3) ( 5)( 1)x x x    and 

minimal polynomial ( 3)( 5)x x  . 
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 BMTE–141 

Lukrd mikf/k dk;ZØe (ch- Mh- ih-)  

(ch- ,l&lh- th-@ch- ,- th-@ch- ,l&lh- ,e-@ 

ch- ,- ,e-@ch- ,l&lh- ,Q- ,e- Vh-) 

l=kar ijh{kk  

fnlEcj] 2025 

ch-,e-Vh-bZ-&141 % jSf[kd chtxf.kr 

le; % 3 ?k.Vs   vf/kdre vad % 100  

uksV % (i) bl iz'u i= esa vkB iz'u gSaA  

 (ii) vkBok¡ iz'u djuk vfuok;Z gSA 

 (iii) iz'u la[;k 1 ls 7 rd dksbZ Hkh N% iz'u dhft,A 

 (iv) dSydqysVj ds iz;ksx dh vuqefr ugha gSA 

 (v) viuk jQ dk;Z mlh i`"B ds uhps ;k i`"B ds fdukjs 

ds Li"V :i ls igpkus tkus ;ksX; Hkkx esa dhft,A 
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1- (d) eku yhft, A ,d , Bm n  ,d n k  vkSj C 

,d m k  vkO;wg gSA fuEufyf[kr esa ls dkSu&lh 

lafØ;k,¡ lk/; gSa \ 

(i) AB C   

(ii) A C Bt    

tks lafØ;k,¡ lk/; gSa mlls izkIr vkO;wg dh dksfV 

D;k gksxh \ 3 

([k) iafDr leku;u }kjk vkO;wg 

1 1 1

1 2 1

1 0 3

 
 
 
 
  

 dh 

tkfr ,oa 'kwU;rk izkIr dhft,A 3 

(x) lfn'kksa (1,1,1)  vkSj ( 1,1,1)  }kjk foLr`r lfn'k 

lef"V ds laxr lery dk lehdj.k fu/kkZfjr 

dhft,A  3 
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(?k) tk¡p dhft, fd lfn'k 

1

1

1

v

 
 


 
  

 vkO;wg 

2 1 0

A 0 2 1

2 0 1

 
 

 
 
  

 dk vkbxsu lfn'k gS ;k ughaA 

laxr vkbxsu eku Hkh fudkfy,A 2 

(³) vkarj xq.ku lef"V esa ,d lfn'k dk ekud 

ifjHkkf"kr dhft,A lfn'k 
3( ,1 ,1 )i i i  C  dk 

ekud fudkfy,A 2 

(p) lfn'k (1] 1] 1)] (1] 1] 0) vkSj (0] 1] 1) }kjk 

foLr`r ckWDl dk vk;ru dk ifjek.k D;k gS \ 2 

2- (d) ;fn ekud vk/kkj ds lkis{k jSf[kd :ikarj.k 

2 2T : R R  dk vkO;wg 
1 1

1 1

 
 
 

 gS] rks jSf[kd 

:ikarj.k fudkfy,A 3 
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([k) le?kkr 
2 2 2 2
1 2 3 4x x x x    vkSj 

2 2 2 2
1 2 3 4x x x x    ds tkfr vkSj fpÊd 

fudkfy,A D;k ;s le?kkr rqY; gSa \ vius mÙkj dh 

iqf"V dhft,A 3 

(x) eku yhft, 1

0
V , ,

a
a c d

c d

   
   

   

R  vkSj 

2V , ,
0

u v
u v r

r

   
   

   

R  2M ( )R  dh 

milef"V;k¡ gSaA fl¼ dhft, fd 

2 1 2M ( ) V V R A D;k 2 1 2M ( ) V V R  

\ vius mÙkj dh iqf"V dhft,A 3 

(?k) eku yhft, fd 1

1 1
,

2 2
u

 
  
 

 vkSj 

2

1 1
,

2 2
u

 
  
 

A fn[kkb, fd 1 2{ , }u u  R2 

dk izlkekU; ykafcd vk/kkj gSA lfn'k (3] 2) dks 

1u  ,oa 2u  ds ,d?kkr lap;u ds :i esa fyf[k,A 2 
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(³) eku yhft, fd A ,d 4 × 4 vkO;wg gSA ml 

izkjfEHkd vkO;wg dks fyf[k, ftldks A ds ck;sa 

rjQ ls xq.kk djus ij vkO;wg A ij fuEufyf[kr 

iafDr lafØ;k,¡ gksaxh % 2 

(i) 2 2R 3R   

(ii) 3 3 1R R 3R    

(p) a ds mu ekuksa dks Kkr dhft, ftuds fy, vkO;wg 

1 1 1

1 0

0 1

a

a

 
 
 
  

 O;qRØe.kh; ugha gSA 2 

3- (d) 1 2,b b  ,oa 3b  ij izfrca/k fudkfy, ftlls 

fuEufyf[kr lehdj.k fudk; laxr gS % 7 

1 2 3 4 1x x x x b      

1 2 3 4 22x x x x b       

1 2 3 4 35 5x x x x b      
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([k) vkO;wg 

1 1 1

A 2 0 1

1 1 1

 
 


 
   

 dk lg[k.Mt Kkr 

dhft,A vkxs lg[k.Mt dk iz;ksx djds A dk 

O;qRØe Kkr dhft,A 5 

(x) D;k vkO;wg % 

1 1 1 0

0 1 0 1

0 1 1 0

 
 
 
  

 

iafDr lekuhr lksikud :i esa gS \ D;k ;g iafDr 

lekuhr :i esa gS \ vius mÙkj dh iqf"V dhft,A 

;fn ;g vkO;wg iafDr lekuhr lksikud :i esa ugha 

gS] rks iafDr lafØ;kvksa ds iz;ksx ls vkO;wg dks iafDr 

lekuhr lksikud :i esa lekuhr dhft,A 3 
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4- (d) tk¡p dhft, fd vkO;wg  

                                     

1 1 1

A 1 1 1

1 1 1

 
 

 
 
   

  

  fod.kZuh; gSA ;fn fod.kZuh; gS] rks vkO;wg P vkSj 

fod.kZ vkO;wg D fudkfy, ftlds fy, 

1P AP D  A 8 

([k) eku yhft, fd 
3:f C C  

 1 2 3 1 2 3( , , )f z z z z iz iz    }kjk ifjHkkf"kr 

,d jsf[kd Qyud gSA 
3

1 2 3( , , )y y y C  Kkr 

dhft, ftlds fy, % 3 

   1 2 3 1 2 3 1 2 3( , , ) ( , , ),( , , )f z z z z z z y y y   
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(x) 'kkado 
2 2 6 1x y xy    ij funsZ'kkad :ikarj.k 

                       

1 1

2 2

1 1

2 2

 
 
 
 
 
 

  

 ykxw dhft,A bl 'kkado dh izÏfr D;k gS \ 4 

5- (d) iafDr leku;u dk mi;ksx djrs gq, leqPp; 

S {(1, 1,1),( 1,1,2),(1,2,4)}    }kjk foLr`r 

lfn'k lef"V ds fy, ,d vk/kkj B fudkfy, 

ftlds fy, B S A 4 

([k) fn[kkb, fd jSf[kd :ikarj.k 
3 3T  R R ] tks 

T(( , , )) ( , , )x y z x y x z   }kjk ifjHkkf"kr gS] ,d 

rqY;dkfjrk gSA 3 
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(x) eku yhft, fd 
2 3T  R R  

T(( , )) ( , , )x y x y x y   }kjk ifjHkkf"kr gS vkSj 

3 2S  R R  S(( , , )) ( , )x y z x y y z    

}kjk ifjHkkf"kr gSA eku yhft, 1B  vkSj 2B  

Øe'k%] 
2R  vkSj 

3R  ds ekud vk/kkj gSaA tk¡p 

dhft, fd % 8 

2 1 2

2 2 1

B B B

B B B
[T S] [T] [S]    

6- (d) f}?kkr le?kkr 
2 2 2 2 2 2x y z xy xz yz      

dk ykafcd fofgr leku;u Kkr dhft,A eq[; v{k 

Hkh Kkr dhft,A 9 

([k) fcUnqvksa (1] 1] 1)] (1] 1] 0) vkSj (2] 2] 1) ls 

fu/kkZfjr lery dk lfn'k lehdj.k fudkfy,A ;g 

Hkh tk¡p dhft, fd (2] 1] 1) ml lery ij fLFkr 

gSA   3 
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(x) ,d leqPp; dk lgleqPp; ifjHkkf"kr dhft,A 

eku yhft, % 

 
3W {( , , )| 0}x y z x y z    R  

tk¡p dhft, fd lfn'k (3] 1] 2) vkSj (1] 1] 3) 

W ds ,d gh lgleqPp; esa gSa ;k ughaA 3 

7- (d) eku yhft, 1 2 3B { , , }u u u  
3R  dk Øfer 

vk/kkj gS] tgk¡ 1 2(1,1,1), (1,0, 1)u u    vkSj 

3 (1,1,0)u  A B ij xzke&f'eV ykafcdhdj.k 

fof/k dk iz;ksx djds 
3R  dk izlkekU; ykafcd 

vk/kkj izkIr dhft,A 5 

([k) eku yhft, B {(1,0,1),(0,1, 2),( 1, 1,0)}     

3R  dk ,d vk/kkj gSA B dk }Sr vk/kkj  

fudkfy,A 5 
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(x) tk¡p dhft, fd leqPp; % 

   1 2S , ,...., , 0n i na a a a a  R  

nR  dk mileqPp; gS ;k ughaA 3 

(?k) ;fn 1 2,v v  ,oa 3v  C  ij ,d lfn'k lef"V V esa 

jSf[kdr% LorU= lfn'k gSa] rks fn[kkb;s fd 

1 2 2 3 3 1, ,v v v v v v    Hkh jSf[kdr% LorU= gSaA 2 

8- fuEufyf[kr dFkuksa esa ls dkSu&ls dFku lR; gSa vkSj 

dkSu&ls vlR; \ vius mÙkj dh iqf"V ,d y?kq miifÙk ;k 

izfr&mnkgj.k }kjk dhft, % 10 

(d) ,d lefer vkO;wg ds vkbxsu eku okLrfod gSaA 

([k) ;fn 1 2S S  ,d lfn'k lef"V V ds mileqPp; 

gSa vkSj S2 jSf[kdr% LorU= gS] rks S1 Hkh jSf[kdr% 

LorU= gSA 
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(x) dksbZ Hkh jSf[kd :ikUrj.k 
4 5T : R R  ds fy, 

Ker(T) {0} A 

(?k) dksbZ Hkh ,sfdd vkO;wg gfeZVh; gSA 

(³) ,d ,slk jSf[kd :ikarj.k 
4 4T : R R  gS ftldk 

vfHkyk{kf.kd cgqin 
2( 3) ( 5)( 1)x x x    gS 

vkSj U;wure cgqin ( 3)( 5)x x   gSA 

× × × × × 

 

 

 

 

 

 

 

 

 

   


