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BMTE-141 : LINEAR ALGEBRA 

Time : 3 Hours  Maximum Marks : 100 

Note : (i) There are eight questions in this 

paper.  

 (ii) The eighth question is compulsory. 

 (iii) Do any six questions from question 

no. 1 to question no. 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 right side of the 

page only. 
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1. (a) Write the formula for angle between 

two vectors in R3. Find the angle 

between the vectors 2j + 2k and 

  (1 3) (1 3)j k  3 

 (b) Use row reduction to check whether the 

vectors (1, 1, – 1), (1, 2, 1) and (2, 1, 3) 

are linearly independent. 3 

 (c) Determine the equation of the plane 

corresponding to the vector space 

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

(– 1, 1, 1). 3 

 (d) Find the minimal polynomial of the 

matrix A = 

1 1 0

0 1 0 .

0 0 2

 
 
 
  

 3 
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 (e) If the matrix of a linear transformation 

T : R2  R2 with respect to the basis 

1 0
,

1 1

    
    
    

 is 
1 1

2 1

 
 
 

 find T. 3 

2. (a) Verify that 

1

2

1

 
 
 
  

 is an eigenvector for the 

matrix 

0 1 0

2 0 2

1 0 1

 
 
 
  

. What is the 

corresponding eigenvalue ? 2 

 (b) Define the rank and signature of a  

real quadratic form. Find the rank  

and signature of the quadratic  

form 2 2 2 2
1 2 3 4x x x x    in four  

variables. 4 
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 (c) Check whether the following matrix is 

in reduced echelon form : 

1 0 1 1

0 1 3 1

0 0 0 3

 
 
 
  

 

  Justify your answer. Is it in Row 

Reduced echelon form ? If it is not in 

row reduced echelon form reduce it to 

row reduced echelon form. 4 

 (d) Check whether the following system of 

equations can be solved by Cramer's 

rule : 

       x1 – x2 + x3 = 2 

   x1 – 2x2 + 2x3 = 1 

      2x1 – x2 – x3 = 3 

  If 'Yes', then solve the equations using 

Cramer's rule. If 'No', then solve the 

system of equations using Gaussian 

Elimination. 5 
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3. (a) Check whether the matrix  

                               A = 

0 1 –1

0 2 2

2 1 1

 
 


 
  

  

  is diagonalizable. If it is diagonalizable, 

find an invertible matrix P such that  

P–1AP is diagonal. If A is not 

diagonalizable, then find the adjugate  

of A.  5 

 (b) Show that : 

  (i) The diagonal entries of a 

Hermitian matrix are real 

numbers. 

  (ii) The real parts of the entries of the 

diagonal entries of skew Hermitian 

matrix are zero. 4 
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 (c) Find the orthogonal canonical form of 

the quadratic form  

                            – x2 + y2 + z2 – 4xy – 4xz  

  and the principal axes. 6 

4. (a) Find the inverse of A = 

1 1 1

1 –1 –1

1 –1 1

 
 
 
  

 

using Cayley-Hamilton theorem. 5 

 (b) Find the values of a, b  C for which 

the matrix 

1 1

2 –

1 – 2 1

i i

a b i i

i i

 
 


 
  

 

  is Hermitian. 2 

 (c) Complete the set {(1, 0, 1)} to a basis of 

R3.   3 
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 (d) State the Cauchy-Schwarz inequality 

for inner product space. Verify the 

inequality for the vectors (i, 0, 1) and  

(1, 0, – i). 2 

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

W = {(x, y) | x – 4y = 0} is a subspace of 

R2 describe the coset (0, 2) + W. 3 

5. (a) Let the linear transformation  

T : R3  R3 be defined by T((x1, x2, x3)) 

= (x1 + x2 – x3, 2x1 + x2 + x3, x1 + 2x2 – 4x3). 

Find bases for R(T) and Ker (T). 8 

 (b) Obtain an orthonormal basis  

for C3 by applying Gram-Schmidt 

orthogonalisation process to  

{(i, 0, – i), (0, i, i), (i, i, i)}. 7 
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6. (a) Let  

                    V1 = 

  
  

  
    

0

0 0 , , , ,

0

a b

c a b c d e

d e

R

 

and     V2 = 

  
  

  
    

0 0

0 , , ,

0 0

x

y z x y z w

w

R   

be subsets of M3 (R). Show that V1 and 

V2 are subspaces of M3 (R). Also, check 

whether M3 (R) = V1  V2. 6 

 (b) Let  

V1 = 

       
       
                              

1 1 0

–1 0 1
, , ,

0 –1 1

1 1 1

  

V2 = 

       
       
                              

0 0 0

0 1 –1
, ,

1 –1 1

1 0 2
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  be subspaces of R4. Find a basis for  

V1 + V2. Also, find a spanning set for  

V1  V2. 9 

7. (a) Let T : R2  R3 be defined by  

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

defined S(x, y) = (x – y, y – z). Suppose 

that B1 and B2 are the standard bases of 

R2 and R3 respectively. Check that 

   
B BB 1 22

B B B2 2 1
[T S] T S .  8 

 (b) Let A be a 4 × 5 matrix. Write down the 

elementary matrices with which, when 

we multiply A on the left, will perform 

the following row operations on A : 

  (i) R1  R4 

  (ii) R2  R2 + 2R3 2 
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 (c) If (V, < , >) is an inner product space 

over C and T is a self-adjoint operator 

on V, prove that the eigenvalues of T 

are real. 3 

 (d) Check whether x3 + x is in the linear 

span of {x3 + x2 + 1, 2x2 + x}. 2 

8. Which of the following statements are true 

and which are false ? Justify your answer 

with short proof or a counter example. 

Marks are to be given only for proper 

justification. 

 (a) If A and B are upper triangular 

matrices, then (AB)t = At Bt. 2 

 (b) If A and B are two matrices with the 

same Row Reduced Echelon form, then 

A = B.  2 

 (c) The projection operator pr1 : R2  R is 

surjective. 2 
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 (d) If A  Mn (R) is diagonalizable, then A 

is a symmetric matrix. 2 

 (e) The function  :  

  R2 × R2  R :  ((x1, y1), (x2, y2))  

= x1x2 – 2y1y2  

  is an inner product on R2. 2 
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Lukrd mikf/k dk;ZØe  

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

l=kar ijh{kk  

twu] 2026 

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) dsYdqysVjksa ds iz;ksx dh vuqefr ugha gSA 

(v) vius jQ dk;Z i`"B ds uhps ;k nk;ha vksj fn[kkb,A 
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1- (d) R3 esa nks lfn'kksa ds chp ds dks.k ds fy, lw= 

fyf[k,A lfn'kksa 2j + 2k vkSj 

  (1 3) (1 3)j k  ds chp dk dks.k 

fudkfy,A 3 

 ([k) iafDr leku;u }kjk tk¡p dhft, fd lfn'k  

(1, 1, – 1), (1, 2, 1) vkSj (2, 1, 3) jSf[kdr% 

LorU= gSa ;k ughaA 3 

 (x) lfn'kksa (1, 0, 1) vkSj (– 1, 1, 1) ls foLr`r lfn'k 

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

dhft,A  3 

 (?k) vkO;wg A = 

1 1 0

0 1 0

0 0 2

 
 
 
  

 dk vfYi"V cgqin Kkr 

dhft,A  3 
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 (³) ;fn vk/kkj 

1 0
,

1 1

    
    
    

 ds lkis{k ,d jSf[kd 

:ikUrj.k T : R2  R2 dk vkO;wg 

1 1

2 1

 
 
 

 gS] 

rks T fudkfy,A 3 

2- (d) lR;kfir dhft, fd 

1

2

1

 
 
 
  

 vkO;wg 

0 1 0

2 0 2

1 0 1

 
 
 
  

 dk 

,d vkbxsu lfn'k gSA laxr vkbxseku  

D;k gS \ 2 

 ([k) ,d okLrfod f}?kkrh le?kkr dh tkfr vkSj fpÊd 

ifjHkkf"kr dhft,A pkj pj okys f}?kkrh le?kkr 

2 2 2 2
1 2 3 4x x x x    dh tkfr vkSj fpÊd Kkr 

dhft,A  4 
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 (x) tk¡p dhft, fd fuEufyf[kr vkO;wg lekuhr 

lksikud :i esa gS ;k ugha % 

1 0 1 1

0 1 3 1

0 0 0 3

 
 
 
    

  vius mÙkj dh iqf"V dhft,A D;k ;g iafDr lekuhr 

lksikud :i esa gS \ ;fn ugha gS rks bldks iafDr 

lekuhr lksikud :i esa lekuhr dhft,A 4 

 (?k) tk¡p dhft, fd fuEufyf[kr lehdj.k  

fudk; Øsej fu;e ls gy fd;k tk ldrk gS ;k 

ugha % 

     x1 – x2 + x3 = 2 

x1 – 2x2 + 2x3 = 1 

   2x1 – x2 – x3 = 3 
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  ;fn ^gk¡* rks Øsej fu;e ls gy dhft,A ;fn ^ugha* 

rks lehdj.k fudk; dks xkÅlh; fujkdj.k ls gy 

dhft,A  5 

3- (d) tk¡p dhft, fd vkO;wg A = 

0 1 –1

0 2 2

2 1 1

 
 


 
  

 

fod.kZuh; gS ;k ughaA ;fn fod.kZuh; gS rks ,d 

O;qRØe.kh; vkO;wg P fudkfy, ftlds fy,  

P–1AP fod.kZ vkO;wg gSA ;fn A fod.kZuh; ugha gS 

rks A dk lg[k.Mt (adjugate) Kkr dhft,A 5 

 ([k) fn[kkb, fd % 

  (i) ,d gfeZVh vkO;wg dh fod.khZ; izfof"V;k¡ 

okLrfod la[;k,¡ gksrh gSaA 

  (ii) ,d fo"ke gfeZVh vkO;wg dh fod.khZ; 

izfof"V;ksa ds okLrfod Hkkx 'kwU; gSaA 4 
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 (x) f}?kkrh le?kkr – x2 + y2 + z2 – 4xy – 4xz  

dk ykafcd fofgr le?kkr vkSj eq[; v{k 

fudkfy,A 6 

4- (d) dSyh&gSfeYVu izes; dk iz;ksx djds vkO;wg  

                      A = 

1 1 1

1 –1 –1

1 –1 1

 
 
 
  

  

  dk O;qRØe fudkfy,A 5 

 ([k) a, b  C ds os eku fudkfy, ftuds fy, vkO;wg 

1 1

2 –

1 – 2 1

i i

a b i i

i i

 
 


 
  

 gfeZVh gSA 2 

 (x) leqPp; {(1, 0, 1)} dks R3 ds ,d vk/kkj ds :i 

eas iw.kZ dhft,A 3 
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 (?k) vkarj xq.ku lef"V;ksa ds fy, dkW'kh&'okt+Z 

vlfedk crkb,A vlfedk dks lfn'kksa (i, 0, 1) 

vkSj (1, 0, – i) ds fy, lR;kfir dhft,A 2 

 (³) ,d lfn'k lef"V dk lgleqPp; ifjHkkf"kr 

dhft,A ;fn W = {(x, y) | x – 4y = 0},  

R2 dh ,d milef"V gS rks lgleqPp; (0, 2) + W 

dk o.kZu dhft,A 3 

5- (d) eku yhft, fd jSf[kd :ikUrj.k T : R3  R3 

fuEu izdkj ifjHkkf"kr gS % 

  T((x1, x2, x3)) = (x1 + x2 – x3, 2x1 + x2 + x3, 

x1 + 2x2 – 4x3) R(T) vkSj Ker (T) ds vk/kkj 

fudkfy,A 8 
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 ([k) xzke&f'eV ykachdj.k izfØ;k dks {(i, 0, – i),  

(0, i, i), (i, i, i)} ij iz;ksx djds C3 dk 

izlkekU; ykafcd vk/kkj fudkfy,A 7 

6- (d) eku yhft, %  

                    V1 = 

  
  

  
    

0

0 0 , , , ,

0

a b

c a b c d e

d e

R   

  vkSj    V2 = 

  
  

  
    

0 0

0 , ,

0 0

x

y z x y z w

w

R

 

  

 lfn'k lef"V M3 (R) ds mileqPp; gSaA fn[kkb, 

fd V1 vkSj V2 lfn'k lef"V M3 (R) dh 

milef"V;k¡ gSaA ;g Hkh tk¡p dhft, fd  

M3 (R) = V1  V2 gSA 6 
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 ([k) eku yhft, fd % 

        V1 = 

       
       
                              

1 1 0

–1 0 1
, , ,

0 –1 1

1 1 1

 

        V2 = 

       
       
                              

0 0 0

0 1 –1
, ,

1 –1 1

1 0 2

  

  R4 dh milef"V;k¡ gSaA V1 + V2 ds fy, ,d 

vk/kkj fudkfy,A V1  V2 ds fy, ,d tud 

leqPp; Hkh fudkfy,A 9 

7- (d) eku yhft, fd  

                T : R2  R3, T(x, y) = (x, 2x + y, y) 

   }kjk ifjHkkf"kr gS vkSj 

                     S : R3  R2 S(x, y) = (x – y, y – z)  

  }kjk ifjHkkf"kr gSA eku yhft, B1 vkSj B2,  

Øe'k% R2 vkSj R3 ds fy, ekud vk/kkj gSaA  
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tk¡p dhft, fd    
B BB 1 22

B B B2 2 1
[T S] T S .   

gSA   8 

 ([k) eku yhft, A ,d 4 × 5 vkO;wg gSA og izkjfEHkd 

vkO;wg fyf[k, ftlls A dks ckab± rjQ ls xq.ku 

djus ij vkO;wg A ij fuEufyf[kr iafDr lafØ;k,¡ 

gksaxh %  

  (i) R1  R4 

  (ii) R2  R2 + 2R3 2 

 (x) ;fn (V, < , >), C ij ,d vkarj xq.ku lef"V gS 

vkSj T lfn'k lef"V V ij ,d LolayXu  

lafØ;k gS] rks fl¼ dhft, fd T ds vkbxseku 

okLrfod gSaA 3 
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 (?k) tk¡p dhft, fd x3 + x leqPp; {x3 + x2 + 1, 

2x2 + x} dh jSf[kd foLr`fr esa gSA 2 

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

dFku vlR; gSa \ vius mÙkj dks ,d y?kq miifÙk ;k 

izfr&mnkgj.k] ds :i esa nhft,] tks Hkh mfpr gksA mfpr 

iqf"Vdj.k ds lkFk gh vad fn, tk,¡xsA 

 (d) ;fn A vkSj B mifj f=Hkqth; vkO;wg gSa rks  

(AB)t = At Bt. 2 

 ([k) ;fn A vkSj B leku iafDr lekuhr lksikud :i 

okys vkO;wg gSa] rks A = B gksxkA 2 

 (x) iz{ksi ladkjd pr1 : R2  R vkPNknd gSA 2 

 (?k) ;fn A  Mn (R) fod.kZuh; gS rks A lefer gSA 

   2 
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 (³) Qyu  :  

        R2  R2 : R :  ((x1, y1), (x2, y2))  

                                              = x1x2 – 2y1y2,  

  R2  ij ,d vkarj xq.kuQy gSA  2 

× × × × × 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


