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December, 2022 

 

BMTE-141 : LINEAR ALGEBRA  

Time : 3 hours Maximum Marks : 100 

Note :  There are 8 questions in this paper. Question no. 8 

is compulsory. Do any 6 questions from questions 

no. 1 to 7. 

1. (a) Define a skew-symmetric matrix and give 

an example.   2 

(b) Check whether the vectors (1, – 1, 1), (1, 1, 0) 

and (2, 1, 3) are linearly independent. 3   

(c) Determine the equation of the plane 

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

(0, 1, 1). 3 

(d) If the matrix of a linear transformation with 

respect to the standard basis is 








21–

11
, 

then find the linear transformation. 3  
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(e) Check whether the vector v = 

















1

1

1

 is an 

eigenvector for the matrix A = 

















101

110

011

. 

Find the corresponding eigenvalue. 2 

(f) Check whether the matrix 

















11–0

130

232

 

satisfies the polynomial (x – 2)2. 2 

2. (a) Let A = 








1b

a1
, B = 









2b3

a21
 and  

C = 








6–8

8–11–
. Are these values a, b such 

that AB = C ? If ‘Yes’, then find the values. 

If ‘No’, then justify your answer.  3 

(b) Let B = {(1, – 1, 0), (1, 0, – 1), (0, 1, – 1)} and  

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

B
M


. 4 

(c) Find the signatures of the forms  

 2
1

x  – 2
2

x  + 2
3

x  – 2
4

x  and 2
1

x  – 2
2

x  – 2
3

x  – 2
4

x .  

 Are these forms equivalent ? Justify your 

answer.  3 

(d) Let V1 be the subspace of Mn(R) of all  

n  n symmetric matrices and V2 be the 

subspace of all n  n skew-symmetric 

matrices. Show that Mn(R) = V1  V2.  5 
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3. (a) Obtain an orthonormal basis for C3 by 

applying Gram-Schmidt orthogonalisation 

process to {(i, 0, – i), (0, i, i), (i, i, i)}. 7 

(b) Check whether or not the matrix  

A = 

















100

201–

423

 is diagonalisable. If it is, 

find a matrix P and a diagonal matrix D 

such that P–1 A P = D. If A is not 

diagonalisable, then find the adjugate of A.  6 

(c) Check whether  x3 + x  is in the linear span 

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

4. (a) Show that :   

(i) The diagonal entries of a hermitian  

matrix are real numbers.  

(ii) The real part of the diagonal entries 

of a skew-hermitian matrix are zero. 4 

(b) Check whether the following system of 

equations can be solved using Cramer’s  

rules : 

  x + y + z = 3 

  2x + y – z = 4 

  x + 3y + 2z = 2 

 If ‘Yes’, then solve the system of equations 

using Cramer’s rule. If ‘No’, then solve the 

system of equations using Gaussian 

elimination. 5 
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(c) Find the values of b1, b2 and b3 for which 

the following system of equations is 

consistent :  6 

  x1 + 2x2 + 2x3 – 2x4 = b1 

  x1 – x2 – x3 + x4 = b2 

  x1 + x2 + x3 – x4  = b3 

 

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

defined by  

  T(z1, z2, z3) = (z1 – iz2 + z3, iz1 + 2z2, z1 + z3).  

  Find T*. Is T self-adjoint ? Justify your 

answer.  4 

(b) Let  T  :  R2    R3 be defined by  

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

defined by S(x, y, z) = (x, 
2

z–y
). Suppose 

that B1 and B2 are the standard bases of R2 

and R3. Check that       .SoTToS 2B

1B
1B

2B
2B

2B
  8 

(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 








2

1
,

2

1
,

2

1
 

lies on the plane. 3 
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6. (a) Let A be an n  n real matrix, n  2. Let  

S = {B  Mn(R) | BA = AB}. Show that  

S satisfies all the properties for being a real 

vector space with respect to addition and 

scalar multiplication of matrices. Further 

show that the dimension of S over R is 

greater than one. 8  

(b) Find the inverse of A = 

















11–1

043

121

 using 

Cayley-Hamilton theorem.  5 

(c) Find the values a, b  C for which the 

matrix 





















1i–2i–1

i2iba

i1i1

 is hermitian. 2  

7. (a) Find the orthogonal canonical reduction of 

the form x2 – 2y2 + z2 + 2xy + 6yz and its 

principal axes.  6 

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

following circuit : 6 
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(c) Are there values a  C for which the matrix 

















a2/10

2/12/1–0

001

 is unitary ? Justify your 

answer. 3 

8. Which of the following statements are True and 

which are False ? Justify your answer with a 

short proof or a counter example. 52=10  

(a) If A and B are upper triangular matrices, 

then (AB)t = At Bt. 

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

Row-Reduced Echelon form, then A = B. 

(c) The projection operator pr1 : R2  R is 

surjective. 

(d) If A  Mn(R) is diagonalisable, then A is a 

symmetric matrix.  

(e) The function  

  : R2  R2  R :  ((x1, y1), (x2, y2)) =  

                                                   x1x2 – 2y1y2  

 is an inner product on R2.  
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 ~r.E_.Q>r.B©.-141  

{dkmZ ñZmVH$ (gm_mÝ`) 
(~r.Eg.gr.Or.) 

gÌm§V narjm 

{Xgå~a, 2022 

 

~r.E_.Q>r.B©.-141 : a¡{IH$ ~rOJ{UV  

g_` : 3 KÊQ>o  A{YH$V_ A§H$ : 100 

ZmoQ> :  Bg àíZ-nÌ _| 8 àíZ h¢ & àíZ g§»`m 8 H$aZm A{Zdm`© h¡ & 
àíZ g§»`m 1 go 7 _| go {H$Ýht 6 àíZm| $Ho$ CÎma Xr{OE & 

1. (H$) EH$ {df_-g_{_V Amì`yh n[a^m{fV H$s{OE Am¡a 

EH$ CXmhaU Xr{OE &  2 

(I) Om±M H$s{OE {H$ g{Xe (1, – 1, 1), (1, 1, 0) Am¡a  

(2, 1, 3) a¡{IH$V: ñdVÝÌ h¢ & 3 

(J) g{Xe (1, 1, 0) Am¡a (0, 1, 1) Ûmam {ZYm©[aV g_Vb 

H$m g_rH$aU {ZYm©[aV H$s{OE &   3 

(K) _mZH$ AmYma Ho$ gmnoj EH$ a¡{IH$ ê$nmÝVaU H$m 

Amì`yh 








21–

11
 h¡, Vmo a¡{IH$ ê$nmÝVaU  

kmV H$s{OE & 3 
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(L>) Om±M H$s{OE {H$ g{Xe v = 

















1

1

1

 Amì ỳh  

A = 

















101

110

011

 H$m AmBJoZg{Xe h¡ & g§JV 

AmBJoZ_mZ kmV H$s{OE &  2$ 

(M) Om±M H$s{OE {H$ Amì`yh 
















11–0

130

232

 ~hþnX  

(x – 2)2 H$mo g§VwîQ H$aVm h¡ &>  2 

2. (H$) _mZ br{OE A = 








1b

a1
, B = 









2b3

a21
 Am¡a  

C = 








6–8

8–11–
. Š`m a Am¡a b Ho$ Eogo _mZ h¢ 

{OZHo$ {bE AB = C ? `{X ‘hm±’, Vmo CZ _mZm| H$mo 

kmV H$s{OE & `{X ‘Zm’, Vmo AnZo CÎma H$s nw{îQ>  
H$s{OE & 3 

(I) _mZ br{OE  
 B = {(1, – 1, 0), (1, 0, – 1), (0, 1, – 1)} Am¡a  
 B = {(1, 0, 1), (1, 1, 0), (0, 1, 1)}. 

B

B
M


 kmV 

H$s{OE &  4 

(J) g_KmV  
 2

1
x  – 2

2
x  + 2

3
x  – 2

4
x  Am¡a 2

1
x  – 2

2
x  – 2

3
x  – 2

4
x  

Ho$ {M•H$ kmV H$s{OE & Š`m `h g_KmV Vwë` h¢ ? 

AnZo CÎma H$s nw{îQ> H$s{OE &  3 

(K) _mZ br{OE {H$ V1, Mn(R) Ho$ n  n g_{_V Amì`yhm| 
H$s Cng_{îQ> h¡ Am¡a V2, n  n {df_-g_{_V Amì`yhm| 
H$s Cng_{îQ> h¡ & {XImBE {H$ Mn(R) = V1  V2 & 5 
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3. (H$) J«m_-pí_Q> bm§{~H$sH$aU à{H«$`m  
{(i, 0, – i), (0, i, i), (i, i, i)} na bmJy H$aHo$ C3 H$m 
EH$ àgm_mÝ` bm§{~H$ AmYma àmßV H$s{OE &   7 

(I) Om±M H$s{OE {H$ Amì`yh A = 

















100

201–

423

 

{dH$U©Zr` h¡ `m Zht & `{X {dH$U©Zr` h¡, Vmo EH$ 
Amì`yh P Am¡a EH$ {dH$U© Amì`yh D kmV H$s{OE 
{Oggo P–1 A P = D. `{X A {dH$U©Zr` Zht h¡, Vmo A 

H$m ghIÊS>O kmV H$s{OE & 6 

(J) Om±M H$s{OE {H$ x3 + x, {x3 + x2 + 1,  2x2 + x}  
H$s a¡{IH$ {dñV¥{V _| h¡ &  2 

4. (H$) {XImBE {H$   

(i) h{_©Q>r Amì`yh Ho$ {dH$U© Ad`d dmñV{dH$ 
g§»`mE± h¢ & 

(ii) {df_-h{_©Q>r Amì`yh Ho$ {dH$U© Ad`d Ho$ 
dmñV{dH$ ^mJ eyÝ` h¢ &  4 

(I) Om±M H$s{OE {H$ Š`m {ZåZ{b{IV g_rH$aU {ZH$m` 
H$mo H«o$_a {Z`_ bmJy H$aHo$ hb {H$`m Om gH$Vm h¡ : 

  x + y + z = 3 

  2x + y – z = 4 

  x + 3y + 2z = 2 

 `{X ‘hm±’, Vmo H«o$_a {Z`_ go g_rH$aU {ZH$m` H$mo hb 

H$s{OE & `{X ‘Zht’, Vmo JmCgr` {ZamH$aU go 
g_rH$aU {ZH$m` H$mo hb H$s{OE &   5 
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(J) b1, b2 Am¡a b3 Ho$ CZ _mZm| H$mo kmV H$s{OE {OZHo$ 

{bE {ZåZ{b{IV g_rH$aU {ZH$m` g§JV h¡ :  6 

  x1 + 2x2 + 2x3 – 2x4 = b1 

  x1 – x2 – x3 + x4 = b2 

  x1 + x2 + x3 – x4  = b3 

5. (H$) a¡{IH$ g§H$maH$, T : C3  C3, Omo  

  T(z1, z2, z3) = (z1 – iz2 + z3, iz1 + 2z2, z1 + z3)  

  Ûmam n[a^m{fV h¡, br{OE & T* kmV H$s{OE & Š`m 

T ñdg§b½Z h¡ ? AnZo CÎma H$s nw{îQ> H$s{OE &  4 

(I) _mZ br{OE T : R2  R3,  

T(x, y) = (x, x + y, x – y) Ûmam n[a^m{fV h¡ Am¡a  

S : R3  R2, S(x, y, z) = (x, 
2

z–y
) Ûmam 

n[a^m{fV h¡ & _mZ br{OE B1 Am¡a B2, R2 Am¡a R3 Ho$ 

_mZH$ AmYma h¢ & Om±M H$s{OE {H$ 

      2B

1B
1B

2B
2B

2B
SoTToS  . 8 

(J) {~ÝXþAm| (1, – 2, 1), (1, 0, 1) Am¡a (1, – 1, 1) Ûmam 

{ZYm©[aV g_Vb H$m g{Xe g_rH$aU kmV H$s{OE & 

`h ^r Om±M H$s{OE {H$ Š`m 








2

1
,

2

1
,

2

1  Bg g_Vb 

na pñWV h¡ &   3 
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6. (H$) _mZ br{OE {H$ A EH$ n  n dmñV{dH$ Amì`yh h¡,  
n  2. _mZ br{OE S = {B  Mn(R) | BA = AB}. 

Amì`yhm| Ho$ `moJ Ed§ A{Xe JwUZ Ho$ gmnoj {XImBE 

{H$ S _| dmñV{dH$ g{Xe g_{îQ> hmoZo Ho$ {bE Oê$ar 

g^r JwU h¢ & AmJo, `h ^r {XImBE {H$ R na S H$s 

{d_m EH$ go ~‹S>r h¡ & 8  

(I) H¡$br-h¡{_ëQ>Z à_o` H$m à`moJ H$aHo$ Amì`yh  

A = 

















11–1

043

121

 H$m ì`wËH«$_ kmV H$s{OE &  5 

(J) C _| do _mZ a, b kmV H$s{OE {OZHo$ {bE Amì ỳh 





















1i–2i–1

i2iba

i1i1

 h{_©Q>r h¡ &   2 

7. (H$) g_KmV x2 – 2y2 + z2 + 2xy + 6yz H$m bm§{~H$ 

{d{hV g_mZ`Z Am¡a _w»` Aj kmV H$s{OE &  6 

(I) {ZåZ{b{IV n[anW H$s àË`oH$ emIm _| {dÚwV Ymam 

àdmh kmV H$s{OE : 6 
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(J) Š`m a  C Ho$ {bE Eogo _mZ h¢ {OZHo$ {bE Amì ỳh 



















a2/10

2/12/1–0

001

 Eo{H$H$ h¡ ? AnZo CÎma H$s 

nw{îQ> H$s{OE &   3 

8. {ZåZ{b{IV H$WZm| _| go H$m¡Z-go H$WZ gË` h¢ Am¡a  

H$m¡Z-go AgË` & AnZo CÎma H$s nwpîQ> Ho$ {bE EH$ bKw 

Cnn{Îm `m àË ẁXmhaU Xr{OE &  52=10 

(H$) `{X A Am¡a B Cn[a {Ì^wOr` Amì`yh h¢, Vmo  

 (AB)t = At Bt. 

(I) `{X Amì`yh A Am¡a B Ho$ n§{º$-g_mZrV gmonmZH$ ê$n 

g_mZ h¢, Vmo A Am¡a B g_mZ h¢ & 

(J) àjon g§H$maH$ pr1 : R2  R AmÀN>mXH$ h¡ & 

(K) `{X A  Mn(R) {dH$U©Zr` h¡, Vmo A g_{_V Amì`yh 

h¡ & 

(L>) \$bZ  
  : R2  R2  R :  ((x1, y1), (x2, y2)) =  

                                                   x1x2 – 2y1y2  

 R2 na EH$ Am§Va JwUZ\$b h¡ &  


