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 MTE-02  

BACHELOR’S DEGREE PROGRAMME 

(BDP) 

Term-End Examination 

June, 2022 

 

MTE-02 : LINEAR ALGEBRA 

Time : 2 hours Maximum Marks : 50 

Note :  Question no. 7 is compulsory. Answer any  

four questions from questions no. 1 to 6. Use of 

calculators is not allowed.  

1. (a) Check whether the set  

     S = {(a1, a2, ..., an)  ℝn | a1  0}  

is a subspace of ℝn
 or not. 3 

(b) If v1, v2, v3 are linearly independent vectors 

in a vector space over C, then show that 

v1 + v2, v2 + v3, v3 + v1 are also linearly 

independent.  2 

(c) Let B = {(1, 0, 1), (0, 1, – 2), (– 1, – 1, 0)} be a 

basis of ℝ3. Find the dual basis  for B. 5 
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2. (a) Let T be a linear operator on ℝ3, for which 

the matrix in the standard ordered B is : 
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Find the range of T and null space of T.  5 

(b) Find the adjoint of the matrix 
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 Hence find its inverse. 5 

3. (a) Let T be the linear operator on ℝ3 defined by 

T(x1, x2, x3) = (3x1,  x1 – x2,  2x1 + x2 + x3). 

 Find the matrix A of T with respect to  

the standard basis. Check whether T is 

invertible or not. If ‘yes’, find the inverse of A 

by row reduction. If T is not invertible, find 

Ker (T). 5 

(b) Reduce the conic 

 2
1

x5  – 6x1x2 + 2
2

x5  = a 

 to standard form and hence identify it. Also 

find the associated coordinate transformation. 5 
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4. (a) Let (V, <, >) be an inner product space and 

let T  A(V). Prove that the following 

conditions are equivalent : 4 

(i) T* T = I 

(ii) < Tx, Ty > = < x, y > for all x, y  V  

(iii)  Tx  =  x  for all x  V  

(b) Find the eigenvalues and bases for the 

eigenspaces of the matrix 
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Is the matrix diagonalisable ? 5 

(c) Check whether the matrix 
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is unitary. 1 

5. (a) Find the minimal polynomial of the matrix  
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(b) Complete the set {(1, 0, 1), (0, 1, 1)} to form a 

basis of ℝ3. Convert this into an orthonormal 

basis with respect to the standard  

inner product using the Gram-Schmidt 

orthogonalisation process.  5 

(c) Let W1 and W2 be the subspaces of a finite 

dimensional vector space V. Show that, if 

dim (W1) + dim (W2) > dim (V), then  

 dim (W1  W2)  0. 2 
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6. (a) Find the radius of the circular section of the 

sphere |r| = 15 by the plane 

 r(i + j + k) = 12 .3  3 

(b) In ℝ3, let W1 = {(x1, x2, x3) | 2x1 + x2 – x3 = 0} 

and W2 = {(x1, x2, x3) | x1 = x3}. Check 

whether W1 and W2 are subspaces of ℝ3 or 

not.  Also find W1  W2. 4 

(c) Let a quadratic form have expression  

3x2 + 6xy – 5y2  with respect to the standard 

basis {(1, 0), (0, 1)} of ℝ3. Find its expression 

with respect to the basis {(2, 1), (1, – 2)}. 3 

7. Which of the following statements are True and 

which are False ? Justify your answer with a 

short proof or by a counter-example.  52=10 

(a) The eigenvalues of a self adjoint operator on 

an inner product space are all real. 

(b) Every unitary matrix is Hermitian. 

(c) If S1  S2 are subsets of a vector space and S1 

is linearly independent, S2 is also linearly 

independent. 

(d) For any linear transformation T : ℝ3  ℝ2, 

Ker (T)  {0}. 

(e) There is a linear operator T with 

characteristic polynomial (x – 1)2 (x – 2) and 

minimal polynomial (x – 1)2. 
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 E_.Q>r.B©.-02  

ñZmVH$ Cnm{Y H$m`©H«$_ 
(~r.S>r.nr.)  

gÌm§V narjm 

OyZ, 2022 

 

E_.Q>r.B©.-02 : a¡{IH$ ~rOJ{UV 

g_` : 2 KÊQ>o  A{YH$V_ A§H$ : 50 

ZmoQ> :  àíZ g§. 7 A{Zdm ©̀ h¡ & àíZ g§. 1 go 6 _| go {H$Ýht  
Mma àíZm| Ho$ CÎma Xr{OE & H¡$ëHw$boQ>am| Ho$ à`moJ H$aZo H$s 
AZw_{V Zht h¡ &  

1. (H$) Om±M H$s{OE {H$ g_wƒ`  

     S = {(a1, a2, ..., an)  ℝ
n

 | a1  0},  

 ℝ
n H$s Cng_pîQ> h¡ `m Zht & 3 

(I) `{X v1, v2, v3, C na g{Xe g_pîQ> _| a¡{IH$V: 

ñdV§Ì g{Xe h¢, V~ {XImBE {H$ v1 + v2, v2 + v3, 

v3 + v1 ^r a¡{IH$V: ñdV§Ì h¢ & 2 

(J) _mZ br{OE 
    B = {(1, 0, 1), (0, 1, – 2), (– 1, – 1, 0)}, ℝ3 

 H$m AmYma h¡ & V~ B H$m Û¡V AmYma kmV H$s{OE & 5 
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2. (H$) _mZ br{OE T, ℝ3 na a¡{IH$ g§H$maH$ h¡, {OgHo$ 
{bE _mZH$ H«${_V AmYma B Ho$ gmnoj Amì ỳh h¡ :  
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  T H$m n[aga Am¡a T H$s eyÝ` g_pîQ> kmV H$s{OE & 5 

(I) {ZåZ{b{IV Amì`yh H$m ghI§S>O kmV H$s{OE : 
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  Bg Vah BgH$m à{Vbmo_ kmV H$s{OE & 5 

3. (H$) _mZ br{OE a¡{IH$ g§H$maH$ T,  ℝ3 na 
   T(x1, x2, x3) = (3x1,  x1 – x2,  2x1 + x2 + x3) 

  Ûmam n[a^m{fV h¡ & _mZH$ AmYma Ho$ gmnoj T H$m 

Amì`yh A kmV H$s{OE & Om±M H$s{OE {H$  

T ì`wËH«$_Ur` h¡ `m Zht & `{X ‘h¡’, Vmo n§{º$ g_mZ`Z 

Ûmam A H$m à{Vbmo_ kmV H$s{OE & `{X T ì`wËH«$_Ur` 

Zht h¡, Vmo Ker (T) kmV H$s{OE & 5 

(I) e§Hw$ 2
1

x5  – 6x1x2 + 2
2

x5  = a H$mo _mZH$ ê$n _| 

g_mZrV H$s{OE Am¡a Bg Vah Bgo nhMm{ZE & g§~§{YV 

{ZX©oem§H$ ê$nm§VaU ^r kmV H$s{OE & 5 
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4. (H$) _mZ br{OE (V, <, >) EH$ Am§Va JwUZ\$b g_pîQ> h¡ 
Am¡a T  A(V). {gÕ H$s{OE {H$ {ZåZ{b{IV 
à{V~§Y Vwë` h¢ : 4 

(i) T* T = I 
(ii) g^r x, y  V Ho$ {bE < Tx, Ty > = < x, y > 
(iii) g^r x  V Ho$ {bE  Tx  =  x   

(I) Amì`yh 
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  Ho$ AmBJoZ_mZ Am¡a AmBJoZ g_pîQ>`m| Ho$ {bE AmYma 
kmV H$s{OE & Š`m Amì`yh {dH$U©V: h¡ ? 5 

(J) Om±M H$s{OE {H$ Amì`yh 














2/12/1–

2/12/1
 Eo{H$H$ 

h¡ `m Zht & 1 

5. (H$) {ZåZ{b{IV Amì`yh H$m Apënð> ~hþnX kmV H$s{OE : 3 
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(I)  ℝ3 H$m AmYma ~ZmZo Ho$ {bE g_wƒ`  
{(1, 0, 1), (0, 1, 1)} H$mo nyam H$s{OE & J«m_-pí_Q>> 
bm§{~H$sH$aU àH«$_ H$m à`moJ H$aHo$ _mZH$ Am§Va 
JwUZ\$b Ho$ gmnoj Bg AmYma H$mo àgm_mÝ` H$s{OE & 5 

(J) _mZ br{OE W1 Am¡a W2 n[a{_V {d_r` g{Xe g_pîQ> 
V H$s Cng_pîQ>`m± h¢ & {XImBE `{X 
 dim (W1) + dim (W2) > dim (V), 

 V~ dim (W1  W2)  0. 2 
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6. (H$) g_Vb r(i + j + k) = 12 3  Ûmam Jmobo |r| = 15 Ho$ 
d¥Îmr` n[aÀN>oX H$s {ÌÁ`m kmV H$s{OE & 3 

(I) ℝ3 _|, _mZ br{OE  
 W1 = {(x1, x2, x3) | 2x1 + x2 – x3 = 0} Am¡a  
 W2 = {(x1, x2, x3) | x1 = x3}. Om±M H$s{OE {H$ 

W1 Am¡a W2, ℝ3 H$s Cng_pîQ>`m± h¢ `m Zht &  
W1  W2 ^r kmV H$s{OE & 4 

(J) _mZ br{OE EH$ {ÛKmVr g_KmV H$m ℝ3 Ho$  
_mZH$ AmYma {(1, 0), (0, 1)} Ho$ gmnoj ì`§OH$  
3x2 + 6xy – 5y2 h¡ & AmYma {(2, 1), (1, – 2)} Ho$ 
gmnoj BgH$m ì`§OH$ kmV H$s{OE & 3 

7. {ZåZ{b{IV _| go H$m¡Z-go H$WZ gË`  h¢ Am¡a H$m¡Z-go 
AgË` ? bKw Cnn{Îm `m àË`wXmhaU Ûmam AnZo CÎma H$s 
nwpîQ> H$s{OE &  52=10 

(H$) Am§Va JwUZ\$b g_pîQ> na ñdg§b½Z g§H$maH$ Ho$ g^r 
AmBJoZ_mZ dmñV{dH$ hmoVo h¢ & 

(I) àË`oH$ Eo{H$H$ Amì`yh h{_©Q>r hmoVm h¡ & 

(J) `{X S1  S2 g{Xe g_pîQ> Ho$ Cng_wƒ` h¢ Am¡a S1 
a¡{IH$V: ñdVÝÌ h¡, V~ S2 ^r a¡{IH$V: ñdVÝÌ hmoJm & 

(K) {H$gr ^r a¡{IH$ ê$nm§VaU T : ℝ3  ℝ2 Ho$ {bE 
Ker (T)  {0}. 

(L>) A{^bj{UH$ ~hþnX (x – 1)2 (x – 2) Am¡a Apënð>> 
~hþnX (x – 1)2 dmbm EH$ a¡{IH$ ê$nm§VaU T hmoVm h¡ & 


