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BACHELOR’S DEGREE
PROGRAMME
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BMTE-141 : LINEAR ALGEBRA

Time : 3 Hours Maximum Marks : 100

Note : (i) There are eight questions in this
paper.

(it) The eighth question is compulsory.

(iti) 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)j+1+3)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

(¢) 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

1 1 O
matrix A=({0 1 0]. 3
0 0 2
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(e) If the matrix of a linear transformation

T : R2 —» R2 with respect to the basis

{MM} . E ﬂ find T. 5

1
2. (a) Verify that | 2| is an eigenvector for the
1
01 0
matrix 2 0 2 What i1s the
1 01
corresponding eigenvalue ? 2

(b) Define the rank and signature of a
real quadratic form. Find the rank

and signature of the quadratic
form xlz — xg + x% — xi in four

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

in reduced echelon form :

1 0 -1 1
01 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
xX1—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

0O 1 -1
A=]0 -2 2
2 1 1

1s diagonalizable. If it is diagonalizable,
find an invertible matrix P such that
P1AP 1is diagonal. If A 1is not
diagonalizable, then find the adjugate

of A. 5
(b) Show that :

(i) The diagonal entries of a
Hermitian matrix are real

numbers.

(i1) The real parts of the entries of the
diagonal entries of skew Hermitian

matrix are zero. 4
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Find the orthogonal canonical form of

the quadratic form

—x2+y2+ 22— 4xy — 4xz

and the principal axes. 6
1 1 1

Find the inverse of A = |1 -1 -1
1 -1 1

using Cayley-Hamilton theorem. 5

Find the values of a, b € C for which

the matrix

1 i 1+1
a b+i1 2-1
1-7 241 1

is Hermitian. 2

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,-1). 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, 201 + 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

{@, 0,-1), (0, 1, 9), (2, 1, 1)}. 7
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6. (a) Let
fa 0 b
Vi=<0 ¢ Ofab,cdecR
d 0 e
0 x O
and V2=13|y 0 z|x,y,z,weR
0O w O

be subsets of M3 (R). Show that Vi and
V2 are subspaces of Ms (R). Also, check

whether Ms (R) =V @ Va. 6
() Let

1 1 0
-1 1

Vl - ) 0 ) ’
Of(-11]1]1
1 1 1
0 0 0
Vg = 0 , 1 ’ -1
1||-1 1
1 0 2

A-1457/BMTE-141



[9] BMTE-141

be subspaces of R4 Find a basis for
Vi + Va. Also, find a spanning set for
Vin V. 9
7. (@) Let T : R2 — R?3 be defined by
T(x,y) =(x, 2x+y,y) and S: R3 - R2 be
defined S(x, y) = (x — y, ¥y — 2). Suppose
that B and Bz are the standard bases of
R2 and R3 respectively. Check that

By

[T o8] =TI «[SIp?.

(b) Let A be a 4 X 5 matrix. Write down the
elementary matrices with which, when
we multiply A on the left, will perform

the following row operations on A :
1 RieoRs

(i1)) Rz —> Ra+ 2R3 2

A-1457/BMTE-141 P.T.O.



[10] BMTE-141

(¢p 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.

(@) If A and B are upper triangular

matrices, then (AB)! = At Bt 2

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

same Row Reduced Echelon form, then

A =B. 2

(¢) The projection operator pri : R2 — R is

surjective. 2
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(d) If A € Mx (R) is diagonalizable, then A
1s a symmetric matrix. 2

(e) The function «:

R2 X R2 —->R:. ((.’)Cl, yl)a (.’)C2, yZ))

= x1Xx2 — 2y1y2

is an inner product on R2. 2
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BMTE-141
AT SUTTE hIEhH
(st TH. -, ST /&0, T, Sih)
L EIGRCRIE |}
I, 2026
R E-141 : Haew sreiom

AT ;3 T AfYeRaH 3T @ 100

FT: (1) TITTIT G B ITTE |

(i) SmaaT 97 FA1 AfFard &1
(iii) T¥7 &1 1 T 7 T%F &5 o ©: J97 P |
(iv) HeFARI P FINT HT 77l 781 &1

(v) 3797 TF FE J3 & i 77 <71 3R fGEmEy |
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1. (&) R3 ® < wfeett & g & ww & foau g

fafegq  @fedi 25 + 2k SR
1-B)j+1+V3)k F = H HWm

IREAELY 3

(@) Uf TUFEE g0 S &itew fw gfew
(1,1, -1), (1, 2, 1) 3R (2, 1, 3) ewa:
T § A R | 3
(M) wfeEl (1,0, 1) 3R (- 1, 1, 1) ¥ fawga gfew
Tafte & WA FHaA 1 g Heiia

HifeIT | 3

(%) WA:{

i | 3
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(%) A sm {HM} % Wiy T

FE ? 2

(W) T arifaeh fgamdt T9ed &l Sifa TR fogs

TR HIfST | IR =R 91 fgemdt e
xlz—x§+x§—xi HI St iR fogew a@

HifeT | 4
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(M) e Hifvw T efafea s 9y

TS T H § 91 &

o = O
S W
—_
o
|

31T IR 1 Yfie HIfTT | F1 I Uik qHMG
dees w9 H ¥ 2 afe K T @ sHeh U
TG A9Hes ®9 § THHT ShifsT | 4

(u) Sita  wifse f&  fefafed g
g e o0 @ & fo <1 W1 ®
TEl

X1 —x2+tx3=2
X1 —2x9+ 2x3=1
261 —x2—x3=3
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Ffe ‘& A e e | g wifse ) afg =

ql GHRO e/ sl AT s 9 &

iU | 5

0 1 -1
3. (%) Sig wifsT fod e A = |0 -2 2]
2 1 1

faerofia & =1 78| afg fawoHig & @
kv g P fekifee s foag
P-1AP fosrl a1reg © 1 afe A fasroiia =& &
ql A 1 TgEveS (adjugate) I HitsCl 5
(@) fe@mrsu f=
() TH BHS omeER &I fawvia wfaftear
aTEdforeh Gt Bl § 1

(i) T foom g stregw &t fowuita
wfaftedi & arfas 9 3= €1 4
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(1) foourdt @HEMd — a2 + y2 + 22 — 4xy — 4uz

o o~

#1 wifas fafed Fwem@ iR = o1

IREAELY 6

A

4. (%) hel-gHeeT THI 61 TN Hih TR

1 1 1
A=1]1 -1 -1
1 -1 1
1 FcshH TRIIeTT | 5

(@) a, b € C & 9 9[ Fahifere e forg st

1 l 1+1
a b+i 2—i|sHAE 2
1—i 2+i 1

() Fg==F {(1, 0, 1)} ! R3 & Teh 3R & &Y

# oi i 3
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(F) @ A wEied & fau  wieh-va

7GfHeRT IAET | AGHRT T AR (G, 0, 1)

AR (1, 0, — i) & forw Henfuq Sifew ) 2

(¥) T wicor wHfte &1 ggug==d qRwfd
Hil s W = {(x, y) | x — 4y = 0},
R2 %! Teh IUEEfe ¥ dl Geaq=ad (0, 2) + W

1 S0 HIfSTT | 3

5. (%) 9 oifse fe ow o T : R3 — R3

=1 g aftenfom ©

T((x1, x2, x3)) = (x1 + X2 — x3, 2x1 + X2 + X3,

x1 + 2x2 — 4x3) R(T) 3R Ker (T) & TR

IREAINL 8
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(@) I-feme e 9t & (@, 0, — i),

©, i, i), @G, i, i)} W FAT Hh C3 =

YHHT Alfoieh YR fehifera | 7

6. () UH AT ;

a 0 b
Vi=<0 ¢ 0
d 0 e

AR Vi=

a,b,c,d,ecR

|

gfeer gafte M (R) & Sudq=aa & | fe@mu

x,y,zweR

E o R

S < O
o n O

f& Vi iR V, dfcw wafe Mz (R) &t
IgEHieal €1 I8 W S wifst fw

Ms (R)=V1® V2 ¥ 6
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(@) 9 ife f& .
1 0
-1 1

V1=

0/ 11
1 1
[0 0 0
1|[-1

V2= 0 ,
17 =1(] 1
1 0 2

R4 st IqgAfeEf 1 Vi + Vo & fau w=

YR H&faul Vi, » Ve, & fat T S\ e

q=ad ot feprfere | 9
7. (%) AH AT fh
T:R?—> R3, T, y) = (x, 2x +, y)
g1 aRefi § iR

S:R3>R2S(x, y)=(x—y,y—2)
g uRenfeg §1 WA efifsle By 8iR B,
HAe: R2 3 R3 & foau gmes emem €|
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sta i 5 [TeSh2 =[T P os1B2.

By B

g 8
(@) AF AT A T 4 x 5 3R T | 98 IREH

o o

e fafe 98 A &1 9 WE 4 H

L W e A W FHAfafea dfr dfwamd
B

(i) Ri < Ry

(i) Rz—> Rz + 2R3 2

(M A (V, <, >), C W& AR PH e §
AR T wew wufe V W & wWHAH
dfsar §, @ fog wifse 6 T & smeimH

e € 3
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(=) ﬁaﬂilaQﬁx3+xW{x3+x2+1,

2x2 + x} i ek fogfa & ) 2

8. frafafed wom # ¥ ®F-9 %99 T 3R hA-9
F A € ? AN W HI Th oy YUl A1

Tfa-3STeX0T, & &9 | i, S ot 3fad 2 sfea

qftesor & @1y & 3ieh fgu smi |

(%) 9t A IR B SuR fysia emegg € @

(AB)t = At Bt 2

(@) afe A 3R B 9uF Ui 99 99eh Y9
a8 §, WA = B2 2
(1) &9 HhR pri: Ry — R =S &1 2

(7)) 9fe A e My, (R) fowui-ar € 1 A 9ofid § |
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(T) e :

Rz > R2: R :« ((x1, y1), (x2, y2))

= x1x2 — 2y1y2,

R2 T T 3R IS ¥ | 2

X X X XX
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