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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.

(i11) Do any six questions from question no. 1

to question no. 7.

(iv) Use of calculators is not allowed.

1 1

1 01
1. (a) Let A= , B=|0 -1 and
-1 11 1

1 2 . )
C={ . O}. Which of the following

operations are possible ?
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() AB+C
(i) CA+B

Justify your answers. Perform the

operations that are possible. 3

(b) Find the rank and nullity of the

matrix :
1 -1 1
1
1 1 3
using row reduction. 3

(c) Determine the equation of the plane
corresponding to the vector space spanned

by the vectors (0,1,1) and (-1,1,1). 3

(d) Find the characteristic polynomial of the

s ]

Verify the Cayley-Hamilton theorem for

matrix :

matrix A. 2
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(e) Define the norm of a vector in an inner

product space. Find the norm of the vector

(L-1i,i,1+1i) e C8. 2

() Find the volume of the box spanned by the

vectors (1,1,-1),(1,0,1) and (2,1,1). 2

2. (a) If the matrix of a linear transformation

T : R2 » R? with respect to the standard

3

find the linear transformation. 3

basis is :

(b) Find the rank and signature for each of the

2 2 2

2 2 _y2 _ 42
forms x{ + X5 + x§

and X{ — X5 — X§ — XJ.
Are these forms equivalent ? Justify your

answer. 3
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(© Let v, :{g ﬂ

w0

M,(R). Prove that M,(R) = V;+V,. Is

a,ce R} and

V,I € R} be subspaces of

M,(R) = V; ® V, ? Justify your answer. 3
(d) Let y = (Eij and u, = (i—gj Show
55 5 5

that {u;, u,} forms an orthonormal basis for

R2. Write the vector (1,0) as a linear
combination of Uy and Uj. 2
(e) Let A be a 4 x 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
@ R;e R,

i) R, - R, - 3R,
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11 1

(f) Show that the matrix |2 0 x| 1is
x 0 -1

invertible for all real values of x. 2

3. (a) Find the conditions on by, b, and b, so that

the following system of equations 1is

consistent : 7
X| +Xp +2X3— X4 =Dy
2% + Xy +3%X3 = by
X| + Xy + 2X3 — X4 = by
(b) Find the adjugate of the matrix :

11 -1
A=|11 0.
01 1

Further, find the inverse of A using the

adjugate. 5
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(c)

(b)

[6] BMTE-141

Is the matrix :

O O K
B P O

0
1
1

O - O

in Row Reduced Echelon form ? Is it in
Row Reduced form ? Justify your answer.
If 1t 1s not in Row Reduced Echelon form,
use row operations to reduce it to Row

Reduced Echelon form. 3

Check whether the matrix :

1s diagonalisable. If it is diagonalisable,

find a diagonal matrix D and an invertible

matrix P such that P~1AP = D. 8

Find the inverse of the following matrix

using Cayley-Hamilton theorem : 5
-1 2 -1
A= 1 -1 1.
-1 1 0
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(¢) Find the values of a,b € C for which the

matrix :
1 i 1+b
a 1 2 -1
1-i 2+i 1
1s Hermitian. 2
5. (a) Let:
0 3
V) = 0|, =1
2
and
0 |2
V, = 2|,/ 4
3117

be subspaces of R3. Find a basis for

V; +V, and spanning set for V; " V,. 7
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(b) Let T:R2 > R® be defined by
TWxY)=(X-Y,X%Yy)and S: R® - R? be
defined by S((x,y,2)) = (x+vVy,y—2). Let
B1 and Bg be the standard bases of R? and

R3, respectively. Check that : 8

[Tos ]E; = [TIg, - [STR2.

6. (a) Find the orthogonal canonical

reduction of the quadratic form
X2 + y2 + 4xy — 2xz + 2yz. Also, find its

principal axes. 9

(b) Let W; and W, be two subspaces of a
vector space V. Prove that if W, UW, is a

subspace of V, then W, c W, or W, c W, .3
(¢) Define the coset of a subspace. Let :
W ={(x,y,2) | x+2y -3z = 0} c R®

Check whether vectors (3,1, 2) and

(1, 1, 3) are in the same coset of W or not. 3
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7. (a) Let B ={u;u,, u3} be an ordered basis of
R3, where u; = (1,1, -1),u, = (1,0,-1) and

u; = (0,11). Use Gram-Schmidt
orthogonalisation process on B to find an

orthonormal basis for R3. 5
(b) Let B={(1-13),(0,1,-1),(0,3,-2)} be a

basis of R3. Find the dual basis of B. 5
(c) Check whether the set :

S={(a,a,...a,) | 8 € R,a, >0}

1s a subspace of R" or not. 3

(d) If v;,v, and v; are linearly independent

vectors 1n a vector space V over C, show

that vi, vy +V,, vy + V3. 2

8. Which of the following statements are true and
which are false ? Justify your answer with a
short proof or a counter-example, whichever is

appropriate : 5x2=10

(a) Similar matrices have the same

characteristic polynomial.
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(b) The subspace W = {(X, y,2) € R3 | x+ 3y = z}
of R? is of dimension 2.

(¢) If A is an invertible matrix, 0 1s not an

eigen value of A.

(d) There exist vectors v and v in an inner

product space such that [[u]|=2,]|V]|=7,

[lu+Vv]||=8 and |Ju-V]|=6.

(e) If W, and W, are subspaces of a vector
space  V  and W, +W, =V, then
W; "W, ={0}.
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BMTE-141
faam we (wT= )
(S, Ta. 9. i)
AT U
faawr, 2024
Hundt3.-141 : aw sEiom
TTT ;3 FHUS SiferEa dF ;100

T () 3G I5T 9T ° 33 GalT 8

(i) SI3FT GareT FX T 81

(iii) 797 Q& 1 T 7 % @z 4 F: 797
i/

(iv) BogiX & FIIT BT FFT T8 81

-1 11
2 1

1 1
1. (®)UE <im A{10 q,BP 4}

i o] 1 2 frffan 3 4w

gfeard weg § 2
G AB+C
(i) CA+B
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AT SW HT YT HifTwl s Hiwad G
g 98 ity 3

1 -1 1
(@)Ul FHMIA gN Y8 {2 1 5} E|
1 3

Sfq SR = T i) 3

(M EfE (0,141 A (-111) gW TaitE
wfeyr Tafie & 9 9HAA R THIH

fruifa wifsm) 3
(1) 3R A{; ﬂ EINE IR I I CC R

A

A FIU Mg A & foauw heft-2frees

YT AId hifg| 2

(T)THh AU 9w gafe ¥ T afke &
% R ST ESIE|

(L—i,i,1+i) e C® &1 HF® T Hifer@ 2
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(=) | (1,1,-1), (1,0,2) 3R (2,1,1) W fagqa
g 1 AT Jd hiTd| 2

2. (F)IE AFF AUR & Gy Tk s Ghih

T:R2 > R2 1 HME% YR % TGO

2 1 e .
3R {_1 3}, @ faw FERE @
Hifa| 3
(@)FFEA %2 + X3 + x¢ I x2 —x2 — x2 - x2

% Sifd @R fags Feifaw =1 3 g9ud

T € 2 AT ITW H1 qie S 3

(M i vFHZ 2}|a,CER} 3R

w0

Sygafiest ®1 frefuq st fw

v,reR} M, (R) Ea|

Mz(R) = V1+V2| _°|Z|T Mz(R) = V]_@Vz?

YA IW H1 g Hifsul 3
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(%) " <fifeT o =(§,ij R 1, :(%,—EJI

5 5 5

feere 6 {u,u,} R? &1 99EM ifdeh
MR B1 AR (1, 0) T u 3R u, Th
1 9999 & €9 § fafag 2

($)AM <ifT A TH 4x4 TFE T %

grftven oy fafew et A &t a6

WE ¥ TH &H W A R F=farEad
gfsramd =i 2
@ Ry < R,

() R, - R, - 3R,

11 1

(T fcEEe & s |2 0 x| x & 9
x 0 -1

arcdfaes wH % fau Sgepavia 21 2
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o o

3. (F)b,b, R b, R yfaay frrfean e

o o (a)

Hifad FHIR R/ §d % : 7

X|+ Xy +2X3— X4 = by
2% + Xy +3X3 = by
X| + Xy + 2X3 — X4 = by

-1
(@)= A= 0| & wREved
1

(e I N
[N S S

friferm) o weEUES &1 YA Hh A
1 FhH A HIfST 5

(T7) =1 AR :

O O -
— = O
O - O

0
1
1

i TEMG @R ®9 W € ? O 9
Ui uEE T K € ? o9 W & g
HINT) A I8 ATIYE Uik HHMIG HIAHh
w9 H 9 ®, df dfed dfeaet & w9
MR i Ul WHMG WUME® &9 H

a AW
HHMATd hITSIT 3
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-2 2

2
4, (®)Wra =ifse f& se® A=| 1 10
112

ool 21 af fowoiig 2, @ we forml

AE D AR FchHNE 3T P fashiferg
fS&8 P1AP = DI 8

(@) heft-efeea fafa @ e1egE

-1 2 -1
A= 1 -1 1
-1 1 0
1 HoshH TeRTieTq] 5

(M) abceC & AF Ferfau o8 T

1 i 1+Db
a 1 2-il| st R 2
1-i 2+i 1
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5. (F)¥UMA &g

)
« ellg

RS w1 Sugmfteai €1V, + V, 1 T 3N
W BT ARV, AV, & TH gl

q=ad TeRterq| 7

o

(@)HH SIS o T:R2 - RS
TxY)) = (X=y, % y) SR aitwfe & 3R

S:R3 5 R2 S((X,y,2) =(X+Yy,y—2)
N uftyfed @1 W WfifST B, @R B,

R2 3R R® % HEI: UHF STUR Tl g
Hifera fom . 8
[ToS]Si = [TIg, - [SIg?
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6. ()fgeama g9=ma

X2 + y2 + 4xy — 2xz + 2yz

H1 Aifdeh fafed THMIT I hiSE| TR
& el ot A S| 9
(@)am ofifsy w, ik w, dfker gufie v i
Sygafesl €1 frefug wifse f& =ik
W,UW, STEEfE ® V &I, @ W, cW,

I W, W, | 3
() Th Hiy HAE 1 HeqH==d IRt
HIfST) AF SIfST .

W={(x,y,2) | x+2y-32=0}c R®
Site witwe fe wfkw (3, 1, 2) @R
(1, 1,3) W™ Th & Wedqqead 4 € o
&l 3

7. (FR)HEA ST B = {u;,uy,u3} R3 T Tk HiHd
YR ¥, W&l u =(@LL-1),u, = (10,1
A uy = (0,111 TM-RHe wfaeietm
fafy &1 7= F RS HT THE Alfdd
SR Y hifSTq) 5
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(@)HH ST B = {(1,-1,3),(0,1,-1),(0,3 -2)}

R® W1 ¥R 1 B 1 gd SR

IREAE 5
() Sia Ff o

S={(a,a,...a,) | a €R,a, >0}

R" &t Sugmfee & =1 &l 3

(M) AR vy,v, R v, ¢ Glew wafe v A

fowa: w@wa=s B 2 d feemd @

A~ .
Vi, Vp +Vy, vy + Vg Ff eeha: wa= 2 2

8. Trefafed wodi § ¥ ®H-9 &9 TA R

HI-H HUF A B 2 A SW &I YL ThH

@ 39U A TIRR §) SN, S ot 3fea

2 5%2=10

(%) ST TRl & ATqaaien 9gus IqH
2l
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(@) R? i SUGHME :
W:{(x,y,z)eR3|x+8y:z}

H1 fom 2 7

(M) 4% A TH kAU ME T, @ 0, A
1 A AqE TE 2

(%) TH AR OH FEe | W@Ew u SR v
B € fm fam lujl=2lviI=T,
lu+v]l=8 S |lu-v|=61

(5) Ak w, R W, Fw wufe v =)
SHafedl € R W,+W,=V

W, AW, = {0} |

XX XXXXX

B-1469/BMTE-141



