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Note : (i) There are eight questions in this paper.
(it) The eighth question is compulsory.
(itt) 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 side of the page only.

1. (a) Let Abean mxnB an nxm and C an

m x m matrix. Which of the following
operations are possible ?

() AB+C
(i) CA+B

P.T.O.



(b)

(©

(d)

(e)
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For those operations that are possible,
what will be order of the matrix obtained ?

3

Find the rank and the nullity of the
matrix :

11 1
10 3
-1 1 -5
using row reduction. 3

Determine the equation of the plane

corresponding to the vectorspace spanned
by the vectors (1,1,1) and (-1,11). 3

Check whether the vector :
1

v=|1
1

1s an eigenvector for the matrix :

2 -1 0
A=I0 2 -1
2 0 -1
Find the corresponding eigenvalue. 2

Define the norm of a vector in an inner
product space. Find the norm of the vector

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



®

(a)

(b)

(c)

(d)
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Find the magnitude of the volume of the
box spanned by the vectors (1,1,1), (11, 0)

and (0,1,1). 2

If the matrix of a linear transformation
T : R? > R? with respect to the standard

basis is:
1 1
-1 1

then find the linear transformation. 3

Find the rank and signature for each of the

forms X2 — X3 + X5 — X2 and
x2 + x5 +x5 —x7. Are these forms
equivalent ? Justify your answer. 3

a o0
Let Vl:{c d}|a,c,d ER} and

u v
V, = {{O r}|u,v,r € R} be subspaces of

Mz(R) . Prove that Mz(R) = V1+ V2. Is
My (R) =V, @V, ? Justify your answer. 3

Let Ul = [

L 1Y gy =L, L)
N2 \2 P2 )
Show that {u;,uU,} forms an orthonormal

P.T.O.



(e)

(®

(a)
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basis for R?. Write the vector (3, 2) as a

linear combination of U; and U,. 2
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, —->3R,
(i) R3 > R3-3R;
Find the values of a for which the matrix
1 1 -1
1 0 a| is not invertible. 2
a 0 1
Find the conditions on b, b, and b, so that

the following system of equations 1is
consistent : 7
Xg+ X0+ X3 =X =Dy
X+ X+ X3+ 2% =D,

X1+5X2+5X3+X4:b3



(b)

(©

(a)
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Find the adjugate of the matrix :

11 2
A=|-2 1 1]
10 -1

Further, find its inverse of A using

adjugate. 5

Is the matrix ;

1110
0101
0110

in Row Reduced Echelon form ? Is it in
Row Reduced Form ? Justify your answer.
If it 1s not in Row Reduced Echelon Form,

use row operations to reduce it to Row
Reduced Echelon Form. 3

Check whether the matrix :

1 1 1
A=|1 1 -1
1 -1 -1

is diagonalisable. If it is diagonalisable,

find a diagonal matrix D and an invertible
matrix P such that P~1AP = D. 8

P.T.O.



(b)

(©

(a)
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Find the inverse of the following matrix
using Cayley-Hamilton theorem : 5
1 12
A=|-1 -1 2
-2 10

Find the values of a,b € C for which the

matrix :
1 i 1+b
a 1 2—1i
1—-i 2+i 1
is Hermitian. 2
Let :
1 3
V, = 01, =1
1 2
and
1{1]0 2
V, =4 1],|2]]4
2 3117

be subspaces of R3. Find a basis for

V, +V, and a spanning set for V| " V,. 7



(b)

(a)

(b)

(©

(a)

[7] BMTE-141

Let T:R? 5 R® be  defined by
TX,y) =(x-y,xy) and S:R%®—> R?
defined by S(x,y,z) = (x +y,x —z). Let B;
and B2 be the standard bases of R? and
R3 respectively. Check that : 8

[T oS ]E’;‘ = [TIE. - [SIg2.

Find the orthogonal canonical

reduction of the quadratic form
X2 — y2 + 7% + 2xy + 2xz — 2yz. Also, find
1ts principal axes. 9

Find the vector equation of the plane
determined by the points (1, 1, 1), (1, 1, 0)
and (2, 2, 1). Also, check whether (2, 1, 1)
lies on it. 3

Define the coset of a subspace. Let :
W={(xV,2)|x+y-z=0<RS

Check whether the vectors (3, 1, 2) and
(1, 1, 3) are in the same coset of W or not. 3

Let B ={u;, Uy, Ug} be an ordered basis of
R3, where U =(@11),u, =(123) and
Uz = (4,3 4). Use Gram-Schmidt

orthogonalisation process on B to find an

arthonormal basis for R3. 5

P.T.O.
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(b) Let B=4{(101),(0,1,-2),(-1,-1L,0)} be a
basis of R3. Find the dual basis of B. 5
(¢) Check whether the set :
S={(a,a,....a,) | 8 €R,a, <0}

1s a subspace of R" or not. 3
(d) If vj,v,, vy are linearly independent vectors
in a vector space V over C, show that
Vi + Vo,V +V3,V3 +V; are also linearly
independent. 2
Which of the following statements are true and

which are false ? Justify your answer with a
short proof or a counter-example : 5x2 =10

(a) Eigen values of a symmetric matrix are
real.

(b) If S, S, are subsets of a vector space V

and Sy is linearly independent, S; is also
linearly independent.

(¢) For any linear transformation
T:R* > R® ker(T) = {0}.
(d) Every unitary matrix is Hermitian.

(e) There exists a linear operator T : R —» R*
with characteristic polynomial

(x =3)%(x —=5)(x - 1) and minimal
polynomial (x — 3)(x —5).
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fogm Eaw (wm)
(s, @@, 9. Sft.)
qAta gdreT
feware, 2023
AT E-141 : Waew siErioa

TUg ;3 HUe Afreray 3Tk : 100

FE : () Y IV U H IS J¥ Bl
(ii) SMBaT Jv7 HT Sfard gl
(i) 999 & 1 9 7 d& FIE O ®: T
FHIT
(iv) AR P FANT HT AFAMT TET 2
() I FE G I P A9 W &Y G
gfefa s F o1 99 % 9T F R

1. (F)FHA <ivle A Th mxn,BQTm"nxm?Fﬁ'{
C T mxm e 2l Frefafed o 4
HiA-G Giward ey € ?

Q) AB+C
i) CA+B

P.T.O.
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S Efpad e ® SHE uW STeYE o
Fife =1 gt ? 3

11 1
(@) ufe AT g SAYR { 10 3} Edl
-1 1 -5

STfd T AT 9T shifsg) 3

(M) =wfesl (1,1,1) 3R (-1,11) gN fosga @few
Tafte & 9 THAA 1 gHRT fuiRd
hITST| 3

(H)Gﬁﬁ aﬁﬁﬂl fo wfw o—{

R

]
2 -1 0
A=|0 2 -1| & 3N WEw T A@
2 0 -1
TEf| T et ’e ot femferu) 2
(¥) MR TPH TAEE § TH ARY &1 AFF
gRefed sifswl 9fssr (,1-i,1+1) e C3
&1 OHs Haifag) 2

(=) |few (1,1,1),(L10) 3R (0,11 g foeqga
JfeF ST STIaT T TR R T 2 2
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(F)IE AFEF YR & G JEs S

T:R2 > R2 &1 3MJ8 {_1 ﬂ g,

A\~ . ~ o
qWh YA THehIlT | 3

(@) gH=a X2 — X3 + X5 — X3 R
2+x+xd—x2 & wifd SR fagTw
frepfera) 1 3 gHeE ged § 2 o S
®1 gfte wifsul 3

(M) 7 i vl:{[i 3}|a,c,d GR} #in

V, = {{3 \r/}|u,v, re R} M,(R) <Al

sumfeai @1 fag =it fw
Mz(R) = V1+V2 | ER:IT Mz(R) = Vl @ Vz?

3T IW I gfe Hifag| 3
(M el 1:[%%} 3in
(\/_ J_jl fqary f& {u,u,} R?

* YEH llfash SN g1 EfE (3, 2)
a1 {u IR u,} B THAE T F &Y Y
fafau) 2

P.T.O.
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() HH AfST foF A TH 4x4 TR B o6
IRt o fafew 5ol A &1 a6

WHF ¥ TN FE W FHEE A W

o o~ LT

frefafea dfea w@feward e . 2

i R, > 3R,
(i) R3 - Ry -3R;
() a & 9 99 I@ i e fau smegs

-1

Ieh g Tl B 2

DV B
O O
[ <

(F)b,b, R b, W Ufaay frfem @
fr=fafea afiwtor fem 9@ @ 7
Xg+X +X3—% =b
—X; + Xo + X3+ 2% = Dby

X + 5%y +5X3 + X4 =Dy

11 2
(@A A=|-2 1 1| &l @SS HAM
10 -1

FHIW M A & TEEUSS &1 YA il

A 1 FhH AA hiTST| 5
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(1) A T :
1110
010 1
0110

dfd gaifa Ao ®9 H ® 2 F 9
ufed T T H © 2 o S| & g
F A 98 TogE i I W
w9 § & €, a dfe Gfwaei & wEm 9
e &I Ul HHIMA @OHe &9 H

THId hifsu| 3

1 1 1

4. (H)SE wHitGw fov 3 A=[1 1 -1
1 -1 -1

famoifia 21 afs fawoifa 8, @ emege p

dR  fokel emege D freifo fog
PIAP =D

© 4

o oo~

(@) hael-gfheed T8I &1 YA & Tfarad

38 ohl cshH eI ¢ 5
1 12
A=|-1 -1 2
-2 10

P.T.O.
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~

(M abeC 37 UM & fafau e fou

1 i 1+b
qE | a 1 2-i| eI R 2
1-i 2+i 1
5. ()HA e : 7
1 3
v, =|{l0],| 1], -1
1 [ 1] | 2
17 [07 [2
AV, =1 1],2],|4
2| 3] |7

R3 @1 SUHg=TT &1 V, + V, 1 Th 3R
ARV, NV, @ forafaes aq==a fenfay
(@)dH IS IED T:RZ 5> RS
T y) = (x—y,x,y) S0 °Refom & sk
S:R® 5> R? S(x,y,2) =(X+Yy,x—2) g
uftfyd €1 AF ofifsg B, @R B,, HHW:
R? 3R R® & HM&h MU Bl " i
& [Tos]gg = [TIg, - [S15? | 8

6. (%)fgemd @=ema .
X2 — y2 4+ 72 + 2xy + 2Xz — 2yz
&1 difden fafed THMIA @ IS SHhT

qeA A Al G hifSQ| 9
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(@)fesgent (1, 1, 1), (1, 1, 0) 3R (2, 2, 1)
g fruifd wuqa &1 gt faifaul o=
ff Sirgr sifee fs (2, 1, 1) SH 99da W
feera 1 3

(1) Th HH=Id 1 Gggq=ad GRHMId Hifsg
qH &ifSe
W={(xVy,2)|x+y—-z=0<RS
Ste wife R oWk (3, 1, 2) @R

(1, 1, 3) W & T & Heqgead | € =
&l 3

. (F)FA «iST B ={u, u,,uz} R3 T ShiFA

AUR €, Sl u=(1LLY),u, = (123 3R
Uy = (4,3,4)1 B W UM-f¥He oAifashishon
fafer =1 7= FE R3 w1 YHEA Alfa
YR Y hifeq| 5
(@)"H «ifSiT B = {(1,0,2),(0,1,-2), (-1, -1,0)}
R3 &1 TH ¥R 81 B ol gd UR
[REAINI 5

() it ST for T
S={(y,a,...,ay) | g €R,a, <0} R" b1
STETe A | 3

P.T.O.
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(%) AR vy, vy, vy W Tk e wufe o Had:
wWa= 4w ¥ @ fema fE
ViV, Uy + Vg, Vg 4y T Ehd: T
2l 2

8. frfafad el o 4 wH-9 ®ed ¥F @R

HIA-9 A € ? AT SW HI @Y I A

9fd-IIME gRI gfte HifST : 5x2=10
(%) & FAMHd g & TH J1F ardioe
e 2|

(@) aft s cS, Tw Hew wae v &
ST © @R S, faswhd: @Wa ®,
s, «ff aswha: @A 2

(M) *E f Waw ®OWT T R* 5 RS &
fag afie (T) = {0}

(%) ®E ot Uk sregE efida 2

(¥) wh um fas ¥hRs T:RY >R ©

ISEE SATHeTefoTh ERRE
(x-32(x -5)(x—1) & 3 JFd9 =EUT
(x - 3)(x - 5) @I
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