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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 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) Define the adjoint of a matrix. Write down
the adjoint of the matrix : 2

1 i -1+
I 21 —
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(d)

(e)

[2] BMTE-141

Check whether the set of vectors :
{i+k i—2j+k i+j+k}
NN RN ]
1s an orthonormal set. 3
Let A ={(a,b,0) | a,b € R} and

B = {(x, O,y) | x,y € R}. Prove that

A + B= R3. Is R? a direct sum of A and

B ? Justify your answer. 3

Is the matrix :

1 11
010
0 01

S = O

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
Find the coordinates of the polynomial
2x2 —x +1 with respect to the ordered

basis {x,x2,1+x+x2}. 2
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(a)

(b)
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Let A be a 4 x 3 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, R4
) Ry > Ry -3Ry

Use Row Reduction to find the rank and

the nullity of the matrix : 5
1 -1 10
-2 3 -4 1
-3 5 -7 2
-1 2 -3 1

Check whether the following system of
equations can be solved using Cramer’s
rule : 5

2x +2y+z ="
x+3y—-2z=9
x—y—-z=1

If yes, then solve the system of equations
using Cramer’s rule. If no, then solve the
system of equations using Gaussian
Elimination.

P.T.O.



(©

(d)

(a)

(b)

(c)
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Suppose U and W are subspaces of V,
dim (U) =6, dim W = 3, dim (V) = 7. Find
the possible values of dim (U (1 W). 3

State the Cauchy-Schwarz inequality for
inner product spaces. Verify the inequality

u=(14,-i),v=(1,-1+10) e C3. 2
Find the rank and signature for each of the
forms :

x? — x5 +x7 and P + x5 + x3 — x7.

Are these forms equivalent ? Justify your
answer. 3

Check whether or not the matrix :

1 0 -1
A=|-4 -1 5
2 1 1

1s diagonalisable. If it is, find a matrix
P and a diagonal matrix D such that
PAP-1=D. 8

For x =(x,%9,%3), ¥ =(),%53)€R3
define (,) :R3xR?> > R by:

<x,y> = X1); + 2X9Y9 + X3)3.
Check whether <,> defines an 1inner

product on R3. 4



(a)

(b)

(a)

(b)
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Using row reduction, find the inverse of the

following matrix : 6
1 -1
1 1
-1 1 2

Find the orthogonal canonical reduction of
the quadratic form : 9

2 492 422 4+ 2xy — 20z + 2yz.

—X
Also, find its principal axes.
Prove that the set :
W = {(2), %9, 23,54 ) | 2 + x5 = 203}
is a subsapce of R*. Find a basis of W.

Also, find the dimension of W. 5

et T : R3 —>R?® be the linear

transformation defined by :

T(x,y,2)=(2x+y—2,x+y,x +2)

Find the matrix of the transformation with

respect to the ordered basis {v;,vy,03},
where v =(1,11),v, =(1,1,0) and
Ug = (1, 0,0). Is T invertible ? Justify your

answer. 5

P.T.O.
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(a)

(b)
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Let T= R* — R* be defined by :
T (21, %9, %5, X4 ) = (=29, X7, —X4, X3)

Check that T4 = I. Also, find the minimal
polynomial of T. 5

Consider the operator T:C* — C*, defined

by :
T (2,29, 25,24 ) = (—izg, 121, —124, 25)

Find T* (w1 , Wy, Wa, Wy ) , where
w, e CVi=1,234 and check whether

T is self-adjoint under the standard inner

product on C*. Further, check whether T is

unitary. 6

Let P4 be the vector space over R of the set

of all polynomials of degree at most four.
Show that 1+ x +x* and 1+x3 P, are
linearly independent. Find a basis of P4
that contains the polynomials 1+ x + x4

and 1 + x5. 4



(©

(a)

(b)
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Consider M, (C) as a vector space over R.

Let V1 be the subspace of n xn Hermitian
matrices and Va2 be the subspace of nxn
skew-Hermitian matrices. Show that

Vi+V, = Mn(C) Is Mn(C) =V,®eV, ?
Justify your answer. 5
The following equation gives the reaction

of metallic tin with concentrated nitric

acid :

Sn + HNO; — H,SnO5 + NO, + H,O
Balance the chemical equation by
formulating a suitable linear system of

equations and solving it. (Sn — Chemical

symbol for tin). 8
Let T:R%2 5 R3 be  defined Dby
T(x,y)=(x,5,x+y) and S: R® - R? be
defined by S(x,y,2z)=(x+2zy—-2). Let
B: and B; be the standard bases of R2 and
R?3, respectively. Check that
By, B, B
[Tos] 2 = [1]5 [s] %, 7

P.T.O.
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8. Which of the following statements are true and

which are false ? Justify your answer with

short proof or a counter-example : 10

(a) Similar matrices have the same
characteristic polynomial.

(b) If Sand T are n x n square matrices :

rank (S + T) = rank (S) + rank (T).

(¢) If A is a square matrix such that A% = A,
then zero is an eigen value of A.

(d) There exist vectors ¥ and v in an inner
product space such that :
el = = 8and [u -] =

(e) If {vl,vg,vg} is a linearly independent set,

then {v;,v; +vy,0; +v3} is also a linearly

independent set.
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Shell ETaeh/fagm™ Saes (9mH=)
(s, W Sit./s wE ot S )
qAta gdreT
S, 2023
M3 141 : Waew derToEa

TUg ;3 HUe Afreray 3Tk : 100

T : () TG G99 99 H 13 9T B

(ii) 3T Garer w1 e gl

(iii) 997 G&q 1 & 7 d% HI3 Al 8: TH
FHIT

(iv) AR P FANT HT AFAMT TET 2

() T FE 3G UT P A9 W &Y G
I¥fd 9T ° A1 U & FTT F HR

. (F)TH B & HS@USH hl IRAMIG HifSC)
sege
{1 i —1+z}
i 2

&1 ewues fafau| 2
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(@)W wifu fF 9o & o= JE@m=

dAlfash @g== © a1 T 3

ith i-2j+k itjtk
R
(M) 7 A A ={(a,b0)labecR] IR
B={(x,0,y)lx,y e R} fag wifs &
A+B=R31 1 R® A 3R B & 3ga™
IR B 2 S0 SWR ! gfe st 3

(F1) = ATYE

1 11
010
0 01

S = O

qfed 9O 99F® 9 § © 7 9 9

qfed TEMIG €9 H € ? o W @ g

HIfST| Al I8 Aege Gfek FHMIG |
w0 ¥ A ®, @ dfga diewaet « wEm @
e I Ul HAMI WOHEe w9 H
HAHT ST ;
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(T)HHEd R {x,x2,1+x+x2} % e

TEUS 222 —x +1 & Tasune @ wifsw) 2

(F) A < fF A TH 4x3 e B 39
TR TR & fafau fSgst A @&l
TRl WE H MM FH W AFE A W
frefafea dfea afmard =i . 2

i R, o Ry
(i) R, > R, - 3R,

1 -1 10
. 2 3 -4 1
2. (W)U HAMEA g 38
3 5 -7 2
-1 2 -3 1
1 ife SR g e 5

(@)Sia wifve & frefafea adewo fHam
Fama eafF T asa e ¢ 5
2x+2y+2z ="

x+3y—z=9
x—y—z=1

afg & @ g fem & s fem 9
TA itenl A T, @ TREE e
fafa 9 gt ™ il g Fifag|
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(1) 7F ST U 3R W, V & Sygafed g
R fam (U)=s6, fom (W)=3, fom
(V)=71 fam (UNW) w1 "eqfad A
[RERIY 3

(%) 3R 7oA gufedi & fau  wreh-var
IMAHT  FAEU SR w = (1,4, i),

v=(1,-1+i,0) e C*> o1 AU HIfST| 2

3. (F)FHA 22 —x2 +x2 3R x2 + 3 + a2 — x2

% ife iR foge freifow) =1 4 g9u@

09 ® ? 30 ST &1 g Hifeg) 3

1 0 -1
(@) Hifse fF amge A=|-4 -1 5
2 1 1

famolia 2 o & afs fawo €,
qE P R fawuw emege D fkiferg
fSas faw PAP1 = DI 8




[13] BMTE-141

() x = (x7,%9,%3), y = (3,05, 3) € R?
® faw () : R’xR* >R, @&
<x,y> = X)) + 2X9Y9 + X3y &N R

Hifv Sig &g fd ()RP T 3TN

U GRIE Y ® A e 4

4. (®)Uf THEIA H YA e EAfarEd
3R Rl FoshH fRIfAT : 6

(@) fgormat g9

2452 + 2% + 2xy — 2x2 + 2yz

w1 oiiteeh fafed w9Ea ferfeg) soe
qed e ot A i) 9

—X

W = {(x17x27x39x4) | X +%X9 = 2.’)(:3}
RY &1 ST8g==d ¥ W & 3R
frerfaw) Wt fam of 3@ wifsw) 5
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AW A~

(@) HH e f@sw ¥ T: R3 > R3 @

T(x,y,2)=(2x+y—-2,x+y,x +2)
g URfy B0 WA STER (v, u,051%

e T # ogE eeiferg, @l
o = (1L,1,1), vy = (1,1,0) 3R
vy =(1,0,0) T F T FekHEUE T ?
3T IW & gfe wifg 5

(71) 9H ST T:R* - R?

T (%1, %9, %3, %4 ) = (—Xg, X1, Xy, X3 )
g0 uRenfyg ®1 S @i fF T4 = 1)
M T o =AdH FgUs FHehifeau| 5

6. (%)as HHRE T:CH — C* ST S e
T (2,29, 23,24 ) = (—i29,12),—124, 23)
B ORI BT * (wy, wy,wy,w,) T
Hifey, el i=1,2,34 & fau w, eC,
AR Ste HIfST fd €4 W TFw W
TUHhT & WUE T WEerd @1 98 o St
Sty fh T Tfepar 21 6



[15] BMTE-141

(@)aF ST f& P,R W Afus 9 aIfuek
Fife IR ot Sgusl i Gfkw gafe R
feaEy fF 1+x+x% 3R 1443 P
ihd: @a+ 81 P, & fau 1+x+xt
HAR 1+ 43 1 AT HE ol TH MR
BEAINI 4

() M, (C)F R W T& dfw fe & R
W olifeel AF eifSg V, nxn HEE
aﬂa@ﬁqﬁmwﬁz%aﬁ? V, nxn
famm-gfiet  omegel &1 SwEmfe R
feagy f& M, (C)=V,+V,1 =
M,(C)=V;®V, ? 3™ IW = Y
Ty 5

7. (&) ffafaa e aifees fea &1 wifsa
Tefeer o & Wiy wfafsean o1 fefua
Hl © :

Sn + HNO,; — H,SnO, + NO, + H,0

staq fae gdieon &1 fFE & 9.
Fh| TH THHW Hl Gqad S|
(Sn-Teq =1 W 9die) | 8
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(@)¥HM «ifST T: R2 » R3 :
T(x,y)=(x,y,x+y)
g Uil @ 3R S:R3 — R2
S(x,,2) = (x+2zy-2) 80 qRafd 2|
o difse B, 3R B, %uW: R2 @R RS
% A% YR &1 W™ Hifee & . 7
[To8] 52 =[T] 5. - [S] &
8. ffafed wedl § ¥ HH-9 ®F I 3N
HH-9 A B ? AN I Hl o IUArA A

9fa-3E R Yfte ST : 10
(%) FHEY TRl &1 Afenafoen dIgag a9
2

(_@)qﬁSﬁTTnxna"ﬁq?ﬂTaIé%:
Ff (S+7T) = Ff2 (8)+ Ffz (T)
(M Rk A T g a=ge @ we fau
AZ=A, @ YA A I A A €
() TH SR PHEA gafe § 0 9w
oo ¥ fmR fan fuf =2 =7,
||u+v||:837ﬁT||u—v||:6l

(T) AR {v,vq,05) Faha: @@= T=A %,

A (v, + v, 0 +u) ¥ FEwd: @

= B
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