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BACHELOR’S DEGREE
PROGRAMME (BDP)
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Term-End Examination
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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.

(it1) Do any six questions from Question
Nos. 1to 7.

(iv) Use of calculators 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.
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(b)

(©

(d)

[2] BMTE-141

Define the adjoint of a matrix. Write

down the adjoint of the matrix : 2
1 1+ -1+2:
i 2 -3i

Check whether the set of vectors

{i—k i—2j+k i+j+k}

NSRRI

orthonormal set. 4

Let A = {(a, b, 0) | a, b eR} and
B ={0, x, y) | x, y eR}. Prove that

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

B ? Justify your answer. 4

Is the matrix :

1101
0110
0 011

in Row Reduced Echelon form ? Is it in

Row Reduced form ? Justify your
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(e)

2. (a)

(b)
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answer. If it is not in Row Reduced
Echelon form, use row operations to
reduce it to Row Reduced Echelon form.

3
Find the coordinates of the polynomial

2x% —x+1 with respect to the ordered

basis {1 +x,x,1+x+ xz}. 2
Use Row Reduction to find the rank and
the nullity of the matrix : 5
1 1 -1 2
01 10
2 1 -3 4
1 0 -2 2
Check whether the following system of

equations can be solved using Cramer’s

rule : 5
2x+2y+z=1
x+3y—z=-3
x—y—z=1
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If yes, then solve the system of
equations using Cramer’s rule. If no,
then solve the system of equations

using Gaussian elimination.

(¢) Suppose U and W are subspaces of V,
dim (U) =7, dim (W) = 5, dim (V) = 9.
Find the possible values of dim (U N W).

3

(d) State the Cauchy-Schwarz inequality
for inner product spaces. Verify the
inequality for vectors u = (-1, 2i, i) and

v=(1,-1+i,1i) eC 2

3. (a) Find the rank and signature for each of

the forms x% —x5 —x% and x? —x2 —x2.

Are these forms equivalent ? Justify
your answer. 3
(b) Check whether or not the matrix :

-3 0 4
A=-4 1 4
-2 0 3
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is diagonalisable. If it is diagonalisable,

find a matrix P and a diagonal matrix D

such that PAP'=D. If it is not

diagnonalisable, find its adjugate. 8
(© For x=(x,%,%3), ¥=(3.,¥,y3)ecR’
define (,): R’ xR®> >R by
<x, ¥ > = 3x%1)) +X9Y9 +X3)3.
Check whether (,) defines an inner
product on R 4

4. (a) Using row reduction, find the inverse of

the following matrix : 6
-1 -1 O
2 3 -1
0 -1 0

(b) Find the orthogonal canonical reduction

of the quadratic form : 9
x2 —y2 +22 +2xy — 2xz + 2yz

Also, find its principal axes.
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5. (a) Prove that the set :

W = {(, 29,253,504 ) | ) +2x5 = 2, |

1s a subspace of R?. Find a basis of W.
Also, find the dimension of W. 5

() (i) Check that, the map T:R? —>R?
given by T ((x, y)) = (ax + by, cx + dy)

1s a linear operator.

(i1) Show that the projection on the line
y =mx, m=0 1s given by the linear

map : 5

P@w=£

X+ym merym2
2 ’ 2 ’
m-+1 m°+1

(¢c) LetT: R* > R? be defined by :
T (2, %9,%3,%4) = (—%g,%;,—X,,X5)

Check that T*=I1. Also, find the

minimal polynomial of T. 5
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6.

(a)

(b)
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Consider the linear operator

T:C* - C*, defined by :
T(21,22,Z3,24) = (_122,121,_l24,23)

Find T* (w,,wy,ws,w,), where w; e CV

1 =1, 2, 3, 4 without using the matrix
form of T. Check whether T is self-

adjoint under the standard inner

product on ct. Further, check whether
T is unitary without using the matrix

form of T. 6

Let P, be the vector space over R of the

set of all polynomials of degree at most
four. Show that 1+x+x2 and 1 + x are
linearly independent in P,. Find a
basis of P, that contains the

2

polynomials 1+x+x“ and 1 + x. 4
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(¢) Consider M, (C) as a vector space over
R. Let V, be the subspace of n x n
Hermitian matrices and V, be the

subspace of n X n skew-Hermitian

matrices. Show that V; +V, =M (C). Is
M,(C)=V,®V,? Justify your

answer. 5

7. (a) The following equation gives the
reaction of metallic tin  with

concentrated nitritc acid :

Sn + HNO; — H,SnO4 + NO,, + HyO

Balance the chemical equation by
setting up a suitable linear system of
equations and solving it. (Sn - chemical

symbol for tin). 8
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®) Let T:R®>>R> be defined by
T (x, y) = (x, y, x +y) and S: R> > R? be
defined S (x, y, 2) = (x + 2z, y — 2). Let By

and B, be the standard bases of R

and RS, respectively. Check that :

[ToS]gg - [T]E;.[S]gf .

8. Which of the following statements are true

and which are false ? Justify your answer

with short proof or a counter-example : 10

(a) If a matrix i1s diagonalisable, its
characteristic polynomial must have

distinct roots.

(b) If S and T are n X n invertible square
matrices, then S + T 1s also an

invertible square matrix.
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(¢ If A is a square matrix such that

A?=A, then zero is an eigen value

of A.

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

product space such that [u]|=2,

ol =7.
||u+v||=8 and ||u—v||=6.

(e) If {v;,U9,U3} is a linearly independent
set and 04,09 and o3 are non-zero

scalars, then {o4U;,0505,0505} is also a

linearly independent set.
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FATdeh ST shriehd (ST, S, ot.)
(Sft, T4t S, /&, W, Sf. /&, TE-9t, T,/
o, T, TH. /4, TH-91, T, TH, 21.)
L EIGRCRIE |}
S, 2025
oA, 212, - 141 : aek siemiuTa

g ;3 §U2 SféFaH 37F : 100

FT: (i) HIATITR BT
(ii) HTSaT F97 FHIAT 7fard &1
(iii) 997 &A1 1 T 7 TF FIZ 41 T: F97 FHIT |
(iv) PAFAR P FIT H1 377l 781 &1

1. (%) TH 3MFE & HeEUSS ohl GRHfEE hifSa |
3z : 2

1 1+ —-1+2i
I 2 -31

1 Gg@ues fdfEd |
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(m)wa  wive fe  wfceli &1 9=
{i—k i—2j+k i+j+Fk
NCIEN VG

T A G 4

} UM ATfseh

(71) 7F T A = {(a, b, 0) | a, b eR} 3R
B=1{0,x v | x,y eR}| fag =ifeq f&

A+B=R’| 71 R® A 3R B %1 3/gcim
AMTHRA & 7 3T I i gt i | 4
(%) I 3SR :

i

Uik SEMIG S9He 9 § ¥ 2 @ I8 ufA
TG €9 H § 2 3T IW & gfie wifSw
Ifs I Aeg U Wi TuEa €9 § @
g, W ik Gfshansti sl TART Hieh ST
qfckd TG GraTfeh 9 § A Site | 3

o o
O Mo
N =)
e
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(T)PHA MR {1 +x, x, 1 +x + xZ}ﬁ'{:lTaH

TgIE 2% —x +1 & FAdensk J@ T 2

2. () TfR THHIA g1 SR : 5
11 -1 2
01 10
2 1 -3 4
1 0 -2 2

%1 Wife IR a1 R |

(@) Sitg wiftsu for fefafed g e =
SR I A e foran ST Hhan § ¢ 5

2x+2y+z=1
x+3y—z=-3
x—y—z=1
Ifs 2, @ TR e =1 % fa 9 5
Fiferw | afe =, @ meda R A T
TSI |
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(1) 7F S U IR W, V &1 Sygafseat € 8ik

fam (U) = 7, famr (W) = 5, famr (V) = 91

famr (U N W) & guifaa oM fertfe | 3
() 3T TPH gafedt & faw Fri-va
srafaert daRT | afewi = (-1, 2i, i) 3R

v=(~1, -1, + i, i) eC® & fau srafw =

TeATUd hiToTu | 2

3. (®)WEIE af x5 —x7 IR xf-xp-xi B
Fife iR fagesd i) =1 F T9e@ o
T 2 T W ! gfte wifew | 3

(@) §iTa it foh e

-3 0 4
A=|-4 1 4
-2 0 3
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fomuia & o1 61 | afc fasoa €, 1 sege

P 3R 3R fommut eegg D frawifere fomeh fag

PAP ! =D | afe g% famuig =& €, 9 ST

EgTHT F1d ShiTT | 8

(M x:(xpxz,x;g), y:(ypy2>y3)€R3 ﬁﬁﬂl

<,>:R3><R8 SR &I <x,y>= 3%x1 )1 + X9y

+x5y BN ARG FifSw | Sita wifsg fe

(,),R? T =R UM e IRAM HLaT ¢
N TR | 4

4. (%) dfeR FHEMAT &1 AN weh FHHAfAred T8

1 HcshH TRITATT 6
-1 -1 0
2 3 -1
0O -1 O

(@) fgamdt Tmema x2 — y2 + 22 + 26y — 20z + 2yz

o~

1 Ttk Tofgd THMEA eTfaT | g9 g

3187 off HehTeq | 9
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5. (=) fag =ifse fh aq=a :
W = {(o), 209,23, %4 ) | 2, +25 = 2u, |
R! =1 Sugdfte &1 W &1 smaR e
W i o1 4t JA1d it | 5
(@) (@) = =ifsw fF T:R2->R?, <
T ((x, y)) = (ax + by, cx + dy) 8

gkt fmen o0 §, T e dars

g

(i) fe@mu fe WMy = mx, m#0 W I

ek wer
2
X+ym mx+ym
P (x,y) = |~ T
m°+1 m°+1

BRI &= T ¥ 5
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(1) A ST g T: R* > R*
T (x),%9,%5,%4) = (—%9,%;,—%y,X3)

g0 uRanfyg fen mn ®) St wifst f&

T =11 3 T =1 3Afeuss sgug Faprfeaw| 5

6. (%) Yo gwrew T:CH - C* ifs <t .

T(21,29,25,24) = (—129,121,—124,25)

51 URfd ®1 T 1 ST €9 1 7 TN
W _gq T* (w17w27w37w4) ﬁaﬂmy G‘ﬁ

w; eCVi=1,2, 3, 4| Sa &ifeL & T T

C! W UM% AR PAEEE & GHe T
WHTE €1 T H1 3MFE §I & 7 TN &
T IE o Sirg ifse f T i ) 6
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(@) 91 st P, R WX 31feer § 3Afyek hife 9r
q agTel + |few e ¥ feemwe fw
l1+x+x? 3 1 + x oepd: @A &1 P, &

foaw aguel 1+ +4% 3T 1 + x a7feree =
STl Teh AR TehTferd | 4

(M M,(C) & R W Hfgw wAfle & T W
ofife | o e 56 V), n x n 8@ sregd
=t wfew gufte ¥ iRV, n x n foom-zfifd
ARl w1 Gy wAte ¥ fgemu
V, +Vy =M, (C) 1 =1 M, (C)=V, @V, ?
31 IR ki gfte HifSw| 5

7. (&) fr=afafea T aifes fea = @ifsa
rsfeeh ot o Wi gfafshan sl fFsfya
g

Sn + HNO; — H,SnO4 + NO,, + H,O
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It e gl w1 fHo s 3™

R & Hfad &l (Sn - fed &

A Ydteh) | 8

(@) TR AT T:R? 5> R? : T (x,3) = (x, 5, x +3)
gu uRefm ¥ @ik S:R? > R?
S(x,y,2) = (x+z vy-z) g aReftEa ¥
T eifs B3R B, wwer: R? i R® &
ek YR & | S it feh . 7

[ToSlg? =TIy, [SIE?

8. Trafafea woi § 4 -9 Had 9 3R -9
FIT FHA € ? AT IW HI oY U Al
-3 gRI Gfee hifoq 10

(%) Al wh ofeye oot &, A e &
fiyenfarores sgue & gt f= §)
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(@) S AR T n x n JHAE TMT TR T,

WS+ T off T Fhuviia siia 38 T

(M AT A T it e © o fag A2 = A,

@ I A T AR TH
() Tk ST o FAfe § U Ay ¢ R v ¥
e -2, =7 Juro] -8 o

o] -6

() AR {v,,04,05} TH Fawd: Tad 9= §
AN 0,05 IR 0 FYAR AW ¥, @
{040,050, 0505} oFF XfETehd: @A W=
€l

X X X XX
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