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BACHELOR’S DEGREE PROGRAMME
UNDER UGC-CBCS (BSCG)
Term-End Examination
June, 2022

BMTE-141 : LINEAR ALGEBRA

Time : 3 Hours Maximum Marks : 100

Note : (i) Answer all the questions in Section A
and Section B.

(it) Answer any five questions in Section C.

Section—A

(Compulsory Question)

1. Which of the following statements are true and
which are false ? Justify your answer,
respectively, with a short proof or a counter

example. 10

(1) If a and B are eigenvalues of two n X n
matrices A and B, respectively, then o +

1s an eigenvalue for A + B.

P.T.O.
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(1) If S and T are linear transformations such

that SoT is injective, then Sis 1 — 1.
(i) R xR? - Rz ((x1, 21,2 ) (%9, 29,25 ))
= (% + 3 +2 ) (%9 + 9 +29)
is an inner product on R3,

(iv) Any subset of a vector space that does not
contain the zero element 1is linearly

independent.

(v) No non-zero skew-symmetric matrix 1is

diagonalisable.

(vi) If A and B are n x n matrices and AB = BA,
wehave A! B! = Bt Al.

(vid) If u,v € R3,u # 0, v # 0, then wv # 0.

1 2
(viil) The matrix {2 1} has a unique Row

Echelon form.
(ix) The projection operator pn :R2 5> R is
injective.

(x) Every unitary operator is invertible.



(a)

(b)

(c)

(d)
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Section—B

(Answer all the questions.)

Define the coset of a subspace. Let :
W={(x,y,z)|x—y+z=0}gR3.

Check whether the vectors (3, 3, 1) and
(1, 0, 0) are in the same coset of W or not. 3

Check whether the wvectors (1, 1, 1),
(1, 1, -1) and (-1, -1, 3) are linearly
independent. 3
If the matrix of a linear transformation

T : R? > R? with respect to the standard

basis is :
1 3
B
find the linear transformation. 2
Check whether the vector :
-1
v=| 1
0
1s an eigenvector for the matrix
1 1 1
A= 1 1 -1].
-1 -1 3

If ‘yes’, what 1is the corresponding
eigenvalue ? If ‘no’, can you change one
coordinate of v to get an eigen vector of the
matrix A ? 2

P.T.O.

(a)

(b)

(©

(a)

(b)
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Find the equation of the plane
corresponding to the vector space spanned

by {(1,-1,-1),(,0,1}. 3
2 -1 0
Check that the matrix | 1 0 0| satisfies
1 -1 1
the equation (x — 1)2 =0. 2
Find the adjoint of the matrix
1 -1 -1
1 1 1
-1 2 1
Hence find its inverse. 5
Let :
A a -2
3 b
B - 20 -1
b1
[0 -3
and C= }
|7 -2

Are these values a and b such that
AB = C ? If ‘yes’, find them. If ‘no’ justify
your answer. 3

Obtain an orthonormal basis for R? by

applying Gram-Schmidt orthogonalisation

process to the ordered basis : 5
{1,0,1),(0,1,1),(1,1,0)}



(c)

(a)

(b)

(a)
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Let B be the standard basis for R? and
B’ be another basis such that

1 1 2
ME =11 -1 1]
0O 0 1
Find B'. 2
Section—C

Consider the linear operator T: C* — C*
defined by

T (21,29, 25,24 ) = (23,121,129, 12,
Find T* (w, wy, wy, w,)  where
w; e CVi=1,2, 3, 4 and check whether T

1s self adjoint under the standard inner

product on C*. Further, check if T is
unitary. 6

Find the rank and nullity of the matrix : 4

113 0
-1 2 3 O
1 2 4 -1

using row reduction.

Let :

B = {(1? _1? ]-)7 (1, _1? _]-)> (1? 1’ O)}
and B' = {(17 0’ 1)7 (1, 1, 0)7 (17 1’ _1)}
be two bases of R?. Find M5, . 7

P.T.O.

(b)

(a)

(b)
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Let Vi be the subspace of all n x n
hermitian matrices and let V2 be the

subspace of n x n skew-hermitian matrices.

Show that : 3

M, (C) =V, + V,.

Check whether or not the matrix :

1 11
A=|0 -2 2
0 -2 3

1s diagonalisable. If it is, find a matrix P

and a diagonal matrix D such that

P'AP=D. If A is not diagonalisable, find

Adj (A). 7

Find the signature of the quadratic forms :

2 4 a2 4 a2 a2
xX{ + X5 + x5 — X7

2 2 2 2
and X — x5 + x5 +x5.
Are these forms equivalent ? Justify your

answer. 3



8.

(a)

(b)

(a)

(b)
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Let :
A :{(x,y,z)e R?|x+y-22 :O},

B ={(0,0,x | x € R}.

Check that A and B are subspaces of R3
and R® = A® B. 7

Explain why the following matrix is not in
row reduced echelon form :

1 11
01 0.
0 0 1
Also, reduce it to Row Reduced Echelon
form. 3

Find the orthogonal and normal canonical
reductions of the quadratic form

7x2 + 6xy + 7y2. Hence identify the conic
represented by  7x2 + 6xy + 7Ty2 = 200.
Also, find the principal axes of the given
quadratic form. 7

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

l,l,l lies on it. 3
22 2

P.T.O.

10. (a)

(b)

11. (a)
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Consider the subspaces :

171 [-1]7 2
Vi =|{[0],| 1 [,|-1]t],
1 1
1] [-17 [1
V, =|41],| 1],]3
2115

of R3.
Find a basis of V; + V, and a spanning set

for V; NV, 8

Let T:R? —» R2 be the linear operator
defined by T (x,y) = (x + y,x — 2y). Find
the matrix of the operator T with respect to
the basis {(1, 1), (1, 0)}. 2
Consider  the  basis e, =(1,1,0),
e; =(0,1,1) and eg =(0,0,1) of R? over

R. Find the dual basis of {e;, ey, e3}. 4
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(b) Verify Cayley-Hamilton theorem for the BMTE-141
matrix :
9 1 1 fasm waes (wmr) (S TEL = S )
A=|1 21 CEICRCHE ]
113 . 2022
Also, find A1 if it exists. 4 st TH. €. 2141 : e s
(¢ Find the minimal polynomial of gog : 3 yu2 37ferehag 37k : 100
A{i _‘ﬂ 2 T G) 9 ‘w IR wm ‘w’ § gl g
EAIEL

(i) W ‘T H HE grer Y9 hifeu|

qA—ah
( 3rfrare wo )

1. frefafeq woi 4 9 ®9-9 %29 §9 3R
HH-H HUT FHA T 2 A SW Wl qhe
UL, Tk oY 3IqqM a1 Ffd 3IZEOT 85N
ifsTu| 10

(1) aﬁaﬁﬁ,mz,ﬁnonA
AR B & MEH AH B, @ o+p 3MTE
A+ B & TEH 9F &A1 |

P.T.O.
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Gy I s R T T T Hew wUREO B
S fou SoT ThHHI B, Al S ot Then!
Bl

(i) R®xR® > R: ((x1,01.2 ), (%2, 79,25 ))
=(x; + 3 +2) (%3 + 59 +25)

R3 W T&F TR THESA <l

(iv) &g Ff gfcer gufte &1 I9-g9==, it 99

. S
AaTd &l AR &l &), awd: w=a=

e 21

(v) & + v=®R, fom wEfmm serE
forerofia =&t 21

i) I A 3R B nxn WA T N
AB = BA ©, d A‘B' = BfA! BT

(Vii)?lﬁf u,veR3,u=0 v=0, al uv #0

P.T.O.

2.
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(viii) T8 B ﬂ F1 Afgda dfeq GuHs €9

2l

(ix) W&IY THNF pr, : R2 > R Tha! B

(x) Y% Ufheh e SAHATIE Bl 2|
qH—4g
(|t Yvl T FA AT )
() Teh SY-HEY FHRE l Feqd==d TR0

HifteU| AH ST .

W={(x,y,z)|x—y+z=0}gR3
21 Site wifwe fe gl (3, 3, 1) 3R

(1,0, 0) T & SqGH==g § & A1 711 3

(@)sita sifse fw gfew (1, 1, 1), (1, 1,-1)

3R (-1,-1,3) aerd: @a= § @1 7811 3



2 3
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(1) OF&%  UR ® ANy faw SRR

1
T . R2—>R2W31135|'5’{2 ﬂ‘é,?ﬁ

as o fepTfer) )

-1
(M st wfT fE oaRw ”‘h] e

1 1
A= 1 1
-1 -1

1
-1
3

}wa@?aﬁw%m

& afe ‘g’ @ 9 SR WA e © 2
afe ‘FE @, | v F TEH IS 9€A
FL A H TH N 9T W FHd B 2 2

()| {(1,-1-1),(,0,1} &N foxqa wfew
Tafte &I 9Td FAdA S GHIGRO A

TS|

3

2 -1 0

(@)SiE wifau & e {1 0 o}mﬂmm

1 -1 1

(x—1)° =0 I HI= FL@ & A T 2

P.T.O.

4.
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1 -1 -1
(Mareg | 1 1 1| &1 9rfores fAeifau)
-1 2 1
THY AT i AchH Hahifau| 5
(F)HHE F‘i“?ﬂ :

i cz{g —3} 3

M o IR b & W OA 2 g fom
AB=C 7 ? 9fc ‘&' @ =9 9+ *
farfen) afs ‘&1’ @ 9 IW ST U
e 3

(@)s®fAd 3R {(1,0,1), (0,1,1), (1,1,0)} W
H-fyae afasmieror YA fafy w1 9=
Fh Tk GEHRT difdes YR ferifa) 5
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(M) 4 ifST B R3 &1 dF® MHR € @i (@) ufeR THHE BRI 3eTE
B TE0  eeR ' femw  fau 113 o0
-1 2 0
1 1 2 L9 4 1
ME =1 -1 1|8 B 9@ ®ifS@ 2
0 01 1 Sifd 3 I=ar S s 4
L 6. (&) M efifsT :
5. (&) T:Ci—Co T (1, 22, 23, 24) = (3, 121, 122, — 124) B={1,-1,1),(1,-1,-1), (1, 1, 0)}
g uRefm Yaw  weRe i #R
T* (wy, Wy, wy,w,) F@  HIfSC &l B' ={(1,0,1),(1,1,0),(1,1,-1)}
Vi=12,34 @& faw weC I R® % ¥R ¥ M ¥ Hifv 7
Sie @ifse fF €4 W AEs AR TS (@AM difu V, It nxn BHS el *i
% WUe T WHH FHRE € A A gfeer SugEfe 2 iRV, @H axan
amt 7 off Sitw wifew f 7 Ul © o el ool %1 Sugmfe € fa@mu f&
Tl 6 M, (C)=V; + V, I

P.T.O.
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7. (F)T= Hifwe fF e (@) &R Faee fF fmfafaa e w1 9t
111 quHIa |aes w9 ° TE T s
A=|0 -2 2 1 1 1
0 -2 3 01 0
faeroita & =1 =Y afe fowoig 2, ot w 001
e P 3R Wk faepvl emeqe D fehifer U HEM @9Me ®9 W O HEEE o
fS&d P-lAP = D @l Ik A ool &Y Hifera| 3
2, Adj (A) fremfery 7

9. () feamdt w9ema
(@) feard g9

Tx2 + 6xy + Ty?
F difas R gEE= fafed gumEE 9@

2 2 2 2
X+ %5 + X3 — Xy

R x? —x% + x% + x3
FHINW 30 TE 722 + 6xy + Ty2 = 200 BN
# Tags frefolul 1 98 999 99 © 2 ,
Fefud vmea ye=rqwl few wuw feumdt
399 I HI gfe Hifu| 3
YT o 7T 31 o A RIS 7
8. ()W wifsw

(@ fa=ei (1,-2,1),(1,0,1) 3R (1,-1,1) &R
fruiftia w9dar =1 Gfsw gfteor 9@
Fifswl I oft S wifsw f& &

A:{(x,y,z)eR3 |x+y—2z:O},
B ={(0,0,x | x € R}

2l fe@me fF A 3R B, R® =1 Sugdfear

¥R R* =A@ BI 5 (111JWWWW%I

2979

P.T.O.
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10. (%) R3 %I SugHitedl

1] =112
V1: ) 1 ,_1 )
1110 1
1] [-1][1]
qR v, =1}, 113 sty
1115

V, +V, & fau &k emem ik v, NV, &

fou we fomda g9==g 319 Sifsal 8
(@)aH Q_’i”\aﬂ

T:R? > R%, T (x,5) = (x + 3,2 — 2y)

g URwifg  as TERE Bl SR
{1,1),1,0)} % WU HhRH T Hi T

IBEAISLY )

P.T.O.
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11. (F)R W "y wufe R3 &1 MR
e, =(1,1,0), e =(0,1,1), e3 =(0,0,1)
AT e, ey, e} HI HA YR FM

hifSTT| 4

o~

(@) F=Afafad o9 A & fou ef-efieed

YUY i1 FAgd hiR

/3

211
A=|1 21
11 3

e Al w1 e @, @ W O W
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