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BACHELOR’S DEGREE PROGRAMME
(BDP)

Term-End Examination

June, 2023
MTE-02 : LINEAR ALGEBRA

Time : 2 Hours Maximum Marks : 50

Note : (i) Question No. 7 is compulsory.
(it) Answer any four questions from Q. No. 1

to Q. No. 6.

(i11) Use of calculator is not allowed.

1. (a) Define a surjective map. Give an example
of a map that is not surjective. 2

(b) Check that S = {(%—%M%%j} is

a set of orthonormal basis in R?. Write
(4, 3) as a linear combination of the vectors

in S. 4

(¢) Let T:R2 5 R? be defined by
T(XYy)=02x+vy,2y). Check that T

satisfies the polynomial (x — 2)2. 2

P.T.O.



(d)

(a)

(b)

(©

(d)
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State the Cauchy-Schwarz inequality for
inner product space. Verify the inequality

for the wvectors v=(-1,-1,-2) and

w=(-11-3). 2
1

Check whether |1| is an eigen vector for
1

1 -1 0
[1 0 1}. What 1s the corresponding
0

1 -1
eigen vector ? 2
111
Find the adjoint of the matrix [0 1 1
112

Hence find its inverse. 3

O O
= O O

Find the minimal polynomial of [

o - O

3

If the wvectors V;,V,,V3 are linearly

independent, check that the vectors
Vi,Vp +Vp,Vp +V, +V3  are also linearly

independent. 2



3.

(a)

(b)

(a)

(b)

(a)
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Let B ={u;,u,,u3} be an ordered basis of

R3. Let S and T be linear operators on R3
given by S(Uy) = Uy, S(Up) = U3, S(U3) = Uy — Uy
and T (W) = Uy + U, T (uy) = Uy,
T(uz) =u; —u;. Find the matrix of S o T

with respect to B. Also find the rank of
SoT. 5

1 3 3
Prove that the matrix A=[{0 3 0| 1is
0 0 3

diagonalizable. Find an invertible matrix P

300
sothat PIAP =0 3 0]. 5
0 0 1

Let B={(101),(01-2),(-1-L0)} be a

basis of R3. Find the dual basis of B. 5

Use Cayley-Hamilton theorem to compute
2 10

Al where A=|1 2 0]. 5
0 0 2

Show that the set {(2,2-1),(2,-12)} is

linearly independent over R2. Complete
this set to a basis of R3. Convert this basis
to an orthonormal basis with respect to the
standard inner product using Gram-
Schmidt procedure. 5

P.T.O.
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(b) Consider the real vector space :

W = {ag + a X + a,x? + agx® | ag, &, &y, 83 € R}
Check whether or not W, and W2 are
subspaces of W, where :

W, ={ay + aX + a,x® +agx® | ay = ay,

A, &, 3,8 € R}
and
W, ={ay + X + a,x> +agx3 | ag —a +a, =1,
A, &, 3,8 € R}

Further, for those that are subspaces of W,

also find their dimensions. 5

(a) Let R* ={x e R| x> 0}. Show that R* is a
real vector space with respect to @ and ©
defined by a®b=ab and

a®a=a%* Va,beR' and a € R. 5

(b) Find the orthogonal canonical reduction of
the quadratic form Q =3x% +2y? — 22 Xy.
Also give its principal axes. Finally, draw a

rough sketch of the orthogonal canonical
reduction of Q = 4. 5
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7. Which of the following statements are true
and which are false ? Give reasons for your

answers : 10

(a)

(b)

(©

(d)

(e)

Every subset of a linearly dependent set is
linearly dependent.

The number subspace of R% over R is
infinite.

If T:R?2 5 R?, 1s defined by
T(x,¥) =(y,0), then Range (T) = Ker (T).

There is a linear operator T:R® — R3

If the row reduced form of A is

O OB
([N o)
= O O

then det (A) = —1.

with characteristic polynomial
(X=D(x=2)(x—13) and minimal
polynomial (x —1)(x —2).

P.T.O.
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3. (%) UM wifST B={u,u,u} R & TH

(@)

4. ()

(@)

Hd MR | AF oSy s 8k T R3
w® s GhReh g Sl
S(Uy) = Up,S(Up) = U3, S(Ug) =ty —U, IR
T(w) =u +Up, T(up) =y, T(uz) =Uy —Ug
g Ui €1 B % WU SoT W
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|
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(&) feaEry fe 9= {(2,2-1), (2, -12)} RS

W Fasha: @ 81 TEH W Hh RS
F Teh AR oAU IH-Ffae fafy o
TN i TH STYR HI HEE IR
%S % 9ue] GOTH difash STER &

w9 H yfEfda sifsu) 5

(@) ardgfaes gfeyr gafe

W ={ag + a X + a,x? + agx® | ag, &, &y, 83 € R}

ofifsry) i wife f& w3k w,
Sygmftedl € W 1, Sl

_ 2 3 _
W ={ay + ax + ayx“ + agx° | ag = ay,

3, &, 8,83 € R}

3R

_ 2 3 _
W, ={ag + X + ayX +agXx° | g —a +a, =1,

a9, &, 8,83 € R}
M, S SuEHiEal ® St fomn femifay
5

6. (F) O R*={xeR|x>0} fg@mEu f& R*

@ R o & WU R+ UH aas
afew wafie €, &l ® @R o vabeR*
% It a®b=ab I aoa=a* gN
aftenfia 2 5

P.T.O.



7.

[10] MTE-02

(@) fgomdt a9smd Q =3x2 +2y2 —2J2xy I

cifersh  fafgd ¥\MeA fehriewl & 31

ff frfeu) sfqd: Q =4 & oifas fafed

THMEA h1 A =5 9 SR 5
frefafad & 9 $F-9 ®o9 ¥ 3R HA-9
I € ? AW W B gfe SIS : 10

(%) T Y@ha: @Wa= TE=A F TIF
ST ot @ehd: @A e 2l

(@) afe R W R2?2 &l IUGHEA hl T&AT
F=d: 3HF B

(M I T:RZ5>R2 T(xy)=(y,0 9
R ®, o afeR (T) = sfe ()|

100
(=) ag A wqﬁaaﬁam{o 1 0} g,
00 1
o det (A) = —11
(&) T Haws =R T:R3 > R3 Bl @
ISEED for SR IRl ED TEUS
(x-D(x-2)(x—3) T 3R eIfeue =gug
(x—1)(x—2) &l
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