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BACHELOR’S DEGREE PROGRAMME
(BDP)
Term-End Examination
June, 2022

MTE-O2 : LINEAR ALGEBRA

Time : 2 hours Maximum Marks : 50

Note: Question no. 7 is compulsory. Answer any
four questions from questions no. 1 to 6. Use of

calculators is not allowed.

1. (a) Check whether the set
S = {(ay, ag, ..., a,) € R" | a; > 0}
is a subspace of R" or not. 3
(b) If vq, vg, v are linearly independent vectors
in a vector space over C, then show that
V{+ Vg, Vg+Vsg, Vg+Vvy are also linearly

independent. 2

(¢c) LetB=1{(1,0,1),(0,1,-2),(-1,-1,0)} bea
basis of R3. Find the dual basis for B. 5
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2. (a) Let T be a linear operator on R3, for which
the matrix in the standard ordered B is :

1 2 1
[Tlg={ 0 1 1
-1 3 4
Find the range of T and null space of T. 5

(b) Find the adjoint of the matrix

1 1 0
1 0 -1
1 2 0
Hence find its inverse. 5

3. (a) Let T be the linear operator on R3 defined by
T(Xl, X9, X3) = (3X1, X1 — X9, 2X1 + X9 + X3).

Find the matrix A of T with respect to
the standard basis. Check whether T is
invertible or not. If ‘yes’, find the inverse of A

by row reduction. If T is not invertible, find
Ker (T). 5

(b) Reduce the conic
5X% — 6x1X9 + 5X§ =a

to standard form and hence identify it. Also

find the associated coordinate transformation. 5
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4. (a)

(b)

(c)

5. (a)

(b)

(c)
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Let (V, <, >) be an inner product space and
let Te A(V). Prove that the following
conditions are equivalent : 4

i T'T=I

(i1) <Tx, Ty>=<x,y>forallx,ye V
(i) | Tx| =] x| forallxe V

Find the eigenvalues and bases for the

eigenspaces of the matrix

2 1 0
0O 1 -1/.
0 2 4
Is the matrix diagonalisable ? 5
Check whether the matrix { N2 12 }
~1N2 142

is unitary.

Find the minimal polynomial of the matrix
3 1 -1

2 -1].
2 0

A=

W

2
2
Complete the set {(1, 0, 1), (0, 1, 1)} to form a
basis of R3. Convert this into an orthonormal
basis with respect to the standard

inner product using the Gram-Schmidt
orthogonalisation process. 5

Let Wy and W5 be the subspaces of a finite
dimensional vector space V. Show that, if
dim (W) + dim (Wy) > dim (V), then

dim (W, N W) # 0. 2
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(b)

(c)

Find the radius of the circular section of the
sphere |r| = 15 by the plane
r(i+j+k) =1243.

In ]RS, let Wy = {(xq, X9, X3) | 2X1 + X9 — X3 = 0}
and Wy = {(x1, X9, X3) | X1 = X3} Check
whether W; and W, are subspaces of R3 or
not. Also find Wy N W,,.

Let a quadratic form have expression
3x2 + 6xy — 5y with respect to the standard
basis {(1, 0), (0, 1)} of R3. Find its expression
with respect to the basis {(2, 1), (1, — 2)}.

7. Which of the following statements are True and

which are False ? Justify your answer with a

short proof or by a counter-example.

(a)

(b)
(c)

(d)

(e)
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The eigenvalues of a self adjoint operator on
an inner product space are all real.

Every unitary matrix is Hermitian.

If S; € Sy are subsets of a vector space and S;
is linearly independent, S, is also linearly
independent.

For any linear transformation T : R? - R2,
Ker (T) # {0}.

There is a linear operator T with
characteristic polynomial (x — 1)2 (x — 2) and
minimal polynomial (x — 1)2.

4

5x2=10
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1. (%) Sita il 6 ag==

S = {(ay, ay, ..., a,) € R" | a; > 0},
R™ bl 3uEH{se § A1 A&7 | 3
(@) 3 vy, vy, vy, C W Hiew wafie d Washa:
ad gicy &, a9 @ 6 vy + v, vy + V3,
V3+V1’ﬂﬁa’ﬁ‘:w%| 2
(M) W= e

B={(1,0,1),(0,1,-2),(-1,-1, 0)}, R3
T IMYR B | 8 B 1 ¢d YR JTd HIfT | 5
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2. (%) "m 5w T, R3 W Was s 2, o
oTT Ao ST STTIR B o |HeT 3SR & :

1 2 1
[Tlg =| O 1 1
-1 3 4

T 1 TRER 37X T <l I TS [1a IR |
(@) FfIRea g *1 Tg@Ss AT HIT :

1 1 0
1 0 -1
1 2 0
M G 39! Yfdar F1d HIfSu |

3. (%) UM <fifSe g T T, R3W
T(xq, X9, X3) = (3X1, X1 —Xg, 2X; + X9 + X3)
gr1 gfenfyd 8 | O SMYR % W T
I A F@ HIMT | e HNT TR
T kATl 8 1 81 | afg 77, @t ufk smme
SR A < Ufdam 31d IS | afg T sgeshaof
&l 2, A1 Ker (T) 1d hifWT |
(@) W% 5x2 —6x;%y + 5x5 = a Bl Ak &Y U
FuTid IS ST 38 @ 38 UESTHT | Heifera
s T oft e it |
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4. (F) TF AR (V, <, >) Th AR A U 2
IR Te AV). fag dive f& Fm=fafea
gfded 99 & - 4
i T T=I
(ii) 1v'["ﬁx,yeVa3%’l'Q<Tx,Ty>=<x,y>
(iii) @t xe Vo foT || Tx || = || x |

(@) e
2 1 0
0 1 -1
0 2 4
o MM 3T M AT & folw 3Tmem
1A HITC | 1 ATeyg faehola: B 2 5
T B N2 142
() == : ! [- wWe 12
IR 1
5. (%) T=fafad sAreqg 1 sifcdys wgug 9d e : 3

A:

3 1 -1
2 -1
2 2 0

(@) RS @& MR sH & ot dg=
{1, 0, 1, (0, 1, D} A G FHiT | TE-fie
ATfShIHET TshT T T Hleh TS TR
U % AT 38 MER &l THW HIN | 5

(M) T i W, 3R W, uitfia fodfrr afeer emfse
V 1 uemfseat § | fommse afg

dim (W) + dim (Wy) > dim (V),
Ts dim (W; 1 Wy) = 0. 2

MTE-02 7 P.T.O.



6. (%) WHAA r(i+j+k) =123 g |r| =15
e ait=sg 1 B 9 HiT | 3
(@) R3d, AF <o
Wi ={(x1, X9, X3) | 2x1+xz—x3=0}33ﬁ'{
Wy = {(x1, X, X3) | X; = Xg}. 9 HIWT b
W, 3R W,, R3 &#I yzmfeear & =1 T&f |
W, NW,, o 3imd hifsre | 4
(M) WA it e fgarh wwem @ R %
AH® MER (1, 0), (0, 1)} % FHA =h
3x2 + 6xy — 5y2 8 | SMER {(2, 1), (1, — 2)} &
TUeT EhT SISTeh JTd ShIfTT | 3

7. Tafafea @ @ 98 a9 g E 3R =4
3G ? Y I AT TeIGTell gRI TqH I hl
gfee i | 5%2=10
(%) M UAGA FHEE T TaHA T o aoft

AT ITEdfereh 8Id & |

(@) eI Ufehsh T BT BT 7 |

(M) A S, S, dlew TAle & IyEg=E & W S,
aewd: a1 B, a9 S, off WRasha: Taa~= 7w |

(a) fret off Wasr @@ T : R3 - R2 & fow
Ker (T) # {0}.

(5) IfEies sg98 (x - 1)? (x - 2) 3R HAfeus
TG (x — 1) ST Teh gsh FU T &l # |
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