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MTE-02 : LINEAR ALGEBRA

Time : 2 hours Maximum Marks : 50 -
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Note: Question no. 7 is compulsory. Attempt any
four questions from Questions no. 1 to 6. Use of
calculators is not allowed.

1. (a) Show that the set of all 3x3 upper
triangular matrices with entries from R is a
vector space over R under usual addition
and scalar multiplication of matrices. Find a
basis of this vector space. 5

(b) Let S and T be linear operators on V such
that the range of T is contained in the kernel
of S. Show that SoT = 0. Also show that
rank (T) + rank (S) < dim (V).

(¢) Find the minimal polynomial of the matrix 2
1 0 0
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2. (a)
(b)
(c)

3. (a)
(b)

4. (a)
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Check if (1, 3, 0) lies in the range of a linear
operator T on R? given by
T(Xl, X9, X3) = (Xl, X9 + Xg, X1 — Xz).

Is T one-one and onto ? Give reasons.

Let W={(x,y,2) € R?f:x+y+z=0}. Check
if W is a subspace of R®. Find a non-zero
subspace U of R2 so that W N U= {0}

Let V be the real vector space of polynomials
over R of degree at most 2 and W be the
subspace of V generated by {1 + x2, 1 + 2x2}.
Find the kernel of the differential linear

d
operator — on W.
P dx

Show that {(1, 1, 1), (1, - 1,0),(1, 1, 0)} is a
basis of R3. Find a basis dual to this basis.

Find the eigenvalues and eigenvectors for

0 O 2
the matrix [ 1 O 1 |. Is this matrix
0O 1 -2

diagonalisable ?

Let A be a 3 x 3 matrix A with eigenvalues

1, -2, 2. Find the trace of A + A2, Give
reasons to justify your answer.



() Check whether the basis
B=1{(3,0,0),00,1+1,0),0q, -1, 1)}
for C3 over C is an orthogonal basis. Apply
Gram — Schmidt orthogonalisation process to
B to obtain an orthonormal basis for C® over

C under the standard inner product on c3. 5
1 1 2
(c) Show that |a 1 =0 for infinitely
0 1 b
many values of a and b. 2

5. (a) Using Cayley — Hamilton theorem, evaluate
3 2
ATif A= : » 5
-1 0

(b) Reduce the quadratic form 8x2 — 4xy + 5y2
to its normal canonical form. Also, find the
principal axes. 5

6. (a) Why is the matrix A=|1 3 1

1 1 3

- orthogonally similar to a diagonal matrix ?
Find an orthogonal matrix P so that PtAP

is a diagonal matrix. 5
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(b)

Let W = {(x,y) € R% | 2x + 3y = 0}. Show
that W is a subspace of R2. Find the
dimension of W. Also show that the cosets of
W are lines. 2x + 3y + ¢ = 0, where ce R. 5

7. Which of the following statements are true and

which are false ? Justify your answer either with

a short proof or with a counter-example. 5x2=10

69)

(i1)

(ii1)

(iv)

(v)
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An nxn matrix always has n distinct

eigenvalues.

Union of two linearly independent sets is

also a linearly independent set.

If A is a unitary matrix then its entry cannot
be 2.

For a square matrix A, A% =1 implies A =1
orA=-1

If T is linear operator on a finite dimensional
vector space V with zero as an eigenvalue,

then T is not invertible.
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1. (%) feamu f smeggl & wamo S st srfew
ToE % i R @ giafseai ame @t 3 x 3 3uft.
rpefia aTegl 1 wy= R W afw @l ¥ |
39 Tfew gafee &1 amuw 3 Hifse | 5
(@) wF v S 3 T, v w UE Wass afspand &
g T &1 o, S f Afe o onifose B
femmsu o6 SoT = 0 | 78 i feme s

rank (T) + rank (S) < dim (V). 3

1 0 0
(M) F=E [0 1 1| W ARG TG T

0 0 1
i | v 2

MTE-02 5 P.T.O.



2. (%) = hifvg fr R W
T(Xl, X2,4X3)=(X1, X9 + X3, Xl—-Xz) —Q'IU
feu U ew TR T & sf@ 7 (1, 3, 0)
o adl | =1 T THh 3N I=ScH
2 2 HIUT §4q18Y |
(@) sm AT W= ((x,y, z) € R3:x+y+z=0}.
Sta Hifsw for =1 W, R? < Sggafie @ | RS

$ Wt IR STwEfse U sma i faa fe
W N U-={0).

() wm @i v, R W Aftep-a-ifas 2 a1 &
TIA H AoE dew gERe 7 M W,
{1+x2 1+ 2x2) gl Ja V &l Iuamfse 2 |

W R ahd RgF Fhish E‘i{-ﬁ?ﬂf@fﬂa

shifs |

3. (@) femmuf(a,1,1,1,-1,0,1,0) R
YR B | 9 YR T ¢d IUN F1d hifoq |

0 0 2
(@) amegg |1 0 1| % mmm 3R
0 1 -2
FgEley §@ RN | w Ag STeyw
faepolia 8 2

4, (%) AW AT A AEEET 1, -2, 2 I 3 x 3
MR AR | A+ A2 & @Y F1d IR |
T ¢4 Y I I A g A |
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5.

6.

(@) Sitw fifse e cw 3 % fag smm
B ={(G,0,0),(0,1+1i,0), G, —1i, 1)}

T Al AHR & A1 T | €3 W qHSE I
THeA % oA ¢ W ¢ % fau
JHHRI-AfS® AER I i & g B W
7 — ot wifsshentor gfseen e i |

() fewmmy f% a 3 b % IFad: FF AH &b T

1 1 2
a 1 0|=0
0 1 b

(F) ¥ — e W & WM wE AT W
' 3 2
e e afe A{ ]
-1 0

(@) feardt sward 8x2 — 4xy + 5y2 w JEER
fafga s 9 gada e | T 7=
F1g ot w0 il |

3 1 1
(%) oM A=|1 3 1| difecha: foehol
11 o8]

ST % FH FI 3 ? TH LT Ao ARG P
Fra hifvre fsad Pt A P faseol ateg @ |

5
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(@) 7 &ffle W = (x, y) € R?| 2x + 3y = 0).
femmse f W, R? & sugwfe 3 | w fom
i <hifore | g +ff femmse foh W% weEge,
W@ 2x+3y+c=0 8 & ce R. 5

7. PeRfen § d S wE T § ok whad
T ? T I A JITE F T T I

1 gfee ifse | 5x2=10

() Th n x n MFE % T@ n IFH-IFAT
TN B & |

(i) o Rgwa: Tad ar=El &1 aftie off Wawa:
T 9= § |

(i) I A TH Urw oMegg ¥ d9 gEeh Ul
2 =&l B gt |

(iv) o 3gg A% forg, A2=Iwraf R A=Ian
A=-1

(vy 3R 7ol fofe afew mfe v w =
AFEE aen Waws TERE B, 9§ T

YohAvig & B |
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