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(3 Hours) [Total Marks: 100]

Note: (i) All questions are compulsory.
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ii.
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iv.

Vi.

vil.
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(ii)Figures to the right indicate marks for respective parts.
Choose correct alternative in each of the following (20)

Let T: V -V’ be a linear transformation. Img(T) is a subspace of
@ VvV (b) VvV’
(c) VandV’ (d) None of the above

Let T: V -V’ be linear transformation. T*:V’— V is also a linear
transformation provided

(@) Tisinjective (b) T issurjective

(c) Tis bijective (d) None of the above.

Let T be the linear transformation such that T(1, 0) = (1, 1) and
T(0,1)=(1,-1),then T(1,1) =

(@ (20) (b) (-14.,-4)

(c) (11,5 (d) None of the above.
a 0.0 0

Det b b 00 IS
c ¢ c 0
d d d d

@ a+b+c+d (b) abcd

(¢) ab?c3d* (d a+b?+c3+d*

2 2 3 2 2 3
If A = (5 1 4) and B = (5 1 4) then which of the following is true

1 2 1 5 6 7
(@ detA = detB (b) detA =5+ detB
(c) detA # detB (d) none of these
If A be an X n matrix with detA # 0 then
(@) adjA = detA.I, (b) adjA = ﬁA-l
() adjA = (detAd)A™! (d) none of these

Given that u, v, w are linearly independent vectors of R3, which of the below is

false .
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(@ Volume of the parallelepiped obtained by the vectors u+ v ,v,w isthe
same as that obtained by u, v, w
(b) Volume spanned by 3u, v, w is the same as spanned by u, v, w

(c) Volume spanned by u, v, w is the determinant of the matrix taking
u, v, w as column vectors.
(d)  Volume of parallelepiped using vectors u + v, v, w is same as that

spanned by u,v —w,w.

viii. On R3, the map (,): R3 x R3 —» R defined by (x,y) = ajx,y; + axx,y, +
asxs3ys; Where x = (x4, x,,x3),¥ = (y1,¥2,¥3) € R3 is an inner product if

@ ay,aya3,=0 (b) a4, a,,as are positive real
numbers

() ay,a,, a;arenon-zero (d) At least one of a,, a,, as is non-
Zero

ix. Consider the following sets of vectors in R? under dot product

(i) S; = {0, 1), (2,0} s ={(-%%5) (&5
(i) S, = £(0,~1), (0, 1)} s ={(53) 55

(@) All the sets are orthogonal sets (b) S, and S, are orthogonal sets
(c) S;andS, are orthogonal sets ~ (d) S, and S5 are orthogonal sets

x. Letv = (a,b) # 0inR2 The set of all vectors orthogonal to v in R?
represents
(a) A straight line passing through origin and v
(b) A straight line passing through origin and perpendicular to v

(c) Empty set
(d) None of these
Q2. Attempt any ONE question from the following: (08)
O State and prove Rank-Nullity theorem.
ii. Prove that the solution of non-homogenous system AX=B has a solution
if and only if rank A= rank[A|B].
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Attempt any TWO questions from the following: (12)

I. Write all three types of elementary matrices. Give an example in each

case.

i.  IfT:V->W is linear transformation, B={ v, v, ........ vn} IS linearly
independent subset of V and kerT ={0} then show that { T(vy1), T(v2)
yereenan T(vn)} is linearly independent subset of W.

1 10 -1

iii. _ . -2 100

Find the rank of the matrix A where A = :
3 20 1
-1 01 1

iv. Let T: R3- R? , T(X,y,2)=(Xx+z,2x+Y) be a linear transformation. Find the
matrix of this linear transformation with respect to standard basis.

Attempt any ONE question from the following: (08)

i.  LetA!, A% € R% and k € R. Show that
1) det(A%, A%) = 0 iff {A', A%} is linearly dependent.
1) det(Al, A% + kAY) = det(4t, 4?).
Ii.  State and prove the Cramer’s rule for n X n linear system AX = b.

Attempt any TWO questions from the following: (12)

. Write the definition of determinant for 2 X 2 matrices. Find the
determinant of the following matrix using definition of determinant

(2 3
A= (5 2)
ii.  Prove that Area of a parallelogram spanned by (x;, x,)&(y,, y,) is
X1 X2
Y1 J’ZI

iii. ~ State Cramer’s Rule fora n X n linear system. Use it to find solution to

1 4 2\ /% 3
<3 -3 6) <x2> = ( 5 )
2 0 5/ \x3 —4

Iv.  State the result for inverse of a matrix in terms of its adjoint.

1 1 3
Find A~ for A = (0 -1 2 ) using adjoint.
1 2 -1
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Attempt any ONE question from the following: (08)

Define norm of a vector in inner product space V. Let V be an inner
product space. For x,y € V, show that
() llax]l = lalllxll

@ llx =yl = llxl1* + llylI> = 2llx[Hlyll cos &
where 6 is the angle between x & y,x # 0,y # 0.

() Hixll =Myl < llx =l
ii.  State and prove Gram-Schmidt Orthogonalisation Process.

Attempt any TWO questions from the following: (12)

I. Define orthogonal vectors in a real inner product space V. If{v;}i*, isa
set of pair wise orthogonal vectors in V, then show
X vill? = Ziallvill?

il.  Prove that the function given by (x,y) = x;y; + 2x,y, + 2x,y; +
5x,Y, is an inner product on R?, where x = (x4,x5), vy = (y1,¥,) €
R?.

iii.  Define angle between two vectors in a real inner product space. Find
angle between p(x) = 2x? + 1 and q(x) = x? + 2x + 1with respect to
the inner product (p, q) = ayby + a;b; + a,b,
where p(x) = ag + a;x + ayx? and q(x) = by + byx + b, x2.

iv.  Define W+, the orthogonal compliment of a subspace W of a real inner
product space V. Show that W+ is a subspace of V.

Attempt any FOUR questions from the following: (20)

Let AX=0 be a homogeneous system with m equations and n unknowns. Prove
that the set of solutions of this homogeneous system AX=0 forms a subspace
of R".

Verify Rank-Nullity theorem for the following linear transformation T:R3— R®
T(X,y,2)=(X+y,y+z,x+2).

Let A € M,,(R) then prove that

AX = b has a unique solution for each b € R" < detA # 0
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State the Laplace expansion formula for determinant.
Use Laplace expansion to find the determinant of the following matrix

2 2 3 3

3 2 -1 0
0 -1 1 0
2 0 1 1

Find the projection of v = (1,2,3) on u = (—2,1,0) with respect to the inner
product where (u, v) = 2x,y; + X2V, + 335, U = (xq, X5, %3)&

v = (y¥1,Y2,¥3)- Also verify Cauchy-Schwarz inequality for u & v.

Prove that a parallelogram is a rhombus if and only if the diagonals are
perpendicular to each other.

*kkhkk

Page 5 of 5

AD137F2C2A7C36A8E815E2853A01D37C



