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I fet W be the vector space nr all real pol, ! J m =< b
\I/ o plx). where p*is th “.F” ;:’:":” v of degree uf most 3. De ,fme T:W—W by ( x) O Q- \ +U ‘ ’l—O' " 0 N
1 . f watrix of T in the basi ;

vl considered as
m» P T <= 1 e 0T
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3

elements in 5 is

15 2 5 4. 55

(E* 0 000 ‘

Wi}, Then the number of 0
\

0o &'000
Let & be a primitive fifth root of unity. Define A=|0 0O 1 00

0 nn;u‘ W

0o 0 004

. 1 I I

For a vector v = (Vv vy v W JER, define |vl,=qlvAv "I, where V' ix transpose of v.
Ifw=(,~11,~1), then |wl, equals

I 21 i - 4.2

/'Jh' dimension of the vector space of all symmetric matrices of order nxn (n 2 2) with real entries and ‘7 C M/@
2 : : —v/

race equal 1o zero is — > a L
p Bq \r ! , \'0 n=2n) u!-rlu\ﬁ \ b \7‘.5/)\ B -

P Rl Y L [ o 74
|1J’\_,L'\./] ,/3_,1/&&} C. L\W’\’c’/\l

»
Let D be g non-zero nxn real matrix with nz 2 Which of the following implications is valid’

7( L det(D) = 0 implies rank (D)=0 2. dei(D) = I implies rank (D) # |
1 runk.rw I implies qex(D) ¢ n 4 rank(D)=n implies det(D) # ] X
[ $o0 Ll W
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6. Suppose A, B are nxn positive definite mat ices and 1 be the nxn identity matyiy, Then , whi
—_—
following are positive de ,fmm' ich ,

I.A+B  ABA EV "f w\w
/ Let N be a 3x3 non-zero matrix with the prgperty | '=0 ‘W”f h of.‘hn- rJf-’oumg is/are

“"ld'
@ 1. N is not similar to a diagonal matrix. N ‘L‘W
2 Nis similar to a diagonal matrix.
/ 3. X has one non-zero eigenvector, N - O M en m i
4. N has three Tmearly mdependent ezgum-ecror.\:)( on A O &0 I}’ '3 }
M

8. Leta,=aa . 1<i, j<n, wherea,..a, are real numbers. Le-"d—((a ) be the nxp matr, ‘}0 A—"\ - B }
Then lla

it is possible to choose a,,....a, so as to make the matrix A non-singular, 3 R"M | nor- 0 Gy

the matrix A is positive definite if (a,....a ) is a non-zero vector.

!

> - U l'[O\ﬂ

3. the matrix A is positive semidefinite for all (a,,...,a,). W R™»=0 ) \’v-” N Conr 3
4. forall(a,...a,), zero is an eigenvalue of A. }4 l - M \,\,J"

_ | p b B3\ ”“/
9, Let T be a linear ransformation on the real vector space R* over R such that =T Jor some ¢ 3 /} -
Then ' L\Mr al 4 0=

Lo ITxl=l Al xll forxe R

2. If ITxli=ll x| for some non-zero vector x € R", then A==1 r

3. T=A, where I is the identity transformation on R". ) - N
,‘v)‘: INTx > x Il for a non-zero vector x € R, then T is necessarily singular.

N4

1)
\ & 2 1 0

\4 Let M be the vector space of iﬂ Ix3 }zai matrices and let A=|0 2 0. Which of the following

0 0 3 (n(\“—F)A D(Xﬁr—fﬁ\M‘

spaces of M? WAl / S
‘/I(W ,‘: ’(/’Lé EM:X+A= ﬁ = o A +/$ﬁy
3 Ixe Gce(AX) =0) \ %{XEM sdet(AX) =0} - A XX‘H:\’)éS
0

1. Let W=

\

0 1
={p(B): p is a polynomial with real coefficients), where B={0 0  1]. The dimensind
1 0 0
of the vector space W satisfies
1. 4<d<6

2.6
3.3<d<8 43

A A

d<9
d<4

N E53 >0+0=0
\0"/0 A (A (o YvH"\" ‘\‘0’( AX)“'(S{‘((p’q
J C+ ) ot B "G G5 o

M0 0 0 o 2 5}{).,\9\—- D
01 00 2 0 _—1 100 <> ]| 000
oo 12 000 Y - Odo 00 ' 0
p The determinant of the matrix 00 21 0 o0 ir O a0 O |
02 00 10 Ax = | 2900 Ay = Jo
2.0 0 0 0 1] 1o
IN 2. -9 O
27 4.1
- Axr By
1. For a positive integer n, let P, denote the space of all polynomials p(x) with coefficients in R such that L l le)
deg plx) < n, and let B, denote the standard basis of P, given by B, =(l, XX XL TP 5 Pis I i D
the linear transformation defined by T(p(x)) = x p'(x)+ .L‘ p(r)dt and d:{au} is the 5 X 4 matrix of T O ©°

L 03
3 3 _
I a, == and - 2 a, == and a,; =0
oy " 6139 5123 % =
3_u,1:(}anda“:% 4. ay =0and a;, =0 3‘7
4, Let A be a 5 X 4 matrix with real entries such that the space of all solutions of the linear system /F( i) 4’{ ’)t)

—ll 2, 3 4 S] is given by '[ll + 2?,2+ 353+ 45,4 +55) 1 s€ R). (Here, M denotes the transpose ofa

with respect to standard bases B, and B, then

-

A
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- 4
M. Let A be a 5 % 4 matrix with real entries such that the space of all solutions of the linear system %( i) - % )(,)

AX' =[1234,5] is given by {[1+252+353+ 45,4+ 55 :5e R}, (Here, M denotes the transpose of a

matrix M). Then the rank of A is equal to . /€(r)
' | uuoL

A e . A+1)=0, u
IS LetAbea3 X3 matrix with real entries such that det(4)=6 and the trace of A is B gt 49 + U U L
' identity matrix, then the eigenvalues of A are ’5

where [ denotes the 3% 3 identity matrix, then “‘l i;}.(ﬂ"\;f ues of A are /K’ ﬂ - X + ﬁ

1.-1,23 "

i12.-3 \,e'

‘[—/:-; ipenvalue.
=12 | has a certain .-.-;m_n!ur num w

Suppose the matrix A= : I

llowing numhi.'r\f must also be an e ;,;mwatuu of A?

Which of the Jo )
2, A=20 —
1. A+20 4 -20-4 P /)/O

32-4

pl -0 | 2

)
0t Then a Jordan canonical form of A is
10 |
‘(J o1 o
- ]
10 0 0] [-1 1 0 }
L0100 ‘ 2 o 1 0 0
) 0o 0 2 0
lo o 2 0 - o ~N _
0o 0 0 -2 Lo o0 2]
r r 0 0
no1oo0o o] . : - _-
- (
;[0 10 of o010
0 (1] 2 (1] 0 0 2 0 b’
0 0 0 -2] ‘ 0o 0 0 -2 \1,\'—
18.  Let n be a positive integer and let H, be the space of all nxXn matrices A :(”,_. J with entries iy 'V,
satisfving @, =a_,, whenever i + j=r+s(i, j,r.5= l,...,n). Then the dimension of H, as a veciy - s
space over R, is _
Ion 2. w-n+l 3. 2n+l 4. 2n-1

PART - C

19.  Consider a matrix A=(a,), ., with integer entries such that a, =0 for i = j and a,=1 for i=l,.n
Which of the following properties must be true?
1. A exists and it has integer entries ' }I
2. A exists and it has some entries that are not integers j - _)’
1. A" is a polynomial function of A with integer coefficients -

4. A" is not a power of A unless A is the identity matrix

(pdi
20, Let J be thoX 3 matrix all of whose entries are 1. Then p 7\ 31 = O
I, and 3 are the only eigenvalues of A [V > O Q/o
”~
2

K
J is positive semidefinite, i.e., {Jx, x)20forall xe R’ 7 %
J is diagonalizable o 9 /}

4. Jis positive definite, i.e., (Jx,x) >0 forall xe R with x#0.
g ™

21, Let A, B be complex nxn matrices. Which of the following statements are true?
1. IfA, B and A+B are invertible, then A"+ B is invertible.

2. IfA, B and A+B are invertible, then A"~ B is invertible,

3. IfAB is nilpotent, then BA is nilpotent.

4. Characteristic polynomials of AB and BA are equal if A is invertible.

MaA>D n - g ~ap) e mllyther

ry

fr A0 EMm D) 3—-(Lcw A.—‘kl:)',‘}”‘"
M =7% 202 @) ,H«

(7] i

.

o be a complex number such that @' =1, by, WEL I A = I
Let = | @ m*

i Al N P |..;

« then which of the
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e a complex number such that @' = |y, :
Lt O he i ] If A = e

. « then which of the
P — A— - @ 1
[lowing statements are true: P A— J
following ) 2

L g iggtertible -
Z AR U s (A-0.1)
amdf Q7 D7
V. w e C such that Av=Aw=g !

et linearly independent vectors v, w e C ’5 P
— —_— - » - ‘.
v a 4% 4 matrix with real ie . 119 3 . O\Jf\
Let A f’(_ a4 entries such that -1,1,2,-2 are its eigenvalues. If B= A* -54° +57

otes the 4x 4 identity matrix, then which of the following statemer ?
i 1 1S are

detfA+B)=0 2. det(B)=1 3. trace of 0 4 {r..'('ﬁa_f_-!—h',-’:;r l A’,}O /

u  Let MyR) denote the set of 2x 2 real matrices. Let Ae M,(R) be of trace 2 and determinant -3 O a -
Hdentifving M (R) with R, consider the linear transformation T:M(R)—M(R) defined by T¢B)=AB. -(') I O O |
Then which of the following statements are true? - ' ' ho)

) 1
et a2 -
3. Tis invertible 4. T(B)=B for some 0# B in M(R)

|. Tis diagonalizable 2. 2is an eigenvalue of T

5 Let A be a 2% 2 non-zero matrix with entries in C such that A°=0. Which of the following statements &
must be true? ﬁ >
I. PAP' is diagonal for some invertible 2x 2 matrix P with entries in R
2 A has two distinet eigenvalues in C
3. A has only one eigenvalue in C with multiplicity 2
4. Av=vfor someve C, v#0

% Consider the linear transformation T : R’'—R’ defined by T, Ky X 5y ) = (s Koronns X0 1)« Which
of the following statements are true?
I The determinant of T is 1
2. There is a basis gf B with respect to which Tisa dr'agmlan‘ matrix
3 Ty
% The smallest n such that T"=1, is even

nop A, pt be distinct eigenvalues of a 2x2 matrix A. Then, which of the following statements must be
rue?
L A has distinct eigenvalues
1 _
2 A o s wl
A-p
trace of A" is A" + p" for every positive integer n

I Aisnota scalar multiple of identity for any positive integer n
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28 Let A, B be nxn real matrices. Which of the following statements is correct?
1. rank (A= B) = rank (A) + rank (B) 2. rank (A+B) < rank (A) + rank (8)
3. rank (A+B) = min frank (A). rank (8)} 4o rank (A+B) = max (rank (), rank (g);
-1
29, Let & be a primitive cube root of unity. Define A= 0o & Fora vector V=(v, v, v )e 2 defy,
v, =\'I'Wl¥r | where ¥ is transpose of V. If W=(LL1) then IW1, equals
10 2.1 3-1 4.2
30.  The dimension of the vector space of all symmetric matrices A=(ay) of order nxn(nz2) wiy, rea]
entries, a,, =0 and trace zero is
1 (n* +n—4)/2 2.(n' —n+4)/2 3 (n*+n=3)/2 4. (" =n+3)2
3. Let N be the vector space of all real polynomials of degree at most 3. Defing
S:N = N by S(p(x)= p(x+1), pe N. Then the matrix of S in the basis {1,x,x%,x"} considered
column vectors is given by:
[tTooo R 1123 0000
0200
I 2‘0123 jl]I23| 4'1000
0D o030 0o 1 3 22123 0100
000 4 o001 33 33 o010
PART - C
32, Which of the following matrices are positive definite?
, 21 s 12 P 4 -1 ‘ 0 4
o2 T2 -4 400
33, Let Abe a non-zero linear transformation on a real vector space V of dimension n. Let the subspace

V, c V be the image of V under A Let k =dimV, <n and suppose that for some ke R, A=, Then

1 A=1

2 detA= Al

3. Ais the only eigenvalue of A

4. there is a nontrivial subspace V, c V such that Ax =0 for all X€ v
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an nxn real matrix. Let W be the vecy
C be or space spanned by {1,¢,c*...., ). The dimension

Let .

of the yector space Wis

e 2. atmost n 3n? 4. atmost 2n

Lt v, Vs be subspaces of a vector space V. Which of the Jollowing is/are necessarily a subspace of V?
VeV, 2 v,uy,

LV V= {xeyiveV, yev,} VNV, ={reV and xev,})

Let N be a non-zero 3x3 matrix with the property N* = O . Which of the following is/are true?

1. N is not similar to a diagonal matrix. 2. N is similar to a diagonal matrix.

3. N has one non-zero eigenvector. 4. N has three linearly independent eigenvectors.
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40

Levn be a positive integer and let MAR) denote the space of all wXn real mamices T VIR =\ R
is a lincar transformation such that TiA)=0 whencver A€ M[R) is ammemric or skow-simmenie. then
the ranh of T is :
i+ 1) L, mn=D
- - son L0
2

Lot 8:R'= R and T2 R = R’ be linear transformations such that T = § is the identinc map ot R Them

18T is the identine map of R 2. X =T is one—one, but not onro.
28T is onto, but not one-one. 4. 5T is neither one—one nor onio.

Let V e a 3-dimensional vector space over the field F, = 23 of 3 elements, The number of distine:
- dimensional subspaces of 1is
I 13 226 R 415

Let 1 e the inner product space consisting of lincar polvnomials, p: [0.1] = R gie. V' consists of

palinomials p of the form pix) = ax + bea, be Ri, with the inner product defined by
] N R

(nq)= I PLOGLOY for pgel. An orthonormal basis of Vis
0"

— l
. 3 4 -
Y 2 Wil CNUNE R {1"' 3}
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00 01
. . 000
41 Let fix) be the minimal polynomial of the 4%X4 matrix A= 01 0 0l Then the rank of 1, ixy
0010
matrix f(A) is
Lo 2.1 32 4.4
1 b
42, Lera, b, ¢ be positive real numbers such that b + & < a < 1. Consider the 3X3 matrix A=|b 4
c 0 1J

1. All the eigenvalues of A are negative real numbers.

2. All the eigenvalues of A are positive real numbers.

3. A can have a positive as well as a negative eigenvalue.

4. Eigenvalues of A can be non-real complex numbers.
43.  The system of equations x ¥y + 2 = I, 2x+3y—z=35,x+2—k =4, where ke R, has an infinite
number of solutions for
1 k=0 2. k=1 3 k=2 4 k=3
PART - C

Let n be an integer, n = 3 and let u,, u,,....u, be n linearly independent elements in a vector space over

44.
R. Setu, = Oand u,,, = u,. Define v, =u+ w,, andw, =u, , +u, fori=12..n Then
1. v, va...,v, are linearly independent, if n = 2010,
2. v, VooV, are linearly independent, if n=2011.
3w, Wy .., w, are lincarly independent, if n = 2011,
4. w,, W, ..., w, are linearly independent, if n = 2011.
45.  Let V and W be finite-dimensional vector spaces over R and let T V=V and T W= W be linear
oy d =g’ -x -2 L
= x'+x"+x +1 and f,(x) =x - X -=

transformations whose minimal polynomials are given by f (x)
T: V&W — VW be the linear transformation defined by T ((v, w))=(T,(v), T, (w)) for (v,

let f{x) be the minimal polynomial of T. Then
1. degfix)=7 2.degfix) =3 3. nulliy (T) = 1

w)e Ve and

4 nullity (T) =0
: x]) [ax +® ]
46. Leta b c.de Randlet T: R'— R’ be the linear transformation defined by T, = '
y cx+dy|

+dy

x
e R’ X ” b i
for [y} R’ Let S: €~ C be the corresp g map defined by Sx + iy) = (ax + by) + (X

Jorx,ye B Then
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51,

gis always € lincar. that is S(z, + 2) = §(z) 4 S(z,) for all 2,2, € C and S(oz) = aS () for all

I e € and z € C.

. s € linear if h=-candd = a,

.S s linear onlyif b= -candd = a.

, Sis ¢ lincar if and only if T is the identity transformation,

Lot A = fa,] beann X n complex matrix and let A" denote the conjugate transpose of A. Which of the

following statements are necessarily true?

| IfA i invertible, then tr(A "A) # 0, i.e., the trace of A°A is non zero,
1 ir(A"A) # 0, then A is invertible,

1 Il rA'A)| < 1w, then "aul < 1 for some ij.
4 (A 'A) = 0, then A is the zero matrix.

Let n be a positive integer and V be an (n + 1)-dimensional vector space over R.If fe,e,..e.)isa
hasis of V and T: V=V is the linear transformation satisfying T(e)=e,, for i=1, 2,...nand Tte,,,)= 0.
Then

1. trace of T is non-zero. 2. rankof Tis n.

3 nullitv of Tis 1 4. T"=ToT o, oT (ntimes)is the zero map.

Let A and B be n % n real matrices such that AB = BA = O and A + B is invertible. Which of the
following are always true?

1. runk (A) = rank (B) 2. rank (A) + rank (B) = n.

3. mullity (A) + nullity (B) = n. 4. A~ Bis invertible.

Let n be an integer 2 2 and let M, (R) denote the vector space of n % n real matrices. Let B € M, (R) be
an orthogonal matrix and let B' denote the transpose of B. Consider W, = (B'AB : Ae M, (R)}. Which of
the following are necessarily true?

1. W, is the subspace of M, (R) and dim W, S rank (B). -

2 W, is the subspace of M, (R) and dim W, = rank (B) rank (B').

i W, =M, (R).

4. W, is not a subspace of M, (R)

Let A be a 5 % § skew-symmetric matrix with entries in R and B be the 5 X 5 symmetric matrix whose

. ent (1] Jor 1 js 5. Consid _

(i)* entry is the pinomial coefficient [;] Ja is j ‘onsider the 10x10 matrix, given in block
B

Sorm by C = [: A; ] Then

I detC =1or-1 2 detC=0 3. traceof Cis0. 4. traceof Cis 5
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X

Suppose A is a 3 X 3 symmetric matrix such that [,\‘- y _]]A ¥ |=xy - L Let p be the Humbey F po
1 vy

cigenvalues of A and let q = rank(A) - p. Then -
Lp=1 2p=2 lg=2 4q=1

New Section 1 Page 10



1 3 5 a 13
53 L A=|0 1 7 9 b |, where a,be R. Choose the correct statement.
\\0 0 1 11 15

1. There exist values of a and b for which the columns of A are linearly independent.
2. There exist values of a and b for which Ax=0 has x=0 as the only solution,
3. Forall values of a and b, the rows of A span a 3-dimensional subspace of R,
4. There exist values of a and b for which rank (A)=2,

54.  Consider R’ with the standard inner product. Let W be the subspace of R’ I 1 by (1,0.-1). Whiy
of the following is a basis for the orthogonal complement of W?
LA(10.1).00,1,00} 2.{(1.2,1),40,1,1)}
3.{02.1,2).(4,2,4)) 4. {(2.-:‘.-’).”.3..").(-L—.".-U}

55. A linear transformation T rotates each vector in R clockwise through 90°. The matrix T relative 1o te
standard ordered basis ul J [UD is

Ol
0 -l 0 1 -
I 2 0 1 P 0 1
-1 0 -1 0 1 0 1 0

56, Let 1: R~ R be a linear transformation. Which of the following statements implies that T is bijectie”
1. Nullity (T) =n 2. Rank(T) = Nullity (T) =n
3. Rank (T) + Nullity (T) =n 4. Rank(T) - Nullity (T) =n

PART - C

57, Let Ae M ,(C),

the vector space of 10 X 10 matrices with entries in € Let W, be the subspace ¢
M \C) spanned by {A"| n 2 0. Choose the correct statements,
1. For any A, dim(W )10

2. Forany A, dim (W) <10
3. For some A, 10 < dim (W )<100

4. For some A, dim(W )=100
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il

LIR

. ' . ,
o e complex I3 matriswith A< L Which of the following statements are correct?
et » 3

{ s three distinet cigenvalies 2 A i diggonalizable over €
LA riangularizable over { A A is mon-singular

Constder the quadratic forms q and p given by g(x, AT Y Ty ¥ w2t bw' and

LR W=+ _\': +ezw Which of the following statements are trne?

1 pand g are cyuivalent over Cif'b and ¢ are non-=ero complex numbers.

2 pandgare cquivalent over B if'b and ¢ are non-zero real numbers.

3 pand gare equivalent over B if b and ¢ are non-zero real numbers with b negative,
4 pandgare NOT equivalent over R if c=0

A lincar operator T on a complex vector space V has characteristic polvaomial x'(x - 5)° and minimal

polvmomial ¥'(x -5). Choose all correct options.

1. TheJordan form of T is uniquely determined by the given information

2 There are exactly 2 Jordan blocks in the Jordan decomposition of T

3. The operator induced by T on the quotient space ViKer(T-51 ) is nilpotent, where [ is the identity
aperaror

4. The operator induced by T on the quotient space ViKer(T) is a scalar multiple of the identity
0,(}(’!'0!0!’

Let § denote the set of all primes p such that the following matrix is invertible when considered as a
matrix with entries in Z/pd,
(1 2 0

A= 0 3 —1 |. Which of the following statements are true?
\-2 0 2
I S contains all the prime numbers
2 Scontains all the prime numbers greater than 10
3 Scontains all the prime numbers other than 2 and 5
4. S contains all the odd prime numbers.
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8. For a fived positive integer n 2 3, let A be the nxn matrix defined as A = [ - l J, where [ is the

n
identity matvix and J is the nx n matrix with all entries equal to 1. Which of the following statements is

NOT true?
1. A = for every positive integer k. 2. Trace (A)=n-1
3. Rank(A)+Rank(l - A)=n. 4. A is invertible,

New Section 1 Page 13



63, Lot A bea Sx 4 mariv with real entries such that Ax O ifand only if x =0, where x j5 - .
and O is a mull vector. Then, the rank of A is

14 R a2 41

64, Consider the following row vectors
a, = (1LL0.L0.0), . = (LLO.O.LO)
a, =(1,1.0.0.0.1). a, =(1,0.1.1.0.0)
a, =(101.010). @, =(0.100.

The dimension of the vector space spanned by these row vectors is
16 2.5 34 4.3

65.  Let A, =((a,)).n23 where a, = (bf - b_f.), i, j=12,...n for some distinct real
by, b, ,..ub, . Then dei(4) is
L1 =t 2[4y 3.0 41

66.  Let A be an nxn matrix with real entries. Which of the following is correct?
1. IfA=0, then A is diagonalizable over complex numbers.
2. IfA’=l, then A is diagonalizable over real bers
3. IfA’=A, then A is diagonalizable only over compl bers.

4. The only matrix of size n satisfving the characteristic polynomial of A is A.

67.  Let A be a 4 x 4 invertible real matrix. Which of the following is NOT necessarily true?

1. The rows of A form a basis of R",

2. Null space of A contains only the 0 vector.

3. A has 4 distinct eigenvalues.

4. Image of the linear transformation x — Ax on R*is R*
ART - C

68.  Let v,,..v,} bealinearly independent subset of a vector space V, where nz4, Set w, =v, =¥, La¥
be the span of {w& I1<i, j<n}. Then
I {w, I1<i< j<n) spans W,
2. (wyl1Si< jsn) isalinearly independent subset of W,
3w, NISiSn—1,j=i+1} spans W,
4. dimW=n
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i

cor any real square mairiy M, let A (M) be the mumber of positive e,

} . ot A be . ) sitive ¢ ! )
iplicities: Let .I'!h«, an nxn real symmetric matrix and Q be an nx & : of M ¢ "
" gank A “Rank Q'AQ n real invertible matrix. Then

2. Rank A=Rank Q'Ap

e T
S =AT0AQ) 4 =2 'AQ)

Lt T, T, be two linear transformations from R" to R", [¢ (XXX | be g basis of R". §

dhat T(x)#0.for every i=1.2.....n and that .1 Ker T, for every i = 1, 2, ... n. Which A ',',,"PPfl’s,
is dr(‘!!ccessaril'_\' true? o e
. T, is invertible

2. T, is invertible
3 Both T, T,are invertible

4. Neither T, nor T, is invertible

Lo §: 'R be given by Vi v for a fixed we R, w20, Let T R'—R* be a linear transformation
such that B={Vy,....v, } is a set of linearly independent eigenvectors of T. Then

I The matrix of T with respect to B is diagonal.

3. The matrix of T— S with respect to B is diagonal.

3. The matrix of T with respect to B is not necessarily diagonal, but upper triangular.

4

The matrix of T with respect to B is diagonal but the matrix of (T-5) with respect to B is not
diagonal.

Foran nxn real matrix A, A € R and a nonzero vector v e R", suppose that (A— A1) v =0 for some
pasitive integer k. Let I be the nx n identity matrix. Then which of the following is/are always true?

I (A= A""v =0 for all positive integersr. 2. (A=A'"'v=0

3 (A= Al) is not injective 4. A is an eigenvalue of A

Lety be a non-zero vector in an inner product space V. Then which of the following are subspaces of V?
L xeVicx, y>=0).

2{xeVicx,y>=1).

L{xeViex,z>= 0 for all z such that <z,y> =0}.

Axe Vi< x,z >=1 for all z such that <z.y>=1}.
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Let A be a S%5 matrix with real entries such that the sum of the entries in each row of A is 1. Then the
sum of all the entries in A is

1.3 2.15 E 4.125

Let J denote a 101 x 101 matrix with all the entries equal to | and let | denote the identity matrix of
order 101, Then the determinant of J-l is

Lol 2.1 30 4. 100
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(R) he the set of all mxan matriees with real entries. Which of the f"’”DWins S
st o N

76 Let M, |

correct”?

1. There exists A€ Mg (R) such that the dimension of the null space of A is 2, :
. (3 AYATE

s There exists A€ M, (R) such that the dimension of the null space of A is 0.

2 (R)and Be M, (R) such that AB is the 2x 2 identity matriy,

3. There exist Ae M, ’
A€ M (R) whose null space is () Xz Xy Ko X9 € R X200 xpm < )

[}

4. There exists

. o L
27 For the matrix A as given below, which of them satisfy A"=1 ?

cos L sin L 0 1 0 0
4 4 . X
F 4 - y .
I A=]|-sin —‘:— cos = 0 2 A 0 0095 sin—
0 0 ! 0 —sing cosf
3 3

cos T in T 9 i

4 —  sin—

cos® 0 sin= 2 2 |
6 6 !

4 i g
3 A= 0 1 0 4 A= -sma cosi 0 |
T |
—sinZ 0 cos— 0 0 1
6 6
PART -C
78, Let V denote a vector space over a field F and with a basis B={e,.c, e Let XKyt ef Lo
C=(xe, X + Xy, X8, + Xp¢, + ot X0, ) Then
1. C is linearly independent set implies that x, #0 for every i=1.2,...n.
2. x, #0 forevery i=1,2,....n implies that C is linearly independent set.
3. The linear span of C is V implies that x, #0 for every i=1.2,..n.
4. x, #0 forevery i=1,2,....n implies that the linear span of C is V.
" Wﬁgi d*

79, Let V denote the vector space of all polynomials over R of degree less than or equal 10
Jollowing defines a norm on V?
LNpIE= p()1F 4.4+ pin4 )P, peV 2 1 pli=sup,,, | pL pEV

1
3.0 pli=[| po)1dr, pe v 41 pli=sup,oy | PO PEV
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i

L'}

 he vectors inan inner- product space V. satisfying | |
) . =[|v||=

ot 1Y . . :
1 1, <vaw>=- 1. Then which of ."hr_,fh.‘.’rnriug are trye?

lw!|=2 and U,V =)

> .-— ,

wull=2J2

jwtve]| = 292
;!

no forms an orthor ! ;
| L, = v forms 1ormal basis of a e d )
2 -[ 2 } f dimensional subspace of V.

v and 4u-w are orthogonal to each other.

i
Wy w are necessarily linearly independen,

4

Let A be a 4x4 matrix over € such that rank(4)=2 and 4'=
a’r‘agnna.’f:ab;‘e. Then

2
A" # 0. Suppose that 4 is not

1 Oneof the Jordan blocks of the Jordan canonical form of A is [0 I]
o ol

2 ,I—f'-=)f # 0.
3 There exists a vector v such that Av # 0 but A’y = 0,
4 The characteristic polynomial of A is x*- x'.

Let @ &' — C be the map defined by @(x,y) =z, where z=xtiy. Let f: € = C be the function fiz)=="
and F=@" f@. Which of the following are correct?

1. The linear transformation T(x,y)= z(x - ] represents the derivative of F at (x,y).
y X

2. The linear transformation T(x, y) = 1[ v ] represents the derivative of F at (x,).
y x

i The linear transformation T(z)=2z represents the derivative of far 2 € C.
4 The linear transformation T(z)=2z represents the derivative of fonly at 0.

Let V be the vector space of polynomials over R of degree less than or equal to n. For
PO =a; +a,x+..+a,x" in ¥, define a linear transformation T:V =V by

Mojix) = A= ax + a_,t"- o (-1)"ax". Then which of the following are correct?

L Tig one-to-one 2. Tix onto 3. T is invertible 4. det T=0

Considey o homogeneous system of linear equations Ax=0, where A is an mxn real matrix and n > m
Then whicp, of the following statements are ahways true?
©Ax=0 hay o solution,
A¥=0 hag pe non-zero solution.
:;;f;ur a non-zero solution.
‘on of the space of all solutions is at least n-m.

A e R
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85,

86.

&7

88.

89,

BA + B = I— BA®, where 1is the nxn "denn';y ma
iy,
W y

Let A, B be nxn matrices such that
the following is always true?

1. A is nonsingular 2. B is nonsingular 3. A+B is nonsingular 4. AR is nonsingyt,,

4 8 4
Which of the following matrices has the same row space as the matrix | 3 6 | |?
240
110 01 0 100
I 120 2, 3. 4.
001 001 001 010

The determinant of the nxXn permutation matrix

L1y 2 (-1)["] 3.1 41
Here, [x] denotes the greatest integer not exceeding x.

I l+x 14x+x’
The determinant | 1+y 14 y+y?| isequal to

I 14z I+z+47°
1 (z=y)z=x)(y-x) 2 (x=y)x-2)(y=-2)
3 x=-'y-2tz-x’ 4o =y (y =2t —-xY)

Which of the following matrices is not diagonalizable over R.?

110 110

110 1 01
Lo 20 210 2 301 0 41020
001 003 00 2 03
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i

(ISC

5 2 complex matvix such that Psp
a 2x2

is the identiy i
. IV matrix, w, .
P, Then the cigenvalues of P are where P
of .

is the conjugate

2. complex conj
o . X conjugates of cach
r el ol ! "
L '_;:m(m’.\' of each other 4. of moduluy |
3 ed '

(bea real XN orthogonal matrix, that is, A'd=A4'= |
Let .
“rll ing statements are necessarily true?
fpliowtlis . R

A A)={x y)VxyeR

4Ji cigenvalues of A are either +1 or-1.

wr the nXn identity matrix. Which of the

-i The rows of A form an orthonormal basis of R".
;' dis dr'agmmh’:ah!e over R.

01 0
@ IWhich of the following matrices have Jordan canonical form equalto|0 0 0

000

?
[UUI\ 001 011 0
I.,[}UO‘I 21001 310 00 410
0o o) 000 000 0

c o = -

= -

Let A be a 3%4 and b be a 3% matrix with integer entries. Suppose that the system Ax=b has a
complex solution. Then

1. Ax=b has an integer solution

2 Ax=b has g rational solution

3 The set of real solutions to Ax=0 has a basis consisting of rational solutions.
4 Ifb#0, then A has positive rank.

Let f be a non-zero symmetric bilinear form on R'. Suppose that there exist linear transformats

TR S R0 = 1,2 such that for all o pe R, f(o. B) = T, (o 7.(B) Then
L rank =1

2‘ dimBe R’ - fioe B) = 0 for all e R') =2
- s positive semi-definite or negative semi-definite.
@ f(a,a )=0} is a linear subspace of dimension 2

iy 598
The Matrix A = 18§ 2
910

Ay . .
"invertible and the inverse has all integer entries.

satisfies
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96.

9%

98.

99,

100.

101.

2 dertd) is odd.
3 detd) is divisible by 13
4 detid) has at least two prime divisors.

Let A be X5 matriv and let B be obtained by changing one t’!'t'm'é'l';f of A. Let r and g b, the
and B respectively. Which of the following statements is/are correct. "
1 s<r+l 2 r-l<s 3 s=r-| 4 s#r

Let M (K) denote the space of all nXn matrices with entries in a field K. Fix a nop.g;

A=(A Ve M_(K), and consider the linear map T M (K)— M (K) given by T(X)=4x. Then R,

1. mace (T)=n Z:_, A, 2. trace(T) = Z'q E_H Ay
3 rankof Tisn’ 4. Tis non-singular
For arbitrary subspaces U,V and W of a finite dimensional vector space, which of the following b
L UnV+W)cUnV+UNnW 2 UnV+W)2UAV+UAW
3 (WUAV) WU +W)n(V+W) 4. (UnV)+W DU +W)INn(V+W)

Let A be a 4x7 real matix and B be a T7X4 real matrix such that AB =1, where I is the 31,
identity matrix. Which of the following is/are always true?

1. rank (A)=4

2. rank (B)=7

3. nullity (B)=0

4. BA=1,, where I, is the TxT identity matrix

Let R[x] denote the vector space of all real polynomials. Let D: R[x] — Rlx] denote the ¢

bf =£.Vf. Then,
dx

1. Dis one-one

2. Disonto

3. There exists E:R[x) 3R (x) so that D(E(f) = [V,

4. There exists E: R[x] » R[x] so that ED(f )= [V,
000100
000010

Whidcqﬂhefaﬂawr‘ugureer'genvafueuy'fhemarrix 0000012
100000
010000

L ) lﬂOOlDUU‘-‘i
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y “ﬁ[ X ‘\'] where x,y € R such that x* +y? =1, Then we must have
e -y

" ' cosf  sind

. Foramy ™ =1, A =[—sin9 cosﬂ]' where x =cos(@/n), y = sin(8/n)
2 Ay #0

3 A=A
JI 4 is similar to a diagonal matrix over C
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103,

106,

Lot 1 be the space of twice differentiable functions on Rsatisfying f"-2 f'+ /=0

crine T: V= Ry T(f)=(f'(0), f(0)). Then T'is
1. one ~to-one and onto 2. one-to-one but not onto

2 onto but not one-to-one 4. neither one-to-one nor onto

The row space of a 20%50 matrix A has dimension 13. What is the dimension of the space of solutions
of dx=07?
17 2,13 3. 33 4.37

Let A, B be nxn matrices. Which of the following equals trace(A’B’)?
1. ftrace(AB))’ 2. trace(AB’A) 3. trace((AB))) 4. trace(BABA)

Given a 4 %4 real matrix A, let T:R'— R*be the linear transformation defined by Tv = Av, where we
think of B'as the set of real 4x1 matrices. For which choices of A given below, do Image(T) and
Image(T') have respective dimensions 2 and 1?7

(+ denotes a non-zero entry)

00 % » 00 * 0
00 =« 0

0 0 * = -
1A=(0 0 0 s 4o 00
0000 _000‘-
0000 0000
0000

0000 _
3.A=000. 14 D0 = *
o0 = 0 00 = ]
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108,

1w,

Pt U e 44 veal matriy sueh that 10 Let A dim Kerl' for 15 1S 4. Which of the ;fuﬂrr“"l

o ! "
NOE g powsibaliny for the sequence Ayshosh sk :

2 1sisdsd
4 2s3s4s4.

Podsdsdsd
Pradndsd

. . H L} Jn’
W of the tollowing is a lincar transformation from R0 R
\ X

x
Kl ) '. [ wy ) nlyl= Z-x
) el ek

Ity 2. Only g.
ol h 4. all the transformations f, g and h.

et A b an mesn matrix of rank n with real entries. Choose the correct statement.
Idn b ohay a solution for any b,

2 does not have a solution,

A0 Ay bohas a solution, then it (s unique.

4 v O for some nonzero y, where y' denotes the transpose of the vector y.

PART - C

1o,

Hi,

Lot bR o R be the function Fx,y)=<Ax,y>, where (.) is the standard inner product of R* and A
I wnreal mairix. Here D denotes the total derivative. Which of the following statements are
correct”

EmEouy ) = (Auy) +(Axv)

DADE ) 0,

A DE) may not exise Jor some (v,p) e R* <R

4 DI does not exist at (x,y) - {0,0),

Let RSB e 1 ¢ fine: e i

w@contintous function such that L_ | f (x)| dx < oo, Let A be a real nxn invertible mairs

and for vy & R, let (x,) denote the standard inner product in R". Then I f (Axpedx =
3

L et dr .

.L.f(t]l' et 4] Z‘L,f(x)e'(‘l ,,.}Eﬁ_ﬁl

[ fe ) ;

bt “ 4 [, Fet ) _dx
|det A|
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Lae

15.

116,

100
oS A ke seror IS real matrices A with ATA =10 0 0. Then the set S contains
000

2. a matrix of rank one.
4. a non-zero skew-symmetric matrix.

2 milnonent matriv.

s mariv of rank two.

1r nn complex marrix A satisfies A =1, the nxn identitv matrix, where k is a positive integer > |.
opose [ is not an eigenvalue of A. Then which of the following statements are necessarily true?
is diagonalizable. 2 A+A 4. +A" = O, the nxn zero matrix

Doty = mrid) s tardY) = n g4 AT A =

14
-

et S BT be given by Stv) = av for a fivedae R, a# 0. Let T:R* —R"be a linear transformation
cuck that B = v, ..., v,] is a set of linearly independent eigenvectors of T. Then

The matrix of T with respect to B is diagonal.

The matrix of (T - §) with respect to B is diagonal.

The matrix of T with respect to B is not necessarily diagonal, but is upper triangular.

The matrix of T with respect to B is diagonal but the matrix of (T - §) with respect to B is not
diagonal.

Bt o

Let p,ix) = X for xe F.and let § = span {p, P P> wofe Then

I 2 is the vector space of all real valued continuous Sfunctions on R.
2 §2is a subspace of all real valued continuous functions on &
3 P, papsdisd linearly independent set in the vector space of all continuous functions on R
4 Trigonometric functions belong 10 2.
fa b ¢
Let A= 0 a d| bea3=3 matrix, where a,b,c.d are integers. Then, we must have:
00 a|

/ Ifa#0, thereisd polynomial pe QLx) such that p(A) is the inverse of A.

gla) gb) gle)
2 Fm.m*w},-mialqiﬂ-‘]-”‘"'ﬂ"f‘Q(M= 0 gqla)y qld)

0 0 gla
5 i A" = O for some positive integer n, then A" = 0.

a 0 ¢
4 A commules with every matrix of the form | 0 o 0|

0 0 a
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7.

118.

119.

120.

Which of the following are subspaces of the vector space R'?
LoA{(xy.2) x4y =0) 2 {(x.y.2)ix-y= 0}
3. {{x.)',:):x+,\‘=]} 4. {(.r.y.:):x—_\'=1}

Consider non-zero vector spaces V,.V,,V,.V, and linear transformations §,:V',—J’_ 6.r 1,
&, :V—>V, such that Kerd,) = {0}, Ranged,) = Ker(¢,), Ranged,) = Ker(¢,). Range(é, = v, 1,

4 3 :
i Z(-])'dim V,.=0 2. (=1)'dimV, >0

i=l ’

(=1)'dimV, #0

M-

3.3 (1) dimV, <0 4.

Let A be an invertible 4 %4 real matrix. Which of the following are NOT true?
1. Rank A =4.

2. For every vector be R, Ax = b has exactly one solution.

3. dim (nullspace A)2 1.

4. 0 is an eigenvalue of A.

Let u be a real nx1 vector satisfving u'w=1, where u'is the transpose of u. Define A= - 2u ' where

is the n” order identity matrix. Which of the Jollowing statements are true?
1. A is singular 24 =4 3. Trace(d) = n-2 44 =1
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121

122,

91 31 ¢
all the prime numbers p with the property that the matrix 29 3 -

Let § denote the set af

7 23 5
inverse in the field ZipZ. Then o
1.5={31} 2.5=/31,59 3.85={7 13 59 4. S is infinite

For a positive integer n, let P, denote the vector space of polynomials in one variable x wih ry
coefficients and with degree < n. Consider the map T: P, — P, defined by T(p(x)) = p(x’). Then

. Tis a linear transformation and dim range (T) = 5.

2. Tis a linear transformation and dim range (T) = 3.

3. Tis a linear transformation and dim range (T) = 2.

4. Tis not a linear transformation.
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[

LetAbea real 3 % 4 matrix of rank 2. Then the rank of A'4, whe
1. exactly 2

re A' denotes the transpose of 4, is
3. exactly 4

2. exactly 3
4. at most 2 but not necessarily 2

1000
i, Consider the quadratic form Qfv) = vV'Av, where A = 0o V=0, 5,2,W). Then
° 0001
0010
1. Q has rank 3.
2 xy+ 2 = Q(Pv) for some invertible 4 X 4 real matrix P
3oavd _\"b tr= O(Pv) for some invertible 4 X 4 real matrix P
4404 _1': = 2w = Q(Pv) for some invertible 4 X 4 real matrix P.
18, IfAisa 5 = 5 real matrix with trace 15 and if 2 and 3 are eigenvalues of A, each with algebraic
2 g
multiplicity 2, then the determinant of A is equal to
1.0 2.4 3120 4. 180
126 Let A# [ beann * n matrix such that A = A, where I is the identity matrix of order n. Which of the
foltowing statements is false?
Lo -Af=1-A 2. Trace (A) = Rank (A).
3. Rank (A) + Rank (I,~ A) =n. 4. The eigenvalues of A are each equal 10 1.
PART - C
127, Let A and B be n * n matrices over C. Then,
1. AB and BA always have the same set of cigenvalues.
2. If AB and BA have the same set of eigenvalues then AB = BA.
3. If A" exists then AB and BA are simitar.
4. The rank of AB is always the same as the rank of BA.
128, LetAbeanm *n real matrix and b € R"™ withb# 0,

1. The set of all real solutions of Ax = bis a vector space.

2 Ifuandv are two solutions of Ax = b, then hu + (1 - Wv is also a solution of Ax = b, for any he R.

3. For any two solutio™? ¥ and v of Ax = b, the linear combination hu + (1 - ) v is also a solution of
Ax = b only when o<hsl
4. IfrankofAIS” then Ax = b has at most one solution.
. ran -
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129,

130.

131.

132

Let A bean n ~ n matriv over € sueh the

1 every nonzero vector of Cisan cigenvecroy
oS4,
n,

If x, and m, denote the characteristic polynomial and the minimal polynomial mp,crm‘y
' lhgy

1. All cigenvalues of A are equal.
2. All cigenvalues of A are distinct.
3 4= hlforsome ke C where 1is the n % n identity matrix.
4.
X, =M,
22 1
Consider the matrices A={0 2 -1

00 3

2 1 0
and B=|0 2 0} Then
0 0 3

1. Aand B are similar over the field of rational numbers Q.
2. A is diagonalizable over the field of rational numbers Q

3. B is the Jordan canonical form of A.

4. The minimal polynomial and the characteristic polynomial of A are the same

Let V be a finite dimensional vector space over . Let T : V.= V be a linear transformation such he

rank (T') = rank (T). Then,
1. Kernel (T') = Kernel (T).
3. Kernel (T) N Range (T) = {0}.

Let V be the vector space of polynomials over R of degree less than or equal to n.
Forp(x) = a,+ax + .. +ax"inV, define a linear transformation

2. Range (T') = Range (T).
4. Kernel (T') N Range (T") = {0}.

T V= Vby(Tp)(x) =a,+a, x+ ... +ax" Then

1. T is one to one. 2. T is onto.

New Section 1 Page 29
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4. detT=2%1.




_ LA
133, Given a nxn matrix B define e® by e’ =Z? Let p be the characteristic polynomial of B. Then
Jen S
the matrix e™" is

Y . 2.0, 1 el 4 d.,

nem
134, Let A be a nxm matrix and b be a nx | vector (with real entries). Suppose the equation Ar=b

X € R™ admits a unigue solution. Then we can conclude that
I.mzn 2Znzm in=m in>m
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Jit

i the vector space of all veal polynomials of d. .
17 be the vector space of a pol als of degree < 10, Ler T = p'
:-':mn‘ pransformation from Vo V. Consider the hasis {1,x,x°, kS of :’P.f oo
! this basis. Then o

for pe v be

et A be : 4
pegpect 10 the matrix of T with
1. Trace 4™ ! 2 det A=0

. -_
1 there is no ME N such that A™ =0 4. A has a non zero cigenvalue

(. X Xy ¥ = (¥, Y2, ¥, )€ R' be linearly independent. Let 6 = x,y, - Yaky,

Lot X=

SN = NN 8y = Xy - Ky, If Vis the span of x, y, then

1V =y w) 8= 8y + 8w =0) 2.V = ((u,v, w): =8u + 8,v + 8,w = 0]
3V = () (Su+dv=8w=0) 4V ={(u,v,w): Su+ 8y +8,w=0)

LetAbeanxn real symmetric non-singular matrix. Suppose there exists x € R" such that x' Ax <),
Then we can conclude that

1. det (4)<0 2. B = -A is positive definite

3 3yeR:yATy<0 4vye Ry A"y <0
10

Let A= 0 - Let f1 R'xR'— R be defined by f(v,w)=w"Av.

Pick the correct statement from below

1. There exists an eigenvector v of A such that Av is perpendicular to v

2 Theset [ve R’ | f(v,v) =0} is a nonzero subspace of R’

i If v,we R’ are non-zero vectors such that f(v,v)=0= f(w,w), thenvisa scalar multiple of
W

4. Forevery ve R’ there exists a non zero w € R’ such that Slv,w)=0.

PART - C
8. Lot v be the vector space of all complex polynomi als p with deg p s n. Let T V <= V be the map

140,

Iy,

(Mot () = p'11), xe C. Which of the following are corvect?
I dim Ker T'= n. 2.dim range T = 1. 3 dim Ker T= 1. 4. dim range T =ntl.

Let A be an n xn real matrix. Pick the correct answer(s) from the following
I A has at least one real eigenvalue.
2. For all nonzero vectors vweR”, (Aw)(4v) = 0.
:' ':' W’}'rt'l'gmmfue of A"A is a non negative real number.
- YA A s invertible,

Let The anxn matrix with the property T" = 0. Which of the following is/are true?

I . . -
3' :;"I"f-'! n distinet eigenvalues 2. T has one eigenvalue of mufﬂpl_'ﬂ'l’{l "
i an eigenvalye of T, 4. T is similar to a diagonal matrix.
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142,

143,

144,

145,

146.

147.

. . Let -
Let V = {£:{0,1]—& fis a polynomial of degree less than or equal to n). Let J{() = X for 0 Isp

| .
and lot A be the (n41) x (n + 1) matrix given by a, = .[a S0 f; (x)dx. Then which of the fn!':‘owi"g

is‘are true?
1. dimV =n
2. dimV>n

3. A is nonnegative definite, i.e., for all vé R", (rh: 1-} 20.
4. detA >0

Consider the real vector space V of polynomials of degree less than or equal to d. For pe y define
el = max {|p(0)], 120, " (0]}, where p"(0) is the i* derivative of p evaluated at 0. Then 2,

defines a norm on V if and only if
Lkzd-1 2 k<d 3 kzd 4 k<d-1

Let A, B be n = n real matrices such that det A > 0 and det B < 0. For (0 €t < |, consider
Clt)y=1A+(l-yB. Then

1. C(1) is invertible for each t € [0,1]. 2. Thereisatye (0,1) such that Cf1,) is not invertible
3. C(Y) is not invertible for each t € {0,1]. 4. C(1) is invertible for only finitely many t € [0,1].

Let fa,,..., ajand (b, ..b,} be two bases of R". Let P be nxn matrix with real entries such that
Pa=b;i=12 ..n Suppose that every eigenvalue of P is either —1 or 1. Let (J=I+2P. Then which of
the following statements are true?

I fa +2b,[i=12,...n} is also a basis of V. 2. Q is invertible.

3. Every eigenvalue of Q is either 3 or -1, 4.det Q> 0ifdet P> 0.

Let A be an n * n matrix with real entries. Define (x. y) A= ( Ax, Ay). X, yER" Then (x. y) A defines
an inner-product if and only if

L. ker A= {0}. 2. rank A = n.

3. All eigenvalues of A are positive, 4. All eigenvalues of A are non-negative.

{ FORE ,} are unit vectors in R such that Iy ||!— E |<V VH VvelR
-ﬁtpposv A v i '
inl

Then decide the correct statements in the JSollowing
1. vy.v, are mutually orthogonal,

2. v, v} is a basis for R”.

3 vy, are not mutually orthogonal,

4. Atmost n ~ I of the elements in the set [ (O } can be orthogonal
: .
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145

158,

151,

152

183,

3 -1 0

The mafrix -1 2 -lis
0 -1 3
J. positive definite. 2. non-negative definite but not positive defi,
1 negative definite. 4. neither negative definite nor positive definite.

Which of the following subsets of R* is a basis of R*?
g = {(1,0.0.0), (L1,0,0). (1.1,1,0), (L1.1.1)} , B, = {(1,0,0,0), (1,2,0,0), (1,2,3,0), (1,2,3,4)}
B, = ((1,2,0.0), (0.0.1.1). (2.1,0,0), (-5,5,0.0)}

1. B, and B, but not B, 2.8, B,and B,

3, B,and B, but not B, 4.0nly B,
a b c -x a -p
Let Dy=det|x y z | and D, =dety v =b q |. Then
p g r z =c r
1D, =D, 2.D,=2D, 3.D,=-D, 4.2D,=D,

/

cos @ siné 2
Consider the matrix A =( J. where 6 = T Then A™" equals

~sin@ cosé
1A 2.1
1 cos | 36 ainlW] 4 [ 0 IJ
(=sinl38 cos136 =10
Let J denote the matrix of order n % n with all entries | and let B be a (3n) X (3n) matrix given by
00 g
B=l0 1 0 |. Then the rank of B is
0 0
I 2n 231 3.2 ‘3

Which of the following sets of functions from R to Ris a vecior space over R?
Si=(11 lim f(x)=0)

s'zl’fhi'}}xi.rh |I
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5= l.‘l !lirr: Tix) r.:'l'srsl
1. Only §, 2. Only S,
3.5, and S, but not S, 4. All the three are vector spaces

+1, -1 or 0 such that every column hqs exaay
ong

154, Let A be an n X m matrix with each entry equal to
+1 and exactly one -1. We can conclude that
1. Rank A<n-1 2. Rank A =m InEm dn-1<sm
155 What is the number of non-singular 3 X 3 matrices over F, the finite field )tu'.fk two elements?
1. 168 2. 384 3 4.3
PART - C
156.  Let A=[a ] be an nxn matrix such that a; is an integer foralli,j. Let AB = I'with B= [b ] (where|
is the identity matrix). For a square matrix C, det C denotes its determinant. Which of the following
statements is true?
1. Ifdet A= I then det B=1.
2. A sufficient condition for each b, to be an integer is that det A is an integer.
3. Bis always an integer matrix.
4. A necessary condition for each by to be an integer is det A € {-1, +1}.
11
157, Let A= 10 and let @, and 3, denote the two eigenvalues of A" such that | &, 2| f,|. Then
1. @, — oo asn—oo 2. f,—0as n—soo
3. ,8" is positive if n is even. 4. B, is negative if n is odd.
158, Let M, denote the vector space of all nxn real matrices. Among the following subsets of M, decidt
which are linear subspaces.
1.V, ={AeM, : A is nonsingular)
2.V, ={AEM : det (A) =0)
3.V, ={AEM,_ : trace(A) = 0}
4.V, = {BA: AEM, ), where B is some fixed matrix in M,
159.  IfPand Q are inverti 1
If O are invertible matrices such that PQ = - OP, then we can conclude that

LIAB) = THQ)=0 2 THB) =THQ)=1 3. TnP) =-Tr(Q) 4. Tr(P) # THQ)
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an odd number 2 Todet A=faf bean wxn matrix with a | Soralli-1
I“: o =0 for all the other pairs (i.j). Then we can conclude that v 12l and a,=/.
JI'M,\: 1 as an cigenvalue.
{‘ { has -1 as an eigenvalue,
" A has at least one eigenvalue with multiplicity 2 2.
;' A has no real cigenvalues.
W, W, be three distinct subspaces of R" such that each W, has dimension 9. Ler

Let W,
Then we can conclude that

we=W W, nW.
. W may not be a subspace of R 2.dimWs8
S dmwz7 4. dim Ws3

Lot A be a real symmetric matrix. Then we can conclude that

1. A does not have 0 as an eigenvalue 2. All eigenvalues of A are real
34 T exists, then A " is real and symmetric 4. A has at least one positive eigenvalue
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163,

185,

146,

Let A be a 4 % 4 matrix, Suppose that the null space N(A) of A is
{yzw)€ RY: xbydze0, xtyptw= 0). Then
1. dim feolumn space (A)) = |

2. dim {column space (A)) = 2
3 rank (A) = |

4.8 {(L 1, 1,00 (1, 1,0, 1)} is a basis of N(A).
Let A and B be real invertible matrices such that AB = -BA, Then
1. Trace (A) = Trace (B) = 0

2. Trace (A) = Trace (B) = |
3 Trace (A) 0, Trace (B) 1

4. Trace (A) = I, Trace (B) = 0

Let A be an n X n self-adfoint matrix with cigenvalues N, ..., A,

Let I X1l = ﬁx. oy 13, B for X =(xet)e €1 pA) = al ad oA then
SUP gl PAYX W, ix equal to

Lomax(ay + @A, +..+ad) s jsn) 2 max{lag +ad + a1 1S j<n)
3ominfa, + @A, 4o adjls jsn) Jomin{la, +ad +otad s j<n)

Lot px) = w’ + ﬂ‘- Fyhea polimomial, where @, Bore R Fiv y e R

Let 8 =|(a,be)eR': pl)=aly= N b =)k for all x € R, Then the number of clements
in iy
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Lo 2.1
3. stricdly greater than 1 but finite 4. infinite
1 0 2 1 ,
167 Let A=|1 -2 0 |and Ibe the 33 identity matrix. If 6A™ =aA"+bA+clfor g R
0 0 -3
(a,b,c) equals
L(L2 1 2.(1.-1,2) 3@l 4.(1.4.1)
11 2
168. Let A=[1 =2 5| Then the eigenvalues of A are
2 5 -3
1.-4,3,-3 24,31 3 4,-413 442427
PART - C
169.  Consider the vector space V of real polynomials of degree less than or equal to n. Fix distinet ref
numbers a,, a,,....a, For pEV, max{|p(a)|: 05 j S k) defines a norm on V
ILoonlyifk<n 2.onlyifkzn 3. ifk+1sn 4. ifkzn+l
170.  Let V be the vector space of polynomials of degree at most 3 in a variable x with coefficients in R L
T = d/dx be the linear transformation on V to itself given by differentiation. Which of the following it
correct ?
1. Tis invertible
2. 0is an eigenvalue of T
3. There is a basis with respect to which the matrix of T is nilpotent.
4. The matrix of T with respect to the basis {1,1+x, I4+x+x’, [+x+x’+x'} is diagonal.
. o =l whert e
171, Let mn.r be natural numbers. Let A be m x n matrix with real entries such that (AA) =\
the m x m identity matrix and A' is the transpose of the matrix A. We can conclude that
1.m=n 2. AA" is invertible
3. A" A is invertible 4. if m=n, then A is invertible
172, LetAbean n % n real matrix with A = A. Then Mrf

1. the eigenvalues of A are either 0 or | 2. A is a diagonal matrix with diagonal entries
3. rank(A) = trace (4) d.rank (I -A) =trace (I - A)
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For any 11X 0 mairix B, let N(By -~ (x ¢ gr x

ith dim(NCA = 21002, dim (N A
o 0.2 and 4 are cigenvalues of A
Ii. 4 is not diagonalizable

Which of the following 3%3 matrices are diagonali

o2 3] 010
045 2(-100
006 001

Let H be a real Hilbert space and M < H be a closed linear subspace. Let x
N L]

A1 and rank (4)

0} be the nult Space of B Let A

! 3 Then
2. r.r‘('u-nm'mm.‘ fA) - 1)
4 trace (4 - 4

bea 424 marrix

zable over B, 2

123 o1 2
il21 4 ooy’
34 00 o

EH | M Lety, € M be

such that |1x, = ¥,l| = inf{llx;¥|| : yEMY. Then

| suchay,is unigue 2.x, L M

312
Let A=|1 2 3

231
1. A has exactly two positive eigenvalues
3Q(X)20 forall X e R’

1+x 7
Consider the matrix A(x)=| 3x 2x
Bx 17

1. A(x) has eigenvalue 0 for some x€ R
3 A(x) has eigenvalue 0 for all x€R
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3yl M 4x,-y, LM

and A X)=X'AX for X € R’. Then

2. all the eigenvalues of A are positive
4. Q(X)<0 for some X e R’

11

4 lxeR. Then

13
2.0 is not an eigenvalue of A(x) for any x€R
4. Afx) is invertible for every xER



178, Let A be a real symmetric matrix and B = [ + iA, where i = -1, Then
1. B ix invertible if and only if A ix invertible 2. all eigenvalues of B are necessarily real
3. B - I is necessarily invertible 4. B is necessarily invertible
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179, LerA =[ 0 ::| Then the smallest positive integer n such that A = 1 is

1.1 2.2 34 4.6

-1 1] 1

|
180. et A=[1 1 IJ,md b=|3 | Then the system AX = b over the real numbers has
7

B

3 a
no solution whenever p# 7.
an infinite number of solutions whenever a.# 2.
. an infinite number of solutions if o = 2and p# 7
. a unigue solution if o # 2

b ba o~

12 * o2
I181. LetA =L4 3JE M. ®Rand¢ R xR — R be the bilinear map defined by ¢ (v, w) = v Aw,

Choose the correct statement from below:

1. ofv, w) = &fw, v) forall v, w€ R’

2. there exists nonzero v € R’ such that ¢ (v, w) = 0 for all w € R’

3. there exists a 2 X 2 symmetric matrix B such that § (v, v) = v'Bv for all v € R’

Y

Vv Vi || W™
4. themap v : R’ — R defined by ¥ w =¢ o is linear
1 2

V2

W,

PART - C

b
182. Let M =[A= [a d]|a.h,t‘, d € T and the eigenvalues of A are in Q). Then
c
1. M is empry
a b
2 M= a,b,c,del)
c d

3. If A € M, then the eigenvalues of A are in Z
4. If A.B € M are such that AB=1I then det A € (+1,-1)

183.  Let A be a 3x3 matrix with real entries. Identify the correct statements.
1. A is necessarily diagonalizable over B
2. If A has distinct real eig lues then it is diagonalizable over R.
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184,

185,

3.1 A has distinct eigenvalues then it is diagonatizable over €.
4. If all eigenvalues of A are non-zero then it is diagonalizable over C.

Let V' he the vector space over C of all polynomials in a variable X of degree at most 3. Let D:V—V be
the linear operator given by differentiation with respect to X. Let A be the matrix of D with respect to
some basis for V. Which of the Jollowing are true ?

1. A is a nilpotent marrix 2. A is a diagonalizable matrix
0100
0010
3. the rank of A is 2 4. The Jordan canonical form of A is 0001
0000

For every 4x4 real symmetric non-singular matrix A, there exists a positive integer p such that
1. pl+ A is positive definite 2. A" is positive definite
3. A" is positive definite 4. exp(pA) - 1 is positive definite

Let A be an mxn matrix of rank m with n > m. If for some non-zero real number ‘@', we have
¥ AA x=a.x'x, for all x € R" then A' A has

1. exactly two distinct eigenvalues
2.0 as an eig lue with multiplici

3. o as a non - zero eigenvalue
4. exactly two non-zero distinct eigenvalues

A=
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107, Lot R w22, be equipped with standard inner product. Let {v,, v,..., v,} be n column vectors forming

an orthonormal basis of B°, Let A be the n % n matrix Sormed by the column vectors v, ..., v, Then
LA=A" 244" A=A 4. Det(Ad) = |

188 Let A be a (mXn) matrix and B be a (nXm) matrix over real numbers with m < n. Then

1. AB is always nonsingular 2. AB is always singular
3. BA iy always nonsingular 4. BA is always singular
189, fdiva(2X2) matrix over R with Det(A+1) =1+Det(A), then we can conclude that
1 Det(d) =0 2 A=0 3. Trid) =0 4. A is nonsingular
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190,

The svstem of equations:

Pox42% +3av+0-y=6

2o+l 43yl =5
Pox=1x"40-xy+1-y=7
1. has solutions in rational numbers 2. has solutions in real s
3. has solutions in complex numbers 4. has no solution
21 0)°
191.  The trace of the matrix |0 2 0| s
003
L7 2.2+ 3" 3.2:20 43" 4.2°+3"+)
PART - C
12 0 *
192 Let A=|0 0 -2|anddefineforx.y,z€ R, Q(x,y,2)=(xy 2)A| y | Which of the
0 0 1 b4
Jfollowing statements are true?
1. The matrix of second order partial derivatives of the quadratic form Q is 24.
2. The rank of the quadratic form Q is 2
3. The signature of the quadratic form Q is (+ + ()
4. The quadratic form Q takes the value 0 for some non-zero vector (x, y, z)
193.  Let M,(R) denote the space of all n X n real matrices identified with the Euclidean space R Fire
column vector x # 0 in R". Define f: M, (R) = R by f{A) = {A’x, x). Then
1. fis linear 2. fis differentiable
3. fis continuous but not differentiable 4. fis unbounded
194.  Let V denote the vector space of all sequences a = (a, a, ...) of real numbers such that L)
converges. Define ||.|| . V — R by ||a|| = XZ' la,|. Which of the following are true?
1. V contains only the sequence (0, 0, ...) 2. V is finite dimensional
3. V has a countable linear basis 4. Vis a complete normed space
. . ) om with only |
195.  Let V be a vector space over C with dimension n. Let T : V = V be a linear transformation

as eigenvalue. Then which of the following must be true?
LT-1=0 2.(T-p"" =0 (T =0 4.T-p"=0
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198

199

paisalsx 5) matrix and the dimension of the

; ! solution | . ;
!t ) €3 2 Rank (1) > 5 onspace of Ax = 0 is at feast two, then

IR U
ank (A°) - 3 4. Det (A -

LetdA€ M (R) be such that A" = 1oy, Then

;. minimal polynomial of A can only be of degree 2
2 minimal polvnomial of A can on Iy be of degree 3
3. cither 4 = Loyor A =-f,

£ there are uncountably many A satisfying the above

Let A be an n X n matrix (with n > ]} satisfying A — 74 + 127

A be a _ : s o™ O, where [ o and O, d
the identity matrix and zero matrix of order n respectively. Then wkr'ck'of the foi.'oﬂu::lg s:a:e:;rr:‘:::
true?
1. A is invertible 2.0 <714 12n = O where t = Tr (4)

3.4 -7d+12=0whered = Det (4) 4N 7N+ 12 = 0 where ) is an eigenvalue of A

Let A be a (6 X 6) matrix over R with characteristic polynomial = (x - 3 (x - 2)' and minimal
polynomial = (x = 3) (x — 2)". Then Jordan canonical form of A can be

(300000 30000
030000 030000
,jo02100 002100
000210 000200
iuooazn 000020
l0ooo0o0 2 00000?2
300000 310000
[030000 030000
;002100 Joo2zr00

00200 000200
000021 000021
000002 000002

subset of V. Let § denote the closure of S in V with respect

Let V . - Shea
4 be an inner product space e by the inner product. Which of the following statements are

to the topology induced by the metric given
frue?

f.s:(.‘f")a 2's=(sl)1
3. span(S) =(5*)* 4 8t ="
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