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5. Living beings get energy from food
PART A through the process of aerobic
respiration. One of the reactants is

1. During a total solar eclipse occurring at
noon, it becomes dark enough for a few (1) carbon dioxide (2) water vapour
minutes for stars to become vilsihle.‘ The (3) oxygen "(4)  phosphorus
stars that-are seen are those which will be _
seen from the same location

6. What is the angle 0 in the quadrant of a

1. on the following night only circle shown below?

2. on the night one month later

3. on the night three months later

4. on the night six months later

2. A cupboard is filled with a large number
of balls of 6 different colours. You already 0
have one ball of each colour. If you are
blind-folded, how many balls do you need aQe
to draw to be sure of having 3 colour- _l
matched pairs of balls?

1. 133°
2. 90°
(1) 3 2) 4 3. 120°
3 5 4 6 4, May have any value between 90°
and 120°

& Rcs;trlctlmn cndonyf?leatse clez.a\.'fcs DN‘?‘ 7. On exposure to desiccation. which of
82:0;"“2;; A5 s;::; Ili mf?ogmmi:g;litt?:u{ the following bacteria are least likely
enz as four re . . j ;
: : to experience rapid water loss?
sites on a circular DNA molecule. After B P
complete digestion, how many fragments

S [solated rods
would be produced upon reaction with this g

. Rods in chain

1
9 2
g 3. Cocci in chain
a 4 ; @ 4. Cocci in clusters
@) 3 @ 6 8. See the following mathematical
manipulations,
4. In A ABC, angle A is larger than angle C B Latx f 3
and smaller than angle B by the same (ii) thenx —25=x-5
amount. [f angle B is 67°, angle C is (i) (-5 (x+5)=x-5
1y 67° (2) 53° (iv) x+ 5=1 [cancelling (x — 3)

from both sides]

600 (=]
@ - {(v) 10=1 [Puttingx=73]




10.

11.

Which of the above is the wrong step?

() (i) to (iii)
@ (v)to(y)

(1)
3

(i) to (i)
(iii) to (iv)

Inner planets of the solar system are rocky,
whereas outer planets are gaseous. One of
the reasons for this 1s that

1. solar heat drove away the gases
to the outer region of the solar system

2. gravitational pull of the sun pulled
all rocky material to the inner solar
system

3. outer planets are larger than the inner
planets

4. comets delivered the gaseous materials
to the outer planets

The wvariation of solubilities of two
compounds X and Y in water with
temperature is depicted below. Which of
the following statements is true?

80 ~|
0 ~
E -
'E Compaund X
S &0
E s
el
£ 404
= Compound ¥
2 W
-]
w
20
10 ]
o : Tl ki | il e e i
10 20 30 40 50 &0 70 80 30 100
Temparature ["C]

Solubility of Y is less than that of X
Solubility of X varies with temperature
Solubilities of X and Y are the same at
75°C

4. Solubilities of X and Y are independent
of temperature

Pl

The number of craters observed due to
meteoritic impacts during the early stages
of formation, is less on the Earth than that
on the Moon because,

12.

14.

1. formation of craters on the Earth
was difficult due to the presence of
hard rocks

2. impacting bodies on the Earth
were smaller in size

3. craters on the Earth are now
covered by ocean water

4, earlier craters are not preserved
due to continuous modification of
Earth’s surface by geological
PTOCESSES

Which of the following statements about
the concentration of CQ; in the Earth’s
atmosphere is true?

1. It was the highest in the very early
atmosphere of the Earth

2. It has steadily decreased since the
formation of the Earth’s atmosphere

3. It has steadily increased since the
formation of the Earth’s atmosphere

4. Tts levels today are the highest in
the Earth’s history

. When a magnet is made to fall free in

air, it falls with an acceleration of 9.8
m s 2 But when it is made to fall
through a Tong aluminium cylinder, its
acceleration decreases, because

1. a part of the gravitational potential
energy is lost in heating the magnet
2. a part of the gravitational potential
energy is lost in heating the cylinder
3. the said experiment was done in
the magnetic northern hemisphere
4. the cylinder shields the gravitational
force

For an elastic material, strain is
proportional to stress. A constant stress
is applied at time f;. sWhich of the
following plots characterizes the strain
in that material?
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16.

17.
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The conductance of a potassium chloride
solution is measured using the
arrangement depicted below. The specific
conductivity of the solution in Sm~', when
there is no deflection in the galvanometer,
is

Conductivity cell
with cell
constant 10 <}
Galvano.
(G meter
o
(Y /5 &
1 1.0 Q@) 05
(3) 2.0 @ 1.5

Magnesium powder, placed in an air-tight
glass container at 1.0 bar, is bumt by
focusing sunlight. Part of the magnesium
burns off, and some is left behind. The
pressure of the air in the container after it
has returned to room temperature is
approximately

1.0 bar .
1.2 bar

(2) 0.2 bar
(4) 0.8 bar

)
&)

A bell is rung before giving food to a dog.
After doing this continuously for 10 days,
which of the following is most likely to
happen?

18.

19,

20.

—

The dog learns to ignore the bell

2. The dog salivates on hearing the
bell

3. The dog ignores food and runs
towards the bell

4. The dog will not eat food without

hearing the bell

An overweight person runs 4 km
everyday as an exercise. After losing
20% of his body weight, if he has to
run the same distance in the same time,
the energy expenditure would be

1. 20% more

2. the same as earlier

3. 20% less

4. 40% less

What is the half-life of the radio

isotope whose activity profile is shown
below?

100000
80000
43': 50000 -
=
g(.)» 40000
<, 20000
0
o1+ 2 3 4 5 6 7 8 8 WN
Time (days)
1) 1day (2) 3days
(3) 2days (4) 4days
A solid cube of side L floats on water -

with 20% of its volume under water.
Cubes identical to it are piled one-by-
one on it. Assume that the cubes do not
slip or topple, and the contact between
their surfaces is perfect. How many
cubes are required to submerge one
cube completely?

1 4
3) 6

@ 5
(4) Infinite
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22,

23,

PART B

The determinant of the matrix

[ — B — R — i —
o N O O = O
S O M= O <
(= = e = O — I~
LR~ T~ 2 = I )
-0 0 O O N

(y 0 2 -9
3 =27 4 1

Which of the following statements is triie?

1. log x log x

lim—py = 0 and lim~o" ==
r—w X—pod
. logx . logx
2 lim—yr =% and [im—— =0
x-»w0 X x—an X
. logx . logx
3 lim—pz =0 and Jjm——=0
x—em X X
. logx . loex 4..
4. hm_ﬁ =0 DUt fiy €¥ does not
= X x—an X
exist

For a positive integer #, let P, denote the
space of all polynomials p(x)with coefficients
in ./£ such that degp(x) < n, and let
B, denote the standard basis of P, given by
B, ={1,x,x2,...,x"}.lf T :B—»F

is the
T(p(x)) = xzp’(x)-i- fp(t)dr and

A=(a,j) is the 5x4 matrix of T with

linear transformation defined by

respect to standard bases By and B, then

3
=3 3

2, 032=-;—and 033=0

24.

26,

27.

W | =3

4, a32 =0 ﬁlld a33=0

Consider the power series Z a, z" where
nzl

a, = number of divisors of nsu . Then the

radius of convergence of Z a. ' is

nzl

1 1 (2) 50
1

3 55 @ 0

Let p be a prime number. The order of a p -
Sylow subgroup of the group GLsg (]Fp) of
invertible 50 50 matrices with entries from
the finite field ¥, , equals:

) pSO @) plQS

1250 1225
@ p @ p
Let X be a connected subset of real numbers.
If every element of X is irrational, then the
cardinality of X is

@) infinite (2) countably infinite
3 2 “ 1
Suppose the matrix
40 -29 -11
A=1-18 30 -12
26 24 -50

has a certain complex number A # Qas an
eigenvalue. Which of the following numbers
must also be an eigenvalue of 4 ?

1 A+20
3) 20-4 “@)

@ A-20
-20-4



2. Define f: [0,1]=>[0,1] by /5. '_2*?;|

511 P o]
i XE g =i
2 2

Then f is a Riemann-integrable function such
that

2 1 :
4 S < ]U\ffx_,fdx < 1
0 0 0 -4]
29. 100 0
L‘Jl A=
0y 0 5
001 0
Then a Jordan canonical form of A is
% NSTOR YT IATHE
MO | 1o otEto oo
0 02 0 0 02 0
p Do =2] 1_000—2_
Ly -t 4 @ 07
YRR |5 6 0
g 0 290 0 0 2 0
000 -2 0 0 0 -2
dz
30. thf,=_|--———,where
Qz(z—l}(:m?)

C.={zeC :|d=r}, r>0. Then

1. I, =2ri if re(23)

2 1,:% it re(0,1)

31

32

33,

1 [=-27mi if re(l2)
4. 1. =0 if r>3

Let A be 2 5 4 matrix with real entries such that
the space of all solutions of the linear system
AX'=[1,2, 3, 4, 5]is
{([1+25,2+3s, 3+4s,4+5s] : se R}.

(Here M’ denotes the transpose of a matrix
M ) Then the rank of A is equal to

given by

" 3 @ 3
» 2 @ 1

Let A4 be a 3x3 matrix with real entries
such that det{ 4 }=6 and the trace of A is 0.
If det(A+{)=0,

3% 3 identity matrix, then the eigenvalues of
A are

where [ denotes the

m -1,23 @)
@ L2 -3 ®

- (2.w) = ay(2)
+ay (z)w+...+at (z)w", where kK = land

-1,2 -3
-1, =2, 3

2y,-... Q& are non-constant polynomials m the

" complex variable z. Then

{(z.w) e CxC : p(z,w)=0} is
bounded with empty mterior
unbounded with empty interior

1
2
3. bounded with nonempty interior
4

unbounded with nonempty interior

34. Let (X, d) be ametric spacc and let A = X

For x € X, define
d(x,A4)= inf{d(x,a) ‘qae A}.
if d(x,4)=0 forall x€ X, then which of

the following assertions must be true?

(2) Ais closed
@) A=X

(1) A iscompact
(3) AisdenseinX



36.

37.

38.

Let /1 be a positive integer and let /| be.the
space of all 71X 1 matrices A = (aij) with
entries in [{ satisfying a;; =a,, whenever
i+j=r+s (i,j,r.,s =1..,n). Thenthe

dimension of F, as a vector space over /&,

nt
15

. @ n*-n+l

2n-1

(1) n
3 2n+l (4)
Let X be a p dimensional random vector which

follows N (Q IF) distribution and let 4 be a real

symmetric matrix. Which of the following is
true?

1. X7 AX has a chi-square distribution if
A? = A but the converse is not true

2. If X" AX has a chi-square distribution
then the degrees of freedom 1s equal to p

3. If X" AX has achi-square distribution then
the charactenistic roots of 4 are either 0 or |

4. If X'AX has a chi-squarc distribution
then A is necessarily positive definite

For which of the following primes p, does the

polynomial x'+x+6 have a rot of
multiplicity > 1 over a field of characteristic p 7
(1 p=2 @ p=3
3 p=5 @ p=7

Suppose X ~ N(O.'I) and ¥ ~ 2. Which of

the following is always correct?
L X*+Y~ Zj-ﬂ

2 ~X— ~f
Y

3 E(X2+Y):l+n

4. Var(X+Y)=1+2n

39.

40.

41.

The number of multiples of 10* that divide

10%is

1 11 @ 12

@) 121 @) 144

Let D={zeC : |zf<1} andlet f,: D >C
n

be defined by fn(z)-—-z—
n

Then

1. the sequences {f”(z)}

{£i(2)}

on D

tor =2

and

converge  uniformly

(2]
2. the series Z f ,,(z) converges

=1

uniformly on 1D

[~ o]
3. the series 9 f,(z) converges
n=1
forcach z € D

4. the sequence { b (:)} does not

converge unless = =0

Let y,(x) and ¥, (x) form a fundamental set of

solutions of

%+p(.\‘)% +q(x)y=0, a<xZ<b,

where p(x) and g(x)are real valued continuous
functions on [a,b]. If x, and x,, with r,< x,, are

consecutive zeros of y,(x) in (z, b), then

Loy (x)=(x=x,)g,(x) where g,(x) is
continuous on [a, b] with g, (x,) # 0

2. y(x)=(x-x }1 po(x), where p,(x)
is contimuous on [a, b] with p, (xn) =0

3. y,(x) has no zeros in (x;,x,)

4. y,(x,)=0but y\(x,)#0
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43.

The number of group homomarphisms from the
symmetric group S to Z,KGZ is

M 1
@) 3

@ 2
@ 6

The second order partial differential equation

(x-»)'a

2 2
= gfﬂx-y)sin(xz +y2] Ou

xdy

+cos’ (x2 +y* )13—’E +(I—J’)%

ayZ
e 2 2 a:z .
+sin” | x"+ )" | —+u=0is
(xt77) 2
1. Elliptic in the region
{(x,y):x:ty, X2+ <;rr/6}

2 Hyperbolic in the region
+ <E}
7

3 Elliptic in the region

{{x.y]:x# ¥, -z~< %

{(x,y):xﬁy, %{ x? +y2¢BTE]r

4. Hyperbolic in the region

xy)xzy 2+ ?<£
by ¥ y a

Let X, X5, ... be i.i.d. nonnegative integer valued
random variables with finite mean and let N be an
independent positive integer valued random
variable with finite mean. Let

G(s)=E(s" )and H (s) = E(s" )for|s| <1 and
G'(5),H'(s) denote the derivatives of

/(s). H (s)respectively.

ForY =X, + X,+..+ X, . the mean of ¥is given
by

1. H'(G(0))G'(0 ,
2. .G'(H(0)H" (0)

3, hmH‘(G(s))

4. limG'(H(1-5) )H (s)

5T

45.  Let u=u(x, y)be the complete integral of the

46.

47.

48.

PDE B, %:ry passing through the points
ax oy

(0,0,1)and (0&,%) in the x— y —u space.
Then the value of u(x, ¥) evaluated at
(—], l) is

1 o
(3) 2

(2) 1
4 3
An aperiodic Markov chain with stationary

transition probabilities on the state space
{1,2,3,4,5} must have

1. atleast one null recurrent state

at least one positive recurrent state

Lol ]

at least one positive recurrent and at least
one null recurrent state

4, at lcast one transient state

Consider a randomized (complete) block
experiment involving v treatments and »
replicates. Which of the following is true?

1. The variance of the best linear unbiased
estimator (BLUE) of any elementary

treatment contrastis o2/ r , where alis
the variance of an observation

2. The BLUE of a treatiment contrast is
uncorrelated with the BLUE of a block
contrast

3. There are exactly (r—1) linearly

independent linear functions of the
observations, each of which has zero
expectation

4. If g is the general mean and 7; is the

effect of the ith treatment (i =1,2,---,v),
then +7;is estimable for each
Li=1,2,0v
The complete integral of the PDE
Ou ., u Ou
_2+ s
cx axdy oyt
involving arbitrary functions ¢ and ¢, is

Xty

=Xe



49.

—

S(y+x)+d,(y+x)+ %e”"

2. 4 (y+x)+x¢ (J”-")*'@e“-"
3. ¢l(}’_x)+¢z(y—x)+_§ew.\-
4, t.f'.(y—x)+;¢2(y_x)+£¥_;1_e.,,,

Suppose any two points P(x,, ¥, ). Q(x,. 1),
and a function F'(x,p, ') of three independent

variables are given, where y' E%}i‘ In order to
X

find among all curves y = y(x) joining P and Q
that one which furnishes for the definite integral

I(y)= L: F(x,y(x),y(x))dx the smallest

value, which of the following assumption
suffices:

1.  Function F is of class C'
2. Functional F is of class C* for all

systems of values x,y(x) and
»'(x) furnished by all of the admissible
functions

3. Functional F is of class C’ for all
systems of values x, y(x) and
»'(x) fumished by all of the admissible
functions

4. Itis enough to treat y(x) and F to be of

class C' only with respect to their
arguments.

Let X, X, be a random sample from an
exponential distribution with mean 6. Consider
the problem of testing

H, : 6=1against H .‘6‘:% . Suppose the p-

values of the left-tailed tests based on

(X, +X,)and X, are givenby p, and p,
respectively. Which of the following is always
truc?

10

51.

52.

L. p<p;
2. p>py
b P=P

4. Nothing can be said about the relationship
between p; and p,

Consider the following linear programming
problem

MaxZ =2x+x,+ X,

subject to

x—x, <10
2x—x,<40
x—x3<10
X Xp X320,

The problem has

1. an unbounded solution

2. one optimal solution

3. more than one optional solutions
4.

no [easible solution

Consider the equation

Z=(1+ 7 0)¥(0). y(0)=1: 120

where [ is a bounded continuous function on

[0,e0). Then

1. This equation admits a unique solution
y(¢)and further lim y(t)exists and is finite

2. This equation admits two linearly
independent solutions

3, This equation admits a bounded solution
for which lim y () does not exist

4, This equation admits a unique solution
(t)and further, lim y(t) =
=40

Let a sample of size # be drawn from a finite
population of size N using probability
proportional to size sampling with
replacement, the selection probabilities being



55.

1"

N
P 1SisN, 0<p; <landzl:pf=1.
i=

Also, let y, be the value of a study variable for the

ith unit in the sample (1<i<#n) and

T=3y,/(np,). Which of the following is true?
i=1

1. The probability that the i th unit is included
in the sample is p, /0, 1Si<N

2. The variance of T is zero if p, =1/N for
each i, 1<iSN

3. The if Yis
proportional to p,, where for 1<i<N, Y is

the value of the study variable for the ith
unit in the population '

variance of T 1s zero

4, There is no unbiased estimator of the
variance of T

For the computation of +/x+1-1 at

x=1.2345678 %107 using a machine which
keeps 8 significant digits, which of the following
equivalent expressions would be best to use

1, Jx+l-1
2 (1— xl_l]\fﬁ

X

3
;x+l+l
YUx—Ux2+Yex.......

b

Let U/ denote the set of all nxn matrices 4
with complex entries such that A is unitary (i.e.,

}A =1, ). Then U, as a topologica. subspace of
2

C" s

1. compact, but not connected
2. connected, but not compact
3. connected and compact
4

neither connected nor compact

56.

57

Which of the following is correct?

1. The number of degrees of freedom of a
two-particle (connected by a light rod of
length L) system in a vertical plane, where
one of the particles is constrained to move
horizontally, is two

2. The number of degrees of freedom of a
door swinging on its hinges is  three

3. The number of independent generalized
coordinates needed to  specify the simple
pendulum moving in a vertical plane is
two

4. The number of scalar equations needed to
determine  the  motion of an
unconstrained N-particle system is N

A system has three components and the
system works if at least two of the three
components work. The life times of (he
components are independent and identically
distributed exponential random variables with
mean 1. If X denotes the life time of the
system, then E(X) is

1 1 (2 23
@) 56 @ 12

Let X,,..., X, bearandom sample from the
probability density function

f(x)=A" x>0, 150,
where A has the prior density

g(2)=94e7*:2>0.

The Bayes’ estimate of P[1< X, < 2] based on
squared error loss function is

M M
3+Zx | _ 3+3x
4+Zx, 5+ Zx,

n+1 n+l
3+Zx, 4 3+Zx,
4+ Ly, 5+Zx
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; F"'Exf J"'+2 _{34_&[]"*'3 60. Letl };i ) Y:]:;;nd ¥, be four random
B e —-5+Elx,. variables such that
' E(X)=6,-0,;E(Y,)=6,+6,-6,;
P T E(V,)=6,-6,:E(Y,)=6,-6,-6,,
4+ Xx, 5+2Xx, where 8,,6,,6, are unknown parameters. Also

‘59, In a testing of hypothesis problem, the density of
a sufficient statistic T is
& . 6,,6,,0, are estimable
f(t.80)=—.1>1,0>0. The hypothesis
f 2. 6 +0, isestimable
Hu?:t?:] against H, : &@=2 is to be tested and
T = 2.5 is observed. Then the p-value of the 3. 6,—0, isestimable and (I, +1;) is
most powerful test is best linear unbiased estimate of 6, -6,
1) 005 @) 05 4. &, isestimable
3) 06 @ 04
PART C
Unit-1
61.  Which of the following real-valued functions f defined on & have the property that
fiscontinuous and fo f=f?
x ifxe|01],
|x| ifxe[-11], . [01]
M fx)=1 ifxe[-1] @ J(x)={1 ifxzl,
' 0 ifx<0
x ifxe[-1,1], 1 if xe[-23,27],
@) f(x)=41 ifx2l, @) f(x)=¢22+x if x<-23,
-1 ifx<-1 -26+x if x=27
62. Let f:R— R be a continuous function such that If(x)dx exists. Which of the
1]

following statements are correct?

1. if lim f(x) exists, then lim f(x) =0

the limit lim f (x) must exist and is zero
K-woa

in case [ is a nonnegative function, lim f(x) must exist and is zero
X=pod

Ll

in case f is a differentiable function, lim f'(x) must exist and is zero
X=p0

assume that Var(¥,) =c*, i=1,23.4. Then

the



63.

64.

65.

66.

67.

13

Let f(r,0)=(rcos8, rsin) for (r,6)e R* with r 0. Which of the following

statements are correct? (Here Df denotes the derivative of f°).

1. the linear transformation Df (r,8) is not zero for any (r,6)e R*with r 20
2. [ isone-one on {(r,t?) e Rre 0}
3. forany(r,6)e R*with 20, f is one-one ona neighborhéod of (r,0)

4. Df(r,8)=rI forany (r,0)e R*with y 20

The map L: R’ — R*given by L(x,y)=(x,-y)is

(1) differentiable everywhere on R’ (2) differentiable only at (0,0)
(3) DL(0,0)=L (4) DL(x,y)=Lforall (x,y)e R’

o 4]
It is given that the series Z a, is convergent, but not absolutely convergent and
n=1
v el

k
Zan =0. Denote by 5 the partial sum z;;a,,, k=1,2,--- Then
¢ Hn=

n=1
1. s, =0 for infinitely many k
2. 5,>0 for infinitely many k,and s, <0 for infinitely many %

3. itis possible that s, >0 for all &

4. itis possible that s, >0 for all but a finite number of values of &

e )
2x+x° o if x20
Then which of the following statements are correct?

Define f: R— R byf(x)*{

(1) [f"(x)=2 forall xe R (2) f"(0) does not exist

(3) f'(x) exists for each x# 0 4) /'(0) does not exist

Let f:R — R be a differentiable function such that /' is bounded. Given a closed
and bounded interval [a,b], and a partition P={a,=a<a,<--<a,=b} of [a,b], let
M(f,P)and m(f,P)denote, respectively, the upper Riemann sum and the lower
Riemann sum of f* with respect to P. Then
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< (b—a)supﬂf(x)l ixe [a,b]}

1 M(f,P)fjf(x)dx

< (b—a)inf{‘f(x)‘ ix e.[a,b]}

2 m(f,P)—i]'f(x)dx

s M(fP)- [/ ()

S(b—a)2 su;){lf’(x)‘ :xe[a,b]}

4, m(f,P)—I]‘f(x)dx S(Jb—a)2 inf{lf’(x)l :xé[a,b]}

Let f-R"—> R" be the function defined by f (x):x”x"2 forxe R". Which of the

following statements are correct?

@ (pf)0)=0 () (Df)(x)=0forall xe R

(3) f isone-one (4) f hasan inverse

Consider the quadratic form g(x,y,z)=4x"+ y* —z° + 4xy —2xz— yz over B. Which

of the following statements about the range of values taken by ¢ as x,y,z vary over
[, are true?

1. range contains [1,c0)
2. range is contained in [0,)

3. range= R

4. range is contained in [—N,oo) for some large natural number N depending on ¢

Consider a matrix A::(ag )mm with integer entries such that
a;=0 for i>j and ;=1 for i=l....n.
Which of the following properties must be true?

1. A7'exists and it has integer entries
A" exists and it has some entries that are not integers

Alisa polynomial function of A with integer coefficients

= 9 o

A7 is not a power of 4 unless A is the identity matrix
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Let J be the 3x3matrix all of whose entries are 1. Then:
1. 0 and 3 are the only eigenvalues of A

2. J is positive semidefinite, i.e., (J.r,x) >0 forall xe ®°

3. J is diagonalizable
4, Jis positive definite, i.e., (Jx,x} >0 forall xe & with x=0

Let 4,8 be complex nxn matrices. Which of the following statements are true?

1. If A, B, and A+ B are invertible, then 4~ + B~ is invertible

If A B, and A+B are invertible, then 4~ ' =B ! is invertible

LV o |

If AB is nilpotent, then BA is nilpotent

4. Characteristic polynomials of A8 and BA are equal if 4 is invertible

Let @ be a complex number such that @*=1, but w=1. If

1 o &
Ad=|lo & 1|,
w w1

then which of the following statements are true?

1.  Aisinvertible

2. rmank(d4)=2

3. 0 isaneigenvalue of A

4.  there exist linearly independent vectors v, w € C° such that Av=Aw=0

Let A be a 4x4 matrix with real entries such that —1, 1, 2,-2 are its eigenvalues. If

B=A"-54"+51 , where I denotes the 4x4 identity matrix, then which of the following

statements are correct?

(1) det(A+B)=0 (2) det(B)=I
(3) traceof A-Bis0 (4) trace of A+8 is 4

Let M, (R) denote the set of 2x2 real matrices. Let A e M, (®)be of trace 2 and
determinant -3. Identifying M, (®) with ", consider the linear transformation
T:M,(&)— M,(R) defined by T(B)=AB. Then which of the following statements
are true?

(1) 7 isdiagonalizable (2) 2 isaneigenvalue of T
(3) Tisinvertible (4) T(B)=B forsome 0=38 in M,(R)
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76. Let A bea 2x2 non-zero matrix with entries in € such that 4°=0. Which of the
following statements must be true?

1. PAP is diagonal for some invertible 2x 2matrix P with entries in &
A has two distinct eigenvalues in &

"

A has only one eigenvalue in € with multiplicity 2

pc B

Av=v for some ve C?v=0
77.  Consider the linear transformation 7: &’ — R’ defined by

T[%xz'---st-"‘7)=("7”‘6""*"2”‘1)'
Which of the following statements are true?

1. the determinant of 7 is 1

2. there is a basis of &’ with respect to which 7'is a diagonal matrix
3. 1'=1I

4. The smallest n such that 7" = I is even

78.  Let A, ube distinct cigenvalues of a 2x2matrix 4. Then, which of the following
statements must be true?

1. A4? has distinct eigenvalues

S PN
A-p

2. B4

A = Ap(A+p)I

3. trace of 4" is A"+ " for every positive integern

4. A" is not a scalar multiple of identity for any positive integer 7

Unit - 11

79.  Let f be an entire function such that llllm |f(z)i = o, Then
—pan

¢ 1 N
1 j’| —z-)| has an essential singularity at 0.
\

2. f cannot be a polynomial

3. f has finitely many zeros

—W has a pole at 0

-

a, f[l
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Let f be a holomorphic function on D={z € C': |z|<1} such that ‘f{z)lsl Define
g:D->C by

f(z) ifzeD, zz 0,

8’(5-')= z
f'(0) ifz=0.
Which of the following statements are true?
(1) g is holomorphic on D (2) 'g (z)‘ <1 forall ze D
@) |f(z) <1 forallze D @ |r(o)=1

Let f,g be holomorphic functions defined on AU D, where
{ze"’.: ; %~<rzl<]J> and

D {zeC : |z-2|<1}.
Which of the following statements are correct?

A

]

L. if f(z)g(z)=0forall ze AUD,then either f(z)=0forallze Aor g(z)=0 for
all ze 4

2. if f(z)g(z)=0forall ze D, then either f(z)=0forall zeDor g(z)=0 forall
zeD '

3. if f(z)g(z)=0forall ze 4, theneither f(z)=0forall ze Aor g(z)=0 forall
ze A

4. if f(z)g(z)=0forall ze AUD, theneither f(z)=0forall ze AUD.,or g(z)=0
forall ze AUD,

Let Z [f] denote the ring of Gaussian integers. For which of the following values of

is the quotient ring Z[i]/nZ[i] an integral domain?
) 2 2y 13 3 19 4) 7

Let U be an open subset of C containing {ZE C:]z]sl} and let f:U/ >C. be the map
defined by

flz)=¢" 12__;; for a€ D,and y €[0,27].
Which of the following statements are true?

1) ’f{e’”){ﬂ for 0=8<2x (2) f maps {z-as 0 ]z|'<||}nmo itself
(3) f maps {zeC: |f<I}intoitself  (4) f isone-one

§/79 SW/11—4CE—2A
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Which of the following integral domains are Euclidean domains?
1. E[J—_B]——-{a+bs/—_3 - a,beE}

2. Z[x]

3 .-'F?[xz,f]:{f =§a‘.x‘ eR[x]:q =0

4. [ﬁx—]] [ y] where x, y are independent variables and (2, x) is the ideal generated

(2.%)

by 2 and x

Let f:C —C be an entire function and let g:C —»C be defined by
g(z)= f(z) - f(z+1) forzel . Which of the following statements are true?

L. if j'[£]=0 for all positive integers », then / is a constant function

2. if f{n)=0 forall positive integers », then f is a constant function

3. iff [—:;]: f [% - lj for all positive integers 7, theng is a constant function
4, if f(n)=f(n+1) for all positive integers n, theng is a constant function

For xe R", let B(x,r)denote the closed ball in B (with the Fuclidéan norm) of radius
» centered at x. Write 8= B(0,1). If /., g :B — R" are continuous functions such
that f(x)# g(x) forallxe B, then

1. f(BYNg(B)=2@

2. there exists £>0 such that “f(x)—g(x)“}s forall xe B

3.  there exists € >0 such that B(f(x],s)ﬂB(g(x}.z):iZ‘i forall xe B

4. Int(f(B))Nint(g(B))=2, where Ini(E) denotes the interior of a set E.

Let G be the Galois group of the splitting field of x* —2 over Q. Then, which of the
following statements are true?

(1) G iscyclic (2) G isnon-abelian
(3) theorderof G is20 (4) G has an element of order 4

SI79 sw;11—4t:1
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88.  For which of the following values of », does the finite field &, with 5" elements
contain a non-trivial 93™ root of unity?
® 92 @) 30 ) 15 @ 6
89.  Let X denote the product of countably many copies of [0,1]. We let X, denote the
set X equipped with the box topology and let X, denote the set X' equipped with the
product topology. Then
() X, is compact and separable (2) = X, is compact and separable
(3) X, and X,are both compact (4) Neither X, nor [, is separable
90.  Which of the following numbers can be orders of permutations ¢ of 11 symbols such
that & does not fix any symbol?
a 18 2) 30 @) 15 @) 28
Unit - 111
91.  Consider the functional
f(y): E;-\“ + }']2 dx
: : g ; o 1 17
subject to the condition that the left end of the extremal is fixed at the point —, — | and
& oy
the right end (x,, »,) be movable along the straight line y=x-5. Let C, and C, be
arbitrary constants. Then
1. the general solution of the Euler’s equation satisties 2C, +4(', =1
2. the transversality condition that holds at the right end yields
e s G
(1+CH)+(1-C,)===0
\( ) \ [ \ﬂil . Clz
3. therelation C\x,+C,=x -5 is true
7
4. the extremal is __y:—x+i
h
92.  For the integral equation u(x)=f(x)+4 J.K(x,f]rrl’_r)d.' to have a continuous solution

]

in the interval a<x<h, which of the following assumptions are necessary”

l.  K(x.t)#0, is real and continuous in the region a<x<b, a<t<b with
|K (x.t)| <M

2. f(x)#: (. is real and continuous 1n the interval a<x<h,
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3. A isaconstant

4. |A]<m

Suppose that the potential energy J-"'(f.;1 .qz) of a system with generalized coordinates
g, and ¢, has a minimum at ¢, = ¢,=0 and that (0,0)=0. Then

1. the approximate V¥ near (0, 0) is a homogeneous quadratic form in g, and g,
assuming that the terms in powers three (or higher) in the small quantities ¢,
and ¢, are negligible

2. if(0,0) is also a minimum point of approximate ¥, then the quadratic form in the
option | given above is positive definite

3. the requirement in the option 2 given above implies that the approximate V' takes
pusitive values except when g, = g, =0

4. the requirement in the option 2 given above that (0,0) is a minimum point of
approximate ¥ implies that ¢, = ¢, =0 yields a strict minimum of the exact ¥

The integral equation

y(x)=l+Afucos(xd)y(t)dt has

1. aunique solution for 2=4/(z+2)
2. aunique solution for A#4/(7-2)

3. no solution for A=4/(7+2), but the corresponding homogeneous equation has

non-trivial solutions
4. no solution for A=4/(7~-2), but the corresponding homogenous equation has

non-trivial solutions

Consider the Euler’s equations of mation for the free motion of a body relative to its
centre of mass O and principal axes 0X,,0X,,0X ;. If the body is in motion with

OX yas the axis of symmetry with @ =(@,,@,,@;) and L=(L,,L,,L;)as the angular
velocity vector and the angular momentum vector, respectively, then

@, = vonslanl
@, and @, satisfy the simple harmonic motion equation

1
2
3. &, the unit vector along OX,, @, and L lie in the same plane
4

L, = constant

Consider the first order system of linear equations

2, 2] 20
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I.  the coefficient matrix A has a repeated eigenvalue A =1

‘ 1
2. there is only one linearly independent eigenvector X, ={ J

3. the general solution of the ODE is (aX, +bX ,)e', where a,b are arbitrary

. f
constants and X -—{ J, X,=]1
- ——t
2
4. the vectors X, and X, in the option 3 given above are linearly independerit

Consider the interpolation data given below:

X 1] % 3

y|13|-10]2

The interpolating polynomial éonesponding to this data is given by

b, P(")=“3[x—%J(x“3)‘8(x—1)(x—3)+%(x~—1)[x—%)
2 q(x)=3+26(x«1)+%%(x_])(x_%}

3. r(Jc):_—ﬁ-SEx2 +ﬂgx+ ——_283
3 10 10
4. pl)g()+rx)
The Green’s function G(x,t) of the boundary value problem
d’y ldy
y___....'}izl, y(O):y(]):O

d  xdx
e Bnit) = F{%.1), .lf X%t
fi(xr), ift2x,

where

1. fl(x,t)=-%t(l—x2), fz(x,t)=—-21—tx2(1—t2)
3 ﬁ(x,t):—al;tz(l—xz), fz(x,t)z—%xz(l—rz)
5 ﬁ(x,t):—%xz(l—tz), fz(x,t):——;-t(l—xz)

4. fi(x)= —~21—[x2 (1-7), £i(xt)= —‘;;rz (1-%%)
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1.01 0.99

99. Let 4=
0.99 1.0l

2
J, b=[2] and x, be the unique solution of the equation Ax=b,

0
Finally, let = Ax, — Ax,=b— Ax, and r, = Ax, — Ax,=b- Ax, be the corresponding
residues. Which of the following is/are correct?

P a . y 1.01 2
Let X, and X, be the two approximate solutions (1 01] and [ J

561 is a good approximation to x, and 7 is small
321 is not a good approximation to x, but 7 is small

X,is a good approximation to x, and r, is small

BN

562 is not a good approximation to x, but 7, is small

100. Letu (x,t)be the solution of the initial boundary value problem
o |ox*

u(x,O):cos[EziJ, 0<x<w

O<x<o,t>0

‘;—?(x,O) =0, 0<x <o,

Ou
é;(o,r)_o,. 120.

Then

(1) The value of u(2,2)=-1 | (2) The value of u(2,2)=1

(3) The value of u[%%):% (4) The value of u[%%):

4
2 N
101. The differential equation

satisfying the initial condition y=xg(x), u=f(x)with

f(x)=2x, g(x)=1, has no solution
f(x)=2x?, g(x)=1, has infinite number of solutions

f(x)=x3, g(x)=x, has a unique solution

bl e

I (x)=x4, g(x)zx, has a unique solution
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d’y
102. Let —=—g(x)y=0, 0<x<om,
dx’ a(x)y

»(0) =1,==(0)=1, where g(x)is a positive monotonically increasing continuous

function. Then

L y(x)>w asx—w
a4

]

— 0 as X —>w

pe
3. y(x) has finitely many zeros in [0,0)
¥

x) has infinitely many zeros in [0,%0)

Unit - IV

103. Consider a multiple linear regression model with r regressors, »21and the response
variable ¥ . Suppress Y is the fitted value of ¥, R’ is the coefficient of determination
and Raldiis the adjusted coefficient of determination. Then

1. R*always increases if an additional regressor is included in the model
2 R:djalways increases if an additional regressor is included in the model
3. R2R forall r

ad)
4. correlation coefficient between Y and ¥ is always non-negative

104, Let X, X, X, be independent and identically distributed random variables with

n

% g ‘ 1 = \2
common mean z and finite variance o?. Define S, = \/——IZ (X X ,,) where
h—=1j=]

1

_ n
Xy = Z X;. Then which of the following is/are true?
=1
(1) S, is unbiased for estimating o 2) S,f is unbiased for estimating o?
(3) S, is consistent for estimating o “@ S 3 is consistent for estimating o’

105, The statement
““X,, converges to X in distribution”
is equivallent to

1. limsup P[X, < x]<P[X <x] forall real x

n—»ad

2. liminf P[X, <x]2P[X <x] and fiminf P[X, > x]=P[X > x]for all real x
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3. E[g(X,)]—[g(X)]forall bounded continuous functions g

4. E |: g(Xx ,,)] —E [ g(x )] for all uniformly continuous functions g

106. An experiment consists of independent trials. At the » th trial a number is chosen
uniformly at random from {1, 2,...,n}. A random variable T}, is defined as follows
_| L if nischosenatthe nth trial
i { 0, otherwise.

Then
1. P(T,=1forinfinitelymany n>1) =1
2. P(T,=0 forinfinitelymany n=1) = 0
3. P(T,,= and 7, ., =0 forinfinitely many nZl) =1
4. P( land 7, ,, =1 forinfinitely many n>1) 0
107. Let (X L il ) have a multinomial distribution with probability mass
function
P[an = kl’XnZ = kZ’Xn3 = kB'Xnd- = k4] —_—.—.(l)k1(l)*l(n_2 4 n—2 A td

kIl Ik !k, !
where k,,k,.k,.k, are non-negative integers and &, +k, + k&, +k, =n. Then

1. X, converges in distribution to a Poisson random variable with mean 1

2. (an-an) converges in distribution to (X],Xz)where X, and X, are

not independent

3 (X X, ) converges in distribution to (X l,X3) where X, and X, are

nl’
independent
4. (X X o ) does not converge in distribution

nl?="n2?
108. Let.Xy, X ... bei.id random variables with mean 0 and variance 2 and

X i +X i+1 (N ol s .
letY; = —~5 for i > 1. Then the limiting distribution of

1. ——;;(Y +I+et L, )13 normal with mean 0 and variance 1

2. ( 1+ L+ ety l) is normal with mean 0 and variance 1
3. T(Y L R R AT D ) is normal with mean 0 an(i variance 1
4, (Y b L toob By ) is normal with mean 0 and variance 1
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Consider the following primal problem
Max Z=5x+12x, +4x;

subject to

x+2x;, +x;, <10

2% -x,+3x,<8

x, unrestricted, Xy, X3 =20.

Then

1. the objective function of the dual problem isMin W =10y, +8y,

2. two of the constraints of the dual problem are y, +2y, =5, 2y, - y, 212
3. one of the constraint of the dual problem is2y, +3y, 24
4

for a pair of feasible primal and dual solutions we have v, 2 v, where v,

is the value of the objective function in the maximization problem and
v,is the value of the objective function in the minimization problem

For a random variable X with probability density function
f(x):(l +axa_l)e_(x+xa),X>0, a>0,
the hazard function can be
(1) constant for somea (2) an increasing function for some

(3) a decreasing function for somea  (4) a bathtub-shaped function for some &

Let d be a balanced incomplete block design with usual parameters v,b,r,k, 4 and let
7.(1< i <v) be the effect of the i th treatment. Which of the following is/are true?

1. d is connected whenever k=2

v Vv
2. Let p, (1<i<v)be real numbers satisfying > p;=0 andz o =1, The
=i izl

v
variance of the best linear unbiased estimator of Z p;%; , under d, does not

i=l

depend on the p,’s

v v
3. Forl<i<v,let p, and ¢, be real numbers satisfying Z pi=0 :Zqi and
=l =l

P;q; = 0. The covariance between the best linear unbiased estimators of

v

pi7; and ) g7;, under d, is zero
i=

v
e
=1

v
b
=]

4. For d , the inequality b>v+r—k holds
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Consider a finite population of N =nk units, where n(22), k(2 2)are integers. A

linear systematic sample of n units is drawn from the population. Which of the
following is/are true?

1. The probability that the i## unit is included in the sample isl/k, i=1,2,-- N
2. If m,denotes the probability of inclusion of the units i and j in the sample,
i#fij=12..N,then 7, is zero for some pairs (7, j)

3. An unbiased estimator of the population mean of a study variable is the
sample mean
4. There always exists an unbiased estimator of the variance of the sample mean

Let X, X,, X5, X, and },¥,,Y; be two independent random samples from the
continuous distributions F(x)and F(x— A)respectively.
Define Rank (Xi)xRi, i=1,2,3,4 among X,, X,,X,,X,.Y,.Y,.Y,. If the observed value
4
of ZR,. is 11 and the Wilcoxon rank-sum test is used for testing H,;:A=0 against
i=1
H:A>0, then which of the following is/are true?
(1) P-value <0.06 : (2) Reject H, at 5% level of significance
(3) Accept H, at 5% level of significance  (4) AcceptH, at 1% level of significance

(X,1).(X,.Y;),-+.(X,.T,) are independent and identically distributed random vectors

where X, is normally distributed with mean 0 and variance 1 and

P[Y,=2]=P [¥; — 2]=l . Further, X, and Y, are independently distributed for
1 ’ 1 2 i i

i=l,.,nandZ =X Y - X,¥,++(-1)" XY, . Then
(1) Z, is normally distributed foreach » (2) Z, is symmetrically distributed abot

o () o )

Let Q, denote the length of a queue at time nin an M /M /1queue with arrival rate

A>0, service rate u>0and p = i Which of the following is/are true?
M

1. If A<y, then li_r’l’nP(Q,,:k):(l—p)p", k20
1
2k+l’
’ . o o k
3. If A>u then limP(Q, =k)=(1-p) p*, k20

2. If A=y, then limP(Q,=k)= k=0

4. If A= g, then lim P(Q,=k)=0, k20
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Let P be the stationary transition probability matrix of the Markov Chain{X,,,n 2 0},
which is irreducible and every state has period 2. Further suppose that the Markov
chain {¥,,n20} on the same state space has transition probability matrix P?. Both the
chains are assumed to have the same initial distribution. Then

L P[X,=Yp.X,=Y]=1

2. all states of the chain {¥,,n 2 0} are aperiodic

3. the chain {¥,,n2 0} is irreducible

4. ifa state is recurrent for the chain {X,,,n> 0}, then it is also recurrent for the

chain{¥,,n2 0}

X,.X,, -, X, are independent and identically distributed random variables with a

common p.d.f. parametrized by € >0 given by
0 =
f(x)=1x"
0, otherwise.
Let X, =min{X,,....X,} and X, =max{X;,.. X,}. Then

x=6

1. X, issufficient for

min

2. is sufficient for &

n
[1x

i=1
3. X, is maximum likelihood estimator of ¢

4. X, is maximum likelihood estimator of &

Let pr={ b, s #,) be the stationary distribution for a Markov chain on the state

space {1, 2,3,4} with transition probability matrix P. Suppose that the states 1 and 2

are transient and the states 3 and 4 form a communicating class. Which of the
following is/are true?

1) ;fP3=£1P5 ) =0 and u,=0

3 wmtp=1 (4) Oneof yy and y, is zero.

Suppose X is a p-dimensional random vector with variance-covariance matrix 3 | &
B, B,represent p orthonormal eigenvectors of Y, corresponding to the eigenvalues

A > Ay > > A, 20 respectively, then which of the following is/are true?

(1) First principal component isE]T.;Y (2) Var (EIT{( )=/11

(3) P’X and P/ X are correlated ) T’"(Z)"i A
i=1
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120.  Consider the problem of testing H,:X~p,, against H;:X~p, where p, and pare
given by

% 01 | aleaiee? Sl 5

Po(x)=Py (X=x) |0.05]0.02|0.03]|005]035| 05

pi(x) Pu(X=x) [ 2 | 15| 15| 3 | 04107
Po(x) PHO(X=")

Define three tests ¢,,4, and @, such that

1, Afx=0
#ix)= {O, otherwise

L, Nifa=2
$() = {0, otherwise
and

Life=10or2
h) = {0, otherwise.

Then which of the following is/are true?

1 @, is a most powerful test at level 0.05 for testing H |, against
2. ¢, is a most powerful test at level 0.05 for testing H|, against//,
3. ¢, is a most powerful test at level 0.05 for testing H, against H,
4 ¢, is unbiased at level 0.05 for testing Hjagainst H,



