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(1)

(2)

(3.)

(4)

A hemispherical bowl is being filled with water at constant volumetric rate. The level of water in the bowl increases
a.) indirect proportion to time,

b.) ininverse proportion to time,

c.) faster than direct proportion to time,

d.) slower than direct proportion to time.

Equal masses of two liquids of densities kg/m3 and 4 kg/m3 are missed thoroughly. The density of the mixture is

a) 4.8kg/m’
b.) 5.0kg/m’
c) 5.2kg/m®
d) 5.4kg/m’®

Two points A and B on the surface of the Earth have the following latitude and longitude co-ordinates.
A:30°N, 45°E

B:30°N, 135° W

If R isthe radius of the Earth, the length of the shortest path from A to B is

NG

a.) —nzR

b) —

c) —

d) —

Amoebae are known to double in 3 min. Two identical vessels A & B, respectively contain one and two amoebae to start
with. The vessel B gets filled in 3 hours. When will A get filled?

a.) 3hours
b.) 2 hours 57 min
c.) 3 hours3 min

d.) 6hours
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(5.)

(6.)

(7.)

(8.)

Students of a school are divided into 4 groups. What is the probability that three friends get into the same group?

a.) %
b.) 6i4
c.) %
d.) 3

A fruit vendor buys 120 Shimla apples at 4 for Rs. 100, and 120 Golden apples at 6 for Rs. 100. She decides to mix them
and sell at 10 for Rs. 200, She will make

a.) no profit, no loss
b.) alossof 4%
c.) againofid%

d.) alossof 10%

4424472142 4712 2

a.) 49
LY
b.) 42+4 2
c.) 19i
16
d.) 222
16

In an enclosure there were both crows and cows. If there were 30 heads and 100 legs, what fraction of them are crows?
a.) 1/3

b.) 1/4

c.) 1/10

d) 3/10
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(9.) A cart wheel rolls along a straight line. If the distance covered is equal to the diameter of the wheel, what is the angle
through which the wheel has turned?

a.) 90°

b.) between 90° and 120°
c.) between 120° and 150°
d.) between 150° and 180°

(10.) In a class of 10 students, 3 failed in 13. History, 6 failed in Geography and 2 failed in both. How many passed in both the
subject?

a.) 1

(11.)

3m

As shown in the diagram above, a sphere is placed on the top of an incline. It rolls down the incline without slipping in
exactly 50. The radius of the sphere is

a.) (ijcm
T

b.) (i)m
V1

c.) (m)cm
V3

d.) 10cm
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(12.)
&C}) .
A set of c;;m;_t;;tric circles of integer radii 1,2, ---N is shown in the figure above. An ant starts at point A;, goes round the
first circle, returns to A;, moves to A,, goes round the second circle, returns to A,, moves to A; and repeats this until it
reaches Ay. The distance covered by the ant is
a) NWN+Drx
b.) 2Nz+N
c) #(N+DN+N-1
d) z#(N-DN+N-1
(13.)

The figure above shows an infinite series of triangles, in which 7 >, > 7,... What is the total length of the solid line

segments in the figure?

14 I
a.) A2
non
7
b.) 1
n—n
2
c.) L
K+n
n-n
d.) >
i
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(14.) If a;, b and ¢, are distinct, how many terms will the expansion of the product

(a,+a,+a,) (b +b,+b,+b,)(c, +¢, +c,+c, +¢5) contain?

a.) 12
b.) 30
c) 23
d) 60
(15.)
8 8
5 6
P
£ /
2 #
< ¢
g
/]
A
b £
° =
B B

papers &

papers

(5] (=

2011 2012
The above plot depicts the number of research publications of a scientist along with the number of citations.
Which of the following statements is not correct?

a.) Intheyear 2012, 50% more papers were published but citations decreased by 25%.

b.) Inthe year 2012, 100% more papers were published but citations were 75% of the number of papers in that year.
c.) The papers published in year 2011 is only 33.33% of the total number of papers in both years.

d.) The total number of citations for both years is 16.66% more than the total number of papers.

5.

(16.) The next number of the sequence 1, 5, 14, 30, 55, .. . is

a.) 85
b.) 90
c) 91
d) 95
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(17.)

(18.)

(19.)

(20.)

height

weight
The distribution of heights and weights in a population is shown above in a 2- parameter scatter plot. The size of the square
is proportional to the number of persons having a particular combination of weight and height. Which statement best
describes the trend in the population?

a.) Height and weight are strongly correlated.

b.) Height and weight are anticorrelated.

c.) Large heights do not imply proportionately large weights.
d.) Height and weight are independent characteristics.

What is the maximum sum of the numbers of Saturdays and Sundays in a leap year?

a) 104
b.) 105
c) 106
d) 107

Two trains of lengths 150 m and 250 m pass each other with constant speeds on parallel tracks in opposite directions. The
drivers and guards are at the extremities of the trains. The time gap between the drivers passing each other and first driver-
guard pair passing each other is 30 s. How much later will the other driver-guard pair pass by?

a.) 10s
b.) 20s
c) 30s
d) 50s

In a room, we have one grandfather, two fathers, two sons, and grandson. The age of one father is seven times the age of
this son. The age of the other father is twice his son’s age. Assuming that there are only 3 people in the room and the
grandfather is 70 years old, how old is the grandson?

a.) 1

b) 2
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c) 5

d.) Cannot be determined

(21.)

(22.)

(23.)

(24.)

Let f be a non constant entire function. Which of the following properties is possible for f fireach zeC?

a) Ref(z)=Imf(2).

b) |f(2)<1.

c) Imf(z)<o0.

d)  f(2)=0.

If /:[0,1]— (0, 1) is a continuous mapping then which of the following is NOT ture?

a.) F c[0,1] isaclosed setimplies f (F) isclosedin R.

b.) If £(0)< £ (1) then f([0, 1]) must be equal to [ £ (0), £ (D)].

c) There mustexist x (0, 1) suchthat f(x)=x.

d) f:([0,1])=(0,1).

Let a, b, ¢ be non-collinear points in the complex plane and let A denote the closed triangular region of the plane with

vertices a, b, ¢. For ze A, let h(z) =|z—al-|z=b|-|z—=¢|. The maximum value of the function #:

a.) is not attained at any point of A.
b.) isattained at an interior point of A.
c.) isattained at the centre of gravity of A.

d.) s attained at a boundary point of A.

Let / be a nonconstant holomorphic function in the unit disc {|z| <1} such that £ (0) =1. Then it is necessary that

a.) there are infinitely many points z in the unit disc such that |f(z)| =1.

b.) f isbounded.

c.) there are at most finitely many points z in the unit disc such that |f (z)| =1.
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(25.)

(26.)

(27.)

(28.)

d.) f isarational function.

How many normal subgroups does a non-abelian group G of order 21 have other that the identity subgroup {e} and G ?

a) o.
b) 1.
c) 3.
d) 7.

For any integers a, b let N, , denote the number of positive integers x <1000 satisfying x =a (mod27) and

x=b(mod37). Then,

a.) thereexist @, b suchthat N, , =0.

b.) foralla,b, N, ,=1.

¢) a b N, ,>1

d.) thereexist a, b suchthat N, ,a =1, and there exist a, b suchthat N, , =2.

Let 7, be the product (standard) topology on R* generated by the base

B, ={(s, t)x(u, v):s<1,

u<v where s, 7, u, ve R}

( B, is the collection of product of open intervals.) Given 7, Re R with 0<r<R and a =(qa,, a,) € R*, let
c(a,r,R)= {(xl,xz) eR’:

r <(x —al)2 +(x, —az)2 <R

Let

B, ={C(a,r,R):aeR2, r, ReR, 0<r<R}.

Let 7, be the topology generated by the base B, .

Then

a) r1,Cr,, 7, #7,.
b) r,cr,7,#7,
c) rcr,

d) 7, &£r,,1, L1,.

The number of group homomorphisms from the symmetric group S; to the additive group Z/6Z is
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(29.)

(30.)

(31.)

a) 1.
b) 2.
c) 3.
d) o.

Ina 2 x 2 contingency table if we multiply a particular column by an integer k(>1), then the odds ratio

a.) willincrease.

b.) will decrease.

c.) remainssame.

d.) willincreaseif k£ >2 and will decrease if k =2.

A popular car comes in both a petrol and diesel version. Each of these is further available in 3 models, L, V and Z. Among all
owners of the petrol version of this car 50% have model V and 20% have model Z. Among diesel car customers, 50% have
model L and 20% model V. 60% of all customers have bought diesel cars. If a randomly chosen customer has model V, what
is the probability that the car is diesel car?

a) 3/8.
b.) 3/5.
c) 1/5.
d) 2/3.

Let X,, X,,... be a Markov chain with state space {1,2,3,4}. Let the transition probability matrix p be given by

/30 0 2/3

/4  1/4  1/4  1/4
P=lo 0 1 0

2/3 0 0 1/3

Which of the following is a stationary distribution for the Markov chain?
a) (174 1/4 1/47 1/4)

b) (1/3 0 0 2/3).

c) (0 1/4 1/2 1/4).

d) (1/3 0 1/3 1/3)
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(32.)

(33

(34.)

1
Let X, X,,..., X, be arandom sample from uniform (9—%,6 + %) . Consider the problem of testing H,: 0= )

1
against H,:0= -5 Define X,, =min{X,, X,,..., X, }. Consider the following test:

Reject H,if X >0, accept otherwise. Which of the following is true?

a.) power of the test = 0 , size of the test = 0,
b.) power of the test =0, size of the test =1.
c.) power of the test =1, size of the test =0.
d.) power of the test =1, size of the test =1.
Suppose the cumulative distribution function of failure time T' of a component is
l—exp(=ct*), t>0,a>1,¢>0

Then the hazard rate of A(¢) is

a.) constant.

b.) non-constant monotonically increasingin ¢ .
c.) non-constant monotonically decreasing ¢ .
d.) nota monotone functionin ¢.

A factorial experiment involving 4 factors F, F,, F; and F, each at 2 levels, 0 and 1, is planned in 4 blocks each of size 4.

One of the these blocks has the following contents:

0 0 0 0
0 1 0 1
1 0 1 1
1 1 1 0

The confounded factorial effect are
a) FEE, KF, EF

b)  RE, FEF, FEF,

¢) FEF, FEF, FFF,

d) FF, FF, FF,F,F,
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(35.) Let X,,€.,5,,€, and €, be independent and identically distributed normal random variables with mean 0 and variance

o’ >0.Define X,,, =pX, +(«/1—p2 ) €1
where 0< p<1, for i=0, 1, 2, 3. Let p ;. denote the partial correlation between X, and X given X, .Then p,,, =

a) p°.
b) p>.
c) 7.
d) 0.

(36.) Consider the following probability mass function Fy 6 (x) where the parameters (6’1, 6’2) take values in the parameter

space

B0

@2)|2) (72) 23) (3]
1 1/11 1/7 1/8 1/9
2 /11 1/14  1/16 1/9
3 8/11 5/7 3/4 2/3
4 /11 1/14  1/16 1/9

Let X be a random observation from this distribution. If the observed value of X is 3, then

a.) MLEof § =1/3, MLE of 8, =3
b.) MLEof  =1/2, MLE of 6, =2.
c) MLEof § =2, MLEof 6,=1/2.
d.) MLEof § =3, MLE of 6, =1/3.

(37.)  Suppose D~ N(0,1) and

U= 1 if D>0
o if D<o.
Then the correlation coefficient between |D| and U is equal to
a.) 0.5.
b.) 0.25.
c) 1.
d.) oO.
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(38.)

(39.)

(40.)

Suppose X, X,,..., X, areindependent and identically distributed random variables each giving an exponential distribution
with parameter 4>0.Let X, <..< X, be the correstponding order statistics. Then the probability distribution of

(X =X/ nX g is

a.) Chi-square with 1 degree of freedom.
b.) Beta with parameters 2 and 1.

c.) F with parameters 2 and 2.

d.) F with parameters 2 and 1.

A population contains three units u;, u, and u;. For i =1, 2, 3, let Y, be the value of a study variable for u, . A simple
random sample of size two is drawn from the population without replacement. Let 7; denote the usual sample mean and

let 7, and T, be two other estimators, defined as follows:

1
E(Yl +Y,) ifu,, u, ara in the sample
1 2 ) i

T, = 5 Y, +§Y3 ifu,, u, arain the sample
1 1 ! .
=Y, +§Y3 ifu,, u, ara in the sample
1 . .
E(Yl +Y,) ifu,, u, ara in the sample

1

T,=4Y, +EY3 ifu,, u, arain the sample
1 1 : :
EYZ +§Y3 ifu,, u, arain the sample

If Y is the population mean, then which of the following statements is true?

a.) Allthe three estimators 7}, T,, T, are unbiased for ¥ .

b.) T, and T, are biased estimator of ¥ but 7, is not.

c) T, and T, are unbiased for ¥ but 7, is not.

d.) 7, and T, are unbiased for ¥ but 7, is not.

Let X,, X,,...,X, bearandom sample form N(H, o-z) where ¢ >0 is known. Suppose @ has the Cauchy prior with

2 -1
1(14_(9—_#) ] ,—00 < G < oo,
n T

with ¢ and 7 known. Then with reference to the posterior distribution of &

density

a.) the posterior mean does not exist and the posterior variance is «.
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b.) the posterior mean exists but the posterior variance is .
c.) the posterior mean exists and the posterior variance is finite.
d.) the posterior variance is finite but the posterior mean does not exist.

(41.) Let W be the Wronskian of two linearly independent solutions of ODE
2y"+y+'y=0teR

Then, for all t, there exists a constant C € R such that W (¢) is

a) Ce.
b.) Ce™.
c) Cée.
d) Ce™.

(42.) Let a, b, ¢ be continuous functions defined on R . Let ¥, V,, V, be nonempty subset of R* such that ¥, U7, ur,=R*

and the PDE a(x, y)u,, +b(x, y)u,, +c(x, y)u,, =0 isellipticin ¥, parabolicin ¥, and hyperbolicin ¥, then
a.) V,,V, andV, are open sets in R’

b.) V¥, andV, are open sets in R*

c) ¥, andV, are open sets in R’

d.) V,,andV; are open sets in R?

(43.) The partial differential equation

_ou,
ot ox?

can be transformed to

o _dv
ot o’
For
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(44)  Let G(x, y) be the Green’s function of the boundary value problem [(1+x)u']' + (sinx)u =0, x €[0,1]u(0) = u(1)=0.

Then the function g defined by

1

g(x) =G x,E , X € [0,1]
a.) s continuous.
- . 1

b.) isdiscontinuous at x = 5 .
c.) isdifferentiable.
d.) does not have the left derivative at x =% .

(45.) The integral equation
1
0(x)= /() +[K(x, y)o(v)dy
0

For K (x, y)=xy® has a solution
a) o()=r().
b.) @(x)=f(x,x).
c) olx)=x
4 1,
d) ¢ =f(@)+x[ Ff (Dax.
(46.) Consider the functional
b i\l
J(y):LF(x,y,y )dx
where
F(x,p,9")=y"+y
For admissible functions y . Then J has

a.) noextremals.

b.) several extremals.
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(47.)

(48.)

(49.)

(50.)

c) y(x)=e™ asanextremal.
d.) y(x)= constant as an extremal.

Let § be a mechanical system with Lagrangian L((j, q, t) and generalized coordinates ¢ = (ql,qz,...,qn) . Then the

Lagrange equations of motion for S

a.) constitute a set of n first order ODEs.

b.) can be transformed to the Hamilton form using Legendre transform.

c.) are equivalent to se of n first order ODEs when expressed in terms of Hamiltonian functions.
d.) isasetof 2n second order ODEs.

Consider the initial value problem
dy
=x+y, y(0)=1.
/ Y,y

Then the approximate value of the solution y(x) at x=0.2, using improved Euler method, with 4/ =0.2 is

a) 111
b.) 1.20.
c) 124
d) 1.48.

Let f,:[1,2]—[0, 1] be given by £, (x)=(2—x)" for all non-negative integers 7 .
Let f(x)= lim , (x) for 1<x<2.Then which of the following is true?

a.) f isa continuous function on [1, 2].

b.)  f, converges uniformlyto f on [1,2] as n — .

c) tim, ., [/, (Dax=]" f(x)dx.

d.) forany ae(l,2) wehave limf", (a)# f'(a).

1
For a fixed positive integer n >3, let A be the nxn matrix definedas 4=1—-—J, where I is the identity matrix and J
n

is the nxn matrix with all entries equal to 1. Which of the following statements is NOT true?
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(51.)

(52.)

(53.)

(54.)

a.) A" = A forevery positive integer k .
b.) Trace (A=n-1
c.) Rank (4)+Rank (/—A4)=n.

d.) A isinvertible.

Let 4 be a 5x4 matrix with real entries such that Ax =0 ifand only if x =0 where x isa 4x1 vectorand 0 is a null

vector. Then, the rank of 4 is

a) a4
b) 5.
c) 2
d) 1.

Consider the following row vectors :

a,=(1,1,0,1,0,0), a,=(1,1,0,0,1,0) a,=(1,1,0,0,0,1),
a,=(1,0,1,1,0,0), a,=(1,0,1,0,1,0) a,=(1,0,1,0,0,1),

The dimension of the vector space spanned by these row vector is

a) 6.
b.) 5.
c) a4
d) 3.

Let 4, xn =((%))a n3, where a, = (b,.2 —bf),i,j =1,2,---,n for some distinct real numbers b,b,,-,b, . Then det(A4) is

Hi<j (bi _bj)

a.)

I, (b +b))

b.)
c) O.
d) 1.

< forall n>1.Then

Let {a,}, {b,} be sequences of real numbers satisfying |a,

bﬂ

a.) zn a, converges whenever Z,, b, converges.
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b.) zn a, converges absolutely whenever Z,. b, converges absolutely.
c.) zn b, converges whenever Zn a, converges.

d.) zn b, converges absolutely whenever Zn a, converges absolutely.
(55.) If Z; a, is absolutely convergent, then which of the following is NOT ture?

a.) Z:=n a,—>0asn—o.

©

b.) a, sinn is convergent.

n=1

c.) Zw e™ is divergent.

n=1

d.) Z:;l a; is divergent.

(56.) Let A>0 and F(x)=1-e ™ for x>0.Thenfor >0, I:e‘”‘dF(x) equals

A
a.) ;
A+t
b.) L
A—t
c) O
d)
(57.) Let
sin
—  ifx=0
f(x)=1 x e
1 ifx= 0.
Then f is

a.) discontinuous.
b.) continuous but not differentiable.
c.) differentiable only once.

d.) differentiable more than once.
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(58.)

(59.)

(60.)

(61.)

(62.)

Let f:[0, 1] [0, 1] be any twice differentiable function satisfying
flax+(-a)y)<af (x)+(1-a) f(y)forall x,y€[0,1] and any a €[0, 1]. Then for all x (0,1)

a) f'(x)=0.
b) f"(x)=0.
c) f'(x)<0.
d) f"(x)<o0.

Let A be an nxn matrix with real entries. which of the following is correct?

a.) |If 42 =0,then A is diagonalizable over complex numbers.

b.) If A4=1 ,then 4 is diagonalizable over real numbers.

c.) |If 4> =A,then 4 is diagonalizable only over complex numbers.

d.) The only matrix of size n satisfying the characteristic polynomial of 4 is A.

Let A be a 4x4 invertible real matrix. Which of the following is NOT necessarily true?
a.) The rows of A form a basis of R*.

b.) Null space of A contains only the 0 vector.

c.) A has 4 distinct eigenvalues.

d.) Image of the linear transformation x> Ax on R* is R*.

LetL=J-l dxs.Then
01+x
a.) L«<l1
b.) L>1
c.) L<Z
4
d) L>Z
4

Let f,g be measurable real-valued functions on R, such that

J._O;(f(x)2 +g(x)2)dx=2 _‘-:f(x)g(x)dx
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(63.)

(64.)

(65.)

Let E={xeR|f(x)=g(x)}. Which of the following statements are necessarily true?

a.) E isthe empty set.
b.) E is measurable.
c.) E hasLebesgue mesure zero.

d.) Foralmostall xeR, wehave f(x)=0 and g(x)=0.

For a continuous function f:R — R satisfying _[R |f(x)|dx <o and forsome a >0, let d, (a) be the Lebesgue measure

of the set {xeR||f(x)|>a}.

Then, for all >0, we have

a) ad (a)<[ |f()]dx.
b) ’d ()< [f(x)]dx.
) d(@<af |f(dx.
d) d (@<a’[ [f()]dx.

Let C(a, r) be the subset of R’ given by C(a, r)= {(x, y)eR*[(x=a) +)* = rz}.
Which of the following subsets of R* are connected?

a) C(0,1)Uc(o,2).

b.) C(0,1)UC(L,3).

c¢) C(0,HUC(1,1)

d) c(0,1)UC(2,1)

Let (X, I ||) be the normed linear space consisting of sequences a = {a(n)}::I such that the series Z; a(n) is

absolutely convergent, with || a||= Z:;Ja (n)|. Let e, denote the sequence in X whose k —th termis 1 and other terms

are 0’s and let

E={ek|keN}.
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Then

a.) X iscompleteinthe norm ||-]|.
b.) E isbounded subset of X .

c.) E isaclosedsubset of X .

d.) E isacompactsubset of X .
(66.) Let f:R* - R? be given by
S(x y)=(x+y, x).
Then
a.) f is not differentiable at the point (0, 0) .
b.) The derivative of f is invertible except on the set {(x,y) e R? |x = y}.
c.) Theinverse image of each pointin R* under f has at most two elements.
d.) f issurjective.

(67.) Let 7}, T, be two linear transformations form R” to R" . Let {xl, xz,u-,xn} be a basis of R" . Suppose that T;x, #0 for

every i=1,2,--,n and that x, L Ker T, forevery i =1, 2,---,n. Which of the following is/are necessarily true?
a.) T isinvertible.

b.) T, isinvertible.

c.) Both T, T, areinvertible.

d.) Neither 7} nor T, isinvertible.

(68.) Let S:R" > R" begivenby vi> av forafixed a eR, a #0. Let T:R" — R" be a linear transformation such that BB

= {vl,---, V,.} is a set of linearly independent eigenvectors of T .Then

a.) The matrix of T with respect to BB is diagonal.

b.) The matrix of 7—.S with respect to BB is diagonal.

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

d.) The matrix of 7 with respect to BB is diagonal but the matrix of (7 —S) with respect to BB in not diagonal.
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(69.)

(70.)

(71.)

(72.)

Foran nxn real matrix 4, A €R and a nonzero vector v e R" suppose that (4 —AI)" v=0 for some positive integer k.

Let | be the nxn identity matrix. The n which of the following is/are always true?

k+r

a.) (4-A1)""v=0 forall positive integers r.
b) (4-aD""v=0.
c.) (A=Al is not injective.

d.) A isaneigenvalue of 4.

Let y be a nonzero vector in an inner product space ¥ . Then which of the following are subspaces of 7' ?
a) {xeV|(x, y)=0}.

b) {xeV|(x, y)=1}

c) {xeV|(x, y)=0for all z such that(z, y) =0}.

d) {xeV|(x,z)=1forall z such that (z, y)=1}.

The function f:R —R isgivenby f(x)= & ]k -1
Which of the following is true about the function f ?

a.) Itis not differentiable exactly at three points of R.
b.) Itis not differentiable at x=0.

c.) Itis differentiableat x=2.

d.) Itis not differentiable at x=1 and x=-1.

Consider the sequence of rational number {g, }k>l where

L |
‘Ikzz

2
n=1 10”

i.e., the sequence is
q,=.1, g, =.1001, g, =.100100001 etc.
Which of the following is true?

a.) This sequence is bounded and convergent in Q.
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b.) This sequence is not bounded.
c.) This sequence is bounded, but not a Cauchy sequence.

d.) This sequence is bounded and Cauchy but not convergentin Q.
(73.) Which of the following subset of R? are uncountable?

a) {(a,b)eR*|a<b].
b) {(a b)eR’|a+beQ}.
c) {(a.b)eR’|abeZ].
d) {(a,b)eR’|a,beQ}
(74.) Let {an }nZl be a sequence of positive numbers such that
a,>a,>a, >

Then which of the following is/are always true?

o0 an
c.) ZM; converges.

o0 an
d.) zn:ly converges.

(75.) Let {Vp""V,.} be a linearly independent subset of a vector space V' where n>4.Set w;, =v,—v,.Let W be the span of

{w; [1<i,j<n}.Then

a) {w;|1<i<j<n}spans W .

b.) {wt.j [1<i<j< n} is a linearly independent subset of W .
c) {w[1<i<n—1,j=i+1} spans W .

d.) dimW =n
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(76.)

(77.)

(78.)

(79.)

For any real square matrix M let A* (M) be the number of positive eigenvalues of M counting multiplicities. Let A be an
nxn real symmetric matrix and Q be an nxn real invertible matrix. Then

a) Rank 4=Rank Q7 4Q.
b.) Rank 4=Rank 0"'4Q.
c) A (4=21(0"40).

d) 2" (D=21"(0"40).

Let f:R” — R" be a differential function. Let Df (x) be the derivative of f at x € R” . Which of the following is/are

correct?

a) Df(0)(u)=0 forall u in R".

b.) Df(0)(u)=0 forall u in R” and some x € R” onlyif f isa constant.

c) Df(0)(u)=0 forall ueR" andall xeR" onlyif f isa constant.

d.) If f isnota constant function, then Df (x) is a one to one function for some x e R”.

If £:8— S isafunction, then we denote by £, the function fo fo---o f (k times). Let f, and f, be two functions

defined on R? as follows
fl(x, y)=(x+1,y+3),

fo(xp)=(x=3,»-2).
Then

a.) Forany positive integer k , there exists a unique (a, b) e R*, such that £ (0, 0)= £ (a, b).

b.) Forany real number a and any positive integer, there is at most one solution y for f*(0, 0)= £, (a, )
c) Thereexists (a,b) e R* suchthat f"(a, b)# f) (x, y) forany (x,y) e R* and any positive integer & .
d.)  f, islinear transformation.

Let / be a holomorphic function on the unit disc {lzI <1} in the complex plane. Which of the following is/are necessarily

true?

a.) If for each positive integer n we have f(lj =i2 then f(z)=2z* on the unit disc.
n) n
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1 1Y
b.) If for each positive integer n we have f(l——) = (1——) then f(z) =2z on the unit disc.
n n

c.) f cannot satisfy f(lj = 1) for each positive integer n .
n n

for each positive integer n .

d.) f cannot satisfy f(ljz

n n+1

1+
(80.) Let f(2)= T2 Which of the following is/are true?
—Z

a.) f maps {lzI<1} onto {Re(z)>0}.
b.) fmaps {lzI<1, Im(2) >0} onto {Re(z)>0, Im(z) > 0}.
c) fmaps {lzl<1, Im(z) <0} onto {Re(z) <0, Im(z) <0}.

d.) f maps {lzZI>1} onto {Im(z)>0}.

z—1

f(z)=

(27[1’)
exp| — |—1
(81.) Let 2 . Then,

a.) f hasanisolate singularity at z=0.
b.) f hasaremovable singularity at z=1.
c.) f hasinfinitely many poles.

d.) eachpoleof f isof order 1.

(82.) Let f be a meromorphic function on C such that |f(z)| >|z| ateach z where f is holomorphic. Then which of the

following is/are true?

a.) The hypotheses are contradictory, so no such f exists.

b.) Suchan f exists.

c.) Thereisaunique f satisfying the given conditions.

d.) Thereisan 4eC with [4]>1 suchthat f(z)= A4z foreach zeC.

(83.) Determine which of the following cannot be the class equation of a group
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(84.)

(85.)

(86.)

(87.)

a.) 10=1+1+1+2+5

b.) 4=1+1+2,

c) 8=1+1+3+3.

d.) 6=1+2+3

Let 4 be a subset of R with more than one element. Let a € 4. If A\{a} is compact, then
a.) 4 iscompact.

b.) everysubset of 4 must be compact.

c.) 4 must be finite set.

d.) 4 isdisconnected.

Let F and F' be two finite fields of order ¢ and ¢' respectively. Then:

a.) F' contains a subfield isomorphic to F ifand onlyif ¢<g'.

b.) F' contains a subfield isomorphic to F if and only if g divides ¢'.

c.) |If theg.c.dof g and ¢' is not 1, then both are isomorphic to subfields of some finite field L .
d.) Both F and F' are quotient rings of the ring Z[.X].

Let R be a non-zero commutative ring with unity 1, . Define the characteristic of R to be the order of 1, in (R,+) ifitis

finite and to be zero if the order of 1, in (R,+1) is finite. We denote the characteristic of R by char (R). In the following,

let R and S be nonzero commutative rings with unity. Then

a.) Char(R) is always a prime number.

b.) if S isaquotient ring of R, then either char(S) divides char(R), or char(S) =0.
c) if S isasubringof R containing 1, then char(S)=char(R).

d.) ifchar(R) is a prime number, then R is a field.

Which of the following subsets of R? is/are NOT compact?

a.) {(x,y)eR2|x2+y2S1}.

b.) {(x,y)e]R2 |x* +y? 21}
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(88.)

(89.)

(90.)

(91.)

c.) {(x,y)e]R2 |x2+y2 <1}

d.) {(x,y)eR2 |x2+y2=1}

Let R be the ring obtained by taking the quotient of (Z/6Z)[X] by the principal ideal (2X +4). Then
a.) R hasinfinitely many elements.

b.) R isafield.

c.) Sisaunitin R.

d.) 4isaunitin R.

Let f(x)=x’+2x"+x—1.Determine in which of the following cases f is irreducible over the field & .
a.) k=Q, thefield of rational numbers.

b.) k=R, the field of real numbers.

c) k=F,,thefinite field of 2 elements.

d.) k=F, thefinite field of 3 elements

Let 4 and B be two disjoint nonempty subset of R? such that 4UB is openin R?. Then,
a.) if Aisopenand AUB is connected then B must be closed in R?.

b.) if A isclosed, then B must be openin R?.

c.) ifboth 4 and B are connected, then AJB must be disconnected.

d.) if AUB isdisconnected, then both 4 and B are open.

Let y be a nontrival solution of the boundary value problem

y"+xy =0, x€la, b],

y(a)=y(b)=0
then
a.) b>0.

b.) y ismonotone in (a,0) if a<0<b.

c¢) y'(a)=0.
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d.) y hasinfinitely many zerosin [a, b].
(92.) Let y:R —> R satisfy the initial value problem
y'()=1-y*(1),teR,
y(0)=0.
Then
a) y(t)=1 forsome 1, eR.
b.) y(t)>-1forall teR.
c.) y isstrictly increasingin R.
d.) y isincreasingin (0, 1) and decreasingin (1, ).

(93.) Let f(x)=e" be approximated by Taylor’s polynomial of degree n ate the point x =% and on the entire interval [0, 1] f
the absolute error in this approximation does not exceed 107, then the value of n should be taken as
a.) O.
b) 1
c) 2.
d) 3.

(94.) The integral equation
IK(x, »)¢(y)dy=f(x)
With K (x, x)#0, forall x can be transformed to
¢(x)+j.G(x, y)p(y)dy=g(x)
where forall x, y

oK
a) K(x,y)=1g=f"and G(x, y)=a(x, y).

b) K(x,x)=1,g=7 and G(x, y)=0.
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1

K(x,x)

d) G(x,y)=1and g(x)=f(x).

f'(x)
K(x, x) '

c.) G(x, y)=

Z—i(x,y) and g(x)=

(95.) If the initial value problem for partial differential equation

ou 0Ou

5+6_2 =0; u(x, 0)=sin(zx), has a solution of the form u(x, t) = ¢(¢)sin(zx),
X

then

a.) ¢ isalways negative.

b.) ¢ is always positive.

c.) ¢ isan increasing function.
d.) ¢isadecreasing function.

(96.) Let P(x, y) be a particular integral of the partial differential equation

0’z ox
—— =2y —?
ox* oy 2%

Then P(2, 3) equals

a) 2.
b) 8.
c) 12
d) 10.

(97.) Let H(é, Q) denote respectively the Hamiltonian and Lagrangian of an autonomous system with ¢ as generalized

momentum and ¢ the generalized coordinate vector. Then

a.) H remains conserved in the motion.
b.) H issimply the total energy of the system.

c.) pisconstantif H isindependentof ¢ .

d.) p isconstantif L isindependentof g .
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(98.)

(99.)

(100.)

Consider a partition of the interval [0, 1] by points of subdivision 0= x,,x,,---,x, =1 with each sub-interval of length 4 .

Let m, be the midpoint of the i" sub-interval [x,_,, x,] and f € C?([0,1]) . Then an error bound for the quadrature rule

ff(x)dngf(mi)h
is
NS
o
0 Lk
o L

Let z=z(x, y) be a solution of

e
dx Oy

passing through (0, 0, 0) . Then z(0,1) is
a.) O.
b) 1.
c) 2.
d) 4

An extremal of the functional
b 2
J(y)= J‘\/l+|y'(x)| dx

a.) is the straight line connecting (a,y(a)) and (b,y(b)).

b.) isa solution to the differential equation y'=C4/1+y" for some constant C .

c.) isasolutionto y"=0.
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(101.)

(102.)

(103.)

d.) does not exist.

010 » ()
let A=/0 0 1]and y=|y,(#)]| satisfy
000 7, @)
4 1
24
—=Ay;t>0; y(0)=]|1
= y(0)
1
Then

t2
a) (t)=1+t+5,

v, =1+t y,(1)=1.
b) vy (6)=1+¢,
t2
yz(t)=1+t+5,y3(t)=1.

c) y@)=1y,@)=1+¢
y, () =1+t+£/2.
d) y,)=e"y(0).

Let feCS([x_L xl]) where x , =X, ~h, x, =x,+h with h>0, f(x,)=fy, f(x;)=f, for j==1,1and f'(x,)=f",.

Then for some & e(x_,,x,) we have

a) fu=tsh kg,
o) =il g,
) pu=tsli ),
a) pu=fsle ),

Let X,,X,,--- be independent and identically distributed standard normal random variables. Which of the following is true?
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JnX,

a.) —————— hasa ¢ -distribution with n—1 degrees of freedom.
NP G
X
b.) \/; L has a ¢ -distribution with n degrees of freedom.

2 2
X+ X

c.) —\/;Xl
NEey

JnX,
VXS o X

(104) Let U, U,-~ U, bei.id.random vector with common distribution N, (0, £), == ((O-ij )) Define

has ¢t -distribution with n—1 degrees of freedom.

d.) has a ¢ -distribution with n degrees of freedom.

S=> UU' S= ((sy)) . Which of the following is/are true?
= Js

a.) zizjsij ~ constant - X .

b.) s,—2s,—s,, ~ constant -X_.
c) s, ~ constant -X_.
d.) s, +s,—2s,~ constant -X_.
(105.)  Consider the following linear programming problem.
Maximize z =2x, +4x,
Subject to

X, +2x, <5
X +x,<3

X%, 20.
a.) Anoptimum solution is (x,,x,)=(1,2).
b.) An optimum solution is (x,, x,)=(3,1).
c) Anoptimum solution is (x,, x,)=(0, 2.5).

d.) The objective function is unbounded.
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(106.)

(107.)

(108.)

Consider a queuing model with one service counter. The arrival and service processes are Poisson with rate 4 and u

respectively. For n=0,1,2--- and pu> A, let

p, = p {at any point of time there are n customers in the system}

-0

Then the average queue length is

A
a.) ——
H—A
A
b.)
u(u=2)
c.) A
Cou(u=a)
d) 4
u—A'

Suppose X is an exponential random variable with mean 1/ 8. Due to round-off X is not observable, and Y defined as
below is observed:

Y=k if k<Y<k+l, k=0,1,2-

Let ¥, Y,, -, Y, be arandom sample from the distribution of Y . Then a consistent estimator of 8 basedon Y, Y,,---Y is

Let X, X,,---, X, be arandom sample from N(,u, 0'2) where g is known. Let C(k, a) denote the quantile of order 1-«
of X;.
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Totest H,:0” <1 versus

H, : Reject H if and only if

Z:’_l(xl.—)_()z >c(n-la)
T, : Reject H, if and only if
Z;’_I(Xl. —y)z >C(n,a)

Which of the following is/are true?

a.) 1T, isa UMP level o test.
b.) T, isa UMP level a test.
c) Both I} and 7, arelevel o tests.
d.) T, isalevel o testbut 7, is not.
(109.) Let X be a geometric random variable with probability mass function given by
P(X=k)=(l—p)kp for k>0 and 0< p<1. Forall m,n>1 we have
a) P(X>m+n|X>m)=P(X>n).
b) P(X>m+n|X>m)=P(X>n).
c) P(X>m+n|X>m)=P(X<n).
d) P(X>m+n|X>m)=P(X<n).

(110) Llet Y, Y,,---Y, be random variable such that E(Y;)=i6, Var(Y,)=i’c" and Cov(Y,Y;)=0 forall 1<i, j<n,i#j,

where 6 and ¢’ are unknown parameters. Consider the following two estimators of & :
1&Y,
Tr=—) -1,
" ,Z::‘ i
6 n
I,=————— ) iY.
’ n(n+1)(2n+1); !

Which of the following statement(s) is(are) true?

a.) T isthe best linear unbiased estimator of 8.
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b.) 7, is the ordinary least square estimator of & .

2
o

c) Var(T)=—.
n

d.) An unbiased estimator of ¢’ is

2
1| &Y 1(&y,
n—lL_l i’ n(;ij ]

(111.) Let X, X,,--, X, and Y,,Y,,---Y, be two independent random samples form two continuous distribution F, and F,

respectively. Define

R =Rank(X,),i=1,2,--,m and
S, =Rank(Yj),=1,2,---,n

in the combined sample

(Xszs“"X Y st""Yn)-

m?> 712
Also define

1 ifU>V

I(U>V)={ i .
0 fU<V

Which of the following test statistic is/are distribution free under H, : F; (x)= F, (x) forall x?
a.) ZR,.

b) >.S.

c) XXX, >Y).

d) YYI(S,>R).

(112.) Let X and Y be random variables with EX?* < . Then, we can conclude that

a) Var (X)=var (E(X]Y)).
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(113.)

(114.)

(115.)

b) Var (X)=E(E(X|Y)).

c) Var (E(X|Y))2E(Var(X|Y)).

d) E(Var(X|Y))zVar(E(X|Y)).

An incomplete block design involving 5 treatments, labeled 1,2,---,5 and two blocks has the following block contents:

Block 7 (1,2,3);
Block 11 (1,4,5).

For i=1,2,---,5 let t, be the effect of the i" treatment. Which of the following statement(s) is (are) true?

a.) The design is disconnected.

b.) All contrasts =t
(i,j=12,---5i# j) are estimable.

c.) The variances of the best linear unbiased estimators of all contrasts # —¢, are the same, assuming that all observation

have the same variance.

d.) The Variance of the best linear unbiased estimators of 7, —¢, is either 20° or 40°, where o is the variance of an

observation.

Let X, X,,---, X, be arandom sample from Uniform (6, 39),0>0. Let X, =max {X,, X

D,

,X,} and
X(l) =min{X1,X2,m,Xn}.
Which of the following is/are true?

X(n) _X(l)

a.) is unbiased for 4.

b.) XX, iscomplete sufficient for & .

X() . . .
c) ———*— isan ancillary statistic.
Xy + X,
1 m ) ,
d) ——2 . &, isunbiasedfor .

2m

A sample of size m(n >2) is drawn from a finite population of N units by probability proportional to size sampling with
selection probability p, .
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(116.)

(117.)

(118.)

(1Si£N,O<pi<1, Zilp;l).

1y
Let T_nzp,.

where y, is the value of a study variable for the i™ unit the sum extends over the units inclided in the sample. Which of

the following statement(s) is(are) true?

a.) T isan unbiased estimator of the population total ZZI Vi -

. . . . N
b.) mT isan unbiased estimator or the population total ZH Vi

c.) Thevariance of T reducesto 0 if p,=1/N forall i, 1<i<N.
d.) Thevariance of T reducesto 0 if y, is proportionalto p, forall i, 1<i<N.

Suppose T denote the survival time of a component having probability density function f(z). T has an exponential

distribution if and only if

£ ()

= rso

is independent of ¢ forall >0

b.) P{T>t+s}=P{T>t}P{T>s} forall, s>0.
c) P{T<t+s}=P{T <t}P{T<s} forall ¢, s>0.
d) Pi{T<t+s}=P{T >t} P{T<s} forall ¢, s>0.

. . _ 2_
let X~N, (4 I) and B, , be any real symmetric matrix of rank k < p such that B4 =0 and B~ =B . Then the
probability distribution of X'BX is

a.) Wishart.
b) x-1.
)  xi-

d.) The same as that of Z;Zf where Z, are independent N (0,1).
Let X,, X,,--- bea Markov chain. For n>1 and for any two states k and /, let

le:P(an:HXm:k) forall m>1.

X

Suppose p; >0 and p7 >0 for some states i and ;j and for some n, m > 1. Identify the correct statements.
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(120.)

a.) If i istransient than j is transient.
b.) d(i)=d(j) where for any state /,d (/) denotes the period of state /.
c.) Ifthe Markov chain is aperiodic then lim, ,, p; =lim,  p.

d.) Ifthe period of state ; is 1, then lim, , p;=lim, p’.

Let X, X,,--- be independent and identically distributed random variables each having a uniform distribution on [-1.1].

1

For n>1, let S, =ZLX. andlet Z =S, /n” forsome p>0.
Then,as n — .

a.) Z,—0 almostsurely for p>1.

1
b.) Z, — 0 in probability for 5<p <l.
1
c) Z, converges in distribution to a non-degenerate random variable if p =E.

1
d.) Z — o almost surely for p<5.

Let X, and X, be independent random variables with cumulative distribution functions (cdf) F; and F, respectively. Let

G be the cdf of X, +X, and H be the cdf of XX, . Identify the correct statements.
a.) If F; isacontinuous function thensois G.

b.) If | is acontinuous function thensois H .

c) If F isastepfunctionthensois G.

d.) If F; isstep function thensois H .
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