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PART A

1. What is the angle between the minute and
hour hand of a clock at 7: 357
(a) 0°
(b) 17.5°
(c) 19.5°
(d) 20°
2. A stream of ants go from a point A to point B
and return to A along the same path. All the
ants move at a constant speed and from any
given point 2 ants pass per second one way. It
takes 1 minute for an ant to go form A to B.
How many returning ants will an ant meet in
its journey from A to B?
(a) 120
(b) 60
(c) 240
(d) 180
3. The capacity of the conical vessel shown above
is V. It is filled with water up to half its height.
The volume of water in the vessel is
(a) V/2
(b) V/4
(c) V/8
(d) V/16

V¥

4. A large tank filled with water is to be emp-
tied by removing half of the water present in
it everyday. After how many days will there
be closest to 10% water left in the tank?

(a) One
(b) Two
(c ) Three
(d) Four

. n is a natural number. If n° is odd, which of
the following is true?
(A) nis odd
(B) n® is odd
(C) n* is even

(a) A only
(b) B only
(c) C only
(d) A and B only

6. Suppose you expand the product (z1+y1)(x2+
y2) - -~ (x20 + y20). How many terms will have
only one x and rest y’s?

(a) 1
(b) 5

(1]
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(c) 10
(d) 20
7. A 16.2 m long wooden log has a uniform di-
ameter of 2 m. To what length the log should
be cut to obtain a piece of 22 m* volume?
(a) 3.5m
(b) 7 0 m
(c) 14.0m
(d) 22.0m
8. In the figure below the numbers of circles in
the blank rows must be

(o}

0
]

()
(o]

[
o
[w]

8]
oR OPRP

(a) 12 and 20
(b) 13 and 20
(c) 13 and 21
(d) 10 and 11
9. Wll(lt is the last digit of 773?

(a)
(b)
((‘)
(d) 1
10. A lucky man finds 6 pots of gold coins. He
counts the coins in the first four pots to be
60, 30,20 and 15, respectively. If there is a def-
inite progression, what would be the numbers
of coins in the next two pots?
(a) 10 and 5
(b) 4 and 2
(¢) 15 and 15
(d) 12 and 10
11. A bee laves its hive in the morning and af-
ter flying for 30 minutes due south reaches a
garden and spends 5 minutes collecting honey.
Then it flies for 40 minutes due west and col-
lects honey in another garden for ten minuets.
Then it returns to the hive taking the shortest
route. How long was the bee away from its
hive? (Assume that the bee flies at constant
speed)
(a) 85 min
(b) 155 min
(c) 135 min
(d) less than 1 hour
12. Find the missing number:
(a) 1
(b) O
(c) 2
(d) 3
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13. In solving a quadratic equation of the form
x? + ax = b = 0, one student took the wrong
value a and got the roots as 6 and 2; while
another student took the wrong value of b and
got the roots as 6 and 1. What are the correct
values of a and b, respectively?

(a) 7 and 12
(b) 3 and 4

(c) -7 and 12
(d) 8 and 12

14. If we plot the weight (w) versus age (t) of a
child in a graph, the one that will never be
obtained from amongst the four graphs given
below is

L I Lid

15. The distance between two oil rings is 6 km.
What will be the distance between these rings
in maps of 1 : 50000 and 1 : 5000 scales, re-
spectively?

(a) 12 cm and 1.2 cm
(b) 2 cm and 12 cm

(c) 120 cm and 12 ¢cm
(d) 12 em and 120 cm

16. A bird perched at the top of 12 m high tree sees
a centipede moving towards the base of the
tree from a distance equal to twice the height
of the tree. The bird flies along a straight line
to catch the centipede. If both move at the
same speed, at what distance from the base of
the tree will the centipede be picked up by the
bird?

(a) 16 m

(b) 9m
(c) 12m
(d) 14 m

17. An ant goes from A to C in the figure crawling
only on the lines and taking the least length of
path. The number of ways in which it can do
S0 is

(a) 2
(b) 4
(c) 5
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A []

(d) 6

18. A point is chosen at random form a circular
disc shown below. What is the probability that
the point lies in the sector OAB?

A

(where £AOB = x radians)

(d) z/4m
19. A ray of light, after getting reflected twice from
a hemispherical mirror of radius R (see the
above figure), emerges parallel to the incident
ray. The separation of the original incident ray
and the final reflected ray is

20. A king o:dcmd that a golden crown be made
for him from 8 kg of gold and 2 kg of silver.
The goldsmith took away some amount of gold
and replaced it by an equal amount of silver
and the crown when made, weighed 10 kg.
Archimedes knew that under water gold lost
1/20t" of its weight, while silver lost 1/10%.
When the crown was weighed under water, it
was 9.25 kg. How much gold was stolen by the
goldsmith?

(a) 0.5 kg
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4, 28
22. The solution of the Cauchy prot

x%+y-gyi=z, on D={

with the initial condition

x2+3y*=1, z=1
is

1. z=x*+ )’

2. z= (x2 +y2)z

3. z=Q2-C+y*N"?
4. z = (xz +_y2 )V2
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_ZQLCQDSIdELthﬁ:fUD_CL_QﬂB' -
b dy
IN=|Fy,yhdx ; y'=—
) I ».y)dx 5 y'=—

@@=y, b=y,

where y € C*[q, b], Fhas second order continuous partial derivatives with respect to y, ', and

Vis O are given real numbers. Let y = y(x) be an extremizing function for the functional /. Then,
along the extremizing curve

= F remains constant
oF

=0

oy

3. Fﬁygji: = constant
oy _

2.

4. F—y’? = constant

25, Consider the equation of an ideal plan

d*x

dt’
where x denotes the angle of displa
solution is given by (where a, b are coi

=—8inx
'ment, the
1. x{t)=acosht+bsinht

2. x(t)=a+bt

2 vit) = aal 4 ha?t

:t, then for arbitrary real values y;, y;, ...y, the degree of the
() such thatp(x)=y;(1 < i< n)is

teger in the set {24x + 60y + 2000z | x, y, zEZ}?
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28. Suppose observations on the pair (X,

X 1 &

T |
=

¥ 20 | 68

i

58

Let r, and r, respectiveily denote -
between X and Y based on the above

rp=1,r,=1
O<rp<l,rg=1
rr=1,0<r.<1

ol

O0<r,<1,0<r,<1

26. Let £ 2 and 4 be bounded functions on’

wvergent?
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ere is no continuous function f from the set 5.
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36. The function f(x)=a,+a,|x|+a,
1. fornovalues of a,,q,,a,,a,
2. forany value of a,,4,,a,,a,
3. onlyif a,=0
4. onlyifboth @ =0 and a, =0.

1 3 5 a 13
37.Llket A={0 1 7 9 b | wher

f x' =2 over @2, and z=¢ ", g prumniuve seventh roct of unity.

] = b. Then
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40. Suppose X, and X; are independent and identically distributed random variables each fol!owing an
exponential  districution with mean 8, i.e., the common pdf is given by

fo(x)=*é;e""g,0<x<co,0<9<oo.

Then which of the following is true?
Conditional distribution of X; given X; + X; =t is

! . . .
1. exponential with mean E and hence X; +X; is sufficient for 8.

te : .
2. exponential with mean _E and hence X, + X, is not sufficient for 6.

3. uniform (0, t) and hence X, +X; is sufficient for 0.

ipulation of N

components. The lifetimes of the two components are

uted random variables each following an exponential
d lifetime of the system is

“the set {L"‘l-‘ m, ne N}' is
Fri ¥ -
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44, Area enclosed between x-axi

: a=0,b=c0, flx}=

2. g =—0, b=, f(x)

3. O=_7,b=°0, f(X)=

4, a=—7,b6=7, fix} =

45, Consider the following linea

Maximize z = 3x, + 2x;

subject to
1. X1+ X2 1
2. Xq *+ X2 <5

3. 2x; - 3Xx3£6
4. -ZX:_ + 3X2 <&

The probiem has

1. an unbounded solutiol
2. exactiv cne optimal so
3. more than cne optimaea
4. no feasible solutions

46. Let g, b, ¢ be distinct real numbe
(x—al+(x—b)+(x-c)®=0is

47. Consider the following subsets of R?, wherea,b e R .

2
A ={(x,y) = Rzzx—z+-§5- =lLa=b
a

B

Cz{(x,y)e R?*: ax+by+5= O}

D
E

Then which of the following is correct?

PUNP

ol o B

1
2
3
d

2

2

2
={(x,y)sna=;.3+§_zsl,a¢b

= {(x,y)e R?%: ax =by2}
= {(x,y) eR?*:x*+y* = l}

epends on the values of a, b, c.

C and D are compact, but A, B, E are not compact.
A and B are compact, but C, D, E are not compact.
A, B and E are compact, but C, D are not compact.
A and E are compact, but B, C, D are not compact.

the equation
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48. Let pl2), g(z) be two non-zero complex polynomials. Then p(z)g(z} is analytic if an

1. p(z) is constant

2. p(zjg(z}is constant

3. gfz)is a constant

4. p{z)q(z)is aconstant

49, If 2, and 7, are distinct complex numbers such

[

must be equilateral
must be right-angled

must be obtuse angled

$0. Consider the following three pepul

{a} Aq= { {-2, O} {2, 0): {O: “2}; for 2}
{b}' A}!: i {GJ 0}) ('ia 1); {11' 11: ':;'21 3)
(c) A:={{-3,0),{-2, 0), (0, 0}, {2, 0)

1

o

1

that |z,] = |z] =landz, +2 =1, ther

must e isosceles, but not necessar

at

{
TN

1
s

I
e

Suppose one point is selected at ran

ianeled (X, Y}, i=1, 2, 3. Thenthe
Cov{

w N

=

al

gy on R2 containing the sets
z,de R;

:ontaining the sets
ot - c} forall a, beR,c> 0;
ontaining the sets

<c} forall a, beR,c> 0.
er?
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y spaced ciass

be the

o kp owhers a,.=~—k—-, ana o, = ;T 7 et N;

b 1 Then the covariance of Ny and N is

id
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35. A linear transformation T rotates each vector in [R2 clockwise through 90°

to the standard ordered basis ([:}] [OD is
1
-

1,

36. Let : R" — R” be a linear transformat
bijective?

1. Nullity(T)=n

2. Rank (T) = Nullity (T) =n
3. Rank (T) + Nullity (T) = n
4, Rank (T)-=Nullity (T)=n

57. (X, Y) follows the bivariate nc
Then,
i. X+ Yand X— Yare uncc
2. X+Yand X—Yare uncc
3. X+ Yand X —Yare unco

wrelated for all values of o

y e C'[1,0)

. The matrix T relative

Tis

PYQ June 2013 -
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59. Let U,, U,, ... be independent and

distribution on (0, 1). Then lim P

does not exist
exists and equais 0
exists and eqguais 1.

ol oo

3
exists and equals Z

al variabie X Of the form DX} =X +G, % T TéX—L

en unit disc and p{ -1} =0.Then

n
2
)
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62. Let fbe 2 function of R? such that -

wh

Ll F 30wl an)
3 '-\-‘:;/j f\)’*'ﬂ; T

2|

[

. fis a constant on all lines paraile

L¥8]

. fx,y)=0forall (x,y)e R?

4, flx,y)= f{—y,x) forall x,;

.Suppese F- R —>Risaf

)]
(1

Which of the following is ¢
if 2 =1 then fis diffe
if # >0 then fis unif¢
if # >1then fisacor

Bw N

f must be a poiynomi

~r

64. Let S denote the set of all primes p
a matrix with entries in Z/pZ,

1 2 0
A= 0 3 -1
-2 0 2

Which of the following statements are

1. Scontains all the prime numb

~ s * ors greater than 10
2ars otherthan 2and 5
imbers,

» of 10x10 matrices with entries in C. Let W, be the subspace
Choose the correct statements.

100
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66. Let A be a compiex 3x 3 matrix with A® = -1, Which of the following statements are
1. A has three distinct eigenvaiues
2. Aisdiagonalizable over C
3, Ais trianguiarizable over €
4, Aisnon-singuiar

g R
67. Consider the quadratic forms q and p given by

alx, v,z wy=xX +y +2° + bw’ an
plx, v, z, W)= i+ /: +CzZw.

Which of the following statement

1. pandqgareequivalentover
2. pandqare equivalent over !
3. pandqareequivelent over

with b negative.

4, pandqare NOT eguivalent:
§8.iet X, ... , X, be independent ar

density function

tements are true?

itimator of A

mMator of A

timator of A

mator of A
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69. Consider a Markov chain on the state space {1, 2, 3, 4, 5} with transition probability matrix

(% % 0 % 0)
A0 0 % 0
O 0 1 0 o0
X 0 % 0
\% K K K %)

Then which of the following statements are true?

States 1, 2, 4 are recurrent
States 1, 2, 3, 4 are recurre
The chain has a unique stai
The chain has more than o

PN

70, Let Xand Y be independent random ve

ich of
0 tw=Xx 1, ., wherel
{0,1). LetW=X !;m\h}, A
the following statements are true
1. The cumulative distribution funct
2y "
Fult)=! ‘*{u«;;sag Tl
i
2. PIW>0}=—
- - ) ’:’ S Ateesthiibian Bt G G vy 10 L tuoas
ion of W is given by
with probability density function
0. o< <o, a>0, x>u.
‘or some O
ta=1 L

— W
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Let Xy, Xy, ... be independent and identically distributed random variables each fol owing a

uniform distribution on (0, 1). Denote T, = max {X, X, , ... , Xo3. Then, which of the following
statements are true?

L

2
3
4

.

.

T, converges to 1 in probability.
n (1-T,) converges in distribution.
n*(1-T,) converges in distribution,

Jﬂ(l =T, ) converges to 0in probability.

73.Consider the following optimization problem:
Maximize 3x + 4y + 2z, subject to

X+y+z< 12
X+2y—2z< 5
X—y+25 2,

where xy, z 20. Then

PUNP

H

-
g™

the problem has more than one feasible solution

the objective function of the dual problem is to minimize 12u + 5v + 2w
one of the constraints of the dual problem is ¢ — v + w 22

two of the constraints of the dual problem are u + v + w < 3, ur2v-w €4

et X:, X», ... be independent random veriables esch following 2 rormal distribution with
- B . 2 .
unknown mean i and unknown variance o > G, Define

n=2 o
z

T :__; :}- \ﬁ i .
. LK) (Xou=%,)
¥ =S 5 7= and T,=-~ s r>3.
“t -z A B i - A ~
-2 -3 J2
Then which of the following statements are correct?
P 5
1. T1is unbiased for o
. 3" ) )
2. 2= follows a tdistribution with {n —3) degress of freedom.
NI
3 ZZ«- follows 2 Fdistribution with 1 2nd {n - 3) degrees of freedom
7
4, -’?n-z is consistent for estimating u
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75.Let X be a non-negative integer valued random variable with probability mass function f (x}

satisfying {(x+1)f{x+ 1) ={a+ Bx)filx}, x=0,1, 2, ...

Var{X) exist. Then which of the following statements are true?

W

[ 4
1—-7
X
O-5)(i+e)

-

ErX )=

2

ErX )=

e (X)=-—§—-»~;

a-5)

ox

e D g e a—
f=7 ol v (1_,5}2

76. Consider the mode!

Yﬁt=,lz+a,-+ it Ejk s i,f,k =1,2,...,5

; f= 1. You may assume that £(X} and

where g are independent and identically distributed random variables each following a normal
distribution with mean 0 and variance o’ > 0, and W, o, By, i j=1,2,..,5 are fixed parameters.
Then which of the following statements are true?

1

77. let Xy, X, ..

2.
3.
4

Lis estimable

All linear functions of @;, i=1, 2, ..., 5 are estimable
U+ ap+ P is estimable

P = Pz is estimable

., Xz be a random sample from the normal distribution with mean 8 and variance 1,

— 1&
and let the prior distribution of 8 be normal with mean 2 and variance 2. Define X=—in .

Then which of the following statements are true?

1.

2.

3.

4,

The prior is a conjugate prior
- . 16X+2

Posterior mean of O given X is 17

For absolute error loss, the Bayes estimator is

17

For squared error loss, the Bayes estimator is 7

16X +2

16X +2

i=1
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78. Let X be a random variable with density function

260x+1
fx)=¢ 6+1
0 , otherwise

. 0<x<1, 8>-1

Consider the problem of testing H, : 6 <1 against H,;:6>1

Let ¢ be the test given by

9—8c —1
1 if %

2
$x)= ‘ 5 8a -1
0 if x<——

Then which of the following statements are true?

¢ is a UMP size atest

¢ is not @ UMP size o test

For all 8 > 1, the power of the test g at 6 is at least o

For some 8 > 1, the power of the test ¢at 8 can be less than a

HwNp

79 Considfer? 2° factorial experiment laid out as a block design with 4 blocks of size 8 each. Suppose
the prmclp‘al block of this design consists of the treatment combinations (1), ab, de and five
others. Which of the following interaction effects can be confounded in this design?

1. ABC, CDE, ABDE
2. ABC, CDE, ABCDE
3. AB, BC, AC

4. AB, CDE, ABCDE

7 jm L=
80. For a bivariate data set (x, v)),i=1, 2, ..., n, suppose the least squares regression lines are:

Equation1: Sx-8y+14=0
Equation 2:  2x~Sy+11=0

Then which of the following statements are true?

1. The value of the correlation coefficient is —0.80

2. The value of the correlation coefficient is 0.80

3. The standard deviation of y is less than the standard deviation of x

4.(x,y)=(2,3), where f:-]—ij and 7=_—1;y”‘y,
n-—l

i=l i=1
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81. Let Xy, X3, ... , X, be independent and identically distributed random variables each following a
uniform distribution on (6 — 2, & + 2). Define X, = max {Xy, X3, ..., X»} and X{yy = min {Xy, X, ..., X,}.
Then which of the following estimators are maximum likelihood estimators for 97

1 Xg-2

2. Xpt2

3 Xy + X
) 2

1 3
4, Z(Xfl}+2)+z(Xm}_2)

82. Consider a design with 4 treatments labelled 1, 2, 3, 4 and with 5 blocks given by

1, 2 1,3 |14, 2,4 |1, 2,3 ||1, 2,3,4

Which of the following statements are true?

The design is connected but not orthogonal

The design is connected and orthogonal

All treatment contrasts are estimable

Only some pairwise treatment contrasts are estimable

PUWNR

83 A simple random sample of size n is to be drawn from a large population to estimate the
population proportion 0. Let p be the sample proportion. Using the normal approximation,
determine which of the following sample size values will ensure |p — 8| < 0.02 with probability at
least 0.95, irrespective of the true value of 6? [You may assume ®(1.96) = 0.975, ®(1.64) = 0.95,
where @ denotes the cumulative distribution function of the standard normal distribution.]

1. n=1000
2. n=1500
3. n=2500
4, n=3000
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84.Let X;, Xy, Xs, Xu, X5 be independent and identically distributed random variables each following a
uniform distribution on (0, 1), and let M denote their median. Then which of the following
statements are true?

1. P(M <1J=P(M>z)
3 3

2. Misuniformly distributed on (0, 1)
3. E(M)=E(Xy)
4. V(M) =V(Xy)

85. A linear operator T on a complex vector space V has characteristic polynomial x*(x - 5)* and
minimal polynomial x*(x =5). Choose all correct options.
1. The Jordan form of Tis 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 V/Ker(T-5I ) is nilpotent, where lis the
identity operator

4. The operator induced by T on the quotient space V/Ker(T) is a scalar
multiple of the identity operator

86. Consider the function f(z)= z*(1-cos z), z € C. Which of the following are correct?

1. The function f haszeros of order 2at0
2. The function f has zeros of order 1 at 27n, n=t1,12,...
3. The function f has zeros of order 4at 0
4. The function f has zeros of order 2 at 27n, n=t1, +2,...

87. Let B be an open subset of Cand 5B denote the boundary of B. Which of the following
statements are correct?
1. for every entire function f , we have a( f (B))c; f (33)

2. forevery entire function f and a bounded open set 2, we have 6( f (B)) c f(eB)

3. for every entire function f, we haveﬁ( f (B))= f (GB}
4. there exist an unbounded open subset B of Cand an entire function f such that

3/ (B)) < f(F)
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88. let D= { zeC:z|c l} - Which of the following are correct?
1. there exists a holomorphic function S :D—>Dwith £(0)=0 and f1(0)=2
2. there exists a holomorphic function S DD with f(3/4)=3/4and
f'@213)=3/4
3. there exists a holomorphic function S:D—>D  with f(3/4)=-3/4 and
J'(3/4)=-3/4
4. there exists a holomorphic function /:D— D with f(2)=-1/2and  f'(1/4) =1

vavy  UYUA
89. Let f: C — C be an analytic function. For z = x -+ iy,letu,v: R* - R be such that
ufx,y} = Re f(z) and v(x,y) = Im f(z). Which of the following are correct?

2 2
Y
2 2
L2 g—xz—+§)-)—:=0
3 u  u _
' dxdy oOyox
2 2
4. 5v+ o'v —0
oxdy oyox

80.leto=(12)(345)andt=(123456) be permutations in Sg, the group of permutations on six
symbols. Which of the following statements are true? '
1. The subgroups < ¢ > and < t > are isomorphic to each other
2. oand 1 are conjugate in S
3. <0>n<t>isthe trivial group
4. o©and1commute

91. Let S, denote the symmetric group on n symbols. The group S; ® {Z]22)is isomorphic to which

of the following groups?
1. Zj12Z

2. (Z/6Z) e (Z/22)
3, A4, the alternating group of order 12
4. Dy, the dihedral group of order 12
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92, Let F = F3fx] /(.‘f +2x—1), where F;is the field with 3 elements. Which of the following

statements are true?

Eis a field with 27 elements

F is a separable but not a normal extension of Fs

The automorphism group of F is cyclic

The automaorphism group of F is abelian but not cydlic

LR

93. Wwhich of the poiynomials are irreducibie over the given rings?
1. »x°+3x"+9x + 15 over (3, the field of rationals
2. X*+2x*+x+ 1over Z/77, the ring of integers modulo 7
3. X+ x*+x+1over Z, the ring of integers
&, x*+x° +x+x+1cver Z, the ring of integers

£ x

94, Consider the boundary value problem (BVP)
u'"=~f, u(0)=u"(1) =0on [0,1],

du d*u
where ©' Ea and u" = i Assume f (x) is a real-valued continuous function on [0,1]. Then,

which of the following are correct?

1. The Green’s function G(x, ¢ ), (x, £ ) € [0,1]x[0,1), for the above BVP is

x forO0<x<¢
G(x,g' ) =
¢ ford £x<1
oG . ’’G, . _—
2. BothGand 5— are continuous on [0,1] x [0,1] with pw having a discontinuity along x=¢

x
3. Glx, { ) satisfies the homogeneous equation u"=0for0< x< ¢ and ¢ <xs1

x 1
4. The solution of the given BVP is  u(x)= I gy + I xf(¢He

-~ n R [N R — - N 4 e e s -

95. Consider the congruence X" =2 (mod 13). This congruence has a solution for x if

1. n=5
2, n=6
3. n=7
4, n=8

96. Consider the two sets A= {1, 2, 3}and B = {1, 2, 3, 4, 5}. Choose the correct statements.

1. The total number of functions from A to B is 125

2. The total number of functions from A to B is 243

3. The total number of one-to-one functions from A to B is 60
4.  The total number of one-to-one functions from A to Bis 120
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g7. Consider @, the set of rational numbers, with the metric dlp,a) = ip — gi. Then which of the
following are true?
1. {geQ iz< qz'«: 3}is closed
2. {ge Q| 2<q*<4}is compact
3. {geQ|2<q" <4}isciosed
4. {ge Q| g° = 1}is compact

8. Which of the feilowing define a metricon R?
i —

I+ x— 5]

2. dxy) = ix— 2yl + {2y —xi

3. di{xy) = Ix* — v

4. dloy) = 1% —y7

E. Sy) =

ial imati involvi dinate function, for the
22, Let v...{x] be a polynomial approximation, invoiving enly one coordina .

TN I e e =0 N =D
iw;*:j Ikzy - E{),';: M _}\C} U,_’v’i\l} CS_
1]

i thod e C[0,1] 3 i ex xtremizing function, then
using Rayleigh — Ritz method; here y € C7[0,1]. if y,(x)}is an exact extrer g

y,and y_, are coincidentat

1. x =0 but not at remaining points in o, 1]

2. X =1 but not at remaining points in [0, 1]

3. x =0 and x = 1, but not at other points in [0, 1]
4. all points x [0,1]

100. Let f: R — [0,0) be a non-negative real valued continuous function. Let

n if fix
4 (=5 J 1

7 VI0e[ 40

i (x) = 0 i f(x)e[zi,,-%l*]

n2"—|
And g, (x) =4 (x)+ Z B (x). As n t 0o, which of the following are true?
k=0
gn(x) T f(x) forevery xe R

1.

2. givenanyC>0, g, (x) Tr (x) uniformly on the set {x: S (x) <C }
3. g7 f(x) uniformly for x e R
4,

givenany C>0, g,(x) T 7(x) uniformly on the set {x cf(x)= C'}
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101. Llet X, X», ... be independent random variables each following exponential distribution with
mean 1. Then which of the following statements are correct?

1. P {X,> lognforinfinitelymanyn21)=1
2. P(X,>2lognforinfinitelymanyn21)=1

3. P> %Iog n forinfinitely manyn21) =0

4. PX,>logn, X,.1>log (n+1)forinfinitely manyn=1)=0

102. let 4 cR fornzl,and », :R—> {0,1} be the function
_ V0 if xe4
n)={3 et
Let g(x) = limsup z, (x) and A(x) = liminf y, (x).
n-se R=p0
1. if g(x) = h(x) =1, then there exists m such that for all # 2 m we have x€ 4,.
2. if g(x)=1and(x)=0, then there exists m such that for all 72 m we have x € 4,.
3. if g(x)=1landh(x)=0then there exists a sequence 1,n, ...of distinct integers such

thatx e 4, foralik21.
4. I g(x) = h{x) = Othen there exists m such that for all n2m wehave x & 4,.

&

103. Which of the foilowing functions fis uniformly continuous on the interval {(0,1)?

1. f(x)=

1

x

2. f(x)=xsin L
X

3. f(x)=sin--l-
X

4. f(x)= Sin x
X
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104.

The minimum possible value of !z{ +|z 3[ +|z 6:'[

l—\/— is

i85,

e

tet /1 R”

15
45
30
20

—> Rbe the map f{x...

LX) = ax +--+a,x, where a=(a....,

where 2 is a complex number and

ie g fixes
a,)is a fixed

non-zero vector. Let DF(0) dencte the derivative of fat 8. Whic ch of the foillowing are correct?

HoWoNoE

(2]
[ée]
i

= = ; 2. and £ =
tet B, F, : R® -» R be the functions 7, (. %, ) = —5—25 and Fo(x s )=
et
the foliowing ars correct?
oF, OF,
©oBx, Ox
2 »
i P

2. There exists 2 function f: R’ .JL{G O‘% —» R such that —— 5'c =F
3. There exists no function /[ Q" {0, \}ﬂ —> R such tha. = F, and
4. There exists a function f: D — Rwhere Dis the open des‘. of radius X cenired a8t

{DA(0) is a linear map from R'to R
[(Dr)(©)]@=d]

(o) (0)]@=0

[(DN){(0)]@By=ab + +ab,ford = (B, b,)

—

e O O 5
which satisfies —— = F| and =—=F,on
o, ox,

Fi_ \hich of
x! + *rc,
nd ia‘—f— =F,
O,

(2,0}

107, Let A be a subset of R7andx e R?. Denote d{x, A)y=inf {a’(x, B A}. There exists a

point 3, € Awith Jd(y,,x) = d(x, 4), if

A Is any closed non-empty subset of IR”

A Is any non-empty subset of IR 7

A is any non-empty compact subset of IR”
‘A is any non-empty bounded subset of IR”
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X+
108. Let f: R — R be a continuous function with period p > 0. Then g(x)= f Sf(e)ds isa
X

constant function

continuous function

continuous function but not differentiable
neither continuous nor differentiable

il

109.  Letz=x+iyand f: R’ — R’be the function f(x,y)= f(z)=z* = ?-3%.2x) e R?. Let
(Do) denote the derivative of fat a. Which of the following are true?

1. (DfMa) h =2 a h, where a=a,+ia, and h =hy+ih,

. a, -a
2. DAle)=2| ' ?| a= 2
~ (DAla) (ﬂz a ] a=(a,a,)eR
3. fisonetoone on R?
4. Forany ae R? 1{(0, 0)} , f is one to one on some neighbourhood of a.

110. Let A be the set of rational numbers in the open interval (0,7) and f: A —> R be a uniformly
continuous function. Which of the following are true?

1. fisbounded
f is necessarily a constant function

2.
3. f isdifferentiable on (0,7)
4, f isdifferentiable at all the rational points in (0,7)

111, Let the heat equation
ou 0w 'u du -
= T+—, 120, ¥=(x,x,,x)eR3
—— _at. _axl — axé__...-—e_"3 ——e U
admit an exponential function exp(i(k-%+wt ))as its solution, where k is a nonzero constant
real vector, and w is a constant. Then the solution '

1. remains constant on certain planes in R3

2. repeats itself after a certain length L

3. has, in general, an amplitude decaying exponentially with time ¢
4

is bounded uniformly for X € R* for a fixed t
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112. Consider the Laplace equation in polar form:
2., . 2
Ou 10w, 10 b 0<r<a0<8<2z
or* ror r*éo

- satisfying u(a, )= f(6), where fis a given function. Let o be the separation constant that
appears when one uses the method of separation of variables. Then for solution u(r, &) to be
bounded and also periodic in § with period 27 .

o cannot be negative

o can be zero, and in that case the solution is a constant

¢ can be positive, and in that case it must be an integer

the fundamental set of solutions is {1, r” sin né, I’ cos n@}, where n is a positive integer.

-

Swnpe

113. For the homogeneous Fredholm equation
y(x)=2[sin(x+OH)p&)d¢,
0

the eigenvalue A and the corresponding eigenfunction y(x), involving arbitrary constants A and B,

are

1. A=2/n y{x) = A(sin x — cos x)
2, A=-2/n y{x) = B{sin x + cos x)
3. A==2/m y(x) = B(sin x - cos x)
4, A=2x y(x) = Alsin x +cos x)

-

134. Consider the motion of a rigid body around a stationary point 0. Let M,, M; and Ms be the
components of the angular momentum vector along the three principai axes. Let 1, I, and I, be
the moments of inertia. Which of the following are conserved?

1. ML+ ML+ M2,
M} . M N M7
1, I, I
MY+ M7+ M}
MEI? + MZI? + M2T?

2.
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115. Consider a sufficiently smooth function f{x). A formula for estimating its derivative is given by

F_1

dx 4h

where h > 0. Let £ denote the nth derivative of fand let £ be a point between x — 2h and x + 2h.
Which of the following expressions for the error term are correct?

[f(x+2h)—f(x —2h)]+error term

A (LN

1.
2
5 -2
3
3. —f"M¢)h
4 —fe¢)nt
- 12

116. A Runge-Kutta method for numerically solving the initial-value ordinary differential equation

v =flx, ¥ ; yixel = Yo

is given by (for A small)

yix + h) = y{x) + wyFilx, y) + w, £y (x, y)
Fy{x, y) = hfix, y)
Fa{x, y) = hf (x + ah, y + BF,).

The objective is to determine the constants wy, w;, a and £ such that the above formula is

accurate to order 2 (that is, the error term is O(h’)). Which of the following are correct sets of
values for these constants?

wy=l,w;=% ;=1 =1
wyp=2wy,=1;a=1/2, f=1/2
wy=1/3, w;, =2/3; a=3/4, f=3/4
wy=3/4, w,=1/4;a=2, =2

PwNPR
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117. The extremal of
lez
[=dr: x(1)=3, x@)=18
]

. dx
{where x= E ) using Lagrange’s equation is given by which of the following?

1. x=t"+2

& W N
x
I
wn
Y
|
(5]

1138. Consider the first order PDE

oz Oz
p+g=pq where p=——, = —.

Ox ay

Then which of the following are correct?

1. The Charpit’s equations for the above PDE reduce to
de dy  dz _ dp _dg
il-g 1-p -pg p+qg O
2. A solution of the Charpit’s equation is q = b, where b is a constant.

3. The corresponding valueofpis p= ﬁ

b
4. A solution of the equation is z=b—x +by +a, where a and b are constants.
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119.

Consider the boundary value probllem (BVP}

du d*u

u"+Au=0,u(0)=u'(n)=0, u' E_&;'u” = e A €C. Let k denote a nonnegative integer .

Then, which of the following are correct?

1.

There exist eigenvalues of the BVP and the corresponding eigenfunctions constitute an
orthogonal set,

. 2
The eigenvalues of the BVP are (k+%] with the corresponding eigenfunctions

. 1Y
sm(k+— X,
U2
The eigenvalues of the BVP are (k+1)l with the corresponding eigenfunctions

{sin(k + I)J_c}.

There exists no nonreal eigenvalue for the BVP.

120. Consider the initial value problem (IVP) %= xy%, y(0)= 0, (xy)ER xR

Then, which of the following are correct?

The function flx,y)=xy"” does not satisfy a Lipschitz condition with respect to y in any
neighbourhood of y=0

There exists a unique solution for the IVP

There exists no sojution for the IVP

There exist more than one solution for the IVP
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