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1.

)

MATHEMATICAL SCIENCES

Paper - I

Which one of the following sets is

countable ?
(A) [0, 1]
(B) R

(C) The set of all polynomials with integer

coefficients

(D) Cantor set

n—oo

s, =(1+_) cosnr then limsups, =

. Which one of the following sets is a

compact subspace of the set of all real

numbers with the usual metric ?
(A) (=2,1]

(B) [4, =)

(C) [4,5)

(D) [-4.0]

4. Let | = [0, 1] be the closed unit interval.

Suppose f is a continuous mapping of

l'into I. Then

(A) f(x) #x forall xin |

(B) f(x) >x forall xin |

(C) f(x) = x for at least one x in |

(D) f(x) < x forall xin |

. Which one of the following statements is

not true ?
(A) Every convex function is continuous

(B) If fis a continuous mapping of
a compact metric space X into a
metric space Y then f is uniformly

continuous

(C) Every continuous function is

bounded

(D) If f is a continuous real function on a
compact metric space X then f attains

its bounds
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6. Define f: [1, 2] —» R by f(x) = ¥, xe[1, 2].

NN

Let P = {1, : 2} be a partition of

C Al

3
2’
[1,2]. Then U(P,

(P, f)=

50
(A) o
41
®
85
© =
87

® 5

1
— , O0<x<1

7. f(x)=1%x

0O , x=0

]
Then j f(x) dx =
0

N[ —

8. Which one of the following is false ?

A) If £(x) = 1 if x is rational
(A) 1o if x is irrational

then f has a discontinuity of the second
kind at every point of x

x if x is rational
0 if x is irrational

(B) If f(x)={

then f has discontinuity of the second
kind at every point other than O

X2 +1 if —2<x<-1
(C) If f(x)=43+x if -1<x<0
—4+x® if 0<x<?2

then f has a discontinuity of the second
kindatx=0

sin1 if x=0
(D) IFfx)=9 " x
0 if x=0
then f has a discontinuity of the second

kindatx=0

9. Definef:[0, 2] — Rby f(x) = 1 + €*, x[0, 2].

Then the total variation of f on [0, 2] is

A-15-18



10. If A : R"— IR" is a linear transformation

1

12.

1.

)

on R'and if Xe IR" then A'(X) =
(A) A
(B) 0, the zero transformation

(C) 2A
1
D) — A
(D) 5
Let IR be the set of all real numbers and
d(x, y) = [x—y| for x, yeIR. In the metric

space (IR, d) the derived set of the set Z

of all integers is

(A) Z

(B) R

(C) Q the set of all rational numbers

(D) @ the empty set

o0

Let (X, d) be a metric space and {Kn}

n=1
be a sequence of non-expanding

non-empty compact subsets of X. Then
MK, is

n=1

(A) equalto X

(B) equal to @, the empty set

(C) a non-empty compact set

(D) a compact set

13.

14.

15.

Let W, W, be subspaces of a finite
dimensional vector space V over a
field F with dimensions 8, 6 respectively.
If w1mw2¢{0} and m, n are the least and
greatest possible values of dim (w1 + w2),
then3m-n=

(A) 7
(B) 9
(C) 11
(D) 13

Leto: IR* - IR be a linear transformation
defined by

¢((x1,x X, X ))=(x1 +x2+x3,x2+x3,x3—x)

234 4
for all (x1, X X X4)e IR*. Then the nullity of
(A) O
(B) 1
(C) 2
(D) 3

Let A be a 4 x 4 matrix over the field IR
of all real numbers such that detA = 12.
If ¢ is the Euler-totient function, then
d(det(6A)).

(A) 4836
(B) 8154
(C) 5184
(D) 3468
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16.

17.

If the system of equations

3X+4y +7z2=8

2x+3y+irz=10

X+2y+4z=06

has no solution, then 4\ — 8 =

(A) 14
(B) 12
(C) 8
(D) 0
3 4 1
If the inverse of the matrix A={4 1 2
5 0 8

isIA2+mA+nI,thenI+m+n_

13
59

-23
59

23
(©) 59
-13

(D) 59

18.

19.

If T: IR> > IR%is a linear transformation
andB={(1,0,0),(0,1,0), (0,0, 1)}is the
standard ordered basis of the vector space

IR® over the field IR such that

-10 2
[Ty=|7 3 1| ,thenT((6,5,7))=
4 6 5

(A) (18,29, 9)
(B) (8, 64, 29)
(C) (15, 34, 89)
(D) (12, 85, 72)

An orthonormal basis for the inner product

space R® (IR) with respect to the standard

inner product, among the following is

CY ERHICE O



20.

21.

22.

j=

Let f be the symmetric bi-linear form
defined on the vector space IRZ(IR) by
(X, X,), (¥, ¥,)) = (X, +X,) (y, +,) for
all (x,, x), (y,, y,) in R and q be the
quadratic form associated with f. Then for

o=(1,5), p=(2, 6), q(2ao. + 3B) =

(A) 36 (B) 216
(C) 1296 (D) 108
= 1 .
For (zl< 1weknow » z" =——, usin
2 n; i g
© n2
this result, the sum Y’ T -
n=1
A L
A 3
3
B —_
®)
C€) 2
(D) 3

The Mobius transformation that maps
i, 2,—2ontoi, 1, —1 respectively is

3+iz 3z-2i
A B
) 6z - 4i B) iz—6
3z+2i 3z+2i
©) iz+6 (®) 6z +i

23.

24,

25.

The function f(z) = cosz maps the line

segment {(x,y): —nt<x<my=1}onto
(A) a parabola

(B) an ellipse

(C) acircle

(D) a hyperbola

xy(x* —y?)
x% +y?
0 for x> +y* =0

for x> +y® 20
1 1(x, y) = or X° +y- #

ot

j(o, 0) (axay j(o, 0)

(B) 1

then o'
0y OX

(A) 0

(C) -2

2
If a, :{
2n

then the radius of convergence of the

(D) 2

for n=0
for n=1,2,3,...

power series .a,. Z" is

n=0

(A) 1

(B)

N —

C) 2

(D)

Wl o
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26. The Laurent’s series of f(z) =

27.

which is valid for 1<[2|<2 is

CENEEL

© 3 (1-55 )7

(1
(D) 2(2 —1}2”

(z-1)(z-2)

If € is given by the parametric equation

2
z(t) = * + it for 0 <t <1 then lz dz =

(A) %(i—ﬂ
(B) §(i+1)
©) —%(i—n

(D) —%(iﬂ)

29.

30.

Z—-3Cc0Sz dz =

If € is a simple closed contour for which
z =0 lies inside and z = 3 lies outside it

then j

(A)

z(z —3)

(B) _2™

(C)

(D)

ForO<i<1, I

(A)

(C)

(D)

T

7»71

1+x

A
sin(mA)

sin(n\)

sin(mA)

sin(n\)
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31. The number of bijections on the set

32.

33.

34.

)

{1, 2, 3, ..., 8} that are strictly increasing

The sum of all odd positive divisors of 1800
of

(A) 1331
(B) 304
(C) 3113
(D) 403
If ¢ is the Euler-totient function and if ¢

(12% x 15%) is 2* x 3" x 57, then

o+B+y=
(A) 16
(B) 17
(C) 18
(D) 19

The number of binary operations that can
be defined on a set A with 6 elements is

35.

36.

37.

In the symmetric group (S8, o), the

product

(14680(@B34216)0(4863) =
(A) (18246)
(B) (18324)
(C) (18432)

(D) (18624)
It z:=2,-{0} ,thenin the group
(Z;}, Xﬁ),the product (1_1)X11(7)71 X,,(5) =

(where X y is the multiplication modulo 11 on
Z )is
1

NI

(A)
(B) 4
() 6

(D) 8

If the ideal n Z is a maximal ideal in
the ring ( Z, +, .) of all integers , then a
possible value of n is

(A) 57
(B) 67
(C) 77
(D) 87
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38. The number of idempotent elements in

39.

40.

O

the ring (26, + x6) of all residue classes

of integers modulo 6 is

A polynomial over the field of rational
numbers which is not irreducible among

the following is

(A) x2—5x + 10

(B) 5x* - 2x° + 6x° — 10x +14

(C) x*-3x°+6x°-9x +5

(D) x°—9x% + 3x + 12

If K is the splitting field of the polynomial

x'-3x%+4 e Q[x], then the order of the

Galois group G(K/Q) is

10

41.

42.

43.

Let (IR, t) be the topological space of all
real numbers with usual topology t. Let
Y = [0, 1] U [2, 3) be equipped with
subspace topology = {GNY : Gen).
Then the correct statement, among the
following is

(A) [0,1] € T,

(B) [2,3) ¢ 1,

(C) [2, 8) isnotclosed inY
(D) [0, 1]is not closed in Y
Let X={a, b, c} and T,= {@,{a}, {a, b}, X}.

In the topological space (X, 1), the interior
of {b, c} is

An example, among the following, a

connected subset of the space IR of real

numbers with usual topology is
(A) (1,2) v (2,3)

(B) [1,2) v (23]

€) (1,2]1v (2, 3)

(D) (-1,2) v (2, 4)

A-15-18



44.

45.

46.

j=

The Wronskian of the functions e®'sinbt
and e®'cosbt is

The solution of the initial value problem

dy, ,dy
4y =0, y(0)=1, y'(0)=1is
proftomai b y(0)=1, y(0)=11i
2
y(t) = [cos\/_t + —sm\/_t}
(A) NG
2 .
( ) Y(t)= COS\/§t + TS|n\/§t:|
3
_ -
(C) y(h=e" cos /3t —Tsm\/gt}
L 3
(D) Y(t)= {Cosft+TS|nft}
The solution of the system
dX—x ﬂ_—x+2yis
dt dt
(A) x=c1et
_ t 3t
y=ce +cpe
(B) x=c1et

t 2t
y=ce+ce
(C) x=c,ée'

_ t t

y=ce+cee
D) y=ce

t —t
y=ce+cge

11

47.

48.

49.

The set of zeros of any non-trivial solution
of the equation y” + (sin2x + 1)y =0 has

(A) one element
(B)
(C)

)

(D) infinitely many elements

two elements

finite number of elements

The eigen values xn for the Sturm-Liouville

problem y” + Ay = 0, y(0) = 0, y(g] =0

are

The integral surface of the equation
2xy-1)p+(z - 2x2)q = 2(X — yz) which

passes through the line xO(s) =0, yo(s) =s

and zo(s) =1is

(A) x2+y2—y+z(1 -x)-1=0
(B) ¥*(1-29)+(1-2xy)z-1=0
(©C) x2+y2+z:y+2x

(D) x2(1 —22)+z(1 -2xy-x)—-y=0

A-15-18



50. The general integral of

51.

52.

O

2x(y + 22) p +y(2y + 22) q= 22is

(A) F| = Z-2y)_
yz' yz

(B) F[i, (x-y)? (X+y+z)j=0
yz
(©) F(i,l+l+lj:0
Yz X 'y 2z
=0

- . oxX, +X, °+1
The iteration formula x. ., = %
o+

(oe any constant) is to compute a root of
(A x*-x*—a=0

B) ax*-x*-1=0

(C) x*-x*-1=0
(D) X—ax?+1=0

Consider the system of equations Ax = b

1 -K
here A= :
where {—K ’ }

For which values of K, the Jacobi method
converges ?

(A) |K| > 1
(B) K=1,-1
©) K >2

(D) |K| <1

12

53.

54.

55.

The maximum value for step size h that
can be used in the tabulation of f(x) = sinx in
the interval [1, 3] so that linear interpolation
will be correct to four decimal places after
rounding is

(A) 0.2
(C) 0.02

(B) 0.25
(D) 0.5

Consider the function f (x) = In x and its
tabular values given below :

X 2.0 2.2 2.6
f(x): 0.69315 0.78846 0.95551

The derivative of f (x) at 2.0 is approximated
by using linear interpolation. The value

f (2.0) is

(A) 0.47655 (B) 0.49619

(C) 0.69182 (D) 0.73961

Consider the variational problem

VIye)] = [ (y+xy) dx,y (Xo) = Yo, ¥ (X;) = ¥;

Xo

and the statements
P : Euler's equation reduces to the identity
1=1

Q : Since the integral does not depend on
the path of integration, the variational

problem is meaningless.

Which one of the following is true ?
(A) BothPandQ (B) Only P

(C) Only Q (D) Neither P nor Q
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56. Consider the functional

57.

)

= (2] oo

where D is the domain of z (x, y). In this

problem, extremal satisfies

(A) Two dimensional wave equations

2 2
(B) Poisson equation 6— + a— =Xy
ox?  oy?
2 2
(C) Laplace equation 8_2 8_2 =0
ox= oy

2 2
o) 72,92 _y
ox< oy

Consider the integral equation

F(x)=A[K(x, &) ¢ (&)dg

and the statements

P : Above is Volterra’s integral equation
of first kind
Q : Above is Volterra’s integral equation

of second kind if F(x) = ¢ (x)

Which one of the following is correct ?
(A) Only P

(B) Only Q

(C) Both P and Q

(D) Neither P nor Q

13

58.

59.

60.

Resolvent Kernel of the integral

equation

¢(x):x+j(§—x)¢(§)d§ is
0

(A) cos (E-x)

(B) sin (&-x)

(C) =™

(D) &~

A particle of mass m is moving on the inner
surface of the cone X° + y* = c?Z% is

(A) not a mechanical system

(B) holonomic system

(C) non holonomic system

(D) neither holonomic nor non holonomic
Consider motion of a particle with mass m
in polar coordinate system (r, 6). The force

components are Fr and Fe. The equation

of motion is

(A) F. =mf-mé?r, F, = 2mid+rmé
(B) F. =mf,rF, = 2mid+rmé
(C) F. =mé?r, F, =2mif+rmé

(D) F. =mi-mé?, rF, =2rmé

A-15-18



61. A certain treatment is used in 2 different

62.

O

centres A and B; patients in centre A were
25 and were an average 54 years old,
patients treated in centre B were 62 and
had mean age equal to 58 years. What is
the overall mean among all patients who
got the treatment ?

(A) 55.85
(B) 54.85
(C) 56.85
(D) 56.15

Pregnant women (within month 4) who
are being followed up by nutrionist had
weight (kg) equal to 64.3; 65.2; 70; 54.5;
54.5; 58.8; 81.5; 61; 62. What is the mean
and the median ? Do this data suggest a
strong skewness of the distribution of the
weight ?

(A) Mean =62.66, Median = 62.15, does
not suggest that weight has a strongly
skewed distribution

(B) Mean=63.15, Median=64.66, suggest

a strongly skewed distribution

(C) Mean=64.66, Median=63.15, the data
don’t suggest that the variable weight

has a strongly skewed distribution

Mean =64.66, Median=63.15, the data
don’t suggest that the variable weight

(D)

has no relevance of symmetricity

14

63.

64.

3 candidates run for an election as a mayor
in a city. According to a public opinion poll
their chances to win are 0.25, 0.35 and
0.40. The chances that they build a bridge
after they have been elected are 0.60,
0.90 and 0.80. What is the probability that

the bridge will be built after the election ?
(A) 0.786
(B) 0.781
(C) 0.785

(D) 0.782

In an oral exam you have to solve exactly
one problem. Which might be one of
3 types A, B & C. Which will come up
with probabilities 30 %, 20 % and 50 %
respectively. During your preparation
you have solved 9 of 10 problems of type
A, 2 of 10 problems of type B and 6 of
10 problems of type C. Whatis the probability
that you will solve the problem of the

exam ?
(A) 0.60
(B) 0.61
(C) 0.63

(D) 0.65
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65. Let X be a random variable that follows

66.

67.

)

a Poisson distribution with parameter
A = 7. What is the lower bound for
P(X—p<4)?

(A) 0.4375
(B) 0.4344
(C) 0.4295

(D) 0.4338

Let X1, X2, Xn be a sequence of
i.i.d. random variables each with mean
E(X) = p and standard deviation o, then

SLLN is

(A) P(lim Xn=p)=1

n—oo

(B) P(lim Xn=0)=1

n—oo

(C) P(lim X, =%)=1

n—oo

Suppose the age of a student graduated
from a state is normally distributed. If
the mean age is 23.1 years and s.d. is
3.1 years. What is the probability that 6
randomly selected students had a mean
age at graduation that was greater than
27 ? (Given the table value = 0.9990)

(A) 0.0001
(B) 0.0011
(C) 0.0005
(D) 0.0100

15

68.

69.

70.

The Cauchy random variable is defined
to be the ratio of 2 independent standard
Normal variables X & Y with probability
density function

1

(A) fv(u)=m;—oo<V<oo
(B) fv(u)=(vz—’i1);—oo<v<oo
©) fv<u>=%;—oo<v<oo
(D) fv(u)=n(\;:;1);—oo<v<oo

The sample paths of a Markov chain are

completely characterised by the

(A) Normal Transition Probabilities

(B) One step Transition Probabilities

(C) Two step Transition Probabilities

(D) n-step Transition Probabilities

An irreducible Markov Process is a Markov

Process for which the embedded Markov

chain is

(A) Transition Probability Matrix
(B) Birth and Death Process
(C) Irreducible

(D) Poisson Process

A-15-18



71. Let m and n be positive Integers, then

72.

73.

O

é(TMKn—J:?

(B)
(C)

(D)

m-1
K-1

Let X ~ Exp (L) using Markov inequality.
What is the upper bound for P(X > a) ?

If X ~ Exp () using Chebyshev’s Inequality,
what is the upper bound for

P(X — EX| > b) ?
(A) ®) —
‘b K2b2
(C) 2%b 0 —5
Ab

16

74.

75.

Let X1, X2, X3 be a random sample from a
distribution of the continuous type having
probability density function

f(x)=2x; 0 < x <1
=0; O.W.

What is the probability that the smallest
of X1, X2, X3 exceeds the Median of the

distribution ?

Let Xn is an i.i.d. exp (i), then derive the

p.d.f. of X(n)
(A) n{1—e”™" " e™ x>0
B) nf1—e™" x>0

(C) e™ 2e™: x>0

2
(D) e™ne™ x>0
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76.

77.

78.

)

If H, : x ~ Poisson (1 ) ;
H1:x~Poisson(x );x1>xo
A=t TR) G, isa

(A) Simple hypothesis for any Ay> g
Ao pair

(B) Non decreasing function in x for
any A.> 2. xopair

(C) Does not exist for any > A
Ay pair

(D) Composite hypothesis for any
Ay> Lo A, pair

Suppose X1, X2,..., Xn is a random sample

from a normal distribution with mean

w and unknown variance ‘. The null

hypothesis u =12 is a

(A) Simple hypothesis

(B) Both simple and composite hypothesis
(C) Composite hypothesis

(D) Not a hypothesis

Let X . X2,

variables with parameter ‘p’. What is the
method of moments estimation of p ?

., Xn be a Bernouli random

A) ZXi

i=1

1 n
®) o 2%

M=
P

Il
-

0) 120

i=1

S| =

(D)

3|—L

17

79.

80.

81.

If (P, Q) has a Bivariate normal distribution
with parameters h, W, G, 0, and p then
the variance of the conditional distribution
of (Y/X =Xx) is

(A) o2(1-p?)
(B) o, p°
(C) o5 (1-p?)
(D) o p

Given the J.P.d.f.of Xand Y as

f(x,y) = 4xy;
then what is the value of

p{0<x<%;%£ys1}
A) %6
B) ‘%6
© %
D) Y

IfT andT are independent and unblased
estlmators of parameter‘e’ with V(T )= (51 and
V(T) 20, ,then unbiased estimate of 0
givenby T = A1T1 +(1 - )T2 minimum
variance if A equals

) 13

DPA
o) Y D) %4

0<x<1;0<y<1
Elsewhere,
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82.

83.

84.

O

You have conducted a study comparing
Army, Navy and RAF cadets on a measure
of leadership skills. These are unequal
group sizes and the data is skewed so you
need to use a non parametric test, then

which test you choose ?
(A) Friedman test

(B) Mann Whitney test
(C) Kruskal Wallis test

(D) Wilcoxon Rank Sum test

One or two tail tests will determine

(A) If the two extreme values (minimum
or maximum) of the sample need to

be rejected

(B) If the hypothesis has one or possible

two conclusions

(C) If the region of rejection is located in

one or two tails of the distribution
(D) We accept the test
If the ties occur in the Kruskal Wallis test
with usual notations, the correction ‘C’ for
ties is
(A) =T/K(n? = 1)
(B) =T/(n®-1)
(C) ZT/n(n—-1)

(D) =T/("®*=1)n

18

85.

86.

87.

What do you report in a maximum
likelihood ratio to say whether your model

was significant or not ?

(A) ANOVA

(B) Correlation

(C) R-squared

(D) Beta

The basic assumption behind regression
analysis is

(A) To estimate a line that goes through

most values in the observed data

(B) To minimise the sum of the squared

residuals

(C) Estimate a line that maximises the

difference between the ;(Yi -Y)

(D) All the above

What assumptions does ANCOVA have
that ANOVA does not have ?

(A) Homogeneity of variance
(B) Homoscedasticity
(C) Homogeneity of sample size

(D) Homogeneity of regression slopes
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88. A logistic regression model was used to

89.

)

assess the association between C.V.D.
and obesity. p is defined to be the
probability that the people have CVD,
obesity was coded as o = non obese, log
(p/1 —p) =—2 + 0.7 (obesity). What is the
log odds ratio for CVD in persons who are

obese as compared to not obese ?

(D) exp (0.7)

In simple logistic regression the traditional
goodness of fit measure, — 2 (log likelihood
of current model — log likelihood of

previous model) is

(A) A statistic that does not follow a X2

p.d.f.

(B) Indicates the spread of answers to a

question

(C) An index of how closely the analysis

reaches statistical significance

(D) How close the predicted findings are

to actual finding

19

90. Match the following :

91.

1. Rotated factor This is the number

loading of factors plotted

against variance

2. The scree plot b. Carried out simply
reduce a larger

data setto a

smaller one
3. Principles c. You look at this
component to name a factor
analysis
4. Correlation d. The first step

matrix taken to perform

a factor analysis
(A) 1-c,2-a,3—-b,4-d
(B)y1-a,2-d,3-b,4-c
(C)1-¢c,2-d,3-b,4-a
(D) 1-b,2-a,3-d,4-c
Which of the following is finally produced
by hierarchical clustering ?
(A) Final estimate of cluster centroids

(B) Tree showing how close things are to

each other
(C) Assignment of each point to cluster

(D) All the mentioned above
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92.

93.

In sampling without replacement, the
standard error of the sample mean

vanishes if
(A) n =N
(B) n>N
(C) n<N

(D) n = N

Let ‘W be the population mean and

‘0® be the population variance and a

sample of size ‘n’ is drawn by simple

random sampling with replacement from

a population of size N. Let Y = ixi x; be
i=1

a best linear unbiased estimator, then the
variance of Y is equal to

20

94.

95.

96.

Let N be number of units in a population.
After the selection of one unit from a
population, every K™ (K < n) unit is
selected to obtain a sample of size n. Let
P be the inter class correlation between
the units of the same systematic sample. If P =
1,then the relative precision of systematic
sample with simple random sampling is

(A) a function of N only
(B) a function of N and K only
(C)
)

(D) a function of N, n and K

a function of N and n only

For a BIBD with parametersv=b =7,
r=k=4,A=2, the number of treatments
common between any two blocks is

In a 2° factorial experiment the principal
blocks of replicates 1 and 2 respectively
consist of {(1), A, BC, ABC} and
{ABC, AC, B, (1)}. What are the confounded
interaction effects in the 2 replicates
respectively ?

(A) BC and AC
(B) ABC and AB
(C) BC and AB
(D) AB and BC
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97. Let R(t) and h(t) respectively denote the

98.

)

reliability and hazard rate of a unit at time t,
then which of the following relation is

correct ?

t
(A) log R(t) = | r (x) dx
0
(B) log R(ty= —| r(x)dx
0
t

(C) log R(t) = 1-[ r (x) dx
0

t
(D) log R(t) = exp{—j r (x) dx}

0

Consider the L.P.P.

MaxQ= x+3y +6z—-w

Subjectto 5x +y + 6z + 7w < 20;
6x + 2y + 2z + 9w < 40

xX,Y,zZ,w>0

99.

100.

If X(t) is the number of customers in an

M/M/1 queuing system with arrival rate

A > 0 and service rate p > 0, then what is

the process {X (t),t > 0} is

(A) Birth process with (A — )

(B) Poisson process with rate (A — p)

(C) Markov process

(D) Birth and death process

In a linear programming problem with

4 constraints and 6 variables which of the

following is equal to the maximum number

of basic solutions ?

21
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