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MATHEMATICAL SCIENCES
PAPER-1I
Note : This paper contains Fifty (50) multiple choice questions, each question

carrying Two (2) marks. Attempt All questions.

1. Which of the following statements is fulse ?
(A) There are countably many pairwise disjoint countable subsets
of R
(B) Q- lg € Q|0 < g < 1} is countable
(C) The set of all sequences of zeros and ones 1s countable
(D} There exist countably rhany pairwise disjoint uncountable subsets
of R
2. The cubic x° — 9x2 + 33x — 65 = 0 has an imaginary root of modulus J13.

The real part of this root equals :

(A) 2 By -2
C) 4 (D) —4
3. On R? consider the metrics :

d, ((xv xz)' (yl’ 3’2)) - i|’Cl R¢! ‘ * \xﬁ "%

dz((xl’ xz)& (3’1’ 3’2)) = \f’(xl N )2 * (_xz_* yz)

B(r, d;) and B(r, dg) are balls of radius r centered at (0, ) in these two

2

metrics. Then :

) B(L dI)SB[;%’dz) @) B(Ld,)<B(Ld)
() B(%’%]SB(L d, ) ) B(2 d;)<B(1,d,)

Mathematical Seiences-11 5 {(P.T.0O.]



4. Let X = C[0, 1] be equipped with metrics :

dy(f, 8)=[ | F{e) - glt)]ar

D ey

(F(t)- &) dt}

12 e, 1

4. g)—{

then :

(A) (X, dy) and (X, dy) are both complete

(B} (X, d;) is complete but not (X, do)

(C) (X, dy) is not complete but (X, d,) is complete
(D) Neither (X, dy) nor (X, dy) is complete

5. A system of linear equations is given by AX = B where :
(1 200 3 4] [ x, |
5 600 7 8 X,
A= , X=
9 1000 11 12 Xg
(13 1400 15 16| | %4 |
[ 201 ]
605
and B= .
' 1009
1413

This system has :

{A) no solution

(B) exactly one solution

(C) more than one, but a finite number solutions

(D) an infinite number of solutions
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6.
1
(A) 1
[1]
o]
(C) |0
_..1_
7.
(A) <E,3‘c><§,§>=‘<x,y>l
(B) <a‘c,a‘c><§,§>2i<x,y>i2
(C) <x,x><§,y><|<x,y>|2
(I <f,£>+<j§,i>£|<x,y>|
8. The quadratic form x4+ 2y + y2
(A) positive semidefinite
(C) negative definite
Mathematical Sciences-11

Which of the following is an eigen vector for the matrix |0

|10

B |0

My |1

is

(B) positive definite

(D) indefinite
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9. Let A, B, C be three Lebesgue measurable subsets of [0, 1] such that :

1 2
ulAd) = o, wB) = 3 and w(C) =

ool-q

Then :

(A) An B n Cis empty

(B) A n B n C is non-empty but has measure zero
(Cy AnB m C is uncountable but has mcasure zero
(D) A n B n C has positive measure

10.  If V be the vector space of all polynomials over R of degree at most 2, then
the set :

{1 2%, x+x%,1-x+ xz} is linearly independent in V
{1 x%, x + 2x%, 1 + 3x2 } is linearly independent in V
{l—x 1+x,1-x2 } spans V

1-2x,2-x%2,4+x2,1+x+ xg} is linearly independent in V

2
A
11.  Under usual notation, what is the value of {f‘] :

A) E2 41 (B) E2_-2E + 1

(C) E2_-2E1 + 9 (D) E2_92E! 41
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12. The extremal of :
1
I (1 + y”2)dx
0

with y(0) = 0, y(0) = y(1) = y'(1) = 1

is given by :
A 22 +y2 +2c=0 B) x2+y2-2x=0
C) y=x D) y = «°
x2/3 , x20
13. Let f(x):
0 R x<(
22 x>0
and g(x):
0 , x<0

Then on [-1, 1] :

(A) both f and g are Lipschitzian

(B) f is Lipschitzian but not g

(C) g is Lipschitzian but not f

(D)} neither f nor g is Lipschitzian
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14. If the Fredholm equation :

where

gives rise to a system of linear algebraic equations with the coefficient
matrix A, then the relation between the non-zero eigenvalue A of the
above integral equation and the corresponding eigenvalues A’ of the

coefficient matrix A is :

(A) A =X (B) A =1
© |A] = V] @ Al =1~ [¥]
15. The PDE

(1 + 12)un + (1 - xz)uyy +2u =0
1S :
(A) Elliptic in the region {(x, y})}x > 0, y € R}
(B) Hyperbolic in the region {(x, )|x > 0, y € R}

(C) Parabolic in the region {(x, y}|x > 0, y € R}

(D) Parabolic in the region {(x, ¥)|x <0,y € R)
Mathematical Sciences-I1 10



16.

17.

18.

A solid of revolution is moving about a point ‘O’ of its axis which is fixed.

If b is the unit vector along the axis and Q be the angular velocity of the

golid, then :
. . dk ~ . - dk
Q+nk=kx— Q-nk=kx—
(A) +n th (B) nk x—
_ . dE s ' . dE -
Q-nk=—xk =
(C) n dtx (D) Q+nk thk

where n is the constant spin of the solid about its axis.

The differential equation adjoint to the differential equation :
xy” + 2% + oy =0,2>0

where o is a parameter is :

A) 2" + 0% =0 B) 22" - o’z =0

(C) z" + oz = 0 o) =z’ - atz = 0

If the Lagrangian of a dynamical system with generalized coordinates

g1, g9 is given by :

L= %(‘hz + qg) ~ "9

then the Hamiltonian function for the system is :

1 _ 1

@) H={pl+p})- 0% ® H= (o} + )+ 0%
1 1

¢y H= E(P% T Pg) - 2q,q, (D) H= E(pi‘a +p3 ) +2¢19,

where p;, py are generalized momenta for ¢, g respectively.
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19.  The solution of the initial value problem :

% =22 + 9% y0) =1
exists :

(A) on R and is bounded

(B) on R and is unbounded

(C) only on a finite interval (a, p) containing origin and is bounded

(D) only on an interval (o, B) containing zero such that y{x) — 400

as x — 7

20. A particular solution of :

d?y

o2 t ¥ = cosecx
is :
(A)_ cos x log(sinx) — x sinx (B) sinx log({cosx) — x cos x
(C) sinx log(sinx) — xcosx (D) sinx log(sinx) + x cosx

k
2. If f (z)= (2 _e;,_ ¢ has a simple pole at the origin, then the value

of £ is :
(A) 3 | (B) 1
() 2 ) 4
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22. If C[0, 1] be the space of all continuous functions with metric given by :

d{f,g)= sup |f(x)- g(x)]

x e[, 1]

then d(x, x2) is equal to :

(B) :
2

1
(A) 1

(C) 1 (D 2

23. The number of rectangles of all sizes on an 8 x 8 chess board is :

“ (o » L

(C) 64 @ 12+ 9224 .. + 82

_ 1
24. The image of the circle |z| = 4 under the map flz) = 2 + p is

(A) Straight line (B) Circle
(C) Ellipse (D) Hyperbola
25. Let X = {0, 1] x [0, 1] x ..ccccceeeies , countably many copies of [0, 1]. Then :

(A) X is compact and Hausdorff with respect to box-topology
(B) X is compact but not Hausdorff with respect to box-topology
(C) X is Hausdorff but not compact with respect to box-topology

(D) X is neither compact nor Hausdorff with respect to box-topology
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26. A subgroup H of a group G is called a proper subgroup if H # {1}, G.

Which of the following groups has a proper normal subgroup ?
Ay Ay (B) Agjg

27. Regard the set of all 3 x 3 matrices with real entries as a subset of R? in
a natural way and 0 be the set of all (3 x 3) orthogonal matrices with real

entries. Then :

(A) 0 is compact and connected

(B) 0 is disconnected and compact

(C) 0 is connected and non-compact

(D) 0 is neither connected nor compact
28. If p does not devide n, p prime, then Q(pn) =

(A) p Qn) B) -1 Qn)

(C) Q@ -1) Q) D @-D®-1)
29.  Which of the following is not a Euclidean domain ?

(A) Zfi] (B) Qlxl

(C) Zlx] (D) Clx]
Mathematical Sciences-IT 14



30. The maximum order that an element of A, the even permutations on 10

symbols, can have is :
(A) 30 (B) 15
(Cy 10 (D 20

31. Consider a r.v X with the probability distribution :
1
P[X=1]=§=P[X= -1] and

P[X:O]=%=P[X=2]

What is the value of E[ X } ?

X+4
23 3
(A) 120 (B} 1
13 1
(C) 120 (D) 1

32. If X has a uniform distribution over the interval (0, 1), then for any

real numbers ¢ and b, 0 < @ < b < 1, what is P[a<X<b|X>a;b]

equal to ?
b-a ' 2(6—(1)
A 5 4-b (B) b+a
2(6-0) b-a
© 3 57% D 3ia
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33.

34.

Let G; and Gy be the geometric means of two series having n; and ng

observations respectively. Then the combined or the pooled geometric

mean is :
(A) nl " n2 (nl IOgGl) (n2 IOng)

L [nlogG + 1y log G, |
(B) n1+n2—1g1 g log sy
(C) Antilog -nn—lf—i—(n] logG, +n, logGg)

I T i

D) Antil log G log G
(D) 10ghnl +n2(n] 0g G, +n,log 2)-

The lifetime of a bulb is exponentially distributed with mean 100 hours. The
bulb remains switched on for exactly 4 hours every day and remains switched
off the remaining time. What is the probability that the bulb stops working

on or before the 25th day ?

A T (B) 1 - 125

C) 1-¢1 (D) e}
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35. Two fair dice are thrown simultaneously. Let X and Y denote the numbers

that turn up on the two dice. Then which of the following is correct ?
(A) P(X + Yis even) » PX + Y is odd)

(B) PX + Y is even) < PX + Y is odd)

(C)y PX + Y is even) = P(X + Y is odd)

M PX=Y)=0

*

36. Suppose two states i and j of 8 Markov chain communicate with each other.

Which of the following statements is false ?
(A) 1 is recurrent = j is recurrent

(B) i is transient = J is transient

(C) i is aperiodic = j is aperiedic

(D) pM>0= p;‘) >0

37. What is the variance of y if variance of x is 12 and the two lines of regression

are x + 2y —5=0and 2x + 3y -8 =07
(A) 1 (B) 2

(C) 4 D &
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38. Xy, Xg, , X, be independent, identically distributed random variables
from uniform distribution on (8 — 1, ¢ + 1), 8 > 0. Which of the following

statements is true ?

(A) x(q, 1s sufficient for O

(B) x(,, is sufficient for @

(C) x4,y — X(q, is sufficient for 0

M) (xqy %)) are jointly sufficient for 6

39. X; X e » X, are iid normal random variables with EX,) = 0 and

V(Xy) = 1. Consider U= i (XI._ —X)2 and V= i (XE. —0)2, where
i=1 i=1

_ 1 2
= — 2 X,. Then which of the following is true ?
i
(A) Both U and V are chi-square r.v.s. with (n — 1) degrees of freedom

(B) U is chi-square with n degrees of freedom and V is chi-square with

(n - 1) d.f.
(C) U is chi-square with (n — 1) d.f. and V is chi-square with n d.f.

(D) Both U and V are chi-square with n degrees of freedom
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40.

41.

42.

In a large sample test of mean, sample of size 100 gave mean 48 and standard

deviation 3. Then 95% confidence limits for the population mecan is :

(A) (47.412, 48.588) {B) (48.124, 50.588)
(C) (74.412, 84.588) (D) (44.741, 45.888)
Suppose Xy, Xg, .o , X, are id N(u, o2) distributed random variables

X, -X n —\2
<<, 02> 0,n 22 Define Ty = =% where 2= 3 (%, - X) f(n - 1),
_ & X —-u
X=3 X,/n, Ty = = —,Ty= X - X5+ 2%, - 2X IS,
1

(A) T; and Ty are ancillary statistics for 6 = (u, 6%)

(B) T, and Ty are ancillary statistics for 8 = (u, 62)

(C) Ty and Ty are ancillary statistics for 0 = (4, 62)

(D) T,, Ty and Ty all are ancillary statistics for 0 = (y, 62)

Let the problem of interest is to test that observations have uniform
U(0, 1) distribution. If observations are 0.82 and 0.31, which of the following

is the value of Kolmogorov-Smirnov statistic ?
(A) 018 (B) 0.82

(C) 0.19 (D) 031
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43.

45.

fX’s(i=1,2, ... , n) are independent variates with probability distribution

o1 e _ .
, then the asymptotic distribution of Y =[] X, is:
0.5 0.5 i=1
(A) N(O, n) : (B) LN(0, n)
(C) N, 1 (D) LN(0, 1)

In usual notations the formula for partial correlation coefficient in terms of

inverse elements of variance. Covariance matrix 3 = (oY) is :

—gli2 gl2
(A) f011022 (B) f011022

gl2 —gl2
(© gllg22 (D) agllg22

Canonical correlation measures association between :

(A) two variables after eliminating the effect of remaining variables

(B) two vector variables

(C) a variable and the residue after eliminating the effect of remaining

variables

(D) two variables
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46. Let xq, X9, ..ot , Xgg be a random sample of size n = 30 from Ny, Z)

1 0 1 0 1

population. If B = then the distribution of B" = BSB,
1 0 0 1 1

where S is the variance-covariance matrix of sample observations is :

(A) WyB, 29, BIB) (B) Wg(B", 30, BZB)
(C) Wyo(B", 29, BZB) (D) Wa,(B", 30, BZB)
1 p
47. For the variance covariance matrix £ = if p > 0 then the first
p 1

principal component is :

11 1.1
(A) §x1 + _2'x2 (B) Jﬁxl - —'\/—512
C ix +_].-_._x (D lx _lx
(C) NN ) 91 " 5%

48. To compare the lifetimes of bulbs produced by two companies, A and B, one
bulb of each company was selected at random and their lifetimes were observed.
Assume that the bulbs have exponentially distributed lifetimes with mean
1000 days and 800 days for company A and company B, respectively. What

is the probability that the bulb from company B fails first ?

4 5
(A) 5 (B) 9

25 25
(C) 81 (o 11
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49. If

Voys . N-1 ~
Vers N_n[1+p(n 1)]

where Vgyg and Vgrs denote respectively variances of sample mean in
systematic sampling and simple random sampling, for what value of p, the

two methods are equally precise ?

@ p=- ®) p=-—1

1 1
D -
LA

50. If Rank C = r for a block design with v treatments, which of the following
represents degrees of freedom for adjusted treatments S.S. and unadjusted

treatment S.8. respectively ?
A) v-1,v-1 B) r-1v-1

C rv-1 D) r, r
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