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MATHEMATICAL SCIENCES
PAPER-II
Note : This paper contains FIFTY (50) multiple-choice/matching questions, each
question carrying TWO (2) marks. Attempt All the questions.

1. Let

" F eeecrrrene + —-1—, n=12 ..
7 4n-1

Then which of the following is true ?
(A) {a,} is unbounded having one limit point zero
(B) {a,} is bounded having one limit point zero

(C) {e,) is a Cauchy sequence of rationals converging to an irrational

number
(D) {a,} is not a Cauchy sequence

. m
2 Every rational number x can be written in the form x = o where n > 0

and m and n are integers without any common divisors. When x = 0 we take
n = 1. Define f on the set R of real numbers as :

0 if xisirrational
fx=41 |, m

— if xXr=—
n n

Then [ satisfies :

(A) f is continuous on whole of R

(B) f is continuous only at every irrational point
(C) fis continuous only at every rational peint

(D) £ is discontinuous at every point of R
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3. The equation 2x ~Y-sinzx=0 has :
(A) Exactly one real root
(B) Exactlf two real roots
(C) Exactly four real roots

(D) Infinite number of real roots

x

4. Suppose falx) = lene® and f(x)=0 for all xR, then for the sequence
{f,,} which of the following ie true ?
(A) {f,) converges uniformly to f over (-1, 1] only

(B) {f,} converges to f pointwise but not uniformly over any interval

containing zero

om0 : I3
(C) {f,) converges uniformly to f only on some bounded interval

A ALA>O
O {f,} converges uniformly to f over whole of R
b. The equation |z—1|+|z+1|=2J§ represents a :
(A) Circle (B) Parabola

(©) Ellipse D) Hyperbola

Math. Sci-II 6



6. Which of the following is #rue if the functions involved are complex-valued

functions over complex domain C :

(A) |cosz|<1 for all z€C

(B) ! si:zdz=0 where r={z:}z|=1}
©) I E.'i:,zdz=0 B N
D) J'-Si:zdzﬂﬂf where r={z:|z|=1)
7. If f(2)= (244)2:'2_1)2 , then Residue of flz) at z = 1 is :
(A) % _ (B) %
(©) % (D) %

8.  The number of 3 x 3 matrices with eigenvalues 1, /5 and /3 is :
(A) three (B) one

(C) six (D) infinite

Math. Sci-I1 7 P.T.0.]




10.

11.

For what value of A the set of vectors :
{(1,2,3,1),3,2 1,1, (@610, 3,1, 1,1, 1)
becomes linearly dependent ?
a) 1 By 2
€ 3 (D) Any value
The real values of % for which the linear system,
R+Dx-y+2z=0,
2x+y+2z=0
Kx+32z=0
has a nen-trivial solution are :
(A) None (B} Two in number
(C} Three in number (D) Infinite
The real ql;adraﬁc form
87 + 80 + 6aF - 2, 4y
is :
(A) Positive definite (B) Negative definite

(C) Positive semidefinite (D) Indefinite

Math, Sei-1T 8



12, If

-3 -7 -b]
A=l2 4 3
1 2 2

then which of the following is frue 7

H—-aq
(A) : is & characteristic vector of multiplicity 1

(B) 1| is a characteristic vector of multiplicity 2
1
(00 1| iz & characteristic vector of multiplicity 3

(D) 1| is not a characteristic vector of any eigenvalue

13. The probability distribution of a r.v. X is given below :
PX=0)=a and PX =2)=1-¢
If the variance of X is 1, ther which of the following is the value of a ?

(A} 0 ® 1

(C) 1))

[Ty L]

1
2
Math. Sci-1I 9 [P0




14.

15.

16.

17.

Suppose Xj, ......... . X is a random sample of size n from uniform

n

U(0, 6). Then which of the following is the sampling distribution of
y = max(X,, ....... » X,) ?

(A) G(y;9)=1-[%),0<y<9 (B) G(y;9)=(%J,0<}'<9

(C) G(y;8)=ny*8*,0<y<8 (D) G(‘)’;B)=1—%}"j,0<y<9

Two dice are thrown simultaneously and X; denotes the score on the
i-th die, { = 1, 2. Let X = max(X;, X;). Then what is the value of
PX;=2,X=2)7

1 1
(A) 36 (B) 18

1 1
(C) 12 (D) 8

If x and y are independent r.v.s. with distribution functions F and G respectively,
then what is the distribution function of (x + y) ?

4) [ Fx+»d Gly) (B) [ Flx~yd Gy

(C) Fx)+G(y (D)  F(x) G(x)

Let x be a Poisson r.v. with Ex = A and let y be a geometric r.v. with
P(y = 0) = P(x = 0). Then which of the following holds true ?

(A)  V(y)=Ey (B) V(y)=e* Ey

(C)  V(y)=e* Ey D) Viy.E@=1

Math. Sci-TI 10




18. Let A and B be two independent events such that the probability of their

simultaneous occurrence is l If P (A will occur but B will not oceur) = —

6 3’
then which of the following holds frue ?

L pgy- L
1 ppy=1
(B) P(A)—g,P(B)— 5
1
(&) P(A)=§=P(B)

D) HA) and P(B) cannot be determined
19. Consider the following L.P. Problem :
Maximize c'x
Subject to Ax=5
%20 ,
Then which of the following is true ?
(A) x, is a feasible solution if x5 2 0
(B) x, is a feasible solution if Ax,=b
(C) x, is an optimal solution if Ax, =5 and x,20

(D) None of the above

Math. Sci-TI 11 [P.T.0]




[}

| 20. Consider an L.P. problem :
Maximize 3x; + %,
Subject to  xy + 2x; £ 4
6x; + 2x5 £ 11
2y +% £6
Xy, %o 2 0
Which of the following is true ?
The L.P.P. has :
(A) Unique optimum solution
- (B) Two optimum solutions
(C) Infinitely many optimum solutions
(M) No optimum solution

21. Let {a,} be a sequence of real numbers. Consider the statements : (i) {a,}
converges. (ii) lag,}, {ag,}, {as,,;) all converge. Then which of the following

is true ?

(A) @)= (i) but G) = G)
B) () =5 (i) but @) = G)
(C) ()= (D) and (@)= @)

M @) = G and (@) =5 @)
Math. Sd.-IT 12



22,

23.

Let A be the set of all polynomials with rational numbers as coefficients and
B be the set of all transcendental numbers. Then which of the following is

true ?

(A) A is uncountable and B is countable
(B) A is countable and B is uncountable
(C) A is countable and B is countable

(D) A is uncountable and B is uncountable

An example of a kernel function K(x, ) which is symmetric and separable

18 :
(A) ¥ (B) tanf(x + 2)
(C) sin(x2 + 19 (D) cos(xt)

Which of the following curves is characteristic for the first order PDE

a—u—x@?=0 ?
Y& %
(A) =x*-y'=1 B) x*+y°=1
(C) y2=x% D) xy=1

Let fx)=x+ ;1", x>0, Then which of the following is true ?

(A) fis an unbounded funetion, which is not continuous at some points
(B) fis a bounded function and 0< f(x)<2 for all x > 0
(C} fis a bounded function and 2% f(x)<e for all x > 0

(D) [ is an unbounded function, which is continuous everywhere

Math. Sci-Il 18 [P.T.0]



26,

27.

28.

29.

Let S = {(x,, x,, x,) e R® : 27 + x2 + x2 = 1} and A be a circle lying on S. Suppose
A does not contain the point (0, 0, 1). Then what is the stereographic projection
of A on the complex plane ?

(A} A straight line (B) A circle

(C) An ellipse (D) A parabola

. a1l
The image of {3 eC:|Imz|< ‘2;} under the exponential map is :

(A} interior of upper half of the unit éircle
(B) right half plane |

(C)  exterior upper half of the unit circle
(D) left half plane

Which of the following methods gives the fastest approximation to the nth

root (n € N) of a given positive real number ?
(A) Bisection method (B) Newton-Raphson method
(C) Regula-Falsi method (M) Fixed point iteration method

If the Lagrangian of a dynamical system, using generalized coordinates «x,
y is given by :

L{x, v, x, 5, ) = %(;:2 —-2zy + ¥°) + bxy

then one of the Lagrange’s equations is :
A  %+3+6y=0 B z-j+5y=0

© 3-3-5y=0 @ x+3-5y=0

Math. Sci-IT ‘ . 14



30.

31.

For a conservative dynamical system if the geometrical equations do not contain
the time ¢ explicitly and L, T, V represent the Lagrangian, the kinetic energy

and the potential energy respectively, then :
(A) L - T = const By T -V = const
C) T+ V = const D L+ V = const

Let G be a group of order 16 and H be a proper subgroup of G. Then which

of the following is true ?

(A) H must be a cyclic group

(B} H must be abelian but need not be cyclic
() H may not be abelian but it must be cyclic
(D) H may be neither abelian nor cyclic

If N is a normal subgroup of G, then which of the following statements is
false ?
(A) For every geG, gNg'=N

(B) Every left coset of N in G is a right coset of N in G

(C) Product of any two right cosets of N in G, is again a right coset of

Nin G

(D) N must be a cyclic subgroup of G

Math. Sci.-TI 15 [P.T.O]



33.

Let

J(ﬁ)={x'é R|x=m + nv2,
m and n are integers}

and ¢ : J(v'2) - J(v2) be defined as ¢ (;m + nv2) = m ~ n2 . Then which of

the following is frue ?
(A} J(/2) is not a group under usual addition of real numbers

(B) J(J2) is a ring and ¢ is not a ring homomorphism

(C) J(J2) is a group under usual addition of real numbers but it is not
a ring

(D) J(/2) is a ring and ¢ is a ring homomorphism

Let E be the set of all even integers with usual addition and multiplication.

Which of the following statements is false ?
(A) E is a commutative ring

(B) E is an integral domain

(C) E is a field

(D) E is an ideal of the ring of all integers

Math. Sci I 16



35. Let

S, ={x,y,22eR? | 2x — y + 32 =5} and

Szz{(x,y,z)eR3|x+y+z=0 and 7x - 5y — 2z = 0}.

Then which of the following is true ?

(A)

(B)

(C)

D)

S is a 2-dimensional linear subspace of (the linear space) R3 whereas

Sy i8 a 1-dimensional linear subspace of R3

S, is not a linear subspace of R® and S, is a 2-dimensional linear subspace

of R3

S, is not a linear subspace of R® and S, i5 a 1-dimensional linear subspace

of R?

Both 8, and S, are 1-dimensional linear subspaces of R3

36. Let T:R®— R® be defined as T(x, y, 2) = (x—y, y—2, z—x). Then which of

the following is true ?

A)
(B)
(©)
(D)

Math Sci-IT

T is a one-one map and T is a linear transformation
T is a linear transformation which is not a one-one map
T is a one-one map but T is not a linear transformation

T is neither a one-one map nor a linear transformation
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37. Let T be a linear transformation from a linear space X to a linear space Y,

M be the range of T and N the null space of T. Which of the following is

true ?
(A) Both M and N must be finite dimensional linear subspaces

(B} If M is a finite dimensional linear subspace of Y, then N must be an

infinite dimensional linear subspace of X

(C) If N is a finite dimensional linear subspace of X, then M must be an
infinite dimensional linear subspace of Y

(D)  Both M and N may be infinite dimensional linear subspaces

38. The Euler-Lagrange condition for extremals of the funectional :
b
L F(x, y, y)dx

18 |

d d
(a) F,= I (Fy) B Fy= & (Fy)
d d
© F-= 7 (F,) @ Fu= A
2
d .
39. Let y(x) be the solution of % + 3£ +2y=sinx, xe R, Then
lim y(x) :
X—ro0
(A) equals zero (B) equals 1
(C) equals -1 (D) does not exist

Math. Sci-Il 18



40.

41.

42,

43.

Consider the differential equation y' = y%— 1, x > 0 together with initial condition
¥(0) = yo. Then for —1 < y5 < 1, all the solutions y(x) are such that :

(A) § — — oo ags x > o
(B) y -5 —-1lasx > o
(C) graph of y{x) is concave downwards

(D) graph of y(x) is concave upwards

2
d
What is the singular solution of [jx_yj + x-d% -y=07?
(A 2 +4y=0 B) y=x+1
C y=0 D x% +4y=1

The relation F(x, ¥, 2, @, b) = 0 given F, where a, b are constants, satisfying

_ dz dz
the given partial differential equation f| % 5 2 %’ 5; =0 will represent

its :
(A) general integral (B) singular integral
(C) complete integral (D)  particular integral

The points (x, ¥) lying in the region -1 < y <1, 0 < x < 2, at which the equation

2 2
(52 —1)3—— 2 %‘372““”
is parabolic, lie on a :
(A) straight line (B) parabola
(C) hyperbola (D) circle

Math. Sci.-[T 19 [P.T.0.]



44.

45.

46.

Which of the following relations is implied by the characteristic equations

d dz
of the differential equation z = pg, where p= _z’ =0 ?
, dx oy
A)  g=Jap B)  p=afg
(C) p=ag D} p=alq

where ¢ is an arbitrary constant.

In a survey 20 observations on X were collected. The summary of the data

" s Xx; =100, fo =1000- It was found that 2 observations were to be

corrected. One record was wrongly taken as 10 instead of 11 and another
one was also taken as 10 instead of 9. By what value 2 — Tx; - )2 /n will

increase after correction ?

(A) zero (B) 0.1
(C© =01 D) o2
Let (x;, ¥, i = 1, 2, ........., n be n pairs of observations. Suppose the linear

model y =flx + € is to be fitted. There is no intercept in the model. Let the
OLSE of B be g and y = px- Which of the following equations hold ?

A -, Exy
@ B 5 x?
h. 2ax-x)(y-5)
@ P
®  3y-3y
(A) 1 only (B) 2 and 3 only
(Cy 1 and 3 only D) 3 only

Math. Sei-II 20



47.

49.

50.

IfX,, o , X, are iid variables with E(X;) = p and V(X,) = o2. Then which

of the following is correct ?

o | o] 1 1
@ Pl u|>c— <5 ® P|IX- u[>cJ?_1 ot

© P("T‘”'”z")ﬂ‘}z (D) P(|i—l-1|<c0)5ci2

Let X and Y be independent r.v.s. Then what is the characteristic function

of X-Y)?

A)  dx® oy ) B) ox@) oy @®
ox ()
(C) m D)  dx@® ey (-

If XRL)X and YRL)Y, then for Xn+Yn_.;d;_>X+Y,which of

the following is an appropriate condition ?

(A) X, and Y, are independent, v r 21

(B) X and Y are independent

(C) X or Y is degenerate

(D) Both X and Y are degenerate

Let (X, Y) have joint distribution F(x, ¥). Then what is P(X > x; Y > y) ?
(A) 1-Fix, y (B) (1-Fxx)(1-Fy(y)

€  1-Fx) Fy(») +F(x, y) D) 1-Fx{x)-Fy()+Flx y)
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