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MATHEMATICAL SCIENCE

PAPER-II

Note : This paper contains FIFTY (50) multiple-choice/Assertion and
Reasoning/Matching questions. Each question carrying two (2) marks.
Attempt ALL the questions.
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1. Let ¥ = + ot . Then <x,> converges to :
\/n6+1 \/n6+2 Jn6+n n 8o

(A) 1 (B) 0
| (C) 2 (D) 2
2' ™ : i 1 .
. e sum of the sepes ~ nn+ D) n+2) is

e B
(A) B |y 1
o L 1
) 18 (D) 2
&
. @tz @+20 (a+ 32 .
3. The series 1T 21 + 3] +...-is convergent if :
1 1
(A) x>~ (B) X < —
e e
1
(C) x= " (D) x>1
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4. For a function f of several variables,
{(A) if f has directional derivatives in all directions, then f is continuous
(B) if f is continuous, then all the partial derivatives of f exist
(C) if all the partial derivatives of f are continuous, then f is differentiable
(D) if fis differentiable, then all thé partial derivatives of f are continuous
5 fxy=x*+23-2,x¢cR,

(A) has two roots in [0, o) (B) has three roots in [0, =]

(C) has no root in [Q, =) (D)  has a unique root in [0, o)
: 3 ,0<x<«1
6. If f£:(0,2] - R is defined by f(x)=1{9 , x=1 | then :
4 | 1<xx2

(A} the upper integral _[02 flx)dx=9
%2

(B) the upper integral_[o fx)dx =7

(C) the lower integral _[: fl)dx =6

2
(D) the lower integral J'D flx)dx =9

7. The subset of R, which is compact under usual metric, is :

A) lx, ¥ |xy=1) B)  {(x, )]0 < 3x%+ % <1}

© {(x, N]y* =x) D) {x, y)|1<a®+y2 <9
Math. S¢i—It 4




8 IKT:R’ 5 R is a linear map such that T2 = 0, then the rank of T is:

(A <3 (B) > 3

(C) & (D) 6

9. Let A be a square matrix with entries from the set of complex numbers.
Then :

(A) if A is Hermitian then the eigenvalues of A are purely imaginary
(B) if A is unitary then the eigenvalues of A are in the set {z : |z] = 1}
(C) If A is skew Hermitian then the eigenvalues of A are real

(DY If A is unitary then eigenvalues of A are in [0, 1]

d2
10. If V is the vector space over R, consisting of solutions of d—g +9y =0,
x

then dim V is :
(A) 1 (B) 2
) 3 {D) co

11. Let V be a vector space of all polynomials of degree at most 2 and with

coefficients in R. Consider the bases

A=1{1+2x x (x +x2)} and

B =1{1 (1 +x), (1 +x + x2)} for V.

The transition matrix from A and B is :

1 1 1 1 2 1

@ |10 -1 B) -1 0 -1
|01 1 0 0 1
(1 -1 0 [ D T B |
o |1 00 D) -1 0 -1
1 -1 1 | 0 0 1
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12

13,

14.

15.

For u = (i4;, Uy, Uz, and v = (v}, Ug, Uy, let the innerproduct in C3 be defined
by (w, V) = (@, iy, @z)A (vy, g, vg)T,  where A=|-i 2 0

If u=(Q-1i8{,-2) and v=(2i,6,~i), then [(u, v)| is equal to :

(A) 3721 (B) 3842
(C) 551 (D) 4143

Let  f(x, y, 2) = (sin xy)e'zz . The direction from (1, i, 0) for f to increase

most rapidly is
(A) i—~J (B) -1+ j
) ~mi-g (D) - J

Reflection of the line @z + ¢z =0 in the real axis is

(A) @z+az=0 (B} az-az=10
(C) (a+a)(z+2)=0 (D) az-az=0
The value of the integral | St S
e value of the integra i (2_1)2 z+2) 18
2mn
(A) 2me (B) 3
© = o =
3 ' 5
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16. Let w=f(2)=2+;, z=x+iy,w=u+tv, then

(A) f maps |z|=1,0£8£nlonto 2<u<2,v=90
(B) fmap |2]=1,n<0<2n onto -2<u<2 v=1
(C) fmaps -1 x<0 onto = <u<0

(D) fmaps 0<x<1 onto 0<u <o

17. The radius of convergence of ¥z is

(A) 2 (B O
G 1 (D) o
(2% +1)
18. The principal part of Laurent series expansion of flz) = — 3. 18
sin(z”)
‘
1 ' 1
(A) —§ (B) -
z F4
1 1 1 1
C) =z (D) 3t
2z oz 0 oz

19. Which of the following is noi true ?

1
(A) f(z-')=; has a pole at z = 0
.1 )
®B) (@)= sm; has essential singularity at z = 0

1
©) f2 =? — €082 has essential singularity at z = 0

sinz

(D) f2)=

has removable singularity at z = 0

Math. Sci.~II (] [P.T.O.]




20. The complete list of least positive incongruent solutions of 51x = 12 (mod

87) is
(A) {19, 47, 67) (B) (17, 48, 68}
(©) {15, 48, 67) (D) {19, 48, 67}

21. The group Q/Z is isomorphic to
(A) Q x Q
(B) P, the group of roots of uhity
(C) 81, the circle group
(D) 2Z
22. Let G be a group of order 1225. Then G is

(A) non-zbelian

(B) abelian and is always isomorphic to 252 x Z72

(C) abelian and may be isomorphic to either Z52 x Z72 or
Z52 x Z7 x Ly
(D) cyclic b

23. In the ring Z[ii of Gauss integers
(A) 3 and 5 are irreducible
(B) 2 and 3 are not irreducible
(C) 2 and § are irreducible

(D) 3 is irreducible but 2 is not

‘Math. Sei.-1I 8



24. Consider field extensions Q(\/ﬁ) and Q(%) of Q. Then
(A) Q(\@) and Q(%) are Galois extension of Q

(B) Q(\E) is a Galois extension but Q(%) is not

(C) none of them are Galois extension

@) Q(¥5) is a Galois extension but Q(vZ) is not
25. The sum of divisors of 200 is |

(A) 460 (B) 466

(C) 475 (D) 480

26. The property that any linear combination of solutions of an ordinary
differential equation is again a solution of that differential equation, holds

for

(A) all linear differential equations

(B) all exact differential equations

(C) all homogeneous linear differential equations

(D) all first order non-linear differential equations

d
27. The initial value problem Ey =¥"%, =0 has

(A) a unique solution
(B) two solutions, one of which is a trivial solution
(C) two non-trivial solutions

(D) three solutions

Math. Sci.~II 9 ‘ [P.T.O.]




28,

29.

30.

dz dz
The complete integral of f(p,¢)=0, where P = B_x’ q= g is

(A) ax + by +c¢2? = 0, with f(a,b)=0
(B) ax®+by? +cz2=0, with f(a,b)=0

{Cy z=ax+ by, with fla,5)=0
D) z=2+2 ith fla. b)=0
Y with fla, b) =

If the geometrical equations of a dynamical system do not contain the time

t explicitly, then

(A) the Lagrangian is equal to the sum of the kinetic and potential energies
(B) Lagrangian is equal to twice the kinetic energy

(C) the sum of kinetic and potential energieg is constant

(D) the difference of the kinetic and potential energies is constant
Which of the followin?,r is not true 7

(A) ulx,t)=x2 + 9¢% is a solution of one-dimensional heat equation
(B) ulx, &)= e ¥ cos8x is a solution of one-dimensional heat equation
(C) wulx, t)v= sint sindx is a solution of one-dimensional wave equation

(D) ul(x, t) = sin2x cos3¢ is a solution of one-dimensional wave equation

Math. Sei.—I1I _ 10
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31. The necessary condition that y = ¢(x) minimizes the integral L F(x, y, y)dx

is
d F , ,
(A) a y(x! ¢! ¢ ) - Fy’(x; ¢5 ¢' ) = O

d
(B) aF ’(x’ ¢’ ¢’) - Fy(x: ¢’ ¢") =0

2

—Fy‘(x’ ¢” ¢') - Fy(xa ¢': ¢‘) = 0

© —

9 , ,
D) = Fy@ 0,69 F(x,0,¢7=0

32. If the kinetic and potential energies for a particle are given by
1.2 242 H . .
T = §(r, +7r°8%) and V= =~ » where (r, 8) are its polar coordinates, then

the Hamiltonian for the system is

1
) H 6 p,, po) = o (pF - pi) + -

1 2
(B) H(r’ B; by, pﬂ) = —2‘(1)’2. - -&E—J + _rl{

' 1 5  pg U
H 1 9; r* == r + BE -
¢y H(r,6; p,, py) 2kp 2} "

1{ 2
(n) H(r, 6 pr,pe)=§ 23 —&]~E

Math. Seci—]I 11 [P.T.0.]




33. If we apply Euler-Cauchy method to solve the initial value problem

d:
Ey=x+y, ¥0)=0, taking 2 = 0.2, then we get

(A) Yps1 = ¥n +0.2x, + ¥,)
(B) yn+1 =¥n + 0‘2(xn——1 + yn-—l)
(C) yn+1 = ¥Yn-1 + 0'2(xn + yn)

(D Ynel = Yna t ('2)n(xn + yn)

d’y 5 d
34, General solution of x* Eg - Ex-&-i— -2y=0 is
(A) y=cx"? vext B)  y=ex V2 yext
©) y=cx? +epx° D) y=cx V2 1epx?

35. The curve joining the points (x4, y;) and (x,, ¥y} so that the surface of

revolution given by _[1_12 2ny 1+ (¥’ dy is minimum is

(A) y=ce™+cye™

B) ¥= clsinh[x — 62}

q

y i - cf JH
- 2

x=0c1
) G Og[ o

(D) ¥ o

{2 _ .2 '
.cl log{m—clJ+ 02

Math. Sci.-1I 12




36:

37.

38.

In the motion of a rigid body about one of its points, which is kept fixed,
if the moment of the external forces about the fixed point is steadily zero,

then its

(A) only angular momentum is conserved

(B) angular momentuﬁ and kinetic energy both are conserved
(C) only kinetic energy is conserved

(D). angular velocity is a constant

_ . _ _ ?z 9%z A
The two-dimensional harmonic equation —*axg + ‘“—ayz =0 jg

(A) hyperbolic and is in canonical form

(B} hyperbolic but not -elliptic

(C) parabolic and is in canonical form

(D) elliptic and is in canonical form

For a rv. X with EX = g and V(X) = g% <« Chebyshev’s inequality is
obtained to be P[|X -0]< 3] = 11% Then which of the following is true ?
(A) o%=4 B) o’=8

) o2=12 D)  o%2=184

Math. 8ci.~I1 13 [P.T.0.]




39.

40.

41,

42.

| i 2,
The characteristic function of a r.v. X is given by dx(8) = [-3’ + ge t] . Then

which of the following is true about the first two moments of X ?

(A)Ex—i d EXZ 8 B EX—i dE)t;z—f£
=3 an =3 B = 3 an =3

8 2 8 , 8
(C) EX = 3 and EX* =8 (D) EX = 3 and EX® = 3

Suppose state i leads to state j. Then which of the following is true ?

{r)

(A) P’ >0forallnz1 (B p§’>0_

) p:-;) > 0 for some n > 1 (D) pgﬂ > 0 for all n large

Suppose Xy, Xo, ..oy X, are 1id. N(O, 1) rvs. Let U = max(Xy, ..., Xp)
and V = min(Xy, ........ » X)) which of the following is true ?

(A) U and V are identically distributed

(B) U and V are independent

(C) U and -V are identically distributed

(D) U and ~V are independent

Let X be a standard normal r.v. with p.df. f and Y be a normal r.v. with
mean zero and variance 9. If g is the p.d.f. of Y, which of the following

is true ?

(A) fand g do not intersect

{B) f and g intersect at O

{C) F and g intersect at two points

(D) f and g intersect at more than two points

Math. Sci—II - 14




43. Let xq, x5, ....x, be a random sample from N(0, %), then UMP test for
testing H, : g2 =05 against H, ;02 > Ug is based on :
(A) JEx? B) E(x ~ %)
(C) E]xl-f| (D) sz

44. Let U and L denote respectively the lower and upper limits of the 95%
C.I. for the mean [P of a normal distribution. Which of the following

statements is false ?

(A} The probability that interval (L, U) contains population mean | is 0.95
(B) The larger the sample size, the samller the distance U - L

(C} The sample mean ¥ is midway between 1. and U

(D) The probability that pepulation mean W is the mid-peoint of L and U
is 0.05.

45. For absolute error loss function which of the following is the Bayes estimator ?
{A) Mean of the posterior distribution
(B) Mode of the posterior distribution
(C) Median of the posterior distribution

(D) Range of the posterior distribution

Math. Sci.—1I 15 [P.T.0.]



46,

47,

For a linear model
E(y,)=90, + 0, + 05,
E(y2.) =0 + 6,
E(yg) = 92..

Which of the following conditions is correct for estimability of

A 8=240, + A8y + Agly ?
(A) A«l = A.g . (B) ll = Aa
(C) Z-Q - ll3 (D) A’l = kz + Ra

If X, denotes failure time of rth item (r being prefixed), then for failure-
censored sample (FCS) and time-censored sample (TCS). Which one of the

following is true ?

(A) X,y is a constant in FCS and TCS

(B) X, is a random variable in FCS and TCS

{C) X(,.) ig a constant in FC8 and a random variable in TCS

(D} X(r) iz a random variable in FCS and a constant in TCS

Math, Sci.—II ' 16



49.

A random sample of size n is drawn from a bivariate normal population
to test if the populaticn correlation coefficient p is zero. Let r denote the
sample correlation coefficient. Which of the following is ‘the appropriate

test statistic with the stated distribution when p = 0 ?

(n-2r ) '
(A) T:;‘é_ whit:h follows student’s # distribution with (n — 2) d.f.

,/n— 2r

(B) ﬁ which follows student’s ¢ distribution with (n — 2) d.f.

1/(n -Dr

C) ﬁ which follows student’s ¢ distribution with (n — 1) d.f.

(n-Dr '
(D) (1——1‘2) which follows student’s ¢ distribution with (n — 1) d.f.

If in a BIBD, v = b, then which of the following is not true ?
(A) bk=vr
B) Mv-D=rk-1)
(C) r- X is a perfect square for even v
2

.
(D) —U—- is an integer

If ¢x and b’y are primal maximization and dual minimization objective
functions, which one of the following is frue in general ?

’

A) cx=by
®B) x> -b—’l
© c'z<by

(D) No specific condition can be drawn

Math. Sci.—11 17 [P.T.0.]




ROUGH WORK
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