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MATHEMATICAL SCIENCES
PAPER-II
Note : This paper contains seventy four (74) multiple-choice questions. Attempt
y any fifty (50) questions only each question carries two (2) marks.
L With the help of the Rolle’s theorem, it can be seen that the equation :
4x3 —18x% + 22x — 6 =0 has
(A) one root in each of the intervals (0, 1), (1, 2) and (2, 3)
(B) one root in each of the intervals (-1, 0), a, 2,) and (2, 3)
(C) two roots in (0, 1) and one root in (1, 2)
D) no root in (0, 1) and no root in (1, 2)

2. Let un - n2xn. Then '}i—ﬂ un R eeesasses
A Qifx>0 B) 1ifx<1
© 1ifx>1 M oifx>1
. .1
: : —,x=#0
3. Let f(x)= {xsm L
) 0 ’x=05

’ 2 l,x#O
g(x)_:{x Slnx :
0 ,x=0.

Then :

(A) f and g are differentiable at O

(B) f is differentiable at 0 but g is not differentiable at O
C) gis differentiable at 0 but f is not differentiable at 0
(D) ' neither f nor g is differentiable at 0

4. The polar form of the complex number —3 +i is :
A 2(cos£ +1 sin—E) B) 2 cos— + z sinZ
@ s 5 B 3 703
| ©) 2(cos£371 +1 sin%) M) 2,(“)3% + i sin _562)

Math. Sc.—II o ‘ 3 ~ P.T.O.




3 5 27

2° z :
5. The power series 42 + 32% - 31 + B 777 .- represents which of the follow-
ing functions ?
(A) sinz+ —322 (B) sinz+3z +322

2

© cosz+4z+%z D) sinz + 3z + 222

(z+2) tanz

6. Let f(2)= 5
22 .
Then f(z) has a pole at 0 of order a and residue b, where :
A a=2,b=0 B a=1,b=2
€ a=20b=1 D a=2,b=2

7. If A, B are 3 x 3 matrices such that det A = 3 and det B = 2 then :
(A) AB! may not be defined
(B) AB- is defined and det (AB) = 6
(C) AB is defined and det (AB™) = 5
(D) AB™ is defined and det (AB™) = E

8. If Ais m x n and B is n X p matrices w1th ranks r, and r, respectively and
rank of (AB) = r, then which one of the followmg is always true ?
A) r—mm{,rB} - B r=max{r, r}

‘ (G r < min {ry g D) r > max {r,rB}

9. Let T : R? — R? be defined by T(x, y) = (x + y, 3x — 4y). Then :
(A) T is not linear
(B) T is linear, but T! does not exist

o _ _ 417 17
(C) T is linear, T! exists and the matrix for T is 3/7 -1 /7]
O Tis ki T ox , VA Vi
) i1s linear, exists and the matrix for T-! is 317 17
31 4
10 If A=|0 2 6/, then eigenvalues of 2A2 — A + 3 are :
005 |
A 3,2 5 B) 18, 9, 48
(C) 18, 8, 50 ‘ D) 15, 6, 45
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11.

12.

13.

14.

If the quadratic form x2 + 2y% + 622 — 2xy + 42x is expressed as XAX'» where

-1 p 2
= 5 2, A=|{-1 2 0/, then:
2 0 q
® p=lg=2 B p=-1g¢=6
(C) p=0’q=4' (D) p:-—l,q=4

Let T be a linear transformation from a finite dimensional vector space V
to V. Consider the following statements : '
p : T is one-to-one on V.
q : T is invertible. g
r : T maps any linearly mdependent subset of V onto a linearly independent
subset. ‘ '
8§ : 0 is not an eigenvalue of T.
Then : ,
(A) p is equivalent to g, but not equivalent to r
(B) p is equivalent to r, but not equivalent to s
(C) p is equivalent to s, but not equivalent to ¢
M) bp, q, r, s are all equivalent to one another
Suppose a coin is tossed till a head turns up. Let X be the total number of
tosses made. If p is the probability that a head turns up in a single toss,
the distribution of X is given by ‘
P,=PX =K,
where : '
@A P.=QQ-pphk=01,2 ..
®) ,=p1l-pk k=012 ..
€ P, =pl-p*.L k=1, 2
® P,=Q-pp+ k=
Let X be the binomial r.v. w1th expectatmn = 8 and variance = 4. Then
A PX=0=8PX=1)
B) PX=1)=8PX=0
) PX=1)=16PX=0)
O PX=0=16PX=1)

Math. Se.—II | 5 o ~ PT.O.



15.

16.

17.

18.

19.

The probability density function of a random variable is given by
lerx2 , if |x|>1
f@_{ 0 ,if |4<1,

where ¢ is a constant. Then :
A ¢ ‘

Il

®B) ¢ =

(C)  c

D) c=
Suppose X is a random variable taking values +1 and —1 only with prob-
abilities ¢/3 and ¢/6 respectively. Let Y = X2 Then :

A c=1and P(Y=0) =1 B) c=1land P(Y=1) =1

(C) ¢=2andP(Y=0)=1 D) c=2and P(Y=1) =1

An unbiased coin is tossed twice. Let X and Y denote the number of times

a head turns up and the number of times a tail turns up respectively. Then
which of the following is FALSE 7 '

A PX>Y)=PX<Y B) PX+Y=2=1

A T

1
1
2

© PX=0=P¥=00 O PX=V =i

‘An unbiased coin is tossed once. If head turned up, then the coin is tossed

once more. If, on the other hand, the first toss resulted in a tail, the coin
is tossed twice more. Then the probability of getting tail two times in all

is :

A) B)

®o|w Wjm
[ S [T S

© D)

- Consider an LPP in n variables with m (< n) constraints and non-negative
~ restrictions on all variables. The set of feasible solutions is a convex set bounded

by :

(A) n hyperplanes

(B) m hyperplanes

(C) m + n hyperplanes each of which is n dimensional
(D) m + n hyperplanes each of which is m dimensional

Math. Se.—II 6
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20.

21.

22.

23.

24.

'Considef the LPP :
Min. ;: Z = 3x + 6y

Subject to :
x+y=29H
2x + y > 9
x,y 20
Then an optimal solution is :
9
@ |30 | B) (4 1)

If E is infinite and countable and E =] E;, then :
i=1
(A) at least one E, is infinite
(B) infinite number of E s are infinite
(C) no E, need be 1nf1mte
D) if Es are pairwise disjoint at least one E, is infinite
Let f and g be real valued uniformly contmuous functions on R. Then :
(A) fg is uniformly continuous on R k

(B) fg may not be uniformly continuous, but if one of f, g is bounded, then
fg is uniformly continuous

(C) if both f and g are bounded, then fg is uniformly contlnuous |

(D) fg may not be uniformly continuous even if f and g are bounded

Let f be a real valued continuous function on R. Let (x,) be a sequence of
real numbers. Which of the following is false ?

(A) (x) is convergent = (f(x,)) is convergent
(B) (x) is Cauchy = (f(x,)) is Cauchy
(C) (x) is bounded = (f(x,)) is bounded

(D) (x,) is not convergent = (f(x,)) is not convergent

Let X be a non-empty set and d and p be metrics on X. Then :

(A) every d + p-open subset of X is both d-open and p-open

(B) every d-open or p-open subset of X is d + p open

(C) No d + p-open subset of X can be d-open or p-open, unless it is ¢ or X
D) d + p may not be a metric on X

" Math. Sc—II 7 " PTO.



25.

26.

27.

-28.

29.

Math. Se.—II ' ‘ 8

Let f(x)= ;"- (x 2 0). Then :

(A) f is increasing on [0, «)

(B) f is decreasing on [0, ) \
(C) f increases on (0, 1) and decreases on (1, ©)
(D) f decreases on (0, 1) and increases on (1, «)

The general equation of a line in the complex plane is (here o # 0, o complex
and n real) :

_(A) oz+n=0 B) az+n=0

(©) az+GZ+n=0 D) z=n
Which of the following is not true ?
(A) The set of all translations on the complex plane ¢ is an abelian group

(B) The set of all rotations on ¢ is a group but the set of all dilations on
< 1s not a group

(C) A translation maps a (straight) line to a (straight) line and a circle to
circle '

(D) A non-singular linear transformation maps a line to a line and a circle
to a circle

C, is the arc of the parabola y = x? from the point (0, 0) to the point (3, 9)

and C, is the line segment between the same two points. If

o= Jcl 2dz and B = jCz 2dz, then ;

(A) o does not exist but B exists

B) oa>p
©C) o=8
D) oa<p

Which of the following functions is analytic in the unit disc, vanishes at 0
9
and at all 2= - for every non-zero integer n ?
. T
A 0 B) sin—
@ (B) sin_-

(C) smn > D) z smn .




30.

31.

32.

33.

34.

Take the group S, of permutations on three symbols. It is generated by
permutations a and b such that a® = e = b* and ab = ba’. Let H and K be
subgroups of S, given by H = {e, b}, K = {e, o, a%. Which of the following

is true ? ,

(A) His a\norntlal subgroup of S; but K is not
(B) K is a normal subgroup of S, but H is not
(C) Both H and K are normal subgroﬁps of S,
(D) Neither H nor K is a normal subgroup of S,

The set of all linear functions f,,(z) = az + b, where é, b are complex numbers
and ¢ =0 form a group under ordinary composition of mappings. Which of
the followin,gl,r describes this operation correctly ?

Q) favfed = fab,ca ®  fasfed = faa

(©)  favled = fac,ad+b D) fabfed = fod,acrd |

How many distinct (mutually non-isomorphic) subgroups does the cyclic group -
of order 6 have ? |

(A 2 B 3

© 4 | @) 6

His a subgroup of G and every coset of H in G 1s also a subgroup of G.
Then : )

(A) H = {e} (B) -G must Have order 2
(C) H must have order 2 ® H=G

Let R be a ring and R]x, y] the ring of polynomials in two variables over
R. The polynomial ring Rix] is : '

(A) not a subring of R[x, y] but it is an ideal of R[x, y]
(B) a subring but not an ideal of R[x, y]
(C) Dboth a subrin‘g and an ideal of R[x, y]

(D) neither a subring nor an ideal of R[x, y]

Math. Sc.—II 9 | P.T.O.



35.

36.

37.

D) ker (f) is of dimension 1 and has a basis

Let V= {(x, y) | x, y € R}, where R is the field of real numbers. Define addition
and scalar multiplication on V as :
(21, 1) + (22, ¥2) = (%1 + 29, ¥ + ¥2)
a(xy, y1) = (0, ay;)
for all (x;, 1), (%5, ¥2) e Vand a eR
Then :
(A) YV is a vector space
(B) V is not a vector space because additive identity does not exist
(C) Vis not a vector space because it is not closed under scalar multiplica-
tion
(D) . V is not a vector space because there does not exist element I € R
such that I . v =v for all v € V.
Let V be a vector space of 2 X 2 matrices over R and let f: V' — V be a
1 2
0 3

1 <171 o}
0 0|0 1

_ ‘ i 11-1 1
(B) ker @ is of dimension 2 and has a basis { ’[ :l} |

linear map defined by f(X) = XM ~ MX, where M =[ ] Then :

&) ker () is of dimension 2 and has a basis

Juy
|
it

(e}
o

0 O

1

—

~ O
—
Nm——

© | ker (f) is of dimension 1 and has a basis

-

-1 1
L 0 O]}
Let f: V — V' be a linear mapping defined by
f(x, y, z)-%(3x +2y —42,x - 5y + 32), ,
where the basis of V is B, = {(1, 1, 1),(1, 1, 0), (1, 0, 0)} and the basis of V' is
={(1, 3), (2, 5)}. Then f is represented by the matrix :

-7 -33 -13 1 5 3
(4) 4 19 8 (B) -1 -4 1 |
- I3 2 -4 13 —20 26
(©) 1 -5 3 (D)f_8 11 -15

~ Math. Sc.—II 10




38. -Let V be a subspace of R? generated by {u, v}, where @ =(1,2,1)
and 7 = (1,1,1). Suppose for any two vectors |U; = (x,xy,%3)and
Ty = (71, ¥2, ¥3) € R3, the scalar product is defined as 7.7, = x,5; — X272 — %3Y3-
Then the orthogonal basis of V with respect to the given basis and the scalar
Y product is given by : :

. 1yl ‘ | 1491
(A) {(1,2,1),(2,0,2)} (B) {(1,2,1),(2,C 2)}

-

11 1
© {(l, 2,1), (—5,5,-5)} - D) {gl, 1, 1), (-1, 1,0)}
39. The initial value problem y’' = yl/ 3 %(0)=0 has :
(A) a .unique solution (B) exactly three |solutions
(C)  exactly two solutions : (D) no solution |

40. A differential equation of first order :
(A) has only one singular solution
(B) may have many singular solutions
(C) does not have a singular solution
(D) has a singular solution if it is exact. :
41.  The following is not a solution of a homogeneous linear chfferential equation
' with constant coefficients :

(A) €™, where ) is a constant B) cos® x + sin%0 4
(©) x33*sin3x D) x log x

. . ou ou o
42. The differential equation @(%,J) ™ +b(x, y) "a'; =c(x, ¥,[U) is :

(A) linear

(B) semi-linear

(C) quasi-linear :

(D) non-linear in u and its derivatives

43. The differential equation % + 2%E =u has :

Y
(A) no real characteristic curves
(B) two parameter family of characteristic curves
(C) one parameter family of charactenstlc curves along which u remains
constant
(D) one parameter family of characterlstlc curves as straight lmes along
which u varies exponentlally

Math. Sc.—II o 11 P.T.O.

L2}




44.

45.

46.

47.

o% o2

. . y 1 8% . ,
. The general solution of the wave equation —5 = — v involves :

ox
(A) one arbitrary constant
(B) two arbitrary constants
(C) one arbitrary constant and an arbitrary function
(D) two arbitrary functions
The coefficient of correlation is invariant under changes of :
(A) location but not scale
(B) scale but not location
(C) Dboth location and scale in both variables
(D) both location and scale but of only one variable

Data regarding the number of cars sold in 5 different cities in India during
the years 2002 and 2003 are to be represented in a diagramatic form. Which

of the following is appropriate for this purpose ?
(A) Pie diagram (B) Histogram
(C) Bar diagram . (D) None of these

~ If the joint distribution of two r.v.s X and Y is given by its p.d.f.

O<y<x<l

£(x, y) = {(2) ”

otherwise

the marginal of Y is :

@) g()={2(1-—y) ; 0.<y<'x

0. , otherwise
2 , O<y<x
® &)= {0 , otherwise

, otherwise -

2 , 0<y<l1
0 , otherwise

© &= {2(1 ¥y , O<y<1
D) g(y)—{

Math. Sc.—II - 1z




48.

49.

50.

51.

Let {X } be a sequence of i.i.d. r.v.s with E|X| | < e and Var (X) = ¢® >0.
Consider the two statements :

S1 : For {X} to obey SLLN it is necessary that 02 < oo,

S2 : For {Xn} to obey CLT it is necessary that o < eo.

Which of the following is true ?

(A) Only ST (B) Only S2

(C) Both S1 and S2 : D) Neithef S1 nor S2

The joint probability mass function of r.v.s X and Y is given below .
Ix\vy | -1 | @1

0 1/8 | 1/8
1 1/4 1/2
Then covariance (X, Y) is :
@ 0 ® 3
1 _
©) 16 D) 1

Let A, A, and A, be three independent events Consider the two state-
ments :

S1:A U A, and A, are independent

S2 : A n A, and A, are independent.

“Which of the following holds in general ?

(A) Only S1 is correct

(B) Only S2 is correct -

(C) Both S1 and S2 are correct

(D) Neither S1 nor S2 is correct

A r.v. X has the probability distribution given by

P‘(X- -1 = E =P(X =4)and PX=0)===P(X =2)
Let Y = X/(X + 2). Then E(Y) is :
1 ‘ | 1
@ 3 o T
1 ) . 1
(C) 36 D 3

Math. Sc.—II 13 | P.T.O.



52.

53.

54.

55.

56.

57.

58.

- (C) the smallest observation x(1) | )

- Suppose X is. a standard normal r.v. and a and b are constants. Let

Y = X - a)/b. Then Y has a non- degenerate normal distribution :

(A) only if a and b are positive (B) for all a, b

(C) for any a but b # 0 (D) for any @ but b > 0

Let X and Y be two independent r.v.s with common d.f. F and let
min (X, Y). Then the d.f. of Z is :

(A) 1-F@)P? (B) (F(2))?

© 1-[1-F@E)p D) 1~ (FE)?

If X has uniform distribution over (0, 1), then the d1str1but10n of

Y = -log X is :

(A) uniform over (—eo, 0) (B) uniform over (0, )
(C) exponential over (—s, 0) (D) exponential over (0, o)
Suppose X,, X,, ..... , X, are i.i.d. normal r.v.s with EXl' = u and

, 1 &
V(X)) = 0% < . Then the distribution of Z = ;5 Z (X; - “)2 1s
‘ !
(A) Chi-square with (n — 1) d.f.
(B) Chi-square with (n — 1) d.f. only if n=0
(C) Chi-square with n d.f. only if 6 = 1
(D) Chi-square with n d.f.

Let x,, x,, ........ » %, be a random sample from population with p.d.f..
f(xe) lxe| —0 <X <®
-0 <0 <o

Then MLE of 9 is :
(A) sample median
(B) sample mean

Il
\

D) the largest observatlon x(n)

In case of Poisson distribution P(A) the Fisher’s 1nformat10n contained in a
~single observation is :

A 1 : B) A

€ » D) At

In case of umform d1str1but10n V(0, 6) the MVUE of 0 based on a sample
of size n is

) xg . B xgy +xp
nx(n) (n + 1)
© (n+1) D) _ SO

Math. Sc.—II 14




59.
60.
61.

{\
63

62.

Consider the problem of test:ingvHo :f(x) = f,(x) against H, : f (x) = f,(x) based
on a single observation, where

x 0 1 2 3 4
f,(%) 01 02 01 04 02
f,(%) 02 02 02 02 02 : , |
Con81der a test function ¢, where ¢(0) = ¢(1) $(2) = 1 and ¢(3) = ¢(4) =0
If o is the probability of type I error and B is the probability of type 11 error,
then (o, B) is given by :

(A) (04, 0.4) : B) (04, 0.6)

(C) (0.6, 0.4) D) (0.6, 0.6)

Let {T } be a sequence of unbiased consistent estimators of 6. Then :

(A) {TS} is a sequence of biased consistent estimators of 62
(B) {Tr%} is a sequence of unbiased consistent estimators of 6%

(C) ‘{Tf} is a sequénce of unbiased ‘inconsistent estimators of 62

| (D) None of the above

In the regression model Y = a + BX + €, whefe Vie) = 0%, let ﬁ be the least
square estimator of B. Then V(g) is :

@) (zx})o? . ® xS

© (X, ® (=X;)?o?

Itis proposed to test the hypothesw of symmetry of some unknown dlstnbutlon
with distribution function F on the basis of a random sample Xy Xgy erens y X,
from F. The most appropriate test is : ,

(A) Mann-Whitney ' (B) Chi-square

(C) Kruskal Wallis @) Slgn test

To test the hypothesis H, : p = 0, where p is the populatlon correlation

‘coefficient, the appropriate statistic is :

r

(A) ) Jn - 2, where r is the sample correlation coefficient

(B) ﬁ yn -3
ryn -1

1-r?
(D) None ‘of the above

©)

Math. Se.—II 15 P.T.O.




64.

65.

66.

To test the equality of population means of two normal populations with the

.. X - —
same unknown variance the following statistic is used T, = -—;l, where ¥, y

are sample means and s a function of the sample observations. Then an
appropriate function s is :

@z -7 + 2y - 5)°

®) %[\/mx,- ~%)? + 42y - 'y‘)zj

©) Jz(xi -2)%2 + £(y; - 2)%, where 3 is the pooled samplé mean

) ;-[\/Z(xi “5)? +J2(3 - 2)° J

Consider a queueing system (M |M| 1) with constant mean arrival rate A and
constant mean service rate u (> A). Let P, be the probability that there are
n customers in the system. Then :

' \ ‘ 2 (Y
(A)  the system will reach the steady state with P, = (1 - ;) (E)

| ATEN i
(B) the system will reach the steady state with P, = (1 - ;—J (EJ :

(C) the system will not reach steady state at all

(D) the system will reach the steady state but P, cannot be computed from
the given data :

Consider an inventory problem in which :

@) demand is uniform at a rate R units per unit time

(i) lead time is zero ‘

(iii) replenishment is instantaneous

(iv) shortages are not allowed

Suppose Q* and C* are the EOQ and the minimum cost respectively. Suppose

that the model is improved by allowing shortages and are backlogged.

Then : ‘ ’

(A) QFfincreases and C* also increases

(B) Q*decreases but C*increases

(C) both Q*and C* decrease

(D) Q*increases but C* decreases

“

Math. Sc.—II ) 16
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67.

68.

69.

70.

(8]

Suppose that the capital cost of a machine is C, S(?) is its scrap value after
t years and f(f) is the maintenance cost at time ¢, which increases with ¢.
Suppose that the value of money remains same during the period. Then the
optimum replacement period n for the machine is given by :

(A S =0

B fim=C

(C) S =f

(D) f(n) = the average annual cost till the date

Let P and Q be two LPPs such that one is the dual of kthe‘ other. Consider
the correctness of the following statements when P has no feasible solution.

S1 : Q also has no feasible solution.
S2 : Q has an unbounded optimal feasible solution

Then : - ;
(A) Only S1 is true (B) Only S2 is true
(C) Either S1 or S2 is true - (D) Neither of them is true

Let Q be the dual of an LPP, P. Let P be a maximization problem. Suppose
the classes of all feasible solutions of P and @ are denoted by 1, and t,. Further,
let f(x) and g(y) be the objective functions in P and Q respectively. Then for
xetandye T, : "

@ fwsey 000 ® (@28
© f@®>eQ) @) f@) <aR)

Consider a 2 X 2 two person zero sum game without any saddle point’ and
having the pay-off matrix : : ' '

Player B

a a

Player A " ”
1 Gy Ay,

Suppose that the optimum mixed strategy for player A is given by (@, P,);

where p, + p, = 1. Then p /p, is given by :

@A) Qg2 ~ G331 o B) Q2 — N2
ay; — Gy2 a1 — Qg
11099 —~ Q9102

(ay; + Qg3) — (g3 + agy) (D) None of these

Math. Se.—II 17 | - P.T.0.



71.

72.

73.

74. .

A and B drew simple random samples of size 3 from a population of 5 units
{U, U,, U,, U,, U}. The samples constituted as follows :

A:{U, U,U}and B: {U, U, U}
Then which of the folloWing statements is false ?
(A) A might have drawn by SRSWR
(B) . A might have drawn by SRSWOR
(C) B might have drawn by SRSWR

'(®) B might have drawn by SRSWOR |
A sampler has the following rules to follow while conducting a survey using

stratified random sampling. In a given stratum take a large sample if :
R1 : the stratum is large

R2 : the stratum is more variable

R3 : sampling is cheaper in the gtratum

Should the sampler adopt :

(A) Only R, (B) Only R,

(C) Only R, (D) all the three

In a factorial experiment conéyerning’ 3 factors each at 2 levels, the eight
treatment combinations are arranged in 2 blocks in such a way that it was

not possible to separate the true interaction (of the 3 factors) from the block‘

difference. Then :

(A) the experiment cannot be analysed :

(B) the main effects will contain the additive block effects

(C) the two factor interactions will contain the additive block effects
(D) the three factor interaction and block difference are totally confounded

The ANOVA table concerning data from an experiment in a randomised block
design is given below. What are the missing elements (x, y) in the table ?

Source of Variation d.f. S.S. M.sS.S.

Treatments 4 160 40
Blocks _ 3 120 40

-

Error ‘ 12 X 30

Total : y
(A) (360, 640) - | (B) (360, 280)
(C) (30, 80) D) (30, 640)
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