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MATHEMATICAL SCIENCES
PAPER-II1

Note : This paper contains Seventy Five (75) multiple-choice/matching questions,

each question carrying TWO (2) marks. Attempt All the questions.

Let V be the set of polynomials over R of degree < n. Then :
(A) 'V is not a vector space over R

(B) V is a vector space of dimension n over R

{C) V has n + 1 linearly independent elements over R

(D) Any n + 1 elements of V are linearly dependent over R

Let V and W be finite dimensional real vector spaces. Let T : V —» W be
a linear transformation. If rank of T = 3 and nullity of T is 4, the dimension

of Vis :
(A) 3 (B) 4
) 6 m 7

Which of the following matrices is invertible ?

- -

1021
213 2 5"y
A |3 2 4 3 B |4 6
4 3 5 4
1 0 0 0]
0010 111
© lo100 @ (%234
00 01 o &

Math. Sci-II 5 P.T.0.]



Which of the following systems of equations has an infinite number of

solutions ?

2x—y=3
(A) 4% -2y=5 (B)

x+y+z=0

(©) x+2y—2z=0 ('D]
2x +3y =0

2¢-y=1
4x+y=3

x+y=0
y+2=0
z2+x=0

If the characteristic polynomial of a matrix is (x — 2)5 (x — 1)* and the minimal

polynomial is (x — 2)3 {x — 1), then the number of all possible Jordan forms

of the matrix is :

(A) 2 (B)
© 1 : o)
1 2 3 4
00 2 3
HA=|0 0 -1 0,thenA4=
00 D O
(A) A (B)
(C) A8 (D)
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7.  Let Q(x, y)=ax?+2hxy + by%; a,bhcR. Then Q(x,y)=1 represents a
hyperbola if and only if :

(A) rank (Q) = 2 and signature (@) = 0
(BY rank (Q) = 2 and signature (Q) = 2
(C) rank (Q) = 1 and signature (Q) = 1
D) rank (Q) = 1 and signature (@) = -1
B. Let A be an n x n matrix. Which of the following is false ?
{A) If A is idempotent, then A is djagona]igable
(B) If A has n distinet eigenvalues, then A is diagonalisable

(C) If the minimal polynomial of A is a product of distinct linear factors,
then A is diagonalisable

(D) If the minimal polynomial of A is the same as the characteristic
polynomial of A, then A is diagonalisable

9. The number of one-to-one functions from a set of r elements to a set of n

elements (r <n) is :

A) P, ® *c,
!

© = @ (-
r
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10.

1L

The number of positive intekers < 200 and relatively prime to 200

18

(Al 60 (B) 80
(C) 70 (D) 90
Which of the following groups is not cyclic ?
(A) Z, pprime

B Z,
(C) The group of nth roots of 1 in a field of characteristic 0
(D) The dibedral group D n 2 2

Which of the following is not a normal subgroup ?

(A) A subgroup of index 2 in a group G

(B) A Sylow P-subgroup of a finite group G, given that it is

unigue

(C) A subgroup of the alternating group A, other than identity

(D) A subgroup of Z;, x Zy;, other than identity and A

Math Sei -1l 8



13. Let G be a finite group and N be a normal subgroup of G of index
p, 8 prime number. Then the number of all subgroups of G containing

N is :
A p
B) .2
Cy 2

(D) not fixed and it depends upon the structure of G

14. In which of the following rings there is a non-zero prime ideal which is not

maximal ?
A) Z (B) Clx, ¥
©)  Zy @ Qhl

15. Which of the following constructions is possible by ruler and compass ?
(A) Trisection of an angle
{(B) Duplication of a cube
(C) Regular pentagon

(D) Drawing a line segment of length =

Math Sc.-IIT 9 _ (P.T.O)




16. Let F be a finite field of p™ elements, p prime, » > 1. Then :
(A) The Galois group of F/F, is a cyclic group with n elements
(B) F is the splitting field of X - X
(C) The group F~ is abelian but not cyclic
() F has no non-trivial automorphism

17. The degree of the splitting field of the polynomial X' — 2 is :
(A) 4! - (B) 4
C) 8 D) .16

18. The set Q of rationals under usual order :
(A) has the Lub. property but not g.lb. property
(B) has glb: property but not lLu.b. property
(C) has both Lub. property and g.lb. property

(D) does not have Lub. property and does not have g lb. property

Math.Sd.-Il 10
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19. Let x;,x9 € R and x; < x5 The function ¢)=tx; +(1-8)xg is :
(A} continuous and strictly decreasing
(B) continuous and strictly increasing
(C) discontinuous and monotonically increasing
(D) discontinnous and monotonically decreasing
20. Which of the following statements is false ?
(A) If f is differentiable, then f is continuous

(B) If the partial derivatives of f exist and are continuous, then f

_ differentiable
(C) If fis continuous, then f is differentiable
D) If f is differentiable, then all its partial derivatives exist

21. If {a,} is the sequence given by :

1. 1. 1. 1. 1
11-Yae2 202
R L L LRl

then :

4
(A) lim sup g, does not exist (B) lim sup @, = 3

D) lminfe, =1

Do | =

(C) lim inf a, =

Math. Sci-Il 11 P.T.0.]
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22. LetT:V — W be a linear transformation from one normed linear space
to another. Then :
(A) if T is continuous, then T is uniformly continuous
B) ifTis éon.tinuoua, then T need not be uniformly continuous
(C) if T is continuous at the origin, it need not be continuous at other
points
(D) if T is continuous, || T| need not be finite
23.  Let f,(x)=cos”x. Then, as n oo ;
n/2
(A)  f, —0 pointwise on (0,%/2] and | fa(®)dx 0
0
ni2
®) £, -0 uniformly on (0,7/2] and | fa(®dz A0
0
n/2
(C) £, =0 uniformly on (a, n/2] for every o.> 0 and I fnx)dx — 0
0
n/2
M) £, -0 uniformly on (o, 7/2] and | fa@dx—>0
0

Math, Sci I 12



Then :

(A) Both I and J are finite
(B) Neither I nor J is finite
(C) 1 is finite but not J

(D) I is infinite and J is finite

25. Let f and g be two functions defined on [0, 1] by f(x) =2 and

xZ |sinl| ; x€(0,1)
x

0 ; x=0

gx) =

Then :

(A) (go)) is absolutely continuous on [0, 1] but (fog) is not absolutely

continuous on {0, 1]

{B) (gof) is not of bounded variation on [0, 1] but (feg) is of bounded

variation on [0, 1]
(C) both (gof) and (fog) are of bounded variation on [0, 1]

(D) both (gof) and (fog) are absclutely continuous on [0, 1]

Math. Sci.-TIl 13 [P.T.0.]



1 n .
26. The function pr is developed as a power series around the point 3 +4i,

The radius of convergence is :
(A) Strictly greater than %464+1r2

(B)  Strictly less than —;-\,'64 + 2

© qulalfo% 64 + 12

(D} Infinity

27.  The principal value of i* equals :
(A) /2 B) /4
©) M2 D /4

1
28. 'I‘lmmsidueofﬂﬂ=m at z = i equals :

h!ﬂ.

B -

i
(A) r

©) ™ -

o3| =
MI!-.

. 3 e n
29. The radius of convergence of the power series [1+l) 2"

n=2 n
equals :
(A) 2 (B) g2
€) e I %

Math. Sci -1l 14



30. The harmonic conjugate of u is V. Then the harmonic conjugate of V

is

(A)

(9)

u By -—-u

iu Dy —iu

31. Which of the following statements is false ?

(A)
(B)
(®)

1)

Every continuous map f : R — Z is constant
Every map f: Z — R is continuous
Every continuous map f: @ — Z is constant

There is a continuousmap/: R-> R which is continuous at irrationals

and discontinuous at rationals

32. Let X be the sphere ((x,y,2)€e R3/x% + yz +z2 =1} with the points

(0, 0,

(A)

(B

(C)

D)

Math. Sei-III

+ 1) removed. Then :

X is homeomorphic to the closed cylinder {(x, y,z2)e R¥/ 2% + 5% =1,

-1<2<1)

X is homeomorphic to the open cylinder {(x, y,z2)e R3/ %2 + 9;2 -1

-l<z2<1}

X is homeomorphic to {x, y,2) € R3fx2 + yz +‘z2 =1, z20}

X is homeomorphic to (x, y,z)e R3/x% - y%2 - 22 =1}

15 P.T.0]



33. If Cy, C5 are closed subsets of R and C={x+y/xeCy, yeCs},

then :
(A) C is always closed
{B) C is closed if at least one of C,, C, is compact

(C) In order for C to be closed it is necessary that C4, Cy be both

compact
D) C is open

34. If(K,} is a decreasing sequence of non-empty connected subsets of a metric

space, then :

(A) n Kn is not necessarily connected but is non-empty
(B} n Ky is not always connected but it may be empty
(&) n K, is always connected (perhaps empty)

) n K, is always non-empty and connected

Math. Sci.-IIT 16



35.

36.

E is a closed and bounded subset of a metric space X. Then :

(A) E is compact if X = C[0, 1] with sup metric

(B) E is compact if X ={(x, y)e R2/x >0}

(C} E is compact if X = Q@ with usual topology

(D) E is compact for any metric space X

Consider the differential equation :

0. [p=®
F(x,y,p)-—O,[p_de ........... (1)
and let ¢(x,y)=0.......... 2), wix,y)=0........(3)

be the p-diseriminant and c-discriminant, respectively, of a one parameter

family of solutions of (1). Then a singular solution of (1), if exists, must be

a branch of :
(A) both (2) and (3} {B) (2) but not (3)
{C) (3) but not (2) (D) (1), (2) and (3)

Math. Sci-IIl 17 [PTO.)




37. The differential equation :

3 2 _ B
P —4pxy +8y° =0 gy

has a singular solution, which is given by :

(A) 27y - 4x2 =0 B 2ly-4t=0

(€ 27y —4x3=0 M y=0
38. The Sturm-Liouville problem :

y'+hy=0
y(-m) = y(n), y'(-n) = y'(m)

has :

(A) no simple eigenvalue

(B) X =3 is an eigenvalue

{C) A= '1 is a simple. eigenvalue

D) A =0 is a simple eigenvalue

39. Which of the following differential equations has an unbounded solution

for x >0 7
(A)  y'+ oy =cosx (B) 3"+ oly=¢0%
©  y"+ 0dy = c08(20x) M  y"+ oy =sin(2mx)

Math.Sa - 18



40.  If y,(x), yo(x) are any two solutions of the differential equation :
1-x%) y" - 22y'+ p(p+ Dy =0
satisfying initial conditions :
0 =0, 3 () =-1, @) =1, y5(0)=0

then the value of their Wronskian at x =1 equals :

2
1 3
(A) 1 (B) 1
4
© 3 D 2

41. If H(0) and H()0") represent the angular momentum of a rigid body about

the points 0, 0' respectively and |, is the linear momentum of the rigid body,

then :
o _ _ — - _ p— — S
(A) |FEOY=HO)+0'0xL ®  \OY=H0)+00'<xL
— — _}_ — — — _) —
(€) ') =1 x 00"+ H{0) D H"Hoy=HO)-0'0xL



42.

A rigid body of mass M is moving with one of its points ‘O’ being fixed. If

Iis the moment of inertia of the body about the instantaneous axis of rotation
through the fixed point ‘O’ and Vg, Q@ represent the velocity of its centre
of mass G and the instantaneous angular velocity respectively, then the kinetic

energy T of the rigid body is given by :

=12 =1 me2 Llip?
(A) T-zm (B) T_ZMVG+2IQ
~lama2 . 1l .=9 1 -9
© T=ZMa’ @ T=gI2- MY

For a conservative system if the Lagrangian is expressed as :

L= L(ql’ G25----s @ &1: ‘}2:----: &n; t)

then 8L can be written as :

nl mn
A X (p8g +q, 8p) ® Y (B, 8, +p, 5q,)
- r=1 r=1

3 = i . a a
(C) E (pl" &r + pf‘ qu) : (D) 2 (pr sqr + Qr 5‘3})

r=1 ’ r=1

where p,.(r=1,2,...,n) are generalized momenta coordinates, conjugate to

the generalized coordinates ¢,.(r=1,2,...., n).

Math. Sci.-IT 20



4b.

486,

47.

Math. Sci 1T 21 P.T.0.]

The kinetic energy of a uniforin rod of mass M, whose ends have velocities

z and 7, at any time, is given by :
(A) i]';— [z2 + 72 + 2a.7] (B) % [Z% + 52 + @.7)

(C) % @2 + o2 + 5.5 D) % [@2 + 72 - 7.7

How many real roots does the equation, cos x = x, possess ?
a 1 ® 2

(C) None (D) Infinitely many
A sufficient condition for LU decomposability of a square matrix A is :
(A) A is non-gingular

(B) A is diagonally dominant

(C) A is positive semidefinite

(D) All the leading principal minars of A are non-zero

The functional
I; (y2 +x2y') dx

along with conditions

| ¥0)=0, y1)=2
.has for its extremal :
(A) no real curve B y==x
© y=zx+1 D y =2



Y

48. The integral equation
O =t+ j; (x) sin(t - x) dx

has the solution :

(A) YO =t+ %ta B) yO=t+:4 %ts
C) y&O=t+ %t3 O yO=t%- %t"’
49. The partial differential equation of the family :
Zz=(ax+y)2+b,
where a, b are arbitrary constants, is :
(A  pr-qy=pg (B)  px-qy=p?
© px+gy=qg* @ px +gy=p?
& %
Whel'e P - a, q ay N

80. wulx, t) is a solution of

U = Uy = 0.
IfA, B, C, D are the successive vertices of a rectangle with sides having slopes
+1, then which of the following is true ?

(A)  u(A) - w(C) = w(B) - u(D) (B)  u(A) + u(C) = u(B) + u(D)
(C) wA)+uB)+ulC+uD=0 @) uA)+uB) - uC)-udD)=0

Math.Sq.-IlT 22




6l.  Suppose fy, f5. 81, g5 are smooth functions from R — R and u, v are solutions
of the wave equations :
Uy — Uy = 0,0y -y, =0
respectively, such that :
=0 = h(®), vi;p=fox)
2 |0 = 815, Ut [0 = £2().
Assume )= fz(ﬂ} for x<1.
& (x) = gg(x)
Then the solutions u, v agree on :
(A) The strip {(x,#)/}x|<1,¢e R}
(B} The whole of R2
(C) The triangular region with vertices (1, 0), (-1, 0) and (D, 1)
(D) The rectangle {(x, )¢ R2!|x| £1,0<¢t<1}
52. In the usual notation, V(¥y) is :
w (%) o (552,
o ()2 o ()55
Math. Sc -1 23 [PT.0]



53. With the usual notation the efficiency of an RBD relative to CRD for the

same experiment is :

tr-1) of "

@ 1T g2 ®)
. Hr-Dof

© wopa2 (D)

54. Use duality to solve the following L.P.P.

Max. Z=2x1+x2
Subject to x; + 2x, < 10

x1+x2£6

xl—x252
% -2 <1
Xy, 29 2 0
A) x; =2, % = (B)
(C) x=5,x=0 (D)

Math 541 24
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85. The total inventory cost of EOQ problem with no shortages and several

production runs of unequal lengths is :

1 D
@A) C@=39W, +[a]cs

1 D
(B) C@=35Q0T+ [5] Cs

1 1-r\ (D
© C@ =3 [-—f{-{) + (6) Cs

D 2 2-
D CW@ = [a)cs"'[%]cl*'[g—éJCz

56. In 2% factorial design consisting of four blocks in single replicate, if interaction

AB and CD are confounded, then :

(A) ACD is also confounded

(B) BCD is also confounded

{C) ABCD is also confounded

(D} No other treatment gets confounded
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57.

58.

Let ¥5,; be a random véctor with mean vector ji and dispersion matrix X.

1 -

VR ] Then expected value of YAY is :

Let A=(

(A) (g +p2)® + 01y +099 - 2013
(B)  (uy — pg)? + 041 + Ggp + 209
(©  (uf + 617) + (13 + 022) - (uy g + Oy)
M) (uy ~pg)® + 011 +0gp ~ 2095

4 -1 -1

Yg,q follows Ny, Z) where W=(uy, o, pg) and £=|-1 4 -1[. Let
=1 =1 4
X(l).ﬂ X. ' L 4 -1
X X , X9 =%, and' I = , 211 :
3{2)) X2 = 3 221 222 -1 4

X _ ___1\ kel . ' o
Tqg = [_1) 292 =4, Toy = Eiz' Then the partial correlation coefficient p;5 g

is given by :
1 1
(A) 5 B) "3
1 L 1
(C) 3 10) 5
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59. Let X~N,( %) and ¥ = AX such that AYA'=1. Then Yy, ¥g, ..., ¥y

are :
(A) dependent normal random variable

(B) independent but not identically distributed normal random variables
(C) iid. normal random variables

(D} dependent but identically distributed

60. Let X(1), X(); ...y X(p) be a type II censored sample when n-items are put
on life testing experiment. Further let us assume life time follows exponential
distribution with mean 6 and items are identical and work independently.

Then the distribution of Total Time on Test (TTT) statistic is :
(A) exponential with mean r0

(B) gamma with mean ro

(C) exponential with mean 6/r

(D) gamma with mean r/@
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61.  Corisider a typeII censored sample 3.5, 7.1, 106, 11, 13:1, 13.9, 14, 15.4 from
a life testing experiment with 12 identical units. The life time is assumed

to follow Weibull distribution with hazard rate k(f) = B f =2. Then MLE

8’
of 9§ is :
(A) 256.33 (B) 136.756
(C) 170.22 (D) 8117

62. Let X and Y be independent continuous random variables. Then X + Y and

X = Y are independent if and only if X and Y have ;
(A) Normal distribution

(B} Exponential distribution

(C)  Cauchy distribution

(DY Laplace distribution

63. IfX and Y are independent Poisson random variables, then the conditional

distribution of X given X + Y = K is ;
(A) Poisson (B) Negative binomial

(C)  Binomial | (D) Hypergeometrie



64.

66.

66.

A Markov chain is irreducible if :

(A) all states are absorbing

(B) all states communicate with each other

(C) its TPM is non-singular

(D) no state communicate with other states
Chapman-Kolmogorov equations are useful for :

(A} testing the periodicity of a state

(B) estimating the transition probabilities

(C) calculating higher order transition probabilities
(D)  identifying noen-null states

A linear model Y = Xf + ¢ where Y, random observed vector, X,x(p+1)
matrix of known quantities, By p+1)x1 vector of unknown parameters and €,,;

random vector 18 a full rank linear model if :
(A) rank of X is (n + 1) (B) rank of X is p

(C) rankof Xis (p + 1) (D) rank of X is (n - p)
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67.

68.

69.

Which of the following measures are used to determine the presence of

multicollinearity based on eigenvalues ?

(A) Condition Index

(B) Condition Number

{(C) Variance Proportion

(D) Condition Index, Condition Number, Variance Proportion

Ratio estimator will be more precise than the mean per unit if :

05 OV@® 5 VD

(A) CV(3) (B) CV(5)
CV(@ 2CV (%)

©  P>oove D Py

The one-one correspondence between characteristic functions and distribution

functions is assured by :

(A) Bayes Theorem (B) Inversion Theorem

(C}) Central Limit Theorem (D) Addition Theorem
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70.

71.

72

Weak law of large number is based on :

{A) almost sure convergence (B) convergence in distribution
(C} convergence in probability (D} convergence in mean square

Let Xj, X, ......... . X,, be a random sample from a binomial population having

m -
pmfp(x)=(x]91(1—9)m x, x=0,1,...,m; 0<0<1. Which of the following

is not a sufficient statistic for 0 ?

X; (i
&) .gi ® I [X]
m i=1 i
3 )
X; X;
(©) § ™ A
n nn

Suppose (X, Y) follows bivariate normal distribution N5 (0,0, 1, 1, p), pe(-1,1).

Consider Ty = X and Ty = Y :

(A) T, is ancillary for p but not Ty

(B) T, is ancillary for p but not T,

(C) (Ty, Ty is minimal sufficient statistic for p

(D) (T4, Ty) is jointly ancillary for p
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73.

74.

75.

1 1
jletPX=1)=6=1-PX=0), 0<EI<1.RejectHo:9=§ against H1:9>§

if x = 1 and further reject Hy if no tail occurs in tessing of two unbiased
coins, when X = 0. What is the size of the test ?

(A) (B)

i 1
4 2

1 1
©) 3 (10} 6

Let 8, (x} is the empirical distribution function of a random sample

). O CY- , X,, from a distribution function Fx(x). Then VIS, (x)] equals
to :
. F
(A)  nFylx)il - Fylxi (B) i’:x—)
Fy (2]l - F u
(© L)l - x (x)] D) 1 l:;X(x)

To test whether a random sample {0.6, 0.5, 0.8} is taken from uniform
U(0, 1) distribution, the value of Kolmogorov-Smirnov test statistic is :

1
a 0o (B) 5

€ = (D)

e bo
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