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MATHEMATICS l

Duration: Three hours Maximum Marks 150

» Read thefollowinginstructions carefully

Thisquestion pgper contansTWO SECTIONS: ‘A" and ‘B’

2. Section A consists of two questions of the multiple choice type. Question 1 consistsof Twenty Fve sub-questions of One
mark each and Questions 2 consists of Twenty Five sub-questions of Two marks each.

3. Answer Section A only on the specid machine-gradable Objective Response Sheat (ORS), Questions of Section A will
not be graded if answered anywhere dse

4. Answer problems of section B inthe answer-book.

5. Write your name, registration number and the name of the centre a the speci fied |ocations on theright hd f of the ORS
for section A.

6. Using asoft HB pencil darken the gppropriate bubble under each digit of your registration number.

7. The objective response sheet will be collected back after 120 minutes have expired from the start of the examination. In
case you finish section A before the expiry of 120 minutes, you may start answering Section B.

8. Questions of Section A areto be answered by dark ening the appropri ate bubble (marked A, B, C and D) using a soft HB
pencil against the question onthe left hand side of the Objective Response Shest.

9. In case you wish to change an answer, erase the old answer completdy using a good soft eraser.

10. Thereis no negative marking.

11. Section B consigs of Twenty questions of Five marks each. Any fi fteen out of them have to be answered. If more number

of questions are atempted, score off the answers not be evduated, dse only the first fi fteen un scored answers will be
considered strictly.

12. In dl the 5 maks questions, dearly show the steps.

The symbolsR and C denote the set of dl red and complex numbers respectively. Vector quantities are denoted by bold
letters.

=

SECTION A (75 Marks)

1 —MA. This question consists of Twenty Five sub-questions (1.1-1.25) of OneM ark each. For each of
these sub-questions, four possible answers (A,B,C and D) are gven, out of which only oneis correct.
Answer each sub-question by darkening the apprapriate bubble on the Objective Response Sheet
(ORS) usinga HB pencil. Do not usethe ORS for any rough work. You may like to usethe Answer
Book for any rough work, if needed.

11 Theeigenvauesof a3x3red matrixP arel, —2,3. Then
@ P‘1:%(5l +2P—P?)
(b) P-1:%(5| —2P+P?)
© P-1:%(5| —2P-P?)
(d) P‘1:%(5I +2P+P?)

12 Le T:C"—C" bealinear operator havingn distinct eigen values. Then
(& T isinvertible
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(b) T isinvertible as well as diagondizable

(o) T isnot diagond izable

(d) T isdiagonalizable

Let U bea3 x 3 complex Hermitian matrix which is Unitary. Thenthe distinct eigen values of U are
(a =i

(b) i

(c) +1

@ (i)

Thefunction sin z is analyticin

(@ Cufeo]

(b) C express on the negetivered axis
(c) C-{0}

(dC

The series i Z

o n\/n+1

(& Uniformly but not absolutely convergent

|4<1is

(b) Uniformly and absolutely convergent

(c) Absolutely convergent but not uniformly convergent
(d) Convergent by nat uniformly convergent

If f(z)=2° thenit

(a) Has an essentid singularity at z=o

(b) Has apoleof order 3a z=o

(c) Hasapoleof order 3at z=0

(d) Isanalyticat z=oo

A uniformly continuous function is

(a) M essurable

(b) Not M easurable

(c) M easurable and simple

(d) Integrd and simple

Which of the following par of functions is not a linearly independent par of solutions of
y"+9y=07?

(8 sin3x,sin3x —cos3x

(b) sin3x+cos3x,3snx—-449n° X
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(c) sin3x,sin 3xcos3x

(d) sin3x+ cos3x,4 cos® X —300SX

19 Deeminethetype of thefollowing differential equation

2

d7y
dx?

(8 Linear, homogeneous

+9n(x+y)=sinx

(b) Nonlinear, homogeneous
(c) Linear, non homogeneous
(d) Nonlinear, non homogeneous
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s

1.10 Which of thefollowing is not an integrating factor of xdy— ydx=07?

1
@ =

1
X% +y?

(b)
1
(© x_y

(d) =
y

1.11 Let G beagoup of order 49. Then
(8 Gisabdian
(b) Giscydic
(c) Gisnon-abeian
(d) Centreof G has order 7
112 Thepolynomid f(x)=x+5is
(@ Irreducible over C
(b) Irreducible over R
(o) Irreducible over Q
(d) Not irreducible Q
Where Q denote s the field of rational number.

1.13 Given anontrivid nor med linear space, the non trividity of its dua spaceis assured by

(&) The Hahn-Banach Theorem

(b) The Principle of Uniform bound ness
(c) The OpenM gping Theorem

(d) The closed Graph theorem

1.14 If A and V are the forward and the backward difference operators regpectively, then A—V is equd

to
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(@ -AV
(b) AV
(© A+V
A
d) —
@ 5
One root of the equation e*—3x*=0lies in the interva (3,4). The least number of iterations of the

bisection method so that |error| < 107 are

(& 10
(b) 8
(c) 6
(d) 4

If (r,0,p) is aharmonic function in a domain D, where (r,60,¢) are spherical polar co-ordinates,
then sois

1
@ —f(r.6.0)
1 1
by =f| =6,
(0) = (r ¢j
1 1
© =1 Z00)
1,.(1
d-f| -6,
(d) = (r (pj
Thesolution of theinitiad value problem u, =4u,,,t>0,—cc < X<oo
Satisfyingthe conditions u(x,0) =x, u,(x,0)=0 is
(@ x
X2
b) -
(0)
(o) 2x

(d) 2t

In the motion of atwo particle system, if two particles are connected by arigd weightless rod of
constant length, then the number of degrees of freedom of thesysemis

@2
(b) 3
(©5
(d) 6
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Consider a planet of mass m orbiting around the sun under the inverse square law of attraction

%n,ﬂ >0. If the pasition of theplanet a timet is given by the polar co-ordinates (r,8) then the

r
Lagangan L of thesysem us gven by

€) %m(r'2+r2672)—%n

(b) %m(r’2 +r292)+%n

(© %m(f2+92)+%n

(d) %m(r'2+9'2)—%“

Thefollowing statement is fase

(8 Any product of compact aces is compact

(b) Any produd of Hausdorff gpaces is Hausdorff
(c) Any product of connected spaces is connected
(d) Any produd of mertizable spaces mertizable

The random variable X has a t—distribution with v degree of freedom. Then the probability
distribution of X*is

(a) Chi-square distribution with 1 degree of freedom

(b) Chi-square distribution with v degrees of freedom

(c) F—distribution with (1,v) degrees of freedom

(d) F-distribution with (v,1) degrees of freedom

Let S ={(xy)eR:x*+y?*<1 and S ={(x,y)e R*:y <x*| . Then

(@ Sy and S, both are convex sets

(b) S;isaconvex set but S; is not aconvex set

(o) S;isaconvex set but S, is not aconvex set

(d) Neither S, nor S, is aconvex set

Let T bethe matrix (occurringin atypica transformation problem) gven by

1100
0 011
1 010
0101
Then

(@ Rank T=4and T is unimodular
() Rank T =4and T is nat unimodular
(0 Rank T =3 and T is unimodular
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(d) Rank T =3 and T is nat unimodular
Consider the primal problem (LP) max 4x + 3x,
X +X,<8

2% + X%, <10

X, 20,x, 210

Together with its dud (LD). Then

(@ (LP) and (LD) both areinfeasible

(b) (LP) and (LD) both arefeasible

(¢) (LP) isfeasiblebut (LD) isinfeasible

(d) (LP)isinfessiblebut (LD) isfessible
Theinitid vaue problem correspondingto theintegra equation

X

y(x)=1+jy(t)dt is

(@ y-y=0 y(0)=1
(b) y+y=0,y(0)=0
(©) y-y=0y(0)=0

(d) y+y=0,y(0)=1

—MA. This question consists of Twenty Five sub-questions (2.1 — 2.25) Two marks each. For each of
these sub-questions, four passible answers (A, B, C and D) are given, out of which only one is
correct. Answer each sub-question by darkening the appropriate bubble on the Objective Response
Sheet (ORS) using a soft HB pencil. Do not usethe ORS for any rough work. You may like to use
the Answer Book for any rough work, if needed.

Lt A be an n X n complex matrix whose characteristic polynomid is gven by
f(t)=t"+c, t""+....+Gqt+c,.

Then

@ det(A)=c,

(b) det(A)=c,

(© det(A)=(-1)"c,,

(d) det(A)=(-1)"c,

Let A be any n x n non-singular complex matrix and let B:(ﬂ)t, where (,3\)t is the conjugate
trangpose of A. If A isan Eigen value of B, then

(@ Aisred and 1<0

(b) Lisreal and 4 <0
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(o Aisredand 412>0

(d) Aisrealand 41>0

Let T:C" —> C" bealinear operator rank n—2. Then
(&) Oisnot an eigen valueof T

(b) O must bean eigen valueof T

(©) Lcannever bean eigen vadueof T

(d) 1 must be an e gen value

Thefixed pointsof f(z)= 22|z+2;‘3 ae
(@ 1+i

(b) 1+ 2i

(c) 2i+1

(d)i+1

Thefunction f(z):|z|2 is

(a) Differentiabl e everywhere

(b) Differentiable only at the orign

(c) Not differentiable anywhere

(d) Differentiable on red x—axis

The connected subsets of thered linewith the usual topology are
(& All intervals

(b) Only bounded intervals

(c) Only compact intervas

(d) Only semi-infiniteintervals\

Let f:[a,b] > R beabounded function where — <a<b< . Then f is Riemann integrable if
and only if f is continuous every whereon [a,b] except on

(a) The empty sd

(b) A set of measure zero

(c) A finite number of points

(d) A count ably finite number of points

The generd solution of the differential equation

%Hm ytan X=Ccosxsecy is

(8) 2siny =(X+C—Sin XCOSX) SEC X

(b) siny=(x+c)cosx
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(c) cosy =(x+c)sinx
(d) secy =(x+c)cosx

The eigen values of the Siurm Liouville sy stem
y'+Ay=0,0<x<7x

y(0)=0, y'(7)=0 ae
n2
@

(2n-1)* 72
B —F—
© (2n-1)

2 2

(d)
The differentia equation whose linearly independent solutions are cos2x,9n2x and € is
(@ (D°+D*+4D +4)y=

(b)

(D 0
(0) (D°+D?-4D -4}y
(D

-D?+4D-4)y

0

(d) (D*-D?-4D+4)y=0

Where D = i
dx

Let (Z,+) denotethe group of al integers under addition. Then the number of al automorphisms of
(Z,+)is

@1

(b) 2

©3

(d)4

Let G befinite group of order 200. T hen the number of subgroups of G of order 25 is
@1

(b) 4

©5

(d) 10
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If p isprime, and Zp4 denote the ring of integers modulo p?, then the number of maxima ideals in
Zp4 is

CR

(b) 2

(©3

(d1

All norms on anor med vector space X are equivalent provided

(8 X isreflexive

(b) X is complete

(c) X isfinitedimensiona

(d) X isaninner product space

Thespace | | is aHilbert spaceif and only if

@p>1

(b) p = even

(€ p=-o

(dp=2

The least squares approximation of first degree to the function f(x)=snx over the interva

T,
——,—|is
53

24X
@ —

4
24
71.2

(© 22
V4

(b)

(d) 24 x
The order of the numerical differentiation formula

[~ f (Xg—2N)+ f (%, +2h)}+ 16{ f (%, —h)+ (%, +h)]=30f (x,)] is

f "( %o ) \ 121h2
(@2
(b) 3
(c)4
d1
The method

yn +1: yn +%(k1+3k2), n= 0,1,
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k =hf (x,.,Y,)
2h 2

=hf | X,+—,y,+—=
k= (%, 2k
Is used to solve theinitia vaue problem
y'=f(x,y)=-10y, y(0)=1
The method will produce stableresults if the Sep size h satisfies
(@ 0.2<h<05
(b) 0O<h<05
(© O<h<1
(d) 0<h<0.2
The generd integral of the partid differentia equation
(y+x)z,—(x+yz)z,=x* -y’ is
@ F(x*+y*+2%xy+2)=0
(b) F(x2+y2—zz,xy+ z):O
(© F(x*-y*-Z,xy+2)=0
(d) F(x*+y*+2%xy-2)=0
WhereF is an arbitrary function.

The differentid equation governing the damped motion of acertain coil springof unit mass under the
action of an externd forceis gven by

d*x

—+4—+ 24x=30coswt,

dt®>  dt X v

Where x(t) is the displacement from the equilibrium position & time t and o is a congant. The
reason ant frequency when theforcingfunction isin resonance with the sygemis

N
T
T
02
(© 2n
@ 2
y/4

A metric spaceis aways
(a) First countable

(b) Second countable
(c) Lindelof
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(d) Separable

Let X betheindiscrete space and YaT, space. If f : X —Y iscontinuous, then

(8) X must be aone-point pace
(b) Y must bediscrete

(o) f must beaconstant
(d) Y must be aone-point space

Let (X,Y) be the co-ordinates of apoint chosen & random inside the disc x* + y* < r? where r >0.
The probability tha Y >mX is

@ 5
OF
© o
@ 5o

2n’}H’
Let (X,Y) be atwo-dimensional random variable such that

E(X)=E(Y)=3var(X)=var(Y)=1and cov(X,Y)=

NI =

Then P(|X-Y|>6) is
1
(&) Lessthan 5
1
(b) Equd to 3
1
(c) Equd to 3

(d) Grester than izl

Let Z* denote the optimal vaue of LPP
Max Z =4x +6X, +2X,

Such that

3X + 2%, + X%, =12

X 20,%20,%=0.

Then

(8 10s72¥<20

(b) 20< Z* <30
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(0) 30<Z* <40
(d) Z* > 40

SECTION B (75 M arks)

This section consists of Twenty questions of Five marks each. Any Fifteen out of them have to be answered
on the Answer Book provided.

(15x5 = 75)

3. Let T:V -V be a linear transformation on a vector pace V over a fidd K satisfying the
property Tx=0=x=0. If X,%..,X, ae linearly independent eements in V, show that

TX, T%,....,TX, ae also linearly independent eements in V, show tha Tx,TX,,....,Tx, ae adso
linearly independent.

4, Let T:V —V bealinear operator on afinite dimensiona vector space V over afied K and let p(t)
be the minimal polynomia of T. If T is diagonalizable, show that

P(t)=(t=4)(t=2)..(t=4)
For somedistinct scdars 4, 4,,...... 4, .

5. Suppose z=ais an isolated singularity of f(z). Prove tha f(z) cannot be bounded in a
nei ghborhood of z=a.

dx usingthe method of residues.

T Xsinzx
6. Evduate J.m

7. Thefunction f isdefined on [0,1] asfollows f (x)= xsin%, x# 0

£(0)=0
Find the (Lebesgue) measure of theset {x| f (x)>0].

8. Consider two metric spaces (R, d,),(R,d,) where

Yy Y4

dy(y,z)=|y-7 and d,(y,z)= rlyl_rlzl

Let thefunctions f, f_:[0,.0] - Rbedefined by

f(x)=x, fn(x)=x(1+%j, for 0< xX<oo,

Where [0, | isthesubspaceof (R, d,). Show that f, convergesto f uniformly on [0, ] when R
has metric d, but f, does not converge uniformly to f on [0,e| where R has metric d,.
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(& Findthe generd solution of the differentia equation

2
¥+4y:sec2 2%

Usingthe method of variation of parameters.
(b) Construct Green’s function for the boundary vaue problem,

y'+y=-X y(0) = y(7)=0if it exists.
Show that the dternatinggroup An, n> 3 is generated by dl cycles of length 3.

Let R be a commutative principa ided domain with identity 1# 0 and let P be a non-zero prime
ided of R. Show that P is amaximal ided of R.

In an inner product space X, fix be X and define f(x) =< x,b> where < x,b> istheinner product
of xwith b. Show that f isacontinuous linear functional and || f||=|b] -

Find the value of p such that the integration method
Tf(X)dng[f()(0)+f()(1)]+ph3[f..(xo)+f--(xl)]where X, = X, +hprovides exact result for highest

degree polynomial. Find dso the order of the method and the error term.
St up the Gauss-Sedd iteration scheme in matrix form to solve the sy sem of equations

4 1 2 -1
1 5 1i{x=|5
2 1 4 3

Is this method convergent? If yes, find its rate of convergence.
Find theregon in which the particle differentia equation
Uy — YU, + XU, + YU, +u=0

Is hyperbolic and reduce it to acanonical form.

Determine the curve joining two points, which generates a surface of revolution of minimum area,
when revolved about the x—axis.

Let X beagroup with identity eand let p: X — R beafunction satisfying
(i) p(x)=0 fordl xe X,p(x)=0if x=e

(i) p(xy)< p(x)+ p(y) fordl x,ye X
(iii) p(x*)=p(x), fordl xe X.

Define d(x,y) = p(xy). Show that d is ametricon X.

The number N of the persons getting injured in a bomb blast a a busy market place is a random
varigble having a Poisson distribution with parameter 4(>1). A person injured in the explosion may
either suffer a minor injury requiring first aid or suffer a major injury requiring hospitdization. Let
the number of persons with minor injury be N, and the conditiona distribution of N, gven N be
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i 1
P N:— :—,t: 2 ..... ,N
( ! N) N b

Find the expect number of persons requiring hospitalization in abomb bl ast.

Let X, X,,....., X, beidenticaly and independently distributed random variabl es each with mean 0

and variance 1. Show that

V4 (o7
\/;pq Xy X+ XXy +oorennt Xig0 Xoo| <10) is approximately equal to [ €2 dx.
0

The following table gives the scores on some scae of four ability groups taught by three different
teaching methods

T eaching Method

AbilityGoup A B C

1 5 9 4
2 8 7 2
3 12 15 7
4 7 11 9

Test whether or not the teaching methods are equally effective. You may use appropriate vaues from
the following percentil e values of F-distribution for your test

Fo60:=1092 F4,,=9.78,
Fo605 =914 Fq s =4.76
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