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MATHEMATICS l

Duration: ThreeHours Maximum Marks 150

» Read thefollowinginstructions carefully
1. All answers must be written only inthe answer book provided.
2. Thisquestion pgper consists of TWO SECCTIONS: A and B.
3. Section A consists of two questions of the multiple choice type. Question 1 consists of THIRTY FIVE sub-questions of
TWO marks eech and Question 2 consists of FIVE sub-questions of ONE mark each.

4. Theanswers to multipe choice questions must be written only in the boxes provided inthefirst two sheats of the answer
book.

5. Answers to Section B should be stat on a fresh page and should not be mixed with answers to Section A. Question
numbers must be written legibly and correctly in the answer book.

6. Section B consists of TWENTY questions of FIVE marks each ANY FIFTEEN out of them have to be answered. If more
number of questions are attempted, score off the answers not to be evduated, ese only thefirst fi fteen un scored answers
will be considered strictly.

7. Indl 5 mak questions dearly show that the important steps inyour answers, these steps will carry partid credit.

8. Therewill be NO NEGATIVE marking.

> Note

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

SECTION A (75M arks)

1. This question consists of 35 (thirty five) sub-questions, each carryingtwo marks. Answer al the sub-
guestions. For each sub-question only one of the suggested alternatives is correct. The dphabet
corresponding to the correct dternative MUST be written only in the boxes corresponding to the
guestions in the first sheet of the answer book.

1.1 Let Pbeamatrixof order m xn and Q be amatrix of order n x p, n# p. If rank (P) = nand rank (Q)
= p, thenrank (PQ) is

(A)n
(B)p
(C) np
(D) ntp
12  Let Pand Q besqguare matrices such that PQ = |, theidentity matrix. Then zero is an e gen vaue of
(A) Pbut nat of Q
(B) Q but nat of P
(C) BothPand Q
(D) Neither P nor Q
1.3 Anandytic function f(z) is such that Re{f'(z)} =2y and f(1+i)=2. Then the imaginary pat
of f(z)is
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(A) —2xy
CRSE%
(C) 2xy
(D) y*-x°

sinzz®+ cosx z
(x—4)(z-2)

The vaue of the integrd gS dz. Where C is the circle |z]=3 traced anti-clockwise,

5 ;
(A) 22z

(B) iz

(C) -z

(D) 2ix

Zz—d9nz

z

For thefunction f (z)= ,thepointz=0is

(A) A poleof order 3
(B) A poleof order 2
(C) An essentid singul arity
(D) A removable singul arity

Let E be the set of al number x in [0,1] such that the decimal expansion of x does not contain the
digit 7. Then the Lebesgue measure of Eis

(A)O

(B) 0.7

(©) 0.9

(D)1

Let f,:[0,1] - R bedefined by

f.(Xx)=2n, if 2 ox<l
2n n

= 0 otherwise

1 1
Then the vaue of jlimfndﬂ and Iim_[fnd,u (where n is the Lebesgue measure on R) are
0 0

respectively

(A) 0,0

(B) 0,1

©10

(D) 11

Thevaue of the surfaceintegral
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I F.nds,

Where Sis the surface of the sphere x* + y* + z2° =4,
nistheunit outward norma and F = xl +yj + ZKk, is
(A) 327
(B) 167
(©C) 8«
(D) 64r
19 Thevdueof theline integrd
.|.yzdx+ Xzdy+xydz
L

WhereL istheline segment from (1,1,0) to (2,3,2) is

(A)0

(B)9

7

(D) 12
1.10 Let f(x,y):(x—z)z(y+3).Then

(A) (2,-3) isnot agationary poirt of f

(B) f has alocal maximum & (2,-3)

(C) f hasalocal minimum &t (2,-3)

(D) f has neither alocal maximum nor aloca minimumat (2,-3)
1.11 Thedifferentiable equation

(3a°%? +bycosx)dx+(2sin x— 4ay°) dy = Ois exact for

(A) a=3b=2

(B) a=2,b=3

(C) a=3b=4

(D) a=2,b=5

1.12 Theeigen vaues for the boundary vaue problem x"+ Ax=0; x(0) =0, x(7)+ x'(7) =0, satisfy

(A) A+tanAr=0
(B) JA+tan Az =0
© Ji+tand2 7=0
(D) A+tanA7z =0
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If 2x(1-y)=K and g(x y)=L areorthogona families of curves where K and L are constants,
then g(x,y) is

(A) x+2y-y?
(B) 2y(1-x)
(C) x*+2x—y?

(D) xX*+2y+Vy?

Let S; be the group of dl permutations on three symbols, with the identity dement e Then the
number of e ementsin S; that satisfy the equation x*> =e is

(A)1

(B)2

©3

(D)4

Let G beagroup of order 15. Then the number of Sylow subgroups of G order 3is
(A)O

(B)1

©3

(D)5

For j=12,., let & =(&.8,a, ... )

Where a, =1 and a =0 for i # |.

Then E={g,e,8,.....} isa

(A) Hamd basis of I*
(B) Hamel basis of 1~
(C) Schauder basis of 1*

(D) Schauder basis of 1~

Let X bethe spaceof al real valued continuously differentiabl e functions of [0,1] and Y bethe space
of al rea valued continuous functions on [0,1], both with supremum norm. Let T : X — Y be defined

by (Tx)(t):x'(t)+j'x(s)ds, 0<1<1, xeX.

ThenT is

(A) Continuous and the graph of T is nat closed

(B) Not continuous andthe graph of T is closed

(C) Continuous and the graph of T is closed

(D) Not cortinuous and thegraph of T is nat closed.
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The maximum step size h such tha the error in linear interpolation for the function y=sinx in
[0, 7] islessthan 5x107° is

(A) 0.02

(B) 0.002

(C)0.04

(D) 0.06

The second order Runge-Kutta method is applied to the initiad value problem y'=-y, y(0)=y,,
with gep sizeh. Theny(h(is

(A) ¥, (h-1)°

Yo (2
Yo (2
© 3 (h*-2h+2)
h2 h3
(D) yc[l—h+—2 +—6j

Theinterative scheme X, = %(H X%j converges to +fa . The convergence is

(A) Linear

(B) Quadrétic

(C) Cubic

(D) Biquadratic

Thevdueoftheintegdf > X
4+r1?—4r cos(6-t)

-

—r<0<rxm O<r<2is

(A) 0
(B) 27r?(cos@—sind)

4—r
2r

©

27
41?2

Let u(x,t)bethesolution of

(D)

U,=U,;0<x<1 t>0, u(x0)=
X(1-x), u(x,0)=0
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3
(A) 6

1
(B) 2

© 1

) ==

Under the influence of a force fidd F, a patice of mass ‘m moves adong the ellipse
r=acosati+bsinwt j. Then rxF is

(A)0

(B) me? (a®cos’ wt +b?sin’ wt |k

(C) ma? (a®+ b )coswtsinwtk

(D) ma’w’k

A paticle of mass 4 units moves along x—axis atracted towards the orign by a force whose
magnitudeis 8x. If it isinitidly at rest & x = 10, then the frequency of theparticleis

(A) 1027
B) «

V4

C) —

( )10J§

(D) N2z

The Hamiltonian of asystemis gven by
N 2 k ) 1

H (0,0, 5 Py P,) =kp; P +€

1

Where q,q, ae the generdized coordinates, p,, p, ae the generdized momenta and k, | are
constants. Then

(A) p,=kt+I
(B) p, =kt +I
(C) p1 isindependent of time
(D) py is independent of time

Let X =[0,1]u[2,3]with the subspace topology induced by the usua topology on R and let
f : X —» R bedefined by

f(x)=xif 0<x<1

=2if 2<x<3
Then
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(A) f(G) isopeninR for every openset Gin X
(B) f(H)isdosedinR for every closed set H in X

(C) f isacontinuous function

(D) f isadiscontinuous function

Let X = Rwith confinitetopology. Then X isa
(A) First countable space

(B) Ti—space

(C) Reqular space

(D) Normd space

Two independent events E and F are such that P(E N F):%, P(E°n F°):% and P(E)>P(F).
Then P(E) is
1
A) —
A) 5

B) 2

(©)

= Wik w

(D) 2

A box contains two coins, one of which is fair and the other two headed. One coin is chosen at
random and tossed twice. If two heads gopear, then the probability that the chosen coin was two
headed is

1
(A) 3
(B)

1
4
1
Q) -
© 3
4
D) —
()
A random variable X has passion distribution. If
2P(X =2)=P(X =1)+2P(X =0), then thevariance of X is

O

(B) 2
(€)1
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1.31 Thejoint probability density function of the random variables X, Y and Z is
f(xy,2)=8xyz,0<xy,z<1
= 0 otherwise

Then P(X<Y<Z)is

P ~ )
O =z Z
olw ol Wik oolEk

C

1.32 Consider thefollowingprima problem:
Minimize z=10x,+ X, +5X,
Subject to 5 x, —7X, + 3%, 2 50,
X %1% 20
The optima vaue of the primd is

50
(A) 3
10
(B) 3

© =

100
(D) =

1.33 Consider the linear programming problem: Maximize z=2x, —4x,subject to x +2x,<3,

3x +4x, <5 x,% =0. Thetatal number of basic solutions is
(A) 6
(B)2
(€4
(D) Infinity
1.34 Thesolution of theintegra equation
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g(s):s+jsuzg(u)du isgven by
0
3t
A t)=—
(A) g(t)=7

® o()=3

©) 9(t)=3

The function f(x)=e€* has the Fourier expansion exzibns'n(nx) in the interval (0,7). Then
1
Zm:(bn)2 converges to
1
1
A) =(e"-1
A ~(e" 1)
1
B) —(e"+1
® 2 (e )
1
C) —(e”" -1
© (e )

1 2
(D) ;(e +1)

This equation consists of 5 (Five) sub-questions, each one mark. Answer al the sub-questions. For
each sub-question, only one of the suggested dternatives is correct. The dphabet corresponding to
the correct dternative MUST be written only in the boxes corresponding to the questions in the
second sheet of the answer book.

Let W be an m-dimensiona subspace of an n-dimensiond vector space V, where m<n. Then the
dimension of V/W is

n
(A) -

(B) n—m

(C©) n+m

(D)0

Each of thefollowing subsets @, R, (0,1),[0,1] of R, with the usua metric, is
(A) Complete

(B) Compact

(C) Connected
(D) Bounded
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Thevaue of the Wronskian of the functions x?,3x+2 and 2x+3 is

(A)O

(B) -10

(©) -5

(D) 8

Let Z;o denotethering of integers modulo 10. Then the number of idedsin Z g is
(A)2

(B)3

€4

(D)5

A particle is placed on the top of a sphere in a gavitationa field and alowed to slide without
friction. Then the motion has

(A) No constraint

(B) A holonomic constraint

(C) A non-holonomic constraint
(D) A rheonomic constraint

SECTION B (75 M arks)

This section consists of 20 (Twenty) questions of 5 (Five) marks each. ANY 15 (Fifteen) of them have to be
answered. If more number of questions are attempted, score off the answers nat to be evauated, ese only
thefirst fifteen un scored answers will be considered.

Let V and W Dbe finite dimensional vector spaces. Let T:V —W be a linear transformation and
{u,u,,...u,] beasubset of V such that

{Tu,Tu,,.....Tu,] islinearly independent in W. Then show that {u,,u,,....u,}islinearly independent
inV. Deducethat, if T isonto, thendimV >dimw .

Let V be an inner product space over R and T:V —V be a linear transformation such that
(Tu, v) =(u,Tv) and (Tu,u)>0 for dl u,veV . Provethat

[(Tu,v)[ < (Tu,u)(Tv,v) foral uveV.
2

Evauate j cos”™ #d@ using contour integration.
0

Show that every bilinear transformation w = f (z) havingfixed pointsaand b is gven by
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(W_a)=K( ~2) for azb
(w=b) z-b)
And

! = ! +1 for a=b

(w—a) (z-a)
Where K and k are constants.

Let f:R—(—11)bedefined by

X
f(X)—rlxl, xe R

Show that f is continuous, one-one, onto and has a continuous inverse.

Let f,:R— R bedefined by
() 2%

3+ (4-5nx)*
Check whether

(@ {f,} ispoint wise convergent and
(b) {f,} isuniformly convergent.
Find the general solution of the differential equation (1-x*)y"-3xy'~ y=1.

Solvefor xthe system x' = Ax where

0 1 O
A=|0 0 1
6 -11 6

Let R be the group of dl rea numbers under addition and Z be the subgroup of dl integers. Show
tha R/Z is isomorphic to the group of al complex numbers with absolute vaue 1, under
multiplication.

Let R® bethe ringwith addition and multiplication defined by
X+Y=(X+Y%+ Y, %+ Vs)

XY= (Y10 %Ys . %:Ys)

For x=(X,%,%) ad y=(y, Y,,¥,). Let | ={xe R®:x,=0}.
Show that | isamaximal idea of R®,

Let {u,,u,,.....} bean orthonormal set in aHilbert space H. Provetha for every xe H , the series

o

> (xu )y,

=
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x—i(x,u])uj

=1

<[x-ul

For every ue span{u,,u,......}

14. Find a b and c so that the numerica integration formula
h
[ f(t)dt=af (~h)+bf (0)+cf (h)
—h
Is exact for dl polynomids of degree < 2. Give an example of apolynomia of the lowest degreefor
which the formulais not exact.
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