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PART - B (Mathematical Sciences)

UNIT-1

21. Consider the function tan x on the set
S :{XER:XZO, x¢kn+%foranykeNu{0}}

We say that it has a fixed pointinSif 3 x € S suchthat tan x = x. Then,

(@) there is aunique fixed point. (b) there is no fixed point.
(c) there are infinitely many fixed points. (d) there are more than one but finitely many fixed points.
22.  Define f(x) :% for x>0.Then f isuniformly continuous
X
(@ on (0, ) (b) on [r, ) forany r >0
(c) on (O, r] forany r >0 (d) only on intervals of the form [a, b] for 0<a<b <

23.  Consider the subspaces W, and W, of R* given by:

le{(x, Y, z)eR3:x+y+z:0},and
WZ:{(X, y,z)eR3:x—y+z:0}

IfW is a subspace of R® such that
() WnW, =span{(0,1,1)}

(i) W W, is orthogonal to W W, with respect to the usual inner product of R*, then
(@ W =span{(0,1,-1),(0,1,1)} (b) W =span{(,0,-1),(0,1,-1)}
() W =span{(,0,-1),(0,1,1)} (d) W =span{(1,0,-1), (0,1}

X+

2y ] If T[C] repre-

24,  LetC= K;] (iﬂ be a basis of R? and T : R? —» R? be defined by T (X] = (
y

sents the matrix of T with respect to the basis C then which among the following is true ?

-3 -2 3 -2 -3 -1 3 -1
@) T[C]{ 3 J (b)T[C]{_3 J © T[C]{ 3 2} (d)T[C]{_s 2}
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Lethz{(u,v,W, X)eR*|lu+v+w=0, 2v+x=0, 2u+2w—x:0}
and

W, :{(u,v,w, X) e R* |[u+w+x=0, u+w—2x:0,v—x:0}
Then which among the following is true ?
(@ dimWw,)=1 (b) dimW,)=2
(¢ dimW, nW,)=1 (d) dimW, +W,)=3
Let Abean nx n complex matrix. Assume that A is self-adjoint and let B denote the inverse of A +il, . Then
alleigenvalues of (A—il)B are:

(@) purelyimaginary  (b) ofmodulusone  (c) real (d) of modulus less than one

Let {u,, u,,..., u, } be anorthonormal basis of C" as columnvectors. Let M = (u,,...,u, ), N = (U 4,..., U
1 Y2 n 1 k k+1 n

and p be the diagonal k x k matrix with diagonal entries ¢, @, ..., o, € R. Then which of the following is
true?

(@) Rank (MPM ™) =k whenever o; # o; 1<i, j<k
k

(b) Trace (MPM™)=> ¢
i=1

(c) Rank (M*N) =min (k, n—k)

(d) Rank (MM™ + NN¥) <n

Let B:R xR — R be the function B(a, b) = ab . Which of the following is true ?

(@) Bisalinear transformation. (b) B isapositive definite bilinear form.
(c) B issymmetric but not positive definite. (d) B s neither linear nor bilinear.

Consider themap f :Q — R defined by:

@i f@O=0

i) f(r) :%, where r :5 with peZ,qeZ andged (p, q) =1.
Thenthemap f is:

(@) one-to-one and onto. (b) not one-to-one, but onto.
(c) onto but not one-to-one. (d) neither one-to-one nor onto.

Let x be a real number such that |x| < 1. Which of the following is FALSE ?

@ If xeQ,then > x"eQ (b) If > x"eQ then xeQ
m>0 m>0
Xm
© If xzQ then > mx"* ¢ Q @) If D ~- convergesin R
m>0 m>0
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Suppose that {X,} isasequence of real numbers satisfying the following for every ¢ > 0, there exists n, such

that [X,,; — X,| <& ¥ n>n,. The sequence {x,} is:

(@) bounded but not necessarily Cauchy. (b) Cauchy but not necessarily bounded.
(c) convergent. (d) not necessarily bounded.

n+1

Let A(n) = j isdx forn>1.For ceR let limn°A(n)=L.Then:
X

n—oo
n

@ L=0ifc>3 (b) L=1lifc=3 () L=2ifc=3 (d) L=wifO0<c<3
UNIT-2

Consider the polynomials p(z), q(z) inthe complex variable zand let
la=$ P(2)a(2)dz

where 7 denotes the closed contour ¥ (t) =e", 0<t < 2z . Then—

(@) IZm = 0 for all positive integers m, nwith m=n.

(b) Izﬂ,zﬂ =271 for all positive integers n.

(c) 1,4 =0 forallpolynomials p

(d) 1,4 =p(0)q(0) forall polynomials p, q.

Let y(t) = 3", 0<t<2rx bethe positively oriented circle of radius 3 centered at the origin. The value of A

for which CﬁLdZ:Cﬁ;dZ is -
) 7-2 4 72 -57+4

@ /1:—% (b) 21=0 © z:% @ 2=1

The number of group homomorphisms from the alternating group Ay to the symmetric group S, is:
(@ 1 (b) 12 (c) 20 (d) 6

Let p > 23 beaprime number such that the decimal expansion (base 10) of 1 is periodic with period p —1

.1 —_— . . 1 E——

(that is, ' 0-3,8, .. ap_lj with a, €{0,1,..., 9} foralliandforany m,1<m< p-1,==0-a a,...a,.
p

Let (%) denote the multiplicative group of integers modulo p. Thenwhich of the following is correct ?
p

(@) Theorder of 10 e (%) isa proper divisor of (p —1).
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(b) The order of 10 e (ﬂj is (P=1)
pZ 2

*

Z Y.
(c) Theelement 10 € (—] is a generator of the group (éj :
PZ pZ

(d) The group (%) is cyclic but not generated by the element 10.
p

Givenintegersaandb, let N, , denote the number of positive integers k <100 suchthat k = a (mod 9) and

k =b (mod 11). Then which of the following statements is correct ?

(@ N, =1forallintegersaandb.

(b) There exist integersaand b satisfying N, , >1.

(c) There exist integersaand b satisfying N, , =0.

(d) There exist integers aand b satisfying N, , =0 and there exist integers ¢ and d satisfying N, 4 >1.

Let X be atopological space and U be a proper dense open subset of X. Pick the correct statement from the
following :
(@) IfXis connected then U is connected. (b) If X'is compact then U is compact.

(c) If X\U is compact then X is compact. (d) If X is compact, then X \U is compact.

Let R denote the radius of convergence of the power series

i kxk
k=1
Then,
(@ R >0 andthe series is convergenton [-R, R].
(b) R >0 andthe seriesconvergesat x=—R but doesnot convergeat x=R.
() R >0 andthe series does not converge outside (- R, R).
(d) R=0

Let f :C — C beanon-constant entire functionand let Image (f) ={we C:3z € C suchthat f(z) =w}.
Then,

(@ The interior of Image ( f) isempty.
(b) Image (f) intersectsevery line passing through the origin.
(c) Thereexists a disc in the complex plane, which is disjoint from Image (f).

(d) Image (f) contains all its limit points.

UNIT-3

Let u(x, t) be afunction that satisfies the PDE u,, —u, =€* +6t, xR, t >0 and the initial conditions
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u(x, 0) =sin(x), u,(x, 0) =0 for every x € R . Here subscripts denote partial derivatives corresponding to

the variables indicated. Then the value of u (% %) is:

3 3
@ e”/2(1+le”/2]+ T e (b) e”/2(1+le”/2]+ r—d
2 8 2 8
3 3
(C) e7'[/2 1_£eﬂ/2 _ w°+4 (d) e7'[/2 1_£eﬂ/2 _ T 4
2 8 2 8
2
Let u(x, t) satisfythe IVP: @:8—2, xeR,t>0
ot ox
1; 0<x<1
u(x,0)=
0 ; elsewhere
Thenthe value of lim u(, t) equals:
t—0*
(@ e (b) = (c) 12 (dy 1

Let f(x) beapolynomial of unknown degree taking the values

X 0(1| 2|3
f(x) 271316

All the fourth divided differences are —1/6. Then the coefficient of x° is :

@ 3 ® -2 © 16 @ -1

2
Consider the functional J[y]zf(l— y'?)?dx defined on {yeC[0,2]:y is piecewise C' and
0

y(0)=y(2) =0}. Let y, be aminimizer of the above functional. Then y, has:

(@) aunique corner point. (b) two corner points.
(c) more than two corner points. (d) no corner points.

X 2
If ¢ is the solution of j(l— X2 +12)¢(t)dt =X7, then ¢(ﬁ) is equal to:
0

@ 2e"? (b) ~/2¢? (©) 262 (d) 2¢*

Consider the two dimensional motion of a mass m attached to one end of a spring whose other end is fixed. Let
k be the spring constant. The kinetic energy T and the potential energy V of the system are given by :
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T :lm(r'2 + (ré)z)andv :lkrz, where £ =37 and 6 = 99 with t as time}.
2 2 dt dt

Then which of the following statements is correct ?
(@) risanignorable coordinate.

(b) O isnotanignorable coordinate.

(c) r?0 remains constant throughout the motion.

(d) rO remains constant throughout the motion.

If y,(x) and y,(x) aretwo solutions of the differential equation:
(cosx)y"+ (sinx)y'—(L+ e‘Xz) y=0V X e(—%, %)

with y,(0) =+/2, y;(0) =1, y,(0) =—+/2, y(0) =2
then the Wronskian of y; (x) and y,(x) at x :% is:
@ 32 (b) 6 ©) 3 (@) -3v2

The critical point (0, 0) for the system
X'(t) = x — 2y + y2sin (x)

y'(t) =2x — 2y — 3y cos (y?)

isa:

(@) stable spiral point (b) unstable spiral point
(c) saddle point (d) stable node
UNIT-4

To test the hypotheses H,, against H, using the test statistic T, the proposed test procedure is not to support

H, if Tis large. Based on a given sample, the p-value of the test statistic is computed to be 0.05 assuming that
the distributionof Tis N (0, 1) under H, . Ifthe distribution of T under H, isthe t-distribution with 10 degrees
of freedom instead, the p-value will be:

1 1
a) 0.05 b) <0.05-— c) 0.05-— d) >0.05
(@) (b) < o © 100 (d)

Let (X, V1), (X5, Y5), ...y (X5, V) bE N independent observations from a bivariate continuous distribution. Let

r, bethe product moment correlation coefficient and r, be the rank correlation coefficient computed based
on these n observations. Which of the following statements is correct ?

(@ r, =0 implies r; >0 (b) r;>0 implies r, >0
() r, =1 implies r, =1 (d) r,=1implies r, =1

Consider a linear model:
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6,+6,+¢ for 1=12
0,-0,+¢g for 1=34

where ¢&; ’s are independent with E(g;) =0, Var(¢;) = o?>0fori=1..,4 and 0,,...,6; € R. Which of
the following parametric functions is estimable ?

@ 0,+06, (b) 6, -0, (c) 0, +06, (d) 6, +0,+0,

If X ~N,(0,1) and A
statement is correct ?

oxp IS an independent matrix with rank (A) =k < p, then which of the following

XAX k XAX k

2 E py 222~ F
@) XX 0 k.p (b) XX 0—k k,p—k

X'AX k p X'AX k p-k
c) — ~ -, = d 7~ - —
© XX ﬂ(Z 2] @ XX ﬁ(z 2 j

A sample of size n(> 2) isdrawn froma populationof N (> 3) units using PPSWR sampling scheme, where
N

p; is the probability of selecting i-th unitinadraw, 0< p; <1V i=1..., N, and z p; =1. Thenthe inclu-
i=1

sion probability 7;; is :
@ 1- pin_p?+(pi+pj)n (b) 1_(pi+pj_pipj)n
© 1-@-p)" -A-p)"=(p+p))" (@ 1-1-p)" -@A=py)" +@-p - p))

In a 24 experiment with two blocks and factors A, B, C and D, one block contains the following treatment
combinations a, b, ¢, ad, bd, cd, abc, abcd. Which of the following effects is confounded ?
(@ ABC (b) ABD (c) BCD (d)y ABCD

Inan airport, domestic passengers and international passengers arrive independently according to Poisson
processes with rates 100 and 70 per hour, respectively. If it is given that the total number of passengers
(domestic and international) arriving in that airport between 9:00 AM and 11:00 AM on a particular day was
520, then what is the conditional distribution of the number of domestic passengers arriving in thisperiod ?

(@) Poisson (200) (b) Poisson (100)
(c) Binomial (520, Ej (d) Binomial (520, lj
17 17

Let X >0 bearandomvariable on (Q, F, P) with E(X) =1.Let Ae F beanevent with 0 < P(A) <1.
Which of the following defines another probability measure on (Q, F) ?

@ Q(B)=P(ANB)VBeF (b) Q(B)=P(AUB)VBeF
P(A|B) if P(B)>0
©) QB)=E(XIg) v B<F @ Q(B)={ 0 it P®)-0

Let X and Y be i.i.d. random variables uniformly distributed on (0, 4). Then P(X >Y | X <2Y) is:
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1 5 1 2
@ 3 ®) 5 © 3 @ 3
Suppose {X .} isa Markov Chain with 3 states and transition probability matrix
/3 13 13
2 12 0O
0 0 1

Then which of the following statements is true ?

(@ {X,} isirreducible

(b) {X,} isrecurrent

(c) {X,} doesnotadmit a stationary probability distribution
(d) {X,} hasan absorbing state

Suppose X ~ Cauchy (0, 1). Then the distribution of 1_ i is :

+
(@ Uniform (0, 1) (b) Normal (0, 1)
(c) Double exponential (0, 1) (d) Cauchy (0, 1)

Given the observations 0.8, 0.71, 0.9, 1.2, 1.68, 1.4, 0.88, 1.62 from the uniform distribution on
(6 -0.2,6 +0.8) with —o0 <0 < o0, which of the following isa maximum likelihood estimate for 6 ?
(@ 0.7 (b) 0.9 (c) 1.1 d) 1.3

PART - C (Mathematical Sciences)

61.

62.

63.

UNIT-1

Let f:R* — R? beafunctiongivenby, f(x, y)=(x>+3xy? —15x =12y, X + y).

Let S ={(x, y) e R?: f islocally invertible at (x, y) }. Then,

@ S=R>\{(0,0)} (b)Sisopenin R*  (c) Sisdensein R* (d) R?\S is countable
Let X = N, the set of positive integers. Consider the metrics d,, d, on X given by:

dy(m, n)=jm-n|,m ne X

d,(m, n):‘i—i,m,nex
m n

Let X,, X, denote the metric spaces (X, d,), (X, d,) respectively. Then,
(@ X, iscomplete (b) X, iscomplete

(c) X, istotally bounded (d) X, istotally bounded

Let T:R" — R" bea linear map that satisfies T2 =T — I, . Thenwhich of the following are true ?
(@ Tisinvertible (b) T -1, isnotinvertible

(c) T hasareal eigen value @ T3=-1,
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2 03 20 -2 5 5
0 10 -13 4 1 1
Let M = b= |andb,=|_|.
001 04 4 1 3
111 01 1 4 3

Then which of the following are true ?
(@) Bothsystems MX =b, and MX =b, are inconsistent.

(b) Bothsystems MX =Db, and MX =h, are consistent.
(c) Thesystem MX =b, —b, is consistent.

(d) The systems MX =D, — b, isinconsistent.

1 -1 1
LetM=| 2 1 4].Giventhatl isaneigenvalue of M, then which among the following are correct ?
-2 1 -4

(@ The minimal polynomial of Mis (X —1) (X + 4).
(b) The minimal polynomial of Mis (X —1)% (X +4).

(c) Misnot diagonalizable.

(d) M‘lzi(M +31)

Let A be a real matrix with characteristic polynomial (X —1)3. Pick the correct statements from below:
(@) Aisnecessarily diagonalizable.

(b) Ifthe minimal polynomial of Ais (X —1)*, then A is diagonalizable.

(c) Characteristic polynomial of A%is (X —1)°.

(d) If A has exactly two Jordan blocks, then (A —1)? is diagonalizable.

Let P, be the vector space of polynomials with real coefficients and of degree at most 3. Consider the linear
map T : P, — P, defined by T(p(x)) = p(x+1) + p(x—1)) . Which of the following properties does the
matrix of T (with respect to the standard basis B = {1, x, x*, x*} of P,) satisfy ?

(8) detT =0 () (T-2D)*=0but(T -21)%%0

) (T-21)°=0but (T —21)*#0 (d) 2isaneigenvalue with multiplicity 4.

Let M bean n x n Hermitian matrixofrank k, k = n.If 2 = 0 is an eigenvalue of M with corresponding unit
column vector u, with Mu = Au , thenwhich of the following are true ?

(a) rank(M —Auu™) =k -1 (b) rank (M — Auu®) =Kk
(c) rank(M —Auu™) =k +1 d (M=2uw)"=M"-2"uu"
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Define a real valued function B on R? x R? as follows. If v = (x,, X,), w=(y;, ¥,) belong to R? define
B(U, W) = XY, — XY, — X Y1 + 4%, Y, . Let vg = (L, 0) and let W ={v e R?: B(v,, v) =0}. Then W —

(a) is not a subspace of R? (b) equals {(0,0)}

(c) isthey-axis (d) is the line passing through (0, 0) and (1, 1)

Consider the Quadratic forms:

Q(x, y) =xy

Qy (X, y) =X* +2xy + y?

Qs(X, y) =x? +3xy +2y°

on R?. Choose the correct statements from below :

(@ Q, and Q, areequivalent (b) Q, and Q, are equivalent

() Q, and Q, are equivalent (d) Allare equivalent

Let {u,},.; be asequence of real numbers satisfying the following conditions:

1) (<1)"u,>0,foralln>1

) |un+1|<%, forall n>13

Which of the following statements are necessarily true ?

(@) ZUn does not converge in R.

n>1

(b) z u, converges to zero.
n>13

() z u, converges toanon-zero real number.
n>13

u
(d) If|u,4|< % ,forall 2<n <13, then ) u, isanegative real number.
n>1

Let S be an infinite set. Which of the following statements are true ?
(@) Ifthereisan injectionfromSto N, thenSis countable.

(b) IfthereisasurjectionfromSto N, thenSis countable.
(c) Ifthereisan injectionfrom N to S, then S is countable.

(d) Ifthereisasurjectionfrom N to S, then Sis countable.

Let p, denote the n-th prime number, when we enumerate the prime numbers in the increasing order. For

example, p, =2, p, =3, p;=5,andsoon. Let S ={s, = p,; — P, | neN, n=>1}. Then which of the fol-
lowing are correct ?
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(a) sup S = (b) Iimsupn—m Sy =
(c) infS<oandinfS =1 (d) limsup,_,. S, =2

For n>1, consider the sequence of functions:

f(¥) =27 Gn(X) =

2nx +1
on the open interval (0, 1). Consider the statements:
(1) The sequence {f,} converges uniformlyon (0, 1).

(2) The sequence {g,,} converges uniformlyon (0, 1).

Then,
(@ (1)istrue (b) (1) isfalse
(c) (1) isfalseand (2) istrue (d) Both (1) and (2) are true.

Suppose that { f,} is asequence of continuous real valued functions on [0, 1] satisfying the following:
(1) VxeR,{f,(x)} isadecreasing sequence.

(2) Thesequence {f} convergesuniformlyto O.

Let gn(X) = Z(_l)k fk (X) V xeR . Then—
k=1

(@ {g,} is Cauchy with respect to the sup norm.
() {g9,} isuniformly convergent.

(©) {9,} need not converge pointwise.

(d) 3IM >0 suchthat|g,(X)|<M, VneN,V xeR.
Given f E 2} — R, astrictly increasing function, we put g(x) = f(X) + f(a x €[4, 2]. Consider a

partition P of [1, 2] and let U (P, g) and L(P, g) denote the upper Riemann sumand lower Riemann sum of
g. Then,

(@) forasuitable f wecanhave U(P, g)=L(P, Q).
(b) forasuitable f wecanhave U (P, g) = L(P,Qg).
() U(P, g)>L(P, g) forallchoices of f .
(d) U(P, g)<L(P, g) forallchoices of f .

Let f be areal valued continuously differentiable function of (0, 1). Set g = f'+if ,where i? =-1and f’

isthe derivative of f . Let a, b € (0,1) be two consecutive zeros of f . Which ofthe following statements are
necessarily true ?

(@ If g(a) >0, then g crosses the real line from upper half plane to lower half plane at a.

(b) If g(a) >0, then g crosses the real line from lower half plane to upper half plane at a.
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(c) If g(a)g(b) =0, then g(a), g(b) have the same sign.
(d) If g(a) g(b) =0, then g(a), g(b) have opposite signs.

Let A be an invertible real n x n matrix. Define a function F:R" x R" — R by F(x, y) =(AX, y), where
(X, y) denotes the inner product of xand y. Let DF (X, y) denote the derivative of F at (x, y) whichisa
linear transformation from R" x R" — R . Then,

(@ If x=0,then DF(x,0) =0 (b) If y=0,then DF(0, y) =0

(©) If (x,y)=#(0,0) then DF(x,y)=0 (d) If x=0o0r y=0,then DF(x,y)=0

UNIT-2

Forany group G, let Aut(G) denote the group of automorphisms of G. Which of the following are true ?
(@) IfGisfinite, then Aut(G) is finite.

(b) IfGiscyclic, then Aut (G) is cyclic.

(c) IfGisinfinite, then Aut(G) is infinite.

(d) If Aut(G) isisomorphicto Aut(H),where G and H are two groups, then G is isomorphic to H.

Let G be a group with the following property:

Given any positive integers m, nare r there exist elements g and h in G such that order (g) =m, order (h) =n

and order (gh) = r . Thenwhich of the following are necessarily true ?
(@ G hasto be an infinite group. (b) G cannot be a cyclic group.

(c) G has infinitely many cyclic subgroups. (d) G has to be a non-abelian group.
Let R be the ring C[x] / (x* +1) . Pick the correct statements from below:
(@ dimR=3 (b) R has exactly two prime ideals

(c) RisaUFD (d) (x) isamaximal ideal of R

Let f(x)=x" —105x +12. Thenwhich of the following are correct ?
(@ f(x) isreducible over Q.

(b) There exists an integer msuchthat f (m)=105.

(c) There exists an integer msuchthat f(m)=2.

(d) f(m) isnota prime number for any integer m.
Let =32 e Rand &= exp(%) .Let K =Q(a&). Pick the correct statements from below:

(@) There exists a field automorphism o of C suchthat o(K)=K and o #id .
(b) There exists a field automorphism o of C suchthat o(K) = K .

(c) There exists a finite extension E of Q suchthat K < E and o(K) < E for every field automorphism
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84.

85.

86.

87.

88.

89.

o of E.
(d) For allfield automorphisms o of K, o(a&) =aé.

Let X ={(%)i51 : % €{0, 1} for alli > 1} withthe metric d((x), (y;)) = D_|x — ;|27 . Let f:X —[0,1]

i>1

be the function defined by f ()5, = Z x; 2. Choose the correct statements from below:

i>1

(@ f iscontinuous (b) f isonto (c) f isone-to-one (d) f isopen

Let A be asubset of R satisfying A= ﬂVn , Where for each n>1,V, isan open dense subset of R. Which

n>1
of the following are correct ?
(@ Aisanon-empty set. (b) Aiscountable.
(c) Aisuncountable. (d) Alisdensein RR.

Let H denote the upper half plane, thatis, H ={z =x +iy: y > 0}. For z e H , which of the following are
true ?

@ %GH (b) ZizeH © —ZeH @ —2—cH

z+1 2z+1

Let f :C — C be ananalytic function. Then which of the following statements are true ?

(@ If | f (z)| <1 forall ze C,then f’ hasinfinitelymany zerosin C.
(b) If f isonto, then the function f (cosz) is onto.

(c) If f isonto, then the function f (e*) isonto.

(d) If f isone-one, then the function f (z* + z + 2) is one-one.

Consider the entire functions f (z) =1+ z + z°° and g(z) =€’, z € C. Which of the following statements are
true?

(@) ‘I‘im|f(z)|:oo
(b) ‘Zl‘imo|£21(2)|=oo
(€) f([zeC:|z|<R}) isbounded for every R >0.

(d) 97z C:|z|<R}) isbounded for every R > 0.

Which of the following statements are true ?
(@) tanz isanentire function. (b) tanz isameromorphic functionon C.

(c) tanz hasanisolated singularity at oo. (d) tanz hasanon-isolated singularity at oo.
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90.

91.

92.

93.

Let & <a, <--- a5, begivendistinct natural numbers suchthat 1< a; <100 forall i =1, 2,..., 51. Thenwhich
of the following are correct ?

(@) Thereexistiandjwith 1<i< j <51 satisfying a; divides a;
(b) There existiwith 1<i <51 suchthat a; isanodd integer.

(c) Thereexistsjwith 1< j <51 suchthat a; isaneven integer.
(d) Thereexist i < j suchthat ‘ai -, ‘ >51,
UNIT-3

Let u(x,t) be a function that satisfies the PDE : u, +uu, =1, xe R, t >0 and the initial condition
t? t

u| —,t |=—=.Thenthe VP has:
4 2

(@) only one solution.

(b) two solutions.

(c) an infinite number of solutions.

(d) solutions none of which is differentiable on the characteristic base curve.

Let f :[0.1] — [0, 1] be twice continuously differentiable function with a unique fixed point f (x,) = x, . Fora

given x, € (0,1) consider the iteration x,,, = f(x,) forn>0.If L= m[ax]| f'(x)|, then which of the follow-
xe[0,1

ing aretrue ?

(@ If L<1,then x, convergesto x,
(b) x, convergesto x, provided L >1

(c) Theerror e, =, — X, satisfies |e;,.| < L|e,|-

(d) If f'(x)=0,then e |<C|en|2 for some C > 0.

n+1

Let u(x) satisfy the boundary value problem

u"+u'=0, xe(0,1)
(BVP) qu(0)=0

u@=1
Consider the finite difference approximation to (BVP)
Uj”_z:zj i, Uj”Z_hUj‘l =0, j=L..,N-1
BVP
( )n UO — 0
U, =1

Here, U isanapproximationto u(x;) , where x; = jh, j=0,..., N isapartition of [0, 1] with h=1/N for
some positive integer N. Then which of the following are true ?
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94.

95.

96.

97.

98.

() Thereexistsasolutionto (BVP), oftheformU; = ar’ +b forsome a, b e R with r 1 and r satisfy-

ing (2+h)yr? —4r+(2-h)=0.

i_
(b) U, = (r -1 , where r satisfies (2 +h)r?> —4r+(2—h)=0and r =1.
b -

(c) uismonotonic inx

(d) U; ismonotonic inj.
1

Consider the functional J[y] = j[(y’)2 - (y’)“} dx subject to y(0) =0, y(1) =0.Abroken extremal is a
0

continuous extremal whose derivative has jump discontinuities at a finite number of points. Then which of the
following statements are true ?

(@ There are no broken extremals and y = 0 isan extremal.

(b) There is aunique broken extremal.
(c) There exists more than one and finitely many broken extremals.
(d) There exist infinitely many broken extremals.

1
The extremals of the functional J[y] = j [720x2y — (y")?]dx, subjectto y(x)=y'(0) =y(1) =0, y'(1) =6,
0
are:
@ x*+2x*-3x> (b)) x> +4x*-5x3 (€ X +x* -2 d) x®+4x®-6x2
If ¢ is the solution of #(x) =1—2X — 4x% + j[S +6(x—t)—4(x—1t)*]4(t) dt, then #(log 2) isequal to:
0

(@) 2 (b) 4 () 6 (d) 8

A characteristic number and the corresponding eigenfunction of the homogeneous Fredholm integral equation
with kernel

K(x,t):{xX

are:
@) A=-7°¢(x)=sinzx (b) A =-27° ¢(x)=sin2zx
©) A=-372, ¢(x)=sin37x d) A=-4n% ¢(x)=sin2zx

Consider a point mass of mass m which is attached to a mass-less rigid rod of length a. The other end of the
rod is made to move vertically such that its downward displacement from the origin at timet is given by

z(t) = z, cos (wt)
The mass is moving in a fixed plane and its position vector at time t is given by:
r(t) =(asin(t), z(t) + acoso(t))
Then the equation of motion of the point mass is:
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99.

100.

101.

102.

d’e d’e
(a) aF +(g+ Zoa)2 cos(wt))sind =0 (b) aF +(9 — zywcos (wt))sind =0

2 2
©) a?sze +(g + Z5w® cos (wt)) cos@ =0 (d) a?sze +(g — zy° cos(wt)) cos =0

Three solutions of a certain second order non-homogeneous linear differential equation are :

y,(X) =1+ xe* | Yo(X) =1+ x) X —1, ya(X) =1+ e
Which of the following is/are general solution(s) of the differential equation ?
@ (C,+1)y,+(C,-C))y, -C,y;,where C, and C, arearbitrary constants.

() Ci(y, —VY,)+C,(y, —y;), where C, and C, arearbitrary constants.
©) Ci(y,—VYo) +Cy(Y, — ¥3) + C5(y; — v,) , where C;, C, and C, are arbitrary constants.
(d) Ci(y, —VY3) +Cy(Y5 — ¥) + ¥;, Where C; and C, arearbitrary constants.

The method of variation of parameters to solve the differential equation y” + p(x) y' +q(Xx) y = r(x), where
xe |l and p(x), q(x), r(x) are non-zero continuous functions on an interval I, seeks a particular solution of

the form 'y, (X) =Vvi(X) ¥1(X) + V,(X) Y,(X), where y, and vy, are linearly independent solutions of
y"+ p(x)y'+a(x)y =0 and v;(x) and v, (x) are functions to be determined. Which of the following state-
ments are necessarily true ?

(@ The Wronskian of y; and y, is never zero inl.
(0) v, v, and v;y, +V,Y, aretwice differentiable.
(c) v, and v, may not be twice differentiable, but v, y, + v, y, istwice differentiable.

(d) The solutionset of y”+ p(x)y’+ q(x)y = r(x) consists of function of the form ay, + by, +y, , where

a,b e R arearbitrary constants.

Consider the eigenvalue problem,

y"+ Ay =0 for xe (-11)

yD)=y@d

y'(=D)=y'@®

Which of the following statements are true ?

(@) Alleigenvaluesare strictly positive.

(b) Alleigenvalues are non-negative.

(c) Distinct eigenfunctions are orthogonalin L?[-1, 1].
(d) The sequence of eigenvalues is bounded above.

Consider the IVP:
XU, +tu, =u+1 xeR,t>0

u(x, t) = x%, t = x

Then,
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(@) the solutionissingular at (0, 0).

(b) the givenspace curve (x,t, u) = (&, &2, £%) isnot a characteristic curve at (0, 0).

(c) there is no base-characteristic curve in the (x, t) plane passing through (0, 0).

(d) anecessary condition for the I\VP to have a unique C* solution at (0, 0) does not hold.
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(Answer Key) — PART - B (Mathematical Sciences)

21.(c) 22.(b) 23.(a) 24.(c) 25.(c)
26. (b) 27.(b) 28. (b) 29.(d) 30.(c)
31.(d) 32.(b) 33.(c) 34.(a) 35.(a)
36.(C) 37.(a) 38.(d) 39.(c) 40. (b)
41.(c) 42.(c) 43.(a) 44. (%) 45. (b)
46. (c) 47.(c) 48. (c) 49. (d) 50. (c)
51.(c) 52. (d) 53.(d) 54.(a) 55. (c)
56. (C) 57.(a) 58. (d) 59. (d) 60. (b)

(Answer Key) — PART - C (Mathematical Sciences)

61.(b), (c) 62.(a), (d) 63.(a), (d) 64.(a), (c) 65. (b), ()
66.(c), (d) 67.(d) 68.(a), (d) 69. (*) 70.(b)
71.(c), (d) 72.(a), (d) 73.(a), (b), (©), (d)  74.(b), (c) 75.(a, b, d)
76.(a), (b), (c) 77.(b), (d) 78.(a), (b), (c) 79.(a) 80. (*)
81.(b) 82.(d) 83.(a), (b), (c), (d)  84.(a), (b) 85.(a, c, d)
86.(d) 87.(a), (b) 88.(a), () 89. (b), (d) 90.(a, b, c)
91.(b), (d) 92.(a) 93.(a), (b), (c), (d) 94.(d) 95. (*)
96.(a) 97.(a), (d) 98.(a) 99. (a), (d)

100. (a), (b), (c) 101. (b), () 102. (a), (b), (c), (d)

South Delhi : 28-A/11, Jia Sarai, Near-11T Metro Station, New Delhi-16, Ph : 011-26851008, 26861009

4| North Delhi : 56-58, First Floor, Mall Road, G.T.B. Nagar (Near Metro Gate No. 3), Delhi-09, Ph:011-41420035



