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Read the following instructions carefully

1. This question paper contains 20 printed pages including pages for rough work. Please check all pages
and report discrepancy, if any.

2. Write your registration number, your name and name of the examination centre at the specified
locations on the right half of the ORS.

3. Using HB pencil, darken the appropriate bubble under each digit of your registration number and the
letters corresponding to your paper code.

4. All the questions in this question paper are of objective type.

5. Questions must be answered on Objective Response Sheet (ORS) by darkening the appropriate
bubble (marked A, B, C, D) using HB pencil against the question number on the left hand side of the
ORS. Each question has only one correct answer. In case you wish to change an answer, erase the

old answer completely. More than one answer bubbled against a question will be treated as a wrong
answer.

6. Questions | through 20 are 1-mark questions and questions 21 through 85 are 2-mark questions.

7. Questions 71 through 73 is one set of common data questions, questions 74 and 75 is another pair of
common data questions. The question pairs (76, 77), (78, 79), (80, 81), (82, 83) and (84, 85) are
questions with linked answers. The answer to the second question of the above pairs will depend on
the answer to the first question of the pair. If the first question in the linked pair is wrongly answered
or is un-attempted, then the answer to the second question in the pair will not be evaluated.

8. Un-attempted questions will carry zero marks.

9. NEGATIVE MARKING: For Q.1 to Q.20, 0.25 mark will be deducted for each wrong answer. For
Q.21 to Q.75, 0.5 mark will be deducted for each wrong answer. For the pairs of questions with
linked answers, there will be negative marks only for wrong answer to the first question, i.e. for Q.76,
Q.78, Q.80, Q.82 and Q.84, 0.5 mark will be deducted for each wrong answer. There is no negative
marking for Q.77, Q.79, Q.81, Q.83 and Q.85.

10. Calculator without data connectivity is allowed in the examination hall.

11. Charts, graph sheets and tables are NOT allowed in the examination hall.

12. Rough work can be done on the question paper itself. Additional blank pages are given at the end of
the question paper for rough work.
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(o)
(o)

Notations and Definitions used in the paper

The empty set

{x €eX:xeY)

The set of all positive integers

The set of all integers

The set of all integers modulo n

The set of all real numbers

{(x5-5%,) i x, €R for 1<i < n}

The set of all complex numbers

The polynomial ring in the variables x;,...,x, with coefficients in Z
The derivative of the function x

The Lebesgue measure on R

The p-norm for 1 < p < w0

The set of all real-valued continuous functions on [0, 1]

The set of all real-valued continuously differentiable functions on [O, 1]

g ([0 I]) The set of all real-valued infinitely differentiable functions on [0, ]]

x The transpose of the vector x

M’ The transpose of the matrix M

N(m,c?) The normal distribution with mean m and variance o~
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Q. 1-Q. 20 carry one mark each.

Q1 Consider the subspace W = {[a,.}] ca;=0if iis even} of all 10x10 real matrices. Then the
dimension of W is
(A) 25 (B) 50 Cy=T75 (D) 100
Q2 Let Sbe the open unit disk and f : § — C be a real-valued analytic function with 0) = 1. Then
theset {ze S: f(z)#1} is
(A) empty (B) nonempty finite
(C) countably infinite (D) uncountable
Q3 Lt E= {(Jr,y)ER2 :0<x<1,0<y< x} . Then H(x+y)dxdy is equal to
E
|
(A) -1 (B) 0 (©) ) D) 1
Q4 For (x,y)eR?, let
20 it (x,)%(0,0),
f(xy)=1x"+y :
0 if (x,»)=(0,0).
Then
(A) f.andf, existat (0,0),and f is continuous at (0,0)
(B) f, and f, existat (0,0),and f is discontinuous at (0,0)
(C) f, and /, donot exist at (0,0),and f is continuous at (0,0)
(D) f, and f, donotexistat (0,0),and f is discontinuous at (0,0)
Q5 pet » be a solution of y' = e” -1on [0, l] which satisfies y(0) =0. Then
(A) ¥(x)>0 forx>0 (B) »(x)<0 forx>0
(C) y changes sign in [O, I] (D) y=0forx>0
Q.6 For the equation x(x—1)y" +sin(x)y'+2x(x—1)y =0, consider the following statements
P: x=0 isaregular singular point. Q: x=1 is a regular singular point.
Then
(A) both P and Q are true (B) P is false but Q is true
(C) P is true but Q is false (D) both P and Q are false
Q7 LetG= R\{O} and H ={—1, l} be groups under multiplication. Then the map
@: G — H defined by ¢(x) = ﬁ is
X
(A) not a homomorphism
(B) a one-one homomorphism, which is not onto
(C) an onto homomorphism, which is not one-one
(D) an isomorphism
MA 3/20
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Q.8  The number of maximal ideals in Z,, is
(A) 0 (B) 1 (C) 2 (D) 3

Q9  Forl1<p<oo,let | “P denote the p-norm on R”. If || "p satisfies the parallelogram law, then p

is equal to

(A) 1 (B) 2 (©) 3 (D) =

Q.10

d
Consider the initial value problem -d—}; = f(x,y), ¥(x,)=Y,. The aim is to compute the value of

y, =y(x,), where x,=x,+h(h>0). At x=x, if the value of is equated to the
corresponding value of the straight line passing through (x,, ¥,)and having the slope equal to the

slope of the curve y(x) at x = x,, then the method is called

(A) Euler’s method (B) Improved Euler’s method
(C) Backward Euler’s method (D) Taylor series method of order 2

Q.11 The solution of xu, + yu, =0 is of the form
@A) f(y/x) ®) f(x+y) © f(x-») @) f(w)

Q.12 1f the partial differential equation (x — 1)* i Sy~ 2 u, +2xu, + 2yu, +2xyu =0 is parabolic
in S < R?but not in R*\S, then Sis

(A) {(x,y)eR*:x=1o0r y=2} (B) {(x,y)eR’*:x=1and y=2}
© {(x,y)eR*:x=1} (D) {(x,y)eR*:y=2}

Q.13 Let E be a connected subset of R with at least two elements. Then the number of elements in E is

(A) exactly two (B) more than two but finite
(C) countably infinite (D) uncountable

Q.14  Let X be a non-empty set. Let J, and 3, be two topologies on X such that J, is strictly contained
in 3,. If 7:(X,3,) = (X,3,) is the identity map, then

(A) both 7 and 7' are continuous (B) both 7 and /" are not continuous
(C) I is continuous but /' is not continuous (D) / is not continuous but / " is continuous

Q15 pet X,,X,,...,X,, bearandom sample from N(80,32) distribution. Define

10 10 S 2
S=>U, and T=Z(U,—~IB),
i=l

=1

where U, =—' ,i=1,2,....,10. Then the value of E(ST) is equal to

(A) 0 (B) 1 ) (D) -832

MA 4/20
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Q.16

Q.17

Q.18

Q.19

Q.20

Two (distinguishable) fair coins are tossed simultaneously. Given that ONE of them lands up head,

the probability of the OTHER to land up tail is equal to
2 3

1 1
A) = B) — 0 = By £
()3 ()2 ()3 ()4

Let ¢, 22 be the cost of the (i, J)" cell of an assignment problem. If a new cost matrix is

€ )
generated by the elements ¢, = E ¢; +1, then

(A) optimal assignment plan remains unchanged and cost of assignment decreases
(B) optimal assignment plan changes and cost of assignment decreases
(C) optimal assignment plan remains unchanged and cost of assignment increases
(D) optimal assignment plan changes and cost of assignment increases

Let a primal linear programming problem admit an optimal solution. Then the corresponding dual
problem

(A) does not have a feasible solution

(B) has a feasible solution but does not have any optimal solution
(C) does not have a convex feasible region

(D) has an optimal solution

In any system of particles, suppose we do not assume that the internal forces come in pairs. Then
the fact that the sum of internal forces is zero follows from

(A) Newton’s second law

(B) conservation of angular momentum
(C) conservation of energy

(D) principle of virtual displacement

Let ¢,,4,, -+,q, be the generalized coordinates and ¢,,¢,,**+,q, be the generalized velocities in
conservative force field. If under a transformation @, the new coordinate system has the

generalized coordinates 0,,0,,-+-,Q, and velocities QI,QZ,---,Q". Then the equation

.
CL d BL takes the form
6q,‘ a‘t Eﬂq,i

oL d|( oL aL d
A) = = p=| =2 ==
@2, ‘”dr(agk] i aQ* dr J
oL d| oL oL
Ry s
50, ", i

Q. 21 to Q.75 carry two marks each.

Q.21

Let 7:R* — R" be the linear map satisfying
T(e)=e,, T(e,)=e;, T(e;)=0, T(e,)=e,,
where {el_ e, e e_,} is the standard basis of R*. Then

(A) T isidempotent (B) T isinvertible
(C) Rank T =3 (D) T is nilpotent

a

MA
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Q.22 $eli §: 3
Let M={0 1 1| and V= {M xX:xeR } Then an orthonormal basis for V' is
0 1
@ 1(10,0) [0 2 L]' [i el L)'
£ 4 E ] ? 5 L 5 ’ 6 k] 6 : ] 6
®) {(1,0,07, [o,i,L)
2 N2
e i e e
(©) {(1L0, 0 —,—',—] ,[—,——,—]
{( J§ J3'3) 6’6 ' Je
® {(1,0,0), (0,0,1)'}
Q23 For any ne N, let P, denote the vector space of all polynomials with real coefficients and of
degree at most n. Define T:F, = F,,, b
T(p)x)=p'(x) - [p()dt .
0
Then the dimension of the null space of T is
(A) 0 (B) 1 (C) n (D) n+l
Q.24 | 0
Let M=|0 cos@® -sin@ |, where 0< @ < %.Let V = {MGR3 ‘Mu' =u'}.Thenthe
0 sinf cosé@
dimension of V is
(A) 0 (B) 1 <€ 2 (D) 3
Q.25 2 2000
. ; . e Rl AT
The number of linearly independent eigenvectors of the matrix 00 3 0 is
0 01 4
A) 1 (B) 2 (€ 3 (D) 4
Q.26 Letf be a bilinear transformation that maps —1 to 1, ito o0 and —i to 0. Then /(1) is equal to
(A) -2 B) -1 (©) i (D) —i
MA 6/20
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Q.27 Which one of the following does NOT hold for all continuous functions f :[-7z,7]—> C?
(A) If f(~t) = f(t) foreach te [-m, x], then If(t)d: =2 If(!)dt
- 0
T
B) If f(~t) = — f(1) foreach te [-m, z], then j f(0)dt=0
-
© [ f(-tdi=- [t
-x -x i
(D) There is an @ with —7 < @ < & such that _[ f(dt=2xf(a)
28
Q Let S be the positively oriented circle given by |z - 3i|=2. Then the value of I Zdz 3 is
Feat,
—7T /4 =i i
A) — El)uie— C) — D)...—
(A) 3 (B) > ( > (D) >
Q.29 Let T be the closed unit disk and &7 be the unit circle. Then which one of the following holds for
every analytic function f:7T —»C.
(A) ] f | attains its minimum and its maximum on 67
(B) I v | attains its minimum on &7 but need not attain its maximum on 8T
(©) l f ‘ attains its maximum on &7 but need not attain its minimum on 0T
(D) | f| need not attain its maximum on 97 and also it need not attain its minimum on 67T
Q30 LetS be the disk |z| < 3 in the complex plane and let f :S — C be an analytic function such that
f (l + ﬂi } = —iz for each natural number n. Then f (\/E ) is equal to
n n
(A) 3-242 (B) 3+ 242 ©) 2-3v2 D) 2+32
Q.31 Which one of the following statements holds?
(A) The series Zx" converges for each x € [— I 1]
n=0
(B) The series Zx" converges uniformly in (—l,l)
n=0
(C) The series Zf—— converges for each x e[—l,l]
n=1
(D) The series Zx, converges uniformly in (—l,l)
n=1 n
MA 7720
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32
Q For x e[-:r,:r], let
cos(1/x) if x=0,
x)=(r+x)(7r—x) and X)=
) =( N ) &) {0 i “x=0.
Consider the statements
P: The Fourier series of f converges uniformly to f on [—r.r,;r]‘
Q: The Fourier series of g converges uniformly to g on [—JT, 7:].
Then
(A) P and Q are true (B) P is true but Q is false
(C) P is false but Q is true (D) both P and Q are false
Q33 rew ={(x,y,z) eR’:1sx*+y*+2° < 4} and F:W — R’ be defined by
X, ¥,z :
F(x,y,2)= (.7.2) — for (x,y,z) €W.If @W denotes the boundary of W oriented by
[x2 +3? +z2]
the outward normal n to W , then HF -ndS is equal to
aw
(A) 0 (B) 4r (C) 87 (D) 127
Q.34 ) 1
For each n €N, let f, :[0,1] — R be a measurable function such that | f,(t)] < T for all
t
te(0,1]. Let £:[0,1] > R bedefined by f(£)=1if ¢ is irrational and f(t) =1 if ¢ is
rational. Assume that f, () — f(f) as n—co forall t € [0,1]. Then
(A) f isnot measurable -
(B) f is measurable and If:,dp —>lasn—ow
{0.1]
(C) f is measurable and Ifndp —>0asn—>wo
[0.1]
(D) f is measurable and If,.dﬂ —>—-lasn—>w»
[0.1]
Q.35 Let y, and y, be two linearly independent solutions of
y'+(sinx)y, 0<x<l.
Let g(x) = W(y,,y,)(x) be the Wronskian of y, and y,. Then
(A) g'>0 on [0,1]
(B) g'<0 on [0,1]
(C) g' vanishes at only one point of [0,1]
(D) g’ vanishes at all points of [0,1]
Q.36 One particular solution of 3"’ — " — y' + y = —e" is a constant multiple of
(A) xe* (B) xe' e (D) x’e*
MA 8/20
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Q37 Leta,beR.Let y=(y,y) beasolution of the system of equations
Y =Yy ¥, =ay, +by,.
Every solution y(x) = 0 as x —» = if

(A) a<0,b<0 (B) a<0,b>0
(C) ‘a> 0,b>0 (D) a>0,b<0

Q.38 Let G bea group of order 45. Let H be a 3-Sylow subgroup of G and K be a 5-Sylow subgroup of
G. Then

(A) both H and K are normal in G

(B) H is normal in G but X is not normal in G
(C) H isnot normal in G but X is normal in G
(D) both H and K are not normal in G

: Q39 The ring Z[m] is

(A) a Euclidean Domain

(B) a Principal Ideal Domain, but not a Euclidean Domain

(C) a Unique Factorization Domain, but not a Principal Ideal Domain
(D) not a Unique Factorization Domain

Q.40  Let R be a Principal Ideal Domain and a, b any two non-unit elements of R. Then the ideal
generated by @ and b is also generated by

(A) a+b (B) ab (C) ged(a,b) (D) lem(a,b)

Q41 Consider the action of S +» the symmetric group of order 4, on Z[Jr1 ,xz,xl,x.,] given by

J-p(.t,,xz,x3,x4') =p(xa(l)’xa(ZJ’xaB)’xcr(d)) for o€ S,.
Let H < S, denote the cyclic subgroup generated by (1423). Then the cardinality of the orbit

O, (x,x; +x,x,) of H on the polynomial x,x, + x,x, is

(A) 1 (B) 2 (€ 3 (D) 4
Q.42 J = g _
Let f:¢" — R be defined by f(Jr,,xz,---)=Z:2n‘;2 for (x,,x,,---)€ £". Then ||f|| is equal to
n=|
(A) : B) 1 C) 2 (D) e
5 (B) (&) N7
Q43 Consider R’ with norm " "I . and the linear transformation 7 : R* — R’ defined by the 3x3
L Sh+-£3
matrix | 2 2 2 |. Then the operator norm || i " of T isequal to
b.-30=3
(A) 6 (B) 7 ©) 8 (D) 42

MA 9720
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Q.44

Q.45

Q.46

Q47

Q.48

Consider R* with norm n "w andlet ¥ ={(y,,5,) e R : 3, +y, =0}. If g: Y- R is defined
by gy, ¥,) =y, for (¥, ;)€ Y, then

(A) g has no Hahn-Banach extension to R’

(B) g has a unique Hahn-Banach extension to R?

(C) every linear functional f: R’ —R satisfying f(—1,1) = 1 is a Hahn-Banach extension of g
to R?

(D) the functionals f;, f, :R* > R givenby f;(x,,x,) =x, and f,(x,,x,)=—x, are both Hahn-

Banach extensions of gto R’

Let X be a Banach space and Y be a normed linear space. Consider a sequence (F,) of bounded
linear maps from X to ¥ such that for each fixed x€ X', the sequence (F, (x)) is bounded in Y. Then

(A) for each fixed x € X, the sequence (F, (x)) is convergent in ¥
(B) for each fixedn € N, the set { F,, (x):x € X'} is bounded in Y

(C) the sequence (lP;“) is bounded in R
(D) the sequence (F,) is uniformly bounded on X'

LetH = I ([0,72']) with the usual inner product. Forn € /N, let

un(t)=—-[—2—sin nt,te[0,7], and E={u, :neN}.
Jr
Then '

(A) E is not a linearly independent subset of H.

(B) E is a linearly independent subset of H, but is not an orthonormal subset of H.
(C) E is an orthonormal subset of A, but is not an orthonormal basis for H.

(D) E is an orthonormal basis for H.

Let X=R andlet3 = {U cX:X-Uis ﬁnite}U{¢,X}. The sequence

1,—1—,i,..., —l-, in (X,3)
2% n
(A) converges to 0 and not to any other point of X
(B) does not converge to 0
(C) converges to each point of X'
(D) is not convergent in X

Let E={(x,y)eRz:|x|S L|ylg 1}.Deﬁne f:E—>Rby j'(x,y)=—x;u—7.
l+x" +y

Then the range of f isa

(A) connected open set (B) connected closed set
(C) bounded open set (D) closed and unbounded set

MA
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Q.49

Q.50

Q.51

Q.52

Q.53

Q.54

Let X ={1,2,3} and 3={,{1},{2},{1,2}.{2,3},{1,2,3}} . The topological space (X,3) is
said to have the property P if for any two proper disjoint closed subsets ¥ and Z of X, there
exist disjoint open sets U, V' suchthat Y c U and Z C V. Then the topological space (X, J)

(A) is 7] and satisfies P

(B) is 7} and does not satisfy P

(C) isnot 7, and satisfies P

(D) isnot 7, and does not satisfy P

Which one of the following subsets of R (with the usual metric) is NOT complete?
(A) [1, 2]U[3, 4] (B) [0, =)

(©) [0,1) (D) {o}U {% ne N}

Consider the function

k(x-[x]), o0=<x<2

0, otherwise,

f(X)={

where [x] is the integral part of x . The value of k for which the above function is a probability
density function of some random variable is

1 1
A) — B) — 1 D) 2
()4 ()2 © (D)

For two random variables X and Y, the regression lines are givenby ¥ =5X —15 and
¥ =10X —35. Then the regression coefficient of X on Y is

(A) 0.1 (B) 0.2 (E)irS (D) 10

[n an examination there are 80 questions each having four choices. Exactly one of these four
choices is correct and the other three are wrong. A student is awarded 1 mark for each correct
answer, and — (.25 for each wrong answer. If a student ticks the answer of each question

randomly, then the expected value of his/her total marks in the examination is

(A) —15 (B) 0 (C)=5 (D) 20

Let X, X,,..., X, be arandom sample from uniform distribution on [0,6]. Then the maximum
likelihood estimator (MLE) of & based on the above random sample is

@ 23 x, ® ~>x,
n g n

(©) Min {X,,X,,..., X} (D) Max {X,.X,,..X,}

MA
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Q.55

Q.56

Q57

Q.58

Q.59

Q.60

The cost matrix of a transportation problem is given by

o 7 S
4130 2 |0
9121211

The following are the values of variables in a feasible solution.
X3 =6, X3 =2, %), =6, x;, =4, x;, =6

Then which of the following is correct?

(A) The solution is degenerate and basic (B) The solution is non-degenerate and basic
(C) The solution is degenerate and non-basic (D) The solution is non-degenerate and non-basic

The maximum value of z =3x, —x, subjectto 2x,—x, <1, x, <3and x,, x, 20 is

(A)O (B)4 (€)6 (D) 9

Consider the problem of maximizing z = 2x, +3x, —4x, + x, subjectto

o

X +X, +X; =

X =X +x3

2x,43%, +2x,~x, =

\%
o oM

X X Xa s 4
Then

(A) (1,0,1.4) is a basic feasible solution but (2,0,0,4) is not
(B) (1,0,1,4) is not a basic feasible solution but (2,0,0,4) is
(C) neither (1,0,1,4) nor (2.0,0,4) 1s a basic feasible solution
(D) both of (1,0,1,4) and (2,0,0,4) are basic feasible solutions

In the closed system of a simple harmonic motion of a pendulum, let /7 denote the Hamiltonian and
E be the total energy. Then

(A) His aconstantand H = £ (B) H is a constant but / # E
(C) H is not constant but /= E (D) H is not constant and H # E

The possible values of @ for which the variational problem
1

Jy@)= [(35° +2x'y)dx, y@)=1
0
has extremals are

(A) -1,0 (B) 0,1 (C)-1,1 (D) -1, 0, 1

1
The functional j( Y4 )dx , given y(l) =1, achieves its
0

(A) weak maximum on all its extremals

(B) weak minimum on all its extremals

(C) weak maximum on some, but not on all of its extremals
(D) weak minimum on some, but not on all of its extremals

MA
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Q.61

Q.62

Q.63

Q.64

Q.65

Q.66

Q.67

The integral equation
x()=sint+ A j’(s’ﬁ P ) x(s)ds,0<1<1, AeR, 120
0

has a solution for

(A) all non-zero values of A

(B) no value of A

(C) only countably many positive values of A
(D) only countably many negative values of 1

1
The integral equation x(¢)— I[cost secs x(s)]ds =sinht, 0<t <1, has
0

(A) no solution

(B) a unique solution

(C) more than one but finitely many solution
(D) infinitely many solutions

If yHl :y{ +h¢(f;x,,y;_h), i=l,2,"',Where

o(f x,v.h)=af (x,y)+bf (x+h, y + hf(x,y)), is a second order accurate scheme to solve the

initial value problem zr—y = f(x,¥),¥(x,) = y,. then a and b, respectively, are

(A) (D) &, —h

11
R

[SH I

h
o B)1, -1 C
> (B) (©)

1
If a quadrature formula %f[—%J+Kf(—;—]+%f(l), that approximates If(x)dx, is found to
=}

be exact for quadratic polynomials, then the value of X is

(A)2 (B) 1 (&N (D) -1
1 4 3 b= 07 "N 1w, wu,

If 12 7 9=\, L, 00 1 U, |, then the value of a is
5 8-a L L 5310 0 1

(A) -2 (B) -1 (€)1 (D) 2

Using the least squares method, if a curve ¥ =ax’ +bx+c is fitted to the collinear data points
(=1, -3), (1, 1), (3, 5) and (7, 13), then the triplet (a, b, ¢) is equal to

(A) (-1,2,0) (B) (0,2, -1) (C)(2, =1,0) (D) (0, ~1,2)

A quadratic polynomial p(x) is constructed by interpolating the data points (0,1), (1, e) and
(2,e%).If Je is approximated by using p(x), then its approximate value is

(A) é(3+6e—ez) (B) %(3—-6e+2e1)

(C) -;-(3—6e-ez) (D) %(3+6e—-2e2)

13/20
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Q.68

Q.69

Q.70

The characteristic curve of 2 yu, + (2x+ yz)uy =0 passing through (0, 0) is
(A) y2=2(e’+x—l) (B) y2=2(e"—x+l)

(©) y2=2(e"—x—1) (D) y2=2(e"+x+l)

The initial value problem u, +u, =1, u(s,s)=sins, 0<s<1, has

(A) two solutions (B) a unique solution
(C) no solution (D) infinitely many solutions

Let u(x,f)be the solution of u,, —u =1, x € R,t > 0, with

u(x,0)=0, u,(x,0)=0, xeR. Then u(1/2, 1/2) is equal to

1 1 1 1
Ay~ B).—— oy = (5]
()8 ()8 ()4 ()4

Common Data Questions

Common Data for Questions 71, 72, 73:
Let X =C([0,1]) with sup norm “ |LC

Q.71

Q.72

Q.73

Let S={XEX: “x‘L < I}. Then

(A) S isconvex and compact

(B) S is not convex but compact

(C) S is convex but not compact
(D) S is neither convex nor compact

Which one of the following is true?
(A) C*([0,1]) is dense in X

(B) Xis dense in L* ([0,1])
(C) X has a countable basis

(D) There is a sequence in X which is uniformly Cauchy on [0, 1] but does not converge uniformly

on [0, 1]

Let I={xeX:x(0)=0}.Then

(A) I isnot an ideal of X

(B) I is an ideal, but not a prime ideal of X

(C) I is a prime ideal, but not a maximal ideal of X
(D) I is a maximal ideal of X

Common Data for Questions 74, 75:
Let X =C' ([0,1]) and ¥ = C([0,1]), both with the sup norm. Define F": X — Y by F(x)=x+x'
and f(x)=x(1) + x'(1) for xe X .

Q.74 Then
(A) F and f are continuous (B) F is continuous and f is discontinuous
(C) F is discontinuous and f is continuous (D) F and f are discontinuous
MA 14/20
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Q.75 Then

(A) F andf are closed maps

(B) F isa closed map and f is not a closed map
(C) F is not a closed map and f is a closed map
(D) neither F nor /[ is a closed map

Linked Answer Questions: Q.76 to Q.85 carry two marks each.

Statement for Linked Answer Questions 76 & 77

3/5 —4/5 0
Let N=|4/5 3/5 0].
0 0 1
Q.76 ThenNis
(A) non-invertible (B) skew-symmetric
(C) symmetric (D) orthogonal

Q77 1ramis any 3x3 real matrix, then trace(NMN’) is equal to

(A) [trace(N)] trace(M ) (B) 2trace(N)+trace(M)
(C) trace(M) (D) [trace(N)J + trace(M)

Statement for Linked Answer Questions 78 & 9

Let f(z)=cosz— S

for non-zero zeC and S(0)=0. Also, let g(z)=sinhz forze C .

Q.78  Then S(z) hasazeroat z =0 of order

(A) 0 (B) 1 ey 2 (D) greater than 2
.79
Q Then i_((z) hasapole at z = of order
(A) 1 (B) 2 (C) 3 (D) greater than 3

Statement for Linked Answer Questions 80 & 81:

Let n > 3 be an integer. Let y be the polynomial solution of (l —-x? )y" = 2xy" + n(n- Dy=0
satisfying y(1) =1,

Q.80 Then the degree of y is

(A) n (B) n-1 (C) lessthan n—1 (D) greater than n +]
Q.81 ! !
K= fy(x)x"*sdx and J = Iy(x)x" dx , then
-1 =1
(A) I#0,J=20 B) I#20,J=0
© I=0,0%20 D) I=0,J=0
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Statement for Linked Answer Questions 82 & 83:
Consider the boundary value problem

u.l"\’ +uy_v - 0‘ X E (0’”)’ y € (05 ’T);
u(x,0) = u(x, ) =u(0, y) = 0.

Q.82 Any solution of this boundary value problem is of the form

(A) Y_a,sinhnxsinny (B) Y a,coshnxsinny
n=| n=]

(©) Z a, sinh nxcosny (D) Zan cosh nxcosny
n=] n=1

Q83 If an additional boundary condition u (7, y) =sin y is satisfied, then u (x, 7/2) is equal to

ﬂ(e‘ + e"")
)

(D) %(e” +e " )(e’" +e”‘)

(A) %(e’r -e” )(e" +e'*) (B)

ﬂ'(e" —e™ )
O e

Statement for Linked Answer Questions 84 & 85:

Let a random variable X* follow the exponential distribution with mean 2. Define
Y=[X—2|X>2].

Q84 The value of P(Y 2 t) is

=t/ 1 ~
(A) e"? (B) e™ (€ —e (D) -—e

N -
~ |

Q.85 The value of E(Y) is equal to

1 1
A) — B) — s D) 2
()4 ()2 (©) (D)

END OF THE QUESTION PAPER
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