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Q.1-Q. 25carry onemark each.

Q.1

Q.2

Q3

Q4

Q.5

Q6

Q.7

Q.8

The possible set of eigen values of a4 x 4 skew-symmetric orthogonal real matrix is

(A) {+i} (B) {+i, +1} © {13 (D) {0,+i}

The coefficient of (z — )? in the Taylor series expansion of
sinz
f@=z=7" 2%
-1 ifz=m

around T is
(A)% (B) —% (©) % (D) _%

Consider R? with the usual topology. Which of the following statements are TRUE for all A,B €
R2?

(A) Pand R only (B) Pand Sonly (C) Qand Ronly (D) Qand Sonly

Let f: R — R beacontinuous functionwith f(1) = 5and f(3) = 11. If g(x) = fff(x + t)dt
then g'(0) isequal to

Let P bea2 x 2 complex matrix such that trace(P) = 1 anddet(P) = —6. Then, trace(P* — P3) is

Suppose that R isaunique factorization domain and that a, b € R are distinct irreducible elements.
Which of the following statementsis TRUE?

(A) Theideal (1 + a) isaprimeideal

(B) Theideal (a + b) isaprimeideal

(C) Theideal (1 + ab) isaprimeidea

(D) Theidea {a) is not necessarily amaximal idea

Let X be acompact Hausdorff topological space and let Y be atopological space. Let f: X — Y bea
bijective continuous mapping. Which of the followingis TRUE?

(A) f isaclosed mapbut not necessarily an open map
(B) f isan open map but not necessarily a closed map
(C) f isboth an open map and a closed map

(D) f need not be an open map or a closed map

Consider the linear programming problem:

Maximize 3
x + Ey
subject to 2x + 3y < 16,
x+4y <18,
x=0,y=0.
If S denotes the set of all solutions of the above problem, then
(A) S isempty (B) S isasingleton
(C) S isaline segment (D) S has positive area
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Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Which of the following groups has a proper subgroup that is NOT cyclic?

(A) Zi5 X Zpy
(B) S3

© Z+)

(D) (@ +)

The value of theintegral

(o] [ee] 1
f J (—) e /2 dydx
0 Jx Y

Suppose the random variable U has uniform distribution on [0,1] and X = —2log U. The density of
Xis

_ e Xif x>0
(A) f(x) = {O otherwise

2e 2ifx > 0
0 otherwise

(B) f(x

)
(C) f(x) — { %e_fifx >0

0 otherwise

1/2 ifx € [0,2]
0 otherwise

(D) fe) ={

Let f bean entire function on C such that |f(z)| < 100log|z|for each z with|z| = 2. If f(i) = 2i,
then £(1)

(A) must be 2 (B) must be 2i
(C) must be i (D) cannot be determined from the given data

The number of group homomorphisms from Z; to Zg is

Let u(x, t) be the solution to the wave equation

= Tl 0) = cos(5 M 0) =0
axz (xl )_ atz (xl )' u(x, )_COS( 7TX), at (xl )_ .

Then, thevalue of u(1,1) is

Let £(x) = Y&, 2209 Then

n

(A) limyo f(x) =0 (B) lim,o f(x) =1
(©) lim, o f(x) =7?/6 (D) lim,_q f(x) doesnot exist
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Q.16 Suppose X isarandom variablewith P(X = k) = (1 — p)*p for k € {0,1,2, ...} and somep €

(0,1). For the hypothesis testing problem
1 1
Holp :EHl:p 7‘55

consider the test “Reject Hy if X < A orif X > B”, whered < B are given positive integers. The
type-l error of thistestis

(A)1+27B—-274
(B)1—28+24
(CO1+278-2741
(D)1 —27B 27471

Q.17 Let Gbeagroup of order 231. The number of elements of order 11inGis

Q.18 Let f: R? - R? bedefined by f(x,y) = (e**?,e*™). The area of theimage of the region
{(x,y) € R?:0 < x,y < 1} under the mapping f is

(A) 1 (B)e—1 (C) e? (D) e —1

Q.19 Which of thefollowing isafield?

@Y e
® "2 12
(C) Q[x]/<x2 3 2)

© R/ ey

Q.20 Letxy = 0. Definex, ., = cosx, foreveryn > 0. Then

(A) {x, } isincreasing and convergent

(B) {x,,} is decreasing and convergent

(C) {x,} isconvergent and x,, < lim,, e X, < X2,41 fOreveryn € N
(D) {x, } is not convergent

Q.21 Let C bethecontour |z| = 2 oriented in the anti-clockwise direction. The value of the integral
fﬁc ze3/7 dz is

(A) 3mi (B) 5mi (C) 7mi (D) 9mi

Q.22 Foreach A > 0, let X; be arandom variable with exponential density 1e ~** on(0, «). Then,
Var(log X;)

(A) isdtrictly increasing in A

(B) isstrictly decreasing in A

(C) does not depend on A

(D) first increases and then decreasesin A

MA 7114
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Q.23 Let{a,} be the sequence of consecutive positive solutions of the equation tanx = x and let {b,,}
be the sequence of consecutive positive solutions of the equationtan vx = x. Then

(A) Xo=1 ai converges but Y77 bi diverges  (B) Xp-1 ai divergesbut Y, bi converges
(C) Both ;"4 % and Y74 i converge (D) Both }:7°_4 % and Y % diverge

Q24 Let f beananaytic functiononD = {z € C: |z| < 1}. Assumethat |f(z)| < 1 for eachz € D.
Then, which of the following isNOT apossible value of(e/) (0)?

(A) 2 (B) 6 (©) ze'/? (D) V2 + iv2Z

Q.25 The number of non-isomorphic abelian groups of order 24 is

Q. 26t0 Q. 55 carry two marks each.

Q.26 Let V bethereal vector space of al polynomialsin one variable with real coefficients and having
degree at most 20. Define the subspaces

W1={p€V=p(1)=0, p(%)=0. p(5) =0, p(7)=0},

w=fpevip(z)=0 p® =0 p@w=0, p7n =0l

Then thedimension of Wy N W, is

Q27 Letf,g:[0,1] - R bedefined by

1
f(x) = ix ifx = Zforn EN
0 otherwise
and
1ifxeQnl0,1]
0 otherwise.

glx) = {
Then
(A) Both f and g are Riemann integrable
(B) f isRiemann integrable and g is Lebesgue integrable
(C) g isRiemannintegrable and f is Lebesgue integrable
(D) Neither f nor g is Riemann integrable

Q.28 Consider the following linear programming problem:

Maximize x+3y+6z—w

subject to S5x +y+6z+7w < 20,
6x + 2y + 2z + 9w < 40,
x>0, y=202z=20, w=0.

Then the optimal valueis

Q.29 Suppose X isareal-valued random variable. Which of the following values CANNOT be attained
by E[X] and E[X?], respectively?

(A) Oand 1 (B) 2 and 3 (©) Land? (D) 2 and5
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Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

Which of the following subsets of R? is NOT compact?
(A) {(x,y) ER?: -1 <x <1, y =sinx}

B) {(xy)ER?: —1<y <1, y= x%—x5 -1}

(© {(x,y) ER?>: y =0, sin(e™) = 0}

Ofxy eRr?: x>0, y=sin(H)}n{(xy) erR*: x>0, y =]

Let Mbe the real vector space of 2 X 3 matrices with real entries. Let T: M — M be defined by

T([xl X2 x3])_[_x6 X4 xl]
X4 X5 Xel)  Lx3 X5 x3I

Thedeterminant of T is

Let 7 be aHilbert space and let {e,, : n = 1} be an orthonormal basis of /. SupposeT: H —» H
isabounded linear operator. Which of the following CANNOT be true?

(A)T(e,) =e fordln=>1
B)T(e,) =e 4 fordln=>=1

(©) T(e,) = /"nien foraln > 1

(D) T(e,) =e,_,fordln=2andT(e;) =0

The value of thelimit
2

2—71
lim —
noe ZI;.Ozn+1 2—k2
IS
(A)O (B) somec € (0,1) © 1 (D) o
Let f: C\{3i} — C bedefined by f(z) = ;:3 . Which of the following statements about f is

FALSE?

(A) f isconformal on C\{3i}

(B) f mapscirclesin C\{3i} onto circlesin C

(C) All thefixed pointsof f areintheregion{z € C : Im(z) > 0}

(D) Thereisno straight linein C\{3i} which is mapped onto a straight linein C by f

1 2 0
Thematrix A = |1 3 1] can be decomposed uniquely into the product A = LU, where
0 1 3
1 0 O Ur Uz U3
L=|l;7 1 OlandU=|0 up uz3| Thesolutionof thesystemLX = [1 2 2]‘is
131 l32 1 0 0 Uss
A1 1 1] B)[1 1 o] © [ 1 1] D) [1 o 1]
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Q36 Lets= {x ER: x>0, Y2, x" < oo}. Then the supremum of S is

(A) 1 ®)* (©) 0 (D)

Q.37  Theimage of theregion{z € C: Re(z) > Im(z) > 0} under the mapping z - e?’ is
(A){w € C: Re(w) > 0, Im(w) > 0} B)Y{w € C: Re(w) > 0,Im(w) > 0,|w| > 1}

OfwecC: |w|>1} DO){weC: Im(w)>0,|w|>1}

Q.38 Which of the following groups contains a unique normal subgroup of order four?

(A) Z, ®PZ, (B) The dihedral group, D,, of order eight
(C) The quaternion group, Qg (D) Z,87Z,®7Z,

Q.39 Let B bearea symmetric positive-definite n X n matrix. Consider the inner product on R™ defined
by (X,Y) = Y!BX. Let Abeann x n real matrix and let T: R™ - R" be the linear operator defined
by T(X) = AX fordl X € R". If S istheadjoint of T,thenS(X) = CX foral X € R",whereC is
the matrix

(A) B~1A'B (B) BA'B~! (C) B~'4AB (D) At

Q.40 Let X bean arbitrary random variable that takes valuesin{0, 1, ..., 10}. The minimum and
maximum possible values of the variance of X are

(A) 0 and 30 (B) 1and 30 (C) 0and 25 (D) 1and 25

Q.41 Let M bethe space of all4 x 3 matrices with entriesin the finite field of three elements. Then the
number of matrices of rank threein M is

(A) (3*=3)(3* —3%)(3* -3
(B) 3* —1)(3* - 2)(3* - 3)
(©) (B3*-1E*-3)(3*-3%)
(D) 3*(3* - D" -2)

Q.42 LetV beavector space of dimensionm > 2. Let T: V — V be alinear transformation such that
T"*1 =0 and T" # 0 for somen > 1. Then which of the following is necessarily TRUE?

(A) Rank (T™) < Nullity (T™) (B) trace (T) # 0
(C) T isdiagonalizable (D) n=m

Q.43 Let X beaconvex region in the plane bounded by straight lines. Let X have 7 vertices.
Supposef (x,y) = ax + by + ¢ has maximum valueM and minimum valueN on X and N < M. Let
S={P: PisavertexofX and N < f(P) < M}. If S hasn elements, then which of the following
statementsis TRUE?

(A) n cannot be 5 (B)yncanbe?2
(C) n cannot be 3 (D)ncanbe4d
Q.44 Which of the following statements are TRUE?

P: If f € L1(R), then f is continuous.

Q: If f € L'(R) and lim, |0, £ (x) exists, then thelimit is zero.

R: If £ € L1(R), then f is bounded.

S:If £ € LY(R) isuniformly continuous, then lim, |, f(x) exists and equals zero.

(A) Qand Sonly (B) Pand R only (C) Pand Qonly (D) Rand Sonly
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Q.45 Letu beared valued harmonic function on C. Let g: R? — R be defined by
21

gxy) = j u(e (x + iy)) sin6 do.
0
Which of the following statementsis TRUE?

(A) g isaharmonic polynomial

(B) g isapolynomial but not harmonic
(C) g isharmonic but not a polynomial

(D) g isneither harmonic nor a polynomial

Q46 LetS={z€C: |z| =1} withtheinduced topology from C and let f:[0,2] — S be defined
asf(t) = e Then, which of thefollowing is TRUE?

(A) Kisclosedin[0,2] = f(K)isclosedin$S
(B) Uisopenin[0,2] = f(U)isopenins$S
(©) f(X)isclosedinS = X isclosedin[0,2]
(D) f(Y)isopeninS = Y isopenin[0,2]

Q.47 Assumethat all the zeros of the polynomial a, x™ + a,,_;x™ ! + --- + a; x + a, have negative real
parts. If u(t) isany solution to the ordinary differential equation

d"u d"1u du
anm+an_1m+ R alE+a0u = 0,
then lim,_,, u(t) isequal to
(A) 0 (B) 1 ©n-1 (D) oo

Common Data Questions
Common Data for Questions 48 and 49:

Let ¢y be the vector space of all complex sequences having finitely many non-zero terms. Equip cqo With
theinner product (x, y) = Yn—1 X, ¥, foral x = (x,) andy = (y,) incyg. Define f:cog = Chy f(x) =
Yr-17" . Let N bethe kernel of f.

Q.48  Which of thefollowing isFAL SE?

(A) f isacontinuous linear functional

B Ifll <%

(C) There does not exist any y € ¢y suchthat f(x) = (x,y) foral x € ¢y
(D) N+ # {0}

Q.49 Which of thefollowing is FALSE?

(A) COO * N

(B) N isclosed

(C) ¢ isnot acomplete inner product space
(D) coo =N @ N+
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Common Data for Questions 50 and 51:

Let X;, X5, ..., X, beani.i.d. random sample from exponentia distribution with mean p. In other words,
they have density

1
Ze *Hifx > 0

flx) = u

0 otherwise.

Q.50 Which of thefollowingisNOT an unbiased estimate of u?

(A) Xy

(B) = (X + X5 + -+ X,)
(C) n - (min{Xy, Xy, ..., X })
(D) %max{Xl,Xz, v, Xn }

Q.51 Consider the problem of estimating i. The m.s.e (mean square error) of the estimate

X1 +X2++Xn
n+1

TX) =
is
1

A) u? 12 2 n?
Ak B) H ©) Gt () G

Linked Answer Questions
Statement for Linked Answer Questions 52 and 53:

LetX = {(x,y) € R%:x* + y* = 13U ([-1,1] x {0}) U ({0} x [-1,1]).
Let ny = max{k : k < oo, thereare k distinct pointspy, ..., p, € X suchthat X \ {p, ..., pr} is connected}

Q.52 Thevadueof ngis

Q53  Letqy, ..., qn,+1 bENG + 1 distinct pointsand Y = X \ {qy, ..., Gn,+1}- Lt m be the number of
connected components of Y. The maximum possible value of m is

Statement for Linked Answer Questions 54 and 55:

Let W (y;,y,) bethe Wrénskian of two linearly independent solutionsy; and y, of theequationy” +
P(x)y +Q(x)y =0.

Q.54 Theproduct W(yy,y,)P(x) equals

(A) y201 — 15 (B) y1¥5 — Y21

oo oo moon

© y1y2 —y2y1 (D) y251 — ¥1 2

Q.55 If y; =e?* andy, = xe?*, thenthevalue of P(0) is
(A) 4 (B) —4 © 2 (D) -2
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General Aptitude (GA) Questions

Q.56 —Q. 60 carry one mark each.

Q.56 A number isas much greater than 75 asit is smaller than 117. The number is:

(A) 91 (B) 93 (C) 89 (D) 96
Q.57 The professor ordered to the students to go out of the class.
I I [l v
Which of the above underlined parts of the sentence is grammatically incorrect?
(A) | (B) Il © (D) IV

Q.58 Which of the following optionsis the closest in meaning to the word given below:

Primeval

(A) Modern (B) Historic
(C) Primitive (D) Antique

Q.59  Friendship, no matter how itis, hasitslimitations.
(A) cordial
(B) intimate
(C) secret
(D) pleasant

Q.60 Select the pair that best expresses arelationship similar to that expressed in the pair:
Medicine: Health

(A) Science: Experiment (B) Wealth: Peace
(C) Education: Knowledge (D) Money: Happiness
Q. 61to Q. 65 carry two marks each.

Q.61 X andY aretwo positive real numberssuch that 2X +Y < 6 and X + 2Y < 8. For which of the
following values of (X,Y) thefunction f(X,Y) = 3X + 6Y will give maximum value?

(A) (413, 10/3)
(B) (8/3, 20/3)
(©) (8/3, 10/3)
(D) (4/3, 20/3)

Q.62 If |4X —7| =5thenthevauesof 2 |X| — | — X]is
(A) 2,13 (B) V2,3 (C) 32,9 (D) 2/3,9
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Q.63 Following table providesfigures (in rupees) on annual expenditure of afirm for two years - 2010

and 2011.

Category 2010 2011
Raw material 5200 6240
Power & fue 7000 9450
Salary & wages 9000 | 12600
Plant & machinery 20000 | 25000
Advertising 15000 | 19500
Research & Development | 22000 | 26400

In 2011, which of the following two categories have registered increase by same percentage?

(A) Raw materia and Salary & wages
(B) Sdary & wages and Advertising
(C) Power & fuel and Advertising
(D) Raw materia and Research & Devel opment
Q.64 A firmissdling its product at Rs. 60 per unit. The total cost of production is Rs. 100 and firm is

earning total profit of Rs. 500. Later, the total cost increased by 30%. By what percentage the price
should be increased to maintained the same profit level.

(A)5 (B) 10 ©) 15 (D) 30

Q.65 Abhishek iselder to Savar.
Savar is younger to Anshul.

Which of the given conclusions is logically vaid and is inferred from the above
statements?

(A) Abhishek is elder to Anshul
(B) Anshul is elder to Abhishek
(C) Abhishek and Anshul are of the same age

(D) No conclusion follows

END OF THE QUESTION PAPER
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