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MATHEMATICS l

Duretion: T hree Hours Maximum Marks: 100
Read thefollowinginstruction carefully

1 This question paper contains 24 pages induding blank pages for rough work. Plesse check dl pages and report
discrepancy, if any.

2. Write your registration number, your, name and name of the examination centre & the specified locations on the right
ha f of the Opticd Response Sheet (ORS).

3. Using HB pencil, daken the gopropriae bubble under each digit of your registraion number and the leters
corresponding to your pgper code.

All questionsin this pgper are of objective type.

Questions must be answered on the ORS by darkening the appropri ate bubble marked A, B, C, D) using HB pendcil
against the question number on the left hand side of the ORS. For each question darken the doubl e of the 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 trested as an incorrect response.

6. There are atotd of 65 questions carrying 100 marks.
7. Questions Q.1 —Q.25will carry 1-mark eech, and questions Q.26 — Q.55 will carry 2-marks each.
8. Questions Q. 48- Q.51 (2 pairs) are common data questions and question pairs (Q. 52, Q.53) and (Q.54, Q.55) are linked

answer questions. The answer to the second question of the linked answer questions depends on the answer to the first
question of the pair. If the first question in the linked par is wrongly answered or is un-attempted, then the answer to the
second question in the pair will not be eva uated.

9. Questions Q.56 - Q.65 beong to Generd Aptitude (GA). Questions Q.56 - Q.60 will carry 1-mark each, and questions
Q.61 — Q.65 will carry 2-marks each. The GA questions will begin on a fresh page starting from page 13.

10. Un-attempted questions will carry zero marks.

11. Wrong answers will carry NEGATIVE maks. For Q.1 Q.25 and Q.56 — Q.60, 1/3 mark will be deducted for each
wrong answer. For Q.26 — Q. 51 and Q.61 - Q.65 2/3 mark will be deducted for each wrong answer. T he question pairs
(Q.52, Q.53), and (Q.54, Q.55) are questions with linked answers. There will be negative marks only for wrong answer to
the first question of thelinked answer question par i.e, for Q.52 and Q.54, 2/3 mark will be deducted for each wrong
answer. Thereis no negative marking for Q.53 and Q.55.

12. Cdculator (without data connectivity) is dlowed inthe examination hdl.
13. Charts, grgph shests or tables are NOT dlowed in the examination hdl.

14. Rough work can be done on the question paper itsd f. Additiondly, blank pages are provided a the end of the question
paper for rough work.

Notations and Symbdsused

X1Y : {xe X:xeY]

N : The set of dl naturd numbers

V4 The set of dl integers

Z, The set of dl integers modulon

Q The set of dl rationd numbers

R The set of dl red numbers

R" Theset of dl n-tuples of redd numbers

C : The set of dl complex numbers

C[0, 1] : The set of dl complex vdued continuous functions on [0, 1]
Pla, b] : The set of dl polynomids of degree a most n defined on [a, b]
GL(2, R) : Thegroup of dl 2x 2red invertible matrices under multiplication
S, : The set of dl permutatinos on n symbols

An : Alternating group on n symbds

P(E) : Probability of an event E

P(E|F) : Conditiond probability of E given F

E(X) : Expectaion of the random variable X

E(XX]Y =y) : Conditiond expectation of X givenY =vy.
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Q.1-Q.25 Carry one mark each

1. Let Eand F be any two eventswith P(EUF )=0.8, P(E)=0.4 and P(E|F)=0.3. Then P(F ) is

@23

4

(b)=

© 3

2
()<

2. Let X have abinomia distribution with parameters n and p, where nis an integer greater than 1 and 0
<p<lIfP(X=0)=P(X=1),thenthevaueof pis

@~

(c) ni+1

(d)—=

n+1n-1

3. Let u(xy)=2x(l-y) for dl rel x and y Then a function v(xy), so tha
f(z)=u(x y)+iv(x y)isandytic, is
(@) x*—(y=1)
(b)) (x—2)° - y?
(©) (x=2)"+y?
(d) X2 +(y-2)°

4. Let f(z)beanalyticon D={ze C:|z-1 <1} suchthat f(1)=1. If f(z)=f(Z) fordl zeD,
then which one of the following statementsis NOT correct?

(@) f(2)=[f (z)] fordl zeD

(b) f(gj:%f(z) fordl ze D
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(c) f(2)=[f(2)] foral zeD
(d) f'(1)=0

the condition y(0) =1,is

(a)4
(b.)3
(c)2
(d)1

product) over the gven interva?
(@) {sinnx:ne N}, —r<x<rx

(b){cosnx:ne N}, —z<x<x

i
(c) {xz 2:ne N},—1< x<1

1
(d.){x2 2:ne N},—1< x<1

1. If

f
ff(x)

[L2]—>R is a non-negative  Riemann-integrable  function

dx= k'[ x) dx# 0, then k belongs to theinterval

o3
|

—~
)
N
o
Wik

wlr

(c)

wlin Wl
IL

(@) Li‘}

=Y
1+|x y|

8. Theset X = Rwith themetric d(x, y) =

(a.) bounded but not compact

(b.) bounded but not complete
(c.) complete but not bounded
(d.)compact but nat complete

4
The maximum number of linearly independent solutions of the differentid equation (;XZI

=0, with

Which one of the following sets of functions is NOT orthogona (with respect to the L? —inner

such that
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% L 2
Let ”sz(%+ffilaﬁf+yﬂ,(xw¢m®

k . (xy)=(00
Then thevaueof k for which f (x, y) is continuous & (0, 0) is

@)o
1
(b)3
(c)1
3
(d) 3

Let A and B be disjoint subsets of R and let m* denate the Lebesgue outer measure on R. Consider
the statements:

P:m*(AUB)=m*(A)+m*(B)

Q : Both A and B are L ebesgue measurabl e

R Oneof Aand Bis Lebesgue measurable

Which one of thefollowingis correct?

(a) If Pistrue, then Q istrue

(b.)If PisNOT true, then Ris true

(c)If Ristrue then PisNOT true

(d)If Ristrue, then Pistrue

Let f:R —[0,e) be aLebesgue measurable function and E be a Lebesgue measurable subset of R

such that I fdm=0, wherem is the Lebesgue measureon R. Then
E

(@) m(E)=0

(b){xeR: f(x)=0]=E

(c) m({xe E: f(x)=0})=0

(d) m({xe E: f(x)=0})=0
k 1 2

If the nullity of thematrix |1 -1 -2 |is 1, thenthevaueof k is
1 1 4

(a)-1

(b)0

(c)1

(d)2
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14.

15.

16.

17.
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If a3 x 3 red skew-symmetric matrix has an ei genvalue 2i, then one of theremainingeigenvaues is
1

a_ —_—

@) 2i

1

0)—=
(c)O
(d)1
For the linear programming problem
Minimize z=x-Y,
subject to 2x+ 3y <6,

0<x<3,

0<y<3,

the number of extreme points of its feasible regon and the number of basic feasible solutions
respectively, are

(a)3and3

(b.)4and 4

(c)3and5

(d)4and5

Which one of thefollowing statements is correct?

(a) If aLinear Programming Problem (LPP) is infeasibl e, then its dud is dso infeasible
(b.)If an LPP isinfeasible, then its dua aways has unbounded solution

(c.) If an LPP has unbounded solution, then its dual aso has unbounded solution

(d.)If an LPP has unbounded solution, then its dud is infeasible

Which one of thefollowing groups is simple?

@) S

(b.) GL(2,R)
(c) Z,xZ,
(d) A

Consider the dlgebraic extension E =Q(/2,/3,/5) of the field Q of rationa numbers. Then [E :
Q] thedegree of E over Q, is

@)3

(b.)4

(c)7

(d.)8
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2

The generd solution of the partid differential equation aiazy

=X+ Yy isof theform

(@) 39(x+Y)+F (x)+G (y)
(0) 539(x-Y)+F () +G(y)
(©) 31(x-Y)+F (X)G(y)
(@) 53 (x+Y)+F (X)6(y)

In(1+x)

1
The numericd value obtained by applying the two-point trapezoida ruleto the integrd I dx
0
5

(a) %(In2+1)

1
(b)) 3
(c) %(In 2-1)

(d.)%lnz

Let X and Y be normed linear spaces and {T, } be asequence of bounded linear operators from Xto Y.
Consider the statements:

P :{|T.X|:ne N} isbounded for each xe X
Q:{|T,|:ne N} is bounded

Which one of the followingis correct?

(a) If Pimplies Q, then both X and Y are B anach spaces

(b.)If Pimplies Q, then only oneof X and Yis aBanach space
(c) If XisaBanach space, then P implies Q
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(d.)If YisaBanach space, then P implies Q.

Let X =G[0,1] with the norm "XIthX(t)dX,XEC[O, 1 and Q={fe X":]f||=1}, where X"
denotes the dud space of X. Let C(Q)0 be the linear space of continuous function on Q with the
norm |ju] :wg|u(s)|, ue C(Q). Then

(a) Xislinearly isometric with C(Q)

(b.)Xis linearly isometric with aproper subspace of C(Q)

(c.) there does not exists alinear isometry form Xinto C(Q)

(d.)every linear isometry from Xto C(Q)is onto.

Let X =R equipped withthetopology generated by open intervals of theform (a, b) and sets of the
form (a,b) Q. Then which one of thefollowing statements is correct?

(a) Xisregular

(b.)Xis norma

(c)X\Qisdensein X

(d)Qisdensein X

Let H, T and V denote the Hamiltonian, the kinetic energy and the potentia energy respectively of a

. . : N H .
mechanical sysem a timet. If H containst’ explicitly, then aa_t Is equd to

1
The Euler’s equation for the variational problem: M inimize | [y(x)]: I(Zx—xy— y') y'dx, is
0

(@) 2y"-y=2
(b.) 2y"+y=2
(c) y+2y=0
(d)2y"-y=0
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Q.26-Q.55 Carry two marks each

26.

27.

28.

29.

Let X have a binomia distribution with parameters n and p, n = 3. For teging the hypahesis

H,: pz% aganst H, : p:%, let atest be: “Reect H, if X >2 and accept H, if X <1”. Thenthe
probabilities of Typel and Typell errors respectively are

(a) @ and @

27 27

20

(b) == and 22
27° " 21

20 7
(c) —=and —
27 27

(d) 217 and 217

Let | :Q#(Z;_Z)dz, where f(z):sin7[?z+cosﬂ7Z and C is the curve |z]=3 oriented anti-
clockwise. Then thevaueof | is

(@) 47i

(b.)0

(c.) 27i

(d.) -4z

Let > b,z" be the Laurent series expansion of the function ———,
= zsnhz

thefollowing is correct?

0|7 < 7. Then which one of

(a) b_2=lb0:_%,b2:3_6730
(b)b, =1, b_1=_%,b1:%
©)b,=0b,=-2 b=
(d-)bo:J_bz:_?15,b4:3_;0

. 1-iz . .
Under the transformation W:'w/ﬁ’ theregion D ={ze C:|4<1] istransformed to

(@) {ze C:0<agz<x}

(b){zeC:-r<agz<0
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(c) {ZE C:0<ag z%or 7z<argz%}

(d) {ZGC:%[<argz<7ror 3—Z<argz< 271'}

Let y(x)bethesolution of theinitia value problem
y"—y"+4y'-4y=0,
y(0)=y'(0)=2,y"(0)=0

Then the vaue of y[%jis
1( =z

a) —| 4e* -6

@)z J
1( =z

b.) =| 6e2 -4

(b) 2 ]

(c) % Se% — 2}

1 z
d)=| 8e2+2
()5e+j

Let y(x) bethesolution of theinitia value problem
XY XY+ Y =X,
y(@)=y'(1)=1

Then the value of y(eEJ is

(@) %(1— e%j

1z
@377

Let T:R®—R*be alinear transformation defined by T(x, y,z)= (x+y, y+2z—x) . Then, an
orthonormd basis for therangeof T is
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&~
5l
&l

@) 1 1

{ﬁ’ﬁ
1

(b-){ ﬁ’__Z’O’

1 1
("'){E’ﬁ

5~
&in

i)

S

of 2 o)LL)
33. Let T:R[01]— R[0,1] bedefined by (Tp)(x)= p"(X)+ p'(x). Then the matrix representation of
T with repect to the bases {1, x, x*, x°} and {1,x, x*] of R,[0,1]and P,[0, 1] respectively is

00 0
100
@12 2 0
06 3
0 1 2 0]
(b)|0 0 2 6
0 0 0 3]
0 2 1 0
c)|6 2 0 0
30 0 0]
000
@0 0L
022
360

34.  Consider the besis {u,u,,u,] of R®% where u =(1,00), u,=(110), u,=(111. Let
{f, f,,f,} be the dud basis of {u,u,,u;] and f be a linear functiond defined by
f(a,bc)=a+b+c (abc)eReIf f=af +a,f,+a,f,, then (g, &, ;) is

(a)(123)

(b)(13,2)

(c)(2.31)

(d)(3.2,2)

35.  Thefollowingtable gves the cost matrix of atransportation problem
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4 5 6
3 2 2
112

Thebasic feasible solution givenby X, =3, X;=1 X3 =6,%,=2,X, =5is
(a) degenerate and optima

(b.)optima but not degenerate

(c.) degenerate but not optimal

(d.)neither degenerate nor optima
36. If z* istheoptima vaue of thelinear programming problem

Maximize z="5X + 9%, +4x,
subject to X, +X,+ X, =5
4Ax + 3%, + 2%, =12
X, X%, %3 20
then
(a) 0z <10
(b)10< < 20
(c) 20< 7 <30
(d)30< <40
37. Let G, bean abelian group of order 6and G, =S;. For j =12, let P, bethe staement:

"G, has aunique subgroup of order 2". Then

(a)both P, and P, hold
(b.)neither P,nor P, holds
(c.) B holds but not P,

(d.) P,holds but not P,

38. Let G bethe group of al symmetries of the square. Then the number of conjugate classesin G is
(a)4d
(b.)5
(c)6
(d)7
39.  Consider the polynomid ring Q[x]. Theided of Q[x|generated by x* —3is

(a) maxima but not prime
(b.)prime but not maximal
(c.) both maxima and prime
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(d.)neither maxi mal nor prime

o’u

Consider the wave equatlon =4— el

d@_oat_o Thenu( j
ot

(a)2
(b.)1
(c)O
(d)-1

O<x<7,t>0, withu(0,t)=u(z,t)=0, u(x, 0)=sinx

y
Let | = I%dx+ (ey In x+ x)dy, where C is the positively oriented boundary of the regon enclosed
C

by y=1+ X%, y:2,x:%.ThenthevdueofI is
1

a) —

( )8
5

b.) —

( )24
7

c)—

(©) 24

Ok

Let {f,] be asequence of red valued diff erentiable function on [a,b]such that f (x)— f(x) as

n— o for every xe [a,b]and for some Riemann-integrable function f :[a, b] » R . Consider the
statements:

P,:{f,} convergesuniformly

P,:{ f,} converges uniformly

R:ff(x dx—>jf

m'—.cr

P,: f isdifferentiable

Then which one of the followingneed NOT betrue
(a) Rimplies R,

(b.) Rimplies R,

(c.) Pimplies P,

(d.) Bimplies R,
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n n

Let fn(x):lix and gn(x):lrnx for xe N. Thenontheinterva [0, 1],

(a)both { f,}and {g,} converges uniformly
(b.)neither { f 1 nor {g,} converges uniformly
(c.) { f,} converges uniformly but {g,} does not converge uniformly

(d.){g,} convergesuniformly but { f,} does not converges uniformly

n

Consider the power seriesi X and ii.Then

n=L \/ﬁ n=l n

(a) both convergeon (-11]
(b.)both convergeon [-1,1)
(c.) exactly one of them convergeson (-1, 1]

(d.)none of them convergeson [-1,1)

Lt X =Nbe equipped with the topology generated by the basis consiging of sets
A ={n,n+1,n+2 ..},ne N. ThenXis

(a) Compact and connected

(b.)Hausdorff and connected

(c.) Hausdorff and compact

(d.)Neither compact nor connected

Four weightless rods form a rhombus PQRS with smooth a the joints. Anather weightless rod joins
themidpoints E and F of PQ and PSrespectively. The sysem s suspended from P and awei ght 2W
isatached to R If the ande between the rods PQ and PSis 26, then the thrug in therod EF is

(a) Wtand

(b.) 2W tan@
(c.) 2W cot @
(d.) AW tan @

1
For acontinuous function f (t),0<t<1, theintegd equation y(t) = f (t)+3j.tsy(s)ds has

0

1
(a) aunique solution if '[Sf (s)ds#0
0

1
(b.)no solution if Isf (s)ds=0
0
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1
(c) infinitely many solution if [ sf (s)ds=0
0

1
(d.)infinitely many solutions if jsf (s)ds#0
0

Common Data Questions

Common Data for Questions 48 and 49:
Let X and Y be continuous random variabl es with the joint probability density fundion

F(x y)= ae?’, 0<X<y<oo
' 0 , otherwise

48. Thevdueof ais
(a)4
(b.)2
(c)1
(d.)o.5
49.  Thevdueof E(X |Y=2)is
(a)4
(b)3
(c)2
(d)1

Common Data for Questions 50 and 51

Let X =NxQ with the subspacetopology of theon R?and P:{(n, %j ne N}

50. In the space X,
(a) P is closed but not open
(b.)Pis open but nat closed
(c.) Pisboth open and closed
(d.)Pis neither open nor closed
51. Theboundary of Pin Xis
(a) an empty set
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(b.)asingleton set
(c) P’
(d) X

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

h

For a differentigble function f(x),the integral jf(x)dx is approximated by the formulas

0

h[a,f (0)+a,f (h)]+h*[b,f '(0)+b f'(h)] which is exact for all polynomials of degreea most 3.

52.  Thevaueof a and b, respectively are

1 1
a) —and -—
( )2 12

1 1
b.)——and =
(b) 12 2

1 1
) —and —
©) 5

1 1
d.) —and =
( )12 2
53.  Thevaueof a, and b, respectively are
1 1
Zand =
(a) Sand >

(b) ~ and - —
27 12

1 1
) Zand—
(©) sand 5

1 1
d)—=-and-—
( )Zm 12

Statement for Linked Answer Questions 54 and 55:

1 —
Let X =C[0,1] with theinner produdt (X, y) :jx(t) y(t)dt, x, ye C[0,1],

0

1
X0={XG X:jtzx(t) dt :O},and X; betheorthogona complement of X,.
0
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Which one of thefollowing statements is correct?

(a) Both X,and X, are complete
(b.)Neither X, nor X iscomplete
(c) X,iscompletebut X isnot complete
(d.) Xyiscompletebut X,is not complete

Let y(t)=t%te[0,1] and x,€ X, bethebest approximation of y. Then x, (t),te [0,1], is

@ 2t

(b)) gﬁ

(c) —stz

(d.) gtz

General Aptitude (GA) Questions

Q.56-Q.60 carry one mark each:

56.

57.

58.

Which of the following optionsis the closest in meaningto the word below:
Circuitaus

(a)cydic

(b.)indirect

(c.) confusing

(d.)crooked

The question below consists of a pair of reated words followed by four pairs of words. Sdect the
par that best expressestherdationin the orignal pair.

Unemployed : Worker

(a)falow : land

(b.)unaware: sleeper

(c.) wit : jester

(d.)renovated : house

Choose the most gppropriate word from the options gven below to complete the following sentence:

If we manage to our natural resources, we would leave a better planet for our
children.

(a) uphold
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(b.)restrain

(c.) cherish

(d.)conserve

Choose the most gppropriate word from the options gven below to complete the following sentence:
Hisrather causa remarks on politics hislack of seriousness about the subject.

(a) masked

(b.)beied

(c.) betrayed

(d.)suppressed

25 persons arein aroom. 15 of them play hockey, 17 of them play football and 10 of them play both
hockey and football. Then the number of personsplaying either hockey nor footbal is :

(a)2
(b.)17
(c)13
(d.)3

Q.61-Q.65 carry two marks each:

61.

62.

63.

M odern wafare has changed from large scde clashes of armies to suppression of civilian
populations. Chemica agents that do their work silently gopear to be suited to such warfare; and
regretfully, there exist people in military establishments who think that chemica agents are useful
tools for their cause.

Which of the following statements best sums up the meaning of the above passage:
(a) M odern warfare has resulted in civil strife

(b.) Chemica agents are useful in modern warfare

(c.) Useof chemica agents in warfare would be undesir able

(d.)People in military establishments liketo use chemica agentsin war.

If 137 + 276 = 435 how much is 731 + 672?

(a)534

(b.)1403

(c.) 1623

(d.)1513

5 skilled workers can build awall in 20 days; 8 semi-skilled workers can build awall in 25 days; 10
unskilled workers can build awal in 30 days. If ateam has 2 skilled, 6 semi-skilled and 5 unskilled

workers, how longwill it taketo build thewal?
(a)20 days
(b.)18 days
(c)16days
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64. Given digits 2, 2, 3, 3, 3, 4, 4, 4, 4 how many distinct 4 digt numbers greater than 3000 can be

formed?
()50
(b.)51
(c)52
(d)54

65. Hari (H), Gita(G), Irfan (1) and Saira(S) are siblings (i.e. brothers and sisters). All wereborn on 1%
January . The age difference between any two successive siblings (that is born one after another is

less than 3 years. Given thefollowing facts:
i. Hai'sage+ Gitdsage> Irfan’sage+ Sara s age

ii. Theagedifference between Gita and Sairais 1 year. However, Gita is not the oldest and Saira is

not they oungest
iii. Thereareno twins.
Inwhat order werethey born (oldest first)?
(a)HIG
(b.) SGHI
(c)IGH
(d)IHSG
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