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Read the following instructions carefully.
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This question paper contains 24 pages including blank pages {for rough work. Please check all pages
and report discrepancy, if any.

Wrile yvour regislration number, your name and name of the examination cenire al the specibied
locations on the right half of the Optical Response Sheel [ORS )

Lising HB pencil. darken Lhe appropriate bubble under cach digat of your registration number and the
leteers comasponding 10 your paper code,

All questions 1n this paper are of objeclive {ype.

Questions must be answered on the ORS by darkening the appropriate bubble {marked A, B, C, L)}
using HB pencil against the question number on the left hand side of the ORS. For each question

darken the bubble of the correct answer. In case you wish (o change an answer, erase the old
answer complelely. More lhan one answer bubbled against a question wiil be treated as an 1IDCOTTEC!

TeSPORSE,

There are a to1al of 65 questions cartying 100 marks.

Caeslions Q.1 =025 will earry 1-mark each. and questions Q.26 — Q.55 will carry 2-marks each.

Chestions Q.38 — Q.51 (2 pairs) are common data questions and queshon pairs {00,352, (1.53) and
{((}.54, Q.53) are linked answer questions. The answer (o the second question of the linked answer
questions depends on the answer o the first question of the pair. 1f 1he first question in the Imked pair

15 wrongly answered or is un-auempted, then the answer 1o the second guestion in the pair will not be
evaluated.

Oestions .36 — (.65 belong 10 General Aptitude {GA). Questions Q.56 — Q.00 will carmy 1-mark
cach. and questions Q.61 - Q.65 will carmy 2-marks each. The GA guestions will begin on a fresh
page starting from page 13,

Un-allempted questions will carry z2ro marks.

Wrong answers will carry NEGATIVE marks. For Q.1 — Q.25 and Q.56 ~ Q.60. % mark will be
deducied for each wrong answer, For Q.26 = Q.51 and Q.61 — (.65, # mark will be deducted for each

wrong answer. The questuon parrs (.52, Q.53), and (00.54, ().35) are questions with linked answers.
There will be negative marks only for wrong answer 10 the first question of the linked answer question

pait i.e. for Q.52 and Q.54, % mark will be deducied for each wrong answer. There is no negative
marking for Q.53 and .55,

Calculator (without data connectivity) is allowed in the examination hall.

Charnts, graph sheets or tables are SWOT allowed 1 the exarmination hall.

- Rough work can be done on 1he guestion paper itself. Additionally. blank pages are provided at the

end of the question paper lor rough work,
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Motalions and Syinbol d
X\Y {xe X x€ )}
M - The sat of all natural numbers
P - The sel of all integers
i . The set of all intefrers modulo #
{ - The sct of all rational numbers
i : The set of all real numbers
B : The se1 of all a1 -tuples of real numbers
L . ‘The sel of all comples numbers
10,1} : The set of all eomplex valued conuinuous funciions en |0,
P [a.b] . The set of all polynomials of depree al most # defined on [a,&]
Gl 2, K : The proup of all 2x2 real invertible mainces under muitiphcalion
3, - The sei of all permutations on s symbols
A - Allemating croup on /2 symbols
P{E) : Probability of an event £
PE|F) : Condittonal probability of £ given F
E(X) : Expeclation of the random variable X

E{(X|Y =y} :Conditional expeclation of X given ¥ =y
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{).1 - (.25 carry one mark each.

Q1 let E and £ be any two events with P{EUSF)Y=08, P(£)=04and P(E|F)=103. Then
il BE:
K = 3 2
LA) — (H) — (L) = D) =
(3¢ Let X have a binomial distriburion with parameters 7 and p, where # is an integer greater than 1
and < p<] If (X =0)= P(X =1), then the value of p is
| K ] |
(A) (B C D
=1 Jn+1 W M+ v —
l+nmt
O3 Let m{x.y}=2x(l—») for all real x and . Then a function vix, ¥}, so that
Flz)=ulx, ¥}+ivix, y) is analytic, is
(A) X" —(y=1) (B) (x=1)" =y
(€) (x=1) +¥° () x* #(y- 1)
Q4 Let f(z) be analytic on D=[;&{ |z~ 1<)} suchahat f{I)=L If f(z)= F{z )or all
2 & L2, then which one of the foillowing statements is NOT correct?
A) flz)= * for all :
(A) f{z2)=[f(2)] forall :& D} {Ejf(,zjzéﬂg} forall z€ D
(C) f{z)=[f{DF forall ze D (Y =0
. - . . . . . dly .
()5  The maximum number of linearly independent solutions of the differenual equation 7 =], with
the condition v{)=1, is
(A} 4 (B) 3 () 2 (D) 1
0.6  Which one of the following sets of functions is NOT orthogoenal (with respect to the I -inner
product) over the given interval?
(Al [sinpx:ne NY, —-ma<xanm (B) lcosnyneE N), — A <can
I oL ekl _
1% E:nem}, S (D) {x sne N), —l<x<l
Q7 It fFrilbAI—=K is a nen-negative  Riemann-integrable  function  such  that
: 2
A
_[ f(x) dx =1:J Flxyde =0, then & Belongs v the interval
L Vx 1
! | 2 2 4
(A) 14, — (B) (-1 — Cy [—. 1} Dy [ 1, —
[ 3] 3 3} t3 ] ) 3.
M A ) ir3e
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I_
0.8 Thesat X = K owith the metric d{x, y) =uL I5

[ + |,1: — ¥
(A) bounded but not compacl (13} bounded but not complets
(C) complete but not bounded (I3} compact but not compiele

L},n _cosfx? +¥1)], (x, v) 7 (0,0)
Q9 Let f{x.y}—1[,rl+f}l

X, (x, y3y={10).

Then the value of & for which f{x, ¥)is continuous at (0,0) is

3

(A) 0 B) (€) | D) =

Q.10 Let A and B be disjoint subsets of K and let m* dencte the Lebesgue ouler measure on R.

{Consider the slatemenis:

P-m*(AUBY=m*(A)+m*{B)
(2: Both A and B are Lebesgue measurable
R :One of Aand B is Lebesgue measureable

Which cne of the following 1s comect?

(AYIF P is true, then £ s true (B3 IF Pis NOT true. then K 1s tuue
(C)If Ristrue, then # 18 NOT true {(MIF Ris true, then £ i3 true

Q.11 Let f:R |0 =} be a Lebesgue measurable function and £ be a Lebesgue measurable subset
af R such that jf dm = 0, where ntis the Lebesgue measure on R. Then
E

(A) m{E) =0) (B) {xeR: f(x}=0)]=E
(C)y m([xc E: f(x)#0])=0 (D) m{{x€ E: f(x)=0Q])=D
k | 2
Q.12 If the nullity of the matrix [ 1 =1 ~2| is L, then the value of & is
| i 4
(A) —1 (B 0 (C) 1 (D) Z
Q.13  Ifa 3x 3 real skew-symmetric matrix has an gigenvalue 27 then one of the remaining eigenvalues
15
(A) - (8) -~ ©) 0 D) |
2i 2)

MA
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{).14 Forthe hinear programmung problem

Q.15

Q.16

Q.17

Q.19

Q.20

Minmimize z=x—v,subjectto 2x+3y =6, 0£x <3, OD=2y=3,

the number of extreme points of iis feasible region and the number of basic feastble solutions
respectively, are

{A) 3and 3 (B) 4 and 4 () 3and 5 (D) 4 and 5

Which one of the following statements is cormect?

{A) If a Linear Programming Problem (LPP) i5 infeasible, then its dual is also infeasible
(B) If an LPP is infeasible, then jts dual always has uabounded solution |
(L) If an LPP has unbounded solution, then its dual also has unbounded solution

{D) If an LPP has unbounded solution, then its dual is infeasible

Which one of the tollowing groups 15 simple?
(A} 5y (B) GL(Z,R) Q) Z,xZ, (D} A,

Consider the algebraic exlension £ = Q (JE V3. 45 } of the field £} of raticnal numbers. Then
| £:0) ], the degree of £ over (Q, is

(A) 3 (B) 4 (C) 7 (D} 8

The . - . . d'z .
general solution of the partial differential equation N =x+ ¥ i of the fornm
1

(W) = G+ )+ F 0+ G() (B) — 1y(x - y)+ F(x)+G(y)
| 1

(C) EI}'{I— Y3+ F(x)G(y) (D) E#:-IEI +y)+ Fapo(y)

the numencal value obtained by applying the two-point trapezoidal rule o the integral
tIn(l+x) |
[ 4 i

. &

1 ] 1 1
Ay —(ln2+1 By — hal " il
[A) Z{D +1) E }2 (C) 2{lnE 1} (D) ElnE

Let {,{x), k=0,1,....n denole the Lagrange's fundamental polynomials of degrea n for the nodes

T,. X .., Xx _ Then the value of Ziﬁ (Xx) is
P

(A} U (B} i (Y x° +1 (D) x -1

Siad
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Q.22

Q.23

Q.24

Q.25

to ¥ . Consider the statements:

P || T.x|: ne N} is bounded for cach x€ X

:ne N} is bounded

Q] 7,
Which cne of the following 1s correct?

(A)If P implies {7, then bath X and Y are Banuach spaces

(B} if P implics {2, then only one of X and Y is a Banach space
(C)If X is a Banach space, then P implies

(D If ¥ is a Banach space, then £ implies {2

1

Let X = C[0, 1) with the norm ||, = | |x(t} dt, x< C[0,1] and Q={f€ X"
0

X’ denotes the dual space of X . Let C{£2) be the linear space of continuous functions on £ with

the norm luﬂ =5up|u{5}\, ue C(82). Then
Ll

|F1=1}. where

{A) X is linearly isometnic with C{L2)

{B) X is linearly isometric with a proper subspace of {'(£2)
{C) kere does rol exist a linear isometry from X inte C{52)
(D) every linear 1scmetry from X 1o C{82) is onto

[et X = K egquipped with the topology renerated by open intervals of the form (@, &) and sets of

the form (a,5) 10} Then which one of the following statements is comect”?

(A) X is repular (B) X is normal
(C} X\Qisdensein X (D) Qisdense in X

Let A,T and V denote the Hamiltonian, (the kinetic energy and the potential energy respectively of

oH
a mechanical system at time ! IF H contams § axplicitly, then —- is equal 1o

o

T v T BV v ar V9T
Ay —+— BY =i ) — 0 —-—
e e T a I SR VR

|
The Euler's equation for the vanational problem: Mimmize fl v{x)] = J{E_l: —xy— ¥ )y dx, is
)

(A) 2¥" —y=12 (B} 2y + y = 2 ({0 ¥y +2y=0 (D) 2y"-y=0

MA
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().26 — (.55 carry two marks each.

Q.26 Let X have a binomial distribution with paramelers # and g . 7 = 3. For testing the hypothesis

Z 1 : ,.
H,: p=§ against H . p =§. let a test be: “Reject A, if X = 2and accept H,if A =17 Then

the probabilities of Type I and Type [[ errors respeclively are

20 20 7 20 20 7 T 7
Ay —and — B} —and — Cy —and — D) —and —
{ }ET 2T { }ET 27 e a7 27 ™) &7 27
.27 Let I:‘[Ldz, where f{z}=3smn E-I*I::IJEE and ('is the curve |z|=3 oriented
~{z—1Hz-22) 2 2
anti-clockwise. Then the vaiue of [ is
(A) 473 (B) O (C) —2xi {(Dn -4z
.28 Let Z b " be the Laorent series expansion of the function _l Y 'ﬂ-i‘z‘*::ﬂ' . Then which
Pa—— z&inh 7
one of the following 15 comect?
i T | 7
Al . =L b=— b =—. Bib. .=l b, =—, b = :
(A) b, o=~ =4 " 360 (B).b., S A S
] 7 | 7
E b ={]1- =_-h b m —— D b =l-i b =__'|- b — —
©2=0 %=1 %730 ) 6 7 360

1
.20  Under the transformation w = 1’—1% . the region D = {z & C:|z < 1} is wransformed to

(A) {zeC :O<argz < )

(B) {zeC :~g<argz <0

(C) {zeC :{I-r:ﬂrg::-':% or ?I*:EII‘EE{STH]

(D) {z= :Eniargz-:;rm %ri: arg 2 < 27}

2

Q.30 Let y(x)be the solution of the inibal value problem
Y -y +4y'-dy=0, y0)=y10)=2 y()=0.

Then the value of }f{g} 15

1{ = 1if £ TR (f = 0
(A) —[4152 -0 (B) E[E-EE -4 (C} —[Eei -2 (D) —[Eel + 2

MA | Fid
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Q.31

Q.32

(J.33

Q.34

(.35

Let ¥{x) be the solution of the initial value problem

Then the value of y[f!ki] 15

Yy +y=x vil)=

{mgkﬁ

] =
(BY (] +¢-
}2( £° )

&

y{l)y=1.

1

X

{C] Tt

4

M4

| =
(D) =—=

2 4

Let 7: R'= R be a linear iransformation defined by F{x. ¥, 2)=(x+ y, v+ 7.7~ x). Then, an

orthonormal basis for the moge of T 15

ol

~ {[TT o}

a|—

|. k!

.
V33,

al—

2

)l
3} olks

V%%

Yot -3

3

1 -

Let T: P[0,1] = P[0,1] be defined by {Tp}x)= p (1) ¥ p'(x). Then the matrix representation
of T with respect to the bases {1, x, x°,x°} and {1, x, x*} of Al 1] and A[0,1] respectively is

(A)

0 0 0

| O ¢
o
0 & 3

"

(B)

o N e R

|
()
()

= B

Consider the basis {w,ir,,u,} of

0
6| (C)
3

{)
6
3

-t

e R (S

|
X
0

a1

0
ﬂ-

(| O 0 1
o 2 2|
J 6 0

R', where w, =(1,0,0), u, = (1L,0), , =(LL1}. Let
{fi»J.. fat be the dual basis of jn .m0, ) and f be a linear functional defined by

flabc)=athtec. (ab.cye R.IM f=af+taf,+af . hen (@, @,, & )is

(A) (1.2.3)

The tollowing kle gives the cost matnx of a transportation problem

4 3 0

The basic feasible solution givenby x =3, x5, =1, x,; =0, x,,

(B} (1.3,2)

3y 2 2

) 1 2

(C) {2,3.1)

(A) degenerale and optimal
({C) depenerale but not oprimal

=2 x

(D) (3,2,1)

=S

(B} oplimal bul not degenerale
(D) neither degeneraie nor optimal

MA
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Q.36 If 2™ is the optimal value of the linear programming problem
Maximize 7 =5x, +9x, + 4x,

subject 10 x + x, + x, =5
4x +3x,+2x, =12

Xyky wolly A
Lhen

(A) 0= z* <10 (B) 10 z%¥ < 20 (C) 20< z%< 30 (D) 30 < 7% < 4)
(.37 Let Gybe an abelian group of order 6 and (;, =35,. For j=1,2, let £, be the statement:
" GJ, has a unique subgroup of order 2. Then

(A) both £ and F, hold (B) neither £ nor F, holds
(C) £ holds but not £, (D) F, hoids but not £

Q.38 Let G be the group of all symmetries of the square. Then the number of conjugate classes in O is
(A4 (B) 3 () & (D} 7
Q.39 Consider the polynomial ring Q[x]. The ideal of (| x] generated by x* -3 is

(A) maxinal but nod prime (B) prime bul oot maximal
() both maximal and prime {I) neither maximal ner prime
. B TR Y ,
Q.40  Consider the wive equalion 3 =4E-T, O<x<m >0, with w{0,1)=wix.1)=0,
"y
u{x,0Y=s5m1x and £=ﬂ at 1 =1. Then H[EE] 15
it 2 2
(A) 2 {R) ] () 1) (D} —1
Q41 LEII=I £ dxt(e’inx+x)dy, where Cis the positively oriented boundary of the region
X
L
enclosed by _}'=l+1151}'=2i1=%.T]mnﬂ’iﬂ'u'a]uﬁﬂf fis
1 5 7 3
A — B — ) — [ —
{ }E ( }24 (C) 51 (D) -

Q42 Let {f, } be a sequence of real valued differennable functions on [a,#] such that § (x)— f(x)

as # —» <o tor every x€ [a,b] and for some Riemann-integrable function f:[a, #] — R. Consider
the statements

£ { f 1 converges uniformly
P, :| £} converges uniformly

Faijf;{ﬂfir—rj.f{-ﬂir

£, . f is differentiable
Then which on¢ of the following need NOT be true

(A) F implies F, (B) F, implies F (C) £ implies £, (D) F, tmplies F

MA S _ - ¢na

LOLLEGE:



S04 kA

" T

Q43 Let f.(x)=—— and. g, (x)=— for x€[0,1) and 7€ N. Then on the interval [0,1].

] + x | + nx

{A)bolh { f, } and {g, | converpe uniformly
{B) neither [ f, } nor {g_} converpes uniformly
() { f,} converpges uniformly but {g_|J does not converge uniformly

(3} {g,} convergas uniformly bul { f_ ]} does not converge uniformly

Q.44  Consider the power sertes Z

nel ‘\"._ n=]

(A} both converpeon (—1,1] (B) both converge on [—1,1)
(C) exactly ane of them converpes on {(—1,1]  {D) none of them converges on [—1,1)

Q45 Lot X =N be equipped with the 1opolegy 2encraled by the basic consisiing of  sets
s(r,n+l,n+2..].neN Then X is

{A) Compact and connecled (B) Hausdor{f and connecied
() Hausdorff and compact (I)) Meither compact nor cannected

Q.46  Four weighiless reds form a rhombues PORS with smooth hinges at the joints. Another weightless
rod joins the midpeints £ and F of PO and FP) respectively. Tie system is suspended from

FPand a weight 2W is atlached to K . 1f the angle between the rods PO and PSis 28 . then the
thrust i the od EF is

(AY Wian & (B} 2W 1an 7 (C) 2Wcocor & (D) 4W tan &

Q.47 For acontinuous function f(f), O<r = 1. the integral equatien y(I) = f {r}+3ju y(s)ds has

]
(A) 2 unique solution if J.sj (D edx 20
i
(B) ne solution if Isf (5)ds =10
]
(C) mfinilely many solutions if Iﬂf{,f} ds = ()

:
(D) infinnely many solutionsf jsf{.r} ds = 1)

M A | 10 24
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Commmon Data (Juestions

Common Data for Questions 4% and 49:

Let X and ¥ be continuous random variables with the joint probability density function

f(x.:r'}ﬁ{

-2y

ae ', Dex<y<on,

{}, olherwise.

{048 The valee af g 15
(A} 4 (B) 2 (1 (D) 0.5

Q4% The value of E(X |Y = 2}is
(A) 4 (B) 3 (C} 2 (D) 1

Common Data for Questions 50 and 51:

it

1
Let X = N x Q with the subspace topology of the wsual topology on Rand P = {[n,-—]: HE N} .

Q.50  In the space X,
(A) P is closed bul not open (B) F isopen buot ot closed

(C) P is both open and closed (1)) P i neither open nor closed
.51  Theboundaryof £ in A 1s

(A) an emply sel (B) a singleion sel (Y P (D) X

_Linked Answer Questions

Statement for Linked Answer Questions 52 and 33:

fa
For a differentiable function f{x), the ntepral I.f {x)dx is approximated by the formula
1

hla, f(0)+a fih)]+ A7 1D, £{0)+ b _f'(R)], which is exact for all polynomials of degree at most 3.

(.52 The valves of 4, and b respectively are

] l 1 | ] k 1 :
- - — ——— e _ " d — PE— d o m—
(A) ; and T (B} T ani - 1 - an T (D) T an ;

.53 The values of g, and b, respectively are

| l | ] I | | |
{A) . and > (B T and T () 2 AN - (D) ; ATl v

MA - | | 11724
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Statement for Linked Answer Questions 54 and 55:
|
Let X =C10,1] with the inner product {.1', y} = IJ{I}_}J{I} dr, x,ye C[0.1].
0
1
Ky = {IE X :Ir'Jff} dr = ﬂ}+ and X, be the orthogonal complernent of X,
i
.34  Which one of the following statements is correct?
(A} Both X, and X ﬂl are complete (B) Neither X, nor X Ef 15 complete
(C) X, is compiete but X is not complete (D} X, is complete but X is not complete
(.55 Let y{1}=r",re[0,1) and x, € X, be the best approximation of ¥ . Then x(f), te[01], s
4 . > 6 7 .
(A) =1 (B} —t° 0y =17 —
5 3 s 7 P E!
& - '_ T - ] 2424
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(>eneral Aptitude {Gﬁ) Questions

{2.56 — Q.60 carry one mark each.

(2.56  Which of the following options is the closest in meaning to the word below.
Circuitous

(A) cyelic
{B) indirect
(C) confusing
{I» crooked

Q.37 The quesiion below consists of a pair of related words followed by four pairs of words. Select the
pair that best expresses the relation in the original pair.

Unemployed : Worker

(A) fallow ; land

(B} unaware : sleaper
(C) wit : jester

{D) renovated : house

Q58 Choose the most appropriate word from the options given belaw to complete the following
senlence:

Il we manage to — our natural resources, we woulkd leave a better planet for
ot children.

(A} aphold
(B) restram
(C) cherish
1)) conserve

059 Choose the most appropriate word from the options given below to complete the following
SERLEnEe

His rather casual remarks on politics his lack of sericusness about the subject.

(A} masked
(B) behed

(C} betrayed
(D)) suppressed

(.60 25 persons are in a room. 15 of them play hockey. 17 of them play football and 10 of them play
both hockey and football. Then the number of persons playing neither hockey nor football is:

(A} 72 (B) 17 () 13 (D 3
().61 — ().65 carry two marks each.

61 Modern warfare has changed from larpe scale clashes of armies to suppression of civilian
populations. Chemical agents that do their work silently appear to be suited to such warfare:

and regretfully, there exist people in milltary establishments who think that chemical sgents
are useful lools lor their cause.

Which of the following statements best sums up the meaning of the above paysage:

{A) Modem warfare has resulted in civil sirife,

{B) Chemuical agents are useful in modern warfare.

(C) Lse of chemical apents in warfare would be undesirable.

([}) People 1n military establishments like (0 use chemical agents in war.

LA 13724
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(J.62 If 137 + 276 =435 how much 15 73] + 6727

(A) 534 (B) 1403 (C) 1623 (D) 1513

Q.63 2 sKilled workers can build a wall in 20 days: 8 semi-skilled workers can build a wall in 23 days;
LG unskilled workers can build a wall in 30 days. If a tcam has 2 skilled, & semi-skilled and

5 unskilled workers, how long will 1t take to build the wall?

(A} 2 days tB) 18 days (C) 10 days {I}) 15 days

(.64 Given dignts 2, 2, 3, 3, 3, 4, 4, 4, 4 how many distinet 4 digit numbers greater than 3000 can be
formed?
{A) 50 (B) 51 (C) 52 (1Y) 54

().65 Hari (H), Gita {(G), Irfan (I) and Saira (5) are siblings {i.c. brothers and sisters). All were bom on
1" January. The age difference belwsen any two suceessive siblings (that 1s born one after ancther)
i5 less than 3 years. Given the following facis:

1. Har's age + Unta's age > [rfan’s age + Saira’s age.
ii.  The age difference between Gina and Saira 15 1 year. However, (la 1s not the
oldesi and Saira 15 no the younges,

. 1T here are no Bwins.
In what order were they bom {cldest firs1)?

(A) HSIG (B) 30GHI (Cy [GSH ([} IHSG

END OF THE QUESTION PAPER
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