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MA : MATHEMATICS

Purarion: Three Hours Maxinium Morks: 100

Read the following instructions carefully.

1. This question paper contains 24 pages including blank pages for rough work. Please check all pages
and report discrepancy, if any.

|2

Wrile your registration number, your name and name of the examination cenire at the specified
locations on the right half of the Optical Response Sheel (ORS),

3. Using HB pencil. darken Lhe appropriate bubble under each digit of your registration number and the
letters comesponding 10 your paper code.

4. All questions in this paper are of objeclive type.

5. Questions must be answered on the 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. For each question
darken the bubble of the correct answer. [n case you wish to change an answer, erase the old
answer complelely. More than one answer bubbled against a question will be treated as an incorrect

TESPORSE.

6. There are a w1al of 65 questicns carrying 100 marks. (?}@

7. Questions Q.1 - Q.25 will carry 1-mark each. and q &‘gs Q.26 — Q.55 will carry 2-rnarks ¢ach.

{{}.54, Q.55) are linked answer queslions, nswer 1o the second question of the linked answer
questions depends on the answer 1o the cslion of the pair. 1f the first question in the linked pair
15 wrongly answered or is un-auempt n the answer 1o the second guestion in the pair will not be

evaluated. &

9, Queslions Q.36 — .65 bclmgﬂcnﬂral Aptitude {GA). Questions Q.56 — Q.60 will carry 1-mark
each. and questions Q.61 - Q65 will carry 2-marks each. The GA questions will begin on a fresh
page slarting from page 13.

8. Chestions (348 — 3.51 (2 pairs) are mm%@ﬁ questions and questior pairs (.52, (Q.53) and
a

10. Un-auempted questions will carry zero marks.

Ll. Wrong answers will carry NEGATIVE marks. For Q.1 — Q.25 aad Q.56 ~ .60. ¥ mark will be
deducted for each wrong answer, For Q.26 - Q.51 and Q.61 - Q.65, 7 mark will be deducted for each
wrong answer. The guestion pairs (Q.52, Q.53), and (.54, ().55) are questions with linked answers.
There will be negative marks only for wrong answer to the first question of the linked answer question
pait ie. for Q.52 and Q.54, % mark will be deducted for cach wrong answer. There is no negative
marking for Q.53 and Q.55

12. Caleulator {without data connectivity) is allowed in the examination hall.
13. Charts, graph sheets or tables are NOT allowed in the exarnination hall.

14. Rough work can be done on the question paper itself. Additionally, blank pages are provided at the
end of the yuestion paper lor rough work.
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MNotations and Symhbol d

{xe X xg k)

: The set of all natural numbers

: The sl of all integers

: The set of all integers modulo #

: The set of all rationz] numbers

: The set of ail real numbers

: The se1 of all a1 -tuples of real numbers

: The sel of all complex numbers §

: The set of all complex valued conlinuous fn@@ns an [0
: The set of all polynomials of degree anq&‘n defined on [a.b]

: The group of all 2x 2 real inje&@% malrices under multiphcalion

. The set of all pennulalio%&/n symbols
: Aemating group o@%ymbols

: Probability of an ecﬂ?nt E

: Conditional probability of £ given

: Expeclaticn of the random variable X

E{(X|¥ =y} :Conditional expectationof X given ¥ =y
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Q-1 - .25 carry one mark each.

Q.1 Let E and £ be any two évents with P{EU ) =08, P(E£)=04and P(E|F)=03. Then
P{F)is
3 4 3 2
(A) — (B) - <) = D) =
7 ) 7 5 o) 3
.2 Let X have a binomial distribution with parameters # and p , where 7 is an integer greater than 1
and 0< p<]. If P{X =0)=P(X =1), then the value of p is
1 1 1
(A — (B) — iy — (D)
n-1 n+l H+l -
1+n!
Q3 Let w{x.y}=2x{l—y) for all real x and v. Then a function wi{x, ¥}, so that
Flz)=u{x, v}+ivix, y) is analytic, is
(A X’ —(y-1y’ (B) (x-1)" -7
(O (x=1"+y (D) x* +(y-1°
Q4 Let f{z} be analytic on D=[ze{ Hz-1j<1} suc fh=1If f(z)= F{z")for all
2€ D, then which one of the following statements is correct?
&) FD=f (@ forall ze D ﬁ”]" 0 forall 7D
(© F)=[F()F forall z€ D ,<(, (D) f{)=0
, : %Q/ . . . . dly .
1.5 The maximum number of llnﬂa@ pendent solutions of the differsoual equation I =0, with
the condition ¥({0)=1,1is (?-)
{A} 2 {B) 3 (C) 2 {1
Q.6  Which one of the following sets of functions is NOT orthogonal (with respect to the I -inner
product} over the given interval?
(A) [sinnx:ne NY, -m<xenm (B) lcosnrine N, —w<xan
n+l Loel - _
(CJ{II Z:HEN}, “lex<l D)+ s ne NI, T<x<l
Q7 If f H{L 21— K is a non-nepative  Ricmann-integrable  function  such  that
( tit =k| f(x)dx=0. then &k belongs w the inerval
J Pra=i]
(A) (B L 2 2 l_! Dy (1 4
} C - .
[1 3 () (3 J @) |1~
MaA M4
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Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

x_
The set X = K with the metric d{x, v) :u— is

l+|,x - _}'|
(A) bounded but not compact {13} bounded but not complete
{C) complete but not bounded {2y compact but not compizie
— i —cos(x’ + 31, ()2 0,0)
Let f{x.y)= (,x'+y=) ?
k, (x, y)={0,0).

Then the value of & for which f{x, ¥)is continuous at (0,0) is
a1 {B) l il D E—
{A) 2 (<) 4] 3

Let A and B be disjoint subsets of R and let m* dencte the Lebesgue outer measure on R

Consider the siatemenls.
P:m*(AUBY=m*(A)+m*{B)
(:Both A and B are Lebesgue measurab ’ék\
R :One of Aand B is Lebesgue meas

Which one of the following is comect? 4{_?"

(A)IF Pistrue, then @ istrue  ,AA\Y  (B)If Pis NOT true. then R is true
{C) If Ristrue, then # i1s NOT (I IF Ris true, then P is trug
Let f: R =0, =} be sgue measurable function and E be a Lebesgue measurzble subser

of R such that jf dm = 0, where m is the Lebesgue measure on R. Then
E

(A) m{E) =0 {B) {xe R: f(x)=01=E
(O mi[xc E: fix)y#0])=0 (D) m{{xe E: f(x)=0])=0
k1 2
If the nullity of the matrix | 1 =1 ~2| is [, then the value of k is
I 1 4
(A) -1 {By 0 (<) 1 (D) 2

Ifa 3% 3 real skew-symmeiric matrix has an eigenvalue 27, then one of the remaining eigenvalues
is

1 1
A) — B} —— )0 Dy 1
(}Zi {}21‘ (C) ()

Ma
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(.14  For the linear programmiing problem
Minimize z=x-v.subjectto 2x+3y <6, 0<x<3, 0<y<3,
the number of extreme points of its feasible region and the number of basic feasible solutions
respectively, are
{A)Y Jand 3 (B 4 and 4 {C) 3and 5 My dand 5
Q.15 Which one of the following statements is correct?
{A) If a Lincar Programming Problem (LPP) is infeasible, then its dual is also infeasible
{B) If an LPP is infeasible, then its dual always has usbounded solution '
{C) If an LPP has unbounded solution, then its dval also has unbounded solution
{D) If an LPP has unbounded solution, then its dual is infeasible
.16 Which one of the following groups is simple?
(A} 5, (B) GL(Z.R) ) Z,xZ, Dy A
Q.17 Consider the algebraic extension E = Q [v2, 3. +/5) of the field Q of rational numbers. Then
1E:Q], the degree of £ over (. is .
{A}3 (B} 4 {C) ? Cj}@ (D} 8
O%,
Q.18 The general solution of the partial differential eq@&m vt A is of the form
1 (() 1
@) ST FR+GGh) AV B) Solx-y)+ Fa)+G(y)
1 Y\ 1
() El}’(x— +ERG A (D) E«t}'(x + )+ F{G(y)
Q.19 The numerical value uhg?’h)nd by applying the two-point trapezoidal ruie to the integral
I
In(1+
I n(l+ x) dx s
A X
(A) l(ln 241) (B) 1 ) l(ln 21} D) Lino
2 2 2 2
Q.20 Let {{x), k=0,1,..,n denote the Lagrange's Tundamental poiymomials of degree n for the nodes
x,, X, X, . Then the value of Z!k(x} is
k=0
(A} D (B)1 () X" +1 (D x"-1
MA 524
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Q.21

Q.22

Q.23

Q.24

Q.25

Let X and Y be normed linear spaces and {7, } be a sequence of bounded linear operators from X
to ¥ . Consider the statements:

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

Q:{IT:‘": n€ N} is bounded
Which cne of the following is correct?

(AY T Pimplies ¢F, then both X and ¥ are Banach spaces

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

(D} If Y is a Banach space, then P implies

1

Let X = C[0, 1) with the norm |, = | |x({d¥, xe C[0,1] and Q={7€ X":|f{=1, where
)

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

the noom luﬂ = Suplufs}l, ue C(L2). Then
=0

{A) X is linearly isometric with C(£2) Q;
{B) X is linearly isometric with a proper subspace nl(b{ﬂ]
{C) \bere does ool exist a linear isometry fro e C{52)

(D) every linear isometry from X 10 C{L2 ta

Let X = K equipped with the mp@nemteﬂ by open intervals of the form (a,b) and sets of
)

the form (a,#)(11}. Then whic f the following statements is comrect?

(A) X is mgular Q} (B) X is normal
(Cy X\Qis dense in X (D) Qisdense in X

Let £ ,T and V denote the Hamiltonian, the kinetic energy and the polential energy respectively of

aH
a mechanical system at time !, If H contains ¢ explicicly, then—a—- is equal to
T

df oV o gV av o7 aV a7
Ay —+— B) —-— C) ——— Dy ——-2—
”aﬁ'a: “a: or ”a: of o gt ot

|
The Euler's equation for the vanational problem; Minimize [ wx)] = J(Q.:: —xy—¥)y dx,is
o

{A) 2y -y=2 (B) 2y "+ y =2 {© y+2y=0 (D) 2y"—y=0

Ma
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Q.26 — Q.55 carry two marks each.
Q.26 Let X have a binomial distribution with paramelers n and p, 7 =3. For testing the hypothesis
2 1 . -
H,: p=§ against H 1 p =§. let a test be: “Reject H, if X = 2and accept H,if X £17. Then
the probabilities of Type I and Type [[ errors respeciively are
20 20 T 20 20 7
(A —and — (B} —and — {Cy —and — (D) ~—and—
27 27 27 27 27 27 27 27
F(2) . 7z F . :
27 dz. where f(z)=sin-—+¢03— and Cis the curve [zZ|=3 oriented
v = e flay=sin2rrcos g
anti-clockwise. Then the vatue of [ is
(A) 47 i (B) O (C) —2mi (D) —4xi
Q.28 Let Z B z" be the Laurent series expansion of the function — . 0« |z| < 7 . Then which
x— zsinh 2
one of the fellowing is comect?
T N
(A)b,= by=—, by=—. (B) bf=l b, =——, b =—r
6~ 360 ]Q@l 6 4 360
(©) b, {]bo-—lb -1 lb—i
6 ' 360 i %?~. 6 360
—i ,\'
(.29 Under the transformation w = !, e region O = {z€& C:|d < 1}is transformed o
(A) {zeC :O<argz < 7} Q/
B) {zeC: *ﬂ:{argz«:ﬂ
{C) {zeC :{lcargzc% or T argzsz%vj
(D) {zeC :g::argz < T OT 3711'{ arg z < 27)
Q.30  Let y(x)be the solution of the initial value problem

Y-y +dy-4ay=0, y0=y0)=2 y(0®=0.

Then the value of y{%} 15
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Q.31

Q.22

Q.33

Q.34

Q.35

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

Oy exy+y=x, vi)=y)=l.

Then the value of y(e’ti] i8

1 z 1 x 1 = 1 &
A) ={]-¢e* e z C) —+— Dy ——=—
ilz{le] fB}2(1+e} €5+ t124

Let 7: R'— R’ be a linear transformation defined by T{(x.¥,2)=(X+ y, y+ 2.z ~ x). Then, an
orthonarmal basis for the rnge of T is

Let T: P0,1]— £[0,1] be defined by {TpXx)=p “(x {x). Then the matrix representation
of T with respect to the bases {1, x,x°,x*} and {1, x, @ af A[0.1] and £[0,1] respectively is

00 0 01 20] o 210 000
|l 00 @0 02 e Tols 200 @00
22 0 nu@ 3000 02 2
0 6 3 &é 360

Consider the basis {ul,f%% of R’ where u, =(1,0.0), u, =(LL0), u, ={L11}). Let
{fi.[.. fi} be 1he dual basis of {w,m,u}and § be a linear functional defined by

flab.c)=a+hve. (ab.cye RUI f=afira,f,+af . then (@, a, @) is
(A) (1.2.3) (B) (1.3,2) (© {2301 D) 3,.2,1)

The tollowing lable gives the cost mairix of a transpontaiion problem

4 5 6
3 2 21
| N

The basic feasible solution givenby x,, =3, %, =Lx, =61, =2, x,, =5 is

(A) degenerale and optimal {B} optimal but not degenerale
{C) degenerale but not optimal (D)} neither degenerale nor optimal

MA
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Q.36 If z* is the optimal value of the linear programming problem
P
Maximize z = 5x, +9x, + 4x,
subjectto x, + x, + x, =5
4x, +3x,+ 2x, =12
X1 20,
then
{A)0=<7*<10 (B)10<z%< 20 (C) 20<z*<30 (D) 30< %< 40
Q.37  Let G,be an abelian group of order 6 and G,=5,. For j=1,2. let P, be the statement:
“G, has a unique subgroup of order 2. Then
{A) both £ and £, hold (B) neither £ nor P, holds
{C) £ holds but not P, (D) P, hoids but not
Q.38  Lat & be the group of all symmetries of the square. Then the number of conjugate classes in & is
(A)4 (B) 5 (W (D} 7
Q.39 Consider the polynomial ring (J[x]. The ideal of J|x) generated by =3 is
(A) maximal but not prime {B) prime but not maximal
(C}) both maximal and prime { ncilh@hximal nor prime
2 :
Q.40 Consider the wave equalion g—? = 4%-;, 0 ﬁ&gﬁ >0, with 4{0,7) =u{z.1)=0,
I X ¢
u(x,0)=sinx and 2% =0 a1 1-0. The .E] is
or & 2 2
(A) 2 (B) 1 Q/ {0 (D} -1
Q41 Let/f :I £ dr+ {e'In x+éy ., where Cis the positively onented boundary of the region
X
L5
. 97 |
enclosed by v=1+2x ,y=2.x:§.T}mnlhevaIueof fis
| 5 7 3
{A) - (B} — C)y — D)y -
8 24 © 24 8
Q42 Let {£,} be a sequence of real valued differentiable functions on [a,#] such that f (x)— f(x)
as n# —> == forevery x€ [a.b] and for some Ricmann-integrable function £ :{a, 5] — R. Consider
the statements
R (£, ) converges uniformly
P, - £} converges uniformly
[} [
B[ fxyde— [ Fex) ax
P, f is differentiable
Then which one of the following need NOT be true
{A) B implies P, (B) F, implies B () F, implies F, (D) £, implies £
Ma 9724
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Q.43

Q.44

Q.45

Q.46

Q.47

L] a

Let f {x) == and. g, (x) = ol for x£[0,1) and »e N. Then on the inlerval [{,1].
1+ x l+nx

{AYboth { f,} and {g,} converge uniformly
(B} neither [f,} nor {g_} converpes uniformly
(C) {1 f,} converges uniformly but | g_| does not converge uniformly

(1Y} {g,} converges uniformly but { £} does not converge uniformly

Consider the power sertes Z and Z L. Then

nel '\f’_ ns) M1

(A} both converge on (—1,1] (B) bath converge or [—-1,1)
{C) exactly ane of them canverpes an (—1,1] (D) none of them converges on [-1,1)

Let X =N be equipped with the 1opology generalsd by the basis consisting of sets
A =in.n+l,n+2. . |.neN Then X is

{A) Compact and connegied {B) Hausdor{f and connecied
{C) Hausdorff and compact (D) Meither gompact nor connected

Four weighiless rods form a rhombus PORS with s.@hing&es at the jaints. Another weightless
rod joins the midpeints £ and F of PO and tespectively. The system is suspended from

Pand a weight 2W is attached 1o R . 1f the tween the rods PQ and PSis 26 . then the
thrust mn the rod EF is @
() Wian & (B} 2W lan%& (iC) 2Wcor @ (D) 4W tan &

<

1
For a continuous function f {@'ir 1. the integral equation y(1) = f {r}+3jr.; y(s)ds has
1]

1
{A) 2 unique solution if Isf (s)ds=0
a
1
(B) no solution if Isf (s)ds=0
1]
1
(C) infinitely many solutions if ISf{J] ds=0
L[]

1
D) infinitely many solutions if Isf{.r} ds=2{
Q

M A
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Comimon Data Questions
Common Data for Questions 48 and 49

Lat X and ¥ be cominuous random variables with the joint probability density function
ae™, Dex<y<eon,
flxy) :L} 4

otherwise.

.48 Thevalweof ais

(A} 4 (B) 2 (Cy 1 {D) D.5
Q4%  The value of E(X |¥ =2)is

(A) 4 (B) 3 (Cy 2 (D) 1

Common Data for Questions 50 and 51:

Let X = N % QQ with the subspace topology of the usual topology on R'and P = {(n,-l—]: HE N} .

n

Q.50  [nthe space X,

{A) Pis closed but not open {B) Pi @ ut ot ctosed

{C) P is both open and closed (1 é}mther open nor closed
Q.51  The boundaryof P in X is ®

(A) an emply sel (B} a singleton QJ{* Dy X

Linked Answer Questions t{(,
Statement for Linked Answer Qu@s 52 and 53:

h
For a differentiable function f {x), the integral If {x)dx is approximated by the formula
i

Bilag £ (0) + a, f ()| + A7 (B, £10) + b, £ (R)], which is exact for all polynomials of degree at most 3.

(.52 The valves of g, and & respectively are

| 1 1 I i 1
A) = and - — = amd - C) = and — LI
Ayged -5 B 12“2 T ®) ;=5

Q.53 The valuesof a, and b, respectively are

1 1 | I 1 |
Ay — and — B — and —— )y — and — D-— d - —
Ay and 5 Brpamd - O g ©)ygamd =3

MaA 124
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Statement for Linked Answer Questions 54 and 55:

Let X =(T0,1] with the inner product {x, y) :J.,t(r}mde‘, x, xe ([0.1].
o

1
X, ={IE X :frzx{r}d: =ﬂ}+and X be the orthogonal complement of X,
f
.54 Which one of the following statements is correct?

(A) Both X, and X, are complete {B) Neither X, nor X, is complete
(€} X, is complete but X is not complete (D) Xg is complete but X, is not complete

Q.55 Let y(1}=r",re[0,[) and x, € X be the best approximation of ¥ Then x (1), te[01],is

4 4 5 6 * ?
{A) -t (B =1 C ) =1 =
5 () 7 {E) Ef

00®
L
(g/{(/
<D
A
@‘(/

A
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General Aptitude (GA) Questions

Q.56 — Q.60 carry one mark each,

Q.56  Which of the following options is the closest in meaning to the word below:

Circuitous

(A) cyclic
{B) indirect
{C) confusing
{D¥) crooked

Q.57 The quesiion below consisis of a pair of related words foliowed 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

{IM renovated : house

Q.38 Choose the most appropriate word from the options given below to complete the following

Lenkence”

Il we manage to our natural rmunxe would leave a better planet for

our children.

(A} aphold (:}O
(B) restrain

(C) cherish

{I)) conserve

Q.39 Choose the most opproprigie ward ; he options given below to complete the following

Senlanece”
His rather casual remarks un — his lack of seripusness about the subject.

(A masked
(B} belied

(C} betrayed
(D) suppressed

Q.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:
(A2 {B) 17 {C) 13 (D) 3

Q.61 — Q.65 carry iwo marks each,

.61 Modern warfare has changed from larpe scale clashes of armies to suppression of civilian

populations. Chemical agents that do their work silenily nppear to be suited to such warfare;
and regretfully, there exist people in milltary establishmenis who think that chemical agents
are useful Lools for their cause.

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

{A) Modemn warfare has resulied in civil sirifc,

{B) Chemical agents are useful in modern warfare.

{C} Use of chemical agents in warfare would be undesirable.

{D) People in military establishments like (o use chemical agents in war.

MA
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Q.62

Q.03

Q.64

Q.65

If 137 + 276 = 435 how much is 731 + 6727
{A) 534 (B) 1403 {C) 1623 (DY 1513

5 skilled workers can build a wall in 20 days: B semi-skilled workers can build a wall in 25 days;
13 unskilled workers can build a wall in 30 days. If a tean has 2 skilled, & semi-skilled and
5 unskilled workers, how long will it take to build the wall?

(A} 20 days {B) 18 days {C) 16days {D) 15 days

Given digits 2, 2, 3, 3, 3, 4, 4, 4, 4 how many distinct 4 digit numbers greater than 3000 can be
formed?

{A) 50 (B) 51 {C) 52 (D) 54

Hari (H), Gita {G), irfan (I) and Saira (S) are siblings {i.c. brothers and sisters). All were bom on
1* January. The age difference belween any two successive siblings (that 15 born one after ancther)
is less than 3 years. Given the following facts:
i. Har's apge + Gita's age > [rfan’s age + Saira’s age.
ii. The age difference between Gita and Saira is 1 year. However, Gila is not the
oldest and Saira 1s oot the youngest,

tii. There are no twins,

In what onder were they bom (cldest firs1)?

(A) HSIG (B) SGHI (Cy IGSH Qx\ (D} IHSG

o
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