GATE 2015 MATHEMATICS — MA

List of Symbols, Notations and Data
B(n,p): Binomial distribution withn trials and success probabilipyy n € {1,2,...}and p € (0,1)
U(a, b): Uniform distribution on the intervdla, b), —0o < a < b <
N(u, 02): Normal distribution with meap and variance?, u € (=, ), o > 0
P(A) : Probability of the evert

Poisson(A): Poisson distribution with meah1 > 0

ey

E(X): Expected value (mean) of the random varidble

If Z ~N(0,1), thenP(Z < 1.96) = 0.975andP(Z < 0.54) = 0.7054 f { .
Z : Set of integers r
Q : Set of rational numbers -*- ’ !
- 1 (
R : Set of real numbers /_,-’ 4
C : Set of complex numbers ,'f . .'I
| |
Z,: The cyclic group of ordet ,r \
F[x] : Polynomial ring over the fiel djr = V.
C[0, 1] : Set of all real valued continuous fuf'cti‘ans on the intJﬂ/,al]
C'[0,1] : Set of all real valued contintgo?slﬁ'fé‘rentiable functions on the intervid, 1]
£, : Normed space of all square-su.n;mable real sequences
L?[0, 1]: Space of all square‘-ill_ebesgue integrable valued functions on the intenjal 1]
(€10,1], I Il,): The space[0,11With 1711, = ( ;1 FCOP? dx)’
€10,1], II' Il.): Thespacelo, 1] with lIfl., = sup{ If ()] = x € [0,1]}
v 'r:rhe orthogonal co;’ple'ment ®fin an inner product space
R"™ : n -dimensional Euclidean space
Usual metrriod onR™ is given by d((xy, X, ..., %), (71, V2, s V) = (Xiq (x; — y)2) 2
L Thenh‘x‘..n identity matrix (I : the identity matrix when order is NOT specified)
o(g) : The -orﬂer of the elemept of a group
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Q. 1 - Q. 25 carryone mark each.

Q.1 LetT: R* - R*be a linear map defined by
T(x,y,z,w) = (x +z,2x+ y + 32,2y + 2z, w).

Then the rank ofT is equal to

Q.2 LetM be a3 x 3 matrix and suppose that2 and3 are the eigenvalues of. If
M? 11
Ml=—— M+ + —I; g
a 1
for some scalawr # 0, thena is equal to 7

I-' [

Q.3 LetM be a3 x 3 singular matrix and suppose thatand3 are eigenvalues af. Then the number
of linearly independent eigenvectorsif + 2 M + I5 is equal to.

v

' X N

r
Q.4 -2 /6 |I 1 a
Let M be a3 x 3 matrix such tha ( 1 ) = (’—3) and suppose thav® (—1/2) = (ﬁ) for
0 A 0 14
somea, B,y € R. Then | a | is equal to ,;/
Q5 Letf:[0,0) - R bedefinedby  *& (
x |
\ X €7S(x) = f sin?(¢2) dt.
) 0
Then the functiorf is - y
(A) uniformly continuous o0, 1) but NOT on(0, o)
(B) uniformly continuous 0140, o) but NOT on[0, 1)
(C) uniformly continlious on bot®, 1) and(0, )
(D) neither uniformly continuous di, 1) nor uniformly continuous o(0, )
‘4 1
Q'6_ r — if niseven
/' Consider the poweriserigs,_, a,z", wherea,, = 31
L = if n is odd.
The radius of convergence of the series is equal to
I
Q.7 — iy —il= L
II_".e;[rC ={z €C :|z—i|=2}. Then 2n§C
p r
-8 ~B(5,2 ~ P(X+Y 52) |
Q LetX ~ B(5, 2) andY ~ U(0,1). ThenP(XH,zS) is equal to
MA 2/9

www.examrace.com



GATE 2015 MATHEMATICS — MA

Q.9 Let the random variablg have the distribution function

(0 if x<0
X
= if 0 <x<1
B 1 X
3

F@)=<§ if1 <x<?2
! + ad if 2 <x<3
2" 8 e =X
1 if x = 3.
ThenP(2 < X < 4) is equal to
¢
Q.10 Let X be a random variable having the distribution function '."/r'
(0 if x<0 f
1 ,
if0 <x<1 d

o

4

1

3 if1 <x<2 |
P A
2 /d ="K 3
/. J1
\1 if | xr?.

ThenE (X) is equal to ‘J/

F(x) = <

.

S [
Q.11 In an experiment, a fair die is rolledntildwixes are obtained in succession. The probability that
the experiment will end in the fifth tﬁial Is equal to

150 L) 175

A = ®f " ©) = (D)=

-,

f

Q.12 Letxy =22, x, = 4.3, x3{= 3.1, x, = 4.5, xs = 1.1 and x4, = 5.7 be the observed values of a
random sample of size 6 fronUg® — 1, 6 + 4) distribution, where& € (0, o) is unknown. Then
a maximum'likelihood estimate 6éfis equal to

/ (m)18 ? . (B)23 (C)3.1 (D) 3.6

-

Q.13 LetQ = {(x, y)I € R?| x2 + y? < 1} be the open unit disc iR? with boundandQ. If u(x, y) is
the solution of the Dirichlet problem
{

r

Uyy + Uyy =0 in Q
u(x,y) =1—2y% onaQ,

thenu G O) is equal to

(A) -1 (B) = (€)= D)1

MA 3/9
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Q.14 |etce Z5 be such thatwf% is a field. Thenc is equal to

Q.15 LetV =cC'[0,1], X =(C[0,1],]| |lw) andy = (C[0,1],]| ;). ThenV is

(A) dense inX but NOT inY
(B) dense irt but NOT inX
(C) dense in botly andY
(D) neither dense iA nor dense ity
I:: 1
Q16 etT: (C[0,1],]l |l) — R be defined byT(f) = fol 2xf(x) dx for all f € C[0, 1].T_?eq||T||
is equal to ¢ p

L

Q.17 Lett,be the usual topology dR. Let 7, be the topology oR generated by r

B={la,b)cR: —0<a<bhb< o} Thenthese@XER=4s'l'n2x}<_1} U{%}is

(A) closed in(R, 7,) but NOT in(R, 7,) /-"{ -

(B) closed in(R, 7,) but NOT in(R, ;) / |

(C) closed in both(R, 7;) and(R, 7,) / \ }

(D) neither closed ifiR, 7;) nor closed in(R, 75) \ _

Q.18 LetX be a connected topological space such that there. exists a nomtoastamuous function
f X > R, whereR is equipped withithe usual topolo@y. fg®) = { f(x): x € X}. Then

(A) X is countable buf(X) is unqgurﬁable
(B) f(X) is countable but is uncodntable
(C) bothf (X) andX are countable

(D) bothf(X) andX are uncountable

-,

Q.19 Letd; andd, denoté the qlsual metric and the discrete metriR aespectively.
Letf : (R,dy) » (R, d;) be defined by (x) = x, x € R. Then

(A) f is.contintious buf~! is NOT continuous
(B) f~* is contipuous buf is NOT continuous
(C) bothf andf F are continuous
(D) neitherf norlf ~1is continuous

Q.20 Iffhe trapezoidal rule with single intervidl, 1] is exact for approximating the integral
jpl(x3 — ¢ x?)dx, then the value af is equal to

T

Q.21 suppose that the Newton-Raphson method is applied to the ecqretien1 — e** = 0 with an
initial approximationx, sufficiently close to zero. Then, for the raot 0, the order of
convergence of the method is equal to

MA 4/9
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Q.22 The minimum possible order of a homogeneouwsdlirordinary differential equation with real
constant coefficients having sin(x) as a solution is equal to

Q.23 The Lagrangian of a system in terms of polar coordinate® is given by

1 1 .
L= Em?"2+ > m (724 1262 ) — mgr (1 — cos(0)),
wherem is the massg is the acceleration due to gravity akddenotes the derivative ofwith

respect to time. Then the equations of motion are

(A) 2#=r6%— g(1— cos(h)), %(rzé) = —gr sin(9)

ey

(B) 2¥# =162+ g (1— cos(H)), %(rzé) = —gr sin(6) -.l"; ‘
(C) 2#=1r6%— g (1— cos(h)), %(rzé) = g sin(9) [ §
(D) 2#=716%+ g (1 — cos(h)), %(7‘29) = gr sin(9) _ {

1 i
Q.24 If y(x) satisfies the initial value problem #
(? + ydx =xdy, | y(Q1)
theny(2) is equal to / .
| :n'

Q.25 Itis known that Bessel functioris(x), forn > 0, satisV)/:]e |dent|ty

2(t-7) = Mm+2hm@“°”3

tn

forallt > 0 andx € R. The V%htl% of/, ( ) + 2 X7, ]Zn( ) is equal to

Q. 26 — Q. 55 carry two{maﬂ{(s each.

Q.26 LetX andY .b(atwo random variables having the joint probability density function

F o (2 ifo<x<yx<1
' f 1 feey) = {0 otherwise.

Then the conditional probability (X < g | Y= %) is equal to

™3 | ®) 2 © (D) 2

of

T

Q.27 LetQ = (0,1] be the sample space andRét) be a probability function defined by

X fo<x<s
P((0,x]) =4* ) 2
x if 5 <x<1
ThenP (E}) is equal to
MA 5/9
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Q.28 LetX;, X, and X3 be independent and identically distributed random variablesEfith) = 0 and
E(X?) = 1:5. If ¥ :(0,00) > (0,0) is defined through theonditional expectation
W) =EQX | X2+ X3+ X2 =1), t>0,

then E@((X; + X,)?)) is equal to

Q.29 LetX ~ Poisson(4), whered > 0 is unknown. If§(X) is the unbiased estimator of
g(A) = e7*(322 + 21+ 1),then ¥, (k) is equal to

g
i
7

{

Q.30 |Letxy,..,X, be arandom sample fron(y, 1) distribution, whereu € {0, %}. For testing thre' null
hypothesidi,: u = 0 against the alternative hypotheHis u = % consider the critical region

n
L
R = {(xl,xz, v Xp) ¢ in > c}; g
i=1 i

[
wherec is some real constant. If the critical regi®has size 0.025 and power 0.7054, then the

value of the sample sizeis equal to F -

f i
Ill | |I
| .1'

Q.31 LetX andY be independently distributed central chi—};yared random variables with degrees of
freedomm (= 3) andn (= 3), respectively. IfE (%) = 3andm +n = 14, thenE G) is equal to

O ®) 3 4 ©:f (D) 2
X
\ .
Q.32 LetX,,X,, ... be a sequencéof independent and identically distributed random variables with
P(X, = 1) = % andP (X, = 2) = Z If X, = % n X, for n=1,2,..,then
lim,, o, P(X,, < 1.8) s equal to
w |

<

Q.33 Letu(x,y) = 2j;(y) cos(x — 2y), (x,y) € R?, be a solution of the initial value problem

2uy + uy =u

u(x,0) = cos(x).
Then f(1) is equal to
E | ®) & (©) e () %
i

of

Q.34 Le'-[ U(x,t), x ER, t =0, be the solution of the initial value problem

Ut = Uyyx
u(x,0) =x
u:(x,0) = 1.
Then u(2,2) is equal to
MA 6/9
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Q35 |etw = Span {%(0,0,1,1), %(1, —1,0,0)} be a subspace of the Euclidean sp&éeThen the
square of the distance from the pdinhil,1,1) to the subspad# is equal to

Q.36 LetT: R* -» R*be a linear map such that the null spacg isf
{(x,y,zzw) e Rh:x+y +z+w = 0}
and the rank of(T — 4 1,) is 3. If the minimal polynomial ofT is x(x — 4)¢,
thena is equal to

g
f
Q.37 LetM be an invertible Hermitian matrix and bety € R be such thatc? < 4y. Then f;

(A) bothM? + x M + yIand M2 — x M + y I are singular

(B) M2 + x M + y I is singular butM? — x M + y I is non-singular
(C) M2 + x M + y I is non-singular butM? — x M + y I is singular
(D) bothM? + x M + yIand M? — x M + y I are non-singular.

l-' [

ey

1 {
Q.38 LetG ={e,x,x%x3,y,xy,x2y, x3y} with o(x) ?f":,o(y) = 2 and xy = yx3. Then the number
of elements in the center of the grotGpis equ?f to i

(A) 1 (B) 2 [ © f (D) 8
Q.39 The number of ring homomorphisms fré@n X Z, toZ, ;s equaflto
b

.ﬁﬂ_ﬁ

¥ ' L
Q.40 Letp(x)=9x>+ 10x3+.5 x't+ 15and g(x) = x® — x2 — x — 2 be two polynomials in
Q [x]. Then, overQ,

(A) p(x) andq(x) are both irreducible
(B) p(x) is reducible bug(x) is irreducible
(C) p(x) is irreducible blig(x) is reducible
(D) p(x) andg(x) are both reducible

"

Maximize 3 x + 9y,
subject to 2y—x<2
- 3y—x=0
| 2x+3y<10
x,y = 0.
Then the maximum value of the objective function is equal to

of

Q.41 Consider the Iiﬁfar'-programming problem

T

Q42 |ets ={(x sini) :0 <x <1} andT = S U {(0,0)}. Under the usual metric dR?,

(A) S is closed buf" is NOT closed
(B) T is closed buf is NOT closed
(C) bothS andT are closed
(D) neitherS norT is closed

MA 719
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Q43 Leth ={(x,) € €, N, =1}. ThenH

(A) is bounded (B) is closed
(C) is a subspace (D) has an interior point

Q.44 LetV be a closed subspace bt[0,1] and letf,g € L?[0,1] be given byf(x) = x and
g(x) = x%2. If V1 =Span{f}andPg is the orthogonal projection gfonV, then

(9-PO®), x€[0,1],is
() 3x ®) 1 © v ©) 12
I::

Q.45 Letp(x) be the polynomial of degree at mdsthat passes through the poirts2,12), (—.d': 1),
(0,2) and(2, —8). Then the coefficient of2 in p(x) is equal to l‘ r

Q.46 If, for somea, 8 € R, the integration formula

2
[ peodx = p@ () {
0 -
holds for all polynomial®(x) of degree at moss, then the value dBd(a — B)?is equal to
/ l |
|" :n'

Q.47 Lety(t) be a continuous function of0, ) whose La‘yl e transform exists.ift) satisfies

t ']
[ @ - cose - )y @ de =,
, 0 - f
then y(1) is equal to % .
— a f
: iq
Vi
Q.48 Consider the initial value p.rZ)bIem
. xy'—6y=0, yD=ay0d)=6
If y(x) >0 asx —» 9+, thena is equal to

{

Q.49 Definef,, f,: [B11] - R by
4 a 1 © . 2 co
/ fflm: N ENED and fo = Y -yt

n=1 n=1

Then

(A fiis conti”uous buf, is NOT continuous
(B) f> is continuous buf; is NOT continuous
(C) bothf; andf, are continuous
(D) neitherf; norf, is continuous

T

Q.50 Consider the unit sphefe= {(x,y,z) € R3:x% + y? + z? = 1} and the unit normal vector
i = (x,y,z) ateach poinfx,y,z) onS. The value of the surface integral

jf 2_x_|_ i 2 + Z_X + 2_Z_|_ in2 d
G+ s X+ (7= Dy + (o sin’y) 2} do
is equal to
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Q.51 LetD ={(x,y) € R>:1<x <1000, 1 <y <1000}. Define

xy 500 500
f(X,}’)=7+—

Then the minimum value of onD is equal to

y

Q.52 LetDh={z€eC:|z| < 1}. Then there exists a non-constant analytic fungfion D such that
foralln =2,3,4,...

@ ()= o ® f(;)=0
©r(1-3)=0 ©) f(5-3)=0 y

r
1

) 22z%2-13 z+15
~<z| <5.Then = is equal to : v
2

Q.53 LetY*® _, a,z™ be the Laurent series expansionfifz) = in_the annulus

v

r
Q.54 i dz . /
The value of — f|2|=4- Teos S equal t;) L|
| [

.'r. I

Q.55 Suppose that among all continulyudifferentiable functib’r’w(x), X ER,
with y(0) = 0and y(1) = % the functiorny, (x) mini';n'rzes rﬁe functional

1 %,
{ (f‘(y =)+ (1 +y)y)dx.
4
Then y, (%) is equal to Y

(A) 0 (8)

olr |

©) 5 (D) 3
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