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Read the following instructions carefully.

1. This question paper contains 16 printed pages including pages for rough work. Please check all pages and
report discrepancy, if any.

2. ‘Write your registration number, your name and name of the examination centre at the specified locations
on the right half of the Optical Response Sheet (ORS).

ad
b

Using HB pencil, darken the appropriate bubble under each digit of your registration number and the
letters cotresponding Lo your paper code.

4, All questions in this paper are of objective Lype.

5. Questions must be answered on Optical Response Sheet (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. Each
question has only one 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 treated as an incorrect response.

6. There are a rotal of 60 guestions carrying 100 marks. Questions 1 through 20 are 1-mark questions,
questions 21 through 60 are 2-mark questions.

7. Questions 51 through 56 (3 pairs) are common data questions and question pairs (57, 58) and (39, 60} are
linked answer questions. The answer to the second question of the above 2 pairs depends on the answer
to the first question of the pair. If the first question in the linked pair is wrongly answered or is
un-attempted, then the answer to the second guestion in the pair will not be evaluated.

8. Un-attempted questions will carry zero marks.

9, Wrong answers will carry NEGATIVE marks. For Q.1 to Q.20, % mark will be deducted for each wrong
answer. For Q. 21 to Q. 56, % mark will be deducted for each wrong answer. The guestion pairs
(.57, Q.58), and (Q.59, Q.60) are questions with linked answers. There will be negative marks only for
wrong answer to the first question of the linked answer question pair i.e. for Q.57 and Q.59, % murk will
be deducted for each wrong answer. There is no negative marking for Q.58 and Q.60.

10. Calculator (without data connectivity) is allowed in the examination hall.
11. Charts, graph sheets or tables are NOT allowed in the examination hall.

12, Rough work can be done on the question paper itself. Additionally, blank pages are given at the end of
the question paper for rough work.
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Notations and Symbols used
X\Y [xe X:xe ¥}
il The set of all integers
0 The set of all rational numbers
R The set of all real numbers
C The set of complex numbers
R {(ppeeeinxy) ix;€ Rfor1<i<n}
/! The vector space of all sequences {x, } in C such that ) |x,[<ee
. The vector space of all sequences {x, } in C such that x, # 0 for at most
")
finitely many values of n
||||F The p-normfor 1€ p<ee
AT The transpose of the matrix A
Ula,b) Uniform distribution on the interval (a,b)
Flmpcan] k th divided difference of f at ¢ PR, o
n n!
F r! [:H =T }l
E(X) Expeclatiqn of the random variable X
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Q. 1-10Q. 20 carry one mark each.

Q.1 The dimension of the vector space V={ A= (ﬂijjm-m Loy, € 1 ay = —a]i} over the field R is

2

(A) n° (B) m* -1 (C) i* —n (D) %

00 3
Q.2 The minimal polynomial associated with the matrix |1 0 2| is
g 1 1
(A) X =x=2x-3 (B) X —x*+2x-3
)X —x"—3x-3 D) x -2 +3x-3

, |
0.3 For the function f(z)=s8in| ——— |, the point z =0 is
cos(l/ )

»{A) a removable singularity {B) a pole
{C) an essential singularity (D) a non-isolated singularity

Q4 Let _.F[z}*'Ea forze C. If C:|z—i|=2 then (}‘M

3.}15_

(A) 2mi(1+1510) (B) 2mi(1-15i) (C) 4mi(l+151) (D) 2mi

|
Q.5  For what values of @ and £ , the quadrature formula j-f{x}dxch fF(=1)+ f(B) is exact for all
-1
polynomials of degree < 17

Ay a=18=1 B a=-1,=1 ©@a=,=-1 @Da=-1=-1

Q6 Let f :['D. 4]—} E be a three times continuously differentiable function. Then the value of
fFl1,2,3.4] is

f {5} for some & € (0,4) (B) Lé—c—}- for some & € (0,4)

ol &) fﬁ]‘ for some & € (0,4) D) fT@ for some £ € (0,4)
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Q.7 Which one of the lollowing is TRUE ?

Q.8

Q.9

Q.10

Q.11

(A Every linear programming problem has a feasible solution.
(B) Ifa lincar programming problem has an eptimal solution then it is un gL,
(C) The union of two convex sets is necessarily convex.

(D} Extreme points of the disk x" + 3" <1 are the points on the circle x™ + 3" =1,

The dual of the lincar programming problem:

Minimize ¢ x subject to AxZbh and x=0 is
(A) Maximize &'w subjectto A w=c and w0
(B) Maximize b'w subjectto A w<c¢ and w=0
(C) Maximize b'w subjectto A w<c and wis unrestricted

(D) Maximize &' w subjectto A w2¢ and w s unrestricted

The resolvent kernel for the integral equation u{x)=F{x)+ _[ e ultydt is

a2

{A) cos{x—r¢) (B) 1 (C) el D) Pty

& |73
Consider the metrics ‘-’:U.H]'(ﬂf{f}-' HI[I"JFH"‘J and d_(f,g)=3up |f(1)—g(t) on the space
o defa b

X =Cla,b] of all real valued continuous functions on [a,b]. Then which of the following is

TRUE ?

(A) Both (X,d,) and (X,d_) are complete.

(B) (X.d,) is complete but (X.d.) is NOT complete.
(C) (X,d ) is complete but (X.d.) is NOT complete.
(D) Both (X.d,) and (X,d_ )} are NOT complete.

A function f: K — R need NOT be Lebesgue measurable if

{A) [ is monotone

(B) {x e B: fix) > a} is measurable for each o = Ly
(C)fre B : fix)= a} is measurable for each ¢ = B

(D) Foreach open set 7 in B, f'(G) is measurable
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Q12 Let {e, }:'_I be an orthonormal sequence in a Hilbert space H and let x (#0)e H . Then

(A) Iim{x.eh:} does not exist

=T

® tim (x.6,) =]

(©) lim{x.e,)=1

n—ea

(D) lim(x,e,}=0

n—poz

Q.13 The subspace Q@ x [0, 1] of B? (with the usual topology) is
(A} dense in R? (B) connected

(C) separable (D) compact

Q.14 Zz[_.t]f(:,xa +_1:2+I} is

{A) a field having 8 elements (B} a field having 9 elements

(C} an infinite field {D) NOT a field

Q.15 The number of elements of a principal ideal domain can be

(A) 15 «(B) 25 (C) 35 (D) 36

Ql6 Let F, G and H be pairwise independent events such that P{F}=P{GJ=P(H}=% and

1
(FNGNH)= 3- Then the probability that at least one event among F, G and H occurs is

11 7 5 3
(A) — B) — i =
A) 5 ® - @ (D) 2
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Q.17 Let X be a random variable such that E(X*)=E(X )=1. Then E(x'"™=
(A) O AB) 1 (C) 2'" (D) 2" 41
Q.18 For which of the following distributions, the weak law of large numbers does NOT hold ?
(A) Normal (B} Gamma (C) Beta . (D) Canchy
d 1 %
Q.19 I D=-—— then the value of (=) is
dx (xD+1)
(A) log x (B) 108X () logx (D) 108
x X
Q20 The equation (G xy* + ycos x)dx+(x*y* + Bsin x)dy=0 is exact for

3 3
A ==, =1 Bya=1 ==
(A} o 5 i} (B) cx i} 5

2
E) =il (D}rx=1,ﬁ=§

Q. 21 to Q. 60 carry two marks each.

Q.21

If
ra %
1 0 0
A=| i ﬂ 0 !
2
0 142 1-if3
| 2 F)
then the trace of A" is
(A) By 1 cy 2 D) 3

Q.22 Which of the following matrices is NOT diagonalizable 7

o) el 7 e
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1 -1 ﬂ]
Q23 Let V be the column space of the matrix A=|1 2 |. Then the orthogonal projection of | 1 | on
1 -1 GJ
V is
0 (0 (1 (1)
(A)] 1 (B)| 0O ()| 1 (Dy| 0|
0 1 0 1)
Q24 Let E a (z+1)" be the Laurent series expansion of f{z) =sin[il). Then a_, =
n=—ca bl o
(A) 1 (B) 0 (C) cos(1) D) _?Isintlfl
Q.25 Let u(x,y) be the real part of an entire function f{z)=wul{x, y)+iv(x,y) for z=x+iyel If
C is the positively oriented boundary of a rectangular region R in R2, then
q- [g_u de = EE_ ml:| e
c LY dx .
(A) 1l (B) O (C) 2n Dy m
Q26 Let ¢:[0,1] =R be three times continuously differentiable. Suppose that the iterates defined by
X, =@(x,}), n=0 converge to the fixed point £ of ¢ . If the order of convergence is three then
(A) ¢'(£)=0, ¢°(£) =0 (B) (€)= 0, 9"(£)=0
(€ ¢'(£)=0,¢"(£)=0 (D) @' (£)#0, ¢"(E) =0
.27

2

Let f:[0,2] — R be a twice continuously differentiable function. If If{r]d.rﬂif{l}. then the
0

error in the approximation is

f)
A
=

for some & € (0,2) (B}

f:;g) for some & € (0,2)

(3]
(€

for some £ € (0,2) (DN %‘;—'} for some £e(0,2)



www.myquestionpapers.com GATE Questions - 2009 MATHEMATICS

2000 MA
Q28  Fora fixed 1€ R, consider the linear programming problem:
Maximize z=3x+4y
subjectto x+ y <100
X+3Ay =y
and x=0, y=0
The maximum value of z is 400 for ¢t =
(A) 50 (B) 100 (C) 200 (D) 300
Q.29 The minimum value of z=2x, —x, +x, —5x, + 22x, subject to
H=Lx 4+ =0
X, +x,—4x,=3
X +3x, 4 2x, =10
X; =20, j=1,2...5
is
(A) 28 (B) 19 (C) 10 (D) 9
Q.30 Using the Hungarian method, the optimal value of the assignment problem whose cost matrix is given
by
5 23 14 B
10 25 1 23
35 16 15 12
16 23 11 7
i5
(&) 29 (B) 52 (C) 26 (D) 44
Q.31 Which of the following sequence { f, } _ of functions does NOT converge uniformly on [0,1] 7
eg™" -
(A) f.(x)= : (B} f(x)=(-x)
'
. x* + nx sin(nx+n)
(C) f.(x)= ) f(x)=—"——
f D f, =
Q.32

Let E= {(x,¥)€ R?: 0<x<y}. Then H}'f_'"”irdy=
E

1 3
BT ®) >
4
© 3 ™2

3 4
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Q.34

Q.35

.36

Q.37

Let f..(—’f}=%i«,l'k(ﬂ"k} [i]x*{l—x}”'* for xe[0,1], n=1, 2.....
k=0

xe [0,1], then the maximum value of f(x} on [0,1] is

MATHEMATICS

MA

If !i_n]ﬂ[.‘r}= f(x) for

1 1

A) 1 B) = [
{A) (B) 3 (C) 3
Let f: I[r.'uu, || ”J — T be a non-zero continuous linear functional. The number of Huhn-Banach
extensions of f to [:f], ]I l)is
(A) one (B) two
{C) three (D infinite
If!: {.I"' ; !U% § || ”L} is the identity map, then

(A)both [ and 17" are continuous
(B) 7 is continuous but /™" is NOT continuous
(C) 1" is continuous but / is NOT continuous

(D)) neither { nor ™' is continuous

Consider the topology 7= {G C R : R\ G is compact in (R, 7,)} U [ ¢ B} on B, where 7, is the usual

topology on R and ¢ is the empty set. Then (R, 1) is

(A) a connected Hausdorff space
(B} connected but NOT Hausdorff
() Hausdorff but NOT connected
(I3} neither connected nor Hausdorff

Let

T, ={GCR: Gis finite or B\  is finite}
and

T,={G < R : Gis countable or B \ G is countable).
Then

{A) neither T, nor T, is a topology on B
(B) T, is a topology on R but T, is NOT a topology on B
(C} 7, is a topology on R but 7, is NOT a topology on E
(D) both T, and T, are topologies on R



www.myquestionpapers.com GATE Questions - 2009 MATHEMATICS

(2.38  Which one of the following ideals of the ring Z {ilnf GGaussian integers is NOT maximal 7
(A) {1+i) B) {1-i) (©) {2+i) (D) {3+i)

Q.39 If Z(G) denotes the centre of a group & , then the order of the quotient group G/ Z(G) cannot be
(A) 4 {B) 6 (C) 15 (D) 25

Q.40 Let Awr({s) denote the group of automorphisms of a group &. Which one of the following is NOT a
cyeclic group 7

(A} Ant (Z4) (B) Aut (Zg) (C) Aur (Zg) (D) Awt (Z10)
041 Let X be a non-negative integer valued random variable with E(X*)=3 and E(X)=1. Then
Y iPXzD=
i=]
(A) 1 (B) 2 (C) 3 D) 4

Q42 Let X bearandom variable with probability density function f € { f;. f;}, where

3x%, if0<x<1

0. otherwise

2xif0=x<l

0, otherwise

Jolx)= { and  fi(x)= {
For testing the null hypothesis H,: f = f, against the altemative hypothesis H : f = f| at level of

significance o =0.19 , the power of the most powerful test is

(A) 0.729 (B) 0.271 (C) 0.615 (D) 0.385

Q43 Let X and Y be independent and identically distributed U/(0,1) random wvariables. Then
P

WET
P{r ::[x-l J:
2.-'

1 1 1 2
Ay — By — Cy = Dy —
(112 {)4 (13 {13

Q.44 Let X and ¥ be Banach spaces and let T: X— Y be a linear map. Consider the statements:

P:If x, xin X then Tx, = Tx in }.
Q:IWx, —xin X and Tx, — yin ¥then Tx=y.

Then

{A) P implies Q and ¢ implies P

(B) P implies () but {} does not imply P

(C) Q implies P but P does not imply @

(D) neither £ implies (! nor (0 implies P
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Q45 If y(x)=x is a solution of the differential equation y’-[il+ l]{xy’— ¥)=0, O<x<ee, then its
XX
general solution is

A) (z+Be™)x B (@+Be™)x (O ox+ P’ (D) (ete* + B)x

Q46  Let F,(x) be the Legendre polynomial of degree n such that P(l}=1, n=1,2,.... If

L¥ & 2
I{EJRHHJF}EI}] dx =120,

=11 J=lI
then n=

(A) 2 (B) 3 € 4 (D} 5

1 . g : d d
Q47 The integral surface satisfying the equation y§+x—z=x2 + 3% and passing through the curve

dy
x=1-t, y=1+t, z=1+¢ is

2 2

(A) z=xy+%(f—f] {B}zz:«y+%[f-f}

l 2
() z=:::.a+§[:x1—;f]|2 (D) z=-t}'+%[x'—y1]1

Q48  For the diffusion problem u_ =u, {D{x <, }{]) , w(0,0y=0, u(m,N)=0 and w(x,0)=3sin2x,
the solution is given by

{A) 3e” sin 2x B) 3¢ sin2x (C) 3™ sin2x (D) 3¢ ¥sin2x

Q49 A simple pendulum, consisting of a bob of mass m connected with a string of length a, is oscillating in
a vertical plane. If the string is making an angle & with the vertical, then the expression for the
Lagrangian is given as

2g . ,(8
(A) ma® [ﬁz—fﬁmg [E)) (B) ngasinz[%J
2 2 2
(E‘]maz[g —%fslnz(g]] {UI‘HEE[H —fcﬂsﬂ]

i 1
Q.50 The extremal of the functional J[ y+x+ yT]dr . ¥M0)=0, y1)=0is
0

(A) 4(x* - x) (B) 3(x* —x) (© 2(zx* -x) (D) x* —x
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Common Data Questions

Common Data for Questions 51 and 52:

Let T : B — B be the linear transformation defined by
Pl %, x50 =(x +3x, +2x, 3x +4x, +x,, 2x +x-x).

Q51 The dimension of the range space of T2 is
(A) 0 (B) 1 (C) 2 (D)3

Q.52 The dimension of the null space of T2 is
(A) 0 (B} 1 (C) 2 (D) 3
Common Data for Questions 53 and 54:

Let y (x}=1+x and y,(x)=e" be two solutions of ¥"(x)+ P(x) y'(x) + Q(x) y(x) =0,

Q.53 Plx)=

(A) 1+x By —-1—x () H—I (18] =l
e ’

X

Q.54 The set of initial conditions for which the above differential equation has NO solution is
(A) W0)=2, y(0)=1 (B) y(1)=0, ¥ (1) =1
© y)=1, y()=0 (D) ¥(2)=1, y'(2)=2

Common Data for Questions 55 and 56:

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

L5 0<y<l
€ Jif —m< x<os, 0 y<
flx.¥)= :EEH_}?
0, otherwise

Q.55 The variance of the random variable X is

1 1 Fi 3
A) — B) — C) — D) —
(A 5 (}4 (}12 D) =5

Q.36  The covariance between the random variables X and ¥ is

1 1 1
A) = B) — ) = D) —
w3 ®) 5 (© )5
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Linked Answer Questions

Statement for Linked Answer Questions 57 and 58 :

P

Consider the function f(z) =—F—.
zZ{z" +1)

Q.57 The residue of f at the isolated singular point in the upper half plane {z=x+iye C:y> 0} is
-1 £

_] 3
A) — B) — C) = D)1
(A) e (B) . ( }2 (D)
- . Tsinx dx |
Q.38  The Cauchy Principal Value of the integral J—1~— is
4 x(x®+1)
(A) =2(1+2e")  (B) w(l—e™) ,(©) 2n(l+e) D) —-m(l+e™)

Statement for Linked Answer Questions 59 and 60:
Let fix, y) = kxy - Py—xy for(x, y) € B2, where kis a real constant. The directional derivative of 1 atthe

-1 -1}, 15
point (1,2) in the direction of the unit vector u=[ ] —_

(.59 The value of k is
(A) 2 (B) 4 (€)1 (D) -2

3 3
Q.60 The value of f atalocal minimum in the rectangular region R = [{x,y}ﬁ R*: |x| {§-|yt{§] is

=
(A) =2 (B) -3 © - (D) 0

END OF THE QUESTION PAPER



