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Completeness of a metric space is preserved under
(1) Isometry  (2) Homeomorphism
(8) Continuous function (4) Bijective function

Griven an interval (— 1, 1) and a sequence {a } of elei:neﬁts in it. Then
(1) Every limit point of {a }tisan (-1, 1)

(2) . The limit points of {a} can only be in {-1, 0, 1}

(3) Every limit point of {a }isin[-1, 1]

(4) The limit point of {a_} cannot be in {~1, 0, 1}

| I fis a function £:R >R s.t. £(0) = 0 and |f'(x)| < Vx, then £ (1) is in

1) (5,6) @) [-4,4]
@) (,-5)U (5, ) 4) [-5,5]

Let A={n eIN: n=1 or the only prime factors of n are 2 or 3}
B8 5= .  then
neA

(1)‘ S is divergent series (2) “A is finite
@ S=3 4 S=6

| Let x,(t) = te™,t € IR, n>1. Then the sequence {x } is

(1) uniformly convergent on IR
(2) asequence of unbounded functions
(3) bounded and not uniformly convergent onIR .

(4) uniformly convergent only on compact subsets of IR
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6. Wlnch of the following is necessarily true for a function f:A—>
| (1) iffas injective, then 3g:B—> Ast. £(8 )=y ¥yeB
Q) iffis injective and B is countable, then A is finite

(3) iffis subjective and A is countable, then Bis countably i
(4) if fis subjective, then 3g:B—>Ast. f (g@)=yVy eB

100 1
7. | The difference log (B)— ) ——18
L n=1 Vel
e
(1) less than O (2) lessthan 50 1 (_31
i 2 1
(3) greater than 1 (4) -greater than 51101

8. | Let f be function defined on the set S={:ﬁ eR, x20, x;tmﬂ%, n e
and f (x) = tan x. Then S ‘

(1) fhas aunique fixed point on S

(2) there is no fixed point of fonS

(3) fhas infinitely many fixed points on S

(4)- fhas finite number of fixed points on S

9.. A function f: R->R need not be lebesgue measurable if

Q) {xeR:f (x) 2o} is measurable for each o € @
| @ {xeR:f®= a} is measurable for each o eR
(3) for each open set Gin R, £ (G)is measurable

(4) fis monotone
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. x x+1
10. | Let f(x)= [1'4- 1} and g (x) = (1 + 1) , X>0. then
X X

(1) f(x) and g (x) both are increasing functions

(2) f(x)isincreasing and g (%) is decreasing
(3 f(x)is decreasing and g (x) is increasing

(4) f(x)and g (x) both are decreasing functions

2’ 2|
along the direction (1, 1)is
@ 1 N 2 3 0. @4 -2

e o [18) [195 o)
11. | Let f(x,y) =7 (x,5) e 53153 Then the derivative of fat (1, 1)

12. | Which of the following statement is not correct
(1) ifFis closed and K is compact, then FNK is compact

n=1,2,.... ), then () K, is empty

n=1

(3) Every closed subset of a compact set is compact

(4) The set {x :x € R and x (x? _ 6x +8) = 0} is compact

2) if {K } is a sequence of nonempty compact sets s.t. K., c K,

13. | Let X = {x:x=(x, x,,x,), x, eR, X, +X; +X; <16}. Then
(1) X has no limit point in R®

| @ X has alimit point in R

(3) X is compact

(4) All of the above statement are true

MPH/PHD/URS-EE-2019 (Mathematics) Code-A -
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14.

| 3) trace (AB’A)

Let A, B be n X n matrices. Then trace of A2 B?is equal to
(1) trace ((AB)z)

@) (trace (AB))’

(4) trace (BABA)

15.

| (3) onlyhisa linear transformation

Let £, g, h be the functions from IR? to IR? such that |

X 4 X X S X
fy=[ ].gy=(xy),hy=[ ];YG]Ra
X+y X+y) X+y
z z) z z

Then = |

(1) only fis a linear transformation
(2) only gisalinear transformation

(4 f and g are linear transformations but h is not a linear

transformation

16.

Let S denote the set of all the prime numbers p such that the matrix

91 31 O
99 31 0 | hasaninverse n}:x the field Z/pZ.

79 23 589

Then i ,
| @ s=61 ' @) {31,59
@) S={7,18,59} (4) Sisinfinite

VIPT/PAD/URS-EE-2019 (Mathematics) Code-A
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13?"" Questions

17. | Let V be the vector space of all real polynomials of degree < 10.
Let TP(x) =P’ (x), for P eV, be a linear transformation from V to V.

Consider the basis {1, x, x’,....., x"} of V. Let A be the matrix of T with
respect to this basis. The_n '

| @) trace A)=1
(2) Thereisno nelN s.t. A®=0
(3) A hasnon-zero eigen value

4 det(A)=0

18. | Given a matrix

A= co.se Ry , 0 :_2_11:. Then A™" ig equal to
—8in® cosO 31 .

) I - 2 A
| 0 1) cos130 sin130
L @ {1 o | @ | _gin138 cos136
T
19. | Given a matrix | -1 2 —1|. Then this form is
0 =1-.3 '

(1) negative definite
(2) positive definite
(3) non-negative definite but not positive definite -

(4) neither negative definite nor positive definite

MPH/PHD/URS-EE-2019 (Mathematics) Code-A
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20. | Let W, and W, be subspacés of IR? given by

| WI:{(x,y,z)eIRslx-l—y+z=0}

W,={(x,y,2) e R*/x—y+z= o}

If W is a subspace of IR® such that

() WNW,=space{0, 1,1}

(i) WNW, =orthogonal to WNW, with respect to the usual inner product
of IR®.

Then .

(1) W =Span {(0,1,-1), (0,1,1)}
2 W =Span {(1,0-1), (0,1,-1)}
3 W =Span {(1,0-1), (0.1,1)}
4) W =Span {(1,0,-1), (1,0,1)}

s 4

91. | Which of the following matrices is not diagonalizable over IR ?

(2 0 1) : 210
@ |o 30 - @ |oso
0 0 2 00 3
(1 —1] : (1 1]
3 4
3) 2 4 4) o
TR 1100
2 2 2:2
22. | The rank of the matrix |1 2 3 3 3|is
2 3 4 4
| 12 3 4 5
»mz @3 @) 4 @ 5
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| Q“I%s:im Questions
Ll 1-11 1
| 28. [LetA=|1 1 1|,b=|3
| 2 3 «a B

Then the system AX =b over the field of real numbers has
(1) no solution wherever e

(2) an in.ﬁ_n:_ite number of solutions if « =2 and g 7

(3) unique solution if o # 2

(4) aninfinite number of solutions whenever o = 2

=

Which of the following subset.of IR*is basis of IR*?
B, ={(1,0,0,0), (1,1,0,0), (1,1, 1,0), (1,1,1, 1)}
B, ={(1,0,0,0), (1,2,0,0), (1,2,3,0), (1,2 3,4)}
B, {(1,2,0,0), (0,0,1,1), (2,1,0,0), (-5,5,0, 0)}

(1) B, and B, but not B, (2) B, B,and B,
(3) only B, (4) B, and B, but not B,

25.

Let A be an invertible real nxn matrix. Let F: R x R* - R defined
by F (x, y) = (Ax, y), where (x, y) denote the inner product of x and y. Let
DF (x, y) denote the derivative of F at (x, y) which is a linear transformation
from ]R;1 x R™ — R. The which of the following is incorrect ?

(1) ifx#0, then DF (x, 0) %0 |

(2) ifx#0, then DF (0,y) #0

B) ifx=0o0ory=0,then DF (x,y)=0

(4) if (x,y)#(0, 0), then DF (x, y)#0
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26. | Let P (n) be a polynomial of degree d > 2. The radius of convergence of
the power series i P(n)z" is
n=0
a1 @ 1
1 B <« (4) depends upon d
27. | The residue of the function f (z) = 'e"% atz=0is
1 1+4e™ 2 e
@) —e* @ 1-¢
28. | Let fbe a holomorphic function on 0< | z[ < g, £>0, given by a convergent ‘
3 : a o lim
Laurent series rz:;anz . Also given that K50) l_f(z)|-= -
We can conclude that b
| @) a,#0anda,=0 ¥n22
2) a__ =0Vn2l
B) a,#0 Vnzl
4) a_, #0forsomem 21 anda _=0Vn>m
Let C denote the unit circle centred at the origin in Argand’s plane. The

value of the integral 71-::_1 I|1+z+ z? |2dz, when integral in taken anti-
C

clockwise along C, equals

1 1 : @ 2

@ o 4 3
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30. | Let f: C—»C be a non-constant entire function and let Image

D={weC:zeCs.t.f(2) =w.

Then

(1) The interior of image (f) is empty

(2) Image (f) intersects every line passing through the origin

(3) There exists a disc in complex plane which is disjoint from image (f)

(4) Image (f) contains all its limit points

81. | Let C(t)=3e", 0<t<2n be the positively oriented circle of radius 3
centered at the origin. The value of ) for which

A
dz= § ——— dzis
z—2 z°—5z+4
c 4

1) A=0 @ A=1
a=l Tl
@ r=g3 @ A==

32. | Let f be real valued harmonic function of complex variable and

g= fx —if; 4 h= fx +lfy Then
(1) gandhboth are holomorphic functions
(2) bothgandh are identically equal to the zero function

(3) gis holomorphic but h need not be holomorphic function
(4) his holomorphic but f need not be holomorphic function

PH/PHD/URS-EE-2019 (Mathematics) Code-A
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33. | How many elements does the set
fzeC:2®=-1, z* #—1 for 0<k 60} have?
(1) 46 ‘ 2) 32
| @ 30 | 4) 24
34. | The number of roots of the equation z*—12 72+ 14 = 0 that lie in the region
{ze([ : 2$|z1<-52+} o
1 3 2 4 3 2 4 b
' i dz
35. | The integral |1-—z|=1 22=1" 18
0 @ (ir) (e—¢7)
3 ete’ 4) ien
36. | Let p be a prime number. How many di;?;tinct sub-rings (with unity) of
cardinality p does the field F, have ?
@) p @) p’
@ 1 : 40
37. | Let S_denote the permutation group onn symbols and A, be the sﬁbgroup

of even permutations. Which of the following is true ?

there exists a finite group which is not a subgroup of S_for any n 2 1
every finite group is a quotient of A for some n 2= 1 '

every finite group is a subgroup of A for some n>1
1o finite abelian group is a quotient of §_for n>3

MPH/PHD/URS-EE-2019 (Mathematics) Code-A
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38. | Let S be the set of all integers from 100 to 999 v?hich are neither divisible
by 8 nor divisible by 5. Then the number of elements in 5 is

| M 240 (2) 360

(3) 420 - (4) 480

| | 39. | Consider the ideal I =< (x2 + 1), y = in the polynomial ring € [x, y]. Which
of the following statements is true ? ‘

(1) Iisamaximalideal

(2) 1isamaximal ideal but not a prime ideal

| () Iisprime ideal but not a maximal ideal

( (4) Iis neither a prime ideal nor a maximal idea] -

40. | Letf: Z > (Z—/4 2) X (Z 16 Z) be the function defined by
f(m) = (n mod 4, n mod 6). Then
(1) Kerneloff=24 7

(2) Image of f has exactly 6 elements

(3) (amod 4, b mod 6) is in the Image of f, for all even integers a and b
(4) (0 mod 4, 3 mod 6) is in the Image of f '

41, | Let S, denote the group of permutations of the set {1, 2, 3, 4, 5, 6,7}.
| Which of the following is true ? :

(1) There are no elements of order 10 in S,
| @) There are no elements of order 8 in S,

(3) There are no elements of order 7 in S,

(4) There are no elements of order 6 in S,

MPH/PHD/URS-EE-2019 (Mathematics) Code-A
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42. The number of group homomorphism from Z,,to Z,,1s
1 O 2. 1 3) 5 (4) -10

43. | Let Aut (G). denote the group of automorphisms of G for a group G. Which
of the following is true ? :
(1) If G is cyclic, then Aut (G) is-cyclic
@2 UG is finite, then Aut (G) is finite
(3) IfG isinfinite, then Aut (@) is infinite
(4) If Aut (G)is isomorphic to Aut (H), where G and H are two groups,
then G is isomorphic to H.

44.‘ Let f(x)=x"—105x+ 12. Then which of the following is correct ?
1) f®is reducible over Q

(2) 3 an integer m s.t. f(m)= 2

(3) 3 anintegerm s.t. f (m) = 105

(4) f(m)isnota prime number for any integer m.

45. | The degree of splitting field of x* — 1 ove & is |
1)y 2 2 4 @) 1 4 0

46. | Letf: R>R bea continuous map. Which of the following is a correct
statement ?

(1) fisbounded

(2) Image of fis an open subset of R

3) f(A)is bounded for all bounded subsets Aof R

(4) £ (A) is compact for all compact subsets A of R

MPH/PHD/URS-EE-20 19 (Mathematics) Code-A
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47.

Let A and B be topological spaces where B is Hausdorff. Let A x B be the
given product topology. Then for a function f: A —» B which of the following

statements is necessarily true ?

(1) if Bis finite, then fis continuous

| @) iffis continuous, then graph (f) = {(x_, f®)/x e A} isclosedin A x B

(3) if group (f) is closed in A x B, then fis continuous
(4) if group (f) is closed in A x B, then fis continuous and bounded

48.

nzl

Let A be a subset of R and A = ﬂVn , where for each n 21,V_isanopen

dense subset of R. Which of the following are incorrect ?
(1) Aiscountable (2). Aisuncountable

(3) Aisdensein R (4) Ais a non-empty set

49,

Let X be a topological space and let U be a proper dense open subset of X.

Choose the correct statement :

(1) If X is connected, then U is connected
(2) IfXiscompact, then U is compact

(3) IfXis compact, then X\U is compact

(4) If X\U is compact, then X is compact

50.

Let G be an open set in IR”. Two points x, y €G are defined to be equivalent
if they can be joined by a continuous path completely lying inside G. Then

number of equivalent classes is
(1) only one (2) at most countable

(3) at most finite (4) can be finite or uncountable

MPH/PHD/URS-EE-2019 (Mathematics) Code-A
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51. | Aload slides without friction on & frictionless wire in the shape of cyclmd |
== with equation x=2a (B—sinB), y=a (1+césﬂ), 0<0< 2xm. |
The the Lagrangian is
1) 1:r_1a2 (1+ cos 0) 0° —mga (1+ cos 0)
@) ma?® (1+ cosB) 6° —mga (1 —cos®)
(3) ma® (1— cos) §* — mga (1+cos®)
(4) ma’ (1 cos 9) 6 +mga (1+ cos6)
52. | Consider the two dimensional motion of a mass m attached to one

end of a spring whose other end is fixed. Let K be the spring constant.

The :kinetic energy T and the potential energy V of the system are

given by
1 . ; dr de
T=—m(i*+0 2, V== Ke?*; t=—,0=—-
G V=g B r T " ae
Then which of the following statement is correct ?
(1) ris ignorable co-ordinate
(2) ©isnotan ignorable co-ordinate

(3) r 0 remams constant throughout the motion

@ ré remams constant throughout the motion

i :
MPH/PHD[URS—EE—%IQ (Mathematlcs) Code-A
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53. | A body, under the action of no forces, moves so that the resolved part of
its angular velocity about one of the principal axes at the centre of the
gravity is constant. Let A, B, C be the principal moments and Wy, Wy, Wy
be the angular velocities about the principal axes at C.G. Consider the
following statements :

I : The angular velocity of the body is constant

II: Aw,w, +Bw,w,+Cw,w,=0

Then

(1) Statement I is true but II is false

. (2) Statement I is false but II is true
' (3) Both the statements I and II are true
(4) Both the statements I and II are false

54. | Given that the Lagrangian for the motion of a simple pendulum is

| Lzémfz 92+mg€cos 6, where m is the mass of the pendulum bob

suspended by a string of length ¢, g is accelaration due to gravity, 0 is the
amplitude of the pendulum from the mean position. Then corresponding

|1 Hamiltonian is
' p2
1) Hs= - +mg/{ cos®
p2

2) o mg/cosb=H
p2

3 H-= AT mg{ cos O
3p’

4 H= o + mg/l cos O

MPH/PHD/URS-EE-2019 (Mathematics) Code-A
(15)




Questid
No.

Questions

55.

The adm%%ible extremal for

I[y]= | {7y’ +2¢ (y+y')}dx,

where y (log 3) =1 and y(0) is free, is

1y 4-e (2) 10— e (8) e*—38 4) e-2

56.

Consider the functional I [y]= j{(y’(x))2 + (y’(x))s} dx

subject toy (0) =1 and y (1) = 2. Then

(1) there exists an extremal y € c* ([o, 1))\ ¢ (o, 1))
(2) there exists an extremal y €¢ (o, )\¢ ([0, 1))
(3) no extremal y belongs to c' ([O, 1))

(4) every extremal y belongs to ¢ ([o, 1])

57.

Given a problem of calculus of variation
1
J [Y] = J[Zy + (yx)E] dx subject toy (0)=0, ¥ (1) =1
0

The value of Inf J [¥] is

21 | 18
24 @ 24
23
12

(1)

 (4) Does not exist

3

58.

If y is a solution of the integral equation

y (x)= 1+f(x- t) y (t) dt. Then

. [y)dx<e @ | -f(% <o

R

(8) yxis periodib in R (4) y is bounded but not periodic in IR

MPH/PHD/URS-EE-2019 (Mathematics) Code-A
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59. | The value of the solution of the integral equation
Y (x)—1+2x+4x® = _[{6 (x-t)+x—4 (x—t)z}y(t) dt
0
at x =log 5 is equal to
M 5 @ % @® 4 @ <
. e i
X 2 .
60. | If g is the solution of j(l -2y 1;2) g(t)dt = %,
Then g («/5) equals :
1) /222 (2 /26"
@) J2e? @ J2e
61. | Iff(x) and g (%) are two so.lutions of
2
COS, xg-x% +sinx§-§— (1 +e"‘=) y=0, xe (:213, g]
such that f(0)=+/2, f’ (0)=1; g(0)=-V2, g (0)=2.
Then Wronskian of f and gis ;
(1) 8cosx - (2) 342 cosx—x
(3) 342 cosx 4 o
62. | The critical point (0, 0) of the system
%’ti=2x—7y, -:—f=3x—8y is
(1) unstable node (2) asymptotically stable node
(3). unstable spiral point (4) asymptotically stable spiral point

IPH/PHD/URS-EE-2019 (Mathematics) Code-A
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63.

Given a boundary value _problem
y"(x)+1y(x)=0; y(0)=0, y(x)=0

Set of its eigen values is
1 R @) (-, 0)
3) {n2 :nez} - (4) {\/E ne z*}

64.

The limiting value of y (x), as x — 0, where y (x) is the solution of

yr (x) =ay — by2 3 B, b >0, Y(O) = Yo» Wiube

1 0 @ %, @Y @y,

65.

Given a differential equation

x" (t)+p (t) x' (t)+q (t) x (t)=0; p (t), q(t) €C' [a, b]

Let f (t) and g (t) be its two solutions on [a, b]. Then which of the following
is incorrect ? _

(1) fand g are linearly dependent and W (£, g) (t) =0 Vt €[a, b]

(2) fand g are linearly in dependent and 3 to €(a, b) s.t. W(t,)=0

(3) fand gare linearly in dependent and W (f, g) (t) # O for any t €[a, b]
(4) f and g .are linearly independent then every other solution can be

written as their linear combination

66.

Let D denote the disc {(x,y) |x* +y* <1} and let D* be its complement in

the plane. The P.D.E
o*u &*u  2*u
2 —_— —_—
(X 1) dx2 tay dxdy dyz
(1) Parabolic V (x,y) € D° (2) Hyperbolic V (x,y) €D
(3) Hyperbolic V (x,y) eD° (4) Parabolic ¥ (x,y) €D

=0 18

'MPH/PHD/URS-EE-2019 (Mathematics) Code-A
(18)




Code-A

Quéstions

67.

. : B NN 0 .
Given a partial differential equation x” £ +y’ 5 =(x+y) z. Then which
of the following is not the general solution of the differential equation ? .

1) F [§ - ﬂ) = 0 for an arbitrary twice differentiable function F

Z z : :

@2 F (x =J ] 2 lJ = 0 for an arbitrary twice differentiable function F
5 Xy :

3) 3 z=1 (l - l) for an arbitrary twice differentiable function f
X

y

4) z=xyf (i - %] for an arbitrary twice diﬁ'erentiable function f

68.

The Cauchy problem

2u +3u =5, u=1ontheline3x—-2y=0

has _

(1) exactly one solution" (2) exactly two solutions
(3) infinitely many solutions. (4) no solution

69.

Let u be the unique solution of

du u

s where (x, t) €(0, 1) X (0, )

u (x,0) =sinzx, x €(0,1)

u0,t)=u(l,t)=6, t (0, »)

Then which of the following is true ?

(1) 3(xt)€(0,1) X (0,)s.t. u(x,t)=0

@ 3(xt)e(0,1)X(0,) s.t. %1 (x,t)=0

(3) the function e‘u (x, t) is bounded for (x, t) €(0,1) X (0, =)

@ 3(xt)e(01)X(0,0)s.t. u(xt)>1

MPH/PHD/URS-EE-2019 (Mathematics) Code-A
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Q“:ﬁfi"“l Questions
70. | Let u (x, t) be the solution of the initial value problem
2 2
%t—l:= 2;:: - a e 0) =%, %%(x, 0) =sinx
Then u (r, =) is
1 4x* @) 2r @ 0 4 4
71. | Let f (x) be a polynomial of unknown degree taking the values
X o FPOR 3
fx)| 2[7]13]16
& | - _
All the fourth divided difference are —=- Then coefficient of x* is
= | 1
@) Tl 2 3
@ 4. | 4 16
72. | The iterative method x o =g &) for the solution of the equation
%2 — x — 2 = 0 converges quadratically in a neighbourhood of the root
x = 2 if g (x) equals |
@ x*-2 @ 12
2 Xg +2
@ (x-2)°-6 @i
3. | The forward difference operator is defined as Au, =u,, —U,.
Then which of the following difference equation has bounded general
solution ? |
(1) ANu, - 35‘% +2u =0 2) Azu_n +Au, +iun =4
@) Au -20u,+2u,=0 (@ Au,, —§A2 u, =0"

VIPH/PHD/URS-EE-2019 (Mathematics) Code-A
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74. | Giventhe following statements -
I =1 E—l
' 8, [T
II: E= 1+—§—+ 1+Z-
Then
(1) Iistruebutllis false (2) Iis false but ILis true
(38) BothI and II are false (4) BothI and II are true
75. | The expression of local error of Runge-Kutta method of order 2 is of
the form
R
W 5 (fx +2£, £2-2££ )+ 0 (h*)
h’ 2 .
@ - (f.+2f, £2— 2£,£,)+0 (h*)
]Il3 2 2 4
B = (£, +2ff +f fy—2£f, - 2££)+(h)
(4) None of these
76. | Let Xy, X,, X;, X,, X, be ii.d random variables having a continuous
distribution function. Then
P >X,>X, > X, > X /X = mpx (X, X,, X,, X,; X,)) equals
| 1 | 1
(1) 5 @) ]
1 1
® 7 @ -

MPH/PHD/URS-EE-2019 (Mathematics) Code-A
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No.l- Questions
77| Consider a Markov chain with state space {0, 1, 2, 3, 4} and transition
matrix
0 01 2 3 4
P=1 (1 0 0.0 OT
(T T
U S
8.10.g:5-32
; O
\0 0 0 0 1)
lim (n)
Then ,,—, o Dy, €quals
oF ) |
| @ 3 @ 3
@& 0 @1
78. | Consider the function f (x) defined as

f(x)= ce™, xelR

For what value of ¢ is f a probability density function ?

: 4 3
s 9 [l)
) rm . ® 11
2 | 1

i
@4Wﬂ

MPH/PHD/URS-EE-2019 (Mathematics) Code-A
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79. | Given the observations 0.8, 0.71, 0.9, 1.2, 1.68, 1.4, 0.88. 1.62 from the

uniform distribution on (8-0.2, 0+ 0.8) with —0 <6 <o, Which of the
following is a maximum likelihood estimate for § ?

@ 07 (@ 11 (3 13 4 09

80.

Suppose thatle,+[2ylsl; X20,y20. Then the maximum value of
9x+4yis TE '
@ 1 @ 2 @A) 3 @ 4

81.

—t2

gl -2 ~ltl i
Let y (t)=e =2 and ¢ (t)= e——;E—.

Which of the following is true ?
(1) ¢ is a characteristic function but v is not

(2) v is a characteristic function but ¢ is not

(3) meither ¢ nor Y is a characteristic function

(4) Both ¢ and y are characteristic functions

82,

If bxy =0.20 and r. =0.50, Then byx is equal to

(1) 020 @) 025
3) 050 | @ 125

83.

Let R X tirss , X_be independent random variables ; X having exponential :
distribution with parameter 8;,1=1,2,..., n. Then Z =Min X b X)
ias

(1) normal distribution

2 geometric distribution .

(3) exponential distribution with parameter Z 8,

(4) None of these e

MPH/PHD/URS-EE-2019 (Mathematics) Code-A
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Qulgs;fon Questions
84. | In queueing description M|M| 1, the arrival and dep arture distribution
are
(1) Binomial (2) General
(3)I Both Markovian (4) None of these
85. | Successful life of product, time, weight and height are classified as |
(1) continuous- random éariable f=-
(2) discrete random va;'iable'
(3) continuous time Yariable
(4) None of these |
86. | If a random variable X has a Chi-Square distribution with 4 dégree of
| freedom, then its mean is equal to
1 2 2) 3 3) 4 (4) None of these
87. | In a Latin Scjuare Design, if factors A, B, C and D have levels 8, thén the
total number of cells in the desigr‘al is
1) 4096 '@ 64
(3) 512 (4) None of these
88. | If a system has two components in parallel with e'ach. of reliability 0.75,

‘then the reliability of the system is equal to
(1) 0.9375 (2) 0.9753
3) 0.7935 (4) None of these

MPH/PHD/URS-EE-2019 (Mathematics) Code-A
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89. | Let (v, b, r, k, w) be the standard Parameters of g balanced incomplete

(1) v, b,r, k,w) = (44, 33,9, 12, 3)
@ (v, b,r, kw) =17, 45,8, 3,1) |

| 3) (v, b, r,kw)= (35, 35, 17? 17, 9)

@ w,b,r, k,w) = (18, 24,9, 6, 3)

100 tickets are marked 1, 2, . » 100 and arranged at random.

: 1 1
1 @ 1 2) 1z
1 : i

3 - 4) 5

Let X ~N, (E’ E), where L=(1, 1, 1) and

r S |
Z=1 3 (|
| 5
The value of C such that X, and — X + X, - X, are independent ig
M o @ -2 3 2 @ 1 J
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92, | Assume that X ~ Binomial (n, p) for some n=1 and 0<p<land¥~
Poisson (1) for some A > 0. Suppose = [X]=Z [Y] '

Then

(1) Var (X)=Var (Y)

@ Var (X)<Var (Y)

@) Var (Y)< Var (X)

(4) Var (X) may be larger or smaller ¢han Var (Y)

93. | Let X, Y be independent random variables and let Z= XX +3 If X has
characteristic function ¢ and Y has characteristic function v, then Z

has characteristic function 0 where

© 0B)=eo@)y(2) @ 0(f)=eT0 (%) ""(—%)

o sreraely) @ vw-emo ]

94. | Consider LPP:

_ Minimize :z= — 2x—5y

subject to : 3x+4y =25, x20, y2 0.
Which of the following is corréct ?

(1) Set of feasible solutions is empty
(2) Setof feasible solutionsis non-empty but there is no optimal solution

(3) Optimal value is obtained at (0, _2-)

(4) Optimal valueis attained at (5’ 0)

MPH/PHD/URS-EE-2019 (Mathematlcs) Code-A
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95. | (X, Y) follows the bivariate normal distribution N, 0, 0, 1, 1, P),
—1<pP <1.Then -

(1) X+Y and XY are uncorrelated only if P =0

(2) X+Yand X-Y are uncorrelated only if p <0

(8) X +Y and X -Y are uncorrelated onlyif P >0

1@ X+Yand X-Y are huncorrelated for all values p

96. | Let (X, X,, X, X,) be an optimal solution to the problem of minimizing
X, +X,+X, +X,

subject to the constraints
X +X, 2300, X,+X, > 500,X,+X, > 400, X, +X, > 200,X, > 0,X, > 0,

X, > 0, X, >0.

Which of the following is a possible value for any X ?

(1) 300 , (2) 400

(3) 500 : (4) 600

| C)—
Y
97. | A system consists of 3 components arranged as — . {Cy-
G

Each of the components C,, C,, C, has independent and identically
distributed (i.i.d) lifetimes whose distribution is exponential with mean
1. Then the survival function, S (t), of the system is given by

(I SH=e*t>0 @) SH=QAQ-eH2et t>0 _

@ S®H=010-eMet, t>0 @ S@t)=(1-(1- e?) et t>0

MPH/PHD/URS-EE-2019 (Mathematics) Code-A
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98. | Let X, X,, ...., X, be a random sample from N(p.., cf) where p and o® are

unknown. Consider the problem of testing H,: p=2 against H,: p>2.

Suppose the observed values of X5 Xy, wous , x,are 1.2, 1.3, 1.7, 1.8,2.1, 2.3,

9. 7. If we use the uniformly most powerful test, which of the following

is true ?

(1) H, is accepted both at 5% and 1% levels of significance

(2) H, isrejected both at 5% and 1% levels of significance

(3) H, is rejected at 5% level of significance, but accepted at 1% level of
significance

4) H,is rejected at 1% level of significance, but accepted at 5% level of
significance :

99. | Let N, denote the number of accidents up to time t. Assume that {N,} isa

Poisson process with intensity 2. Given that there are exactly 5 accidents
during the time period [20, 30]. What is the conditional probability that

there is exactly one accident dusing the time period [15, 25] ?

E ~20 }é -10 -20 l
(1) 39 e (2 29 e (3) 20e 4) 5

100. | Suppose there are K groups each consisting of N boys. We want to estimate

the mean age p of these uN boys. Fix1<n< N and consider the following

two sampling schemes : ' '

I. Draw a simple random sample without replacement of size kn out of
KN boys ' |

II. From each of the K groups, draw a simple random sample with
replacement of size n.

Let Y and ?G be the respective sample mean ages for the two schemes.
Which of the following is not true ? :

1) E(Y)=p

@ E(Y)=u

(3)- Var (?) may be less than Var (Y_G) in some cdses

(4) Var (‘_f ) =Var (T’G) if all the group means are same.

MPH/PHD/URS-EE-2019 (Mathematics) Code-A
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Question :
No. Questions
1. | Letf (%) be a polynomial of unknown degree taking the values

b 011 2 3
f(x) 2| 7] 13 | 16

All the fourth divided difference are :61 Then coefficient of x® is

-9 ' 1
(1) £ 2 3
3 -1 4) 16
2. | The iterative method X, = g (x) for the solution of the equatidn
x* — x — 2 = 0 converges quadratically in a neighbourhood of the root
x=2if g (x) equals
2 ' e
1) x*-2 2) 1+;
. x*+2
3) (x-2f'-6 o
3. | The forward difference operator is defined as Au,=u,, —u_.

Then which of the following difference equation. has bounded general |

solution ?

(1) A'm,-3Au, +2u, =0

@) Au,+Au, +iun =0

@) Au,-2Au, +2u, =0

@ Ku,, -8, =0

MPH/PHD/URS-EE-2019 (Mathematics) Code-B

(1)




Code—-B

Questio
No.

Questions

Giiven the following statements :

I:v=1-E"

82_ T
II: E=1+—2-+1‘1+Z.

Then
(1) listruebutIlisfalse  (2) I is false but II is true

(3) Both I and II are false (4) BothI and II are true

@®

The expression of local error of Runge-Kutta method of order 2 is of

the form

1) %— (£, +2f, £ -2£f,)+0 (h)

3
@ % (£, +2£, £ -2£4,)+0 (b*)

h® ‘
5 (£, +of £+ £ —2f f, — 2 f])+(h*)

(4) None of these

133, & @

Let X,, X,, X,, X,, X; be i.i.d random variables haying a continuous

distribution function. Then
P(X,>X,>X,>X,>X,/X, = max (X,, X,, X5, X, X)) equals

1 3 1
5 1 3) 5 @ =

MPI/PHD/URS-EE—2019 (Mathematics) Code-B
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.7. Consider a Markov chain with state space {0, 1, 2, 3, 4} and transition

matrix
0 0 1 2 3 4
Bsadr (110, 6,603
oyl ST AE |
®[35300
1-1 1 .'
31053350
T3 1
4 0 0 33 3
\0 0 0 0 IJ
Then nh__;n p;, equals
(1) 3 (2)_-2“
3 0 @ 1
8. | Consider the function f (x) defined as

f(x)=ce™, xeR

For what value of ¢ is f a probability density function ?.

R _3

1 - 49

1 r ZJ (2) P(§)
_2 il

1 1
o ] @ ar(1]

MPH/PHD/URS-EE—2019 (Mathematies) Code-B
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Q“I?JS;'TO Questions

o. | Given the observations 0.8, 0.71, 09, 1.2, 1.68, 1.4 0.8, 1.62 from the
uniform distribution on (6-02, 8+ 0.8) with —0<8 <. Which of the
following is a maximum likelihood estimate for 6 ?
(1). 0.7 @) 1.1 3) 1.3 (4) 0.9

10. | Suppose thatl3xl+]2y‘$1; x>0, y=20. Then the maximum value of
9x+4yis ;
1 1 @ 2 3) 3 4) 4

11. | A load slides without friction on a frictionless wire in the shape of cycloid
with equation x=2 (6—sind), y=a (1+cos0), 0<6< 27.
The the Lagrangian is
(1) ma?® (1+ cos 0) 6’ — mga (1+cos®)
2 ma®(l+ cos 0) 8’ —mga (1—cosB)
(3) ma® (1—cos 0) 6> —mga (1+ cos 0)
(4). ma® (1—cos 0) 6” +mga (1+cos 0)

12. | Consider the two dimensional motion of a mass m attached to one

end of a spring whose other end is fixed. Let K be the spring constant.
The kinetic energy T and the potential energy V of the system are

given by

1 4. ; 1 . dr ,_do
=§m(r2 +(6)*), V=§ 4 = 0 S
Then which of the following statement is correct 7
(1) risignorable co-ordinate |
(2) 6isnotan ignorable co-ordinate
3) 1’6 remains constant throughout the motion

(4) 10 remains constant throughout the motion

MPH/PHD/URS-EE-20 19 (Mathematics) Code-B
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13. | A body, under the action of no forceés, moves so that the resolved part of
its angular velocity about one of the principal axes at the centre of the
gravity is constant. Let A, B, C be the principal moments and Wy, Wy, W,
be the angular velocities about the principal axes at C.G. Consider the
following statements : |
! I : The angular velocity of the body is constant _ |
; [I:Av'vlw1+Bv'v2w2+Cwaw3=0
Then : -
(1) Statement I is true but IT is false
(2) Statement I is false but IT is ‘true
(3) Both the statements I and II are true

(4) Both the statements I and IT are false.

14. | Given that the Lagrangian for the motion of a simple pendulum is

L=%m82 92+mg£ cos®, where m is the mass of the pendulum hob

2

(1) H =2m€2+mg£’ cos O

p2

(2 Ef—z—mgfcosi-):H
2

3) H=—%E-mg£cose'

m

2

4) H=2if£2+mgfcose

MPH/PHD/URS-EE-2019 (Mathematics) Code-B
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15.

The adm1351ble extremal for
{e" 2 42e" (y+Y )} dx,
where y (log 3)=1and y(0) is free, is

1) 4-¢ 2) 10-e* (8) e*—38 (4) ‘et =

16.

Consider the functional I [y]= I{(y (x)) +(v'(x)) } dx

subject toy (0) =1 and y (1) = 2. Then
(1) there exists an extremal y ec' ([0, 1)) \¢c ¢ ([0, 1))
(2) there exists an extremal y €c{[0, 1))\e ¢ ([0, 1))

(8) mno extremal y belongs to € ([0 1])
(4) every extremaly belongs to c* ([0, 1))

17.

Given a problem of calculus of variation
1

J[y]= I[2y + (y‘ﬂ dx subject toy (0)=0, ¥ 1)=
0

The value of Inf J [v] is

o 21 18
D 53 . @ o4

23 .
(3) 12 : (4) Does not exist

18.

Ify is a solution of the integral equation .

y(x)=1+ f(x —t) y (t) dt. Then

(1) iy(x) dx <o __ @) I ——- <o

B) y®is periodic in R (4) yis bounded but not periodic in R

MPI—IIPHD[URS—EE—2019 (Mathematics) Code-B
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No. Questions
19. | The value of the solution of the integral equation

y (x)—1+2x +4x* =f{6 (x—t)+x—4 (x—.t)z}y(t) dt

at x =log 5 is equal to

s @z @4 @i

20.

- X 2
If g is the solution of [(1-x?+ %) g(t)dt= "?

Théng (ﬁ) equals
(1) Jo2e? 2 J2e”

@) J2¢ @) 2

21.

Let C (t) =3e", 0<t<2n be the positively oriented circle of radius 3

centered at the origin. The value of ) for which
A
¢ dz = ¢ - . dz is
z—2 z°—5z+4 .
C C
1

1 =)
1) 2=0 (@ Ar=1 ®3) ng (4) )“‘3

22.

Let f be real valued harmonic function of complex variable and
g= fx—ify sh=1 +ify. Then

(1) gand h both are holomorphic functions

(2) both g and h are identically equal to the zero function
(3) gis holomorphic but h need not be holomorphic function -

(4) his holomorphic but f need not be holomorphic function

MPH/PHD/URS-EE-2019 (Mathematics) Code-B
' @)




Code—-B

Q“I‘fféi“‘ Questions

93. | How many elements does the set

{ze([:z"“:—l, 7z # -1 for 0<k60} have ?
o

(1) 45 (2) 32
3) 30 | T (4) 24

24. | The number of roots of the equation z° —12 z2+14=0thatliein the region

{ze([ : 2$|z|<%} 5

1 3 2) 4 3) 2 4 b
g dz 1
25. | The integral.ll;z‘=1 A is
@ O° - | @) (in) (e_—- e™)
@ e+e’ L@ den

26. | Let p be a prime number. How many distinct sub-rings (with unity) of
cardinality p does the field F, have ? g

®»p @ °p*

@ 1 4 O

27. | LetS, denote the permutation group onn symbols and A, be the subgroup
of even permutations. Which of the following is true ? '

(1) there exists a finite group which is not a subgroup of S_for any n= 1
(2) every finite group is a quotient of A_ for some n= 1

(3) every finite group is a subgroup of A for some n >1

(4) no finite abelian group is a quotient of S, for n>3

MPH/PHD/URS-EE-2019 (Mathematics) Code-B
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28. Let S be the set of all integers from 100 to 999 which are neither divisible

by 3 nor divisible by 5. Then the number of elements in 5 is
(1) 240 - ) “360
(3) 420 (4) 480

29. | Considerthe ideal I =< (x2 + 1) »¥ = in the polynomial ring € [x, y]. Which
of the following statements is true ? :

(1) Iisamaximalideal

@) | I is a maximal ideal but not a prime ideal

l&
(3) lisprime ideal but not a maximal ideal

(4) lis neither a prime ideal nor a maximal ideal

30. | Letf:Z 52142 X (Z 16 2) be the function defined by
f(n) = (m mod 4, n mod 6). Then

(1) Kernelof f=247
(2) Image of fhas exactly 6 elements

(3) (amod 4, b mod 6) is in the Image of f, for all even integers a and b
(4) (0O mod 4, 3 mod 6) is in the Image of f

: x* 1 3] [1 3 Ae
3L | Let f(x,y) ==, (x, y)e|= 5’ g |- Then the derivative of fat (1, 1)

] P el P ]
v 2l 12
along the direction (1, 1) is
(1) 1 (2 2 .3 0 ) =2

MPH/PHD/URS-EE-2019 (Mathematics) Code-B
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32. Which of the following statement is not correct
(1) ifFis closed and K is compact, then Fr K is compact

@=1,2, ), then (K, 18 empty

n=1

(3) Every closed subset of a compact set is compact

| (4) The set {X . x e Rand x (::c2 —-6x+ 8)'= 0} is compact

@ if {K;} is a sequence of nonempty compact sets s.t. K. c K,

33, | Let X={x: x=(x X,,%,) X; R, Xi +x? +x2 <16}. Then
(1) Xhas no limit point in R

@ X has a limit point in B

3) Xis compact

(4) All of the above statement are true

34, | Let A, B benXn matrices. Then trace of A? B?is equal to
(1) trace ((AB)z) @) (trace (AB))2
| @) trace (AB’A) (4) trace (BABA)

35. | Letf g h be the functions frdm R3to IR? such that

X A X X = X |
fly =( ]:g y =(xy]!h y =( }: Y—EBS
| X+y X+ X+

Z Z Z

Z

Then

(1). onlyfisa linear transformation
(2) onlygisa linear transformation
(3) onlyhisa linear transformation

transfox_'mation

(4 f and g are linear transformations but h is not a linear

MPH/PHDIURS—EE-—20 19 (Mathematics) Code-B
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91 31 0
29 31 O |hasan inverse in the field Z/pZ.
79 23 59
Then
(1) S={31} ' 2 {31,59
1 @ S={7, 13,59} (4) Sis in_ﬁn.ite

respect to this basis. Then

(1) trace (A) =1 |
(2) Thereisno n elN st A"=0
(3) A has non-zero eigen value

(4) det (A) = 0

37. | Let V be the vector space I-of all real Polynomials of degree <10.
Let TP(x)=P' (x), for P €V, be a linear transformatmn from V to V.
Consider the basis Lt - ox “1 of V. Let A be the matrix of T with

38. | Given a matrix

0 sin®
A=[G§;9 S;ne],e——?f ThenA ’ is equal to -
- cos

1 1 2 A

0 1 ’ cos130 sin130
@ [ 0 : @) —8inl30 cos136

MPH/PH])/URS~EE—-2019 (Mathematlcs) Code—B
(1 I) ¢

NS




Questio! -
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3 -1 0
39. | Givena matrix|-1 2 “1|. Then this form is
% e

(1)' : negative definite
) positive déﬁnite
(3) mnon- -negative definite but not positive definite

(4) - neither negative definite nor positive  definite

40. | Let W, and W, be subspaces of IR? given by
W, ={(x v.2) cR®/x+y+z=0}

W, ={(x, v,z) e R} /x—y+2= 0} :
IfWisa subspace of R’ such that

(1) WNW, = space {0, 1, 1}

of R®.
Then
1) W =Span {(0.1-1) (0,1,1)}
@ W =Span {(1,0,-1) (0,1,-1)}
8) W=>Span {(,0-1), (0.1 1)}
4) W =Span {(1,0 1), (1,0,1)}

i) WOW,= orthogonal to WNW, with respect to the usual inner product

MPHJPHD/URS—EE-—2019 (Mathematlcs) Code-B
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41.

The value of C such that X, and — X, +X, - X, are independent is
1 -0 (2) 2 3 2 4 1

42,

Assume that X ~ Binomial (n, p) for some n>1and 0< p<land Y~
Poisson (1) for some A > 0. Suppose = [X]=Z[Y]. '

| Then

(1) Var (X)=Var (Y)

@ Var (X)< Var (Y)

3) Var (Y)< Var (X)

(4) Var (X) may be larger or smaller than Var (Y)

43.

Let X, Y be independent random variables and let Z= = ; 2 +3 If X has
characteristic function ¢ and Y has characteristic function v, then Z
has characte;'istic function 6 where

(D) 6(t)=e¢ (2t) y (~2t)

|@ o()=c"s (5) i (_ %J

B 0 (=9 GJ Y (“.;IJ
@ 0@=cs @ v (1215)

'MPH/PHD/URS-EE-2019 (Mathematics) Code-B
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44,

Consider LPP:

Minimize : z= — 2x— 5y

subject to : 3x +4y 2 5, x2 0, y=0.
Which of the following is correct ?

(1) Setof feasible solutions is empty
(2) Setof feasible solutions is non-empty but there is no optimal solution
(3) Optim a] value is obtained at [0, _j:]

5
(4) Optimal value is attained at [5, 0]

45.

(X, Y) follows the bivariate normal distribution N, (O, 0,1, 1, P),
—1<p<1.Then '
(1) X+Yand X — Y are uncorrelated onlyif P =0

2 X+YandX- ¥ are uncorrelated only if P < 0
3) X+Y and X-Y are uncorrelated only if P > 0

(4) X+Yand X — Y are uncorrelated for all values P

46.

Let X, X, X; X, be an optimal solution to the problem of minimizing
X1 + XZ + X3 * X4

subject to the constraints

X, +X; = 300, X+, 2 500, X, + X, = 400, X, +X,>200,X, 20X, 2 0,

X, 2 0,X, 2 0.

Which of the following isl a possible value for any X, ?
(1) 300 @) 400

(8) 500 ' (4) 600

MPHIPHD/URS—EE—2019 (Mathematics) Code-B
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47. | A system consists of 3 components arranged as —

C)

- A
Each of the components C,, C, C, has independent and identically

distributed (i.i.d) lifetimes whose distribution is exponential with mean

1. Then the survival function, S (t), of the system is given by
1) S®=et>0 @ SEH=(1=etet t>0
@ S=0-eMett>0 @) SH=01-(1-eY) e, t>0

48. [ LetX,X,, ...., X be a random sample from N(u, c’) where p and o? are
unknown. Consider the problem of testing H,: 1 =2 against H:p>2.
Suppose the observed values of x, x,, ....., x, are 1.2, 1.3, 1.7, 1.8, 2.1, 2.3,
| 2.7. If we use the uniformly most powerful test, wlnch of the following
is true ?

(1) H,is accepted both at 5% and 1% levels of signiﬁcange
(2) H,is rejected both at 5% and 1% levels of significance

(3) H, is rejected at 5% level of significance, but accepted at 1% level of
significance

(4) H, is rejected at 1% level of significance, but accepted at 5% level of
- significance

-

49. | Let N, denote the number of accidents up to time t. Assume that {N } isa
Poisson process with intensity 2. Given that there are exactly 5 accidents
during the time period [20, 30]. What is the conditional probability that
there is exactly one accident dusing the time period [15, 25] ?

16 ., el EN

N 5 @ e 3) 20 (@

32 32 5

MPH/PHD[URS—EE 2019 (Mathematics) Code-B
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50.

Suppose there are K groups each consisting of N boys. We want to estimate
the mean age i of these uNboys. Fix1<n< N and consider the

following two sampling schemes:
1. Draw asimple random samp
KN boys '

II. From each of the K groups,
replacement of size 1. '

Let Y and Y be the respective sample me
Which of the following is not true ?

@ E(Y)=n

@ E(Y)=nr

3) Var (?) may be less than Var (-?G) in some cases

(4) Var (?) =Var (?G) if all the group means are same.

le without replacement of size kn out of

draw a simple random sample with

an ages for the two Bchemes-.'

51.

If f (x) and g (%) are two solutions of

cos xgz—-k sinx%—(l +e"’).y =0 X e(-'_—;, 1;—)
such that £(0)=+2, £(0)=1; g (0)=—+2, g (0)=2.
Then Wronskian of fand gis
I | (2 3J_2— cosXx —X

4) 0

(1) 3cos x'-
3) 3+/2 cosx

52.

The critical point (0, 0) of the system

dt
(1) unstable node

AN AT .
_9x_Ty, =2 =8x-8yis
XYy dat XI’Y

(2) asymptotica]lf stable node

(3) unstable spiral point 4) asymptotically stable spiral point

MPHIPHD[URS—EE—%IQ (Mathematics) Code-B
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33. | Givena boundary valye problem
y'(x)+Ay(x)=0; ¥(0)=0, y(x) =0
Set of its eigen values is
| | 3 {n2 ‘ne z*} 4 {v’?{ ‘ne z*}
54,

The limiting value of y (%), as x — ©, where y (x) is the solution of

y'(x)=ay—-by2;a,b>0,y’(0)=y0,willbe 1%
™ o @ % @Y @ y,
55. Given a differentia] equation

X" (t)+p (t) x’ (t)+q (t) x (t)=0; p (t), a(t) eC? [a, b].
Let f(t) and g (t) be its two soluti

| O fand gare linearly dependent and W (fg) ( t)=0Vvte

(2) fandgare linearly in dependent and 3 tg (a,b) s.t.

(3) fandgare linearly in dependent and W (fg) (t) = 0

(49 fand g are linearly independent th
written as their linear com bination

[2, b]

W(t,)=0
for any t €[a, b]
en every other solution can be

56. | Let D denote the disc {(x, y) X% +y% < 1} and let De

the plane. The P.D.E
o*u ’u 9%y .
2 _1 e e
(x ) dx2'+2y i3 15 0 is
(1) Parabolic v (_x, y) eD*

(8) Hyperbolic v (x,y) eD"

be its complement in

(2) Hyperbolic ¥ (x, y) eD
@ “Parabolic Vv (x,y)eD

MPH/PHD/URS—EE—2019 (Mathematics) Code-B
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57. | Given a partial differential equation X' ——+¥ 7= (x +y) z. Then which

of the following is not the general solution of the differential equation ?

Q F (?‘;Y- 2= - Y) _ 0 for an arbitrary twice differentiable function I

2 F (x =7 : 15 -1-) — 0 for an arbitrary twice differentiable function F
Z :

S
@ z=f [i - -}1}) for an arbitrary twice differentiable function f

(4 z=xyf (l - l] for an arbitrary twice differentiable function f
X ¥

58. | The Cauchy problem

2u +3u,= H,u=1 on the line 3x— 2y =0

has

(1) exactly one solution (2) exactly two solutions
(3) infinitely many solutions (4) nosolution

59. | Letube the unique solution of

2
%':_ = %x% . where (x,t) (0, )X (0,0)

u (x,0)=sinnx, X € (0,)

u(0,t)=nu (1,t)=6,t (0, )

Then which of the following is true ?

1 3(xt e(0,) X (0,) s.t. u (x,t)=0

@ 3IE®Y (0,1 X (0, ) s.t. %:— (x,£)=0

(3) the function e‘u (%, t) is bounded for (x,t) €(0,)X (0, «0)
@ 3(x1)e01)X(00)st 0 (x,t)>1 ol

MPH/PHD/URS-EE-2019 (Mathematics) Code-B
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60. | Let u (x, t) be the solution of the initial value problem

2 2
%:% ;u(x, 0)=x°, %tu-(x, 0) =sinx

Then u (r, ) is.

61.

D 47* @ 2n° ® 0 @ 4
-8 .

Let v (t)=¢ "% and o(t) = ﬂ;—eﬁ—.

Which of the following is true ?

(1) ¢ is a characteristic function but 1 ié not

(2) v is a characteristic function but ¢ is not

(3) neither ¢ nor v isa characteristic function

(49) Both ¢ and y are characteristic functions

62.

If bxy =0.20 and r,, = 0.50, Then bW is equal to
(1) 020 (2) 0.25
(3 0.50 4 125

63.

| Let XX, ...... X_be independent random variables ; X. having exponential

distribution with parameter 0,1=1,2,..., n. ThenZ=Min X, X, ...y X)
bk .

(1) normal distribution

(2) geometric distribufion

(3) exponential distribution with parameter i 0;

(4) None of these +

MPH/PHD/URS-EE-2019 (Mathematics) Code-B
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64. | In queueing description M|M]| 1, the arrival and departure distribution
are
(1) Binomial .. (2) General
(3) Both Markovian (4) None of these

65-. Successful life of f)roduct, time, weight and height are classified as
(1) continuous random variable
(2) discrete random variable
(8) continuous time variable
(4) None of these -

66. | Ifa random. variable X has a Chi-Square distribution with 4 degree of
freedom, then its mean is 'équal to act 42
(1) 2 @) 3 3) 4 (4) None of these

67. | In a Latin Square Design, if factors A, B, C and D have levels 8, then the
total number of cells in the design is
(1) 4096 @ e

|1 (3) 512 (4) None of these
68. | If a system has two componeﬁts in parallel with each of reliability 0.75,

then the reliability of the system is equal to
(1) 09375 (@) 09753
(3) 0.7935 (4). None of these

VPH/PHD/URS EE-2019 (Mathematics) Code-B
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69. | Let (v, b, r, k, w) be the standard parameters of a balanced incomplete
block design (BIBD). Which of the following (v, b, r, k, w) can be parameters
of BIBD ?

(D) @b, r kw =44, 33,9, 12, 3)
(@ b1, kw)=(17 45,8 3 1
@) @b, r,kw) =(35,35 17, 17, 9)
@ .brkw=(162409 6 3)

70. | 100 tickets are marked 1, 2, ... , 100 and arranged at random.

Four tickets are picked from these tickets and given to four persons
A B, CandD. What is the i::robability that A gets the ticket with the
largest value (among A, B, C, D) and D gets the ticket with smallest value
(among A, B, C, D) ? pu.,

1 1

(1) 1 2 12
= | 1
(3) 2 “4) o

71. | Let S. denote the group of permutations of the set {1, 2, 3, 4, 5, 6,7}.
| Which of the following is true ?

(1) There are no elements of order 10 in S?
(2) There are no elements of order 8 in S,

(8) There are no elements of order 7 in S,

(4) There are no elements of order 6 in S,

MPH/PHD/URS—EE—2019 (Mathematics) Code-B
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72. | The number of group homomorphism from Z,, to Z,, is
1@ O {2y % @) b _ 4) 10

73. | Let Aut (G) denote the group of automorphisms of G for a group G. Which

of the following is true ?

(1) If G is cyclic, then Aut (G) is cyclic

) If G is finite, then Aut (G) is finite

(3) If G isinfinite, then Aut (G) is infinite

4) If Aut (G) is isomorphic to Aut (H), where G and H are two groups,
then G is isomorphic to H.

74, | Let f(x)=x"—105x+12. Then which of the following is correct ?
1) fxis reducible over Q

(2) 3 aninteger m s.t. f(m)=2

(3) 3 aninteger m s.t. f (m) = 105

(4) f(m)is not a prime number for any integer m.

75. | The degree of splitting field of x*—1 ove & is
(1). 2 2 4 3) 1 4 0

76. | Let f: R> R bea continuous map. Which of the _following is a correct
statement ? '

| (1) fisbounded

(2) Image of fis an open subset of R

@ fA)is bounded for all bounded subsets A of R

4 £-1 (A) is compact for all compact subsets Aof R

MPH/PHD/URS-EE-2019 (Mathematics) Code-B
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77. | LetA and B be topological spaces where B is Hausdorff, Let A X B be the
given product topology. Then for a function f: A — B which of the fo ollowing
statements is necessarily true ?

| (1) ifBis finite, then fis continuous

(2) iffis continuous, then graph (€)= {(x fx)/x e A} isclosed in A x B
(3) ifgroup () is closed in A x B, then fis continuous

I (4) if group () is closed in A x B, then fis continuous and bounded

78, | Let Abe a subset of IR and A = =[V., where for each n > 1,V_isan open

nzl

dense subset of IR. Which of the following are incorrect ?
(1) Aiscountable (2) Aisuncountable

@) Aisdensein R (4) Ais a non-empty set

79. | Let X be a topological space and leU be a proper dense open subset of X.
Choose the correct statement : '

. (1) IfXis connected, then U is connected

(2) IfXis compact, then U is compact
(8) XX iscompact, then X\U is compact
(4) If X\U is compact, then X is compact

80. | Let G be an open set in R™. Two points x,y € G are defined to be equivalent
if they can be joined by a continuous path completely lying inside G. Then

r | number of equivalent classes is
' (1) only one (2 at most countable

' (8) at most finite (4) can be finite or uncountable

MPH/PHD/URS—EE—20 19 (Mathematics) Code—B
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81.

Which of the following matrices is not diagonalizable over .lR. ?

(2 0 1 : 210
1) |0 80 . ®@ |0 3 0
| 0 0 2 003
S = ' 1 1]'
gy |+ 4
® (57 [}
1l 1)
| : 12222
82. | The rank of the matrix |1 2 8 3 3|is
12 8 44
1l 2 3 4 5
(1) 2 (2 3 | @ 4 4 6
s | 1
83. | Let A=|1 1 1|,b=}3
2 3 a B

| (4) an infinite number of solutions whenever o # 2

Then the system AX =b over the field of real numbers has
(1) no solution wherever =7
(2) aninfinite number of solutionsif a =2 and g =7

(3) wunique solution if o # 2

MPH/PHD/URS-EE-2019 (Mathematics) Code-B
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84. | Which of the following subset, of IR*is basis of R4 ?

| B, ={(1,0,0,0), (1,1,0, 0), (1,1,1,0), (1,1, 1, 1)}

B, ={(1,0,0,0), (1,2 0,0), (1.2,30), (1,23,4)}

B, {(1.2.0,0), (0,01,1) (21,00), (~5,5,0, 0)}

(1) B, and B, but not B, (2) B, B,and B,

(3) only B, (49) B, and B, but not B,

85. | Let A be an invertible real nxn matrix. Let F. Re . R* >R defined

DF (x, y) denote the derivative of IF at (x, y) which is a. lin
from R*x R2 _, R. The which of the follo
(1) ifx#0, then DF (x,0) %0
(2) ifx#0, then DF ©, y) #0
(3) ifx=00ry=0, then DF (x, ¥)=0

(4) if(x, ¥)#(0, 0), then DF (x, y)#0

wing is incorrect ?

he inner product of X and y. Let

ear transformation

86. | Let P (n) be a polynomial of degree d> 2.
the power series 2. P(n)z" is
@ o ot S T

B o (4) depends upon d

The radius of convergence of

87. | The residue of the function f (z) = e""% atz=0ig
(1) Wy e (2) e

B) —-e'm 4) 1-¢!

L
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Let fbe a holomorphic function on 0 <|z I <&, 8>0, given by
Laurent series n-z_:ma z". Also given that lim 200 |f z)l L

We can conclude that

) a,#0anda_ =0 Vn>2

(2 a_=0Vn21

(3) a,#0 ¥nx1

4 a,#0forsomem=>1landa_=0 IVn'_> m

89.

o

Let C denote the unit circle centred at the origin in Argand”
value of the integral P I|1+z+z ]dz When mtegral in
clockwise along C equals

M 1 Tk @ 2
@ 0o 4 3

90.

Let f: €C— T be a non-constant entire function and let Image

| B={weC:zeCst. f(z)=w}.

Then
(1) The interior of image (f) is empty |
(2) Image (f) intersects eirery line passing through the origin

(3) There exists a disc in complex plane which is disjoint from

(4) Image (f) contains all its limit points |

MPH/PHD/URS—EE—2019 (Mathematlcs) Code-B
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91.

Completeness of a metric space is Preserved under
(1) Isometry 2) Homeomorphigm
(3) Continuous function - (4) - Bijective function

92.

Given an interval (-1,1)anda Sequence {a } of elements in it. Thén
(1) Every limit point of {a}is an (S 19 1) I

(2) The limit points of {a,} can only be in 1,0, 1}

(3) Every limit point of {a }isin [-1, 1] |

(4) The limit point of {a,} cannot be in 1,0, 1}

93.

Iffis a function f:R>R gt £(0)=0and If’(x)} S VX, then f(1)isin
(1) (5,6) @ [-4, 4]

94,

(1) Sis divergent serjes (2) Ais finite

(3 S=3 4 S=6

95.

Let x_ (t) = te™ t e IR, n>1. Then the sequence {x } is
(1) uniformly convergent on |R |
(2) asequence of unbounded funectiong

(3) bounded and not uniformly convergent on IR,

4) uniformly convergent only on compact subsets of IR

MPH/PHD/URS—EE—2O 19 (Mathematics) Code-B
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96.

Which of the following is necessarily true for a function f:A —» B

(1) if fas injective, then 3g:B—> As.t. f(g(y))=y Vy eB
(2) if fis injective and B is countable, then A is finite
(8) iffis subjective and A is countable, then B is countably infinite

(4) if fis subjective, then 3g:B—>As.t. f (g()=yVYyeB

97.

100
The difference log (2) — D = is
n=1 385

(1)’ lessthan 0 (2) lessthan 10 101

1

(3) greater than 1 (4) greater than 310 101

98.

Let f be function defined on the set S={x eR, x20, x= nn-!—g, n e]NU{O}}

and f (x) = tan x. Then

(1) fhas a unique fixed point on S

(2) there is no fixed point of fon S

(3) fhas infinitely many fixed points on S
(4) f has finite number of fixed points on S

99.

A function f: R - R need not be lebesgue measurable if
(1). {x eR:f(x)2a} is measurable for each o € §

@2 {x cR:f (x) = o} is measurable for each o € IR

(3) for each open set Gin IR, f (G) is measurable

(4) fis monotone

100.

x+1

Let f(x)=[1+-1—) andg(x);[l+lJ i x>0, then
X X

(1) f(x) and g (x) both are increasing functions
(2) f(x)isincreasing and g (x) is decreasing
(3) f(x)is decreasing and g (x) is increasing
(4) f(x)and g (x) both are decreasing functions
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