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1.

4.

Lot  1s the set of all rational numbers, 7 is the set of all integers and N is the set of all
natural numbers. Then which one of the following statements is frue ?

(1) The set @ x 7 is uncountable,

() The set {7 /s a function from N to {0, 1}} is uncountable.
(3} The set {\i"}: : p is a prime number} is uncountable.

1) None of' these

R ;’ L
s v

S 4 83 ¢
The sequence € —==—=> converges to the limit :
)
\'n

o

n+l

(—1)
Let a,, :—{———I—‘;———. n20 and b, = ).

n!
CONVerges 1o :

-X

(

—

-3

The number of limit points of the set {

(H 1

(3) finitely many

) 1

n

k=0

—X
—e

@ =

1-x

—1-+-1—:m,neN

4) inﬁn‘itely many

(4) Nonc of these

“€£L
ay.n>0. Then for x| < 1, the series Y b,x"

n=0

4) —-(1+x)e™™

Which of the following functions is uniformly continuous on the specified domain ?

"

(1) Ax)=e" —0 <X <D

:
1
Q) H@=1z 2 152s!
0 =9
, . 1x]<1
(3) f3(x) =5 x>
d+x" .
[ x Ix|<1
4) filx =3 2
@) fatx) o [x|>1
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6. For nv & N et ¥ g ot (0, 01) w0 R he functions defined by
* H ' e

i
o
=4

7
-

Fa(®) =x", g, (x) = x"(1- x). Then :

(1) {7} converges uniformly but { g, } does not converge uniformly.
(2) {g,} converges uniformly but { 7, } does not converge uniformly.
(3) both { o} and {g,} converges uniformly.

(4) neither { £} nor { g, } converges uniformly.

7. For which of the following function, Lagrange's mean value theorem is not applicablc ?
) f(x 3
(1) f(x)=x+—1in[l1,3]
x

() f(x)=v25-x* in[-3.4]

() f(x)= in [1. 4]

"3l
4x -1
@ f)=x">in[-1,1]

AL n
8. lim ) ——— isequalto:

= 2,2 3y 2 (4 z
M 3 2 2 O -
. : log x
9. Consider the following improper integrals /; = ,_E(is_i_ de. [, = j 2T .
: o Vl-sinx 0 \.’1~ X
I3 = J : dx, then :
gt e

(1) All are convergent
(2) All are divergent

(3) I, and I, are convergent whereas /3is divergent

4) I, and I, are convergent whereas /, is divergent
: | 3 ) .4 =
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10. Consider the following statements :

P : There exists an unbounded subset of R whose Lebesgue measure is equal to 5.

Q:Iff:R—>Ris cor'ltinuous and g : R — R is such that /' = g almost everywherc on
R, then g must be continuous almost everywhere on R.

Which of the above statements hold true ?
(1) only P (2) only Q
(3) both P and O (4) neither P nor Q
11.  The directional derivative of the function f(x,y,z)= X + yz3 at the point (2, -1, 1)
in the direction of 7/ +2 + 2% is
13
(1) EiCy (2) —%]* 3) —? (4) None of these

12. Let R be the set of all real numbers and R>= {(x, y) : x. y €R}. Let f: R* > R be

if (x,y)# (0, 0). Then which one of

) SR g

2 2y..:

defined by f(x, y)= e )Sm[_g i ),2

0 . if (x,y)=(0,0)
the following statements is frue ? ;
(1) fis continuous but not differentiable at (0, 0)
(2) fis not continuous at (0, 0)
(3) fis differentiable at (0, 0)
(4) None of these

13. Consider the following statements :

P: d, (x,y)=min {2, |x —y|} is a metric for R (the set of all real numbcrs).

el +lw) . ifxz ;
|x[+1yl B X7 Vs a metric on (0, 1)

cdy(x,y)=
Q) { 0 . ifx=y
Then :

(1) both P and Q are true

(2) Pistrue and Q is false

(3) Pis false and Q is true

(4) both P and Q are false

PHD/URS-EE-2022/(Mathematics)(SET-Y)/(A) P.T.O,



14.

15.

16.

17.

18.

Suppose that :

U=R*\{(x,»)eR*:x.yeQ),

V= R? \{(x.y) eR>:x> 0,y =

a{—-

|
%)

Then with respect to the Euclidean metric on Rz,
(1) both U and V arc disconnected
(2) U is disconnected but ¥ is connected

(3) Uis connected but ¥ is disconnected

(4) both U and ¥V are connected

Let X and Y be normed linear spaées and let 7: X — Y be any bijectivc linear map with
closed graph. Then which one of the following statements is frue ?

(1) The graph of T'is equal to X x Y-
2 T s continuous v
(3) The graph of 77! is closed

(4) T is continuous

Let V be a vector space over R? . Which one of the fdllowing is a subspace of V' ?
(1) {(x,y,2):x-3y+4z=0,x,y,z€ R}

Q) {(x,1,2):x+y20,x,y,z€ R}

3) { 3,2):x<0,x,y,z € R}

(4) None éf these

The dimension of the vector space of 7 x7 real symmetric matrices with trace zero and
the sum of the off-diagonal elements zero, is :

(1)47 (2) 28 _ 3) 27 (4) 26
Which of the following is not a linear transformation ?

(1) T(x,y,z)=(x,y) forall (x,y,2) € R®

(2) T(x,y,2)=(x+1,y +2z) forall (x,y,2) € R’

(3) T(x,y,z)=(x —z,y) forall (x,y,z2) € R’

4 Te,y,z2)=(x+y+z0)forall (x,y,z) e R2:.,
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19. Supposc that 77 1 R° — R[x] is a lincar transformation over R satisfying :

20.

21.

22.

23.

24.

25.

PHD/URS-EE-2022/(Mathematics)(SET-Y)/(A)

N=1, 1.1, )= x? +2,*
N1, 2.3, 4)=1- x?
2, =1, =1, 0) = x? < »?

Then the coefficient of x*in T(-3.5,6.0)is

=

(D1 (2) 2 (3) 3 4) 5
0 =1 2
The rank of the matvix {4 3 1] is:
4 2 3
(1 . (2) 2 (3) 3 (4) None of these
The system of equations x + 2y —z=3;3x —y+2z=1; 2x - 2y + 3z =2 has :
(1) no solution . (2) aunique solution
(3) infinite solutions (4) None of these
1 1 =2
The eigen values of the matrix | -1 2 1 | are:
0 1 -1
(1y:=1,:1,2 2)-2,3,4 . (3 1,-1,7 4) 2,-3.5
1 x z

The matrix |0 2 y| is diagonalizable when (x, y, z) equals :
0 0 1

(1) (0,0, 1) ) (1, 1,0) 3) (V2,42.2) 4) (V2.42.2)

Letu=(+14ii~1)and v = (1 +2i, | =i, 2i). Then <u, v>is :

(1) 2-2i (2) -2+2i (3) -2 -2i 4) 2+2i
, 0+
The quadratic form corresponding to symmetric matrix -;— 0 %_— is :
155250
(1) xy+3yz+2zx (2) xy —3yz—2zx
(3) xy+3yz—2zx . (4) None of these

P.iTs0.



26.

27,

28.

28.

30.

31.

A

If the powm serics z a,(z+3-i)" converges at 5/ and (llvcrgcs at =34, then the
n=(0)
power series :

(1) converges at - 2 + 5/ and diverges at 2 — 3/
(2) converges at 2 - 3j and diverges at — 2 + 57
(3) converges at both 2 - 37 and - 2 + 5/

(4) diverges at both 2 — 3iand - 2 + 5/

Which of the tollowma function f(z), of the complex variable z, is not analytic at all the
points of the complex plane ?

A=z (2) f(z)=¢" (3) flz) =sinz 4) ﬂz)flogz

The function flz) of complex variable z = x + iy, where i = +/—1, is given as
f@) =3 - 3xy2)+ v(x, y) . For this function to be analytic, v(x, y) should be :

(1) 3xp%=37%) + constant (2) (3x%y* - ) + constant
(3) (3x2 y— y?’) + constant (4) None of these

Let I' denotes the boundary of the square region R with vertices (0,0),(2,0),(2,2)and °

(0, 2) oriented in the counter- clockwise direction. Then value of c{ (l—yz)a’x+ xdy

r

A8

(1) 12 (2) 15 | | (3) 20 - 4) 25

Let C represent the unit circle centerea at origin in the complex plane and, complex

variable z = x + iy, where i = /- 1. ’Thye value of the contour integral cj‘ 0082]:32 dz

(where integration is taken counter cldckwise) is : i

(1) 0 (2) 2 (3) mi 4) 2m

The coefficient of é in the Laurent series expansion of the function fifz)= —7(—11——)
z7°(l-z

aboutz=0, is :
(1) 1 (2) 0 (3): =1 (4) None of these

PHD/URS-EE-2022/(Mathematics)(SET-Y)/(A)



- 32,

33.

34.

35.

36.

37.

38.

39.

i
The residue of the function f(z2) = — F;f;l . at 7=0.1is :
s (,, o
9 . 1 4
(1) =5 (2) Y (3) - 5 (4) None of these

I'he coefficient of magnification at z = 2 + 3/ for the conformal transformation w = z
I8

(V3 () Vs (3) 27 (4) 2413
az + b . ’ y ) ;

Let 7(2) = v .ad = be # 0, be the Mobius transformation which maps the points z
CZ +«

=0, z5 = —i. zy = o in the z- planc onto the points wy = 10, wy =5 = 5i, w3 =5 +5i

in the w- planc respectively. Then the image of the set S = {z € € : Re(z) < 0§ under
themap w = T(2) is : _

(1) 1“ L(. '11 S (2) {xvec:hvi)s

(3) twe Cilw=3[<5} @) {1veC:|w—Sl>S}

Among 100 students, 32 study Mathematics, 20 study Physics, 45 study Biology. 15
study Mathematics and Biology, 7 study Mathematics and Physics, 10 study Physics
and Biology., 30 do not study any of three subjects. Then the number of students study
only Mathematics, is :

(1) 8 ) 15 (3) 25 (4) None of these

The no. of positive divisors of 2100 is :
(1) 50 (2) 44 (3) 40 . (4) 36

The last two digits of 38201 are .
(1) 6 (2) 2 (3) 4 (4) 8

Which one of the following statements is false ?

(1) If O denotes the additive group of rational numbers and /': O —> Qis a non-trivial
homomorphism, then f'is an isomorphism.

(2) Any quotient group of a cyclic group is cyclic.

(3) If every subgroup of a group G is a normal subgroup, then G is abelian.

(4) Every group of order 33 is cyclic ’

Let Z, denotes the group of integers modulo », under the operation of addition modulo

n, for any positive integer n. Then the number of elements of order 15 in the additive

group Zgg X Zsg 1S :

(1) 48 (2) 30 @538 el 0

PHD/URS-EE-2022/(Mathematics)(SET-Y)/(A) P.ToO.



A e e
e

A e o B 1 S s g 9 3 B A A

R I A e N P

PR i)

- 40.

41.

42,

45.

46.

’ ; . 4 ' deoree 5. 167
The number of 5- Sylow subgroups in the symmetric group S5 of degree 3, 15

12 () 3 gy s * (4) 6

v > \ - 4 s H ? * » i 3 V g A!‘}‘:r (}f
Let G be a group of order 5% with center having 5 elements. Then the num

conjugacy classes in G is : -
(1 26 (2) 48 (3) 145 (4) None of these

Let 7 and J be the ideals generated by {5, +10 } and 4, J10 } in the ring
Z[\ﬁﬁ] ={a+b10:a. be Z}, respectively. Then :
{1) both 7 and J arc maximal ideals '

(2) 7is a maximal ideal but ./ is not a prime ideal

(3) 7is not a maximal ideal but Jis a prime ideal

(4) neither / nor J is a maximal ideal

v

Let Z denotes the set of all integers and Z,, denotes the set of all integers mod ilo 7. for
any positive integer n. Consider the following statements :

I.  Thering Z [v~1] is a unique factorization domain.
II. TheringZ[+J-5]isa principal ideal domain.
III. In the polynomial ring Z, [x], the ideal generated by x> + x - 1 is 2 maximal

1deal.

IV. In the polynomial ring Z5 [x], the ideal generated by x®+1isa prime ideal.
Which of the above statements are frue ?

(1) L II and I1I only (2) Iand III only

(3) L Il and I'V only (4) I and III only

Which of the following polynomial is reducible over the field Q of rational numbers 2
(1) x> —4x+2 (2) ¥ —x+1

() x>+9x* —-3x+6 (4) None of these

Let F'be the field with 4096 elements. The number of proper subfields of F is
(15 (2) 20 (3) 50 (4) 100

Let © be a primitive complex cube root of unity. Then the degree of the field exte
O(i, NER o) over Q (the field of rational numbers) is -

(1) 4 ) 3 (3) 2 (4) 1

nsion
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47.

48.

49.

)

For a subset S of a topological space, let Int(S) and S denote the interior and closure of
S. respectively. Then which of the following statements is frue ?

(1) IS is open, then 8 =Int(S)

(2) If the boundary of § is empty, then S is open.

(3) If S\ Sis a proper subset of the boundary of S, then S is open.
(4) None of these

Let 7y be the co-countable topology on R (the set of real numbers) and 75 be the co-
finite topology on R. Consider the following statcments :

I. In(R. 7y), the sequence {l} converges 1o 0.

RJ =

II. In(R., 7). the sequence {—} converges to 0.
n

n=1

1. In (R, Ty), there is no sequence of rational numbers which converges to «/5 .

IV. In (R, T»), there is no sequence of rationai numbers which converges to 3
Which of the above statements are frue ?

(1) Tand II only . (2) I and III only

(3) Il and IV only | 4) I and IV only

Let R denote the set of all real numbers. Consider the following topological spaces :

X, =(R, Ty) , where T is the upper limit topology having all sets (a, b] as basis.
X, =(R, T,), where T, = {Uc R : R\U s finite} U {¢}
Then :

(1) both X, and X, are connected
(2) X, is connected and X, is not connected
(3) X, is not connected and X is connected

(4) neither X | nor X, is connected

CPaTiO
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50.

51.

52.

53.

Consider the following statements

P : Any continuous image of a compact space is compact.

_ : : iy ; ite OVver.
Q : A topological space is compact if every basic open cover has a finite subc

Then :
(1) both P and Q are true (2) P is true and Q is false
(3) Pis false and Q is true (4) both P and Q arc false

The solution of the differential equation % =3e¢" +2y, y(0) =0 by Picard's methqd
upto third approximation is :

(1) 21e* = 6x2 = 18x—21

(2) 21e* +6x% —18x +21

(3) 21e* +6x? +18x—21

(4) None of these

Consider the ordinary differential equation "+ P(x)y'+O(x)y =0, where P and Q
are smooth functions. Let y; and y, be any two solutions of the ODE. Let W(x) be the
corresponding Wronskian. Then which of the following is always true ?

(1) If y; and y, are linearly dependent, then 3 x,, Xy such that W(x;) = 0 and

(2) If y; and y, are linearly independent, then W(x) =0, Vx
(3) If y; and y, are linearly dependent, then W(x) # 0, Vx

(4) If y; and y, are linearly independent, then W(x)#0, Vx

dy

Consider the system of differential equations z—: =2x-Ty;, e 3x -8y . Then the
’ (

critical point (0, 0) of the system is an :
(1) unstable node

(2) asymptotically stable node

(3) asymptotically stable spiral

(4) unstable spiral

PHD/URS-EE-2022/(Mathematics)(SET-Y)/(A)
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54. Using method of variation of parameters, the solution of the differential equation
, - 2.
¥ -6y +9y =0/ xis :
A R B Ix
(1) yv=(cg+cax)e™ —e (logx +1)

(2) y=(c+ czx)ez“' 4«02"'(103, x+1)

(3) v=(c +cyx)et™ - e (logx - 1)
(4) None of these

2 N
55. Consider the boundary value problem (BVP) : 3) +oy(x)=0, o € R (the set of all
dx
real numbers), with the boundary conditions y(0) = 0 , y(n) = k (where k£ is a non-zero
real number). Then which one of the following statements is true ?

(1) For o= 1, the BVP has infinitely many solutions. -

(2) For a =1, the BVP has a unique solution.

(3) For o = -1 , k < 0, the BVP has a solution y(x) such that y(x) > 0 for all
x € (0, ) ‘

(4) Fora = -1, k >}0., the BVP has a solution y(x) such that y(x) > 0 for all
x € (0, )

56. Let R be the set of all real numbers and R? = {(x, ¥) : x, y € R}. Let the general

integral of the partial differential equation (2xy - 1)%} +(z= 2x2)—g£ =2(x—yz) be
given by F(u, v) =0, where F': R*> S Risa continuouslgl differentiable function. Then :
(1) u= x? er2 +7Z,v=xz+y
2) u= x? +y2 -Z,v=xz-y

B u=xt-y*+z,v=yr+x

4) u=x2+y2eZ,v=yz—-x

PHD/URS-EE-2022/(Mathematics)(SET-Y)/(A) s PAT O,
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7. The particular integral of the differential equation (D” +3DD" +20
given by : .

A

: '2)2:: 2x+3y is

: l PRy
) —{2x+3 2y —L(2x+3y)
% oY ( ‘) ) 24()(
1 ~
) 32( )P\ +3y)’ (4) Nonc of these
ou ou kg
58. I w (x, ») is the solution of the Cauchy problem # U LEE 1 u(x, 0y Emx x50,
ox Oy

Then the value of'u (2, 1) is equal to :

¥ , X 5,
(1) 1-2e 2 )13 B P ) R (4) 1+2e
8u 0%u 0%u
9. The partial differential equatlon (xiaytel) 512 +(x2#y7 —-l)*—— =0 is:
ox Oxdy y
(1) parabolic in the region x* + y2 >2

(2) hyperbolic in the region x2 + y2 >2
(3) elliptic in the region 0 < x% + y* <2
4) h)fﬁerbolic in the region 0 < x2 + y2'<2
60. The function u(x, r) satisfies the initial value problem

2 2
62 Zz,xeRt>0
ot

2
u(x,0) = O,Qli(x,O) =4xe™ "
ot
Then the value of u(5, 5) is :

_61' Using Newton-Raphson method, the real root of the equation x3 — 2 £SE G &

(1) 3.129 (2) 1.582 () =2754 (4) —2.095
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62.

63.

64.

65.
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66.

13

Using Gauss- climination method. the solution of the following system of equations
xty+22=T,4x+3p+22=8 3x + 2y + 4z =13, is :

(1) x==1,y=2,z=3 @) x=1,p=3,2=3

() x=1Ly=tlz=2 (4) None of these

Given that

¥ 10 20 30 40 50
Ax) 46 66 81 93 101
The value of V2 £(50) is :
(1) 8 ()3 (3) -4 (4) -1
Given that :
0 5 1 3 1
4 2 4
Y 1 4 1 & i
5 3 7 2
\ 1 '
Using trapezoidal rule, the value of _[ ydxis:
(1) 0.938 (2) 0.697 0 (3) 0.352 (4) 0.241
Given %:_xyz with »(0) = 2. Then using modified Euler's method, the value of

¥(0.1) by taking step size 4 = 0.1 , 18 ¢

(1) 1.9804 (2) 1.5636 (3) 1.2921 (4) None of these

Let g jand g j respectively are the generalized coordinates and velocity of a dynamical

system and p; are its generalized momenta. Then the relation between Hamiltonian
H(QJ ,Pj,1)and Lagrangiah L(qj,c]j, 1) is giveh by :

O H=%5,d,-L

@ H=Yp,4,~L
(4)' None of these

P.T. O.
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67.

68.

69.

A

Let 7 be the kinetic energy and ¥ be the potential encrgy of the dynamical system, they
)

the integral j(T ~V)dt has a stationary value, wherc /| and 1)
] ) '

principle is known as :

are fixed. Thig

(1) Hamilton's principle (2) Principle of lcast action

(3) D' Alembert principle (4) None of these

Consider the motion of a plariet P(r, 0) of mass m moving around the Sun S(0, 0) under

the inverse square law of attraction pm/r2. Let kinetic energy 7 of the system 1S given
by :

T = —;-m(f'z-!- % 6%), where 7 = g and g= 49 with 7 as time.
. 1 1

Then Lagrange's equations are given by :
. -2 2 . -

(1) r+rg9 =—-pu/r°, r g = constant

(2) F—r@=—-u/r?, r* § = constant

(3) F—r§° =-p/r?, r*§ =constant
(4) None of these

A rigid body under no forces is free to rotate about its centroid G, the principal
moments of inertia at which are 7, 25, 32 units respectively. If © = [ o, , 0, ,®3 | be the
angular velocity, then Euler's dynamical equations of motion are :

(1) (Z)] — @y (03=0, (;)2+(03 O] =0,4(;J3 +3O)I 05 =0
(2) (:!)] + (02 033:0, (:02—'(1)3 0] =O, 16(;)3 +90)1 0)2 =(

(3) @, — 2w, m3=Q, m2-3030; =0, ®3 —30; 0, =0

(4) None of these

 PHD/URS-EE-2022/(Mathematics)(SET-Y)/(A)
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70. The external of the functional /] y(x)|= J'( 32— 2xp) dx subject to y (1) = 0, y(0) = 2

-}
1S &

; 6 © ¥
% L9
3) » :Zx (4) None of these

b Pl
71. The external of the functional I[y(x)]z—;— j( "% dx subject to y (0) = 0, y(1) = —]2-;

0
y(0)=0, y'()=1,is:

(1) y=x-1 | @ y=55*
(3) y=sinx 4 Ndne of these

, i I
72. The external of the functional I[y(x)]= jy’z(x) dx subject to y(0) = 0, y(1) = 1 and

0
1
fy(x)dx=0,is:
0
(1) 3x% - 2x @) 8x*-9x? +2x
B) Dt 2 @22 S w0kt 4B = 2 x
4703 | 2 2™

: ‘ X '
73. The solution of the linear integral equation ¢(x) = (cosx —x—2)+ I(& —x)0(E) &, is ¢

(1) ¢(x) = cos hx (2) dp(x)=cosx + e* sinx

(3) d(x)=e* (4) ¢(x)=-cos x —sin x — -;— x sin x

~ PHD/URS-EE-2022/(Mathematics)(SET-Y)/(A) P.T. O.
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74,

75.

76.

7i.

78.

79.

¥

n :
i ; ; ; LG s X
The eigen values (1) of the homogencous integral equation §(x) =% f 00s(x +E)(E) de;
0

>
o
i
I

~ 4 4 o’ m
(1) Ay =—o, Ll B
‘ = (2) A 5 M2

>
o
il

3 jro

g
(3) A =—_t~*, (4) None of these -

X

The resolvent kernel for the integral equation ¢(x) = x> + 'J'e’"xcb(f) dt is :
0

(1) ' @) 1 3) &' @y xtee”

From the six letters A, B, C, D, E and F, three letters are chosen at random with
replacement. What is the probability that either the word BAD or the word CAD can be
formed from the chosen letters ? ;

25 (4) 12

1 3
BT QT ? 316 216

216 : 216
Let X be a random variable which is symmetric about 0. Let F be the cumulative
distribution function of X. Which of the following statements is always frue ?
(1) F(x)+ F(-x)=1forall x € R
(2) F(x) - F(—x)=0 for all x € R
3B) F(x) +F(-x)=1+PX=x)forallx e R
(4) Fx)+ F(-x)=1-PX=-x) forallx e R

The probability density function of the random vector (X, ¥) is given by :

¢y 0<xgy<l
fX’Y ()= {O ,  otherwise
Then the value of ¢ is equal to :
(1) 1 o E2):2 | (3) 4 ' 4) 5

If X and Y are random variables such that E[2X + Y] = 0 and E[X + 2¥] = 33, then

- E[X] + E[Y] is equal to :

(1) 26 (2) 20 (3) 11 (4) None of these

. PHD/URS-EE-2022/(Mathematics)(SET-Y)/(A)
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The moment generating function of a random variable X is given by
\ ! i 1 D¢ | 3
)@=t e hme” koo merew
My)=ghe 4o sl
v

Then (N = 2) equals

1 1 l 5

e S @) 2
. 3 6 (3) 5 ;

It X is a continuous random variable with mean i and variance c° , then for any

positive number £, the inequality P UX = Wl 2 ko) < (1/k%) is known as :

(1) Lyapunov's incquality (2) Chebychev's inequality
(3) Bienayme-Chebychev's inequality  (4) Khintchine's inequality
With the usual notations, the v

alue of probability p for a binomial variate X, ifn=6
and 9P(X = 4) = p(X = 2),is"

(1 (2)

to | —

W | —

3) % (4) None of these

The characteristics function of Poisson distribution with meas as m, is :

(1) e™Mlr=D (2) e'"(e”jl)_ (3) ™! (4) None of these

Which of the following do the normal distribution and the exponential density function

have in common ?
(1) Both are bell- shaped.
(2) Both are symmetrical distributions.

(3) Both approach infinity as x approaches infinity.

(4) Both approach zero as x approaches infinity.

Let X be a random variable with uniform distribution on th

Y=(X+ 1)2 . Then the prob

(1) ‘/-

¢ interval (-1, 1) 'md
ability density function J) of Y, over the interval (0, 4), is

1
N
@ ,mf

matics)(SET- -Y)/(A)

-

P.T.O.



18

86.

87.

88.

89.

90.

; 2 ¥ T iS ()9 la 2} 30(5
Let {Y,),.p be a homogeneous Markov chain whose state spact {O

" 0 |
. ; iy o7 e Ther
whose  one-step  transition  probability  matrix 15 p=|03 0

i Bt

lim P(X5, =21 Xy =2) isequal to:
R 3¢ ¢
(1) 0.7 (2) 0.5 (3) 0.3 (4) 0.1

< \ R e ; y iud sess with rate §
Suppose customers arrive at an ATM [acility according to a Poisson process 4 cf

- s i o . ATM facility from
customers per hour, The probability that no customer arrives at the ATM facility from
1:00 pmto 1:18 pm is :

(1) 0.94 | (2) 0.75 (3) 0.45 (4) 0.22

In a pure birth process with birth rates A,, = 2" n>0, let the random variable T denotc
the time taken for the population size to grow from 0 to 5. If Var(T) dcnotcs’ the
variance of the random variable 7, then Var(7) is equal to :

441 341 ' 241 141
) — 2) — 3) — 7 4 f
() 256 @) 256 ) 256. ( 256
Let X, X;,..... X} be independent and identically distributed normal random
: : X2
variables with mean 0 and variance 2. Then E| — L | isequal to:
> X7 |
} \i=]
(1) 0.8 (2) 0.6 (3) 0.3 4) 0.1
Let X, X, X, be-a random sample drawn from a population with probabilily
density function fx(x;O):-g—;-c-,O <x<0. Then the method of moments estimator of
0is:
n h
3y X, | 3> X7
1 n=1 2 n=1
() 2n @. 2n
n ) n :
X 3D Xi(X; -1)
@B)ii=— (@A)
n : 2n

PHD/URS-EE-2022/(Mathematics)(SET-Y)/(A)
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Let {0, 1, 2, 3} be an observed sample of size 4 from N(6O, 5) distribution, where

0 & [2, ). Then the maximum likelihood estimate of O based on the observed sample
is
(1) 16 (2) 8 (3) 4 (4) 2

A random sample of size 100 ig ¢l

assificd into 10 clasy intervals covering all the datz
points. To test whether dat

a comes from a normal population with unknown mean znd

unknown variance, the chi-squarc goodness of fit test is used. The degrees of freedom
of the test statistic is equal to :

v (1)::10 (2) 9 (3) 8 (4) 7

A random sample of 500 apples was taken from a large consignment and 60 were

found to be bad. Then the 98% confidence limits for the percentage of bad apples in the
consignment are :

(1) (8.82,17.52)
(3) (8.32, 14.63)

(2) (8.61,15.38)
(4) (8.19, 13.52)

Consider a two - way fixed effects analysis of variance model without interaction effect

and one observation per cell. If there are 5 factors and 4 columns, then the degrees of
freedom for the error sum of squares is :

(1) 20 2) 19 3) 12 (4) 11

The simple correlation coefficients between temperature (X ), corn vield ( X >) and
rainfall ( X3) are : r, = 0.75, r3= 0.54, r3;= 0.43 . Then the partial correlation
coefficient r, 5 is : |
(1) 0.6815 (2) 0.4223

(3) 0.2392 (4) None of these

Let (X, X,) be a random vector following bivariate normal distribution with

veetor (0, 0), variance (X,) = variance ( X 2) = 1 and correlation coefficient D,
Pl < 1. Then P( X, + X, > 0) is equal to :

where

(M1 (2) 0.8 (3) 0.5 4) 0.2
The total number of standard 4 x 4 Latin squares is : |
(1) 4 (2) 8 (3) 12 (4) 16

P.T.C.



98. The minimum value of Z = 20x + 10y
subject to the constraints :

X+2y <403+ y230;4x 43y 2 605 x, 20,45 “thes
(1) 240 (2) 215 (3) 272 (4) None of these
) Y 1 S
99. Consider a parallel system with two components. The lifetimes of the WO components

ollowing an
are independent and identically distributed random variables cach fc g
exponential distribution with mean 1. The expected lifetime of the system is

() 1 (2) 172 (3) 3/2 (4) 2
100. Consider an M/M/1 queue with interarrival time having exponential distribution’ with

mean -:: and service timb having exponential distribution with mean -EI Which of the
following is frue ?

(1) If0 <A <, then the queue length has limiting distribution Poisson (p — A).

(2) If 0 < p <A, then'the queue length has limitihg distribution Poisson (A — 1) .

(3) If 0 <A <p, then the queue length has limiting distribution which is geometric.

(4) If 0 <p <A, then the queue length has limiting distribution which is geometric.

PHD/U RS—EE-ZO/ZZ/(Mathematics)(SET-Y)/(A)
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min of the off-dlagonal elements zero, is
(2) 28 3) 27

= mh of the following is not a linear transformation ?
(’i*’) ﬂx, v, 2)=(x,y) forall (x,y.2) € R
) Tx, y, 2)=(x+ 1,y +2)for all(x,y.2) € R®
Tx, y,2) = (x —2,)) for all (x, y, z) e &
' ,(;, +y - z, 0) for all (x, y, 2) € R?




T ad vy z‘;:?':.::n‘xﬁ‘ l: :
@ @®61,1538)

(4) (8.19,13.52)
‘_‘way fixed effects analysis of v v ok
tion per cell. If there are 5 factors and 4

2) 19




mean % and service time having exponential distribution with mn»-; .
following is true ? L.
(1) If0 <A < p, then the queue length has limiting distribution Poisson =

- (2) If0 < p <A, then the queue length has limiting distribution Poisson (A —
(3) If 0 <A < p, then the queue length has limiting distribution which is geo

(4) If0 < p < A , then the queue length has limiting distribution which is geo
/ ‘ 1 :
The external of the functional /[y(x)]= j( y")2 dx subject to y (0) = 0, (1)
b ;
y'(©0)=0, y(1)=1,is:
. 1
)y =x - 1 ) y=5x2

(3) y=sinx (4) None of these

R | -
'22. The external of the functional /[ y(x)] = jy’z(x) dx subject to (0) = 0, (1
R b . 0 B W '-::'.
*\': ; ‘ . ___:‘ ) ;_ . Ll




(2) 1 e

6. From the six letters A, B, C, D, E and F, three letters are ch

replacement. What is the probability that either the word BAD or
formed from the chosen letters ?

()?fg .()2_16

a random variable which is symmetric abi
function of X. Which of the following state




TN Free

of the differential equation %ﬂe’.
"




- o
Tl tis 7'_.1»5-,,1,_‘._”“ R _z'.

+ep0)e — e (logx +1)

(c) + cpx)e™ +e*(logx +1)

) y=(c;+epx)e® — e (logx-1)




. @ u=x-y rz,v=yrtx

3 "- @) u= X+ yz— Z,v=yz-x

37. The particular integral of the differential equation (D* +3DD' +2D' 2)z = 2x-
given by : ;

1 | 1 3
1) —(2 oL
(1) 150( x+3y) (2) 240(2x+3y)

3) 3—;6(235 +3 y)3 (4) None of these

38. If u (x, y) is the solution of the Cauchy problem x%+%=]' w(x,0) = —x2, 25
Then the value of u (2, 1) is equal to : G i
£ 12072 @) 1+4e2 3) 1-4e2 (4)- 192672 bt

.‘N !

% B
Ly

39. The partial differential equation (x” +y* -1
(1) parabolic in the region x> + y* >2

lic in the region x? + y* >2




' - coefficient L the Laurent scncs expansion of the
z

about z =0, is :

(11 (2) 0 3y <t

42, The residue of the function f(z) = ——L atz=0,is: -

2*(z-3)

9 l 4
) -2 @ 5 ®-3 @ Na

. 43. The coefficient of magnification at z = 2 + 3; for the conformal t
is«

(1) V3 ) V5 (3) 247

¥ et (2)= = +:; ad — bc # 0, be the Mobius transformation which m
cz+

in the w- plane respectively. Then the image of the set § = {z «C
the map w = 7(2) is :

(1) {weC:|w <5}

(3) {weC:|lw-5<5}

Among 100 students, 32 study Mathematics, 2

y Mathematics and Blolow. 7 itudy




/ quotient gmup ofa cychc group is cychc »
every subgroup of a group G is a normal subgroup, then Gis
‘Every group of order 33 is cyclic

‘Let Z,, denotes the group of integers modulo n, under the operation of addi

£ n, for any pos:twe integer . Then the number of elements of order 15 in the a
group Zso X zso is :

(1) 48 (2) 30 (3) 25 (4) 10
The number of 5- Sylow subgroups in the symmetric group S5 of degree 5, is ©
(12 (2) 3 (3)5 4) 6
The system of equations x + 2y —z=3;3x -y +2z=1; 2x-2y+3z=2has ;
(1) no solution (2) a unique solution
(3) infinite solutions (4) None of these
s T
The eigen values of the matrix | -1 2 1
0. 1=l _

(1) ~1,1,2 (2) -2,3,4 3 1,-1,7 @ 2,-3,5

(N 2T

ﬂh mm 0 2 .y| is diagonalizable when (x, y, z) equals :
' 0 p.1




rge ""-2+5ianddivergesat2 5
rges at 2 - 3i and diverges at — 2 + 5;
verges at both 2 — 3jand -2 + §;
liverges at both 2 - 3 and — 2 + §;

°h of the following function f{z), of the complex variable z, is not ar

_ ,ts of the complex plane ?
(2) f(z)=¢" (3) Aiz) =sin z

'; ~ The function j(z) of complex variable z = x + . where i 58

@)= —-3xy )+iv(x,y) . For this function to be analytic, v(x,

T (m ) e @. ¥ - 3) + cam

(4) None of these

m the boundary of the square region R with ve lice
2) oriented in the counter- clockwise direction. Then +

..".- Y i

y e
i e




' isnetlmmml |dealbutJlsapnme ideal

(4) neither / nor J is a maximal ideal

Let Z denotes the set of all integers and Z,, denotes the set of all mtegus
any positive integer n. Consider the following statements :

I. Thering Z [v—-1] is a unique factorization domain.
1. Thering Z [v—5]is a principal ideal domain.

IIL. In the polynomial ring Z, [x], thc ideal generated by K Hx+1lisa '
ideal. | :

IV. In the polynomial ring Z; [x], the ideal generated by x%+ 1 is a prime ideal. ?

Which of the above statements are frue 7

(1) L, II and IIT only (2) Iand III only

(3) I, I and IV only (4) 1I and IIT only
Which of the following polynomial is reducible over the field O of rational numb
(1) x* —4x+2 @ x* -x+1
(B) x*+9x* -3x+6 (4) None of these
Let F be the field with 4096 elements. The number of proper subfields of
: :(;l) - (2) 20 (3) 50 '

13



n

T,) , the sequence {-1-} converges to 0. _. :

n=]

, Ty), there is no sequence of rational nmabgm

Y

T,) , there is no sequence of rational numbers

(2) M anc

C statements are frue ?







-V)dt has a stationary value, whm f;

- is known as

n's principle (2) Principle of lem 3

(4) None ofttwse (i ,p;
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e — gy
()y 6+6::c-+-2 (2) y=x"-1

\.

o3 1
(3) y=— xz (4) None of these

Q is the set of all rational numbers, Z is the set of all integers and N is tl € s

E ; ;utuml numbers. Then which one of the following statements is frue ? e
(1) ThesetQx Zis uncmmtable.
e set {f : fis a function from N to {0, 1}} is uncountable. -

“The set {/p : p is a prime number} is uncountable.

i -
g - B
e i
e O
———




let fn s REAL "
- 4 g,,(x) x"(l x) Then :




(3) 1, and I, are convergent whereas /5is divergent
e llr‘\._ | ‘ ot

(4) I, and /; are convergent whereas [, is divergent
“Consider the following statements :

P : There exists an unbounded subset of R whose Lebesgue measure is equal to "

Q:Iff: R — R is continuous and g : R — R is such that /' = g almost e /eryw
R, then g must be continuous almost everywhere on R. i
- Which of the above statements hold true ? .
(1) only P @) onlyQ

-|i_1 m both P and Q (4) neither P nor Q
) 7.

is a continuous random variable with mean u and varian
number k, the inequality P{IX | > ka} < (1/k?) is k




T‘hmﬂae proﬁébihty densxty function

(2)4_,1[-; 3) %

‘nne-step transition probability matrix is P= 03

':;.3,¢=-2|X0=2) is equal to :

@) 05 . (3) 0.3
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Tz), the sequence {l} converges 00, - -';.' {
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1 (R, T;). there is no sequence of rational numbers w
(R, T,) , there is no sequence of rational numbers w

' Jofﬂle abbve statements‘ are true ? el
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‘the following improper integrals /, = _[
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temr ‘and pj are its generalized momenta. 'Ihen tiie-

) and Lagrangian L(q; . .. 1) is given by :




-0y =0, 1663 +90; 0,




o0 in the z- plane onto the points w, = 10, W§







m variable which is symmem::abqn
ion of X. Which of the following stat







ess with birth rates A, =2", n >0,

| for the population size to grow from

random variable 7, then Var(7) is cqual
by 281 241

) Wawicl
256 ()256-'

2

. sles with mean 0 and Mance 2. Then F

B

@06

«»X)g be independent and identically distr



'P: d, (x,y)=min {2, |x -]} is a metric for R (the set of all real

Ix[+|y] , ifx=y

Q tdy(x, )= { A is a metric on (0, i)
0 o =

H
¥ at B’ .
.
T Then
E

{l) bc;thPananreU'ue,. (2) Plstruemd
(3), Pis false and Q is true (4) both P and

that : x




nsion of the vector space of 7 x7 real symmetric mamo&
__of the off-diagonal elements zero, is : .y

) 28 . 3) 27 (4) 26

hich of the following is nof a linear transformation ?

T(x, y,2) = (x,y) for all (x,, 2) € R’

T, y,2)=(x + 1,y +2) forall (x,y,2) € R’

Nx,y,2)=(x-zy) forall (x,y,2) € R’

»nz)=(x+y+z0)forall(x,y,2) e R’




i "Q} If » and y, are lmearly dependent, then Hxl, x2 |

« Ny

W(x,)#0 '

,-i' s @} If y; and y, are lineaﬁy independent, then W(x);jo.,.vﬁ by e

@ lf Y1 and Yy are lmearly dependem, then W(x) _:.:
) If .’h and y, are {mcarly mdependem, then F




3 T L
undary value problem (BVP) _..Z.,. mny) *0"

bers), with the boundary conditions y(O) 0, y(n) =k (¥
ber). Then which one of the following statements is true ”

‘For o = 1, the BVP has infinitely many solutions.
; For o = 1, the BVP has a unique solution.

- (3) For @ = -1 , k < 0, the BVP has a solution y(x) such that »(x
x € (0, R

ml@er a = -1, k > 0, the BVP has a solution y(x) such

x e (0,m)

.ﬁ be the set of a.ll real numbers and R* = {(x, y) X, y e‘g}. '

aft il



pumldnﬁ‘ercntml equation (x +y _1)&

(1) parabolic in the region x> + y® >2

(2) hyperbolic in the region x> + y? >2

(3) elliptic in the region 0 < x2 + yz‘ <2

(4) hyperbolic in the region 0 < x> + y* <2

The function u(x, f) satisfies the initial value problem
Pu_

atz _&2 5xER >0

u(x,0)=0, ia,-’i(x,o) = m—x.’

ulueoms s)is :
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40. The rank of the matrix |4 3 1|is:
4 B
() -3 (2)'2 (3) 3 (4) None of these

41. Let {0, 1, 2, 3} be an observed sample of size 4 from N(6, 5) distribution, where
0 € [2, ) . Then the maximum likelihood estimate of 0 based on the obscrved sample
1S :

(1) 16 (2) 8 (3) 4 4) 2

42. A random sample of size 100 is classified into 10 class intervals coverfng all the data
points. To test whether data comes from a normal population with unknown mean and
unknown variance, the chi-square goodness of fit test is used. The degrees of freedom
of the test statistic is equal to :

(1) 10 2) 9 (3) 8 4) 7

43. A random sample of 500 apples was taken from a large consignment and 60 were
“found to be bad. Then the 98% confidence limits for the percentage of bad apples in the
consignment are :

(1) (8.82, 17.52) (2) (8.61, 15.38)

(3) (8.32, 14.63) : (4) (8.19, 13.52)

44. Consider a two - way fixed effects analysis of variance model without interaction effect
and one observation per cell. If there are 5 factors and 4 columns, then the degrees of
freedom for the error sum of squares is :

(1) 20 (2) 19 3) 12 4) 11

45. The simple correlation coefficients between temperature (X, ), corn yield ( X,) and
rainfall ( X3) are : np = 0.75, 753 = 0.54, r; = 0.43 . Then the -partial correlation

coefficient rj53 1S

(1) 0.6815 (2) 0.4223

(3) 0.2392 (4) None of these
PHD/URS-EE-2022/(Mathematics)(SET-Y)/(D) P.T.O.
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46. Let (X 1»X>) be a fandom vector following bivariate normal distribution with men
vector (0, 0), variance (X;) = variance ( X,) = 1 and correlation coefficient p. wans
Pl < 1. Then P( X, + X5 >0)is equal to :
(11 ) 0.8 (3) 0.5 (4) 02

47. The total number of standard 4 x 4 Latin squares is :
(1) 4 (2) 8 (3) 12 4) 16

48. The minimum value of Z = 20y + 10y
subject to the constraints -

x+2y.s:40;3x+y.230;4x+3y260;x,y20,is:
(1) 240 (2) 215 (3) 272 (4) None of these

- 49. Consider a parallel system with two components. The lifetimes of the two COmpORCIRS
are independent and identically distributed random variables each i_’ollowmg an
exponential distribution with mean 1. The expected lifetime of the system is :

()4 (2) 122 (3) 32 @) 2

50. Consider an M/M/1 queue with interarrival time having exponential distribution with
mcan'—i- and service time having exponential distribution with mean i— Which of the
following is true ?
(1) If0 <A <, then the queue length has limiting distribution Poisson (3 — A).
(2) If0 < p <A, then the queue length has limiting distribution Poisson (3 — w.
(3) If0 <A <, then the queue length has limiting distribution which is geometric.

(4) If0 < <A, then the queue length has limiting distribution which is geometric.
51. Using Newton-Raphson method, the real root of the equation x* —2x+ 5= 0is:
(1) 3.129 (2) 1.582 (3) -2.754 4) -2.09s

52. Using Gauss- climination method, the solution of the following System of equations
Xty+22=T7 4x+3y+2:=8, 3x+2y+4z=13,is:

(= =1.9=21=3 . @) x=1y=3,z=5
@) x=1,y=1,2=2 (4) None of these

hematics)(SET-Y)/(D) Bate. FoiU L :
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1. Let G be a group of order 5" with center having 5 elements, Then the number of
conjugacy classes in G is :

(1) 26 (2) 48 (3) 145 (4) None of these

72. Let 1 and J be the ideals generated by (S, V10 ) and {4, V10 J in the ring
410 = {a+bJﬁ:a,buZ].respwlivcly.Thcn:
(1) both / and J are maximal ideals
(2) 1is a maximal ideal but J is not a prime ideal
(3) 7is not a maximal ideal but ./ is a prime ideal
(4) neither / nor.J is a maximal ideal

73. Let Z denotes the set of all integers and Z, denotes the set of all integers modulo n, for
any positive integer n. Consider the following statements :

. Thering Z[v-1]isa unique factorization domain,

IL. Thering Z [v/~5 ] is a principal ideal domain,

lIL. In the polynomial ring Z, [x], the ideal generated by x” + x + 1 is a maximal
ideal.

IV. In the polynomial ring Z; [x], the ideal gencrated by x®+ 1 is a prime ideal.

Which of the above statements are frue ?

(1) L 11 and I11 only (2) 1and 11T only
(3) I, I and 1V only (4) 11 and III only
74. Which of the following polynominl is reducible over the field Q of rational numbers ?
¢+ (1) x? ~4x+2 (2) X —x+1
(3) x*+9x% -3x+6 (4) None of these
75. Let Fbe the field with 4096 elements. The number of proper subficlds of /s :
(1) 5 D) 20 (3) 50 (4) 100

76. Let ® be a primitive complex cube root of unity. Then the degree of lhe field extenslon
i, v3, @) over O (the ﬁcld of rational numbers) is :

(1) 4 () 3 (3) 2 (4) 1

~ PHD/URS-EE-2022/(Mathematics)(SET-Y)(D) i asnbutle 4 Jy el
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77. For a subset S of a topological space, let Int(S) and § denote the interior and closure
§, respectively. Then which of the following statements is true ?

(1) IfSis open, then S = Int(S)
(2) If the boundary of S is empty, then S is open.

(3) If §\ S is a proper subset of the boundary of S, then S is open.
(4) None of these '

78. Let T} be the co-countable topology on R (the set of real numbers) and 7 be the ¢
finite topology on R. Consider the following statements :

[ In(R, T,), the sequence {l} converges to 0,
nJ e

@«

II. In(R, T5), the sequence {l} converges to 0.
n

n=]

1. In (R, 7)), there is no sequence of rational numbers which converges 10 ﬁ ’

IV. In (R, T;), there is no sequence of rational numbers which converges to V3

Which of the above statements are frue ?

(1) Iand II only (2) II'and 11T only

(3) 1T and IV only (4) I'and IV only

79. Let R denote the set of all real numbers. Consider the following topological spacés :
X =(R, T}) , where T) is the upper limit topology having all sets (a, b] as basis.

X, =(R, T,), where T, = {Uc R : R\ is finite} U {¢}
Then :

(1) both X| and X, are connected

(2) X, is connected and X, is not connected

(3) X, is not connected and X, is connected

(4) neither X, nor X, is connected

PHD/URS-EE-2022/(Mathematics)(SET-Y)/(D)
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