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1. The infimum and the supremum of the set { _n) :n eN} are respec#ively
44 1
3 =10 (4) None of these

2. Which of the following sequence is divergent ?

2 3n-1
a,=l+— b, =
1) a, = @ %=1
_1)" :
3 Cn=1+( n) (4 d =sinn
5 Consider the statements :
k.2 34
jeg ———HF ===+ .irvrrernes 1 :
(a) The series 3 57779 is convergent
Th jes 1+ —+ t g arerl ]
(b) e series e 3 A is convergent.

Then

(1) Both the statements'(a) and (b) are true
(2) The statement (a) is true and (b) is false
(3) The statement (a) is false and (b) is true
(4) Neither (a) nor (b) is true

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-A
(1)
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4. Every bounded sequence has at least one limit point. This represents
(1) Archimedean Property (2) Heine-Borel theorem

(3) Bolzano-Weierstress theorem (4) Denseness Property

5. Let f : [0, ©®) = R be a function, where R denotes the set of all real
numbers. Then which one of the following statements is true ?

(1) Iffiscontinuous and lim f(x)is finite, then fis uniformly continuous.

X =

(2) Iffisbounded and continuous, then f is uniformly continuous.

(8) Iffis uniformly continuous, then lim f (x) exists.

X o

(4) None of these

6. Which of the following is false ?

(1) The sequence {f }, where f x)= , is uniformly convergent in

X+n
any interval [0, b], b >0.

2

(2) The sequence {f }, where f_(x) = i—;ﬁ—i, is uniformly convergent on

the interval [0, 1}

(3) The sequence {f }, where f_(x)= tan‘i nx, x > 0, is uniformly convergent
in any interval [a, b}, a > 0.

(4) None of these

PHD/U RS—EE—DEC.~2022-(Mathematics)—C‘ode-A
- (2)
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7. For which of the following function, Rolle’s theorem ‘isr not
applicable ?
1) f(x)=cos2xin[- /4, /4] @ =% 10,q]
. e
@) f@=x-6x’+11x-6in[1,3] 4) f®=|xlin[-1,1]
112 e
8. Iff(x)=x,xe[0,1]andlet P = {0,5,5,3, 1} be the partition of [0, 1],
then U (f, P) is
(1) 23/36 (2) 31/36
(3) 49/36 (4) None of these
e if x is irrational
9. If a function f defined on [0, 1] as f (x) = L x /) o , then
0 , otherwise

(1) fis not bounded
(2) fis R-integrable
(3) fis not R-integrable since fis not bounded

(4) f is not R-integrable since lower and upper integrals of f are
unequal

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-A

(3)
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10. Consider the following improper integrals
L2 T % g and T = | X g, th
1—6[."2 an 2—;[(1+x)5 , then
(1) Both are divergent (2) 1, converges but not L
(3) I, converges but not I, (4) Both are convergent
11. Which of the following functions is not a function of bounded variation ?
e i xsin (n/x), if 0<x <1 5 e x2 sin (1/x), if x#0
M £®=19 ° ,ifx=0 @ f0=1g ,ifx=0
3) fx =3x*- ox8, —2<x<2 (4) None of these
12. Choose the incorrect statement.

(1) The set of all irrational numbers in [0, 1] is measurable.
(2) Every non-empty one set has positive measure.
(3) Every subset of a set of measure zero is not of measure zero.

(4) None of these

13. The directional derivative of the function ¢ (%, ¥) =

xzx-:’yz at the point

(0, 1) along a line making an angle of 30° with positive direction of x-axis is

Z 3
O 73 ) %
® 43 - (4) None of these

PHDIURS—EE—DEC.—2022—(Mathematics)—Code-A
(4)
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14, The metric space (R, d), where d is a usual metric, is ,
(1) compact (2) disconnected
(3) copnected but not compact (4) compact and connected
15. In a metric space (0, 1] with usual nietric d (x,y) = |x—y/|, the sequence
< o1 >1isa
(1) Not a Cauchy sequence
(2) Cauchy sequence but does not converge in (0, 1]
(3) Cauchy sequence that is convergent in (0, 1]
(4) None of these
16. Let V be a vector space over R3. Which one of the following is not a
subspace of V ?
1) {xy,2):3x+y —z= 0,x,y,z e R}
(2) {(x,y,z):x+jr—z=0,2x+3y—z=0,x,y,z'éR}
@) {xy,2):x-3y+4z2=0,%x,y,z< R}
4 {xy,2):x+y20,%x,y,2z¢R)}
17. The value of k for which the vector u =‘(1, k, 5) in V, (R) can be expressed

as a linear combination of vectors v = (1, — 3, 2) and w = 2 -1
is

1) 3 2 -8
3 -2 (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-A
(5)




has

(1) aunique solution (2) infinite solutions

(4) none of these
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18. The dimension of the subspace W of R* generated by
{(33 8, - 3, 2= 5)’ (1: Lo 2’ 5) — 3)5 (2! 3’ 1’ — 4)} iS
M 1 2 3
@3 2 (4) None of these
_ T vl 1
19. The rank of the matrix | -3 -6 ~3|1s
A [ -
M 1 2 2
@ 3 (4) None of these
20. The system of equations 2x-—3y+z=9;x+y+z=6 XY +z=2

(3) no solution
LPw (=8
Consider the matrixA=| 2 1 -6/, then
-1 =2 ¢
(1) Ahasno real eigen values.

(2) Ahas both positive and negative real eigen values.

3) Al real eigen values of A are positive.

(4) Al real eigen values of A are negative.

PHD/URS-EE

DEC.-202 2-(Mathematics)—Code=-A
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22, Which of the following is a linear transformation ?
(1) T y)=(1+x,y) for all (x,y) € R?
2 T y)=(x x+y)forall (x,y) € R?
) T (xy) =(x%y)forall (x,y) € R?
(4) None of these
23. The matrix representing the linear transformation T : R? — R? defined by
T (x,, x,) = (2x,, 3x, — x,) relative to the basis {(1, 3), (2, 5)} is
(30 48 - [-30 48]
D 18 29 @ | 18 —29]
[ 30 4= [-30 —48]
@ | 18 -2 @ | 18 2]
24. Let C? be a complex inner product space.
If the vectors u, = (1, 2i, i), u, = (0, 1 +1i, 1), u, =(2, 1-1,1) € C? then the
vector orthogonal to both u, and u, is
(1) 3+1i,—i,1-5i) (2) (3+i,—1,1+5i)
3) B+i,—1i,1+51) (4) None of these
9 3 -3
25. The quadratic form corresponding to symmetric matrix| 3 2 —4/is
-3 44 2|
(1) 9x*—2y%+ 22%2— 6xy — 6xz — 8yz
(2) - 9x2+ 2y? + 22z% + 6xy — 6xz — 8yz
(3) 9x2+ 2y?— 2z%+ 6xy + 6xz + 8yz
(4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-A
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26. The radius of convergence of the power series - 3 -(_2_—11)—'2 is
n=0 .
Q 4 2 3
@) 2 (4) None of these
an. Which one of the following functions £ (2), of the complex variable z, 18
analytic over the entire complex plane X
1) f@= In (z) @ f@= el
1” .
@ f@= e 4) f(z)=cosz
[ 28. Fu=&-1°- 3xy? + 3y* 18 the real part of an analytic function
f(z)=u+1v, then the imaginary part v of f(z)1s '
(@)) 3x2y—6xy—3y+y3+c (2) 3xzy+6xy+3y+y3+c
(3) 3x’y— 6xy +3y-y*+¢ (4) None of these
29. The value of the integral I 7dz, fromz=0t0Z= 4 + 2i along the curve C

c
given by z = t2 + it, is equal to

1) 5—%1 2) 10—85i

4,
@3) 10 "’371 (4) None of these

PHD/U RS-EE-DEC.-20 22—(Mathematics)-Code-A
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30. The value of the mtegral I%—dz, where C is a unit circle about the
c
- origin, described in positive sense, is equal to
(1) 0 2 =i
B —2rni (4) None of these
YA
31. The Laurent series expansion of f (z) = m forO0<|z-1]<2,is
equal to
“3& - 1 ) i
W 3L e @k 4@z-1)
1S @z-D™ -1
B, (@ ,,) + < o (4) None of these
' e A 2
. 1
32. The residue of the function f (z) = @Z+1y atz=i,is
3 >3
) e ) 2
4
3) 3 (4) None of these

' PHD/URS-EE-DEC.-2022-(Mathematics)-Code-A
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33.

(2+i)z-2'

formation W = : are
o zZ+1

The fixed points of the Mobiusl trans

{1 i,—1 @ 0,1

3 -1,1 @) 1+i,1-1

- 34.

A

PR

The image of circle |z — 9| =2 under the Mobius transformation W =777

is a circle in w-plane with

1

: . 2 2 . 1
(1) Centre —5',0 and radius (2) Centre '5",0 and radius 3

1 2 .
4) Centre (gso) and radius 3

1
(3) Centre (’5‘,0) and radius %

houses

35.

If 9 colours are used to paint 100 houses, then atleast

will be of the same colour.

(1) 18 @2 15

@) 12 4 10

36.

od 21) has

The congruence 35X = 14 (m

(1) 5 solutions (2) 6solutions

(3) 7 solutions (4) No golution

PHD/URS-EE-DEC.

-2022-(Mathematics)-—00de-A
(10)
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37. The primitive roots of 32 are
i § ke o el (2 2,6
3) 5,7 2 (4) None of these
38. Let G=1{0, 1, 2, 3, 4, 5, 6, 7} be a group under the binary operation
‘addition modulo 8, then the order of element 5, is
@ 1 @ 2
3) 4 4) 8
39. The centre of a non-abelian group of order 343 always has elements
in its centre.
(e a @ 7
3) 5 ' (4) None of these
- 40. Let G be a group of order 20449. Then
(1) - G has only one Sylow-11 subgroup
(2) G has only two Sylow-11 subgroups
(8) G has only four Sylow-11 subgroups
(4) None of these
41. The non-isomorphic abelian groups of order 20 are
1) Z,Z,xZ,xZ @) Z,Z,xZ,
) Z,xZ,Z,x7Z,xX7Z, (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-A

(11)
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42, Let Z [x] be the ring of polynomials over the ring of integers. Then
(1) theideal <x>isa prime ideal but not a maximal ideal.
(2) the ideal <x> is not a prime ideal but a maximal ideal..
(3) theideal <x>isaprme ideal as well as a maximal ideal.
(4) theideal <x> is neither a prime ideal nor a maximal ideal.
43. Which of the following is not a unique factorization domain ?
(1) A Euclidean ring. (2) Thering < 7, +, . > of integers.
@3 Z[J-5] (4) None of these
44, Which one of the following polynomial is irreducible over the field Q of
rational numbers ? _
(D 9x5 + 15x® + 3x + 6 @ x*+3x+1
(3) 8x*—-6x-1 (4) All of the above
45.

The degree of splitting field of x* — x? — 2 over the field Q of rational
numbers, 18 :

1) 3 | @) 4

3) 2 : (4) None of these

PHD/URS-EE-DEC.-202 2-(Mathematics)-Code—A

(12)
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46. Let F be a finite field and let K/F be a field extension of degree 6. Then
: the Galois group of K/F is isomorphic to

(1) the cyclic group of order 6

(2) the permutation group on {1, 2, 3}

(3) the permutation group on {1, 2, 3, 4, 5, 6}
(4) the permutation group on {1}

47. Which of the following spaces is not separable ?
(1) - R with the trivial topology

(2) The Cantor set as a subspace of R

(3) R with the discrete topology

'(4) None of these

48. Which one of the following topological spaces is not compact ?
(1) Indiscrete topological space

(2) Infinite discrete topological space

(3) A topological space with cofinite topology

(4) None of these

49, Let X be a topological space and U be a proper dense open subset of X
Then which of the followmg statement is true ?

(1) If Xis connected, then U is connected.
(2) If Xis compact, then U is compact.
(3) IfX\U is compact, then X is compact.

(4) If Xis'compact, then X\U is compact.

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-A
- (13)
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{
50. Let X and Y be two topological spaces and let f: X — Y be a continuous
function. Then
(1) f-!(K) is connected if K = Y is connected
@) f-!(K)iscompactif Kc Y is compact
3) f(K) is connected if K< X is connected
(4) None of these
51. For the initial value problem (IVP) y' =f (x, y), y (0) = 0, which of the
following statement is true ?
1) f(x, y)= ./xy satisfies Lipschitz’s condition and so IVP has unique
solution.
2 fxy)= \/E does not satisfy Lipschitz’s condition and so IVP has no
solution.
(3) f(x,y)= |yl satisfies Lipschitz’s condition and so IVP has unique
solution. ‘ _
@ f(, y) = | y| does not satisfy Lipschitz’s condition still the IVP has
unique solution.
; ; i g . Gy / . :
52. The solution of the differential equation o =2xy,y (0)=1by Picard’s
method upto third approximation is |
4 6 4 6
lextae il e Ll
(1) X - (2) X > g
sy
3) 1+x +T +? . (4 None of these

PHDIURS-EE—DEC.—2022-(Mathematics)—Code'-A

(14)



ol AMMZZ_

Set-X
Code-A

Q“;Sﬁ‘m Questions
No.

53. Using method of variation of parameters, the solution of the differential
equation y” — 2y’ = e* sin x, is '

(1) y=c,+c,e* —-%e" sin x (2) y=ce*+c,e* ——;—e" sin x

- P
B) y=c +c,e +5e sin x (4) None of these

- b4, Let n be non-negative integer. The eigeﬁ values of the Sturm-Liouville
problem y"” + Ay =0 with boundary conditions y (0) = y (2m), ¥’ (0) =y’ (2n)

are
(1) n ‘. (2) n?n?
@) n=n (4) n?

55. Green’s function of the boundary value problem
d*u 14 O 110,
32 Fu=0, u()=0,u|3|=0isgiven by
dx _ 2

(1) Gx & =cos&sinx, 0<x<E
(2) G(x,&) =cosh &sinhx, 0<x< £
@ GxH=x(1-£),0<x<¢t

(4) None of these

56. The solution of Partial differential equation xzp +yzq=xy is
1) ¢(xy,yz—y?)=0 @) ¢y, z+y)=0
B) ¢(xly,xy—23)=0 (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-A
| (15)
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57. The integral surface for the Cauchy problem e - By_ =1 which passes
through the circle z=0, x* + y:=1is
1) x2+y?+ 222 + 22x — 2yz—1=0
(2) x2+y?+ 222+ 2zx + 2yz—1=0
(3) x2+y2+2z2—2zx-2yz-—1=0
(4) None of these ~
58 The partial differential equation (x +1) -ail—l— —2(x+ 2.) i +(x+3) 222 =0
; p ” q e oy o
is
(1) Elliptic (2) Hyperbolic
(8) Parabolic . (4) None of these
59. Using method of separation of variables, the solution of Partial differential

equation

subject to the boundary conditions :
u(0,y)=sinyforally
and u (o, y) =0 forally

.is given by
(1) uxy)=e*siny (2) u(x,y)=e*siny
B ux y)=e*>siny _ (4) None of these

PHD/U RS-EE-DEC.-2022-(Mathematics)-Code-A
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60. Let u (x t)=e'"* v(t)withv(0)=1bea solution to — % o Then
@) u(x, t)=etve-i (_2) w = eivevt
B) u(x t)y=eiv&+w 4) u(x t)=eivax-v
61. Using Newton Raphson’s method the smallest positive root of the equation
3x® - 9x?+ 8 = 0, lying between 1 and 2,18
(1) 1.0327 2 1.2261 _‘
(3) 1.6514 @ Nqne of these
62. Using Gauss Elimination method, the solution of foﬂowing equations
4x + 3y + 2z = 8, X+y+2z=T7 3x+2y+4z=13
is given by
(1) x=-1,y=2,2=3 2) x=1,y=2,2z=3
@) x=-1,y=-2,z2=3 4 x=1,y=-2,z=3
63. Given that
X 3 7 g 10
f(x) 168 120 y - S Rl -

The value of third divided difference of the function f (x) is
1) 5 @2 1
@) -1 {8 =2

PHDIUR&EEDEc.-zozz-(Mathematics)-.COde-A
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I (yr?. # y2 + 4y cos x) dx subject to y 0)=0,y (m)=0 is
0

d’y

, 2

1) Ef+y=2si?x (2) £;;33[+y=2cos:|\:
d’y

(3) v y=2tanx (4) None of these

Code-A
Question Questions
No.
64. Consider the data given below :
X 0 1 - 3 4 -5 6 7
f(x) 0 413 | 720 | 9.25 | 10.25 10.00 | 9.05 | 7.12.| 6.2
' 8
Using Simpson’s one third rule, the value of j f (x)dx is
: 0
(1) 345 - (2 473
@) 528 4) 60.4
: dy _ 3 : s |
65. Given g =—ywithy (0)=1. Then using Euler’s method, the value of
y (0.02) by taking step size h=0.01, is
(1) 3.6845 (2) 2.7862
(3) - 0.9801 (4 0.5401
66. The Euler's equation corresponding to the functional

| PHD/U RS—EE—DEC.-2022-(Mathematics)—Code-A

(18)
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67. | | The extremal of the functional v

Iy ®)]= ]‘(y'z—ny)dx subjecttojf (1).=0, y(@)=-1 is
i .

M) y=3 &-x) @ y=x*-1

1
@ y= 5 (7Tx — x%) : (4) None of these

' 2 a3
68. The extremal of J'%—dt ; x(1)=3,x(2) =18 [whereks-i—f) using
1

Lagrange’s equation is given by which of the following ?

P
(@) X=l—7‘t3+? 2) x=56t2-2 -
B x=5t3+3 4 x=tt+2

69. The solution of the linear integral equation

PEI=(1+x)" + [(xE+xE") ¢ (¥) dE, is
(1) ¢($<)=1+6x+—29£x2 (@ ¢(X)=1-6x+g-x2

B) ¢(x)=1+3x —§ %3 (4) None of these

PHD/URS-EE-DEC.-202 2-(Mathematics)-Code-A
(19)
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70. The solution to the integral equation b =x* Isin x-8)6(&) dg is
0 . o
given by
3 ' 3
e ——
T @ x-3
3 3
2 X e
3) x = 4) x+ 3
71. The resolvent kernel for the integral equation
b () =20+6x+ [[5-6&-DIOE L,
0
(1) g ed&-9 4 2®-9 (2) g e2®-9 439
(3) 99— e 2&-9 (4) None of these
72. 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

T = -12—m(t2 +(@0)?) and V= —lz-krz,

where T =%};- and 6= %Q with t as time.

Then which of the following statement is correct ?
(1) risan ignorable coordinate

(2) ©isnotan ignorable coordinate
(3) r? @ remains constant throughout the motion

| 4) ro remains constant throughout the motion

PH‘D(URS—EE-DEC.-2022—(Mathematios)-00de—A
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73. The Lagrange’s equation for a simple pendulum is, (where symbols have
their usual meanings)

5+ 8gin0= 5+ 8¢ a-

(1) 9+Esm9—0 2 9+-e.sme_o
3) 6+ % tan0=0 (4) None of these

74. Let q, and g; respectively are the generalized coordinates and velocity of

a mechanical system and p, are its generalized momenta. If H is the
Hamiltonian of the system, then Hamilton’s equations of motion are

q.:—-—— p.:——-— q,:-é-l-l l‘)_:_
AR i el e )

. N P
(3) J api’ 1 a : (4) ql a i’ i | aqi

75. IfL=[L,L, LJ is the vector moment of the external forces about a fixed
point 0, 0 = [0, o, ®,] the angular velocity, and A, B, C are the principal
moments of inertia, then Euler’s dynamical equations of motion are

1) L,=Ao,~B-0) o0, L,=Bo,- (C-A) 0o, L,=Co,~(A-B) 0, 0,
(2 L=Ao,-B-0) 0,0, L, = Bd)z-—(C——A)msml, La=Cci)3--(A—B)co1 o,
®) L,=Ad,+B-0n0,L,=Bo,+C-A) o, L,=Co,+A-B)o,o,

(4) None of these

PHD/U RS—EE-DEC.—2022-(Mathematics)-Code-A
(21)
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76.

An integer is chosen at random from two hundred digits. Then the
probability that the integer is divisible is divisible by 6 or 8 is

(1) 34 Q) 12
(3) 3/8 4) 14

71.

- manufactured by machine II ?

In a bolts factory, machines I, II and III manufacture respectively 256%,
35% and 40% of the total bolts. Of their total output 5%, 4% and 2% are
respectively defective bolts. A bolt is drawn at random from the product.
If the bolt drawn is found to be defective, what is the probability that it is

(1) 041 (2) 027
(3) 0.13 (4) None of these

78.

Let X be a continuous random variable with probability density function

(p.d.f.) defined as f(x)=6x(1-%),0<x< .
Then the value of number b suchthat PX <b)=P X> b) is
1) 14 @ 3/4

@) 12 - (4) None of these

79.

If X and Y are two random variables having joint density function given

by

; - 6x%y ; 0<x<1,0<y<l
(x, y) = 0 . otherwise

ThenP X+Y<1)is
(1) 14 (2 110
(3) 358 (4) None of these
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80. For k =1, 2, ....,, 10, let the probability density function of the, random
variable X, is g1ven by
e k
=Jd—y K> 0
ka (x) Kk
0 ., otherwise
10
Then the value of E (Z k Xk] is equal to
. k=1
(1) 385 (2) 256
@) 144 " @ 110
81. If 2% of the items manufactured by a factory are defective, then the
probability that there are 3 defective items in a sample of 100 items is
(1) 048 (2) 0.3
(3) 0.27 (4) 0.18
82. For a certain normal distribution, the first moment about 10 is 40 and the
fourth moment about 50 is 48. Then the mean and standard deviation of
the distribution respectively are
(1) 20,3 ' (2) 30,4
(3) 50,2 (4) None of these
83. The characteristic function of y2-distribution with n degrees of freedom

s
(1) (1-2it)~2 (2)" (1 +2ip)"
3 1 -2it) 2 (4) None of these
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84. If Tchebycheff's inequality for a random variable X with mean 12 is

P{e<X<18; 2 %, then the standard deviation of X is

| |
O 2 2 3
@ 8 ' (4) None of these

85. The sum of all the elements of any row of the transition probability matrix
of a Markov chain is

1 o | @2 1
3 2 : : (4) None of these

86. Consider a discrete time Markov chain on the state space {1, 2, 3} with

0 02 038
one-step transition probability matrix (05 0 0.5]- Then the period of
06 04 0
the Markov chain is |
1 3 @) 2
@ 1 4 O

817. Let {X} and {Y ) be two independent pure birth processes with birth rates
A, and A, respectively. Let Z,=X+ Y,. Then ' :

(1) {Z}is not a pure birth process.
(2) {Z}isapure birth process with birth rate A, + A,
@3) {Z}isapure birth process with birth rate min (A, Ay)-

(4) {Zj)isapure birth process with birth rate A, A,

PHD/U RS-EE—DEC.-2022-(Mathematics)—Cod‘e—A
(24)



v A IR P (% ljn."mlﬂdd‘/_éLw%ZL
e

¥ ‘ Set-X
- Code-A

Q“§it_i°n ' Questions

88. Let X and Y be independent and 1dent1cally distributed (i.i.d.) random
variables uniformly distributed on (0,49). ThenP(X>Y | X<2 Y)is

1) 2/3 (2) 56
3) 14 4 1/3
89. If X and Y are independent normal variates with zero expectations and

XY
variances o] and 6, then Z = JX? ;2 isnormal with variance

D o= —T——l— ., @ of=c}+o?
= + —
(Gf UiJ
1 1
(3) o} = + py (4) None of these
1 2

90. In testing H: p =100 against A : p # 100 at the 10% level of significance, H
1s rejected if

(1) 100 is contained in the 90% confidence interval
(2) The value of the test statistic is in the acceptance region
(3) The p=value is less than 0.10

(4) The p-value is greater than 0.10

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-A
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91.

Let p be the probability that a coin will fall head in ars'mgle toss in order

1 3
totest H,=P =73 against H, : p= 7+ The coin is tossed 5 times and H, 18

rejected if more than 3 heads are obtained. Then the probability of type 1
error is y 3

(1) 116 (2) 3/16
@) 516 (4) None of these

92.

Given the observations 0.8, 0.71, 0.9, 1.2, 1.68, 1.4, 0.88, 1.62 from the
uniform distribution on ©®-02,0+ 0.8) with —© < 0 < o, which of the
following is a maximum likelihood estimate for©?

Q) 0.7 @) 09
@ 11 4) 13

93.

If X, X, X, oo , X is a random sample from a normal population
1 2. | .
N (p, 1). Then t= ;Z X? is a unbiased estimator of
i=l

1 u @) p*-1
@3- 1=p° 4 pr+1l

94.

|

Let X, X, ceees X, bea random sample of size n from a p-variate Normal

distribution with mean M and positive definite covariance matrix Z d
Choose the correct statement

1) - w) Z'I(Xl —p) has chi-square distribution with 1 d.f.

(2) X X' has Wishart distribution with p d.f.

@) 2 &Ki-wW&i- 1) has Wishart distribution with 1 af.
i=1

@ X, +X% and X, — X, are independently distributed.

PHDIURS—EE-DEC.-2022—(Mathematics)-Code-A
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95. In a trivariate distribution : 0,=20,= g, =3, 1, =0.7, Tos T 31 = 0:5:
ThenR ,, is :
(1) 0.1423 . 2 0.7211
(3) 0.4892 (4) None of these

96. The total number of all possible Latin squares of order 3 is
1) 12 @) 9

3) 6 (4) None of these

97. The Mean time to failure (MTTF) for an exponential distribution with
parameter A is

(M- X @ A
3) 1/ (4) None of these
98. The maximum value of Z=2x + 3y

subject to the constraints :
X+y<30; 3<y<12; x-y20; 0<x<20, is

ay T (2 60

(3) 49 (4) None of these

PHD/U R-S-EE-DEC.-2022-(Mathematics)—Code-A
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time of 12 minutes between one arrival and the next. The length of a
phone callis assumed to be distributed exponentially with mean 4 minutes.
Then the probability that a person arriving at the booth will have to wait
in the queue is

Set-X
Code-A
Question Questions ' |
. No. l
99. Men arrive in a queue according to a Poisson process with rate Xl and
women arrive in the same queue according to another Poisson process l
with rate A,. The arrivals of men and women are independent. The
probability that the first arrival in the queue is a manis l
W o | @ 73 | o :
A A, | N+, ‘
3 & 4 : t
e @ n
100. Arrivals at a telephone booth are considered to be Poisson with an average

2 8

3 @3

1

- (4) None of these
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Question
No.

Questions

{4

The resolvent kernel for the integral equation

¢ (x)=29+6x+ [[S-6(x-E)](E)dE, is
0

(1) 9 es(x_p L4 e2@-9 @) : 9e2G-8_ 4 o8-8 | : ;
(8) 9e3x-9 _g2(:-9 (4) None of these

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

T = %m(i2+(r(3))2) and V= —;-kl‘2

3

where 1'r=E and (5)=@ with t as time.
- dt dt

Then which of the following statement is correct ?
(1) risanignorable coordinate

(2) O is not an ignorable coordinate

(3) r? 6 remains constant throughout the motion

' (4) r § remains constant throughout the motion

The Lagrange’s equation for a simple pendulum is, (where symbols have
their usual meanings)

(1) é*’r%sin@=0 2) é+—§—sine=0

3 6+ % tan0=0 (4) None of these
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4, Let q, and q; respectively are the generalized coordinates and velocity of |
a mechanical system and p; are its generalized momenta. If H is the
Hamiltonian of the system, then Hamilton’s equations of motion are

(1) 1 a i’ 1 5 ; (2) 1 a i’ i aql
fpwHayea g i Bhyg, ofs O
ke Ahiopyitats oBagd 3 1oL o Pui Heo o890 seod ik

5. IfL=|[L, L,, L] is the vector moment of the external forces about a fixed
point 0, 0 = [0, o,, o,] the angular velocity, and A, B, C are the principal
moments of inertia, then Euler's dynamical equations of motion are

() L, =Ao,-B-0) 00, L,=Bo,~(C-A) 0w, L,=Co,~(A-B)o, o,

e &
@ L,=Ad,-B-000,L,=Bo,-(C-A)wew,L=Co,—A-Bo,o,

l (3) L1=ACE)1+(B-—C)0)20)3,L2=B(i)2+(C-—-A)CD30)1,L3=C(533+(A-—B)0)10)2
(4) None of these

6. An integer is chosen at random from two hundred digits. Then the
probability that the integer is divisible is divisible by 6 or 8 is
(1) 34 @ 12
@) 38 4) 14

7. In a bolts factory, machines I, IT and III manufacture respectivelj 25%,

35% and 40% of the total bolts. Of their total output 5%, 4% and 2% are
respectively defective bolts. A bolt is drawn at random from the product.
If the bolt drawn is found to be defective, what is the probability that it is
manufactured by machine IT ?

(1) 041 (2) 0.27
(3) 0.13 5 (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-B
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8.

Let X be a continuous random variable with probability density function
(p.d.f.) defined as f (x) = 6x (1 — x),0<x<1. :

Then the value of number b such that P X<b)=PX>b)is

(1) 1/4 (2) 38/4
3) 1/2 (4) None of these
9. If X and Y are two random variables having joint density function given
by
£(x )= {6x2y : 0<x<.1,0<y<1
0 ; otherwise
Then P (X + Y < 1)is
(1) 1/4 (2) 1710
(3) 3/8 (4) None of these
10. Fork =1, 2, ...., 10, let the probability density function of the random

variable X is g1ven by

X

k

]
= d——y-X >0
ka(x) k

0 , otherwise

' 10 '
Then the value of E (Z k ij is equal to
k=1

(1) 385 (2) 256
(8) 144 4) 110

PHD/URS-EE-DEC.-2 022-(Mathematics)-Code-B
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11. | For the initial value problem (IVP) y' =f (x, y), y (0) = 0, which of the
following statement is true ?
1) f&xy= fx? .satisfies Lipschitz’s condition and so IVP has unique
solution. o
(2) f(x,y)=/xy doesnot satisfy Lipschitz’s condition and so IVP has no
solution.
B) f(x, y)= |yl satisfies Lipschitz's condition and so IVP has unique
solution.
4) f(x,y) =1yl does not satisfy Lipschitz’'s condition still the IVP has
unique solution.
. d
i2. The solution of the differential equation -&i = 2xy, y (0) = 1 by Picard’s
method upto third approximation is '
4 6 : 3x4 Xﬁ
1) AT e 1+x? + ———
(1) 1l+x g (2) X 3 F .
x' x*
@) 1+x’ M (4) None of these
13. Using method of variation of parameters, the solution of the differential
' equation y"’ — 2y’ = e*sin x, is
2x 1 X . X =% l X _*
(1) y=¢ +ce ——2-e sin X (2) y=ce +c,¢e -Ec sin x
.
(3) y=c¢,+c, ¢ +Ee sin X (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-B
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14. Let n be non-negative integer. The eigen values of the Sturm-Lioﬁﬁ]le
problem y" + Ay = 0 with boundary conditions y (0) =y (2=), y' (0) =y’ (2n)
are
(1) n @ n*n? e
B) nm (4) n?
15. Green’s function of the boundary value problem

gL

d2
d—x‘; +u=0, u(0)=0,u(2J =0 1is given by

(1) G(x E=cosEsinx, 0<x<E
2 G(x & =coshésinhx, 0<x<§
@B Gx8E=x(1-§),0sx<E
(4) None of these

16. The solution of Partial differential equation xzp +yzq=xy is
1) ¢&xy,yz—-yH=0 2) ¢y, z+y)=0
3) ¢y, xy—2z)=0 (4) None of these

33, The in{:egral surface for the Cauchy problem %+g—zy-=l which passes
through thé circlez=0,x*+y*=1is | |
1) x2+y?+222+2zx—-2yz—-1=0

(2) x2+y2+222+2zx+2yz—1=0

3) x*+y*+2z2—2zx-2yz—1=0

(4) None of these

' PHD_/URS—EE—DEC.-2022-(Mathematics)—00de—B
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18. The partial differential equation (x +1) 6_1;_ -2(x+2) s +(x+3) _6_1: =0
ox Ox Oy

is

(1) Elliptic (2) Hyperbolic

(3) Parabolic ~ (4) None of these
19. Using method of sei)aration of variables, the solution of Partial differential

: equation

o’u &%

PP 0

subject to the boundary conditions :

u(0,y)=sinyforally

and u (e, y) =0 forally

is given by -

(1) u(x,y)=e*siny (2) u(x,y)=e'siny

3 ux y)=eXsiny (4) None of these

: . du 0Ou

20. Let u (x, t) = e'¥* v (t) with v (0) =1 be a solution to 2 =5x—5. Then

(1) u(x,t)=eiv&-" (2), ufx, t)=e"=""

3) u (x, t) = eiw(x-awzt) 4) u(x t)= ei“'a (x—1)

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-B
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r . ! S Z ] : ! L,
21. The Lament series expansion of f (z) = _—_—(z 1)z-3) for0< |z—-1] <2,1s8
equal to
=35 (z-1)* "~ 1 33 (z-1* 1
O T L aaip® @ i2 7 2@
1 1 1
@ 3 3 - n) Cinb), (4) None of these
n=0 2 2

1
22. The residue of the function f (z) = 2+ 1)3 atz=1,1s

i i ) ' i
1) 168 i 2i
4 : |
(3) 3 (4) None of these
2+ 2
23. The fixed points of the Mobius transformation w = L—;Q:;—- are
(1) “Ee=1 @) 0,1
@ -11 (4) 1+i,1-1i
24, The image of circle | z— 2| = 2 under the Mobius transformation w = —2—1
is a circle in w-plane with
4l o 2 ‘ 2 :
(1) Centre 3 0 |.and radius 5 (2) Centre _5'30 and radius 5
1 il 2 o
(3) Centre g,U and radius 5 (4) Centre E,O and radius 5

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-B
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25. 1 1f 9 colours are used to paint 100 houses, then atleast _ ;muses
: will be of the same colour.
@ 18 @ 15
(3) 12 ' @) 10-
| | 26. The congruence 35x = 14 (mod 21) has
(1) 5 solutions (2) 6 solutions
(3) 7 solutions (4) No solution
1. The primitive roots of 3* are
P 37 @2 25
@ 57 (4) None of these
28. | Let G=1{0, 1, 2, .'-3, 4, 5, 6, 7} be a group under the binary operation
‘addition modulo 8, then the order of element b, is
@ 1 , @ 2
@) 4 4) 8
29. The centre of a non-abelian group of order 343 alwayshas_ elements

in its centre.
(1) 3 @ 7

3 b . (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-B
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30.

Let G be a group of order 20449. Then
(1) Ghas only one Sylow-11 subgroup
(2) G hasonly two Sylow-11 subgroups
(3) G has only four Sylow-11 subgroups

(4) None 6f these

31.

Which of the following functions is not a function of bounded variation ?

, x sin (7/x), if 0<x <1 x* sin (1/x), if x =0
@ £ (x)={ 2 f®=

0 , ifx=0 0 , ifx=0

@) fx)=3x2-2x%-2<x<2 (4) None of these

32.

Choose the incorrect statement.
(1) The set of all irrational numbers in [0, 1] is measurable.
(2) Every non-empty one set has positive measure.

(3) Every subset of a set of measure zero is not of measure zero.

(4) None of these

33.

The directional derivative of the function ¢ (x, y) = xzxjyz at the point

(0, 1) along a line making an angle of 30° with positive direction of x-axis is

2
€Y NS (2) g
3 3 R (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-B
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34. The metric space (R, d), where d is a usual metric, is
(1) compact (2)  disconnected
(3) connected but not compact 4) compact and connected
35. In a metric space (0, 1] with usual metric dx,y)=|x-y]|, the sequence
<—>isa
n
(1) Not a Cauchy sequence
(2) Cauchy sequence but does not converge in (0, 1]
(3) Cauchy sequence that is convergent in (0, 1]
(4) None of these
34. Let V be a vector space over R®. Which one of the following is not a

subspace of V ?

(1) {(x,y,z):3x+y—z=0,x,y,zeR}

(2) {(x,y,z):x+y—z=0,2x+3y—z=0,k,y,zER}
(3) {(x,y,z):x—3y+4z=0,x,y,zeR}

) {xv,2:x+y20,x%,y,z€R}

31. The value of k for which the vector u = (1, k, 5) in V, (R) can be expressed
as a linear combination of vectors v = (1, -3, 2) and w = (2, - 1, 1)

is
(1) 3 2 -8
3 -2 (4) None of these

PHDIURS—EE—DEC.-2022-(Mathenmtics)—Code—B
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38. The dimension of the subspace W of R* generated by 7 v
{3,8,-38,-5),(1,-2,5,-3), (2, 8, 1, —4)}is
(1) 1 ' 2 3
3 _2 (4) None of these
| p— -
39. The rank of the matrix | -3 -6 -3|is
5 10 5
®m 1 @ 2
3) 3 ‘ \ (4) None of these
40. The system of equations 2x — 3y +z =9 ; X+y+z=6;x-y+z=2
has
(1) aunique solution (2) infinite solutions
(3) no solution (4) none of these
41. Let p be the probability that a coin will fall head in a single toss in order
totest Hy=p= % against H :p= i . The coin is tossed 5 times and H,is
rejected if more than 3 heads are obtalned Then the probablhty of type I
error is
(1) 116 - - (2) 3/16
3) 5/16 : (4) None of these
42. Given the observations 0.8, 0.71, 0.9, 1.2, 1.68, 1.4, 0. 88, 1.62 from the

uniform distribution on (6 — 0.2, 6 + 0.8) with — w0 < @ < o, which of the
following is a maximum likelihood estimate for © ?

(1) 0.7 (2 0.9
3) 1.1 4 1.3.

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-B
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43.

L D TR E » X, is a random sample from a normal ‘Population
¢ 2 : .
N @, 1). Thent = = Z; X is a unbiased estimator of

(1) p? @ w*-1

@ 1-p @ p2+1

- Let X, X,, ..... » X_be a random sample of size n from a p-variate Normal

distribution with mean 1 and positive definite covariance matrix ) .
Choose the correct statement

() @ ~w) T (X, ~ ) has chi-square distribution with 1 d.f
2) XX' has Wishart distribution with p d.f.
@ 2 &i-WX 1Y has Wishart distribution with n d_£

@ X+ X, and X, - X, are independently distributed.

45,

In a trivariate distribution : ¢, =20,= g, =3, r, =07, Iy =1, =0.5.
' Then R, __is

1.23

(1) 0.1423 (2) 0.7211

3) 0.4892 (4) None of these

| The total number of all possible Latin squares of order 31is

M- 12 @ 9

3) 6 (4) None of these

PMRSaEE-DEC.—Zﬂ22-(Mathemtics}-Code-B
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{
47. The Mean time to failure (MTTF) for an exponential chstnbutmn: with
parameter A is
1 A ' 224 i T
3) 1/A : (4) None of these
48. The maximum value of Z =2x+ 3y
subject to the constraints :
x+y<30; 3<y<12; x-y=20; 0<x<20, is
(1) 72 (2) 60
(3) 49 (4) None of these
49. Men arrive in a queue according to a Poisson process with rate A, and
women arrive in the same queue according to another Poisson process
with rate A,. The arrivals of men and women are independent. The
probability that the first arrival in the queue is a man is
A, - A
& i, e
M A
® 7 @ 3
50. Arrivals at a telephone booth are donsidered to be Poisson with an average

time of 12 minutes between one arrival and the next. The length of a
phone call is assumed to be distributed exponentially with mean 4 minutes.

Then the probability that a person arriving at the booth will have to wait
in the queue is '

2
(L v whi @ 3

3) (4) None of these

6
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51. Using Newton Raphson’s method, the smallest positive root of the equation
3x® - 9x?+ 8 =0, lying between 1 and 2, is
(1) 1.0327 _ 2 1.2261
- (3) 1.6514 (4) None of these
52. Using Gauss Elimination method, the solution of following eqtiations
4x+3y-+2z=8, x+y+2z=7 3x+2y+4z=13
is given by ' .
(1) x=-1,y=2,z=3 2) x=1,y=2,z=3
@) x=-1,y=-2,2=3 4 x=1ly=-2,2=3
53. Given that
X 3 7 9 10
z f(x) 168 120 72 63
The value of third divided difference of the function f (x) is
i) 5 @ 1
@) =1 4) -2
54. Consider the data given below :

X 0 1 2 3 4 5 6 7

f(x) 0 4.13 | 720 | 925 | 1025 | 10.00 | 9.05 | 7.12-

6.2

8
Using Simpson’s one third rule, the value of I f(x)dx is
0

(1) 345 @ 473
(3) 52.8 4) 604

PHDIURS—EE-DEC.-2022-(Mathematics)—Code-B
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556. Given % =—y with y (0) = 1. Then using Euler’s method, the valué of

y (0.02) by taking step size h =.0.01, is

(1) 3.6845 (2) 2.7862

(3) 0.9801 (4) 0.5401
56. The Euler’s equation corresponding to the functional

J'(y'2 —y*+4ycosx)dx subjecttoy (0)=0,y (r) =0 is

0

2 2
Yoerpes Lobjies E¥een
(1) &2-+y—231nx (2 -dx—2+y—2cosx
dzy

3) o e A 2 tan x (4) None of these

57. The extremal of the functional

2.1k
Iy ®)]= [ (y*-2xy)dx subjecttoy (1)=0,y (2)=—1 is
1

1
D y=75 &-xY @ y=x-1

1
@)-y= 3 (7x — x3%) - (4) None of these

-
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: 58. The extremal of I dt‘ o p (1) =3 x2)=18 (wherex—%f—] using

Lagrange s-equat:mn 1s given by which of the following ?

: 15, &

D) = —t +— P E— s

.(l)x‘,,, *2 2) x=5t2—2
B) x=5t2+3 4) x=tt+2

59, The solution of the linear integral equation

e, o J'(X€+XQ)¢(§)<1§’ is
M pe=1+6x+ 2 @ bw=1-6x+

®) ¢(_x)=1+3'x——2§x2 i T ok e

60. The selution to the integral equation@ ®=x+ _[sin (x—E) (&) dE is

0
given by
3 3
_ > X X
1 x 3 @ x 3
X e X
(3) ET (4) X+ ;

PHBI&IRS-E&DEC.&OZZ—(M&them&ﬁe&%Code«B
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61. If 2% of the items manufactured by a factory are defective, thenri;llie
probability that there are 3 defective items in a sample of 100 items is
(1) 0.48 (2) 033
(3) 0.27 (4) 0.8
62. For a certain normal distribution, the first moment about 10 is 40 and the
fourth moment about 50 is 48. Then the mean and standard deviation of
the distribution respectively are
(1) 20.8 ° (2) 30;4 |
3 50,2 : (4) None of these
63. | The characteristic function of y*>-distribution with n degrees of freedom
18
(1) 1 -2it)~2 (2) (1 + 2it)~2
3) (1-2it) 2 (4) None of these
64. If Tchebycheff's inequality for a random variablei X with mean 12 is
3
P{6<X<18}= 2 then the standard deviation of X is
1) 2 : @ 3
3) 8 (4 None of these
65. The sum of all the elements of any row of the transition probability matrix |

of a Markov chain is
(1) O @ 1
) 2 (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-B
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1

- 66. Consider a discrete time Markov chain on the state Space*.{l, 2, 3} with

| 0 02 08
one-step transition probability matrix |05 ¢ 0.5|. Then the period of
06 04 0
the Markov chain is
(1) 3 - 2) 2

3) 1 : ‘ 4 0

67. Let {X} and {Y o be two independent pure bi1:th processes with birth rates
. A, and A, respectively. Let Z,=X +Y,. Then

(1) {Z} is not a pure birth process.
(2) {Z} is a pure birth pfocess with birth rate 2. + A,
(3) {Z} is a pure birth process with birth rate min (A, A).

(4) {Z} is a pure birth process with birth rate A, A,.

68. Let X and Y be independent and identically distributed (i.i.d,) random
: variables uniformly distributed on (0,4). ThenPX>Y | X< 2 Y)is

(1) 2/3 2) 5/6

3) 14 (4) 1/3

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-B
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1

69.

If X and Y are independent normal variates with zero expectations and

XY

. 2 2 DL A S “4 .
variances o] andc;, thenZ= \[W is normal with variance

1) o Erfomin 63 (2) ©.=0;+0;

1 1
3) oi=S4— (4) None of these

70.

In testing H : p = 100 against A : p# 100 at the 10% level of significance, H
is rejected if

(1) 100 is contained in the 90% confidence interval
(2) The value of the test statistic is in the acceptance region
(3) The p-value is less than 0.10

(4) The p-value is greater than 0.10

71.

The non-isomorphic abelian groups of order 20 are
(1) Z,Z,%xZ,xZ @2 Z,Z,x7Z

() Z,%XZ,Z,x7Z, XL (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-B
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72.

Let Z [x] be the ring of polynomials over the ring of integers. Then
(1) the ideal <x> m a prime ideal but not a maximal ideal.

(2) the ideal <x> is not a prime ideal but a maximal ideal.

(3) theideal <x>isa prmé ideal as well as a maximal ideal.

(4) the ideal <x> is neither a prime ideal nor a maximal ideal.

73. Which of the following is ﬂot a unique factorization domain ?

(1) A Euci;idean ring. (2) Thering<Z, +,.> of ini:egers.
| @) Z[/)-5] | (4) None of these
| 74. Which one of the following polynomial is irreducible over the field Q of

rational numbers ?
(1) 2x*+15x*+3x+6 (2) x*+3x+1
3) 8x*-6x-1 | (4) All of the above

75.

The degree of splitting field of x* — x2 — 2 over the field Q of rational
numbers, is :

(1) 3 2) 4

@3 2 (4) None of these

PHD/URS-EE-DEC.-202 2-(Mathematics)-Code-B
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76.

Let F be a finite field and let K/F be a field extensmn of degree 6. Then
the Galois group of K/F is isomorphic to

(1) the cyclic group of order 6

(2) the permutation group on {1, 2, 3}

(3) the permutation group on {1, 2, 3, 4, 5, 6}
(4) the permutation group on {1}

i

Which of the following spaces is not separable ?
(1) R with the trivial topology

(2) The Cantor set as a subspace of R

(3) R with the discrete topology

(4) None of these

78,

Which one of the following topological spaces is not compact ?
(1) Indiscrete topological space

(2) Infinite discrete topological space

(3) A topological space with cofinite topology

(4) None of these

79.

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

Then which of the following statement i§ true ?
(1) If Xis connected, then U is connected.

(2) IfXis compact, then U is compact.

(3) If X\U is compact, then X is compact.

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

- PHD/URS-EE-DEC.-2022-(Mathematics)-Code-B
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~ 80.

Let X and Y be two topological spaces a'nd letf: X - Ybea continuous

function. Then

(1) f- (K) is connected ifKcYis connected
(2) | f-1(K) is compact if K Y ig compact

3 fE)is connected if K — X is connected

(4) None of these

-~ 81,

=2 2 -3

. Consider the matrix A=| 2 ] _g , then

=1 Bavagog

(1) A has no rea] eigen values,

(2) A hasboth positive and negative rea] éigen values,

(3) All real eigen values of A are positive.

(4) All real eigen values of A are negative.

82.

Which of the following is linear transformation ?
(1) T, yj =(1+x,y) for all x y) e Ré

2 T(x, ¥) =(x, x + y) for all (x,¥) € R2

@ Tk y= (x% y) for all (x, y) € R?

(4) None of these

PHDIURS-EE—DEC.-2022-(Mathematics)—Code-B
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i
83. The matrix representing the linear transformation T : R* - R? defined by
T (x,, x,) = (2%,, 3x, — x,) relative to the basis {(1, 3), (2, 5)} is
(30 48 ' 30 48]
M 118 29 s I
[ 30 48 ~30 —48]
@ |18 -29 xincp: sppes 554 s o
84. Let C? be a complex inner product space.
If the vectors u, = (1, 2i, 1), u, = (0, 1 +1, 1), u, = (2, 1 —i, i) € C? then the
vector orthogonal to both u, and u, is
(1) (-3+1,—1,1-51) 2) (-3+1,—1,1+51)
3) B3 :-1,—-1,1+51) (4) None of these
9 3 -3
85. The quadratic form corresponding to symmetricmatrix | 3 2 -4|is
-3 -4 2

(1) 9x%—2y*+ 2z — 6xy — 6%z — 8yz
(2) 9x2+ 2y?+ 222 + 6xy — 6xz — 8yz
(3) 9x2+ 2y%— 222 + 6xy + 6xz + 8yz

(4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-B
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- 86. Thsr&d’maﬁ'mmm of the power series Z

ooy ®

: (@ 4 @ 3
| _f @ 2 (4) None of these
87. | Which one of the following functions f (z), of the complex variable z, is
alytic werthemﬁremﬂexpiane?
@ f (-'z) =1In (2) @ f@=e
- (3) f(z)=1—j-z- 4) f(2)=cosz

8. | fu= (x - 1)* - 3xy? + 3y® is the real part of an analytic funection
‘ ' f(z)=uf+iv,thenthe%maginarypartvoff(z)is

(1) 3x’y — 6xy - 3y +y3 + ¢ 2 3x3y+6_xy+3y+y3-+c

(@) 3x’%—6xy+3y—yi+c (4) None of these

89, | The value of the integ

al fidz', fromz=0toz=4+9i along the curve C
C

given by z = t2 + it,_ig equal to

(_]_) 5-—-§i 2) ]Oﬂgi
3) 10—§i (4) None of these

PHD/URS. 5 DEC 2022 (MashemasionCode
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90. The value of the integral Je

c
origin, described in positive sense, is equal to

(1) o 2) =ni

B3) -2zi (4) None of these

= dz, where C is a unit circle about the

, —1)"
91. The infimum and the supremum of the set {( n)

-1

1
= @ -1,5

3 -1,0 (4) None of these

ne N} are respectively

92. Which of the following sequence is divergent ?

2 - 3n-1
= — b =
(3) ¢, =1+ (_111) (4) d =sinn

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-B
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- 93.

Consider the statements :

7 3.4

_— .
(a) The series ———+=-— 9 s onis 1s convergent.

>

Irr] (57
(b) The series 1 + 2_i+§+'ﬁ G Pt T 1s convergent.

Then
(1) Both the statements (a) and (b) are true
(2) The statement (a) is true and (b) is false

(3) The statement (a) is false and (b) is true
(4) Neither (a) nor (b) is true

- 94.

Every bounded sequence has at least one limit point. This represents

(1) - Archimedean Property (2) Heine-Borel theorem

(8) Bolzano-Weierstress theorem (4)  Denseness Property

95.

Let f: [0, ®) > R be a function, where R denotes the set of all real
numbers. Then which one of the following statements is true ?

(1) Iffiscontinuous and lim f(x)isfinite, then fis uniformly continuous.
(2) Iffisbounded and continuous, then fis uniformly continuous.

(3) Iffis uniformly continuous, then lim f (x) exists.

(4) None of these

~ PHD/URS-EE-DEC.-2022«(Mathematics)-Code-B
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96. Which of the following is false ? _ | = :
- :
(1) The sequence {f}, where f (x) = +n’ S uniformly convergent in
any interval [0, b], b > 0.
n’x
(2) The sequence {f }, where f_(x)= Tanigt’ is uniformly convergent on
n° x
the interval [0, 1].
(3) The sequence {f }, where{ (x)=tan 'nx, x>0, is uniformly convergent
in any interval [a, b], a > 0.
(4) None of these
97. For which of the following function, Rolle’s theorem is not
applicable ?
. sin X ,
(1) fx)=cos2xin[-n/4,n/4] 2) f(x)=——in[0,n]
' e
B) fx)=x’-6x*+11x-6in[1,3] @4 f®=I|xlin[-1,1]
98.

. 1 b 2
Iff(x) =%, x € [0, 1] and let P = {0,5,5,?1} be the partition of [0, 1],
then U (f, P) is |

(1) 23/36 (2) 31/36

(3) 49/36 (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-B
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(1
| ifafunctmﬁf&ﬁﬁ@doﬂ[@ asfx) = [ (}ifﬁ%w then
0

, otherwise

(1) Fis not bounded
@a fis R-integrable

‘4 Bothare ‘convergent
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1. The non-isomorphic abelian groups of order 20 are _
Q) Z,7,xZ,%xZ, @ Z,7,%Z,
() Z,xZ,Z,xZ,x7Z (4) None of these
2. Let Z [x] be the ring of polynomials over the ring of integers. Then
(1) the ideal <x> is a prime ideal but not a maximal ideal.
(2) the ideal <x> is not a prime ideal but a maximal ideal.
(3) the ide_al <x> is a prme ideal as well as a maximal ideal.
(4) the ideé.l <x> is neither a prime idelal nor a maximal ideal.
3. Which of the foﬂowing is not a unique factorization domain ?
(1) - AEuclidean ring. : (2) The ring <Z, +, . > of integers.
@ ZI[J/=5] (4) None of these
4. Which one of the following polynomial is irreducible over the field Q of
rational numbers ?
(1) 2x°+15x*+3x+6 (2 x*+3%%1
(3) 8x3- 6x—1 ' (4) All of the above
5. The degree of splitting field of x* — x® — 2 over the field Q of rational
numbers, is
(1) 3 ' (2) 4
(3) =2 ‘ (4) - None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
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6. Tot F be a finite field and lot K/F be a field oxtension of degree 6. Then
the Galois group of K/F is isomorphic to ' £ i

(1) the cyclic group of order 6
(2) the permutation group on {1, 2, 3}
3) the permu’pation group on 1,2,3,4, b, 6}

(4) the permutation group on {1}

o Which of the following spaces 18 not separable ?
(1) Rwiththe trivial topology

(2 The Cantor set as a subspace of R

3) R with the discrete topology

(4) None of these

8. Which one of the following topological spaces is not compact ?
(1) - Indiscrete topological space

(2) Infinite discrete topological space

3 A topological space with cofinite topology

(4) None of these

9. Let X be a topological space and U be a proper dense open subset of X.
Then which of the following statement is true ?

(1) fXis connected, then U is connected.
@) IfXis compact, then U is compact.
@ KEX\Uis compact, then X is compact.

(4) IfXis compact, then X\U is-c;ompact.

| PHDIURS—EE—DEC.—2022—(Mathematics)—Code-C
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10. Let X and Y be two topological spaces andletf: X > Ybea continuous
function. Then : >

(1) f-'(K) is connected if K c Y is connected

2) f-!'(X) is compact if K c Y is compact

- (3) f(K) is connected if K = X is connected

(4) None of these

+£2 3.2 =3
11. Consider the matrix A=| 2 1 -6/, then
e A |

(1) Ahasnoreal eigen values.
(2) A hasboth positive and negative real eigen values.
(8) All real eigen values of A are positive.

(4) All real eigen values of A are negative.

12. Which of the following is a linear transformation ?
1) Texy)=@0+xy) forall(xy) eR
@ T y) = x+y)foral(xy)eR’

3. T(xY= (x%, y) forall (x,y) € R

(4) None of these

PHDIURS—EE—DEC.-2022—(Mathematics)-Code.-C
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13. The matrix representing the linear transformation T : R2 - R? defined by
T (x,, x,) = (2x,, 3x, — x,) relative to the basis {(1, 3), (2, 5)}is .

(30 48 [-30 48]
D |18 29 @ | 18 —29)
[ 30 48 [—30 —48]
® |18 —29 @ | 18 29
14. Let C? be a complex inner product space.

If the vectors u, = (1, 2i, i), u,=(0,1+1,1),u,=(2, 1-1i,1i) € C3 then the
vector orthogonal to both u, and u, is

(1) 8+1i,-i,1-5i)" (@) (-3+i,—i,1+5i)
@) @+i,—i,1+5i) (4) None of these
. 9 3 -3
- < The quadratic form corresponding to symmetric matrix| 3 2 —4|is
= LU

(1) 9x2-— 2y + 222 — 6xy — 6xz — 8yz
(2) - 9x? + 2y® + 22° + 6xy — 6xz — 8yz
(3) 9x*+ 2y®— 222 + 6xy + 6xz + 8yz
(4) None of these

o "2
16. The radius of convergence of the power series ), ?21;1))' " is
; n=0 .
(1) T oo i - e
a3y 2 ‘ (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
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17. Which one of the following functions f (z), of the complex variable z, is |
eV analytic over the entire complex plane ? - :
1) f@=In@ @ f@=e"
1 3¢ .
(3) f(z)=:'z‘ _ (4) f(z)=cosz
18. If u=(x — 1) — 3xy? + 3y’ is the real part of an analytic function
f (z) = u + iv, then the imaginary part v of f (z) is
(1) 3xly—6xy—-3y+y*tc (2) 3x’y+6xy+3y+y’tc
(3) 3x%y—6xy+3y—-y*tc (4) None of these
19. The value of the integral IE dz, from z=0to z=4 + 2i along the curve C
¢
given by z = t? + it, is equal to
8 8
e ; 10-=1i
() S 2 i
4, '
@) 10 5 (4) None of these
20. 2

The value of the integral I s-dz, where C is a unit circle about the
e :

z
origin, described in positive sense, is equal to

1 o @2 =wi

B8 —-2r1 (4) None of these

PHD/U RS-EE-DEC.-2022-(Mathematics)-Code-C
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21, The infimum and the supremum of the set {( n) ne N} are respectively
-1 1
3 -1,0 (4) None of these
22, Which of the following sequence is divergent ?
2 3n-1-
' =14— b, =
D a,=1+= @ b =T
_ —1)"
3) °n=1+( n) (4) d =sinn
23. Consider the statements :
The seridh ==+ -~ + i nt
(a) e series 3 5 T Tg T 1s convergent.
: 1 A +i .
(b) The series 1 + CTRETRUTE b rrersnsnne | is convergent.
Then

(1) Both the statements (a) and (b) are true
(2) The statement (a) is true and (b) is false
(3) The statement (a) is false and (b) is true
(4) Neither (a) nor (b) is true

24, Every bounded sequence has at least one limit point. This represents
(1) Archimedean Property (2) Heine-Borel theorem

(3) Bolzano-Weierstress theorem (4) Denseness Property

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
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25. Let f : [0, ©) > R be a function, where R denotes the set of all real |
numbers. Then which one of the following statements is true ? L BE
(1) Iffiscontinuousand lim f(x)is finite, then fis uniformly continuous.
(2) Iffis bounded and continuous, then fis uniformly continuous. ;
(3) Iffis uniformly continuous, then lim f (x) exists.
(4) None of these
26. Which of the following is false ?
1
(1) The sequence {f}, where f (x) = AT is uniformly convergent in
any interval [0, b], b > 0.
n’x
(2) The sequence {f }, where f (x)= R is uniformly convergent on
the interval [0, 1].
3) Thé sequence {f }, where f (x)=tan™'nx, x>0, is uniformly convergent
in any interval [a, b], a > 0.
(4) None of these
217. For which of the following function, Rolle’s theorem is not

applicable ?

= Zin[0, 7]
€

(1) f(x)=cos2xin [-n/4, /4] @  fx)=

B) fx)=x’-6x*+11x-6in[1,3] (4) f)=Ix|in[-1,1]

PHD/U RS—EE—DEC.—2022-(Mathematics)-Code-C

(7)




F

Set-X

Code-C
Question Qilestion's

No.
28. ffx=x,xe[0,1) and let P = {0, i,%%, 1} be the péljtitioﬂ' of [0, 1],

then U (£, P) is |

(1) 23/36 (2) 31/36

(3) 49/36 ' (4) None of these

hid i g T TN R
29. If a function f defined on [0, 1] as f (x) = {sm (;J’ ik 1rranonal, then
0 , otherwise

(1) fis not bounded

(2) fis R-integrable

(3) fisnot R-integrable since f is not bounded

(4) f is not R-integrable since lower and upper integrals of f are

unequal
30. Consider the following improper integrals
“ sin’ x i
L= 6[ = dx and I, = J(1+x)5 dx | tﬁen

(1) Both are divergent (2) I, converges but not I,

(3) I, converges but not I, (4) Both are convergent
31. Let p be the probability that a coin will fall head in a single toss in order

1 3
totest H =p= 5 against H :p = e The coin is tossed 5 times and H, is

rejected if more than 3 heads are obtained. Then the probability of type I
error is

(1) 1/16 (2) 3/16
(3) 5/16 (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
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Given the observations 0.8, 0.71, 0.9, 1.2, 1.68, 1.4, 0.88, 1.62 from the
uniform distribution on (@ — 0.2, 8 + 0.8) with — © <8 < o, which of the
following is a maximum likelihood estimate for 6 ?

1 S 2 09
3 1.1 : 4 13

33.

R K , X, is a random sample from a normal population

22T : .
N (u, 1). Thent= e Z X! is a unbiased estimator of

i=1

(1) p? @ p-1
B) 1-—p? @ p*+1

34.

Let X, X,, ....., X_ be a random sample of size n from a p-variate Normal

distribution with mean p and positive definite covariance matrix p o F
Choose the correct statement

1) X, —n) Z_i(Xl —u) has chi-square distribution with 1 d.f.

(2) XX' has Wishart distribution with p d.f.

3) Y. Xi-w X -1 has Wiéhart distribution with n d.f.
i=1

4) X +X, and X, - X, are independently distributed.

35.

In a tr1var1ate distribution : 6, =2, 6, =0, =3, r, = 0.7, L T Iy = 0.6. 1
Then R,

(1) 0.1423. (2) 0.7211
(3) 0.4892 : (4) None of these

PHD/U RS—EE—DEC.—2022-(Mathematics)—Code-C
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36. The total number of all possible Latin Squares of order 3 js
(1) 12 @ 9
3) 6 (4)  None of these
37. The Mean time to failure (MTTF) for an exponential distribution with
parameter ) is
1 A 2) Az
3) 1/ (4) None of these
38.

The maximum valueof Z=92x+ 3y

subject to thé constraints :

X+y<30; 3<y<12: X—-y20; 0<x<20, is
(0. 205 @ 60

3) 49 : (4) None of these

39.

Men arrive in a queue according to a Poisson process with rate A, and
women arrive in the same queue according to another Poisson process
with rate A,. The arrivals of men and women are independent. The
probability that the first arrival in the queue is a man is

A | Ay

L re THRRG e
Ay Ay
3) X i C)) %
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Questions

40.

Arrivals at a telephone booth are considered to be Poisson with an average
time of 12 minutes between one arrival and the next. The length of a
phone call is assumed to be distributed exponentially with mean 4 minutes.

Then the probability that a person arriving at the booth will have to wait
in the queue is ;

7 1
¢ A 5

1
3) 5 (4) None of these

41.

Using Newton Raphson’s method, the smallest positive root of the equation
3x3 — 9x? + 8 = 0, lying between 1 and 2, is

(1) 1.0327 (2) 1.2261
(3) 1.6514 (4) None of these

42,

Using Gauss Elimination method, the solution of following equations
4x+3y+2z=8, x+y+2z=T, 3x+2y+4z=13

is given by

1) x=-1,y=22=3 @ x=1,y=212=3

@) x=-1,y=-2,z=3 4 x=1y=-2,z=3

- 43.

Given that

x 3 7 9 10
£(x) 168 120 72 63

The value of third divided difference of the functioﬁ f(x)i1s
1 5 @ 1
@ -1 @) -2

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
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44. Consider the data given below :
X 0 1 2 3 + 5 6 7 8

f(x) 0 413 | 720 | 925 | 1025 | 10.00 | 9.05 | 7.12 | 6.2

8
Using Simpson’s one third rule, the value of I f (x)dx is
0

1) 345 : @) 473
(3) 52.8 4) 60.4

d .
45. Given % = — y with y (0) = 1. Then using Euler’'s method, the value of

y (0.02) by taking step size h =0.01, is
(1) 3.6845 - (2) 2.7862
(3) 0.9801 (4) 0.5401

46. The Euler’s equation corresponding to the functional
_[(y’2 —y? +4ycosx)dx subjecttoy (0)=0,y (r) =0 is
0

2 2

d |
(1) Exlz+y=23inx (2) d—x);+y=2cosx
dzy
3) = y=2tanx (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
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.47'

The extremal of the functional

2
Ily®)]= [ (y* -2xy)dx subjecttoy (1) =0,y (2)=-1 is
1

1
(1) ng(x—xs) 2 y=x2-1
1
B) y= 3 (7x —x%) - (4) None of these
2 XZ : dX
48. The extremal of It—:‘ d ; x(1)=3, x(2) =18 (where X EEJ using
1
Lagrange’s equation is given by which of the following ?
1 6
Q' =B (2) x=5t2—2
7 7
3 x=56t+3 4 x=t‘+2
49,

The solution of the linear integral equation

1
o) =(1+x)*+ I(X§+X2§2)¢(¢)d§, is
e
1) $E)=1+6x+ 2 @ $09=1-6x+3x

25
B) ¢(x)=1+3x- = x? (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
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4

50. The solution to the integral equation ¢ (x) = x + jsin x=E)d(E)dE is
) : 0

given by
| 3 3
2 X X
+ = X ——
3 e
2 X
@) x - ET} 4) x+ ?

' z
51. The Laurent series expansion of f (z) = m for0< |z-1]| <2,is

equal to
3% (z- l) 1 3&(@E-D)" 1
) Rl 2 32 7 Ae)
1 & (@z-1)" (z-1
Z,E,(Z 2,,) +(22 ) (4) None of these

1
52. | The residue of the function f (z) = W at z =i, is

3 3
@D 15 @ =
(3) 3 (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
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: 2+i)z—-2 .
53. The fixed points of the Mobius transformation w = %‘“— are
1) i,-i 2 0,1
@ -1,1 4 1+1,1-i1
54. The image of circle | z— 2| =2 under the Mobius transformation w = #
is a circle in w-plane with
' 1 L 2 P |
1) Centre_ 3 0| and radius 3 (2) Centre 5 0| and radius 3
=% -y 2 e
(3) Centre 3 0 and radius 5 (4) Centre e 0 | and radius 3
55. If 9 colours are used to paint 100 houses, then atleast houses
will be of the same colour.
(1) 18 | 2 156
3) 12 (4) 10
56. The congruence 35x = 14 (mod 21) has
(1) 5 solutions : (2) 6 solutions
(3) 7 solutions (4) No solution

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
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57. The primitive roots of 3% are
5T - 2 2,5
3) 5,7 (4) None of these
58. Let G ={0, 1, 2, 3, 4, 5, 6, 7} be a group under the binary operation
‘addition modulo 8, then the order of element 5, is
1 1 ' 2) 2
3) 4 4 8
59. The centre of a non-abelian group of order 343 always has ~_elements
in its centre. ;
1 3 @ 7
3 5 ; (4) None of these
60. Let G be a group of order 20449. Then

(1) Ghasonly OI'IG Sylow-11 subgroup
(2) G hasonly two Sylow-11 subgroups
(3) G has only four Sylow-11 subgroups

(4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
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61.

The resolvent kernel for the integral equation

b (x)=29 +6x + )]'[5—6(x—§)].¢(§)d§, is
: 0

(1) 9e3x-9_4¢e26-9 . (2) 9e2x-9_4¢e3x-2
3) 9ex-9_g26-0 (4) None of these

62.

Consider the two dimensional metio  of a mass m attached to one end of
a spring whose other end is fixed. L2t & be the spring constant. The kinetic
energy T and the potential energyV of the system are given by

P= %m(fz-t—(ré)z) and V= %krz,_

where f =%:- and 6 =%% with t as time.

Then which of the following statement is correct ?
(1) risanignorable coordinate

(2) 0 1is not an ignorable coordinate

(8) r? § remains constant throughout the motion

(4) r § remains constant throughout the motion

63.

The Lagrange’s equation for a simple pendulum is, (where symbols have
their usual meanings)

1) 6+8sin0=0 9) 6+L8sin0=0
» 6+5 @ 6+5

(3) 0+ % tan ©=0 (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
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i

64.

Let q, and g; respectively are the generalized coordinates and velocity of

a mechanical system and p, are its generalized momenta. If H is the
Hamiltonian of the system, then Hamilton’s equations of motion are

) 475 P 5, @ 4™ gp " g,

oH . _oH . "oH
@ P50

H e oH
o, aql api i

@) 4= o,

65.

If L =[L,, L,, L,] is the vector moment of the external forces about a fixed
point O, ® = [(o ®,, ®,] the angular velocity, and A, B, C are the principal
moments of mertla then Euler’s dynamical equations of motion are

e

1) L,=Ao,-B-0)ow » L, =Bo,—(C-A) o0, L,= =Cwo,—(A-B) o, o,
@ L,=Ad,-B-C) on,L,=Bd,~C-A)ew,,=Co,-(A-Bo o
@) L ,=Ad,+B-C) w0,L,=Bd,+C-A)ow,L,=Cd,+A-Bo o

(4)  None of these

66.

An integer is chosen at random from two hundred digits. Then the
probability that the integer is divisible is divisible by 6 or 8 is

(1) 3/4 @) 1/2

3 38 @ 14

PHDIURS-EE—DEC.-2022-(Mathematics)—Code-C
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67. In a bolts factory, machines I, IT and III manufacture respectively 25%,
35% and 40% of the total bolts. Of their total output 5%, 4% and 2% are
respectively defective bolts. A bolt is drawn at random from the product.
If the bolt drawn is found to be defective, what is the probability that it is
manufactured by machine II ?

(1) 041 2 027
(3) 0.13 . (4) None of these
68. Let X be a continuous random variable with probability density function

(p.d.f.) defined as f (x) =6x (1 —x),0<x< 1.

Then the value of number b such that P (X <b) =P (X > b) is

(1) 1/4 (2) 3/4
@3 12 (4) None of these
69. {)f Xand Y ére two random variables having joint density function given
¥
£x y) = {éxzy : 0<x<.1,0<y<1
0 ; otherwise
ThenPX+Y<1)is
(1) 114 (2) 110
3) 3/8 - (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
(19)




= == e e e e — e ——

Set-X
Code-C

Question

Questions
‘No.

70. For k =1, 2, ....., 10, let the probability density function of the random
variable X is glven by :

e
k

e
— Tl x>0
ka x) k

0 , otherwise

ol 10 ;
Then the value of E (Z k ij is equal to
k=1

1) 38 @ 256
3) 144 4 110

T1. If 2% of the items manufactured by a factory are defective, then the
probability that there are 3 defective items in a sample of 100 items is

(1) 0.48 (2) 0.33
3) 0.27 (4) 0.18
‘ Ta: For a certain normal distribution, the first moment about 10 is 40 and the

fourth momient about 50 is 48. Then the mean and standard deviation of
the distribution respectively are

| (1) 20,3 (2) 30,4
| | (3) 50,2 (4) None of these
73. The characteristic function of y*-distribution with n degrees of ﬁeedom
18 '
1) (1-2ity™ L@ +2itm
3B) (1 - 2it)»2 (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
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| 1 74 If Tchebycheff's inequality for a random variable X with mean 12 is
| 3 e .
P{6<X<18}> 7 then the standard deviation of X is
1) 2 @ 3
3 8 (4) None of these
75. The sum of all the elements of any row of the transition probability matrix
of a Markov chain is
e G @ 1
3 2 (4) None of these
76. Consider a discrete time Markov chain on the state space {1, 2, 3} with
' 0 02 08
one-step transition probability matrix (0.5 0 0.5|. Then the period of
06 04 0O
the Markov chain is
(1) 3 2 2
3 1 ] 4) 0
| iy Let {X} and {Y o be two independent pure birth processes with birth rates

A, and A, respectively. Let Z,=X +Y, Then

(1) {Z} is not a pure birth process.

(2) {Z} is a pure birth process with birth rate K, +X,

(3) {Z} is a pure birth process with birth rate min (&, A,).
(4) {Z} is a pure birth process with birth rate A A,

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
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78. Let X and Y be independent and identically distributed (i.i.d.) random
variables uniformly distributed on (0, 4). ThenP X>Y | X<2Y)is
1 23 () 5/6
3) 1/4 _ @ 13
79. If X and Y are independent normal variates with zero expectations and
XY
variances o} and 62, then Z = JX? 12 isnormal with variance
W od=—— @ ol=cl+cl
Rt
5+2)
g -1 1
(3) . O =a%= (4) None of these
o, O
80. In testing H: =100 against A : p # 100 at the 10% level of significance, H

is rejected if

(1) 100 is contained in the 90% conﬁdepce interval

(2) The value of the test statistic is in the acceptahce region
(3) The p-value is less than 0.10

(4) The p-value is greater than 0.10

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
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- 81. Which of the fo]lo“.ring functions is not a function of bounded variation 21
Tk _ [xsin(n/x), if 0<x <1 5 PR x? sin (1/x), if x 20
T®= 10 , ifx=0 ek ek , ifx=0
@) f(x)=3x2-2x% -2<x<2 @ None of these

- 82, Choose the incorrect statement.

(1) The set of all irrational numbers in [0, 1] is measurable.
(2) Every non-empty one set has positive measure.
(3) Every subset of a set of measure zéro 1s not of measure zero.
(4) None of these
83. The directional derivative of the function ¢ x,y)= szyz at the point
(0, 1) along a line making an angle of 30° with positive direction of x-axis is
2 3
(1) 3 (2) g
(3) J§ - (@ _lfs_Ione of these
84,

The metric space (R, d), where d is a usual met;f:ié,7 is
(1) compact (2)  disconnected

(3) connected but not compact 4) compact and connected

- PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
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85.

In a metric space (0, 1] with usual metricd (x, y) = |x — vl, thé sequence
< & >1sa ;o

(1) Not a Cauchy sequence

(2) Cauchy sequence but does not converge in (0, 1]

(3) Cauchy sequence that is convergent in (0, 1]

(4) None of these

86.

Let V be a vector space over R®. Which one of the following is not a
subspace of V ?

(D {xy,2):3x+y-2=0,%,y,z € R}
(2) {(x,y,z):x+y—z=0,2x+3y—z=0,x,y,zeR}
3) {(x,y,z):x—3y+4z=0,x,y,zeR} '

4 {x vy, z):x+y20,x;y,zeR}

87.

The value of k for which the vector u = (1, k, 5)in V, (R) can be expressed
as a linear combination of vectors v = (1, — 8, 2) and w = (2, - 1, 1)
is |

1) 3 ' @ -8

@B -2 (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
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88. The dimension of the subspace W of R* generated by .
{(3s 8: - 33 o 5): (1: - 2, 5: i 3), (2: 3’ 11 S 4)} iﬂ J Y
1 1 ' 2 3 -
3) 2 (4) None of these
R W R
89. | Therank of the matrix |-3 -6 -3|is
9 M 3
1 1 ‘ 2 2
3) 3 (4) None of these
90. The system of equations 2x -3y +z2=9;x+y+2=6;x-y+z=2
has :
(1) a unique solution (2) infinite solutions
(3)- no solution (4) none of these

91. For the initial value problem (IVP) y' =f (x, y), y (0) 0, which of the
followmg statement is true ?

1) fxy= \/E satisfies Lipschitz’s condition and so IVP has unique
solution.

2) f(x,y)=./xy does not satisfy Lipschitz’s condition and so IVP has no
solution.

3) f(x, v)=|y| satisfies Lipschitz’s condition and so IVP has unique | -
solution.

(4) f(x, y)= |y| does not satisfy Lipschitz’s condition still the IVP has
unique solution.

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
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92. The solution of the differential equation ;i% =2xy,y (0) = 1 by Picard’s
method upto third approximation is
4 6 : 3x4 XG
TFR e |5 gl e
(1) 1+x T e (2) X > -
%t xS
@) 1+x%+ pei = (4) None of these
93. Using method of variation of parameters, the solution of the differential
equation y” — 2y’ = ex gin X, 18
2x I X e X -x I g
(1) y=¢ +c,e -Ee sin X (2) y=ce +cC, e —Ee sin X
& ok
(3 y=c +c,e +Ee sin X (4) None of these
94, Let n be non-negative integer. The eigen values of the Sturm-Liouville
problem y” + Ay = 0 with boundary conditions y () =y @2r),y’ ©0)=y' (2n)
are 3
(1) n (2) n?g?
3 nn 4 n?

PHD/U RS-EE-DEC.—2022-(Mathematics)-Code-C
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95

Green’s function of the boundary value problem
d*u n s i
oy +u=0, u(0)=0,u 5 =0 is given by
(1) G & =cosEsinx, 0<x<E&

(2 G(x,&)=cosh&sinhx, 0<sx<k

@) G&x8=x(1-§,0<x<E

(4) None of these

96.

The solution of Partial differential equation xz ptyzq=xy is
1) ¢ @&y, yz-y) =0 @ ¢&ly,z+y)=0
3 ¢y, xy—2z)= 0 (4) None of these

97.

The integral surface for the Cauchy problem % - % =1 which passes
through the circle z=0, X2 +y2=11is

(1) x2+y2+222+2zx—2yz—1=0

(2) x2+y?+ 222+ 2zx + 2yz—-1=0

(B) x®+y?+222—-2zx—2yz—1=0

(4) None of these

98.

2 2
The partial differential equation (x+1) Q% -2(x+2) gy
ox Ox Oy

+(x+3) % =0
18

(1) Elliptic (2) Hyperbolic

3) Pai'abolic ~ (4 None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-C
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99.

Using method of separation of variables, the solution of Partial differentia
equation E .

*u %
a2

subject to the boundary conditions -
u (0, y) =sin y for all y

andu(oo,y)=0forally

is given by
(1) ux y)=e*siny @) ux,y)=e*siny
B) u(x, y) =eXginy (4) None of these
| ] ] ; ou u
100. Let u (x, t) = eivx y (t) withv (0)=1bea solution to E=&; Then
M ulxt)=eive-i @ ux t)=eive-vh
3) u (%, t) = eiv&x+wl 4 u(x, t) =giw? (:.:—t)

PHD/URS-EE-DEC.-2022-(Mathematics)-Code.C
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1. Which of the following functions is not a function of bounded variation ? '
B i xsin (7/x), if 0<x <1 5 e xzsin(llx), ifx#0
(1) &= 0 ,ifx=0 (2) (x) = 0 » N x=D
3 f(x)=3x*-2x%-2<x<2 4) None of these
2. Choose the incorrect statement.
(1) The set of all irrational numbers in [0, 1] is measurable.
(2) Every non-empty one set has positive measure.
(3) Every subset of a set of measure zero is not of measure zero.
(4) None of these
3. The dircctional derivative of the function ¢ (x, y) = xzxj > at the point
(0, 1) along a line making an angle of 30° with positive direction of x-axis is
2 : 4
(1) NE 2 ez
@) 3 (49) None of these
4. The metric space (R, d),i where d is a usual metric, is

(1) compact (2) disconnected

(3) connected but not compact (4) compact and connected
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subspace of V ?

(1) {(x,y,z):3x+y—z=0,x,y,zeR}

(2) {(x,y,z):x+y—z=0,2x+3y—z=0,x,y,zeR}
(3) {(x,y,z):x—3y+4z=0,x,y,zeR}

(4) {xy,2):x+y20,x,y,z¢ R}

Code-D
Question Questions
No.
5. - In a metric space (0, 1] with usual metﬁc d(x y)=|x-yl, the sequence
<—>isa
n b
(1) Not a Cauchy sequence
(2) Cauchy sequence but does not converge in (0, 1] _
(8) Cauchy sequence that is convergent in (0, 1)
(4) None of these
6. Let V be a vector space over RS, Which one of the following is not a

|

18

e The value of k for which the vector u = (1, k, 5) Vin V, (R) can be expressed
as a linear combination of vectors v = (1, -3, 2 and w = 2,-1,1

() 3 . 2 -8
3 -2 (4) None of these
8. The dimension of the subspace W of R generated by
3,8,=8,~5),(1,-2,5,-3), (2 3, 1, -4)}is
@ 1 2 3
3 2- (4) None of these

- PHD/URS-EE-DEC.-2022-(Mathematics)-Code-D
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9, The rank of the matrix | =3 —6 —_3|is
5. 10nms
(1) 1 2 2
3) 3- (4) None of these
10. The system ofequations2x—3y+z=.9;x+y+z=6;x—y+z=2
' has . ' ‘
(1) aunique solution (2) infinite solutions
(3) no solution (4) none of these

11, Let p be the probability that a coin will fall head in a single toss in order

1 3 :
totest H =p = — against H_ : P = 7. The coin is tossed 5 times and H is
; 0 2 | 4 0

rejected if more than 3 heads are obtained. Then the probability of type I 7

error is
(1) 1/16 (2) 3/16
(3) 5/16 ~ (4) None of these

j Given the observations 0.8, 0.71, 0.9, 1.2, 1.68, 1.4, 0.88, 1.62 from the
uniform distribution on (0—-0.2,0+0.8) with—w<g < o, which of the
following is a maximum likelihood estimate for 0 ?

1) 07 ) 0.9
@) 1.1 @ 1.3
13, [ M X, X, X,

...... » X, is a random sample from a normal population |

1 n
N (u, 1). Thent = = Z X{ isa unbiased estimator of

(1) p? (2) p2-1
3) 1-—p? 4) p+1

PHD/U RS—EE-DEC.-'2022-(Mathematics)-Code«-D
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LetK1 X, Xbearamm&ampleefmnﬁmap-vanmﬂormal
| distribution with mean p and positive deﬁnﬂ,e covariance matrix Y .
| Choose the correct statement o - '

| O & -0y 'x - “ ) has chi-square distribution with 1df
1 XX S Wahass dst i vt pdf.

103 Z (X %"){X ~#) has Wishart dmtnbutwn withnd.f

| @ X+ X, and X, -X, are independently distributed.

1 18.

': Inatnvanate distribution - 0, =20, =0,=3,1,=0.7, T =T, =05
Theﬂnﬂlmis

(1) 0.1423 @) 0.7211

(3) 0.4892 (4) None of the=e i
6. | Thetom number of all possible Latin squares of srdor 3 1
| @ 12 ' @ 9
| ® ® {4) None of these
17. The Mean time to faﬂureMTI‘F) for an exponential distribution with

{ (1) A (2) A2

parameter 2 is

@ 1/a (4) None of these

S-EE-DEC. -2022%%&&&35}%@
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i
18. The maximum value of Z=2x + 3y
| subject to the constraints :-
| x+y<380; -83<y<12; X-y20; 0<x<20, is
n' 1) 72 (2) 60
' :
' 3) 49 ~ (4) None of these
19. Men arrive in a queue according to a Poisson process with rate A, and
women arrive in the same queue according to another Poisson process
with rate A,. The arrivals of men and women are independent. The
probability that the first arrival in the queue is a man is
1 ; 2 :
&% A+, 2 A +A,
M A
@ 3. @ 3
20. Arrivals at a telephone booth are considered to be Poisson with an average
time of 12 minutes between one arrival and the next. The length of a
phone call is assumed to be distributed exponentially with mean 4 minutes,
Then the probability that a person arriving at the booth will have to wait
in the queue is
2 1
(1) 3 (2 3
|
(3) 5 (4) None of these

PHD/U RS—EE-DE C.—2022-(Mathematics)-Code-D
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21. The resolvent kernel for the integral equation h

¢ () =29+6x+ [[5-6(x~-8)]0(E)dE, is
0

(1) 9e36-8_4e26-0 @) 9e2®-9_4e36-0
B) 9e3G-D_g26-1 (4) None of these

22,

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

T=m(E +G0)) and V= Jkr?,
where t=(;£ and éz—j—? with t as time.

t
Then which of the following statement is correct ?
(1) risanignorable coordinate
(2) 6 1isnot an ignorable coordinate
(3) r* 6 remains constant throughout the motion

(4) r § remains constant throughout the motion

23.

The Lagrange’s equation for a simple pendulum is, (where symbols have
their usual meanings) :

) 9+%si119=0 @) §+%sin9=0

@) 6+ % tan =0 (4) None of these

PHDIURS-EE—DEC.-2022-(Mathematics)—Code-D
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24,

5 ) i
Let q, and ¢, respectively are the generalized coordinates and velocity of

a mechanical system and p, are its generalized momenta. If H is the
Hamiltonian of the system, then Hamilton’s equations of motion are

g =08 _oH AR
Wy api,l aq; cad i 6pi, : aq;

O |
O @ AT

25.

IfL=[L, L, L,] is the vector moment of the external forces about a fixed
point O, o = [w,, ®,, @,] the angular velocity, and A, B, C are the principal
moments of inertia, then Euler’s dynamical equations of motion are

1) L, =Ao, ~-B-0 ©,0,, L2=Bm2—-(C -A) oo L3=Ca)3—(A—B) ®, ©,

3

@) L]=Acbl—(B—C)m2m3,L2=Bcb2—(C—A)mml,L3=Cd)3—(A-—B)colcoz

3
@) L, =Ao,+B-C0) ®,0,, L, =Ba, +(C-A) o0, L, =Cod,+(A-B) 0, o,
(4) Nowue of these

26.

An integer is chosen at-random from two hundred digits. Then the
probability that the integer is divisible is divisible by 6 or 8 is

(1) 34 2 1/2
(3) 3/8 (4) 1/4

27.

In a bolts factory, machines I, IT and IIT manufacture respectively 25%,
35% and 40% of the total bolts. Of their total output 5%, 4% and 2% are
respectively defective bolts. A bolt is drawn at random from the product.

If the bolt drawn is found to be defective, what is the probability that it is
manufactured by machine I ?

(1) 041 (2 027
(3) 0.13 : 4) Nqne of these

PHD/U RS-EE-DEC.-2022-(Mathematics)-Code-D

(7)




Set-X

Code-D
5“;::‘ Questions
28. Let X be a continuous random variable with probability densrty imactmn
(p.d.f.) defined as f (x) = 6x (1 — x),0<x<1.
"] Won e Vitue U niibec b vadi inal P X<b)=PX>b)is
(1) 1/ (2) 3/4
3 12 (4) None of these
129. If X and 'Y are two random variables having joint density function given
by
TR 6x’y ; B<x<l,0<y<1
il
Then P (X +Y < 1)is
(1) 1/4 (2 110
(3) 3/8 (4) None of these
30. Fork =12 ..., 10, let the prc'babﬂity density f"ﬁnétion of ihe random-é
variable X i& ﬂwen by

le
1A x) = T x>0

0, otherwise

* 10
Then the value of E (Z k XkJ is equal to
k=1

(1 385 (2 256
@) 144 @ 110

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-D
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31. For the initial value problem (IVP) y* =f X, ¥), ¥ (0) = 0, which of the
following statement is true ? '
1 fky)= Jxy “satisfies Lipschitz’s condition and so IVP has unique
solution. 1 S
2 fxy= \/E does not satisfy Lipschitz’s condition and so IVP has no
solution.
3) f(x, y)= |y| satisfies Lipschitz’s condition and so IVP has unique
solution,
4 f, y)=|y| does not satisfy Lipschitz’s condition still the IVP has
unique solution.
5 . . . dy A8) 1 -
32. The solution of the differential equation e 2xy, y (0) = 1 by Picard’s
method upto third approx.mation is
4 6 4 6
3x° x
8 o et 2) T+ pdiy =
(1) L ) 5 .
Xk
@) I+x*+ —4— + o (4) None of these
33. Using method of variation of parameters, the séIution of the differential
equation y" — 2y’ = e* gin X, 1S % )
X 2x 1 X 2 X X -X 1 X .k
(1) y=c¢ +c,e —Ee sin X (@) y=ce"+c,e —Ee sin X
e, B
B) ¥y=c +c,e +Ee sin x (4) None of these

PHD/U RS—EE-DEC.—2022-(Mathematics)-Code-D
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34.

B3 nn=n (4) n?

Let n be non-negative integer. The eigen values of the Sturm-Liouville
problem y” + Ay =0 with boundary conditions y (0) =y 2m), y' (0)= y' (2r)
are :

) R B @) n?n?

135,

Green'’s function of the boundary value problem

@

T
dx? tu=0, u(0)=0,u(‘)=0'isgivenby

2

(1) G(x,§)=cos?;sinx,0$x<§
2) G(x, §)=cosh§sinhx,0£x<&_,
@ GOH=x(1-8 0<x<t

(4) None of these_

36.

The solution of Partial differential equation xz P+yzq=xy is
) ¢(xy,yz-y»=0 @ ¢&ly,z+v)=0
B) ¢y, xy—28)=0 (4) None of these

317.

The integral surface for the Cauchy problem gxz—+-gz7=l which passes

through the circle z = 0, x2+y2=11is
(1) xzjl-y2+2z2+2zx—2yz—-1=0
(2) x2+y2+2z“*+2zx+2yz—1=0
(3) x2+y2.+ 22 - 2zx - 2yz—-1=0
(4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-D
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38. The partial differential equation (x +1) i 2(x+2) ox oy +(x+3) Ey—z =0
is -
(1) Elliptic ; (2) Hyperbolic
(3) Parabolic (4) None of these

39. Using method of separation of variables, the solution of Partial differential
equation
ou %
ac oy 0
subject to the boundary conditions :
u (0, y) =sin y for all y
and u (eo, y)=0 for all y
1s given by
(1) ‘u (%, y)=e*siny @) ux y)=esiny
3 u(x y)=e *gin y (4) None of these

| ' : ou on

40. Let u (x, t) = eivx y (t) with v (0) = 1 be a solution to —a—t—=_ PR Then
@) u(x, t) = eiwk-w - (@) u(x t)=eiwx-wk
B) u(xt)=eivkrwl @ u(xt)=eiva-y

PHDIURS-EE—DEC.-2022-(Mathematics)-Code-D
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41. The Laurent series expansion of f (z) = (_zjﬁz—_?) for0< |z-1]| <2, is

equal to
“1d - B YR
D THF e @ 15 7 aeon

3) %nz; (z _2111)— +'(Z;1} (4) None of these

g | 1
The residue of the function f (z) = @41y atz=iis

492,
e | 3
@ & : @ 3
4 : ,
(3) % (4) None of these
s : @+i)z-2
- 43, The fixed points of the Mobius transformation w = ———= gpe

Z+1

@) i,-i 2 0,1

@ -11 @ 1+ 1-i

T

T ————

(12-)
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44, The image of circle |z - 2 | =2under the Mobius transformation w = ;%
is a circle in w-plane with
1 : ol 57 (2 n
(1) Centre 3 0 | and radius 5 (2) Centre 3’ 0|and radius 3
1 ey 2 r 2
(3) Centre re 0| and radius % (4)  Centre 3,0 and radius 3
45. If 9 colours are used to paint 100 houses, then atleast houses
will be of the same colour.
(1) 18 (2) 15
3 12 ) 4 10
46. | The congruence 35x = 14 (mod 21) has
(1) 5 solutions . (2) 6 solutions
(3) 7 solutions g (4) No solution
47. The primitive roots of 32 are
(D 3,7 @r265
@) 5,7 : (4) Ndne of these

PHD/U RS—EE—DEC.-2022-(1\4athematics)—Code-D
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48.

Let G=1{0, 1, 2, 3, 4, 5, 6, 7} be a group under the bmary operation
‘addition modulo 8, then the order of element 5, is A

(1) 1 2 2

@ 4 @ 8

49.

The centre of a non-abelian group of order 343 always has
in its centre.

—_elements

1) 3 @) 7

3) 5 : (4) None of these

50.

Let G be a group of order 20449. Then
(1) G has only one Sylow-11 subgroup
(2) G has only two Sylow-11 subgroups
(3) G has only four Sylow-11 subgroups

(4) None of these

51.

-2 2 -3
Consider the matrix A=| 2 1 -6/, then
-1 -2 0
(1) A has no real eigen values.
(Z) A has both positive and negative real eigen values.
(3) All real eigen values of A are positive.

(4) All real eigen values of A are negative.

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-D
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52. Which of the following is a linear transformation ? )
1) Ty)=Q+xy) foral(xy) R |
@) Tk y)=(x x+y)forall (x,y) € R?
@) T y=&,y forall (x,y) € R?
(4) None of these
53. The matrix representing the linear transformation T : R?* — R? defined by
T (x,, x,) = (2x,, 3x, — x,) relative to the basis {(1, 3), (2, 5)} is
[30 48 [-30 48]
@ 118 29 @ | 18 -29]
[ 30 48 [-30 —48]
® |18 —29 @ | 18 2]
54. Let C? be a complex inner product space.
If the vectors u, = (1, 2i, i), u, = (0, 1 +1i, 1), u, = (2, 1 i, i) € C? then the
vector (_)rthogonal to both u, and u, is
(1) -3+1,—1,1-5i1) (@ (-8+i,-1,1+5i)
@) (3+i,—1, 1+ 5i) (4) None of these
9 3 -3
- B5. The quadratic form corresponding to symmetric matrix | 3 2 -4|is
-3 L2

(1) 9x2-2y2%+ 222 — 6xy — 6xz — 8yz
(2)  9x% + 2y% + 222 + 6xy — 6%z — 8yz
(3) 9x%+ 2y?—22z%+ 6xy + 6xz + 8yz
(4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-D
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56.

- The radius of convergence d‘themm Z

(1) 4 _ @ 3
@ 2 @ None of these

E 3

@y’ .
S @on”

BT

- Which one of the following functions  (z), of the complex variable 7. is |
~ analytic over the entire complex plane ? '

@ f@=I@ : @ f(z)=e"

I
@ f@= ik ( 4 f@) =cosz

i

e (& — 1) — 3xy? + 3y? is the real part of an analytic function

f(z) = u +iv, then the i imaginary part v of f (z) is
(1) 3xy-6xy-3y+y?+c (@ 3xiy+6xy+3y+ydic
(3) 3x’y —Bxy+3y—y+c (4) None of these

&9,

The value ofthe mtegrai j E dz ,-ftfoin-»z =0toz =4+ 2j along the curve C
C

given by z = t* + it, is equal to

8. 8
T 9) 10-2i
@ 5-3i @ 10-3i

4,
3 10- E-l (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematias)-Code-D,
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L

60. The value of the integral I ez;»,
' C

origin, described in positive sense, is equal to

dz, where C is g unit circle about the

I o 2 mi

3 —-2xni (4) None of these
61. The non-isomorphic abelian groups of order 20 are

M 2,7,x7,x7, @ 2,7,x2,

3) Z s X Zy, Z, X Z, x ’Zs (4) None of these

62. Let Z [x] be the ring of polynomials over the ring of integers. Then
(1) theideal <x>isg prime ideal but not g maximal ideal,

(2) theideal <x> ig not a prime ideal but a maximal 1deal

3) the 1deal <X>1s a prme ideal as well as a maximal ideal.

(4) theideal <x> is neither a prime ideal nor a maximal ideal.

63. Which of the following is not a unique factorization domain ?
(1) A Euclidean ring. (2) The ring < Z, +,,>of integers.
B Z[J= 5] (4) None of these
PHD/URS-EE-DEC.-2022-(Mathematics)—00de—D
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64.

Which one of the following polynomial is irreducible over the field Q .of
rational numbers ? Lo

(1) 2x°+15x°*+3x+6 (2 x*+3x+1

(3) 8x*—-6x-1 : (4) All of the above

J

[ 6.

65.

The degree of splitting field of x* — x? _ 9 over the field Q of rational
numbers, is

e .. @ 4

3 2 (4) None of these

Let F be a finite field and let KIF be a field extension of degree 6. Then
the Galois group of K/F is isomorphic to

(1) the cyelic group of order 6

(2) the permutation group on {1, 2, 3}

(3) the permutation group on {1, 2, 3, 4, 5, 6} -

(4) the permutation group on {1}

67.

Which of tHe following spaces is not separable ?
(1) R with the trivial topology

(2) The Cantor set as a subspace of R

(3) R with the discrete topology

(4) None of these

PHD/URS-EE-DE C.-2022-(Mathematics)-Code-D
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68.

Which one of the following topological spaces is not compact ?

- (1) Indiscrete topological space

(2) Infinite discrete topological space
(3) A topological space with cofinite topology
(4) None of these

69.

Let X be a topological space and U be a proper dense open subset of X.
Then which of the following statement is true ?

(1) IfXis connected, then U is connected.
(2) IfXis compact, then U is compact..
@) IfX\Uis compact, then X ig coml;act.
4) IfXis compact, then X\U is compact.

70.

Let X and Y be two topological spaces and let f:X>5Ybea continuous
function. Then :

1) f-'(K)is connected if K « Y is connected
(2) f-1(K)is compact if K = Y ig compact

3) f (K) is connected if K = X is connected
(4) None 6f these

i g

Using Newton Raphson’s method, the smallest positive root of the equation
3x*—9x%+ 8=, lying between 1 and 2, 1is

(1) 1.0327 (2) 1.2261

(3) 1.6514 | (4) None of these

PHDIURS-EE-DEC.-2022—(Mathematics)-Code-D
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73, | Using Gauss Blimination method, the solution of following equatxém
| 4x + 3y + 2z = 8, x+y+2z—7, 3x+2y+4z=13
is given by
1) x==1y=28=9 @) x=1,y=22=3
@ x=-1y=-2,2=8 4 x=1ly=-22=3
78. | Giventhat e
X 3 7 9 10
fx) | 168 120 7 63
The value of third divided difference of the function f (%) is
(1) & @2 1
@ -1 | @ -2
| 74. Consider the data g-i*vén below :

%. 0 1 2 3 4 5 6 7

I_f(x) 0 413 | 720 | 925 | 10.25 | 10:00 | 9.05 | 7.12 6.2

: 8
Using Simpson’s one third rule, the value of [fodx is
0

(1) 345 (2) 473
(3) 528 (4) 60.4

PHD/URS-EE-DEC.-2022-(Mathematics)<Code-D
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75. Given Hi ==y with y (0) = 1. Then using Euler’s. method, the value of
y (0.02) by taking step size h = 0.01, is

(1) 3.6845 (2) 2.7862
(3) 0.9801 _ (4) 0.5401
76. The Euler’s equation corresponding to the functional

k(4
I(y'z —y2 4 4y cosx)dx subject toy (0) =0, y@=0 is
0

d’y d’

. y
— 4+ v = H — 4 v =
(1) Bt 2 sin x (2) PR 2 cos x
d’y
(3) o My £ 2 tan x (4) None of these

7. The extremal of the functional

2
Iy ®)]= [ (% - 2xy) dx subjecttoy (1)=0,y (2)=-1 is
1 g
. 1
(1) y=g x-x9 @) y=x2-1

1
3 y= 6 (7Tx —x3%) (4) None of these

PHD/U RS-EE-DEC.-2022—(Mathematics)—Code-D
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78.

: "
The extremal of I

I

]
%2
o3

. _dx
t d; x(1)=38,x(2) =18 [wherexsa) using

Lagrange’s ‘equatiqn is given by which of the following ?

155 6
= —t +— = Bt —
1) x 7+7 2) x=5t2-2
(3) x=5t+3 @d) x=ti+2
79. The solution of the linear integral equation
l .
¢ =(1+x)"+ [(xE+xE) 9 (E)dE, is
. -1
| (1) c1>(x)=1+6x+%x2 2) ¢(X):1—6x+%x2
25 ) ) #
B ¢X)=1+3x- =k (4) None of these
80.

The solution to the integral equation ¢ (x) = x + _[sin x-£&)¢(&)dE “ 18
0

given by
x> x>
R e —-—
® x+3 @ x-3
3 ; 3
2 X X
(3) X = ? (4) X+ _3T

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-D

(22)




R — T — a L4 4 - N A S */ ia Jo_L,‘,'/ﬁ-
i Set-X
- Code-D
Qult\arstion Questions |
0.

|

81. ' The infimum and the supremum of the set {( n) ‘ne N} are respectively

iz ' |
1) 1,— . ) -1, 7

B) =1,0 (4) None of these

82. Wh_ich of the following sequence is divergent ?

2 3n-1
a,=1+= b=
D n @) 1+ 2n
_1)"
(3) cn=1+(n)_ (4) d =sinn
| 83. Consider the statements 4
3 2 4
— + =
(a) The series R e 9 ........... 1s convergent.
e EE .
(b) The series 1 + X 3'+ g1 o 1s convergent.

Then

(1) Both the statements (a) and (b) are true
) The statement (a) is true and (b) is false
(3) The statement (a) is false and (b) is true
(4) Neither (a) nor (b) is true

PHD/URS-EE-DE C.-2022-(Mathemati cs)-Code-D
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84.

-"I:]'v‘ery bounded _se_quence has at least one limit point. This represeﬁta

(1) Archimedean Property (2) Heine-Borel theorem

3) B(’J_Izant')-Weiers'tress theorem (4) Denseness Property

"85,

Let f: [0, o) SRbea fuhction, where R denotes the set of all real
numbers. Then which one of the following statements is true ?

(1) Tffiscontinuousand lim f(x)is finite, then fis uniformly continuous.

- (2) Iffis bounded and continuous, then fis uniformly continuous.

(3) [Iffie uniformly continuous, then lim f(x) exists.

X—r®

(4) None of these

Which of the following is false ?

(1) The sequence {f ), where f =

any interval [G, b], b>0.

e is uniformly convergent in

2
o n . .
(2) The sequence {f,}, where f x) = ﬁ? , is uniformly convergent on

the interval [0, 1].

(3) The sequence {f }, where f (x)=tan ! nx, x>0, is uniformly convergent
in any interval [a, b}, a>0.

(4) None of these
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87. For which of the followin

g function, Rolle’s theorem is not
applicable ?

(1) f(x)=cos 23 in [- n/4, n/4] 2) f ()= Si;x in [0, xt]

(3) f(x)=x3—6x2+11x—6in[l,3] @ f®=|x|in[-1,1]

1°5 2
88. ffx)=x,xe[0, 1] and let P = {0,5,5,5,1} be the partition of [0, 1],

then U (f, P) is

(1) 23/36 (2) 31/36

(3) 49/36 (4) None of these

89. If a function f defined on [0, 1] as f (x) = {sm (;]’ i 55 m'atlonal, then

0 , otherwise
(I) fis not bounded
(2) fisR-integrable
(3) fisnot R-integrable since fis not bounded

(4) fis not R-integrable since low

er and upper integrals of f are
unequal
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Question

g Questions
90. Consider the following improper integrals .
“ sin® x oy .
I= Oj o dxand [, = 1J-(1+}E)5 dx , then
(1) Both are divergent 2 I, converges but not I,
(3) L, converges but not I, (4) Both are convergent
91. If 2% of the items manufactured by a factory are defective, then the
probability that there are 3 defective items in a sample of 100 items is
(1) 048 ' (2) 0.33
3) 0.27 (4) 0.18
92, For a certain normal distribution, the first moment about 10 is 40 and the
‘ fourth moment about 50 i~ 48. Then the mean and standard deviation of
the distribution respectively are
(1) 20,3 (2) 30,4
(3). 50,2 (4) None of these
93. The characteristic function of y*~distribution with n degrees of freedom
is
1) (1 -2it)2 (2) A+ 2it)~2
@) (1-2ity= (4) None of these
- 94.

If Tchebycheff's inequality for a raﬁdom variable X with mean 12 is

3
- P{6<X<18} 2> e then the standard deviation of X is

(1) 2 (2) 3
3 8 (4) None of these

PHD/URS-EE-DEC.-2022-(Mathematics)-Code-D
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No.

Question

Questions

95.

1 o | @ 1
3) 2 | (4) None of these

96.

one-step transition probability matrix 0.5 0 0.5]|.Then the period of
: 0.6 04 o
the Markov chain is |

(1) .3 2 2
3) 1 4 o

97.

Let {X} and {Y 4 be two independent pure birth processes with birth rates
A, and A, respectively. Let Z = &% Y,. Then

(1) {Z} is not a pure birth process.

2) {Z} is a pure birth Process with birth rate Ak Ry 5 |
3) {Z;} 1s-a pure birth process with birth rate min (A, A,).
(4) {Z} is .';1 pure birth process with birth rate A, A,

98.

PHD/U RS—EE-DEC.-2022-(Mathematics)—Code—D
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XY
variances o) andc;, thenZ = e is normal with variance

1

@ =7 | 2) o;=0] +0;
&3

'
3 ﬂ§=—z+—lf (4) None of these
o, 0O,

100,

Intesting H : u =100 against A 1 # 100 at the 10% level of significance, H
is rejected if

(1) 100 is contained in the 90% confidence interval
(2) The value of the test statistic is in the acceptance region
(3) The p-value is less than 0.10

(4) The p-value is greater than 0.10




ANSWER KEYS OF MATHEMATICS FOR SESSION 2022-23

B

Q. NO.

10
11
12
13
14
15
16
17
18
19
20
21

22

23
24
25

26
27

28
29
30
31

32

33

34
35

36
37

38
39

40

41

42

43

44
45

46

47

48

49

50

Pk |
'3 \,]?l% Page 1 of 2




ANSWER KEYS OF MATHEMATICS FOR SESSION 2022-23

7

Page 2 of 2

Q. NO.

51
52
53
54
55
56
57
58
59
60
61

62

63
64
65
66
67

68
69
70
71

72

73

74
75

76
77

78
79
80
31

82

83

84
85

86
87
88
89
90
91

92
93
94
95

96
97
98
99
100




	Set A (4).pdf
	Set B (3).pdf
	Set C (3).pdf
	Set D (3).pdf
	Verified Ans. Key Mathematics.pdf

