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Part-B

Q22. Two nxn invertible real matrices A and B satisfy the relation
(AB) =—(A7B)"

If B is orthogonal then A must be

(a) Lower triangular (b) Orthogonal

(c) Symmetric (d) Antisymmetric

Ans.:(d)

Solution:

Given that B is an orthogonal matrix then BB" =1 .
- (AB) =—(A'B) =-B*(A') =-B'A=B'A =-B'A=BB'A =-BBA

=SIAT=—1A = A" =-A

Q23. The value of the integral J': dxe ™" , wheremisa positive integer, is

@ F(m_ﬂj (b) r[m_—lj

2m

© 1_(2m+1) d F(Zm—lj

2m

2m
Ans.:(¢)

2m

. E I~ 1
Solution: . IO x"e ¥ dx ==1.1N

nam+n

[0+1 _ _ _
Thus |~ dxe™” Lt dom 1L 1, HAM e n=2m, m=0, a=1
0 2m (1) 7am 2mi2m |2m 2m

Q26.1If z= i (note that the exponent continues indefinitely), then a possible value of 1In Zis
z

(@) 2ilni (b) Ini
(c) ilni (d) 2Ini
Ans.:(b)

i .7

Solution: - z=i'" =z =i

Take log of both side; Inz=zlni :>1In z=Ini
z
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Q40. At z =0, the function . iin . of a complex variable z has

(a) no singularity (b) a simple pole
(c) a pole of order 2 (d) a pole of order 3
Ans.:(d)

Solution: f(z)=

f (z) has a pole of order 3.

Q41. The infinite series »_* (n”+3n+2)x" evaluated atx = % is

(a) 16 (b) 32 (c)8 (d) 24
Ans. :(a)

Solution: Y (n®+3n+2)X" =2+6x+12x* +...= 2(1+3x+6x* +..) =2(1-x)

1 3 aak ;
At x==:2(1-x) =2/1-=| =2x2°=16

2 2
Q42. A walker takes steps, each of length L, randomly in the directions along east, west, north
and south. After four steps its distance from the starting point is d. The probability that d <3L is
(a) 63/64 (b) 59/64 (c) 57/64 (d) 55/64
Ans.: (d)
Solution:

In 4-steps, the positions at which walker could be are:

0,0),
L,L).(-LL).(L-L).(-L-L)

2L,0),(0,2L),(-2L,0),(0,-2L)

(

(

(2L,0),(
(2L,2L),(~2L,2L),(~2L,-2L),(2L,-2L)
(

(

(

3L,L),(3L,-L),(-3L,L),(-3L,-L)

)(
L,3L),(-L,3L),(L,-3L),(~L,-3L)
)(

4L,0),(-4L,0),(0,4L),(0,-4L)
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Out of these listings, two rows violates the distance constraint of d <3L:
(3L,L),(3L,-L),(-3L,L),(-3L,-L) (L,3L),(-L,3L),(L,-3L),(-L,-3L)
(4L,O),(—4L,O),(O,4L),(0, —4L)

Probability of walker being at position (4L,0)= 1

256
Using Symmetry:

Probability of walker being at (4L,0) or (—-4L,0) or (0,4L) or (0,—4L):%

‘C,-'C,

Next, Probability of walker being at position (3L,L)= ’Ee

Using symmetry:
Probability of walker being at (3L,L) or (3L,-L) or (-3L,L) or (-3L,-L) or (L,3L)
G- 32

256 256

4,®) % 20 5%
256 256 256 256 64

(-L,3L) or (L,-3L) or (-L,-3L) is =8

. P(d £3L):1—(
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Part-C

Q54. The matrix corresponding to the differential operator (1+di) in the space of polynomials
X

of degree at most two, in the basis spanned by f, =1, f, =x and f, = x?, is

110 0 110
@lo 1 2 (b) 0 ©l0 1 1 (d)
00 1 1 00 2

Ans.: (a)

Solution:

D=(1+%j ; f=1, f,=xand f, = x*

Now X = Df =(1+ijf = C, +Cx+C,x? :(1+ijf
dx dx

Let f =f =1=C,+Cx+C,x? :(1+%j1:1:>C0 =1C,=0,C,=0

f=f,=x=C,+Cx+C,x* =(1+%)x=x+1z>co =1C,=1C,=0

f=1f,=x*=C,+Cx+C,x° =(1+%jx2 =x"+2x =C,=0,C,=2,C, =1

1
.Thus = X =|0
0

Thus X = Df =(1+ijf
dx

© COS X
- x2+1

(a) me” (b) 7e™*
(c) me*? (d) 7e*/?
Ans. :(b)

Solution:

Q59. The value of the integral dx, fora >0, is

© COS MX T
I ——— dx=—¢e ™ m>0
0 X“+a 2a

© COS X © COS X T _
j > dx=2 > dx=2x—e“* =7ze“
-0 X +1 0 x“+1 2
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1 for 2n<x<2n+1
68. The Lapl transf L{f f the function f = )
Q € Laplace transtorm [ ](y) ° ¢ function () {O for 2n+1<x<2n+2
n=0,12,....is
e‘y(e‘y+1)
y(e’2y+1)

Ans.:(d)

(a)

.
Solution: Laplace transform of periodic function is given by L[f (x)] =1 i‘” I f(x)e™d
- 0

Forn=0,T=2;

1 % ~ 1 & 1 o™
H ):mlf(x)e yxdle—e‘” !Le ydle—e‘2y __yl
ezy(l_e—y) eZye—y(ey _1)

_ Tl rev_q)- (1_e_y) _ _
{1

y(1-e® - ye ® (e* -1) - y(e” -1) - y(e” -1)

o [f](y)- e’ (e’ -1)

y(e” -1)
Q71. A bucket contains 6 red and 4 blue balls. A ball is taken out of the bucket at random and
two balls of the same colour are put back. This step is repeated once more. The probability that
the numbers of red and blue balls are equal at the end, is
(a) 4/11 (b) 2/11 (c) 1/4 (d) 3/4
Ans.: (b)
Solution: No. of Red balls=6;  No. of Blue balls = 4

R(6) B(4)

1st step: 6 4-1+2=5
2nd step: 6 5-1+2=6
Required Prob. = Probability of performing 1st Step x Prob. of Performing 2nd Step

Probability of Performing 1st Step = Probability of Picking a blue ball = %

Probability of Performing 2nd Step = Probability of Picking again a blue ball :1—51

.. Required Probability =i><£=3
10 11 11
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Part-B
Q28. A particle of rest mass mis moving with avelocityvlz, with respect to an inertial frame S,

The energy of the particle as measured by an observer S, who is moving with a uniform velocity

ui with respect to S(in termsof y, =]/«/1—u2/c2 and ¥, =]/w/1—v2/c2 is

@ 7.7m(c*-w) (b) 7,7,mc?

1 1

(© S (r+7)me? @ 5 (. +7)m(c -w)
Ans.:(b)
Solution :

V, =00 +0] +Vk

In Sframe:

2 ~

E=—"C _,mc? p=0i+0j+—" K=y mk

2 2
V
Ve A

In S-frame:

, _Pp,-UE/c® O-uE/c®  UuE. 0 ©

Py = uz u2 7u?l pyzpy=
1-% 1- 8

!

mv
pz=p2=—2=}/v
\Y
aar

_E-up, E-O _,E

- u
c? c?

nv

El
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Q29. A wire, connected to a massless spring of spring constant k and a block of mass m, goes
around a disc of radius a and moment of inertial, as shown in the figure.

.
i

m

Assume that the spring remains horizontal, the pulley rotates freely and there is no dlippage
between the wire and the pulley. The angular frequency of small oscillations of the disc is

2ka’® ka?
maZ + | (b)

@

ma’ + |
2 2
© % (d) %
Ans.: (b)
Solution: In equilibrium mg =T =kx,
If mass is displaced in downward direction by a small distance x, with respect to equilibrium
position.

1 1 1 1 X 1 | 1 2
T=—m>'<2+—laoz=—m>'(2+—l—:>T=—(m-|r—)>'<2 and V =ZK(x+X,) —mgx
2 2 2 2 a’ 2 a’ 2 (x+)"~mg

Here gravitational potential energy is calculated with respect to equilibrium position

| 1 2
L=T-V==| m+— |X*—=Kk(x+ + mgX
2( azj 2 (x+)

E(%)z(m+§jx; %:—k(x+%)+;n§:—kx

Lagrange's Equation of motion (m+|—2) X+kx=0 = X+
a

k / ka’
> = | = 5 |
me ) Vme’+
a
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Q36. The Lagrangian of a system described by three generalized coordinates q,,q, and q,
isL = % m(qf + q§)+ Mg, ¢, + kg,0,, where m; M and k are positive constants. Then, as a function

of time

() two coordinates remain constant and one evolves linearly

(b) one coordinate remains constant, one evolves linearly and the third evolves as a quadratic
function

(c) one coordinate evolves linearly and two evolve quadratically

(d) al three evolve linearly

Ans.: (a)

Solution: ¢, and g, are cyclic coordinates so,

plz%zrnql+rqu+kq3 = constant

oL . .
p, = ——=mQq, + Mg, = constant
a9,

Lagrange's equation of motion for q;; i( e ] 08 3 0

atl2q ) Ba

0-kg, =0— ¢, =0 —|q, = constant

From Equation (2); mq, +0 = constant — |g, =ct+d

From Equation (1); 0+ constant + kg, = constant = |q, = constant

Q44. The periods of oscillation of a simple pendulum at the sea level and at the top of a
mountain of height 6 km are T, and T, respectively. If the radius of earth is approximately 6000

T,
km, then (Z_I_—l) is closest to

(@ -10* (b) —103
(c) 10*
Ans.: (d)

Solution: T, = Zﬂ\/I,
g9
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Part-C
Q48. Earth may be assumed to be an axially symmetric freely rotating rigid body. The ratio of
the principa moments of inertia about the axis of symmetry and an axis perpendicular to it is
33:32. If Ty isthe time taken by earth to make one rotation around its axis of symmetry, then the
time period of precession is closest to
(a) 33T, (b) 33T,/2
(c) 32T, (d) 16T,
Ans.: (c)

33

—
wszz—”:Lz—” =3 18 |—3:§
T 1 T, l, 32

Q60. The Lagrangian of a particle in one dimension is L :gx2 —ax’ -V,e'™ where a and V,

are positive constants. The best qualitative representation of atrgjectory in the phase spaceis

€Y (b)

g
S

AN
N N

H.No. 40-D, G.F,, Jia Sarai, Near IIT, Hauz Khas, New Delhi-16
LPhone: 011-26865455/+91-9871145498, [ /Website: www.physicsbyfiziks.com, Email: fiziks.physics@gmail.com




fiziks CSIR NET-JRF Physical Sciences Sep-2022 . GR
quwz Solution-Classical M echanics PhySICS by lelkS
Learn Physics in Right Way

Solution:
V(X)=ax® +V,e ™™
Plot ax* and Ve separately on the same axis system and combine them together to plot the

phase curve.

\‘
;\
Ay

Q67. The Lagrangian of system of two particlesisL :%xf + 2% —%(xf +X +%%, ). The normal

frequencies are best approximated by
(@ 1.2and 0.7 (b) 1.5and 0.5
(c) 1.7and 0.5 (d)1.0and 0.4
Ans.: (d)
Solution:

1

T
T L= R+ 25 - S(X 6+ x%)

1.2 .2 1.2 1 .2 1 o
ST==X+2C=—X+=-4=>T=
2Xl %2 2X1 2 % [O 4

1 1/2]

YN 1, L, 11 B
:>V—2(x1+xz+x1><2)—2(x1+><2+2x1><2+2x2x1):>T—(1/2 .

1

Lot 12 =0=(1-0")(1-40)-7 =0

1/2 1-4w?

Secular Equation: ’V —a)zT‘ =0=> ‘

:>1—4a)2—a)2+4a)4—%=0:> 4a)4—5a)2+%=0 = 160" - 200w* +3=0= »=1.03, 0.41
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Part-B
Q25. Two positive and two negative charges of magnitude q are placed on the alternate vertices

of a cube of side a (as shown in the figure).

The electric dipole moment of this charge configuration is
(a) —2qak (b) 2qak (©) 2qa(i +]) (d) 20a(i'- )

Ans.:(b)

Solution: The electric dipole moment of this charge configuration is

~

p= —q(ajA)—q(aj)+q(al2)+q(af+aj+a}2) — p=20ak
Q30. A part of an infinitely long wire, carrying a current I, is bent in a semi-circular arc of radius

r (as shown in the figure).

/

@)

The magnetic field at the centre O of the arcis
Hol Hol Ho| Ho
a —— b) —— C) —— d) ——
()4r ()47rr ()Zr ()27z|’
Ans.:(a)
Q32. An electromagnetic wave is incident from vacuum normally on a planer surface of a non-

magnetic medium. If the amplitude of the electric field of the incident waveis E, and that of the

transmitted wave is2E, /3, then neglecting any loss, the refractive index of the mediumis
(& 15 (b) 2.0

(c)24 (d) 2.7

Ans.:(b)

2x1
1+n,

Solution: EOT:( 2N, ]EOI:EEOZ(

2

jEO:>n2:2.O
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Q35. The electric and magnetic fields in an inertial frame are E =3ai —4] andﬁzs—flz , where

a isaconstant. A massive charged particle is released from rest. The necessary and sufficient
condition that there is an inertial frame, where the trgjectory of the particle is a uniform-pitched
helix, is
(@) l<a<~2 (b) -1<a<1
(c) a®>1 (d) a*>?2
Ans.: (¢)

Part-C
Q46. Two small metallic objects are embedded in a weakly conducting medium of conductivity
o and dielectric constante. A battery connected between them leads to a potentia difference V.
It is subsequently disconnected at timet = 0. The potential difference at alater timetis

to

(b) Vye =

to

(©) Vye %
Ans. :(d)

dt
Q52. Two paralel conducting rings, both of radius R, are separated by a distance R. The planes

of the rings are perpendicular to the line joining their centres, which is taken to be the x-axis.

If both the rings carry the same current i along the same direction, the magnitude of the magnetic

field along the x-axis is best represented by
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(@

Ans.: (a)
Solution:

B: /’lol R2 :LlOI

2 2 3/2
l:R2+(x+Rj }
2

Atx—0 Botl Rl R _”0'(3

5

+ =
2 5R2 3/2 2 5R2 3/2 R
Rz ]
2
Atx:+B; B 4ol & ol

+

/
2 2 , RR232 2 ,
R+E+E R+

= B(x: %)< B(x=0)
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Q70. A sguare conducting loop in the yz-plane, falls downward under gravity along the negative
z-axis. Region 1, defined by z> 0 has a uniform magnetic field B=B,i while region 2 (defined
by z< 0) has no magnetic field.

The time dependence of the speed v(t) of theloop, asit startsto fall from well within the region

1 and passes into the region 2, is best represented by

@ (b)

V \'
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Solution:

212
Magnetic force experienced by loop is F = BFLV (upwards)

. . N . Bl% _ dv
Thisforceisin the direction of gravitational force. Somg — - ma

dv B?l?
= —=(g-av where o =
dt mR

dv =dt :—lln(g—av)=t+const.:> g-av=Ae . Att=0,v=0=A=g
g-av a

_9(q_ o«
:>v_a(1 e ‘)

242 2.2
For smallt; :Vzg{l—(l—auazt —..Hzg[at—a; +.1

o o
Q74. A stationary magnetic dipole m= mK is placed above an infinite surface (z = 0) carrying a
uniform surface current density k=K .The torque of the dipoleis

/UO ~ luo il
a) Z2mki b) -2 mki
@ 5 (b) 5

©) %mki

Ans.:(a)
Solution:

Magnetic field due infinite sheet is B =— oK -

The torque of the dipoleis 7 = mx B =(
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Part-B

Q24. In terms of a complete set of orthonormal basis kets |n),

n=0, 1 +£2,..., the Hamiltonian is
H=>" (E[n)(n|+e|[n+1)(n|+e|n)(n+1])
where E and e are constants. The state | @) = > €™ |n) is an eigenstate with energy
() E+ecosg (b) E—ecosp
(c) E+2€ecosg (d) E-2€ecosp
Ans.: (c)
Solution:
Given |¢) isan eigenstate of H. .. H |#) = 1|¢) , where 2 isthe eigenvalue

Now H|g)=2(E[m{n|+<|n+2)(n|+<[n){n+1)|¢)

= 2(Eln)nl+<[n+{n]+ <|m)n+1)> ™ |m)

- Y S Elm)(nme™ + X3 elns ) {nlmer +3 e o) {n+im)e
Since (njm) =4, =1; when m=n and (n+1m) =35

- Hlg)= z( )&+ e[n+2)e™+ | )W)

=1;:when m=n+1

n+lLm

Now put n=n-1 in second term

< Hlg)= S (El e elnje s c|me ) = 3(Er (e +e¥ ¥ n)

n

(E+2ecos¢z ") =1|¢)

Thus, eigen valueis 1 = E+ 2 cos¢ . Therefore option () is correct.

Q27. The momentum space representation of the Schrodinger equation of a particle in a potential

V(F) is(|5|2+ﬂ(v%)2)w(ﬁ,t)zihgw(ﬁ,t), where(vp)i =%, and B is a constant. The

potential is (in the following V, and a are constants)

(@) Vpe " (b) Ve
©V, [ij (A V, (ij
a a
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Ans.: (d)
Solution:

The Schrodinger equation in momentum space is given as
.. 0
([P +B(v2) Jy (p.t)=in S v (pi)
Thefirst term (| p|2) represent the kinetic energy and second term ( B (Vﬁ)z) represent the

potential energy.

In momentum space, operator X iswritten as X = ihai
P

In the three-dimension, r =iaVp
N 2 _ _p292 and r* = 1% (V2 2
ow, r? =-#’v? and r' = ( p)

Thus (Vi)z o r*. Therefore, option (d) is correct answer.

Q34. If the expectation value of the momentum of a particle in one dimension is zero, then its
(box-normalizable) wave function may be of the form

(@) sinkx (b) € sinkx

(c) € coskx (d) sinkx+ " coskx

Ans.: (a)

Solution:

Expectation value of momentum for real wave function is always zero. Thus the correct wave
function is sin(kx)
Q37. Consider the HamiltonianH = Al + Bo, +Co,, where A, B and C are positive constants, |

is the 2 x 2 identity matrix and o,,0, are Pauli matrices. If the normalized eigenvector

1
corresponding to its largest energy eigenvalue isi( ) ,thenyis
y

NG

(@ —2HC B+iC ) A= A-iB
VB?+C? VA + B
A-iC iC

d
N O o

Ans.: (a)
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Solution: Given H = Al +Bo, +Co,

10 0 1 0 —i A B-iC
H=A +B +C| . = )

01 10 i 0 B+iC A
The eigenvalues of H is obtained from |H —1|=0

A-1 B-iC 2 ) .
= BLiC A—ﬂ‘_O:(A_A) —(B+iC)(B-iC)=0

=(A-12)"=(B*+C?)=0= A-1=%JB’+C* = 1=A+B*+C’

1
The largest eigenvalueis /4, = A++/B? +C? for the eigen state |¢) :i( j

J2ly
L H|g)=4l9)

ohe “aTRL A0 e
+ y] 2Ly B+IC+AY | | ay+ /BT C?

InR2 2 ; H Ip2 2
= A+y(B-iC)=A+VB*+C* =y= B°+C* B+iC_(B+iC)vB +C

. x - L
B=RICH ¥By: iE B2+ C?

B+iC

Therefore, y= . Thus correct option is (a).
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fiziks
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Part-C

Q53. The energy/energies E of the bound state(s) of a particle of mass min one dimension in the

Xx<0

potential V (x)= O<x<a (whereV, > 0) is/are determined by

w i)
-V,
0,

Xz a

2m(E+V,) | E-V,
n? \// E

2m(E+V,) 2m(E+V,)
n? i

2m(

(a) cot?

(c) cot?

Ans.: (c)
Solution:

o0

, X<0

GivenV(x)=:-V, ,0<x<a

0

, X=a

The Schrodinger equation isregion-l is

dzw(x) 2m

dx?

+—(E+V,)y, (x)=0

hz

Let @ =

2m(E +V,)

hZ

- dzl//l (X)

e +a%y, (x)=0

The solution of this equation is y, (x) = Acos(2x)+ Bsin(2x)
At x=0,y, (x)=0= A=0. Therefore, y, (x) = Bsin(ax) (D)
The Schrodinger equationisregionll is

2mE
hZ

dz‘/’u (X) o 2mE

d I 2 [
dx? 72 AT (X)ZO Sl//—()—ﬂ l//”(X)ZO let p°=-—

dx?

The solutionis v, (x) = Ce"” + De™”

Since,inregion- Il, y, (X) >0 as x> +0; .. w, (X)=De”

Using boundary condition

v, (a)=y, (a)= Bsin(ea)=De "

dy, (a) _ dy, (a)
dx dx

and

= Ba cos(aa)=-pDe”*
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Now divide (4) by (3), .. aCOt(aa)=—,B:>COt(aa)=—£
(04

Square on both sides  cot?(ca) =25 _

2 2m(E+V
P :>cot2£ (E+Vo)
a

Thus correct option is (C).

Q63. Tofirst order in perturbation theory, the energy of the ground state of the Hamiltonian
2
H=P  lmones
2m 2

ho x
V512

(treating the third term of the Hamiltonian as a perturbation) is

15 17
Q) =
@ e (b) 55 fie
19 21
Q d “in
© e (@ 5 he
Ans.: (b)
Solution:

According to Perturbation theorem, the first order correction in ground state energy is

. . Ty . h
<H >=<W0|H |w0>:__[ol//oH w,dx where H :%ex

and ground state wave function of Harmonic oscillator is

™) (-5
— | exp| ———x
h 2h

2 LLLCNC LN

% -
(@j h_a)je—%x e .
7L o deteeec Ao e

mo o

X
eZh

h

mo > 2he = -2 mo? 2o 1
= || —= e h dX=
h

J512) J512 2 ( ZWJ%

h

7h .

J512 (Zma)j}/ Y
h

z(mjy ho  Nrhe

The ground state energy is E; = h7w+2—620 = %ha)

H.No. 40-D, G.F,, Jia Sarai, Near IIT, Hauz Khas, New Delhi-16
UUPhone: 011-26865455/+91-9871145498, [/ Website: www.physicsbyfiziks.com, Email: fiziks.physics@gmail.com




Solution- Quantum M echanics

fiziks CSIR NET-JRF Physical Sciences Sep-2022 . GR
l; Physics by fiziks
Learn Physics in Right Way

Q66. The Hamiltonian for a spin-1/2 particle in amagnetic field B =Bk isgivenbyH = 1S-B,

where S isits spin (in units of 7) and A is a constant. I the average spins density is <§> for an

ensemble of such non-interacting particles, then %(SQ
A A
@ 2B (S) ®) 7 B(S,)

© -~ B (S) @ -1 B(s)

Ans.: (d)
Solution:

: d(A) 1 OA
A Ehrenfest th Y S
ccording to Ehrenfest theorem A ih<[A’H]>+<at>

Given H :zé-ﬁ:z(sxh S,j+ 3212)-(3012):15032

d

a<s><> =%<[SX’ H ]>+<%> where [Sx’ H ] ] [S><’/1808z] 3 }“BO[Sx’Sz] - /IBO(—i%/)

Now ([S,,H])=-i1B,(S,) and <a_> =0

ot

d

E<SX> = i(—i/‘LBO<Sy>) = —% B,(S,). Thuscorrect option is (d)

ih

Q69. At timet=0, a paticle is in the ground state of the Hamiltonian

2
2£+%mw2x2+/1xsin%t where ), » and m are positive constants. ToO(4%), the
m

probability that at t=2—”,theparticlewould bein thefirst excited state of H (t=0) is
w

942 9,2
b
(b) 8mhw®

847

@ I w®
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Solution:
According to time dependent perturbation theory, the probability of transition from initial to final

stateis

2
=h_12jé‘“‘ftH;fdt where H; =(0H '|1>:<o zxsin%t‘ > ism—<0|x| )

0

. E
= H, :ﬂsin(ﬂ) I and o, =
2 2mew
27/o I Y 210 2 2 2
P, =i2 [ 2s ( )/i-e'w‘dt :iz(—) je'w‘sin[ﬂtjdt :iz(ij—i
5 2me h*\ 2mw )| 5 2 h°\ 2mw )| 3w

:P_z_z. ho 16 _8 s
" w2 2me 9w 9 Mhe®

. Thus correct option is (d).
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Q31. If the average energy (E)T of a quantum harmonic oscillator at a temperature T is such

that(E)_=2(E)__,thenT satisfies

T-0'

Solution:
For Quantum Harmonic Oscillator ¢, = (n+%)hw ,n=0123,..

_pho o I

pho s . _
—e +e?2 4+.=¢e 2 [1+eﬂh"’+e2/’h“’+...}

Now, as T —0, 8 — 0, — large; (E)

T50

ho=ho = —+ =l=>——1—=1

2 o1 2(e -1) -

1 1} 1h7 cids Y

==+
2 e"-1

pro _pho

ho 2 2
3%223%=2:}mﬂ1(@)=20r COth h(!) =2
e’ -1 el 2 2k, T
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Q43. An élastic rod has a low energy state of length L and high energy state of length L.
The best schematic representation of the temperature (T) dependence of the mean equilibrium
length L(T) of therod, is
(b)
L(T)4

L +L_

Ans.: (d)
Solution:

Let E and E, represent the lowest and highest energy states of the elastic rod.
E, =CL,, and E,=CL,,, where C is a constant of appropriate dimensions so that CL has
dimensions of energy.

Let P(E,) and P(E,) are the probabilities of the rod to have states with energy E, and E,,

. e_ﬂEi e‘ﬂEZ
respa:Ude. Then, P(El)zw, P( 2)=W

<L>=LmaxP(E1)+LminP(E2) (1)

AsT 5w, B>0,e"m=xe’=1, - kE'll' ~0as E issmaland T —
B

-.-izO, E, islargebut T — o
Ke T

e’ e =1,
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~.Inthiscase P(E,)=P(E,)

In the other extreme, when T — 0, 5 = le —> ©
B

-, -fE - fE - /E
e’ e’ e L, te7L,

<L> - e’ﬂEl +e7ﬁE2 max + efﬂEl +e7ﬂE2 min efﬂEl +e7ﬁE2

n

e’ [Lmax + e’ﬂ(EfEl)} L +e’&®

e_pEl [1_'_ e—ﬁ(Ez—El):| - 1+ ef/i(Ez,El) ~ L ,B —s>oasT -0

Q45. A thermally isolated container, filled with an ideal gas at temperature T, is divided by a

partition, which is clamped initially, as shown in the figure below.
%
5

2
%

The partition does not allow the gas in the two parts to mix. It is subsequently released and
allowed to move freely with negligible friction. The final pressure at equilibriumis

(a) 5P/3 (b) 5P/4

(c) 3P/5 (d) 4P/5

Ans. :(a)

Solution:

.+ Vessd isisolated, AQ=0. Since both partitions are at same temperature, we have for left and
right part,

PV =nRT (i)

4PV =n,RT b))

Here, we considered number of moles to be different in two parts.

Adding (i) and (ii)

5PV =(n,+n,)RT :>(nl+n2):ﬂ
RT
Now, after mixing, let P, bethefinal pressure, then

n+n)RT 5PV RT
Y, vV RT

P (V)=(n+n,)RT =P :(

P, ng, - (a) iscorrect.
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Part-C
Q49. A system of N non-interacting particles in one-dimension, each of which isin a potential

Vv (x) = gx® where g >0 is aconstant and x denotes the displacement of the particle from its

equilibrium position. In thermal equilibrium, the heat capacity at constant volumeis
7 4 3 2
() - Nk (b) Nk () - Nk (d) 5 Nk

Ans.: (d)

2

ke T

For V(x)=ax", a isaconstant; <V>:T

. kT kT 3k T+k,T 4 | &
. (E)= > " e =B _6kg':3<E> kel

For N such non-interacting particles U = N (E) = % Nk, T =C, =(

— | =ZNk
dT B

de 2
v 3

Q55. The energy levels of a system, which isin equilibrium at temperatureT = ]/ ( kg ﬁ) ,are0,
and 2¢. If two identical bosons occupy these energy levels, the probability of the total energy

being 3¢, is

e—3ﬁ’ € e—Sﬂ €

(b)

@

—4 e

1+ e P 4 g2/c g% L g%< 1+ 267 4 2g7%P< L @< 1 g

o< @ o e
e /e 4 2e7%P° @ 3fc L @fe 1+ e /e 4 2% @3 L @Pc
Ans.: (d)

Solution:

(©

Two Bosons can be distributed in three energy levels as below

00

2& 4¢

There are six microstates, out of which only one has energy 3¢ . Corresponding probability is
e73ﬂs e73ﬂ£

Z l+ef 42 pe¥r gt

H.No. 40-D, G.F,, Jia Sarai, Near IIT, Hauz Khas, New Delhi-16
[IPhone: 011-26865455/+91-9871145498, | Website: www.physicsbyfiziks.com, Email: fiziks.physics@gmail.com




fiziks CSIR NET-JRF Physical Sciences Sep-2022
1xiK2 Solution-Thermodynamics and Statistical M echanics

Physics by fiziks
Learn Physics in Right Way
Q65. A paramagnetic salt with magnetic moment per ion g, =+u, (wWhere pgis the Bohr

magneton) is in thermal equilibrium at temperature T in a constant magnetic field B. The average

magnetic moment (M ), as afunction of kB; , IS best represented by
Hg

(b)
(M)

kT /1sB

Ans.: (¢)

Solution: Each spin with magnetic moment u =, has two possible spin orientations.
Corresponding interaction energiesin external constant field B are +,B and —y;B. Let us
denote these energies as +& and —¢ , respectively.

~. The partition function for single spin systemis Q,(8)=¢€” +e” (1)

Q(A)=[Q]" =[e* +e”]" =Q,(p)=[2c0spe]" o2}

The Helmholtz-free energy is A=—k,T InQ, () =—NkgT In{Zcosh%} ...(3)

The magnetization is obtained as below:
N 0

oA
E—BI Q =Nk, T |an | nQ\ = le nQ! = (aBl

—[%j = NkBTi{In Zcosh’uLB} = NkBT;xZSinh[’uBBj[ He j
oB ) oB kg T o Sh( ﬁfj koT J\ kT
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g

L et us approximate tanh(

j as below

B

(i) High T and low B so that fe <1

3

tanh( BE) ~ ﬂg—%(ﬂg)ﬁ... . ctanhxs x—%..., x<1 ...(5)

M = Ny tanh(Be) = Npg (Be) > 0 as fe <1 i.e. astate of complete randomization

et &
T &

M ~ Ny , - tanh(Be) ~1 i.e. system is completely magnetized.

(i) Low Tand highB,i.e. Be>>1;  tanh(pe) 1 ...(6)

.. (c) iscorrect.
Q72. The energies of atwo-level system are+E . Consider an ensemble of such non-interacting
systems at atemperature T. At low temperatures, the leading term in the specific heat depends on

Tas
(a) T_lze_E/kBT (b) T_lze_ZE/kBT
(C) T2e—E/kBT (d) T2e—2E/kBT

Ans.: (b)
Solution: The partition functionis Z = €’® + e ”* = 2cosh( SE)
d(Inz
——( )=—ilncosh(ﬂE):—

B =25 =5
(E)=—-Etanh(8E)

sinh(BE)xE

_ 1
cosh(SE)

—~d ; d
d—T[Etanh(ﬂE)]z—Esech (ﬂE)d— T

EZ

kB_I_Zs;ech (BE)

C =

Now, sech®(BE)= 1 = 4

cosh®(AE) (e +e7" )2

when T — 0,8 — highand e”F islow, therefore €% +e”* ~€’®, sech’(BE)~ 4e*/F

LG e
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Part-B
Q21. A high impedance load (network) is connected in the circuit as shown below.

o

v, V=9

0.v

-9 L—K + <
Sdiode

-15 =

The forward voltage drop for silicon diode is 0.7 V and the Zener voltage is 9.10 V. If the input

voltage (Vm) is sine wave with an amplitude of 15 V (as shown in the figure above), which of
the following waveform qualitatively describes the output voltage (V0
€Y (b)

v, Vau (V)
15

) across the |oad?

ut

9_
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Solution.:

T

Y/

|

If V,,>(9.V +0.7V) then zener isin breakdown rgion and Si-diode is forward bias and output

can not exceed9.1V .

If V,, is negative then zener is forward bias and Si-diode is reverse bias so output is zero.

Q33. Four students (S, S;, Sz and S;) make multiple measurements on the length of atable. The
binned data are plotted as histogramsin the following figures.

h . . | | ! |

’ Lengfloh(m) 4 2Lengt3h(m) £

If the length of the table, specified by the manufacturer, is 3m, the student whose measurements
have the minimum systematic error, is

@ S (b) S

(€) Sa (d) S

Ans.: (b)
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Q38. The figure below shows a circuit with two transistors, Q; and Q,, having current gains B,

and 3, respectively.

— Ve =12V

220kQ23

The collector voltage V¢ will be closest to

@09V (b) 2.2V
(c)29V (d)4.2Vv
Ans.: (b)

Solution.:

I o = Vcc _VBEl _VBEZ
Ri+(Bp +1)Re
_1v-0v -0V

220x10° +(400+1)580

= 23.42uA

o, = Bl = 20x23.42x10° A= 0.47mA

le, = Bol s, = 400% 23.42x10°° A=9.37mA

le=lg+1c, =0.47mA+9.37mA=9.84mA
Vc :Vcc - IcRc

=12V -9.84x10°%x1x10° = 2.16 V = 2.2V
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Q39. The circuit containing two n-channel MOSFET s shown below, works as

+5Vy,

_|

Vo —

(a) abuffer (b) anon-inverting amplifier
(c) aninverter (d) arectifier
Ans.: (¢)
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Part-C
Q56. A high frequency voltage signal V, =V_sinwt is applied to a parallel plate deflector as
shown in the figure.

An electron beam is passing through the deflector along the central line. The best qualitative

representation of the intensity | (t) of the beam after it goes through the narrow circular aperture
D,is

@
()]
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A

AWA

1 2 3

Ans.: (a)

Q57. An amplifier with avoltage gain of 40 dB without feedback is used in an electronic circuit.
A negative feedback with a fraction 1/40 is connected to the input of this amplifier. The net gain
of the amplifier in the circuit is closest to

() 40dB (b) 37dB (c)29dB (d) 20dB
Ans.:(c)

Solution.:
A 100 100
A: =

1+ AB 1+100x 1/, " 35

= 28,57 - 40dB = 20log,, A=> A=100

GainindB = 20log,, A- = 20log,, 28.57 =29dB

Q64. A receiver operating at 27°C has an input resistance of 100Q. The input thermal noise
voltage for this receiver with a bandwidth of 100 kHz is closest to

(8 0.4nVv (b) 0.6 pV

(c) 40 mV (d) 0.4 pv

Ans.:(d)

S_ol ution.:
Vn2 = 4k, TRAF =4x 13.8x10% x 300K x100x100x10° =1.656x10*

V. =+/1.656x10" = 0.41V
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Q75. A liquid oxygen cylinder system is fitted with alevel-sensor (L) and a pressure-sensor (P),
as shown in the figure below. The output of L and P are set to logic high (S=1) when the

measured values exceed the respective preset threshold values. The system can be shut off either

by an operator by setting the input S to high, or when the level of oxygen in the tank falls below
the threshold value

® High pressurevalve

@ Low pressurevalve

ey
YA

I

Z|—o Shut off signal

Thelogic gates X, Y and Z, respectively, are
(a) OR, AND and NOT (b) AND, OR and NOT

(c) NAND, OR and NOT (d) NOR, AND and NOT
Ans.:(b)
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Part-C
Q51. The eectronic configuration of “C isls*2s’2p®. Including LS coupling, the correct
ordering of itsenergiesis
@ E(°R)<E(°R)<E(*R)<E('D,) (b) E(*°R)<E(°R)<E(°R)<E('D,)
(© E(*D,)<E(°R)<E(°*R)<E(°R) (d E(°R)<E(°R)<E(’R)<E('D,)

Ans.: (b)

Solution: 1,=1,1,=2=1L=0,12 and 51:%, 52:%: S=01

Since p’is equivalent electron system, only odd L can combine with odd Sto give J and even

L can combine with even Sto give J
S=0 L=0 U= O 5|

S=0 J=2 1D2

S=1 |L J=0123%p |

The energy will bein the order: E(°R) < E(°R)<E(°R,)<E('D,)

Q58. The Raman rotational-vibrational spectrum of nitrogen molecules is observed using an
incident radiation of wavenumber 12500 cm™. In the first shift band, the wavenumbers of the
observed lines (in cm™) are 10150, 10158, 10170, 10182 and 10190. The values of vibrational
frequency and rotational constant (in cm™), respectively, are

(a) 2330 and 2 (b) 2350 and 2

(c) 2350 and 3 (d) 2330 and 3

Ans.: (a)

Solution: Raman rotational-vibrational energy can be expressed as

1 1Y’
B0y = 0| VHS | @K | VT +BJ(J+1)

From given data, the central line is 10170cm™ which can be considered as the mid point the
series which corresponds to Av=+1 and AJ=0 i.e. purely vibrational. Hence, we can
calculate the vibrational frequency in wavenumber and is given as difference between the two
ie., v =(12500-10170)cm™ = 2330cm™

The change in wave number going on either side from the central line to the next line is due to
rotation and hence rotational constant can be calculated. From the given data

6B=12cm*=B=2cm*
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Q62. In the absorption spectrum of H-atom, the frequency of transition from the ground state to
the first excited state isv,, . The corresponding frequency for a bound state of a positively

charged muon (") and an electron isv,,. Using m, =107 kg, m, =10 kg andm, > m,,m,,
thevalue of (v, —vy, ) /v, is

(a) 0.001 (b) —0.001

(©) —0.01 (d) 0.01

Ans.: (¢)

Solution:

The absorption frequency for the transition in H-atom is given by:
c 1 1) 3R,c
= — = C —_— | =
Vu =7 =R (1 2 j 4
The absorption frequency for the transition in Muon-atom is given by:

c 1 1) 3RcC
== Cl ———|= Jad
Vu=7 =R (1 22j 4

m, MU0 Sl || <cllON” Mley Tam.
m,+m 107+10% 10%(1+10%) 1.01

R,=uR and u=

- mm, mm
and = since u, =—2> ~ 2
R, =mR, My mem o m,

~m

W
Vi~ Vn _ Rﬂ_RH | 1.01

Vi R, mR,

Thus
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Part-C
Q50. The Figures (i), (ii) and (iii) below represent an equilateral triangle, a rectangle and a
regular hexagon, respectively.

(i) (if)

Which of these can be primitive unit cells of a Bravais lattice in two dimensions?

(& only (i) and (iii) but not (ii) (b) only (i) and (ii) but not (iii)

(c) only (ii) and (iii) but not (i) (d) All of them

Ans.: (c)

Solution:

A Bravais lattice must have a trandational symmetry. It is not possible to make Bravais lattice

with triangle cell, as it does not have trandational symmetry.
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Part-C

Q47. The elastic scattering process 7~ p — 7~ p may be treated as a hard-sphere scattering. The

massof 77, m

T

= %mp , Where m, = 938MeV/ ¢? isthe mass of the proton. The total scattering

cross-section is closet to

(@) 0.01 milli-barn (b) 1 milli-barn
(c) 0.1 barn (d) 10 barn
Ans.: (¢

Solution: Scattering cross section in case of two hard sphere scattering case can be written as
o=n(R+R) =7(2R) = 47R® = 4x3.14x(1.2x10 )’

= 0 =0.18x10%m" = ¢ =0.18barn

Q61. The tensor component of the nuclear force may be inferred from the fact that deuteron
nucleus > H

(@) has only one bound state with total spin S=1

(b) has a non-zero electric quadrupole moment in its ground state

(c) isstable whiletriton JH isunstable

(d) isthe only two nucleon bound state

Ans.: (b)

Solution: The ground state wave function of deuteron nucleusis

‘//(fD) 3 a‘/’l(ss.L)+b'//2(3D1)
Non-zero electric quadrupole moment is due to non-symmetrical part y, (°D, ). This y, (°D,) is

also responsible for non-central part of nuclear force.

Q73. Thermal neutrons may be detected most efficiently by a

(a) °Li loaded plastic scintillator (b) Geiger-Muller counter

(c) inorganic scintillator CaF, (d) silicon detector

Ans.: (a)

Solution: If ascintillation counter has a phosphor made of Lil, the incident neutrons can interact

with SLi toform 5He and H ions as given by the following exoergic reaction:
tn+SLi -3 He+' H
The incident neutrons produce jHe and JH which are ionizing particles and these produce an

electrical pulsein scintillation counter.
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Part-A
Q1. At what horizontal distance from A should a vertical line be drawn so asto divide the area of

the trapezium shown in the figure into two equal parts? (a and b are lengths of the parallel sides.)
(@ (a+b)/4
(b) (a+b)/3
(©) (a+b)/2
(d) (2a+b)/2

Ans.: (a) b
Solution: Let vertical line drawn be at adistance x from A.
EA=x=FD; BE=a-x; CF =b—-x

B E
—
Also, Area (0 EBCF) = area (AEFD) E_XT X —*
%xEFx(a—x+b—x)=EFxx
e— (b-%) X —»
= F
k — b _—

< a >

= a+b-2x=2x = 4x=a+b :x:a%b

Q2. Starting from the top of a page and pointing downward, an ant moves according to the

following commands Start

. B
. Repeat actionsin curly brackets 3 times
Repeat actions in the box 4 times
Move forward 100 units

. =
Turn right by 90 degrees

x
) Turn left by 30 degrees
Of the following paths

(A) (B)

[
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Which is the correct path of the ant?
(@A

(c)C

Ans.: (a)

Solution:

Moveforward100units

Asquare
Turn right by 90 degrees = A ! O} Action 1

Thenleftby 3
\

S /Start point
Square
T } Action 2
Left by 30°

A

Square
i } Action 3
Left by 30

Q3. Sections A, B, C and D of aclass have 24, 27, 30 and 36 students, respectively. One section

has boys and girls who are seated alternately in three rows, such that the first and the last
positions in each row are occupied by boys. Which section could this be?

@A (b) B (cC (d)D

Ans.: (b)
Solution:

A(24) >

B(27) >

C(30) >

D(36) -

12

If Boys & Girls are seated alternatively and first and last position is occupied by boys (possible
ways)

BGB—3; BGBGB-5; BGBGBGB—7

Thisis possible when number of studentsin each row is odd. And, only in section B, studentsin

each row are odd in numbers.
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Q4. A plant grows by 10% of its height every three months. If the plant’s height today is 1 m, its
height after one year is the closest to

(@ 1.10m (b) 1.21m (c) 1.33m (d) .46 m

Ans.: (d)

Solution: Let 3 months = one time span; .. 12 months = 4 time span

4
.. Growth after 4 time span =1x (1+ %) = (1'1)4 =1.4641m ~1.46

Q5. The correct pictorial representation of the relations among the categories PLAYERS,
FEMALE CRICKETERS, MALE FOOTBALLERS and GRADUATES s

A B C D
@A (b) B (C (D

Ans.: (a)
Solution:

Female cricketer (FC Male cricketer (MC
Ferdeatoet (FO cheter (M)

Players

Also, some players may be graduate & some not so, right choiceis (a).
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Q6. On atrack of 200 m length, Sruns from the starting point and R starts 20 m ahead of Sat the
same time. Both reach the end of the track at the same time. Sruns at a uniform speed of 10 m/s.
If Ralso runs at auniform speed, what isR's speed (in m/s)?
@9 (b) 10 (c) 12 (d) 8
Ans.: (d)
Solution: S '?
A [
— —
S=vxt; Time= const.

.. Ratio of speeds of Sand R is proportional to distance covered by them

Vs:Vz=100:80=5:4 5. Vg =8m/s

Distance covered by: S=100m; R=80m

Q7. The squares in the following sketch are filled with digits 1 to 9, without any repetition, such

that the numbers in the two horizontal rows add up to 20 each. What number appears in the
square labelled A in the vertical column?

() It cannot be ascertained in the absence of the sum of the numbers in the column
(b) 3

(c)5

(d)7

Ans.: (¢)

Solution:

Sum of numbersinrow R =20 androw R, =20

s.Sumofnos.in R & R, =40

Also, sum of all nos. from 1to 9 =45
. A=45-40=5

Possible combination of nos. is Rows: (3,4,6,7) &(12,8,9).

Vol | v

L — |
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Q8. Tokens numbered from 1 to 25 are mixed and one token is drawn randomly. What is the
probability that the number on the token drawn is divisible either by 4 or by 6?
(a) 8/25 (b) 10/25 (c) 9125 (d) 12/25
Ans.: (a)
Solution:

n(4) = tokenswith nos. divisibleby 4 = 6.
n(6) = tokenswith nos. divisible by 6 = 4
n(4& 6) = tokenswith nos. divisible by 4 & 6 = 2 (12, 24)

. n(4or6)=n(4)+n(6)—-n(4and6) =6+4-2=8

. . 8
.. Required probability=—
eq p y 5

Q9. A beam of square cross-section is to be cut out of a wooden log. Assuming that the log is
cylindrical, what approximately is the largest fraction of the wood by volume that can be
fruitfully utilized as the beam?

(a) 49% (b) 64% (c) 71% (d) 81%

Ans.: (b)

Solution:

Let the radius of cylindrical log=R and length =/

.. Largest cross-section with sguare as shape will have diagonal = Diameter of cylinder,
.. Let side of square =a; .. Diagonal of square = J2a
J2a=2R=a=+/2R

2
Fruitful largest volume = a°x ¢ = (ﬁR) x( =2R%(

2
Volume of cylinder= 7R?/; .. Fraction :£2£=E
R0 &

y=2x100=2% < 64%
T T
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Q10. Given plot describes the motion of an object with time.
500

4001

300+
Velocity (km/hour)

200

100

0

(a) The object is moving with a constant velocity.

(b) The object covers equal distance every hour.

(c) The object is accelerating.

(d) Velocity of the object doubles every hour.

Ans.: (¢)

Solution:

Choice (a) : Not possible, object has different velocity at different time.
Choice (b): Distance covered in 1st hour

Areaunder curve = %xlx 100=50 km

Distance covered in first 2 hour=%x 2x200= 200 km

Distance covered between 1st and 2nd hour = 200—-50=150 km
.. Not correct choice.
Choice (d) is also incorrect.

.. Right choiceis ().

Q11. Inafour-digit PIN, the third digit is the product of the first two digits and the fourth digit is
zero. The number of such PINsis

(a) 42 (b) 41

(c) 40 (d) 39

Ans.: (a)
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Solution:
a b axb 0
For, axb=0

Total nos. of pairsof (a,b)=19
a b

o))
X
O

0
1
2
3
4
5
6
7
8
9

O O O O O O O O ©o o
O O O O O o o o o o

J

Being PIN, (a,b) & (b,a) aredifferent.

. S0, total no. of such PIN with axb=0 is19.
For axb=1 Tota PIN=1

axb=2 Total PIN =2
axb=3 Total PIN =2
axb=4 Total PIN =3
axb=5 Total PIN =2
axb=6 Total PIN =4

axb=7 Total PIN =2
axb=8 Total PIN =4

axb=9 Total PIN=3

. Total =19+23=42.
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Q12. | have a brother who is 4 years elder to me, and a sister who was 5 years old when my
brother was born. When my sister was born, my father was 24 years old. My mother was 27
years old when | was born. How old (in years) were my father and mother, respectively, when
my brother was born?
(a) 29 and 23 (b) 27 and 25
(c) 27 and 23 (d) 29 and 25
Ans.: (a)
Solution:
Let ageof "M€" = x, Elder brother = x+ 4, Sister = x+4+5, Father = x+4+5+24
Mother = x+ 27
.. When brother was born:

Father'sage = (x+4+5+24)—(x+4) =29

Mother'sage = (x+27)—(x+9)=23.

Q13. A liar aways lies and a non-liar, never. If in a group of n persons seated around a round-
table everyone calls his/her left neighbor aliar, then

(@) dl areliars.

(b) n must be even and every alternate personisaliar

(c) n must be odd and every alternate personisaliar

(d) n must be aprime

Ans. : (b)

Solution:

Suppose (1) isnon-liar (T), .. 2— Liar (L)

2tells3isliar, and 2 himsalf isliar.

Thisimplies3isT.

3tells4isliar,and 3isT, thisimplies, 4 isliar and so on.
Thisis possible when their no. is even and every alternateis
aliar.

Suppose (1) isLiar (L)

Then possible Diagram (Like above):

Again we see, the same thing.

.. Correct choice (b).
T .

®
L
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Q14. A boy has kites of which all but 9 are red, all but 9 are yellow, al but 9 are green, and all
but 9 are blue. How many kites does he have?
(a 12 (b) 15
(©9 (d) 18
Ans.: (a)
Solution:
Let no. of kites = x, Red kites = x—9, Yellow kites = x—9, Green kite = x-9,

Bluekites = x-9

~. Total kites: (x—0)+(x—9)+(x—9)+(x-9) =4(x-9)

Also, Total kites = x
. 4(x—9):x or 3x=36=x=12.

Q15. If one letter each is drawn at random from the words CAUSE and EFFECT, the chance that
they are the sameis

(a) 1/30 (b) /11

(c) /10 (d) 211

Ans.: (¢

Solution:

CAU SE; EFFECT

Tota Letters=5+6=11

Common letters: 'C' & 'E'

| =

Probability of pickup 'C' from CAUSE =

Probability of picking C from EFFECT =

R o
w
o|"‘

ol

.. Probability of picking 'C" from both =

Similarly, probability of picking 'E' from CAUSE & EFFECT is =—-

.. Probability of picking 'C' or 'E' :i+3 _3_1
30 30 30 10

H.No. 40-D, G.F,, Jia Sarai, Near IIT, Hauz Khas, New Delhi-16
UPhone: 011-26865455/+91-9871145498, [/ Website: www.physicsbyfiziks.com, Email: fiziks.physics@gmail.com




CSIR NET-JRF Physical Sciences Sep-2022 : SR
Solution-General Aptitude PhySIC? bY f.lZlkS
Learn Physics in Right Way
Q16. A vehicle has tyres of diameter 1 m connected by a shaft directly to gearwheel A which
meshes with gearwheel B as shown in the diagram. A has 12 teeth and B has 8. If points x on A
and y on B are initialy in contact, they will again be in contact after the vehicle has travelled a
distance (in meters)
Ve
To}
gt

(a) 2n

Ans.: (a)

Solution:

Point x & y will be together when A has made 2 rounds & B three rounds.

. Distance covered in two roundsby A:=2-(2z-r) = 2-(27:-%) =2r.

Q17. After 12:00:00 the hour hand and minute hand of a clock will be perpendicular to each
other for the first time at

(a) 12:16:21 (b) 12:15:00

(c) 13:22:21 (d) 12:48:08

Ans.: (a)

Solution:

Letat 12: x, minute & hour hand be at 90°.

0
Angle made by: Hour hand in x minzg ; Minutehandin x =6x°

6x—{ = 90p = X _ggp L= 454 600
2 2 11 11
.. They will be perpendicular at 12:16: 21.
Q18. What is the product of the number of capital letters and the number of small letters of the

English aphabet in the following text?
Ad;={c8%556((+B/;,.H&r]])(u];#~K@>83<??/STvx%"(d)L:/<-N347)))2;:5+}ESH##[w]} "..;/89

(a 17 (b) 37

(c) 53 (d) 63

Ans.: (d)
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Q19. How many rectangles are there in the given figure?

(a6 (b) 7
(c)8 (d)9
Ans.: (c)

Q20. In around-robin tournament, after each team has played exactly four matches, the number

of wins/ losses of 6 participating teams are as follows

Team | Win | Loss

Which of the two teams have certainly NOT played with each other?

(@ Aand B () Cand F

(c)Eand D (dBandE

Ans.: (d)

Solution:

B and E have containing not played with each other, had they been, at least one would have, But
both are win-less.
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