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Section A: Q.1 — Q.10 Carry ONE mark each.

Q.1 The equation z°+ 74 =4 in the complex plane (where 7 is the complex
conjugate of z) represents

(A) | Ellipsc
(B) | Hyperbola
(C) | Cirele of radius 2
(D) | Circle of radius 4
| L — : :

Q.2 A rocket (S7) moves al a speed 5 m/s along the positive x-axis, where ¢ 18 the
speed of ight. When 1t crossces the origin, the clocks attached to the rocket and
the one with a stationary observer (§) localed at x = 0 are both set to zero. If §
observes an event al (x, t), the same evenl occurs in the S frame at

Z £ fa :
Sy x' = :(I — ﬂ—) and t' = :(f — —{)
V3 WA S
* 2 ct 7 X
(B) x’:?(IJr-) and t’:-,.z(t~—)
V.3 = W ac
2 .1 2 X
(L) x’:=(x—i)&11dt’::(f+—)
W3 W s
Ty . 't 2 ",
(D) ¥ = :(I = L—) g s :(f 3 —)
W 3 v W 20,
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(0.3 Consider a classical 1deal gas of V molcecules in cquilibrium at temperature 1.
Each molecule has two energy levels, —¢€ and €. The mean energy ol the gas 1s
(A) | O
5
(B) Ne tanh( )
kgl
=
(L) —Ne tanh( )
KpT
D) | £
s
Q.4 At a temperature T, let ff and x denote the volume expansivity and isothermal
compressibility ol a gas, respectively. Then i 15 equal to
(A) (é‘P)
aT 1%
(B) (rﬂ'P )
aV/,
(C) (_5'_1 )
dP/,
(2) (Ei"}' )
aV'/ g
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(2.3 The resultant of the binary subtraction 1110101 — 0011110 18

(A) | 1001111

(B) | 1010111

(C) | 1010011

(D) | 1010001

Q.6 Consider a particle trapped 1n a three-dimensional potential well such that

J(x,y,z) =0for0<x<w@, 0<y<gag 0<z<saand U(x,y,z)=c0

=~ 1h

cvervwhere clse. The degencracy of the 5™ excited state 18

(A) | ]
(B) | 3
(C) | 6
(D) | 9
PH 4136
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Q.7 A particle of mass m and angular momentum L moves in space where 1ts

potential energy 18
J(r) = kr® (k > 0) and r is the radial coordinate.

It the particle moves 1n a circular orbit, then the radius of the orbit 15

(A)

(B) -

(1) x

FH 5130
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JAM 2022 ~ PHYSICS - PH

(J.8 Consider a two-dimensional force field
Fx,y) = (5x%+ ay? + bxy) & + (4x% + 4xy + y2) #.

If the force ficld is conscervative, then the values of a and b arc

(A) |a=2 and b = 4

(Bl | =2 ang b8

(C)|la=4 and b = 2

(D)|a=8 and b = 2

Q.9 Consider an electrostatic field £ in a region ol space. Identily the INCORRECT

statement,

(A) | The work done in moving a charge n a closed path inside the region 18 zero

(B) | The curl of E is zero

(C') | The ficld can be expresscd as the gradient ot a scalar potential

(12) | The potential difference between any two points 1n the reeion 18 alwavs zero

FH (/30

LOLLEGE.
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Q.10 Which onc of the tollowing figures correctly depicts the intensity distribution for
Fraunholer dillraction due (o a single shit? Here, x denotes the distance lrom the
centre of the central Innge and I denotes the intensity.

(A) 74
X
(5)
(C)
(12) _
|
X
PH 7136
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Section A: Q.11 — Q.30 Carry TWQO marks each.
Q.11 The function f(x) = e*™* is expanded as a Taylor series in x, around x = 0,
in the form f(x) = Y oq@,x". The value of ay + a; + a, 15
(A) | O
(B) | 3
s
(C)| 5
2
(L) |3
Q.12 Consider a unit circle € in the xy plane, centered at the origin. The value of the
integral  $[(sinx — v)dx — (siny — x)dy| over the circle C, traversed
anticlockwisce, 1s
(A) |0
(B) | 27
(C) | 3
(D) | 4
PH 8136
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()13 The current through a serics RL circutt, subjected to a constant emf &, obeys

!dil

S iR=E&. letl = 1mH. R = 1kQand € = 1V. The imtal condition

15 i(0) = 0. At t = 1 us, the current in mA 18

(A) | 1—2e~°
(B) | 1 —2e™" |
(C)|1—e7?
(D) | 2—2e™! S |
Q.14 An 1deal ¢as in equilibrium at temperature T expands 1sothermally to twice 1ts

initial volume. IFAS, AU and AF denote the changes in its entropy, internal energy

and Helmholtz free energy respectively, then

(A) | AS < 0,AU > 0,AF <0

(B) | AS > 0,AU = 0, AF <0

(CY| AS < 0, AU = 0, AF >0

(D) | AS > 0. AU > 0.AF =0

FH A0

LOLLEGE.
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Q.15 In a dilute eas, the number of molecules with trec path length = x 15 given by
N(x) = Nye ** , where N, is the total number of molecules and A is the mean
free path. The fraction of molecules with free path lengths between A and 24 i1s
(A) | 1
e
(B) | _*©
|
(C)| e
e ]
ey | B
52
PH
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Q.16 Consider a quantum particle trapped 1n a onc-dimensional potential well in the
region |—L/2 <x < L/2], with nfinitely high barmers at x = —L/2 and
x = L/2. The stationary wave function for the ground state 15 tP(x) =

IE TTXY S : < L
N COS (T) I'he uncertainties in momentum and position satisty
;
(A) | Ap = P and Ax = ¢
(B) e :
Ap : and 0 < Ax < o
_ 7 )
(C) AD ==Eiéﬂﬂﬂiiizﬁ —
L AR
L
(D) | Ap =0 and Ax = ”

Q.17 Consider a particle of mass m moving in a planc with a constant radial speed r
and a constant angular speed 8. The acceleration of the particle in (r, 6)
coordinates 1s

(A) | 2r0%f — 7048
(B) | —r0%F + 2760
(C) | #F +r60
(D) | #6F + ro0

PH
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(.18

A planct of mass m moves 1n an clhiptical orbit. Its maximum and minimum
distances Irom the Sun are R and 7, respectively. Let ¢ denote the umversal
gravitational constant, and M the mass of the Sun. Assuming M >> m, the

angular momentum of the planet with respect to the center of the Sun 1s

(A)

[2GMRT

K’(F:‘_+T“)

i

(B)

| GMRr
2LEH1)

| GMRByr
(R-AT)

(12)

[ZGMHT
(R )

2m

PH
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()19 Consider a conical region of height 2z and base radius R with its vertex at the
orngin. Let the outward normal to 1ts base be along the positive z-axis, as shown
in the ficure. A uniform magncetic tfield, B = B,z cxists everywhere. Then the
magnetic flux through the base (P, ) and that through the curved surtace of the

conc (P.) are

/1

-
(A) CI}lF;. _— H.[]TTIHE > (T}r’: - U
{:B} {D'E, i %E{]HHE y (-IJ{: — %B{]HEE
((_Wj ':I}f;. — U : [1_),: = — HC,R'HE

(D)) | Dy =BiunR= ; Os=—B;ul"

PH | /306
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(Q.20) Consider a thin annular sheet, lving on the xy-planc, with R; and K, as 1ts mnner
and outer radil, respectively. If the shect carries a uniform surface-charec density
g and spins about the ongin O with a constant angular velocity

w = wyZ then, the total current flow on the sheet is

N | ZogioiRe —Ri')
3

{E"J ﬂ{ﬂD(HEH o Rl:%]

(©) | mowo(R,” — Ry7)
3

(D) | 2rowy(Ry — Ry’
3

PH | 4/30
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Q.21 A radioactive nucleus has a decay constant A and its radioactive daughter nucleus
has a decay constant 104, At time t = 0, N, 15 the number ol parent nucler and
there are no daughter nucler present. Ny (t) and N, (f) are the number ol parent
and daughter nuclel present at Lime I respectively.
The ratio N, (£) /N, (€) 15

(A) | 1

: i [y E,—E?'E{E
[1- e~

(B) l [1 E—w..:u,]
10

(©) | [1 — e~10]

(D) | |1 — e

PH
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(222 A uniform magnetic held B = ByZ, where By > 0 exists as shown n the higure.
A charged particle ol mass m and charge g (g > (J) 18 released at the origin, n the
vz-plane, with a velocity v directed at an angle 8 = 45° with respect to the

positive z-axi1s. lenoring gravity, which one of the tollowing 15 TRUE

¥
(AJ R : i ﬂﬁ"]!}'B[] i
x The initial acceleration a = —
IR I
(B] s kA : s (VEL
The nitial acceleration a = =Y
Vo2 Ml

(C) | The particle moves in a circular path

(D) | The particle continues in a straight line with constant speed

PH L3/ 30

LOLLEGE.
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()23 For an 1deal intrinsic semiconductor, the Fermi cnergy at 0 K
(A) | lics at the top of the valence band
(B) | hes at the bottom ol the conduction band _ o
(C) | lies at the center of the bandgap
(D) | hes midway between center ol the bandgap and bottom of the conduction band
PH

| TI30
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(0.24

A circular loop of wire with radius R 18 centered at the origin of the xy-plane.
The magnetic ficld at a point within the loop 1s, B (b, 2. 1) = Ep*t?s whers R
1S a positive constant of appropriate dimensions. Neglecting the elfects ol any
current induced 1n the loop, the magnitude of the induced e/ 1n the loop at time

ts

(A)

6TTkE“R>

(B)

Skt R>

(C)

3nkteR>

(D)

nkt*R”

PH
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Q.25 For the eiven circuit, R = 125 Q, R, =4700Q, V, =9V, and I***= 65 mA.
The minimum and maximum values of the input voltage (V™" and V"% for
which the Zener diode will be 1n the *ON” state arc

K
1250
e E N gge 1t
| [ = G574
() | PP = G0V and 17 =114 ¥
(B) | V™ = 9.0V angdl? = 1RS5 1V
(C) | B = 184 Egand V"% = 15,5 V
(D) | V™" =114V and V"% = 19,5V
PH 19/36
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Q.20

A squarc laminar sheet with side a and mass M, has mass per unit arca given by

gl x]—= 0, ll e ] (sce fieure). Moment of 1nertia of the sheet about v-axis 1s

(A)

(B)

(C)

(1)

M a®
12

PH
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(.27 A particle 1s subjected to two simple harmonic motions along the x and y axes,
described by x(f) = asin(Zwt + ) and y(t) = 2asin(wt). The resultant
motion 18 given by

(A} IE 2
B g
(B) | x* +y* =1
(C) x%*
}"2 . o IE 1 i s
4a
L) . . ;
e = }’i 14 ..y .
44
(.28 For a certain thermodynamic system, the mternal energy U = PV and P 15
proportional to T4. The entropy of the system is proportional to
(A) | UV
Ryl
B)| [
\ V
© | [
\ {/
(D) | oy

PH
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: : : 5 3 : : : ']
Q.29 The dispersion relation for certain type of waves is given by w = Vk? + a? |
where k 18 the wave vector and a1s a constant. Which one ol the following

sketches represents v, the group velocity?

(A) [

k/a

(B) v,

k/a

(L) Uffﬁ JI
| [
IZ
=
k/a
(D) v, 4

- K/a

PH 221530
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: onsider a binary number with m digits, where m 18 an even number. This binary
Q.30 Consider a binary b ith m dig h | ber. This binars
number has alternating 1°s and 0°s, with digit 1 1 the highest place value. The
decimal equivalent of this binary numbcer 18
(A | 2% =1
(B) | 2™ —1)
3
) | (Y1)
3
(D) | 2
3 [ 2T
PH
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Section B: Q.31 — Q.40 Carry TW( marks each.

0 a

Q.31 Consider the 2 X 2 matnx M = (
a b

)} whets d@. B > 0. The,

(A) | M 1s areal symmelrnc matrix

(B) | Onc of the cigenvalues of M is ercater than b

(C) | Onc of the cigenvalues of M 18 necgative

(D) | Product of eigenvalues of M 15 b

bt In the Compton scattering ol electrons, by photons mcident with wavelength 4,

(A) % 15 Independent of A

vl AA L . N——
(B) = Increascs with decreasing A

(C) | there 1s no change 1n photon’s wavelength for all angles of detflection of the

photon

AA pion: | : ’ : ;
(D) — Increases with mcreasing angle ol deflection ol the photon

PH 24136
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()33 The figure shows a section of the phase boundary scparating the vapour (1) and
hquid (2) states of water in the P — T plane. Here, € 1s the cntucal pomnt. yq. vy
and 54 are the chemical potential, specific volume and specitic entropy ol the
vapour phase respectively, while ., v, and s, respectively denote the same lor
the liquid phase. Then

P4
vapour
.
f
(A) | iy = U, along AB
(B) | v, = v, along AB
(C) | 54 = $» along AB
(D) | v; = v, at the point C
PH

23130
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Q.34 A particle 18 executing simple harmonic motion with time period 1. Let x, v and
a denote the displacement, velocity and acceleration of the particle, respectively,

at tume ¢. Then.

aT =
(A) — docs not change with time

(B) | (aT + 2mv) does not change with time

(C) | x and v are related by an cquation of a straicht line

(D) | v and a arc rclated by an cquation of an cllipsc

(L33 A lincarly polarized light beam travels from origin to point A (1,0,0). At the point
A, the light 1s reflected by a mirror towards point B (1, —1,0). A sccond mirror
located at point B then reflects the lieht towards point C (1,—1,1). Let

fi(x, vy, z)represent the direction of polanization of hight at (x, y, 7).

(A) | IFA(Q, 0, 0) =¥, then#i(1l, -1, 1)=X

(B) | IfA(0, 0, 0) = 2, thenfi(1, —1, 1) =9

"

£
—
—.
oy
o
—
=

0) =9, thenfi(l, =1, 1) =79

(D) | IEA(0, O

e

D) = 2 thenn(l, ~1, 1) =%

PH 26436
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(.36 Let (r, @) denote the polar coordinates of a particle moving in a plane. If # and 8

represent the corresponding unit vectors, then

(A) | d7

(B) | d? .

(C) | df

(12) | df

(J.37 The electric tield associated with an electromagnetic radhation 15 given by
F=a(l+cosw,t)cosw,t. Which of the following frequencies are present in

the field?

(A) | wq

(B) | w; + w,

(D) | w;

PH 21130

LOLLEGE.
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(0.35 A string of length L 18 stretched between two points x = Oand x = L and the
cndpoints arc rieidly clamped. Which of the tollowing can represent the
displacement of the string from the equilibrium position?

N I
X COS ( ; )
(B | soun (2
X sin ( 7 )
(C) r
X (L 1)
(.D} (:’L’ 1)2
I —
k
Q.39 The Boolean expression ¥ = POR+ QR 4+ POR + PQR simplifies to
(A) | PR+ Q
(B) | PR+ 0O
(C)| P+ R
(LY | DAl
PH 28136
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(Q.40) For an n-type silicon, an extrinsic scmiconductor, the natural logarithm of
normalized conductivity (0) 1s plotted as a function of inverse lemperature.

Temperature 1nterval-I corresponds (o the nirinsic regime, nterval-11
corresponds (o saturation regime and nterval-111 corresponds to the [reeze-oul

regime, respectvely. Then

— — —_— o — e ——— S T o mm —

(A) | the magnitude of the slope of the curve in the temperature mterval-1 1s

proportional to the bandgap, £,

(B) | the magnitude of the slope of the curve 1in the temperature interval-111 18

proportional to the 1omization energy ol the donor, E4

(C) | n the temperature interval-11, the carner density in the conduction band 15 equal
to the density of donors

= i T = i = mm T = T

([3) | in the temperature interval-I11, all the donor levels are 1onized

PH 29730
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Section C: Q.41 — Q.50 Carry ONE mark each.
Q.41 The integral [[(x° 4+ y*)dxdy over the area of a disk of radius 2 in the xy

planc 1s .
Q.42 For the given operational amphtier circuit Ry = /720 € R, = [.5 &L and

V. = 0.6V, then the output current {; 18 1A

i¥.
I
- 0
PH 30136

LOLLEGE.



JAN] 222 FHYS1Cs - PH

(J.43 For an 1dcal gas, AB and CD are two 1sothermals at temperatures 15 and 15 (I >
1), respectively. AD and BC represent two adiabatic paths as shown 1n higure,

Let Vy, Vg, Ve and V be the volumes of the gas at A, B, C and D respectively. 1l

Ve v
— =2, then — =
Vi Va
P F
— R
v
(2.44 A satellite 15 revolving around the Earth in a closed orbit. The height of the

satellite above Earth’s surface at perigee and apogee are 2500 km and 4500 km,
respectively. Consider the radius of the Earth to be 6500 km. The eccentricity of

the satellite’s orbit 1s (Round off to 1 decimal place).

Q.45 Three masses my = 1,m, = 2 and m, = 3 are located on the x-axis such that
their center of mass s at x = 1 . Another mass m,, = 4 1s placed at x and the

new center of mass 18 at x = 3. The value of x; 18

PH L3560

LOLLEGE.




JAM 2022 ~ PHYSICS - PH

(0.40 A normal human cye can distinguish two objects scparated by (.55 m when
viewed Irom a distance of 1.0 xm. The angular resolution ol eye 1s

scconds (Round off to the ncarcst integer).

(.47 A rod with a proper length of 3 m moves along x-axis, making an angle of 30"
: : & ;o A . L
with respect to the x-axis. 1T 1ts speed 1s — m/s, where ¢ 15 the speed ol ight, the

change 1n length duc to Lorentz contraction 1s 1 (Round off to 2 decimal

places).

Use c =3 x10°m/s]

(.48 Consider the Bohr model ol hydrogen atom. The speed of an electron in the

second orbit (n = 2) 18 X 10°m/s (Round off to 2 decimal places).

Tlseh="663% 10" s g =16 x 10, g5 = 885 % 10 5 <m*IN]

T T T T TEE - T T e

(2.49 Consider a umit circle € 1n the xy plane with center at the origin. The hine integral
of the vector field, F(x,v,z) = —2yX — 3zy + xz, taken anticlockwisc over C
5 7.
PH 3236

LOLLEGE.
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[ 350 Consider a p-n junction at [° = 300 K. The saturation current density at reverse
bias is —20 uA/cm*. For this device, a cwrent density of magnitude
10 A /cm? is realized with a forward bias voltage, V. The same magnitude of
currcnt density can also be rcalized with a reverse bias voltage, Vi, The value of

Ve /VR] 1S (Round off to 2 decimal places).

PH 313/36

LOLLEGE.
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Section C: Q.51 — Q.60 Carry TWQO marks each.

(J.51] Consider the second order ordinary differential equation, y" + 4vy" + 5y = 0. If
¥(0) = 0 and y (0) = 1, then the value of y(mr/2) is (Round off
to 3 decimal places).

Q.52 A boX contains a mixturce of two different 1decal monoatomic gascs, 1 and 2, in
cquilibrium at temperature 1. Both gases arc present 1n cqual proportions. The
atomic mass for gas 115 m, while the same lor gas 215 2m . Il the rms speed of

| fenT |
a eas molecule sclected at random 18 Ve = J{T%F R dile, .4
(Round off to 2 decimal places).

B E A hot body with constant heat capacity 800 [ /K at temperaturc 925 K 1s dropped
gently into a vessel containine 1 kg of water at temperature 300 K and the
combincd system 1s allowed to reach equilibrium. The change 1n the total entropy
AS 13 //K (Round off to 1 decimal place).

[ Take the specific heat capacity of water to be 4200 [/ /kg K. Neglect any loss of
heat to the vessel and air and chanee in the volume of water. |
PH

34136
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(0.54 Consider an clectron with mass m and cnergy £ moving along the x-axis towards
a finite step potential of height U, as shown in the higure. Inregion 1 (x < 0), the
momentum of the clectron is p; = v 2mE. The reflection cocefficient at the barricr
: : Ly —fa . : : : v 3 :
1S g1ven by R = (;w ) , where p5 18 the momentum n region 2. It 1in the limit

i ” 2
_ i , ,
BBt 105 =% then the integer n 18
Ulx) 1
_____ > T
1 o 2
: #
A
(2.55 A current density for a [Tuid flow 1s given by,
J(x,v,2,t) = o X
Siu (1+x%+y%+2z2)
At time £ = 0, the mass density p(x,v,2z,0) = 1.
Using the equation of continuity, p(1,1,1,1) is found to be (Round oft
to 2 decimal places).

Q.56 The work done 1mm moving a =5uC charee in an clectric ficld
o ; A e : ; T ;
L = (BT sin@ v + 4r cosd 6’) V/m, fromapoint A(r,8) = (1[}, E) (0 a point
_ i :

Ble, )= (’_HJJE), 15 mj.
PH 35036
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& 2 A pipe ot 1 m length 18 closed at one end. The air column 1n the pipe resonates at
its fundamental frequency ol 400 Hz. The number ol nodes 1 the sound wave

tormed 1n the pipe 18

[Speed of sound = 320 m/s]

(2.58 The cnitical angle of a crystal 1s 307, Its Brewster angle 15 degrees (Round

oll to the nearest integer).

Q.59 In an LCR series circult, a non-inductive resistor of 1508, a coil of 0.2 H
Inductance and ncgligible resistance, and a 30 i capacitor are connected across

an ac power source of 220 V', 50 Hz. The power 1oss across the resistor 18 W

(Round off to 2 deciumal places).

(2.60 A charge ¢ 15 unitormly distributed over the volume of a dielectric sphere of
rachhus ¢. If the dielectnic constant €, =2, then the ratio ol the electrostatic energy

stored mside the sphere (o that stored outside 15 ~ (Round oft to | decimal

place).

END OF THE QUESTION PAPER

PH 30136
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