HT - JAM (PHYSICS) - 2022

Question paper and Solutions

Section A: Q.1 - Q.10 Carry ONE mark each.
1. The equation z°+(z)’=4 in the complex plane (where z is the complex conjugate of z)

represents

a) Ellipse B) Hyperbola c) Circle of radius 2  d) Circle of radius 4
2. Arocket (S) moves at a speed %m / s along the positive x-axis, where c is the speed of light.

When it crosses the origin, the clocks attached to the rocket and the one with a stationary observer

(S) located at x = 0 are both set to zero. If S observes an event at (x,t), the same event occurs in

the S frame at

2 S andt =L X 2 e SN anat e g X
a)x_\/g(x 2)andt J§(t 20) b) x \/§(X+2)andt ﬁ(t 2c)
c) x':%(x—c—;)andt'z%(Hz—);) d)x':%(x+%t)andt':%(t+2—);)

3. Consider a classical ideal gas of N molecules in.equilibrium at temperature T. Each molecule has

two energy levels, —s ande . The mean energy of the gas is

€ &

) D2

&
a) 0 b) N¢ tanh(—— ¢)-Netanh
) )Ne& (kBT) ) san(kBT

4. Atatemperature T, let 8 and. K denote the volume expansivity and isothermal compressibility of a

p
gas, respectively. Then | isequal to
oP oP oT
o) w(E) oD
oT ), N ). oP ),
5. The resultant of the binary subtraction 1110101 — 0011110 is

o)

a) 1001111 b) 1010111 c) 1010011 d) 1010001

6. Consider a particle trapped in a three-dimensional potential well such that

U(x,y,z)=0for0<x<a,0<y<a, 0<z<a,andU(x,Yy,z) =0 everywhere else. The degeneracy

of the 5™ excited state is
a) 1 b) 3 c) 6 d) 9
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7. A particle of mass m and angular momentum L moves in space where its potential energy

is U(r)=k r* (k>0)and r is the radial coordinate.If the particle moves in a circular orbit, then
the radius of the orbit is

L2 : L2 : 212 : 412 :
ol vl ol 2

8. Consider a two-dimensional force field F(x, y) =(5x* +ay?® +bxy) x+(4x* + 4xy + y?) y. If the

force field is conservative, then the values of a and b are
a) a=2 and b=4 bya=2 and b=8

c)a=4andb=2 d) a=8 and b=2

9. Consider an electrostatic field E in a region of space. ldentify the INCORRECT statement

a) The work done in moving a charge in a closed path inside the region.is-zero

b) The curl of E is zero
c) The field can be expressed as the gradient of a scalar.potential
d) The potential difference between any two points.in the region is always zero

10. Which one of the following figures correctly.depicts the intensity distribution for Fraunhofer
diffraction due to a single slit? Here, x denotes the distance from the centre of the central fringe and

I denotes the intensity.

(a) I (b) !

AVAYIVAYA NN

X X

()

, (d) "
A N
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SECTION-C
Q.11 - Q.30 Carry TWO marks each.

11. The function f(x)=e" is expanded as a Taylor series in x, around x = 0, in the form

f(x)=>" ax" . The value of a,+a, +a,is

a) 0 b)

N W

c)% d)5

12. Consider a unit circle C in the xy plane, centered at the origin. The value of the integral
[f][(sinx—y)dx—(sin y—x)dy] over the circle C, traversed anticlockwise, is
a)0 b) 27 c) 3”7 d)47
13. The current through a series RL circuit, subjected to a constant emf &, obeys

L%HR:a.LetL:lmH,R:le ande=1V. The initial condition is i(0)=0.Att=21us,

the current in mA is
a)l—2e? b)1-2e™ c)l-e d)2-2e”
14. An ideal gas in equilibrium at temperature T expands-isothermally to twice its initial volume. If AS,
AU and AF denote the changes in its.entropy, internal energy and Helmholtz free energy
respectively, then

3) AS<0,AU >0,AF <0 b) AS>0,AU =0,AF <0

0) AS<0,AU =0,AF>0 d) AS>0,AU >0,AF=0

—X/2

15. In a dilute gas, the number of molecules with free path length =X is given by N(x) = N,e ™", where

N, is the total number of moleculesand A is the mean free path. The fraction of molecules with

(o]

free path lengths between A and 2 4

1 e e’ e—1
a) = b) — c
) e ) e—1 ) e—1 e’
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16.

17.

18.

19.

Consider a quantum particle trapped in a one-dimensional potential well in the region

[-L/2<x<L/2], with infinitely high barriers at x=-L/2andx=L/2. The stationary wave

. . 2 X o ..
function for the ground state is y(x)= \/E Ccos (”T) The uncertainties in momentum and position

satisfy
h 27h L
a) Ap=—and Ax=0 b)Ap=——and0<Ax<——
) Ap 1 )Ap 3 e
7h L L
OAp=—and AX> —— d) Ap=0and Ax=—
)Ap 3 e ) Ap 5

Consider a particle of mass mmoving in a plane with a constant radial speed r and a constant
speed g The acceleration of the particle in (r,0) coordinates
* . e 2, oo o A o o~ . -
a)2ré°r-roo b)—r® r+2r00 c)rr+rd0 d)ror+roo
A planet of mass m moves in an elliptical orbit. Its maximum and minimum distances from the Sun

are R and r, respectively. Let G denote the universal 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

a)m 2GMRr b)m GMRr &) m GMRr d) 2m 2GMRr
‘\j (R+r) ‘\j 2(R+r) ‘\/(R+r) ‘\/ (R+r)

Consider a conical region of height h and base radius R with its vertex at the origin. Let the outward

is

normal to its base be along the positive z-axis, as shown in the figure. A uniform magnetic field,
B = BOE exists everywhere. Then the magnetic flux through the base (®») and that through the

curved surface of the cone (®.) are
=1

a)¢, =B,7R*; ¢, =0 b)¢b=—%BO7Z'R2; &, =%BO7ZR2
¢)¢,=0; ¢, =—B,zR? d) ¢, = B,7zR?; ¢, = —B,zR?
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20. Consider a thin annular sheet, lying on the xy-plane, with R and R, as its inner and outer radii,
respectively. If the sheet carries a uniform surface-charge density o and spins about the origin 0

with a constant angular velocity o = o, zthen, the total current flow on the sheet is

N
=20

2”0600(':)23 ~ Rig) b) Ua)o(st _ R13) c) ”Ua)o(R:; ~ Rig) d) 270w, (3R2 ~ R1)3

a)
21. A radioactive nucleus has decay constant A and its radioactive daughter nucleus has a decay constant
104. At time t = 0, N is the number of parent nuclei and there are no daughter nuclei present.

N, (t) and N, (t) are the number of parent and daughter nuclei present-at time t, respectively. The

ratio N, (t)/ N,(t) is
1 -9t 1 —104t -104t -9t
a)§[1—e ] b)E[l—e ] o)[1-e*] “d)[1-e*"]

22. A uniform magnetic field B = B,z, where B> 0 exists as shown in the figure. A charged particle of

mass m and charge g (q > 0) is released at the-origin,-in the yz-plane, with a velocity v directed at

an angle @ =45"with respect to the positive z-axis. Ignoring gravity, which one of the following is
TRUE.

a) The initial acceleration a = avB, X
Jzm

b) The initial acceleration a = avB, y
JZm

C) The particle moves in a circular path

d) The particle continues in a straight line with constant speed

23. For an ideal intrinsic semiconductor, the Fermi energy at 0 K
a) lies at the top of the valence band
b) lies at the bottom of the conduction band
c) lies at the center of the band gap

d) lies midway between center of the band gap and bottom of the conduction band
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24. A circular loop of wire with radius R is centered at the origin of the  xy-plane. The magnetic field
at a point within the loop is, B(p, 4, z,t) :kp3t32 ,where K is a positive constant of appropriate
dimensions. Neglecting the effects of any current induced in the loop, the magnitude of the induced
emf in the loop at time t is

2p5 2p5 2p5 2p5
67kt°R b) 5rkt°R o) 37kt°R d) 7kt°R
5 6 2 2

a)

25. For the given circuit, R=125 Q,R, =470Q,V, =9V, and |,™ =65mA The minimum and maximum

values of the input voltage (V,"" andV,™) for which the Zener diode will be in the ‘ON’ state are

Ex
I\ 125Q A
I |
| :
, /. —QV R, 2 | v
L ! V2 =97 7003 ! Vi
: I;'“’\ = 65mA :
v v
a) V™ =9.0V and V"™ =11.4V b) V,"" =9.0V and V,"* =19.5V
c) V\"" =11.4V andV,"* =15.5V d)-V,"=11.4V and V,"* =19.5V

26. A square laminar sheet with side a and mass M, has mass per unit area given by o(x) = o, {1—2} :

. . » +3
(see figure). Moment of inertia‘of the sheet about y-axis is N o
2 2 2 2
a) Ma b) Ma 0) Ma d) Ma
2 4 6 12

27. A particle is subjected to two simple harmonic motions along the x and y  axes, described by
x(t) =asin(2wt + 7)and y(t) = 2a sin(wt) . The resultant motion is given by

a)x_2+y_2:1 b) x* +y* =1 c)y2=x2(1—x—2) d)X2=y2(1—y—2
a’ 43 432 4a?
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28. For a certain thermodynamic system, the internal energy U=PV and P is proportional toT?.

The entropy of the system is proportional to

a)uVv b)\/g c)\/g d)Juv

29. The dispersion relation for certain type of waves is given by w=+k?+a?, where kis the wave
vector and a is a constant. Which one of the following sketches represents the v, group velocity?

@) (b) *

k/a

k,'?ﬂ'

30. Consider a binary number with m digits, where m is.an even number. This binary number has
alternating 1’s and 0’s, with digit 1 in the highest place.value. The decimal equivalent of this binary

number

(2m _1) C) (2m+l _1)

a)2" -1 b
) ) 3 v

d) 2@ -

. . 0
31. Consider the 2 x 2 matrix M :(a

ZJ where a,b >0. Then.

a) M is a real symmetric matrix b) One of the eigenvalues of M is greater than b
c) One of the eigenvalues of M is negative d) Product of eigenvalues of M is b

32. In the Compton scattering of electrons, by photons incident with wavelength A,

a) A}v—ﬂ is independent of A

b) Aﬂ—/1 increases with decreasing

c) there is no change in photon’s wavelength for all angles of deflection of the photon

d) Aﬂ—/i increases with increasing angle of deflection of the photon
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33. The figure shows a section of the phase boundary separating the vapour (1) and liquid (2) states of

water in the P — T plane. Here, C is the critical point. z4,v,ands, are the chemical potential,

specific volume and specific entropy of the vapour phase respectively, while u,,v,ands,

respectively denote the same for the liquid phase. Then

P

[
Nigguniial

- A WO

a) i, = i, along AB b)v, =v, along AB
c)s, =s,along AB d) v, =v, atthepointC

34. A particle is executing simple harmonic motion with time period T . Let x,v and a denote the

displacement, velocity and acceleration of the particle, respectively, at.time t. Then,
aT e

a) — does not change with time
X

b) (aT +27v) does not change with time

c) x and v are related by an equation of a straight line
d) v and aare related by an equation of an ellipse
35. A linearly polarized light beam travels from origin to point A (1,0,0). At the point A, the light is

reflected by a mirror towards'point B (1, —1, 0). A second mirror located at point B then reflects the

light towards point C (1, —1, 1). Let n(x, y, z) represent the direction of polarization of light at

(X, Y, 2).
a) Ifn(0, 0,0) =y, thenn(L -1 1) = x b) 1fn(0, 0,0) =z thenn(L, -1, 1) =y
c) Ifn(0, 0,0)=y,thenn(,-1,1)=y d) If n(0, 0,0)zi,thenn(],—l, 1)=x

36. Let (r,0)denote the polar coordinates of a particle moving in a plane. If rand 6 represent the

corresponding unit vectors, then

a) I _p e 0 30_ ¢ a) 39_¢
deo dr déo r
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37. The electric field associated with an electromagnetic radiation is given by

E =a(1+coswt)cosw,t Which of the following frequencies are present in the field?
a) o, b) @, +w, C) | —aw,| d) o,
38. A string of length L is stretched between two points x=0and x=L and the endpoints are rigidly

clamped. Which of the following can represent the displacement of the string from the equilibrium

position?

2
a)xcos[”—xj b) xsin[”—xj c) x(f_lj d)x(ﬁ—lj
L L L L
39. The Boolean expression Y = PQR +QR + PQR+ PQR simplifies to
a)PR+0Q b) PR+Q C)P+R d)Q+R

40. For an n-type silicon, an extrinsic semiconductor, the natural logarithm of normalized conductivity

(o) is plotted as a function of inverse temperature. Temperature interval-1 corresponds to the

intrinsic regime, interval-I1 corresponds to saturation regime and interval-111 corresponds to the

freeze-out regime, respectively. Then

a) the magnitude of the slope of the curve in the temperature interval-I is proportional to the
bandgap, E,
b ) the magnitude of the slope of the curve in the temperature interval-111 is proportional to the
ionization energy of the donor, E,

c) in the temperature interval-I1, the carrier density in the conduction band is equal to the density of
donors.

e) in the temperature interval-111, all the donor levels are ionized
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SECTION-C
NUMERICAL ANSWER TYPE (NAT)

Section C: Q.41 — Q.50 Carry ONE mark each.
41. The integral | J(x*+ y?)dxdy over the area of a disk of radius 2 in the xyplaneis 7.

R =120Q), R, =1.5kQ V, =0.6V

42. For the given operational amplifier circuit and s ' then the

Output current | is mA.

R

43. For an ideal gas, AB and CD are two isothermals at temperatures T, and T,(T, >T,), respectively.

AD and BC represent two adiabatic paths as shown in figure. Let’ - V,,V;,V, and V, be the

volumes of the gas at A, B, C and D respectively. If x—c = 2;then\\;—D =
A

B

~ e

£z>

44. A satellite is 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 is  (Round off to 1 decimal
place).

45. Three masses m, =1, m, =2and m, =3 are located on the x-axis such that their center of mass is at
x=1. Another mass m, =4 is placed at X, and the new center of mass is at x = 3. The value of X,
is

46. A normal human eye can distinguish two objects separated by 0.35 mwhen viewed from a distance

of 1.0 km. The angular resolution of eye is seconds (Round off to the nearest integer).
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47. A rod with a proper length of 3m moves along x-axis, making an angle of 30 with respect to the x -

axis. If its speed is%m/s,where c is the speed of light, the change in length due to Lorentz

contraction is m (Round off to 2 decimal places). [Usec=3x10°m/s]

48. Consider the Bohr model of hydrogen atom. The speed of an electron in the second orbit
(n=2)is x10° m/ (Round off to 2 decimal places).
[Useh =6.63x10"* Js, e=1.6x10"°C, €,=8.85x10* C’m* / N]

49. Consider a unit circle C in the Xy plane with center at the origin. The line integral of the vector

field, F (x,y,z) =—2yx—3zy+ Xz, taken anticlockwise over C T.

2
50. Consider a p-n junction at T= 300 K. The saturation current density at reverse bias is —20uAlcm

10 A/ cm?

For this device, a current density of magnitude "is realized with a forward bias voltage,

V. The same magnitude of current density can also be realized with a reverse bias voltage,V; . The
value of |V, /V| is (Round off to 2 decimal places).

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

52. A box contains a mixture of two different ideal monatomic gases, 1 and 2, in equilibrium at

temperature T. Both gases are present in equal proportions. The atomic mass for gas 1 is m, while

the same for gas 2 is 2 m. If the rms speed of a gas molecule selected at random is
ke T . .
Vo =X, [— , then X is (Round off to 2 decimal places).
m

53. A hot body with constant heat capacity 800 J / K at temperature 925 K is dropped gently into a
vessel containing 1kg of water at temperature 300 K and the combined system is allowed to reach
equilibrium. The change in the total entropy AS is J /K (Round off to 1 decimal

place). Take the specific heat capacity of water to be 4200 J / kg K. Neglect any loss of heat to

the vessel and air and change in the volume of water.]
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54. Consider an electron with mass mand energy E moving along the x-axis towards a finite step

potential of height U, as shown in the figure. In region 1(x <0) the momentum of the electron is

2
p, = v/2mE. The reflection coefficient at the barrier is given by R = (%} ,  Where p, isthe
1 + 2

2
momentum in region 2 .If, in the limit E >>U R z% then the integer nis __.
n

U(x) ¢

8e'
(+x*+y*+7°%)

55. A current density for a fluid flow is given by, J(x,y,z,t) = X. At time t=0, the mass

density p(X,Y,z,0) =1.Using the equation of continuity, o (1,1,1,1) .is found to be (Round

off to 2 decimal places).

56. The work done in moving a —54C charge in an electric field E =(8rsin® I +4rcosd OV I'm,
from a point A(r,8) = (10;%) to a point B(r,6) = (10;%) is mJ .

57. A pipe of 1 m length is closed at one end. The air column in the pipe resonates at its fundamental
frequency of 400 Hz . The number of nodes in the sound wave formed in the pipeis
[Speed of sound =320 m/s]
58. The critical angle of a crystal is 30°. Its Brewster angleis ___ degrees (Round off to the nearest
integer).
59. In an LCR series circuit, a non-inductive resistor of 150 Q, a coil of 0.2H inductance and
negligible resistance, and a 30 u«F capacitor are connected across an ac power source of 220 V, 50
Hz. The power loss across the resistor is W (Round off to 2 decimal places).
60. A charge q is uniformly distributed over the volume of a dielectric sphere of radius a. If the

dielectric constant &, =2, then the ratio of the electrostatic energy stored inside the sphere

to that stored outside is (Round off to 1 decimal place).
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Quilsot.ion Key Qulcilsot.ion Key Qul(ils:.ion Key/Range (KY)
s [ | A [ e | omeeEe
2 A 25 D 48 1.08 to 1.10
3 c 26 C 49 2t02
4 A 27 D 50 0.57to 0.61
) B 28 D 51 0.041 to 0.045
s | o | = | o | = |mmE
AEEEEEENERF S
8 B 31 A B, C 54 16 to 16
9 D 32 B,D 55 2.70t0 2.74
10 C 33 A D 56 -lorl
11 C 34 A, D 57 Marks to All
12 B 35 A B 58 2710 27 or 6310 63
13 c 36 AC 59 297 to 299
14 B 37 B, C,D 60 0.1t00.1
15 D 38 B,.C,D
16 Marks 39 D

to All
17 B 40 A B,C
18 A 41 8t08
19 D 42 5t05
20 Marks 43 2t02
to All
21 A 44 0.1t00.1
22 A 45 6t06
23 C 46 71t073
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T JAM 2022 PHYSICS

Answers with Explanation

22 +(2)° =4= (x+iy) +(x—iy)*=4

2(x* —y)=4=(x*—y*)=2 Hyperbola. Ans: (b)

Velocity of the rocket v = % Using Lorentz transformation equations

X =y(X—Vt) andt':y(t—\é—z() (1)
°-v—E Y= 1 1 1 _i
| G \F NE
2 4 4
. 2 ct . 2 X
From (1 X=—7(X-——) andt = — (t—— Ans: (a
1) J§( 2) \/é( 2C) (@)

A classical ideal gas of N molecules in equilibrium.is at temperature T. Each molecule has two

energy levels, -€ and €

The partition of each molecule is z=e™ +e/*

1
Where 'Bzﬁ
—pfe pe
—-0lnz 0 In(e ” +e) = €€ ,_8e,
Mean energy U :7 =U =_£ e/ 4 e
:>U ; e—ﬂg_eﬂs ; eﬁs_e—ﬂg t h e
=8| ——% |=—¢| % | =¢tanh—
e/ 4 e efe e F* KT

For N particles U =N stan% Ans: (c)

_1 (o T
Volume expansivity = # =\ | 57 & Isothermal compressibility ="\ 5p |

Mathematical relation for Partial derivatives
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5 3G =5) @3
poslal lal o o (e

(Z\Fﬁl ot )y Lov or jv] Using (1)

1)

-F)L
v{er )

= s = (Ej Ans: (a)
k at )y
5. Binary (Decimal)
—=1110101—-0011110 =1010111
(117) - (30) = (87)
Ans: (b)
6.
State n, n n, n*=n’+n+«n’ degeneracy

Ground state 1 1 1 3 1
2 1 1

First Excited state 1 2 1 6 3
1 1 2
2 2 1

Second Excited state 2 1 2 9 3
1 2 2
3 1 1

Third Excited state 1 3 1 11 3
1 1 3

Fourth Excited state 2 2 2 12 1
3 2 1
3 1 2

Fifth Excited state 2 L 3 14 6
2 3 1
1 2 3
1 3 2

Degeneracy of the fifth excited state is six Ans: (¢)

7. Particle of mass m and angular momentum L moves in space where its potential energy

U(r)=kr’(k >0) and ris the radical coordinate

forceF = — av _ —2kr
dr

But, for circular orbit F=
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mv? C(mvr)? 2

Hence, —2kr = ——=2kr 3 3
r mr mr
1
2 L2 4
Where L=mvr, Leaving out the minus sign, r* = =>r= Ans: (b)
2mk 2mk
8. For a conservative field F: Vx F=0
X y 2
¥ x F =0 [ ° A
xE=0= 0x dy 0z

Gx?2+ay?+bxy) (4x*>+4xy+ y?) 0/

= x(0)+ y(0) + 2({8x + 4y} — {2ay + bx})

ie,0= i({8x+4y}—{2ay+bx}):>(8—b)x+(4—2a)y=0

= b=8anda=2 Ans: (b)
9. ALL (A), (B) and ( C) are CORRECT statements for a-conservative filed. But, the potential

difference between ANY two points need NOT be zero. (The value of Zero is Applicable only in special

cases wherein the two points lie on the same Equipotential line / surface) Ans: (d)
10.
/N
_4--_.-"-.; H"""\. | | .,-"'-f -R"'H. =
A
Intensity distribution for the Fraunhofer diffraction due to a single slit. Ans: ()
11. Using Taylor expansion f(x)=e""* around x=0
X . x: .
f(x)=f(0)+ﬁ f (0)+§ fO)+. e, @

f(0)=e""=¢"=1
f'(x)=e""cosx;=f (0)=e™°cos 0=1

f'(x)=e" cos® x + e**(—sinx)=e’ () +0=1
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2

From (1) f(x)=1+x+x?+ ......................... )
Given f(X)=n§Janx”:ao+a1x+a2x2+ ......... )

Comparing (2) and (3) a, =1, a, =1, a, :%

. Thevalueof a, +a, +a, :1+1+%=g Ans: (c)
12 I= [Jj[(sin x—y) dx—(siny—x)dy] C — unit circle traversed in anticlock wise
Method 1
Using Green’s theorem [ﬁde+ Ndy=[j[z—:\(‘—%ﬂ]dxdy
M=sinx-y N=-(siny—X) = x-siny
& -1 %:_l
- Z-U[% —%]dx dy:_UZ dx dy =27z r?
| =27 [+r=]]
Method 2
Using Stokes theorem Ujl_f.dfzﬁﬁxf).n ds
Given the unit circle in the x-y plane. .. n=k
(VxF)=| i j k
a% Giy % —K[1-@)] = 2k
sin x-y X-sin'y 0
H(?xﬁ).n ds:jjz k. kdxdy =27r?=27()%=2x Ans: (b)
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13. The given problem is a standard book work in transient phenomena
. L _R,
The growth of current in RL-circuitis i = i, (1 —e L )

Here, iy = %,the maximum steady current

e iwm
DT RT 1000 ™

R 103 _

i=(1-e1) mA. Ans: (C)
14. An ideal gas in equilibrium at temperature 7expands isothermally to.twice its initial volume.
If AS, AU and AF denote the changes in its entropy, internal energy and Helmholtz free energy
respectively. Since the expansion is isothermal and T is a constant AT =0
Helmholtz free energy F =U —TS
~AF = AU -TAS-SAT
. AU and AT are zero AF=-TAS

If AS>0, thenAF <0,

Hence AS >0, AU=0and AF <0 Ans: (b)
15. In dilute gas, the number of molecules with free path lengths > x is given by
N(x)=N,e "

N, is the total number of molecules and A is the mean free path.

. 2
Total molecules N =IN0 e’ dx=N, —| = N4 (@)
0 i

A Jo

The fraction of molecules with free path lengths A4 and 2 4 is
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22 —Xx/2
N = [ Noe™ dx =N,

A I

1 1 e-1
— N:NO/I‘:E— e—2:|:Noﬂ|:—2:|

e-1) N [e—l}
j— N=N = = Ans: (d
T eZ NT ns ( )

16. Deleted Question
17. In plane polar coordinates, acceleration of a particle is
d=(F—-10*)f+ (r0 +270)0 >d= a, 7+ ay0 (Astandard result)

a, = ¥ —r6?isradial acen., and ap = rf +276.is tangential accn.
In our problem, 7 = const = # = 0 and 0 =const,=>6 =0
da=-r0%* + 2i00 Ans: (b)

18. LetV and v be the speeds of the planet at distance R and r.

Then, angular momentum, L. = mVR = mvr (1)
R

=v=(%)v @)

Using law of conservation of energy, —GMTm + % mv? = —GMTm + % my?2
2GM  2GM
_ 27 vZ _ VZ
r R
26M _ 28M [(B) V]Z - vz =2 (Rz_rz) [using equ (2)]
= T R T - T2 g &g
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r? 1 1
Angular momentum,L = mVR = mR \[(W) 2GM (; - E)

_ r2 2 R-TY _ 2GM Rr .
L—m\[(RZ_TZ)xR X ZGM(TR)—m & Ans : (a)

Il
[

19 Npase

Base Region: Magnetic flux, ¢, = [[B. dS = [[ By2.dS 2

d)b = Bof ds=B0T[R2

Prjected area of
curved surface

Neurved—proj = %

Curved surface: ¢, = [ B. dS = [[ Bz .dspyo;(—2) x

20. Deleted Question

A thin annular sheet, lying on the xy-plane, with R, and R, as/its ‘inner and outer radii,

respectively. The sheet carries a uniform surface-charge.density o and spins about the origin 0 with

Mg

"\Imu
=]

a constant angular velocity o =,z

Surface current in the annular sheetk=o'v=or o,

27 Rz

Total current flow on thesheet .= I I kdA heredA=rdrdé@
R

0

2r R R, r3 R, Rs_Rls
I=I I(ara)o)(rd rdd) =2now, Irzdr = Zﬂaw{g} = 271'0'600[ z 3 } Ans :(a)
Rl

0 R R
21.  Decay constant of the parent nucleus 4, =4
Decay constant of the daughter nucleus 4, =104

At t = 0 number of nuclei of the parent is N, = N, and there are no daughter nuclei i.e. N, =0.

After a time t, number of nuclei of the parent N, = N, e **'

Number of nuclei of the daughter
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N, (t) = &Nﬂi [t —e ] 2Ny (ou_guan) _ANe” ioeo]

104-4
N, (1) =%Nl(t)[1—e‘9“] = ’:IZ((8=%[1—e‘“‘] Ans: (a)

22. A uniform magnetic field B = B, z, where B, >0 exists as shown in the figure. A charged
particle of mass m and charge g (g > 0) is released at the origin, in the yz-plane, with a

velocity v directed at an angle @ = 45" with respect to the positive z-axis.

<

s s 0 A . o — VYV s AP . D N
From fig, v = vcos45°Z + vsin45°y = REYHY and given B = B,z

Magnetic force on charge q is ﬁmag =q (17 X §)

Xy Z
—q (0¥ v - #(B. 2
=q| %%z hz) = 2(Be) 4
0. 0 B,
o Fag) o
Hence the acceleration is a = m= [Bovq/\/ﬁm]x option(a) is correct

Note - Particle describes a helical path with z-axis as the axis of the helix.
Hence options (C) and (D) are Incorrect Ans: (a)

23.

level (Exacty midway -
petwesn Eq and EV\

o

E. : Bethe lowest energy level in the conduction band

E: :Indicates the probability of occupancy of an energy level by an electron
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E, : Bethe highest energy level in the valence band Ans: (c)
24. B(p,¢,z,t) = k p3t32 ( given)(Cylindrical coordinates are used)

The magnetic flux, ¢,, = [[B. dS = [[ k p3t32 . (p dp de)2

RS
¢m=kt3fp4dp x| dp =kt? x?x2n

- d R5
Hence, the induced emf, £ = —d—‘f = —2mk X 3t% X —
. . . . 6
Ignoring -ve sign, emf induced is € = ST k t?R> Ans: (a)
25. e
—"W NN s
1 1EZS 42
1 roo= - R__ .
Y e s Ao v

Given Zenes dioide will be always ‘ON’ state and V,

VM SV VM =114V (From options (c) and (d) )

z

When V, Is on, the current through R _Y R_VZ \J 125_9 Options (A) and (B) are wrong.

But current through R=I,™ + 1

) Vimax _9
125

= 65m.A+4170 =65m A+19.14m.A=84.14x10"°

V™ —9=84.14x125x10"° =10517.5x10°° . V,"™* =19.5V
VM =11.4V and V™ =19.5V

26.

+ [}
MR

[y

0

b| R

Consider a rectangular strip of width dx( at distance x ) and of height a ( parallel to y — axis)
The mass of this strip is dM = ¢ (x) X a dx = g, [1 - ﬂ X adx

Hence total mass, M = [dM = o, a foa [1 — %] dx = 0,a % (a — g)
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Total mass, M = %aoaz (1)
Now, the M.1 of this strip about y-axis ,dI = dM x a? = g, [1 - ﬂ X adx X x?

Hence the M.I of the whole sheet about y-axis, I = foa 0y a X [1 — ﬂ X x2 dx

1= ooa [ [x* = %] ax = opa x [[x?]o_ [Z_]o]

a> a* a3 a*
I = —_ - — = X — = —_
o0 l3 4al 704X 127 %012
a* al 2 1 M a? . .
I = 0y— = 0yp— X a* x -== — (using eqn. (1)) Ans: (c)
12 2 6 6
y2
27. y =2asinot = = =sin’ at............... ()]
4a
2
{ _y_z} =1-sin® wt = cos’ a.............. (2)
4a

X =asin(2awt + 7) = —asin 2ot =-a(2sin ot coswt)

x* = a’ x4sin® wt cos® wt

2 1_y2 1_y2
2 = a2 x 4x =] = x> =y’ | —2- Ans: (d
= 8 X4a2{4a2} R y{4a2} @

28.
P is proportional to T?

U=PV N Pa T? =Pa T*where a is aconstant  (2)

~U=aT?V (3) differentiatingequ (3) dU =2a(TdT)V+aT?dV (4)
TdS=dU+PdV (5)

2 2
:>dS=dU4__I_PdV _ 2aTVdT+a1_I'_ dV +aT“dVv using (4) and (3)

=dS=2aVd T+2aTdV =2ad(VT)

Integrating bothsides S =2aV T +a constant  (6)

from (6) SaVT orSaVy/P [-PaT?from(2) |
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—SaPV2 = Sa (PV)V =Sa UV using(l) Ans: (d)

29. The dispersion relation for certain type of waves is

Where Kk is the wave vector and a is a constant.

From (1) o’ =k*+a’ Vo]

differentiating 2w Z—f=2k = = =" =

. groupvelocity v, =22 = ko1 kia
B ok /k2+a2 g , >
14 2
g
When 220, EZOO, v,=0  When k—>o v, =a constant Ans : (b)

30. Given a binary number with m digits, where m is an even number. The binary number has

alternating 1sand 0's, with digit 1 in the highest-place value.

Binary number decimal equivalent
When  m=2 10 2
m=4 1010 10
m=6 101010 42

From option (D) decimal equivalent== %(2m -1
2
check m=2 :>§(2 -1)=2
2 o4
m=4 :>§(2 ~1)=10

m=6 :%(26—1)=42 Ans: (d)

Section B
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31. M=[0 a),wherea,b>0
a b

0 a . .
a) M’ =[a bj= M  ..Mis a real symmetric matrix Option (a) is correct.
d) Product of eigenvalues = |M| = 4, 4, =—a”. Option (d) is wrong
c) A4 4, =-a’ one of the eigen values must be negative Option (c) is correct

b) sum of the eigen values -~ A, + A, = trace of the matrix
wA+A=b = A4=b-4,
If 4, is negative, then 4, >b . Option (b) is correct Ans: (a, b, c)
32. Inthe Compton scattering of electrons, by photons incident with wavelength 4,

the scattered wavelength 1 =1+ 4 (1—cos )

where A, = L is Compton wave length.

m,C
A —=A= A (1-cosp) S22 0% (1—cos @)
A A
AL A
=——="5(1-cos 1
T ( ) @
. AA . .
From Equation (1) - depends on A Option (a) is wrong
AA . . . . . .
- increasing with decreasing A Option (b) is correct

% a(l-cose) ie, % increases with increasing angle of deflection of the photon

Option (d) is correct, but (c) is wrong Ans: (b,d)
F
33. liguid ‘
-]
' vapour Page 25 of 37
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Figure
Between vapour phase and liquid phase, the chemical potential must be same
ie., u1 =y along AB option (a) is correct.
Specific volume changes from liquid phase to vapour phase. .. vi # v along AB
option (b) is wrong.
Entropy will be discontinuous change from liquid phase to vapour phase. option (c) is wrong
But at the critical point, these phases are constant and volume does not change
i.e., v1 = vz at the point C. Option (d) is correct. Ans : (a,d)
34. A particle is executing simple harmonic motion with time period T. X, v.and a denote the
displacement, velocity and acceleration of the particle respectively, at time t.

2

(a) ﬂz_a) XT
X X

[ acceleration a = _w2X] = T constant. It does not change with time.

option (a) is correct
(b) (aT -2z f)= (aT +2_|_—”J depends.on.t, since acceleration varies with time t.
option (b) is wrong
(c) x=Asinot and v=Awcoswt. xand vare not related by a straight line.

option (c) is wrong.

(d) v=Awcoswt and a=—a” Asinat

2 2 2 2
) az =cos’ wt +sin’ ot = Lj +( 8.2 j =1 Equation of an ellipse.
Aw —-w°A Aw - A

Option (d) is correct.  Ans: (a, d)
35. A linearly polarized light beam travels from origin to point A (1,0,0). At the point A, the light is

reflected by a mirror towards point B (1, —1, 0). A second mirror located at point B then reflects the
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light towards point C (1, —1, 1). Let n(x, y, z) represent the direction of polarization of light at
(Y, 2).
(a) Given n(0,0,0)y ie polarized light travels along y direction. At A(1,0,0)
it is reflected by the mirror towards to the point B(l,—l,o) I .e., it travels along - z

direction.

The second mirror reflects the light towards the point C(1,-1,1).
Now the light travels along — z to x direction.
~. direction y ——z —» X option (a) is correct
(b) in this case, the direction of polarized light Z->—X—> y option (b).is-correct

(c) and (d) are wrong Ans: (a,b)

36. Given (r,8) denote the polar coordinates of a particle moving in a plane.

In plane polar coordinates, 7 =rcos@ i+ rsiné j

o7
7= aq/ar =cosfi+sinfj (1)
r/6r|

~ 07 —7sin 6 i+ sin . A

0= af/zz|= = L:rsm L= _sinfi+ sinfj (2)
From (1) % = —sinfi+cosfj= 0 option (a) is correct
From (1) % =0 option (b) is wrong
From (2) % = —cosfi—sinfj= 0= —+  option (c) is correct

From (2) g =0 option (d) is wrong Ans : (a,c)
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37. The electric field associated with an electromagnetic radiation is given by
E =a(1+cosmt)cosmt =acosw,t +acosmt cosw;t

=acoswyt + % [ cos(@, +w, )t +cos(a, —w,)t] .. Frequencies present are w,,  + w, and &, — ,

Ans: (b,c,d)
38. Asstring of length L is stretched between two points x = 0 and x = L and the end points are
rigidly clamped. Locations x = 0 and x = L are NODES. That is their displacements are

always Zero. ALL options satisfy the location x =0

However, at x = L, only (b), (c) and (d) alone satisfy. Ans: (b,c,d)
(39)
Y =PQR+QR+PQR+PQR =(P+Q)R+QR+QR [-P+P=1]
=PR+Q R+ QR+QR =PR+(Q4Q)R+ QR
=PR+R+ QR :>(I3+1)R+Q§:R+Q§:R+Q Ans: (d)
40.
41. | = J'J'(x2 +y?) dxdy Given radius of the disc is 2.
Using spherical polar coordinates
X=rcosé y=rsiné dxdy =rdrdé.
r-0to2 0—>0to2x
Ans: (8)
42.
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A 06
120 Q+15kQ  120Q °

Output current Io=0'6= 6 = L = > amp =5mA. Ans: (5)
120 1200 200 1000

43. Va,Vg,Vc and Vp are the volumes of the gas at A,B,C,D respectively.

<

Given \i=2 o B2=9
VB VA

AD and BC represents adiabatic paths. For adiabatic process TV’ = constant

For BC TV, =TV (1)
For AD TV =TV ©) A frrom
\\\ 3
A A7 R ARRY \_&
® =@ (—j :[_Cj AT p
Va Vo Vo Vo . —2P Ans: (2)
Ans: (2)

VA V, V

VA B A

44. The relation between the eccentricity € and the apogee distanceR; and perigee distance

- e _ Ry = FioR
Rz (< Rl) S 1-€ Ry (Or) €= Ri+ Ry

In the given problem, R, = Ry + Height of apogee distance

R; = 6500+ 4500 = 11,000 km

And, R, = Rp + Height of perigee distance

R; = 6500+ 2500 = 9,000 km

11000 -9000 2000 _
€~ 11000 + 9000 _ 20000

Eccentricity, e = 0.1 Ans: (0.1)

45. Three masses m, =1, m, =2and m, =3 are located on the x-axis such that their center of mass

1 mix1+ moxo+--- 1Xx1)+(2Xx5)+(3Xx
1+ ma+ 1+2+3

— 6:x1+2x2+3x3 (1)
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After adding mass m, = 4 which is placed at x = 0, the new centre of mass is 3

£ 3= DRI o 30 = x 42X, 43X +4X (2)

From eqns. (1) and (2) we get, 24 = 4x, = Xx9=6 Ans :(b)

46. Separation distance between the two objects, d = 0.35m

Distance of objects from the eye, D = 1000 m

. . d 0.35 .
Angular separation at eye ( angle of resolution) = == Tooo radian

Angle of resolution = % X % X 60 X 60 seconds = 72.23

The angular resolution of eye = 72 Ans : (72)

47. Proper length of the rod Lo = 3m

Given the rod moves with a velocity % , making.an angle of 30° with respect to x — axis.

2 J
x component of the rod L, =L, 1—\(;—2 cos30° 1 ky
b 4
¢z 3 3
L = ‘fl—— o2
N r 3
pd
y component of the rod L, = L;sin30° =%
3L, (L jz 9 1 13
L=+ = |22 4] 2| =L, =+ =2
o \/( 4 j ( 2 b 16 4 4 b
~ The change in length due to Lorentz contraction
L:Lo—gLo:L{l—gJ:(Bm)xO.l:O.sm Ans: (0.3 m)
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_Zé€?
2g,xnh

48. Speed of an electron of hydrogen atom in the nth Bohr orbit \Y

n

eZ

Speed of the electron on the 2" orbit of Hydrogen atom =
2g,x2h

(1.6x107%)? B 2.56x107%
4x8.854x10™"2x6.63x107*  4x8.854x6.63x107*

=1.09x10° m/s Ans: (1.09)

49. Given unit circle C in the xy plane with center at the origin
Given F(X,y,X)=—2yX-3ZYy+X z

Using Stoke’s theorem mf.dT = ” (VxF) nds

i K
(VxF)= % % %:f(0+3)—j(1—0)+k(0+2):3f—j+2k
-2y -3 X
.-.jjﬁxﬁ).n ds:jj(si—j+2 k)kds:zﬁ ds = 27r2=2x(1)%=2rx Ans: (2)
50.
51. Given differential equation y_+4y +5y=0 (1)
4+ [#2-4(5)1) _412i
CFis(m?+4m+5)=0 = m= O _ —azai_ ,

= The solution of the equation (1) y=¢e™* (Acos x+ Bsin x), where Aand Bare constants
Given y(0)=0 .. A=0 = y=Be*sinx 2)

Differentiating equation (1)

y =—2Be *sinx+Be*cos x.

Given y (0)=1 .. 1=0+B = B=1

“2X i T 72% 7T -7 .
y=e“sinx =y 3 =e smz S y=e7=0.043 Ans: (0.043)
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52. An atom of a monoatomic gas has 3 translational degrees of freedom and its kinetic energy is

1 1 3kpT
KE=-Mvp?=3X-kgT & Upps= |—2

2 2 M

i _ |3kBT _ [3kpT
Hence in our problem, v, = /—m and vy, . = /—Zm

Method 1:

To take the average of v,,,,, we take the average of v,.,,,s2

N| =
/N
w
E =
©
hﬂ
N——
X
/N
—_
N~
N———

avera 1 f v? _1 2 2 =
gevalueof v° . = 2>< Vrms T V2pms] =

, 3 (3kyT
=5 ()

Hence, Vaveragerms — oA m

Comparing this with the given answer, v,.,,s = x /kfn—T , we get x = 1. 5( Answer)

Method 2:

1 1 3kpgT 3kpgT
average value of 4 = 5 X [vlrms + erms] =5 X +

m 2m
1 3 kg T
Vaveragerms — E X \/§ + \/; X m

1. 782] kB

1 kg T

Vaverms =5 X [1732+1225] x |=
ke T

Vaveyms = 14785 % |—
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kg T

Vave,ms ~ 149 X

Comparing this with the given answer, v, = x kT ,we getx =1.49 Ans: (1.49
m

53. A hot body with constant capacity 800 J/K at a temperature 925 K is dropped gently
into a vessel containing 1 kg of water at temperature 300 K and combined system is
allowed to reach the equilibrium.

Heat lost by the hot body = heat gained by the water.
800 (925 - Ty) = 4200 (T¢— 300)
Where Tt is the final temperature of the combined system.

(925 - Tf) = 5.25 (Ty— 300) = T, = % — 400K

The change in entropy AS = O_ll_—Q =C ql_—Twhere Cisthe heat capacity.

.
; T

For hot body AS,, :de—T:C In (_fj
i T T,

:Cln(%j = AS,, =CIn(0.432)=-800x0.839 =-670.66 J /K

.
: T

For water AS,, :msd—T:msfd—T:msln -
T A\ T

= AS,, =1x 4200In[%) =4200x0.287 =1208.26 J / K

= The change in the total entropy AS =AS,, +AS,, =-670.66 +1208.26 =537.6 J / K

Ans: (537.6)

54. Momentum of the electron in the region | p, =+/2mE

Momentum of the electron in the region Il p, =,/2m(E-U,)

- (R e

P+ P J2mE +,/2m(E-U,)
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2
Given in the limit EJ U,,R =% 2
n

From (1) and (2)

2
UO
1- ﬁ—-E U

EZ
1+ - | "
E

Taking square root on both sides

ZE)z Yo . EN U,

1Y,
2 _Y 11 . GZi6
2 JnE 4 Un
: : = 8e'
55. Current density for a fluid flow J(x,y,z): ———— X 1)
(1+x +y +z )
- . == Op
Continuity equation V.J +E=O (2
N t

T7 _ gt 2X |- 16xe :
(1+x2+y2+22) (1+x2+y2+22)

op == -16x¢'

From(2) —=-VJ= 5
ot (1+x2+y2+22)

Integrating the above equation

t
16x Ie‘dt+C p(Xy,z,t)= 16xe +C

(1+X2+y2+22)2 (1+x2+y2+zz)2

Givenattimet=0, p(x,y,z,t) =1

t t
e 16 xe GRS Co1- 16 xe

(1+x2+y2+zz) (1+x2+y2+zz)2

3)

(Ans: 16)

3)
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t t
From (3) p(x,y,z,t)= 16xe =+1- 16xe

1+x2+y2+zz) (1+x2+y2+22)2

1
,;(1,1,1,1):16><1xe -2 e p(LL11)=e=271 Ans: (2.71)

(4) (4)

56. Given: q = —5uC. E = (8rsing7 +4rcos6 ), A(r,6) = (10,2), B (r,6) = (10,5)

Work done in moving charge g between the two points is

B B B
W=QII E(T,Q)-ﬁl=qf(Erdr+ Egrd9)=qJE9rd9
A A A

( Since there is NO change in r coordinates)

/s
W =q J (4r cos).r do
/e

"/,

W=q ><4r2f cosO db
/e

T
=5x10-6% 4 x 102 x [sin 6] /2

/e
=20.% 107* x (1- 2)=01m] Ans: (0.1 mJ)
57. Deleted Question
58. C=30° i, =?
p=tani :ﬁ =tani, = sin130° =2=1i, =63 Ans: (63°)

59. Giventhat R =1500,L =0.2H C = 30 uF.

V=220V,f =50Hz.

w=2nf=100f

, V\? VZR
P = = (5) =
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To determine Z

1 1000
(Lw - —) = (20 T— —) = 62.857 —106.06 = 43.21
Cw 3

2

1
Z? =R? + (Lw - a) = 150% + 43.212% = 24,367

2 2
Hence, Pyoss = - = 222"4‘:6175" =297.94W = P, ~298W  Ans: (298 W)

60. Inside dielectric medium, ff D .dS = Qpye.& the electric field £ = D/¢ ¢

Energy of electric filed inside dielectricis U =~ [ D . E dr
In free region, ( outside the sphere) , [[ E .dS = Qt‘”a’/e0 ; E=Ple &

the energy is U = %Eo [fJ E? dz

For 0 <r < a( point inside sphere)

o B
ffD.dSz Qfree = ffD.dSz Er3

Oor,D xAmr? = Ly3 e, D=1 5 F, =—"2__
a3 41 a3 4ATTEGE, A3
.. . ) 1 - -
Hence the energy inside dielectric, U;,,sige = EfffD E;, dt
1raq 1T q T 2 1 q? a_ 4
=-| —— — X =>X X
270 41 a3 4ATEg €y A3 dmr® dr 2 4ATEg€Era® fO rtdr
1 q2 as q2
Uinsiae = 2 X 4megera® X 5 = 40merepa (1)

For a > r < oo( point outside sphere)

H‘BES:: Qfree ™ ffﬁﬁz q
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Or,D x4mr? = q

q

i.e.,D = —_—=—
’ € Ameyr?

q
a7 72 & hence,E,; =

Hence the energy outside is,Uyy sige = %50 [[f Egye? dr

Vo = 360 [ (grarz) 41740 = 50 (i) % [
de = = — = —¢€y X X —
outsiae = 7 €0 o \4meyr? mroar= g% 41e, a T2 r

Uoutside 8T e a (2)
From equations (1) & (2), we get
@
Uinside/ — 40mereg a A 1 — i =01
Uoutside q* 5 €, 10 .
8T ey a
Ratio = U""Sid"/ . =0.1 Ans: (0.1)
outside
- 000 -
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