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Multiple-Choice Questions: Type 2

Each question in this chapter has four options (a, b, ¢ and d). One or more
options may be correct.

2.1 General Physics

1. Consider (i) a vernier callipers in which each 1 cm on the main scale
is divided into 8 equal divisions and (ii) a screw gauge with 100
divisions on its circular scale. In the vernier callipers 5 divisions of
the vernier scale coincides with 4 divisions on the main scale and in
the screw gauge, one complete rotation of the circular scale moves
it by two divisions on the linear scale. Now, which of the following
statements is/are correct?

(a) If the pitch of the screw gauge is twice the least count of
the vernier callipers, the least count of the screw gauge is
0.01 mm.

(b) If the pitch of the screw gauge is twice the least count of
the vernier callipers, the least count of the screw gauge is
0.005 mm.

(c) If the least count of the linear scale of the screw gauge is
twice the least count of the vernier callipers, the least count
of the screw gauge is 0.01 mm.

(d) If the least count of the linear scale of the screw gauge is

twice the least count of the vernier callipers, the least count
of the screw gauge is 0.005 mm.

2. A student uses a simple pendulum of exactly 1-m length to
determine g, the acceleration due to gravity. He uses a stopwatch
with the least count of 1 second for this and records 40 seconds
for 20 oscillations. For this observation, which of the following

statements is/are true?
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(a) The error AT in measuring T, the time period, is
0.05 second.

(b) The error AT in measuring T, the time period, is 1 second.
(c) The percentage error in the determination of g is 5.
(d) The percentage error in the determination of g is 2.5.

3. In an experiment to determine the acceleration due to gravity g,

the formula used for the time period of a periodic motion is
7(R-71)
58
(60 £ 1) mm and (10 + 1) mm respectively. In five successive
measurements, the time period is found to be 0.52's, 0.56 s, 0.54 s,
0.59 s and 0.57 s. The least count of the watch used for measurement
of time period is 0.01 s. Which of the following statements is/are
true?

T=2n

- The values of R and r are measured to be

(a) The error in the measurement of r is 10%.
(b) The error in the measurement of T is 3.57%.
(c) The error in the measurement of T is 2%.
(d) The error in the measurement of g is 11%.

. Planck constant &, speed of light c and gravitational constant G are

used to form a unit of length L and a unit of mass M. Then the
correct option(s) is/are

(@) M o< yc (b) M o< /G

(c) Locvh (d) Lo y/G

. The length-scale (/) depends on the permittivity () of the dielectric

material, Boltzmann constant (kg), the absolute temperature (T), the
number per unit volume (1) of a certain charged particle, and the
charge (q) carried by each of the particles. Which of the following

expressions for [ is/are dimensionally correct?
2
nq ekgT
@ =1/ T (b) I= 2

2
/ q
/= d)I=,/—
(© 2/3kB (d) snka T
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6. In terms of potential difference V, electric current I, permittivity
gy, permeability 11, and speed of light c, the dimensionally correct
equation(s) is/are

(@) pol2=g,V2 (b) gl =n,V
() I=gycV (d) pocl =gV

7. A small block of mass 0.1 kg lies on a fixed @
inclined plane PQ which makes an angle 0
with the horizontal. A horizontal force of 1N
is applied on this block through its centre
of mass as shown in the figure. The block
remains stationary if (take g = 10 m s72) >

(a) 0=45° © 2
(b) ©>45° and a frictional force acts on the block towards P
(c) 6>45°and a frictional force acts on the block towards Q
(d) 8 <45°and a frictional force acts on the block towards Q

8. A flat plate is moving normal to its plane through a gas under the
action of a constant force F. The gas is kept at a very low pressure.
The speed v of the plate is much less than the average speed u of the
gas molecules. Which of the following options is/are true?

(a) The resistive force experienced by the plate is proportional
tov.

(b) The pressure difference between the leading and trailing
faces of the plate is proportional to uv.

(c) The plate will continue to move with constant nonzero
acceleration at all times.

(d) Ata later time, the external force F balances the resistive force.

9. In the figure, a ladder of mass m is shown
leaning against a wall. It is in static H1
equilibrium, making an angle 6 with
the horizontal floor. The coefficient of
friction between the wall and the ladder
is 11; and that between the floor and the
ladder is 11,. The normal reaction of the wall
on the ladder is =\; and that of the floor is 9
N\, If the ladder is about to slip then H2
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mg
(@ pn;=0,p, # 0and (/Vztan(%:T

mg
(b) u, # O,u2=0andc/\/1tan9=7

(©) 1y % 0,1, =0and oA, =2
, = n =
C) n,=va 2T T,
mg
(d) wy=0,u, # Oandc/\/l‘[an9=72

A particle of mass m is attached to one end of a massless spring of
force constant k, lying on a frictionless horizontal plane. The other end
of the spring is fixed. The particle starts moving horizontally from its
equilibrium position at time ¢ = 0 with an initial velocity u,. When the
speed of the particle is 0.51, it collides elastically with a rigid wall.
After this collision,

(a) the speed of the particle when it returns to its equilibrium

position is 1,
(b) the time at which the particle passes through the equilibrium

position for the first timeist ==,/ %

(c) the time at which the maximum compression in the spring

g An m
occursist = 3 X

(d) the time at which the particle passes through the equilibrium
L ... _bn /m
position for the second time is t = 3V &

A block of mass M has a circular cut with a frictionless surface as
shown. The block rests on a horizontal frictionless surface of a fixed
table. Initially the right edge of the block is at x = 0, in a coordinate
system fixed to the table. A point mass m is released from rest at the
topmost point of the path as shown and it slides down. When the mass
loses contact with the block, its position is at x and the velocity is v.
At that instant, which of the following options is/are correct?
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(a) The x-component of displacement of the centre of mass of

. mR
theblocles—M+m-
s . o mR
(b) The position of the point mass is x =—v2 Mtm

2gR
(c) The velocity of the point mass m is v = gm :
VItm

(d) The velocity of the block M is v = —%ngR.

The figure shows a system
consisting of (i) a ring of outer
radius 3R rolling clockwise
without slipping on a horizontal
surface with angular speed ®
and (ii) an inner disc of radius
2R rotating anticlockwise with

angular speed % The ring and the

disc are separated by frictionless
ball bearings. The system is in the
xz-plane. The point P on the inner
disc is at a distance R from the origin, where OP makes an angle
of 30° with this horizontal. Then with respect to this horizontal
surface

(a) the point O has linear velocity 3R

(b) the point P has linear velocity (% Roi + ?R(DE)
(c) the point P has linear velocity (% Roi — @le%)

3 A .
(d) the point P has linear velocity [(3 - %) Rovi + ika]

The position vector 7 of a particle of mass 1 is given by the equation
F)=at’i+ Btzf, when o = % ms>,B=5ms > and m = 0.1 kg.
At t =1 s, which of the following statements is/are true about the
particle?

(a) The velocity v is given by o = (10{ + 10/) m's ™.
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(b) The angular momentum L with respect to the origin is given
by ZZ—%E Nms.

(c) The force Fis given by F= (i + 2}') N.

(d) The torque T with respect to the origin is given by
T= —(23—0)12 Nm.

14. Two solid cylinders P and Q of the same mass and same radius start
rolling down a fixed inclined plane from the same height at the
same time. The cylinder P has most of its mass concentrated near
its surface, while the cylinder Q has most of its mass concentrated
near the axis. Which of the following statements is/are correct?

(a) Both the cylinders P and Q reach the ground at the same
time.

(b) The cylinder P has larger linear acceleration than the cylinder Q.

(c) Both the cylinders reach the ground with the same
translational kinetic energy.

(d) The cylinder Q reaches the ground with large angular speed.

15. A rigid uniform bar AB of length A
L is slipping from its vertical l
position on a frictionless floor Li
(as shown in the figure). At some !
instant of time, the angle made i
by the bar with the vertical is 6. v
Which of the following statements 0
about the motion is/are correct?

(a) The trajectory of the point A is a parabola.

(b) The instantaneous torque about the point in contact with the
floor is proportional to sin 6.

(c¢) The mid-point of the bar will fall vertically downwards.

(d) When the bar makes an angle 6 with the vertical, the
displacement of its mid-point from the initial position is
proportional to (1 — cos 6).

16. A wheel of radius R and mass M is placed at the bottom of a
fixed step of height R as shown in the figure. A constant force is
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continuously applied on the surface of
the wheel so that it just climbs the step
without slipping. Consider the torque
T about an axis normal to the plane of
the paper passing through the point Q. R
Which of the following options is/are
correct?

(a) If the force is applied tangentially at point X then t # 0 but
the wheel never climbs the step.

(b) If the force is applied normal to the circumference at point P
then 1 is zero.

(c) If the force is applied normal to the circumference at point X
then 1 is constant.

(d) If the force is applied at point P tangentially then t decreases
continuously as the wheel climbs.

Two thin circular discs of mass m and 4m, having radii of a and
2a respectively, are tightly fixed by a massless rigid rod of length
I = /24 a through their centres. This assembly is laid on a firm and

flat surface, and set rolling without stopping on the surface so
that the angular speed about the axis of the rod is ®. The angular

momentum of the entire assembly about the point O is L (see the
figure). Which of the following statements is/are true?

(a) The magnitude of the angular momentum of the assembly
about its centre of mass is 17ma’w/2.

(b) The magnitude of the z-component of L is 55ma’o.

(c) The magnitude of angular momentum of centre of mass of
the assembly about the point O is 81ma’o.

(d) The centre of mass of the assembly rotates about the z-axis
with an angular speed of »/5.
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Two spherical planets P and Q have the same uniform density
p, masses Mp and M, and surface areas A and 4A respectively.
A spherical planet R also has uniform density p and its mass is
(Mp + Mg). The escape velocities from the planets P, Q and R are vp,
vg and vy respectively. Then

(@) vg>vg>0p (b) vg>0vg>vp
R _ O _1
(C) Up =3 (d) vQ 2

A metal rod of length L and mass m is pivoted !

at one end. A thin disc of mass M and radius i

R (< L) is attached at its centre to the free end i

of the rod. Consider the two ways the disc !

is attached. Case A: the disc is not free to 1
rotate about its centre. Case B: the disc is free to rotate about its
centre. The rod-disc system performs SHM in a vertical plane after
being released from the same displaced position. Which of the
following statements is/are true?

(a) Restoring torque in Case A = restoring torque in Case B
(b) Restoring torque in Case A < restoring torque in Case B
(c¢) Angular frequency in Case A > angular frequency in Case B

(d) Angular frequency in Case A < angular frequency in Case B

A thinring of mass 2 kg and radius
0.5 m is rolling without slipping
onahorizontal plane with velocity
1 m s. A small ball of mass
0.1 kg moving with velocity
20 m s in the opposite direction
hits the ring at a height of
0.75mand goes vertically up with a velocity of 10 m s™. Immediately
after the collision

20ms’

0.75m

(a) the ring has pure rotation about the stationary CM
(b) the ring comes to a complete stop

(c) friction between the ring and the ground is to the left
(d) there is no friction between the ring and the ground
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21. Two spherical bodies, each of mass M, are kept with their centres
at a distance 2L apart. A particle of mass m is projected from the
mid-point of the line joining their centres, perpendicular to the line.
The gravitational constant is G. Which of the following statements
is/are true?

(a) The minimum initial velocity of the mass m to escape the
gravitational field of the two bodies is 4\/@ :

(b) The minimum initial velocity of the mass m to escape the
gravitational field of the two bodies is 2\/@ :

(c) The minimum initial velocity of the mass m to escape the
gravitational field of the two bodies is \/@

(d) The total mechanical energy of the mass m remains constant.

22. A spherical body of radius R consists of a fluid of constant density
and is in equilibrium under its own gravity. If p(r) is the pressure at
r(r < R) then the correct option(s) is/are

=%
—0) = 4/)_63
(a) P(T - 0) =0 (b) (r _ &) - 80
P73
= -5
5/ 16 2/ _20
© (-2 @ R
A V™3
23. While plotting stress versus y
strain curves for two materials P
and Q, a student by mistake puts _
strain on the y-axis and stress Strain P
on the x-axis as shown in the Q

figure. Which of the following
statements is/are correct?

Stress

(a) P has more tensile strength than Q.

(b) P is more ductile than Q.

(c) P is more brittle than Q.

(d) The Young modulus of P is more than that of Q.
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24. Two independent harmonic oscillators of equal mass are oscillating
about the origin with angular frequencies ®, and w, and have total
energies E, and E, respectively. The variations of their momenta p
with positions x are shown in the figure.

p h Energy = E,

e

If 2 =12 and % = n then the correct equation(s) is/are

b R
@ o

(@) E;o, =E,0, (b) o, N
El E2

(©) o0, =n° @ o =0

25. A block of mass M is connected by a massless spring with stiffness
constant K to a rigid wall and moves without friction on a horizontal
surface. The block oscillates with a small amplitude A about an
equilibrium position x,. Consider two cases: (i) when the block is
at x;, and (ii) when the block is at x = x;, + A. In both the cases, a
particle of mass m (< M) is gently placed on the block after which
they stick to each other. Which of the following statements is/are
true about the motion after the mass m is placed on the mass M?

(a) The amplitude of oscillation in the first case changes by a

/M . . .
factor of M+m whereas in the second case it remains

unchanged.

(b) The final time period of oscillation in both the cases is same.
(c) The total energy decreases in both the cases.

(d) The instantaneous speed at x, of the combined masses
decreases in both the cases.

26. A solid cylinder of mass m and radius r is rolling on a rough
inclined plane of inclination 0. The coefficient of friction between
the cylinder and the incline is p. Then

(a) frictional force is always pmgcos6
(b) friction is a dissipative force
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(c) by decreasing 6, frictional force decreases
(d) friction opposes translation and supports rotation

27. A ball moves on a fixed track as shown in the figure. From A to B,
the ball rolls without slipping. Surface BC is frictionless. K ,, K and
K are kinetic energies of the ball at A, B and C respectively. Then

(@) hy >he; Kg>Ke (b) hy>he; Ko > K,
(c) hy=hc; Kg=Kc (d) hy <hg; Kg> K¢

28. If the resultant of all the external forces acting on a system of
particles is zero then from an inertial frame, one can surely say that
(a) the linear momentum of the system does not change in time
(b) the kinetic energy of the system does not change in time
(c) the angular momentum of the system does not change in
time

(d) the potential energy of the system does not change in time

29. A sphere is rolling without slipping on c
a fixed horizontal plane surface. In the \‘
figure, A is the point of contact, B is the —

centre of the sphere and C is its topmost
point. Then,

A

—>

-> -> —> -> -> -> ->
(@) vc —va =2(vg —7¢) (b) vc—vg =V~

(C)|ZC_3A|:2|5B_3cl (d)|Z_})C—Z_})A|=4|Z_))B|

30. Two spheres P and Q of equal radii have densities p; and p,
respectively. The spheres are connected by a massless string
and placed in liquids L, and L, of densities 6, and o, and
viscosities m; and m, respectively. They float in equilibrium
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with sphere P in L, and sphere Q in L,, the string
being taut (see the figure). If the sphere P alone in

L, has terminal velocity 0p and the sphere Q alone

in L, has terminal velocity Yq then

EYER! ESERE
@ = =% ®) =5
lon| M2 |UQ| M
(© Ty >0 (d) §,-% <0

A solid sphere of radius R and density p is attached to one end of
a massless spring of force constant k. The other end of the spring
is connected to another solid sphere of radius R and density 3p.
The complete arrangement is placed in a liquid of density 2p and
is allowed to reach equilibrium. Now, which of the following

statements is/are correct?

4nR3pg .
3k

8nR3pg .
3k

(c) The lighter sphere is partly submerged.

(@) The net elongation of the spring is

(b) The net elongation of the spring is

(d) The lighter sphere is completely submerged.

Two solid spheres A and B of equal volumes but
of different densities d, and dj are connected by
a string. They are fully immersed in a fluid of
density dg. They get arranged into an equilibrium
as shown in the figure with a tension in the string.
The arrangement is possible only if

(@) d, <d; (b) dy> dy
(©) d,>dy (d) d, +dy = 2d,

2.2 Heat and Thermodynamics

1. A container of fixed volume has a mixture of one mole of hydrogen
and one mole of helium in equilibrium at temperature T. Assuming
the gases to be ideal, which of the following statements is/are

correct?
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(a) The average energy per mole of the gas mixture is 2RT.

(b) The ratio of the speed of sound in the gas mixture to that in

the helium gas is \/g :
(c) The ratio of the rms speed of helium atoms to that of the

hydrogen molecules is %

(d) The ratio of the rms speed of helium atoms to that of the

hydrogen molecules is L

/2

2. An ideal monatomic gas is confined in a

horizontal cylinder by a spring-loaded I—mwwvw
piston (as shown in the figure). Initially
the gas is at temperature T, pressure p,
and volume V; and the spring is in its relaxed state. The gas is then
heated very slowly to temperature T,, pressure p, and volume V.
During this process the piston moves out by a distance x. Now,
which of the following statements is/are correct? (Ignore the
friction between the piston and the cylinder.)

(a) If V, =2V, and T, = 3T, then the energy stored in the spring
.1
is Zprl .
(b) If V, =2V, and T, = 3T, then the change in internal energy is
3pV,.
() If V, =3V, and T, = 4T, then the work done by the gas is
7
3P
(d) If V, =3V, and T, = 4T, then the heat supplied to the gas is
17
5 P
3. The variation of specific heat capacity (C) of a solid as a function
of temperature (T) is shown in the figure. The temperature is
increased continuously from 0 to 500 K at a constant rate. Ignoring

any volume change, find which of the following statements is/are
correct to a reasonable approximation.
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100 200 300 400 500
T(K)

(a) Therate at which heat is absorbed in the range 0-100 K varies
linearly with temperature.

(b) Heat absorbed in increasing the temperature from 0 to 100 K
is less than the heat required for increasing the temperature
from 400 to 500 K.

(c) There is no change in the rate of heat absorption in the range
400-500 K.

(d) The rate of heat absorption increases in the range 200-300 K.

A human body has a surface area of approximately 1 m” The
normal body temperature is 10 K above the surrounding room
temperature T,. Take the room temperature T, to be 300 K. For

T, =300 K, the value of 6T, = 460 W m™ (where G is the Stefan—
Boltzmann constant). Which of the following options is/are correct?

(a) The amount of energy radiated by the body in 1 second is
close to 60 J.

(b) If the surrounding temperature reduces by a small amount
ATy << Tj then to maintain the same body temperature the
same (living) human being needs to radiate AW = 46Ty AT,
more energy per unit time.

(c) Reducing the exposed surface area of the body (e.g., by
curling up) allows humans to maintain the same body
temperature by reducing the energy lost by radiation.

(d) If the body temperature rises significantly then the peak in
the spectrum of electromagnetic radiation emitted by the
body would shift to longer wavelengths.

. A composite block is made of slabs A, B, C, D and E of different

thermal conductivities (given in terms of a constant K) and sizes
(given in terms of length L) as shown in the figure. All slabs are of
the same width. Heat Q flows only from left to right through the
blocks. Then in the steady state,
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0 L ) ) 5L 6L
Heat
— A B 3K E
—| 2K C 4K 6K
— D 5K

(a) heat flow through slabs A and E are same
(b) heat flow through slab E is maximum
(c) temperature difference across slab E is smallest

(d) heat flow through C = heat flow through B + heat flow
through D

6. In a dark room with ambient temperature T, a black body is kept
at a temperature T. Keeping the temperature of the black body
constant (at T), sunrays are allowed to fall on the black body
through a hole in the roof of the dark room. Assuming that there
is no change in the ambient temperature of the room, which of the
following statements is/are true?

(a) The quantity of radiation absorbed by the black body in unit
time will increase.

(b) Since emissivity = absorptivity, the quantity of radiation
emitted by the black body in unit time will increase.

(c) The black body radiates more energy in unit time in the
visible spectrum.

(d) The reflected energy in unit time by the black body remains
the same.

7. C, and C, denote the molar heat capacities of a gas at constant
volume and constant pressure respectively. Then,

(a) C,—Cy islarger for a diatomic ideal gas than for a
monatomic ideal gas

(b) C, + Cy is larger for a diatomic ideal gas than for a
monatomic ideal gas

(c) C,/Cy is larger for a diatomic ideal gas than for a
monatomic ideal gas

(d) C,-Cyislarger for a diatomic ideal gas than for a
monatomic ideal gas
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8. The figure shows the p-V plot of rf
an ideal gas taken through a cycle A
ABCDA. The part ABC is a semicircle
and CDA is half of an ellipse. Then,

(a) the process during the path
A — Bis isothermal N

(b) heat flows out of the gas
during the pathB—C—D

(c) work done during the path
A — B — Cis zero

(d) positive work is done by the gas in the cycle ABCDA

2.3 Sound Waves

1. A horizontally stretched string fixed at two ends is vibrating in its
fifth harmonic according to the equation

y(x, t) = (0.01 m) sin[(62.8 m™)x] cos[(628 s7)].
Assuming n = 3.14, which of the following statements is/are
correct?

(a) The number of nodes is 5.
(b) The length of the string is 0.25 m.

(c) The maximum displacement of the mid-point of the string
from its equilibrium position is 0.01 m.

(d) The fundamental frequency is 100 Hz.

2. Two loudspeakers M and N are
located 20 m apart and emit sound
at frequencies 118 Hz and 121 Hz
respectively. A car is initially at
a point P, 1800 m away from the
mid-point Q of the line MN and
moves towards Q constantly at
60 km h™" along the perpendicular Fig. A
bisector of MN. It crosses Q and eventually reaches the point R,
1800 m away from Q. Let v() represent the beat frequency measured
by a person sitting in the car at time . Let vp, v5 and vy be the
beat frequencies measured at locations P, Q and R respectively.
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The speed of sound in air is  v(t)
330 m s™'. Which of the following
statements is/are true regarding the
sound heard by the person? v

(a) Figure A represents
schematically the variation of
the beat frequency with time. Fig. B

>t

(b) Figure B represents schematically the variation of beat
frequency with time.

(c) The rate of change of beat frequency is maximum when the
car passes through Q.

(d) vp+vp=2v,.

. Two vehicles, each moving with speed # on the same horizontal
straight road, are approaching each other. Wind blows along the
road with velocity w. One of these vehicles blows a whistle of
frequency f,. An observer in the other vehicle hears the frequency
of the whistle to be f,. The speed of sound in still air is v. Identify
the correct statement(s).

(a) If the wind blows from the observer to the source then
f> e

(b) If the wind blows from the source to the observer then
f>fi-

(c) If the wind blows from the observer to the source then
fH<h

(d) If the wind blows from the source to the observer then

f<fi-

. Ablock M hangs vertically from the bottom end of iy

a uniform rope of constant mass per unit length. O[3 Pulse 1
The top end of the rope is attached to a fixed rigid
support at O. A transverse wave pulse (Pulse 1)
of wavelength A, is produced at point O on the
rope. The pulse takes time T, to reach point A. Pulse 2
If the wave pulse of wavelength A is produced at
point A (Pulse 2) without disturbing the position
of M, it takes time T ,, to reach the point O. Which
of the following options is/are correct?
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(@) The time Tpo=Tp,.

(b) The velocities of the two pulses (Pulse 1 and Pulse 2) are the
same at the mid-point of the rope.

(c) The wavelength of Pulse 1 becomes longer when it reaches
point A.

(d) The velocity of any pulse along the rope is independent of its
frequency and wavelength.

One end of a taut string of length 3 m along the x-axis is fixed at
x = 0. The speed of the waves in the string is 100 m s™'. The other
end of the string is vibrating in the y-direction so that stationary
waves are set up in the string. The possible waveform(s) of these

stationary waves is /are

50mt 100xt
(@ yt)= Asin™* 6 X cos 37: (b) y()= Asin =" 3 X cos 37:
() y(t) = Asm5%xco 25gnt (d) y() =Asin5%xc05250nt

. A student is performing an experiment using a resonance column

and a tuning fork of frequency 244 s™. He is told that the air in
the tube has been replaced by another gas (assume that the
column remains filled with the gas). If the minimum height at
which resonance occurs is (0.350 + 0.005) m, the gas in the tube is

(useful information: v/167 RT = 640]/? mol™/% /140 RT =590 J"?mol /2,
the molar mass M in grams is given in each option; take the value

of 4/ % for each gas as given there)

10 _ 7

20 20

(a) neon (M 20, 285

) (b) nitrogen (M 28, 10 3)

10 _17
(c) oxygen (M 32, ,/ =1 6) (d) argon (M 36, 36 372>

. A person blows into the open end of a long pipe. As a result, a

high-pressure pulse of air travels down the pipe. When this pulse
reaches the other end of the pipe

(a) a high-pressure pulse starts travelling up the pipe, if the
other end of the pipe is open
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(b) alow-pressure pulse starts travelling up the pipe, if the other
end of the pipe is open

(c) alow-pressure pulse starts travelling up the pipe, if the other
end of the pipe is closed

(d) a high-pressure pulse starts travelling up the pipe, if the
other end of the pipe is closed

8. Function X = Asin® ax + Bcos® aux + Csin ax cos ax represents SHM

(a) for any value of A, B and C (except C = 0)
(b) if A =-B, C = 2B, amplitude = |Bv2|
(¢c)ifA=B,C=0

(d) if A =B, C=2B, amplitude = |B]|

9. A student performed the experiment to measure the speed of
sound in air using resonance air-column method. Two resonances
in the air column were obtained by lowering the water level. The
resonance with the shorter air column is the first resonance and that
with the longer air column is the second resonance. Then,

(a) the intensity of the sound heard at the first resonance was
more than that at the second resonance

(b) the prongs of the tuning fork were kept in a horizontal plane
above the resonance tube

(c) the amplitude of vibration of the ends of the prongs is
typically around 1 cm

(d) the length of the air column at the first resonance was
somewhat shorter than 1/4th of the wavelength of the sound
in air

2.4 Electrostatics

1. A few electric field lines for a
system of two charges Q; and
Q, fixed at two different points
on the x-axis are shown in the Q = Q,
figure. These lines suggest that
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@) Q[>1Q,] (b) 1Q[<]Q,l
(c) ata finite distance to the left of Q, the electric field is zero
(d) at a finite distance to the right of Q, the electric field is zero

2. A spherical metal shell A of radius R, and a solid metal sphere B of
radius Ry (< R,) are kept far apart and each is given charge +Q. If
they are connected by a thin metal wire then

() EX™=0 (b) Qx>Qp
c R
(C) 67‘; — RiB (d) E[(;n surface < E]c;’n surface

3. Two nonconducting spheres of radii
R, and R, and carrying uniform
volume charge densities +p and —p
respectively are placed such that
they partially overlap, as shown
in the figure. At all points in the
overlapping region,
(a) the electrostatic field is zero
(b) the electrostatic potential is constant
(c) the electrostatic field is constant in magnitude
(d) the electrostatic field has the same direction

4. A cubical region of side a has its centre Az
at the origin. It encloses three fixed a7 ’% ”””” o
point charges: —g at (O, - %, O), +3g at } § § / i
(0,0,0) and —g at (O, + %, 0). Choose the —3; ,139 77777 - L .
correct option(s). T L ,/,j v
. ; .

(a) The net electric flux crossing the plane x = + o is equal to the

net electric flux crossing the plane x = —%-

a

5 is more than

(b) The net electric flux crossing the plane y = +
the net electric flux crossing the plane y = —%

(c) The net electric flux crossing the entire region is sio'
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a

5 1s equal to the

(d) The net electric flux crossing the plane z =+
a

net electric flux crossing the plane x =+ 5

5. Twononconducting solid spheres of radii R and 2R, having uniform
volume charge densities p; and p, respectively touch each other.
The net electric field at a distance 2R from the centre of the smaller
sphere, along the line joining the centres of the spheres is zero. The
ratio p, /p, can be

(@) ~4 (b) -3
© 22 (d) 4

6. Six point charges are kept at the vertices
of a regular hexagon of side L and
centre O, as shown in the figure. Given

thatK = L% , which of the following
4me, 1

statements is/are correct?

(a) The electric field at O is 6K along OD.
(b) The potential at O is zero.

(c) The potential at all points on the line PR is the same.
(d) The potential at all points on the line ST is the same.

7. The figures below depict two situations, in each of which two
infinitely long static line charges of constant positive line charge
density A are kept parallel to each other. In their resulting electric
fields, point charges +g and —¢ are kept in equilibrium between the
lines. The point charges are confined to move in the x-direction
only. If they are given a small displacement about their equilibrium
positions then which of the following statements is/are correct?

(a) Both charges execute simple harmonic motion.
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(b) Both charges will continue to move in the directions of their
displacements.

(c) Charge +q executes SHM while charge —q continues to move
in the direction of its displacement.

(d) Charge —q executes SHM while charge +4 continues to move
in the direction of its displacement.

Let E,(r), Ey(r) and E,(r) be the respective electric fields at a distance
r from a point charge Q, an infinitely long wire with a constant
linear charge density A, and an infinite plane with a uniform surface
charge density o. If E,(r,) = E,(r,) = E5(7,) at a given distance 7,, then

(@ Q= 461‘51’02 (b) = ﬁ
© B (2)-25,(2) @ E(2)=4E(3)

. Consider a uniform spherical charge

distribution of radius R, centred at the origin @
O. In this distribution, an eccentric spherical

cavity of radius R,, centred at P with distance

OP =a = R, - R, (see the figure) is made. If

the electric field inside the cavity at position

s E(?) then which of the following

statements is/are correct?

(a) E is uniform, its magnitude is independent of R, but its
direction depends on 7.

(b) E is uniform, its magnitude depends on R, but its direction
depends on 7.

(c) E is uniform, its magnitude is independent of a but its
direction depends on a.

(d) E is uniform and both its magnitude and direction depends
ona.
A point charge +Q is placed just outside
an imaginary hemispherical surface
of radius R as shown in the figure.
Which of the following statements
is/are correct?
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(a) The electric flux passing through the curved surface of the
. 9 1
hemisphere is —5—(1——=|
pheceis e (1)
(b) The component of electric field normal to the flat surface is
constant over the surface.

(c) The total flux through the curved and the flat surfaces is (%

(d) The circumference of the flat surface is all equipotential.
In the circuit shown in ST .Sp  aS3
the figure, there are two
parallel plate capacitors, v
each of capacitance C. The  2v,T— T e TC =
switch S, is pressed first to
fully charge the capacitor
C, and then released. The
switch S, is then pressed to charge the capacitor C,. After a pause,
S, is released and then S, is pressed. After some time

(a) the charge on the upper plate of C, is 2CV,
(b) the charge on the upper plate of C, is CV,
(c) the charge on the upper plate of C; is 0

(d) the charge on the upper plate of C, is -CV,

A parallel plate capacitor has a dielectric slab
of dielectric constant K between the plates that

covers %rd of the area of its plates as shown in the

figure. The total capacitance of the capacitor q,
is C while that of the portion with dielectric in
between is C;. When the capacitor is charged,

the plate area covered by the dielectric gets charge Q, and the rest
of the area gets charge Q,. The electric field in the dielectric is E,
and that on the other portion is E,. Choose the correct option(s),
ignoring the edge effects.

Ez

E E 1
@ g =1 ®) £ =%
Q_3 2+K
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A parallel plate capacitor having
plates of area A and plate separation
d, has capacitance C, in air. When Si2
two dielectrics of different relative
permittivities (¢, = 2 and &, = 4) |
are introduced between the two *
plates as shown in the figure, the

£2
. . €4
capacitance becomes C,. The ratio
C2 / C1 is d

o}

S/2

@ 2 (b) > © % %

In the given diagram, a field-line of a particular
force-field is shown. It can never represent

(a) an electrostatic field

(b) a magnetostatic field

(c) a gravitational field of a mass at rest

(d) an induced electric field

The electrostatic potential (¢,) of a y
spherical symmetric system kept
at origin is shown in the adjacent
figure, and given as o

0 =1

4neyr

“(r = Ry),

b 1 || S
o

__1 .
O = dne,R, = Ro)-

Which of the following options is/are correct?
(a) For spherical region r < R, the total electrostatic energy
stored is zero.
(b) Within r = 2R, the total charge is q.
(c) There will be no charge anywhere except at r = R,,.
(d) The electric field is discontinuous at r = R,

Under the influence of the coulomb field of charge +Q, a charge
—q is moving around it in an elliptical orbit. Find out the correct
statement(s).

(a) The angular momentum of the charge —4 is constant
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(b) The linear momentum of the charge —g is constant
(c) The angular velocity of the charge —7 is constant
(d) The linear speed of the charge — is constant

2.5 Current Electricity and Magnetism

1. An incandescent bulb has a thin filament of tungsten that is
heated to a high temperature by passing an electric current. The
hot filament emits black-body radiation. The filament is observed
to break up at random locations after a sufficiently long time of
operation due to nonuniform evaporation of tungsten from the
filament. If the bulb is powered at a constant voltage, which of the
following statements is/are true?

(a) The temperature distribution over the filament is uniform.

(b) The resistance over small sections of the filament decreases
with time.

(c) The filament emits more light at higher band frequencies
before it breaks up.

(d) The filament consumes less electrical power towards the end
of the life of the bulb.

2. For the resistance network shown in L 20
. . pl
the figure, choose the correct option(s). 20 20

(@) The current through PQ is zero.

(b) I, = 3A. s Rt
(c) The potential at S is less than '

that at Q. Ihzv
(d) I, =2A.

3. In an aluminium (Al) bar of square
cross section, a square hole is drilled
and is filled with iron (Fe) as shown
in the figure. The electrical resistivities
of Al and Fe are 2.7 x 10® Q m and
1.0 x 107 Q m respectively. The
electrical resistance between the two
faces P and Q of the composite bar is
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2475 1875
(@) =gg 1nQ (b) =gz 1Q
1875 2475
(© 49 nQ (d) 3 19

4. The heater of an electric kettle is made of a wire of length L and
diameter d. It takes 4 minutes to raise the temperature of 0.5 kg of
water by 40 K. This heater is replaced by a new heater having two
wires of the same material, each of length L and diameter 2d. The
way these wires are connected is given in the options. How much
time in minutes will it take to raise the temperature of the same
amount of water by 40 K?

(a) 4, if the wires are in parallel
(b) 2, if the wires are in series

(c) 1, if the wires are in series

(d) 0.5, if the wires are in parallel

5. In the given circuit, the key is pressed
at time f = 0. Which of the following
statements is/are true?

(a) The voltmeter displays -5 V as soon
as the key is pressed, and displays
+5 V after a long time.

(b) Thevoltmeter will display 0V at time
t=In2s.

(c) The current in the ammeter becomes 1/e¢ of the initial value
after 1 s.

(d) The current in the ammeter become zero after a long time.

6. Two ideal batteries of emf V, and V, and

three resistors R;, R, and R, are connected as Vi — R
shown in the figure. The current in resistance Ry
R, would be zero if
(@) V,=V,and R, =R, =R, V2
(b) V,=V,and R, =2R, =R, Rs

(c) V,=2V,and 2R, = 2R, = R,
(d) 2V, = V,and 2R, =R, = R,
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7. Consider two identical galvanometers and two identical resistors
with resistance R. If the internal resistance of the galvanometers
R, < R/2, which of the following statements about any one of the
galvanometers is/are true?

(a) The maximum voltage range is obtained when all the
components are connected in series.

(b) The maximum voltage range is obtained when the two
resistors and one galvanometer are connected in series, and
the second galvanometer is connected in parallel to the first
galvanometer.

(¢) The maximum current range is obtained when all the
components are connected in parallel.

(d) The maximum current range is obtained when the two
galvanometers are connected in series and the combination
is connected in parallel with both the resistors.

8. A steady current I flows along an infinitely long hollow cylindrical
conductor of radius R. This cylinder is placed coaxially inside an
infinitely long solenoid of radius 2R. The solenoid has n turns per
unit length and carries a steady current I. Consider a point P at a
distance r from the common axis. Which of the following statements
is/are correct?

(a) In the region 0 <r <R, the magnetic field is nonzero.

(b) In the region R < r < 2R, the magnetic field is along the
common axis.

(c) Intheregion R <7 < 2R, the magnetic field is tangential to the
circle of radius r, centred on the axis.

(d) In the region r > 2R, the magnetic field is nonzero.

9. A conductor (shown in the figure) carrying a constant current I
is kept in the xy-plane in a uniform magnetic field B.If F is the
magnitude of the total magnetic force acting on the conductor, the
correct statement(s) is/are
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(a) If B is along z, Foc(L+ R) (b) If B is along X, F=0
(o) If B is along i, Foc(L+ R) (d) If B is along z, F=0

Consider the motion of a positive point charge in a region where
there are simultaneous uniform electric and magnetic fields E= E,j
and B = B,j. At time t = 0, this charge has velocity o in the xy-plane,
making an angle 6 with the x-axis. Which of the following options
is/are correct for time f > 0?

(a) If 8 =0, the charge moves in a circular path in the xz-plane.

(b) If 6 = 0, the charge undergoes helical motion with a constant
pitch along the y-axis.

(c) If 6 = 10°, the charge undergoes helical motion with its pitch
increasing with time.

(d) If6=90°, the charge undergoes linear but accelerated motion
along the y-axis.

An electron and a proton are moving on straight parallel paths
with the same velocity. They enter a semi-infinite region of uniform
magnetic field perpendicular to the velocity. Which of the following
statements is/are true?

(a) They will never come out of this magnetic field region.

(b) They will come out travelling along parallel paths.

(c) They will come out at the same time.

(d) They will come out at different times.

A particle of mass M and positive charge Q, moving with a constant
velocity u; = (4) m s7, enters a region of uniform static magnetic
field normal to the xy-plane. The region of the magnetic field
extends from x = 0 to x = L for all values of y. After passing through
the region, the particle emerges into the other side after 10 ms with
a velocity 1, =2 (/317 +j) m s™. Which of the following statements
is/are correct?
(a) The direction of the magnetic field is along the —z axis.
(b) The direction of the magnetic field is along the +z axis.
50nM
3Q
100nM
3Q

(c) The magnitude of the magnetic field is units.

(d) The magnitude of the magnetic field is units.
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A uniform magnetic field B exists x
; ; Region | Region Il Region Il
in the reglon between x = 0 and 9 L ooglon | Reg
X X X XX X
X =" (Reglon II in the figure), x x x xBx x
X X X X X X
pomtmg normally into the plane X X x x x xP2
of the paper. A particle with O T Tx
X X X X X X
charge +Q and momentum p &2 » Pigc x x x x x
directed along the x-axis enters ~ Y=7R DX XX xx
4———§R——>

Region II from Region I at a point
P, (y=-R). Which of the following
options is/are correct7

(a) For B= P, the particle will enter Region III through the

E OR
point P, on the x-axis.

(b) For B> % the particle will re-enter Region L.

3 QR’

(c) For a fixed magnetic field B, particles carrying the same
charge Q and moving with the same velocity v, the distance
between the point P, and the point of re-entry into Region I
is inversely proportional to the mass of the particle.

(d) When the particle re-enters Region I through the longest
possible path in Region II, the magnitude of the change in
its linear momentum between the point P, and the farthest

point from the y-axis is —=

ol

X X X X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X
X X X X X X X/ X X X X
R X X X X X X X/ X X X X
X X X X X X X/ X X X X
L"x X X X X X X X
Vo —» X X X X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X X X X X
X X X X X X X X X X X X
0 L 3L 4 %

Arigid square-shaped wire loop of side L and resistance R is moving
along the x-axis with a constant velocity v, in the plane of the paper.
At t = 0, the right edge of the loop enters the region of length 3L
where there is a uniform magnetic field B, directed into the plane
of the paper, as shown in the figure. For a sufficiently large v, the



126

15. A conducting loop in the shape of

Solved Problems in Physics for IIT JEE Advanced

loop eventually crosses the region. Let x be the location of the right
edge of the loop. Let v(x), I(x) and F(x) represent the velocity of the
loop, current in the loop and force on the loop respectively, as a
function of x. Counterclockwise current is taken as positive. Which
of the following schematic plots is/are correct? (Ignore gravity.)

(@) 1 (b) F
L
2l 3L 4L x 0 ¢ 2L 3L 4L «x
(c) 1x) (d) v
Vo
L AL
R T 0 L 2 3L 4 x

a right-angled isosceles triangle

of height 10 cm is kept such that oem
the 90° vertex is very close to  ___ -
an infinitely long conducting

wire as shown in the figure. The wire is electrically

insulated from the loop. The hypotenuse of the triangle is
parallel to the wire. The current in the triangular loop is in
counterclockwise direction and increased at a constant rate of
10 A s™'. Which of the following statements is/are true?

(a) The induced current in the wire is in the opposite direction
to the current along the hypotenuse.

(b) There is a repulsive force between the wire and the loop.

(c) The magnitude of the induced emf in the wire is (%) volt.

(d) If the loop is rotated at a constant angular speed about the

wire, an additional emf of (%) volt is induced in the wire.
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A current-carrying, infinitely long wire is ‘
kept along the diameter of a circular wire
loop, without touching it. Which of the
statements is/are correct?

(a) The emf induced in the loop is zero if

the current is constant. ©® %
(b) The emf induced in the loop is finite if
the current is constant.
(c) The emf induced in the loop is zero if
the current decreases at a steady state. !
|
(d) The emf induced in the loop is infinite ‘
if the current decreases at a steady
state.
A source of constant voltage V is SR,
connected to a resistance R and two
ideal inductors L, and L, through
a switch S as shown. There is no v L1 L2

mutual inductance between the two
inductors. The switch is initially
open. At t = 0, the switch is closed
and current begins to flow. Which of the following options is/are
correct?

(a) Att =0, the current through the resistance R is %

L
RL1+L2'

v L
RL+L,

(b) After a long time, the current through L, will be

(c) After along time, the current through L, will be -

(d) The ratio of the current through L, and L, is fixed at all times
(t>0).

A circular insulated copper wire loop is twisted to form two loops
of areas A and 2A as shown in the figure. At the point of crossing,
the wires remain electrically insulated from each other. The entire
loop lies in the plane (of the paper). A uniform magnetic field B
points towards the plane of the paper. At t = 0, the loop starts
rotating about the common diameter as axis with a constant angular
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velocity o in the magnetic field. Which of

X X X X

the following options is/are correct? o o
(a) The rate of change of the magnetic o .
flux is maximum when the plane  } | o

of the loops is perpendicular to the = » x X 1 X

plane of the paper. x x5 x| X x

(b) The net emf induced due to both the 2 2 E i 2 E
loops is proportional to cos . x x\x x Are X x

(¢) The emf induced in the loop is X x A& x| X x
proportional to the sum of the areas % X x x x'x x x x
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of the two loops. Do

(d) The amplitude of the maximum net emf induced due to both
the loops is equal to the amplitude of the maximum emf

induced in the smaller loop alone.

19. The instantaneous voltages at three terminals marked X, Y and Z

20.

are given by
Vy=V,sin ot,

. 2n
Vy=V, sm(mt + ?> and

. 4n
V,=V, sm(a)t + ?>

An ideal voltmeter is configured to read the rms value of the
potential difference between its terminals. It is connected between
the points X and Y and then between Y and Z. The readings of the

voltmeter will be

3
@ VE=Viy/3

b) Viy =V

rms 1
© V=V /2

(d) independent of the choice of the two terminals

Attime t =0, terminal A in the circuit B b
shown in the figure is connected to B A

by a key and an alternating current @ —
I(t) = I coswt (where I, =1 A and = 20uF S0V
o = 500 rad s™) starts flowing in it

with the initial direction as shown

R=10Q
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in the figure. At t = 67_:;)’ the key is shifted from B to D. Now

onwards, only A and D are connected. A total charge Q flows from
the battery to charge the capacitor fully. If C =20 pF, R =10 Q and
battery is ideal with emf of 50 V, identify the correct statement(s).

(a) The magnitude of maximum charge on the capacitor before

_7n. -3
t= o is1x 10~ C.

(b) The current in the left part of the circuit just before ¢ = Z% is
clockwise.

(c) Immediately after A is connected to D, the current in R is
10 A.

(d) Q=2x10"°C.

In the given circuit, the AC source 100nF 1 %00
has ® = 100 rad s™'. Considering the "
inductor and the capacitor to be ideal, 05H 500
which of the following statements
i ? (~O)
is/are correct? Oy

(a) The current through the circuit is 0.3 A.

(b) The current through the circuit is 0.3y2 A.

(c) The voltage across 100 Q resistor is 1042 V.

(d) The voltage across 50 Q resistor is 10 V.
In the circuit shown, L = 1uH, L=1uH  C=1pF R=1kQ

C =1ypF and R =1 kQ. They are
connected in series with an AC
source V = V, sinwt as shown.
Which of the following options
is/are correct?

Vo sin ot

(@) The frequency at which the current will be in phase with the
voltage is independent of R.

(b) At @ — 0, the current flowing through the circuit becomes
nearly zero.

(c) Ato >>10°rad s7}, the circuit behaves like a capacitor.

(d) The current will be in phase with the voltage if
o=10%rad s
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23. A series RC circuit is connected to an AC voltage source. Consider
two cases: (A) when C is without a dielectric medium, and (B) when
C is filled with a medium of dielectric constant 4. The current I
through the resistor and the voltage V. across the capacitor are
compared in the two cases. Which of the following is/are true?

(@) Iy > Iy (b) I <Ig
© VA>v} @ vi<ve
24. An infinitely long current-carrying C -~
. . . B
wire passes through point O and is T
perpendicular to the plane containing a 55}: fffff o
current-carrying loop ABCD as shown in - i
the figure. Choose the correct option(s). D=~

(a) The net force on the loop is zero.

(b) The net torque on the loop is zero.

(c) Asseen from O, the loop rotates clockwise.

(d) As seen from O, the loop rotates anticlockwise.

25. A particle of mass m and charge Region | Region Il | Region Ill

g, moving with a velocity v oo RRoNNoNN

1 X X X X X

enters Region II normal to % x x x x
the boundary as shown in the XX
figure. Region II has a uniform X X X x %

. . . X X X X X

magnetic field B perpendicular R G

to the plane of the paper. The
length of Region I is I. Choose the correct choice(s).

(a) The particle enters Region III only if its velocity v > %

IB
(b) The particle enters Region III only if its velocity v < %

(c) Path length of the particle in Region II is maximum when
) qlB
velocity v =— -
(d) Time spent in Region II is same for any velocity v as long as

the particle returns to Region I.
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26. For the circuit shown in the figure,

R =15kQ

(a) the current I through the battery is 7.5 mA
(b) the potential difference across R; is 18 V
(c) the ratio of powers dissipated in R, and R, is 3

(d) if R, and R, are interchanged, the magnitude of power
dissipated in R; will decrease by a factor of 9.

27. Two metallic rings A and B,
identical in shape and size but
having different resistivities p,
and pg, are kept on top of two
identical solenoids as shown
in the figure. When current
I is switched on in both the
solenoids in identical manner,
the rings A and B jump to
heights h, and hj respectively,
with 11, > hy. The possible relation(s) between their resistivities and
their masses m, and my is/are

(@) pp>pgand m, =myg (b) pa <pgand m, =my
(c) pa>pgand m, >myg (d) pa <pgand m, <mp

2.6 Ray Optics and Wave Optics

1. Aray OP of monochromatic lightis incident
on the face AB of prism ABCD near vertex
B at an incident angle of 60° (see figure). If
the refractive index of the material of the
prism is /3, which of the following is/are
correct?
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(@) The ray gets totally internally reflected at face CD.

(b) The ray comes out through face AD.

(c) The angle between the incident ray and the emergent ray
is 90°.

(d) The angle between the incident ray and the emergent ray
is 120°.

2. Atransparent thin film of uniform thickness
and refractive index n; = 1.4 is coated on
the convex spherical surface of radius R
at one end of a long solid glass cylinder of
refractive index 1, = 1.5, as shown in the
figure. Rays of light parallel to the axis of the cylinder traversing
through the film from air to glass get focused at a distance f, from
the film, while rays of light traversing from glass to air get focused
at a distance f, from the film. Then

(@) |fiI=3R (b) |f,|=28R
(©) 1f,=2R (d) |f,] =14R

Air ny

3. For an isosceles prism of angle A and refractive index y, it is found
that the angle of minimum deviation 5, = A. Which of the following
options is/are correct?

(@) At minimum deviation, the incident angle i; and the
refracting angle 7, at the first refracting surface are related by

i

5

(b) For the prism, the refractive index p and the angle of

r =

prism A are related as A = %cos_1 (%)

(c) For the prism, the emergent ray at the second surface will be
tangential to the surface when the angle of incidence at the

first surface is i; = sin”! [sinA« /4 cos’ % —1-cosA

(d) For the angle of incidence 7, = A, the ray inside the prism is
parallel to the base of the prism.

4. Two identical glass rods S; and S, (refractive index = 1.5) have one
convex end of radius of curvature 10 cm. They are placed with
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curved surfaces at a distance d as shown in the figure with their
axes (shown by the dashed line) aligned. When a point source of
light P is placed inside the rod S, on its axis at a distance of 50 cm
from the curved face, the light rays emanating from it are found to
be parallel to the axis inside S,. The distance d is

(@) 60 cm (b) 70 cm
(c) 80 cm (d) 90 cm

. A plano-convex lens is made of a material of refractive index .
When a small object is placed 3 cm away in front of the curved
face of the lens, an image double the size of the object is produced.
Due to reflection from the convex surface of the lens, another faint
image is observed at a distance of 10 cm away from the lens. Which
of the following statements is/are true?

(a) The refractive index of the lens is 2.5.

(b) The radius of curvature of the convex surface is 45 cm.
(c) The faint image is erect and real.

(d) The focal length of the lens is 20 cm.

. A transparent slab of thickness

d has a refractive index n(z) ny
that increases with z. Here z is !

the vertical distance measured l n@
from the top. The slab is placed ~ * E
between two media with '

. . . n2 |
uniform  refractive indices | 10f
n, and n, (n, > n;) as shown
in the figure. A ray of light is
incident with angle 6, from medium 1 and emerges into medium
2 with refraction angle 0, with lateral displacement /. Which of the
following statements is/are correct?

-+ —

(a) n,sin®; =n,sin 6. (b) n,sin®; = (1, —n,;)sin O;.

(c) lis independent of 1. (d) !is dependent on n(z).
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Two coherent point sources S; and S, P1

of wavelength A = 600 nm are placed

symmetrically on either side of the .
centre of a circle as shown. The sources s Py
are separated by a distance d = 1.8 mm.

This arrangement produces interference

fringes visible as alternate bright and

dark spots on the circumference of the

circle. The angular separation between two consecutive bright
spots is AB. Which of the following options is/are correct?

(a) The total number of fringes produced between P; and P, in
the first quadrant is close to 3000.

(b) A dark spot will be formed at the point P,.

(c) AtP,, the order of the fringe will be maximum.

(d) The angular separation between two consecutive bright
spots decreases as we move from P, to P, along the first
quadrant.

While conducting

c
the Young’s double §
slit experiment, a @
student replaced z
the two slits witha ~ ___ -
large opaque plate /77~~~ o -
in the xy-plane e / Y
.. Sy d S
containing two X

small holes S, and b

S, that act as two coherent point sources emitting light of wave-
length 600 nm. The student mistakenly placed the screen parallel to
the xz-plane (for z > 0) at a distance D = 3 m from the mid-point of
S,S, as shown schematically in the figure. The distance between the
sources is d = 0.6003 mm. The origin O is at the intersection of the
screen and the line joining S;S,. Which of the following is/are true
of the intensity pattern on the screen?

(a) Hyperbolic bright and dark bands with foci symmetrically
placed about O in the x-direction

(b) Semicircular bright and dark bands centred at point O

(c) Straight bright and dark bands parallel to the x-axis

(d) The region very close to the point O will be dark
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Using the expression 24 sin 8 = A, one calculates the value of d by
measuring the corresponding angles 6 in the range from 0 to 90°.
The wavelength A is exactly known and the error in 8 is constant for
all values of 0. As 0 increases from 0,

(a) the absolute error in d remains constant
(b) the absolute error in d increases

(c) the fractional error in d remains constant
(d) the fractional error in d decreases

A light source which emits two wavelengths A, = 400 nm and
A, = 600 nm is used in a Young’s double slit experiment. If the
recorded fringe widths for A, and A, are B, and f,, and the number
of fringes for them within a distance y on one side of the central
maximum are m, and m, respectively then

@) B,>B

(b) my; >m,

(c) from the central maximum, the 3rd maximum of A, overlaps
with 5th minimum of ,

(d) the angular separation of the fringes for A, is greater than A,

In a Young’s double slit experiment, the separation between the
two slits is 4 and the wavelength of the light is A. The intensity of
light falling on slit 1 is four times the intensity of light falling on
slit 2. Choose the correct choice(s).

(a) If d =2, the screen will contain only one maximum.

(b) If A <d < 2), at least one more maximum (besides the central
maximum) will be observed on the screen.

(c) If the intensity of light falling on slit 1 is reduced so that it
becomes equal to that of slit 2, the intensities of the observed
dark and bright fringes will increase.

(d) If the intensity of light falling on slit 2 is increased so that it
becomes equal to that of slit 1, the intensities of the observed
dark and bright fringes will increase.

A student performed the experiment to determine the focal
length of a concave mirror by u—v method using an optical bench
of length 1.5 m. The focal length of the mirror used is 24 cm. The
maximum error in the location of the image can be 0.2 cm. The 5 sets
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of (1, v) values recorded by the student (in cm) are: (42, 56), (48, 48),
(60, 40), (66, 33), (78, 39). The data set(s) that cannot come from the
experiment and is/are incorrectly recorded, is/are

(a) (42,56) (b) (48, 48)
(c) (66, 33) (d) (78,39)

2.7 Modern Physics

1. Light of wavelength Ap, /ﬁﬁght
falls on a cathode plate
inside a vacuum tube
as shown in the figure. e .-
The work function of Flectrons
the cathode surface is ¢
and the anode is a wire
mesh of a conducting
material kept at a
distance d from the cathode. A potential difference V is maintained
between the electrodes. If the minimum de Broglie wavelength of
the electrons passing through the anode is A, which of the following
statements is/are true?

(a) Foralarge potential difference (V >>¢/e), A, is approximately
halved if V is made four times.

(b) A.increases at the same rate as Ay, does for Ap, < hic < ¢.
(c) A, decreases with increase in ¢ and Apy,.
(d) A, is approximately halved if d is doubled.

2. For photoelectric effect with incident photons of wavelength 2, the
stopping potential is V. Identify the correct variations of V, with A
and 1/A.

(@) Vo (b) Vo
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(c) Vo (d) vo

1
A

>l=

3. The highly excited states (1 >> 1) for hydrogen-like atoms (also
called Rydberg states) with nuclear charge Ze are defined by their
principal quantum number n. Which of the following statements
is/are true?

(a) The relative change in the radii of two consecutive orbitals
does not depend on Z.

(b) The relative change in the radii of two consecutive orbitals
varies as 1/n.

(c) The relative change in the energy of two consecutive orbitals
varies as 1/1°.

(d) The relative change in the angular momentum of two
consecutive orbitals varies as 1/n.

4. The radius of the orbit of an electron in a hydrogen-like atom is
4.5a,, where g, is the Bohr radius. Its orbital angular momentum
is 3h/2m. It is given that & is Planck constant and R is Rydberg
constant. The possible wavelength(s) when the atom de-excites,
is/are:

@ HRr b) 7er
© 55 @) 2%

5. A fission reaction is given by zng - "W Xe+5Sr + X + Y, where X
and Y are two particles. Considering %% U to be at rest, the kinetic
energies of the products are denoted by K, Kg, Ky (2 MeV) and
Ky (2 MeV) respectively. Let the binding energies per nucleon of
o U, 140 Xe and 53Sr be 7.5 MeV, 8.5 MeV and 8.5 MeV respectively.
Cons1der1ng the different conservation laws, the correct options
is/are

(@) X=n,Y =n, K, =129 MeV, Ky, = 86 MeV
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(b) X=p,Y =¢, K, = 129 MeV, K, = 86 MeV
© X=p,Y=nKg =129 MeV, Ky, = 86 MeV
(d) X=n,Y=n,K, =86 MeV, Ky, =129 MeV

6. Assume that the nuclear binding energy  B/A 4
per nucleon (B/A) versus mass number

g4
(A) is as shown in the figure. Use this

: 6
plot to choose the correct choice(s)

given below.

(a) Fusion of two nuclei with mass
numbers lying in the range of 100 200 A
1 < A <50 will release energy.

(b) Fusion of two nuclei with mass numbers lying in the range
of 51 < A <100 will release energy.

(c) Fission of a nucleus lying in the mass range of 100 < A <200
will release energy when broken into two equal fragments.

(d) Fission of a nucleus lying in the mass range of 200 < A < 260
will release energy when broken into two equal fragments.
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2.1 General Physics
1. b, c 2. a,c 3. a,b,d 4. a, ¢, d 5.
7. a,c 8. a,b,d 9. ¢,d 10. a, d 11.
13. a,b,d 14. d 15. ¢, d 16. b, c 17.
19. a,d 20. ¢ 21. b, d 22. b, c 23.
25. a,b,d 26. ¢, d 27. a,b,d 28. a 29.
31. a,d 32. a,b,d
2.2 Heat and Thermodynamics
1. a,b,d 2. a,b,c 3. a,b,c,d 4. a,b,c 5.
7. b,d 8. b,d
2.3 Sound Waves
1. b, c 2. a,¢ d 3. a,b 4. a,b,d 5.
7. b, d 8. a,b,d 9. a, d
2.4 Electrostatics
1. a,d 2. a,b,c,d 3. ¢, d 4. a,c, d 5.
7. ¢ 8. ¢ 9. d 10. a,d 11.
13. d 14. a,c 15. a,b,c,d 16. a
2.5 Current Electricity and Magnetism
1. ¢, d 2. a,b,c,d 3. b 4. b, d 5.
7. b, c 8. a,d 9. a,b,c 10. ¢, d 11.
13. a,b 14. ¢, d 15. b, c 16. a,c 17.
19. a, d 20. ¢, d 21. a,c 22. a,b 23.
25. a,c,d 26. a,c,d 27. b,d
2.6 Ray Optics and Wave Optics
1. a,b, c 2. a,c¢ 3. a,¢, d 4. b 5.
7. a,c 8. b,d 9. 10. a,b,c 11.
2.7 Modern Physics
1. a 2. a,c 3. a,b,d 4. a,c 5
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b,d 6.
a,c 12.
a, d 18.
a, b 24.
b, c 30.
a,b,c,d 6.
a,c d 6.
b,d 6.
b,d 12
a,b,c,d 6.
b,d 12.
b,c,d 18.
b, c 24.
a, d 6.
a,b 12.
a 6.
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a,c
a,b
b,d
b,d
a, d

a,b,c,d

a,b,c

. a,d

a,b,d
a,c
a, d
a,c

a,c d
c, d

b, d
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Hints and Solutions

2.1 General Physics

1. For the vernier callipers, 1 ms = L cm. 5 vs =4 ms

8
4 41 1
= 1V5—5ms—5x8cm—10cm.

". LC of the vernier callipers =1ms -1 vs = 41—0 cm = 0.025 cm.

Pitch of the screw gauge =2 x 0.025 cm = 0.05 cm.

LC of the screw gauge = % cm = 0.005 mm.

LC of the linear scale of the screw gauge = 0.05 cm.
Pitch = 0.05 x 2 cm = 0.1 cm.

LC of the screw gauge = % cm = 0.01 mm.

Correct options are (b) and (c).

2. Error in measuring T = i—g =0.05s =AT.

A A
Toe L 28_ 28T 1 08 4000, = 5%,

Jg & T 207 g
3. Measured value of 7 is (10 + 1) mm.

Thus % errorin r = %xlOO = 1% x 100 = 10%.

1 2.78
(M =5EG="5"

Mean absolute error = %Z| T-T,|=0.02S.

=0.56s.

0.02

Yo error in T = 0.56 % 100% = 3.57%.
R-r 48 4T  dR+dr
R e e =

1+1
60—-10

4. [l = ML*T7, [c]=LT™', G=M"L3T2

d
= ?g =2(3.57%) + x100% = 7.14% + 4% = 11.14% = 11%.
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Mo JB p o [T
c
. Energy =FL =k,T, where F = force, L = length, k; = Boltzmann constant

and T = temperature.

2
Permittivity ¢ = EI where Q = charge and mole (1) = LS.

With these expressions, correct options are (b) and (d).

NA
. Magnetic energy in the inductor = %le = % Ho i r

. . U Y, e | goAd 5
Electrical energy with the capacitor = FCV = ETV .

HoAIZ SoAV2 . .
] and 7 have the same dimension.
Lopel Zand 80V2 have the same dimension.
For a capacitor, Q = CV
Q cv_&A v
d t

or T
A
or I =g EV'
A . .
] has the dimension of speed,
t I=¢,CV.

. f=0,if sin 0 = cos 6= 6 = 45°.
f directed towards Q, sin 6 > cos 0
= Q>45°
f directed towards P,
sin 0 < cos 6 = 0 < 45°.
Hence, options (a) and (c) are correct.

} Trailing After collision
u L I surface u-2v FT
@ i
| |
Pl r =
v L Leading Voo L
surface

The change in momentum at leading surface,
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AP = 2m (u + v).
F AP _2m(u+to)
L™ At (d/u)

(assuming that the particles return after a distance d, when At = d/u).
Similarly, for the trailing surface:
2m(u+o)u

d
Similarly, for the trailing surface:

= FL:

2m(u—ov)u
Fr=—"y
2mutov)u  2m(u—v)u

Pressure difference =

Ad Ad
2muv
= = .
AP ="Ad
9. Since the ladder is about to slip, both f; and f, will be limiting.
= fi = ;N and f; = pps. bg,
For translational equilibrium N = B
N = pyey, and y
Ny, + 2\ = mg. .
. Hymg
Solving, N = 7 T 1) 92, A
and N, = - 2 A : T 1o
2 T, 2
Taking torque about A,
mg écos@ = N Isin®+ p, =V, lcosO
mg 2mg .
or ——cosf = sin O + p,;=/V; sin 0. ..(3
2 1+ [T My 1 ( )

Taking p, = 0 and p, # 0, we get =V, = n, mg, hence
m
from equation (3), Tgcos 0=\, mgsin O =\, sin 6

mg
= N tan© =5

Taking, 1,7 0, 1, # 0, from (2) we get

. c
S S T T
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Taking torque about B, we can conclude that options (a) and (b) are
incorrect.

Initially, at t = 0, v = u,. Thus v = u, cos wt. At the time of collision,

u
70 = uycosot; = 23%-
After collision the motion is reversed and at time t, = 2¢;, = ;—g,

it acquires the same speed 1,

If t, be the time at which the particle passes through the equilibrium
position for the second time then

T Zn _bn _b5n
2t =G 30 T30 = 3V &

Hence, the correct options are (a) and (d).

t; =

Conserving linear momentum, mov = MV

mo
= VM

2
Conserving energy, 5 L —mo*+ ; M( M) =mgR

2¢R
m
L+

In absence of external force, Ax,,, =0,

mAx,, = —~MAx,;, m(R—x) = Mx

m

= (M T+ m) (leftward).

-(BR)wi = 0.
. V =3Roi.

— ~ R A
NOW, pro = _%i+ Olf]

= Vp =VP,O + Vo

RwA+R(D\/—

—— 1

4

11 V3,

= —Ru)z + Ru)—]

j+ 3Rwi

Hence, the correct options are (a) and (b).
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13. 7(t) = at’i +pt]

o(t) = % =3at’i + 2Bt = 10£71 + 104

>

a

(20t +10/) m s .
At t=1s,0 =10( +j) ms™.

Angular momentum

>

> ->
Lo =7 Xmo.

e
Il

1s, 7= (i +57)m.

~
j=]
|

= (%27 +5]) m (0.1kg) x (10i + 10} m s "

= (—%k) Nms.

F=md = (0.1 kg) (20{ +10/) m s

= i +j)N.
Torque about the origin,
f=7 < F = (Bi+5])mx@i+))N=(-3 Nm) k.

Hence, the correct options are (a), (b) and (d).

14. Acceleration of a body rolling down the plane,

mg sin
a=—7"
m+F
mgq sin O sin©
For P, ap = g 2=g2 .
mR
R
mgsin® . i
For Q, ag = n =gsin6, since IQ = 0.
/,8,
2 _ W2l
op = R and OQ="R -
(DQ > (DP.

Hence, the correct option is (d).

15. In the absence of external horizontal forces on the bar, its CM will fall
vertically downwards.
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For translational motion:

mg—N = macy. ..(1)
For rotational motion:
N‘%Sine = Iepm@ ...(ii) N
L Alxy) __|
and Aoy = oc-zsin 6. ... (iif)
Solving equations (i), (i) and (iii), the angular acceleration
mg% sin@
o= I
Iy + 7 sin’0
s -
X
Torque about the point of contact = Io. = %a.

Displacement of the mid-point = %(1 —cos0).

For the point A, X = - %sine and y=Lcos0

V4
= Sy

L L
Hence, the correct options are (c) and (d).

1, which represents an ellipse.

When the force is applied normal to the
circumference at point P, the line of action
always passes through O, so the torque is
always zero.

When the force is applied normal to the

circumference at point X, the force and its ,
/

perpendicular distance from the line of action F o

remain constant, so torque T = constant. X

Hence, the correct options are (b) and (c).
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For angular momentum about the CM, we find L about the axis denoted
by (1):

L= ma* . 4m(20)?  17ma’

1T T Ty T
Vem = SLm (m-owa+4m-w2a) = 9%)11,

1 _9
lem = %(ml+4m-21) = gl.
Ve
Angular velocity () about the axis (2): ZC—M = O)Tu'
cM

Component of @ along the z-axis,

mcos@—ML:Q-
~ 152 5

Hence, the correct options are (a) and (d).
18. By simple calculation, if mass of P is M, and its radius is R then
for Q: mass = 8M and radius = 2R,
for R: mass = 9M and radius = 9'/°R.
Since escape velocity v, = v2GM/R,

fo " M /n~ 8M

(ve)P =4/2G ?’ (Ue)Q = Zc‘ﬁ = Z(Ve)P' and
IM

(v)g =,/ 2Gx i 93 (0,)p.

= (VR > (ve)Q > (0,)p-

Now, (v,)q/(v)p=2.

Hence, the correct options are (b) and (d).

19. In case A:
L. a1 o201 2 2
mg 5 Sin + MgLsin = <§mL + MR+ Mo,
In case B:
mg%sine +MgLsin0 = (%mL2 + ML2>(xB.

= TA = Tp, 0Wp < Op.

Hence, the correct options are (a) and (d).

20. During collision, friction is impulsive and soon after collision the ring
has clockwise angular velocity, so friction acts towards left.

Hence, the correct option is (c).
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1 5 ( 2GMm)\_
ym +< L ) 0

Gravitational field is conservative, in which total mechanical energy
(KE + PE) remains conserved. Hence, the kinetic energy imparted to
the mass m is gradually reduced and gets converted into its potential
energy, so that at every point of its flight the total mechanical energy
remains constant.

Hence, the correct options are (b) and (d).

Gravitational field E at a distance 7 from the centre of the solid sphere:
4 4

E=G- §rcr3p/r2 = §rpor.

force on the concentric shell of radius
r and thickness dr is A

dF=E- 4nr2drp

= pressure dp = flﬁlf = % =Epdr.
nr

Integrating, —p = — f dp= f(%nGpr) (pdr) =K f rdr
0 R R

K 2 2 rz
= p=7(R —r)=A[1—F]-

Let us calculate p for different values of %:

% p

0 A
1/2 3A/4
1/3 8A/9
2/3 5A/9
2/5 21A/25
3/5 16A/25
3/4 7A/16

With these values, options (b) and (c) are correct.
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From the stress—strain graph, breaking

<

stress of P is more than that of Q.
So, P is more ductile then Q.

Strain

. 1
Strain = Y stress, so Y, < YQ.

In addition, P has greater tensile strength.

Hence, the correct options are (a) and (b). Stress
First oscillator: Second oscillator:
1

b = mao;. m—0)2 = 1.

a_ 1 _ » . ©2_ 2

b= me AN ml—n.

1 22 1 2,52
E, = ymoia E, = Em(ﬂzR .
2 2

i:<&> .nz:<w1) @2 _ O

E, \o; ) ®p Oy

E, E
- -2

o O

Hence, the correct options are (b) and (d).

_ /K ,_/ K |
O TV M@ M+m

Case (i): When m is placed at mean position—

Let v” = velocity of system (M + m) just after placing m.
Conserving linear momentum, Mo, = (M + m)v’

= MoA=M+m)wA’

or A’:< M )2: [ M
A M+m/o M+m

Case (ii): When m is placed at the extreme position—

v,, before placing is zero = v, , ,, = 0 after placing m

= extreme position and mean position remain unchanged, so A = A"
T = %, which is same in both the cases.

Energy decreases in case (i) but not in case (ii).

Velocity at the mean position = ®’A’, which decreases in both the cases.

Hence, the correct options are (a), (b) and (d).
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Friction acts upwards, so it supports rotation and opposes translation.

Acceleration of a rolling body, N .
gsin® 2 .
Aey = m = §g511’19.
Frictional force, mg sin 6 mg cos 0
mgsin® 1 )
= m =3z mgsin 6.

= fdecreases with decrease in 6.
For pure rolling, there is no energy dissipation due to absence of
slipping.
Hence, the correct options are (c) and (d).
Since mechanical energy is conserved, so
E, = Ez=E..

= K, +mgh, = Kg=K+mgh.

Kg>K, ; Kg>Kc.
Now, E, —E-=0, so mg(h, —hc) = (K-—K,).
For, hy>hc; K> K,.
For kinetic energy Kj, only the translational parts gets converted into
potential energy at point C.

> dp
ho =y
When Zixt =0, linear momentum ;7 is conserved.

Hence, the correct option is (a).

-> -> —> ->
Uc = Ucm 1o =20cMm;
- —-> ->
Ug = vcm and vx =0.
> > > —> -> >
= Uc —UB = UcM; UB ~UA = UcMm

- -> —-> —-> > >
Uc —UA = 20cM; UB ~Uc =~ Ucm

Hence, the correct options are (b) and (c).

For the system to float,
Lpitp)V=(o,tc))V T = p+p,=0;t0,.
Since the string is taut,

pl < 01 and p2 > 62.
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2
Now. o, =2 (- p1)g and © _27 (017 P8
+ %79 Ul ! Q9 n
. P Ny
Since, 6,~p; == (o} Pz) T]_z

sz- ZQ <0, as they are in opposite directions.
Hence, the correct options are (a) and (d).

31. The buoyant force on each of the two spheres is

4 .3

Fg = 3mR"2pg. y Fg
The weights of the spheres are !

W, = %nR3pg and W2=%nR33pg.

T

Let T = tension in the spring.
For equilibrium of A: T
3 nR 2pg = nR pg+T Fg
= T= %nR3pg=kAl = Al= b

3k
For the whole system, T is the internal force, and

W, + W, = 2Fis true when both the spheres are completely submerged.
Hence, the correct options are (a) and (d).

32. For equilibrium, forces acting on the
system are shown in the adjoining I

figure. 2vdeg

F

Now, it is clear from the figure that
d, <dp, dg>dg
and d, +dg =24

. (dpt dp) vy
Hence, the correct options are (a), (b) and (d).

2.2 Heat and Thermodynamics

1. Total internal energy of the system,

3
U=U +U, = (nC,T), + (nC,T), = —RT+ 5 RT =4RT.

Average energy per mole = % =2RT.
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*." the mixture has two moles with U = 4RT,
" 2(C)pix T=4RT = (Cy) 2R.

) YRT
The speed of sound, ¢, in a gas = M

Cmix _ h)M_H: /3.3 é:\/E
= ohe T (yHe M, V2*5*37V5

(Urms)He _ MHZ _ L
(vrms)Hz MHe x/E

Hence, the correct options are (a), (b) and (d).

mix mix —

Now,

T
l
I

Pi=Py Po P ! )
I
I
i

e
N }<XO—+X‘>\

p= Pl"'%'

Py = %Pl = x:%'

Energy stored in the spring = %sz = %(Kx)x = %p V.

f
Now, AU = E(P2V2_P1Vl) =3pi

In option (c):

4 2 2
pz = gplle:?A, SO xZT'

1
Now, Wypo == (W + Wopring) =P1AY + 5 Kx?

2V 1.pA 2V 7
SPATAT s AT

Heat supplied to the system,

7 3 41
AQ = WHAU=3pVi+5 (Y2~ pV) =~ PiVi-

which is incorrect.
Hence, the correct options are (a), (b) and (c).
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The graph between 0 and 100 K is linear, so statement (a) is correct.
The area under the given curve is proportional to the heat absorbed, so
statement (b) is correct.

The given graph is parallel to T axis and has constant C, so statement
(c) is correct.

The value of C increases with temperature in the range 200-300 K,
so statement (d) is correct.

. Net amount of heat radiated per second

GA(T*~T§) = cA[(Ty + ATy)* - T}

AT\ AT,
1+T0 -1 1+4T0 -1

AT, 4AT,
A4 T§ =A(GT5‘)< T 0)
0 0

Q

GAT, =GAT,

4x10
300

(1 m?) (460 W m™?) ( ) —613]~60].

In the first case, Q, = o [(Ty + AT)4 - T(f].

In the second case, Q, = o [(Ty + AT)* - (T, — ATy) 4
= more heat energy required to be radiated per second to maintain the
body temperature,

Q,-Q, = o[Ty —(Ty—ATy)*] [~ AT << T
AT\
= GT§[1—<1—T°)] ~ 46T AT,.
0

Net heat radiated by a human body in 1s,
Q= cA(T'-Ty).
If the exposed area is reduced, the rate of heat loss Q is also reduced, so
that the body temperature is maintained the same.
From Wien’s law, A T = constant.

Thus the increase in body temperature corresponds to the shift of the
peak of wavelength A, of the spectrum of electromagnetic radiation
towards smaller wavelength side.

Hence, the correct options are (a), (b) and (c).
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@ A %H — 3K @
—

an | = | oA © %—>4K sa| H
K| Al®@ H—sk 6K

L 4L L

The given system comprises three components shown separately in the
figure, whose thermal resistances are

__L o __4L
Ry = 8KA’RB 3KA’
4L 4L
Re = grar R0 =5xa
L
and Rg = 2KA
Since the three are in series, thermal current through A and E will be
the same.
T ture diff A6, =HR, =1L
emperature difference: A8, = HRy = o7,
3H HL HRe — HL
A0 =g Re = 4xar A0 =5 = 4xar
5H HL _ _HL
AOp = 16 ~—Rp= AKA and AOg=HRp= 24KA

= ABg; is the smallest.

Aec H _ AGB 3

Now, e =R =2/ =R, “16"
ABp  5H

and ID =R7D:K

= Io = Iy + I,

Hence, the correct options are (a), (c) and (d).

. Sunrays falling on the black body leads to more absorption of radiation.
Since the temperature remains constant, it emits more radiation.

Sunlight is white light, which comprises the visible spectrum (red to
violet), hence it radiates more energy in the visible spectrum.

Hence, the correct options are (b), (c) and (d).
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C
Gas Cy Cp |Co-Cy|Cp+Cy C—" CpxCy
Vv
: 3 > 5 15 2
Monatomic 5 R 5 R R 4R 3 n R
tomi 5 7 7 35 p2
Diatomic 5 R ) R R 6R 5 4 R

So, options (b) and (d) are true.

. The process A = B is a part of the semicircle, so it cannot be isothermal.

For a process to be isothermal, the path should be a rectangular
hyperbola.

In the process B = C = D, the gas undergoes compression. The work
done by the gas is negative (AW < 0), hence heat is expelled (flows out).
The work done during the process A = B — C is the area enclosed by
the semicircle (f pdV), which is not zero.

For the clockwise process A - B - C = D — A, the work done by the
gas is positive.

Hence, the correct options are (b) and (d).

2.3 Sound Waves

1. Comparing the given equation with the equation of a standing wave,

y(x, t) = Asin%xcos (ot),

we have, A = 0.01 m.
27

=20tm™ ‘ ‘
A_ 1 -5
or 2—20111— cm.

" length of the string, L = % =25cm =0.25 m.

Angular frequency of this mode, ® = 628 57, 2nv = 200 s™".

". fundamental frequency = Y= %Hl =20 Hz.

Hence, the correct options are (b) and (c).
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2. Beat frequency:

(i) When the observer is at P,

(V+Vycosa) V+Vycosa
vp = (121-118) v Hz = ( v )HZ
(ii) When the observer is at Q,
Vo = 121 -118 =3 Hz.
(iii) When the observer is at R,
(V- V‘O/cosoc) Hy = 3(V— Vocosoc) Hy

vg = (121-118)

=Vp+vp = 2VQ.

At any position (9), R
the beat frequency l ¢
Vo
(V + Vjcos 9) 0
v(0) = — v Hz -
v M Q N
dv Vo . (118 Hz) (121 Hz)
= i 3 v sin ©.
At Q, sin 0 =sin 90° = 1 (maximum). S
R

.". the rate of change of beat frequency
with time is maximum at Q.

Hence, the correct options are (a), (c) and (d).

3. Expressions for apparent frequency are

+w+ ) )
fr= <§,)+ZJ)7_Z> i, for wind blowing from the source to the

observer.

—w+

= W , for wind blowing from the observer to

2 v—w—up! g
the source.

= f,>f, in both the cases.
Hence, the correct options are (a) and (b).

4. v= \/E - Speed is same at any point for both the pulses,

hence Ty = T,-
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" u=fA soA o< v. At A, tension F decreases, so v decreases

= A decreases, so option (c) is incorrect.
v depends on F and p and is independent of f and A.
Hence, the correct options are (a), (b) and (d).

. For possible modes of vibration in standing waves,

A _ 12
l—(2n+1)4 :>x_(2n+1)m'
_2n_@ntDhrn i ,
k = L 6 and v=100ms }
(2n+1)50n 1=3m J}
o =vk=—"ir" ‘
’ l
i Antinod
Forn:O,k:% andw:%, 1 ntinode
57-[ 25071: Node !
Forn =2,k=== and o= .
6 3
b

Forn = 7,k=57 and o = 250m.

Hence, the correct options are (a), (c) and (d).

v = /ﬁ:”_yRT, also v="=2
Vo M A4l
_1 JIRT

2 =gV M

From the above equation the values of I for gases mentioned in the
options (a), (b), (c) and (d) are found to be 0.459 m, 0.363 m, 0.340 m
and 0.348 m respectively.

As [ =(0.350 + 0.005) m, the correct option is (d).

. When reflection of a sound wave occurs at a rigid boundary (like

the closed end of a pipe), the particles at the boundary are unable to
vibrate. The reflected wave thus generated interferes with the incident
wave to produce zero displacement (or node). At this displacement
node exists the pressure antinode. Thus reflected pressure wave has
the same phase as the incident wave and a high pressure compression
pulse gets reflected as a compression pulse.

Similarly, for reflection from the open end of the pipe, the particles
vibrate with increased amplitude (displacement antinode) and
pressure remains at the average value (pressure node). The reflected
pressure wave interferes destructively with the incident wave so that a
phase change of © occurs from the open end.

Hence, a high pressure compression pulse reflects as a low pressure
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rarefaction pulse.
Thus, the correct options are (b) and (d).

.2 2 .
X = Asin“ox + Bcos” ax + Csin ax cos o.x

é(l —cos 20x) + g(l + cos 20x) + %Sil‘l 2ax

%(A +B) - (A cos 2ax — Bcos 20x) + 5 ¢ sm 20X.

For A=-B,C=2B, X =B cos 2ox + B sin 2oux.
This represents SHM with amplitude v2B.
For A=B,C=0,we get
X = A. The motion is not SHM.
For A=B,C=2B,
X =B + B sin 20ux.

This represents SHM with displaced origin and amplitude = B.

For any value of A, B and C (except C = 0),

X = %(A +B) +%(B -A) cos2ocx+% sin2oux.

This represents SHM.
Hence, the correct options are (a), (b) and (d).

. The first resonance is more intense than the second resonance.

157

The prongs are keptvertically (nothorizontally) to producelongitudinal

vibration in the air column.

For the first resonance, [, + E = A where E = end correction. So [; is

4 7
slightly shorter than %

Hence, the correct options are (a) and (d).

2.4 Electrostatics

1.

2.

Q, is positive, Q, is negative. Also |Q,|>|Q,|.

Lines of force start from a positive charge and end on a negative charge,

and are denser near a larger charge.

Hence, the correct options are (a) and (d).

k%—k@ P

Ry “R,+Rg common potential V
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R
:>&=—A>1.
Qs Rp
oo Q> Qg
oARA Ry _ on Ry
UBR]23 RB GB RA

The field in the cavity of the metallic shell is zero.

EA QA R]23 RA R]23 RB

On the surface, —— =~ —F—=—"-—=—"<1
Eg Qg Ri Ry Ri R,

= E, < E;.

Hence, the correct options are (a), (b), (c) and (d).

. INAPCC, 7y=d + 7,

The electrostatic field in the over- A
lapped region at any point P is
4 4
L kzmip  kgwri(op)
E = B 1’2+ B 1’1
Ty Ty
Ro
R14————d————»

=5~ = constant and parallel.
380

Hence, the correct options are (c) and (d).

. The position of all the charges are symmetric about the planes x =+ %,

so the net electric flux through them will be the same.

The same is true for the planes y ==+ %'
1 2 3q-9-9_q

Hence ¢ - az Tinside = € - € ’

By symmetry, flux through z = +% is equal to flux through x = +%'

Hence, the correct options are (a), (c) and (d).
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5. At point P,,

4 3
1 p‘<3“R> paR
4dngy  4R? 3g
P1

= —=4.
P2

At point P,,
() oman)
 F 2
(2R) (5R)
P1 32

P2~ 25
Hence, the correct options are (b) and (d).
6. Field at O is 6K, along OD.

Line PR is the perpendicular bisector of all the dipoles, so V, = 0.

Hence, the correct options are (a), (b) and (c).
7. The displacement of +4 towards +x direction produces a net restoring
force towards —x direction and vice versa.
Restoring force,
[2KA 2K\
q[d -x d+x
= motion is SHM with

j— md2 .
T'=2m/ 30

In the second case, —-g will move along the direction of displacement.

~
=

4KAg
x

F = 7z

Hence, the correct option is (c).

8 Q __h _ o
C dmegry ZmEofy 280
= Q= 2ncsr02 .
A
Ty = E
I 4E, (1)
alz)= =

a(3)- 2603

o
E; <§> = E;(ry) = E5(ry).
Hence, the correct option is (c).
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The electric field at A (€A> =7) due to the solid sphere,

Zo_ 1.4 3 )f:ﬁ.
E = 4n80<3nr PI2 =3¢,

Similarly, the field at A due to cavity,

—

_ P px
Ey = 3, CPA)

(—ve sign due to absence of charge)

p —>
= 3e, AP.
= net field at A
E =F +E =n (OA+AP) =+~ OP=2-7
1 2 380 380 380
Hence, the correct option is (d).
The electric flux linked with the hemisphere +Q

will be contained within the solid angle
subtended by the flat surface at the position
of the charge,

which is Q = 2 (1 — cos 45°) = 275(1 - L)

/2

= flux through the curved surface,

_ Qorf_1\__ Q1)
Vo 2 2 2
All points at the circumference are at the same distance (v/2R) from the

charge, so it is equipotential.
Hence, the correct options are (a) and (d).

After closing the switch S,, C, is charged by 2CV,,. When S, is closed,
this charge is equally shared between C; and C, and both of their upper
plates have charge CV,

When S, is closed, the upper plate of C, is charged by -CV|, and the
lower plate, by +CV,,.
Hence, the correct options are (b) and (d).

Since both the parts have a common potential difference (V) and the

. . E op_V
same separation d, the ratio E - 1 [ E= E]
2

Let C, = capacitance of the whole air-capacitor (without dielectric):

C G
k3+23=C or c=(533)c,.

3 3
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C
For the upper portion, C, = K?0~
€ _2+K
¢ K

Hence, the correct options are (a) and (d).

The system comprises three capacitors whose capacitances are

;85 A/2 g A
C = /2 =4 d - 4Gy, ci ¢

e A/2 25 A H
C; = 95— ===,
§189A/2 B 2g, A H

and Cy = ] =4 =C,. c

Here C;, C) are in series with C; in parallel with the combination.

. . CixCy . (4 7
equivalent capacitance, C, = —+C3= (§ + 1)C1 = §C1.
16
ratio & =7
¢ 3

Hence, the correct option is (d).

Electrostatic and gravitational static fields are both conservative and
they never form closed loops.

Hence, the correct options are (a) and (c).

The nature of the graph showing the variation of the potential ¢, with
distance r corresponds to that due to a uniformly charged spherical
conducting shell of radius R,

Inside the shell (r < R,), electric field E = 0, so the total electrostatic
energy stored is zero.

Total charge g will be on the surface of the shell (r = R;) and nowhere
else.

Within the concentric spherical shell of radius r = 2R, total charge
contained is 4.

Electric field within the shell is zero and at the surface (r = R), it

1
suddenly changes to P,

Hence, the correct options are (a), (b), (c) and (d).

iz, so there is discontinuity at r = R,
Ry

Coulomb force between Q and —4 is radial,
so the torque T =7 x F = rFsin180° = 0.

. —> > .
. angular momentum (r X p) is conserved.
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The linear speed, linear momentum and angular velocity change with
time.
Hence, the correct option is (a).

2.5 Current Electricity and Magnetism

1. At the time of breaking up of the filament, the temperature becomes

higher and according to Wien’s law A, o< %, so v, o< T, the filament

emits more light at higher band frequencies.
2

As the supply voltage remains constant, so consumed power P = %

Since the resistance R increases with the rise in temperature, so the
filament consumes less power towards the end of the life of the bulb.

Hence, the correct options are (c) and (d).
2. By symmetry, P and Q as well as S and T are at the same potential, so

resistance across them are ineffective because potential difference across
them is zero. The simplified circuit will be as shown in the figure.

6x12 2A P S
R, =232 =40
12
L=22=3A
L = g x3=2A o e
V,-Ve=(2A)AQ)=8V. Ly

Via-Ve=1A)BQ)=8V.
Vp=Vq = current through PQ = 0.
Vp=Vq=Vo> Vs
I,=3A-1TA=2A.
Hence, the correct options are (a), (b), (c) and (d).

] (1.0x1077 Qm)(50x 10 m)
ron =P A 4x10° m?

]

3. R =1250 Q.

I (27x10°Qm)(50x10 " m)
aluminium — P A - (49 _ 4) « 10—6 m2

: : Ry xRy _1250x30 .6 _ 1875
= equivalent resistance = R+R, 1280 x10 " Q= “oa M Q.

R =30 Q.

Hence, the correct option is (b).
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L L L R
4_R: — = —,-R =)0 =—"
1 pA pnrg 2 p’lt4l‘2 4
2
Initially, H = 74,
1

When both the wires of resistance R, are in series,
Vy Vi 2V
T 2R, 2(R//4) R

2t; = 4 min, t; =2 min.
When both the wires of resistance R, are in parallel, the equivalent
resistance

R, R

~ 278
V2 V2
= = =071~
H R1/8t2 8th2

8t, = 4 min = t, = 0.5 min.
Hence, the correct options are (b) and (d).
5. When the key is closed at t = 0, voltage across each capacitor is zero, so
reading of the voltmeter is -5 V.

At t = o, the capacitors are fully charged, so the voltmeter reads +5 V.

During the transient state, I, = ;—Oefm mA, L, = 25—5 " mA

and [ =1, + 1, wheret=RC=1s. |, 40WF Q1o K0
After 1 s, current through the

1. L
ammeter is - times the initial
value, and at t = oo, it becomes
zero.

Reading of the voltmeter at any

instant is
VQ -Vi

(Vo Vi) - (Vo= Vo)
AVso o= AV ur

=50 -51-¢") =502 -1).

i _ ,~in2_ 1

Butt=In2s and t=1s, so ¢ >

". voltmeter reads 0 Vatt=1In2s.
Hence, the correct options are (a), (b), (c) and (d).
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Let V,, = potential at O. Vi
According to junction rule:
ViVo -0 %tV R
R, ~ R R
1 2 3 o
E — & R2 R3
N R; R,
Vo= 11
Rl R2 R3 oV -V
Current through R, will be zero, if
V,=0 n_K
o =0 so V, " R

This condition is satisfied by the options given (a), (b) and (d).

. Consider the situation shown in Figure (i), in which all the elements

are connected in series.
I
9

Fig. (i)
If I be the current through galvanometer for full-scale deflection (max
range), the potential difference across AB is
V, = I,@R, +2R) =21 (R + R)).
Again, consider the situation shown in Figure (ii).
I, flows through each galvanometer for full-scale deflection.

lg
2lg

>

R R

Fig. (ii)
" voltage range, V, =V, = Vg = LR, + 21, - 2R = [ (R, + 4R).
If2R, <R then V,>V,.
For maximum current range, all the components are to be connected
in parallel.

Hence, the correct options are (b) and (c).

. The magnetic field is nonzero in the region 0 < r < R as well as in the

region r > 2R.

Hence, the correct options are (a) and (d).

. Effective length of the wire, 7 = 2(L + R) and magnetic force,

F=1I( xB)=2I(L+R)i xB.
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If B =Bk F = 2I(L+R)Bixk
= 2I(L + R)B(~})

= Foc (L+R).
If B=Bi, F=2(L+RB(@xi)=0.
If B =Bj, F = 2L +R)B(i x j)=2B(Lx R)k

= Foc (L+R).

If B = Bk, F # 0, so0 option (d) is incorrect.
Hence, the correct options are (a), (b) and (c).

For 6 = 0, path of the charge is circular due y
to B field. In addition, it experiences force
due to the electric field (gE,j); it has an
acceleration along the y-axis. So the resulting
path will be helical with a variable pitch.

Eo

Bo

With similar arguments, for 6 = 10°, the path )
will be helical with the pitch increasing with +q X
time.

For 6 =90°, EB= q(@ x E) is zero but F, = gE;: the motion is linear,
accelerated along the y-axis.
Hence, the correct options are (c) and (d).
2
mo_ . _ Mo
r’ qB

The particle will describe semicircular paths (parallel) with

quB = -Sorocm.

radii < mass. Time T = 2;—;1, so T ocm.

Hence, the correct options are (b) and (d).

The magnetic field exists along Y
the negative z-direction as shown.

The radius of the circular path r = % 2043+

The velocity at the point of emergence
Piso= 2(/3i+j)ms.

So it makes an angle 6 with the x-axis, 4 L X

when 0 = tan”! 1. 30°=Z.

/3 6
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. _n __ntMv_nM4_27M,
..pathOP—6 r 60B 6 0OB 30B
B _ S _PathOP _2 M
. timet=10ms =10 x 10 P ~30Bx4
_50nM
=>B= 30
Hence, the correct options are (a) and (c).
Since r = QB’ the distance of re-entry into Region 1 from P, is 2r
= 2 mv Region 1 -
=d oB T [~~<. P ET
= d ccm. N ®
. _ 8 p o A
Given, B = 13 QR’ ;
s the radius, r = ==L R=1. 6R, y=-R -4»?
’ QB 8 P o
3R
which is greater than % 2
Hence the particle will enter Region 3.
P, 3 . . .
For B> % 3 or" " <5R,s0 the particle will re-enter Region 1.

Linear momentum has a constant magnitude in a magnetic field.
. atP,, p pl and at the farthest point from the y-axis (at A), p =pj.
".the magnitude of the change in momentum,
871 =1p, ~p|=pli-il=v2p.
Hence, the correct options are (a) and (b).

Induced emf 0 — L (region) and 3L — 4L (region).

. . ._ £ _Blu,
Motional emf £ =-BLv,i = R R
Force on a current-carrying conductor in a B field,
F = iLB.

dv _ dv dx _ dvo ... B’

Now, F = mdt mdx qtr - mvdx—zLB— R
272

> do= _B°L

mR
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)4 2.2 X
Integrating, f dv =- linIL{ f dx.
v 0

0
". velocity as a function of x,
2,2 272
—_ . :> = —_—
mR X0 (x) =7, R

Now, current at any position (x),

v(x) -7y = — “X.

BL _BL[ B2
V="FH" 0_

@) = RO=R [P~ R Y}
._I’B’ B*L?
and the force F(x) = LBi = R %" R

Considering Lenz’s law with these results, the graphs represented in
options (c) and (d) are correct.

The magnetic flux linked with the
loop due to current (assumed)
through the wire,

h
4, = | BdA
0
hp[ polh
= J-L'2rdr: 0
nr T
0
buu _ Mol

= mutual inductance M = T T x
The magnitude of induced emf in the wire

ooyl Mol dl_Ho )< (to)
£, = ‘ M= =2 01m a0 As™) =(2) V.
According to Lenz’s law, the loop should move away, so there will be
a repulsive force between the wire and the loop.

Hence, the correct options are (b) and (c).

The flux of the magnetic field through the
wire loop is as much positive (outward) as
negative (inward).
Hence, ¢ = zeroand

do

E = Zero.

Hence, the correct options are (a) and (c).
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After a very long time, magnetic flux linked with each coil is the same,
hence

. . .. dIl dIZ
Lll1 = Lzlz . Ll E = L2 E
L, L, vy
=i = i= — and
L . L V.

i, = i=
2T L +L, ' TL+L, R
At t = 0, the inductors offer a large obstruction to the current
through R. So, i = 0.
i L
Now, L constant.
L,
Hence, the correct options are (b), (c) and (d).
The net magnetic flux through the loop at time ¢t is
¢ = B(2A — A) cos ot = BA cos ot. (1)
= ‘ it ‘ BAw sin otf, which is maximum when ot = %
In the smaller loop,
=M pBwsinot,
=~ ~ABo sin®
and the net emf in the system due to both the loops (see Equation i),
g = A AB t
=~ ~ABo sin®
= amplitudes (ABw) in both the cases is the same.

Hence, the correct options are (a) and (d).

The amplitude of the voltage across the terminals X and Y,

Vyy = \/ V2+V2-2V2cosZE = 3V,

Similarly, Vy, = Vy, =v3Vj.
peak value

V2
. Vxy = \/% Y%
and Vyy = \/% V-

The rms value =
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Voltmeter reading (V™) is the same for any two terminals.

Hence, the correct options are (a) and (d).

In a capacitor, current leads the voltage by %, hence initially
V = V,sinot.

J.charge Q = CV =CV,sinot = Q, sinot,

I
where Q) —CVO—CIXC—f—2x10‘3C

3
At t= 7—“; coswt = hence
6®

2 7
3 L . .
I= —710, which is anticlockwise.
Immediately after t = %, the current
V50
i=—fR = 10 A.

Charge flow = Qg . — Q(al gl> =2x10°C.
[}

Hence, the correct options are (c) and (d).

1 _ 1

oC  (100)(100 x 107%)

X, = oL =(100) (0.5) = 50 Q.
For the upper branch (1), z; = y/ R*+ X(zj =100v2 Q.

For the lower branch (2), z, = v/ R+ XE = 50«/5 Q.

=100 Q.

Source voltage V = V,, sinot = 20«/5 sin wt.
I = f sin ((nt+ )
100f
204/2

and I, = sin (mt - Z)

5042

Taking the rms values,

= = \/112+I§=4/51—0+%=4/11—0 ~ 0.3 A.
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50 Q

B

100 )
Capacitive Inductive
circuit circuit

Voltage across the resistor,

0.2
VRyoo = () rms X 100 = 2 x100=10y2 V.
imi 04 B
Similarly, Vg, = —=x50=10 J2 V.

/2

Hence, the correct options are (a) and (c).
Y

Vo
22. Peak current [, = - = ]

R +{oL- L}
oC

At resonance,

(i) the phase difference between current and voltage is zero, and

(ii) the circuit is resistive.

/1
XL:XC = o= E

= o, =10°rads™.

The resonant frequency 1C does not depend on R.

JLC

At o >>o0,= 106), X; >> X, the circuit acts as inductive.

If mHO,XC=mlfCH 00,z >, so [—0.

Hence, the correct options are (a) and (b).

V 2 2, 1,2 2 (I V 22, ( 1V
2. 1=+, V2= Vi+VZ=(R) +<E) and Z>=R +<E>
*, current [ :# and VC=I<L>-
2
R2+ 21 . oC
o C

In case (A), C, is less and in case (B), Cy has larger value.

S X > (X)g = Zy>Z = Ig<Ip
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.. Vo _ \%4
Similarly, V- = 7XC = 7m

= VEsSVE.
Hence, the correct options are (b) and (c).

The forces on BC and DA are equal and opposite in direction. Hence

F,.. on the loop is zero.

Torque T=m xB =IA xB.

" Ais LB,lt|=1AB=0.

As seen from O, the loop rotates clockwise.
Hence, the correct options are (a) and (c).

For a charge g in a magnetic field B,
2

mov_ _ _mu,
F =quB, ’ =quB, r= 4B
. . mo qlB
For the particle to enter Region III, r > | = qu > > 0> T
For the path length to be maximum, / = r
_qBI
= m
For r < I, the particle describes a semicircle for which time t = % = z—?,

which is independent of velocity.
Hence, the correct options are (a), (c) and (d).

Equivalent resistance of the circuit,
6kQ)(1.5kQ) 16

R = 2kQ+W—?kQ
". current through the battery,
I= gt -=75mA.
5 kQ

The potential difference across R, is IR, = (7.5 mA) 2kQ) =15 V.

.. the potential difference across the parallel combination of 6 kQ) and
1.5kQwillbe24V-15V =9 V.

The ratio of power dissipated in R, and R, is

B PR (7.5mA)2x(2kQ)_3 .

B vi/R,  (15V)?/6kQ
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Interchanging R, and R,, equivalent resistance

2kO) (1.5kQ
R = 6k9+¢—§

35kQ 7
. o 24 7
. current I’ = 187 A ) A.
The PD across R,, V'’ =24 V — (% x6)V=3V.
e VBV
The power dissipated in R; is R - R
L L
. o VOV
Previous power dissipation = - R
L L

. the power dissipation is decreased by a factor of 9.
Hence, the correct options are (a), (c) and (d).

d
As the induced emf — d_(jf) is same in both the rings, the strength of the

induced current will depend upon the resistance of the ring.

Larger the resistivity, smaller is the current. Thus for /1, > hy, the correct
options are (b) and (d).

2.6 Ray Optics and Wave Optics

1.

At P, sin 60° = y/3siny. .. y=30°.

. 1
sinC=—, C<45°

V3

Internal reflection occurs at R.
Angle between the initial and final
rays = angle of deviation = 90°.
Hence, the correct options are (a), (b) and (c).

. For air to glass,

15_14-1_15-14

£~ R T r _hTR
For glass to air,

1 14-15,1-14 _
£ -R + R :>f2—2R.

Hence, the correct options are (a) and (c).
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sin .
2  sinA _ A .
n= Siné = Siné =2cos 2 ..(i)
2 2

At minimum deviation, i +i=A + 35, = 2A
. A i
= ll = A, rl = 7 = E.

From equation (i), A = 2 cos™ <E>

2
sinC=—1/cosC= 1——1'
2 A/ “2

Now, sini = psin(A-C)

= n(sin A cos C - cos A sin C)

. 1 cosA
—p[smA /1 le m

= (sinA uz—l—COSA>

= sini = (sinA4/4c052%—1—cosA>.

At i, = A, the ray undergoes minimum deviation through the prism

and passes symmetrically so that the ray inside the prism is parallel to
its base.
Hence, the correct options are (a), (c) and (d).

For refraction through S;:

1 15 1-15
v -50 ~ -10
= v = 50 cm (at Q).

R=10cm R=10cm
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For refraction through S,:
u = —(d-50) cm,
v = o0 (".'rays are parallel).
. 15 1 _15-1 _
0 TT(@-50) = +10 =d=70cm.
Hence, the correct option is (b).

11 1_1 1 _ 1

. From lens formula, - ==--+-="F—-+—"F<=%~

f v uT 60 (-30) 20
:>f=20C1’n—an1'

For reflection from the convex surface (using mirror formula),

1.1 1 1 _1

1_ + L1
fTuv T (=30) 10 15

R =2f=30cm.
R —
But n—1—20—1.5. Son=25.

The faint image is erect and virtual.
Hence, the correct options are (a) and (d).

. From Snell’s law,

n;sin ©; = 1,sin 0, = 1, sin B;.

The deviation of ray in the slab will depend on n(z). Hence, [ will
depend on n(z) and is independent of .

Hence, the correct options are (a), (c) and (d).

. The path difference at any angular position P(0) is

A = dcos 0.
Path difference at P;:

A = dcos 90° = 0 (max).
Path difference at P,:

A =dcos0°=d=18mm
= % = 600mm = 3000

.. 3000th-order bright fringe will
form at P,, and the total number
of fringes between P, and P, is
close to 3000.

Angular separation between two
consecutive fringes
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‘ dn ‘ d sme
As we move from P, to P,, the angular width increases.
Hence, the correct options are (a) and (c).

8. Since the line joining S; and S, is perpendicular to the screen, the fringe
pattern will consist of semicircles.

At O, phase difference

_ 2 g 5mg,0= 2500010 m
Ao (600 x10"%) m ‘

Thus the region very close to O is dark.
Hence, the correct options are (b) and (d).

_ AN
9. d= 2sm6,lnd ln(2> In(sin6).

Differentiating, Add 0- %'

B (A—d> = cot0-A® or (Ad),, =dcot6-AB
max

d

max

-cotO AO =Lw

= — A8.
2sin 0 7 sinZ0

. cos 0
As 0 increases, cot 0 decreases and also decreases.

.2
sin”“0

Hence fractional error in d decreases.
Hence, the correct option is (d).

10. Fringe width 3 = % A > A 2 By> By

Number of fringes in a given distance = m = B = my<my.
3D
3rd maximum of A, = 3f, = i 2= %'
- _ 9D _ 1800D

and 5th minimum of A, = d - 4
B_a

Angular separation 6 = D=4

Hence, the correct options are (a), (b) and (c).

&\?

11. For at least one maxima, sin0 =
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Ifd=%,sin0=1,0=5" So y — .

If A < d < 2, sin O exists and y is finite.
I =1+L+2/LL,.
[.=1+1I zﬁ .
Initially, I . = 9Tand[
If I, =1, then I, =4I, Imm 0.
Thus intensities of both the dark and bright fringes will decrease.
Hence, the correct options are (a) and (b).

1,1_1

12. Using mirror formula TR ?, we get:
For (a): (42,56);f = 24 cm
For (b): (48,48);f = 24 cm
For (c):  (66,33);f = 22 cm
For (d): (78,39);f = -26 cm

Thus options (c) and (d) are incorrectly recorded.

2.7 Modern Physics

1. KE . of an electron just after emission,

he
KE, = ¥

and on reaching the anode,
KE, = <f—c— ¢> +eV.
Ph

h g o L.

2meV ¢ W

If ¢ and Ap, increase, KE; decreases and A, increases. So option (c) is

For V >> (2, KE; = eV, and A=

incorrect.
7\46 = LI
2m (KEy)
d7“e =+ d}‘Ph . b)isi
it T option (b) is incorrect.

Hence, the correct option is (a).

he he ¢
2 = evrg or V= TE(1)- %
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The plot of V,, vs % is linear with negative intercept on the V axis.

The plot of V,, vs A is nonlinear.
Hence, the correct options are (a) and (c).

. Orbital radius, r = ”0% = %:MT”
For An =1, % oc %
nh AL _ An
Angular momentum, L = L .
AL 1.
L n
2
Total energy, E = _13'62Z
n
AE
j3 = _72%11 = A]Si oc % ... option (c) incorrect.

n

Hence, the correct options are (a), (b) and (d).

2
. n nh _3h

. Given:  4.5a, = aq 7 and o o

Solving, n=3and Z =2.

Possible wavelengths correspond to the transitions 3 > 2, 2 2 1 and
3 — 1 and are given by

1 2(1 1 9
)\’—1 = RZ <—2——2) =>7\.1——

1 _ po2fl -1
2, = RZ <12 22):x2 3R
1

P 5R
Hence, the correct options are (a) and (c).
236
92U = 5iXe+ iS4 X +pY,

where X =Y = n (neutron).
Q-value of reaction,

Q = 236 x 7.5— (140 + 94) x 8.5
= 1170 — 1989 = 219 MeV.
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In options (a) and (d), the energy and charge conservation laws are
followed, so

Q = Ky + K5 + K + Ky

129 + 86 + 4 = 219.

In(d)r Pxe = Pst * Px t Py

so, the conservation of linear momentum will not hold and only option
(a) will hold.

. Energy is released during nuclear fusion and fission when the final

binding energy per nucleon is greater than the initial binding energy so
that the nucleus gets more stable. This will occur in fusion [option (b)]
and fission [option (d)].

a
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