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PREFACE

The IIT JEE (Advanced) entrance examination is unique in terms of
the various types of questions asked to determine a student’s depth
of understanding of a subject. Keeping this in mind, this book has been
designed to provide the students with sufficient questions to let them take
the test confidently. The questions are given in the following six chapters,
each based on a specific pattern:

1. Objective Questions: Type 1 (with only one option correct),

. Objective Questions: Type 2 (with one or more options correct),
. Integer-Answer-Type Questions,

. Matrix-Matching-Type Questions,

. Linked-Comprehension-Type Questions, and

N G = WD

. Assertion-Reason-Type Questions.

Solutions to all the questions are given separately in detail at the end of each
chapter to assist self-assessment.

Finally, I would like to thank my family members—Uma Mathur, Nitin,
Manjari, and little Aishanya—for their constant encouragement and

support.

Suggestions from teachers and students for the improvement of the book
will be highly appreciated.
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Multiple-Choice Questions: Type 1

In this chapter, each question has four options (a, b, c and d), out of which only
one option is correct.

1.1 General Physics

1. A vernier callipers has 1-mm marks on the main scale. It has
20 equal divisions on the vernier scale which match with
16 main-scale divisions. For this vernier callipers, the least count is

(a) 0.02 mm (b) 0.05 mm
(¢) 0.1 mm (d) 0.2 mm
. S AV . e
2. A quantity X is given by g, L AF where g, is the permittivity of

vacuum, L is the length, AV is the potential difference and At is the
time interval. The dimensional formula for X is the same as that for
(a) resistance (b) charge
(c) voltage (d) current

3. The density of a solid ball is to be determined in an experiment. The
diameter of the ball is measured with a screw gauge whose pitch is
0.5 mm, with 50 divisions on the circular scale. The reading on the
main scale is 2.5 mm and that on the circular scale is 20 divisions. If
the measured mass of this ball has a relative error of 2%, the relative
percentage error in the density is

(a) 0.9 (b) 2.4
(c) 31 (d) 4.2

4MgL
4. In the determination of Young modulus |Y = 2 by using
T

Searle’s method, a wire of length L = 2 m and diameter 4 = 0.5 mm
is used. For aload M = 2.5 kg, an extension [ = 0.25 mm in the length
1



Solved Problems in Physics for IIT JEE Advanced

of the wire is observed. Quantities d and / are measured using a
screw gauge and a micrometer respectively. They have equal
pitches of 0.5 mm. The number of divisions on each of their circular
scales is 100. The maximum probable error in the measurement of
Y arises due to the error in / and d both.

(a) The error in the measurement of 4 and / are equal.

(b) The error in the measurement of d is twice the error in the
measurement of /.

(c) The error in the measurement of [ is twice the error in the
measurement of d.

(d) The error in the measurement of d is four times the error in
the measurement of /.

. During an experiment with a metre bridge, the galvanometer shows
a null point when the jockey is pressed at 40.0 cm using a standard
resistance (R) of 90 Q, as shown in the figure. The least count of the scale
used in the metre bridge is 1 mm. The unknown resistance (X) is

L X 90 Q J

~ 40cm
(a) (60 +0.15)Q (b) (135 = 0.56) Q
(c) (60 +0.25) Q2 (d) (135+0.23) Q

. The diameter of a cylinder is measured using a vernier callipers
with no zero errors. It is found that the zero of the vernier scale lies
between 5.10 cm and 5.15 ¢m of the main scale. The vernier scale
has 50 divisions, equivalent to 2.45 cm. The 24th division of the
vernier scale exactly coincides with one of the main-scale divisions.
The diameter of the cylinder is

(a) 5.112cm (b) 5.124 cm
(c) 5.136 cm (d) 5.148 cm

. There are two vernier callipers, both of which have 1 cm divided
into 10 equal divisions on the main scale. The vernier scale of one of
the callipers (C,) has 10 equal divisions, corresponding to 9 main-
scale divisions. The vernier scale of the other calliper (C,) has 10
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equal divisions that correspond to 11 main-scale divisions. The
readings of the two callipers are shown in the figure. The measured
values by the callipers C; and C, are respectively

2 3 4
Cq
0 5 10
2 3 4
ot
0 5 10
(a) 2.87 cm and 2.86 cm (b) 2.87 cm and 2.87 cm
(c) 2.87 cm and 2.83 cm (d) 2.85cm and 2.82 cm

8. Consider an expanding sphere of instantaneous radius R whose
mass (M) remains constant. The expansion is such that the
instantaneous density (p) remains uniform throughout the volume.

d
The rate of fractional change in density (%d_?) is also constant.

The velocity (v) of any point on the surface of the expanding
sphere is proportional to

(a) R*/® (b) R

1

© K @ %
9. Apersonmeasures the depth of awell by measuring the time interval
between dropping a stone and receiving the sound of impact of the
stone with the bottom of the well. The error in his measurement of

time is 8T = 0.01 second, and he measures the depth of the well (L)
to be 20 metres. Take the acceleration due to gravity (g) as 10 m s™

and the velocity of sound as 300 m s7!. Then the fractional error (T)
in the measurement is close to

(@) 0.2% (b) 5%
(C) 1% (d) 3%

10. Three vectors I—’), 5 and R are shown in the figure. Let S be a point
on the vector K. The distance between the points P and S is bl Rl

The general relation among P , 6 and S is
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P
bR
S

R-a-P

Q

0| X"
@ S=(1-bP+b*Q (b) S=(1-)P+bQ
(©) S=(1-bP+bQ d) S=v-1)P+bQ

11. Aballis dropped vertically from a height d above the ground. It hits
the ground and bounces up vertically to a height d/2. Neglecting
the subsequent motion and the air resistance, how its velocity (v)
varies with the height (1) above the ground?

(@) av (b) av

() av (d) av

12. Two identical discs of the same radius R are rotating about their
axes in opposite directions at the same angular speed o. The discs
are in the same horizontal plane. At the time t = 0, the points P and
Q are facing each other, as shown in the figure. The relative speed
between the two points P and Q is v,. In each period of rotation (T)
of the discs, v, as a function of time is best represented by
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5>

<

(@) v L (b) ve l
t t

O O

(C) Vr (d) Vr

!
!
!
|
1
!
l
T
!
!
!
!
|
|
!
T

o) T t o) t

A string of negligible mass going over a clamped pulley of mass m

supports a block of mass M, as shown in the figure. The force on the

pulley by the clamp is given by
/ m

(a) \2Mg 7

(b) \2mg

© YM+m)*+m” - g

(d) y(M+m)*+M* - g

Two particles of masses m, and m, in projectile motion have the
velocities ¥ and ¥ respectively at the time t = 0. They collide at
t =t,. Their velocities become Z and g at t = 2t, while still moving
in air. The value of ‘ (mlﬁJr ng )— (m177)1+ mzzZ) ‘ is

(a) zero (b) (my +m,)gt,

(c) 2(m, + my)gt, (d) m, + my)ghy

A small block is shot into each of the four tracks shown below. Each
of the tracks rises to the same height. The speed with which the
block enters the track is the same in all cases. At the highest point
of the track, the normal reaction is the maximum in the case
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(b)

(a)
\ \
(© (d)
\ \

A long horizontal rod has a bead which can slide along its length
and is initially placed at a distance L from one end A of the rod.
The rod is set in angular motion about A with a constant angular
acceleration o. If the coefficient of friction between the rod and the

bead is p and the gravity is neglected, the time after which the bead
starts slipping is

i u

@ o (b) o
© =
Yo

A cubical block of side length L rests on a rough horizontal surface
having the coefficient of friction p. A horizontal force F is applied
on the block, as shown. If the coefficient of friction is sufficiently
high so that the block does not slide before toppling, the minimum
force required to topple the block is

(d) infinitesimal

F— T
I
e mg
(a) infinitesimal (b) e
mg
© & (d) mg(l-p)
A block of mass m is on an inclined
plane of angle 6. The coefficient of b
friction between the block and the plane
is n, where tan 6 > p. The block is held 0

stationary by applying a force P parallel
to the plane. The direction of force pointing up the plane is taken
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to be positive. As P is varied from P, = mg(sin 6 —pncos6) to
P, =mg(sin 8 + pcos 0), the frictional force f versus P graph will look
like

(@) A )

© (d A

P Py
| |
| |
| |

A uniform wooden stick of mass 1.6 kg and length [ rests in an
inclined manner on a smooth vertical wall of height (<) such that
a small portion of the stick extends beyond the wall. The reaction
force of the wall on the stick is perpendicular to the stick. The stick
makes an angle of 30° with the wall, and the bottom of the stick is
on a rough floor. The reaction of the wall on the stick is equal in
magnitude to the reaction of the floor on the stick. The ratio /1// and
the frictional force f at the bottom of the stick are respectively (when
g=10ms™)

V3 163 3 1643
(@) Eand 3 N (b) EandTN
3/3 83 343 16+/3
(C) YandTN (d) YandTN

A simple pendulum is oscillating without damping. When the
displacement of the bob is less than the maximum, its acceleration
vector 4 is correctly shown in the figure

(a) (b)
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(© (d)

21. A cylinder rolls up an inclined plane, reaches some height, and
then rolls down (without slipping throughout these motions). The
directions of the frictional force acting on the cylinder are

(a) up the incline while ascending and down the incline while
descending

(b) up the incline while ascending as well as descending

(c) down the incline while ascending and up the incline while
descending

(d) down the incline while ascending as well as descending

22. A circular platform is free to rotate in a horizontal plane about
a vertical axis passing through its centre. A tortoise is sitting at
the edge of the platform. Now, the platform is given an angular
velocity ®,. When the tortoise moves along a chord of the platform
with a constant velocity (with respect to the platform), the angular
velocity of the platform w(t) will vary with time ¢ as

(a) 00} (b) ©0
(O] o
t t
(©) o0 (d) o
©o
o

t t

23. A ball of mass m = 0.5 kg is attached to the end of a string of length
L = 0.5 m. The ball is rotated on a horizontal circular path about
the vertical axis. The maximum tension that the string can bear is
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324 N. The maximum possible value of the angular velocity of the
ball is

(a) 9rads™! (b) 18 rads™!
(c) 27 rad s} (d) 36rads™

The work done on a particle of mass m by a force

x : Y
K +
{<x2 A s
point (a, 0) to another point (0, a) along a circular path of radius a
about the origin in the xy-plane is

% j} when the particle is taken from the

(a) 22K (b) X
CE> (@) 0

A wire which passes through the hole in a
small bead is bent in the form of a quarter A
of a circle. The wire is fixed vertically on the
ground, as shown in the figure. The bead is
released from near the top of this wire and 90°
it slides along the wire without friction. As N B
the bead moves from A to B, the force it
applies on the wire is

(a) always radially outwards

(b) always radially inwards

(c) initially radially outwards and later radially inwards
(d) initially radially inwards and later radially outwards

Ablock of mass2kgis F()

free tomove along the 4y

x-axis. It is at rest and

from t = 0 onwards it

is subjected to a time- 45s
dependent force F(t) O 3s ! t
in the x-direction. The !

force F(t) varies with ¢

as shown in the figure above. The kinetic energy of the block after
4.5 seconds is




10

Solved Problems in Physics for IIT JEE Advanced

(a) 4.507 (b) 7.50]
(c) 5.06] (d) 14.06]

27. A moving point mass of 1 kg collides elastically with a stationary

28.

29.

30.

point mass of 5 kg. After their collision, the 1-kg mass reverses its
direction and moves with a speed of 2 m s™. Which of the following
statement is correct for the system of these two masses?

(a) The total momentum of the system is 4 kg m s~

(b) The momentum of the 5-kg mass after collision is 4 kg m s™".
(c) The kinetic energy of the centre of mass is 0.75]J.
(d) The total kinetic energy of the system is 4 J.

A ball of mass 0.2 kg rests on a . .

vertical post of height 5 m. A bullet  vms™[7[ "~ T~

of mass 0.01 kg, travelling with \\\ N

a velocity v m s™ in a horizontal \ N\
direction, hits the centre of the ball. 0 20 100

After the collision, the ball and the bullet travel independently.
The ball hits the ground at a distance of 20 m and the bullet, at a
distance of 100 m from the foot of the post. The velocity v of this
bullet is

(@) 250 ms™ (b) 250y2 ms™
(c) 400 ms™ (d) 500 m s

A particle of mass m is projected from the ground with an initial
speed u,, at an angle o with the horizontal. At the highest point of
its trajectory, it makes a perfectly inelastic collision with another
identical particle, which was thrown vertically upward from
the ground with the same initial speed (u,). The angle that the
composite system makes with the horizontal immediately after the
collision is

(@) 7§ (b) J+o
(© §-a (d) 5

A tennis ball is dropped on a smooth horizontal surface. It bounces
back to its original position after hitting the surface. The force
on the ball during the collision is proportional to the length of
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compression of the ball. Which one of the following sketches
describes the variation of its kinetic energy K with the time ¢ most
appreciably? (The figures are only illustrative and not drawn to the

scale.)
(@) (b)
K K
t' A&,
(© (d
K K
t t
Two blocks of masses 10 kg and 4 kg are connected by a spring

of negligible mass and placed on a frictionless horizontal surface.
An impulse gives a velocity of 14 m s~ to the heavier block in the
direction of the lighter block. The velocity of the centre of mass is

(@) 30ms™ (b) 20m s
(c) 10ms™! (d) 5ms™!

A thin uniform rod, pivoted at O, is rotating
in the horizontal plane with a constant
angular speed ®, as shown in the figure. At
t = 0, a small insect starts from O and moves with
a constant speed v relative to the rod towards
the other end. It reaches the end of the rod at ¢ = T and stops. The
magnitude of the torque (|7 |) on the system about O as a function
of time (¢) is best represented by

(@) z (b) z

B 7l |

0 }T t 0 }T t
(©) z (d) z
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A small mass m is attached to a massless string
whose other end is fixed at P, as shown in the
figure. The mass is undergoing a circular motion
in the xy-plane with the centre at O and a constant
angular speed . If the angular momentum of the
system calculated about O and P are respectively

denoted by L—)O and f; then

(@) Lyand L, do not vary with time
(b) Lg varies with time, while L, remains constant
(¢) Ly remains constant, while L, varies with time

(d) L—(: and f; both vary with time

Consider a disc rotating in the

(]
horizontal plane with a constant Y R \
angular velocity  about its centre O. Q
The disc has a shaded region on one o
side of the diameter and an unshaded X

P

region on the other side, as shown in

the figure. When the disc is in the

orientation as shown, two pebbles P and Q are simultaneously
projected at an angle towards R. The velocity of projection is in
the yz-plane and is the same for both the pebbles with respect to
this disc. Assume that (i) they land back on the disc before the disc
has completed 1/8 rotation, (ii) their range is less than half the disc
radius and (iii) ® remains constant throughout. Then,

(a) Plands in the shaded region and Q, in the unshaded region
(b) P lands in the unshaded region and Q, in the shaded region
(c) both P and Q land in the unshaded region

(d) both P and Q land in the shaded region

One end of a thick horizontal copper wire of length 2L and radius
2R is welded to an end of another thin horizontal copper wire
of length L and radius R. When the arrangement is stretched by
applying forces at two ends, the ratio of the elongation in the thin
wire to that in the thick wire is

(a) 0.25 (b) 0.50
(c) 2.00 (d) 4.00



36.

37.

38.

39.

Multiple-Choice Questions: Type 1 13

Consider three regular polygons with the number of sides n = 3,
4 and 5 as shown in the figures.

The centre of mass of all the polygons is at the height I from the
ground. They roll on a horizontal surface about the leading vertex
without slipping and sliding as depicted. The maximum increase in
the height of the locus of the centre of mass for each polygon is A.
Then A depends on 2 and  as

(@) A= hsm(ZTE) (b) A=hsin*(%)
(0 A=htan? (L) @d) A=hl—L——1
5 ol

A geostationary satellite orbits around the earth in a circular orbit
of radius 36000 km. Then, the time period of a spy satellite orbitting
a few hundred kilometres above the earth’s surface (R, = 6400 km)
will approximately be

(a) %h (b) 1h
() 2h (d) 4h

A thin uniform annular disc (see
figure) of mass M has the outer
radius 4R and the inner radius
3R. The work required to take a
unit mass from the point P on its
axis to infinity is

@ 22M4y2-5) (b) ~22M 42 -5)
© M @) 2M /21y

A satellite is moving with a constant speed v in a circular orbit
around the earth. An object of mass m is ejected from the satellite
such that it just escapes from the gravitational pull of the earth. At
the time of its ejection, the kinetic energy of this object is
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() 3mo® b) me
© Smo? (d) 2mo?

A planet of radius R = 10 (radius of the earth) has the same mass

density as the earth. Scientists dig a well of depth §on itand lower

a wire of the same length and of linear mass density 10~ kg m™
into it. If the wire is not touching anywhere, the force applied at the
top of the wire by a person holding it in place is (taking the radius
of the earth as 6 x 10° m and the acceleration due to gravity of the
earth as 10 m s72)

(@) 96N (b) 108 N
() 120N (d) 150 N

A rocket is launched normal to the surface of the earth, away from
the sun, along the line joining the sun and the earth. The sun is
3 x 10° times heavier than the earth and is at a distance 2.5 x 10*
times larger than the radius of the earth. The escape velocity from
the earth’s gravitational field is v, = 11.2 km s™'. The minimum
initial velocity required for the rocket to be able to leave the sun-
earth system is close to

(a) 60 kms™ (b) 40 km s
(c) 70kms™! (d) 20 km s™
A ring of mass M and radius R is
5 e

rotating with the angular speed wabout
a fixed vertical axis passing through
its centre O with two point masses
each of mass M/8 at rest at O. These ~Jn%—
masses can move radially outwards
along the two massless rods fixed on
the ring as shown in the figure. At
some instant the angular speed of the

§m and one of the masses is at a distance of 3R /5 from O.

system is 9
At this instant, the distance of the other point mass from O is
2 3
(@) SR (b) 2R

© %R ) %R
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A wooden block performs SHM
on a frictionless surface with a
frequency of v,. The block carries
a charge +Q on its surface. If a

uniform electric field F is switched

+Q

on as shown then the SHM of the block will be of

(a) the same frequency and with a shifted mean position

(b) the same frequency and with the same mean position

(c) achanged frequency and with a shifted mean position

(d) achanged frequency and with the same mean position

A small block is connected to
one end of a massless spring of
unstretched length 49 m. The
other end of the spring (see the
figure) is fixed. The system lies on
a horizontal frictionless surface. The
block is stretched by 0.2 m and then
released. It then executes SHM with

Z
\%
>Lx
(6] P
-
10m

an angular frequency of ® = (1/3) rad s™. Simultaneously at = 0, a
small pebble is projected with a speed v from the point P at an angle
of 45° as shown in the figure. The point P is at a horizontal distance
of 10 cm from O. If this pebble hits the block at t = 1 s, the value of

vis

@) V50 ms™ (b) V51 ms™
(©) Y52ms™ (d) V53 ms!

A hemispherical portion of radius R is removed
from the bottom of a cylinder of radius R. The
volume of the remaining cylinder is V and its [.______ .
mass is M. It is suspended by a string in a liquid h
of density p. It stays vertical inside the liquid. The
upper surface of the cylinder is at a depth / below P
the liquid surface. The force on the bottom of the

cylinder by the liquid is

puigirii

(a) Mg (b) Mg-Vpg

(c) Mg +nR%hpg (d) pg(V+mR%h)
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A wooden block, with a coin Coin

placed on its top, floats in water,
as shown in the figure. The
distance [ and h are shown. After il
some time the coin falls into the
water. Then, h

(a) I decreases and h increases
(b) lincreases and h decreases

(c) both [ and & increase
(d) both I and & decrease

A thin uniform cylindrical shell, closed at both ends, is partially
filled with water. It is floating vertically in water in the half-
submerged state. If p_is the relative density of the material of the
shell with respect to water then the correct statement is that the
shell is

(a) more than half-filled if p_ is less than 0.5
(b) more than half-filled if p_is more than 1
(c) half-filled if p_is more than 0.5

(d) less than half-filled if p_is less than 0.5

A glass capillary tube is of the shape of a
truncated cone with an apex angle o so
that its two ends have cross sections of h

different radii. When dipped in water =~ [--—-q-f--"--—-—--—-
vertically, water rises in it to a height Ir,
where the radius of its cross section is
b. If the surface tension of water is s, its
density is p and its contact angle with
glass is 6, the value of I will be

(a) szSgcos 0-a) (b) szsgcos (6+w)
2s a 2s o
(c) @cos (9 - E) (d) @ cos (6 + 5)

Two blocks A and B of masses 2m and m respectively are connected
by a massless and inextensible string. The whole system is
suspended by a massless spring, as shown in the figure. The
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magnitude of acceleration of A and B immediately
after the string is cut are respectively

(@ g and% (b) and Q

(c) gand g (d) and §

50. A system of binary stars of masses m, and my are moving in
circular orbits of radii v, and r respectively. If T, and T} are the
time periods of the stars A and B respectively,

7\

(a) (ﬁa) (b) Tp>Tgifry>rg
Ty

(€) Ty>Tgif my >my d) T,=Tg

51. A solid sphere of mass M, radius R and having moment of inertia as
I is recast into a disc of thickness ¢, whose moment of inertia about
an axis passing through its edge and perpendicular to its plane
remains I. Then the radius of the disc will be

@ 2% ®) Ry/Z

4R R
Pl d il
© s @ 4
52. Two particles each of mass m are F

tied at the ends of a light string of

length 24. The whole system is kept

on a smooth horizontal surface m m
P

with the string held tight so that Q_»_—S)

each particle remains at a distance @ @

a from the centre P (as shown in

the figure). Now the midpoint of the string is pulled vertically

upwards with a small but constant force F. As a result, the particles

move towards each other on the surface. The magnitude of the

acceleration when the seperation between them becomes 2x is
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F . a F._x

@ 2 T ) 2

2 2

F x a —Xx
(C) 2m'a (d) 2m X

A small object of uniform density rolls up a curved surface with an
initial velocity . It reaches up to a maximum height of 30*/4¢ with
respect to the initial position. The object is a

(a) ring (b) solid sphere
(c) hollow sphere (d) disc

A spherically symmetric gravitational system of particles has a
mass density
_|poforr <R
P7loforr>R,

where p,, is a constant. A test mass can undergo a circular motion
under the influence of the gravitational field of particles. Its speed
v as a function of the distance r (where 0 < r < @) from the centre of
the system is represented by

(@) vi (b) v

Y
y

() b (d) 4

A bob of mass m is suspended by a massless B

string of length L. The horizontal velocity v

at the position A is just sufficient to make

it reach the point B. The angle 6 at which b

the speed of the bob is the half of that at A

satisfies C
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_T T s
(a)G—4 (b)4<9<2
s 3 3
(c)2<6<4 (d) 4<9<Tc
56. A glass tube of uniform internal radius é

57.

(r) has a valve separating the two
identical ends. Initially, the valve is in
a tightly closed position. The end 1 has /2

a hemispherical soap bubble of radius
r. The end 2 has a subhemispherical soap bubble, as shown in the

figure. Just after opening the valve,

(a) air from the end 1 flows towards the end 2: no change occurs
in the volume of the soap bubbles

(b) air from the end 1 flows towards the end 2: the volume of the
soap bubble at the end 1 decreases

(c) no change occurs

(d) air from the end 2 flows towards the end 1: the volume of the
soap bubble at the end 1 increases

A block B is attached to two
unstretched springs S, and
S, with spring constants k
and 4k respectively (see the
figure I). The other ends
are attached to the identical
supports M; and M, which

2M2 SZ S1 M11
000000 [ B [ 000500 I

X,

2l M2 8 Sq My
’ 000000 — [ B [ |-=000000 I

~y

are not fixed to the walls. The springs and supports have
negligible masses. There is no friction anywhere. The block B is
displaced towards the wall 1 by a small distance x (see the figure II)
and then released. The block returns and moves a maximum
distance y towards the wall 2. The displacements x and y are
measured with respect to the equilibrium position of the block B.

The ratio % is

(a) 4

© &

(b) 2

) §
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The x—t graph of a particle undergoing a

. . L 1
simple harmonic motion is shown here.

£
The acceleration of the particle at t = %s is SO0 4 8 12t
-1

\/gnz > 2

(@) 3y ms” (b) % cm s~
2 3
(c) g—z cm s (d) - g; cm s~

A block of base 10 cm x 10 cm and height 15 ¢cm is kept on an
inclined plane. The coefficient of friction between them is y/3. The
inclination 0 of this inclined plane from the horizontal plane is
gradually increased from 0°. Then,

(a) the block will start sliding down the plane at 6 = 30°

(b) the block will remain at rest on the plane up to a certain 0
and then it will topple

(c) the block will start sliding down the plane at 6 = 60° and
continue to do so at higher angles

(d) the block will start sliding down the plane at 6 = 60° and, on
further increasing 6, it will topple at a certain 6

Two small particles of equal masses start Ve oA p2Y
moving in opposite directions from a point A

in a horizontal circular orbit. Their tangential

velocities are v and 2v respectively, as shown in

the figure. Between collisions, the particles move

with constant speeds. After making how many

elastic collisions, other than that at A, will these two particles again
reach the point A?

(a) Four (b) Three
(c) Two (d) One

A block M shown in the figure oscillates
in a simple harmonic motion with
amplitude A. The amplitude of the point P
Pis

kA A
O (b) kiq
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kA LY
© %+, @ K+,

62. A piece of wire is bent in the shape of the parabola y = kx? (the
y-axis being vertical), with a bead of mass m on it. The bead can
slide on the wire without friction. It stays at the lowest point of
the parabola when the wire is at rest. The wire is now accelerated
parallel to the x-axis with a constant acceleration a. The distance of
the new equilibrium position of the bead, where the bead can stay
at rest with respect to the wire, from the y-axis is

a a
(a) ok (b) 2k

2a a
(c) ok (d) agk

63. A uniform rod of length L and mass M
is pivoted at the centre. Its two ends are
attached to two springs of equal spring
constants (k). The springs are fixed to rigid
supports, as shown in the figure, and the
rod is free to oscillate in the horizontal
plane. The rod is gently pushed through
a small angle 6 in one direction and then
released. The frequency of the oscillation is

1 /2 1 /k
@ 279 M ®) 22V M
1 [k 1 [k
© 20V M @ 50V M

1.2 Heat and Thermodynamics

1. When a block of iron floats in mercury at 0 °C, a fraction k; of its
volume is submerged; while at the temperature 60 °C, a fraction
k, is seen to be submerged. If the coefficient of volume expansion
for iron is yg, and that for mercury is vy, the ratio k,/k, can be
expressed as

1+(60 °C) Y, b 1-(60 °C) v,
a) 1+(60°C)yy, (b) 1+ (60 °C) vy,
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1+(60°C)yg, 4 1+(60°C)vy,
©) 1=(60°Cyyg @) 1+ (60°C)r.

Starting with the same initial conditions, an ideal gas expands from
the volume V, to V, in three different ways. The work done by the
gas is W, if the process is purely isothermal, W, if purely isobaric,
and W, if purely adiabatic. Then,

(@ Wy>W,>W, (b) W,>W,>W,
() Wy >W,>W, (d) Wy, >W,>W,

. An ideal gas is taken through the

cycle A— B — C — A, as shown in Tz c B
the figure. If the net heat supplied v (3 ﬁ

to the gas in the cycle is 5 ], the 1 A
work done by the gas in the process
C—Ais T >~
b (Nni2)—»= 10
(a) 5] (b) -10]
() -15] (d) 20]

. 5.6 L of helium gas at STP is adiabatically compressed to 0.7 L.

Taking the initial temperature to be T, the work done in the process
is

9 3
(a) gRTl (b) ERTl

15 9
(©) g RT, (d) 5 RT,

. A mixture of 2 mol of helium gas (atomic mass = 4 amu) and 1 mol
of argon gas (atomic mass = 40 amu) is kept at 300 K in a container.
. Urms(He) | .
The ratio of the rms speeds |- is
rms(Ar)
(a) 0.32 (b) 0.45
(c) 2.24 (d) 3.16

. Two moles of ideal helium gas are in a rubber balloon at 30°C.

The balloon is fully expandable and can be assumed to require no
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energy for its expansion. The temperature of the gas in the balloon
is slowly changed to 35 °C. The amount of heat required in raising
the temperature is nearly (take R = 8.31 ] mol™ K™)

(a) 62] (b) 1047 (c) 1247 (d) 2087

. A real gas behaves like an ideal gas if its

(a) pressure and temperature are both high
(b) pressure and temperature are both low

(c) pressure is high and temperature is low
(d) pressure is low and temperature is high

. One mole of an ideal gas in the initial v
state A undergoes a cyclic process 4V
ABCA, as shown in the figure. Its
pressure at A is p,. Choose the correct
statement from the following. Vo

(a) The internal energies at A and B are different.
(b) The work done by the gas in process ABis p,V,, In 4.

P

(c) The pressure at C is 4

T,
(d) The temperature at C is ZO.

. An ideal gas is initially at a thermodynamic temperature T and
has a volume V. Its volume is increased by AV due to an increase
in temperature AT, the pressure remaining constant. Which of the
following graphs shows how the quantity 6 =AV/(VAT) varies

with temperature?

(a) a4 (b) 54

1 1 >
T T+T T T+T
Temperature Temperature
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(c) o4 (d) 54

L L -
T T+T
Temperature Temperature

4+

1 -
T+T

Three rods made of the same material and 90 °C
having the same cross section have been joined — 2°C
as shown in the figure. Each rod is of the same
length. The left and right ends are kept at 0 °C
and 90 °C respectively. The temperature of the junction of the three

90 °C

rods will be
(a) 45°C (b) 60 °C
(c) 30°C (d) 20°C

An ideal black body at the room temperature is thrown into a
furnace. It is observed that
(a) initially it is the darkest body and at later times the brightest
(b) it is the darkest body at all times
(c) it cannot be distinguished at all times

(d) initially it is the darkest body and at later times it cannot be
distinguished

Three very large plates of same area are kept parallel and close
to each other. They are considered ideal black surfaces and have
very high thermal conductivity. The first and the third plates
are maintained at the temperatures 2T and 3T respectively. The
temperature of the middle (i.e., the second) plate under the steady-
state condition is

o (§fr w ()

1
© (S (d) (97)1T
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Two nonreactive monatomic ideal gases have their atomic masses
in the ratio 2 : 3. The ratio of their partial pressures when enclosed
in a vessel kept at a constant temperature is 4 : 3. The ratio of their
densities is

(@) 1:4 (b) 1:2
(c) 6:9 (d) 8:9

Two rectangular blocks having

2K
identical dimensions can be | K| ZKQ K -
Configuration | Configuration Il

arranged either in Configuration I
or in Configuration II, as shown in the figure. One of the blocks
has the thermal conductivity K and the other, 2K. The temperature
difference between the ends along the x-axis is the same in both the
configurations. It takes 9 s to transport a certain amount of heat from
the hot end to the cold end in Configuration I. The time required in
transporting the same amount of heat in Configuration II is

(a) 2.0s (b) 3.0s

(c) 455 (d) 6.0s
A water cooler of storage capacity Cooler Hot Device
120 litres can cool water at a constant e el

rate of P. In a closed circulation
system (as shown schematically
in this figure), the water from the
cooler is used to cool an external
device that generates constantly
3 kW of power (thermal load). The temperature of the water fed
into the device cannot exceed 30 °C and the entire 120 litres of water
is initialy cooled to 10 °C. The entire system is thermally insulated.
The minimum value of P for which the device can be operated for
3 hours (taking the specific heat capacity of water = 4.2 k] kg™ K™
and the density of water = 1000 kg m™) is

(@) 1600 W (b) 2067 W
(c) 2533 W (d) 3933 W

—_—
Cold

A gas is enclosed in a cylinder with a movable frictionless piston.
Its initial thermodynamic state at the pressure p; = 10° Pa and the
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volume V, = 10 m? changes to a final state at p; = (3172> x10° Pa

and V; = 8 x 107 m® in an adiabatic quasi-static process, such that
p*V° = constant. Consider another thermodynamic process that
brings the system from the same initial state to the same final state
in two steps: an isobaric expansion at p; followed by an isochoric
process at V;. The amount of the heat supplied to the system in the
two-step process is approximately

(a) 112] (b) 2947
(c) 5887 (d) 813]

Parallel rays of light of the intensity I = 912 W m™ are incident on a
spherical black body kept in the surroundings of temperature 300
K. Take the Stefan-Boltzmann constant o = 5.7 x 10° W m™2 K™,
and assume that the energy exchange with the surroundings is only
through radiations. The final steady-state temperature of the black
body is close to

(a) 330K (b) 660 K

() 990K (d) 1550K

The ends Q and R of two thin wires PQ and RS are soldered (joined)
together. Initially each of the wires has a length of 1 m at 10 °C.
Now the end P is maintained at 10 °C, while the end S is heated
and maintained at 400 °C. The system is thermally insulated from
its surroundings. If the thermal conductivity of the wire PQ is twice
that of the wire RS, and the coefficient of linear thermal expansion
for PQ1is 1.2 x 10° K™, the change in the length of the wire PQ is

(a) 0.78 mm (b) 0.90 mm
(¢) 1.56 mm (d) 2.34 mm

An ideal gas is expanding such that pT? = constant. The coefficient
of volume expansion for the gas is

(a) (b)

Sl =
e I (1

(0) (d)
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1.3 Sound Waves

1. Two pulses in a stretched string whose —
centres are initially 8 cm apart are / i\
moving towards each other, as shown 3 AN
in the figure. The speed of each pulse is —8 cm—

2 cm sl After 2 s, the total energy of the
pulses will be

(a) zero

(b) purely kinetic

(c) purely potential

(d) partly kinetic and partly potential

2. A point mass is subjected to two simultaneous sinusoidal
displacements in the x-directions: x;(f) = A sin of and
x,(t) = A sin (ot +21/3). Adding a third sinusoidal displacement
x(t) = B sin (ot + ¢) brings the mass to a complete rest. The values of
B and ¢ are respectively

(@) V2Aand 3 (b) Aand 3*
(©) Y3Aand ‘%“ (d) Aand %

3. The ends of a stretched wire of length L are fixed at x = 0 and
x = L. In one experiment, the displacement of the wire is
Yy, = A sin (nmx/L) sin ot and the energy is E,, and in another
experiment the displacement is y, = A sin (2nx/L) sin 20t and the
energy is E,. Then

(@) E,=E, (b) E,=2E,
(c) E,=4E, (d) E,=16E,

4. Two vibrating strings made of the same material but of lengths L
and 2L have the radii 2r and r respectively. They are stretched under
the same tension. Both the strings vibrate in their fundamental
modes—the one of length L with frequency v, and the other with
frequency v,. The ratio v, /v, is equal to

(@) 2 (b) 4
(c) 8 (d) 1
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5. A sonometer wire resonates with a given tuning fork, forming

standing waves with five antinodes between the two bridges
when a mass of 9 kg is suspended from the wire. When this mass
is replaced by a mass M, the wire resonates with the same tuning
fork, forming three antinodes for the same positions of the bridges.
The value of M is

(a) 25kg (b) 5kg
() 125kg (d) 55 kg

. A student is performing an experiment with a resonance column.

The diameter of the column tube is 4 cm. The frequency of the
tuning fork is 512 Hz. The air temperature is 38 °C in which the
speed of sound is 336 m s™. The zero of the metre scale coincides
with the top end of the resonance column tube. When the first
resonance occurs, the reading of the water level in the column is

(a) 14.0 cm (b) 15.2 cm
(c) 16.4 cm (d) 17.6 cm

. A hollow pipe of length 0.8 m is closed at one end. At its open

end, a 0.5-m-long uniform string is vibrating in its second harmonic
and it resonates with the fundamental frequency of the pipe. If the
tension in the wire is 50 N and the speed of sound is 320 m s, the
mass of the string is

(a) 5grams (b) 10 grams
(c) 20 grams (d) 40 grams

. A train moves towards a stationary observer with a speed of

34 ms™. The train sounds a whistle and its frequency registered
by the observer is f,. If the train’s speed is reduced to 17 ms™, the
frequency registered is f,. If the speed of sound is 340 ms™ then the
ratio f, /f, is
18 1
@ 1o OF;

(©) 2 @) 1g
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A siren placed at a railway platform is emitting sound waves of
5 kHz frequency. A passenger sitting in a moving train A records a
frequency of 5.5 kHz while the train approaches the siren. During
his return journey by a different train B, he records a frequency of
6.0 kHz while approaching the same siren. The ratio of the velocity
of the train B to that of the train A is

(a) 242:252 (b) 2:1
(c) 5:1 (d) 11:6

A police car with a siren of frequency of 8 kHz is moving with a
uniform velocity of 36 km h™' towards a tall building which reflects
the sound waves. The speed of sound in air is 320 m s™. The
frequency of the siren heard by the car driver is

(a) 8.50 kHz (b) 8.25kHz
(c) 7.75kHz (d) 7.50 kHz

A massless rod is suspended by

two identical strings, AB and CD, A ©

of equal lengths. A block of mass
m is suspended from the point O
such that BO = x, as shown in the = >

figure. Further, it is observed that

the frequency of the first harmonic [ ]
(fundamental frequency) in AB is
equal to the 2nd harmonic in CD. Then the length of BO is

@ £ OF=

Chy (@)

s [

In the experiment to determine the speed of sound using a resonance
column,

(a) the prongs of the tuning fork are kept in a vertical plane
(b) the prongs of the tuning fork are kept in a horizontal plane
(c) in one of the two resonances observed, the length of the
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resonating air column is close to the wavelength of sound in
air

(d) in one of the two resonances observed, the length of the
resonating air column is close to half the wavelength of
sound in air

A vibrating string of length [ under the tension T resonates with a
mode corresponding to the first overtone (third harmonic) of an air
column of length 75 cm inside a tube closed at one end. The string
also generates 4 beats per second when excited with a tuning fork
of frequency n. When the tension of the string is slightly increased,
the beat frequency reduces to 2 beats per second. Assuming the
speed of sound in air to be 340 m s, the frequency 7 of the tuning

fork is
(a) 344 Hz (b) 336 Hz
(c) 1173 Hz (d) 109.3 Hz

A transverse sinusoidal wave moves Y
along a string in the positive x-direction P

at a speed of 10 cm s™. The wavelength -

of the wave is 0.5 m and its amplitude

is 10 cm. At a particular time t, the

snapshot of the wave is shown in the figure. The velocity of the
point P when its displacement is 5 cm is

\/gn \/th

(a) 50 f ms™ (b) - 50 f ms™
(c) 7\/55075 ims? (d) - L;)n ims?

1.4 Electrostatics

1.

Three positive charges each having the value g are placed at the
vertices of an equilateral triangle. The resulting lines of force should
be sketched as
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(a) ‘ (b)
@ =%

2. A uniformly charged thin
spherical shell of radius R carries
a uniform surface charge density "~ - F
of ¢ per unit area. It is made of

two hemispherical shells, held
together by pressing them with a force F (see the figure). F is
proportional to

1 2,2 1 >
(a) S_OGR (b) s_OGR

16 16
© % & @ % r

. A tiny spherical oil drop carrying a net charge 4 is balanced in still

air with a vertical uniform electric field of strength 81?75 x10°Vm™.

When the field is switched off, the drop is observed to fall with a

2

terminal velocity of 2 x 10° m s™. Given ¢ = 9.8 m s7%, viscosity

of the air = 1.8 x 10° N s m ™~ and density of oil = 900 kg m™, the
magnitude of g is

(@) 1.6x107°C (b) 32x10°YC

(c) 48x107C (d) 8.0x107°C
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4. Consider the electric field z

E-= Eyx, where E, is a constant.
The flux through the shaded
area shown in the figure due to
this field is

/0,0,0) (0,2,0)
X

(a) 2E° (b) V2E,a*

2
Eya

/2

(c) Ega® (d)

. Two large vertical and parallel metal plates having a separation of

1 cm are connected to a d.c. voltage source of potential difference X.
A proton is released from the rest, midway between the two plates.
It is found to move at 45° to the vertical just after the release. Then

X is nearly
(@) 1x10°V (b) 1x107V
() 1x107°V (d) 1x101°V

. Consider a thin spherical shell of radius R with its centre at the

origin, carrying a uniform positive surface charge density. The
variation of the magnitude of the electric field | E(r) |and the electric
potential V(r) with the distance » from the centre is best represented

by which graph?
@ Ee) I 0] v
///\\\\ 777777 \\\
/ ~ SN
// \\\\ \\\\\\
/ T 1
o R v ] R "
E() E)
© Vo @ 'y V()
U N e
. / \\\\\ \\\\\
/ T .
// ——
1 - -
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The charges Q, 2Q

P
and 4Q are uniformly R .
distributed in three Q 2Q 4Q
dielectric solid spheres R

of radii R/2, R and 2R
respectively as shown

in the figure. If the magnitudes of electric field at the point P at a
distance R from the centre of the spheres I, Il and III are E;, E, and

2R

E, respectively then
(@) E;,>E,>E;4 (b) E;>E,>E,
() E,>E;>E, (d) E;>E,>E,
. Consider the situation shown in the figure. 9
The capacitor A has a charge g on it, whereas  |* -
B is uncharged. The charge appearing on the |f - S
capacitor B a long time after the switch is "~ B
closed is
(a) zero (b) g/2
©q (d) 29

. Two identical capacitors have the same capacitance C. One of them

is charged to a potential V; and the other to V,. The negative ends
of the capacitors are connected. When the positive ends are also
connected, the decrease in energy of the combined system is

@) CVE-V3) (b) FC(VE+V3)
©) €W’ () $CV%+ V)

A 2-pF capacitor is charged as shown in 1.2
the figure. The percentage of its stored }S
2 HFT 8y

energy dissipated after the switch Sis

\

turned to the position 2 is F
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(a) 0% (b) 20%
(C) 75% (d) 80%
11. In the given circuit, a charge of 80 pCis given 80uC
to the upper plate of the 4-LF capacitor. Then I
in the steady state, the charge on the upper A
plate of the 3-puF capacitor is
2 uF 3uF
(@) +32pC (b) +40uC
(c) +48pC (d) +80pC
12. A circuit is connected as shown in the figure, 3uF 6HF
with the switch S open. When the switch is 1 K 1
closed, the total amount of charge that flows 30 S 60
fromY to X is Y
(a) zero (b) 54 uC I I
9V
(c) 27 uC (d) 81puC

13. A long, hollow conducting cylinder is kept coaxially inside another
long, hollow conducting cylinder of larger radius. Both the cylinders
are initially electrically neutral. Choose the correct statement given
below.

(a) A potential difference appears between the two cylinders
when a charge density is given to the inner cylinder.

(b) A potential difference appears between the two cylinders
when a charge density is given to the outer cylinder.

(c) No potential difference appears between the two cylinders
when a uniform line charge is kept along the axis of the
cylinders.

(d) No potential difference appears between the two cylinders
when the same charge density is given to both the cylinders.

14. Consider a neutral conducting sphere. A positive point charge is
placed outside the sphere. The net charge on the sphere is then

(a) negative and distributed uniformly over the surface of the
sphere
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(b) negative and appears only at the point on the sphere closest
to the point charge

(c) negative and distributed nonuniformly over the entire
surface of the sphere

(d) zero

A positive and a negative point charges of equal magnitudes are
kept at (O, 0, %) and (O, 0, —2_11) respectively. The work done by the
electric field when another positive point charge is moved from
(-a,0,0) to (0,a,0)is

(a) positive

(b) negative

(c) zero

(d) dependent on the path connecting the initial and final
positions

A spherical portion has been removed from a solid
sphere having a charge distributed uniformly in
its volume, as shown in the figure. The electric
field inside the emptied space is

(a) zero everywhere (b) nonzero and uniform
(c) nonuniform (d) zero only at its centre

Consider a system of three charges g/3,
q/3 and —2g/3 at the points A, B and C
respectively, as shown in the figure. Take
O as the centre of the circle of radius R,
and £ZCAB = 60°. Which of the following
option is correct?

(a) The electric field at the point O is q/8mg,R* directed along
the negative x-axis.

(b) The potential energy of the system is zero.

(c) The magnitude of the force between the charges at C and B is
q*/54me,R>.

(d) The potential at the point O is g/127¢g,R.
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A disc of radius a/4 having a 1Y

uniformly distributed charge of f\

6 C is placed in the xy-plane with —
its centre at (-a/2, 0, 0). A rod KJ %
of length a carrying a uniformly

distributed charge of 8 C is placed

on the x-axis from x = a/4 to ba/4.

Two point charges =7 C and 3 C are placed at (a/4, -a/4, 0) and
(-3a/4, 3a/4, 0) respectively. Consider a cubical surface formed by
six surfaces x = +a/2,y = +a/2, z = +a/2. The electric flux through
this cubical surface is

@) 2= (b) 2=
© 1(8)0c @ 1§0C

Three concentric metallic spherical shells of radii R, 2R and 3R
are given the charges Q,, Q, and Q, respectively. It is found that the
surface charge densities on the outer surfaces of the shells are equal.
Then the ratio of the charges given to the shells, i.e., Q;: Q,: Q,, is
equal to

(@) 1:2:3 (b) 1:3:5
(¢c) 1:4:9 (d) 1:8:18

A vparallel-plate capacitor of capacitance

C with plates of wunit areas and
separated by a distance of d is filled
with a liquid of dielectric constant

K = 2. The level of liquid is 4/3 initially.
Suppose that the liquid level decreases at a
constant speed of V, the time constant as a
function of time ¢ is

6¢,R . (15d + 9Vt) g, R
@) 5a+3vi () 24 - 34Vi- 9V
6¢,R 4 (154 - 9VH)g,R

© Sa-3vi @ 24% +3dVE— 9V
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1.5 Current Electricity and Magnetism

1. Consider a thin square sheet of side L and
thickness ¢ which is made of a material of
resistivity p. The resistance between the two
opposite faces shown by the shaded areas in
the adjoining figure is

37

|

A
f%LH

(a) directly proportionalto L (b) directly proportional to ¢

(c) independent of L (d) independent of ¢

2. To verify Ohm’s law, a student is provided with a test resistor Ry, a
highresistance R,, a small resistance R,, two identical galvanometers
G, and G,, and a variable voltage source V. The correct circuit to

carry out the experiment is

3. In the given circuit with a steady current, v
the potential drop across the capacitor
must be v

Vv
(@ Vv ® 7y

© % ) %
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4. In the given circuit it is observed

. A meter bridge is set up, as shown, |
I
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R
that the current [ is independent 1* ° R R
of the value of the resistance R,. Re
Then the resistance values must T

satisfy R R4

(@) R,R,Rs = RyR,R,

1.1 _ 1 1
®) ;"R "R +R, R +R,

(© RyR,=R,R,
(d) R;Ry=R,R, = RR,

X Ty
X using a standard 10-Q resistor. i 1 § :
The galvanometer G shows a null L f@ J
deflection when the tapping key is at

the 52-cm mark. The end corrections
are 1 cm and 2 cm respectively for the ends A and B. The determined
value of X is

@) 1020 (b) 10.6 Q
(©) 10.8Q d) 11.10

to determine an unknown resistance

A B

. An infinite line charge of uniform electric charge density A lies

along the axis of an electrically conducting infinite cylindrical shell
of radius R. At the time ¢ = 0, the space inside the cylinder is filled
with a material of permittivity € and electrical conductivity ¢. The
electrical conduction in the material follows Ohm’s law. Which of
the following graphs best describes the subsequent variation of the
magnitude of the current density j(t) at any point in the material?

(a) it (b) it

~Y

(0,0) t (0,0)
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(c) it (d) i

~¥

(0,0) (0,0)

-

7. Incandescent bulbs are designed keeping in mind that the resistance
of their filament increases with an increase in temperature. If at the
room temperature, 100-W, 60-W and 40-W bulbs have filament
resistances R, R,, and R, respectively, the relation between these
resistances is

1 1 1 _
(a) Ry Ruo + Reo (b) Rypp =Ry + Rgg
1 1 1
() Rypp>Rgo > Ry (d) o> o> o

R100 R60 R4O

8. A particle of charge g and mass m moves in a circular orbit of
radius r with the angular speed . The ratio of the magnitude of its
magnetic moment to that of its angular momentum depends on

(a) mand g (b) ®,gand m
(c) gand m (d) wand m

9. A thin flexible wire of length L is connected to two adjacent fixed
points and carries a current [ in the clockwise direction, as shown
in the figure. When the system is put in a uniform magnetic field
of strength B going into the plane of the paper, the wire takes the
shape of a circle. The tension in the wire is

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

(a) IBL (b) =

(0 2= @ -
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A particle of mass m and charge 4 moves with a constant velocity
v along the positive x-direction. It enters a region containing a
uniform magnetic field B directed along the negative z-direction,
extending from x = 4 to x = b. The minimum value of v required so
that the particle can just enter the region x > b is

bB b—a)B

(a) L (b) %
an qb+a)B

© (d) 5

A long straight wire along the z-axis carries a current I in the
negative z-direction. The magnetic vector field B at a point having
the coordinates (x, y) in the z = 0 plane is

Hol> yi=1j (uol) xi+yf
@ ()| o ey
H01> x]?—yl? <M01) ]/7

d
© ()| 55 @ (52

A nonplanar loop of a conducting wire
carrying a current I is placed as shown
in the figure. Each of the straight sections
of the loop is of length 2a. The magnetic
field due to this loop at the point P(a, 0, a)
points in the direction

@ 5T+ () 4R+ T)
1 = = > 1 = >
© J=(T+]+h) (@ ()

Two long parallel wires are at a distance 2d apart. They carry steady
equal currents flowing out of the plane of the paper, as shown. The
variation of the magnetic field B along the line XX" is given by

(a) | | (b) | B
K | \ !
o & &
. Y N

|
|
|
|
|
|
© X!
|
|
|
|
|
|
|
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(o) ! B ! (d) B
| |
I T I T
| |

X ® f ® x! X ® | ® X!

1 1 | |
I I | |
| | | |
I I I I
} d d } I I
: I d d N

An a.c. voltage source of variable angular frequency ® and fixed
amplitude V|, is connected in series with a capacitance C and an
electric bulb of resistance R (inductance zero). When o is increased,

(a) the bulb glows dimmer

(b) the bulb glows brighter

(c) the total impedance of the circuit is unchanged
(d) the total impedance of the circuit increases

An ionised gas contains both positive and negative ions. If it is
subjected simultaneously to an electric field along the +x-direction
and a magnetic field along the +z-direction then

(a) the positive ions deflect towards the +y-direction and
negative ions towards the —y-direction

(b) all the ions deflect towards the +y-direction
(c) all the ions deflect towards the —y-direction

(d) the positive ions deflect towards the —y-direction and
negative ions towards the +y-direction

PQR is bent to form a right
angle as shown. A current
I flows through PQR. The
magnetic field strength due -eco----—— —[F 5 ___. +oo
to this current at the point 90°

M is H,. Now, another
infinitely  long  straight
conductor QS is connected
at Q so that the currentis /2 ! R
in QR as well as in QS, the —éo

current in PQ remaining unchanged. The magnetic field strength at
M is now H,. The ratio H,/H, equals

An infinitely long conductor oM
!
!
|
|
!
!
|
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(a) (b) 1

(0 (d) 2

WIN N

A long insulated copper wire is closely
wound as a spiral of N turns. The spiral
has the inner radius a and the outer radius
b. The spiral lies in the xy-plane and a
steady current I flows through the wire. The
z-component of this magnetic field at the
centre of the spiral is

NI p NI p+g
@ Sp—a) Ma Y
BN 3 HoNT . b+a
(©) o Ing (d) 5 Iny =,

A loop carrying a current [ lies in the
xy-plane as shown in the figure. The
unit vector k is coming out of the plane
of the paper. The magnetic moment of
the current loop is |

(@) a*lk

(b)( +1>a Tk

©) ( +1)a Ik
(d) @rn+1)a’lk

An infinitely long hollow conducting cylinder of inner radius R/2
and outer radius R carries a uniform current density along its
length. The magnitude of the magnetic field, |B |, as a function of
the radial distance r from the axis is best represented by

(a) IB| (b) B

o
X
N
Py

o R/2 R
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(© 18 (d) 15

o
2
N
el
o

A symmetric star-shaped conducting
wire loop is carrying a steady current
I, as shown in the figure. The distance
between any two diametrically opposite
vertices of the star is 4a. The magnitude
of the magnetic field at the centre of the
loop is

Hol Hol

(@) 7,7 6(/3-1) (b) 7 3(/3-1)
Hol Kol
(o) mﬁ(ﬁﬂ) (d) 4—m'3(2—x/§)
As shown in the figure, P
P and Q are two coaxial Q

conducting loops separated ﬂ

by some distance. When B
the switch S is closed, a U E
clockwise current I, flows

in P (as seen by E) and an

induced current I, flows S

in Q. The switch remains Battery

closed for a long time. T/(

When Sis opened, a current
I, flows in Q. Then the directions of I, and I, (as seen by E) are

(a) respectively clockwise and anticlockwise
(b) both clockwise

(c) both anticlockwise

(d) respectively anticlockwise and clockwise

A uniform but time-varying magnetic field
B(t) exists in a circular region of radius a
and is directed into the plane of the paper,
as shown. The magnitude of the induced
electric field at the point P at a distance r
from the centre of the circular region




44

Solved Problems in Physics for IIT JEE Advanced

(a) is zero

(c) increases asr

(b) decreases as %

1
(d) decreases as 72

23. A coil having N turns is wound tightly in the form of a spiral with
the inner and outer radii a and b respectively. When a current I
passes through the coil, the magnetic flux density at the centre is

24.

25.

NI
(a) Hob

NI
(o) 2(b—2) lna

2u, NI
b) —5—

N
Hol b
(d) 20-a) In;

Which of the patterns given below is valid for an electric field as

well as a magnetic field?

(a)

In the following circuits it is
giventhat R} =1Q, R, =2Q,
C,=2uFand C, = 4pF. The
time constants (in ps) for
the circuits I, II and III are
respectively

(a) 18,8/9 and 4

(b) 18,4 and 8/9

(c) 4,8/9 and 18

(d) 8/9,18 and 4

(b)

C1  Ca C1
— I
\% 12
p— R1 ;i
m "
[ Ri
a
1l
R1 R2 Cq Co
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Consider a cylindrical element  ___A B c

as shown in the figure. The T [
current that flows through the ir ! 777}%
element is I and the resistivity i A

fe— Uyl —+]

of the material of this cylinder
is p. Choose the correct option.

(a) The power loss in the second half is four times the power
loss in the first half.

(b) The voltage drop in the first half is twice the voltage drop in
the second half.

(c) The current densities in the two halves are equal.
(d) The electric field in both the halves is the same.

A resistance of 2 Q is connected across one gap of a metre bridge
(the length of the wire being 100 cm), and an unknown resistance,
greater than 2 Q, is connected across the other gap. When these
resistances are interchanged, the balance point shifts by 20 cm.
Neglecting any corrections, the unknown resistance is

(@) 3Q (b) 40
(© 50 (d) 6Q
A magnetic field B= B,j exists v
in the region a < x < 22 and Boj-———
§=—Bof exists in the region
2a < x < 3a, where B; is a o a Za 3 x
positive constant. A positive
point charge moving with a ~ -Bor——————————

velocity 0= vy, where v, is a
positive constant, enters the magnetic field at x = a. The trajectory
of the charge in this region can be like

(a) z (b) z

]

L a 2a 3a X l a 2a 3a X
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(© T (d) %
l a 2a 3a ;
1Q Y 1Q 1Q
210
1Q
10 10
R1 R2

Y

The figures above show three resistor configurations R,, R, and
R, connected to 3-V batteries. If the powers dissipated by the
configurations R,, R, and R, are respectively P;, P, and P, then

(b) P,>P,>P,

(@) P,>P,>P,
(c) P,>P,>P,

The adjoining figure shows
certain wire segments joined
together to form a coplanar
loop. The loop is placed in a
perpendicular magnetic field in
the direction going into the plane
of the figure. The magnitude of
the field increases with time, and

I, and I, are the currents in the segments AB and CD. Then

(@ I, >1,
(b) I, <1,

(c) I, is in the direction BA and I, is in the direction CD

(d) I is in the direction AB and I, is in the direction DC

(d) Py>P,>P,

X X X X X X X X X X X X

X X X X X X X X X X XX

X X X X X X X X X

O
X X X X X X X X XXX 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
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1.6 Ray Optics and Wave Optics

1. A light ray travelling in a glass medium is incident on a glass—air
interface atan angle of incidence 6. The reflected (R) and transmitted
(T) intensities, each as a function of 6, are plotted. The correct

graph is

(a) (b)
100%==_"~"""""" """/ 7~ 100%
2 2
o I}
£ £
90°
o) "0
(c) (d)
100%~—————~—~—~————r~——— 100%
z z
£ E
0 0 90° 0

2. The image of an object formed by a plano-convex lens at a distance
of 8 m behind the lens is real and is one-third the size of the object.

The wavelength of light inside the lens is % times the wavelength in
free space. The radius of curvature of the curved surface is
(@ 1m (b) 2m
() 3m (d) 4m
3. A ray of light travelling in the direction %(f +y/3 f) is incident on a
plane mirror. After reflection, it travels along the direction %(f -V3)).

The angle of incidence is
(a) 30° (b) 60°
(c) 40° (d) 75°
4. A biconvex lens of focal length 15 ¢m is in front of a plane mirror.

The distance between the lens and the mirror is 10 cm. A small
object is kept at a distance of 30 cm from the lens. The final image is

(a) virtual and at a distance of 16 cm from the mirror
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(b) real and at a distance of 16 cm from the mirror
(c) virtual and at a distance of 20 cm from the mirror
(d) real and at a distance of 20 cm from the mirror

5. An observer can see through a
pinhole the top end of a thin rod
of height h, placed as shown in the {

N

I\

figure. The beaker height is 3 and
its radius is h. When the beaker is

filled with a liquid up to a height o
2h, he can see the lower end of the 4
rod. Then the refractive index of the ?
hqu1d is -« h—»
S <l
(@) 3 (b) /3

© 3 @3

6. A biconvex lens is formed with two thin plano-
convex lenses, as shown in the figure. The
refractive index n of the first lens is 1.5 and
that of the second lens is 1.2. Both the curved
surfaces are of the same radius of curvature
R =14 cm. For this biconvex lens, for an object

distance of 40 cm the image distance will be R=14cm
(a) —280.0 cm (b) 40.0 cm
(c) 21.5cm (d) 13.3cm

7. A small object is placed at 50 cm to the left of a thin convex lens
of focal length 30 cm. A convex spherical mirror with radius of
curvature 100 cm is placed to the right of the lens at a distance of
50 cm. The mirror is tilted such that the axis of the mirror is at an
angle 8 = 30° to the axis of the lens, as shown in the figure.

f=30cm

~
~

N //
~ /,
AN x

f A
(50, 0) (0,0) AN
/ } Y R =100 cm

50 cm
(50 + 5043, —50)
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If the origin of the coordinate system is taken to be the centre of the
lens, the coordinates (in cm) of the point (x, i) at which the image is
formed are

(a) (25,253) (®) (% 232)

(c) (0,0) (d) (50 -254/3,25)

. A point source S is placed at the B
bottom of a transparent block — liquid
of height 10 mm and refractive
index 2.72. It is immersed in a block
lower refractive-index liquid,

as shown in the figure. It is
found that the light emerging
from the block to the liquid forms a circular bright spot of diameter
11.54 mm on the top of the block. The refractive index of the liquid is

(a) 1.21 (b) 1.30
(c) 1.36 (d) 1.42

from air at an angle o on the side PQ
of a right-angled triangular prism of
refractive index n=42. The beam of
light undergoes total internal reflection
in the prism at the face PR when a has a
minimum value of 45°. The angle 6 of the
prism is

(a) 15° (b) 22.5°

(c) 30° (d) 45°

A point object is placed at a distance A
of 20 cm from a plano-convex lens of
focal length 15 cm. If the plane surface
is silvered, the image will be formed at 3 T
(a) 60 cm left of AB 20 om
(b) 30 cm left of AB B
(c) 12 cm left of AB
(d) 60 cm right of AB
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Region | Region Il Region Il Region IV
e 03 No No No
0 2 6 8

A light beam is travelling from Region I to Region IV (refer to

the figure). The refractive indices in Regions I, II, III and IV are
ny My

Y andfrespectlvely The angle of incidence (0) for which
the beam just misses entering Region IV is
. -1(3 .11
(a) sin <4) (b) sin (8)
. -1 -1
(c) sin <4) (d) sin (3)

A ball is dropped from a height of 20 m above the surface of water
in a lake. The refractive index of water is 4/3. A fish inside the lake
in the line of fall of the ball is looking at the ball. At an instant when
the ball is 12.8 m above the water surface, the fish sees the speed of
the ball as

(@) 9ms! (b) 12ms!
(c) 16ms™t (d) 21.33ms!

A biconvex lens of focal length f forms a circular image of the sun of
radius r in its focal plane. Therefore,

(a) nr’ o< f (b) mr? oc f*

(c) if the lower half of the lens is covered with a black sheet, the

area of the image is equal to %

(d) if fis doubled, the intensity will increase

The graph of the image 131
distance versus the object
distance of a point from T30
a convex lens is shown.
Then the focal length of N v
the lens is h (in cm)
777777 10
(@) (0.50 = 0.05) cm BN
| AN
(b) (0.50 +=0.10) cm | \\\
(c) (5.00 = 0.05) cm : ‘ o

-31 30 20 -10 (9, +9)
(d) (500 * 0.10) cm <— u (incm) ’
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In an experiment to determine the focal length (f) of a concave
mirror by the u—v method, a student places the object pin A on the
principal axis at a distance x from the pole P. The student looks at
the pin and its inverted image from a distance keeping his/her eye
in line with PA. When the student shifts his/her eye towards the
left, the image appears to the right of the object pin. Then

(@ x<f (b) f<x<2f
() x=2f (d) x>2f

A ray of light travelling in water is incident on its surface open to
air. The angle of incidence is 6, which is less than the critical angle.
Then there will be

(a) only a reflected ray and no refracted rays

(b) only a refracted ray and no reflected rays

(c) a reflected ray and a refracted ray, and the angle between
them would be less than 180° — 26

(d) a reflected ray and a refracted ray, and the angle between
them would be greater than 180° - 26

Two beams of red and violet lights are made to pass separately
through a prism (the angle of the prism being 60°). In the position
of the minimum deviation, the angle of refraction will be

(a) 30° for each light

(b) greater for the violet light

(c) greater for the red light

(d) the same for both the colours of light but not equal to 30°

In a double-slit experiment, instead of taking slits of equal widths,
one slitis made twice as wide as the other. Then, in the interference
pattern,

(a) the intensities of both the maxima and minima increase

(b) the intensity of the maxima increases and the minima has the
zero intensity

(c) the intensity of the maxima decreases but that of the minima
increases

(d) the intensity of the maxima decreases and the minima has
the zero intensity
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19. Young’s double-slit experiment is carried out by using green,
red and blue lights, one at a time. The fringe widths recorded are
Bg, Br and By respectively. Then

(@) Bg>Bg>Br (b) Bg>Bs>Br
(©) Br>Bg>Bs (d) Br>Bc > Bs

20. In Young’s double-slit experiment using a monochromatic light
of wavelength A, the path difference (in terms of an integer)
corresponding to any point having half the peak intensity is

@ @i+ ®) @n+ 1)y

() @n+1)% @) @n+1)7s

1.7 Modern Physics

1. A pulse of light of 100 ns duration is absorbed completely by
a small object initially at rest. The power of the pulse is 30 mW
and the speed of light is 3 x 10° m s™. The final momentum of the

object is
(a) 0.3x107" kg m st (b) 1.0x 1077 kg m st
(©) 30x107 kgms™ (d) 9.0x 107 kgms™

2. A metal surface is illuminated by light of two wavelengths
248 nm and 310 nm. The maximum speeds of the photoelectrons
corresponding to those wavelengths are u; and u, respectively.
Ifu; :u,=2:1and hc = 1240 eV nm, the work function of the metal

is nearly
(a) 3.7eV (b) 3.2eV
(c) 28eV (d) 2.5eV

3. In a historical experiment to determine Planck constant, a metal
surface was irradiated with lights of different wavelengths. The
energies of the photoelectrons emitted were measured by applying
a stopping potential. The relevant data for wavelengths (1) of the
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incident light and the corresponding stopping potentials (V) are
given below.

A vV,
03pum 20V
04pm 10V
05um 04V

Given thatc =3 x 108 m s and ¢ = 1.6 x 107" C, the value of Planck
constant found in such an experiment is

(a) 6.0 x107 (b) 6.4 x 107>
(c) 6.6 x107 (d) 6.8 %1073

4. The electron in a hydrogen atom makes a transition from an excited
state to the ground state. Which of the following statements is true?

(a) Its kinetic energy increases, and the potential and total
energies decrease.

(b) Its kinetic energy decreases but the potential energy
increases, and thus the total energy remains the same.

(c) Its kinetic and total energies decrease, and the potential
energy increases.

(d) Its kinetic, potential and total energies decrease.

5. Electrons each having the energy 80keV are incident on the
tungsten target of an X-ray tube. The K-shell electrons of tungsten
have -72.5 keV energy. The X-rays emitted by the tube contain only

(a) a continuous X-ray spectrum (breamsstrahlung) with a
minimum wavelength of ~0.0155 nm

(b) a continuous X-ray spectrum (breamsstrahlung) with all
wavelengths

(c) the characteristic X-ray spectrum of tungsten

(d) a continuous X-ray spectrum (breamsstrahlung) with a
minimum wavelength of ~0.0155 nm and the characteristic
X-ray spectrum of tungsten

6. The intensity (I) of X-rays from a Coolidge tube
is plotted against the wavelength (i), as shown
in the figure. The minimum wavelength found is A
and the wavelength of the K, line is Ag. As the

accelerating voltage is increased,
he g k
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(@) Ag — A increases (b) Ak — A decreases
(c) Ak increases (d) ik decreases

. The wavelength of the first spectral line in the Balmer series of a

hydrogen atom is 6561 A. The wavelength of the second spectral
line in the Balmer series of a singly ionised helium atom is

(a) 1215 A (b) 1640 A

(c) 2430 A (d) 4687 A

. If Mg, is the wavelength of the K, x-ray line of copper (atomic

number: 29) and Ly, is the wavelength of the K, x-ray line of
molybdenum (atomic number: 42) then the value of the ratio
hew/ My 18 close to

(@) 1.99 (b) 2.14
(c) 0.50 (d) 0.48

. Which of the following processes represents a gamma decay?
(@) JX+y > ,1X+a+b (b) X +gn > 553X +c
(©) 5X = ZX+f (d) 5X+ e~ [ X+g

An accident in a nuclear laboratory resulted in depositions of a
certain amount of a radioactive material of half-life 18 days inside
the laboratory. Tests revealed that the radiation was 64 times the
permissible level allowed for safe operation of the laboratory. What
is the minimum number of days after which the laboratory can be
considered safe for use?

(a) 64 (b) 90
(c) 108 (d) 120

A photoelectric material having the work function ¢, is illuminated

with light of wavelength A < E The fastest photoelectron has a
0

de Broglie wavelength A ;. A change in wavelength of the incident
light by AX results in a change Al in the de Broglie wavelength.
Then the ratio AL, /AM is proportional to

(@) Aj/A? (b) A2/2?

(©) Ag/ (d) Aj/2
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The electrostatic energy of Z protons uniformly distributed
throughout a spherical nucleus of radius R is given by

3Z(Z-1¢
"5 4mgyR

The measured masses of a neutron, iH, °N and 120 are 1.008665

u, 1.007825 u, 15.000109 u and 15.003065 u respectively. Given
that the radii of both the 175 N and 3O nuclei are the same; 1 u =
931.5 MeV/c?, where c is the speed of light and 62/471',80 =1.44 MeV
fm. Assuming that the difference between the binding energies of
175 N and 185 Ois purely due to their electrostatic energy, the radius of
either of the nuclei is

(a) 2.85fm (b) 3.03 fm
(c) 3.42 fm (d) 3.80 fm

Given a sample of radium—-226 having a half-life of 4 days, find the
probability that a nucleus disintegrates after two half-lives.

(@) 1 (b)

W N

(c) 1.5 (d) &

o~

The graph between 1/i and

the stopping potentials (V) of v

three metals having the work

functions ¢;, ¢, and ¢, in an

experiment of photoelectric o
effectis plotted as shown in the [ 0.001 0002 0.004
figure. Which of the following

statements is correct? (Here

L is the wavelength of the

incident light.)

Metal 1 Metal 2 Metal 3

(a) The ratio of the work functions is ¢, : ¢, : 3 =1:2:3.
(b) The ratio of the work functions is ¢; : ¢, : o5 =4:2:1.

(c) tan O is directly proportional to hc/e, where h is Planck
constant and c is the speed of light.

(d) Violet light can eject photoelectrons from Metals 2 and 3.
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In the options given below, let E denote the rest-mass energy of a
nucleus and n a neutron. The correct option is

() E(3U)>E('Z1)+E(%Y)+2En)
(b) E(%¥U)<E(’ZT)+E(3Y)+2E(n)
(0) E(*3U)<E('%Ba)+E(3Y)+2E(n)
(d) E(3U)=E('%Ba)+E(3Y)+2En)

The largest wavelength in the ultraviolet region of the hydrogen
spectrum is 122 nm. The smallest wavelength in the infrared region
of the hydrogen spectrum (to the nearest integer) is

(a) 802 nm (b) 823 nm

(c) 1882 nm (d) 1648 nm

Electrons with de Broglie wavelength A fall on the target in an X-ray
tube. The cut-off wavelength of the emitted X-rays is

2me)? 2h
(@) 1o= 2" (b) ny= 21
2 243
© xf% (d) 2=

Which of the following statements is wrong in the context of
X-rays generated from an X-ray tube?

(a) The wavelength of the characteristic X-rays decreases when
the atomic number of the target increases.

(b) The cut-off wavelength of the continuous X-rays depends on
the atomic number of the target.

(c) The intensity of the characteristic X-rays depends on the
electrical power given to the X-ray tube.

(d) The cut-off wavelength of the continuous X-rays depends on
the energy of the electrons in the X-ray tube.

A radioactive sample S,;, having an activity of 5 pC,, has twice the
number of nuclei as another sample S,, which has an activity of
10 pC,. The half-lives of S; and S, can be

(@) 20 years and 5 years respectively
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(b) 20 years and 10 years respectively
(c) 10 years each
(d) 5years each

20. Photoelectric-effect experiments are performed using three
different metal plates p, q and r having the work functions
¢, =2.0¢eV, ¢, =25eV and ¢, = 3.0 eV respectively. A light beam
containing wavelengths of 550 nm, 450 nm and 350 nm with equal
intensities illuminates each of the plates. The correct I-V graphs for
the experiment is (taking hic = 1240 eV nm)

(a) I p (b) !

q D 5
r qg

(© !

;
——
— 7
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1.6 Ray Optics and Wave Optics

1. ¢ 2. ¢ 3. a 4,
8. ¢ 9. a 10. ¢ 11.
15. b 16. ¢ 17. a 18.

1.7 Modern Physics

1. b 2. a 3. b 4.
8. b 9. ¢ 10. ¢ 11.
15. a 16. b 17. a 18.

o o

fs5)
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12. ¢
19. a
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20.

13.
20.

o o

Q.

14.
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Hints and Solutions

1.1 General Physics

1. LC=1MSD—1VSD=1mm—%mm=O.2mm.
1 Q
T

2 [gLV] = [, LAV] = [Ql.

[aOLAV _ [Q] _
[X] = | = A |7 [Af|~ [current].
3. Diameter = 2.5 mm + 0.55r51m x 20 = 2.7 mm.
.. percentage error in density = (dWm + 3%'”) x 100
_ 0.01 _
=2+(3x 975 )x100=3.1.
_ _ pitch _ 0.5mm
+ ad = AL=LC=qon cap division 100
4MgL
y o L
nd’l

d

AY Al+2 Ad _0.5mm/100+ ‘<O.5mm/100>
Y ~ | T 025mm 0.5 mm

_ 05x10”  05x107
- 025 0.25

Hence, the error in the measurement of d and [ are equal.

5. For balance with unknown resistance X,

X l _40cm
R 7 100ecm—-I! 60cm
X 40
~ 900 - 60
40 _
= X = 60X9OQ—6OQ.

o Rf—
Now, X = R(lOO Cm—l)
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AX A Al 01,01_ 1

T X T 1" 100em-1_ 40 ' 60 240
1 _

AX = 240 x60Q=0.25Q

= X = (60 +0.25)Q.
6. Main scale division (MSD) = 0.05 cm

and vernier scale division (VSD) = 4'19 O%m =0.049 cm.

61

*. least count (LC) =1 MSD -1 VSD = 0.05 cm — 0.049 cm = 0.001cm.

=  Diameter = MS + VC x LC
= (5.10 + 24 x 0.001) cm
= 5.124 cm.

7. With the first callipers,

MSD =2.8 cm and VSD x LC = 7xmmm 0.07 cm.

". the reading is 2.87 cm.

With the second callipers,
-0.1

MSD = 2.8 cm and vernier scale reading =7 x

". the reading is 2.80 + 0.10 — 0.07 = 2.83 cm.

4

8. M—g R*p = constant
4 np2(dR\ 4 oadp
= 3 3R<dt> 3rcR T =0
dR __R dp
dt ~ 3p dt
= v « R
2L | L
9 T = ?‘Fg
8T 1 1
= 5L = 2gL+U
oT 8T _ 150

(o2l
=~
Il
Il
(o7]
P\]

10 ‘m= -0.07 cm.
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SL_ . 1508T ..
I x100% = 8 L x100%
150 001 . . 15, _ ..
= 8 X 20 XlOO/o—_16 Yo 2= 1%.

10. S=P+blR|1=P+b|Q-P|=P(1-b)+bQ.

11. v is negative when the ball is falling and positive when it bounces up.

Also, v = — 4/2¢(d —h) for downward motion and v = \/g(d —2h) for

upward motion.
12. Relative velocity =|v, | = 20sin 0 = 20sin ot.

In each rotation, the relative speed becomes zero twice and reaches the
maximum value twice.

\

v cos 0

13. For the block of mass M to be in equilibrium, the tension
in the string is T = Mg. The force on the pulley by the
clamp must balance all the other forces acting on it,
i.e., theresultantof the forcesshowninthefigure. Thishas

a magnitude of x/(Mg+ mg)*+(Mg)* = g\/(M+ m)®+ M.

mg

14. The momentum of the two-particle system at ¢ = 0 is given by
?z‘ =m 771 + m2172~
A collision between the two does not affect the total momentum of the
system.

A constant external force (m, + m,)g acts on the system. The impulse
given by this force in the time interval from t = 0 to t = 2t, is
(my +my)g x 24,
the absolute change in momentum in this interval is
|(mlv{ +m,y0; ) = (mv, +m,0,) | =2(m, +m,) gt,.
15. The blocks will have the same speed, say, equal to v, at the highest
point of each track, as they all rise to the same height. Let R be the



16.

17.

18.

19.

Multiple-Choice Questions: Type 1 63

radius of curvature of a track and N be the normal reaction of the track
at the highest point of the track.

2
Centripetal force = N + mg = % X
N will be the maximum when R is the minimum. [N
This occurs when the track is most sharply curved. mg

The linear acceleration of the bead is a = L a..

" the reaction force on the bead due to the rod is N = ma = mLo.
After the time ¢, the angular velocity of the bead is ® = at.

. the centripetal acceleration of the bead is ®’L = a’t’L.

" the force of friction at the limiting position is uN = pmLo.

" for slipping,

pmLo = mo L or t=yp/a.
When F is applied, the normal reaction (N) of F N
the floor moves to the right. The cube topples
when N reaches its edge. c
Here, N = mg and the force of friction is f=F.
Taking the torque about the centre C,

L f ¥mg

Fxs+fx2=Nx% o  2F=mg

2

The force of friction, f, becomes zero
when P = mg sin 0. For P < mg sin 6, f
acts upwards along the incline.

Taking the torque about A,
h ) _ el o
N(m) = mg 2 cos 60
2

/3

Again, N + N cos 60° = mg

N cos 60°
A
+60°

1 .
= Nh = ngl (1) N
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Substituting N in (i),
2.2 . 1
J3 38T

no 3Y3
- 1~ 16

Now, friction = f = N sin 60° = %mg . @ M 16Y3
20. In the given position, the bob is moving along
a circular path with some speed and hence has
some radial acceleration Z. It also has some
tangential acceleration E:. As a is the resultant
of these two, it will be directed somewhere
between them.

21. When the cylinder rolls up the incline,
its angular velocity ® is clockwise
and decreasing. This requires an
anticlockwise angular acceleration o,
which is provided by the force of friction
(F) acting up the incline.

of

When the cylinder rolls down the incline,
its angular velocity o is anticlockwise
and increasing. This requires an
anticlockwise angular acceleration a,
which is provided by the force of friction (F) acting up the incline.

22. The angular momentum (L) of the system is conserved; i.e.,
L = Io = constant.
When the tortoise walks along a chord, it first moves closer to the
centre and then away from the centre. Hence, I first decreases and then
increases. As a result, o will first increase and then decrease. Also, the
change in » will be a nonlinear function of time.

23. A centripetal force is provided by the component of the tension along
the horizontal. So,

a2 Ir _ /T _ /324N _ -1
Tsin® =mo r I > o L (05kg) (0.5 m) 36rads .

24. Work done = [ F .dr= f E.(dxf+dyf)

0
K K p o
QSdex+a3/ydy [“x"+y =a7]

0
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[Note: F= %(xf + yj) = g? (radial).

Any radjial force does zero work in circular motion.]

For energy conservation, lrrlZ)2=rrzgR(1—C()s 0), and for circular

2
motion, mg cos® —N = %
Simplifying, N = mg(3cos 6 —2).
Initially, 6 = 0, i.e.,, N = mg (radially inward).

As 0 increases, N decreases. At 0 = cos! <g> =~ 48°, N reduces to zero,
and afterwards N acts radially outward.

The area under the F~t curve is 4.5 kg m s™ = p.

2

S KE = prm =5.06].

u=-2ms"'+50. ! ot

v+2mst=-10-u)=u. Tka 5 kg

Solving, u =3 m standv=1ms™". e - . v
1kg 5 kg

KE of CM =1 (6kg) (05 m s =075 ].

hI%gtz = 5=%(10)t2 =t=1s.

From x = v t we have v, ; =20 m s~ and v, ;,, = 100 m s7..
Conserving linear momentum, 0.01 v =0.01 x 100ms™ +0.2x 20 m s
=09=500ms".

At the highest point, the velocity of the 1st particle is v, = (i,cos o).

y - uysin”o .
At the position of collision |H = e ) the velocity of the 2nd
particle is g

— R ulsin*a] . N
U= yug—2gH j =4/ ug—2g OT j = (uycosa) .

Conserving linear momentum,

2mv = mo, + mv, = m(u,cosa) (i +7j)

UyCOSOL ., 4

= 7= 5 ((+]). =45
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33.
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Kinetic energy = K = 1 mo’.

2
. dK _ lm<2 dv)
tdt 2 dt
_mo+mo, (10kg)(14m sH+4 kg) (0) 10me
UM = T tm, 10kg +4kg Coms
Angular momentum =L = lo = m(oty’o = mPol®. A2
dL <[
. _ . _uL _ 2
Sotorque =1t = ar 2mv” ot. gm |
So, t oc t, which represents a straight line vt M
passing through the origin. =TT T =

L, has a constant magnitude and a constant direction (perpendicular
to the plane of rotation); L, has a constant magnitude, but its direction
continuously changes with time.

_r_1 2i>: n
At t‘s‘s(m 1o’

the x-coordinate of P is (oR) (ﬁ) = % > R cos45°.

~.both P and Q land in the unshaded region.

If x, and x, be the elongations in the thick and thin wires respectively,
the Young modulus

v - F/A, 1—"/A2 P F
T x /L x/L, 2L, 2R LR
) Al L, 2
X A, L 1
n\_h .
Ccos (ﬁ) = E
1 , Maximum
=A=R-h=h - -1l ’ height =R
COs (ﬁ)

For a satellite in a circular orbit around the earth, the time period T
depends on the radius r as T* cc 1. Here, for the geostationary satellite,
T, =24hand r, = 36000 km. For the spy satellite, r, = 6400 km and if the
time period be T,

T, _n 6400 km )3’2

r 3/2
o b= T( ) :(24h)<36000km

— = 2h.
le 7’13
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M

Mass per unitarea=6=——————-
n(4R)"— (3R)

area of ring = 2nxdx,

and mass of ring = dm = 2noxdx.

|
4R |
|
|
|
|

V o= f _dm |
? o [@R)?*+x71" T S—

For the object to escape, KE + (—

mo* _ GMm

For circular motion, ST =T,
r

GMm

So, ;

= mv® = required KE.
The value of g at a distance 7 (where 7 < R) from the centre of a planet is

r_4
g = g0§=§Grcrp.

The force required to keep the wire at rest is

F = weight of the wire = f dm-g
F (4 4. Pf
= [ (un(32Gpr) = 5 Grph I s
47R
5
_4 9R>
= Gﬂ;pk 50
MC €
Taking p = density of the earth = T and R =
3 10
§nRe
we obtain F = . R, A =108 N.
5000 &

The escape speed from the earth is

2GM, 25x10%R
o = g =y e [ ) esxote )

11.2kms™.

If v, be the escape speed from the earth-sun system then
1, GmM, GMgm

~Moy— - =
2770 R (25x10%R

For the rocket to just escape,
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1 , GmM,  GMgm
5 MU, + 4
2 R (25x10%R

v GM, ,Gx3x 10°M, 13GM,

= —
2 R 25x10%R R
2GM,
= v, = 13( Re>=mve=Jﬁx11.2kms"l

= 404 kms" =40 kms™.
Conserving the angular momentum of the system,

2 _ a2 8 M<3 )2 @Mz(&ﬂ) _4
MRm—MR.9m+8 R><9 8x =>x 5R.

5

9

The frequency f= 21_7“/ % of a spring—block system is independent of

the external fields (e.g., gravity).

Zusinei 1 :2u-sin45°'
7g e, ls=="—7"—

Su=5/2ms'=/50ms".

Net upward buoyancy force on the cylinder

Time of flight =T =

= weight of the liquid displaced by it

= ng
= (upward force on the bottom) — (downward force on the top).
" the force on the bottom is pgV + (hpg) R’ = pg(V+ nRh).

When the coin slips into the water, the wooden block moves up and /
decreases. When the coin was floating, it displaced water equal to its
own weight. When inside the water, it displaces water equal to its own
volume. As its density is greater than that of water, it displaced more
water in the first case. Hence, I decreases when it falls into the water.

1% Vo m

mg+(Vp)g =5 xpxg = V=5 =0
|4

Hence, V, < 5

From the geometry of the figure,
)

If p, = atmospheric pressure then

2s
Po~ R TPg =10
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% = hpg
= Rz—;ig_szS:g os(9+%>~
49. From the free-body diagram (FBD) of block A, T
T, = T, +2mg.
Similarly, for the block B, A
T, = mgand T, = 3mg. l l
When the string is cut, T, = 0. K T T 2ms
. for B, mg=mag=ay=g. B
ForA,3mg—2mg=2maAéaA=§' l
mg

50. The gravitational attraction provides the required centripetal force.
Gm,m,

Thus, ——
(i +1)

2 2
= MAO N = Mg Wg15.

Further, the system rotates about the centre

of mass O. So, %

mBr)
MpTy = Mgl og

= W, = Op.

T, = T
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Since the mass of the sphere is unchanged, we have
2,02 1 2 2
(gMR )sphere = <§MR0 +MR0>disc

2 3

or gRZ = ERé
the radius of the discis R, = 2R
V15
2T sin® = F
and Tcos® = ma,.
2tan 0 = ml;x
= a. = F = i X .
X7 2mtan® 2m m

By the law of conservation of mechanical energy,

1o K\ (30
2mv(1+R2>—mgh—mg<4g)
K _3
= 1+F:§
2
I% = %, which is true for a disc.

The gravitational system represents a solid sphere of radius R having a
uniform density of p = p,,
4 3
GLnr' pm _ "o

For r <R, force=———F— -
r

v o¢ r (a straight line from r = 0 to r = R).
G%nlfpm 2

_mo .

Forr>R, F=———5— == le, v
r Vr

the correct plot is the option (c).

The critical speed at A is 4/5gL.

Conserving energy from A to C,

%m(,/5gL)2 = %mvf +mgL(1—cos9)



56.

57.

58.

59.

Multiple-Choice Questions: Type 1 71

7 |
or cos® = —¢ S U —7—5,/5gL]
= -0.87.
. Sn _ 1 _
since cos z - f =-0.71,

we get %Tn<9<n.

The pressure inside a spherical soap bubble exceeds the outer
(atmospheric) pressure p, by 45/R, where S is the surface tension of the

soap solution, and R is the radius.

Thus, the pressure inside the bubble is p = p, + %

R,>Ry, o py<p;.
Hence, air flows from 1 to 2.

By the law of conservation of mechanical energy,
1, ., 1 2
> kx® = ) (4k) y

y_ 1
:> ?:E‘

From the given x—t graph of SHM, displacement = x = A sin ot.

. v=Awcosof and 2 = A’ sin of.

oo|4>

Giventhat A=1cm, o = 28 rads ' and t=

2
= o= Qem)2E s Poin(Z )= B8 s

3y Cms .

The block slides down the plane when N

mgsin®= f = uN = umg cos 0 10cm 150m
or tan0 > p = /3 =1.732.
The block topples without sliding when 0 m9

f <125 ) N() (taking torque about CM)

or pN(lS ) > N(5)
or pu= % =0.67 or tan® = 0.67.

Thus, the block will neither slip nor topple till 6 < tan™! (0.67), and
when 6 exceeds this, it topples before sliding occurs.
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particle is 26 and that of the slower

60. The angular displacement of the faster v A oy
|
!
|
!
|

61.

62.

63.

particle is 6. So,

20+0 = 2x 2v v
27
= 0 = 3 1st

. .. . collision
Hence, the first collision will occur at B,

where the velocities are interchanged
due to equal masses and their elastic collision. The second collision
will occur at C and the third at A. Thus, two collisions will occur before
meeting at A.

The springs are in series; so restoring force is the same in both the
springs. Hence,

kx, = kyx,.
Given that X +x, = A
Ak,
T ktky

Forces acting on the bead as shown in the free-body diagram are
(i) weight (mg)

(ii) normal reaction (N)

(iii) pseudo force (ma).

Resolving N, we get for balance

Nsin® = ma and N cos 6 = mg.

_a

tar;@ = ¢

Y _a,

= dx ~ §
But y = kx’.

dy

SO, a = 2kx
__a .
= = ook

When the rod is turned through an angle 0, the restoring torque
(opposing 0) is
L_,d0

— —op(Lg\L =476,
© = ~2K(50) 1
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kI

Fo 29 <6k>e

ar ML2 - \M)”
12

This represents an angular SHM for which
w=./ 6k 2n 1 jek.
VM T oS T 2tV M

1.2 Heat and Thermodynamics

1. Let pg, and py, denote respectively the densities of iron and mercury at
0 °C, and m be the mass of the block.
". the volume of the block is m/pg, and that of the displaced mercury
is kym/pe.

. (lm _ _ Pre _ Po
. <pFe>pHg =m or k= pHg' Also, p, =Tyt
L Pre 1+ (yy, x 60 °C) B 1+(60 °C)yy,
CO T e x60°0) T pw T 1+(60°O)yy
k1460 °C) vg,
"k 1+(60°C) vy,
2. The three processes are plotted on a
p-V diagram. AB is isobaric, AC is AL W2 lg
isothermal, and AD is adiabatic. In each T I I
. I Wiy |
case, the work done is equal to the area p |
under the curve. : W3 1
D
| |
I !

3. From the first law of thermodynamics, Q = AU+ W. For a cyclic process,
AU =0. Also, Q=5].
W=W,g+ Wpe+ We,.
W, =pAV =(10Nm?)(1m* =10] and Wy.=0.
5]=10]+ Wcp or Wea=-5].

4. TV"! = constant and y for helium (a monatomic gas) is %
T1(5.6)2/ 3 =T,(0.7)*3, hence T, = 4T.

9
8

W= (- T) = 55T - T) =

42/3 g RT-

1
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Vrms(He) Y SRT/mHe JLLON: /40 r 3.16.
He

‘/rms(Ar) 3RT/mA

1 2 2

. AQ:ncPAT=n(y%R)ATzz(ER)Ahz(S x§>x5] 2087.

. Atlow pressures, the number of molecules per unit volume decreases,

sothatthe ‘pointmass”approximation holds. Also, athigh temperatures,
the average speeds increase.

. (Internal energy) o< (absolute temperature).

LU, = U
In the isothermal process AB, W = nRT In (V/V;) = p,V,In (V5/V ).

. pV =nRT. At constant pressure, pAV =nR(AT).

g AV _ AT __ AV 1 1
Dividing, Vo T or ) VD) T or S oc T
As the three rods are made of the same material and have the same
dimensions, they have the same thermal resistance, say R. Let 6 be the
temperature of the junction.

The circuit becomes as shown in the figure below.

0°C 0 i 90°C
R R/2
_90°C-0_0-0°C
R/2 R

or 180°C-20=0 or 0=60°C.
A furnace behaves as a black body.

In the steady state, absorption and emission by the middle plate will be
the same. Thus,

3T T 2T
cABT) - cA(T")* =cA(T") - cAQT)*
, 97 \IM4
= T = (7) T.
By the gas laws: pV = nRT:%RT
m —
= pM = VRT—pRT
. p_P M _1 28
pp " Po"M, 373 9
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14. Let the thermal resistances in the two configurations be R; and R,
respectively.
In Configuration I,

L, L _ 3L

T KA 2KA 2KA

In Configuration II,

R,

1 _ 1,1 _3KA
RR,™L L I
KA 2KA
L
- Ry=3ka
AQ] = AQZI
AO AO
(7 ) = (=)
RZ
= tz = E t, =2s.

15. Heat generated = (3 kW) (3h) =3 x 10% x 3 x 3600 ] = 324 x 10°J.
Heat absorbed by water = mc,,A6 = (120)(4200)(20) J = 100.8 x 10°J.
Heat absorbed by the coolant,

Pt = (324 x 10°-100.8 x 10°) J

223.2x10° ]

N = "3x3600s =207 W

16. Given that p®V° = constant = pV/° /3 = constant.
. y=5/3 (for a monatomic gas).

Pa)k
For the isobaric process AB, P(Fe)

5
AQ, = nc, AT = n(*

b
SRJaT

= %pAV

= 2(10°Pa) (7% 10 m’)

= 1750 ] (heat absorbed).

For the isochoric process BC,

3
AQ, = nc, AT = n(i

= 2(Vdp) =5 (8 x10° m)(——l)xlO Pa

= -1162.5] (heat expelled).
So, the net heat supplied to the system is 1750 J + (-1162.5])
= 587.5] = 588 ].

)R AT
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In the steady state,

the rate of energy loss = rate of energy incidence
= nR*- T = o-4nR*-(T* - T,)

= I = 40(T*-T}).

i T'-T, = 40 x 10°K*

= T'-81x10°K* = 40 x 10°K*

= T = 121 x 10°K*

= T =~ 330K

For an element dx at a distance x from the end P, the change in length
dl = o, dx(0-10) or Al=[d,

where 0 is the temperature at the distance x from the end P.

1m Tm
10°C | I ]400°C
) QR S
2k, oy 140°C K, oy
Temperature gradient in PQ = 0 —xlO = 14017_10
N 0 = 130x+ 10
1 x2 1
- Al = [ (1301)0, dx =130 0, % | =65x12x10"m
o

0
78.0 x 10° m = 0.78 mm.

Given that pT* = constant. But pV = nRT.

nRT\ .2 _
(—V )T = constant.
= T% = KV. (1)
Differentiating, 3T%T = KdV. ()
. AV 3dT
Dividing (2) by (1), vV ST
_1dv_3
YEVAT T

1.3 Sound Waves

1.

2.

After 2 s, the pulses will overlap completely. The string becomes
straight and therefore does not have any potential energy. Its entire
energy must be kinetic.

Conclude from the vector triangle (equilateral).
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oy

3. A stationary wave has the equation of the form
y = Asinkx sin of.

i
Here, for y,, we have k, = T and o, = o.
o o= O _oL
1~ k1 T

For y,, we have k, = ZTTE and 0, = 20.
O, " oL _
U2 = k, T o
Thus, the wave velocities are the same in both the cases. Also, they
have the same amplitude. The frequency for y, is twice the frequency
for ;.

Now, since energy o< (frequency)?,
E, = 4E,.

4""? W 21\/ p 21\/711{9 ZZRV

As T and p are the same for both the wires, v oc =

lR
Here, LR=L x2r=2Lxr. .. v;=v,
5. The frequency of vibration of a string is given by
. T
-2

where N = number of loops (or segments) = number of antinodes. The
other symbols have their usual meanings.

_5 /% _3 /M _
Here, n=oiWm TV m of M =25kg.

A
6. 4—L+e
=L 7L—e=——06R 164 cm—1.2cm=15.2 cm.

4 4af
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10.

11.

12.

13.
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Vsound_ 1 1
"2l _2<2l )V m’

pipe string

mass of the string =ml =10 g.
n,V
o= V=2,

nV nV
Here, fi - -

= and £ = .
340ms ' -34ms" 5 340ms ' ~17ms!

A _340ms'-17ms' _19

5 340ms'-34mst 18

. When an observer approaches a stationary source, which is emitting

sound waves of frequency 1, he hears a frequency n, given by

v
n = n, (1 + V)’
where v = velocity of the observer and V = velocity of sound.
Here, let v, and v be the velocities of the trains A and B.

vA UA
For A, we have n = 5.5 kHz = (5 kHz) (1 + —) or —=0.1.

74 \%
Up Yp
ForB,wehaven=6kHZ=(5kHZ)(1+7> or 7=0.2.
vy
U—A—Z or vgiv,=2:1
v+vo> <3zo+10) 3
I = = 8x10° Hz) = 8.5 kHz.
f (v—vs f=(320-10/" 2) z
T,+T,=mg, T\x=T, (L-x),
1 /T 2 /T " ™
N i S £ /22
Sz and Lo
X —
where p = linear mass density and f; = f,. l =
mg

I L
Z(L—x) or x—§~

The prongs of the tuning fork are kept in a vertical plane in order to set

T,=4T, or Tx=

up longitudinal standing waves in the air column.

The frequency of the third harmonic of the closed pipe is
_ (v)\_3x340ms" _
f= 3(41) ~Tax075m oi0HzZ
Since the increase in tension reduces the beat frequency from 4s™ to2s™,

n-340Hz = 4 Hz = n=344Hz.



Multiple-Choice Questions: Type 1 79

14. y = Asin (ot = ¢).
A =10cmandy=5cm,
sin (ot = ¢) = %: sin 30°
= ot+¢d = 30°.
2n_ . (V\_., (10ems™'\_2n -1
Here, o =7 —2n(x>—2n<750cm )— 5 rads .
.. the velocity of the point P is
d
vp = dit/ = Ao cos (ot + ¢) = (10 cm) <2?n Sil> (cos 30°)
- 3 -
= Zn«/gcms l=ims '
50
— nyY3 2 -1
Up = 5 jms .

1.4 Electrostatics

1. The tangent drawn to a line of force at any point on it must give
the direction of the electric intensity at that point. Consider a point
midway between any two of the charges. Here, the resultant intensity
is only the intensity due to the third charge and must point away from
the third charge. This is satisfied only in the sketch (c).

2. Only the option (a) has the dimensions of force.
3. gE= %mﬁ pg = 6mNrv.

4. Flux = (field) (projected area) = anz.

5. gE = mg

= ¢E = mpg |

|

= (1.602 x 107 C) 103“2 = (1.672 x 10% kg) (10 m %) E%;;
m

mg
= x=1x107V. — !
1cm
XV
6. V() E(r)
A
_ KQ
E RAS_ 3
R RZ
V= \veed T 1
Eoc—
Const. =0 r2
_ - a _
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Q

2
4me,r

7. The electric field at a point outside the dielectric sphere is E =

and that at a point insideis E = E where 7 is the distance from

the centre.

U dne, RY 7% 4mg, R? 3 4me, 4R> 2R

“EtEy,iEy=2:4:1

surface X R 4

8. The +g charges appearing on the inner surfaces of A are bound charges.
As B is without charge initially and is isolated, the charges on A will
not be affected on closing the switch S. No charge will flow into B.

9. The initial energy of the system is given by E; = %CVI2 + %CVQ2 .

When the capacitors are joined, they reach a common potential equal
total charge ~ CV,+CV, V + V
© ‘total capacity ~ 2C 2

The final energy of the system is E; = %(2C) V2.
". the decrease in energy is E,— E, = %C(V1 A

10. Fractional loss in energy = %,

C,G,

_1 2_8 2
whereAll—ZC1 +C (V 0)" =

(Vi-V)P =1

210

Initial energy =U = %Cl V12 = %(2) V2 =V>

". per cent dissipation = % % 100%.

11. The potential difference across AB is
+80 uC_L

4% 4te _80pC
V=C,"C, GG suF 16V L

(16 V) (3 uF) = 48 uC. %l Lo
2 uF 3 uF

7
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12. Consider the charge distribution when (i) S is open, (ii) S is closed.

+18 uC +18 uC
3 uF ; 6 uF

Applying the junction rule at X, the charge that flows from Y to X is
(36 -9) uC =27uC.

13. If A is the linear charge density given to the inner cylinder then
according to Gauss’s law,

E:

A fora<r<b.
2me,r

potential difference = AV =— / E-dr= ﬁ ln%
0

14. Solution not required.

15. By symmetry, the xy-plane through the origin is equipotential; so at the
points A(-a, 0, 0) and B(0, a, 0), V, = V}; = 0. Hence, W = 0.

16. Let P be a point in the cavity.

->

Let(ﬁ;ZZ, ﬁZZ and OO’ =a.
The field at P due to the entire

sphere is E: = 3L80 ((i;), and that due to the

cavity is E; =—3% (ﬁv’).
0

L

.. the net field at P is E= E:+ E; =3
0

(OP-O'P) = 5—(OP +PO’)
€9

_P
3¢,

Thus, the field in the cavity is nonzero and uniform.

e,

B¢ 4me, (2Rsin60°)>  54ne,R’
18. The charges enclosed in the cubical surface are (i) half the charge on

(O—O)’ ) = constant.

the disc, (ii) the point charge at (%,—%, O), and (iii) the charge
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on the rod from Zto > which is 8C. Thus, the electric flux is

4
b=g3=5pc-7c+EE=-2E
0
19. The charge distribution on the outer surfaces Q1+ Q2+ Q3

of the three concentric conducting shells are
shown in the figure. For the charge densities

to be equal, ‘
Q  QtQ, Q1+Q2+Qz
= constant. ‘

4nR>  4n (2R) 4 (3R)
Q=K Q +Q,=4Kand Q; + Q, + Q; =9K.
" Q,=3Kand Q,=5K.

L 0Q:0Q,:Q,=1:3:5.
. . g A
20. Effective capacitance =C = —
d_?/“Lf
A=1land K=2,
-
C—d_z
2
dy
Now, i v

= fdy— det > y=L-w

di3 0
c € & bg
o 1/d 5, Vit 5d+3Vt
d—E(g—Vt> 6d+ >
6g,R

time constant =t = RC = 51+3VE

1.5 Current Electricity and Magnetism

. l L_P.
1. As the sheet is square, R =P APt
2. G, acts as a voltmeter due to the high resistance R, in series. The small

resistance R, in parallel with G, acts as a shunt.
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. Moving anticlockwise from A, v R i

AN
iR+ V—2V+2iR =0
\ B C
or 3R =V or z’=3lR- 1 A
Then, V, - Vg = iR+ V-V =iR o R
Wy i

= % = potential drop across C.

. As I is independent of R,, no current flows through R,. This requires
that the junction of R, and R, is at the same potential as the junction
of R, and R,. This must satisfy the condition R,/R, = R;/R,, as in the
Wheatstone bridge.

. X(48cm +2cm) = (10 Q) (52 cm + 1 cm)

_ (10 Q) (53 cm)

50 cm =10.6 Q.

. For an infinite line charge,

_ A _ av
E=oner = dr

or AV = —5——-

The current through the elemental cylindrical shell
of radius r and thickness dr, is

A dr

_1dV]_ome v _ oM

=" =" "
o - 2mrl
Since the current is radially outward,
d _ Mol d» __ o
= E(M) = = o T dt
= A = Age ek,

it) = 1 _ 1 _ ok _ ok, ~(2)
J =A™ 20l ~ 2mer  2mer ©
This corresponds to the graph (a).

2

. Power=P = R

As resistance increases with temperature, the equality RL =

1 1
[ + _—
100 <R4o> <R60)

does not hold exactly. Hence, L > . > 1 is the best option.
Ripg = Re ™ Ry
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10.

11.

_ - L.
L=2nr = r= o
(Length of the element AB) =dl =76 = (ﬁ)e
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The effective currentisi=gq - 20)_n and the area is A = 1.

The magnetic moment is p = Ai = %qo)rz.

The angular momentum is L = Io» = mrre. ..

(Outward ampere force on AB) = Bl dl.
(Inward force on AB due to tension T)

=2Tsin (06/2) = T6.

Equating each of the two forces for equilibrium T = e

Alternative method

2T = IB(2R) = IB (%) S
IBL
= T=5% T T

In the figure, the z-axis points out of the paper, and the magnetic field
is directed into the paper, existing in the region between PQ and RS.
The particle moves in a circular path of radius r in the magnetic field. It
can just enter the region x > b forr = b —a.

Now, mv = Bgr

\%
or r = %;Zb—u
b—a)B
I (L
qb—a)B
or Umm = AAAETAAﬂ

To find the magnetic field at a point P
due to a long straight wire carrying the
current I, let 4 be a unit vector in the 124
direction of current flow, and 7 be the
vector, normal to {_;, from the wire to P.
Then the magnetic field at P is

5Bl axr

Y4

2
2n r
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Here, a =-k and r=xi+yj.

o CRx@ity))

= B
B=%n 2
(%1) yi-xj
“\2n /|42 ""]/2

The conductors BC and EF will together sz E

produce a magnetic field at P, which lies

in the xz-plane and is equally inclined to  F
the x- and z-axes. The conductors AB and
CD will together produce a magnetic field
at P directed along the z-axis and of the 5

magnitude B, (say). The conductors DE

and FA will produce a field at P with the same magnitude B, and
directed along the x-axis. Thus, the field at P will have equal components
in the x- and z-directions, and no component in the y-direction. It must
therefore point in the direction (1/ V2) (?+ i;).

The magnetic field lines due to a straight current constitute concentric
circles. Hence, the magnetic field between the two wires act in opposite
directions. Similarly, the magnetic field to the left of the first wire and
that to the right of the second wire are oppositely directed. Hence the
correct graph is (b).

1/2

—7-|r2e (LY
Impedance = Z = [R +(03C>

When o increases, Z decreases and I increases.

and current=1= %

As power o< [, the bulb glows brighter.
In the electric field E, force = qf = Ve qE = Ve qEi.

In the magnetic field E, force F = q(17 X E) = Foc q(qu) x BE.
= Focg’EB(-)) [ ixk=—]]

As F < ¢°, so both the positive and the negative ions get deflected
along the —y-direction.

The magnetic field strength at M due to QR is zero in all cases. When
QS carries /2 current, the field strength at M due to QS is H, /2. Then
H, _ 3H, H 2

H2=H1+7— 5 or E=§
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HoIN HOIN J'dr HOIN b
2(b- a) Na

17. B, = fzrb 5= 2(b-a).

“(”/2) na’
2 TTtg

18. Area of the current loop, A = a* + 4 x

". magnetic moment = m=1IA= I( +1>a k.

2

B), B=0.

19. In the cavity (where r<s5

Hol

Outside the cylinder (where r > R), B = 2—71:1’

In the material of the cylinder (where R < R),

2
2
B-2nr = p, nr’ TC(%) ]]

_“_of<z_R_2>.
= B = > r 4
For YZE’B 0; and forr=R
_ z_R_2>_§
B = 2R< 1)~ gk
Thus, Oforr< >

2 4r 2 -
and B decreases inversely with r for » > R.

2
B= LO] (r - &> . for R - r < R (nonlinear increase);

20. The total magnetic field at the centre is
B = 12 x field due to each wire

=12 ( > (sin 60° — sin 30°).

21. When S is closed, the clockwise current I, flowing through P produces
a magnetic field B directed from E to Q and then to P. This field B, by
Lenz’s law, causes an anticlockwise current IQl in Q. When S is opened,
B decreases. This induces a clockwise current I, in Q.

22. Construct a concentric circle of radius r. The induced electric field (E)
at any point on this circle is equal to that at P. For this circle,



23.

24.

25.

26.
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?{E -d0 = 21rE = induced emf = ao _ na*B(t).

dt

As the RHS is independent of r, we have E o< % '

The number of turns per unit length is blj

Consider an elemental ring of radius x and

width dx. R, |

Ndx

b-a

The magnetic field at the centre due to the ring is b

Ho@N)T ol Ndx 1 a
2x 2 b-a X

HON I dx o NI

S 2(b-a)

The number of turns in the ring is dN =

dB =

b,
a

‘. the field at the centre is de = ‘In

The pattern in the option (c) corresponds to a magnetic field (due to
a straight steady current) as well as an electric field (inside a solenoid
carrying a time-varying electric current).

For the circuit], 1, = CoxR =\ \RFR)™
1 2 1

For the circuitIl, 1, = (C; +C,)) (R; +R,) =6 x

3
F .. RiR, _ 2
or the circuit I1I, t; = (C; +C,) R+R.)™ 6 x 3= 4 ps.
1 2

P, PR 1

Ratio of power loss = — = =
P P, PR, 4
IR, 1

V
Ratio of voltage drop = Vl “IR-1
2

I/A, A
Ratio of current density = }1 = o1
2

/A, A 4
E, _Vi/lL _Vi_1

Ratio of electric fields ]:T v,/ V 4
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27. For balance, 20 X
20 L
¥ = 100cm-1 ~(1)
x _ 1+20cm t 100 cm -1
and 20 = 80cm-] (2 II
Solving (1) and (2),
x=3Q.

28. The magnetic force on a moving charge is given by F= q(; x g).
Fora<x<2a,B= Byj . So, 1_-:1 = quB (k)
= the path is circular.
Similarly, for 2a < x < 3a, §=— Bj.
I—-“; =—quB (k), and the correct graph is (a).

2

29. Power dissipation = T

The equivalent resistance in the three configurations are

R,=1Q,R,=+0andR,=20.

2
. V? 217 Vv
. P, = T,PZZTandl%—?'
. P,>P,>P,

30. According to Lenz’s law, a current will be induced in the anticlockwise
direction so as to oppose the increasing magnetic flux into the paper.
Thus, I, flows from A to B, and I, flows from D to C.

1.6 Ray Optics and Wave Optics

1. After the total internal reflection, there is no refracted ray.

2. The refractive index of the given lens material is

A3 -
s \
1_ _ l:L N
Now, f—(“ 1)R 2R
From the lens formula, - N -
1 1 1 24 m 8m
725_ﬂ
- 11 1 _ 1
2R " 8m -24m 6m
= R=3m



Multiple-Choice Questions: Type 1 89

3. If 6 be the angle between the directions of the incident ray and the
reflected ray then

c0s0 = 3G +V3))- 5 (= /3))

1 1 o
—4(1 3)= z—coslzo

= 0 = 120°

angle of incidence =i = 1802_ 0 =90° - 60° = 30°.

4. A
B_
P — ‘ e
(=30 cm) ﬂ I, o M (+30 cm)
2f 2f
10 cm

(i) The realimage of Pis atI, where OI =30 cm and MI=30-10 =20 cm.
(ii) The incident ray AB gets reflected by the mirror and would meet
the axis at I{, where I{M =MI =20 cm.
(ii) LO=I;M-OM =20-10 =10 cm.
Finally, I; will act as a virtual object with u = OI; = (+10 cm) for the
convex lens.
For the lens formula, u = OIl' =+10 cm,
v="7,f=+15cm.

111

v 10 15

SEE
N

-1
f
= v=6cm = OL,
.. distance from the mirror,
=LM=1,0+OM=6cm + 10 cm = 16 cm.
5. The line of sight of the observer remains constant, making an angle of
45° with the normal. q

sin = =1

Jivan’ V5
sind5° _ 1//2 /5

= "sino 1,5 V2

!
'
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6. From the lens-maker’s formula, L=15 n=12
1 1 1
Loy (i)
F (g R,
1 1 1 - -
=(1,5—1)<ﬁ—§>:%. R =14 cm R =14 cm
. 1 1 1\_1
Similarly, £- (1.2-1) (OO _14> =70
1 1.1 1 1 1
- FT T T80 20
Now, from the lens formula,
1 1 1 1 _
v~ 20cm 40cm 40em ¢~ 40cm.
7. For the first image formed by the I
lens, u = =50 cm, f = +30 cm, and so /ﬂ“\
v =75 cm. This is at 25 cm to the right \\/\/ i ~oem
of the mirror. / \\T\\ ;80\ }
| ~<300\ |
For final image by the mirror, i | 30"\\7}\\\\1/ -
Iy <
1, 1_1 1,1 1
e i
u-v f 25 v 50 ) 50 cm

=  ©v=-50cm, which is at I, when the mirror is straight. When tilted
by 30°, the final image is at I;, for which
x =50 - 50 cos 60° = 25 cm
y =50 sin 60° = 25/3 cm.

r_577 _ 1
8. tan@, = ho10 «/5
= 0, = 30°.
Liquid
h=10 mm
Solid
n=272
Now, %i = sin,

S wy=sin30°x =g x 272
= 1.36.
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From Snell’s law, 1 (sin45°) = y/2 sin

= B = 30°. For critical angle 6,

sind, = —— or 0, = 45°.

/2
Now, 0+ (90°+ B) +(90° — 45°) = 180°,
=  9=45°-p=15°

For a silvered lens, equivalent focal length

12,1 __2 1 _15

F R T Bem e T fEpem

The silvered lens behaves as a concave mirror, so applying mirror
formula:

1,1 1
1 1 2
:—20cm+v_ 15 cm
- 1.1 2 _ -5
v 20cm 15cm 60 cm
= v = =12 cm (left of AB).

Let i be the angle of incidence at the interface of Regions III and IV.
From Snell’s law,
n

nysin® = ¢’ sini.
For TIR, i = i_(critical angle)
N Lo n,/8
sini: = 0/6
or sini = %
. ny 3 1
n,sin ® = 6 4 = smE)—8
Vo = 2% (10m s72) (7.2 m)

1

= Uy = 12ms™.

To the fish, the image of the ball will appear as elevated, so

Ximage ofball = Hw X Xball'

1 (Vpan) = %(12 m Sil) =16ms .

Differentiating, Uimage = 3
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From the ray diagram,

tan 6 = z

f

= @’ = (ntan’0) f°. \\
.

From the u ~ v graph, |u| = |v| =10 cm.

From lens formula, f= 5.0 cm.
The least count of the scale on the x- and y-axes is 0.1 cm.
= The option is (5.00 = 0.10) cm.

Due to parallax, shift of image is more than that of the object as
observed. So the image is nearer to the eye and v > u. Hence, the object
lies between centre and focus = f < x < 2f.

From the figure showing
the incident ray (AO),
reflected ray (OB) and
refracted ray (OC), we
have

oa+p = 180°-26
= o < (180°—26).

A
2

For minimum deviation r; = r, = ¥ = =~ =30°% which is same for all

wavelengths.

In interference between waves of equal amplitudes 4, the minimum
intensity is zero and the maximum intensity is proportional to 4a*. For
waves of unequal amplitudes 2 and A (A > a), the minimum intensity is
nonzero and the maximum intensity is proportional to (a + A)?, which
is greater than 44°.

Fringe width = de, so Bk = Br>Bs> Vs
If I, = intensity of each coherent source then

I=2I,(1+cos¢)and I, =4I,

I ax
Now, I=-3%=2],=2I(1+cos¢), socos¢=0

_2m, n - A,
= o= 7LA—(2n+1)2,henceA—(211+1)4
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1.7 Modern Physics

1. t=100ns =100 x 1075, P=30mW =30 x 10° W, c =3 x 10* ms..
Pxt (30x10°W)(100x10"’s)

Momentum = T =1.0x10" ms™.
¢ (3x10°ms )
_ _he _1240eVnm _
2. For A, =248 nm, E, = % T 248 nm =5eV.
_ _1240eVnm _
For A,=310nm, E, = 310nm 4eV.
(KE), (ul )2 __5eV—y¢,
(KE), \ty) = 4eV-¢,
= ¢,=3.7¢eV.
he 1 1
3. %= d+ev or hc<}Ml - M) =e(V,-V,)
I e(Vi-V))Mk, (16x10°C)(2V-1V)(0.3x0.4)x10 “m’
c(A=2y) (3x10°ms™")(0.4-0.3)x10°m
= 64x10%7s.
Alternatively: V|, = Z—; - %, so the slope of V0~% graph is a constant = %~
2V -1V - -
Thus, % = %xw %m =1.2x10"°Vm
(@_07>

=  h=%(12x10°Vm)=64x10]s.

4. In H_atom/ Etotal = _Ez/ KE = % and pOtential energy = _%'
n n n

For transition from excited state (1 > 1) to ground state (n = 1), kinetic

energy of electron increases (% - K) whereas potential energy and
n
total energy decrease (become more negative).

5. As the energy of the incident electrons is greater than the magnitude of
the energy of the K-shell electrons, the target atoms will have vacancies
in the K shell (K-shell electrons will be knocked out). This will cause
emission of the entire characteristic spectrum of tungsten. Along with
this, continuous X-rays will always be present, with

_ 1242 nm eV

= 80x10° eV = 0.0155 nm.
x10" e
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. Ag does not depend on the accelerating voltage. 1. decreases with

increase in accelerating voltage. Thus, as the accelerating voltage is
increased, the difference A, — A, will increase.

l _ RZ2<12_1>

A ny n;
1 _ L1 1\_5R 1_,.1_ 1) 3R
= 6561_R<4 9) 367 % 4R<4 16) 4
}\‘Cu_ ZMO_]')2
) 7\‘Mn_ ZCu_1 .

. In a gamma decay process, there is no change in either A or Z.

1\/T
Activity A = Aq(5]

AO 1\T
or @ Ao( )
1 6 1 /18 days
or <§> = (5) = t =108 days.
E_(I)-}—KE :¢+L2:¢’+ I’lz
A Y max 0 2m 0 mei
W he_
- 2mh A %o-
3h*d\
Differentiating, = __h%
Ab A
oy A
dn 22

Consider the reaction {n + 20 - PN+ H+Q,
so Q= (AM) = (M, + Mg -My-M,) ¢’
= 0.003796 x 931.5 = 3.5359 MeV. (1)
From the given relation
AQ = AE = Elgo_ E175N
2

4ne R 8x7-7x6)

gilw  wIlw

2(1.44 MeV- fm) x ﬂ )

Solving equations (1) and (2 ), R =342 fm.
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Probability P for the decay is

P=1-¢™
For t=2T,= 2<IHTZ>
p=1-¢"4%)
o mi_, 1 _3
=1-e =1 174
From Einstein’s photoelectric equation
he _ ey,
he\l ¢
A
This represents a straight line with slope tan6 = hcfc‘
Work function ¢ = hv, %
0

For metal 1, 1 = ﬁ =0.001 nm™.

Aoy he
For metal 2, 1 = & =0.002 nm™.

Ay he
For metal 3, % = & =0.004 nm™.

0 he
010,00, =1:2:4.

Ao = 1000 nm.

Ay = % nm = 500 nm.

Az = % nm = 250 nm.

" A, < 400 nm, photoelectrons can be ejected by metal 1 and metal
2 only and not by metal 3.

During a nuclear reaction, the rest mass energy of the main nucleus (U)
must be greater than the rest mass energy of daughter nuclei in which
it breaks up (as the conservation of momentum is always followed).

The largest wavelength (A,) in UV region of H-spectrum is the first line
in Lyman series for the transitionn =2ton =1:

1 _ _1\_3
@—R(l 4) 2R (1)

The smallest wavelength (A,) in IR region is the last line in Paschen
series for the transition n = ton = 3:
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1 1 R
A o R(9 00) 9 ~(2)
. from (1) and (2), A, = 823.5 nm.

17. For X-ray emission, cut-off wavelength

he
Ao = v ..(1)
h h W
But I
P J2m(eV) 2m\
) he I?
Equat /AL
quating e o 2m?
2
N Ao = thck

18. Aiypoff = eh—‘C/, which is independent of the atomic number (Z)

= option (b) is wrong.

In2
19. A—‘ =AN= T" N
= 5pci=¥ 2N,
1
0pC = 22N,
2
= T, = AT,

20. Energy of photon corresponding to wavelength A is

E= he _1240eV nm

A A
A, = 550nm, E; = 15254(? eV =225eV
A, = 450 nm, E, = 14?54(? eV =275eV
Ay = 350 nm, E, = 132548 eV =35eV

Since emission occurs when E > ¢,
¢, = 2 eV, all the three components cause photoemission
[0 q= 2.5 eV, last two cause emission
¢, = 3 eV, only the last causes emission
L,>1 > 1I.
a
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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?
97
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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 ¢, the dimensionally correct
equation(s) is/are

(@) pol2=g,V2 (b) gl =pn,V
() I=gxcV (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° © ]
(b) 6> 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
(@ n;=0,pn, # 0and (/Vztan(%:T

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

(©) 1y % 0,1, =0and oA, =2
, = n =
c) n,=va 2 T,
mg
(d) w,y=0,u, # Oandc/\/l‘[an(9=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 =m,/ %

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

g A4n 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 + ?leé)
(c) the point P has linear velocity (% Roi — @le&)

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

The position vector 7 of a particle of mass 1 is given by the equation
F)=at’i+ Bt2f, 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 = (10i + 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.

L is slipping from its vertical
position on a frictionless floor L
(as shown in the figure). At some
instant of time, the angle made
by the bar with the vertical is 6.
Which of the following statements 0
about the motion is/are correct?

15. A rigid uniform bar AB of length ‘4
v

(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?

(@) 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’e.

(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 |

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

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

p(r _ 3R>
—0) = 4/_63
(a) P(T - 0) =0 (b) (r _ &) - 80
P73
o= -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 ®, 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 % =n® and % = 1 then the correct equation(s) is/are

R
)

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

(©) ®,0,=n" d) m—ll = (D—z

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)lgc_ZAlzzﬁ))B_ch (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
(© 7y >0 (d) -7 <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> d;
(©) 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,.
(c) 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,-Cy islarger 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))t].
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(t) 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+vg=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>h

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

(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 , 5 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 f z
at the origin. It encloses three fixed a /,T ’i ’’’’’’ 7
point charges: —g at (O, - %, O), +3g at ) § % / i
(0,0,0) and —g at (O, + %, O)- Choose the - Lisiq 77777 ;qu*
correct option(s). X - //1 ,,,,,,,, ,,/J v
(a) The net electric flux crossing the plane x = +% 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
4meg, 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 —q 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 c. If E,(r,) = E,(r,) = E5(7,) at a given distance 7,, then

(@ Q= 461‘51’02 (b) = ﬁ
© B (2)-2,(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?




11.

12.

Multiple-Choice Questions: Type 2 119

(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  2vyT— TC 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 i

figure, and given as o }
!
|
l

0 =1

4neyr

“(r = Ry),

__1 .
O = dneoR, = 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. B et
(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 nQ (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) The voltmeter will display 0V at time
t=In2s.

(c) The current in the ammeter becomes 1/¢ 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

R R
| /6 /4
5 > = S > S t— | X
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(a) If B is along z, Fc(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
; i 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 xP2
of the paper. A particle with O X 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 X
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
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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.)

(a) 10 (b) F

i i L
2 8L 4L x 0 | 2L 3L 4L x
(c) 1tx) (d) v
Vo
L AL
0 L 2 X 0 L 2 3L 4 x
15. A conducting loop in the shape of
a right-angled isosceles triangle 90° 10 em

of height 10 cm is kept such that

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 ® in the magnetic field. Which of

X X X X XiX X X X X
the following options is/are correct? D et i
X X X 1 x X X
. X X ><}>< B x
(a) The rate of change of the magnetic ~ x x X1 x X x
flux is maximum when the plane  } /;\riexa o
of the loops is perpendicular to the — x X x %
X X X, | X X
plane of the paper. X X xAK x| x X x
. X X X xIx X X
(b) The net emf induced due to both the x xfx x x|x X x
. . X X X XX X X
loops is proportional to cos ot. x x\x x Area2A x/x x
X % X XX X %
(c) The emf induced in the loop is  x x Ay xix X x
. X X X X X
proportional to the sum of the areas  « x 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

®) VR =Vy

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 t = 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

(a) 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 s}, 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?

(a) I > 1y (b) Ip<Ip
(© VE>VE @ vi<ve
24. An infinitely long current-carrying .-~
. . . B
wire passes through point O and is T
perpendicular to the plane containing a SEE:WW -0
current-carrying loop ABCD as shown in \\A
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 ROTRORO
enters Region II normal to '\,—Ei e
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

to the plane of the paper. The
length of Region Il is [. 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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(a) 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) N
that increases with z. Here z is
the vertical distance measured l n(z)

- —

|
|
from the top. The slab is placed ~ * E
between two media with !
. . g n2 |
uniform  refractive indices ! 107
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 . (d) !is dependent on n(z).
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Two coherent point sources S; and S, P1

Al o
are separated by a distance d = 1.8 mm. '
dark spots on the circumference of the

of wavelength A = 600 nm are placed
This arrangement produces interference
circle. The angular separation between two consecutive bright

symmetrically on either side of the ‘»
centre of a circle as shown. The sources /
fringes visible as alternate bright and i

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.

the Young’s double

slit experiment, a

student replaced z
the two slits witha -~ ___

large opaque plate ’/,/"\:‘ "//l/"\t\\\ o

in the xy-plane e g Y
.. S d Sy
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?

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 B,, 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 2,

(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 Ap, 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 h is Planck constant and R is Rydberg
constant. The possible wavelength(s) when the atom de-excites,
is/are:

@ HRr b) Ter
© 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 %3Sr 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



138 Solved Problems in Physics for IIT JEE Advanced

(b) X=p,Y =€, Ks, = 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,¢ 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,cC 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 4.1 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 207g
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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o Mee JB 1o [T,
C

5. Energy =FL=kT, 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).

N’A
6. Magnetic energy in the inductor = %le = % Ho l P

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

HoAIZ SoAV2 . .
] and have the same dimension.

d
Lopel Zand 80V2 have the same dimension.

For a capacitor, Q = CV

Q_cv_&Ady
or t Tt 4t
A
or I= SOEV.
A . .
] has the dimension of speed,
t I=¢,CV.

7. f=0,if sin 6 = cos 6 = 0 = 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.

8. Trailing After collision
@ ”L | surface T u-2v i F
| |
i r =
v L Leading Voo L
surface

The change in momentum at leading surface,



142 Solved Problems in Physics for IIT JEE Advanced

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
N, + V) = mg. .
. Hymg
Solving, N = 7 T 1) 2, A
and N, = - 2 A : T 1o
2= Trm, 2
Taking torque about A,
mg écos@ = N IsinO+ p, =V, lcosO
mg 2mg .
or ——cosb = sin O + p,;=/V; sin 0. ..(3
2 1+ I My 1 ( )

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

mg
= N tan© =5

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

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

Initially, at t = 0, v = 1. Thus v = u;, cos wt. At the time of collision,

u
70 = uycost; = 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
TFh =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*+ éM( M) =mgR

2¢R
m
L+

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

mAx,, = —~MAx,,;, m(R—x) = Mx

m

= (M +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 +pti]

o(f) = % =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=]
|

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

= (—%k) Nms.

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

= i +/)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 O
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 = Icpqa ..(ii)
L Alxy) __
and Aoy = oc-zsin 6. ... (iif)
Solving equations (i), (i) and (iii), the angular acceleration
m g% 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 -To
remain constant, so torque T = constant. X

N

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* | Am ay  17ma’

1T T Ty T
Vem = SLm (m-wa+4m-02a) = 9%11,

1 _9
lem = %(ml+4m-21) = gl.
Ve
Angular velocity (o) 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 = ZG.ﬁ = Z(Ve)P' and
IM

(v)g =,/ 2Gx N 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 . oo (121 2 2
mg 5 Sin + MgLsin = (gmL + MR+ Mo
In case B:
mg%sine +MgLsin0 = (%mL2 + MLZ)(XB.

= TA = Tp, 0y < 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 2 ( 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 fr 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 _ » . O _ 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, Mv, = (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 .
Acy = 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
D T
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; )V T = pt+p,=0;+0,.
Since the string is taut,

pl < 01 and p2 > 62.
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2
Now. o, =2 (0, p1)g and o _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= P

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) vg
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,

i
|
Pi=Py Po P i Po
} Kx
‘4><7
HTV\ H)(O—'FX»‘
Kx
P="r +7'
3 Vi
Pr=oh = X=,
3 Kx pA
2P =Pty o Ke=mm

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

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

In option (c):

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

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

2V 1.pA 2V 7
SPATA T AT

Heat supplied to the system,

7 3 41
AQ=W+AU= §P1V1 +§(P2Vz_P1Vl) = ?Plvl-

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)* - (Ty— ATy) 4
= more heat energy required to be radiated per second to maintain the
body temperature,

Q,-Q, = o[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 = 2AKA
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 _HRc ~ HL
A0 =g Re =3xar A0 ="3 =4xar
5H HL _ _HL
AOp = 16 ~—Rp= AKA and AOp=HRp= 24KA

= ABg; is the smallest.

Aec H _ AGB 3

Now, e =R =27 R, “167
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 > 5 152
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 (wt),

we have, A = 0.01 m.

2n 4

=20tm™ ‘ ‘
A_ 1 -5
or 2—20111— cm.

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

Angular frequency of this mode, ® = 628 57, 2rv = 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+
f, = (%)ﬁ, for wind blowing from the observer to
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= Q@uelyy = A=giym
_2n_(@ntDn o
k = L 6 and v=100ms }
(2n+1)50n 1=3m J}
o =vk=—7"——- ‘
3 |
| Antinod
Forn:O,k:E and w:&, i ntinode
5 dson N |
Forn =2,k=== and o= .
6 3
T

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 a.x

é(l —cos 20x) + g(l + cos 20x) + Qsin 20x

%(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) cos2ox +% 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@ PR

Ry “R,+Rg common potential V
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R
:>&=—A>1.
Qs Rp
S 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 kymip  kgwri(op)
E = B 1’2+ B 1’1
Ty Ty
Ro
R14————d————>

=~ = 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

Py~ 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

p— 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 dmegrg el 280
= Q= 2ncsr02 .
A
Ty = E
I 4E, (1)
alz)= =

a(3) =203

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 s )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 = o (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\__Qy_ 1)
V=" w2 28 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 ooV
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 ¢

,egg A2 25A H
C; = 9= ===,
§189A/2 B 2g, A H

and Cy = ] = =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.
116
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 dne,

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

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

Coulomb force between Q and —4 is radial,
so the torque T =7 x F = Fsin180° = 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, =23 =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
IL=3A-1TA=2A.
Hence, the correct options are (a), (b), (c) and (d).

] (1.0x107 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,
Vi 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 f = 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, + I, wheret=RC=1s. I 40 uF q o 25Kk0
After 1 s, current through the

o1 . 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= V)
AVsova = 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).



164

6.

Solved Problems in Physics for IIT JEE Advanced

Let V,, = potential at O. Vi
According to junction rule:
ViVo 10 %tV R
R, ~ R R
1 2 3 o
E — & R2 R3
N R; Ry
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, = @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 = [,R, + 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 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)ixB.
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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(Gxi)=0.
If B =Bj, F = 2[L+R)B(i x j)=2B(Lx R)k

= Foc (L+R).

If B = Bk, F # 0, so 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 M=~ P, =
S ® B
= d o< m. \\
\
. _ 8 p O A
Given, B = 13 QR’ //
s the radius, r = == 19R=1. 6R, y=-R 4»?
’ QB 8 P
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, —pl=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 qt - mvdx—zLB— R
272

> do= _B°L

mR
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)4 Bsz X
Integrating, fdz; T f dx.
Y 0
". velocity as a function of x,
B’L’ _ . _BI?
R X = v(x) =1, R

Now, current at any position (x),

v(x) -7y = —

BL _BL[ B*I?
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
buw _ Mol

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

oL Mol dl_Ho )< (Ho)
£, = ‘ ME = =2 0am a0 As™) =) 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 of, 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 = b 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+V2-2V2 cosZE = /3,

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,sinwt = 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.
[0}

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

1 _ 1

oC  (100)(100 x 10°%)

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

Qb

100 )
Capacitive Inductive
circuit circuit

Voltage across the resistor,

0.2
VRyoo = () rms X 100 = 2 x100 =102 V.
imi 04 B
Similarly, Vg, = ——~x50=10 J2 V.

/2

Hence, the correct options are (a) and (c).
14

Vo
22. Peak current [, = - = ]

R+ (oL~ —)2
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 o0,z >, so [I—0.

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

V 2 2, 1,2 2 (I 2_ 2. ( 1V
2. 1=+, V2= Vi+VE=(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|=IAB=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_ _ _mv,
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 kQ2 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 _AhHTR
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= Sjné = Siné =2cos 2 ...(1)
2 2

At minimum deviation, i +i=A + 3, = 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, - ==-—-5-="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, = 11, 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 sin®
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
poTEE (600x10™%) 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 2 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+0L+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 oy 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= (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
f3 = _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 21 1 9
)\’—1 = RZ <—2——2) =>7\.1——

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

P 5R
Hence, the correct options are (a) and (c).
236
92U = i Xe+ 335+ 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 + Ky + 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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Integer-Answer-Type Questions

In this chapter the answer to each question is a single-digit integer, ranging
from 0 to 9 (both inclusive). For each question, darken the bubble corresponding
to the correct integer in the ORS.

3.1 General Physics

1. During Searle’s experiment, the zero of a vernier scale lies between
3.20 x 107 m and 3.25 x 102 m of the main scale divisions. The
20th division of the vernier scale exactly coincides with one of the
main scale divisions. When an additional load of 2 kg is applied to
the wire, the zero of the vernier scale still lies between 3.20 x 102 m
and 3.25 x 10 m of the main scale but now the 45th division of the
vernier scale coincides with one of the main scale divisions. The
length of the thin metallic wire is 2 m and its cross-sectional area is
8.0 x 107 m?. The least count of the vernier scale is 1.0 x 10™° m. The
maximum percentage error in the Young modulus of the wire is

2. To find the distance d over which a signal can be seen clearly in
foggy conditions, a railway engineer uses dimensional analysis and
assumes that the distance depends on the mass density p of the
fog, intensity (power/area) S of the light from the signal and its
frequency f. The engineer finds that d is proportional to S'/". The
value of 1 is

3. The energy of a system as a function of time t is given as
E(t) = A? exp (—at), where oo = 0.2 s7!. The measurement of A has an
error of 1.25%. If the error in the measurement of time is 1.50%, find
the percentage error in the value of E(t) att =5s.

4. A train is moving along a straight line with a constant acceleration
a. A boy standing inside the train throws a ball forward with a
speed of 10 m s™, at an angle of 60° to the horizontal. The boy has
to move forward by 1.15 m inside the train to catch the ball back at
the initial height. The acceleration of the train, in m s72,is

179
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. A rocket is moving in a gravity-
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Aeroplanes A and B are flying with A B
constant velocities in the same L
vertical plane at angles 30° and P
60° with respect to the horizontal - /
~"30° A60°

respectively as shown in the figure.
The speed of A is 100/3 ms™.. At time
t =0s, an observer in A finds B at a distance of 500 m. This observer
sees B moving with a constant velocity perpendicular to the line of
motion of A. If at t = t), A just escapes being hit by B then ¢ in
seconds is

free space with a constant a=2ms?2
acceleration of 2 m s along the 03ms' o2ms! [ %
+x direction (see figure). The !
length of a chamber inside the
rocket is 4 m. A ball is thrown 4m

from the left end of the chamber

in the +x direction with a speed of 0.3 m s™ relative to the rocket. At
the same time, another ball is thrown in the —x direction with a
speed of 0.2 m s™" from the right end relative to the rocket. The time
in seconds when the two balls hit each other is

. A block of mass 0.18 kg is attached

to a spring of force constant 2 N'm™.

The coefficient of friction between

the block and the floor is 0.1. Initially |
the block is at rest and the spring is
unstretched. An impulse is given
to the block as shown in the figure. The block slides a distance of
0.06 m and comes to rest for the first time. The initial velocity of the
block inm s is v = N/10. Then N is

. A particle of mass 0.2 kg is moving in one dimension under a force

that delivers a constant power of 0.5 W to the particle. If the initial
speed (in m sh) of the particle is zero, the speed (in m s7h) after
5sis

. Consider an elliptical-shaped rail PQ in the vertical plane with

OP =3 m and OQ =4 m. A block of mass 1 kg is pulled along
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the rail from P to Q with a force of 18 N,
which is always parallel to line
PQ (see the figure). Assuming no
frictional losses, the kinetic energy
of the block when it reaches Q is
(n x 10) joules. The value of n is (take
g=10ms?)

N
3
ot~ ———————rg

A block is moving on an inclined plane making an angle 45° with
the horizontal. The coefficient of friction is p. The force required to
just push it up the inclined plane is 3 times the force required to just
prevent it from sliding down. If we define N = 10p then N is

A bob of mass m, suspended by a string of length [, is given a
minimum speed required to complete a full circle in the vertical
plane. At the highest point, it collides elastically with another bob
of mass m, suspended by a string of length /,, which is initially at
rest. Both the strings are massless and inextensible. If the second
bob, after the collision acquires a minimum speed required to
complete a full circle in the vertical plane, the ratio /,/1, is

Four solid spheres, each of diameter J/5

cm and mass 0.5 kg, are placed with their O
centres at the corners of a square of side /
4 cm. If the moment of inertia of the .

system about a diagonal of the square is e
N x 107 kg m? then N is ,/’

A boy is pushing a ring of mass 2 kg
and radius 0.5 m with a stick as shown
in the figure. The stick applies a force
of 2 N on the ring and rolls it without
slipping with an acceleration of
0.3 m s The coefficient of friction
between the ground and the ring is large enough so that rolling
always occurs. The coefficient of friction between the stick and the
ring is P/10. The value of P is

Stick

Ground
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A binary star consists of two stars A (mass 2.2 M) and B (mass
11 M), where M, is the mass of the sun. They are separated by
a distance d and are rotating about their centre of mass, which is
stationary. The ratio of the total angular momentum of the binary
star to the angular momentum of star B about the centre of mass is

A uniform circular disc of mass 50 kg and radius 0.4 m is rotating
with an angular velocity of 10 rad s™ about its own axis, which
is vertical. Two uniform rings, each of mass 6.25 kg and radius 0.2 m,
are gently placed symmetrically on the disc in such a manner that
they are touching each other along the axis of the disc and are
horizontal. Assume that the friction is large enough such that the
rings are at rest relative to the disc and the system rotates about the
original axis. The new angular velocity (in rad s™) of the system is

A lamina is made by removing a small
disc of diameter 2R, as shown in the
figure. The moment of inertia of this
lamina about the axes passing through O P
and P are I, and I, respectively.
Both these axes are perpendicular to the

plane of the lamina. The ratio Tp to the
nearest integer is ©

A uniform circular disc of mass 1.5 kg
and radius 0.5 m is initially at rest on
a horizontal frictionless surface. Three
forces of equal magnitude F = 0.5 N
are applied simultaneously along the

F

X

)
three sides of an equilateral triangle
XYZ with its vertices on the perimeter Y 7 F
of the disc (see figure). One second /v
after applying the forces, the angular F
speed of the disc is

A horizontal circular platform of radius 0.5 m and mass 0.45 kg is
free to rotate about its axis. Two massless spring toy guns, each
carrying a steel ball of mass 0.05 kg, are attached to the platform at a
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distance of 0.25 m from the centre on its either

side along its diameter (see figure). Each gun @
simultaneously fires the balls horizontally

and perpendicular to the diameter in opposite I
directions. After leaving the platform, the U

balls have horizontal speed of 9 m s™ with

respect to the ground. The rotational speed

of the platform in rad s™ after the balls leave

the platform is

Two identical uniform discs roll without slipping on two different
surfaces AB and CD (see figure), starting at A and C with linear
speeds v, and v, respectively and always remaining in contact with
the surfaces. If they reach B and D with the same linear speed and
v,=3ms ' thenv,inmsis (g=10ms?)

I I
l V2 }
R I
N
1 D
|
|
|
|

|
|
|
|
L

The densities of two solid spheres A and B of the same radii R vary

5
with radial distance ras p, (+) = k(%) and pg(r) = k(%) respectively,
where k is a constant. The moment of inertia of the individual

spheres about the axes passing through their centres are I, and I

I
respectively. If I—B =L find the value of n.

A 107
The gravitational acceleration on the surface of a planet is % g,
where g is the gravitational acceleration on the surface of the earth.
The average mass density of the planet is 2/3 times that of the
earth. If the escape velocity on the surface of the earth is taken to

be 11 km s™', the escape velocity on the surface of the planet in

km s7! will be
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A bullet is fired vertically upwards with a velocity v from the
surface of a spherical planet. When the bullet reaches its maximum
height, its acceleration due to the planet’s gravity is 1/4th of its
value at the surface of the planet. If the escape velocity from the

planet is v, = vy/N then N is (ignore the energy loss due to

atmosphere)

A large spherical mass M o

is fixed at one position and =~ -----A--—--f------- — -
-

two identical point masses ' L

m are kept on a line passing

through the centre of M as shown in the figure. The point masses
are connected by a rigid massless rod of length [ and this assembly
is free to move along the line connecting them. All three masses
interact only through their mutual gravitational interaction. When
the point mass nearer to M is at a distance » = 3/ from M, the tension

in the rod is zero for m = K(%) Find the value of K.

A 0.1-kg mass is suspended from a wire of negligible mass. The
length of the wire is 1 m and its cross-sectional area is 4.9 x 107 m?%
If the mass is pulled a little in the vertically downward direction
and released, it performs simple harmonic motion of angular
frequency 140 rad s™. If the Young modulus of the material of the
wire is 11 x 10° N m™2, the value of 7 is

Consider two solid spheres P and Q each of density 8 g cm™ and
diameter 1 cm and 0.5 cm respectively. The sphere P is dropped
into a liquid of density 0.8 g cm™ and viscosity n = 3 poiseuilles.
The sphere Q is dropped into a liquid of density 1.6 g cm™ and
viscosity n = 2 poiseuilles. Find the ratio of the terminal velocities
of Pand Q.

A steel wire of length L at 40 °C is suspended from the ceiling and
then a mass m is hung from its free end. The wire is cooled down
from 40 °C to 30 °C to regain its original length L. The coefficient of
linear thermal expansion of the steel is 10~ °C™!, Young modulus of
steel is 10" N'm™ and the radius of the wire is 1 mm. Assume that
L >> diameter of the wire. Then, the value of m in kilogram is nearly
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A rectangular plate of mass M
and dimensions (a x b) is held in
a horizontal position by striking
n small balls each of mass m per
unit area per unit time. These are
striking in the shaded half-region
of the plate. The balls are colliding f f f
elastically with a velocity v. Find v.

(Given: n =100, M =3 kg, m = 0.01 kg,szm,azlm,glems‘Q)

Q

A circular disc with a groove along
its diameter is placed horizontally.
A block of mass 1 kg is placed as
shown. The coefficient of friction
between the block and all the
surfaces of the groove in contact is
pn = 0.4. The disc has an acceleration

D . cos0=4/5
of 25 m s™. Find the acceleration of sin0=3/5

the block with respect to the disc.

A light inextensible string that goes over a
smooth fixed pulley as shown in the figure
connects two blocks of masses 0.36 kg and
0.72 kg. Taking ¢ = 10 m s, find the work done (in
joules) by the string on the block of 0.36 kg during
the first second after the system is released from rest.

Two soap bubbles A and B are kept in a closed chamber where the
air is maintained at 8 N m™. The radii of bubbles A and B are 2 cm
and 4 cm respectively. The surface tension of the soap solution to
form bubbles is 0.04 N m™'. Find the ratio ng/n,, where n, and ng
are the numbers of moles of air in bubbles A and B respectively.
(Neglect the effect of gravity.)

Three blocks A, B and C are kept along a
B

straight line on a frictionless horizontal A C
surface. These have masses m, 2m and

m respectively. The block A moves towards B with a speed of
9 m s~! and makes an elastic collision with it. Thereafter, B makes
a completely inelastic collision with C. All motions occur along the
same straight line. Find the final speed of block C in m s™".
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A cylindrical vessel of height 500 mm has an orifice at its bottom.
The orifice is initially closed and water is filled in it up to a height
H. Now the top is completely sealed with a cap and the orifice at
the bottom is opened. Some water comes out through the orifice
and the water level in the vessel becomes steady with the height of
water column being 200 mm. Find the fall in height (in mm) of the
water level due to the opening of the orifice.

(Take atmospheric pressure = 1.0 x 10° N m™, density of
water = 1000 kg m™ and g = 10 m s Neglect any effect of surface
tension.)

A drop of liquid of radius R = 107 m having the surface tension

= % N m™ divides itself into K identical drops. In this process,

the total change in the surface energy AU is 10 J. If K = 10* then the
value of a is

3.2 Heat and Thermodynamics

1.

A piece of ice (specific heat capacity =2100] kg™ °C™" and latent heat
=3.36 x 10° ] kg™") of mass m g is at -5 °C at atmospheric pressure.
It is given 420 ] of heat so that the ice starts melting. Finally, when
the ice-water mixture is in equilibrium, it is found that 1 g of ice has
melted. Assuming there is no other heat exchange in the process,
the value of m is

. In an insulated vessel, 0.05 kg of steam at 373 K and 0.45 kg of ice

at 253 K are mixed. What would be the final temperature of the
mixture in degree Celsius?

. A metal rod AB of length 10x has its one end A inice at 0 °C and the

other end B in water at 100 °C. If a point P on the rod is maintained
at 400 °C then it is found that equal amounts of water and ice
evaporate and melt per unit time. The latent heat of evaporation of
water is 540 cal g”! and the latent heat of melting of ice is 80 cal g™
If the point P is at a distance of Ax from the ice end A, find the value
of A. (Neglect any heat loss to the surroundings.)
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4. A diatomic ideal gas is compressed adiabatically to 1/32 of its
initial volume. If the initial temperature of the gas is T; (in Kelvin)
and the final temperature is aT,, the value of a is

5. A thermodynamic system is taken from
an initial state i with internal energy a
U, = 100 J to the final state f along two
different pathsiaf and ibf, as schematically
shown in the figure. The work done by
the system along the paths af, ib and i
bf are W, = 200 J, W, = 50 J and
W,.;=100] respectively. The heat supplied v
to the system along the paths iaf, ib and bf are Q,;, Q,, and Qy;
respectively. If the internal energy of the system in the state b is
U, =200 ] and Q. = 500 J, the ratio lef

6. Two spherical bodies A (radius 6 cm) and B (radius 18 cm) are at
temperatures T, and T, respectively. The maximum intensity in the
emission spectrum of A is at 500 nm and that of B is at 1500 nm.
Considering them to be black bodies, what will be the ratio of the
rate of total energy radiated by A to that of B?

p

is

7. Two spherical stars A and B emit black-body radiations. The radius
of A is 400 times that of B, and A emits 10* times the power emitted
by B. The ratio of their wavelengths A, to A5 (i.e., L, /Ap) at which
the peaks occur in their respective radiation curves is

8. A metal is heated in a furnace where a sensor is kept above the
metal surface to read the power radiated (P) by the metal. The
sensor has a scale that displays log,(P/P,), where P, is a constant.
When the metal surface is at a temperature of 487 °C, the sensor
shows a value 1. Assume that the emissivity of the metallic surface
remains constant. What is the value displayed by the sensor when
the temperature of the metal surface is raised to 2767 °C?

3.3 Sound Waves

1. When two progressive waves y; = 4 sin (2x — 6t) and y, =
3sin <2x —6t— %) are superimposed, the amplitude of the resultant

wave is
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. Four harmonic waves of equal frequencies and equal intensities (I))

have phase angles 0, %, 2?11 and n. When they are superposed, the

intensity of the resulting wave is nl. The value of n is

. A stationary source is emitting sound at a fixed frequency f,, which

is reflected by two cars approaching the source. The difference
between the frequencies of sound reflected from the cars is 1.2%
of f,. What is the difference in the speeds of the cars (in km per
hour) to the nearest integer? The cars are moving at constant speeds
much lower than the speed of sound which is 330 m s™.

. A 20-cm-long string, having a mass of 1.0 g, is fixed at both the ends.

The tension in the string is 0.5 N. The string is set into vibrations
using an external vibrator of frequency 100 Hz. Find the separation
(in cm) between the successive nodes on the string.

. A stationary source emits sound of frequency f, =492 Hz. The sound

is reflected by a large car approaching the source with a speed of
2ms™. The reflected signal is received by the source and superposed
with the original. What will be the beat frequency of the resulting
signal in Hz? (Given that the speed of sound in air is 330 m s™ and
the car reflects the sound at the frequency it has received.)

3.4 Electrostatics

1.

An infinitely long solid cylinder of \Zz

radius R has a uniform volume charge

density p. It has a spherical cavity of <>

radius R/2 with its centre on the axis Ri R

of the cylinder as shown in the figure. A P .
The magnitude of the electric field at e R X
the point P, which is at a distance 2R “x

from the axis of the cylinder, is given 4

by the expression - The value of

P
) 16Kg,
Kis
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2. An infinitely long uniform line
charge distribution of charge per

unit length A lies parallel to the }

y-axis in the yz-plane at z = a,

2
as shown in the figure. If the
magnitude of the flux of electric
field through the rectangular

surface ABCD lying in the xy-plane

with its centre at the origin is % (g, = permittivity of free space)
then the value of nn is

3. Four point charges, each of +4, are rigidly fixed at the four corners
of a square planar soap film of side a. The surface tension of the soap

film is S. The system of charges and planar film are in equilibrium,
2UN

anda =K S

, where K is a constant. Then N is

4. A solid sphere of radius R has a charge Q distributed in its volume
with a charge density p = K", where K and n are constants and r
is the distance of a point from its centre. If the electric field at the
distance r = R/2is 1/8 times that at » = R, find the value of n.

3.5 Current Electricity and Magnetism

1. When two identical batteries of internal resistance 1 Q each are
connected in series across a resistor R, the rate of heat produced in
Ris |;. When the same batteries are connected in parallel across R,
the rate is J,. If J; = 2.25], then the value of R in Q is

2. Two batteries of different emfs and BV g
different internal resistances are
connected as shown. The voltage
across AB in volt is

@

3V 2Q
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. A galvanometer gives a full-scale deflection with 0.006-A current.

By connecting it to a 4990 Q resistance, it can be converted into a

voltmeter of range 0-30 V. If connected to a 224—719-(2 resistance, it

becomes an ammeter of range 0-1.5 A. The value of n is

. In the given circuit, the current R(=2Q) 10
through the resistor R (=2 Q) is W
I . The value of I'i
amperes. The value of I is L eaz2f o
65V | 40
10Q
12 Q% 40

. At time t = 0, a battery of 10 V is 2MQ ZIP:F
connected across points A and Bin H
the given circuit. If the capacitors —
. A B
have no charge initially, at what I
time (in seconds) does the voltage 2MQ 2uF

across them become 4 V?
(Take:In5=1.6,In3=1.1.)

. A cylindrical cavity of diameter a exists

inside a cylinder of diameter 2a as shown
in the figure. Both the cylinder and the -
cavity are infinitely long. A uniform - v -

current density | flows along the length.
If the magnitude of the magnetic field at

the point P is given by % Hoal then the Sy -
value of N is

. Two parallel wires in the plane of a paper are at a distance X, apart.

A point charge is moving with a speed u between the wires in
the same plane at a distance X; from one of the wires. When the
wires carry current of magnitude I in the same direction, the radius
of curvature of the path of the point charge is R;. In contrast, if the
currents of magnitude I in the two wires have directions opposite to

each other, the curvature of the path is R,. If YO = 3, the value of
R; . :
R,
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A long circular tube of length 10 m and radius 0.3 m
carries a current I along its curved surface as shown.
A wire loop of resistance 0.005 Q and radius 0.1 m is
placed inside the tube with its axis coinciding with the
axis of the tube. The current varies as I = I, cos 300 ¢,
where ] is a constant. If the magnetic moment of the
loop is Nl sin 300 t then N is

is placed in the xy-plane centred
at the origin O. A square loop of
side a (a << R) having two turns is
placed with its centre at /3R along
the axis of the circular wire loop,
as shown in the figure. The plane
of the square loop makes an angle
of 45° with respect to the z-axis. If

then the

the mutual inductance between the loops is given by Hp AR

value of p is

Two inductors L, (inductance 1 mH, internal resistance 3 Q) and
L, (inductance 2 mH, internal resistance 4 ), and a resistor R
(resistance 12 Q) are all connected in parallel across a 5-V battery.
The circuit is switched on at time ¢t = 0. Find the ratio of the
maximum to the minimum current ( ) drawn from the
battery.

max/ Imin

A series RC combination is connected to an AC voltage of angular
frequency ® = 500 rad s™. If the impedance of the RC circuit is
Ry/1.25, the time constant (in millisecond) of the circuit is

A steady current I goes through a wire loop PQR having the shape
of a right-angled triangle with PQ = 3x, PR = 4x and QR = 5x. If the
magnitude of the magnetic field at P due to this loop is K(p,[/48mx),
find the value of K.
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3.6 Ray Optics and Wave Optics

1.

The image of an object that is approaching a convex mirror of radius
of curvature 20 m along its optical axis is observed to move from
25/3 m to 50/7 m in 30 seconds. What is the speed of the object in
km per hour?

. A large glass slab (1 = 5/3) of thickness 8 cm is placed over a point

source of light on a plane surface. It is seen that light emerges out of
the top surface of the slab from a circular area of radius R cm. What
is the value of R?

. The focal length of a thin biconvex lens is 20 cm. When an object is

moved from a distance of 25 cm in front of it to 50 cm, the

e s . M
magnification of its image changes from m, to ms,. The ratio ——is

Mso
. The water (refractive index 4/3) kept in a s
tank is 18 cm deep. A layer of oil of R=6cm 7: h=10
refractive index 7/4 lies on this water - Zi
making a convex surface of radius of i A
curvature R = 6 cm as shown in the figure. IoH=3
Consider the oil to act as a thin lens. An !

object S is placed 24 cm above the water
surface. The location of its image is at X cm above the bottom of the
tank. Then X is

. Consider a concave mirror and a
convex lens (refractive index = 1.5) T
of focal length 10 cm each, separated
15 cm
by a distance of 50 cm in air as \ v

shown in the figure. An object is
placed at a distance of 15 cm from
the mirror. Its erect image formed
by this combination has magnification M,. When the set-up is kept
in a medium of re;\f/}‘active index 7/6, the magnification becomes M,.

2
M,

50 cm

The magnitude is
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6. A monochromatic beam of light
is incident at 60° on one face of
an equilateral prism of refractive
index n and emerges from the
opposite face making an angle

0(n) with the normal. For n = \/g,

the value of 0 is 60° and 272 =m. The value of m is

7. A monochromatic light is m n_man
travelling in a medium of m-1__ n-(m-1)An_"_
refractive index n = 1.6. It enters
a stack of glass layers from the ~
bottom side at an angle 6 = 30°. 4

. 3 / n-3An
The interfaces of the glass 2 7 Zan
layers are parallel to each other. 1A AN
The refractive indices of the /4 n
different glass layers are o
monotonically decreasing as 1, = n — mAn, where n,, is the refractive
index of the mth slab and An = 0.1 (see the figure). The ray is
refracted out parallel to the interface between the (m — 1)th and mth
slabs from the right side of the stack. What is the value of m?

8. A Young’s double-slit interference
arrangement with slits S, and S,
is immersed in water (refractive
index = 4/3) as shown in the
figure. The positions of the
maxima on the surface of water
are given by x* = p*m*\? — 4>, when
A is the wavelength of light in air
(refractive index = 1), 2d is the separation between the slits and m is
an integer. The value of p is

3.7 Modern Physics

1. An a-particle and a proton are accelerated from rest by a potential
difference of 100 V. After this, their de Broglie wavelengths are

A

P

A, and A, respectively. The ratio n to the nearest integer, is



194

Solved Problems in Physics for IIT JEE Advanced

. To determine the half-life of a radioactive element, a student plots

dN (t) (
dt dt

decay at time t. If the number of radioactive nuclei of this element

decreases by a factor of p after 4.16 years, the value of p is

is the rate of radioactive

a graph of ln‘ ‘Versus t. Here

[ e i Rty it et

I I I I I I

I I I I I I
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Years

. Asilver sphere of radius 1 cm and work function 4.7 eV is suspended

from an insulating thread in a free space. It is under continuous
illumination of a 200-nm-wavelength light. As photoelectrons are
emitted, the sphere gets charged and acquires a potential. The
maximum number of photoelectrons emitted from the sphere is
A x 10" (where 1 < A < 10). The value of n is

. The work function of silver and sodium are 4.6 eV and 2.3 eV

respectively. The ratio of the slope of the stopping potential versus
frequency plot for silver to that of sodium is

. A proton is fired from very far away towards a nucleus with

charge Q = 120 ¢, where ¢ is the electronic charge. It makes a closest
approach of 10 fm to the nucleus. The de Broglie wavelength (in
units of fm) of the proton at its start is

(proton-mass = 5 10% kg, h/e=42x10"]sC™)
p 3 &

. Consider a hydrogen atom with its electron in the nth orbital. An

electromagnetic radiation of wavelength 90 nm is used to ionise the
atom. If the kinetic energy of the ejected electron is 10.4 eV then the
value of n is (hc = 1242 eV nm)
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. An electron in an excited state of Li** ion has angular momentum

3h/2n. The de Broglie wavelength of the electron in this state is pna,,
(where a,, is the Bohr radius). The value of p is

. A hydrogen atom in its ground state is irradiated by a light of

wavelength 970 A. Taking he = 1.237 x 10 eV m and the ground
state energy of hydrogen atom as —13.6 eV, find the number of lines
present in the emission spectrum.

. An electron in a hydrogen atom undergoes a transition from an

orbit with quantum number 7, to another with quantum number ;.
V, and V; are respectively the initial and final potential energies of
Vi
the electron. If 7 = 6.25 then the smallest possible 7, is
f
A freshly prepared sample of radioisotope of half-life 1386 s has
activity 10° disintegration per second. Given that In2 = 0.693, the
fraction of the initial number of nuclei (expressed in nearest integer

percentage) that will decay in the first 80 s after the preparation of
the sample is

A nuclear power plant supplying electrical power to a village uses
a radioactive material of half-life T years as the fuel. The amount of
fuel at the beginning is such that the total power requirement of the
village is met by 12.5% of the electrical power available from the
plant at that time. If the plant is able to meet the total power needs
of the village for a maximum period of nT years then the value
of nis

For a radioactive material, its activity A and the rate of change of

AN

dt

number of active nuclei at time t. Two radioactive sources P (mean

life 1) and Q (mean life 2t) have the same activity at ¢t = 0. Their

rates of change of activities at = 2t are Ry, and R respectively. If
Rp/ R then the value of n is

its activity R are definedas A =——-and R = —E; , where N(t) is the
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The isotope B having a mass 12.014 u undergoes B-decay to I(fC,
12C has an excited state of the nucleus '?C* at 4.041 MeV above
the ground state. If '2B decays to '2C*, find the maximum kinetic
energy of the B-particle in units of MeV. (Take 1 u = 931.5 MeV ¢,

where c is the speed of light in vacuum.)

1 is an isotope of iodine that B decays to an isotope of xenon with
a half-life of 8 days. A small amount of a serum labelled with "*'I
is injected into the blood of a person. The activity of the amount

of T injected was 2.4 x 10° becquerel (Bq). It is known that the
injected serum will get distributed uniformly in the blood serum in
less than half an hour. After 11.5 hours, 2.5 mL of blood is drawn
from the person’s body and it gives an activity of 11.5 Bq. The total
volume of blood in the person’s body in litres, is approximately

The activity of a freshly prepared radioactive sample is 10"
disintegrations per second and whose mean life is 10° s. The mass
of an atom of this radioisotope is 10> kg. The mass (in mg) of the
radioactive sample is
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Hints and Solutions

3.1 General Physics

FL
1. Y= Al
Here measurement is for / only,
CAY AL
Y T
From observation, I; = MS + 20(LC), and [, = MS + 45(LC).
Change in length = [, - [; = 25 x LC, and the maximum permissible
error in measurement of elongation is one LC.

JAY o 1LC
Y X1OO/°_25(LC)

x 100% = 4%.

) ) power\?
2. Distance d o (density)” ( ) (frequency)*

area

= M°LT® = (ML 3" (MT3)? (T
— Mﬂ +b L73d T3bfc.

Thus,a+b=0,-3a=1,-3b-c=0

1,1 _
or a= 3,b 3¢ 1.
1_1 _
b= n-3 = n=3
3. E(t) = A?e™.
Given: a = 0.2 s-l,dTA= 1.25%,%= 1.50%.
log E = 2log A —at
dE dA dt
E = 1271-(17'15
= +2(1.25) + 0.2 (1.5)(5)
= +250+1.5=+4%.
3
4. 0=10§t—%(10)t2. Sot=43s.

1.15:5f—%a = 4%~ 5ms °.

5. The relative velocity of B with respect to A is perpendicular to the line
of motion of A as shown in Figure (ii). From this vector triangle,
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Vg cos 30° = V, =100y/3 ms™. 5
= Vg =200ms. Va_-~ Vs
_ relative distance

~ relative velocity 400 60°

500
~ Vjsin30°

~ 500ms '
1

2001’1’1)(5

= 5 seconds.

o time ¢

Fig. (ii)
6. Consider the motions of the balls A and B relative to the rocket.
Maximum distance of the ball A from the left wall

W2 (03)°

= 97" 9xg ~ 0.02m.
The ball B will collide with the ball A when it is very close to the left

wall. Thus, for B, S =ut + 1 at?

2
> 4=(02)t +5 2P, b, B [
Solving, t 1.9 s
or nearest integer =2s. - _____ —

7. From the work-energy principle for the given system,

1.2 _o_L1, 2
2kx - pmgx =0 5 M
4
= v =90 soN =4.
8. Power = W =05W
dt
Ss 1
= work done = f (0.5W)dt = 7% 5]=25].
0
From the work-energy theorem,
W = KE; - KE;
= % = %(%)vz, hencev=5ms™.

9. From the work—energy principle,
Wgravify + Wforce = AKE = (KE)f - (KE)I
= -mgh+ Fd = (KE);

= —1x10x4 + 18(5) = (KE); =50 = 1 x 10.
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10. mg(sin® + 11 cos ) = 3mg(sin6 — pcos O).

11

12.

13

14.
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Son=0.5, soN=10p=5.

. The initial speed of the first bob (suspended by an ideal string of

length 1,) is 4/5¢1; and its speed at the highest point will be y/gI;.
When this bob collides elastically with another identical bob, their
speeds get interchanged, so the speed acquired by the second bob

(to complete a full vertical circle), is
l
V5¢h, = /gl = i =5,

2
%mR2+m<L>].

/2

I=2[%mR2]+2

Substituting, I=9 x 10*kgm?=N x 10* kgm? . N=9.

For translation, N — f, = ma,

for rotation (f, - f,)R = Io. and a = Ra.

Solving, f, =0.8N; f, =14 N

_P_k
BTN
P _08
“ 10 2
= p=4,

Distance of the centre of the
mass of the system from A (mass

_omgd 11 _5d
22Mis e ‘(2.2+11>d_ 6

and that of B from the CM

is <d - %d) = % The system

rotates about the axis through

the CM of the system, so I, = mAdl2 and Iy = mgd,.

fs

2

..angular momentum of A, L, = I, and that for B, L = I;»

total angular momentum of the system l,o+lzo I

angular momentum of star B

(2.2M,) (%d)z

=2 +1=6

(1 1Ms)<%>2
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Mass of the disc = 50 kg = M.

Mass of each ring = 6.25 kg = m.

o M =8m.

Radius of the disc = 0.4 m = R.

Radius of each ring =0.2 m =r.

S R=2r.

Conserving angular momentum about
the vertical axis of the disc,

MR = [%MR2+2(2mr2)]03’
1, 02, a1 _ |1y p2 M _R|,
= 2MR 10rad s = [ZMR +4x 3 X4 |®

o =8rad s\

If 6 = mass per unit area then total mass M = 46nR? and the mass of
cut-out disc m = onR>.

M = 4m.
I DS DO S
Now, Iy = 2M4R <2mR +mR>— > mR”, and
Ip = G MAR? + MAR? ~(5mR + m5R?) = 5 mR?.
b 37 2
= E = TXE =~ 3.
Torque © = 3F(Rsin30°)
3
= 2FR.
Now, © = o,+at
= 0+%t.
3 FR
w = E R2 (1 S)
M7
3<%N>(1s)
= ———————=2rads’!
(1.5kg) (0.5m) ’

Since the net torque about the centre of rotation is zero, the angular
momentum about the centre of the disc is conserved.

Sodo + va(%) =0.

In magnitude, %MrZ-m = mor
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1 12 1
N 5(0'45)<§) o = (0.05)(9) (2)
= o=4rads™.
19. The kinetic energy of a pure rolling disc moving with v, is

1 2 K 3

5 Mucm 1 +P =4 mocw

Conserving total mechanical energy for both:

% mv% +mg27
= v,=7ms ™.

3 ()’ + mg(30) =

20. For the sphere A:

I, = f%p(r)4m'2dr~r2
2k _AR®
= 3R r4rcr dr = Afr dr= 6
For the sphere B:
R
I, = fgk i4m’2dr~rz=if P dr
B~ ) 3%5 4
R R";
_ AR _AR®
- 10r* 10
b6 _n .
"I, T 10 10

21. Escape velocity, v = y/2gR.

But acceleration due to gravity, g = (IgﬁiM G3 an

38

R=4nGp
f2g-3¢  |g s
or v= 4nGp =K P - o F

= EIG- T B-

Uplanet = % x11kmst=3kms™.
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R>
At the height I, ¢’ % 0] &

Conserving mechanical energy,

—GMm 1 = — GMm __GMm
T (R+h) 2R

(R+h)

8
4

R
1 2 G m 2GM
Zmr =R T V =V R

= v:Lv or vesczvﬁ=v«/ﬁ. L N=

GMm _ Gm’
o _ZT = ma. (1)
For the other mass (1)
Gllg/l_l;nJrGl_rgzz = ma. ...(ii)
Equating (i) and (ii), m = 23@ = K
= K=

(255)~ 7(z58)

7.

For the wire-block system in equilibrium,

stress _ M§ /A _mg L

Young modulus, Y = strain ~ Al/L

weight mg = %Al =kAl,

where % = k = force constant.

The force equation for the block is,
F=-kx

TA A

= a= —kx = angular frequency, O =4/ %

m

=9 =>R=h

) /—YA )(10°N m 2)(4.9x 10 m?)
or o= (1m) (0.1kg)

But o = 140 rads
= n = 4.

2

Terminal velocity v} = % % (p—0)g,

where r =radius of the sphere,

203

=(70rads ') Vn.
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p = density of the solid sphere,
¢ = density of the viscous liquid.
1\2
oy (B-08)x (5) X2

% (8—1.6)x<%>2><3 )

3.

mgL
26. Increase in the length of the wire due to weight mg, AL = %

Decrease in length due to cooling =|AL |= LaAT.

mgL LuAT
YA = oA
YALaAT (10" Nm ™) (r10°m?) (107 °C ') (10 °C)
or m = L = -2
8 (I0ms °)
= 3.1kg=3kg.

27. The force exerted on the plate by the balls on the shaded area is

F = n(2mv) (%’) = mnv-ab.

Torque of this force on the hinged end,
1, = F x distance of the CM of the shaded part from the

left end
= mnoab x 34—b
This is balanced by the torque due to weight Mg
3 b
= mnovab - 4b = Mg 5
4Mg 4
= Gmnab =10ms™.
28. Consider the forces shown in the free-body diagram.
N
T ma sin9
|
| /
! /4» ma (pseudo force)
e a RN
// | N’,// ma cos 6
oo

N =mg, N’ = masin6 and ma cos0 — p (N + N’) = may, ., where a,_, is
the acceleration of the block relative to the disc.



29.

30.

31.

32.
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= m- w%—%(mgﬂfnax %) = MApjock -
Simplify to get a,,, = 10 m s™

2mg —T =2ma, T — mg = ma.

. 8 L , 4mg
" acceleration of blocks, a = 3 and tension in the string, T = 3
Work done by the string,
W=T-S=T 2aP=8].

The pressures inside soap bubbles A and B are

4S ) - =2
=p,+5 =16 Nm™, P~ 8Nm B
Pa=PoT R, A0
P =p0+?{—8=12Nm—2.
B Rp=2cm T
paAVa = n,RT. B=%com
peVgy = ngRT.
3
o Pa (RaY 1 1p
g = Pg X<RB> =5 = HA_6'
After the first (elastic) collision 9ms™
between A and B, [m] 2m [m]
m@Oms) = moy+2mog A B c
=  yj+205 = 9msh ..(0)
Coefficient of restitution, e = 1 (elastic collision).
Velocity of separation = ¢ x velocity of approach.
vp—Up = 1x0,. ..(i)

Solving (i) and (ii), vg = 6 m s

After the second collision

2muy = @Qm+m)v. = ve=4ms

H 500{mm
IZOO mm

p=p,-pgH=98x10° N m™
PoVo = PV
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= 10°[A(500 — H)] = 98 x 10° [A(500 — 200)]
= H = 206 mm.

Fall in water level = (206 — 200) mm = 6 mm.

33. Surface energy of the liquid drop, U = 4nR?S.

If r = radius of each droplet then
é711{3' K- 2 == R
3 3 1

K3

Increase in the surface energy

AU = S(4nR?) (K%—1)

1
= ks =AU g o10x10%
4nR"-S
. K=10° = 10% oo =6.

3.2 Heat and Thermodynamics

1. Heat required to raise the temperature of the ice block,
Q, = mcAd =m(2100 J kg™ °C™)(5 °C)
Heat required to melt 1 g of ice =mL = (1000 kg) (3.36 x 10°] kg‘l)

Q=0,+Q
or 4207 = (1000 kg) (2100 kg™ °C1)(5 °C) + 3.36 x 100 ]
Simplifying, we get
(420 -336) 10
m=s 8788

2. The heat lost by the water during its condensation from steam
(at 100 °C) to water (at 0 °C) is
Q, = mL+mc,, A®
(0.05 kg)(540 cal g') + (0.05 kg)(1 cal g”! K™)(100 K)
= 27 kcal + 5 kcal = 32 kcal.
The heat required by the ice to reach 0 °C and then to melt (at 0 °C) is
Q, = m's’AO + m’L’
(0.45 kg)(0.5 cal g K™)(20 K) + (0.45 kg)(80 cal g ™)
= 4.5 kcal + 36 kcal = 40.5 kcal.
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Since Q; < Q,, the steam will not provide the required amount of heat
to melt the entire ice. The temperature of the mixture remains at 0 °C.

A
3. Steady thermal current, AQ = kA(AT>
t
kA(400-0)°C  kA(400-100)°C  x P (10 - 1)
Ax - Llce B (10 - }‘) X Lwater ’
Ice 400 °C Steam
Substituting the values, A = 9. 0°c) (100 C)

4. For a diatomic gas undergoing adiabatic process,
G 7
TV'! = constant, where y = =— = =
Cy b
. 25 V5
. T,V =aT; <32>
= o= (32)2/5 (25)2/5 22 4.
5. U,=200], U;=200]
For the process iaf:

Process w AU Q
ia 0
af 2007
Net 3007 2007 500]
= U;=400].
For the process ibf:
Process w AU Q
ib 100] 50] 150]
bf 2007 100] 3007
Net 3007 150] 4507
Qor _300] _
Qn 150]

6. AT = constant.
Rate of radiated energy, Q = (4nR%)(cT).

. &_(&) Tl Rl 7¥2 <6cm)2<1500nm>4
" Q, R \B) T\Ry) \%) "\18cm/ 500 nm

Bfor-s
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7. According to Wien’s displacement law

M Ty = ApTp.
Ratio of power radiated
E, oTAA,
Es  oTyAg
510t o (B 4<’A>2= o) 4<TA>2 Ag\’ (400)
- TB B >\'A :} >\‘A 1
N
. P1 P
8. Given: log2 =1 = pozy.

According to Stefan’s law,

Py <T2> (2767 +273)* g
B \T (487 +273)*

b _ B

____44 P2

2 _ 4_ 490
B = 2p, :>P0 2x47=4""

L)
" log, <Po) = log, (4)°/% = log,2° = 9

3.3 Sound Waves

1. Phase difference = E' Hence resultant amplitude

x/a1+a2 42 +3?

2. The first and the fourth waves have phase difference n, so they interfere
destructively leading to zero intensity.

The second and the third waves differ in phase by (7 - §> = So the

net intensity,
Lt = I+ T +2y/Tg /Ty cos 3 =31
3. Apparent frequency of the sound wave received by the car (observer)
approaching the source is

v+,

f= v fO’
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where v, = velocity of the observer,
v = velocity of sound wave, and
fo = true frequency.

Frequency of the reflected wave,

=) G)s

". difference of the frequencies reflected from the two cars,

vty vto,

Af = (1.2%)f, =

0

B2 )
= 1m)‘@+z) o) ~\I*
~ %(vl —0,) (from binomial theorem).

difference in speeds of cars,

01—02—£330ms =198 ms'~2ms™

Av 1000 2

x % kmh'=72kmh"~7kmh™.

(0.5N) (20 x10™ m) -1
4, v= 1/ =10ms .
(1x10" kg)

1

Wavelength, 1. = L= M =0.1m=10cm.
f100s
Separation between two successive nodes
A_
=5 5cm.
5. Frequency received by the approaching car (as observer)
v+7,
fr= < v )

Frequency of the reflected wave as received by the source
v vt
fa= (v Uo>f1 (v Uo)f

vty 332 - -
.. beat frequency = f, - f = <v % 1>f (328 1)492 =65l
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3.4 Electrostatics

2
. pR
1. Due to cylinder: E; = ———~
y 17 g, 4R
4R
Due to sphere: E, = 1.3 82 .
4ney  (2R)

PR pR _ 23pR _ 23pR
dey 4gyx 24 T4 x 24¢ B 16Ke,

= K=6.

Net field, E, - E, =

2. Flux from the total cylindrical surface of
radius OA (= a/2) is equally distributed to
the hexagonal shape formed by six given

rectangular surface ABCD. Hence the
required flux /ﬂ

Qinside _ AL AL

= = = >n=6.
¢ 6g, 6g, ng,
2
3. Felectrical o ? oc Sa.
213
o4 _
.a=K 3 = N=3.

n+3

R

_ 2 n_ R

4. Total charge enclosed, Q = f (4nr°dr)Kr" = 41K e
0

Charge contained from r = 0 to % is

R2 n+3
. 20 e = 4 B2
Q = f 4nrodr - Kr —4an‘

0

B Q Ry 1
E(R) = Ins, Fand E<5>_ I, (R/z)z.
o1 _p(R
Given g E(R) —E(2>
= 2n+3=25

> n=2.
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3.5 Current Electricity and Magnetism

. \2
1. Rate of heat production, ] = PR = <£> R.

Req
22 45°
When in series, |, =(R+2r> = R 2)2R [vr=1Q].
+
2 2
When in parallel, |, = (21%i r) = (2;f 1)2 R.
1 2.25

Given |, =2.25],, so =
venJ J2 (R+2)> (2R+1)?

2R+1

= R+2=

1.5 = R=4Q.

2. The given circuit is a closed loop, so the current through the loop,

6-3)V 3
= m—lA.

From the loop rule, V, -6 +1-Vy=0=V, -Vy=5V.

Alternative method: Equivalent emf of the given combination is

,,_(31”2+6271)_(6X2+3X1)_§_5V
T (it @ty 3 "

3. Let G be the resistance of the galvanometer coil.

When used as a voltmeter:

30

= = 0.006 A 4990 O
0.006 1990+ C =G=10Q. ‘ O ‘
T Vi -
When used as an ammeter: 30V
I, = 5 I —-0.006 A
g G+S 15A .
6 3
~ 1000 ~10+8 X2 s
S — & Q :Z_nQ = n= 5
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4. The equivalent circuit for the given network can be redrawn in steps as

given below:
20

1Q
6Q : 2Q

6.5V T
10Q
12Q 40
2Q
6Q 2Q
65V T
12Q 4Q
2Q
AN
| A
h— 450
6.5V T §

> 65V

20 10
—AM—

603

100
129%

:

20

6Q

p— 10Q
6.5V

120

5. Time constant t = RC = (10° Q) (4 pF) =4 .
4V=(10V)[1-¢"7 = ¢*/*=0.6=3/5.

t/4=In5-In3=05 = t=2s.
HoJa 5

12 12

Hoa

6. Net field atP=—F—-—

2
7. Magnetic fields at P:

Case |

N
Hola= EPO]“- .. N=5.

——————————— >
Xo
____LP
Xo
3
Case Il

40Q

20

40Q
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Integer-Answer-Type Questions

I I B - ol — mol 3ol
n case L. 1= <X0> (2X0> inX,
2n 3 2n 3
Bol ol 9yl
Incasell. B, = (X(,) <2X0> = X,
2n 3 2n 3
B,
B, - 3.
If R, and R, be the corresponding radii,
R, mv/qB; B,

R, = mv/qB, B,
Magnetic field in the cylindrical tube,

. I
B = pgti =iy 1
The emf induced in the wire loop,
. d( 1. _2\_
E=w T By dt(“OL"W)_

Magnetic moment = (Iloop)(nrz) = %nrz.

2
nr
- M})QL % (I, cos 300f) x mr* = N, sin 300¢.
Solving, N = 6.
2 2
HolR uolR
- = " x=43R].
2(R*+x)¥ 204RHP? [ V3R]
Magnetic flux, ¢ = NBA cos 45° Hola”
agnetic tlux, ¢ = cos 45° = .
° 8Y2R
Now, mutual inductance,
2 2 2
_0 Hod  HodT | poa -
M= I~ 8/2R - 22R - P2 R = p=7.

At t = 0, an inductor offers large resistance and
at t = oo, inductors behave as conductors (zero
resistance).

Att:oo’lmax:R_eq:f}/ZA:?A'
5V _ 5V 5
Att:O,Imin=R T_EA'

cq

Lnax _10/3 _
Lw 5/12

pon” dp
L dt

1 mH

2 mH

213

30

40

S

120

5V
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1. RY125 =, [R*+—5—
o' C

= time constant of the RC circuit = 4 ms.

12. PN = 4x-sin37°= 125
.. g Polcos 53° +cos 37°]
Sl (12x/5)
_ Hol )
B 7(487rx
_ gl ) _
= K<487'Ex =K=7.

3.6 Ray Optics and Wave Optics

50
7 m,u=-25m

1. f=10m; foro

forz;=23f5m,u=—50m,t=305
_ 25m _ -1
speed = <73Os)—3kmh
2. sinC=+=3-—R __ R
n 5 2 ZL - I . >
(R*+1t)2 ‘ 7
!
t=8cm, R=6cm. 't ¢
!
!
Y
0
. 1,1_1 P _
3. From lens formula for real image, oty = I so magnification m = W—f

- @:50—20 _
msq  25-20

6 [ f=20cm]

4. For refraction through the spherical surface

7
71 _4 sov; =21 cm
4o, -24° 6 717 )
4 7
Finally, % - 2471 =0,s00v, =16 cm.

x=18-16=2cm.
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5. From the mirror formula, - 1_1 =+ 1 u=15cm, f=10 cm.

fovw
So, v = 30 cm (right). Now u for the lens = 20 cm = 2f, .. From the lens
formula, v}, . = 20 cm (right)

= magnification by the lens |M,; | =1 (in air). When kept in liquid
( f= %), the focal length of the lens is changed from f =10 cm to f”.

% (“g_1)<R%_R%> 6_1) 35
1 - i

-y B 73
f W TR TR,
Change of medium does not affect f for mirror and hence

magnification as well.
1 2

So, for lens, u =20 cm and*—ﬁ—% = v’ =140 cm.
’ 1 M
" M = % % =7.Now, for the system, ]]\\/IA ﬁi
. sin 60° = nsinr. ...(1)
sin 6 = nsin (60° —r). ..(it)

Differentiating (ii) w.r.t. n,

de o ndr . o
cos in = ncos(60°—r) dn+sm(60 7). ..(iii)

Differentiating (i)

dr .
ncosr-——+sinr = 0.
dn
From (iii), cos© —gg = —ncos(60° —r) (_tanr) +sin(60° —7)

46 o . o
or In = 030 [cos (60° — ) tan ¥ + sin (60° —1)]
= % = C05160° [cos 30° tan 30° + sin 30°]

- 2[§+5]=2, som=2.
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7. For the internal reflection,
nsin® = (n—mAn) sin 90°
= 1.6sin30° = (1.6 —=m x 0.1)

= 0.8:16E:>m 8.

8. For maxima at p,

Ax = ml, where m = integer.
u\/x2+d2 -yt +d* = ma

= (é—1> d*+x*

mi q

L

d*+ T
L 2 CE
T

3

Air

=

9
o2 =9mA2 - 4

Comparing with the given expression,

= pPm*\? - d?, we getp = 3.

3.7 Modern Physics
2

1. KE = f_m =qV, or momentum p = /2mqV .

de Broglie wavelength A = %

S L L. PRrvor S
“he  J2mog V My p e
pip
0.693

. 1. 1 -1
2. Slope ofline=—-5- .“A=75yr hp="" =1386yr.

4.16 yr =3t . Lp=2=8.
3. If V, = stopping potential then
1240 eVnm

es———q)o 500 o~ 47V =15¢V.
. Q _ ne
. V,=15V=K> =K

1.5)(1x1072

AAx100) 054107,

© 9x10%) (1.6x107")

4. From Einstein’s photoelectric equation,

do

hv = ¢g+eV, or V= ﬁv—?
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The plot of V vs v is a straight line with a constant slope % for all
samples.
Thus, the ratio of slopes = 1.

2 2 2
P KZe o=/ KZe"2m
m o1 p= 7

-15
:>7\,:%= h/ezm: 42x10 - — 7 fm.
9 -27
\/2KT \/2><9><10 ><120><§><10
10x10°"
. Energy of absorbed photon = ionisation energy + KE of the electron
= % ~ 136V 104ev
n
_, 1242eVnm _ 104 eV = 13.6 oV
90 nm n2
= n*=4 =>n=2
nh _ 3h _
L= on " =3
Lk _hr_ 2w
“p mur L 3h/2n 3
2,9
But, r = ao% = OT = 3ay.
= L = 2ma, = pna,.
p =2

. Energy of the incident photon,

pohe _1237x10°eVm

A 970x10 ' m
Final energy,

=12.75eV.

E,=(-13.6 +12.75) eV =-0.85eV = —%e\ﬁ
This corresponds to the state n = 4 of H-atom.
The number of spectral lines present in the emission spectrum is
4
C,=6.

. Potential energy V cc #

Vi Tlf2 nf>2 5\2

<E>2. M5
m)o T 2

minimum value of n;is 5.
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Ny—N
10. The required fraction f = T =1-¢™
0

—(1=)= xt_sz t=0.04.
". decay = 4%.

11. If activity at ¢ = 0 and at t be A, and A respectively then

R
A=A, (%)T

1 t !
125 W\ _(1\_ I\t _ (1Y _(1\r.
= 700 (2) j(zs>‘<2> :’(2)‘<2)
“ t=3T=nT = n=3.

12. For P, A, = %,' for Q, ro =2LT

= A=A A =Aget

dApy Ay _
R
R. = dAq _ Ao i
Q a2t
R
R—"—ze-f/zT 2¢0 (o t=21)
Q
2_n _
=,=¢ @ n=2

13. The nuclear process can be represented as

152B —— C+p +y,and the corresponding value of
Q = [m(3B)-m(3Ce?
= [m (152B) - <m162C + Am)]c2
= [m(SB) m(6C)]c - Amc?

= [12.014 u - 12u]c* - 4.041 MeV

(0.014) 931.5 ~- MeV -} - 4.041 MeV
C

13.041 MeV - 4.04 MeV =9 MeV.
Hence B particle has KE of 9 MeV.
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Vbody
v

At

14. Final activity, A; = X Apgxe
_In2 X1t

|4
= VbodyzfoAOXe 8 days

AO In2

Xt
=V x 1 e 192 ==4.998 litres =5 litres.
f

15. Activity “fi—f‘ = AN.

()

dt

W N=-5-=10"x10"=10" atoms.

Mass of the sample = (107> kg)(10") = 10° kg = 1 mg.

a
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Matrix-Matching-Type Questions

The questions given in this chapter contain two or more columns each. Match
the contents of Column A with those of Column B, Column C, etc., by darkening
the appropriate bubbles in the matrix given in the answer sheet.

4.1 General Physics

1. Some physical quantities are given in Column A and some SI
units in which these quantities may be expressed are given in
Column B.

Column A Column B
(i) GM M, where (a) VCm
G = universal gravitational constant

M, = mass of the earth
M, = mass of the sun

(ii) %, where (b) kg m’s?

R = universal gas constant
T = absolute temperature
M = molar mass

2

(iii) 5 5, where (c) m?s32

q° B

F = force,

g = charge

B = magnetic flux density
.. GM, _—
(iv) R where (d) FV-kg

€

G = universal gravitational constant
M, = mass of the earth

R, = radius of the earth

220
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2. Column A gives a list of possible set of parameters measured in
some experiments. The variations of the parameters in the form of
graphs are shown in Column B.

Column A Column B

(i) The potential energy of a simple |(a) v,
pendulum (y-axis) as a function of its

displacement (x-axis) U

(if) Displacement (y-axis) as a function |(b) V|
of time (x-axis) for a one-dimensional
motion at zero or constant
acceleration when the body is
moving along the positive x-direction

(iii) The range of a projectile (y-axis) asa |[(c) Y
function of its velocity (x-axis) when
projected at a fixed angle

(iv) The square of the time period (y-axis) |(d) Y
of a simple pendulum as a function
of its length (x-axis)

o X

3. Match Column A with Column B and select the correct answer
from the codes given below the columns.

Column A Column B
(i) Boltzmann constant (a) ML?>T!
(ii) Coefficient of viscosity (b) ML T!
(iii) Planck constant (c) MLT3 K™
(iv) Thermal conductivity (d) ML2T2K!
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Codes:

@) (ii) (iii) (iv)
P> (0 (a) (b) (d)
Q- (o (b) (a) (d)
R —> (d) (b) (a) (c)
S—> () () (b) (c)

4. A personin a lift is holding a water jar which has a small hole at the
lower end of its side. When the lift is at rest, the water jet coming
out of the hole hits the floor of the lift at a distance d of 1.2 m from
the person. In the following table, the states of the lift’s motion are
given in Column A and the distances where the water jet hits the
floor of the lift are given in Column B. Match the statements in
Column A with those in Column B and select the correct code.

Column A Column B

(i) The lift is accelerating vertically up. | (a) d=12m

(ii) The lift is accelerating vertically | (b) d>1.2m
down with an acceleration less than
the gravitational acceleration.

(iii) The lift is moving vertically up with| (c) d<1.2m
a constant speed.

(iv) The lift is falling freely. (d) No water leaks

out of the jar.

Codes:

P—-> (@-(b) (ii) - (¢) (iii) - (b) (iv) - (d)
Q- ([BH-(b) (ii) - (¢) (iii) - (a) (iv) - (d)
R—>  (-() (ii) - (a) (iii) - (a) (iv) = (d)
S—>  @®H-0) (ii) - (¢) (iii) - (a) (iv) - (a)

5. A block of mass m; = 1 kg and another one
of mass m, = 2 kg are placed together (see
figure) on an inclined plane with an angle of ‘@’@
inclination 0. Various values of 6 are given in
Column A. The coefficient of friction between
the block m, and the plane is always zero. The AN
coefficients of static and dynamic frictions
between the block m, and the plane are equal to 11 = 0.3. In Column
B, the expressions for the friction on the block m, are given. Match
the correct expressions of the friction in Column B with the angles
given in Column A, and choose the correct code.
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[Useful information: tan 5.5° = 0.1, tan 11.5° ~ 0.2, tan 16.5° ~ 0.3]

Column A Column B
(i) 6=5° (a) m,gsin®

(i) 6=10° (b) (my +m,)gsin O

(iii) 6 =15° (c) pm,gcos®

(iv) 6=20° (d) p(m, +m,)g cos 6
Codes:
P> ()-(@) (i) - (a) (iii) - (a) (iv) = (0)
Q- (@H-(b) (ii) - (b) (iii) - (b) (iv) = (c)
R—>  (@)-(b) (ii) - (b) (iii) — (b) (iv) = (d)
S—>  (@H-0) (ii) - (b) (iii) - (c) (iv) = (o)

6. A particle of unit mass is moving along the x-axis under the
influence of a force and its total energy is conserved. Four possible
forms of the potential energy of the particle are given in Column A
(a and U, are constants). Match the potential energies in Column A
with the corresponding statement(s) in Column B.

Column A

Column B

0 ww=2 -
(i) Uy = 2()

(iii) Uz(x) = %(%)2 exp [—(%)2]

(a) The force acting on
particle is zero at x = a.

(b) The force acting on
particle is zero at x = 0.

(c) The force acting on
particle is zero at x = —a.

(d)

the

the

the

The particle experiences an

attractive force towards x =0

in the region |x|<a.

(e)

The particle with total energy

—% can oscillate about the

4
point x = —a.
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7. Column A describes some situations where a small object is in
motion. Column B describes some characteristics of these motions.
Match the situations in Column A with the characteristics in
Column B.

Column A

Column B

(i)

(ii)

The object moves along the x-axis
under a conservative force in such
a way that its speed and position
satisfy v=_C,/C, -x*, where ¢
and C, are positive constants.

The object moves along the x-axis
in such a way that its velocity
and displacement from the origin

satisfy v = —Kx, where K is a
positive constant.

(iif) The object is attached to one end

of a massless spring of a given
spring constant. The other end
of the spring is attached to the
ceiling of an elevator. Initially
everything is at rest. The elevator
starts going upwards with a
constant acceleration a. The
motion of the object is observed
from the elevator during the period
it maintains the accelaration.

(iv) The object is projected from

the earth’s surface vertically

upwards with a speed 2y/GM/R,,
where M, is the mass of the earth
and R, is the radius of the earth.
Neglect forces from objects other
than the earth.

(@) The object executes
a simple harmonic
motion.

(b) The object does not
change its direction.

(c) The kinetic energy of
the object keeps on

decreasing.

(d) The  object can
change its direction
only once.

8. Column B shows five systems in which two objects are labelled
as X and Y. Also, in each case a point P is shown. Column A lists
some statements about X and/or Y. Match these statements to the
appropriate system(s) from Column B.
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Column A Column B
(i) The force exerted (a) Block Y of mass Y
by Xon Y has a M left on a fixed ﬂ
magnitude Mg. inclined plane X,
slides down it P
with a constant velocity.
(ii) The gravitational |(b) Two ring magnets
potential energy of Y and Z, each of
X is continuously mass M are kept
increasing. in a frictionless
vertical plastic
stand, so that
they repel each other. Y rests
on the base X, and Z hangs in
the air in equilibrium. P is the
topmost point of the stand on the
common axis of the two rings. The
whole system is in a lift moving
up with a constant velocity.
(iii) Mechanicalenergy | (c) A pulley Y of mass [P v
of the system (X +Y) m, is fixed to a table
is  continuously through a clamp X. X
decreasing. A block of mass M
hangs from a string
that goes over the
pulley and is fixed at point P of the
table. The whole system is keptin a
lift moving upward with a constant
velocity.
(iv) The torque of the |(d) A sphere Y of mass

weight of Y about
the point P is zero.

M is put in a
nonviscous liquid X
kept in a container
at rest. The sphere
is released and it
moves down in the liquid.

P

A sphere Y of mass
M is falling with its
terminal velocity in
a viscous liquid X
kept in a container.
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4.2 Heat and Thermodynamics

1. One mole of a monatomic Pa
gas is taken through a cycle
ABCDA as shown in the p-V
diagram. Column B gives the

involved

the cycle. Match them with
each of the processes given in

characteristics

Column A.

in

Column A

Column B

(i) Process A —> B
(i) Process B— C
(iii) Process C — D

(iv) ProcessD — A

(a) Internal energy decreases
(b) Internal energy increases
(c) Heat is lost

(d) Heat is gained

(e) Work is done on the gas

2. One mole of a monatomic Py
ideal gas is taken along two cyclic 32p,{--~"
processes

E-F->G—->E&E—>F—>H->E,

as shown in the p-V diagram. The
processes involved are purely
isochoric, isobaric, isothermal or ‘ .
adiabatic.

PoT—TE H G

Match the paths given in Column A with the magnitudes of work
done given in Column B and select the correct option (only one),
using the codes given below the columns.

Column A Column B
(i) GoE (a) 160p,V,1In2
(i) Go>H (b) 36p,V,
(iii) F>H (c) 24p,V,
(iv) F>G (d) 31p,V,
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Codes:

@) (ii) (iii) (iv)
P - (d (c) (b) (a)
Q- (d) (c) (a) (b)
R—> (9 (a) (b) (d)
S—-> (a (c) (b) (d)

3. If the heat given to a process is b (atm)
considered to be positive, match /
the following options of Column 30 T--- A
A with their corresponding
options given in Column B. 20 -~ D
0T77g c
0 10 20 v (md)
Column A Column B
(i A—>B (@) AW>0
(i) B>C (b) AQ<0
(iii) C—>D () AW<0
(iv) D> A (d) AQ>0

4. An ideal gas is undergoing a cyclic thermodynamic process in
different ways as shown in the corresponding p-V diagrams in
Column C of the table. Consider only the path from the state 1 to
state 2. W denotes the corresponding work done on the system. The
equations and plots in the table have standard notations as used
in the thermodynamic processes. Here v is the ratio of the heat
capacities at constant pressure and constant volume. The number
of moles in the gas is 7.

Column A Column B Column C
0 Wi, (i) Isothermal | (a) ,°
1
-1 PaVy =P V1) 1 g
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(i) W,_,, =-pv, + pv;  |(ii) Isochoric |(b) ,P
1
2
v
(iii) W,_,,=0 (iii) Isobaric (© P,
v
: V2 l(iv) Adiabatic |(d) ¥ 1
(iv) W,_,, =-nRT In 71
2
v

4A.

4B.

4C.

Which of the following options is the only correct representation of
a process, where AU = AQ — pAV?

[P] — (i) (iv) (c)
[R] — (ii) (iii) (d)

[Q] — (ii) (iii) (a)
[S] — (iii) (iii) (a)

Which one of the following options is the correct combination?

[P] — (iii) (ii) (d) [Q] = (i) (iv) (o)
[R] — (i) (iv) (a) [S] — (iv) (i) (d)

Which one of the following options correctly represents a
thermodynamic process that is used as a correction in the
determination of the speed of sound in an ideal gas?

[P] — (iii) (iv) (c) [Q] —» (@) @) (b)
[R] — (iv) (i) (c) [S] - (@) (@v) (b)



Matrix-Matching-Type Questions 229

5. Column A contains a list of processes involving expansion of an
ideal gas. Match these with the thermodynamic changes during the
processes as described in Column B.

Column A

Column B

(i)

(if)

(iii)

(iv)

An insulated container has two
chambers separated by a valve
as shown in the figure below.
Chamber I contains an ideal gas
and chamber II has vacuum.
The valve is opened.

1. I
" ’ldeal gas - ’T Vacuum

An ideal monatomic gas
expands to twice its original
volume such that its pressure

p o< #, where V is the volume
of the gas.

An ideal monatomic gas
expands to twice its original
volume such that its pressure

p o #, where V is its volume.

An ideal monatomic gas
expands such that its pressure
p and volume V follows the
behaviour as shown in the
graph below.

P

<f--
N
<l >
<

(a)

(b)

(©

(d)

The temperature of
the gas decreases.

The temperature of
the gas increases or
remains constant.

The gas loses heat.

The gas gains heat.
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4.3 Sound Waves

1. Column A shows four systems, each with the same length L, for
producing standing waves. The lowest possible natural frequency
is called its fundamental frequency, whose wavelength is denoted
as A;. Match each system of Column A with statements given in
Column B describing the nature and wavelength of the standing

waves.
Column A Column B
(i) Pipe closed at one end (a) Longitudinal waves
0 L
(ii) Pipe open at both ends (b) Transverse waves
0 L

(iii) Stretched wire clamped at both | (c¢) A;=L
ends

—

0 L

(iv) Stretched wire clamped at both | (d) A;=2L
ends and at midpoint

i E

0 L

e %

(€) A;=4L

4.4 Electrostatics

1. Four charges Q;, Q,,
Q; and Q, of the same
magnitude are fixed along
the x-axis at x = —2a, —a, +a
and +2a respectively. A Q, Q, Qg Qy
positive charge ¢ is placed (-2a,0) (-a,0) @0) (22,0

q+¢(0, b)
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on the positive y-axis at a distance b > 0. Four options of the signs of
these charges are given in Column A. The direction of the forces on
the charge g is given in Column B. Match Column A with Column
B and select the correct answer using the codes given below the

columns.
Column A Column B
(i) Q Q, Qs Q, all positive (a) +x
(i) Q;, Q, positive; Q;, Q, negative (b) —x
(iii) Q,, Q, positive; Q,, Q, negative (c) +y
(iv) Q,, Q, positive; Q,, Q, negative (d) -y
Codes:
P> @H-( (i) - () (iii) - (d) (iv) - (b)
Q- @@H-(d (ii) - (b) (iif) - (c) (iv) - (a)
R—>  (@)-() (ii) - (a) (iii) - (b) (iv) - (d)
S—> (- (ii) - (b) (iii) - (a) (iv) = (o)

4.5 Current Electricity and Magnetism

1. You are given many resistors, capacitors and inductors. These are
connected to a variable DC voltage source (the first two circuits) or
an AC voltage source of 50 Hz frequency (the next three circuits) in
different ways as shown in Column B. When a current I (steady state
for DC or rms for AC) flows through the circuit, the corresponding
voltage V, and V, (indicated in circuits) are related as shown in
Column A. Match the two.

Column A Column B
(i) I#0,V,isproportionaltol | (a) Vi Va
|
|7,
6 mH 3uF
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(i) I1+0,V,>V, (b) Vy Vs

(iii) V,=0,V,=V ©) Vi V2

(iv) I#0,V,is proportional tol | (d) Vi Va

(e) Vi Vo

2. Match Column A with Column B.

Column A Column B

(i) A uniformly charged | (a) A time-independent

dielectric ring electrostatic field directed
out of the system
(ii) A uniformly charged | (b) A magnetic field

dielectric ring rotating

with an angular velocity o

(iii) A ring carrying a constant | (c) An induced electric field

current i,

(iv) i=1i,cos ot (d) A magnetic moment

3. Column A gives certain situations in which a straight metallic
wire of resistance R is used and Column B gives some resulting
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effects. Match the statements in Column A with the statements in

Column B.
Column A Column B
(i) A charged capacitor is | (a) A constant current
connected to the ends of the flows through the
wire. wire.
(ii) The wire is moved | (b) Thermal energy is

(iii)

(iv)

perpendicular to its length with
a constant velocity in a uniform
magnetic field perpendicular
to the plane of its motion.

The wire is placed in a
constant electric field that has
its direction along the length
of the wire.

A battery of constant emf is
connected to the ends of the
wire.

(©

(d)

generated in the wire.

A constant potential
difference  develops
between the ends of
the wire.

Charges of constant
magnitude appear at
the ends of the wire.

4. Two wires, each carrying a steady current I, are shown in four

configurations in Column A. Some of the resulting effects are
described in Column B. Match the statements in the two columns.

Column A

Column B

(i) P is situated between the

wires.

pe

(ii) P is situated at the midpoint

of the line joining the centres
of the circular wires, which
have the same radii.

(A2 [
\VAV

(a)

(b)

The magnetic field (B)
at P due to the currents
in the wires are in the
same directions.

The magnetic fields at
P due to the currents
in the wires are in
opposite directions.
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(iii) P is situated at the midpoint | (c) There is no magnetic
of the line joining the centres field at P.
of the circular wires, which
have the same radii.

OO
(iv) P is situated at the common | (d) The wires repel each
centre of the wires. other.

5. Six point charges, each of the same magnitude g, are arranged in
different manners as shown in Column B. Let E be the electric field
and V be the electric potential at M (potential at infinity is zero) due
to the given charge distribution when it is at rest. The whole system
is set into rotation with a constant angular velocity about the line
PQ. Let B be the magnetic field at M and 1 be the magnetic moment
of the system in this condition. Assume each rotating charge to be
equivalent to a steady current.

Column A Column B

(i) E=0 (a) The charges are
at the corners of a
regular hexagon.
M is at the centre
of the hexagon. PQ
is  perpendicular
to the plane of the hexagon.

(i) V=0 (b) The  charges P
are on a line A
perpendicular M
to PQ, at equal
Q

intervals. M is
the midpoint
between the two innermost charges.
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(iii) B=0 (c) The charges are -

placed on two * T h
coplanar insulating

rings at equal P

intervals. M is the P

common centre
of the rings. PQ
is  perpendicular
to the plane of the

rings.
(iv) p#0 (d) The charges - + _
are placed at
the  corners P M Q

of a rectangle
of side a4 and
22 and at the
midpoints of the large sides. M is at the
centre of the rectangle. PQ is parallel to the
longer sides.

(e) The charges P
are placed on /t\ /:\
two coplanar +U+ M \J
identical . T

insulating
rings at equal
intervals. M is the midpoint between the
centres of the rings. PQ is perpendicular
to the line joining the centres and coplanar
with the rings.

6. A charged particle (electron or proton) is introduced at the origin
(x =0,y =0, z=0) with a given initial velocity 0. A uniform
electric field E and a uniform magnetic field B exist everywhere.
The velocity o, electric field E and magnetic field B are given in

Columns A, B and C respectively. The quantities Eo and Eo are
positive in magnitude.
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Column A Column B Column C
L 2F, . N > .
(i) Electron withv = B X (i) E=Eyz (a) B=-Byx
0
. > Eo . N T o . B—Rn s
(ii) Electron with v = B Y (i) E=-Eyy (b) B=B,x
0
(iii) Proton with =0 (i) E=—Ey2 | (c) B=Byj
. o> Eo . ) F=E.3 (d) B=B,?
(iv) Proton withv = ZB— X (iv) E=Eyx 0
0

In which case will the particle move in a straight line with a constant
velocity?

[P] — (i) (iii) (d) [Q] = (iv) (i) (d)
[R] — (iii) (i) () [S] — (iii) (iii) (a)

In which case will the particle describe a helical path with axis
along the positive z-direction?

[P] — (ii) (iii) (c) [Q] = (iv) (i) ()

[R] = @v) (@) (d) [S] — (i) (iii) (a)

In which case would the particle move in a straight line along the
negative direction of the y-axis (i.e., move along —7)?

[P] = (iv) (i) (d) [Q] — (iii) (ii) (a)

[R] — (ii) (iii) (b) [S] — (iii) (i) (c)

4.6 Ray Optics and Wave Optics

1.

An optical component and an object S placed along its optic axis
are given in Column A. The distance between the object and the
component can be varied. The properties (nature) of images are
given in Column B. Match all the properties of the images from
Column B with the appropriate components given in Column A.
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Column A

Column B

T
/

Concave mirror
(ii)
S
Convex mirror

(iii)
.

Convex lens

/
\\

Concavo-convex lens

(iv)

(a) Realimage

(b) Virtual image

(c) Magnified image

(d) Image at infinity

. Two transparent media of refractive indices p1; and p, have a solid
lens-shaped transparent material of refractive index p, between
them as shown in the figures in Column B. A ray traversing
these media is also shown in the figures. In Column A different
relationships between y1;, 11, and p, are given. Match them to the

ray diagrams shown in Column B.

Column A

Column B

@ 1<

(a)

]

My
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(i) py>p,

(iii) 1, =y

(iv) 1, > py

(b) \[
H3
(C) \T
H3
(d)
/T
M3 Ho

My
|
Ky
K

(e)

M3

3. Four combinations of two thin lenses are given in Column A. The
radius of curvature of each curved surface is r and the refractive
index of each lens is 1.5. Match the lens combination in Column A
with the focal length in Column B. Select the correct answer using
the codes given below the columns.

Column A

Column B

(i)

(a) 2r
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(i) N ® 5

(iii) K () —r

(iv) % ) r
Codes:

P> ()-@) (i) - (b) (iii) - (c) (iv) - (d)
Q- ()-(b) (i) - (d) (iii) - (c) (iv) - (a)
R - (@)-(d) (i) - (a) (iii) - (b) (iv) - (0)
S—>  ()-(b) (i) - (@) (iii) - (c) (iv) - (d)

. Aright-angled prism of refractive
index 1, is placed in a rectangular 45° //f
block of refractive index p1,, which .
is surrounded by a medium of - O -9
refractive index p,, as shown in v
the figure. A ray of light e enters [ K
the rectangular block at normal = \\h
incidence. Depending upon the T

relationships between p,, p1, and
1, it takes one of the four possible paths ef, eh, eg or ei.

Match the paths in Column A with the conditions of refractive
indices in Column B and select the correct answer using the codes
given below the columns.

Column A Column B
(i) e>f (@) p,>v2p,
(ii) e>g (b) p,>mp;and p, > py
(iii) e > h © p=mn,
(iv) e—>i (d) m<p < \/Epz and p, > 1,
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Codes:

@) (i) (iii) @iv)
P - (b) (c) (a) (d)
Q- (a) (b) (d) (c)
R > (d) (a) (b) (c)
S—> (b (c) (d) (a)

. A simple telescope used to view distant objects has eyepiece and

objective lens of focal lengths f,

. and f respectively. Match the
columns A and B.

Column A Column B
(i) Intensity of light received | (a) Radius of aperture (R)
by the lens
(ii) Angular magnification (b) Dispersion of lens
(iii) Length of telescope (c) Focallengthf, f,
(iv) Sharpness of image (d) Spherical aberration

. The figures in Column A relate to Young’s double-slit arrangement

with the screen placed far away from the slits S; and S,. In each
3
3 7
where L is the wavelength of the light used. In (ii), (iii) and (iv), a
transparent sheet of refractive index n and thickness t is pasted on
the slit S,. The thickness of the sheets are different in different cases.
The phase difference between the light waves reaching a point P on
the screen from the two slits is denoted by 3(P) and the intensity by
I(P). Match the columns A and B.

of these cases, S,P, = S,P;, 5P, — S,P, = % and S,P, - S,P, =

Column A Column B
0 -, () 8(Py) =0
Sy P
Po

S1
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(i) (n-1)t=1/4

S2

S1

(i) (n-1)t=1/2

S2

S

(iv) (n-1)t=37

S1

P2
P4

Po

P2

P4

(b) 8(Py) =0

(c) I(P) =0

(d) I(Py) > I(P,)

(e) I(Py)>I(P,)

4.7 Modern Physics

1. Match Column A showing the nuclear processes with Column B
containing the parent nucleus and one of the end products of each
process, and then select the correct answer using the codes given

below the columns.

Column A

Column B

(i) Alpha decay
(ii) B* decay

(@) 30 > EN+...

(b) %5U - *5oTh+...
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(iii) Fission (© "¥Bi - '5HPb+
(iv) Proton emission (d) 233Pu > 0La+ ..
Codes:

(i) (i) (i) (iv)
P> (d (b (@) (©
Q- (© (b) (d)
R —> (b (a) (d) (©
S—> (d) (© (b) (a)

2. Match the nuclear processes given in Column A with the
appropriate option(s) in Column B.

Column A Column B
(i) Nuclear fusion (a) Absorption of thermal neutrons
by 25U
Y 9
(i) Fissionin anuclear | (b) $9Co nucleus
reactor
(iii) B-Decay (c) Energy production starts via
the conversion of hydrogen into
helium
(iv) y-Ray emission (d) Heavy water
(e) Neutrino emission

3. Match the following.

Column A Column B

(i) The transition of a hydrogen | (a) Characteristic X-rays
atom from one energy level to
another

(ii) Electron emission from a| (b) Photoelectric effect
material

(iii) Moseley’s law (c) Hydrogen spectrum

(iv) Change of photon energy into | (d) B-Decay
the kinetic energy of electrons
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4. Column B gives certain systems, each undergoing a process.
Column A suggests changes in some of the parameters related
to the systems. Match the statements in Column A with the
appropriate process(es) in Column B.

Column A Column B

(i) The energy of the| (a) System: A capacitor initially

system is increased. uncharged
Process: Connected to a battery

(i) Mechanical energy | (b) System: A gas in an adiabatic
provided to the container fitted with an
system is converted adiabatic piston
into energy of Process: The gas is compressed
random motion of by pushing the piston
its parts.

(iii) Internal energy | (c) System: A gasinarigid container
of the system is Process: The gas getting cooled
converted into due to colder atmos-
mechanical energy. phere surrounding it

(iv) Mass of the system | (d) System: A heavy nucleus,
is decreased initially at rest

Process: Nuclear  fission—two
fragments of nearly
equal masses and some
neutrons emitted

(e) System: A resistance-wire loop
Process: The loop placed in a

time-varying magnetic
field perpendicular to its
plane
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4.1 General Physics

1.
(1)
(i)
(iii)
(iv)

(ii)
(iii)
(iv)

(@
(ii)
(iii)
(iv)

(@)
(ii)
(iii)
(iv)

4.2 Heat and Thermodynamics

(O]
(i)
(iii)
(iv)

OO0O0OO|=
OO00OO0O|=
OO0O0OO|e
OO0O0OO|~

OO00OO|=
OO00O0O|=

O0OO0OO0|~

Code:

~ OO0 O0OQO|-

OO0 OOl
OO00OO0|=

OO00OO|=

Code:

P10 0OOOQle

OO0OO0O|=
O00O0O|=
OO0OO0O|e
OO00OO|=~

Answers

OO0OO0O|
OO0OO0O|=
OOO0OQ|e
OO0OO0O|=
OOOOQ|e

(i)
(iii)
(iv)

(ii)
(iii)
(@iv)

(@
(i)
(iii)
(iv)

()
(ii)
(iii)
(iv)

(@
(ii)
(iii)
(iv)
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OO OO0O]|e
OO0 00|~

O0OO0OO0|~

710000l

OO0OOO|e
OO0OO0O|=
OO0OOO|e

OO0OO0O|=
OO00O|=
OO0OOO|e
OO0OO0O|=
OO0OO0O|e

OO00OO0|=




O]
(i)
(iif)
(iv)

OO0O0O|=
OO0O0O|=
OO0O0OO|e
OO00O|=

O]
(ii)
(iif)
(@iv)

OO00O|=
OO00OO0|=
OO0OO0O|e
OO00OO|=

4.3 Sound Waves

(O]
(i)
(iif)
(iv)

OO0OO0O|»
OO0OO0O|=
OO0OOO|e
OO00O0O|=
OOOO|e
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4A. Q

4.4 Electrostatics

(@
(i)
(iii)
(iv)

OO0O0O|=
OO00OO0|=
OO0OO0O|e
OO0O0O|=~

Code: P

4.5 Current Electricity and Magnetism

1. a b ¢ d e 2.
Ho O O 00

iHo O O O O

(i) O O O O O

o O O OO0
3. a b ¢ d 4.
Ho O O O

iHOo O O O

o O O O

O O O O

0]
(ii)
(iii)
(iv)

(@)
(ii)
(iii)
(iv)

4B.

P

OO00O|=
OO00O0|=
OO0O0OO]|e
OO00O|=

OO0O0O|=
OO0O0O|=
OO0O0OO|e
OO0O0OO|=~

4C.
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6C.

6B.

6A.

e

C

a

0000
000O0
©0O00O0
0000
0000

(111
(iv

4.6 Ray Optics and Wave Optics

o|O O OO
o |O O 0O OO0 O
<0000 <0000
CRORCING) czzz2
o <
= O 0O 0O OO0 OO0
o |O O 0O SO0 00
OO0 0O 20000
<O O OO OO0 00
SEEE czge
~ &

Code: S

Code: Q

e

C

C

a

0000
0000
0000

0000

(i
(iv

4.7 Modern Physics

€

[

a

C

0000
O0O0O0
O00O0
O00O0
O0O0O0

(i1)
(iii

(iv

0000
0000

®Oo O
o O
(iin| O O
O O

Code: R

e

C

a

C

a

0000
OO00O0
0000
0000

CRONONC)

(iii

(iv

O00O0O0
O00O0O0
O00O0O0
0000

(ii

(i

(iv)
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Hints and Solutions

4.1 General Physics

1. (i) — (a), (b) : GM M, Fr* = kg m’s2.

VCm = Jm=Nmm=kgm’s™
(i) > @, @: XL = 2o mslP=m’s?
FV?kg' = CVkg' =Tkg™!
= kgm?s? kg™
= m?s>
2 (UB)?
(ifi) —> (0), (d) : 5 = ( )2 —(s'mP=m?s?=FV2kg.
q°B~  (4B)

(iv) = (o), (d) : GM. _ force x distance

R, mass
_Nm _ kg ms>'m g2
kg kg '
2. (i)—> (@), d:U= %kx2 represents a parabola.

(ii) = (b), (d) : With zero acceleration, motion is uniform and slope of

(x—t) is constant. Hence (b). With constant acceleration

( = %aﬁ), the slope increases with time, hence (d).

(iii) > (d) : Range R = MZ%, R o< 1’

This represents a parabola passing through the origin.

(iv) > (b) : T2=<47”2>1:kz.

3. (): Energy = 5kT=ML’T™

MI2 T2

= ML*T K",
Temperature

= [k =

(i) : F=6mmro=n=ML'TL
(iii) : Energy=hv="h= ML?T,
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AO

(iv): Q=K At =[K]= MLT 3K
Thus, (i) — (d), (i) — (b), (iii) = (a), (iv) > (c) [Code R].

4. In column A, in situations (i), (ii) and (iii), no horizontal velocity is
imparted to the falling water, so d remains the same.
Hence, (i) — (a), (ii) — (a), (iii) — (a).
For free fall in situation (iv), effective value of g is zero, so no water
leaks out of the jar. So, (iv) — (d).
*. code (R) is correct.

5. Condition for not sliding,

ULl Ul

. for (i) and (ii), f= (m; + m,)g sin 6.

Frnax > (my +my) g sin 6

m4gcoso
BN > (m; +m,)g sin 0
0.3 m,gcos 0 > 30sin 0
6 > 30 tan 6
tan© < 0.2,6 =11°. (M4 +m2) gcos @

mogcos0

(m4 +m2)gsind

For (iii) and (iv), F = f,,, = nm, g cos 6.
Thus, (i) — (b), (ii) — (b), (iii) = (c), (iv) — ().

(iii)

Combining all, code (S) is correct.

po_du__dlUf  2F
*T dxy dx|2 a2 F(x)
Uy 22
= —22[1 =l <—azx> a 0 a
2U,
= 7 (x —a)x(x + a).

The variation of F(x) with (x) is shown in the graph. The correct
options are (a), (b), (c) and (e).
F(x)
poodu__dfUox? Uy ’
¥Uodx o odx|2 g2 2
The plot F(x)—x is shown here.
The correct options are (b) and (d).

a

X

Fpo dU__d %(1)2 exol- 2
T ax  dx|2\a) P72
2?1
=Uje 7 (x +a)x(x - a).
a
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This variation is given by the following graphs.

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

_au__d %{1_1(&)3}

V) Fo== =2 [a 3\a

Uy
= —? [(x=a)(x +a)].

The variation of F, and U(x) are shown below.

U(x)
F(x)
Upl-—o
] :
-a a =X =X
= UO
Correct options are (a), (c) and (e).

7. (i)—> (@ : InSHM,v=0yA’-x* = C,{/C,—x".

The object executes SHM.

(i) > (), ) : v=hr=T sx=e

v =—ke ™,
The object keeps on moving on the x-axis [option
(b)] and its kinetic energy decreases exponentially

[(option (c)].
(iii) — (b) : T =2n /2, the oscillation is independent of the
frame and depends only on spring constant k.

(iv) > (b), (c) : Since the speed of projection is greater than the
escape speed (v,=+/GM,./R,), the Kkinetic energy
keeps on decreasing [option (c)], and the object does
not change its direction [option (b)].

8. (i) > (a), (e) : For uniform motion,
Mgsin®=f=pMgcos® = p=tan.
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Net force on the block Y by the incline X is
\/]‘2+N2 = \/Mzgzsinze +M2g2c0529

= Mg [option (a)].
Weight (Mg) = F +F

viscous [Option (e)] .

buoyancy

(ii) — (b), (d), (e) : Lift moves up, gravitational potential energy of
X goes on increasing [option (b)]. Similarly for
options (d) and (e).

(iii) > (a), (c), (e) : Block Y moves down, gravitational potential
energy of the system (X + Y) goes on decreasing
[option (a)]. Same is true for options (c) and (e).

(iv) > (b) : Weight of Y passes through P, its torque about P
is zero [option (b)].

4.2 Heat and Thermodynamics

1.

(i) Process A — B : Isobaric compression [options (a), (c), (e)].
(ii) Process B — C : Isochoric decrease in pressure [options (a), (c)].
(iii) Process C — D Isobaric expansion [options (b), (d)].
(iv) Process D — A: Polytropic compression with T, = T,
[options (c), (e)].

. Let the temperature at E be T,

Process E — F is isochoric, so the temperature at F is 32T, Process
F — G is isothermal, so the temperature at G is also 32T,. Process
F — H is adiabatic, so (32 ;OO)VOS/3 = Py (VH)5/ 3, since y = g for a

monoatomic gas. Hence Vy; = 8V, Since the work done is given by the
area under the p-V graph, the magnitudes of work done during the
processes are

1) Go>E: py(Vg - Vi) =p(82V, - V) =31p, V.
() G > H: p(Ve—Vy) = p, (32V, - 8V,) = 24p,V,.

1 3
(i) F—>H o= (Ve = PuVi) =5 (32pV, = 8pgVo) = 36p, Vs,

%
(V)F->G: RTIn(Vg/V) =pVln 12 =ppVi 1n§—F
F G
32 p,
= (32p,)V,In o )" 32p,V,(51n2)

=160p,V, In 2.
Hence, the code (P) is correct.



3.

4A.

4B.

4C.

5.
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(i) > (b) : ABis an isochoric process, AW = 0 and heat is expelled.
(ii) = (a), (d) : BC is an isobaric expansion, work is done by the gas
(AW > 0). Heat is absorbed (AQ > 0).

(iif) > (d) : CD is an isochoric process with increase in pressure
(p « T); temperature increases, heat is absorbed, so
AQ > 0.

(iv) > (b), (c) : DA represents compression, so AW < 0.
PoVp _ (20)(20) _ 400

Tp= nR ~ nR _ nR
_PaVa _(B0)(10) 300
AT uR nR nR

Since T, < T, heat is expelled, AQ < 0.
In the isobaric process (iii), W,_,, = pV; = pV,. ..(id)
Pressure remains constant, (a). Hence code Q.

W,_,, = 0, (iii), is applicable for isochoric process [(ii) and (d)]: hence
code P.

Expression for the work done during adiabatic expansion:
W, = y}—l (p,V, — p,V;), corresponds to options (i) and (iv)
respectively and also represented by (b). Thus code S.

(i) > (b) : Opening of the valve causes free expansion under
adiabatic condition for which AQ =0, AW =0, AU =0, so
the temperature of the gas remains constant.

(i) = (a), (¢) : Givenp= % And pV = nRT

__k
=>V= WRT = VT = constant.

when V-2V, T+
Further, change in internal energy,

ut=16,57-38) 1) 3k )36

Work done by the gas,
k-
AW = [ pav = f Lav=55-
From the first law, AQ = AU + AW = Tk

Heat is expelled.
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(iii) —» (a), (d) :

(iv) = (b), (d):

4.3 Sound Waves

1. (i) > (a),(e) :
(i) - (a),(d) :
(iii)) —» (b), (d) :

(iv) > (), (o) :

. k nRT
leenp = W Andp :?
k
= W =nRT.

During expansion, V — 2V, T — ZL <T.

Hence T decreases [option (a)].

Further, change in internal energy,

AuzchATzn@R)T(Lﬂ)— Sk (1 1)-

2 21/3 2V1/3 1/3

Work done during expansion,

v _3K[( 1
AW = [ pav = kf o (1 F)

V1/3
3k [ 1 3k 1
= AQ=AU+AW= 2V1/3 (ﬁ— 1) A e <1 —F)
3k o1\
- 2Vl/3 »2/3
AQ > 0 [option (d)].
p,V, =nRT;; p,(2V,) = nRT,.
. L 2p,
f = 7 =T,>T,.

Now, AU = nC,AT =nC(T,-T,) >0;
AW = area under p-V diagram is positive
during expansion, so AW > 0.
Heat AQ > 0 (absorption).

Closed organ pipe: longitudinal wave; A ;= 4L

Open organ pipe: longitudinal wave; A ;= 2L
Stretched string clamped at both ends: transverse
wave; A= 2L

String clamped at both ends and at midpoint;
transverse wave; A =L
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4.4 Electrostatics

1.

(i) - ()

(i) —» (a) :

(iii) — (d) :

@iv) > (b) :

Combining all, code P is correct.

: The x-components of

the forces will cancel out
and the net force will act
along the +y-axis.

The y-components of Fi
the forces will cancel out Fy
and the net force will act )
. /
along the +x-axis. i F2
s N
7/ N
e // Fq N
7 / \\ N
/7 // \\ AN
7 J N N
+ + - -

The x-components of
the forces cancel out
and the net force will
act along the —y-axis.

The y-components of
the forces will cancel out
and the net force will be
along the —x-axis.

4.5 Current Electricity and Magnetism

1.

(i) = (c),(d), (e) : Current I is zero in case (a) in steady state but

I # 0 for cases (b) to (e).

In case (b), across the inductor V, is not
proportional to I, so (c), (d) and (e) are correct
options.
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(i) > (b),(c),(d),(e) : V;=0,V,=V. .. V,>V, .. case(b).
X, =0oL=188Q<R=20Q
= V,>V, ... case ().

1 1
X =———m_ - -—-—-—-mm—m—
¢ oC 100n(3x10 °F)
= V,; >V, ..case(d).

(iii) = (a), (b) : In DC, L acts as a short circuit in steady state (V; = 0)

and V,=V.

(iv) = (b), (c), (d), (e) : Asexplained above, I # 0and the voltage drop
across the circuit elements is proportional
to L.

=1061Q> X,

Time-independent electrostatic field at an axial point.

(ii) > (b), (d) : A charged ring rotating uniformly is equivalent to a

current I = %= g:, which produced a magnetic field
_ MOIR2
B 2R +xH)"

Its magnetic moment m=1IA.

(iii) = (b), (d) : Constant current I; in ring is the same case as in (ii),

hence (b) and (d) are correct options.

(iv) > (b), (c), (d) : Time-varying magnetic field is produced by time-
varying current [option (b)]. The time-varying
magnetic flux creates induced emf, hence induced
electric field [option (c)]; finally, m=IA [option (d)].

2
3. (i) — (b) : Energy of the charged capacitor (LI = ZQ_C> appear as heat in
the connecting wire.
(i) — (¢), (d) : Motional emf (£ = Blv) is induced  +q
in the wire. As shown in the figure,
charges of constant magnitude, +Q,
appear at the ends of the wire.

®B




4.

6A.

6B.

6C.
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(iif) — (c), (d) : Free electrons in the conducting wire experience
electric force F = eE, thus charges with opposite sign
accumulate at the ends. This in turn develops potential
difference across the ends.

(iv) — (a), (b), (c) : Connecting a wire of resistance R across a battery
causes a constant current I (= £/R) through the
wire. Heat (I°RT) is developed in the wire. The
terminal voltage V (= £ - Ir) is developed between
the ends of the wire.

(i) - (b), (c) : Magnetic field is at P due to two straight currents
which are in opposite directions [option (b)]; if P is at
the midpoint, B = 0 [option (c)].

(i) —» (a) : Magnetic moment (m = IZ) due to both the coils is
towards the right, so magnetic field at P is in the same
direction.

(iii) - (b), (c) : Magnetic fields at P are due to two coils which are

in opposite direction [option (b)]. For symmetrical
position of P, B = 0 [option (c)].

(iv) > (b) : Magnetic fields at P are due to two concentric circular

coils which are in opposite directions and unequal in

magnitude.
(i) > (@), (c), (d) : Field E = 0 for charge distribution.
(i) —» (o), (d) : Potential is nonzero.

(iii) — (a), (b), (e) : Magnetic field is produced by a current loop. Net
current during rotation in each of (a), (b) and (e)
is zero, so B = 0.

(iv) = (c), (d) : Magnetic moment m = IA will be nonzero if
n #0,s0 I # 0, which is true for (c) and (d) only.

For a constant velocity, F= fE)+ l?; =0 (so net force F must be Zero).
qf+ q(g x g) =0, E=- @ x E). Hence code R.

Eo
By
Since velocity is along the x-direction, magnetic field will rotate it

about the z-axis and electric field will provide the helical path. Hence
code R.

0 =222 % E=E,% B=By2.

Magnetic force is always zero and electric field will move it along the
-y direction. Hence code S.
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4.6 Ray Optics and Wave Optics

1. (i) - (a), (b), (c), (d) : Fora concave mirror, with f<u <o, the image

is real; magnified for f < u < 2f; virtual for
u < f; at infinity for u = f.

(ii) - (b): Image formed by a convex mirror is always virtual and

diminished.

(iii) - (a), (b), (c), (d) : Image formed by a convex lens is real for
u > f; virtual for u < f; magnified for f < u < 2f
and formed at infinity for u = f.

(iv) = (a), (b), (c), (d) : Image formed by a concavo-convex lens may
be real, virtual, magnified and at infinity.

2. (i) = (a), (c) : The ray bends towards the normal while passing from
optically denser to rarer (11,< p,) medium.

(ii) - (b),(d), (e) : The ray bends away from the normal while
passing from optically denser to rarer (u; > u,)
medium.

(iii) - (a),(c), (e) : Path of the ray remains unchanged when
refractive indices of the two media are same
(1 = 13)-

(iv) = (b), (d) : The ray bends away from the normal while passing

from denser to rarer (j1, > 11;) medium.

3. From 1. (u—l)(L—L), the focal lengths of the three component
f R Ry

lenses are

f=R f=2R f=-2R
1.1 .1

For lens combination ? = 7 + E’ o)

for() = g xRSy ®)

for (ii) :f%q = i+§=}z,feq—li = (d)

for (iii) : f%q = # _1?}%, feq= R~ (0)

N e D S B I
for(lv)‘)gq‘R+—2R 2R,feq 2R — (a)



4.

5.

6.

(i) —

(i) »
(iii) —

@iv) >

i) —
(i) —>
>iii) —»
(iv) —>

i —

(i) —>

(i) —
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(b) : p, >, ... (towards the normal);

M, > 1, ... (away from the normal).

(c) : py =4, ... (no change in path);
(d) : py >, ... (away from the normal);
My > 1 ... (away from the normal);
n xi=uzsinr:>sinr= B
\/E \/E Mo

Sincesinr <1,s0p,; < «/Epz.
(a) : For total reflection, 45° > 0_.

So, sin 45° > sin 0,
DL,

J2 T H

Hence, code S is the correct answer.

(a) : Intensity o aperture (R)

(c) : Angular magnification = f, /f,

(c) : Length of telescope =f, + f,

(a), (b), (d) : Sharpness of image depends on aperture
[option (a)], dispersion [option (b)] and spherical
aberration [option (d)].

(a), (d) : Pathdifference, A=S5,P,—S,P,=0, so phase difference

6(p0)=27“~A=0.

I(P,) = 41, where I, = intensity due to each source.

20
I(P;) = 2, (1 + cos ¢) = 4] cos 5
=1I(P,) > I(P,).

(b) : Path difference at P, is A = S, P, — [S,P; + (n = 1)t]
AoA A
= (Slpl—Szpl)—Z=Z—Z=0
3(P)=0
(e) : Path difference at P, is 5;P; = [S,P; + (1 —1)t]
A A A

—_A =_I.
T4 Ty 00T
". intensity I(P,) = 21,
Similarly, for point P,, A= 5,P, - [S,P, + (n - 1)t]
_A_A__ A

3 2 6
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The corresponding phase difference,

-5
T

L I(Py) = I + Iy + 21 cos(~3 )= 31, < 21,

= I(P,) <I(P,).

(iv) = (), (d), (e) : Path difference at P;,

A 3h_ A
S,P;—[S,P; + (n—-1)t] = 44 9 SO o=-m.
S I(Py) =21, (1 + cos ¢) =2[, x 0 =0.

For P, path difference
A=S5,P,+(n-1)t-5P,

= %, so phase difference ¢ = %n.

s APy =20, (1+ cos%“) = 2],

= 1(Py) > I(P)).

Finally at P,,
A 3L 5A
A=5P,—[S5,P,+ (n-1)t]= T R

.. phase difference ¢ :_%; cos¢ = 5

S I(P,) = 214(1 + cos ¢) = 21, (1 —‘/;)
= I(P,) > I(P,).

4.7 Modern Physics

1 G > b :

() > (a) :

(iii) - (d) :

(iv) = (o)

A A-4

In a-decay, ZX - Z72\{ + ...

In B*-decay, charge number reduces by 1 and mass
number remains unchanged.

In a fission reaction, the heavy nucleus splits into two

. .3 140
lighter nuclei as in 93U - 5;La+ ..

: In proton (:H) emission, charge number and mass

number both reduce by 1 as in lzz Bi - 18821,0 + ..

2. (i) > (¢),(e) : In a fusion reaction, the lighter nuclei fuse to form

heavier nuclei with neutrino emission.



3.

(i) —>

(iii) —

(iv) —>

(i) —

(i) —»
(iii) —
(iv) —>

(a), (d)

(b), (e)

: From Einstein’s equation hv = ¢+ %mv
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: Absorption of thermal neutrons 1) by U

produces fission. Heavy water is used to slow down
the fast-moving neutrons.

: Unstable $9Co nucleus disintegrates with emission

of B-particle and neutrino.

: During a fusion reaction, y-rays are emitted.

: Transition between two energy levels occurs in

hydrogen spectrum and when characteristic X-rays
are produced.

: B-decay is electron emission; photoelectric effect also

occurs with electron emission.

: Moseley’s law relates wavelength of characteristic

X-rays.
2

max *

(a), (b), (e) : Energy of a charged capacitor = Q*/2cC.

Adiabatic compression increases the internal
energy.

Time-varying magnetic field induces electric field
and the induced current dissipitates heat.

(b) : Same as in case (i).

(d) : During fission, energy is released due to loss in mass.
(d) : Same as in case (iii).

a



5

Linked-Comprehension-Type Questions

Each passage in this chapter is followed by multiple-choice questions, which
have to be answered on the basis of the passage. Each question has four choices
(a, b, c and d), out of which only one is true.

5.1 General Physics

® Phase-space diagrams are useful tools in
analyzing all kinds of dynamical problems.
They are specially useful in studying the
changes in motion as initial position and
momentum are changed. Here we consider
some simple dynamical systems in one
dimension. For such systems, phase space
is a plane in which position is plotted along
the horizontal axis and momentum is plotted along the vertical axis.
The phase-space diagram is x(t) vs p(t) curve in this plane. The arrow
on the curve indicates the time flow. For example, the phase-space
diagram for a particle moving with a constant velocity is a straight
line as shown in the figure. We use the sign convention in which the
position or the momentum upwards (or to the right) is positive and
downward (or to the left) is negative.

Momentum —»

Position —»

1. The phase-space diagram for a ball thrown vertically up from the
ground is

(a) A Momentum (b) 4 Momentum

Z \ Position
Position ; i

260
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(C) Momentum (d) Momentum
Position
Position
2. The phase-space diagram for A Momentum
simple harmonic motion is a
circle centred at the origin. In the E, E4

figure, the two circles represent
the same oscillator but with
different initial conditions and E, a Position
and E, are the total mechanical
energies respectively. Then

(a) E, =y2E, v
(b) E, =2E,
(c) E, =4E,
(d) E, =16E,

3. Consider the spring-mass system, with the
mass submerged in water, as shown in the
figure. The phase-space diagram for one cycle
of this system is

a
@ m
w Position -
(b) Momentum
Position

C
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(c) (d) Momentum
Momentum
Position

Position

* A small block of mass 1 kg is released from
rest at the top of a rough track. The track
is a circular arc of radius 40 m. The block
slides along the track without toppling and
a frictional force acts on it in the direction
opposite to the instantaneous velocity. The
work done in overcoming the friction up to
the point Q as shown in the figure is 150 J. [Take g = 10 m s2]

4. The speed of the block when it reaches the point Q is
(@) 5ms! (b) 10ms™
(©) 103 ms™ (d) 20ms™

5. The magnitude of normal reaction that acts on the block at the point
Qis
(@) 75N (b) 8.6 N
(c) 115N (d) 225N

e A frame of reference that is accelerated with respect to an inertial
frame of reference is called a noninertial frame of reference.
A coordinate system fixed on a circular disc rotating about a
fixed axis with a constant angular velocity o is an example of a
goninertial frame of reference. The relationship between the force
F,.. experienced by a particle of mass m moving on a rotating disc
and the force F,, experienced by the particle in an inertial frame of
reference is

Fo =F, +2m(3,
where zzot is the velocity of the particle in the rotating frame of
reference and r is the position vector of the particle with respect to
the centre of the disc.

— - > —>
ot = o XO)TM(OX7) X0,
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Now consider a smooth slot along a | )
diameter of a disc of radius R rotating
counterclockwise with a constant
angular speed ® about its vertical
axis through its centre. We assign a
coordinate system with the origin at .

the centre of the disc, the x-axis along \’/é
the slot, the y-axis perpendicular to the N =
slot and the z-axis along the rotation

axis (8 = col%). A small block of mass m

is gently placed in the slot at 7=(R/2)i at t = 0 and is constrained to
move only along the slot.

6. The distance r of the block at time ¢ is
(@) 7 R 2o 4 520y (®) 5 R o820t

R
() 2080t () 3+

7. The net reaction of the disc on the block is

(a) —mmchoswtf—mgIE (b) mcostin(ot]A'—mgIQ
© > L TR(e™ —e )] +mgk d) 3 L PR( =€) ] +mgk

* Twodiscs A and B are mounted coaxially on a vertical axle. The discs
have moments of inertia I and 2I respectively about the common
axis. Disc A is imparted an initial angular velocity 2o using the entire
potential energy of a spring compressed by a distance x;. Disc B is
imparted an angular velocity by a spring having the same spring
constant and compressed by a distance x,. Both the discs rotate in the
clockwise direction.

8. The ratio x,/x, equals
(@) 2 (b) 5
1
2 d) —=
(© v2 (d) /2
9. When the disc B is brought in contact with the disc A, they acquire

a common angular velocity in time t. The average frictional torque
on one disc by the other during this period is
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2lo 9w
@ 37 (b) 57
9w 3lw
© 21 @ 55

10. The loss of kinetic energy during the above process is

2 2
@ - (b) 12~
2 2
(0 1 @ 2

* The general motion
of a rigid body can
be considered to be
a combination of
(i) a motion of its
centre of mass about
an axis, and (ii) its
motion about an
instantaneous axis
passing through the
centre of its mass.
These axes need not be stationary. Consider, for example, a thin
uniform disc welded (rigidly fixed) horizontally atits rim to a massless
stick as shown in the figure. When the disc—stick system is rotated
about the origin on a horizontal frictionless plane with angular speed
o, the motion at any instant can be taken as a combination of (i) a
rotation of the centre of mass of the disc about the z-axis, and (ii) a
rotation of the disc through an instantaneous vertical axis passing
through its centre of mass (as is seen from the changed orientation of
points P and Q). Both these motions have the same angular speed ®
in this case.

Now consider two similar systems as shown in the figures
ahead. In Figure I, the disc is with its face vertical and parallel to the
xz-plane. In Figure II, the disc is with its face making an angle of 45°
with the xy-plane and its horizontal diameter is parallel to the x-axis.
In both the cases, the disc is welded at point PP and the systems are
rotated with a constant angular speed » about the z-axis.
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Fig. | Fig. Il

11. Which of the following statements about the instantaneous axis
(passing through the centre of mass) is correct?

(a) Itis vertical in both the figures.

(b) Itisvertical in Figure I, and it is at 45° to the xz-plane and lies
in the plane of the disc in Figure II.

(c) Itis horizontal in Figure I, and it is at 45° to the xz-plane and
normal to the plane of the disc in Figure II.

(d) It is vertical in Figure I, and it is at 45° to the xz-plane and
normal to the plane of the disc in Figure II.

12. Which of the following statements regarding the angular speed
about the instantaneous axis (passing through the centre of mass)
is correct?

(a) Itis y2 @ in both the figures.

(b) Itis o in Figure I and % in Figure II.

() Ttis @ in Figure I and v2 o in Figure II.
(d) Itis o in both the figures.

* One twirls a circular ring (of mass M and radius R) near the tip of
one’s finger as shown in Figure 1. In the process, the finger never
loses contact with the inner rim of the ring. The finger traces out the
surface of a cone, shown by the dotted line. The radius of the path
traced out by the point where the ring and the finger is in contact is
r. The finger rotates with an angular velocity o, The rotating ring
rolls without slipping on the outside of a smaller circle described by
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the point where the ring and the finger is in contact (Figure 2). The
coefficient of friction between the ring and the finger is p and the
acceleration due to gravity is g.

13. The minimum value of m, below which the ring will drop down is

3 8
@\ u®=7) ® uw=n

38 g
© \ 2p@®=7) @\ 2pur=7)

14. The total kinetic energy of the ring is

(@) 3 MoR(R-1)? (b) FMoF(R-1)’
(©) Mog(R-1)* (d) Mayg R®
e When a particle of mass V(x)

m moves on the x-axis in
a potential of the form
V(x) = k% it performs

. . . Vo
simple harmonic motion.
The corresponding time
period is proportional to P
0

m .
—-, as can be seen easily

by using dimensional analysis. However, the motion of a particle
can be periodic even when its potential energy increases on both
sides of x = 0 in a way different from kx* and its total energy is such
that the particle does not escape to infinity. Consider a particle of
mass m moving on the x-axis. Its potential energy is V(x) = ax*(o > 0)
for |x| near the origin and becomes a constant equal to V for
| x| = X, (see figure).
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15. If the total energy of the particle is E, it will perform periodic motion
only if

(@) E<O (b) E>0
() Vy>E>O0 (d) E>V,

16. For periodic motion of small amplitude A, the time period T of this
particle is proportional to

@) A% (b) 5oy 2t
(© A< ) /%

17. The acceleration of this particle for |x| > X is

Vi
(a) proportional to V, (b) proportional to m;
0

o
mX,

(c) proportional to (d) zero

* When a liquid medicine of density p is to be put in the eye, it is done
with the help of a dropper. As the bulb on the top of the dropper
is pressed, a drop forms at the opening of the dropper. We wish to
estimate the size of the drop. We first assume that the drop formed at
the opening is spherical because that requires a minimum increase in
its surface energy. To determine the size, we calculate the net vertical
force due to the surface tension T when the radius of the drop is R.
When this force becomes smaller than the weight of the drop, the
drop gets detached from the dropper.

18. If the radius of the opening of the dropper is r, the vertical force due
to the surface tension on the drop of radius R (assuming r << R) is

(a) 2nrt (b) 2nRT
2nr° T 2nR*T
© & (d) =

19. Ifr=5x10"m,p=10kgm=,¢=10ms? T=0.11Nm™’, the radius
of the drop when it detaches from the dropper is approximately
(@) 1.4x10°m (b) 3.3x10°m
(c) 20x10° m (d) 41x10°m
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20. After the drop detaches, its surface energy is

(a) 1.4x107°] (b) 2.7 x 107°]
(c) 54 x10°] (d) 8.1x107]

* A spray gun is shown
in the figure, where a D
piston pushes air out of
a nozzle. A thin tube of
uniform cross section is
connected to the nozzle. One end of the tube is in a small liquid
container. As the piston pushes air through the nozzle, the liquid
from the container rises into the nozzle and is sprayed out. For the
spray gun shown, the radii of the piston and nozzle are 20 mm and
1 mm respectively. The upper end of the container is open to the
atmosphere.

21. If the piston is pushed at a speed of 5 mm s, the air comes out of
the nozzle with a speed of
(@) 0.1ms! (b) Tms™
(c) 2ms™ (d) 8ms!

22. If the density of air is p, and that of the liquid is p, then for a given
piston the speed (i.e., volume per unit time) at which the liquid is
sprayed will be proportional to

Pa
(a) o (®) Vpapi
P
© /b, @ p
e A uniform thin

cylindrical disc of mass
M and radius R is
attached to twoidentical
massless  springs  of
spring constant k which
are fixed to the wall as
shown in the figure. The
springs are attached
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to the axle of the disc symmetrically on either side at a distance
d from the centre. The axle is massless, and both the springs
and the axle are in a horizontal plane. The unstretched length
of each spring is L. The disc is initially at its equilibrium position
with its centre of mass (CM) at a distance L from the wall. The disc

rolls without slipping with velocity v=1,i. The coefficient of
friction is p.

23.

24.

25.

e A wooden cylinder of diameter
4r, height h and density p/3 is h1I

The net external force acting on the disc when its centre of mass is
at a distance x with respect to its equilibrium position is

(@) —kx (b) 2k«
© -2 @) -4

The centre of mass of the disc undergoes simple harmonic motion
with angular frequency o equal to

© 2 ) /o

The maximum value of v, for which the disc will roll without
slipping is

@ g/ 2 (0) ng /AF
(©) ng /2 (@ ng /Sy

4r

kept on a hole of diameter 2r of a -

tank filled with water of density p, hy
as shown in the figure. The height ]
of the base of the cylinder from the

base of the tank is H. H

wlo
!
I =

t— 2 —]
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26.

27.

28.
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If the water level starts decreasing slowly then when it (the water)
is at a height 1, above the cylinder, the block just starts moving up.
Then the value of I, is

2h 5h

(@) 3 (b) 4

5h 5h

(© 3 d 5
The cylinder is prevented from moving up by applying a force and
the water level is further decreased. Then the height of the water

level (h, in the figure) for which the cylinder remains in original
position without application of force is

@ 2 (b) 2
© 2 (d)

If the height h, of the water level is further decreased then

(a) the cylinder remains at its original position and will not
move up

(b) forh, = %, the cylinder again starts to move up
(c) forh, = %, the cylinder again starts to move up

(d) forh, = %, the cylinder again starts to move up

5.2 Heat and Thermodynamics

e A small spherical monatomic Po
ideal gas bubble (y = %) is trapped ;g
inside a liquid of density p, (see H ®
the adjacent figure). Assume that Iy

the bubble does not exchange

any heat with the liquid. The

bubble contains n moles of the gas. The temperature of the gas
when the bubble is at the bottom is T|,. The height of the liquid is
H and the atmospheric pressure is p, (neglect the surface tension).
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1. As the bubble moves upwards, besides the buoyant force, which of
the following forces is/are acting on it?
(a) Only the force of gravity
(b) The force of gravity and the force due to the pressure of the
liquid
(c) The force of gravity, the force due to the pressure of the
liquid, and the force due to the viscosity of the liquid

(d) The force of gravity and the force due to the viscosity of the
liquid

2. When the gas bubble is at a height y from the bottom, its
temperature is

2/5 /5
Pot P& p0+p1g(H—y)]z
T b) T,|e— T
@) O(P +pgy> (b) 0[ po+pigH
T ( +pig )3’5 (d)T[pwplg(H—y)]j’5
Pot PISY o potpigH

3. The buoyancy force acting on the gas bubble is (assume R to be the
molar gas constant)

(po*+pi1gH) »
(Pot+P18Y) "
p1nRgTy

(b)
Py + PlgH)2/5 [po+pig(H~ y)]3/5
(Po* PigH)™
(c) pinRgT; %
(Po*PigY)

pinRgTy
d) 355 B
(ot PigH) " [potp1g(H-y)

e In the figure, a container is shown to have a 11
movable (without friction) piston on the top. The
container and the piston are all made of perfectly
insulating material allowing no heat transfer
between outside and inside the container. The
container is divided into two compartments by
a rigid partition made of a thermally conducting

(@) pinRgT,

2/5
]
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material that allows transfer of heat. The lower compartment of the
container is filled with 2 moles of an ideal monatomic gas at 700 K
and the upper compartment is filled with 2 moles of an ideal diatomic
gas at 400 K. The heat capacities per mole of an ideal monatomic

gas are C, gR and C, = gR and those for an ideal diatomic gas are

Cy= %R and C,= ER'

4. Consider the partition to be rigidly fixed so that it does not move.
When equilibrium is achieved, the final temperature of the gases
will be

(a) 550 K (b) 525K
(c) 513K (d) 490K

5. Now consider the partition to be free to move without friction so
that the pressure of gas in both the compartments is the same. The
total work done by the gases till the time they achieve equilibrium
will be

(a) 250R (b) 200R
(c) 100R (d) —-100R

e A fixed thermally conducting - R

cylinder hasits radius R and height L. I — [}
L I

|

|

|

|

|

L]

The cylinder is open at its bottom and
has a small hole at its top. A piston of
mass M is held at a distance L from
the top surface as shown in the figure.
The atmospheric pressure is p,,.

Lo

Piston

6. The piston is pulled out slowly and held at a distance 2L from the
top. The pressure in the cylinder between its top and the piston will

then be
@ po (b) 2
M M
© B+ @ 5-=5

nR? nR?
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7. While the piston is at a distance 2L from the top, the hole at the top
is sealed. The piston is then released to a position where it can stay
in equilibrium. In this condition, the distance of the piston from the
top is

(a)

2

2pymR

pOnRz—Mg
nR2p0+Mg

nR? Po

RZ
Poﬂ] o
T - g

(2L) (b) (2L)

Rp (2L) (d)
0

pOTcR2 +Mg
© |

8. The piston is taken completely out
of the cylinder. The hole at the topis [~ [}
sealed. A water tank is brought below i
the cylinder and put in a position Lo !
so that the water surface in the tank !
is at the same level as the top of the ] iH
cylinder, as shown in the figure. The
density of water is p. In equilibrium,
the height H of the water column in the cylinder satisfies

(@) pg(Ly— H)* + Po(Ly—H) + Lypy =0
(b) pg(Ly— H)* - Po(Ly—H) = Lypy =0
() pg(Ly—H)*+ py(Ly—H) = Lopy =0
(d) pg(Ly— H)? - po(Ly—H) + Lypy =0

5.3 Sound Waves

e Two waves y; = A cos (0.5mx — 100nt) and y, = A cos (0.46mx — 92nt)
are travelling in a pipe placed along the x-axis.

1. Find the number of times the intensity is maximum in the time
interval of 1 s.

(a) 4 (b) 6
(c) 8 (d) 10

2. Find the wave velocity of the louder sound.

(a) 100 m st (b) 192ms™
(c) 200 m s (d) 96 ms™
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3. Find the number of times y; +y, =0atx=0in1s.
(a) 100 (b) 46
(c) 191 (d) 96

* Two trains A and B are moving
with speeds 20 m s and
30 ms ' respectively in the same
direction on the same straight
track with B ahead of A. The
engines are at the front ends. 1 1
The engine of A blows a long f4 fy
whistle. Assume that the sound Frequency
of the whistle is composed
of components varying in frequency from f; = 800 Hz to f, = 1120 Hz
as shown in the figure. The spread in the frequency (highest
frequency-lowest frequency) is thus 320 Hz. The speed of sound in

still air is 340 m s,

Intensity

4. The speed of sound of the whistle is

(a) 340 m s for the passengers in A and 310 m s for the
passengers in B

(b) 360 m s for the passengers in A and 310 m s for the
passengers in B

(c) 310 m s for the passengers in A and 360 m s~ for the
passengers in B

(d) 340 m s™ for the passengers in both the trains

5. The distribution of the intensity of sound of the whistle as heard by
the passengers in train A is best represented by

(a) (b)

Intensity
Intensity

2
Frequency Frequency
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(© (d)

Intensity
Intensity

Frequency Frequency

6. The spread of frequency as heard by the passengers in train B is

(a) 310 Hz (b) 330 Hz
(c) 350 Hz (d) 390 Hz

5.4 Electricity and Magnetism

e The nuclear charge (Ze) is (),
nonuniformly distributed within
a nucleus of radius R. The charge !
density, i.e., charge per unit volume, i
p(r) is dependent only on the radial !
distance r from the centre of the 1
nucleus, as shown in the figure. The = R
electric field is only along the radial
direction.

=Y

1. The electric field at = R is

(a) independent of a (b) directly proportional to a
(c) inversely proportional toa (d) none of these

2. Fora =0, the value of d (maximum value of p as shown in the figure)
is
3Ze 3Ze

b bl

@) 4nR’ ®) R’

47e Ze
— d

© 3nR? (@) 3nR?

3. The electric field within the nucleus is generally observed to be
linearly dependent on r. This implies that
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(@) a=0 (k) a=%
(©) a=R d) a= %
e The electrical resistance of Te®),
certain materials known as
superconductors, changes Te(0) =

abruptly from a nonzero
value to =zero as their
temperature is lowered below
a critical temperature T-(0). 0 B
An interesting property of

superconductors is that their

critical temperature becomes smaller than T~ (0) if they are placed in
amagnetic field, i.e., the critical temperature T~ (B) is a function of the
magnetic field strength B. The dependence of T-(B) on B is shown in
the figure.

4. In the graphs below, the resistance R of a superconductor is shown
as a function of its temperature T for two different magnetic fields
B, (solid line) and B, (dashed line). If B, is larger than B;, which
of the following graphs shows the correct variation of R with T in
these fields?

(@) ré (b) r
Bz///
| L B4
Byl |By N 1 _
° T 0l T
(© g (d) g
|
B By N N
0 T ol T
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5. A superconductor has T-(0) = 100 K. When a magnetic field of
7.5 tesla is applied, its T~ decreases to 75 K. For this material, one

can definitely say that when
(@) B=5tesla, T-(B) =80 K
(b) B=5tesla, 75 K< T-(B) <100 K
(c) B=10tesla, 75 K< T-(B) <100 K
(d) B=10tesla, T-(B) =70 K

e The figure shows a circular loop of
radius a with two long parallel wires
(Wire 1 and Wire 2), all in the plane
of the paper. The distance of each
wire from the centre of the loop is d.
The loop and the wire are carrying the
same current I. The current in the loop
is in the counterclockwise direction if
seen from above.

Wire 1

Wire 2

6. When d =a, but the wires are not touching the loop, it is found that
the net magnetic field at the axis of the loop is zero at a height /

above the loop.

(a) The currents in Wire 1 and Wire 2 flow in the directions PQ

and RS respectively and h =a.

(b) The currents in Wire 1 and Wire 2 flow in the directions PQ

and SR respectively and h=a.

(c) The currents in Wire 1 and Wire 2 flow in the directions PQ

and SR respectively and i1 =1.2a.

(d) The currents in Wire 1 and Wire 2 flow in the directions PQ

and RS respectively and h=1.2a.

7. Consider d >> a and the loop is rotated about its diameter parallel
to the wires by 30° from the position shown in the figure. If the
currents in the wires are flowing in the opposite directions, the
torque on the loop at its new position will be (assume that the net

field due to the wires is constant over the loop)
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w2 w2
@ " ) *
(@ Y2rl'e” @ Y3l
¢ d 2d

¢ A dense collection of equal number of electrons and positive ions is
called neutral plasma. Certain solids containing fixed positive ions
surrounded by free electrons can be treated as neutral plasma. Let
N be the number density of free electrons, each of mass m. When
electrons are subjected to an electric field, they are displaced relatively
away from the heavy positive ions. If the electric field becomes zero,
the electrons begin to oscillate about the positive ions with a natural
frequency o, which is called the plasma frequency. To sustain the
oscillations, a time-varying electric field needs to be applied that has
an angular frequency o, where a part of the energy is absorbed and
a part of it is reflected. As ® approaches o, all the free electrons are
set to resonate together and all the energy is reflected. This is the
explanation of high reflectivity of metals.

8. Taking the electronic charge e and the permittivity g,, use
dimensional analysis to determine the correct expression for o,

Ne me,
(a) mgo (b) Ne

Ne’ me,
(C) mgo (d) Nez

9. Estimate the wavelength at which plasma reflection will occur
for a metal having the density of electrons N = 4 x 10 m™. Take
g, = 10" and mass m = 107, where these quantities are in proper

SI units.
(a) 800 nm (b) 600 nm
(c) 300 nm (d) 200 nm

e A thermal power plant produces electric power of 600 kW at
4000 V, which is to be transmitted to a place 20 km away. The
power can be transmitted either directly through a cable of large
current-carrying capacity, or by using a combination of step-up
and step-down transformers at the two ends. The drawback of the
direct transmission is large energy dissipation. In the method using
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transformers, the dissipation is much smaller. By this method, a step-
up transformer is used at the plant end so that the current is reduced
to a smaller value. At the consumers’ end, a step-down transformer is
used to supply power to the consumers at the specified lower voltage.
It is reasonable to assume that the power cable is purely resistive
and the transformers are ideal with a power factor of unity. All the
currents and voltages mentioned are rms values.

10. If the direct transmission method is used with a cable of resistance
0.4 Q km™, the power dissipation (in %) during transmission is

(a) 20 (b) 30
(c) 40 (d) 50

11. In the method using the transformers, assume that the ratio of the
number of turns in the primary to that in the secondary in the step-
up transformer is 1 : 10. If the power to the consumers’ end has to
be supplied at 200 V, the ratio of the number of turns in the primary
to that in the secondary in the step-down transformer is

(a) 200: 1 (b) 150:1
(c) 100: 1 (d) 50:1

® In a thin rectangular metallic strip a constant current I flows along
the positive x-direction, as shown in the figure. The length, width
and thickness of the strip are /, w and d respectively. A uniform

magnetic field B is applied on the strip along the positive y-direction.
Due to this, the charge carriers experience a net deflection along the
z-direction. This results in accumulation of charge carriers on the
surface PQRS and appearance of equal and opposite charges on the
face opposite PQRS. A potential difference along the z-direction is
thus developed. Charge accumulation continues until the magnetic
force is balanced by the electric force. The current is assumed to be
uniformly distributed on the cross section of the strip and carried by
electrons.
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12. Consider two different metallic strips (1 and 2) of the same material.
Their lengths are the same, widths are w; and w, and thicknesses
are d, and d, respectively. Two points K and M are symmetrically
located on the opposite faces parallel to the xy-plane (see figure) of
each strip. V; and V, are the potential differences between K and
M in strips 1 and 2 respectively. Then for a given current I flowing
through each of them in a given magnetic field strength B, the
correct statement(s) is/are:

(a) f w, =w, and d; = 2d, then V, =2V,
(b) If w, =w,and d, = 2d, then V, =V,
(c) f w, =2w, and d, = d, then V, =2V,
(d) Ifw, =2w, and d, =d, then V, =V,

13. Consider two different metallic strips (1 and 2) of same dimensions
(length [, width w and thickness d) with carrier densities 7, and n,
respectively. Strip 1 is placed in a magnetic field B, and strip 2 is
placed in a magnetic field B,, both along the positive y-direction.
Then V, and V, are the potential differences developed between K
and M in strips 1 and 2 respectively. Assuming that the current I is
the same for both the strips, the correct option(s) is/are:

(a) If By = B, and n, = 2n,, then V, =2V,
(b) If B, =B, and n, = 2n, then V, =V,
(c) If B, = 2B, and n, = n, then V, = 0.5V,
(d) If By =2B,and n,; =n, then V, =V,

* A point charge Q is moving in a circular orbit of radius R in the
xy-plane with an angular speed . This can be considered as being

[}
equivalent to a loop carrying a steady current % A uniform

magnetic field along the positive z-axis is now switched on,
which increases at a constant rate from O to B in one second.
Assume that the radius of the orbit remains constant. The
application of the magnetic field induces an emf in the orbit. The
induced emf is defined as the work done by an induced electric
field in moving a unit positive charge around a closed loop.
It is known that for an orbiting charge, the magnetic dipole moment
is proportional to the angular momentum with a proportionality
constant y.
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14. The magnitude of the induced electric field in the orbit at any instant
of time during the time interval of the magnetic field change is

BR BR
(@) (b) =5~
(c) BR (d) 2BR

15. The change in the magnetic dipole moment associated with the
orbit at the end of the time interval during which the magnetic field

changes is
(a) ~yBQR? (b) —3BOR?
(c) 3 BQR’ (d) 7BQR?

¢ Consider an evacuated cylindrical
chamber of height & having
rigid conducting plates at the
ends and an insulating curved
surface as shown in the figure. A
number of spherical balls made
of a lightweight and soft material
and coated with a conducting
material are placed on the bottom
plate. Each ball has a radius r << h. Now a high-voltage source (HV)
is connected across the conducting plates such that the bottom plate
is at +V|, and the top plate is at -V,. Due to their conducting surfaces,
the balls will get charged, become equipotential with the plate and
be repelled by it. The balls will eventually collide with the top plate
where the coefficient of restitution can be taken to be zero due to the
soft nature of the material of the balls. The electric field in the chamber
can be considered to be that of a parallel-plate capacitor. Assume that
there are no collisions between the balls, and the interaction between
them is negligible. (Ignore gravity.)

16. Which one of the following statements is correct?
(a) The balls will bounce back to the bottom plate carrying the
opposite charge they went up with.
(b) The balls will execute SHM between the two plates.

(c) The balls will bounce back to the bottom plate carrying the
same charge they went up with.

(d) The balls will stick to the top plate and remain there.
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17. The average current in the steady state registered by the ammeter
in the circuit will be

(a) proportional to V" (b) proportional to V
(c) proportional to V, (d) zero

¢ Consider a simple RC circuit as shown in Figure 1.
Process 1: In the circuit the switch S is closed at t = 0 and the capacitor
is fully charged to voltage V|, (i.e. charging continues for time
T >> RC). In the process, some dissipation (Ep) occurs across the
resistance R. The amount of energy finally stored in the fully charged
capacitor is E.

%
Process 2: In a different process the voltage is first set to é) and

maintained for a charging time T >> RC. Then the voltage is raised
2V,

to TO without discharging the capacitor and again maintained for

a time T >> RC. The process is repeated one more time by raising the

voltage to Vy and the capacitor is charged to the same final voltage

V, as in Process 1. These two processes are depicted in Figure 2.

AV

Process 1
“_ Vo - T -
S '\/%/ 2V - }
3 | Process i
2 T>>RC
\Y C) CcC == b 4+
3
T 2T t
Fig. 1 Fig. 2

18. In Process 1, the energy stored in the capacitor, E-, and heat
dissipated across the resistance, E,, are related by

1
(@) Ec =5Ep, (b) E.=2E,
(©) Ec=Ep (d) Ec=E,In2

19. In Process 2, total energy dissipated across the resistance, Ep, is
1 1
(@) Ep = 3(5(:1/02) (b) Ep=5CV¢

(0) Ep=3CV2 (d) Ey, = —(—cvg)
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® A capacitor of capacitance C can be Y
charged (with the help of a resistance 1
R) by avoltage source V, by closing the R £ S4 K
switch S; while keeping the switch S, ¢ I
open. The capacitor can be connected i
in series with an inductor L by closing S2 K
switch S, and opening S;. L I

000000

20. Initially the capacitor was uncharged. Then the switch S, is closed
and S, is kept open. If the time constant of this circuit is T then
(a) after the time interval t, charge on the capacitor is CV/2

(b) work done by the voltage source will be half of the heat
dissipated when the capacitor is fully charged

(c) after time interval 21, charge on the capacitor is CV(1 - e?)
(d) after time interval 27, charge on the capacitor is CV(1 - el

21. After the capacitor gets fully charged, S, is opened and S, is closed
so that the inductor is connected in series with the capacitor. Then

(a) att =0, the energy stored in the circuit is purely in the form
of magnetic energy

(b) at any time t > 0, the current in the circuit is in the same
direction

(c) att >0, there is no exchange of energy between the inductor
and the capacitor

(d) atany time ¢ > 0, the instantaneous current in the circuit may

be V\/%

22. If the total charge stored in the LC circuit is Q, then for ¢t > 0,

S T 1
(a) the charge on the capacitor is Q = Q cos (E + ﬁ)

S n_ 1
(b) the charge on the capacitor is Q = Q, cos(2 LC)
. d’Q
(c) the charge on the capacitor is Q =—-LC %

2

_ 1 d4Q

d) the charge on the capacitoris Q = ——= —-
(d) g p Q C dP
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* Modern trains are based on the Maglev technology in which a train
is magnetically levitated and runs on its EDS Maglev system. There
are coils on both sides of each wheel. Due to the motion of the train, a
current is induced in the coil of the track, which levitates it. This is in
accordance with Lenz’s law. If the train comes down then according
to Lenz’s law, a repulsive force increase due to which the train gets
uplifted and if it goes much higher then there is a net downward
force due to gravity. The advantage of a Maglev train is that there
is no friction between the train and the track, thereby reducing the
power consumption and enabling the train to attain a very high
speed. The major disadvantage of the Maglev train is that as it slows
down, the electromagnetic forces decrease and it becomes difficult to
keep the train levitated and as it moves forward, according to Lenz’s
law, there is an electromagnetic drag force.

23. What is the advantage of this system?

(a) There is no friction hence no power loss.
(b) No electric power is used.

(c) Gravitation force is zero.

(d) By Lenz’s law, the train experiences a drag.

24. What is the major disadvantage of this system?

(a) The train experiences an upward force according to Lenz’s
law.

(b) The friction force creates a drag on the train.

(c) Retardation is caused.

(d) By Lenz’s law, the train experiences a drag.

25. Which force causes the train to elevate upward?

(a) Electrostatic force (b) Time-varying electric field
(c) Magnetic force (d) Induced electric field

5.5 Ray Optics and Wave Optics

* Most materials have the refractive index n > 1. So, when a light ray
from air enters a naturally occurring material then by Snell’s law

sin0; n
(sinel = ”_1)’ it is understood that the refracted ray bends towards
2
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the normal. But it never emerges on the same side of the normal
as the incident ray. According to electromagnetism, the refractive

index of a medium is given by the relation n = %=J_r T

where c is the speed of the electromagnetic wave in vacuum, v is
its speed in the medium, €. and p, are the relative permittivity and
permeability of the medium respectively.

In normal materials, both €, and p, are positive, implying positive n
for the medium. When both &, and 1, are negative, one must choose
the negative root of n. Materials with a negative refractive index
can now be artificially prepared and are called metamaterials. They
exhibit significantly different optical behaviour without violating any
physical law. Since 1 is negative, it results in a change in the direction
of propagation of the refracted light. However, similar to the normal
materials, the frequency of light remains unchanged upon refraction
even in metamaterials.

1. For the light incident from air on a metamaterial, the appropriate
ray diagram is

() ; ) ;
011 01|
Alr \ Air \< -
(c) \< (d) \<
01 0y 1
Air Air

2. Choose the correct statement.

(a) The speed of light in the metamaterial is v = c|n]|.

(b) The speed of light in the metamaterial is v = ﬁ

(c) The speed of light in the metamaterial is v = c.
(d) The wavelength of light in the metamaterial (A ) is given by
A =My | 1|, when A, is the wavelength of light in air.
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¢ Light guidance in an optical fibre can be understood by considering
a structure comprised of a thin solid glass cylinder of refractive
index n,, surrounded by a medium of lower refractive index n,.
The light guidance in the structure takes place due to successive
internal reflections at the interface of the media 7, and n, as
shown in the figure. All rays with the angle of incidence i less
than a particular value 7, are confined in the medium of refractive
index 7n,. The numerical aperture (NA) of the structure is defined as
sini .

ny>ny

Air
Cladding n2

//\ e -

V45

3. For the two structures, namely S; with n; = T and n, = %, and

S, withn, = % and n, = % and taking the refractive index of water to

be % and that of air to be 1, choose the correct statement(s).

(@) The NA of S, immersed in water is the same as that of S,
16

3/15

(b) The NA of S, immersed in a liquid of refractive index 16

—1s
V15

(c) The NA of S, placed in air is the same as that of S, immersed

immersed in a liquid of refractive index

the same as that of S, immersed in water.

T o 4
in a liquid of refractive index —-
q /15
(d) The NA of S, placed in air is the same as that of S, placed in
water.

4. If two structures of the same cross-sectional area, but
different numerical apertures NA, and NA, (NA, < NA,) are
joined longitudinally, the numerical aperture of the combined
structure is
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NA,NA,
NA, +NA,
(@ NA, (d) NA,

(a) (b) NA, + NA,

e The figure shows a b
surface XY separating d
two transparent media,

Medium 1 and Medium

2. The lines ab and a
cd represent wavefronts X

of light travelling in &fh

Medium 1

Medium 1 and incident e

on XY. The lines ¢f and g Medium 2
gh represent wavefronts

of the light in Medium 2 after refraction.

5. Light travels as a

(a) parallel beam in each medium
(b) convergent beam in each medium
(c) divergent beam in each medium

(d) divergent beam in one medium and convergent beam in the
other medium

6. The phases of the light wave at ¢, d, e and f are ¢, ¢4, ¢, and ¢;
respectively. It is given that ¢_# ¢;.
(a) ¢, cannot be equal to ¢4
(b) ¢4 can be equal to ¢,
(@) (94— ¢¢) is equal to (¢, - ¢,)
(d) (94— ¢.) is not equal to (¢ - ¢,)

7. The speed of light is

(a) the same in the two media

(b) greater in Medium 1 than in Medium 2
(c) greater in Medium 2 than in Medium 1
(d) different at b and d
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5.6 Modern Physics

* The key feature of Bohr theory of spectrum of hydrogen atom is the
quantization of angular momentum when an electron is revolving
around a proton. We will extend this to a general rotational motion
to find quantized rotational energy of a diatomic molecule assuming
it to be rigid. The rule to be applied is Bohr quantization condition.

1. A diatomic molecule has moment of inertia I. By Bohr quantization
condition, its rotational energy in the nth level (n = 0 is not allowed)
is

1K 1(n
@) n’ [Snzl] ®) % [8n21]
W’ of W2
© n[Snzl] (@ n [87121]

2. It is found that the excitation frequency from ground to the first

excited state of rotation for the CO molecule is close to % x 10" Hz.

Then, the moment of inertia of CO molecule about its centre of
mass is close to (take 1 = 271t x 1074 ] s)

(a) 2.76 x 107 kg m? (b) 1.87 x 107* kg m?
(c) 4.67 x 107 kg m? (d) 1.17 x 107 kg m?

3. In a CO molecule, the distance between C (mass = 12 amu) and O

(mass = 16 amu), where 1 amu = % x 107 kg, is close to

(@) 24x10"m (b) 1.9%x10m
(€) 1.3x10m (d) 44x10"'m

¢ The B-decay process, discovered around 1900, is basically the decay
of a neutron (n). In the laboratory, a proton (p) and an electron (¢")
are observed as the decay products of the neutron. Considering the
decay of a neutron as a two-body decay process, it was predicted that
the kinetic energy of the electrons should be a constant. But it was
observed experimentally that the kinetic energy of the electron has a
continuous spectrum. Considering a three-body decay process, i.e.,
n—p+e +v,, around 1930, Pauli explained the observed energy
spectrum of the electron. If one assumes the antinutrino (v,) to be
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massless and possessing negligible energy and the neutron to be at
rest, and applies the principle of conservation of momentum and
energy, the maximum kinetic energy of the electron is found to be
0.8 x 10°eV. The kinetic energy of the proton is only the recoil energy.

4. If the antinutrino had a mass 3 eV /c* (where c is the speed of light)
instead of zero mass, what should be the range of the kinetic energy,
K, of the electron?

(@) 0<K<0.8x10°eV (b) 3.0eV<K<0.8x10°eV
() 20eV<K<08x10°eV  (d) 0<K<0.8x10%°eV

5. What is the maximum energy of the antineutrino?

(a) Zero (b) Much less than 0.8 x 10° eV
(c) Nearly 0.8 x 10° eV (d) Much larger than 0.8 x 10%eV

* The mass of any nucleus X is less than the sum of the masses of
(A - Z) neutrons and Z protons in the nucleus. The energy
corresponding to this mass difference is known as the binding energy
of the nucleus. A heavy nucleus of mass M can break into two lighter
nuclei of masses m, and m, only if (m; + m,) < M. Also, two light
nuclei of masses 1, and m, can undergo complete fusion and form a
heavy nucleus of mass M’ only if (5 + m,) > M'. The masses of some
neutral atoms are given in the table below.

{H 1.007825 u 12H 2.014102 u fH 3.016050 u gHe 4.002603 u

6Lj | 6.015123u | Tpi | 7.016004u | D7y | 69.925325u |$2g | 81916709 u

1324 | 151.919803 u | 206 py, | 205.974455 u | 209 g; | 208.980388 u 210 p, | 209.982876 u

6. Which of the following statements is correct?

(a) The nucleus §Li can emit an alpha particle.
(b) The nucleus 2%2 Po can emit a proton.
(c) Deuterons and alpha particles can undergo complete fusion.

(d) The nuclei ;8 Zn and 3;Se can undergo complete fusion.

7. The kinetic energy (in keV) of the alpha particle released when the

nucleus 2§ Po at rest undergoes alpha decay is

(a) 5319 (b) 5422 (c) 5707 (d) 5818
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e When a particle is restricted to move along x-axis between
x = 0 and x = a, where a is of nanometre dimension, its energy
can take only certain specific values. The allowed energies of
the particle moving in such a restricted region correspond to
the formation of standing waves with nodes at its ends x = 0 and
x = a. The wavelength of this standing wave is related to the
linear momentum p of the particle according to the de Broglie

relation. The energy of the particle of mass m is related to the linear
2

momentum as E = 2l9_m Thus, the energy of the particle can be

described by a quantum number 7, taking values n =1, 2, 3, ...,
corresponding to the number of loops in the standing wave.

Use the model described above to answer the following three
questions for a particle moving in the line x = 0 to x = a. Take
h=66x10*]sande=1.6 x 10" C.

8. The allowed energy of the particle for a particular value of n is
proportional to

(a) a? (b) a2 (c) a (d) a*

9. If the mass of the particle is m = 1.0 x 107 kg and a = 6.6 nm, the
energy of the particle in its ground state is closest to

(a) 0.8 meV (b) 8 meV
(c) 80 meV (d) 800 meV
10. Thespeed of the particle that can take discrete values, is proportional
to
(a) /2 (b) ! (o) n'/? (d) n

® Scientists are working hard to develop a nuclear fusion reactor.
Nuclei of heavy hydrogen, ?H, known as deuteron and denoted by D
can be thought of as a candidate for such a reactor. The D-D reaction
is fH+'H - JHe+n + energy. In the core of the fusion reactor,
a gas of heavy hydrogen is fully ionized into deuteron nuclei
and electrons. This collection of ?H nuclei and electrons is known

as plasma. The nuclei move randomly in the reactor core and
occasionally come close enough for nuclear fusion to take place.
Usually, the temperatures in the reactor core are too high and no
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material wall can be used to confine the plasma. Special techniques
are used which confine the plasma for a time t, before the particles
fly away from the core. If 7 is the number density (number/volume)
of deuterons, the product nt is called Lawson number. In one of the
criteria, a reaction is termed successful if Lawson number is greater
than 5 x 10'* s cm™.

It may be helpful to use the following: Boltzmann constant

k=86x105eVK™:-"— =144 x107 eV m.
4me,

11. In the core of a nuclear fusion reactor, the gas becomes plasma
because of the

(a) strong nuclear force acting between the deuterons

(b) Coulomb force acting between the deuterons

(c) Coulomb force acting between the deuteron—electron pair
(d) high temperature

12. Assume that two deuteron nuclei in the core of a fusion reactor at
temperature T are moving towards each other, each with a kinetic
energy 1.5 kT, when the separation between them is large enough
to neglect Coulomb potential energy. Also, neglect any interaction
with other particles in the core. The minimum temperature T
required for them to reach a separation of 4 x 107'° m is in the range

(@) 1.0x10°K<T<20x10°K (b) 20x10°K < T<3.0 x 10°K
(€) 30x10°K<T<40x10°K(d) 40x10° K< T <5.0 x 10°K

13. The results of calculations for four different designs of a fusion
reactor using D-D reaction are given below. Which of these is the
most promising based on Lawson criterion?

(a) Deuteron density = 2.0 x 102 em™3,

confinement time = 5.0 x 107 s

(b) Deuteron density = 8.0 x 10" em=3,
confinement time = 9.0 x 107" s

(c) Deuteron density = 4.0 x 102 cm3,
confinement time = 1.0 x 10 s

(d) Deuteron density = 1.0 x 10** em™3,

confinement time = 4.0 x 107% s
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Answers

5.1 General Physics
1. d 2. ¢ 3. b 4. b
7. ¢ 8. ¢ 9. a 10. b
13. b 14. ¢ 15. ¢ 16. b
19. a 20. b 21. ¢ 22. a
25. ¢ 26. ¢ 27. b 28. a

5.2 Heat and Thermodynamics

2. b 3. b 4.

1. d
7. d 8. ¢

5.3 Sound Waves

1. a 2. ¢ 3. d 4.

5.4 Electricity and Magnetism

1. a 2. b 3. ¢
7. b 8. ¢ 9. b 10.
13. a, ¢ 14. b 15. b 16.
19. d 20. ¢ 21. d 22.
25. d
5.5 Ray Optics and Wave Optics
1. ¢ 2. b 3. a,c¢ 4.
7. b
5.6 Modern Physics
1. d 2. b 3. ¢ 4.
7. a 8. a 9. b 10.

13. b

n o o o

11.
17.
23.

11.
17.
23.

11.

aa e

v T o o

12.
18.
24.

12.
18.
24.

Q0 o

12. a
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Hints and Solutions

5.1 General Physics

1. During upward motion the momentum and displacement both are
positive and as position increases, momentum decreases.

2. Energy E o« A2, where A is the amplitude.

E _(2a
. E_2 = (7) = El 4E2
P2
3. Total energy E = T 2Kx

However, E = EKA (t)z, where A(t) is the amplitude

2
1 2 _ P
2 KA®)® = m +2Kx
or p*+mK** = mKA(t)>.
Hence the equation of motion is a circle in phase space whose radius is
decreasing due to the friction of the liquid.

4. From work-energy principle: Wg + Wf = AKE.

So, mgR sin30° + Wy= 2 mo?

- kg)(10m5-2)(40m)<> 150] = 3(1 kg)o?

= 0’ =(10ms™")? = v=10ms.

2
5. The centripetal force (%) is provided by (V- mg cos 60°), so the

2
normal reaction, =\V'= mg cos 60° + % =75N.

6. Centripetal acceleration, a = ®°r.

. dv 2
e )

dr

éJ’vdv— fco rdr = v=o rz—&z-

4
RI2
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r t
_dr
R}[ f—rRz/él —m!dt.

Let r=£sec9 dr:BsecetanOdG

2 4 2
Igsecetane
5 [E e ———d0=ofd
R2 tan®
2
477 - R?
= mtzln[2r+R]

> r= B(e‘”’ +e .

7. Term 2m( Upoy X 5) gives the normal reaction from the edge (=)

_ dT —mt
Z)rot - di’ 4 ( )(D~
N, = 2m %( -¢ Y o.
— mRo> —on 3
= o, = T(eu)z_e wt)j-

Normal reaction from the bottom of the slot = mgk.
". net reaction from the slot is

N 2
R = MRo e —e

] +mgk.

N

1 21, 21 2_1, 2
8. 51(20)" = 7kx; 72D o” =Sk

9. Conserving angular momentum
I2w) + 2I(w) = (I + 2) &’

. 4
common angular velocity ®” = 7 ®.

3
Now, angular impulse = (average frictional torque) x time
= 1-t = change in angular momentum

4 \_2
—ZI<30) co)— 3

2o

RO
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11.

12.

13.

14.

15.

16.
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Initial kinetic energy = %I (Zm)2 + %(ZI) o’ =3ln’.

2
Final kinetic energy = %(I +2I) (% m) :

2
=, loss in kinetic energy = 3lo” - %Ioo2 = I%

As shown in the figure, when the system as a whole turns by 180°, the
disc also turns by 180° about its vertical axis. Hence the instantaneous
axis that passes through the centre of mass is vertical in both the cases
(a) and (b).

As shown in the adjoining figure, when the system as a whole is turned
by 180°, the disc also turns by 180° about the vertical axis. Hence for
both the cases (a) and (b), the angular p
speed about the instantaneous axis 0 \
that passes through the centre of B*
mass is o.

N = Mo*R -7).
e = BMo*(R—7) < Mg

!
Il

N3
el\-)
IA

pR-7)

g
Pmin Ty p®R =)
R—r>'

oR =0y(R-7) = 0)=m0< R

Rotational kinetic energy = %Ioo2

_\2
- 1 MR} (R r) = MR-

For an oscillating system, the kinetic energy must be zero periodically
for a finite value of x. Also, E <V,

Vx)=ax®t. . [a]=ML2T2

The only expression which has the dimension MLOT is (b).

For x > X, V is constant.
Hence, force = 0 and therefore acceleration = 0.
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18.

19.

20.
21.

22,

23.

24.
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Vertical upward force due to surface tension = (2n7)(T sin )

- 2an(§) = 212T/R.

r
T

<>

2nr*T/R = mg = (%nR3>pg.

Surface energy = 4nRT.

From continuity equation,

AV, = AV,
= 120 x5 = n(1)*V,
= V,=2000mms'=2ms™".
%pa Va2 = %plvﬁ. For a given value of V, V| oc E—T
For translation: 2kx — f = Mag,,. ..(1)
For rotation: torque due to friction (f)
MR? ey

fR=leyo="5"""
= f=Magcy .. (i)
Adding equations (i) and (ii),

3 4 kx
2kx = EMaCM = dem =§ﬁ

‘. net external force on the disc is

Magy, = %kx (—ve sign indicates retardation).

The equation for angular motion is
torque = oo = -2kxR
2kR 2kR
X == RO
I awr?
2

= o =
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= o= —We =—(029

4k
=AM

25. From equation (ii), f = %MaCM =pN =nuMg
= Magy = 2nMg = %kx

3(nMg
- x=§@r?

At this value of x, friction (static) is limiting and slipping just starts. At
this position the velocity v, can be obtained from energy-conservation:

%MUS + %Imz = 2<%kx2>. ..(iid)
() M
Take I = %MRZ, = ﬁo and x = % K X g to solve (iii), from which we get
3M
U =gy T
26. M=n(4r)h g (po * hypg)dnr?
. 38

For equilibrium,

(py = pghy)mdr? + Mg
= (py + pg(h + hy)) - w3r% + pynr®.

TP 5
Simplifying, h, = §h' i )
Mg Pomr
[Pg* pg(h + hy)n3r2
27. pondr? + Mg = pynr? + (pgh + po)n3r2. lpoﬂ(4r2)
Substituting M and simplifying,

hy, = 4h/9.

b

Mg ponr2
(Po* pghym3r2

28. The cylinder will not move up if i, < %h
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5.2 Heat and Thermodynamics
1. In addition to the buoyant force, the weight (mg) downward and the
viscous force against the motion (downward) act together.
1- 1-
2.p TV =p, 'TS.
T,=Ty py=po+ pigH, and
P2 =po+PSH-Y).

nRT,
3. Buoyant force = p,Vg=p,g Iy

and p, = py + p8(H-y)

Pot Pzg(H_y)]Z/S'

- L= potpigH

4. Let the final temperature of the gases = T.
Heat expelled by the lower compartment (nC,, AT)
= 2(%1{)(700 -T).
Heat absorbed by the upper compartment
(nC,AT) =2 (%R)(T — 400).
For equilibrium,
7T-2800=2100-3T
= T =490 K.
5. AW, + AU, = AQ, and AW, + AU, = AQ,.
For the total system, AQ, + AQ, =0

= %R(T — 400) = %R(7OO ~T) = T=525K.

Work done by gas 1, AW, = nRAT = 2R(525 - 400) = 250R.
Work done by gas 2, AW, = nRAT = 2R(525 — 700) = -350R.
= net work = AW, + AW, = -100R.

6. With the hole open, the space between the top and the piston is exposed
to the atmosphere so the pressure = p,.
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7. For equilibrium, 2R
Mg + prR? = pynR?
= pnR*=p,nR* - Mg. pAi y
For isothermal expansion,
po(nR?*2L) = p (nR*y) T l
= y= LRZ 2L. PoA Mg
ponR® ~ Mg

8. nRp,L, = p(L,~ H)nR?
= p=poLy/(L,-H).
For equilibrium,

p=po+pg(Ly—H).
Equating, we get
pg(Ly—H)* + py(Ly — H) = Lyp,y = 0.
5.3 Sound Waves
1. Beat frequency = difference in frequency.
100m -1 921 -1
Here,fl =7=508 ,fz=ﬁ=46s .

= required number =, —f, = 4.

2. Wave velocity, v = @.

k
_ 100w _ -1
C U= 05 =200ms -,
_ 92n -1
02—0.46n—200ms .
=0,=0,=200ms™"
3. Atx=0

Y, +Yy, = A cos 100nt + A cos 92nt = 0,
". cos (100mt) = — cos (92mt) = cos [(2n + 1)r — (92t)]
= 100mt = (21 + 1) — 92t

2n+1
~ =9
. 2
ot At:twl_tn:@.
Hence, the required number = ALt = 1972 = 96.
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4. The speed of sound depends on the frame of reference. Thus the speed
of sound relative to train A is (340 + 20) m s = 360 m s°.. Similarly,
relative to train B, speed of sound = (340 — 30) m st=310msL

5. As there is no relative motion between the trains and the passengers in
both the trains, the distribution of intensity of sound of the whistle will
be uniform. Hence, the best graph for this situation must be (a).

6. According to Doppler effect, apparent frequency
V*7,

f =i f
Here v =340ms! v (train B) =30 m s,

v (source = train A) 20 m s and f = true frequency.

". lowermost frequency,

£l = (%)(800 Hz) = 775 Hz.
Similarly, the uppermost frequency,
f3 = (39 =20)(1120 Hz) = 1085 Hz.

= frequency spread = 310 Hz.

5.4 Electricity and Magnetism

1. From Gauss’s theorem

Eanrt= 22
0
= jp— , hence independent of a.
47580R
2. Charge density as a function of r is
r
p(r) = (1 -}
Total charge enclosed
R 3
Q=Ze= f p(r) Anridr = TWZTR
0
_3Ze,
R’

3. Linear dependence of the electric field within the nucleus with radial
distance is possible only if the charge density is uniform throughout,
soa=R.
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From Gauss’s theorem,

ém’Sd
a2 Ze 3
E-4nr = g &
1
= E—(380 d)r.
E ocr.

. Critical temperature decreases with the increase in magnetic field. As
shown in option (a), magnetic field B, is larger than B, (given) and the
critical temperature is lower.

. For B=0, T-=100K;
B=75T, T-=75K;
B=5T, 75K <T-<100K.

. The net magnetic field at the given points will be zero, if
|Bwires | = |Bring .
Due to the ring,
MoIaz

ring 2((12 + hZ) 327
Due to the wires,

vertically up the plane.

B _5 Mol @ _ Hola
S Tondd 4 Y +n? m@ i)
wola uola®

n(a2+h2) = 2(a2+h2)3/2

2
= h:aa/%—l ~1.2a.

For the net field to be zero, the magnetic field due to straight currents
will be directed vertically down the plane, so the current flows in the
directions PQ and SR.

I
. Magnetic field at the midpoint of the two straight wires, B = %-

Magnetic moment of the loop, m = Ima’.

> — =
Magnitude of torque, |t | = |m x B |

= mB sin 150° = % mB
wol2a?

2d
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Ne

8. Check dimensionally: meg T'= [og]-

9. ®=2nv = ZEX-
10. Input power = 600 kW, voltage = 4000 V.
Total line resistance = (0.4 Q km™)(20 km) = 8 Q.
P=VI = (600 kV)(10° A) = (4000 V)I = I =150 A.
". energy loss due to heat dissipation,
P =I’R = (150 A)*8 Q) = 180000 W = 180 kW.

(180 kw) % 100% = 30%.

. % loss = 600 KW

N

11. Given: Wp = % in the step-up transformer.

s

Ve _ N Vo _10
Now v =" Np ~ 3000V~ 1
Hence, the required ratio in the step-down transformer

Np Vo~ 40,000

= V,=40000 V.

N, -V, 200 =200:1.
i~ Vi
12. quB =gE =q-M_"X.
qob =45 ="
Vu— Vg = WoB.
But current [ = neAv = ne(Wd)v
I
- Wo = ned
Vy - Vy = (L)B
MK T \ned) ™
For w,=w, d,=2d, V,=2V,.
For w,=2w, d,=4d, V=V,

1. V- Vie= ()8

For ny=2n,B,=B, = V,=2V,.
For B,=2B,,n,=n, = V,=2V,.
or V,=05V,.
14. Let E = magnitude of the induced electric field, so

d
E(@27R) = j;f Rzil—lf nR*B
RB.

= E:z



15.

16.

17.

18.

19.
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Change in angular momentum,
(egie _RB ., QBF’
AL = [vdi= [ EQRar=RF QRx1 =7
Now, change in the magnitude of the dipole moment,
Ap = yAL

= —% BQR? (considering direction).

The balls get negatively charged after hitting the top plate and get
attracted towards the positively charged bottom plate. The motion
executed will be periodic but not SHM.

As the balls keep on carrying charge from one plate to the other, current
will continue to flow even in steady state.

K
While at the bottom plate, V, = Tq

Vor
- 1=K
In the cavity of the cylinder, electric field,
2V,
E = [Vo - (_Vo)]/h = T

[ time to reach the other plate, t = 4/ 2a—h = %1/ KTmh]
0

gE 21V}

m - mK

. F
Acceleration, a = P

If there are n balls,

n Vor
average current = Tt] = n(%) Vo s/ K:’;’lh = %4 / K:’;’lh V02.

= I, « Vg.

Ec=5CV3.
Energy delivered by the cell = Q,V,= (CV)(V,) =C VO2 .
Ep = CV-Ec=2CV¢
= Ec = Ep.
If the capacitor is charged from V, to V; (V; > V,), heat dissipated is
AE = battery — AU

= OV~ V) V- =

5 C(Vi=V7)

1
= 5 C(Vi= V)™
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Total heat dissipated in the two processes taken together,
(AE),

Ep

(AE), + (AE), +

efi] e
2C(3 0) +5C

sCvg.

where Q, = CV = steady state charge.
Att=21,Q=CV(1-¢?).

7_E>

3

1

+5C

2

-

Instantaneous charge on the capacitor during charging, Q = Q, (1 —¢ %)

3

;

7

With S, open and S, closed, LC osc111at10n in the circuit gets set in, for
which Q = Q cos wt, where o= LC’ Q,=CV.

Now, [ = it

Instantaneous charge, Q = Q,, cos ot.

Differentiating,
2

140

> Q=5 —
o df

dQ . 1 .
———=CV wsin ot =CV sin wt.
JLC
2

—2 = -2 Q, cos ot = -0%Q
d2

=—IC—= Q
da’

Absence of friction, hence no power loss.

According to Lenz’s law, drag is experienced by the train.

The upward elevation is caused by the induced electric field.

5.5 Ray Optics and Wave Optics

1. A metamaterial has negative refractive index.

2.

Now, sin0, =

" n,is negative, so 0, is negative.

n
——sin 0.
o)

c . .
n=y, for metamaterial. ..

= 90°-r>=C

V=

|n

3. For total internal reflection, 6 > C.

9
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= sin (90°-r)>sin C

= cosr>sin C.
n
From Snell’s law, m /A nq
r
n, smi =n;smnr )/
n

. 2
and sin C = —
m

Putting the proper values, the correct options are found to be (a)
and ().

. For total internal reflection to take place in both the structures, the
numerical aperture should be the least one for the combined structure.
Hence, the correct option is (d).

. The normal to the wavefront represents the direction of the rays. In
both the media the wavefronts are parallel, so light travels as parallel
beam in each case.

. We know that a wavefront is represented as a surface with identical
phase during wave propagation. Hence,
¢c = d)d and ¢e = ¢f
> - b= b~ 0,
. The angle between the incident b
wavefront (ab) and the refracting
surface (XY) is the angle of
incidence (6;). Similarly, 6, is the
angle of refraction between XY 6i f
and the refracted wave front ef.

From Snell’s law,

. . S . % .
n, sin 0; = n, sin 6, = asmel = asmez,
where ¢’s represent the speed of light.
sin®; ¢
sin®, o

1. 1 .
= C151n91—02s1n92:>

0, > 6,, hence ¢, >c,.
Hence, the speed of light is greater in Medium 1.
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5.6 Modern Physics

1. According to Bohr quantum condition, angular momentum L = nh,

2n
2 2 2
Hence, rotational kinetic energy = % = (nh) % =n’ Shzl.

n

2n

B2
8n’l

2. Rotational KE for the CO molecule in the nth state is E, = n’

Hence for excitation from ground state (n = 1) to the first excited state
(n =2), we have

4h gt _ (2*- 12)’12.

T 8n’l
Simplifying, the moment of inertia of CO molecule about its centre of
mass,

—11
I= (&)(10 >kg m? = 1.87 x 107 kg m%.

8n 4
3. Moment of inertia I = ™ 2 r2
: Tmptmy

1(my +m,)

Substituting the values,

\/(1.87 x107% kg m?) (12 amu + 16 amu)
"= (12 amu) (16 amu)

1.87 x107%) (28
_ L8 5)( ) m=13x10"m.
(12x16)x§x10_27

4. 0 = (KE)g- = Q- (KE) ,~ (KE);
= 0= (KE)g-<Q.
5. Q = (0.8)(10° eV).
(KE) , + (KE)g-+ (KE); = Q.
(KE)F is nearly zero, when (KE)g- is zero.

So, (KE)y=Q~(KE), = Q(= 0.8x10°eV).
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L 6r. 4 2
6. For the nuclear reaction ;Li - ;He+{H,

% =6.01523 - 4.002603 — 2.014102 = —0.001582.
c

This being negative, a-decay is not possible.
For *4Po ~ |H+"3Bi,
% = 209.9828766 — 1.007825 — 208.980388 = —0.005337 < 0.
c

This reaction is also not possible.
For tH+3He — $Li,
Q

— =2.014102 + 4.002603 - 6.015123 = 0.001627 > 0.
c

This reaction is possible [option (c)].

152

For 378203 + giSe - 51 Ge,

% =69.925325 + 81.916709 — 151.919803 = -0.077769 < 0.
c

This reaction is not possible.

21 4 2
7. For *4Po — 3He +235Pb,

Q = (209.982876 — 4.002603 — 205.97455) ¢* = 5.422 MeV.
Conserving linear momentum,

V2K, (4) = y/2K,(206)

= 4K, = 206K,.
103

K, = TKZ.

But, K, + K, = 5.422 MeV
2
= K+ 1031(1 = 5.422 MeV
105

= 1031(] = 5.422 MeV
= K, = 5.319 MeV = 5319 keV.

8. If n segments are contained in length a thena =n (%)

2n_a = ﬁ, so the linear momentum p = nZh_a.

= =
* p
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p n’h?
= Kinetic energy, E = e 7
m  8ma
Eoca.
//"\\\ //"\\\ //"\\\
N e N e N e
x=0 X=a

9. For the ground state, n =1,

W2 (6.6x10* ] 5)?
E, = 2 30 9 2
8ma®  8(1x10°"kg)(6.6x10"° m)

=0.125 x 1072]

_0.125x10°*°

e eV = 8meV.

T
10. . p=mov=ns5,

*. velocity, v = ni-
Y, 2ma

L voen.

11. Fusion is a nuclear reaction (as in the sun) which requires a very high
temperature.

12. Mean translational kinetic energy per molecule = % KT, where k <= %)
is the Boltzmann constant.

3 1 (e
Now, 2(2 kT) = e ( d)

Solving, we get T = 1.4 x 10° K, which exists in the temperature range
of 1.0 x 10° K < T < 2.0 x 10° K.

13. As given, the Lawson number nt, > 5 x 10"s cm™.

The deuteron density n = 8 x 10'* cm™ and the confinement time
t, =9 x 107! s satisfies the requirement.

Q
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6

Assertion—Reason-Type Questions

of the following questions contains an assertion (Statement 1) and a

reason (Statement 2). Each question has four choices (a, b, c and d), out of
which only one is correct.

(@)

(b)

(©
(d)

Statement 1 is true, Statement 2 is true; Statement 2 is a correct
explanation of Statement 1.

Statement 1 is true, Statement 2 is true; Statement 2 is not a correct
explanation of Statement 1.

Statement 1 is true, Statement 2 is false.

Statement 1 is false, Statement 2 is true.

. Statement 1: The formula connecting u, v and f for a spherical mirror

is valid only for those mirrors whose sizes are very small compared
to their radii of curvature.

Statement 2: The laws of reflection are strictly valid for plane
surfaces but not for large spherical surfaces.

. Statement 1:If the accelerating potential in an X-ray tubeis increased,

the wavelengths of the characteristic X-rays do not change.

Statement 2: When an electron beam strikes the target in an X-ray
tube, part of the kinetic energy is converted into X-ray energy.

. Statement 1: A block of mass m starts moving on a rough horizontal

surface with a velocity v. It stops due to friction between the block
and the surface after moving through a certain distance. The
surface is now tilted to an angle of 30° with the horizontal, and the
same block is made to go up on the surface with the same initial
velocity v. The decrease in mechanical energy in the second
situation is smaller than that in the first situation.

Statement 2: The coefficient of friction between the block and the
surface decreases with the increase in the angle of inclination.

309
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10.

. Statement 1: A vertical iron rod has a coil of wire

Solved Problems in Physics for IIT JEE Advanced

. Statement 1: For an elastic collision between two bodies, the relative

speed of the bodies after the collision is equal to the relative speed
before the collision.

Statement 2: In an elastic collision, the linear momentum of the
system is conserved.

wound over it at the bottom end. An alternating
current flows in the coil. The rod goes through a
conducting ring as shown in the figure. The ring
can float at a certain height above the coil.

Statement 2: In the above situation, a current
is induced in the ring, which interacts with the
horizontal component of the magnetic field to produce an average
force in the upward direction.

. Statement 1: If there is no external torque on a body about its centre

of mass, the velocity of the centre of mass remains constant.

Statement 2: The linear momentum of an isolated system remains.

. Statement 1: The total translational kinetic energy of the molecules

of a given mass of an ideal gas is 1.5 times the product of its pressure
and its volume.

Statement 2: The molecules of a gas collide with each other and the
velocities of the molecules change due to the collisions.

. Statement 1: A piece of cloth covers a table. Some dishes are kept on

it. The cloth can be pulled out without dislodging the dishes from
the table.

Statement 2: For every action there is an equal and opposite reaction.

. Statement 1: The stream of water flowing at a high speed from a

garden hosepipe tends to spread like a fountain when held vertically
up, but tends to narrow down when held vertically down.

Statement 2: In any steady flow of an incompressible fluid, the
volume flow rate of the fluid remains constant.

Statement 1: Two cylinders, one hollow (metallic) and the other
solid (wooden) with the same mass and identical dimensions are
simultaneously allowed to roll without stopping, down an inclined
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plane from the same height. The hollow cylinder will reach the
bottom of the inclined plane first.

Statement 2: By the principle of conservation of energy, the total
kinetic energy of both the cylinders are identical when they reach
the bottom of the incline.

Statement 1: An astronaut in an orbiting space station above the
earth experiences weightlessness.

Statement 2: An object moving around the earth under the influence
of the earth’s gravitational force is in a state of free fall.

Statement 1: In a metre-bridge experiment, the null point for an
unknown resistance is measured. Now, the unknown resistance is
put inside an enclosure maintained at a higher temperature. The
null point can be obtained at the same point as before by decreasing
the value of the standard resistance.

Statement 2: Resistance of a metal increases with temperature.
Statement 1: It is easier to pull a heavy object than to push it on a
level ground.

Statement 2: The magnitude of frictional force depends on the
nature of the two surfaces in contact.

Statement 1: For practical purposes, the earth is used as a reference

at zero potential in electrical circuits.

Statement 2: The electrical potential of a sphere of radius R with

charge Q uniformly distributed on the surface is given by e R
0

Statement 1: The sensitivity of a moving-coil galvanometer is

increased by placing a suitable magnetic material as a core.

Statement 2: Soft iron has a high magnetic permeability and cannot
be easily magnetized or demagnetized.

Statement 1: For an observer looking out through the window
of a fast-moving train, the nearby objects appear to move in the
opposite direction, while the distant objects appear to be stationary.

Statement 2: If the observer and the object are moving with the
velocities v; and v, respectively with reference to a laboratory
frame, the velocity of the object vis-a-vis the observer is v, — v,.
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Answers
1. ¢ 2. b 3. ¢ 4. b
7. b 8. b 9. 10. d
13. b 14. b 15. ¢ 16. b
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5. a
11. a

12.
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. The total kinetic energy of translation, %MC r2ms =
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Hints and Solutions

. All the formulae relating 1, v and f are valid for paraxial rays.

. The increase in accelerating potential (V) decreases the magnitude of

cut-off wavelength <kmin = fTC/) but does not affect the characteristic
spectrum.

. In the second case, work is done against friction as well as gravity

while moving up the incline. The coefficient of friction is the property
of the nature of the surfaces in contact, and not of the inclination.

. The coefficient of restitution (e) for an elastic collision is unity, where

velocity of separation = e x (velocity of approach).
Linear momentum is always conserved.

. The interaction between the F

induced current (I) and the
horizontal component of the
magnetic field (By) creates
an average force upward
which makes the ring float by
balancing its weight.

Bh

. Toy = 0means that the external force passes through the centre of mass,

. . . . . . >
so rotation will not occur, but linear acceleration will increase v¢y;.

%RT = %pV, where M

is the molar mass.

. Inertia of rest.

. Apply the principle of continuity a,v, = a,v,. For the vertically upward

motion, velocity decreases, so area a increases, which causes spread like
a fountain. Same principle is applicable for the vertically downward
motion.

The acceleration of a body rolling down an inclined plane is
~ gsin®
= &

1+F

a

under the condition (4), ;4 > (@)oo SO the solid cylinder will reach
the bottom first. Kinetic energy is gained by the loss in potential energy
which is the same for both the cylinders.
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For the frame orbiting the earth (noninertial), the weight mg is balanced
by the pseudo-force. Hence normal reaction is zero, which leads to
apparent weightlessness. The situation is equivalent to the state of free
fall.

Increase in temperature increases the resistance. Hence to keep the
position of null points unchanged, the standard resistance has to be
increased.

The two figures given below show the pulling force F and pushing

force F.
N, E F N
0 0 T
" B [
\ \
mg mg

(i) (i)

(i) During pull, =V + F sin 8 = mg, so =/\'= mg — F sin 6.

(ii) During push, =V "= (mg + F sin 0) > =\

= f=pN'>f(=n).

Hence, pull is easier than push.
Both the statements are independently true.
By placing a magnetic material of high permeability increases B, hence
current sensitivity (NB A) is increased. A magnetic substance with high

C
permeability can be easily magnetised or demagnetised.

The relative displacement of the distant Object X
| /
object (x) with respect to the observer J
/

subtends a small angle 6. Since tan 6 = %, the D y

. . //
distant objects appear to be at rest. %
For statement 2, v, | =0, — 7, is true. -

’ Observer

a
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