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3

FIRST LAW OF MOTION

A body in uniform motion remains in uniform
motion and a body at rest remains at rest, unless
acted on by a non zero net external force.

— v
m m

State of uniform motion State of rest

(Special case of uniform motion
with zero speed)
Inertia is the property of the body due to which
body opposes the change of its state. Inertia of a
body is measured by mass of the body.
> Inertia o< mass
> Heavier the body, greater is the force required
to change its state and hence greater is inertia.
The reverse is also true i.e., lighter body has less

LAWS OF MOTION

> Inertia of direction : It is the inability of a body
to change its direction of motion. E.g. Rotating
wheels of vehicle throw out mud, mudguard
over the wheels stop this mud.

<= MOMENTUM

The total quantity of motion possessed by a moving
body is known as the momentum of the body. It is
the product of the mass and velocity of a body,

ie, p=my
The concept of momentum was introduced by
Newton to measure the quantitative effect of force.

SECOND LAW OF MOTION

Rate of change of momentum of a body is directly
proportional to the external force applied on it
and the change in momentum takes place in the

inertia. direction of force.
o Different types of inertia . dp - dp
> Inertia of rest : It is the inability of a body to LES ar or, F= ar

o

change its state of rest. E.g. When we shake
a branch of a mango tree, the mangoes fall

— v o
F= mE =ma if m = constant

down.
. L o . _dm
> Inertia .of motion: It_ is the 1nakT111ty ofabodyto F=vZ2 (in case of conveyor belt or rocket)
change its state of uniform motion. E.g. When a dt

bus or train stops suddenly, a passenger sitting
inside it tends to fall forward.
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This law gives magnitude, unit and dimension of
force.
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THIRD LAW OF MOTION

It states that to every action, there is an equal
(in magnitude) and opposite (in direction) reaction.
Ifabody A exerts a force F on another body B then
B exerts a force - F on A. The two forces act along
the same line.

Action and reaction never cancel each other i.e.,
they cannot balance each other as they act on
different bodies.

The forces of action and reaction may appear due
to actual physical contact of the two bodies or even
from a distance.

This law is applicable whether the bodies are at rest
or in motion.

Single isolated force is not possible, force is always
possible in action reaction pair form.

CONSERVATION OF LINEAR MOMENTUM

When no external force acts on a system of several
interacting particles, the total linear momentum of
the system is conserved.

If F is the external force acting on the system, then
according to Newton’s second law
~ db
podp
dt
For an isolated system with no external force,

- d -
ie, F=0 or, d—f=0 or, p = constant
or, 1_51 + 1_52 b T, +pl’l = constant

IMPULSE
When a large force act for an extremely short
duration neither the magnitude of the force nor
the time for which it acts is important. In such case
the total effect of force is measured. The total effect
of force is called impulse (measure of the action of
force).
If a large force acts on a body or particle for a small
time then,
impulse = product of force and time
> If a force Facts for a short time dt then

impulse = Fdt
> Ifaforce F acts for a finite F

interval  of  time
from t; to t, then,

t

impulse = f Fdt & t

f impulse = area under curve

t
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» If a constant force acts for an interval At then,
impulse = FA¢

Impulse - Momentum theorem : Impulse of a force

is equal to the change in momentum FA¢ = Ap

FREE BODY DIAGRAM (F.B.D.)

Body is represented by a dot and each external force
is represented by a vector with its tail on the dot.
The body is isolated from the surrounding showing
all the forces (contact as well as non-contact forces)
acting on it.

In EB.D. internal forces are not shown.

AN E.B.D. of the block
N
p 111
Surface
‘Vmg mg
EB.D. of EB.D. of
NgRod the block the rod
T 2 N, N N,
2
Block ]\|/IN2 AR
l v
Mg " wn, M2 Mg mg
APPARENT WEIGHT OF A BODY IN

MOVING LIFT

When lift is moving vertically upwards or
downwards with uniform velocity

constant velocity
N = Mg = Actual weight
i of man

Mg

When lift is moving vertically upwards with
uniform acceleration a.

N/

T

Me

T

!

Mg

Ta N =M(g+a) = N >N

When lift is moving vertically downwards with
uniform acceleration a.
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Mg

la
N’'=M(g-a) = N'<N

When lift falls freely then man feels weightessness
condition.

TENSION IN A STRING

Features of an ideal string

> Massless

> Perfectly smooth

> Inextensible (length of the string remains constant)
Tension : When the two ends of a string are pulled
in opposite directions then a force develops in the
string called tension.

T T

—>»F

Rules for making tension in a string / chain / rod

> Tension in a string is always along the string
and away from the object.

> In an ideal string tension at all points of the
string will be same.

> In a string or in a chain tension is only

extensional.
> In a rod tension can be extensional or
compressional.
F T T F F T T F
— [ « |— > = = |
Extensional Compressional

> Net force acting on a ideal string (massless) is
always zero.

F=ma=0xa=0.

FRAME OF REFERENCE

Observers in different frame may measure different

displacements, velocities and accelerations.

There are two kinds of frames of reference :

Inertial frame of reference

- Reference frame which is either at rest or
moving with uniform velocity a = 0.

- Newton’s laws are applicable.

Non-inertial frame of reference

- Reference frames which have a # 0.

- Newton’s laws are not applicable.

- To apply Newton’s law we have to apply an
imaginary force called pseudo force.
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-  The magnitude of the pseudo force is
the product of mass of the body and the
acceleration of the reference frame.

- The direction of pseudo force is opposite to
the acceleration of the reference frame (not in
the direction of motion of frame of reference,
if a and v have opposite direction).

> Acceleration of block with respect to observer

dpo =dp —dp =d —dp
0 _a,
—>a;

Bl m [—»F

Force on the block according to the observer
Fpgendo = —mdp
Fpo =F + Fpgeudo

< PULLEY

Ideal pulley is considered to be weightless and

frictionless.

The pulley may change the direction of force in the

string but not the tension.

Some cases of pulley and mass as a system

> Masses suspended over a pulley in a vertical

plane with m; = my =m

- Tension in the string T = mg

- Acceleration a = zero

- Reaction at the suspension of
the pulley or thrust or pressure T
force,

R=2T=2mg
> Masses suspended over a pulley in a vertical

plane with m; > m,
Acceleration
net pulling force  (m; —my,)

"~ total mass to be pulled my +m,

) 2 x Product of masses
Tension =

Sum of two masses
_2mm,
" omy +m,
Reaction at the suspension of
pulley or thrust or pressure
force,

R=2T ="

(my +m,)



> Mass suspended over a pulley from another Fsin®

N N, Fcos®, N

mass on the horizontal plane with m, > m; T T Fo o T
" m —»F,., > A0 F '

Acceleration, a = % 7 < i Tl Fcos I

m; +m r N )
|+ my e e i nfg 5 rig
Tension, T = mnt ™ T (G N=mg N = mg - Fsin0 N = mg + Fsin0
(my +m,) (a) (b) (c)

la

Thrust on pulley P = Jar

> Masses suspended over pulley from another 1
mass on the horizontal plane with m; > m, m
> N [«—F,,
!
v
s e
> N = mgcos6 N = Fex
la Tl (d) (e)
Types of friction
mg v v
External friction Internal friction
Accelerati (my —my) (It develops between contact (It develops between contact
ceeleration, a = (my +my + M) g surfaces of the bodies) layers of liquid also known as

viscous force)
Tension, T} = m; (g - a)

T, = my(g + a) v v v

> Mass suspended over a pulley from another Static friction Limiting friction Slidi.ng f.ricti.on.
1. . ) (fLim) or Kinetic friction (f;)
mass on an inclined plane with m; > m,
Juim = HeN Se=wN

o Static Friction

> Numerical value of static friction is equal to
external force which creates the tendency of
motion of body. So, its nature is self adjusting.

> Maximum value of static friction is called

limiting friction i.e., fi;y, = WN.
For mass m; : myg—T=mja s _—r
. o Laws of Limiting Friction
For mass m, : T — m, g sin@ = mya
. > The magnitude of the force of limiting friction
(my —my, sin0)

Acceleration a= (f) between any two bodies in contact is

(my +my) directly proportional to the normal reaction
g mm (1+sin®) (N) between them i.e., fo< N.
Tension, 1= (my +m,) > The direction of the force of limiting friction is
always opposite to the direction in which one
= FRICTION

body is on the verge of moving over the other.
Itis opposing force that is set up between the surface

of contact, when one body slides or rolls or tends to
do so on the surface of another body.

> The force of limiting friction is independent of
the apparent contact area, so long as normal

Except static friction (f;), friction force depends on reaction between the two bodies in contact

normal reaction (N) f,o< N remains the same.
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> Limiting friction between any two bodies in
contact depends on the nature of material of
the surfaces in contact and their roughness and
smoothness.

> Its value is more than other types of friction
force.

Kinetic Friction

> If the body is in motion, the friction opposing
its motion is called dynamic or kinetic friction.

> This is always slightly less than the limiting
friction.

> Its numerical value is f; = WN.

Variation of friction force with applied force

A

Limiting

friction
8 ! Kinetic
S » friction
e '
- 1

Static—p
F (applied force)

Angle of Friction () :
The which the
resultant of the force of

angle

limiting friction f and

normal reaction N makes
with the direction of normal
reaction N.

tan A = % =W or, A=tan'n

Angle of Repose or
Angle of Sliding : It is
defined as the maximum
angle of inclination of a
plane with the horizontal
at which a body placed
on it just begins to sliding
down.
f=mgsin® and N = mgcos0
f

So, ==—=tanO=
o Hs N mg cos 0

mgsind _ g tanly,

> This fact is used for finding the coefficient of

static friction in the laboratory.
> Angle of repose (0) = Angle of friction (A)

PHYSICS FOR YOU | SEPTEMBER 16

& VERTICAL CIRCULAR MOTION

Tension at any position
ofangular displacement,
(0) along a vertical circle
is given by
2
T=""4 mg cos 0
r

» Tension at the lowest

point (6 = 0°) is given by
2
T = L mg
r

> Tension at the highest point (0 = 180°) is given

by
mv%{
Ty = —mg
For looping the loop

» Minimum

Vg =&
>  Minimum

velocity at the highest point,

velocity at the lowest point,
vy =4/5gr.

> Whenthestringishorizontal, 0 =90°, minimum
velocity, v = @ .

> Height through which a body should fall for
looping the vertical loop of radius r is, h = 57/2.

< APPLICATIONS OF UNIFORM CIRCULAR

MOTION

Bending of cyclist on Vertical

Rcos® R

circular turning for
safe going
> Component of normal

reaction Rsin 0 provides
centripetal force.

speed  of

cyclist, v=4/rgtan®

Motion of a car on a level road

» Maximum

>  Friction force (UR)
between tyres and
road provides a
suitablecentripetal

force.

m
> Maximum speed of car for safe turning

v=\/Urg



Motion of a car on a banked circular road

> Component of friction force (f cos 0) and
component of normal reaction (R sin0) provide
required centripetal force for safe turning.

> The maximum permissible speed to avoid
slipping Rcos 6

| rg(u; +tanB) 12
1-u,tan0

max

» Ifroad is smooth then
u, =0 and

Vimax =+/7g tan0
WORK

Work is said to be done on a body only if the
following conditions are satisfied

> A force acts on the body.

> The point of application of the force moves in
the direction of the force.

Work done by a Constant Force

»> Measurement of work done when the force
acts along the direction of motion.
Work done (W) = Force (F) x distance moved
in the direction of force (s)

»> Measurement of work done when force and
displacement are inclined to each other
Work done (W) = component of force in the
direction of displacement (Fcos8) x magnitude
of displacement (s) = Fs cos0 = F-s

Positive and Negative Work

> Work done is a scalar quantity it can be positive
or negative.

F F
> F
i 0
8 s 0 \Lbs
S
0 <90°, 0 =90°, 0 >90°,
Wis +ve W is zero Wis —ve

If the force applied to a body does a positive work,
the velocity of the body increases. In this case the
force, and hence the acceleration are directed along
velocity and velocity of the body increases.

F
o) E,
s —>—>

If the force does a negative work the acceleration is
directed against the velocity and the velocity of the
body decreases.

F
N__0 180°
s }—Q—w
]
Work done by variable force
s e 7 “
W=[F-di= [ Fdx+ [ Fdy+ | Edz
1 X; Vi Zj

> Geometrical Interpretation of work done
Work done = Area under F versus s curve

E F
S S,
S
21 S S .
Positive work Negative work
F E

Positive
work

s% s
i Negative

work

51
Positive

Negative work

work
CONSERVATIVEANDNON-CONSERVATIVE
FORCE

All central forces are conservative but all
conservative forces are not central forces.

Forces acting along the line joining the centres of
two bodies are called central forces. Gravitational
and electrostatic forces are central forces.

The concept of potential energy exists only in the
case of conservative force.

Conservative force Non-conservative force

Work done does not|e Work done depends
depend upon path. upon path.

Work done in a round|e Workdoneinaround
trip is zero. trip is not zero.
When only ale Work done against

conservative force acts a non-conservative
within a system, the force may  be
kinetic energy and dissipated as heat

potential energy can energy.
change. However their
sum, the mechanical
energy of the system
does not change.

Work done is|e  Work done is not
completely recoverable. completely recoverable.

PHYSICS FOR YOU | SEPTEMBER 16 @



< ENERGY

~—>

®

It is defined as internal capacity to do work.

When we say a body has energy it means it can do
work.

Different forms of energy are mechanical energy,
electrical energy, optical (light) energy etc.

Kinetic energy

> Kinetic energy of a body can be calculated
by the amount of work done in stopping the
moving body or from the amount of work done
in giving the present velocity to the body from
the state of rest.

v

If a particle of mass m is moving with velocity
v much less than the velocity of the light then

1
the kinetic energy K.E. is given by K.E. = > my*

> Asmassmandv®or ¥-7 are always positive so
K.E. can never be negative.

> The kinetic energy depends on the frame of
reference.

> Work done on the body is the measure of K.E.
of the body.

1
> The expression K.E. = 3 mv* holds even when

the force applied varies in magnitude or in
direction or in both.

> Relation between K.E. (K) and
momentum (p) :

linear

2
1 1

1 zz_(mzvz)=P_
2 2m 2m

p=amK

K = constant
p = constant = constant

p=mv and K=

2
K:p_

= constant
= constant
1—
p
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Work energy theorem : According to this theorem,
work done by net force on a body is equal to
change in its kinetic energy.

1 5, 1 5

W =AK.E. or, W:Emvz—EmV1

Potential energy
> Itis the energy of body by virtue of its position
or configuration in a conservative force field.
> In case of conservative forces
dW =dU =—F.dr
LZZ av =" Far
We take the reference point at infinity and assume
potential energy to be zero at infinity.
If 7, =c0 and Uj; =0 then

U, =U=-[ Fd7

Potential energy of a body in a conservative force

field is defined as work done by an external agent

against the action of conservative force in order to

shift it from reference point (P.E. = 0) to the present

position.

Potential energy in different conservative fields

> Gravitation potential energy of a body at height
h from earth’s surface, U, = - W, = mgh

> Electrostatic potential energy between two
point charges ¢q; and g, is

g

U,= ;
4me, 42

e

r = separation between charge particles.

> Elastic potential energy : Reference point is
taken at its natural length.

If x is expansion / compression in spring then

P.E. of spring (Energy stored in spring) is

U :%kx2 and spring force F = - kx (directed

towards natural length).

Natural length

X — expansion/compression from natural length



& TRANSLATORY EQUILIBRIUM

U
B

A

» X

e At points where d—U =0, F =0, there the body will
x

be in translatory equilibrium.

(Here equilibrium is decided by conservative
forces).

du
e Intheshown figure — =0, when P.E. is minimum
x

(A), maximum (B) or constant (C).

So, there are three types of equilibrium
> Stable Equilibrium (Point A)

> Unstable Equilibrium (Point B)

> Neutral Equilibrium (Point C)

< COLLISION OF BODIES

e A collision is said to take place when either two
bodies physically collide against each other or when
the path of one body is changed by the influence of
the other body.

e Asaresult of collision, the momentum and kinetic
energy of the interacting bodies change.

e Forces involved in a collision are action reaction
forces i.e., the internal forces of the system.

e The total momentum remains conserved in any
type of collision.

e Types of collision according to the direction of
collision :
> Head on collision : Direction of velocities

of bodies is similar to the direction of

collision.
U, Uy Vi vy
m, m, m, m,

1. (b) 2. b 3. (© 4. (@ 5. (0
6. (a) 7. (@ 8. (a) 9. (a) 10. (a)
11. (b) 12. (b) 13. (b) 14. (a) 15. (b)
16. (b) 17. (o) 18. (a) 19. (d) 20. @@bd
21. (a,¢) 22. (a,d) 23. (a,b) 24. (8) 25. (4)
26. (2) 27. (b)  28. (b) 29. (¢ 30. (a)

> Oblique collision : Direction of velocities
of bodies is not similar to the direction of

collision. O)'

o

Types of collision according to the conservation
law of kinetic energy :

> Elastic collision : Kinetic energy is conserved.

K.E.pefore collision = K-E-after collision
> Inelastic collision : Kinetic energy is not
conserved. Some energy is lost in collision.

K'E'before collision ~ K'E'after collision
» Perfect inelastic collision : Two bodies stick
together after the collision.
Momentum remains conserved in all types of
collisions.
Coeflicient of restitution (e)

velocity of separation along line of impact
> e=

velocity of approach along line of impact

> Valueofeis 1 for elastic collision, 0 for perfectly
inelastic collision, 0 < e < 1 for inelastic
collision.

POWER

Rate of doing work i.e., work performed by a force
per unit time is called power.

Instantaneous power : If a force F performs the
work F-dr during the time interval dt, the power
developed by that force at a given moment of time
is equal to,
= dr dr
' dt

P=F-7 (Instantaneous power developed)

Total work done

Average Power = -
Total time taken

€ € A scientific truth does not triumph by
convincing its opponents and making
them see the light, but rather because
its opponents eventually die and a new
generation grows up that is familiar
with it.99

— Max Planck

PHYSICS FOR YOU | SEPTEMBER 16 m
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SPEED§E’RA CTICE

A body of mass 0.5 kg travels in a straight line
with velocity v = ax®* where a = 5 m™"*s7!. The
work done by the net force during its displacement
fromx=0tox=2mis

(a) 1.5]  (b) 507] (c) 107 (d) 100]

Two inclined frictionless tracks, one gradual and
the other steep meet at A from where two stones
are allowed to slide down from rest, one on each
track as shown in figure.

Which of the following statement is correct?

(a) Both the stones reach the bottom at the same
time but not with the same speed.

(b) Both the stones reach the bottom with the
same speed and stone I reaches the bottom
earlier than stone II.

(c) Both the stones reach the bottom with the
same speed and stone II reaches the bottom
earlier than stone L.

(d) Both the stones reach the bottom at different
times and with different speeds.

A block of mass m = 1 kg moving on a horizontal
surface with speed v; = 2 m s~ enters a rough
patch ranging from x = 0.10 m to x = 2.01 m. The
retarding force F, on the block in this range is
inversely proportional to x over this range,

F, =—£ for 0.1<x<2.01 m
X
=0forx<0.l mandx>2.0l m
where k = 0.5 J. What is the final kinetic energy of
the block as it crosses this patch?
(@) 057 (b)) 1.5 (¢) 2.0] (d) 2.5]

Two billiard balls A and B, each of mass 50 g
and moving in opposite directions with speed of
5m s ! each, collide and rebound with the same
speed. The impulse imparted to each ball is

PHYSICS FOR YOU | SEPTEMBER 16

9.

(b) 0.5kgms™
(d) 0.125kgms!

(a) 0.25kgm s!
() 0.1kgm st

A bob of mass m is suspended C
by a light string of length L. It is
imparted a horizontal velocity v,
at the lowest point A such that it
completes a semicircular trajectory
in the vertical plane with the string
becoming slack only on reaching the topmost point,
C. What is the ratio of the kinetic energies of the
mass at point B and point C?

(a) 1:2 (b) 2:1 (c) 3:1 (d) 1:3

An elevator can carry a maximum load of
1800 kg (elevator + passengers) is moving up with
a constant speed of 2 m s '. The frictional force
opposing the motion is 4000 N. What is minimum
power delivered by the motor to the elevator?

(a) 22kW (b) 44kW (c) 88kW (d) 8kw

In figure, the coefficient of |—|
A

friction between the floor
and the block B is 0.1. The B F
coeflicient of friction between

the blocks B and A is 0.2. The mass of A is m/2 and
that of B is m. What is the maximum horizontal
force F can be applied to the block B so that two
blocks move together?

(a) 0.15mg (b) 0.05mg (c) 0.1mg (d) 0.45mg

V,
Am 0

A person in an elevator accelerating upwards with
an acceleration of 2 m s_z, tosses a coin vertically
upwards with a speed of 20 m s™'. After how much
time will the coin fall back into his hand?

(Take g=10m s_z)

(a) 1.67s (b) 2s (d) 5s

A 100 kg gun fires a ball of 1 kg horizontally from
a cliff of height 500 m. It falls on the ground at a
distance of 400 m from the bottom of the cliff. Find
the recoil velocity of the gun. (Take g = 10 m s %)

(b) 04ms!
(d) 0.8ms!

(c) 3.33s

(a) 02ms!
(c) 0.6ms!



10.

11.

12.

13.

14.

Figure shows (x, 1), (y, t) diagram of a particle
moving in 2-dimensions.
X A YA
(m) (m)
4
3__
24 24
14+ 1+
o<t } >
1 2 3 #s) 1 2 3 ts)

(a) (b)
If the particle has a mass of 500 g, the force acting
on the particle is
(a) 1N along y-axis
(b) 1N along x-axis
(c) 0.5N along x-axis
(d) 0.5 N along y-axis

A circular racetrack of radius 300 m is banked at an
angle of 15°. If the coeflicient of friction between
the wheels of a racing car and the road is 0.2, what is
the maximum permissible speed to avoid slipping?
(Take tan15° = 0.27)

(@) 182ms” (b) 282ms”
(c) 382ms’! (d) 482ms!
A block of mass 4 kg is kept on a rough horizontal

surface. The coeflicient of static friction is 0.8. If a
force of 19 N is applied on the block parallel to the
floor, then the force of friction between the block
and floor is

(a) 32N (b) 18N (d) 98N

A particle of mass 10 g moves along a circle of radius
6.4 cm with a constant tangential acceleration. What
is the magnitude of this acceleration if the kinetic
energy of the particle becomes equal to 8 x 107 ] by
the end of the second revolution after the beginning
of the motion?

(c) 19N

(a) 0.18ms™> (b) 0.2m s>
() 0.1lms> (d) 0.15ms™

[NEET Phase-12016]
A body of mass 1 kg begins to move under the

action of a time dependent force F = (2t + 3t2}') N,

where i and } are unit vectors along x and y axis.
What power will be developed by the force at the
time 2

@ @F+3YW
© QF+3°5)W

b) QEL+3)W
(d) QPf+4HYw
[NEET Phase-12016]

15.

16.

17.

18.

19.

Two stones of masses m and 2m are whirled in

. . . . . r
horizontal circles, the heavier one in a radius 5

and the lighter one in radius r. The tangential speed
of lighter stone is n times that of the value of heavier
stone when they experience equal centripetal force.
The value of n is

(a) 4 (b) 1 (c) 2 (d) 3
[AIPMT 2015]

A plank with a box on it

at one end is gradually

raised about the other A

end. As the angle of e

inclination ~with the 6

horizontal reaches 30°, the box starts to slip and
slides 4.0 m down the plank in 4.0 s. The coeflicients
of static and kinetic friction between the box and
the plank will be, respectively (Take g = 10 m s72)
(a) 0.5and 0.6 (b) 0.4and0.3
(c) 0.6and 0.6 (d) 0.6and0.5

[AIPMT 2015]

A rocket is fired vertically from the earth with
an acceleration of 2¢g, where g is the gravitational
acceleration. On an inclined plane inside the rocket,
making an angle 6 with the horizontal, a point
object of mass m is kept. The minimum coeflicient
of friction W,,;, between the mass and the inclined
surface such that the mass does not move is
(a) tan20 (b) tan® (c¢) 3tan® (d) 2tan®
[JEE Main 2016]

A particle of mass m is acted upon by a force F

given by the empirical law F = 5;V(t) . If this law
t
is to be tested experimentally by observing the

motion starting from rest, the best way is to plot

(a) log v(t) against % (b) v(t) against £

(c) log v(t) against iz (d) log v(t) against ¢
t

[JEE Main 2016]

A point particle of p
mass 71, moves along ‘
the uniformly rough o Zém
track PQR as shown :
in the figure. The v 30° R
coefficient of friction Horizontal —» Q -

surface

between the particle
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20.

and therough trackis . The particleisreleased, from
rest, from the point P and it comes to rest at a point
R. The energies, lost by the ball, over the parts, PQ
and QR, of the track, are equal to each other, and no
energy is lost when particle changes direction from
PQ to QR. The values of the coeflicient of friction u
and the distance x (= QR) are, respectively close to
(a) 0.2and6.5m (b) 0.2and3.5m
(c) 029and3.5m (d) 0.29 and 6.5 m

[JEE Main 2016]

A person trying to lose weight by burning fat
lifts a mass of 10 kg upto a height of 1 m 1000
times. Assume that the potential energy lost each
time he lowers the mass is dissipated. How much
fat will he use up considering the work done
only when the weight is lifted up? Fat supplies
3.8 x 107 J of energy per kg which is converted
to mechanical energy with a 20% efficiency rate.
(a) 245x107kg (b) 6.45x 10" kg
(c) 9.89x107kg (d) 12.89x 10 kg

[JEE Main 2016]

SOLUTIONS

1.

D

3/2

(b): Given: v = ax”’“where,a =5m

Accelrartion = dv _dv dx _ dv (

12 -1
dv dx_ dv V_d_xj
dt dx dt  dx Tt
As v = a’x

Differentiating both sides with respect to x, we get

3
zvﬂ =3a2x2 or, Acceleration = > a®x?
dx 2

. 3
Force, F = Mass x Acceleration = 5 ma’x’

2
Work done, W = J.Fdx = -lé ma’x*dx
0

2
3
3 3 8
Wz—maz[x—} =2 %0.5%x5 x> =50]
2 30 2 3
(c):
mgsin0, h

According to law of conservation of mechanical
energy,
PE at the top = KE at the bottom

mgh= %mvl2 ..(1)
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and mgh = %mvg (i)

From (i) and (ii), we get v; = v,
As it is clear from the figure, acceleration of the two
stones are a; = gsin6,; and a, = gsin0,.

As0,>0; .. ay>a
v
Fromv=u+at=0+at or t=—
a
1
Astoc — and ay>a; . 1 <Hh
a

Stone II will take lesser time and reach the bottom
earlier than stone I.

(a): Here,m=1kg,vi=2ms_1,k=0.51

Initial kinetic energy,

Ky =2 mi} = x(tkg)@ms ™ =2]

1

Work done by retarding force
201
W= J.F,dx = 0'[1 —;dx =—k|[Inx|

2.01
0.1

= —kln[%) =-0.51n(20.1) =-1.5]

According to work-energy theorem
W = Kf— Ki
or Kp=W+K=-15]+2]=05]

(b): @—>5ms! 5msleB)

Before collision
5msle=@A) B—>5ms!
After collision
Initial momentum of ball A = (0.05 kg)(5 m s™")
=0.25kgms™
As the speed is reversed on collision,
Final momentum of the ball A
=(0.05kg)(-5m s =-025 kg m st
Impulse imparted to the ball A
= Change in momentum of ball A
= Final momentum - Initial momentum
=-025kgms ' -025kgms'=-05kgms"
Similarly,
Impulse imparted to ball B
=(0.25kgms ™) - (-0.25kgms™")
=0.5kgms™
Impulse imparted to each ball is 0.5 kg m s in
magnitude. The two impulses are opposite in
direction.
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(c)
(b): Here, m = 1800 kg
Frictional force, f=4000 N
Uniform speed, v=2m s
Downward force on elevator is
F=mg+f

= (1800 kg x 10 m s™%) + 4000 N = 22000 N
The motor must supply enough power to balance
this force. Hence,
P=Fv=(22000N)2ms™)

= 44000 W = 44 X 10° W = 44 kW

(d) : Here, my = E,mB: m Wy
_ _ g Ug
Hy =02, up=0.1 B
Let both the blocks are

moving with common acceleration a. Then,
_ a8
= ot
and F - ug(mp + my)g = (mp + my)a

F=(mp+my)a+ ug(mpg+my)g

= (m+%j(0.2g)+(0.1)(m+%jg

—>F

a = 8=02¢

0.9
= (EmJ(O.Zg) + (é m)(O.lg) =—mg=0.45mg
2 2 2
(c): Here,v=20ms ', a =2ms_2,g= 10 m s>
The coin will fall back into the person’s hand after

ts. 4
2xX20ms
t= 2v = 2=£s=£s=3.33s
atg (2+10)ms - 12 3
(b): Here,
Mass of the gun, M = 100 kg
Mass of the ball, m = 1 kg
Height of the cliff, # = 500 m, g = 10 m s

Time taken by the ball to reach the ground is

2h 2x500 m
t=|==|——5 =105
g 10ms~

Horizontal distance covered = ut; where u is the
velocity of the ball

400 =u x 10

u=40ms"’
According to law of conservation of linear
momentum, we get
0=Mv+ mu

mu  (1kg)(40 ms™!)
V -_—
M 100 kg

=—04ms !
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10.

11.

12.

13.

14.

Negative sign shows that the direction of recoil of
the gun is opposite to that of the ball.

(a): Since the graph between x and t is a straight
line and passing through the origin.

x=t
Since the graph between y and ¢ is a parabola.

y="r

dx dv
v, =—=1and a, =—%=0
*odt *oodt
d v _Y =2tanda,=2ms>
an Y= T anda,=2ms

The force acting on the particle is
F=ma,=(0.5kg)2ms")
=1 N along y-axis
(c): Here R=300m, 0 =15°¢=9.8m 5_2,
u=0.2
The maximum permissible speed is given by

max

~ Rg(u+tan9)_\/300><9.8><(0.2+O.27)
1-utan® 1-0.2x0.27
=382ms™"

(c):

F» m

Here,m=4kg, F=19N, us=0.8

The limiting force of friction,

f=usmg=0.8x4x10=32N

As applied force F < f, therefore, block does not

move. Further as static friction is self adjusting,

therefore, frictional force = 19 N.

(c) : Here, m =10 g = 10 > kg,
R=64cm=64x10"m,K=8x107"]
Ki=0,a,=7¢

Using work energy theorem,

Work done by all the forces = Change in KE

Wtangential force T chntripetal force = Kf - K;
= FXs+0=Kf-0 = ma,;x (2Xx2nR) = K¢
Ky

4nRm 4><%><6.4><10‘2 x1072

8x107

= a

=0.099~0.1 ms >
(b): Here, F=(2ti+3t>j)N, m=1kg

. B @i+3?)N
Acceleration of the body, 4 =—=——"—
m 1kg



15.

16.

Velocity of the body at time t,
V= fﬁdt = I(2t§+3t2})dt =(2i+£%]) ms™!
Power developed by the force at time ¢,
P=F-i=Qti+32)-Ci+£ ) W
=(2F +3) W
(c): Let v be tangential speed of heavier stone.
Then, centripetal force experienced by lighter stone
m(nv)2

is (FC )lighter =

2mv?
and that of heavier stone is (F. )} eavier = =
(r/2)

But (F, c)lighter = (F, c)heavier (giVen)

m(nv)* _ 2mv? 2 [mv2 ): 4(mv2 J
r (r/2)’ r r

n’=4 or n=2

(d): Let u, and p; be the coefficients of static and
kinetic friction between the box and the plank
respectively.

When the angle of inclination 0 reaches 30°, the
block just slides,

U, =tan0=tan30°=—==0.6

&=

If a is the acceleration
produced in the block,
then

ma = mgsin® - f

= mgsin0 - W N
(where f is force of kinetic friction as f; = W.N)
a = g(sin® - wcosO) (as N = mgcos0)

Asg=10ms *and 0 = 30°

" a=(10 m s™)(sin30° - Wcos30°) ..(1)
If s is the distance travelled by the block in time ¢,
then

I - 2s
- t = = —
s 261 (asu=0)or a 5

t
Buts=4.0 mand t = 4.0 s (given)
2(40m) 1

a= 2
(4.0s)" 2
Substituting this value of a in eqn. (i), we get
1 - _
—ms 2 =(10ms 2)(l_uk£)
2 2 2

1 1 9

—=1-3p; or B =1-—=-=09

10 P Hr 10 10
0.9

MkZEZO‘S

17. (b): Since the rocket is &
moving vertically upwards s\//Q
with  acceleration 2g,
therefore the apparent
acceleration experienced (3gsin)
by the point object is 5 m(3g)m(3gcose)

g+ 2g = 3g vertically downwards.

From the figure, N = 3mg cos0

Point object does not move on inclined surface,
WN = 3mgsinO

or W3mgcosO =3mgsin® or W =tand

18. (a): Here, in;v(t)
dv R dv R dt
m—=—vt) > —=——
dr 42 v(t) m 42

t
Integrating both sides,
dv _Rpdt R\(1
0wl = == e

Graph between log v and G) is a straight line.

h
sin30°
QR=x=°? u=2?

19. (c) : Here, PQ =

=2h=4m

Energy of the particle is lost only due to friction
between the track and the particle.

According to the question,

Energy lost by the particle over the part PQ =
Energy lost by the particle over the part QR

or, fxPQ=f"xQR

or, Wmgcos30°x4=umgx

5

or, x = 4 cos 30° = 4_3=2\/§ m=35m
Using work energy thzeorem for the motion of the
particle, mgh — (fx PQ) - f(QR) =0 -0
or mgh -2 f'(QR) = 0 or, mgh - 2umg x = 0
_h_ 2
C2x 2x243

=0.288=0.29

20. (d)
®®
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Work, Energy and Power

System of Particles and Rotational Motion

GENERAL INSTRUCTIONS

)

All questions are compulsory.

Time Allowed : 3 hours
Maximum Marks : 70

(ii) Q.no.1to5 are very short answer questions and carry 1 mark each.
(iii) Q.no. 6 to 10 are short answer questions and carry 2 marks each.

(iv) Q. no. 11 to 22 are also short answer questions and carry 3 marks each.
(v)  Q.no. 23 is a value based question and carries 4 marks.

(vi) Q. no. 24 to 26 are long answer questions and carry 5 marks each.

(vii) Use log tables if necessary, use of calculators is not allowed.

SECTION-A

the centre of mass of the molecule. Given that a
chlorine atom is about 35.5 times as massive as a

1. A body is moved along a closed loop. Is the work
done in moving the body necessarily zero? If not, hydrogen atom and nearly all the mass of an atom
state the condition under which work done over a is concentrated in its nucleus.
closed path is always zero. A uniform rectangular parallelopiped of mass m
2. Does the centre of mass of a solid necessarily lie having sides /, 2/ and 4/ is placed in turn on each
within the body? If not, give an example. of its three sides on a horizontal surface. What is
3. Moment of a force and work done by a force have the potential energy of the parallelopiped in each

same units. What is the difference between them?
Why do we prefer to use a wrench of longer arm?

A rough inclined plane is placed on a cart moving
with a constant velocity u on a horizontal ground.
A block of mass M rests on the incline. Is there any
work done by force of friction between the block
and incline? Is there then a dissipation of energy?

SECTION-B

6.

24

In the HCl molecule, the separation between
the nuclei of the two atoms is about 1.27 A
(1 A =107 m). Find the approximate location of

PHYSICS FOR YOU | SEPTEMBER 16

of these positions? Which position will be the most
stable?

Define moment of inertia. On what factors does it
depend?
Deduce the relation between torque and angular
momentum.

OR
Show that the angular momentum of a satellite of
mass M, revolving around the earth having mass
M, in an orbit of radius r is

L=\GM,M?r.



10.

A massless pan is kept on a light elastic spring.
When a sand particle of mass 0.1 kg is dropped on
the pan from a height of 0.24 m, the particle strikes
the pan, and the spring compresses by 0.01 m. From
what height should the particle be dropped to cause
a compression of 0.04 m?

SECTION-C

11.

12.

13.

14.

15.

16.
17.

18.

Explain how work done by a variable force may be
measured.

What is a couple? What effect does it have on a
body? Show that the moment of couple is same
irrespective of the point of rotation of a body?

Suppose the rod is non-uniform and its mass per
unit length (A) varies linearly with x according to
the expression A = oux, where o is a constant. Find
the centre of mass as a fraction of L.

Find the components along the x, y, z axes of the
angular momentum L of a particle, whose position
vector is ¥ with components x, y, zand momentum
is p with components p,, p, and p.. Show that if
the particle moves only in the x-y plane the angular
momentum has only a z-component.

Draw a plot of spring force F; versus displacement
x. Hence find an expression for the P.E. of an elastic
stretched spring.
OR

The spring shown in figure has a force constant of
24 N m™L. The mass of the block attached to the
spring is 4 kg. Initially the block is at rest and spring
is unstretched. The horizontal surface is frictionless.
If a constant horizontal force of 10 N is applied on
the block, then what is the speed of the block when
it has been moved through a distance of 0.5 m?

4kg

—>»10 N

— OO0

Prove the work-energy theorem for a variable force.

A pump on the ground floor of a building can
pump up water to fill a tank of volume 30 m’ in
15 min. If the tank is 40 m above the ground, and
the efficiency of the pump is 30%, how much electric
power is consumed by the pump.

Two discs of moments of inertia I; and I, about
their respective axes (normal to the disc and
passing through the centre), and rotating with

19.

20.

21.

22.

angular speeds m; and ®, are brought into contact
face to face with their axes of rotation coincident.
Calculate (a) What is the angular speed of the
two disc system? (b) Show that the kinetic energy
of the combined system is less than the sum of the
initial kinetic energies of the two discs. How do you
account for this loss in energy? Take ®; # ®,.

Obtain an expression for the work done by a torque.
Hence write the expression for power.

Show that the total mechanical energy of a freely
falling body remains constant throughout its fall.

A bullet of mass 0.012 kg and horizontal speed
70 m s~ strikes a block of wood of mass 0.4 kg and
instantly comes to rest with respect to the block.
The block is suspended from the ceiling by means of
thin wires. Calculate the height to which the block
rises. Also, estimate the amount of heat produced
in the block.

Distinguish between stable, unstable and neutral
equilibria of a body.

SECTION-D

23.

Ravi came to stay in a multistoried building. He

noticed that motor supplying water to the second

floor has power rating X kW while of that supplying

water to eighth floor has Y kW. He asked his father

the reason behind the difference of the power

ratings. His father explained him the reason.

(a) What values does Ravi possess?

(b) Which power rating is more X or Y?

(c) A motor pumps up 1000 kg of water through
height of 10 m in 5 s. If the power of the motor
is 36 kW, calculate the efficiency of the motor.

SECTION-E

24.

25.

(a) State and prove the theorem of perpendicular
axes.

(b) A hoop of radius 2 m weighs 100 kg. It rolls
along a horizontal floor so that its centre of
mass has a speed of 20 cm s™. How much work
has to be done to stop it?

OR
(a) State and prove the theorem of parallel axes.
(b) What is the moment of inertia of a rod of mass
M, length [ about an axis perpendicular to it
through one end?

Prove that in a one-dimensional elastic collision
between two bodies, the relative velocity of approach

25)
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26.

before collision is equal to the relative velocity
of separation after the collision. Hence derive
expressions for the final velocities of the two bodies
in terms of their initial velocities before collision.

OR

What is a perfectly inelastic collision? Show that
kinetic energy is invariably lost in such a collision.

Find the centre of mass of a uniform (a) half-disc,
(b) quarter-disc.

OR

(a) Define radius of gyration of a body rotating
about an axis. On what factors does it depend?

(b) A uniform square plate S (side ¢) and a uniform
rectangular plate R (sides b, a) have identical areas
and masses as shown in the given figure.

y Y
N
A E S
l.’ R X ¢ x
i 0
Hooooo @ oos00S > VI
Show that

(i) La/ls<1 (i) Lp/ls>1 (iii) Ly/Ls> 1

SOLUTIONS

1.

26)

The work done in moving the body along a
closed loop is not necessarily zero. Work done by
non conservative force like friction over a closed
path is not zero.

Work done over any closed path is always zero if all
the forces acting on the system is conservative.

No. For example, the centre of mass of L-shaped
rod lies in the region outside the rod.

Moment of force is a vector quantity while work
done is a scalar quantity.

The torque applied on the nut by the wrench is
equal to the force multiplied by the perpendicular
distance from the axis of rotation. Hence to increase
torque, a wrench of longer arm is preferred.

Work done by the force of friction between the
block and the inclined plane is zero, because the
block is at rest on the incline plane. Also due to this
reason there is no dissipation of energy.

127 A
H,—~ —Cl
° + °
14 > =2 i
Xem
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Suppose hydrogen atom is at the origin i.e., x; =0
_mX tmyx,
Xemy=———""°
_ mx0+35.5mx(1.27 A)
m+35.5m

=1235A

When the parallelopiped is placed on its small,
middle and large side, its centre of gravity will lie at
heights 2/, land /2 respectively above the horizontal
surface. If U}, U, and U; are the potential energies
in the three cases, then

U, =mgx2l=2mgl

U, =mgx1=mgl

I 1
Uy =mgxX—=—mgl
3 =mg 5 ng

When the parallelopiped rests on its large side, its
potential energy is minimum. So this position is the
position of most stable.

The moment of inertia of a rigid body about an
axis is the sum of the products of the masses of the
particles constituting the body and the squares of
their respective perpendicular distances from the
axis of rotation.

1= m}

The moment of inertia of a body depends on

(i) mass of the body

(ii) size and shape of the body

(iii) distribution of mass about the axis of rotation

(iv) position and orientation of the axis of rotation
with respect to the body.

Torque, T=7xF

Angular momentum, [ =7xp
Differentiating both sides w.r.t. time ¢, we get
dL d__ . dr . __dp
—=—(Fxp)= -
aa P d

=0+7 [-Vixp=Vxmi=0]
L dL
T=—
dt

Thus the torque acting on a particle is equal to its
rate of change of angular momentum.

OR
Let the satellite revolve around the earth with orbital
speed v. Then,



10.

11.

Centripetal force = Gravitational force between
on the satellite the earth and the satellite
M&ZZGA@Mgor#:(Md(nv: GM,
r 2 r r
As the satellite is considered a point mass, its
angular momentum is

[GMm
L=Mur=M, |—= r=\GM,M?%r
r

Here, m = 0.1 kg, h =0.24 m, x = 0.01 m,
X' =004m,h =2
As the particle is dropped from height h, it
compresses the spring through distance x.
Total loss in potential energy of the particle
= Total gain in potential energy of the spring

e

or

or mg(h+x)=%kx2 (1)

? 0.1kg

and mg(h'+x') = %kx'2 ..(ii)

Dividing (ii) by (i), we get
W+x _ ﬁ,
h+x x
K +0.04 _(004)2

0.24+0.01 | 0.01
W =396m

Suppose a variable force F acts on a body along
the fixed direction, say x-axis. The magnitude
of the force F depends on x, as shown by force
displacement graph in figure (a). Let us calculate
the work done when the body moves from the
initial position x; to the final position x; under the
force F.

The displacement can be divided into a large
number of small equal displacements Ax. During a
small displacement Ax, the force F can be assumed
to be constant. Then the work done is

W = F Ax = Area of rectangle abcd

F(x) F(x)
Area = F(x)Ax
Work
(0) X; bw»c Xf i (0] X; Xf -
Ax

(a) (b)
Adding areas of all the rectangles in figure (a), we
get the total work done as

12.

13.

X
f
W= ZFAx = Sum of areas of all rectangles erected
x; over all the small displacements

In the limit when Ax — 0, the number of rectangles
tends to be infinite, but the above summation
approaches a definite integral whose value is equal
to the area under the curve. Thus the total work
done is

xf Xf
W= lim ZFsz .[Fdx
Ax—0 . »

1
= Area under the force-displacement curve

A pair of equal and opposite forces acting on a
body along two different lines of action constitute
a couple. A couple has a turning effect, but no
resultant force acts on a body.

The moment of couple can be found by taking the
moments of the two forces about any point and
then adding them.

In figure, two opposite forces, each of magnitude F
act at two points A and B of a rigid body, which can
rotate about point O. The turning tendency of the
two forces is anticlockwise.

&~ AF
A O
B
«—dJd —>
Fv_ XN

Moment or torque of the couple about O is
T=FxAO+ Fx OB=F(AO + OB) =F x AB

or tT=Fd

Moment of a couple = Force x perpendicular
distance between two forces.

Hence the moment of a couple is equal to the
product of either of the forces and the perpendicular
distance, called the arm of the couple, between
their lines of action. Note that the torque exerted
by couple about O does not depend on the position
of O. Hence torque or moment of a couple is
independent of the choice of the fulcrum or the
point of rotation.

L L
1 1
As we know, x ., = —dem = —fx(?»dx)
MO MO
L L 3 3
1
:—pmmnzﬁiﬁﬂzﬁ%Ecﬁi
My M) M 3 3M
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28)

L L O(Lz

But M =|dm=|Adx=|oxdx=—
[dm=[ndx=] ;
0 0
3
Thus, x . = _ol” = EL (from origin, x = 0)
3al?/2) 3

(a) Angular momentum,

L=7xp .. (i)
It is a vector quantity and its direction is given by
right hand rule for vector product.
In cartesian co-ordinates,
= A A A
nd f=xi+yj+zk ..(ii)
. A A A
p=pyi+p,jtpk
From (i) and (ii), we get

f:(x?+y}'+zl§)><(px§+Py}'+Pz’;)

i j ok
=x y z
Px py P,

or  Lyi+L,j+Lk

=i(yp, ~2p,) + (@ps —xp,) +k(xp, = yp,)

On comparing, we get

Lx:)’pz_zpy
Ly =zp —xp, ...(iii)
Lz = xpy — Py

Equation (iii) gives the required components of L

along x, y and z axes.

(b) As the particle moves in x-y plane, then
z=0andp,=0

Hence, L= IAc(xpy —yp,)=L.k

Hence angular momentum has only z-component.

Figure shows the plot of
spring force F; versus
displacement x of a %
block attached to the Xm
free end of the spring.
According to Hook's
law, the spring force for A

an extension x,, is

F,=-kx,

The work done by the spring force for an extension
Xy 18

AF;

W, = Area of AOBA = %ABXOB
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17.

1 1 1
=§Fs XX, =5(—kxm)><xm =—§kxfn

This work done is stored as the PE. of the spring.
U= 1 kx?
2

m
OR

Herek=24Nm™, m=4kg x=05m, F=10N
By the law of conservation of energy,
Work done on the spring

= Gain in K.E. + Gain in PE.

1 1
or Fx=—mv>+=kx?
2 2

1 1
or 10><0.5=5><4><v2 +§X24X(0'5)2

or 5=2v+3or v’ =1
v=1ms!

Suppose a variable force F acts on a body of mass m

and produces displacement ds in its own direction
(6 = 0°). The small work done is

dW =F -ds = Fdscos0° = Fds

According to Newton's second law of motion,
dv

F=ma=m—
dt

dW:mﬂ-ds =mvdy [ézv}
dt dt

If the applied force increases the velocity from u to
v, then the total work done on the body will be

W=J‘dW=]}‘mvdv=mj|}.vdv
u u

2 4
2] Lt
2 1, 2
W = K- K; = Change in K.E. of the body.

This proves the work-energy theorem for a variable

force.

As given that
Volume of water = 30 m’
Time taken by pump to fill tank = 15 min
=15x60=900s
The height of tank = 40 m
The efficiency of pump = 30%
Consumption of power by pump = ?
Mass of water pumped = Volume x density

=30x 10’ kg

(Density of water = 10> kg m™)



18.

mgh
t

Output power, B = ¥

30x10%x9.8x40
900

P; is required power (input power), then efficiency

R

=13067 W

‘n:

PI.
P 1

=0 = 3067 =43557 W =43.557 kW
N 30/100

Let I; and I, be the moments of inertia of two discs.
When they are brought in contact, the moments of
inertia of the two discs system will be I} + I,. Let ®
be the angular speed of the combined system.
(a) Total initial angular momentum of the two
discs, L, = Lo + Lo,
Total final angular momentum of the combined
system, L, = (I; + L,)®
From the law of conservation of angular
momentum,
Ly=L, or (I;+ L))o =10, + Lo,

Lo, +1,m,

L +1,

(b) Initial K.E. of the two disc,

(1)

or

..(ii)

1, 2 1. 9

K==Ly +-Lo

17500 75 0%
Final K.E. of the combined system,

From (i) and (iii), we get

1 Lo, + 1,m, 2
K2 =5(Il + IZ)(TJ
1 2
1 (Loy +12032)2
T2 (I +1y)
Eqn. (ii) and eqn. (iv) gives,

1, o2 1. 9

or K ..(iv)
2
2
1(11031 +1,0,)
2 (L +1)

(1,0} + L,03) (I, + L) — (Lo, + [,0,)*]

T2+ 1)

1 | Fof+Boj + LI + Lo}
AL +1) ~ ol - Bl - 21 Loo,
=%(ml )’

which is a positive quantity.

19.

20.

Hence, Ky - K, >0 or Ky > K,

or K, < Kj i.e., rotational K.E. of the combined
system is less than the sum of the initial energies of
the two discs.

Hence there occurs aloss of K.E. on combining the
two discs and is the dissipation of energy because
of the frictional forces between the faces of the two
discs. These forces bring about a common angular
speed of the two discs on combining. This however
is an internal loss and angular momentum remains
conserved.

As shown in the figure, suppose a body undergoes
an angular displacement AB under the action of a
tangential force F.

Axis of rotation

The work done in the rotational motion of the body,
AW = F x distance along the arc PQ

Arc _ Arc PQ
Radius r

Arc PQ =rAB
Hence AW = FxrA8
or AW=1A8
i.e., Work done by a torque
= Torque x angular displacement
If the torque applied is not constant, but variable,
the total work done by the torque is given by

But A=

We know that

AW =1 A0

Dividing both sides by At, we get

AW A

A A

or P=1tw

i.e., Power = Torque x angular velocity

Consider a body of mass m lying at position A at a
height h above the ground which is reference line.
As the body falls, its kinetic energy increases at the
expense of potential energy.
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D

At point A : The body is at rest.
K.E. of the body, K4 =0

PE. of the body, U, = mgh

Total mechanical energy,

E =K, + Uy =mgh

At point B : Suppose the body
falls freely through height x and
reaches the point B with velocity

A?Velocity =0
x

h BQvelocity = v
(h-x)

COvelocity =

v. Then
V2 - 0% = 2gx [Using v* - u* = 2as]
or v2:2gx
1 5, 1
KB:E”W =Em><2gx=mgx

and Up = mg(h - x)

Hence Eg = Kg + Ug = mgx + mg(h - x) = mgh

At point C : Suppose the body finally reaches at
point C on the ground with velocity v'. Then
considering motion from A to C,

V2 - 0%=2gh or v*=2gh

1 ., 1
K¢ =5mv2 =Em><2gh=mgh
Ug=mgx0=0

Ec=Kc+ Up=mgh

Clearly, as the body falls, its PE. decreases and K.E.
increases by an equal amount. However, its total
mechanical energy remains constant (= mgh) at all
points. Thus total mechanical energy is conserved
during free fall of a body.

Here, Mass of the bullet m1; = 0.012 kg

Mass of the block m, = 0.4 kg

Initial velocity of the bullet, u; =70 m s~

Initial velocity of the block, u, =0

Since on striking the wooden block, the bullet

comes to rest w.r.t. the block of wood, the collision

is inelastic in nature.

Let v be the velocity acquired by the combination.

Applying principle of conservation of linear

momentum

(my + my)v = myuy + myu, = mu,

mu,  0.012Xx70 _ 0.84

m +m, 0012+04 0412

Let the block rise to a height h.

1

=2.04ms !

1
E(m1 +n12)v2 =(m; +m,)gh

2 2
SV GO sem
2¢  2x9.8
The loss in kinetic energy of the system will appear

as heat.
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23.

24.

Heat produced = Initial K.E. of bullet
- final K.E. of combination
1 5 1 2
=—mu; ——(m; +m,)v
7 11 2 ( 1 2)

1 1
=X 0.012%(70)% — 3 (0.412)(2.04)%

=294-0.86=2854]

Stable equilibrium : A body is said to be in stable
equilibrium if it tends to regain its equilibrium
position after being slightly displaced and released.
In stable equilibrium, a body has minimum
potential energy and its centre of mass goes higher
when it is slightly displaced.

Unstable equilibrium : A body is said to be in
unstable equilibrium if it gets further displaced
from its equilibrium position after being slightly
displaced and released. In unstable equilibrium,
a body possesses maximum potential energy and
its centre of mass goes lower on being slightly
displaced.

Neutral equilibrium : If a body stays in equilibrium
position even after being slightly displaced and
released, it is said to be in neutral equilibrium.
When a body is slightly displaced from its position
of neutral equilibrium, its centre of mass is neither
raised nor lowered and its potential energy remains
constant.

(a) Keen observer, curiosity and quest for
knowledge.

(b) Y kW power rating is more than X kW power
rating.

(c) Output power
_mgh 1000x9.8x10

; =19600 W
As 1= Output power _ 19600
Input power 36000

= 1N =0.54 or N=0.54x100 =54%

(a) Theorem of perpendicular axes : It states that
the moment of inertia of a plane lamina about an
axis perpendicular to its plane is equal to the sum
of the moments of inertia of the lamina about any
two mutually perpendicular axes in its plane and
intersecting each other at the point, where the
perpendicular axis passes through it.



If I,, I, and I, are the moments of inertia of the
plane lamina about the axes OX, OY and OZ
respectively, then according to theorem of
perpendicular axes,

L=I+I, ()
Suppose that the rigid body is made of n particles of
masses my, M, .... m, lying at distance ry, 75......... Ty

from the axis of rotation OZ. Further suppose that
the i particle of mass m; lies at point P(x;, y;), such
that OP = r;. Then,

2_ 2, .2
=X Y

Now, moment of inertia of the body about the axis
OZ is given by

n n
2 2,2
Io= X my = 3 mi(xi +77)

i=1 i=1

n n
2 2 ..
= 2 mx; + 2 m;y; ..(ii)
i=1

i=1

n
But 2 mx? =1I,, moment of inertia of the body
i=1
about axis OY and Z m; y, =1, the moment of

=1
inertia of the body about axis OX.

Therefore, the equation (ii) becomes

L=I+I,
(b) Radius of hoop, R=2m
Mass of hoop, M = 100 kg

Velocity of centre of mass =20 cms ' =0.2m s

The total kinetic energy of the hoop

1
“Lan? L2
2 2

I i vr2e? = Lan? + Lan? = a2
2 2 2 2

=100 x (0.2)° =47
By work-energy theorem,
Work required to stop the hoop
= Total kinetic energy of hoop =4]

OR

(a) Theorem of parallel axes : It states that the
moment of inertia of a rigid body about any axis is
equal to its moment of inertia about a parallel axis
through its centre of mass plus the product of the
mass of the body and the square of the perpendicular
distance between the two axes.

Let I, be the moment of inertia of a body of mass M
about an axis LM passing through its centre of mass
C. Let I be the moment of inertia of the body about
an axis ZZ’ parallel to the axis LM and at a distance
h from it as shown in the figure.

Then, according to the theorem of parallel axes,
I=1+Mn* (i)
Consider that i™ particle located at the point P in
the body is of mass m; and lies at a dlstance r; from
the axis LM. Then, the distance of i particle from
ax13 Z7' is (r; + h). The moment of 1nert1a of the

partlcle about the axis LM is m;r? . Therefore,
moment of inertia of the body about the axis LM
is given by

n

I=2m#

i=1
Also, moment of inertia of the i* partlcle about the

axis ZZ" is m;(r; + 1)?, so that moment of inertia of
the body about the ax1s ZZ7' is given by

I= Zm (r; +h)? —Zm 7 +h2+2hr)
i=1 i=1

= zn:miriz + Enlml-h2 + ithl-ri
i=1 i=1 i=1

n n
=1+ E m; h? +2h Z mt; ...(ii)

i=1 i=1

n
Now, 2 m; = M, mass of the body and
n i=1
2 m;r; = sum of the moments of the masses of the
i=1
particles constituting the body about an axis through
its centre of mass. Since sum of the moments of the
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32

masses of the particles constituting the body an axis
through its centre of mass must be zero.
n

2 mit;=0
i=1
In R.H.S. of the equation (ii), substituting the values
of the two factors, we have
I=1.+ MK
It proves the theorem of parallel axes for moment
of inertia.
(b) For the rod of mass M and length [, I = MP/12.
Using the parallel axes theorem, I’ = I + Ma® with
a=1/2 we get,

2 2 2
r=mly M( l) _ M

12 2 3
Consider two perfectly elastic bodies A and B of
masses m; and m, moving along the same straight
line with velocities u; and u, respectively. Let
Uy > u,. After sometime, the two bodies collide head-
on and continue moving in the same direction with
velocities v; and v, respectively. The two bodies will
separate after the collision if v, > v;.

O*O*OOO*O*

After
collision

Before
collision

During
collision

As linear momentum is conserved in any collision,
$O

MUy + Myly = MyV] + MyV,y (1)
or mlul - mlvl = m2V2 - mzuz
or  my(uy —vy) = my(vy — uy) .. (ii)

Since K.E. is also conserved in an elastic collision,
SO

S+ s} =+~
or m1”12 - mlvlz = mzvg —m2u§
or my(uy +v)(uy = vy) = my(vy + up) (v, — uy)....(iii)
Dividing (iii) by (ii), we get
Uy +vi=vy+u,
or U —Uy=1Vy—1 .(iv)
or Relative velocity of A w.r.t. B before collision

= Relative velocity of B w.r.t. A after collision
or Relative velocity of approach

= Relative velocity of separation
Thus, in a one-dimensional elastic collision, the
relative velocity of approach before collision is
equal to the relative velocity of separation after the
collision.
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Velocities of the bodies after the collision : from
equation (iv), we get
Va=uUp—Uy+ V)
Putting this value of v, in equation (i), we get
MUy + Moy = Myvy + my(u) — ty + V)
=mvy + Myl — Mylly + MyV,
or (m; - myu; + 2myu, = (m; + my)v,

m, —m 2m
o My —m 2my
Similarly, v, = uy + u
my +m, m; +m,

OR

When the two colliding bodies stick together and
move as a single body with a common velocity after
the collision, the collision is perfectly inelastic.

A body of mass m; moving with velocity u; collides
head-on with another body of mass m, at rest. After
the collision, the two bodies move together with a
common velocity v.

my . m, my m,
CO— o (Oo—

Before collision After collision

As the linear momentum is conserved, so
myuy + my x 0= (my + my)v
m
or =——u
(my +m,)

The loss in kinetic energy on collision is

1
AK =K; -K; =—m1u1 (m1+m2)v
) myy
—myuy — (m1+m2) —_—
2 my +m,
2
Somup - oo Up = —myu R —
2 2 (my +m,) 2 (m; +m,)
or AK =1 2
2(m1+m2)

This is a positive quantity. The kinetic energy is lost
mainly in the form of heat and sound.
Moreover,

l(m +m)v2
N

2
K; lm 2 m u
1
2
2
(m1+m2)( m
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K m
or B A -

K;  m+m,

which is less than 1. This again shows that the
kinetic energy after the collision is less than the
kinetic energy before the collision.

If the target is massive, i.e., m, >> m;, then

ﬁ=0 ie., Kf =0

K;

Hence, when a light moving body collides against
any massive body at rest and sticks to it, practically
all of its kinetic energy is lost.

(a) If M is the mass of the half-disc, of radius R,
then mass per unit area of the half-disc
M 2M
mR"/2 mR

r+dr Ty

[¢—R—>O
Let us consider an element (which is a
semi-circular wire) of this disc between r and

(r + dr).

»x

Area of the element = %['n:(r +dr)? —nr?)

= g[r2 +(dr)? +2rdr —r?) = mrdr [+ (dr)? << 0]

Mass of the element,
dm = (nrdr) 6 = (nrdr) (ZMj _2Mr
nR®>) R®

(1) xcp=0 (due to symmetry)

R
(ii) yemr = Al/IJ.yd’”:Al/IJ.(znr)(m;hdr)
0

R

R 3

4 jrzdr:‘*(R}:‘*R
nR? 0 nR*\ 3 3n

Thus, the centre of mass of the half-disc is (0, 4R/3m).
(b) .

[as y = 2r/m]

Ol—R—»]

For quarter-disc,
M 4M

nR*/4 mR*

1
Area of the element = Enrdr,

2Mr

2 dr

dm = (lnrdr)o =
2

1 ¢f2r\(2Mr 4R
= dm=—[| = dr |= 28
G fxm M (n)[RZ j 3n
[asx=y= E]
1 4R "
Similarly, ycp = MJ. ydm = fn

Thus, the centre of mass of the quarter disc is
53]
3n 3n)
OR

(a) The radius of gyration of a body about its axis
of rotation may be defined as the distance from the
axis of rotation at which, if the whole mass of the
body were concentrated, its moments of inertia
about the given axis would be the same as with the
actual distribution of mass.
The radius of gyration of a body depends on
(i) the position and orientation of the axis of
rotation.
(ii) the distribution of mass of the body about the
axis of rotation.
(b) Given, area of square = area of rectangle

= J=ab
Also,a>b
i La _Mb’N2_b° 0 b _,
Lis Mcn2 ¢ ab a
Iyg _Ma2/12 _a2 _az _4
ILg Mc*n2 ¢ ab b

(ii)

(iii) I = %M(az +b%)

1 2,2
I c=—MI(c" +c
zS 12 ( )

1
Now, Ip —ILg= EM[a2 +b% - 2c%]

L2
=iM(a2 +b° —2ab) (" c"=ab)
12
1
= Lp-lg=—M@a-b?>>0
12
IzR
IZR>IzS: —==>1
FA
@
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-
Consider a situation where we have multiple objects

being observed from ground reference frame and their
velocity have also been marked as shown-

A, B and C are 3 persons and T is a tree.

Now let us change our reference frame and situate
ourselves into A's frame. When we fix our frame on
A, obviously A won't appear to move now. Velocity
being a vector quantity, how does it appear zero? Only
when you add another vector of same magnitude but
opposite in direction to it. So basically what we did was
we reverted and added the velocity of our reference
frame. But this cannot be done alone for us and need
to be done to all other objects being observed from
the frame, i.e. we "REVERT AND ADD" the velocity
and acceleration of the frame in which we are situated
to the velocity and acceleration of all other objects
being observed.

For the sake of understanding, let us make a convention
that we put a big + symbol on the person/object that
we situate our reference frame in. So in A's reference
frame -

v v
A A
Ya Ve <--—> Vg
< —> —
g o
A A gy A

Velocity of B with respect to A becomes,
Vg = V4 + vy towards left
Velocity of C with respect to A becomes,
v = {VC —v, towards right
vy — Ve towards left

Velocity of T with respect to A becomes,
Vg = v, towards left

AL p
NCEPT @

Relative Motion

Y
[ .
L A ==
N 0000

In general we can say, velocity of B with respect to
A when the motion is not constrained along one
dimension can be written as,
Vpa = Vg + (V)
reverting velocity of A

adding velocity of B

For example if A is moving towards north with 3 m s7!

and B towards east with 4 m s™! with respect to ground
then,

3ms!

4ms’1

(With respect to ground)

Vea=/(3)2 + (4)2 =5ms!

(With respect to A)

Velocity of B with respect to A becomes 5 m s7!

at 37° south of east.

Remember one thing as a thumb rule, the frame in
which we situate our reference frame becomes stationary
for us while all other objects surrounding it appear to
move. To make you understand what I am trying to
convey, consider a situation where you are driving a car
and you hit a person standing on road. In your frame
what you see is that the person came and struck your
car since you don't see your moving car!

Now, let us try to use these in some examples-

Q1.A and B start moving from vy
different points in mutually
perpendicular directions as
shown. Find the minimum
separation between them.

|

Contributed By: Bishwajit Barnwal, Aakash Institute, Kolkata
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Sol.: Let us fix our frame on B.
A appears to be moving Al M
along the line AC with 77

respect to B as shown. .
The minimum separation s
clearly is the length of

perpendicular drawn on AC. b= 1
Using geometry, v2
v
Spip =dsinf=d-—L1—
Vi +v3

Q2. A car moving with a constant velocity of 20 m s7!

is behind a bus at a separation of 50 m. The bus
starts accelerating from rest at 2 m s72. Find the
time at which the car is farthest from the bus ahead
of bus. Also, find the time after which the bus
overtakes the car.

Sol.: With respect to ground

—> 20ms! ~ p2ms2

©

< >
i S

50 m
With respect to bus B
t=t
2 t=t,
2ms2 R DETEES .
e »20ms! © ©
------------- ->>-V -0
f=0: rel
D 50 m g

With respect to B, the motion of C is decelerated
uniformly. So, B would be farthest when its relative
velocity becomes zero.

Vel = Yrel = el tl
= 0=20-2t, = t,=10s
At the instant B overtakes C, their positions are
identical and for B, C appears moving backward
which is shown at time ¢ = ¢,.

Betweent=0and t=t,,

1 2
Srel U by — Earel t

1
= 50=20t2—5><2t§ = 1520t +50=0

_20++/400-200

2

th
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(10 - 5\/5 ) s is the time when C overtakes B.
Our required time is (10+5v2) s.

Q3. Two stones A and B are fired from air with velocities
as shown in the figure.

D AGRILELEEE
N

If they collide in mid air, find the condition of
collision.

Sol.: Both the stones are under the action of
gravity, hence both have the same acceleration
irrespective of their direction of projection. Hence
if we fix our frame in one of them (say A).

Their relative acceleration is zero.
So, it means their relative velocity remains
constant in both magnitude and direction.

If an object travels with a constant velocity and
strikes a stationary object, its velocity should be
directed towards the object.

u,sin0, — u;sin6,;

u;cos0; +uycos0, B
Considering the components,

tan0= 4 cosB, +u,cosb, _d

U,sin®, —u;sin®;, h
Had time of collision been asked, it could have
been found from either direction.
d h
At =

u; cos0; +u, cos0, u,sin0, —u;sin0;

Q4.A box is kept on a smooth inclined plane of
inclination 6 and released to fall from rest. Sometime



later, a nut-bolt attached to the ceiling of box gets
detached. Find the time after which the bolt strikes
the floor of box if the floor to ceiling distance is L.

0

Sol.: Since the surface is smooth, the acceleration
of box is gsin® onwards. Let us say after sometime
the bolt gets detached. Since the box attained a non-
zero velocity and bolt being a part of the box had
the same velocity. Hence their relative velocity was
zero at the instant of dropping of bolt.
Considering with respect to box,

The bolt had a free fall
and hence we reverted the
acceleration of box gsin®
and added to g vectorially.
Breaking the components
of g we see that gsinO gets
cancelled out. We are left
over only with gcos® which can be treated to be g

Applying,

1 5 21
lzggefft St =

Y0

gcosB

Q4.Two trains of lengths [, and [, are moving with

speed v, and v, in opposite directions on parallel
tracks. Find the distance travelled by each train till
they cross each other.

Sol.: Crossing starts when their head are parallel to
each other.

——h

[ 4 1

— L, ——
nef B ]
We can easily find distance travelled by them
x, =v,tand x, = v,t if the time of crossing is known.
For this, let us fix our reference frame on A.

t sec later vy
B
BA v, o

L+l L iroo

Vpa =V TV,
Do we observe one interesting fact here? It does
not matter who moves faster, when moving from
opposite directions, the other speed will always
appear to be faster to us since the magnitude of our
velocity is getting added to theirs.

Relative distance covered,

Spa=Vpat
L+1

poith

v+,

.Consider a hot air balloon starting from rest

from surface of earth accelerating upwards with a

constant acceleration of 5 m s™2. After 2 s a stone is

thrown from the balloon vertically upwards with a

relative velocity of 10 m s!. Find

(i) the time after which the stone again reaches
the balloon.

(ii) distance travelled by the stone after being
thrown till it lands on the ground.

Sol.: In the 1% part it does not matter how far has

the ballon reached or how fast it was moving at the

instant of throw, since the relative velocity of throw

is already given.

Whenever an object is thrown from a moving

frame, it carries the inertia, i.e, velocity of the frame

but not the acceleration since it is no longer a part

of frame.

For 1%t part, we fix our

frame on balloon, so

we revert and add the o

acceleration of balloon to the A “iel

acceleration of the stone. g :

Time after which the stone £134

reaches the balloon. a, = (g+a) down
g 2 _2X10_4
4 1045 3

For the second part we need the velocity as well as
acceleration of the balloon.
v=at=2x5=10

’ U tv=10+10
“? 1 gi =20ms!
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So, basically we have a stone
projected upwards with a
velocity 20 m s~! with respect 20m
to ground from a height

10 m above the ground AT ERT
which means it moves to a 0™

maximum height of H above rrrTITITTTTTTTTY

point of projection where
2

=20 _
2x10

Total distance travelled

=20+20+10=50m
Let us now move to two more applications of relative

20 m

motion.
1. Rain-man-umbrella problems
2. Crossing of river problems

Rain-man-unbrella problems

Here rain falling at a certain speed v, with respect to
ground at an angle 0 with respect to vertical would be
given and a person standing/running in a particular
direction would be needed to be protected by properly
directing the axis of the umbrella.

In such situation, since the man is supposed to hold
the umbrella so, we would fix our reference frame into
the person.

Case-I Man running against rain

7
Ao

v,,, = velocity of man

with respect to man

with respect to ground

v, +v,.sin0@
Clearly, tanoi=-—""——~
v, cosO

Case-II Man running with rain

with respect to man
v,sin0 v

V7/g
. 3

Ak

Here again 3 situations may arise-

m

v
v,c0s0
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Case-I Case-II Case-III
v,sinb > v, v,sinb <v, v,sinf=v
U U
Vy~ V8100 vcosb=v,,

In this case rain
appears to fall
v,cosO | vertically, which
can happen only
if the horizontal
velocity of rain
and man match.

Let us solve an example.

Q6.To a man running up an inclined plane of
inclination 37° with horizontal at the speed of
5 m s7}, rain appears, to be falling at the speed
of 6 m s7! vertically downwards. Find the actual
magnitude and direction of velocity of rain.
Sol.: Let rain be falling at speed v, at angle 6 with
respect to ground.

with respect to ground with respect to man

1/ v,,C0837°
N
7 370
S
6)'6\ v 0 v

m r
QP in37°
X v,,8in37° + v cosO

1

v,sin0

4 _
v,sin = v, cos37°=5x—-=4ms
5
and v, sin37° + v, cosO = 6 (given)
3
5X=+v,cos0=6 = v, cos0=3

4
tan6=§ = 0=53°

and \/ (v, sinB)? + (v, cos ) = \/ (4) +(3)°

= v,=5ms’!

Rain is falling at 5 m s! at 53° with respect to
vertical with respect to ground.

Crossing of river problems

Let d be the width of a river which is flowing at speed
v, and v, be the velocity of a swimmer with respect
to river which basically means, had the river been
stationary, the swimmer would have moved with this
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velocity but since the river is flowing, the actual veocity
of swimmer will be a vector sum of v, +v,.

2 Ax o

: it=At
* A B
A 4

t=0"r
So basically, if the person tries to reach A, he reaches
B, due to the drift further created by the river flow.
The motion along the two mutually perpendicular
directions take place independently, i.e., the motion
along x-axis is not influenced by forces acting along
y-axis. So we split the motion into two directions.
(i) along the length of river
(ii) perpendicular to the length of river
As clear from the velocity

diagram, the component Vg,

v,,sin0 will enable the
person to cross the river, Yy

v,,cos0
hence time of crossing
d .
At=—— . (1)
V- sin0

While the component (v, + v, cos0) will enable the

person to drift along the length of river. Hence drift
Ax = (v, + v, cosO)At ... (ii)

Using these two equations whatever is asked can be

found out.

Special cases:

I Minimum time of crossing

d
Since, At =————, so to keep Af_. ,
v, sin
sin® = maximum = 0=90°
So, the person should try to swim perpendicular to

the direction of the river flow.

: Ax .
— = .
' IA t Atmln
A o s
d —>,
Ver V ;‘
v 5 ;5:
t=0"r

d d
Atin = o and hence drift Ax=v, —

N VS}’
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IT Shortest path
The person should try to swim such that the
resultant velocity becomes perpendicular to the

river flow.
t=At
®

vgcos0 4 _ o Yy

v
— —_r
v, =v, cos0 = cosO=

VST’
2 2
ve=v,, sinB=v, - Yo T o v —v?
VST’
d
At = > >
Veor =V
———————————————————————————————————————————————————— @
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his specially designed column enables students to self analyse their

extent of understanding of specified chapters. Give yourself four
marks for correct answer and deduct one mark for wrong answer.
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readiness.

Laws of Motion | Work, Energy and Power

Total Marks : 120

NEET / AlIMS / PMTs

Only One Option Correct Type

Time Taken : 60 min

(a) a car moving with speed v will not slip on the
road
(b) a car is more likely to slip on the road at speeds

1. A particle of mass m is moving in a circular :
. . . higher than v, than at speeds lower than v
path of constant radius r such that its centripetal i . ]
. . . oy 2.0 (c) acaris more likely to slip on the road at speeds
acceleration a, is varying with time as a. = k°rt", i
. . lower than v, than at speeds higher than v
where k is a constant. The power delivered to the ] i ]
. . . (d) a car can remain stationary on the road without
particle by the forces acting on it is slipping
2 2 i
(a) 2mmkr’t (b) mk’r’t In a simple pendulum, the breaking strength of the
(0) lmk4r2t5 d 0 string is double the weight of the bob. The bob is
3 leof i< tied to a licht string of leneth released from rest when the string is horizontal.
2. Aparticle of mass m is tie .to ag tstring otlengt The string breaks when it makes an angle 0 with the
I and rotated along a vertical circular path. What .
hould be the mini d at the hich ) vertical. Then,
sfgu le-lt e I}]lmm}r:lumlspez at the blg est p;nnli (@) 0 =cos\(1/3) (b) 0 = 60°
of its pat S0 that the string does not become slac () 0= cos (2/3) () 0 =75°
et any position? A horizontal force of 12 N pushes a 0.5 kg book
orizontal force o pushes a 0.5 kg boo
() v2gL  (b) ‘/Q (c) zero  (d) ygl/2 against a vertical wall. The book is initially at rest. If
3. A massless spring balance is attached to 2 kg trolley the coefficients of friction are y; = 0.6 and p, = 0.8,
and is used to pull the trolley along a flat smooth which of the following statements is true?
surface as shown in the figure. The reading on the (a) The magnitude of the frictional force is 5 N.
spring balance remains at 10 kg during the motion. (b) The magnitude of the frictional force is 7.2 N.
The acceleration of the trolley is (Use g=9.8 m ) (¢) The normal force is 5 N.
(d) The book will start moving and accelerate.
For a given force F = 2x° — 3x -2, choose the correct
~{ 0000 1 given f 2 h h
@ @ option.
(a) x=-1/2is position of stable equilibrium.
(a) 49ms’ (b) 9.8 ms™> (b) x = 2 is position of stable equilibrium.
(c) 49ms™ (d) 98ms™ (c) x=-1/21is position of unstable equilibrium.
4. A curved section of a road is banked for a speed v. (d) x =2 is position of neutral equilibrium.

If there is no friction between the road and the tyres
then,

A particle is moved from (0, 0) to (g, a) under a
force F=(3i+4 j) from two paths. Path 1 is OP and
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path 2 is OQP. Let W, and W, be the work done by
this force in these two paths. Then,

(@) W= W, (b) W, =2W,
(C) W2 = 2W1 (d) W2 = 4W1

9. Arope of length  and mass m is '|r
connected to a chain of length [ ]
and mass 2 m, and hung vertically "
as shown in figure. What is the WL
change in gravitational potential
energy if the system is inverted [
and hung from same point? JL

(a) mgl (b) 1.5mgl (c) 0.5mgl (d) 2 mgl

2m

10. The ratio of momentum and kinetic energy of
particle is inversely proportional to the time. Then,
this is the case of a
(a) uniformly accelerated motion
(b) uniform motion
(c) uniformly retarted motion
(d) simple harmonic motion.

11. In a ballistics demonstration a police officer fires a
bullet of mass 50.0 g with speed 200 m s™ on soft
plywood of thickness 2.00 cm. The bullet emerges
with only 10% of its initial kinetic energy. What is
the emergent speed of the bullet?

(a) 2410 ms™! (b) 20/10 ms™
(c) 1082 ms™ (d) 10J20 ms™

12. A large force is acting on a body for a short time.
The impulse imparted is equal to the change in
(a) acceleration (b) momentum
(c) energy (d) velocity.

Assertion & Reason Type

Directions : In the following questions, a statement of

assertion is followed by a statement of reason. Mark the

correct choice as :

(@) If both assertion and reason are true and reason is the
correct explanation of assertion

(b) If both assertion and reason are true but reason is not
the correct explanation of assertion

(c) If assertion is true but reason is false

(d) If both assertion and reason are false.

@ PHYSICS FOR YOU | SEPTEMBER ‘16

13.

14.

15.

Assertion : Pseudo force is an imaginary force
which is recognised only by a non-inertial observer
to explain the physical situation according to
Newton’s laws.

Reason : Pseudo force has no physical origin, i.e.,
it is not caused by one of the basic interactions
in nature. It does not exist in the action-reaction
pair.

Assertion : A quick collision between two bodies is
more violent than a slow collision, even when the
initial and the final velocities are identical.

Reason : The rate of change of momentum
determines the force is greater in a quick collision
between two bodies.

Assertion : All central forces which follow the
inverse square law are conservative forces.

Reason : Work done by the force or against the
force does not depend on path, then force is called
conservative force.

JEE MAIN / JEE ADVANCED / PETs

16.

17.

18.

Only One Option Correct Type

A railway track is banked for a speed v, by making
the height of the outer rail 4 higher than that of the
inner rail. The distance between the rails is d. The
radius of curvature of the track is r. Then,

E—V_z . _1h V2

(@) g rg (b) tan|sin 3 _E
AN h v
(c) tan (EJ_E (d) ;" dg

A car of mass m is driven from rest, with constant
power P. After travelling a distance x, speed of the
car becomes v. Then v is
1/3 1/3
p m 3xP 2xP
Wt w2 © (—] @ (—j
m m m
An electron, mass m, collides head-on with an
atom, mass M, initially at rest. As a result of the
collision, a characteristic amount of energy E is

stored internally in the atom. What is the minimum
initial speed v that the electron must have?

(@) \2(M+m)E/(mM) (b) \[(M+m)E/(mM)

© A JrmE @ o\ (Mem)E



19.

20.

21.

22.

A stiff spring has a force law given by F = —kx’. The
work required to stretch the spring from the relaxed
state x = 0 to the stretched length x = [ is W, In
terms of W, how much work is required to extend
the spring from the stretched length [ to the length
21

(a) Wy (b) 4 Wy (c) 10W, (d) 15 W,

More than One Options Correct Type

A long block A is at rest on a smooth horizontal
surface. A small block B, whose mass is half of 4, is
placed on A at one end and projected along A with
some velocity u. The coefficient of friction between
the blocks is u. Then,

B
Uy

A

(a) the blocks will reach a final common velocity %

(b) the work done against friction is two-third of
the initial kinetic energy of B
(c) before the blocks reach a common velocity, the

acceleration of A relative to B is % ug
(d) before the blocks reach a common velocity the

acceleration of A relative to B is %Mg.

A stone of weight W is thrown vertically upward
into the air with an initial speed v,. Suppose that
the air drag force f dissipates an amount fy of
mechanical energy as the stone travels a distance y.
Then,
(a) the maximum height reached by the stone is
%
2g(1+ f /W)
(b) the maiximum height reached by stone is
Yo

2g(4+f/w)
(c) the speed of the stone upon impact with the

W f ]1/2

W+ f
(d) the speed of the stone upon impact with the

W+f 1/2
W—fj '

ground is vo(

ground is VO(

Two balls, having linear momenta p; = p; and
P, =— pi, undergo a collision in free space. There

23.

24.

25.

26.

is no external force acting on the balls. Let p{ and
D, be their final momenta. The following options
are not allowed for any non-zero value of p, a;, a,,
by, by, ¢; and c,.

A

(@ Pi=@itbj+ak (b) 131':C1’Aﬁ
Py =ayithyj Py =k

() pi=a i+ by jt C1kA (d)

Pi=ai+hj
ﬁé = a21+b2]_clk

py=ayithj

The two blocks A and B of equal

mass are initially in contact when

released from rest on the inclined

plane. The coefficients of friction 5

between the inclined plane and

A and B are u; and W, respectively. Then,

(a) if u; > WUy, the blocks will always remain in
contact

(b) if u; < W,, the blocks will slide down with
different accelerations

(¢) if u; > W,, the blocks will have a common

. 1 .
acceleration 3 (W, +u,)gsin®

(d) if u; < W, the blocks will have a common
g

wy+u,

acceleration sin 6.

Integer Answer Type

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 g = 10 m s,
find the work done (in ]) by the string on
the block of mass 0.36 kg during the first
second after the system is released from
rest.

Three objects A, Band Care keptin a straight line on
a frictionless horizontal surface. These have masses
m, 2m and m, respectively. The object A moves
towards B with a speed 9 m s™' and makes an elastic
collision with it. Thereafter, B makes completely
inelastic collision with C. All motions occur on the
same straight line. Find the final speed (in m s of

the object C.
pl |on] ol
A B C

A constant force F is aplied on block, the block

is placed on a plank as shown in figure. Block
and plank are connected with a spring. There is

23]
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no friction between block and plank but friction Column I Column II
exists between plank and ground. Find minimum (A)vo=2ms
constant force (in N) by external agent so that
plank just begins to move. (Take : M = 1 kg,
k=1Nm*',n=02)

(P) Tension becomes zero at
some points in motion.
(B) vo=4m s (Q) The path is always circular.

(C) 1/0:6ms_1 (R) The string may be

0000000000 ‘i Smooth horizontal at some points
M /Rough in its motion.
(D)vy=8ms' (S) The bob completes vertical
Comprehension Type circle.
A B C D

A small block of mass M moves on a frictionless surface

of an inclined plane, as shown in the figure. The angle of (@) Q pS R QR

the incline suddenly changes from 60° to 30° at point B. (b) S Q PR QRS

The block is initially at rest at A. Assume that collisions (©) Q Q PR QRS

between the block and the incline are totally inelastic (d) P R PQ RS

(g=10ms7). 30. For the system shown in the figure, the incline
A M

is frictionless and the string is massless and
605\ B inextensible, pully is light and frictionless. As the
system is released from rest, the possible situations
are given in the two columns. Match the entries of

column I with entries of column II.

309 \IC
3m 33m
27. The speed of the block at point B immediately after
it strikes the second incline is
(a) V60ms™ (b) V45ms™
(c) V30ms™ (d) VI5ms™ Column I Column II
28. The speed of the block at point C, immediately (A) My >M, (P) M,accelerates down
before it leaves the second incline is (B) M, >M; (Q) M, accelerates up
-1 -1
(a) v120ms (b) V105 m 9 (C)M;=M, (R) M,andM,are in equilibrium
-1 75 —
(c) VBOms (d) 75 ms (D) M, >> M, (S) M, accelerates up the incline
29. A bob of mass 1 kg is hanging by s . A B C D
an inextensible string of length (a) PQR,S PS PS Q
1 m as shown in the figure. The NN (b) P; Q’S’ P)R T P) N
bob is given a velocity v, at lowest %, © P’ Q’ P,R’ BS Q
point as showr? in the figure. R G v, (d) RS PQ RS PS
Match the entries of column I ®®

with the statements in column II. o
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MOTION IN A PLANE

4| Triangle Law |7

If two vectors are represented by two sides of a
triangle in same order, the resultz_mt v_vill_l}e the
third side butin opposite order.C = A + B

Addition of
Vectors

4' Resolution of Vector |7

Horizontal component of 4, A, = A cos 0

Vertical component of 4, A y =Asin®
Y

A
= A2 a2 g | Y
A= A_\.+A),,tdnU-[A—] A,

X

—| Kinematic Equations in 2-Dimensions |—

o V=ii+dl
ov,=u,+a. (along x-axis)

QVy =y, t+ayt

o =Ty +iigt+(1/2)at*
O x=xy+u.t+(1/ 2)cixt2 (along x-axis)

(along y-axis)

Qy=yo+uyt+ (1 !2)9),1 ¢ (along y-axis)

—| Non Uniform Circular Motion l—

Circular motion with variable speed

Resultantacceleration of the particle
2

J:2 2
a= “i +{JJ.
i

a, =—, a, =tangential acceleration
r

Physical quantities having
both magnitude and direction

Circular

4' Parallelogram Law |7

For two coinitial vectors represented by the two
adjacent side of a parallelogram, the diagonal of

the parallelogram so formed will be the

resultant. R=+y A% + B +2ABcos0

—| Multiplication by a Scalar Quantity |—

Multiplication of a vector by a scalar ¢
changes its magnitude by a factor of ¢.

VECTOR

4| Relative Velocity |7

According to vector law of addition
Tpg = Tpgr + Tyrg

KINEMATICS IN TWO

DIMENSIONS

Motion

drpg _ dipg: % drgg
dt dt di
So, Fp_g = FI-’S' +{}S“S

>

actual =V relative TV

1

Le,V reference

Vrelative = Yactual ~ Vreference

—| Projectile Fired Horizontally'—

Equation of trajectory: y = —5—5 *
2u

. . 2 2.2
Velocityaftertime t:v = \[u~ +g~t~
be

1 et T
f=tan 18 _i-'f’é\j\-faf _
u —
7 R

Time of ﬂlght T=.l— [’\}"nml y \
£

[2h !
Horizontal range: R=u |—
8

Projectile
Motion

—| Projectile Fired at an Angle with Horizontal |—

—| Uniform Circular Motion |—

A particle moves along a circular path
with a constant speed.

Angular displacement, 6 = 2
-
Angular velocity, m = &
t

Also,m = 2,'_1rr =21V

Linear velocity, v=r® 2

Vv

. . 2
Centripetal acceleration, a =— = r®

Position after time ¢: :
x=(ucos0)t,y= (usine)t—igt?'
Equation of trajectory:
8 2
“_-"T" x
2u” cos™ 0

2.2
u”sin“ 0

y=xtanB-

Maximum height: H =

2usin®

g
u?*sin26

Time of flight: T =

Horizontal range: R =

Linear acceleration,a=ro.

8

CURRENT ELECTRICITY

4| Electric Current i

ne
o I= i_z
t t
e In case of an electron revolving in a circle of radius r with
" Lo 2mr
speed v, period of revolutionis T = =——
v

. v
e Frequency ofrevolution 1= e
27r

. . e ev
Currentatany point of the orbitis [ = — = =
nr

A\ 4
—| Ohm’s Law, Resistance and Resistivity Ii

e V=1IR
® Resistance of uniform conductor oflength /and cross sectional
areaA, R= p_l
A

RA
e Resistivity or specific resistance, P = T

Effective specific resistance in series combination is
Pil +P2h
.Ill + 12
Effective specific resistance in parallel combination is
(41 +4,)01p2
APy + AP,

(Aissame).

(lissame).

A 4
Current Density, Conductance

and Conductivity
e Conductance, G = L
R
e Conductivity, g = 1 = L
p RA
e Currentdensity, ] = % =oE =nev,

—— Variation of Resistance with Temperature ——

e Temperature co

Electric Power

V2

If T,=0°C and T,

R,—R
Ry(Ty~T;)

efficient of resistance, ¢ =

= T °C then a:R? —Ry
RyxT

or Rp=R, (1 +aT)

R

—

Combination of Resistances

e In parallel, equ

—— _Kirchhoff’s Laws [————

closedloop,
ie.,2e=2IR

e Law of conservation of charge applied at a
junction, i.e., XI=0

e Law of conservation of energy applied in

resistances will

is same.

® Inseries, equivalent resistance, Rg=Ry + Ry +R3 +.....

1 1 1
e e ey
R Ry

ivalent resistance,
Rp

e For two resistances in parallel current through the two

RyI
Ri+R,’

Ryl
=

be, II = =
Ry +R,

e When resistances are connected in series, the current
through each resistance is same. In parallel combination voltage

!

Emf, Internal Resistance, Current in case

of Grouping of Cells

4 Drift Velocity and Mobility of Charge L °

Driftspeed, v, =

Mobility, K, = =

Current in terms of drift velocity,

eE

T from the cell, V

e Terminal pot

m
Vd

Emfofacell, &€ = 14

q

e Terminal potential difference where current is being drawn

=€g-1Ir

ential difference when the cell is being

charged V=¢+1Ir

e=V
e Internalresistanceofacell, 7 = R [— i|

no2 AE v e Groupingofidentical cells:
I=neAv; = =neAW,E =neAl, — ne
m l O Cellsinseries, | = (n cells)
R+nr
i i me
e Interms ofrelaxation timerT, O Cellsinparallel, I = (m cells)
mR+r
ne and p=— n O Cellsin mixed grouping, | = /% _
ne’tA ne’t mRur
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NEET|JEE
ESSENTIALS

Maximize your chance of success, and high rank in NEET, JEE (Main and Advanced) by reading this column.
This specially designed column is updated year after year by a panel of highly qualified teaching experts well-tuned
to the requirements of these Entrance Tests.

Unit MAGNETIC EFFECT OF CURRENT
3 AND MAGNETISM

& Magnetic Effect of Current C = ABsinb 7 C’ = BA sin® #’

e Moving electric charge — Magnetic field - Moving #— out of paper n’— into the paper
electric charge e Vector form of Biot-Savart Law

e Magnetic field is established by moving electric =y, Idixr W, 1dixr
charges (current) and in turn the field can exert a dB = an 3 = an 2

force (magnetic) on other moving electric charges Magnetic force on a moving charge
(current element). = =
F,=q(VxB)

e Biot - Savart Law : Magnetic field at a point P due o .
&= Magnetic Field Lines

to a current element Idl depends as
e Magnetic field lines are closed curves.

dBo< 1 ) .
B o di - o Tangent drawn at any point on field line represents
B e - +p |dB| direction of the field at that point.
dB o< sin I|al| el P o Field lines never intersect to each other.
4B 1 e Atany place crowded lines represents stronger field
2 while distant lines represents weaker field.
o Idl sin® e In any region, if field lines are equidistant and
On combining, dB o< 2 straight the field is uniform otherwise not.
W T Non-uniform field --------=---=----- > Uniform field
kIdl sin® —2=107(S.L.
dB="""""1" \herek = an (S.1) — -
=1(C.GS. >
= =
e  Vector cross product e -
- - Magnitudeis  Directionis  Both magnitude Both magnitude
B B not constant  not constant  and direction are and direction
not constant are constant
o (ACW) . p (CW) o Magnetic field lines exist inside every magnetised
i " i material.
L. L e Magnetic field lines can be mapped by using iron
C=AXB C’=BxA dust or using small magnetic needle.
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&= Application of Biot - Savart's Law

Magnetic field due to current carrying straight

conductor or wire

» Finite length wire :

Magnetic field due to
finite length wire at
point P
I
B, = :lﬁ(sine1 +sin0,)
» Infinite length wire :

Magnetic field due to +oo
semi infinite length
wire at point P 0, = 90°

2 S

I
B, =% (sin90°+sin90°) M
4nd

B, = M_OI e d-eeeeeees >
2nd

» Semi infinite length

wire: Magnetic field due

to semi infinite length 14

wire at point P

eI .
B, = E(sm 0+sin90°) M e{_f_.q_& ,,,,,,,,, P

Lé

Ml
B, =——(sin0+1
P 4nd( )

» Specialsemiinfinitewire: o
Magnetic field due to
special semi infinite
length wire at point P I

il

" 4nd :

[T I LorM
4nd

Magnetic field at the centre of current carrying

circular loop and coil

» Circular loop (N=1)

(sin0° +sin 90°) 0, = 90°

P

I
Bo - ML
2R
» Circular coil (N> 1)
KNI . .
B= R N = number of turns in coil

Magnetic field at the centre of
current carrying circular arc

w,Io ( B, )
B, =—— = B. =| —2|a w;
oo ATIR [1[o3 om e’

o)

Magnetic field at
axial point of the
current carrying

circular coil
2 P
w,NIR i F— -
* 2(362 +R? )3/2 7y axis of
the coil
> Ifx=0then (y-z plane of coil)
HoNI
Bmax = BO =
2R
» Ifx— toeothen B, =0
t, NIR?

» Ifx>>> R (very far points) then B, = e

x

» If x <<< R (very near points) then B, # B,
(maximum value) but by using Binomial
theorem and neglecting higher power of
(*/R)

» B-x curve : It B
is  symmetrical
about the centre of
coil (x = 0). Points

»
>

B (max)

of inflection are D Q
R/2 distance from
“R2 O +R2
the 4+—-x (x=0) +x—>»

centre of the coil. (centre)

Magnetic Flux

The number of magnetic field lines which are
crossing through given area of cross section is called
magnetic flux of that area.

Magnetic flux through /4—Plane of area
given area of cross 7] ;

section ﬁ%e—’é
0=B-A /4 >

7 >
\A
Where B— External magnetic field vector
A — Area vector which is directed perpendicular
to the plane of area of cross section.
0 — Angle between B and A.

Magnetic flux through a coil of N turns and A area
of cross section
0=N(B-A) = NBA cos®

¢ =BAcos0

When a plane of coil is perpendicular to the
external magnetic field direction then field is called
transverse for the coil. In transverse magnetic field,
magnetic flux through the coil is always maximum.
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e Whenplaneofcoilis parallel to the external magnetic » Forr=R,B;(2nR) =, I

field direction then field is called longitudinal for B Wol _
the coil. In longitudinal magnetic field, magnetic s~ onR (maximum)
flux through the coil is always zero. » Forr>R, By, 2nr) =pg I
c o« ®F x x_ OB _ B! 1
Bout - 2 = Bout -
. o _\e x X _ \X ~ r r
@A @A B » Forr=0,B,;=0
L[] ] ° X X X
AB
o o o X X X Bmax
8=0°=0=+NBA 0=180°=0=-NBA 0=90°=¢=0
(out flux) (in flux) (zero flux) o 1
Transverse field Transverse field Transverse field ‘{)dl out < ;
&= Ampere's Circuital Law
e It states that line ®L ol > r
integral of the g r=0 r<R r y R r>R
magnetic field along o . 5 55 (surface)
i ® ® I o - -
any closed path in I s < &= Magnetic Field due to Infinite Long Hollow

free space is equal

to U, times of net §1=(11—12+13){ up @ +ve Cylindrical Conductor

L—— circu

current, which S ) v e Current density, J = _ I _ constant, where
rossing through area bounded by the closed path. (b —a®)

Mathematically A=mb*-d%

cJSE dl= U, 21 e Magnetic field at specific positions

» r<a,B; =0

Limitati
. imitations » a<r<b,B,(2nr) =Yg L,

» This law is suitable for infinite long and )
symmetrical current distribution. B,(2mr)=u,I %
» Radius of cross section of thick cylinderical - ’ face)
wire and current density must be given to apply 22 7= alinnersurtace
Wl | r“—a = i
this law. B, :2;( R j = Bis=0 (min)
» Current density in a thick cylinderical wire r=b (outer ;urface)
must be constant. =B, = %(maximum)
& Magnetic Field due to Infinite Long Solid Al
Cylinderical Conductor or wire
. I ) ©>)
e Current density, ] =—— = constant; A = TR M
e Magnetic field at specific positions : BN
I’ < -/1>>3
» Forr< R’ Bin (271:7’) = H’OIenc = MO F — |
~N A s a4
N ) cross sectional
G g view
side view
» r>b>a,By(2nr) =yl
_ Mol
=
2mr

o For thin hollow cylinder, the
area of cross section of
conductor is negligible so
there is no concept of current

side view density.
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I
» B, = Moo [outer surface]
2TR
and B, = 0 [inner surface]
I
> B3 — ML
271r
» Buis=0
B

r=R
(Outer surface)

r=0
(axis)
The Solenoid
It is a coil which has length and used to produce

uniform magnetic field of long range.
Finite length solenoid

Type (by Biot-Savart Law)

Infinite length solenoid
(by Biot-Savart Law and
by Ampere Circuital Law)
Magnetic field on the axial point inside of solenoid
of finite length

B= uonl
2

(cos 0, —cos0, )

End-II
where n — turn density (N/1)
N — total number of turns
1 — length of solenoid
r — radius of solenoid

If solenoid length is infinite then

nl
B= MOT (cos0°—cos180°) = Wl (unifrom)

Magnetic field at end point of infinite solenoid
uonl Uonl

2
Magnetic field outside the volume of the infinite
solenoid approaches to zero.

B= (cos90°—cos180°) =

If magnetic permeability of solenoid frame is W,
then field produced by the solenoid B = pyu, nl

AB
Wonl

uOnI/Z/

\’ Wonl/2

M

b ena 1 centre ena 27
“—]2—>ret— 12 —»

& Toroid

A toroid can be considered as a ring shaped closed
solenoid.

Magnetic field inside a toroid by Ampere’s Circuital
Law given as

B = Monl
. N
where n = turn density =
2mR,,
N = total number of turns

R +R
R,, = mean radius of toroid = (%j

R, and R, are internal and external radius of toroid
respectively.

Motion of Charge in Uniform Transverse
Magnetic Field

When a charge +¢ projected in uniform transverse
magnetic field (6 = 90°, ¥ L B) then maximum
magnetic force of constant magnitude always acts
perpendicular to its direction of motion so the
charge moves along circular path and required
centripetal force provided by the magnetic force.

Magnetic force on moving charge given as

2 X X X X X —
F,,=qvB= mv_ i z ®B
r
. . (g, m)
» Radius of circular path s 3

—ﬂ—i— 2mEK
gqB 4B gB

\2mqV

qB

v poe By =7
» Area bounded by the charge in uniform
transverse magneticfieldisdirectly proportional
to r*(A = mtr?)
Aoc r?oc vroc pPoc Exoc V

X X X X

» Time period of charge in circular motion

T ﬂ _ 27tm
v qB
1 qB
» Frequencyv=—-=
1 Y T 2mmy
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D



Angular frequency m = 98
m

» Kinetic energy of charge

2 2
g =2 o g U8
2m

2m

&~ Motion of Charge in Uniform Magnetic Field at

an Acute Angle (0° < 0 < 90°)

When a charge particle projected in uniform
magnetic field neither perpendicular norparallel
then trajectory of charge is called helix.

Axis of helix : It is a straight line along external
magnetic field which joins all the centres of circular
turns.

Radius of circular path

g(vsin)B = Sin 0 _ _mv s;ne
q
y-axis
E v,=vsin0

L
axis of
\/ helix

Time period of circular motion
2 2
po 2 _2nm
vsin® ¢B
» It does not depends on angle of projection with
the field direction.

Pitch of helix (p) : The linear distance travelled by
the charge particle in one rotation along external

(g m) vy=vcos® g

(uniform)

magnetic field direction is called pitch of helix.
271myv cos 0

qB
Magnetic Force on a Current Carrying Conductor

p=WwcosO)T =

Net mobile charge carries in a conductor, g = nAle
Average drift velocity of electron = v,

Magnetic force on charge

E, =(nAle(ii; x B)=[(neV; )Al]x B
=(JADxB=1(I xB)
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For an arbitrary shape of wire.
F=Y'I(dl, x B)
i
This force acts through the centre of the rod.

Magnetic Force between Two Long Parallel
Current Carrying Wires

Parallel currents Antiparallel currents

1 2 1 2
Attraction Repulsion
Lol 14 T
3 2nd ;F—é)B2 B, (%»
dF,, dF,, 1B L, e 21
> omd
—d— —d—

Consider a small element of length dl on each
wire. Each element is at right angle to the external
magnetic field produced by other wire, so magnetic
force experienced by each element of the wire is
given as

I - —
dF, =B,I,dl = (_20 ; jlldl (where I,dl L By)
TU

I — —
dE,, = B,1L,dl = (%jzzdz (where I,dl 1 By)
T

Magnetic force per unit length of each wire is given

as
dE, _ dE, _ Ko Li1,
dl dl 2nd

Application : Equilibrium of free wire

» Upper wire is free
Mol I (m)
= )\/ =| —
a0 \1)8
(stable equilibrium condition),
Where A = mass per unit length of free wire.
W' = weight per unit length of free wire.

» If free wire is slightly displaced and released
then it will execute S.H.M. in vertical plane. The

time period of S.H.M. is given by, T = Zn\/z
g

/e Finite length (m,
inite length (m,
51 /
(Stable  (free) < \ or
equilibrium) T l Infinite length (A, W)

h (height) A8
I 1

(fixed) (Source)



» Lower wire is free

I.I
Rolify _ Ag= (ﬂJ ¢ (Unstable equilibrium)

2md )
=
(Unstable 5 LU0 (Source)
equilibrium) VT I 1
I

h (depth) T / Finite length (m, I)
(free) < or

I l \Inﬁnite length (A, W")
Ag

&~ Magnetic Dipole Moment

e A magnetic dipole consists of a pair of magnetic
poles of equal and opposite strength separated by
small distance. e.g. Magnetic needle, bar magnet,
current carrying solenoid, current carrying coil or
loop.

e Magnetic moment of bar magnet

Neutral point

i—>A
—m +m ]
[o b4 R
Magnetic—fI | I_'—I

axis

S—— (| ——— >IN i
B / . Cross
I¢ 0 » .
sectional
view

e Magnetic moment of current carrying coil (or loop)

» Current carrying coil
(or loop) behaves like @ @
magnetic dipole. The face

of coil in which current appears to flow ACW
acts as north pole while face of coil in which
current appears to flow CW acts as south pole.

» A loop of geometrical area A, carries a current
I then its magnetic moment is given as
M=IA

» For a coil of turns N, M = NIA

& Magnetic Dipole in Magnetic Field
o Torque on magnetic dipole
» Bar magnet
T = force X perpendicular distance between
coupled force
T = (mB) (Isin®) = MB sin6, where M = ml
06=90° = 1= MB(max)
{6 =0° = 1=0(min)

(L — » B (uniform)

cw s/
L:m—mB “in

Vector form, T= M x B

» Coil or loop
T=MxB, here M =NIA,
T=NI(AxB), T=BINAsin0
0=90° = 1= BINA(max)
{9 =0°0r180° = T=0(min)

M
I CW
9 .
o) » B (uniform)

Plane of coil

Work done in rotating a magnetic dipole in a
uniform magnetic field

0, 0, 0,
W= f dw = j 1d0= j MBsin0do
0, 0, 0,

W = MB (cosB; - cosb,)
Potential energy of magnetic dipole
It is the work done in rotating the dipole through

an angle O with respect to a direction perpendicular
to the field.

U=-MB cos=—M- B

Moving Coil Galvanometer
It is an instrument used for the detection of small
current.
Principle : When a current carrying coil is placed in
a magnetic field, it experiences a torque.
In moving coil galvanometer the current I passing
through the galvanometer is directly proportional
to its deflection ().

I <0 or I=G0.

where G = = galvanometer constant

ko
NAB
A = area of a coil, N = number of turns in the coil,

B = strength of magnetic field, k = torsional constant

of the spring i.e. restoring torque per unit twist.
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54

Current sensitivity : It is defined as the deflection
produced in the galvanometer, when unit current
flows through it.

| _0_NAB

Ik
Voltage sensitivity : It is defined as the deflection
produced in the galvanometer when a unit
voltage is applied across the two terminals of the
galvanometer.

6 06 I; NAB
' V. IR R kR

Ammeter : It is an instrument used to measure
current in an electrical circuit.

» Conversion of galvanometer into a ammeter

I S
S — g G VWAA
-1 g Al-1,
» Ammeter is a low —;——7—@——;—

resistance instrument
and it is always connected in series to the circuit.
An ideal ammeter has zero resistance.

» In order to increase the range of an ammeter
n times, the value of shunt resistance to be

connected in parallel is S = G/(n - 1).
Voltmeter : It is an instrument used to measure
potential difference across any element in an
electrical circuit.

» Conversion of galvanometer into voltmeter

R=1 -G
8
() A
o > VWWWN—>———
I N R
8
< v S

» Voltmeter is a high resistance instrument and it
is always connected in parallel with the circuit
element across which potential difference is to
be measured. An ideal voltmeter has infinite
resistance.

» In order to increase the range of voltmeter n
times the value of resistance to be connected in
series with galvanometer is R = (n - 1)G.

Vibration Magnetometer

It is an instrument used to compare the horizontal
compoment of earth's magnetic field at two different
places and magnetic moment of two bar magnets.
Principle : Whenever a freely suspended bar magnet
in earth's horizontal magnetic field (Bp) is slightly
disturbed from its equilibrium position then it will

PHYSICS FOR YOU | SEPTEMBER 16

experience a torque and excutes angular S.H.M.
Time period of angular S.H.M.

27 I
T=—=2m
o MB,,
I = moment of interia of bar magnet

M = magnetic moment of bar magnet

The Earth’s Magnetism

Magnetic declination : Magnetic declination at a
place is defined as the angle between the geographic
meridian and magnetic meridian.

Magnetic dip or inclination : Magnetic dip at a place
is defined as the angle made by the earth’s magnetic
field with the horizontal in the magnetic meridian.
It is denoted by 9.

True north

4
%S Declination

Magnetic equator

Geographic equator

&

(@) (b)
(a) The earth as a giant magnetic dipole
(b) A magnetic needle free to move in horizontal plane,
points toward the magnetic north-south direction.

Horizontal component of earth’s magnetic field (By)
At a given place horizontal

Geographic
componentofearth’smagnetic " meridian
field is the component of D> o
resultant magnetic field of P By ‘ 8
the earth along the horizontal ¥B y B,
line in magnetic meridian. ;
Horizontal component along o'

OP, By; = Bcos & i .
Vertical component along Magnétic meridian
OR, By, = Bsin
tand=2V. p- \ By +BY

By

Magnetisation and Magnetic Intensity
Net magnetic moment per unit volume of a sample
known as its magnetisation (M).

M: mnet
v >



For current in coils and conductors, magnetic .3 b
intensity H is defined as B=Bo+ioM
By
H=—=nl _ . . _
Wh & tic field i lied t terial, th B, I =ui o M=t
en a magnetic field is applied to a material, the _ _ _
material getf magnetised. The actual magnetic field = Mo My = Mo (1 +0) = My = 14 %
(B) inside the material is the sum of the applied & Classification of Magnetic Materials

magnetic field (By) and the magnetic field due to o« On the basis of magnetic properties of the material

Ezuo(ﬁ*'ﬁ) (¢ Bo zuoﬁ)

magnetisation (M). those are divided in three classes
Properties Diamagnetic Paramagnetic Ferromagnetic
Cause of magnetism | Orbital motion of electrons | Spin motion of electrons Formation of domains
Substance placed in | Poor  magnetisation  in | Poor magnetisation in same | Strong magnetisation in
uniform  magnetic | opposite direction. direction. same direction
field. Here B,, < B, Here B,, > B, Here B,, >>> By,
_/\9__ _v>_— «
M—=<¢ - S M il
e e G >
e G S
M - H curve M — Small, negative, varies | M — Small, positive, varies | M — Very large, positive
linearly with field linearly with field and varies non-linearly with
M. M field
M:
H H
H
Xm — T curve YXm — Small, negative and |y,, — Small, positive|y,, — Very large, positive
temperature independent and varies inversely with | and temperature dependent
o temperature 1 . .
Xom < T . 1 Xm < 77 (Curie Weiss
Ym < — (Curie law) C
T law) (for T> T)
Xm“ Kt \ Ani / \\
T >
B | T T
T¢ (iron) = 770 °C or 1043 K
My (L<pg) 1>p,>0 1+e>pu,>1(u> o) 1 >>>1 (>>> )

&~ Hysteresis

The phenomenon of lagging of the magnetic induction behind the magnetising field in a ferromagnetic material
is called hysteresis. The area of the hysteresis (B-H) loop gives the energy wasted in a sample when it is taken
through a cycle of magnetisation.

e The magnetic induction left behind in the sample after the magnetising field has been removed is called

retentivity.

o The value of the reverse magnetising field required to make the residual magnetism of a sample equal to zero

is called coercivity.
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SPEED§f-”RACTICE

A conductor is bent in I
the form of concentric
semicircles as shown

in the figure. The

upto e
magnetic field at the O a2d4aga
point O is (Distances a, 24, 44, ... are not to scale)

I 1 I
@ zero () B2 (9 BT @) B

A thin rod is bent in the shape of a small circle of
radius r. If the charge per unit length of the rod is A,
and if the circle is rotated about its axis at a rate of
L rotations per second, the magnetic field at a point
on the axis at a large distance y from the centre is

@ Wy Tt VA b) 2u,mr vk
3 3
J J
© o A ) Wy VA
4my’ 2my’

A uniform electric field E in the y-direction and
uniform magnetic field B in the x-direction exist in
free space. A particle of mass m and carrying charge
q is projected from the origin with speed v, along
the y axis. The speed of the particle as a function of
its y coordinate will be

2qEy » 4qEy

SO U (e
E

@ artE @

When a positively charged particle enters into a
uniform magnetic field with uniform velocity, its
trajectory can be (i) a straight line (ii) a circle (iii) a
helix.

(a) (i) only (b) (i) or (ii)

(¢) (i) or (iii) (d) Any one of (i), (ii) and (iii)
A straight horizontal conducting rod of length
50 cm and mass 50 g is suspended by two vertical
wires at its ends. A current of 5.0 A is set up in the
rod through the wires. What magnetic field should
be set up normal to the conductor in order that the

tension in the wires is zero? (Take g=10 m s72)
() 0.05T (b) 0.1 T (c) 0.2T (d) 05T
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6.

10.

Themagneticinductionandtheintensity of magnetic
field inside an iron core of an electromagnet are
1 Wb m™% and 150 A m™" respectively. The relative
permeability of iron is (Ly = 47 X 10~ henry m™)
6 5 3 3

@ o @ @

4in 67 4in 6T
A bar magnet of magnetic moment 1.5 J T~ lies
aligned with the direction of a uniform magnetic
field of 1 T. What is the amount of work required by
an external torque to turn the magnet so as to align its
magnetic moment, opposite to the field direction?
(@ 2] ()3] (o) 4] (d) 6]
A vibration magnetometer placed in magnetic
meridian has a small bar magnet. The magnet
executes oscillations with a time period of 2 s in
earth’s horizontal magnetic field of 24 uT. When a
horizontal field of 18 uT is produced opposite to the
earths field by placing a current carrying wire, the
new time period of the magnet will be
(a) 1s (b) 2 s (c) 3s (d) 4 s
Circular loop of a wire and a long straight wire carry
currents I, and I, respectively as shown in figure.
Assuming that these are placed in the same plane,
the magnetic fields will be zero at the centre of the
loop when separation H is

Circular wire

v «
Straight wire Te
IR I.R il mil,
@ — ® — (© — (@
I I IR IR

An electron having momentum 2.4 x 102 kg m s™*
enters a region of uniform magnetic field of 0.15 T.
The field vector makes an angle of 30° with the initial
velocity vector of the electron. The radius of the
helical path of the electron in the field shall be

(@) 2mm (b) 1 mm (c) 1.5 mm (d) 0.5 mm



11. A vertical circular coil of radius 0.1 m and having
10 turns carries a steady current. When the plane
of the coil is normal to magnetic meridian, a
neutral point is observed at the centre of the coil. If
By =10.314 x 1074 T, then current in the coil is
(@ 025A (b) 05A (c) 1A (d) 2A

12. A rectangular coil of length 0.12 m and width 0.1 m
having 50 turns of wire is suspended vertically in a
uniform magnetic field of strength 0.2 Wb m™ The
coil carries a current of 2 A. If the plane of the coil is
inclined at an angle of 30° with the direction of the
field, the torque required to keep the coil in stable
equilibrium will be

(a) 0.24 N'm (b) 0.12N m
(c) 0.15Nm (d) 0.20 N m
(AIPMT 2015)

13. A proton and an alpha particle both enter a region
of uniform magnetic field B, moving at right angles
to the field B. If the radius of circular orbits for
both the particles is equal and the kinetic energy
acquired by proton is 1 MeV, the energy acquired
by the alpha particle will be
(a) 1.5MeV (b) 1 MeV
(c) 4MeV (d) 0.5 MeV(AIPMT 2015)

14. In an ammeter 0.2% of main current passes through
the galvanometer. If resistance of galvanometer is
G, the resistance of ammeter will be

499 500
(a) —G (b) —G (¢) —G (d) —G
499 500 500 499
(AIPMT 2014)

15. Following figures show the arrangement of
bar magnets in different configurations. Each
magnet has magnetic dipole moment m . Which
configuration has highest net magnetic dipole

moment?
N
(1) IsIs ] 2)
=
(3) (4)
(@ (1) (b) 2) () ) (d) (4
(AIPMT 2014)

16. Two identical wires A and B, each of length I, carry
the same current I. Wire A is bent into a circle of
radius R and wire B is bent to form a square of side a.

17.

18.

19.

If B, and Bp are the values of magnetic field at the
centres of the circle and square respectively, then
B
the ratio —2 is
B
2 2 2

n n s
(a) Y (b) loha ©) T

TEZ
82
(JEE Main 2016)

Hysteresis loops for two magnetic materials A and
B are given below

T 7.

(4) (B)

These materials are used to make magnets for electric
generators, transformer core and electromagnet
core. Then it is proper to use
(a) A for electric generators and transformers.
(b) A for electromagnets and B for electric
generators.
A for transformers and B for electric generators.
B for electromagnets and transformers.

(JEE Main 2016)

A galvanometer having a coil resistance of
100 €2 gives a full scale deflection, when a current of
1 mA is passed through it. The value of the resistance,
which can convert this galvanometer into ammeter
giving a full scale deflection for a current of 10 A, is

(@) 0.01Q (b) 2Q
() 01Q (d)3Q

Two long current carrying thin
wires, both with current I, are
held by insulating threads of
length L and are in equilibrium
as shown in the figure, with
threads making an angle 6 with
the vertical. If wires have mass A per unit length then
the value of I is (¢ = gravitational acceleration)

/ngL n}»gL
nAgL
(c) sin0O £ (d) 2sin0® mAgL
Ug cos O U cosO

(JEE Main 2016)

57)

(d)

(©)
(d)

(JEE Main 2016)
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20. A long straight wire of radius a carries a steady
current I. The current is uniformly distributed over
its cross-section. The ratio of the magnetic fields B

and B’, at radial distances 2 and 2a respectively,
2

from the axis of the wire is
1 1
(a) 1 (b) 4 (c) " (d) B
(NEET Phase-I 2016)

SOLUTIONS

1. (b): Magnetic field at the centre of a semicircular
current carrying conductor is given by
g alm
4ma 4a
where a is the radius of the first semicircle.
The current in all the semicircles is the same but its
sense is alternately opposite and the radii are in the
proportion1:2:4:8: 16:....... .
Net magnetic field at the point O is
p=to! [1—l+l—l+ Lol }
4a 2 4 8 16 32

4 4
Z&iejz&ﬁ
4a \3 6a
2. (a): Current in the rod, T = M = 2mrAv
(1/v)

Magnetic field at a point on the axis at a distance y
from the centre of current carrying circular rod is

Wy 2mlr?
T Am . o312
41 <r2 +)’2)32
If y >> r, then
I 2 2 3}\’
B =R B o) = D
2y 2y y

3. (a): Here, E= E}'; B= Bg; V= VO}
The Lorentz force acting on a charged particle of
charge g and mass m is

F=q(E+vxB) o
=q(Ej + v,jx Bi) =q(Ej — v,Bk)
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g = .
nay = (1)
and 4 — 208 (i)

‘ m
From equation (i), we get

.  m dy dt m

_ qEdy
ydvy -

m
Integrate both sides of the above equation, we get

Vy y
qEdy [ 2 2qEy
d = —_— = + —_—
1;'.1/}, Vy '(l). m et Vy VO "
0
(d)

(c): Here,[=50cm =50%x 107> m
m=50g=50x10"kg I=50A

Tension in the wires is zero if the force on the rod
due to magnetic field is equal and opposite to the
weight of the rod.

ie, mg =Bl = B=—>

Substituting the given values, we get
50 X 107 X 10
B —

= > =02T
5%X50x10"
(b): Here, B=1 Wb m"z; H=150 Am™’
B
B=pou,H = p, =
uoH
Lo

M = =
" 4mx107 x150 6T

(b): The amount of work done by the external
torque is given by

)
W= IText do

0

)
= I MB sin0d 0 = MB(cos(:)1 - cost)

6,
Here, 0, =0%0,=180%M=15J T B=1T
Substituting the given values, we get
W=(15]JT") (1T) [cos0°® - cos180°] =3 ]
(d): The time period T of oscillation of a magnet is
given by

T=21t,/L
MB

As I and M remain the same,



10.

11.

12.

13.

1 T B
To<—or 2= |2+
JB T, \B,
According to given problem,
B;=24uT,B,=24uT-18uT = 6w, T; =25

T =29 24 uT
p=les 6 UT =4s

(a) : Magnetic field at the centre O of the circular

- 27l
current loop is B = B 21 ©)
41t R

Magnetic field at the centre O of the circular
loop due to current through long straight wire is
- 21
B, = Ho =% ®

4n H
As the resultant magnetic field at O is zero (given),
SO Bl = Bz
ﬁ_znlc :ﬁ& or H:IeR
4 R 4 H L

(d): The radius of the helical path of the electron in
the uniform magnetic field is

mv, mvsin® psin6
eB eB eB
_2.4x107% xsin30°
1.6x107" x0.15
=5x10*m=0.5x10"m=0.5mm
(b): Given: r=0.1m,N=10, By, =0314x107*T
Magnetic field at the centre of current carrying
circular coil
_ WyNI
2r
Since at neutral point, the magnetic field due to
circular coil is completely cancelled by the horizontal
component of earth’s magnetic field. Therefore,
NI
MoV B
2r
2B, 2x0.1x0.314x107"

N (4mx107)x10

r=

B

B=By or I

=05A

(d): The required torque is
T = NIABsin0O
Here, N=50,1=2A,A=0.12mx0.1 m = 0.012 m?
B=0.2Wbm™2and 6 =90° - 30° = 60°
T =(50)(2 A)(0.012 m?)(0.2 Wb m™?) sin60°
=020 Nm

(b)

14.

15.

16.
17.

18.
19.

nnnnnn

(c) : Here, resistance of the N
galvanometer = G Current
through the galvanometer,

Ig=02%o0f =221 1)k @
100 500 1
As shunt and galvanometer are in parallel

IGG = IsS or IGG = (I - IG)S

(L[jG:(ﬁ[jS or S:i
500 500 499

Resistance of the ammeter R, is given by

1 1,1 1,489 50  p-lg
R, G S G G G 500
(c) : The direction of magnetic dipole moment is
from south to north pole of the magnet.

For the configuration shown in figure,

Mo = \/m2 +m® +2mmcos® =+2m’(1+cosH)

From the given values of 6,

cosO is maximum for 6 = 30°.
Hence configuration (3) has
maximum value of m

(d)
(d): For both, the electromagnet and transformer,
the magnetic field changes with time. Hence the
energy loss must be less in both devices. Hysteresis
loop represented in B has less area which means it
dissipates less energy.

(a)

(d): Let the length of right
wire be [, then its mass is AL
Forces acting on this wire
are tension (T), weight (Alg)
and force of repulsion
due to other wire (F).
From figure, T cosf = Alg

net*

20. (a)

Tsin® =F
Here, F = g—;_)[ ﬁ
or Tsin@= ;*—ft % (Using (ii))
or f)’sge sinf = £ @%16) (Using (1))
= 1=, %j?ge =2sin0O Mziffe
OB
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Electromagnetic Induction and AC

Electromagnetic Waves

GENERAL INSTRUCTIONS
V)
(i)

(iii) Q.no. 6 to 10 are short answer questions and carry 2 marks each.

All questions are compulsory.

(iv) Q.no. 11 to 22 are also short answer questions and carry 3 marks
each.

V)

(vi) Q.no. 24 to 26 are long answer questions and carry 5 marks each.

Q. no. 23 is a value based question and carries 4 marks.

(vii) Use log tables if necessary, use of calculators is not allowed.

Q. no. 1 to 5 are very short answer questions and carry 1 mark each.

Time Allowed : 3 hours
Maximum Marks : 70

Previous Years Analysis
2016 2015 2014
Delhi |Al Delhi | Al Delhi | Al
VSA 2 - 1 1 - 3
SA-| - - - - 1 1
SA-Il 2 2 2 2 1 2
VBQ - 1 1 1 - 1
LA 1 1 - - 1 -

SECTION-A

1. A light metal disc on the top of an electromagnet is
thrown up as the current is switched on. Why? Give
reason. 8.

2. Thecurrentina wire passing
normally through the centre of
a conducting loop is increasing
at a constant rate. Will any

current be induced in the loop? I 9.

3. The frequency of a.c. is doubled. How do R, X; and
Xc get affected?

Which part of electromagnetic spectrum is used for
LASIK eye surgery, and why?

5. How does a charge oscillating at certain frequency
produce electromagnetic waves?

6. State Faraday's laws of electromagnetic induction.
Express them mathematically.

7. Considering the case of a parallel plate capacitor

60)
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10.

being charged, show how one is required to
generalize Ampere's circuital law to include the
term due to displacement current.

A coil with an average diameter of 0.02 m is placed
perpendicular to a magnetic field of 6000 T. If the
induced emf is 11 V when the magnetic field is
changed to 1000 T in 4 s, what is the number of
turns in the coil?

An a.c. source of frequency 50 Hz is connected to
a 50 mH inductor and a bulb. The bulb glows with
some brightness. Calculate the capacitance of the
capacitor to be connected in series with the circuit
so that the bulb glows with maximum brightness.

OR

A coil offers an inductive reactance of 18.0 Q at a
frequency of 50 Hz. What is the self-inductance
of the coil? What reactance will the coil offer at a
frequency of 20 kHz?

The oscillating magnetic field
electromagnetic wave is given by

in a plane



B,=8x10"sin[2x 10" £+ 300 T x] (in T)

(a) Calculate the wavelength of the wave?

(b) Write down the expression for the oscillating
electric field?

SECTION-C

11.

12.

13.

14.

15.

16.

17.

Name the SI unit of magnetic flux and show that
it equals volt-sec. Give three possible ways of
producing an induced emf in a coil giving an
example in each case.

Figure given below shows an arrangement by which
current flows through the bulb (X) connected with
coil B, when a.c. is passed through coil A.

Explain the following observations

X
® Coil A CoilB 3

(a) Bulb lights up.

(b) Bulb gets dimmer if the coil 'B' is moved
upwards.

(c) Ifa copper sheet is inserted in the gap between
the coils how the brightness of the bulb would
change?

Calculate the total energy Up and the energy density

up of the magnetic field stored in a solenoid 0.5 m

long, having 5000 turns and a current 10 A. The

radius of the solenoid is 4 cm.

Define self inductance and give its units. Derive an

expression for self inductance of a long, air-cored

solenoid of length [, radius r having N number of
turns.

Which constituent radiation of the electromagnetic
spectrum is used : (i) in radar (ii) to photograph
internal parts of a human body and (iii) for
taking photographs of sky during night and foggy
conditions?

Give one reason for your answer in each case.

Derive the relation between electric field, magnetic
field and the speed of an electromagnetic wave.

A bar magnet M is dropped so that it falls vertically
through the coil C figure (a). The graph obtained
for voltage produced across the coil versus time is
shown in figure (b).

(a) Explain the shape of the graph.
(b) Why is the negative peak longer than the
positive peak?

V(mV) »

/\ t(ms) »

(a) (b)

18. A 750 Hz, 20 V source is connected to a resistance of

100 Q, an inductance of 0.1803 H and a capacitance
of 10 UF all in series. Calculate the time in which
the resistance (thermal capacity = 2 J °C™") will get
heated by 10 °C.

19. (a) An electric heater is connected, turn by turn, to

DC and AC sources of equal voltages. Will the rate of

heat production be same in the two cases? Explain.

(b) What are the disadvantages of AC as compared
to DC?

20. An inductive circuit draws a power 550 W from a

220V - 50 Hz source. The power factor of the circuit
is 0.8. The current in the circuit lags behind the

1 _
voltage. Show that a capacitor of about on x107% F

will have to be connected in the circuit to bring its
power factor to unity.

OR
A radio can tune over the frequency range of
a portion of MW broadcast band (800 kHz to
1200 kHz). If its LC circuit has an effective
inductance of 200 uWH, what must be the range of its
variable capacitor?

1. When a circuit element X is conneted across an a.c.

source, a current of v/2 A flows through it and this

current is in phase with the applied voltage. When

another element Y is connected across the same a.c.

source, the same current flows in the circuit but it

leads the voltage by m/2 radians.

(a) Name the circuit elements X and Y.

(b) Find the current that flows in the circuit when
the series combination of X and Y is connected
across the same a.c. voltage.
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22.

(c) Plot a graph showing variation of the net
impedance of this series combination of X and
Y as a function of the angular frequency of the
applied voltage.

A 25.0 UF capacitor, a 0.10 H inductor and a 25.0 Q

resistor are connected in series with an a.c. source

whose emf is given by € = 310 sin 314 t V.

(a) What is the frequency of the emf?

(b) What is the reactance of the circuit?

(c) What is the impedance of the circuit?

(d) What is the current in the circuit?

(e) What is the phase angle of the current by which
it leads or lags the applied emf?

SECTION-D

23.

Two friends were passing through the market.
They saw two welders using welding machines.
One welder was using the goggles and face masks
with window in order to protect his face. The other
one was welding with naked eyes. They went to the
welder who was not using face mask and explained
him the advantages of goggles and masks. Next day,
the welder bought a set of goggles and began to do
his work fearlessly.
(a) What values were displayed by two friends?
(b) Why do welders wear glass goggles or face
masks with glass windows while carrying out
welding?

24.

@

(a) Draw a schematic diagram of an ac generator
describing its basic elements. State briefly its
working principle. Draw a plot of variation of
alternating emf versus time generated by a loop
of wire rotating in a magnetic field.

Why is choke coil needed in the use of
fluorescent tubes with ac mains?

OR
What are eddy currents? Write their two

(b)

(a)
applications.

Figure shows a rectangular conducting loop
PQSR in which arm RS of length [ is movable.
The loop is kept in a uniform magnetic field B
directed downward perpendicular to the plane
of the loop. The arm RS is moved with a uniform
speed .
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25.

26.

Xp X X X X
X[ x X x X
x| X X
X[ x X X X
X0 X XS X X

Deduce expressions for

(i) the emfinduced across the arm RS,

(ii) the external force required to move the arm,
and

(iii) the power dissipated as heat.

Draw a schematic diagram of a step-up transformer.
Explain its working principle. Deduce the expression
for the radio of secondary to primary voltage in
terms of the number of turns in the two coils. In
an ideal transformer, how is this ratio related to the
currents in the two coils?

How is the transformer used in large scale
transmission and distribution of electrical energy
over long distances?

OR

Derive an expression for the impedance of a series
LCR circuit connected to an a.c. supply of variable
frequency.

Plot a graph showing variation of current with the
frequency of the applied voltage.

Explain briefly how the phenomenon of resonance
in the circuit can be used in tuning mechanism of a
radio or a TV set.

(a) Derive the relationship between the peak and
the rms value of current in an a.c. circuit.
Show that in an a.c. circuit containing a pure
inductor, the voltage is ahead of current by 7/2
in phase.

(b)

OR

Define mutual inductance. Deduce an expression
for the mutual inductance of two long coaxial
solenoids having different radii and different
number of turns.

State Lenz's law. Give one example to illustrate
thislaw. Lenz's law is a consequence of the law of
conservation of energy. Justify this statement.

(a)

(b)

SOLUTIONS

1.

As the electric current is switched on, the increasing
magnetic flux sets up eddy current in the disc and
convert it into a small magnet. This disc has same
polarity as that on the top of the electromagnet and
hence it is thrown up due to repulsion.



The magnetic lines of force due to the current I are
parallel to the plane of the loop. The flux linked
with the loop is zero. Hence no current is induced
in the loop.

(i) R remains unaffected.
(ii) X gets doubled, because X o< v
(iii) X becomes one-half of the original value,

1
because X o< —
v

Ultraviolet rays are generally used for LASIK eye
surgery because being of shorter wavelengths, these
can be easily focussed into very narrow beam for
high precision required in the surgery.

The oscillating charge produces an oscillating
electric field in space. It produces an oscillating
magnetic field, which, in turn, is a source of
oscillating electric field and so on. In this way, the
oscillating electric and magnetic fields regenerate
each other and as a result, an electromagnetic wave
propagates through free space.

Faraday's laws of electromagnetic induction can be
stated as follows
First law : Whenever the magnetic flux linked
with a closed circuit changes, an emf (and hence a
current) is induced in it which lasts only so long as
the change in flux is taking place. This phenomenon
is called electromagnetic induction.
Second law : The magnitude of the induced emf is
equal to the rate of change of magnetic flux linked
with the closed circuit.
Mathematically, according to the Faraday's flux rule,
Magnitude of induced emf

= Rate of change of magnetic flux

or |g|:@
dt

or 8:—@
dt

The negative sign indicates that the direction of
induced emf is such that it opposes the change in
magnetic flux.

If the coil consists of N tightly wound turns, then
total induced emf will be

e=-N2
dt

If the flux changes from ¢, to ¢, in time ¢, then the
average induced emf will be

= _NM , where ¢ is in webers, f in seconds,
t
and € in volts.

7. According to Ampere's circuital law,

Cﬁg.azuol (1)
C

As the current I flows across the area bounded by
loop Cy, so

Capacitor plates
I I I C I
=600 D0
It — |||—~/T6—
Battery Key Battery  Key
(a) (b)
gSB-E:MOI ..(ii)

G

But the area bounded by C, lies in the region
between the capacitor plates, so no current flows
across it.

Sﬁ B.di=0 ...(ii)
G

Imagine the loops C; and C, to be infinitesimally
close to each other, as shown in figure (b). Then we
must have

§5-a-§5d
G G

This result is inconsistent with the eqns. (ii) and

(iii). To remove this inconsistency, Maxwell argued

that a changing electric field between the capacitor

plates must induce a magnetic field which, in turn,

must be associated with a current. Maxwell called

this current as the displacement current. It is given

by

d
dt
The total current must be
I=1 I =1 0p
= Lconduction T displacement ~ C € dt

Hence, the generalised from of the Ampere's
circuital law is

dt
C
Here, r:%z0.0l m

B, =6000T,B,=1000T,t=4s,e=11V
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10.

64

Now e= 12270, [B2 =B
t t
:N.nrz.w
t
1=Nx2x(0 01)lelooo—soool
7 4

11x7x4
=28

22%(0.01)> X 5000
As per question, frequency, v = 50 Hz,
L=50mH=0.05H
The bulb glows with maximum brightness when its
impedance is minimum or equal to the resistance of
the bulb filament and for this,
XL—XCZOOI'XL:XC
1
oC
11 1
0’L 470D 4x(3.14)% x(50)* X0.05
=2.03x10~* F=203 uF

OR

Here, initial frequency, v = 50 Hz and inductive
reactance, X; = 18.0 Q
As per relation, X; = 0L = 2n0L, we have
Inductance,
L=ﬁ=¢=0.0573 H=57mH
21TV 2X3.14%50
If frequency is changed to v’ = 20 kHz = 20 x 10° Hz,
the new value of reactance,
X} =2m0'L =2x3.14x20x10° x0.0573
=72%x10°Q

Here, B, =8 x 10~° sin[2 x 10'" £ + 300 7 x]
(a) The Y-component of the magnetic field is
given by
. t x
B)/ = BO Slnzn(?‘f‘x)
Comparing the given equation with the above
equation
2n =3007
& 2
or A=——=667x10" m
300
(b) Since the direction of propagation of the e.m.
wave is along negative X-axis and the magnetic field
is along negative Y-axis. Hence, the electric field is
along negative Z-axis and expression for it is given by
X

A

Number of turns, N =

or L=

= C=

t
E_=E,sin2m| —+
z 0 (T
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11.

12.

13.

Here, Ey = Byc =8 x 10° x 3 x 10% = 2400 V m™!
21 21
Since 7=300 7 and ?=2><1011, we have

E,=2400sin [2 x 10" £+ 300 x] (in Vm™)

SI unit of magnetic flux is weber (Wb). By Faraday's
law

d
el =2
dt
1 volt = ﬂ or 1 weber = 1 volt - 1 sec.
1 second

Magnetic flux linked with a closed coil is given by
0 =BAcosH

Whenever ¢ changes, emf is induced. Hence emf
may be produced by three methods,

(i) by changing the magnetic field B, e.g, by
changing the relative separation between a closed
coil and magnet.

(ii) by changing the area A of the closed coil, e.g.,
by moving a closed loop into and out of a region of
magnetic field.

(iii) by changing the relative orientation 0 between
a closed coil and a magnetic field, e.g., by rotating
a closed coil about an axis perpendicular to the
magnetic field.

(a) Bulb lights up due to the induced current set up
in coil B because of alternating current in coil A.

(b) Bulb gets dimmer when the coil B is moved
upwards because the flux linked with coil B decreases

and induced current also decreases.

(c) When the copper sheet is inserted, eddy
currents are set up in it which oppose the passage of
magnetic flux. The induced emf in coil B decreases.
This decreases the brightness of the bulb.

Here, [ =0.5m, N =5000,1=10 A,
r=4cm=4x10"2m

B2
As ug =—— and B = ugynl,
2U
% 1
uB ZMZ—MOnZIZ
2 2
2
1 _
== (4nx1077) 000 (10)*
2 0.5m

=21x10°Jm>=628%x10°Jm™>
Volume of the solenoid,
V=1A=(0.5)(3.14)(4 x 10%)*=25x 10 m*
Thus, Ug = uzV = (6.28 x 10°)(25 x 107%) = 15.7]



14.

15.

Self inductance of a coil may be defined as the

induced emf set up in the coil due to a unit rate of

change of current through it.

In SI, the unit of L is henry (H).

From relation

e=L dr orL= €
dt dl/dt

Ife=1Vanddl/dt=1As"thenL=1H

The self inductance of a coil is said to be one henry

if an induced emf of one volt is set up in it when the

current in it changes at the rate of one ampere per

second.

1V

1As
Let us consider a solenoid
which is so long that its
radius can be neglected
as compared to its length.
When a current flows
through such a solenoid, the magnetic field inside it
can be taken to be uniform. As shown in figure, let
A = cross-sectional area of the solenoid,
I = length of the solenoid,
N = total number of turns of the solenoid,
n = N/I = number of turns per unit length of the
solenoid.
Clearly, B = puynl
Flux linked with each turn of the solenoid

= BA = ugnlA

Total flux linked with entire solenoid, i.e.,

Thus, 1 H=

1=1VSAf1=1vwoA‘1

e —>

L [[H7pf]
IR

0p = (BA)N = (ugnlA)(nl) = ugn* All (i)
Also, ¢pp=LI ..(ii)
where L is the inductance of the solenoid.

From eqns. (i) and (ii)

LI = pgn® All ,

or szﬁmz%fA ...(ii)

It is clear from eqn. (iii) that inductance

(i) depends upon the geometric factors (/ and A) of
the solenoid and

(ii) is proportional to the square of the number of
turns.

(i) Microwaves : Due to their short wavelength
these waves are not diffracted much by objects of
normal dimensions. So they can be transmitted as
a beam in a particular direction.

(ii) X-rays : Due to their high penetrating power,
they pass through the human body. As they pass

16.

through the body, more X-rays are absorbed or
scattered by bone than by tissue. If the transmitted
radiation is directed onto a photographic film, the
exposed areas show variations in intensity-a picture
of internal structures.

(iii) IR radiations : Special photographic films
sensitive to IR are used. They enable the picture to
be taking in the dark and foggy conditions since
infrared is scattered less than the visible light by
particles in the atmosphere (because of its longer
wavelength).

The sinusoidally varying electric and magnetic
fields of a plane electromagnetic wave travelling
along X-axis are given as

E,=E, sin(kx — ot) (i)
and B, = By sin(kx - wt) .. (i1)
Here, E, and B, are the maximum values of the
electric and magnetic fields associated with the
electromagnetic wave.

Also, k = 21m/A

where A is the wavelength of the electromagnetic
wave and

W =27V
where v is the frequency of the wave. Clearly,
w _ 2mv
—_= :U}\,:C ...(111)
k 2m/A
Y(E )A
v Envelope of electric
e intensity vectors
—
E, A\E
> X
By L. ¥
B . .
Z(B,) Envelope of magnetic

induction vectors

Taking partial derivatives of eqns. (i) and (ii), we get

y 0B

e kEcos(kx —wt) and atz =-Bcos(kx — 1)
oE

Since 2= _8&
0x ot

kE, cos(kx — ot) = mB cos(kx — o)

or kEO = (DBO

or E_O -0 ..(iv)

From eqns. (iii) and (iv),

E

By _, )

B,

Further, from eqns. (i) and (ii),
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17.

18.

@

E, E
_y:_ozc

B, B
z 0
Hence, at every instant, the ratio of the electric field
to the magnetic field of an electromagnetic wave is

equal to the speed of light.

(a) Initially, the magnet is at rest and the rate of
change of magnetic flux through the coil is zero.
Likewise, initially the induced emf produced in the
coil is zero. As the magnet falls freely under gravity,
its speed increases. As a result, the rate of change
of magnetic flux through the coil also increases.
Likewise, the induced emf also goes on increasing.
However, inaccordance with Lenz's law, the induced
emfproduced opposes the fall of magnet. Therefore,
after the induced emf becomes maximum, it starts
decreasing. When the magnet is well inside the coil,
the magnetic flux linked with it becomes constant
and hence induced emf becomes zero. As the
magnet moves out of the coil, the induced emf
increases from zero to a maximum value and
then again falls to zero as shown in figure (b). The
induced emf is of opposite sign, when the magnet
moves out of the coil. It is because, the magnetic
flux linked with the coil is now decreasing.

(b) The rate of change of magnetic flux, when the
magnet moves out of the emf is greater than that
when it moves towards it. Due to this, the negative
peak is longer than the positive peak.

Here, R = 100 &; L = 0.1803 H;

C=10puF=10"F E, =20 V;v =750 Hz

2
Now, Z=\/R2 + (}JL—L
oC

= \/(100)2 +(27t><750><0.1803—

1 2
2MX750%107°

= \/ (100)? +(849.64 —21.22)* = 834.43 Q
Average power,

E,\R ., R
P=Evlvcos¢:Ev(7")E=vag
2
=(20)—Xl020=0.0574w
(834.43)

If t is the required time, then
P x t = thermal capacity x rise in temperature

xX10

2
or 0.0574xt=2x10 or t= =348.4 s
0.057
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20.

(a) The heating element of the electric heater is a
coil of nichrome wire which has a resistance R and
an inductance L. When the heater is connected to
DC source of voltage V, the current,

vV
e~y
V2
and rate of heat production=1 éCR X

When the same heater is connected to an AC supply
of rms voltage V, the impedance of the circuit,

Z=\R? + X2 =\R? + @212
and hence, the current,

\%4
Tyo=—
AC 7
Therefore, the rate of heat production
_2 e VR VR
=I5cR= =
7?2 (R?+o’?)

From theabove, itis clear that rate of heat production
in AC circuit is less than that in DC circuit of same
voltage.

(b) Main disadvantages of AC as compared to DC
are as follows

(i) AC is more dangerous than DC having same
effective voltage.

(ii) For a given effective voltage, the peak voltage in

AC is /2 times the effective voltage, hence better
insulation is required for AC line.

(iii) AC supply cannot be used as such for chemical
and magnetic effects of current and in electronic
devices.

Circuit is inductive, i.e., there is no capacitor in the
circuit. Power factor,

R 3
cos¢=—==08=X; =—R
JR? + X2 4
2
Now power, P =Y R
Z2
(220)°R

550 = = R=56.32Q

2
R? +(3 R)
4
Now we have to bring the power factor to unity. For
this
1 3 4
X=X =>—=-"R=>C=——
oC 30R
4 1

T 3x2mTX50%56.32 42247




21.

22.

OR

For tuning, the natural frequency i.e., the frequency
of LC oscillations should be equal to frequency of
radio waves received by the antenna in the form of
same frequency current in the LC circuit. For tuning
at 800 kHz, required capacitance (C;) is given by

1
V=
tonflc
1 1
Q=757 6 32
Am*Lv?  4m?(200x107°)(800x10°)
C, =197.9 pF
For tuning of 1200 kHz, required capacitance (C,)
is given by
1
vV, =———
2 2n,/LC,
1 1
G=——==" 6 32
4m°Lv;  41"(200x10 7)(1200x107)
C2 =879 pF

So, the variable capacitor should have a range
between 87.9 pF to 197.9 pE.

(a) The circuit element X is a resistor and Y is a
capacitor.

(b) Here, R:Xc;Veﬁ:\/ER
When X and Y are connected in series, the
impedance becomes

Z=\R +x2 =\2R? =\2R

v V.
Current, Ieﬁc=ﬁ= of =@=1A
Z 2R 2R
(¢) Impedance, ZA
Z=+R* + X2 \K
R
) T
= R+
0)2C2 L
(a) Given € =310sin 314 t V .
Comparing it with € = € sin 27 v, we get
314 314
2mu=314 orv=—-= =50 Hz
2w 2X3.14
(b) X = ! 1x7 =127.3Q

2muC  2x22x50%25%107°
22
X, =2mol =2><7><50><0.1=31.4 Q

As X; and X are out of phase by 180°, therefore,
Net reactance = X — X; = 127.3 - 31.4 =95.9 Q
and it is capacitive.

23.

24.

25.

26.

(©)
Z=\R? +(Xo - X, )2 =25 +(95.9)

Impedance,

=/625+9196.81 =+/9821.81 =99.1 Q

(d) Effective current, I 4 = Ee—ﬁ
310 ! Z
€
But g7 =—>=="—==220V
NN
220
=——=222A
o 99,1
(e) 'The phase angle ¢ is given by
X~-—X .
tanq):gzﬁzagzl
R 25

Hence ¢ = 75.4°
As the circuit is capacitive, the current leads the
voltage by 75.4°.

(a) Knowledge, creating awareness and social
responsibility.

(b) Welders wear special glass goggles or face
masks with glass windows to protect their eyes from
large amount of harmful UV radiation produced by

welding arc.
(a) Refer to point 4.8(2), page no. 275-276 (MTG
Excel in Physics)
(b) Refer to point 4.8(3), page no. 276 (MTG Excel
in Physics)

OR
(a) Refer to point 4.3(1) & (4), page no. 252-253
(MTG Excel in Physics)
(b) Refer to point 4.1(7e), page no. 248-249 (MTG
Excel in Physics)

Refer to point 4.8(1), page no. 274-275 (MTG
Excel in Physics)

OR
Refer to point 4.6(6, 7, 8), page no. 269-270 (MTG
Excel in Physics)
(a) Refer to point 4.5(4), page no. 267 (MTG Excel
in Physics)
(b) Refer to point 4.6(2), page no. 268 (MTG Excel
in Physics)

OR

(a) Refer to point 4.2(2), page no. 250-251 (MTG
Excel in Physics)
(a) Refer to point 4.1(6), page no. 247 (MTG Excel

in Physics) PN

@
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PP- WIONTHLY Class Xl
M 3 Practice Problems
his specially designed column enables students to self analyse their
extent of understanding of specified chapters. Give yourself four
marks for correct answer and deduct one mark for wrong answer.

Self check table given at the end will help you to check your
readiness.

Current Electricity e T N

Total Marks : 120 Time Taken : 60 min
galvanometer. The reading of the galvanometer
Only One Option Correct Type (a) remains constant whether the switch K is ON
1. Three similar cells, each of emf 2 V and internal or OFF
resistance r Q send the same current through an (b) increases when the switch K is ON
external resistance of 2 Q, when connected in series (c) increases when the switch condition is changed
or in parallel. The strength of the current flowing from ON to OFF
through the external resistance is (d) always shows zero value.
(@) 1A (b) L5A (c) 2A (d) 0.75A 6. The magnitude and direction 1A
2. Which of the following quantities do not change of current I (in A) indicated ~— € |
when a metallic resistor connected to a battery is in the following circuit is _2>A_
heated due to the current? (a) 14— 2A |
(a) Drift speed (b) Resistivity (b) 8— A
(c) Resistance (d) Number of free electrons (c) <4 3 _I:
3. Two electric bulbs rated at 25 W, 220 V and (d) 8 anh I=7

100 W, 220 V are connected in series across a
220 V source. The 25 W and 100 W bulbs now draw
powers P; and P, respectively. Then
(a) P,=4W,P,=16 W
(b) Pi=16 W, P, =8W
(c) P,=16W,P,=4 W
(d) P,=4W,P,=8 W

4. The resistance of the wire in the platinum resistance
thermometer at ice point is 5 € and at steam point
is 5.25 Q. When the thermometer is inserted in an
unknown hot bath its resistance is found to be 5.5 Q.
The temperature of the hot bath is

(a) 100°C (b) 200°C (c) 300°C (d) 350°C (@2Q M) 1Q () 05Q (d)5Q

5. In the above circuit, the

values of resistances
R R
are such that =L =3,
2 g
where R is the internal

resistance  of the

7. 'The effective resistance across the points A and I is

8. A capacitor of capacity 6 UF and initial charge 160 uC
is connected with a key S and different resistors
as shown in figure. Point M is earthed. If key is
closed at t = 0; then the current through resistance
R(=1Q)att=16 usis
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10.

11.

12.

20 1Q
MWV MWW

203 -C R31Q
40 lM 20

@) A (B) 2A () DA @A
3e e 3e e

A conductor with rectangular cross-section has
dimensions (a x 2a x 4a) as shown in figure.
Resistance across AB is x, across CD is y and across

EFis z. Then C F
(@) x=y=z / /zﬂ )
(b) x>y>z " v p
(c) y>z>x I —
E
(d) x>z>y b

The number density of free electrons in a copper
conductor is 8.5 x 102 m~3. How long does an
electron take to drift from one end of a wire 3.0 m
long to its other end? The area of cross-section of
the wire is 2.0 x 107 m? and it is carrying a current
of 3.0 A.

(a) 8.1x10%s (b) 2.7 x 10%*s

(c) 9%x103s (d) 3x10%s

The V - I graph for a conductor at

temperature T} and T, are as shown %

in the figure. The term (T, - T}) is &

inversely proportional to S

(a) cos 260 (b) sin 20 Current (1)
(c) cot20 (d) tan 26

A potentiometer wire AB € =

is 600 cm long and of W
resistance 15 r. At what ]

length from end A of - Ni B
potentiometer wire should \_8(2 /

the jockey J touch the wire so that there is no
deflection in the galvanometer?

(a) 20 cm (b) 120 cm

(¢) 320 cm (d) 450 cm

Assertion & Reason Type

Directions : In the following questions, a statement of
assertion is followed by a statement of reason. Mark the
correct choice as :

(a)
(b)

If both assertion and reason are true and reason is the
correct explanation of assertion.

If both assertion and reason are true but reason is not
the correct explanation of assertion.

(©)
(d)

13.

14.

15.

If assertion is true but reason is false.
If both assertion and reason are false.

Assertion : Voltmeter is much better than a
potentiometer for measuring emf of cell.

Reason : A potentiometer draws small current
while measuring emf of a cell.

Assertion : Current is passed through a metallic
wire so that it becomes red hot. When cold water
is poured on half of its portion, the rest of the half
portion becomes more hot.
Reason : Resistance of metallic wire decreases due
to decrease in temperature.

Assertion : In a metre-bridge experiment, 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.
Reason : Resistance of a metal remains constant
with increase in temperature.

JEE MAIN / JEE ADVANCED / PETs

16.

17.

18.

Only One Option Correct Type

A part of a circuit in steady state along with the
currents flowing in the branches, the values of
resistances, etc., is shown in figure. The energy
stored in the capacitor is

4V 1Q J1A5Q
— P
2A 4 uF
— IQ
3V 1Q 2Q
2A 21A S4Q

3 Q§
(a) 100 uJ (b) 300uJ (c) 400 ] (d) 800 uJ
A heating element is made by maintaining a
potential difference of 75 V along the length of a
nichrome wire with a 2.6 mm? cross-section and a
resistivity of 5.0 x 107 Q m. If the element dissipates
4.8 kW, what is its length?
(a) 6.1m (b) 122m(c) 3.5m

Current passing through a coil of 1
resistance R decreases uniformly
as shown in the figure. If total
amount of charge g passing
through the coil during a time :
interval f, then what will be the

total amount of heat generated through it?

(d) 27m

Iy
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19.

20.

21.

22.

70)

2
(@) 34°R (b) 24K
4 t, 3 1
2 2n2
0 L @ L&

Under what condition current passing through the
resistance R can be increased by short circuiting the
battery of emf €,. The internal resistances of the two
batteries are r; and r, as shown in the figure.

(@) 11 >€1(R+1y) & N €,
WA —
R
Ve

More than One Options Correct Type

i
(b) 113> &(R+ 1)

(c) & <€l(R+17)

(d) &y > &R+ 1)

Two bulbs consume same power when operated at
200 V and 300 V respectively. When the two bulbs
are connected in series across a DC source of 500 V
then ratio of

(a) potential difference across themis 3:2

(b) potential difference across them is 4 : 9

(c) power consumed across themis4:9

(d) power consumed across themis2: 3.

A long round conductor of cross-sectional area S
is made of material whose resistivity depends only
on a distance r from the axis of the conductor as
p = o/r%, where o is a constant. Then,

(a) the resistance per unit length of the conductor

(b) the resistance per unit length of the conductor
. ToL
18 S—2
(c) the electric field strength in the conductor due
2mold
2
(d) the electric field strength in the conductor due

o
to which a current I flows through it is S_z

to which a current I flows through it is

In a potentiometer wire experiment, the emf of
a battery in the primary circuit is 20 V and its
internal resistance is 5 Q. There is a resistance box
(in series with the battery and the potentiometer
wire) whose resistance can be varied from 120 Q to
170 Q. Resistance of the potentiometer wire is 75 €.
The potential difference can be measured using this

PHYSICS FOR YOU | SEPTEMBER 16

23.

24.

25.

26.

Consider a block of conducting
material of resistivity p shown Iy 17
in the figure. Current I enters at
A and leaves from D. We apply
superposition principle to find

potentiometer.

(@) 5V (b)ev () 7V (d) 8V

A capacitor C; of capacitance 1 uF and a capacitor

C, of capacitance 2 UF are separately charged by a

common battery for a long time. The two capacitors

are then separately discharged through equal

resistors. Both the discharge circuits are connected

att=0.

(a) The current in each of the two discharging
circuits is zero at t = 0.

(b) The currents in the two discharging circuits at
t = 0 are equal but not zero.

(c) The currents in the two discharging circuits at
t = 0 are unequal.

(d) C, loses 50% of its initial charge sooner than C,
loses 50% of its initial charge.

Integer Answer Type

A length of wire has a resistance of 120 Q. The
wire is cut into pieces that have the same length,
and then, the wires are connected in parallel. The
resistance of the parallel combination is 1.88 Q. The
number of pieces into which the wire was cut is

In the circuit shown in the figure, the resistance
(in Q) of resistor R is
28V R
—MWMW———

4A
———WWW—<—
4Q

3Q 6 A

In the circuit shown in figure, Ry =2 Q, R, = 3 Q,
R3:3Q,R4:29,R5:29,81: 16Vand82= 11V.
The current (in A) through resistance Rs is

Ry R,
+ S +
&= §R5 o)
MWV AMVW—
R R

Comprehension Type




voltage AV developed between B and C. The calculation
is done in the following steps:

(i) Take current I entering from A and assume it to
spread over a hemispherical surface in the block.

(ii) Calculate field E(r) at distance r from A by using
Ohm’s law E = pj, where j is the current per unit area at .
(iii) From the r dependence of E(r), obtain the potential
V(r) at r.

(iv) Repeat (i), (ii) and (iii) for current I leaving D and
superpose results for A and D.

27. AV measured between B and C is

_pr py PL__ Pl
® 2m(a—b) ®) ma T7(a+b)
0 PL-—PL @ £ Pl

a (a+b) 2nma  2m(a+Db)

28. For current entering at A, the electric field at a
distance r from A is
pI pI I pl
— 5 (b)) T 5 pL d ——=
@ 42 ® g2 © 2 @

Matrix Match Type

29. Threebulbs A, Band Care having rated power Py, Py
and P¢respectively, each bulb is designed to operate
at rated voltage V. It is given that P4 > Pg > P¢. In
column I, the three bulbs are arranged in different
configurations, while in column II, the information
about intensities of bulbs are mentioned. Match the
column I with column II. Neglect the variation in
resistance due to change in temperature.

Column I Column II
(A) (P) A is glowing with
A B C .. .
minimum brightness
\%4

(Q) C is glowing with
maximum brightness

30.

(@) A (R) B is glowing with
Ifrr;]—l minimum brightness
S|
It
i
(D) . (S) A is glowing with
C E maximum brightness
L
Vv
A B C D
(@A PBQ QR S R,S
(b) PR Q S, R P
() BQ R $;Q S
(d RQ P S R
A circuit is shown in figure. p C D
R is a non-zero variable
with finite resistance. € is 2Q 465\27 RQ

some unknown emf with
polarities as shown. Match
the columns.

—L

A Sy F ¢ E

Column I Column II

(A) Current passing (P) Possible if
through 4 Q resistance e=(R+6)V
can be zero

(B) Current passing (Q) Possible if
through 4 Q resistance e>(R+6)V
can be from F to C
direction

(C) Current passing (R) Possible if
through 4 Q resistance e<(R+6)V
can be from C to F
direction

(D) Current passing (S) Possible if
through 2 Q resistance 2¢=8-R
can be zero
A B C D

(a) P R Q S

(b) S R Q P

(c) S Q R P

(d) P Q R S

N
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?ROBLEM ]
Set 38

SINGLE OPTION CORRECT TYPE

5. String I and II have identical lengths and linear

mass densities, but string I is under greater tension

1. A loaded vertical spring executes simple harmonic
oscillations with period of 4s. The difference than string II. The accompanying figure shows
between the kinetic energy and potential energy of four different situations, in which standing wave
this system oscillates with a period of patterns exist on the two strings. In which situation
(a) 8's () 1s is it possible that strings I and II oscillating at the
(c) 2's d) 4s same resonant frequency?
String I String II
2. From an atom of mass number 220, initially at rest,
o-decay takes place. If the total kinetic energy of N
system after decay is 5.5 MeV, the most probable String [ String II
K.E. of ai-particle is
(a) 4.4 eV (b) 5.4 eV (®)
(c) 5.6 eV (d) 6.5 V. String I String I
3. A substance of mass M kg requires a power input (c)
of PW (joules per second) to remain in the molten =~ 77 .
state at its melting point. When the power source String I String I
is turned off, the sample completely solidifies in (d) .
t s. The latent heat of fusion of the substance is
p Mt A straight rod of length L extends from x = a to
(a) Mt (b) P x =L + a. The gravitational force exerted on a point
Pt Pt mass m at x = 0 if the mass per unit length of the
(c) M (d) " rod is A + Bx?, is
4. White light is used to illuminate the two slits in (a) Gm A _é_l_ BL
a Young’s double slit experiment. The separation LatLl a
between slits is b and the screen is at a distance A A
d(>>b) fromtheslits. Atapointonthescreendirectly (b) Gm a4 a+l +BL
in front of one of the slits, certain wavelengths are _ -
missing. One of these missing wavelengths is (©) Gm A _A_ BL
b2 N b2 atL a
@ R @ m| 24—
2 2 a a
(c) L= b (d) A= 26
34 3d Contd. on Page no. 83

@

By Akhil Tewari, Author Foundation of Physics for JEE Main & Advanced, Professor, IITians PACE, Mumbai.
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Planck’s constant (h), speed of light in vacuum (c)
and Newton’s gravitational constant (G) are three
fundamental constants. Which of the following
combinations of these has the dimension of length ?

h G
VhG \F @ -5

(a) 3/2

Two cars P and Q start from a point at the
same time in a straight line and their positions are
represented by xp(t) = (at + bt?) and xo(t) = (ft - ).
At what time do the cars have the same velocity ?

(b) 5—/2

a- f +f a+f f-a
b -
@ ® 560 9 25 @ 20w
In the given figure, a = 15 m s~ P
represents the total acceleration A \
of a particle moving in the at O°° a

clockwise direction in a circle

of radius R = 2.5 m at a given
instant of time. The speed of the
particle is

(a) 45ms’! (b) 5.0ms™
(c) 5.7ms! (d) 62ms™!
A rigid ball of mass m strikes a
rigid wall at 60° and gets reflected
without loss of speed as shown in
the figure. The value of impulse
imparted by the wall on the ball
will be
(a) mV

(b) 2mV

mV mV

=0 d) ==
© = (d) 3
A bullet of mass 10 g moving horizontally with a
velocity of 400 m s™" strikes a wood block of mass
2 kg which is suspended by light inextensible string
of length 5 m. As a result, the centre of gravity of

10.

the block found to rise a vertical distance of 10 cm.
The speed of the bullet after it emerges out
horizontally from the block will be

(a) 100 m s~ (b) 80ms!

(c) 120ms™* (d) 160 ms!

Two identical balls A and B having velocities of
0.5ms ' and -0.3 ms ™ respectively collide elastically
in one dimension. The velocities of B and A after
the collision respectively will be

(a) -05ms'and 0.3 ms™!

(b) 0.5ms'and -0.3 ms™

(c) -03ms'and0.5ms™!

(d) 03ms'and0.5ms™

A particle moves from a point (- 2;+5}') to
(4}’+31Ac) when a force of (42+3}') N is applied.
How much work has been done by the force ?
(a) 8] (b) 117 (o) 5] (d) 27
Two rotating bodies A and B of masses m and 2m
with moments of inertia I, and Iy (Ig > I,) have

equal kinetic energy of rotation. If L, and Ly be
their angular momenta respectively, then

L
(a) Ly= 23 (b) Ly=2Lg
(C) LB>LA (d) LA>LB

A solid sphere of mass m and radius R is rotating
about its diameter. A solid cylinder of the same
mass and same radius is also rotating about its
geometrical axis with an angular speed twice that
of the sphere. The ratio of their kinetic energies of
rotation (Esphere / Ecylinder) will be

(@) 2:3 (b) 1:5 (¢) 1:4 (d) 3:1

A light rod of length [ has two masses m; and m,
attached to its two ends. The moment of inertia of
the system about an axis perpendicular to the rod
and passing through the centre of mass is
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11.

12.

13.

14.

15.

74

(a) mm, 2 (b) my +my 12
l’l’ll + l’l’lz m1m2
() (my+my)l (d) Jmym, I?

Starting from the centre of the earth having radius R,
the variation of g(acceleration due to gravity) is
shown by

! !
(a) ¢ (b) &
© R —»r © R —»r
! !
(© ¢ @ ¢
0 R —»r © R —»r

A satellite of mass m is orbiting the earth
(of radius R) at a height / from its surface. The total
energy of the satellite in terms of g, the value of
acceleration due to gravity at the earth’s surface, is

mgOR2 b) - mgOR2
@ SR+n) ® =R+
2mgR> 2mgR>
(©) £MEok (d) _=mgoR
R+h R+h

A rectangular film of liquid is extended from
(4 cm x 2 cm) to (5 cm x 4 cm). If the work done
is 3 x 107 J, the value of the surface tension of the

liquid is
(a) 0.250 Nm™ (b) 0.125Nm™!
(c) 02Nm™! (d) 80Nm™!

Three liquids of densities p;, p, and ps (with
P1 > Py > P3), having the same value of surface
tension T, rise to the same height in three identical
capillaries. The angles of contact 0, 0, and 03 obey

(a) §>el>ez>e3zo (b) osel<ez<e3<§

(c) §<61<62<63<n (d) n>61>62>63>§

Two identical bodies are made of a material for
which the heat capacity increases with temperature.
One of these is at 100 °C, while the other one is at
0 °C. If the two bodies are brought into contact,
then, assuming no heat loss, the final common
temperature is

(a) 50°C

(b) more than 50 °C
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16.

17.

18.

19.

20.

21.

22.

(c) less than 50 °C but greater than 0 °C

(d) 0°C

A body cools from a temperature 3T to 2T in
10 minutes. The room temperature is T. Assume
that Newton’s law of cooling is applicable. The
temperature of the body at the end of next
10 minutes will be

7 3 4
a) =T b) =T c) =T d T
(a) . (b) 5 (c) 3 (d)
One mole of an ideal monoatomic gas undergoes a
process described by the equation PV = constant.

The heat capacity of the gas during this process is

3 5
(a) ER (b) ER () 2R (d) R

The temperature inside a refrigerator is f, °C and
the room temperature is t; °C. The amount of heat
delivered to the room for each joule of electrical
energy consumed ideally will be

t t, +273
(a) —L (b) -
t =t t =t
t, +273 t+t
(c) -2 (d) 1—2

A given sample of an ideal gas occupies a volume
V at a pressure P and absolute temperature T. The
mass of each molecule of the gas is m. Which of the
following gives the density of the gas ?

(a) P/(kT) (b) Pm/(kT)

(c) PI(KTV) (d) mkT

A body of mass m is attached to the lower end of
a spring whose upper end is fixed. The spring has
negligible mass. When the mass m is slightly pulled
down and released, it oscillates with a time period
of 3 s. When the mass m is increased by 1 kg, the
time period of oscillations becomes 5 s. The value
of min kg is

3 9
(a) 1 (c) 5 (d) s

The second overtone of an open organ pipe has the
same frequency as the first overtone of a closed pipe
L metre long. The length of the open pipe will be

L
(c) E

4 16
®) 3

(a) L (b) 2L (d) 4L
Three sound waves of equal amplitudes have
frequencies (n - 1), n, (n + 1). They superimpose
to give beats. The number of beats produced per
second will be

(a) 1 (b) 4

() 3 (d) 2



23.

24.

25.

26.

27.

28.

An electric dipole is placed at an angle of 30°

with an electric field intensity 2 x 10° N C™%. It
experiences a torque equal to 4 N m. The charge on
the dipole, if the dipole length is 2 cm, is

(a) 8mC (b) 2mC (¢) 5mC (d) 7uC

A parallel-plate capacitor of area A, plate separation
d and capacitance C is filled with four dielectric
materials having dielectric constants ki, k,, kj
and k, as shown in the figure. If a single dielectric
material is to be used to have the same capacitance
C in this capacitor, then its dielectric constant k is
given by

A/3V\ /‘A/3 /'A/S
==I!
ki,— ; P

17 ==

|

(a) k:k1+k2+k3+3k4

(b) k=§(k1+k2+k3)+2k4

2 3 1
(@ Z=——+—
k  ky+ky+ky ky
(d) l=i+i+i+i
k ki ky ky 2k,
The potential difference (V, - Vg) between the
points A and B in the given figure is
v, 20 3V 1@ Y
———MW—— ——W—
A =24 B
(@ -3V (b) +3V (¢) +6V (d) 49V

A filament bulb (500 W, 100 V) is to be used in a
230V main supply. When aresistance R is connected
in series, it works perfectly and the bulb consumes
500 W. The value of R is

(a) 230Q (b) 46Q (c) 26Q (d) 13Q

A long wire carrying a steady current is bent into
a circular loop of one turn. The magnetic field at
the centre of the loop is B. It is then bent into a
circular coil of n turns. The magnetic field at the
centre of this coil of # turns will be

@ nB (b) w”’B (c) 2nB  (d) 2n’B

A bar magnet is hung by a thin cotton thread
in a uniform horizontal magnetic field and is in
equilibrium state. The energy required to rotate it

29.

30.

31.

32.

33.

by 60° is W. Now the torque required to keep the
magnet in this new position is
3w

w

2W
A b M —
(a) 7 b) B3w (0 :

V3

An electron is moving in a circular path under
the influence of a transverse magnetic field of
3.57 x 107> T. If the value of e/m is 1.76 x 10" Ckg™',
the frequency of revolution of the electron is

(a) 1 GHz (b) 100 MHz

(c) 62.8 MHz (d) 6.28 MHz

Which of the following combinations should be
selected for better tuning of an L-C-R circuit used
for communication ?

(a) R=20Q,L=1.5H,C=35uF

(b) R=25Q,L=2.5H, C=45uF

(c) R=15Q, L =35H, C=30 uF

(d) R=25Q,L=1.5H, C=45uF

A uniform magnetic field is restricted within a
region of radius r. The magnetic field changes with

(d)

time at a rate L:I—B Loop 1 of radius R > r encloses
t

the region r and loop 2 of radius R is outside the
region of magnetic field as shown in the figure.
Then the e.m.f. generated is

&

zero in loop 1 and zero in loop 2

(a)

dB 5 . dB 5 .
b) ——mr” inloop 1 and ———mr” in loop 2
® -= p ot P
dB . .
() —d—nR in loop 1 and zero in loop 2
t
dB _, . .
(d) —d—nr in loop 1 and zero in loop 2
t

The potential differences across the resistance,
capacitance and inductance are 80 V, 40 V and
100 V respectively in an L-C-R circuit. The power
factor of this circuit is

(a) 0.4 (b) 0.5 (c) 0.8 (d) 1.0

A 100 Q resistance and a capacitor of 100 Q
reactance are connected in series across a 220 V
source. When the capacitor is 50% charged, the
peak value of the displacement current is

(@) 22A (b) 11A () 44A (d) 11V2 A

75)
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34.

35.

36.

37.

38.

39.

76)

Two identical glass (p.g = 3/2) equiconvex lenses
of focal length f each are kept in contact. The
space between the two lenses is filled with water
(W, = 4/3). The focal length of the combination is
(a) fI3 (b) f (c) 4f/3  (d) 3f/4
An air bubble in a glass slab with refractive index
1.5 (near normal incidence) is 5 cm deep when
viewed from one surface and 3 cm deep when
viewed from the opposite face. The thickness
(in cm) of the slab is

(a) 8 (b) 10 (c) 12 (d) 16

The interference pattern is obtained with two
coherent light sources of intensity ratio n. In the

I -1 .
interference pattern, the ratio —22—T1 ]l be

n+1 n+1
N (,fl)z @ (Zfl)z

A person can see clearly objects only when they lie
between 50 cm and 400 cm from his eyes. In order
to increase the maximum distance of distinct vision
to infinity, the type and power of the correcting
lens, the person has to use, will be

(a) convex, +2.25 diopter

(b) concave, -0.25 diopter

(c) concave, -0.2 diopter

(d) convex, +0.15 diopter

A linear aperture whose width is 0.02 cm is placed
immediately in front of a lens of focal length 60 cm.
The aperture is illuminated normally by a parallel
beam of wavelength 5 x 10~ cm. The distance of
the first dark band of the diffraction pattern from
the centre of the screen is

(a) 0.10 cm (b) 0.25cm

(c) 0.20cm (d) 0.15cm

Electrons of mass m with de-Broglie wavelength
A fall on the target in an X-ray tube. The cutoff
wavelength () of the emitted X-ray is

2 2h
(@) 2, = 2 (b) A=
mc
2 243
© h=2T @ h=h
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40.

41.

42.

43.

44.

45.

Photons with energy 5 eV are incident on a cathode
C in a photoelectric cell. The maximum energy of
emitted photoelectrons is 2 eV. When photons of
energy 6 eV are incident on C, no photoelectrons
will reach the anode A4, if the stopping potential of
A relative to C1is

(a) +3V (b) +4V

(c) -1V (d) -3V

If an electron in a hydrogen atom jumps from
the 3" orbit to the 2™ orbit, it emits a photon of
wavelength A. When it jumps from the 4™ orbit to
the 3" orbit, the corresponding wavelength of the
photon will be

16 9
—A b) —A
(a) Y (b) T
20 20
—A d —A
(©) 7 (d) 5
The half-life of a radioactive substance is

30 minutes. The time (in minutes) taken between
40% decay and 85% decay of the same radioactive
substance is

(a) 15 (b) 30 (c) 45 (d) 60

For CE transistor amplifier, the audio signal voltage
across the collector resistance of 2 kQ is 4 V. If
the current amplification factor of the transistor is
100 and the base resistance is 1 kQ, then the input
signal voltage is

(@) 10mV (b) 20mV (¢) 30mV (d) 15mV
The given circuit has two ideal diodes connected as
shown in the figure. The current flowing through
the resistance R; will be

20
AVAVAYAV
R,
Dl DZ
10V=—
RZ30 Ry=s20
(@) 2.5A (b) 10.0 A
(c) 143 A (d) 3.13A

What is the output Y in the following circuit, when
all the three inputs A, B, C are first 0 and then 1 ?

Q}Y

@

(a) 0,1 (b) 0,0 (o 1,0 (d) 1,1



SOLUTIONS

1.

(a): According to question, length depends on k, ¢
and G so,

l o<W 1G

I=kh G (1)
Writting dimensions of physical quantities on both
sides,

[M°LT?] = [ML2T 4P [LT 19 (ML T3

Applying the principle of homogeneity of
dimensions, we get
p-r=0 ...(ii)
2p+q+3r=1 ...(iii)
-p-q-2r=0 .(iv)
Solving eqns. (ii), (iii) and (iv), we get
13
p=r= > q= 5
From eqn. (i), dimension of | = @ C.[kl=1)

3/2
c
(d): Position of the car P at any time ¢, is
xp(t) = at + bt*
dxp(t
xp(t) —a

vp(t) = +2bt
Similarly, for car Q,
xo)=ft -1
_axq ) ~
vo(h) = P f-2t
vp(t) = vo(i) (Given)

a+2bt=f-2tor, 2t(b+1)=f-a
P
2(1+b)
(c): Here,a=15ms"
R=25m
From figure,

2

3
ac=ac0830°=15><7ms_2

2
4
As we know, a, = "y = v=,/a.R

/ 3 ;
V= 15X§X2.5=5.69:5.7 m "

(a): Given, p; = pr=mV
Change in momentum of the ball

= f’f _f’i
= (=pgei=pgy D= (Pri= Py )

AR I NN

AN

Py

=—i(ps +pi) = J(Pjy = Pyy)
= —2pix§ =—mVi [ Py - Piy= 0]
Here, p;\ = pp = p; cos 60° = mTV

Impulse imparted by the wall = | change in the
momentum of the ball | =mV

Before collision

5. (c): Mass of bullet, m = 10 g = 0.01 kg

Initial speed of bullet, u = 400 m s

Mass of block, M =2 kg

Length of string, [ =5m

Speed of the block after collision = v,

Speed of the bullet on emerging from block, v =?

A\ A\ A\
l
I
—g ° h=10cm —»
LD | e Ref. : =0.1m
m, u ererence m, v
M, 0

After collision
Using energy conservation principle for the block,
(KE + PE)Reference = (KE + PE)y,

= %lezzMgh or, vy =+/2gh

v =2x10%0.1=v2 m s
1

Using momentum conservation principle for block
and bullet system,

(M X 0 + mu)gefore collision = (M X Vi + MV) afier collision
= 0.01 x 400 = 2~/2 + 0.01 x v
4-2\2
T 001

=117.15ms ' =120 ms™!

(b): Masses of the balls are same and collision is
elastic, so their velocity will be interchanged after
collision.

va=+ug=-03ms andvg=1u,=0.5ms

(c): Here 7 :(—2§+5}') m, 7 :(4}'+3IA<) m
F=(4i+3)) N, W=2
Work done by force F in moving from 7 to 7,
W= E-Gy )
W= (4i+3))-(4]+3k+2i—5))
= (4i+3))-(2i— j+3k)
=8+ (-3)=5]J
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10.

11.

12.
13.

14.

78]

1. 2
(b): Esphere _ EIS(DS IS(Df
ECylinder l Icm? I C(JJ?
2 2 1 2
Here, [ =—mR", I.= — mR", 0, = 20
5 2
2 2., 2
ESphere 5 mR" X o 1
ECylinder lmRz X (20 )2 >
2 N
(a): Here, [, + I, =1
Centre of mass of the system, m, CM  m,
l Cmyx0+my Xl myl e
! my +m, my +m,
myl
L=1-1=—-21
my +m,
Required moment of inertia of the system,
2 2
I'=ml + myl5
2o P
= (mym3 + mymy) >
(my +m,)
2
_mymy (my Amp)l” - mymy 2
(my +m,)? my + 1,
(b): Acceleration due to gravity is given by
4
~mGr 5 0<r<R T
3 g
8= 3
4 Tcpli G ; >R
3 0 R —»r

(b)
(b): Work done = Surface tension of film x Change
in area of the film
o, W=TxAA
Here,Aj=4cm x2cm=8cm
A2:5cm><4cm:20cm2
AA=2(Ay-A) =24cm*=24%x10"" m?
W=3x10*], T=2?
—4
p= W 3310 15N m!
AA  24x107* 8
2T cos©
rpg

For given value of Tand r, h o<

2

(b): Capillary rise, h =

cos0

p

AISO, hl = h2 = h3
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15.

16.

cos0; _cos 0, _cos 05

P1 P2 P3
Since, p; > p; > P3, so for positive value of cos 6
cos 0; > cos 0, > cos 05

or,

For0<0< g 0,<0,<0;
Hence, option is (b) i.e. 0<0; <0, <05 < g

(b): Since, heat capacity of material increases with
increase in temperature so, body at 100 °C has
more heat capacity than body at 0 °C. Hence, final
common temperature of the system will be closer to
100 °C.

T.>50°C
(b): According to Newton’s law of cooling,

dT
S —K(T-T
5 (T-T))

dT.
For two cases, % =K(T, - T, andd—t2 =K(T, -T,)
t

3T +2T

Here, T,=T, T| = =25T

ﬂ _3T-2T 1

dt 10 10
2T +T’

a7 and

and

dT, 2T-T’
dt 10

)

T .
- KQ2.5T-T) (1)

2T-T’ 2T +T’
{22

So,

.. (ii)
10 2
Dividing eqn. (i) by eqn. (ii), we get
T  (25T-T)
2T-T (ZT;- T T)

2T +T’

—T=(2T—T')><E
2
T'=3R2T-T) or, 4T =6T

=37
2

17. (d): For given process

PV? = constant
For a polytropic process, PV* = constant
Heat capacity in this process is given by,
R 3 R

C=Cy+—— =2R+——
l1-a 2 1-3

=R (- o=3)



18. (b): Temperature inside refrigerator = ¢, °C
Room temperature = t; °C
For refrigerator,
Heat given to higher temperature (Q;) T,

Heat taken from lower temperature (Q,) T,

Q 1 +273
Q, t,+273
t +273 t, +273
= Q 1 or, I—Kz 2
W -t
or W _h7h
Q t;+273

The amount of heat delivered to the room for each
joule of electrical energy (W =17)

1+273
! h—t
P
19. (b): As PV =nRT or, n= —V=& ..(i)
RT molar mass
molar mass)P N, )P
Density (p) = mass ( ) _ (mNy)
volume RT RT
{From eqn. (i)}
mP
=— ** R=N,k
T ( ak)

20. (d): Time period of spring - block system,

T=27t\/E
k

T m
For a given spring,TocM [ S b &
T, ny
Here, T\ =3s,m;=m, T, =5s,my=m+1
m=?
3 | m . 9 m
5 \m+1 725 m+l

25m=9m+9 = 16m=9.'.m:Ekg

21. (b): Second overtone of an open organ pipe

%
= Third harmonic =3 xv,=3x—
(O]
First overtone of a closed organ pipe

v
= Third harmonic =3 x v, =3 x T
According to question, c

3v, =3V, :>3><L—3><L
2L, 4L,

L,=2L.=2L
22. (d)

23. (b): Here, 0 =30°, E=2x 10° N C!
T=4Nm,/=2cm=0.02m

q="*
T = pE sinO = (gl)E sinO
B T 4
Elsin® 2><105><0.02><%
= ; =2x107°C=2mC
2X%X10
2enk; A 2enk, A
24. (¢): Here, C; =—21— ¢, =02
3d 3d
_ 2gpk;A _ 2gpkyA
ad 4 d

Given system of capacitors C;, C,, C5 and C, can be
simplified as

-—= 0

Ae—

-0
=0

@)

1 1 L

Cap
keyA
Suppose, Cip= —
1 1 1

+
2
(EOAJ ieo (ky +ky +k3) Edo k,

=

d
s L

26. (c): Power of the bulb in the circuit,

P=VI R
()
P il
I = — RB
Vp 100 V
500 W
_200_ |
T 100 230V
Vrx=IR = (230 -100)=5xR
R=26Q
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27. (b): Let I be the length of the I

one
wire. Magnetic field at the loop
centre of the loop is
B= M_OI I=2mR
2R
B “OT’” (~+ 1=27R) ()
n loops
, Uonl  pgnl
B e —— I
2r 2( e )
nm I=n2mnr
2
il "
B = Hon T ...(ii)

I
From eqns. (i) and (ii), we get, B’ = n’B

28. (b): At equilibrium, initial potential energy of dipole

Ui = - MBH
Final potential energy of dipole,
Uy = - MBjy cos 60° = — 0H
=- cos 60° = ———=
f H 5
MB MB i
W=Us- U= —TH—(—MBH) = TH ()
Required torque, T = MBy; sin 60°
T=2Wx g [Using eqn. (i)]
3w

e
29. (a): Here, B=3.57 x 102 T, —=1.76 x 10" Ckg™
m
Frequency of revolution of the electron,

T 2mr
2
Also, ﬂ=eyB = Zzﬁ
r r o m
From eqns. (i) and (ii)

1B

2T m
x 1.76 x 10" x 3.57 x 1072

..(i1)

2x3.14
=10’ Hz = 1 GHz
30. (c): Quality factor of an L-C-R circuit is given by,
1 |L
ric
Q, =10.35,Q, = 9.43, Q; = 22.77, Q, = 7.30
Clearly Q3 is maximum of Q;, Q,, Q3, and Q.
Hence, option (c) should be selected for better
tuning of an L-C-R circuit.
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31.

32.

33.

34.

(d): Emf generated in loop 1,
dap d

g =——=——
L

%)
81=_ nr —
dt

Lo d dB
B-A)=—=(BA)=—Ax—
(B-A) dt( ) I

dB
(- A= 7r* because E is restricted upto radius r.)

Emf generated in loop 2,
d d
g, =——(BA)=——(0X A)=0
2 dt( ) dt( )

(c): Here, Vg =80V, Vo =40V, V; = 100 V

RV, Vi
Power factor, cos ¢ =— = 7R = R
R+, - Vo)
I

J(80)2 +(100—40)> 100
(a): Here, R=100 Q, X, =100 Q

Net impedance, Z =4/R> + X7 =100v2 Q

Peak value of displacement current
= Maximum conduction current in the circuit

g, 22032
=0 =22 A

Z 10082
3 4
(d). Here, Mg =E, Mw =§

Focal length (f) of glass convex lens is given by

1 2 1 3 2 1
7““@‘”(5) ?‘(5‘1)5—5

or, f:R (1)
Focal length (f) of water filled Y

concave lens is given by
R ‘ R

1 2
7T o3
1
f/
[Using eqn. (i)]

Equivalent focal length (f,,) of lens system

A1 2 1 _3-2+3 4

feg f 3F f 3f  3f
3

feq:Tf



35. (c): Heren = 1.5
I =length of the slab
x = position of air bubble
from one side

?

n—x—>;<—(l—x)—>|
(I-x)

Here, £=5 cm, ——=3cm
£+M=8 of, i=8

u u u

[=8u=8x15=12cm

36. (b): Here, I—lzn
I

o) )

Iin \/E_\/E VL1 —1
_[\/ZHJZ
= \/;_1 2
Iax | (x/ZHJ .
Tnax = Imin — Inin — \/;_1
Imax+Imin Imi_i_l \/;4_1 2
i (ﬁ—l] "

(\/;H)z—(\/;—l)z :M:&
(n+1) +(Jn—1) 20tD ntl

37. (b): Here,u=400cm =4m,v=o0, f=7

1 1 1
Using lens formula, ———=—

v u f
1 1 1

o, ———=— or, f=-4m

Lens should be concave.

Power of lens = 1 = 1 =-0.25D

38. (d): Here,a=0.02cm=2x10"*m
A=5x10"cm=5x10"m
f=D=60cm=0.6m
Position of first minima on the diffraction pattern,

DA 0.6x5x1077

N=—="__ 1

a 2x10
=15x 10" m=0.15cm
39. (a): Kinetic energy of electrons
PO S CTYS
2m 2m )2
So, maximum energy of emitted X-ray photon = K

he  h?

)‘o - 2mA?
40. (d)
41. (c): When electron jumps from higher orbit to
lower orbit then, wavelength of emitted photon is
given by,

1 1 1
—=R| ———
’ (ﬂ? ZJ

Transition : 3 — 2, wavelength = A
Transition : 4 — 3, wavelength = A" = ?

1 1 1 5R
$0, —=R| ——-——|=—
A 22 32 ) 36

andizR(i_Lj:B

3 2mch?
07

A 32 42 ) 144

, 144 50 20A

AM=—x—"—="F
7 36 7

42. (d): Ny = Nuclei at time t =0
N; = Remaining nuclei after 40% decay
=(1-0.4)Ny=0.6N,
N, = Remaining nuclei after 85% decay

=(1-0.85) Ny=0.15N,
N, 015N, _l_(l)z
N, 06N, 4 \2
Hence, two half life is required between 40% decay
and 85% decay of a radioactive substance.
Time taken = 27y, = 2 x 30 min = 60 min
43. (b): Here, Rp =2kQ =2000Q, Vy=4V
B =100, Rg=1kQ =1000Q, V;=?

. Rc 2000
Voltage gain, A_BE_IOOXW_ZOO
Also, A:V—O or, V; =V—°=i=iv=2o mV
4 ' A 200 100
44. (a) 45. (c)
.................................................................... @@
MPP-3 CLASS XII | ANSWER KEY
. d 20 @ 3 © 4 (B 5 (@
6. B 7. B 8 (© 9. (d 10. (b
11. (d)  12. (@ 13. (d) 14. (@ 15. (d)
16. d 17. @ 18. () 19. (B) 20. (bo
21. (3,0 22. (abc) 23. (bd) 24. (8) 25. (5)
26. 3)  27.(d) 28.(d 29. (@ 30. (a)
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PHYSICS MUSING Netdistance=R+(R/5)+(R/5):%

4. (d): When terminal velocity is attained, the whole system

SOLUTION SET-37 becomes in equillibrium

1. (b): Instantaneously after F, is withdrawn, block of mass . mg =F, (viscous force)

m, experiences only spring force E,. Spring force does not én (,,13 +r) )(G —p)g =6mN (r,+1,)v ()
change instantaneously. 3

Thus for m,; a, =a, From .free body diagram of ball F
form, F,=ma, (i) ofradiusty Tqr
. - ~mg=T+F
Initially, F, = F, = m,a, v
. 4
=F_=F,+mya, - weget, —mr} (6—p)g=T+6mry ..(i)
From (i) and (ii), _% 3 M
F substituting value of 6TNv from eqn. (i) in J
2 P .
a,=—+=a, eqn. (ii)
m2 ( 4 4) ( _ )
2. (d): Here given that, T= 4 SRl AC )
The target m, is at rest 3 (n+1,)

ulzvo,u2=0

o
For maximum v,, collision will be elastic and m, >>m, 5. (b):AQ=dU+ pdV = EdT - CVdT +PdV

RT
2myu = =
VzmaX:# SV =2V, {for my >> m} = dT C,aT + dV
For minimum ¥, collision must be perfectly inelastic. d_T _ R T+RT d_ N gd_T b dT d \4
S oM tmyuy o vom T (y-1) v _RT2 (y-)T V.
2= (my +m,) 2T (my +my) On integrating and solving

VTI/(y—l)eoc/RT

{v, is minimum for m, = m, and u, = 0} = constant

v
Thus, 2 <y, <2v,
2

Hence option (d) is correct. AW R P AV +V. dP
3. (b): Initially the acceleration at the ball of the surface C=C, + AT =C=
n Y- 1 nd
would be
g—GM __R  nRdT (4 3( ]
R2 >_, ndT ndT
but the accelerating would be progressively smaller as it 3
hed th tre which is given b 1 2
approached the centre whic 1;/1g1ven y _ ER R+ 68T rdr =§R+—S>< 8mrdr
Seffective = —3 X OF A== 5%, also a = —*x 2 3 ndT 2 3n 4T
5 R+ 28 3nR 7
So, Ve =WA = >< R 2" 3 ” 25 2
7. (a,b): Since, equillibrium is maintained
After collision Veloc1ty of ball towards A, is Applied force = Total surface tension
) oy [CM _1 [GM 16x 1073 =2T x|
Ve=eve =02 =1 16x107°
R 5V R |]=———=8cm
Let amplitude be A', then 2x0.1
= Distance of the slider
, = M from the centre = 3 cm
Ar=Ye_5V R _ R Required distances of the slider
® GM 5 from point P=5+ 3 cmand 5 - 3 cm
R? =8cmand2cm
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8. (a,d) :Since the time period is given by,
T=271:m, so quadrupling the mass will double
the period. However, frequency and amplitude are
independent of one another. Doubling the amplitude

means energy = % kA? goes up by four times.

9. (c,d) :For total internal reflection to occur,
Angle of incidence, (i) > critical angle, (C)
or, sini>sin C
) 1 1 1
or, sin45°> —or, —= > — or, UL > V2 or, u>1414
w2
Possible values of i can be 1.5 or 1.6.
10. (a, b, d) : Magnetic force does not perform any
work as it is at right angle to the direction of motion of
the charged particle. From work - energy theorem,

Wy, = AKE

Contd. from Page no. 72
EIE I MUSING

SUBJECTIVE TYPE

7. 'The pitch of a screw gauge is 1 mm and there are
50 divisions on its cap. When nothing is put in
between the studs, the zero of the circular scale lies
6 division below the line of graduation. When a wire
is placed between the studs, 3 linear scale divisions
are clearly visible while 31 divisions on the circular
scale coincide with the reference line. Determine
the diameter of the wire.

8. A plane spiral with a large number N of turns
wound tightly to one another is located in a
uniform magnetic field perpendicular to the plane
of the spiral. The outside radius of the spiral’s turns
is equal to a. The magnetic induction varies with
time as B = Bsinwt, where B, and o are constants.
The amplitude of induced emf in the spiral is given

nNazBO(u

by . Find the value of n.

®F

B = Bysinot

2a y

Option (a) is correct.

At P, rate of work done = (qE)v = q[ mv}/ = (W]
qa a
Option (b) is correct and option (c) is incorrect.
Rate of work done at Q :
Rate of work done by electric field
= (gE) x (2v) x cos 90° =0
So, rate of work done by both the fields at Q is zero.

9. The figure shows a conducting sphere A of radius
a which is surrounded by a neutral conducting
spherical shell B of radius b (> a). Initially switches
S,» S, and S, are open and sphere A carries a charge
Q. First the switch S, is closed to connect the shell B
with the ground and then opened. Now the switch S,
is closed so that the sphere A is grounded and then S,
is opened. Finally, the switch S is closed to connect
the spheres together. Find the heat (in J) which is
produced after closing the switch S,. [Consider
b=4cm,a=2cmand Q=38 uCj

; 52

10. In the given figure, a string 5 Q
of linear mass density
3 x 1072 kg m~! and length «—>
L =1 m, is stretched by a
force F = (3 - kt) N, where F=@-k)N

k is a constant and t is time in sec. At the time
t =0, a pulse is generated at the end P of the string.
Find the value of k (in N s71) if the value of force

becomes zero as the pulse reaches point Q.
& @

83/
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THINGS YOU

DIDN’T KNOW

ABOUT NOTHING

There is vastly more nothing than
" something. Roughly 74 percent of
the universe is “nothing,” or what
physicists call dark energy; 22 percent is

dark matter, particles we cannot see. Only 4
percent is baryonic matter, the stuff we call

something.

C) Atoms overwhelmingly consist of empty

space. Matter's solidity is an illusion

caused by the electric fields caused by
subatomic particles.

g‘ There is more and more nothing
every second. In 1998 astronomers
measuring the expansion of the universe
determined that dark energy is pushing
apart the universe at an ever-accelerating
speed. The discovery of nothing — and its
ability to influence the fate of the cosmos — is
considered the most important astronomical
finding of the past decade.

C‘. But even nothing has a weight. The

And even something is mostly nothing.

; energy in dark matter is equivalent to
a tiny mass; there is about one pound
of dark energy in a cube of empty space
250,000 miles on each side.
e Sound, a mechanical wave, cannot
travel through a vacuum. Without

matter to vibrate through, there is only
silence.

A So what if Kramer falls in a forest?
' Luckily, ~ electromagnetic ~ waves,

including light and radio waves, need no
medium to travel through, letting TV stations

broadcast endless reruns of Seinfeld, the
show about nothing.

In space, no one can hear you scream:

Light can travel through a vacuum, but
there is nothing to refract it. Alas for

i extraterrestrial romantics, stars do not

twinkle in outer space.

9, Black holes are not holes or voids;
they are the exact opposite of nothing,
being the densest concentration of mass

known in the universe.

‘. “Zero” was first seen in cuneiform
tablets written around 300 B.C.
by Babylonians who used it as a
placeholder (to distinguish 36 from 306 or
360, for example). The concept of zero in its

mathematical sense was developed in India
in the fifth century.

Any number divided by zero is ...
nothing, not even zero. The equation is
mathematically impossible.

[t is said that Abdllhamid Il, sultan of

“ the Ottoman Empire in the early 1900,
had censors expunge references to H,0

from chemistry books because he was sure it
stood for “Hamid the Second is nothing.”

‘!‘ dimensional until the 15th century,

when the Florentine architect Filippo

Brunelleschi conceived of the vanishing point,

the place where parallel lines coverage into

nothingness. This alowed for the development
of perspective in art.

Medieval art was mostly flat and two

‘ 4 Aristotle once wrote, “Nature
abhors a vacuum,” and so did he.
His complete rejection of vacuums

and voids and his subsequent influence
on centuries of learning prevented the
adoption of the concept of zero in the
Western world until around the 13th
century, when Italian bankers found it
to be extraordinarily useful in financial
transactions.

‘ Vacuums do not such things.
» They create spaces into which
the surrounding atmosphere
pushes matter.
‘ \ Creatio ex nihilo, the belief
that the world was created out
of nothing, is one of the most
common themes in ancient myths

and religions.
A
' universe was created out of a
state of vacuum energy, that is,
nothing.
‘O such thing as nothing. Empty
space is instead filled with pairs

of particles and antiparticles, called
virtual particles, that quickly form and
then, in accordance with the law of
energy conservation, annihilate each
other in about 107> second.

&

g These virtual particles popping

‘ in and out of existence create

energy. In fact, according to

quantum mechanics, the energy

contained in all the power plants and
nuclear weapons in the world doesn’t
equal the theoretical energy contained
in the empty spaces between these
words.

D(

Current theories suggest that the

But to a physicist there is no

So Aristotle was right all along.

In other words, nothing could
be the key to the theory of
everything.

LeeAundra Temescu



Readers can send their responses at editor@mtg.in or post us with complete address by 25t of every month to win exciting prizes.
Winners' name with their valuable feedback will be published in next issue.

ACROSS . CUT HERE

4. A unit used to measure the departure of a nuclear = 2 3 g 5
reactor from its critical condition. [4] | 6 7

6. Itisa disordered magnet, where the magnetic spin s
of the component atoms are not aligned in a regular g
pattern. [4, 5] 10 T B

8. A place where highly radioactive products from
nuclear reactors may be safely deposited and =
stored. [6]

4 15 16

11. A directional aerial array widely used for television
and radio telescopes. [4, 6] | 17 L 19

13. A limit on the energy of cosmic rays imposed by the - o
interaction between the cosmic rays and the cosmic
microwave. (3, 5]

14. An electrode in an electron tube, whose primary
function is to provide secondary emission of =
electrons. [6]

21. In fluid dynamics, it is a dimensionless number 23
that characterizes laminar flow in a conduit. [6, 6]

22. A concave lens placed between the objective and iz
eyepiece in a telescope to increase magnification. [6, 4] 5

23. A device for calibrating thermometers at the boiling %
point of water at a known height above sea level.

(10]

24. An astronomical event in which the plane of earth’s equator 9. Units based on the metre, kilogram and second as
passes through the centre of the sun, which occurs twice fundamental mechanical units, together with one electrical
each year. [7] unit of practical size. [6, 5]

25. Part of a signal-wave envelope between the steady-state 10. An al?gnment of three celestial objects, as the sun, the earth
value and the end of the envelope. [8] and élther the moon or o PlaneF. [6]

] o . 12. Physical phenomenon in which the wavelength of the

26. A permanently .ele(.:trlﬁeq substan.cé exhibiting electric fluorescent light emitted is different from that of the
charges of opposite sign at its extremities. [8] absorbed light. [10]

DOWN 15. It is an atomic unit of energy in atomic physics and

1. A proprietary glass-ceramic material that alters very little computational chemistry. [7]
in size or shape when subjected to normal temperature  16. An instrument for measuring the difference in intensity
changes. [6] between radiation entering and leaving the earth’s surface.

2. A hypothetical particle that has a speed greater than the [3,10]
speed of light. [7] 17. A reactive load in which the inductive reactance exceeds the

3. A small telemetry system in a balloon, rocket or satellite, capacitive reactance. 7, 4]
used in meteorology, astronomy etc. [5] 18. A measure of abi.lity 9f a mc.edium to absorb radiation. [11]

5. Radioactive materials that fall to earth following a nuclear- 19. A nuclear reaction in which several nucleons are released
bomb explosion. [7] from tbe nucleus of an atom. [10] .

7. An instrument for measuring the difference in the force of 20. A device that uses a powerful magnetic field to confine

gravity from one place to another. [10]

plasma in the shape of a torus. [7]

& @
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