Chapter-5
Laws of Motion
1. What is Aristotle’s Fallacy?

Ans: According to the Greek thinker
Aristotle (384 B.C — 322.B.C), an
external force is required to keep a
body in uniform motion.

2. What is the Modern concept about
uniform motion?

Later Galileo (1564 -1642) proved that
the above concept
According to Galileo “no external
force is required to keep a body in

was  wrong.

uniform motion”.

State of rest and state of uniform linear
motion are equivalent. In both cases, i
there is no external force acting on-the_|
body. |

3. Define Inertia. Which are the three
types of inertia? Give examplcs.

Ans: Inertia is the tendenszsof a body
to continue in its statc o f rest of'State of
uniform motionsalong a siraight line.

The word‘nertiameans resistance to
change.

Different tvpes of inertia

i. Inertia of rest
The tendency of a body to remain in its
state of rest is called inertia of rest.

Eg: -

a) A person standing in a bus tends to
fall backwards when the bus suddenly
starts moving forward.

b) When a horse suddenly starts
running, the rider falls backward.

c¢) Dust is removed from a hanging

carpet by beating it with a stick.

d) When we shake the branch of a tree,

its fruits and dry leaves fall down.
ii.Inertia of motion

The tendency of a body to remain in its

state of uniform motion in a straight

line is called inertia of motion

Eg: -

a) When a moving bus suddenly stops,
a person standing in it tends topfall
forward.

b) When a horserunning fast suddenly
stops,.the rider 1s,thrown forward.

Gy ATneryon getting.out of a moving
bus-eor train falls in the forward
direction.

d¥An ‘athlete runs for a certain
distanceybefore taking a long jump.
e)A.ball thrown upward in a moving
train comes back into the thrower’s
hands.

iii.Inertia of Direction

The tendency of a body to continue its
direction of motion is called inertia of
direction.

Eg: -

a) When a bus takes a sharp turn, a
person sitting in the bus experiences a
force acting away from the centre of
the curved path.

b) When a stone executing circular
motion 1is released, it flies off
tangentially.

¢) During the sharpening of a knife, the
sparks coming from the grind stone fly
off tangentially to the rim of the
rotating stone.

d) When a vehicle moves, the mud
sticking to its wheels flies off
tangentially.




4. Explain the relation between mass
and inertia. Give an example.

Ans: Mass of a body is the measure of
its inertia. If a body has more mass, it
has more inertia.

Eg: When a dog chases a hare, the
hare runs along a zigzag path.

Reason: -When the hare runs in a
zigzag path, it becomes difficult for the
dog to catch the hare. This is because
the dog has more mass and hence has
more inertia of direction than the hare.

5. A block of mass is suspended by a
light cord C from the ceiling and
another strong cord D is attached to the
bottom of the block as shown.
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The cord D ig'pulled by a iovice T
Which of these'cords will break, it

a) the forceiis increased steadily?
b) The
suddenly?

Ans:

force is  increased

6. State Newton’s 1% Law of motion
(Law of Inertia).

Ans: Newton’s first law states that
“everybody continues in its state of rest

T

or of uniform motion in a straight line
unless compelled by some external
unbalanced force to change that state”.
7. Define linear momentum (p) of a
body.

Ans: Momentum of a body is defined
as the product of its mass (m) and
velocity (v).

—

P=mv
Momentum is a vector quantity.
S. I unit of momentum is kg ms.
8. State Newton’s second law™ of
motion (Law of force):
Ans: Newton’s”second, law of states
that “the rate ot ¢Hange of momentum
of a bodyis d.rcuiiy proportional to the
applied force znd the change in
momey cam takes place in the direction
of foree”
dp
dt

Fa

9. Obtain the expression for force

=ma from second law.

Ans: According to second law,

Fo 4P
dt
- dp )
F =k —, where k is the
dt
proportionality constant
Butk=1,
- d
JF=—(mv
7, (m9)
- dv )
F=m — [ mis a constant]
dt
F=ma

10P. A machine gun fires bullets of
mass 40 g each with a speed 1200m/s.
The person can hold the gun with a
maximum force of 144N. What is the




maximum number of bullets that can
be fired per second from the gun?

Ans:

11P. A constant retarding force of SON
is applied to a body of mass 20kg
moving initially with a speed of 15m/s.
How long does the body take to stop?

Ans:

12P. A bullet of mass .04 Ky moving
with a speed of 90m/s cniers a heavy
wooden block ahd iz stopped after a
distance of 60cmi;/Whai is the average
resistive force ‘exerted by the block on
the bullet?

Ans:

13P. The driver of a three wheeler,
moving with a speed of 36km/hr sees a
child standing at the middle of the road
and brings his vehicle to rest in 4
seconds, just in time to save“the child.
What is the average retarding force on
the vehicle? The mass_of the three
wheeler is 400kg and the mass of the
driveric 65kg.

ARNS.

14P. A horizontal force of S00N pulls
two masses 10kg and 20kg (lying on a
friction less table) connected by a light
string. What is the tension in the string?
Does the answer depend on which mass
the pull is applied?

Ans:




15. What is impulsive force? Define
impulse.

Ans: Large force acting for a short
time is called impulsive force.
Eg: (1) Hitting a nail with a hammer,

(i) Hitting a cricket ball with a
bat.

(111) Kicking a football.

Impulse of a force is the product-of

force and time.

I=F x At
S.I unit of impulsewis, N.S (Newton
second). ImpulSe is a vector quantity.
16. State< and” prove
momentum theory.

impuise-

Ans: According 6 impulse momentum
théory, impulse is equal to change in
momentum.
Proof
According to Newton’s second law,

p-dp

dt
= Fdt=dp

i.e.,ﬂ

1.e., Impulse = change in momentum

17P. A batsman hits back a ball
straight in the direction of the bowler
without changing its initial speed of
12m/s. If the mass of the ball is 0.15kg,
determine the impulse imparted to the
ball.

Ans:

18. Givescmz applications of the
concept orvmptilse

Ans:

@) Whilé  catching a ball a
crickeieviowers his hands.

QRease; By moving the hands

Lackwards, the cricketer increases the

time  of catch. Then, the force

/

U F= Lj exerted by the ball on his
At T

hands becomes much smaller and it
does not hurt him.

(ii) A person falling from a certain
height receives more injuries when he
falls on a cemented floor than when he
falls on a heap of sand.

Reason: When the person falls on a
heap of sand, sand gets depressed
under his weight. The person takes
longer time to stop. This decreases the

force(i F= L) exerted by the floor
AtT

on the person.

(iii) Automobiles are provided with
shockers.

Reason: When a vehicle moves on an
uneven road, it receives a jerk. The




shock absorbers increases the time of
jerk and hence reduces its force.

(iv) Buffers are provided between
the bogies of train.

Reason: Buffers increase the time of
jerk. This decreases the force of impact
between the bogies. The bogies are
thus prevented from receiving severe
jerks.

(v)  China wares are packed in straw
paper before packing.

Reason: The straw paper between the
china wares
experiencing the jerk during the
transportation.

increases the time of

19. State Newton’s third law of motion
(Law of Action and Reaction)

Ans: The law state that “To every
action, there is an equal and opposite
reaction.”

Examples:

(1) During walking, a man pusies the
ground (action). As a reacuen, e
ground exerts an equal but opposite
reaction force to the persox
(i1) While swimniing:— %*person
pushes water Jbaciiward.. The water
then exerts “an._equal »and opposite
reaction_to the person in the forward
direction.

(ii~. When a person jumps out of a
boatsethe pushes the boat in the
The
reaction force exerted by the boat on

backward direction. forward
the person helps him to jump out of the
boat.

20. Even though action and reaction
are equal and opposite, they do not
cancel each other. Why?

Ans: Action and reaction are acting on
different bodies. So they do not cancel
each other.

21. A horse cannot pull a cart and run
in empty space. Why?

Ans: In empty space, horse cannot
apply action. So it will not get any
reaction to run.

22. State the law of conservation of
linear momentum.

Ans: The law states that “[fno external
force acts on a. systém.,of several
particles, the total linear'momentum of
the syziem.remains constant.”

23. Trove the law of conservation of
linear, “'momentum from Newton’s
seconddaw.

Ansi"According to second law,F=j—It)

If there 1s no external force,

F=0
:@zo
dt
= p=constant

Thus total linear momentum of a
system remains constant in the absence
of external force.

24. Prove the law of conservation of
linear momentum from Newton’s third
law.

Ans: Consider two bodies A and B of
masses m; and m> moving with
velocities ur and uz collide with each
other. Let vi and v2 be their velocities
after collision.




Before Collision Abter tdlison

@z | @O0y

The force exerted by A on B (action),

Fl =m,a,

F=m, (Vz ;uzj

Similarly, the force exerted by

B on A (reaction),

E =mja,

F2 = m, (Vl ;ulj

By Newton’s third law,

Fi1=-F2

2l
=m, Y =m, v

=12 V2 - MUz = M Vs MUy

= mpoVv2 + mvi = mur +Fmsun

-

:>‘m1u1 + MUz~ Mivq + mavy

i.e., total linear. momentum before
collision is equal to total momentum
after collision.

25P. A bullet of mass 20g pierces
through a plate of mass 1kg and then
comes to rest inside a second plate of
mass 2.98 kg as shown in figure.

It is found that the two plates, initially
at rest, now move with equal velocity.
Find the percentage loss of the initial
velocity of the bullet when it is
between the plates.

Ans:




26. Give an application of law of
conservation of momentum.

Ans: Recoil of gun is an application of
law of conservation of angular
momentum.

When the gun powder explodes, the
shot moves with a large forward
momentum. The gun moves backward
with the same momentum. This is
called recoil of gun. The velocity of
gun just after firing is called recoil
velocity. The velocity of the bullet just
after firing is called muzzle velocity.

Before firing both the gun and bullet !

. 1
are at rest. There total lineat |

momentum is zero before collision. |

Let M — mass of gun
V — velocity of gun
m — mass of bullet

v — velocity of bullet

We know, bythe law feonservation
of linear momentum,

Total momentum before firing = Total
momentum after firing.

O=MV +mv
=-MV =mv
-mv
N V=_—_
M

This is the expression for recoil

velocity.

Note: To reduce recoil velocity, the
mass of the gun is to be increased.
Negative sign indicates that the recoil
velocity is opposite to the muzzle
velocity.

27. Distinguish between mass and
weight.

Ans: Mass is the amount of substance
contained in a body. It is“a scalar
quantity its SI unit is kg.

Mass is a scalar quantity.

Weight is the gravitational force acting
on aody. S.I unitis Newton (N).

W =mg
Weight iswa vector quantity.

28. Define inertial and

Grayvitational Mass.

mass

Ans: From Newton’s Second law,

That is the acceleration of an object
is inversely proportional to its mass.
Thus the mass is a measure of inertia
of'a body. So it is called inertial mass.

“Inertial mass is the ratio of force
applied on an object to the acceleration
produced”.

We know, W = mg




Gravitational mass is the ratio of
weight of an object to the acceleration
due to gravity. As the mass of an object
increases, the gravitational force on it
increases.

Gravitational mass can be measured
using common balance.

29. Explain the different cases of
apparent weight of a body in a lift.

+

A

Ans:

bos i

Consider a body of mass m placed i
a lift at rest. The forces\acting.on tiie !
body are

(1) The weight\et the’ body acting
vertically*downwards (W = mg)
(ii)

vetticallyyupwards.

The normal reaction (R) acting

Case=l" The lift is stationary or
moving up or down with uniform
velocity.

a=0
Then the resultant force acting on the
body,
F=ma
R-mg=mx0

.. R=mg

Apparent weight of the body is equal
to actual weight.

Case—2 The lift is moving upwards
with uniform acceleration ‘a’.
Here,
F=ma
R -mg=ma
= R=ma+mg
=>R=m(a+g),
Apparent weight of the body.is greater
than the actual weight.

Case—3 The liftis-moving down with
uniform accelcxation ‘a’.
F 7&8
mg — R =wa
mg —ma=R
R'= m\(2—#), Apparent weight of the
boayv geurcases.

Lase4 The lift is in free fall
(Supose the lift cable breaks)
Herea=g
R=m(g—-a)
=m(g-g)=m(0)=0
The apparent weight is zero. The body
feels weightlessness.

30P. A child weighing 20 kg is in a lift
that is moving down with an
acceleration of 5Sm/s?, what will be the

apparent weight of the
child?(g=10m/s?)

Ans:




31P. A monkey of mass 40kg climbs
on rope which can withstand a
maximum tension of 600N. In which
of the following cases will the rope

break? The monkey
(a) Climbs up with an acceleration
of 6m/s.
(b)Climbs  down  with an

acceleration of 4m/s?.
Ans:

Friction

32. Define friction

Ans: is the force which
opposes the relative motion between
two surfaces in contact.

Friction

33. What is the cause of friction?

Ans: Friction is due to the force of
attraction between the molecules of the
two surfaces in contact.

34. Give the classification of friction
Ans: There are two types of friction (1)
Static friction and (i1)) Kinetic
friction

Kinetic friction is again divided in to
(a) Sliding friction and.__Rolling
friction.

35. Define Static Friction'(f5)

Ans: It is the frictional force between
twe surfaces in‘contact before there is
relative motiombetween the surfaces.
36. Plot the variation in the value of
stati/fiction with the applied force.
Ans:

F"n'chon
LS
|
|
1
1
|
1

~

Applied Fovee

When we push or pull a body the
static friction develops in the opposite
direction. If we increase the external
force, more and more static friction is
developed. But the static friction has a
maximum value called the limiting
friction. If we apply more force than
the limiting friction, the body will
move. When the body once starts
motion, the friction slightly decreases
and thereafter it has a constant value
called kinetic friction.

37. Define limiting friction (f; ™).
Ans: The maximum value of static
friction is called limiting friction.




38. State the laws of static friction.
Ans: The laws of static friction are:

i. The magnitude of the limiting
friction is independent of the
area of contact.

ii. The limiting friction is directly
proportional to normal reaction.

fsmax aR
fsmax = s xR

s is called the coefficient of the static
friction.

39. Define kinetic friction.

Ans: It is the force of friction between
two surfaces in contact when there is
relative motion between the surfaces.

Kinetic friction is always less than
limiting friction.

40. What are the two types ofKinetic
friction?

Ans: Kinetic friction ig oftwo types

(a)
(b)
Note: - Rolling friction is less than
Sliding friction.

Sliding frietion
RollingAriction

41. State thesaws of kinetic friction.

Ans:

(i) The kinetic friction has a
constant value depending on
the nature of the two surfaces in
contact.

(ii) The kinetic friction (fx) is

directly proportional to the
normal reaction R.

fk(IR
:>fk=],lk><R

Rk is called the coefficient of kinetic
friction.

42. Define the angle of friction.

Ans:
- T —— AR

t
!Nk;‘ |
oy

f. — Apphed foree

f, M3 % Limiting friction
R'— Normal reaction
mg — weight of the body

“The angle which the resultant (fr) of
the limiting friction and normal
reaction makes with the normal
reaction (R) is called the angle of
friction (A)”.

tan k=—s=—“5R =L,
R
tan A =,
A=tan™ (n,)

43. Define angle of repose.

Ans: “The angle of inclination of the
inclined plane when the body just
slides down is called angle of repose”

10




Here,

mgsin 0 = f™

mgcos0 =R

@
2
tan0 = p,

SoB=tan" (p,)
Also we have, the angle of friction
A =tan’ (Hs) .
.. From (3) and (4)
B=A

P Gy

Angle of ReposeTA_ngle of friction

44. What'is the prineiple behind the use
of ball bearings?

AnsirRolling friction is less than
sliding_friction. This is the principle
behind the use of ball bearings.

45. Friction is a necessary evil.
Explain.

Ans: Friction has many advantages
and some disadvantages. So friction is
called a necessary evil.

Advantages of friction

i.We are able to walk on the ground
due to friction.

ii.We can hold an object in hand due to
friction.

iii.Meteors burn in air due to

atmospheric friction.

Disadvantages of friction
i.When a vehicle moves, a lot ofienergy

is lost to overcome the friction.

ii.Friction causes the wearand tear of
moving parts of machines.

iii.Friction offered by atmospheric air
1s “isadyantageous jto rockets and
satellites.

46. Givewsome methods to reduce
iriction.
Ans:

1.7 Use ball-bearings between two
moving parts of a machine.
Use lubricants: - Lubricants
form a layer between the two
solid surfaces and thus prevent
them into  direct
contact. Grease, oil, wax etc.

ii.

coming
are used as lubricants.
Circular Motion and Friction

47. Define centripetal force. Give
examples.

Ans: Centripetal force is that force
experienced by a body, when it moves
along a curved path. The direction of
the force is towards the centre of the
curved path.

. m
Centripetal force =
r

11




Eg: 1) When a stone tied to a string is
whirled, the centripetal
provided by the tension in the string.

force is

i1) When a satellite moves around
the earth, centripetal force is provided
by the gravitational attraction of earth
on the satellite.

111) For a car taking a circular turn on
a horizontal road, the centripetal force
is the force of friction.

48. A car is moving on a circular level
road. Derive the
maximum speed for safe turning of

expression for

the car.

Ans:

~ 4
g |

ke
s

Thexforees acting on the car are:
(1) theweight of the car, mg

(i1) Normalteaction, R
(ii1)Frictional force, f
The centripetal force required

2
myv

for the motion of the car = ,
r

where r is the radius of curvature of the
road. This is provided by the force of
friction between the tyres and the road.
The maximum frictional force

fsmax — HSR

= usmg [Since R = mg]
The condition for the safe turning of

the car is,
m V2
< pgmg
r
2
myv
max —
— pmg
r
2 Msmgr —
Vmax < - lVl'Sgr
Vmax = u‘srg
Vmax = lVl'Srg

This is the™maxiwaum speed for the
vehicle te averd skidding.

49P. A evlisi speeding at 18km/hr on
a leverwoad takes a sharp circular turn
~f rasius 3m without reducing the
sieed. The coefficient of static friction
between the tyres and the road is 0.1.
Will the cyclist slip while taking the
turn?

Ans:
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Banking of Road

50. What is meant by banking of road?
Ans: At a curve the road is made in
such a way that the outer edge of the
road is raised above the inner edge.
This is called banking of roads.

51. What is the advantage of banked
road?
Ans: On a banked road, a vehicle gets
more centripetal force.
Explanation

On a level road, friction is the only
available centripetal force.

On a banked road, both friction
and a component of normal reaction
are available as centripetal force.

52. Derive an expression fory the
maximum speed for safe'tutning on a
banked road.

Ans:

/NRcos0
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At equilibrium, we have

R cos® =mg + f "™ sinf--------- 1)
2

mv '

max fsmaxcose + R sinb--- (2)

r

2
Eqn (2) —» 2Vms — | R cos6 + R sing
m Vmax2

r

=R(p, cos +sinbd)---(3)

53P. A circular racetrack of radius
300m is banked at an angle of 15°. If
the of friction
between the wheel of a race car and the

coefficient static
road is 0.2, what is the (a) optimum
speed of the race car to avoid wear and
tear of its tyres, and (b) maximum
permissible speed to avoid slipping?
Ans:

Eqn (1) >R cos® =mg + pu R sin
= R cosO - p R sinh =mg
= R (cose - ;,Lssine) =mg

= R= me

(4

m
Substituting eqn (4) in eqn (3),we get
n,, _ Mg

r o cosd- L, sin®

(1, cosB + sinf)

, _ 1g(p, cosb +sind)

max

cosO - i, sind

Dividing both Nr. & Dr. of RHS by cos€
{rg( B, cosd + sin6) }
2 _

cosO
Vines [cose - 1, sin®,]
cos 0
r +1an0
B -
1 7 p, tanO

This is the maximum speed to  avoid

skidding of the vehicle.

Without considering friction,
put ps =0 in eqn (5)

v = 4/r gtanO

This is the maximum speed to avoid
wear and tear of tyres.
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