Dynamics

Exercise

Section I: Multiple Choice Questions

1. A book of mass 10 kg is placed on the table. What is magnitude of force
acting on the book?
A)10N B)50N
C) 100N D) 150 N
2. A passenger standing in a bus falls backward when the bus starts
suddenly. This is due to:
A) Friction B) Inertia of rest
C) Inertia of motion D) Gravity
3. If mass increases and force remains same, acceleration will:
A) Increase B) Decrease
C) Remain same D) Become zero

4. A cricket player pulls his hands backward while catching a ball. This

reduces:
A) Momentum B) Force of impact
C) Velocity D) Mass
5. The weight of a body on the earth is 100 N. What will be its weight on the
moon?
A) 10 kg B) 10N
C) 100 kg D) 16.67 N

6. Why is it easier to stop a moving bicycle than a moving truck?
A) Bicycle has more velocity B) Truck has more momentum

C) Bicycle has more inertia D) Truck has less mass



7. Momentum measures the quantity of  in a body.
A) Inertia B) Force
C) Motion D) Time
8. Which situation involves non-contact force?
A) Pushing a cart B) Pulling a rope
C) Falling of an apple D) Friction
9. Why do athletes run some distance before jumping?
A) To increase height B) To increase momentum
C) To decrease weight D) To reduce force

10.A balloon released without tying moves randomly because:
A) Gravity B) Friction

C) Action-reaction of escaping air D) No force acts



Section II: Short Answer Questions

1. Explain why passengers fall sideways when a bus takes a sharp turn.

Ans. When a bus takes a turn, the body of passengers tends to maintain its state
of motion due to inertia. The lower part of the body moves with the bus, but the
upper part tends to continue in the original direction, causing the passenger to fall

sideways.

2. Why is it difficult to push a heavy object at rest compared to keeping it
moving?

Ans. A heavy object has greater mass, therefore greater inertia of rest.

More force is required to change its state from rest to motion.
3. Deduce Newton’s first law of motion from Newton’s second law of motion.
Ans. According to Newton’s second law of motion:

F = ma

If no external force acts on a body, then:

F=0
So,
0 = ma
Since mass (m) # 0, therefore
a=20
Av=20

This means there is no change in velocity, so the body remains at rest or continues

to move with constant velocity. This is exactly Newton’s First Law of Motion.



4. Why do we wear seat belts in cars? Explain using Newton’s laws.

Ans. Due to inertia of motion, when a car stops suddenly, the body tends to keep
moving forward but seat belts provide a force to stop the body safely and prevent
injury.

5. How would you use law of conservation of momentum to explain motion

of rocket?

Ans. According to the law of conservation of momentum, the total momentum
of the system remains constant. Initially, the momentum of rocket and fuel is zero.
When gases are expelled backward, they gain momentum, so the rocket gains
equal momentum in the forward direction. Thus, the rocket moves upward due to

the backward expulsion of gases and conservation of momentum.
6. What are the limitations of Newton’s laws of motion.

Ans.

Limitations of Newton’s laws of Motion

» Newton’s laws of motion are not applicable at very high speeds (close to
speed of light)

» Newton’s Laws of motion are not applicable at atomic level

» They cannot explain quantum phenomena

7. Explain why jumping from a height on sand is safer than on concrete.

Ans. Jumping on sand is safer because sand increases the time of impact when

the body stops. According to given below equation:

F_AP
At
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An increase in time reduces the force. Therefore, the force of impact is less on

sand than on concrete, making it safer.



8. Differentiate between contact force and non-contact force with real-life
examples.

Ans.

Contact Force Non-Contact Force

A contact force acts only when two
bodies are in physical contact with
each other.

A non-contact force acts without
physical contact between bodies.

It acts even when objects are at a

It requires direct touching of objects. distance.

It stops acting when contact is|It continues to act even without
removed. contact.

Examples include frictional force, | Examples include gravitational force,
tension, and normal reaction force. magnetic force, and electrostatic force.

9. Explain gravitational field strength and how it affects weight at different

places.

Ans. Gravitational field strength is defined as the force acting per unit mass at a
point in a gravitational field. It is represented by g and given by:

F
g=1

The weight of a body depends on gravitational field strength and is given by:
W =mg
Since the value of g changes at different places, weight also changes.

10. When Ronald Kkicks the ball, at the highest point of ball both Earth and
ball attract each other with the same magnitude of force. Why then the

ball moves towards Earth and not the Earth?

Ans. According to Newton’s Third Law of Motion, the Earth and the ball attract
each other with equal magnitude of force. However, the effect of this force

depends on the mass of each body. According to Newton’s Second Law:



F =ma
Since the mass of the Earth is extremely large compared to the ball, its
acceleration is almost zero. On the other hand, the ball has very small mass, so it
experiences a much larger acceleration. Therefore, the ball moves towards the

Earth, while the Earth’s motion is negligible and not noticeable.
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Section II1: Extensive Answer Questions

1. State Newton’s First and Third Law of motion. Explain their examples.

Ans.

Newton’s First Law of Motion
Statement
A body remains at rest or continues to move with uniform velocity in a straight

line unless acted upon by an external unbalanced force.

Fpet =0
a=0
Av =20

Explanation

This law explains the concept of inertia, which is the tendency of a body to resist
any change in its state of rest or motion.
Examples
» A book lying on a table remains at rest until a force is applied.
» Passengers fall forward when a moving bus stops suddenly due to inertia
of motion.
» A coin falls into a glass when the card below it is quickly pulled due to

inertia of rest.

Bus in Motion Bus Breaks
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Newton’s Third Law of Motion
Statement

For every action, there is an equal and opposite reaction.

Faction = —Freaction

Explanation

Forces always occur in pairs. When one body exerts a force on another, the second
body exerts an equal and opposite force on the first.
Examples
» A swimmer pushes water backward, and water pushes the swimmer
forward.
» A gun recoils backward when a bullet is fired.

» Walking: we push the ground backward, and the ground pushes us forward.

Action :

Reaction : Accelerating force
Recoil force on of bullet
gun ¢ »

3

2. State and derive Newton’s Second Law of motion.
Ans.
Newton’s Second Law of Motion

Statement

When the net force is applied on a body, acceleration produced in a body is
directly proportional to the applied force and inversely proportional to its mass,

and it occurs in the direction of the force.



Derivation
From the statement, when force increases, acceleration increases, Therefore,
axF . eql

and for the same force, a body with greater mass accelerates less, so,

1

ac— eq2
Combine equation 1 and 2,
F
ao—
m
F
a= k; ...... eq 3
Where k is constant and its value is:
k=1
Put value of k in equation 3,
F F
a=(1)—=—
m m
F = ma

This equation shows that:

» Force depends on mass and acceleration
» Greater force produces greater acceleration
» Greater mass produces smaller acceleration
3. Define momentum. Derive the relation between force and rate of change
of momentum.
Ans.
Momentum

Momentum is defined as the product of mass and velocity.



P =mv
Relation between force and momentum
Consider a body of mass (m) moving with initial velocity (v;) having momentum
(P;). A net force (F) act on it due to which its velocity changes to final velocity

(vf) and momentum to (Pf) in time (t). The acceleration (a) produced in the body

1s:

|

t

Ve — Vi

a =
t
Multiply “m” on both side:
VE— Vj
ma =m

From Newton’s 2" Law of motion, F = ma

mveg — mv;
F=—

We know, P = mv

It states “Rate of change in momentum is equal to the applied”. This is the

statement of Newton’s 2™ Law of motion in terms of momentum.
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4. State the law of conservation of momentum. Apply it to derive the

formula for recoil velocity of a gun.
Ans.
Law of Conservation of Momentum

The total momentum of an isolated system remains constant if no external force

acts on it.

Initial Momentum = Final Momentum

Prnitial = Prinal
Derivation

Consider a gun of mass (M) and a bullet of mass (m) initially at rest. i.e. velocity
of gun (v;) and velocity of bullet (vg) is zero. When bullet is fired, it moves with
final velocity (ug) and gun recoil with velocity (u;). According to law of

conservation of momentum:

Mass of Bullet (m)

;%{

Mass of Gun (M)

Total momentum before Fire = Total momentum after Fire

Y /
PGun + PBullet - PGun + l:)Bullet

Mvg + mvg = Mug + mug ... eql



As we know that:

So, equation 1 will become,

VG=VB=O

M(0) + m(0) = Mug + mug

0= MUG + mupg

—Mug = mug

Ug =

m
——u
M B

Negative sign shows that the gun recoil on the opposite side to the motion of

bullet.

5. Differentiate between mass and weight.

Ans.

Mass

Weight

Amount of matter in a body

Force with which Earth attracts a
body

Scalar quantity

Vector quantity

Constant everywhere

Changes with location

Measured in kg

Measured in Newton

Measured using beam balance

Measured using spring balance

Independent of gravity

Depends on gravity
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Section I1V: Numerical Problems

Q1. What force is required to increase the velocity of 800 kg car from
10 ms~! to 30 ms~! in 10 seconds?
Given

Mass of the car (m) = 800 kg

Initial velocity of the car (x) = 10 ms™!
Final Velocity of the car (v) = 30 ms™!
Time () = 10s

Solution

To find force, first we need to find the acceleration produced in the car.

We know that;
V—u

t

acceleration (a) =
Substituting the given values:

~30-10
10

a

20
a= 10 = 2ms 2

Now, by using Newton’s second law of motion:

F =ma
F =800x2
|F = 1600N|

Q2. Two balls of masses 0.2 kg and 0.4 kg are moving towards each other
with velocities 20 ms~! and 5 ms™! respectively. After collision, the velocity

of the 0.2 kg ball becomes 6 ms~!. What will be the velocity of 0.4 kg ball?
Given

Let the direction of motion of the 0.2 kg ball be taken as positive.
Mass of the first Ball (m) = 0.2kg



Mass of the second Ball (m;) = 0.4 kg

Velocity of the first ball before collision (1) = +20 ms~!
Velocity of the second ball before collision (#7) = —5ms™!
Velocity of the first ball after collision (v{) = +6 ms™!
Velocity of the second ball after collision (v;) =?

Solution

Since the balls collide, we use the law of conservation of momentum.

Initial momentum = Final momentum

So,

miuy + moupy = mivy + mpvs

Substituting the values:
(0.2)(20) + (0.4)(-5) = (0.2)(6) + (0.4)v,
Now simplify each term:

4-2=12+04v,

2=12+0.4v,
Subtract 1.2 from both sides:
2-12=0.4v,
0.8 =0.4v,
Divide both sides by 0.4:
_ 038
2704
V) = 2ms”!

The positive sign shows that after collision it moves in the same direction as the
0.2 kg ball.
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Q3. A ball of mass 0.5 kg is dropped from a height of 2.0 m and rebounds
to a height of 1.0 m. Find the impulse applied by the ground on the ball.

Given:

Mass of the ball (m) = 0.5kg

Height from which the ball is dropped (/1) = 2.0m
Height after Rebound (/) = 1.0m

Gravitational acceleration (g) = 9.8 ms™

Solution

We know that;
Impulse = change in momentum

J=mv —mu
J=m(v—u)
To find the impulse, we first need:
 Velocity of the ball just before hitting the ground,
* Velocity of the ball just after rebounding.

Find the velocity just before hitting the ground
The ball is dropped from rest, so:
initial velocity (1) = Oms™!

We use the basic concept:

Distance = Average velocity X time

Also,
Average velocity = Initial velocity ;— Final velocity
So for the falling ball:
0+
Average velocity = > v

Average velocity =



Now distance fallen is 2.0 m, so:

V
20==Xt
2
vt
20=—
2
Now use the definition of acceleration:
v-—u
§=7
Since u = 0,
_Y
§=7
v = gt
Substitute v = gt into
vt
20=—
2
So, (o)
gt
20=—"—
2
gt
2.0="=—
2
Substitute g = 9.8 ms™2:
9.8¢2
20=——
2
2.0 = 4.9/
2.
2 = 2.0
4.9
2 =041
t =Vv0.41
Now,
v =gt
v=9.8xVv041

v =6.26ms !



So, the velocity just before hitting the ground is:

6.26ms™!

This velocity is downward.

Find the velocity just after rebounding

Now the ball rises to a height of 1.0 m.

At the highest point, its final velocity becomes zero.

So:

u="?
v=0ms!
h=10m
Again use:

Distance = Average velocity X time

Average velocity is:

+
Average velocity = ! > 4
Since v =0,
Average velocity = %
So,
u
1.0==xt
2
ut
1.0 =—
2
Now use the definition of acceleration:
u-v
£
Since v = 0,
98="2
t



Substitute u = 10¢ into

ut
1.0 =—
2
(9.81)t
1.0 =
2
1.0 = 4.9¢
»_ 10
4.9
=02
t =V0.2
Now,
u=9.8t¢
u=9.8V0.2
u=4.43ms™!
So, the velocity just after rebounding is:
4.43ms™!
This velocity is upward.
Find impulse
Take upward direction as positive.
Then:
u=-626ms™
v = +4.43 ms™!
Now use:

J=m(v—u)

Substitute the values:
J = 0.5(4.43 - (—6.26))

J =0.5(4.43 + 6.26)
J = 0.5(10.69)



J = 5.345Ns
J ~5.3Ns

Therefore, the impulse applied by the ground on the ball is:

Its direction is upward.

Q4. An astronaut of mass 80 kg throws a tool of mass 0.5 kg with speed
4ms~!. Find the recoil speed of the astronaut.

Given

Mass of the astronaut (7 ,5ronaut) = 80 kg

Mass of the tool (m101) = 0.5 kg

Initial speed of tool and astronaut (u#ip01) = (Uastronaut) = 0 ms ™!
Final speed of the tool after throwing (vie1) = 4 ms™!

Solution

Let

Total momentum before throwing = Pryjal
Initial momentum of tool = Py

Initial Momentum of astronaut = P gonaut
So,

P Initial = P tool + P astronaut

Pritial = MioolUtool + MastronautUastronaut

Pritial = mtool(o) + mastronaut(o)
Prnitial = 0

Since initially the total momentum is zero, after throwing the tool the total

momentum must still remain zero.
Momentum of astronaut + Momentum of tool = 0

Let the recoil speed of astronaut be v.
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Then,
(80)v + (0.5)(4) =0

Since the astronaut recoils in the opposite direction, we can write in terms of

magnitudes:
80v = 0.5 x4
80v =2
Divide both sides by 80:
2
T
v =0.025ms™!

Therefore, the recoil speed of the astronaut is:

0.025ms™!

The astronaut moves in the direction opposite to the thrown tool.

QS. A girl is holding a school bag of mass 3kg. How much force is she
applying on the bag? If she lifts it upward with an acceleration of 2 ms2,
how much total force should she apply?

Given
Mass of the bag (m) = 3kg
Acceleration of the bag (a) = 2ms~

2
Gravitational acceleration (g) = 9.8 ms™2
Solution

When the girl is only holding the bag

If the bag is just being held and not moving, then the upward force applied by
the girl is equal to the weight of the bag.

F=mg

Substituting the values:
F=3x%x938



F =294N

Therefore, the force applied while holding the bag is:

When the girl lifts the bag upward with acceleration

Now the applied force must do two things:

» Balance the weight of the bag,

* Provide extra force for upward acceleration.

So,
F=mg+ma
F=m(g+a)
Substituting the values:
F =3(9.8+2)
F =3(11.8)
F =354N

Therefore, the total force required is:

Q6. A 4 kg football is moving with speed 12 ms~!. It is stopped in 0.3 s after
hitting a wall. Find the force applied on the ball.

Given

Mass of the football (m) = 4kg

Initial speed of the football (1) = 12ms™!
Final Speed of the football (v) = Oms™!
TIme () = 0.3s




Solution:

To find force, first, we need to find the acceleration (a) of the ball.

vV—u
a =
!
Substituting the values:
0-12
a =
0.3
—-12
a = ——
0.3

Now use Newton’s second law:

F =ma
F =4 x (-40)
F =—-160N

The negative sign shows that the force acts opposite to the direction of motion.

Therefore, the force applied on the ball is:

opposite to the motion of the ball.

Q7. A 10kg block is placed on a smooth horizontal surface. A horizontal
force of SN is applied to the block. Find:

(a) the acceleration produced in the block.
(b) the velocity of block after 5 seconds.

Given

Mass of the block (m) = 10kg
Horizontal force (F) = 5N
Time () =55

Initial Velocity () = 0 ms™!



Solution
Part (a): Acceleration of the block

Using Newton’s second law:

F =ma
So,
F
a=—
m
Substituting the values:
5
“T 10
a=0.5ms>

Part (b): Velocity after 5 seconds

We know that:
vV—u
a =
4
Substituting the values:
v—-0
0.5 =
5
%
0.5=—
5
Multiply both sides by 5:
v=0.5x%5
y=25ms"!

Q8. The mass of a person is 80 kg. What will be his weight on the Earth?
What will be his weight on the Moon? The value of acceleration due to

gravity of Moon is 1.6 ms™2.

Given
Mass of the person (m) = 80kg

Gravitational acceleration on Earth (ggam) = 9.8 ms~2
Gravitational acceleration on the moon (gnoon) = 1.6 ms™2

Solution



Weight is given by:
W =mg

Weight on Earth:

WEarth = MgEarth

WEarth = 80 X 98
Wgarth = 784 N

Therefore, the weight of the person on the Earth is:

Weight on Moon:

Whoon = M&Moon
Whnoon = 80 X 1.6
Witoon = 128 N

Therefore, the weight of the person on the Moon is:



