Balanced And Unbalanced Forces 

We perform different types of activities in our daily life. This includes opening a drawer, moving a table, throwing a ball, lifting a dumbbell etc. While performing these activities, we realize that effort is required to stop a moving object or moving a stationary object. Have you ever wondered what causes the change in motion of an object that is either stationary or moving uniformly?
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A change in the motion of objects occurs due to the application of force. In this section, we will learn more about the concept of force.

Force
Force is a push or a pull. It tends to change the motion of an object. When you push a table, force causes the table to move as it changes its state of rest.

Effects of force
1. Force can stop a moving body or move a stationary body.

2. Force can change the speed, direction, shape, and size of a body.

What will happen if more than one force acts on a body?
Balanced and unbalanced forces in a body
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 metal spring having two ends M and N are placed on a table.

When you pull the end M of the spring, it will move towards the left and when you push the end N of the spring, it will move towards the right. What will happen if you simultaneously pull both ends of the spring with the same force?
The spring will stretch and its shape and size will change but it will not move because the net force acting on it is zero.

What will happen if two unequal forces are applied at the two ends of the spring?
When unbalanced forces are applied at the ends of the spring, it will start moving in the direction of the greater force. Hence, the net force is not zero in this case.

A toy car is pushed on a rough floor and is allowed to move. It moves some distance and comes to rest. Why does the toy car come to rest?

The toy car comes to rest after some time because of the frictional force between the moving wheels of the car and the rough floor. This force acts in the direction opposite to the direction of motion of the car. This means that an unbalanced force acts on the car in the direction opposite to the direction of motion of the car. As a result, it will come to rest after some time. Hence, in order to keep the toy car moving, one should push it again before it comes to rest.

An unbalanced force can stop a moving object.
An object moves with a uniform velocity when no net external force is acting on it, i.e. the forces acting on it are balanced.

What will happen if you try to push a table on a rough floor?

The result of the applied force will depend on the magnitude of the force applied on the table.
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The figure given above shows the various forces acting on the table, where

F1 → Magnitude of the applied force
F2 → Frictional force caused by the rough surfaces in contact
It is clear from the figure that the frictional force F2 opposes the applied force, whereas force F1 tends to overcome the frictional force. The table will not move if you apply a small force. However, if you apply a force that is greater than the frictional force, then the table will move in the direction of the applied force.

An unbalanced force can move a stationary object.
Unbalanced force and acceleration
An unbalanced force can change either the speed or the direction of motion of a moving body. As a result, the body can acquire positive or negative acceleration. Hence, an unbalanced force is required to accelerate a uniformly moving body However, the direction of acceleration depends on the direction of the unbalanced force.

Case I - An unbalanced force F is acting on a uniformly moving ball in the direction of its motion. Hence, the ball will accelerate in its direction of motion. [image: image2.png]



Case II - An unbalanced force F is acting on a uniformly moving ball in the direction opposite to its direction of motion. Hence, the ball will decelerate and come to rest
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The speed of the ball, v, will increase and decrease in case I and II respectively. If force is removed, then the ball will move with uniform speed because no net force will be acting on it.

When you stop pedaling a bicycle, it starts slowing down. Name the forces that act on the bicycle. Also mention their directions.
Newton&apos;s First Law Of Motion
What you have seen is not possible in practical. In practical situations, it is very difficult to achieve the condition of no net force on the ball because of the presence of the frictional force acting opposite to the direction of motion of the ball. Thus, in practice, the ball will stop after travelling some distance. This experiment was first conducted by Galileo Galilee, but the results of his experiment were not widely accepted by the people at that time.

Later, Newton used the results of Galileo’s experiment to give the first law of motion. It is stated as

A body at rest will remain at rest and a body in uniform motion will continue its uniform motion unless an external force acts on it to change its state of rest or uniform motion.
The following examples will give you a better understanding of Newton’s first law of motion.
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Stationary Table
A stationary table remains stationary as long as no one pushes or pulls it. The net force on the stationary table is zero. An external force is required to change its state of rest. When someone pushes or pulls the table, it moves along the direction of the applied force.
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Pen on a Table
Suppose a pen is lying on a table. A pen cannot move by itself, i.e., it cannot change its state of rest by itself. Its state of rest can be changed only when an external force is applied on it. For example, if you lift the pen from the table, then its state of rest will change. This change is the result of the application of an external force on the pen by your hand.
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Space Walk
An astronaut on a space station goes in the outer space for a space walk without any harness. He leaps out from the space station and moves away from it. He has to apply a force towards the space station in order to stop from going too far from it. What makes the astronaut move away from the space station?
The answer to this question is very simple. There are no forces acting on the astronaut in space. Hence, he keeps moving in a straight line away from the space station. He has to apply a force towards the space station to change his state of uniform motion.

In the context of the above examples, you will notice that bodies offer resistance to a change in their states of motion or rest. If an object is at rest, then it tends to remain at rest; if an object is in a state of motion, then it continues to be in the state of motion. This property of a body is known as inertia.

	Newton's concept of inertia stood in direct opposition to the more popular concepts of motion of his time. Prior to Newton’s concept, it was a popular notion that objects had a natural tendency to come to rest. It was believed that a moving object would eventually stop moving. However, a force was necessary to keep the object moving. If left to itself, a moving object would eventually come to rest and an object at rest would continue to stay at rest.


Do all bodies possess inertia?
Yes, all bodies, whether moving or at rest, possess inertia.

Do they possess inertia in the same amount?
We know that it is easier to push a wooden block as compared to pushing an iron block of the same size. We can easily move a football but it takes a lot of effort to move a large rock. Hence, it can be said that heavier or massive objects possess larger inertia. Quantitatively, the inertia of an object is measured by its mass.

Mass is a measure of the amount of Inertia

Objects resist any change in their state of motion which means that they have inertia, but objects do not have the same tendency to resist changes. The tendency of an object to resist changes in its state of motion depends upon its mass. Mass is that quantity which is dependent upon the inertia of an object. An object having greater inertia has a greater mass. Hence, a more massive object has a greater tendency to resist changes in its state of motion.

Momentum
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t is a common observation that we require more force to stop a heavier body as compared to a lighter body. If you catch a cricket ball as well as a table-tennis ball, then you will observe that more force is required to catch the cricket ball as compared to that required to catch a table-tennis ball. This happens because the mass of the cricket ball is more than that of the table-tennis ball. Hence, we can conclude that the force required to stop the motion of a body is directly proportional to its mass. Similarly, more force will be required to throw the cricket ball as compared to that required to throw the table-tennis ball.

Let us assume that you have two cricket balls of the same mass. You throw one ball with a lesser force and the other with a greater force. What do you expect to happen? The ball that is thrown with the greater force will move with a greater velocity as compared to that thrown with the lesser force.

Hence, we can conclude that the effect of force on a body can be described with the help of its mass and velocity. To describe this, Newton defined the term momentum. He defined it as the product of the mass and velocity of a body, i.e.,

Momentum = Mass × Velocity

Or, p = m × v 
Where, p = momentum; m = mass; v = velocity

	The kind of momentum we have just defined is known as linear momentum as it is about the linear motion of a body. You will learn in later classes about angular momentum which deals with the rotational motion of a body.


Let us try to find the momentum of a cricket ball weighing 150 g moving at a speed of 
20 m/s.

To find the momentum of the ball, we multiply its mass and speed.

Mass of the ball = 150 g = 0.15 kg

Velocity of the ball = 20 m/s

Momentum of the ball = 0.15 kg × 20 m/s

= 3 kg m/s

Thus, the unit of momentum is kg m/s.
Seat belts
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 very useful application of this law lies in the use of seat belts in cars. To prevent injuries to passengers in the case of an accident, all cars are provided with seat belts. In the event of an accident, a fast moving car stops suddenly, i.e., its high velocity is reduced to zero in a very short interval of time. The time taken by the passengers to fall gets increased because of the seat belts worn by them. The rate of change of velocity of the passengers gets reduced because of the increase in the time taken by them to fall. Hence, a lesser stopping force acts on them as a result of which, injuries are reduced.

Mathematical formulation of Newton’s second law of motion
Consider a body of mass m. It initially moves with velocity u and accelerates at a constant rate a. It attains a final velocity v after time t. This acceleration is caused by force F. Now, Newton’s second law of motion can be mathematically represented as
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You know that, [image: image6.png]



Using this, we obtain

F = ma = Mass × Acceleration

Thus, we can re-state Newton’s second law of motion as

	Force acting on a body is equal to the product of its mass and acceleration


Newton&apos;s Third Law Of Motion
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Shivangi and her elder sister Payal are boating in a lake with their parents. As they reach the bank of the lake, they jump one by one from the boat to the ground. Shivangi was surprised to see that as her sister jumped forward, the boat moved slightly backwards. A man was holding a rope attached to the boat to stop such backward movement. Payal told her that the backward movement of the boat could be explained by Newton’s action-reaction law.

Newton’s action-reaction law states that for every action, there is always an equal and opposite reaction that acts on different bodies. This is also known as Newton’s third law of motion.

In the above example, in order to jump from the boat, Payal applies a force on the boat with her leg in a direction opposite to that of her motion. As a result, the boat moves backwards. In this situation, her applied force is the action force and her forward motion is caused by the reaction force provided by the boat. Hence, the boat moves backwards because of the action force exerted by Payal.

This situation can be summarized as

Action force → Force exerted by Payal’s leg on the boat

Reaction force → Force exerted by the stationary boat on Payal’s leg
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According to Newton’s third law, the action-reaction force must act on two different bodies. In this case, the action-reaction force acts between the boat and Payal’s leg.
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It is clear from the above example that action and reaction forces are of equal magnitude and act in opposite directions. If Payal applies a force of magnitude F Newton on the boat, then the boat in turn reacts with the same force on her foot.

It is observed that both balances give the same reading. It implies that the force exerted by balance II on balance I is the same as the force exerted by balance I on balance II.

In this case, the action-reaction forces acting in opposite directions are given as

Action force → Force exerted by balance II on balance I
Reaction force → Force exerted by balance I on balance II
Applications of Newton’s IIIrd law of motion
Flying of a bird
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A bird can fly with the help of its wings. In this process, it pushes the air downwards by flapping its wings. In turn, the air also exerts an equal force on the bottom of its wings. As a result, the bird gets a lift and can fly in the air.

The action-reaction forces in this case are described below.

Action force: Exerted by the wings on the air in the downward direction

Reaction force: Exerted by the air on the bottom of the wings in the upward direction

Firing of a bullet
Horse pulling a cart
The horse can pull and move a cart by exerting a force on the ground. In turn, the horse experiences a reaction force of equal magnitude in the opposite direction that causes the cart to move in that direction.
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In this case, the action force is the force applied by the horse on the ground and reaction force is the force experienced by the horse from the ground.

Rockets
Rockets work on the principle of Newton’s IIIrd law of motion. In rockets, large amounts of hot gases are allowed to exit through a narrow opening. The fast moving gases exert a force on the rocket that in turn pushes the rocket upward.
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In this case,

Action force → Exerted by the rocket on the exhaust gases
Reaction force → Exerted by the gases on the rocket

Conservation Of Linear Momentum

 

You must have observed that when a billiard ball is struck by a pool cue, the rod moves slowly whereas the ball moves with a very high speed. Can you relate the velocity of the rod with the velocity of the ball after impact?
The velocities of two bodies before and after collision can be related to each other with the help of the law of conservation of momentum.

Conservation of momentum
When two or more bodies act upon one another in a system, the total momentum of the system remains constant, provided that there is no external force acting on the system. This is the law of conservation of momentum. Hence, it is the momentum that remains constant before and after the striking of the billiard ball.

If a moving ball hits another ball (moving or stationary), then both balls will move with new velocities such that total momentum of the ball system remains constant i.e., the sum of the momentum of the balls before collision is equal to the sum of the momentum after collision.
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Here m1, m2 → Masses of balls 1 and 2 respectively
u1, u2 → Velocities of balls 1 and 2 respectively before collision

v1, v2 → Velocities of balls 1 and 2 respectively after collision
F12 → Force exerted by ball 1 on ball 2
F21 → Force exerted by ball 2 on ball 1
	Momentum of the balls

	Before collision
	After collision

	m1u1 + m2u2
	m1v1 + m2v2


From Newton’s IIIrd law of motion, we can equate the forces F12 and F21 as

F12 = – F21
Rate of change of momentum of ball 1 is
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Where, t → Collision time
Rate of change of momentum of ball 2 is
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 m1v1 – m1u1 = – m2v2 + m2u2
Or, m1u1 + m2u2 = m1v1 + m2v2
	Momentum before collision = Momentum after collision


Hence, the law of conservation of momentum is verified

Applications of the law of conservation of momentum
1. Rocket propulsion
The principle of conservation of momentum is used in rocket propulsion. The total momentum of the system i.e., mass of rocket + fuel + payload before propulsion is equal to the total momentum of the system i.e., mass of rocket + payload of the rocket after propulsion. The mass of the system reduces due to the burning of the fuel. This is compensated by the increase in the velocity of the rocket, thereby making the total momentum of the system constant.

[image: image17.png]v, very high velocity

el mass
Al time 1
(Total mass M-m)

Before it
(Total mass M)




2. Recoil speed
A gun should be held firmly while firing so that the recoil of the gun does not harm the shoulder. The recoil speed of the gun can be obtained by applying the law of conservation of momentum as follows.

Before firing
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Let m and M be the masses of the bullet and the gun respectively.

Since both are at rest, their speeds will be zero.

u1 = 0

u2 = 0

Total momentum of the bullet-gun system

= mu1 + mu2
= 0 + 0

= 0

Hence, there is no momentum before firing.

After firing
Let v and V be the velocities of the bullet and the gun respectively.

Total momentum after firing = mv + MV
Now, from the law of conservation of momentum,

Momentum before collision = Momentum after collision

0 = mv + MV
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The negative sign indicates that the gun would recoil in a direction opposite to that of the bullet.

