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Newton's Laws of Motion

A Force is defined most simply as any push or pull.
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Sir Isaac Newton gave three fundamental laws. These laws are called Newton's laws of
motion.
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Newton's Laws of Motion are fundamental principles in physics and have a wide range of
applications in various fields.
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1. Newton's First Law (Law of Inertia)
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An object at rest stays at rest, and an object in motion stays in motion at a constant velocity
unless acted upon by an external force.
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a. Seatbelts in Cars: During a sudden stop, passengers continue moving forward due to inertia.
Seatbelts provide the necessary force to restrain them.
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b. Spacecraft Motion: In the vacuum of space, a spacecraft continues moving in a straight line
unless acted upon by gravitational forces or thrusters.
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c. Stationary Objects: A book on a table remains at rest until an external force, like a push, acts

on it.
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2. Newton's Second Law (Force and Acceleration)
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The acceleration of an object is directly proportional to the net force acting on it and inversely
proportional to its mass.
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Applications:
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a. Vehicle Design: Engineers calculate the required engine force to achieve desired acceleration
for vehicles of different masses.
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b. Sports: In cricket or baseball, the force applied by a bat determines the acceleration of the
ball.
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c. Rocket Launch: The thrust force from engines accelerates rockets against gravitational pull.
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d. Lifting Objects: Using a pulley system reduces the force required to lift heavy objects.
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e. Structural Engineering: Engineers calculate the forces acting on bridges and buildings to
ensure they can handle stresses, using the relationship between force, mass, and acceleration.
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3. Newton's Third Law (Action and Reaction)
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For every action, there is an equal and opposite reaction.
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Applications:
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a. Rocket Propulsion: Gases expelled downward at high speed exert an upward force that
propels the rocket.
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b. Walking: When you push backward against the ground with your foot, the ground pushes you

forward.
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¢. Swimming: Swimmers push water backward with their hands, and the water pushes them

forward.
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d. Gun Recoil: Firing a bullet causes the gun to recoil in the opposite direction.
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Practical Example: Landing a Spacecraft
In landing a spacecraft, engineers use:
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e First Law: To understand the need for thrusters to decelerate the spacecraft.
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e Second Law: To calculate how much thrust force is needed based on the spacecraft’s mass
and desired deceleration.
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e Third Law: To account for the reaction force exerted by thrusters on the spacecraft.
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Examplel: A car of mass 1,000 kg accelerates at 3 m/s?. What force is required to achieve this
acceleration?
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Solution:

F =ma

F =1000 %3
F =3000N

Example2: A 5 kg box is resting on a frictionless surface. If no force is applied, what is its
acceleration?
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Solution:
F=ma
Since no force is applied, we set F = 0
0=5 58l puai Lild (3 8 (5 (3aadai anal | 5ka3
0 =5a
a=0m/s?
Answer: The box does not accelerate and remains at rest.
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Example3: A 10 kg object is pushed with a force of S0 N. What is its acceleration?
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Solution:
F =ma
50 = 10a

_50_5 5
a_10_ m/s
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Example4: A 20 kg object is pushed with 200 N, but friction opposes the motion with 50 N.
What is its acceleration?
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Solution:
Net force is given by:
A8y e Ailiall 5 gal)
Fnet = Fappiiea — Frriction

Fper = 200 — 50 = 150 N

F=ma
150 = 20a
_150_75 5
a= 50 = /- m/s
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