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Newton's Second Law

Newton's first law tells us that a force is required to accelerate an object. Newton's second law answers the question about how much force is required.

 f you have ever tried pushing a car, you know that even with the brake off and the transmission in neutral it is very hard to push a car and start it moving from rest. You must push with a great deal of force. Pushing a refrigerator, even one on wheels, across the kitchen floor is easier than the car, but still hard. Finally pushing a toy car is fairly easy. Very little force is needed to accelerate it. Why the difference?

The key is the mass. The mass of the real car is many more kilograms than the mass of the toy car. So it is much harder to accelerate the more massive real car; it takes more force. The refrigerator's mass is between that of the toy and real car, so the force needed to accelerate it is between the that of the toy and real car.

Notice that the difference is mass not size. For example a very large bag of feathers might be as large as a car but relatively easy to push. feathers are not very tightly squeezed, so a large bag of feathers will still have a relatively small mass. It is takes less force to accelerate a bag of feathers the size of a car than the car. Mass and size are different things and the force needed to accelerate something depends on the mass not the size.

Accelerating a more massive real car requires more force than accelerating a less massive toy car. Newton's second law tells us that the more massive an object is, the more force is needed to accelerate it. Newton's second law goes a little further by providing a precise formula for how much force is needed.

Newton's second law can be expressed as a mathematical formula for the amount of force needed to accelerate an object. It is:

Force equals mass times acceleration, or F=ma.

From this formula we can find the force needed to accelerate an object. If the object has a mass of 5 kilograms and the acceleration is 3 meters per second squared, then the force needed to get this acceleration is 15 kilogram meters per second squared, which is also 15 newtons.

Newton’s second law extends Newton's first law by giving us a formula for finding how much force is needed to accelerate an object.

Newton's Third Law of Motion

You may be familiar with the words for Newton's third law: For every action there is an equal and opposite reaction. This statement is fairly well known, but there is a difference between memorizing the words and really understanding what they mean. The statement of this law is fairly easy, but the understanding is not. People often say the words without truly understanding their meaning.

Action-Reaction Pairs

You probably know that Earth orbits the Sun because a gravitational force acts between them, so try this question. Which is greater the gravitational force of the Sun on Earth or the gravitational force of Earth on the Sun? If you thought they were exactly the same, congratulations. If not, lets look at this question using Newton's third law.

The action and reaction in Newton's third law are forces. For every force there is an equal and opposite reaction force. The Sun's gravitational force acting on Earth is an action. The Newton's third law reaction is Earth's gravitational force acting on the Sun. Earth's gravitational force on the Sun and the Sun's gravitational force on Earth are an action-reaction pair.

Pair means two, so an action-reaction pair includes only two objects. There is never a third object in a Newton's third law action-reaction pair. If the Sun acts on Earth, the reaction is Earth acting on the Sun with an equal but opposite force.

For Newton's third law always remember action-reaction pairs, which are always two objects, never three.

This part often confuses people. Not all equal and opposite forces form a Newton's third law action-reaction pair.

If you weigh 120 pounds that means that Earth's gravity is pulling down on you with a force of 120 pounds. If you are standing on a solid floor, you do not accelerate downward because the floor is holding you up. The floor exerts an upward force of 120 pounds on you. These forces are equal and opposite, so you remain at rest on the floor.

Are these two equal and opposite forces an action-reaction pair? Let's look at them. The forces are Earth on you and floor on you. There are three objects involved, not two. So these forces are not a Newton's third law action-reaction pair. They are two different forces acting on you that happen to be equal and opposite.

The Newton's third law reaction to Earth pulling you down with a 120 pound force is that you pull Earth up with a 120 pound force. The forces, Earth on you and you on Earth, form an action-reaction pair.

The reaction to earth's gravity pulling you down, is you pull the Earth up with exactly the same force. So if the forces are the same, why do we fall down to Earth rather than having Earth fall up towards us? Earth is much more massive than we are. By Newton's second law a 120 pound force will affect us, but it will not significantly affect the much more massive Earth. So we fall down; Earth does not fall up.

Questions for Newton’s 2nd and 3rd Laws of Motion
1. What does Newton’s First Law of Motion tell us about force?

2. What does Newton’s Second Law of Motion tell us about force?
3. What makes it harder to push a car than a toy car across the floor?

4. Describe a situation where an object is large, but has a small mass.

5. Application: Describe a situation from your life where an object has a small size, but a large mass.
6. What is the formula for Newton’s Second Law?
Solve the following problems using the formula for Newton’s Second Law:
1. A butterfly with a mass of 0.01kg is accelerating at 1.5 m/s2.  What is the force applied by the butterfly?
2. A cat with a mass of 5.7kg is accelerating at 12 m/s2. What is the force applied by the cat?
3. A frog with a mass of 1.2kg is accelerating at 3.7 m/s2.  What is the force applied by the frog?

4. A pig with a mass of 75kg is accelerating at 3.2 m/s2.  What is the force applied by the pig?

5. A car is accelerating at 5.6m/s2.  The car has a mass of 2,500kg.  What is the force applied by the car?

6. What is Newton’s Third Law?

7. Which has a greater force: the pull of the Earth on the Sun or the pull of the Sun on the Earth?
8. How many objects are in an action-reaction pair?

9. Application: For each of the following pairs, write 1-2 sentences describing the action and reaction between the two.

Example: A book resting on a desk


The book is applying the same force downward on the desk as the desk is applying upward on the book.
1. Frog sitting on a lillypad.
2. Acrobat hanging from a trapeze.

3. Child jumping on a trampoline.

4. A basketball is bounced off the ground.

10. You are standing on the ground.  You are pulling up with the same amount of force as the Earth is pulling down.  Why doesn’t the Earth move up towards us when we jump if the forces are equal?
11. Application:  A 0.01kg bullet is fired from a 5kg gun.  Explain why the bullet moves farther than the gun even though the two objects are an action-reaction pair.
12. Application:  A 1.5kg basketball is bounced off the ground.  Explain why the basketball moves farther than the Earth even though the two objects are an action-reaction pair.
