LibreTexts-

10.4: Newton's Third Law

|#.Newton's third law would prevent the proposed space elevator from falling to Earth

Figure 3.4.1

The image above is a NASA artist’s conceptual illustration of a space elevator. It was imagined as a geo-stationary transfer station
for passengers and cargo between Earth and space. This idea was not pursued beyond the initial discussion and evaluation stage,
but the scientists involved believe the concept will become truly possible with the expected technological advances of the late 21
century.

Newton'’s Third Law of Motion

Where do forces come from? Observations suggest that a force applied to an object is always applied by another object. A hammer
strikes a nail, a car pulls a trailer, and a person pushes a grocery cart. Newton realized that forces are not so one-sided. When the
hammer exerts a force on the nail, the nail also exerts a force on the hammer—after all, the hammer comes to rest after the
interaction. This led to Newton’s Third Law of Motion, which states that whenever one object exerts a force on a second object,
the second object also exerts a force on the first object, equal in magnitude and opposite in direction.

This law is sometimes paraphrased as: “For every action, there is an equal and opposite reaction.” A very important point to
remember is that the two forces are on different objects—never on the same object. It is frequently the case that one of the objects
moves as a result of the force applied but the motion of the other object in the opposite direction is not apparent.

Consider the situation where an ice skater is standing at the edge of the skating rink holding on to the side rail. If the skater exerts a
force on the rail, the rail is held in place with tremendous friction and therefore, will not move in any noticeable way. The skater, on
the other hand, had little friction with the ice, and therefore will be accelerated in the direction opposite of her original push. This is
the process people use to jump up into the air. The person's feet exert force on the ground and the ground exerts an equal and
opposite force on the person's feet. The force on the feet is sufficient to raise the person off the ground. The force on the ground has
little effect because the Earth is so large. One of the accelerations is visible but the other is not visible.

A case where the reaction motion due to the reaction force is visible is the case of a person throwing a heavy object out of a small
boat, such as a kayak. The object is accelerated in one direction and the boat is accelerated in the opposite direction. In this case,
both the motion of the object is visible and the motion of the boat in the opposite direction is also visible. Explore the resulting
motion of two interacting objects as a result of Newton’s Third Law in this Pirate Ship simulation below:

Rockets also work in this manner. It is a misconception that the rocket moves forward because the escaping gas pushes on the
ground or the surrounding air to make the rocket go forward. Rockets work in outer space where there is no ground or surrounding
air. The rocket exerts a force on the gases causing them to be expelled and the gases exert a force on the rocket causing it to be
accelerated forward.

The applications of Newton’s Third Law can also be explored in the classic example if a horse pulling a cart. How does the horse-
cart system move if the cart pulls on the horse with the same exact force and in the opposite direction as the horse pulls on the cart?
(Beware, there are many misconceptions related to this example! Always remember that Newton’s Third Law applies to the same
type of force acting on different objects).
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Summary

o A force applied to an object is always applied by another object.
o Newton’s Third Law of Motion states, “Whenever one object exerts a force on a second object, the second object also
exerts a force on the first object, equal in magnitude and opposite in direction.”

Review

1. What is wrong with the following statement: When you exert a force on a baseball, the equal and opposite force on the
ball balances the original force and therefore, the ball will not accelerate in any direction.

2. When a bat strikes a ball, the force exerted can send the ball deep into the outfield. Where is the equal and opposite force
in this case?

3. Suppose you wish to jump horizontally and in order for you to jump a distance of 4 feet horizontally, you must exert a
force of 200 N. When you are standing on the ground, you have no trouble jumping 4 feet horizontally. If you are
standing in a canoe, however, and you need to jump 4 feet to reach the pier, you will surely fall into the lake. Why is it
that you cannot jump 4 feet out of a canoe when you can easily do this when on land?

Explore More

Use the resource below to answer the questions that follow.

1. What does the bottle rocket have to do with Newton’s Third Law of Motion?

Additional Resources

PLIX: Play, Learn, Interact, eXplore: Rocket Science, Newton's 3rd Law: Gravity of Neptune
Real World Application: Rebuilding the Bridge

Video:

@ 0 g @ 10.4.2 https:/phys.libretexts.org/@go/page/96258


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://phys.libretexts.org/@go/page/96258?pdf
https://www.youtube.com/watch?v=_sr3hBxu614
https://www.youtube.com/watch?v=_sr3hBxu614

LibreTexts-

Study Guide: Newton's Laws Study Guide

is shared under a license and was authored, remixed, and/or curated by LibreTexts.

. by is licensed . Original source:

@ 0 g @ 10.4.3 https:/phys.libretexts.org/@go/page/96258


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://phys.libretexts.org/@go/page/96258?pdf
https://phys.libretexts.org/Courses/Coalinga_College/Physical_Science_for_Educators_(CID%3A_PHYS_14)/10%3A_Forces/10.04%3A_Newton's_Third_Law
https://creativecommons.org/licenses/by-nc-sa/
https://k12.libretexts.org/@go/page/2872
https://www.ck12.org/
https://www.ck12info.org/curriculum-materials-license
https://flexbooks.ck12.org/cbook/ck-12-physics-flexbook-2.0
https://www.youtube.com/watch?v=Hx9TwM4Pmhc
https://www.youtube.com/watch?v=Hx9TwM4Pmhc

