ILD 4 – Newton’s Third Law

Instructor’s Guide
Overview

The two parts of this lesson are largely independent; you could do one without the other.  Section I uses a new experiment to review the main conceptual point from the Newton’s 3rd law tutorial, that when a heavier and lighter object interact, the lighter one “reacts” more not because it feels more force but because it’s lighter and therefore reacts (accelerates) more in response to the same force.  Section II retraces the major epistemological thread of that tutorial, to help students realize that coming to a deeper understanding of the 3rd law was a matter of refining (rather than abandoning and replacing) their intuitive ideas.

I
A & B:  
During class discussion, it’s important for you to take seriously the idea that Newton’s 3rd law might not hold — after all, all physical laws have their “zone of applicability” and maybe this experiment is outside that zone.  You might need to raise this possibility yourself if students are unwilling to do so.

We think this lesson might work fine even without an experiment.  Assuming you have force probes, the experiment can be run a few different ways.  You or a student volunteer can be Bob (standing on a skateboard, scooter, or skates), while a box sitting on rollers, with a force probe firmly attached, can play the part of Alice. When pushing off “Alice,” you need to make sure the force probes are in good contact — and make sure you calibrated them and tested the experiment ahead of time!  Force probes are very crotchety.  We haven’t tried it, but it might be possible to rig up a cart-based version of the experiment.

D.  
In the class discussion about this part, it’s important that someone come up with a good intuitive explanation in line with the one given in the Overview above.  If no one come sup with it, you can explicitly remind them of the tutorial and ask them why the little car “reacted more” than the big truck during the collision.


Epistemologically, we want students to come away from this discussion with a more conscious awareness of the distinction between accepting something as true and understanding why it’s true. An example you could use to illustrate this distinction is planetary orbits:  “Who believes that the Earth goes around the Sun in an elliptical orbit.”  “Who understands why planets travel in ellipses rather than another shape?”   You could then ask students if and when it’s OK to accept something they don’t understand.  A good argument might ensue!  If a student doesn’t introduce the following “compromise” position, you could do so: it’s OK to accept things you don’t fully understand as long as you realize you’re doing so.  You could then ask about the force probe experiment from tutorial or from this lesson:  Does it help with accepting Newton’s 3rd law, with understanding that law, or both?

II

We find that the Newton’s 3rd law tutorial is not sufficient when it comes to teaching the lesson that, to understand the 3rd law, you need to refine (rather than abandon) the intuitive idea that the lighter object reacts more.  Most students need this lesson as follow-up. 

A. & B.  
While discussing part B, please introduce or reintroduce the idea of an intuition refinement diagram:

C. & D.  As a first question, you can ask if these two “refinements” are truly distinct or just two different ways of saying the same thing.  The tutorial addressed this issue, but many students may need review.  After going through part D2, you can initiate further discussion by asking something like, “What strategies emerges from all this for the next time you encounter a counterintuitive concept in this class?”  Ideally, the following ideas would come out:

-- often a “wrong” idea is really just incorrect refinement of a useful raw intuition.

-- being conscious about which refinement you use can help you avoid mistakes. 

Refined intuitions





Raw intuition





Lighter object undergoes twice as much acceleration (change in velocity)





Lighter object feels twice as much force 





The lighter object reacts twice as much 








