California Physics Standard 1b.                Send comments to:  layton@physics.ucla.edu
1. Newton's laws predict the motion of most objects.


As a basis for understanding this concept:

b. Students know when forces are balanced no acceleration occurs, and thus an object continues to move at a constant speed or stays at rest (Newton's First Law).

Conduct a straightforward demonstration of this statement with a low friction cart or an air track.  If you lack both, a skateboard works fairly well.  First show that a force is needed to get the cart going but when you stop pushing (or pulling), it continues in uniform motion.

A very useful demonstration device to use frequently when discussing Newton laws is a 
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[image: image3.wmf]A very simple demonstration to use with the “spring balance cart” that should help students to begin thinking about the meaning of balanced and unbalanced forces is to 

hold the cart as a hanging mass extends the scale giving a reading as illustrated below: 
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When the cart is released, only the force supplied by the “hanging” mass is applied but since this mass is now accelerating downward, the tension in the string (as measured by the spring balance) must necessarily be reduced.

The next step in the discussion might be to have the students analyze the forces acting on the hanging mass before and after it begins accelerating downward.

What happens in elevators when they are accelerated up and down?
Popular sets of questions that illustrate Newton’s second law involve what happens to your “weight” as you accelerate up and down in an elevator.  A nice simple set of demonstrations that can be done to help students understand the related concepts involves nothing more than a large demonstration spring scale attached through a string to a kilogram mass.

and this feedback will help you to achieve the desired result.   Make sure the students understand that starting and stopping motion is always an acceleration and will give a reading that may different from what you desire them to see after the motion is initiated. If you use a kilogram mass and the scale is calibrated in Newtons, you can suggest that the reading on the scale will be approximately equal to the numerical value of the acceleration of gravity and anything less or more than “10” will indicate an upward or downward acceleration and the amount the reading differs from “10” will be the acceleration in m/s2.
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low friction cart with a large spring balance attached.  The wheels should be fairly frictionless and the entire cart should be able to support several kilogram masses. (A modified skateboard might work.)  This cart can be used for quick demonstrations of the effect of changing mass and force on the acceleration of objects.  With the cart loaded with several kilograms, a large force can be shown to accelerate it but when the force drops to zero, the cart will continue at about the same speed as when the force dropped to zero.  If the approximate mass of the cart is determined (easy to do by using its spring balance to weigh itself and divide by “g”) quick qualitative demonstrations of Newton’s second law can be demonstrated.
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The students may realize that the scale reads the weight of the hanging mass but the important question is to ask is: “What will the scale read just after you release the cart?”
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Many will conclude that now that the cart is accelerating, more force is required without appreciating that the forces were originally in opposite directions and the spring balance appeared to be measuring only the force supplied by the hanging mass.
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The idea is to move the scale and mass up and down in constant velocity and with acceleration and have the students anticipate what the scale will read in several different situations.  To make it possible for the readings to be easily seen, it will be necessary to lower the mass all the way to the floor and to keep it moving for as long a distance as possible.  Constant velocity is fairly easy but acceleration can be challenging.  You can look at the scale while you are making the desired motion








