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


As a basis for understanding this concept:

e. The relationship between the universal law of gravitation and the effect of gravity on an object at the surface of the Earth.  (Note:  Framework is not concerned with the law of universal gravitation in this section.  The only discussion is of objects falling with constant acceleration near the surface of the earth.  If you are interested in the law of universal gravitation, see 1 m*.)

[image: image1.wmf]When introducing how objects fall near the surface of the earth, don’t overlook doing the simple demonstration of dropping two objects of different weight at the same time to compare the time it takes for them to reach the floor.  I have a 1.5” steel sphere and a 0.5” steel sphere and start the discussion by asking: “how many of the smaller spheres will it take to weigh the same as the larger sphere?”

After establishing the ratio of the masses of the two objects you plan to drop (27 in the case above) discuss with your students if they think the larger object will fall “27” times faster than the smaller object.  They probably will disagree but this was one of the arguments Galileo suggests in his famous cannon ball vs. musket ball dialogue.  Galileo even suggests the cannon ball will fall slightly faster but certainly not by a difference suggested by the ratio of their weights.  When you perform the simple dropping experiment, they should strike the floor at almost the same time (repeat for effect and be aware that letting go at even a slightly different time will influence the results.)

When all students are convinced that large objects and small objects fall at nearly the same rate of acceleration, have them discuss in groups why they think this is true.

An intuitive argument might suggest a large object would be expected to fall faster. But the large object also has more inertia hence would be expected to require more force to accelerate it.  The amazing truth that whatever gives a larger object a larger force of attraction to the earth, also gives it a larger inertia, hence a larger resistance to acceleration.  Newton found it truly amazing that the weight and inertia were always in the same ratio.  It may be a little early to discuss with your students the difference between inertial mass and gravitational mass but if you do, be sure they understand that gravitational mass is not weight.  It remained for Albert Einstein and the general theory of relativity to help the rest of us to come to a better understanding of all of this.

 I have been amazed to learn how few students can give the correct answer.  For dramatic effect I set up a simple balance and with a large number of the smaller steel spheres and establish that about 27 of the smaller spheres are required to weigh as much as the larger sphere.
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