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


As a basis for understanding this concept:
f. Students know applying a force to an object perpendicular to the direction of its motion causes the object to change direction but not speed (for example, the Earth's gravitational force causes a satellite in a circular orbit to change direction but not speed). (See discussion at the bottom of this page.)
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[image: image3.wmf]advised that you arrange to have the stopper directly in front of you facing the class when you release it.  Students who feel that the “outward centrifugal force” will cause the stopper to move at the class will be surprised to see it move off at a tangent, continuing in the same direction as it was going when released.  As you rotate the stopper at constant speed, ask the class:


Another simple demonstration that is lots of fun is to place a marble or a small steel ball inside of a metal can and race the marble around in the can by rapidly shaking you hand.  Ask the students:  “What is the direction of the force that the can must exert on the marble to keep it moving in a circle inside of the can?”

The Standard suggests discussing how the gravitational force acts at right angles to a satellite’s motion as it moves about the earth.  However, this is true only if the satellite moves in a circular path.  It would be very instructive to discuss what happens to the satellite when the gravitational force is not at right angles to its motion and, say, has a component of force tangent to its direction of motion.  The illustration shows a satellite moving around the earth in top view.  The motion of the satellite is counter clockwise.
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A very useful device for a teacher to always have on hand when discussing circular motion is a rubber stopper on the end of a string.  This simple device is constantly useful when illustrating assorted concepts in circular motion.  Since it is rubber, if you are careful, you can release it at an appropriate time and demonstrate that it will move off in a straight-line tangent to the curve at the point of release.  It is
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“What must be the direction of the force the string is pulling on the stopper as I pull it into this circular path?”  As you swing it around, emphasize how you are pulling on the string to keep the stopper turning in the circle and should you stop pulling at any time, the stopper will move off in a straight line.
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When the satellite is in the “top” part of its orbit and moving to the left, the force of gravity has a component in its direction of motion and thus speeds the satellite up.  Likewise when the satellite is in the “bottom” part of its orbit and moving to the right, a component of the force of gravity is against its direction of motion, slowing it down.








