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1. Newton's laws predict the motion of most objects.


As a basis for understanding this concept:
i.* Students know how to solve problems in circular motion, using the formula for centripetal acceleration in the following form: a=v2/r.  (Note.  Standard 1f relates to this and seems more concerned with the direction of centripetal force than how to compute it.  In our discussion of Standard 1g in these papers, experiments to measure centripetal force (the conical pendulum experiment) and a derivation of the expression

 aC = v2/r were given.)

As was discussed in 1f previously, students need to understand that an acceleration resulting in changing direction is the same dynamically as an acceleration that requires speeding up or slowing down.  Swinging a bucket containing water in a vertical circle might help to make this clear.  It would be possible to accelerate the bucket downward at or greater than the acceleration of gravity, with the same result.  However, swinging the bucket in a vertical circle is an easier way to maintain the necessary downward acceleration at the top of the circle.  The following problem might help explain this concept:

A bucket containing a 1 kg mass is accelerated downward at 12 m/s2.  What force must the bottom of the bucket supply to the mass to cause this downward acceleration?
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A second problem might be to ask for the necessary tangential velocity of the bottom of the bucket to maintain this downward force if swung in a circle of given radius.  The idea of these two problems is to stress that a “linear” acceleration has the same effect as a “centripetal” acceleration.

Experiments to show that aC = vT2/r.
The conical pendulum experiment discussed in 1 f previously is easy to do and gives fairly good results.  Another popular experiment involves swinging a rubber stopper around using a fire polished glass cylinder (ask your Chemistry teacher for help) with a nylon string passing through the cylinder and, either known weights, or a spring balance providing the centripetal force.  A PSSC lab manual will describe this experiment in detail but, lacking that, the essential idea is illustrated below:

This experiment takes lots of room and might best be done as a demonstration.  The friction of the string as it passes over the fire polished glass cylinder will give a range of possible values for the tangential velocity.  A nice feature of this experiment is that the students can clearly experience the centripetal force necessary to keep the rubber stopper in orbit.
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The illustration on the left shows the inverted bucket with the mass “resting” on the bottom while it accelerates downward.  The total force downward on the mass must be its weight plus the downward force of the bottom of the bucket.  Or, FT = W + FB .  Solving for FB: FB = FT – W = ma – mg and in this case FB = 1(12 -10) N (assuming g = 10 m/s2) On the right is illustrated the same situation only the bucket is being swung in a vertical circle of a particular radius.
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The section of glass cylinder is fire polished on either end and the nylon string passes through it.  Using a hand on the glass cylinder, the rubber stopper can be made to move in a circle and the other hand pulls down on the spring balance providing the centripetal force.  The timing of several rotations and then pressing a thumb over the top of the glass cylinder will freeze the length of the string in order to measure the radius.  The reading on the spring balance will give the centripetal force and the weight of the rubber stopper will give the rotating mass.  With the time of a single revolution and the circumference of the circle, the tangential velocity can be calculated.








