Big Ideas

Centripetal Forces and Circular Motion

Some Adjectives You Should Know: Each of the following adjectives describes the direction of a vector, relative to a circular path.  
· Tangential: 
· Radial:

· Centripetal (:

· Centrifugal ( (use sparingly):
Centripetal Forces are Unbalanced Forces that Produce Changes in the Direction of Motion

By definition, acceleration is a change in velocity divided by time.  Since velocity is a vector quantity, acceleration may be a change in speed, direction, or BOTH.  Tangential forces change the ____________ of an object, whereas, centripetal forces produce centripetal accelerations, which change the _______________ of motion.  Centripetal (from Latin roots meaning “center-seeking”) forces are always unbalanced forces and the name refers to ANY unbalanced force that causes a change in direction.  Frictional forces, tensile forces, gravitational forces, normal forces, etc, may be centripetal forces if they are directed toward the center of an object’s circular motion.

Uniform Circular Motion is the Constant Speed Motion of an Object in a Circular Path 
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Objects moving in uniform circular motion must have an unbalanced force acting upon them, because they are constantly changing direction. The magnitude of the unbalanced force producing the motion can be determined with a little effort.  
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We’ll start with the definition of acceleration:  a =
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Let’s say that an object moving in a circular path with constant speed has a velocity vi at position P, and a velocity vf at position Q, as shown on the diagram to the right.  In moving between these two positions, the object has swept through an angle (.  

In taking the difference ((v) between vf and vi, we are actually adding a negative vi to vf:
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Upon close inspection, we can find ( in our vector diagram, and that the triangle formed is a similar triangle to OQP in the diagram above.  Therefore, we can write the following statement:
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And we rearrange…

And if we divide through on both sides by (t, we get:
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For ANY object traveling in a circular path, there is an ____________________ _______________ that is directed toward the center of the object’s rotation.  This net CENTRIPETAL force causes a CENTRIPETAL acceleration, ac:

The v in the above equation is the magnitude of the linear _______________ (independent of direction).  This speed can be found by recalling that the speed of an object is equal to the _________________ traveled divided by the time.  For objects moving in a circular path, the distance traveled in one complete revolution is equal to the _____________________ of the circular path.  That is:
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Concept Question: Describe vectors A, B, and C, shown below, as tangential, radial, centripetal, and/or centrifugal:
[image: image12.png]





Practice Problem: In an experiment, a 0.028-kilogram rubber stopper is attached to one end of a string. A student whirls the stopper overhead in a horizontal circle with a radius of 1.0 meter. The stopper completes 10 revolutions in 10 seconds. (a) What is the speed of the rubber stopper?  (b) What centripetal force is required to keep this rubber stopper traveling along this path? 
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As (t approaches zero, (s/(t approaches v.
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