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Circular Motion: The Conical Pendulum


Mr Keefer
Objectives:  Determine the acceleration of gravity g from the circular motion of a conical pendulum, and determine the centripetal force, acceleration, and tension in the supporting string.

Materials: billiard ball on a string, pendulum clamp, stopwatch, meter stick
Introduction
Uniform circular motion is common in nature and in mechanical devices.  The net force directed towards the center of the circle is called centripetal force.  A special case of circular motion is the conical pendulum whereby the pendulum’s bob is swung in a horizontal circle of radius R while attached to a string of length L.  The time required for the bob to make one complete revolution is called the period T.   Newton used a conical pendulum to measure the acceleration of gravity g from an expression he developed for g in terms of T, L, and the angle θ between the string and the vertical.   His results were accurate to within 4 percent. 

Methods
1.  Derive an equation for g in terms of the angle θ, R, and v, and an equation for g in terms of the period T, the angle θ, and L.  Measure the mass of the billiard ball.

2.  Examine the free body diagram of the conical pendulum from the class notes. Note that angle θ can be defined as the sine of R/L or the tangent of R/LCos θ.

3.  Arrange to take accurate measurements of R, T (period, not tension), and L while the billiard ball is in its path as a conical pendulum at a constant angle of ≤15o.  Collect data for 6 different trials of different string lengths at the same angle θ.

Analysis
1.  Determine the centripetal acceleration ac, the tension in the string and the centripetal force Fc for your conical pendulum for each trial.

Calculate the acceleration of gravity for Brockport using the formula in the room.

2.  Plot a graph of L as a function of T2 and perform a regression (find the slope!).  What does the slope of the line represent?  Determine g using the slope of the line and compare with your calculated value.

4.  Compare your results to Isaac Newton, the second greatest physicist known to history.

5.  Suggest a relationship between the angle θ and centripetal acceleration.

6.  What are some sources of error in this lab?

7.  How would the lab results be different if performed on the moon?







