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The pendulum serves as a marvelous illustration of the conservation of energy as well as a very 

nice introduction to periodic motion.   

Start here: 

https://phet.colorado.edu/sims/html/pendulum-lab/latest/pendulum-lab_en.html 

Click twice on the “Lab” icon.   

In the upper left hand corner of the screen there is a button to turn on the “Energy Graph”.  

Turn that on. 

Now drag the pendulum bob to an angle of 15 degrees, and let it go.  On the energy graph, click 

the magnifying glass to make the bars in the energy bar graph large enough that you can see 

them clearly. 

 

Now answer the following questions: 

1) At what point or points in the motion is the kinetic energy a maximum?  At what point 

or points is the kinetic energy a minimum? 

2) At what point or points is the gravitational potential energy a maximum?  At what point 

or points is the gravitational kinetic energy a minimum? 

3) Why doesn’t the force applied on the pendulum bob by the string change the total 

mechanical energy of the pendulum? 

https://phet.colorado.edu/sims/html/pendulum-lab/latest/pendulum-lab_en.html


Now for the mathematics of the motion of the pendulum: 

The most straightforward way to understand the motion of the pendulum is by considering it as 

a rotational system.  The rotational version of Newton’s 2nd Law is 

 τ = I (d2θ/dt2) 

where I is the moment of inertia.  In the case of the pendulum, in which there is a single point 

mass (at least we can model it as a point mass) a distance L from where the string is anchored, 

the moment of inertia is mL2, where m is the mass of the pendulum bob.  The torque τ comes 

from the force of gravity, which is of course pointed vertically down.  The tangential component 

of the force of gravity that provides the torque is dependent on the angle θ, 

 τ = - m g L sinθ 

so that  

m L2 (d2θ/dt2) = - m g L sinθ  

To solve this differential equation, we use the small angle approximation.  The small angle 

approximation is simply the statement that for small enough angles, sinθ is approximately 

equal to θ (if θ is in units of radians).  If we use that approximation, then 

 d2θ/dt2 = - (g/ L) θ, 

and θ is a sinusoidal function of time with an “angular frequency” (that is, 2π times the 

frequency) of (g/ L)1/2.   

Over what range of angles is the “small angle approximation” valid?  You might be surprised at 

the result. 

Use the simulation to answer these questions: 

1) Does the frequency of the pendulum depend on the mass of the pendulum bob? 

2) Does the frequency of the pendulum depend on the length of the pendulum string? 

3) Does the frequency of the pendulum depend on the amplitude (that is, the maximum 

angle) of the pendulum motion? 

4) Does the frequency depend on the acceleration due to gravity? 

 


