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Terms to know: pendulum, kinetic energy, potential energy, uniform circular motion, damped harmonic motion

Learning Objectives from the beginning of the chapter in OpenStax College Physics 
16.4. The Simple Pendulum
• Measure acceleration due to gravity.
16.5. Energy and the Simple Harmonic Oscillator
• Determine the maximum speed of an oscillating system.
16.6. Uniform Circular Motion and Simple Harmonic Motion
• Compare simple harmonic motion with uniform circular motion.
16.7. Damped Harmonic Motion
• Observe amplitude of a damped harmonic oscillator.
Section 4  The Simple Pendulum

A simple pendulum has a small mass (small in size) on the end of a massless string.  When the pendulum is not hanging straight down there is a restoring force due to a component of the weight, mg.  The textbook shows you that the pendulum motion can be considered to be simple harmonic motion if the angle of the pendulum to the left or right of vertical is less than 15 degrees (this is about 0.26 radians).  You should put your calculator in radian mode and do a numerical experiment to verify  sin θ ≈ θ .    i.e.  Calculate sin(.01), sin(.05), sin (.1), sin(.15), sin(.2), sin(.25).      If the angle of swing is less than 15 degrees then the following relationship for the period is nearly true:



T = 2π sqrt( L/g)

Q1.  What is the period of a simple pendulum that has a length of 9.8 meters?

On a certain hypothetical planet an astronaut sets up a pendulum that has a length of 2 meters.  She records that the pendulum has a frequency of 0.3 Hz.  What is the value of the local acceleration due to gravity?  
Q2.  TRUE or FALSE A pendulum could be used to determine the altitude of an aircraft.

For the "Check Your Understanding" section I have a slight disagreement with the textbook regarding the pendulums that have 10 kg and 100 kg masses, 2 cm off the floor.  Most 100 kg masses are taller than 10 kg masses.  So, the center of mass of the 100 kg object would be higher than the center of mass of the 10 kg object.  The length of the pendulum is measured from the top support point to the center of mass of the object at the bottom of the string.  The length of the 100 kg pendulum will be slightly less than the length of the 10 kg pendulum, since both masses are 2 cm above the floor.  The book's point is correct though, the mass of the pendulum does not affect the period.

16.5 Energy and the Simple Harmonic Oscillator
A system undergoing simple harmonic motion has both potential and kinetic energy.  At one point in the cycle all the energy is KE.  Later, all the energy is PE.

If the motion is not damped (no energy is lost during each cycle),  
KE + PE = constant.

½ m V2 + ½ k A2  = Total Energy, E

E is proportional to A2  

We will not use most of the equations that are in the textbook.

For a spring: What is the maximum velocity if k = 20 N/m, A = 5 cm and m = 3 kg?  

16.6 Uniform Circular Motion and Simple Harmonic Motion
You should look at the drawing in the text that shows the shadow of an object that is moving with uniform circular motion.  The velocity and acceleration of the shadow shows the component of the velocity and acceleration for the object moving around the circle.  The shadow does satisfy the requirements for simple harmonic motion.

The period of the motion is equal to the circumference of the circle divided by the velocity for the object moving on the circle.  The period for the circular motion is the same as the period for simple harmonic motion.

16.7 Damped Harmonic Motion
What happens to the amplitude of a system that is losing energy?

What could cause this loss of energy?

You should be aware of the graph that shows the decrease of amplitude for the motion when damping is present.

We will not do any calculations for this section.
We will not discuss critically damped or overdamped.
---------------------------------------------- 

Answers:  Try to answer the questions on your own first.

Q1.  T = 2π   since L and g have the same numeric value they divide to 1 inside the square root.

Q2.  True    g is related to the distance from the center of the Earth.  As the altitude changes, g changes.
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