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Learning Objectives from the beginning of the chapter in OpenStax College Physics 
16.1. Hooke’s Law: Stress and Strain Revisited
• Explain Newton’s third law of motion with respect to stress and deformation.
• Describe the restoration of force and displacement.
• Calculate the energy in Hooke’s Law of deformation, and the stored energy in a string.
16.2. Period and Frequency in Oscillations
• Observe the vibrations of a guitar string.
• Determine the frequency of oscillations.
16.3. Simple Harmonic Motion: A Special Periodic Motion
• Describe a simple harmonic oscillator.
• Explain the link between simple harmonic motion and waves.
Q1.  How does an oscillation differ from a wave?

Q2.  What do oscillations and waves have in common?

16.1 Hooke’s Law: Stress and Strain Revisited
You should review the material on F = -k X .

Why are F and X in opposite directions?

Energy in Hooke’s Law of Deformation
Q3.  Why is the work done in stretching a spring calculated with (½)kX2 rather than with 

force * distance?

Calculate the energy stored in a spring that has been stretched 6 cm.  The force constant for the spring is 844 N/m.
16.2 Period and Frequency in Oscillations 
Define these terms in your own words 


period


frequency

What are the units used for frequency?

Frequency (f) and period (T) are related by     f = 1 / T    NOTE: T in this chapter is NOT temperature.

Q4.  Radio Waves from KHUB have a frequency of 1340 kiloHertz.  What is the length of time between successive oscillations for this radio wave?

16.3 Simple Harmonic Motion: A Special Periodic Motion
Many motions are periodic (spin of the earth, earth’s orbit around the sun, the motion of a second hand on a clock,  etc.)  Some periodic motions have additional characteristics that allow them to be called Simple Harmonic Motion ( SHM).  

In mechanical systems the motion is SHM if the magnitude of the restoring acceleration is proportional to the displacement.   A spring satisfies this requirement     F = -kX  so       a = -(k/m)X
Write in definitions for 


displacement


amplitude

Can we use the four kinematic equations to analyze SHM?   Explain.

Objects on a spring undergo simple harmonic motion.  Most motions that have small amplitude can be approximated as simple harmonic motion.

The period for an object in simple harmonic motion only depends on the values of the mass that is moving and the spring constant.
T = 2π sqrt(m/k)



m should be in kilograms,   k (the force constant) should have units of Newtons / meter

Calculate the period and frequency for a 0.15 kg mass on a spring that has a force constant of 420 N/m .

A vertical spring is anchored to a ceiling and has a 200 gram mass attached to the bottom end of the spring.  TRUE or FALSE   If the amplitude of the motion is made larger then the period of the simple harmonic motion will be greater.

The Link between Simple Harmonic Motion and Waves
You should look carefully at 16.11.  The paper is moving past the oscillating spring.  The curve on the paper is the shape of a wave.  The paper is traveling to the right.  A wave will move in the same way.

The displacement, velocity, and acceleration of the object on the end of a spring can be found from the following equations:
Form A:  x(t) = Xmax cos(2πt/ T)     V(t) = −Xmax sqrt( k/ m) sin(2πt/ T)    a(t) = −k Xmax m cos(2πt/ T)

or

Form B:  x(t) = Xmax cos(2πt/ T)       V(t) = −Vmax sin(2πt/ T)                  a(t) = −amax cos(2πt/ T)
Let  t = 0 and simplify the Form B equations.  Write down the values of the displacement, velocity, and acceleration.  

X


V




a

Let t have a value such that  (2 πt/ T) is equal to   π/2   .   

Q5. What is the value of t in terms of T that accomplishes this?








a)  t = T      b)  t = T/2      c) t = T/4    d) t = T/8

For the case of (2 πt/ T) =  π/2   simplify the Form B equations.  Write down the values of the displacement, velocity, and acceleration.  

X


V




a

 Do your results agree with the graphs shown in Figure 16.12?

Be sure to have your calculator in Radian mode when you use these equations for homework and test problems.

Here is a question to ponder:  A rectangular piece of wood is floating in fresh water.  A small, soft, lump of mud falls straight down on top of the wood, above the center of gravity of the wood, and remains on the wood.  The wood never goes completely under the water.  Why is the up and down motion of the wood properly labeled simple harmonic motion?   (Ignore friction effects of the water on the wood.)
---------------------------------------------- 

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

Q1. An oscillation is repeated motion between two points.  A wave travels away from a source.

Q2.  They both have energy.  They both have repeated motion.

Q3.   The force is not constant for the spring as X changes so multiplying the starting or ending force by the whole distance of motion would be incorrect.  Energy methods can be used to calculate the work.  (1/2)k X2 is the potential energy the spring acquires by stretching or compressing a distance X.   Or, use the concept that work is the area under the curve of F = -kX.  

Q4. T = 1/f   = 1 / (1340 * 103 Hz) = 7.46 * 10-7 seconds

Q5.   c) t = T/4  is the correct choice.  You should make this substitution for t to verify the answer.
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