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Learning Objectives from the beginning of the chapter in OpenStax College Physics 
16.8. Forced Oscillations and Resonance
• Understand resonance of a paddle ball on a string.

16.9. Waves
• State the characteristics of a wave.
• Calculate the velocity of wave propagation.

16.10. Superposition and Interference
• Explain standing waves.
• Describe the mathematical representation of harmonics
. Understand the combination of two waves that have similar frequencies (beats)

16.11. Energy in Waves: Intensity
• Understand the relationship of power and intensity, and intensity and amplitude.   
16.8 Forced Oscillations and Resonance
What is the natural frequency of a system?
Q1.  TRUE or FALSE It is possible for a small force to create a large amplitude for harmonic motion.
The natural frequency is equal to  1/ (natural period) or     fo = ( 1/(2π) )  sqrt(k/m)
Resonance exists if the frequency of the driving force is equal to the natural frequency of the system.  Name some situations in which resonance is desired and some in which it is destructive.

If I remember we may watch a video on YouTube … Tacoma Narrows Bridge Collapse  
16.9 Waves
A pulse is a single, localized disturbance that travels in a medium.   A periodic wave is a repeated propagation of a disturbance through a medium without any net displacement of the medium.  Note that light does not require a medium in order for the light wave to move between two locations.

Write down three examples of a wave.

Usually there is no net motion of the medium in the direction the wave is traveling.  e.g. In the open ocean, a bottle with a message in it does not move in the direction of the waves due to the motion of the waves.  The bottle will move in the direction of any ocean current and will possibly be pushed by surface winds.  But, the wave does not carry the bottle along with the wave.

Write out a definition for wavelength (λ.)  .

For all waves, Vwave = fλ                   Wave velocity = frequency * wavelength.

Write out a definition for the amplitude of a wave.

The amplitude does not affect the speed of the wave.
Transverse and Longitudinal Waves 
For a longitudinal wave the medium oscillates parallel to the wave velocity direction.  For a transverse wave the medium oscillates perpendicular to the wave velocity direction.

List two transverse waves:

List two longitudinal waves:

Q2. TRUE or FALSE  Each particle of a water wave merely oscillates up and down about an equilibrium point. 

16.10 Superposition and Interference
The principle of superposition:  If two waves occupy the same space at the same time then the net displacement of the medium is the sum of the individual wave displacements.  (This assumes that the medium does not exceed its elastic limit and become permanently deformed.)  

If both waves have the same sign of displacement then the net displacement will be larger than each individual displacement.  This situation is called constructive interference.  The two waves are said to be “in phase.”  

If the displacements have opposite signs then the net displacement will be smaller than the magnitude of the largest displacement.  This situation is called destructive interference. The two waves are said to be “out of phase.”

Standing Waves
If two interfering waves have the same wavelengths and amplitudes and opposite directions of travel a standing wave is produced. There will be locations (nodes) at which the displacement of the medium is always zero.  The distance between adjacent nodes is ½ wavelength.  Between the nodes are antinodes.  The medium has its maximum vibration at the antinodes.  There is ¼ wavelength between a node and antinode.

The lowest frequency of a standing wave is called the fundamental frequency.  For a string anchored at both ends the fundamental frequency is









f1 = V / (2L)

The harmonic frequencies are integer multiples of the fundamental frequency.    fn = n * f1
The speed of a transverse wave on a string is given by   V = sqrt( FT / (m/L) )     FT is the tension in the string.   m/L is the number of kilograms per meter for the string.

Beats
When two waves that have different frequencies superimpose you can observe the formation of beats.  There will be a time when the two waves are in phase and the amplitude of the combined wave is large.  There will be a time when the two waves are out of phase and the amplitude will be zero.

The beat frequency is found by subtracting the two frequencies.  If the two waves are generated by two tuning forks, the beat frequency will be frequency you hear for the warbling sound.

fB = ∣ f1 − f2 ∣
Explain the physics principle that is used to get all of the instruments in a band or orchestra “in tune.”

16.11 Energy in Waves: Intensity
The energy transmitted by a wave is proportional to the square of the frequency and the square of the amplitude of the wave.

The intensity of a wave is a measure of the amount of power transmitted through a unit of area.     


I = P/A          e.g.   watts/m2     

The intensity of sunlight at the top of the earth’s atmosphere is  1,370 watts/m2 .  

Q3. What minimum area of a solar collector is needed if the solar collector is to be the sole power source for a 100 watt light bulb?  

---------------------------------------------- 

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

Q1. True   A person pushing someone in a swing only needs to supply a small push for each swing if the push is done at the correct time.  The correct time is when the person on the swing is moving away from the person who is pushing.

Q2. False   The water molecules move back and forth as well as up and down.

Q3.  1370 watts/m2 * Area = 100 Watts      Area = 0.073 m2  or 730 cm2   This is a square that is 27 cm long on each side.
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