Notes on Waves:
· All waves carry energy from one place to another

· All waves have frequency, wavelength, and  velocity (v)

· f = frequency = the number of waves per second



or number of cycles per second (Hertz)
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• The reciprocal of frequency is T = period, = the time to complete one wave.  T = 1/f

f = 1/T
· λ = lambda = wavelength = distance from one crest to another = distance from any wave part to next matching part
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v 
=    λ   •   f



velocity 
= wavelength • frequency
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· A = Amplitude = maximum displacement of a particle in the wave, measured from equilibrium
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Types of Waves
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Transverse: particles move across, or 
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perpendicular to wave velocity








[image: image7.png]



Longitudinal


Particles move along same axis (Compressional)



as wave velocity



Longitudinal waves are made of 

compressions(more dense) and rarefactions (less dense)which correspond to crests and troughs on transverse waves.

Sound waves are compressional waves!
Notes on Sound:
1) Sound is a compressional wave.  Speakers or other objects “push and pull” against air,  making compressions and rarefactions

2) Amplitude controls loudness, or volume.  As the amplitude of a sound wave increases, the particles move more, the particles move our eardrums more, and the sound gets louder. (Loudness or intensity measured in decibels.)

3) Frequency controls pitch, tone, or note.  As the frequency goes up, we hear a higher tone.   Humans can hear sounds from 20 to 20,000 Hz.  Sounds higher than 20 kHz are called ultrasound.
Doppler Effect: The shift in the wavelength and frequency of waves caused by the motion of either the wave emitter or the wave receiver.

Note: The speed of the wave does not change, just the frequency and wavelength.

When a wave emitter is coming towards you, you hear a higher frequency and measure a shorter wavelength.



Doppler Effect Applet
4) When a sound source is moving towards a receiver (hearer), the receiver hears a higher frequency.  When the source and receiver are moving away from each other, a lower frequency is heard.  This is the Doppler effect. 

Constructive and Destructive Interference:
Waves can cross through each other, and continue on unchanged.  At the place and time at which they cross, the waves will add together.  Two crests will create a larger crest.  Two troughs will create a deeper trough.  This is called constructive interference.  

A crest and a trough will partially cancel each other out. (The larger one will “win”).  This is destructive interference.  If the crest and the trough are the same size (e.g. +2.1 feet and -2.1 feet), then there will be complete destructive interference, and at that instant, the waves will cancel.  They will reappear as soon as they pass that point, though.


If a periodic wave reflects back, so the reflected wave is passing back through the original wave, then a standing wave will form.  A standing wave on a string will resonate and grow larger if the string is a multiple of half a wavelength.


Standing wave – superposition (Fendt)
Beats: When two waves of different frequencies are added together, they add together to make a new wave which increases and decreases in amplitude.


Computer Applet Showing Interference and Beats
Natural Frequency: The frequency at which an object naturally vibrates. (surprise.)  Instead of an object, it  could also be a sound or light wave going back and forth in a cavity or space.

Resonance:


The increase in amplitude of a wave, due to applying a force at the proper natural frequency.

Example: Even if you use a very small force, you can get a person swinging very high if you push at the proper frequency, (with the proper timing).


Wine Glass Breaking due to Resonance

Tacoma Narrows Bridge Collapse with Analysis

Resonance in a Circular Pool

Dictionary definition:

Resonance: The increase in amplitude of oscillation of an electric or mechanical system exposed to a periodic force whose frequency is equal or very close to the natural undamped frequency of the system.
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