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Classifying Sound Waves

Sound waves are _____________________ and ____________________ (classification) waves which are produced by the ___________________ of material objects.  Sound waves involve regular or periodic variations in air pressure  - the compression and _________________ of air.  Rarefaction means to make a medium less dense.

Sound is a type of mechanical energy… air molecules are disturbed by a vibrating source and collide with nearby air molecules to pass the kinetic energy of the vibrating source on.  In addition to being able to travel in air, sound waves can also travel (usually faster) in liquids and solids.  Sound cannot travel in a _______________ since there is no medium to disturb. 

The speed of sound in a medium depends on properties of that medium; in general, sound travels faster in solids and liquids that are elastic;  this is because the restoring forces (forces that make the medium return to its original, pre-disturbed state) within an elastic medium transmit energy faster.  The speed of sound in air depends upon the temperature of the air.  A good approximation for the speed of sound in air is given by the equation:

V = 331 m/s + ( 0.6 m/s((C) T

Where v is the _____________  of _______________, 331 m/s is the speed of sound at 0( C, and T is the ___________________ in degrees Celsius.
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The Speed of Sound

Sound travels pretty darn fast in air, but light travels even faster.  The speed of light in a vacuum is a constant (c).  The value for c is _____________________.  The speed of light in air is nearly equal to c.  To give you an idea of how fast light travels, it takes light from the sun which is nearly 93 million miles away from the earth over 8 minutes to reach us.  If you turned on a light bulb that was on one side of a very dark room that was a mile long, someone on the other side of the room would see the light in 5.3 x 10-9 seconds.

The time delay between seeing an event (such as lightning striking) and hearing the event can be used to determine approximately how far away the event occurred.  Since light travels so fast, we can assume that we see the light from the event almost instantly, though the sound may take more time to arrive.
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Sound Frequencies

The ___________________ of a sound wave indicates how many vibrations or sound waves (alternating compression and rarefaction zones) created by the source occur per unit time.  The range of frequencies that most humans can perceive is known as the audible region on the sound frequency spectrum.   Most humans can detect sounds with frequencies ranging from ______ to ___________.  Frequencies less than 20 Hz are in the infrasonic region, and frequencies greater than 20,000 Hz are in the ultrasonic region.  The frequency of the sound wave corresponds to the _______________, which is how we perceive sound.  

The wavelength of a sound wave is the distance between adjacent regions of maximum pressure.  The equation that relates wave speed, frequency, and wavelength is _______________.
[image: image5.jpg]



[image: image6.wmf]L

nv

f

n

2

=

Amplitude = Energy = Perceived Loudness 

The intensity of sound is related to the amplitude of the vibration of the air molecules transmitting the sound.  The observed intensity of a sound depends upon the power output (in watts, where 1 W = 1 J/s) of the vibrating source, and the distance between the source and the observer.   As you can imagine, as the distance from a source of sound increases, the intensity of the sound will decrease.  The intensity of sound varies inversely with the square of the distance from the source… in the same way the strength of the gravitational force between two objects varies inversely with the square of the distance between the objects.  It obeys what we call an ___________________  _____________________ law.
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Since the range of intensities which the human ear can detect is so large, the scale which is frequently used by physicists to measure intensity is a scale based on multiples of 10. This type of scale is sometimes referred to as a logarithmic scale. The scale for measuring intensity is the decibel scale.  The decibel level for a particular sound may be found [image: image10.wmf]2
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using the following equation:

where I is the intensity of the sound (in W/m2), and I0 is the intensity of the most faintly perceptible sound – known as the threshold of hearing – which is 1 x 10-12 W/m2. 

Not only does a sound have to be within the ____________________ _____________________  (the part of the spectrum we can hear) on the spectrum, it must also have sufficient intensity to be heard.
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Sound Wave Behaviors

Like all waves, sound waves may be reflected; a reflected sound wave is called a(n) ___________.  There are many practical applications that make use of echoes.  Ultrasound waves are used in sonar, which generates sound pulses that are reflected off underwater objects.  The resulting echoes are detected and the time required for the pulses to travel to the object and back is used to determine the distance to the reflecting object.  In medicine, ultrasound is used to examine internal tissues and organs.  

Sound waves may also interfere with each other, may refract when entering a new medium, and may diffract.  Another cool wave behavior of sound is the _____________________ effect.  __________________ shift causes sounds to seem higher in ______________ when a source of sound is moving toward an observer (listener), or an observer is moving toward a source of sound, and lower in ________________ when a source of sound is moving away form an observer, or an observer is moving away from a source of sound.  

The frequency of the source (fs) doesn’t change, but the observed frequency (f0) does, according to this equation:

[image: image12.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

+

=

s

s

v

v

v

v

f

f

0

0


Where v is the velocity of the wave (i.e. 343 m/s for sound waves in air at 20( C), v0 is the velocity of the observer, and vs is the velocity of the source.  V0 will be positive, if the observer is approaching the source, and vs will be positive if the source is approaching the observer.

Origins of Sound

Sound is produced by a __________________________ object.  The human voice is produced when the ________________ _________________ vibrate.  The frequency of the vibration is controlled by the muscles that put tension on the vocal chords.  In a trumpet, the _____________  ____________ vibrate.  In a saxophone, clarinet, or oboe, the ______________________ vibrates.  In a flute or horn, a column of air vibrates.  On a guitar or piano, the _______________________ vibrate.

If you strike a 440 Hz tuning fork, it will vibrate at a rate of 440 _________________ per second… no matter how you strike it, it will vibrate at this frequency which is the fork’s natural frequency, also known as its __________________________ frequency.  When an object made up of an elastic material is disturbed, it will vibrate at its natural frequency.  A natural frequency is a frequency at which minimal ___________________ is required to produce vibrations, and the frequency at which minimal ___________________ is required to sustain vibrations. 

If you strike a tuning fork, and hold its base against a lab table, the sound is considerable _______________ than that of just the tuning fork.  The lab table becomes something of a sounding board much like that within a piano.  The table can be forced into vibration at any number of frequencies (these are known as forced vibrations), whereas the tuning fork can only vibrate at its resonant or ___________________  frequency.

When the frequency of vibration forced on an object matches the object’s natural frequency, a dramatic increase in _________________________ occurs.  This phenomenon is known as ___________________.


Standing Waves 
A standing wave is produced on a guitar string when you pluck it.  The frequency (f) of the standing wave produced is the resonant frequency for that particular length (L) of string, and may be calculated using the following equation:




Standing waves may be established in an air column inside an open or closed tube resonator.  These standing waves are the result of sound waves traveling back and forth inside the tubes, and interfering with sound waves traveling in the opposite direction.    In an open tube resonator (flutes and pan flutes are examples of open tube resonators), both ends of the tube are open, when a standing wave is established inside the tube, displacement antinodes are located at each end of the tube.  Displacement antinodes are locations within the air column in which the air molecules are vibrating back and forth with maximum displacement (similar to an antinode on a vibrating guitar string, except that sound waves are longitudinal, and therefore, the air molecules vibrate parallel to the length of the resonator).   Displacement nodes are located between antinodes, and indicate locations within the air column where air molecules experience no displacement.

In a closed tube resonator, displacement antinodes are located at the open end of the pipe, and displacement nodes are located at the closed end.

In the same way that any number of standing waves could be established on a slinky, any number of standing waves could be established within open and closed tube resonators.  These standing waves correspond to the resonant frequencies of the resonators themselves.  The first harmonic (also known as fundamental frequency) is the lowest frequency at which a tube will resonate (standing wave can be established).  Subsequent harmonics are the higher frequencies at which tube will resonate, and are integer multiples of the fundamental frequency.  For example the second harmonic (f2) has a frequency that is twice that of the first (f1), and the third (f3) is three times that of the first.

The following are graphical depictions of standing wave inside open tube resonators.  Keep in mind that sound waves are NOT transverse waves, though they are represented as such just for the sake of visualization.  The arrows indicate the displacement of the air molecules as they vary along the length of the tube.  Antinodes (A) and nodes (N) are also marked.




The above equations may be used to calculate the harmonics for open and closed tube resonators.  In the equation, n is the number of the harmonic, v is the speed of the wave (sound waves in this case), and L is the length of the tube.  Because closed tube resonators must have a node at the closed end, and an antinode at the open end, only odd numbered harmonics (f1, f3, etc) will resonate within closed tube resonators.
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Example Problem:  What is the speed of sound at room temperature (20( C)?  





Answer: 343 m/s




















Answer: 343 m/s





Example Problem:  How far away has lightning struck when you note a 3 second delay between the flash and hearing the thunder?  Assume the speed of sound is 340 m/s.





Answer:  1020 meters





Example Problem:  What is the wavelength of a 196 Hz (this is a G) frequency that is traveling in air at room temperature (20(C)?





Answer:  1.75 m





This is the surface area of a sphere of radius r, which is also the area over which the energy of the sound is distributed a distance r from the source.
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Example Problem:  What is the intensity of the sound waves produced by a trumpet at a distance of 3.2 meters when the power output of the trumpet is 0.20 W?  Assume that the sound waves are spherical.  What is the decibel level at this distance?








Answer:  1.6 x 10-3 W/m2,  92 dB
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You strike a 512 Hz tuning fork while holding a second 512 Hz tuning fork in your other hand.  The second fork begins to vibrate.  Explain what is happening (don’t just say ‘resonance’).





 v is the speed of the wave on the guitar string.
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The standing wave that sets up on a guitar string usually looks like this as the string vibrates between two fixed ends.  The length of the string is one half the wavelength (() of the standing wave.








The speed of waves in a particular guitar string is found to be 425 m/s. Determine the fundamental frequency (1st harmonic) of the string if its length is 76.5 cm.





Answer:  278 Hz
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Example Problem:  What are the first three frequencies that will resonate within a closed tube that is 4.5 meters long?  Assume the speed of sound in air is 340 m/s,








Answer:  19 Hz,  57 Hz, and 94 Hz
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