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  When a bow scrapes a violin string, we hear a sound.  What produced that sound? What          
determined its pitch?  This article explores the creation and movement of sounds.  

Greek and Roman Thinkers 

 In the 6th century B.C.,  Pythagoras of Samos noted that a string vibrates when struck.  The          
string also makes sound.  The width of the vibration of the string relates in direct proportion to 
the pitch of the sound.  As the vibration dies down, the sound grows softer.  When the vibration 
stops the sound stops. 

  Archytas of Tarentum (420 - 360 BC) suggested that striking      
bodies produced sound.  Aristotle claimed that a vibrating string hits 
the air.  The hit portion of air moves to strike another portion which 
strikes another portion and so on.  Thus, in the eyes of Aristotle, sound 
needed air to move.  Therefore, sound could not move through a  
vacuum. 

 Marcus Vitruvius Poillo in the first century B.C.,, suggested that air      
did not merely move, but it also vibrates in response to the vibration of 
the string.  We hear sound from these vibrations.Another Roman 
philosopher Aneius Marilius Severinus Boithieus (480 - 324 A.D.), 
specifically conducted sound through air and through water. 

Sound Radiates 

 While we can use water as an example of how sound waves move, sound waves and water          
ripples differ.  Unlike the waves in water, sound waves do not occur only on the surface where 
two elements of different density, air and water, meet.  Moreover, sound waves radiate in all di-
rections like the gravitational field or light.  Sound waves also radiate through solids, liquids, and 
gasses.     

 If a source of sound occurs in an open space, then sound waves radiate in all directions.  If          
the source of the sound is pointed in a certain direction as from a megaphone, the greatest pro-
gression of that sound is forward from that point as light radiates from an electrical torch.   
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Aristotle



 One can represent sound waves diagrammatically by a bar which has darkened and light          
areas.  The dark areas in the figure above are equivalent to the rests of a sound wave.  The light 
areas are the expansions to the troughs.  The distance between the completely light areas and 
completely dark areas is the wavelength.   

Frequency 
 
 A tuning fork is a brass instrument forged to produce a specific note when hit.  When an          
instrument needs tuning, one may hit the fork against a surface to hear the note the fork should 
make.  With a tuning fork, one may know the pitch of a note when tuning an instrument.   

 What makes sound? Vibrations.  When we pluck a stretched rubber band, we hear a faint          
sound.  One may imagine that this phenomenon is one of the few times that vibrations make 
sound.  In fact, vibrations make up every sound that we hear.  When one goes to the circus, the 
blasting music from the speakers will vibrate one's clothes, skin, and bones.  One may feel these 
vibrations when sitting still.  When one places his hand on a phone's speaker, he may feel a vi-
bration.  The frequency of the sound waves shapes the sound.  Higher frequencies create higher 
and fainter sounds.  Low frequencies create deep and powerful sounds. 

 All objects have a natural frequency or at which they vibrate.  When we strike, pluck or          
strum an object, the frequency at which the object vibrates we call the natural frequency of the 
object.  1

 The Physics Classroom, Natural Frequency, http://www.physicsclassroom.com/class/sound/Lesson-4/1

Natural-Frequency
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Source : http://www.mediacollege.com/audio/images/loudspeaker-waveform.gif

Sound travels in waves

http://www.mediacollege.com/audio/images/loudspeaker-waveform.gif
http://www.mediacollege.com/audio/images/loudspeaker-waveform.gif
http://www.physicsclassroom.com/class/sound/Lesson-4/Natural-Frequency


 Long and massive objects have larger periods of vibration than small and unsubstantial ob         -
jects.  Large objects produce fewer sound waves per a certain amount of time than small objects.  
For example, a church bell produces a deeper and slower sound than a little cow bell.  Large and  
massive objects vibrate at longer wavelengths and lower frequencies than those of small, minis-
cule objects.  

 The period of vibration is directly proportional to the square root of the mass of the object          
divided by the restoring force.   

period of vibration = √mass /restoring force 

  Altering the value of the restoring force will alter the period of  vibration.  The tighter a          
guitar string, the smaller the period of vibration.  A low frequency produces a deep tone and a 
high frequency produces a shrill tone.  Compare an elephant’s trumpet and a mouse’s squeaks.   

 The property of shrillness or depth of sound we call “pitch.”  Pitch varies depending on the          
wavelength of the sound wave. On a grand piano, the long strings vibrate slowly, creating a low 
pitch.  The tight strings vibrate quickly, creating a high pitch. 

!  
Source : http://grahammitchell.com/writings/analog_wave.png 

 Every pitch has a frequency.  Frequency is the number of vibrations per unit of time.  The          
amplitude is the height of a sound wave. The crest is the top of a curve of a sound wave.  The 
trough is the bottom point of a curve in a sound wave. The ascending node is a point on a sound 
wave on which the wave is about to reach the crest.  The descending node is a point on the sound 
wave as the curve heads downward. 

     wavelength = velocity / frequency                                              
       frequency = velocity / wavelength                                              
               f = v / λ                                                       
where λ lamda represents wavelength. 
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http://grahammitchell.com/writings/analog_wave.png


The Speed of Sounds 

 In the 17th century, people determined the speed of sound by firing a cannon on a hill from          
a known distance.  A person on another hill would count the number of seconds it took for them 
to hear the sound and calculated the speed of sound.  They calculated the different speeds of 
sound in different environments. 

 In different environments, sound travels at different speeds.  For example, on a cold win         -
ter’s day, sound may travel at 330 meters per second.  On a hot summer’s day, the speed of sound 
could be as fast as 355 meters per second.  Cold temperatures make slow the speeds of sounds.  
Hot temperatures make fast speeds of sounds.  Sound travels faster in high altitudes than lower 
altitudes do. There is less air blocking the sound from.   

 Sound waves travel through liquids, gasses, and solids.  The velocity of sound in water is          
1450 meters per second or 3240 miles per hour.  The velocity of sound in steel is 5000 meters per 
second which is 11200 miles per hour. 

 During WWII, people feared that no airplane could cross the sound barrier. Propellor          
planes flying quickly experienced severe stress.  German rockets broke the sound barrier every 
time the Germans launched them. Therefore, scientists wondered why couldn't manned aircraft 
break the sound barrier 

 As an airplane flies faster and faster, it catches up to its sound waves.  As the plane ap         -
proaches the speed of sound, the sound waves resist the plane from exceeding the sound barrier.  
To cross the sound barrier, the plane needs more and more energy.   

 As a high speed jet or rocket passes through the sound barrier, it leaves its sound waves          
behind.  One can see a plane moving above.  One cannot hear the sound of the plane.  After a few 
seconds, one can hear the plane.  The plane may have already disappeared.  Scientists called 
propagation of sound waves moving at the speed of sound "Mach I" after the American scientist 
Earnest Mach.  (1836 - 1906).   

 When a craft breaks the sound barrier, a loud boom propagates in all directions. This is          
called a "sonic boom."  The sound waves caused by a sonic boom are called "Mach Waves.”  The 
region in which one can hear a sound wave is called a "boom carpet." The sound coming from 
the plane continues to follow the planes path just below Mach I.  The area where the plane can be 
seen but not heard is called the zone of silence.  The area in which a sound can be heard when 
the plane has gone is called the zone of action.  The zone of action always follows the zone of 
silence. 
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 The faster the speed of sound, the longer the wavelength.  We call the speed of sounds          
propagation speed.  The propagation speed is the speed the waves propagate directly away from 
the source of the sound.  The propagation speed is not related to the speed of the source object.  
For example, if one throws garbage out of a moving car when the car in in line with a trash can, 
the garbage will never reach the trash can.  In order to make the garbage reach the trash can, one 
must throw the garbage out as he approaches.  If one plays a radio in his car, a person standing 
will hear the sound when the car passes by, not when the car is a few feet ahead of the  
person.   

Musical Notes 
  
 Musicians use seven letters to represent seven major notes A, B, C, D, E, F, and G.  Each          
note has a specific frequency.  The common sounds which we hear every day are between a low 
C and a high C over 4 octaves.   

 Frequencies which are double or half the above figures are the same rate.          
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Source : https://bama.ua.edu/~stjones/Sound_files/
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An airplane can pass the speed of sound.

https://bama.ua.edu/~stjones/Sound_files/image005.jpg
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!   

 The range from one level to another is called an octave.  A piano has 7 octaves.  One can          
play the same tune at different pitches.  The same note played at different waves is harmonic.  
Notes sound discordant when the frequencies do not blend. 

Note Low C High C

Wave-
length

66 per 
second

132 per 
second

246 per 
second

528 per 
second

1056per 
second

Octave 1 2 3 4
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The Doppler Effect 

 An Austrian physicist Christian Johannes Doppler studied the difference in pitch in sounds          
emanating from moving objects.  The whistle on a train emits sound waves at a certain frequen-
cy.  For an example, we shall use 344 meters per second.  One can express 344 meters per second 
as 344 alternations of ratification and compression on one's eardrum each second.   If the veloci-
ty of sound is also 344 meters per second, the waves that beat on our eardrum are 

 Velocity 344 meters / second (speed of sound)                                        
  ———————————————————— = 1 meter length of wavelength                   
   Frequency 344 / second (vibration)                                   

                                                   
 Now imagine the train is moving towards someone at 75.8 miles per hour which is exactly          
34.4 meters per second.  By the time the sound has traveled 1 meter coming from the whistle, the 
train has moved forward 1/10 of a meter.  The next wave is 0.9 meters away from the first.  The 
next one is 0.8 meter away from the first and the next one is 1.7 meters away from the first.  1/10 
closer to 1 meter is 0.9 meters.  The sound waves reach us at 344/0.9 wavelengths per second 
which is equal to 380.2 / second causing the sound to be shriller than it actually is. The change in 
frequency of sound waves when the source of the sound waves is moving we call the Doppler 
Effect.  The frequency increases or decreases at which according to the speed at the source is 
moving.    
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Source :http://www.scienceclarified.com 

Train Station Train Station

The pitch of a train 
whistle is high for 

those waiting for the 
train to come

The Pitch of the train 
is lower for the peo-

ple watching the train 
leave the station.

The Doppler Effect

http://www.scienceclarified.com
http://www.scienceclarified.com


 As the train draws near, the frequency drops to 344/second. We hear be the same pitch as          
the train is supposed to be making.  As the train passes and recedes, the compression waves 
move to 1.1 meters apart.  The frequency is 3.44m/second/1.1which equals 312.7.  This gives the 
train a lower pitch and a deeper sound than it is supposed to make.  This is the Doppler Effect. 

 Using the equation wavelength = velocity / frequency, we can determine that the wave         -
lengths of sound coming from the train previously shown vary from 344/66 = 5.21 metres (18 
feet) to 344/1056 = 1 foot. 

Acoustic Science 

 As sound waves propagate from the source and radiate outward, they react differently to          
differently to different objects and surfaces.  Sound waves can bypass the objects in the path of 
the propagating sound waves.  They can also absorb or reflect the sound waves.   

 In 1818, a French physicist Augustin Jean Fresnel (1768 - 1827) showed that if an object is          
the same wavelength of a sound wave or less, it does not absorb the sound.  The sound passes 
around it.  Large objects such as mountains will either reflect sound or absorb it depending on 
their texture.  Sound passes through thin walls.   

 The principle  of the echo distorts the speech causes of teachers, preachers, and politicians          
using microphones.  Sound bounces back and forth.  If the walls of a church are hard and 
smooth, the sound will reverberate.  If the walls are soft and porous, the walls will absorb the 
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Sound will bounce off hard surfaces.  

Source : http://tcmmastering.files.wordpress.com/2011/09/diagram-showing-delay-and-reverb.jpg

http://tcmmastering.files.wordpress.com/2011/09/diagram-showing-delay-and-reverb.jpg
http://tcmmastering.files.wordpress.com/2011/09/diagram-showing-delay-and-reverb.jpg


sound.  The sound waves turn into heat energy as the porous material absorbs the sound waves.  
Marble is a hard, reflective surface. Styrofoam is an absorbent surface.  Plaster walls are porous 
and absorptive. 

 The science of controlling reverberations in auditorium, scientists call “acoustic science”.          

 Architects design modern churches and lecture halls are designed in an arc shape to assist          
the transmission of speech. The Greeks understood this principle 2500 years ago.  They con-
structed amphitheaters to hold performances in large spaces.  The acoutiscs enabled, the audience 
in the amphitheaters hear everything clearly. 

CONCLUSIONS: 

 Vibrations create sounds.  Frequency is the number of vibrations per unit of time.  Every          
pitch has a frequency.  The frequency is the speed at which the sound moves measured in.  In 
music, precise multiples of frequencies produce octaves.  Common sounds we hear range over 
four octaves.  Sound waves travel at different speeds through solids, liquids, and gasses.  The 
Doppler Effect explains why moving objects propagate sound at different speeds than stationary 
objects.   
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