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What is Sound?

• Travelsas waves ofenergy
• As the energy travels through the air,

it moves the particles causing themto
collidewith oneanother
• Each time the particles collide they  

transfer energy,but a little lesseach  
time
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Compressions and Rarefactions
Compression

Rarefactions

Cycle

• Compressions are pointsof  
increasedpressure
• Rarefactions are area oflow  

pressure in the soundwave
• The distance between a  

compression and rarefactionisa  
cycle
• Thedistance between a pointof  

no pressure and the highest or  
lowest pressure is called  
amplitude
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Amplitude and Frequency

• Amplitude contributes to  
loudness (intensity) ofasound
• Higher the peaks, the louderthe  

sound
• Frequency contributes tothe  

pitch of thesound.
• Shorter cycles makeahigher  

pitch than longercycles
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Units in Sound

• Frequencyor pitch is measured in cyclesper second (cps)or Hertz  
(Hz)
• Increases in pitchmean an increase in Hertz
• Changes in volume,or amplitudearemeasured in decibels (dB)
• Volumeand pitchareboth perceived logarithmically (as a ratio and  

not absolutechanges)



Encoding Sound

• Sound is analog(continuous)
• We needa wayto digitizeit into  

a discreteapproximation
• Higher pressure==  

Compressions
• Negative numbers==  

Rarefactions
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Analog to Digital Conversion

• We create and approximation by  
observing momentary valuesofthe  
analog signal
• This method iscalledsampling
• Nyquist theorem says tocapturea  

sound with a most n cycles per  
second, we need 2nsamples per  
second
• Thesample rate(how oftenwe  

record the sound values) is  
measured inHertz.
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Encoding Sound

• Thesampling technique is calledpulse codemodulation
• Once again,we usebinary
• Sample tend to be 2 bytes or 16 bits
• Unlike images,we need to storepositiveAND negativenumbers
• For that,we need a slightlydifferentrepresentationof our numbers
• We callthis representation two’scomplimentnotation
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Two’s Compliment Notation

• Ifwe have16 bits, themaximumvaluewe couldhave is all1’s
• 11111111 11111111 =65,535

• However,we need to use those bits for positive and negative  
numbers
• Simple solution would be to keepone bit to representthe sign of the  

number (0 for + or 1 for -)
• This leave15-bits
• Possible combinations: 215 =32,768
• Since0 takesa positive value the range is -32,768 to 32,767



Representing a Negative Number

• Let’ssay we have 20 inbinary
• 00010100

• Tomake-20,we first invertall thebinarydigits (1 -> 0 and 0 -> 1)
• 11101011

• Then we add oneto that result
• 11101011

+00000001

11101100 =-20

CS 102:MultimediaComputing



Clipping

• What if a sound’s value is  
outside the rangeof-32,768  
and 32,767
• Since our binaryrepresentation  

cannot support those values,  
they are simply cut off or  
“clipped” at the maximum  
values
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