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Sound Waves

• Sound waves are caused by the vibratory 
displacement of air.

• Different sources of displacement result in 
different sounds.



Pitch and Frequency

• The pitch of a sound is determined by the 
frequency of the displacement.

• Higher frequency leads to higher pitched 
sounds and vice versa.



Amplitude and Intensity

• The amount of displacement in the air 
caused by the source of the sound is 
referred to as the amplitude of the sound 
waves.

• The greater the amplitude the louder the 
sound or, the greater the sound intensity.



Sound Waves

• Phonodeiks, oscilloscopes and computer 
software can create pictures of sound 
waves.

• These pictures show that sound waves can 
be resolved into sums of perfect sine 
waves.



Sine Waves



Middle C - clarinet



Middle C - oboe



Musical Instruments

•Musical instruments are generally 
divided into four classifications 
based on the method by which 
sound is produced



Idiophones

• Sound is produced by the body of the 
vibrating instrument.

• Xylophones, cymbals



Membranophones

• Sound is produced by the vibration of a 
stretched membrane.

• Drums



Chordophones

• Sound is produced by one or more 
vibrating strings.

• Guitars, violins, pianos, harpsichords



Aerophones

• Sound is produced by a vibrating column 
of air.

• Flute, clarinet, trumpet, conch shell



Electrophones

• Some classifications include 
electrophones, in which sound is 
produced by purely electronic means.

• Synthesizer, theremin



Pythagorean Ratios

• The ancient Pythagoreans noted that 
pleasing tones were produced by 
vibrating strings whose lengths could be 
represented by a ratio of whole numbers.



Pythagorean Ratios

• A vibrating string divided in two parts 
will produce a tone an octave higher than 
the original tone, and the frequency of the 
vibration will be double the original 
frequency.

• Octave frequency ratio 2:1



Pythagorean Ratios

• A vibrating string two thirds the original 
length will produce a tone known as a 
fifth in relation to the original tone, and 
the frequency will be 1.5 times the 
original.

• Fifth frequency ratio 3:2



Pythagorean Ratios

• A vibrating string three fourths the 
original length will produce a tone known 
as a fourth in relation to the original tone, 
and the frequency will be 4/3 times the 
original.

• Fourth frequency ratio 4:3



Pythagorean Ratios

• The fifth of the fourth is the octave.

• A fifth plus a fourth equals an octave.

• The frequency relationships are 
multiplicative so that 4/3 * 3/2 = 2



Pythagorean Ratios

• These tones were used in early four 
stringed Greek lyres, also known as the 
Lyre of Orpheus.

• Root, fourth, fifth, octave

• The evolution of the four and seven 
stringed lyres is shrouded in mystery.



Pythagorean Ratios

• Pythagorean ratios can be extended to 
create what is known as a diatonic scale.

DO FA SO DO
1:1 4:3 3:2 2:1



Pythagorean Ratios

• If we find the fifth in relation to the 
original fifth (SO), we find another tone, 
with the ratio being 3/2 * 3/2 = 9/4 .

• Since this is beyond the octave, we reduce 
the tone by an octave, cutting the 
frequency ratio in half resulting in a ratio 
of 9:8



Pythagorean Ratios

• Pythagorean ratios can be extended to 
create what is known as a diatonic scale.

DO RE FA SO DO
1:1 9:8 4:3 3:2 2:1



Pythagorean Ratios

• If we find the fifth in relation to this new 
tone (RE), we find another tone, with the 
ratio being 9/8 * 3/2 = 27/16 .



Pythagorean Ratios

• Pythagorean ratios can be extended to 
create what is known as a diatonic scale.

DO RE FA SO LA DO
1:1 9:8 4:3 3:2 27:16 2:1



Pythagorean Ratios

• If we find the fifth in relation to this tone 
(LA), we find another tone, with the ratio 
being 27/16 * 3/2 = 81/32 .

• Since this is beyond the octave, we reduce 
the tone by an octave, cutting the 
frequency ratio in half resulting in a ratio 
of 81:64



Pythagorean Ratios

• Pythagorean ratios can be extended to 
create what is known as a diatonic scale.

DO RE MI FA SO LA DO
1:1 9:8 81:64 4:3 3:2 27:16 2:1



Pythagorean Ratios

• If we find the fifth in relation to this tone 
(MI), we find another tone, with the ratio 
being 81/64 * 3/2 = 243/128 .



Pythagorean Ratios

• Pythagorean ratios can be extended to 
create what is known as a diatonic scale.

DO RE MI FA SO LA TI DO
1:1 9:8 81:64 4:3 3:2 27:16 243:128 2:1



Pythagorean Ratios

• Pythagorean ratios can be extended to 
create what is known as a diatonic scale.

DO RE MI FA SO LA TI DO
1:1 9:8 81:64 4:3 3:2 27:16 243:128 2:1

1 1.125 1.266* 1.333 1.5 1.688* 1.898* 2



Diatonic Scale in D








Diatonic Scales

• The Greeks created seven diatonic scales, 
or “modes,” beginning with each of the 
seven tones in the Pythagorean diatonic 
scale.

• These modes were later adapted by 
medieval church musicians  and became 
known as the church modes. 



Diatonic Scales

• Notice that the divisions or ratios 
between the tones of the Pythagorean 
diatonic scale are not constant.



DO   RE   MI   FA   SO   LA    TI     DO  
1:1     9:8      81:64     4:3      3:2     27:16  243:128     2:1 
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Equal Temperament

• The European equal tempered scale 
divides the octave into 12 tones so 
that the ratio between tones is 
constant.



Equal Temperament
• For this to be true, the product of the 

twelve ratios must be equal to 2.

• x*x*x*x*x*x*x*x*x*x*x*x=2

• OR    x12  =2



Equal Temperament
• In addition, the perfect fourth and perfect 

fifth should be well approximated within 
the scale.

• x*x*x*……*x=1.33333            AND

• x*x*x*……….*x=1.5



Pentatonic Scale




Acoustic Grand Piano
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