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Acoustics: How does the flute work? 

The flute consists of a metal tube approximately 26 inches in length with a ¾ inch bore which 

opens at one end. The instrument features sixteen key holes which can be closed, effectively 

modifying the length of the air column, and therefore the pitch which it produces (Culver, 1956).  

When an airstream is directed across the embouchure of the flute, it splits on the edge of the 

tone hole, causing vibrations to travel down the tube of the instrument.  Since it features an 

embouchure hole, acoustically speaking, the flute can be classified as an ‘open tube’ instrument. 

Sound production occurs when the sound generator, in this case the flute, initiates vibrations 

through a sound resonator. The sound resonator is the air column which vibrates longitudinally 

within the tube resulting in periodic compression and rarefaction of the air particles 

(Bruderhans, 1997). Sound waves consist of a series of these condensations and rarefactions 

produced by the sound resonator. The number of vibrations per second is called the frequency 

(f) and is measured in cycles per second or Hertz (Hz). The pitch of a musical note depends on 

the frequency of these regular air compressions and rarefactions (Bruderhans, 1997). The 

higher volume of vibrations results in a higher pitch and vice versa. 

A single tone produced by the flute is a result of a combination of partials which, together, 

combine to form a complete ‘composite’ tone. This blend of partials is caused by simultaneous 

waves of vibrations which reflect against each other within the tube of the instrument.  This 

occurrence results in harmonics or ‘overtones’ which together form a complete musical tone 

(Tunks, 1990). 
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Standing waves are used to describe those patterns of vibrations which reflect against each 

other within the tube of the instrument (Acoustics, 2011). Standing waves are observed when 

the column of air travels along the length of the tube and then reflects back upon reaching the 

end. 

 

Figure 1: The standing wave in the third harmonic. 

From: Campbell, M., Greeted, C. (1987). The musicians 
guide to acoustics. 

 

If the velocity of the air stream is increased, standing waves react by vibrating in segments 

which then produce harmonics. Nodes describe those fixed parts in the wave which remain 

unchanging, whilst antinodes fluctuate depending on the intensity of the energy. Increasing the 

velocity of the airstream can result in waves which increase the number of these nodes. For 

example, if the wave divides into three equal parts, these segments will vibrate three times as 

fast as the fundamental, producing a twelth above the fundamental. 
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Figure 2: Note the increase of nodes as the vibrations increase. 

From: Acoustics. (2011). In The Oxford Companion of Music. 

 

 

The two upper registers of the flute are produced by such vibrating segments. As the flute does 

not have an octave key, it is the performer’s responsibility to manually adjust the direction of 

the air so that less air enters the tube. This lack of air then causes the air to vibrate differently 

resulting in the necessary vibrations for the second register (Rainey, 1985). The third register 

relies on a complicated system of fingering which vents additional air in order to break the 

column of air into smaller segments to produce higher pitches. (Rainey, 1985). 

Tone holes assist this process by effectively modifying the length of the instrument to achieve 

such changes in pitch. When the air stream enters the flute it will travel to the first tone hole and 

exit. Conversely, depressing a key will cause the air stream to travel further down the length of 

the flute before exiting. This results in the pressure node moving closer up the pipe. In effect this 

is likened to lengthening the tube of the flute as tone holes are opened or depressed.  
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Figure 3: The short flute. Air enters and exits within a short distance within the tube. 

From: Rainey, T.E. (1985). The flute manual. 

 

 

 

 

Figure 4: The long flute. Air enters and exits travelling down the complete length of the tube. 

From: Rainey, T.E. (1985). The flute manual. 

 

There are two different types of sound generators, including those which provide a temporary 

impulse of energy such as keyboard, percussion and some stringed instruments, and those 

sound generators which provide a sustained energy impulse (Bruderhans, 1997). The flute can 

be described as a continuous sound generator because vibrations must be sustained 

continuously in order to produce sound. Consequently once the energy input stops the 

vibrations of the resonator also cease. One characteristic of this sound generator is the 

possibility of sound modification. 
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The tone quality of the sound is strongly related to the number and strength of harmonics 

present within the tone being produced. Typically the flute sounds a very pure tone in the upper 

register (Figure 5a) and this is a result of the strong presence of the fundamental (Campbell, 

1987). Whilst other harmonics appear to be present they are very low in amplitude. For middle 

C, there appears to be a great presence of the harmonics. Figure 5c shows that the second 

harmonic is more prominent than the fundamental. Consequently we hear that the tone colour 

has a rich somewhat, ‘reedy’ quality in the low register. The flute player has the ability to 

experiment with the shape of the air jet in order to create even more variation in colour. The 

unique tone-colour of each instrument is largely a result of the number and strength of the 

harmonics present (Campbell, 1987). 

 

 

Figure 5: Spectra for the sound of a flute played on the notes (a) D6 (b) 
D5 (c) C4 

From: Campbell, M., Greeted, C. (1987). The musicians guide to acoustics. 
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The intensity and loudness of the sound produced is directly related to the level of vibrations 

which are oscillating throughout the instrument. An increase in vibration generates higher 

harmonics which then adds extra power to the sound wave, resulting in the production of a 

stronger, richer sound (Flute acoustics, 2010). The sound level is measured by decibels (dB). 

Typically the flute has little power dynamically, in comparison to the piano which has 0.4 watts 

of power, the flute has only 0.06 (Acoustics, 2011). 

The flute is tuned by lengthening the instrument by adjusting the position of the head joint with 

the body of the flute. By pushing the head further into the body the flute length is essentially 

decreased and the pitch is therefore higher. Pulling the head joint lengthens the tube and 

therefore results in the pitch being slightly flatter.  Air temperature can also affect the flute’s 

tuning as a result of the difference in air weight that it can cause (Toff, 1996).  In warmer 

temperatures, the rate of molecular motion increases within the tube resulting in the air stream 

travelling the length of the instrument at an increased rate, resulting in a higher pitch (Toff, 

1996). At lower temperatures the exact opposite can be observed as the air takes longer to 

travel down the length of the tube (Toff, 1996). 

Due to the construction of the flute, there exist a series of notes which must be modified by the 

player in order to observe correct intonation. Some pitches have a tendency to be sharp when 

the air stream has little distance to travel within the tube of the flute. Alternatively the pitch 

tends to be flat when the air stream has to travel further within the tube.  Consequently we find 

that the flute is most usually sharp in the upper registers, where air is vented earlier in the tube. 

Conversely, when the air stream is directed to the very end of the instrument the lower register 

of the flute tends to be flat. Therefore it is the role of the player to compensate for the effective 

changes in flute length by adjusting the speed of the air stream appropriately. By increasing or 
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decreasing the intensity of the air stream, the player is recognising the air proportional to the 

effective length of the instrument. 
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