
CHAPTER 2 
 
Timbre and Sound Production 
 
“In radio music, timbre rules.” – Frank Zappa 
 
Why does a clarinet sound different than a viola? How can we tell one voice from 
another? What makes a pop song sound like a pop song, a symphony like a 
symphony, a Balkan brass band like a Balkan brass band? The answer is timbre 
(pronounced “TAM-ber”). 
 
Sound is propagated by waves, or variations in air pressure that cause vibrations. 
Each wave has several parameters, including shape, frequency, and amplitude. The 
shape of the wave will dictate the timbre of the sound. The frequency will dictate 
the pitch, and the amplitude will dictate the volume. Musicians create and alter 
these parameters to create different types of sounds. 
 
SHAPE – The simplest form of wave is the sine wave. It has a high point (a crest) 
and a low point (a trough). The square wave has a blockier shape. The triangle 
wave has a shape with a clear point at crest and trough, and the sawtooth wave is a 
complex waveform where the crest and trough are simultaneous. There are other 
shapes, but these are four standard waveforms that can be used to generate many 
sounds. 
 
Fig. 1. Various waveforms.1 

 
 

1 Image source: https://stock.adobe.com/sk/search/images?k=oscilloscope+audio&asset_id=65815353 
 



 
We can identify waves by looking at them through an oscilloscope, which is a 
machine that processes sound waves and displays them visually. There are many 
virtual oscilloscopes online. (I am partial to https://academo.org/demos/virtual-
oscilloscope/) 
 
FREQUENCY – A sound’s frequency is the number of times the wave repeats 
within a given time period, which is usually one second. This can be defined in 
terms of wavelength, which is simply the length of the sound wave. Since sound 
travels at a fixed speed (343 meters per second, or m/s), no audible wave can be 
larger than 343 meters. The human ear can, on average, hear and process waves as 
large as 17.15 meters (which would repeat itself 20 times in one second) and as 
small as 1.715 centimeters (which would repeat itself 20,000 times in one second). 
We use the unit Hertz (abbreviated Hz) to discuss the number of repeats within one 
second, so the range of human hearing is 20 to 20,000 Hz. 
 
AMPLITUDE – The amplitude of a sound is its relative strength. Waves of 
stronger amplitude will have a larger distance between crest and trough. To see this 
in action, pluck a guitar string twice – the first time softly, the second time with 
more force. The distance covered from one vibration to the next will be larger the 
second time. 
 
These elements combine to form the timbre of a sound. However, since we usually 
do not have oscilloscopes and other measuring devices handy during performances, 
we rarely speak of timbre in a quantitative fashion. Instead, we use qualitative 
terms such as bright, dark, mellow, brassy, reedy, warm, edgy, etc. In the Western 
traditions, composers for large ensembles use tone colors both of individual 
performers and various combinations within a large group to create the mix of tone 
colors that you hear in a performance. How are those sounds generated? 
 
The first instrument is, of course, the human voice. We generate sounds by passing 
air over two vocal folds, causing them to vibrate. The timbre of the human voice is 
affected by the size and strength of the vocal folds, the shape of the throat, and the 
shape of the oral cavity (the lips, mouth, and upper throat). The vocal folds, 
powered by air from the lungs, produce the sound, and the oral cavity amplifies 
and colors it. 
 
 
 
 



 
Fig. 2. The basic vocal mechanism.2 
 
 

 
 
For non-vocal instruments, the principle is the same – create vibrations, then 
amplify them in some way. The difference is in how vibrations are created. In 
1914, the musicologists Erich Moritz von Hornbostel and Curt Sachs created a 
classification system, not unlike the Dewey decimal system you may find at a 
library. This system, which has evolved over the years to incorporate new 
instruments, breaks down musical instruments into five categories: 
 

1. Idiophones, where the instrument itself vibrates 
2. Membranophones, where a skin or head on the instrument vibrates (like a 

drum) 
3. Chordophones, where a string vibrates on the instrument 
4. Aerophones, where a column of air vibrates within the instrument 
5. Electrophones, where the vibration is produced by an electronic 

mechanism 

 
2 Image source: https://singwell.eu/how-does-the-voice-work-11/ 
 



 
In each case, the means of sound production dictates the shape of the waves, which 
in turn dictates the timbre or tone color. This is why a trumpet sounds different 
than a clarinet or a bass drum sounds different than a snare drum. (A good and 
thorough explanation of the evolution and reception of Hornbostel-Sachs can be 
found at 
https://web.archive.org/web/20090616132940/http://www.wesleyan.edu/vim/svh.h
tml. A robust listing of various instruments by their Hornbostel-Sachs 
classification can be found, oddly enough, on Wikipedia at 
https://en.wikipedia.org/wiki/Hornbostel%E2%80%93Sachs.) 
 
Timbral differences can be used to great effect in musical composition. The 
American composer and guitarist Frank Zappa (1940-1993) once said “‘Purple 
Haze’ played on accordion is very different from [Jimi] Hendrix playing it on a 
squealing feedback guitar.” See and hear for yourself: 
 

“Purple Haze” by Jimi Hendrix, as played by the Jimi Hendrix Experience 
(1967) – https://www.youtube.com/watch?v=WGoDaYjdfSg 
“Purple Haze” as played by BB and the Polkahaus (2015) - 
https://www.youtube.com/watch?v=ibhrTBcFobk&t=0s 

 
Timbres can also vary widely in the same instrument. The clarinet, for example, 
has three3 different registers: chalumeau, clarion, and altissimo. You can hear the 
differences between these registers at https://www.youtube.com/watch?v=iCS-
2BnsnA8.  
 
Here are two musical examples that showcase different timbres. One features the 
instruments of the orchestra, and one features vocal music. 
 

Bolero by Maurice Ravel (1928), performed by the Vienna Philharmonic 
under the direction of Gustavo Dudamel – 
https://www.youtube.com/watch?v=E9PiL5icwic 

 
Creole Love Call by Duke Ellington (1928), performed by the King’s 
Singers – https://www.youtube.com/watch?v=Kxpi8WQxDm4  

 

 
3 Some performers consider the upper end of the chalumeau to be a fourth register, the “throat tones.” These 
notes are quite thin. Modern performers have also extended the upper range into a possible super-altissimo 
register. 



EXERCISES 
 

1. Using an online oscilloscope with a “freeze live input” function, take 
oscilloscope readings of your voice and your instrument playing the same 
pitch (or an octave above/below). If you do not play an instrument, have a 
friend play theirs. Write a short paragraph or two comparing the two 
waveforms? How do their shapes differ? What about their frequency? 

2. Make a list of 10 musical instruments and find their Hornbostel-Sachs 
classifications. Include at least one instrument from each of the major 
categories (idiophone, membranophone, chordophone, aerophone, 
electrophone). 

3. Using those same 10 instruments, listen to samples of each one and describe 
the sounds qualitatively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


