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the meaning of the word 
«timbre»: a quick survey 

for musicians and 
scientists
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The french word «timbre»

1694 - (Dictionary); different meanings, the two main ones are: 1/a sort of bell 
(musical instrument), 2/ the mark which declared a thing to be what it pretends to 
be (authenticity)*
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The french word «timbre»

1694 - (Dictionary); different meanings, the two main ones are: 1/a sort of 
bell (musical instrument), 2/ the mark which declared a thing to be what 
it pretends to be (authenticity)*

1755-1770 - Diderot & d’Alembert Encyclopedia: at the entry «sound», 
timbre is defined as the third characteristic of a musical instrument sound 
(important : it is always «the timbre of...»)

* Alexander J. Ellis, Translation of Helmholtz book, 1877, p. 24
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The french word «timbre»

1694 - (Dictionary); different meanings, the two main ones are: 1/a sort of 
bell (musical instrument), 2/ the mark which declared a thing to be what 
it pretends to be (authenticity)*

1755-1770 - Diderot & d’Alembert Encyclopedia: at the entry «sound», 
timbre is defined as the third characteristic of a musical instrument sound 
(important : it is always «the timbre of...»)

circa 1820 - Mathematical studies of periodic sounds (first assumption of 
the role of the harmonics in timbre) : Biot J.B. 1817, Fourier

1843 - Berlioz uses the word «timbre» in his «traité d’instrumentation»

1863 - Helmholtz publishes : «On the sensation of tone as a physiological 
basis for the theory of music». It is the first experimental analysis of what 
he labels «klangfarbe».

* Alexander J. Ellis, Translation of Helmholtz book, 1877, p. 24
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 With a great sharpness he analyses by ears the harmonic content of sounds, in order to 
explain the adjectives used by musicians as «soft, piercing, braying, poor, rich etc., but he 
does not have the possibility to make tests with listeners.

die musikalische 
Klangfarbe

the musical 
quality

le timbre musical

6

Helmholtz’ musikalische Klangfarbe is strictly restricted to the stable part of 
sustained sounds.
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XX° century: progress in sound 
technics and musical evolutions

(1877 : first sound recording - Edison)

Early twenties : first sound synthesis: 
electronic musical instruments 
(Theremin, Ondes Martenot) 

1950, sound recording on magnetic tape; 
development of sound analysers (filters, 
sound spectrograph) and of musical 
acoustics laboratories

1960, Computer revolution : analysis and 
synthesis of musical sounds : Max 
Mathews, J.C. Risset. 

• «Orchestral writing» of music (Webern, 
Debussy);  use of «clusters» (Stravinsky, 
Varèse); Schoenberg treatise (1911).

1913, Russolo (bruiteurs futuristes)

1950, Experimental music in Broadcast 
studios (Stockhausen, Ligeti, Berio) and 
musique concrète (Schaeffer) 

Computer revolution : new music 
composed with computers: the 
parameters of the sound are strictly 
controlled.
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Some well-known acoustical researches on timbre
• Electronic sounds (variation of harmonic content) : Lichte,1941, Bismarck 1974, 

Plomp 1973.
• Digitized musical instrument sounds (simplified) : Grey 1977 (16 sounds, note Eb4); 

MDS analysis of the results.
• A lot of other experiments (Mc Adams, Beauchamp, Krumhansl, Donnadieu, Faure) 

on the same pitch

Hajda, J. M., Kendall, R. A., 
Carterette, E. C., & Harschberger, 
M. L. (1994). Methodological 
issues in Timbre research. In 
Deliège, I. & Sloboda, J. (éds.), 
Perception and Cognition of Music 
(pp. 253-306): Psychology Press.

Listeners of tests are only required to express a disimilarity between two sounds 
(without any other indication). What are they listening to? 

Examples of grey pairs
1                                            2                                             3                                        4

8
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How are they connected?
Listen and try to qualify the sound of the instrument

9

My proposition is that tone identity and tone quality require 
two different cognitive treatments
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How are they connected?
Listen and try to qualify the sound of the instrument

Naive listeners first try to guess the musical instrument (it is like... it seems that....and 
then, comment the sensations it arouses for them; it may take a long time.

Expert listeners who detect the sound manipulation write quickly «Reverse», that’s all. 
They are quite unable to go further.  

9

My proposition is that tone identity and tone quality require 
two different cognitive treatments
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then, comment the sensations it arouses for them; it may take a long time.

Expert listeners who detect the sound manipulation write quickly «Reverse», that’s all. 
They are quite unable to go further.  

Listen now 

I state that sound recognition is the first and the most 
important cognition process which preceeds 
discrimination and qualification.  
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My proposition is that tone identity and tone quality require 
two different cognitive treatments

------>  It takes less than half a second to recognize the instrument. 



Michèle Castellengo - What is musical timbre? 2014 - November - 14 ; Télécom ParisTech

How are they connected?
Listen and try to qualify the sound of the instrument

Naive listeners first try to guess the musical instrument (it is like... it seems that....and 
then, comment the sensations it arouses for them; it may take a long time.

Expert listeners who detect the sound manipulation write quickly «Reverse», that’s all. 
They are quite unable to go further.  

Listen now 

I state that sound recognition is the first and the most 
important cognition process which preceeds 
discrimination and qualification.  

10

My proposition is that tone identity and tone quality require 
two different cognitive treatments

------>  It takes less than half a second to recognize the instrument. 



M
ic

h
è
le

 C
a
st

e
lle

n
g
o
 -

 W
h
a
t 

is
 m

u
si

c
a
l t

im
b

re
?
 2

0
1
4
 -

 N
o
ve

m
b

e
r 

- 
1
4
 ;
 T

é
lé

c
o
m

 P
a
ris

Te
c
h

What is this sound ? Listen (3 times)

11



M
ic

h
è
le

 C
a
st

e
lle

n
g
o
 -

 W
h
a
t 

is
 m

u
si

c
a
l t

im
b

re
?
 2

0
1
4
 -

 N
o
ve

m
b

e
r 

- 
1
4
 ;
 T

é
lé

c
o
m

 P
a
ris

Te
c
h

What is this sound ? Listen (3 times) ?

11



M
ic

h
è
le

 C
a
st

e
lle

n
g
o
 -

 W
h
a
t 

is
 m

u
si

c
a
l t

im
b

re
?
 2

0
1
4
 -

 N
o
ve

m
b

e
r 

- 
1
4
 ;
 T

é
lé

c
o
m

 P
a
ris

Te
c
h

What is this sound ? Listen (3 times)

Names given :  boat signal, mouth organ, 
accordion, clarinet, trumpet = Reed sounds.

?

11



M
ic

h
è
le

 C
a
st

e
lle

n
g
o
 -

 W
h
a
t 

is
 m

u
si

c
a
l t

im
b

re
?
 2

0
1
4
 -

 N
o
ve

m
b

e
r 

- 
1
4
 ;
 T

é
lé

c
o
m

 P
a
ris

Te
c
h

Dynamic (?)

Noise

Harmonic number

Spectral envelope

Frequency stability

Sustain

Wind

Reeds

Other

Stable
tone

FREE REED

Impulse

Bow

Flutes 

Brass Woods

Vibrato

Identification 

10 50 300 ms
Categorization
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A possible sequence of mental operations taht allows us to identify the sound
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• The sound you have heard is a chimaera which results from the assembly of a 
flute transient and the sustained part of a violin sound.

13
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On this basis, I propose to give an analysis of some 
musical instrumental sounds

Gestalt
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An Acoustical exploration 
of instrumental sound 

sources
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An Acoustical exploration 
of instrumental sound 

sources

PERCUSSIONS FIRST
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Unpitched percussion instruments : the timbre is 
the sound of the striken object as a whole.

• The material the instrument is made of determines both sound duration and 
spectral bandwidth

•  Three categories : wood, membrane and metal, of roughly three different 
sizes to produce low, medium and high sounds (spectral pitch : tonotopic 
coding)
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Each sound is a pattern, a Gestalt : «it has a very 
strong centrifugal force» said Boulez (1984) 

16

You can’t blend different percussion instruments. 

Unpitched percussion instruments are easy to identify on a spectro-
temporal analysis.

1 2 3 4 5 6 73 77 83 5 5
0

kHz
15

5

10

temps

1 s

1 -  Bass drum
2- Triangle
3- Cabasa
4- Tambourine
5- Caisse claire
6- wind chimes
7- Wood-block
8- Military drum (roll)
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Pitched percussion instruments;  what do we hear:  
the pitch (note) or timbre? 

• Marimba (wood), tympani (membrane), vibraphone (metal) give tuned pitch.
• The striking point is imposed by the desired pitch.
• Pitch and sound quality are not fully independent of each other 

17
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Percussion instruments: the plucked strings
Relations between timbre and pitch become complex

Guitar : there are different «timbres» for one pitch
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Sustained instruments: winds, strings, (voice)

•  Sustained instruments open a large field for timbre where 
coexists:
•  the instrumental timbre (identity timbre)
•  and the pitch timbre (quality timbre) which may vary during 

the time course
• According to my propositions, the study of sustained 

instruments timbre implies that we select sounds which are 
immedietaly recognizable.

We enter a new sound world

19
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An informal test of sound instrument recognition

• select typical sounds representing the main sustained sound instruments 
categories. 

• 120 isolated sounds extracted from 4 sound-data bases (Mc Gill; RWC; Iowa; 
Orchidee).

• Two pitches (60  C4 sounds,  60 A4 sounds), various intensities, with or without 
vibrato, different durations. 

20
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• In order to select typical sounds representing the main sustained sound 
instruments categories. 

• 120 isolated sounds extracted from 4 sound-data bases (Mc Gill; RWC; Iowa; 
Orchidee).

• Two pitches (60  C4 sounds,  60 A4 sounds), various intensities, with or without 
vibrato, different durations.  

• 13 listeners (6 good musicians, 7 persons without musical knowledge); different 
listening conditions (headphone, H.P. )
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An informal test of sound instrument recognition

• In order to select typical sounds representing the main sustained sound 
instruments categories. 

• 120 isolated sounds extracted from 4 sound-data bases (Mc Gill; RWC; Iowa; 
Orchidee).

• Two pitches (60  C4 sounds,  60 A4 sounds), various intensities, with or without 
vibrato, different durations.  

• 13 listeners (6 good musicians, 7 persons without musical knowledge); different 
listening conditions (headphone, H.P. )

• Instruction : listen to the sound one time and write down quickly the name 
of the musical instrument; then, listen to the following one, and so on. If 
the instrument is not recognized, skip it.

21
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Results : a hierarchical categorisation based on 
acoustical features

• 5 general categories of musical instruments sounds that all listeners are able to 
distinguish. Note that flute family is clearly distinct from the other woods.

• Only expert musicians are able to recognize the 7 sub-categories, with some 
errors (horn and trombone ; saxophone and clarinette)
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• Only expert musicians are able to recognize the 7 sub-categories, with some 
errors (horn and trombone ; saxophone and clarinette)
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• The two tones, best recognized in 
each family are chosen for 
analysis.

• The analyses are focused on the 
very beginning of the sound (300 
ms) to observe delay between 
noises and first harmonics; 
frequencies oscillations and other 
wellknown transients 
characteristics.

• Ex: temporal zoom on brass and 
flute typical transients.
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Variability
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Sound variability with time: the acoustician 
nightmare

25

 «C’est la variété qui rend le son agréable et s’il n’est varié, il mérite plutôt d’être 
appelé bruit que son harmonique» 

Variability is what makes sound pleasant; and if it does not vary it deserves to 
be called noise rather than music (translation S.G.)

Marin Mersenne, 1636, Harmonie universelle. 

The most musically significant thing about sounds, timbral objects, is not that 
they are recognizable, identifiable, nor that they are multidimensional wholes, 
individual and various: it is that they exist in time, have a shape in time, exhibit 
changes during their time course, and still retain their identity.*
Robert Erickson, 1975, Sound structure in music ; University of california press, p. 
58.

(*A common behaviour of natural sounds)
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•The study of the identity timbre of an instrument requires the 
exploration of all the sound variations in order to express 
them in terms of «laws» of variation which are specific of a 
sound source category.

•The human listener learns to forget these variations in order 
to elaborate a prototype of the identity timbre of an 
instrument: a spectro-temporal pattern (Gestalt) which 
remains unaffected by transformations and anamorphosis

The problem of variability

26
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Gestalts of droplets, dogs and musical sounds
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Sound variability with tessitura, and with the player

28

Oboe Violin Trumpet Clarinet flute
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The words to speak about 
sound 

the french expression 
«Timbré»



Michèle Castellengo - What is musical timbre? 2014 - November - 14 ; Télécom ParisTech

clarinet timbrée-détimbrée
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clarinet timbrée-détimbrée
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clarinet timbrée-détimbrée
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clarinet timbrée-détimbrée

30

Timbré: 
odd harmonics   boosted
more  harmonics
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flute timbrée-détimbrée
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flute timbrée-détimbrée
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flute timbrée-détimbrée
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flute timbrée-détimbrée
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Timbré:
 H2  dominant
more  harmonics
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Voice : timbrée-détimbrée

32
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Voice : timbrée-détimbrée

32

Timbré: 
singing formant 
reinforced,
more harmonics
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A given quality, named «timbré», consists in different 
changes of the sound content. 

Excepted for brigthness (related to spectral centroïd) and 
perhaps for some primary oppositions (soft/piercing),  the 
links between the variations of the perceived qualities and 
those of the spectro-temporal pattern is peculiar to each 
category of sound.
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Musical references on timbre

• Berlioz and other orchestration treatises (Koechlin, Rimsky-Korsakov)  

• A collective book: Le timbre : métaphore pour la composition; 30 authors;  
(edited by J.B. Barrière, 1991) with texts from composers, 
instrumentalists, philosophers, even acousticians. 

• The  impressive book, Sound structure in music, (1975)  of an 
enlightened composer: Robert Erickson,  who asks the good questions.

• The forthcoming book I have written, Ecoute musicale et acoustique, 
Eyrolles éd., 2015,  to continue the discussion!

34
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SUM-UP AND PROPOSITIONS FOR A DISCUSSION UPON TIMBRE STUDY

-------> The terms in use : identification timbre and qualification timbre.

THE TWO PERCEPTIVE STAGES

In ordinary life, hearing, just as the other senses, is firstly used to decipher the wold around us.

1 - The first reaction on hearing a sound is WHAT ? WHERE ? (What's going on ?)
One must understand quickly to react to a possible danger. The whole process is made easier if the 
context makes it predictable.
This process relies on the listener's ability to detect, in the acoustic signal, the invariant cues that are 
specific of every sound production mode.
The identification timbre is but a specific field of the musical sounds. 

This process consists probably in a low level treatment (bottom-up) of acoustical cues - a spectro-
temporal pattern -  completed by top-down (efferent) information on foreseeability to create meaning. It is 
partly unconscient, but at the end of the process, the meaning is given by the listener.

2 - The second stage of the process is that of sound qualification: HOW ? which must be applied to 
known sounds.
It consists in discriminations, compared analysis and needs the use of language to describe precisely the 
sensation as well as communicate with other listeners. The qualification is a negotiation between experts 
belonging to the same culture. 
And just as specialists in wine, musicians developed a specific vocabulary specific to each community of 
instrument players: that of flutists is different from that of pianists. Even for the same instrument (i.e. the 
piano) the meaning of the adjectives is different whether used by an instrument maker, a pianist or a 
composer.
It seems improbable to imagine an automatic research on sounds based on vocabulary (but I do no 
know the state of art on that subject).
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MAIN ISSUES (among others) and SUGGESTIONS

A - The intrinsic variability of natural sounds in general and musical sounds 
specifically.That which is necessary to make sounds interesting and alive; 
And that of the sounds of an instrument: pitch range, nuances in 
interpretation.

B - Perceptive paradox
---> To recognize a sound, one must ignore contingent variations and have 
memorized a pure prototype of each sound category.
---> To qualify correctly, one has to increase sound sensitivity to detect the 
tiniest variations both in time and spectral dimension. And to achieve that, 
one has to have stocked in memory all the sounds of a given category of 
instruments.

C - Suggestions for tests
Identification timbre: mix sounds of different pitches and nuances during 
training.
Qualitative timbre: work with a huge quantity of sounds coming from the 
same instrument, on the same pitch, varying the interpret, the nuances. 
Repeat the exercise varying the pitch, as many times as you want !
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The end . . . 
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