
Spectral toolkit: 
practical music technology for 

spectralism-curious composers

MICHAEL NORRIS 

Programme Director, Composition & Sonic Art 
New Zealand School of Music, Te Kōkī 

Victoria University of Wellington





The techniques of spectralism 
& how to do them



Contemporary Music Review 
2000, Vol. 19, Part 2, p. 81-113 
Photocopying permitted by license only 

 9 2000 OPA (Overseas Publishers Association) N.V. 
Published by license under 

the Harwood Academic Publishers imprint, 
part of Gordon and Breach Publishing, 

a member of the Taylor & Francis Group. 

APPENDIX I 

Guide to the Basic Concepts and 
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The music discussed in these two issues makes use of many ideas, terms 

and techniques which may be unfamiliar to many of its readers. I have 

asked the individual authors not to concentrate on these technical issues 

in their contributions but, rather, to emphasize the musical and aesthetic 

ideas being discussed. To provide the context and detail needed to prop- 

erly introduce and explain this material to readers for whom it is new I 

have written the text which follows. 

This appendix is divided into several major categories, each of which 

is presented as a succession of major terms, ideas or techniques that 

build upon one another. A brief perusal of these subjects should clarify 

the concepts discussed in the articles of these issues, while a closer 

scrutiny should enable the interested reader to obtain more complete 

explanations (including, when necessary, the relevant mathematical 

information). I will be as parsimonious as clarity allows concerning the 

musical and aesthetic consequences of subjects discussed. 

Derivation of pitch aggregates from spectral models 

f requenc ie s  vs.  n o t e s  

One of the most basic changes introduced by spectral composers was 

the generation of harmonic and timbral musical structures based upon 

81 

82 Appendix I 

frequencial structures. The frequency of a pitched sound is the number of 

times that its regular pattern of compressions and rarefactions in the air 

repeat each second. This value is expressed in Hertz (Hz) or cycles per 

second. Contrary to the linear structure of notes and intervals, where dis- 

tances are constant in all registers (the semitone between middle C and 

D-flat is considered identical to the semi-tone between the C and D-flat 

three octaves higher), the distance between the frequencies within the 

tempered scale and the potential for pitch discernment of the human per- 

ceptual apparatus is neither linear nor constant: it changes in a way  that 

is completely dependent  upon register. Viewing structures from the per- 

spective of frequencies gives access to a clear understanding of many 

sounds (like the harmonic spectrum) whose interval structure is 

complex, but  whose frequency structure is simple. It is also extremely 

useful for creating sounds with a high degree of sonic fusion, since the 

ear depends on frequency relations for the separation of different pitches. 

Further, a frequency-based conception of harmonic and timbral construc- 

tions allows composers to make use of much of the research in acoustics 

and psychoacoustics, which look into the structure and perception of 

natural (environmental) and instrumental sounds, providing models for 

the way  in which various frequencies are created and interact to form 

our auditory impressions. 

the equal-tempered scale (from the perspective of frequencies) 

The equal-tempered scale is based on the division of an octave into a 

number  of logarithmically equal parts (not linearly equal) - -  in the 

case of the chromatic scale this is 12 parts. An octave is defined as the 

distance be tween a note and the note with twice its frequency (thus if 

the frequency of A4 is 440 Hz, the frequency of the note an octave 

higher, A5, is 2 * 440 or 880 Hz, and the frequency of the note an octave 

lower, A3, is 440/2 or 220 Hz). Microtonal scales follow the same prin- 

ciple, but  divide the octave into different numbers  of logarithmically 

equal steps (24 of them for the quarter-tone scale, 48 for eighth-tones, 

etc.). The formula for calculating the chromatic scale is the following: 

frequency of note x + one half-step = frequency of note x times two to 

the power  of one over the number  of steps in the octave (1/12 for the 

chromatic scale). To calculate notes in the quarter-tone scale the only 

change necessary is to use two to the power  of one twenty-fourth and 

thus the equat ion is: frequency of note x + one quarter-tone = fre- 

quency of note x times two to the power  of one twenty-fourth. To cal- 

culate an actual scale you begin with the diapason (the reference pitch, 

for example A4 = 440 Hz), then calculate the notes above and below it 

(to calculate down instead of up, you divide instead of multiply). Table I 



A taxonomy of spectral techniques

■ In the taxonomy of spectral techniques, we can distinguish between: 

– SYNTHETIC TECHNIQUES  

■ frequencies derived from purely mathematical sources 

– Harmonic series 

– Ring modulation, frequency modulation 

– Stretched spectra 

–  ANALYTICAL TECHNIQUES 

■ frequencies derived from the analysis of real-world sounds 

– Spectral analysis



Development strategies

■ Typical development strategies for ‘one-chord development’ 

– TRANSPOSITION 

– SPECTRAL FILTRATION 

– SPECTRAL DISTORTION (STRETCHING/COMPRESSION) 

– MODULATION BETWEEN TIMBRE-CHORDS 

– MUTATION BETWEEN TIMBRE-CHORDS 

– INTERPOLATION BETWEEN TIMBRE-CHORDS



Online resources



Online resources

■ www.michaelnorris.info/theory

http://www.michaelnorris.info/theory


Converting frequency to pitch



Frequency values to pitch

■ http://www.michaelnorris.info/theory/frequencytonoteconverter

http://www.michaelnorris.info/theory/frequencytonoteconverter


Calculating harmonic series 
with 3 types of spectral distortion!



Harmonic series calculator

■ http://www.michaelnorris.info/theory/harmonicseriescalculator

http://www.michaelnorris.info/theory/harmonicseriescalculator


Ring Modulation (RM) & 
Frequency Modulation (FM)



FM & RM calculator

■ http://www.michaelnorris.info/theory/fmcalculator

http://www.michaelnorris.info/theory/theory/fmrmcalculator


Ring Modulation (RM)

■ fi = fc ± fm 
■ where fi is the resulting 2 frequencies 

■ fc is the carrier frequency 

■ fm is the modulator frequency



Ring Modulation (RM)

■ fi = fc ± fm 
– f1 = 260 Hz 

– f2 = 180 Hz

&
220Hz 440Hz ? 40Hz

‘“
100Hz 120Hz

œ œ œµ œB œB&
220Hz 440Hz ? 40Hz

‘“
100Hz 120Hz

œ œ œµ œB œB



Frequency Modulation (FM)

■ fi = fc ± i×fm 
■ where fi is the resulting set of frequency 

■ fc is the carrier frequency 

■ fm is the modulator frequency 

■ i is the ‘index number’ of the sidebands (1 being the closest)



FM example

■ Calculate the first three sidebands resulting from a carrier frequency of 
220Hz and a modulation frequency of 40Hz 

■ f1 = 220-40, 220+40 = 180 & 260Hz 

■ f2 = 220-80, 220+80 = 140 & 300Hz 

■ f3 = 220-120, 220+120 = 100 & 340Hz

&
220Hz 440Hz ? 40Hz

‘“
100Hz 120Hz

œ œ œµ œB œB&
220Hz 440Hz ? 40Hz

‘“
100Hz 120Hz

œ œ œµ œB œB



subtraction results in ascending frequencies that will eventually mesh with the
original additive components, which will reinforce certain regions of the spectrum.

Figure 11 illustrates three examples of aggregates obtained by frequency
modulation. They are drawn from the beginning of Gondwana for orchestra (almost
the entire work is based on this type of aggregate).

The role of these aggregates—played by wind instruments—is to synthesize large
bell sonorities (whose attacks progressively soften to resemble, at the end, horn
attacks in c). The intensities of each component lessen as they ascend in pitch, while
their durations are based on each component’s numerical position in the order. This
is symbolized by the small ‘sonograms’ represented under aggregates a and c.

It is essential to remember that these aggregates are not simple chords in the
classical sense of the term. They resound as complex units that are frequently difficult
to analyse by ear. The relations between the components transform them into
indissoluble blocks (similar, in this sense, to sounds produced by ring modulation in
electronic music). This brings us to the idea of ‘harmony-timbre’. Each component of
a ‘harmony-timbre’ possesses a frequency, an intensity, and a numerical position in
the order (that indicates its beginning and ending points).

Integration of Complex Sounds and Noise

The classical orchestra had long possessed a method for integrating white noise.
Cymbals, timbales and the bass drum were used to add components of white noise to
orchestral tones, in order to render more complex an orchestral spectrum that was
otherwise simple by the very definition of tonality. Since the music was so often (and
in the case of a final chord always) limited to the three pitches of the triad, adding
percussion was the only method of adding complexity and lustre. Later, when the
percussion arsenal was expanded and given some independence, it was highlighted
instead of integrated. It must be said that in many cases, an elementary and arbitrary

Figure 11 Frequency modulation aggregates from the beginning of Gondwana.
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Tristan Murail Gondwana (1980)





Spectral transitioning



Spectral Mutation

■ Get from one chord to another only by adding and subtracting





Spectral Mutation

■ Get from one chord to another only by adding and subtracting



Spectral interpolation

■ Glissandos between partials of an equal rank



Spectral interpolation

■ Glissandos between partials of an equal rank



Spectral distortion

■ Gradually shifting a compression factor (see harmonic series calculator)



Spectral analysis



Spectral analysis

■ Spectral analysis/transcription 

– An ‘analytical methodology’ uses inherent frequency components in 
real-world sounds as a basis for harmonic formations



Issues in spectral analysis

■ Consider your ensemble, ensemble size, ability to play multiple notes 

■ Consider their range (may be more homogenous than the sound)



EXAMPLES

■ KAIJA SAARIAHO Du cristal… a la fumée for orchestra (1989) 

– Based on analysis of cello sounds (esp. harmonics, flaut, pont) 

■ TRISTAN MURAIL Le Partage des Eaux for orchestra (1995) 

– “The sounds analysed in Le Partage des Eaux are derived from natural 
phenomena: a wave breaking gently on the shore, the effect of a 
backwash"



“

”

The sounds analysed in Le Partage des Eaux are derived from 
natural phenomena: a wave breaking gently on the shore, the 

effect of a backwash. They inspire the piece's shapes and 
sounds, sometimes by using data analysis directly, 

sometimes more metaphorically. One musical object, heard 
often in various forms throughout the score, comes thus from 

the spectral analysis of a breaking wave. This object is 
manipulated, transformed, expanded or compressed in many 
ways. It contains strangely coloured and strangely coherent 

harmonic-timbres. In slow motion, it becomes a sluggish 
somewhat obsessional melodic-harmonic element that while 

defining the piece, is often interrupted by other musical 
structures.  

— Tristan Murail



EXAMPLES

■ JONATHAN HARVEY Speakings for orchestra and electronics (2009) 

– Based on recordings of voice, with automated orchestration (Orchidée)





Spectral transcription in Audacity

■ Audacity (free, open-source waveform editor) 

– http://www.audacityteam.org 

■ Need to have a normalized audio file, uncompressed (AIFF/WAV)

http://www.audacityteam.org


EXAMPLE

■ EXTRACTING SPECTRAL PEAKS IN AUDACITY 

– Set insertion point to start of sound you want to analyze 

– Choose Analyze -> Plot Spectrum 

– Set analysis parameters to your liking (set size to 8192) 

– Click ‘Export…’ button to export to text file 

– Open text file with a text editor, select all text 

– Go to www.michaelnorris.info/musictheory/spectralpeaklisting 

– Copy and paste text file into field, adjust parameters, hit Calculate

http://www.michaelnorris.info/musictheory/spectralpeaklisting


NOW WHAT?

■ Output is listed from most prominent partial to least prominent 

■ Think about which partials you want to use — do you want to use all of 
them? 

■ Ensemble size? How many partials can you use 

■ How are you going to create progressions? 

■ Maybe you need a number of timbre-chords to work through? 

■ How long is each one going to last? 

■ How are you going to ‘articulate’ or ‘ornament’ each chord? 

■ What role will melody play?



Spectral transcription in SPEAR

■ Spectral transcription with SPEAR 

– Normalization 

– Select below threshold 

– Select harmonic 

– Select below duration 

– Export 

– Take snapshots



The Fast Fourier Transform



Time vs. frequency domains

■ FREQUENCY DOMAIN 

– Representation of frequency content of a sound (its ‘spectrum’) 

■ in digital domain, limited by Nyquist limit (half the sampling rate) 

– PROS: Gives you information about spectral content 

– CONS: Computationally expensive (and mathematically complex) to 
convert time domain into frequency domain



What is the FFT?

■ Computer algorithm that implements the Discrete Fourier Transform 
(DFT) 

– Converts waveform into series of equally-spaced ‘bins’ (pairs of 
amplitudes & phases of specific frequency bins 

■ FFT algorithm developed by Tukey & Cooley in 1965

SUM
Sin 

waves

F (x) =
N−1!

n=0

f(n)e−j2π(x n

N
)



Why is this important?

■ Pressure waves are TIME DOMAIN and our eardrum, connected to the 
ossicles, transduces them to displacement (kinetic energy) 

– But if the auditory nerve were connected directly to the ossicles, our 
brain would only receive a TIME-DOMAIN REPRESENTATION of sound 

■ Life would be very different: e.g. we could tell something loud was 
behind us, but we couldn’t understand speech 

■ Yet we can discriminate between different frequency components 
— so how does that work? 



THE COCHLEA



THE ORGAN OF 
CORTI



Why is this important?

= F (x) =
N−1!

n=0

f(n)e−j2π(x n

N
)

The cochlea is a ‘meatspace’ FFT!

A large 
number…

…of frequency-
encoded amplitudes

covering 20–
20000Hz



Why FFT?

■ Models the FREQUENCY-ENCODED COCHLEA 

■ ‘Sculptability’ of sound explored through texture composers (e.g. Xenakis, 
Ligeti, Penderecki) and rise of musique concrète 

– The FFT is currently only tool to analyse & resynthesise spectra 
directly



How the FFT works

■ BASIC CONCEPT OF THE FFT 

– Each ‘frame’ of the FFT is a short ‘snapshot’ of the audio 

■ duration must be a power of two, typically 1024, 2048, 4096 
samples 

■ the larger the FFT, the better the frequency resolution, but the 
worse the time resolution 

– (cf Heisenberg’s uncertainty principle!)



WINDOWING THE TIME DOMAIN



WINDOWED SIGNALS



How it works

■ These ‘windows’ are fed as an array of numbers into the FFT 

– The FFT converts this into a same-sized array of numbers 

– Except the array is arranged into pairs of numbers which represent 
amplitude value and a phase value 

– Each pair represents a frequency, as the pairs are ordered from 0Hz up 
to the Nyquist limit 

■ NB: for more accurate FFTs, we need higher sample rates!



FFT output — amplitude vs freq

Ampl.

Freq

0

1

0Hz Nyq.

Single FFT ‘frame’ (typically sampled from 20–40ms audio)



Spectral processing

■ But what if we do something at this point before resynthesising?



SoundMagic Spectral 
www.michaelnorris.info/software/soundmagicspectral

http://www.michaelnorris.info/software/soundmagicspectral


Granular Synthesis with spindrift~ 
www.michaelnorris.info/software/spindrift

http://www.michaelnorris.info/software/spindrift


Granular synthesis in Max/MSP

■ spindrift~ 

– Custom external written in C++ for doing multichannel granular 
synthesis 

– Operates on prerecorded buffer 

■ Allows you to set readhead speed (synchronous/asynchronous) 

– Benefits: can be embedded within a poly~ object for multiple voices 
with different parameters 

– available for beta-test from http://www.michaelnorris.info/software/
spindrift

http://www.michaelnorris.info/software/spindrift
http://www.michaelnorris.info/software/spindrift

