Please quietly have a seat.

For the first few minutes of class I’m going
to perform my music for you.




UNDER THE MICROSCOPE

Composing Inside Sound Spectra



ANALYSIS / COMPOSITION OF SOUND SPECTRA

l

DERIVING TUNING SYSTEMS & SCALES
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Houses of Parliament, Dennis Johnson
(photograph)



IMPRESSIONISTIC IMAGE
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Houses of Parliament, Claude Monet
(oil painting)



ADDITIVE RE-SYNTHESIS i

Complex
Waveform
Uy [ Re-Synthesized ]

ik — e )

Complex
Waveform

Sine Waves
[ different Frequencies,
Amplitudes, Phases |



ADDITIVE RE-SYNTHESIS

Analysis-prepared_guitar_pluck.wav
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Analyze / Interpret / Manipulate / Synthesize




T. Murail, “Questions de cible,” in 8, p. 154

“I imagine myself as a sculptor in front of a stone
block which conceals a hidden form; a spectrum
will thus be able to conceal forms of different
dimensions which we can reveal according to
certain criteria [... | and with the help of certain
instruments, active filtering, selection of tempered
pitches, spectral areas, spectral exploration |[... |
this composition technique, from the whole to the
unit, is opposed to the classical cellular
construction technique.”

—Tristan Murail

Moscovich, Viviana. “French Spectral Music: An Introduction.” Tempo, New Series no. 200 (April 1997),



SPECTRAL COMPOSERS

Using the Orchestra as an Additive Synthesizer
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Spectral Composition as Additive Re-Synthesis



SPECTRAL COMPOSITION — STEP BY STEP

CAPTURE : Recording Digital Audio from a Sound Source

SOURCE = Trombone — Low E



CAPTURE : Recording Digital Audio from a Sound Source

)
SOURCE = Trombone — Low E ‘ )>



Roughness analysis at 1000.000 milliseconds
Roughness computed at 975 milliseconds is 116.095

WWWAM from 50 peaks with frequencies and amplitudes:
VUV 493.08 0.07406502
%Mmmvm& 821.69 0.07240670
1150.34 0.07016605
JWAAAAA 410.77 0.06454359
739.49 0.05888826
AW 246.55  0.04740578
903.83 0.04607636
/V\A/VV 985.97 0.04386401
1971.87 0.04015301
1396.60 0.03811915
1314.68 0.03645951
1068.03 0.03547176
657.16 0.03469426

WVWﬂNVWﬁ% 1561.23 0.03183796
1643.26 0.03023397

1479.16 0.02672126

QAAAAAAAN 2054.10 0.02324019
1725.36 0.02173270

dvvvvvvm 1232.45 0.02009410

> 3450.99 0.01951699
\/\/\/\/\/\/ 2300.20 0.01926227
2711.29 0.01859561

328.72 0.01662221
575.32 0.01593441
2957.39 0.01473174
2383.18 0.01444043
3204.38 0.01412055
3122.42 0.01364808

VN/MAJ\/M 3532.83 0.01332830
1807.71 0.01308682

2465.20 0.01172148

K/\/\/VK/ 2136.97 0.01131458

3287.18  0.01040680
3697.22  0.01025975

3861.26  0.01024603

/\/p\/\\/ 2218.11  0.00909932
4190.83  0.00891185

3039.31  0.00890708

2547.56  0.00876137

N 3369.36  0.00861399
81.97  0.00778288

164.12  0.00731970

ANALYSIS : Measuring the Frequency & Amplitude of Partials




Partial

w43
WA, 38
MW, 34
My, 30
W, 26

WA, 22
WA 18
WY 14
MWW 10

MW 6
VW 4

NV 2
VA

INTERPRETATION : Identifying Prominent Partials




Partial

"\J‘WU‘Lﬂ“\"‘u"\\fq\‘i"\)'\d 43

W, 38 .. .
M, 34 Violins
M, 30

VN, 26

WU, 22 Piccolo

WL 18 Viela
. W 14 Viela

WMWY 10 Cello

MW\, 6 Clarinet
W, 4 Coe)

N/\/\, 2 Trombone
/\/ 1 Cb

RE-SYNTHESIS : Assigning Partials to Acoustic Instruments




Partial
MAMARAAA
W 43

WAL 22 Piccolo

W, 18 Viela
. W 14 Viela

MWW 10 Cello

MW\, 6 Clarinet
W, & Co)

N/\/\, 2 Trombone
/\/ 1 Cb

COMPOSITION : Manipulating Spectral Materials to Create a Score

Partiels (1975), Gérard Grisey



iy, 34 Violins
My, 30
MW, 26

WL, 22 Piccolo

WAL 18 Viola
. W 14 Viela

MWW 10 Cello

MW\, 6 Clarinet
W, 4 Co)

N/\/\, 2 Trombone
/\/ 1 Cb

COMPOSITION : Manipulating Spectral Materials to Create Music

Partiels (1975), Gérard Grisey ‘ )>>



GLENN BRANCA

Composing for the Harmonic Series

Symphony No. 3 — “Gloria” (1983), Glenn Branca
( Music for the First 127 Intervals of the Harmonic Series )



GLENN BRANCA

Composing for the Harmonic Series

Symphony No. 3 — “Gloria” (1983), Glenn Branca ‘ ))>
( Music for the First 127 Intervals of the Harmonic Series )



Harmonic Series

15
A
14

13

12
11 Proportional Relationships (Ratios)
Integer Multiples of a Between Harmonics
Fundamental Frequency 10

e.g.
110Hz x 1,2,3,4,5,6, 7, ... 8
Basis for Tuning Systems & Scales




Harmonic Series
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Harmonic Spectra & Tuning Systems

Course Approximations of
Intervals found Low in the
Harmonic Series

Intervals found Low in the
Harmonic Series

Intervals found High in the
Harmonic Series

EQUAL TEMPERAMENT

Basis for 12 Notes/Octave
Western (Tempered) Instruments

JUST INTONATION

Small, Whole-Numbered Ratios
( Consonant Intervals )

Notes that do NOT conform
to Equal Temperament

( Multiples of Prime Numbers > 7)



Harmonic Series
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Harmonic Series
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Harmonic Series
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Harmonic Series
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JUST INTONATION
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Harmonic Series
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Harmonic Series
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New or Augmented
Instruments

New Tuning Systems - ——————>



Tuning Systems & Instrument Design

HARRY PARTCH

(1901—1974)




HARRY PARTCH




MULTPLE (3+) BRIDGE STRINGED INSTRUMENTS

Yuri Landman (b. 1973)

ll‘lm




MULTPLE (3+) BRIDGE STRINGED INSTRUMENTS

Yuri Landman (b. 1973)




ZITHITAR
Ben Luca Robertson (b. 1980)




ALUMITONE

Ben Luca Robertson (b. 1980)
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AUGMENTED INSTRUMENTS

Live Additive Synthesis & Electro-magnetic Actuation

Ferrous Metal Strings Pitch shifting algorithm Cumulative Spectral Roughness Analysis [SRA]
Activated by [ fft based ] _—
Electromagnetic Field Partial Frequency = f () Scaled Amplitude [ x 0.0-1.0 ]

N 0.000166 N
£ (1/4) =110 hertz / \ / - / \
i x 1.000000 7/

0.001059

3/4) = 330 hertz
) er x 0.994035

0.137448

£(5/4) = 550 hertz — NNV

“pseudo-sinusoidal” tone x 0.083776
f=440 hertz

0.139123

£(11/8) = 605 hertz SRS AVAVAVAVAYA

x 0.072593

£(15/8) = 825 hertz ﬂ
x 0.783158

£9/4) =990 hertz 0.023995

x 0.840961

f(11/4) = 1210 hertz ﬂ
x 0.912301

Spectral Roughness Analysis [SRA] Value = (A, * A, )1 *0.5[(2*A,, / (A, +A, )] * [(e350024/(0007* Frin+189)) * (Fmas-Fmin)) . (g 5751024/(00207 * Fmin + 1896)]) * (Fmax- Fmin)) |
Whereas A, =lowest amplitude value between a given pair of partials A, . =highest amplitude value between a given pair of partials

F,, =lowest frequency value (in hertz) between a given pair of partials F,, =highest frequency value (in hertz) between a given pair of partials
Scaled Amplitude Value = Minimum Amplitude Value * {1- [ (R-T,) / (T, - T,.) | + Maximum Amplitude Value * (R-T,,) / (T, - T, )
Whereas R = Cumulative SRA Value (sum of SRA values measured between a single partial & all other partials within a given spectra)
" i = minimum SRA threshold ("0.0”) nae = Maximum SRA threshold ("0.15”) ~ Minimum Amplitude Value = 0.0 Maximum Amplitude Value = 1.0




*“ROSEBUD”

Actuated Instrument

Input Amplified
Source ) Output from
Vibrating
Strings
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ANALYSIS / COMPOSITION OF SOUND SPECTRA
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THANK YOU




