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electromagnetic spectrum  
 

 

 
sonic spectrum  
 

The goal of this experiment is to create a basis and model for a scientific 

translation from light to sound, which is as objective as possible. To clarify, while the 

concept of synesthesia is an inspiration for the project it is essentially of no consequence 

due to the experiment’s focus on measurements of the physical world and universal 

function of organs i.e. eyes and ears. Synesthesia, on the other hand, has been classified 

as a phenomenon, which occurs as a result of the brain’s construction, most likely 

stemming from the formation of neural pathways of perception at a young age. 

Synesthesia is unique to the individual, so that a common input may result in many 

different outputs amongst a group of synesthesiacs. Additionally, there is sufficient 
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evidence that synesthesia colors do not interact with an individuals’ determination of 

color appearance (Robertson, Sagiv).  

 

While many conversions of light to sound exist, these versions contain a 

considerable amount of arbitrary decisions in the process of translation. These can range 

from the spectrum of color being graphed onto a curve where sound is triggered based on 

a colors’ assigned location within a graph, to mapping frequencies of colors onto the 12 

note equal temperament system.  The reason these conversions can be said to be arbitrary 

is due to the presence of personal preference interjected by the creator, e.g. utilizing only 

12 notes, or choosing the spectra of a sound to represent a color through synesthesia or 

another non-universal method. In this project, light’s physical properties are measured as 

objectively as possible in relation to the way in which these properties are perceived by 

the human eye. Then, using only available scientific understanding of the physics and 

phenomena of waves, light (or color) is translated and reproduced as the closest 

replication in audible sound. Through understanding the differences and similarities of 

the physical nature of light and sound as well as the perception of these stimuli it is 

possible to make a more accurate translation of the information. As in any translation 

however, not all information is preserved or properly represented, but that which is, 

attempts to be free of all subjective interference. A translation as such, then allows the 

possibility of being built upon using the emerging scientific data to create a more 

accurate version.  
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However, there is one fundamental assumption necessary to serve as the basis of 

the translation. This is the rule of octaves in sound, wherein a frequency exactly twice the 

amount of another frequency is perceived as the same, only registrally displaced. By 

calculating the frequency of a light wave and transposing it into the audible spectrum, the 

result is theoretically the same, only registrally displaced. This theory however, is 

impossible to prove fully due to the fact that human perception of light does not extend to 

an octave. Therefore, the only evident assumption is that if we could see an octave of 

light, we would perceive the frequency presented as twice itself as the same, but in a 

different ocular register.  

 

The first crucial step in translation is reconciling the fundamental physical 

difference between light and sound. Sound propagates as a mechanical wave in a 

longitudinal form and requires a medium to exist, whereas light propagates as an 

electromagnetic wave moving transversely, and does not require a medium to travel. 

However, when travelling through solids sound can propagate in a transverse manner, so 

wave propagation can exist cross-modally. Although light can exist in a vacuum, it is still 

affected by the atmosphere in which we perceive it normally, similar to sound waves. 

Therefore, the one major difference of a light and a sound wave is that of mechanical 

versus electromagnetic, both of which, follow the wave equation and exhibit identifiable 

wave behaviors. In terms of wavelength, sound exists in approximately the same section 

of the electromagnetic spectrum as do radio waves: 20,000Hz = 0.0172 m and 20Hz = 

17.2m. The wavelength of light is then radically less than that of sound. To determine an 

equivalent frequency in the audible range using fλ=v, we take the speed of light in air, 
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299,792,458 m/s and divide it by one of the wavelengths present in light (ca. 380 nm 

through 720 nm). The resulting frequencies derived can be anywhere from 400 to 800 

trillion Hz. To transpose the frequencies into the audible range, this frequency is halved 

or transposed down 36 times.  

 

Determining the wavelengths present in a light source and/or reflective objects 

can be done in two ways. The first makes use of the digital or LCD representation of a 

light source and/or reflective object. Here the image can be processed and broken into 

color proportions. This tool designed by L. Jégou exports the palette of colors present in 

the makeup of an image. Thereafter, each individual color is processed by an ‘image 

color summarizer’, designed by Martin Krzywinski. The program outputs the colors HSV 

(Hue, Saturation, Value) values. From the ‘Hue’ value the wavelength can be determined 

by the formula:  

Hue = (650 - wavelength)*240/(650-475) 

(Dukes).  

“Visible light is about 400 to 700 nm, with 650 nm being the frequency of red. 475 is 

blue. Both indigo and violet fall below this limit, but the CIE model that defines the 

theoretical map of wavelength to hue has to treat colors in that range separately, and it 

could be that 475 nm is the effective limit for standard Hue calculation, perhaps requiring 

negative Hue.”(Roberson, Dukes) 
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In the example utilized for this project, analyzing a close-up image of an 

incandescent bulb, 58 different Hue values are present. While the Saturation (S) and 

Value (V) are equally as important to the make-up of the LCD represented color, it is 

difficult to translate these values as a function of sound without making arbitrary 

decisions e.g. saturation or richness represented as timbre. Thus, the result is uniform 

amplitude and timbral frequencies.  

 

 

Incandescent bulb close-up photo taken from the program ‘Theremino’ with a light-grating camera 

 

To represent these frequencies aurally, using sine waves is the most reasonably 

objective method at this point in the research. In graphing electromagnetic waves, each 

frequency consists of an electric field oscillating at a right angle to a complimentary 

magnetic field. Thereby, a Fourier transform of these fields will generate sinusoidal 

functions. However, true sinusoids are actually only present in perfect monochromatic 

plane waves e.g. a laser. Since, this project lacks the tools to analyze the true shape of the 

variation in electric and magnetic fields across space, graphical descriptions of these 

changing field vectors yield the closest to objective and most non-arbitrary representation 

of how light wave exist in air.  
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The second method of translation makes use of the program ‘Theremino 

Spectrometer’ and a light-grating camera from Microsoft. The ‘Theremino Spectrometer’ 

analyzes the image from the light-grating camera and outputs a graph with wavelength on 

the x-axis and intensity on the y-axis. The translation process can be implemented for 

every whole numbered wavelength in the visible spectrum, approximately 380 nm to 720 

nm, which yields 340 different frequencies. Due to the fact that amplitude can be more 

objectively translated and applied through this process, it yields a more accurate 

translation then that of the first method. However, this translation assumes a whole-

numbered bias i.e. using only the data gathered from only whole numbered wavelengths 

as opposed to any waves present in between; there is still a deal of research necessary to 

determine how to appropriately deal with this bias. A quantum understanding of the 

function of light as both a particle and wave including the role of photons in perception 

will have to be thoroughly explored to come to a more suitable conclusion. Studying 

‘Planck time’, of which the reciprocal is ‘Planck frequency’ offers some insight into the 

smallest intervals of photons present in a light source, but has yet to be understood 

enough to yield application. 

 

 

Theremino Spectrometer graph of an incandescent light bulb 
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However, our eyes are not in fact able to process such discrete wavelength 

information. Evidently, the smallest perceptible wavelength difference is not known, but 

according to ‘The Handbook of Perception’ “…a normal human, on the other hand, can, 

with ease, discriminate, say, a 5-nm wavelength difference between 590 and 595 nm…”. 

(Carterette, Friedman). Just as the smallest perceivable frequency intervals, or ‘Just 

Noticeable Differences’ (JND’s) in the audible spectrum vary across the spectrum, so 

does wavelength discrimination vary within the visible spectrum; though, the data of 

these intervals is presently lacking. David L. MacAdam’s diagram (below) in the ‘CIE 

color space’ offers a potential insight into these limits of color difference, but no exact 

figures have been procured as of yet. 

 

 

The reason for these variations in JND’s is due to the color receptors in our eyes, 

cones, humans have three types of cones referred to Small (S), Medium (M), and Large 

(L) “These three curves indicate how sensitive the corresponding cone is to each 

wavelength. The highest point on each curve is called the “peak wavelength”, indicating 

the wavelength of radiation that the cone is most sensitive to.” (Wong). 
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“Receptor curves have overlap in their spectral sensitivity” and “critical information is 

not extent to which receptors are activated, but the relative activation of the two receptor 

types.” (Carterette, Friedman). Due to this phenomenon, it is the total excited area 

underneath a cone in the graph above that determines the intensity of stimulation for a 

cone. So, while the measurement of wavelength intensity for an LCD represented image 

may differ from one of the physical object, as long as the excited area within a cone’s 

sensitivity is equivalent, the images are perceived as the same. In order to create a more 

accurate translation it will be crucial to develop a transform based on the sensitivity of 

these cones, as well as a sufficient graph for the JND’s of light and to be able determine 

the data in terms of wavelength, which needs to be measured. Additionally, just as 

‘Equal-Loudness Curves’ are present in the perception of sound, it will be important to 

determine an accurate representation of this phenomenon optically (wave amplitude) and 

apply the necessary transformation in translation by taking into account the inevitable 

graph differences. The luminosity function (pictured below) shows human’s relative 

brightness sensitivity as a function of wavelength; while this graph lacks an exactness, a 

transformation is currently being worked on to reconcile the ‘Fletcher-Munson Curves’ 

and this photopic relative brightness. 
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In representing the translated frequencies, using additive synthesis most closely 

mirrors how our eyes perceive light. White light is all wavelengths of the visible 

spectrum at equal intensity; color then depends on the varying intensities of amplitude in 

reflected light. Therefore, the optical information our eyes perceive contains some degree 

of amplitude at all wavelengths (unless the light is monochromatic e.g. a laser); the 

activation of the cones in our eyes is a result of the additive synthesis of all frequencies in 

light. However, when the translated frequencies are presented additively in the audible 

spectrum, tone beating becomes an identifiable characteristic of the sonic translation, 

which is not the apparent case in sight. Yet, all wavelengths create beats when interacting 

with one another. The reason these ‘beats’ are not perceivable optically is that most 

visible waves are ‘incoherent’, and the non-linear processes cause the beat to become a 

component of the signal. Additionally, due to the rapid oscillation of light waves, sources 

with a small enough relative frequency difference to be observed by the eye are near 

impossible. This intrinsic fault of translation seems to be the only quality, which lacks a 

potential solution at this stage. However, to re-iterate no translations, even those between 

languages, are truly able to preserve and portray the exactness of the initial message or 

data. 
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The music of colorless green ideas is derived from the second method of 

translation using the program ‘Theremino’. A strict translation of the incandescent bulb is 

not audible until the last minute of the piece; beforehand, superimposed octave 

transpositions as well as EQ automation and harmonic distortion are explored. The music 

of on the invisible lips of the dark makes use of the first method of translation utilizing 

the HSV values. This piece is fully notated and uses the initial translation as the tape 

track. All other instruments also tune to the extracted frequencies. The pitch content is 

derived from the famous image of the earth taken from the 1969 moon landing. A project 

of translation in the works makes use of a real time hour-long video of the sunset taken in 

Victoria British Columbia on the light-grating camera. The structure of the piece is thus 

derived from the varying amplitude relationships of the sine waves throughout the course 

of the hour.   
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colorless green ideas 
 
 

This piece compiled in MAX/MSP includes the discrete frequencies and amplitudes for 
wavelengths 380nm – 720nm resulting in 420 additively synthesized sine waves. 
 
The amplitudes are derived from the Theremino graph of the incandescent bulb detailed 
above. 
 
The image below is a glimpse of the patch’s framework.  
All 420 sines are initiated simultaneously. 
Each discrete wavelength includes a subpatch, also shown below. 
Herein, the amplitude of the given wavelength is set.  
The patch also allows for amplitude change over time, and includes a variable time 
domain. This design is for future projects, which strive to translate video to sound in 
real time.  
 
The exported .wav file from the additive patch is then re-processed via sampling,  
EQ automation, harmonic distortion, and reverb for the composition.  







 
 
 
 
 
 

on the invisible lips of the dark (2016) 
 
 
Using the famous image of the earth taken from the moon landing in 1969, a color proportion analyzer 

extracts the palette of colors that make up the image.  

These color are then individually run through an image color summarizer, which exports a HSV (Hue, 

Saturation, Value).  

The Hue is given as a number from 0 to 400. It is then applied to this formula: 

Hue = (650 – wavelength) * 240/(650-475) 

 

The resulting wavelength is then converted into a frequency via f = 1/T, which elicits a frequency in the 

MHz.  

This frequency is then transposed down into the audible range. 

This process results in 41 discrete frequencies transposed into octaves of choice. 

All frequencies are then superimposed as sine waves, which makeup the tape track.  

 
The music is arranged for 6 synthesizers and a tape track. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Hue = (650 - wavelength)*240/(650-475)

Hue Frequency Transposed Octave	
  adjustment

27 475954387704511.7 432.87799390283156

24 474308300395256.94 431.38088621640868

19 471589978737663.2 428.9085870711126

27 475954387704511.7 432.87799390283156 216.43899695141578

24 474308300395256.94 431.38088621640868 215.69044310820434

22 473217219873714.94 430.3885542628586

27 475954387704511.7 432.87799390283156 865.75598780566312

214 607338675705261.1 552.37130773572163

209 602888842329302 548.32420785651448

218 610946117905069.5 555.65225730339944

185 582406471145324.5 529.69559978494045

21 472673559822747.44 429.89409832693804

206 600250104170054.1 545.92428948131247 272.96214474065624



194 589922163009263.6 536.53108175051886

206 600250104170054.1 545.92428948131247 1091.84857896262494

18 471050049067713.44 428.41752389696328

210 603773584905660.4 549.12887654214538

211 604660928027186.9 549.93591040982838

130 540337711101859 491.43428541525191

206 600250104170054.1 545.92428948131247 136.48107237032812

214 607338675705261.1 552.37130773572163 276.18565386786082

211 604660928027186.9 549.93591040982838 274.96795520491419

218 610946117905069.5 555.65225730339944 277.82612865169972

211 604660928027186.9 549.93591040982838 1099.87182081965676

208 602006689003478.8 547.52189408052691

24 474308300395256.94 431.38088621640868 862.76177243281736

195 590769230769230.9 537.30148535508388



27 475954387704511.7 432.87799390283156 108.21949847570789

22 473217219873714.94 430.3885542628586 215.1942771314293

31 478167026424209.5 434.89037709533432

27 475954387704511.7 432.87799390283156 1731.51197561132624

31 478167026424209.5 434.89037709533432 217.44518854766716

27 475954387704511.7 432.87799390283156 54.10974923785395

206 600250104170054.1 545.92428948131247 2183.69715792524988

206 600250104170054.1 545.92428948131247 68.24053618516406

214 607338675705261.1 552.37130773572163 1104.74261547144326

194 589922163009263.6 536.53108175051886 268.26554087525943

200 595041322274708 541.18692994480444

188.5 585306371684377.6 532.3330439608777

218 610946117905069.5 555.65225730339944 1111.30451460679888

209 602888842329302 548.32420785651448 274.16210392825724



Frequencies Derived with Relative Pitch Reference
  

[C#7] 
1. 2183 Hz 
[A6] 
1. 1731 Hz] 
 
[C#6] 
1. 1111 Hz 
2. 1104 Hz 
3. 1099 Hz 
4. 1091 Hz 
 
[A5] 
1. 862 Hz 
2. 865 Hz 
 
[C#5] 
1. 541 Hz 
2. 547 Hz 
3. 549 Hz 
4. 549.9 Hz 
5. 548 Hz 
6. 555 Hz 
7. 552 Hz 

[C5] 
1. 532 Hz 
2. 537 Hz 
3 529 Hz 
 
[B4] 
1. 491 Hz 
 
[A4] 
1. 434 Hz 
2. 428 Hz 
3. 429 Hz 
4. 430 Hz 
5. 428.9 Hz 
6. 431 Hz 
7. 432 Hz 
 
[C#4] 
1. 274 Hz 
2. 277 Hz 
3. 274.9 Hz 
4. 276 Hz 
5. 272 Hz 

 
[C4] 
1. 268 Hz 
 
[A3] 
1. 217 Hz 
2. 215 Hz 
3. 215.9 Hz 
4. 216 Hz 
 
[C#3] 
1. 136 Hz 
 
[A2] 
1. 108 Hz 
 
[C#2] 
1. 68 Hz 
 
[A1] 
1. 54 Hz

 
 
 
In the score, the notation contains only the above 12-ET pitches.  

In Appendix 1 the pitch contents’ microtonal adjustment is detailed.  

The numbers correspond to the microtonal deviation of the relative pitches.  

 

The all caps numbers e.g. ONE refers to the microtonal adjustment number in the 

appendix. This continues until the next number appears in the score. 

Within the appendix itself, each page graphically represents the phrase, which it applies 

to. It should be read left to right as two lines (upper and lower half), which correspond 

to score linearly.  

For instance, in ONE the first ‘line’ or upper half of adjustments refer to bars 2 – 13 in 

the score, while the lower half of the appendix adjustments refers to bars 14 – 27.  

The length of the phrase varies in the piece, but the pitch content and general motivic 

motion will map onto the appendix regardless.  

 

Appendix pages labeled with apostrophes (e.g. ONE’) detail the adjustments for the 

sparser contrapuntal motive in the music notated in synth 3 though 6. 



 
on the invisible lips of the dark 

 
Effects automation for the tape track: 

 
     1. Reverb [Room] 
A. 
      2. Reverb [Attack] 
 
 
      1. Delay [Beat] 
B. 
      2. Delay [pitch] 
 

      1. Pitch Shift [8 v.a.] 
C. 
      2. Ring shift 
 
 
      1. Auto-filter [drum vocoder] 
D. 
      2. Auto-filter [8 stage dive] 

 
Timecode: 
0-0’25”  – none 
 
0’25”-0’30”  – A[1] B[1] C[1] D[1] A[2] 
B[2] C[2] D[2] {consecutively} 
 
0’30”-0’40”  – A,B [1] 
 
0’40”-0’50”  – A,B [2] 
 
0’50”-0’55”  - A[1, 2] B[1, 2] C[1, 2] D[1, 2] 
{consecutively} 
 
0’55”-1’05”  – B,C [1] 
 
1’05”-1’15”  – B.C [2] 
 
1’15”-1’25”  – C,D [1] 
 
1’25”-1’35”-  C,D [2] 
 
1’35”-1’45”  - A[2] B[2] C[2] D[2] A[1] 
B[1] C[1] D[1] {consecutively} 
 
1’40”-1’50”  – A,C [1] 
 
1’50”- 2’00”  – A,C [2] 
 
2’00”- 2’10”  – B,D [1] 
 
2’10”- 2’20”  – B,D [2] 
 
2’20”- 2’30”  – A,D [1] 
 
2’30-2’40”  – A,D [2] 
 
2’40”- 2’45”  - A[2,1] B[2,1] C[2,1] D[2,1] 
{consecutively} 

 
2’45”- 3’00”  – A,B,C [1] 
 
3’00”-3’15”  – A,B,C [2] 
 
3’15”-3’20”  - D[1] C[1] B[1] A[1] D[2] 
C[2] B[2] A[2] {consecutively} 
 
3’20”-3’35”  – A,B,D [1] 
 
3’35”-3’50”  – A,B,D [2] 
 
3’50”-4’05”  – A,C,D [1] 
 
4’05”-4’10”  - D[1, 2] C[1, 2] B[1, 2] A[1, 2] 
{consecutively} 
 
4’10”-4’25”  – A,C,D [2] 
 
4’25”-4’40”  – B,C,D [1] 
 
4’40”-4’55”-  B,C,D [2] 
 
4’55”-5’00”  - D[2] C[2] B[2] A[2] D[1] 
C[1] B[1] A[1] {consecutively} 
 
5’00”-5’20”  – A,B,C,D [1] 
 
5’20”-5’25”  - D[2,1] C[2,1] B[2,1] A[2,1] 
{consecutively} 
 
5’25”-5’45”  – A,B,C,D [2] 
 
5’45-6’10”  – all 
 
6’10”-7’00”-  gradually to none 
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w

w#

#

˙

˙

˙

#

œ

œ

œ ™
™

™

‰

w

w

w

w#

#

˙

˙

˙

#

œ

œ

œ ™
™

™

‰

œ

œ

œ

#
Œ Ó

w

w

w

#

w

w

w

w#

#

Ó

œ

œ# ™
™

œ

œ

#

J

œ

œ

œ

œ

# ™
™

œ

œ

#

™
™

œ

œ

œ

œ

œ

œ
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{

{

{

{

{

{

Synth.

Synth.

Synth.

Synth.

Synth.

Synth.

127 128 129 130 131 132 133 134 135 136 137 138 139 140

&

∑ ∑

SIX

∑ ∑ ∑ ∑

?

&

∑

THIRTEEN

∑ ∑

?

∑

&

∑

TWENTY

∑ ∑ ∑

?

&

∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑

&

∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑

&

∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑

TEN'

∑ ∑

w

w

w

w

˙

˙

™

™ Œ

w

w

w#

# w

w

w

w

w

w#

# ˙

˙

˙

™

™
™

Œ

w

w

w#

#

w

w

w

w

˙

˙ ™

™

Œ

w

w

w

w

w

w

w

#

w

w

w

w

w

w

w#

#

w

w

w

w

w

w

w

#

˙

˙

˙ ™
™

™

Œ

w

w

w

w#

#

w

w

w

w

w

w

w

#

œ
œ œ

˙

˙

n ˙

˙

˙

˙

˙

˙

˙

˙

˙

˙
Ó

w

w

w#

# w

w

w

w

w

w#

# w

w

w

w

w

w#

# ˙

˙

˙

œ

œ

œ#

#
™

™
™
œ

J

˙
™

œ

Ó

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

w

w

w

#

˙

˙

˙

˙

˙

˙

˙#

#

w

w

w

w

w

w

w

#

˙

˙

˙

˙

˙

˙

˙#

#

w

w

w

w

w

w

w

#

˙

˙

˙

˙

˙

˙

#

w

w

w#

# œ

œ

œ#

#

˙ ≈
œ œ

w

w

n ˙

˙

œ

œ

™

™ ‰

w

w

w#

# ˙

˙

˙#

# œ

œ

œ

™

™
™
‰

˙

˙

˙#

# œ

œ

œ

™

™
™
‰

œ

œ

œ#

#

j

‰ œ œ ≈
œ œ

w

w

w#

# w

w

w#

#

w

w

w

#

œ

œ

œ

#
Œ Ó

w

w

˙

˙

œ

œ ™

™

‰

w

w

w

w

w

#

w

w

w

w#

#

˙

˙

˙

#

œ

œ

œ ™
™

™

‰

w

w

w

w#

#

˙

˙

˙

#

œ

œ

œ ™
™

™

‰

œ

œ

œ

#
Œ Ó

w

w

w

#

w

w

w

w#

#

w

w

w

#

Ó

œ

œ ™
™

œ

œ

J

œ

œ

œ
™

œ ™

œ

œ#

œ

œ

#

œ

œ

#

œ

œ

#
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{

{

{

{

{

Synth.

Synth.

Synth.

Synth.

Synth.

Synth.

141 142 143 144 145 146 147 148 149 150 151 152 153

&

∑ ∑

?

∑ ∑

&

∑ ∑

FOURTEEN

?

∑

&

∑

TWENTY-ONE

∑ ∑ ∑

?

&

∑ ∑ ∑

THREE'

∑ ∑ ∑ ∑ ∑ ∑

&

∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑

&

∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑

˙

˙

˙<#>

<#> ™

™
™

Œ

œ

œ

œ#

#

Œ ˙ ˙ ‰
œ

j

œ

w

w

w#

# w

w

w

w

w

w#

# w

w

w

˙

˙

˙#

#

˙ ˙ ‰
œ

j

œ

w

w

w

w

˙

˙

˙

<#>
™
™

™

Œ

˙

˙

˙

#
Ó

w

w

w

#

w

w

w

w

w

w

w#

#

w

w

w

w

w

w

w

#

w

w

w

˙

˙

˙

#
Ó

w

w

w

w

w

w

w#

# w

w

w

w

w

w#

# ˙

˙

˙

œ

œ

œ#

#
™

™
™
œ

J

˙ œ
œ œ

w

w

˙

˙

˙

˙

w

w
Ó

˙

˙

˙#

# ˙

˙

˙

˙

˙

˙

˙

˙

˙
Ó

w

w

w

#

˙

˙

˙

˙

˙

˙

˙#

#

w

w

w

w

w

w

w

#

˙

˙

˙

˙

˙

˙

#

w

w

˙

˙

˙

˙

w

w

w

w

˙

˙

˙

˙

˙

#

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙#

#

˙

˙

˙

˙

œ

œ

œ#

#

˙ ≈
œ œ

w

w

n ˙

˙

œ

œ

™

™ ‰

w

w

w#

# ˙

˙

˙#

# œ

œ

œ

™

™
™
‰

˙

˙

˙#

# œ

œ

œ

™

™
™
‰

œ

œ

œ#

#

j

‰ œ œ ≈
œ œ

w

w

w#

# w

w

w#

#

œ

œ

œ

#
Œ Ó

w

w

˙

˙

œ

œ ™

™

‰

w

w

w

w

w

#

w

w

w

w#

#

˙

˙

˙

#

œ

œ

œ ™
™

™

‰

w

w

w

w#

#

˙

˙

˙

#

œ

œ

œ ™
™

™

‰

œ

œ

œ

#
Œ Ó

w

w

w

#

w

w

w

w#

#

w

w

w

#

˙

˙#

˙

˙

#

˙

˙

#

˙

˙

#

˙

˙

˙

˙

˙

˙

œ

œ

œ

œ

œ

œ
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{

{

{

{

{

{

Synth.

Synth.

Synth.

Synth.

Synth.

Synth.

154 155 156 157 158 159 160 161 162 163 164 165 166

&

∑ ∑

SEVEN

∑ ∑ ∑ ∑

?

&

?

&

∑

TWENTY-TWO

∑ ∑ ∑

?

&

∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑

&

∑ ∑ ∑ ∑ ∑ ∑

SEVEN'

∑ ∑ ∑ ∑

&

∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑

ELEVEN"

∑ ∑

w

w

˙

˙

™

™ Œ

w

w

w#

# w

w

w

w

w

w#

# ˙

˙

˙

™

™
™

Œ

w

w

w#

#

w

w

˙

˙ ™

™

Œ

w

w

w

w

w

w

w

#

w

w

w

w

w

w

w#

#

w

w

w

w

w

w

w

#

˙

˙

˙ ™
™

™

Œ

w

w

w

w#

#

w

w

w

w

w

w

w

#

Ó

˙

˙

˙#

# ˙

˙

˙

˙

˙

˙

˙

˙

˙
Ó Ó

˙

˙

˙#

# ˙

˙

˙

˙

˙

˙

œ

œ

œ#

#
™

™
™
œ

J

˙ œ
œ

˙

˙

˙#

# ˙

˙

˙

˙

˙

˙

˙

˙

˙
Ó Ó

˙

˙

˙#

# ˙

˙

˙

˙

˙

˙

œ

œ

œ#

#
™

™
™
œ

J

˙ œ
œ œ

˙

˙

n

˙

˙

˙

˙<#>

<#>

˙

˙

˙

#

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙#

#

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

#

˙

˙

˙

˙

˙

˙

˙

˙

˙

#
Ó Ó

˙

˙

˙

#

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙#

#

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

#

˙

˙

˙

˙

˙

˙

˙

˙

˙

#
Ó Ó

˙

˙

œ

œ

œ#

#

˙ ≈
œ œ

w

w

n ˙

˙

œ

œ

™

™ ‰

w

w

w#

# ˙

˙

˙#

# œ

œ

œ

™

™
™
‰

˙

˙

˙#

# œ

œ

œ

™

™
™
‰

œ

œ

œ#

#

j

‰ œ œ ≈
œ œ

w

w

w#

# w

w

w#

#

œ

œ

œ

#
Œ Ó

w

w

˙

˙

œ

œ ™

™

‰

w

w

w

w

w

#

w

w

w

w#

#

˙

˙

˙

#

œ

œ

œ ™
™

™

‰

w

w

w

w#

#

˙

˙

˙

#

œ

œ

œ ™
™

™

‰

œ

œ

œ

#
Œ Ó

w

w

w

#

w

w

w

w#

#

w

w

w

#

Ó

œ

œ# ™
™

œ

œ

#

J

œ

œ

œ

œ

# ™
™

œ

œ

#

™
™

Ó

œ

œ ™
™

œ

œ

J

œ

œ#

œ

œ

#

œ

œ

#

œ

œ

#
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{

{

{

{

{

{

Synth.

Synth.

Synth.

Synth.

Synth.

Synth.

167 168 169 170 171 172 173 174 175 176 177 178 179

&

∑ ∑

?

∑ ∑

&

∑

FIFETEEN

∑ ∑

?

∑

&

∑

TWENTY-THREE

∑ ∑ ∑

?

&

∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑

&

∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑

&

∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑

˙

˙

˙<#>

<#> ™

™
™

Œ

œ

œ

œ#

#

Œ ˙ ˙ ‰
œ

j

œ

w

w

w#

# w

w

w

w

w

w#

# w

w

w

˙

˙

˙#

#

˙ ˙ ‰
œ

j

œ

w

w

w

w

˙

˙

˙

<#>
™
™

™

Œ

˙

˙

˙

#
Ó

w

w

w

#

w

w

w

w

w

w

w#

#

w

w

w

w

w

w

w

#

w

w

w

˙

˙

˙

#
Ó

w

w

w

w

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙
Ó

w

w

w#

# w

w

w

w

w

w#

# w

w

w

w

w

w#

# ˙

˙

˙

œ

œ

œ#

#
™

™
™
œ

J

˙
™

œ

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙

w

w

w

#

˙

˙

˙

˙

˙

˙

˙#

#

w

w

w

w

w

w

w

#

˙

˙

˙

˙

˙

˙

˙#

#

w

w

w

w

w

w

w

#

˙

˙

˙

˙

˙

˙

#

œ

œ

œ#

#

˙ ≈
œ œ

w

w

n ˙

˙

œ

œ

™

™ ‰

w

w

w#

# ˙

˙

˙#

# œ

œ

œ

™

™
™
‰

˙

˙

˙#

# œ

œ

œ

™

™
™
‰

œ

œ

œ#

#

j

‰ œ œ ≈
œ œ

w

w

w#

# w

w

w#

#

œ

œ

œ

#
Œ Ó

w

w

˙

˙

œ

œ ™

™

‰

w

w

w

w

w

#

w

w

w

w#

#

˙

˙

˙

#

œ

œ

œ ™
™

™

‰

w

w

w

w#

#

˙

˙

˙

#

œ

œ

œ ™
™

™

‰

œ

œ

œ

#
Œ Ó

w

w

w

#

w

w

w

w#

#

w

w

w

#

œ

œ

œ
™

œ ™

œ

œ

œ

œ

œ

œ
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{

{

{

{

{

{

Synth.

Synth.

Synth.

Synth.

Synth.

Synth.

180 181 182 183 184 185 186 187 188 189 190 191 192

&

∑ ∑

EIGHT

∑ ∑ ∑ ∑

?

&

∑ ∑

SIXTEEN

?

∑

&

∑

TWENTY-FOUR

∑ ∑ ∑

?

&

∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑

&

∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑

&

∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑

TWELVE'

∑ ∑

w

w

˙

˙

™

™ Œ

w

w

w#

# w

w

w

w

w

w#

# ˙

˙

˙

™

™
™

Œ

w

w

w#

#

w

w

˙

˙ ™

™

Œ

w

w

w

w

w

w

w

#

w

w

w

w

w

w

w#

#

w

w

w

w

w

w

w

#

˙

˙

˙ ™
™

™

Œ

w

w

w

w#

#

w

w

w

w

w

w

w

#

w

w

w#

# w

w

w

w

w

w#

# ˙

˙

˙

œ

œ

œ#

#
™

™
™
œ

J

˙ œ
œ œ

w

w

˙

˙

˙

˙

w

w
Ó

˙

˙

˙#

# ˙

˙

˙

˙

˙

˙

˙

˙

˙
Ó

w

w

w

#

˙

˙

˙

˙

˙

˙

˙#

#

w

w

w

w

w

w

w

#

˙

˙

˙

˙

˙

˙

#

w

w

˙

˙

˙

˙

w

w

w

w

˙

˙

˙

˙

˙

#

˙

˙

˙

˙

˙

˙

˙

˙

˙

˙#

#

˙

˙

˙

˙

œ

œ

œ#

#

˙ ≈
œ œ

w

w

n ˙

˙

œ

œ

™

™ ‰

w

w

w#

# ˙

˙

˙#

# œ

œ

œ

™

™
™
‰

˙

˙

˙#

# œ

œ

œ

™

™
™
‰

œ

œ

œ#

#

j

‰ œ œ ≈
œ œ

w

w

w#

# w

w

w#

#

œ

œ

œ

#
Œ Ó

w

w

˙

˙

œ

œ ™

™

‰

w

w

w

w

w

#

w

w

w

w#

#

˙

˙

˙

#

œ

œ

œ ™
™

™

‰

w

w

w

w#

#

˙

˙

˙

#

œ

œ

œ ™
™

™

‰

œ

œ

œ

#
Œ Ó

w

w

w

#

w

w

w

w#

#

w

w

w

#

œ

œ#

œ

œ

#

œ

œ

#

œ

œ

#
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{

{

{

{

{

{

Synth.

Synth.

Synth.

Synth.

Synth.

Synth.

193 194 195 196 197 198 199 200 201

&

∑ ∑

?

∑

&

?

&

∑

TWENTY-FIVE

∑ ∑

?

&

∑ ∑ ∑

FOUR'

∑ ∑ ∑ ∑

&

∑ ∑ ∑ ∑ ∑ ∑

EIGHT'

∑

&

∑ ∑ ∑ ∑ ∑ ∑ ∑ ∑

˙

˙

˙<#>

<#> ™

™
™

Œ

œ

œ

œ#

#

Œ ˙ ˙ ‰
œ

j

œ

w

w

w#

# w

w

w

w

w

w#

# w

w

w

˙

˙

˙

<#>
™
™

™

Œ

˙

˙

˙

#
Ó

w

w

w

#

w

w

w

w

w

w

w#

#

w

w

w

w

w

w

w

#

w

w

w

Ó

˙

˙

˙#

# ˙

˙

˙

˙

˙

˙

˙

˙

˙
Ó Ó

˙

˙

˙#

# ˙

˙

˙

˙

˙

˙

œ

œ

œ#

#
™

™
™

œ

J

˙ œ
œ

˙

˙

˙#

# ˙

˙

˙

˙

˙

˙

˙

˙

˙
Ó

˙

˙

˙

˙<#>

<#>

˙

˙

˙

#

˙

˙

˙

˙

˙

˙

˙
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