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Mysterium Cosmographicum is a musical chronicle of an 

astronomy treatise by the German astronomer Johannes Kepler 

(1571-1630). Kepler's Mysterium cosmographicum (Tubingen, 

1596), or "Secret of the Universe," was a means by which he 

justified the existence of the six planets discovered during 

his lifetime. Kepler, through flawless a priori reasoning, 

goes to great lengths to explain that the reason there are 

six and only six planets (Mercury, Venus, Earth, Mars, Jupi-

ter, and Saturn) is because God had placed one of the five 

regular solids (tetrahedron, cube, octa-, dodeca-, and icosa-

hedron) around each orbiting body. Needless to say, the 

publication was not very successful, nor did it gain much 

comment from Kepler's peers, Galileo Galilei (1564-1642) and 

Tycho Brahe (1546-1601). But hidden within the Mysterium 

cosmographicum. almost like a new planet waiting to be dis-

covered, is one of Kepler's three laws of planetary motion, 

a law that held true for planets discovered long after Kepler's 

life-time. 

Mysterium Cosmographicum is a monologue with music in 

three parts for orchestra, narrator/actor, and computer music 



on tape. All musical data structures ape generated via an 

interactive Pascal computer program that computes latitudinal 

anc' longitudinal coordinates For each of the nine planets as 

seen From a Fixed point on Earth For any given time Frame. 

These coordinates are then mapped onto selected musical pa-

rameters as determined by -the composer. 

Whenever Kepler reads From his treatise or From a lecture 

or correspondence, the monologue is supported by orchestral 

planetary data generated From the exact place, date, and 

time oF the treatise, lecture, or correspondence. To the 

best oF my knowledge, Mysterium Cosmographicum is the First 

composition ever written that employs planetary data as a 

supporting chronology to action and monologue. 
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Discussion and Analysis 

Background 

Mysterium Cosmographicum is a musical chronicle of an 

astronomy treatise by the German astronomer Johannes Kepler 

(1571-1630). KeplerTs Mysterium cosmographicum (Tubingen, 

1596), or "Secret of the Universe," was a means by which he 

justified the existence of the six planets discovered during 

his lifetime. Kepler, through flawless a priori reasoning, (1) 

goes to great lengths to explain that the reason there are 

six and only six planets (Mercury, Venus, Earth, Mars, Jupi-

ter, and Saturn) is because God had placed one of the five 

regular solids (tetrahedron, cube, octa-, dodeca-, and icosa-

hedron) around each orbiting body. Needless to say, the 

publication (2) was not very successful, nor did it gain much 

comment from Kepler's peers, Galileo Galilei (1564-1642) and 

Tycho Brahe (1546-1601). But hidden within the Mysterium 

cosmographicumt almost like a new planet waiting to be dis-

covered, is one of Kepler's three laws of planetary motion, (3) 

a law that held true for planets discovered long after Kepler's 

lifetime. 

Introduction 

Mysterium Cosmographicum is a monologue with music in 

three parts for orchestra, narrator/actor, and computer music 

on tape. All musical data structures are generated via an 
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interactive Pascal computer program that computes latitudinal 

and longitudinal coordinates For each of the nine planets as 

seen From a Fixed point on Earth For any given time Frame. (4) 

These coordinates are then mapped (5) onto selected musical pa-

rameters as determined by the composer. 

Part One, "the secret oF the universe," is an account oF 

Kepler's search For the number, size, and motions oF the six 

planets that were known during his liFetime. It begins with 

a somber tape part that uses data For the orbit oF the planet 

Pluto as observed From Regensburg, Germany, on November 15, 1630, 

the place and date oF Kepler's death. As the orchestra enters, 

the point oF planetary perspective changes to data generated 

From planets known during Kepler's liFetime as seen From cities 

in which he taught and lived. Whenever Kepler reads From his 

treatise or From a lecture or correspondence, the monologue 

is supported by orchestrated planetary data generated From 

the exact place, date, and time oF the treatise, lecture, or 

correspondence. Mysterium Cosmographicum. to the best oF my 

knowledge, is the First composition ever written that uses plan-

etary data as a supporting chronology to action and monologue. 

Part Two, "the discovery," recalls Kepler's theory oF six 

planets and Five solids. He states: 

The Earth is the Circle which is the measure oF all. 
Construct a dodecahedron round it. The circle surrounding 
that will be Mars. Round Mars construct a tetrahedron. 
The circle surrounding that will be Jupiter. Round 
Jupiter construct a cube. The circle surrounding that 
will be Saturn. Now construct an icosahedron inside the 
Earth. The circle inscribed within that will be Venus. 
Inside Venus inscribe an octahedron. The circle inscribed 



within -that will be Mercury. There you have the explana-
tion of the number of the planets. (6) 

Most of the planetary data used in Part Two is generated From 

Graz, Austria on July 19, 1595, the place and date in which 

Kepler gave this lecture. 

Finally, Part Three, "you will not Find any new and undis-

covered planets..." is Kepler's realization that his theory 

Five regular solids was not very well accepted by the 

scientiFic community, but that his three laws oF planetary 

motion became his most signiFieant contributions to astronomy. 

Here the orchestral and tape music is generated From plane-

tary coordinates Found late in Kepler's liFe. The last seven 

minutes oF Part Three uses melodies generated exclusively 

From Uranus, Neptune, and Pluto: three planets not discovered 

during Kepler's liFetime, but nonetheless obeying his three 

laws oF planetary motion. 

Instrumentation, Stage Props 

The instrumentation oF Mysterium Cosmographicum is list-

ed in Figure 1. In addition to the orchestra), there are 

several stage props required to support the rale oF the nar-

rator: a workbench and a chair (stage leFt of conductor), 

several antequated books on mathematics and astronomy, an 

inkwell with a white Feather quill pen, an abacus, a par-

tially used thick yellow candle in a brass holder, and 

several stacks of papers that contain personal correspond-

ence intermixed with charts on planetary calculations. 
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1 Piccolo 
2 Flutes (II doubling Alto Flute) 
2 Oboes 
1 English Horn 
2 Clarinets in B—Flat (both doubling Clarinets in A) 
1 Bass Clarinet in B-Flat 
2 Bassoons 
1 Contrabassoon 

4 Horns in F 
3 Trumpets in C 
3 Trombones 
1 Tuba 

3 Percussion (playing the Following instruments) 

1 Metal Wind Chime 
1 Triangle 
5 Suspended Cymbals (low to high) 
1 Pair oF Crash Cymbals 
1 Large Tam-tam 

Crotales (two sets) 
Orchestral Bells (two sets) 
Tubular chimes (two sets) 

1 Xylophone 
1 Vibraphone 
1 Marimba 

1 Tambourine (with head) 
5 Tom-toms (low to high) 
1 Bass Drum 

1 Timpani (6 drums: 30", 28", 25", 26", 23", 23") 

1 Harp 

1 Piano 

Strings (12, 10, 8, 8, 4 minimum; 16, 14, 12, 10, 8 
preFerred) 

Narrator/Actor (as Johannes Kepler, German Astronomer 
C1571-1630]) 

Computer Music on Tape 

Figure 1—Instrumental Chart 
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Narrator/Actor, Computer Music Tape 

The actor portraying Johannes Kepler should be of medium 

height and of slight build. To show his age, his dark hair 

and goatee need to reveal streaks of gray. His dress should 

be typical of the period: a black or dark-grey outfit com-

plete with lace cuffs and collar. 

Although the computer music tape part is stereophonic, 

is strongly recommended that four speakers be used during 

performance. Stereo separation should be left and right in 

front of the orchestra and left and right behind the oches-

tra. This particular set-up will allow a better balanced 

audio mix between the orchestra and tape part. 

Creating a Musical Analogy: An Overview 

The discovery of musical interval to mathematical ratio 

has been credited to Pythagoras. The legend, according to 

sources, begins with Pythagoras walking through the woods. 

After hearing marvelous harmonies permeating throughout the 

forest, Pythagoras followed these sounds to a forge where he 

observed four blacksmiths hard at work. He reasoned that the 

harmonies originated from the individual hammers striking the 

anvils (7) and upon further scrutiny, found that the hammers 

weighed twelve, nine, eight, and six pounds. The permuta-

tions of striking hammers yielded an octave (from the ratio 

of twelve pounds to six pounds; 12:6 or 5:1), two different 

perfect fifths (12:8 and 9:6, or 3:2), two different perfect 

fourths (8:6 and 12:9, or* 4:3) , and a whole tone (9:8) . 
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This phenomenon, aptly described as "number made audible" 

by Boethius in his De Musica, is in its fundamental sense 

the relationship between the pure world of number and the 

sounding world of music. This musical/numerical marriage of 

composition and numerology is a particularly rich field of 

study (beyond the scope of this paper] and the reader is di-

rected to the bibliography at the end of this analysis. 

Although a far cry from the acoustical properties of the 

blacksmiths' hammers, a new numerology is nevertheless finding 

its way into compositions by way of probability statistics, 

fractal geometry, and other non—linear and chaotic systems. 

This new association of "number made audible" is now referred 

to by some composers as "mapping technique" or as "mapping." 

Simply stated, mapping creates a musical analogy by pair-

ing the parameters of a musical composition with the parameters 

of an object or event. The object or event may occur in na-

ture or be man-made and will most likely be represented by a 

series of numbers, letters, or symbols. Compositions that 

exist as musical analogies may be found in works by composers 

as diverse as Heitor Villa-Lobos, Luigi Dallapiccola, and John 

Cage. Villa-Lobos' New York Sky Line Melody (13403 for piano 

finds its musical counterpart in the scaled-down version of 

the 1940's skyline of New York City as traced onto graph pa-

per and transferred to musical notation. The height and 

slope of the skyscrapers become the "height" and "slope" of 

the melodic line. Rhythmical parameters of the composition 



are drawn From the distance between buildings. Villa-Lobos 

also applies this concept to a mountain range in Brazil for 

his composition Montanhas do Brasil (1944]. 

Both Luigi Oallapiccola and John Cage employ star maps 

and star constellations to shape their compositions sicut 

umbra. . . (1970) and Atlas eclipticalis (1961--62) respectively, 

though in Dallapiccola's work For mezzo-soprano voice and 

twelve instrumentalists there is more difficulty in tracing 

out the star shapes in the actual printed music. 

Turning to the use of computer applications and mapping, 

Larry Austin's Canadian Coastlines (1931) uses concatenated 

coastlines of Canada to control musical parameters of rhythm, 

pitch, density, and loudness in his eight—voiced canonic 

composition. Although Austin uses natural phenomena in this 

work as does Villa-Lobos in his two works, Austin's approach 

to controlling musical parameters involves stocastic decisions 

and is not merely tracing shapes onto graph paper. (8) 

Charles Dodge's Earth's Magnetic Field (1970) relies on 

numbers representing the Earth's magnetic flux for the year 

19G1 and maps this data onto specified musical parameters. (9) 

Euwe Suite (1985} by composer Rodney Waschka uses actual chess 

moves (designated in algebraic chess notation) to generate his 

five-movement work. This counterpoint of chess melodies is 

a musical representation of the moves of former chess cham-

pion Max Euwe and five of his opponents. (10) Finally, Gary 

Cattley's River Years (1985) employs U.S. Geological Survey 
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river Flow data for a branch of the Delaware River as a com-

positional starting point. The ebb and flow of dry and wet 

years on the Delaware are clearly made audible through sev-

eral rhythmic shadings and tempo accelerandi in this mapping 

composition. (11) 

Creating a Musical Analogy: 

A Personal Perspective 

My interest in numerical, non—musical structures began 

in the Fall of 19S5 with a bibliographic search that led me 

to a multi-volumed set of books known as the "Ephemerides 

Tables." The data in these volumes is in the form of celes-

tial longitudinal and latitudinal coordinates for the Sun, 

Moon, and naked-eye planets as seen from a fixed point on 

Earth. The coordinates are generated from a series of com-

plex calculations and the formulas themselves may be traced 

back to Johannes Kepler's three laws of planetary motion. (12) 

Figure 2 displays a partial page from a typical Ephemerides 

table for the year 1B50. (13,14) 

Inferior planets (planets between the Earth and Sun) and 

the Earth's Moon are listed in Figure 2. Because of their 

rapid orbits, they are traditionally observed every five 

days. The Superior planets of Mars, Jupiter, and Saturn are 

watched every ten days. The planets Uranus, Neptune, and 

Pluto are not part of the tables since they cannot be ob-

served with the naked eye. Each planet occupies a celestial 

position specified by a latitude and longitude (as does 
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•the Earth's Moon) for the corresponding day of observation. C i53 

Two calendar dates are indicated; one for the Julian year 

and one for the Gregorian year. (16) My objective was to locate 

and adapt an existing Ephemeris program that would also in-

clude the three "invisible" planets of Uranus, Neptune, and 

Pluto. (17) This program would then generate a multiplicity 

of reference paints to the heavens, thus yielding an unlim-

ited supply of numbers that could indeed, be made audible. (18) 

Three factors influenced the use of the celestial data 

and invariably led to compositional decisions and guidelines 

that reflected the data structures themselves: 

1. Each planetary orbit is unique unto itself and at 
the same time similar to itself. Additionally, all orbits 
are somewhat alike because they share a common focal point 
of the Sun 
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2. Inferior planets orbit the Sun at a faster rate 
than the Superior planets and thus exhibit a higher rate 
of change (19) 

3. There is a discernible difference in latitude 
among the planets, especially the Inferior planets which 
exhibit wider swings in latutide. (20) 

My celestial coordinates were made audible in four ways: (1) 
by timbre, (2) by pitch, (3) by volume, and (4) by duration. 

Timbral Mapping 

The diagram in Figure 3 is a graphic representation of 

the first of three volume envelopes for the timbre "Mercury." 

The horizontal component of the graph lists a delay time of 

349 milliseconds (ms), an attack time of 11,719 ms, an initial 

decay time of 2,730 ms, and a final decay time of 8,047 ms. 

Mercury: Volume envelope (Partial 1) 
(see Figure 4 below) 

100 

I 
& 
O 

k—2730—4 
time (in milliseconds}-

Figure 3 — M e r c u r y Volume Envelop 
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The vertical dimension of the graph represents amplitude, with 

the number "100" designating full volume of the timbre. All 

envelope parameters for this timbre are mapped from selected 

planetary coordinates from Figure 2 for the planet Mercury, 

thus creating the timbre "Mercury." (21,22) 

The latitudinal and longitudinal data is employed 

throughout all parameters of the timbre, including frequency 

modulation index and overtone structure. Figure 4 Cleft) is 

a numerical representation of the completed timbre "Mercury" 

as performed by a Synclavier Digital Synthesizer. Figure 4 

Mercury: Timbre construction 
180 Define Partial Timbrel.Partial1 
190 Volenv 349 11719 2730 

FMenv 0 15672 2961 
Harmonics 17.1 0.0 0.0 

0.0 0.0 0.0 
0.0 0.0 9.4 
0.0 14.1 

Tuning 
FMRatio 
Stereo 
Decay 
Pinfo 

200 
210 
220 
230 
240 
250 
260 
270 
280 
290 

8047 . 
4033 
0.0 
3.9 
0.0 

100.0 
25 

2.5 
0.0 
0.0 

0 . 0 -
0 

20.0 
0.0 
0.0 

-Csee Figure 3 above) 

265.9 
2.659 

20 
0.141 

1000 
300 End Timbrel.Partiall 
310 
320 Define Partial Timbrel.Partial2 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 

Volenv 349 
FMenv 0 
Harmonics100.0 

0.0 
0.0 

10.9 
Tuning 312.8 
Port.rate Log 
FMRatio 3.128 
Decay 

5561 
6051 
0.0 
0.0 

16.6 
0.0 

0.000 

3217 
3495 
0.0 
19.8 
0.0 
0.0 

3309 
3128 
20.8 
0.0 
0.0 
0.0 

100.0 
208 
0.0 
0.0 
0.0 
0.0 

0.0 
0 

0.0 
0.0 
0.0 
2.6 

10.177 
430 End Timbrel.Partial2 
440 

450 Define Partial Timbre.Partial3 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 

580 End Timbrel.Partial3 

Volenv 0 1173 321 6591 l34.9f 0.0 
FMenv 0 1298 296 599 ^ s ^ 2 
Harmonics 1.7 0.0 0.0 0.0 2.5 27(3* 

0.0 0.0 1.9 3.9 0.0 0.0 
0.0 1.6 9.4 0.0 0.0 0.0 
1.0 1.4 0.0 0.0 0.0 2.6 

Tuning 312.8 
2.6 

Port.rate Log 0.000 
FMRatio 2.659 
Decay 0.200 
Harmadj -15 
Pinfo 1000 

Mercury-, Jan.-Feb. 1650 

IMS. Lpngrhjfa Latitude 

0.25 Jan. 

" 10 

" 15 

" 20 

" 25 

" 30 

Feb. 4 

" 9 

" 14 

19 

273.04 

280.47 

288.15 

296.10 

30433 

312.88 

321.76 

330.96 

340.35 

24~~~^349.57\ 

-0.39 

-0.94 

-1.41 

RJ7\ 

-2.00 

-2.08 

-1.98 

-1.66 

-1.09 

-0.26 

Figure 4--Mercury Timbre Construction 



(right) is a tabulation of the First eleven entries For 

the planet Mercury From Figure 2. Three latitudinal and 

longitudinal coordinates, enclosed in rectangles, are shown 

being mapped onto their corresponding timbral parameters oF 

Tuning, FM Ratio, Decay, and Volume Sustain. Other data 

entries may be traced to their timbral counterparts in a 

similar Fashion. 

As mentioned above, the coordinates take on a Four-Fold 

task oF generating timbral parameters and pitch, volume, and 

durational components oF the composition. The three-part 

computer algorithm (23,24) displayed in Figure 5 generates 

pitch material via another mapping process. 

Pitch and Volume Mapping 

The number "0.25" in Figure 5 is the First latitude 

reading For the planet Mercury From Figure 2. The rightmost 

digit oF this number maps onto a pitch letter name From "A" 

to "G" as determined by the part oF the algorithm labelled 

"Pitch letter name; volume." 

The computer program is interactive and the user may 

choose to "weight" (25) certain numbers heavier than others. 

Additionally, selected digits oF the latitude coordinate 

act as on/oFF switches (volume) and become rests instead oF 

notes. (26) This insures that the resultant musical phrases 

will indeed be phrases instead oF streams oF notes. (27) 

The tenth's place oF the latitude number maps onto an 

accidental (28) that is immediately linked to the pitch letter 
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octave displacement (entire number) 

accidental 

pitch letter name: volume 

0.25 

Pitch letter name: volume Accidental 
0,9 = C; volume = 0 % ? = natural 
1,5= C; " = 100 % ? = flat 

2= ? = 100 % 2,5,8= sharp 
3= ? = 100 % 
4= ? = 100 % (computer program allows user to input 

6 = ? = 100 % unassigned pitches, volume amount, 

7= ? -100 % digits that control accidentals, and 

8= ? = 100 % digits that control octave displacement} 

Octave displacement 
Latitude <= -7.5 

0.25 

> -7.5 and latitude <= -4.5 -

> *4.5 and " <=-1.5-

> -1.5 and " <=+1.5-

> +1.5 and " <=+4.5. 

> +4.5 and " <=+7.5-

> +7.5- _ 

octave= 0 

octave = 1 

octave = 2 

octave = 3 

octave = 4 

octave = 5 

octave = 6 

Figure 5—Latitude Pitch Mapping Algorithm 

name. Finally, the entire latitude number maps onto an 

octave displacement (vis-a-vis, a place on the Synclavier 

keyboard) by way of the third part of the pitch mapping 

algorithm labelled "Octave displacement." (29) 
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•uratiional Mapping 

Parallelling the pi-tch mapping algorithm, a durational 

algorithm maps either latitudinal or longitudinal coordinates 

onto user-defined durations. The user has four options from 

which t:o choose: 

1. A computer array is set up with the latitudinal Cor 
longitudinal) coordinates in ascending order from smallest to 
largest. The user then chooses a rhythmic scheme on which 
to map the new ordering of coordinates. A typical rhythmic 
scheme may be sixteenth-note, eighth-note, quarter-note, and 
^al^-note. Other user-defined schemes using non—binary 
values may also be employed 

2. The absolute value of adjacent latitudinal (or lon-
gitudinal) coordinates as determined by the formula 
"absClat2 - latl}" where the absolute value of the differ-
ence between adjacent latitudes is taken as a time value 
in seconds 

3. The absolute value of adjacent latitudinal Cor 
longitudinal) coordinates as determined by the formula 
"absCIat2/lat1)" where the absolute value of the division 
between adjacent latitudes is taken as a time value in 
seconds 

4. The user may at any time override points 1, 2, or 
3 above and superimpose a constant rhythmic value over all 
pitches such as a sixteenth-note, an eighth-note, etc. 

Mapping Summary 

The forging of this four-part harmonious algorithmic 

complex of timbre, pitch, volume, and duration is the cul-

mination of over four years of listening to and revising 

algorithmic output. In addition, the program user has 

several options from which to choose when designing timbres 

or notelists. 
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An Overview of Musical Analogy 

in -the Computer Music Part 

of Mysterium Cosmographicum 

A printout of longitudinal and latitudinal coordinates 

generated by my Pascal program "Kepler" is shown in Figure 6 

/*tima_zone: 1 time oF day: 12,00*/ 
/•day: 19 months 7 year: 1595 • / 
/•Latitude: 47.03 longitude: -15.26*/ 
/•Frequency oF observations in days: 8*/ 
/•Mercury*/ 

130.99 1.64 
155.72 -0.09 
173.03 -2.74 
174.07 -4.22 
162.11 -0.24 
179.43 1.96 
206.62 0.81 
232.30 -0.94 
256.64 -2.21 
277.96 -1.84 
276.19 2.27 
267.30 2.42 
283.38 -0.09 
306.55 -1.77 
333.79 -2.00 

4.90 -0. 14 
29.40 2.77 
29.79 1.96 
22.48 -2. 15 
31.99 -3.34 
55.10 -1 .59 
88.00 1. 17 
120.24 1.74 
144.46 -0. 12 
158.34 -3.11 
153.52 -4.42 
147.02 -0. 19 
169.30 1.08 
197.51 0.80 
223.19 -0.97 

date»l«/ 
19 7 1595 
4 8 1595 

20 e 1595 
5 9 1595 

21 9 1595 
7 10 1595 

23 10 1595 
8 11 1595 

24 11 1595 
10 12 1595 
26 12 1595 
11 1 1596 
27 1 1596 
12 2 1596 
28 2 1596 
15 3 1596 
31 3 1596 
16 4 1596 
2 5 1596 
18 5 1596 
3 6 1596 
19 6 1596 
5 7 1596 

21 7 1596 
6 8 1596 

22 8 1596 
7 9 1596 

23 9 1596 
9 10 1596 

25 10 1596 

Figure B—Mercury Ephemeris 
Data from Program "Kepler" 

The printout displays data obtained from Graz, Austria for 

the planet Mercury. The planet is observed in eight-day 

increments (30) beginning 19 July 1595 (31) and ending on 25 

October 1596. At the top of Figure 6 are user comments that 

include time zone (1 = Greenwich Meat Time), the time of day 
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the planet was observed, the latitude and longitude of the 

observation, the Frequency of observation in days, and the 

planet: being observed. 

Figure 7 plots the latitude data From Figure 6 against 

time.. This creates a graphic representation oF the thirty 

observations generated From 19 July 1595 to 25 October 1596, 

Mercury: observations every eighth day; 30 observations total 

-2.25 

-3.00 

-3.75 

19 4 20 5 21 7 23 8 2i 10 26 11 27 12 28 15 31 16 2 18 3 19 5 21 6 22 7 23 S> 
July Aug Sept. Oct Nov. Dec. Jan. Feb. Mar Apr May June July Aug. Sept. Oct. 

£22 1596 

Time 

Figure 7—Latitude Plotting 
oF Figure 6 

Values between the eight—day increments are not used but 

are interpolated on the graph as a straight line. 
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Finally, Example 1 is a partial musical analogy of Fig-

ures B and 7 as generated by the Latitude Pitch Mapping 

Algorithm only. Rests generated From the process are indi-

cated by eighth—rests.. Noteheads have been connected with 

solid lines in a similar Fashion as in Figure 7. OF par-

ticular mention is the slightly diFFerent shape oF the 

planetary graph oF Figure 7 as compared to the musical 

analogy oF Example 1 (indicated by asterisks). This is due 

to the non—sequential pairing oF ascending numbers to as-

cending pitches in the original algorithm. 

i 
* * 

Example 1—Partial Musical 
Analogy oF Figure 7 

A Full realization oF the musical analogy may be seen 

in the Full score in "part two: the discovery," after Meas-

ure 315 and beFore Measure 4 oF "part three: you will not 

Find any new and undiscovered planets..." Due to the long 

attack, decay, and release parameters oF the timbre "Mercury' 

that perForms this excerpt (see Figures 3 and 4), rests are 

indicated in the score since they are covered over by 

the envelope oF the previous note. 

Example 1 reveals a pure, unaltered musical analogy 

oF a segment oF Mercury's planetary motion. All musical 
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parameters in the musical score are generated by planetary 

coordinates and then mapped onto musical space. But the 

original data may be used in other ways as well. 

In Example 2, "Venus," only the pitch algorithm is 

retained while the rhythm and volume algorithms are over-

ridden. During the editing process rhythm, dynamics, and 

Form are added. The Form oF Example 2 is AAB. As in Ex-

ample 1, pitch data is also collected From Graz, Austria, on 

J s9n Venus 

PPP 
W 

cres. poco a poco... 

ppp sub. cresc. D.a.a... * 

• > • -j n* 
...fff ppp sub. cresc. p.a.p.... fi 

fe 

fff ppp fff ppp fff ppp—= fff ppp 

Example 2—Venus 
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19 July 1595, but: this time For the planet Venus. Example 2 

appears in the musical score between Measure 296 and Measure 

315 of "part two: the discovery," though in a slightly dif-

ferent barring. 

The data may be treated motivically. In Example 3, the 

planets Neptune and Uranus each generate fifty-nine values (32) 

from the date 15 November 1630 (33) to 22 February 1632 as 

J=120 

Neptune 

Uranus mm 

r • 

n 

mml 

p — 
= ± 4 = 

1 

Example 3—Neptune and Uranus 

observed From Regensburg, Germany. The two planets play in 

counterpoint in their pure, unaltered Form. Rhythmic values, 

as well as pitch range, are all generated From the algorithmic 

complex. OF special mention is that the rhythmic values For 

each motive are all eighth notes and that the range oF both 

motives is a major seventh. There are two reasons For this 
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phenomenon: (1) because each planet takes an incredibly long 

time to make a complete orbit around the Sun, [34] the dif-

ference between adjacent latitudes is nearly constant. This 

accounts for the repetition of rhythm, (35) and (2) since 

each planet has a small swing in latitude, a narrow range of 

pitches is generated. Neptune and Uranus are in the keys of 

F# major (B mixolydian, actually) and B major respectively! (36) 

The original motives of Neptune and Uranus go through 

ten manipulations each and a third "planet" is added at the 

beginning of the fifth, sixth, ninth, and tenth repetitions. 

Figure 8 illustrates the motivic development of all three 

planets. The actual music may be seen in "part three: you 

will not find any new and undiscovered planets..." between 

Measure 113 and Measure 187. 

The planets exhibit a self—similarity which is a trait 

found in the 1/f relationship from fractal algorithms. (37) 

Although the six short melodic fragments in Example 4 are 

not used in Mysterium Cosmographicum. they serve well to 

illustrate several important points. The melodic fragments 

are generated on the date 27 December 1571 from Weil-der-

Stadt, Germany. (38) Twenty observations are taken every 

fourth, sixth, eighth, tenth, and twentieth day for the 

planet Jupiter. (39) The sixth melodic fragment is taken 

one year later, every fourth day. The graphs in Figure 8 

illustate pitch distribution for each of the six melodic 

fragments from Example 4. The vertical axis of each graph 
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Neptune 

1• Prime 

Uranus 

Prime 

Third Planet: 
C Uranus) 

2, Prime, no rests Prime, no rests 

Inversion with 
pitch only retro-
grade , rests 

Strict transpo-
sition at F#2, 
no rests 

Inversion, no 
rests 

Inversion, no 
rests 

5. Inversion, no 
rests 

Pitch only retro-
grade , no rests 

Strict trans-
position to 
B1, no rests 

Strict transposi-
tion to B2, rests 

Prime, rests Strict trans-
position to 
B1, no rests 

Inversion with 
pitch only retro-
grade, rests 

Strict transpo-
sition to F#2, 
no rests 

8. Inversion, no 
rests 

Inversion, no 
rests 

9. Inversion, no 
rests 

Strict transpo-
sition to F#3, 
no rests 

Strict trans-
position to 
F#2, pitch 
only retro-
grade, rests 

10. Prime, rests Prime, no rests Strict trans-
position to 
B1, rests 

Figure 8--Motivic Manipulation of Neptune and Uranus 
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indicates pitch occurence and the horizontal axis lists in-

dividual pitches in ascending order from left to right on 

the Synclavier keyboard. 

Saturn-. Generated from Weit-der-Stadt, Germany (20 observations) 

27 December 1571 

u daYs Resultant Scale 

6 days 

8 days 

10 days 

20 days 

-T r ~ V 

27 December 1572 

4 days 

Example 4——Six Melodic Fragments 

The most striking disparity between melodic fragments 

may be confirmed by comparing Fragment 1 [four day observa-

tions) to Fragment 5 (twenty day observations). Fragment 1 

contains eight different pitches within the range of a major 

seventh, while Fragment 5 shows twelve different pitches 

within the span of an octave and a minor seventh. Although 
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Pitch Distribution 
1- LJays. 
7 
6 
5 
4 
3 
2 
1 
1 1 i I rf ; [ ) I F ""I" '!' "M f I I ! I "| 1 

C EF\C\A\BC D EF ff A \BC 
CtDt Fjtt%A$ eg ag Fft%A$ 

w 

2- Ltiays. 
6 

5 
4 
3 
2 
1 
rpjTJjTJTfT? EF 

3. 8 davs 
7 

6 
5 
4 
3 
2 
1 

f M l 

A\BC C#D f #£?/ F#(%A# 
' I L ( 

TJd\ef Ic\a \bc EF IT A flf CfDjt FfGfA* C#0# if Oft A# 
octave 2 

^ 10 dQXS 
6 

5 
4 
3 
2 

octave 3 -j i— 

I R O N rfTr TffTU 

octave 2 
5. ̂  20 (jays 

6 

5 
4 
3 
2 
1 

octave 3 

ITT 

A BC 
C§W F#GjtA# C# Q# F#6#A#i 

I L I I J D ff\G \A BC 

octave 2 
6- Lslsxs. 
6 
5 
4 
3 
2 
1 

octave 3 

A \BC 
CiO# F#G$A# C$0# FtCfAf 

f 1 » 

rrr c ?T[JTI \BC 

octave 2 octave 3 

o \ k , 

if of fthgtyifbt 
I 

BC 

octave 2 octave 3 octave 2 octave 3 
Figure 9--Melodic Fragment 

Pitch Distribution 

the range of both Fragments is dissimilar, it is the pitch 

class content that reflects the similarities of the observa-

tions. When the pitches are compressed into the range of an 

octave, (see Example 4, right) Fragment 1 contains B-C#-D#-E-

F-F#-G#-A# and Fragment 2 includes B-C#-D-D#-E-F-F#-G#-A#, 

with "D" being the only non-duplicative pitch. Upon Further 

examination, all six melodic Fragments contain a nexus set 

° F B - C # - D # - E - G # . This set may be extended to include the 

pitch "F" (Fragments 1, 3, 4, 5, and 6) or "F#" (Fragments 

1, 2, 4, 5, and 6). 

The pitch content similarity shared by the six melodic 

Fragments may be best explained by drawing an analogy from 

another art Form. The observation increment is not unlike 

X X X I 



Filming someone walking across a room. The faster the film 

speed, the truer the visual representation. The slower the 

film speed, the more disjunct and distorted the movement of 

the subject. But unless the film speed is set at a ridicu-

lous setting of say, one frame per day, the captured image 

will always be someone moving across a room: either step by 

step or leap by leap. Thus, speaking in very general terms, 

the more frequent the planetary observation, the more con-

junct and stepwise the resultant melody. The pitch content 

and pitch contour of the resultant melodies will always be 

self-similar. 

Musical Analogy Summary 

The physical characteristics of a planetary orbit will 

be reflected as a musical analogy in all or nearly all of the 

musical parameters of a melody via the algorithmic complex. 

Example 4 and Figure 9 both demonstrate that the melodies 

generated from a planet's orbit will sound strikingly similar 

to the melodies generated from that same planet at different 

observational increments because of the self-similarity of the 

planet's orbit. It will not be an exact duplication because 

our geocentric reference point is in constant flux along with 

each planetary orbit. Due to different orbital speeds and 

variations in latitude, each planet develops its own pitch 

profile: from skipwise and disjunct with Mercury, to mostly 

stepwise and conjunct with Jupiter, to downright "tonal" with 

Neptune and Uranus. (40) Additionally, there will be similar 
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musical characteristics Found among all mapped planetary 

melodies because all planetary orbits adhere to the strict 

physical laws which govern our universe. (41) 

Structure in Mysterium Cosmographicum 

Mysterium Cosmographicum is in three large sections with 

the second and third section performed without pause. Figure 

10 illustrates the subdivisions within each major section, 

the durations of each part, and the total duration of the 

entire composition. 

Title of Movement Duration 

part one: the secret of the universe 

computer music on tape: 3f 54TT 

orchestra and narrator: 12* 02" (ca.) 

part two: the discovery 

narrator: 35*f 
orchestra and narrator: 5* 51" Cca.) 
computer music on tape: 8f 12" 

part three: you will not find any 
new and undiscovered planets... 

orchestra and narrator: g* 14" (ca.) 
computer music on tape: &* 54" 
orchestra: 36" (ca.) 

Total duration: 47» 18rr ( c a > ) 

Figure 10—Breakdown of Individual 
Movements and Durations 

Form in "part one: the secret of the universe" 

Large-scale proportions in "the secret of the universe" 

may be seen in Figure 11. Although Part One begins with a 
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Figure 11—Large-Scale Proportions 
in "part: one: -the secret: of "the universe* 
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computer music tape of 3' 54", it is the orchestra that 

performs the remainder of the movement. However, both the 

tape and the orchestra share musical space for twenty-four 

seconds. The tape part in Figure 11 is represented by slant-

ing lines to the right and the orchestral overlap is drawn 

as slanting lines to the left. Also shown in Figure 11 are 

twelve separate divisions that are marked off by vertical 

lines and tempo marks. However, there are five points in the 

diagram where adjacent sections may be joined to form larger 

structural units: (1} the entire tape part may be counted 

as a larger structural unit, (2) the orchestral overlap and 

J = 66 may be grouped together, (3) the sections J = 90 and 

J = 72 may be joined, (4) the sections J = 60 and J = 104 may 

be combined, and (5} the last three metronome markings form 

a larger structural unit. 

In addition to tempo markings, there are several propor-

tional triangles drawn above and below the time line in 

Figure 11. These delineate structural divisions that are 

known more commonly as "Golden Sections" (42,43) [henceforth 

"GS"). Several derivatives of the GS are employed in Myste-

rium Cosmographicum and are listed in Figure 12. The ratios 

of 1:1 and 1:2 Cor 2:1) are utilized in other sections of 

the composition as well. The importance of these structural 

units as well as smaller GS divisions within this movement 

will be amplified below. 
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.911 C .911 = 1 .. .089) 

.855 C .855 = 1 - . 145) 

.764 C .764 = 1 — .236) 

.618 GS 
.236) 

.332 [ . 382 = 1 _ .618) 

.236 C .236 = .618 X . 382 ) 

. 145 C . 145 .618 X .236) 

.089 C .089 .618 X . 145) 

Figure 12—Golden Section and Other 
Proportions in Mysterium Cosmographicum 

Section I: Tape Music 

Section one begins with a low, eerie, ethereal tape part 

whose musical parameters are generated From the planet Pluto 

as observed from Regensburg, Germany, on 15 November 1630. 

The symbolism is quite obvious: Pluto was not discovered until 

1930, yet it still adhered to Kepler's three laws of plane-

tary motion. The place and date are, of course, Kepler's 

place and date of death. The melodic material of this open-

ing tape section consists of fifty-nine (44) values (ten rests 

and forty-nine pitches) whose range never exceeds the lower 

octave of the Synclavier keyboard. This low register, cou-

pled with a complex Frequency Modulation index and Chorus 

effect on the Synclavier, produces a series of undulating 

beat frequencies that at times sound almost unworldly. All 

musical parameters are generated from latitudinal and longi-

tudinal data for the planet Pluto and Section I exists as a 

pure musical analogy of planetary movement. At around 1' 30" 

eight vertical pitches sound at once, making this point the 

densest part of the tape section. This point also coincides 

with a GS of .382 for the entire tape part. 
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The composition begins in the Following manner: the 

stage is cast in dark shadow. A workbench and a chair, 

stage left-center of the conductor, are barely visible by a 

spotlight. The workbench contains several items, all of 

which are in a state of disarray and quite dusty from years 

of neglect. Among the items are several books on mathemat-

ics and astronomy, an inkwell with a white feather quill pen, 

an abacus, a partially used thick yellow candle in a brass 

holder, and several stacks of papers that contain personal 

correspondence intermixed with charts on planetary calcula-

tions. A man (Johannes Kepler), sitting behind the workbench, 

has fallen into a state of deep sleep, apparently exhausted 

from several days of attempting complex planetary calcula-

tions. He is of medium height and of slight build. His 

once dark hair now reveals streaks of gray as does his goatee. 

He is dressed in a dark-grey (or black) outfit complete with 

lace cuffs and collar, typical of the period in which he 

lived. As the tape music continues, the spot on Kepler and 

the workbench gradually increases to one-quarter brightness, 

while the orchestra is still cast in shadow. 

After the tape music reaches a climax and the texture 

slowly thins out and diminishes in volume, a low, oscillat-

ing "C" is left sounding. At 3» 30" the tape part is joined 

by a string chord played by colli and bassi divisi. The 

chord is comprised of all natural harmonics except far the 

law "F" held by two bassi. This vertical sonority begins 
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at an almost: inaudible dynamic level as it evolves out of 

the tape part. The chord has a twofold purpose: (1) each 

note of the chord is generated from a single planet as 

observed at 4:37 am on 16 May 1571 from Weil-der-Stadt, 

Germany. The time and date are significant because accord-

ing to Kepler this is when he was actually conceived, (45) 

and (2) it subtly accents the first movement of Kepler as 

he raises his head from a dreamlike state, thus confirming 

that he is in fact alive at this point in the composition. 

The planetary structure of the "chord of conception" may be 

seen in Example 5. 

j —Saturn 
ri| Imn Mars 

J Jupiter 
Mercury 

:Venus 
j , Moon 

Example 5—Chord of Conception 

Section II: J = 66 

Section II continues the "chord of conception" by celli 

and bassi and is joined by low pulsating clarinets in meas-

ure 1. The clarinets serve a dual purpose of reinforcing 

two notes in the "chord of conception" and emulating the 

beat frequencies of the tape part. At beat four of measure 

5 the harp begins a rising seven-note figure that includes 

the same pitch material of the string chard plus the pitch 

"G." This figure is repeated three times and on the fourth 
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iteration the harp executes a rapid glissando up to the high-

est pitch of the string chord and a new tempo of J = 72 begins, 

The ascending melodic Figure may be seen in Example B. 

1=66 

| 
DbCtB/EFGA 

Example 6—Ascending Harp Figure 

OF mention are several GS that occur within this section: CD 

.382—the downbeat oF measure 1 (measured From the beginning 

oF the "chord oF conception" to J = 72), (2) .618—the pitch 

B in the harp line at measure 7 [measured From the start oF 

the "chord oF conception" to measure 31), (3) .089—the begin-

ning oF the harp line at measure 5 (calculated For the entire 

composition), and (4) .145—the the harp glissando at measure 

11 (counted From parts one and two oF the entire composition). 

Section III: J - 72 

The rhythmic activity oF this section becomes slightly 

more animated due to more Frequent harp glissandi and an 

ascending woodwind line beginning in measure 18 and culminat-

ing in measure 29. The pitch content is still derived From 

the original string chord (plus "G" From the harp) and the 

basic melodic direction oF this section is ascending. The 

orchestration becomes slightly more dense as each iteration 

oF the harp is sustained by violas and celli divisi. The 
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pulsating effect of the clarinets is now joined by horns II 

and IV. At: measure 18 an ascending scalar passage started by 

the contrabassoon continues through all the winds and reaches 

an apex in the piccolo part in measure 23. This woodwind line 

descends and is slightly slower rhythmically but soon quickens 

as it reaches the lower winds. Accompanying the woodwind line 

are metallic-sounding percussion instruments. The section 

closes with almost inaudible rolls on the bass drum, two 

tom-toms, and timpani (playing the low "F" of the "chord of 

conception"). During this section Kepler slowly realizes 

his surroundings and carefully thumbs through some papers. 

Significant GS for this section are .382, which marks the 

beginning of the contrabassoon line, and .618 which is the 

high point in the piccolo line. Additionally there is a 

proportion of ca. 1:1 between this section and the previous 

section. 

Section IV: J = 90-92 

During this section Kepler rises from his workbench for 

the first time and becomes more and more animated in his 

actions. This is supported by an increase in tempo, rhythmic 

activity, a change in meter, and a change in orchestration. 

The piano begins this dynamically quiet and rhythmically ac-

tive section with a concatenated melodic line that is derived 

from a new set of planetary data. The location of the plan-

ets that generate this next data set is from Weil-der-Stadt, 

but this time the date is 27 December 1571, or the date of 
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Kepler's birth. As in the previous section, Kepler's physi-

cal movement on stage is inextricably tied to an important 

point in his life, that of his birth. Only five pitch 

classes are generated (F#-G-B-C-D-flat) because of a dupli-

cate pitch shared by two planets. Additionally, the high 

"•-Flat" fa respelled »C#») that is played by the first vio-

lins as subtle reminder of the highest note from the "chord 

of conception" in the previous section. 

For the most part, the piano continues its triplet rhyth-

mic activity quietly and unobtrusively. This solitude is 

soon overshadowed by forceful, periodic interjections played 

first by the percussion [measures 39-46), low strings (meas-

ures 51-80), and then brass (measures 63-80). The pitch 

content of the percussion, low strings, and brass is derived 

from pitch material in Section III. A gradual diminuendo en-

sues at the close of each group's activity, bringing the piano 

back to the forefront of activity. But when the piano re-

turns to center stage it, too, has subtly changed its pitch 

content. Figure 13 reveals the piano's evolution during this 

Structure Pitch Content Dynamic Level Measures 

A F#-G-B-C-C# piano 32-38 
B F#-G-A-B-C#-0 piano 39-4G 
A' F#-G-B-C-C# piano 47-54 
® F#—G—A—B—C#—• piano 55—62 
A F#-G-B-C-C# piano 63-69 
C F#-G-G#-B-C#-D piano to forte 70-77 
0 G-G#-C-C# forte to pppp 78-87 

Figure 13—Piano Structure in Section IV 
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section showing structure, pitch content, dynamic level, and 

measure number. 

At measure 63 a new duple rhythm is superimposed over 

the piano by two sets of orchestral bells. Their pitch con-

tent is the same as the piano's in the A section of1 Figure 

12, but the pitches are reordered so that one set of bells 

plays an ascending figure and the other set of bells plays 

a descending figure offset by an eighth-note. The two lines 

are shown in Example 7. The pitch content is permuted so 

J=90-92 

Orch. Bells 

Example 7—Orchestral Bell Pattern 

that a new ordering occurs every sixth pitch. Figure 14 

shows the pitch permutation and form of the ascending 

orchestral bell part. The descending bell pattern is not 

Pitch Pattern 

B-C#-C-
B-C-C#-
B-C#-C-
B-C#-G-
B—C#-C-
B-G# 
B-C#-C-
B-C-C#-
B-C#-C-
B-C#-G-
B-C#-C-

•F#-G 
•F#-G 
•F#-G 
•F#-C 
F#-G 

F#-G 
F#-G 
F#-G 
F#-C 
F#-G 

Form 

A 
B 
A 
C 
A 
• 

A 
B 
A 
C 
A [repeated 7 times) 

Figure 14—Orchestral Bell 
Pitch Pattern and Form 
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shown in "this Figure but may be seen in the score in measures 

B3-81. At measure 72 of this section the rhythmic pattern 

is offset by a sixteenth note while the dynamics gradually 

get louder. A cymbal crash accentuates this new rhythmic 

pattern. 

At measure 77 an ascending harp glissando signals new 

pitch material that is played by violas and violins. This 

concatenated melodic line is also constructed from planetary 

sightings for 27 December 1571. However, the first two or 

three readings for each planet are now used to generate 

pitch material and the line is farmed in planetary order, 

beginning with Mercury and ending with Saturn. Example 8 

shows the concatenated melodic line. 

-.90-92 

Vtn. 

II 

Via. 

iVPfer Saturn-

iiiigj % 

Mercury Venus 

Example 8—Concatenated 
Planetary Melodic Line 

This planetary figure continues at a low dynamic level 

and gradually builds to a climactic moment at measure 107. 

The line reaches an apex at this point but soon tumbles back 

down via pizzicato strings to a low »C" in the bassi and 

celli at measure 111. At this point there is another shift 
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in action, pitch content, tempo, and meter. Kepler will soon 

deliver his First lines of monologue as he reads From the 

title page oF his treatise Mysterium cosmographicum. This 

text is now supported by pitch material generated From Stutt-

gart, Germany, on 15 May 1596, the place and date where 

Kepler wrote the dedication to his treatise. This brieF 

two measure section is comprised oF ascending glissandi play-

ed by vibraphone, two sets oF orchestral bells, harp, and 

piano in the First measure and bowed suspended cymbal substi-

tuting For vibraphone in the second measure. The pitch 

content oF each glissando is made up oF a concatenated scale 

oF the First several readings oF each planet. The vibraphone 

plays a concatenated scale generated From Venus, the two or-

chestral bells play Mars and Saturn respectively, the harp 

arpeggiates a Mercury-generated Figure, and Finally the piano 

perForms Jupiter. The "planet" intentionally leFt out oF 

these two measures is the Earth's Moon. 

Ouring Section IV Kepler's actions are supported by 

speciFic instrumental cues: (1) he slowly rises From his 

workbench and stretchs again (measure 33—piano triplet 

Figure playing concatenated planetary data From 27 December 

1571), (2) he walks around his workbench, examining several 

papers Full oF computations (measure 39—vibraphone and 

marimba playing the pitch "B"), (3) he leans over his work-

bench and makes a Few more calculations (measure 50—entrance 

oF low strings on the pitch "E"}, (4) he looks a bit puzzled, 
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talks briefly -fco himself, and begins reading from a book on 

equations (measure 6 3 — o r c h e s t r a l bell figure, low strings, 

brass and timpani on the pitch (5) he sets this book 

down and picks up another (measure 72——supported by orches-

tral bells playing a sixteeenth-note figure, crash cymbal, 

low strings and brass on the pitch "B"), (6] he begins read-

ing to himself as he thumbs through the book (measure 78 new 

piano figure supported by harp accents and the beginning of 

the concatenated planetary melody played by violins and vi-

olas), (7) he becomes more and more animated as he reads; 

he glances out in the distance with an authoritative stare 

(measure 89 and 92—supported by clarinets and oboes), (8) 

he resumes his readings (measure 100——trumpet entrance), (9) 

he continues with more calculations (measure 104—orchestra 

builds to a crescendo), (10) he picks up the Mysterium cosmo-

graphicum, (measure 108—pizzicato strings), and (10) he 

looks out into the distance again and gets ready to speak 

for the first time (measure 111--change of meter and tempo; 

ascending planetary glissandi generated from 15 May 1596 

played by percussion, timpani, harp, and piano). 

The following 65 may be found in the score: (1) .089 

percussion entrance at measure 39, (2) .236—low strings and 

tam-tam at measure 51, (3) .382—orchestral bells and low 

strings and brass at measure 63, (4) .618 (counted from the 

beginning of the composition to measure 164)—harp glissandi 

at measure 77, (5) .618 (Section IV only)—end of orchestral 
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bell Figure at: measure 81, (6) .911—orchestral crescendo at 

measure 107, and (7) .382 (measured From the beginning oF 

the string chord entrance at 3' 30" oF the tape part For the 

entire movement)—beginning oF planetary arpeggio at measure 

111. Additionally, a GS oF .384 exists between Sections III 

and Sections IV at the beginning oF measure 32. 

Section V: J = 72 and J = 104 

The two parts oF this section act as a spoken prelude to 

the entire composition. Here, For the First time, Kepler 

states his intentions as he reads From the title page oF his 

treatise. He speaks in a secure and authoritative manner ex-

plaining that the "number, size, and periodic motions oF the 

heavens" are directly linked to the Five regular solids. (46) 

AFter reading From the title page oF his book he tells us 

that "our most great and good Creator" turned to these solids 

when designing the Universe. This is the Foundation oF Kep-

ler's arguments and this a priori approach is at the core oF 

every chapter oF his Mysterium cosmographicum. 

The planetary data that generates all oF the musical pa-

rameters in this section is From the planets Mercury and 

Venus. An eight-day observational increment is used as seen 

From Stuttgart, Germany, on 15 May 1596, the place and date 

that Kepler wrote the dedication to his treatise. Pitch, dur-

ation, and attack paints are generated From Mercury and Venus 

and exist as true analogies oF planetary motion. (47) The en-

tire section is orchestrated with quietly played muted brass, 
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giving it an almost supernatural quality. Rests that are gen-

erated from the data are played by bowed metallic percussion 

instruments, Further enhancing the ethereal qualities of this 

Section. 

There are no intentionally composed GS proportions in this 

section but overall structure of this section is AA'B. The 

first "A" subdivision begins at measure 114 and continues 

until measure 123, where a harp glissando signals the begin-

ning of the next subdivision. At measure 123 the same pitch 

and rhythmic material is repeated, but this time embellishing 

grace notes serve to color many of the entrances of the brass. 

Finally, the B subdivision is played by an ascending string 

line doubled by open brass. The pitch material in this sub-

division is generated from the Moon and Mars and the overall 

shape of the ascending line is reminiscent of the ascending 

harp line of Example 6. At this point a GS of .618 (for the 

entire composition) is reached and Kepler is nearly ready to 

tell the audience how he discovered the "Secret of the Uni-

verse." Additionally, when Sections IV and V are combined 

they form a GS with Section VI. Further, Sections II through 

Sections V-"B" form a 1:1 proportion with the remainder of 

•fchis movement;. 

Section VI: j - 66 

This brief twenty-seven measure passage may be reduced to 

an ascending string line that repeats a total of ten times. 

The pitch content of the line is a carry-over from the "B" 
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subdivision of Section V. The line is accentuated by muted 

horns and trumpets, reaching a climax at measure 148 at the 

Fourth repetition of the string line. The strings then con-

tinue their musical material, though in a slightly different 

rhythmic shading. At measure 150 the piano begins a figure 

which sounds like a normal doubling, but this illusion is 

soon overshadowed by an interjection of an ascending eighth-

note triplet line played by the harp. The harp's pitch 

material is derived from the Moon for the date 15 May 1595. 

The line is doubled by both flutes one measure later and 

reaches a high point in measure 155, only to be forced down-

ward again through a series of complementary pitches. This 

downward motion continues through the clarinets and bassoons 

reaching a low "A-flat." But the ebb is short-lived as the 

line proceeds upwards in register and restates the notes of 

the original string melody. During this woodwind ascension 

the strings play the iteration of each pitch as a pizzicato 

note. The section closes on a lone Horn note that becomes 

the first note of Section VII. 

During Section VI Kepler explains how he carefully 

thought out his arguments of a heliocentric view of the 

Universe. Musically, this section is most similar to Section 

II, but with the addition of Kepler's narration, an entirely 

different feeling is evoked. 

Section V forms a GS of .617 with the two previous sec-

tions. There are only two other significant GS proportions 
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in this section: (1} .382—where the string and brass cre-

scendo at measure 148. This section also coincides with a 

GS of .911 when measured From the beginning of this movement 

up to measure 164, and (2)—at around measure 154 where the 

flutes begin their melodic line. The proportions of the 

flute line reach a GS of .382 at the high point in measure 

155. 

Section VII: J = 132 ( J = 100; J = gg) 

Section VII is the longest continuous section in "part 

one: the secret of the universe" with a length of over four 

minutes. Its incessant eighth-note rhythm is virtually un-

interrupted until the last thirty-two seconds of the piece, 

where a gradual ritardando in tempo occurs. The pitch ma-

terial is identical to the ascending string line of the 

previous section (C-A-flat-F-G-B-C#-0-E) with the exception 

of a missing C natural. The pitch material is subdivided 

into two separate lines of G-G#-B-D and F-E-C# and is played 

by two horns. The two melodic fragments may be seen in Ex-

ample 9. This similar type of patterning has been seen in 

transposed J_^ 

/ 

Horn 

7/ 

Example 9—Horn Pattern at Measure 1G5 

Example 7, but instead of rotating pitches with each new it-

eration, the two-voiced pattern continues for three measures 
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until it recycles again. In other words, it will take three 

iterations of a Four-note pattern to cycle back to the begin-

ning (4 notes x 3 repetitions = 12 beats, or three measures 

of 4/4) and four iterations of a three note pattern to cycle 

back to the beginning (3 notes x 4 repetitions = 12 beats, or 

three measures of 4/4). This recycling of patterns is an 

economical way of maximizing pitch material and is used ex-

tensively throughout this section. 

This horn pattern is repeated three times and is played 

in alternatum between horns I and III (open) and horns II 

and IV (muted). After the third iteration bassoons I and II 

and contrabassoon continue a similar pattern at measure 18B, 

but without the pitch "D." The law reed pattern is seen in 

Example 1D. As this bassoon line is sounding, violins I, II, 

1=132 

Bsn. 

C.bsn. 

Example 10——Bassoon Figure at Measure 186 

violas 1-6, and the vibraphone continue the original horn 

line, but this time with augmented note values. 

The alternating pattern of horns and bassoons continues 

until measure 230 and the last two iterations by the low 

double reeds are accompanied by sforzando muted trombones. 

At measure 198 the "chord of conception" is played by flutes, 

oboes, bassoons, and contrabassoon and acts as a reprieve 



from -the incessant ostinato pattern. At measure 206 the 

horn line is outlined by Tom-toms and the timbre of the horns 

changes to stopped horns For the last iteration. The bass 

drum also begins playing a large "six" pattern Chemiola) at 

measure 206. As this pattern ensues, the bass drum is later 

joined by the remaining percussion and timpani and the Fig-

ure concludes in measure 269. The large "six" pattern is 

shown in Example 11 as it sounds in measure 253. 

1=132 
Tom-toms 

2 3 i, 
Example 11—Percussion and Timpani 

Playing Large "Six" Pattern 

At measure 214 the Fragment oF an ascending scale is 

played by violin I. This is a concatenated "Moon" scale 

generated From 15 May 1596. The scale begins as a two meas-

ure Fragment, but slowly grows in length, dynamics, and 

register until it reaches a high point at measure 233. At 

measure 231 a contrabass pattern in quarter notes ensues 

that uses the same pitch material previously employed by 

the horns, bassoons I and II, and the contrabassoon. This 
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ostinato comes to a halt at measure 240 and is picked up by 

the celli, violas, and violin II. At this point percussion 

activity ceases as the melodic line races through the strings. 

This three-measure section also serves as a reflection on the 

text. At this point Kepler includes the planets "Jupiter," 

"Mars," "Venus," and "Mercury" in his narration. The string 

line is actually a concatenation of the four planets he men-

tions as they are generated from the date 15 May 1595. 

At measure 243 bass clarinet and bassoons continue every 

other note of the bass line and at measure 261 the celli 

pick up the remaining notes of the pattern. Additionally, 

the bass joins in with the complete pattern. During this 

ostinato pattern the concatenated "Moon" fragment keeps ex-

panding its length and dynamics and becomes doubled by the 

woodwinds. As the strings reach a high point their pace is 

suddenly enhanced by a woodwind figure in sixteenth notes. 

This woodwind and string line descends just as rapidly as 

it ascended and as it bottoms out it is punctuated by an 

ascending brass crescendo played in eighth-note triplets. 

Out of this brass barrage comes a subtle celesta and Violin I 

Cpunta d'arco) figure at measure 274 that uses the same 

pitch material as the horns and bassoons have previously used. 

The remaining strings play a lush eleven-note chord for five-

and-a-half measures, followed by a twelve-note chord, and then 

concluded by the original eleven-note chord. All three verti-

cal sonorities decrease in dynamics with each iteration until 
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they reach a nearly inaudible level at measure 289. Two sets 

of crotales also join the celesta and violin I at measure S80 

with the same pitch material. The pitch ordering is slightly 

different and the rhythmic values are now quarter notes in-

stead of eighth notes. 

At measure 2.77 a peaceful, lingering, ascending harp line 

continues uninterrupted until the end of the movement. The 

pitch content takes the broken figures played previously by 

horns, bassoons, celesta, and crotales and sounds them in an 

ascending order of F-G-A-flat-B-C#-D-E-F-G. This figure is 

repeated three times and is rhythmically altered each time. 

On the third iteration the Piano joins in and the tempo gets 

even slower. The Crotales fade out and are soon reduced to 

every other beat. The movement ends quietly and unobtrusively 

with a low cymbal and tam-tam roll. The stage lights at this 

point go out completely, the spot on Kepler slowly dims, and 

finally the spot on Kepler goes completely black. 

Kepler's monologue throughout Section VII shows sheer 

frustration in his inability in finding the answers to the 

number, size, and motions of the planets. He makes several 

attempts at interposing "new" planets between existing orbits, 

but even with interjecting new heavenly bodies between known 

orbits he cannot make any agreement between adjacent plane-

tary ratios. His agitated presentation is reinforced by the 

relentless movement of the orchestra from the beginning of 

this section to its very end. 

liii 



There are two GS proportions that occur during Section 

VII and they should be noted: C D .089—Kepler's first spo-

ken monologue at measure 177. This roughly corresponds to a 

GS of .382 for the first two movements of the composition at 

measure 175, and (2) .382—the last note of the concatenated 

"Moon" scale played by violin I at measure 216. This corre-

sponds to a GS of .764 for this entire movement without the 

tape part. 

Summary of "part one: 

the secret of the universe" 

The first movement of Mysterium Cosmographicum uses only 

four time points to create a musical analogy: (1) 15 November 

1630—Kepler's death-date as seen from Regensburg, Germany. 

The planetary orbit of Pluto is used in its pure state as an 

eerie, supernatural beginning as performed by the computer 

music tape, [2) 16 May 1571—Kepler's date of conception as 

seen from Weil-der-Stadt, Germany. Only the first pitches 

for each planet are orchestrated in this "chord of concep-

tion." The pitch content goes through several rhythmic 

guises but essentially the pitch material is confined to the 

scale B-C#-E-F-G-A that is nearly always in ascending form, 

(3) 27 December 1571—Kepler•s date of birth as seen from 

Weil-der-Stadt. The pitch material in Sections IV and V is 

limited to just a few pitches as well. It isn't until the 

end of Section V that new pitch material is introduced for 

Section V, (4] 15 May 1596—the date Kepler wrote the 
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dedication of his treatise from Stuttgart, Germany. Sec-

tion V employs data in its pure Form, whereas Sections VI 

and VII use only the pitch content of this data in establish-

ing musical materials. It is during these sections that 

Kepler first begins his extensive monologue, and his sense 

of frustration is symbolized by an incessant orchestral part 

that never gives him a chance to speak without accompaniment. 

The Universe is being picked apart and reassembled in a 

bold, imaginative manner and Kepler is relentless in his search 

for the truth. This methodology is characterized best by the 

hidden undercurrents symbolized by the string section through-

out this movement. The entire string section nearly always 

plays divisi" until the first violins begin their ascending 

melody at measure 214. But it isn't until fifty-three measures 

later that a semblance of order is sensed in the string section. 

At measure 2B7 this ever-expanding string line becomes a sin-

gle melodic idea played in double octaves by violins I, II, 

and violas. To further enhance this string "unison," the 

woodwinds also have an ascending octave figure, but their 

motion is in sixteenth notes. But this orchestral cohesion 

is all for naught, for at this point Kepler gives up his 

monologue and returns to his calculations. The strings soon 

follow with more divisi playing. The orchestra is never 

granted a full-blown tutti because Kepler has not yet dis-

covered the "Secret of the Universe." 
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Form in "part two: the discovery" 

Figure 15 reveals the large-scale structure of the sec-

ond movement of Mysterium Cosmographicum. Part two may be 

Further apportioned into a monologue introduction of thirty-

five seconds, an orchestral part of 5' 51", and a computer 

music tape part of 8' 12". The conclusion of the tape part 

is actually twenty-two seconds into the next movement, and 

the analysis will cover the tape part with lengths of 8' 12" 

and 8' 34". The entire movement may be subdivided into seven 

sections: (1) Section I—narrator, [2) Section II J = BO, 

(3) Section III—J* = 60, (4) Section IV— J- = 108, (5) Sec-
tion V (comprised of five subsections)-- J = 88 J = gs 

J - J 
104, 112, (6) Section VI--narration (tempo rubato), 

and (7) Section VII—computer music tape part. 

Section I: Narrator 

This brief thirty—five second monologue is the first 

time Kepler has the chance to speak without any orchestral 

accompaniment. He sums up his frustrations in a few sen-

tences and then informs the audience that they are about to 

hear how he discovered the "Secret of the Universe." 

Section II: J = 5 0 

Section II opens with strings con sordino playing a 

broken chordal figure. Bass clarinet, bassoons I and II, 

and cantrabassoon double the sustained pitches played by 

the low strings. The chord is generated from Graz, Austria 
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Figure 15— — Large-Scale Proportions 
in "part: two: -the discovery" 
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on 19 July 1595 and employs only the first pitch generated 

from each planet. The date is of extreme importance, for 

that is when Kepler discovered the "Secret of the Universe" 

during one of his lectures at the University in Graz. Kep-

ler begins his monologue with a simple discovery of tracing 

out triangles as the planets Saturn and Jupiter jump through 

eight signs of the zodiac at a time. 

The ordering of planetary pitches in relation to string 

instrument is established in Example 12. The planet Saturn 

J=60 ^ _ . _ 

: Mercury I 

Vln. 

II 

Via. 

Vic. 

C.b. 

Venus 

div. P 

Example 12—Planetary Chord 
From Section II 

is intentionally omitted from this chord, as its significance 

will be discussed further in Section V. The durational de-

sign of this section forms a 1:1 relationship with the 

monologue of Section I. 
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Section III: J * = BO 

The ending "G#" of violin II From Section II becomes the 

incipient pitch of Section III. This delicately scared string 

passage continues planetary data for Venus in eight-day incre-

ments From 19 July 1595 as well. The con sordino string line 

starts oFF with violin I and II, proceeds to a lower register 

with viola and violoncello, and concludes with violin I and II. 

The pitch content oF the First Five measures represents 

a true analogy oF Venutian planetary movement. The rhythmic 

component oF this section is altered slightly by extending 

durations oF key pitches, giving way to a two-voiced texture. 

This planetary analogy continues For the next two measures, 

but using data For the planet Mercury (beginning with violin 

II's "A-Flat"}. But this melody, too, is short-lived. At 

measure 15 the Venutian melody comes to the Fore with longer 

note values, Followed by Mars at measure 19. Section III 

closes on the original "G#" but it is now played by violin I, 

clarinet I (in A), and doubled at the octave by oboe I. In 

the course oF this section Kepler realizes that he has made 

a signiFicant Find: the ratio oF the smaller circle to the 

larger circle etched out by the series oF triangles appears 

to be the same ratio as the orbits oF Saturn to Jupiter. 

He deduces via his a priori logic that since Euclid calls 

the triangle the First oF the geometric shapes and astrono-

mers recognize that Saturn and Jupiter are the First planets, 

there must be a connection. 
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Section IV: J'= 108 

As Kepler realizes the importance of his discovery, he 

starts out on a sketching frenzy. No sooner is one multi-

sided Figure placed between orbits, than another is arranged 

between another set of planets. But as thorough as this 

methodology seems, Kepler pushes it to extremes. Between 

the spaces of multi-sided figures he imposes yet another set 

of shapes as he progresses toward the Sun. 

Section IV employs nearly the same pitch material as in 

the previous section, but this is where the similarity stops. 

The tempo of this section is much quicker ( J* = 1D8) . The 

central melody is now played by clarinets in A and bass clar-

inet and is more embellished. There is a freely concatenated 

contrapuntal line [from previously generated Venutian data) 

played by both bassoons. Additionally, the pitch "G#,T has a 

more prominent role in this Section as it is sounded by oboes 

and piccolo through measures 21-27 and by the strings in meas-

ures 36-38. 

When Sections III and IV are linked together they form a 

1:1 (ca.) ratio to Sections I and II. Sections III and IV 

also form a GS of .384 with the first three tempo markings 
\ 

of Section V. When Sections II, III, and IV are taken as a 

structural unit, the GS of .764 is reached at cue "A3" of 

Section IV. Finally, when Sections I, II, i n , and IV are 

taken in their entirety they Form a GS oF .145 with the entire 

First movement. The signiFicance oF this last partitioning is 
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•that Section V (second movement) forms the heart of Kepler's 

monologue. 

Section V: J = 88; J = 96; 

J = 104; J = 112 
As the string octave G#'s from the previous section fade 

to triple "p", they are accompanied by a bass drum roll and 

timpani roll/glissando on the third beat of measure 38. The 

timpani performs this glissando from the initial "G#" down 

to a "G" over the course of five beats. When the timpani 

reaches the downbeat of measure 40 it is joined by pizzicato 

celli on what sounds like a doubling on the pitch "G". Five 

new pitches are intermittently introduced in the next two 

measures by this celli-timpani combination, but the ensuing 

melodic line rings like an incomplete antecedent when it 

stops on the "G#" an octave higher. A sense of balance is 

achieved when pizzicato celli and bassi (sans timpani) com-

plete the consequent to this phrase. Their last four notes 

are performed with a slight crescendo and they play in oc-

taves up to the last interval of a compound perfect fifth. 

After a brief pause Cfermata) on the last interval an-

other iteration follows, but this time the pitch "E" is 

added at the beginning. But when the melody is played for 

the second time, it becomes apparent that this accumulation 

of pitches is now a fully developed passacaglia theme. The 

eleven-note theme covers the span of twelve beats and a 
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quarter rest: is interjected between each iteration. The 

First statement of the passacaglia theme as played by the 

celli and bassi is shown in Example 13. 

J = 88 
pizz. 

Vic' 

Cb. 

p - mp mp 

Example 13—Passacaglia Theme 

As the bassi take over the second and third statement of 

the theme, the bass clarinet plays a slight rhythmic varia-

tion of the transposed retrograde at the same time. At 

measure 53 low brass and timpani punctuate the ending of the 

bass theme with a C major chord. There are two more state-

ments of the theme before the tempo change to J = 36 at 

measure 61. They are: (1) English horn at measure 53. This 

is also accompanied by the theme in retrograde by the celli, 

and (2) English horn at measure 57 and oboe I two beats la-

ter. The celli continue with the retrograde theme and are 

joined in measure 58 by clarinet II playing the main theme 

transposed to »B». Each statement of the passacaglia and 

its retrograde are altered slightly rhythmically. The low 

brass and timpani also state their C major chord at the con-

clusion of each theme. 

There is an increase in tempo of J = 3 S during the next 

six measures. The passacaglia theme or its retrograde are 
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stated -twice by both Flutes, both oboes, English horn, and 

both clarinets. Bassoons I and II at this point play a re-

ordering of the theme in half notes. At measure 64 horns III 

and IV sound the prime form of the theme for the first time. 

The final repetition of the C major chord starts on the 

last beat of measure 66 and holds over until the downbeat of 

measure 71. There is a tempo change at measure 67 to J = 104 

and new pitch material is introduced. A six-note pattern is 

generated from Venutian data for 19 July 1595 and these notes 

will act as accompaniment to the passacaglia theme in the 

final measures of this section. The pattern takes on the 

overall form of ABAC. The "A" subsections are played by the 

violas (con sordino), and the "B" and "C" subsections by 

violins I and II Csenza sordino) respectively. Vibraphone 

and marimba are added during measures 74-79. 

After an allargando and brief pause at measure 83, violin 

II restarts the ostinato pattern and the tempo picks up to 

J = 112. Horns I and III also join violin II but state the 

pattern in overlapping, sustaining values. A four-note pat-

tern is introduced at measure 87 by the Violas. Bass clarinet 

and bassoon II are added with overlapping, sustaining values. 

Both patterns are superimposed and form a new accompanying 

texture for the original passacaglia theme that is broadly 

stated by the low brass in augmented note values at measure 87. 

At measure 96 the theme is stated for a second time by 

low brass, contrabassoon, contrabass, and piano. On the 
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fourth beat of the same measure the retrograde theme is play-

ed by flutes, oboes, clarinets, trumpets, trombones I and II, 

and violin I. Piccolo is added at measure 98 to the retro-

grade theme. Harp glissandi also accompanies this entire 

texture. The dynamics of this section build to a thundering 

"ffff" by measure 102. 

On the third beat of measure 102 a crash cymbal sounds, 

signalling that a climax has indeed been reached by the or-

chestra. At the moment of the cymbal's impact two sets of 

tubular chimes begin a two-against-three figure that lasts 

until measure 112. The pitch material of the chimes is de-

rived from the six-note ostinato pattern previously played 

by violin I and II. On the fourth beat of measure 103 the 

low brass now state the retrograde theme in long note values, 

but with a slightly different rhythmic interpretation. At 

measure 112 the chimes drop out and the retrograde theme is 

stated by low strings in measure 113. During this winding 

down of rhythmic activity, the upper strings hold the pitch 

"E" and wither away to the dynamic lavel of "ppp" by meas-

ure 123. Accompanying the strings on the same pitch are 

marimba and vibraphone but their rhythmic activity is in 

eighth notes. The section closes quietly on the pitch "E" 

as played by the violins, violas, and celli. 

Section V is the centerpoint of this movement. Kepler 

states that there must be a reason for only six planets in 

the heavens instead of twenty or a hundred. He reasons that 
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the geometric shapes represent quantity. Quantity comes be-

Fore matter, because God made quantity on the First day oF 

creation and matter (the planets] only on the second day. 

He quickly cuts to the core of the problem and realizes that 

instead oF two-dimensional shapes, he should be employing 

s o l i d shapes between solid spheres. His discovery ("Secret oF 

the Universe") comes to him just as the low brass begin the 

passacaglia theme For the First time at measure 87. The or-

chestra harmoniously agrees with this proclamation and joins 

Kepler in thunderous acclamation in the First Full-blown tutti 

section of -the composition. 

The Following GS proportions may be Found in this section: 

CD .382--around the "piu mosso" oF measure 67 (this covers 

all Four subsections), f2) .382--measure 98, second beat 

Cthis proportion is only For the subsecti on J = 112), C 3) 

.764—measure 102, second beat (this proportion is For the 

entire movement up to the computer music part), and (4) .382 

Sections I, II, III, iv, and V in proportion to the entire 

movement plus twenty-two seconds oF tape music From the third 

movement. In addition, the First three metronome markings 

oF this section Form a GS oF .384 with Sections III and IV. 

Section VI: Tempo Rubato 

This last orchestral section sums up Kepler's theory oF 

the Five regular solids. He states: 

The Earth is the circle which is the measure oF all. 
Construct a dodecahedron round it. The circle 
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surrounding that will be Mars. Round Mars construct 
a tetrahedron. The circle surrounding that will be 
Jupiter. Round Jupiter construct a cube. The cir-
cle surrounding that will be Saturn. 

Now construct an icosahedron inside the Earth. The 
circle inscribed within that will be Venus. Inside 
Venus construct an octahedron. The circle inscribed 
within that will be Mercury. There you have the ex-
planation of the number of the planets. (48) 

The orchestral accompaniment for the tempo rubato is re-

stricted to the continuing pitch "E" from Section V and bass 

drum, timpani [also on the pitch "E"), and cymbals. Each 

time Kepler states a line of text, there is a slight cre-

scendo made by the percussion instruments. 

Section VII: Computer Music on Tape 

As Kepler delivers his last line of text from Section VI, 

three suspended cymbals and timpani are rolled to a feverish 

pitch and then stopped suddenly. At this instant a five-

section computer music tape part (49) commences and completes 

the remainder of this movement. Kepler continues with his 

calculations during the entire tape part, but between move-

ments he glances up and recites selected lines of text from 

Section VI. The recitation acts as a summation of each tape 

movement. 

All of the sections of the tape part are generated in 

either five-, ten-, or twelve-day increments on 19 July 1595 

from Graz, Austria. The first movement uses the first twelve 

data points generated from Jupiter and peforms them in a two-

voiced canon. The tempo of this first movement is fairly 
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rapid, and the 6/4 meter symbolically reflects one of the 

sides of a regular solid. The first voice (a marimba-like 

sounding instrument) begins with a twelve-note figure that 

repeats a total of seven times. Each repetition gradually 

gets quieter and quieter. The vibraphone-like sounding sec-

ond voice commences nine beats later and also follows the 

same repetition and dynamic scheme of the first voice. The 

twelve-note pattern may be seen in Example 14. 

J=160 

Tape 

Example 14——Computer Music 
on Tape Os*fcina*to 

The overall form of this first tape movement is AAB. 

During the "B" repetition the twelve-note figure is inverted 

and played for a total of fourteen times. On the fifteenth 

repetition the first voice doubles its rhythmic values and 

then repeats this figure ten times. The second voice does 

not fallow suit but fades out after it completes its four-

teen repetitions of the »B" section. The tape slowly pans 

f-rom center to right during the double-time figure. 

There is silence for approximately four seconds after the 

conclusion of the first movement. At this point Kepler states: 

There you have the explanation of the number of the planets." 

The tape returns to center and then two notes from the second 
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movement are sounded with a pause between each note. Kepler 

interjects "The Earth is the circle..." after the First note 

and "...which is the measure of all" after the second note. 

What Follows is a realization of planetary data for the Earth's 

Moon. (50) 

The Moon is treated somewhat canonically with itself, but 

not in the strict sense of the word "canon." Two different 

observational increments of five- and twelve-days each gener-

ate one hundred and one values. Each increment becomes a 

"canonic" voice. However, the rhythmic values for each voice 

are skewed slightly: voice one (twelve-day increments) uses a 

triple rhythm for the first sixty values and a duple rhythm 

for the next forty values. Voice two (five-day increment) 

employs a duple rhythm for the first sixty values and a triple 

rhythm for the last forty vaules. 

What ensues is a longer period of time between repeti-

tions of voice entrances. The length of voice one is: 

61 notes x 1 beat (in 3/4) = 61 beats 
40 notes x 1.5 beats (in 3/4) = 60 beats 

Total length of voice one: 121 beats 

The length of voice two is: 

61 notes x 1.5 beats (in 3/4) = 9 1 . 5 beats 
40 notes x 1 beat (in 3/4) = 40 beats 

Total length of voice two: 131.5 beats 

The form of the second movement is AA, but the second voice 

is delayed on the second entrance because it is 10.5 beats 

longer than the first voice. 
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At the end of this movement a single pitch generated From 

the planet Saturn [played by a timbre generated from Jupiter's 

coordinates) sounds for six seconds, Kepler states: "Round 

Mars construct a tetrahedron. The circle surrounding that 

will be Jupiter." Following Kepler's monologue this held note 

(the pitch "B") continues and is accompanied by data generated 

from Mars in its pure state (pure musical analogy). At meas-

ure 263 violins I, II, and violas join the computer-generated 

note with a double octave on the same pitch. The sustained 

tape and string notes gradually fade out at measure 274 and 

the melody generated from the planet Mars continues for an-

other twelve measures. At measure 287 the computer-generated 

pitch returns and this time it is accompanied by celli and 

bassi in octaves. The Martian melody ends just before meas-

ure 295 but the sustained tape and low string notes continue 

for an additional seventeen seconds. Kepler recites a few 

more lines from his "Secret of the Universe" as the tape 

slowly pans from center to left. 

The fourth movement uses data generated from Venus (see 

discussion of Example 2 above). The sustained tape and low 

string pitches fade out at measure 297 and 298 respectively. 

The AAB form of "Venus" is supported by the following tape 

panning: (1) "A"—tape pans from left to right, (2) "A" 

tape pans from right to left, and (3) "B"—tape pans from 

left: t:o center. 
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The fifth and final tape movement uses data generated 

from the planet Mercury (see Figures 6, 7, and Example 1 

above). The fragmented and disjunct melodic characteristics 

of Mercury are further supported by a series of tape pannings 

(see pp. 128-132 of the full score). Kepler's monologue is 

sporadic and irregular which also advances the feeling of 

uncertainty that the music portrays. The tape part sustains 

a final pitch that fades away and concludes the movement, but 

not before a recapitulation of the first tape movement is 

sounded in the distance. This signals the beginning of the 

third and final movement of Mysterium Cosmogrgphicum. 

There are two GS proportions that should be noted in the 

tape part: (1) .764—this is the end of the first section of 

the tape part (measure 165) as compared to the first two 

movements of Mysterium Cosmographicum. and (2) .764--at the 

pitches sustained for seventeen-seconds between sections three 

and four of the tape part (measure 295). This is calculated 

for the entire second movement of Mysterium Cosmoaraphic,.m. 

This also coincudes with a GS of .618 for the entire tape part 

(less the twenty-two second overlap in the third movement). 

Summary of "part two: the discovery" 

Only one observation point (13 July 1595) is responsible 

for generating over fourteen minutes of music. The overall 

shape of each melodic line in the second movement is a truer 

musical analogy of planetary motion than the concatenated 

ascending melodies found in the first movement. The reason, 
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of course is that Kepler does indeed find the "Secret of the 

Universe." The music that accompanies his narration must also 

represent his find. Most of the rhythmic activity of the sec-

ond movement represents true musical analogy as well (see 

Sections III, IV, V, and VII above). 

Kepler's monologue begins quite confidently, and for the 

first time he speaks without ochestral accompaniment (Section 

I). His speech and actions become bolder and more assertive 

as the movement progresses (Sections II, III, and IV). He 

states that he has linked the five regular solids to the six 

known planets just at the point where the entire orchestra 

makes a grand crescendo (Section V). This, of course, is the 

first tutti section of the entire composition and most appro-

priate: Kepler has discovered the "Secret of the Universe." 

As Section V gives way to Section VI, Kepler proclaims 

his discovery in a most assertive manner. He then returns 

to his calculations, convinced of his revelation. An exten-

sive five-section tape part follows Section VI and between 

movements Kepler reiterates a line or two from his discovery, 

conveniently summing up each part. It is during the last 

movement that his lines of monologue become more fragmented, 

and this fragmentation is supported by a disjunct computer 

music part. His monologue does not sound quite as convincing 

as it did at the beginning of the movement. 
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Form in "part three: you will not find 

any new and undiscovered planets..." 

Figure 16 shows the large-scale structure of the third 

and final movement of Mysterium Coamoaraphieum. Part three 

may be further divided into fifteen smaller sections, but 

for the purpose of this analysis and discussion, smaller 

sections will be combined into larger structural units. 

The larger units are: (1) Section I — J = i3S, J = S3 , (2) 

Section II—J) = 132, narrator, = 132, narrator, = 132, 

C3) Section I I I - J = 72, J = 132, ( 4) Section IV-narrator, 

132, (5) Section V—narrator, (6) Section V I — J = 66, 

C7) Section VII—computer music on tape, followed by orches-

tra (J = 60).. Important GS proportions may be seen in 

Figure 15. 

Section I: J = 138, J = 69 

After the last note of Mercury fades away, the beginning 

tape ostinato Csee Example 14 above) returns at a slightly 

slower tempo. This acts as a recapitulation for the entire 

tape music and Kepler reaffirms this slight codetta by re-

stating his lines of text "...The Earth is the circle... 

which is the measure of all." As the tape reaches an inaud-

ible level, vibraphone [measure 4) and marimba [measure 5) 

begin doubling their respective tape counterparts. At meas-

ure 8 a new string chord sounds the date of 3 October 1595 

as seen from Graz, Austria. The chord at measures 8-10 is 

illustrated in Example 15. 
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Figure 16--l_arge-Scale Proportions in "part three: 
you will not Find any new and undiscovered planets..." 

lxxiii 



added pitch div. 

div. ^Mercury 

Moon• 

Example 15~Planetary Chord 
at; Measures 8-10 

This new pitch material is somewhat of a step back in time, 

but it is needed to support Kepler's monologue that Follows 

in Section II. It is during Section II that Kepler reads 

from a correspondence addressed to his former teacher Michael 

Maestlin. The letter is a typical example of Kepler's a 

p r i ° r i thinl<lng as he supports his grand scheme of the uni-

verse through the theory of the five regular solids. 

The vibraphone and marimba also gradually fade to no-

thing, but the string chord continues through the second 

part of Section I (J = 69]. At measure 15 a concatenated 

ascending Mercury scale accompanies the string chord. This 

eight-note scale is played Four times by the harp, and the 

orchestration is quite similar to Section I oF "part one: 

the secret oF the universe." Each repetition is punctuated 

by timpani and two rolled suspended cymbals. On the third 
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repetition of the concatenated scale the harp is joined by 

vxolm I Carco) and bassi (pizzicato). As the Fourth repe-

tition begins crotales are added and play a syncopated figure 

with violin I. When the harp reaches the end of the fourth 

repetition it performs an ascending glissando [.played over 

six beats) and ends on a high "C#" that becomes the downbeat 

of the next section. There is also a poco accelerando that 

accompanies the fourth and fifth harp repetition. 

Section II: ^ = 132, narrator, 

= 132, narrator, = 132 

Section II incorporates data from Mercury on 3 October 

1595 as seen from Graz, Austria. The date coincides with a 

letter Kepler wrote to his former teacher and colleague 

Michael Maestlin. The contents of the letter will be des-

scribed in the narrator section. 

The first instrumental section is predominately scored 

f-or loud, sforzando horns and trumpets. The data for Mercury 

is partitioned into four distinct sections of seven, five, 

six, and seven notes respectively. The musical pitch analogy 

for Mercury and the subsequent divisions bracketed as A B 
J L J ? 

C, and • are represented in Example 16. 

~A' ' T—^ 11 c 11 D-
Mercury 

Example 16—Mercury and the 
four partitionings 
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The melodic line in Example 16 is scored in a way that 

selected pitches are sustained and form chords. This may 

be affirmed in the score at measures 24-30, measures 32-39, 

and measures 43-50. This first instrumental section uses 

only the "A" and "B" subsections of Example 16, resulting 

in the following form: AAABABA. Piccolo and crotales are 

added to enhance the line during the "B" subsections. 

Kepler reads from his letter to Maestlin dated 3 October 

1596 at measure 31. Kepler is elated by his discovery and 

is eager to share this information with his colleague. There 

is no instrumental accompaniment during this twenty-five sec-

and monologue. 

The horns and trumpets restate their melodic material at 

measure 32. They are joined by violin II and viola playing 

the same pitch material in sixteenth notes, but on the after-

beats. Whereas the »A» subsection from Example 16 formed the 

core repeated pattern in the previous instrumental section, 

the pattern "A-B" now forms the repeated pattern in this 

instrumental section. The form of this subsection is now 

ABABABCO. Flutes I and II join crotales and piccolo in the 

"B" subsections and continue into the "C" and sections. 

The brass melody is immediately followed by an inter-

jection of the planetary arpeggio heard at measure 111 in 

the first movement. The purpose of this arpeggio is two-

fold: CD it stops the motion of the brass and signals a 

possible change in direction and orchestration, and (2) it 
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is a unique sound that recalls the circumstances of the First 

movement and a different time point (Kepler reading from the 

title page of his Mysterium cosmographies and his first open-

ing monologue), 

The planetary arpeggio is immediately fallowed by the 

planetary string chord heard at measure 8 of this movement 

(see Example 15 above). The chord is held while Kepler fin-

ishes reading his letter to Maestlin. The contents of the 

correspondence begins with more a priori thinking, but the 

importance of this monologue gives the first reference to 

Kepler's first law of planetary motion (see note 3 below). 

After Kepler finishes reading from his letter to Maestlin, 

the planetary arpeggio is sounded again along with the plan-

etary chord. In this final instrumental section Horns are 

replaced with muted trombones and the trumpets also join suit 

with straight mutes. Flutes and crotales are left out of this 

section and the afterbeat doubling is now produced by violin 

I, viola, and harp (playing two octaves higher). The form 

of this instrumental subsection is also ABABABCO. Violins I, 

II, and viola change from pizzicato playing to arco playing 

in the C and sections as the harp drops out entirely. 

The overall form of Section II is ABA1CA'. 

Prominent GS proportions that may be found are: (1) .089— 

this GS is for the entire movement and is between measure 30 

and measure 31. Additionally, a GS of .145 may be found at 

this point for Section II, (2) , 1 4 5 and .23B~th.se are for 
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the entire movement. Both GS proportions happen during the 

dialogue at measure 41. A GS of .618 coincides at this point 

For Section II only, and (3) .764—This is calculated for Sec-

"bion II only and happens a*fc measure 42. 

Section III: J = 72? J = 

There is an allargando in tempo and dynamics in the last 

measure of Section II and the pitch "A-flat" (played by vi-

olins I, II, and trumpet I) is held over into Section III. 

The monologue of this section is again generated from Graz, 

but this time for the date 27 February 1596. There are two 

reasons for including this date in the composition: (1) con-

vinced of truly discovering the "Secret of the Universe" and 

wishing to gain the favor of the ruler of his district, Kep-

ler approaches the Duke of Wuerttemberg and asks him to have 

a drinking cup made into the shape of the universe incorporat-

ing the five regular solids, and (2) the project was abandoned 

for lack of sufficiently,skilled silversmiths. This is the 

second indication in the composition that Kepler's a priori 

reasoning is not without fault. Kepler's monologue is in-

cluded between measure 54 and measure 78 of the score. 

The difficulty of constructing a silver cup incorporat-

ing the five regular solids, precious liquids, and precious 

stones is reflected in the musical complexity of this Section 

as well. Only Mercury, Venus, the Moon, and Mars are mapped 

onto musical space in this section. They have the widest 

swings in latitude of the nine planets and therefore generate 
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the mast unstable and disjunct music. Rests created by the 

data are performed by bowed and struck metal percussion, with 

the exception of the vibraphone in measures 54-56. This sec-

tion is quite similar in character to measures 113-132 of the 

First; movement:. 

The First fourteen pitches that generate latitudinal val-

ues for the planet Mercury are listed in Figure 1B. To the 

right oF each pitch is a durational value fin seconds] Fol-

lowed by the instrument responsible For sounding that pitch. 

The corresponding musical section may be seen at measures 

54-59. In most instances, durational values in seconds are 

rounded oFF to the nearest sixteenth note. 

Pitch 

•N2 
BF3 
•N3 
C#3 
CN4 
EF4 
BF4 
CN3 (rest) 
CN2 
•F2 
AN2 
C#2 
GF2 
• N3 

Duration 

2.02 (seconds) 
1.48 » 
0.32 " 
1.25 " 
2.65 " 
3.13 " 
2 . 1 8 » 
0.09 » 
1.95 " 
3.12 tt 
3.37 " 
2.85 " 
1.76 " 
0.32 

Instrument 

not used 
Oboe I 
English Horn 
Bassoon II 
Oboe II 
Flute I 
Piccolo 
Tubular Chimes 
Contrabassoon 
Bass Clarinet 
Bassoon I 
Bassoon II 
CI. I/Bsn. I 
English Horn 

Figure 17—Mercury Pitch Mapping 
at Measures 54-59 

Moreover, the pitch data From Figure 17 is concatenated and 

Forms the Following scale: B-Flat-C-C#-D-E-Flat-E-F#-A. This 

synthetic scale is sounded as a rapid ascending and descending 
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glissando by the alto Flute (Flute II) before and aftar tha 

pitch data in Figure 16 is realized. 

The data generated From Venus, the Moon, and Mars are 

used sequentially and in the same fashion. Venus begins on 

the last eighth-note of measure 57 (bassoon II) and is pre-

ceded by a Venutian synthetic scale (clarinet II) o n the 

third beat of measure 57. The Lunar pitch data commences 

with the "E-flat" (oboe II) i n measure BD, but the scalar 

pitch collection starts after this note. Finally, Mars 

begins in measure 64 with the piccolo's "G#" and the concat-

entated Martian scale starts on the fourth beat of measure 64 

(bass clarinet). 

The last scalar iteration sounds at measure 69 and is a 

restatement of the Mercurian arpeggio. But two measures be-

fore this last scale is played, the strings begin another 

planetary chord (generated from 27 Feburary 1596) that closes 

out this section. This vertical sonority is played divisi, 

con sordino, senza vibrato, and at a dynamic level of "ppp." 

The last five measures of this section are played by piano 

at a new tempo oF J = 1 3 2, b u t the pitch material is now gen-

erated From Padua, Italy on 4 August 1596. This agrees with 

tha date in which the Italian astronomer Galileo Galilei com-

merited on Kepler* Ts "tmeatsise • 

Section III has the most complex scoring of the entire 

composition. The orchestration is meant to reflect the ab-

struseness of Kepler's "Secret of the Universe" (in the form 
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of a drinking cup, no less). Planets with wide swings in 

latitude generate this ethereal section that never settles 

down to the simple melodies heard in the second movement of 

this composition. 

Several GS proportions may be Found within this section: 

C1) .083—this internal GS is found at the first iteration 

of the Mercury arpeggio played by alto flute in measure 53, 

[2) .145—the peak of the vibraphone line at measure 55, C3) 

.236—the beginning of Venutian data [bassoon II at measure 

b7), (4) .382—inverted Mercury data at measure 62, (5) 

.618—the last statement of the Mercury line by the alto 

flute in measure 69, and C6) .911—the beginning of the piano 

ostinato at measure 78. The iteration of a piano chord at 

measure 74 comes close to the GS of .764, but is displaced 

by two beats. 

Larger structural G5 proportions within Section III are: 

C D 1:1 Cca.)—this is formed with the last three subsections 

from Section II. A 1:1 (ca.) proportion is also formed with 

Section IV at this point, and C2) Section III forms a GS of 

.382 with Sections IV, V, and VII. 

Section IV: Narrator, J = 132 

This ninety second section has no orchestra! accompani-

ment. Kepler reads e letter he received From Gelileo Gelilei. 

Galileo is elated to have obtained a copy oF the Mysterium 

oosmopraphicum, but is reluctant to introduce the concept of 

the Five regular solids to the general populous. (51) Kepler 
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responds with another letter asking Galileo to make several 

observations For him, but this letter is never answered, nor 

does Kepler ever hear from Galileo again. The last part of 

Kepler's monologue discredits Galileo's discoveries of four 

additional planets near Jupiter. (These new orbiting bod-

ies are later found out to be only moons of Jupiter). 

The section closes with four measures of the broken piano 

ostinato. 

As this final movement progresses, the tone of Kepler's 

monologue becomes more and more frustrating as he searches 

for support of his ideas from his colleagues. Sections IV 

and V bring the monologue to the forefront by excluding any 

orchestral accompaniment. Section IV contains three large-

scale GS proportions that occur during Kepler's lengthy 

speech: (1) .382—this GS is for the entire third movement, 

C2) .613—this is measured from the beginning of the third 

movement to the beginning of the tape part in the third move-

ment, and (3) .764—this GS proportion is for the entire 

three movements of Mysterium Cosmoqraphicum. 

Section V: Narrator 

Kepler, in pursuit of an advocate of his "Secret of the 

Universe," sends a copy of Mysterium cosmoqraphicum to the 

Danish Astronomer Tycho Brahe. Tycho responds on 1 April 

1598 with some fairly harsh comments directed at Kepler's 

scientific approach. He invites Kepler to visit him at his 

observatory in Wandsbeck. At the completion of Section V, 
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Kepler's confidence in his new system is slowly being eroded. 

But it isn't until Section VI that Kepler shows actual signs 

of defeat:. 

There are two GS proportions inside Section V that happen 

during the monologue. They are .764 and .855 as measured 

From the beginning of this movement up to the tape part. 

Section VI: J = 66 

Section VI is a restatement of the opening Harp line 

from the first movement (see Example 6 above), though or-

chestrated in a slightly different manner. But there is a 

conflict of musical information at this point, just as there 

is a conflict of viewpoints in astronomical methodology. As 

Kepler reads an incisively biting letter from Tycho Brahe 

to Kepler's former teacher Michael Maestlin (the date is 

21 April 1598) the orchestral accompaniment is generated at 

a time point in the past: from Kepler's date of conception. 

The repetition of the Harp line at this point is a foreshadow-

ing of closure for the entire composition. This section ends 

on a high B played by violin I and two bowed crotales as 

Kepler slowly returns to his workbench to resume his calcula-

tions. 

The only important GS proportions within Section VI are: 

C D .681—the highest point in the melodic line at measure 

102, and (2) .764—the lone violin I fand crotales) pitches 

at measure 107. 
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Section VII: Computer Music on Tape 

The computer music on tape begins at measure 113 just as 

violin I and the crotales are Fading out. The two-voiced 

vibraphone-like timbres of the tape part are generated from 

Regensburg, Germany, on 15 November 1630, the place and date 

of Kepler's death. (52) The joyous, uplifting tape music 

provides an ironic twist to the solemnity of the music and 

text presented in the previous Section. Defeat of Kepler's 

theory seems imminent, especially since the musical material 

that is presented goes from "conception" to "death" with no 

intervening part of his life musically represented in between. 

The two-voiced tape part continues for approximately two-

and-a-half minutes and a third voice occasionally joins the 

original two voices. Kepler remains at his workbench, very 

much content working on his calculations. A nineteen-note 

ostinato played by a marimba-like sounding instrument con-

tinues the rhythmic motion of the tape part. The ostinato 

pattern is repeated seven times and each repetition gets 

gradually quieter in dynamics. On the fourth repetition, a 

new timbre is introduced (Saturn) and Kepler glances up at 

the audience with a near look of defeat in his eyes. He 

carefully casts aside his calculations and delivers his next 

monologue over the monophonic computer music part. He ex-

plains (in past tense) that he accepted Tycho Brahe's offer 

and worked with him from early 1B00 until Tycho's death in 

1601. He proclaims that some of his best planetary work was 
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done at this time and it helped him Formulate his three laws 

of planetary motion (see note 3 below). The laws held true, 

he sadly informs the audience, for three planets discovered 

long after his death. The musical accompaniment here is 

meant as irony: Kepler refers to planets discovered much 

later, yet the planet sounding at the time of his monologue 

is the furthest one from the Sun known during his lifetime. 

His verbal presentation is simple and straightforward and 

Saturn is the right choice in supporting his monologue. 

As the melodic line from Saturn reaches a high point, 

Kepler pauses for a few seconds and his attitude becomes more 

positive. He informs his audience that a second edition of 

t h e Mystei-ium cosmographicum appeared in 1621 and the five 

regular solids provided the foundation for that edition as 

well. But his focus suddenly changes as he informs his au-

dience that it was the three laws of planetary motion that 

he is remembered for and not his theory on the five regular 

solids. As Saturn's melodic line descends, he bsgins reciting 

a chronolgy of important astronomical events and people 

who used his three laws as building blocks to formulate 

their theories: 1B59—Christian Huygens and his work on the 

rings of Saturn; 1666—Sir Isaac Newton and his laws of uni-

versal gravitation and inertia, and so on (see pp. 176-215 

of *the Full score below), 

Saturn's melodic line gradually descends and reaches a 

low point [an octave below middle "C") at 1' 39". This solo 
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pitch rings out For another fifteen seconds and is joined 

by Pluto (also generated from Regensburg on 15 November 1630) 

The fourteen pitches and three rests that are generated from 

Pluto are a near exact duplication of the first seventeen 

values that began Mysterium Cosmograchicum. But now the or-

chestra is finally united with the tape part, just as Kepler 

and his three laws of planetary motion are inextricably 

linked to astronomical discoveries that supercede him. 

The orchestral part begins with bowed metal percussion 

around the two minute mark of the tape. It is not necessary 

for the orchestra to be in exact synchronization with the 

tape at this point, but it is strongly recommended that the 

orchestra conductor use either a stop watch, silent metro-

nome with a flashing light, or a cassette tape with click 

track to beat out even quarter notes Cat quarter = SO] during 

this section. Orchestral brass and winds make up the first 

climactic section that begins at measure 198 and ends at 

measure 202. Horns, trombones, and tuba continue with long, 

sustained notes at measure 202 as divisi strings accompany 

them with a twenty-three note sonority at the end of measure 

204. The strings build to a crescendo and fade away at 

measure 212. At measure 210 the tape part is briefly re-

joined by bowed metal percussion. Finally, flutes and 

clarinets make one last statement at measures 216-218. 

As the tape sounds its last pitch and fades away to near-

ly nothing, there is a return of quietly played bowed metal 
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percussion and rolled bass drum at measure 221. Kepler care-

fully stops his calculations For the last time and as the tape 

finishes at measure 223 he solemnly states: "The Earth is the 

circle...which is the measure of all." Upon completion of 

this line of text the opening Harp motive returns for one last 

time (see Example 3). Kepler looks down for the last time 

but does not continue with his calculations. The harp line 

is played three times with rests between each iteration. 

A low tom-tom and bass drum softly punctuate each statement 

of the harp. The last harp iteration is embellished with 

a slow, ascending glissando as crotales double the last 

three pitches. The stage lights slowly dim and there is an 

almost inaudible roll on a large suspended cymbal and large 

tam-tam. The spot on Kepler slowly fades to nothing as the 

rolled metal percussion reach a dynamic level of pianissimo. 
X 

As the instruments fade away the stage goes completely black. 

Prominent GS proportions that exist in the final sec-

t i o n o f Mysterium Cosmographicum are: f1) .145 (tape part 

only) the third voice of the tape part enters at measure 

143. This also coincides with a GS of .618 for this entire 

movement, (2) .382 (tape part only)—this GS at measure 186 

is only one second shy of the nineteen-note ostinato one meas-

ure later, (3) .911-this GS is counted from the beginning of 

the second movement to the end of the composition and happens 

at the start of the low "C" of Saturn at 1T 39", (4) .855 

this is calculated for Section VII in its entirety and 
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coincides with the first bowed cymbal of measure 195, (5) .764 

(tape part only)—this GS at measure 198 is only one second 

shy of the brass entrance on the downbeat of that measure, 

and (6) .911 (ca.) (all of Section VII)—this is counted in 

measure 211, where the tape part sounds the final low "C." 

Summary of "part three: 

you will not find any new and 

undiscovered planets..." 

Unlike the second parts of Mysterium Cosmographicum. 

there is a confluence of time points that generate musical 

material in the third movement. The first nine measures of 

part three (approximately twenty-two seconds) is a continua-

tion of the tape music of part two. But as the tape music 

fades away, marimba and vibraphone perpetuate the ostinato 

figure (see Example 14 above). A new string sonority (see 

Example 15 above) sounds at measure 8 that is generated from 

a new time point (3 October 1595). This new date sets the 

"locale" of the music and monologue for the next forty-two 

measures. Kepler's narration is brought to the fore and has 

no orchestral accompaniment (measure 31) or minimal accompa-

niment; (held stspings a*fc measure 41) 

At measure 51 the time point changes to 27 February 1596. 

There is a complete change of all musical parameters as Kepler 

recants the first difficulty in realizing his theory of the 

five regular solids. His plans of a silver drinking cup that 

will embody his concept of the universe turn out to be a total 
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Fiasco. This is the First hint oF his theory gone awry. The 

woodwind and bowed metal percussion accompaniment reFlect the 

complexity oF this silver chalice. 

At measure 78 a Five measure Piano ostinato introduces 

the next time point (4 August 1596). Kepler reads a letter 

From Galileo Galilei and bitterly complains about not receiv-

ing the attention his treatise deserves. He ostentatiously 

deFends his Five solids theory by discounting Galileo's dis-

coveries oF Four new planets near Jupiter. His monologue is 

delivered without any orchestral accompaniment. 

The Piano ostinato continues For Four more measures, 

stops, and Kepler begins reading a letter From Tycho Brahe 

at measure 88. There is no time point preparation For this 

correspondence. The letter shows a cursory politeness toward 

Kepler as Tycho states that astronomy should proceed a pos-

teriori. The monologue is delivered "secco" and is another 

indication oF problems with his theory. 

At measure 89 the opening harp motive (see Figure G 

above) returns, but there is a conFlict oF time points here. 

This harp line is generated From Kepler's date oF conception, 

but the monologue just presented is From mid-February 1599. 

The harp line continues and is orchestrated in a similar 

manner as in the First movement. However, Kepler begins 

reading a letter From Tycho Brahe to Michael Maestlin (the 

date oF the letter is 1 April 1598). The monologue and "ac-

companying" orchestra symbolize a three-Fold maniFestation oF 
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the problem with Kepler's theory: (1) the letter la reed in 

the third person. It ia not addrasaed to or from Johennea 

Kepler, (a) the letter ahows no support From Tycho Brehe. 

Tycho stopa ahort of calling the theory of the five regular 

solida "anachronistic," end (3) there is no aupport from 

the orchestra. The music is generated from the wrong time 

point. 

But the irony does not end here. After a high "B" is 

held by violin I, a happy-sounding tape part Cin a major 

key) begins. Kepler has returned to his workbench by this 

time and is busy with his calculations. The tape music is 

uplifting, but it is in complete contrast with the mood of 

the narrator and of his narration. The computer music tape 

presents two additional twist in time points: C D it is gen-

erated from Regensburg, Germany on 15 November 1630, the 

place and date of Kepler's death, and (2) the data is from 

the planets Neptune and Uranus: two planets not discovered 

during Kepler's lifetime but nonetheless obeying his three 

laws of planetary motion. Kepler, of course, is not dead 

at this point in the composition but it's obvious that his 

theory^ has crumbled to nearly nothing. 

Kepler glances up at the audience with a near look of de-

fast in hi, eyes. He carefully casts aside his calculations 

just as a now timbre sounds (Saturn). Although the time point 

is atill generated from his place and tima of death, Saturn 

provides some stability for hia next monologue aa it is the 
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last: known planet in Kepler's solar system. His monologue 

enuring "this monophonic—sounding timbre is actually a chro-

nology of astronomical discoveries after his death. Kepler 

is finally cognizant that it is not his theory of the solids 

that are passed on to future astronomers, but it is his three 

laws of planetary motion that are the building blocks of mod-

ern astronomy. 

Kepler's monologue continues through the descent of Sa-

turn. At two seconds before measure 194 the opening tape 

music from the first movement of Mysterium Cosmographicum 

returns. The music is generated from the planet Pluto on 

the date and place of Kepler's death and becomes a befitting 

"tombeau" for the German astronomer. The orchestra finally 

plays in concert with the tape music as Kepler continues his 

recitation of important discoveries in astronomy. The or-

chestra and tape music gradually fade away and Kepler resumes 

his calculations. At measure 220 he stops his work and looks 

up for the last time and states: "The Earth is the circle... 

which is the measure of all." The tape music fades out and 

the opening Harp motive is restated three more times. There 

is a soft roll on a large tam-tam and suspended cymbal as the 

stage lights and spot on Kepler go completely black. 
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Conclusion 

Mysterium Cosmographicum is a composition that draws upon 

actual planetary data as the sole generating Force of its 

musical parameters. There are four ways in which the lati-

tudinal and longitudinal coordinates are molded into the 

compositional process: 

1. Pure Musical Analogy. Duration, pitch, volume, 
and timbre (in the instance of computer-generated sounds) 
are all determined by the coordinates via the algorithmic 
complex. Examples of this output include the opening tape 
part of the first movement, the closing tape part of the 
third movement, Section V of the first movement, and 
Section III of the third movement 

2. Partial Musical Analogy. The pitch output from the 
algorithmic complex is the only musical parameter that is 
employed. Pitches are invariably mapped onto consistent 
rhythmic values as in the tape part "Venus" (measures 296-
315J of the second movement (See Example 2 above) 

3. Concatenated Ascending Scales. This process takes 
the pitch output only and forms an ascending planetary 
scale. Examples of this compositional process permeate the 
entire first movement 

' f
M e l o d l c fragments. This method takes as few as eleven 

(PaS!facaglia tl?eme ° f t h e s e c o " d movement) or as many 
J ! i f t y - n i n e n o t e s (Neptune and Uranus from the tape part 

° ^ H ^ ' S e C ? n d m o v e ^ e ? t - - ^ Example 3 above) and employs 
traditional compositional processess such as retrograde, in-
versionj and so Forth• 

Mysterium Cosmographicum is a composition that draws upon 

Johannes Kepler's correspondence and his treatise (of the 

same name) as a generating force behind its musical param-

eters. Nearly every time Kepler speaks to the audience the 

date, time, and place from where he is speaking generate the 

planetary coordinates that supply the algorithmic complex 

with initial data. To the best of my knowledge, Mysterium 
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Cosmographicum is the first composition ever written that 

uses planetary coordinates to support action and monologue 

in a time point reference. (53) 

Mysterium Cosmographicum is a composition whose structure 

is deeply rooted in the proportions of the Golden Section. 

Johannes Kepler himself expressed a keen interest in this GS 

ratio: "Geometry has two great treasures: one is the theorem 

of Pythagoras; the other, the division of a line into extreme 

and mean ratio. The first we may compare to a measure of 

gold; the second we may name a precious jewel." (54) 

Finally, Mysterium Cosmographicum is a unified work that 

is a continuation and extension of a viable compositional 

process whose consummation is a befitting "tombeau" for the 

German astronomer Johannes Kepler. 
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APPENDIX 

TEXT 
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The text of the composition Mysterium Cosmographicum is 
a free translation by the composer of selected letters by 
Johannes Kepler, selected pages of Kepler's treatise Myste-
rium cosmoflraphicum, and newly invented text. The original 
letters and treatise by Kepler are all works that exist in 
the public domain. The letters are drawn from Volume XIII 

^°^ a n n B S Kepler, Gesammelte Werke. edited by Walther von 
•yck, Max Caspar, Franz Hammer, and Martha List (Munich: 
C. H. Beck, 1937- }, and use letters number 23, 28, 73, 
92, and 94. Text from the treatise Mysterium cosmographicum 
uses pages 34, 62., 64, 66, and 68 of A. M. Duncan's transla-
tion (New York: Abaris Books, 1981). The complete text of 
the composition Mysterium Cosmographicum is listed below. 

TEXT 

"part one: the secret of the universe" 

Mysterium Cosmographicum, the Secret of the Universe. On 
the marvelous proportion of the celestial spheres, and on the 
true and particular causes of the number, size, and periodic 
motions of the heavens, established by means of the five regu-
lar geometric solids. (A little book first brought into the 
light of day at Tubingen in the year of Christ 1596) by Master 
Johannes Kepler of Wuerttemberg, at that time Mathematician of 
of the illustrious districts of Styria. 

It is my intention, dear reader, to show that my latest 
scholarly efforts prove conclusively that our most great and 
good Creator, in making this moving universe and the Heavens 
above, turned to the five regular solids as his point of depar-
ture.^ As we all know, these solids have been celebrated from 
the time of Pythagoras and Plato down to our own. By molding 
the heavens around these solids our most merciful Maker created 
a fixed number of planets whose nature, proportions, and laws 
of motion may be traced directly to the solids themselves. 
But before I permit you to come to the actual subject, I shall 
briefly share with you my reason for undertaking such a project. 

At the time, six years ago when I was studying under Michael 
Maestlin, distinguished professor at Tubingen, I became dis-
turbed by the many difficulties of a geocentric concept of the 
Universe. Mr. Maestlin often mentioned Copernicus in his lec-
tures and I was delighted to learn about this fresh approach 

J,h<Z ® xP l a"f' t i o n ofr the Universe. I not only frequently de-
fended Maestlin's opinions to the surprise of my colleagues in 
physics, but even wrote my own treatise on planetary motion, 
tracing out planetary movements through Copernican arguments. 
1 had reasoned that the motion of the Earth was indeed around 
the Sun, but where Copernicus did so with mathematical argu-
ments, mine were physical, or rather, metaphysical. And for 
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this purpose I carefully constructed my thesis, partly From 
the ideas of Maestlin, partly from my own efforts, the advan-
tages that the heliocentric system of Copernicus had over the 
other explanations of the Universe. 

There were three Secrets that the Universe kept locked 
away which I persistently sought the answers to and not other-
wise: the number, size, and motions of the planets. In the 
beginning I searched for a meaning and a purpose to the or-
orbits and speculated whether one orbit was twice another 
or three times or more, and how far any one was separated' 
from another according to Copernicus. I wasted a great deal 
0 time using that approach, since no agreement appeared either 
in the proportions between orbits or in their differences. 

Since this method was not very successful, I tried an-
other approach; one of remarkable boldness. Between Jupiter 
and Mars I placed a new planet, and another between Venus and 
Mercury. They were to be invisible perhaps because of their 
tiny size, but nevertheless I assigned periodic times to them. 
1 was certain this scheme would reveal that the ratios and 
distances between planetary pairs would be respectively re-
duced in the direction of the Sun and increased in the 
direction of the fixed stars. Yet the interposition of only 
a single planet was not sufficient for the huge gap between 
Jupiter and Mars, for the ratio of Jupiter's orbit to the 
new planet remained greater than the orbit of Saturn to Ju-
piter. And on this basis whatever new invisible planet I 
interposed, the division of space continued to infinity with-
out any agreement between adjacent ratios! 

"part two: the discovery" 

Nearly an entire summer was lost to this ordeal. As I 
continued my endeavors, almost by mere accident, I chanced to 
come closer to the truth. It was as if divine Intervention 
had shown me a clearer path to the solution to the number, 
size, and motions of the planets. I was never able to obtain 
this knowledge through any amount of calculations, and I truly 
believe that because I had prayed to the Divine Creator that 
if Copernicus had always told the truth, that I should also 
follow in his path. This, dear reader, is how it happened: 

On the nineteenth of July in the year 1595, I was show-
ing my students the leaps of the great conjunctions of Saturn 
and Jupiter and how each planet moved through eight signs of 
the Zodiac at a time. The conjunctions crossed step from one 
triangle to another and so inscribed a series of triangles in 

= circle so that the end of one triangle was the be-
ginning of another. The paints at which the sides of these 
triangles intersected each other formed a small circle. And 
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upon Further examination, it appeared that the ratio of the 
two circles was almost the same as the ratio of the orbits 
between Saturn and Jupiter. And since Euclid proclaimed the 
triangle to be the first of the geometric shapes, so be it 
that Saturn and Jupiter are the first planets! 

At once I sketched a four-sided figure between the or-
bits of Mars and Jupiter, then a five-sided figure between 
Mars and the Earth, then six-, seven-, and eight-sided fig-
ures between the remaining planets. Then to the spaces 
between planets and figures I interposed yet another set of 
multisided figures as I progressed toward the Sun, but it 
would be an infinite task to tell you about every one I used. 

The end of these futile labors most graciously led me to 
the last and of course, the successful attempt at solving 
the Mystery. I naturally concluded that in order to keep a 
hierarchy among the multi-sided geometric shapes, I needed 
to change my approach. For if I continued in this manner I 
could never justify having more geometric shapes than planets 
moving around the heavens, nor could I ever have an explana-
tion why there should be six moving bodies in the sky rather 
than twenty or a hundred. I was in strong opposition to using 
anything besides geometric shapes, because they alone repre-
s e n t quantities. For God created quantity on the first day 
of the Universe along with matter, but He created the Heavens 
only on "the second day. 

Again I set to work. My mind's eye quickly cut through to 
the core of the problem. Why should I employ two-dimensional 
figures between solid spheres? It would be more appropriate 
to use solid bodies between the planets!!! Behold, reader, 
this is my discovery and the Secret of the Universe. For 
anyone having a slight acquaintance with geometry would im-
mediately call to mind the five regular solids, each of which 
I placed between the orbits of the six heavenly bodies. 

Behold, this is my discovery and the subject matter of 
this whole little book. As an aid to memory I give you the 
proposition, conceived in words just as it came to me and at 
that very moment: The Earth is the circle which is the meas-
ure of all. Construct a dodecahedron round it. The circle 
surrounding that will be Mars. Round Mars construct a tetra-
hedron. The circle surrounding that will be Jupiter. Round 
Jupiter construct a cube. The circle surrounding that will 
be Saturn. Now construct an icosahedron inside the Earth. 
The circle inscribed within that will be Venus. Inside Ve-
n ^ ^ 2 S C Z i h e a n ° C t a h e d r o n - T h e °i^le inscribed within that 
will be Mercury. There you have the explanation of the num-
ber of the planets. 
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There you have the explanation of the number of the plan-
ets. The Earth is the circle... which is the measure of all. 
Round Mars construct a tetrahedron. The circle surrounding 
that will be Jupiter...as an aid to memory I give you the 
proposition...Round Jupiter construct a cube...The circle 
surrounding that will be Saturn...Now construct an icosahe-
dron inside the Earth...The circle inscribed within that will 
be Venus... There you have the explanation...of the number of 
the planets...inside Venus inscribe...an octahedron... The 
circle inscribed within that will be Mercury... As an aid to 
memory...I give you the proposition... conceived in words 
just as it came to me...and at that very moment...The Earth 
is the circle which is the measure of all...with help from 
the five regular solids... dodecahedron... tetrahedron... cube 
...icosahedran...octahedron...There you have the explanation 
of the number of the planets... Saturn lupiter...Mars... 
Earth*•.Venus...Mercury... 

"part: three: you will not Find any new 

and undiscovered planets..." 

...The Earth is the circle...which is the measure of all... 

From this point onward my concept of the Universe was 
firmly established. 

Letter to Michael Maestlin, 3 October 1595, 

My dear Colleague, 

It is no coincidence that our mobile universe has a di-
rect relationship to the five regular solids. If the 
solids are thought of as boundaries or walls, their pe-
rimeters cannot give rise to more than six things. In 
consequence, there are six bodies in motion around our 
Sun. 

Letter to Michael Maestlin, 3 October 1595: 

The Sun, motionless in the center of our Universe, sus-
tains the image of God the Creator, for creation is to 
God as motion of the planets is to the Sun. 

But the Sun diffuses and bestows this motive power across 
the ether in which the planets are placed in exactly the 
same manner that God the Father acts through the Holv 
Spirit. y 

Therefore, we may surmise a first law of planetary mo-
tion that states: planetary motion is proportional to 
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the distance, and the closer a planet is to the Creator, 
the Faster the motion. 

Yours in Friendship, 
Johannes Kepler, Mathematician at Graz 

I had completed the rough draFt oF my book by late Feb-
ruary oF 1596. AFter showing my work to Frederick, Duke oF 
Wuerttemberg, I persuaded to have a scale model oF the Uni-
verse, incorporating the Five regular solids, made into a 
drinking cup. I recommended that the parts representing 
the solids be made by independent silversmiths and Fitted 
together by a sixth, to make sure that the "cosmic secret" 
would not be unveiled. In addition, the signs oF the plan-
ets could be cut in precious stone and imbedded in the rim 
oF each orbit. The cup would also serve seven diFFerent bev-
erages, conducted by sealed pipes From the center oF each 
planetary sphere to seven taps on its rim. The Sun would 
be included, providing a delicious aqua vita, Mercury rep-
resented by brandy, Venus, mead, and so on. The Duke agreed 
to the scheme, but stipulated that a prototype be made First 
From a base metal such as copper. To my dismay the silver-
smiths were hardly skilled enough to carry out such a 
monumental task, and after several attempts the project was 
Finally abandoned. 

Galileo to Kepler, Padua, 4 August 1597, 

My esteemed colleague: 

Your book "Mysterium Cosmographicum" reached me but a 
Few hours ago, and I should think myselF ungrateFul iF 
I did not display my appreciation in the Form oF this 
letter. I thank you For your Friendship... So Far I 
have read only the introduction, but have learned From 
it your "Secret oF the Universe." I would certainly 
dare to approach the public with your way oF thinking 
lF there were more people of our mind. As this is not 
the case, I shall have to reFrain From doing so. 

Yours in sincere Friendship, 

Galileus Galileus 
Mathematician at the Academy 

What a delight to have received this correspondence and 
to have learned that we are both in agreement on Copernican 
cosmography. I quickly responded with a letter asking Gali-
leo to make several celestial observations For me, since I 
possessed no instruments oF my own. 
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_ But I never received a reply from the Italian Mathemati-
cian and I have since learned of his discovery of four new 
planets near Jupiter. How can this be? Through a priori 
methodology I have proven that since there are only five reg-
ular^solids they can give rise to only six things. This is 
the Secret of the Universe. There are only six planets in 
*the heavens} no more and no less! — — 

But my work never gained the backing that I had anticipated 
from the scientific community. At best, it was considered a 
novel idea, with little or no comment beyond a cursory glance. 

The work, however, caught the attention of the Danish 
astronomer Tycho Brahe and on the first of April 1598 he 
wrote the following correspondence: 

I was most pleased to have received a copy of your Mys-
terium cosmographicum. Though I heartily applaud the 
passion you have demonstrated in making your inquiries, 
I must not go so far as to say you are right in every-' 
thing. For I am of the belief that astronomy should pro-
c e e d a Posteriori and once the facts are established 
the concordant relationships will fall into place. By 
employing the eccentricities of the planets (which I 
have obtained through countless hours of observations), 
it would be passible to make more accurate justifica-
tions of planetary movements. Perhaps you might pay me 
a visit here at Wandsbeck for the purpose of discussinq 
these matters further. 

Signed, 

Tycho Brahe 

The Danish astronomer's comments about my work were even 
more severe to my colleague and former teacher Michael Maestlin: 

I recently received a scholarly work from the well-known 
mathematician Johannes Kepler of Styria. In this work he 
undertakes quite skillfully a correlation between planetary 
orbits, as arranged by Copernicus, and the five regular 
solids. He has written to me on this very subject and I 
have responded, as my work has permitted me, my opinions 
on his theories. 

If we must be farced down the path of a priori loqic bv 
means of these regular solids, instead of an a posteriori 
approacy based an knowledge by actual observation, 
we shall have to wait in vain for improvements in astron-
omy. We cannot depend on the solids and their proportions 
because they give us only general relationships. One 



cannot: conclude any specific details From them with any 
accuracy. This fact I rest assured you are aware of. 

I graciously accepted Tycho Brahe's offer and journeyed 
to Prague in early 1600, working closely (though hostilely 
at times) with him until his death in 1601. This was perhaps 
one of the most fruitful years in my planetary studies, though 
my observations of Mars and other planets continued several 
years after Tycho's death. I formulated three additional 
theories concerning planetary orbits in publications of 1603 
and 1619, but is with great reluctance that I inform you that 
all three theories (or laws, if you wish) held true for plan-
ets they say were discovered long after my death in 1630: 
Uranus in 1781, Neptune in 1846, Pluto in 1930. But even if 
only Uranus had been discovered during my lifetime, it would 
have immediately disproved my theory of the solids, for I 
would have run out of solids trying to justify its existence. 

* Published a second edition "of Mysterium Cosmographicum 
in 1621, still convinced of the relationship of the number 
of the solids to the planets. But ironically it was my three 
laws of planetary motion that far outlived my a priori meth-
odology and the three laws became the building blocks on 
which others formulated -their theories on astronomy:,..1659 
...Christian Huygens and his work on the rings of Saturn... 
1666...Sir Isaac Newton borrowed one of my laws to formulate 
his theories on universal gravitation and inertia, though he 
begrudgingly admitted it some twenty years after his discov-
eries. .. 1707. . .Edmund Halley and his calculations on a comet 
that returned at 76 year intervals...1781...the discovery of 
Uranus by Sir William Herschel... 1783... John Mitchell and the 
concept of^Black Holes 1846 the first sighting of Neptune 
by Johann Galle...1877...Giovanni Sciaparelli and the announce-
ment of canali" on Mars...the continuation of his work by 
Percival Lowell in 1892... 1905... Albert Einstein and the the-
ory o relativity...1915...Harlow Shapley and the technique 
of measuring the distances to the global clusters in the 
l ky Way... 1930...Percival Lowell and the discovery of the 

planet Pluto... Sputnik satellites in the late 1950's... Mer-
cury spacecraft...Gemini...Apollo spacecraft... Apollo 1 1 . . . 
the first men landing on the Moon...Soviet Venera... Soviet' 
Mars spacecraft...Viking mission to Mars... Voyager I...Voy-
ager II... Magellan... The Earth is the circle which is the 
measure of all... 
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NOTES 

1. This type of logic was typical of the period in which 
Kepler lived, but it must be clarified that Kepler stood at 
the cusp of alchemy and astrology on the one hand and modern 
astronomy on the other. He is known as the Father of Modern 
Astronomy, though his place was secured not by his regular 
solids theory but by his three laws of planetary motion. 
See note 3. 

2. The astronomy treatise Mysterium cosmographicum ap-
peared as a second edition in 1621. 

3. The three laws are: (1) a planet moves in an ellipse 
with the Sun at one of two foci, (2) a planet sweeps out 
equal areas in equal times, and (3) there is a precise con-
nection between the size of a planet's orbit and the period 
for it to go once around the Sun. For a more detailed anal-
lysis, see Carl Sagan's Cosmos, CNew York: Random Hm i«=sp> _ 
1983}, 62-63. ' 

4. Since the Earth is used as a reference point in cal-
culating the planetary coordinates, the Moon is counted as 
one of the nine heavenly bodies. 

5. For a more thorough explanation of mapping, see pp. 
xiii-xxxiii below. 

6. Johannes Kepler, Mysterium Cosmographicum: The Secret 
of the Universe, tr. by A. M. Duncan (New York: Abaris Books. 
1981), 68-69. ' 

7. I am indebted to Professor Gene Anderson of the Uni-
versity of Richmond for painting out that the ratio of pitch 
to frequency does not occur when weight is involved as it 
does with monochord string lengths. It is actually the weight 
of the anvils themselves that is responsible for producing the 
pitch. See his "Pythagoras and the Origin of Music Theory" in 
Indiana Theory Review. [Spring 1983), 35-61. 

8. For a description of this work see Charles Dodge's 
and Thomas Jerse's Computer Music: Synthesis, Composition, 
and Performance (New York: Schirmer Books, 1985), 301-303. 
A recording of this work exists on Folkways fFTS 37475) 1981 
and Has extensive linen notes, ' 

.9* _ F a r 3 d e scriptian of this work see Dodge's Computer 
Mgs^c, 256-260. This work is recorded on Nonesuch Records 
CH-71250) 1970 and has extensive liner notes. 
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10. Waschka's Euwe Suite is recorded on Irida Records 
(0007) 1986. 

11. As of this writing, Cattley's River Years exists 
in analog tape Format only. ~~ ~ 

12. See note 3. 

13. The data in the tables in Figure 2 is generated From 
the mythical city oF Babylon at 12:00 pm. 

14. The year 1650 has little to do with Johannes Kepler 
or my composition Mysterium Cosmographicum. Its signiFi-
cance lies in the Fact that my composition The Ephemerides 
oF 1650 (1986) was my First composition to employ planetary 
data in creating a musical analogy. 

15. The Sun only has a longitude given. 

16. The Gregorian calendar was introduced by Pope Gregory 
XIII in 1532 to correct a small error in the Julian calendar. 
The date 5 October 1582 was changed to 15 October 1582 and 
these ten days were literally "dropped" From existence. 
Kepler always dated his personal correspondence with both 
dates. 

17. There are currently several commercially available 
Ephemeris programs For home personal computers. 

18. Though not in the strict Pythagorean deFinition oF 
the term. 

19. The period For each planet to go once around the Sun 
is as Follows: Mercury (ca. 88 days), Venus (ca. 224 days, 
7 hours), Mars (ca. 687 days), Jupiter (ca. 11.86 years), 
Saturn (ca. 29.46 years), Uranus (ca. 84 years), Neptune 
(ca. 164 years), Pluto (ca. 247 years). The Earth's Moon 
goes around the Earth in 27 days, 43 minutes, and 12 seconds. 

20. Mercury's swing in latitude For the year 1650 From 
igure 2 is -4.91 degrees to +3.36 degrees. Saturn's swing 

in latitude is from -1.08 degrees t;o -Q.48 degrees. 

21. Please note that the timbral construction was not 
merely plugging in numbers! It took over twenty hours oF 
crucial listening, swapping out data entries, moving decimal 
points and truncating digits to synthesize several "harmoni-
ous" timbres. 

22. Similarly, the timbres "Venus," "Moon," "Mars " "Ju-
piter," and "Saturn" all derive their timbral characteristi 
From their respective planetary counterparts. 

cs 
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23. An algorithm is a predetermined procedure that leads 
to the solution of a problem in a Finite number of steps. 

^4" The program is written in Pascal and run on a VAX VMS 
11/780 computer. Output data is downloaded via a utility 
program and performed on the Synclavier. 

25. "Weighting" increases the probability of an event 
occuring over other events. If the pitch letter name "C" 
is assigned to the numbers one through seven, and "G" is 
assigned to the numbers eight through ten, each time a ten-
sided die is cast, "C" will occur seven times out of ten, 
or seventy percent of the time. 

26. The "volume" of a pitch may fall within the range of 
zero (a rest] to one hundred (full volume). This parameter 
may be varied by the user. 

27. The volume "weight" of Figure 5 is currently set for 
rests occuring twenty percent of the time. This parameter is 
also user-variable. 

28. This parameter is also user-variable. 

29. The wider the swing in planetary latitude, the great-
er the octave displacement. This portion of the algorithm 
may also be altered toy "the user. 

six 30. Throughout most of the composition either four, 
eight, twelve, or twenty day increments are used. The'nu-
merical significance is that the solid "tetrahedron" has 
four sides, the solid "cube" has six sides, the solid "octa-
hedron" has eight sides, the solid "dodecahedron" has twelve 
sides, and the solid "icosahedron" has twenty sides. 

31. 19 July 1595 is the date Kepler discovered the "Mys-
terium cosmographicum" CSecret of the Universe). He reasoned 
that there are only six planets because one of the five regu-
lar geometric solids was ordained by God to Fill the gap 
around^ adjacent planetary orbits. The lecture took place at 
the University in Graz, Austria. 

32. The numerological significance of "fifty-nine" is 
that this was Kepler's age when he died. See note 33 below. 

^ ff" *;ePler's death-date (15 November 1630) and place of 
death. Uranus and Neptune became a befitting tombeau 
because they were not discovered during Kepler's lifetime. 
The planets nonetheless obey his three laws of planetary mo-
tion. See note 3. 

34. See note 19. 
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35. Mercury has a wider swing in latitude and therefore 
a wider swing in rhythmic values. 

3B. This is due to the initial pitches chosen when the 
algorithm was run. Had other initial pitches been chosen, 
different "keys" would have resulted. 

37. For an explanation of fractals, fractal algorithms, 
and self-similarity, see Charles Dodge's and Curtis R. BahnTs 
"Musical Fractals" in Byte. (June 1986), 185-196. 

38. Kepler's birthdate and birthplace. 

39. See note 30. The planet Jupiter was chosen because 
of its inherent "melodic" capabilities. 

40. Caveat emptor! Planetary profiles that are "disjunct," 
conjunct," or "tonal" are the results of m^ system of map-

ping. ̂  There is little doubt that the mapping technique I 
have illustrated will be adopted by other computer music com-
posers with entirely different aural results. 

41. See note 3. 

42. In keeping with the spirit of the Renaissance (and 
with the spirit of Johannes Kepler), the Golden Section plays 
an important part structurally throughout this composition. 
Some proportions were set up intentionally while others fell 
into place almost as "miraculously" as the "Secret of the 
Universe" itself. The Golden Section is the way of dividing 
a fixed length in two parts so that the ratio of the shorter 
section to the longer section is the same as the ratio of the 
longer section to the entire length. The ratio is an irra-
tional number, but may be approximated by the number "0.618." 
Golden Sections in Mysterium Cosmographicum are calculated 
from the absolute timings [in seconds) of each movement. 

43. For a more detailed analysis of the use of the Gold-
en Section by Renaissance composers see Margaret Vardell 
Sandresky's "The Continuing Concept of the Platonic-Pythag-
orean System and its Application to the Analysis of 
Fifteenth-Century Music" in Music Theory Spectrum, 1, (1979) 
1°ZI?20' a n d N e w m a n Powell's "Fibonacci and the Golden Mean:' 
Rabbits, Rumbas, and Rondeaux," in Journal of Music Theory 
23, no. 1 (Spring 1979): 227-273. ~ 

44. See note 32. 

45. Kepler had a strong interest in astrology and went 
to great lengths to calculate the exact time of his con-
ception. For a detailed description see Atrhur Koestler's 
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The Watershed; A Biography of Johannes Kepler. (Garden Citv. 
NY:Anchor Books,1960), 25. ~~ 

46. See note 31. 

47. So far the only example of pure planetary motion as 
musical analogy has been the opening tape part. 

48. See note 6. 

49. The five movement tape part exists as a composition 
by itself called The Earth is the Circle Which is the Meas-
ure of All. Additionally, the first tape part of the first 
movement and the last tape part of the last movement of 
Mysterium Cosmographicum when combined will farm the composi-
tion On the Death of Johannes Kepler. 

50. Data from the Earth cannot be used because the Earth 
is one of the reference points in determining the latitude 
and longitude of the other planets. 

51. The general public as well as the Church Fathers 
were quite skeptical of Galileo and his telescope. See 
Carl Sagan's Cosmos, 141-143. 

The music in this section has been discussed previ-
ously. See Example 3 and Figure 8 above. 

53• Although one may argue that The Planets by Gustav 
Hoist is the first "planet" composition, Hoist does not 
use planetary data in his compositional process. Each of 
the movements of this seven-movement suite for large orches-
tra bears the subjective title of a particular planet, with 
the exception of the Earth. Had Hoist composed the Suite 
after 1930, he would have been obliged to include the planet 
i JLU uQ • 

Moreover, Mysterium Cosmographicum bears no resem-
blanceto Die Harmonie der Welt, the five-act opera by Paul 
Hindemith, also named after a Keplerian treatise on astronomy. 
The opera treats Kepler almost as a symbolic figure and 
there is a strong philosophical conviction that permeates 
Hindemxth s work. The opera takes place mostly in Praque 
between the years 1608 and 1B30. The finale of the opera 
rings all the characters together and each is identified 

with a particular planet, but planetary coordinates do not 
enter into Hindemith's compositional scheme. 

54. H. E, 
Dover, 1970), 23. 

Huntley, The Divine Proportion. (New York: 
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robert keefe 

mysterium 

cosmographicum 

for orchestra, 
narrator/actor, 
and 
computer music on tape 



ORCHESTRA 

1 piccolo 
2 Flutes (II doubling alto flute) 
2 oboes 
1 English Horn 
2 clarinets in B-Flat (both doubling clarinets in A} 
1 bass clarinet 
2 bassoons 
1 contrabassoon 

4 horns in F 
3 trumpets in 0 
3 trombones 
1 tuba 

3 percussion (playing the Following instruments) 

1 metal wind chime 
1 triangle 
5 suspended cymbals (low to high) 
1 pair of crash cymbals 
1 large tam-tam 

crotales (two sets} 
orchestral bells (two sets) 
tubular chimes (two sets) 

1 xylophone 
1 vibraphone 
1 marimba 

1 tambourine (with head) 
5 tom-toms (low to high) 
1 bass drum 

1 timpani (6 drums: 3.0", 28", 26", 26", 23", 23") 

30" 28" 26" 26" 23" £3" 
(opening tunings) -

1 harp (opening tuning t 0-Flat C# 0 / E F G A) 

1 piano 

strings (12, 10, 8, 8, 4 minimum; 16, 14, 1-2, P 1 preferred) 

narrator/actor (as Johannes Kepler, Gorman astr nom r [1571-1.6301.) 

computer music on tape 

transposed score 

duration 

part one: the secret of the universe 

computer music on tape? 3* 54" 

orchestra and narrator? 12f 02" (ca.) 

part two: the discovery 

narrator: 35" 
orchestra and narrator: 59 51" {'pa.). 
computer musie on tapes 8' 12" 

part three: you will not Find any 
new and undiscovered planets.«« 

orchestra and narrator: 9" 14" Cca*)-
computer music on tape: 6* 5-4w 

orchestra: 36" (ca.) 

total duration: 47® 18" (ca.} 

PERFORMANCE NOTES 

The orchestra part between Measures 184 and 223 of part three 
need not be exactly synchronized with the tape part« However, 
it is strong 1 y recomtnanded that the conductor use either a 
stop watch, silent metronome with Flashing light, or a cassette 
tape click track (provided by the composer upon request) to 
beat out even quarter notes at quarter = 60 during this section* 

SPEAKER PLACEMENT 

Although the computer music tap® part is stereophonic, it. 
is strongly recommended that Four speakers be used during 
performance• Stereo separation should be laFt and right in 
Front of the orchestra and leFt and right behind the orches-
tra. This particular set-up will allow a better balanced 
audio mix between the orchestra and taps part. 



PROGRAM NOTES 

Background 

Mysterlum Cosmographicum is a musical chronicle of the astro-
nomical discoveries of tha German astronomer, Johannes Kepler 
(1571-1630). Kepler is known primarily for his three laws of 
planetary motion. But as one who devoted his entire life to 
the scientific method, Kepler seemed to have slipped into a non-
scientific mode when he tried to justify the number of planets 
in the Heavens. In his book Mysterlum Cosmographicum (1596), 
Kepler, through flawless a priori reasoning, goes to great 
lengths to tell us that the reason there are six and only six 
planets (Mercury, Venus, Earth, Mars, Jupiter, Saturn) is 
because the divine Creator had placed one of the five regular 
solids around each orbiting body. Needless to say, the publi-
cation was not a success, nor did it gain much comment from 
K?Si?r'S o f or Tycho Brahe. But almost hidden 
within Kepler s publication is his first of three laws of 
planetary motion: laws which later held true for planets dis-
covered after his lifetime. 

The Composition 

Mysterlum Cosmographlcum is a monologue with music in three 
parts for orchestra, narrator/actor, and computer music on tape. 
All musical data structures are generated via an interactive 
Pascal computer program that computer latitudinal and longitu-
dinal coordinates as seen from a fixed point on Earth for any 
given time frame. These coordinates are then mapped onto se-
lected musical parameters as determined by the composer. 

Part One, "The Secret of the Universe," is an account of 
Kepler's search for the number, size, and motions of the six 
planets that were known during his lifetime. It begins with 
a somber tape part that uses data for the orbit of the planet 
Pluto as seen from Regensberg, Germany, on November 15, 1630 
the place and year of Kepler's death. As the orchestra enters, 
our point of planetary perspective changes to data generated 
from planets known during Kepler's lifetime as seen from cities 
in which he lived and taught. 

Part Two, "The Discovery," recalls Kepler's theory of six 
planets and five solids. He states: 

"The Earth is the Circle which is the measure of all. 
Construct a dodecahedron round it. The circle surrounding 
that will be Mars. Round Mars construct a tetrahedron. 
The circle surrounding that will be Jupiter. Round 
Jupiter construct a cube. The circle surrounding that 
will be Saturn. Now construct an icosahedron inside the 
Earth. The circle inscribed within that will be Venus. 
Inside Venus inscribe an octahedron. The circle in-
scribed within that will be Mercury, There you have the 
explanation of the number of the planets." 

The planetary data used in Part Two is generated from Graz, 
Austria on July 19, 159S, the place and time in which Kepler 
gave this lecture. 

Finally, Part Thra. "You will not find any new and undiscovered 
planets,.,, is Kepler's realization that his theory was not 
very well accepted by the scientific community, but that his 
three laws of planetary motion were his important contributions 
to astronomy. Here the orchestral music is generated from 
planetary data late in Kepler's life, and the entire composition 
closes with melodies generated from Uranus, Neptune, and Pluto: 
three planets not discovered during Kepler's lifetime, but none-
theless obeying his three laws of planetary motion. 
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C ihe staf*e is cast in 'lark shadow. A workbench and a chair, sta^e loft-

center of the conductor, are barely made visible by a spot. The work-

bench contains several items, all of which are in a state of disarray 

and quite dusty from years of neglect. Amoni; the items are several 

books on mathematics and astronomy, an inkwell with a white feather 

quill pen, an abacus, a partially used thick yellow candle in a brass 

holder, and several stacks of papers that contain personal correspond-

ence intermixed with charts on planetary calculations. 

A man (Johannes Kepler), sitting behind the workbench, has fallen into 
a state of deep sleep, apparently exhausted from several days of 
attempting complex planetary calculations. Mo is of medium height and 
of slight build. His once dark hair now reveals streaks of ^ray as 
does his tjoatee. lie is dressed in a dark-^rey (or black) outfit com-
plete with lace cuffs and collar, typical of the period in which he 
lived. As the tape music continues, the spot on Kepler and the work-
bench gradually increases to 1/4 brightness, while the orchestra is 
still cast in shadow,] 
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narr. 

Jrit.) 
((rotates) 

harp 

I'Spot on Kepler completely dark ]-
[Spot on Kepler slowly dims*,.]—1 

[Stage lights out completely]-

(CrotalesJ (ppJ 

PP 
non-trem (La Taw-ram) 
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piccolo 

flutes/j 

oboes Jj J 
English horn 

clarinets in Bt fj =̂ 
Bt bass clarinet F̂= 

bassoonsh 

contrabassoon 

u 
horns 

iii 

IV 

n 
trumpets in C 

4= 
A 

iii 4= 
trombones/j 

trombone /// 
tuba 

narrator/actor 

computer music on tape 

percuss/on 2. 

3, 

timpani | 

harp 

piano 

I 
violin 

II 

viola 

violoncello 

contrabass 

$ [Spot on Kepler slowly briBhtens to 1/4 intensity! 

Nearly an entire summer was lost to this ordeal. As I continued ray en-

deavors, almost by more accident, I chanced to come closer to the truth 

It was as if Divine Intervention had shown me a clearer path to the 

solution of the number, size, and motions of the planets. I was never 

able to obtain this knowledge through any amount of calculations, and I 

truly believe that because I had prayed to the Divine Creator that if 

Coperrncus had always told the truth, then I should also follow in his 

path. This, dear reader, is how it happened; 

[Spot on Kepler to 3/4 intensity by end of monologue; Stage 
lights to 1/2 intensity by end of monologue] 

-±35" 
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1=60 0 

bcl. 

bsn./, 

c.bsn 

q2 PP sempre 

pp sempre 

pp sempre 

narrl [Spot on Kepler slowly brightens to full 

intensity; Stage lights slowly brighton 

to 3/4 intensity 1 

[lie f,ets up and walks to the front of 

his desk. He beginss] 

On the n i n e t e e n t h o f I n l y i n t he year 1 r>(>rj, I war, siiow-
in| ; inv s t u d e n t s the leaps of t he ft r e n t eon juuet ions of 
Saturn and Jupiter ami how each planet moved through 

e.j{»ht aif;ns of the at a time. 

The c o n j u n c t i o n s crossed s t.ej> i roui one I t: \ anr, 1 u to ats~ 
»tt ier , 

an is 
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c. bsn. 

f)QrCt ...and so inscribed a series of 

triangles in the Zodiac circle 

so that the end of one triangle 

uas the beginning of another. 

A2 
V 
The points at which the sides of these triangles in-
tersected each other formed a smaller circle. And 
upon further examination, it appeared that the... 

J= J =60 

dehcafely 
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f?Q/rf 
...ratio of the two circles was almost the same as the ratio of the orbits between Saturn and 

Jupiter! And since Euclid proclaimed the triangle to be the first of the geometric sol ids, so 

be it that Saturn and Jupiter are the first planets! 

P (sard 

(sord j 
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I 

oboe 
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ci/A 
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i 
bsn. 

u 

pp sempre 

pp sempre 

""" poco cresc - mp—m. | 

P PQ£&~*~tfe$e 

mp poco cresc.... mf 

.mp 

1.1 ; i i t i" r — 
PP j . 

- )' V 
> •' r ^ 

PP 
r f • r i ~ i E 3 

narrA 

A3 • 
At once I sketched a four-sided figure between the orbits of Mars and Jupiter, 

then a five-side figure,., . .... . .......: 
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mm 

narr I 

mp mp p 

; : : b ! r e n " « • 4 M t n e h a r t h' t h e" si*". "even-, and eiRht-sidod figures between 
the remaining planets. 
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I 

cl/A 

ii 

b.c I. 

to CI m Bk 

narc\ Then to the spaces between planets and figures I interposed yet another set of multi-
ided figures as I progressed touard the Sim,«. _ : 

perc 11 ] 

/ Triangle 

mp 

I 
vl n. 

n 

via 

vie. 

c b 

urns 

p p p ^ m p 
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narr\ 

perc.l | 

timp. | 

I 
vln 

II 

via 

vie 

c.b. 

But it would be 

an infinite task 

to tell you about 

every one T used. 

A5 
r 

Tflass Drum * 

The end of these futile 
labors most graciously 
led me to the beginning 
of the last... 

J= 88 

mp pp 
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sotto voce 

Eh 

cl,\ 

bxl 

$ 
(Bi> cii 

mp>^?BS£Lp P mp> 
sotto voce 

tbn.,\ |! 

tbn III 
tuba 

narri ...and of course, the successful attempt at solving the Mystery. I naturally concluded that in order to 

keep a hierarchy among the multi-sided geometric shapes, I needed to change rny approach. For if I con-

tinued in this manner I could never justify having more geometric shapes thaii/ planets •moving about the 

heavens, nor could 1 ever. . . - - -

timp | 

Aft mar a m C, 23". 0 muta in 

(pizz J 

• mp mp 
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n 

Ob./j 

EA 

cq 

bsn/j 

tbfirl 

ten. Ill tuba 

norr\ 

perc.J.j 

timp\ 

vic.\ 

piu mosso 

mp 

.have an explanation why there 
should be six moving bodies in 
the sky rather than twenty or a 
hundred. 

B 
T 
I was in strong opposition to using anything besides geometric 
shapes, because they alone represented quantities. For God cre-
ated quantity on the first day of the Universe along with matter 
but He created the Heavens only on the second day 

[ Lg. Sus. Cymb 

pp~=mp 

m 

port port. piu mosso 
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piu mosso 1=104 
/ f e f V g ~ 

rijj" Jr i* j ii j^j 
imp) mf 

tbn III 
tuba 

narc\ [lie leans over his desk and continues- with some calculations] 

perc 
2 

hmp\ 

^ Vibraphone lmoiZr^l 

Sus. Cymb 

via |: 

piu mosso 1 = 104 
(sorlt^± 
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c.6s/).| 

thn./i 

tbnlll 
tuba 

narr\ 

perc 7 

timp\ 

(ff) dim. ...f nif mp....... — p pp ppp 

(ff)dim...f oif. . . . mp p pp ppp 

{Vibraphone} 

(mf) dim . mp. 

(ff) dim mf. mP P pp."."'... ..ppp 

(senza sord 

(mf) dim mp 
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B1 
y 

nam ( 

Arjain I set to work. My mind's eye quickly cut through to the corc of the problem. Why should 

T employ two-dimensional figures between solid spheres.' It would be ropre. appropriate to use 

solid bodies . . . ; -

75 
{Vibraphone) 

pete 

poco cresc 

(senza sord) 
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narr\ ...between 

the planets!!! 
[lie continues his calculations] 

/ 

via 

II 

via 

vie. 

allargando //piu mosso J = 112 

(senza sard) 

(senza sord) 

isord) 

(sord)mf 



84 

E.h 

cl,| 

b.ci 

bsn./, 

cbsn 

i 
u 

horn 
HI 
IV 

mp 
broadly 

cresc. poco a poco. 

fbn./j 

tbnIII 
tuba 

// broadly 

narr\ [lie stops his 

calculations and 

states boldly:] 

Behold, reader, this is my discovery and the Secret of the Universe, For anyone 

having a slight acquaintance with geometry would immediately call to mind the five 

regular solids,.* 

I 
vi n 
II 

via 

vie 

senza 

senzit sard 

cresc poco a poco. 
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% 

ton III 
tuba 

.. IcrescJ 

• each of which I placed between the orbits 
of the six heavenly bodies!!! 

file returns to his desk to resume his calculations) 
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I VP natural 
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23" G§ muta in C A mfcfff 
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KW 
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.ft. 

(Tubular Beds) 

(Tubular Sells) 

(ffff) dim. poco a poco. 

harp 

(ffff1 dim. poco a poco. fff. 

vie | . 
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Marimba to Marimba (Tubular chimes) 

(Tubular Chimes) ? Vibraphone I(Motor off) mP to Vibraphone 

. (dim) 

m 

——; 
f dim poco a poco mf -; mp , . p 9P f dim poco a poco mf -; 9P f dim poco a poco 

/ dim poco a poco _ „ mp...—- = = | 

f dim poco a poco 

f . djjn poco a poco 

If), (dim ) mf mf 

i 

via 
II 

via 

vie 

ch 



nam I 

89 

, (Marimba) 

1 li fPrQQ/?Q/7gJ 

J J J J J J J J 
Ped.„> 

ld/mj p 

P fp 

I 
-PP 



90 

narr.\ [lie looks up] 

B3 
Y 
Behold, this is ray discovery and 

the subject matter of this whole 

little book, [He reaches out for 

the MC and holds it up.] 

B4 • 
As an aid to memory I give you 

the proposition, conceived in 

words just as it came to me at! 

that very- moment-: - j 

The Earth is the circle which 
is the measure of nil. 

Construct a dodecahedron 
round it. The circle 
surrounding that will be 
Mars. 

lam-ram 

PP^mp {Mha J 

(PP) (Vihrf 

dim).. ppp 
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narr\ 

V 

timp | 

ft 
Round Mars construct a tetra-
hedron. The circle surround-
ing that will be Jupiter. 

C2 • 
Round Jupiter construct a cube. 
The circle surrounding that will 
he Saturn. 

tempo (1=1 

C3 y 
Now construct an" icosahedron 
inside the Earth,, The circle 
inscribed within that will be 
Venus, 

^ (41 f Med Sus Cymb ^ 

Y 
Inside Venus inscribe an octa-
hedron. The circle inscribed 
within that will be Mercury. 

a tempo 

Tig. Sus. Cymb A ppp 

Sm Sus. Cymb 
arT AT 

a tempo (1=112) 
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tape 

1=160 

[He resumes h i s c a l c u l a t i o n s I 

(Med Sus Cymb i 

11 f f 1 ! L i* ! 
choke lJLJLJ 

A 
p z i z ^ - y - • 

1 dim _ j 1 f 

' ff 

— • {*• ZJT WJLT* #pJ!T"̂ 7 "jpT: 
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Ct 

timp.\?£ 
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[Slowly spoken} 
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w K 1 - -
7 - = - 1 z £ = j = = £ r = ^ = d = = ^ = 

/ ff 

nTieFarU 

(tape 

..which is the measure of all. 
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RouikI Mars~cmisl^T7c"t. a totra^j 

hcdron. The circle ayrrnuiul-

in}', that will he .Jupi tor . J 

mf-=z f mf—~ f 
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narr\ 
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nam * 

tape 

.As an aid to memory I give you the proposition... 
Round Jupiter construct a cube...The circle surround-
ing that will he Saturn...NOR construct an icosahedron; 
inside the Earth...The circle inscribed within that 
will he Venus.., 

17" 

tape slowly pans from center to left 
I 
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dim poco a poco.... mp p 
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vie. I 

ci?J 

dim. poco a poco p. pp.. 
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[He looks up from his workbench] 

D5 

narr. | 

tape 

[He speaks, but this time slightly 
more subdued and controlled! 

There you have the explanation...of the num-

ber of the p l a n e t s I n s i d e Venus inscribe,. 

15" 
• ' 1 1 

20" 
JL. 

2c= center 
r/c= right-center 

r= right 
l/c= left-center 

I=left 
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nan | 
.an octahedron...The circle inscribed 

•fith-in that will be Mercury 

. As ail'aid 
to memory 

tape 
mf—sssz f r;," i ppp 

mp-ezmfz^-ppp 

mp~mf*~ppp 

(f)z -ppp 

35" 4 0" 4S". 50" 
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nan I ...I give you the proposition.conceived in words just as it 
came to me...and at that very moment,.. 

tape 

[Spoken 
slightly 
louder] 

9 
...The Earth is the cir-
cle which is the measure 
of all.... 

PPP, ppp 
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.with help from the five regular 

sol ids.., 

..dodecahedron...tetrahedron 

cube.,.icosahedron.«« narr.\ 

V20" 
i,.,. 

V2S" 130" 135" 
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narr\ 

tape 

...octahedron...There you have 
the explanation of the nuiriber 
of the planets... 

|...Saturn.....Jupiter Hars..... Earth..... Venus.....Mercury. 

PPPPP 
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part three-, "you will not find any new 
and undiscovered planets..." 

nan-1 

A • 
.The Earth is the circle...which is the measure of all. 
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II 
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A1 
T 
From this point 

onward my concept 

of tTiG Universe 

was firmly estab-

1 isbed. 

OffCB/EFGA 
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accel. poco a poco. k 132 

1 » v f 

sfz 
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narr\ 

| Crofales 
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via 
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I lie searches for a specific correspondence 

among a somewhat untidy stack of letters.] 

Crofales 
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ptcc 

±25" 
a tempo ($=132) 

narr. ( 

Letter to Michael Maestlin, 3 October 1595, 

My dear Colleague, 

It is no coincidence that our mobile Universe of six planets has a direct relationship to the 

regular solids. If the solids are thought of as boundaries or walls, their perimeters cannot 

rise to wore than six things, In consequence, there are six bodies in motion around our S u m 

f ive 

R ive 

'±25" 

P Crot ales '> 

±25" 
a tempo ($=132) 

area urns 

urns r area 

'Brass cued on this word. 
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vln.II 
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tpt.r\ 

narr. I 

harp 

ICrotates) 

Letter to Michael Maestlin, 3 Oc-
tober 1595: 

The Sun, motionless in the center 
of our Universe, sustains the im-
a^e of the Great Creator, for cre-
ation is to God as motion of the 
planets is to the Sun. 

But the Sun diffuses and bestows 
this motive power across the 
ether in which the planets are 
placed in exactly the same man-
ner that God the Father acts 
through the Holy Spirit. 

Therefore, we may surmise a first 
law of planetary motion that 
states: Planetary motion is pro-
portional to distance, and the 
closer a planet is to the Crea-
tor, the faster the motion. 

| Vibraphone 

j Orchestral Beds mf 

26": Cif* Ob 

0bC8/ 

Yours m friendship, 

Johannes Kepler, Mathematician 
at Gra.2 
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allarg. J= 72 

Sff^> sffz 
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allarg. L - 72 

I had completed 

the rough draft 

of my book by 

late February... 

motor on 1/2 

j Tom-tom 

pp cresc p mp dm 
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% 
i 

, ..of 1596. After showing ray work to Frederick, Duke of Wuert temberp,, I persuaded him to have 

a scale model of the Universe, incorporating the five regular solids, made into a drinking cup 

{Vibraphone} 
Y Tom-toms 

m i 
l!HEL TTMqr Chimes 

PPP TC 
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picc. 

f'n 
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oboe 
ii 

Eh. 

i 

ci 
II 

he I. 

bsn./} 

PI I, (alto 

mr^p 

f 
narr. \ 

I recommended that the parts representing the solids be made by five independent silversmiths and then 
fitted together by a sixth, to make sure that the "cosmic secret" would not be unveiled. In addition 
the signs of the planets... ' 

T B T 
Bowed Lg. Sus. Cymb. 

to I 
Ci. 

Bowed Crotales 

ppp^mp 

wed Med Sus. Cymb. P Bowed (.rafales P 

PPP - mp ppp ppp^mp 
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oboe 

narrl 
...could be cut in precious stone and 

imbedded in the rim of each orbit. 

The cup would also serve seven different types 

of beverages, conducted by sealed pipes from 

the center.. 

(Bowed Crotales} Bowed Sus. Cymb 

Bowed 

(Bowed Crctales) Lg Tam-tam 

ippp)z=z.mp ppp 
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pi 

' (PPP) 

...of each planetary sphere to seven taps on its rim. The Sun would be included, providing a delicious 
^agua vita, Mercury represented by brandy, Venus, mead, and so on. 

Metal Wind Chimes 

(Bowed Sus Cymb) mp 
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I. 
narr.X 

The Duke agreed to the scheme, but 
stipulated that a prototype be made 
first from a base metal such as cop 
per. 

To my dismay, the silversmiths were hardly 
skilled enough to carry out such a monumental 
task, and after several... 
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II 
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...attempts the project was fi-
nally abandoned » 
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narri 

pno. 

solemnly roads another 1 e t:tei 1 t oia his woi Ubem ti. ] 

Galileo to Kepler, 
adua, A August 1597 

My esteemed colleagues 

Your book "Mysterium Cosmographicum" reached mo but a few hours ago, and ! 

should think myself ungrateful if £ did not display ray approciat ion in the 

form of this letter® I thank you for having doomed mo worthy of. such a 

proof of your friendship...So far I have road only the introduction, hut 

have learned from it your "Secret of the I in i verse." I would certainly 

lare to approach the public with your way of thinking if there were more 

people of our mind. As this is not the case, I shall have to refrain, from-, 

doing so. 

Yours in sincere .friendship-., 

Cal ileus (»al ileus -
Mathematician at the Academy 
of Padua 

1 A slight pause as he looks up] 

What a delight to have received this correspondence and to have 1 earned that 

we are both in agreement on Copernica1 cosmography. I quickly responded with. 

a letter asking Galileo to make several celestial observations for me, since 

I possessed no instruments of my own. 

But I never received a reply from the C-talian Mathematician, and. f -have since 

1 earned of his discovery of four new planets near Jupiter, How can this Ire? 

Through a priori methodology I have proven that since there are only five 

regular solids they can give rise to only six things. This is the Secret of 

the Universe, There are- only six planets in the heavens; no morn and- -no less ile-iS 

So^t Ptid 

%Piano cued 
on this word. 
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* 
But my work never gained the backing that I had 
anticipated from the scientific community. At 
best, it was considered a novel idea, with lit-
tle or no comment beyond a cursory glance. 

The work, however, caught the attention of the 
Danish astronomer Tycho Brahe and on the first 
of April 1598 he wrote the following corre-
spondences 

[Kepler searches for the letter on his work-
bench] 

"I was most pleased to have received a copy of 
your 'Mysterium Cosmographicum.' Though I 
heartily applaud the passion you have demon-
strated in making your inquiries, I must not go 
so far as to say you are right in everything 
For I am of the belief that astronomy should 
proceed a posteriori and once the facts are es-
tablished, the concordant relationships will 
fall into place. By employing the true values 
for the eccentricities of the planets (which I 
have obtained through countless hours of obser-
vations), it would be possible to make more ac-
curate justifications of planetary movements. 
Perhaps you might pay me a visit here at Rands-
beck for the purpose of discussing these mat-
ters further." 

Signed, 

Tycho Brahe 
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B5 • 
The Danish astronomer's comments about my work were even more severe to my colleague and 

former teacher Michael Maestlin; • 

[He reads from another letter on his workbench ) 

" I recently received a scholarly work from the well-known mathematician Johannes Kepler 

of Styria. In this work he undertakes quite skillfully a correlation between planetary 

orbits, as arranged by Copernicus,... 
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narrl 

...and the five regular solids. He has written to me on this very subject and I have responded, as my" 
work has permitted me, my opinions on his theories. 

•'If we must be forced down the path of a priori logic by means of these regular solids, instead of an 
a posteriori approach based on knowledge obtained by actual observation, then we shall have to wait in 
vain for improvements in astronomy... ~~~~ 
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...Wo cannot depend on the solids and their proportions because 

they p,ive us only general relationships. One cannot conclude any 

specific details from them with any accuracy. This fact I rest 

assured YOU are aware of." 

(fie slowly returns to his workbench, 

sits down, and carefully resurr.es some 

more calculations- ] 

(Lg. Tam-tam) 

Bowed Cro tales 
IBass Drum) 

(p) Bowed Crorales 

~7mp) 



157 

narr | 

J = 120 Ii15l 

tape 

fRuH r m+nlae) 

2. 

perc. 

3 
Bwd Croraissf 

(dtv) 

via71 m 
Imp) 

1=120 115 

dim poco a poco. • PP PPP-



158 

narri 

m 

tape I 
Wmrn 

(divl 

vin l\ 
(dim I PPPP 



159 

narr\ 

tape 



160 

nam 

tape 



161 

narr\ 

m 

tape 



162 

nan*.( 

tape 

% M s m m 

11 



163 

narr\ 

053 

tape 



164 

narr.\ 

rape 

'̂•'i 11|ijJT7~31 jIJJT^^ 

1''»LilJ Ll_u 'LLIJ LUJ 'LLU !_LLI | r m " M | l L r ? 



narr.l 

06O| 

165 

tape 



166 

Eg 

tape 



167 

narr | 

ra 

tape 



168 

narr.\ 

m 

tape 



169 

narr. I 

tape 



170 

narn\ 

rf dim. poco a puco 



171 

ncirr. I [He glances up at the audience with a near look of defeat in his eyes. He 
carefully sets aside his calculations and announces in a deliberate, solemn 
manner:] 

tape mf sempre 
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nctrt:[ 
4: ^ 
I graciously accepted Tycho Brahe's offer and journeyed to Prague in early 1600, working closely 
(though hostilely at times) with him until his. death in 1601, This was perhaps one of the most 
fruitful years in my planetary studies, though ray observations of Mars and utSu>r planets con-
tinued several years after Tycho's death... 

fape\ 
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narr.\ ...I formulated three additional theories concerning planetary orbits in publications of 1609 and 1619' 
but it is with great reluctance that I inform you that all three theories (or laws, if you wish) held ' 
true for planets they say were discovered long after my death in 1630 j Uranus in 1781.., 
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"" Neptune in 1.846, Pluto in 1930. But even if only Uranus had been discovered 

ring my lifetime it would have immediately disproved my theory ot the sol ids 
X would have run out of solids trying to justify its existence! 
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...of Mysterium Cosmoftraphicum in 1621, still convinced of the relationship "of the number of the solids" 
to the planets. But ironically it was my three laws of planetary motion that far outlived my a priori 
methodology, and the three laws became the building blocks on which others formulated their theories on 
^astronomy:... — 

nam 

tape | 

2 E _ 3 2 1 r?Q" 



176 

nam "7771659...Christian Huygensand his work on the rings of Saturn...1666...Sir Isaac Newton borrowed one of 

m y laws to formulate his theories on universal gravitation and inertia, though he begrudgingly admitted 

it some twenty years after his discoveries,«. 1-707,. .-Edmund lialley and his:e,. . ^ 
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narr.\ •'• c a l c u l a t i o n s o n a c o m e t th*t returned at 76 year intervals...1781... the discovery ofUranus by Sir ' 
William Herschel...1783 John Mitchell and the concept of Black Holes... 1846.... the first sightinp of 
Neptune by Johann Galle... 5 
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,.,1877...Giovanni Sciaparelli and the announcement of "canal1" on Mars...tlie continuation of his work 
by Pcrcival Lowell in 1892... 1905... Albert Einstein and the theory of relativity. narr. 
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5 Narration continues in a louder manner, 
but the orchestra should not reduce dy-
namic level at this point It is expected 
that some monologue will be covered, 
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...1915...Harlow Shapley and the technique of measuring the distances to the global clusters in the 
Milky Way...1930...Percival Lowell and the discovery of the planet Pluto...Sputnik satellites in the 

^late 1950's... 
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... Mercury spacecraft...Gemini...Apollo spacecraft...Apollo 11...the first men landing on the moon. 

Soviet Venera.. .Soviet Mats spacecraft*** : . : -
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Viking mission to Mars...Voyager I...Voyager II. 
Magellan. 

[He looks down at his workbench and 
continues with his calculations] 

3'10" 3'15" •20" 

I 2 3 4 I 2 3 4 ^ 2 3 4 ^ 2 3 4 1^ 2 3 4 

(Bowed Lg Sus Cymb.} 
1 

perc. 
2 % 

knfkBowed Crofales} 

(mf) 



182 

I 
ft 
II 

% 
(mf) 

m 

i 
ci. 
u 

narr.i 

tape1 

[fie carefully stops his calculations, 

looks up, and states for the last times] 
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The Earth is the circle,..which is 
the measure of all... 

j221 

1 2 3 A 

(Med. Sus. Cymb. (roiled}) 

fHe looks down but does not 
continue his work] 
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[ S t a g e c o m p l e t e l y b l a c k ] 

[ S p o t on K e p l e r s l o w l y 
f a d e s t o n o t h i n g ] -
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