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     Astronomy is probably the most ancient of all the sciences, the celestial vault having attracted man’s attention from very early on as much by its sumptuous beauty as by its mystery. From the moment when our distant ancestors were intellectually sufficiently evolved to be able to notice the regularity of celestial phenomena, they found in this a source of comfort. Every day, the sun rose and set, the phases of the moon came in succession, and the same stars reappeared periodically. The persistence of these movements is at the origin of the laws on which were based those civilizations that followed the rhythm of the sky. Archeological research has shown that these rules varied little from one civilization to another, the perfection of the movement of the cosmos being indistinguishable from the notions of order and harmony. Way back in the mists of time, the Egyptian goddess Maat symbolized this order of the physical universe which mankind imitated. In Homer’s time (between 800 and 900 BC), the word cosmos (or kosmos) meant order and appearance, thus the word “cosmetic”.

     We have to wait until the 6th century BC for these first theories about observation to develop by associating celestial mechanics with music. By comparison with older civilizations, this period marks a stunning intellectual evolution. We can see the rapid emerging of new ideas which didn’t only rely on observation. The Ionian school profited largely from the cultural heritage of the Babylonians. Thales of Milet (624-548 BC) knew about the “saros”, the astronomical cycle which told when solar eclipses were to happen. Following on from him, the Ionians looked progressively at isolating natural phenomena in order to interpret them. For example, they noticed the tidal movement of the sea; they also knew the phases and movement of the moon. Was there a link between these phenomena ? On the other hand, they tried to explain sonar phenomena such as resonance, echo, or the sounds produced by musical instruments such as flutes, strings and percussion. Did they believe the world was ruled by a unitary theory? From his research came the idea of the Harmony of the Spheres.

     Following Thales, the Ionian school lasted nearly a century and a half. His disciples, Anaximander (610-543 ?BC), Anaximenes (550-480 ? BC), Diogenes of Apollonia (c 500 BC), Anaxagoras (498-428 BC) and Archelaus (c 450 BC) took and developed the whole of the knowledge that had come from different Mediterranean civilizations so as to give a detailed description of the earth and the heavens. All these philosophers were profoundly affected by the beauty and harmony of the physical world.

     While the Ionian school petered out on the coast of Asia Minor, another school of science burst forth in meridional Italy and became the most important of all. Its founder, Pythagoras (532-497? BC), was probably the first person to associate strictly music and astronomy. He used the word “cosmos” to describe a universe at once ordered and harmonious. Moreover, the Pythagoreans were the first to put forward the hypothesis of the earth’s roundness by considering “geometric beauty”. They thought that the terrestrial sphere was immovable at the centre of the universe. They know, from looking at eclipses of the sun, for which  they were able to give a reasoned explanation, that the moon was nearer than the sun to us in the following order:


     Around the earth were 3 other elements: water, air and fire. The fascination that numerical relationships in musical harmonies had on Pythagoras led him to try and explain the cosmos, which he considered to be a gigantic harmonic instrument of divine origin, in this way. His interest in music led him to define the scale which bears his name following 2 principles: first, there are only 7 intervals between the notes of a scale and second, the sum of these intervals is equal to 6 tones.

     According to Pythagoras, all the planets moved around the earth at constant speeds following orbits which obeyed the same numerical relationships as the scale, and giving off a sound:

	Saturn
	Jupiter
	Mars
	Sun
	Mercury
	Venus
	Moon

	B
	C
	D
	E
	F
	G
	A


     An eighth incomparable sound blended with this celestial concert as a result of the revolution of the whole sky. These musical intervals were calculated on the basis of the distance of the Earth from the Moon, the value of which was 1 tone = 126,000 stades (1 stade = 202 yards). The analogy that seemed to exist between musical intervals and the spacing of the planets therefore represented for Pythagoras the secret of the world. One can get a pretty good idea of this ancient music by listening to one of the 15 fragments of Greek music that has come down to us such as the Hymn to the Sun by Mesomeros of Crete (117-138).

     One of the Pythagorean disciples, Philolaos of Croton (c 400) opened the way to heliocentric systems alongside the geocentric. Given that the world was ruled by numbers since there were as many musical intervals as there were planets in the sky, Philolaos placed these in order of their musical relationships. The Sun played a major role as it was the heart of the world, the source of new-born souls which govern all the celestial bodies. He was called Apollo, the Chief of the Muses, whose music constituted the harmony of the spheres. The 7 planets were likened to the 7 strings of the lyre. Philolaos fixed the value of a tone as equal to the distance of the Earth from the Moon and obtained the following order:

	Earth
	Moon
	Mercury
	Venus
	Sun
	Mars
	Jupiter
	Saturn
	Fixed Stars


     As the conception of the Universe evolved, so music continued to evolve.  Thanks to musical instrument manufacture, stringed instruments such as the lyre, which were the most common in use, were improved. Since Hermes’ lyre with its 4 strings, the beginning of the 6th century saw Terpander of Lesbos’s (c 600 BC) lyre with its 7 strings corresponding to Pythagorean theory. Instrumental evolution saw the addition of an 8th string, this being attributed to the zodiac. This increase in the number of strings enriched the sound of these instruments and allowed music to evolve. With the Earth itself being taken into account, a ninth string was added.  However, there was a problem: to be able to make these sounds, the Earth would have to be in motion. So it was that the first non-anthropocentric model came into being, Philolaos’s model, in which the Earth no longer occupied the centre of the world  but turned in one day around a central fire around which in its turn moved an anti-Earth, an unknown planet called Antichthone which was hidden from us, as was the central fire, since we lived on the face of the Earth which was constantly turned outwards.

     Philolaos’s ideas displeased Plato. He had presented his views on astronomy in Timeos in which he taught that the world, with its regular order, had started to exist by God’s will, an infinitely good being. The spherical form is the most perfect and all the matter in the Universe is contained in it; this unique sphere is the world, or heaven, with which time was born.  The planets were placed in order following 2 geometric progressions which formed an arithmetic musical scale of 4 octaves and a major 6th:

	Moon
	Sun
	Phosporus (Venus)
	Hermes (Mercury)
	Mars
	Jupiter
	Saturn


     Plutarch threw some more light on the harmonic knowledge of Plato in his De Musica, Chapter 22. In it, we find the main thrust of Plato’s arguments in the tale of Pamphylios Er, son of Armenios, right at the end of The Republic (book X, 614-621). It is the story of a soldier who was thought to be dead for 12 days and who woke up at the last moment just as his body was about to be cremated. As his soul had had the time to travel among the dead, the gods decided that he should serve as a messenger and return to tell mankind what the afterlife was like and how a virtuous life would be recompensed. At the last stage of his ascent in the company of the spirits, Er saw the Cosmos from on high, the links of heaven and the skies of the planets in succession as nested cylinders which turned majestically. On the side of each cylinder were sirens which sang giving 8 notes in all, and their music made a marvellous harmony. This tale can be considered as the first true evocation of the harmony of the spheres. It also showed the order and distance of the planets. A century later in Alexandria, Alexander of Etolia (c 323 BC) gave a technical description of the musical order of the cosmos.

     The harmony of the spheres cannot however take all the credit for the cosmic order. There were many who refuted it and who refused to promote it as a universal rule. Pythagoras had his detractors who had moreover an arsenal of perfectly provable counter-arguments. Among them was Aristotle (On Heaven, II, 9) who affirmed that the Universe was in the form of a sphere outside of which there was nothing. In this immense space which encompassed us on all sides, the stars were separated from one another by distances which were beyond our imagination. The eye was incapable of discerning these different distances and made no distinction between all the stars which, seen from the Earth, seemed to be distributed one beside the other in the heavenly vault. The world of the stars belonged to a very different horizon from the planets, and to the 8 concentric spheres of which the Earth represented the immovable centre was added ninth sphere called the fixed sphere which was reserved for the stars. This vision of the world had a great success and came down through antiquity and the Middle Ages without being much modified.

     At the end of the 3rd century before our time, astronomical science went down a new route. It used examples of geometric representations of celestial movements that had been studied in depth. New principles allowed the building of more precise instruments of observation. This progress slowly influenced a Roman science still very much in its infancy. We have to wait for Cicero (106-43 BC) who gives a description of the astronomical system then prevalent in a very clear expose in De Natura, book 2, chapters 40-41.

     The Pythagorean vision, which prevailed in Rome in the last century before our era, allowed the music of the spheres to have great acceptance once again. Cicero takes up the theme in the Dream of Scipio (Somnium Scipionis) which was immensely popular throughout the Middle Ages and which eventually became one of the sources of inspiration for a Mozart opera. Here is the gist: the young soldier Scipio was the adopted grandson of the great Scipio Africanus who had beaten the Carthaginians in 202 BC. We are now in 149 BC and the younger Scipio has returned to Africa to fight the incorrigible Carthaginians. Before the battle, he pays a visit to an old friend of the family, Massinissa, a Berber allied to Rome against Carthage, and they talk about the glory of Rome. Afterwards, Scipio goes to sleep and dreams that he is in the Milky Way. He sees his father Paulus-Emilius and his grandfather, who tell him that such a journey is reserved for the souls of virtuous citizens only. Scipio junior is overwhelmed by the beauty and brilliance of the stars and the world, while his grandfather tells him about the layout of the heavens. This story is told in the Republic, Book VI, XVIII.

     During the 2nd century of our era, astronomy developed in Alexandria through the work of Claudius Ptolemeus (100 – 170) whose model, built on the immovability of the Earth at the centre of the Universe around which turned the planets and the stars, continued through the centuries until called into question by Copernicus by his heliocentric system. Besides his celebrated work, Almagest, Ptolemy drew up his dissertation on the Harmonies, in which the different musical theories were scrupulously analysed and compared with the harmony of the spheres along Pythagorean lines.

     We are now going to jump 15 centuries during which astronomy languished without achieving much progress. In the musical world, there had been a much clearer evolution which had begun with the codification of music into different modes, and the passage to polyphony. At the beginning of our era, the attempts of the astronomers of old to explain the world were neither unskilful nor sterile. They were based on an ensemble of hypotheses of which those relating to geometric epicycles, on which Copernicus would base his heliocentric theory, or even that of the harmony of the spheres which inspired Kepler to work out his celestial mechanics, are still in use today.

     Towards the end of the first century of our era, Nicomacus of Gerasia was very well known both in the world of mathematics and acoustics. His Arithmetica is the first work of its kind to have come down to us. In his Manual of Harmony, he studied the main questions about acoustics. The physical properties of a vibrating string are carefully analysed and serve as a standard as well for acoustics to determine the relationship of distances between the planets. He recalled that the names of the sounds are borrowed from the 7 stars that traverse the sky and revolve around the Earth and explained in details the music of the spheres:

	PLANET
	Moon
	Venus
	Mercury
	Sun
	Mars
	Jupiter
	Saturn

	STRING
	Neta
	Paraneta
	Trita
	Mesa
	Hypermesa
	Parhypata
	Hypata

	SOUNDWAVE
	Tone
	Tone
	Semi-tone
	Tone
	Tone
	Semi-tone
	-

	NOTE
	A
	G
	F
	E
	D
	C
	B


     Gradually, as the understanding of the Universe got better, so did music. Thanks to research done into the manufacture of musical instruments, we can follow the progress of stringed instruments such as the lyre which were the most used. The Greek musicographer, Alypius, used in the 4th century a cithara keyboard with 18 strings to establish a system of celestial bodies of extreme complexity based on Greek modes. A contemporary of Alypius, Macrobius, to whom we owe the translation of Cicero’s  Dream of Scipio (Commentarius in somnium Scipionis) lived under Honorius around 395 AD. He saw that the music of the spheres wasn’t perceptible, but stated that the furthest planets made higher pitched sounds because of their greater speed. Conversely, the Moon made the lowest sound while Mercury and Venus made only one and the same sound as they both had identical speed; the harmonic system of the planets stretched over four and a half octaves.

     Censorinus was a Roman astrologer who lived under Alexander Severus and his successors. In 238, he published a work De Die Natali. In chapter 13 on questions concerning the sky, stars and celestial measurement, he gave the following values for astronomical distances calculated in the form of musical tones:

From the Earth to the Moon…….one tone

From the Moon to Mercury……..one semi-tone

From Mercury to Venus…………one semi-tone

From Venus to the Sun…… one and a half tones

From the Sun to Mars………one tone

From Mars to Jupiter……….one semi-tone

From Jupiter to Saturn……..one semi-tone

From Saturn to the Fixed Stars…. one semi-tone

     From the Earth to the Sun was three and a half tones, or a fifth, while from the Sun to the Fixed Stars was only two and a half tones, or a quarter. However, there are 6 tones, or an octave to go from the Earth to the stars. In this Banquet of the Wise, Atheneus of Naukratis (2-3rd century) took up the Pythagorean concept of the harmony of the spheres. Clement of Alexandria (died somewhere between 211 and 218) was one of the Fathers of the Church who put forward the justification of universal harmony as an indispensable element of the Book of Genesis in his Sermons to the Greeks.

     The neoplatonic movement marked a real break with the essential meaning of the ancient philosophy. One of the most famous neoplatonic members, Plotinus, born in 203 in Lycopolis in Egypt and who died in 270 in Campania, wrote 54 books which were grouped together as 6 Enneads and published by his disciple Porphyros of Tyre (232-304). Plotinus briefly called to mind in the Enneads (IV,3,12) the passage in Plato’s Republic regarding the harmony of the spheres and its importance in the recurrent order and perfection. Another great neoplatonic was Proclus who also wrote a Commentary on the Republic about the passage in which Plato talks about the harmony of the spheres. Boetius (480-524) was without doubt the most famous member of this school. In the 5 books which comprise De Institutione Musicae, he took up Nicomacus’ writings which he completed with the works of Euclid and Ptolemy. Boetius divided music into 3 classes: so-called instrumental music, human (i.e. vocal) music, which also comprised dance and eroticism/physical beauty, and thirdly the music of the worlds, celestial harmony, or still more the wonders of the heavenly machine. He used Pythagoras’s ideas, attributing this time the note Re to the Moon instead of the initial A, to Mercury C (instead of F), etc which gave the following descending scale:

	Moon
	Mercury
	Venus
	Earth
	Mars
	Jupiter
	Saturn

	D
	C
	B
	A
	G
	F
	E


     There can be found in the books of Martianus Capella (born in 470) a lot of information on celestial mechanics and the harmony of the heavens. These represent an important link between Plato and Copernicus by its attention to detail, in spite of errors and archaicisms. Gregory of Tours (538-594) witnessed the intensive use of Capella’s writings in the schools and saw in the music of the  spheres one of the manifestations of divine wisdom.

     In the Middle Ages, the harmonic picture of antiquity changed considerably. The 9 strings of the celestial lyre increased to 15 to explain that beyond the planets were the Sky, Strength, Powers, Principalities, Dominations, Thrones, Cherubim and other Seraphim, ending at God himself. At the other extreme was the Earth which, being motionless at the centre of the world could not take part in the general harmony and kept silencium. Hildegarde von Bingen (1098-1179) was without doubt the most famous woman of her time. In her Divine Harmonies, an extract from Scivias (a.k.a. the way of the Lord), a book of visions written between 1141 and 1151, she described music as the surest way of understanding the cosmos and knowledge of God’s plans for finally entering the happiness of paradise.

     Throughout the Middle Ages, from Boetius, to Hucbald (840-930), Guy d’Arezzo (990?-1050), Jean de Murs (the Quadripartitum Numerum , 1319), Philippe de Vitry (1290-1361, composer, poet and Bishop of Meaux in 1351), the study of musical harmony was an integral part of mathematics and astronomy. Between 1320 and 1325, Jean de Murs and Philippe de Vitry worked on a new musical technique, L’Ars Nova, which was based on the division of binary or tertiary values and which they applied successfully to planetary movements in spite of numerous epicycles.

     The first philosopher to make an association between polyphony and the cosmos was the Irishman, John Scotus Erigenus. His work, De Divisione Naturae (c 876) gave a technical description of organum. Erigenus claimed that polyphony gave an account of the beauty of the Universe in an incomparable manner. Musical harmony was the reflection of the cosmic harmony of the music of the spheres, the Musica Mundana. The 12th century hymn, Naturalis concordia vocum cum planetis is the oldest known musical work inspired by the harmony of the spheres. We don’t know the name of the composer; the manuscript which is in the Bibliotheque Nationale uses a 2 octave planetary scale, the first consecrated to the stars and the second to the happy beings (cherubim, seraphim, etc). The scale that was used differs from Boetius’s:

	Heaven
	Saturn
	Jupiter
	Mars
	Sun
	Venus
	Mercury
	Moon
	Earth

	A
	G
	F
	E
	D
	C
	B
	A
	Silencium


     Celestial harmony is one of the main themes running through Paradiso, the 3rd book of the Divine Comedy by Dante Alighieri (1265-1321). In Paradiso, Dante, distraught by the death of his beloved Beatrice, wanted to show her triumphant in eternal happiness. To get there, the poet undertakes like Er (Plato) and Scipio junior (Cicero), a voyage of discovery around the nine spheres of the heavens, which are driven by the angels, in order to reach the firmament. There he comes across in order, the sky of the moon, and those of Mercury, Venus, the sun, Mars, Jupiter, Saturn, the Fixed stars, and finally the primer mover (or crystalline heaven) which governs all the others. This in turn moves in a tenth immobile sky of pure light, the resting place of the gods and the elect, inundated with light and heavenly music.

     The fundamental key of the mediaeval cosmic order can only be found in perfect harmony which at once ensures the coherence and the beauty of nature. Without it, music can’t exist because harmony is the essence of organized sound. Armed with this evidence, the intellectuals from the Middle Ages to the Renaissance tried to associate as strictly as possible the cosmos and music in order to show their perfect symbiosis and to proclaim the “supreme order” made by the Creator. Gauthier of Metz wrote around 1245 the first encyclopedia in French “L’Image du Monde” (the Picture of the World). Composed in verse, it presented itself as a biblically inspired cosmography in which the author mixes learnedly the themes of unity and musical harmony with the system of the worlds. Roger Bacon (1214-1294) was probably one of the most brilliant minds of his time. He was not happy with the Ptolemaic system and showed up all its weaknesses, while associating it with the movement of the stars following the principles put forward by the musici, the musical theorists of the Middle Ages.

     During the Renaissance, the ideal equilibrium between harmony and physics became untenable mainly because of the number of spheres and epicycles necessary to explain the planetary movements. The old theory of Philolaos, which had the Earth as a sonorous and moving star, came back into fashion and was taken up by in 1543 by Copernicus in his work De revolutionibus orbium coelestium. It evoked the harmony of the spheres in chapter 10 of the first book to justify his proposition and concluded that the Earth and the planets turned around some point in space, probably distinct from the sun. We have to wait for Kepler’s works for the heliocentric model to triumph definitively.

     The most striking thing about the Copernican revolution is the loss of our anthropocentricism; the Earth is but a planet in revolution, be it around the sun or some other distinct point. In Italy, Leonardo da Vinci (1452-1519) devoted a chapter of his work in order to know if “the friction of the heavens makes a sound or not” and putting forward some arguments to refute the music of the spheres. Pierre de Ronsard (1524-1585) from his side evokes the “celestial harmony of the heavens”, giving this phrase a double meaning, in his first book of Hymns, Du Ciel, 1555. This was also one of the preoccupations of Doctor Faustus in the tragedy written in 1588 by Christopher Marlowe (1564-1593). William Shakespeare (1564-1616) has Lorenzo explain while talking to Jessica why mortals do not hear the supreme harmony (Merchant of Venice, Act 1, scene 5).

     The period that we have just been through, from the first to the end of the sixteenth centuries, cannot be said to have given rise to any earth-shattering ideas. The Copernican edifice, although solidly built, was still not generally admitted, but for all that was fiercely attacked. Progress in astronomy went hand in hand with progress in music and it was difficult to extract oneself from a tradition lost in the mists of time. With Galileo and Kepler, the mediaeval concepts of the world and of harmony were going to be radically transformed in favour of a totally new concept.

     Johannes Kepler (1571-1630) was one of the outstanding figures in astronomy in the seventeenth century. His considerable work both in astronomy as well as in musical theory deserves particular attention. He taught the Copernican system at Graz in Austria and on 19th July 1595, while giving a course in geometry, he wrote that he had had the “revelation” of the geometric system of the world. He discovered that he could associate the planets with regular polyhedrons (solids formed with a certain number of faces and which themselves form equal polyhedrons, the classic examples being the cube, the tetrahedron or pyramid formed by four equilateral triangles, the octohedron (eight equilateral triangles), the dodecahedron (twelve pentagons) and the icosahedron (twenty equilateral triangles)). The number of polyhedrons being equal to the number of intervals between the different planets, Kepler placed successively each of the polyhedrons between their orbits – the octahedron between Mercury and Venus, the icosahedron between Venus and the Earth, the dodecahedron between the Earth and Mars, the tetrahedron between Mars and Jupiter and finally the cube between Jupiter and Saturn, and moreover, for Kepler, it worked (give or take a bit). Delighted with his discovery, the first steps towards a universal geometric order, the astronomer published his results in 1596 in his Mysterium Cosmographicum. His work started to become know in Europe but Kepler wanted to perfect it under the guise of a unified model by associating geometry and music through musical intervals, thirds, fourths, fifths etc to the diameters of orbits. According to Kepler, the angular speed of each planet in its movement around the sun, measured in seconds of a degree by day, gave the number of vibrations of each tone. He thus arrived in this way in obtaining the fundamental melody of each of the planets. Saturn, the furthest planet, travelled through its aphelion by 106” of an arc daily which corresponded to the bass G in the scale of F. For Jupiter, Kepler attributed the same starting note as for Saturn but only by changing the position of the key of F. Mars started on the F of the key of F, Earth on the G of the key of G, Venus on the E sharp of the key of G and Mercury on the C sharp of the same key. For the melodic lines linked to the ratio of the speeds of each planet between its aphelion and perihelion, Kepler confined sound within very precise limits.

 For Earth, it was a diatonic semitone G, A flat, G which he transposed to mi, fa, mi (E, F, E) or in other words: miseria, famina, miseria, famina repeated indefinitely. Mercury’s song is in the soprano consisting of an octave to which was added a minor third (C, C, E), Venus was rightly a contralto who repeated the same note (E, E, E) for the very reason of her orbital non-eccentricity. Continuing away from the sun, Mars was a light tenor singing a fifth (F, G, A, B, C) and Jupiter and Saturn were two deep basses whose melodic lines were respectively a minor third (G, A, B flat) and a major third (G, A, B). The book Harmonices Mundi containing the results of his works on harmony was published in 1619. You can extrapolate Kepler’s work and apply it to the planets discovered subsequently. The eccentricity of Uranus is 0.047 which gives a major third starting on bass G in the key of F (G, A, B). Neptune with an eccentricity of 0.010 only varies by a quarter of a tone, starting on the same G as Uranus (G, G ¼ sharp, G) and finally Pluto is the exception with an eccentricity of 0.248 and an orbit that regularly crosses that of Neptune. The melodic line is made up of an octave and a quarter starting on bass E in the key of F (E…E, F, G, A). In summary, the Harmonices Mundi established that the laws of music are present throughout nature, that harmonies are the result of the reality of these laws and man’s capacity to hear them, and finally that they work implicitly to serve the work of the Creator.

     Some years after Kepler’s publication, Galileo (1564-1642) became interested in trying to establish a link between his astronomical preoccupations and his research into music. His father, Vicenzo Galilei (1520–1591) was one of the most eminent members of the Florentine school of music, both Frescobaldi and Vivaldi being inspired by his compositions. Besides the celebrated astronomer, Vicenzo Galilei had another son, Michelagnolo (1575-1631) whose compositions for lute included in the collection Il Primo Libro d’intavolatura di Lioto show boldness in a style made totally revolutionary by its dissonance and rhythmic freedom. Vicenzo stood out by his wish to create a musical ideal at the heart of the Camerata Florentina, a real academy of learning and poetry which sought the perfection which had come to the ancient Greeks through the marriage of music and poetry, without forgetting the influence of astronomy. Opera in its classical form is moreover a product of this research from Cavalieri to Puccini. Giambattista Marino (1569-1625), known as Cavalieri, edited in 1623 a gigantic poetic document, Adonis, which glorified the arrangement of the cosmos in a vast machine, the work of a demigod, whose order and harmony were identical to those of a clock or an organ.

Organist, lutenist and composer, Vicenzo Galilei’s teacher was Zarlin (Gioseffo Zarlino 1517-1590), a composer and musical theorist, and choirmaster at St Mark’s in Venice. Zarlin was above all known for the elaboration of a tonal scale based on a pure diatonic system and arithmetical proportions. He remained attached to Ptolemy’s planetary system in which the Earth was at the centre. In his Institutioni Harmoniche (1558), he took up the dogma of the harmony of the spheres. In his Dimostrationi Harmonische of 1571, he established relationships between the sound-waves of the planetary scale, which he called monochords, the four elements (earth, air, fire and water) and the nine muses. Zarlin’s work was taken up and completed in 1617 by Robert Fludd in his Ultriusque Cosmi, by Martin Mersenne in 1636 in his Harmonie Universelle and in two major works by Athanasius Kircher (1601-1680), Musurgia Universalis sive Ars Magna consoni et dissoni (1650) in which he described all the styles of music and opera known up to this time and the reproduction of different feelings, and his Itinerarium exstaticum coeleste (1656). These works show the world of great music, the wonderful relationship between the heavens, the four elements, and creation, beginning with the nine muses, with the help of a cosmic organ conceived by God and provided with six registers expressing the harmony of the creation.

     In Ultriusque Cosmi (1617), Robert Fludd described the entire universe as a monochord, a musical instrument with a single string which joined the harmonies of creation with our lowly world. The cosmic string stretched from G, over two octaves of seven notes each, being the world of angels (3 notes), the ether (7 notes) and the elements (4 notes). God’s hand tuned this instrument. In this geocentric model, the first G corresponded to Earth, the second to the sun and the third to Empyreus. The bass octave is the diapason of matter, the high octave that of nature.

     Abraham Bartolus published in 1614 his Musica Mathematica in which he wrote of a relationship between the planetary scales and the letters of the alphabet. The planetary scales of Bartolus, Zarlin, Fludd and Mersenne were as follows:

	Left
	Right
	High
	Low
	Earth
	Moon
	Mercury
	Venus
	Sun
	Mars
	Jupiter
	Saturn

	A
	B
	C
	D
	E
	F
	G
	A
	B
	C
	D
	E

	A
	B flat
	C
	D
	E
	F
	G
	A
	B flat
	C
	D
	E


Bartolus’cosmic scale

	Nete 
	Moon
	Mercury
	Venus
	Sun
	Mars
	Jupiter
	Saturn

	C
	B
	A
	G
	F
	E
	D
	C


Zarlin’s cosmic scale

	Earth
	Air
	Fire
	Water
	Moon
	Mercury
	Venus
	Sun
	Mars
	Jupiter
	Saturn
	Fixed

	G
	A
	B flat
	C
	D
	E
	F
	G
	A
	B Flat
	C
	D


Fludd and Mersenne’s cosmic scale

     As regards acoustical sounds, Zarlin also had the young Galileo as a pupil. This latter returned to the sources of Pythagoras and published in 1636 his Dialogue concernant deux nouvelles sciences, and established a link between musical intervals and the number of vibrations per second. He greatly benefited from his father’s experience having noticed over a number of years how the length of an organ pipe determined the pitch of the sound.

     At the same time as he was carrying out his experiments on pipes and stringed instruments, Galileo observed the planets with the help of a telescope, the optical properties of which had been discovered some years previously in Holland. Victim of the obscurantism of unreasoned dogma, Galileo would only admit to his research being categorized as hypotheses. As for Giordano Bruno, who had dared to imagine other forms of life in the universe, his story came to a tragic end on the Inquisition’s stake. Galileo did announce however a “telescopic” universe made up of infinite space as well as a heliocentric system in which the Earth is only one planet among many. Many came to visit this illustrious astronomer, among them the poet John Milton (1608-1674) in 1638. He evoked moreover the harmony of the spheres in his Arcadia. Among the dramatists and poets of Jacobean England, John Dryden (1613-1700) also associated musical and celestial harmonies. At the same time, Claudio Monterverdi (1567-1643) put to music the light of the stars in a madrigal in his seventh book, Al lume de stelle. 

     In the Netherlands, Christian Huygens (1629-1695) perfected the astronomical telescope and managed to determine the nature of the rings of Saturn as well as discovering Titan. He was very active in many branches of science: astronomy, geometry, infinitesimal calculus, optics as well as music. In 1691, he defined in his Letter concerning the harmonic cycle a system which divided the octave into 31 equals tones, each of them called sharp. This system was a compromise between Zarlin’s scale and Pythagoras’s in which the different major and minor relationships were included. He composed several pieces based on this pseudo-tempered scale which had some success in his home country.

     In France, Marin Mersenne (1588-1648) translated Galileo’s books and continued his work on the vibrations of strings. He published his Traite d’harmonie universelle in 1627, then his l’Harmonie Universelle in 1636 which was a real compendium of all knowledge accumulated to that date in acoustic and musical matters. Besides his interest in mathematics, Mersenne was a keen astronomer and included in the Harmonie Universelle designs for telescopes side by side with his musicological analyses, thus bringing up to date the question of the harmony of the spheres. The quest for equilibrium through the harmony of the worlds following the principles of musical harmony reached one of its summits here.

     The end of the XVIIth century opened the astronomical field of geometry and functional mechanics by a resurgence in the questions posed by the unfortunate Giordano Bruno. Was the universe a skilful grouping of spheres and stars in the context of immutability and eternity (apart from occurrences of a killjoy type, such as comets), or could one imagine, like Parnassus, gods, heroes, nymphs as well as the indispensable shepherds and shepherdesses of the ballets for the court produced by Lully, Corneille, Moliere and Quinault in some far off inhabited worlds? If the “mediaeval” concept of the universe in which the Earth was the unmoving and silent centre, became progressively blurred, musicians started gradually to leave the spiritual domain and put their talents at the service of the secular feasts of the princely courts. The harmony of the spheres became a little mixed up with the astrological vision of planets influencing destiny.

     The vision of the universe in the 18th century or the “Age of the Enlightenment” is strictly linked to the precious ideas of order and harmony, issues now long gone. We have followed the road of the astronomers since earliest time, looking to understand why the universe is organized and not in chaos, and that of the musicians who tried to explain why there is music and not just noise. We have seen how the temptation was too strong to merge these two theories into one by explaining how the ancients came up with and developed the notion of the harmony of the spheres. To this well-ordered picture of the world however was grafted in the 18th century a metaphysical cosmos in which the link between nature and the divine played a major role. This new metaphysical cosmology saw the light of day in the years 1730-1750. Isaac Newton was one of the principal founders of modern science by the revolution that he introduced into mathematics, mechanics, astronomy and optics. He set out in his Principia (Principles of natural philosophy) published in 1687 the laws of motion and gravity. He was nearly as interested in music as well. In the year 1666, he circulated in Cambridge a brief treatise on musical theory in which he used logarithms to calculate the relationship of sounds in a series of 18 scales from Greek modes and oriental tradition. Moreover, he had managed with the help of a prism to split sunlight, and he associated the 7 notes of the scale with colours that he obtained from the spectrum following a theory which wouldn’t set light to the world of physics but which did inspire a number of musicians.

     Newton’s music of the spheres was thus enriched with a new tripartite framework which unified the 7 planets, the 7 notes and the 7 colours. The new basis given by Newton to the music of the spheres by the association of the movement of the planets by means of gravity, music and the properties of light, was accompanied by a gushing forth of ideas, a real fermentation of ideas, from the young cosmologist. The philosopher and geometrician, Louis Moreau de Maupertuis (1698-1756) was particularly interested in the faint oval discolorations to be found here and there in the celestial vault, notably the well-known galaxy of Andromeda, (Messier 31) which Kant thought were far-off Milky Ways. The real question was to know if these entities were an integral part or not of the harmony of the cosmos. The word “cosmology” itself only appeared in 1731 in the Cosmologia Generalis by Christian Wolff (1679-1754). He endeavoured to approach the questions about the physical nature of the universe while keeping at a maximum distance myth and religion. However, we have to wait for Thomas Wright’s (1711-1786) Theory of the Universe to find the first dynamic interpretation  of our Milky Way. Later, he generalised this idea in glimpsing the idea of a universe comprising several system analogous to the Milky Way. These are the Universal Islands of his New Theory of the Universe published in 1750. These theories are further developed in the Lettres Cosmologiques published in 1761 in Leipzig by Jean Henri Lambert (1728-1777) in which he postulates that the stars are distributed more or less between two close systems and that the sun is in a region close to the centre of an immense stellar system. He suspected that the universe is strewn with Milky Ways similar to our own, using several teleological principles including the fullness, diversity and harmony emanating from tonal scales.

     From this research to the numerous facets on the order and harmony of the world, the new-born cosmology gradually installed itself into a metaphysical and quibbling language that meandered on interminably. The conflict with the ordered mind of the encyclopediast soon came about. The conjectures of Maupertuis, Wright and Lambert were taken up by Emmanuel Kant (1724-1804) who published in 1755 in his Theory of the Heavens a more complete explanation, viz. the Milky Way is made up of a “systematic disposition of stars around a fundamental plan”, and he invented the generic term “world of worlds”. Kant’s metaphysics lay particular stress on the relationship between its principles and the knowledge that man should have of them. His cosmology shows a kind of excitement in resolving the apparent complexity of the world following one order, simple harmony, similar to musical harmony.

     All these researches, digressions and speculations sowing the foundations of cosmology were going towards a consolidation of universal harmony. Kant intervened to put some order into this theoretical mess but left music to one side in spite of Newton’s work in discreetly associating movement, sound and colour in the harmony of the spheres. Bach, Mozart and Haydn turned out to be illustrators of sound. In spite of the contradictions and quarrels that they aroused, cosmological ideas in the 18th century were the extraordinary current fruits of thought which were circulating across Europe and which came together in the princely courts. Frederick II (1712-1786), king of Prussia, inherited this abundance of novel ideas and based his power on reason by refusing to give any religious foundation to his authority. A friend of Voltaire and the philosophers, protector of the arts and sciences, his court was one of the most important cultural and artistic centres, a real temple of learning, and the fruit of the meetings and confrontations of philosophical, scientific and musical ideas. At the heart of this court, astronomers such as Maupertuis and Lambert crossed paths with musicians such as Johann Sebastian Bach and his sons. The General History of Nature and Theory of the Heavens by Kant was dedicated in 1755 to Frederick II, as was Bach’s Musical Offering in 1748.

     Johann Sebastian Bach (1685-1750) was one of the greatest musicians of all time. His compositions are real monuments which call to mind immediately the concepts of architecture and harmony. Most of his immense output sprung from the religious melting pot with the purpose of uplifting the soul and the spirit in order to sing the glory of the Creator who reigned in heaven (Soli Deo Gloria). Besides, he only alluded to the astronomical heavens by using the old theme of Philippi Nicolai (1599) Wie schon leuchtet der Morgenstern (How brightly shines the morning-star). This melody can be found in several of his works, firstly in the 6th cantata of the Christmas Oratorio, then as an organ choral prelude BWV739. It is also the dominant theme in the cantata BWV1 for the Annunciation. We come across the theme again in the cantatas BWV36 (Advent) and BWV172 (Pentecost) as well as in a harmonised version (BWV 436) and two unfinished choral preludes for organ (BWV 763-764). Curiously, Bach never used the theme of a second choral Nur sehet den Stern (Now we see the Star). Bach goes no further than Luther in his “astronomical” observations which hardly seem to have interested him if you take a close look at his work. The paradox however resides in the fact that his work is constantly being cited whenever notions of architecture, waves and harmony are brought up.

     Bach got his inspiration from the well-known masters of the day such as Dietrich Buxtehude (1637-1707) with whom he stayed three months in Lubeck. A native of Denmark, he was very much interested in astronomy having been organist at Elsinore close to the old observatory of Tycho-Brahe. Among this numerous compositions for organ, Buxtehude wrote a Passacaglia comprised of four musical sections in which each includes seven times the theme in the bass which is analogous to the four phases of the moon in its 28 day cycle. Every time that one tries to illustrate the idea of musical architecture, you are always brought back one way or another to Johann Sebastian Bach. His monumental output brings the organisation of formal musical matter to its conclusion by raising it to the level of laws as universal as that of gravity; just like celestial mechanics, each piece shows total rigour in its construction.

     In 1788, a major discovery strengthened the concept of the music of the spheres in the solar system and its consequences allowed the working out of cosmogonic models, the most well-know of which is Laplace’s. In Germany, Johann Elert Bode (1747-1826), the director of the Berlin Observatory, published an empirical law which had considerable success because it at long last showed that mathematical order ruled the world. According to his theory, the distance from the planets to the sun can be expressed as a geometric progression: 

D= 0.4+(0.3*2n)

with “n” having the following successive values: -( for Mercury, 0 for Venus, 1 for Earth, 2 for Mars, etc. The following table shows the relationship between the values inferred by Bode’s Law and the real distances, the distance from the Earth to the sun being taken as 1 (149 million kilometers). The table has been extended to include the three planets discovered after Bode: Uranus, Neptune and Pluto.

	Planet
	“n”
	Bode’s Law
	Real Distance

	Mercury
	-(
	0.4
	0.39

	Venus
	0
	0.7
	0.72

	Earth
	1
	1.0
	1.00

	Mars
	2
	1.6
	1.52

	Asteroids
	3
	2.8
	2.80

	Jupiter
	4
	5.2
	5.20

	Saturn
	5
	10.0
	9.55

	Uranus
	6
	19.6
	19.2

	Neptune
	7
	38.8
	30.1

	Pluto
	8
	77.2
	39.5


     The absence of a planet between Mars and Jupiter corresponding to n=3 encouraged astronomers at the end of the 18th century to study the sky for a new world. In this way, William Herschel discovered Uranus in 1781. In 1801, the Abbe Piazzi discovered Ceres, the largest of the asteroids with a diameter of 350km. Thereafter, a number of smaller object were discovered, among them Pallas (230km in diameter), Juno (110km) Vesta (190 km), etc right down to Icarus (700 metres) and Adonis (150 metres). So, instead of a 10th planet, the solar system had a real belt composed of several thousand asteroids. Bode’s law had a considerable following in the 18th century because it resolved the problem recurring since Pythagoras’ time of the correlation between planetary distances and musical intervals.

     The music of the spheres in the Age of Enlightenment was expressed in contrast to the omnipresent sound of the preceding age as distinctly more at the edge of official science but still relevant to musical and scientific discourse. We find the resurgence of a harmony of the spheres in the Masonic tide in which Wolfgang Amadeus Mozart (1756-1791) was one of the players. Across three of his operas, he developed his harmonic conception of the cosmos: Il sogno di Scipione, which takes up Cicero’s tale, Don Giovanni and the Magic Flute. In the world of science, cosmological theory, stripped of its cumbersome metaphysics, took the form of a natural religion whose principal protagonist was William Herschel.

     William Herschel (1738-1822) was one of the key figures in the dual world of music and astronomy. His work influenced every part of astronomy, Sun, Moon, planets, stellar and intergalactic systems. Greatly benefiting from the unprecedented optical quality of his telescopes, he was the first to try and understand by observation the hundreds of patches of haze seen in the sky which took the form of diffuse blemishes and contrasted with the pin-point appearance of the stars. These observations played a critical role in the then current cosmology of the Age of Enlightenment. He was also a talented musician, playing the oboe, violin and organ. When the young Friedrich Wilhelm emigrated to Great Britain and anglicised his Christian name to William, he benefited from the protection of the Duke of York and became organist and choirmaster at the chapel in Halifax and then Bath in 1766. His musical output was as follows:

18 symphonies for small orchestra (1760-1762)

6 symphonies for large orchestra (1762-1764)

12 concertos for oboe, violin, viola (1759-1764)

2 concertos for organ, 6 sonatas for violin, cello and keyboard (published in 1769)

12 solos for violin and basso continuo (1763)

24 capriccios and one sonata for solo violin

1 andante for 2 basset horns, 2 oboes, 2 horns and 2 bassoons.

His vocal work included a Te Deum, a number of psalms, some motets and antiphons as well as some catches which were profane (as opposed to sacred) concert pieces for several voices. His keyboard pieces were collected in several volumes, to be played on either the organ or the harpsichord:

6 fugues for organ

24 sonatas for organ (10 lost)

33 voluntaries and pieces for organ (incomplete)

24 pieces for organ (incomplete)

12 voluntaries for organ (11 lost)

3 sonatas for harpsichord

25 variations on an ascending scale

2 minuets for harpsichord

     Herschel was a great friend of Johann Christian Bach (the last son of Johann Sebastian) who had settled in London in 1762 as well as with Charles Burney (1726-1814) who, besides his activity as organist, travelled musical Europe and devoted himself to amateur astronomy. Besides a number of incredible observations of the moon, sun, planets and stars, the most impressive work of Herschel’s was to have observed and catalogued a total of 2451 nebulosa, stellar masses, “distant worlds”, diffuse blemishes or what you will. Thanks to this Construction of the Heavens, his fame as an astronomer spread throughout Europe. On his last visit to London in 1792, Joseph Haydn (1732-1809) paid a long visit to Herschel. The celebrated musician relates in his journal the meeting that he had with the astronomer:

On the 15th June, I went from Windsor to Slough to Doctor Herschel’s where I saw the great telescope. It is 40 feet long and 5 wide, the machinery is very complex but so ingenious that one man can easily work it. There are two other telescopes including one  22 feet long which magnifies 6,000 times. The king has had 2 made, each 12 feet long and which cost him 1,000 guineas.

In his youth, Dr Herschel was in the service of the King of Prussia as an oboist during the Seven Years War, deserted along with his brother and arrived in England where he gained his living thanks to music, became organist in Bath and then turned more and more to astronomy. After getting hold of the necessary instruments, he left Bath and rented rooms close to Windsor, studied day and night, and his landlady having been widowed, they fell in love with each other and she married him bringing a dowry of 100,000 florins. Besides, the king paid him for life an annual pension of £500 and in this year of 1792, his wife aged 45 gave birth to a son. 10 years ago he brought his sister over who has helped him enormously in his observations. He sometimes stays five or six hours at a time in the intense cold. 

(Marc Vignal, Joseph Haydn, Fayard 1988)

     Joseph Haydn didn’t fail to immerse himself in the cosmological theories of Lambert and Kant about the origins of the universe. In his oratorio The Creation (Die Schöpfung) composed only five years after Haydn’s celebrated visit to Herschel, the famous passage Es ward Licht (Let there be light) is marked with a double forte following a passage which is entirely pianissimo; Light shone and the Universe began.

     Herschel saw a universe both harmonious and well ordered for the sole purpose of interpreting what he had seen only speculating on the “natural history of the heavens” based on his work. His cosmology excluded accepted propositions and speculations beyond the possibilities of his telescope. Astronomical deductions only existed through his questioning what he had seen in terms of the condensing and fragmentation of matter, William Herschel’s remarkable contribution to cosmology rests on his tenacity in observing which was far from any dogmatic context; he observed in the same way that he played scales on the organ in order to be in harmony with the universe. As Francois Arago (1786-1853) stressed in his Analyse historique et critique de la Vie et des Travaux de Sir William Herschel which appeared in the Bureau des Longitudes Year Book in 1842:

“it was through music that Herschel came to mathematics; mathematics in their turn led him on to optics, the principal and most fruitful source of his fame. The hour came at last when this theoretical knowledge guided the young musician in his practical work, even though this was not his normal habit, and ended in such resounding success the incredible audacity of which gave rise to justified astonishment.”

     The 19th century which was marked by the romantic movement for its first half, completed the radical transformation of the vision of the world into two dominant directions without going in for long cosmological discussions. On the one hand, celestial harmony could be generalised as the ensemble of the objects in the universe, but now not so much as a relationship of harmony as of hierarchy in which each celestial body was part of a structure overlapping in the structure of a higher order. On the other hand, musical language was characterised  by a return to ancient mythology, to celebrate in musical terms the first gods, notably the sun and the moon. However, the traditional harmonic diagram linking the planets to the notes of the scale became completely out of date by the discovery of Uranus by Herschel, then Neptune in 1846 by Urbain Le Verrier (1811-1877) from the calculations derived from the movements observed in Uranus’s orbits. Pluto completed the list of planets in the solar system in 1930.

     Romantic musicians continued to show an interest in the cosmos. The return to the origins of ancient Greece and the exacerbation of romantic sentiment led them to resuscitate the ancient myths of the sun and moon.  These gave rise to nights and nocturnes lit up with romantic passion, for instance the piano music of Frederic Chopin, while there also developed an esoteric, mysterious and somewhat, in its own way, ominous tradition such as the strange work by Carl Orff (1895-1982), Der Mond (the Moon), composed in 1938. The sun itself became a special star. Its almost divine purity turned out to be somewhat marked… and rightly so because of the observations of sun spots on its surface, a discovery made by Pere Scheiner in 1607. The sun effectively rotates every 25.4 days and this rotation thus enriched the harmony of the spheres with a central constituent, non silentium! Its physical properties generate cycles of activity of which the most significant are reproduced every eleven years with a renewal of the sun spots and outgrowths. These great flights of matter into space are perhaps the inspiration of a number of composers from Mesomede of Crete to Louis Vierne (1870-1937), organist of Notre Dame de Paris who included in his 24 Pieces de Fantaisie a Hymne au Soleil as well as a Clair de Lune.

     The 19th century was an extraordinarily fecund period in which musicians and scientists met each other in an exceptionally intellectual melting pot just as had happened in the Age of Light. Aristide Cavaille-Col built organs with the effective support of Le Verrier and collaborated with Foucault; Jules Massenet observed the heavens between two of his compositions and Camille Saint-Saens was a frequent visitor to Paris observatory. Max Reger (1873-1916) used the old morning star hymn Wie schon leuchtet der Morgenstern to compose one of his finest organ works. In Russia, Alexander Borodin (1833-1887) composed music of extreme refinement which was characterised by its clear and scintillating colour. A renowned chemist, he knew how to ally the properties of matter to the harmonies of his symphonies and his string quartets. In England, Gustav Holst (1874-1923) distanced himself from the scientific aspect and instead used a purely astrological view going back to a long-distant tradition. Holst studied astronomy in order to understand the new theory of the space-time continuum that Einstein was developing. However, his tone poem The Planets (1914-16) resumed a relationship with the traditions of the ancients in finding traditional themes for each planet: Mercury, the winged messenger, Venus, the bringer of peace, Mars, the bringer of war, Jupiter, the prince of jollity, Saturn the bringer of old age, Uranus, the magician and Neptune, the mystic. Each of its 7 sections is an independent tone poem which communicates the simple means of dreaming along well-beaten tracks. Just as Bach did in the last counterpoint of the Art of the Fugue, Holst signs his name in Uranus along Germanic notation lines (GuStAv H) – G, E flat, A,B.

     Among the scientists, Joseph Fournier set the mathematical ball rolling with his proof of the relationship between sound and light. This union of art and science would be pursued in the 20th century. Shaken by the innovatory current of relativity beyond the certainties of pure and simple science which set out the exactitude of its laws, astronomy slowly drew back from concepts set in weighty rationalism in order to look for a new expansion in its concerns through contact with artistic forms of expression in general and music in particular. Conversely, the image of a composer drawing his inspiration from an essentially sensitive and emotional environment lost nearly all its relevance vis-à-vis the composer using technologies derived from instrumental and acoustical research to express himself. This bringing together, in which the laboratory is the connecting link, knowingly combined the art of sounds with the properties of light such as Newton had intuitively forecast. The contemporary music of the spheres is no more than the reflection of the deep sense of the universe.

     Scientific progress at the end of the 19th and beginning of the 20th centuries rapidly brought into the full glare the importance of the laws of physics up until then only suspected or scarcely glimpsed such as thermodynamics or the study of oscillatory phenomena. The composite aspects of wave theory favoured the appearance of a contemporary musical language, with the physicist coming to the rescue of the musician. Igor Stravinsky’s (1882-1971) Rite of Spring in which new sounds reverberate, is moreover a contemporary of the beginnings of relativity. Copernicus had postulated the movement of the Earth; the universe was now globally in movement from the moment of the Big Bang about 15 billion years ago. The cosmological model became established as a result of the general theory of relativity of Einstein and his successors, notably Alexander Friedmann (1888-1925)  and Georges Lemaitre (1894-1966), and completed by the observations made with the famous Hubble telescope. Undeniably interested in the harmony of the spheres, Einstein was also a musician. As a violinist, his favourite composers were Bach, Haydn, Schubert and Mozart. (A nice story – Einstein used to play a rather poor violin to Arthur Rubinstein’s piano accompaniment; on one occasion when Einstein got lost, Rubinstein was heard to remark “For heaven’s sake Albert, can’t you count ?!”)

     The new frontiers of astronomy across cosmology, and the new expressions of contemporary music maintain the communal link between science and art. From earliest times up to the present, we find the same desire to understand and transmit this cultural heritage beyond simple mental construction. It is in this state of scientific criticism and musical sensibility that the 20th century continues. The evolution of the language of physics finds an equal in the language of music with often a deliberate desire of the composer to conserve the link with the harmony of the spheres. Arnold Schoenberg started this movement in 1912 with his Pierrot Lunaire and then with his Transfigured Night. Just as Einstein developed his theories to build up his theory of relativity, so Schoenberg developed in 1923 a new musical language, 12 note theory.

     In contemporary music, Karl Heinz Stockhausen (1928-) in Tierkreis, Paul Hindemith (1895-1963) in the Harmony of the World, John Cage (1912-1999) in his Atlas Eclipticalis, all deliberately adapt their musical language in order to transcend their cosmic approach and to set out the perfect link between an astronomical subject and its musical commentary. In the Poem of Ecstacy (1908), Alexander Scriabin (1872-1915) triumphantly asserted the profound unity of cosmos and man. In the 1930’s, Edgar Varese (1883-1965) used the symbolism of the 7 stars of the Apocalypse in his Arcana for large orchestra while Bela Bartok (1881-1945) used the only celestial instrument , the celesta, in his Music for Strings, Percussion and Celesta. Moreover, many composers have used the idea of the heavens in different ways with great success of which the following is only an incomplete list:

· Celestial Country (Charles Ives, 1874-1954)

· Timbre, espace, mouvement (Henri Dutilleux, born in 1916)

· Chants du Soleil (Iannis Xenakis, 1922-2001)

· On Stellar Magnitude (Brian Ferneyhough)

· Treize couleurs du soleil couchant (Tristan Murail, born in 1951)

· Cadran lunaire for guitar (Maurice Ohana, born in 1914)

· Sunrise of the Planetarium Dream Collector (Terry Riley)

· Gemini, Libra and Leo (Roberto Gerhard, 1896-1970)

· Constellation-Miroir (3rd sonata by Pierre Boulez)

· Jupiter, Neptune and Pluto (Phillipe Manoury)

· Constellations  (Per Norgaard, 1958)

· M31 for flute (Reginald Smith-Brindle)

· Tentacles of the Dark Nebula (David Bedford, 1969)

· Sun-Treader (Carl Ruggles, 1876-1971)

· Vernal Equinox (Gardner Read, 1955)

· Los Cuatro Soles (Carlos Chavez, 1899-1978)

· Night of the 4 Moons and Magellanic Clouds (George Crumb, 1971)

· Saturn (Alan Hovhaness, 1911)

· Orion and Pleiades ( Toru Takemitsu, 1930-1996)

· The Internationale of Light (Ernst Opik, 1893-1985)

· Nuit etoilee (Marial Solal, born in 1927)

· Stellar regions (John Coltrane, 1926-1967)

· Architectura Celestis (Manfred Kelkel, 1987)

· Des Canyons aux Etoiles (Olivier Messaien, 1908-1992)

· Siderales, Aldebaran, Ophiuchus ou Lyre d’etoiles (Therese Brenet, 1980)

     George Gamow (1904-1968) was one of the founders of the Big Bang theory. His work on theoretical physics and cosmology resulted in the publication of a famous article in 1948 in which Alpher, Bethe and Gamow put forward the idea that the universe was formed in conditions of extreme temperature and pressure before diluting and cooling down in a vast movement of expansion. Gamow was equally well known for having made the most difficult theories about relativity, quantum mechanics or primordial cosmology readily understandable to the general public. The character he uses in his books is a clerk in a London bank, by name C.G.H.Tompkins. Mr Tompkins undertakes a series of voyages of discovery which allow him to understand the treasures of nature and the universe. At an evening at the opera, an aria based on the well-known Christmas Carol Adeste Fideles is sung which takes up the celebrated theory of the primitive atom of Fr Georges Lemaitre (1894-1966):

O, atome preemorrdiale

All-containing Atome !

Deessolved eento fragments exceedeengly small.

Galaxies Formeeng,

Each wiz primal energy!

O, rradioactif Atome!

O, all-containeeng Atome!

O, Univairrsale Atome-

Worrk of z’Lorrd !

     In contemporary astronomy, the recurrent questions are to do with cosmological order with particular emphasis on the first moments of the universe as well as on the uncertainties of the future. Large terrestrial and space telescopes can only give a narrow window on our cosmic history but can allow us to learn as well the geometry of the universe and its rhythms. Different vibrations, resulting from primary sources of matter such as chords and superchords as well as final predictions about relativity in research into gravity waves, are progressively coming onto the scene in order to interpret a still unfinished symphony of which we can only see certain fragments. Astronomy is undertaking a work similar to that of the musicologist who is reconstituting a piece of music from a figured bass. It is possible to “hear” the battery of pulsars giving out their implacable rhythm, like a choir of all the components of the solar system, stellar recitatives being punctuated with the fortissimo of the supernovae as well as the echos emanating from Big Bang. This underlying harmony comprises the essential reality of physics be it in the immensity of the universe or in the smallness of the microscope.

     However, numerous probing questions have still only received partial responses. One of the major queries concerns the existence of other life forms such as extra-terrestrial civilisations that emanate from the same cosmic and harmonic source. One of the 51 commissions of the International Astronomical Union is entitled: Bioastronomy: Search for Extraterrestrial Life, and since the beginning of the 60’s, different radio-telescopes have been used to send messages towards the nearest stars. Mankind has also wanted to show its desire of making contact with other worlds by putting evidence of our existence on spacecraft that have been sent across the solar system.

     On the 20th August and 5th September 1977, 2 spacecraft called Voyager each containing a videodisc were launched towards other civilisations wherever they may be in space and time. On each disc were included in the most elementary of languages, binary, 118 photographs of our planet, 90 minutes of “Earth noises”, as well as greetings in 60 different languages including that of the whale. The pictures represent our real world: countryside, towns, flora, fauna, insects, different vehicles as well as a violin, a string quarter and a score of music. For the “noise” bit, wind, rain, volcanic eruptions, footsteps, motors, kisses, animal cries, etc, were all recorded along with the organised noises of Bach, Beethoven, Mozart, Chuck Berry and traditional songs from the people of the world. Here is the complete list of these different pieces and their duration:

1. Bach: Brandenburg Concerto No.2 in F, First Movement. Munich Bach Orchestra,  Karl Richter conductor. 4min 40s

2. Java: court gamelan Kinds of Flowers, recorded by Robert Brown. 4min 43s

3. Senegal: percussions, recorded by Charles Duvelle. 2min 8s

4. Zaire: Pygmy girls’ initiation song, recorded by Robert Brown. 0min 56 s

5. Australia: Aborigine songs, Morning Star and Devil Bird recorded by Sandra LeBrun Holmes. 1min 26s

6. Mexico: El Cascabel, by Lorenzo Barcelata and the Mariachi Mexico. 3min 14s

7. Johnny B. Goode, by Chuck Berry. 2min 38s

8. New Guinea: men’s house song, recorded by Robert MacLennan. 1min 20s

9. Japan: shakuhachi, “Cranes in their Nest” performed by Coro Yamaguchi. 4min 51s

10. Bach: Gavotte en rondo, from Partita No.5 in E major performed by Arthur Grumiaux, violin. 2min 55s

11. Wolfang Amadeus Mozart: The Magic Flute, Queen of the Night Aria, Edda Moser soprano. Bavarian State Opera, Munich, Wolfgang Sawalish. 2min 55s

12. USSR: Georgian Chorus “Tchakrulo” collected by Radio Moscow. 2min 18s

13. Peru: panpipes and drums, collected by Casa de la Cultura, Lima. 0min 52s

14. Melancholy Blues, performed by Louis Armstrong and his Hot Seven. 3min 5s

15. USSR: Azerbaijan bagpipes, recorded by Radio Moscow. 2min 30s

16. Igor Stravinsky: Rite of Spring, Sacrifical Dance, Columbia Symphony Orchestra conducted by the composer. 4min 35s

17. Bach: The Well Tempered Clavier, Book 2, Prelud e and Fugue no. 1 in C major, Glenn Gould, piano. 4min 48s

18. Ludwig van Beethoven: Fifth Symphony, first movement, The Philharmonia Orchestra conducted by Otto Klemperer. 7 min 20s

19. Bulgaria: traditional song sung by Valya Balkanska. 4min 59s

20. Navajo Indians: Night Chant, recorded by William Rhodes. 0min 57s

21. Holborne: Paueans, Galliards, Almains and Other Short Aeirs, “The Fairy Round” performed by David Munrow and the Early Music Consort of London. 1 min 17s

22. Solomon Islands: panpipes collectedm by Radio Solomon. 1 min 12s

23. Peru: Wedding Song, recorded by John Cohen. 0min 38s

24. China: ch’in “Flowing Streams” performed by Kuan P’ing-Hu. 7min 37s

25. India: raga Jaat Kahan Ho, sung by Surshi Kesar Bai Kerkar. 3min 30s

26. Dark was the night, performed by Blind Willie Johnson. 3min 15s

27. Ludwig van Beethoven: String Quartet No.13 in B flat, opus 130, Cavatina, by the Budapest String Quartet. 6min 37s

     The choice of musical harmony as ambassador of our planet to hypothetical extraterrestrial civilisations was not arrived at by chance. It translates, with the help of this frail bottle launched in the intergalactic sea, to the will to establish a kind of union, a  true cosmic Esperanto.

     On the 1st January 2000, at 20.30 (Paris time), Voyager 1 and Voyager 2 were respectively 11,409,000,000 and 8,732,000,000 kilometres from the Earth. They were travelling at 162,000 and 144,000 kph. With an energy level of 320 watts, they were staying in radio contact with the Earth, their messages taking respectively 10 hours 34 minutes and 8 hours 6 minutes to reach us. Since they left the confines of the solar system, Voyager 1 is heading towards the constellation of Ophiuchus, whilst Voyager 2 is heading in the direction of Capricorn. In the Little Bear, there is actually a miniscule star, 17 light years away from us, much colder than the sun and probably of the same age. Astronomers call it AC+79.3888. In 40,000 years, because of its own motion within our galaxy, this star will be 3 light years from the sun and less than 1 year from the 2 Voyagers. Theoretical calculations suggest that such a star could be accompanied by planets of the size of Jupiter or Saturn.

     Is there intelligent life on a planet in the system AC+79.3888? Is it sufficiently evolved to receive the message? Whatever our future, this disc is nevertheless a tangible, perhaps eternal, witness of a civilisation that has tried, in time and space, to get into harmony with the Universe through the music of the spheres.

The End

I would like to express my acknowledgements to Gus Orchard for its help in the english translation of this text.
The researchers observe that "the orbital distances of successive planets with similar masses will tend to obey an approximate exponential law, much like the century-long debated and polemical Titius-Bode law in the Solar System."
Earth – Moon- Sun – Venus – Mercury – Mars – Jupiter – Saturn – Fixed Stars
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