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Pythagoras’s Legacy in the Musical World


Harmony lies behind the beauty of all music, and throughout the ages musicians have sought out musical intervals that create harmony.  These intervals govern the development of tuning systems, the composition of music, and the creation of musical instruments.  The idea of particular musical intervals sounding more harmonious than others has existed for thousands of years.   The development of these intervals in ancient Greece has made an especial impact on music and music theory ever since.


In this essay, I will discuss the discoveries made by the mathematicians of ancient Greece regarding music and musical intervals.  Specifically, I will introduce key figures in these discoveries and how the developments influenced music in ancient Greece.  In addition, I will examine the application of musical discoveries in other fields of knowledge.  Finally, I will describe the impact of the ancient Greeks’ innovations on the musical world.  


The foremost figure discussed in association with mathematics in ancient Greece is Pythagoras.  Although not much can be proven about his life, “tradition has it he was born on the island of Samos in about 580 B.C. and traveled and studied widely throughout all the centres of Greek civilization around the Mediterranean,” (Johnston 5).  His discoveries in mathematics have led to theorems that are still very much used today.  Pythagoras is also credited with many discoveries regarding mathematics and music.  Primarily, he is associated with the discovery that musical intervals sound beautiful because they are related by simple integer ratios.  There are several stories telling how Pythagoras discovered this connection between harmony and integer ratios.  The most common tells of Pythagoras hearing hammers banging against an anvil as he walked past a blacksmith late one evening (West).  He heard tones coming from the hammers that were in harmony, and upon further investigation, he found that the weights of the hammers were related by simple integers.  He developed a theory that all beautiful musical intervals were related by integer ratios and tested this theory by “putting equal strings under tension from a similarly graded set of weights.  It has been pointed out ever since the seventeenth century that neither part of this story is in accord with the laws of physics,” (West 234). 


A second story, which is considered more mathematically accurate, describes Pythagoras discovering the musical ratios from the sounds made by urns filled with different fractions of water:


[Pythagoras] filled an urn with water and banged it with a hammer to produce a 
note.  If he removed half the water and banged the urn again, the note had gone up 
an octave.  Each time he removed more water to leave the urn one-third full, then 
one-quarter full, the notes produced would sound to his ear in harmony with the 
first note he’d played.  Any other notes which were created by removing some 
other amount of water sounded in dissonance with that original note.  There was 
some audible beauty associated with these fractions. (Du Sautoy 77)

Although these stories differ slightly, the end result is the same.  Pythagoras discovered that the beautiful musical harmonies that musicians had been using for years were related by simple integer ratios.  In particular, Pythagoras related the integers 1, 2, 3 and 4 to create the intervals of an octave (2:1), a fifth (3:2) and a fourth (4:3), which were the musical intervals considered harmonic at the time (Loy).  These ratios could then be used in many musical applications to systematically and mathematically create the beautiful harmonies that had only been known by sound before.


Nicomachus and Boethius are two additional Greek mathematicians who continued to develop music theory based on Pythagoras’s findings.    Nicomachus wrote the Manuale Harmonices, which develops musical intervals and the connection between music and the planets.  Boethius also follows these ideas in his writings.


Just as the discoveries made by these ancient Greeks has influenced music today, it had a definite application to the music of ancient Greece itself.  The musical intervals for which Pythagoras found integer relationships were extremely important in Greek music.  Ancient Greeks divided intervals into two categories, consonant and dissonant.  The octave, fifth, and fourth were the consonant intervals, and all other intervals were considered dissonant.  Therefore, the mathematics behind these three intervals reached into all aspects of music.  Once Pythagoras discovered that these intervals corresponded to the integers one through four, these four numbers could be related to notes creating tetrachords, which were then used to build scales (West).  


These musical intervals could also be used for tuning the many instruments that were used in ancient Greek music.  The most important instruments for the ancient Greek were the lyre, a stringed instrument, and the auloi, a double reed woodwind instrument.  The lyre was usually a seven or eight stringed instrument with varying base shapes.  The strings of the lyre were arranged by pitch and were excited by plucking and striking.  Damping was also used to change the pitch of a string, thus applying Pythagoras’s ratio discovery to the length of the string.  The auloi also applied the idea of a musical interval relating to a ratio to length.  The auloi had holes in the pipe that could be covered or uncovered to create differing effective pipe lengths and thus, different pitches (West).


The reach of Pythagoras’s discoveries moved beyond the scope of music and into other fields of knowledge such as astronomy.  Pythagoras himself placed great emphasis on four main areas of studies, called the quadrivium:  arithmetic, geometry, astronomy and music.  These four subjects were the basis for a school he established at Crotona, and the connection between music and science is a legacy of this system and the Greek’s ideas.  The initial connection between music and astronomy came directly from Pythagoras’s discovery of musical interval ratios (Johnston).


Astronomy was a very important field of study for the ancient Greeks.  They noticed a group of planets in the sky, which they called ‘wanderers’ because of their movement in the zodiac.  From this movement, the Greeks were able to deduce that the earth rotated inside a sphere of fixed stars and that the other celestial phenomena such as the sun, moon, and other planets also rotated along separate spheres inside the sphere of the stars (Johnston).  The Greeks wondered, however, why these seven bodies rotated in the way they did and why there were not more such bodies.


Their solution came with Pythagoras’s discovery of the relationship between harmonious intervals and integer ratios.  Pythagoras noticed that the movement of the planets inside the sphere of stars related to each other by simple integer ratios just as the musical notes did.  This connection in harmony “made him believe that the whole universe was controlled by music, which is why he coined the expression ‘the music of the spheres,’” (Du Sautoy 77).  The pattern that Pythagoras discovered between the movements of the planets related to the pattern of a musical scale.  He related the separation between the sun and the earth to a perfect fifth.  This connection led to a theory that the planets, sun and moon were located on crystal spheres that made a pure tone as they revolved.  As an explanation for why people on earth do not hear these pure tones, it was determined that since people hear these tones from the very moment they are born, the sounds soon become commonplace and inaudible.  Judging from the distances between the planets, the Greeks noticed that the planets’ speeds were in musical consonances (Johnston).  Thus, the pure tones that the spheres emitted were harmonious and created ‘The Music of the Spheres.’


The original physical representation of the Music of the Spheres simply showed the universe, as the Greeks understood it to be arranged.  The earth was in the center of eight concentric spheres, one for the moon, the sun, each of the planets, and the outermost band of unmoving stars (Meyer-Baer). This model was used to determine the distances and speeds that showed the simple integer ratios needed for harmony between the planets.


Plato created another representation and description of the Music of the Spheres on a more spiritual basis.  He used Pythagorean ideas in the Republic to describe both the cosmos and the journey of souls.  He portrayed Heaven as a huge globe with a band of stars around it.  This band had a spindle through it with seven discs attached.  The discs, whose movement was controlled by the three Fates, each had a siren that sat on the disc and sang one note of the musical scale.  Plato’s description explained that the voices of these sirens “result in harmony, and this harmony is the harmony of the universe,” (Meyer-Baer 12).  


Once the ancient Greeks had determined that there were musical intervals in the movement of the planets, they also assigned musical notes to each of the planets.  The original order and note assignments are estimated to have been:



Kronos

E



Zeus

f



Ares

g



Mercury
a



Venus

b



Sun

c



Moon

d (Meyer-Baer 72)

In this arrangement, the lowest pitch corresponds with the highest, outermost sphere, Kronos.  Both Nicomachus and Boethius used this system and order, although Boethius also used the opposite ordering in some of his writing.  In these orders, the highest pitch corresponds to the highest, outermost sphere.  It was much debated, which end of the scale should be assigned to which layer of the spheres, and theories use both orders.


In later times, Pythagoras’s musical integer ratios continued to be used for tuning and scale creation, and the Music of the Spheres continued to be present in spiritual and musical belief.  Claudius Ptolemy was an astronomer who later analyzed some of the Pythagorean ideas and the music of the spheres.  He described a model of the solar system in which the planets rotated in circles whose centers moved around the crystal spheres from the earlier model of the spheres.   Ptolemy’s book Concerning Harmonics related to Pythagoras’s simple integer ratios and their connection to musical intervals.  Ptolemy, however, saw no reason to declare four as the highest simple integer for musical ratios.  He added the integer five to create the major third (5:4), which had not been considered a harmonious interval by the ancient Greeks.  Ptolemy’s addition of another integer continued the Pythagorean idea that arithmetic and musical harmony are connected, but his work also showed that the connection was not as simple as Pythagoras had portrayed it.  Ptolemy created a completely new scale by using the same logic that Pythagoras.  This also formed the idea that there were many more such scales to be designed (Johnston).


Many people clung to the old ideas of the three consonant intervals remaining the only pure and beautiful intervals.  In fact, “as late as 1324, Pope John XXII from his palace at Avignon, promulgated the edict which permitted only, ‘…concords such as the octave, fifth and fourth, that enrich the melody and may be sung above the simple ecclesiastical chant,’” (Johnston 19).  The number three had long been ingrained in the soul of music, and thus it was upheld for quite some time that there were only three consonant intervals.  Another example of the number three in music soul comes from Boethius’s definition of the parts of music.  He described the following three parts: “musica mundana or music of the spheres; musica humana or music of the human body and soul; musica instrumentalis or vocal and instrumental music,” (Godwin 86).  Medieval writers continued to hold this division into three parts significant, and used it in poetry such as the following:



Three is the perfect number, the Holy Trinity,



In it several intervals originate.



Three is the root of music.



Three consonances are contained in music.



Three are the aspects of time: present, future, and past. . . (Meyer-Baer 77)

These connections to the number three in music show the influence of ancient Greece’s legacy on later musical ideas.  The idea of connecting music to the workings of the cosmos also continues in these later works.


Pythagoras’s discovery of the connection between small integer ratios and musical harmony created a long lasting legacy in the musical world.  His work’s influence can be seen in the creation of musical scales and in the development and tuning of musical instruments.  The relationship between music and astronomy also created a lasting spiritual belief of the cosmos creating music.  It is amazing that innovations from so long ago are so present in the music of the modern world, and it is certain that Pythagoras’s legacy will continue to its existence in music theory.
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