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Introduction

Harmony, in music, is the manifestation of notes sounded simultaneously. The theory of harmony refers to the system of chords and the rules that allow or prohibit relations between them. This theory includes the fundamental elements of Western music, especially the common practice period (about 1650–1900).

Music can also exist in the form of a single melody and its rhythmic organization: many musical cultures, such as those of India and China, primarily oriented their developing to the horizontal dimension of the musical sounds, the counterpoint. Counterpoint focuses on the writing of melodies, which have an inner logic in terms of some scales (also called modes) out of which they are formed.

During the European Middle Ages and Renaissance, however, composers began to write liturgical scores for many voices singing different melodies at the same time. So, the research of conventions and handy rules for creating choral church music led musicians to the idea that the melody was only the uppermost layer of a piece of music. By means of uncountable attempts and experiments, the musical scales have been synthesized into a new and profound setup, the tonality.

This text will discuss some aspects of harmony. A primary role will be given to the analysis of the harmonics, also called overtones, which are involved in the sound produced by almost all musical instruments. The presence of the harmonics plays a fundamental role in the human perception of the sound of the chords, and the examination of the acoustic aspects of the chords will provide some explanations for various characteristics of Western music.





1. Harmonics and Diatonic Scale

Sounds are waves traveling through the air or some other medium. They are made up of a mixture of frequencies. The frequency, also called the pitch, is the highness of a musical note. Technically, the frequency of a sinusoidal wave traveling through the air is the number of oscillations per second performed by the air molecules involved in the wave’s propagation and is measured in Hertz (Hz). The oscillations’ amplitude is related to the volume of the sound and is measured in decibels (dB).

Noises consist of a casual superposition of waves having different frequencies. A traditional musical instrument (except for some percussions), on the contrary, is an object that produces a mixture of waves where a particular frequency, which is usually louder than the others, can be detected: it is the frequency of the note that is sounded by the instrument.

An essential property of the sound of many musical instruments (as well as the vocal cords) when sounding a note is the following: in addition to the note’s own frequency, also its multiples have considerable volumes. That is, if an instrument is playing e.g. the note A corresponding to the frequency 110 Hz, then also the frequencies:


110*2 =220 Hz, 110*3=330 Hz, 110*4=440 Hz, 110*5=550 Hz, …


are particularly emphasized. These frequencies are the harmonics or overtones of the note that is sounded. The full list, called harmonic series or overtone series, would be very long, but the volume of the harmonics generally diminishes (and such decrease doesn’t follow any fixed law) as the frequency increases. Hence, only the initial harmonics can be detected by the human ear. Usually the term “harmonics” includes the note itself, which is the 1st and loudest harmonic, while the term “overtones” refers to the rest of the harmonics. The 1st harmonic is called fundamental frequency.

The first harmonics in the spectrum of a violin are shown in figure 1.1. On the horizontal axis the frequency, on the vertical axis the amplitude.

The presence of the harmonics in the musical sounds is related to the mechanical properties of the instruments themselves, which are resonant objects. However, each instrument accentuates some harmonics more than others: the harmonics’ volumes are a specific aspect of each source of sound. The set of harmonics’ volumes of an instrument is called timbre. The timbre makes a sound distinctive so that it’s possible to recognize which is the particular instrument that is sounding.

The differences between the timbres of different instruments can often be neglected when writing music: the magnificence of a magnificent piece usually doesn’t depend on the kind of instruments that sound. However, since the frequencies of the harmonics are the same for almost all instruments, when putting the notes together for creating chords and melodies the presence of the harmonics plays an essential role. The musical activities usually focus on the first 10–15 harmonics; in particular, the initial 6 multiples make the sound of the instruments particularly pleasant, and whenever higher harmonics prevail over them, the sound becomes harsh and dull.

Among the harmonics of a note, the 2nd, 4th, 8th, 16th, … (the powers of 2) correspond to very special harmonics: they are the octaves of the note. The sound produced by a note sounded along with one of its octaves is very distinctive: it’s one of the most basic acoustic aspects of music.



[image: ]

fig1_1.png



[Figure 1.1: Violin’s spectrum, where the first 12 harmonics are visible.]


Outside the score, the notes are indicated by the seven letters from A to G. The octaves of a note are indicated with the same letter. That is, taking e.g. the note C, by multiplying its frequency by 2, 4, 8, 16, … another C is obtained. The frequency gap between a note and its first octave (twice the note’s frequency) embraces the pitches of all the other notes.

The lowest note that is used in music is the C which corresponds to about 16.35 Hz (hardly hearable by humans). In the American Standard (or Scientific) Pitch Notation, this C is denoted as C0. The octaves of C0 are indicated with C1, C2, C3, …, that is:


C1=C0*2, C2=C0*4, C3=C0*8, C4=C0*16, …


The octaves of C0 are used as a reference list for naming all the other notes: if the frequency of a note, say G, is found between e.g. C3 and C4, this G will be called G3. This method allows us to uniquely label each G among all its octaves.

All the harmonics of a note, and not only the octaves, can be associated with some note. Taking e.g. C2 as fundamental frequency, the harmonic series begins with:


C2, C3, G3, C4, E4, G4, Bb4, C5, D5, E5, F#5, G5, Ab5, Bb5, B5, C6, …


where the bolded letters mark the octaves of C2. This list corresponds to the frequencies:

65.4, 130.8, 196.2, 261.6, 327.0, 392.4, 457.8, … (Hz)

However, if these frequencies are compared with the above notes sounded on e.g. a traditional piano, it will be possible to observe that, except for the octaves, they don’t have exactly the same pitch: the harmonics and the piano’s notes differ for some amount of Hz. Therefore, for getting each harmonic assigned to a note, some approximation is required. A criterion for establishing these approximations is called a tempered system. The equally-tempered system is by far the most used tempered system in Western music (and also a lot of non-Western music). The equally-tempered system divides the gap between every note and its first octave into 12 pitches. To each of these 12 pitches corresponds a note. The closeness of the frequency of a harmonic to one of the pitches allows us to assign each harmonic to a note.

In the equally-tempered system, the gap between two consecutive pitches is called semitone or half-step, so that between a note and its first octave there are 12 semitones. Each semitone is itself subdivided into 100 cents (symbolized with ¢). Two consecutive semitones, i.e. a whole-step (200 ¢), are called tones. When considering the sequence of 12 consecutive semitones which the octave is subdivided into, each semitone increases in frequency by a factor of 1.059 Hz (the twelfth root of 2) with respect to the previous (adjacent) semitone, while the tones increase by a factor of 1.122 Hz (the sixth root of 2). That is, notes increase logarithmically with respect to frequency.

In figure 1.2 the notes corresponding to the first 16 harmonics of C2 are shown on the score along with their equally-tempered system’s approximations (given in cents).
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[Figure 1.2: Initial harmonics of C2 and their equally-tempered system’s approximations.]


The difference in pitch between two notes is called interval. The tone and the semitone are examples of an interval. The most important interval is between a note and its first octave, which is itself called “octave.” The octave interval exactly corresponds to the distance between the 1st and the 2nd harmonics of every note, and also between the 2nd and the 4th, the 4th and the 8th, the 8th and the 16th, and so on (i.e. all the powers of 2).

Furthermore, the interval between the 2nd and the 3rd harmonics (in the above example, C3-G3) is called “perfect fifth” interval or just “fifth,” and the distance between the third and the fourth harmonic (G3-C4) is the “perfect fourth” interval or “fourth.” These intervals, the octave, the fifth, and the fourth, can be found in the music of almost all cultures. Other common intervals also appear in the sequence of the harmonics: e.g., the “major third” interval (between the 4th and the 5th harmonics) and the “minor third











































	Ionian mode:
	C, D, E, F, G, A, B, (C)
	(T-T-S-T-T-T-S)





	Dorian mode:
	D, E, F, G, A, B, C, (D)
	(T-S-T-T-T-S-T)



	Phrygian mode:
	E, F, G, A, B, C, D, (E)
	(S-T-T-T-S-T-T)



	Lydian mode:
	F, G, A, B, C, D, E, (F)
	(T-T-T-S-T-T-S)



	Mixolydian mode:
	G, A, B, C, D, E, F, (G)
	(T-T-S-T-T-S-T)



	Aeolian mode:
	A, B, C, D, E, F, G, (A)
	(T-S-T-T-S-T-T)



	Hipophrygian mode:
	B, C, D, E, F, G, A, (B)
	(T-S-T-T-S-T-T)
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