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CHAPTER 3:
Pitch

              itch is the musical sound we hear based upon the frequency of its sound waves.  
Pitch is determined in terms of its "highness" and "lowness," referring to the velocity 
(frequency) of the sound waves created to produce it.  "High" pitches have a high 
frequency (more vibrations per second), and "low" pitches have a lower, or slower, 
frequency. 

HISTORICAL SHORTS:    
Acoustics, the study of sound, is not a new science.  It has 

been a a primary topic of study for several millenia.  Pythagoras 
of Samos (c. 580-500 BC), ancient Greek mathematician and 
philsopher, is given credit for being the father of acoustics.  He 
discovered that when a string is set in motion, not only does it 

        produce a fundamental tone as the length of the string vibrates (the tone we 
        hear the most clearly), but the string also vibrates in sections (partials) of by 
        halves,thirds, quarters, eighths, etc., of its whole length.  Because the vibrating
        sections are shorter than than the whole string, these partials, or harmonics, 
        vibrate proportionately faster to the fundamental according to the length of the 
        vibrating section.  Thus, they create overtones that are proportionately higher 
        in pitch to the fundamental.  For example, the first harmonic, produced by the 
        vibration of the string in half, vibrates twice as fast as the fundamental tone
        because it was produced by a section of string half the length of the whole.  
        This vibration produces a harmonic of an octave higher than the fundamental.

            The study of music was so important to higher education in medieval times 
        that it was included the quadrivium, along with arithmetic, geometry, and 
        astronomy, as the higher of the "seven liberal arts."  The lower three were 
        grammar, logic, and rhetoric.  They were called the trivium, and this where 
        we get the word "trivia."

            Musical harmonics was considered a microcosm of the operation of the  
        entire universe.  That is, the relationship between fundamental pitches and 
        their overtones was considered to be the same as the principles that governed 
        the movement of the stars and planets.  Ancient philosophers and matheme-
        ticians, such as Pythagoras and Boethius, taught that the movements of the 
        stars and other heavenly bodies produced a celestial "Music of the Spheres," 
        inaudible on earth, but yet the driving force by which the universe by which 
        the universe operated.
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    The system of naming pitches with letters of the alphabet dates back as far as ancient 
Greece.  Letter symbols were placed over the words of the text to indicate pitch variances.  
In the sixth century, Boethius used the first 15 letters of the alphabet to label the two-octave 
range of pitches that was primarily utilized in his day.  Boethius' works were used in 
medieval universities as the standard textbooks on music theory even as late as the 
Renaissance.

    Guido D'Arezzo (c.990–1050) identified a set of three hexachords, scales of six notes 
with corresponding numbers and placements of whole steps and half steps (predecessors
of the modern keys of C, G, and F Major).  Guido used alphabetical names (A-G) for the
the pitches of his hexachords and gave them permanent positions on the staff.  Another
important contribution of Guido's was the utilization of spaces in between the lines of the
staff as well as the lines for notating specific pitches.  This became the standard system of
musical notation which is used to this day.

The Staff

              uido was also a key figure in the development of the modern day staff.  Before his
time, pitches were notated in a very general way above and below a single horizontal line.
In Guido's day, pitches were indicated on two horizontal lines.  Guido added two lines,
one red, one yellow, representing the pitches of C and F.  He also defined the lines of the
staff as representing intervals of a third, including the spaces in between the lines for pitch
designation, the system of staff notation that is being used to this very day. 

    Below is a representation of the "Guidonian hand," a mnemonic device invented by 
Guido to teach sightsinging.  Notice the four-line staff with notated hexachord across the 
upper palm.
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________________________
* The standard frequency for Middle C is 256 Hz, or 256 vibrations per second.

    Guido's four-line staff was sufficient for the notation of the plainsong chant used in the 
masses.  But as music became more complex and instrumental music grew in popularity, 
the four-line staff was too limited to accommodate the growing range of pitches used in 
musical compositions.  Thus the number of lines of the staff grew and varied until it was 
standardized to the "great staff" that we use today.

    The great staff (or grand staff) consists of two five-line staves with an invisible leger 
line in between the two.  (Leger lines can also be used to indicate pitches that fall above 
or below the lines and spaces of the great staff.)  This center line houses the note Middle 
C (C4).  The upper staff is normally designated by the treble clef and pitches higher (with 
a greater frequency) than Middle C*.  The bass clef marks the lower staff and is used to 
designate pitches of a lower frequency.  

    The Great Staff

G A B C D E F G A B C

C
F E D B A G F E D

    Middle C is sits between the staves on a short line that represents the invisible one.
Both of the notes below represent Middle C (C4, 256 Hz).

    The staff can be compared to an algebraic XY graph.  In keeping with our 
definition of music as "sound in time," the X axis would represent pitch in terms 
of higher and lower frequencies, and the Y axis would represent time (duration).

 X
(Pitch)

 Y
(Time)
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HISTORICAL SHORTS:
  Clefs developed from designation of various pitches.  The 
treble clef is also known as the "G clef" because it is no more 
than an ornamented G note.  Notice how it encircles the G line 
on the staff:

            The bass clef ornaments the F line and is also called the "F clef":

                                 There are other clefs used for musical notation besides the treble and bass clefs.  The
C clefs always designate and locate Middle C.  All of the notes, below, are Middle C:

     Soprano clef         Mezzosoprano clef      Alto clef             Tenor clef          Baritone clef

Clefs

              nly instruments with very large ranges, such as the piano and harp, use the full 
grand staff.  Most instruments of the orchestra use only a single staff and clef.  For 
example, the flute and violin use the treble clef only.  Instruments of lower pitch, such 
as tubas, trombones, and bassoons, read music on the bass clef staff.

YOUR BRAIN:
1. Describe differences between the arrows representing the X and Y axes.
2. Why is the Y axis not represented in the same way as the X axis?

    Most of the C clefs shown above are rarely used.  The tenor clef is used occasionally
The alto clef is the most frequently used of the five.  The alto clef is a C clef that is used 
for violas, cellos, and other instruments whose notes often fall in the middle ranges of the 
great staff.  Use of the alto clef reduces the need for excessive leger lines and clef changes.

    What are the notes in the example below?
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1. The note as written seems to be G4, but is actually performed as G5, an octave higher.
2. The note as written seems to be G4, but is actually performed as G3, an octave lower.
3. The note as written seems to be F3, but is actually performed as F4, an octave higher.
4. The note as written seems to be F3, but is actually performed as F2, an octave lower.

    The only one of the octave clefs that is used with frequency is Number 2.  It is also 
called the tenor clef and is used in choral music to notate the tenor voice.

    There are other F clefs besides the bass clef, but they are rarely used.  The following 
clef has been used as another baritone clef.  It designates F3 (F below Middle C).

    Identify the notes in the example below:

    Another set of clefs are the octave clefs, those that designate that a note be performed 
an octave higher or lower than those clefs without the "8" above or below them.  
For example:

1. 2.                           3.                            4.

OCABULARY:

1. Acoustics--The study of sound
2. Alto clef--A clef on which Middle C is notated on the middle of 5 lines
3. Bass clef--The F-clef; the standard clef on which lower pitches are notated
4. Frequency--The number of vibrations per second of a vibrating medium
5. Fundamental--The predominate tone made a vibrating medium
6. Great staff--The treble and bass clef staves; also called the "grand staff"
7. Harmonics--The series of musical tones produced by a vibrating medium
8. Hexachord--Overlapping sets of six notes outlined by Guido D'Arezzo

whose frequencies are multiples of the frequency of the fundamental tone
9. Leger line--A short line above or below a staff on which notes are placed

whose pitches are higher or lower than notes on the staff could indicate
10. Middle C--The note that falls on the leger line in between the treble and

bass clefs
11. Octave--The interval between a note and its first harmonic; the eighth note

of a diatonic scale
12. Octave clef--A clef that designates Middle C
13. Overtone--A harmonic
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14. Partial--A harmonic or overtone
15. Pitch--The highness or lowness of a musical tone based upon the frequency of its

        sound waves
16. Plainsong--Medieval mass style using a cappella monophonic (unison) voices and

        free-flowing unmetered phrases     
17. Quadrivium--Four subjects that were considered the core of higher education in

        medieval universities:  arithmetic, geometry, astronomy, and music.
18. Tenor clef--An octave clef used to notate the tenor voice of choral music
19. Treble clef--The clef used to designate the higher pitches of the great staff
20. Trivium--The "lower three" of the seven liberal arts taught in medieval universities;

        grammar, logic, and rhetoric

Pencil Time--Theory I
Activity Sheet 18a and b:  Vocabulary Word Search
Activity Sheet 19:  Clefs
Activity Sheet 20:  Line Notes
Activity Sheet 21:  Space Notes
Activity Sheet 22:  Note Names
Activity Sheet 23:  Leger Lines
Activity Sheet 24:  More Clefs

TUDY QUESTIONS:  Answer these questions in your own words.

1. Discuss the concept of "pitch" and how it is defined.
2. Discuss the importance of the study of acoustics to ancient cultures.
3. Discuss contributions by Guido D'Arezzo to music theory.
4. What is the "music of the spheres"?
5. Discuss the use of the musical staff as an "XY" graph.
6. Describe the purpose and function of clefs.

RESEARCH one (or more, as directed by your teacher) of these topics on 
    the Internet and prepare a report to present to the class:

1. How is the vibration of an air column (in a wind instrument)
    related to the vibration of a string?

2. Describe the sequence of harmonics of a musical tone.
3. Describe Pythagoras's mathematical and acoustical contributions to

    the world of scientific knowledge.
4. Describe Boethius's "three kinds of music."
5. Describe the establishment of "A440" as the modern standard pitch.
6. Describe the theory behind and use of the Guidonian hand.




