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Introduc tion

In View of the present interest in authentic performances of Renaissanoe
\and Baroque music, the author designed and had constructed an electronic organ
(1) which could be instantly tuned to various obsolete systems of tuning as

well as to the modern Equal Temperament (33-). A tape-recording illustrating
the sounds of these systems has been made. The‘ present paper is an adjunct to
this demonstration, summarizing the historical reasons for the changes through

,the centuries and presenting in diagrammatic form the principles behind the
main systems of tuning.

The set- of unequally—spaced notes sounded by the white keys of a piano

(the diatonio series) has been evolved independently in many parts of the world.

This is prohab due to its being founded on two intervals (frequency-ratios),

the octave (2:1 and the fifth (3:2) which are the first two intervals sounded.
by a primitive horn. Next to theunison they are the easiest intervals to tune

accurately by the absence of beats between harmonics.

The mhagorean scale

Pythagoras (s. 500 B.C.) standardized the method of tuning thediatonic

series using perfect octaves and fifths only; the results are illustrated in
Figure 1 , the tuping sequence (using modem notation) being: C, G, D, A, E 8
followed by C, G , . The interval of a perfect fourth (14:3) can he used. fe.g.
G, D) because a downward fourth leads to the same note as an upward fifth foll-
owed bya downward octave. The sequence of tones and semitones is shown by the
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Figure 1 . The Pythagorean scale

logarithmic scale in Figure 1. The Pythagorean scale was used inEuropean

music for nearly 2000 years, mainly for singing or playing in unison or at the
octave or the fifth. However, its imperfections were realized from the fact
that if the upper tonio (C1) is tuned from the lower tonic (C) in a series of
12 fifths and fourths using thehypothetical "black notes" not then in general
use, the upper tonic is found to be noticeably sharp when compared directly

with the lower tonic. The discrepancy, known as the "come of Pythagoras",

originates in the fact that

(3/2)” 4: 27 (1.2. 129~7h9é 125)
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The modern equal temperament system avoidsthis difficulty by defining the
frequency-ratio of the semitone interval as the twelfth root of 2 (105914631. J.
Figure I; shows the divergence inpitch of the Pythagorean notes from 3.13., the
slope of the line being characteristic of the perfect fifth. '

Zarlino' a system

During the fifteenth century harmonic musio incorporated the major and minor
thirds (5:11 and 6:5) and their "ooplements", the minor and major sixths (8:5
and 5:3). The Pythagorean intervals are only rough approximations to these, as
can be shown from the relative fre encies given in Figure 1. For example, the
major third C—E would have about 1 beats per second in the middle frequencies.
Zarlino (a. 1550) evolved a system (later called "just intonation") based on
three perfect major triads, i.e. 3-note chord: with frequency-ratios b:5:6.
Forming a sequence as shown in Figure 2, these triads (with octave transpositions)
define a scale superficially like the Pythagorean but having all major thirds
and, with the exception of one of each, all fifths and minor thirds in perfect
consonanoe. Hansonisation based on the tonic (C)l dominant‘m») and suhdominant
(P) triads and their inversions can be played without any "beating" whatever.
The minor triad on D, however, is far from perfect, the fifth and the minor
third. being both dissonant.

Fe: 24 27 3032 36 4o 45;:

Figure 2. The Zarlino scale

One of the relatively new features of music of this period was modulation,
the transition to a diatonio series starting on a note other than C. This
required the provision of extra finger-keys, e.g. One between P and G which
would give a diatonic series starting on G. We now (confusingly) call this
scale a new "key". In Zarlino's system this simplest of all modulations pro-
moted. the had fifth to a position in the important new dominant triad. Further
difficulties arose with other modulations and it became olear about 1600 that a
more flexible systemof tuning wasneeded.‘ Figure 5 illustrates the properties
of the Zarlino scale in relation to 1LT. The slopes of the ascending lines
again characterize the perfect fifths in this scale.

The mean tons system

The addition of five black keys to the keyboard provided the means (at least
in principle) of modulating freelyamongst 12 "keys". Muaioians in the 16th
century, including the Englishman John Bull, had already composed pieces passing 
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through all 12 "keys" and back to the starting "key", a procedure suggestive
of a Journey around the "keys" arranged like the hours of a clock-face as in

Figure 3. Although equal temperament was known in principle at this time the
harshness of its major and minor thirds (10 to 20 beats per second in mid-
keyboard) were unacceptable to cars accustomed to the smooth intervals of ZBF
lino's systan.

The "mean tone" tuning which emerged at this time offers perfect major thirds
_y in a range of adjacent "keys" hy the use of shortened fifths. Minor thirds

were consequently also slightly short, though less distorted than the minor
thirds in 3.1!. Organs were tuned on this system from the early 17th century to w
the mid-eighteenth. The sequence of tuning is illustrated in Figure 3 in 1
which the 12 equally-spaced divisions around the outside of the circle ‘

represent LT. tuning. Starting at C, the notes G, D, A and B are tuned in ‘
sequence by fifths appropriately short-
ened (and fourths lengthened) to bring
the frequency of s to exactly 5/1: that of
c. The shortening of the fifths is shown ‘
(exaggerated) inside the circle in Figure
3'. Tuning proceeds similarly from B
through 3, PM. and Gil: to a”, an exact
major third above 3. If this procedure §
were continued it would lead to an intel-
erably flat c1, since three major thirds ~
represent a frequency-ratio of

(5/103 . 125/61;
which is significmtly less than 2.
Instead, tuning proceeds in the opposite
("flatwards") direction starting at C‘I
which has been tuned to an exact octave
above c. Again, shortened fifths and
lengthened fourths are used in the sequence
61, F, Bb, 3b,}7rogress to Al) being stopped
by the fact that this finger-key has

Figure 3. The mean tone system already been used for (31" Some organs in
1' England had the fingerqu divided so that

both an and a}; could he played, ab being
considerably higher in pitch than Gfir. The errors resulting from the use of

shortened fifths accumulate in the interval 61$ to 8171, the "wolf fifth". In
this system all major thirds are perfect and all minor thirds nearly so vith
key-signatures for sb, r, c, c, n and A. All fifths are nearly perfect (slight-
ly less so than in E.T., however) with these key-signatures. The remaining key-
signatures are all subject to various degrees of discord for triadic harmony.
Further restrictions are set by the accidental: in the modern minor modes, but
in spite of this the mean-tone system allowed phenomenal development of organs
and of organ music in the 17th century. The main features of the system are
summarized in Figure 6. The falling slope characterizes perfect major thirds.

The long reign of the mean-tone system is probably cemented with the custom
(especially in northern Europe) of providing organs with powerful ranks of pipes
(tieroe. sesquialtera etc.) sounding the true fifth harmonic of the note played.
It is common for a bass note and another two octaves and a major third higher to   
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be played together.
are loud bests between it and. the tisrce pipe sounded by the bass note. a defect

which is accepted now (even in "authentic" circles) but which was thought to be
inadmissible in the 17th century.
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If the latter'is not tuned as an exact major third there

     

Figure 11.

               

Deviation (in cents) of the Figure 5. Deviation (in cents)
Pythagorean scale from Elf. of the Zulino scale

from E.T.
(100 cents = 1 semitone 1LT.)
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Figure 6. Devistiun (in cents) of the Figure 7. Deviation (in cents) of
mean tone scale from B.T.

          

the Werokmeister scale
from ET.

(100 cents = 1 semitone ET.)

The Werclcmeister sistem

Bach's advocacy of the "wuhltemperierte Klsvier" was not s plea for E.T.,

which did not become common until the late. 19th century, but for some modific—

ation (tempering) of the mean tone system to allow freedom of modulation without

suppressing all differences between "keys"
As can be seen from Figure 7, Werckmeister distrib—meister system is one such.

uteri the imperfections in’a manner approaching E.T. but with the major thirds

generally better in the sharp "keys" than in the flat ones, the converse being

true for the fifths And minor thirds.

Reference: (1) K.A.L'.ACFADYEN and DAVID cnmn969 Musical Times 110, 623-14

 

L detunable organ.

as in the E.T. system. The Werck-

  
  


