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Foreword to the First German Edition

From antiquity, repeated attempts have been made to reshape tonal laws and harmonic relationships, not
merely for everyday music making but because people wished to find and bring order to human destinies
in the tones. The right tones needed to be in harmeny with the whole cosmos, the planets and the
zodiac.

Today we hear and feel things differently. Much endeavour is going into bringing this to full conscious
awareness, first of all aurally, which must be regarded as the only most genuine gauge, and then in making
calculations to get a precise mathematical basis for what is heard.

Working for decades to test, clarify and bring light into these matters, the author has grown skilful in
making fine distinctions. She has tested countless listeners and never ceased in her efforts to take Rudolf
Steiner’s suggestions seriously, interpret them and bring them into harmony.

She has established that there is a ‘right’ concert pitch which is a little below the concert pitch of
modern pianos. It is ¢ = 128 Hz. Differentiating between ‘Dionysian intervals’ and ‘Apollonian
Pythagorean true fifths' creates a scale with therapeutic qualities that we can experience. Subjectively
speaking, ¢ = 128 Hz has a kind of enveloping warmth around it.

Objectively Maria Renold set herself the difficult task of relating two statements made by Rudolf
Steiner with one another. A lecture Rudolf Steiner gave in 1923 (in Supersensible Man) provides a golden
thread for connecting them with the world. Our fifth post-Atlantean civilization can be understood if
we characterize it with the aid of two phenomena—the fact that Michael, Archangel of the sun, has been
the leader from 1879, and the power of Mars. These two spiritual streams come together in ¢ = 128 Hz.

May the work of Maria Renold bring this alive for our understanding,.

Karl von Balez
December 1984

Vil



Translator’s Preface to the English Edition

Because the translator was fortunate enough to be able to work closely with the author, this English
edition is more of a reworking of the original than a direct translation. So, for example, even though the
content is the same, chapter 8 was practically written anew. Many of the more specialized musical terms
such as ‘true’ and “just’ were given by the author and the preference for the word ‘tone’ for that which
sounds and ‘note’ for its printed representation is also due to this collaboration. The reference numbers
throughout are bibliographic references and are therefore not in sequence. The Glossary and Appendix 2,
which shows the result of Paul Davis’s research into the twelve fifth tones tuning, are new. For an expla-
nation of the pitch indications, se¢ Glossary ‘Pitch of a tone’. If further discoveries are made or questions
arise, please contact the translator at bevis@bluewin.ch.

A big word of thanks goes to all who have given help and support in what has been a labour of love,
but 1 wish to give a special word of thanks to Anna Meuss who turned my rather inept translation into
acceptable English.

Bevis Stevens
Spring 2003

Preface to the Second German Edition

The new questions and answers that have come up since the first edition of this book appeared in 1985
have deepened and broadened the subject. Above all it has been possible to develop a new method of
tuning the scale of twelve fifths for instruments with set tuning (e.g. the harp, bells, piano, etc.), and this
is fully considered in the new Part Four, together with some closely related phenomena such as open
fourths and fifths, the minimally increased octave and difference tones, the objective existence of which
continues to be in dispute. Special attention has also been paid to ‘absolute pitch’, since this is often
considered to make it difficult to become accustomed to a tuning at a lower pitch. The ‘free tone’ and a
few suggestions to help one inwardly experience the ‘quality” of pitches provide the subject matter for
further chaprers.

Agreement, and also criticism, in so far as they arise from true recognition and understanding of the
subject, can only be a help in the work done in this field. I am therefore most grateful to everyone who
has thus been contributing to the research, which is as vet far from complete.

A special word of thanks goes to my dear husband Adolph Renold for his consistent active support.

Maria Fenocld
Autumn 1991

Preface to the Third German Edition

Circumstances that are almost beyond comprehension caused a number of errors to appear in the second
edition which distorted the meaning. Unfortunately it was too late when we discovered them. For this
new edition the text has again been thoroughly reviewed. New research findings, also by others, have
been added. This third edition also includes the colour charts* which were the first written records made
in 1963 of these researches.

Maria Renold
Easter 1998

* Mot included in the English edition.
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Introduction and General Outline

Music, as we know it, is perceived, sensed and experienced in both inner and outer hearing.' All consid-
eration, investigation and judgement of musical phenomena must therefore begin with observations
based on human hearing and inner expericnce. The importance of these words is such that they appear
here at the beginning of this work where they cannot be overlooked, because even a fleeting glance
through these pages reveals a lot of figures and one might rightly ask what all these abstract figures have
to do with the human experience of music.

Intervals and tones can be experienced through inner hearing, through singing and by producing them
on a musical instrument. If we sing, play a violin, blow a flute or tune a piano, we can hear and experi-
ence the note and interval relationships described in this book. For more detailed study, they can be repro-
duced on a monochord.* This book therefore also contains instructions on how to build a monochord,
whose three strings enable the study not only of sounds but also of all intervals and triads. The interval
and string length ratios can be measured on the monochord strings and used to describe the aural
phenomenon. From this it is a small step to numerical representation of the intervals, a step originally
taken by Pythagoras.*® The monochord may thus be used to trace musical experience to its mathemat-
ical roots, which makes it much easier to present. Mathematics has the advantage over the spoken word
of being more exact and unmistakable. Where the discussion is later in mainly mathematical terms, for
example relating to the structural laws and form principles of a scale, it will be important to remember
that the figures are not the primary element in observation. It is what is heard that is most important.

Reference must also be made to an important aural limitation. It is very simple today to reproduce an
interval or note by means of physical apparatus, as is customary in well-equipped major recording studios.
Frequencies and wave characteristics can be reproduced with tremendous accuracy, but the great disad-
vantage is that by being electronically produced they lose their qualitative content completely. They are
at an exactly determined and determinable pitch, which can be successfully used to calibrate tuning forks,
for example, but their individual quality is lost. In its place, a consistent, erosive quality arises in the struc-
ture of all notes and intervals produced, which must be due to the electricity.” Our sense of hearing
therefore forbids the use of notes and intervals reproduced by electrical apparatus’ [See chapters 15, 20
and 23.]

Great emphasis is generally put on the authenticity of musical phenomena.'Genuine’ and ‘false’ may
be unfortunate terms, but practical experience shows that we are able to distinguish spontaneously
berween intervals which we call genuine or false. It will only prove more difficult if we have pardally lost
our musical sensitivity by accustoming ourselves to equal-tempered tuning or electronically distorted
music. In present music literature only beatless intervals, the ‘perfect consonances’ also referred to by
Pythagoras—the octave, fifth and fourth as well as the major and minor thirds and sixths—are called
‘genuine’. They are not often mentioned, but experience shows that these few intervals are merely special
cases among all the intervals that the ear feels to be genuine. Auletic intervals,*? Pythagorean intervals
(called true intervals throughout the rest of the work) and the ‘formed’ intervals described later in this
book, as well as three, and only three, intervals of the equal-tempered scale—the equal-tempered tritone,
minor thirds and major sixths—are also experienced as genuine. Although some of the latter do beat a
little, they sound genuine to the ear, i.e., they sound ‘right’. When the term ‘genuine’ is used in this work,
it should therefore be understood in the wider sense given here.

In the first part of this work, intervals are discussed and the scales in which they appear are found. In
order to understand and survey them more easily in their abundance, the new concept “form principles

* Monochord. An ancient apparatus consisting of a resonance box with originally one and later several strings.'™™
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of scales’ is introduced. The form principles characterize the structural laws of a scale and are based on
the three means that have been decisive in music from antiquity®—the arithmetic, geometric and
harmonic means. The form principles must therefore essentially be described in mathematical terms. The
form principles will also be applied in an attempt to provide a fuller explanation of Plato’s famous
account of how the world’s soul was created.

The scale of twelve fifths will also be considered. This scale answers a real musical need as it allows
non-tempered tuning of instruments with set tuning (piano, lyre, organ, etc.). The beauty as well as
practicability of this new scale has already been attested by several hundred people with and without
musical background. Part One thus establishes a basis for the new insights discussed in the book.

The second part of this work is devoted to the discussion of musical sounds, their nature and individ-
ual pitch. When we talk about singing or playing ‘in tune’ today, it is commonly accepted that one needs
to play in such a way that the intervals are pure or correct. The individual pitch of a tone is however
considered to be unimportant, as is evident from the variations in the concert pitch a'. In London in the
nineteenth century it varied between 427.7 and 455.1 Hz, in Paris between 373.1 and 563.1 Hz, until
at the end of that century it was internationally set at 435 Hz. At the beginning of the twentieth century
it went up to 440 Hz and since the Second World War to 448 and even 460 Hz for several of the bigger
European orchestras. In contrast to this, hearing experiments with over 2000 people have shown that a
demonstrable feeling for the quality of the absolute pitch of a note exists even among ordinary people.
This is important, as 1t 15 known that the importance of a note’s pitch was widely known in ancient
Greece.'® The pitch of a tone was considered to have a specific moral quality.

A fairly comprehensive chapter 15 devoted to ¢ = 128 Hz—the old ‘philosophers C’. Taking the
many oral indications given by Rudolf Steiner and the author’s own far-reaching extended listening
experiments, an attempt is made to show that ¢ = 128 Hz is the only really suitable concert pitch for
present-day Western people.

In the third part, the insights gained so far are used to discuss a number of suggestions made by Rudolf
Steiner. Two were given to Kathleen Schlesinger,” two to the musician Wilhelm Lewerenz'” and two for
eurythmists—the ‘tone-spiral’,'® and *C is always prime’. It will be found that a human and artistic
development of music is definitely possible. This entails tuning the Dionysian and auletic 22/22 Sun
mode and the six other planetary modes to the generating note ¢ = 4096 Hz and the use of ¢ = 128
Hz as concert pitch and common prime for all just major and minor scales in the circle of fifths, the
equal-tempered scale, the true C major scale and the new scale of twelve fifths.

To enable readers to test the subject matter for themselves and if desired carry out their own sound
and interval experiments, a tuning fork will be found on the cover of the book, and instructions on how
to build a monochord suitable for the work at hand are given in Appendix 1.




Part One
INTERVALS AND SCALES



1 Hearing Observations

The following observations are not coincidental but are the fruits of years of musical activity. They were
made during concert tours with the Busch Chamber Orchestra, by singing in various large and small
choirs, making music with lay people and teaching adults and children.

Especially amongst violin and viola players, a distinct difference is apparent in the intonation of thirds
and sixths, the ‘imperfect’ consonances. For example, some players play a calm and beatless major third,
while others intone it somewhat larger, causing it to beat a litde—though still sounding harmonically
correct—and giving it a radiance or shining quality which the beatless third does not have. Similar
observations can be made with minor thirds and major and minor sixths.'

The differences in intonation can be heard when wind or string players play thirds or sixths alone or
together. Wind players mostly play the major third in the first size described (which sounds calm and
beatless), while string players use both sizes of the major third, depending on which tones make up
the interval concerned. Tt is important to note that the difference in intoning both types of major
third thus observed remained constant and the same and was not affected by the origin or virtuosity of
the musician.'

The calm, beatless and somewhat smaller major third is called the “natural’ or ‘just’ major third: the
somewhat bigger, slightly beating and shining major third is today still called the ‘Pythagorean’ 1> or
‘true’ major third. Because the difference in the use of the two thirds cannot be put down to technical
ability, it must originate in an intuitive difference in hearing (the same applies to the minor third and the
major and minor sixths). This difference in hearing the imperfect consonances can lead to bitter argu-
ments over intonation amongst concert players, the one usually blaming the inadequacy of the other.
These conflicts cannot be reconciled with the help of present-day musicology and both types of inton-
ation are so commonly met with in practice that it is not right to say that either one of them is ‘correct’,
Factual, unbiased consideration must be given to both possibilities. In the following chapters the true and
just intervals as well as the two types of dissonant intervals (minor second and major second, tritone and
major and minor sevenths) are therefore treated as equally valid musically. The following examples taken
from music practice and literature may briefly illustrate this.

In the last movement, Allegretto con variazioni, of Beethoven's String Quartet, Opus 74, at the end of
the first phrase in the Allegretto and the fourth variation, both violins and the cello play the G in octaves,
while the viola plays B in the Allegretto, and b in the fourth variation, i.¢., the major third, The Busch
String Quartet, world famous at the beginning of the twentieth century, played this work frequently in
the course of their illustrious career. After one of the first performances Busch said to the viola player:
“You played the B too low today’ A short time later, when they played the quartet again, the same thing
happened and over the years this B became a real bone of contention between the two men; Busch
always wanted to hear the B played higher than the viola player played it. After more than 20 years of
plaving concerts together, Busch lost patience. After a concert he shouted at his violist:*'Why did you play
that B so low again today?’ The equally heated reply was: ‘Because I hear it that way. Both men had
‘absolute pitch’ and both were among the greatest concert artists of their day. It therefore could only have
been an objective difference in hearing the major third.

An opposite example. An orchestra conductor who was also a wind player complained that the strings
always played the major third in cadences too sharp for his ear. He wished it to be quiet and beatless.

A third example. Tape recordings of the renowned virtuoso David Oistrakh showed that he usually
played in true intonation and only for long notes or when in unison with the piano did he react with
lightning speed and conform to the tempered runing of the piano.''®

Hermann Helmholtz had already discovered and described this difference in intonation of the major
third in his day."®
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This is easier to hear on a violin. Tune all four strings exactly to perfect (beatless) fifths: €2, a', d', g
Then play b’ with the first finger on the A string as a perfect fourth to the open E string. At the same
time, place the third finger on the D string as perfect octave to the open G string. Now play ¢’ and b’
together as a double stop. This produces the major third which Busch wished to hear. It beats slightly but
has a wonderful light, a shining strength. It is a ‘true’ major third. Bow or pluck it several times in order
to be able to remember it (if it sounds harsh it has been played too large). Now play the b? as a harmonic
by placing the second finger very lightly on the G string at a point where b? sounds two octaves and a
major third higher than the open G string. The previously played b' on the A string is now played corre-
spondingly lower to sound as the lower octave to the b? harmonic. Now play this b! together with g'
(higher octave to the open G string). Now a smaller major third sounds. If it is pure it will sound
without beating, clear and peaceful and the two octaves lower difference tone G will be heard sounding
with it. When this b' is played together with an open E string, the resulting fourth will be too big
and will sound impure and intolerable to the ear. This is the third which the violist played and the
conductor had wished for. It is the 5:4 major third,'™'* which, being beatless is also called just’,

Such examples taken from concert practice could be multiplied a hundred or even thousandfold.
They point to a variance in hearing and experiencing the imperfect consonances with which concert
musicians wrestle on a daily basis.

It may be said that Western people can be divided into two groups according to how they hear and
experience imperfect consonances and dissonances. The one group recognizes only just intervals, and, if
known, their mirror-images, which are the intervals of the early Greek aulos modes®? People in the
second group also love true intervals and consider them a valid means of musical expression.

It is of historical interest that these two groups of people have their roots in ancient Greece. Legend
tells of a competition between the lyre player Apollo and the flute player Marsias. The decision went in
favour of Apollo. The flute of Marsias was tuned to just intervals and goes back to Pan and Dionysus. As
a result, this musical direction is also called the Dionysian stream. The lyre of Apollo,*® tuned to fifths,
gave rise with its true intervals to the Apollonian stream of music. Both terms, Apollonian and Dionysian,
may be used in this sense today.”">"3

To avoid possible misunderstandings, it has to be stressed that both the perfect consonant intervals and
the 9:8 major second belong to both streams. Octaves, fifths, fourths and major seconds are, so to speak,
‘naturally’ contained within the just’ tone rows of the Dionysian stream and belong for example to the
basic structure of aulos Venus mode 24/24 and the altered aulos Mars mode 20/20. In the Apollonian
stream the perfect consonances and the 9:8 major second are formed by dividing the twelfth and its octaves
by the arithmetic and harmonic means (see chapters 3—12). The difference berween the two streams is thus
only to be found in the imperfect (= third, sixth} and dissonant (= second, seventh, diminished and
augmented) intervals. This must be added because it is often mistakenly maintained that our ‘just’ scales with
their just thirds, sixths, sevenths and true-tone dominants and subdominants are a fusion of both streams.

Further observations, dealt with at length in a later chapter, were made playing a freely tuneable instru-
ment with an equal-tempered instrument of fixed wning—violin or oboe with piano, for example. As
the freely intoning string or wind plaver can and must defer to the tuning of the piano, this means that
he or she must play intervals that sound unmistakably untrue and even false to the ear. Though this fact
is uncomfortably noticeable and relatively common with fourths and fifths, its importance is not suffi-
ciently acknowledged. It will be considered in chapters 4, 9 and 21 of this book. There it will be
explained why three of the mostly false intervals of equal-tempered tuning sound true to the ear, these
being the equal-tempered tritones, minor thirds and major sixths.1!?

If one wants not only to know but also to understand the rich variety of the above interval phenom-
ena, it will be necessary to study the just-tone row (chapter 3), the true-tone row (chapter 4) and the
structures of scales (chapters 6-13). This will be attempted in the chapters that follow. For reasons already
given, such a study does involve the extensive use of numbers.



2 Terminology Used for the Different Types of Intervals,
Tones and Scales*

Before we go further, a clarification of the terms used for the different types of intervals, tones and scales
needs to be given. For this we will have to anticipate some of the things that will be considered in
later chapters.

From what has been said in chapter 1, it follows that five different types of intervals and tones will
be discussed:

1) those found in the commonly used ‘just’ major and minor scales;

2} those in the early Greek aulos modes;

3) those which make up the ‘true’ scales (i.e. the church modes);

4) those appearing for the first time in the scale of twelve fifths;

5) those belonging to the equal-tempered scale. The ear tends to experience these as ‘falsified’, however,
and therefore they are only discussed once.

It 1s reasonably well known that the first three types of intervals and tones are contained in the over-
tone and undertone rows when these are extended.t In theory they go on to infinity, of course.

To make the subject matter of this book comprehensible it is imperative that the differences are
clearly defined and named. The following three categories are therefore applied, listing first the
intervals, then tones of the overtone and undertone rows, followed by the scales in which these
tones appear.

Just

a) Just interwvals: all intervals that appear in the ‘just’ major and minor scales and are bordered at one
end by a tone which, as far as is known, does not belong to the true-tone row of C.f
These intervals include

the just minor second 16:13

the small just major second 10:9

the beatless just minor third 6:5

the beatless just major third 5:4

the beatless just minor sixth 8:5

the beatless just major sixth 5:3

the beatless just minor seventh 9:5

the beatless just major seventh 15:8 r

b} Just tones: all tones creating the above intervals that are not contained in the true-tone row of C,
e.g. just E (fifth overtone of C) and just B (fiftcenth overtone of C), etc.

¢} Just scales: all major and minor scales whose scale degrees 111, VI and VII are just tones when they
begin on true tones and true tones when they begin on just tones.

* See also Glossary.
T See chaprer 3.
1 Regarding the incongruity between just and true intervals, refer to Tables 22 and 26 in chapeer 21,
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True

a) True intervals (also known as Pythagorean or twelfth-tone and fifth-tone intervals): this
description refers exclusively to intervals where both tones belong to the true-tone row.

b) True tones: all tones belonging to the true-tone row of C that make up true intervals.

¢) True scales: scales consisting exclusively of true tones from the true-tone row of C.

Modal

a) Meodal intervals: intervals arising in the undertone-row with the proportions 8:7, 11:10, 12:11,
13:12,14:13 and 15:14 which do not appear in either major or minor scales, but are intervals belong-
ing to the early Greek aulos modes. #

b) Modal tones: the seventh, eleventh and thirteenth undertones.
¢} Modal scales: aulos modes.

Thus, taking the tone E as an example: just E is the fifth overtone of C; just E and C make up the just
major third 5:4. True E is the E of the true tone row of C; true E and C make up the true major third
81:64. Modal E is the thirteenth undertone of C, which corresponds to the third step of the Hypodorian
aulos mode and makes the modal major third 13:16.

These three examples may serve to clarify the names of the different types of intervals, scales and tones.
The given definitions clearly identify all the various types of intervals, tones and scales and make it easier
to follow the often complicated subject matter. The complexity is deemed necessary for a healthy further
development of music.

The scale of twelve fifths

a) The geometric mean tones of the scale of twelve fifths hardly need a special nomenclature. Their
names Gelis, Delis, Alis, Elis and Belis point to their newness with regard to the tonal material used so
far. The names were chosen to express the fact that they are neither sharps nor flats,* but geometric
mean tones.

b) The intervals which these five tones create together with the other seven non-altered true tones are
called “formed intervals’. They all sound genuine to the ear and, with the exception of the equal-
tempered tritone, seem to occur here for the first time.

The wuning based on the scale of twelve fifths is here called the twelve fifth-tones tuning,.

To give readers an overview of all the intervals dealt with in Part One, Table 14 at the end of chapter
13 gives the interval sizes in cents to allow comparison of their size. It also shows that all intervals (perfect
consonances,} imperfect consonances and dissonances), whilst they may bear the same names, are differ-
ent in size, depending on whether they are just, true, aulos, equal-tempered or formed intervals.

* NB in the German language Ges means G flat and Gis means G sharp. Gelis contains both names. Fiefer to chaprers 6, 12, 13
and Table 32 for geometric mean tones. (Translator’s note.)

T Even octave 2:1 sounds untrue to the ear and is therefore usually played a bit larger. In the scale of twelve fifths ir is alo a
bic larger (e, 3 cents) than 2:1. See chapter 22. Regarding the fifths and fourths, see chapters 13 and especially 22 and 23,
(Translator’s note.)



3 Overtone and Undertone Rows. Just Intervals

The overtone row*
The tones of the overtone row (called partials) ascend from the fundamental in regular order, resulting
in a series of intervals and are natural phenomena up to the sixteenth overtonet Successive partials
increase by a constant amount in relation to the frequency of the fundamental tone. In other words, the
ranking number of the partial, multiplied by the frequency of the fundamental, gives the frequency of
the partial in question.

If, in order to keep the overtones within hearing range for as long as possible, we take ¢ as the funda-
mental and let it resonate unhindered on the A string, then in addition to ¢ the following tones will also
be heard:

Owvertone row " . ioc, phnine L 2
mbo © | ¥ “m},im.bnj_#n o .
= = 5o
D) s
¢ & & fau Ly
e
& L & ]
L] 2 & 4 &5 b T - 9 & 2. B & 15 i

Abbreviations: j. = just, m. = modal

This row is a part of Table 1 and shows how the naturally arising row of tones ascends.} Every two
consecutive overtones give the intervals shown in Table 1. The ranking numbers of the partials give the
numerical proportions of the intervals, Therefore 2:1 = octave, 3:2 = fifth and 4:3 = fourth. These first
three intervals are called ‘perfect’ because they were previously considered to have only one consonant
sounding size.§ As soon as any of these intervals are enlarged by a minor second, they become dissonant
augmented or diminished intervals. Then follow the major and minor thirds 5:4 and 6:5. The third has
two forms and is therefore called an imperfect consonance. The difference in size between the two thirds
is a minor second. Both are beatless, and may therefore be called pure (so long as this term 1s understood
to mean beatless and not “perfect’ as with perfect consonances). All further consecutive intervals in this
row are dissonant seconds. -

It 1s interesting that none of the sixths, sevenths or tritones occur between two adjacent partials. They
are produced in a different way. The just major sixth arises between partials 5:3 (missing out the fourth

* The partials of both the overrone and undertone rows are numbered from the first tome = No, | and not, a3 is sometimes
done, from the second tone = 1.

t The German language bears witness to this fact in that it calls the overtone row Naturfon-Reilie, i.¢., ‘natural tone row’.
(Translator’s note.)

t The infinitude of the row, which is easily realized by caleuladon, disappears from the realm of perception because of the
limitations of the human ear. In reality, the row begins in the unhearable region below ,C = 16 Hz and continues into an
unhearable area above 40,000 Hz. Tones that lie outside the limits of human hearing can be brought into the audible range by
‘octave displacement’.

£ See second footnote on p, 8,
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Table 1
Overtone and undertone rows and their intervals on ¢ = 128 Hz
Ranking-number Intervals

Tone Partial Hz Cents Mame and proporuon ith le Cents to C
P |

- 36 2HBO00  qvmi  semiiene AR §. ma. seventh 15:8 1088.269
b 15  1920.000 St
flat b flat® 14 1792000 173-193
sharp a flac® 13 1664.000 I;E';? %
*g 12 1536000 15{}.53?
lﬁmJ i1 1368.000 el ' o
e 10 1280000 .
ed? 9 1152.000 182,404 small j. whole tone 10:9 | j. mi. seventh 9:5 1017.597
3 g lﬂ;-l-lﬂl[ll'l 203.910 whole tone 9:8 mi. seventh 16:9 996, 90

4 : 231.174  aug. whole tone 8:7 small j. mi. seventh 7:4  968.826
flat b flac? 7 B96.000
*g? i 768000 “Bb 51

; S 64[}-l}!]{] 315.641  j. mi. third 6:5 j. ma. sixth 5:3 884.359
N + siooop 86314 J.ma.third 5:4 j. mi. sixth 8:5 813.686
e 2 assopy (98045 fourth 43
> » ospope 101955 fifth 32

Y 9 1200000  octave 2:1
" 1 128,000 FUNDAMENTAL

1 200,000 octave 1:2

o
i V2 6000 o 985 ifh 2:3
*'i :ji ;E'Eg; 498.045  fourth 3:4

: ﬂ yie zsdam:r 386.314  j. ma. third 4:5
s y . 315641  j. mi. third 5:6
»ya-
SC“P = 78 It’:rDDG , 231.174  aug. whole tone 7:8
=B q 16 14'222 203910  whaole tone 8:9
pet e ' 182,404  small j. whole tone 9:10
A flat 1/10 12800
50 S VLG 150.637 = tone 11:12 -»Hypodorian aulos mode 16:16
,F 1/12 10,667 138,573 4
flat .E 1/13 9846 {0 3-. At
sharp D 1/14 9.143 110,443

D flat 1/15 8.533 i : .
1‘(: 1116 8.000 | 111.731  j. semitone 15:16

* True-tone rows. Abbreviations: aug, = augmented, dim. = diminished, ma. = major, mi. = minor, ©. = true, j. = just.

partial} and the just minor sixth is found berween partials 8:5 (leaving out partials 6 and 7). Likewise the
Just minor seventh arises berween the partials 9:5, the just major seventh between 15:8, the ‘very small
seventh’, proportionally lying between major sixth and minor seventh, has the ratio 7:4, while 45:32 gives
the just augmented fourth (i.e., just F sharp:C) and 64:45 gives the just diminished fifth (i.e., Cijust

F sharp).

For the purpose of our study, the section between the eighth and sixteenth partials is of particular
importance. This is the area between ¢® and ¢* in Table 1. The eight intervals produced by these partials

10




OVERTONE AND UNDERTONE ROWS. JUST INTERVALS

are the following: 9:8, 10:9, 11:10, 12:11, 13:12, 14:13, 15:14, 16:15. This sequence of intervals shows
correspondence to those of the just major scale but is not identical with it (see chapters 7 and 9).

The undertone row

Unlike the overtone row, the undertone row of a fundamental is not a natural phenomenon. It must be
artificially produced. It has however been known and made use of in music from antiquity. It is more
difficult to demonstrate. One does not use the whole length 1 of the monochord string as the funda-
mental; instead, 1 is divided into equal lengths and the smallest length (with the highest sound) becomes
the new unit ‘u”. When first u, then 2u, 3u . . . and ultimately the full length of the string are made to
sound, the descending interval row octave, fifth, fourth, major third etc., becomes andible, the exact
mirror image of the intervals of the overtone row.*

Undertone row

8
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Abbreviations: j. = just, m. = modal

For Table 1, the undertone row has been transposed down to the tundamental of the overtone row, ¢,
so that it can easily be compared with the overtone row. The partials of the undertone row need to be
numbered in fractions. To find the frequency of a tone, one then multiplies the frequency of the funda-
mental (in this case ¢ = 128 Hz) with the relevant fraction. This produces the frequency of the tones and
the interval series of the undertone row as given in Table 1.

The intervals of the undertone row between ,C and ,C are especially important as they have a corre-
spondence with the Hypodorian aulos mode.®” This will be dealt with separately in chapters 8 and 9.

Summing up, therefore, examination of the intervals of the overtone and undertone rows of ¢, as they
are presented in Table 1, shows that they are mirror images and, as is shown by the cents, the intervals of
both rows get smaller in the same way. Between the first and sixteenth partial, consequently within the
area of the first four octaves, lie all the diatonic intervals of the just scales. They are characterized by
simple numerical proportions. The chromatjc just intervals, e.g. the augmented fourth 45:32 or the
diminished fifth 64:45, are first found in the octave between the 32nd and 64th, or 1/36 and 1/64,
partials, the imperfect consonances and the true dissonances in the octaves that follow immediately
between 64 and 256, or 1/64 and 1/256, and the true augmented and diminished intervals in the octave
between 512 and 1024, or 1/512 and 1/1024, Not all of these octaves are shown in Table 1 as this would
make it extremely complex. The ever-decreasing interval size becomes unsatisfactory to the ear as well
and they are hardly made use of in music. As a rule, the overtone and undertone rows are not taken to
these extremes. However, extending them like this simplifies the comparison between the beatless imper-
fect just intervals and the true intervals of the same name. The fifth tones which determine the true

intervals follow their own structural principle."%*3

* The limited length of the monochord makes the demonstrable row finite, though mathematically it is infinite.

11



INTERVALS AND SCALES
Although they are partially contained in the overtone and undertone rows, the true tones need to be

treated as a row of their own. They are therefore considered in the next chapter where an initial compar-
ison between true and just intervals will also be made.

12



4 The Twelfth-tone Row, the True Intervals and a
Comparison with the Just Intervals

The true tones that make up the twelfth-tone row are contained in the overtone and undertone rows
that go on to infinity; however, the twelfth-tone row itself has a very different structure. The partials of
the overtone and undertone rows relate to each other through their vibration frequencies in a linear
progression of whole numbers (overtone row) or fractions (undertone row). As the ear does not hear the
vibration ratios linear-additively but logarithmically, these rows are conceived as a progression of loga-
rithmically diminishing interval sizes. In contrast to this, each successive true tone is an interval of a
twelfth (i.e. an octave plus a fifth) away from the last—hence the name twelfth-tone row. This means that
the true tones stand in a vibration ratio of 3:1, or 1/3:1, to each other. In other words, the frequencies
of the tones in the row are based on powers of the number 3. They thus form a separate, clearly
discernible row of constant twelfths within the overtone and undertone rows.*

It is interesting and also significant that the interval of a twelfth can be observed as a natural phenom-
enon on low-pitched string instruments. If 2 monochord, piano, cello or viola string is tuned to either ¢
or C and is struck, plucked or bowed and left to resonate unimpeded, then, at the moment of sounding,
the fundamental is heard and, as the tone dies away, the twelfth (not the octave or third etc)) is clearly
discernible and resonates for a long time afterwards.

If, in terms of the overtone and undertone rows, the fifth (3:2) is taken to be a reduction of the twelfth
(3:1), then the twelfth can be considered to be a primary interval. We may even regard it as a type of
primordial phenomenon. Due to purely phenomenological aural reasons, the twelfth must therefore be
given a special place within the overtone and undertone rows. This is shown in Table 2.

The vibration ratios of the twelfth row are based on powers of the number 3, and therefore a charac-
teristic of this row is that no tone can appear twice. The interval of an octave never occurs. This row can
also be called the fifths row because each successive tone, if transposed within the same octave, forms a
perfect fifth, or if the higher tone, through the transposition, ends up below the lower, its inversion the
fourth. With the interval between any two successive twelfth-row tones always the same size, any of these
tones can be used as a tone of departure. Taking C as the first tone and going 19 twelfths up and 15
twelfths down will give the 35 fifth tones known from ancient nmes:

Fbb, Cbb, Ghb, Dbb, Abb, Ebb, Bbb, Fb, Ch, Gb, Db, Ab, Eb, Bb, E C, G, D, A, E, B, F§, Cf, G§, Df, Ak, Ef,
g g g G Y

For the moment, let us take the seven non-altered tones of the 35 and place them within one octave.
If C is kept as the first tone with the number 1, then the other six fifth tones form the
true intervals shown in the diagram at the top of p. 14.

This extract of the twelfth row shows that any seven successive tones give the true interval degrees of
a complete diatonic scale. Thus any two neighbouring tones create a fifth or its inversion a fourth, for
example; the outer tones of any three neighbouring tones create a true major second and its inversion a
true minor seventh, and the outer tones of any six neighbouring tones create the true majorseventh
and the true minor second (limma).

If we wish to describe the interval proportions, the chosen beginning tone of the twelfth row may be
indicated by the number 1, the ascending tones by 2, 3, 4 . . . and the descending tones by =2, =3,

* The importance of the rwelfth-tone row for a true understanding of the just intervals will be considered in chapter 21.
t The phenomenon is difficult to observe on higher strings because the rwelfth sounds much more softly. It cannot be observed
on wind instruments, as the tone only lasts for as long as it is played and therefore neither resonates nor dies away.

13
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E fourth prime fifth second sixth third seventh
‘.__, e

Fa ) L o
Cents: ! 4’98,[]45_?' 701.955 | 203.910 “:.' 905.865 | 407.820 T 1109.780
Overtone row E ! E :' |: I i
Proportion: P43 1 32 L 98 I: 27:16 ! 81:64 | 243:128 ::
Fifth-tone row ! ! ! [ | i '
position number; —2% 1 2 3 4 5 6
* Position number in the descending fifths-tone row from .
Table 2
The twelfth-row tone proportions of the diatonic intervals
ne-n er of
twelfth-tone row Set within the octave: Comparison
a) Interval
Tone number | Tone b) Complementary Overtone-row
[proportion example interval to the octave Cents proportion
2 to 1 ghic a) fifth 701.955 32
*2 to 1 B e b) fourth 498.045 4:3
3to 1 dc a) major second 203.91 9:8
*3 101 B flat : ¢ b) minor seventh 996.09 16:9
4o 1 a*ie a) major sixth 905.865 27:16
*4to 1 4E flat : ¢ b) minor third 294,135 3237
5 to 1 e®:c a) major third 407.82 81:74
*5to 1 GAflat i ¢ b) minor sixth 79218 128:81
6 to 1 b a) major seventh 1109.775 243:127
*6 o 1 oD sharp : ¢ b} minor second (limma) 90.225 256:243
6 to 1 f sharp® : ¢ a) augmented fourth 611.731 729:512
1 to *6 ¢ :,G flat b) diminished fifth 588.269 1024:729
*2 to *8 oF 1 ,C flat b) augmented fourth 611.731 4374:3072 = 729:512
6 to *2 b’ : F a) diminished fifth 588.269 3072:2187 = 1024:729

* Position number in the descending fifths-tone row of C,

—4. . .as was done above. This is the method used in Table 2, and the numbers show that the simplic-
ity of the numerical ratios gained in this way for the true intervals is similar to that which we have already
become used to for the just intervals. The true intervals thus gain in advantage for those who prefer
straightforward numerical relations. Because the Hz between the members of the twelfth row are differ-
ent from those between the partials of the overtone and undertone rows, another numerical representa-
tion of the intervals arises that is just as ‘correct’ for the true intervals as the known method 15 for the
Just intervals.

In chapter 1, attention was drawn to the fact that the imperfect true intervals and their corresponding
intervals differ not only in size but also in quality, and how this can often give rise to bitter arguments
about intonation between musicians. It therefore seems important to clearly illustrate which intervals in
the two rows are different from each other, and the nature and extent of the difference,

14



THE TWELFTH-TONE R.OW, THE TRUE INTERVALS AND A COMPARISON WITH THE JUST INTERVALS

According to Tables 1 and 2, intervals in both rows that are identical in quality and size are fourths,
fifths, one of the major seconds, and one of the minor sevenths. Intervals that are of different size and
therefore also of different quality are most widely used when playing music today. They are the major
and minor thirds; major and minor sixths; major seconds and minor seconds; major sevenths; augmented
fourths and diminished fifths (tritones). In the comparison given below, the numerical ratios of the over-
tone row are transposed through octave displacement into a higher octave where either a common
numerator or denominator is found and the cents are also given.

just major third true major third

5:4 = 80:64 or 386.314 cents 81:64 or 407.820 cents

just minor sixth true minor sixth

8:5 = 128:80 or 813.687 cents 128:81 or 792.180 cents

just minor third true minor third

6:5 = 96:80 or 315.641 cents 32:27 = 96:81 or 294.135 cents
just major sixth true major sixth

5:3 = 80:48 or 884.359 cents 27:16 = 81:48 or 905.865 cents
just minor second true minor second (limma)
16:15 = 256:240 or 111.731 cents 256:243 or 90.225 cents

just major seventh true major seventh

15:8 = 240:128 or 1088.269 cents 243:128 or 1109.775 cents
just diminished fifth true diminished fifth

64:45 = 1024:720 or 609.777 cents 1024:729 or 588.26Y cents
just augmented fourth true augmented fourth
45:32 = 720:512 or 590.223 cents 729:512 or 611.731 cents

The qualitative difference between the just and true major thirds is that the former sounds peaceful,
bright and courageous, but may also be felt to have an underlying sharpniess. The latter beats a little but
sounds as though it radiates light. The difference between the two minor thirds can be experienced in
that the just minor third sounds beatless and sad, but with an underlying voluptuousness; on the other
hand, the true minor third sounds excited.

A very unexpected and remarkable difference is found between the major sevenths. It is common
knowledge that a just major seventh 15:8 with 1088.269 cents must be resolved into a neighbouring
consonance, either upwards to the octave or downwards to the major sixth, if the ear is to be satisfied
and the incredible tension released. But the noticeably bigger true seventh 243:128 of 1109.775 cents,
although it obviously has a slightly dissonant character, sounds bright and peaceful, almost in suspension
and exerts absolutely no compulsion on the human ear to be resolved. One can enjoy its brightness and
beauty with equanimity and joy and let it resound unresolved.

One of the most interesting comparisons m,.;y be made between the two pairs of tritones—diminished
fifths and augmented fourths. In the theory of harmony it is known that a diminished interval needs to
be resolved inwards, and an augmented interval outwards. This rule arises from the desire that the human
ear experiences upon the sounding of such dissonances, and with the correct resolution of the true
tritones this desire is totally satisfied. However, if one plays a just diminished fifth that is perfectly in tune,
for example, there is no wish to resolve it to a major third. Just the opposite—aurally one wants to enlarge
it to a minor sixth. The opposite holds true for the just augmented fourth; if one truly follows one's ear,
it wants to be resolved downwards into the major third.

These apparently contradictory aural experiences become understandable when the cents of both
types of just tritones are compared with those of the true tritones and then read ‘crossed-over’. One then

* For the cause of these phenomena, see chapter 21,
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notices that the just augmented fourth of 590.224 cents is only 2 cents bigger than the true diminished
fifth of 588.269 cents, and that both intervals lie below the middle of the octave of 600.000 cents. It is
no wonder that, following the ear, we want to resolve both downwards. The ear only desires the tritone
to be resolved upwards when it is bigger than the middle of the octave. Therefore the opposite is the case
with the just diminished fifth of 609.777 cents. It is bigger than half the octave and only 2 cents smaller
than the true augmented fourth of 611.731 cents. The ear therefore demands that they are resolved
upwards to the minor sixth.

Augmented intervals have a rather over-tensed quality, while diminished intervals are experienced as
rather cramped. Therefore, one may call the former luciferic in tendency and the latter ahrimanic 272429
In the case of the true tritones, their names (diminished and augmented) agree with the aurally perceived
characteristics. In the case of the two just tritones, this correspondence is the opposite, with name and the
aural experience contradicting one another. The actual aurally experienced quality of these two dissonances
is obscured by the names they are given, so that the name does not tell us what we are dealing with. (With
the help of the monochord, the described intervals can be easily heard and experienced.)
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5 The Intervals of Equal-tempered Tuning

Up to this point, only intervals that sound genuine to the ear have been discussed. However, another
tuning is the equal-tempered tuning to which nearly all pianos* are tuned. Even the name ‘equal-
tempered’ indicates that the intervals are altered with this tuning and although most people do not know
that the piano is deliberately tuned impurely they sense it, Why 1s equal-tempered tuning used?

Firstly, on a wind or string instrument, the musician produces the necessary tones and intervals as
they are needed and has to intone each tone anew. On the piano, this is impossible. The strings have to
be pre-tuned because the musician cannot retune whilst playing.

Secondly, the range of the piano is a bit more than 7, that of the harp 6'/2 and that of a big organ
9 octaves. Therefore, these instruments cannot be tuned to true fifths, because when one accumulates
12 perfect fifths, one upon the other, in order to get the 12 needed for minor seconds in the chromatic
octave, the result is an interval that is 24 cents, or a Pythagorean comma (true minor second) greater than
7 octaves. (The octave of 1200 cents ¥ 7 octaves = 8400.000 cents; the fifth of 701.955 cents X 12 =
8423.460 cents.) The impurity of the octave caused by this difference is so great that the human ear finds
it intolerable.

Since keyboard instruments have come into use, different methods of tuning were attempted in order
to make a free passage through all major and minor keys possible. ‘Mean-tone’ tuning, which was in
general use over a longer period of time, worked well in certain keys but others sounded so impure that
one could not make music with them. This was unsatisfactory, therefore. Finally, Andreas Werkmeister
(1645-1706) divided the difference of the 7 octaves (c. 24 cents) into 12 equal parts, thus reducing the
size of each fifth by 1/12 of the difference. He then put these tempered fifths once again within the
octave. A tuning method was thus found which, even though it mainly consisted of ‘false’ intervals, gave
a seemingly useful solution. This is the equal-tempered system of tuning, which seems to offer the desired
freedom to play in all keys. Later it was discovered that most pianos sounded better if the middle region
was tuned to perfect octaves and equal-tempered fifths, and both ends to slightly enlarged octaves and
somewhat less tempered fifths, This is the method many piano tuners use today, Neither true nor just but
merely the altered equal-tempered intervals are therefore heard today on normally tuned organs and
pianos,

The inaugurators of equal-tempered tuning knew that they altered the intervals but held the view that
the resulting impurity would be so small that it would be tolerable to the ear and could be accepted as
part of the price for gaining free passage through all major and minor keys in the ‘circle of fifths’ with-
out the troublesome addition of many extra keys and strings, etc. But even though equal-tempered
tuning came to be widely used, their view has by no means been confirmed. Many instrumentalists and
singers suffer from this falsification of the intervals. This is most distinctly experienced with the fifths and
fourths, which simply sound false, but one cannot help feeling that there is also something wrong with
the intonation of the major thirds.

On the piano, four or more voices often sound simultaneously, which means that several equal-
tempered intervals are heard at one time. This may be the reason why, without exception, all equal-
tempered intervals have been described as false. But if one aurally tests each individual interval, one finds
that only eight of the twelve intervals actually sound wrong, while four are clearly experienced to be
genuine. These are the octaves, the equal-tempered tritones, the equal-tempered minor thirds and the
equal-tempered major sixths. It is very important to realize clearly that along with the octaves, the other

* The same applies to the harp, organ, lyre, tubular bells, etc.
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INTERVALS AND SCALES

three of these four intervals, which appear in neither true nor just intonation, are also experienced by
the ear to be genuine,

Is the above aural experience subjective and random or does it follow generally understandable musi-
cal laws? How can we show why the ear experiences certain intervals to be genuine, whereas others,
though acoustically and mathematically very similar, are justifiably rejected? To answer these questions,
the structure of the scales in which the intervals concerned appear will be considered. The term ‘form
principles’ will be applied to these structures and laws. The most perfect of all intervals,* the octave, which
encloses all present-day intervals, will be our starting-point. The next four chapters will thus be
concerned with the form principles of the different scales.
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6 The Octave and the Harmonic, Geometric and
Arithmetic Means in Music

The importance for music of the interval of the octave and the three mean formations—the harmonic,
geometric and arithmetic means—is well known. The octave will be discussed first, and then the three
mean formations, It will be shown how the octave gradually gained in importance in the course of musi-
cal development. We have seen that the octave is not to be found in the twelfth-tone row but is a natu-
ral phenomenon within the overtone and undertone rows. This may be the reason why the early Greek
aulos modes were already contained within the octave, whereas all the old true-tone scales were orig-
inally pentatonic (e, d, b, a, g), then heptatonic and only much later reorganized into octatonic scales.
Prior to Pythagoras, there were seven possible pentatonic scales. However, in pre-Christian times, they
progressed in a descending and not ascending direction as our present scales do. Such a seale was called
a heptachord (7 tones = 6 steps of a true major second) and consisted of two connected tetrachords
(4 tones = 3 steps of a major second), whereby the second tetrachord began on the tone on which the
first ended:

A G E E

E, D, c, B
G, E E, D
D, C, B, A
E E, D, G
C, B, A, G
E, D, G B
B, A, G, F
D, C, B, A,
A, G, E E
C, B, A, G
G, E E, D
B, A, G, F
F, E, D, C

The true-tone tetrachord was arranged in four different ways, depending on where the minor second
occurred or was absent. The Greeks called them tetrachords named after the tribes in which, as far as they
knew, they originated.*> These were

the Dorian tetrachord of:

true major second true major second limma (true minor second)
9:8 9:8 256:243
the Phrygian tetrachord of:
true major second limma true major second
9:8 256:243 9:8
the Lydian tetrachord of:
limma true major second true major second
256:243 9:8 9:8
the Mixolydian tetrachord of
true major second true major second true major second
9.8 9:8 9:8
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The Dorian tetrachord was brought into connection with the Sun,® and was considered to be the stan-
dard. A heptachord consisting of two connected Dorian tetrachords was therefore the principal or
fundamental scale of the Apollonian true-tone stream™* (see chapter 12).

The development of the Dorian heptachord is described as follows in Greek legend. Music came into
existence on the four-stringed lyre which Hermes had built for Apollo, the god of the Sun. Apollo gave
the lyre to his disciple Orpheus. Later Torrebus, son of Atys and king of the Lydians, added a fifth, and
Hyagnis, king of the Phrygians, a sixth string. The lyre was then cast into the sea from whence Terpander
rescued it. He is supposed to have given it a seventh string and reversed it with the help of Egyptian
priests. In this form the lyre was then handed down to posterity.® This version, whereby the lyre of Apollo
had four and not only three strings, tuned to the tones of the four elements, coincides with the indi-
cations given by Rudolf Steiner. The base string, E, was tuned to the tone of the earth, the G string to
the tone of fire, the A string to the tone of the air, and the D string to the tone of water.™

Terpander is regarded as the founder of historical Greek music, and the Dorian true-tone heptachord
therefore bears his name. He is supposed to have lived in the seventh century before Christ. Nicomachos
of Gerasa reports that the heptachord of Terpander was a row of descending tones arranged in the
following way:*

Mete Paranete Trite-Paramese Mese Lichanos Parhypate Hypate

true whole tone  wrue WLulE tone limima true whole tone true whole tone limma

If one stays within the area of the non-altered tones, then the resulting tones of this heptachord are
the descending succession A, G,F E, D, C, B:

Upper Dorian tetrachord Lower Dorian tetrachord
Mete Paranete Trite-Paramese Mese Lichanos Farhypate Hypate
a g f e d c B
true whole true whaole limma true whole true whaole lirma
tone tone rone tone

true whole tone common
o both terrachords

A heptachord, however, does not give the experience of being a complete scale. The octave is required
for this. Pythagoras gave special prominence to the octave as the compass and goal of the scale, and his
followers called it ‘the most perfect of all intervals’.* To make the octave part of the true-tone scales,
Pythagoras is supposed to have expanded the true-tone heptachord of Terpander to the true-tone octa-
chord by separating the two connected Dorian tetrachords in the middle by a major second and also by
separating the unified third step, trite-paramese, by a true minor second (limma).* '"* Together, the two
tetrachords made up the Pythagorean (true) Dorian octachord which, when not including altered tones,
probably ran from e to E (see diagram at top of p. 21).

Drawing on other sources, Pfrogner’ writes that Terpander expanded the Apollonian heptachord
to the octave by adding an uppermost tone and that Pythagoras then arranged it in the form
presented above,

The importance of the octave as an interval which contains the scale can be clearly experienced by
us today. Play or sing a scale in either ascending or descending direction and pause on the third, fourth,
fifth, sixth or seventh. A temporary point of rest may be found at the fourth or fifth, yet one still has
the feeling that the scale is incomplete. It is only when the octave is reached that one experiences it
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Upper Dorian tetrachord Lower Dorian tetrachord
(= lower of Terpander) (= higher of Terpander)
| Nete Paranete Trire Paramese ‘ ‘ Mese Lichanos Parhypate Hypare |
e d [ H A G F E

true true limma true true limma
whole whale separating whaole whale

tone tone true whole tone tone

8 98 256:243 9:8 9:8 98 256:243

to be complete. With descending scales, which have a major seventh on the seventh step, the listener
can have the feeling that he or she would sink into an abyss if the encompassing octave was not

reached.
Concerning the experience of the octave, Rudolf Steiner said on 7 March 1923:

. . . the link to the world [through musical experience] will come when the experience of the
octave arises in the described manner. For then the musical experience will be proot to human
beings that God exists, as they will then experience the ‘I” twice—once as a physical, inner ‘T’, and
secondly as a spiritual, outer ‘I' . . . They will say to themselves: Once 1 experience my T, as it is
on earth, in the unison prime, and then experience it again as it is in the spirit, this will be inner
proof that God exists.”

The octave is an exceptionally important interval in the musical experience of Western humanity.
Many scales are contained within the octave, and all intervals, which we seek to understand here, are
contained in such scales. Each scale which progresses from a keynote or prime to the octave, whether it
ascends or descends, is heard by most people to be an organic whole—with careful listening, even the
twelve-toned chromatic scale. The whole interval structure of a scale can thus be considered to be an
organic structure with its own laws that proceeds from the octave. The form principles, as they will be
developed later on, take this structure into account.

Pythagoras and his followers discovered, amongst other things, the harmonic, geometric and arithmetic
means in music,’ which, in accordance with Ernst Bindel, can be expressed in a single formula:''c

arithmetic mean m="':{a+bh)

geometric mean log m = '/ (log a + log b)
harmonic mean 1/m = ' (1/a + 1/b)

or commonly: fim) = /2 (f{a) + (b))

The harmonic mean and the arithmetic mean both divide the octave into a fifth and a fourth. If the
octave is divided by both means, two perfect fourths are created, separated by a major second in the
middle of the octave:

arithmetic mean

Y
6 fourth s second? fitn **

- - -
o g o

harmonic mean
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If one adds the major second to the fourth one gets the fifth.

The Greeks knew that the geometric mean divides the double octave into two octaves 4:2:1, and the
ditone (true major third) into two major seconds 81:72:64.° Dividing the single octave by the geomet-
ric mean one gets the equal-tempered tritone 2:1.4142 = 2v2:1, which first came to be commonly
known through the introduction of equal-tempered wning and also sounds genuine to the ear.

These three means create the musical intervals and thus are among the archetvpal phenomena.
Gioseffo Zarlino (1517-90) found that with the fifth the harmonic mean gives rise to the major and the
arithmetic mean the minor triad. His method is interesting. Instead of using the whole-number overtone
intervals, he used the fractions of the division of string length. For the major triad he used the string
sections 1/4, 1/5 and 1/6. When he presented 1/5 as the centre between 1/4 and 1/6 this appeared as
the harmonic mean. As a result, he called the just major triad ‘armonica’."? If, however, we consider the
same triad as arising from the overtone intervals 4, 5 and 6, then 5 is caleulated to be the arithmetic mean
between 4 and 6. This 1s why the same just triad was described as ‘divisione armonica’ by Zarlino
and arising through arithmetic division by us. The same applies to the just minor triad, which Zarlino
called ‘divisione aritmetica’ whilst we describe it as arising from harmonic division. The reciprocity of
undertone or overtone interval numbers and the division of string length is also evident from the formula
for the arithmetic and harmonic means given above, as well as the monochord formula (see Appendix 1,
p. 171).

Zarlino and his followers, e.g. Moritz Hauptmann (1792-1868), apparently only used arithmetic and
harmonic division for the triads and not for the structure of complete scales as 1s done in the following
chapters. It was mentioned above that we experience the scale contained within the octave to be an
organic whole. The question of how the intervals of a given scale are produced will now be investigated
by progressing from the octave and showing how one or more of the three above-mentoned means
function. The laws found for the structure of the scales will be called the form principles of the
scales. These form principles will serve to show that all intervals that sound genuine to the ear are
closely connected with the harmeonic, geometric and arithmetic means proceeding from the interval of
the octave.
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The just major scale

To avoid musunderstandings, let us mention again that there are ‘two’ methods of calculation: either
according to the whole numbers of overtone or undertone partials (interval proportions) or according
to the fractions resulting from the divisions of a string length. For the sake of simplicity, the calculations
in Tables 3—13 are based on the former, and the first tone of the scale.

Firstly we will consider the just major scale as it is presented in Table 3. There we can see how the
interval degrees of the just major scale are produced by firstly dividing the octave into the dominant and
subdominant through the harmonic and arithmetic means (I, V, VIIL I, IV, VIII). This is called primary
division. The characteristic nature of the just major scale is, however, only created by a secondary div-
ision using the arithmetic mean only. The arithmetic mean between the fundamental (8) and the fifth
(12) gives the 10th overtone, creating the proportions of the just minor and major thirds 12:10:8. The
ninth overtone is obtained as the arithmetic mean between the fundamental (8) and the just major third
(10), i.e., the minor and major second 10:9:8.

Only just major thirds are used in the just major scale. The 27th overtone of the scale’s fundamental
(13'/2) also produced by the harmonic mean between the subdominant (10°/3) and the octave (16)), being
true major sixth 27:16, would together with the fourth degree (10%/3) create an unwanted true major
third 81:64. The sixth degree of the scale is therefore produced by the arithmetic mean between the
subdominant and the octave: 16:13'/:10%/. This new tone 13'/; is the just major third (i.e., the fifth over-
tone) of the subdominant and is nowhere to be found in the overtone or undertone row of the scale’s
fundamental. Thus a foreign tone is incorporated as the sixth degree into the just major scale in order to
obtain a just major third that is above the fourth degree.

The form principles of the just major scale thus are harmonic mean and arithmetic mean divisions.
According to our method of calculation, the arithmetic mean must be considered to be characteristic for
this scale. This division gives the perfect consonances and the imperfect dissonances of this scale. All of
these intervals are aurally experienced to be genuine. The temporary conclusion may thus be made that
intervals created by arithmetically and harmonically dividing the octave are experienced as genuine.

In harmony, intervals are combined in triads. The just major scale contains the following triads:*

three just major triads 6:5:4 on fundamental, dominant and subdominant;

two just minor triads 7'/2:6:5 on third and sixth degree;

a diminished triad 10°/::9:7'/2 on seventh degree produced by a true minor third and a just minor third
(16:13'/2 and 6:5);

a minor triad 13'/4:10°/4:9 on second degree, which is harmonically intolerable, because it is contained
by what Helmholtz called the ‘grave fifth’ 20:13'/,"

On a keyboard instrument tuned to the just major scale the latter triad can easily be heard. The fact
that it is harmonically intolerable may be the reason why the laws of harmony strictly require that the
triad on the second degree may only be used in its inversions and never in root position. Complications
are met with when the harmony of a composition moves to the relative minor key because this chord,
on the second degree in the major, is now on the fourth degree (the first degree of the relative minor is
the same as the sixth degree of the major key) and therefore immediately comes to the fore as part of
the cadencial sequence [, IVV, L.

* This can be aurally observed if one tunes a keyboard instrument to a just major scale.
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Table 3
The form principles of the just major scale* |

& Owertone degrees .
; = arithmetic mean e

I=I&B =4 =10 V&1 V=12 VI=13/, {14) V=15 VIlj=16
.'I.i -!IF‘!- of
N i 5
'I" "\ i r ] w i
X (Y “‘_ ', l‘ .J' "i
L TR - B *n £/
1‘ g W \‘ i ;.' T F |
% e, ar ".I'
% R - #
% Undertone degrees B g
bt = harmonic mean &
~"\ .n'"l
"\ .if i
i 7
““'\. -'"‘.
h-""'-\- -— Zil — -"'..‘
harmanic mean of octave 21 1200 L6:8 10°4 = IV = fourth 498045
arithmetic mean of octave 1 1200 16:8 12 =V = fifth T01.955
arithmetic mean of fifth 32 T0LEES  16:l0FA 13V =VT = just magor saxeh BE4.359
arithmetic mean of Afth 32 71995 128 10 = 1 = yust major thad 386.314
arithmetic mean of just major third B 386314 10:8 9 = [ = major second 205,910
arithmetic mean of fourth 43 4A9R045  1kei2 14 unused (very small just seventh)  (968.826)
arithmetic mean of augmented whole tone 87 230174 1614 15 =VII = just major seventh 1088269
arithmeric mean of too
sttall juse minor third 76 MG6E71 0 14:12 13 unused (13th overtone) {5340.528)
primary division: arithmetic mean — harmonic meann  —-—a+—
secondary division: arithmetic mean _ arithmetic mean  ——eeeeeeeees

—unused degree

* The rble shows the proportions of the intervaks, 30 the arithmerical propermions are not correcr, i
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In singing and instrumental practice it is, of course, possible to get around this problem by making the
tone on the fourth degree of the relative minor scale relate to the fundamental of the major scale in the
proportion 10:9, i.e., somewhat lower than the second degree of the major. Proportionally this tone s
the harmonic mean of the just major third 5:4 (20:16). The s¢cond degree of the major scale (formed by
the arithmetic mean) 1s therefore replaced in the following way:

Degree: 11 11 | In the relative minor the
Arithmetic mean: 20 : 13 : 1& 18th partial 15
Proportion: 109 hH discarded and

Harmonic mean: 20 : 17.78 : 16 17.78 is used
proportion; 98 14

The triad on the fourth degree is now contained within a perfect fifth. Helmholez's ‘grave fifth’ in the
just minor scale has moved from the cadencial triads but is by no means removed from the scale. It is
merely displaced and now comes between the seventh and fourth degrees. The just minor scale now
includes a tone that is not contained in the corresponding just major scale, and is therefore, in the strict
sense of the word, no longer in the relative key.

If one considers the jusl: Major scale in relation to the overtone row of is pritme, it 1% not difficule to
see that the just major third 5:4 is the reason for the appearance of the ‘grave fifth’ (20:13'/: or 40:27)
and its inversion the ‘acute fourth’ (13'/2:10 or 27:20)."* Because the 27th overtone, or its lower octave
131/, i not used for the sixth degree in the scale, the *grave fifth’ moves 1o berween the sixth = 13 and
second = 9, instead of between the third = 20 and the sixth = 13': degrees of the scale. Metaphorically
speaking, the ‘grave fifth’ is the inevitable shadow side of the just major third. This fact should be regarded
as belonging to the namre of the just major and minor scales.

The diatonic just minor scale
As with the just major scale, primary division of the octave into dominant and subdominant is by the
arithmenic and harmonic means. As we have seen, the tone placed on the fourth degree of the just minor
scale is not the same as the tone of the second degree of the relative major scale and is therefore foreign
to the latter scale.

Secondary division is different. In this scale the characteristic intervals are produced by the harmonic
mean (see Table 4);

harmonic mean between prime = 13' and fifth = 20 produces the just minor third = 16;
harmonic mean berween fourth = 17.78 and octave = 2675 produces the just minor sixth = 215,

Division by harmonic mean goes no further. The major seconds at both ends of the scale need to be
created by using arithmetic mean again: .

arithmetic mean between munor sixth = 214 and octave = 2654 gives the minor seventh = 24:
arithmetic mean of prime = 13'% and the = 20 gives the just major third = 16°/ (not used in this
scale):

arithmetic mean of prime = 13% and just major third = 16%) gives the just major second = 15,

The form principle of the diatonic just minor scale has the same primary division as the just major
scale, But whereas the major scale gains its character by secondary division through the arithmeric mean,
the minor scale’s character mostly comes about through secondary division by the harmonic mean, Not
all intervals of the just minor scale are given by the harmonic mean; three of its major seconds are
pmduccd l:ly tertiary division with the arithmetic mean.
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Tahle 4

The form principles of the just minor scale*

A

f’”ﬂ?“‘\'sﬂﬁﬁ“é_f
 16:15 i

-
»

Overtone degrees *a
= arithmetic mean “

S T

113/ N=15 HI=V16 (16r) IVeR17,78  v=20 VI=2i'h VII=24  VII=[26%)
N oy 4 ; 'lri
Tt '3 '._." e ! l:lx"--\" 28 "-,- 2 o Ay
R B L R e e i . A
R R s, S 3 S T
v N, p""-:!-f. o o Sl ;'J'
\ e * &
p PR = It * . or
\ s M -\ 'J ’
'lulll e = . .,, .r,
% LT g - {f
'
Undertone degrees ,.-’f
W = harnwonic mean P
- -
LY -
‘h_‘ F..ﬂ'"-
R BLommmt ™

Interval mean Cents Dregree Mew scale-degree Cenits 10 prims
arithmetic mean of octave 21 12041 265134 0 =V = fifth T01.955
harmonic mean of ootave 21 12080 263013 17,78 = IV = fourth 408045
harmenic mean of fifth X2 T01,955 20134 16 = Ll = just minos third 35641
harmonic mean of hith 32 01 .995 2604:17.78 21 =Y = just minor sixth B15.686
arithmetic mean of ffth 32 T01.955 13 165, unused {just major thard) (385.314)
arithmetic mean of
Just majer thind 3:4 IB6.314 260210 24 =Vl = just minor seventh 1017.596
arithmetic mean of
just major third 54 3B6.314 163134 15 = Il = major second 203.910

primary division:

secondary division:

arithmetic mean
arithmetic mean
arithmetic mean
—unused degree

harmonic mean
harmonic mean

b ki i

* The eable shows the proportions of the mtervaly, o that the arithmetical proportions are not correct.
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8 The Seven Aulos Modes of Ancient Greece

Orcher just seales also exist. Though hardly used in Western music over the last four vo five hundred years,
they have been known from ancient times and have been in use to this day amongst the people of Asia,
Greece, the islands west of Scotland, north America, etc. These scales, here called the seven aulos modes*
of ancient Greece, are called “harmoniai® by their rediscoverer, musicologist Kathleen Schlesinger.t As
curator of old musical instruments in the British Museum she noticed that the finger-holes of the Greek
aulos appeared to be equidistant. Thanks to her scientfic training she knew that such instruments could
not produce the scales and intervals in use today. The scales must therefore have been different. The types
and forms of scales were established by Schlesinger in more than 25 years of research and published in
1938 in her book The Greek Aulos.®

One of her colleagues, Isabel Bonar Dodds, heard and collected just modally sung folk songs in the
Gaelie sslands of Britin. The author has heard the four-pare just modal unaccompamed choir of the
Ballet Folklorico de Mexico, which were of convincing beauty and richness. At the World Exhibition in
Mew York in the 1960s, African drummers played instruments tuned exactly the same as the Mixolydian
Moon mode 14/14. In the south-west of the USA interesting modal Indian flutes are still to be heard
today. A few years ago, the author heard two modern just modal flutes, one originating in Korea, the
other a Greek church flure, each mned ro a different mode. (Both of these flures and a chird as well, will
be discussed in the chapter on the quality of single tones.) Such examples can be added to at will, but
these should suffice to illustrate the wide geographical and historical spread of modal tuning. This alone
may inspire interest in the aulos modes,

For the present-day musician, however, there is 2 much more important reason to occupy oneself with
the modes. Two of the seven modes are the foundation for three of our present scales. The just major
scale has arisen from the Hypolydian Mars mode, and the harmonic and melodic minor scales from the
Phrygian Venus mode.® In chapter 9 an attempt will be made to show that these three scales can only be
understood in the light of the underying principle of the named modes. The Dorian aulos Sun mode,
although it has no connection to the scales in present-day use, is also important and will be considered
in Part Three.

Belonwy, the modes are given with their connections to the planetary incarnations of the earth as given
by Rudaolf Steiner,” and the Prolemaic world 5}-‘5.“!'!1:.'-': The connections with the planes were also
mentioned by Nicomachos,! though he limited himself to the true scales. Both relationships were
discussed by Schlesinger with her students, but not mentioned in her bock. Concerning this, Elsie
Hamilton wrote the following:”

One is often asked how one knows that, for example, the planet Saturn has a relationship to the
Hypodorian mode (Saturn mode); the Flaﬁtt Jupiter with Hypophrygian mode (Jupiter mode); the
planet Mars with the Hypolydian mode, etc. To answer this, one would have to go back o the
Ancient Chaldean period, when the wisdom of the gods was still imparted to the initiates of old
and from this source Pythagoras also received the knowledge which he was able to impart to his
pupils in his esoteric school in Greece in about 600 BC. Traces of this teaching might perhaps be

* Mode means scale or key and in the present context has the same meaning as scale.

T Very limde is known abour the biography of Kathleen Schlesinger. She was born near Belfast in [reland on 27 June 1852 and
died in London on 16 April 1953, The greater part of her life was spent in England, where amongs other things she also worked
at the British Museum, She was a3 musicologist and a Fellow of the Liverpool University Institute of Archacology. In 1924, having
become a member of the Anthropesophical Society in the meantime, she was asked by Rudolf Steiner to come te the
Goetheanum in Dornach. Unforunately this did not prove possible, Apart from smaller publications, she wrote The Mustriseits
of thee Moders Crechiesira (2 volumes, London 1910) and her main work, The Greek Aalos {London: Methuen & Co, 1938,
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found in ancient Greek writings; but Kathleen Schlesinger may not have wished to mention this
connection of the Greek modes with the planets in her monumental work, The Greek Awlos,
feeling she was up against the most hardened and materialistic thinkers of the day who might have
considered such knowledge as mere charlatanism, which would have been highly distasteful to
someone of her scientific way of thinking. For such ancient teachings could only be handed down
to us by maditon . . . {p. 25)

The structure of the modes is complicated and much patience is needed, entering into the thinking
behind them, if we are to understand them. The structural principle becomes apparent when one repro-
duces them on a monochord. ™™ "2 This is one of the reasons why the construction of a monochord
is given in Appendix 1. It is, however, also possible to understand the structure of the modes by means
of acoustic and mathematical considerations.

Modes based on a common fundamental—the generic tone being different

for each mode

In chapter 3 it was shown how the overtone row of a fundamental arises (Table 1). If one divides a
monachord string into 16, 18, 20, 22, 24, 26 or 28 equal segments, then on the first segment the 16th or
18th etc. overtone is heard. These seven overtones and their octaves are the seven generic tones of the
seven modes. The generic tones given at the top of p. 29 on the two string fundamentals ¢ = 128 Hz and
fau = 176* are mentioned because, according to Schlesinger, they have been known and in use from
anclent tmes.

For each of the seven generic tones, the monochord string is subdivided into the number of equal
parts that correspond to the generic tones overtone number, ez 16, 18, etc. The generic tone then
sounds on the first, uppermost segment, and as one progressively plays one, two, etc. segments of
the subdivision, the descending undertone row of the genenie tone is heard. The example of a 22/22
subdivision may serve to explain this.

If string length 1 is subdivided into 22 equal lengths, the first segment 1/22, gives the generic tone,
prime or Arche of the mode. If two segments (2/22) are played, the length of string being doubled, the
lower octave of the generic tone is heard. Three segments give the lower fifth, four the double octave,
five the descending major third, etc., untl with 22 segments the fundamental of the string is reached.
The same applies to the undertone rows of the other six generic tones, with the undertones taken to the
point where they reach the fundamental of the string: 16/16, 18/18, etc.

Comparison of this undertone row with Table 1, where the undertone row of ¢ = 128 Hz is given,
will show that it is longer. It goes to the 22nd while Table 1 only goes to the 16th partal There we see
a scale of seconds appear first between the 8th and 16th partials. A mode is a scale of seconds contained
within an octave. The tonal material of the mode begins on the undertone, which s half the partial
number of the generic tone, and progresses in descending direction until the single unit, i.e., the funda-
mental of the string, is reached. As, after the 16th partial, the proceeding undertones produce intervals
smaller than a just minor second = 16:15, the modes that lie below the 16th partial use the doubled
undertone partials of the diatonic octave (8th to 16th partial) and omit the undertones that lie in between
(see diagram on p. 31). The sequence of intervals is the same for each generic tone. The tones, however,

* The tone 176 Hz is the 11th overtone of .C = 16 Hz and is here called fau. Schiesinger consistendy called this tone = 176

Hz in her book, but apparently fie when teaching. The name £ = 176 Hz seenss rather unfornmare as this tone will then

casily be confused with the subdominant, i.e., the fourth of the tore C, which only appears in its undertone row (see Table 1).
ln comtrast va this, Biu = 176 Hz is the 11th overtone of (C = 16 He, its relatonship to ¢ = 128 He being 11:8. It seems
sensible therefore to differentare this tone from the tone F by the choice of wemm,
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THE SEVEN AULOS MODES OF ANCIENT GREECE

On c = 128 Hz:

Overtone™ Proportion® Generic tone” Hertz Mode

16 1/16 o 2048 Hypodorian
18 1/18 d* 2304 Hypophrygian
20 1/20 et 2560 Hypolydian
22 1/22 fau* 2816 Dorian™

24 1724 a 3072 Phrygian

26 1/26 high ab* 3328 Lydian

28 1/28 low bh* 3584 Mixolydian

On fau = 176 Hz:

Overtone” Proportion”® Generic tone” Hertz Mode

16 1/16 fau®** 2816 Hypodorian
18 1/18 high true £ 8§ 3168 Hypophrygian
20 1/20 high a**** 3520 Hypolydian
22 1/22 b* g7z [Darian

24 1/24 high ¢* 4224 Phrygian

26 /26 low d° 4576 Lydian

28 1/28 o’ 3584 Mixolydian

* I Tabbes 34 and 35 of Appendix 1, these numbers are doubled, 1.2, taken an octave higher, in order to gain a double
octave for each mode.

** The generic tone of the Hypodorian mode with the string fundamental fan = 176 He has the same Herez as the
generic tone of the Dorian mode, with string fundamental ¢ = 128 He

*** Present-day internatonal concert pitch.

are different.* For example, the meset always comes on the same interval proportion but the tone of the
mese is different for each mode and corresponds to the mode’s generic tone. The generic tone itself is
determined by the pitch of the string.

To make clear distinction berween the intervals and generic tones of each mode, Schlesinger devel-
oped the following fraction terminology. The denominator of the fraction is the number of the generic
tone, called the meodal determinant by Schlesinger. This gives the overvone partial of the generic tone as
a proportion to the common string fundamental and moreover indicates the number of equally large
segments into which the string or aulos is to be subdivided. The numerator of the fraction, on the other
hand, gives the undertone partial in question (see table of the 22/22 Sun mode on page 30). Schlesimger
named the fractions as a whole ‘modal ratio numbers’.

From the above we might suppose that the aulos modes are descending scales. This is by no means the
case. As Schlesinger expressly maintained, the modes are ascending scales. Having described how the
pitches of the different pardals of 2 mode are to be found on a monochord string, Schlesinger wrote (The
Greek Aulos, pp. 10-11):%

The constitution of the Harmonia or modal octave calls for further explanation, The procedure
just described, which effects the genesis of the mode, has been explained upon the A string because

* Compare Table 34 and 35 in the Appendix, where the Hz of the numerators of the fundamenral © = 128 Mz are given for the
divisions of the monochord board, They clearly show that cach mode containg ather tones.
T The lower octaves of a generating rone sounding upen the numerators 2, 4, B ere. are called "mcse’,
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it cannot be achieved in practice upon the aulos; for the hole representing the position of the
Arche would have to be placed upon the little straw mouthpiece itself, and the second and third
segments might likewise fall either upon it, or so close to it that no sound could be elicited, It is the
ascending Harmonia alone that comes to birth upon the aulos | | .

She explained shortly afterwards how this was o be understood (p. 12):

From the genesis of the modal material, of which we have now obtained some idea, the Harmonia,
or octave scale, of the mode is derived; it begins on the note of the whole string [lowest tone] ., .
and extends to the octave above . . . (Auchor’s italics)

For these reasons, which have consequences in practical music making, the modes will be presented here
as ascending scales, even though they are often presented in the relevant literature as being descending,''**

The lowest tone, the common fundamental, 1s therefore also the first tone of a mode, and its intervals
run in the opposite direction to the undertone row of the generic tone, 1.¢., in ascending order. This will
be elucidated with the example of the 22/22 Sun mode:

Degree I I 11l v W Vi VII LIt
Tone 22722 20,22 18422 16722 15/22 or 14422 13/22 12422 11522
Incerval 11:10 10:9 98 16:15 or 16:14 14:13 13:12 12:11

Every octave section of the modes contains nine tones. However, only eight can be used in a diatonic
scale. One tone is therefore left out in each mode. In the Hypodorian and Hypophrygian modes the 14th,
in the Mixolydian the 15th undertone is left out. In the remaining modes, the playver is given the choice
of using ecither the 14th or the 15th undertone, but must stay with the chosen tone for the whole of
the COMPOsition, The Greeks divided their seales into tetrachords, and the interval structure of these

First tetrachord Second tetrachord
Degree [ ] IT1 v v Vi VIl VIl
Hyvpodorian 16%/16 13/16% 13716 12/16 [1/16 10416 9416 g8+/16
Saturn™”
Hypophrygian 18/18 16+/18 157184 13718 12718 11/18 10418 9/18
Jupiter
Hyvpalydian 20,20 18/20 I6+/20 14520 13720 12720 11720 10,20
Mars ar
15/20
Daorian 22/22 20/22 1822 16%/22 14722 13722 12/22 11/22
Sun of
15722
Phrygian 24/24 22724 20,24 18/24 16+/24 14724 13724 12/24
Venus or
15/24
Lydian 26/26 24726 22726 20,26 1B/26 167726 14726 13/26
Mercury or
15/26
Mixolydian 28/28 26/ 28 24728 22/28 20728 18728 18280 14728
Maooan
T Mumerators 8 and 16 = mese, ™" Prolemaic planetary sequence, ™™ 14th undertone must be left out, 7™ 15ch

undertone must be left our.
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THE SEVEN AULOS MODES OF ANCIENT GREECE

tetrachords was what counted. Also, as the subdivisions berween the generic tone and the fundamental of
the string were different for every mode, the intervals of the modes proceeded in different sequences. Each
mode had two tetrachords. The tetrachords, tones and interval structures of the modes were as shown at

the foot of p. 30.

The modes as subspecies of a common generic tone and common

mese—the generic interval being different for each mode

Until now the seven aulos modes have been presented as proceeding from a common fundamental, Each
mode therefore had a different generic tone, with different tones making up the scale, the result being
seven different possibilities for each tone, e.g. seven different Cs. This makes it impossible to play all
modes on a single instrument. However, a further group of aulos modes can be created where this
becomes possible,

If one replaces the commeon string fundamental with a common mese, all seven modes lie on the
undertones of the same generic tone and each mode is therefore given its own fundamental. If one begins
with the mese on the 8th or 16th undertone, each tone in the scale which follows is a fundamental of
one of the modes. The interval between the fundamental and the mese is called the generic interval by
Schlesinger. Each mode is then played from the undertone partial of the fundamental up to its higher
octave, Schlesinger called the modes created in this way subspecies. According to her the genenc intervals
and the modal ratios of the six subspecies of the Hypodorian Saturn mode are as follows:®

Generic Interval

Mode Planet+ Modal Ratio Name Interval Cents

Hypodorian®” Saturn 16/16 prime/octave 1:1/2:1 0/1200
Hypophrygian Jupiter 18/18 major second 98 203.910
Hypolydian Mars 20/20 just major third 5:4 386.314
Dorian Sun 22/22 modal tritone 11:8 551.318
Phrygian Venus 24/24 perfect fifth 3:2 701.955
Lydian Mercury 26/26 just sixth 13:8 840.528
Mixolvdian Moon 28/28 very small just T4 968.826

seventh

* Mlanctary sequence acconding to Prolemy ™ .
** Here for the first time, the connection berween the Hypedorian aulos mode and rhe planet Sawrn becomes clearer: the

generating tone of this mode is the prime = the beginning, in Greek Kronos or Saturn.

All in all, the seven subspecies cover the interval of an octave and a very small just minor seventh Table
5 shows the seven generic intervals between the seven fundamentals and the common mese ¢ = 128, or,
respectively, the common generic tone ¢ = 4096 Hz.

If one plays the modes as subspecies of 2 common mese, as shown in Table 5,3 meaningful and signif-
icant connection shows itself, The tones of the second tetrachord repeat themselves as the tones of the
first tetrachord of another mode. According to Elsie Hamilton, each tetrachord of the seven modes is also
related to a planet,” with the numerator row 16, 13, 13, 12 related to Saturn, for example; 11, 10,9, 8 to
the Sun: 14. 13, 12, 11 to the Moon, etc. If one arranges the modes in accordance with the repetition of
the tetrachords, the sequence shown at the top of p. 33 arises,

It should also to be mentioned that not only scales and tetrachords, but also the single degrees of the
scale are related to the different planets according to their numerator. The first degree as generic tone
and its lower octaves 2, 4, 8, etc. as mese are always related to Saturn.* A fitting association always applies

*See note ++++ 1o the mhle on p. 30
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Table 5

The seven aulos modes as species of the common mese ¢' = 256 Hz of the Hypodorian Saturn mode 32/32

Generic tone ¢* = 40% Hz

Undereone mno of e

REmEALENG rone: 142 1730 iy 1724 12 172 1420 /18 1716 1415 114 113 112 1711 /16 1.4 178
MESE MESE MESE
Miods] rane scandng
w0 Schicinger- A W R BANE P42 252 MY T T8 I TE Y 1532 14432 1332 12732 11732 (0432 9eaE graz
Tooe: toec  jondflar  jmed madile  euel moddgeo juitafls  oebfa trued  jeid e’ jusd’ medd e wue 7 modad geo® pua flar e bflaY gued?
Heme 128 1363533, 146380, 157538 IT066T 186182, 204800 297585 256 06T M2STI MSOTT | MM FZI6E 409600 455011 512
; | i 1 L - I ; ! ! '
Species : i | : i 121 2:1_ Hypedorian Satarn® ; : ! a |
! ! | i : ' i : : | 1
' ' 5 ! ' L~ Hypoghrygias Juptiee® | ! i ! 5
E | i ' / i ! I o
The seven | ' i 45 Hypodydian Man* | i | J
fandamarstals: i i : I/ : | i
i i ] \ &1l Dorian Sin® : :
i ] / 23 Bapgheeom® __§
0 i T T *
i : ; |
i / H:11 Lychan Mencury® i .
H 1 =
!/ #7 Mixobrdiin Moce®
Ll L ]

gnerating inferaly

Fractians: According vo car ernuinology the praporizon berwern the underténe and the groerating rone.
Moadal wrin: According vo che rernenology of Schletnger: sameratos = eambser n!‘f\q-..uu:r loeg string segmrets = the undertone row

partial numsber. o = o

partial

* Plmctary sogeence acconding of Prolean:
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THE SEVEN AULOs MODES OF ANCIENT GREECE

First tetrachord Second tetrachord
I II 11 IV v VI VII VIII
Hypodorian Samrn’™  32/32° 30/32  26/32  24/32 22/32  20/32  18/32 1632 Sup'”
D - 32/30  20/23 18/ oo :i;giu: 137522 1222 11/22 Moon
Mixolydian Moon  28/28° 26/28 24/28 mﬂ_,&r/ ;u'fzs 18/28  16/28  14/28 Mars

1320 12/20 11720 1020  Mercury
18/26 16/26 15/260r 13/26  Jupiter

Hypobydian Mars 20/20 18520 16/20 1572000
FAL

Lydian Mercury 26/26° 24/26  22/26  20/26 14/26 .
Hypophrygian  Jupiter  18/18  16/18  15/18 13718 12748 11418 10018 918 Vepus
Phrygian Venus _ 24/24° 23/24 20424 18724 16/24 15/240r 13/24 12724 Samarn

L 14/34

Droubling of the nunzerstor
Planetary scquence 35 in the evolusion of the Eath according to Rosdoll Saciner.

g Manetary sequence scordmg o the das af the week.

to the degrees which follow. This is important and will be dealt with in Part Three. The following
overview results:

Degree: Related planet

1. 2, 4, a3, 16, 32 Haturn
9, 18 36 Jupiter

5, 10, 20, 40 Mlars

11, 22, 44 Sumn

3 6 12, 24, 48 Venus
15, 26, 32 Mercury

7. 14, 28, 36 Moon

15, 30, &0 Moon

Only the Moon is related to two degrees of the scale, these being 14 and 15.

Two groups were given on p. 29, each with a different generic tone. Theoretically, the structure of the
modes allows any tone w become the generic. This means that each of the planets can be related to any
and every pitch. This will be illustrated in three examples given below. The generic tones ¢ = 4096 Hz
and fau® = 2816 Hz have been chosen because we present the modes on the undertones of the former
whereas Schlesinger and Hamilton mainly do so on the latter. (The reason for departing from
Schlesinger’s method of tuning is given in chapter 18.) The middle example with the generic tone b* =
3872 Hz is given because the undertone b = 242 Hz is the seventh degree of the equal-tempered scale
of ¢ = 128 Ha. i

If ¢* = 4096 Hz is made the generic tone, then it and its lower octaves are Saturn tones, the remaining
tones order themselves into the above arrangement, and the musical notation looks like this:

Mlese Mlese Mese

Pane: 5 D » ¥ @ © 02 H3» > ¥ Qo OO 2 D

Degree: 32 30 28 26 24 22 20 18 16 15 14 13 12 11 10 9 8
b

L+

Hertz: 128 {46,286 170667 204,80 156 792 571 341.333 4019, 54K 512
136533 {57,538 186,152 327 555 273.061 35077 372362 458,111
oo Geo

33



INTERVALS AND SCALES

If one takes b* = 3872 Hz as the generic tone, then it and its lower octaves are Saturn tones, and the
modal musical score (in which the rones ¢ = 128 and ¢' = 256 Hz are absent) appears as follows:

Mese Mese Mese
Planet: b » » % o @ O % P » » 8 90 O O 2 B
Degree: 32 30 2B 26 24 22 20 18 16 15 14 13 12 11 10 9 8§

Herez: 242

258140

IRT. 200 484
430,222

121 138, 286 161,333
129,070 148973 176
Fau

193, &
215.111

216572 22677

297 8d6 552

Fau

If one uses fau® as the generic tone, then fau and its lower octaves are Saturn tones. In this case the
tones ¢ = 128 and ¢' = 256 Hz are present on the 11th and 22nd undertone partials of the generic tone
and are accordingly related to the Sun. This row gives the following music score:

Mese Mese Mese
Planet: b‘@&*abmﬁ¥? Qo3 % 23§ Q0O
Degree: 32|22 20 18 16 15 14 13 12 1110 9 8 7/27 6/2 6 5/
15 14 13 12 11
§
= | B | =5
- ¥ 1 'y 'IB :
‘_j @ T ] td =
e e 154
o Vo b
Hertz: g8 1440800 176 W14 134ETT 2E1G00 352 2. 286 469,334
124 156444  187.733 216615 256 J28EH  3TSA6G 433230 312
Fau Fau Fau

If, on the other hand, all the modes are played as species of a common mese, i.e., on the undertones
of a single generic tone, then the tone/planet relation is the same for each of the modes.

A few quotations from Schlesinger and Hamilton will now be given that support the choice of generic
tone in our presentation. Schlesinger communicated all connections between the modes presented here
to her pupils, including Elsic Hamilton, in her lessons, but they are not given in her book. Elsie Hamilton
therefore wrote:?

Let me at once say that all the theoretical knowledge 1 possess has been imparted to me by her
[Schlesinger| through our long and happy friendship over many years. All T can claim as my 0w
contribution is the use | have made of these modes as a basis for modern composition, of which
details have been given in Appendix 3 of The Greel Aulos.

As our presentation is extensively based on indications come down by word of mouth from
Schlesinger’s pupils, it seems appropriate to quote a few indications regarding the composition of the
modes from Elsie Hamilton:*

Saturn (Hypodorian mode)

@ 151z

FE & A B8 & D E &
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The second tetrachord 11 » 10 = 9 = 8 sounds rather like the major second scale of the Chinese,
adopted by Debussy.

Jupiter (Hypophrygian mode)

A = i
8- 15-13-12- 11101
E FE 6 A % ¢ D E

Mars (Hypolydian mode)

20.18.(W. 14. 3. 12. 11 . 1©

v € Ff 64 A B €& D

Both ratio 15 and 14 are never used together in the same mode, but there are two forms of the Mars
mode, the earlier one with ratio 14 and a later one with ratio 15. This latter one is the prototype of
our modern major scale, which has lost its original purity

Sun (Dorian mode)
SRR e G e
22-20- 18- @ 14 13 12 |
6 D E Fi G AR B O
This was the principal mode in the old [Dionysian] Greek musical system. [Note according to

Schlesinger’s manuscript: the Sun mode also has two forms, one with 14 and one with 15 (authors
note)]

Venus (Phrygian mode)
ﬁ ,.-J""P'__"'“a,_
24-22-20-18-{@- 1513 - 12
8 & D E F§E G AP B

Again there are two forms of this mode. With ratio 15 it is the prototype of our harmonic minor
scale; with ratio 14, of our [ascending] melodic minor scale:

fﬂ_ﬂ—ﬂ__'_‘—-_____h ,.-ﬂ"_—_"“-m‘
24:22-20 18- () 1413 - 12
8 ¢ D E Fi 6f af B

Mercury (Lydian scale [mode])

T
20.24.22.20- 18 -(&). 15. 13
B B & D E F} G Al

Moon (Mixolydian scale [mode|)

P e

28 206-24-22-20- 18- (L) |4
6t A4 8 & D E Ef G}
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The Moon scale (mode) must always have ratio 14, not 15, (Hamilton: The Modes of Ancient Greece,
pp. 24-5)

Apart trom this, Schlesinger personally wrote out by hand for her colleague, eurythmy therapist Nanda
Knauer, the di:grt:cs of the 22/22 Sun mode on the fundamental ¢ = 128 Hz and mese fau = 176 Hz.
together with all the species relating to . Miss Knauer obligingly put this manuscript at the author’s
disposal. It is due to this that we are in the fortunate position to present an authentic facsimile of
Schlesinger’s own way of doing this,

A comparison of Schlesinger’s way and Hamilton's shows that Schlesinger only gave ratio 14 for the
Phrygian Vienus mode. However, in the Sun Hymn she composed, which Knauer has also made available
to us, she consistently used the tone g' = 375.466 Hz, 1.¢., ratio 15. This substantiates the possibility given
by Hamilton to choose between ratios 15 and 14 in this mode. That the choice also applies to the Lydian
Mars maode is evident from the last two lines of the manuscript. Especially noteworthy is the fact that in
the lower octave of the Sun mode (line 1 in the facsimile), Schlesinger crossed ratio 14 out and drew the
arc of the first tetrachord from the 14th as well as the 15th ratio. She thus indicated that ratio 15 may
also be used in the Sun mode. The important possibility to play either ratio 14 or 15 in the Hypolydian
Mars, Dorian Sun, Lydian Mercury and Phrygian Venus modes, as presented by us, has been compre-
hensively substantiared and authentically illustraced,

As a further characteristic of the modes, Schlesinger’s manuseript shows the ascending direction of
both scale and tetrachord (facsimile). This is especially significant as it means that the modes are the only
scales known to us where the intervals get progressively larger in ascending direction (see table at the top
of p. 33). This extension of the modal intervals reflects an extension of conscious awareness, becoming
progressively more comprehensive, and the cyclic order of the tetrachords reflects an ever deeper pene-
tration into cosmic interrelationships. Being pre-Christian scales, the modes mirror the way which the
Dionysian mystics had to follow. They would first descend through the instincrive nature of evil within
their own being—in the tonal material we find a related descending octave section in the undertone row
of a genenic tone with ever-diminishing interval sizes (see Table 1). Then the god Dionysus was found
in the deepest tone (first tone of the mode) in order to ascend with the help of this initiate (Dionysus)
into progressively greater and wider heights of initiation knowledge—ascending scales with steadily
augmenting intervals and cyclic progressing tetrachords. In Schlesinger’s complete presentation, the
modes belong to the most momentous products of the Dionysian stream in music,

Modes and modal intervals played on a violin or monochord sound genuine to the ear. This means
that it is also possible for us to find a musical relationship to the modes today.
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INTERVALS AND SCALES
‘Hymn to the Sun’

Melody by K. Schlesinger
From Sophocles’ play Anrigone, Choir 1, first verse.
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Passed down by Nanda Knauer
Beam of the Sun, fairest light that ever dawned on Thebe of the seven gates, thou hast shone forth at last,
eye of golden day, arisen above Dirce’s streams!
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9 Aulos Modes and Just Scales

The form principles of the Hypodorian Saturn aulos mode

To make a comparison between modes and just scales, the form principles of the aulos modes must first
be found. If this is to be done on the same basis as the form principles of just scales as presented in chap-
ter 7. the undertone ratios must be used instead of the modal ratios used by Schlesinger (see chapter 8).
The undertone ratios describe the tones between which a particular mode lies just as accurately as the
modal ratios.

When modes are derived from a common generic tone, the Hypodorian Saturn aulos mode 16/16 is
the only mode that lies between two mese. The mese and the prime of this mode are the same and its
tones follow the same sequence as the undertones of the generic C between the 8th and 16th parnals.
The structure of the Hypodorian Saturn mode may thus be brought into connection with the form
principles of the undertone row of C. The example of the Hypodorian aulos mode given in Table 6, on
p. 40, suffices for all of the modes as all modes contain the same intervals, only in different sequences.

Table 6 shows that all intervals of the modes are governed by a single form principle, namely, the
primary, secondary and tertiary divisions of the octave by the harmonic mean. The aural observation as
to the genuineness of all modal intervals is therefore also confirmed.

If we compare the Hypodorian Saturn aulos mode

Undertones: 1716 1/15 1/13 1/12 1711 1710 1/9 1/8
Intervals: 15:16 13:15 12:13 11:12 10:11 9:10 89

with the just major scale

OWertones: /8 1/9 1710 1/10% 1412 1/13°4A 1/15 1/16
Inrervals: G- 10:9 10310 12:10% 13412 15:1344 16:15

it is evident that with exception of partals 1/11 and 1/13, the two scales are a simple mirrored mver-
sion of each other, the one built on the undertone row, the other on the overtone row of C.

The Phrygian Venus aulos mode and its connection to the harmonic and

melodic minor scales
It was shown in chapter 7 that the just minor scale stems from the sixth degree of the relative just major
scale and, apart from of the fourth degree, contains the same tones.*

The seventh degree in the harmonic minor scale and the sixth and seventh degrees in the ascending
melodic minor scale are raised by a semitone, These scales therefore arise from a compromise between
their relation to the relatve major scale and functional harmonic requirements. These requirements can
be observed in the use of the minor scales in the sixteenth to nineteenth centuries where the gravita-
tional power of the minor tonic is weaker than that of the major and is generally not maintainable as a
tonic without raising the leading tone on the seventh degree and its preparation, the sixth degree,
through borrowed tones from the tonic major. The designation ‘relative minor” is therefore only truly

* In Table 3 it was shown how the 11th partal on the fourth degree of the just major scale, obtained through division by the
arithmetic mean, is replaced by the tone 10% gained by primary division of the octave by the harmonic mean. With: this single
harmonic division the subdominant of the scale i placed on the fourth degree (see chapter 7, The just major scale’).
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Table 6
The form principles of the Hypodorian Saturn aulos mode*

Miese Miic

1=l H=Yhs A D=V V=R veliy  VIsle VA V="
R A s " A% ;
el S S e r- S - R | B [ g 4N E
i % # 5 ] e g L sV ey Taa w e :l“ '}._,- g "
11'..._1.J'\li'.:u‘}':na:tﬁrjg':,:q{-',‘_.hi:l’,r! ) \ ',..- 3 g I ..-*fé,'
vy T A X moes oo . R
'l" .-\' .', 1 * e - "-—‘:..I.i. o3 o ;;
Tl ¥ ", 2
\ . 43 - i
Y Tomg i ", Pl
k i
. Lt - N
%, Undertone degrees = ~ 3 e

*»  harmonic mean ’
'\

Cents from mese

Interval mean Cents Degree  New scale degree 1716 178

Harmonic mean of octave  2:1 1200 1/8:1/16 1/12 = IV = fourth 498.045  T01.9535

Harmonic mean of fifth 32 701955 1781712 1710 =VI = just B13.686 386.314
minor sixth

Harmonmic mean 43 498045 1512:1516  1/14 unused (augmenttd (231.174) (968.526)

of fourth major second)

Harmonic mean of 54 386314 1/8:1710 159 =VIl = rrue 996,090 203,910

Just major thind minor seventh

Harmonic mean of &5 315641 1/10:1/712 1711 =V = modal G458 682 551.318

Just minar third tritone

Harmonic mean of too  7:6 266871 1/12:1/14 1/13 = 11l = modal 359.472  B40.528

small just minor third major third

Harmonic mean of §:7 231174 1/14:1716 1715 =11 = just 111.731 1088269

augmented just major mingr second

seecond
Primary division: harmonic mean 0 —ie—a—
secondary division: harmonic mean —————

harmonic mean—unused degree

* The table shows the proportions of the intervals, 10 the arithmerical proportions are not correct,

valid for the diatonic minor. The modified harmonic and melodic minor scales therefore demand ro be
related to the ancient Greek aulos modes * |

What scale results when we produce the fifth degree of the Hypodornian Saturn mode with the arith-
metic mean instead of the harmonic mean, i.e., when 1/11 is replaced by the upper dominane 3/32 of
the mese? The tones and intervals are as follows:

* The relationship between the Phrygian aulos mode and the harmonic and meledic miner scales in use since the sevenreenth ‘
cenmury was observed by Schiesinger and Hamilton,®* It is mentioned here as it solves the question of the relationship between !
the two forms of the manor scale and the relagve major. |
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Undertones 1/16 1/15 1/13 1/12 3532 1710 1/9 1/8
Imeervals 15:16 13:15 12:13 B4 15:16 910 H9

If one plays or sings these vones, the impression 15 similar to that of the harmome minor seale when
beginning on the dominane.*

If the prime of the Phrygian Venus species of the Hypodorian Saturn mode is played from its subdom-
inant, the following harmonic minor scale resulis:

Undertones 1724 364 1720 1718 1716 1/15 1713 i/12
Intervals =2:9 15:16 9-10 59 15:16 13:15 12:13
(1% rone)

The objection may be made that the 12:13 interval at the end of the scale is bigger than a 15:16
just semitone. Mathematically this is correct. However, even though the ear hears it to be a bit larger, it
experiences it as a semitone. We may therefore say that the Phrygian Venus mode with the 1/15 degree
is practically identical to our present harmonic minor.**

The melodic minor scale is also based on the Phrygian Venus mode but with the 1/14 degree instead
of the 1/15. When played in ascending direction this version of the mode sounds very similar to our
meladic minor.

If one reflects on the fact that the two forms of the Venus species of the Saturn mode form the melodic
and harmonic minors and that the Venus species is based on the subdominant of the Saturn mode, it
seeIns more appropriate to make a connection between the minor key and the subdominant of the
major. Although foreign to modern musical thinking, this aveids pointing to an only fragmentary
connection to the relative major and helps give an understanding for the different forms of the minor as
individual scales,

Aulos Mars tetrachord and just major scale

Schlesinger wrote that the present just major scale most probably arose from the Hypolydian Mars aulos
mode.® If one uses the 1/15 degree, the first (lower) tetrachord—the Mars tetrachord—consists of

Froportions 109 -8 16:15
Degrees 1/20 1/18 1/16 1715

Intervals

This tetrachord (see Table 3) has the same intervals as the first tetrachord of the just major seale, though
the first and second are swapped around: 9:8, 10:9, 16:15,

A modes Alw.'l}rs. consists of two different tetrachords so that each interval {mh.r appeans once, and the
second tetrachord of the mode is therefore very different. But Schlesinger said that it was possible for the
auletist to r_'h.angc the position of the Ii]::ﬁ on the tongue of the aulos’ muut}tpir:w;t: ﬂighﬂ}' and so PIEI]F the

* Fram the pomt of view of the theory of harmony based on mapor/minar tonality, the harmoenic minaor suffers from the long-
term ban on the augmented step between its sixth and seventh degrees, which makes it appear questionable whether it even
obtains the rank of a genuine octave scale. However, it stubbernly maintains its posidon i the theory of music next o the
melodic and diatonic minors, which would suggest that i fandamenial composition is found in the scales of other periods and
narions, Iv is therefore considered here at a fully valid minor scale.
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lower tetrachord of a mode a second time a fifth higher on the dominant. In the case of the Hypolydian
Mars mode, the Mars tetrachord would then appear twice. The mode then becomes a scale that is very
similar to the just major scale where the second tetrachord, with the intervals 10:9, %:8 and 16:15, is the
same as the Mars tetrachord. The only difference thus lies in the first tetrachord. Placing one on top of
the other, one sees that the first tetrachord of the Hypolydian Mars mode and the first tetrachord of the
just major scale have the same second and fourth degrees, with the first and third different:

Degree I Il 111 Y
Mars tetrachord 10 9 B T
Just major scale, first tetrachord 8 9 10 Tl

The difference may be explained as follows.

In the case of the Hypolydian Mars mode, the generic interval is the major third 5:4 with the mese
on the third degree of the mode. Because of the descending direction of the undertone row the major
second between the second and third degree is larger than that between the first and second degree. In
the case of the just major scale, the prime of the scale is also its generic tone and as its intervals are created
by this tone’s overtone row, so that the intervals get progressively smaller in the ascending direction, the
major second between the first and second degree is larger than that between the second and third
degree,

Mathematically this is due to the fact that in the case of the mode, the second degree is produced by
the harmonic mean, whereas in the case of the just major scale it is created by the arithmetic mean. This
difference is in keeping with the change in the division of the major third between the first and third
degrees of the just major scale from arithmetic mean to harmonic mean in order to make the second
degree a usable fourth degree in the relative minor scale (see chaprer 7).

It may be seen from the above that the opinion that our present just major scale arises from the
changed Hypolydian Mars aulos mode of the Dionysian musical stream in Greece is by no means
unfounded.?
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10 Twelve-toned Equal-tempered Scale

The equal-tempered scale will now be considered. In Table 7, on p. 44, the upper part shows how the
division s lJSI;J.ilI!." ]:rrusentr:d_"“' All intervals appear as a sum of the minor second IE‘\E. All intervals
therefore obey the same mathematical principle and one might consider that they all have the same
aural qualicy. But to the ear the quality of the twelve intervals of this scale 15 completely different. The
equal-tempered tricones, minor thirds and major sixths are experienced to be genuine, while the equal-
tempered fifths, fourths, major thirds, minor sixths, major seconds, minor seconds and both sevenths
sound false.

The lower part of Table 7 shows that the tritone, minor thirds and major sixths can also be produced
by dividing the octave through primary and secondary division with the geometric mean, *

The geometric mean produces the equal-tempered tritone: 2:1.4142:1 berween octave and prime; the
equal-tempered minor third between the tritone and the prime: 1.4142:1.1892:1; the equal-tempered
major sixth between the octave and the tricone: 2:1.6818:1.4142. The other intervals of this scale are
produced by the accumulation of equal-tempered minor seconds, which are obtained either by dividing
the octave h}' its twelfth root or l'w dividing the r:ql,l:ll—h:mpl:n:d minar third b}-' its cubic root: 3¥1.1892
= 12v2 = 1.0594. The twelve-toned equal-tempered scale can, like the just scales, also be considered to
be produced by two divisions. The primary division is by geometric mean, which produces the intervals
that sound genuine to the ear. The secondary division is that of the octave by i twellth root, or division
of the minor third by means of the cubic root, to produce the equal-tempered minor second. But
this equal-tempered minor second and the remaining seven intervals obtained by summation of the
equal-tempered minor second all sound untrue, i.e., fakified to the human ear. This fact is commonly
:Icknq)wiedged and need not be discussed furcher,

The equal-tempered scale is a good example of how exactly the form principles of a scale mathemat-
ically support the aurally perceived genuineness or falseness of the intervals. The form principles are thus
an invaluable help in gaining an intellectual understanding of the scales.

Omne may ask why the aurally perceptible genuineness of the equal-tempered tritone, minor third and
nuajor sixth has apparently remained unnoticed until now. A possible answer may be that the latter two
intervals are usually paired with non-genuine fourths and fifths, their genuineness thus drowned out. It
should, however, be stressed that equal-tempered tuning creates a genuine-sounding interval that
appeared for the first ime in Western music: the equal-tempered tritone. It 13 known that the tritone was
called the diabolus in musica and that its use was expressly forbidden in strict counterpoint. If one exam-
ines the tritones in use at the ume—the true augmented fourth and the tue diminished fifth—this
becomes understandable as both intervals with their exalting or ako cramping properties forcefully
demand resolution. The equal-tempered tritone sounds very different—peaceful though dissonant. It
leaves the listener totally free to resolve it to the minor sixth, major third or to even leave it unresolved.
With its non-urging sound it holds the balance, so to say, between the luciferic augmented fourth and
the ahrimanic diminished fifth, the two diaboli in wmoesice, Because of this, it may be pl:rmis.sihic to call the
equal-tempered tritone the Christian tritone. We will meer the tritone again as an important interval in
the discussion of the scale of rwelve fifths {see also chaprer 13, and also chaprer 21, p. 120).

As the twelve-toned equal-tempered scale has equally large intervals berween the scale degrees, and
the middle tone between each three neighbouring tones is the geometric mean of the other two, the
miistaken idea has arisen that this scale is a consistent implementation of the geometric mean. However

* According e Boethiug the geametric mean 5 ene of the fundamental principles af music, (Root-division 15 not a
fundamental principle of muac,)
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Table 7
Genuine and false intervals of the twelve-toned equal-tempered scale,* calculated according to Ernst Bindel''
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b2 = W2 x 14142 = 2V2.5284 = 42" = L6#18 = cqual-tempered major sixth = geometric mean between octave and tritone
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* The table shows the propertions of the intervals, and is therefore not arithmetically proportionally correct.
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# The table shows the propertions of the intervals, and is therefore not arithmetically proportonally correct.

TWELVE-TONED EQUAL-TEMPERED SCALE

the same phenomenon is to be found in the Siamese equal-tempered seven-degree scale, the Indonesian
equal-tempered five-degree Salandro and the equal-tempered 19-degree supra-diatonic scale of
Joseph Yasser.™ Equal-tempered intervals are therefore by no means limited to the equal-tempered
twelve-toned scale.

'Unh_.-' in the ::qu.;i]—l;q:mptrcd twelve-toned scale does the geometric mean division Pmce:t:d from the
octave as one of is form principles, This is not the case in Yasser’s, the Siamese or Indonesian equal-
tempered scales, as none of their intervals can be found by a geometric mean division proceeding from
the octave. A scale totally produced by the form principle of the geometric mean would have to consist
of the following intervals: 1 octave, 2 equal-tempered tritones, 4 equal-tempered minor thirds, § equal-
tempered three—quarter tones, 16 equal-tempered three-eighth tones etc. and their combinations. None
of the Western, Eastern or Arabic* scales known to the author show such a structure.




11 Greek Scale Names

Before considering the true-tone scales (church modes), it will be necessary to clarify the confusing use of
Greek scale names. These names were first mentioned in chapter 8 and we will meet them again when
considering the church modes below. The same names are used in both cases and brought into connection
with the same planets, but they apply to different tones and to scales with completely different structures.

The two music streams of Ancient Greece—the Dionysian aulos and the Apollonian kithara sereams—
used the same names for each of their seven different scales and scale degrees. To make the confusion
complete, the medieval Church used these names—though as far as we know without the connection to
the planets—for still other scales and tones ® ™3

To give the reader a guide through the labyrinth, Table-8 contains all the different scales, complete with
names, scale degrees and interval proportions under the three headings Greek Dionysian, Greek
Apollonian, and Church modes. In this book the scales are always given the names of the musical stream
concerned (e.g. Dionysian aulos or Apollonian kithara), and in the case of church modes the Greek and
not the church tetrachord names are used.
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o= o

The Greek naimmes of the aulos modes, true scales and church modes
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12 Diatonic Scales Based on the True-tone Row and the
Creation of the World’s Soul According to Plato

In chapter 6, we saw how Pythagoras created the diatonic Dorian true-tone octachord from the old

Terpander heptachord and that this became the central scale of the Greek Apollonian musie system. )
When the interval sequence of this scale is expressed numerically, it shows an amazing similarity to the .
third part of the ‘creation of the world’s soul’ in Plato’s Timaeus. i
An in-depth examination of three pertinent paragraphs in the Timaeus will be attempted to work out :
the form principles of the diatonic true-tone scales (church modes). The tetrachords of these scales are ¢
given in Table 8.
The three paragraphs vead: ’ |
5
1) First He [the Creator] took one portion from the whole; ;
Then He took a portion double of this; :
then a chird p:}rl’im], half as much ;|§n'n as the second pt:rl:inn, that 15, three times a5 much as the
first; t
the fourth portion He took was owice as much as the second; E
the fifth three tmes as much as the third;
the sixth eight times as much as the first; and !
the seventh twenty-seven nimes as much as the Arse*® |

2) After that He went on to fill up the intervals in the series of the powers of 2 and the intervals in
the series of powers of 3 in the following manner:

He cur off yer further portions of the original mixture, and set them in berween the pornons above
rehearsed, so as to place two means in each interval—one a mean which exceeded its extremes and
was by them exceeded by the same proportional part or fraction of each of the extremes respect-
ively; 1 the other a mean which exceeded one extreme by the same number or integer as it was
exceeded by its other extreme. 3

3} ‘And whereas the insertion of these links formed fresh intervals in the former intervals, that is
to say, intervals of 3:2 [1V4] and 4:3 [1'4] and 9:8 [1'4], He went on to Gl up the 4:3 intervals with
9:8 intervals, This still left over in each case a fraction, which is represented by the terms of the
mumerical ratio 256:243,

Quoted from:The Loeb Classical Library Plaro, vol. VII {including the notes).

Whether we are concerned with string-length division or frequencies, tones (Plato = numbers) and |
intervals (Plato = fractions) need to be clearly distinguished from one another. It must also be remembered
that two tones are needed for an interval,

* These seven numbers may be arranged in two branches to show the two series of which the Timaeus immediately goes on o
speak:
1 jthe 1st)
2 {the second) 3 {the third)
4 (the fourth) 9 (the fifth)
8 [the sixth) 27 (the seventh)

The lefi-hand branch contains the "double intervals’, ie., powers of 2: the right-hand one the ‘miple intervals’, e, powers of 3,
T The harmonic mean.

1 The ariehimeecal mean.
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DIATONIC SCALES BASED ON THE TRUE-TONE ROW AND THE CREATION OF THE WORLD'S SOUL

The MNeo-Pythagoreans, for example Nicomachos of Gerasa,’ calculated the numerical row 9:8,
0.8, 256:243, 9:8, 9:8, 08, 256:243 from the above three paragraphs and showed how the Pythagorean
actachord arises in the doubled interval (octave) referred to in the third paragraph. In the twentieth
century, the mathematician Ernst Bindel also took up these caleulations. '

Nicomachos” and Bindel’s method of calculation will hardly give the form principles for all seven
diatonic true-tone scales. Especially in the second paragraph, Plato mentions not just a twotold but also
a threefold interval row. An explanation of the threefold row poses problems for most commentators of
Plato because they only place two fifths separated by a fourth into the 3:1 interval of the twelfth. Here,
the aim is to extend the method so that the form principles for the diatonic true-tone scales will emerge
ql'lltt‘ ﬂﬂ.m]’-‘i“f.

Apart from full acknowledgement of the true-tone row, there s a third element to be considered.
If we relate Plato’s numbers to music, both directions of movement operative in the Apollonian stream
since the turning-point of time need to be taken into account—the pre-Christian descending direction
of the undertone-row degrees (string-length division), and the Christian ascending direction of the
overtone-row degrees (frequencies).®

If we do this and replace the original numbers with the corresponding tones, we get all seven
tones of the diatonic Apollonian truc-tone scale, as well as their form principles, a5 shown in the two
proceeding tables.

The first paragraph contains the portion or number row 1,2, 3, 4, 8,9, 27. If one wishes to remain in
the realm of non-altered tones, then there are only two possibilities for the initial tone *1"—in string-
length division ¢*, and in frequencies | C. All other initial tones would result in altered tones, Apart from
this, these seven numbers, or portions, only give four different tones, as numbers 2, 4 and 8 are octave
tones of 1. In string-length division these would be tones ¢! = 1 (=2et=4e =8,2=34=9
and G = 27. The four underlined tones are in descending proportions of a 3:1 twelfth to each other. As
fifths and fourths in the corresponding octave, these give the tones of the open strings of the violin and
the double bass. In frequencies these would be tones l_C_; ={({C=2c=4,c=8),G=3,4d =932=
27, the underlined tones are in the ascending proportion of 3:1 which, when brought into the corre-
sponding octaves, can be played on the open strings of the viola and cello. Together, the tones of both
rows give the row e, a%, d', G and |C, each tone being a twelfth apart.

When Plato’s numbers are taken as interval rows, the following intervals arise:

String-length division-row, descending (read from right to lefi):
Degree:. 27 : B : 9 1 4 : 3 : 2 : 1
Interval; octave + major 6th  whole tone Sih 4th Sth octave

Frequencies-row, ascending (read from left to righe):
Degree: i : 2 i = S o ¥ : 8 ) 27
Interval: octave 5th 4th 9th whole tone  octave + major 6th

In the second paragraph, Plato divides the portions of the first paragraph into a twofold and a three-
fold interval row: Both rows include the geometric mean twice: in the octave row as 4:2:1 and 8:4:2, and
in the twelfth row as 9:3:1 and 27:9:3. The geometric mean is thus an organic part of these rows from
the outset. Plato then places the harmonic mean and arithmetic mean in these two rows (see Table 9,
lines 1,2, 6, 7). In the octave row, the harmonie mean gives in string-length division the tone rrue B and
in frequencies the tone true F

* Sec chapter 3 and Bibliographic References 26 and 62.
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Read from right to lefi:

harmonic harmonic harmonic
eiEn mean fTiean
Dregrees in string-length division: 8 5% 4 2245 2 14 1
Tones true ¢! trueb'  tuee’ trueb® wueet tueb® true et

Read from left to right:

harmonic harmonic harmonic
mean mean mean
Degrees in frequencies: 1 1'% 2 24 4 5% 8
Tones true C  tue F oueC wueF  truee truef  true ¢

The arithmetic mean of the twofold row gives new numbers but these are in a proportion of 2:1 to
the number three which is contained in the threefold row. Neither string-length division nor frequencies
therefore give new tones. But together the harmonic mean and arithmetic mean place intervals into the
twofold interval row that were previously only given in the firse paragraph. They divide the octave into
two equally large 4:3 fourths divided by a 9:8 major second in the middle (see Table 9, lines 2 and 8).

In the threefold row, which contains the numbers 1, 3, 9 and 27, string-length division gives tones
true e, true a%, true d', true G and frequencies the tones true | C, true G, true d, true a%. Division of
this row by the harmonic mean and arithmetic mean gives octave intervals to the tones true a°, true d'
and true G (see lines 4, 5 and 6 in Table 9). The tones of the double octave 1%:6 are, in string-length
division, octaves of true 2%, and in frequencies, octaves of true G.The true D tones of the middle double
octave 4'4:18 belong to both string-length division and frequencies, so that only three and not four
double actave rows are produced by this division, Apart from this, the above division also brings about
that each double octave derived in this way contains either (but not both) the harmonic mean or
the arithmetic mean. This produces the 9:4 ninth intervals, which we may also call octave-exceeding
major seconds.*”

The important point (not so far taken into account by Plato commentators) that the three new double
octaves are twofold intervals which contain the arithmetic mean and harmonic mean needs to be stressed.
To place the harmonic mean and arithmetic mean into each octave of these new double octaves, which
would be in keeping with Plato, the missing means need to be carried over from the single octaves.
Fifths, fourths and major seconds are then produced in the same way as they were in the original twofold
intervals.

Two further twofold interval rows can be derived from the original twofold row (lines 1 and 9 in Table
9). The first is double octaves of the harmonic mean, the second, double octaves of the arithmetic mean.
The double octaves of the arithmetic mean are already contained in the new row of the double octaves
in the threefold interval row (lines 4 and 6 in Table 9). New tones will therefore only arise from the
harmonic mean (Table 9, lines 1 and 9). Under the conditions shown in Table 9, these new double actave
rows have the characteristic that their two single octaves contain not two, but only one mean, namely,
the arithmetic mean: 2 between 1% and 2%, and 4 between 2% and 5%, This one mean divides each
actave in this octave row into a perfect fourth and a perfect fifth. But as these octaves only contain one
of the means, there is no mean dividing interval, i.e., no major second can be produced, The divisions
are therefore incomplete.

seven different twofold interval rows thus arise from the second paragraph—the two original (Table
9 and Table 10, lines 2 and 8) and the five derived rows (Table 9 and Table 10, rows 1, 4, 5, 6 and o).
These seven twofold interval rows establish the parameters and basic structure for the seven diatonic true-
tone scales of the Greek Apollonian musical stream and the church modes. Our analysis of paragraph 2
clearly shows, however, that only two seales are founded on the original ewofold interval row—the Greek
true Dorian octachord and its inversion, the church lonian true-tone C major scale. The other five owe
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INTERVALS AND SCALES

their origin to the ‘derived’ twofold interval row. This enables us to understand the central position of
the Dorian Sun scale in Greek music,

Only five of the seven twotold interval rows gained in this way are complete—the two original rows
and the three rows derived from the threefold interval rows (Table 9, lines 2, 4, 5, 6 and 8). The other
two arc incomplete, as we have seen (Table 9, lines 1 and 9), The five major seconds contained in the
Apollonian diatonic true-tone scales are created in the five complete interval rows (Table 10, lines 2, 4,
3, 6 and 8). On the basis of the second paragraph we may therefore say that the form principles that lie
at the basis of these diatonic true-tone scales are the harmonic mean and arithmetic mean between five
true tones and their octaves, namely, true | C, true G, true d', true a%, true e, Lying next to each other
(Table 9), these form a twelfth row.

The third paragraph tells us how, through the hand of the Divine Creator, all 4:3 fourth intervals are
filled in with 9:8 seconds, with a remainder with the proportion 256:243 (90,225 cents) left over in cach
4:3 fourth interval. This remainder is called limma. In other words, we are told how the seven twofold
interval rows, with the five major seconds derived through the above-mentioned form principles, are
filled in. This is how the five complete tetrachords and one tetrachord of each of the two incomplete
Apollonian true-tone scales arise, Three of the complete scales contain two of the same tetrachords, The
one descending from ¢ to E contains two Deorian tetrachords, the one descending from d to I, two
Phrygian tetrachords, and the one descending from ¢ to C, two Lydian tetrachords. In accordance with
their tetrachord names, these three scales are called Dorian, Phrygian and Lydian. They arise from the
two original interval rows and the middle one of the three complete ‘derived’ twofold interval rows. The
other two complete scales each contain two different tetrachords. The descending Hypodorian scale from
a to A contains one Hypodorian and one Dorian tetrachord. The descending Hypophrygian scale from
g to G contains one Phrygian and one Lydian tetrachord. They arise from the two other complete
twofold interval rows derived from the threefold interval row. In contrast to this, the two incomplete
scales have only one perfect fourth terrachord—the Mixolydian scale descending from b to B has a
Daorian tetrachord as its second tetrachord, and the Hypolydian scale, descending from fto F has a Lydian
tetrachord as first tetrachord. In order to complete them as octave scales, using the five mentioned major
seconds, the two tetrachords must be separated by the limma 256:243. The other irregular tetrachord not
contained by a mean division is enlarged by 113,685 cents and thereby contained within an augmented
fourth (see Table 10, line 12, and Table 8), From this point of view all seven diatonie true-tone scales can
be derived from the third paragraph.

As already mentioned, the classical viewpoint is narrower.* '™ With this, the fourths of the original
twofold interval row of paragraph three are only filled out with %:8 major seconds and given the
number-row 9:8, 9:8, 256:243. This gives the Apollonian Dorian tetrachord, and, as a scale, the true
Darian octachord, the Apollonian Sun scale (see chapter 19). Table 9 shows how this central scale easily
becomes the true-tone C major scale when inverted. If one combines the classical viewpoint with the
one developed here it can be said that the form principles of the true-tone scales show a close relation-
ship for all seven scales to the creation of the world's soul as given by Plato in his Timaeus; the classical
viewpoint does, however, only consider the central Sun scale.

For the sake of completeness, it still needs to be mentioned that the seven true tones, which form
the five major seconds, also produce two pentatonic scales. The frequencies row, ¢, d, f, g, a, begins upon
¢ = 4, which is frequently considered by present musicologists to be the original form of the pentatonic

13, 14, §6, 54,

siale, * The string-length division row e, d, b, a, gord e g a, b begins upon e = 4. Rudolf
Steiner called the latter ‘the five ancient tones”."™* Both scales are indicated by the connecting lines in
Table 10 (lines 6, 5,8 and 4, 2, 5).

It is worth noting that only octaves, fifths, fourths and major seconds created by means of the named

form principles are those which the human car once again, and without exception, experiences to be
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genuine. It follows from this that intervals genuine to the ear, if added together or subtracted from one
another, produce other intervals that are equally genuine to the ear.

The next chapter will show that it 1s possible for the human ear to find a chromatic scale equal to
modern musical demands that is actuated by the three dividing principles given in the Timaews—the
harmonic mean, arithmetic mean and geometric mean. This is based on the true-tone C major scale.

In contrast to the twelve-tone equal-tempered scale, this new chromatic scale s made up entirely of

intervals that sound genuine to the ear and can thus lead to a deepened experience of chromaticism.
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Table 10
The form principles of the diatomic true-tone scales according to the Timaeus
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10) Timaens paragraph 2 {lines, 2, 4, 5, 6, and B): The five whole tones of the rwofold interval row:
IF:IG C:D F:G gid E E a g R L A

11} The pentatanic scale according to present musicology™ (lines 6, 8 and 5): The five old tones according to Buadolf Stemer™ (lines 5, 2 and 4):

c d f i a A | ! i a' B!

@

12 Timacss paragraph 3: All 4:3 (fourth) intervals flled in with 9:8 whole tones give the scale: o .
C G D F G d [ R SR R R S . T - ,
' EY ! A B E_S AB od E nt S Nt g e NP g N d
This scale conains:

d'.

fr .= ascending fifth-tones scales? to be read from left o right ski.= descending fifth-tones scales! to be read from right to lcft

i

Pythagorian Dorian ectchornd called Phrygian in the church modes
g Py & W Ed g S PP g A

church Dorian Greek Phrygian, church Dorian .
t'j E- F ‘xll .I'ﬁ E L li 11_: I."I FI ?_,'- ‘I b: ;_' d.:‘- ‘,_.l I- lf _;" b' |:" dl'
Christian Dorian = Major® Greek Lydian, church Hypomyxolydian or lonic
o P EF G A HCDEF GAB« = ¢ 4 e g st b S P gt B

Greek Hypolydian, church Lydian
it g PLEE LI R

Greek Hypophrygian, church Mixolydian
51 1I h! I__.l llI.' f.? f
Chrastian Dorian = Minar Gireck Hypodarian, church Hypodorian or Acolian
A HCDEFGA LU L
Greek Mixobydian, church Hypophrygian
oL f Fog o b

Abbreviations: sld. = string-lengh division: fr. = frequency divison; hum. = harmenic mean; am, = arthmetic miean
* Far clariry’s sake, in Tables 9, 10 and 12 the corresponding lines have the same number. In Table 10 the Enes 1 and % have been left out i they do nat belong 1o the form principles of the diatonic

fifth-tone scale
1 The bows mudicate the tre semitope 2356:243 = Limma
1 See Table & for the tetmchond sructure of these scales,
§ This scale has been called the Christian Dorian major scale becawse 1t represents an sconding inversien of the Pythagsrean Dorian oachord {zee Table 11



Pythagorian Dorian
octachord, Greek
Dorian, descending

Fifth-tones C major scale,
Christian Dorian (called

lenian in the sixteenth century)
ascending

Interval proportions:

Table 11
Comparison between the tetrachord divisions of the true Dorian octachord and the true C major scale
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13 The Scale of Twelve Fifths

In 1962, departing from the true-tone C major scale presented in the last chapter, the author aurally
found a twelve-toned chromatic scale in which free passage through all major and minor keys 1s poss-
ible and which is made up entirely of aurally genuine non-tempered intervals. This scale is called the scale
of twelve fifths'? because it is made up of two groups of true tones originating in the twelfth row. The
first group is made up of the seven tones F C, G, DA, E, B from the true Dorian octachord and the true-
tone C major scale, The second group progresses in a row of twelfths from the geometric mean of the
actave ¢ = 128 Hz: ¢' = 256 Hz o create five new tones. The geometric mean of the octave C—¢ is
neither f nor gh but the tonal centre between these two tones.* In order to make clear that they are
geometric mean true tones, and to differentiate them from ordinary and equal-tempered tones, they are
called *Gelis’, ‘Deelis", *Alis’, "Elis’ and ‘Belis’.§

It is important to stress that the five geometric mean tones were found by ear. The qualities of these
new intervals differ from that of the just and true intervals and are therefore called ‘formed” intervals.
These formed intervals harmonize with the true intervals to make well-sounding harmonies and char-
acteristic dissonances. Together, both rows of tones form a genuine sounding chromatic scale and 24
equally genuine-sounding major and minor scales that are suitable for the realization of all works of
music on instruments of fixed tuning. A trial with any instrument tuned in this way will show this to be
the case, making the unsatisfying, false-sounding equal-tempered tuning unnecessary.f

Several years after publishing this new tuning method in Das Goetheansam,'” the author chanced on
the books of Barbour™ and Yasser™ in the New York Public Library. Both proved to be very interesting.
Barbour mentions how, as early as 1518, Heinrich Schrevber (who also called himself Henricus
Grammateus) recommended a chromatic twelve-toned scale which he had gained by geometric mean
division.* Barbour only calculated the monochord divisions of Grammateus, however, and therefore
described this division as being one amongst many tempered tunings. If he had made the admittedly
major effort to produce these tones on a monoechord as the author did, he would have heard immedi-
ately that these do not produce a ‘tempered’ scale. If Grammateus’ indications are followed exactly, the
result is an aurally genuine scale which is identical to the scale of twelve fifths.

Grammateus” book™ (written in old-style German that is difficult to understand) deals mainly with
calculation and mathematics and only includes a short chapter on music with the above-mentioned
monochord division, Grammateus, basing himself on Pythagoras, first described the major scale of the
seven perfect fifths and all the interval proportions belonging to it. He shows how the limma (256:243)
is left over when the ditonus (81:64) is ‘removed’ from the fourth (4:3). He then described how the
apotomé (2187:2048) comes about when a major second (9:8) is made smaller by a limma 256:243.9
According to Ellis™ these interval proportions can be converted to the cent values which are in common
use today A fourth of 498.045 cents, less a ditonus of 407.820 cents, gives a limma of 90.225 cents; and
a major second of 203.910 cents, less a limma of 90.225 cents, gives an apotomé of 113.683 cents,

Grammateus went on to explain how a monochord board was to be divided in order to gain all seven
of the retrachords in use at the ume. There follows a description of how he divided each major second,
marked on the monochord board, in order to get, in his own words, a “semitonium minor’ (limma)
and a ‘semitonium major’ (apotomé). This text was apparently not taken into account by Barbour, If one

* This scabe is not to be confused with the fictitious wone row of tempered tuning shown in Table 7 as a mathematical row of
242 numbers. In the scale of twelve fifihs the geometric mean of the octave which creates the aumlly genuine equal-tempered
tritone takes on a central role.

T See footnote® on page 8 (chaprer 2}

$ Many musicians have resmified that, without exception, all intervals sound genuine.

57




Table 12

The form principles of the scale of twelve fifths-tones scale. The harmonic, geometric and arithmetic means
placed in the fifth ‘twofold interval spaces’ of the named octave rows of the Timaeus
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Table 12
The form principles of the scale of twelve fifths-tones scale. The harmonic, geometric and arithmetic means

placed in the fifth ‘twofold interval spaces’ of the named octave rows of the Timacens
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IMNTERVALS ANI} SCALES

acally compares the geometric monochord division of Grammateus with his interval proportions, it
15 evident that they do not agree with one another at all. The drawn division of the monochord for
the major second actually gives the major second’s geometric mean of 101,955 cents. The geometric
monochord division of Grammateus therefore resulted in the scale of twelve fifths even though he
himself did not appear to be aware of thas.

In his A Theory of Evolving Tonality,™ Joseph Yasser described how the twelve-tone chromatic just and
equal-tempered scales have arisen from a fision of the diatonic and pentatonic scales. According to this
original and noteworthy conception, the pentatonic part gives rise to the five semitone steps, which,
together with the seven-degree diatonic scale, give the present twelve-tone scale. Analytically this view
proves to be correct for all twelve-tone chromatic scales.

The scale of rwelve fifths also corresponds with Yasser's requirements. It contains seven diatonic tones
that form the scale ¢ d, e, f, g, a, b, {c) and five twelfth-tones that make up the pentatonic scale delis, elis,
gelis, alis, belis (Table 12 on pp. 60 and 61, line 11). But, as it is the quality of the intervals and tones
which gives beauty and satisfaction to music, the aural genuineness of the tones and intervals is at least
as important as the formal sracture,

The genuineness of the diatonic tones, ereated with the harmonic and arithmetic means, has already
been shown in chaprer 12. What is the situation with the formed mtervals which transform the diatonic
into a chromatic scale? As we have seen, these formed intervals are buile through the geometric means
of the octaves of the tones of the twelfth-row | C, G, d', 2% ¢* (see Table 12). As the geomerric mean also
belongs to the basic laws of music, the aurally experienced genuineness of the formed intervals is substan-
tiated, and the scale of twelve fifths proves itself to be a logical further development of the true-tone C
major scale.

Notes on tuning an instrument to the scale of twelve fifths*

Experience has shown that it is advisable to use three runing forks tuned exactly o ¢! = 256.000 He,
gelis! = 362.04 Hz and a' = 432.000 Hz. This means that the tuning forks must be calibrated ar a
controlled temperature of 20°C, with a maximum deviation of £ 0.5 Hz. It may appear exaggerated to
use such exact tuning forks, but experience has shown that tuning mistakes may otherwise easily occur.
Great differences and changes in temperature may cause intonation fluctuation by as much as a minor
second. Correct tuning is most easily achieved by proceeding according to Table 13, on p. 62.

1) The table shows the order in which the middle octave ¢'-¢? is to be runed on a lyre, for example,
When tuning be careful that all fourths and fifths sound pure, They will then have a light, rranspar-
ent sound and their difference tones'® will resonate ‘silver’ alongside.t If all fourths and ffths are
perfect, the size of the formed fifths, true bigelis' and belis:true ' will be correct and they will sound
guiet and harmone.

2) Fourths are easier to tune than fifths as the exactness of the wning can be checked by means of the
difference tone, which, when the fourth is tuned correctly, 15 one of the natral phenomena of the
fourth, This difference tone sounds two octaves lower than the upper tone, for example:

Perfect
i — )
ﬁ:_uur:hs give - $ o e
difference e > etc.
tone -
resonating '} L
s a 4 (]
in the air o) s ¥ =

* Sec also chaprers 22 wo 24,
1The phenomenon of difference tones is dealt with in chapter 22,
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THE SCALE oF TWELVE FIFTHS

The difference tone is so called because it sounds on the frequency which is the difference of the

frequency of the two tones which make up the interval,™ e.g.:

3)

4)

f1 = 341'4 Hz g] = 384 Hz al = 432 Hz el = 324 Hz
¢! = 256 Hz d' = 288 Hz e! = 342 Hz b' = 243 Hz
difference F = 85'4 Hz G = 96 Hz A =108 Hz E = 81 H=

With perfect fifths the difference tone sounds more softly, as it is the lower octave of the lower tone
and they thus almost sound the same to the ear. Some examples are given below to show where these
difference tones are to be heard:

g' = 384 Hz a' = 432 Hz b' = 486 Hz d* = 576 Hz
¢! = 256 Hz d' = 288 Hz el = 324 Hz gl = 384 Hz
difference ¢ = 128 Hz d =144 H: e =162 Hz g = 192 Hz

Some people initially find it difficult to hear the difference tone. With a bit of patience and pracuce
this soon gets easy and one can then be certain that the fifths and fourths are correctly tuned.

Omnee the first nine steps have been completed, once again check thac all fourths and fifths are perfect.
If this 1s the case then the diatonic tones have been correctly tuned.

Now exactly tune gelis' = 362.04 Hz to the mning fork. As gelis’ is the exact middle, i.e., the
geometric median between ' and g, and, if tuned correctly, semitones f'—gelis' and g'—gehs! will be
exactly the same size, the major third d'—gelis' will sound light, clear and pleasant, and the formed
fifth gelis'-b' quiet and peaceful. That an aurally genuine fifth exists which is smaller than the
tempered fifth is a phenomenon that can only be discovered by ear. The sall smaller "grave’ fifth
27:40" beats very strongly, and is therefore known to be unacceptable to the ear. The scale of twelve
fifths only became possible with the discovery of the formed fifth. The formed fifth is recognizable
by its somewhat raw or dry character. It differs from all other fifths that have been acoustcally
classified unel now:

5) Once gelis' has been correctly tuned, the four other chromatic tones delis', alis', elis' and belis' are

tuned as perfect Afths.

6) Finally the lower octave of belis', belis is tuned and the fifth f'—belis checked. If the twelve diatonic

and chromatic tones have been correctly muned, this formed fifth sounds correct and is of the same
size as the formed fifth gelis'=b. This completes the tuning of the octave c—'.

7) The remaining octaves of the instrument are tuned next, based on the already tuned octave and

proceeding in perfect fourths and ffths. Each newly mned tone needs to be tested thar it makes
pertect fourths and fifths with the already existing tones, For example tune:

a descending perfect fourth e':a. Check that the fifth d*:a is perfect;

a descending perfect fifth d':g. Check that the fourth ¢lig is perfect;

descending perfect fifths delis':gelis and c':formed. No need to check, as fourths bigelis and belis:f
are formed ffths; .

descending fourths e:B and elis:Belis. No need to check, as fifths gelis:B and £Belis are formed fifths;
ascending perfect fifth f':¢? and check with fourth g':c? etc. up to the ascending perfect fifth a':¢?
and check the fourth ¢*b';

with ascending perfect fourths ¢®:f* and delis®:gelis*. No need to check, as the fifths belis':f* and
l::al:ga:]:i~s.2 are formed:

the ascending perfect fifth ¢*:g” and check with the fourth d%:g” . . . up to the ascending perfect
fifth d*:a® and check e*a?;

with the ascending perfect fifths elis®:belis® and e®b® once again no need to check as the fourths
f#belis®* and gelis*:b® are formed.

Experience has shown that it is easier to mne the descending before the ascending octaves. With lyres,
tuning is easiest when the instrument is placed on a table and not on the lap. In this way one can “set’
the pin exactly withour there being interference from involuntary movements of the body or instrument.

i1



Table 13
Tone sequence for tuning the scale of twelve fifths

Tone: b! belis! a! alis’ g gelis’ f! ¢! elis! d! delis! c! b | belis
He: 486 458.206 432 |407.290 | 384 | 36204 | 341.333 | 324 | 305470 | 288 | 271.330 256 243 229.100
exactly to the
1) Tune: al = 432 and ¢! = 256  tuning forks
2) Tune: - | f | ASCENDING fourth c!
3} Tune: | g! ......................... FL“;(:ENDING fifthh  =eevervremmmm e i -CI
4 Tune B DESCENDING fifth ~essesssssssssssssssens !
5) Check: | g DESCENDING fourth d!
6)  Tune: al DESCENDING fourth e! |
T Tune: i RS ASCENDING fifth Ty i
8)  Tune: | | ¢! DESCENDING fourth b
] Check: B e L R et R e e e e e T
10)  Tune: gelis' = 362.0 exactly to the wning fork
11} Check: gelis! —— DESCENDIMNG formed fifth e b
12)  Tune: gelis' | DESCENDING fourth . delis'
13)  Tune: alig? | ASCENDING fifth - dielis!
14) Tune: alis! DESCENDING fourth elis!
15) Tune: belis' |- ASCENDING fifth el - |3
16)  Tune: i clis' DESCENDING fourth belis
17 Check: belis! . crisssensiasssnsssunnnnniansnssars (JEEIPE  wxermereeee ik kb TUTTRNRSTR— T | |
18) Check: e s DESCENDING formed Gft belis

* The underlined tones indicate these tones from which the mterval to be tuned proceeds.
Brquired material: Tuning forks tuned to ¢! = 256 He,a' = 432 Hz and gelis' = 362.04 He The tuning forks must be gaupged at 3 controlled remperature of 20°C with 3 maxinum
margin of error of £ 0.5 Hz,
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8) When all octaves have been tuned. check by playing through all 24 major and minor arpeggios: C,
a, E d, B, g Ep. ¢, A, f ete. If correctly tuned, all arpeggios without exception will sound, clear,
beautiful and harmonic,

Pianos can also be tuned to the scale of twelve fifths. Our newly renovated (1966) and restrung
Steinway grand piano built in 1866 sounds free and clear in every register. The richness in tone colour
and timbre brought about by this tuning 1s unique and must be heard to be believed.

Listeners commented that the sound did not come directly from the instrument itself, but sounded
freely from the centre of the room. A similarly free-sounding tone was observed with a choir of about
20 lyres tuned in this way; players and listeners experienced an inspiring fullness of sound that came from
the middle of the room.

This tone coming from the middle of the room, which is felt to fill the whole space at once, may be
called a *free” tone. This characteristic brings to mind how Rudolf Steiner described a tone as “etheric’ in
a talk with the American singer Gracia Ricardo (who died in 1955). He also said that she created this
tone when singing. Regarding the singing method of this great singer, the long awaited book by her
students Hilde Deighton, Gina Palermo and Dina Winter, Singing and the Etheric Tone, has at last been
published * Previously it appeared that only specially gifted artists, instrumentalists and conductors were
able to create this free tone in active music making. The scale of twelve fifths appears to bring this free
tone into existence simply by means of the interval proportions of the wned rones. These interval
proportions are due to the fact of the two rows of aurally genuine, harmonically usable fifths: the perfect
and the formed. In a lecture given in March 1917,*! Walter Blume showed that every interval degree
of a scale is experienced in a distinct part of the astral body. the fifth in that part which relates to the
spiritual soul, The printed edition of this lecture had a postscript added by Rudolf Steiner in which he
wrote that Blume’s application of spiritual scientific insights was absolutely right but could only be
applied like this in music. Regarding the interval of the fifth, Rudolf Steiner himself said:“The fifth is the
real experience of vision in images, Whoever experiences the fifth correctly, knows what imagination is
in subjective terms . . . the experience of the fifth is a real experience of vision in images.” Regarding
the entrance into the spiritual world through the fifth:The fifth will lead to more subjective experiences;
it will have a stimulating and enriching influence on the inner life. It will work like a magic wand,
conjuring up the secrets of yonder tone world from unfathomed depths.**

Finally, reference shall be made to a key characteristic of the scale of twelve fifths. Just as the intervals
and tones have a beautiful, pleasant and harmonic effect on the human being when tuned to ¢' = 256,
gehs' = 362,04 and a' = 432 Hz, so they become equally antisocial, and indeed cause people to provoke
one another, if the concert pitch a' = 440 Hz is used. This frequently made observation shows that aurally
genuine intervals are not of sole importance in music, but that tones of certain frequencies have charac-
teristic qualities that can have major effects on human beings. In the second part of this book, questions
regarding the singular qualities of individual tones will be considered in more detail.

As a conclusion to this first part of our considerations, it may be of interest to the reader to gain
an overview of all the intervals discussed so far, These are summarized in Table 14, The difference in
cents between aurally genuine and false intervals clearly shows that the human ear can clearly distinguish
between such intervals even if the difference in cents is very small. This is why a judgement as to whether
or not an interval is genuine can never be based on calculation but purely on unbiased and exact
human hearing. This may then be consolidated by the form principles of the scales. It was said in the
introduction that electronic production of tones and intervals blurs the qualitative differences between
tones (see chapter 15). Comparative experiments can only be carried out with appropriately muned
instruments such as tuning forks and exactly divided monochord boards built like the one for which
instructions are given in Appendix 1.
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Table 14
Summary of the intervals discussed so far

Just major and
minor scales

Aulos modes

Formed

Equal-tempered
twelve-tone scale

True scales

Interval proportion cents proportion cents proportion cents proportion  cents | proportion  cents
semitone 2560345 90,225
B84 100+
67 8804 101.995
16:15 111.731 16:15 111.731
14:134+ 128.298
13:12++ 138.573
*/ tone 12:11++ 150.637
11:104+ 165.004
whole tone 10:9 182,404 109 182404
B.04-5 192 180
G440} 200+
9:-8 203,910 9:8 2039110 b 205910
B7++ 231.174
minor third 15:13++ 247.741 !
T:h++ 266871
13:11++ 289210
23:27 294,135
44:37 300
76.27:64 305,865
6:5 315,641 [ 0] J315.641
11:9+4 347.408
major third 16:13++ 359,472
54 386314 5:4 3Bn.314
B0, 45:04 396, 030
63:30 S+
81:04 407 820
14:11++ 417.508
15:12 386313
9T++ 435,084

Fa ;|

2 % 8 s

T 3 & d B



Wi+ 435054 |
fourth 13:10++ 454.214 |
4:3 498045 4:3 498045 43 498.045
303227 S+
acute++-+ 4.07:3 509.775
27:20 519.551
15:11++ 536,951
tritone 11:8++ 551.318
18:1 34+ 563,382
7:5++ 582.512 dim. fifth
aug, fourth 1024:729 588.269
45:32 590,224 equal-tempered equal-tempered
dim. fifth 1.4142:1 B0 1.4142:1 falk
64:45 a0, 777 aug. fourth
T29:512  611.731
10:74++ 617,488
" 1394+ 636,618
16:11+4 648,682
fifth grave+++ 22 15++ A3, 04%
4027 GE0,449
297042 690225
433:289 T+
3.2 T01.955 32 701.955 32 T 955
20:13++ 745,786
minor sixth 14.9++ 764916
11:7++ 782,492
128:81 792,180
10063 00+
101.82:64 HS03 910
8.5 B13.686 H:5 B13.086
13: 8+ H40 528




major sixth

5:3
minor seventh

16:9

9.5
middle seventh
major seventh

15:8
oCEIve 2:1

HE4.359

Ya6.090

1017.596

1088.269

1200+

18:11
5:3

22:13++
12:7++
26:15++
Td++
169

95
20:11 4+
11:66++
24 13++
13:7++

15:8

201

B52.592
B84.359

210,790
§33.129
952.2549
68826
9. 090

1017.596
1034 996
10149.363
1061.427
1071.702
1088.269

1200+

45.26:27

114.56:64

241.41:128

21

894,135

1007.820

1098.045

1200+

dr22

9H:55

168:89

2:1

-

900

L0+

1100+

1200+

27:16

16:9

243:128
2:1

905,865

D, 090

1109.775
1200+

+ aurally false intervals®

++ intervals which are {_m]j,.r ml:lmdi:::llly usable

+++ harmonically unbearable intervals
Abbreviations: dim. = diminished; aug. = augmented.

® See footnote’ on page 8.
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14 The Individual Quality of the Single Tones and Rudolf
Steiner’s Concert Pitch Suggestion ¢ = 128 Hz

So far we have been considering aurally genuine as opposed to false sounding intervals and their impor-
tance in music making. Mow the pitch of individual tones, which is of even greater importance for
human beings, and thus the height of our concert pitch, will be considered, with consideration above all
given to a verbal suggestion Rudolf Steiner made to Kathleen Schlesinger and Elsie Hamilton regarding
the concert pitch ‘c = 128 Hz = Sun’.

The comment made at the end of chapter 13 thar the scale of twelve fifths should not be tuned at the
concert pitch a' = 440 Hz arose from the following experiences. The first time the author {concert violist
and violinist) tuned the above-mentioned Steinway grand piano to the newly found wning, the only
tuning fork she had was a' = 440 Hz, and the piano was therefore tuned according to this pitch. Once
this was done, it was an occasion to celebrate and music was immediately played on the instrument with
its absolutely wondertul sound. Classical and modern works sounded in a beauty not heard before, but
after a while an increasingly spiteful atmosphere developed amongst the people present.

It seemed totally improbable that the perfectly clear and harmonic sounding intervals of the new
tuning method should arouse such an antisocial mood amongst the listeners. However, it did arise. The
solution was only found when the piance was retuned to Rudolf Steiner’s suggested pitch of ¢' = 256 Hz,
the ‘philosophers C'. When more music was played on the retuned piano, it truly was a celebration. The
spitefulness experienced earlier had gone and both intervals and tones sounded pleasant and beaudful.
Everyone present was delighted at the splendid sound and felt sustained by a harmonic mood that left
peaple free.

To make sure that the first, for musicians’ unusual observation, was not a deception, the experiment
was repeated with lyres over many vears and in many places. The same phenomena always took place.
The observation can lead to only one conclusion: it can only be the tones based on a' = 440 Hz that
cause the antisocial mood.

Such a conclusion may be disconcerting and provocative, especially as it appears to be inescapable.
Single tones and groups of tones that are less than a quarter of a tone different in pitch prove to have a
very different effect on hwman beings, and the difference is such that the one causes a feeling of spite,
the other good will. Truly an unnerving observation for an “enlightened’ modern musician to make, since
it points to nothing less than the fact that good and bad principles are ar work in the pitches of tones. -1

It is interesting to note that Kathleen Schlesinger encountered a similar problem in her work with the
aulos modes in the early twenties. She noticed that apart from i modal ethos, each mode would have a
different effect on the listeners, depending on which tone was used to mune to. This was the reason why
she asked Rudolf Steiner in 1921 on which eéne the 22/22 aulos Sun mode should be maned, so thar it
would be right for the consciousness of the modern human being. His answer was: "You need to use ¢
= 128 Hz = Sun",

Amongst the many indications which Foudolf Steiner gave for music, this one is singular in that it
establishes the number of Hz, i.¢., the absolute pitch for ¢. Schlesinger and Hamilton have used this indi-
cation and passed it on to their students and musician friends, and actually gave away tuning forks with
¢ = 128 and ¢' = 256 Hz. Several people have since then continued to work with this C, among them
the musician Else Goehrum in Stuttgare, as became apparent on a visit to her studio. Schlesinger's
colleagues Wilhelmine Roelvink and Mary Wilbers in Holland passed this indication on to the author
in 1948, As the indication had been mentioned by two mdependent sources it could be ascertained 1o
be correct. That this pitch indication not only applies to the modes and just scales but also to the pres-
ent scale of twelve fifths, and that it can be an undreamt-of blessing, will be shown in chapters 15 to 21.
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The assumprtion that tones on certain frequencies exhibit very definite individual qualities that differ
fundamentally from the qualities of other tones that lie very close by is nothing new. Music historian C.
Forsyth wrote very positively about the moral value of Greek music."™ The relevant passage is quoted
below:

The *moral value® of Greek music

We now come to a very difficult matter in connection with Greek music, Strange as it may seem,
the Greek writers all agreed that music had a serious moral value. They did not say vaguely, as we
do, that music was a beautiful thing and had an ennobling effect on the human mind. On the
contrary, they said that according to the way in which ir was written it was actually good or bad,
that it had a definitely good or bad influence on the development of personal character, and that
therefore the musical means employed was a matter of the most lively concern to educationists and
statesmen.

This moral character, which they regarded as inherent in the art, was called the ethos of music; its
value to sociery in general was known as its ethical value. Philosophers differed in expluning why
there was an ethos in music, they differed also in discussing its practical application, but none of
them ever dreamed of disputing its existence.

MNow it is quite plain that all modern Europeans and Americans would agree that ‘good music’—
that is, music which is the honest expression of life viewed through the personality of a great
composer—is better than ‘bad music’, which 1s just the opposite. But this was not the Greek atti-
tude at all. Their constant subject of discussion was whether this mode or that mode was better
suited for inculcating this or that form of moral excellence. In modern musical terms the ancient
question may be put somewhat as follows: “We wish to represent a brave man bauding against
adversity. Now, which is the better key for enforcing the idea of courage, E minor or C major?
Let us examine this point, If we put our prepossessions on one side and admit that the question calls
for a serious answer, we must agree that, whichever key we favour, our preference can only be
supported on one of two grounds. The keys named differ only (1) in pitch, {2} in the arrangement
of their tones and minor seconds. We must ﬂ'l.tn:f'nr:jm.ti[:!,.' our choice 1n one of twao Ways.

.

{1} We may say that a melody in the chosen key will, on the whole, lie at a higher (or lower) level
of pitch than a melody in a rejected key; and that the difference of pitch makes the chosen key the
better medium for the expression of manly courage.

{2) On the other hand we may say that pitch has nothing to do with courage or any other form of
virtue; that the essential difference between the two keys is the difference between major and minor,
that the varying moral values of scales are to be found solely in the varving arrangements of tones
and minor seconds; and that therefore, whatever the pitch, we select major (or minor) as the proper
medium for exhibiting the idea of personal bravery.

Nobody denies that the Greeks must have answered the question in one of these two ways, The
only doubt has been ‘in which?” Here our views were for long distorted by the fact that Greek musi-
cal practice was always examined through the lens of the Middle Ages. It was known that medieval
priests and musicians consciously used their modes to express differences of feeling by means of
differences in the order of the intervals. Scholars therefore jumped to the conclusion that the Greek f
mind worked in the same way. In fact as recently as 30 years ago, it was held that the Greeks would

have answered the question in the second (or medieval) way. This was the orthodox German view.

s ol ™™ iy = TR O RY e em

However, since then, an English scholar has clearly shown that—whatever the medieval prejudices (
in the matter may have been—every known reference to the question in Greek literature proves

that the Greek himself would have made his answer depend solely on the pitch of the modes at his |
disposal. This 15 not the place to present the evidence or to go behind the whole difficule problem i
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THE INDIVIDUAL CQUALITY OF THE SINGLE TONES AND RUDOLF STEINER'S CONCERT PITCH

and ask why the Greeks associated a different ethos with a difference of pitch. It 1s enough to say
that the evidence for this association is historically eumulavve and overwhelming.

But we must repeat here that the ‘pitch’ was a “tonic pitch’ and not a *scale pitch’ in our sense of the
words.'® [pages 63-3]

A further indication that in antiquity an exact feeling for absolute tones and the evaluation of a specific
pitch must have been widespread is to be found with K. Schlesinger. She wrote:

It may be recalled in this connection that the standard pipe known as Lu of Hoang Chung, on
which the canons of ancient Chinese music were based, had as fundamental note an £ [fau'] of 352
Hz, if we may judge from the dimensions of the pipe transmitted by Ancient Chinese authors. An
F [Fau] of that vibration frequency occurs as 11th harmonic on a fundamental ,C of 32 Hz. It may
be added that it has been my frequent experience during research in the music of primitive folk to
find their musical instruments tuned to an £ [fau'] of 352 Hz and to ¢' of 256 Hz, also to find notes
of those frequencies prominent in their songs.” [page 149]

Even today specific pitches can be seen to be important in folk music. A professor of classical languages
at an American University who was keenly interested in old music and old instruments had built a lyre
and a kithamm according to Greek measurements and collected old and modern instruments from
European and non-European countries. His collection included futes built similarly to the recorder,
which he could play, though he had no real knowledge of their tones and scales. He knew of
Schlesinger’s book, but did not agree with her statements regarding absolute pitches and even wished to
make a written refutation. He had very good relative pitch but not absolute pitch. Using a monochord
with the string fundamental mned to ¢ = 128 Hz it proved possible to establish the fundamentals and
scales of several of his flutes exactly. This surprised him greatly and helped him overcome his scepticism
towards the quality of different pirches. It may be of interest to the reader to know the scales of these
flutes. They were all modal and are therefore given here in Schlesinger’s termunology, together with the
Hz of the tones:

1) Modern Korean flute
Scale of the flute;

Dregree:

| 24/28 = 597.2 Hz = fundamental of the flute

2 22/28=651.6 Hz

3 20/25 = T716.8 Hz

4 18/28 = 796.4 Hz

3 16/28 = 8960 Hz = mese = low H," {‘very small” seventh)

6 14/28 = 1024.0 Hz = ¢* = higher octave of the mode’s fundamental
7 13/28 = 1102.4 Hz

B 22/28 = 1194 4 Hz = octave of the fundamental of the Aute

This scale 1s identical to the Phrygian species of the 28/28 Mixolydian aulos mode and has the same
fundamental and mese.

2) Ethiopian contemporary shepherd flute
(bought in Ethiopia from a shepherd boy who was playing it)

Dregree:
1 ¢*= 512 Hz = fundamental of the flute
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The other tones of the flute could not be ascertained as the mouthpiece was missing and it was there-
tore very difficult to play.

3) Modern Greek church flute
Scale of the flure:

Degree:

I 56/80 = 5029 Hz = fundamental of the flute

2 52/80 = 541.5 Hz

3 49780 = 5477 Hz

4 44/80 = 640.0 Hz = just e’ on ¢* = 512 Hz

5 40/80 = 704.0 Hz = fau®, upper octave of the fundamental of the mode
6 36/80 = 7822 Hz

7 32/80 = 880.0 Hz = mese = present-day concert pitch a’

8 28780 = 1005.7 Hz = octave of the flute’s fundamental

This scale has the fundamental fau' = 352 Hz and the mese on a' = 440 Hz, one of the currently
accepted concert pitches. Because it has the degree 49 instead of 48 this means it s an aleered Mixolydian
species of the 80/80 Hypolydian Mars aulos mode of the generic tone a” = 28,160 Hz which Schlesinger
calls *bastard Mixolydian species’.”

Without exception all tones of the flutes were in exact agreement with the scale pitches of the mono-
chord and therefore had exactly the same frequencies. This exactness of intonation was especially nove-
worthy, as all three flutes came from rural areas and it was obvious from their appearance that they had
been made by lay people. The makers of these flutes may therefore be said still to have had the gift of an
exact sense for tones on specific frequencies, as mentioned above.

There must therefore still be an aural ability in the East which recognizes the inner quality of a tone.
The observations concerning the scale of twelve Gfths mentioned at the beginning of the chapeer show
that this ability is also to be found among Western people. This aural abilicy, which makes it possible to
make a qualitanive judgement of piteh, has proved to be very widespread. However, it has nothing to do
with the peculiarity of perfect pitch, which is only to be found amongst relanively few Westerners. The
:impmmm and lm‘.kily COMITON ..'-I.l,'.lﬂit!.—' ECr TJ.‘.::[}gnixn;' the qurtlitimi nt'pitq:l'wﬁ should be taken note of and
given due recognition again. The following two chapters include individual examples to show how the
present-day existence of this ability can be established.
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15 Perceiving the Ethos of a Tone

To consider this important ph:[mmennn we must first establish the dﬁgn‘:e t which the human ear can
discern qualitative differences in pitch, The quality and pitch berween two tones as small as the interval
of a Pythagorean comma can be easily distinguished even by lay people. The Pythagorean comma
between just b (240 Hz) and true b (243 Hz) marks a difference of only 3 Hz. The difference berwveen
true b (243 Hz) and modal b (242 Hz) of only 1 Hz can be heard and experienced by trained musicians.
Within the octave between b and ci' an uncertainty in hearing first becomes apparent with intervals less
than 1 Hz. Therefore the margin of error in the area of middle ¢! can be set at

+ 1.0 Hz per second.™

An exact and simple order and method of experimentation is imperative if one wishes to make aural
tests with Ptnplc in many ].'!Iﬂcl:i and for IMaty years, such as were mentioned in the previous -:hap:r:r.
The tones rested today need to be, as far as is humanly possible, the same as those of the week, month
or year before.

Only with tones produced on musical instruments (tuning forks, monochord, chimes, wind instru-
ments, piano, lyre etc.) is the individual quality of single tones observable. It might have been the obvi-
ous chotce to use electronically produced tones. Howewver, all experiments done i that way failed. The
machines were of the highest quality but tones produced electrically, e.g. on a synthesizer or tape recorder
etc., no matter at which frequency, all had the same levelling quality, and indeed a quality of yawning
emptiness. [t would be wrong, however, to draw the conclusion from this that electronic tones are easier
for human beings because thcy eliminate the individoal qualit}f of tones. On the contrary, ulcctricit},’ pues
its own quality on tones, and this is always there whether the sound is reproduced electronically or even
merely amplified. It can be metaphorically described as a grinning vacuum.t In additon, the effect of
3';Lwning cmpl:i.nn:ss 1% greater the maore pl,:rﬁ:{.‘t and static-free the mpmductiun 15. This can be most r_'li!';irl'_l,r
observed with ‘sine tones’.”

Unfortunately the hollowed-out feeling which arises when histening to reproduced music is hardly
ever notced, as the attention of the listener is directed towards the compesition and the interpretation
and not the tonal quality of the reproduction. It 1s therefore all the more important that the character-
istics discovered during the repeated aural experiments are brought to conscious awareness. The influence
mostly remains unconscious and therefore goes unnoticed, so that its effects are all the more damaging.
It is something that needs to be strictly taken into account with children, so that they do not suffer
permanent damage in their bodies and souls at the tender age of childhood. Not for nothing did Rudelf
Steiner say:

. with the gramophone, people are trying to bring the mechanical into the realm of art. If
humanity were to develop a passionate preference for such things, so that something which descends
into the world as a shadow of the spiritual is made mechanical, if humanity were to develop an
enthusiasm for such things, of which the gramophone is an expression, they would ne longer be
able to save themselves from it. Only the gods could then be of help.

* In higher and lower octaves the margin of error & correspondingly similar,

t Eurythmist Dorothea Mier sold the translator how she once pedormed in 2 medern theatre whene, a8 12 customary nowadays,
the music was conveyved from the musicians o the stage via an amphification system. She asked for the system 1o be turned off.
However, doring the performance she felr a if the enrythmy was being torn away from her arms. It rurmed owe thae the ampli-
fication system had been turned on again. (Translators note.
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But the gods are merciful, and roday it may still be hoped that with regard to the advancement of
human civilization, the gods will be merciful and help humanity to overcome such aberrations of
taste as come to expression in the gramophone *

The monochord has proved to be the most reliable instrument for aural experiments as 1t has the great
advantage of being exact. To begin with, the strings were tuned, as exactly as is possible for a practised
human ear, with the help of a tuning fork. The tones were then played with a good cello bow. Special
attention was paid to playing all tones with the same type of bow stroke and tonal qualicy.

As the experiments were a first attempt, they were initially limited to two pairs of tones based on the
two pitches ¢ = 128 Hz and a' = 440 Hz and their octaves. The two pairs of tones were therefore as
follows:

1) e = 128000 Hz and ¢ = 130,813 Hz
{c' = 256.000 Hz and ¢' = 261.626 Hz)

2y A= 108.000 Hz and A = 110.000 Hz
{a = 216.000 Hz and a = 220,000 Hz)

¢! = 261,626 Hz is the equal-tempered major sixth below a' = 440;a = 216 Hz is the true major sixth
above ¢ = 128 He.

Aural experiments were carried out with these two pairs of tones on more than 2000 people of all
ages and of different occupations in the USA, ltaly, Germany and Switzerland, and the results were
recorded. Efforts were made to create an atmosphere that was as natural and unconstrained as possible
both before and during the experiments. First the two outer strings of the monochord were tuned to
the pair of tones to be observed and the listeners were told that one tone was tuned higher, the other
lower. They were then told that the pitch of the tones was not important, but that we were concerned
with the character of each, if they had the same or different qualities. The tones were then played one
after the other as often as requested. The sequence was varied in order to avoid any influence due w
pitch.

The cardinal question was: Did the two tones have a different effect, even though the difference in
pitch was minimal? Were they experienced to have different and inherenty individual qualities?

The results were extraordinarily interesting and unequivocal. Almost all of the people questioned said
that the two pairs of tones and their octaves had unmistakably and individually different qualities for
them as listeners, It was not easy for them to put these qualities into words as the experience was new
and unexpected. But most of them had a more or less defimite feeling for what those qualinies were.

After one such aural experiment a mathematics professor asked whether the difference in quality
berween the two e-tones could lie in the structure of the monochord’s resonance box and whether this
favoured ¢ = 128 rather than ¢ = 130,813 Hz. Fortunately it was possible to answer this wholly jusnfied
question, as it was possible to use a small but very noble-sounding grand piano, tuned in equal tempera-
ment to a' = 440 (the c therefore being 130.813 Hz), that was in the next room. Our ¢! = 256 Hz tuning
tork was used as a second instrument for the experiment. Both tones were played one afier the other, as
before. In spite of the difference in sound between the two instruments, the result was the same: each of
the two c'=tones retained its clearly distinguishable inherent quality, the same as experienced before on
the monochord.

Ower the course of the years many comparisons of this type were made, using, for example, home-
made bamboo flutes, student violins and concert instruments, with the tones played on the betrer instru-
ment and then on the less good instrument. The result was always the same, with each tone proving to
have an inherent quality and that this quality remained constant no matter in which register or on what
instrument it was played. We may therefore stipulate that the individual qualivy of the tones originates in
the tones themselves and not in the instruments on which they are played.
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PEr.CEIvVING THE ETHOS OF & TONE

The first result is that our aural experiments clearly showed that what Forsyth says about the
tone-perception of the Greeks is still valid for present-day human beings, '

The intrinsic qualities of the tones that were experienced can also be brought in connection with
Roudolf Steiners fundamental scientific concepts. Having characterized the nature of such fundamental

CONCEPEs 45 atoms, elements, force ete., he said the fulluw'tng about tone:3

Meither tone nor warmth, nor light, nor electricity are waves, as little as a horse 15 the sum of its
gallops. Tone, for example, is a qualitative element and the effect obtained when this element moves
through the air 15 a wave. The wave induces sensitive individuals to imitate the quality within
themselves; this means perception of the tone. [t is similar with other things such as light, etc.

‘Qualitative element’ may be understood to be something similar to the experiences made in our
experiments,

Having established thar the chosen tones have definite inherent qualities, it was attempted, in spite of
the expected difficulties, to find out from the listeners more exactly what the aural impressions of the

panrs of tones were, This information 1 given in the next i:h.'{ptr_'r.



16 Details of the Inherent Qualities of the Tones C and A
(c = 128 and 130.828 Hz, A = 108 and 110 Hz) and
Their Octaves

In the last chapter it was shown that the inherent quality of the individual tones of the named pairs was
easily perceived by the greater majority of participants. Having distinguished the difference in pitch
berween the two tones, they were asked which of the two a- or e-tones they preferred. The answers were
surprising. Although A = 110 Hz (220) was the most familiar tone, only 3-8 per cent of participants
preferred it; ¢ = 130.828 Hz (261.656) was preferred by even fewer. In other words, over 90 per cent of
listeners preferred ¢ = 128 Hz and a = 216 (the lower octave of a' = 432). The listeners were then asked
to give the reason for their preference. The tone was played again as often as required. As the experiments
were made over the course of 200 years and with very many people, it would be too much to report every
remark again here. A summary of the many collected answers is therefore given.

Playing the single and double lower octaves of the present-day concert pitch a = 220 Hz and A = 110
Hz:

3-8% of listeners found that it
sounded beautiful,
had a stmulatng effect;

over 90%  found that it

sounded uncomfortable,

oppressive,

was irritating and very aggressive,

narrow-minded,

caused pain in the inner ear,

had an outward beauty, but that underneath it stabbed one with a dagger, appeared to
want to have something to do with human beings but irritated, whipped and goaded them so that
on hearing this tone they would have liked to have jumped up and laid to with their fists.

Hearing the tones A = 108 and 216 Hz (true major six above ¢ = 128 Hz):

3-8% said that it sounded impersonal;
over 90%  said that it sounded

correct,

complete,

peaceful and clear,

pleasing,

that it appeared to be outside the human being, but had a wonderful breadth which
gave cause to 3 mood of devotion,

had lighe,
sounded Sunhke.

Hearing the present-day piano-C ¢ = 130.828 Hz and ¢! = 261.565 He:

I-8% said that 1t
sounded happy,
light,

Th
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over WG

Hearing ¢ =

3-8%

over NG

melodic,

soothing;

said that it

sounded bating,

RArTOWing,

Cramping, slig}:tly nasal,

irritating and unpleasant

like scratching the blackboard with one’s fingernails,

cerebral, intellectual,

that it put a layer on one’s chest which one first had to break through in order to be
able to breathe freely,

caused disagreeable tensions,

drilled into the human being and went against his own rhythm,

made one nervous, assaulting the human being,

that the sound made one forebode evil, that it droned behind the ear and under the
roof of the cramium, as if it wanted to force one out of one’s head.

128 Hz and ¢' = 256 Hz:

said that the tone
stimulated questions,
had an unserding effecr;

were of the opinion that it

belonged to the human being,

gave lots of space,

sounded peaceful, pleasant and full,

gave a sense of well-being,

harmonized with the human being,

took hold of a thythm that was also in the human being and thar one could go along
with,

that en hearing this tone the human being could stand uprighe and breathe freely and
deeply,

that it awakened trust,

Was unassuming,

WS ::xpl:ril:ncurl to be n:ﬁnun{iing in the heart,

was a primal tonal phenomenon to which the soul could relate other experiences,
sounded like a prime throughout the whole human being, vet left one totally free.

Considering that most participants found it difficult to describe the impressions gained on hearing
the tones, the majority of 90 per cent 15 noteworthy. Below are some more detailed accounts given by

teachers and musicians who had developed a more conscious attitude to music.
A violinist, who was over 80 years old, had absolute pitch and had played as a soloist in her youth and
also founded her own string quartet, had been dissatisfied with a' = 440 Hz for a long tme and there-
fore taken to tuning her instrument and guartet to a higher A. Compared to this A, a' = 432 Hz was
very low. Once she had got used to it her response was: 'l could get to like this a = 216 ora'! = 432 Hz

as Concert pitr_'l'l for Fmr_'t_icc and also in pErﬁeranL‘Es.'

Independently of each other, an elderly violinist and teacher, a young student and a therapist immedi-

ately realized that a' = 432 Hz was the tone to which they habitually tuned their instruments when they
played on their own.
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A concert violist who until then had used the customary concert pitch had often noticed when
teaching adults and children that many tended to suffer from nervousness and lack of concentration. He
therefore tuned all instruments, including his own, to ¢ = 128 Hz and al = 432 Hz. The result was that
a lot of the nervousness disappeared and that the students were able to make music in greater harmony.

A two-year-old boy (not yet a musician or teacher) who was able to walk but not yet talk and was
present at one such aural experimentation, sat peacefully and happily with a clear gaze beside his parents
while the tones ¢ = 128 Hz and ¢' = 256 Hz, A = 108 Hz and a = 216 Hz were played. When A = 110
and a = 220 Hz, and ¢ = 130,813 and ¢' = 261.626 Hz were played, he displaved definite discomfort,
getting more and more restless and finally protesting against these tones by stomping loudly around the
rOOM.

A eurythmist said that the tones ¢ = 256 and a' = 432 Hz harmonized with the angular movements
for these tones, whereas ¢! = 261.626 and a' = 440 Hz were significantly less correct.

Two curative teachers who were anthroposophists were familiar with the concert pitch a' = 440 He,
Having taken part in the experiments and heard the tones A = 108 and a = 216 and ¢ = 128 and
¢! = 256 Hz they were so shocked by the goading quality of A = 110 and a = 220 Hz that they resolved
from then on to tune their instruments o ¢ = 128 Hz.

A Slavonic musician who was used to a ¢' that was the lower sixth of a high concert pitch between
a' = 444 and 446 saud, on hearing ¢ = 128 and ¢' = 256 Hz for the first tme, that the higher C might
be more pleasing but that the lower C was good, meaning good as opposed to evil.

A further series of important experiments was the following. About a dozen people who tested
¢ = 130.813 Hz and ¢ = 128 Hz, and then decided to tune to the latter, were wondering if a C, which
was even lower than ¢ = 128 He, would sound even better. Participants were requested to tune the third
string of the monochord, which had not been made use of in the experiments until then, to a C lower
than 128 Hz that they felt to be comfortable. Each had to find this tone purely by ear. It was interesting
that in spite of the differences among them, different localinies and dates, they all chose a tone of the same
pitch and quality. It was agreed amongst the tuners and other listeners present that this C, which was
later calculated with the help of division of the monochord, was of a different quality to the other two
C-tones. This new, lower C encouraged a pleasant bodily ease, and had a somewhat dreamy effect on the
mind, though ar the same tme it made one calculating and merciless. Most of the tuners were quite
shocked at the unexpectedly nasty effect of this tone.

Having marked the position of the C on the monochord board, the attempt was made to work out
its frequency. After much searching it was found that its fourth higher octave was the ninth overtone of
the mese of the 56/56 Mixolydian aulos Moon mode on the fundamental ¢ = 128 Hz, 1.¢., the second
upper fifth of the low just by = 224 Hz. The frequency of this tone is 2016 He, which is the same as
¢ = 126 Hz. This tone is therefore roughly as much below ¢ = 128 Hz as ¢ = 130.813 Hz is above it. If
224 Hz is used as concert pitch, ¢ = 126 is part of the tonal material of this pitch.

The example of this C shows once again that the character of tones that are only a few Hz removed
from each other is very different. The experiments also substantiate the exceptional position of ¢ = 128 He
and its octaves. If one can convince piano tuners to use ¢’ = 256 Hz as runing pitch, they are generally
surprised to find that the prano sounds so much more beautiful, even with equal-tempered tuning,

Independent of the author, several musicians and teachers have made similar observations, Their find-
ings agree with our own and show that they arise from the phenomena themselves and are not caused
by conscious or unconscious influence from the author.

The lyres had just been tuned to the scale of twelve fifths for the first ime and the music therapist was
making music with a patient when the patent’s physician entered the room. She remarked spontaneously
that the instruments sounded very different and that she experienced a harmonizing effect on her body

and her breathing,
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An English curative teacher who did a lot of unaccompanied singing with about 400 children and
adolescents noticed that all of his pupils managed the melodies without difficulty and returned correctly
to the beginning tone when it was ¢' = 256 Hz, which was by no means the case when the tone was
a' = 440 Hz.

A lady who had taught the piano for many years and had been an opera singer had tuned her piano
to ¢! = 256 Hz for over 20 years. She had found that with this tuning pitch her vocal talent, which
through age or incorrect singing had lost its natural elasticity, soon became pliant again and regained its
youthful freshness, Tuning to ¢ = 128 Hz makes it possible for the human organism to balance out differ-
ent types of existing disharmonies better and more quickly. A voice schooled in this way can easily adapt
to and master the problems connected with public singing and present-day tensed tuning,

The conductor of a lyre orchestra with 20 musicians noticed that the twelve fifth-tones tuning on
¢! = 256 Hz kept the players together unbelievably well throughout long rehearsal sessions. This tuning
has less shine to it than that on a' = 440, but it sounds more true.

Our experiments show that tones have a moral value also for modern people. Summed up, the answers
of the great majority of people questioned and comments made by musically trained people show that
not only can we speak of the ethos of a tone but must do so0."* Good as well as bad principles or influ-
ences assert themselves at the different pitches, as has also been shown for other areas of music by Carl
von Balz.! A rone such as a' = 440, though beautiful, has a goading and antisocial effect. Such an effect
can only be described as the antithesis of good. Other tones, such as ¢! = 256 Hz, have a harmonizing
and beneficial effect and may therefore be called ‘good’.

The frequency of the concert pitch in all aulos modes is therefore of great importance and must be
chosen with care. Every concert pitch takes the human being to a multplicity of tones, with the quality
of the concert pitch determining that of all the other tones. If one enters the tonal world through
a' = 440, all cones mirror its beauriful but goading quality, so that one unheedingly passes by rone-worlds
of very similar frequency that are close by and beneficent.

The tendency to raise the concert pitch to 44860 Hz, which has developed in most Central European
orchestras since the last war, can have grave consequences. The tone 448 Hz is the “very small’ just minor
seventh of the fundamental ¢! = 246 Hz and therefore the mese of the Mixolydian aulos mode, while
460 Hz is a ‘normal’ miner seventh of the fundamental ¢* = 256 Hz that is somewhat too low. Both tones
should be therefore called *Bp’ and not ‘A’ If one uses these tones as concert pitch, one leaves the region
of the sixth of the fundamental C and enters that of the minor seventh,

A valid judgement of the inherent qualities of the tones that have been described can only be gained
by hearing them and letting them work on one. They must be played on a non-electrical instrument.
Reading about them or just doing pure calculation is not sufficient. A monochord can be used to test
what has been presented here and also for further experimentation. To help with this, a tuning fork with
the frequency ¢! = 256 Hz is supplied with this book. See also Appendix 1, p. 172, for instructions on
how to use a tuning fork. Comparison may be made in the following way.

Listen to the ¢! = 256 Hz tone of the tuning fork, then play middle ¢' = 261.626 on the piano. Repeat
this several times, changing the sequence of the tones. Having got used to the tones, try to listen for
whether both tones only differ in pitch or if there are different qualities. Finally, try to bring the differ-
ent qualities clearly to mind and when possible describe them in words.
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17 The Human Being and the Tone ¢ = 128 Hz

MNow that the aural experiments have shown how ¢ = 128 Hz is experienced by human beings, the
author sees it as one of her most important tasks to establish the uniqueness of this tone. To assist in this,
several aural indications given by Rudolf Steiner will be considered. As far as we know these have not
appeared in print before.

To begin with, some examples from the literature of the twentieth century will be given. The great
composer Paul Hindemith, who had an exceprionally accurate sense of absolute pitch,' based the chro-
matic scale recommended by him, which consists mainly of just intervals, on the tone C = 64 Hz. His
only reason for doing this was thar this tone is the ‘standard measure for physical investigations™. " Roughly
a decade after the publication of the second edition of Hindemiths Unteneeising im Tonsatz"" (textbook
of composition), Ernst Bindel wrote about absolute pitches.''* Based on Hindemith’s theories he derived
normal tuning for the concert pitch a* from the tone ¢' = 256 Hz. He calculated this to be the just major
sixth 5:3 from ¢' and identified the pitch as a' = 426,667 Hz. If one stays with the just intervals, as
Hindemith did in his chromatic scale, the a' = 426.667 Hz on the fundamental ¢' = 256 Hz is the correct
concert pitch. It must however be stressed that with equal-tempered tuning on ¢! = 256 Hz the concert
pitch would be a' = 430.541 Hz (a proportion of 1:1.6818 to ¢'). If one prefers true-tone muning, the
concert pitch is a' = 432 Hz (proportion 27:16). Starting from ¢’, three different concert pitches thus
arise, depending on which kind of tuning one chooses. The different qualitics of these concert pitches can
be heard if they are played on a monochord (see also chaprer 21, pp. 107-22).

In the same work Bindel abandoned ¢ = 128 as the fundamental and tried to show that, based on
the human rhythmic system (breath and heartbear), the actual musical fundamental should be an ‘Ep’
and not a “C’. Taking the average rate to be 18 breaths and 72 heartbears per minute (60 seconds), one
gets a fundamental for the rhythmie system of Ep = 1.200 Hz (60:72 = 1:1.2). In the octave from
¢ = 128 to ¢' = 256 this corresponds to the tone e = 153,600 Hz—the ascending just minor third 6:5
ta ¢ = 128 Hz. Basing himself on the tone euryvthmy course where Roudolf Steiner described the
connection between the skeletal structures in the human limbs and the intervals,® 5 Bindel then
attempted to bring the other tones into a natural relationship to the human being. This attempt must
be given due merit.

Bindel was not the only one to search for a new fundamental for our whole system of music. The
singer Werbeck-Svaerdstroem nursed similar ideas and asked Rudolf Steiner if a tone other than C could
be the basis for our system of music. His answer, passed down by Juergen Schriefer, was: ‘Mo, the tone C
must remain the fundamental of our system of music, otherwise people would stutter”

Thas statement, curious at first glance, must be connected with Rudolf Steiner’s spiritual-scientific
views of the human organism. He described how the spiritual seed of the human larynx was created
between death and a new birth in the sphere of Mars.® The human organ of speech is thus directly
connected with the planet Mars, A year earlier Rudolf Steiner had deseribed how the ear and the larynx
related to one another.*”

Two further indications were given by Rudolf Steiner in connection with the human ear. Regretfully
both have only been passed on by word of mouth. The first was to the singer Werbeck-Svaerdstroem
(passed on by Nanda Knauver): "The inner ear of the human being is built on ¢ = 128 Hz; the human
middle ear beats ar ¢ = 128 Hz. The second indication, passed down by Mary Wilbers, is similar: “The
human cortical organ [of the ear] is built on ¢ = 128 Hz’

In connection with this it may be remembered that ear specialists still use the tone ¢ = 128 Hz roday.
Large medical supply shops sell tuning forks of ¢ = 128, 256, etc. Hz, which are used for medical exam-
inations. None of the many doctors questioned by the author could give a reason for the use of this
particular frequency.
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THE Human BEING AND THE TONE C© = 128 HZ

In ‘answers to questions’ after the lecture on ‘Earthly and Human Development” of 17 March 1908 in
Munich, Rudolf Steiner gave the following relationships of the seven non-altered tones to the planets
and metals:*!

C iron Mars
D METCUrY Mercury
E tin Jupiter
F caopper Venus
G lead Saturn
A gold Sun

B silver Moon

The relationship of the planet Mars to the tone C helps us to understand the connection between the
tone C, the larynx and the organs of hearing (Mars being connected to the organ of speech). Only the
C and the A of the seven named tones could be investigated in the experiments presented in chapter 16.
From the results given there it follows that a' = 432 Hz may be considered to be the Sun-gold-tone.

The relationship between the tone C, Mars and iron is especially important as we continue with our
considerations, for in abour 1921/22 Rudolf Steiner commented to Schlesinger that she should place
‘c = 128 Hz equal with the Sun’ (see chapter 14). Why? How do the tone ¢ = 128 Hz, the Sun, Mars
and iron relate to each other? On 17 November 1923 Rudolf Steiner threw light on this problem in a
most impressive manner. The relevant part of the lecture is therefore quoted in full:*

You are familiar with the phenomenon of sunspots appearing on the Sun with a certain regularity.
There is much dispute among modern scientists as to the cause and significance of these sunspots.
Yet if we were to consider the significance of the sunspots in more detail, we would find that an
impulse is continually given from within the Sun, with Sun substance cast out into the cosmos
through these dark portals. This Sun substance appears in our solar system in the form of comets,
meteors and shooting stars. The spirits governing the world within the Sun in our time in particu
lar are casting these things into our age. They also have done this before, and these things have not
just happened in our time, but they now have a different significance. Because of this [ said that in
carlier times the spiritual impulses that were at work existed primarily in the stellar system. Now
these impulses, which lie in the iron that is cast out, begin to have special significance for human
beings. They are the impulses which a particular spirit, a spirit who is also gaining special signifi-
cance in our time and whom we call the Michael spirit, 1s using in the cosmos to serve the spiri-
tual in the cosmos. For our age, therefore, something has happened in the cosmos that did not exist
to the same degree before. It is that cosmic iron in its spiritual significance makes it possible for the
Michael spirit to mediate between the supersensible and the sense-perceptible spheres on earth. We
thus have on the one hand a warlike mood in the world into which we enter when we get behind
sense-perceptible existence today. When a human being develops supersensible vision today, when
he crosses the threshold and now wrns his gaze not towards things of immediate personal concern
but to things that are major world concerns and lie at the foundation of the whole of our civiliza-
tion, his gaze will penetrate into this world and perceive warfare, battle, spiritual struggle. Battles and
struggles go on behind the scencs of existence in the spiritual world. The iron cast into the cosmes
by the Sun spirits, to the point of physical distincmess, will then be the cosmic armour, in the widest
sense, of Michael whose task in this cosmic battle is to help humanity to go forward in the right
way in the face of these powers of battle and strife that are behind the scenes of civilization. On the
ane hand, therefore, we have war and strife, and on the other the efforts made by Michael.

But all this is in turn connected with the evolution of human freedom. For you see, we have iron in
aur blood. If we were beings without iron in our blood, the feeling of freedom, the freedom impulse
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could arise just as easily, but we would never have a body that we could use to make the impulse for
freedom reality. The fact that we are not only able to conceive the idea of freedom but can also feel
the power in our bodies to make them the vehicles for the freedom impulse arises from the fact that
we are able to learn in the present age how Michael is able to make the cosmic iron, which was also
cast out in former times, serve him. If we come to understand the Michael impulse more and more
we can alo learn to make the inner iron in us serve the freedom impulse, The material principle
outside always only gains meaning if we come to see it as a reflection of the spiritual principle in the
world. And we must learn in our age to use the iron in our blood in the right way, for wherever iron
appears the impulse is given, out of the cosmos and out of the human being, for freedom to develop.
Out of a deep instinct, the initiates of old therefore related iron to Mars; with its importance in the
blood iron was thus also given significance in the cosmos.

The above makes it possible to see how the tone ¢ = 128 Hz not only relates to the planet Mars and
its metal iron but also to meteoric iron as Sun substance in the cosmos, to Michael as the spirit of the
age, to human blood and human freedom. Our modest aural experiments have also shown show thae
¢ = 128 Hz and its octaves are deeply rooted in the human being, are beneficial to him and leave him
totally free.

The special position of ¢ = 128 Hz can also be found in a completely different area. A second as time
unit is not to be found as a natural phenomenon and is therefore seen as an arbitrary measurement in
science. Now ¢ = 128 Hz is the seventh octave of ,C = 1 Hz, which takes one second to beat once. It
is not actually possible for the human ear to experience this, as the lowest sound that can be experienced
as a tone is at about 16 Hz. Physical inaudibility does not, however, preclude the possibility of it having
an effect. Our second in time therefore is by no means an arbitrary unit; as the measure of time for a
lower octave of the tone ¢ = 128 Hz it is rather—like the tone itself—deeply rooted in the human being
and therefore creates a real connection between the human being and music, in so far as both are part of
the stream of time.* A main characteristic of music is that it does not exist in space but only moves in
time.

Concerning the future importance of the tone C, Rudolf Steiner said:* ‘One can say that the “F" has
already joined the five ancient tones I, E, F G, B to a very high degree, but not yet the actual “C". This
still has to first gain its full significance in human sendence.’ His indication to Schlesinger, that ‘c = 128 Hz
15 the Sun’ can thus been seen as a gift by which he opened the way for Western humanity to this ‘actual
C".This will be considered further in Part Three.

* A real connection berween our measure of ome and the human being & o be found inothe "Platonic Year', A Platonic Year is
the amount of dme it takes for the poine 2t which the Sun rises in the spring equinox to move through the whole zodiac, This
takes 25920 years, This Bgure is found again in the average number of breaths an adult person takes in 24 hours—18 breaths
prer minabe X 60 minutes X 24 hours = 25 920 breaths. The old Babylonian year abio had 360 days » 72 vears (2 human life ipan,
from the esoteric point of view) = 25,920 days. In other words, we breathe 25,920 times a day and our life has 25,950 days, See
Roudolf Steiner’s lecrure of 17 Seprember 1924 and bibliegraphic reference no. 89, (Teandater’s note,)
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Part Three
THE TONES IN THE SCALES
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18 The Tones of the Aulos Sun Mode and the Tone
c = 128 Hz*

In Part One it was shown that the just major and minor scales arise from the aulos modes, and how
important the modes are for understanding these scales (chapter 9). The two statements by Rudolf
Steiner given below will emphasize the importance of these aulos modes and the pitches of their scale
degrees for contemporary musical life.

On 5 January 1922, during the Christmas course for teachers,™ Rudolf Steiner was asked: ‘Do you
consider that a real progress for the future of music would be achieved by composing in the Greek scales
discovered by Miss Schlesinger and tuning instruments, for example the piano, accordingly? Would it be
helpful to accustom ourselves to these modes?” The answer was:

I would like to say on this point that in view of the different conditions that pertain, my view must
be that music will make a kind of advance in so far as the intensive melody, as 1 would call it, will
play an ever-increasing role. Intensive melody would consist in accustoming oneself to experienc-
ing as a kind of melody what today is seen as just one tone. People will get accustomed to a greater
complication in the tones, in a single tone. This will happen. And when it happens, it will mean a
medification, in a sense, of our scale, the simple reason being that intervals will be filled out in a
different way than has been accepted untl now. They will be filled out more concretely. And then
people will actually in this way, [ believe, make a connection with certain elements of what I would
like to call original music, and 1 believe [ see something of major importance relating to thas in Miss
Schlesinger’s discovery of the modes. 1 do, however, think that a path is opening up here for the
enrichment of musical perception in general and the discovery of certain things that will overcome
what simply has entered into music because of our, I would say, more or less accidental scales. So
ves, | do believe that it has a certain prospect if these specific discoveries are followed up further and
if we get accustomed to these modes in our musical perception.

To allow modern human beings to work safely with the modes, it is necessary that, as well as taking
care with the intonation of intervals, attention is also paid to the pitch of the single scale degrees.{ This
had been observed by Schlesinger who, as we have seen, asked Rudolf Steiner which was the correct
pitch for today, his answer being that ¢ = 128 Hz = Sun was the correct pitch for modern human minds
and spirits, The generic tone of the Sun mode is the small modal tritone B:11 which Schlesinger called
the harmonic fourth® Because the generic interval is made up of two rtones Rudolf Steiner’s pitch
indication can be applied in two ways: ¢ = 128 Hz as the fundamental and also the mese of the mode.

If ¢ = 128 Hz is used as the fundamental, the generic tone is fau® = 2816 Hz (an upper octave of
fau = 176 Hz). If on the other hand ¢ = 128 Hz is mese (a lower octave of ¢* = 4096 Hz), then all tones
of this mode lie on the undertone row of this C, and the 11th undertone geo = 186.182 Hz becomes
the fundamental (see Table 5). As the degrees of a mode are made up of an octave section of the generic
tone’s undertone row, their character is determined by the inherent quality of the generic tone, whilst
the inherent qualities of the other tones contained in the mode, including that of the fundamental, gain
only minimal signmificance.

It is very informative to observe how the two methods of tuning the modes influence modern people.
Years of observation have led to the following. If one tunes the modes to the fundamental ¢ = 128 Hz

* A review of chapter 8 may be of help in undersnding this chapter,
% The modes have 3 very powerfil effect and work into the human physical and rhythmical organization. The author related ro
me how modes on certain pitches caused excessive menstrual bleeding in some women, (Translators note,)
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and mese fan = 176 Hz, as Schlesinger did, this creates a kind of ecstasy amongst listeners and a degree
of somnambulance on extended listening. Ernst Bindel reported this earlier.''* It may be put down to
the quality of a solemn rolling boil, strongly sweeping the human being along with it, in the tone fau =
176 Hz and its octaves. This method of tuning the Sun mode was very much suited to people of another
age, when the old, natural clairvovance had already faded away to a large extent. With the help of the
degrees of an ecstasy-inducing Dionysian Sun mode it may stll have been possible for them to dimly
sense their connection to the spiritual world. For owentieth-century people such a dulling effect on the
mind is definitely not desirable. Made free and independent through the Christ impulse, modern people
need to find their way to the spiritual world with a elear, sober and matter-of-Eact mind. This applies just
as much to arranging one’ life as vo music making,

Mo effect on the mind of modern-day listeners has been observed with the Sun mode tuned to the
mese ¢ = 128 Hz or ¢! = 256 Hz and the fundamennal to geo = 186.182 Hz, i.c., the generic tone on
¢’ = 4096 Hz, This method of tuning actually leaves listeners totally free, letting them handle music and
configure the mode in a completely free way. This second method of tuning the Sun mode seems more
suitable for cur time. It therefore also formed the basis for our summary of the modes in chapter 8 and
Table 5.

In theory, this second method appears to be a species of the 32/32 Satarn mode on the fundamental
and mese ¢ = 128 Hz. On hearing it, one immediately realizes that this is not the case, however, for one
experiences such a mode a5 a fully valid and independent scale. What is more, not only the Sun mode
but all other six planetary modes sound like original, independent modes on the degrees of the generic
tone ¢ = 4096 Hz. The relevant planetary degree tone becomes the fundamental of its own mode in the
process (see lists on p. 33 and below). On the other hand, if one plays the modes on the degrees of
another planetary generic tone of the common fundamental ¢ = 128 He, for example on that of the
Venus mode with g* = 3072 Hz, the Mercury mode with high al® = 3328 Hz or even the Moon mode
with low bh* = 3584 Hz (see tables on p. 29), one finds that only the mode belonging to the generic
tone sounds authentic and thae all others sound like species or ransposed modes. From this it follows
that the degrees of the generic tone ¢® = 4(0%6 Hz, which belongs to the Sun mode, are also the right-
ful degrees for the six other planetary modes as independent scales. Once again readers are referred 1o
the monochord; with this, one can easily convince oneself of the above,

The importance of the relanonship specific tones have with the single degrees of the modes for today
was also raised by Foudolf Steiner. Mary Wilbers, Wilhelmine Foelvink and Wilhelm Doerfler have told
the author that for the row of planetary degrees between ¢! = mese = 256 Hz and ¢ = mese = 128 He,
in a conversation with Schlesinger Rudolf Steiner agreed with her on the connections made for the
other degrees of the scale with the planets. This is given below: For the sake of completeness the author
has added the descriptions just, true and modal and the Hz in parentheses. Wilbers and Roelvink were
close friends of E. Hamilton, and Doerfler had studied in London with Schlesinger.

Second indication of Rudolf Steiner to Schlesinger

¢! = mese = 256000 Hz = 16 = BSawrn degree
[true] b = [227555Hz] = 18 = Jupiter degree
[just] ab = [204.800 Hz] = 20 = Mars degree
[modal gea] g = [I1B6.1H2ZHz] = 22 = Sun degree
[true] f = 17667 Hz] = 24 = Venus degree
[low modall] e = [157538Hz] = 26 = Mercury degree
[high just] d = [146286Hz] = 28 = Moon degree
[just] db = [136.533 Hz| = K = Moon degree

€ = mese = 128.000 Hz = 32 = BSawrn degree
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THE TONES OF THE AULOS SUN MODE AND THE TONE C = 128 Hz

The generic tone of these mese is ¢* = 4096 Hz. From this generic tone and its undertones we can
derive the tones with which the modern human being can work safely using all seven aulos modes and
s0 enrich the expressive potenmal of music (see Table 5 and Table 34, fourth line, “blue’, in Appendix 1),
Schlesinger must have received the two indications mentioned in this chapter at different times, other-
wise the fact that she continued with the questionable method of mning to the generic tone fau® = 2816
Hz is not understandable.

According to Rudolf Steiner, ¢ = 128 Hz and its octaves are the Saturn degrees appropriate for our
age. In the previous chapter we were able to show how his indication that *c = 128 Hz = Sun’ gives us
an access to the C tone, which he calls *the actual C which ‘must still find its full significance in human
sentience’ Y This confirms the connection of the tone ¢ = 128 He o Mars, meteoric iron, Sun substance
and the degrees of the Saturn mode, and its great importance for modern music-making,.

If one wishes to tune an instrument to the degrees of the seven aulos modes from the generic tone ¢
= 4096 Hz, this is possible with and withour the use of 2 monochord. Using a monochord one wnes the
string to ¢ = 128 Hz and divides the string into 32 equal parts (see Appendix 1, Table 34, fourth line,
*blue’, 32/32 Hypodorian). True middle ¢! (which is the degree 16/32) then sounds at 256 Hz; true bl
(18/32) ar 227,555 Hz;just af (20732} at 204,800 Hz; modal geo (22/32) at 186.182 Hz; true | (24/43)
at 170,667 Hz; low modal e (26/32) at 157.538 He; high modal d (28/32) a0 146.286 Hz; modal d
degrees (30/32) ar 136.533 Hz; wue ¢ (32/32) at 128 Hez, the fundamental of the monochord siring.
The other actaves are g:im:t,{ b}, ELning to octaves, Without a2 monochord the above tones can be found
with the help of a tuning fork at ¢ = 128 or ¢' = 256 Hz and tuned by ear according to Table 15. This
gives the nine modal tones between ¢ and ¢'. The tones of the next higher and lower octaves are found
a5 above by the tning in octaves. All seven aulos modes in Table 5 can be played on an instrument wined
in this way.

Az examples of modal composition the ‘Hymn to the Sun’ composed by Schlesinger and referred to
at the end of chapter 8, and the beginning of the Pindar’s "Pythian Ode’ (despite doubts as to the authen=
ticity of the latter) are given; both are based on the generic tone ¢ = 4096 Hz and can therefore be
plaved on a lyre tuned in the above way.
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Table 15 Tuning the aulos modes by ear

Proportion: 16/32 1R/32 | 20/32 22/32 24/32 26/32 28/32 332 32732
Topnes: true ¢! true b flat Just a fat modal geo true low modal e high just d | just d flat true ¢
Hz: 256 227 555 204,800 186182 | 170667 157.538 146.286 136,533 | 128
1) tune: 16/32 | . perfect octave with the mning fork 32/32
25t | | | 128
wunebyear | 16/32 | descendng perfect fifth 24732 | ascending perfectfourth 32/32
256 | | | 70,667 128
3} tune: 16/32 Just major 20/32 Just minor 24/32
256 T hird ) 204,800 |I|1er_{ 170.667 ‘
4) tune: 20/32 descending perfect fifth 30432
| 204800 . | 136,533
| 5) check: 24/32 check: just major third 30/32
170.667 | T 136533
6) wne: 18/32 ...ascending perfect fourth 24/32 ' ‘
227.555 17667
7) une: 16/32  smalltritone 8:11 ] 22/32 L extmlargetmitone 1016 32/32
256 186,182 A 128
Tuning modal geo by ear is not difficult as it lies higher than true sharp and therefore also higher than true gelis.
Modal geo to the higher ‘middle’ ¢! forms the questioning sounding interval of a small tritone, called the harmonic fourth by Schlesinger.
8) 26/32 | 30/32
157,338 136.533
small minor third 13:15 = 1} tonc step
24/32 26/32
9N check: 170.667 1537.538
large semitone 12:13
10) tune: 28/32 large whole| 32/32
146,286 tone 8:7 128

Each tone to be mined is underhned, Left/right direction for the lyre
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Hymn to the Sun*

Melody by Kathleen Schlesinger transposed by the author onto the degrees of the generic tone ¢ = 4096 Hz (mese ¢! = 256 Hz)
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* The onginal with the wornds set on the mese fau 15 on p. 33,




Pindar (518-446 BC)
Melody to the first ‘Pythian Ode’*
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Golden phorminx, possession of Phoebus and black-haired Muses, precious jewel, its sound obeys the festive step which bieging the merry dance, its
beat is listened to by many a singer, when quaking at the strike of the first tone of your choir-leading strings, you build and destroy the wild spear of
lightning, streaming in eternal fire.

* Transposed by the author onto the degrees of the generic tone o = 4186 Hz,




* Transposed by the author onto the degrees of the generic wone ¢ = 409 Mz,

19 The True C Major Scale* and Two Indications Rudolf
Steiner Gave to Wilhelm Lewerenz

An attempt will now be made to show how the tue C major scalet with the fundamental ¢ = 128 Hz
and two mndications Rudolf Steiner gave to Wilhelm Lewerenz complement one another and can prove
fruitful in the future development of Western music. Cellist and composer Wilhelm Lewerenz {1898—-1956)
came to Dornach in 1923, became a member of the Council of the General Anthroposophical Society
and was leader of the Section for the Performing Arts from 1949 undl his death.

Indicadon 1 came to light in the estate of Anny von Lange. Her publisher writes that Anny von Lange
attempted to work out a centering of human beings in their thinking (Jupiter) and in the ‘I {(Mars) based
on this indication in connection with Rudolf Steiner's occult physiology.'” As will become apparent in
what follows, our approach is based on completely different premises.

Indication 2 only exists on a small scrap of paper on which Lewerenz noted it down. He often made
use of this indication in lectures and courses and a number of anthroposophical musicians therefore have
a photocopy of it. Unfortunately no record has been found until now amongst Lewerenzs notes that
would tell us the context in which the two indications were made. An indication as to the exact Hz of
the tones is also missing, perhaps because Lewerenz, in contradistinetion to Schlesinger, had not noticed
the varying inherent qualities of tones with the same names on different pitches and therefore did not
ask about their frequencies. The indications to Lewerenz thus have to be considered in the context of
the rest of Rudolf Steiner's indications.

Table 16

Indication 1 has an upper and a lower part (here called 1a and 1b respectively), both with the same titles
(sccond scale, difference, cosmic scale) and the comments *etheric’ and astral’ to the left and right. The
right-hand column, ‘cosmic scale’, is the same in both parts and gives the descending row of thirds G, E,
C, A, F D, B.The scales of seconds on the left of both parts are different, however, as the intervals of the
muddle difference column differ. Two tone-planet concordances are given in both parts—in 1a B = Moon
and E = Jupiter, in 1b E = Jupiter and C = Mars. These agree with the concordances referred to in chap-
ter 17 which Rudolf Steiner gave in answer to a question in 1908. The author took for granted that these
concordances were also valid for the rest of the tones of Indication 1 and therefore added these into Tables
17, 18 and 19 accordingly.

Indication 2 has the seven octave scales, which go in descending direction, as shown by the arrow.
Read vertically, the initial vones are identical with those of the second-scale in Indication 1a. Planets and
human physical organs are given to the right of the initial tones of Indication 2. Reead vertically, this plan-
etary row corresponds with the tones of the tosmic scale in Indication 1, but not with the initial tones
of the scales they are next to (see Table 17, chapter 8 and p. 81). Finally, a note added to Indication 2 says
that in late Roman times the Lydian C was the normal proportion and that, as the lowest tone, it is to
be related to the planet Saturn. Agreement between the tones of the second-scales of Indication 1 and
the beginning tones of the octave scales of Indication 2 shows that the two Indications are connected,
yet the two Lewerenz Indicanons are very contradictory. An interpretation will be attempted in the
following paragraphs that may help towards understanding the development of music from antiquity
until today.

* The Greek/Fooman wue scales were, in opposition to the aulos modes, plaved in desending direction,
1 For the origin of the true tones and scales see chapter 4.
% It is known thar a scientist of the sparit may only give indications when asked.
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Table 16
Two indications given by Rudolf Steiner to Lewerenz

First indication given by Rudolf Steiner to Wilhelm Second, unpublished, indication given by Rudolf Steiner
Lewerenz (according to von Lange'?) to Wilhelm Lewerenz "
Church rones
] . : ] . g .o P e i . . . . E
:Iﬂ A E:E::iﬂ:“ G ]i?pcdnnan {present-day ﬂea]‘iin} i 4. f top of the head ¢
G sixth E :ﬁ:m—_f s o - — ==
F fifth [ + 5
(etheric) |E fnn_q]:u A ]I,'a!it:ralj ‘H}quphr}-gian Eprcsj;nr—d;]y Mixnl}rdi:m} T il oy
D third F £ — g
[ second [ ——
B PR B *Hypodorian (present-day Lydian) 5. =) larynx
centre E= 4 commeon basis B =D below the Sun —u —*©
T scale of seconds | difference | cosmic scale = - ot = -
F seventh |G *Dorian (present-day Phrygian) 3 ®  heart
2 ;
1 E prime E — — - o
D seventh | C ——
(etheric){C. E;::-' ": Kasteal) l-’l'hr:,rg:i:rr: (present-day Dorian) V 1. 9 —
A Fonrth ] v — [
G third B qu_ uda_-—I . Hypolydian) I{; Ej :
Al nt-day Tonic or Hypolydian : p .
cengre C=d common basis E =% (above the Sun) : yglm il YPoy S
a % F L& ] ‘.E:__"_B —
1 W
Mixolydian {present-day Hypophrygan) 4, D —
T — -
o = O T W

In the late Roman era the Dorian E was no longer the norm, but the Lydian C.
The Lydian C was the lowest tone. Saturn is furthest away, therefore the lowest
tone, while the Moon is the highest.
*Main keys of the kithara harmony: a, g, ¢.”
**Read from right to left.
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Together, the seven descending octave scales of Indication 2 make up the great system Teleion of
antiquity which progressed from the highest tone, Nete Hyperboleion, to the lowest tone, Hypate
Hypaton, and was made up entircly of fifth tones.** If one stays within the area of non-altered fifth tones,
the highest tone can only be an A and the lowest B. It follows from this, seemingly unequivocally, that
the tones and scales of Indication 2 relate to the Apollonian music stream of antiquity, i.e., all of the tones
belong to the row of rwelfth tones and all intervals are true intervals. This assumption 15 further supported
by the double naming of each scale—on the one hand the Apollonian and on the other hand the names
of the church modes (see Table 8). This explains the remark ‘main keys of the kithara A, G, E". The
comments at the bortom of Indication 2 undoubtedly relate to its scales. The Lydian C thus also belongs
to the Apollonian true-tone stream.

Table 17

InTable 17, Indications 1a and 2 are combined. It offers a possible solution to the contradiction berween
the planet-tone concordances of Indication la and the ininal tones of the scales in Indication 2. IF we
follow each line from right to left (i.e., against the usual direction of reading), we get the difference inter-
val of a seventh between the Saturn tone G of the cosmic-scale sounding in the astral and the Sun tone
A of the second-scale sounding in the etheric. The Sun tone A is the inital tone in the Hypodorian
octave scale a%, &2, £, ¢, d°, ¢, b', a', which is associated with the planet Saturn. This association is
puzzling until one notes that it coincides with the principle of interval inversion. In the Hypodorian
octave scale the Saturn tone G 15 on the second degree of the scale and forms an interval of a second—
the inversion of the interval of a seventh—with the beginning Sun tone A. In other words, the mterval
difference of a seventh, which makes the mansition berween the Saturn tone G in the astral and the Sun
tone A in the etheric, appears in the a®=a' Saturn scale, sounding in the physical world, as the interval of
a second in its inversion. In the next line, a descending difference interval of a sixth leads from Jupiter
tone E in the astral world to Saturn tone G in the etheric world. In the carthly g'—g* octave scale which
descends from Saturn G and is associated with the planet Jupiter, Jupiter tone E 1s on the scale degree of
a descending third. The third is the inversion of the sixth. Similar correspondences apply for the other
five scales.

We may therefore say that the planetary tone with which a scale is associated does not come at the
beginming or end of a scale but at the point in the scale which creates the inversion of the difference
interval to the initial tone. Only in the Moon scale is the Moon tone B identical with the matial rone
because the difference interval is the prime. In all seven cases, the cosmic scale, difference interval, second
scale and the octave scale sounding in the physical are connected with one another in this way. Whether
sounding in the astral, etheric or physical, each of the seven tones of the descending true-tone scale 15
associated with the same planet. The difference intervals go from the planetary tones of the cosmic scale
sounding in the astral to the planetary tones of the second scale sounding in the etheric. The tones of
the latter are the initial tones of the octave scales which sound in the physical world.

The inversion of the intervals points to the fact that the point of departure for all human activity in
antiquiry, including mwsic, was not the physical, but the astral, i.e., the supersensible world. This 15 evident
from the association of the tones with the planets, where, in the cosmic third scale, G is the highest and
therefore fastest moving tone and associated with Saturn. Rudelf Steiner explained in his Cologne
lectures™ how, seen from the point of view of the astral world, Saturn was the closest and therefore
moved the fastest, so that is movement corresponded with the highest tone. Steiner also specified the
numerical ratos, showing how the other planets, seen from the point of view of the astral world, moved
progressively slower in descending order. In the astral everything appeared in its inversion®*—seen from
the point of view of the physical world, Sarurn moved the slowest and was therefore the lowest tone.

The association of the planets with the different parts of the human anatomy, as shown in Tables 16
and 17, was already made by the Greeks and they are mentioned by Raudolf Steiner in, for example,
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Table 17
Comparison between Indications la and 2a’

Indicataon 2

Indication 1a

H scabe of seconds

Greck Mames descending cotave scales AsEOCIation difference cosnme scale
tetrachond struerire | tones' * scales physical planet OTgan plartet tone tone planet
1. Dorian Mete Hyperboleion *Hypodorian _g i Samurm  [top of the head|} Sun A zeventh G Saturn
2. Phrygian —Mcse ! — — -
O : Tecond” ]
I. Phrygian Faranete Hyperbolon | "Hypophrygian .o Jupiter bironw Saturn G sixth E Jupiter
2 Lydian ~Lichanos Meson ———
[ charcd
1, Lydian Trite Hyperboleion Hypolydian g e g PAATS larymx || Wemis F fifih C Mlars
2. Mixolydian —Parhypate Meson % T — =
(7] _— E ".
1. Dorian Mete [Hezcugmenan " Dorian I, | Sun heart Jupiter E furth A Sun
2. Darbn —Hypate Mezon E —-—“—ﬂ:- —i-
e
1. Phrygian Paranete Diczewgmenon [Phrygian : : | Wenus _ |Mi:rmr].' o third F Venus
2. Phrygian ~Lichanos Hypaton : ———— 1 |
Y s s -—--g:x[h ]
1. Lydian Trite Daezeugmenen  |Lydian g — Mercury | stommach Mlars C second o Mercury
2. Lydian —Barhypate Hypaton F:.—n_—'ﬂ_"_-—l——-—
= [ERE '-""L'"-'---“““"‘-"_--ﬁ'\tﬂ___ﬂ'.l
1. Mixolydian Paramese Diezengmenonbixolydian =i — — ———— Moon — ddoon B prime B Moon
2. Dorian ~Hypate Hypaton R = _“. — =
R “octave / prime

*Pre-Christian. To be read from right to lef and above downwards.
" hain keys of the kithara harmeny2a, e
""*Nete Hyperboleion—Hypate Hypaton: range of the great system of Teleion = one octave and 2 minar seventh.

genire B =4

commao basis B =) below the Sun

W L e e ew By - ey
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the Torquay lectures of 19245 The significance of their appearance in Indication 1 is not known to
the author,

In Indication 2, the three main keys of the antique System Teleion are stated as being the Hypodorian
a*-a', the Hypophrygian g’~g' and the Dorian e’—e'.* The descending tones of the second scales already
make up two connected Dorian scales: A, G, EE/E, D, C, B, and because the Dorian fifth tone scale ¢*—¢!
comes in the middle, i.e., in a central Sunlike position, the basic mood of the seven octave scales can be
taken to be Dorian. For the Greeks, the Dorian tetrachord represented the Sun and thereby also the
sublime Sun spirit. The descending direction of the scales may point to the fact that this sublime Sun

spirit was nearing the earth but not yer present on it *-%

Table 18

At the bottom of Indication 2 in Table 16 we read the comment:

In fate Roman nmes, the E, the Dorian, was no longer the standard proportion, but the Lydian C.
The Lydian C came to be the lowest tone. Saturn was the furthest away, therefore the lowest tone;
the Moon was the highest.}

The author is not aware of any further clarifications of this point given by Rudolf Steiner. She has
therefore felt free to consider a restructuring in connection with Indication 1a similarly to the way this
was done with the scales of Indication 2. The planetary sequence of the scales in Indication 2 is the same
as that for the tones of the cosmic scale in Indication 1—Saturn uppermost, then Jupiter, Mars, Sun,
Venus, Mercury, and Moon at the botom. This is because in late Roman times the scales were still
descending scales. The Lydian C scale is therefore at the top, although as Saturn it is the lowest; the
Mixolydian B scale, even though it is the highest is at the bottom, being Moon. The other five scales are
arranged with the planets according to the Prolemaic system.

The author hopes that this will not be seen as a violation of the indications and she also does not wish to
deny that other explanations may also be possible. However, the inverted positions of the scales’ initial tones,
with the Ptolemaic planctary sequence retained, point to secrets that may lie hidden in these indications.

The comment quoted above points to the fact that, beginning with late Roman times, there must have
been a restructuring of the octave scales in Indication 2. The scales in Table 18 are descending scales.
However, as it is expressly stated that the Lydian C is the lowest tone—with Saturn the most distant, so
that this is the lowest tone and the Moon the highest—the sequence of the scales is therefore ascending.
It seems to mean that from late Roman times the point of departure for music was no longer the super-
sensible astral world but it was here, on the physical earth. This explanation is further supported by the
difference intervals that connect the scales.f The difference intervals between the second scale and the
cosmic scale do not follow one another step by step as in Table 17, but by leaps of a fourth. Maybe this
is an indication that the connection between astral and etheric has become looser,

An attempt will now be made to show that viewed together, the first, fourth and seventh scales in Table
18 seem to mirror the fact that relatively late Fome was the time of the Mystery of Golgotha—a
connection to which Rudolf Steiner would frequently refer.

* The retrachond structure of all seven actave scales 15 given to the left of Table 17.

1 It is taken for granted that °E, the Dorian’ and “the Lydian C"abo mean the Dorian and Dydian scales for if one leoks up the
names of the Greek scales in Bindel™ and mem'wr," for example, thewe are called el—e Doran and ¢'=c Lydian. The author has
adopred this werminology for the whale of this chapter although the old names, e.g. Pythagorean Dorian octachord. are wed
throughout the rest of the wark.

% As in Table 17, the second scale is based on the inidal tones of the octave seales, Though only a heptachord, this second scale
forms the true © major scale,

95



Table 18*
Comments at the bottom of Indication 2 supplemented and compared with Indication 1a from Table 16 (late Roman era)

Indication 2 Comumnents Supplements Indication 1a
descending octave scales scale of seconds | difference cosmic scale
degree scale planet etheric interval astral
Greek scale name physical interval direction | association planet ko between tone | planet
2and la
fourth
0 I |
Lydian ﬁ.._—,___qu..ﬂu- e Saturn Mars C hitth G Saturn
1- - oy
i i
Phrygian :-:_':1-' = xx b_—i—__,___ Jupiter Mercury B second E Jupiter
MNorian Mlars Jupiter E sixth C Mlars
= |
i o8
Hypolydian Sun Venus F third A Sun
_ { o , |
Hypophrygian - = Venus Saturn G seventh F Wenus
L2
P | |
v, e L
Hypodorian o —— Moercury Sun A fourth D Mercury
Mixolydian Moon Muoon B prims B Moon
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Table 19*
Indication 1b supplemented according to Indication 2 (see Table 16)

Supplements Indication 1b
(Greek tetrachord | Church names yerandine sctave sealas seale of seconds difference cosmic scale
| SEruCure according to i_:]t:wal
Table 8 degree intervals physical seale | Mo, ctheric astral
% direction planet tone tone planet
2 Dorian Lydian o T | W F second | G Saturn
I Mixalydian
2 Lydian Phrygian 6 | Jupiter E prime | E Jupiter
| Lydian |
| & 2
2 Phrygian | Drarian or | %_U i 5 | Mercury D seventh C Mars
| Phrygian | Hypomixalydian | seventh O S N o KSR :
& f | 5 _ " [
& 2 Dorian | lonian or % o —o—+—1 4 | Mars L sixth 3 Sun
| Daorian EHypnl}-d:ian il T — : -._..I
A 1 |
2 Ml:{.u!yqﬁan Hypophrygian = —_———— v 1 3 | Moon B fitth F Venus
1 Lydian fifich € g o l |
E L
2 Lydian Acolian or o = 2 | Suon A fourth D Mercury
1 Phrygian Hypodorian Sinineh g o s T ° |
2 Phrygian Mixolydian = = = I | Saturn G third B Moon
1 Drarian :% — —r—-la-“_"-"_ ¥ o
i’ e 1
third "? sl centre = Mars, common basis E = Jupiter
above the Sun
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planetary incarnations—G = Saturn, A = Sun, B = Moon, C = Mars, I} = Mercury, E = Jupiter, F =
Venus.”! Confirmation that it 15 right to read 1b in ascending direction is given by the fact that the
second scale then forms two connected Dorian (Sun) tetrachords—G, A, B, C, I, E, F—as the descend-
ing row of the second scale in 1a alio does—A, G, K E, D, C, B. If one moves on to the cosmic scale and
reads this in ascending direction, this will give the sequence of the post-Atlantean periods. These extend
from the ancient Indian period, which was mainly under the spiritual influence of the Moon, to the
seventh, future period which will probably be connected with Saturn.™

Reading the scales in ascending direction gives a still further and equally magnificent insight.
According to Rudolf Steiner, the insights people had in the ancient Indian period recapitlated, under
the influence of the Moon, the first Polaric age of Earth evolution which in turn recapitulated the old
Saturn evolution."*! This is indicated by the juxtaposition of the Moon tone B of the cosmic scale and
the Saturn tone G of the second scale. In the same way, the mystery wisdom of the Persian age, which
was under the influence of Mercury, recapitulated the second Hyperborean age of Earth evolution, which
in turn was a recapitulation of old Sun evolution. Accordingly the Mercury tone D in the cosmic scale
is opposite to the Sun tone A of the second scale. The third, Egvpto-Chaldean period of crvilization,
mainly under the influence of Venus, recapitulated the third, Lemurian period of the Earth, where
knowledge and insight was concerned, and this was a recapitulation of old Moon evolution; the Venus
tone F in the cosmic scale is thus opposite to the Moon tone B in the second-seale. The fourth, Graeco-
Latin period, mainly under the influence of the Sun, recapitulated the Atlantean age. This Atlantean age
was the first Earth period that was not a recapitulation of an earlier stage of planetary evolution and
therefore belonged in the fullest sense to the Earth itself. The Sun tone A of the cosmic scale 1s opposite
to the Mars tone C of the second scale. Mars represents the first half of Earth evolution.

With the resurrection of the Christ, the second, Mercury half of Earth evolution began. The fifth post-
Adantean civilization began in Ap 1413 and is mainly under the influence of the planet Mars.* The
Mercury tone D in the cosmic scale is thus opposite to the Mars tone C of the second scale. The sixth
post-Atlantean period will be under the influence of Jupiter and will point to the future Jupiter evol-
ution of Earth. The Jupiter tone E is therefore present in both scales, Finally the seventh post-Atlantean
period may be under the influence of Saturn and prophetically point to the next but one evoluton of
Earth, the Venus incarnation, This explains why the Saturn tone G of the cosmic scale is opposite the
Venus tone E While the tones of the second scale reflect the planetary incarnations of Earth, the tones
of the cosmic scales give insight into the development of human conscious awareness on Earth through-
out the seven post-Atlantean periods and show how these relate to the great evolutionary stages of Earth.

The seven descending scales of Indication 2 in Table 17 and the seven ascending scales in Table 19 both
have the same tetrachord structures but run in opposite directions, the former descending and the latter
ascending. More important than the change in direction is that the tetrachord structures of the 1st, 2nd,
3rd, 5th, 6th and 7th scales swap positions reciprocally in relation to the middle, 4th, scale. The numbers
1=7 show this in Table 20 (see p. 100).*

The qualities of the scales go through a complete inversion because the change in direction results in
a change in the sequence of the intervals that form the retrachords so that the tetrachords themselves are
no longer the same. Whether the sequence of intervals forming a tetrachord ascends or descends does
not make any difference, however, to the quality of a tetrachord. The character of the Dorian tetrachord
is still courageous, the Phrygian painful, tense and severe, the Lydian devoted and the Mixolydian
over-tensed but also self-sacrificing. Each scale has two tetrachords and the order greatly determines
the overall character, but a detailed description of each scale would far exceed the present work, Three
scales contain Dorian tetrachords. The middle scale in descending direction is the Dorian Sun scale. In

* The reading of this rable i greacly helped by comparing it directly with Tables 17 and 19, {Translators noge.}
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Table 20

Comparison between Tables 18 and 19

Table 18 | Table 19
Great System Teleion Tetrachords

Greek scales order of | order of

names descending the scales first second the scales | ascending church scale names
Hypodarian L B, | # 1 Dorian — ~ Dharian 7 £l42 Lydian
Hypophrygian gl 2 2 Phrygian - = Lydian 6 alpal Phrygian
Hypolydian F2-¢l a 3 Lydian - - Phrygian 5 dl—d2 Dorian or Hypomixolydian
Drorian ekl ® 4 Dorian — #— = Dorian 4 clc2 lenian or Hypolydian
Phrygian d2—d1 9 5 Phrygian - ~ Mixolydian 3 bl_h? Hypophrygian
Lydian cicl - 6 Lydian — — Lydian 2 ol Aeolian or Hypodorian
Mixolydian bl=b i 7 Mixolydian — — Phrygian 1 g Mixalydian




THE TRUE C Majore ScaLe anD Two INDICATIONS BUDOLF STEINER. GAVE TO WILHELM LEWERENZ

ascending direction it is the true-tone C major scale. The first of the ascending scales and the seventh
descending scale end with a Dorian tetrachord. When one compares the movement of both groups,
beginning with the middle scale, the following may result.

In antiquity the movement went from the middle scale e*—¢! down to the dominant scalc b'~b (2nd
tetrachord is Dorian), made a great sweep to the sub-dominant scale a>=a' (1st tetrachord is Dorian) at
the top, and descended from there again to the middle. In this movement the music is held in continual
suspension. The movement of the ascending scales of today 1s up from the middle C major scale to the
sub-dominant f'—f (2nd tetrachord is Dorian), makes a great sweep to the dominant g—g' (1st tetrachord
is Dorian) at the bottom and ascends from there to return to the tonic. This movement is musically filled
out and describes the fundamental structure of modern harmony: tonic, sub-dominant, dominant,
tonic, the inversion of the great antique System Teleion which commenced at the time of the Mystery
of Golgotha.

The decisive difference in mood between the two directions can be experienced by comparing the
‘Hymn of Apollo’ from ¢. 150 BC with the C major prelude from the first book of The Well-tempered
Clavier by Bach. The difference s very clear even when the Bach is heard in equal-tempered tuning. [t
is even clearer, though, if one plays both compositions on a lyre tuned to the scale of twelve fifths, for
the beauty and liberating strength of the latter is still more convincing.

A new development in music could only come in about the tenth century, when the old descend-
ing scales were transformed into ascending scales in musical practice and the Greek Phrygian scale was
elevated, as the church Dorian scale, to the central scale (see Table 8). The latter consists of two Phrygian
tetrachords, with the semitone step in the middle, flanked by two major seconds. The symmetry of this
tetrachord makes it possible to play the scale in either ascending or descending direction without chang-
ing the tetrachord structure, making it possible for music practice to change from descending to ascend-
ing in scale direction. The Phrygian tetrachord corresponds with the present minor. This occurs twice in
the church Dorian scale, which gives it an incredibly contracting, even painful effect. In Table 19 this
scale is next to D in the second scale and next to C in the cosmic scale, in other words, in the fifth post-
Atlantean period of civilization. This painful feeling of contraction with its structure points to the time
in which we are, when the independent human being 1s focused completely to the minute point of the
‘I' for the development of the spiritual soul. This was prepared for in the Middle Ages when the D
scale was made the central one. This alone will not allow humanity to progress. The human ‘T’ can only
move ahead in the development of the spiritual soul if it takes up the Christ impulse. The D in the second
scale being opposite the C in the cosmic scale, the fundamental of the C major true tone resurrection
scale, which gained in importance from the twelfth to the sixteenth centuries, points to this,**® First of
all this scale, connected with the Mystery of Golgotha, and its Dionysian sister, the C major just scale
arising from the changed aulos Mars mode (chapter 9, pp. 41-2) led to a further development in occi-
dental music. How these two scales moved from the fourth into the fifth post-Atlantean epoch and how
they formed the triads singular to the degrees of each scale during this change will be shown in the next
chapter, using the example of Rudolf Steiner’s tone spiral.

17,62
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20 Rudolf Steiner’s Tone Spiral

On 23 August 1915, Rudolf Steiner gave two tone spirals to the eurythmists working in Dornach.
Although the tone spirals were given for eurythmy (i.c., the moving human being making music visible
in space) and are therefore subject to the laws that underlie this art, they can throw a lot of light on purely
musical questions and one of them may have a connection with our fifth post-Atlantean cultural period,

The tone spirals consist of the ascending C major scale, with its single tones laid out degree by degree,
the one on three twelvefold divided circles, the other in a spiral. The tone spirals, which are not to be
found in Rudolf Steiner’s printed lectures, were first printed in 1965 based on handwritten notes and
oral tradition.'® Different versions exist as a result, spiralling inwards and outwards. Because of this the
author may be permitted to refer to the tone spiral handed down to her by her mother Lucy
Neuscheller.* This is shown in Fig. 1. It consists of five complete octaves of the C major scale and is
therefore the same as the one printed by Elena Zuccoli in her interesting book on tone eurythmy work
in the first eurythmy school in Stutrgart,”® and has come down from H. Hollenbach. Tts register is likely
to be from C to ¢, a range which Rudolf Steiner often spoke of ™ In the original drawing handed down
by Lucy Meuscheller, the beginning and end were indicated by a dividing line. To make it casier to under-
standd. the author has underlined the initial tone C, added arrows and labels and numbered the owelve
points of the circle in ascending order. She has also marked correspondence with the signs of the zodiac,
the arrangement of which is the same as that given by Rudolf Steiner for the eurythmic choreography
of his Twelve Moods. The resulting connection between the triads and the zodiac was confirmed by
eurythmist Friedel Thomas-Simons in a conversation with the author in 1963.1 These triads need to be
read from the circumference towards the middle and are made up of intervals of a descending octave plus
a sixth and therefore represent cosmic rathet than earthly triads,

According to this arrangement C and C major begin in Aries and move from there in spiralling
fashion through five octaves to the sixth and highest ¢ in the sign of Pisces. This may point to a connec-
tion with the fourth and fifth post-Atlantean periods, as the spring equinox of the Sun was in Artes
during the fourth post-Atlantean period, and is in the sign of Pisces in the fifth. Both the Apollonian
C major resurrection scale and the just C major scale which is derived from the Dionysian Mars mode
{see chapter 8 and chapter 9, pp. 41-2) may come into consideration in this tone spiral. The spiral shows
how both of these musical streams and their common fundamental arrived in the modern age.

From the anthroposophical point of view, the human being is created out of the powers of the
zodiac.* The tone spiral and the signs of the zodiac in Fig. 1 show C moving through five octaves from
Aries (head) through Scorpio (reproductive organs), Gemini (symmetry), Capricorn (knec), Leo (heart)
to Pisces (feet), and we can see how this tone is anchored in the human being. Further points of view

* Johann Leopold (1885-1976) and Lucy (1888-1962) Meuscheller-van der Pals heard Badolf Steiner lecture in Berlin and
Helsinki. They became members of the Anthroposophical Soctety as early as 1913, In 1915 they came to Dornach, Switzerlind,
to help with the wood carving for the First Goetheanum, Lucy soon became keenly interested in eurythmy and was part of the
[hornach ensemble uneil 1923, Tharing this time she, together with other eurythmists, received the tone spiral from Rudolf
Steiner and consequently applied it n her work, For e staging of the Knight's Hall scene in Goethe’s Fauss, 11, Ace 1, Marie
Steiner asked her o perform the role of Helena, She was one of the curythmists who took part in the memorable lase perform-
ange given in the Firt Goetheanum before it burned down. In 1923 the call for a curythmist came from America, and Rudolf
Skeiner encouraged Lucy and Leo to answer it. Lucy introduced curythmy and Leo speech formation into the USA. Both were
represcntatives of these arts for several decades. In 1923 they founded the "Goetheanum School of Eurythimy” in MNew York,
which was endorsed by Boudelf Steiner, mained students and gave performances in many parts of that lange conntry. Being a
comscientious artist Lucy Neuscheller gave the tone spiral to the author thorly before she died.

4 Friedel Thomas (1896—1974) was pare of the eurythmy sage group at the Goetheanum under Rudolf Steiner, together with
my maother.
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THE TONES IN THE SCALES

Before we go on to the next chapter where we will discuss a further indication given by Rudolf
Steiner, namely, 'C is always the prime’, a historical fact will be considered that had a major effect on the
further development of Western music.

At the beginning of modern times the experience of the third gave rise to the development of
polyphony and harmony,” and modern science, progressively limiting attention to the physical world,
also began to develop. The result was a preference for the peaceful sound of the beat-free just third. The
development of the Apollonian true-tone scale, which could have made its appearance, was delayed (see
Grammateus, chapter 13). The altered Dionysian Mars mode on the fundamental C became the tunda-
mental scale for the whole system of music, its structure applied to all other scales, and the circle of fifths
evolved. The inevitable outcome was the harmonically unbearable acute fourth and grave fifth,'*'* which
one sought to avoid by continually altering the pitches of the scale degrees (see chapter 7, pp. 23-3).
Awareness for singular qualities of tones was largely lost” On string and wind instruments, which were
gradually brought together to be the orchestra, these changes were casy to execute. With keyboard instru-
ments it was necessary, however, to falsify the intervals by means of temperament, which dulled people’s
experience of the intervals. In spite of this, great and mighry works of art, capable of moving human
beings deeply, were able to arise from this development because the inheritance of an earier, spiritually
orientated musicality was still alive in the composers of the eighteenth and nineteenth centuries. It was
only when this inheritance had almost completely disappeared that the twelve equal-tempered minor
seconds were treated as equally important musical units, e.g. by Schoenberg. One needs to bear in mind
that eight deliberately falsified, i.e., untrue intervals (see chaprer 10) that are definitely experienced as such
by the ear, were thus given the same importance as the aurally genuine intervals. From about the same
time, a technology has developed which is increasingly more able to simulate the musical experience with
electrical reproductions in the form of records, tapes, radio, amplification and later electronic imitation
tones. Qur aural experiments presented in chapter 15 show that electrical reproduction extinguishes the
inherent singular quality of the tones, replacing it with its own. This becomes comprehensible when one
considers how human beings imitate the gualitative nature of tones they perceive, as we know from
Rudolf Steiner.*® Listening to electrically reproduced tones, therefore, human beings also imitate the
qualitative nature of these tones—a ‘grinning vacuum’ that erodes soul and spirit.

This destructive development was necessary for the attainment of human freedom. It was necessary
to lose the old instinctive and compulsive way of perception in order to win through to a new experi-
ence and handling of music that is in accord with the spinit. The Apollonian wrue-tone C major
scale on the fundamental ¢ = 128 Hz and the seven original Dionysian aulos modes on the generic tone
¢* = 4096 Hz make it possible to connect the Christian impulse in music with genuine intervals and
tones. This clears the way for a further development in diatonicism and chromaticism. This has already
been considered earlier and will be taken further in the next chaprer.
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THE TOMNES IN THE SCALES

Table 21
List of scale tonics

Hz Just major Interval o C Poelative juit Hz
scale minor scale
BRESE  true G flat . just E flag 6800
1 .
w| 91022 just G flat mpmmiol 4 HREEER true E flat 75852 |g
£ 67.424 true [ flat _ just B flat 115200 |2
2| 68.267 juss D e Jel4 Rl Tt true B fla 13778 |3
3 — 5
=] 101136 rrue A il . just F B6400 B
Bl 102,400 juse A flat e 3ed fith true F 85334 |&
-] J = a
g| 75.852 truc E flut ; ; just C 129.600 |3
S| 76800 justE fla major Gth - prime true C 128000 | F
113.778 true B flac just G 189.630
115.200 just B flar whole tone aith true G 192,000
B5.334 true F fifth ‘hole t Just D 142,222
86,400 just F : PRt true [ 144,000
128,004 ime = 12§ Hz mujor fith just A 213.333
prime ]
“Tesh e 0 . truc A 216,000
192,000 true G . just E 160, (00
b 194,400 just G hfch i true E 162.000 |5
E 1440060 crue [ i 2h juse B 240,000 E
E1145800 just D WL M bt T true B 243.000 |
5 =
S| 216000 true A r just F sharp 180,000 |5
E 2R69 just A meapor Gth augmnented dth true F sharp 182350 g
3 : 2
162,000 true E : ; juse C sharp 276,792 -
Jed ed B :
164025 juit B s TR rrue C sharp 273.374
243000 tue B : Just & sharp 2042 504)
magor Teh angmented Srh -
246,037 juse B e ¢ true Gsharp 205,031
182.250 true F sharp i Jjuse D shaep 151 875
184528 just Fsharp  vemented dth augmeated 2nd wrue Dsharp 153773
273374 rtrue C sharp Just A sharp 297 812
376792 just C sharp augmented Bve auginented Grh true A shirp 230,660

All just major scales have the same internal nterval structure as the just major scale beginning on
true C, but each scale has its own particular character. The interval structure is therefore not character
forming. This is given by the character of the tonic which in turn is influenced by the character of the
interval between the tonic and the common prime C.* If we thus compare the just major scales begin-
ning on true A and true E, the former has an effect like Sun-saturated light streaming out, while the latter
shines out as though from within. The tone true A has breadth and lightt and makes a 27:16 true major
sixth with C, an interval that opens out more than the fifth, while true E makes a 81:64 true major third
with C, an interval that lives and shines within the human being ™

In the parallel minor scales the chamacteristic quality of the interval between the rtonic and C is also
clearly apparent. Thus the tonic of just F minor makes a fifth with true C. Rudolf Steiner said that the

* 1t s hardly possible to find more appropriate descriptions of the intervals that eruly reflect the real situation than those given
by Rudolf Sceiner. ™™ We will therefore base ourselves on his descriprions,
T See aural experiments in chaprer 16,
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THE TONES [ THE SCALES

just d' = 273.066, and m the minor scale beginning on the true tone three fifths lower in the circle
of fifths {true ER), just Db is the leading note: tonic true ¢ = 151.704 Hz x 9/5 = leading note just
dy! = 273.066 Hz. However, true B} is not contained in the undertone rows of the last two ronics. So the
Just tones appear in and disappear from the overtone rows of the true tonics of the major and minor scales
which arise from the Dionysian circle of fifths.

All just tones that are 1/15th or 1/5th undertone degrees of the lower fifths of ¢ = 128 Hz and all just
tones that are Sth and 15th overtones of the higher fifths of ¢ = 128 Hz are also contained in the under-
tone and overtone rows of this ¢, On the other hand neither the 1/15th and 1/5th undertones of the higher
fifths nor the 5th and 15th overtones of the lower fifths are to be found in the overtone or undertone rows
of ¢ = 128 Hz. Only about half of the tones contained in all the just major and minor scales are thus to
be found in the overtone and undertone rows of C.This means that proof that C is the common prime
cannot be establiched from the connections between the degrees of the scale and the just-tone row.

The selution is only found from facts and laws that have been known for a long time and were partly
tabulated by Ellis,'* but have hardly been taken into account. In chapter 4, it was shown, when consid-
ering the tritones, that the interval of the augmented just 4th between true C and just F is only rwo
cents bigger than the diminished true 5th between true C and true G}, and that the interval of the dimin-
ished just 5th is only 2 cents smaller than the true augmented 4th between true C and true Fb. The inter-
vals were investigated from the point of view of the musical ear and it was said that the resolution of the
true forms of these dissonant intervals needs to proceed inwards because the ear demands thas of tritones
that are less than half an octave; any that are greater than the middle of the octave need to be resolved
outwards.

We can also compare the pitch of the tones that make up the intervals with one another:

true gh = 179.797 Hz and just f} = 180.000 Hz,*
true f§ = 182,250 Hz and just gh = 182.004 Hz.

The difference berween the two pairs of tones is therefore roughly 0.2 Hz. In chapters 14 to 17 it was
shown that tones in the neighbourhood of ¢ that are less than 0.5 Hz apart and tones in the neigh-
bourhood of ¢' that are 1 Hz apart prove to have the same inherent qualities—in other words, they
are variants of the same pitch. True G and just F§ therefore need to be called one single tone and true
F§ and Just Gl one other single tone,

The difference in pitch between all other neighbouring just and true tones in the circle of fifths can
be compared with each other in the same way as above. This is done in Table 22 where the result is the
same everywhere—just and true tones of similar Hz prove to be aurally one and the same tone.

This amazing fact offers a solution to the problem at hand. With all just tonics of the major and minor
scales of the circle of fifths being at the same time true tones of the true-tone row of C, each of them
is in a specific interval relationship to C. All possible tonics of the major and minor scales can therefore
be related by interval to C as a common prime, These intervals are partly responsible for creating the
character of each single scale. We thus have proof that Rudolf Steiner’s comment that C is always the
prime is valid for all tones in the circle of fifths.

To help readers with the reading of Table 22, it needs to be said that it is an attempt to sum up
the numerical basis of this chapter. Beginning with ¢ = 128 Hz, the tones are in ascending chromatic
order and it is shown whether they are true or just. Each related true and just tone and their Hz are
placed together and separated from the next group by a line. Each tone has one line. The degree numbers
of the higher fifths of C are to the right of the tones column, and those of the lower fifths to the left,
the ascending interval names and cents which the tones make with ¢ = 128 Hz are to the right, and the

* The other just Fd = 184.528 Hz can be compared with true EH = 184.736 Hz (see Table 22).
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Table 22

tone and interval proportions of the beginning tones of the scales in the circle of fifths to ¢ = 128 Hz and ¢' = 256 Hz as
common prime. Ordered chromatically

- * — ———
Lerwer Higler
Enerval 10 ¢! = 256 Hs Tomes : Inberval to ¢ = 128 Hz
Undemons fifiks tith Chvemone
proportion®| cens b af | mame Hzx of | mame cemty proportion| Degrees af the major, menar scales and aubos modes
12060 otane (7 128,000 primes R[] O v Lo B e G 48=1¥ 1 F .:wr___._._.:_l._.m.t-..__.:.._.ul
1158046 | ang, sevemtb j- B 128144 1 i, second 1954 [oCF 15 [ e b L je = 0 LVL 16516 mese of afl aulos medes of the generic tone
LGES | = 4096 He
1176540t aup seventh t. B 129.746 | 12 | ¢ comma 23460 sl =cabinGec = cebvj ol |
I0HR5TA:-531441 SR 148152420 - g _.L.*..._._._._ eWEEa I, e dWvil |
LB OIS | 1ITA49 5. oowve 160081 -G 129600 didhvaan. comma 8180 Z21.506 1
L E 1/5 |
1N09774 enaswventh 243028 | 5 | £.D§y 134848 ¢, limama 256:243 0,225 LD = O #& L0 Gy = B D+ 1L AL = ) GF +&- IV,
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THE TOMES 1M THE SCALES

descending interval names and cents with ¢' = 256 Hz to the left. Next on the left are the undertone
degrees of the true tone on which the just tone in question is to be found, and to the right the overtone
dl:gn:l:. O the extreme right all dr,'gn:cs of the scale are Even on which the tone in question sonnds,
The abbreviations are given at the end of the able.

Comparison of the 45 tonics of the scales in the circle of fifths as shown in Table 21 with Table 22
shows that these are now limited to the 35 true tones a5 we know them from antiquity, from B o I3-H
In order to illustrate this, the arrangement of Table 21 is repeated below in Table 23 with each true tone
having the corresponding just tone added below it This new arrangement shows not only 11 but 21
doublings-up of the true tones which have been numbered from Fib (1) to B“ (35). This helps
us to see thae the true F* {No. 22), which only appears twice in Table 21, 1s now the tonic of three
scales—true Ff major, just Gf ( = true F) major and true F§ minor. On the other hand true G (No. 10)
is the tonic of two scales. This doubling up means that thecircle of fifths contains 52 instead of 56 differ-
ent scales, as the four pairs, Mos, 13, 14, 22 and 23, resule in four and not r:ight scales,

Table 23
The 35 pairs of tonics in the circle of fifths

True major scales Parallel just minor scales

10 wue G flar just E flat = true F double flat 1
just G flat = wrue F sharp 22 13 true E flat

11 wue D fat Just B flat = true C double fla 2
jqust D flat = wrue C sharp 23 14 true B flac

12 true A fat just F = true G double flat 3
Just A flat = true G sharp 24 15 wue F

13 true E flat Just C = just I double flat 4
Just E flat = true D sharp 25 16 true C

14 wue B flat Just G = true A double flat 5 (grave fifth)
just B flar = true A 5!1:Lrp 26 17 e G

15 oueF just D = true E double flar 6
just F = true¢ E sharp 27 18 true D

16 wue C just A = rrue B double fat 7
Just = true B sharp 28 19 true A

17 wue G Just E = true F flaz 8
Just G = true F double sharp 29 20 true E

18 true D just B = true C flat 9
just D = true C double sharp 30 21 tue B

19 true A just F sharp = true G flat 10
just A = true G double sharp 31 22 rrue F sharp

20 true E just C sharp = true 2 flac 11
Just E = true 13 double sharp 32 23 true C sharp

21 rwrue B just G osharp = true A flae 12
just B = true A double sharp 33 24 true G sharp

22 rwrue F sharp just I3 sharp = true E flat 13
just F sharp = true E double sharp 34 25 rtrue D sharp

23 true C sharp just A sharp = true B flat 14

just C sharp = true B double sharp 35 26 true A sharp

The term “enharmonically interchangeable” is only correct for pairt of tones conasting of a just and a true tane that have the

same mberent guality (see abo Tables 25 and 33).
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Table 25
Enharmonic correspondence. Graphical presentation of the reciprocal transition from just to true tones
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THE TONES 1M THE SCALES

the one hand they appear as just tones, on the other hand as true tones belonging to the parts of the
true-tone row of C that is made up of sharpened or flattened (altered) planetary tones. Playing these
singly or doubly altered tones on 3 monochord one immediately notices how much the guality of these
tones is affected by the alterations. The elevated tones are aurally experienced as being over-tensed, the
lowered tones as progressively more cramped. In addition to their individual qualities, the sharpened true
tones thus commonly display something flaming and proud, i.e., a luciferic colouring; the flattened
true tones commonly have a hardened, biting, i.e., ahrimanic colouring, in addition to their individual
qualities. . 28.5

The aurally observable change in the individual quality of the following two groups of tones illustrates
the above very nicely and will play an important role in conceptually grasping present-day concert pitches.

true ﬂH = 492 630 Hz

Luciferically coloured tones: jtrm: AI = 461.320 Hz /
Unchanged tones: wue A = 432 HZ tue Belis = 458206 Hz  tue B = 486 Hz
Unchanged tones: mu_ﬂ;—l,lz_ﬂm\m:_ﬂuim grue G = 384 Hz
Ahrimanically coloured tones: true Ap = 404.544 I—Iz\~l

true Afk = 378.932 Hz

‘#-tl'l.ll.‘ E“ = 369.427 Hz

Luciterically coloured rones: ’;‘;tru: Ef = 345.990 Hz
Unchanged tones: true E=3234 Hz truc F = 34 333 Hz pree Gelis = 362,04 Hz
Unchanged tones: tue E = 3234 Hz, true Elis = 305470 Hz tue D = 288 He
Ahrimanically coloured tones: true Ep = 303.408 Hz.\

true Ebp = 284.120 Hz

We will now consider the intervals between just and true tones and C that are shown in Table 26. This
table is an extended form of Table 2.

Part A of Table 26 shows the true scale intervals proceeding stepwise according to the degree numbers
of the twelfth-tone row (see chapter 4). Starting from C, the six pairs of complementary (inverted)
intervals—ath and 5th, true F and true G; major second and minor 7th, true D and true B etc.—give
the commenly known tonics of the scales.

Part B of Table 26 lists the singly altered and Part C the doubly altered true tones and intervals accord-
ing to Table 22. The just intervals are placed next to the true intervals so that one can sce that all imper-
fect just intervals are almost exactly the same size as certain true intervals. The maximum ditference 15 2
cents. ‘Behind’ each imperfect just consonance, no matter how beat-free it is, 15 a clearly dissonant true
interval. Comparison between perfect fifths and tempered fifths in Part One of this book showed that 2
cents is enough to differentiate between aurally genuine and false intervals. This explains the difference
in quality between the two intervals in each pair, shown below:

Behind the ascending just major 3rd is an ascending, dissonant, true diminished 4th true Citrue .
The sharpness that is part of the 5:4 just third, in spite of its clear beauty, can never be put down to is
being beat-free, but its origin becomes understandable when one knows that an ascending true dimin-
ished 4th is ‘behind’ it. Or, if one considers the just minor 3rd 6:5 just Ep:true C, it has something incred-
ibly sad but also voluptuous about it. The latter characteristic cannot be explained as due to being
beat-free, but becomes clear as soon as one realizes that the seductive ascending true augmented 2nd is
‘behind’ it. Such is the relationship berween all the other just intervals and the true intervals that are
behind them. Table 26 also shows that a kind of cross-over takes place, as the true diminished, i.e., ahri-
manically coloured intervals appear ‘behind’ the just major intervals, and luciferically coloured true
augmented intervals ‘behind’ the just minor intervals *% .5

This important, perhaps even epoch-making observation shows that the true intervals have more
vital qualities and are perhaps more original forms than the just intervals. Otherwise they could not add
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THE TONES IN THE SCALES

Table 26 (cont.)

Degree number of
degree a) interval
number tene | b} complementary Just-row
proportion| example |interval to the octave  cents proportions cents
G, True double Modal intervals
altered intervals

14 to 1 482 -c | a) dble aug. fourth 725.416
¢ :,,Ghb | b) dble dim, fifth 474,584

15 to 1 o o a) dble aug. prime 227.370 | aug. whole tone 8:7 231.174|
c: 20 |b) dble dim. octave 972,630 | small j. mi. seventh T4 968.826
1601 |ght?:C |a) dble aug. fifth 929325

¢ :,,Fb | b) dble dim. fourth 270.675
1701 |df®:c |a) dble aug second  431.280
b) dble dim. seventh 768,720
18101 |al*®:c |a) dble aug sixth 1133.245
b) dble dim. third 66,775
19w01 el c |a) dble aug. third 635.190
b) dble dim. sixth 564,810

2wl b“'*“ i¢ |a) aug. comma 137.145 | m. semitone 1312 138.573
(apotomé + comimal
b) dble aug. seventh  1062.855 | m. seventh 24:13  1061.427
Abbrevtations: j. = just, t. ™ true, m. = modal, dim, = diminished, aug. = augmented, dble = double, ma. = major, mi, = minor

their qualities to the latter. The true intervals can be described as being ‘single-track’ whereas the
just intervals, even the beat-free just consonances, show a clear ‘double-track’ quality and can seem
ambiguous,

The true diatonic intervals of Part A are free from such colouring. This also holds true for the
true imperfect consonances—the true mediant, submediant and leading note interval degrees—which,
as long as they are contained within the seven planetary, i.¢., non-altered true tones, clearly prove to be
free from ahrimanic or luciferic colouring, and are experienced by the ear to be genuine. Their musical
justification and usefulness is thus comprehensively established.

In Part C the true and just intervals are so dissonant that enly the mediant 13:12 and mediant 24:13
are musically applicable. All of these intervals, including the last-named pair, have ahrimanically tense and
luciferically feverish colouring that is easily perceived by the human ear.

The 35 tones in Tables 22 and 26 that are members of the true-tone row of C are n an individual
interval relationship to this tone. If these true tones are also just tones, they make up two intervals to
C—a just interval and a true interval that is ‘behind’ it. These intervals and tones give the individual
scales their character. ‘c = 128 Hz is always the prime’ is therefore vahd for all scales in the circle of
fifths.

It is most interesting and informative in this context that under normal circumstances MSLTUMEnNts
such as lyres and pianos hold their tuning much better when runed to true scales or the scale of twelve
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THE TOMES IN THE SCALES

The five extra tones needed prove to be the geometric mean tones discussed in chapter 13, These,
together with the seven non-altered planetary tones make up the scale of twelve fifths. Its form prin-
ciple was discussed in chapter 13 where it was shown how the true Dorian octachord and its ascending
inversion the true C major scale were organically expanded to the scale of twelve fifths by adding the
geometric mean tones. Every single degree of the scale of twelve fifths has a clear and direct “single-track’
tone and interval relationship to C as prime.

The numerical relationship of the five geometric mean tones to C still remains to be established. To
do this we will go back to Table 12 and calculate it from the octaves mentioned by Plato, as follows.

Tone Octave Geometric mean Relative to ¢ = 1 Hz
Gelis Ciec Vixe = 14142 ¥2 = 1.4142 Hz
Delis Gg Vaxh = 42426 - (3/4) V2 = 1.0607 Hz
Alis D:d Vox1s = 127279 9/8)  ¥2 = 15910 Hz
Elis Aa V27x54 = 38.1838 (27/32) N2 =1.1932 Hz
Belis E:e V40.5x81 = 57.2756 (81/64 2 = 1.7899 Hz
Relative to ¢ = 128 Intervals according to Table 13

and their inversions
Gelis 181.019 Hz formed equal tritone
Delis 135.765 Hz formed minor second/formed major seventh
Alis 203.645 Hz formed munor sixth/formed major third
Eli= 152.735 Hz formed minor third/formed major sixth
Belis 229103 Hz formed minor seventh/formed major second

The relationship of the five true geometric mean tones and the “single-track” natare of their intervals
with C is evident from the above calculations. However, the final establishment of their qualities can only
be gained with an impartially listening human ear. This can be done using the monochord described in
Appendix 1. Let us play the tones true gh = 179.797, true f} = 182.250 Hz and gelis = 181.019 Hz on
the monochord, for example. The true Gl has something crystalline, hard about it; the true F§ something
flaming, seductive; true Gelis sounds as if it comes from a far distance, moving steadily. These
opposites become more distinet if we compare the intervals which these make with C: rrue Gh makes a
true diminished fourth which one feels to be cramped; true F* a true augmented fourth which tears the
listener out of himself: true Gelis is the equal-tempered tritone which, despite being dissonant has
nothing compelling about it, it does not need to be resolved and one can easily leave it resonating. So it
can be said: true Gelis holds the balance midway between the ahrimanic, pressing together true G and
the luciferic tearing-away true F§. The tone itself and the interval it builds to C is therefore untouched
by ahrimanic and luciferic influences. The other four true geometric mean tones and their intervals relate
similarly to C and their surrounding § and b tones. These aural observations prove that the five true
geometric mean tones are as equally untinged as the seven non-altered planetary true tones. The scale
of twelve fifths offers an alternative ro the interval falsification of equal-tempered tuning in the practice
of music, whilst retaining all the advantages of full chromaticism.

With the greatest emphasis it must be repeated that the tones of this scale are found by experience to
have their untinged, balanced quality only when tuned to the concert pitch ¢ = 128 He. If another pitch
is used, all degrees of the scale are pulled into the inherent sphere of that pitch, as we have seen, and then
are either luciferically or ahrimanically tinged. (See the experiences with runing the scale of ewelve fifths
described at the beginning of chapter 14.)

The 35 true row tones, the two mediant tones and now the five true geometric mean tones give 42
tones in total. All the scales presented above can be produced with these 42 tones. Each tone is the bearer
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FURTHER ASFECTS

Much the same applies for the fourth, though a reduction in its size hardly comes into consideration.
Theoretically the difference tone of the fourth sounds a fifteenth below the higher tone, bur in reality
the lower octave is often heard as well. As a rule, the fourth first opens after the beat-free area. It is
especially with open fourths that the difference tone adds strength and width to the sound right into
the lower base regions. If it is enlarged just a liede bit more, the difference tone begins to beat and the
interval acquires an initial sharpness,

Following up the references to and investigations of difference tones, one finds that the first descrip-
tion of difference tones was given in the eighteenth century by the violinist Tartini™ and the organist
Sorge.™ About a hundred vears later Helmholtz investigated the phenomenon further. He differentiated
berween difference tones that are objective, i.c., present in the air, and subjective, i.e., created by
the human ear. Despite all the care Helmholtz took in investigating the beats and difference tones, his
results are not sufficient to penetrate the complicated conditions and fine details of the phenomena
described above.

Organ builders have the greatest experience handling difference tones in practice. As the following
quotations will show, the organ builders have made use of difference tones for more than a century not
only to enrich the sound of large pipes (32 and 16 foor) but especially in using an ‘acoustic bass’ as a
substitute for longer pipes where finances are low or there is lack of space; this involves pairs of smaller
organ pipes tuned to each other so that their difference tone sounds at the same pitch as the tone of the
larger pipe. In his large two-volume work on organ building, Audsley wrote at the beginning of the
twentieth century: ™

The most striking proof of this latter fact that can be given, in connection with the tonal structure
of the organ, is the creation of the so-called *acoustic bass’, of 32 ft pitch, by the simultaneous sound-
ing of two pipes of 16 ft and 10°/ ft speaking length respectively. It will be found that the differ-
ential tone is an octave lower in pitch than the deeper of the two generating tones, thus:

Crenerating tones Differental tone
CCC 16 ft — GGG 10 fit CCCC 32 ft tone
32 Hz 48 Hz 16 Hz

Considerable use has been made of this differential tone in the appointiment of the pedal depart-
ment of organs; and although the deep bass tone so produced cannot be compared to that yielded
by an independent stop of 32 ft pitch, it is of some value in its power of enriching and adding
graviry to the ronality of the pedal organ . . .

Carrying our investigations just one step farther, we come to the differential tone produced by the
simultaneous sounding of the ranks which represent the second and third upper partials of the unison
prime, namely, the twelfth and super-octave or fifteenth. These ranks of pipes stand at the nterval of
a perfect fourth apart; and their differential tone 15 precisely the same as that produced by both the
pairs of ranks previously spoken of, and which stand, respectively, at the intervals of a perfect octave
and a perfect fifth apart. Accordingly we find the differential tone of the twelfth and fifteenth is in
unison with the prime tone thus:

Prime tone Generating tones Differential tone
CC8h G2hfi-c' 21t CC 8 ft tone
0d Hz 192 Hz 256 Hz 64 Hz

In the standard work for organ builders written in the German language, Ellerhost writes about
‘combination tones”:’™

Furcher tones arise under certain circumstances when two tones sound at the same tme. They are
called combination tones because they arise from the combination of single tones. If one plays the
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23 Measuring Intervals and Comparison with Audio Tape

In the previous chapter three new intervals used in the new method of tuning the scale of twelve fifths
were described: fourths and fifths that have an open sound, are a hair larger than perfect, with difference
tones that resound strongly and sonorously (called ‘open’ below), and also have minimally enlarged (open)
octaves. It has been :Ltl;crnptr:d to measure these immtervals as E.'V..'IEIQJ‘:' as 15 ph}'sica]iy p:}:ﬁibir.Th:g Were
produced on musical instruments (piano, violin, viola, cello, organ pipes) and as sine tones on frequency
generators in a physics laboratory. The attempt to use sine tones was made because it is thought that
such tones could be measured more easily and exactly and therefore give clearer results than would be
possible with the more complex sound of acoustic instruments.

It needed the help of many friends to carry out these-experiments. The author regards it as particu-
larly fortuitous that the physicist Dr Fuudolf Canez, who had been working in the physics laboratory of
the Science Section at the Goetheanum for many years, took an interest in the experiments, placed his
instruments at our disposal and also operated them. Physicist and organist Michael Jacobi alse showed
great interest in the experiments. Others who joined in the effort were organ bualder and piano twner
Elisabeth Ahlers, violist Christian Ginar and cellises Gotthard Killian and Mareus Gerhardes.

The physics instruments and their arrangement are shown in Figs 2 and 3. Tape recordings were made
using a high quality stereo microphone.”™ Parallel to the laboratory experiments cent measurements using
a Langbein 50} 22 wining set were made on the same intervals produced on musical instruments. The aim
of this series of experiments was to measure the exact size of the open fourths and fifths,

First series

More than 40 individual experiments were done in an attempt to produce open fourths and fifths as sine
mntervals with and without using distortion on the instruments (see arrangement in Fig. 2). The frequency
generator for sine intensity (3) was tuned exactly to ¢! = 256 Hz, or its octaves 512 Hz or 1024 Hz with
the help of the frequency counter (2} and the oscilloscope image (3); it was checked again before each
further test. The second tone of the interval—ascending fourth, f', %, f*, and fifth, g', ¢*, &', and descend-
ing fifth, fF—were produced with the frequency generator (1). The perfect intervals (3:2 or 4:3) were first
found and observed and then :rninim;llly l:nlargr:d.Tln: FTI:L]_LII{,'I'I:[;‘_,.' counter {2, Zil'.lil.‘i.ii“}' the unl}' one avail-
able, could not directly meet the requirements, so that only the perfect intervals could be determined
with it and the oscilloscope image.

The important point in this first series of experiments was that beat-free open fourths and fifths with
sonorous, strong differentials could not be produced with the available equipment. When the intervals
were set as perfect, so that the oscilloscope image would be stable, the differential could be heard as a
constant drone. If the interval was minimally enlarged, the difference tone droned but beat strongly with,
and in the same rhythm as, the oscilloscope picture,

It was not possible to get the minimally enlarged intervals to open up in sound. Interesting was the fact
that the difference tone of these minimally enlarged intervals clearly was too low while it was too high
when the same intervals were pmduccﬂ on acoustic instruments.

Second series

This involved about 25 experiments. Fig. 3 shows the arrangement of the instruments (initially without
the cello and micro-second counter). The two tones that make up the interval in question were produced
by blowing two organ pipes. The experiment again started with perfect fourths and fifths, and the inter-
val was then n:lini.mall}-‘ tnlu[gi:d b:.r 4.'.!1;:|]ging the pitch of one of the F'i.pl:!-i.Wit]‘L the pr:rﬁ::;l: intervals the
differental sounded clear and silvery. As soon as enlargement reached a certain point the sound of the
interval opened up and, in spite of noticeable background beating, sounded totally calm; the differential
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FURTHER ASPFECTS

Fig. 3
Arrangement for series 2

and 4

triggered —_[[[ﬂm %
through

Ag Beg

B

¢ o (MMM ps

@ Hy channe] B
| —5

1 Frequency gencrator i1
{left, square-wave voltage, right
sine-wave voltage)

la  Frequency fine-tuning device 7
2 Rough frequency counter (Hz) 8
22 Micro-second frequency counter 9
3  Low frequency amplifier

4  High-fidelity loudspeaker

5  Oscilloscope

e |

Low frequency amplifier

Microphone
Organ pipes/cello
Air supply from bellows

The sound/tone to be measured was recorded by the microphone (7}, amplified by the low

frequency amplifier (6) and shown graphically on

the oscilloscope (3).

The square-wave signal of the frequency generator (1) was matched to the frequency of the
tone to be measured and used to trigger the oscilloscope. The sine-wave signal was only

amplified and made audible to control the pitch.

The frequency of the square-wave signal from (1),

which miggered the oscilloscope, was

tuned to the more comphicated signal from the microphone (7) by adjusting the frequency
generator (1) until its picture on the oscilloscope (5) came to rest. Then the frequency, or

the frequency length, could be read from the two

playing on acoustic instruments or if the phenomenon

frequency counters (2} and (Za).

would also be audible when a tape recording of

the sounds was played. An answer to this question was sought in the following scries.

Third Series

In this series of experiments, metal viola and cello strings were tuned by ear to open fifths, perfect fifths

and smaller than perfect fifths and recorded on tape using the above-mentioned stereo microphone.
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FURTHER ASPECTS

Fig. 4
Oscilloscope pictures of differently sized fifths

Open fifth

Transition i

Perfect fifth
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FURTHER ASPECTS

2) The inherent quality of the individual tones could be clearly perceived and experienced with inter-

4)

vals played live on stringed instruments, while on the recordings it had been extinguished and
replaced by a blanket guality of a grinning vacuum. Thanks to the high quality of the recording and
replay cquipment, a shadow of the tone gualities could be sensed, though not the qualities themselves.
It was not possible to achieve open intervals using sine tones on the equipment available.

The sizes of the open fourths and fifths and octaves could be determined. The clear result was that all
open-sounding intervals are numerically larger than the perfect intervals; the span and width over
which the open intervals were measured was appreciable. When one considers that the even hundreds
in the cent numbers are an exact representation of the equal-tempered intervals, it is evident from the
interval measurements that an ourward focus on beats or cents can at least give a first approximation,
on which one will have to base oneself when tuning so long as one does not know the specific qual-
ities of the open intervals as such. Further consequences of these determinations will be found in the
tuning instructions given below.

Determination of the stopped and harmonic double octaves played on the cello showed that the
stopped octave, which sounds correct to the ecar, is a trace more than 4:1, while the measured 4:1
harmonic is clearly too low. This observation confirms Rudolf Steiners verbal indication to
Schlesinger that the true ocrave is a trace more than 2:1.
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24 A New Method of Tuning the Scale of Twelve Fifths*

The second method of wning the scale of twelve fifths, developed since 1985, gives a further enrichment
of the sound and 15 made up of three fundamental parts;

1) gelis' = 362.04 Hzt and Rudolf Steiner’s pitch indications ¢ = 128 Hz and a' = 432 Hz (for these
pitches it is necessary to have three tuning forks that must be calibrated to within * 0.5 Hz);

2) the open (minimally enlarged) octave, fifth and fourth intervals which, despite background beating,
sound totally calm and open and have sonorous difference tones;

3) tuning in contrary direction of the Apollonian Sun scale; the pre-Christian descending direction of
the true Dorian octachord and the Christian ascending direction of the true-tone C major resurrec-
tion scale (see chapter 19, Table 11 and Tables 17-19). The first and last tones of these two Apollonian
scales are connected to one another by a wue major third true citrue e

True Dorian Mystery True C major
octachord of Golgotha resurrection scale

[& JFN =3

O ﬂ e ]
, ®op 00"
324 Hz '-._.-—-..,.r-—-_-ie:?ﬁﬁ Hz
true major third
Hl:64

Thus the true major third relates directly to the Mystery of Golgotha.

The mharmonicity of each instrument is different. The results of the interval measurements as
presented in Table 27 therefore showed a surprising variation in the size of the named intervals.
This means that the cents can only be a rough guide and that very exact hearing and the ability to recog-
nize these intervals is vital for successful runing of the scale of twelve fifths. Every tone must always be
fine-tuned by ear. We will therefore begin by showing how this can be done.

First tune two strings of a violin, zither, lyre etc. tw a perfect fifth. Convince yourself that it is perfect
by repeatedly playing the two tones and checking that the interval is calm and does not beat. The
same can be done with fourths, but the tension of the string makes it inadvisable to attempt this on an
instrument belonging to the violin family. If the interval in question is perfect it sounds stable and the
difference tone, though not strong, is clearly audible and sounds silver.

Now increase the interval by tuning the upper string higher or the lower string lower—never change
both strings at once! The interval will begin to beat intolerably. This has often shocked piano tuners so
much that they hardly dared to continue. Do not give in to ‘fear of beats”, but calmly increase the inter-
val in minute steps. The beats will gradually get slower until they suddenly disappear altogether, the sound

* See chaprer 13,

+ When one funes to perfect fourths, fifths and octaves, the exact He 2ee 362.04 Hz; when muning with open fourths, ifths and
octaves, they are 362,40 He, But as the muning forks are calibrared at £ 0.5 Hz the difference does not come into account, See
chaprer 13, pp. 60-3 . and especially step +.
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Table 28
Tuning a keyboard instrument or lyre to the scale of twelve fifths
Temperament octave
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FURTHER ASPECTS

Here it must again be pointed out that tuning the scale of twelve fifths with the help of a tuner can
only give an approximation of the reality. Ar best it can therefore only be a guide but never take the place
of the ear. The reality can only be found (e.g. afterwards) by ear.

Tuning then proceeds with the lower octaves (Table 29). Start with ' and wne a as the lower open
fifth—the difference tone A must be sonorous. Check the pitch of a by checking the interval to its upper
fourth d'. The difference tane D must be strong and sonorous, It is advisable always to check each newly
tuned tone against its higher open fourth; this provides a stable base for the further tuming

Success in tuning the lower octaves downwards is again dependent on tuning the open fourths and
fifths large enough, i.e., tuning the lower tone flat enough. To make sure that tuning has been successful,
the following check is imperative. Having completed the lower octaves between ¢ and subcontra LA,
play all 24 major and minor arpeggios in ascending order one after the other. If they sound pleasant to
the ear they have been correctly tuned. If each higher octave sounds too flat, then the open fourths and
hifths have been tuned too small, with each new tone then tuned too sharp. In this case, return to &' and
tune again until the correct size has been achieved and all chords sound pleasing,

To tune the higher octaves of the instrument, proceed from gelis' and tune in ascending direction to
open fourths and fifths as shown in Table 30. A similar problem exists here as above, but the opposite.
Take care that each new tone is tuned sharp enough, in other words that the open fourths and fifths are
really tuned open. The sonorous resonating of the differental can be a helpful guide. When tuning is
complete, play all 24 major and minor arpeggios again in ascending direction through all registers. The
incorrectly tuned tones will be immediately and uncomfortably noticeable. When they have been
corrected and all chords sound pleasing, the instrument s ready to be played; you can play in all styles
and rejoice in a true and beautiful sound.

So there are now two methods of tuning an instrument of fixed tuning to aurally genuine, melodi-
cally and harmonically usable intervals to have tones that leave the human being totally free and never-
theless also belong to him. The first method, made up of beat-free fourths, fifths and octaves, has a sturdy,
nice, rather silvery character; the second with its open fourths and fifths and minimally enlarged ocraves
has clarity, breadth and warmth. The human being can use both to enrich his music making and develop
a deeper relatonship to intervals, scales and tones.

The early Greek aulos modes rediscovered by Kathleen Schlesinger (chapters 8, 9 and 18) can also
benefit in richness of sound and beauty when tuned to minimally enlarged octaves.

The descriptions given by two professional tuners follow below. Lothar Thomma, master piano builder
and constructer at Bechstein, and Thomas Henke, concert technician and chief intoner of the frm Rud,
Ibach Sohn, have both tuned the Bechstein concert grand piano specially lent to the Goetheanum for
tuning the scale of twelve fifths. They have kindly put their experience and observations, as well as further
suggestions for the wning, on paper.

Lothar Thomma

Twelve fifth-tones tuning according to Maria Renold

The greatest hurdle when tuning the scale of twelve fifths are the first intervals. The tones that are
given for this tuning are ¢!, 2’ and gelis'. Except for two fifths, ten fifths in the circle of fifths are
perfect. This displacement, as well as for example the true thirds and sixths, which, compared to
equal-temnpered tuning beat very quickly, require very careful work during the first steps, as sketched
inTable 31. Comparisons back and forth, together with the necessary corrections, ensure a result that
meets the requirements of the "discoverer’. The method depends even more than the normal equal-
tempered tuning on the proportions of the total acoustic arrangement. It is therefore necessary to
pay continuous and observant heed to the fourths and fifths during the pracrical work. As the fourths
and fifths have such special value, the octave steps, usually regarded as the perfect proportion, lose
their rank of first place.
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FURTHER ASPECTS

Table 31
Lothar Thomma: Tuning the scale of twelve fifths according to
Maria Renold

Given pitches: ¢! = 256.00 Hz, gelis! = 362.40 Hz,a! = 432 Hz
¢!=d! = 16.00 beats; normal = 11.85

belis b cf delis' d' el ef A gelid g alis' 2l helist W
1 1 I [ I 1
A
P Tl 1 qesp 1 i | |
| | | | i F + AL I
) 1 i Eo v 1386 | 1 | i
s 1 ] i i i [}
T r— 0.86~—1— " YA U ,
3 i 1 I I | 1 I 1 [ i 1 i
| [ ! 1 [ 1 [ R E i | 1 i
BiIBE=—i s suBE
1 [ 1 | [ 3 I—:I”'Hl—e—hc : | i 1 |
1 1 : | : 11.65 1 1 1 :. : :
1 | k -
1 1 : | 5 I__:?'J—‘I—!!L [ 1 |
i i : i 1 i i I 1 1
4 I ! | 1401 » i :
oL I P i I !
F DE7/ A - |
o i ! 1 I ]
] BTt ! o
1 i i ' o H
i F : 2,567 i1 h i i i :
& : I | ! : i : i i I I
Lo i il e B p— 3
I | [ i 1 i I i | i f
| 1 i I 1 i 1 [ —8.14 . *
I | | I i : | [ I i
iof ) phaed— |
| ] i 19301 e i 1 I
Lo R R b :
| 1 I ! [ | 1 |
a 1 1 I [ : | 1 |
| ——————
L R T - N 7 - 1 |
[ - 5 .
1 Lo 1308 T ¢
g i 1 L i
! ! 133 !
k 828 _ | . . ! !
! 980 ! T 11.47 L '
' i : 12,35 : i
i) f—— 1,95 —h 5 !
e 252 4— »C ;
s ol ) :
9,25 L I J
11 X | 08l ¥

— 76—

Ingervals with two numbers: upper number = requited beats, lower number = equal
emperament. C = check
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FURTHER ASPECTS

Having tuned the three tuning fork rones, tune the fourth and fifth upwards from ¢' and down-
wards from a' wide and open with the fullness of the differential. The white keys berween ¢! and
a' are fixed in this way. The interval d'—g' results as 3 matter of course and is minimally larger than
pertect. Thereafter the fourth ¢'-b is muned downwards with the tuning tone gelis' making it poss-
ible to check. Maria Renold calls the b-gelis' interval a formed fifth. The difference is clearly
naticeable after the many open fifths. Tuners like w use beats to help with tuning, and, with reser-
vations, [ would say use about three beats for the open fifth. It is clearly more than tempered and
shortly before the point when it sounds sharp and no longer harmonic,

Both formed fifths in the tuning octave, b—gelis! and belis—f', mark the transition from white to
black keys. They need to be tuned with care and require special attention when tuning in the bass.
As both the black and white groups of tones are in themselves tuned to open fifths, the formed fifths
are solely responsible for the quality of the whole tuning, because of the relationship between the
white and black tones. The minor second is not only exactly in the geometric middle between two
white tones but also in the geometric middle of the octave belonging to it; gelis’ is therefore the
geometric middle between f* and g' and also between ¢! and ¢®. A feeling needs to be developed
for gelis' as a tone that is in the geometric middle, The exact geometric middle is evident in Table
32, Played rogether, we can hear how different che black mean tones sound to those with which W
are familiar, If we imagine a harmonic progression from D o G (#' to g'), we have the f sharp!
somewhat sharper and brighter in our cars—as we know it from many recordings and our equal-
tempered tuning (true third in Table 32). If we play the G major chord and imagine an #' in D
major until we think we know how it should sound, and then play gelis’, as the exact centre
between ' and g', a shighty flatter tuned tone is heard. I wish to call this minor second a ‘muted

cheerfulness”. This feeling comes with all black geometric mean-rones.
Having got used to gelis' as a middle-tone, tune the remaining minor seconds from there with open

fifths and fourths.
Maria Renold lays great importance on now testing all triad combinations within the central

octave, No tone should sound rough and shrill.
Having tuned the temperament octave, move on to the bass and then the soprano. The inner tones
of the formed fifths (B and F) may only be muned from fourths. The interval steps for the first bass

and soprano octaves are given below.

First temperament octave in the bass First temperament octave in the soprano

alis — elis! fifth elis! - belis' fifth
g — ¢! fourth e! — b fifth
gelis — delis’ fifth f — e fifth
f - ¢! fifth gelis? - delis? fifth
e — a fourth al — d? fourth
elis — belis fifth belis! — elis? fourth
d — a fitth al — et fifth
delis - alis fifth = — F fourth
c - £ fifth delis® ~3 gelis® fourth
B — e fourth e - £ fifth
Belis — elis fourth delis? — alis? fifth
A = @ fifth d* —F a’® fifth

The question as to the importance of Maria Renold’s requirement to tune only on the basis of ¢!
= 256 Hz and a' = 432 Hz should not be rejected out of hand. Apart from anything else, respect
tor the comprehensive work in this book demands that one at least considers the tonal image of the

pitch and takes note of the relaxing dynamics of music played on ir.
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Table 32

The proportion of the geometric mean-tones to the neighbouring just and true tones

Gelis 1512 Alis 2037 Belis 228.6 Delis 135.75 Elis 152.6
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FURTHER. ASPECTS

In conclusion let us consider some secondary phenomena of the new tuning method. If one tnes the
middle ninth (belis—c®) on the basis of ¢! = 256 Hz, as indicated, E;-:[ih'l = 362.40 Hz and a' = 432 Hz
and then the further registers to open fourths and fifths, i.e., with the resulting octaves minimally
enlarged one will obtain a higher tonal region, in the octave a*~c® that bears the quality of tone a' = 440
Hz. Then, descending from the middle to the first and second subcontra octaves (,A—,A) one enters an
area with the quality of just by' = 448 Hz. The tones of the higher region have a strongly luciferic, those
of the lower TegElon i stmng]':r ahrimanic quu]i,l::.r (ee L']'I:lpt.l:l' 21. PR 124=5) These qu;ﬂitics are at home
in these extreme registers, bur only there. In the heights, where the tones almost dissipate, the inciting
quality of a' = 440 Hz gives the tones independence. They are so much above the range of the human
voice that they can hardly induce antisocial behaviour. In the depths, where the tones almost drown in
a sea of noise, the hardening quality of just by' = 448 Hz gives firmness, But these tones are so low that
the human being will not come under their hardening mfluence.

Three spheres of activity around and in the human being, with all in-between stages, are thus mirrored.
In the middle we have the free-leaving, healing power of the Christ; in the heights increasingly the seduc-
tively inciting power of Lucifer; in the depths, also increasingly so, the compressing and hardening power
of Ahriman. So long as human beings connect with the Christ power of the middle through the tones
berween ¢ = 128 He and a! = 432 He, t|1|:1,' are able to include the powWers in the other two registers in
their music making.

Unpleasant experiences in recent years demand that a final reference is made to the fact that the scale
of rwelve fifths must and should only ever be tuned from ¢! = 256 Hz, &' = 432 Hz and gelis’ = 362.4
Hz.The reason for this lies in the effect that the inherent qualities of other concert pitches have on the
human being (see chapters 13, 15, 16, 18, 21 [p. 107] and 27).
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25 Structure of the Newly Tuned Scale of Twelve Fifths*

The pew method of nlning the scale of twelve fifths s almost q:xi:lu*:'wﬂl}' based on open fourths, fifths
and octaves. As these intervals are larger than perfect, they overstep the rigid laws of the just undertone
and overtone rows and their form principles. In spite of this the human ear not only experiences the
varied sizes of the open intervals to be musically acceptable, but also to be correct and not false like the
intervals of equal-tempered wning. If one attempts, however, to use open intervals as the building prin-
ciple for a scale, proceeding from an initial tone in open fourths and fifths, the rezulting imperfect and
dissonant intervals are intolerable to the ear. To create an aurally acceptable scale from the open intervals
ane needs to make use of the two directions of movement that are available today in the Apollonian
music stream—the pre-Christian descending direction of the true Dorian octachord and the ascending
direction of the true C major scale (see chapter 24). These two directions of movement were used in the
analysis of Platos Timaeus and in finding the form principles that lie at the base of the first method of
tuning the scale of twelve fifths (see chapter 13). We met them again in considering the indications
Roodolf Steiner gave to Lewerenz, [t was these two directions which first made an unrjcnr.;m:[ing of the
indications possible (see chapter 19). They are now used as a structural element for tuning the scale of
twelve fifths itself. This involves them for the first ime directly in evolving a scale.

Taking these powerful directions in musical movement inte consideration when tining an instrument
and expertly connecting the various sizes of open fourths, fifths and minimally enlarged octaves with the
help of an exact and unbiased bstening ear, 2 musically valid chromatic scale can be creared thar sounds
freely in space.

To gain the whole fullness of sound that is possible, the size of each interval needs to be exactly tuned
by ear. The physical nature of cach instrument to be tuned is different. The size of every interval must
therefore be adapted to the individual instrument by ear, This is clearly pointed to in the tuning direc-
tions given b}" Lothar Thomma and Thomas Henke in chapter 24 In chapI:Er 23 it was said that variable
interval sizes make the cent an expedient at best, until the tuner is able to aurally recognize the open
quality of their different sizes. The individual quality of the single degrees of the scale then remains
unchanged because the measurable difference berween the perfect and open intervals is very small.

With regard to this second new method of mning the scale of twelve fifths, the human ear proves to
be an organ through which human beigs who use it without prejudice and with exactness can pene-
trate more and more deeply and comprehensively into musical realities,

* See Table 36, and Graphs 14 for a graphical comparison between the intervals of the first and second method of muning the

scale of twelve fifths and other tumings,
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FURTHER ASFECTS

A tuning fork for ¢! = 256 Hz is provided with the book that had proved a stcumbling block for me.
First of all concerning myself with the tone iwself, for weeks I listened to the tone on the tuning
fork for at least five minutes a day. Ininally the greatest problem was o really listen, for in the
attermpe to listen to the tone 1 felr as if the ear found nothing o get hold of.

Something remained when the tone had faded away; I noted a change which [ would like to express
in 2 metaphor. Someone has said something important o me, and I cannot remember what it
was. Nothing, but absolutely nothing in the room holds a trace of what has just been. A particular
censation arose when | reabized that a friend had left. It reminded me of the fe-e]ing I had when
hearing the wone. Ar firse [ did not venture to consider this observation to be a special characreris-
tic of the tone ¢, as it was the only tone to which [ was devoting myself in this way. | distrusced
the exclusive PI!'{JL'L‘L!I.II'I:.

The ideal condition for unprejudiced judgement s given when one does not know in advance
which tone is going to be played. When for the first time I did not play the tones myself but had
them played for me on a monochord, I no longer felt concerned that | would merely suggest the
sensations for myself. | could enter into the tone, without my prejudices being in the way. However,
the experience was still faine and subtle. I was only able to find a difference between the tones at a
level where [ did not usually make observations. When I asked my feelings, sympathy and antipathy
had really nothing to say. The questions ‘Do I like the tone?' ‘Is the tone beaunful?’ did not lead
anywhere. The sensations evoked by different tones actually arise where | imitate basic attitudes of
soul that enable me to observe, The first rough mages | found for the three c-tones may illustrate
this. The three tones were

¢ = 126.2 Hz (corresponds to 2’ = 424.5 Hz)
= 128.0 Hz (corresponds to a' = 432 Hz)
130.8 Hz (corresponds to a' = 440 Hz)

r
|

With ¢ = 126.2 Hz, a sensation arose for which [ had the image of someone lying down to rest
without having carned it, of sitting down in an armchair with a gesture of never wanting to get up
again. The ¢ = 130.8 Hz plainly and simply agitated me. With the ¢ = 1280 Hz | experienced, in
direct comparison, neutrality: I could not be forced to sit in an armchair nor to make an effort.
Perhaps 1t 15 not so easy to see immediately why tones thar are so close together in pitch should
have such opposite characteristics. For the time being, | would like to support this observation with
a passage from Goethe's Theory of Colowr (Part Six. Sensual and moral effects of the colours. Yellow):
“When the colour yellow is impure and is imparted onto a base surface such as a common cloth,
telt and suchlike, whereon it does not appear with all its energy, such an uncomfortable eftect arises.
By means of 2 minute and unnoticeable change the beauriful impression of fire and gold 15 changed
into the sensation of excrement and the colour of honour and debight 1s turned nto the colour of
shame, abhorrence and displeasure.”

Another exercise, which [ did almost at the beginning, was in a way secondary to my attempts at
observing tone sensations. If the tones have individual qualines, then it must be possible to produce
a specific tone inwardly without having absolute piteh, as it is called. | therefore attempted to hear
¢ inwardly. At first [ did not know how and where 1 should look for it. A tone would sometimes
appear, but it was variable and 1 remained uncertain. Now and then, | did perceive a tone, faintly
s0, but quite definitely and certainly. I immediately tuned the C string of the harpsichord to this
tone and then compared it with the tuning fork. Every time 1 had tuned exactly ¢' = 256 Hz. It
was evidently the inner activiey which mattered. Either [ am able to get myself into the state of nund
where the tone can arise and then | find it exactly and unmistakably, or [ do not penetrate to the
appropriate area at all. To put the situation in two metaphors again, when someone is supposed to
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FURTHER ASPECTS

are experienced by the eurythmically moving human being and what effect they have on someone
watching,

Bevis Stevens

Experiences in doing eurythmy to a piano tuned to the scale of twelve fifths at the
concert pitch ¢ = 128 Hz compared with a piano tuned to equal-tempered tuning at ¢
= 130.828 Hz*

In repeated experiments, the concert pitches ¢ = 128 Hz and ¢ = 130,828 Hz and equal-tempered
and rwelve fifth-tones tuning have been eurythmically compared with one another, singly and in
groups.

The tone ¢ = 128 Hz as prime streams evenly and harmoniously through the whole stature.
Even the feer are self-evidently ‘there’ and can be reached without exertion. The eurythmist
rests and streams within and through his whole body. With the tone ¢ = 130,828 Hz the euryth-
mist experiences himself to be drawn upwards, away from the feet. The chest and head area
expanding, the feeling is as if he is blown up with air which he is holding (this is to be understood
in the sense of the eurythmy figures), because the tone does not sound through but outside of
the body.

The same fundamental tendencies appear with the 30° tone movements. The tones relating to
¢ = 128 Hz rest within the area of the muscle and bone structure of the human being. With
¢ = 130,828 Hz the eurythmist can imagine these movements to lie within the body but they never
become real and direct experience there. If the curythmist tries to find where they lie, the place,
and//or angle cannot be found; he experiences only that they lie ‘ourside’.

By eurythmical improvisation to the C major prelude from J. 8. Bach’s Wéll-tempered Clavier,
the following experiences arose. With ¢ = 130.828 and equal-tempered tuning one experienced a
world of most beautiful radiance, Nothing more beautiful exisis. In striving after this “world’ the
eurythmist initially feels bigger, like a ‘wonderful soloist”. It is 3 great feeling! But it deludes
one; this ‘world” of most beautiful radiance is outside of him and his true being. It proves to be an
unattainable illusion, and the human being loses his humanity, his freedom, If the attempt is made
to bring this world of beautful radiance to expression—and this is only possible in that the eury-
thmist strives after this world, because it does not come to him—then he tires very quickly. For the
observer, the eurythmist looks tense and small and the movement angular, This is due to the strong
muscle tension which is induced. Pushing this muscle tension to the extreme 1 have often had to
stop going any further because of being gripped by a strong, fearful feeling of being about to lose
myself. A group of eurythmists move very inharmoniously together.

* This account has been added o and revised for the English translagion, 5 further work and observations have been made since
the thisd German edition of the book {Bevia Stevens).

4 This feeling of the mnic being 'outside’ is most probably the reason why more and more concertgoers feel removed from the
mmsic and go home feeling empty. The music does not touch or move them. Only the greatest nusicians. are able to overcome
this problem through inner activity, just as the eurythmist is able to ignare the acoual quality of the tones and music, and due o
a training that teaches him to work with the primal qualities and forces behind and in music, is able to create these within himsel?
without having them outwardly present. Many peaple have responded by saying char it 1s exactly chis that makes equal-tempered
mning at ¢ = 130528 Hz modern, as this leaves one free. However, | have often observed that especially *wnmusical’ ewrythmy
students do the gestures wrongly in following the urging of their teachers to bring o expresion whar they hear, cannot under-
stand why Rudolf Steiner described the gestures the way he did and finally put this down to being unmusical. My owin expe-
rience has always, even before getting o konow the twelve fifth-rones toming and ¢ = 128 Flz, been one of longing to find tones
that really fit the experience of the 30° tone angles and the imerval gesoures (for interval gestures, see the end of this account
and the footmore on p. 158}, And why should one use something infesior and unfitiing once something better has been found?
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FURTHER ASPECTS

The quality of this third is truly that with which Rudolf Steiner described the third in the tone
eurythmy course (Music as Visible Singing™) as ‘the soul speaks with itself”.*

It is hoped that these reports by Elisabeth Ahlers and Bevis Stevens will contribute to bringing
readers closer to the significance and import of the choice of chamber pitch for music making, and spur
readers on to do their own research on the inherent qualities of tones.

* huch more could be said, but this would exceed the bounds and msk of this beak. However, it may be of interest for fellow
eurythmists to know that research 1 now being carrted our to find owe if the fose gestures (a5 opposed to the 307 angle movements
and their correspondence with true mtonation) are celated wo the e of just iIntonation and if the interval geshiore: (28 opposed w
the sreaming through the bones in connection to the just intervald) are connected with the intervls of rue intonation,
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FURTHER ASPECTS

In my view this is not a question of experiencing the individual tones and scales differently bur
rather of a different ‘nuance’ into which the listeming ear enters with each new tuning, similar to
the nuance or “tone’ in which [ say a sentence depending on the mood | am in or the effect | wish
to produce. One can then train the ability in oneself of evoking the different tunings without the
help of the ear, by calling up the differences in nuance inwardly

I am gratetul to Maria Renold for her suggestion that one should pay attention to the very
different experiences connected with these ‘nuances’ and 1 can only recommend that everyvbody
make use of this possibility and, in spite of and at the same tme thanks to the hearing faculty one
has had so far, deliberately go deeply into these different qualities.

The contributions by G, Killian and C. Ginat show a way of overcoming the obstacle of fixed absolute
pitch, making it into a flexible organ of perception for inherent tone qualities. (Christian Ginat can
perform on his viola with equal certainty at a' = 440 Hz and at a' = 432 Hz, for example.) Working
with the ¢ = 128 Hz concert pitch can thus be a liberation for people who have absolute pitch; but not
only for them, but for all who wish to open themselves as whole human beings, in music making or
listening to the breadth of these tones thar are so right for human beings and leave them free.
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FumTHER ASPECTS

Instructions for retuning an oboe (Ulf Gruendler)

[ own a 40-year-old oboe made by Mollenhauer in Fulda. In order to tune to a' = 432 Hz [ have
to pull out (lengthen) the 72 mm reed by about 8.3 mm. To prevent air vortices developing in the
space thus created, which would have an unfivourable effect on the onset and end of a tone, [ cur
an 8.5 mm reed-sleeve from cork. | always leave this in the top of the reed shaft.

It is also possible to gain 1 to 2 Hz in depth by not pushing the head and middle joines of the oboe
together completely.

Intonation problems are hardly ever caused by the reed juttng out. Only ‘long” tones, i.e., tones with
a long wind column—d', &, ¢' and e*—are a bit sharp, which is not noticeable in fast passages and
in slow passages can be slightly adjusted by means of the embouchure.

The above retuning method applies only to the above-mentioned oboe. I know of an obaoist
with a Yamaha oboe of a more recent design, which, in spite of the insert, had a tone ¢* thar was
downright ‘sick’, while the rest of the intonation was good on this instrument.

Instructions for retuning brass instruments

Horn, trumpet, trombone and tuba (Guenter Blechert)

A brass instrument can usually be taken down in pitch by slightly pulling the crook or tuning
slide out (both, of course, for a double horn). Pulling it out too far makes the instrument difficult
to play because extra air spaces and vortices result. To avoid this it is necessary to use crooks that are
longer by the required amount; these need to be specially made. In keeping with the lower pitch,
the valves also need to be pulled out a bit, or possibly lengthened to correspond to the main slide.
A good workshop can make these changes without difficulty. Lengthening the mouthpiece has its
limitations as this can cause a change in sound quality.

The unusual situation may occur that lengthening the crook gives rise to a ‘tone wolf”, This is
overcome by increasing the diameter of the particular crook.

The fine intonation needs to be made by the player himself, as designs vary even within the same
Instrument group.

Instructions for the harp

To play a harp in twelve fifth-rones tuning, the fork disks may need to be replaced with longer ones as
the equal-tempered minor seconds and major seconds are smaller than the 9:8 major seconds and their
gl."ﬁ[nfr.l"il’.' mean tones,

Rudolf Steiner’s last important indication relating to music

In August 1924, Rudolf Steiner spoke in Torquay, England about the conscious awareness of initiates.
At the end of the last lecture he spoke of how it is possible for human beings to gain an experience of
the spiritual world through art in that the artist places something in the sense world ‘that rises up to the
spiritual world". Then the following was said:

The musical element is capable of placing this Christ impulse in music before the world in formed
sounds filled with soul and spirit. Ways will be found if music can be inspired by anthroposophical
spiritual science. Music will solve the riddle, in a purely artistic way, as to how one can symphonically
bring the Christ impulse that lives in cosmos and earth to life in tones.

To do this one only needs to be able to deepen the sphere of the major third by taking the
experience of music to a level of mystical intensification. If one experiences this as something that
is musically wholly within the human being, and if one then senses the sphere of the major fifth, if
one senses the sphere of the fifth to have an enveloping quality, something of a quality where human
beings, in growing into the configuration of the fifth reach the limits of what is human and cosmic,
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APPENDICES

three 7 mm-diameter piano pins;
one plane-ining hammer.

From an monmongery:

3 10 em long, thick, wide-headed wood-screws that fir in the eyes of the strings, w hold these;
4 wery thin, 3-5 cm long wood-screws 1o fix the bridges;

2 5 cm long iron angle-profiles 1.5 % 1.5 % 0.2 cm for the bridges;

2 7 cm long brass angle-profiles 1.5 » 1.5 x 0.2 em for the movable bridges;

2 sheets of 7 % 14 % 0.2 cm Plexiglas as bases for the movable bridges;

1 sheet of Plexiglas 17 % 19 % 0.2 cm to cover the fingerboard;

6 S-mumn brass screws to attach the Plexiglas;

1 piece of white cardboard for the fingerboard 17 X 93 % (1.2 cm;

1 200-cm metal ruler with mm divisions.

1 runing fork at ¢ = 128 or 256 Hz, according to the indications on p. 77.

Assembly

The three pieces of wood for each of the two hardwood pieces need to be glued together with
water-resistant glue so that the grain of one block is at 60° to the grain of the other. The two upper
pieces should have a combined thicknes of 2.5 ¢cm, the lower one 6 cm. It 1s best to let a professional
make these hardwood pieces and the boards, iron and brass bridges. Accurately made, this will save a lot
of time and frustration. After this preparatory work one can begin with the assembly itself.

First glue the pieces of hardwood to be on and paralle] to the base with waterproof glue, one at each
end, perfectly vertical and exactly 93 cm apart and held in place with clamps unal dry.

Place the side-boards rogether, with the outsides facing each other. Draw a line on the inside face of
the boards 4.5 cm away from the upper edge and find the middle of that line. From there mark the centre
of the sound holes, which should be 6.3, 19.5 and 32.5 cm from both sides of the middle. Drill the sound
holes slowly to avoid splinters, using a 2.5 cm drill bit. Experience has shown that this number and size
of sound holes give the best results for this size monochord. Now glue these one at a time, outer faces
outwards, to the sides. The glue must be spread evenly to cover the whole surface of the hardwood blocks
and the sides of the base. Clamp together. Mark the exact middle of the sides of the hardwood blocks on
the upper edge of the side pieces. Glue the 1 % 1 X 5 cm piece of wood to the middle of the inner upper
edges of the sides. The piece prevents the sides from bending inwards and supports the fingerboard and
must therefore be set in place very exactly.

When the lower part of the monochord is finished, draw the middle of the string lengths on the
underside and edges of the fingerboard. Then mark the places where the iron bridges will be. This is
7.5 em from the ends and therefore directly above the edge of the hardwood blocks. The lines, exactly
5 ¢m long, must be exactly in the middle of the longitudinal axis and exactly 93 cm apart, at an exact
right angle to the longitudinal axis and parallel to the end edges of the resonance box.

To bow the strings of the monochord, the fingerboard, cardboard and Plexiglas need to be reduced to
the width of the resonance box on both sides and at the same end as the tuning pins. This is 11 cm long
and begins at the point next to where the right<hand iron bridge will be. The cut is made rounded on
the left (so that the bow cannot get caughe} and has a 60° angle on the right (see Fig. 5, 1).

Now glue and clamp the fingerboard to the resonance box so that its middle is exactly above the
middle of the latter. The fingerboard will then overlap the resonance box on either side by nearly 4 cm
and be the same length at the ends.

The two iron bridges now need to be made from the 5 cm long iron angle-profile pieces. Two holes
big enough for the two 3 cm long thin wood-screws are drilled into the foot of the bridge. Roughen

168




69l

2pqussadun proysouow gy jo
Suiderd sgemooe aopew pom yoyam sur jo o Sumeed pue Sunow wog sa8piag s wuasasd [ sty
PO U OGUT JUNS=ITNGI 2E SPEIY M08 347 I8 05 uo ) Eu!m:u;:s IO T I Ity s:u.ﬂpgiq ELIE
azoddns Aap uar) ap, 1ede wo ¢ APSEXS puE spua )3 o) [Aered e A3 JEY) O PAUNOLT APEIE U0 313
UIOK] PAINSEILN 3¢ uaip wed aBpriq puoaas s jo uomsed sy 1 awn ¢ e a8puq 2uo JUNGW Gl IESTAPE
51 31 urede 20Uy “padtwep aq 10U [ SULDs AU LI 05 PAAUNOUL ST 3 a0 umop 28piiq i jo salipa
a3 pueg (¢ ° “Frg 295) ypSua) a[ppnu S uey Jamo] wi ¢ 3q o1 umop syifus| 1IN0 oma P Ay pue
(furns yoes 103 suc) sydua enba aanp o 28puq a3 jo doy ayp aprarp ‘moq ofja2 € s padepd aq o1
sHuLs 20 v MO[[E Q] 1912¢ MAYPE [[LM JPEIY U [ O5 (Y B IIM 100] 21 Jo apisiapun 3 dn

. T o I\\_ __________ 't
| |

g 3d I E.E _____________

ﬁﬂ__-—rr"".i*': :

EFSER ]

S Ee & .

S92 3 :

B :

w =

TgEc2 O

:EEG‘ o ]

.-_E":“’Eg“

W= g g

";FE - ow

25 F¢ @

©o= B

w g b e |

g = = i i e

* o5 BEO | =

vg &3 0 |

"ﬁ bk~ ! i 2

B2 2 o : . g

B .:'-E'm : | =

& E& | 5
= 1

7 BB o . . :
= 8

E E ; e o

B 2 ! I 2w

~ a ' 5l
3 3 : | 1
. : | -
"'E. :D | :
E.ﬂ 1 : g
= ; E
5 = :
Eg :
B oo
g‘.
3

TAOHDOMNO ¥ 35 (MY CIINE OL MO

i3

H:ll

2

I
Su

0l

1

1

=l

e
Ia
L
5
s

a7




APPENDICES

Varnish the wooden parts with a clear, ight furniture varnish. NB: only the part of the fingerboard
that is not covered by the cardboard is varnished. Two or three coats is enough. Make sure that the
directions for use are followed and that the varnish is given enough time to dry between coats.

Mow set the pins at the right-hand end. The holes for the three pins need to be drilled displaced from
one another so that it will be casy to place the tuning hammer on the pins. As the thread 15 lefi-handed,
they must be at an angle so that the pins lean towards the right, away from the strings. The drill-bit needs
to be about 0.5 mm less in diamerer and the holes 3-5 nun longer than the thread of the pins. This air
space under the pins helps to make them easily movable. The pins need to be screwed and not hammered
m, Hammering in may break the wood-fibres, which are necessary to help keep the pin in place when
the string has been tuned. Take care not to damage or round off the edges of the pins, otherwise they
cannot be turned any more and the strings would not be tuneable.

On the lefi-hand side, drill the holes for the screws that will hold the eyes of the strings with a
drill-bit thar is thinner and to a :Il:pth shorter than the screws {rh;- exact size and c!c]_ath will dl:p-cnd o
the type of wood and should therefore be discussed with a carpenter), so that they lie in the middle of
the eye and are angled away from the strings. The screws are then put through the eve of the strings and
screwed im,

The last 4 mm of each string is bent over at a right angle and passed through the small hole in the
rest-pin opposite. Then, using the tuning hammer, the string is carefully and evenly wound onto the pin
without cross-overs, proceeding downwards from the hole until the string is stretched evenly over both
bridges.

Tuning the monochord using a tuning fork

Each string is tuned exactly to ¢ = 128 Hz using the mining fork. The mning fork has a handle, by which
it 15 held, and two prongs. To make it sound, strike one of the prongs against a wooden object or
your kneecap. Then place the foot of the tuning fork on the resonance box of the monochord or on the
table-top, This amplifies the tone. Turn the rest-pin with the tuning hammer until the string sounds at
the same pitch as the tuning fork. If the tuning fork is 256 Hz the harmonic in the middle of the string
needs to sound in tune with it. The place of this harmonic is in the exact centre between and parallel to
the two bridges. The point must be exactly marked so that the fingerboard may be exactly divided and
the monochord used for the hearing experiments described in thas book.

To play the tones, two movable bridges need to be made from brass and Plexiglas (see Fig. 5, 4). The
1.5 % 1.5 X 0.2 cm brass angle-profiles are glued, not yet cut at an angle, one along the left, the other
along the right-hand edge of the 3 % 14 % 0.2 am Plexiglas bases with Araldite {roughen the surfaces o
be glued together so that the glue will hold). When the glue has dried, angle the top of the bridge and
smooth the edges in such a way that the string 15 stopped by the middle of the bridge.

Marking the fingerboard*

Mark the measurements on the sturdy piece of white cardboard. Fix the cardboard firmly to the table or
drawing board. First draw twelve parallel lines, one for each of the scales discussed in the book, but so
that they are not immediately below any of the strings. Four lines should be in front of the first string,
the ather cight in between and behind the other strings. To help the eye find the different tones and
scales it is advisable to draw the lines in different colours. On our monochord the first two are red, the
third is green, the fourth to tenth are blue, the eleventh and vwelfth black. Extra lines in other colours
again can be added if vet other scales and tones are to be investigated. It has proved practical o write the
names of the scales on the lefi-hand side of the fingerboard.

* L efer 1o Tables 34 and 35
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APFPEMNDICES

with paper clips so that it can be cut to the form of the fingerboard on the right-hand side. Before gluing
with Araldite check that the midline 1s the perfect octave of ¢ = 128 Hz by playing it and checking it
against the tuning fork, Adjust if necessary, then glue with the utmost care so that it does not move. If it
moves, the whole cardboard piece has to be torn out, a new one drawn and all the work redone.

When the glue has dried attach the already cur Plexiglas cover to the fingerboard with small brass
screws, This will protect the cardboard from wear and tear and make it easier to move the movable
bridges.

Playing the monochord

The monochord is now finished and can be played. It can be placed on a table or, which is more
practical, attachments can be fixed to the bottom of the menochord (under the hardwood blocks) and
table legs screwed into these. These are casy to obtain and make a free-standing imstrument which 15 easy
to dismantle for transportation or storage in a bag made from impregnated sailcloth. The strings can be
plucked or bowed with a cello bow:

To play intervals from ¢ = 128 Hz, a single movable bridge is sufficient. This is placed under and at
right angles to one of the outer strings so that it lightly touches it, though without raising it as this would
affect the intonation. The upper edge of the bridge must be exactdy above the line on the fingerboard.
The string is held on to the bridge by a finger of the left hand and the two strings are plucked or bowed
together or one after the other by the right hand. Thus the difference between the dissonant true
intervals and the impt:rﬁ:r.t Just consonants is Eﬁ.‘iil}-' made audible, for L‘:{:]!I'llp]-.:.TWD movahle hridgi:!i will
be needed to play the intervals that lic bevween two marks. This is done as described for a single bridge
above, only now two strings need to be held with the left hand instead of one, e.g. place one of the
bridges exactly on the line for fau = 176 Hz = 32/44 = mese of the pre-Christian Greek Sun mode
(seventh line) and the other on a = 220 Hz, the first lower octave of a' = 440 = the concert pitch with
equal-tempered tuning (11th line). This gives the just major third that arises between the two tones. All
scales described in this book can be played based on ¢ = 128 Hz as common prume. Do not forget to
rune all three strings in exact unison.

The author now wishes you much pleasure in your own investigations!
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Table 34 |
Measurements for the string divisions of the monochord, scale of twelve fifths, all altered fifihs, all just tones and aulos modes on the |
generic tone ¢® = 4096 Hz for a monochord with the string-length of 93 cm on the fundamental ¢ = 128 Hz |

Lisual division; genwineness and falseness of the intervals 15 not evident from the numbers.
i i I he pwelve fi
Tone: t.c delis t.d elis b (3 gehs L alis t.a belis t.b Lo
Hz: 128 135,765 144 152,735 162 170,667 151019 192 HEe45 216 220 103 243 256
i 93 768 82.67 T 7348 69,75 65,76 62 58.45 55.01 51.96 45,99 46.5
Higher octave:
Tone: delis’ t.d' elis’ t. gl k1 gelis' t.g' alis' t.a' belis' t.b' t.c? .
Hz: 271.53 2ER 30547 324 314,333 362038 384 407,29 432 458,206 486 512

I 43.84 41.34 38.97 36.74 34.88 3288 N 20.22 27.5 25.98 2449 23.25

tone oI o cm tone £m ong L1108 tong CIm Lone cm tong CITE
te 93 . bk . B5.91 t. ch 78.37 . ghb 70.69 el 6444 t. b 58.06  t.bj 52.31
t.b 91.75 b 83,8 . df 7741 t. ef 65.81 a4l 65285 bk 5587  ral 51.61
t db 88.28 t. chf 8155 t. fh 74.48 tgb 66.21 vflf 6117 el 5437 nq 49.66
e of 8709 t. i 79.54 t. b 72,49 . b 65.32 L% S8.85 t. cbb 53.03  ral 48.33
t. dbb 47.13
Higher octave:
1. bi! 45,88 t, ebd’ 41.9 . df' 38,7 e L 34.4 vah! 343 by 2794 ral! 25.8
t. db! 44.14 t. cbft 40.78 t. £ 37.24 t. gb! 33.1 v 3058 el 2718 g 24.86
I 43.54 b (b 1977 t. b’ 36,24 e b 32,66 tah! 2942 b 2652 callt 2216
t. bif 42,95 teh! 39,18 t. ghh! 35,34 . et 3222 gk 29.03 t. b 2616  od! 235
Third line, green. all j. tongs (Hz: can be found in Table 19, Lower octave:
tone cm one cm tone cm tone cm tone om tone cm tone cm
i dbb 93.1 L j.d. #3.7 h.j. & 77.5 i b 6983 Lig 6277 l.j.a 55.8 hoj.bp  51.64
j. bk 92.9 i cbh §2.76 Lj.e 74.4 j.ek 69.67 jaby 6207 jbi 5517  Lj.b 49.6 _
joe 91,85 i it 82.57 Lj. fh 73.56 h.j. F 6889 . 6193 g 5505  j.ch 49,04 !
1.j. b 8,15 h.j. d 81.65 j. it 7340  Lj.# 66,13 hj.g 6123  Lja 5443  j.aff 48,93
j.db 87.19 Lj. b 79.45 h.j.e 7257 ig 65.39 j.gb 5878 Lj.bhb 5297  h.jb 4838
h.j. cb 86.01 i. b 78.4 Lj.f 70.62 h. . ff G444 b 5812 joaf 5225 j.c 47.08

{Contimed)
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Table 35
The measurements for the lengths of the six other pre-Christian Greek aulos modes, the equal-tempered scale
at a' = 440 Hz and at ¢ = 128 Hz

Hz: Hypophrygian 36/36; Lowest ootave

td j. & flar LE 1. b Hat te
Degree:  36/36 32/36 (mese) 30036 26/36 24/36 22/36 1836
Hz: 128 144 1536 177.231 192 200,454 23004 256
crm 0% 2267 T8 67.17 62 56,83 51.67 46.5
Higher Octave
Tone: ed td? t.d* t.d? o
Degree: 16736 (mese) B/36 (mese) 4736 (mese) 2736 (mese) 1736 = g
He: 288 576 1152 2304 4608
CI; 414 20067 10,34 5.17 2,58

s

]

ian Greck Mars aulps e  foet= & ord with 30740 = the origin of our modern . ¢ ma,
scale) Lowest oorave:
Tone: T j.d joe o f jia e
Degree: 40440 36/40 32740 {mese] 30740 or 2B/40 26,40 24/40 22/40 2040
Hz: 128 142,222 160 170667 or 182,857 196,923 213333 232727 256
CHm: 95 B3.7 744 69.75 or 65.10 6145 55.8 51.15 46.5
Tone:  j.e! joet joet j.et j-c
Degree: 16740 (mese) 8540 (mese) 4540 (mese) 2540 (mese) 1740 = gt
Hz: 320 fdi 1280 2560 5120

cme: e 18.6 0.3 4.65 2,32
i [ it e, Generic tone m, fan’= 5632 Hz: Dorian 44/44, (Schleunge

effece.) Lowest octave:

Tome: e i, Bl Le

Degree: 44544 400744 KLEEE 32744 /44 or 28/44 26544 24744 22744
(mese)

Hz:: 128 1408 156 444 176 187733 or 201.143 . 216615 243,667 256

{Coerimeed)
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linve, blue, pre-Chrisnan G

Lowest otave:

Tome: L

Degree:  36/56 52756 48756 44/54 40456 36,56

He: 128 137,846 145,333 162,900 179.2 19111

cims 93 3636 o FERLF) 6643 59.78

Higher octaves;

Tone:  lowj. B flac' low j. B fla low j. B flac®  low j. B flac* low j. B flac®

Degree: 16756 (mese) 8756 (mese] 4756 (mese) 2/56 (mese} 1756 = gt

Haz: 448 B iTaz 3584 TIGE

co 26,57 13.28 bl 3.32 1.66

Eleventh line, black. the tones of the equal-te : concert pitch o'= 440 He:

o et.a et B flat et b c' e.t. T flat! et d

Hz: 220 2331 2469 2061.7 2037

it M 54,11 51.07 48.21 45.49 400.53
line, black, the tones of the e.g scale at the concert pitch ¢ = 128 He: Lower octaves

Tone: ¥ - d flax d ¢ flat e f

He: 124 135.6 1437 152.2 161.3 1704

cm: a3 57,79 B2.84 78.21 EER: 649.65

fow j. ¢

B flax

32756 28560
{mese)

224 254
5514 46.5

et E flat' et e

i1 329.6
38,26 3611
f sharp £
(gelis)

i81.018 1918
05,76 62 s

fre middle of the monochornd:

"
et 1"

349.2
3408

a flac

2032
3858

Abbseviations: m. = madal: j. = qustz 5. = sz h

high; 1. = Joww; g.t. = genend tone

er.f

sharp
LTl
321

=]

b
Lik
L

55.29

]
b
T

302
30,37

B flat

228.1
5218

er A
flat

415.3
28,67

2417

49,25

[ - |

440

2705

250
46.5




Appendix 2 Graphic Representations of the
Scale of Twelve Fifths

by Paul Davis

It is probably necessary to say that | did not have the benefit of having known of this book while doing
the work thae follows. Although this circumstance cansed me to explore many unfruitful alleys I did have
the advantage of having no opportunity for prejudice regarding the author’s methods!

Marias tuning was demonstrated to me courtesy of Bevis Stevens during a visit to the Goetheanum
in 1999. As [ played scales and raw intervals I was sceptical. I could hear differences from what [ was
accustomed to on a piano. These were not terrible but I could not help asking—why make it different?
It was when | began playing actual music that the answer came. My prior experiences with alternate
temperaments have been largely ones of wincing to various degrees., I accepted intellectually that equal
temper was the least bad’, An exception to this was my sojourn with the viola d'amore where one tunes
to a key and stays in it (or its relations). The effect [ found almost too consonant, The played and the
sympathetic strings would harmonically relate to each other so well that one would become lost in the
sympathy of them all. Any plaved note could only be heard over the wash of marching overtones by being
just a bit louder for a moment. In a short time one would simply hear a continuous key chord. |
have also found this to be 2 quality of the Pythagorsan muning. The tones are so *social’ that hardly any
individuality is possible without stepping on dreadful walves.

The customary equal temperament on the other hand allows only the octave to be *perfect” or conson-
ant. Mo tones actually quite match the overtones of others. Here a stepping forward of each note occurs;
very individual—even ‘antisocial . * The effect that struck me with Marias uning was that of a balance
berween the social and anti-social. The tones were assertive and individual, and yet somehow consonant
and related in a certain but subtle way. Returning home 1 recalled this experience on many occasions,
As luck would have 1t I found that a friend of mine had attended a class on the pwelve fifths tones uning
some years before. He had three tuning forks and a few (incomplete) sheets on the subject which he
laaned to me. So hcgan my journcy to attempt o n:pmn:hlci: the tuni:ng at home and to penetrate the
principle behind the effect. As it urns out all but one of the sheets referred only to an earlier exposition
based on perfect fifths and octaves (referred to in Graphs 1-4 as Renold 1), This was fairly easy to under-
stand and to tune—but the effect was not that which | remembered and sought. The odd sheet was
produced by Lothar Thomma and was there completely out of context. It was essentially hke tearing
Table 31 our of this book, handing it aver, and saying, 'New, what do you make of this?’ | used the given
pitches and the beanng mteracton of overtones to calculave frequencies for each note. | derived three
different octave widths, all sorts of apparently chaotic interval widths and knew not how to proceed. After
many false starts i atcempts to find an underlying principle through analysis of this sheet [ finally gave
up and just played with mning the piano.

1 am neither a real piano tuner nor a pianist bue listen {(with a string plaver’s ear) to both difference
tones and beats with ease. It is generally the case that piano tuners develop a keen sense for beat count
and annihilate their perception of difference tones.

I found, acoustically, a mmning that produced an effect that matched to my satistaction what 1
remembered. Of course this would differ in the particulars from that at the Goetheanum because [ was
working with a different piano. Next I purchased a precision tuner and used it to document my own

* For an even more antisocial sound, it i interesting to hear the cqual-tempered 1%th root of dhrec-semitone tuning based on
perfect 31 19ths or second harmonics, Although nothing s offensive in the elements {scale, triads ete ), the musical effect is one
of utter sterihiey and Jonehness,
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APPENDICES

Table 36*
Synthesize Renold 2 using a consonant complementary difference tone and show [
deviation from Lothar Thomma's tabulation (Table 33) P. B. Davis 22.04.2002
Oictave width in conts; 1202800 Constants and Definitions
1 3 L= )
_ makes an octave oo of 2.00.?1.,3?3 C4 = 256 cps
ingerval beats dev. | cents dew. L = Sowsie, B = Higher, 2. = oo riio
CF P4 1.10 0,00 499.910 0.0 Up 4th LA + (R 2)
FA M3 19.4% —{1i1 405.955 0.0 Down dth H#Z + H/R' 2
CGPS 041 =25 T02. 887 —h& Up Sth L - LR
D4 5 047 =028 TO2EET (b Drown Seh HR/(ZR -~ 1)
g M3 10,10 0.71 598.422 ~0.9 Upm LR {used only
DG P4 124 075 499910 -1 _ for Fb4)
EA P4 1.40 (00K 499 910 .0 Tuming sequence: 4 F4 C5
CE M3 14.60 (X i) 405,955 0.0 T4 G4 D4 Ad Ed B B3
BE P4 1.05 0z 499,910 0.0 gt ddaded b3 b4
Bg F5 =277 .11 G95. 354 ={. 3 3
H dew.
EB P5 052 033 T02EET 06 Bpe o) = 2
2B F4 7.89 025 507.443 03 b3 (ed 14) 228,67 0,03
dg P4 1.17 (.00 490,910 0.0 B3 (E4 14 242 48 .00
dF FMI3 9.52 022 FE A 0.3 C4 (k) 256,00 .00
da P5 .44 .26 T0O2.887 0.5 D (g4 er]- 271 .46 =04
Ea FM3 11.36 0,27 308,422 0.3 D4 (G4 14) 287 84 0.09
ea P4 1.32 .01 499910 0.0 ed (a4 19 305.22 0.05
Be FM3 B.51 L23 108,422 0.3 E4 (A2 ~1--|:| 32365 {LAH)
=G FM3 10.71 ~{1.76 8. 419 -{}.9 F4 (C4 T-H 31.70 {00
be T4 .99 .04 495 910 0.1 g4 geo. mean 36233 106
bE F5 -2.61 {105 695 351 —}.2 Gd (C4 T5] 3421 =112
by FM3 802 0.22 398, 41% 3 a4 [d4 TE] 407 .40 (R
eh P5 .48 0,32 o287 -6 Ad D4 Ts) $32.00 0.00 !
Fb F4 7.44 -0.24 S07.446  -0.3 bd (ed T5) 458.08 -0.08
bb P8 0.74 ~0.14 1202797 05 B4 (E4 T5) 485.74 ~0.16
BB ra 0.74 =0.16 12002, 797 06 s (F4 T5) 512.83 .16
Mand-Mind 1.02% 1676 0.257
E|A| 5.667 G235 0714 i
Octave values grving best fits according to ramowest mvge (MMaxA-MinA) and smallest oon (E]A)]) of deviation: 1
MaxA-MinA: 1202786 1,029 1203.234 1531 1202.570 0244 i
LjAl: 1202800 5667 | 1202815 9.200 1202800 0.714
t
Consequent Hz for whele plane mnge F
& delis n elis E F gelis G alis A helas B
i
0 A3 () 26826 | 2446 30063 1
1 J1E45| 33 T6R| 35807 AT968| 40.261 42506| 45072 47.794] 50679 53739 56983 60434 1
2| 63794 67645 71729 76060 s0.652) 85150 90.291| 95742 101.522 107.652] 114.151) 121.043 .
3 127.793] 135.509] 145.690( 152.366) 161564 170,575 180L8T3 191,795 203373 215.651] 228.671) 242477 i
& 256.000| 271.456] 287.845| 305.224| 323.651| 341,701 | 362332 384.207] 407.404) 4320000 458.082] 485758
5 512,828 543,790 376.621| 611435 645.349| 684,507 | 725835 T69.656) 816125 865397 P17 646, 973,047
& | 1027314 {1089, 3391155, 1061224, 846 | 1208795 | 1371.228 | 1454.017 (1541 B01|1634.888]1 733,591 838, 25N 19409.242
7 | 2057.950 |2182.200|2313.948| 2453653 | 2601.790 |2746.891 |2912.736 [3088.588{3275 064 |3472.791[3682.4633004.757
8 | 4122556

*Capitals indicate white keys, small type indicates black keys, e.g. a = alis, b = belis, etc.
(Cartinged)
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Graph 2
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cenes deviation from eqoal and from ideal beaten
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* 4 and +5 indicate up 3 fourth or fifth; —4 and -5 indicate down a fourth or fifth.
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Comparison of minor thirds
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Appendix 3 Addresses of Instrument Makers Known to Us
Who Build Instruments Tuned to ¢ = 128 Hz and a' = 432 Hz

Oboes, Clarinets, Bassoons

Cuntram Wolt

Modern and Historical Wooden Wind Instrumenits
—Building, Restoration, Repair—

Im Ziegelwinkel 13

D-96317 Kronach

Tel. 0049 9261/4207; Fax 0049 9261/52782

The firm offers all instruments in a variety of tunings. It 1s also possible to provide instruments with a
second tenor joint (Oberstueck) or wing (Fluegel) in another tuning so that one only needs to change these
pieces in order to change from a = 440 Hz to a = 432 He, with a negligible change in tone colour and
perfect intonation throughout. The instrument is nevertheless favourably priced.

Flutes

Firma Maollenhauer
Postfach 709
-36041Fulda

Tel. (0049 661 42051

v mollenhaner.com

French Horn, Trumpet, Trombone, Tuba

Approach the instrument builder in your area with the indications given by Guenter Blechert on p. 162
of this book.

Harp

It is also possible for any mnstrument maker to make the larger disks (see p. 162).

Organs

Ceorge Sch.‘m]h&rg-:‘t‘

Organ and Musical Instrument Builder
Freie Strasse 33

CH-8610 Uster

Tel. 0041 1 9402935

Schwendener Organ Builder Bodensee
P Kraul and G. Joly

Schwende 5

N-B8643 HI:T(I“'.'!]'I!.;EI'J

Tel. D049 7557 8698

Chimes and Bars

Tacmer Ebersold |
Kunstgewerbeatelier
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APPENDICES

Lyres

John Bryan Woodcraft Studio
LInit 12, Salmon Springs Estate
Painswick Fooad

Smoud GLG 6MNU

Careat Brizaim

Tel. 0044 1433 764100

Pianos

Carl A. Pleiffer

Fluegel- und Klavierfabrik
Mewe Rameelstr, 48
D-71229 Leonberg

Tel. 0049 7152 976000

Tuning Forks

Raudolf Wittner & Co. GmbH
Buehlbergstr, 5-6

D-88316 lsny

Tel. (049 7562 7040
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Octave displacement
Open intervals
Ohvertones

Partials

Fitch of a tone

Reelative key

Scale of vwelve fifths
True
Twelfth tone row

Tavelfth tones

Undertones

CILOSSARY

The shifting of a tone through lowering or making it higher by an octave.
Mathemarically this means doubling or halving the tone’s frequency.
Minimally enlarged intervals. See further chapter 22.

See chapter 3.

The tones of the undertone or overtone row.

The pitch of a tone 15 indicated throughout the book in two ways: 1) by is
frequency in Hz; 2) by the range in which it is found. The latter is indicated as
follows. The seventh from maddle ¢ to b s indicated |;|1_,-' small letters, the octaves
above with a corresponding mumeral in superscript to the right of the leter.
The first octave below middle ¢ is given in capitals and the octaves thereafter
are indicated by a numeral in subscript to the left of the leter,

The scale beginning on the sixth degree of a scale is called the relative key
because it has the same key signature, i, the same number of sharps or flats in
the scale.

See chaprer 2.

See chapter 2.

A row of tones found in the overtone and undertone rows of a tone, each tone
a twelfth (octave and a fifth) apart, This row forms the true tones, (See also
chapter 4.)

Tones belonging to the twelfth tone row. Also called fifth tones but here usually
referred to as true tones.

See chapter 3.
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Subject Index

Apallonian stream, 6, 20, 44, 49, 50, 93, 152
apotomi, 57, 111, 121, 122, 125, 189
Appun's sonometer, 153
arithmetic mean, 2, 19, 21-2, 236, 42, 49-51, 5860
aulos maodes, 2,6, 8, 11, 19, 37-38, 3942, 64=6, 69, 79,
B5-8, 106, 122-3, 124, 144, 1757
ascending/descending direceion of, 19, 29-30, 36, 49,
D1=101, 140, 152
compodition of, 346
connections with Earth incarnariens, 27, 97-9
ethos of, 701
generic one (tonie), 2, 31—, 36, 37, 39, 42, 85, 122-3
present-day seales arising from, 27, 3942, 85
prime {Arche) of, 28, 30, 39
related o planets, 3, 37, 30, 31-6, 3942, 46, 47,69, 72,
857,171
tetrachord structure of, 19-21, 30-1, 41-2, 52, 34,
F=-1
aural percepeion, 1, 56, 15—16, 82, 110, 120, 122, 124,
15960, 176-9
distinguishing genuine from false ingervals, 1, 17, 63, 120
cxace interval recognition, 140
cxperiments, 69, 73-5, 769, 82, 106, 107, 147, 153=5,
17849
See aleo intervals: qualites of) pisch:
absolute; piech: qualities of; vones: qualities of

bears, 1,5, 15, 61, 120-30, 132-3, 140, 146=7, 148, 155,
178, 179, 180

C {= 128 Hz) and ir octaves as prime, 2, 85, 104-6,
10725, 125, 157, 14]
roated in human being, 802, 85=7, 104-5, 107
See also frequency; pitch
cents, 13-16, 17, 57, 132, 138-9, 140, 151, 179-41, 189
Christian impulse in music, 43, 101, 106, 107, 130, 161,
1623
church modes, 7, 46=7, 50, 35, 56, 93, 98, 100, 101
arcle of fifths, 17, 107, 109=16, 122, 144, 161
comma, 17, 73, 111, 139, 149, 189
concert pitches, 2, 69, 72 779 B0, 120, 124=5, 153, 159,
161-=2
effect on haman being, 63, 69, 76=9, 125, 150, 153,
[ 26=7, 160
See also Frequency; pitch
consonances, 1,5, 6, 8,9 11, 15, 117, 122, 178
imperfect, 5, 6, 8, 11, 23, 117, 120, 122
perfect, 1,8, 23

Crionysian seream, &, 36, 42, 46 .
dissonances, 5,6, 8,9, 11, 15-16, 43, 57, 120, 124, 125,
152, 163

194

ear, huomamn, B0-1, B2, 135; ser alro aural
PEICEption
electrically produced vanes, T, 734, 79, 106, 134-8
qualieative loss, 1,63, 106, 135, 138
equal=temperament, 17-18, 22, 106, 178, 181; see alw
intervals; tuning
eurythmy, curythmises, 2, 36, 50, 104, 153, 155-8, 189

folk muosic, 27,71

frequency counter, 132-4, 135, 137

frequency generator, 1324

frequencies, 1, 11, 13, 48-53, 61,72, 91, 109-101, 108-25,
139, 171, 178, 1801, 190

fundamental, 9, 11, 13, 23, 25, 29, 30, 80, 106, 107, 129

grometric meam, 2, 19, 21=2, 43=5, 49, 5760, 124; wee alio
[N Es
Cireek modes, see aulos modes

harmonic mean, 2, 19, 21=2, 23=6, 39, 42, 49-51, 58-60
harmonics, 129, 135, 138, 139; se¢ gl overtones; partials;
undertones

heptachord, 19, 20, 48

interval mattos/ proportons, 13<14, 236, 57, 63, 109,

111=15, 117, 1234, 131

in relation to hurman hmbs, 80, 157

intervals, 1, 2, 7-8, 10, 19-22, 646, 108-161,120=2, 1234,

132-9, 140=51, 178-81

ahrimanic (diminished), 16, 43, 120, 125, 189

augmented, 14=16

beatless, 1, 5.6, 7, 9,11, 15, 117, 120, 122, 12931,
132-5, 140-1, 144

distonic, 11, 14, 25, 48-55, 121

diminished, 14=16

effect on human beings, 63, 69

equal=tempered, 17-18, 43-5, 129, 138, 144, 147

false, 1,6, 7, 17, 434, 57, 63, 69, 106, 124, 152; see alvo
intervals: equal-temipered

fifth-tone, 8, 11, 56

formed, 1, 8, 57, 60, 63, 64, 148, 189

genuime (rurally), 1, 5-6, 13, 15-16, 17-18, 22, 23, 35,
39, 43, 323, 57, 60, 63, 69, 106, 129, 138; toe alvo
intervals: juse; modal; true

imperfect, 14, 152

jus, 7, 10-12, 1315, 57, ed=—6, 80, 107-15, 117=22

hciferic (augmented), 16, 43, 122, 125, 189

measurements, 132-9, 140

medal, 8, 29, 31, 36, 39, 121-2

non-tempered, see scales: pwelve-fifths

apen (minmmally enlarged), 129, 132-8, 141-4, 1478,
150, 152, 1749, 190
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SuRECT INDEX

Drortan (3un connection), 20, 36=7, 95, 97-101
ToTe roawss
fifth-tone, 13, 14
Just, 6, 117
erue, &, 7, 8, 12, 48-56, 109, 117, 1234
ewelith=tone, 8, 13-15, 19, 537, 93, 120, 161, 190
tone=spiral, 2, 104—6
wones, 1, 8, 46, 75, 123-5, 171
alurimanic colouring of, 120, 122, 124-5, 150, 189
difference, 60=1, 129-31, 132, 135, 139, 1424, 147, 178,
179-80, 189
enbarmonically interchangeable, 11619
ethos of, 69, 73=5
fifch, see tomes: true
freely sounding in space (ethenc), 63, 153
geametne meam, 37, 123=4, 141, 14%
Just, 7, 107=24, 149
Inciferic colouring of, 120, 122, 124-5, 150, 189
mcdal, B, 878
qualities of, 6, 63, 69-72, 73-5, 76=9, 91, 108, 110,
129-31, 1328, 140-1, 147, 153-5
related to metals, 81-2, 107
related o planets, 81-2, 85-7, 91100, 124
rrue, 13, 4852, 57, 107-24, 149
See also patch
trivones, 9, 13, 15-16, 43, 110

equal-tempered, 1,8, 17, 22, 43, 124
wning. 1. 2, 6, 17, 6%, 135, 138
aulos modes, 27, 6%, 858, 144
] by car, 87, 88, 140, 144, 152, 181
equal-tempered, B, 17-18, 57, 78, 80, 122, 124, 138, 144,
147, 148, 152, 155-7
geomemic mean-tanes, 141
paamo, 17, 63 69, T4, 129, 135, 140, 142, 147, 161, 178,
1481
o scale of twelve Riths, 8, 57, 603, 69, 122, 129, 132,
137, 14051, 152, 155-7, 161, 178
to true scales, 122
with electronic tuner, 140, 144, 150-1
runing forks, 1, 60, 63, 74, 87, 140, 170, 188
a = 44 Hz, 155, 159
2" = 432 He, 1440, 141, 142, 147=8, 159
¢ = 128 Hz, 6%, 79, 80, &7
¢! = 256 He, 79, 850, 87, 140, 141, 142, 147-8, 154, 155
gelis’ = 362.04 He, 140, 141, 142, 147-8
tevelfth-tone intervals/row, B, 13-15, 19, 120

undertones, 8, 31, 109=17, 22, 39
degrees/eows, 7, 8, 9-12, 1314, 19, 23, 28, 34, 39, 49,
107, 108-117, 123, 152
of C, 123
See alve parmals



THE TONES IN THE SCALES

Table 21
List of scale tonics

Hz Just major Interval to C Foelative juse Hz
scale minor scale
89.898  true G flat g just E flat 76.800
| 91022 just G fla augmented 4th major sixth crue E flat 75852 |
£ ; &
E| 67.424 cue D fla . just B flat 115200 |&
2] 68267 justD flat majar 7th WAt true B flac 113778 |§
21 101.136 true A flat _ just B 86.400 |&
2| 102400 justA fla e Jud e true F 85334 |2
W
£| 75.852 trueE flat _ Just C 129.600 |2
2| 76800 justE flar major Gth _ prime true C 128000 |E
113.778 oue B fla ' juse G 189.630
115200 just B flac While tane Aifth true G 192,000
B5.334 true F just T 142222
86,400 just F Ak Whinle ton true [ 144,000
128.000 true C prime = 128 Hz major Gth Just A 213,333
129600 just C true A 216.000
192,000 rue G . just E 160L000
3 194.400 just G siich e Jed true E 162000 |
: &
8| 144.000 true D . Just B 0000 |2
E1145.800 jusD whole tone major 7th true B 243000 |E
2 =
2| 216,000 truc A , Just F sharp 180.000 |E
g 218.699 justA e B sigoiniced 4th true Fsharp 182250 [
<[162.000 true E juse C shar =
¢ : . Just L. sharp 276.792
164.025 just E major 3rd STy Do true Csharp  273.374
243000 tue B iar Th ted Sth just G sharp 2500
246.037 just B i “Mgiaed.s true Gsharp 205,031
182,250  rtrue F sharp Just I3 sharp 151.875
184528 just F sharp augmented 4ch augmented 2nd arue D sharp 153773
273.374  true C sharp just A sharp 227812
276,792 just C sharp augmented Sve augmened Sth true A sharp 230,660

All just major scales have the same internal interval structure as the just major scale beginning on
true C, but each scale has its own particular character. The interval structure is therefore not character
forming, This is given by the character of the tonic which in turn is influenced by the character of the
interval between the tonic and the common prime C.* If we thus compare the just major scales begin-
ning on true A and true E, the former has an effect like Sun-saturated light streaming out, while the latter
shines out as though from within. The tone true A has breadth and lightt and makes a 27:16 true major
sixth with C, an interval that opens out more than the fifth, while true E makes a 81:64 true major third
with C, an interval that lives and shines within the human being.*

In the parallel minor scales the characteristic quality of the interval between the tonic and C is also
clearly apparent. Thus the tonic of just F minor makes a fifth with true C. Rudolf Steiner said that the

* It is hardly possible to find more appropriate descriptions of the intervals that truly reflect the real situation than those given
by Rudolf Steiner.™** We will therefore base ourselves on his descriptions.
T See aural experiments in chapter 16,

108



Why is it that certain intervals, scales and tones sound genuine and others
false? Is the modern person able to experience a qualitative difference in a
tone’s pitch? If so, what are the implications for modern concert pitch and
how instruments of fixed tuning are tuned?

Maria Renold tackles these and many other questions, providing a wealth of
scientific data. Her pioneering work is the result of a lifetime's research into
Western music's Classical Greek origins, as well as a search for new developments
in modern times. She strives to deepen musical understanding through Rudolf
Steiner’s spiritual-scientific research, and she also elucidates many of Steiner's
often puzzling statements about music.

The results of her work include the following discoveries: the octave has two
sizes (a 'genuine’ sounding octave is bigger than the 'perfect' octave); there
are three sizes of 'perfect’ fifths; an underlying ‘form principle' for all scales
can be found; and, most importantly, the discovery of a method of tuning the
piano which is more satisfactory than equal temperament. She also gives
foundation to some of Rudolf Steiner's statements such as: 'c is always prime'
and 'c = 128 Hz = Sun'.

MARIA RENOLD (1917-2003) spent her childhood in the United States,
where her parents emigrated to found a eurythmy school in New York. She
studied eurythmy and later violin and viola and toured with the Bush Chamber
Orchestra and the Bush String Quartet. One of Maria Renold's deeply-felt
questions concerned the correct concert pitch. When she heard of Rudolf ;
Steiner's concert pitch suggestion of ¢ = 128 Hz she put it into practice imme- |
diately, and experimented with it over many years in America and Europe.
She also discovered a new method of tuning the piano, closer to the tuning
of stringed instruments, arriving at the concert pitch of a' = 432 Hz. First
published in German in 1985, her book has become a modern classic of
musical research.
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