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ERRATA

*
Pege 178, line 5 from bottom: universal should read
universe.
Pege 184, line 15 from bottom: volume should read
amounts.

Page 230, line 2 from bottom: plane should be deeted.
Page 292, fig. 12 should look like this:

X ®

Page 299, line 10: after the closng bracket there should
be a " referring to the first footnote.

Page 325, line 3 from bottom: instead of nature read
matter.

Pege 354, quotation: between lines 3 and 4 should be
inserted Such harmony isin immortal souls.
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Preface

In this book the reader will find expounded a method of investigating
nature by means of which scientific understanding can be carried
across the boundaries of the physical-materid to the supersensible
sources of al natural events, and thereby into the realm where is
rooted the true being of man.

The beginnings of this method were worked out by Goethe more
than 150 years ago. The nineteenth century, however, failed to pro-
vide any fertile ground for the development of the seeds thus sown.
It was left to Rudolf Steiner, shortly before the end of the century, to
recognize the significance of 'Goetheanism' for the future develop-
ment not only of science but of human culture in general. It is to
him, dso, that we owe the possibility of carrying on Goethe's efforts
inthe way required by the needs of our own time.

The following pages contain results of the author's work aong the
path thus opened up by Goethe and Rudolf Steiner—a work begun
twenty-seven years ago, soon after he had made the acquaintance of
Rudolf Steiner. With the publication of these results he addresses
himself to everyone—with or without a specidized scientific training
—whao is concerned with the fate of man's powers of cognition in the
present age.

*

The reader may welcome a remark as to the way in which this
book needs to be read.

It has not been the author's intention to provide an encyclopaedic
collection of new conceptions in variousfields of natural observation.
Rather did he wish, as the sub-title of the book indicates, to offer a
new method of training both mind and eye (and other senses as well),
by means of which our modern 'onlooking' consciousness can be



transformed into a new kind of 'participating' consciousness. Hence
it would be of no avail to pick out one chapter or another for first
reading, perhaps because of some specia interest in its subject-
matter. The chapters are stages on a road which has to be travelled,
and each stage is necessary for reaching the next. It is only through
thus accepting the method with which the book has been written that
the reader will be able to form a competent judgment of its essentiad
elements.

E. L.
Hawkwood College
Easter 1950
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Science at the Threshold



CHAPTER |

Introductory

If | introduce this book by relating how | came to encounter Rudolf
Steiner and his work, more than twenty-five years ago, and what
decided me not only to make hisway of knowledge my own, but also
to enter professionally into an activity inspired by his teachings, it is
because in this way | can most directly give the reader an impression
of the kind of spirit out of which | have written. | am sure, too, that
although what | have to say in this chapter is personal in content, it
is characteristic of many in our time.

When | first made acquaintance with Rudolf Steiner and his work,
| wasfinishing my academic training as an electrical engineer. At the
end of the 1914-18 war my first thought had been to take up my
studies from where | had let them drop, four years earlier. The war
seemed to imply nothing more than a passing interruption of them.
This, at any rate, was the opinion of my former teachers; the war had
made no difference whatever to their ideas, whether on the subject-
matter of their teaching or on its educational purpose. | myself, how-
ever, soon began to feel differently. It became obvious to me that my
relationship to my subject, and therefore to those teaching it, had
completely changed. What | had experienced through the war had
awakened in me a question of which | had previously been unaware;
now | felt obliged to put it to everything | came across.

As achild of my age | had grown up in the conviction that it was
within the scope of man to shape his life according to the laws of
reason within him; his progress, in the sense in which | then under-
stood it, seemed assured by his increasing ability to determine his
own outer conditions with the help of science. Indeed, it was the wish
to take an active part in this progress that had led me to choose my
profession. Now, however, the war stood there as a gigantic socid
deed which | could in no way regard as reasonably justified. How, in



an age when the logic of science was supreme, was it possble that a
great part of mankind, including just those peoples to whom science
had owed its origin and never-ceasing expansion, could act in so com-
pletely unscientific a way? Where lay the causes of the contradiction
thus reveal ed between human thinking and human doing?

Pursued by these questions, | decided after a while to give my
studies anew turn. Thekind of training then provided in Germany at
the so-caled Technische Hochschulen was designed essentialy to
give students a dose practicad acquaintance with al sorts of technica
appliances; it included only as much theory aswaswanted for under-
standing the mathematical calculations arising in technical practice.
It now seemed to me necessary to pay more attention to theoretica
considerations, so as to gain amore exact knowledge of the sources
from which science drew its conception of nature. Accordingly | left
the Hochschule for a course in mathematics and physics at a univer-
sity, though without abandoning my origina idea of preparing for a
career in the field of dectricd engineering. It was with this in mind
that | later chosefor my Ph.D. thesis a piece of experimentd research
on the uses of high-frequency eectric currents.

During my subsequent years of stuffy, however, | found mysdf no
nearer an answer to the problem that haunted me. All that |
experienced, in scientific work as in life generaly, merely gave it
an even sharper edge. Everywhere | saw an abyss widening between
human knowing and human action. How often was | not bitterly
disllusoned by the behaviour of men for whose dhility to think
through the most complicated scientific questions | had the utmost
admiration!

On dl sdes | found this same bewildering gulf between scientific
achievement and the way men conducted their own lives and influ-
enced the lives of others. | was forced to the conclusion that human
thinking, at any rate in its modern form, was either powerless to
govern human actions, or at least unable to direct them towards right
ends. In fact, where scientific thinking had done mogt to change the
practical relations of human life, asin the mechanization of economic
production, conditions had arisen which made it more difficult, not
less, for men to livein away worthy of man. At atimewhen humanity
was equipped as never before to investigate the order of the universe,
and had achieved triumphs of design in mechanicd constructions,
human life was fdling into ever wilder chaos. Why was this?

The fact that most of my contemporaries were apparently quite



unaware of the problem that stirred me so deeply could not weaken
my sense of its reality. This slumber of so many souls in face of the
vital questions of modern life seemed to me merely a further symp-
tom of the sickness of our age. Nor could | think much better of
those who, more sensitive to the contradictions in and around them,
sought refuge in art or religion. The catastrophe of the war had
shown methat this departmentalizing of life, which a onetime | had
myself considered a sort of ideal, was quite inconsistent with the
needs of to-day. To make use of art or religion as arefuge was asign
of their increasing separation from the rest of human culture. It im-
plied a cleavage between the different spheres of society which ruled
out any genuine solution of socia problems.

| knew from history that religion and art had once exercised a
function which is to-day reserved for science, for they had given
guidance in even the most practical activities of human society. And
in so doing they had enhanced the quality of human living, whereas
the influence of science has hadjust the opposite effect. This power of
guidance, however, they had long since lost, and in view of this fact
| came to the conclusion that salvation must be looked for in the first
place from science. Here, in the thinking and knowing of man, was
the root of modern troubles; here must come a drastic revision, and
here, if possible, a completely new direction must be found.

Such views certainly flew in the face of the universal modern con-
viction that the present mode of knowledge, with whose help so much
insight into the natural world has been won, is the only one possible,
given once for dl to man in aform never to be changed. But is there
any need, | asked mysdlf, to cling to this purely static notion of man's
capacity for gaining knowledge? Among the greatest achievements of
modern science, does not the conception of evolution take aforemost
place? And does not this teach us that the condition of a living
organism at any time is the result of the one preceding it, and that
the transition implies a corresponding functional enhancement? But
if we have once recognized this as an established truth, why should
we apply it to organisms at every stage of development except the
highest, namely the human, where the organic form reveals and
sarves the sdlf-conscious spirit?

Putting the question thus, | was led inevitably to a conclusion
which science itself had failed to draw from its idea of evolution.
Whatever the driving factor in evolution may be, it is clear that in
the kingdoms of nature leading up to man this factor has aways



worked on the evolving organisms from outside. The moment we
come to man himself, however, and see how evolution has flowered
in his power of conscious thought, we have to reckon with afunda-
mental change.

Once a being has recognized itself as a product of evolution, it
immediately ceases to be that and nothing more. With its very first
act of salf-knowledge it transcends its previous limits, and must in
future rely on its own conscious actions for the carrying on of its
development.

For me, accordingly, the concept of evolution, when thought
through to the end, began to suggest the possibility of further
growth in man's spiritual capacities. But | saw aso that this growth
could no longer be merely passive, and the question which now beset
me was. by what action of his own can man break his way into this
new phase of evolution? | saw that this action must not consist
merely in giving outer effect to the natural powers of human think-
ing; that was happening everywhere in the disordered world around
me. The necessary action must haveinner effects; indeed, it had to be
one whereby the will was turned upon the thinking-powers them-
selves, entirely transforming them, and so removing the discrepancy
between the thinker and the doer in modern man.

Thusfar | could go through my own observation and reflexion, but
no further. To form a general idea of the deed on which everything
else depended was one thing; it was quite another to know how to
perform the deed, and above all where to make a start with it. Any-
one intending to make a machine must first learn something of
mechanics; in the same way, anyone setting out to do something con-
structive in the sphere of human consciousness—and this, for me,
was the essential point—must begin by learning something of the
laws holding sway in that sphere. But who could give me this
knowledge?

Physiology, psychology and philosophy in their ordinary forms
were of no use to me, for they were themselves part and parcel of just
that kind of knowing which had to be overcome. In their various
accounts of man there was no vantage point from which the deed |
had in mind could be accomplished, for none of them looked beyond
the ordinary powers of knowledge. It was the same with the accepted
theory of evolution; as a product of the current mode of thinking it
could be applied to everything except the one essential—this very
mode of thinking. Obviously, thelaws of the development of human



consciousness cannot be discovered from a standpoint within the
modern form of that consciousness. But how could one find a view-
point outside, as it were, this consciousness, from which to discover
its laws with the same scientific objectivity which it had itself applied
to discovering the laws of physical nature?

It was when this question stood before mein al clarity that destiny
led me to Rudolf Steiner and his work. The occasion was a confer-
ence held in 1921 in Stuttgart by the Anthroposophical Movement;
it was one of several arranged during the years 1920-2 especidly for
teachers and students at the Hochschulen and Universities. What
chiefly moved me to attend this particular conference was the title
of a lecture to be given by one of the pupils and co-workers of
Rudolf1 Steiner—'The Overcoming of Einstein's Theory of Rela
tivity'.

The reader will readily appreciate what this title meant for me. In
the dirdes where my work lay, an intense controversy was just then
raging round Einstein'sidess. | usually took sides with the supporters
of Einstein, for it seemed to me that Einstein had carried the existing
mode of scientific thinking to its logical conclusions, whereas |
missed this consistency among his opponents. At the same time |
found that the effect of this theory, when its implications were fully
developed, was to make everything seem so 'relative’ that no reliable
world-outlook was left. This was proof for me that our age was in
need of an atogether different form of scientific thinking, equally
consistent in itself, but more in tune with man's own being.

What gppedled to me in the lecture-title was smply this, that
whereas everyone else sought to prove Eingtein right or wrong, here
was someone who apparently intended, not merely to add another
proof for or against his theory—there were plenty of those already—
but to take some steps to overcome it. From the point of view of
orthodox science, of course, it was absurd to speak of ‘overcoming'
atheory, as though it were an accomplished fact, but to me this title
suggested exactly what | was looking for.

Although it was the title of this lecture that drew me to the Stutt-
gart Conference (circumstances prevented me from hearing just this
lecture), it was the course given there by Rudolf Steiner himself
which was to prove the decisive experience of my life. It comprised
eight lectures, under the title: 'Mathematics, Scientific Experiment

! The spesker was the late Dr. Elizabeth Vreede, for some years leader of the
Mathematical-Astronomical Section at the Goetheanum, Dornach, Switzerland.



and Observation, and Epistemologica Results from the Standpoint
of Anthroposophy'; what they gave me answered my question
beyond dl expectation.

In the course of a comprehensive higtorical survey the lecturer
characterized, in a way | found utterly convincing, the present
mathematical interpretation of nature as a transitional stage of hu-
man consciousness—a kind of knowing which is on the way from a
past pre-mathematical to a future post-mathematical form of cogni-
tion. The importance of mathematics, whether as a discipline of the
human spirit or as an instrument of natural science, was not for a
moment undervalued. On the contrary, what Rudolf Steiner said
about Projective (Synthetic) Geometry, for instance, its future possi-
bilities and its role as a means of understanding higher processes of
nature than had hitherto been accessible to science, clearly explained
the positive feelings | myself had experienced—without knowing why
—when | had studied the subject.

Through his lectures and his part in the discussons—they were
held daily by the various speakers and ranged over amost every field
of modern knowledge—! gradually redlized that Rudolf Steiner was
in possession of unique powers. Not only did he show himsdf fully at
homein dl these fidds, he was able to connect them with each other,
and with the nature and being of man, in such away that an apparent
chaos of unrelated details was wrought into a higher synthess. More-
over, it became clear to methat one who could spesk as he did about
the stages of human consciousness padt, present and future, must have
full accessto all of them at will, and be able to make each of them an
object of exact observation. | saw a thinker who was himself suffi-
cient proof that man can find within the resources of his own spirit
the vantage-ground for the deed which | had dimly surmised, and by
which alonetrue civilization could be saved. Through al these things
| knew that | had found the teacher | had been seeking.

Thus | was fully confirmed in my hopes of the Conference; but |
was aso often astonished at what | heard. Not least among my sur-
prises was Rudolf Steiner's presentation of Goethe as the herald of
the new form of scientific knowledge which he himsdf was expound-
ing. | was here introduced to a sde of Goethe which was as com-
pletely unknown to me as to so many others among my contempor-
aries, who had not yet come into touch with Anthroposophy. For me,
as for them, Goethe had aways been the greet thinker revedling his
thoughts through poetry. Indeed, only shortly before my meeting



withRudolf Steiner it was in his poetry that Goethe had become
newly diveto me as aheper in my search for afuller human experi-
ence of nature and my fellow-men. But despite dl my Goethe studies
| had been quite unaware that more than a century earlier he had
achieved something in the field of science, organic and inorganic
adike, which could hep modern man towards the new kind of know-
ledge 0 badly needed to-day. This was inevitable for me, since |
shared the modern conviction that art and science were fields of
activity essentially strange to one another. And so it was again
Rudolf Steiner who opened the way for me to Goethe as botanist,
physicist and the like.

| must mention another aspect of the Stuttgart Conference which
Belongs to this picture of my first encounter with Anthroposophy,
and gave it gpecid weight for anyone in my stuation at that period.
In Stuttgart there were many different activities concerned with the
practical gpplication of Rudolf Steiner's teachings, and so one could
become acquainted with teachings and applications at the same time.
Therewas the Waldorf School, founded little morethan ayear before,
with several hundred pupils already. It was the first school to under-
take the transformation of anthroposophical knowledge of man into
educational practice; later it wasfollowed by others, in Germany and
elsawhere. There was one of the clinics, where qualified doctorswere
applying the same knowledge to the study of iliness and the action of
medicaments. In various laboratories efforts were made to develop
new methods of experimental research in physics, chemistry, biology
and other branches of science. Further, alarge business concern had
been founded in Stuttgart in an attempt to embody some of Rudolf
Steiner's ideas for the reform of social life. Besides al this | could
attend performances of the new art of movement, again the creation
of Rudolf Steiner and cdled by him 'Eurhythmy', in which the
astounded eye could see how noble a speech can be uttered by the
human body whenitslimbs are moved in accordancewithitsinherent
spiritua laws. Thus, in al the many things that were going on besides
the lectures, one could find direct proof of the fruitfulness of what
one heard in them.*

! The activities mentioned above do not exhaust the practical possibilities of
Spiritua Science. At that time (1921) Rudolf Steiner had not yet given his indica-
tions for the treatment of children needing specid care of soul and body, or for
the renewal of the art of acting, or for the conquest of materiaistic methods in

agricultural practice. Nor did there yet exist the movement for religious renewal
WhichDr. Fr. Rittelmeyer later founded, with the help and advice of Rudolf Steiner.



Under the impression of this Conference | soon began to study the
writings of Rudolf Steiner. Not quite two years later, | decided to
join professionally with those who were putting Anthroposophy into
outer practice. Because it appeared to me as the most urgent need of
the time to prepare the new generation for the tasks awaiting it
through an education shaped on the entire human being, | turned to
Rudolf Steiner with the request to be taken into the Stuttgart School
as teacher of natural science. On this occasion | told him of my
genera scientific interests, and how | hoped to follow them up later
on. | spoke of my intended educational activity as something which
might help me at the same time to prepare mysdlf for this other task.
Anyonewho learns so to see hature that hisideas can be taken up and
understood by theliving, lively soul of the growing child will thereby
be training himsdlf, | thought, in just that kind of observation and
thinking which the new science of nature demands. Rudolf Steiner
agreed with this, and it was not long afterwards that | joined the
school where | was to work for eleven years as a science master in the
senior classes, which activity | have since continued outside Germany
in amore or less similar form.

This conversation with Rudolf Steiner took place in a large hal
where, while we were talking, over a thousand people were assemb-
ling to discuss matters of concern to the Anthroposophical Move-
ment. This did not prevent him from asking me about the details of
my examination work, in which | was ill engaged at that time; he
aways gave himsdf fully to whatever clamed his attention at the
moment. | told him of my experimental researches in eectrica high-
frequency phenomena, briefly introducing the particular problem
with which | was occupied. | took it for granted that a question from
such a speciaized branch of physics would not be of much interest to
him. Judge of my astonishment when he at once took out of his
pocket a note-book and a huge carpenter's pencil, made a sketch and
proceeded to speak of the problem as one fully conversant with it,
and in such a way that he gave me the starting point for an entirely
new conception of electricity. It was instantly bornein on me that if
electricity came to be understood in this sense, results would follow
which in the end would lead to a quite new technique in the use of it.
From that moment it became one of my life's aims to contribute
whatever my circumstances and powers would alow to the develop-
ment of an understanding of nature of this kind.



CHAPTER I

Where Do We Stand To-day?

In the year 1932, when the world celebrated the hundredth anniver-
sary of Goethe's death, Professor W. Heisenberg, one of the foremost
thinkers in the field of modern physics, delivered a speech before the
Saxon Academy of Science which may be regarded as symptomatic of
the need in recent science to investigate critically the foundations of
its own efforts to know nature.! In this speech Heisenberg draws a
picture of the progress of science which differs significantly from the
one generally known. Instead of giving the usual description of this
progress as 'a chain of brilliant and surprising discoveries, he shows
it as resting on the fact that, with the aim of continually ssimplifying
and unifying the scientific conception of the world, human thinking,
in course of time, has narrowed more and more the scope of its in-
quiries into outer nature.

'‘Almost every scientific advance is bought at the cost of renun-
ciation, amost every gain in knowledge sacrifices important stand-
points and established modes of thought. As facts and knowledge
accumulate, the claim of the scientist to an under standing of theworld
in a certain sense diminishes.' Our justifiable admiration for the
success with which the unending multiplicity of natural occurrences
on earth and in the stars has been reduced to so simple a scheme of
laws—Heisenberg implies—must therefore not make us forget that
these attainments are bought at the price 'of renouncing the aim of
bringing the phenomena of nature to our thinking in an immediate
and living way'.

In the course of his exposition, Heisenberg also speaks of Goethe,

! This address and another by the same author are published together under
thecommontitle, Wandlungenin den Grundlagen der Naturwissenschaft (‘Changes
in the foundations of Natural Science). Helsenberg's name has become known
above all by his formulation of the so-called Principle of Indeterminacy.



in whose scientific endeavours he perceives a noteworthy attempt to
st sdientific understanding upon a path other than that of pro-
gressive salf-restriction.

"The renouncing of life and immediacy, which was the premisefor
the progress of natural science since Newton, formed the red basis
for the bitter struggle which Goethe waged againgt the physicd
optics of Newton. It would be superficial to dismiss this struggle as
unimportant: thereis much significancein one of the most outstand-
ing men directing dl his effortsto fighting against the devel opment of
Newtonian optics' There is only one thing for which Heisenberg cri-
ticizes Goethe: 'If one should wish to reproach Goethe, it could only
befor not going far enough—that is, for having attacked the views of
Newton ingtead of declaring that the whole of Newtonian Physics—
Optics, Mechanics and the Law of Gravitation—werefrom the devil .

Although the full significance of Heisenberg's remarks on Goethe
will become apparent only at alater stage of our discussion, they have
been quoted here because they form part of the symptom we wish to
characterize. Only this much may be pointed out immediately, that
Goethe—if not in the scientific then indeed in the poetica part of his
writings—did fulfil what Heisenberg rightly fedls to have been his
true task.*

We mentioned Heisenberg's speech as a symptom of a certain ten-
dency, characteridtic of the latest phasein science, to survey criticaly
its own epigemologicd foundations. A few years previousto Heisen-
berg's speech, the need of such a survey found an e ogquent advocate
in the late Professor A. N. Whitehead, in his book Science and the
Modern World, where, in view of the contradictory nature of modern
physica theories, he indgts that 'if science is not to degenerate into a
mediey of ad hoc hypotheses, it must become philosophica and enter
upon a thorough criticiam of its own foundations.

Among the scientists who have fdlt this need, and who have taken
pains to fulfil it, the late Professor A. Eddington obtains an eminent
position. Among his relevant utterances we will quote here the fol-
lowing, because it contains a concrete statement concerning the field
of external observation which forms the basis for the modern scien-
tific world-picture. In his Philosophy of Physical Science we find him
stating that ‘idedly, al our knowledge of the universe could have
been reached by visud sensation done—in fact by the smplest form

! S in this respect, Faust's dispute with Mephistopheles on the causes
responsible for the geologica changes of the earth. (Faust 11, Act 4)



of visual sensation, colourless and non-stereoscapi ¢ In other words,
in order to obtain scientific cognition of the physicad world, man has
felt constrained to surrender the use of al his senses except the sense
of 9ght, and to limit even the act of seeing to the use of a sngle,
colour-blind eye.

Let us listen to yet another voice from the ranks of present-day
science, expressing a criticism which is symptomatic of our time. It
comesfromthelate physiologist, Professor A, Carrel, who, concern-
ing the effect which scientific research has had on man's life in
genera, saysin his book, Man the Unknown: The sciences of inert
matter have led us into a country that is not ours. . . . Manis a
dranger in the world he has created.

Of these utterances, Eddington's is a the present point of our dis
cussion of specid interest for us; for he outlines in it the precise field
of sense-perception into which science has withdrawn in the course of
that general retreat towards an ever more restricted questioning of
nature which was noted by Heisenberg.

The pertinence of Eddington’s statement is shown immediately one
considers what a person would know of the world if his only source
of experience were the sense of sight, gill further limited in the way
Eddington describes. Out of everything that the world brings to the
totdity of our senses, there remains nothing more than mere move-
ments, with certain changes of rate, direction, and so on. The picture
of the world received by such an obsarver is a purely kinematic one.
And this is indeed, the character of the world-picture of modern
physcd sdence For in the stientific treetment of natural pheno-
mena al the qudities brought to us by our other senses, such as
colour, tone, warmth, dendity and even dectricity and magnetism, are
reduced to mere movement-changes.

As aresult, modern scienceis prevented from conceiving any valid
idea of force. In so far as the concept 'force' appears in scientific
considerations, it plays the part of an ‘auxiliary concept’, and what
man naively conceives as force has come to be defined as merely a
‘descriptive law of behaviour'. We must leave it for later considera
tions to show how the scientific mind of man has created for itsdlf the
conviction that the part of science occupied with the actions of force

! See dso Eddington's more daborate description of this fact in his New
Pathways in Science. The above statement, like others of Eddington's, has been
Contested from the side of professiona philosophy as logicaly untenable. Our
own further discussion will show that it accords with the facts.



in nature can properly be treated with purely kinematic concepts. It
is the fact itsdlf which concerns us here. In respect of it, note as a
characteristic of modern text-books that they often smply use the
term ki netlcs (ashortening of kinematics) to designate the science of
‘dynamics.’

In the course of our investigations we shall discover the peculiarity
in human nature which—during the first phase, now ended, of man's
sruggle towards scientific awareness—has caused this renunciation
of al sense-experiences except those which cometo man through the
sight of a single colour-blind eye. It will then also become clear out
of what historic necessity this self-restriction of scientific inquiry
arose. The acknowledgment of this necessity, however, must not pre-
vent us from recognizing the fact that, as a result of this restriction,
modern scientific research, which has penetrated far into the dynamic
substrata of nature, finds itself in the peculiar situation that it is not
at al guided by its own concepts, but by the very forces it tries to
detect. And i |n this fact lies the root of the danger which besets the
present age.’

He who recognizes this, therefore, feds impelled to look for a way
which leads beyond a one-eyed, colour-blind conception of the
world. It is the am of this book to show that such a way exists and
how it can be followed. Proof will thereby be given that along this
way not only is atrue understanding achieved of the forces already
known to science (though not redlly understood by it), but dso that
other forces, just as active in nature as for example eectricity and
magnetism, come within reach of scientific observation and under-
ganding. And it will be shown that these other forces are of a kind
that requires to be known to-day if we are to restore the lost balance
to human civilization.

*

Thereis arule known to physicians that ‘atrue diagnosis of a case
containsin itself the therapy'. No true diagnosis is possible, however,
without investigation of the 'history' of the case. Applied to our task,
this means that we must try to find an aspect of human development,
both individual and historical, which will enable us to recognize in

! Both words, kinematics and kinetics, are derivatives of the Greek word
kinein, to move. The term 'kinematic' is used when motion is consdered abs-
tractly without reference to force or mass. Kinetics is gpplied kinematics, or, as
p0| nted out above, dynamics treated with kinematic concepts.

% These last statements will find further illustration in the next two chapters.



man's own being the cause responsible for the peculiar narrowing of
the scope of scientific inquiry, as described by the scientists cited
above.

A characterigic of scientific inquiry, distinguishing it from man's
earlier ways of solving the riddles of the world, is that it admits as in-
struments of knowledge exclusively those activities of the human
soul over which we have full control because they take place in the
full light of consciousness. This also explains why there has been no
stience, in the true sense of the word, prior to the beginning of the
era commonly caled 'modern'—that is, before the fifteenth century.
For the consciousness on which man's scientific striving is based is
itself an outcome of human evolution.

This evolution, therefore, needs to be considered in such a way
that we understand the origin of modern man's state of mind, and in
particular why this state of mind cannot of itsdf have any other rela
tionship to the world than that of a spectator. For let us be clear that
this peculiar relationship by no means belongs only to the scientific-
ally engaged mind. Every adult in our ageis, by virtue of his psycho-
physical structure, more or less a world-spectator. What distin-
guishes the state of man's mind when engaged in scientific observa-
tion is that it is restricted to a one-eyed colour-blind approach.

*

'Death is the price man has to pay for his brain and his person-
ality'—this is how a modern physiologist (A. Carrd in his afore-
mentioned book, Man the Unknown) describes the connexion be-
tween man's bodily functions and his waking consciousness. It is
characteristic of the outlook prevailing in the nineteenth century that
thinking was regarded as the result of the life of the body; that is, of
the body's matter-building processes. Hence no attention was paid at
that time to the lonely voice of the German philosopher, C. Fortlage
(1806-81), who in his System of Psychology as Empirical Science
suggested that consciousness is really based on death processes in the
body. From this fact he boldly drew the conclusion (known to us to-
day to be true) that if 'partial death' gave rise to ordinary conscious-
ness, then 'total death’ must result in an extraordinary enhancement
of consciousness. Again, when in our century Rudolf Steiner drew
attention to the same fact, which he had found along his own lines of
investigation, showing thereby the true role of the nervous system in
regard to the various activities of the soul, official science turned a



desf ear to his pronouncement.’ To-day the scientist regards it as
forming part of 'unknown man' that life must recede—in other
words, that the organ-building processes of the body must cometo a
standstill—if consciousness is to come into its own.

With the recognition of a death process in the nervous system as
the bodily foundation of consciousness, and particularly of man's
conceptual activities, the question arises as to the nature of those
activities which have their foundation in other systems, such as that
of the muscles, where life, not death, prevails. Here an answer must
be given which will surprise the reader acquainted with modern
theories of psycho-physical interaction; but if he meets it with an
open mind he will not find it difficult to test.

Just as the conceptua activity has as its bodily foundation the
brain, with the nervous appendages, so it is valitiona activity which
is based on processes taking place in the muscular region of the body
and in those organs which provide the body's metabolism.

A datement which says that man's will is as directly based on the
metabolic processes of the body, both inside and outside the muscles,
asis his perceiving and thought-forming mind on a process in the
nerves, is bound to cause surprise. Firdtly, it seems to leave out the
role commonly ascribed to the so-called motoric part of the nervous
system in bringing about bodily action; and secondly, the acknow-
ledgment of the dependence of consciousness on corpored 'dying'
implies that willing is an unconscious activity because of its being
based on life processes of the body.

Thefirst of these two problems will find its answer at alater stage
of our discussion when we shall see what entitles us to draw a direct
connexion between valition and muscular action. To answer the
second problem, smple self-observationisrequired. Thistdlsusthat,
when we move alimb, al that we know of istheintention (in its con-
ceptual form) which rouses the will and givesit its direction, and the
fact of the completed deed. 1n between, we accompany the movement
with a dim awareness of the momentary positions of the parts of the
body involved, so that we know whether or not they are moving in
theintended manner. This awarenessis dueto aparticular sense, the
'sense of movement' or 'muscular sense—one of those senseswhose
exisencephysiology haslately cometo acknowledge. Nothing, how-
ever, is known to us of al the complex changes which are st into
play within the muscles themsdlves in order to carry out some in-

! First published in 1917 in his book Von Selenrétseln,



tended movement. And it is these that are the direct outcome of the
activity of our will.

Regarding man's psycho-physica organization thus, we come to
sein it akind of polarity—a death-pole, as it were, represented by
the nerves including their extension into the senses, and a life-pole,
represented by the metabolic and muscular systems; and connected
with them apole of consciousness and one of unconsciousness—or as
we can aso say, of waking and deeping consciousness. For the de-
gree of consciousness on the side of the life-poleis not different from
the state in which the entire human being dwells during deep.

It is by thus recognizing the dependence of consciousness on pro-
of bodily disintegration that we first come to understand why
consciousness, once it has reached a certain degree of brightness, is
bound to suffer repeated interruptions. Every night, when we deep,
our nervous system becomes dive (though with gradually decreasing
intensity) in order that what has been destroyed during the day may
be restored. While the system is kept in this condition, no conscious-
ness can obtain in it.

In between the two polarically opposite systems there is a third,
again of clearly distinct character, which functions as a mediator be-
tween the two. Here al processes are of a grictly rhythmic nature, as
is shown by the process of breathing and the pulsation of the blood.
This system, too, provides the foundation for a certain type of psy-
chologica process, namely fegling. That feeling is an activity of the
soul distinct from both thinking and willing, and that it has its direct
counterpart in the rhythmic processes of the body, can be mogt easly
tested through observing oneself when listening to music.

As one might expect from its median position, the feeling sphere of
the soul is characterized by a degree of consciousness half-way be-
tween waking and deeping. Of our feelings we are not more conscious
than of our dreams; we are as little detached from them as from our
dream experiences while these last; what remains in our memory of
past feelingsisusually not morethan what weremember of past dreams.

This picture of the threefold psycho-physical structure of man will
now enable us to understand the evolution of consciousness both in
individual life and in the life of mankind. To furnish the foundation
of waking consciousness, parts of the body must become divorced
from life. This process, however, is onewhich, if we take thewordin
its widest sense, we may cdl, ageing. All organic bodies, and equally
that of man, are originaly traversed throughout by life. Only gradu-



dly certain parts of such an organism become precipitated, as it
were, from the genera organic structure, and they do so increasingly
towards the end of that organism's life-span.

In the human body this separation sets in gently during the later
stages of embryonic development and brings about the first degree of
independence of bones and nerves from the rest of the organism. The
retreat of life continues after birth, reaching a certain climax in the
nervous system at about the twenty-first year. In the body of a small
child there is dill comparatively little contrast between living and
non-living organs. There is equaly little contrast between deeping
and waking condition in its soul. And the nature of the soul at this
stage is valition throughout. Never, in fact, does man's soul so inten-
svey will asin thetime when it is occupied in bringing the body into
an upright podition, and never again does it exert its strength with the
same unconsciousness of the god to which it drives.

What, then, is the soul's characterigtic relationship to the world
around a this stage? The following observations will enable us to
answer this question.

It is well known that small children often angrily strike an object
against which they have stumbled. This has been interpreted as
‘animism’, by which it is meant that the child, by analogy with his
experience of himsdf as a soul-filled body, imagines the thingsin his
surroundings to be smilarly ensouled. Anyone who realy observes
the child's mode of experience (of which we as adults, indeed, keep
something in our will-life) isled to a quite different interpretation of
such a phenomenon. For he redlizes that the child neither experiences
himsdf as soul-entity digtinct from his body, nor faces the content of
the world in so detached a manner as to be in need of using his
imagination to read into it any soul-entities digtinct from his own.

In this early period of his life the human being dill fedls the world
as part of himsdlf, and himsdf as part of the world. Consequently, his
relation to the objects around him and to his own body is one and the
same. To the example of the child beating the external object he has
sumbled againg, there belongs the complementary picture of the
child who beats himself because he has done something which makes
him angry with himself.

In sharp contrast to this state of oneness of the child's soul, in
regard both to its own body and to the surrounding world, there
stands the separatedness of the adult's intellectual consciousness,
severed from both body and world. What happens to this part of the



soul during its trangtion from one condition to the other may be
aptly described by using acomparison from another sphere of natural
phenomena. (Later descriptions in this book will show that a com-
parison such as the one used here is more than a mere externa
anaogy.)

Let us think of water in which salt has been dissolved. In this sate
the sdt is one with its solvent; thereis no vishble distinction between
them. The situation changes when part of the sdt crystdlizes. By this
process the part of the salt substance concerned loses its connexion
with the liquid and contracts into individualy outlined and spatially
defined pieces of solid matter. It thereby becomes opticdly digtin-
guishable from its environment.

Something similar happens to the soul within the region of the
nervous system. What keeps the soul in a state of unconsciousness as
long as the body, in childhood, is traversed by life throughout, and
what continues to keep it in this condition in the parts which remain
dive after the separation of the nerves, is the fact that in these parts
—to maintain the analogy—the soul is dissolved in the body. With
the growing independence of the nerves, the soul itsdlf gains inde-
pendence from the body. At the same time it undergoes a process
dmilar to contraction whereby it becomes discernible to itsdf as an
entity distinguished from the surrounding world. In this way the
soul isenabled, eventualy, to meet theworld from outside as a sdlf-
conscious onlooker.

*

What we have here described as the emergence of an individud's
intellectual consciousness from the original, purely volitional condi-
tion of the soul is nothing but a replica of a greater process through
which mankind as a whole, or more exactly Western mankind, has
gone in the course of its higoricad development. Man was not always
the 'brain-thinker' he is to-day.! Directly the separation of the nerve
system was completed, and thereby the full clarity of the brain-
bound consciousness achieved, man began to concern himsdf with
science in the modern sense.

To understand why this science became restricted to one-eyed,

! Homer's men ill think with the diaphragm (phrenes). Similarly, the ancient
practice of Yoga, as a means of acquiring knowledge, shows that at the time
When it flourished man's conceptual activity was felt to be seated elsewhere than
in the head.



colour-blind observation we need only apply to the human sense
system, in particular, what we have learnt concerning man's three-
fold being.

Sharply distinguished by their respective modes of functioning
thoughthey are, thethree bodily systems are each spread out through
the whole body and are thus to be found everywhere adjacent to each
other. Hence, the corresponding three states of consciousness, the
deeping, dreaming and waking, are dso everywhere adjacent and
woven into one another. It is the predominance of one or other
which imparts a particular quaity of soul to one or other region of
thebody. Thisis clearly shown within the realm of sense activity, it-
«df the most conscious part of the human being. It is sufficient to
compare, say, the senses of sight and smell, and to notice in what
different degree we are conscious of the impressions they convey, and
how differently thecorresponding el ementsof conception, feelingand
willing are blended in each. We never turn away as indtinctively from
objectionable colour arrangement as from an unpleasant smell. How
snal a part, on the other hand, do the representations of odours
play in our recollection of past experiences, compared with those of
sght! The same is vaid in descending measure for al other senses.

Of al senses, the sense of sight has in greatest measure the qualities
of a 'conceptua sense. The experiences which it brings, and these
done, were suitable as a basis for the new science, and even 0 a
further limitation was necessary. For in spite of the specid qudity of
the sense of sight, it is gtill not free from certain elements of feeling
and will—that is, from dements with the character of dream or
deep. Thefirst plays a part in our perception of colour; the second,
in observing the forms and perspective ordering of objects we look at.

Here is repeated in a specid way the threefold organization of
man, for the seaeing of colour depends on an organic process apart
from the nerve processes and similar to that which takes place be-
tween heart and lungs, whilst the seeing of forms and spatid vison
depend upon certain movements of the eyebal (quick traversing of
the outline of the viewed object with the line of sight, ateration of the
angle between the two axes of sight according to distance), in which
the eyeis active as a sort of outer limb of the body, an activity which
enters our consciousness as little as does that of our limbs. 1t now
becomes clear that no world-content obtained in such more or less

! This must not be confused with the fact that a smell may evoke other
memories by way of association.



unconscious ways could be made available for the building of a new
scientific world-conception. Only as much as man experiencesthrough
the sight of a single, colour-blind eye, could be used.

*

If we would understand the role of science in the present phase of
human devel opment, we must be ready to apply two entirely different
and seemingly contradictory judgments to one and the same his-
torical phenomenon. The fact that something has occurred out of
historical necessity—that is, a necessity springing from the very laws
of cosmic evolution—does not save it from having a character which,
in view of its consequences, must needs be cdled tragic.

In this era of advanced intellectualism, little understanding of the
existence of true tragedy in human existence has survived. As aresult,
the word 'tragedy’ itself has deteriorated in its meaning and is nowa-
days used mostly as a synonym for 'sad event', ‘calamity’ 'serious
event', even ‘crime’ (Oxford Diet.). In its origind meaning, however,
springing from the dramatic poetry of ancient Greece, the word com-
bines the concept of calamity with that of inevitability; the author of
the destructive action was not held to be personally responsible for it,
since he was caught up in a nexus of circumstances which he could
not change.

Thisis not the place to discuss why tragedy in this sense forms part
of man's existence. It suffices to acknowledge that it does and, where
it occurs, to observe it with scientific objectivity.

Our condgderations, starting from certain statements made by
some leading scientific thinkers of our time, have helped us not only
to confirm the truth inherent in these statements, but to recognize the
facts stated by them as being the outcome of certain laws of evolution
and thereby having an historic necessity. This, however, does not
mean that man's scientific labours, carried out under the historically
given restrictions, great and successful as these labours were and are,
have not led to calamitous effects such as we found indicated by Pro-
fessor Carrel. The sciences of matter have led man into a country that
is not his, and the world which he has created by means of scientific

! For one who endeavours to observe historical facts in the manner here
described, it isno mere play of chance that the father of scientific atomism, John
Dalton, was by nature colour blind. In fact, colour blindness was known, for a
considerable time during the last century, as 'Daltonism'’, since it was through the

publication of Dalton's self-observations that for the first time general attention
was drawn to this phenomenon.



research is not only one in which he is a stranger but one which
threatens to-day to deprive him of his own exigence. The reason is
that this world is essentidly a world of active forces, and the true
nature of these is something which modern man, redricted to his
onlooker-consciousness, is posgtively unable to conceive.

We have taken afirst sep in diagnosing man's present spiritual
condition. A few more steps are required to lead us to the point
where we can conceive the therapy he needs.



CHAPTER Il
The Onlooker's Philosophic Malady

In his isolation as world spectator, the modern philosopher was
bound to reach two completely opposite views regarding the objec-
tive value of human thought. One of these was given expression in
Descartes famous words: Cogito ergo sum ('l think, therefore | am’).
Descartes (1596-1650), rightly described as the inaugurator of mod-
ern philosophy, thus held the view that only in his own thought-
activity does man find a guarantee of his own existence.

In coming to this view, Descartes took as his starting-point his ex-
perience that human consciousness contains only the thought pictures
evoked by sense-perception, and yet knows nothing of the how and
why of the things responsible for such impressions. He thus found
himself compelled, in the first place, to doubt whether any of these
things had any objective existence, at al. Hence, there remained over
for him only one indubitable item in the entire content of the uni-
verse—his own thinking; for were he to doubt even this, he could do
so only by again making use of it. Fromthe 'l doubt, therefore | am',
hewas led in thisway to the'l think, therefore | am'.

The other conception of human thought reached by the onlooker-
consciousness was diametrically opposed to that of Descartes, and
entirely cancelled its conceptual significance. It was put forward—
not long afterwards—by Raobert Hooke (1635-1703), the first scien-
tig to make sysematic use of the newly invented microscope by
means of which he made the fundamental discovery of the celular
structure of plant tissues. It was, indeed, on the strength of his micro-
scopic studies that he boldly undertook to determine the relationship
of human thought to objective reality. He published his views in the
introduction to his Micrographia, the great work in which, with the
lavish help of carefully executed copper engravings, he made his
microscopic observations known to the world.

Hooke's line of thought is briefly as follows: In past ages men



subscribed to the naive belief that what they have in their conscious-
ness as thought pictures of the world, actually reproduces the red
content of that world. The microscope now demonstrates, however,
how much the familiar appearance of the world depends on the
structure of our sense apparatus; for it reveals areamjust as real as
that already known to us, but hitherto concealed from us becauseitis
not accessible to the natural senses. Accordingly, if the microscope
can penetrate through the veil of illuson which normally hides a
whole world of potentially visible phenomena, it may be that it can
even teach us something about the ideas we have hitherto formed
concerning the nature of things. Perhaps it can bring us a step
nearer the truth in the sphere of thought, as it so obvioudly has done
in that of observation.

Of dl the ideas that human reason can form, Hooke considered
the smplest and the most fundamental to be the geometrical con-
cepts of point and straight line. Undoubtedly we are able to think
these, but the naive consciousness takes for granted that it also per-
ceives them as objective redlities outside itself, so that thoughts and
facts correspond to each other. We must now ask, however, if this
bdlief is not due to an optical deception. Let us turn to the microscope
and see what point and linein the external world look like through it.

For his investigation Hooke chose the point of a needle and a
knife-edge, as providing the best representatives among physical
objects of point and straight line. In the sketches here reproduced we
may see how Hooke made clear to his readers how little these two
things, when observed through the microscope, resemble what is seen
by the unaided eye. This fact convinced Hooke that the apparent
agreement between the world of perception and the world of ideas
rests on nothing more solid than an optical limitation (Plate I).

Compared with the more refined methods of present-day thought,
Hooke's procedure may dtrike us as somewhat primitive. Actudly he
did nothing more than has since been done times without number;
for the scientist has become more and more willing to alow artifi-
cialy evoked sense-perceptions to dictate the thoughts he uses in
forming a scientific picture of the world.

In the present context we are concerned with the historical import
of Hooke's procedure. This lies in the fact that, immediately after
Descartes had satisfied himsdlf that in thinking man had the one sure
guarantee of his own existence, Hooke proved in a seemingly indub-
itable manner that thinking was entirely divorced from redlity. It re-



quired only another century for philosophy to draw from this the
unavoidable consequence. It appeared in the form of Hume's philo-
sophic system, the outcome of which was universal scepticism.
Aswe shall seein due course, Hume's mode of reasoning continues
to rule scientific thought even to-day, quite irrespective of the fact
that science itself claims to have its philosophical parent in Kant, the
very thinker who devoted his life's work to the refutation of Hume.

*

On the basis of his investigations into human consciousness Hume
felt obliged to reason thus: My consciousness, as | know it, has no
contact with the external world other than that of a mere outside on-
looker. What it wins for its own content from the outer world is in
the nature of single, mutually unrelated parts. Whatever may unite
these parts into an objective whole within the world itsdf can never
enter my consciousness; and any such unifying factor entertained by
my thought can be only a self-congtructed, hypothetica picture. Hume
summed up his view in two axioms which he himself described as the
apha and omega of his whole philosophy. The first runs: 'All our
distinct perceptions are distinct existences' The other: The Mind
never percelves any real connexions between distinct existences!
(Treatise of Human Nature.)

If once we agree that we can know of nothing but unrelated
thought pictures, because our consciousness is not in a position to
relate these pictures to a unifying redlity, then we have no right to
ascribe, with Descartes and his school, an objective redlity to the sdf.
Even though the sdf may appear to us as the unifying agent among
our thoughts, it must itsdf be a menta picture among menta pic-
tures; and man can have no knowledge of any permanent reality out-
dde this fluctuating picturerealm. So, with Hume, the onlooker-
consciousness came to experience its own utter inability to achieve a
knowledge of the objective existence ether of a materid world be-
behind all externa phenomena, or of a spiritual sdf behind al the
details of its own internal content.

Accordingly, human consciousness found itsdlf hurled into the
abyss of universal scepticism. Hume himsdlf suffered unspeskably
under the impact of what he considered inescapable ideas—rightly
described from another side as the 'suicide of human intelligence—
and his philosophy often seemed to him like a malady, as he himsdlf
called it, against whose grip he could see no remedy. The only thing



left to him, if he was to prevent philosophical suicide from ending in
physicd suicide, wasto forget in daily life his own conclusions as far
as possible

What Hume experienced as his philosophica maady, however,
was the result not of a menta abnormdity peculiar to himsdlf, but of
that modern form of consciousness which gill prevailsin genera to-
day. This explains why, despite al attempts to disorove Hume's
philosophy, scientific thought has not broken away from its alpha
and omega in the dightest degree.

A proof of thisis to be found, for example, in the principle of In-
determinacy which has arisen in modern physics.

*

The conception of Indeterminacy as an unavoidable consegquence
of thelatest phase of physical researchisdueto Professor W. Heisen-
berg. Originaly this conception forced itsdf upon Heisenberg as a
result of experimental research. In the meantime the same idea has
received itspurely philosophical foundation. Weshall heredeal with
both lines of approach.

After the discovery by Gdileo of the parallelogram of forces, it
became the object of dasscd physcs—unexpressed, indeed, until
Newton wrote his Principia—to bring the unchanging laws ruling
nature into the light of human consciousness, and to give them con-
ceptud expresson in the language of mathematica formulae. Since,
however, science was obliged to redtrict itsdf to what could be ob-
served with a single, colour-blind eye, physics has taken as its main
object of research the spatio-tempora relationships, and their changes,
between discrete, idedlly conceived, point-like particles. Accordingly,
the mathematically formulable laws holding sway in nature came to
mean thelaws according to whichthe smallest particlesinthematerial
foundation of the world change their position with regard to each
other. A science of this kind could logicaly maintain that, if ever it
succeeded in defining both the position and the state of motion, in
onesinglemoment, of thetotality of particlescomposingtheuniverse,
itwoul dhavediscoveredthel awonwhichuniversal existencedepends.
Thisnecessarily rested onthepresuppositionthatit really wastheulti-
mateparticlesof thephysical worldwhichwereunder observation. In
thesearchforthese, guidedchiefly by thestudy of e ectricity, thephysi-
ciststracked down ever smaller andsmaller units; and along thispath
scientificresearchhasarrived at thefollowing peculiar situation.



medium of observation. For ordinary things, light provides this. In
the sense in which light is understood to-day, thisis possible because
the spatial extension of the single light impulses, their so-called wave-
length, is immeasurably smaller than the average magnitude of all
microscopicaly visible objects. This ensures that they can be ob-
served clearly by the human eye. Much smaller objects, however, will
require a correspondingly shorter wave-length in the medium of
observation. Now shorter wave-lengths than those of visible light
have been found in ultraviolet light and in X-rays; and these,
accordingly, are now often used for minute physical research.

Inthisway, however, we are led by nature to a definite boundary;
for we now find ourselves in a reslm where the dimensions of the
observation medium and the observed object are more or less the
same. The result, unfortunately, is that when the 'light' meets the
object, it changes the latter's condition of movement. On the other
hand, if a 'light' is used whose wave-length is too big to have any
influence on the object's condition of movement, it precludes any
exact determination of the object's location.

Thus, having arrived at the very ground of the world—that is,
where the cosmic laws might be expected to reved themselves di-
rectly—the scientigt finds himself in the remarkable situation of only
being able to determine accurately either the position of an observed
object and not its state of motion, or its state of motion and not its
position. The law he seeks, however, requires that both should be
known at the sametime. Nor isthis situation due to theimperfection
of the scientific apparatus employed, but to its very perfection, so
that it appears to arise from the nature of the foundation of the
world—in so far, at least, as modern science is bound to conceiveit.

Ifit is true that a vaid scientific knowledge of nature is possible
only in the sphere open to a single-eyed, colour-blind observation,
and if it is true—as a stience of this kind, at any rate, is obliged to
believe—that al processes within the material foundation of the
world depend on nothing but the movements of certain elementary
particles of extremely small sze, then the fact must be faced that the
very nature of these processes rules out the discovery of any stable
ordering of things in the sense of mathematically formulable laws.
The discovery of such laws will then aways be the last step but one
in scientificinvestigation; thelast will inevitably be the dissolution of
such laws into chaos. For a condgtent scientific thinking that goes



thisway, therefore, nothing is | eft but to recognize chaos as the only
red basis of an apparently ordered world, a chaos on whose surface
the laws that seem to hold sway are only theillusory picturings of the
human mind. This, then, is the principle of Indeterminacy as it has
been encountered in the course of practical investigation into the
dectrica processes within physical matter.

In the following way Professor Schrodinger, another leading
thinker among modern theoretical physicists, explains the philosoph-
ical bass for the principle of Indeterminacy, which scientists have
established in the meantime:*

'Every quantitative observation, every observation making use of
measurement, is by nature discontinuous. . . . However far wegoin
the pursuit of accuracy we shdl never get anything other than a
finite series of discreteresults. . . . Theraw materid of our quantita:
tive cognition of nature will always have this primitive and discon-
tinuous character. ... It is possble that a physcd system might be
so smplethat this meagreinformation would sufficeto settleitsfate;
in that case nature would not be more complicated than a game of
chess. To determine a position of a game of chess thirty-three facts
suffice. ... If nature is more complicated than a game of chess a
bdief to which onetends to indine, then aphysical system cannot be
determined by a finite number of observations. But in practice a
finite number of observations is dl that we could make.'

Classicd phydcs, the author goes on to show, hdd that it was
possble to gain ared insight into the laws of the universe, because
in principle an infinite number of such discrete observations would
enable us tofill in the gaps sufficiently to alow us to determine the
system of the physical world. Against this assumption modern phy-
sgcs must hold the view that an infinite number of observations can-
not in any case be carried out in practice, and that nothing compels
usto assumethat even thiswould sufficeto furnish uswith the means
for a complete determination, which alone would alow us to spesk
of 'law' in nature. Thisis the direction in which modern physics has
led us without really intending it

What we have previoudy sad will make it clear enough that in
these words of amodern physicist we meet once more thetwo funda-
mentals of Hume's philosophy. It isjust as obvious, however, that
the very principle thus re-affirmed at the latest stage of modern phy-

! In his book, Science and the Human Temperament (Dublin, 1935).



scd science was aready firmly established by Hooke, when he
sought to prove to his contemporaries the unreality of human idess.

Let us recdl Hooke's motives and results. The human reason dis-
covers that certain law-abiding forms of thought dwell within itself;
these are the rules of mathematical thinking. The eye informs the
reason that the same kind of law and order is present dso in the
outer world. The mind can think point and line; the eye reports that
the same forms exigt in nature outside. (Hooke couldjust as well have
taken as his examplesthe apex and edge of acrystal.) Thereason mis-
trusts the eye, however, and with the help of the microscope 'im-
proves onit. What hitherto had been taken for a compact, regulated
whole now collapses into a heap of unordered parts; behind the
illusion of law afiner observation detects the redlity of chaod

Had science in its vehement career from discovery to discovery not
forgotten its own beginnings so completely, it would not have needed
its latest researches to bring out a principle which it had in fact been
following from the outset—a principle which philosophy had aready
recognized, if not in quite the same formulation, in the eighteenth
century. Indeterminacy, as we havejust seen it explained by Schré-
dinger, is nothing but the exact continuation of Humean scepticism.



CHAPTER IV

The Country that is Not Ours

The last two chapters have served to show the impasse into which
human perception and thinking have come—in so far as they have
been used for scientific purposes—by virtue of therelationship to the
world in which man's consciousness found itself when it awoke to
itself at the beginning of modern times. Now although the onlooker
in man, epecidly in the earliest stage of our period, gave itsdf up to
the conviction that a sdf-contained picture of the universe could be
formed out of the kind of materids avalable to it, it nevertheess had
adiminkling that this picture, becauseit lacked al dynamic content,
had no bearing on the real nature of the universe. Unable to find this
redity within himsdlf, the world-onlooker st about searching in his
own way for what was missing, and turned to the perceptible world
outsde man. Here he came, dl unexpectedly, upon . . . dectricity.
Scarcdy was dectricity discovered than it drew human scientific
thinking irresstibly into its own redm. Thereby man found himsdlf,
with a consciousness completely blind to dynamics, within a sphere of
only too real dynamic forces. The following description will show
what results this has had for man and his civilization.

*

Firgt, let us recal how potent a role electricity has cometo play in
socid life through the great discoveries which began at the end of the
eighteenth century. To do this we need only compare the present
relationship between production and consumption in the economic
sphere with what it was before the power-machine, and especialy the
eectricaly driven machine, had been invented. Consider some major
public undertaking in former times—say the construction of a great
mediaeva cathedra. Almost dl the work was done by human beings,
with some help, of course, from domegticated animals. Under these



circumstances the entire source of productive power lay in the will-
energies of living beings, whose bodies had to be supplied with food,
clothing and housing; and to provide these, other productive powers
of a similar kind were required near the same place. Accordingly,
since each of the power units employed in the work was simultane-
oudly both producer and consumer, a certain natural limit was placed
on the accumulation of productive forces in any one locdity.

This condition of natural balance between production and con-
sumption was profoundly disturbed by the introduction of the steam
engine; but even so there were till some limits, though of a quite
different kind, to local concentrations of productive power. For
steam engines require water and coa at the scene of action, and these
take up space and need continual shifting and replenishing. Owing to
the very nature of physical matter, it cannot be heaped up whereiit is
required in unlimited quantities.

All this changed directly man succeeded in producing energy
electro-magnetically by the mere rotation of material masses, and in
using the water-power of the earth—itself ultimately derived from the
cogmic energies of the sun—for driving his dynamos. Not only is the
source of energy thus tapped practicaly inexhaustible, but the
machines produce it without consuming on their own account, apart
fromwear and tear, and so make possiblethe almost limitless accumu-
lation of power in one place. For eectricity is distinguished from al
other power-supplying natural forces, living or otherwise, precisey
in this, that it can be concentrated spatialy with the aid of a physica
carrier whose materia bulk isinsignificant compared with the energy
supplied.

Through this property of electricity it has been possiblefor man to
extend the range of his activity in all directions, far and near. So the
balance between production and consumption, which in previous
ages was more or less adequately maintained by natural conditions,
has been entirely destroyed, and a major socia-economic problem
created.

In yet another way, and through quite another of its properties,
electricity plays an important part in modern life. Not only does it
compete with the human will; it also makes possible automatically
intelligent operations quite beyond anything man can do on his own.
There are innumerable examples of this in modern electrical techno-
logy; we need mention here only the photo-electric cdll and the many
devices into which it enters.



To an ever-increasing, quite uncontrolled degree—for to the mind
of present-day man it is only natural to trandate every new discovery
into practice as soon and as extensively as possible—electricity enters
decisvdy into our modern exigtence. If we take dl its activities into
account, we see arisng amongst humanity a vast realm of labour
units, possessed in their own way not only of will but of the sharpest
imaginableintelligence. Althoughthey arewholly remotefrom man's
own nature, he more and more subdues his thoughts and actions to
theirs, alowing them to take rank as guides and shapers of his
civilization.

Turning to the sphere of scientific research, wefind dectricity play-
ing arolein the development of modern thinking remarkably similar
toitspart asalabour-forcein everyday life. Wefindit associated with
phenomena which, in Professor Heisenberg's words, expose their
mutual connexions to exact mathematical thinking more readily than
do any other facts of nature; and yet the way in which these pheno-
mena have become known has played fast and loose with mathema-
tical thinking to an unparalleled degree. To recognize that in this
sphere modern sdience owes its triumphs to a strange and often para
doxical mixture of outer accident and error in human thought, we
need only review the history of the subject without prejudice.

*

The discovery of eectricity has so far been accomplished in four
clearly diginct sages. The first extends from the time when men first
knew of dectrica phenomena to the beginning of the natural scien-
tific age; the second includes the seventeenth and the greater part of
the eighteenth centuries; the third begins with Galvani's discovery
and doses with the first observations of radiant eectricity; and the
fourthbringsusto our ownday. Weshall hereconcern ourselveswith
afew outstanding features of each phase, enough to characterize the
strange path along which man has been led by the discovery of
electricity.

Until the beginning of modern times, nothing more was known
about dectricity, or of its sigter force, magnetism, than what we find
in Piny's writings. There, without recognizing a quditative distinc-
tion between them, he refers to the faculty of rubbed amber and of
certain pieces of iron to atract other smdl pieces of matter. It re-
quired the awakening of that overruling interest in material nature,
characterigic of our own age, for the essentid difference between



electric and magnetic attraction to be recognized. The first to give a
proper description of this was Queen Elizabeth's doctor, Gilbert. His
discovery was soon followed by the construction of the first eectrica
machine by the German Guericke (also known through hisinvention
of the air pump) which opened the way for the discovery that electri-
city could be transmitted from one place to another.

It was not, however, until the beginning of the eighteenth century
that the crop of eectrica discoveries began to increase considerably:
among these was the recognition of the dual nature of eectricity, by
the Frenchman, Dufais, and the chance invention of the Leyden jar
(made simultaneoudy by the German, von Kleigt, and two Dutch-
men, Musschenbroek and Cunaeus). The Leyden jar brought electri-
cd effects of quite unexpected intensity within reach. Stimulated by
what could be done with dectricity in this form, more and more
people now busied themselves in experimenting with so fascinating a
force of nature, until in the second third of the century a whole army
of observers was at work, whether by way of profession or of hobby,
finding out ever new manifestations of its powers.

The mood that prevaled in those days among men engaged in
electrical research is well reflected in aletter written by the English-
man, Walsh, after he had established the eectric nature of the shocks
given by certain fishes, to Benjamin Franklin, who shortly before had
discovered the natural occurrence of eectricity in the atmosphere:

' rgoice in addressing these communications to You. He, who
predicted and shewed that electricity wings the formidable bolt of the
Atmosphere, will hear with attention that in the deep it speeds a
humbler bolt, slent and invisble; He, who analysed the eectrica
Phial, will hear with pleasure that its laws prevail in animate Phials;
He, who by Reason became an electrician, will hear with reverence of
an indinctive dectrician, gifted in his birth with a wonderful appar-
atus, and with the skill to useit." (Phil. Trans. 1773)

Dare one believe that in eectricity the soul of nature had been dis-
covered? This was the question which at that time stirred the hearts
of very many in Europe. Doctors had aready sought to arouse new
vitality in their patients by the use of strong dectric shocks; attempts
had even been made to bring the dead back to life by such means.

. In atime like ours, when we are primarily concerned with the
practicd gpplication of scientific discoveries, we are modly accus
ffomed to regard such flights of thought from a past age as nothing
but the unessential accompaniment of youthful, immature science,



and to smile at them accordingly as historica curiosities. This is a
mistake, for we then overlook how within them was hidden aninkling
of the truth, however wrongly conceived at the time, and we ignore
the role which such apparently fantastic hopes have played in con-
nexion with the entry of eectricity into human civilizetion. (Nor are
such hopes confined to the eighteenth century; as we shall see, the
same impulse urged Crookes a hundred years later to that decisve
discovery which was to usher in the latest phase in the history of
stience, a phase in which the investigating human spirit has been led
to that boundary of the physical-material world where the transition
takes place from inert matter into freely working energy.)

If there was any doubt left as to whether in nature the same power
was at work which, in animal and man, was hidden away within the
soul, this doubt seemed findly to have been dispdled through Ga-
vani's discovery that animal limbs could be made to move electricaly
through being touched by two bits of different metals. No wonder
that ‘the storm which was loosed in the world of the physicists, the
physiologists and the doctors through Galvani's publication can only
be compared with the one crossing the political horizon of Europe at
the same time. Wherever there happened to be frogs and two pieces
of different metals available, everyone sought proof with his own
eyes that the severed limbs could be marvellously re-enlivened.”

Like many of his contemporaries, Galvani was drawn by the fas-
cinating behaviour of the new force of nature to carry on eectrica
experiments as a hobby alongside his professiona work, anatomical
research. For his experiments he used the room where his anatomical
Soecimens were st out. So it happened that his dectrical machine
stood near some frogs' legs, prepared for dissection. By a further
coincidence his assistant, while playing with the machine, released a
few sparksjust when some of the specimens werein such contact with
the surface beneath them that they were bound to react to the sudden
ateration of the eectric field round the machine caused by its dis-
charge. At each spark the frogs legs twitched. What Galvani saw
with his own eyes seemed to be no less than the union of two pheno-
mena, one observed by Franklin in the heights of the atmosphere, the
other by Walsh in the depths of the sea.

Galvani, as he himself describes, proceeded with immense enthu-

1 E. du Bois-Raymond: Investigations into Animal Electricity (1884). Galvani
published his discovery when the French Revolution had reached its zenith and
Napoleon was climbing to power.



dagm to invedigate sysematicaly what accident had thus put into
his hands.! He wanted first to see whether changes occurring natur-
dly in the éectrica condition of the atmosphere would call forth the
same reaction in his specimens. For this purpose he fastened one end
of aniron wireto apoint high up outside his house; the lower end he
connected with the nervous substance of a limb from one of his
specimens, and to the foot of this he attached a second wire whose
other end he submerged in a well. The specimen itsdlf was either en-
closad in aglassflask in order to insulate it, or smply left lying on a
table near the well. And all this he did whenever a thunderstorm was
threatening. As he himsdf reported: 'All took place as expected.
Whenever the lightning flashed, al the muscles simultaneously came
into repeated and violent twitchings, so that the movements of the
muscles, like the flash of the lightning, always preceded the thunder,
and thus, asit were, heralded its coming." We can have some idea of
what went on in Galvani's mind during these experiments if we picture
vividly to ourselves the animal limbs twitching about every time the
lightning flashed, as if a revitalizing force of will had suddenly taken
possession of them.

In the course of his investigations—he carried them on for along
time—Galvani was astonished to observe that some of his specimens,
which he had hung on to an iron railing by means of brass hooks,
sometimes fell to twitching even when the sky was quite clear and
there was no sign of thunder. His natural conclusion was that this
must be due to hitherto unnoticed eectrical changes in the atmo-
gphere. Obsarvations maintained for hours every day, however, led
to no conclusive result; when twitchings did occur it was only with
some of the specimens, and even then there was no discoverable
cause. Then it happened one day that Galvani, 'tired out with fruit-
less watching', took hold of one of the brass hooks by which the
specimens were hung, and pressed it more strongly than usual against
theiron railing. Immediately a twitching took place. 'l was amost at
the point of ascribing the occurrence to atmospheric eectricity,
Galvani tells us. All the same he took one of the specimens, afrog,
into his laboratory and there subjected it to smilar conditions by
putting it on an iron plate, and pressng againg this with the hook
that was stuck through its spina cord. Immediately the twitching
occurred again. He tried with other metals and, for checking pur-

! The above account follows A. J. von Oettingen's edition of Galvani's mono-
graph, Deviribuselectricitatisin motumusculari.



poses, with non-metals as well. With some ingenuity he fixed up an
arrangement, rather likethat of an dectric bel, whereby thelimbsin
contracting broke contact and in relaxing restored it, and so he man-
aged to keep the frog in continuous rhythmical movement.

Whereas Galvani had been rightly convinced by his earlier obser-
vations that the movement in the specimens represented a reaction to
an dectric stimulus from outside, he now changed his mind. In the
very moment of his redly significant discovery he succumbed to the
error that he had to do with an effect of animal dectricity located
somewhere in the dead creature itself, perhaps in the fashion of what
had been observed in the eectric fishes. He decided that the metal
attachment served merely to set in motion the eectricity within the
animd.

Whilst Galvani persisted in this mistake until his death, Volta
redlized that the source of the eectric force, asin thefirst of Galvani's
observations, must till be sought outside the specimens, and himself
rightly attributed it to the contacting metals. Guided by this hypo-
thesis, Volta started systematic research into the Galvanic properties
of metals, and presently succeeded in producing eectricity once more
from purely mineral substances, namely from two different metalsin
contact with a conductive liquid.

Thismode of producing electricity, however, differed from any pre-
vioudy known in alowing for the first time the production of con-
tinuous dectricd effects. It is this quality of the cels and piles
congtructed by Volta that laid open the road for dectric force to
assume that role in human civilization which we have aready
described. That Volta himsdf was aware of this essentidly new
factor in the Galvanic production of dectricity is shown by his own
report to the Roya Society:

"The chief of my results, and which comprehends nearly al the others,
is the construction of an apparatus which resembles in its effects,
viz. such as giving shocks to the arms, &c, the Leyden phial, and till
better eectric batteries weakly charged; .. . but which infinitely sur-
passes the virtue and power of these same batteries; asit has no need,
like them, of being charged beforehand, by means of a foreign dec-
tricity ; and asit is capable of giving the usual commotion as often as
ever it is properly touched.

Whilgt Valta's success was based on avoiding Galvani's error, his
apparatus nevertheless turned out inadvertently to be a close coun-
terpart of precisdy that anima organ which Galvani had in mind



when misinterpreting his own discoveries! That Volta himsdif realized
this is clear from the concluding words in his letter:

'This apparatus, as it resembles more the natural organ of the tor-
pedo, or of the electrical ed, than the Leyden Phia or the ordinary
electric batteries, | may cdl an artificial eectric organ.'

This new method of producing continuous eectrical effects had
far-reaching results, one of which was the discovery of the magnetic
properties of the dectric current by the Dane, Oersted—once again a
purely accidental discovery, moving directly counter to the assump-
tions of the discoverer himself. About to leave the lecture room
where he had just been trying to prove the non-existence of such
magnetic properties (an attempt seemingly crowned with success),
Oersted happened to glance once more at his demonstration bench.
To his astonishment he noticed that one of his magnetic needles was
out of alignment; evidently it was attracted by a magnetic field
created by the current running through awire he hadjust been using,
which was still in circuit. Thus what had escaped Oersted throughout
his planned researches—namely, that the magnetic force which
accompanies an electric current must be sought in adirection at right
angles to the current—a fortuitous event enabled him to detect.

These repeated strokes of chance and frequently mistaken inter-
pretations of the phenomenon thus detected show that men were ex-
ploring the electrical realm as it were in the dark; it was arealm for-
€ign to their ordinary ideas and they had not developed the forms of
thought necessary for understanding it. (And this, as our further
survey will show, is il true, even to-day.)

In our historical survey we come next to the researches of Faraday
and Maxwell. Faraday was convinced that if eectrica processes are
accompanied by magnetic forces, as Oersted had shown, the reverse
must aso be true—magnetism must be accompanied by eectricity.
He was led to this correct conviction by his belief in the qualitative
unity of al the forces of nature—a reflexion, as his biography shows,
of his strongly monotheistic, Old Testament faith. Precisely thisview,
however—which since Faraday natural science has quite consciously
adopted as a leading principle—will reved itsdf to us as a funda-
mental error.

It seems paradoxical to assert that the more consistently human
thought has followed this error, the greater have been the results of
the scientific investigation of ectricity. Precisaly this paradox, how-
ever, is characteristic of the realm of nature to which eectricity be-



longs; and anyone earnestly seeking to overcome theillusions of our
age will have to face the fact that the immediate effectiveness of an
idea in practice is no proof of its ultimate truth.

Another eloquent example of the strange destiny of human thought
in connexion with dectricity is to be found in the work of Clark
Maxwell, who, starting from Faraday's discoveries, gave the theory
of dectricity its mathematical bass. Along his purely theoreticd line
of thought he was led to the recognition of the existence of aform of
electrica activity hitherto undreamt of—electro-magnetic vibrations.
Simulated by Maxwell's mathematical conclusions, Hertz and Mar-
coni were soon afterwards able to demonstrate those phenomena
which have led on the one hand to the electro-magnetic theory of
light, and on the other to the practical achievements of wirdess
communication.

Once again, thereis the paradoxical fact that this outcome of Max-
well's labours contradicts the very foundation on which he had built
his theoretical edifice. For his starting-point had been to form a
picture of the electro-magnetic field of force to which he could apply
certain well-known formulae of mechanics. This he did by comparing
the behaviour of the éectrica force to the currents of an eastic fluid
—that is, of a material substance. It is true that both he and his suc-
cessors rightly emphasized that such a picture was not in any way
meant as an explanation of dectricity, but merdly as an auxiliary
concept in the form of apurely external analogy. Nevertheess, it was
in the guise of a materia fluid that he thought of this force, and that
he could submit it to mathematical calculation. Yet the fact is that
from this starting-point the strict logic of mathematics led him to the
discovery that eectricity is capable of behaviour which makes it
appear qualitatively similar to ... light!

Whilst practicd men were turning the work of Faraday and Max-
well to account by exploiting the mechanical working of eectricity in
power-production, and its similarity to light in the wireless communi-
cation of thought, a new field of research, with entirely new practica
possibilities, was suddenly opened up in the last third of the nine-
teenth century through the discovery of how dectricity behaves in
rarefied air. This brings us to the discovery of cathode rays and the
phenomena accompanying them, from which the latest stage in the
history of electricity originated. And here once more, asin the history
of Galvani's discoveries, we encounter certain undercurrents of long-
ing and expectation in the human soul which seemed to find an



answer through this sudden, great advance in the knowledge of
electricity—an advance which has again led to practica applications
of the utmost significance for human society, though not at dl in the
way first hoped for.

Interest in the phenomena arising when electricity passes through
gases with reduced pressure had simultaneously taken hold of severa
investigators in the seventies of the nineteenth century. But the deci-
sve step in this sphere of research was taken by the English physicit,
William Crookes. He was led on by a line of thought which seems
entirely irrelevant; yet it was this which first directed his interest to
the peculiar phenomena accompanying cathode rays, and they
proved to be the starting-point of the long train of inquiry which has
now culminated in the release of atomic energy.

In the midst of his many interests and activities, Crookes was filled
from his youth with a longing to find by empirical means the bridge
leading from the world of physical effects to that of superphysical
causes. He himself tells how this longing was awakened in him by the
loss of a much-beloved brother. Before the dead body he cameto the
question, which thereafter was never to leave him, whether there was
aland where the human individuality continues after it haslaid aside
its bodily sheath, and how that land was to be found. Seeing that
scientific research was the instrument which modern man had forged
to penetrate through the veil of external phenomena to the causes
producing them, it was natural for Crookes to turn to it in seeking
the way from the one world into the other.

It was after meeting with a man able to produce effects within the
corporeal world by means of forces quite different from those fami-
liar to science, that Crookes decided to devote himself to this scien-
tific quest. Thus he first came into touch with that sphere of pheno-
mena which is known as spiritualism, or perhaps more suitably,
soiritism. Crookes now found himsdlf before a specia order of hap-
penings which seemed to testify to a world other than that open to
our senses; physical matter here showed itself capable of movement
in defiance of gravity, manifestations of light and sound appeared
without a physical source to produce them. Through becoming fami-
liar with such things at seances arranged by his mediumistic acquain-
tance, he began to hope that he had found the way by which scientific
research could overstep thelimits of the physical world. Accordingly,

! For what follows see The Life of Sr William Crookes, by E. E. Fournier
D'Albe (London, 1923).



he threw himself eagerly into the systematic investigation of his new
experiences, and so became the father of modern scientific spiritism.

Crookes had hoped that the scientists of his day would be posi-
tively interested in his researches. But his first paper in this field,
'On Phenomena caled Spiritual’, was at once and almost unanim-
ously rejected by his colleagues, and as long as he concerned himself
with such matters he suffered through their opposition. It passed his
understanding as a scientist why anything should be regarded in ad-
vance as outside the scope of scientific research. After severd years of
fruitless struggle he broke off hisinvestigations into spiritism, deeply
disillusioned at his failure to interest official science in it. His own
partiality for it continued, however (he served as President of the
Society for Psychicad Research from 1896-9), and he missed no
opportunity of confessing himsdf a pioneer in the search for the
boundary-land between theworlds of matter and spirit. Throughal his
varied scientificwork thelonging persisted to know more of this land.

Just as Crookes had once sought to investigate spiritism scientific-
aly, so in his subsequent scientific inquiries he was aways some-
thing of aspiritist. He admitted, indeed, that hefelt specidly attracted
by the strange light effects arisng when édectricity passes through
rarefied gases, because they reminded him of certain luminous pheno-
menahe had observed during his spiritisticinvestigations. Besidesthis,
there was the fact that light here showed itself susceptible to the mag-
netic force in away otherwise characteristic only of certain material
substances. Accordingly, everything combined to suggest to Crookes
that here, if anywhere, he was at the boundary between the physica
and the superphysical worlds. No wonder that he threw himsdlf into
the study of these phenomena with enthusiasm.

He soon succeeded in evoking striking effects—Ilight and heat, and
a so mechanical—al ong thepath of dectricity passinginvisibly through
the tube later named after him. Thus he proved for the first time
visibly, so to say, the double nature—material and supermaterial—
of electricity. What Crookes himself thought about these discoveries
inthe realm of the cathode rays we may judge from thetitle, 'Radiant
Matter', or 'The Fourth State of Matter', which he gave to his first
publication about them. And so he was only being consistent when,
in hislectures before the Royal Institution in London, and the British
Association in Sheffield in 1879, after showing to an amazed scientific
audience the newly discovered properties of dectricity, he cameto the
climax of his exposition by saying: 'We have seen that in some of its



properties Radiant Matter is as materia as this table, whilst in other
properties it amost assumes the character of Radiant Energy. We
have actually touched here the borderland where Matter and Force
seem to merge into one another, the shadowy realm between Known
and Unknown, which for me has always had peculiar temptations.'
And in boldly prophetic words, which time has partly justified, he
added, 'l venture to think that the greatest scientific problems of the
futurewill findtheir solutionin thisBorderland, and even beyond; here,
it s;emsto me, lie Ultimate Redlities, subtle, far-reaching, wonderful .'

No one can read these words of Crookes without hearing again, as
an undertone, the question which had forced itself on him at the bed-
dde of his dead brother, long before. All that is left of the human
being whom death has taken is a heap of substances, deserted by the
force which had used them as the instrument of its own activity.
Whither vanishes this force when it leaves the body, and is there any
possibility of its revealing itself even without occupying such a body?

Stirred by this question, the young Crookes set out to find aworld
of forces which differ from the usual mechanical ones exercised by
matter on matter, in that they are autonomous, superior to matter in
its inert conglomeration, yet capable of using matter, just as the soul
makes use of the body so long as it dwells within it. His aim was to
secure proof that such forces exidt, or, at any rate, to penetrate into
the realm where the transition from matter to pure, matter-free force
takes place. And once again, asin Galvani's day, electricity fascinated
the eyes of a man who was seeking for the land of the soul. What
spiritism denied, electricity seemed to grant.

The aversion to spiritism which Crookes met with in contemporary
science was, from the standpoint of such a science, largely justified.
Science, in the form in which Crookes himsdlf conceived it, took for
granted that the relationship of human consciousness to the world
was that of externa onlooking. Accordingly, if the scientist remained
within the limits thus prescribed for consciousness, it was only con-
sgent to refuse to make anything beyond these limits an object of
scientific research.

On the other hand, it says much for the courage and open minded-
ness of Crookes that he refused to be held back from what was for
him the only possible way of extending the boundaries of science be-
yond the given physical world. Moreover, it was only natural that in
his search for a world of a higher order than the physical he should,
asaman of histime, first turn his attention to spiritistic occurrences,



for spiritism, as it had come over to Europe from America in the
middle of the nineteenth century, was nothing but an attempt by the
onlooker-consciousness to learn something in its own way about the
supersensibleworld. The spiritist expectsthe spirit to reveal itselfin out-
wardly perceptible phenomena as if it were part of the physica world.

Towards the end of his life Crookes confessed that if he were able
to begin again he would prefer to study telepathic phenomena—the
direct transference of thought from one person to another—rather
than the purely mechanical, or so-caled telekinetic, expressions of
psychic forces. But although his interest was thus turning towards a
more interior field of psychic investigation, he remained true to his
times in gill assuming that knowledge about the world, whatever it
might be, could be won only by placing onesdf as a mere onlooker
outside the object of research.

*

The stream of new discoveries which followed Crookess work
justified his conviction that in cathode ray phenomenawe haveto do
with a frontier region of physical nature. Still, the land that lies on
the other sde of this frontier is not the one Crookes had been looking
for throughout his life. For, instead of finding the way into the land
whither man's soul disappears at death, Crookes had inadvertently
crossed the border into another land—a land which the twentieth-
century scientist is impelled to call 'the country that is not ours.

The realm thrown open to science by Crookess observations,
which human knowledge now entered as if taking it by storm, was
that of the radioactive processes of the mineral stratum of the earth.
Many new and surprising properties of eectricity were discovered
there—yet the riddie of dectricity itself, instead of coming nearer,
withdrew into ever deeper obscurity.

The very first step into this newly discovered territory made the
riddle sill more bewildering. As we have said, Maxwell's use of a
material analogy as a means of formulating mathematically the pro-
perties of electro-magnetic fields of force had led to results which
brought eectricity into close conjunction with light. In his own way
Crookes focused, to begin with, his attention entirely on the light-
like character of electric effects in a vacuum. It was precisely these
observations, however, as continued by Lenard and others, which
presently made it necessary to see in dectricity nothing ese than a
special manifestation of inert mass.



The developments leading up to this stage are recent and familiar
enough to be briefly summarized. The first step was once more an
accident, when Roéntgen (or rather one of his assistants) noticed that
abunch of keys, laid down by chance on top of an unopened box of
photographic plates near a cathode tube, had produced an inexplic-
able shadow-image of itsef on one of the plates. The cathode tube
was apparently giving off some hitherto unknown type of radiation,
capable of penetrating opaque substances. Rontgen was an experi-
mentalist, not a theorist; his pupils used to say privately that in pub-
lishing this discovery of X-rays he attempted a theoretical explana-
tion for thefirst and only timein his life—and got it wrong!

However, this accidental discovery had far-reaching consequences.
It drew attention to thefluorescence of minerals placed in the cathode
tube; this inspired Becquerd to inquire whether naturally fluorescent
substances gave off anything like X-rays, and eventually—yet again
by accident—he came upon certain uranium compounds. These were
found to give off a radiation similar to X-rays, and to give it off
naturally and dl the time. Soon afterwards the Curies succeeded in
isolating the element, radium, an element which was found to be
undergoing a continuous natural disintegration. The way was now
cleer for that long series of experiments on atomic disintegration
which led finally to the splitting of the nucleus and the construction
of the atomic bomb.

*

A typica modern paradox emerges from these results. By restrict-
ing his cognitive powers to afield of experience in which the concept
of force as an abjective reality was unthinkable, man has been led on
aline of practical investigation the pursuit of which was bound to
land him amongst the force-activities of the cosmos. For what dis-
tinguishes eectric and sub-electric activities from all other forces of
physica nature so far known to science, is that for their operation
they have no need of the resistance offered by space-bound material
bodies; they represent a world of pure dynamics into which spatial
limitations do not enter.

Equaly paradoxical is the situation of theoretical thinking in face
of that realm of natural being which practical research has lately
entered. We have seen that this thinking, by virtue of the conscious-
ness on which it is founded, is impelled always to clothe its ideas in
gpatial form. Wherever anything inthe pure spatial adjacency of phy-



sical things remains inexplicable, resort is had to hypothetical pic-
tures whose content consists once more of nothing but spatidly ex-
tended and spatidly adjacent items. In this way matter came to be
seen as consigting of molecules, molecules of atoms, and atoms of
eectrons, protons, neutrons, and so forth.

In so far as scientific thought has held to purely spatia concep-
tions, it has been obliged to concentrate on ever smdler and smaller
spatiad Szes, so that the spatialy conceived atom-picture has finally
to reckon with dimensions wherein the old concept of space loses
vaidity. When once thinking had dtarted in this direction, it was
electricity which once more gave it the strongest impulse to go even
further aong the samelines.

Where we have arrived along this path is brought out in a passage
in Eddington's The Nature of the Physical World. There, after
describing the modern picture of electrons dancing round the atomic
nucleus, he says: 'This spectacle is so fascinating that we have per-
haps forgotten that there was a time when we wanted to be told what
an electron is. This question was never answered. No familiar con-
ceptions can be woven round the eectron; it belongs to the waiting
list." The only thing we can say about the electron, if we are not to
deceive ourselves, Eddington concludes, is: 'Something unknown is
doing we don't know what."”

Let us add afurther detail from this picture of the atom, as given
in Eddington’'s Philosophy of Physical Science. Referring to the so-
cdled positron, the positive particle regarded as the polar opposite of
the negative electron, he remarks: 'A positron is a hole from which
an dectron has been removed; it is a bung-hole which would be
evened up with its surroundings if an electron wereinserted.... You
will seethat the physicist allows himself even greater liberty than the
sculptor. The sculptor removes materid to obtain the form he
desires. The physicist goes further and adds material if necessary—
an operation which he describes as removing negative material. He
fills up abung-hole, saying heis removing apositron.’ Eddington thus
shows to what paradoxical ideas the scientist is driven, when with his
accustomed forms of thought he venturesinto regions where the con-
ditions necessary for such forms no longer exist; and he concludes
his remarks with the following caution: 'Once again | would remind
you that objective truth is not the point at issue.’

1 Eddi ngton'sitaics. See ds, in this respect, Professor White head's criticism
of the hypothetical picture of the electron and its behaviour.



By this reminder Eddington shows how far science has reconciled
itsdf to the philosophic scepticism a which man's thinking had
arrived in the days of Hume. In so far as the above remark was in-
tended to be a consolation for the bewildered student, it is poor com-
fort in the light of the actions which science has let loose with the
help of those unknown entities. For itisjust thisresignation of human
thought which renders it unable to cope with the flood of phenomena
springing from the sub-material realm of nature, and has allowed
scientific research to outrun scientific understanding.



PART Il

Goetheanism—Whence and Whither?



CHAPTER V

The Adventure of Reason

In 1790, a year before Galvani's monograph, Concerning the Forces
of Electricity, appeared, Goethe published his Metamorphosis of
Plants, which represents the first step towards the practical overcom-
ing of the limitations of the onlooker-consciousness in science.
Goethe's paper was not destined to raise such a storm as soon fol-
lowed Galvani's publication. And yet the fruit of Goethe's endeav-
ours is not less significant than Galvani's discovery, for the progress
of mankind. For in Goethe's achievement lay the seed of that form of
knowing which man requires, if in the age of the electrification of
civilization he is to remain master of his existence.

*

Among the essays in which Goethe in later years gave out some of
the results of his scientific observation in axiomatic form, is one called
'Intuitive Judgment' (‘'Anschauende Urteilskraft'), in which he main-
tains that he has achieved in practice what Kant had declared to be
for ever beyond the scope of the human mind. Goethe refers to a
passage in the Critique of Judgment, where Kant defines the limits of
human cognitional powers as he had observed themin his study of the
peculiar nature of the human reason. We must first go briefly into
Kant's own exposition of the matter.

Kant distinguishes between two possible forms of reason, the
intellectusarchetypusand theintellectus ectypus. By thefirst he means
a reason ‘which being, not like ours, discursive, but intuitive, pro-
ceeds from the synthetic universal (theintuition of the whole as such)

1 Critique of Judgment, II, 11, 27. Goethe chose the title of his essay so as to
refute Kant by its very wording. Kant, through his inquiry into man's Urteils-
kraft, arrived at the conclusion that man is denied the power of Anschauung
(intuition). Against this, Goethe puts his Anschauende Urteilskraft.



to the particular, that is, from the whole to the parts. According to
Kant, such areason lies outside human possihilities. In contrast to it,
the intellectus ectypus peculiar to man is restricted to taking in
through the senses the single details of the world as such; with these
it can certainly construct pictures of their totalities, but these pictures
never have more than a hypothetical character and can claim no real-
ity for themselves. Above al, it is not given to such a thinking to
think 'wholes' in such away that through an act of thought alone the
single items contained in them can be conceived as parts springing
from them by necessity. (To illustrate this, we may say that, accord-
ing to Kant, we can certainly comprehend the parts of an organism,
say of aplant, and out of its components make a picture of the plant
as awhole; but we are not in a position to think that ‘whol€' of the
plant which conditions the existence of its organism and brings forth
its parts by necessity.) Kant expresses this in the following way:

'For external aobjects as phenomena an adequate ground related to
purposes cannot be met with; this, although it liesin nature, must be
sought only in the supersensible substrata of nature, from all possible
insight into which we are cut off. Our understanding has then this
peculiarity as concerns thejudgment, that in cognitive understanding
the particular is not determined by the universal and cannot therefore
be derived from it

The attempt to prove whether or not another form of reason than
this (the intellectus archetypus) is possible—even though declared to
be beyond man—K ant regarded as superfluous, because the fact was
enough for him 'that we are led to the Idea of it—which contains no
contradiction—in contrast to our discursive understanding, which
has need of images (intellectus ectypus), and to the contingency of its
constitution'.

Kant here brings forward two reasonswhy it is permissible to con-
ceive of the existence of an extra-human, archetypal reason. On the
one hand he admits that the existence of our own reason in its present
condition is of acontingent order, and thus does not exclude the poss-
ible existence of a reason differently congtituted. On the other hand,
he allows that we can think of a form of reason which in every
respect is the opposite of our own, without meeting any logicd in-
consistency.

From these definitions emerges a conception of the properties of
man's cognitional powers which agrees exactly with those on which,
as we have seen, Hume built up his whole philosophy. Both alow to



the reason a knowledge-material consisting only of pictures—that is,
of pictures evoked in consciousness through sense-perception, and
received by it from the outer world in the form of disconnected units,
whilst denying it al powers, as Hume expressed it, ever 'to perceive
any real connections between distinct existences.

This agreement between Kant and Hume must at first sight surprise
us, when we recall that, as aready mentioned, Kant worked out his
philosophy precisdly to protect the cognizing being of man from the
consequences of Hume's thought. For, as he himself said, it was his
becoming acquainted with Hume's Treatise that ‘roused him out of
his dogmatic slumber' and obliged him to reflect on the foundations
of human knowing. We shall understand this apparent paradox, how-
ever, if we takeit as a symptom of humanity's close imprisonment in
recent centuries within the limits of its onlooker-consciousness.

In his struggle against Hume, Kant was not concerned to challenge
his opponent's definition of man's reasoning power. His sole object
was to show that, if one accepted this definition, one must not go as
far as Hume in the application of this power. All that Kant could
aspire to do was to protect the ethical from attack by the intellectua
part of man, and to do this by proving that the former belongs to a
world into which the latter has no access. For with his will man be-
longs to a world of purposeful doing, whereas the reason, as our
quotations have shown, isincapableeven in observing external nature,
of comprehending the wholes within nature which determine natural
ends. Sll less can it do this in regard to man, a being who in his
actions is integrated into higher purposes.

Kant's deed is significant in that it correctly drew attention to that
polar division in human nature which, after dl, was aready estab-
lished in Kant's own time. Kant demonstrated aso that to win in-
sight into the ethical nature of man with the aid of the isolated intel-
lect dlone implied a trespass beyond permissible limits. In order to
give the doing part of the human being its necessary anchorage, how-
ever, Kant assigned it to a moral world-order entirely external to
man, to which it could be properly related only through obedient
submission.

In this way Kant became the philosopher of that division between
knowledge and faith which to this day is upheld in both the eccles-
adtical and scientific spheres of our civilization. Nevertheless, he did
not succeed in safeguarding humanity from the consequences of
Hume's philosophy; for man cannot liveindefinitely in the belief that



with the two parts of his own being heis bound up with two mutually
unrelated worlds. The time when thiswas feasibleis already over, as
may be seen from the fact that ever greater masses of men wish to
determine their behaviour according to their own ideas, and as they
see no alternativein the civilization around them but to form ideas by
means of the discursive reason whichinevitably leads to agnosticism,
they determine their actions accordingly. Meanwhile, the ethical life
asviewed by Kant accordingly shrinks ever further into a powerless,
hole-and-corner existence.

*

It is Goethe's merit to have first shown that there is away out of
this impasse. He had no need to argue theoretically with Kant as to
the justification of denying man any power of understanding apart
from the discursive, and of leaving the faculty of intuitive knowledge
to a divinity somewhere outside the world of man. For Goethe was
his own witness that Kant was mistaken in regarding man's present
condition as hislasting nature. Let us hear how he expresses himself
on this fact at the beginning of his essay written as an answer to
Kant's statement:

It is true, the author here seems to be pointing to an intellect not
human but divine. And yet, if in the moral sphere we are supposed to
lift ourselves up to a higher region through faith in God, Virtue and
Immortality, so drawing nearer to the Primal Being, why should it
not be likewise in the intellectual ? By contemplation (Anschauen) of
an ever-creative nature, may we not make ourselves worthy to be
spiritual sharers in her productions? | at first, led by an inner urge
that would not rest, had quite unconsciously been seeking for the
realm of Type and Archetype, and my attempt had been rewarded: |
had been able to build up a description, in conformity with Nature
herself. Now therefore nothing more could hinder me from braving
what the Old Man of the King's Hill* himsalf calls the Adventure of
Reason.'

Goethe started from the conviction that our senses as well as our
intellect are gifts of nature, and that, if at any given moment they
prove incapable through their collaboration of solving a riddle of
nature, we must ask her to help us to develop this collaboration ade-
quately. Thus there was no question for him of any restriction of

! 'Der Alte vomKonigsberge'—aplay upon words with the name of Kant's
nativetown, Kénigsberg.



sense-perception in order to bring the latter in line with the existing
power of the intellect, but rather to learn to make an ever fuller use
of the senses and to bring our intellect into line with what they tell.
"The senses do not deceive, but the judgment deceives, is one of his
basic utterances concerning their respective roles in our quest for
knowledge and understanding. As to the senses themselves, he was
sure that 'the human being is adequately equipped for al true earthly
requirements if he trusts his senses, and so develops them as to make
them worthy of trust'.

Thereis no contradiction in the statement that we have to trust our
senses, and that we have to develop them to make them trustworthy.
For, 'nature speaks upwards to the known senses of man, down-
wards to unknown senses of his. Goethe's path was aimed at waken-
ing faculties, both perceptual and conceptual, which lay dormant in
himsdf. His experience showed him that 'every process in nature,
rightly observed, wakens in us a new organ of cognition'. Right
observation, in this respect, consisted in a form of contemplating
nature which he called a 're-creating (creating in the wake) of an ever-
cregtive nature’ (Nachschaffen einer immer schaffenden Natur).

*

We should do Goethe an injustice if we measured the value of his
scientific work by the amount of factual knowledge he contributed
to one or other sphere of research. Although Goethe did bring many
new thingsto light, as has been duly recognized in the scientific fields
concerned, it cannot be gainsaid that other scientistsin his own day,
working along the usual lines, far exceeded his total of discoveries.
Nor can it be denied that, as critics have pointed out, he occasionally
went astray in reporting his observations. These things, however, do
not determine the value or otherwise of his scientific labours. His
work draws its significance not so much from the 'what', to use a
Goethean expression, as from the 'how' of his observations, that is,
from his way of investigating nature. Having once developed this
method in the field of plant observation, Goethe was able, with its
aid, to establish a new view of animal nature, to lay the basis for a
new meteorology, and, by creating his theory of light and colour, to
provide a model for a research in the field of physics, free from
onlooker-restrictions.

In the scientific work of Goethe his botanical studies have a
specia place. Asaliving organism, the plantisinvolved in an endless



process of becoming. It shares this characteristic, of course, with the
higher creatures of nature, and yet between it and them there is an
essentid difference. Whereas in animal and man a considerable part
of thelife-processes conceal themsel veswithin the organism, in order
to provide a basis for inner soul processes, the plant brings its inner
lifeinto direct and total outer manifestation. Hence the plant, better
than anything, could become Goethe's first teacher in his exercise of
re-creating nature.

It isfor the same reason that we shall here use the plant for intro-
ducing Goethe's method. The following exposition, however, does
not aim at rendering in detail Goethe's own botanical researches, ex-
pounded by himin two extensive essays, Morphology and The Meta-
morphosis of Plants, as well asin a series of smaller writings. There
are severa excdlent tranglations of the chief paper, the Metamor-
phosis, from which the English-speaking reader can derive sufficient
insight into Goethe's way of expressing his ideas; a pleasure as well
as a profit which he should not deny himself.

Our own way of procedure will have to be such that Goethe's
method, and its fruitfulness for the genera advance of science, come
as clearly as possibleinto view.! Botanical details will be referred to
only as far as seems necessary for this purpose.

The data for observation, from which in Goethe's own fashion we
shall start, have been sdected as best for our purpose, quite inde-
pendently of the data used by Goethe himsdlf. Our choice was deter-
mined by the material available when these pages were being written.
The reader is free to supplement our studies by his own observation
of other plants.

*

Plates Il and Il show two series of leaves which are so arranged as
to represent definite stages in the growth-process of the plant con-
cerned. In each sequence shown the leaves have been taken from a
single plant, in which each leaf-form was repeated, perhaps several
times, before it passed over into the next stage. The leaves on Plate 11
come from a Sidalcea (of the mallow family), those on Platelll from
a Delphinium. We will describe the forms in sequence, so that we
may grasp as clearly as possible the transition from one to another as
presented to the eye.

L1t is naturally to be expected that new light will aso be thrown on the
various realms of knowledge as such dedlt with in these pages.



Starting with the right-hand leaf at the bottom of Plate 11, we let our
eye and mind be impressed by its characteristic form, seeking to take
hold of the pattern after which it is shaped. Its edge bears numerous
incisions of varying depths which, however, do not disturb the round-
ness of the leaf as a whole. If we re-create in our imagination the
'becoming' of such aledf, that is, its gradual growth in al directions,
we receive an impression of these incisions as 'negative’ forms, be-
cause, at the points where they occur, the multiplication of the cels
resulting from the general growth has been retarded. We observe that
this holding back follows a certain order.

We now proceed to the next leaf on the same plate and observe
that, whilst the initial plan is faithfully maintained, the ratio be-
tween the positive and negative forms has changed. A humber of in-
cisons, hardly yet indicated in the first leaf, have become quite con-
spicuous. The leaf begins to look as if it were breaking up into a
number of subdivisions.

In the next leaf we find this process still further advanced. The
large incisions have amost reached the centre, while a number of
smaller ones at the periphery have also grown deeper into the leaf.
The basic plan of the total leef is still maintained, but the negative
forms have so far got the upper hand that the original roundness is
no longer obvious.

The last leaf shows the processin its extreme degree. As we glance
back and along the whole series of development, we recognize that
the form of the last ledf is aready indicated in that of the first. It
appears as if the form has gradually come to the fore through certain
forces which have increasingly prevented the leaf from filling in the
whole of its ground-plan with matter. In the last leaf the common
plan is still visiblein the distribution of the veins, but the fleshy part
of the leaf has become restricted to narrow strips along these veins.

The metamorphosis of the delphinium leaf (Plate I11) is of a differ-
ent character. Here the plant begins with a highly elaborate form of
the leaf, whilein the end nothing remains but the barest indication of
it. The impression received from this series of leaves is that of a
gradual withdrawal of the magnificent form, reveaed in its fullness
only in thefirst leaf.

A more intense impression of what these metamorphoses actually
mean is achieved by altering our mode of contemplation in the fol-
lowing way. After repeated and careful observation of the different
forms on either of the plates, we build up inwardly, as a memory



picture, the shape of the first leaf, and then transform this mental
image successively into the images of the ensuing forms until we
reach the final stage. The same process can aso be tried retrogres-
sively, and so repeated forward and backward.

This is how Goethe studied the doing of the plant, and it is by this
method that he discovered the spiritual principle of al plant life, and
succeeded dso in throwing a first light on the inner life-principle of
animals.

*

We chose the transformation of leaf forms into one another as the
starting-point of our observations, because the principle of metamor-
phosis appears here in a most conspicuous manner. This principle,
however, is not confined to this part of the plant's organism. In fact,
all the different organs which the plant produces within itslife cycle
—foliage, calyx, corolla, organs of fertilization, fruit and seed—are
metamorphoses of one and the same organ.

Man has long learnt to make use of this law of metamorphosis in
the plant for what is caled doubling the flower of a certain species.
Such a flower crowds many additional petals within its original
circle, and these petals are nothing but metamorphosed stamens;
this, for instance, is the difference between the wild and the cultivated
rose. The multitude of petals in the latter is obtained by the trans-
formation of a number of the former's innumerable stamens. (Note
the intermediate stages between the two, often found inside the
flower of such plants.)

This fdling back from the stage of an organ of fertilization to that
of apetal showsthat the plant is capable of regressive metamorphosis,
and we may conclude from this that in the norma sequence the dif-
ferent organsaretransformed from one another by way of progressive
metamor phosis. Itis evident that the regressive type occurs only as an
abnormality, or as a result of artificial cultivation. Plants once
brought into this condition frequently show a general state of un-
rest, so that other organs also are inclined to fall back to a lower
level. Thus we may come across a rose, an outer petal of which
appears in the form of a leaf of the calyx (sepd), or one of the sepals
isfound to have grown into an ordinary rose lesf.

We now extend our mental exercise to the plant's whole organism.
By asimilar mental effort asappliedto theleaf-formationswe striveto
build up a complete plant. We start with the seed, from which we



first imagine the cotyledons unfolding, letting this befollowed by the
gradual development of the entire green part of the plant, its sem
and leaves, until the final leaves change into the sepals of the calyx.
These again we turn into the petals of the flower, until via pistil and
stamens the fruit and seed are formed.

By pursuing in thisway the living doing of the plant from stage to
stage we become aware of a significant rhythm in its total life cycle.
This, when first discovered by Goethe, gave him the key to an under-
standing of nature's general procedure in building living organisms,
and in maintaining life in them.

The plant clearly divides into three major parts: firstly, the one
that extends from the cotyledons to the cadyx, the green part of the
plant, that is, where thelife principleis most active; secondly, the one
comprising the flower itself with the organs of fertilization, where the
vitality of the plant gives way to other principles; and lastly, the fruit
and seed, which are degtined to be discharged from the mother
organism. Each of these three contains two kinds of organs: first,
organs with the tendency to grow into width—Ieaf, flower and fruit;
second, organs which are outwardly smdler and simpler, but have
the function of preparing the decisive legps in the plant's develop-
ment : these are the calyx, the stamens, etc., and the seed.

In this succession, Goethe recognized a certain rhythm of expan-
sion and contraction, and he found that the plant passes through it
three times during any one cycle of its life. In the foliage the plant
expands, in the calyx it contracts; it expands again in the flower and
contractsin the pistil and stamens; finally, it expandsin thefruit and
contracts in the seed.

The deeper meaning of this threefold rhythm will become clear
when we condder it againgt the background of what we observed in
the metamorphosis of the leaf. Take the mallow leaf; its metamor-
phosis shows a step-wise progression from coarser to finer forms,
whereby the characteristic plan of the leaf comes more and more into
view, so that in the topmost leaf it reaches a certain stage of perfec-
tion. Now we observe that in the calyx this stage is not improved on,
but that the plant recurs to a much simpler formation.

Whilst in the case of the mallow the withdrawal from the stage of
the leaf into that of the calyx occurs with a sudden leap, we observe
that the delphinium performs this process by degrees. Whilst the
mallow reaches the highly daborate form of the legf only in the fina
stage, the delphinium leaps forth at the outset, as it were, with the



fully accomplished leaf, and then protracts its withdrawal into the
calyx over a number of steps, so that this process can be watched
with our very eyes. In this type of metamorphosis the last leaf be-
neath the calyx shows aform that differs little from that of a calyx
itsdlf, with its smple sepds. Only in its genera geometrica arrange-
ment does it still remind us of the original pattern.

In a case like this, the stem-leaves, to use Goethe's expression,
'softly steal into the calyx stage'.' In the topmost lesf the plant has
already achieved something which, along the other line of metamor-
phosis, is tackled only after the leaf plan itsdf has been gradualy
executed. Inthiscasethecalyx stage, wemay say, isattained at oneleap.

Whatever type of metamorphosis is followed by a plant (and there
are others as well, so that we may even speak of metamorphoses be-
tween different types of metamorphosis!) they dl obey the same basic
rule, namely, that before proceeding to the next higher stage of the
cycle, the plant sacrifices something already achieved in a preceding
one. Behind the inconspicuous sheath of the cdyx we see the plant
preparing itself for a new creation of an entirely different order. As
successor to the leaf, the flower appears to us time and again as a
miracle. Nothing in the lower realm of the plant predicts the form,
colour, scent and dl the other properties of the new organ produced
at this stage. The completed leaf, preceding the plant's withdrawal
into the calyx, represents a triumph of structure over matter. Now, in
the flower, matter is overcometo a dill higher degree. It is asif the
material substance here becomes transparent, so that what is imma-
terial in the plant may shine through its outer surface.

*

In this 'climbing up the spiritual ladder' Goethe learned to recog-
nize one of nature's basic principles. He termed it Seigerung
(heightening). Thus he saw the plant develop through Metamor-
phosis and Heightening towards its consummation. Implicit in the
second of these two principles, however, there is yet another natural
principle for which Goethe did not coin a specific term, although he
shows through other utterances that he was well aware of it, and of its
universal significance for dl life. We propose to call it here the prin-
ciple of Renunciation.

! Delphinium, in particular, has the peculiarity (which it shares with a number
of other species) that its cayx appears in the guise of aflower, whilst the actual
flower is quite inconspicuous.



In the life of the plant this principle shows itsdf most conspicu-
oudy where the green ledf is heightened into the flower. While pro-
gressing from leef to flower the plant undergoes a decisive ebb in its
vitality. Compared with the leaf, the flower is a dying organ. This
dying, however, is of a kind we may aptly cdl a 'dying into being'.
Lifeinits mere vegetativeformis here seen withdrawingin order that
a higher manifestation of the spirit may take place. The same prin-
ciple can be seen a work in the insect kingdom, when the caterpillar's
tremendous vitality passes over into the short-lived beauty of the
butterfly. Inthe human being it isresponsiblefor that metamorphosis
of organic processes which occurs on the path from the metabolic to
the nervous system, and which we came to recognize as the precondi-
tion for the appearance of consciousness within the organism.

What powerful forces must be at work in the plant organism at this
point of transition from its green to its coloured parts! They enforce
a complete halt upon the juices that rise up right into the calyx, so
that these bring nothing of their life-bearing activity into the forma-
tion of theflower, but undergo a complete transmutation, not gradu-
dly, but with a sudden leap.

After achieving its masterpiece in the flower, the plant once more
goes through a process of withdrawal, this time into the tiny organs
of fertilization. (We shdl return later to this essentia stagein thelife
cycle of the plant, and shall then clear up the misinterpretation put
upon it ever since scientific biology began.) After fertilization, the
fruit begins to swell; once more the plant produces an organ with a
more or less conspicuous spatial extension. Thisisfollowed by a find
and extreme contraction in the forming of the seed inside the fruit. In
the seed the plant gives up al outer appearance to such a degree that
nothing seemsto remain but asmall, insignificant speck of organized
matter. Yet this tiny, inconspicuous thing bears in it the power of
bringing forth a whole new plant.

In these three successive rhythms of expansion and contraction the
plant reveals to us the basic rule of its existence. During each expan-
sion, the active principle of the plant presses forthinto visible appear-
ance; during each contraction it withdraws from outer embodiment
into what we may describe as a more or less pure state of being. We
thus find the spiritual principle of the plant engaged in a kind of
breathing rhythm, now appearing, how disappearing, how assuming
power over matter, now withdrawing from it again.



In thefully developed plant this rhythm repeatsitself threetimesin
succession and at ever higher levels, so that the plant, in climbing
from stage to stage, each time goes through a process of withdrawal
before appearing at the next. The greater the creative power required
at a certain stage, the more nearly complete must be the withdrawal
from outer appearance. Thisis why the most extreme withdrawal of
the plant into the state of being takes place in the seed, when the
plant prepares itsalf for its transition from one generation to another.
Even earlier, the flower stands towards the leaves as something like
anew generation springing from the small organ of the calyx, as does
the fruit to the flower when it arises from the tiny organs of repro-
duction. In the end, however, nothing appears outwardly so unlike
the actual plant as the little seed which, at the expense of al appear-
ance, has the power to renew the whole cycle.

Through studying the plant in this way Goethe grew aware aso of
the significance of the nodes and eyes which the plant develops as
points where its vital energy is specialy concentrated; not only the
seed, but the eye also, is capable of producing a new, complete plant.
In each of these eyes, formed in the axils of the leaves, the power
of the plant is present in its entirety, very much as in each single
seed.

In other ways, too, the plant shows its capacity to act as awhole at
various places of its organism. Otherwise, no plant could be propa-
gated by cuttings; in any little twig cut from a parent plant, al the
manifold forces operative in the gathering, transmuting, forming of
matter, that are necessary for the production of root, leaf, flower,
fruit, etc., are potentially present, ready to leap into action provided
we give it suitable outer conditions. Other plants, such as gloxinia
and begonia, are known to have the power of bringing forth a new,
complete plant from each of their leaves. From a small cut applied to
a vein in a leaf, which is then embedded in earth, a root will soon
be seen springing downward, and a stalk with leaves rising up-
ward.

A particular observation made by Goethe in this respect is of in-
terest for methodologica reasons. In the introduction to his treatise
Metamorphosis of Plants, when referring to the regressive metamor-
phosis of stamens into petals as an example of an irregular metamor-
phosis, he remarks that ‘experiences of this kind of metamorphosis
will enable us to disclose what is hidden from us in the regular
way of development, and to see dearly and visibly what we should



otherwise only be able to infer'. In this remark Goethe expresses a
truth that is valid in many spheres of life, both human and natural.
It is frequently a pathological aberration in an organic entity that
allows us to seein physical appearance things that do not come out-
wardly to theforein the more balanced condition of normal develop-
ment, although they are equally part of the regular organic pro-
Cess

An enlightening experience of this kind came to Goethe's aid when
one day he happened to see a 'proliferated’ rose (durchgewachsene
Rose), that is, a rose from whose centre a whole new plant had
sprung. Instead of the contracted seed-pod, with the attached, equally
contracted, organs of fertilization, there appeared a continuation of
the stalk, half red and half green, bearing in succession a number of
small reddish petals with traces of anthers. Thorns could be seen
appearing further up, petals half-turned into leaves, and even anum-
ber of fresh nodes from which little imperfect flowers were budding.
The whole phenomenon, in al its irregularity, was one more proof
for Goethe that the plant in its totdity is potentially present at each
point of its organism.*

*

Goethe's observation of the single plant in statu agendi had trained
him to recognize things of quite different outer appearance as iden-
tica in their inner nature. Leaf, sepal, petal, eic., much as they differ
outwardly, yet showed themselves to him as manifestations of one
and the same spiritual archetype. His idea of Metamorphosis enabled
him to reduce what in outer appearance seems incompatibly different
to its common formative principle. His next step was to observe the
different appearances of one and the same species in different regions
of the earth, and thus to watch the capacity of the species to respond
in a completely flexible way to the various climatic conditions, yet
without concealing its inner identity in the varying outer forms. His
travels in Switzerland and Italy gave him opportunity for such obser-
vations, and in the Alpine regions especially he was delighted at the
variations in the species which he already knew so wel from his
home in Weimar. He saw their proportions, the distances between
the single parts, the degree of lignification, the intensity of colour,
efc., varying with the varied conditions, yet never conceaing the
identity of the species.

! Goethe a0 describes a proliferated pink.



Having once advanced in his investigations from metamorphosis
in the parts of the single plant to metamorphosis among different
representatives of single plant species, Goethe had to take only one
further, entirely decisve, step in order to recognize how every mem-
ber of the plant kingdom is the manifestation of a single formative
principlecommonto them all. Hewasthusfaced with the momentous
task of preparing his spirit to think an idea from which the plant
world in its entire variety could be derived.

Goethe did not take such a step easily, for it was one of his scien-
tific principles never to think out an idea prematurely. He was well
aware that he who aspires to recognize and to express in idea the
spirit which reveals itsdf through the phenomena of the sense-world
must develop the art of waiting—of waiting, however, in away in-
tensely active, whereby one looks again and yet again, until what one
looks a begins to spesk and the day at last dawns when, through
tirdess 're-creation of an ever-creating natur€!, one has grown ripe
to express her secrets openly. Goethe was a magter in this art of
activewaiting.

*

It wasin the very year that Galvani, through his chance discovery,
opened the way to the overwhelming invasion of mankind by the
purely physical forces of nature, that Goethe came clearly to see that
he had achieved the goal of hislabours. We can form some picture of
the decisve act in the drama of his seeking and finding from letters
written during the years 1785-7.

In the spring of 1785 he writes to a friend in away that shows him
fully aware of his new method of studying nature, which he recog-
nized was areading of her phenomena: 'l can't tdl you how the Book
of Nature is becoming readable to me. My long practice in spelling
has helped me; it now suddenly works, and my quietjoy isinexpress-
ible. Again in the summer of the following year: 'lt is a growing
aware of the Form with which again and again nature plays, and, in
playing, brings forth manifold life.'

Then Goethe went on his famous journey to Italy which was to
bear such significant fruit for hisinner life, both in art and in science.
At Michaglmas, 1786, he reports from his visit to the botanical
garden in Padua that 'the thought becomes more and more living
that it may be possible out of one form to develop dl plant forms.
At this moment Goethe felt so near to the basic conception of the



plant for which he was seeking, that he already christened it with
a gecid name. The term he coined for it is Urpflanze, literaly
renderled archetypal plant, or ur-plant, as we propose quite simply to
cdl it.

It was the rich tropical and sub-tropical vegetation in the botanical
gardens in Palermo that helped Goethe to his decisive observations.
The peculiar nature of the warmer regions of the earth enables the
spirit to reveal itself more intensively than is possible in the temper-
ate zone. Thus in tropica vegetation many things come before the
eye which otherwise remain undisclosed, and then can be detected
only through an effort of active thought. From this point of view,
tropical vegetation is 'abnormal’ in the same sense as was the proli-
ferated rose which confirmed for Goethe's physical perception that
inner law of plant-growth which had aready become clear to his
mind.

During his sojourn in Palermo in the spring of 1787 Goethe writes
in his notebook: There must be one (ur-plant): how otherwise could
we recognize this or that formation to be a plant unless they were al
formed after one pattern? Soon after this, he writesin a letter to the
poet Herder, one of his friends in Weimar:

'Further, | must confide to you that | am quite close to the secret
of plant creation, and that it is the simplest thing imaginable. The
ur-plant will be the strangest creature in the world, for which nature
herself should envy me. With this model and the key to it one will be
ableto invent plants adinfinitum; they would be consistent; that isto
say, though non-existing, they would be capable of existing, being no
shades or semblances of the painter or poet, but possessing truth and
necessity. The same law will be capable of extension to al living
things.'

*

To become more familiar with the conception of the ur-plant, let
us bring the life-cycle of the plant before our inner eye once again.
There, al the different organs of the plant—Ileaf, blossom, fruit, etc.
—appear as the metamorphic revelations of the one, identical active

! The terms "primeval’ or ‘primordial’ sometimes suggested for rendering the
prefix 'ur' are unsuitablein acase like this. 'Primeval plant', for instance, used by
some trandators of Goethe, raises the misunderstanding—to which Goethe's
concept has anyhow been subject from the side of scientific botany—that by his
ur-plant he had in mind some primitive, prehistoric plant, the hypothetical an-
cegtor in the Darwinian sense of the present-day plant kingdom.



principle, a principle which gradually manifests itself to us by way of
successive heightening from the cotyledons to the perfected glory of
the flower. Amongst dl the forms which thus appear in turn, that of
the leaf has a specia place; for the leef is that organ of the plant in
which the ground-plan of al plant existence comes most immediately
to expression. Not only do al the different leaf forms arise, through
endless changing, out of each other, but the leaf, in accordance with
the same principle, aso changes itself into al the other organs which
the plant produces in the course of its growth.

It is by precisely the same principle that the ur-plant reveds itsalf
in the plant kingdom as awhole. Just asin the single plant organism
the different parts are a graduated revelation of the ur-plant, so are
the single kinds and species within thetotal plant world. Aswelet our
glance range over al its ranks and stages (from the single-celled,
almost formless dga to the rose and beyond to the tree), we are fol-
lowing, step by step, the revelation of the ur-plant. Barely hinting at
itself in the lowest vegetable species, it comes in the next higher stages
into ever clearer view, finally streaming forth in full glory in the mag-
nificence of the manifold blossoming plants. Then, as its highest
creation, it brings forth the tree, which, itself a veritable miniature
earth, becomes the basis for innumerable single plant growths.

It has struck biologists of Goethe's own and later times that con-
trary to their method he did not build up his study of the plant by
starting with its lowest form, and so the reproach has been levelled
against him of having unduly neglected the latter. Because of this, the
views he had come to were regarded as scientificaly unfounded.
Goethe's note-books prove that thereis nojustification for such are-
proach. He was in actud fact deeply interested in the lower plants,
but he realized that they could not contribute anything fundamental
to the spiritual image of the plant as such which he was seeking to
attain. To understand the plant he found himself obliged to pay special
attention to examples in which it came to its most perfect expression.
For what was hidden in the alga was made manifest in the rose. To
demand of Goethe that in accordance with ordinary science he
should have explained nature 'from below upwards' is to misunder-
stand the methodological basis of al his investigations.

Seen with Goethe's eyes, the plant kingdom as a whole appears to
be asingle mighty plant. Init the ur-plant, while pressing into appear-
ance, is seen to observe the very rule which we have found governing
its action in the single plant—that of repeated expansion and con-



traction." Taking the tree in the sense already indicated, as the state
of highest expansion along the ur-plant's way of entering into spatial
manifestation, we note that tree-formation occurs successively at four
different levels—as fern-tree (also the extinct tree-form of the horse-
tail) among the cryptogams, as coniferous tree among the gymno-
sperms, as palm-tree among the monocotyledons, and lastly in the
form of the manifold species of the leaf-trees at the highest level of
the plant kingdom, the dicotyledons. All these levels have come suc-
cessively into existence, as geological research has shown; the ur-
plant achieved these various tree-formations successively, thus giving
up again its state of expansion each time after having reached it at a
particular level.

From the concept of the ur-plant Goethe soon learned to develop
another concept which was to express the spiritua principle working
in aparticular plant species, just as the ur-plant was the spiritual prin-
ciple covering the plant kingdom as awhole. He called it the type. In
the manifold types which are thus seen active in the plant world we
meet offsprings, as it were, of the mother, the 'ur-plant’, which in
them assumes differentiated modes of action.

The present part of our discussion may be concluded by theintro-
duction of a concept which Goethe formed for the organ of cognition
attained through contemplating nature in the state of becoming, as
the plant had taught him to do.

Let us look back once again on the way in which we first tried to
build up the picture of leaf metamorphosis. There we made use, first
of al, of exact sense-perceptions to which we gpplied the power of
memory in its function as their keeper. We then endeavoured to
transform within our mind the single memory pictures (leaf forms) into
one another. By doing so we applied to them the activity of mobile
fantasy. In this way we actually endowed, on the one hand, objective
memory, which by nature is static, with the dynamic properties of
fantasy, and, on the other hand, mobile fantasy, which by natureis
subjective, with the objective character of memory. Now, for the new
organ of cognition arising from the union of these two polar faculties
of the soul, Goethe coined the significant expresson, exact sensorial
fantasy. In terms of our knowledge of man's psycho-physical make-

! The following observation is not one made by Goethe himsalf. It is presented
here by the author as an example of the heuristic value of Goethe's method of
pictorial-dynamic contemplation of the sense-world.

? 'Exakte sinnliche Phantasie.



up, acquired earlier, we can say that, just as the nervous system forms
the basis for memory, and the blood the basis for fantasy, so the
'exact sensorial fantasy' is based on a newly created collaboration of
the two.

*

Our observations have reached a point where we may consider that
stage in the life cycle of the single plant where, by means of the pro-
cess of pollination, the seed acquires the capacity to produce out of
itself a new example of the species. Our discussion of this will bring-
home the fundamental difference in ideathat arises when, instead of
judging aprocess from the standpoint of the mere onlooker, wetry to
comprehend it through re-creating it inwardly.

Biologicd science of our day takes it for granted that the process
uniting pollen with seed in the plant is an act of fertilization analo-
gous to that which accurs among the higher organisms of nature. Now
it is not to be gainsaid that to external observation this comparison
seems obvious, and that it is therefore only natural to speek of the
pollen as the male, and of the ovule as the female, element, and of
their union as entirely parale to that between the sexes in the higher
kingdoms of nature.

Goethe confesses that at first he himself 'had credulously put up
with the ruling dogma of sexuality’. He was first made aware of the
invalidity of this analogy by Professor Schelver who, as Superinten-
dent of the Jena Botanical Institute, was working under Goethe's
direction and had trained himself in Goethe's method of observing
plants. This man had come to see that if one held drictly to the
Goethean practice of using nothing for the explanation of the plant
but what one could read from the plant itsdf, one must not ascribe
to it any sexua process. He was convinced that for a Goethean kind
of biology it must be possible to find, even for the process of pollina-
tion, an idea derived from nothing but the two principles of plant
life: growth and formation.

Goethe immediately recognized the Tightness of this thought, and
st about the task of relating the pollination process to the picture of
the plant which his investigations had aready yielded. His way of
reporting the result shows how fully conscious he was of its revolu-
tionary nature. Nor was he in any doubt as to the kind of reception
it would be given by official biology.

In observing the growth of the plant, Goethe had perceived that



this proceeds simultaneously according to two different principles. On
the one hand the plant grows in an axia direction and thereby pro-
duces its main and side stems. To this growth principle Goethe gave
the name 'vertical tendency'. Were the plant to follow this principle
only, its lateral shoots would al stand vertically one above the other.
But observation shows that the different plant species obey very dif-
ferent laws in this respect, as may be seen if one links up al the lesf
buds along any plant stem; they form a line which winds spiral
fashion around it. Each plant family is distinguishable by its own
characteristic spiral, which can be represented either geometrically by
adiagram, or arithmetically by afraction. If, for example, the leaves
are so arranged in aplant that every fifth leaf recurs on the same side
of the stem, while the spiral connecting the five successive leaf-buds
winds twice round the stem, this is expressed in botany by the
fraction 4. To distinguish this principle of plant growth from the
vertical tendency, Goethe used the term 'spiral tendency'.

To help towards a clear understanding of both tendencies, Goethe
describes an exercise which is characteristic of his way of schooling
himsalf in what he called exact sensorial fantasy. He first looks out
for aphenomenon in which the 'secret' of the spiral tendency is made
‘open’. This hefindsin such a plant as the convolvulus; in this kind
of plant the vertical tendency is lacking, and the spira principle
comes obvioudly into outer view. Accordingly, the convolvulus re-
quires an external support, around which it can wind itself. Goethe
now suggests that after looking at a convolvulus as it grows upwards
around its support, one should first make this clearly present to one's
inner eye, and then again picture the plant's growth without the ver-
tical support, alowing instead the upward-growing plant inwardly to
produce a vertical support for itself. By way of inward re-creation
(which the reader should not fail to carry out himself) Goethe
attained aclear experience of how, in al those plants which in growing
upwards produce their leaves spiral-wise around the stem, the ver-
tical and spiral tendencies work together.

In following the two growth-principles, Goethe saw that the ver-
tical comes to a halt in the blossom; the straight line here shrinks
together, so to say, into a point, surviving only in the ovary and pistil
as continuations of the plant's stalk. The spiral tendency, on the
other hand, is to be found in the circle of the stamens arranged
around these; the process which in the leaves strove outwards in
spiral succession around a straight line is now telescoped on to a



single plane. In other words, the vertical-spiral growth of the plant
here separates into its two components. And when a pollen grain
lands on a pistil and joins with the ovule prepared in the ovary, the
two components are united again. Out of the now complete seed a
new and complete plant can arise.

Goethe understood that he would be taught a correct conception
of this process only by the plant itself. Accordingly, he asked himself
where e in the growing plant something like separation and re-
union could be seen. This he found in the branching and reuniting of
theveinsin the leaves, known as anastomosis.

In the dividing of the two growth-principles in the plant through
the formation of carpd and pigtil, on the one hand, and the pollen-
bearing stamens on the other, and in their reunion through the com-
ing together of the pollen with the seed, Goethe recognized a meta-
morphosis of the process of anastomosis at a higher level. His vision
of it caused him to term it 'spiritual anastomosis.

Goethe held alofty and comprehensive view of the significance of
the male and female principles as spiritua opposites in the cosmos.
Among the various manifestations of this polarity in earthly nature
he found one, but one only, in the dudity of the sexes as character-
igtic of man and animal. Nothing compelled him, therefore, to
ascribeit in the same form to the plant. This enabled him to discover
how the plant bore the same polarity in plant fashion.

In the neighbourhood of Weimar, Goethe often watched a vine
dlinging its foliaged stem about the trunk and branches of an ém
tree. In this impressive sight nature offered him a picture of 'the
female and mae, the one that needs and the one that gives, sde by
sdeintheverticad and spird directions. Thus his artist's eye clearly
detected in the upward striving of the plant a decisvely masculine
principle, and in its spira winding an equally definite feminine prin-
ciple. Since in the normal plant both principles are inwardly con-
nected, ‘we can represent vegetation as a whole as being in a secret
androgynous union from the root up. From this union, through the
changes of growth, both systems break away into open polarity and
so stand in decisive opposition to each other, only to unite again in a
higher sense!’

Thus Goethe found himself led to ideas regarding the male and
female principles in the plant, which were the exact opposite of those
one obtains if, in trying to explain the process of pollination, one
does not keep to the plant itsdf but imports an analogy from another



kingdom of nature. For in continuance of the vertical principle of the
plant, the pistil and carpel represent the male aspect in the process of
spiritual anastomosis, and the mobile, wind- or insect-borne pollen,
in continuing the spiral principle, represents the female part.

If the process of pollination is what the plant tells usit is, then the
question arises as to the reason for the occurrence of such a process
in the life cycle of the fully developed plant. Goethe himsdlf has not
expressed himself explicitly on this subject. But his term 'spiritual
anastomosis shows that he had some definite idea about it. Let us
picture in our mind what happens physicaly in the plant as a result
of pollination and then try to read from this picture, as from ahiero-
glyph, what act of the spiritual principle in the plant comes to ex-
pression through it.

Without pollination there is no ripening of the seed. Ripening
means for the seed its acquisition of the power to bring forth a new
and independent plant organism through which the species continues
its existence within nature. In the life cycle of the plant this event
takes place after the organism has reached its highest degree of phy-
sical perfection. When we now read these facts in the light of the
knowledge that they are deeds of the activity of the type, we may
describe them as follows:

Stage by stage the type expends itself in ever more eaborate forms
of appearance, until in the blossom a triumph of form over matter is
reached. A mere continuation of this path could lead to nothing but
aloss of al connexion between the plant's superphysical and physical
component parts. Thus, to guarantee for the species its continuation
in anew generation, the formative power of the type must find away
of linking itself anew to some part of the plant's materiality. Thisis
achieved by the plant's abandoning the union between its two polar
growth-principles and re-establishing it again, which in the majority
of cases takes place even in such a way that the bearers of the two
principles originate from two different organisms.

By picturing the process in this way we are brought face to face
with a rule of nature which, once we have recognized it, proves to
hold sway at al levels of organic nature. In genera terms it may be
expressed as follows:

In order that spiritual continuity may be maintained within the
coming and going multitude of nature's creations, thephysical stream
must suffer discontinuity at certain intervals.

In the case of the plant this discontinuity is achieved by the break-



ing asunder of the male and female growth-principles. When they
have reunited, the type begins to abandon either the entire old plant
or at least part of it, according to whether the speciesis an annual or
aperennial one, in order to concentrate on the tiny seed, setting, asit
were, its living sed oniit.

Thisis as far as we can go in describing this mysterious process, at
least at the present stage of our considerations.

*

Our pursuit of Goethe's way of observing the life of the plant has
brought us to a point where it becomes possible to rectify a wide-
spread error concerning his position as an evolutionary theorist.

Goethe has been honourably mentioned as a predecessor of Dar-
win. The truth is, that the idea of evolution emerging from Goethe's
mode of regarding nature is the exact opposite of the one held by
Darwin and—in whatever modified form—nby his followers. A brief
consideration of the Darwinian concepts of inheritance and adapta-
tion will show this.

Goethe's approach to his conception of the type is clear evidence
that he did not undervalue the factor of adaptation as a formative
element in nature; we have seen that he became acquainted with it in
studying the same plant species under different climatic conditions.
In his view, however, adaptation appears not as the passive effect of
ablindly working, external cause, but as the response of the spiritual
type to the conditions meeting it from outside.

The same applies to the concept of inheritance. Through inheri-
tance Goethe saw single, accessory characteristics of a species being
carried over from one generation to the next; but never could the re-
appearance of the basic features of the species itsdf be explained in
thisway. He was sufficiently initiated into nature's methods to know
that she was not in need of a continuity of the stream of physical sub-
stance, in the sense of the theory of inheritance, to guarantee a con-
tinuance of the features of the species through successive genera-
tions, but that it was her craft to achieve such continuance by means
of physical discontinuity.

*

Goethe was not temperamentally given to reflecting deliberately
about his own cognitional processes. Moreover, the excess of re-
flexion going on around him in the intellectua life of his younger



days inclined him to guard himself with a certain anxiety against
philosophical cogitations. Hiswords to afriend—'Dear friend, | have
done it well, and never reflected about thinking'—hbring this hometo
us. Ifin hislater years Goethe could become to some degree epistemo-
logicaly conscious of his spiritual achievements, as, for instance, his
essay on Intuitive Judgment shows, he owed this to his friendship
with Schiller, who became for him a kind of soul mirror, in which he
could see thereflexion of his own processes of consciousness. Indeed,
at their first personal encounter, significant as it was for their whole
later relationship, Schiller—though al unconsciously—performed a
decisve service of this kind for him. Goethe himself speaks of the
occasion in his essay Happy Encounter (GliicklichesEreignis), written
twelve years after Schiller's death.

The occasion was, outwardly regarded, fortuitous: both men were
leaving alecture on natural science at the University of Jena, Schiller
having been present as Professor of History in the University, and
Goethe as its patron and as a Weimar Minister of State. They met at
the door of the lecture hall and went out into the street together.
Schiller, who had been wanting to come into closer contact with
Goethefor along time, used the opportunity to begin a conversation.
He opened with a comment on the lecture they hadjust heard, saying
that such a piecemed way of handling nature could not bring the
layman any rea satisfaction. Goethe, to whom this remark was
heartily welcome, replied that such a style of scientific observation
'was uncanny even for the initiated, and that there must certainly be
another way altogether, which did not treat of nature as divided and
in pieces, but presented her as working and dive, striving out of the
whole into the parts'.

Schiller's interest was at once aroused by this remark, although as
athorough Kantian he could not conceal his doubts whether the kind
of thing indicated by Goethe was within human capacity. Goethe
began to explain himself further, and so the discussion proceeded,
until the speakers arrived at Schiller's house. Quite absorbed in his
description of plant metamorphosis, Goethe went in with Schiller
and climbed the stairs to the latter's study. Once there, he seized pen
and paper from Schiller's writing desk, and to bring his conception of
the ur-plant vividly before his companion’s eyes he made 'a symbolic
plant appear with many a characteristic stroke of the pen'.

Although Schiller had listened up to this point ‘with great interest
and definite understanding’, he shook his head as Goethe finished,



and said—Kantian that he was at that time: "That is no experience,
that is an idea’ These words were very disappointing to Goethe. At
once his old antipathy towards Schiller rose up, an antipathy caused
by much in Schiller's public utterances which he had found distaste-
ful.

Once again he felt that Schiller and he were 'spiritual antipodes,
removed from each other by more than an earth diameter'. However,
Goethe restrained his rising annoyance, and answered Schiller in a
tranquil but determined manner: ‘I am glad to have ideas without
knowing it, and to see them with my very eyes.’

Although at this meeting Goethe and Schiller came to no real
agreement, the personal relationship formed through it did not break
off; both had become aware of the value of each to the other. For
Goethe his first meeting with Schiller had the significant result of
showing him that ‘thinking about thought' could be fruitful. For
Schiller this significance consisted in his having met in Goethe a
human intellect which, smply by its existing properties, invaidated
Kant's philosophy. For him Goethe's mind became an object of
empirical study on which he based the beginnings of a new philo-
sophy free from onlooker-restrictions.

An essay, written by Goethe about the same time as the one just
quoted, shows how he cameto think at alater date about the raising
of human perception into the realm of ideas. In this essay, entitled
Discovery of an Excellent Predecessor,* Goethe comments on certain
views of the botanist, K. F. Wolff, regarding the relationships be-
tween the different plant organs, which seemed to be similar to his
own, and at which Wolff had arrived in his own way.

Wolff had risen up as an opponent of the so-called preformation
theory, still widespread at that time, according to which the entire
plant with dl its different partsis already present in embryonic phy-
sica formin the seed, and simply grows out into space through phy-
sicd enlargement. Such a mode of thought seemed inadmissible to
Wolff, for it made use of an hypothesis ‘resting on an extra-sensible
conception, which was held to be thinkable, although it could never
be demonstrated from the sense world. Wolff laid it down as afunda-
mental principle of dl research that 'nothing may be assumed, ad-
mitted or asserted that has not been actually seen and cannot be
made smilarly visble to others. Thus in Wolff we meet with a
phenomenologist who in his way tried to oppose certain trends of

! Entdeckung eines trefflichen Vorarbeiters.



contemporary biological thinking. As such, Wolff had made certain
observations which caused him to ascribe to the plant features quite
similar to those which Goethe had grasped under the conception of
progressive and regressive metamorphosis. In this way Wolff had
grown convinced that al plant organs are transformed leaves. True
to his own principle, he had then turned to the microscope for his
eyes to confirm what his mind had already recognized.

The microscope gave him the confirmation he expected by showing
that al the different organs of the plant develop out of identical em-
bryonic beginnings. In his absolute reliance on physical observation,
however, he tried to go further than this and to detect in this way the
reason why the plant does not always bring forth the same organ. He
saw that the vegetative strength in the plant diminishes in proportion
as its organism enters upon its later stages. He therefore attributed
the differentiated evolution of plant organs from identical beginnings
to an ever weaker process of development in them.

Despite hisjoy in Wolff as someone who in his own fashion had
arrived at certain truths which he himself had also discovered, and
despite his agreement with Wolff's phenomenalistic principle, Goethe
could in no way accept his explanation of why metamorphosis took
placein plants. He said: 'In plant metamorphosis Wolff saw how the
same organ continuously draws together, makes itself smaller; he did
not see that this contraction alternates with an expansion. He saw
that the organ diminishes in volume, but not that at the same time
it ennobles itself, and so, against reason, he attributed decline to the
path towards perfection.' What was it, then, which had prevented
Wolff from seeing things aright? 'However admirable may be Wolff's
method, through which he has achieved so much, the excellent man
never thought that there may be a difference between seeing and see-
ing, that the eyes of the spirit have to work in perpetua living con-
nection with those of the body, for one otherwise risks seeing and yet
seeing past a thing (zu sehen und doch vorbel zusehen).'

Wolff's case was to Goethe a symptom of the danger which he
saw arising for science from the rapidly increasing use of the micro-
scope (and similarly the telescope), if thinking was not developed
correspondingly but left at the mercy of these instruments. His con-
cern over the state of affairs speaks from his utterance: 'Microscopes
and telescopes, in actual fact, confuse man's innate clarity of mind.'

When we follow Goethe in this way he comes before us in charac-
teristic contrast to Robert Hooke. We remember Hooke's micro-



scopic 'proof of the unrelatedness of human thought to outer reality
(Chapter 111). There can be no doubt how Goethe, if the occasion had
arisen, would have commented on Hooke's procedure. He would
have pointed out that there would be no such thing as aknifewith its
line-like edge unless man were able to think the concept 'line, nor a
needle with its point-like end unless he were able to think the concept
'‘point'. In fact, knife and needle are products of a human action
whichis guided by these two concepts respectively. As such they are
embodiments, though more or less imperfect ones, of these concepts.
Here too, therefore, just as Goethe had discovered it through his way
of observing the plant, we see Ideas with our very eyes. What dis-
tinguishes objects of this kind from organic entities, such as the
plant, is the different relationship between Object and Idea. Whereas
in the case of an organism the Idea actively indwells the object, its
relationship to a man-made thing (and similarly to nature's mineral
entities) is apurely external one.

Hooke, so Goethe would have argued, alowed the microscope to
confuse his common sense. He would have seen in him an example
confirming his verdict that he who fails to let the eye of the spirit
work in union with the eye of the body 'risks seeing yet seeing past
the thing'.

*

"Thus not through an extraordinary spiritual gift, not through
momentary inspiration, unexpected and unique, but through con-
sistent work did | eventually achieve such satisfactory results.' These
words of Goethe—they occur in his essay, History of my Botanical
Sudies, which he wrote in later life as an account of his labours in
this field of science—show how anxious he was that it should be
rightly understood that the faculty of reading in the Book of Nature,
as he knew it, was the result of a systematic training of his mind. Itis
important for our further studies to make clear to ourselves at this
point the nature of the change which man must bring to pass within
himsdlf in order to brave Kant's ‘adventure of reason’. Goethe's con-
cept for the newly acquired faculty of cognition, exact sensoriad fan-
tasy, can give us the lead.

We remember that, to form this faculty, two existing functions of
the soul, as such polarically opposite, had to be welded together—
memory based on exact sense-perception and the freely working
fantasy; one connected with the nervous system of the body, the



other with the blood. We aso know from earlier considerations
(Chapter 11) that in the little child there is not yet any such polariza-
tion, in body or soul, as thereisin man's later life. Thus we see that
training on Goethe's lines aims at nothing less than restoring within
onesdlf a condition which is natural in early childhood.

In saying thiswe touch on the very foundations of the new pathway
to science discovered by Goethe. We shall hear more of it in the
following chapter.



CHAPTER VI

Except We Become . . .

In this chapter we shall concern ourselves with a number of per-
sonalities from the more or less recent past of the cultural life of
Britain, each of whom was a spiritual kinsman of Goethe, and so a
living illustration of the fact that the true source of knowledge in
man must be sought, and can be found, outside the limits of his
modern adult consciousness. Whilst none of them was a match for
Goethe as regards universality and scientific lucidity, they are dl
characteristic of an immediacy of approach to certain essentid
truths, which in the sense we mean is not found in Goethe. It enabled
them to express one or the other of these truths in aform that makes
them suitable as sign-posts on our own path of exploration. We shall
find repeated opportunity in the later pages of this book to remember
just what these men saw and thought.

* *

*

The first is Thomas Reid (1710-96), the Scottish philosopher and
advocate of common sense as the root of philosophy.* After having
served for some years as a minister in the Church of Scotland, Reid
became professor of Philosophy at the University of Aberdeen,
whence he was cdled to Glasgow as the successor of Adam Smith.
Through his birth in Strachan, Kincardine, he belonged to the same
part of Scotland from which Kant's ancestors had come. Two brief
remarks of Goethe show that he knew of the Scotsman's philosophy,
and that he appreciated hisinfluence on contemporary philosophers.?

Reid, like his contemporary Kant, felt his philosophical conscience

! The present writer's interest in Reid was first aroused by a remark of Rudolf
Steiner, in his book A Theory of 'Knowledge according to Goethe's World Conception.

2 |n a comment on a letter Carlyle had written to him, and in a note dealing
with the contemporary philosophy in Germany.



stirred by Hume's Treatise of Human Nature, and, like Kant, set him-
sdf thetask of opposing it. Unlike Kant, however, whose philosophic
system was designed to arrest man's reason before the abyss into
which Hume threatened to cast it, Reid contrives to detect the bridge
that leads safely across this abyss. Even though it was not granted to
him actually to set foot on this bridge (this, in his time, only Goethe
managed to do), he was able to describe it in a manner especidly
helpful for our own purpose.

The first of the three books in which Reid set out the results of his
labours appeared in 1764 under thetitle, Inquiry into the Human Mind
on the Principles of Common Sense. The other two, Essays on the
Intellectual Powers of Man and Essays on the Active Powers of Man,
appeared twenty years later. In these books Reid had in view a more
all-embracing purpose than in hisfirst work. The achievement of this
purpose, however, required a greater spiritual power than was
granted to him. Comparing his later with his earlier work, Reid's
biographer, A. Campbell Fraser, says:

'Reid's Essays form, as it were, the inner court of the temple of
which the Aberdonian Inquiry is the vestibule. But the vestibuleis a
more finished work of constructive skill than the inner court, for the
aged architect appears at last as if embarrassed by accumulated
material. The Essays, greater in bulk, perhaps less deserve a place
among modern philosophical classics than the Inquiry, notwithstand-
ing its narrower scope, confined as it is to man's perception of the
extended world, as an object lesson on the method of appea to
common sense’

Whilst the ideas of Kant, by which he tried in his way to oppose
Hume's philosophy, have become within a short space of time the
common possession of men's minds, it was the fate of Reid's ideas to
find favour among only arestricted circle of friends. Moreover, they
suffered decisive misunderstanding and distortion through the efforts
of well-meaning disciples. This was because Kant's work was a late
fruit of an epoch of human development which had lasted for cen-
turies and in his time began to draw to its close, while Reid's work
represents a seed of a new epoch yet to come. Here lies the reason
dso for his failure to develop his philosophy beyond the achieve-
ments contained in his first work. It is on the latter, therefore, that
we shall chiefly draw for presenting Reid's thoughts.

*



The convincing nature of Hume's argumentation, together with
the absurdity of the conclusions to which it led, aroused in Reid a
suspicion that the premises on which Hume's thoughts were built, and
which he, in company with al his predecessors, had assumed quite
uncritically, contained some fundamental error. For both as a Chris-
tian, a philosopher, and a man in possession of common sense, Reid
had no doubt as to the absurdity and destructiveness of the conclu-
sions to which Hume's reasoning had led him.

'For my own satisfaction, | entered into a serious examination of
the principles upon which this sceptical system is built; and was not
a little surprised to find that it leans with its whole weight upon a
hypothesis, which is ancient indeed, and hath been very generaly
received by philosophers, but of which | could find no solid proof.
The hypothesis | meanis, That nothing is perceived but what isin the
mind which perceives it: That we do not really perceive the things
that are external, but only certain images and pictures of them im-
printed upon the mind, which are called impressions and ideas.

'If this be true, supposing certain impressions and ideas to exist
presently in my mind, | cannot, from their existence, infer the exist-
ence of anything else; my impressions and ideas are the only exist-
ences of which | can have any knowledge or conception; and they are
such fleeting and transitory beings, that they can have no existence at
al, any longer than I am conscious of them. So that, upon this hypo-
thesis, the whole universe about me, bodies and spirits, sun, moon,
dars, and earth, friends and relations, dl things without exception,
which | imagined to have a permanent existence whether | thought of
them or not vanish at once:

'And, like the baselessfabric of this vision . . .
Leave not a rack behind.

‘| thought it unreasonable, upon the authority of philosophers, to
admit a hypothesis which, in my opinion, overturns al philosophy,
al religion and virtue, and al common sense: and finding, that al
the systems which | was acquainted with, were built upon this hypo-
thesis, | resolved to enquire into this subject anew, without regard to
any hypothesis.’

The following passage from the first chapter of the Inquiry reveals



Reid as a personality who was not dazzled to the same extent as were
his contemporaries by the brilliance of the onlooker-consciousness:

Ifit [the mind)] isindeed what the Treatise of Human Nature makes
it, | find | have been only in an enchanted castle, imposed upon by
spectres and apparitions. | blush inwardly to think how 1 have been
deluded; | am ashamed of my frame, and can hardly forbear expostu-
lating with my destiny: Is this thy pastime, O Nature, to put such
tricks upon a silly creature, and then to take off the mask, and show
him how he hath been befooled? If this is the philosophy of human
nature, my soul enter thou not into her secrets. It is surely the for-
bidden tree of knowledge; | no sooner tasteit, than | perceive myself
naked, and stript of al things—yeaeven of my very salf. | see myself,
and the whole frame of nature, shrink into fleeting ideas, which, like
Epicuruss atoms, dance about in emptiness.

'‘But what if these profound disquisitions into thefirst principles of
human nature, do naturally and necessarily plunge a man into this
abyss of scepticisn? May we not reasonably judge from what hath
happened? Des Cartes no sooner began to dig in this mine, than
scepticism was ready to break in upon him. He did what he could to
shut it out. Malebranche and Locke, who dug deeper, found the
difficulty of keeping out this enemy still to increase; but they lab-
oured honestly in the design. Then Berkeley, who carried on the
work, despairing of securing al, bethought himself of an expedient:
By giving up the material world, which he thought might be spared
without loss, and even with advantage, he hoped by an impregnable
partition to secure the world of spirits. But, dad the Treatise of
Human Nature wantonly sapped the foundation of this partition and
drowned al in one universal deluge.' (Chapter I, Sections vi-vii.)

What Reid so pertinently describes here as the ‘enchanted castle' is
nothing ese than the human head, which knows of no occurrence be-
yond its boundaries, because it has forgotten that it is only the end-
product of a living existence outside of, and beyond, itself. We see
here that Reid is gifted with the faculty of entering this castle without
forfeiting his memory of the world outside; and so even from within
its walls, he could recognize its true nature. To a high degree this
helped him to keep free of those deceptions to which the majority of
his contemporaries fell victim, and to which so many persons are ill
subject to-day.



Itisinthis way that Reid could make it one of the cardinal prin-
ciples of his observations to test dl that the head thinks by relating it
to the rest of human nature and to dlow nothing to stand, which does
not survive this test. In this respect the argument he sets over against
the Cartesian, 'cogito ergo sum' is characteristic: ' "I am thinking,"
says he, "therefore | am": and is it not as good reasoning to say, |
am deeping, therefore | am? If abody moves, it must exist, no doubt;
but if it is a rest, it must exist likewise!

The following summarizes the position to which Reid is led when
he includes the whole human being in his philosophicd inquiries.

Reid admits that, when the consciousness that has become aware
of itself surveys that which lies within its own horizon, it finds nothing
else there but transient pictures. These pictures in themselves bring to
the mind no experience of alasting existence outside itself. Thereisno
firm evidence of the exigence of either an outer materid world to
which these pictures can be related, or of an inner spiritua entity
which is responsible for them. To be able to speak of an exigtencein
either realm is impossible for a philosophy which confines its atten-
tion solely to the mere picture-content of the waking consciousness.

But man is not only a percipient being; he is also a being of will,
and as such he comesinto arelationship with the world which can be
a source of rich experience. If one observes this rdationship, oneis
bound to notice that it is based on the self-evident assumption that
one possesses a ladting individuality, whose actions ded with alasting
material world. Any other way of behaviour would contradict the com-
mon sense of man; where we meet with it we arefacedwith alunatic.

Thus philosophy and common sense seem to stand in irreconcilable
opposition to each other. But this opposition is only apparent. It
exigts so0 long as philosophy thinks it is able to come to valid conclu-
sions without listening to the voice of common sense, believing itself
to be too exated to need to do so. Philosophy, then, does not realize
'that it has no other root but the principles of Common Sense; it
grows out of them, and draws its nourishment from them: severed
from this root, its honours wither, its sap is dried up, it dies and
rots.' (I, 5.)

At the moment when the philosophical consciousness ceases to
regard itsdf as the sole foundation of its existence and recognizes
that it can say nothing about itsdf without considering the source
from which it has evolved, it attains the possibility of seeing the con-
tent of its experience in a new light. For it is no longer satisfied with



considering this content in the completed form in which it presents
itself. Rather does it feel impelled to investigate the process which
gives rise to this content as an end-product (the 'impressions and
'ideas of Hume and his predecessors).

Reid hasfaith in the fact—for his common sense assures him of it
—that alasting substantiality lies behind the world of the senses, even
if for human consciousness it exists only so long as impressions of it
are received via the bodily senses. Similarly, he has faith in the fact
that his consciousness, although existing but intermittently, has asits
bearer alasting sdlf. Instead of allowing this intuitively given know-
ledge to be shaken by a mere staring at fugitive pictures, behind
which the real existence of sdf and world is hidden, he seeks instead
in both directions for the origin of the pictures and will not rest until
he has found the lasting causes of their transient appearances.

In one direction Reid finds himself led to the outer boundary of
the body, where sense perception has its origin. This prompts him to
investigate the perceptions of the five known senses:. smelling, tast-
ing, hearing, touching and seeing, which he discusses in this order.In
the other direction he finds himself led—and here we meet with a
specid attribute of Reid's whole philosophical outlook—to the realm
of human speech. For speech depends upon an inner, intelligent
human activity, which, once learnt, becomes a lasting part of man's
being, quite outside the realm of his philosophizing consciousness,
and yet forming an indispensable instrument for this consciousness.

The ssimplest human reasoning, prompted only by common sense,
and the subtlest philosophical thought, both need language for their
expression. Through his ability to speak, man lifts himself above an
instinctive animal existence, and yet he develops this ability at an
infantile stage, when, in so far as concerns thelevel of his conscious-
ness and his relationship to the world, he hardly rises above the level
of the animal. It requires ahighly developed intelligence to probe the
intricacies of language, yet complicated tongues were spoken in
human history long before man awoke to his own individual intelli-
gence. Just as each man learns to think through speaking, so did
humanity as awhole. Thus speech can become a means for acquiring
insight into the original form of human intelligence. For in speech
the common sense of man, working unconsciously within him, meets
the fully awakened philosophical consciousness.*

! This observation of Reid's shows that the origin of languageis very different
from what the evolutionists since Darwin have imagined it to be.



The way in which the two paths of observation have here been set
out must not give rise to the expectation that they are discussed by
Reid in a smilarly systematic form. For this, Reid lacked the suffi-
cient detachment from his own thoughts. As he presents his observa-
tions in the Inquiry they seem to be nothing but a systematic descrip-
tion of thefivesenses, broken into continually by linguistic considera-
tions of the kind indicated above. So, for example, many of his more
important statements about language are found in his chapter on
'Hearing'.

Our task will be to summarize Reid's work, taking from his
description, so often full of profound observations, only what is
essential toillustrate his decisive discoveries. This requires that (keep-
ing to Mr. Eraser's picture) we consider separately the two pillars
supporting the roof of the templ€'s forecourt: speech and sense-
impressions. We will start with speech.

*

Reid notes as afundamental characteristic of human language that
it includes two distinct elements: first, the purely acoustic element,
represented by the sheer succession of sounds, and secondly the vari-
ety of meanings represented by various groups of sounds, meanings
which seem to have nothing to do with the sounds as such. This state
of language, where the sound-value of the word and its value as a
sign to denote a thing signified by it, have little or nothing to do with
one another, is certainly not the primeva one. In the contemporary
state of language, which Reid cdls artificial language, we must see a
development from a former condition, which Reid cdls natural lan-
guage. So long as this latter condition obtained, man expressed in the
sound itself what he felt impelled to communicate to his fellows. In
those days sound was not merely an abstract sign, but a gesture,
which moreover was accompanied and supported by the gestures of
the limbs.

Even to-day man, at the beginning of his life, till finds himself in
that relationship to language which was natural to dl men in former
times. The little child acquires the ability to speak through the imita-
tion of sounds, becoming aware of them long before it understands
the meaning accorded to the various groups of soundsin the artificial
state of contemporary adult speech. That the child's attention should
be directed solely to the sound, and not to the abstract meaning of
the individual words, is indeed the prerequisite of learning to speak.



If, says Reid, the child were to understand immediately the concep-
tual content of the words it hears, it would never learn to speak at
al.

When the adult of to-day useslanguagein its artificial state, words
are only signsfor things signified by them. Ashe speaks, his attention
is directed exclusively towards this side of language; the pure sound
of the words he uses remains outside the scope of his awareness. The
little child, on the other hand, has no understanding of the meaning
of words and therefore lives completely in the experience of pure
sound. In the light of this, Reid comes to the conclusion, so impor-
tant for what follows, that with the emergence of a certain form of
consciousness, in this case that of the intellectual content of words,
another form submerges, a form in which the experience of the pure
sound of words prevails. The adult, while in one respect ahead of the
child, yet in another isinferior, for the effect of this changeis a defin-
ite impoverishment in soul-experience. Reid puts this as follows:

It is by natura signs chiefly that we give force and energy to lan-
guage ; and the less language has of them, it is the less expressive and
persuasive. . . . Artificia signs signify, but they do not express; they
speak to the understanding, as algebraic characters may do, but the
passions and the affections and the will hear them not: these con-
tinue dormant and inactive, till we speak to them in the language of
nature, to which they are al attention and obedience.’

We have followed Reid so far in his study of language, because it
is along this way that he came to form the concepts that were to
serve him as akey for his all-important findings in the realm of sense-
experience. These are the concepts which bear on the connexion be-
tween the sign and the thing signified; the distinction between the
artificial and the natural state of language; and the disappearance of
certain primeva human capacities for experience, of which Reid says
that they are brought by the child into the world, but fade as his in-
tellectual capacities develop.

*

As soon as one begins to study Reid's observations in the realm of
sense-experience, one meets with a certain difficulty, noticeable ear-
lier but not so strikingly. The source of it is that Reid was obliged to
relate the results of his observations only to thefive senses known in
his day, whereas in fact his observations embrace afar greater field of
human sense-perception. Thus a certain disharmony creeps into his



descriptionsand makeshis statementslessconvincing, especialy for
someone who does not penetrate to its red cause.

However this may be, it need not concern us here; what matter to
us are Reid's actual observations. For these led him to the important
distinction between two factorsin our act of acquiring knowledge of
the outer world, each of which holds an entirely different place in
ordinary consciousness. Reid distinguishes them as 'sensation’ and
‘perception’. It is through the latter that we become aware of the
object as such. But we are mistaken if we regard the content of this
perception asidentica with the sum total of the sensations which are
caused in our consciousness by the particular object. For these sen-
sations are qualitatively something quite different, and, athough
without them no perception of the object is possible, they do not by
themselves convey aknowledge of thething perceived. Only, because
our attention is so predominantly engaged by the object under per-
ception, we pay no heed to the content of our sensation.

To take an example, the impressions of roundness, angularity,
smoothness, roughness, colour, etc., of a table contain, dl told, no-
thing that could assure us of the existence of the object 'table’ as the
real content of an external world. How, then, do we receive the con-
viction of the latter's exigence? Reid's answer is, by entering into an
immediate intuitive relationship with it. It istruethat to establish this
relationship we need the stimuli coming from the impressions which
our mind receives through the various senses. Y et this must not induce
us to confuse the two.

When nature speaks to man through his senses, something occurs
exactly analogous to the process when man communicates with man
through the spoken word. In both cases the perception, that is, the
result of the process of perception, is something quite other than the
sum of sensations underlying it. Per-ceiving by means of the sensesis
none other than a re-ceiving of nature's language; and this language,
just like human language, bearstwo entirely different e ementswith-
init. According as one or the other element prevails in man's inter-
course with nature, this intercourse will be ether 'naturd’ or 'arti-
ficid'—to use the terms by which Reid distinguished the two stages
of human speech.

Just as every human being must once have listened only to the pure
sound of the spoken word on a wholly sentient levd in order to
acquire the faculty of speaking, so aso, in order to learn nature's
language, the soul must once have been totally surrendered to the



pure impressions of the senses. And just as with time the spoken
word becomes a symbol for that which is signified by it, the con-
sciousness turning to the latter and neglecting the actual sound-con-
tent of the word, so dso in its intercourse with nature the soul, with
itsgrowing interest inthething signified, turnsits attention more and
more away from the actual experiences of the senses.

From this it follows that a philosophy which seeks to do judtice to
man's whole being must not be satisfied with examining the given
content of human consciousness, but must strive to observe the actual
process to which this content owes its emergence. In practice this
means that a philosopher who understands his task aright must
grive to reawaken in himself a mode of experience which is natur-
dly given to man in his early childhood. Reid expresses this in the
Inquiry in the following way:

'When one is learning a language, he attends to the sounds, but
when he is master of it, he attends only to the sense of what he would
express. If thisis the case, we must become as little children again, if
we will be philosophers: we must overcome habits which have been
gathering strength ever since we began to think; habits, the useful-
ness of which atones for the difficulty it crestes for the philosopher in
discovering thefirst principles of the human mind.’

'We must become as little children again, if we will be philo-
sophers!’ The phrase appears here ailmost in passing, and Reid never
came back to it again. And yet in it is contained the Open Sesame
which gives access to the hidden spirit-treasures of the world. In this
unawareness of Reid's of the importance of what he thus had found
we must see the reason for his incapacity to develop his philosophy
beyond its first beginnings. This handicap arose from the fact that in
dl his thinking he was guided by a picture of the being of man which
—as a child of his time, dominated by the contemporary religious
outlook—he could never redlize distinctly. Yet without a clear con-
ception of this picture no justice can be done to Reid's concept of
common sense. Our next task, therefore, must be to evoke this
picture as clearly as we can

*

The following passage in Reid's Inquiry provides a key for the



understanding of his difficulty in conceiving an adequate picture of
man's being. In this passage Reid maintains that al art is based on
man's experience of the natural language of things, and that in every
human being there lives an inborn artist who is more or less crippled
by man's growing accustomed to the state of artificial languagein his
intercourse with the world. In continuation of the passage quoted on
page 99 Reid says:

'It were easy to show, that thefine arts of the musician, the painter,
the actor, and the orator, so far as they are expressive; although the
knowledge of them requires in us a ddicate taste, a nicejudgment,
and much study and practice; yet they are nothing dse but the lan-
guage of nature, which we brought into the world with us, but have
unlearned by disuse and so find the greatest difficulty in recovering
it.

'‘Abolish the use of articulate sounds and writing among mankind
for a century, and every man would be a painter, an actor, and an
orator. We mean not to affirm that such an expedient is practicable;
or if it were, that the advantage would counterbalance the loss; but
that, as men are led by nature and necessity to converse together they
will use every means in their power to make themselves understood,;
and where they cannot do this by artificia sgns, they will do it as far
as possible by natural ones. and he that understands perfectly the use
of natural signs, must be the best judge in al expressive arts.'

When Reid says that there are certain characteristics—and these
just of the kind whose development truly ennobles human life—
which the soul brings with it into the world, a picture of man is evoked
in us in which the supersensible part of his being appears as an entity
whose existence reaches further back than the moment of birth and
even the first beginnings of the body. Now such a conception of man
isin no way foreign to humanity, in more ancient times it was univer-
saly prevalent, and it till lives on to-day, if merely traditionaly, in
the eastern part of the world. Itis only in the West that from acertain
period it ceased to be held. This was the result of a change which
entered into human memory in historical times, just asthere-dawning
of the old knowledge of man's pre-existence, of which Reid is a
symptom, is a result of another corresponding alteration in the
memory-powers of man in modern times.

For men of old it was characteristic that alongside the impres-



sions they received in earthly life through the senses (which in any
case werefar less intense than they are to-day), they remembered ex-
periences of a purely supersensible kind, which gave them assurance
that before the soul was knit together with a physical body it had
existed in a cosmic state purely spiritual in nature. The moment in
history when this kind of memory disappeared is that of the transi-
tion from the philosophy of Plato to that of Aristotle. Whereas Plato
was convinced by clear knowledge that the soul possesses character-
istics implanted in it before conception, Aristotle recognized a bodi-
less state of the soul only in thelife after death. For him the beginning
of the soul's existence was identical with that of the body.

The picture of man, taught for the first time by Aristotle, still re-
quired about twice four hundred years—from the fourth pre-Chris-
tian to the fourth post-Christian century—before it became so far
the common possession of men that the Church Father Augustine
(354-430) could base his teaching on it—a teaching which moulded
man's outlook on himself for the coming centuries right up to our
own time.

The following passage from Augustine's Confessions shows clearly
how he was compelled to think about the nature of the little child:

'This age, whereof | have no remembrance, which | take on others
words, and guess from other infants that | have passed, true though
the guess be, | am yet loath to count in this life of mine which | live
in this world. For no less than that which | lived in my mother's
womb, isit hid from me in the shadows of forgetfulness. But if | was
shapen in iniquity and in sn my mother did conceive me, where, |
beseech thee, O my God, where, Lord, or when, was | thy servant
guiltless? But lo! that period | pass by; and what have | to do with
that of which | can recall no vestige?*

On the grounds of such experience, Augustine was unable to pic-
ture man's being in any other way than by seeing him, from the first
moment of his life, as subject to the condition of the human race
which resulted from the Fall. Thus he exclaims in his Confessions:
'‘Before Thee, O God, no-one is free from sin, not even the child
which has lived but a single day on the earth.' In so far as there was
any question of the soul's arising from this fallen state, it was deemed
unable to attain this by any effort of its own, but to depend on the

! Confessions, Book |, Chapter 8.



gifts of grace which the Church was able to dispense through the
Sacraments.

Compare with this the present-day scientific conception of human
nature, as it dominates the thought of speciaist and layman dike.
Here man appears, both in body and soul, as a sum of inherited
characteristics, of characteristics, that is to say, which have been
passed on by way of sexua propagation and gradually emerge into
full manifestation as the individual grows up. Apart from this in-
herited predestination the soul is held to present itself, in Locke's
dasscd phrase, as a tabula rasa upon which are slamped al manner
of external impressions.

The similarity between this modern picture of man and the earlier
theological one is striking. In both cases the centra assumption is
that human development from child to man consists in the unfolding
of certain inherited characteristics which are capable of further spedi-
fic modification under influences proceeding from outside. The only
difference between the two pictures is that in the modern one the
concepts of heredity and adaptation have been formed without
specia application to the ethical characteristics of the soul.

It is clear that from both Augustine's and the modern scientific
viewpoint there is no sense in requiring—as Reid did—those who
s the truth about themsealves and the world to recover a condition
which had been theirs as children. Nor from this point of view is
there any justification to call on a Common Sense, innate in man, to
stinjudgment on the philosophical efforts of the adult reason.

*

That even in the days of Augustine the original conception of
human nature had not disappeared entirely, is shown by the appear-
ance of Augustine's opponent Pelagius, cdled the ‘arch-heretic'. To
consider him at thispoint in our discussion will prove helpful for our
understanding of Reid's historic position in the modern age.

What interests us herein Pelagius's doctrine (leaving aside al ques-
tions concerning the meaning of the Sacraments, etc.), is the picture
of man which must have lived in him for him to teach as he did.

Leaving his Irish-Scottish homeland and arriving about the year
400 in Rome, where on account of the unusual purity of his being he
soon came to be held in the highest esteem, Pelagius found himself
obliged to come out publicly against Augustine, for he felt that
Augustine's teachings denied al free will to man. In the purely



passive surrender of man to the will of God, as Augustine taught it,
he could not but see danger for the future development of Christian
humanity. How radically he diverged from Augustine in his view of
man we may see from such of his leading thoughts as follow:

'‘Each man begins his life in the same condition as Adam.'

'All good or evil for which in life we are deserving of praise or
blame is done by ourselves and is not born with us.'

'‘Before the personal will of man comesinto action there is nothing
in him but what God has placed there.'

"It is therefore |eft to the free will of man whether he falsinto sin,
as aso whether through following Christ he raises himself out of it

again.'

Pelagius could think in this way because he came from a part of
Europe where the older form of human memory, already at that time
almost extinct in the South, was in some degree still active. For him
it was therefore a matter of direct experience that the development of
man from childhood onwards was connected with a diminution of
certain original capacities of the soul. Yet he was so far achild of his
age as to be no longer capable of seeing whence these capacities
originated.

To provide the necessary corrective to Augustine's doctrine of in-
heritance, Pelagius would have had to be able to see in the first years
of life both a beginning of the earthly and a termination of the pre-
earthly existence of the soul. Theimperfections of his picture of man,
however, led him to underestimate, even to deny, the significance of
heredity and so of origina sin in human life. For an age which no
longer had any direct experience of the soul's pre-natal life, the doc-
trines of Augustine were undoubtedly more appropriate than those of
Pelagius; Augustine was in fact the more modern of the two.

And now, if we move forward a dozen centuries and compare
Thomas Reid and Immanuel Kant from this same point of view, we
find the same conception of man again triumphant. But there is an
essentid difference: Kant carried al before him because he based
himself on an age-old view of human nature, whereas Reid, uncom-
prehended up to our own day, pointed to a picture of man only just
then dawning on the horizon of the future. Just as through Pelagius
there sounded something like alast call to European humanity not to
forget the cosmic nature of the soul, so through Reid the memory of



this nature announced its first faint renewal. It is common to both
that their voices lacked the clarity to make themselves heard among
the other voices of their times; and with both the reason was the
same: neither could perceive in fullness—the one no longer, the other
not yet—the picture of man which ensouled their ideas.

The certainty of Reid's philosophical instinct, if such an expression
be allowed, and at the same time his tragic limitations, due to an in-
ability fully to understand the origin ofthis instinct, come out clearly
in the battle he waged against the 'idea’ as his immediate predecessors
understood it. We know that Plato introduced this word into the
philosophical language of mankind. In Greek déa (from idew, to
see) means something of which one knows that it exists, because one
sees it. It was therefore possible to use the word 'to see' as Plato did,
because in his day it covered both sensible and supersensible percep-
tion. For Plato, knowing consisted in the soul's raising itself to per-
ceiving the objective, world-forming IDEAS, and this action comprised
at the same time a recollection of what the soul had seen while it
lived, as an Idea among Ideas, before its appearance on earth.

As long as Plato's philosophy continued to shape their thought,
men went on speaking more or less traditionally of Ideas as real
supersensible beings. When, however, the Aristotelian mode of
thinking superseded the Platonic, the term 'Idea’ ceased to be used in
its original sense; so much so that, when Locke and other modern
philosophers resorted to it in order to describe the content of the
mind, they did so in complete obliviousness ofits first significance.

It is thus that in modern philosophy, and finally in ordinary mod-
ern usage, 'idea’ came to be a word with many meanings. Sometimes
it signifies a sense-impression, sometimes a mental representation,
sometimes the thought, concept or essential nature of a thing. The
only thing common to these various meanings is an underlying im-
plication that an idea is a purely subjective item in human conscious-
ness, without any assured correspondence to anything outside.

It was against this view of the idea that Reid took the field, going
so far as to label the philosophy holding it the ‘ideal system'. He
failed to see, however, that in attacking the abstract use of the term
he was actually in a position to restore to it its original, genuine
meaning. If, instead of simply throwing the word overboard, he had
been able to make use of it in its real meaning, he would have ex-
pressed himself with far greater exactitude and consistency.' He was

" As we have seen, the word had better luck with Goethe.



prevented from doing this by his apparent ignorance of the earlier
Greek philosophers, Plato included. All he seems to have known of
their teachings came from inferior, second-hand reports of a later
and aready decadent period.

*

There are two historic persondlities, both in England, who witness
to the fact that the emergence of Reid's philosophy on the stage of
history was by no means an accidental event but that it represents a
symptom of a general reappearance of the long-forgotten picture of
man, in which birth no more than death sets up an absolute limit to
human existence. They are Thomas Traherne (1638-74) and William
Wordsworth (1770-1850).

Wordsworth's work and character are so well known that there is
no need to speak of them here in detail.> For our purpose we shall
pay specia attention only to his Ode on Intimations of Immortality
from Recollections of Early Childhood, where he shows himself in
possession of a memory (at any rate at the time when he wrote the
poem) of the pre-natal origin of the soul, and of a capacity for experi-
encing, at certain moments, the frontier which the soul crosses at
birth.

If, despite the widespread familiarity of the Ode, we here quote
certain passages from it, we do so because, like many similar things,
it has falen a victim to the intellectualism of our time in being
regarded merely as a piece of poetic fantasy. We shall take the poet's
words as literaly as he himsdlf uttered them. We read:

'Our birth is but a sleep and aforgetting:
The Soul that rises with us, our life's Sar,
Hath had elsewhere its setting,
And cometh from afar:
Not in entireforgetfulness,
And not in utter nakedness,
But trailing clouds ofglory do we come
From God who is our home:
Heaven lies about us in our infancy!

L Wordsworth, with al his limitations, had a real affinity with Goethe in his
view of nature. Mr. Norman Lacey gives some indication of this in his recent
book, Wordsworth's View of Nature.



Shades of theprison house begin to close
Upon the growing Boy.

But he beholds the light, and whence it flows,
He sees it in hisjoy;

The Youth, who dailyfarther from the east
Must travel, still is Nature's Priest,
And by the vision splendid
Is on his way attended."

Andlater:

'Hence in a season of calm weather
Though inlandfar we be,
Our Souls have sight of that immortal sea
Which brought us hither,
Can in a moment travel thither,
And see the Children sport upon the shore,
And hear the mighty waters rolling evermore.”

The fact that Wordsworth in his later years gave no further in-
dication of such experiences need not prevent us from taking quite
literally what he says here. Thetruthisthat an original faculty faded
away with increasing age, somewhat as happened with Reid when he
could no longer continue his philosophical work aong its original
lines. Wordsworth's Ode is the testament of the childhood forces
ill persisting but aready declining within him; it is significant that
he set it down in about the same year of life (his thirty-sixth) as that
in which Traherne died and in which Goethe, seeking renewa of his
being, took flight to Italy.

*

Of Traherne, too, we shdl say here only as much as our present
consideration and the further aims of this book require. We cannot
concern oursaves with the remarkable events which led, half a cen-
tury ago, to the discovery and identification of his long-lost writings
by Bertram Dobdl. Nor can we ded with the details of the eventful
life and remarkable spiritual development of this contemporary of
the Civil War. These matters are dedt with in Dobdl's introduction
to his edition of Traherne's poems, as also by Gladys |. Wade in her
work, Thomas Traherne. Our gratitude for the labours of these two

! This same period of life played a decisive part in the spiritual evolution of
Rudolf Steiner, as may be seen in his autobiography, The Sory of My Life.



writers by which they have provided mankind with the knowledge of
the character and the work of this unique personality cannot hinder
us, however, from stating that both were prevented by the premises of
their own view of the world from rightly estimating that side of Tra-
herne which isimportant for usin this book, and with which we shall
specialy concern ourselves in the following pages.

Later in this chapter we shall discuss Dobell's philosophical
misinterpretation of Traherne, to which he fell victim because he
maintained his accustomed spectator standpoint in regard to his
object of study. Miss Wade has, indeed, been able to pay the right
tribute to Traherne, the mystic, whose inner (and aso outer) bio-
graphy she was able to detect by taking serioudy Traherne's indica-
tions concerning his mystical development. Her mind, however, was
too rigidly focused on this side of Traherne's life—his self-training by
an iron inner discipline and his toilsome ascent from the experience
of Nothingness to astate of Beatific Vision. This fact, combined with
her disinclination to overcome the Augustinian picture of man in
herself, prevented her from taking Traherne equaly seriously where
he speaks as one who is endowed with anever interrupted memory of
his primeval cosmic consciousness—notwithstanding the fact that
Traherne himself has pointed to this side of his nature as the most
significant for his fellow-men.

Of the two works of Traherne which Dobell rescued from
oblivion, on both of which we shall draw for our exposition, one
contains his poems, the other his prose writings. The title of the latter
is Centuries of Meditations. The title page of one of the two manu-
scripts containing the collection of the poetical writings introduces
these as Poems of Felicity, Containing Divine Reflections on the
Native Objects of an Infant-Eye. As regards the title '‘Centuries of
Meditations we are ignorant of the meaning Traherne may have
attached to it, and what he meant by calling the four parts of the
book, 'First', 'Second’, etc., Century. The book itself represents a
manual of devotion for meditative study by the reader.

Let our first quotation be one from the opening paragraph of the
third 'Century' in which Traherne introduces himself as the bearer of
certain uncommon powers of memory and, arising fromthese powers,
a particular mission as a teacher:

"Those pure and virgin apprehensions | had from the womb, and
that divine light wherewith | was born are the best unto this day,



wherein | can see the Universe. By the gift of God they attended
me into the world, and by His specid favour | remember them
till now. Verily they seem the greatest gifts His wisdom could
bestow, for without them al other gifts had been dead and vain.
They are unattainable by books, and therefore | will teach them by
experience.’ (Ill, 1)

The picture thus remaining with him of his nature of soul in his
earliest years on earth he describes as follows:

'‘Certainly Adam in Paradise had not more sweet and curious ap-
prehensions of the world, than | when | was a child. All appeared
new, and strange at first, inexpressibly rare and delightful and beau-
tiful. | was alittle stranger, which at my entranceinto the world was
sduted and surrounded with innumerable joys. My knowledge was
Divine. | knew by intuition those things which since my Apostacy, |
collected again by the highest reason. | was entertained like an Angel
with the works of Gaod in their splendour and glory, | saw dl in the
peace of Eden; Heaven and Earth did sing my Creator's praises, and
could not make more melody to Adam, than to me. All Time was
Eternity, and a perpetual Sabbath. Is it not strange, that an infant
should be the heir of the whole world, and see those mysteries which
the books of the learned never unfold? (lll, 1, 2)

In a different form the same experience comes to expression in the
opening lines of Traherne's poem, Wonder:

'How like an Angel came | down!
How bright areall thingsherel

When first among his Works | did appear

O how their GLORY did me crown!
The World resembled his ETERNITIE,

In which my Soul did Walk;
And evry Thing that | did see
Did with me talk."

The picture of man thus sketched by Traherne is as close to Reid's
as it is remote from Augusting's. This remoteness comes plainly to
expression in theway Traherne and Augustine regard the summons of

! The difference in spelling between the prose and poetry excerpts arises from
the fact that whereas we can draw on Miss Wade's new edition of the poems for

Traherne's original spelling, we have as yet only Dobdll's edition of the Centuries,
in which the spelling is modernized.



Christ to His disciples to become as little children, a summons to
which Reid was led, as we have seen, on purely philosophical
grounds. Let us first of al recall the words of Christ as recorded by
Matthew in his 18th and 19th chapters:

'‘And Jesus called a little child unto him, and set him in the midst
of them, and said: Verily | say untoyou, except ye be converted, and
become as little children, ye shall not enter into the kingdom of
Heaven. Whosoever therefore shall humble himsdf as this little
child, the same is the greatest in the kingdom of Heaven.' (xviii, 2-4.)

'Suffer the little children and forbid them not to come unto me:
for of such is the kingdom of Heaven.' (xix, 14.)

Augustine refers to these words when he concludes that examina
tion of his childhood memories which he undertook in order to prove
the depravity of the soul from its first day on earth. He says: 'In the
littleness of children didst Thou, our king, give us a symbol of humil-
ity when Thou didst say: Of such is the kingdom of Heaven.'

If we glance back from what Augustine says here to the original
passages in the Gospel just quoted, we see what a remarkable altera-
tion he makes. Of thefirst passage only thelast sentenceis taken, and
this in Augustine's mind is fused into one with the second passage.
Thereby the admonition of Christ through one's own effort to become
as one once was as a child disappears completely. The whole passage
thus takes on a meaning corresponding to that passive attitude to the
divine will inculcated by Augustine and opposed by Pelagius, and it
isin this sense that the words of Christ have sunk into the conscious-
ness of Western Christianity and are usually taken to-day.

We may see how differently thisinjunction of Christ lived in Tra-
herne's consciousnessfrom thefollowing passageout of hisCenturies:

'‘Our Saviour's meaning, when He said, ye must be born again and
become a little child that will enter into the Kingdom of Heaven, is
deeper far than is generally believed. It is not only in a careless
reliance upon Divine Providence, that we are to become little child-
ren, or in the feebleness and shortness of our anger and simplicity of
our passions, but in the peace and purity of al our soul. Which purity
aso is a degper thing than is commonly apprehended.’ (Ill, 5.

With Traherne aso the passage in question has been fused to-
gether with another utterance of Christ, from John's account of
Christ's conversation with Nicodemus:



‘Verily, verly | say unto you, except a man be born again, he
cannot see the Kingdom of God.' (John iii, 3.

What conception of the infant condition of man must have existed
in a soul for it to unite these two passages from the Gospels in this
way? Whereas for Augustine it is because of its small stature and
helplessness that the child becomes a symbol for the spiritual smdl-
ness and helplessness of man as such, compared with the overwhelm-
ing power of the divine King, for Traherneit is the child's nearness to
God which is most present to him, and which must be regained by
the man who strives for inner perfection.

Traherne could bear in himsdf such a picture of man's infancy
because, as he himself emphasizes, he was in possession of an un-
broken memory of the experiences which the soul enjoys before it
awakens to earthly sense-perception. The following passage from the
poem, My Spirit, gives a detailed picture of the early state in which
the soul has experiences and perceptions quite different from those of
its later life. (We may recall Reid's indication of how the child re-
ceives the natural language of things.)

'‘An Object, if it were before
Mine Ey, was by Dame Nature's Law
Within my Soul: Her Sore
Was all at once within me; all her Treasures
Were my immediat and internal Pleasures,
Qubstantial Joys, which did inform my Mind.

... | couldnot tell
Whether the Things did there
Themselvs appear,
Which in my Spirit truly seem'd to dwell:
Or whether my conforming Mind
Were not ev'n all that therein shin'd.’

Further detail is added to this picture by the description, givenin
the poem The Praeparative, of the soul's non-experience of the body
at that early stage. The description is unmistakably one of an experi-
ence during the time between conception and birth.

‘My Body being dead, my Limbs unknown;
Before | skill'd to prize
Those living Stars, mine Eys,



Before or Tongue or Cheeks | call'd mine own,
Before | knew these Hands were mine,
Or that my Snews did my Membersjoin;
When neither Nostril, Foot, nor Ear,
As yet could be discerned or did appear;
| was within
A House | knew not; newly cloath'd with Skin.

Then was my Soul my only All to me,
A living endless Ey,
Scarce bounded with the Sky,
Whose Power, and Act, and Essence was to see;
| was an inward Sphere of Light,
Or an interminable Orb of Sght,
Exceeding that which makes the Days,
A vital Sun that shed abroad its Rays:
All Life, all Sense,
Anaked, simple, purelntelligence.”

In the stanza following upon this, Traherne makes a statement
which is of particular importance in the context of our present dis-
cussion. After some additional description of the absence of al bodily
needs he says:

‘Without disturbance then | did receiv
The tru Ideas of all Things

The manuscript of this poem shows a smal alteration in Tra
herne's hand in the second of these two lines. Where we now read
‘true Idess, there originaly stood ‘fair Ideas. 'Fair' described Tra
herne's experience as he immediately remembered it; the later altera-
tion to 'true’ shows how well aware he was that his contemporaries
might miss what he meant by 'lded, through taking it in the sense
that had already become customary in his time, namely, as a mere
product of man's own mental activity.

This precaution, however, has not saved Traherne from being mis-
interpreted in our own day in precisely the way he feared—indeed,
by no less a person than his own discoverer, Dobell. Itisthe sympto-
matic character of this misinterpretation which prompts us to dedl
with it here.



In his attempt to classify the philosophical mode of thought behind
Traherne's writings, Dobell, to his own amazement, comes to the
conclusion that Traherne had anticipated Bishop Berkeley (1684-
1753). They seemed to him so dike that he does not hesitate to call
Traherne a 'Berkeleyan before Berkeley was born'. In proof of this he
refers to the poems, The Praeparative and My Spirit, citing from the
latter the passage given above (page 112), and drawing specid atten-
tion to its two concluding lines. Regarding this he says: 'l am much
mistaken if the theory of non-existence of independent matter, which
is the essence of Berkeley's system, is not to be found in this poem.
The thought that the whole exterior universe is not redly a thing
apart from and independent of man's consciousness of it, but some-
thing which exists only as it is perceived, is undeniably found in My
Sirit:

The reader who has followed our exposition in the earlier parts of
this chapter can be in no doubt that, to find a philosophy similar to
Traherne's, hemust look for itin Reid and not in Berkeley. Reid him-
sdf rightly placed Berkeley amongst the representatives of the 'ideal
system' of thought. For Berkeley's philosophy represents an effort of
the onlooker-consciousness, unable as it was to arrive at certainty
regarding the objective existence of a material world outside itself, to
secure recognition for an objective Sdf behind the flux of mental
phenomena. Berkeley hoped to do this by supposing that the world,
including God, consists of nothing but 'idea-creating minds, operat-
ing like the human mind as man himself perceives it. His world
picture, based (as is well known) entirely on optical experiences, is
the perfect example of aphilasophy contrived by the one-eyed, colour-
blind world-spectator.

We shal understand what in Traherne's descriptions reminded
Dobell of Berkeley, if we take into account the connexion of the soul
with the body at the time when, according to Traherne, it still enjoys
the untroubled perception of the true, the light-filled, Ideas of things.

In this condition the soul has only a dim and undifferentiated
awareness of its connexion with a spatialy limited body (1 was
within ahouse | knew not, newly clothed with skin') and it certainly
knows nothing at al of the body as an instrument, through which the
will can be exercised in an earthly-spatial way (‘My body being dead,
my limbs unknown'). Instead of this, the soul experiences itself
simply as a supersensible sense-organ and as such united with the far
spaces of the universe (‘Before | skilled to prize those living stars,



mine eyes. . . . Then was my soul my only All to me, aliving endless
eye, scarce bounded with the sky").

At the time when the soul has experiences of the kind described by
Traherne, it is in a condition in which, as yet, no active contact has
been established between itself and the physical matter of the body
and thereby with gravity. Hence there is truth in the picture which
Traherne thus sketches from actual memory. The same cannot be
said of Berkeley's world-picture. The fact that both resemble each
other in certain features need not surprise us, seeing that Berkeley's
pictureis, in its own way, a pure 'eye-picture’ of the world. As such,
however, it is an illusion—for it is intended for a state of man for
which it is not suited, namely for adult man going upright on the
earth, directing his deeds within its material realm, and in this way
fashioning his own destiny.

Indeed, compared with Berkeley's eye-picture of the world, that of
Reid is in every respect a 'limb-picture’. For where he seeks for the
origin of our naive assurance that a real material world exists, there
he reverts—guided by his common sense—to the experiences avail-
able to the soul through the fact that the limbs of the body meet with
the resistant matter of the world. And whenever he turns to the
various senses in his search, it is always the will-activity of the soul
within the sense heis investigating—and so the limb-nature within it
—to which he first turns his attention. Because, unlike Berkeley, he
takes into account the experiences undergone by the soul when it
leaves behind its primal condition, Reid does not fall into illusion,
but discovers a fundamental truth concerning the nature of the
world-picture experienced by man in his adult age. This, in turn,
enables him to discover the nature of man's world picture in early
childhood and to recognize the importance of recovering it in later
life as a foundation for a true philosophy.

Assuredly, the philosopher who discovered that we must become
as little children again if we would be philosophers, is the one to
whom we may relate Traherne, but not Berkeley. And if we wish
to speak of Traherne, as Dobell tried to do, we speak correctly
only if we cdl him a'Reidean before Reid was born'.

* *

*

A little more than a hundred years after Thomas Traherne taught
his fellow-men 'from experience' that thereis an original condition of



man's soul, beforeit is yet able to prize 'those living stars, mine eyes,
in which it is endowed with the faculty to see 'the true (fair) Ideas of
dl things, Goethewasled to the redlization that he had achieved the
possibility of ‘seeing Ideas with the very eyes. Although he was him-
«df not aware of it, the conception of the Idea was at this moment
restored through him to its true and original Platonic significance.

The present chapter has shown us how this conception of the Idea
is bound up with the view that is held of the relationship between
human nature in early childhood and human nature in later life. We
have seen that, when Plato introduced the term Idea as an expression
for spiritual entities having a real and independent existence, men
were still in possession of some recollection of their own pre-earthly
existence. We then found Traherne saying from his recollections that
in the original form of man's consciousness his soul is endowed with
the faculty of seeing 'true’ ldeas, and we found Reid on similar
grounds fighting the significance which the term ‘idea’ had assumed
under his predecessors. By their side we see Goethe as one in whom
the faculty of seeing Ideas appears for the first timein adult man as a
result of a systematic training of observation and thought.

If our view of the interdependence of the Platonic conception of
the ldea with the picture man has of himself is seen rightly, then
Goethe must have been the bearer of such a picture. Our expectation
is shown to be right by the following two passages from Goethe's
autobiography, Truth and Fiction.

In that part of his life story where Goethe concludes the report
of the first period of his childhood (Book Il), he writes:

‘Who is able to speak worthily of the fullness of childhood? We
cannot behold the little creatures which flit about before us otherwise
than with ddight, nay, with admiration; for they generaly promise
more than they perform and it seems that nature, among the other
roguish tricks that she plays us, here also epecidly designs to make
sport of us. The first organs she bestows upon children coming into
the world, are adapted to the nearest immediate condition of the
creature, which, unassuming and artless, makes use of them in the
readiest way for its present purposes. The child, considered in and for
itself, with its equals, and in relations suited to its powers, seems soin-
telligent and rational, and at the sametime so easy, cheerful and clever,
that one can hardly wish it further cultivation. If children grew up
according to early indications, we should have nothing but geniuses.”

! Oxenford's translation.



We find further evidence in Goethe's account of an event in his
seventh year, which shows how deeply his soul wasfilled at that time
with the knowledge of its kinship with the realm from which nature
hersdlf receives its existence. This knowledge led him to approach the
'great God of Nature' through an act of ritual conceived by himself.
The boy took a four-sectioned music stand and arranged on it dl
kinds of natural specimens, minerals and the like, until the whole
formed a kind of pyramidal atar. On the top of this pyramid he
placed some fumigating candles, the burning of which was to repre-
sent the 'upward yearning of the soul for its God'. In order to give
nature herself an active part in the ritual, he contrived to kindle the
candles by focusing upon them through a magnifying-glass the light
of the rising sun. Before this symbol of the unity of the soul with the
divine in nature the boy then paid his devotions.

'Unity of the soul with the divine in nature—this was what lived
vividly as a conviction in the seven-year-old boy, impelling him to
act as 'nature's priest' (Wordsworth). The same impulse, in a meta
morphosed form, impelled the adult to go out in quest of an under-
standing of nature which, as Traherne put it, was to bring back
through highest reason what once had been his by way of pri-
meva intuition.



CHAPTER VI

‘Always Stand by Form'

Immediacy of approach to certain essentias of nature as a result of
their religious or artistic experience of the sense-world, is the charac-
teristic of two more representatives of British cultural life. They are
Luke Howard (1772-1864) and John Ruskin (1819-1900), both true
readers in the book of nature. Like those discussed in the previous
chapter they can be of especid help to usin our attempt to establish
an up-to-date method of apprehending nature's phenomena through
reading them.

At the same time we shall find ourselves led into another sphere of
Goethe's scientific work. For we cannot properly discuss Howard
without recognizing the importance of his findings for Goethe's
meteorological studies or without referring to the persona con-
nexion between the two men arising out of their common interest and
similar approach to nature. We shall thus come as a matter of course
to speak of Goethe's thoughts about meteorology, and this again
will give opportunity to introduce a leading concept of Goethean
science in addition to those brought forward aready.

Of Ruskin only so much will appear in the present chapter as is
necessary to show him as an exemplary reader in the book of nature.
He will then be a more or less permanent companion in our investi-
gations.

The following words of Ruskin from The Queen of the Air reveal
him a once as a true reader in the book of nature:

'Over the entire surface of the earth and its waters, as influenced by
the power of the air under solar light, there is developed a series of
changing forms, in clouds, plants and animals, al of which have
reference in their action, or nature, to the human intelligence that
perceives them." (I, 89)



Here Ruskin in an entiredly Goethean way points toform in nature
as the element in her that speaks to human intelligence—meaning by
form, as other utterances of his show, al those qudlities through
which the natural object under observation reveals itsdlf to our senses
as awhole.

By virtue of his pictorial-dynamic way of regarding nature, Ruskin
was quite clear that the scientists one-sided seeking after external
forces and the mathematically calculable interplay between them can
never lead to a comprehension of life in nature. For in such a search
man loses sight of the rea signature of life: form as a dynamic
element. Accordingly, in his Ethics of the Dust, Ruskin does not
answer the question: 'What is Life? with a scientific explanation, but
with the laconic injunction: 'Always stand by Form against Force.
This he later enlarges pictorialy in the words: 'Discern the moulding
hand of the potter commanding the clay from the merely beating foot
asit turns the wheel.' (Lect. X.)

In thus opposing form and force to each other, Ruskin is actually
referring to two kinds of forces. There exist those forces which re-
semble the potter's foot in producing mere numerically regulated
movements (o that this part of the potter's activity can be replaced
by a power-machine), and others, which like the potter's hand, strive
for a certain end and so in the process create definite forms. Ruskin
goes a step further dill in The Queen of the Air, where he speaks of
sdective order as a mark of the spirit:

It does not merely crystallize indefinite masses, but it gives to
limited portions of matter the power of gathering, sdlectively, other
€lements proper to them, and binding these elements into their own
peculiar and adopted form. . . .

'For the mere force of junction is not spirit, but the power that
catches out of chaos, charcoal, water, lime and what not, and fastens
them into given form, is properly caled "spirit"; and we shal
not diminish, but strengthen our cognition of this creative energy
by recognizing its presence in lower states of matter than our
own. (Il, 59)

When Ruskin wrote this passage, he could count on a certain
measure of agreement from his contemporaries that the essence of
! These words should be weighed with the fact in mind that they were written

at the time when Crookes was intent on finding the unknown land of the spirit
by means of just such 'a mere force of junction'.



man himself is spirit, though certainly without any very exact notion
being implied. This persuaded him to fight on behalf of the spirit, lest
its activity on the lower levels of nature should not be duly acknow-
ledged. To-day, when the purely physical conception of nature has
laid hold of the entire man, Ruskin might have given his thought the
following turn: '. . . and we shall certainly attain to no real insight
into this creative force (of the spirit) at the level of man, unless we
win the capacity to recognizeits activity in lower states of matter.'

What Ruskin is really pointing towards is the very thing for which
Goethe formed the concept 'type. And just as Ruskin, like Goethe,
recognized the signature of the spirit in the material processes which
work towards a goal, so he counted as another such signature what
Goethe called Seigerung, though certainly without forming such a
universally valid idea of it:

"The Spirit in the plant—that is to say, its power of gathering dead
matter out of the wreck round it, and shaping it into its own chosen
shape—is of course strongest in the moment of flowering, for it then
not only gathers, but forms, with the greatest energy.' It is character-
istic of Ruskin's conception of the relationship between man's mind
and nature that he added: 'And where this lifeisin it at full power,
its form becomes invested with aspects that are chiefly delightful to
our own senses.’ (11, 60.)

Obviously, a mind capable of looking at nature in this way could
not accept such a picture of evolution as was put forward by Ruskin's
contemporary, Darwin. So we find Ruskin, in The Queen of the Air,
opposing the Darwinistic conception of the preservation of the species
as the driving factor in the life of nature:

'With respect to plants as animals, we are wrong in speaking as if
the object of life were only the bequeathing of itself. The flower is the
end and proper abject of the seeds, not the seed of the flower. The
reason for the seed is that flowers may be, not the reason of flowers
that seeds may be. The flower itself is the creature which the spirit
makes; only, in connection with its perfectedness, is placed the
giving birth to its successor.' (11, 60.)

For Ruskin the true meaning of lifein dl its stages lay not in the
maintenance of physical continuity from generation to generation,
but in the ever-renewed, ever more enhanced revelation of the spirit.

He was never for a moment in doubt regarding the inevitable



effect of such an evolutionary theory as Darwin's on the general
socid attitude of humanity. Men would be led, he realized, to see
themselves as the accidental products of an animal nature based
on the struggle for existence and the preservation of the species.

Enough has been said to stamp Ruskin as a reader in the book of
nature, capable of deciphering the signature of the spirit in the
phenomena of the sense-world.

*

Outwardly different from Ruskin's and yet spiritually comparable,
is the contribution made by his older contemporary, Luke Howard,
to the foundation of a science of nature based on intuition. Whereas
Ruskin throws out a multitude of aphoristic utterances about many
different aspects of nature, which will provide us with further start-
ing-points for our own observation and thought, Howard is con-
cerned with a single sphere of phenomena, that of cloud formation.
On the other hand, his contribution consists of a definite discovery
which he himself methodically and conscioudy achieved, and it isthe
content of this discovery, together with the method of ressarch lead-
ing to it, which will supply us ever and again with a model for our
own procedure. At the same time, as we have indicated, he will help
us to become familiar with another sde of Goethe, and to widen our
knowledge of the basic scientific concepts formed by him.

Anyone interested to-day in weather phenomena is acquainted
with theterms used in cloud classification—Cirrus, Cumulus, Stratus,
and Nimbus. These have come so far into general use that it is not
easy to redlize that, until Howard's paper, On the Modification of
Clouds, appeared in 1803, no names for classifying clouds were avail-
able. Superficialy, it may seem that Howard had done nothing more
than science has so often done in grouping and classifying and nam-
ing the contents of nature. In fact, however, he did something essen-
tidly different.

In the introduction to his essay, Howard describes the motives
which led him to devote himself to a study of meteorological pheno-
mena:

It is the frequent observation of the countenance of the sky,
and of its connexion with the present and ensuing phenomena, that
congtitutes the ancient and popular meteorology. The want of this
branch of knowledge renders the prediction of the philosopher (who



in attending his instruments may be said to examine the pulse of the
atmosphere), less generally successful than those of the weather-wise
mariners and husbandmen.'

When he thus speaks of studying 'the countenance of the sky',
Howard is not using a mere form of speech; he is exactly describing
his own procedure, as he shows when he proceeds to justify it as a
means to scientific knowledge. The clouds with their ever-moving,
ever-changing forms are not, he says, to be regarded as the mere
'sport of the winds, nor is their existence 'the mere result of the con-
densation of vapour in the masses of the atmosphere which they
occupy'. What comes to view in them is identical, in its own ream,
with what the changing expression of the human face revedls of 'a
person's state of mind or body'. It would hardly be possible to repre-
sent onesdlf more clearly as a genuine reader in the book of nature
than by such words. What is it but Ruskin's 'Stand by Form against
Force' that Howard is here saying in his own way?

*

Before entering into a further description of Howard's system, we
must make clear why we disregard the fact that modern meteorology
has developed the scale of cloud-formation far beyond Howard, and
why we shall keep to his own fourfold scale.

It is characterigtic of Goethe that, on becoming acquainted with
Howard's work, he at once gave a warning againg subdividing his
scae without limit. Goethe foresaw that the attempt to insert too
many transitory forms between Howard's chief types would result
only in obscuring that view of the essentials which Howard's original
classification had opened up. Obviously, for a science based on mere
onlooking there is no abjection to breaking up an established system
into ever more subdivisions in order to keep it in line with an in-
creasingly detailed outer observation. This, indeed, modern meteoro-
logy has done with Howard's system, with the result that, to-day, the
total scale is made up of ten different stages of cloud-formation.

Vauable asthistenfold scale may befor certain practical purposes,
it must be ignored by one who realizes that through Howard's four-
fold scale nature herself speaks to man's intuitive judgment. Let us,
therefore, turn to Howard's discovery, undisturbed by the extension
to which modern meteorology has subjected it.

Luke Howard, achemist by profession, knew well how to value the



results of scientific knowledge above traditional folk-knowledge. He
saw the superiority of scientifically acquired knowledge in the fact
that it was universally communicable, whereas folk-wisdom is bound
up with the personality of its bearer, his individual observations and
his memory of them. Nevertheless, the increasing mathematizing of
stience, including his own branch of it, gave him great concern, for
he could not regard it as helpful in the true progress of man's under-
standing of nature. Accordingly, he sought for a method of observa-
tion in which the practice of 'the weatherwise mariner and husband-
man' could be raised to the leve of scientific procedure. To this end
he studied the changing phenomena of the sky for many years, until
he was able so to read its play of features that it disclosed to him the
archetypal forms of cloud-formation underlying al change. To these
he gave the now well-known names (in Latin, so that they might be
internationally comprehensible):

Cirrus: Peralldl, flexuous or divergent fibres extensible in any
and dl directions.

Cumulus: Convex or conica heaps, increasing upwards from a
horizontal base.

Stratus: A widdly extended, continuous, horizontal shed, in-
creasing from below.

Nimbus: The rain cloud.

Let us, on the background of Howard's brief definitions, try to
form a more exact picture of the atmospheric dynamics at work in
each of the stages he describes.

Among the three formations of cirrus, cumulus and stratus, the
cumulus has a specia place as representing in the most actual sense
what is meant by the term 'cloud'. The reason is that both cirrus and
stratus have characteristics which in one or the other direction tend
away from the pure redm of amospheric cloud-formation. In the
stratus, the atmospheric vapour is gathered into a horizontal, rela
tively arched layer around the earth, and so anticipates the actual
water covering below which extends spherically around the earth's
centre. Thus the stratus arranges itsdf in a direction which is aready
conditioned by the earth's field of gravity. In the language of phy-
sics, the stratus forms an equipotential surface in the gravitational
field permeating the earth's atmosphere.

! See also Goethe's sketch of the basic cloud forms on Plate IV.



Asthe exact opposite of thiswe have the cirrus. If in the stratus the
form ceases to condgt of diginct particulars, because the entire
cloud-mass runs together into a single layer, in the cirrus the form
begins to vanish before our eyes, because it dissolves into the sur-
rounding atmospheric gpace. In the cirrus thereis present atendency
to expand; in the stratus to contract.

Between the two, the cumulus, even viewed ssimply as aform-type,
represents an exact mean. In how densdly mounded a shape does the
majestically towering cumulus appear before us, and yet how buoy-
antly it hovers aloft in the heights! If one ever comesinto the midst of
a cumulus cloud in the mountains, one sees how its myriads of single
particles are in ceasdess movement. And yet the whole remains
stationary, on windless days preserving its form unchanged for hours.
More recent meteorological research has established that in many
cumulus forms the entire mass is in constant rotation, although seen
from outside, it appears as a stable, unvarying shape. Nowhere in
nature may the supremacy of form over matter be so vividly observed
asin the cumulus cloud. And the forms of the cumuli themselves tell
us in manifold metamorphoses of a state of equilibrium between ex-
pansive and contractive tendencies within the atmosphere.

Our description of the three cloud-types of cirrus, cumulus and
sratus, makes it clear that we have to do with a self-contained sym-
metrical system of forms, within which the two outer, dynamically
regarded, represent the extreme tendencies of expansion and con-
traction, whilst in the middle forms these are held more or less in
balance. By adding Howard's nimbus formation to this system, we
destroy its symmetry. Actualy, in the nimbus we have cloud in such
acondition that it ceases to be an atmospheric phenomenon in any
real senseof theword; for it now breaks up into single drops of water,
each of which, under the pull of gravity, makes its own independent
way totheearth. (Thesymmetry isrestored as soon aswe redize that
the nimbus, as afrontier stage below the stratus, has a counterpart in
a corresponding frontier stage above the cirrus. To provide insight
into this upper frontier stage, of which neither Howard nor Goethe
was at that time in a position to develop a clear enough conception
to ded with it scientificadly, is one of the aims of this book.)

*

In order to understand what prompted Goethe to accept, as he did,
Howard's classification and terminology at first glance, and what per-



suaded him to make himself its eloquent herald, we must note from
what point Goethe's labours for a natural understanding of nature
had originated.

In his History of my Botanical Sudies Goethe mentions, besides
Shakespeare and Spinoza, Linnaeus as one who had most influenced
his own development. Concerning Linnaeus, however, this is to be
understood in a negative sense. For when Goethe, himself searching
for away of bringing the confusing multiplicity of plant phenomena
into a comprehensive system, met with the Linnaean system, he was,
despite his admiration for the thoroughness and ingenuity of Lin-
naeus's work, repelled by his method. Thus by way of reaction, his
thought was brought into its own creative movement: 'As | sought to
take in his acute, ingenious analysis, his apt, appropriate, though
often arbitrary laws, a cleft was set up in my inner nature: what he
sought to hold forcibly apart could not but strive for union according
to the inmost need of my own being.'

Linnaeus's system agonized Goethe because it demanded from
him 'to memorize a ready-made terminology, to hold in readiness a
certain number of nouns and adjectives, so as to be able, whenever
any form wasin question, to employ themin apt and skilful selection,
and so to give it its characteristic designation and appropriate posi-
tion." Such a procedure appeared to Goethe as a kind of mosaic, in
which one ready-made pieceis set next to another in order to produce
out of athousand details the semblance of a picture; and this was 'in
acertain way repugnant' to him. What Goethe awoke to when he met
Linnaeus's attempt at systematizing the plant kingdom was the old
problem of whether the study of nature should proceed from the
parts to the whole or from the whole to the parts.

Seeing, therefore, how it became a question for Goethe, at the very
beginning of his scientific studies, whether a natural classification of
nature's phenomena could be achieved, we can understand why he
was 0 overjoyed when, towards the end of his life, in a fidd of
observation which had meanwhile caught much of his interest, he
met with a classification which showed, down to the single names
employed, that it had been read off from redlity.

*

Thefollowing is a comprehensive description of Goethe's meteoro-
logica views, which he gave afew years before his death in one of his
conversations with his secretary, Eckermann:



'| compare the earth and her hygrosphere' to a great living being
perpetually inhaling and exhaling. If she inhaes, she draws the
hygrosphere to her, so that, coming near her surface, it is condensed
to clouds and rain. This state | cal water-affirmative (Wasser-
Bejahung). Should it continue for an indefinite period, the earth
would be drowned. This the earth does not alow, but exhales again,
and sends the watery vapours upwards, when they are dissipated
through the whole space of the higher atmosphere. These become so
rarefied that not only does the sun penetrate them with its brilliancy,
but the eternal darkness of infinite space is seen through them as a
fresh blue. This state of the atmospherel cal water-negative (Wasser -
Verneinung). For just as, under the contrary influence, not only does
water come profusely from above, but also the moisture of the earth
cannot be dried and dissipated—so, on the contrary, in this state not
only does no moisture come from above, but the damp of the earth
itself fliesupwards; so that, if this should continue for an indefinite
period, the earth, even if the sun did not shine, would be in danger of
drying up.' (I1th April 1827.)

Goethe's notes of the results of his meteorological observations
show how in them, too, he followed his principle of keeping gtrictly
to the phenomenon. His first concern is to bring the recorded meas-
urements of weather phenomena into their proper order of signific-
ance. To this end he compares measurements of atmospheric
temperature and local density with barometric measurements. He
finds that the first two, being of a more loca and accidental nature,
have the value of 'derived' phenomena, whereas the variationsin the
atmosphere reveded by the barometer are the same over wide areas
and therefore point to fundamental changes in the general condi-
tions of the earth. M easurements made regularly over long periods of
time finally lead him to recognize in the barometric variations of
atmospheric pressure the basic meteorological phenomenon.

In dl this we find Goethe carefully guarding himself against 'ex-
plaining' these atmospheric changes by assuming some kind of
purely mechanicad cause, such as the accumulation of air-masses over
a certain area or the like. Just as little would he permit himself

! Goethe's Dunstkreis—meaning the humidity contained in the air and, as
such, spherically surrounding the earth. | had to make up the word ‘hygro-
sphere’ (after hygrometer, etc.) to keep clear the distinction from both atmo-
gohere and hydrosphere. Except for thisterm in thefirst two sentences, the above

follows Oxenford's trandation (who, following the dictionaries, has rendered
Goethe's term inadequately by ‘atmosphere).



lightly to assume influences of an extra-terrestrial nature, such as
those of the moon. Not that he would have had anything against such
things, if they had rested on genuine observation. But his own obser-
vations, as far as he was able to carry them, told him simply that the
atmosphere presses with greater or lesser intensity on the earth in
more or less regular rhythms. He was not abandoning the pheno-
menal sphere, however, when he said that these changes are results of
the activity of earthly gravity, or when he concluded from this
that barometric variations were caused by variationsin the intensity
of the field of terrestrial gravity, whereby the earth sometimes drew
the atmosphereto it with astronger, and sometimeswith aweaker, pull.

He was again not departing from the ream of the phenomenal
when he looked round for other indications in nature of such an
alternation of drawing in and letting forth of air, and found them in
the respiratory processes of animated beings. (To regard the earth as
amerely physical structure was impossible for Goethe, for he could
have done this only by leaving out of account the life visbly bound
up with it.) Accordingly, barometric measurements became for him
the sign of a breathing process carried out by the earth.

Alongside the alternating phases of contraction and expansion
within the atmosphere, Goethe placed the fact that atmospheric den-
Sty decreases with height. Observation of differencesin cloud forma-
tion at different levels, of the boundary of snow formation, etc., led
him to speak of different ‘atmospheres, or of atmospheric circles or
spheres, which when undisturbed are arranged concentrically round
the earth. Here aso he saw, in space, phases of contraction alternat-
ing with phases of expansion.

*

At this point in our discussion it is necessary to introduce another
leading concept of Goethean nature-observation, which was for him
—asitwill befor us—of particular significance for carrying over the
Goethean method of research from the organic into the inorganic
realm of nature. This is the concept of the ur-phenomenon (Ur-
phanomen).In this latter realm, nature no longer brings forth related
phenomenain the ordering proper to them; hence we are obliged to
acquire the capacity of penetrating to this ordering by means of our
own redlistically trained observation and thought.

From among the various utterances of Goethe regarding his gen-
era conception of the ur-phenomenon, we here sdect a passage from



that part of the historical section of his Theory of Colour where he
discusses the method of investigation introduced into science by
Bacon. He says:

'In the range of phenomena al had equal value in Bacon's eyes.
For although he himsel f always points out that one should collect the
particulars only to select from them and to arrange them, in order
finally to attainto Universals, yet too much privilegeisgrantedto the
singlefacts; and beforeit becomes possible to attain to simplification
and conclusion by means of induction (the very way he recommends),
life vanishes and forces get exhausted. He who cannot redlize that
oneinstanceis often worth athousand, bearing dl withinitself; hewho
proves unable to comprehend and esteem what we cdled ur-pheno-
mena, will never be in aposition to advance anything, either to his
own or to others joy and profit.'

What Goethe says here cdlsfor thefollowing comparison. We can
say that nature seen through Bacon's eyes appears as if painted on a
two-dimensona surface, so that dl its facts are seen alongside eech
other at exactly the same distance from the observer. Goethe, on the
other hand, ascribed to the human spirit the power of seeing the
phenomenal worldinall itsthree-dimensional multiplicity; thatis, of
seeing it in perspective and distinguishing between foreground and
background.* Things in the foreground he caled ur-phenomena.
Heretheideacreatively determining the relevant field of facts comes
toits purest expression. The sole task of theinvestigator of nature, he
considered, was to seek for the ur-phenomena and to bring al other
phenomenainto relation with them; and in the fulfilment of this task
he saw the means of fully satisfying the human mind's need to theor-
ize. He expressed this in the words, 'Every fact is itsdf already
theory'. In Goethe's meteorological studies we have alucid example
of how he sought and found the relevant ur-phenomenon. It isthe
breathing-process of the earth as shown by the variations of baro-
metricpressure.

*

Once again we find Thomas Reid, adong his line of intuitively
guided observation, coming quite close to Goethe where he deds

! We may here recall Eddington's statement concerning the restriction of
scientific observation to 'non-stereoscopic vision'.



with the question of the apprehension of natural law by the human
mind. He, too, was an opponent of the method of 'explaining’ pheno-
mena by means of abstract theories spun out of sheer thinking, and
more than oncein his writings he inveighs against it in his downright,
humorous way.*

His conviction that human thinking ought to remain within the
realm of directly experienced observation is shown in the following
words: 'In the solution of natural phenomena, al the length that the
human faculties can carry usis only this, that from particular pheno-
mena, we may, by induction, trace out general phenomena, of which
dl the particular ones are necessary consequences.” As an example of
this he takes gravity, leading the reader from one phenomenon to the
next without ever abandoning them, and concluding the journey by
saying: 'The most general phenomena we can reach are what we call
laws of nature. So that the laws of nature are nothing ese but the
most general facts relating to the operations of nature, which include
a great many particular facts under them.'

*

It was while on his way with the Grand Duke of Weimar to visit a
newly erected meteorological observatory that Goethe, in the course
of informing his companion of his own meteorological ideas, first
heard of Howard's writings about the formation of clouds. The Duke
had read a report of them in a German scientific periodical, and it
seemed to him that Howard's cloud system corresponded with what
he now heard of Goethe's thoughts about the force relationships
working in the different atmospheric levels. He had made no mistake.
Goethe, who immediately obtained Howard's essay, recognized at
first glance in Howard's cloud scale the law of atmospheric changes
which he himself had discovered. He found here, what he had always
missed in the customary practice of merely tabulating the results of
scientific measurements. And so he took hold of the Howard system
with delight, for it 'provided him with a thread which had hitherto
been lacking'.

Moreover, in the names which Howard had chosen for designating
the basic cloud forms, Goethe saw the dynamic element in each of

! An example of this is Reid's commentary on existing theories about sight as
a mere activity of the optic nerve. (Ing., VI, 19)
2S¢ Ing., VI, 13. This is precisely what Kant had declared to be outside
human possi b|||ty



them coming to immediate expression in human spesch! He there-
fore aways spoke of Howard's system as a ‘welcome terminology'.

All thisinspired Goethe to celebrate Howard's personality and his
work in a number of verses in which he gave a description of these
dynamic elements and a paraphrase of the names, moulding them
together into an artistic unity. In afew accompanying verses he hon-
oured Howard as the first to 'diginguish and suitably name' the
clouds.?

The reason why Goethe laid so much stress on Howard's termin-
ology was because he was very much aware of the power of namesto
help or hinder men in their quest for knowledge. He himsdf usudly
waited a long time before deciding on a name for a natural pheno-
menon or aconnexion between phenomenawhich he had discovered.
The Ideawhich his spiritual eye had observed had first to appear so
clearly before him that he could clothe it in athought-form proper to
it. Seeing in the act of name-giving an essentid function of man (we
are reminded of what in this respect the biblica story of creation says
of Adam),® Goethe called man 'the first conversation which Nature
conducts with God-.

It is characteristic of Goethe that he did not content himsalf with
knowing the truth which someone had brought forward in afield of
knowledge in which he himsdf was interested, but that he felt his
acquaintance with this truth to be complete only when he also knew
something about the personality of the man himself. So heintroduces
his account of his endeavours to know more about Howard, the man,
with the following words. 'Increasingly convinced that everything
occurring through man should be regarded in an ethicd sense, and
that moral valueis to be estimated only from a man's way of life, |
asked a friend in London to find out if possible something about
Howard's life, if only the simplest facts.' Goethe was uncertain
whether the Englishman was il dive, so his delight and surprise
were considerable when from Howard himsdlf he recaived an answer
intheform of a short autobiographical sketch, whichfully confirmed
his expectations regarding Howard's ethical personality.

Howard's account of himself is known to us, as Goethe included a
trandation of it in the collection of his own meteorologica sudies.
Howard in a modest yet dignified way describes his Chrigtian faith,

! Stratus means layer, cumulus—heap, cirrus—curl.
2 There exists no adequate translation of these verses.
¥ Genesisiii, 19, 20.



his guide through al his relationships, whether to other men or to
nature.! A man comes before us who, untroubled by the prevailing
philosophy of his day, was able to advance to the knowledge of an
objectivetruthin nature, because he had the ability to carry religious
experience even into his observation of the sense-world.

*

In view of al this, it is perhaps not too much to say that in the
meeting between Howard and Goethe by way of the spiritual bridge
of the clouds, something happened that was more than a mere event
in the personal history of these two men.

L A fact which Howard did not mention, and which presumably remained
unknown to Goethe, was the work he had done as chairman of a relief committee
for the parts of Germany devastated by the Napoleonic wars. For this work
Howard received a series of public honours.



CHAPTERVIII

Dynamics versus Kinetics

At the present time the human mind is in danger of confusing the
realm of dynamic events, into which modern atomic research has
penetrated, with the world of the spirit; that is, the world whence
nature is endowed with intelligent design, and of which human
thinking is an expression in terms of consciousness. If a view of
nature as a manifestation of spirit, such as Goethe and kindred
minds conceived it, is to be of any significance in our time, it must
include a conception of matter which shows as one of its attributes its
capacity to serve Form (in the sense in which Ruskin spoke of it in
opposition to mere Force) as a means of manifestation.

The present part of this book, comprising Chapters VIII-XI, will
be devoted to working out such a conception of matter. An example
will thereby be given of how Goethe's method of acquiring under-
standing of natural phenomena through reading the phenomena
themselves may be carried beyond his own field of observation. There
are, however, certain theoretical obstacles, erected by the onlooker-
consciousness, which require to be removed before we can actualy
set foot on the new path. The present chapter will in particular serve
this purpose.

*

Science, since Galileo, has been rooted in the conviction that the
logic of mathematics is a means of expressing the behaviour of
natural events. The material for the mathematical treatment of sense
data is obtained through measurement. The actual thing, therefore,
in which the scientific observer is interested in each casg, is the posi-
tion of some kind of pointer. In fact, physical scienceis essentially, as
Professor Eddington put it, a 'pointer-reading science'. Looking at
this fact in our way we can say that al pointer instruments which
man has constructed ever since the beginning of science, have as their



maodel man himself, restrictedto col ourless, non-stereoscopic observa-
tion. For al that is left to him in this condition is to focus points in
space and register changes of their positions. Indeed, the perfect
scientific observer is himself the arch-pointer-instrument.

The birth of the method of pointer-reading is marked by Gdlileo's
congtruction of the first thermometer (actually, a thermoscope). The
conviction of the applicability of mathematical concepts to the de-
scription of natural eventsisgroundedin hisdiscovery of the so-caled
Paralelogram of Forces. It is with these two innovations that we
shall concern ourselves in this chapter.

Letit be said at oncethat our investigations will lead to the unveil-
ing of certain illusions which the spectator-consciousness has woven
round these two gifts of Galileo. This does not mean that their signi-
ficance as fundamentals of science will be questioned. Nor will the
practica uses to which they have been put with so much success be
criticized in any way. But there are certain deceptive ideas which be-
came connected with them, and the result is that to-day, when manis
in need of finding new epistemological ground under his feet, he is
entangled in a network of conceptua illusions which prevent him
from using his reason with the required freedom.

A specid word is necessary at this point regarding the term illu-
sion, asitis used here and elsewhere. In respect of this, it will be well
to remember what was pointed out earlier in connexion with the term
‘tragedy’ (Chapter I1). In speaking of ‘illusion’, we neither intend to
cast any blame on some person or another who took part in weaving
theillusion, nor to suggest that the emergence of it should be thought
of as an avoidable calamity. Rather should illusion be thought of as
something which man has been alowed to weave because only by his
own active overcoming of it can he fulfil his destiny as the bearer of
truth in freedom. Illusion, in the sense used here, belongs to those
things in man's existence which are truly to be caled tragic. It loses
this quality, and assumes a quite different one, only when man, once
the time has come for overcoming anillusion, insists on clinging to it.

As our further studies will show, the criticism to be applied here
does not only leave the validity of measurement and the mathematical
treatment of the data thus obtained fully intact, but by giving them
their appropriate place in a wider conception of nature it opens the
way to an ever morefirmly grounded and, at the sametime, enhanced
application of both.

*



Our primary knowledge of the existence of something we call
‘warmth' or 'heat' is due to a particular sense of warmth which
modern research has recognized as a clearly definable sense. Natur-
ally, seen from the spectator-standpoint, the experiences of this sense
appear to be of purely subjective value and therefore useless for ob-
taining an objective insight into the nature of warmth and its effects
in the physical world. In order to learn about these, resort is had to
certain instruments which, through the change of the spatial position
of a point, alow the onlooker-observer to register changes in the
thermal condition of a physical object. An instrument of thiskindis
the thermometer. In the following way an indubitable proof seems to
be given of the correctness of the view concerning the subjectivity of
the impressions obtained through the sense of warmth, and of the
objectivity of thermometrical measurement. A description of it is fre-
quently given in physica textbooks as an introduction to the chapter
on Heat.

To begin with, the well-known fact is cited that if one plunges one's
handsfirst into two different bowls, onefilledwith hot water and the
other with cold, and then plunges them together into abowl of tepid
water, this will feel cold to the hand coming from the hot water and
warm to the hand coming from the cold. Next, it is pointed out that
two thermometers which are put through the same procedure will
register an equal degree of temperature for the tepid water. In this
way the student is given alasting impression of the superiority of the
‘objective’ recording of the instrument over the 'subjective’ character
of the experiences mediated by his sense of warmth.

Let us now test this procedure by carrying out the same experiment
with the help of thermometrical instruments in their origina form,
that is, the form in which Galileo first applied them. By doing so we
proceed in a truly Goethean manner, because we divest the experi-
ment of al accessories which prevent the phenomenon from appear-
ing in its primary form.

To turn a modern thermometer into a thermoscope we need only
remove the figures from its scde. If we make the experiment with two
such thermoscopes we at once become aware of something which
usually escapes us, our attention being fixed on the figures recorded
by the two instruments. For we now notice that the two instruments,
when transferred from the hot and cold water into the tepid water,
behave quite differently. In one the column will fall, in the other it
will rise.



It is important to note that by this treatment of the two instru-
ments we have not changed the way in which they usualy indicate
temperature. For thermometrical measurement is in actual fact never
anything dse than arecording of the movement of the indicator from
oneleve to another. We choose merely to take a certain temperature
level—that of melting ice or something else—as a fixed point of
reference and mark it oncefor al on theinstrument. Because we find
this mark clearly distinguished on our thermometers, and the scaes
numbered accordingly, we fail to notice what lies ideally behind this
use of the same zero for every new operation we undertake.

What the zero signifies becomes clear directly we start to work
with thermometers not marked with scales. For in order to be used in
this form as real thermometers, they must be exposed on each
occasion first of al to some zero level of temperature, say, that
of melting ice. If we then take them into the region of temper-
ature we want to measure, we shall discern the difference of levels
through the corresponding movement of the column. The final posi-
tion of the column tells us nothing in itself. It is aways the change
from one leve to another that the thermometer registers—precisely
as does the sense of warmth in our hands in the experiment just
described.

Hence we see that in the ordinary operation with the thermometers,
and when we use our hands in the prescribed manner, we are dealing
withthe zerolevel intwo quite different ways. Whilein the/twoinstru-
ments the zero level is the same, in accordance with the whole idea of
thermometric measurement, we make a goecid arrangement so as to
expose our hands to two different levels. So we need not be surprised
if these two waysyidld different results. If, after placing two thermo-
meters without scalesin hot and cold water, we wereto assign to each
its own zero in accordance with the respective height of its column,
and then graduate them from this reference point, they would neces-
sarily record different levels when exposed to the tepid water, injust
the same way as the hands do. Our two hands, moreover, will receive
the same sense-impression from the tepid water, if we keep themin it
long enough.

Seen in this light, the origina experiment, designed to show the
subjective character of the impressions gained through the sense of
warmth, reveals itsdf as a piece of self-deception by the onlooker-
consciousness. Thetruth of the matter is that, in so far as thereis any
subjective element in the experience and measurement of heat, it does



not lie on the side of our sense of warmth, but in our judgment of the
significance of thermometrical readings. In fact, our test of the
aleged proof of the absolute superiority of pointer-readings over the
impressions gained by our senses gives us proof of the correctness of
Goethe's statement, quoted earlier, that the senses do not deceive, but
the judgment deceives.

Letit berepeated herethat what we have found in thisway does not
lead to any depreciation of the method of pointer-reading. For the
direct findings of the senses cannot be compared quantitatively. The
point is that the idea of the absolute superiority of physicad measure-
ment as a means of scientific knowledge, in al circumstances,
must be abandoned as fase.

*

We now turn to Gdileo's discovery known as the theorem of the
Parallelogram of Forces. The illusion which has been woven round
this theorem expresses itself in the way it is described as being con-
nected ideally with another theorem, outwardly similar in character,
known as the theorem of the Parallelogram of Movements (or Velo-
cities), by stating that the former follows logicaly from the latter.
This statement is to be found in every textbook on physics at the out-
st of the chapter on dynamics (kinetics), where it serves to establish
theright to treat the dynamic occurrencesin naturein a purely kine-
maticfashion, trueto the requirementsof the onl ooker-consciousness.

Thefollowing description will show that, directly we free ourselves
from the onlooker-limitations of our consciousness in the way shown
by Goethe—and, in respect of the present problem, in particular aso
by Reid—theideal relationship between the two theoremsiis seen to
be precisdy the opposite to the one expressed in the above statement.
Thereason why we take pains to show this at the present point of our
discussionis that only through replacing the fallacious conception by
the correct one, do we open the way for forming a concrete concept
of Force and thereby for establishing a truly dynamic conception of
nature.

Let us begin by describing briefly the content of the two theorems
in question. InFig. 1, adiagrammatical representation is given of the
parallelogram of movements. It sets out to show that when a point

moves with a certain velocity in the direction indicated by the arrow
! As to the terms kinetic' and 'kinematic’, see Chapter 11, page 30, footnote.



a, o that in a certain time it passes from P to A, and when it smul-
taneoudy moves with a second velocity in the direction indicated by
b, through which alone it would pass to B in the same time, its
actual movement is indicated by c, the diagona in the paralelo-
gram formed by a and b. An example of the way in which this

theorem is practically applied is the well-known case of a rower who
sets out from P in order to cross at right angles ariver indicated by
the parallel lines. He has to overcome the velocity a of the water of
the river flowing to the right by steering obliquely left towards B in
order to arrive findly at C.

It is essential to observe that the content of this theorem does not
need the confirmation of any outer experiencefor its discovery, or to
edtablish its truth. Even though the recognition of the fact which it
expresses may have first come to men through practical observation,
yet the content of this theorem can be discovered and proved by
purely logicd means. In this respect it resembles any purely geo-
metrical statement such as, that the sum of the angles of atriangle is
two right angles (180°). Even though this too may have first been
learnt through outer observation, yet it remains true that for the dis-
covery of the fact expressed by it—vdid for al plane triangles—no
outer experience is needed. In both cases we find ourselves in the
domain of pure geometric conceptions (length and direction of
straight lines, movement of a point along these), whose reciproca
relationships are ordered by the laws of pure geometric logic. So in
the theorem of the Parallelogram of Veocities we have a dtrictly
geometrical theorem, whose content is in the narrowest sense kine-
matic. In fact, it is the basic theorem of kinematics.

We now turn to the second theorem which speaks of an outwardly
similar relationship between forces. Asiswell known, this statesthat



two forces of different magnitude and direction, when they apply at
the same point, act together in the manner of a single force whose
magnitude and direction may be represented by the diagond of a
parallelogram whose sides express in extent and direction the first
two forces. Thus in Fig. 2, R exercises upon P the same effect as
F, and F, together.
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Expressedin another way, aforce of thismagnitudeworkingin the
reverse direction (R) will establish an equilibrium with the other two
forces. In technical practice, as is well known, this theorem is used
for countless calculations, in both gatics and dynamics, and indeed
more frequently not in the form given here but in the converse man-
ner, when a single known forceis resolvedinto two component forces.
(Distribution of a pressure along frameworks, of air pressure along
moving surfaces, €tc.)

It will now be our task to examine the logica link which is believed
to connect one theorem with the other. Thislink is found in the well-
known definition of physical force as a product of 'mass and
‘acceleration'—in algebraic symbols F=ma. We will discuss the
implications of this definition in more detail later on. Let usfirst see
how it is used as a foundation for the above assertion.

The conception of ‘force’ as the product of 'mass and ‘accelera
tion' is based on the fact—easily experienced by anyone who cycles
along a levd road—that it is not velocity itsef which requires the
exertion of force, but the change of velocity—that is, acceleration or
retardation (‘negative acceleration’ in the sense of mathematica phy-
sc¢9) ; aso that in the case of equal accelerations, the force depends
upon the mass of the accelerated object. The more massive the object,
the greater will be the force necessary for accelerating it. This mass,
in turn, reveds itself in the resistance a particular object offers to
any change of its state of motion. Where different accelerations
and the same mass are considered, the factor min the above formula
remains constant, and force and acceleration are directly proportional



to each other. Thus in the acceleration is discovered a measure for
the magnitude of the force which thereby acts.

Now it islogically evident that the theorem of the parallelogram of
velocities is equally vaid for movements with constant or variable
velocities. Even though it is somewhat more difficult to perceive men-
taly the movement of a point in two different directions with two
differently accelerated motions, and to form an inner conception of
the resulting movement, we are nevertheless still within a domain
which may be fully embraced by thought. Thus accelerated move-
ments and movements under constant velocity can be resolved and
combined according to the law of the parallelogram of movements, a
law which is fully attainable by means of logica thought.

With the help of the definition of force as the product of mass and
acceleration it seems possible, indeed, to derive the parallelogram of
forces from that of accelerations in a purely logical manner. For it is
necessary only to extend all sides of an a parallelogram by means of
the same factor m in order to turn it into an F parallelogram. A
single geometrical figure on paper can represent both cases, since only
the scde needs to be altered in order that the same geometrical
length should represent at one time the magnitude a and on another
occasion ma. It is in this way that present-day scientific thought
keeps itsdlf convinced that the parallelogram of forces follows with
logica evidence from the parallelogram of accelerations, and that the
discovery of theformer is therefore due to apurely mental process.

Since the parallelogram of forces is the prototype of each further
mathematical representation of physical force-relationships in nature,
the conceptual link thus forged between it and the basic theorem of
kinematics has led to the conviction that the fact that natural events
can be expressed in terms of mathematics could be, and actudly has
been, discovered through pure logical reasoning, and thus by the
brain-bound, day-waking consciousness 'of the world-spectator. Jus-
tification thereby seemed to be given for the building of a vdid
scientific world-picture, purely kinematic in character.

*

The line of consideration we shall now have to enter upon for
carrying out our own examination of what is believed to be the link
between the two theorems may seem to the scientifically trained
reader to be of an al too elementary kind compared with the com-
plexities of thought in which heis used to engage in order to settle a



scientific problem. It is therefore necessary to state here that anyone
who wishes to help to overcome the tangle of modern theoretical
science must not be shy in applying thoughts and observations of
seemingly so smple a nature as those used both here and on other
occasions. Some readiness, in fact, is required to play where neces-
sary the part of the child in Hans Andersen's fairy-story of The
Emperor's New Clothes, where al the people are loud in praise of
the magnificent robes of the Emperor, who is actualy passing
through the streets with no clothes on at dl, and asingle child'svoice
exclaims the truth that 'the Emperor has nothing on'. There will
repeatedly be occasion to adopt the role of this child in the course of

our own studies.
*

In the scientific definition of force given above force appears
as the result of a multiplication of two other magnitudes. Now
as iswdl known, it is essentia for the operation of multiplication that
of the two factors forming the product at least one should exhibit the
properties of a pure number. For two pure numbers may be multi-
plied together—e.g. 2 and 4—and a number of concrete things can
be multiplied by a pure number—e. g. 3 apples and the number 4—
but no sense can be attached to the multiplication of 3 apples by 4
apples, let done by 4 peard The result of multiplication is therefore
always either itsdf a pure number, when both factors have this pro-
perty ; or when one of the two factors is of the nature of a concrete
object, the result is of the same quality as the latter. An apple will
adways remain an apple after multiplication, and what distinguishes
the fina product (apples) from the origina factor (gpples) is only a
pure number.

If we take serioudy what this simple consideration tells us of the
nature of multiplication, and if we do not alow ourselves to deviate
from it for whatever purpose we make use of this algebraic operation,
then the various concepts we connect with the basc measurementsin
physics undergo a considerable change of meaning.

Let us test, in this respect, the well-known formula which, in the
conceptua language of physics, connects ‘distance' (s), 'time' (t), and
‘velocity' (c). It iswritten

S
C= T,

or 5= ct.



In this formula, s has most definitely the meaning of a 'thing', for it
represents measured spatia distance. Of the two factors on the other
Sde of the second equation, one must needs have the same quality as
s: thisis c. Thusfor the other factor, t, there remains the property of
apure number. We are, therefore, under an illusion if we assume the
factor c to represent anything of what velocity impliesin outer cosmic
reglity. The truth is that c represents a spatial distance just as s does,
with the difference only that it is a certain unit-distance. Just as little
does red time enter into this formula—nor does it into any other
formula of mathematical physics. 'Time, in physics, is aways a pure
number without any cosmic quality. Indeed, how could it be other-
wise for a purely kinematic world-observation?

We now submit the formula F =ma to the same scrutiny. If we
attach to the factor a on the right side of the equation a definite
quality, namely an observable acceleration, the other factor in the
product is permitted to have only the properties of a pure number;
F, therefore, can be only of the same nature as a and must itself be an
accderation. Were it otherwise, then the equation F =ma could
certainly not serve as alogical link between the Veocity and Force
parallelograms.

Our present investigation has done no more than grant us an in-
sght into the process of thought whereby the consciousness limited
to apurely kinematic experience has deprived the concept of force of
any real content. Let uslook at the equation F =ma as a means of
splitting of the magnitude F into two components m and a. The
equation then tells us that F is reduced to the nature of pure accdera
tion, for that which resides in the force as a factor not observable by
kinematic vision has been split away from it as the factor m. For this
factor, however, as we have seen, nothing remains over but the
property of a pure number.

Let us note here that the first thinker to concern himself with a
comprehensive world-picture in which the non-existence of a red
concept of force is taken in earnest—namely, Albert Einstein—was
aso the first to consider mass as a form of energy and even to pre-
dict correctly, as was proved later, the amount of energy represented
by the unit of mass, thereby encouraging decisively the new branch of
experimental research which has led to the freeing of the so-called
atomic energy. Isit then possible that pure numbers can effect what
took place above and within Nagasaki, Hiroshima, etc.? Here we are
standing once again before one of the paradoxes of modern science



which we have found to play so considerable a part in its develop-
ment.

Tofind aninterpretation of theformula F = ma, which is free from
illusion, we must turn our attention first of al to the concepts ‘force
and 'mass themselves. The fact that men have these two words in
their languages shows that the concepts expressed by them must be
based on some experience that has been man's long before he was
capable of any scientific reflexion. Let us ask what kind of experience
thisis and by what part of his being he gathers it.

The answer is, as smple self-observation will show, that we know
of the existence of force through the fact that we ourselves must exert
it in order to move our own body. Thusit istheresistance of our body
againgt any dteration of its state of motion, as a result of its being
composed of inert matter, which gives us the experience of force both
as a possession of our own and as a property of the outer world. All
other references to force, in places where it cannot be immediately
experienced, arise by way of analogy based on the similarity of the
content of our observation to that which springs from the exertion of
force in our own bodies

As we seg, in this experience of force that of mass is a once im-
plied. Still, we can strengthen the latter by experimenting with some
outer physical object. Teke a fairly heavy object in your hand,
stretch out your arm lightly and move it owly up and down, watch-
ing intently the sensation this operation rousesin you.* Evidently the
experience of mass outside oursalves, as with that of our own body,
comes to us through the experience of the force which we ourselves
must exert in order to overcome some resisting force occasioned by
the mass. Already this simple observation—as such made by means
of the sense of movement and therefore outside the frontiers of the
onlooker-consciousness—tells us that mass is nothing but a particul ar
manifestation of force.

Seen in the light of this experience, the equation F = ma requires
to be interpreted in a manner quite different from that to which
scientific logic has submitted it. For if we have to ascribe to F and m
the same quality, then the rule of multiplication alows us to ascribe
to a nothing but the character of a pure number. This implies that

! For the sake of our later studies it is essentidl that the reader does not content
himselfwith merely following the above description mentally, but that hecarries
out the experiment himself.



there is no such thing as accderation as a sdf-contained entity,
merely attached to mass in an external way.

What we designhate as accel eration, and measure as such, isnothing
€lse than a numerical factor comparing two different conditions of force
within the physical-material world.

Only when we give the three factors in our equation this meaning,
does it express some concrete outer reality. At the same time it for-
bids the use of this equation for a logica derivation of the parallelo-
gram of forces from that of pure velocities.

*

The same method which has enabled us to restore its true meaning
to the formula connecting mass and force will serve to find the true
source of man's knowledge of the parallelogram of forces. Accord-
ingly, our procedure will be as follows.

We shall engage two other persons, together with whom we shall
try to discover by means of our respective experiences of force the
law under which three forces applying at a common point may hold
themselves in equilibrium. Our first step will consist in grasping each
other by the hand and in applying various efforts of our wills to
draw one another in different directions, seeing to it that we do thisin
such a way that the three joined hands remain undisturbed at the
same place. By this means we can get as far as to establish that,
when two persons maintain a steady direction and strength of pull,
the third must alter his applied force with every change in his own
direction in order to hold the two others in equilibrium. He will find
that in some instances he must increase his pull and in other instances
decrease it.

This, however, is dl that can be learnt in this way. No possibility
arises a this stage of our investigation of establishing any exact
quantitative comparison. For the forces which we have brought
forth (and this is valid for forces in general, no matter of what kind
they are) represent pure intensities, outwardly neither visble nor
directly measurable. We can certainly tell whether we areintensifying
or diminishing the application of our will, but a numerical compari-
son between different exertions of will is not possible.

In order to make such a comparison, a further step is necessary.
We must convey our effort to some pointer-instrument—for instance,
agpira spring which will respond to an exerted pressure or pull by a
change in its spatiad extension. (Principle of the spring balance.) In



thisway, by making use of acertain property of matter—elasticity—
thepurelyintensivemagnitudesof theforceswhichweexert becomeex-
tensively visible and can be presented geometricaly. We shall therefore
continue our investigationwiththeaid of three spring balances, which
we hook together at one end while exposing themto the threepulls at
the other.

To mark the results of our repeated pulls of varying intensities and
directions, we draw on the floor on which we stand three chak lines
outward from the point underneath the common point of the three
instruments, each in the direction taken up by one of the three per-
sons. Along these lines we mark the extensions corresponding to
those of the springs of the instruments.

By way of this procedure we shall arrive a a sequence of figures
such asis shown in Fig. 3.

FiG. 3

This is al we can discover empirically regarding the mutua rela
tionships of three forces engaging at a point.

Let us now heed the fact that nothing in this group of figuresre-
vealsthat in each one of thesetrios of lines thereresdes a definite and
identica geometrica order; nor do they convey anything that would
turn our thoughts to the parallelogram of velocities with the effect of
leading us to expect, by way of analogy, a similar order in these fig-
ures. And this result, we note, is quite independent of our particul ar
way of procedure, whether we use, right from the start, a measuring
instrument, or whether we proceed as described above.

*

Having in this way removed the fallacious idea that the parallelo-
gram of forces can, and therefore ever has been, conceived by way of
logical derivation from the parallelogram of velocities, we must then



ask ourselves what it was, if not any act of logica reason, that led
Galileo to discover it.

History relates that on making the discovery he exclaimed: 'La
natura € scritta in lingua matematica!' (‘Nature is recorded in the
language of mathematics.) These words reveal his surprise when he
realized theimplication of his discovery. Still, intuitively hemust have
known that using geometrical lengths to symbolize the measured
magnitudes of forceswould yield somevalid result. Whence came this
intuition, as well as the other which led him to recognize from the
figures thus obtained that in a paralelogram made up of any two of
the three lines, the remaining line came in as its diagona? And,
quite apart from the particular event of the discovery, how can we
account for the very fact that nature—at least on a certain leve of
her existence—exhibits rules of action expressible in terms of logica
principles immanent in the human mind?

*

To find the answer to these questions we must revert to certain
facts connected with man's psycho-physical make-up of which the
considerations of Chapter Il have already made us aware.

Let us, therefore, transpose ourselves once more into the condition
of the child who is till entirely volition, and thus experiences himself
as one with the world. Let us consider, from the point of view of this
condition, the process of lifting the body into the vertical position
and the acquisition of the faculty of maintaining it in this position;
and let us ask what the soul, though with no consciousness of itself, ex-
periences in dl this. It is the child's will which wredtles in this act
with the dynamic structure of external space, and what his will ex-
periences is accompanied by corresponding perceptions through the
sense of movement and other related bodily senses. In this way the
parallelogram of forces becomes an inner experience of our organism
at the beginning of our earthly life. What we thus carry in the body's
will-region in the form of experienced geometry—this, together with
the freeing and crystallizing of part of our will-substance into our
conceptual capacity, is transformed into our faculty of forming geo-
metrical concepts, and among them the concept of the parallelogram
of movements.

Looked at in this way, the true relationship between the two
parallelogram-theorems is seen to be the very opposite of the one held
with conviction by scientific thinking up to now. Instead of the



parallelogram of forces following from the parallelogram of move-
ments, and the entire stience of dynamics from that of kinematics,
our very faculty of thinking in kinematic conceptsis the evolutionary
product of our previoudy acquired intuitive experience of the
dynamic order of the world.

If thisis the truth concerning the origin of our knowledge of force
and its behaviour on the one hand, and our capacity to conceive
mathematical conceptsin a purely idea way on the other, what is it
then that causes man to dwell in such illusion as regards the relation-
ship between the two? From our account it follows that no illusion of
thiskind could arise if we were able to remember throughout life our
experiences in early childhood. Now we know from our considera
tionsin Chapter VI that in former times man had such amemory. In
those times, therefore, he was under no illusion as to the reality of
forcein theworld. In the working of outer forces he saw amanifesta-
tion of spiritual beings, just as in himsdlf he experienced force as a
manifestation of his own spiritual being. We have seen aso that this
form of memory had to fade away to enable man to find himsdlf as a
sdf-conscious persondity between birth and death. As such a per-
sondlity, Galileo was able to think the parallelogram of forces, but he
was unable to comprehend the origin of his faculty of mathematical
thinking, or of his intuitive knowledge of the mathemeatical behaviour
of nature in that reAlm of hers where she sets physical forces into
action.

Deep below in Gdileo's soul therelived, asit doesin every human
being, the intuitive knowledge, acquired in early childhood, that part
of nature's order is recordable in the conceptual language of mathe-
matics. In order that thisintuition should rise sufficiently far into his
conscious mind to guide him, asit did, in his observations, the veil of
oblivion which otherwise separates our waking consciousness from
the experiences of earliest childhood must have been momentarily
lightened. Unaware of al this, Gdileo was duly surprised when in
the onlooker-part of his being the truth of his intuition was con-
firmed in away accessible to it, namely through outer experiment.
Y et with the veil immediately darkening again the onlooker soon be-
came subject to theillusion that for his recognition of mathematics as
ameans of describing nature he was in need of nothing but what was
accessble to him on the near sde of the vall.

Thus it became man's fate in the first phase of sdence, which fills
the period from Galileo and his contemporaries up to the present



time, that the very faculty which man needed for creating this science
prevented him from recognizing itstruefoundations. Restricted as he
was to the building of a purely kinematic world-picture, he had to
persuade himself that the order of interdependence of the two paral-
Ielogram-theorems was the opposite of the one which it redly is

*

The result of the considerations of this chapter is of twofold signi-
ficance for our further studies. On the one hand, we have seen that
there is away out of the impasse into which modern scientific theory
has got itsdlf as a result of the lack of ajustifiable concept of force,
and that this way isthe one shown by Reid and travelled by Goethe.
"We must become as little children again, if we will be philosophers,
is astruefor science as it is for philosophy. On the other hand, our
investigation of the event which led Gdileo to the discovery that
natureis recorded in the language of mathematics, has shown us that
this discovery would not have been possible unless Gdileo had in a
sense become, abeit unconsciously, a little child again. Thus the
event that gave stience its first foundations is an occurrence in man
himself of precisely the same character as the one which we have
learnt to regard as necessary for building science's new foundations.
The only differenceisthat we aretrying to turninto a deliberate and
consciously handled method something which once in the past hap-
pened to a man without his noticing it.

Need we wonder that we are challenged to do so in our day, when
mankind is severa centuries older than it wasin thetime of Gdileo?



CHAPTER X

Pro Levitate

(@) ALERTNESS contra INERTNESS

In the preceding chapter we gained a new insight into the relation-
ship between mass and force. We have come to see that our concept
of force is grounded on empirical observation in no less a degree
than is usudly assumed for our concept of number, or Sze, or posi-
tion, provided we do not confine ourselves to non-stereoscopic,
colourless vison for the forming of our scientific world-picture, but
allow other senses to contribute to it. As to the concept mass, our
discusson of the formula F = ma showed that force and mass, as
they occur in it, are of identical nature, both having the quality of
force. The factors F and m signify forcein a different relationship to
space (represented by the factor a). This latter fact now requires
some further elucidation.

In a science based on the Goethean method of contemplating the
world of the senses, concepts such as 'mass in rest’ and 'mass in
motion' lack any scientific meaning (though for another reason
than in the theory of Relativity). For in a science of this kind the
universe—in the sense propounded lately by Professor Whitehead
and others—appears as one integrated whole, whose parts must
never be considered as independent entities unrelated to the whole.
Seen thus, there is no mass in the universe of which one could say
with truth that it is ever in a state of rest. Nor is there any condition
of movement which could be rightly characterized by the attributes
‘uniform’ and 'straight lin€ in the sense of Newton'sfirst law. This
does not mean that such conditions never occur in our field of obser-
vation. But as such they have sgnificance only in reation to our
immediate surroundings as a system of reference. Even within such
limits these conditions are not of a kind that would alow us to con-



sider them as the basis of a scientific world-picture. For as such they
occur naturally only as ultimate, never as primeval conditions. All
masses are originally in a state of curvilinear movement whose rates
change continuoudly. To picture amass as being in a state of rest, or
of uniform motionin astraight line, asthe result of no force acting on
it, and to picture it undergoing a change in the rate and direction of
its motion as the result of some outer force working on it, is a sheer
abstraction. In so far as mass appears in our field of observation as
being in relative rest or motion of the kind described, this is always
the effect of some secondary dynamic cause.

If we wish to think with the course of the universe and not against
it, we must not start our considerations with the state of (relative)
rest or uniform motion in a straight line and derive our definition of
force from the assumption that there is a primary ‘force-free’ state
which is altered under the action of some force, but we must arrange
our definitions in such away that they end up with this state. Thus
Newton'sfirst law, for instance, would have to be restated somewhat
asfollows: Nophysical body isever in astate ofrest or uniformmotion
inastraight line, unlessits natural condition is interfered with by the
particular action of someforce.

Seen dynamically, and from the aspect of the universe as an inter-
related whole, all aggregations of mass are the manifestation of cer-
tain dynamic conditions within the universe, and what appears to us
as a change of the state of motion of such a mass is nothing but a
change in the dynamic relationship between this particular aggrega
tion and the rest of the world. Let us now see what causes of such a
change occur within the field of our observation.

*

In modern textbooks the nature of the cause of physical movement
is usually defined as follows: 'Any change in the state of movement
of aportion of matter is the result of the action on it of another por-
tion of matter.' This represents atruth if it is taken to describe a cer-
tain kind of causation. In the axiomatic form in whichitisgivenitis
afallacy. The kind of causation it describes is, indeed, the only one
which has been taken into consideration by the scientific mind of
man. We are wont to cal it 'mechanical’ causation. Obviously, man's
onlooker-consciousness is unable to conceive of any other kind of
causation. For this consciousnessis by its very nature confined to the
contemplation of spatially apparent entities which for this reason can



be considered only as existing spatially sde by side. For the one-eyed,
colour-blind spectator, therefore, any change in the state of move-
ment of a spatialy confined entity could be attributed only to the
action of another such entity outside itself. Such aworld-outlook was
bound to be a mechanistic one.

We cannot rest content with this state of affairs if we are sincerely
searching for an understanding of how spirit moves, forms, and
transforms matter. We must learn to admit non-mechanical causes of
physical effects, where such causes actually present themselves to our
observation. In this respect our own body is again a particularly in-
dtructive object of study. For here mechanica and non-mechanical
causation can be seen working side by sde in closest conjunction.
Let us therefore ask what happens when we move, say, one of our
limbs or a part of it.

The movement of any part of our body is always effected in some
way by the movement of the corresponding part of the skeleton. This
in turn is set in motion by certain lengthenings and contractions of
the appropriate part of the muscular system. Now the way in which
the muscles cause the bones to move falls clearly under the category
of mechanical causation. Certain portions of matter are caused to
move by the movement of adjacent portions of matter. The picture
changes when we look for the cause to which the muscles owe their
movements. For the motion of the muscles is not the effect of any
cause external to them, but is effected by the purely spiritual energy
of our volition working directly into the physical substance of the
muscles. What scientific measuring instruments have been able to
register in the form of physical, chemical, eectrical, etc., changes of
the muscular substance is itself an effect of this interaction.

To mark the fact that thistype of causation is clearly distinguished
from the type called mechanical, it will bewell to giveit aname of its
own. If welook for asuitable term, the word 'magicd’ suggestsitsdlf.
The fact that this word has gathered al sorts of doubtful associations
must not hinder us from adopting it into the terminology of a science
which aspires to understand the working of the supersensible in the
world of the senses. The falling into disrepute of this word is charac-
teristic of the onlooker-age. The way in which we suggest it should be
usedisin accord with its true and original meaning, the syllable 'mag’
signifying power or might (Sanskrit maha, Greek megas, Latin mag-
nus, English might, much, also master). Henceforth we shall distin-
guish between 'mechanical’ and 'magica’ causation, the latter being



acharacteristic of the majority of happenings in the human, animal
and plant organisms*

*

Our next step in building up a truly dynamic picture of matter
must be to try to obtain a direct experience of the condition of
matter when it is under the sway of magical causation.

Let usfirst remember what is the outstanding attribute with which
matter responds to mechanical causation. Thisisknown to beinertia.
By this term we designate the tendency of physicd matter to resst
any outwardly impressed change of its existing state of movement.
This property is closaly linked up with another one, weight. The
coincidence of the two has of late become a puzzle to science, and it
was Albert Einstein who tried to solve it by establishing his General
Theory of Relativity. The need to seek such solutions falls away ina
science which extends scientific understanding to conditions of matter
in which weight and inertia are no longer dominant characteristics.
What becomes of inertiawhen matter is subject to magical causation
can be brought to our immediate experience in the following way.
(The reader, even if he is aready familiar with this experiment, is
again asked to carry it out for himsdf.)

Take aposition close to a smooth wall, so that one arm and hand,
which are left hanging down aongside the body, are pressed over
their entire length between body and wall. Try now to move the arm
upward, pressing it against the wall as if you wanted to shift the
latter. Apply al possible effort to this attempt, and maintain the
effort for about one minute. Then step away quickly fromthewall by
more than the length of the arm, while keeping the arm hanging
down by the side of the body in a state of complete relaxation. Pro-
vided al conditions are properly fulfilled, thearmwill befoundrising
by itself in accordance with the aim of the earlier effort, until it
reaches the horizontal. If the arm is then lowered again and left to
itself, it will at once rise again, though not quite so high as before.
This can be repeated severa times until the last vegtige of the auto-
matic movement has faded away.

Having thus ascertained by direct experience that thereis a state of

! In this sense Ruskin's description of the working of the spirit in the plant as
one that 'catches from chaos water, etc., etc., and fastens them into a given form'
points to magica action.



matter in which inertiais, to say theleast, greatly diminished, we find
ourselves in need of giving this state (which is present throughout
nature wherever material changes are brought into existence magic-
aly) a name of its own, as we did with the two types of causation. A
word suggests itsdf which, apart from expressing adequately the
peculiar self-mobility which we havejust brought to our experience,
goes well alongside the word ‘inert' by forming a kind of rhyme with
it. Thisis the term 'alert’. With its help we shall henceforth distin-
guish between matter in the inert and alert conditions. We shall call
the latter state ‘dertness, and in order to have on the other side a
word as similar as possible in outer form to alertness, we suggest
replacing the usual terminertia by ‘inertness. Thus we shall speak of
matter as showing the attribute of 'inertness, when it is subject to
mechanical causation, of 'aertness, when it is subject to magica
causation.

Anyone who watches attentively the sensation produced by the
rising arm in the above experiment will be duly impressed by the
experience of the alertness prevailing in the arm as a result of the
will's magical intervention.

*

In our endeavour to find a modern way of overcoming the concep-
tion of matter developed and held by science in the age of the
onlooker-consciousness, we shall be helped by noticing how this con-
ception first arose historicaly. Of momentous significance in this
respect is the discovery of the gaseous state of matter by the Flemish
physician and experimenter, Joh. Baptist van Helmont (1577-1644).
The fact that the existence of this state of ponderable matter was
quite unknown up to such a relaively recent date has been com-
pletely forgotten to-day. Moreover, it is so remote from current
notions that anyone who now cdls attention to van Helmont's dis-
covery is quite likely to be met with incredulity. As aresult, there is
no account of the event that puts it in its true setting. In what follows
pains are taken to present the facts in the form in which one comes to
know them through van Helmont's own account, given in his Ortus
Medicinae.

For reasons which need not be described here, van Helmont
studied with particular interest the various modifications in which
carbon is capable of occurring in nature—-among them carbon's
combustion product, carbon dioxide. It was his observations of



carbon dioxide which made him aware of a condition of matter
whose properties caused him the greatest surprise. For he found it to
be, at the same time, 'much finer than vapour and much denser than
ar'. It appeared to him as a complete 'paradox’, because it seemed to
unite in itself two contradictory qualities, one appertaining to the
realm of ‘uncreated things, the other to the realm of ‘created things.
Unable to rank it with either 'vapour' or ‘air' (we shall see presently
what these terms meant in van Helmont's terminology), he found
himsdlf in need of a specia word to distinguish this new state from
the other known states, both below and aboveit. Since he could not
expect any existing language to possess a suitable word, he felt he
must create one. He therefore took, and changed dlightly, a word
signifying a particular cosmic condition which seemed to be imaged
in the new condition he had just discovered. The word was CHAOS,
By shortening it alittle, he derived from it the new word GAS.
His ownwords explaining hischoice are: 'Halitum ilium GAS vocavi
non longe a Chaos veterum secretum.’ ('l have called this mist Gas,
owing to its resemblance to the Chaos of the ancients.)*

Van Helmont's account brings us face to face with a number of
riddles. Certainly, there is nothing strange to us in his describing
carbon dioxide gas as being 'finer than vapour and denser than air’;
but why did he cdl this a'paradox'? What prevented him from rank-
ing it side by side with air? As to air itself, why should he describe it
as belonging to the realm of the 'uncreated things'? What reason was
there for giving 'vapour' the rank of a particular condition of matter?
And last but not least, what was the ancient conception of Chaos
which led van Helmont to choose this name as an archetype for the
new word he needed?

To appreciate van Helmont's astonishment and his further pro-
cedure, we must first call to mind the meaning which, in accordance
with the prevailing tradition, he attached to the term Air. For van
Helmont, Air was one of the four 'Elements, EARTH, WATER,
AIR, and FIRE. Of these, the first two were held to constitute the
realm of the 'created things, the other two that of the 'uncreated
things. A brief study of the old doctrine of the Four Elements is
necessary at this point in order to understand the meaning of these
concepts.

*

! For Van Helmont, owing to the Flemish pronunciation of the letter G, the
two words sounded more alike than their spelling suggests.



The first systematic teaching about the four elementary constitu-
ents of nature, as they were experienced by man of old, was given by
Empedocles in thefifth century B.C. It was elaborated by Aristotle. In
this form it was handed down and served to guide natural observa
tion through more than a thousand years up to the time of van Hd-
mont. From our earlier descriptions of the changes in man's con-
sciousness it is clear that the four terms, 'earth’, ‘water', ‘air', 'fire,
must have meant something different in former times. So ‘water' did
not signify merely the physical substance which modern chemistry
defines by the formula H,O; nor was 'air' the mixture of gases char-
acterigtic of the earth's atmosphere. Man in those days, on account of
his particular relationship with nature, was impressed in the first
place by the various dynamic conditions, four in number, which he
found prevailing both in his natural surroundings and in his own
organism. With his elementary concepts hetried to express, therefore,
the four basic conditions which he thus experienced. He saw physical
substances as being carried up and down between these conditions.

At first sight some relationship seems to exist between the concept
‘element’ in this older sense and the modern view of the different
states of material aggregation, solid, liquid, aeriform. Thereis, how-
ever, nothing in this modern view that would correspond to the
element Fire. For heat in the sense of physical scienceisanimmaterial
energy which creates certain conditions in the three material states,
but from these three to heat there is no transition corresponding to
the transitions between themselves. Heat, therefore, does not rank as
afourth condition by the side of the solid, liquid and aeriform states,
in the way that Fire ranks in the older conception by the side of
Earth, Water and Air.

If we were to use the old terms for designating the three states of
aggregation plus heat, as we know them to-day, we should say that
there is a border-line dividing Fire from the three lower elements.
Such a border-line existed in the older conception of the elements as
well. Only its position was seen to be elsewhere—between Earth and
Water on the one hand, Air and Fire on the other. This was expressed
by saying that the elements below this line constituted the realm of
the 'created things, those above it that of the 'uncreated things.
Another way of expressing this was by characterizing Earth and
Water with the quality Cold; Air and Fire with the quality Warm.
The two pairs of elements were thus seen as polar opposites of one
another.



The terms 'cold' and 'warm' must aso be understood to have ex-
pressed certain qualitative experiences in which there was no dis-
tinction as yet between what is purely physical and what is purely
spiritual. Expressions such as 'a cold heart', 'awarm heart', to 'show
someone the cold shoulder', etc., till witness to this way of experi-
encing the two polar qualities, cold and warm. Quite generally we
can say that, wherever man experienced some process of contraction,
whether physical or non-physical, he designated it by the term ‘cold,,
and where he experienced expansion, hecdled it ‘warm'. In this sense
he felt contractedness to be the predominant characteristic of Earth
and Water, expansiveness that of Air and Fire.

With the help of these qualitative concepts we are now in aposition
to determine more clearly still the difference between the older and
the modern conceptions: in particular the difference between the
aeriform condition of matter, as we conceive of it to-day, and the
element Air. Contractedness manifests as material density, or the
specific weight of a particular substance. We know that this charac-
terigtic of matter diminishes gradualy with its transition from the
solid to the liquid and aeriform states. We know also that this last
state is characterized by a high degree of expansiveness, which is aso
the outstanding property of heat. Thus there is reason to describe
aso from the modern point of view the solid and liquid states as
essentidly ‘cold, and the aeriform state as 'warm'. But aeriform
matter ill has density and weight, and this means that matter in
this state combines the two opposing qudlities. Contrary to this,
Air, asthe second highest element in the old sense, is characterized
by the pure quality, warm. Thus, when man of old spoke of ‘air',
he had in mind something entirely free from material density and
weight.*

By comparing in this way the older and newer conceptions of ‘air’,
we come to redize that ancient man must have had a conception of
gravity essentidly different from ours. If we take gravity in the
modern scientist's sense, as a 'descriptive law of behaviour', then this
behaviour is designated in the older doctrine by the quality 'cold. If,
however, we look within the system of modern science for a law of
behaviour that would correspond to the quality ‘warm’, we do so in
vain. Polarity concepts are certainly not foreign to the scientific
mind, as the physics of electricity and magnetism show. Yet there is

! In alater chapter we shall have opportunity to determine what distinguishes
Air from Fire, on the one hand, and Water from Earth on the other.



no opposite pole to gravity, as there is negative opposite to positive
electricity, etc

In the older conception, however, the gravitational behaviour
‘cold’ was seen to be counteracted by an autonomous anti-gravita-
tional behaviour ‘warm'. Experience still supported the conviction
that as a polar opposite to the world subject to gravity, there was
another world subject to levity.

We refrain at this point from discussng how far a science which
aspiresto aspiritual understanding of nature, including material pro-
cesses, needs a reviva—in modern form—of the old conception of
levity. In our present context it suffices to realize that we understand
man's earlier view of nature, and with it the one ill held by van
Helmont, only by admitting levity equally with gravity into his
world-picture. For the four elements, in particular, this meant that
the two upper ones were regarded as representing Levity, the two
lower ones Gravity.

In close connexion with this polar conception of the two pairs of
elements, there stands their differentiation into one realm of created,
another of uncreated, things. To understand what these terms imply,
we must turn to the ancient concept, Chaos, borrowed by van
Helmont.

To-day we take the word Chaos to mean a condition of mere
absence of order, mostly resulting from a destruction of existing
forms, whether by nature or by the action of man. In its origina
sense the word meant the exact opposite. When in ancient times
people spoke of Chaos, they meant the womb of dl being, the exdted
realm of uncreated things, where indeed forms such as are evident to
the eye in the created world are not to be found, but in place of them
are the archetypes of dl visible forms, as though nurtured in a spiri-
tual seed-condition. It is the state which in the biblical narration of
the creation of the world is described as ‘without form and void'.

From this Chaos al the four elements are born, one by one, with
the two upper ones retaining Chaos's essential characteristic in that
they are ‘without form' and tend to be omnipresent, whilst the two
lower ones constitute a realm in which things appear in more or less
clearly outlined space-bound forms. This is what the terms ‘un-
created’ and ‘created’ imply.

! It is this apparent uni-polarity of gravity which has given Professor Einstein
so much trouble in his endeavour to create a purely gravitational world-picture
with bipolar electricity and magnetism fitting into it mathematically.



How dtrictly these two realms were distinguished can be seen by
the occurrence of the concept 'vapour'. When with the increasing
interest in the realm of created things—characteristic of the spectator-
consciousness which, in view of our earlier description of it, we
recognize as being itsdlf a ‘created thing—the need arose for pro-
gressive differentiation withinthisrealm, the simpledivision of itinto
‘earth’ and 'water' was no longer felt to be satisfactory. After dl,
above the liquid state of matter there was another state, less dense
than water and yet presenting itsdf through more or less clearly dis
tinguishable space-bound objects, such as the mists arising from and
spreading over ponds and meadows, and the clouds hovering in the
sky. For this state of matter the term 'vapour' had become customary,
and it was used by van Helmont in this sense. By its very properties,
Vapour belonged to the realm of the created things, whereas Air did
not. It was the intermediary position of the newly discovered state of
matter between Vapour and Air, that is, between the created and the
uncreated world, which caused van Helmont to call it a paradox; and
it was its strange resemblance, despite its ponderable nature, to
Chaos, which prompted him to name it—Gas.

*

Sinceit could not have been the gaseous state of matter in the form
discovered by van Helmont, what particular condition of nature was
it to which the ancients pointed when using the term Air? Let us see
how the scriptures of past human cultures speak of air.

In dl older languages, the words used to designate the element
bound up with breathing, or the act of breathing, served at the same
time to express the relationship of man to the Divine, or even the
Divineitself. One need think only of the words Brahma and Atma of
the ancient Indians, the Pneuma of the Greeks, the Spiritus of the
Romans. The Hebrews expressed the same idea when they said that
Jehovah had breathed the breath of life into man and that man in
this way became a living soul.

What lies behind all these words is the feeling familiar to manin
those times, that breathing was not only a means of keeping the body
dive, but that aspiritual essence streamed in with the breath. So long
as this condition prevailed, people could expect that by changing
their manner of breathing they had a means of bringing the soul into
stronger relationship with spiritual Powers, asis attempted in East-
ern Yoga.



Remembering the picture of man's spiritual-physical evolution
which we have gained from earlier chapters, we are not astonished to
find how different this early experience of the breathing process was
from our own. Yet, together with the recognition of this difference
there arises another question. Even if we admit that man of old was
so organized that the experience of his own breathing process was an
overwhelmingly spiritual one, it was, after all, the gaseous substance
of the earth's atmosphere which he inhaled, and exhaled again in a
transformed condition. What then was it that prevented men—
apparently right up to the time of van Helmont—from gaining the
dightest inkling of the materiality of this substance? To find an
answer to this question, let us resort once more to our method of
observing things genetically, combined with the principle of not con-
sidering parts without considering the whole to which they organic-
aly belong.

In modern science the earth is regarded as a mineral body whereon
the manifold forms of nature appear as mere additions, arising more
or less by chance; one can very well imagine them absent without this
having any essentia influence on the earth's status in the universe.
Thetruth is quite different. For the earth, with everything that exists
on it, forms a single whole, just as each separate organism is in its
own way a whole.

This shows that we have no right to imagine the earth without men,
and to suppose that its cosmic conditions of being would then remain
unaltered—any more than we can imagine a human being deprived
of some essential-organ and remaining human. Mankind, and al the
other kingdoms of nature, are bound up organically with the earth
from the start of its existence. Moreover, just as the highest plants,
seen with Goethe's eyes, are the spiritual originators of the whole
realm of plants—the cregtive Idea determining their evolution—so
we see man, the highest product of earth evolution, standing behind
this evolution as its Idea from the first, and determining its course.
The evolutionary changes which we observe in the earth and in man
are in fact asingle process, working through a variety of manifested
forms.

From this conception of the parallel evolution of earth and man
light falls also on the historic event represented by van Helmont's
discovery. Besides being a symptom of a revolution in man's way of
experiencing the atmosphere, it speaks to us of some corresponding
changein the spiritual-physical condition of the atmosphereitself. It



was then that men not only came to think differently about ar, but
inhaled and exhaled an air that actually was different. To find out
what kind of change this was, let us turn once more to man's own
organism and see what it has to say concerning the condition under
which matter is capable of being influenced by mechanica and
magical causation respectively, in the sense aready described.

What isit in the nature of the bones that makes them accessble to
mechanica causation only, and what is it in the muscles that alows
our will to rouse them magicaly? Bones and muscles stand in a
definite genetic relationship to each other, the bones being, inrelation
to the muscles, a late product of organic development. This holds
good equaly for everything which in the body of living nature takes
the form of mineralized deposits or coverings. Every kind of organ-
ism congigts in its early stages entirely of living substance; in the
course of time a part of the organism separates off" and passes over
into amore or less mineralized condition. Seenin this light, the dis-
tinction between bones and muscles is that the bones have evolved
out of acondition in which the muscles persist, though to agradually
waning degree, throughout the life-time of the body. The substance
of the muscles, remaining more or less 'young', stands at the opposite
pole from the 'aged' substance of the bones. Hence it depends on the
‘age’ of a piece of matter whether it responds to magical or mechan-
ical causation.

Let us dtate here at once, that this temporal distinction has an
essntial bearing on our understanding of evolutionary processes in
genera. For if mineral matter is a late product of evolution—and
nothing in nature indicates the contrary—then to explain the origins
of the world (as scientific theories have adways done) with the aid of
events similar in character to those which now occur in the mineral
realm, means explaining them against nature's own evidence. To find
pictures of past conditions of the earth in present-day nature, we
must look in the regions where matter, becauseit is still 'youthful', is
played through by the magical working of purposefully active spiritual
forces. Thus, instead of seeing in them the chance results of blind
volcanic and similar forces, we must recognize in the formation and
layout of land and sea an outcome of events more closdy resembling
those which occur during the embryonic development of a living
organism.

What, then, does van Helmont's discovery of the gaseous state of
matter tell us, if weregardit in the light of our newly acquired insight



into the trend of evolution both within and without man? When, in
the course of its growing older, mankind had reached the stage which
is expressed by the emergence of the spectator-consciousness—con-
sciousness, that is, based on a nervous system which has grown more
or less independent of the life forces of the organism—the outer
elements had, in their way, arrived at such a state that man began to
inhale an air whose spiritual-physical constitution corresponded
exactly to that of his nervous system: on either side, Spirit and
Matter, in accordance with the necessities of cosmic evolution had
lost their primeva union.

*

Our extension of the concept of evolution to the very eements of
nature, whether these are of material or non-material kind, and our
recognition of this evolution as leading in genera from a more dert
to a more inert condition, a once open the possibility of including
in our scientific world-picture certain facts which have hitherto re-
sigted any inclusion. We mean those manifold events of 'miraculous
nature, of which the scriptures and the ord traditions of old are full.
What is modern man to make of them?

The doubts which have arisen concerning events of this kind have
their roots on the one hand in the apparent absence of such occur-
rences in our day, on the other in the fact that the laws of nature de-
rived by science from the present condition of the world seem to rule
them out.! In the light of the concept of the world's 'ageing’ which
we have tried to develop here, not only do the relevant reports be-
come plausible, but it aso becomes understandable why, if such
events have taken place in the past, they fail to do so in our own time.

To illustrate this, let us take a few instances which are symptom-
atic of the higher degree of youthfulness which was characteristic in
former times in particular of the element of Fire.

The role which Fire was capable of playing in man's life a a time
when even this element, in itself the most youthful of al, was more
susceptible to magic interference than of late, is shown by the mani-
fold fire-rites of old. In those days, when no easy means of fire-
lighting were available, it was usual for the needs of daily life to keen
afire burning al the time and to kindle other firesfromit. Only in
cass of necessty was a new fire lit, and then the only way was by the
tedious rubbing together of two pieces of dry wood.

! Se the 'Bishop Barnes controversy of recent date.



Then both the maintenance of fires, and the deliberate kindling of
a new fire, played quite a special role in the ceremonial ordering of
human society. Historically, much the best known is the Roman
usagein the Temple of Vesta. On the one hand, the unintentional ex-
tinction of the fire was regarded as a national calamity and as the
gravest possible transgression on the part of the consecrated priestess
charged with maintaining the fire. On the other hand, it was thought
essential for this 'everlasting' fire to be newly kindled once a year.
This took place with a specia ritua at the beginning of the Roman
year (1st March).

The conception behind such aritual of fire-kindlingwill become clear
if we compare with it certain other fire-rites which were practised in
the northern parts of Europe, especiadly in the British Ides, until far
oninthe Christian era. For example, if sickness broke out among the
cattle, a widespread practice was to extinguish al the hearth-firesin
the district and then to kindle with certain rites anew fire, from which
al theloca peoplelit their own fires once more. Heavy penalties were
prescribed for anyone who failed to extinguish his ownfire—afailure
usualy indicated by the non-manifestation of the expected healing
influence. In Anglo-Saxon speaking countries, fires of this kind were
known as 'needfires.

The spiritual significance of these fires cannot be expressed better
than by the meaning of the very term 'needfire'. This word does not
derive, as was formerly believed, from the word 'need’, meaning a
'fire kindled in a state of need’, but, as recent etymological research
has shown, from a root which appears in the German word nieten—
to clinch or rivet. 'Needfire' therefore means nothing less than a fire
which was kindled for 'clinching' anew the bond between earthly life
and the primal spiritual order at times when for one reason or another
therewas acall for this.

This explanation of the 'needfire’ throws light also on the Roman
custom of re-kindling annually the sacred firein the Temple of Vesta.
For the Romans this was a means of reaffirming year by year the
connexion of the nation with its spiritual leadership; accordingly,
they chose the time when the sun in its yearly course restores—'re-
clinches—the union of the world-spirit with earthly nature, for
the rebirth of the fire which throughout the rest of the year was care-
fully guarded against extinction.

Just as men saw in this fire-kindling a way of bringing humanity



into active relation with spiritual powers, so on the other hand were
these powers held to use thefire element in outer nature for the pur-
pose of making themselves actively known to mankind. Hence we
find in the records of al ancient peoples a unanimous recognition of
lightning and thunder on the one hand, and volcanic phenomena on
the other, as means to which the Deity resorts for intervening in
human destiny. A well-known example is the account in the Bible of
the meeting of Moses with God on Mount Sinai. As occurrence in
the early history of the Hebrews it gives evidence that even in his
torical times the fire element of the earth was sufficiently 'young' to
serve the higher spiritual powers as an instrument for the direct
expresson of their will.

*

(b) LEVITY contra GRAVITY

We sad earlier in this chapter that a science which aspires to a
spiritual understanding of the physical happenings in nature must
give up the idea that inertness and weight are absolute properties of
matter. We were able at once to tackle the question of inertness by
bringing to our immediate observation matter in the state of dimin-
ished inertness, or, as we proposed to say, of alertness. We are now
in aposition to go into the other question, that of weight or gravity.
Just as we found inertness to have its counterpart in dertness, both
being existing conditions of matter, so we shall now find in addition
to the force of gravity another force which is the exact opposite
of it, and to which therefore we can give no better name than ‘levity'.

*

Already, indeed, the picture of nature which we gained from fol-
lowing Goethe's studies both of the plant and of meteorological hap-
penings has brought us face to face with certain aspects of levity.
For when Goethe speaks of systole and diastole, as the plant first
taught him to see them and as later he found them forming the basic
factors of weather-formation, heis really speaking of the ancient con-
cepts, 'cold' and 'warm'. Goethe's way of abserving natureis, in fact,
afirst step beyond the limits of a science which kept itself ignorant of
levity as a cosmic counterpart to terrestrial gravity. To recognize the
historical significance of this step, let us turn our glance to the



moment when the human mind became aware that to lay a proper
foundation for the science it was about to build, it had to exclude any
idea of levity as something with areal existence.

Many a conception which is taken for granted by modern man,
and is therefore assumed to have been always obvious, was in fact
established quite ddiberately at a definite historical moment. We
have seen how this applies to our knowledge of the gaseous state of
matter; it applies also to the idea of the uniqueness of gravity. About
half a century after van Helmont's discovery atreatise called Contra
Levitatem was published in Florence by the Accademia del Cimento.
It declares that a science firmly based on observation has no right to
spesk of Levity as something claiming equd rank with, and opposte
to, Gravity.

This attitude was in accord with the state into which human con-
sciousness had entered at that time. For a consciousness which is it-
<df of the quality 'cold', because it is based on the contracting forces
of the body, is naturally not in a position to take into consideration
its very opposite. Therefore, to speak of a force of levity as one felt
able to speak of gravity was indeed without meaning.

Just as there was historical necessity in this banishing of levity
from science at the beginning of the age of the spectator-conscious-
ness, 0 was there hitorical necessity in a renewed awareness of it
arisng when the time came for man to overcome the limitations of
his spectator-relationship to the world. We find this in Goethe's im-
pulse to search for the action of polarities in nature. As we shall see
later, it comes to its clearest expression in Goethe's optical concep-
tions.

Another witness to this fact is Ruskin, through a remark which
bears in more than one sense on our present subject. It occurs in his
essay, The Sorm-Cloud of the Ninteenth Century. In its context it
is meant to warn the reader against treating science, which Ruskin
praises as a fact-finding instrument, as an interpreter of natural facts.
Ruskin takes Newton's conception of gravity as the all-moving cause
of the universe, and turns against it in the following words:

"Take the very top and centre of scientific interpretation by the
greatest of its masters: Newton explained to you—or at least was
once supposed to explain, why an applefell; but he never thought of
explaining the exact correlative but infinitely more difficult question,
how the apple got up there.'



This remark shows Ruskin once again as atrue reader in nature's
book. Looking with childlike openness and intensity of participation
into theworld of the senses, he alows nature's phenomenato impress
themselves upon his mind without giving any preconceived prefer-
ence to one kind or another. This enables him not to be led by the
phenomenon of falling bodies to overlook the polarically opposite
phenomenon of the upward movement of physical matter in the liv-
ing plant. Ruskin's remark points directly to the new world-concep-
tion which must be striven for to-day—the conception in which
death isrecognized as a secondary form of existence preceded by life;
in which levity is given its rightful place as aforce polar to gravity;
and in which, because life is bound up with levity as death is with
gravity, levity is recognized as being of more ancient rank than
gravity.

*

In proceeding now to a study of levity we shall not start, as might
be expected, with plants or other living forms. We are not yet
equipped to understand the part played by levity in bringing about
the processes of life; we shall come to this later. For our present pur-
pose we shall ook at certain macrotelluric events—events in which
large areas of the earth are engaged—taking our examples from
meteorology on the one hand and from seismic (volcanic) processes
on the other.

In pursuing this course we follow a method which belongs to the
fundamentals of a Goetheanistic science. A few words about this
method may not be out of place.

When we strive to read the book of nature as a script of the spirit
we find ourselves drawn repeatedly towards two realms of natural
phenomena. They are widely different in character, but studied to-
gether they render legible much that refuses to be deciphered in either
realm alone. These realms are, on the one hand, the inner being of
man, and, on the other, the phenomena of macrotelluric and cosmic
character. The fruitfulness of linking together these two will become
clear if we reflect on the following.

The field of the inner life of man alows us, as nothing else does,
to penetrate it with our own intuitive experience. For we ourselves
are aways in some sense the cause of the events that take place there.
In order to make observations in this region, however, we need to
bring about a certain awakening in a part of our being which—so



long as we rely on the purely natural forces of our body—remains
sunk in more or less profound unconsciousness.

If this realm of events is more intimately related than any other to
our intuitive experience, it has adso the characterigtic of remaining
closed to any research by external means. Much of what lies beyond
the scope of external observation, however, reveals itsalf al the more
clearly intherealmswhere natureis active on thewidest scale. Certain-
ly, wemust school ourselvesto read aright the phenomenawhich come
to light in those realms. And once more we must look to the way of
introspection, previously mentioned, for aid ininvesting our gazewith
thenecessary intuitiveforce. If we succeedin this, then theheavenswill
become for us a text wherein secrets of human nature, hidden from
mere introspection, can be read; while at the same time the intro-
spective way enables usto experience things whichwe cannot uncover
simply by observing the outer universe.

Apart from these methodological considerations, thereis afurther
reason for our choice. Among the instances mentioned earlier in this
chapter as symptoms of a greater 'youthfulness' prevailing in nature,
and particularly in the element Fire, at a comparatively recent date,
were the manifestations of the Divine-Spiritual World to man re-
ported in the Bible as the event on Mount Sinai. There, thunder and
lightning from above and volcanic action from below form the set-
ting for the intercourse of Jehovah with Moses. To-day the function
of these types of phenomena, though metamorphosed by the altered
conditions of the earth, is not essentially different. Here, more than
in any other sphere of her activities, nature manifests that side of her
which we are seeking to penetrate with understanding.

*

Let us start with an observation known to the present writer from
avigt to the Solfatara, a volcanic region near Naples.

The Solfatara itself is a trough surrounded by hilly mounds; its
smooth, saucepan-like bottom, covered with whitish pumice-sand, is
pitted with craters containing violently boiling and fuming mud—the
so-cdled fango, famous for its healing properties. All around sulphur-
ous fumes issue from crevices in the rocks, and in one specia place
the Solfatara reveals its subterranean activity by the emergence of
fine, many-coloured sand, which cozes up likeboiling liquid from the
depths below. The whole region gives the impression of being in a
state of |abile balance. How truethis is becomes apparent if one drops



pieces of burning paper here and there on the ground: immediately a
cloud of smoke and steam rises. The effect is even more intense if a
burning torch is moved about over one of the boilingfango holes.
Then the deep answers instantly with an extraordinary intensification
of the boiling process. The hot mud seems to be thrown into violent
turmoil, emitting thick clouds of steam, which soon entirely envelop
the spectator near the edge.

The scientific mind is at first inclined to seein this phenomenon the
mechanica effect of reduced air-pressure, due to the higher tempera-
tures above the surface of the boiling mud, though doubts are raised
by the unusual intensity of the reaction. The fegling that the physica
explanation is inadeguate is strengthened when the vapours have
thinned out and oneis surprised to see that every crack and cranny in
the Solfatara, right up to the top of the trough, shows signs of in-
creased activity. Certainly, this cannot be accounted for by a cause-
and-effect nexus of the kind found in the realm of mechanical causa-
tion, where an effect is propagated from point to point and the total
effect is the sum of anumber of partial effects. It looks rather asif the
impulse applied in one spot had called for a major impulse which was
now acting on the Solfatara as awhole.

As observers who are trying to understand natural phenomena by
recognizing their significance as letters in nature's script, we must
look now for other phenomena which can bejoined with this one to
form the relevant ‘'word' we have sgt out to decipher.

All scientific theories concerning the causes of seismic occurrences,
both volcanic and tectonic, have been concelved as if the spatia
motion of mineral matter were the only happening that had to be
accounted for. No wonder that none of these theories has proved
really satisfactory even to mechanigtically orientated thinking. Actual-
ly there are phenomena of a quite different kind connected with the
earth's ssigmic activities, and these need to be taken into equal
account.

Thereis, for instance, the fact that animals often show a premoni-
tion of volcanic or tectonic disturbances. They become restive and
hide, or, if domestic, seek the protection of man. Apparently, they
react in this way to changes in nature which precede the mechanical
events by which man registers the seismic occurrence.

Another such phenomenon is the so-called earthquake-sky, which
the present writer has had several occasions to witness. It consists of a
peculiar, amost terrifying, intense discoloration of the sky, and, to



those acquainted withit, is a sure sign of animminent or actual earth-
guake somewhere in the corresponding region of the earth. This
phenomenon teaches us that the change in the earth's condition
which resultsin aviolent movement of her crust, involves aregion of
her organism far greater than the subterranean layers where the
cause of the purely mechanical eventsis usually believed to reside!

That man himself is not excluded from experiencing directly the
super-spatial nature of seismic disturbances is shown by an event in
Goethe's life, reported by his secretary Eckermann, who himsglf
Iearng the story from an old man who had been Goethe's valet at the
time.

This is what the old man, whom Eckermann met by accident one
day near Weimar, told him: 'Once Goethe rang in the middle of the
night and when | entered his room | found he had rolled hisiron bed
to the window and was lying there, gazing at the heavens. "Haveyou
seen nothing in the sky?' asked he, and when | answered "No", he
begged me to run across to the sentry and inquire of the man on duty
if he had seen nothing. He had not noticed anything and when | re-
turned | found the master till in the same position, gazing at the sky.
"Ligten," he said, "this is an important moment; there is now an
earthquake or oneisjust going to take place." Then he made me sit
down on the bed and showed me by what signs he knew this." When
asked about the weather conditions, the old man said: ‘It was very
cloudy, very still and sultry.' To believe implicitly in Goethe was for
him a matter of course, 'for things always happened as he sad they
would'. When next day Goethe related his observations at Court, the
women tittered: 'Goethe dreams' (‘Goethe schwarmt'), but the Duke
and the other men present believed him. A few weeks later the news
reached Weimar that on that night (5th April, 1783) part of Messina
had been destroyed by an earthquake.

There is no record by Goethe himsdlf of the nature of the pheno-
menon perceived by him during that night, except for a brief remark
in aletter to Mme de Stein, written the following day, in which he
clams to have seen a 'northern light in the south-east' the extra-
ordinary character of which made him fear that an earthquake had
taken place somewhere. The valet's report makes us inclined to think

! To the same category belong the mighty thunderstorms which in some parts
of the world are known to occur in conjunction with earthquakes.
2 See Goethe's Conversations with Eckermann (translated by J. Oxenford),
13th November, 1823.



that there had been no outwardly perceptible phenomenon at all, but
that what Goethe believed he was seeing with his bodily eyes was the
projection of a purely supersensible, but not for that reason any less
objective, experience.

In a picture of the seismic activities of the earth which is to com-
prise phenomena of this kind, the volcanic or tectonic effects cannot
be attributed to purely local causes. For why, then, should the whole
meteorological sphere be involved, and why should living beings
react in the way described? Clearly, we must ook for the origin of the
total disturbance not in the interior of the earth but in the expanse of
surrounding space. Indeed, the very phenomenon of the Solfatara,
if seen in this light, can reved to us that at least the volcanic move-
ments of the earth's crust are not caused by pressure from within, but
by suction from without—that is, by an exceptional action of levity.

We recdl the fact that the whole Solfatara phenomenon had its
origin in aflame being swayed over one of thefango holes. Although
it remains true that the suction arising from the diminished air press-
ure over the hole cannot account for the intense increase of ebullition
in the hole itself, not to speak of the participation of the entire region
in this incresse, there is the fact that the whole event starts with a
suctional effect. Aswe shall seein the next chapter, any loca produc-
tion of heat interferes with the gravity conditions at that spot by
shifting the balance to the side of levity. That the responsein a place
like the Solfatara is what we have seen it to be, is the result of an
extraordinary lability of the equilibrium between gravity and levity,
a characteristic appertaining to the earth's volcanism in general.

For the people living near the Solfatara it is indeed common know-
ledge that there are times when thislability is so great that the dlightest
loca disturbance of the kind we have described can provoke destruc-
tive eruptions of great masses of subterranean mud. (At such times
access to the Solfatara is prohibited.) We shall understand such an
eruption rightly if we picture it as the counter-pole of an avalanche.
The latter may be brought about by a fragment of matter on a snow-
covered mountain, perhaps a little stone, breaking loose and in its
descent bringing ever-accumulating masses of snow down with it.
The levity-process polar to this demonstration of gravity is the pro-
duction of a mightily growing 'negative avalanche’ by compara-
tively weak local suction, caused by asmal flame.

*



Earlier in this chapter (page 150) we said that if we want to under-
stand how spirit moves, forms and transforms matter, we must recog-
nize the existence of non-mechanical (magical) causes of physica
effects. We have now found that the appearance of such effects in
nature is due to the operations of a particular force, levity, polar to
gravity. Observation of a number of natural happenings has helped
us to become familiar in a preliminary way with the character of this
force. Although these happenings were all physical in appearance,
they showed certain definitely non-physical features, particularly
through their peculiar relationship to three-dimensional space. More
characteristics of this kind will appear in the following pages.

In this way it will become increasingly clear that in levity we have
to do with something which, despite its manifesting characteristics of
a'force not unlike gravity and thereby resembling the latter, differs
essentialy from anything purely physical. Itisonly by itsinteractions
with gravity that levity brings about eventsin the physical world—
events, however, which are themselves partly of a physical, partly of
a superphysical kind. Seeing things in this aspect, we are naturally
prompted to ask what causes there are in the world which make
gravity and levity interact at al. This question will find its answer in
due course. First, we must make ourselves more fully acquainted
with the various appearances of the gravity-levity interplay in nature.



CHAPTER X

The Fourth State of Matter

When William Crookes chose as one of the titles of his paper on
the newly discovered properties of eectricity, 'The Fourth State of
Matter', it was to express his belief that he had found a state of
matter, additional to the three known ones, which represented 'the
borderland where matter and force seem to merge into one another,
the shadowy realm between known and unknown' for which his soul
had been longing ever since the death of his beloved brother.! All
that has followed from his discovery, down to the transformation of
matter itsdf into freely working energy, shows that he was right in
thinking he had reached some borderland of nature. But the character
of the forces which are thus liberated makes it equally clear that this
isnot the borderland he was looking for. Nature—by which we mean
physical nature—has in fact two borders, one touching the realm of
the intramaterial energies which are liberated by disrupting the
structure of atomic nuclei, the other leading over into creative
Chaos, the fountain-head of dl that appears in nature as intelligent
design.

It was Crookes's fate to open the road which has brought man to
nature's lower border and even across it, although he himself was in
search of her upper border. What he was denied, we are in aposition
to achieve to-day, provided we do not expect to succeed by methods
similar to those of atomic physics, and do not look for similar results.

To show that there is a fourth state of matter, rightly so cdled,
which represents in actua fact the upper border of nature, and to
point the way that leads to it and across it, is the purpose of this
chapter.

*

! See Chapter IV. The other title of the paper, 'Radiant Matter', will gain
significance for us in a later context.



From our previous comparison of the older conception of the four
elementary conditions of nature with that now held of the three
dates of ponderable matter, we may expect that the fourth state will
have something in common with heat. Hesat is indeed the energy
which transforms matter by carrying it from the solid to the liquid
and gaseous states. Not so obvious is the fact that heat, apart from
being an agent working at matter in this way, is the very essence
underlying al materid exigence, out of which matter in its three
ponderable states comes into being and into which it is capable of
returning again. Such a conception of matter was naturally absent
from the age of the Contra-Levitatem orientation of the human
mind. To creste this conception, a new Pro-Levitate orientation is
required.

Apart from producing liquefaction and vaporization, heat has also
the property of acting on physical matter so that its volume increases.
Both facts arelinked together by science through the thermodynamic
conception of heat. As this conception firmly blocks the road to the
recognition of the role of heat as the fourth state of matter, our first
task will be to determine our own standpoint with regard to it. Fur-
ther obstacles on our way are the so-called Laws of Conservation,
which state that no matter and no energy—which for present-day
sience have become one and the same thing—can ever disappear
into 'nothing' or come into being out of ‘nothing'. This idea, aso,
will therefore require our early attention.*

*

In the light of our previous studies we shal not find it difficult to
test the reality-val ue of the thermodynamic conception of heat.

As we know of mass through a definite sense-perception, so we
know of heat. In the latter case we rely on the sense of warmth. In
Chapter VII1 we took the opportunity to test the abjectivity of the
information received through this sense. Still, one-eyed, colour-blind
observation is naturally unable to take account of these sense-
messages. To this kind of observation nothing is accessble, we know,
except spatial displacements of single point-like entities. Hence we
find Bacon and Hooke aready attributing the sensation of warmth to

! Since the above was written, certain conclusions drawn from modern sub-
atomic research have led some astro-physicists to the idea that hydrogen is cor-
tinuoudy crested in the cosmos 'out of nothing'. This does not affect the con-
siderations of the present chapter.



minute fast-moving particles of matter impinging on the skin. Some
timelater wefind Locke taking up the same picture. We seefromthis
how little the mechanical theory of heat owes to empirical facts. For
even in Locke's time the connexion between heat and mechanical
action, as recognized to-day, was completely unknown.

With this idea firmly rooted in his mind, modern man had no
difficulty in using it to explain both thermal expansion and the effect
of heat on the different states of matter, and so, finally, these states
themselves. Thermal expansion was thus attributed to an increase in
the average distance between the assumed minute particles, caused by
an increase in their rate of movement; the liquid state was held to
differ fromthe solid, and similarly the gaseous from theliquid, by the
interspaces between the particles becoming relatively so great that the
gravitational pull between them became too weak to hold them
together.

Tested from aview-point outside the onlooker-consciousness, this
whole picture of the interaction between matter and heat appears to
run counter to the cosmic order of things in a way typical of other
spectator-theories. Ancient man, if confronted with this picture,
would have said that it means explaining the element Fire by the
quality Cold. For each of those minute particles, in its solidity and
state of spatial separation from the others, represents an effigy of the
earth and thereby the element Earth itself. He would be unable to
understand why phenomena of the 'warm' element Fire should be
explained by its very opposite. Moreover, Fire forms part of the ever
'youthful' realm of the world, whereas anything which exists as a
spatialy discernible entity, capable of being moved about mechan-
icaly, must have grown cosmically ‘old.

That Ruskin was as much on the aert in regard to this theory as
he was in regard to Newton's theory of gravitation, is shown by the
following utterance from his The Queen of the Air. Obvioudly stirred
by Tyndall's newly published treatise, Heat as a Mode of Motion,
Ruskin felt the need to criticize the endeavour of contemporary
science 'to simplify the various forms of energy more and more into
modes of one force, or finally into mere motion, communicable in
various states, but not destructibl€e', by declaring that he would him-
sdf 'like better in order of thought® to consider motion as a mode of
heat than heat as a mode of motion'.

These words of Ruskin touch aso on the law of conservation of

! Note the expression!



energy, of whichwe said that it also called for apreliminary examina-
tion. What we now have to find out is the factual basis on which this
law rests.

*

The conception of the law of conservation of energy arose from
the discovery of the constant numerical relation between heat and
mechanical work, known as the mechanical equivalent of heat. This
discovery was made at about the same time by Joule in England and
J. R. Mayer in Germany, although by entirely different routes. Joule,
a brewer, was a man of practical bent. Trained by Dalton, the
founder of the atomic theory, in experimenta research, he continued
Rumford's and Davy's researches which they had undertaken to
prove that heat is not, as it was for a time believed to be, a ponder-
able substance, but an imponderable agent. As a starting-point he
took the heating effect of electric currents. The fact that these could
be generated by turning a machine, that is, by the expenditure of
mechanical energy, gave him the idea of determining the amount of
work done by the machine and then comparing this with the amount
of heat generated by the current. A number of ingenious experiments
enabled him to determine with increasing exactitude the numerical
relation between work and heat, as well as to establish the absolute
constancy of the relation.

This he regarded as proof of the mechanicd theory of heat, which
he had taken from Rumford and Davy. What simpler explanation
could there be for the constant numerical relation between work and
heat than the conception that transformation of one form of energy
into another was simply a transmission of motion from one object to
another? From the quantitative equality of expended and generated
energy was it not natural to argue the qualitative similarity of the two
forms of energy, which only externally seemed different?

It was by quite a different path that the Heilbronn doctor, Mayer,
arrived at his results. To escape from the narrowness of his South
German home town, he went, while till a youth, as doctor to a
Dutch ship sailing to Java. When in the tropics he treated a number
of sailors by blood-letting, he observed that the venous blood was
much nearer in colour to the paler arterial blood than was usual at
home. This change in the colour he attributed to the diminished in-
tensity of bodily combustion, due, he believed, to the higher tempera-
ture of the tropics.



Scarcely had this thought passed through his mind than it induced
another—that of a universal interrelationship between dl possible
forms of energy. This last idea so took possession of him that during
the return voyage, as he himsdf related, he could scarcely think of
anything but how to prove the correctness of his idea and what the
consequences would be for the genera view of nature. From the
moment of his return he devoted his life to practical research into the
connexion between the various manifestations of energy. It was in
thisway that hewas led to the determination of the so-called mechan-
ical equivalent of heat, shortly before the same discovery was made
in a quite different manner by Joule.

If one considers how slender a connexion there was between
Mayer's observation on the salors in Java and the idea of the quan-
titative equilibrium of al physical nature-forces, and if one contrasts
this with the fanaticism he showed during the rest of his life in
proving against al obstacles the correctness of hisidea, one must feel
that the origin of the thought in Mayer's mind lay elsewhere than in
mere physical observations and logical deductions. Confirmation of
this may be found in what Mayer himsdlf declared to be his view
concerning the actual grounds for the existence of a constant numer-
ical association between the various manifestations of natural energy.

So far as science alowed Mayer any credit for his work, this was
based on the opinion that through his discovery he had provided the
final vindication of the mechanica theory of heat. This judgment,
however, was only piling one wrong upon another. Mayer's destiny
was truly tragic. When he began to publicize his conviction of the
numerical equilibrium between spent and created energy, he met with
so much scepticism, even derision, that from sheer despair his mind
at times became clouded. When at last toward the end of his life he
received the recognition his discovery deserved (not before being
dragged through a painful priority dispute which Joule forced upon
him and lost), the scientists had begun to use his idea for bolstering
up a hypothesis directly counter to the idea which had led him to his
discovery, and for the sake of which he had accepted so much
suffering.

Mayer's spiritual kin are not to be found among the heat-theorists
of his time, such as Helmholtz and others, but among thinkers of the
stamp of Goethe, Howard and Ruskin. His basic idea of the inner
connexion between all forms of energy in nature corresponds en-
tirely with Goethe's idea of metamorphosis. Just as Goethe saw in



the ur-plant the Idea common to al plant-forms or, in the various
plant-organs, the metamorphosis of one and the same ur-organ, so
was Mayer convinced of the existence of an ur-force which expressed
itsdf in varying guises in the separate energy-forms of nature. In the
picture of the physical universe which hovered before him, the trans-
formation of one form of energy into another—such as mechanica
energy into eectrica, this into chemical and so on—was somewhat
dmilar to Goethe's picture of the organic life of the earth, in which
the metamorphosis of one living form into another constantly
occurred. There is in nature', said Mayer, 'a specific dimension of
immaterial constitution which preservesitsvaluein all changes taking
place among the objects observed, wheress its form of gppearance
dtersin the most manifold ways.'

For the physicist, accustomed to a purely quantitative observation
of nature, it is difficult to comprehend that Mayer could have arrived
at the thought of a constant quantitative relation between the various
manifestations of natural energy, without deriving from it the con-
viction of their qualitative indentity—i.e., without concluding from
the exisence of the mechanical heat-equivalent that heat is itsef
nothing ese than a certain form of spatial movement. Mayer actualy
had a picture directly contrary to the mechanistic conception. For
him, the arising of heat represented a disappearance of mechanica
energy.

If this, then, was Mayer's bdief, what was it that convinced him of
the existence of a numerica balance between appearing and vanish-
ing energy, even before he had any experimenta proof?

Later in this book there will be occasion to introduce a concept of
number in tune with our qualitative world-outlook. What led Mayer
to look upon number as an expresson of existing spiritual asoci-
ations in nature will then become clear. Let this much be said here,
that number in the universe has quite different functionsfrom that of
serving merely as an expression for atotal of calculable items, or as
a means of comparing spatial distances. It is in the nature of the
onlooker-consciousness that it is unableto interpret numerical equal-
ity between natural phenomena save as indicating the presence of an
equal number of calculable objects or of spatial movements of equal
magnitude. It was therefore consistent for such a consciousness to
regard the discovery by Mayer of the mechanical heat-equivalent as a
confirmation of the existing mechanical conception of heat.

For Mayer such an interpretation was not necessary. His convic-



tion of the existence of an ur-force, manifesting through metamor-
phosis in dl natural forces, led him to expect a constant numerica
relation amongst these, without requiring him to deny the objective
exisence of quditative differences, as these displayed themsdves in
the field of phenomena. He was spiritually akin to Goethe, also, in
that he guarded himsdf drictly against substituting for the contents
of our perception conveyed by nature purely hypothetical entities
which, while fashioned after the world of the senses, are, in principle,
imperceptible. Mayer sought after a truly empirically founded con-
cept of force, and his method was that of reading from dl the various
manifestations of force which were open to sense observation. One
such manifestation, capable of empirical determination, was the
balance between appearing and disappearing energy.

Scence treated Mayer in the same way as it treated Howard. It
took from him what it wanted for its purpose without concerning it-
«f with the epissemologicd principle which had led him to his dis-
covery. Thus it was that Mayer's discovery led to most important
consequences for the development of modern technica devices
whereas it was the fate of his guiding idea to be first derided, then
misunderstood and finally forgotten. The consequence was that the
knowledge of the numerical equilibrium between created and ex-
pended energy in the economy of nature has widened more and more
the abyss separating spirit and matter in human life, instead of
leading, as indeed it might have done, to a bridging of the abyss. The
thought, therefore, regarding the appearing and disappearing of
measurable cosmic substance, to which we are led when following
Goethe's method of observing nature, stands in no sort of contradic-
tion to what Mayer himself conceived as the rdlaion of the various
forms of energy to one another, and the maintenance of the numerical
balance between them.

*

Having thus determined our standpoint with regard to the thermo-
dynamic theory of heat and the law of conservation, we may proceed
to the study, first of the phenomenon of thermal expansion, and then
of the effect of heat on the various sates of physical matter, by apply-
ing to them, unimpeded by any preconceived mechanistic idea, what
we have learnt through our previous studies. We must start by
developing aproper picture of the dynamic condition of matter in the
lid state.



In a solid body the material substance is centred on an inner point,
the so-cdled centre of gravity—a characteristic which such a body
shares with the earth as awhole. Likewise, two such bodies exert on
one another the same influence that the earth exerts on each of them:
they try to assume the shortest possible distance from each other.
Since the days of Faraday science has been accustomed to ascribe
these phenomena to the existence of certainfields offorce, connected
with each body and working on one another through theintermediary
space. It isto this concept of the field of force that we must now give
specid attention. For the field-concept, in the form introduced by
Faraday into scientific thinking, is one of the few scientific concepts
which have been obtained by being 'read’ from the corresponding
phenomena themselves, and which therefore retain their validity in a
science which is based on the method of reading.

According to the field-concept, terrestrial manifestations of gravity
are due to the earth's being the bearer of a gravitational field centred
within the globe, and extending thence in al directions through
space, across and beyond the earth's body. Every point in space, both
insde and outside the earth, is characterized by adefiniteintensity of
thisfield, the so-called gravitational potential. Thisis subject to vari-
ations due to the presence of other physical masses, which carry their
ownfieldsof gravity. What happens between such masses and that of
the earth, as well as mutually between such masses themselves, is
brought about by the particular conditions in space resulting from
the interpenetration of the various fields.

Itis essentia to redlize that al fieldsdedt with by physical science,
the gravitational, eectric, magnetic—however much they differ
otherwise—have this one characteristic in common, that they have a
centre where the field is at its highest intensity, diminishing as the
distance from the centre increases. Motion in such afield naturally
takes place from regions of lower to those of higher intensity—in
other words, it follows the rising potential of thefield. This accounts
for the tendency of physical masses to arrive at the shortest possible
distance between them.

It was natural for the modern mind to picture a dynamic condition
of the kindjust described, that is, one in which the centre and source,
asit were, is apoint round which the dynamic condition spreads with
steadily diminishing strength as the distance from the point grows.
For such is the condition of man's head-bound consciousness. The
locus from which modern man watches the world is a point within



thefield of this consciousness, and the intensity with which the world
acts on it diminishes with increasing spatia distance from this point.
This is the reason why levity was banished from scientific inquiry,
andwhy, when thefield-concept was created by the genius of Faraday,
it did not occur to anyone that with it the way was opened to com-
prehend field-types other than the centric one characteristic of grav-
ity and kindred forces. To make use of thefield-concept in this other
way is one of the tasks we have to undertake if we are to overcome
the impasse in which present-day scientific cognition findsitself.

To develop a picture of the type of field represented by levity, let
us recall certain results from the observations of the last chapter.

There the volcanic phenomenon, when taken in its wider impli-
cations, made us redize that the upward movement of physica
masses, in itsdlf part of the total phenomenon, is due to a dyn-
amic cause which we had to describe, in contrast to centripetally
working pressure, as peripherally working suction. Of this concept of
suction we must now observe that we may apply it withjustification
only if we redlize that suction can be caused in two different ways. In
the sense in which we are wont to use the term, suction is the result
of adifference of pressure in adjacent parts of space, the action taking
place in the direction of the minor pressure. Apart from this, how-
ever, suction can occur aso as aresult of the outward-bound increase
of the strength of alevity-field.

Itisin this sense that we may spesk of the seismic movements of
the earth as being caused by suction acting from without. In the same
sense we may say that the upward movement of the sgps in the plant
(to which Ruskin pointed as being responsible for the apple appear-
ing at the top of the tree) and with it the entire growth-phenomenon
in the plant world, is due to peripheral suction.

Considerations of this kind lead one to a picture in which the earth
is seen to be surrounded and penetrated by afield of forcewhichisin
every respect the polar opposite of the earth's gravitational field. As
thelatter hasits greatest intensity at its centre, whichisidentical with
the centre of the earth's globe, so has the levitational field its greatest
intensity at its circumference which is somewhere in the width of
the universal. (Later considerations will enable us to locate its posi-
tion more precisdly.)

As the gravity-field decreases in strength with increasing distance
from the centre of thefield, that is, in the outward direction, so does
the levity-field decrease in strength with increasing distance from its



periphery, or in the inward direction. In both fields the direction of
movement is from regions of lower to those of higher intensity. This
is why things 'fall' under the influence of gravity and 'rise' under the
influence of levity.*

*

How does thermal expansion read as a letter in nature's script
when seenin thelight of the two contrasting field-concepts?

Let us, for simplicity's sake, imagine a spherically shaped metallic
body, say, aball of copper, which we expose to the influence of heat.
As we have seen, it is the centrically orientated gravity-field which
gives the ball its permanency of shape. Consequently, the dynamic
orientation of the material constituting its body is directed towards
the interior of the body itself.

Now, the moment we bring heat to bear on the body we find its
surface moving in the outward direction. The whole mass is clearly
under the influence of some suction which is directed on to the body
from outside. Just as the plants grow in the anti-gravitationd direc-
tion as a result of the suctional effect of levity (other factors which
account for its growing into a particular shape, €tc., being left out of
consideration), so our copper ball grows in volume by being sucked
away from its centre of gravity. It is the action of heat which has
changed the ratio between gravity and levity at this spot in such a
way asto dlow levity to produce this effect.?

What we have thus found to be the true nature of the event per-
ceived as a body's growth in volume under the influence of heat has a
definite effect on our conception of spatialy extended matter as such.
For a physical body is dways in some thermal state which may be
regarded as higher than another, and it may therefore be regarded as
being at dl times thermally expanded to some extent. Hence, itis dl
the time under the sway of both gravitational pressure and anti-
gravitational suction. Infact, we may say idedly that, if there were no
field working inwards from the cosmic periphery, the entire material
content of the earthly realm would be reduced by gravitation to a
spaceless point; just as under the sole influence of the peripherd field
of levity it would dissipate into the universe.

! For a vivid description of the interplay of both types of force in nature, see
E. Carpenter's account of his experience of a tree in his Pagan and Christian
Creeds.

2 Note how this picture of thermal expansion fitsin with the one obtained for
the Solfatara phenomenon when we took into account al that is implicit in the
|atter,



To ordinary scientific thinking this may sound paradoxical, but in
redlity it is not. Observation of the nature of solid matter has led
atomistic thought to regard a physical body as a heap of molecules so
far apart that by far the greater part of the volume occupied by the
body isjust ‘empty’ space. In the scientific picture of molecules con-
stituting a physical body, of atoms constituting the molecules, of
electrons, protons, etc., constituting the atoms, dl separated by spaces
far exceeding the size of the elementary particles themselves, we find
reflected, in a form comprehensible to the onlooker-consciousness,
thefact that matter, evenin the solid state, iskept in spatial extension
by afield of force relating it to the cosmic periphery.

*

With this picture of solid matter as being held in spatial extension
by its subjection to gravity and levity dike, we proceed to a study of
theliquid and gaseous states of matter, while taking into account the
role of heat in bringing these states about.

Following out our method of seeking to gain knowledge of a
phenomenon by regarding it as part of a greater whole, let us ask
what sort of change a portion of physical substance undergoesin its
relation to the earth as a whole when, for instance, through the in-
fluence of hest, it passes from a solid to aliquid state. Here we must
keep in mind that it is part of the nature of a liquid to have no form
of its own. The only natural boundary of a liquid substance is its
upper surface. Sincethissurface alwaysliesparallel with thesurface of
the earth it forms part of a sphere, the centre point of which isiden-
tical with that of the gravitational centre of the earth. The passage of
aportion of matter from solid to liquid thus signifies that it ceases to
possess a centre of gravity of its own and is now merely obedient to
the general gravity-field of the earth. We can thus speak of a transi-
tion of matter from the individual to the planetary condition. Thisis
what heat brings about when a solid body melts.

A large part of the heat used in mdlting is known to be absorbed
by the substance during the process of melting. This is indicated by
the thermometer remaining at the temperature of the melting-point
once this has been reached, until the whole of the melting substance
has liquefied. Physics here speaks of 'free’ heat becoming 'latent'.
From the Goethean point of view we see heat passing through a
metamorphosis. Whereas, previoudly, heat was perceptibleto our sense
of warmth, it now manifests as agravity-denying property of matter.



In order to obtain an idea of the liquid state of matter correspond-
ing to reality, we must take into account yet another of its character-
istics. When the heat becomes latent, it goes even further in contra-
dicting gravity than by robbing matter of its own point of gravity and
relating it to the earth's centre of gravity. This effect is shown in the
well-known urge of dl liquids to evaporate. Hence we must say that
even where matter in aliquid state preservesits own surface, this does
not by any means represent an absol ute boundary. Above the surface
there proceeds a continuous trandtion of substance into the next
higher condition through evaporation. We see here the activity of
heat going beyond the meredenial of gravity to a positive affirmation
of levity.

With the help of this conception of the integration of the liquid
state within the polarity of gravity and levity, we are now able to
draw a picture of the earth which, once obtained, answers many a
guestion left unanswered by current scientific notions, among them
the question why the earth's volcanic activity is confined to maritime
regions.

Regarding the distribution of land and water on the earth's surface,
wemay say that to an observer in cosmic space the earth would not
look at dl like a solid body. Rather would it appear as a gigantic
‘drop’ of water, its surface interspersed with solid formations, the
continents and other land masses. Moreover, the evidence assembled
ever snce Professor A. Wegener's first researches suggests that the
continents are clod-like formations which ‘float' on an underlying
viscous substance and are able to move (very slowly) in both the ver-
tical and horizontal directions. The oceanic waters are in fact separ-
ated from the viscous substratum by no more than a thin layer of
solid earth, a mere skin in comparison with the size of the planet.
Further, this 'drop’ of liquid which represents the earth is in constant
communication with its environment through the perpetual evapora
tion from the ocean, as well as from every other body of water.

This picture of the earth shows it lying under the twofold influence
of the compressive force of gravity and the sucking force of levity.
Wherever land meets seg, therelevity tends to prevail over gravity. It
isin maritime regions, accordingly, that theinner strata of the earth
succumb most readily to those sudden changes in the gravity-levity
tension wherein we have recognized the origin of seismic occurrences.

*



Turning to the gaseous condition, we redlize that athough even
here matter retains traces of a connexion with terrestrial gravity,
levity is now the dominant factor. There are three characteristics of
the gaseous condition which bring this out. Oneis the extreme readi-
ness of gases to expand when heated; we see here how much easier
than with solid substancesit is for heat to overcome the influence of
gravity. The second characteristic is the property of gases, peculiar to
them, of expanding spontaneously, even when not heated. Here we
find gaseous matter displaying a dynamic behaviour which at lower
stages occurs only under the stimulus of heat. The third characteristic
is shown by the fact that al gases, unlike solids or liquids, respond
with the same increase of volume to a given rise of temperature, how-
ever diversetheir other qualities may be. Once gases are mixed, there-
fore, they cannot be separated merely by raising or lowering the
temperature. Here we find the unifying effect of the cosmic periphery
prevailing over the differentiating effect of terrestrial gravity.

At this point we may recal Goethe's reply to the botanist, Wolff,
who had ascribed the metamorphosis of plant-organs from root to
blossom to a gradual stunting or atrophy of their vegetative force,
whereas it was clear to Goethe that simultaneously with a physical
retrogression, there is a spiritual progress in the development of
the plant. The fact that al Wolff's efforts to see clearly did not save
him from 'seeing past the thing' seemed to Goethe an inevitable
result of Wolff's failure to associate with the eyes of the body those
of the spirit.

Exactly the same thing holds good for the sequence of physica
states of matter which we are considering here. Observation of this
sequence with the bodily eyes aone will show nothing but a reduction
of the specific gravity of the materia concerned. He who is at pains
to observe also with the eye of the spirit, however, is aware of a pos-
tive increase of lightness going hand in hand with a decrease of
heaviness. Regarded thus, the three ponderable conditions form what
Goethe would have cdled a 'spiritual ladder'. As 'rungs of such a
ladder they clearly point to a fourth rung—that is, a fourth gtate in
which levity so far prevails over gravity that the substance no longer
has any weight at dl. This picture of the fourfold transformation of
matter calls for an inquiry into the transition between the third and
fourth states, corresponding to thewell-known transitions between the
three ponderable states.



Our observations haveled usto aconcept of heat essentially different
from that held by modern science. Science looks on heat smply as a
condition of ponderable matter. We, on the contrary, are led to
recognize in heat a fourth condition into which matter may pass on
leaving the three ponderable conditions, and out of which it may
emerge on the way to ponderability.

Before showing that such transitions are actually known in nature,
it may be well to discuss here an objection which the customary
way of thinking might plausibly advance against our whole method.
It could be said that to assume a continuation of the sequence of the
three ponderable conditions in the manner suggested isjustified only
if, as solids can be turned into liquids and these into gases, so
gases could be transformed into a fourth condition and, conversely,
be produced from the latter.

In reply it can be said that the fact of our not being able at present
to change gases artificially into pure heat does not justify the con-
clusion that this is in principle impossible. We know from previous
considerations that the earth has reached an evolutionary stage at
which al eements, including fire, have in certain degree grown
‘old. This applies in quite a specid degree to the manipulations to
which man, led by his death-bound consciousness, has learnt to sub-
mit matter in his laboratories. To decide what is possible or not poss-
ible in nature, therefore, can by no means be left to the judgment of
laboratory research. As is shown by the following instance, taken
from the realm of vegetable life, a case of the creation of matter 'out
of nothing' is aready known to biology—though biology, bound in
its concepts to the Law of Conservation, shows some natural reluc-
tance to recognize the true significance of the phenomenon.

The plant which performs this strange feat is the Tillandsia
usneoides, indigenous to tropical America, and generally known as
‘Spanish Moss. Its peculiarity is that it grows and flourishes without
taking from its support any material whatsoever for the building up
of its substance. Its natural habitat is the dry bark of virgin forest
trees. Since civilization invaded its home it has acquired the habit of
growing even on telegraph wires, which has given it the popular name
of 'telegraph tresses. Chemical analysis of this plant shows the
presence of an average of 17 per centiron, 36 per cent slicic acid and
165 per cent phosphoric acid. This applies to samples taken from
districts where the rainwater—the only source from which the plant
could extract these substances in physical form—contains at most



1.65 per cent iron, 001 per cent dlicic acid and no phosphoric acid
at all.

The Tillandsia phenomenon is to a certain extent reminiscent of
another well-known plant activity. Thisis the process of assimilation
of carbon from the carbon dioxide of the air. If we leave aside the
change in the chemical combination which the carbon undergoes,
there remains the picture of the plant drawing this matter to itself
from its environment and at the same time subjecting it to a spatia
condensation. A similar but even more far-reaching process is ex-
hibited by the Tillandsia as regards the three substances referred to
above. From the conditions given, it follows that the plant cannot
possibly get these substances elsewhere than out of the surrounding
atmosphere, and that in drawing upon them it submits them to a
high degree of condensation. A specia role, however, is played by
the phosphorus, which shows that the assimilative power of the plant
is sufficient to transform phosphorus from a physicaly not traceable
state into one of spatially bounded materiality. Following Goethe
in his coining of the concept of 'spiritual anastomosis' for the pollin-
ating process of plants, we can here speak of 'spiritual assimilation'.

In this respect Tillandsia provides an instance 'worth a thousand,
bearing dl within itself. For what nature here unmistakably demon-
strates serves as an eye-opener to a universa fact of the plant king-
dom and of nature in generd. The problem of the so-called trace-
elements may serve as an illustration of this.

Modern agricultural chemistry has found of a number of chemical
elements that their presence in the soil in scarcely traceable volume
is necessary in order to enable the plant to unfold healthily its |atent
characteristics. All sorts of deficiencies in cultivated plants have led
to a recognition that the soil is impoverished of certain elements by
intensive modern cultivation, and that it is to the lack of these ee-
ments that the deficiencies are due. Much work has meanwhile been
done in classifying the various deficiencies and in devising ways of
giving the soil chemica substitutes for what is lacking.

A large part of the work here involved could be saved wereit only
to be acknowledged that the soil owes the natural occurrence of the
proper elements to a process which the plants themselves bring about
in the soil, if men refrain from hindering them by cleverly thought-
out methods of cultivation which fail to reckon with the nature of a
living organism.

Let us be clear what it is that occurs when a plant exhibits any of



the observed abnormalities. Expressed in a Goethean manner, these
are the consequence of an insufficient direction of the organic pro-
cessssin the plant body by the spiritual plant-type underlying it. That
which Ruskin called the 'spirit' of the plant, and to which he drew
attention in his aphorism 'Stand by Form against Force' (by ‘form'
all the peculiar qualities of the plant are to be understood), is unable
to expressitselfin full measure. Now we know that, in order to unfold
its activities on the physical plane, spirit requires 'young' matter—
that is, matter which is either in, or hasjust emerged from, a purely
dynamic state. Normally a definite spiritua type co-ordinates the
dynamic functions present in the superphysical sphere of nature in
the manner required to give the plant-organism its appropriate form.
As, through the action of the type, these functions are brought down
from the sphere of levity into that of gravity, they condense to the
corresponding material elements and thus reach the soil in material
form viathe physica organism of the plant.

The pattern as usually seen is now reversed; the presence of the
various elements in the soil no longer appears as the origin of one or
another function in the building up of the plant-body, but quite the
reverse. Thefunctions appear now as the cause, and the soil-elements
as the effect. We may thus recognize the value of the latter as symp-
toms from which we can read the existence of a healthy connexion
between the plant and the corresponding form-creating functions
working on it from its surroundings.

With this reversa of the relationship between cause and effect it is
not, however, intended to represent the commonly accepted order of
things as entirely incorrect. In the realm of life, cause and effect are
not so onesidedly fixed as in the realm of mechanica forces. We may
therefore admit that a reverse effect of the soil-elements upon the
plant does take place. This is plainly demonstrable in the case of
phosphorus which, however, by reason of its appearance in the soil
in proportions hardly to be caled a mere ‘trace, represents a border-
line case. What may apply within limits to phosphorusis wholly valid
for the trace-edlements—namely, that they are playing their essential
role while they are themselves about to assume ponderable form.

It thus becomes clear how mistaken it is to attempt to cure defici-
encies in plants by adding to the soil chemicd substitutes for the
trace-elements. In the condition in which this material is offered
to the plant, it is truly 'old" material. In order to be able to use it
functionally, the plant hasfirst to convert it into the 'young' condi-



tion. This indeed happens whilst the materia is risng in the plant
combined with thejuices drawn by the plant from the soil under the
influence of levity-force. Only when this has occurred are the chem-
ica elements able to serve the plant functionally. Thus, by trying to
give help to the plant in this way, we injure it at the same time. For
by forcing it to perform the operation described, its generd life-
forces are diminished. A seemi ng success brought about in this man-
ner, therefore, will not last long.

There is, nevertheless, a way of helping the plant by adding to the
soil certain material substances, provided these are first brought into
apurely dynamic condition. That this can be doneis afact long since
known, even if not recognized initstrue significance. So far then, as
serves the purpose of this book, we shall ded with it here.

*

The method in question is associated with the school of medicine
known as Homoeopathy, founded by the German doctor, Hahne-
mann. The word 'homoeopathy' means 'healing through like'; the
basic principleis to treat disease symptoms with highly diluted sub-
stances which produce similar symptoms if ingested in normal quan-
tity. Experience has in fact shown that the physiologica effect of a
substance taken from external nature is reversed when the substance
is highly diluted.

The method of diluting, or ‘potentizing’, is as follows:

A given volume of the material to be diluted is dissolved in nine
times its volume of digtilled water. The degree of dilution thus
arrived at is 1: 10, usualy symbolized as Ix. A tenth part of this
solution is again mixed with nine times its bulk of water. The degree
of dilutionisnow 1 : 100, or 2x. Thisprocessis continued asfar asis
found necessary for a given purpose. Insoluble substances can be
dedlt with in the same manner by first grinding them together with
corresponding quantities of a neutral powder, generally sugar of
milk. After a certain number of stages the powder can be dissolved in
water; the solution may then be diluted further in the manner
described. Here we have to do with transfer of the quality of a sub-
stance, itself insoluble, to the dissolving medium, and then with the
further treatment of the latter as if it were the origina bearer of the
quality concerned.

! This throws light also on the problem of the use of chemicals as artificial
fertilizers.



This fact alone shows that potentization leads into a realm of
material effects at variance with the ordinary scientific conception of
matter. Moreover, we can carry the dilutions as far as we please
without destroying the capacity of the substance to produce physio-
logicd reactions. On the contrary, as soon asits original capacity is
reduced to aminimum by dilution, further dilution givesit the power
to cause actually stronger reactions, of a different and usually oppo-
ste kind. This second capacity rises through stages to a variable
maximum as dilution proceeds.

A dmple cdculation shows—if we accept the ordinary scientific
view as to the sze of a molecule—that not a single molecule of the
original substance will remainin the solution after a certain degree of
dilution has been reached. Y et the biological and other reactions con-
tinue long after this, and are even enhanced.

What this potentizing process shows is that, by repeated expan-
sions in pace, a substance can be carried beyond the ponderable
conditions of matter into the realm of pure functional effect. The
potentizing of physical substances thus gains a significance far wider
than that of its medical use.* There opens up, for example, the possi-
bility of stimulating deficient functions in the plant by giving it the
corresponding elements in homoeopathic doses. By this means the
plant is brought into direct connexion with the relevant spiritual
energy, and then left to carry out for itself the necessary process of
materidization, instead of being forced by mere chemica additions
to the soil first to potentize the substance itself 2

The same principle holds good for man and beast. They aso need
‘young material' for their nourishment, so that the type active in
them—which in animds is the group-soul of the species and in man
isthe singleindividual—can expressits trueform and character. (We
saw earlier that the will requires 'young' material in order to pene-
trate into the material layers of the muscles, as happens when the
limbs are st in motion). In this respect, the difference between en-
souled creatures and plants is that, what is harmful to plants is

1 S L. Kolisko: Wirksamkeit kleinster Entitaten (‘Effects of Smallest En-
tities), Stuttgart, 1922, an account of a series of experiments undertaken by the
author at the Biologica Institute of the Goetheanum following suggestions by
Rudolf Steiner. Her aim was to examine the behaviour of matter on the way to
and beyond the boundary of its ponderable existence.

2 Instead of using the trace-elements in mineral form, it is still better to use
parts of certain plants with a strong 'functional tendency specialy prepared.
This is done in the so-caled Bio-Dynamic method of farming and gardening,
according to Rudolf Steiner's indications.



natural for men and animal's: when taking nourishment thelatter are
able to bring about quickly and purposefully a transformation of
matter into the purely dynamic state. Their metabolic system is de-
signed to enable them to take alien material from outer nature and to
transform it through the forces of the various digestive enzymes; in
the course of this process the material passes through a condition of
complete ‘chaos.

*

Having in this way established the existence of certain processes of
materidization and demateriadization in single organisms within the
earth’'s vegetable and other kingdoms, we shall now turn to the earth
as awhole to find out where—organic being that she herself is—she
manipulates corresponding processes on a macrotelluric scae.

In an age following van Helmont's discovery of the gaseous state
of matter and the statement of the Contra Levitatem maxim, men
were bound to think that the circulation of atmospheric moisture was
limited to the three stages of liquid, vaporous (peculiar to the clouds,
etc.) and the invisible aeriform condition. Yet the role played by
cloudsin the myths of early peoples shows that they were once given
aquite different status, between the 'created’ and ‘uncreated' worlds.
Our observations lead to a corresponding conception, but along the
path of knowledge, guided by sense-perception, as befits our own
age.

In discussing Howard's discovery of the stages of cloud-formation
we found something lacking, for it was clear that the three stages of
cloud proper—stratus, cumulus and cirrus—have a symmetry which
is disturbed by the addition of a fourth stage, represented by the
nimbus. This showed that there was need for afifth stage, at the top
of the series, to establish a balanced polarity. We can now clear up
this question of afifth stage, asfollows.

In the three actual cloud-forms, gravity and levity are more or less
in equilibrium, but in the nimbus gravity predominates, and the
atmospheric vapour condenses accordingly into separate liquid
bodies, the drops of rain. The polar opposite of this process must
therefore be one in which cloud-vapour, under the dominating in-
fluence of levity, passes up through a transitional condition into a
state of pure heat.

Such a conception by no means contradicts the findings of external
research. For meteorology has come to know of a heat-mantle sur-



rounding the earth's atmosphere for which various hypothetical ex-
planations have been advanced. Naturally, none of them envisages
the posshility of atmospheric substance changing into the heat-
condition and back again. But if we learn to look on the chain of
cloud-forms as a 'spiritual ladder', then we must expect the chain to
conclude with a stage of pure heat, lying above the cirrus-sphere.*

The line of consideration pursued in the last part of this chapter
has led us from certain observations in the plant kingdom, concern-
ing the coming into being of ponderable matter from 'nothing’, to a
corresponding picture of the earth's meteorological sphere. When
discussing the plant in this respect we found as an instance 'worth a
thousand, bearing al within itself the case of Tillandsia and more
particularly the surprising appearance of phosphorus in it. Now, in
the meteorological realm it is once more phosphorus which gives us
an instance of this kind. For there is the well-known fact of the
presence of phosphorus in conspicuous quantities in snow without a
source being traceable in the atmosphere whence this substance can
have originated in ponderable condition. The phosphorus appearing
in snow, therefore, brings before our very eyes the fact that the
heights of the atmosphere are a realm of procreation of matter. (In
our next chapter we shall learn what it is in phosphorus that makes it
play this particular role in both fields of nature. What interests us
in the present context is the fact itsdlf.)

*

The knowledge we have now gained concerning the disappearance
and appearance of physical water in the heights of the atmosphere
will enable us to shake off one of the most characteristic errors to
which the onl ooker-consciousness has succumbed in its estimation of
nature. Thisis the interpretation of thunderstorms, and particularly
of lightning, which has held sway since the days of Benjamin
Franklin.

Before developing our own picture of athunderstorm let us recog-
nize that science has found it necessary to reverse the explanation so
long in Vogue. Whereas it was formerly taken for granted—and the
assumption was supposed to rest upon experimental proof—that the

! Note, in this respect, the close of Goethe's poem dedicated to the cirrus-
formation and the poem inspired by his sight of awaterfall in the Bernese Alpsas
indicationsof thefact that hewashimself awareof thewater-rej uvenating process
in the higher reaches of the atmosphere.



condensing of atmospheric vapour which accompanied lightning was
the consequence of arelease of eectrical tension by the lightning, the
view now held is that the electrical tension responsible for the occur-
rence of lightning is itself the effect of a sudden condensing process of
atmospheric moisture.

The reason for this uncertainty is that the physical conditions in
the sphere where lightning occurs, according to other experiences of
electric phenomena, actualy exclude the formation of such high
tensions as are necessary for the occurrence of discharges on the
scale of lightning. If we look at this fact without scientific bias we are
once again reminded of the Hans Andersen child. We cannot help
wondering how this child would behave in a physics class if the
teacher, after vainly trying to produce a lightning-flash in miniature
with the help of an eectricd machine, explained that the moisture
prevalent in the air was responsible for the failure of the experiment,
and that he would have to postpone it to a day when the air was
drier. It would scarcely escape the Hans Andersen child that the con-
ditions announced by the teacher as unfavourable to the production
of an electric spark by the machine, prevail in a much higher degree
exactly where lightning, as a supposed eectric spark, actualy does
occur.

To conclude from the presence of eectric tensions in the earth's
atmosphere as an accompaniment of lightning, in the way first ob-
served by Franklin, that lightning itself is an electrical process, is to
be under the same kind of illusion that led men to attribute eectrical
characteristics to the human soul because its activity in the body was
found to be accompanied by electricd processes in the latter. The
identification of lightning with the eectric spark is a case of a con-
fusion between the upper and lower boundaries of nature, character-
istic of the onlooker-consciousness. As such, it has stood in the way
of a real understanding both of non-electrica natural phenomena
and of electricity itself.

What we observe in lightning is really an instantaneous execution
of a process which runs its course continually in the atmosphere,
quietly and unnoticed. It is the process by which water reverts from
the imponderable to the ponderable condition, after having been
converted to the former through levity set in action by the sun (as
usually happens in a high degree just before a thunderstorm). We
form a true picture of the course of a storm if we say that nature
enables us to witness a sublime display of the sudden bringing to



birth of matter in earthbound form. What falls to the ground as
rain (or hail) is substantially identical with what was perceptible to
the eye, a moment before, as a majestic light-phenomenon. The
accompanying electrical occurrence is the appropriate counter-event
at nature's lower boundary. Since the two form part of a larger whole
they necessarily occur together; but the electrical occurrence must
not be identified with the event in the heavens. The reason for their
conjunction will become clear later, when we shall show how elec-
trical polarity arises from the polarity between gravity and levity.

If one learns to view a thunderstorm in this way, its spiritual con-
nexion with the earth's volcanic processes becomes manifest; there is
in fact a polar relationship between them. For just as in volcanic
activity heavy matter is suddenly and swiftly driven heavenwards
under the influence of levity, so in a storm does light matter stream
earthwards under the influence of gravity.

It is this combination of kinship and polar opposition which led
people of old to regard both lightning in the heights and seismic dis-
turbances in the depths as signs of direct intervention by higher
powers in the affairs of men. A trace of this old feeling lingers in the
Greek word Oeov (theion), divine, which was used to denote both
lightning and sulphur. Influenced by the same conception, the
Romans regarded as holy a spot where lightning had struck the
earth; they even fenced it off to protect it from human contact. Note
in this respect also the biblical report of the event on Mount Sinai,
mentioned before, telling of an interplay of volcanic and meteoro-
logical phenomena as a sign of the direct intervention of the Godhead.



CHAPTER XI

Matter as Part of Nature's Alphabet

In the preceding chapter we drew attention to the fact that any
spatially extended mass is under the sway of both gravity and levity.
We then saw that with the transition of matter from the solid viathe
liquid to the gaseous state, not only does the specific gravity of the
substance decrease, but at the same time an increase takes place of
what we might cal 'specificlevity'. In the gaseous state, therefore, we
find gravity-bound matter becoming so far levity-bound that it
assumes the property of actively expanding in space.

Having once adopted the Goethean way of thinking-in-polarities,
we may feel sure that there is somewhere in nature a phenomenon
which represents the polar opposite of the levity-gravity relationship
peculiar to the gaseous state. In this latter state we find ponderable
matter so far brought under the sway of levity that its behaviour is of
a kind which van Helmont, when he first observed it, could not help
describing as 'paradoxical’. Where, we must now ask, do wefind im-
ponderable essence so much under the sway of gravity that it shows
the correspondingly paradoxical features? In other words, where does
nature show levity concentrated in alimited part of space—that is, in
a condition characteristic of ponderable matter?

Such concentrations of levity do indeedexistinvaried forms. Oneis
the 'warmth-body' represented by the blood-hest of the higher animals
and man. There is, however, an occurrence of this kind also on the
purely mineral level of nature, and it is this which has particular sig-
nificance for our present study of matter. We meet it in dl physica
substances which have the peculiarity of being combustible.

Our next task is to study certain fundamentals in regard to the
different ways in which levity and gravity are found to be inter-
twined in combustible substances, manifesting through the difference
of their relation to the process of combustion—that is, the process by
which levity is restored to its origina condition. It is the aim of the



present chapter to show that by doing justice to the imponderable
aspect of combustion, the way is opened to a view of the 'elements,
as scientific chemistry understands them, which will be in line with
our dynamic conception of matter.

Thereis nothing surprising in the fact that a new conception of the
chemicad element can arise from a re-study of the process of com-
bustion, if we remember that it was the picture of combustion, char-
acteristic of the spectator-consciousness, which determined the con-
ception of the chemical element as it prevails in modern science. Let
us see how this conception came to pass historically in order to find
where we stand to-day.

*

With the establishment of the knowledge of a state of physical
matter which, as the definition ran, 'neither results from a combina-
tion of other physical substances nor is resolvable into such’, the
conviction arose that man's searching mind had reached 'rock-
bottom'. This conviction, however, was shaken when, with the dis-
covery of radium, an element became known whose property it is to
disintegrate into two other elements, helium and lead. Although this
did not force science to abandon the element-concept altogether, it
became necessary to find a new definition for it.

This definition was established by Professor W. Ostwald at the
beginning of the present century, when he stated that the chemical
element represents a condition of physical matter in which ‘any
chemical change results in an increase of weight'. In this way, the
chemical concept of the element achieved a meaning which had actu-
aly been implicit in it from its first conception. For its very forma-
tion had been the outcome of the Contra-Levitatem maxim. The
following glance over the history of chemistry will show this.

The birth of chemistry as a science, in the modern sense, is closaly
connected with arevolutionary change in the conception of what can
be caled the chemica arch-process—combustion, or, to use a more
scientific term, oxidation. This change arose out of the Contra-
Levitatem maxim and the new conception of heat which this maxim
required. In the old doctrine of the four Elements, Heat had been
conceived as a manifestation of the element of Fire, and so, together
with Air, as belonging to the realm of the ‘uncreated things. Hence
the release of heat from created substance was always felt to be a
sacred act, as is shown by the fire rites of old.



Modern man's conception of the same process is reveded in the
answer one invariably receives from both layman and scientist when
they are asked what they understand by combustion. It is described
as a process through which oxygen combines with the combustible
substance. And yet this side of combustion, first observed by J. Priest-
ley (1771), is neither the one for the sake of which man produces com-
bustion in the service of his everyday life, nor isit at al observed by
ordinary sense-perception. Nevertheless, to describe the obvious fact,
that combustion is liberation of heat from the combustible substance,
will hardly occur to anyone to-day. This shows to what extent even
the scientifically untrained consciousness in our time turns instinc-
tively to the tangible or weighable side of nature, so that some effort
is required to confess simply to what the eye and the other senses
perceive.

During the first hundred years after the establishment of the Con-
tra-Levitatem maxim, man's situation was in a certain sense the
opposite of this. Then, people were struggling hard to get away from
the old concept which saw in combustion nothing but the liberation
of a super-terrestrial element from earthly fetters. This struggle found
expression in a theory of heat which at that time greatly occupied
scientific thinking. It is the so-called phlogiston-theory first proposed
by the chemist Stahl (1660-1734).

This theory reveds the great uncertainty into which man's thinking
about the world of the senses had arrived at that time. Clinging to
ideas inherited from antiquity, man's consciousness was aready so
far restricted to the forming of pure matter-bound concepts that he
was tempted to conceive heat as a material element. To this heat-
substance the name 'phlogiston’ was given. At the same time, under
the Contra-Levitatem maxim, it was impossible to conceive of sub-
stance except as ponderable substance. This led to the conviction that
whenever heat appears as aresult of some treatment of matter (com-
bustion or friction), the material substance subject to this treatment
must lose weight.

The experiments of Lavoisier (1743-94), which he undertook fol-
lowing Priestley's discovery of the role of oxygen in combustion, put
an end to this theory. These experiments are rightly regarded as the
actual beginning of modern chemistry. In Lavoisier we find an obser-
ver of nature who was predominantly interested in what the scales
could tell about changes in substances. It was from this aspect that
he investigated the process of oxidation. What had already been ob-



sarved by a few others, though without being taken serioudy by
them, he found confirmed—that, contrary to the phlogiston-theory,
matter does not lose weight through oxidation but gains weight.
Further experiments proved beyond doubt that in all chemica re-
actions the total weight of the components remained constant. How-
ever much the substance resulting from the chemical reaction of
others might differ from these, its weight always proved to be the
same as their total weight. What else could be concluded from the
apparent unchangeability of weight throughout al the chemica hap-
penings in nature than that the ponderable world-content was of
eternal duration? We see here how much modern chemistry and its
concept of the chemical element has been ruled right from the start
by the one-sided gravity concept of the onlooker-consciousness.

Together with the overcoming of the fallacy that heat is a ponder-
able substance (full certainty was indeed established only some time
later through the investigations of Davy and Rumford into heat
generated by friction)—human thinking was led into a one-sided con-
ception of combustion which was merely the opposite of the one held
earlier. Whereas formerly man's mind was pre-eminently occupied by
the liberation of the imponderable element through combustion, it
now turned entirely to what goes on in the ponderable realm.

Aswe have seen, one outcome of this one-sided view of combustion
was the modern concept of the chemical element. To-day our task is
to overcome this concept by taking a step corresponding to the one
that led to it, that is, by a study of combustibility which doesjustice
to both sides of the process involved.

*

As objects of our observation we choose three chemica elements
al of which have the property of combustibility: Sulphur, Phos
phorus, and Carbon. As will become clear, our choice of these three
is determined by the fact that together they represent an instance
‘worth a thousand, bearing al within itself.

We begin by comparing Sulphur and Phosphorus. In their element-
ary state they have in common the fact that any chemica change is
bound up with an increase in their weight. In this state both are com-
bustible. Apart from this similarity, there is a great difference be-
tween them, asthe way of storing themiillustrates. For while element-
ary sulphur needs only an ordinary container, phosphorus has to be
kept under cover of water in order to prevent the atmospheric oxygen



from touching it. The reason is that the combustible state is natural
for sulphur, but not for phosphorus, the latter's natural state being
the oxidized one. This different relationship of sulphur and phos-
phorus to the oxidizable (reduced) and the oxidized state manifests
itself in all their chemical reactions.

To object here that the different reactions of the two substances
are due only to the difference of their respective temperatures of
ignition, and that above these temperatures the difference will more
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or less disappear (all combustible substances at a sufficiently high
temperature becoming more or less similar to phosphorus), would not
meet the argument. For what matters here isjust how the particular
substance behaves at that level of temperature on which the earth un-
folds her normal planetary activity. Toignore this would be to violate
one of the principles we have adopted from Goethe, which is never

to derivefundamental concepts of naturefrom observations obtained
under artificial conditions.

Sulphur andphosphorus are thus seen to represent two polaric-
aly opposite tendencies with regard to the levity-gravity coherence
which breaks up when combustion occurs. In the case of sulphur, the
ponderable and imponderabl e entities appear to cling together; in the



case of phosphorus, they seem to be anxious to part. These two differ-
ent tendencies—which are characteristic of many other substances
and represent a basic factor in the chemical happenings of the earth—
are in their own way a pair of opposites. Since each of them repre-
sents in itself arelationship between two poles of a polarity—gravity
and levity—so in their mutual relationship they represent a 'polarity
of polarities. In Fig. 4 an attempt has been made to represent this
fact by a symbolic diagram.

In this figure the shaded part represents the imponderable, the
black part the ponderable entity. In the left-hand symbol both are
shown in a relationship corresponding to the one characteristic of
sulphur; in the right-hand figure the relationship is characteristic of
phosphorus.

Here we have an instance of a kind of polarity which belongs to
the fundamentals of nature as much as does the levity-gravity polar-
ity itself. Wherever two poles of a polarity meet, they have the possi-
bility of being connected in two ways which in themselves are again
polarically opposite. Our further studies will bring up various other
instances of this kind, and will show us that part of the epistemo-
logical trouble in which science finds itself to-day results from the
fact that the scientific mind has been unable to distinguish between
the two kinds of polarity—that is, as we shall say henceforth, between
polarities of the first order (primary polarities) and polarities of the
second order (secondary polarities).

In actual fact, the distinction between the two orders of polarity
has been implicit in the descriptions given in this book right from the
start. Remember, in this respect, how the picture of the threefold
psycho-physical structure of man, which has proved a master-key for
unlocking the most varied scientific problems, was first built up.
There, 'body' and 'soul’ represented a polarity which is obviously one
of the first order. By our observation of the human organism, in
relation both to the different functions of the soul and to the different
main organic systems, we further recognized the fact that the ways in
which body and soul are interrelated are polarically opposite in the
region of the brain and nerves and in the region of the metabolic pro-
cesses, which again results in two polarically opposite activities of the
soul, mental on the one hand, and volitional on the other. In what we
cdled the pole-of-consciousness and the pole-of-life we therefore
have a clear polarity of the second order, and so in everything that is
connected with these two, as our further discussions will show.



Remembering that our first occasion to concern ourselves overtly
with the concept of polarity was in connexion with the four e ements,
we may now ask whether the old doctrine did not embrace some con-
ception of secondary polarity as well as of primary polarity, and if so,
whether this might not prove as helpful in clarifying our own con-
ceptions as was the primary polarity, cold-warm. That thisisindeed
50, the following description will show.

Beside the two qualities cold and warm the doctrine of the four
elements pointed to two further qualitiesforming inthemselves apair
of opposites, namely, dry and moist. Just as the four elements were
seen as grouping themselves in two pairs, Fire-Air on the one hand,
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Water-Earth on the other, thefirst being characterized by the quality
warm, the second by cold, so were they seen to form two opposing
groups, Fire-Earth and Air-Water, of which one was characterized by
the quality dry, the other by the quaity moaist. Fig. 5 shows how the
four elements in their totality were seen to arise out of the various
combinations of the four qualities.

In this diagram the lement Earth appears as a combination of the
qualities Dry and Cold; Water of Cold and Moist; Air of Moist and
Warm; Fire of Warm and Dry. As a result, Earth and Fire, besides
representing opposite poles, are also neighboursin the diagram. Here
we encounter a picture characteristic of all earlier ways of looking at
the world: the members of a system of phenomena, when ranked in



due order of succession, were seen to turn back on themselves circle-
wise—or, more precisely, spiral-wise.

In what way do the qualities dry and moist form a polarity of the
second order, and how do they represent the chemical polarity charac-
teristic of sulphur and phosphorus as well as al the other secondary
polarities dealt with in this book? To understand this we must submit
the couple dry-moist to the same scrutiny as we applied to cold and
warm in our earlier discussion of the four elements.

It lies in the nature of things that we instinctively associate these
qualities with the solid and liquid states of matter respectively. This
certainly agrees with the diagram given above, where the elements
Earth and Water are distinguished precisely by their connexion with
these two characteristics. Yet, in addition to this, the qudities dry
and moist are found to be characteristic also of Fire and Air respec-
tively, though with the difference that they are linked not with the
quality cold, as inthe case of the lower elements, but with the quality
warm. So we see that the concepts Dry and Moist, as they livedinthe
old picturing of them, mean agood deal more than we understand by
them to-day.

That these two respective attributes do not belong exclusively to the
solid and the liquid states of matter can be seen at once by observing
the different reactions of certain liquids to a solid surface which they
touch. One need only recall the difference between water and quick-
silver. If water runs over asurfaceitleavesatrail; quicksilver does not.
Water clings to the sde of a vessel; again, quicksilver does not. A
well-known consequence of this difference is that in a narrow tube
the surface of the liquid—the so-called meniscus—stands higher at
the circumference than at the centre in the case of water; with quick-
silver it isjust the reverse. In the sense of the two qualities, dry and
moist, water is a 'moist' liquid; quicksilver a'dry' one. On the other
hand, the quality of moistness in a solid substance appears in the
adhesive power of glue.

Let us now see how, in accordance with the scheme givenin Fig. 5,
the four qualities in their respective combinations constitute the four
elements. From the description we shall give here it will be redlized
how little such ancient schemes were based on abstract thoughts, and
how much they were read from the facts of the world. Moreover, a
comparison with our description of the four stages of matter, givenin
the previous chapter, would show how far the conceptual content of
the old doctrine covers the corresponding facts when they are read by



the eye of the modern reader in nature, notwithstanding the changes
nature has undergone in the meantime.

The element Fire reveasits attributes of warm and dry in a behav-
iour which combines a tendency to dynamic expansion with a dis-
inclination to enter into lasting combination with the other elements.
Correspondingly, the behaviour of the element Earth unites a ten-
dency to contraction with an inclination to fall out of conjunction
with the other elements. Thus the attribute, dry, belongs equally to
pureflameand sheer dust, though for opposite reasons. Distinct from
both these elements are the middle e ements Water and Air; with
them the attribute, moist, comes to expression in their tendency both
to interpenetrate mutually and to absorb their neighbours—the
liquid element absorbing solid matter and the aeriform element tak-
ing up heat. What distinguishes them is that water has a'cold' nature,
from which it gains its density; while air has a 'warm' nature, to
which it owes its tendency to expand.

In the most general sense, the quality 'moist' applies wherever two
different entities are drawn into some kind of intimate relationship
with one another; 'dry' applies where no such relationship prevails.
Seen thus, they reveal themselves as a true polarity of the second
order, for they describe the relationship between two entities which
already exists, and, in the case of the four elements, are themselves a
polarity. As such, they characterize precisely those polar relation-
ships of the second order on which the threefold structure of man, we
found, is based. For from the physical, as much as from the super-
physical aspect the nerve-system represents the 'dry’ part, and the
metabolic system the 'moist' part of man's being. The sameis true of
the relationship between the soul and the surrounding world at both
poles. Here we have the antithesis between the 'dry’ onlooker-rela-
tionship of the intellect to the world, conceived as a mere picture
whose essence remains outside the boundaries of the soul, and the
'moigt’ intermingling of the will-force with the actual forces of the
world.

*

It needs no further explanation to redize that sulphur and phos-
phorus, by theway in which levity and gravity areinterlinked in each
of them, are representatives of these very qualities 'moist' and 'dry".
As such they are universally active bearers of these qualitiesin every
realm of nature's varied activities, as their physical presence in such



cases confirms. Conseguently, sulphur is found in the protein-sub-
stances of the human body wherever they are bearers of metabolic
processes, while the presence of phosphorus is characteristic of the
nerves and bones. (Although its full significance will become clear to
us only later, the fact may here be mentioned that the composition of
the bone-material in the different parts of man's skeleton, as scientific
analysis has shown, is such that the content of phosphate of calcium
in proportion to carbonate of calcium is higher in al those parts
which are spherically shaped, such as the upper parts of the skull and
the upper ends of the limb-bones.)

In particular the plant reveals clearly the functional significance of
phosphorus as the bearer of the quality 'dry'. For its healthy growth
the plant needs the quality 'dry' in two places. at the root, where it
unites with the element earth, and in the flower, where it opens itself
to thefire element. Root and flower as distinct from the middle parts
of the plant are both 'dry' formations. In a till higher degree this
applies to the seed, which must separate itself from the mother plant
to produce a separate new organism. All these are functions in the
plant which, as was mentioned in the last chapter, require phos-
phorus for their healthy performance.

Our examination of phosphorus and sulphur from the functional
point of view throws light also on their effect on the alternating con-
ditions of waking and deeping, necessary for the life of the higher
organisms. Thisrhythmic change, which affects especially the nervous
system, is an alternation between the qudlities dry and moist. Dis
turbance of this alternation in one direction or the other makes it
difficult for the organism to react in full wakefulness or normal deep.
It follows that treatment with phosphorus or sulphur in suitable pre-
parations, according to the nature of the disturbance, can be bene-
ficial.

If we study the functional properties of such substances we see that
they can teach us a rational understanding of therapeutic practices,
which otherwise must remain mere results of trial and error. The same
applies to phosphorus and sulphur treatment in cases where in the
functionally 'dry' bone system or in the functionally 'moist' metabolic
system of theorganismthewrong quality predominates. If the bones
remain too 'moist' thereis atendency to rickets; against this, certain
fish-dils are a well-known remedy on account of their highly phos-
phoric nature. Conversely, the application of sulphur can help where
weakness of the metabolic forces produces rheumatic or gouty sedi-



mentsin parts of the body whose functionisto serve by their mobility
the activities of the will. In this case the abnormal predominance of
the qudity 'dry' can be counteracted by the medica application of
sulphur.

*

Having observed the action of sulphur and phosphorus in the
laboratory and in living organisms, we will now turn to phenomena
of a macrotelluric nature which reveal the participation of sulphur
and phosphorus. There, sulphur points unmistakably to the earth's
volcanism. It is a fact that, wherever mineral sulphur occurs in the
earth, there we find a spot of former or present volcanic activity.
Similarly, there is no such spot on the earth without sulphur being
present in one form or another. Hence the name Solfatara for the
fumarole described in Chapter IX.

Once again it is the Solfatara which offers us a phenomenon, this
time in connexion with the specid role sulphur plays in its activities,
which, regarded with the eye of the spirit, assumes the significance of
an instance 'worth a thousand'.

In spite of the very high temperature of the sulghurous fumes
emitted from various crevices on the edge of the Solfatara, it is poss-
ible, thanks to the complete dryness of the fumes, to crawl alittle way
into theinterior of these crevices. Not far away from the opening of
the crevice, where the hot fumes touch the cooler rock surface, oneis
met by a very beautiful spectacle—namely, the continual forming,
out of nothing as it seems, of glittering yellow sulphur crystals, sus-
pended in delicate chains from the ceiling.

In this transformation of sulphurous substance from a higher
material state, nearer to levity, to that of the solid crystal, we may
behold an image of the generation of matter. For every physical sub-
stanceand, therefore, everychemical element, existsoriginallyasapure
functionin thedynamicprocessesofthe universe. Wherever, asaresult
of the action of gravity, such a function congeals materialy, there
we meet it in the form of a physical-materia substance. In the same
sense, sulphur and phosphorus, intheir real being, are pure functions,
and where they occur as physcad substances, there we meet these
functions in their congealed state.

One of the characterigtics of the volcanic regions of the earth is the
healing effect of substances found there. Fango-mud, for instance,
which was mentioned in the last chapter, is a much-used remedy



againg rheumatism. This is typica of functional sulphur. We may
truly characterize the earth's volcanism as being qualitatively sul-
phurous. It is the sulphur-function coming to expression through a
higher degree of 'moistness' in the relationship between gravity and
levity which distinguishes volcanic regions from the rest of the other-
wise 'dry’ earth's crust.

*

To develop a corresponding picture of the function of phosphorus,
we must try to find the macrotelluric sphere where this function
operates smilarly to that of sulphur in volcanism. From what has
been said in the last chapter it will be evident that we must look to
the atmosphere, asthe site of snow-formation. It isthis processwhich
we must now examine more closdly.

In the atmosphere, to begin with, wefind water in a state of vapour,
in which the influence of the terrestrial gravity-field is comparatively
wesk. Hoating in this state, the vapour condenses and crystallization
proceeds. Obeying the pull of gravity, more and more crystals unite
in their descent and gradually form flakes of varying szes. The
nearer they come to earth, the closer they fall, until at last on the
ground they form an unbroken, more or less spherica, cover.

Imagine a snow-covered field glistening in the sun on a clear, quiet
winter's day. As far as we can see, thereis no sign of life, no move-
ment. Here water, which is normaly fluid and, in its liquid State,
sarves the ever-changing life-processes, covers the earth in the form of
millions of separate crystals shaped with mathematical exactitude,
each of which breaks and reflects in amillion rays the light from the
sun (Plate V). A contrast, indeed, between this quiet emergence of
forms from levity into gravity, and the form-denying volcanism surg-
ing up out of gravity into levity, as shown by the ever-restless activity
of the Solfatara. As we found volcanism to be a macrotelluric mani-
festation of functional sulphur, wefindin the process of snow-forma-
tion a corresponding manifestation of functional phosphorus.

Intheformation of snow, nature shows usin statu agendi a process
which we otherwise meet in the earth only in its finished results,
crystallization. We may, therefore, rightly look upon snow-formation
as an ur-phenomenon in this sphere of nature's activities. As such it
alows us to learn something concerning the origin in general of the
crystalline realm of the earth; and, vice versa, our insight into the
'becoming’ of this ream will enable us to see more clearly the



universal function of which phosphorus is the main representative
among the physical substances of the earth.

It has puzzled many an observer that crystals occur in the earth
with directions of their main axes entirely independent of the direc-
tion of the earthly pull of gravity. Plate VI shows the photograph
of a cluster of Calcite crystals as an example of this phenomenon.
It tells us that gravity can have no effect on the formation of the
crystal itself. This riddle is solved by the phenomenon of snow-
formation provided we alow it to speak to us as an ur-phenomenon.
For it then tdls us that matter must be in a dtate of transition from
lightness into heaviness if it is to appear in crystaline form. The
crystals in the earth, therefore, must have originated at a time when
the relation between levity and gravity on the earth was different
from what it is, in this sphere, to-day.

The same language is spoken by the property of transparency
which is so predominant among crystals. One of the fundamental
characterigtics of heavy solid matter is to resist light—in other words,
to be opagque. Exposed to heat, however, physical substance losesthis
feature to the extent that at the border of its ponderability al matter
becomes pervious to light. Now, in the transparent crystal matter
retains this kinship to light even in its solid state.

A similar message comes from the, often so mysterious, colouring
of the crystals. Here again nature offers us an instance which, ‘worth
a thousand', reveds a secret that would otherwise remain veiled.
We refer to the pink crystals of tourmaline, whose colour comes
from a small admixture of lithium. This element, which belongs
to the group of the alkaline metals, does not form coloured sdts (a
property only shown by the heavier metals). If exposed to a flame,
however, it endows it with a definite colour which is the same as that
of the lithium-coloured tourmaline. Read as a letter in nature's
script, this fact tells us that precious stones with their flame-like
colours are characterized by having kept something of the nature that
was theirs before they coaesced into ponderable existence. In fact,
they are 'frozen flames.

It is this fact, known from ancient intuitive experience, which
prompted man of old to attribute particular spiritual significance to
the various precious stones of the earth and to use them correspond-
ingly in his rituals.

Crystallization, seen thus in its cosmic aspect, shows a dynamic
orientation which is polarically oppositeto that of the earth's seismic



activities. Just as in the latter we observe levity taking hold of pon-
derable matter and moving it in a direction opposite to the pull of
gravity, so in crystallization we seeimponderable matter passing over
from levity into gravity. And just as we found in volcanism and re-
lated processes afield of activity of ‘functional sulphur’, so we found
in snow-formation and related processes a field of activity of ‘func-
tiona phosphorus. Both fields are characterized by an interaction
between gravity and levity, this interaction being of opposite nature
in each of them.

Here, again, sulphur and phosphorus appear as bearers of a polar-
ity of the second order which springs from the two polarically oppo-
Ste ways of interaction between the poles of the polarity of the first
order: levity-gravity. .

As in man there is a third system, mediating between the two polar
systems of his organism, so between sulphur and phosphorus there is
a third element which in al its characteristics holds a middle place
between them and is the bearer of a corresponding function. This
element is carbon.

To seethiswe need only takeinto consideration carbon's relation-
ship to oxidation and reduction respectively. As it is natural for sul-
phur to be in the reduced state, and for phosphorus to be in the
oxidized state, so it is in the nature of carbon to be related to both
states and therefore to oscillate between them. By its readiness to
change over from the oxidized to the reduced date, it can serve the
plant in the assimilation of light, while by its readiness to make the
reverse changeit serves man and animal in the breathing process. We
breathe in oxygen from the air; the oxygen circulates through the
blood-stream and passes out again in conjunction with carbon, as
carbon dioxide, when we exhde. In the process whereby the plants
reduce the carbon dioxide exhaled by man and animal, while the lat-
ter again absorb with their food the carbon produced in the form of
organic matter by the plant, we see carbon moving to and fro between
the oxidized and the reduced conditions.

Within the plant itsdf, too, carbon acts as functionary of the
alternation between oxidation and reduction. During the first half of
the year, when vegetation is unfolding, there is a great reduction
process of oxidized carbon, while in the second half of the year,
when the withering process prevails, a great dea of the previously
reduced carbon passes into the oxidized condition. As this is con-



nected with exhaling and inhaling of oxygen through carbon, carbon
can be regarded as having the function of the lung-organ of the earth.
Logicaly enough, wefind carbon playing the samerolein the middle
part of the threefold human organism.

Another indication of the midway position of carbon is its ability
to combine as readily with hydrogen as with oxygen, and, in these
polar combinations, even to combine withitself. In thislatter form it
provides the basis of the innumerable organic substances in nature,
and serves as the 'building stones' of the body-substances of living
organisms. Among these, the carbohydrates produced by the plants
show clearly the double function of carbon in the way it aternates
between the states of starch and sugar.
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When the plant absorbs through its leaves carbonic acid from the
air and condenses it into the multiple grains of starch with their pecu-
liar structure characteristic for each plant species, we have a bio-
logical event which corresponds to the formation of snow in the
meteorological realm. Here we see carbon at work in a manner func-
tionally akin to that of phosphorus. Sugar, on the other hand, has its
placein the saps of the plants which rise through the stems and carry
up with them the minera substances of the earth. Herewefind carbon
acting in a way akin to the function of sulphur.



This twofold nature of carbon makes itself noticeable down to the
very mineral sphere of the earth. There we find it in the fact that
carbon occurs both in the form of the diamond, the hardest of dll
mineral substances, and aso in the form of the softest, graphite.
Here also, in the diamond's brilliant transparency, and in the dense
blackness of graphite, carbon reveals its twofold relation to light.

In Fig. 6 an attempt has been made to represent diagrammatically
the function of Carbon in a way corresponding to the previous
representation of the functions of Sulphur and Phosphorus.

*

By adding carbon to our observations on the polarity of sulphur
and phosphorus we have been led to a triad of functions each of
which expresses a specific interplay of levity and gravity. That we
encounter three such functions is not accidental or arbitrary. Rather
isit based on the fact that the interaction of forces emanating from a
polarity of the first order, produces a polarity of the second order,
whose poles establish between them a sphere of balance.

Through our study of levity and gravity in the matter-processes of
the earth, a perspective thus opens up into a structural principle of
nature which is actually not new to us. We encountered it at the very
beginning of this book when we discussed the threefold psycho-
physical order of man's being.

In the days of an older intuitive nature-wisdom man knew of a
basic triad of functions as well as he knew of the four elementary
qualities. We hear alast echo of thisin the Middle Ages, when people
striving for a deeper understanding of nature spoke of the trinity of
Salt, Mercury and Sulphur. What the true alchemists, asthese seekers
of knowledge called themselves, meant by this was precisdly the same
as the conception we have here reached through our own way of
studying matter (‘Salt' standing for ‘functional phosphorus, 'Mer-
cury' for 'functional carbon’). Only the alchemist's way was a dif-
ferent one.

Thisis not the place to enter into afull examination of the meaning
and value of alchemy in its original legitimate sense (which must not
be confused with activities that |ater on paraded under the same
name). Only this wewill say—that genuine alchemy owesits origin to
an impulse which, at a time when the onlooker-consciousness first
arose, led to the foundation of a school for the development of an
intuitive relationship of the soul with the world of the senses. This



was to enable man to resist the effects of the division which evolution
was about to set up in his soul-life—the division which was to give
him, on the one hand, an abstract experience of his own sdlf, divorced
from the outer world, and on the other a mere onlooker's experience
of that outer world. As a result of these endeavours, concepts were
formed which in their literal meaning seemed to apply merely to out-
wardly perceptible substances, while in truth they stood for the spiri-
tual functions represented by those substances, both within and out-
side the human organism.

Thus the achemist who used these concepts thought of them first
as referring to his own soul, and to the inner organic processes corre-
sponding to the various activities of his soul. When speaking of Salt
he meant the regulated formative activity of his thinking, based on
the salt-forming process in his nervous system. When he spoke of
Mercury he meant the quickly changing emotional life of the soul and
the corresponding activities of the rhythmic processes of the body.
Lastly, Sulphur meant the will activities of his soul and the corre-
sponding metabolic processes of the body. Only through studying
these functions within himself, and through re-establishing the har-
mony between them which had been theirs in the beginning, and
from which, he felt, man had deviated in the course of time, did the
achemist hope to come to an understanding of their counterparts in
the external cosmos.

Older dchemical writings, therefore, can be understood only if pre-
scriptions which seem to signify certain chemical manipulations are
read as instructions for certain exercises of the soul, or as advices for
the redirection of corresponding processes in the body. For instance,
if an achemist gave directions for a certain treatment of Sulphur,
Mercury and Sdt, with the assertion that by carrying out these
directions properly, one would obtain Aurum (gold), he really spoke
of amethod to direct the thinking, feeling and willing activities of the
soul in such a way as to gain true Wisdom.!

*

! Roger Bacon in the thirteenth, and Berthold Schwartz in the fourteenth
century, are reputed to have carried out experiments by mixing physical sdt (in
the form of the chemically labile saltpetre) with physica sulphur and—after
some initial attempts with various metals—-with charcoal, and then exposing the
mixture to the heat of physical fire. The outcome of this purely materiaistic
interpretation of the three alchemica concepts was not the acquisition of wisdom,
or, as Schwartz certainly had hoped, of gold, but of ... gunpowder!



As in the case of the concepts constituting the doctrine of the four
elements, we have represented here the basic alchemical concepts not
only because of their historical significance, but because, as ingredi-
ents of a still functional conception of nature, they assume new signi-
ficance in a science which seeks to develop, though from different
starting-points, a similar conception. As will be seen in our further
studies, these concepts prove a welcome enrichment of the language
in which we must try to express our readings in nature.



CHAPTER XII
Space and Counter-Space

With theintroduction, in Chapter X, of the peripheral type of force-
field which appertains to levity as the usua central one does to
gravity, we are compelled to revise our conception of space. For in a
space of a kind we are accustomed to conceive, that is, the three-
dimensional, Euclidean space, the existence of such a field with its
characterigtic of increasing in strength in the outward direction is a
paradox, contrary to mathematical logic.

This task, which in view of our further observations of the actions
of the levity-gravity polarity in nature we must now tackle, is, how-
ever, by no means insoluble. For in modern mathematics thought-
forms are already present which make it possible to develop a space-
concept adequate to levity. Asreferred to in Chapter 1, it was Rudolf
Steiner who first pointed to the significance in this respect of the
branch of modern mathematics known as Projective Geometry. He
showed that Projective Geometry, if rightly used, carries over the
mind from the customary abstract to a new concrete treatment of
mathematical concepts. The following example will serve to explain,
to start with, what we mean by saying that mathematics has hitherto
been used abstractly.

One of the reasons why the world-picture developed by Einstein in
his Theory of Relativity deserves to be acknowledged as a step for-
ward in comparison with the picture drawn by classical physics, lies
in the fact that the old conception of three-dimensional space as a
kind of ‘cosmic container’, extending in dl directions into infinity
and filled, as it were, with the content of the physical universe, is re-
placed by a conception in which the structure of space results from
the laws interrelating this content. Our further discussion will show
that thisindeed is the way along which, to-day, mathematical thought
must move in order to cope with universal redlity.

However, for reasons discussed earlier, Einstein was forced to
conceive al events in the universe after the model of gravity as



observable on the earth. In this way he arrived at a space-structure
which possesses neither the three-dimensionality nor the rectilinear
character of so-caled Euclidean space—a space-picture which,
though mathematically consistent, isincomprehensible by the human
mind. For nothing exists in our mind that could enable us to experi-
ence as areadlity a space-time continuum of three dimensions which is
curved within afurther dimension.

This outcome of Einstein's endeavours results from the fact that he
tried by means of gravity-bound thought to comprehend universal
happenings of which the true causes are non-gravitationa. A think-
ing that has learnt to acknowledge the existence of levity must indeed
pursue precisely the opposite direction. Instead of freezing time down
into spatial dimension, in order to make it fit into a world ruled by
nothing but gravity, we must develop a conception of space suffi-
ciently fluid to let true time have its place therein. We shall see how
such a procedure will lead us to a space-concept thoroughly conceiv-
able by human common sense, provided we are prepared to overcome
the onlooker-standpoint in mathematics aso.

Einstein owed the possibility of establishing his space-picture to a
certain achievement of mathematical thinking in modern times. As
we have seen, one of the peculiarities of the onlooker-consciousness
consigts in its being devoid of al connexion with redlity. The process
of thinking thereby gained a degree of freedom which did not exist in
former ages. In consegquence, mathematicians were enabled in the
course of the nineteenth century to conceive the most varied space-
systems which were dl mathematically consistent and yet lacked all
relation to external existence. A considerable number of space-
systems have thus become established among which there is the sys-
tem that served Einstein to derive his space-time concept. Some of
them have been more or less fully worked out, while in certain in-
stances al that has been doneis to show that they are mathematically
conceivable. Among these there is one which in al its characteristics
is polarically opposite to the Euclidean system, and which is destined
for thisreason to becomethe space-systemof levity. Itis symptomatic of
the remoteness from reality of mathematical thinking in the onlooker-
agethat precisdly this system has so far received no specia attention.*

! For further details, see the writings of G. Adams and L. Locher-Ernst
who, each in his own way, have made a beginning with applying projective
geometry on the lines indicated by Rudolf Steiner. Professor Locher-Ernst was
the first to apply the term 'polar-Euclidean’ to the space-system corresponding
to levity.



For the purpose of this book it is not necessary to expound in
detail why modern mathematical thinking has been led to look for
thought-forms other than those of classca geometry. It is enough to
remark that for quite along time there had been an awareness of the
fact that the consistency of Euclid's definitions and proofs fails as
soon as one has no longer to do with finite geometrical entities, but
with figures which extend into infinity, as for instance when the
properties of parallel straight lines come into question. For the con-
cept of infinity was foreign to classica geometrical thinking. Prob-
lems of the kind which had defeated Euclidean thinking became
soluble directly human thinking was able to handle the concept of
infinity.

We shall now indicate some of the lines of geometrical thought
which follow from this.

*

Let us consider a straight line extending without limits in either
direction. Projective geometry is able to state that a point moving
aong this line in one direction will eventudly return from the other.
To sethis, we imagine two straight lines a and b intersecting at P.
One of these lines isfixed (a); the other (b) rotates uniformly about
C. Fig. 7 indicates the rotation of b by showing it in a number of
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positions with the respective positions of its point of intersection with
a (P, P2. . ). We observethis point moving along a, asaresult of the
rotation of b, until, when both lines are parallel, it reaches infinity.
As a result of the continued rotation of b, however, P does not
remain in infinity, but returns aong a from the other sde.

We find here two forms of movement linked together—the rota-



tional movement of a line (b) on a point (C), and the progressive
movement of a point (P) along a line (a). The first movement is con-
tinuous, and observable throughout within finite space. Therefore
the second movement must be continuous as well, even though it
partly escapes our observation. Hence, when P disappearsinto infin-
ity on one side of our own point of observation, it is a the same time
in infinity on the other sde In order words, an unlimited straight
line has only one point at infinity.

It is clear that, in order to become familiar with this aspect of
geometry, one must grow together in inward activity with the happen-
ing which is contained in the above description. What we therefore
intend by giving such a description isto provide an opportunity for a
particular mental exercise, just as when we introduced Goethe's
botany by describing a number of successive |leaf-formations. Here,
as much as there, it is the act of 're-creating' that matters.

Thefollowing exercise will help us towards further clarity concern-
ing the nature of geometrical infinity.

We imagine ourselves in the centre of a sphere which we alow to
expand uniformly on all sides. Whilst the inner wall of this sphere
withdraws from us into ever greater distances, it grows flatter and
flatter until, on reaching infinite distance, it turns into a plane. We
thus find ourselves surrounded everywhere by a surface which, in the
strict mathematical sense, is aplane, and isyet one and the same sur-
face on dl sides. This leads us to the conception of the plane at in-
finity as a self-contained entity although it expands infinitely in al
directions.

This property of aplane at infinity, however, isreally aproperty of
any plane. To realize this, we must widen our conception of infinity
by freeing it from a certain one-sidedness till connected with it. This
we do by transferring ourselves into the infinite plane and envisag-
ing, not the plane from the point, but the point from the plane. This
operation, however, implies something which is not obvious to a
mind accustomed to the ordinary ways of mathematical reasoning. It
therefore requires specid explanation.

In the sense of Euclidean geometry, a plane is the sum-total of
innumerable single points. To take up a position in a plane, therefore,
means to imagine onesdf at one point of the plane, with the latter
extending around in all directions to infinity. Hence the journey
from any point in space to a plane is along a straight line from one



point to another. In the case of the plane being at infinity, it would
be ajourney along a radius of the infinitely large sphere from its
centre to apoint at its circumference.

In projective geometry the operation is of a different character.
Just as we arrived at the infinitely large sphere by letting a finite
sphere grow, so must we consider any finite sphere as having grown
from a sphere with infinitely small extension; that is, from a point.
To travel from the point to theinfinitely distant plane in the sense of
projective geometry, therefore, means that we have first to identify
ourselves with the point and 'become' the plane by a process of
uniform expansion in al directions.

As aresult of this we do not arrive at one point in the plane, with
the latter extending round us on dl sides, but we are present in the
plane as a whole everywhere. No point in it can be characterized as
having any distance, whether finite or infinite, from us. Nor is there
any sensein speaking of the planeitself as being at infinity. For any
plane will allow usto identify ourselves withit in thisway. And any
such plane can be given the character of a plane at infinity by relat-
ing it to a point infinitely far away from it (i.e. from us).

Having thus dropped the one-sided conception of infinity, we must
look for another characterization of the relationship between a point
and a plane which are infinitely distant from one another. This re-
quires, first of al, a proper characterization of Point and Plane in
themselves.

Conceived dynamically, as projective geometry requires, Point and
Plane represent a pair of opposites, the Point standing for utmost
contraction, the Plane for utmost expansion. As such, they form a
polarity of thefirst order. Both together constitute Space. Which sort
of space this is, depends on the relationship in which they are en-
visaged. By positing the point as the unit from which to start, and
deriving our conception of the plane from the point, we constitute
Euclidean space. By starting in the manner described above, with the
plane as the unit, and conceiving the point from it, we constitute
polar-Euclidean space.

The redlization of the reversibility of the relationship between
Point and Plane leads to a conception of Space ill free from any
specific character. By G. Adams this space has been appositely called
archetypal space, or ur-space. Both Euclidean and polar-Euclidean
space are particular manifestations of it, their mutual relationship
being one of metamorphosisin the Goethean sense.



Through conceiving Euclidean and polar-Euclidean space in this
manner it becomes clear that they are nothing else than the geo-
metrical expression of the relationship between gravity and levity.
For gravity, through itsfield spreading outward from an inner centre,
establishes a point-to-point relation between dl things under its
sway; whereas levity draws all things withinits domaininto common
plane-relations by establishing field-conditions wherein action takes
place from the periphery towards the centre. What distinguishes in
both cases the plane at infinity from al other planes may be best
described by calling it the all-embracing plane; correspondingly the
point at infinity may be best described as the all-relating point.

In outer nature the al-embracing plane is as much the 'centre’ of
the earth's field of levity as the dl-relating point is the centre of her
field of gravity. All actions of dynamic entities, such as that of the ur-
plant and its subordinate types, start from this plane. Seeds eye-
formations, etc., are nothing but individual all-relating points in
respect of this plane. All that springs from such points does so be-
cause of the point's relation to the al-embracing plane. This may
suffice to show how redlistic are the mathematical concepts which we
have here tried to build up.

*

When we set out earlier in this book (Chapter VIII) to discover the
source of Galileo's intuition, by which he had been enabled to find
the theorem of the parallelogram of forces, we were led to certain
experiences through which @l men go in early childhood by erecting
their body and learning to walk. We were thereby led to redize that
man's general capacity for thinking mathematicaly is the outcome of
early experiences of this kind. It is evident that geometrical concepts
arising in man's mind in this way must be those of Euclidean geo-
metry. For they are acquired by the will's struggle with gravity. The
dynamic law discovered in this way by Galileo was therefore bound
to apply to the behaviour of mechanical forces—that is, of forces
acting from points outward.

In asimilar way we can now seek to find the source of our capacity
to form polar-Euclidean concepts. Aswewereformerly led to experi-
ences of man's early life on earth, so we are now led to his embryonic
and even pre-embryonic existence.

Before man's supersensible part entersinto aphysical body thereis
no means of conveying to it experiences other than those of levity,



and this condition prevails right through embryonic development.
For while the body floats in the mother's foetal fluid it is virtually
exempt from the influence of the earth's field of gravity.

History has given us a source of information from these early
periods of man's existence in Traherne's recollections of the time
when his soul was till in the state of cosmic consciousness. Among
his descriptions we may therefore expect to find a picture of levity-
spacewhich will confirm through immediate experiencewhat we have
arrived at along the lines of realistic mathematical reasoning. Among
poems quoted earlier, his The Praeparative and My Spirit do indeed
convey this picture in the clearest possible way. The following are
relevant passages from these two poems.

Inthefirstweread:

"Then was my Soul my only All to me,
A living endless Ey,
Scarce bounded with the Sky
Whose Power, and Act, and Essence was to see:
| was an inward Sphere of Light,
Or an interminable Orb of Sght,
Exceeding that which makes the Days . . .’

In the second poem the same experience is expressed in richer
detail. There he says of his own soul that it—

. . . being Smple, like the Deity,
In its own Centre is a Sphere,
Not limited but everywhere.

It acts notfrom a Centre to

Its Object, as remote;
But present is, where it doth go
To view the Being it doth note . . .

A strange extended Orb of Joy
Proceeding from within,
Which did on evry side display
Itsforce; and being nigh of Kin
To God, did ev'ry way
Dilate its Self ev'n instantaneously,



Yet an Indivisible Centre stay,
In it surrounding all Eternity.
"Twas not a Sphere;
Yet did appear
One infinite: "Twas somewhat everywhere.'

Observe the distinct description of how the relation between cir-
cumference and centre is inverted by the former becoming itself an
‘indivisible centre'. In a space of this kind thereis no Here and There,
as in Euclidean space, for the consciousness is dways and immedi-
ately at one with the whole space. Motionisthus quite different from
what it is in Euclidean space. Traherne himself italicized the word
'instantaneous, so important did he find this fact. (The quaity of
instantaneousness—equal from the physical point of view to a velo-
city of the value oo —will occupy usmoreclosely as acharacteristic of
the realm of levity when we come to discuss the apparent velocity of
light in connexion with our optica studies.)

By thusrealizing the sourcein man of the polar-Euclidean thought-
forms, we see the discovery of projective geometry in anew light. For
it now assumes the significance of yet another historical symptom of
the modern re-awakening of man's capacity to remember his pre-
natal existence.

*

We know from our previous studies that the concept of polarity is
not exhausted by conceiving the world as being constituted by polari-
ties of one order only. Besides primary polarities, there are secondary
ones, the outcome of interaction between the primary poles. Having
concelved of Point and Plane as a geometrical polarity of the first
order, we have therefore to ask what formative eements there are in
geometry which represent the corresponding polarity of the second
order. The following considerations will show that these are the
radius, which arises from the point becoming related to the plane,
and the spherically bent surface (for which we have no other name
than that again of the sphere), arising from the plane becoming
related to the point.

In Euclidean geometry the sphere is defined as 'the locus of al
pointswhich are equidistant from agiven point'. To definethe sphere
in thisway isin accord with our post-natal, gravity-bound conscious-
ness. For in this state our mind can do no more than envisage the



surface of the sphere point by point from its centre and recognize the
equal distance of al these points from the centre. Seen thus, the
sphere arises as the sum-total of the end-points of al the straight
lines of equa length which emerge from the centre-point in al
directions. Fig. 8 indicates this schematicaly. Here the radius, a
straight line, is clearly the determining factor.

We now move to the other pole of the primary polarity, that is to
the plane, and let the sphere arise by imagining the plane approach-
ing an infinitely distant point evenly from al sides. We view the pro-
cess redidticdly only by imagining ourselves in the plane, so that we
surround the point from dl sides, with the distance between us and
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the point diminishing gradually. Sincewe remain al the time on the
surface, we have no reason to conceive any change in its original
position; that is, we continue to think of it as an al-embracing plane
with regard to the chosen point.

The only way of representing the sphere diagrammaticaly, as a
unit bearing in itsdf the character of the plane whenceit sprang, is as
shown in Fig. 9, where a number of planes, functioning as tangen-
tial planes, are so related that together they form a surface which
possesses everywhere the same distance from the al-relaing point.

Since Point and Plane represent in the realm of geometrical con-
cepts what in outer nature we find in the form of the gravity-levity
polarity, we may expect to meet Radius and Sphere as actual forma-
tive elements in nature, wherever gravity and levity interact in one
way or another. A few observations may sufficeto give the necessary
evidence. Further confirmation will be furnished by the ensuing
chapters.



The Radius-Sphere antithesis appears most obviously in the human
body, theradial element being represented by the limbs, the spherica
by the skull. The limbs thus become the hieroglyph of a dynamic
directed from the Point to the Plane, and the skull of the opposite.
This indeed is in accord with the distribution in the organism of the
sulphur-salt polarity, aswelearnt from our physiological and psycho-
logica studies. Inner processes and outer form thus reveal the same
distribution of poles.

In the plant the same polarity appearsin stalk and leaf. Obviously
the stalk represents the radia pole. The connexion between legaf and
sphereis not so clear: in order to recognize it we must appreciate that
the single plant is not a self-contained entity to the same degree asis
the human being. The equivalent of the single man is the entire
vegetable covering of the earth. In man there is an individual centre
round which the bones of his skull are curved; in the plant world the
equivalent is the centre of the earth. It is in relation to this that we
must concelve of the single leaves as parts of a greater sphere.

In the plant, just as in man, the morphological polarity coincides
with the biological. Thereis, on the one hand, the process of assmi-
lation (photosynthesis), so characteristic of the leaf. Through this
process matter passes over from the aeriform condition into that of
numerous separate, characteristically structured solid bodies—the
starch grains. Besides this kind of assimilation we have learnt to
recognize a higher form which we cdled 'spiritual assmilation'. Here,
a transition of substance from the domain of levity to that of gravity
takes place even more strikingly than in ordinary (physical) assmila-
tion (Chapter X).

The corresponding process in the linear stalk is one which we may
cdl 'sublimation'—again with its extension into 'spiritual sublima-
tion'. Through this process matter is carried inthe upward direction
towards ever less ponderable conditions, andfinally into theformless
state of pure ‘chaos. By this means the seed is prepared (as we have
seen) with the help of the fire-bearing pollen, so that after it has fallen
to the ground, it may serve as an al-réelating point to which the plant's
Type can direct its activity from the universal circumference.

In order to find the corresponding morphological polarity in the
animal kingdom, we must realize that the animal, by having the main
axis of its body in the horizontal direction, has a relationship to the
gravity-levity fieldsof the earth different from those of both man and
plant. As a result, the single animal body shows the sphere-radius



polarity much less sharply. If we compare the different groups of the
animal kingdom, however, we find that the animals, too, bear this
polarity as a formative element. The birds represent the spherical
(dry, saline) pole; the ruminants the linear (moist, sulphurous) pole.
The carnivorous quadrupeds form the intermediary (mercuria)
group. As ur-phenomenal types we may name among the birds the
eagle, clothed in its dry, dlicic plumage, hovering with far-spread
wings in the heights of the atmosphere, united with the expanses of
space through its far-reaching sight; among the ruminants, the cow,
lying heavily on the ground of the earth, given over entirely to the
immensely elaborated sulphurous process of its own digestion. Be-
tween them comes the lion—the most characteristic animal for the
preponderance of heart-and-lung activities in the body, with all the
attributes resulting from that.

Within the scope of this book it can only be intimated briefly, but
should not be left unmentioned for the sake of those interested in a
further pursuit of these lines of thought, that the morphological mean
between radius and sphere (corresponding to Mercurius in the
alchemical triad) is represented by ageometrical figure known as the
lemniscate’, a particular modification of the so-caled Cassinian
curves!

! For particulars of the lemniscate as the building plan of the middle part of
man's skeleton, see K. Konig, M.D.: Beitrage zu einer reinen Anatomic des
menschlichen Knochenskeletts in the periodical Natura (Dornach, 1930-1). Some
projective-geometrical considerations concerning the lemniscate are to be found
in the previously mentioned writings of G. Adams and L. Locher-Ernst.



CHAPTERXIII
'Radiant Matter'

When man in the state of world-onlooker undertook to form a
dynamic picture of the nature of matter, it was inevitable that of al
the qualities which belong to its existence he should be able to envis-
age only those pertaining to gravity and electricity. Because his con-
sciousness, at this stage of its evolution, was closely bound up with
the force of gravity inherent in the human body, he was unable to
form any conception of levity as a force opposite to gravity. Yet,
nature is built bipolarically, and polarity-concepts are therefore in-
dispensable for developing a true understanding of her actions. This
accounts for the fact that the unipolar concept of gravity had eventu-
aly to be supplemented by some kind of bipolar concept.

Now, the only sphere of nature-phenomena with a bipolar char-
acter accessible to the onlooker-consciousness ‘was that of electricity.
It was thus that man in this state of consciousness was compelled to
picture the foundation of the physical universe as being made up of
gravity and electricity, as we meet them in the modern picture of the
atom, withits heavy eectro-positive nucleus and the virtually weight-
less electro-negative electrons moving round it.

Once scientific observation and thought are freed from the limita-
tions of the onlooker-consciousness, both gravity and electricity ap-
pear in a new perspective, though the change is different for each of
them. Gravity, whileit becomes one pole of a polarity, with levity as
the opposite pole, 4ill retains its character as a fundamental force of
the physical universe, the gravity-levity polarity being one of the first
order. Not so eectricity. For, as the following discussion will show,
the electrical polarity is one of the second order; moreover, instead of
constituting matter asis usually believed, electricity turns out to bein
reality a product of matter.

*



We follow Goethe's line when, in order to answer the question,
'What is eectricity? we first ask, 'How does dectricity arise? In-
stead of starting with phenomena produced by eectricity when it is
already in action, and deriving from them a hypothetical picture, we
begin by observing the processes to which eectricity owesits appear-
ance. Sincethereis significancein the historical order in which facts
of nature have come to man's knowledge in the past, we choose as
our starting-point, among thevarious modes of generating el ectricity,
the one through which the existence of an dectric force first became
known. Thisis the rousing of the electric state in a body by rubbing
it with another body of different material composition. Originaly,
amber was rubbed with wool or fur.

By picturing this processin our mind we become aware of acertain
kinship of dectricity with fire, since for ages the only known way of
kindling fire was through friction. We notice that in both cases man
had to resort to the will-power invested in his limbs for setting in
motion two pieces of matter, so that, by overcoming their resistance
to this motion, he released from them a certain force which he could
utilize as a supplement to his own will. The similarity of the two pro-
ceses may be taken as a sign that heat and eectricity are related to
each other in a certain way, the one being in some sense a metamor-
phosis of the other. Our first task, therefore, will be to try to un-
derstand how it is that friction causes heat to appear in manifest
form.

Thereis no friction unless the surfaces of the rubbed bodies have a
structure that is in some way interfered with by the rubbing, while at
the same time they offer a certain resistance to the disturbance. This
resistance is due to a characteristic of matter, commonly called
cohesion. Now we know that the inner coherence of a physical body
is due to its point-relationship, that is to the gravitational force
bound up with it. Indeed, cohesion increases as we pass from the
gaseous, through theliquid, to the solid state of matter.

Whilst a body's cohesion is due to gravity, its spatia extended-
ness is, as we have seen, due to levity. If we reduce the volume of a
piece of physical matter by means of pressure, we therefore release
levity-forces previoudy bound up in it, and these, as always happens
in such cases, appear in the form of free heat. Figuratively speaking,
we may say that by applying pressure to matter, latent levity is
pressed out of it, somewhat like water out of a wet sponge.

The generation of free heat by friction rests on quite similar



grounds. Obvioudly, friction always requires a certain pressure. This
aone, however, would not account for the amount of heat easily
produced by friction. To the pressure there is in this case added a
certain measure of encroachment upon the unity of the material sub-
stance. In the case of friction between two solid bodies, this may go
so far that particles of matter are completely detached from the
cohesive whole. The result is an increase in the number of single
mass-centres on the earth, as against the all-embracing cosmic peri-
phery. This diminishes the hold of levity on the total amount of
physicd matter present on the earth. Again, the levity thus becoming
free appears as externa heat. (In the reverse case when, for instance
through melting, a number of single physical bodies become one,
free heat becomes latent.)

Both the diminishing of spatial extension and the breaking up of a
whole into parts entail an increase in the quality 'dry’. This applies
not only in the sense that the parts which have become independent
units are 'dry' in relation to each other—formerly coherent matter
being turned into dust—but also in the other sense, and one valid in
both cases, that levity and gravity are losing part of their previous
inter-connexion. If this twofold process of 'becoming dry' reaches a
certain intensity, the substances concerned, provided they are inflam-
mable, begin to burn, with the result that dry heat escapes and dry
ashisformed. We notethat in each case we are dealing with a change
in the relationship between the poles of a polarity of the first order.

We will now apply this picture of the process of friction to the
instance when, as a result of this action, eectricity appears.

Crigindly the evoking of the dectric condition was ascribed soldy
to the nature of amber, the only substance known to possess this
property. To-day we know that not the amber alone, but its coming
together with another substance of different nature, inthisinstancean
animal substance of the nature of hair or slk, is required. Whatever
substanceswe usefor friction, they must alwaysbe differentin nature,
s0 as to alow both kinds of eectricity to appear at once. Which of
the two kinds imposes its presence the more strongly upon the
observer depends on purely extraneous conditions which have
nothing to do with the process itself.

Obvioudy, if we wish to understand the qualitative difference be-
tween the two kinds of dectricity, we must investigate the qualitative
difference in the material substances, which give rise to eectricity



when they are rubbed together. We shdl again follow the historica
line by examining the two substances which first taught man the
polar nature of electricity. They are glass and resin, after which,
as we mentioned, the two dectricities were even named in the begin-
ning.

Our functional conception of matter, developed earlier (Chapter
XI), adlows us to recognize in these two substances representatives of
the Sat-Sulphur polarity. Indeed, glass as a mineral substance,
which actually owes its specific character to the presence of slliconin
it, dearly stands on the phosphoric-crystalline side, while resin, being
itsdf a sort of 'gum’, on the sulphurous-volcanic side. In fact, sulphur
itsdlf was soon found to be aparticularly suitable substance for pro-
ducing 'resn-eectricity.

Now the usual way of producing one kind of eectricity is by rub-
bing resin (or sulphur, or ebonite) with wool or fur, and the other by
rubbing glass with leather. At first sight, it does not seem as if the two
counter-substances represent the required achemic counter-poles to
resin and glass. For both hair and leather are animal products and
therefore seem to be of like nature. Closer inspection, however, shows
that they do obey the rule. For hair, like al horny substances, is a
dead product of external secretion by the animal organism. An ur-
phenomenal example of it, showing its kinship to glasslike sub-
stances, is the transparent cornea of the eye, close to the crystal-lens.
Leather, on the other hand, is a product of the hypodermic part of
the body and, as such, belongs to those parts of the organism which
arefilled with blood, and, therefore, permeated with life. (Note as a
characteridtic of leather that it requires a specid treatment, tanning,
to make it as immune from decay as hair is by nature.) Hair and
leather, therefore, represent in themselves a salt-sulphur polarity,
and thus fulfil the corresponding function when brought together
with resin or glass respectively.

What istruefor the particular substances which originally led man
to discover the dua nature of dectricity, holds good equaly for any
pair of substances capable of assuming the dectric state when rubbed
againgt each other. If we examine from this point of view the series of
such substances, as usualy given in the textbooks on dectricity, we
shall always find a substance of extreme salt-character at the one end,
and one of extreme sulphur-character at the other, the substances as
awhole forming a gradual transition from one extreme to the other.
Which kind of electricity appears on each, when submitted to friction,



depends on whether the counter-substance stands on its right or left,
in the series. It is the particular relation between the two which
makes them behave in one way or the other.

There are cases which seem to elude this law, and investigation has
shown that other characteristics of the rubbed bodies, such as surface
quality, can have amodifying influence. For lack of aguiding idea
they are treated in the textbooks as 'irregularities. Observation led
by atrue polarity concept shows that in these cases also theruleis not
violated. In this respect, interesting information can be gained from
the observations of J. W. Ritter (1776-1810), an ingenious Natur-
philosoph from the circle round Goethe, but to whom, aso, physical
stience is indebted for his discovery of the ultraviolet part of the
spectrum and of galvanic polarization. Among hiswritingsthereisa
treatise on dectricity, giving many generally unknown instances of
frictional eectricity which are in good accord with our picture and
well worth investigating. According to Ritter, even two crystalline
substances of different hardness, such as Calcite and quartz, become
electric when rubbed together, the softer playing the part of 'resin’
and the harder that of 'glass.

These few facts connected with the generation of frictional eectri-
city are enough to allow us to form a picture of the nature of the
polarity represented by the two kinds of dectricity.

We remember that in the case of the generation of heat through
friction, as a result of an encroachment upon the cohesion of the
material body involved, the relationship between levity and gravity in
it changes from 'moist' to 'dry' and that the effect of thisis the appear-
ance of 'fire' and 'dust' as poles of a primary polarity. This process,
however, is atered when the bodies subjected to friction are opposed
to each other in the sense of a salt-sulphur polarity. The effect thenis
that the liberated levity, under the influence of the peculiar tension
between the two bodies, remains bound in the realm of substance and
becomes itsdf split up polaricaly.

Clearly, then, in the case of dectrica polarity we encounter a cer-
tain form of gravity-boundlevity, and thisin atwofold way. Owing to
the contrasting nature of the two bodies involved in the process, the
coupling of gravity and levity is a polar one on both sides. The
electricd polarity thus turns out to be itself of the nature of a
secondary polarity.

Two more recently discovered means of evoking the electric con-
dition in apiece of matter confirm thispicture. They are the so-called



piezodectricity and pyro-electricity. Both signify the occurrence of
the eectrica polarity at the two ends of an asymmetrically built
(hemimorphous) crystal, as the result of changing the crystal's spatial
condition. In piezo-dectricity the change consgtsin a diminution of
the crystal's volume through pressure; in pyro-electricity, in an in-
crease of the crystal volume by raising its temperature. The asym-
metry of the crystal, due to a one-sded working of the forces of
crystdlization, plays the same role here as does the dchemic oppos-
tion between the two bodies used for the production of frictional
electricity.

*

It is typica of the scientist of the past that he was dependent on
phenomena brought about by a highly developed experimental tech-
nique for becoming aware of certain properties of the dectricd force,
whereas for the redligtic observer these properties arerevealed at once
by the most primitive el ectric phenomena. Weremember Eddington's
description of the positron as 'negative materia’, and his subsequent
remarks, which show the paradoxical nature of this concept if
applied to the hypothetical interior of the atom (Chapter 1V). The
quite primitive phenomenon of eectrica repulsion and attraction
shows us the same thing in a manner of which it is not difficult to
form a conception.

Modern physics itself, with the help of Faraday's field-concept,
describes these phenomena as caused by pressure—resulting from
the meeting in space of two sSimilar dectrica fidds—and suction—
resulting from the meeting of two dissimilar fields. In the first case
the space between the two electrically charged bodies assumes a de-
gree of density, asif it were filled with some dagtic material. In the
second instance the density of the space where the two fields inter-
mingleislower than that of its surroundings. Here, clearly, we have
a state of negative density which acts on the dectricaly charged
bodies just as a lowering of pressure acts on a gas: in both cases
movement occurs in the direction leading from the higher to the
lower density. Electricity thus showsitself capable of producing both
gravity and levity effects, thereby once more confirming our picture
of it.

*

Our next task will be to examine the galvanic form of generating



electricity, in order to gain further light on our picture of the dec
trical polarity.

Galvanism, asit became established through Volta'swork, restson
certain properties of the metallic substances of the earth. Compared
with the substances which may be used for producing electricity
through friction, the metals hold a mid-position. They are al essen-
tially mercurial substances. (In quicksilver, which for this reason was
given the name 'mercury' by the alchemists, this fact comes to an ur-
phenomenal appearance.) Among the many facts proving the mer-
curial nature of the metals, there is one of particular interest to us.
This is their peculiar relationship to the processes of oxidation and
reduction.

Metals, in their metallic state, are bearers of latent levity, which
can be st free either through combustion or through corrosion. They
differ from one another by their relative degree of eagerness to enter
into and remain in the metdlic, that is, the reduced state, or to
assume and keep the state of the oxide (in which form they are found
in the various metalic oxides and sdts). There are metals such as
gold, silver, etc., for which the reduced state is more or less natural;
others, such as potassium, sodium, etc., find the oxidized state natural
and can be brought into and kept in the reduced state only by artifi-
cid means. Between these extremes there are al possible degrees of
transition, some metals more nearly resembling the 'noble, others
more nearly the 'corrosive’, metals.

We remember that it was the different relationship of sulphur and
phosphorus to reduction and oxidation which led us to envisage them
as ur-phenomenal representatives of the alchemic polarity. We may
therefore say that there are metals which from the achemic point of
view more nearly resemble sulphur, others more nearly phosphorus,
whilst others again hold an intermediary position between the ex-
tremes. It is on these differences among the various metals that their
galvanic properties are based.

Let us from this point of view contemplate the following series of
chemical elements, which is a representation of the so-called voltaic
series

Graphite, Platinum, Gold, Silver, Copper, Iron, Tin, Lead, Zinc,
Aluminium, Magnesium, Sodium, Potassium.

Any two of these metals constitute a voltaic cdl. Its electromotive
force is determined by the distance in the series between the metals
used. Just as in the case of frictional electricity, the kind of electricity



which is supplied by a certain metal depends on whether the other
metal with which itis coupled standsto theright or to the left of itin
the series’!

Let us now see what happens in a galvanic cell when the two
different metals are simultaneously exposed to the chemical action of
the connecting fluid. Each metal by itself would undergo oxidation
with greater or less intensity, and the caorific energy hidden in it
would become free in the form of heat. This process suffers a certain
alteration through the presence of the second metal, which sets up an
achemic tension between the two. Instead of a proper segregation of
the primary polarity, heat—dust (in this case, heat—oxide), the heat
remains matter-bound and appears on the surface of the two metals
in a secondarily split form as positive and negative dectricity.

The similarity between this process and the frictional generation of
electricity is evident.

*

Our observations have shown that the emergence of the eectric
state, whether it be caused by friction or galvanically, depends on
matter entering into a condition in which its cohesion is loosened—
or, as we also put it, on its being turned into 'dust'—and thisin such
a way that the escaping levity remains dust-bound. This picture of
eectricity now enables us to give a redidic interpretation of certain
phenomena which, in the interpretation which the physicist of the
past was bound to give them, have contributed much to the tightening
of the net of scientific illusion.

Some sixty years after Dalton had established, purely hypothetic-
aly, the theory of the atomidtic structure of matter, scientific research
was led to the observation of actual atomistic phenomena. Crookes
found eectricity appearing in his tubes in the form of discrete par-
ticles, with properties hitherto known only as appertaining to mass.
What could be more natural than to take this as evidence that the
method of thought developed during the past era of science was on
the right course?

The same phenomena appear in quite a different light when we
view them against the background of the picture of electricity to

! Note that the series starts on the left with graphite, i.e. with carbon. This
substance appears here as a metal anong metals, and indeed as the most 'noble
of al. Electricity in thisway reveals a secret of carbon well known to the medi-
aeval alchemist and still known in our day to people in the Orient.



which our observations have led. Knowing that the appearance of
electricity depends on a process of atomization of some sort, we shall
expect that where electricity becomes freely observable, it will yield
phenomena of an atomistic kind. The observations of electricity in a
vacuum, therefore, yield no confirmation whatsoever of the atomistic
view of matter.

The same is true of the phenomena bound up with radioactivity,
which were discovered in direct consequence of Crookes's work. We
know that the naturally radioactive eements are dl in the group of
those with the highest atomic weight. Thisfact, seen together with the
characterigtics of radioactivity, tells us that in such elements gravity
has so far got the upper hand of levity that the physical substanceis
unable to persist as a spatially extended, coherent unit. It therefore
falls asunder, with the liberated levity drawn into the process of dis-
persion. Seen thus, radioactivity becomes a symptom of the earth's
old age.

*

Before entering into a discussion of the question, which naturally
aises at thispoint, as to how levity and gravity by their two possible
ways of interaction—'sulphurous’ or 'saline—determine the pro-
perties of so-cdled postive and negative dectricity, we shal first
study the third mode of generating electricity, namely, by eectro-
magnetic induction. Along this way we shall arrive at apicture of the
magnetic force which corresponds to the one already obtained of
electricity. This will then lead us to ajoint study of the nature of
electric polarity and magnetic polarity.

The discovery of the phenomena we call electromagnetic depended
on the possibility of producing continuous dectrica processes. This
arose with Volta'sinvention. When it became necessary to find a con-
cept for the process which takesplacein an éectric conductor between
the poles of a galvanic cdl, the concept of the ‘current’, borrowed
from hydrodynamics, suggested itself. Ever since then it has been the
rule to speak of the existence of a current within an electric circuit;
its strength or intensity is measured in terms of a unit named in
honour of Ampere.

This concept of the current has had a fate typical of the whole rela
tion of human thought to the facts connected with electricity. Long
after it had been coined to cover phenomena which in themselves
betray no movement of any kind between the eectrical poles, other



phenomena which do in fact show such movements became known
through Crookes's observations. Just asin the case of atomism, they
seemed to prove the validity of the preconceived idea of the current.
Soon, however, radiant electricity showed properties which contra-
dicted the picture of something flowing from one pole to the other.
The cathode rays, for instance, were found to shoot forth into space
perpendicularly from the surface of the cathode, without regard to
the position of the anode. At the sametime Maxwell's hydrodynamic
analogy (as our historica survey has shown) led to a view of the
nature of eectricity by which this very analogy was put out of court.
By predicting certain properties of electricity which come to the fore
when its poles alternate rapidly, he seemed to bring eectricity into
close kinship with light. Mathematical treatment then made it neces-
sary to regard the essential energy process as occurring, not from one
pole to the other, but at right angles to a line joining the poles
(Poynting's vector). This picture, however, satisfactory though it was
in the reelm of high frequency, failed as a means of describing so-
called direct-current processes.

As aresult of dl this the theory of eectricity has fallen apart into
severa conceptual realms lying, as it were, alongside one another,
each consistent in itself but lacking any logical connexion with the
others. Although the old concept of the electric current has long lost
its validity, scientific thought (not to speak of the layman's) has not
managed to discard it. To do this must therefore be our first task, if
we want to attain to arealistic picture of electromagnetism.

*

While keeping strictly to the historical order of things, we shall try
first to form apicture of what happens when we connect two electric-
aly charged bodies by a conductor. We know that werightly describe
the change of the dynamic properties of the part of space, in which
the two bodies are present, by saying that a certain electric field pre-
vails in it. This field possesses different 'potentials at its various
points and so there exists a certain potential difference between the
two eectric charges. What then happens when a so-called ‘conductor’
is brought into such a field?

From the point of view of the field-concept, conductivity consists
in the property of abody not to allow any change of potential along
its surface. Such asurface, therefore, is aways an equipotential plane.
In the language of achemy, conductivity is a mercurial property. In



the presence of such a body, therefore, no Salt-Sulphur contrasts can
obtain. Inview of what we found above as the mean position of the
metals in the alchemic triad, it is significant that they, precisdly,
should play so outstanding a role as dectrical conductors.

If we keep to pure observation, the only statement we can make
concerning the effect produced by the introduction of such a body
into the dectric field is that this field suddenly disappears. We shall
e |later in which direction this vanishing occurs. For the present it is
sufficient to have formed the picture of the disappearance of the
electrical condition of space as a result of the presence of a body with
certain mercurial properties.

Nothing dse, indeed, happens when we make the process continu-
ous by using a gavanic source of dectricity. All that distinguishes a
galvanic cdl from the sources of dectricity used before the time of
Voltais its faculty of immediately re-establishing the field which pre-
vails between its poles, whenever this field becomes extinguished by
the presence of a conductor. Volta himself saw this quite correctly. In
his first account of the new apparatus he describes it as 'Leydenjars
with a continuously re-established charge'. Every enduring electrica
process, indeed, condsts in nothing but a vanishing and re-establish-
ment of the dectrica field with such rapidity that the whole process
appears continuous.

Here, dso, pure observation of the effect of a conductor in an
electric field tells us that its action consists in the annihilation of the
field. Thereis no phenomenon which allows us to state that this pro-
cess takes place aong the axis of the conductor. If we wish to obtain
a picture of the true direction, we must consder the condition of
space which arises in place of the eectric condition that has dis-
appeared.

With the possibility of turning the cancellation of the dectrica
condition of space into a continuous process, it became possible to
observe that the neutralization of electric charges entails the appear-
ance of heat and magnetism. We must now ask which are the quali-
ties of dectricity on the one hand, and of heat and magnetism on the
other, which account for the fact that where eectricity disappears,
the two latter forces are bound to appear. Since magnetismis the till
unknown entity among the three, we must now ded with it.

*

Unlike eectricity, magnetism was first known in the form of its



natural occurrence, namely as a property of certain minerals. If we
follow the same course which led us to start our study of electricity
with the primitive process of generating it, we shal turn now to the
basic phenomenon produced by a magnetic field already in existence.
(Only when we have learnt al we can from this, shall we proceed to
ask how magnetism comes into being.) Obvioudly, we shall find this
basic phenomenon in the effect of amagnet on a heap of iron filings.

Let us, to begin with, compare a mass of solid iron with the same
quantity of it in powdered form. The difference is that the powder
lacks the binding force which holds the solid piece together. Now lei
us expose the powdered iron to the influence of a magnet. At once a
certain ordering principle takes hold of the single particles. They no
longer lie at random and unrelated, apart from the inconspicuous
gravitational effect they exert on one ancther, but are drawn into a
coherent whole, thus acquiring properties resembling those of an
ordinary piece of solid matter.

Read thus, the phenomenon tdlls us that a part of space occupied
by a magnetic field has qualities which are otherwise found only
where acoherent solid massis present. A magnetic piece of solidiron,
therefore, differs from a non-magnetic piece by giving rise in its sur-
roundings to dynamic conditions which would otherwise exist only
initsinterior. This picture of the relatedness of magnetism to solidity
is confirmed by the fact that both are cancelled by heat, and increased
by cold.*

By its magnetic properties iron thus reveds itself as a substance
capable of assuming the condition of solid matter to a degree sur-
passing ordinary solidity. As an exceptional kind of metal it forms
the counter-pole to mercury, in which the solid-fluid condition char-
acteristic of all metallic matter is as much shifted towards the fluid as
inironitis tothe solid. (Notein this respect the peculiar resistance of
iron to the liquefying effect which mercury has on the other metals.)

This picture of magnetism enables us to understand at once why it
must occur together with heat at the place where an dectric polarity
has been cancelled by the presence of a conductor. We have seen that
electricity is levity coupled in a peculiar way with gravity; itis polar-
ized levity (accompanied by a corresponding polarization of gravity).
An electric field, therefore, always has both qualities, those of levity
and of gravity. We saw asymptom of thisin electrical attraction and

! There is even a gas which assumes magnetic properties when exposed to
extreme cold—oxygen in the solid state.



repulsion, so called; the attraction, we found, was due to negative
density, the repulsion to positive density, imparted to space by the
electrical fields present there. Now we see that when, through the
presence of a conductor, the electrica field round the two opposing
poles vanishes, inits place two other fields, athermal and amagnetic,
appear. Clearly, one of them represents the levity-part, the other the
gravity-part, of thevanished eectricfield. Thewhol e process reminds
one of combustion through which the ponderable and imponderable
parts, combined in the combustible substance, fall apart and appear
on the one hand as heat, and on the other as oxidized substance
(ash). Yet, between these two manifestations of heat there is an
essential qualitative difference.

Although, from our view-point, magnetism represents only one
‘half of a phenomenon, the other half of which is heat, we must not
forget that it is itself a bipolar force. Thus, despite its apparent rela
tion to gravity it does not represent, as gravity does, one pole of a
primary polarity, with heat as the other pole. Rather must it carry
certain qualities of levity which, together with those of gravity,
appear in apolarically opposite manner at its two poles. (Details of
this will be shown later when we come to investigate the individual
qualities of the two poles of magnetism and electricity.) Hence the
heat that forms the counterpart to magnetism cannot be pure levity
either. As the result of a certain coupling with gravity, it too has
somehow remained polarically split.

This can easily be seen by considering the following. Unlike the
levity-gravity polarity, in which one pole is peripheral and the other
point-centred, both Doles of the electrical polarity are point-centred,;
both are located in physical space, and thereby determine a definite
direction within this space. It is this direction which remains a
characteristic of both the magnetic and the thermal fields. The dir-
ection of the thermal field as much as that of the magnetic is deter-
mined by its having as its axis the conductor joining the poles of the
antecedent electrical field. Both fields supplement each other in that
the thermal radiation forms the radii which belong to the circular
magnetic lines-of-force surrounding the conductor.

Our picture of the process which is commonly called an electric

! By watering plants with water that had been exposed to heat from differ-
ent sources, E. Pfeiffer has shown in the chemical laboratory of the Goetheanum
that heat engendered by means of electricity is 'dead’ heat. It follows that it
is not the same for human health whether the heat used for cooking or heating
purposes is obtained by burning wood or coa, or by means of electricity.



current is now sufficiently complete to alow us to make a positive
statement concerning the direction in which it takes place. Let us once
more sum up: In order that this process may occur, there must be
present in an electricaly excited part of space a body which does not
suffer the particular polarization of space bound up with such a field.
As aresult, the electrica field disappears, and in place of it appear a
thermal field and a magnetic field, both having as their axis the line
connecting the two poles. Each of them spreads out in a direction at
right angles to thisfine. Obviously, therefore, itisinthisradial direc-
tion that the transformation of the electrical into the thermo-magnetic
condition of space must take place.

This picture of the electro-thermo-magnetic happening, as regards
its direction, is in complete accord with the result obtained (as indi-
cated earlier) by the mathematical treatment of high-frequency
phenomena. Once more we see that quite primitive observations,
when properly read, lead to findings for which scientific thought had
to wait until they were forced on it by the progress of experimental
technique—as even then science was left without a uniformly valid
picture of the dynamic behaviour of eectricity.

Further, we can now see that when we apply eectricity to practical
purposes, we are in fact seldom using eectricity itself, but other
forces (that is, other combinations of gravity and levity) which we
make effective by making dectricity disappear. The sameis true of
most of the methods of measuring electricity. As a rule, the force
which sets the instrument in motion is not eectricity but another
force (magnetism, heat, etc.) which appearsin the place of the vanish-
ing electricity. Thus the so-caled intensity of an dectric current is
actually the intensity with which the electricity in question dis
appears! Electricity serves us in our machines in the same way that
food serves aliving organism: it getsitself digested, and what matters
is the resulting secondary product.

Just as aterations in the electrical condition of space give rise to
the appearance of a magnetic field, any alteration of the magnetic
state of space gives rise to the appearance of an electrica field. This
process is caled electromagnetic induction. With its discovery, the
generation of electricity through friction and in the galvanic way was
supplemented by a third way. By this means the practical use of
electricity on a large scale became possible for the first time. If our
picture of the two earlier processes of generating electricity is correct,
then thisthird way must asofit into the picture, although in this case



we have no longer to do with any direct atomization of physical mat-
ter. Our picture of magnetism will indeed enable us to recognize in
el ectromagnetic induction the same principle on which we found the
two other processes to rest.

Magnetism is polarized gravity. Hence it has the same character-
istic of tending always to maintain an existent condition. In bodies
subject to gravity, thistendency revealsitself astheir inertia. Itisthe
inertia inherent in magnetism which we employ when using it to
generate electricity. The smplest example is when, by interrupting a
'‘primary current', we induce a 'secondary current' in a neighbouring
circuit. By the sudden alteration of the electric condition on the pri-
mary side, the magnetic condition of the surrounding spaceis exposed
to a sudden corresponding change. Against this the magnetic field
'‘puts up' a resistance by calling forth, on the secondary side, an
electrical process of such direction and strength that the entire mag-
netic condition remains first unaltered and then, instead of changing
suddenly, undergoes agradual transformation which ideally needs an
infinite time for its accomplishment (asymptotic course of the ex-
ponential curve). This principle rules every process of electromagnetic
induction, whatever the cause and direction of the change of the
magnetic field.

We know that electromagnetic induction takes place also when a
conductor is moved across amagnetic field in such away that, as the
technica term goes, it 'cuts' the field's lines of force. Whereas the pro-
cess discussed above is employed in the transformer, this latter pro-
cessis used in generation of eectricity by dynamo. We have seen that
amagnetic field imparts to the relevant part of space qualities of den-
sity which otherwise prevail only in the interior of solid masses. We
remember further that the appearance of electricity, in the two other
modes of generating it, is caused by the loosening of the coherence of
the material substance. A similar loosening of the coherence of the
magnetic field takes place when its field-lines are cut by the move-
ment of the conductor across it. Just as heat occurs when we move a
solid object through aliquid, eectricity occurs when we move a con-
ductor across a magnetic field. In each case we interfere with an
existing levity-gravity relationship.

*

Having established thus far the picture of both electricity and mag-
netism which shows each as an outcome of certain levity-gravity inter-



actions, we now ask how, in particular, negative and positive dec-
tricity on the one hand and north and south magnetism on the other
are determined by these interactions. Let us again begin with elec-
tricity.

We remember that Galvani was led to his observations by the
results of Walsh's study of the electric fishes. While Galvani clung to
the view that in his own experiments the source of the electrica force
lay within the animal bodies, Volta saw the fallacy of that. He then
conceived the idea of imitating with purely inorganic substances the
set-up which Galvani had come upon by accident. The paradoxical
result—as he himself noticed with surprise—was that his apparatus
turned out to be a close replica of the peculiar organ with which the
electricfishes are endowed by nature. We must now take acloser view
of this organ.

The eectric organ of such a fish consists of many thousands of
little piles, each made up of a very great number of plates of two
different kinds, arranged in alternating layers. Thetwo kindsdifferin
substance: in one case the plate is made from a material similar to
that present in the nervous system of animals; in the other the re-
semblance is to a substance present in the muscular system, though
only when the muscles are in a state of decay. In this way the two
opposing systems of the animal body' seem to be brought here into
direct contact, repeated many thousands of times.

In the eectric fishes, accordingly, sensation and will are brought
into a peculiar interrelation. For the will-pole is related to its bodily
foundation in a manner which otherwise obtains only between the
nervous system and the psychological processes co-ordinated with it.
These fishes then have the capacity to send out force-currents which
produce in other animals and in man ‘concussion of the limbs, or in
extreme cases paralysis and even death. Through describing the pro-
cess in this way we redlize that electricity appears here as metamor-
phosed animal will, which takes this peculiar form because part of the
animal’s volitional system is assimilated to its sensory systemin an
exceptional manner.

Itis known to-day that what nature reveals so strikingly in the case
of the electric fish, is nothing but the manifestation of a principle at
work in the bodies of al beings endowed with sensation and volition
—in corporeal terms, with the duality of a nervous and a muscular
system—and therefore at work aso in the human body. Observation
has shown that the activities of these two systems in man and animal



are accompanied by the occurrence of different electric potentialsin
different parts of the body. Plate A, Fig. iii, shows the distribution
of the two polar eectric forces in the human body. The bent linesin
the diagram stand for curves of equal electric potential. The straight
line between them is the neutral zone. As might be expected, thisline
runs through the heart. What seems less obvious is its slanting posi-
tion. Here the asymmetry, characteristic of the human body, comes
to expression.

If we remember that the nervous system represents the salt-pole,
and the metabolic system the sulphur-pole, of the human organism,
and if we take into account the relationship between levity and grav-
ity a the two poles, we can see from the distribution of the two
electricities that the coupling of levity and gravity at the negative pole
of the electrical polarity is such that levity descends into gravity,
while at the positive pole gravity rises into levity. Negative eectricity
therefore must have somehow a 'spherical’ character, and postive
dectricity a'radial’.

This finding is fully confirmed by eectricd phenomena in the
realm of nature most remote from man (though it was an effort to
solve the enigma of man which led to the discovery of this realm).
Since Crookes's observations of the behaviour of electricity in a
vacuum it is common knowledge that only the negative kind of
electricity occurs as a freely radiating force (though it retains some
properties of inertia), whereas positive electricity seems to be much
more closely bound to minute particles of ponderable matter. Here
again we find gravity-laden levity on the negative side, levity-raised
gravity on the positive.

The same language is spoken by the forms in which the luminous
phenomena appear at the two poles of a Crookes tube. Fig. i on Plate
A represents the whole phenomenon as far as such adiagram allows.
Here we see on the positive side radial forms appear, on the negative
sideplanar-spherical forms. As symbols of nature's script, theseforms
tell us that cosmic periphery and earthly centre stand in a polar rela
tion to each other at the two ends of the tube. (Our optical studies
will later show that the colours which appear at the anode and cathode
are also in complete accord with this.)

At this point in our discussion it is possible to raise, without risk of
confusing the issue, the question of the distribution of the two
electric forces over the pairs of substances concerned in the genera
tion of electricity both by friction and in the galvanic way. This dis-



tribution seems to contradict the picture to which the foregoing ob-
servations have led us, for in both instances the 'sulphurous sub-
stances (resin in one, the nobler metalsin the other) become bearers
of negative electricity; while the 'saliné substances (glass and the
corrosive metals) carry positive electricity. Such a criss-crossing of
the poles—surprising as it seems at first sight—is not new to us. We
have met it in the distribution of function of the plant's organs of
propagation, and we shall meet afurther instance of it when studying
thefunction of the human eye. Futureinvestigation will haveto find
theprinciple common to all instancesin nature where such aninter-
change of the poles prevails.

While the electric field arising round an eectrified piece of matter
does not alow any recognition of the absolute characteristics of the
two opposing electrical forces, we do find them revealed by the distri-
bution of dectricity in the human body. Something similar holds good
for magnetism. Only, to find the phenomena from which to read the
absolute characteristics of the two sides of the magnetic polarity, we
must not turn to the body of man but to that of the earth, one of
whose characteristics it is to be as much the bearer of a magnetic
field as of gravitational and levitational fields. Thereis significancein
the fact that even to-day, when the tendency prevails to look for
causss of natural phenomena not in the macrocosmic expanse, but in
the microscopic confines of space, the two poles of magnetism are
named after the magnetic poles of the earth. It indicates the degree to
which man's fegling instinctively relates magnetism to the earth as a
whole.

In our newly developed terminology we may say that magnetism,
as a polarity of the second order, represents a field of force both of
whose poles are situated within finite space, and that in the macro-
telluric mother-field this situation is such that the axis of this field
coincides more or less with the axis of the earth's physical body. Thus
the magnetic polarization of the earth as a letter in nature's script
bids us rank it alongside other phenomenawhich in their way are an
expression of the earth's being polarized in the north-south direc-
tion.

The Austrian geographer, E. Suess, in hisgreat work The Counten-
ance of the Earth, first drew attention to the fact that an observer
approaching the earth from outer space would be struck by the one-
Sded distribution and formation of the earth's continents. He would



notice that most of the dry land is in the northern hemisphere, leaving
the southern hemisphere covered mainly with water. In terms of the
basic elementary qualities, this means that the earth is predominantly
'dry" in its northern half, and 'moist' in its southern.

In this fact we have a symbol which tells us that the earth repre-
sents a polarity of the second order, with its 'salt'-pole in the north
and its 'sulphur'-pole in the south. Hence the magnetism called
'‘North' must be of saline and therefore spherical nature, correspond-
ing to the negative pole in the realm of eectricity, while 'South'
magnetism must be of sulphurous—i.e. radial—nature, correspond-
ing to positive electricity. Moreover, this must hold good equally for
thefields of magnetic force generated by naturally magnetic or artifi-
cialy magnetized pieces of iron. For the circumstance that makes a
piece of matter into a magnet is simply that part of the general mag-
netic field of the earth has been drawn into it. Of especid interest in
this respect is the well-known dependence of the direction of an
dectricdly produced magnetic field on the position of the poles of
the electric field.

*

The insight we have now gained into the nature of electricity has
led us to the realization that with every act of setting electromagnetic
energies in motion we interfere with the entire levity-gravity balance
of our planet by turning part of the earth's coherent substance into
cosmic 'dust’. Remembering our picture of radioactivity, in which we
recognized a sign of the earth's old age, we may say that whenever we
generate electricity we speed up the earth's process of cosmic ageing.
Obvioudly thisis tremendously enhanced by the creation of artificial
radioactivity along the lines recently discovered, whereby it has now
become possible to transmute chemica elements into one another, or
even to cancel altogether their gravity-bound existence.

To seethingsin thislight is to realize that with our having become
able to rouse eectricity and magnetism from their dormant state and
make them work for us, a gigantic responsibility has devolved upon
mankind. It was man's fate to remain unaware of this fact during the
first phase of the electrification of his civilization; to continue now in
this state of unawareness would spell peril to the human race.

The fact that modern science has long ceased to be a 'natural’
science is something which has begun to dawn upon the modern
scientific researcher himself. What has thus come to him as a question



finds a definite answer in the picture of electricity we have been able
to deveop. It is again Eddington who has drawn attention particu-
larly to this question: see the chapter, 'Discovery or Manufacture?
in his Philosophy of Physical Science. It will be appropriate at this
point to recall his remarks, for they bear not only on the outcome of
our own present discussion, but also, as the next chapter will show,
on the further course of our studies.

Eddington starts by asking: "When Lord Rutherford showed usthe
aomic nucleus, did he find it or did he make it? Whichever answer
wegive, Eddington goes onto say, makesno differenceto our admira-
tion for Rutherford himself. But it makes al the difference to our
ideas on the structure of the physica universe. To make clear where
the modern physicist stands in this respect, Eddington uses a striking
comparison. If a sculptor were to point in our presence to a raw
block of marble saying that the form of a human head was lying hid-
den in the block, 'al our rationa instinct would be roused against
such an anthropomorphic speculation'’. For it is inconceivable to us
that nature should have placed such a form inside the block. Roused
by our objection, the artist proceeds to verify his theory experiment-
aly—'with quite rudimentary apparatus, too: merely using a chisd
to separate the form for our inspection, he triumphantly proves his
theory.'

'Was it in this way', Eddington asks, 'that Rutherford rendered
concrete the nucleus which his scientific imagination had created?
Onethingiscertain: 'In every physical laboratory we see ingeniously
devised tools for executing the work of sculpture, according to the
designs of the theoretical physicist. Sometimes the tool dips and
carves off an odd-shaped form which he had not expected. Then we
have a new experimental discovery,’

To this analogy Eddington adds the following even more drastic
one: 'Procrustes, you will remember,' he says, 'stretched or chopped
down his guests to fit the bed he constructed. But perhaps you have
not heard the rest of the story. He measured them up before they |eft
the next morning, and wrote a learned paper On the Uniformity of
Sature of Travellers for the Anthropological Society of Attica.'

*

Beddes yidding a definite answer to the question of how far the
seemingly discovered facts of science are manufactured facts, our
newly won insight into the nature of the eectric and magnetic polar-



ties throws light also on the possibility of so handling both that their
application will lead no longer to a cancellation, but to a true con-
tinuation, of nature's own crestive deeds.

An example of this will appear in the next part of our studies,
devoted to observations in the field of optics.



CHAPTER XIV
Colours as 'Deeds and Sufferings of Light'

'As for what | have done as a poet, | take no pride in it whatever.
Excdlent poets have lived at the same time as myself; poets more
excellent have lived before me, and others will come after me. But
that in my century |1 am the only person who knows the truth in the
difficult stience of colours—of that, 1 say, | am not a little proud, and
here | have a consciousness of a superiority to many.'

In these words spoken to his secretary, Eckermann, in 1829, afew
years before his death, Goethe gave his opinion on the significance of
his scientific researches in the field of optical phenomena. He knew
that the path he had opened up had led him to truths which belong to
the origina truths of mankind. He expressed this by remarking that
his theory of colour was 'as old as the world'.

If in this book we come somewhat late to a discussion of Goethe's
colour-theory, in spite of the part it played in his own scientific
work, and in spite of its sgnificance for the founding of a physics
based on his method, the reasons are these. When Goethe undertook
his studies in thisfield he had not to reckon with the forms of thought
which have become customary since the development of mechanistic
and above al—to put it concisely—of 'dectricaligtic' thinking. Before
ahearing can be gained in our age for a physics of Light and Colour
as conceived by Goethe, certain hindrances must first becleared away.
So apicture onthe one hand of matter, and onthe other of eectricity,
such as is given when they are studied by Goethean methods, had
first to be built up; only then is the ground provided for an unpreju-
dicedjudgment of Goethe's observations and the deductions that can
be made from them to-day.

As Professor Heisenberg, in his lecture quoted earlier (Chapter I1),
rightly remarks, Goethe strove directly with Newton only in the
realms of colour-theory and optics. Nevertheless his campaign was



not merely against Newton's opinions in this field. He was guided
throughout by the conviction that the fundamental principles of the
whole Newtonian outlook were at stake. It was for this reason that
his polemics against Newton were so strongly expressed, although he
had no fondness for such controversies. In looking back on that part
of the Farbenlehre which he had himself caled 'Polemicd’ in the
title, he said to Eckermann: 'l by no means disavow my severe dissec-
tions of the Newtonian statements; it was necessary at the time and
will also haveits value hereafter; but at bottom al polemical action
iS repugnant to my nature, and | can take but little pleasure in it.'

The reason why Goethe chose optics as the field of conflict, and
devoted to it morethan twenty years of research and reflexion, amidst
dl the other labours of his rich life, lay certainly in his individua
temperament—'zum Sehen geboren, zum Schauen bestellt'.> At the
same time one must see here a definite guidance of humanity. Since
the hour had struck for mankind to take the first step towards over-
coming the world-conception of the one-eyed, colour-blind onlooker,
what step could have been more appropriate than this of Goethe's,
when he raised the ey€'s capacity for seeing colours to the rank of an
instrument of scientific cognition?

In point of fact, the essential difference between Goethe's theory of
colour and the theory which has prevailed in science (despite al
modifications) since Newton's day, lies in this: While the theory of
Newton and his successors was based on excluding the colour-
seeing faculty of the eye, Goethe founded his theory on the eye's
experience of colour.

*

In view of the present scientific conception of the effect which a
prismatic piece of atransparent medium has on light passing through
it, Goethe's objection to Newton's interpretation and the conclusions
drawn from it seems by no means as heretica as it did in Goethe's
own time and for a hundred years afterwards. For, as Lord Rayleigh
and others have shown, the facts responsible for the coming into
being of the spectral colours, when these are produced by a diffrac-
tion grating, invalidate Newton's idea that the optical apparatus
serves to reveal colours which are inherent in the original light. To-
day it is known that these colours are an outcome of the interference

' To s is my dower, to look my employ. Words of the Tower-Watcher in
Faust, 11, 5, through which Goethe echoes his own relation to the world.



of the apparatus (whether prism or grating) with the light. Thus we
find Professor R. W. Wood, in the opening chapter of his Physical
Optics, after having described the historical significance of Newton's
conception of the relation between light and colour, saying: 'Curi-
oudly enough, this discovery, which we are taking as marking the
beginning of a definite knowledge about light, is one which we shal
demolish in the last chapter of this book," for our present ideas re-
garding the action of the prism more nearly resemble the idea held
previous to Newton's classical experiments. We now believe that the
prism actually manufactures the coloured light.'

We find ourselves faced here with an instance of the problem,
'Discovery or Manufacture? dealt with by Eddington in the manner
described in our previous chapter. This very instance is indeed used
by Eddington himsdf as a case in which the answer is definitely in
favour of 'manufacture’. Nevertheless, Eddington complains, experts,
in spite of knowing better, keep to the traditiond way of spesking
about the spectra colours as being originally contained in the light.
'Such is the glamour of a historical experiment.” It is for the same
reason that Goethe's discovery continues to be unrecognized by the
majority of scientists, who prefer, instead of examining the question
for themselves, to join in the traditional assertion that ‘Goethe never
understood Newton'.

*

As Goethe relates at the conclusion of the ‘historical' part of his
Farbenlehre,® he was drawn to study colour by his wish to gain some
knowledge of the objective laws of aesthetics. He felt too close to
poetry to be able to study it with sufficient detachment, so he turned
to painting—an art with which he felt sufficiently familiar without
being connected with it creatively—hoping that if he could discover
the laws of one art they would prove applicable to others.

Hisvistto Italy, aland rich both in natural colour and in works of
art, gave him awelcome opportunity to pursue thisinquiry, but for a
long time he made no headway. The paintings he saw suggested no
inherent law in their arrangement of colours, nor could the painters
he questioned tell him of one The only quaitative distinction

! The last chapter but two in the edition of 1924.

2 For the drastic and as such very enlightening way in which Eddington
presentsthe problem, thereader isreferred to Eddington'sown description.

¥ Konfession des Verfassers.



they seemed to recognize was between ‘cold’ and ‘warm' colours.

His own observations led him to a definite experience of the quality
of the colour blue, for which he coined the phrase ‘feebleness of blue
('Ohnmacht des Blau'). In some way this colour seemed to him to be
related to black. In order to rouse his artist friends and to stimulate
their reflexions, heliked to indulgein paradoxes, as when he asserted
that bluewas not acolour at al. Hefound, however, astime went on,
that in this way he came no nearer his goal.

Although the splendour of colour in the Italian sky and the Itdian
landscape made a powerful impression on Goethe, he found not
enough opportunity for systematic study to alow him to arrive at
more than a dim surmise of some law underlying the occurrence of
colour in nature. Still, there was one thing he took home with him as
a result of his labours. He had grown convinced that ‘the first ap-
proach to colours as physical phenomena had to be sought from the
side of their occurrence in nature, if onewould gain an understanding
of them in relation to art'.

Back at home, he strove to recollect the theory of Newton as it was
being taught in schools and universities—namely, that ‘colours in
their totality are contained in light'. Hitherto he had had no occasion
to doubt the correctness of this theory. Like everyone ese, he had
heard it expounded in lectures as an incontestable result of empirica
observation, though without this ever having been shown to him by
way of experiment. He convinced himself by consulting amanual that
his recollection was correct, but a the same time he found that the
theory there set forth gave no help in answering his questions.* So he
decided to examine the phenomena for himself.

For this purpose he borrowed a st of prisms from a friend living
in near-by Jena, the physicist, Bittner. Since, however, he had at that
time no opportunity of arranging a dark chamber on Newton's lines,
where the necessary ray of light from atiny holein the window-cover-
ing was sent through a prism, he postponed the whole thing, until in
the midst of al his many other interests and duties it was forgotten.
In vain Blttner pressed many times for the return of the prisms; at
last he sent a mutual acquaintance with the injunction not to return
without them. Goethe then searched for the long-neglected apparatus
and determined to take a rapid glance through one of the prisms
before he gave them back.

! Colour as quality being no essential factor in the scientific explanation of the
spectrum.



He recdled dimly his pleasure as a boy at the vision of the world
given him through a bit of similarly shaped glass. 'l well remember
that everything looked coloured, but in what manner | could no
longer recollect. | wasjust then in aroom completely white; remem-
bering the Newtonian theory, | expected, as | put the prism to my
eye, to find the whole white wall coloured in different hues and to see
the light reflected thence into the eye, split into as many coloured
lights.

'‘But how astonished was | when the white wall seen through the
prism remained white after as before. Only where something dark
came against it amore or less decided colour was shown, and at last
the window-bars appeared most vividly coloured, while on the light-
grey sky outside no trace of colouring was to be seen. It did not need
any long consideration for me to recognize that aboundary or edgeis
necessary to call forth the colours, and | immediately said aloud, as
though by instinct, that the Newtonian doctrine is false.'

For Goethe, there could be no more thought of sending back the
prisms, and he persuaded Bittner to leave them with him for some
time longer.

Goethe adds a short account of the progress of the experiments he
now undertook as well as of his efforts to interest others in his dis-
covery. He makes grateful reference to those who had brought him
understanding, and who had been helpful to him through the ex-
change of thoughts. Among these, apart from Schiller, whom Goethe
especialy mentions, we find a number of leading anatomists, chem-
ists, writers and philosophers of his time, but not a single one of the
physicists then active in teaching or research. The 'Guild' took up an
attitude of complete disapprova or indifference, and so have things
remained till a hundred years after his death, as Goethe himsdf
prophesied.

One of the first systematic pieces of work which Goethe undertook
in order to trace the cause of the Newtonian error was to go through
Book | of Newton's Optics, sentence by sentence, recapitulate New-
ton's experiments and rearrange them in the order which seemed to
him essentia. In so doing he gained an insight which was funda-
mental for dl future work, and often proved very beneficia in the
perfecting of his own methods. His examination of the Newtonian
procedure showed him that the whole mistake rested on the fact that
‘a complicated phenomenon should have been taken as a basis, and
the simpler explained from the complex'. Nevertheless, it still needed



'much time and application in order to wander through all the laby-
rinths with which Newton had been pleased to confuse hissuccessors.

*

It seems a small thing, and yet it is a great one, which Goethe, as
the above description shows, discovered almost by chance. This is
shown by the conclusions to which he was led in the systematic
prosecutions of his dlscovery An account of them is given in his
Beitrage zur Optik," published in 1791, the year in which Galvani
came before the public with his observations in the sphere of
eectricity.

Goethe describes in this book the basic phenomena of the creation
of the prismatic colours, with particulars of a number of experiments
so arranged that the truth he had discovered, contrary to Newton's
view, comes to light through the very phenomena themsglves. Only
much later, in the year 1810, and after he had brought to a certain
conclusion four years previoudly the researches which he had pursued
most carefully the whole time, did he make public the actual master-
piece, Entwurf einer Farbenlehre.? (An English trandation of the
didactic part appeared about ten years after Goethe's death.)

While leaving a more detailed description of the composition of
Goethe's Entwurffor our next chapter, we shall here deal at oncewith
some of the essential conclusions to which the reader is led in this
book. As already mentioned, Goethe's first inspection of the colour-
phenomenon produced by the prism had shown him that the pheno-
menon depended on the presence of a boundary between light and
darkness. Newton's attempt to explain the spectrum out of light
alone appeared to him, therefore, as an inadmissible setting aside of
one of the two necessary conditions. Colours, so Goethe gleaned dir-
ectly from the prismatic phenomenon, are caused by both light and
its counterpart, darkness. Hence, to arrive at an idea of the nature of
colour, which was in accord with its actual appearance, he saw him-
sf committed to an investigation of the extent to which the qualita
tive differencesin our experience of coloursrestsupon their differing
proportions of light and darkness.

It is characteristic of Goethe's whole mode of procedure that he at
once changed the question, 'What is colour? into the question,
'How does colour arise? It was equally characteristic that he did not,
as Newton did, shut himselfinto a darkened room, so asto get hold

! Contributions to Optics. 2 Qutline of a Theory of Colour.



of the colour-phenomenon by means of an artificially set-up appara-
tus. Instead, he turned first of al to nature, to let her give him the
answer to the questions she had raised.

It was clear to Goethe that to trace the law of the genesis of colour
in nature by reading her phenomena, he must keep a look-out for
occurrences of colours which satisfied the conditions of the Ur-
phanomen, as he had learned to know it. This meant that he must ask
of nature where shelet colours arise out of light and darkness in such
away that no other conditions contributed to the effect.

He saw that such an effect was presented to his eyewhen he turned
his gaze on the one hand to the blue sky, and on the other to the
ydlowish luminous sun. Where we see the blue of the heavens, there,
spread out before our eyes, is universal space, which as such is dark.
Why it does not appear dark by day as wel as by night is because we
see it through the sun-illumined atmosphere. The opposite role is
played by the atmosphere when we look through it to the sun. In the
first instance it acts as a lightening, in the second as a darkening,
medium. Accordingly, when the optical density of the air changes as a
result of its varying content of moisture, the colour-phenomenon
undergoes an opposite change in each of the two cases. Whilst with
increasing density of the air the blue of the sky brightens up and
gradualy passes over into white, the yellow of the sun gradualy
darkens and finally gives way to complete absence of light.

The ur-phenomenon having once been discovered in the heavens,
could then easily be found elsawhere in nature on a large or small
scade—as, for instance, in the blue of distant hills when the air is
sufficiently opague, or in the colour of the colourless, slightly milky
opa which looks a degp blue when one sees it against a dark back-
ground, and areddishyellow when one holdsit against thelight. The
same phenomenon may be produced artificialy through the clouding
of glasswith suitable substances, as onefindsin various glass handi-
craft objects. The aesthetic effect is due to the treated glass being so
fashioned asto present continually changing anglesto thelight, when
both colour-poles and dl the intermediate phases appear smultane-
oudly. Itisaso possibleto produce the ur-phenomenon experiment-
dly by placing a glass jug filled with water before a black back-
ground, illuminatingthejugfromtheside, and gradually cloudingthe
water by the admixture of suitable substances. Whilst the brightness
appearinginthedirection of thelight goes over fromyellow and orange
to an increasingly red shade, the darkness of the black background



brightens to blue, which increases and passes over to amilky white.

It had already become clear to Goethe in Italy that al colour-
experience is based on a polarity, which he found expressed by
painters as the contrast between 'cold' and ‘warm' colours. Now that
the coming-into-being of the blue of the sky and of the yellow of the
sun had shown themselves to him as two processes of opposite char-
acter, he recognized in them the objective reason why both colours
are subjectively experienced by us as opposites. 'Blue is illumined
darkness—yellow is darkened light'—thus could he assert the ur-
phenomenon, while he expressed the relation to Light of colours in
their totality by saying: 'Colours are Deeds and Sufferings of Light.'

With this, Goethe had taken the first decisive step towards his goal
—thetracing of man's aesthetic experience to objectivefacts of nature.

If we use the expressions of preceding chapters, we can say that
Goethe, in observing the coloured ur-phenomenon, had succeeded in
finding how from the primary polarity, Light—Dark, the opposition
of the yellow and blue colours arises as a secondary polarity. For such
an interplay of light and darkness, the existence of the air was seen to
be a necessary condition, representing in the one case alightening, in
the other, a darkening element. That it was able to play this double
role arose from its being on the one hand pervious to light, while yet
possessing a certain substantial density. For a medium of such a
nature Goethe coined the expression triibes Medium.

There seems to be no suitable word in English for rendering the
term tribe in the sense in which Goethe used it to denote the optical
resistance of a more or less transparent medium. The following re-
marks of Goethe's, reported by his secretary Riemer, will give the
reader a picture of what Goethe meant by this term, clear enough to
allow us to use the German word. Goethe's explanation certainly
shows how inadeguate it is to translate triibe by ‘cloudy’ or 'semi-
opague' as commentators have done. 'Light and Dark have a com-
mon field, a space, a vacuum in which they are seen to appear. This
space is the realm of the transparent. Just as the different colours are
related to Light and Dark as their creative causes, so is their corpor-
ed part, their medium, Tribe, related to the transparent. The first
diminution of the transparent, i.e. the first dightest filling of space,
the first disposition, as it were, to the corporedl, i.e. the non-trans-
parent—this is Triibe.”

! See Rudolf Steiner's editi on of Goethe's Farbenlehre under Paralipomena zur
Chromatik, No. 27.



After Goethe had once determined from the macrotelluric pheno-
menon that an interplay of light and darkness within Triibe was
necessary for the appearance of colour in space, he had no doubt that
the prismatic colours, too, could be understood only through the
coming together of al these three elements. It was now his task to
examine in what way the prism, by its being tribe, brings light and
darkness, or, as he aso expressed it, light and shadow, into interplay,
when they meet at aboundary.

We must remember that on first looking through the prism Goethe
had immediately recognized that the appearance of colour is aways
dependent on the exigtence of a boundary between light and darkness
—in other words, that it is a border phenomenon. What colours
appear on such a border depends on the position of light and dark-
ness in relation to the base of the prism. If thelighter part is nearer to
the base, then blue and violet tints are seen at the border, and with
the reverse position tints of yellow and red (Plate B, Fig. i). Along
this path of study Goethefound no reason for regarding the spectrum-
phenomenon as complete only when both kinds of border-phenomena
appear smultaneoudly (let alone when—as a result of the smallness of
the aperture through which the light meets the prism—the two edges
lie so close that a continuous band of colour arises). Hence we find
Goethe—unlike Newton—treating the two ends of the spectrum as
two separate phenomena

In this way, the spectrum phenomenon gave Goethe confirmation
that he had succeeded in expressing in a generally valid form the law
of the origin of the blue and the yellow colours, as he had read it from
the heavens. For in the spectrum, too, where the colour blue appears,
there he saw darkness being lightened by a shifting of theimage of the
border between light and dark in the direction of darkness, where
yellow appears, he saw light being darkened by a shifting of the
image in the direction of light. (Seethe arrow in Fg. i.)

In the colours adjoining these—indigo and violet on the blue side,
orange and red on the ydlow side—Goethe recognized 'heightened'
modifications of blue and yellow. Thus he had learnt from the macro-
telluric realm that with decreasing density of the corporead medium,
the blue sky takes on ever deegper tones, while with increasing density
of the medium, theyellow of the sunlight passes over into orange and
finally red. Prismatic phenomenon and macrotelluric phenomenon
were seen to correspond in this direction, too.

Faithful to his question, 'How does colour arise? Goethe now pro-



ceeded to investigate under what conditions two borders, when
placed opposite each other, provide a continuous band of colour—
that is, a colour-band where, in place of the region of uncoloured
light, green appears. This, he observed, came about if one brought
one's eye, or the screen intercepting the light, to that distance from
the prism where the steadily widening yellow-red and the blue-violet
colour-cones merge (Fig. ii).! Obviously, this distance can be
atered by atering the distance between the two borders. In the case
of an extremely narrow light-space, the blue and yellow edges will
immediately overlap. Yet the emergence of the green colour will
always be due to aunion of the blue and yellow colours which spread
from the two edges. This convinced Goethe that it isinadmissible to
place the green in the spectrum in line with the other colours, asis
customary in the explanation of the spectrum since Newton's
time.

Thisinsight into the relation of the central colour of the continuous
spectrum to its other colours still further strengthened Goethe's con-
viction that in the way man experiences nature in his soul, objective
laws of nature come to expression. For just as we experience the
colours on the blue side of the spectrum as cold colours, and those on
the yellow side as warm colours, so does green give man the im-
pression of aneutral colour, influencing usin neither direction. And
just as the experience of the two polar colour-rangesis an expression
of the objective natural law behind them, so too is the experience of
green, the objective conditions of whose origin give it a neutral pos-
tion between the two. With thisit also became clear why the vegeta-
tive part of the plant organism, the region of leaf and stem formation,
wherethelight of the sun entersinto aliving union with the density of
earthly substance, must appear in a garment of green.

*

Having in this way found the clue to the true genesis of the spect-
rum, Goethe could not fail to notice that it caled for another—a
‘negative’ spectrum, its polar opposite—to make the halfinto awhole.
For he who has once learnt that light and darkness are two equally
essential factors in the birth of colour, and that the opposing of two
borders of darkness so as to enclose alight is a 'derived' (abgeleitet)
experimental arrangement, is naturally free to ater the arrangement

! Goethe's own representation of the phenomenon. (The diagram is simplified
by omitting one colour on each side))



and to supplement it by reversing the order of the two borders, thus
letting two lights enclose a darkness between them.

If one exposes an arrangement like this to the action of the prism,
whose position has remained unchanged, colours appear on esch of
the two edges, as before, but in reverse order (Fig. iii). The spectral
phenomenon now begins at one side with light blue and passes into
indigo and violet, with uncoloured darkness in the centre. From this
darkness it emerges through red and passes through orange to yellow
at the other end.

Again, where the two interior colour-cones merge, there an addi-
tional colour appears. Like green, it is of a neutral character, but at
the same time its quality is opposite to that of green. In Newtonian
optics, which assumes colour to be derived from light only, this
colour has naturally no existence. Yet in an optics which has learnt
to reckon with both darkness and light as generators of colour, the
complete spectrum phenomenon includes this colour equaly with
green. For lack of an existing proper name for it, Goethe termed it
'pure red' (since it was free from both the blue tinge of the mauve,
and the yellow tinge of the red end of the ordinary spectrum), or
‘peach-blossom’  (pfirsichblit), or 'purple’ (as being nearest to the
dye-stuff so cdled by the ancients after the mollusc from which it was
obtained).!

It needs only a glance through the prism into the sunlit world to
make one convinced of the natural appearing of this ddicate and at
the same time powerfully luminous colour. For anarrow dark object
on alight field is a much commoner occurrence in nature than the
enclosng by two broad objects of anarrow space of light, the condi-
tion necessary for the emergence of a continuous colour-band with
greeninthemiddle. In fact, the spectrum which science since thetime
of Newton regards as the only one, appears much more rarely among
natural conditions than does Goethe's counter-spectrum.

With the peach-blossom a fresh proof is supplied that what man
experiencesin his soul isin harmony withthe objectivefacts of nature.
Aswith green, we experience peach-blossom as a colour that leaves us
in equilibrium. With peach-blossom, however, the equilibrium is of a
different kind, owing to the fact that it arises from the union of the
colour-poles, not at their original stage but in their 'heightened' form.
And so green, the colour of the plant-world harmony given by nature,

! This is not to be confused with the meaning of 'purple’ in modern English
usage.



stands over against 'purple, the colour of the human being striving
towards harmony. By virtue of this quality, purple served from anti-
quity for the vesture of those who have reached the highest stage of
human development for their time. This characteristic of the middle
colours of the two spectra was expressed by Goethe when he called
green 'real totality', and peach-blossom ‘ideal totality'.

From this standpoint Goethe was able to smile at the Newtonians.
He could say that if they persisted in asserting that the colourless, so-
cdled 'white' light is composed of the seven colours of the ordinary
spectrum—red, orange, yellow, green, blue, indigo, violet—thenthey
werein duty bound to maintain a so that the colourless, 'black' dark-
ness is composed of the seven colours of the inverted spectrum—
yellow, orange, red, purple, violet, indigo, blue.

Despite the convincing force of this argument, the voice of the
Hans Andersen child speaking through Goethefailed to gain ahear-
ing among the crowd of Newtonian faithful. So has it been up to the
present day—regardless of the fact that, as we have shown, modern
physics has reached results which make a contradiction of the New-
tonian concept of the mutual relation of light and colour no longer
appear so heretical as it was in Goethe's time.

*

When we compare the way in which Goethe, on the one hand, and
the physical scientist, on the other, have arrived at the truth that
what Newton held to be 'discovery' was in actual fact ‘'manufacture’,
we find ourselves faced with another instance of afact which we have
encountered before in our study of electricity. It is the fact that a
truth, which reveals itself to the spectator-scientist only as the result
of a highly advanced experimental research, can be recognized
through quite simple observation when this observation is carried out
with the intention of letting the phenomena themselves speak for
their 'theory'.

Furthermore, there is a corresponding difference in the effect the
knowledge of such truth has on the human mind. In the field of
electricity we saw that together with the scientist's recognition of the
absolute qualities of the two polar forms of dectricity a false semb-
lance of reality was lent to the hypothesis of the atomic structure of
matter. Something similar has occurred in the field of optics. Here,
after having been forced to recognize the fallacy of Newton's theory,
the spectator's mind has been driven to form a concept of the nature



of light which is further than ever from the truth. For what then re-
mains of light is—in Eddington’'s words—a 'quite irregular disturb-
ance, with no tendency to periodicity’, which means that to light is
assigned the quality of an undefined chaos (in the negative sense of
this word) sprung from pure chance.

Moreover, as Eddington shows, the question whether the optical
contrivance 'sorts out' from the chaotic light a particular periodicity,
or whether it 'impresses this on the light, becomes just 'a matter of
expression’.’ So here, too, the modern investigator is driven to a
resigned acknowledgment of the principle of Indeterminacy.

No such conclusions are forced upon the one who studies the
spectrum phenomenon with the eyes of Goethe. Like the modern
experimenter, he, too, isfaced with the question 'Discovery or Manu-
facture? and he, too, finds the answer to be 'Manufacture'. But to
him nature can disclose herself as the real manufacturer, showing
him how she goes to work in bringing about the colours, because in
following Goethe he is careful to arrange his observations in such a
way that they do not veil nature's deeds.

! This follows from the application of Fourier's Theorem, according to which
every vibration of any kind is divisble into a sum of periodic partial vibrations,
and therefore is regarded as compounded of these.



CHAPTER XV

Seeing as 'Deed—I

Having made ourselves so far acquainted with the fundamentals
of Goethe's approach to the outer phenomena of colour involved in
the spectrum, we will leave this for a while to follow Goethe along
another no less essential line of inquiry. It leads us to the study of
our own process of sight, by means of which we grow aware of the
optica facts in outer space.

*

The importance which Goethe himself saw in this aspect of the
optica problem is shown by the place he gave it in the didactic part
of hisFarbenlehre. Thefirst three chapters, after the Introduction, are
cdled 'Physiologica Colours, 'Physica Colours, and 'Chemica
Colours. In the first chapter, Goethe summarizes a group of pheno-
mena which science cdls 'subjective’ colours, since their origin is
traced to events within the organ of sight. The next chapter deals with
an actual physics of colour—that is, with the appearance of colours
in external space as aresult of the refraction, diffraction and polari-
zation of light. The third chapter treats of materia coloursin relation
to chemical and other influences. After two chapters which need not
concern us here comes the sixth and last chapter, entitled 'Physical-
Moral Effect of Colour' (‘'Snnlich-sittliche Wirkung der Farben’),
which crowns the whole. There, for the first time in the history of
modern science, a bridge is built between Physics, Aesthetics and
Ethics. We remember it was with this aim in view that Goethe had
embarked upon his search for the solution of the problem of colour.

In this chapter the experiencing of the various colours and their
interplay through the human soul is treated in many aspects, and
Goethe is able to show that what arises in man's consciousness as
qualitative colour-experience is nothing but a direct 'becoming-



inward' of what is manifested to the 'reader's eye and mind as the
objective nature of colours. So, in one realm of the sense-world,
Goethe succeeded in closing the abyss which divides existence and
consciousness, so long as the latter is restricted to a mere onlooker-
relationship towards the sense-world.

If we ask what induced Goethe to treat the physiological colours
before the physical colours, thus deviating so radically from the
order customary in science, we shall find the answer in apassage from
the Introduction to his Entwurf. Goethe, in giving his views on the
connexion between light and the eye, says. 'The eye owes its exisence
to light. Out of indifferent auxiliary animal organs the light calls
forth an organ for itsef, dmilar to its own nature; thus the eye is
formed by the light, for the light, so that the inner light can meet the
outer.' In averse, which reproduces in poetic form a thought origin-
aly expressed by Plotinus, Goethe sums up his idea of the creative
connexion between eye and light asfollows:

"Unless our eyes had something of the sun,
How could we ever look upon the light?
Unless there lived within us God's own might,
How could the Godlike give us ecstasy?"

(Trans. Stawell-Dickinson)

By expressing himself in thisway in the Introduction to his Farben-
lehre, Goethe makes it clear from the outset that when he speaks of
'light' as the source of colour-phenomena, he has in mind an idea
of light very different from that held by modern physics. For in ded-
ing with optics, physical science turns at once to phenomena of light
found outside man—in fact to phenomenainthat physical realm from
which, as the lowest of the kingdoms of nature, the observations of
natural science are bound to start. Along this path one is driven, as
we have seen, to conceive of light as a mere 'disturbance’ in the
universe, a kind of irregular chaos.

In contrast to this, Goethe ses that to gain an explanation of
natural physical phenomena which will be in accord with nature, we
must approach them on the path by which nature brings them into

1Wa' nicht das Auge sonnenhaft,
Wie kénnten wir das Licht erblicken?

Lebt' nicht in uns des Gottes eigne Kraft,
Wie kénnt' uns Gottliches entzucken!



being. In the field of light this path is one which leads from light as
cregtive agent to light as mere phenomenon. The highest form of
manifestation of creative light most directly resembling its Idea is
within man. It is there that light creates for itself the organ through
which, as manifest light, it eventually enters into human conscious-
ness. To Goetheit was therefore clear that atheory of light, whichis
to proceed in accord with nature, should begin with a study of the
eye: itsproperties, its ways of acting when it brings us information of
its deeds and sufferings in externa nature.

The eye with its affinity to light comesinto being in the apparently
dark space of the mother's womb. This points to the possession by
the human organism of an 'inner’ light which first forms the eye from
within, in order that it may afterwards meet thelight outside. Itisthis
inner light that Goethe makes the starting-point of his investigations,
and it is for this reason that he treats physiological colours before
physical colours.

*

Of fundamental significance as regards method is the way in which
Goethe goes on from the passage quoted above to speak of the
activity of theinner light: "This immediate affinity between light and
the eye will be denied by none; to consider them identica in sub-
danceis less easy to comprehend. 1t will be moreintelligible to assert
that a dormant light resides in the eye, and that this light can be ex-
cited by the dightest cause from within or from without. In darkness
we can, by an effort of imagination, cal up the brightest images; in
dreams, objects appear to us as in broad daylight; if we are awake,
the dightest external action of light is perceptible, and if the organ
suffers a mechanical impact light and colours spring forth.'

What Goethe does here is nothing less than to follow the devel op-
ment of sight to where it hasits true origin. Let us remember that a
genera source of illusion in the modern scientific picture of the world
liesin thefact that the onlooker-consciousness accepts itself as a self-
contained ready-made entity, instead of tracing itself geneticaly to
the states of consciousness from which it has developed in the course
of evolution. In redlity, the consciousness kindled by outer sense-
perception was preceded by a dreaming consciousness, and this by a
deeping consciousness, both for the individual and for humanity asa
whole. So, too, outer vision by means of the physical apparatus of
the eyewas preceded by aninner vision. In dreams we till experience



this inner vision; we use it in the activity of our picture-forming
imagination; and it plays continuously upon the process of external
sight. Why we fail to notice this when using our eye in the ordinary
way, is because of that dazzling process mentioned earlier in this
book. Goethe's constant endeavour was not to become the victim of
this blindness—that is, not to be led by day-time experience to forget
the night-side of human life. The passage quoted from the Introduc-
tion to his Farbenlehre shows how, in al that he strove for, he kept
this god in view.

How inevitably a way of thinking that seeks an intuitive under-
standing of nature is led to views like those of Goethe is shown by
thefollowing quotations from Reid and Ruskin, expressing their view
of the relationship between the eye, or the act of seeing, and externa
optical phenomena. In his Inquiry, a the beginning of his review of
visual perceptions, Reid says.

"The structure of the eye, and of al its appurtenances, the admir-
able contrivances of nature for performing all its various external and
internal motions and the variety in the eyes of different animals,
suited to their several natures and ways of life, clearly demonstrate
this organ to be a masterpiece of nature's work. And he must be very
ignorant of what hath been discovered about it, or have avery strange
cast of understanding, who can seriously doubt, whether or not the
rays of light and the eye were madefor one another with consummate
wisdom, andperfect skill in optics."*

The following passage from Ruskin's Ethics ofthe Dust (L ecture X)
brings out his criticism of the scientific way of treating of optical
phenomena:

'With regard to the most interesting of al their [the philosophers]
modes of force—light; they never consider how far the existence of it
depends on the putting of certain vitreous and nervous substances
into the formal arrangement which we cal an eye. The German
philosophers began the attack, long ago, on the other side, by telling
us there was no such thing as light at al, unless we choose to seeiit.?
Now, German and English, both, have reversed their engines, and
insist that light would be exactly the same light that it is, though
nobody could ever seeit. The fact being that the force must be there,
andtheeyethere, and 'light' meansthe effect of the one on the other—

YInquiry, VI, 1. Theitalics are Reid's.
2 Presumably Kant and his school. Schopenhauer was definitely of this
opinion.



and perhaps, aso—(Plato saw farther into that mystery than anyone
has since, that | know of)—on something a little way within the
eyes!

Remarks like these, and the further quotation given below, make
it seem particularly tragic that Ruskin apparently had no knowledge
of Goethe's Farbenlehre. This is the more remarkablein view of the
significance which Turner, with whom Ruskin stood in such close
connexion, ascribed to it from the standpoint of the artist. For the
way in which Ruskin in his Modern Painters speaks of the effect of
the modern scientific concept of colours upon the ethica-religious
feeling of man, shows that he deplores the lack of just what Goethe
had long since achieved in his Farbenlehrewhere, starting with purely
physicd observations, he had been able to develop from them a
‘physical-moral’ theory of colour.

Ruskin's alertness to the effect on ethical life of a scientific world-
picture empty of dl quditative values led him to write:

It isin raising us from the first state of inactive reverie to the
second of useful thought, that scientific pursuits are to be chiefly
praised. But in restraining us at this second stage, and checking the
impulses towards higher contemplation, they are to be feared or
blamed. They may in certain minds be consistent with such contem-
plation, but only by an effort; in their nature they are aways adverse
to it, having a tendency to chill and subdue the feglings, and to re-
solve dl things into atoms and numbers. For most men, an ignorant
enjoyment is better than an informed one, it is better to conceive the
sky as a blue dome than a dark cavity, and the cloud as a golden
throne than a deety mist. | much question whether anyone who
knows optics, however religious he may be, can feel in equal degree
the pleasure and reverence an unlettered peasant may feel at the
dght of a rainbow.’

What Ruskin did not guess was that the rudiments of the ‘moral
theory of light' for which he craved, as this passage indicates, had
been edtablished by Goethe long before.

*

In the section of his Farbenlehre deding with ‘physiologica
colours, Goethe devotes by far the most space to the so-called 'after-
images which appear in the eye as the result of stimulation by ex-
ternd light, and persist for some little time. To create such an after-
image in a ssimple way, one need only gaze at a brightly lit window



and then at afaintly lit wall of the room. The picture of the window
appears there, but with the light-values reversed: the dark cross-bar
appears as light, and the bright panes as dark.

In describing this phenomenon Goethe first gives the usual ex-
planation, that the part of the retina which was exposed to the light
from the window-panes gets tired, and is therefore blunted for fur-
ther impressions, whereas the part on which the image of the dark
framefell isrested, and soismore sensitivetotheuniformimpression
of thewall. Goethe, however, at once adds that althoughthisexplana-
tion may seem adequate for this specia instance, there are other
phenomena which can be accounted for only if they are held to
derive from a 'higher source’. Goethe means experiences with col-
oured after-images. Thiswill be confirmed by our own discussion of
the subject.

What wefirst need, however, is acloser insight into the physiologi-
cal processinthe eyewhich causes the after-images as such. Wherever
Goethe speaks of a simple activity of the retina, we are in fact con-
cerned with a co-operation of the retinawith other parts of our organ
of sight. In order to make this clear, let us consider how the eye
adapts itself to varying conditions of light and darkness.

Itis well known that if the eye has become adjusted to darkness it
is dazzled if suddenly exposed to light, even though the light be of no
more than quite ordinary brightness. Here we enter a border region
where the seeing process begins to pass over into a pathological con-
dition.! A 'secret’ of the effect of light on the eye is here revealed
which remains hidden in ordinary vision, for normally the different
forces working together in the eye hold each other in balance, so that
none is able to manifest separately. This equilibrium is disturbed,
however, when we suddenly expose the eye to light while it is adapted
to darkness. Thelight then acts on the eyein its usual way, but with-
out the immediate counter-action which normally restores the bal-
ance. Under these conditions we notice that the sudden dazzling has
a painful influence on the eye—that is, an influence in some way
destructive. This will not seem surprising if we remember that when
light strikes on the background of the eye, consciousness is quick-
ened, and this, as we know, presupposes a breaking down of sub-
stance in some part of the nervous system. Such a process does in fact

! As regards the principle underlying the line of consideration followed here,
e the remark made in Chapter V in connexion with Goethe's study of the
‘proliferated rose’ (p. 76f.).



occur in the retina, the nerve-part of the eye, when external light falls
upon it. If the eye were solely a structure of nerves, it would be so far
destroyed by the impact of light that it could not be restored even by
deep, as are the more inward parts of the nervous system. But the
eye receives dso aflow of blood, and we know that throughout the
threefold human organism the blood supplies the nervous system
with building-up forces, polarically opposite to the destructive ones.
In deep, as we have already seen, the interruption of consciousness
alows the blood to inundate the nervous system, as it were, with its
healing, building-up activity. It is not necessary, however, for the
whole of the body to passinto a condition of deep before this activity
can occur. It functions to some extent aso in the waking state, especi-
aly in those parts of the organism which, like the eye, servein the
highest degree the unfolding of consciousness.

Having established this, we have a basis for an understanding of
the complete process of vision. We see that it is by no means solely
the nerve part of the eye which is responsible for vision, as the
spectator-physiology was bound to imagine. The very fact that the
place where the optic nerve enters the eye is blind indicates that the
function of mediating sight cannot be ascribed to the nerve aone.
What we cal 'seeing' is far more the result of an interplay between
the retina carrying the nerves, and the choroid carrying the blood-
vesds. In thisinterplay the nerves are the passive, receptive organ
for the inworking of externd light, while the blood-activity comes to
meet the nerve-process with a precisely correlated action. In this
action we find what Goethe cadled the 'inner light'.

The process involved in adaptation now becomes comprehensible.
The cause of the dazzling effect of light of normal intensity on an eye
adapted to the dark, is that in such an eye the blood isin a state of
rest, and this preventsit from exercising quickly enough the necessary
counter-action to the influence of the light. A corresponding effect
occurs when one suddenly exposes to darkness the eye adapted to
light. One can easily observe what goes on then, if, after looking for
atime at an undifferentiated light surface such asthe evenly luminous
sky, one covers the opened eyes with the hollowed hands. It will then
be found that the space before the eyes isfilled by a sort of white
light, and by paying close attention one recognizes that it streams
from the eyes out into the hollowed space. It may even be severa
minutes before thefield of vision really appears black, that is, before
the activity of the inner light in the choroid has so far died away that



equilibrium prevails between the non-stimulated nerves and the non-
stimulated blood.

With this insight into the twofold nature of the process of vision
we are now able to describe more fully the negative after-image.
Although in this case, as Goethe himself remarked, the ordinary ex-
planation seems to suffice, yet in view of our later studies it may be
well to bring forward here this wider conception.

On the basis of our present findingsit is no longer enough to trace
the appearing of the after-image solely to a differential fatigue in the
retina. The fact is that as long as the eye is turned to the bright
window-pane a more intensive blood-activity occurs in the portions
of the eye's background met by the light than in those where the
dark window-bar throws its shadow on the retina. If the eye so influ-
enced is then directed to the faintly illumined wall of the room, the
differencein the activity of the blood persists for sometime. Hencein
the parts of the eye adapted to darkness we experience the faint
brightness as strongly luminous, even dazzling, whereas in the parts
more adapted to light we feel the same degree of brightness to be
dark. That the action of the inner light is responsible for the differ-
ences becomes clear if, while the negative after-image is till visible,
we darken the eye with the hollowed hands. Then at once in the dark
field of vision the positive facsimile of the window appears, woven by
the activity of the blood which reproduces the outer redlity.

Having traced the colourless after-image to ‘higher sources—that
is, to the action of the blood—Iet us now examine coloured after-
images. We need first to become conscious of the colour-creating
light-activity which resides in the blood. For this purpose we expose
the eyes for a moment to an intense light, and then darken them for a
sufficient time. Nothing in external nature resembles in beauty and
radiance the play of colour which then arises, unless it be the colour
phenomenon of the rainbow under exceptionaly favourable circum-
stances.

The physiological process which comes to consciousness in this
way as an experience of vision is exactly the same as the process
which gives us experiences of vison in dreams. There is indeed
evidence that when one awakens in a brightly lit room out of vivid
dreaming, one feels less dazzled than on waking from dreamless
deep. This indicates that in dream vision the blood in the eye is
active, just as it is in waking vision. The only difference is that in
waking consciousness the stimulus reaches the blood from outside,



through the eye, whereas in dreams it comes from causes within the
organism. The nature of these causes does not concern us here; it will
be dedlt with later. For the moment it suffices to establish the fact
that our organism is supplied with a definite activity of forces which
we experience as the appearance of certain images of vison, no mat-
ter from which side the stimulus comes. All vision, physiologicaly
considered, is of the nature of dream vision; that is to say, we owe
our day-waking sight to the fact that we are able to encounter the
pictures of the outer world, brought to us by the light, with a dream-
ing of the corresponding after-images.

Just as the smple light-dark after-image shows areversal of light-
values in relation to the externd picture, so in the coloured after-
images there is a quite definite and opposite relationship of their
colours to those of the original picture. Thus, if the eyes are exposed
for some time to an impression of the colour red, and then directed
to aneutral surface, not too brightly illuminated, one sees it covered
with a glimmering green. In thisway thereis areciprocal correspon-
dence between the colour-pairs Red-Green, Yelow-Violet, Blue-
Orange. To whichever of these six colours one exposes the eye, an
after-image always appears of its contrast colour, forming with it a
pair of opposites.

We must here briefly recal how this phenomenon is generdly ex-
plained on Newtonian lines. The starting-point is the assumption that
the eye becomes fatigued by gazing at the colour and gradually be-
comes insensitive to it. According to Newton's theory, if an eye thus
affected looks at a white surface, the sum of dl the colours comes
from there to meet it, while the eye has a reduced sensitivity to the
particular colour it has been gazing at. And so among the totality of
colours constituting the ‘white light, this one is more or less non-
exigent for the eye. The remaining colours are then believed to cause
the contrasting colour-impression.

If we apply the common sense of the Hans Andersen child to this,
we see where it actually leads. For it says no less than this: aslong as
theeyeisin anormal condition, it tells us alie about the world, for it
makes white light seem something that in redity it is not. For the
truth to become apparent, the natural function of the eye must be
reduced by fatigue. To believe that abody, functioninginthisway, is
the creation of God, and at the same time to look on this God as a
Being of absolute moral perfection, would seem a complete contra:
diction to the Hans Andersen child. In this contradiction and others



of the same kind to which nowadays every childis exposed repeatedly
and willy-nilly in school lessons and so on—we must seek the true
cause of the moral uncertainty so characteristic of young people to-
day. It was because Ruskin felt this that he caled for a 'moral’
theory of light.

Since Goethe did not judge man from artificially devised experi-
ments, but the latter from man, quite simple reflexions led him to
the following view of the presence of the contrasting colour in the
coloured after-images. Nature outside man had taught him that life
on dl levels takes it course in a perpetua interplay of opposites,
manifested externally in an interplay of diastole and systole compar-
ableto the process of breathing. He, therefore, traced theinterchange
of light-values in colourless after-images to a 'silent resistance which
every vita principle is forced to exhibit when some definite condition
is presented to it. Thus, inhalation presupposes exhalation; thus
every systole, its diastole. When darkness is presented to the eye, the
eye demands brightness, and vice versa: it revealsits vital energy, its
fitness to grasp the object, precisely by bringing forth out of itself
something contrary to the object.’

Consequently he summarizes his reflexions on coloured after-
images and their reversals of colour in thesewords: "The eye demands
actual completeness and doses the colour-circle in itsalf.” How true
thisis, the law connecting the corresponding colours shows, as may
be seen in the following diagram. Here, red, yellow and blue as three
primary colours confront the three remaining colours, green, violet
and orange in such away that each of the latter represents a mixture
of the two other primary colours. (Fig. 10)

Colour and contrast-colour are actualy so related that to what-
ever colour the eye is exposed it produces a counter-colour so as to
have the sum-total of dl the three primary colours in itself. And <o,
in consequence of the interplay of outer and inner light in the eye,
thereis always present in it the totality of al the colours.

It follows that the appearance of the contrast-colour in the field of
vision is not, as the Newtonian theory asserts, the result of fatigue,
but of an intensified activity of the eye, which continues even after
the colour impression which gave rise to it has ceased. What is seen
on the neutral surface (it will be shown later why we studiously avoid
speaking of ‘white light') is no outwardly existing colour at dl. It is
the activity of the eye itself, working in a dreamlike way from its
blood-vessal system, and coming to our consciousness by this means.



Here again, just as in the smple opposition of light and dark, the
perception of coloured after-images is connected with a breaking-
down process in the nerve region of the eye, and a corresponding
building-up activity coming from the blood. Only in this case the eye
isnot affected by simplelight, but by light of adefinite colouring. The
specific destructive process caused by this light is answered with a
specific building-up process by the blood. Under certain conditions
we can become dreamily aware of this process which normally does
not enter our consciousness. In such a case we see the contrasting
colour as coloured after-image.
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Only by representing the process in this way do we do justice to a
fact which completely eludes the onlooker-consciousness—namely,
that the eye produces the contrasting colour even while it is ill ex-
posed to the influence of the outer colour. Sincethisis so, al colours
appearing to usin ordinary vision are aready tinged by the subdued
light of the opposite colour, produced by the eyeitself. One can easily
convince oneself of this through the following experiment. Instead of
directing the eye, after it has been exposed to a certain colour, to a
neutral surface, as previoudy, gaze at the appropriate contrasting
colour. (Thefirst and second coloured surfaces should be so arranged
that the former is considerably smaller than the latter.) Then, in the
middle of the second surface (and in afield about the sze of the firdt),
its own colour appears, with a strikingly heightened intensity.



Here we find the eye producing, as usual, a contrast-colour from
out of itself, as an after-image, even while its gaze is fixed on the
same colour in the outer world. The heightened brilliance within the
given field is due to the addition of the after-image colour to the
external colour.

The reader may wonder why this phenomenon is not immediately
adduced as a decisive proof of the falacy of the whole Newtonian
theory of therélation of ‘white' light to the various colours. Although
it doesinfact offer such aproof, we have good reason for not making
this use of it here. Throughout this book it is never our intention to
enter into a contest of explanations, or to defeat one explanation by
another. How little this would help will be obvious if we redize that
research was certainly not ignorant of thefact that the opposite colour
arises even when the eyeis not turned to awhite surface. In spite of
this, science did not fed its concept of white light as the sum of al
the colours to be an error, snce it has succeeded in 'explaining' this
phenomenon too, and fitting it into the prevailing theory. Todo sois
in thorough accord with spectator-thinking. Our own concern, how-
ever, asin al earlier cases, is to replace this thinking with al its
'‘proofs’ and 'explanations by learning to read in the phenomena
themselves. For no other purpose than this the following facts also
are now brought forward.

*

Besides Rudolf Steiner's fundamental insight into the spiritual-
physical nature of the growing human being, through which he laid
the basis of atrue art of education, he gave advice on many practical
points. For example, he indicated how by the choice of a suitable
colour environment one can bring aharmonizing influenceto bear on
extremes of temperament in little children. To-day it is a matter of
practical experience that excitable children are quietened if they are
surrounded with red or red-yellow colours, or wear clothes of these
colours, whereas inactive, lethargic children are roused to inner
movement if they are exposed to the influence of blue or blue-green
colours.

This psychological reaction of children to colour is not surprising
if one knows the role played by the blood in the process of seeing,
and how differently the soul-life of manis connected with the blood-
nerve polarity of his organismin childhood and in later life. What we
have described as the polar interplay of blood and nervein the act of



sight is not confined to the narrow field of the eye. Just as the nerve
processes arising in the retina are continued to the optic centrein the
cerebrum, so must we look for the origin of the corresponding blood
process not in the choroid itsalf, but in the lower regions of the
organism. Wherever, therefore, the colour red influences the whole
nerve system, the blood system as awhole answerswith an activity of
the metabolism corresponding to the contrasting colour, green.
Similarly it reacts as awhole to a blue-violet affecting the nerve sys-
tem, this time with a production corresponding to yellow-orange.

The reason why in later years we notice this so little lies in afact
we have repeatedly encountered. The consciousness of the grown
man to-day, through its one-sided attachment to the death-processes
in the nerve region, pays no attention to its connexion with the life-
processes centred in the blood system. In this respect the condition of
the little child is quite different. Just as the child is more adeep inits
nerve system than the grown-up person, it is more awakein its blood
system. Hence in dl sense-perceptions a child is not so much aware
of how the world works on its nerve system as how its blood system
responds. And so achildin ared environment feels quietened because
it experiences, though dimly, how its whole blood system is stimu-
lated to the green production; bluish colours enliven it because it
feds its blood answer with a production of light yellowish tones.

From the latter phenomena we see once more the significance of
Goethe's arrangement of his Farbenlehre. For we are now able to
redlize that to turn one's attention to the deeds and sufferings of the
inner light means nothing less than to bring to consciousness the pro-
ceses of vison which in childhood, though in a dreamlike way,
determine the soul's experience of seeing. Through placing his exam-
ination of the physiologica colours at the beginning of his Farben-
lehre, Goethe actually took the path in scientific research to which
Thomas Reid pointed in philosophy. By adapting Reid's words we
can say that Goethe, in his Farbenlehre, proclaims as abasic principle
of atrue Optics: that we must become again as little children if we
would reach a philosophy of light and colours.



CHAPTER XVI

Seeing as 'Deed'—I|

The observation of our own visua process, which we began in the
last chapter, will serve now to free us from a series of illusory con-
cepts which have been connected by the onlooker-consciousness with
the phenomena brought about by light.

There isfirst the general assumption that light as such isvisible. In
order to redize that light is itself an invisble agent, we need only
consider a few self-evident facts—for instance, that for visibility to
arise light must always encounter some material resistance in space.
This s, in fact, an encounter between light, typifying levity, and the
density of the material world, typifying gravity. Accordingly, wher-
ever vishble colours appear we have adways to do with light meeting
its opposite.

Optics, therefore, as a science of the physicaly perceptible is never
concerned with light-alone, but aways with light and its opposite
together. Thisis actually referred to in Ruskin's statement, quoted in
the last chapter, where he speaks of the need of the 'force’ and of the
intercepting bodily organ before a science of optics can come into
exigence. Ruskin's 'light', however, is what we have learnt with
Goethe to cal 'colour', whereas that for which we reserve the term
light' is cdled by him simply ‘force.

All this shows how illusory it is to speak of ‘white' light as synony-
mous with smple light, in distinction to ‘coloured' light. And yet this
has been customary with scientists from the time of Newton until to-
day, not excluding Newton's critic, Eddington. In fact, white exists
visibly for the eye as part of the manifested world, and is therefore
properly characterized as a colour. This is, therefore, how Goethe
spoke of it. We shall see presently the specid position of white (and
likewise of black), as a colour among colours. What matters first of
all isto realize that white must be strictly differentiated from light as



such, for the function of light is to make visible the material world
without itself being visible.

To say that light is invisible, however, does not mean that it is
wholly imperceptible. It is difficult to bring the perception of light
into consciousness, for naturally our attention, when welook outinto
light-filled space, is claimed by the objects of the illuminated world,
in al their manifold colours and forms. Nevertheless the effect of
pure light on our consciousness can be observed—during a railway
journey, for instance, when we leave a tunnel that has been long
enough to bring about a complete adaptation of the eyes to the pre-
vailing darkness. Then, in the first moments of the lightening of the
field of vision, and before any separate objects catch the attention, we
can notice how the light itself exercises a distinctly expanding influ-
ence on our consciousness. We feel how the light calls on the con-
sciousness to participate, as it were, in the world outside the body.

It is possible also to perceive directly the opposite of light. This is
easer than the direct perception of light, for in the dark one is not
distracted by the sight of surrounding objects. One need only pay
attention to the fact that, after a complete adapting of the eyes to the
dark, one dill retains a distinct experience of the extension of the
field of vision of both eyes. We find here, just as in the case of light,
that our will is engaged within the eye in a definite way; a systalic
effect proceedsfrom dark, adiastolic effect from light. We have adis-
tinct perception of both, but not of anything 'visible' in the ordinary
sense.

With regard to our visual experience of white and black, it is quite
different. We are concerned here with definite conditions of corporeal
surfaces, just as with other colours, although the conditions convey-
ing the impressions of white or black are of a specid character. A
closer inspection of these conditions reveals a property of our act of
seeing which has completely escaped scientific observation, but
which is of fundamental importance for the understanding of optical
phenomena dynamically.

It is well known that a corporeal surface, which we experience as
white, has the characteristic of throwing back amost al thelight that
strikes it, whereas light is more or less completely absorbed by a sur-
face which we experience as black. Such extreme forms of interplay
between light and a corporeal surface, however, do not only occur
when the light has no particular colour, but also when a coloured
surface is struck by light of the same or opposite colour. In the first



instance complete reflexion takes place; in the second, complete
absorption. And both these effects are registered by the eye in pre-
cisdy the same manner as those mentioned before. For example, a
red surface in red light looks smply white; a green surface in red
light looks black.

The usud interpretation of this phenomenon, namely, that it con-
sigtsin asubjective 'contrast’ impression of the eye—ared surfacein
red light looking brighter, a green surface darker, than its surround-
ings, and thereby causing theillusion of white or black—is atypical
onlooker-interpretation against which there stands the evidence of
unprejudiced observation. The redlity of the ‘white' and the 'black’
seen in such cases is so gtriking that a person who has not seen the
colours of the objects in ordinary light can hardly be persuaded to
believe that they are not 'redly’ white or black. The fact is that the
white and the black that are seen under these conditions arejust as
rea as 'ordinary’ white and black. When in dther ingtance the eye
registers ‘white' it registers exactly the same event, namely, thetotal
reflexion of the light by the surface struck by it. Again, when the eye
registers 'black’ in both casesit registers anidentical process, namely,
total absorption of the light.*

Seen thus, the phenomenon informs us of the significant fact that
our eyeis not a al concerned with the colour of the light that enters
its own cavity, but rather with what happens between the light and
the surface on which the light fals. In other words, the phenomenon
shows that our process of seeing is not confined to the bodily organ
of the eye, but extends into outer space to the point where we
experience the visible object to be?

This picture of the visual process, to which we have been led here
by simple optical observation, was reached by Thomas Reid through
his own experience of how, in the act of perceiving the world, man is
linked intuitively with it. We remember that heintended in his philo-
sophy to carry ad absurdum the hypothesis that 'the images of the
externa objects are conveyed by the organs of senseto the brain and
are there perceived by the mind'. Common Sense makes Reld speak
asfollows: 'If any man will shew how the mind may perceiveimages
of the brain, | will undertake to shew how it may perceive the most

1t will be well to remember here the discussion of our experience of tempera-
ture through the sense of warmth in Chapter VIII (p. 134f).

2 Along these lines the true solution of the problem of the so-called coloured
shadows will be found, Goethe studied this without finding, however, a satis-
factory answer.



distant objects; for if we give eyes to the mind, to perceive what is
transacted at home in its dark chamber, why may we not make the
eyes a little longer-sighted? And then we shall have no occasion for
that unphilosophical fiction of images in the brain.' (Ing., VI, 12)
Reid proceeds to show this by pointing out, first, that we must only
use the idea of 'image' for truly visual perceptions; secondly, that the
sole place of thisimage is the background of the eye, and not any part
of the nervous system lying beyond; thirdly, that even this retina-
image, as such, does not come to our consciousness, but serves only
to direct the consciousness to the cause of the image, namely, the
external object itsalf. In what follows we shall ded with an observa
tion which will show how right Reid was in this respect.

Those familiar with this observation (well known indeed to those
living in the hilly and mountainous districts both here and on the
Continent) know that when distant features of the landscape, in an
otherwise clear and sunlit atmosphere, suddenly seem amost near
enough to touch, rainy weather is approaching. Likewise a conspicu-
ous increase in distance, while the sky is still overcast, foreshadows
fine weather.

This effect (the customary 'explanation’ of whichiis, asusual, of no
avall to us and so need not concern us here) ranks with phenomena
described in optics under the name of 'apparent optical depth', a
subject we shall discuss more fully in the next chapter. It suffices here
to state that it is the higher degree of humidity which, by lending the
atmosphere greater optica density (without changing its clarity),
makes distant objects seem to be closer to the eye, and vice versa. (If
we could substitute for the air a much lighter gas—say, hydrogen—
then the things we see through it would look farther off than they
ever do in our atmosphere.)

Observations such as these show us that (a) when external light
grikes the retina of our eye, our inner light is stimulated to move out
of the eye towards it; (b) in pressing outward, this inner light meets
with a certain resistance, and the extent of this determines at what
distance from the eye our visual ray comes to rest as the result of a
kind of exhaustion. Just as the outer light reaches an inner boundary
at our retina, so does the inner light meet with an outer boundary,
set by the optica density of the medium spread out before the eye,
Outer and inner light interpenetrate each other along the whole tract
between these two boundaries, but normally we are not conscious of
this process. We first become conscious of it where our active gaze—



that is, theinner light sent forth through the eye—reaches the limit of
its activity. At that point we become aware of the object of our gaze.
So here we find confirmed afact noted earlier, that consciousness—
a lesst a its present state of evolution—arises where for some
reason or other our volition conies to rest.

*

The foregoing observations have served to awaken us in a pre-
liminary way to the fact that an essential part of our act of seeing
takes place outside our bodily organ of vison and that our visual
experience is determined by what happens out there between our
gaze and the medium it has to penetrate. Our next task will be to find
out how this part of our visual activity is affected by the properties of
the different colours. We shall thereby gain afurther insight into the
nature of the polarity underlying al colour-phenomena, and this
again will enable us to move a step further towards becoming con-
scious of what happens in our act of seeing.

We shall start by observing what happens to the two sides of the
colour-scale when the optical medium assumes various degrees of
density.

For the sky to appear blue by day a certain purity of the atmo-
sphere is needed. The more veiled the atmosphere becomes the more
the blue of the sky turns towards white; the purer and rarer the atmo-
sphere, the deeper the blue, gradually approaching to black. To
mountain climbers and those who fly at great heights it is afamiliar
experience to see the sky assume a deep indigo hue. There can be no
doubt that at sill higher altitudes the colour of the sky passes over
into violet and ultimately into pure black. Thusin the case of bluethe
field of vision owes its darkening to a decrease in the resistance by
which our visual ray is met in the optical medium. It is precisdly the
opposite with yellow. For here, as the density of the medium in-
creases, the colour-effect grows darker by yellow darkening first to
orange and then to red, until finaly it passes over into complete
darkness.

This shows that our visual ray is subject to entirely different dyn-
amic effects at the two poles of the colour-scale. At the blue pole, the
lightness-effect springs from the resistant medium through which we
gaze, amedium under the influence of gravity, while the darknessis
provided by the anti-gravity quality of cosmic space, which as a
'negative' resistance exercises a suction on the eye's inner light. At



theyellow poleit isjust the reverse. Here, the resistant medium brings
about a darkening of our field of vison, while the lightness-effect
springs from a direct meeting of the eye with light, and so with the
suctional effect of negative density.

Our pursuit of the dynamic causes underlying our apperception of
the two poles of the colour-scae has led us to a point where it be-
comes necessary to introduce certain new terms to enable us to go
beyond Goethe's general distinction between Finsternis (darkness)
and Licht (light). Following Goethe, we have so far used these two
terms for what appears both in blue and yellow as the respective light
and dark ingredients. This ditinction cannot satisfy us any more. For
through our last observations it has become clear that the Finsternis
in blue and the Licht in yellow are opposites only in appearance, be-
cause they are both caused by Levity, and similarly that the lighten-
ing effect in blue and the darkening effect in yellow are both effected
by Gravity. Therefore, to distinguish between what appertains to the
primary polarity, Levity-Gravity, on the one hand, and their visble
effectsin the secondary polarity of the colours, on the other, we shall
henceforth reserve the term darkness and, with it, lightness for in-
stances where the perceptible components of the respective colours
are concerned, while speaking of Dark and Light where reference is
made to the generating primary polarity.

*

If we arejustifiedin thus tracing the colour-polarity to apolaricaly
ordered interplay between levity and gravity, we may then pursue the
following line of thought. We know from earlier considerations that
wherever such an interplay between the poles of the primary polarity
takes place, we have to do, in geometric terms, with the polarity of
sphere and radius. We may therefore conclude that the same charac-
teristics will apply to the way in which the blue of the sky and the
ydlow of the sunlight are encountered spatially. Now we need only
observe how the blue heavens arch over us sphericaly, on the one
hand, and how theyellow brightness of the sun penetrates the air ray-
wise, on the other, in order to realize that this redly is so.

Having thus established the connexion of the two poles of the
colour-scale with the spherical and radial structure of space, we are
now ableto express the Goethean ur-phenomenon in amore dynamic
way as follows: On the one hand, we see the blue of the heavens
emerging when levity is drawn down by gravity from its primd in-



visihility into visible, spherical manifestation. In the yellow of the
sunlight, on the other hand, we see gravity, under the influence of
the sun's levity, gleaming up radially into visibility. The aspect of the
two colour-poles which thus arises before us prompts us to replace
Goethe's ‘lightened Dark' by Earthward-dawning-Levity, and his
'darkened Light' by Heavenward-raying-Gravity.

We have now to show that this picture of the dynamic relationship
which underlies the appearance of the colour-polarity in the sky is
valid aso for other cases which are instances of the ur-phenomenon
of the generation of colour in Goethe's sense, but seem not to lend
themselves to the same cosmic interpretation. Such a case is the
appearance of yellow and blue when welook through a clouded trans-
parent medium towards a source of light or to a black background.
Thereis no specid difficulty herein bringing the appearance of yellow
into line with its macrotelluric counterpart, but the appearance of
blue requires some consideration.

We have seen that a corporeal surface appears as black if light
striking it is totally absorbed by it. Thus, wherever our eyeis met by
the colour black, our visual ray is engaged in a process whereby light
disappears from physical space. Now we need only bring this process
into consciousness—as we have tried to do beforein similar instances
—to redlize that what happens here to the visua ray is something
similar to what it undergoes when it is directed from the earth into
cosmic space.

Note, in this respect, the principle of the mirror as another instance
of the fact that the interplay between light and an illumined surface
can have on the visua ray an effect similar to that of external space.
For the optical processes which occur on the surface of a mirror are
such that, whilst taking place on atwo-dimensional plane, they evoke
in our consciousness pictures of exactly the same nature as if we were
looking through the mirror into the space behind it.

*

The value of our picture of the colour-polarity is shown further if
we observe how natural phenomena based on the same kind of polar-
ity in other realms of nature fit in with it. We remember that one of
Goethe's starting-points in his investigation of the riddle of colour
was the observation that of the totality of colours one part is experi-
enced as 'warm' and the other as 'cold’. Now we can go further and



say that the colours of the spherical pole are experienced as cold,
those of the radial pole as warm. This corresponds precisely to the
polarity of snow-formation and volcanic activity. The former, being
the sphericaly directed process, requires physicdly low tempera
tures; the latter, being the radially directed process, requires high
temperatures. Here, once more, we see with what objectivity the
human senses register the facts of the outer world.

Another realm of phenomena based on a similar polar order is
that of electricity. When we studied the negative and positive poles of
the vacuum tube, with regard to the polar distribution of radius and
sphere, our attention was drawn to the colours appearing on the two
electrodes—red at the (positive) anode, blue at the (negative) cathode.
Again we find a coincidence with the natural order of the colours.

Note how the qualitative dynamic method employed here brings
into direct view the relationship between light and electricity, while it
precludes the mistake of tracing light processes to those of eectricity,
as modern science does. Nor are dectric processes 'explained' from
this point of view merely as variations of light processes. Rather is
the relation between light and electricity seen to be based on the fact
that al polarities arising perceptibly in nature are creations of the
same primeval polarity, that of Levity and Gravity. The interplay of
Levity and Gravity can take on many different forms which are dis-
tinguished essentially by differences in cosmic age. Thus the colour-
polarity in its primal form, made manifest by the heavens, differs as
much from the corresponding polarity shown by the vacuum tube, as
does the lightning in the heights from the electric spark.

*

With the aid of what we have learnt here concerning outer light-
processes we shall turn once more to the activity of our own inner
light.

We may expect by now that our eye is fitted with two modes of
seeing activity, polar to each other, and that the way in which they
come into operation depends on whether the interplay of positive and
negative density outside the eye leads to the appearance of the blue-
violet or of the yellow-red side of the colour-scale. Such a polarity in
the activity of the eye can indeed be established. Along with it goes a
significant functional difference between thetwo eyes (not unlikethat
shown of the two hands).



To observethiswe need simply to compare thetwo eyes of aperson
in aphotograph by covering alternately the right and the left half of
the face. Nearly always it will be found that the right eye looks out
clearly into the world with an active expression, and the left eye with
amuch gentler one, amost held back. Artists are well aware of this
asymmetry, as of othersin the human countenance, and are careful to
depict it. An outstanding example is Raphadl's Sigine Madonna,
where in the eyes and whole countenance both of Mother and Child
this asymmetry can be studied in a specidly impressive way.

Inner observation leads to a corresponding experience. A conveni-
ent method is to exercise the two eyes in complete darkness, in the
following way. One eye is made to look actively into the space in
front of it, asif it would pierce the darkness with its visud ray, while
the activity of the other eye is held back, so that its gaze rests only
superficialy, as it were, on the darkness in front of it. Experience
shows that most people find it natural to give the active note to the
right eye, and the passive note to the I€ft.

Once one has grown conscious of this natural difference between
the two eyes, itis quite easily detected while oneis looking normally
into the light-filled environment. We thereby realize that for the two
eyesto act differently in thisway is the usual thing.

As an instance where this fact is well observed and effectively
made use of, that of shooting may be mentioned here, especidly
shooting at flying game. Those who train in this sport learn to make
acompletely different use of the two eyes in sighting the target. The
naturally more active eye—only once in about fifty casesisit the left
—is cdled by them the 'magter-eye. Whildt the less actively gazing
eyeis usualy employed for surveying thefield as awhole into which
the target is expected to enter, the master-eye is used for making
active contact with the target itsdf (‘throwing' oneself on the target
'through’ the eye).

One further observation may be added. If one looks with rested
eyes and in very faint daylight (perhaps in the early morning on
awakening) a a white surface, while opening and closing the eyes
dternately, then the white surface looks faintly reddish to the
'magter-eye, and faintly bluish to the other.

*

Following the lines of our treatment of after-images in the last
chapter, we will next inquire into the anatomical and physiologica



basis of the two opposite sight-activities. In the previous instance we
found this in the polarity of nerve and blood. This time we must look
for it in a certain twofold structure of the eye itself. We shall best
perceive this by watching the 'becoming' of the eye, thus again fol-
lowing a method first shown by Goethe.

Fig. 11 shows the human eye in different stages of its embryonic
formation. The eyeis clearly seen to consist of two parts essentialy
different in origin. Growing out from the interior of the embryonic
organismis a structure that is gradually pushed in, and in its further
development becomes the entire posterior part of the eye, destined to
carry its life-imbued functions. A second independent part grows to-
wards this from outside; this is at first a mere thickening of the
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embryonic skin formation, but later it loosens itself and presses for-
ward into the interior of the cup-shaped structure. It is gradualy
enclosed by this, and evolvesfinaly into that part of the finished eye
which embodies the optica apparatus functioning according to
purely physical laws.

This series of forms shows that in the embryonic formation of the
eye we are confronted with two processes, one of spherica, and the
other of radial orientation. Consequently the two parts of the eye
are differentiated in such a way that the posterior part, which has
grown forth radialy from the embryonic organism, as the life-filled
element represents the sulphur-pole of the total eye, while the anterior
part, with its much more crystalline nature, having grown sphericaly
towards the organism, represents the ey€'s salt-pole.

Closer ingpection into the connexion of the two visual activities of
the eye with its basic corporea parts reveds that here, at the outer-



most boundary of the human organism, we encounter once more that
peculiar reversal of functions which we have dready several times
met in various realms of nature. For the anterior part of the eye—its
salt-pole—which has come into being through a spherically directed
formative process, seems to be the one through which we exercise the
perceptive activity streaming out radialy from the eye, whilst the
pogterior part—the eye's sulphur-pole—which has come into being
through radially directed formative action, serves that form of seeing
which is more receptive and is carried out in a plane-wise manner.

Considerations of this kind, and they aone, enable us aso to draw
true comparisons between the different sense-organs. Takethe organ
of hearing. Usually the ear is assumed tofill the samerolein the field
of hearing as does the eyein the field of seeing. In fact the ear corre-
sponds to only one half of the eye; the other half must be looked for
inthelarynx. In other words, the two parts of the eye are represented
inthe realm of hearing by two separate organs, ear and larynx. Speak-
ing from the aspect of metamorphosis, the vital part of our eye may
be regarded as our 'light-ear'; the crystalline part, as our 'light-
larynx'. In order to come conscioudly to aperception of sight we must
listen' to the 'deeds and sufferings' of light, while at the same time
we meet them with the help of the 'speaking' of our inner light. Some-
thing similar holds good for hearing. In fact, observation reveals that
we take in no impression of hearing unless we accompany it with an
activity of our larynx, even though a slent one. The significance of
this fact for the total function of hearing will occupy us more fully
later.

*

Our insight into the polar nature of visual activity will enable us
now to link the externa interplay of Light and Dark—to which the
physical colours owe their existence—to that play of forces which we
ourselves set in motion when our eye meets the world of colours in
their polar differentiation.

We established earlier that in the cold colours the role of darkness
belongs to the pole of levity or negative density, and the role of light-
ness to the pole of gravity or positive density, whereas in the case of
thewarm colours theroles are reversed. Let us now unite with thisthe
insight we have meanwhile gained into the two kinds of activity in
seeing—the receptive, 'left-eyed’ and the radiating, 'right-eyed—



which mediate to us the experience of the positive or negative density
of space spread out before our eyes. Taking together the results of
outer and inner observation, we can express the polarity ruling in the
realm of colour as follows.

If lightness and darkness as elements of colour, meet us in such a
way that lightness, by reason of its positive density, calls forth 'left-
eyed' activity, and darkness, by reason of its negative density, 'right-
eyed activity, then our soul receives the impression of the colour blue
and colours related to blue. If lightness and darkness meet us so that
we see the former in a 'right-eyed’, and the latter in a 'left-eyed' way,
then we experience this as the presence of yellow and the colours re-
lated to it.

The reason why we usually fail to observe the different kinds of
interplay of the two modes of seeing, when we perceive one or other
of the two categories of colour, is because in ordinary sight both eyes
exercise each of the two activities without our becoming aware which
is the leading onein a particular eye. If, however, one has cometo a
real experience of the inner polarity of the visual act, one needs only
alittle practice to redlize the distinction. For example, if one looks at
the blue sky, notably at noon-time, on the side away from the sun, or
at the morning or evening sky, shining yellow and red, one quickly
becomes conscious of how our eyes take hold of the particular con-
tribution which Light and Dark make to one or other of the two
colour appearances.

*

In the natural course of our argument we had to keep at first to
the appearance of colours as they come freely before us in space.
The results we have obtained, however, hold good equally well for
the permanent tints of material objects, as the following example will
show.

A fact known to scienceis that red and blue surface colours, when
illumined by light of steadily diminishing intensity, are seen to reverse
their normal ratio of brightness. This phenomenon can be seen in
nature, if, for instance, one observes a bed of blue and red flowers in
the fading evening light and compares the impression with that
which the same flowers make in bright daylight. If the phenomenon
is reproduced artificially, the actual transition from one state to the
other can be clearly observed. The easiest way is to place ared and a
blue surface side by side under an electriclight whoseintensity can be



gradually lessened by means of a diding resistance. Here, as much as
in the natural phenomenon, our reason findsit difficult to acknow-
ledge that the surface gleaming in a whitish sheen should be the one
which ordinarily appears as darkling blue, and that the one disappear-
ing into darkness should be the surface which normally presentsitself
as radiant red.

Thisriddleis readily solved if we apply what we have learnt about
the particular shares of lightness and darkness in these two colours,
and if we link this up with the respective forms of seeing exercised by
our two eyes. To the dim light, clearly, our eyes will respond more
with the 'left-eyed' than with the 'right-eyed' form of vision. Now we
know that it is 'left-eyed’ vison which is roused by the lightness-
component in blue and the darkness-component in red. It is only
to be expected, therefore, that these elements should become con-
spicuous when in the dim light our seeing is mainly 'left-eyed'. This
solution of the problem makes us redlize further, that the laws which
Goethe firgt found for the coming into appearance of colours fredy
hovering in space are indeed applicable to thefixed material colours
as well.



CHAPTERXVII

Optics of the Doer

Three basic concepts form the foundation for the present-day
scientific description of a vast field of optical phenomena, among
them the occurrence of the spectral colours as aresult of light passing
through a transparent medium of prismatic shape. They are: ‘opticd
refraction’, 'light-ray’, and 'light-vel ocity'—the latter two serving to
explain thefirst. In a science of optics which seeks its foundation in
the intercourse between man's own visud activity and the doings and
sufferingsof light, thesethree conceptsmust needsundergo adecisive
change, both in their meaning and in their value for the description
of the relevant optical phenomena. For they are dl purely kinematic
conceptstypical of the onlooker-way of conceiving things—concepts,
that is, to which nothing corresponds in the realm of the actud
phenomena.

Our next task, therefore, will be, where possible, to fill these con-
cepts with new meaning, or dse to replace them by other concepts
read from the actual phenomena. Once this is done the way will be
free for the development of the picture of the spectrum phenomenon
which is in true accord with the Goethean conception of Light and
Colour.

*

The firgt to be brought in this sense under our examination is the
concept of the 'light-ray".

In present-day optics this concept signifies a geometrica line of
infinitely small width drawn, asit were, by thelightin space, whilethe
cone or cylinder of light actually filling the spaceis described as being
composed of innumerable such rays. In the same way the object pro-
ducing or reflecting light is thought of as composed of innumerable
gngle points from which the light-rays emerge. All descriptions of
optical processes are based upon this conception.



Obviously, we cannot be satisfied with such areduction of wholes
into single geometrically describable parts, followed by a reassemb-
ling of these parts into a whole. For in reality we have to do with
realms of space uniformly filled with light, whether conical or cylin-
drical in form, which arise through certain boundaries being st to
the light. In optical research we have therefore always to do with
pictures, spatialy bounded. Thus what comes before our conscious-
ness is determined equally by the light calling forth the picture, and
by the unlit space bordering it.

Remembering the results of our earlier study, we must say further
of such a light-filled realm that it lacks the quality of visibility and
therefore has no colour, not even white. Goethe and other 'readers,
such as Reid and Ruskin, tried continually to visualize what such a
light-filled space represents in redlity. Hence they directed their
attention first to those spheres where light manifests its form-creative
activity, asin the moulding of the organ of sight in animal or man, or
in the creation of the many forms of the plant kingdom—and only
then gave their mind to the purely physical light-phenomena. Let us
use the same method to form a picture of alight-filled space, and to
connect this with theideas we have previously gained on the co-opera-
tion in space of levity and gravity.

Suppose we have two similar plant-seedsin germ; and let oneliein
aspacefilledwith light, the other in an unlit space. From the different
behaviour of the two seeds we can observe certain differences be-
tween the two regions of space. We note that within the light-filled
region the spiritual archetype of the plant belonging to the seed is
helped to manifest itself physicaly in space, whereas in the dark
region it receives no such aid. For in the latter the physica plant,
even if it grows, does not develop its proper forms. This tells us, in
accordance with what we have learnt earlier, that in the two cases
there is a different relation of space to the cosmicaly distant, al-
embracing plane. Thus inside and outside the light-region there
exists aquitedifferent relation of levity and gravity—and thisrelation
changes abruptly at the boundaries of the region. (This fact will be of
especia importance for us when we come to examine the arising of
colours at the boundary of Light and Dark, when light passes
through a prism.)

*

After having replaced the customary concept of the light-bundle



composed of single rays by the conception of two dynamically polar
realms of space bordering each other, we turn to the examination of
what is going on dynamically inside these realms. Thiswill help usto
gain a proper concept of the propagation of light through space.

In an age when the existence of a measurable light-velocity seems
to belong to the realm of facts long since experimentally proved;
when science has begun to measure the universe, using the magnitude
of this velocity as a constant, vaid for the whole cosmos; and when
entire branches of science have been founded on results thus gained,
it is not easy, and yet it cannot be avoided, to proclaim that neither
has an actual velocity of light ever been measured, nor can light as such
ever be made subject to such measurement by optical means—and that,
moreover, light, by its very nature, forbids us to conceive of it as
possessing any finite velocity.

With the last assertion we do not mean to say that there is nothing
going on in connexion with the appearance of optical phenomena to
which the concept of a finite velocity is applicable. Only, what is
propagated in this way is not the entity we comprise under the con-
cept of 'light'. Our next task, therefore, will be to create a proper dis-
tinction between what moves and what does not move spatially when
light is active in the physical world. Once more an historical retro-
spect will help us to establish our own standpoint with regard to the
existing theories.

Thefirst to think of light as possessing afinite velocity was Galileo,
who also made thefirst, though unsuccessful, attempt to measure it.
Equally unsuccessful were attempts of a similar nature made soon
afterwards by members of the Accademia del Cimento. In both cases
the obvious procedure was to produce regular flashes of light and to
try to measure the time which elapsed between their production and
their observation by some more or less distant observer. Sill, the
conviction of the existence of such a velocity was so deeply ingrained
in the minds of men that, when later observations succeeded in estab-
lishing afinite magnitude for what seemed to be the rate of the light's
movement through space, these observations were hailed much more
as the quantitative value of this movement than as proof of its exis-
tence, which was already taken for granted.

A clear indication of man's state of mind in regard to this question
is given in the following passage from Huygenssfamous Traité de la
Lumiére, by which the world was first made acquainted with the con-
cept of light as a sort of undulatory movement.



'One cannot doubt that light consists in the movement of a certain
substance. For if one considers its production one finds that here on
the earth it is chiefly produced by fire and flame, which without
doubt contain bodies in rapid motion, for they dissolve and melt
numberless other bodies. Or, if one considersits effects, one sees that
light collected, for instance, by a concave mirror has the power to
heat like fire, i.e. to separate the parts of the bodies; this assuredly
points to movement, at least in true philosophy in which one traces
al natural activity to mechanical causes. In my opinion one must do
this, or quite give up al hope of ever grasping anything in physics.'

In these words of Huygens it must strike us how he first provides
an explanation for a series of phenomena as if this explanation were
induced from the phenomena themselves. After he has drawn quite
definite conclusions from it, he then derives its necessity from quite
other principles—namely, from a certain method of thinking, accept-
ing this as it is unquestioned and undterably etablished. We are
here confronted with an 'unlogic' characteristic of human thinking
during its state of isolation from the dynamic substratum of the
world of the senses; an unlogic which one encounters repesatedly in
scientific argumentation once one has grown aware of it. In circles of
modern thinkers where such awareness prevails (and they aregrowing
rapidly to-day) the term 'proof of a foregone conclusion' has been
coined to describe this fact.*

'Proof of aforegone conclusion' is indeed the verdict at which one
arrives in respect of dl the observations concerned with the velocity
of light—whether of existing phenomena detectable in the sky or of
terrestrial phenomena produced artificially—if one studies them with
the attitude of mind represented by the child in Hans Andersen's
story. In view of the seriousness of the matter it will not be out of
place if we discuss them here as briefly as possible, one by one?

The relevant observations fall into two categories. observations of
certain astronomical facts from which the existence of afinite velocity
of light and its magnitude as an absolute property of it has been in-
ferred; and terrestrial experiments which permitted direct observa-

! Compare with this our account in Chapter X of the rise of the atomistic-
kinematic interpretation of hesat.

% The following critica study leaves, of course, completely untouched our
recognition of the devotion which guided the respective observers in their work,

and of the ingenuity with which some of their observations were devised and
carried out.



tion of a process of propagation connected with the establishment of
light in space resulting in the measurement of its speed. To the latter
category belong the experiments of Fizeau (1849) and Foucault (1850)
aswell as the Michelson-Morley experiment with its implications for
Eingtein's Theory of Relativity. The former category is represented
by Roemer's observations of certain apparent irregularities in the
times of revolution of one of Jupiter's moons (1676), and by Bradley's
investigation into the reason for the apparent rhythmic changes of
the positions of the fixed stars (1728).

We shall start with theterrestrial observations, becausein their case
aoneisthe entire path of the light surveyable, and what is measured
therefore is something appertaining with certainty to every point of
the space which spreads between the source of the light and the
observer. For this reason textbooks quite rightly say that only the
results drawn from these terrestrial observations have the value of
empiricaly observed facts. (The interpretation given to these factsis
another question.)

Now, itisacommon feature of all these experiments that by neces-
sty they are based on an arrangement whereby a light-beam can be
made to appear and disappear dternately. In this respect thereis no
difference between the first primitive attempts made by Galileo and
the Academicians, and the ingenioudly devised experiments of the
later observers, whether they operate with a toothed whed or a
rotating mirror. It is dways a flash of light—and how could it be
otherwise?—which is produced at certain regular intervals and used
for determining the speed of propagation.

Evidently what in al these cases is measured is the speed with which
abeam of light establishes itsdlf in space. Ofwhat happens within the
beam, once it is established, these observations tell nothing at all. The
proof they are held to give of the existence of a finite speed of light,
as such, is a 'proof of aforegone conclusion'. All they tdl us is that
the beam's front, at the moment when this beam is first established,
travels through space with a finite velocity and that the rate of this
movement is such and such. Andthey tell usnothing at all about other
regions of the cosmos.

That we have to do in these observations with the speed of the
light-front only, and not of thelight itself, isafact fully acknowledged
by modern physical optics. Since Lord Rayleigh first discussed this
meatter in the eighties of the last century, physicists have learnt to dis-
tinguish between the 'wave-velocity' of thelight itself and the vel ocity



of an 'impressed peculiarity', the so-called 'group-velocity', and it has
been acknowledged that only the latter has been, and can be, directly
measured. Thereis no possibility of inferring from it the value of the
'wave-velocity' unless one has a complete knowledge of the proper-
ties of the medium through which the 'groups' travel. Nevertheless,
the modern mind allows itself to be convinced that light possesses a
finite velocity and that this has been established by actual measure-
ment. We fed reminded here of Eddington's comment on Newton's
famous observations. 'Such is the glamour of a historical experi-
ment." (Chapter XIV.)*

Let us now turn to Roemer and Bradley. In a certain sense Roe-
mer's observations and even those of Bradley rank together with the
terrestrial measurements. For Roemer used as optica signas the
appearance and disappearance of one of Jupiter's moons in the
course of its revolution round the planet; thus he worked with light-
flashes, as the experimental investigations do. Hence, aso, his
measurements were concerned—as optical science acknowledges—
with group-velocity only. In fact, even Bradley's observations,
although he was the only one who operated with continuous light-
phenomena, are exposed to the charge that they give information of
the group-velocity of light, and not of its wave-velocity. However, we
shall ignore these limitations in both cases, because there are quite
other factors which invalidate the proofs they are held to give, and to
gain a clear insight into these factors is of specid importance for us.

Roemer observed a differencein the length of time during which a
certain moon of Jupiter was occulted by the planet's body, and found
that this difference underwent regular changes coincident with the
changes in the earth's position in relation to Jupiter and the sun.
Seen from the sun, the earth is once a year in conjunction with
Jupiter, once in opposition to it. It seemed obvious to explain the
time-lag in the moon's reappearance, when the earth was on the far
sde of the sun, by the time the light from the moon needed to cover
the distance marked by the two extreme positions of the earth—that
is, a distance equal to the diameter of the earth's orbit. On dividing
the observed interval of time by the accepted vaue of this distance,
Roemer abtained for the velocity of light afigure not far from the one
found later by terrestrial measurements.

We can here leave out of account the fact that Roemer's reasoning

! The assumption is that the wave-velocity differs from the group-velocity, if
at dl, by a negligible amount.



is based on the assumption that the Copernican conception of the
relative movements of the members of our solar system is the vdid
conception, an assumption which, as later considerations will show,
cannot be upheld in a science which strives for a truly dynamic
understanding of the world. For the change of aspect which becomes
necessary in this way does not invalidate Roemer's observation as
such; it rules out only the customary interpretation of it. Freed from
al hypothetical by-thought, Roemer's observation tdls us, first, that
the time taken by aflash of light travelling from a cosmic light-source
to reach the earth varies to a measurable extent, and, secondly, that
this difference is bound up with the yearly changes of the earth's
postionin relation to the sun and the relevant planetary body.

We leave equally out of account the fact that our considerations of
the nature of space in Chapter XII render it impermissible to con-
ceive of cosmic space as something ‘across which light (or any other
entity) can be regarded as travelling this or that distance in this or
that time. What matters to us here is the validity of the conclusions
drawn from Roemer's discovery within the framework of thought in
which they were made.

Boiled down to its purely empirical content, Roemer's observation
tells us solely and simply that within the earth's cosmic orbit light-
flashes travel with a certain measurable speed. To regard this infor-
mation as automatically valid, firstly for light which is continuously
present, and secondly for everywhere in the universe, rests again on
nothing but a foregone conclusion.

Precisely the same criticism applies to Bradley's observation, and
to an even higher degree. What Bradley discovered is the fact that
the apparent direction in which we see afixed star is dependent on the
direction in which the earth moves relatively to the star, a pheno-
menon known under the name of 'aberration of light'. This pheno-
menonisfrequently brought to students’ understanding by means of
the following or some similar anal ogy.

Imagine that a machine-gun in afixed position has sent its projec-
tile right across a railway-carriage so that both the latter's walls are
pierced. If thetrainis at rest, the position of the gun could be deter-
mined by sighting through the shot-holes made by the entrance and
exit of the bullet. If, however, the train is moving at high speed, it
will have advanced a certain distance during the time taken by the
projectile to cross the carriage, and the point of exit will be nearer the
rear of the carriage than in the previous case. Let us now think of an



obsarver in the train who, while ignorant of the train's movement,
undertook to determine the gun's position by considering the direc-
tion of the line connecting the two holes. He would necessarily locate
the gun in a position which, compared with its true position, would
seem to have shifted by some distance in the direction of the train's
motion. On the other hand, given the speed of the train, the angle
which the line connecting the two holes forms with the true direction
of the course of the projectile—the so-cdled angle of aberration—
provides a measure of the gpeed of the projectile.

Under the foregone conclusion that light itself has a definite velo-
city, and that this velocity is the same throughout the universe, Brad-
ley's observation of the aberration of the stars seemed indeed to
make it possible to calculate this velocity from the knowledge of the
earth's own speed and the angle of aberration. This angle could be
established by comparing the different directions into which a tele-
scope has to be turned at different times of the year in order to focus
a particular gtar. But what does Bradley's observetion tdl us, once
we exclude dl foregone conclusions?

As the above analogy helps towards an understanding of the con-
cept of aberration, it will be helpful dso to determine the limits up to
which we are alowed to draw vdid conclusions from the supposed
occurrence itsdf. A mind which is free from al preconceived ideas
will not ignore the fact that the projectile, by being forced to pierce
the wall of the carriage, suffers a consderable diminution of its
goeed. The projectile, therefore, passes through the cariage with a
speed different from its speed outside. Since, however, it is the speed
from hole to hole which determines the angle of aberration, no con-
clusion can be drawn from the latter as to the origina velocity of the
projectile. Let us assume the imaginary case that the projectile was
shot forth from the gun with infinite velocity, and that the dowing-
down effect of the wall was great enough to produce afinite speed of
the usual magnitude, then the effect on the position of the exit hole
would be precisdly the same as if the projectile had moved dl the time
with this speed and not been dowed down at al.

Seeing things in this light, the scientific Andersen child in us is
roused to exclam: '‘But dl that Bradley's observation informs us of ,
with certainty is afinite velocity of the optical process going on inside
the telescope!’ Indeed, if someone should claim with good reason (as
we shall do later on) that light's own velocity is infinite, and (as we
shall not do) that the dynamic situation s&t up in the telescope had



the effect of dowing down the light to the measured velocity—there
is nothing in Bradley's observation which could disprove these
assartions.

*

Having thus disposed of the false conclusions drawn by a kine-
maticaly orientated thinking from the various observations and
measurements of the velocity which appears in connexion with light,
wecan carry on our own studies undisturbed. Two observations stand
before us representing empiricaly established facts: one, that in so
far as a finite velocity has been measured or calculated from other
observations, nothing is known about the existence or magnitude of
such avelocity except within the boundaries of the dynamic realm con-
dtituted by the earth's presence in the universe; the other, that this
velocity is a 'group—velocity, that is, the velocity of the front of a
light-beam in process of establishment. Let us see what these two
facts have to tel us when we regard them as letters of the ‘word'
which light inscribes into the phenomenal world as an indication of
its own nature.

Taking the last-named fact first, we shall make use of the following
comparison to help us realize how little we arejustified in drawing
from observations of the front speed of alight-beam any conclusions
concerning the kinematic conditions prevailing in the interior of the
beam itsdf. Imagine the process of constructing a tunnel, with dl the
efforts and time needed for cutting its passage through the resisting
rock. When the tunnel is finished the activities necessary to its pro-
duction are at an end. Whereas these continue for alimited time only,
they leave behind them permanent traces in the existence of the tun-
nel, which one can describe dynamically as a definite dteration in the
loca conditions of the earth's gravity. Now, it would occur to no one
to ascribeto the tunndl itsalf, as alasting quality, the speed with which
it had been constructed. Y et something similar happens when, after
observing the velocity required by light to lay hold on space, this
velocity is then attributed to the light as a quality of its own. It was
reserved for a mode of thought that could form no concept of the
read dynamic of Light and Dark, to draw conclusions as to the quali-
ties of light from experiences obtained through observing its original
spreading out into space.

To spesk of an independently existing space within which light
could move forward like a physica body, is, after what we have



learnt about space, altogether forbidden. For space in its relevant
structure is itself but a result of a particular co-ordination of levity
and gravity or, in other words, of Light and Dark. What we found
earlier about the qualities of the two polar spaces now leads us to
conceive of them as representative of two limiting conditions of velo-
city: absolute contraction representing zero velocity; absolute ex-
pansion, infinite velocity (each in its own way a state of 'rest’). Thus
any motion with finite velocity is a mean between these two extremes,
and as such the result of a particular co-ordination of levity and
gravity. This makes it evident that to speak of a velocity taking its
course in gpace, whether with reference to light or to a physical body
in motion, is something entirely unreal.

Let us now seewhat we are really told by the number 186,000 miles
a second, as the measure of the speed with which a light-impulse
edtablishes itsef spatially. In the preceding chapter we learnt that the
earth's field of gravity offers a definite resistance to our visua ray.
What istruefor theinner light holds good equally for the outer light.
Using an image from another dynamic stratum of nature we can say
that light, while appearing within the field of gravity, 'rubs' itself on
this. On the magnitude of this friction depends the veocity with
which alight-impulse establishes itself in the medium of the resisting
gravity. Whereas light itself as a manifestation of levity possesses in-
finite velocity, thisisforced down to the known finite measure by the
resistance of the earth'sfield of gravity. Thus the speed of light which
has been measured by observers such as Fizeau and Foucault reveas
itsdf as a function of the gravitational constant of the earth, and
hence has validity for this sphere only.! Thesameistruefor Roemer's
and Bradley's observations, none of which, after what we have stated
earlier, contradicts this result. On the contrary, seen from this view-
point, Roemer's discovery of the light's travelling with finite speed
within the cosmic realm marked by the earth's orbit provides an
important insight into the dynamic conditions of this realm.

*

Among the experiments undertaken with the aim of establishing
the properties of the propagation of light by direct measurements,

! Once this is redlized there can be no doubt that with the aid of an adequate
mathematical calculus (which would have to be established on aredistic under-
standing of the respective properties of the fields of force coming into play) it will
become Eos’ble to derive by caculation the speed of the establishment of light
within physical space from the gravitationa constant of the earth.



quoted earlier, we mentioned the Michelson-Morley experiment as
having a specia bearing on Einstein's conceptual edifice. It isthe one
which has formed the foundation of that (earlier) part of Einstein's
theory which he himsdlf caled the Specid Theory of Relativity. Let
us see what becomes of this foundation—and with it the conceptual
edifice erected upon it—when we examine it against the background
of what we have found to be the true nature of the so-called velocity
of light.

It is generally known that modern ideas of light seemed to call for
something (Huygens's ‘certain substance’) to act as bearer of the
movement attributed to light. This led to the conception of an im-
ponderable agency capable of certain movements, and to denote this
agency the Greek word ether was borrowed. (How this word can be
used again to-day in conformity with its actual significance will be
shown in the further course of our discussions) Nevertheless, al
endeavours to find in the existence of such an ether a means of ex-
plaining wide fields of natural phenomena were disappointed. For
the more exact concepts one tried to form of the characteristics of
this ether, the greater the contradictions became.

One such decisve contradiction arose when optical means were
used to discover whether the ether was something absolutely at rest
in space, through which physical bodies moved freely, or whether it
shared in their movement. Experiments made by Fizeau with running
water seemed to prove the one view, those of Michelson and Morley,
involving the movement of the earth, the other view. In the celebrated
Michelson-Morley experiment the velocity of light was shown to be
the same, in whatever direction, rdative to the earth's own motion,
it was measured. This apparent proof of the absolute constancy of
light-vel ocity—which seemed, however, to contradict other observa-
tions—induced Einstein to do away with the whole assumption of a
bearer of the movement underlying light, whether the bearer were
supposed to be at rest or itself in motion. Instead, he divested the
concepts of space and time, from which that of velocity is usualy
derived, of the absoluteness hitherto attributed to them, with the
result that in his theory time has come to be conceived as part of a
four-dimensiona 'space-time continuum'.

In redlity the Michelson-Morley experiment presents no problem
requiring such labours as those of Einstein for its solution. For by this
experiment nothing is proved beyond what can in any event be
known—namely, that the velocity of the propagation of a light-



impulseis constant in al directions, so long as the measuring is con-
fined to regions where the density of terrestrial spaceis more or less
the same. With the redization of this truth, however, Einstein's
Specia Theory losesits entire foundation. All that remains to be said
about it is that it was a splendid endeavour to solve a problem which,
rightly considered, does not exist.!

*

Now that we have redlized that it is inadmissible to speak of light
as consisting of single rays, or to ascribe to it afinite velocity, the
concept of the refraction of light, as understood by optics to-day and
employed for the explanation of the spectrum, aso becomes unten-
able. Let usfind out what we must put in its place.

The phenomenon which led the onlooker-consciousness to form
the idea of optica refraction has been known since early times. It
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congists in the fact, surprising at first sight, that an object, such as a
coin, which lies at the bottom of a vessal hidden from an observer by
the rim, becomes visible when the vessd is filled with water. Modern
optics has explained this by assuming that from the separate points of
the floor of the vessdl light-rays go out to dl sides, one ray falingin
the direction of the eye of the observer. Hence, because of the posi-
tions of eye and intercepting rim there are a number of points from
which no rays can reach the eye. One such point is represented by the
coin (Pin Fig. 129). Now if the vessd is filled with water, light-rays
emerging fromit are held to be refracted, so that raysfrom the points
hitherto invisible also meet the eye, which is till inits original posi-
tion. The eye itsdf is not conscious of this 'break’ in the light-rays,

! The grounds of Einstein's Generd Theory were dedlt with in our earlier
discussions.



becauseit is accustomed to 'project’ al light impressions rectilinearly
out into space (Fig. 12b.). Hence, it sees P in the position of P. This
isthought to be the origin of the impression that the whole bottom of
the vessdl is raised.

This kind of explanation is quite in line with the peculiarity of the
onlooker-consciousness, noted earlier, to attribute an optica illusion
to the eye's way of working, while charging the mind with the task of
clearing up theillusion. Inreality itisjust the reverse. Since theintel-
lect can form no other idea of the act of seeing than that thisis a pas-
gve process taking place soldy within the eye, it fals, itsdf, into
illusion. How great is thisillusion we see from the fact that the intel-
lect isfinaly obliged to make the eye somehow or other ‘project’ into
gpace the impressions it receives—a process lacking any concrete
dynamic content.

Once more, it is not our task to replace this way of ‘explaining' the
phenomenon by any other, but rather to combine the phenomenon
given here with others of kindred nature so that the theory contained
in them can be read from them direct. One other such phenomenoniis
that of so-called apparent optical depth, which an observer encoun-
ters when looking through transparent media of varying optical den-
sty. What connects the two is the fact that the rate of the ateration
of depth, and the rate of change of the direction of light, are the
samefor the same media.

In present-day optics this phenomenon is explained with reference
to the former. In proceeding like this, optical science makes the very
mistake which Goethe condemned in Newton, saying that a compli-
cated phenomenon was made the basis, and the smpler derived from
the complex. For of these two phenomena, the simpler, snce it is
independent of any secondary condition, is the one showing that our
experience of depth is dependent on thedensity of the optical medium.
The latter phenomenon we met once before, though without refer-
enceto its quantitative side, when in looking at alandscapewefound
how our experiences of depth change in conformity with alterations
in atmospheric conditions. This, then, served to make us aware that
the way we apprehend things optically is the result of an interplay
between our visual ray and the medium outside us which it mests.

It is exactly the same when we look through a vessdl filled with
water and see the bottom of it asif raised in level. Thisisin no sense
an optical illusion; it is the result of what takes place objectively and
dynamically within the medium, when our eye-ray passesthroughiit.



Only our intellect is under an illusion when, in the case of the coin
becoming vigble at the bottom of the vessd, it deals with the coin as
if it were apoint from which an individual ray of light went out.. ..
etc., instead of conceiving the phenomenon of the raising of the
vessdl's bottom as oneindivisible whole, wherein the coin serves only
to link our attention to it.

*

Having thus cleared away the kinematic interpretation of the coin-
in-the-bowl phenomenon, we may pass on to discussthe optical effect
through which the so-called law of refraction was first established in
science. Instead of picturing to ourselves, as is usualy done, light-
rays which are shifted away from or towards the perpendicul ar at the
border-plane between two media of different optical properties, we
shall rather build up the picture as light itself designs it into space.

We have seen that our inner light, aswell asthe outer light, suffers
a certain hindrance in passing through a physicad medium—even such
as the earth's gravity-field. Whilst we may not describe this retarda-
tion, asis usually done, in terms of a smaller velocity of light itself
within the denser medium, we may rightly say that density has the
effect of lessening the intensity of thelight. (It is the time required for
theinitial establishment of alight-filled realm whichis greater within
such a medium than outside it.) Now by its very nature the intensity
of light cannot be measured in spatial terms. Yet there is a pheno-
menon by which the decrease of the inner intensity of the light be-
comes spatialy apparent and thus spatially measurable. It consistsin
the ateration undergone by the aperture of a cone of light when
passing from one optical medium to another.

If one setsin the path of a luminous cone a glass-walled trough
filled with water, then, if both water and surrounding air are dightly
clouded, the coneis seen to make a more acute angle within the water
than outside it (Fig. 13). Here in an external phenomenon we meet
the same weakening in the light's tendency to expand that we recog-
nized in the shortening of our experience of depth on looking through
a dense medium. Obvioudy, we expect the externally observable nar-
rowing of the light-cone and the subjectively experienced change of
optical depth to show the same ratio.

In order to compare the rate of expansion of a luminous cone in-
sde and outside water, we must measure by how much less the width
of the cone increases within the water than it does outside. (To be



comparable, the measurements must be based upon the same dis-
tances on the edge of the cone, because this is the length of the way
the light actually travels)) In Fig. 13 this is shown by the two dis-
tances, ab and a-b'. Their ratio is the same as that by which the
bottom of a vessdl appears to be raised when the vessdl isfilled with
water (4: 3).

Fic. 13,

Thus by means of pure observation we have arrived at nothing less
than what is known to physical optics as Snell's Law of Refraction.
This law was itsdf the result of pure observation, but was clothed in
aconceptual form devoid of reality. In thisform it states that aray of
light in transition between two media of different dengties is re-
fracted at their boundary surface so that the ratio of the angle which
isformed by theray in either medium with aline at right anglesto the
boundary surfaceis such that the quotient of the sines of both angles

. . sin
is for these media a constant factor. In wmbolsé—fE =C,
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It will be clear to the reader familiar with trigonometry that this
ratio of the two sinesis nothing ese but the ratio of the two distances
which served us as a measure for the respective apertures of the cone.
But whereas the measurement of these two distances is concerned
with something quite rea (since they express an actual dynamic
ateration of the light), the measuring of the angle between the ray of
light and the perpendicular is founded on nothing real. It is now
clear that the concept of the ray, as it figuresin the usual picture of
refraction, isin reality the boundary between the luminous space and
its surroundings. Evidently the concept of the perpendicular on the
boundary between the two media is in itself a complete abstraction,
since nothing happens dynamically in its direction.

To anormal human understanding it is incomprehensible why a
ray of light should be related to an external geometrical line, as stated
by the law of refraction in its usual form. Physical optics, in order to
explain refraction, had therefore to resort to light-bundles spatialy
diffused, and by use of sundry purely kinematic concepts, to read into
these light-bundles certain processes of maotion, which are not in the
least shown by the phenomenon itsalf. In contrast to this, the idea
that the boundary of aluminous coneis spatidly displaced when its
expansion is hindered by an opticd medium of some density, and
that the measure of this displacement is equa to the shortening of
depth which we experience in looking through this medium, is dir-
ectly evident, since al its elements are taken from observation.

*

From what we have here found we may expect that in order to
explain the numerical relationships between natural phenomena (with
which science in the past has been solely concerned), we by no means
require the artificial theories to which the onlooker in man, confined
as heisto abstract thinking, has been unavoidably driven. Indeed, to
an observer who trains himsdf on the lines indicated in this book,
even the quantitative secrets of nature will become objects of intuitive
judgment, just as Goethe, by devel oping this organ of understanding,
first found access to nature's qualitative secrets. (The change in our
conception of number which this entailswill be shown at alater stage
of our discussions.)



CHAPTER XVIII
The Spectrum as a Script of the Spirit

The redization that Newton's explanation of the spectrum fails
to mea the facts prompted Goethe to engage in dl those gSudies
which made him the founder of a modern optics based on intuitive
participation in the phenomena. In spite of al that he achieved, how-
ever, he never reached a rea solution of the riddle of the colour-
phenomenon produced when light passes through a transparent body
of prismatic shape. For his assumption of certain 'double images,
which are supposed to appear as aresult of the optical displacement
of the boundaries between the Light-filled and the Dark-filled parts
of space and the mutual superposition of which he believed to be
responsible for the appearance of the respective colours, does not
solve the problem.*

What hindered Goethe in this field was his limited insight into
the nature of the two distinct kinds of forces which, as we have noted
in the course of our own inquiries, correspond to his concepts of
Licht and Finsternis.

With the aid of this distinction—which we have indeed established
through a consistent application of Goethe's method—we shall how
be able to develop precisdly that insight into the coming-into-being
of the spectral colours which Goethe sought.?

*

Dynamically, the process of the formation of the spectrum by
light that passes through a prism divides into two clearly distinguish-
able parts. Thefirst consistsin theinfluence which thelight undergoes

! See in Rudolf Steiner's edition of Goethe's scientific writings, his footnote
to Goethe's criticism of Nuguet's theory of the spectrum in the historical part of
the Farbenlehre (Val. IV, p. 248, in Kirschner's edition).

2 |tis obvious that the reader who wishes to agppreciate fully the significance of
the observations described in the following paragraphs, must, as in previous
cases, carry out these observations himsef.



inside the prism as a result of the latter's specia shape, the other, in
what happens outside the prism at the boundary between the Light-
space—influenced by the shape of the prism—and the surrounding
Dark-space. Accordingly, we shall study these two parts of the pro-
Cess separately.

As an aid to distinguishing clearly one process from the other, we
shal suppose the prism experiment to be so arranged that the light
area is larger than the width of the prism, which will then lie com-
pletely withinit. We shall further supposethe dimensions of thewhole
to be such that the part observable on the screen represents only a
portion of the total light-realm situated between the boundaries of
the prism. The result is that the screen depicts a light-phenomenon in
which there is no trace of colour. For normal eyesight, the pheno-
menon on the screen differs in no way from what it would be if no
prism intervened in the path of the light.

These two seemingly identical light-phenomena reved at once their
inner dynamic difference if we narrow the field of light from either
sde by introducing into it an object capable of casting shadow. If
thereis no prism we see smply ablack shadow moveinto theillum-
ined area on the screen, no matter from which side the narrowing
comes. If, however, the light has come through a prism (arranged as
described above) certain colours appear on the boundary between the
regions of light and shadow, and these differ according to the side
from which the darkening is effected. The same part of the light area
may thus be made to display either the colours of the blue pole of the
colour-scale, or those of the yellow pole. This shows that the inner
dynamic condition of the light-realm is altered in some way by being
exposed to an opticaly resistant medium of prismatic shape. If we
are to find the cause and nature of this alteration we must revert to
the prism itself, and inquire what effect it has on light in the part of
space occupied by it. By proceeding in this way we follow Goethe's
model: first, to keep the two border-phenomena separate, and,
secondly, not to ascribeto thelight itself what isin fact dueto certain
boundary conditions.

In order to realize what happens to thelight in passing through the
prism, let us remember that it is a characterigtic of an ordinary light-
beam to direct itself through space in a straight lineif not interfered
with, and to illuminate equally any cross-section of the area it fills.
Both these features are atered when the light is exposed to a trans-
parent medium of prismatic shape—that is, to an opticaly resistant



medium so shaped that the length of the light's passage through it
changes from one side of the beam to the other, being least at the so-
cdled refracting edge of the prism, greatest at the base opposite to
that. The dimming effect of the medium, therefore, has a different
magnitude at each point of the width of the beam. Obviously, the
ratio between levity and gravity inside such alight-realm, instead of
being constant, varies from one side to the other. The result is a
transverse dynamic impulse which acts from that part of the light-
realm where the weakening influence of the prism is least towards
the part where it is strongest (see long arrow in Plate C, Fig. i).
This impulse manifests in the deflection of the light from its original
course. Apart from this, nothing is noticeable in the light itsdf when
caught by an observation screen, the reason being that the transverse
impulse now immanent in the light-realm has no effect on the reflect-
ing surface.

The situation changes when thelight-realmis narrowed down from
one side or the other—in other words, when an abrupt change of the
field-conditions, that is, a sudden leap from light to dark or from
dark to light, isintroduced within this realm. In this case, clearly, the
effect of the transverse field-gradient on such aleap will be different,
depending on the relation between the directions of the two (see
smal arrows in Fig. i). Our eyes witness to this difference by seeing
the colours of the blue pole of the colour-scale appear when the field-
gradient is directed towards the leap (a), and the colours of theyellow
pole when the gradient is directed away from it (b).

For our further investigation it is very important to observe how
the colours spread when they emerge at the edge of the shadow-
casting object thusintroduced into thelight-realm from the one side or
the other. Figs, ii andiii on Plate C show, closely enough for our pur-
pose, the position of the colour-bearing areas in each case, with the
dotted line indicating the direction which the light would have at the
place of origin of the colours if there were no object interfering with
its free expansion.> We observe a distinct difference in the widening

! In this and the two following diagrams the light-realm has been represented
as being less wide than the space obtained by the prism. To avoid unnecessary
complexity the colours which, in such a case, actually appear at the border of the
light-realm where it emerges from the prism are not shown in any of the diagrams.

2 This direction can be established with sufficient exactitude by holding a very
thin object right in front of the prism and marking with a stretched thread the
direction which leads from the object to its shadow on the screen. The colour-
producing edge must then be introduced from either side so that it just touches
the thread.



out of the two colour-areas on both sdes of the original direction of
thelight: in each casetheangle whichthe boundary of the colour-area
formswith thisdirection is smaller on the side of the colours nearest
the light-realm (blue and yellow respectively) than on the opposite
Sde (violet and red).

Remembering what we have learnt about the dynamic character-
idics of the two colour-poles, we are now in a posdtion to state the
following. When alight-area subject to alateral gradient is narrowed
down, so that the gradient is directed towards the narrowing object,
colours arise in which the interaction between the two polaricaly
opposite forms of density is such that postive density makes for
lightness, and negative density for darkness. Whereas, when the bor-
der is so Situated that the gradient is directed away fromiit, the inter-
action is such that positive density makes for darkness, and negative
dendty for lightness. Further, the fact that on both occasions the
darkness element in the colour-band increases in the outward direc-
tion tells us that in this direction there is on the blue-violet side a
gradual decrease in podtive, and increase in negative, dendty, while
on the opposite Sde wefindjust the reverse. We note again that both
processes occupy a condderable part of the space origindly outsde
the boundaries of the light-area—that is, a the violet end the part
towards which the light-beam is deflected, and at the red end the part
fromwhichit turns away.

The visud ray, when penetrating actively into the two colour-
phenomena thus described, receives evidence of a dynamic happen-
ing which may be expressed asfollows.

Where the transverseimpulse, which is due to the varying degree of
Tribungin the light-realm, is directed towards the latter's edge, the
intermingling of the Dark-ingredient and the Light-ingredient, con-
tainedinthat realm, is such that Dark follows Light along its already
existing gradient, thereby diminishing steadily. Hence our visua ray,
meeting conditions quite similar to those occurring when we ook
across the light-filled atmosphere into universal space, notifies us of
the presence of the blue-violet colour-pole. If, on the other hand, the
edgeisin the wake of the transverse impulse, then akind of dynamic
vacuum arises in that part of space from which the beam is deflected,
with the effect that the Dark-ingredient, imprinted on thelight within
the prism, is drawn into this vacuum by following a kind of suctiona
influence. Consequently Dark and Light here come to oppose one
another, and the former, on its way out of the light-area, gains in



relative strength. On this Sde our visual ray meets conditions re-
sembling those which occur when we look across the darkening
atmosphere into the sun. Accordingly our optical experience tdlls us
of the presence of the yellow-red colour-pole.

From our description of the two kinds of dynamic co-ordination of
positive and negative density at the two ends of the spectrum it fol-
lows that the spatial conditions prevailing at one end must be quite
different from those at the other. To see this by way of actual percep-
tionisindeed not difficult. Infact, if we believe that we see both ends
of the spectrum lying, asit were, flatly on the surface of the observa-
tion screen, this is merdly an illusion due to our superficid way of
using our eyes. If we gaze with our visua ray (activated in the man-
ner previoudly described) into the two sides of the spectrum, while
turning our eyes alternately in one or other direction, we soon notice
that the colours of the yellow-red rise towards the eye so as to give
the impression of protruding almost corporeally from the surface of
the screen. Wefed: Dengty obtains herein a state of fiery radiation.
When turning to the other sdewefed our visual ray, instead of being
as before caught up in the colours, passing freely across the colours
as if carried by them into the infinite. On the blue-violet Sde, space
itself seems to fluoresce mysterioudy™. Following Goethe's concep-
tion of the physica-mora effect of colours, we may describe the ex-
perience received thus from the two poles of the spectrum by saying
that an 'other-worldly' character belongs to the colours of the blue-
violet pole; an 'earthly' character to those of the yellow-red; while
that of green, which appears when both sides are made to overlap,
witnesses to its mediating nature between the two.

*

In our endeavour to view the fundamental experiment of Newton-
ian optics with the eyes of Goethe we have been led from the wide
expanse of the earth's sunlit periphery into the confines of the dark-
ened experimental chamber. With the aid of the results gained from
studying the artificialy produced spectrum phenomenon, we shdl now
return to our original field of observation in order to study the same

! The difference in character of the various parts of the spectrum, as described
above, comes out particularly impressively if for capturing the colour-pheno-
menon one uses instead of a flat white surface, a clear crysta of not too small
dze, or dse a cluster of crystals—moving it dowly dong the coloured band from

one end to the other. (I am indebted to Fr. Julius, teacher of Natural Science at
the Free School in The Hague, for this suggestion.)



phenomenonin nature. Thereit meets usin theform of the rainbow,
which we shall now be able to read as a chapter in the great book of
nature.

From what we have learnt already we can say at oncethat therain-
bow must represent some sort of border-phenomenon, thus pointing
to the existence of aboundary between two space-regions of differing
illumination. Our question therefore must be: what isthelight-image
whose boundary comesto coloured manifestation in the phenomenon
of the rainbow? There can be no doubt that the image is that of the
sun-disk, shining in the sky. When we see a rainbow, what we are
really looking at is the edge of an image of the sun-disk, caught and
reflected, owing to favourable conditions, in the atmosphere. (Ob-
sarvein this respect that the whole areainside the rainbow is always
considerably brighter than the space outside)

Onceweredlize this to be the true nature of the rainbow, the pecu-
liar order of its colours begins to speak a significant language. The
essential point to observe is that the blue-violet part of the spec-
trum lies on the inner sde of the rainbow-arch—the sde immedi-
ately adjoining the outer rim of the sun-image—while the yellow-red
part lies on the outer side of the arch—the side turned away from the
sun-image. What can we learn from this about the distribution of
positive and negative dendty inside and outside the realm occupied
by the sun-disk itsdlf in the cosmos?

We remember that dong the gradient from blue to violet, negative
density (Light) increases and positive density (Dark) decreases, while
fromyellow to red itisjust the reverse—positive dendty increases and
negative density decreases. The rainbow therefore indicates a steady
increase of Dark towards the outer rim, and of Light towards the
inner. Evidently, what the optical image of the sun in the atmosphere
thus reveals concerning the gradation of the ratio between Light and
Dark in the radid direction, is an attribute of the entire light-readm
which gretches from the sun to that image. And again, the attribute
of this realm is but an effect of the dynamic relation between the sun
itsdf and the surrounding cosmic space.

The rainbow thus becomes a script to us in which we read the re-
markable fact that the region occupied by the sun in the cosmos is a
region of negative density, in relation to whichtheregion surrounding
the sun is one of postive density. Far from being an accumulation of
ponderable matter in a state of extremely high temperature, as science
supposes, the sun represents the very opposite of ponderability. (It



would be beyond the scope of this book to show how in the light of
this fact one learns to re-read the various solar phenomena known to
sience)

Once we realize this, our judgment of dl that our terrestrialy
devised optical instruments, such as the telescope and spectroscope,
tell us about the nature of the sun and its surroundings, will change
accordingly. For it becomes clear that for the interpretation of solar
phenomena shown by theseinstruments we cannot properly use con-
cepts derived from observations within the earth's relm of postive
density.

To compare adequately solar and terrestrial phenomena, we must
keep in mind that they are in every respect polar opposites. For in-
dtance, the fact that the spectroscope reveals phenomenain the sun's
light which are strikingly similar to others occurring when earthly
matter is first caused to emit light—that is, brought near the upper
border of its ponderable existence—and then studied spectroscopic-
dly, should not impose on us theillusion that the sun consists of mat-
ter in this same condition. On the contrary, the similarity should tell
us that imponderable substance, while on its way between sun and
earth to ponderable existence, assumes, at the point of transition,
aspects exactly like those reveadled by ponderable substance at the
corresponding point in its upward transformation.

What we observe, when we study the sun through a spectroscope,
is not the sun itself, but the conditions obtaining in this border-
region, where imponderable substance enters the earth-reaim.

Therainbow, directly we learn to seeit as the border-phenomenon
that it is, tels us something of itself which revives in modern form
a conception held generaly in former ages, when it was seen as
a mediator between the cosmic-divine and the earthly-human
worlds. Thus the Bible speaks of it as a symbol of God's recon-
ciliation with the human race after the great Flood. Thus the Greeks
behdd it when they saw it as the bridge of Iris, messenger of the
Gods; and similarly the Germanic mythology speaks of it as the
pathway along which the souls of the fallen warriors draw near to
Valhalla. By recovering this old conceptionin anew and scientifically
grounded form we are enabled also to rectify the misunderstanding
from which the ancient bridge-conception of the rainbow has suffered
in later days, when tradition had begun to replace direct insight into
the truth.



When with the rise of man's onlooker-relation to the world of the
senses, the rainbow could appear to him only as a form flattened
againgt the sky, people began to think that the ancient picture of it
as a bridge had been derived from its likeness to the latter's arched
form. Representations of the rainbow from these times indeed show
supersensible beings, such as the souls of the dead, moving upwards
and downwards along the two halves of the arch. It is not in this
abstract way that ancient man formed his cosmic imagery. What was
seen going on between the upper and nether worlds when a rainbow
appeared in the heights of the atmosphere was no traffic over the
arch, but an interplay across the rainbow between the realm of levity,
glimmering down in the rainbow's violet border, and the realm of
gravity glowing up from the red. And this is how we have now learnt
to see it again.

*

At onepointin our optica studies (page 259) we referred to some
words of Ruskin in which he deplored the influence exerted on the
soul-life of modern man by theworld-conception of science. He illus-
trated this by showing how much less inspiration aman trained in the
science of optics receives from the sight of a rainbow than does a
'smple peasant’. One lesson of our studies is that training in optics, if
it proceeds on Goethean lines, has no such detrimental effect. There
is, however, afurther problem, outside Ruskin's scope, which we are
now able to approach in the same hedlthy way.

Ruskin distinguishes between three possible stages in man's rela-
tion to the world of the senses. The first stage he calls that of 'inactive
reveri€'; the second—in a certain respect more advanced—that of
‘useful thought', the stage of scientificaly awakened man to whom all
things disintegrate into countable and nothing but countable parts.
Beyond this, Ruskin conceives of a third, gill higher stage, in which
man becomes capable of raising himsdlf through 'higher contempla
tion' into an artigtic-ethica relation to the content of the sense-
world. Now, intheway Ruskin represents the second and third stages
they seem to be exclusive of one another. That was as far as he could
go, in his own day. Natural observation along Goethean lines leads
to aform of higher contemplation which unites the second and third
stages by nourishing man's ethical being and at the sametimefurnish-
ing him with useful knowledge—knowledge, that is, which enables
him to improve the conditions of the human race on the earth. The



following is an example of the practical possibilities that open up in
thefield we are discussing if we apply the knowledge gained through
our new approach to the forces working in nature.

We shall speak here of a task of experimental research which was
mentioned by Rudolf Steiner in connexion with the renewal of
natural science.

Rudolf Steiner felt the need for pioneers who, by advancing along
the paths opened up by Goethe, would press forward into the realm
of undiscovered phenomena on the upper border of nature, and this
prompted him to give to those who were ready to listen various
pointers towards new ways of experimental research. In so far as
practica results have already been reached along these lines, they lie
in the fields of biology and physiology (and of chemistry, in a certain
respect) rather than in that of physics. Now, among the indications
given in this latter field, and not yet worked out, there is one which
dealswith away, unknown to-day, of influencing the spectrum by the
magnet.

The possibility of a magnetic influence on the spectrum is, in itself,
not unknown to modern physics. It was the Dutchman, Zeeman, who
first observed achangein the appearance of certain spectral lines as a
result of light passing through a magnetic field. This discovery, how-
ever, isin two respects typical of modern science. The Zeeman effect
consists in the splitting up of certain spectral lines into other lines—
hence, of a breaking up of awhole into parts. And by seemingly pro-
viding a decisve confirmation of contemporary views concerning the
electromagnetic nature of light, Zeeman's discovery has formed one
of the milestones in the progress of modern physical thought—with
the usual result that an enlargement of man's knowledge of the be-
haviour of natural forces has served to entangle his conception of
nature still more deeply inillusion.

Apart from the fact that our own way of combining observation
and thought guards us against drawing theoretical conclusions from
Zeeman's discovery, Rudolf Steiner's indication opens up the pros-
pect of achieving quite practical results, opposite in character to those
of the Zeeman effect. For in contradistinction to the use of a magnetic
field for splitting the spectrum, Rudolf Steiner has made us aware of
the possibility of uniting into a higher synthesis parts of the spectrum
which normally appear in separated form. His indication points to
nothing less than a leading over of the optically produced spectrum



from its usual linear form, with two boundaries on either sde, into a
closed circular form, and of doing this by an adequate application—
as yet undiscovered—of magnetic force. Further, according to his
statement, the point where the two ends of the spectrum meet will
prove to be a fountain-head of certain higher natural forces which
otherwise are not directly accessible.

In order to understand how this is possble, we must remember
that in two respects the spectrum is not a complete phenomenon.
There is, to begin with, the fact that the colour-band visible on the
observation screen is only apparently confined to the surface of the
screen. For, aswe have seen, because of the differing co-ordination of
levity and gravity at the two ends of the spectrum, the conditions of
space prevailing at each are polaricaly opposite. Negative space
opens up spherically behind the blue-violet colours on one side, while
positive space, filled by the radialy shining yellow-red colours, arises
on the other. So we see that what wefound earlier for the two poles of
magnetism and dectricity holds good aso for the spectrum. That is,
the two processes bringing about the relevant phenomena are not
confined to the part of space which these phenomena seem to occupy;
for the whole positive and negative realms of the universe share in
them. Hence the spectrum, though apparently bounded at its two
ends, proves by itsvery nature to be part of a greater whole.

Once before we were led to recognize—though from a different
aspect—that the spectrum is a phenomenon which, when rightly
viewed, cdls for a certain completion. In following Goethe's initial
observations we realized that the known spectrum, extending from
red via green to violet, has a counterpart extending from violet via
peach-blossom to red. The reader may have wondered why we never
returned to this other spectrum, in spite of the role it played in mak-
ing Goethe aware of Newton's error. The reason was that in order to
gain the understanding we needed of the spectrum, we had to observe
the two border-phenomenaindependently—that is, without regard to
their relative positions. Moreover, with ordinary opticd meansit is
possible to produce only one type of spectrum at atime, so that each
is left in need of being complemented by the other. In order to have
both together in finite space, as part of one and the same phenomenon,
space itself must be dynamically transformed in such a way that the
continuation of the finite spectra band running through infinity
enters into the finite as well.

Our understanding of magnetism as a specific representation of the



polarity of the second order enables us to comprehend, at least in
principle, how magnetismmightinfluence—notlightitself, aspresent-
day physics erroneously believes—but the secondary polarity of the
spectral colours formed out of the primary polarity Light and Dark.
To seethisin al necessary detail is atask of the future, beyond the
scope of this book. We have here to continue our account of Rudolf
Steiner's statement by communicating what heindicated concerning
the particular nature of the new source of force which would appear
inthenormally infinite part of the spectrum, if thiswere broughtinto
the region of the finite.

In order to understand the significance of this indication we must
turn our attention to parts of the ordinary spectrum, well known in
themselves, which we have purposely left out of our study so far.
These are the regions of the ultra-violet and the infra-red, invisiblein
themselves, but forming part of the spectrum as awhole. The ultra-
violet manifests through chemical effects, the infra-red through ther-
mal effects We have left them out of our consderations because
these regions of the spectrum differ from the visible part not only
guantitatively, as present-day science believes, but qualitatively aso,
and in afundamental way. We must regard them as dynamic realms
of particularly extreme spherical and radial activities. As such they
represent metamorphoses, in the Goethean sense, of thelevity-gravity
interaction represented by the optically visible part of the spectrum.
In this way the spectrum discloses a threefold differentiation of that
region of force, which up to now we have caled simply levity, into
activities producing chemical, optical and thermal effects.

So far physical investigation is able to lead us, but no further. If,
however, we let nature hersdf speak to us, while holding this differ-
entiated concept of levity in mind, she tells us that beyond the three
metamorphoses envisaged so far, there must be a fourth.

Let us remember that it was certain phenomena of life which first
made us aware of the existence of arealm of forces with the attributes
of anti-gravity, and that these forces revealed themselves first as
creators of form. Now it is obvious that warmth, light and chemical
energy, though they dl play an essentid part in living organisms,
could never by themselves bring about that 'catching from chaos,
carbon, water, lime and what not and fastening them into a given
form' which Ruskin describes as the activity of the spirit in the plant.
In order to be in this sense an instrument of the spirit active in nature,
levity must be capable of yet another metamorphosis into an activity



which controls the other three, so that through their action, definitely
shaped organic structures may come into being.

The reason why this fourth and highest metamorphosis of Light
does not appear in the ordinary spectrum is because it is of too
spiritual a quality to be caught by the optical apparatus. In nature
herself a creative life-process requires always the presence of a germ
already imbued with life. And so, in order to cdl this fourth meta-
morphosis of Light into the spectrum, stronger means are needed
than the mere optical transformation of light-filled spaces. This
stronger agent, according to Rudolf Steiner, is magnetism. With the
aid of this it will be possible to organize together round a common
spatia centre that part of the activity of levity which escapes the
optical instrument and thus remains cosmic, and that part which
appears by itself in terrestrial space.

Once this is practicaly carried out, we may expect a complete
colour-circle to appear as aready divined by Goethe. The full circle
consists of twelve discernible colours, with the Goethean peach-
blossom diametrically opposite the green. It is in this region of the
peach-blossom that—again according to Rudolf Steiner—we shall
find a source of actively working life-forces, springing from the
fourth metamorphosis of levity. Such is the prospect for research
work guided on the new lines.

POSTSCRIPT

The fact of our having disclosed here one of Rudolf Steiner's in-
dications concerning as yet undetected possibilities of scientific re-
search, makes it necessary to deal with an objection which may be
raised, particularly by some readers who aready know this indication
through their own relation to Rudolf Steiner's work. They may
object to a discussion of the subject in a publication such as this,
feeling it dangerous to hand over to the world information which in
the economic battles of to-day might be used in a sense contrary to
the social-moral aims to which the work of Rudolf Steiner was
dedicated.

In reply it may be said that al we have gone through in this book
has shown that concrete knowledge of the world cannot be gained
without a certain ethicd effort by the seeker. Therefore, anyone who
receives such knowledge with a passive attitude of soul will find it
meaningless, and will be quite unable to turn it to practical account.



We may therefore rest assured that the solution of the problem
related here, as of any other experimental task set by Rudolf Steiner,
will contain in itself a guarantee that no use will be made of it
detrimental to the true progress of mankind.

On the other hand, the present world-situation, which to so high
adegreeis determined by the vast liberation of the sub-physical forces
of the earth, makes onefe€l it is essential not to close the considera-
tions of thefieldsof knowledge dedt with in these chapters, without a
hint at the practical possibilities which arise from a continuation of
Goethe's strivings in this field.



PART Il

Towards a New Cosmosophy



CHAPTER XIX

The Country in which Man is not a Stranger

| question not my Corporeal or Vegetative Eye any more than | ques-
tion a window concerning sight. I look through it and not with it.
WILLIAM BLAKE.

(8 INTRODUCTORY NOTE

A fundamental achievement along our path of study was the
recognition that a force of levity exists, polar to that of gravity, and
that these two together represent a primary polarity in nature which
in turn is the source of nature's manifold secondary polarities.

In the last part of these studies a vista opened up of an inner differ-
entiation of levity itself into warmth, light, chemica action and the
formative activity of life. Our next task will be to develop a clearer
conception of these four modes of action of levity.

In undertaking this task, however, we shall have to extend our
observations of nature beyond the frontier that can be reached by
usng only what we can learn from Goethe. It is here that Rudolf
Steiner comes to our aid by what he was able to impart through his
researches in the realm of the supersensible itself.

This turning to information given by another mind, whose sources
of knowledge are beyond our own immediate reach, seems at first
sight to be incompatible with the principles guiding al our studies
hitherto; for in gaining insight into the How and Whence of a pheno-
menon of the sense-world we have up to now admitted only what is
yielded by an observation of the phenomenon per se (though with the
aid of the 'eye of the spirit) and of other phenomena related to it.
This is what we have called 'reading in the book of nature’, and we
have found it to be the method on which a science aspiring to over-
come the onlooker-picture of the universe must be based. So we must
first make sure that the step we now propose to take does not violate

this principle. .



The assurance we want will be found in two characteristics of the
communications made by Rudolf Steiner from his researches. The
content of these communications was acquired by way of a 'reading'
which is nothing but a higher metamorphosis of the reading first
employed by Goethe; and the acceptance of this content by another
mind is itsdf nothing but ancther act of reading, save that the direc-
tion of the reading gaze differs from the usual one.

In order to understand this we must go back to what we learnt in
the course of our opticd studies as to the two forms of vision arising
from the activity of the ey€'s inner light—the dream-vision and the
seeing of after-images. Of these two, seeing in dream is in a certain
sensethe purer form of inner seeing in that it arises without any outer
stimulus exercised upon the physica organ of sight. On the other
hand, it lacks that objective conformity to law characteristic of the
after-images which mirror the order of the external world. There is
an arbitrary, enigmatic dement in dream-pictures, and their logic
often seemsto run counter to that of waking consciousness. A further
characteristic of dream-perception is that we are tied to the level of
consciousness prevailing in the dream. While we are dreaming we
cannot awaken to the extent of being able to make the pictures the
object of conscious observation.

With the after-images it is different. Although to begin with they
are present in our consciousness with a clarity no greater than that of
the dream-pictures, neverthedess we are dle so to enhance our con-
sciousness of them as to bring them under observation like any ex-
ternal phenomenon. As previoudy shown, it is possible, even while
the eye is riveted on an impression from outside, to develop such
awareness in the activity of the inner light caled forth by this im-
pression, that together with the results of the deeds and sufferings of
the light we can perceive something of these deeds and sufferings
themsdlves. Perception of the after-images thus turns into what we
may call perception of simultaneous images. (This activity of the eye
corresponds with what Goethe, in a different connexion, caled an
‘dliance of the eyes of spirit with the eyes of the body'.)

These two forms of visual perception—which we may briefly call:
(1) perception of podt-images, and (2) perception of co-images—
represent successive rungs on a 'spiritua ladder' pointing beyond
themselves to afurther rung. By the logic of succession this may be
expected to consist in some sort of seeing of pre-images, with the
characteristic of being a till less physical mode of seeing than the



two others. This seeing must be based on an activity of theinner light
which will be similar to that in dream by its arising without any
stimulus from externd light-impressions, yet at the same time there
must be no arbitrariness in the contents of this perception. Further,
our consciousness in this perceptive activity must be such asto alow
usto bein full control of it, as we are of ordinary day-waking seeing.

This kind of pure sense-free perception does indeed exit, and it
can be aroused by means of awell-ordered training from the dormant
statein whichiit is present in every human being. Anyone who learns
to seein thisway gains perception of the activity of cosmic light, con-
tacting it directly with his own inner light—that is to say, without
mediation of his corporeal eyewhichis subject to gravity. So thiseye-
of-the-spirit becomes capable of percelving the levity-woven arche-
types (ur-images), which underlie dl that the physical eye discernsin
the world of ordinary space.

In respect of the intrinsic character of the world-content thus per-
ceived, Rudolf Steiner cdled this mode of perception, Imaginative
perception, or, smply, Imagination. By so doing he invested this
word with its due and rightful meaning.

From what we found in our optical studies concerning the nature
of after-images (Chapter XV), it is clear that the acquisition of
Imaginative perception rests on a re-awakening in the eye (and thus
in the total organism behind the eye) of certain 'infant' forces which
have grown dormant in the course of the growing up of the human
being. It thus represents a fulfilment of Thomas Reid's philosophic
demand. Consequently we find among the descriptions which Tra-
herne gives of the mode of perception peculiar to man when theinner
light, brought into this world at birth, is not yet absorbed by the
physical eye, many helpful characterizations of the nature of Imag-
inative perception, some of which may be quoted here.

Consider, in this respect, the following passage from Traherne's
poem The Praeparative, quoted earlier. In describing the state of soul
at atime when the physical senses are not yet in operation, Traherne

says:

"Then was my Soul my only All to me,
A living, endless Ey,

Whose Power, and Act, and Essence was to see;
| was an inward Sphere of Light

Or an interminable Orb of Sght,



Exceeding that which makes the Days,
A vital sun that shed abroad its Rays:
All Life, all Sense,
Anaked, simple, purelntelligence.”

This is the condition of soul of which Traherne says in the same
poem that through it aman is gill arecipient of the 'true Ideas of al
things. In this condition the object of sight is not the corporeal
world which reflectsthelight, but light itself, engaged in the weaving
of the archetypal images. In a later passage of the same poem Tra
herne expresses this by saying:

"Tis not the Object, but the Light
That maketh Hev'n. . . '

And more clearly till inthefollowing part of hispoem An Infant Eye:
‘A simple Lightfrom all Contagionfree,
A Beam that'spurely Spiritual, an Ey
Thai's altogether Virgin, Things doth see
Ev'n like unto the Deity;
That is, it shineth in an hevenly Sense,
And round about (Unmov'd) its Light dispense.

"The visv Rays are Beams of Light indeed,

Refined, subtil, piercing, quick andpure;

And as they do the sprightly winds exceed,
Are worthy longer to endure;

Theyfar out-shoot the Reach of Grosser Air,

With which such Excellence may not compare.

But being once debasd, they soon becom

Less activ than they were before.'

How a this stage the soul experiences the act of perception in
itsdf is shown in the following passage from the poem Wonder:

'A Nativ Health and Innocence
Within my Bones did grow
And while my God did all his Glories show
Ifelt a vigour in my Sense
That wasall SPIRIT: | within did flow
With seas of Life like Wine!'

Utterances of this kind illustrate the fact that perception of the ur-



images of the world consists in a reading with the eye-of-the-spirit,
which has been rendered so strong that for its action no support from
the physical eye is any longer required. This faculty of spiritua
Imagination (which Rudolf Steiner was able to exercisein advance of
other human beings) is acquired on a path of training which is the
direct continuation of the Goethean path.

It remains to show that acceptance of information obtained
through spiritual Imagination, without ourselves being as yet in
actual command of it, is not in contradiction with the principles of
'reading'. Let us, to this end, think of reading in the ordinary sense of
this word, calling to mind that for the acquisition of this faculty we
depend on someone who can teach it because he dready has it.
Exactly the same holds good for the reading with which we are here
concerned. Here, too, a teacher already possessing this faculty is re-
quired. Thus Goethe became for us ateacher of reading, and it would
be a mistake to imagine that he, for his part, needed no teacher. In
his case this function was fulfilled partly by what he learned through
his studies of the earlier fruits of man's spiritual activity, that is, from
an epoch when vestiges at least of the original, instinctive faculty of
spiritual |magination were gill extant. A similar function on our own
path of study was performed by our occupation with the old doctrine
of the four elements and the basic concepts of achemy.

Indispensable as is such a training in reading by turning to past
conceptions of man, it does not suffice to meet the present-day de-
mands of a scientific understanding of the universe. For this, we need
a 'technique’ of reading that cannot be attained along these lines
alone. Awareness of this fact led Rudolf Steiner to pursue his spiritual-
scientific investigations and to communicate the resultsin such away
that they can be a 'school of reading' for those who study them.? In
point of fact we have aready made use in this sense of one of the
results of Rudolf Steiner's researches, for at the very beginning of

! To avoid misunderstandings, it should be emphasized that spiritual Imagina-
tion is not attained by any exercise involving directly the sense of sight and its
organ, the eye, but by purely mental exercises designed to increase the 'seeing'
faculty of the mind.

Indeed, it is a misunderstanding of the whole meaning of Anthroposophy
when its contents are quoted—as they sometimes are even by adherents—in such
away as to suggest that by their help a better ‘explanation’ may be gained of
matters for which there is otherwise no, or at least no satisfactory, explanation.
The question: 'How does Anthroposophy explain this or that? is quite wrongly
put. We ought rather to ask: 'How does Anthroposophy help us to read more
clearly this or that otherwise enigmatical chapter of the script of existence?



this book his picture of the threefold psycho-physical organism of
man wastaken asthe basis of our owninvestigations. The reason why
the present remarks were not then included is that the relevant results
of higher research were in that case of such a nature that, once
known, they could be confirmed by the smplest kind of self-observa-
tion. The fact, however, remains that from the very beginning we
have called upon one fully trained in reading, to help in deciphering
certain facts of nature—in this case of human nature.

A similar need, though now in an amplified form, arises at the
present stage of our studies. And here, out of the wedlth of know-
ledge conveyed by Rudolf Steiner from the realm of supersensible
Imagination, it is his characterization of the four modifications of
levity which will now give the guidance necessary for our own obser-
vation. Adopting the terminology chosen by him for the description
of this sphere, we shall in future speak of it as of the 'Ether' pervad-
ing the universe (thus using this word also in its true and origina
meaning). Accordingly, we shdl refer to itsfourfold differentiation as
to the four kinds of ether: Warmth-Ether, Light-Ether, Chemica
Ether and Life-Ether.

(b) WARMTH

We begin with the warmth-ether as the only modification of ether
which combines certain etheric with certain physica properties.
Constituting as it does a border-condition between the two worlds,
the warmth-ether has, on the one hand, the function of receiving the
picture-weaving transmitted to it by the higher ethers, and, on the
other, of bringing physical matter into the state where it becomes
receptive to the working of the etheric forces. The warmth-ether
achieves this by freeing matter from being controlled one-sidedly by
the centre-bound forces of the earth. It thus cals forth, when acting
physicaly, the processes of melting of solids and of evaporation of
liquids: phenomena which yielded the initial observations for our
introduction of the concept of levity. In processes of this kind we now
recognize the physical manifestation of a universal function of the
warmth-ether, namely, to divest matter of dl form and to lead it
over from the rellm dominated by gravity into that of levity. Pro-
vided we attach the right meaning to the word, we may say that the



function of the warmth-ether is to bring about chaos at the upper
border of physica nature. It is thus that we have aready found it
working in the plant, when through the union of the pollen with the
seed a state of chaos is produced within the seed, which enables the
type to impress anew its form-principle into it.

Another instance of the warmth-ether's anti-gravitational effect,
also discussed earlier, is the earth's seismic activity. True, it appears
a first sight as if little were gained by speaking of warmth-ether,
instead, as we did previoudly, of levity in general. But it must not be
forgotten that in the ether-realm as a whole, warmth—that is, the
overcoming of earthly gravity—is only one of the four modes of
etheric action, albeit the one which enables the other three to work
into the physical world. We shall see, later on, that only by taking
into account the action of the higher modifications of the ether is it
possible to gain insight into the true causes of the apparently so arbi-
trary occurrences of volcanic and kindred phenomena. Here, too, itis
the function of the warmth-ether to produce in the physical sphere
the chaos which is necessary to make the physical sphere receptive to
the activities going on in higher spheres.

In view of this universal function of the warmth-ether, which dis-
tinguishesit fromthe other modifications of ether, we may giveit asa
second name that of 'chaoticizing ether'.

* *

© LIGHT

The function of the light-ether, the second of the four modes of
ether, can best be envisaged by thinking of the difference between a
plant growing in darkness (perhaps a potato sprouting in a cdlar)
and another of the same species exposed to the influence of the light.
OnPlates VIl and VIII two kinds of unicellular organisms are shown,
of onewhich—thegreen algae—isaccustomedto liveinlight, theother
—the bacilli—in darkness. Thesethings are, of course, well-known
facts. Our purpose here, however, is not merely to record them as
'fact', but, by re-creating them within ourselves, to use them to gain
an experi-ence of the function of the light-ether.

The following passages from Goethe's Metamorphosis of Plants
are aclassicd example of observation of the activity of the light-ether
in the plant. They are taken from the second part of the essay, where
Goethe is describing |eaf-development:



'‘While the leaves owe their first nourishment principaly to the
more or less modified watery parts, which they draw from the stem,
they are indebted for their increased perfection and refinement to the
light and air. The cotyledons which are formed beneath the closed
seed-sheath are charged, so to speak, with only a crude sap; they are
scarcely and but rudely organized and quite undevel oped. In the same
way the leaves are more rudely organized in plants which grow under
water than in others which are exposed to the open air. Indeed, even
the same species of plant develops smoother and less intricately
formed leaves when growing in low damp places, whereas, if trans-
planted to a higher region, it will produce leaves which are rough,
hairy and more delicately finished.'

'So it is also with the anastomosis of the vessels which spring forth
from the larger veins, seeking each other with their ends and codes
cing, and thus providing the necessary basis for the leaf-skin or
cuticle. All this, if not entirely caused by subtle forms of air, is at
least very much furthered by them. If the leaves of many water-
plants are thread-like or assume the form of antlers, we are inclined
to attribute it to lack of complete anastomosis. The growth of the
water buttercup, Ranunculus aquatilis, shows this quite obviously,
with its aquatic leaves consisting of mere thread-like veins, while in
the leaves developed above water the anastomosis is complete and a
connected plane is formed. Occasionally, indeed, in this plant, the
transition may be gtill more definitely observed, in leaves which are
half anastomosed and half thread-like."

The second of these paragraphs describes the phenomenon of vas-
cular anastomosis which, having aready been more than once an
object of our study, herereveals anew meaning. If, following Goethe's
method, we re-create in our mind the repeated separations and re-
unions of the sap-vessels, while keeping in view thefact that the leaf's
outer form is the result of a purposive, many times repeated anasto-
mosis, then the picture of the activity of weaving arises before our
mind's eye. (Hence the word 'tissue' for the flesh of a living being.)
In truth al nature's forms are woven of light, including the crystals.*

How clear a picture Goethe had of the conformity of man's act of
thinking with nature's way of producing her forms—both being an
act of supersensible weaving—is shown by the following two verses.
That on the left is a passage from Faust, from the scene in which

! See Space and the Light of Creation, by G. Adams, where this 'weaving' is
shown with the help of projective geometry.



Mephisto (disguised as Faust) instructs the young Scholar. The other
is an altered version of it, written by Goethe at a later time to con-
clude an essay (Bedenken und Ergebung) in which he deds with the
problem of the relation between Experience and |dea:

Truly, when men their thoughts conceive  So with a modest eye perceive

'Tis as if some masterpiece they weave.  Her masterpiece Dame Nature weave.
One thread, and a thousand strands take  One thread, and a thousand strands

flight, take flight,
Swift to andfro the shuttles going, Swift to andfro the shuttles going,
All unseen the threads a-flowing, Each to the other the threads a-flowing,

One stroke, and a thousand close unite. Onestroke, andathousandcloseunite.™

What Goethe wants to show here by applying to the activity of
nature the same image which he used originaly to depict the act of
thinking, we can express to-day by saying that it is the identity of the
activity of the light-ether in human thinking and in external nature
which is responsible for the fact that the objective ideas operating in
nature can become the content of man's consciousness in the form of
thoughts.?

Following our previous procedure when we gave the warmth-ether
a second name by calling it chaoticizing ether, we can denote the
light-ether also as 'weaving ether'.

*

If at this point in our discussion we revert once more to the ream
of physical manifestations of light, dedt with in the preceding chap-
ters, we do so because by studying them in the present context we
shdll gain further insight into the fact that one plane of nature pro-
vides illustrations of processes which on another plane remain more
or less veiled. At the same time this will help us to learn more about
the properties of levity-space. The optical phenomenon which we shall
discussinthis senseisthat of the so-calledpin-hole camera. (The pin-
hole camera effect is easily produced by a keyhole in a closed door
which on one side faces a window and on the other leads to a com-
paratively dark room.)

The usual explanation of the appearance of the optical image on
the back inside wall of such a camera is that light-rays, emanating
from every point outside, cross each other in the aperture of the cam-
eraand so—again point by point—create the inverted image. No such

Y Trandation by J. Darrell.
2 We may recall here dso the passage from Ruskin's The Queen of the Air,
quoted earlier, p. 118).



explanation, clearly, is open to us. For the world of external objects
isawhole, and so isits image appearing in the camera. Equally, the
light entering the camerais not asum of singlerays. Pure observation
leads to the following description of the optica process.

By surveying the path which the light takes from the illuminated
surface of the outer objects via the pin-hole to the optical image in-
side the camera, we realize that the light-realm engaged in this pro-
cess has the shape of a double cone, with its gpex in the opening of
the camera. Within this cone the light carries the image across the
space stretching in front of the light-reflecting objects up to the point
where the image becomes visible by being caught on the back wall of
the camera.

Thusin every section of the cone theimageis present in its totality
—even in the very apex of the cone. There, too, theimagein dl its
detailsis present as awhole, though without (ideally) any spatial ex-
tension. Seen thus, on thislevel of its action the light-ether reveals as
one of its characterigtics the faculty of making present in a spaceless
point an image originally expanded in space, and of letting it emerge
from this point in spatial expansion.

Further, there is the fact that, wherever we set up a pin-hole
camera, the apertureinits front will cause theformation of an optical
image insideit. This shows that each point in spacefilled with light is
the bearer of an optical image, contracted to a point, of the entire
world of light-reflecting objects surrounding it. All we do with such
a camera is to sdect a particular image and bring it to separate
visihility.

Through these observations we grow aware of light's faculty of
communicating simultaneously to space as awhole, and to each point
init, apotential image of the light-reflecting object.

What we observe here in the sphere of physical light-activity is
exactly what the light-ether performs on a higher level of nature
when with its help the spiritual archetype of a plant takes on spatial
appearance. For to this end the archetype, itself without spatial limi-
tations, imprints its image into the tiny seed, whence the growing
plant organism carries it again into space. And thereisin principle no
limitation to the number of such seeds, each of which will bear the
complete image of the archetype.

* *



(d) SOUND

The characterigtics of the third modification of ether are such that
they prompted Rudolf Steiner to give it as a second name, besdes
chemical ether, that of sound-ether. In view of the fact, stressed at the
beginning of this chapter, that perception of the ether is achieved by
a heightening of the power of the spirit-eye, it must cause surprise to
learn that a certain mode of activity of the ether has a quality which
makes appedl to aural experiences. The full answer to this riddle must
await the discussion that follows this chapter. Two points, however,
may be brought forward at once. Firstly, where gravity, with its ten-
dency to individualize, is absent, no such sharp distinctions exist be-
tween one form of perception and another as are found in the sphere
of the physical senses.* Secondly, even in ordinary sense-perception a
certain overlapping of visual and aural experiences is known to us.
We need only think how common it is to give musicd attributes, such
as 'consonant' and ‘dissonant' to colours, and to describe tones as
light' and 'dark’. The reason is that subconsciously we accompany
visua experiences with tone-sensations, and vice versa. Cases are
even known of human beingsinwhom the secondary sensation occurs
with such intensity as to equa the primary one. Such people say that
they 'see¢ sounds and 'hear' colours.

*

Everything that is true of the supersensible sphere we may expect
to come to expression in some form in the world of sense-perception.
The sphere of the ether is the sphere of the cregtive archetypes of the
world, and when we learn that to one part of thisworld the character
of sound is attributed, we must search for a phenomenon, perceptible
to our senses, which reveals to us the secret of the sound's form-
creating power. This we have in the so-called sound-figures, discov-
ered by the German physicist Chladni (1756-1827) and called after
him 'Chladni's sound-figures. A short description of how they are
produced will not be out of place.

A round or square plate of glass or brass, fixed at its centre so that
it can vibrate freely at its edges, is required. It is evenly and not too

! That the ether, apart from being supersensibly seen, is aso heard, was
empiricaly known to Goethe. See the opening words of the 'Prologue in Heaven'
(Faust, 1) and the call of the Spirit of the Elements in the first scene of the Second
Part of the drama, which follow upon the stage direction: "The sun announces his
approach with overwhelming noise.'



thickly covered with fine sand or lycopodium powder and then
caused to vibrate acoudticaly by the repeated drawing of a violin-
bow with some pressure across the edge of the plate until a steady
note becomes audible. Through the vibrationsthus caused within the
plate, the particles of sand or powder are setin movement and caused
to collect in certain stationary parts of the plate, thereby creating
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figures of very regular and often surprising form. By stroking the
plate at different points on the edge, and at the same time damping
the vibrations by touching the edge at other points with the finger,
notes of different pitch can be produced, and for each of these notes
a characteristic figure will appear (Fig. 14)}

! By attending Chladni's lectures on his discovery in Paris the French physicist
Savart became acquainted with this phenomenon and devoted himsdf to its
study. Chladni and Savart together published a great number of these figures.



The significance for us of Chladni's experiment will emerge ill
more clearly if we modify it in the following way. Instead of directly
setting the plate with the powder into vibration by stroking it with
the bow, we produce a corresponding movement on a second plate
and let it be transmitted to the other by resonance. For this purpose
the two plates must be acousticaly tuned to each other and placed
not too far apart. Let us imagine, further, that the whole experiment
was arranged—as it well might be—in such a way that the second
plate was hidden from a spectator, who also lacked the faculty of
hearing. This gives us a picture of the situation in which we find our-
selves whenever the higher kinds of ether by way of a tone-activity
inaudible to our physica ear, cause shapeless matter to assume regu-
larly ordered form.

*

This comparison of the activity of the sound-ether, as the form-
creating element in nature, with Chladni's phenomenon is drawn
correctly only if we recognize that the conception of form, as an ex-
pression of that which is called forth through the etheric forces in
nature, comprises more than the external spatialy bounded shape of
an organic or inorganic entity. Apart from the fact already indicated,
that for the formation of such entities the co-operation aso of life-
ether is necessary, we can judge the activity of sound-ether correctly
only if we conceiveit as amuch moreinward activity, compared with
the formation in external space of Chladni's figures. In the latter
case, the reason why the influence of sound causes nothing beyond
the ordering of formin outer space is because on this plane of nature
the only changes that can occur are changes in the positions of separ-
ate physical bodies. Where the forces of sound in ether-form are able
to take hold of matter from within, they can produce changes of
form of a quite different kind. This effect of the activity of sound-
ether has given it its other name: chemicad ether.

We have mentioned once before that our conception of 'form' in
organicaly active nature must not be limited merely to that of a
body's spatial outline. Thiswasin connexion with Ruskin's definition
of the spiritual principle active in plant-formation as 'the power that
catches out of chaos charcoal, water, lime and what not, and fastens
them down into a given form'. Besides the external order of nature
revealed in space-form, there exists aso an inner qualitative order
expressed in a body's chemical composition. Upon this inner chem-



ical order is based dl that we encounter as colour, smdl, taste, etc.,
of a substance, as well as its nourishing, heding or harmful proper-
ties. Accordingly, al these parts of an organism, both in the plant-
kingdom and within the higher organisms, have a certain inner
material order, apart from their characteristic space-structure. The
one is never present without the other, and in some way they are
causaly connected.

In this inner order of substance we must see in the very first place
the work of the sound or chemica ether. And we should be aware
that by the word 'chemistry' in this connexion we mean something
much more far-reaching than those chemical reactions which we can
bring about by the reciprocd affinity of physica substances, however
complicated these reactions may be. A few examples will illustrate
the difference between chemical processes caused by direct influence
of the chemica ether, and others in which only the physical conse-
guences of the ether are effective.

In his book, Man the Unknown, Professor Carrel shows very im-
pressively, by an examplefrom the human organism, the difference of
guantitative ratio in externally similar processes, one of which occurs
within the domain of life, the other, outside it. He compares the
quantity of liquid necessary to keep artificialy dive a piece of living
tissue which has been reduced to pulp, with the quantity of blood
doing the same within the living organism. If al the tissues of a
human body weretreated in thisway, it would take 45,000 gallons of
circulating fluid to keep them from being poisoned in a few days by
their own waste products. Within the living organism the blood
achieves the same task with 1J gallons.

Very many chemical changes within living organisms are effected
by the two polar processes of oxidation and reduction. We have dis-
cussed them repeatedly as hieroglyphs of much that occursin nature
by way of polarity. In accordance with the principle ruling the phy-
sical plane of nature, that differences of level tend to disappear,
oxidation can occur by itself, whereas reduction requires the expendi-
ture of energy. Let us from this point of view compare the transfor-
mation of oxidized into reduced iron, as it takes place inside and
outside the realm of life.

An example of this process in its purely physical form is the reduc-
tion of iron-ore to metdlic iron in blast-furnaces, where, with the
help of high temperature and high pressure, carbon is made to com-



bine with the oxygen ingredient of the ore and to impart to it its own
imponderable energy. Precisdy the same process is going on con-
tinuously and unobtrusively within the human body under normal
bodily conditions of temperature and pressure, when the oxy-
haemoglobin of the arterial blood changes over into the haemoglobin
of the venous blood. A macrotelluric counterpart of thisis the trans-
formation of the red river-mud into the blue-black continental mud
at the bottom of the sea, around the continental shores. Here, again,
reduction takes place without those preliminaries that are necessary
for carrying through the process by technica means.

Through examples of this kind we gain insight into the nature of
the chemica ether as a 'magic' force (in the sense in which we have
introduced this term at the beginning of the book). What the chemical
ether is capable of effecting in a gentle manner, so to speak, in co-
operation with the inertness-overcoming power of the warmth-ether,
can be imitated physically only by an extraordinary concentration of
externa energy and the use of masses of materia substance. At the
same time the imitation is never complete. For to al that happens
through the action of the chemica ether there belongs the quality of
cosmic youth, while everything brou%ht about in a purely physica
manner is of necessity cosmicdly old.

Of dl the provinces of nature towards which man's exploring eye
has turned since the dawn of the onlooker-consciousness, none has
furthered his purely quantitative thinking more than chemistry, ever
since the discovery that the chemica reactions of the various sub-
stances are conditioned by a quite definite and constant numerical
relationship. It was these relationships which impelled the rise of the
atomic conception of matter and al its consequences. For since the
onlooker-consciousness is quite unable to conceive the existence of
numerical relationships in the physical world except as sums of com-
putable unitsin space, it was natural for thistype of consciousness to
reduce dl empiricaly established numerical relationships to corre-

! Understanding the attributes of the chemical ether enables us to see in their
right perspective Rudolf Steiner's suggestions to farmers for the preparation of
the soil and for keeping healthy the crops growing on it. Attempts have been
made to dismiss these suggestions by caling them 'mysticism' and 'mediaeval
magic. Both terms are titles of honour if we understand by the one the form of
insght into the supersensible realm of nature acquired by the higher mode of
reading, and by the other a faculty of nature hersdf, whose magic wand is the
chemicd or sound-ether.



spending relationships among quantities of the smalest posshble
material or matter-like units.

Scientific thinking, if guided by knowledge of the existence of
etheric forces and their action, has no need of such an interpretation
of the numerical relationships revealed in the physical world; for it
knows them to be nothing but the last expression of the action of the
chemical ether (hence occasionaly also caled 'number-ether' by
Rudolf Steiner). To do justice to the appearance of measurable
numerical relationships in nature, in whatever sphere, it is necessary
to free ourselves from the abstract conception of number which
governs modern scientific thought and to replace it by a more con-
crete one. We shal rind that for the existence of a certain number
there may be two quite different reasons, although the method of
establishing the number itself is the same in each case. A smple
example will illustrate this.

Let us look at a number of similar objects, say a group of five
apples. We observe that the relation of the number fiveto the group
of objectsin front of usis purely external and accidental. In applying
to it the conception 'five' we combine the single objects into agroup
and giveit aname, or numerical label, which has nothing to do with
the nature of the items making up the group. This way of thinking,
we may observe, is of exactly the kind which the nominalists of the
Middle Ages attributed to every conception formed by the human
mind. In fact, the process of counting is a process of pure abstraction.
The more differentiated are the things which we want to combineinto
agroup through the process of counting, the further this abstraction
has to go. We can count apples and pears together under the collec-
tive conception of 'fruit’; if turnips are added, we must help ourselves
out with the conception 'vegetable products'; until finally we ded
only with 'things, without considering any qualitative differentiation.
Thus the conception of number is created solely within the human
mind, which applies it to things from outside.

From the moment when human consciousness was unable to attri-
bute to itself any other than a purely nominalistic mode of compre-
hension it was inevitable that all explanations of natural phenomena
would have two results; (1) the exclusion from observation of every-
thing that could not be conceived in terms of numbers, and (2) an
endeavour to find for every numerical relationship capabl e of empiri-
ca proof an explanation which could be interpreted as the result



of taking qualitatively identical units and counting them. For this
method of forming conceptions is the only one which nominaism
can accept with a good conscience. The fact that in so doing it is led
ad absurdum has only quite lately occurred to it. For if by the logical
following of this path—as in modern theoretical physics—the whole
universeis dissolved into units which can no longer be distinguished
from each other, then it will become impossible to count these parts,
for it cannot be established whether any given one of these hypo-
thetical elemental particles has been counted or not. None the less,
Eddington claimed to have found the exact number of particles
composing the universe—a number with 80 figures—by using a
gpecid calculus, but this number is valid only on the supposition
that tlhe particles cannot be counted because they are indistinguish-
ablel

However correct the nominalistic conception of number may bein
such a case as that of numbering thefive apples, it is whally incorrect
to restrict the concept of number itself to one valid for this kind of
occurrence. We shall see thisimmediately if we take one of the apples
and cut it across. There we find the number five confronting us in the
well-known star-like figure, represented by the fivefold pericarp in
the centre of the apple. What man, regtricted as he was to the mode
of understanding, has completely overlooked is this: athough the
act of counting, by which we establish the number five, is the same in
both cases, the quality of the number fiveis totally different. For in
the case of thefive pericarps this number is a quality immanent in the
apple, which it shares with the whole species of Rosaceae. The apple
itself isjust as much 'five' as it is 'round’, 'sweet', ec. In the super-
sensble type which creates in the plant its own organ of manifesta-
tion, the creation of a number—in the apple the number five—ispart
of the form-creating activities characteristic of the type. The numer-
ica relationships which appear between natural phenomena depend
upon the way in which the chemical ether participates. This is true
equally of those discovered by chemistry in the sphere of inorganic
matter and used to-day with such great success.

Let us be quite clear that the relationship of unity to plurdity in
the case of the five apples is totally different from what it isin the
fivefold pericarp. In the first case unity is the smallest quantity repre-
sented by each of the five apples. There, the step from one to two is

! See Eddington's humorous and at the same time serious treatment of this
problem in his Philosophy of Physical Science.



made by joining together two units from outside. The path from one
to many is by way of continuous addition. In the second case the
unity is represented by the pericarp—i.e. by the one comprising the
many, the latter appearing as parts of the whole. In such a case two
is part of one and so are three, four, five, etc. Plurality arises from a
continuous process of division of unity.

The ancient world knew the idea of number only in the last-men-
tioned form. There unity appeared as an all-embracing magnitude,
revealed through the Universe. The world's manifoldness was felt to
be not a juxtaposition of single things, externally connected, but the
content of this unity, and therefore derived from it. This was ex-
pressed by the pre-Socratic Greek philosophers in the formula &v
x»ou v (the One and the All).

With the appearance of the Arabs on the scene of history, human
thought turned to the additive concept of number, and the original
distributive concept receded gradually into oblivion. The acceptance
of the new concept made it possible for the first time to conceive the
zero. It is clear that by a continuous division of unity one is carried
to a constantly growing number of constantly diminishing parts, but
without ever reaching the nothing represented by the number zero.
To-day we should say that in this way we can reach zero only by an
infinite series of steps. Yet the idea of the infinite did not exist in this
form for ancient man. On the other hand, in the arabic conception of
number the steps necessary to reach zero are finite. Forjust as by the
external addition of unities we can step forward from one number to
the next, so we can also step back on the same path by repeated sub-
tractions of unities. Having thus reached One, nothing can stop us
from going beyond it by one more such step. The arabic numeral
system, therefore, is the only one to possess its own symbol for
zero.

It has been correctly noted that the penetration into European
thought of this additive concept of number was responsible for
developing the idea of the machine; for it accustomed human beings
to think calmly of zero as a quantity existing side by side with the
others. In ancient man the idea of nothingness, the absolute void,
created fear; he judged nature's relation to the void accordingly,
as the phrase 'matura abhorret vacuum' indicates. His capacity to
think fearlessly of this vacuum and to handle it thus had to be
developed in order to bring about the Machine Age, and particularly
the development of efficient steam engines. Consider also the decisive



part played by the vacuum in Crookes's researches, through which
the path to the sub-physical realm of nature was laid open.

Yet nature makes use of number as a regulating factor in quite a
different way from its appearance in the purely electrica and gravi-
tational connexions of inorganic matter, namely where sound-ether
from the upper boundary of nature so regulates nature's dynamic
that the manifold sense-qualities appear in their time-and-space
order. When we interpret the arrangement of numbers found there
on anominalistic basis, asis done when the axis- and angle-relation-
ships of crystals are reduced to a mere propinquity of the atoms dis-
tributed like a grid in space, or when the difference in angle of the
position of the various colours in the spectrum is reduced to mere
differencesin frequency of the electromagnetic oscillationsin ahypo-
thetical ether—then we bar the way to the comprehension not only
of number itself, as a quality among qualities, but aso of dl other
qualities in nature.

() LIFE

As dready mentioned, the three kinds of ether, warmth, light and
sound, are not sufficient in themselves to bring into existencewhat in
its proper sense we cdl 'life' in nature, i.e. the formation of sngle
living organisms. This requires the action of a fourth kind of ether,
the life-ether, ranged above the other three. We can best comprehend
the life-ether's contribution to the total activity of the ether in nature
by considering the interaction of the four kinds of ether with the four
physica elements.

| FIRE WARMTH




We have seen that the warmth-ether has the double function of
being at once the lowest ether and the highest physical element, thus
acting as a sphere of reflexion for the other kinds of ether and the
elements respectively. Each stage in the etheric has its reflexion in
the physical, as the above table shows. Thus to the physical air the
etheric light is related. (The affinity of light and air is best seen in
the plant and its leaf-formation.) To bring about real changesin the
material composition of the physical world requires the stronger
powers of the chemica ether. Therefore it is aso the first ether of
which we had to speak as 'magical’ ether. Its effects reach into the
watery element which is aready bound up with gravity, but by its
own strength it cannot penetrate beyond that. The causation of
material changes in the liquid sphere would in fact be al that these
three kinds of ether could achieve together.

Only when the power of the life-ether is added to the three others
can etheric action reach as far as the sphere of solid matter. Thus the
life-ether is responsible for al solid formation in nature, both in her
organic and inorganic fields (the latter—crystal-formation—being
the effect of external ether-action)." It is to the action of the life-ether
that nature owes the existencein her different realms of multitudes of
separate solid forms. To mention an instance from our previous
studies: inthe sameway as vol canic phenomenamanifest the warmth-
ether's gravity-overcoming power on a macrotelluric scale, so snow-
formation illustrates the life-ether's matter-shaping might.

Through its power to bind flowing action into solid form, the life-
ether is related to the sound-ether in the same way as the articulated
word formed by human speaking is related to the mere musical tone.
The latter by itself is as it were fluid. In human speech thisfluidity is
represented by the vowels. With alanguage consisting only of vowels
man would be able to express feelings, but not thoughts. To let the
word as carrier of thought arise out of sound, human speech possesses
the consonants, which represent the solid element in it.

The emergence of the sense-bearing word from the merely ringing
sound is an exact counterpart to what takes place in nature when the
play of organic liquids, regulated by the chemica ether, is caused by
the life-ether to solidify into outwardly perceptible form. By reading
in this way the specid function of the life-ether among the other
three, we are led to the term 'Word-ether' as an appropriate second

1 Of the difference between external and internal ether-action more will be
said in the concluding chapter.



name for it, corresponding to the term sound-ether for the chemical
ether.

*

Thus Levity presents itself to us as being engaged in the fourfold
activity of Chaoticizing, Weaving, Sounding and, lastly, Speaking
the form-creative Cosmic Word into the realm of Gravity.



CHAPTER XX

Pro Anima

Thyfunctions are ethereal,
As if within thee dwelt a glancing mind,
Organ of vision! And a Spirit aéreal
Informs the cell of Hearing, dark and blind.
W. WORDSWORTH

(&) THE WELL-SPRINGS OF NATURE'S DEEDS AND
SUFFERINGS

As our observations have shown, gravity and levity not only exist
sde by dde as a primary polarity; the manifold interaction of their
fields gives rise to al sorts of secondary polarities. Obvioudly, this
interaction must be brought about by afurther kind of forceto which
gravity and levity are subordinate.

In what follows we shall try, so far as is possible within the scope
of this book, to throw light on the nature of this force. Since the
direct experience of the dynamic realm constituted by it is based on
faculties of the mind other than those needed for the Imaginative
perception of the etheric realm, we shall have to examine aso the
nature and origin of these faculties. This will lead us again to the
study of one of man's higher senses, this time his sense of hearing,
with the aim of finding the spiritual function that is hidden in it. But
our order of procedure will have to differ from the one followed in
the last chapter, because it will be necessary first to make oursdves
acquainted with the nature of the new force and then to turn to an
examination of the sense-activity concerned.

*

Let our first object of observation be man himself in so far as he
illustrates a polarity of the second order.

When studying man's nature with the idea of understanding the
genesis of his onlooker-consciousness, it will be remembered, we had



to examine the ordering of his consciousness into waking, dreaming
and deeping in the different members of his organism. We recognized
three different organic systems, the sensory-nerve system, the rhyth-
mic system and the metabolic-limb system, as the bodily foundation
of three different soul activities. These are the thought-forming acti-
vity which belongs to waking consciousness; the feding activity
which belongs to dream consciousness; and the willing activity which
belongs to degp consciousness. We then saw in these three sys
tems representatives of the three achemical functions—'sul phurous
in the metabolic, 'saline' in the nervous, 'mercurial’ in the mediating
rhythmic system.

Regarded thus, man's nature reveals itsdf as being endowed with
a physica organization, and an etheric organization, which are
brought into different relationships by being acted upon by a third
organization consisting of forces of the kind here to be studied. At
his lower pole these forces co-ordinate the ether and physical organi-
zationsin a manner corresponding to the function of the 'sulphur'-
pole of the achemical triad. Here, therefore, the warmth-ether takes
thelead and actsin such away that the higher kinds of ether areableto
come to expression in material processes of the body. At the upper
pole corresponding forces co-ordinate the physical and ether organi-
zationsin away characteristic of the 'salt'-pole. This gives the lead to
the life-ether, so that the physical organism provides the foundation
for the activity of the ether-forces without, however, being actualy
penetrated by them (at least after completion of the embryonic and
first post-embryonic development). As aresult, consciousness lights
up in this part of the body. The rhythmic sphere, being the ‘'mercuria’
middle, is distinguished by an alternation of the two conditions
described. With each diastole it becomes more akin to the pole
below, and with each systole more akin to the pole aove. Here,
therefore, the lighting up of consciousness is only partial.

By means of these observations we realize that the third type of
force, insofar asitis activein man, has the capacity, by co-ordinating
the physica and etheric parts of the organism in one way or another,
to promote happenings either of a more corporeal or a more psy-
chicd nature—namely, motion at one pole, sensation at the other,
and fedling in the middle between them.! Remembering Goethe's
formula, 'colours are deeds and sufferings of light', we redize how

! We must here distinguish sensation from feeling proper, in which sensation
and motion merge in mercuria balance.



deeply true the concepts were to which he was led by his way of
developing observation and thought.

What we have now brought to our awareness by studying man,
holds good in some sense aso for the animal. The animal, too, is
polarized into motion and sensation. (What makes the animal differ
from man need not concern us here, for it belongs to a dynamic
realm other than the one we are now studying. This other realm will
come under consideration in the next chapter.) Quite a different pic-
ture arises when we turn to the plant. The plant, too, is characterized
by athreefold structure, root, stem withleaves, and florescence, which
in their way represent the three alchemica functions. Consequently,
there is aso motion in the plant, athough this is confined to in-
ternal movements leading to growth and formation. And at the
opposite pole thereis sensation, though again very different from the
sensation experienced by higher living beings. What we mean here by
'sensation’ can be best expressed by quoting the following passage
from Ruskin's The Queen of the Air, in which the dua activity of the
dynamic which we seek to understand is brought out particularly
clearly.

In describing the forming of blossom in the plant as the climax of
the 'spirit' active in it, Ruskin says: 'lts (the plant's) form becomes
invested with aspects that are chiefly delightful to our own human
passions, namely, first, with the loveliest outlines of shape and,
secondly, with the most brilliant phases of the primary colours, blue,
yelow, red or white, the unison of all; and to make it more strange,
this time of peculiar and perfect glory is associated with relations of
the plants or blossoms to each other, correspondent to thejoy of love
in human creatures and having the same object in the continuance of
therace.”

If wewish to understand why the same dynamic action working on
the physical and etheric organisms of the plant, on the one hand, and
of man and the animal, on the other, brings about effects so different,
we must turn to the realm whence this action originatesin both cases.
For the animal and for man this realm is situated within their organ-
isms because in addition to their individual physical and etheric
organizations they are endowed also with an individual organization
of the higher kind. Not so with the plant. For the rhythms of its

! Note how for Ruskin the gulf which for the onlooker-consciousness lies be-
tween subject and object is bridged here—as it was for Goethe in his representa-
tion of the physico-mora effect of colour.



growth, the successive formation of its various organs, the produc-
tion of its colours, etc., the plant depends on outer conditions.

What strikes usfirst in this respect is the plant's dependence on the
succession of the seasons. These in turn are an outcome of the chang-
ing mutual positions of earth and sun. That which forms part of the
individual organism in higher living beings is located in the cosmic
surroundings of the plant. In fact, it is our plangtary system
which provides the forces that stir the etheric and physical forces of
the earth to their various interactions, thus bringing about dl the
manifold secondary polarities.

*

Before we embark on a description of further phenomena which
testify to the cosmic nature of the forces with which we are here con-
cerned, it will be well (following a principle applied before) to estab-
lish the historical antecedents of the conception of the universe we
are about to develop.

We redlize that the type of force with which we are here seeking to
become familiar is the one responsible for the existence of what we
commonly cdl 'soul'. The creation of abody-bound soul, however, is
only one particular form of the activity of these forces. Another is
the one which we havejust seen manifest in the plant. In yet another
way the same forces function as movers and stirrers of the macro-
telluric processes of the earth, and beyond this of the happenings in
the body of our planetary system, including the movements of the
various planets.

This is an aspect which was by no means unfamiliar to ancient
man. It was naturally lost when the onlooker-consciousness awoke.
In this respect it is of historical significance that the same man, G. A.
Borelli (1608-79), a member of the Florentine Academy, who was the
first to inquire into the movements of the animal and human body
from a purely mechanical point of view, made the first attempt to
deduce the planetary movements from a purely physical cause’
Through this fact an impulse comes to expression which we may
term Contra Animam, and against which we have to put our Pro
Anima, in much the same way that we put our Pro Levitate against
the Contra Levitatem call of the Florentine Academicians.

*

! De motu animalium and Theoria mediceorum planetarum ex causis physicis
deducta.



It will help our further descriptions if weintroduce at this point the
name which Rudolf Steiner adopted for the type of forces we are
concerned with here. In view of the fact that their origin lies in the
extra-terrestrial realm of the universe, he called them 'astral’ forces,
thereby giving back to this term, also, its true and original meaning.
Itisunder this name that we shall speak of them henceforth. To make
ourselves more familiar with the character of the astral forces, it will
be wel to observe them first of dl in their macrotdluric form of
activity.

There is, as aready mentioned, the rhythmic occurrence of the
seasons in connexion with the varying relative positions of earth and
sun. Alongside this we may put the rhythm of the tides, coincident
with the phases of the moon. Just asthe solar rhythm manifestsin an
aternating rise and fall of the saps in the plants, so adso does the
lunar rhythm.* (Note how this fact actually vitiates the usual explana-
tion that the tidal rhythm of the seais caused by a gravitational pull
exerted by the moon's body on the oceanic water.) In neither instance
isthe change of position of therel evant cosmic body—in our examples
that of the sun or moon in relation to the earth—the 'cause’ of the
corresponding rhythmic events on the earth. Together with al other
rhythmic events of equal periodicity, it is itself the effect of the
activity of aforce-sphere constituting the cosmic realm to which the
relevant planetary body belongs.

From this statement three major questions arise, which need to be
answered before we can carry on our description of the astral forces
themsdlves:

Firstly, by the way we have spoken of the varying relations of the
sun and moon to the earth, seeing in them the effects of certain astral
activities, we havetreated them asif they were of like nature, namely,
resulting from a movement of the relevant heavenly body round the
earth. According to the Copernican conception, however, only the
moon rotates round the earth, whereas the apparent yearly progres-
sion of thesunis actually caused by the earth's motion round the sun.
This raises the question of how far the Copernican, heliocentric
agpect is vaid in a stience which drives to embrace the astral realm
of the universein itsinquiries.

! Knowledge of this biological rhythm is still preserved among native peoples
to-day and leads them to take account of the phases of the moon in their treat-
ment of plants. A cosmic nature-wisdom of this kind has been reopened for usin
modern form by Rudolf Steiner, and has since found widespread practica
application in agriculture. See L. Kolisko, The Moon and Plant Growth.



Secondly, what roles do the other members of our planetary system
play as compared with those of the sun and the moon?

Thirdly, ifitis true that the essential solar and lunar effects—and
presumably the effects of the other planets—on the earth do not
spring from physica influence exerted by the visble bodies of the
planets concerned, but from certain astral force-fields of which these
bodies themselves form part, what is the significance of such a body
within the planet's dynamic whole?

Starting with the answer to the first question, we shal quote the
following passage from alecture on theoretical physics given by Pro-
fessor Planck in 1909 at the Columbia University, New Y ork:

'Only the hypothesis of the general value of the principle of Rela-
tivity in mechanics could admit the Copernican system into physics,
since this principle guarantees the independence of al processes on
the earth from the progressve motion of the earth. For, if we had to
make alowance for this motion, then | should, for instance, have to
reckon with the fact that the piece of chalk in my hand possesses the
enormous kinetic energy corresponding to a velocity of about 30
km/sec.'

The implications for us of these remarks by an eminent physicist
can be expressed asfollows:

In a science which knows how to ded with movement as an event
of absolute dynamic redlity, the Copernican aspect loses its signifi-
cance as the only valid aspect of our cosmic system. For its applica
tion as a means of describing the dynamic happenings within this
system presupposes the acceptance of Einstein's relativistic concep-
tion of motion. Indeed, for the building up of a picture of the dyna-
mic structure of our system, the Copernican view-point isinadequate.

This statement must not be taken to deny dl justification to the
heliocentric view-point. There is, after dl, the fact that the orbits
which the heavenly bodies appear to follow when viewed in this way,
assume a particular geometrical character which cannot be accidentd.
And more than that, when the heliocentric aspect is seen in its true
setting, it forms (as will be shown later) an extremely revealing part
of the script which tells us of the nature of the astral forces. All that
is required is that the heliocentric picture be taken for what it is,
namely, apurely kinematic aspect of the true dynamic ordering of our
cosmic system, which in itself cdls for quite other means of concep-
tual representation.

From the point of view of the astral order of the universe, the



earth appears in the centre of a number of force-fields which pene-
trate each other and in their periphera region extend beyond one
another in accordance with the respective orbits of the various planet-
ary bodies. How many force-fields there are, and what is the respec-
tive character of each, will become clear from thefollowing consider-
ation, which will also provide the answer to the second of our three
questions.

As the originator of the secondary polarities in earthly nature the
astral realm must undoubtedly itsalf be structured polaricaly, one
part of it forming the cause of al the happenings by which levity is
brought into interaction with gravity, the other of al the happenings
by which gravity is brought into interaction with levity. There must
be a further part which is responsible for the establishment of the
'mercuria’ mean between the two poles of the secondary polarity.
This leads us to a threefold aspect of the astral realm.

Closer inspection reveals arepetition of this threefold order within
each of the two polar regions. In Chapter XII we learnt to distinguish
the material happenings at the two poles of the secondary polarity by
observing their appearance in the plant as 'sublimation’, on the one
hand, and 'assimilation’ on the other. Of the former process, by
which matter is carried from its gravity-bound to its gravity-free con-
dition, we know that it takes place in three stages, of which the first
implies the lifting of matter from the solid to the liquid condition, the
second from the liquid to the aeriform condition, and the third to the
condition of pure heat. There are three corresponding stages by
which ether becomes susceptible to gravity. It isin their nature that
they are not in the same degree manifest as are their polar opposites.
Still, properly guided observation is able to detect them and enables
us to describe them asfollows. At thefirst stage, ether, which initself
has a purely periphera orientation, becomes linked to some all-
relating point; at the second stage, the various ether-activities,
dready point-related, are brought into some characteristic inter-
relationship so as to become the cause of a particular formative action
in the material realm; at the third stage, the etheric aggregate thus
organized receives the impulse to link itsdf with some particular por-
tion of ponderable matter.

In these sx forms of astral activity, observation, if guided by
modern spiritual science, recognizes the characteristics of the six
planetary spheres, known as 'Moon', 'Mercury', 'Venus, on the one
hand, 'Saturn', "Jupiter’, 'Mars, on the other. In the same way the



dynamic sphere of the 'Sun’ is found to provide the astral activity
which mediates between the two groups of planetary spheres The
following observations may help us to become familiar with the
different modes of activity of the force-spheres.

L et us start with the astral forces corresponding to the three cosmic
bodies nearest to the earth—Moon, Mercury, Venus. Their activity
can be discerned, for example, by watching the successive stages of
plant development—the formation of the sap-bearing parts; the
flower-substance already partly transformedinto aeriform condition;
finally the propagating processes which belong essentially to the
sphere of activity of the warmth-ether.? In the human organism we
find the same sequence in the step-by-step transformation of nutri-
ment right up to the moment when earthly form passes into chaos, as
welearnt previously. The so-called enzyme action, ascribed by physi-
ology to the various digestive juices, is in redlity the product of an
activity of the lower part of man's astral organization, for which the
relevant juices exercise the function of physical 'carriers. In the field
of macrotelluric phenomena, the metamorphosis of the atmospheric
moisture extending beyond the different cloud-stages up to the stage
of pure warmth is an example of the activity of the same forces.

Within dl three-stage trangitions of this kind, the asiral forces con-
nected with the Moon preponderate during the first stage, those
connected with Mercury during the second, those connected with
Venus during the third. We have aready come across some examples
of the outstanding share taken by the Moon in the events of the
earth's watery sphere. To these phenomena, which show by thelr
rhythm their connexion with the Moon, we may add the fertility
rhythm in the female human organism which coincides, not in phase
but in duration, with the rhythm set by the Moon's course in the
heavens. If we consider that the formation of a new human body in
the womb needs the play of formative forces from out of the whole
world environment, and that for this purpose matter must be brought
into a receptive condition for these forces, then we can better under-

! In the order of names given above we follow the ancient usage for the two
planets nearest to the sun, not the reversed order in which they are used to-day.
This is necessary in a cosmology which aspires at a qualitative understanding of
the universe, in view of the qualities represented by these names. Note aso the
absence of the three most distant planets, Uranus, Neptune and Pluto. They are
not to be considered as parts of the indigenous astral structure of our cosmic
system—any more than radioactivity is an origina feature of the earth.

2 Note the 'Venus character of Ruskin's description of the plant's state of
florescence quoted above (p. 336).



stand the preparatory part played by the Moon-forces. In order, how-
ever, that the substance of the female germ should reach that condi-
tion of chaos suitable for embryonic development, there is still
necessary the influence of the supra-lunar astral forces. Entry for
thes? is provided by the union of the germ-cell with the male sperm-
cel.

As the three sub-solar planetary spheres are responsible for events
of a 'sulphurous (radial) character, so are the three supra-solar
spheres responsible for those of a 'salin€ (spherical) character. For
example, we meet with Saturn-activity in everything which radiates
from the human head and brings about the hardening both of the
head itself and of the entire skeleton. Observation has shown that,
even if the human being, as usually happens, stops growing in the
early twenties, so that the skeleton undergoes no further lengthening,
it nevertheless reaches its final shape and itsfinal hardening only be-
tween the twenty-eighth and thirtieth years. Thisis thetimein man's
life when Saturn returns for the first time to the position in which it
stood relatively to the earth at his birth, or, more correctly, at his
conception.

If the activity of the Saturn-force is most clearly manifest in the
formation of the hard skull, that of Jupiter, the planet of 'Wisdom',
is shown in the formation of the complicated structure of the brain,
which enables it to co-ordinate the bodily and psychic functions of
the entire man. In the realm of physical nature, man's brain isindeed
the most perfect example of cosmic Intelligence at work in a manner
resembling that activity of human intelligence which one usually
understands by 'organizing'.

In order that Form should come about, the forces of Saturn are
required; for the formative process to take place in Wisdom-filled
order, Jupiter's forces are necessary. If form and order are to become
manifest in the realm of earthly substance, both require the assistance
of Mars. We can best form an idea of the part which Mars contributes
to the coming into being of the world of Form in nature if we observe

! As to the time-scale of the processes brought about by Mercury and Venus
respectively, experience shows that they reved the cosmic rhythms less clearly
than those for which the Moon-activity is responsible. The same is found at the
opposite pole. There it is the Saturn-generated processes which show the cosmic
rhythm more conspicuoudly than those engendered by Jupiter and Mars. To
learn to recognize rhythmicevents in natureand man as reflexions of correspond-
ing planetary rhythms is one of the tasks which future scientific research has to
t?]ckle. A practical example of this kind will appear in the further course of this
chapter.



what takes place when we make use of speech as a medium for ex-
pressing our thoughts. In order to be able to shape athought we have
to participate in the formative force of Saturn. We depend upon
Jupiter to bring about logical connexion between the single thoughts.
To announce them to the world, we need the motive force of Mars,
which enables us so to set external matter in motion that it becomes
acarrier and relayer of our thoughts. (We here touch upon the field
of the acoustic movements of the air which will occupy us more
closdy later on.)

Many examples of the activity of the force-spheres represented by
the three exterior planets are to be found adso in nature externa to
man. From the realm of plant life we may take the woody and bark-
like formation of the trees as representing the operation of Saturn-
forces. Smilarly, dl that goes on in the organizing of the single leaf,
and particularly in the organization of the countless separate leaves
which make up the foliage of a tree into a unified whole, the charac-
teristic crown of a tree, is an example of the work of Jupiter. Both
activities are assisted by the force of Mars, which directs them from
the cosmic periphery toward the single physical object.

Between the two groups of astral force operating in this manner,
the Sun acts as a mediating element through its double function of
supporting the activity of the three lower planets by means of its heat
and of conveying to the earth, through its light, the forces of the
three higher planets. In the human microcosm the Sun-forces accom-
plish a corresponding task by means of the influences which radiate
from the heart through the body along the paths taken by the blood.

*

In what follows we shall point to a group of phenomena which
show the astral interconnexion between earth and universe; we owe
our knowledge of them to Rudolf Steiner. It is due to him, also, that
experimental research into the relevant facts became possible. They
concern the reflexion of the various planetary movements, observable
in the sky, in the behaviour of certain mineral substances of the
earth.

In connexion with our discussion of eectricity (Chapter XI11) we
spoke of the specid function of the metals as bearers of the 'mer-
curia' quality (in the alchemical sense of the term). As one of the
characteristics which revea this function we mentioned the peculiar
capacity of metals to behave as 'solid fluids. This exceptiond place



among the minera substances of the earth, the metals owe to their
close association with the extra-terrestrial astral forces of the world.

In this field, too, modern spiritual investigation has recovered
something which was known to people of old—that among the metals
there are seven which have a distinctive character, for each standsin
a specid relation to one of the seven planets (that is, the planetary
force-spheres) of our cosmic system. Thisis shown in the following
table:

Saturn Lead
Jupiter Tin

Mars Iron

Sun Gold
Venus Copper
Mercury Quicksilver
Moon Silver

As compared with these seven, the other metals are products of
combinations of various planetary forces. A comparison of the role
of Saturn as the outermost planet of our cosmic system with the role
played by its metal, lead, as afinal product of radioactive disintegra-
tion, leads one to conceive of the radioactive sphere of the earth as
being related especidly to the planets outside the orbit of Saturn,
namely, Uranus, Neptune, Pluto.

Thanks to the work of L. Kolisko who, in following Rudolf
Steiner's indications, observed for many years the behaviour of the
seven metals singly and in combination by submitting their salts to
certain capillary effects, we know to-day that the" earth bears in her
womb substances whose dynamic condition follows exactly the events
in the planetary realm of the universe.*

*

The picture of the universe which has thus arisen before our mind's
eyeis a startling one only so long as we keep comparing it with its
heliocentric predecessor. How wrong it would be to regard it as
something inconceivable for the modern mind, is shown by the fact
that the modern physiologist has aready been driven to form quite a
similar picture of the human organism, asfar asit concerns glandular
action in this organism. His observations have taught him to distin-

' Se L. Kolisko: Working of the Sars in Earthly Substances, and other
publications by the same author.



guish between the gland as a spatialy limited physicd organ and the
gland as a functional sphere, and to conceive of the latter as the
essentia gland. Seen thus, 'the spatial and temporal dimensions of
each gland are equa to those of the entire organism' (A. Card).
In this way we come to see the human organism as arealm of inter-
penetrating spheres of distinctive physiological activities. Each of
these activities is anchored somewhere in the physica body by the
anatomically discernible gland-body, and the latter's relationship to
the functional sphere is such that a gland's 'physiologicd individu-
dlity is far more comprehensive than its anatomical individuality'.

We need only trandlate this statement into its macrocosmic coun-
terpart to obtain another statement which expresses fittingly the rda
tionship of the visible body of a planet to the functional (astral)
sphere indicated by its orbit. Then we shdl say that 'a planet's astral
individuality is far more comprehensive than its astronomical in-
dividuality'.

It should be observed that the step we have here taken, by using a
conception obtained through microcosmic observation to help us to
find the answer to a question put to us by the macrocosm, complies
with one of the fundamentals of our method of research, namely, to
dlow 'the heavens to explain the earth, and the earth the heavens
(R. <).

(b) HEARING AS DEED

In the introductory part of the last chapter we said that we have
the right to employ results of investigetion carried out by higher
faculties of spiritual perception without contradicting our principle of
seeking to understand the phenomenal world by reading it, provided
our doing so helps to enhance our own reading activity, and provided
it can be shown that the acquisition of the higher faculties of percep-
tion isa direct continuation of the training we haveto apply to our
mind and senses to make them capable of such reading. As regards
the forces of astral character, the first of these two conditions has
been fulfilled by the observations we have dready worked through in
this chapter. We have 4ill to show that the second condition is
equally fulfilled.

The faculty of the mind which permits direct investigation of the
astral realm was called (spiritua) Inspiration by Rudolf Steiner, who



thereby restored to this term, also, its proper meaning. We have
already indicated that this faculty resides in the sense of hearing in
the same way that the faculty of Imagination—as we have found—
resides in the sense of seeing. In order to understand why it is this
particular sense which comes into consideration here, we have to
consider that the phenomena through which the astral world mani-
fests most directly are all of a rhythmic nature. Now, the sense
through which our soul penetrates with direct experience into some
outer rhythmic activity is the sense of hearing, our aural perceptions
being conveyed by certain rhythmic movements of the air. In what
follows we shall see how the study of both the outer acoustic pheno-
mena and our own psycho-physical make-up in the region of the
acoustic sense, leads to an understanding of the nature of Inspiration
and of how it can be trained.

*

Among al our sense-perceptions, sound is uniquein making itself
perceptible in two quite different ways—viathe ear as a direct sense
experience and via the eye (potentialy also via the senses of touch
and movement) in the form of certain mechanical movements, such
as those of a string or a tuning fork. Hence the world-spectator, as
soon as he began to investigate acoustic phenomena scientifically,
found himself in a unique position. In al other fields of perception,
with the exception of the purely mechanical processes, the transition
to non-stereoscopic colourless observation had the effect that the
world-content of the naive consciousness simply ceased to exist,
leaving the ensuing hiatus to be filled in by a pattern of imagined
kinematic happenings—for example, colour by ‘ether'-vibrations,
heat by molecular movements. Not so in the sphere of acoustics. For
here a part of the entire event, on account of its genuine kinetic
character, remains a content of actual observation.

In consequence, the science of acoustics became for the scientific
mind of man a model of the required division between the 'subjective
(that is, for scientific considerations non-existent) and the 'objective’
(that is, the purely kinematic) part of observation. The field of aural
perception seemed to justify the procedure of collecting a mass of
phenomena, stripped of al that is experienced by man's soul in meet-
ing them, and of assembling them under a purely abstract concept,
'sound'.

Professor Heisenberg, in his lecture (quoted at the beginning of



Chapter I1) on the way in which the scientific interrogation of nature
has deliberately limited itself, draws attention to the fact that a full
knowledge of the science of optics in its present form might be
acquired merely through theoretical study by one born blind, yet
without his ever getting to know what light is. Heisenberg could, of
course, have said the same of the science of acousticsin regard to one
born deaf. But we can go a step further by asking how far a deaf and
a blind person could get towards establishing the respective science.
The answer must be that, whereas the person lacking sight would not
of himself be in aposition to establish a science of optics, it would be
well within the scope of the deaf man to establish a science of acous-
tics. For dl the processes essential to a physical acoustics are access
ible to the eye and other senses.

In order to make our experience of hearing a finger-post pointing
the way to an understanding of the faculty of Inspiration innate in
man, we must first of al seek to transform acoustics from a 'deef
into a 'hearing' science, just as Goethe turned the theory of colour
from a colour-blind into a colour-seeing science.

*

Following our procedure in the case of optics, we select from the
total field of acoustic phenomena a defined realm specialy suited to
our purpose. As it was then the spectrum, so it will be now the so-
caled quality of sound, or tone-colour.

By this term in acoustics is understood a property possessed by
sound apart from pitch and volume, and dependent on the nature of
the source from which a tone is derived. It is the tone-colour by
which the tone of avialin, for instance, is distinguished from a tone
of equa intensity and pitch produced by a flute. Similarly, two
musica instruments of the same kind are distinguished from each
other by tone-colour.

Tone-colour plays a specialy significant part in human and animal
voices. Not only has each individual voice its unique colour, but the
colour varies in one and the same person or animal, according to the
prevailing mood. Moreover, by uttering the various vowels of his
language, man is able to impart varying colour to the sounds of his
speech. For the difference we experience when atoneis sung on the
vowel 'd or the vowe '€, etc., derives from the particular colour
given by the vowel to that tone.

Among the discoveries of the last century in the realm of acoustics,



there is one which espedidly helped to establish a purely kinematic
conception of sound. Helmholtz showed that tones which to our ears
seem to have a clear and definite pitch may be split up by a series of
resonatorsinto anumber of different tones, each of them sounding at
a different pitch. The lowest of these has the pitch which our ears
attach to theentiretone. Thusin any ordinary tonethere may be dis-
tinguished a 'fundamental’ tone and a series of 'overtones. Helm-
holtz further showed that the particular series of overtonesinto which
atone can be resolved is responsible for the colour of that tone as a
whole. Naturally, this meant for the prevailing mode of thinking that
the experience of the colour of atone had to be interpreted as the
effect of akind of acoustical adding together of a number of single
tone perceptions (very much as Newton had interpreted ‘white' light
as the outcome of an optical adding together of a certain number of
single colour perceptions).

The picture becomes different if we apply to the aura experience
Goethe's theorem that, in so far as we are deluded, it is not by our
senses but by our own reasoning. For we then redize that sounds
never occur of themselves without some tone-colour, whilst physic-
aly 'pure’ tones—those that represent simple harmonic motions—
exig only as an artificia laboratory product. The colour of a tone,
therefore, is an integral part of it, and must not be conceived of as an
additional attribute resulting from a summing up of a number of
colourless tone experiences.

Further, if we compare our experiences of the two kinds of tone,
they tdl us that through the quality or colour of the natura tone
something of a soul-nature, pleasant or unpleasant, spesks to us,
whereas 'pure’ tones have a soulless character.

Resolving normal tones by Helmholtz's method (useful asit is for
certain purposes) amounts to something like dissecting aliving, en-
souled organism into its members, only the parts of the corpse
remain in our hands. N

Having thus established that the psychic content of aural experi-
enceforms an integral part of the tone-phenomenon as such, we must
sk to understand how the kinetic process which is indispensable for
its appearance comes to be the vehide for the manifestation of 'soul’
in the manner described.

To this end we must first of al heed the fact that the movement
which mediates aural sensation is one of alternating expansion and



contraction. Expressed in the language of the four Elements, this
means that the air thus st in vibration approaches aternately the
condition of the watery element beneath it and of the element of fire
(heat) above it. Thus, in a regular rhythm, the air comes near the
border of its ponderable existence. Purely physica considerations
make us realize that this entails another rhythmic occurrence in the
realm of heat. For with each expansion of the air heat is absorbed by
it and thereby rendered space-bound, while with every contraction of
theair heat is set free and returns to its indigenous condition—that is,
it becomes free from spatial limitations.

This picture of the complete happenings during an acoustic event
enables us to understand how such a process can be the vehicle for
conveying certain astral impulses in such a way that, when met by
them, we grow aware of them in the form of a direct sensation. Tak-
ing as amodel the expression 'transparent’ for the perviousness of a
substance to light, we may say that the air, when in a state of acoustic
vibration, becomes 'trans-audient' for astral impulses, and that the
nature of these vibrations determines which particular impulses are
let through.

What we have here found to be the true role of the kinetic part of
the acoustic process applies equally to sounds which are emitted by
living beings, and to those that arise when lifdess materia is set
mechanicaly in motion, as in the case of ordinary noises or the
musica production of tone. Thereis only this difference: in the first
instance the vibrations of the sound-producing organs have their
origin in the activity of the astral part of the living being, and it is this
activity which comes to the recipient's direct experience in the form
of aural impressions; in the second instance the air, by being brought
externally into a state of vibration, exerts a kind of suction on the
astral realm which pervades the air, with the result that parts of this
realm become physicaly audible. For we are constantly surrounded
by supersensible sounds, and the state of motion of the air determines
which of them become perceptible to us in our present state of con-
SCioUSNess.

At this point our mind turns to a happening in the macrotelluric
sphere of the earth, already considered in another connexion, which
now assumes the significance of an ur-phenomenon reveaing the
astral generation of sound. This is the thunder-storm, constituted for
our external perception by the two events: lightning and thunder.



Remembering what we have found earlier (Chapter X) to be the
nature of lightning, we are now in aposition to say: a supraterrestrial
astral impulse obtains control of the earth's etheric and physical
spheres of force in such a way that etheric substance is thrown into
the condition of space-bound physical matter. This substance is con-
verted by stages from the state of light and heat via that of air into
the liquid and, in certain cases, into the solid state (hail). To this we
now add that, while in lightning the first effect of the etheric-physica
interference of the astral impulse appears before our eyes, our ears
give us direct awareness of thisimpulse in the form of thunder. It is
this fact which accounts for the awe-inspiring character of thunder-
storms.

*

The picture we have thus received of the outer part of the acoustic
process has a counterpart in the processes inside the organ of hearing.
Hearing, like seeing, depends upon the co-operation of both poles
of the human organism—nerve and blood. In the case of hearing,
however, they play areversed role. In the eye, the primary effect of
light-impressions is on the nervous part; a secondary response to
them comes from the blood organization. In the ear, the receptive
organ for the astral impulses pressing in upon it is a part which be-
longs to the body's limb system, while it is the nervous organization
which functions as the organ of response. For in the ear the sound-
waves are firgt of dl taken over by the so-caled ossdes, three small
bones in the middle ear which, when examined with the Goethean
eye, appear to be a complete metamorphosis of ah arm or aleg. They
are instrumental in transferring the outer acoustic movements to the
fluid contained in the inner ear, whence these are communicated to
the entire fluid system of the body and lastly to the muscular system.*
We shall speak of thisin detail later on. Let it be stated here that the
peculiar role played by thelarynx in hearing, already referred to by us
in Chapter XV1, is one of the symptoms which tells of the participa-
tion of the muscular system in the internal acoustic process.

Psychologicaly, the difference between ear and eye is that aural
perceptions work much more directly on the human will—that is, on
the part of our astral organization connected with the limb system.
Whereas eye-impressions stimulate us in the first place to think, ear-

! The close connexion between the ear and the motor system of the body is
shown in another way by the fact that part of the ear serves as an organ for the
sense of balance.



impressions stimulate usto ... dance. The whole art of dancing, from
its origina sacred character up to its degenerate modern forms, is
based upon the limb system being therecipient of acousticimpressions.

In order to understand how the muscles respond to the outer astral
impulses which reach us through our ear, we must first understand
what happens in the muscles when our will makes use of them for
bodily motion. In this case, too, the muscular system is the organ
through which certain astral impulses, this time arising out of the
body's own astral member, cometo expression. Moreover, the move-
ment of the muscles, though not outwardly perceptible, isquite smilar
to acoustic movements outside the body. For whenever a muscle is
caused to alter its length, it will perform some kind of vibration—a
vibration characterized even by a definite pitch, which differsin dif-
ferent people. Since throughout life our body is never entirely with-
out movement, we are thus in a constant state of inward sounding.
The muscular system is capable of this vibration because during the
body'sinitial period of growth the bones increase in length to amuch
greater extent than do the sinews and muscles. Hence thelatter arrive
at a condition of eagtic tension not unlike that of the strings of a
musical instrument.!

In the case of bodily movement, therefore, the muscles are tone-
producers, whereas in acoustic perceptions they are tone-receivers.
What, then, is it that prevents an acoustic perception from actualy
setting the limbs in motion, and, instead, enables our sentient being
to take hold of the astral impulse invading our muscles?

Thisimpediment comes from the contribution made by the nervous
system to the auditory process. In order to understand the nature of
this contribution we must remember the role played by the blood in
seeing. It was found by us to consist in the bringing about of that
state of equilibrium without which we should experience light merely
as a pain-producing agent. Similarly, the perception of sound re-
quires the presence of a certain state of equilibrium between the
nerve-system and the limb-system. In this case, however, a lack of

! The muscletone can be made audible by the following means. In a room
guarded against noise, press the thumbs lightly upon the ears and tense the
muscles of the hands and arms—say by pressure of the fingers against the pams
or by contracting the muscle of the upper arms. If this is done repeatedly, the
muscle-tone will be heard after some practice with increasing distinctness. It is
eadly distinguished from the sound of the circulating blood as it is much higher.
(As an example: the author's muscular pitch, not a particularly high one, has a
frequency of approx. 630 per sec., which puts it between Treble D sharp and E.)



equilibrium would result not in pain, but in ecstasy. For if acoustic
impressions played directly into our limb-system, with nothing to
hold them in check, every tone we encounter would compel us to an
outward manifestation of astral activity. We should become part of
the tone-process itsdlf, forced to transformi it by the volitiond part of
our astral organization into spatid movement. That this does not
happen is because the participation of the nervous system sarves to
damp down the potential ecstasy. Hence it is more or less left to the
sentient part of the astral organization—that is, the part free from the
physical body—to partakein the astral processes underlying the tone
OCCUITences.

*

Our discussion has reached a point where we are able to answer a
question which first arose in the course of our study of the four
ethers, and which arises here anew.

In studying the chemica or sound ether we were faced with the
fact that part of the etheric realm, athough in itself accessible to the
spiritud part of the sense of dght, offers supersensible experience
comparable to the perception of sound. Conversaly, we are now met
by the fact that it is spiritual hearing which gives access to the im-
mediate perception of a ream of forces which is not only the source
of acoustic phenomena, but the origin of al that manifestsin nature
in the form of sulphurous, sadine and mercurial events, such as the
world of colours, dectricity, magnetism, the manifold rhythmic
occurrences on the earth (both taken as awhole.and in sngle organ-
isms), etc—all of which are taken hold of by quite other senses than
that of hearing.

At our firg encounter with this problem we remarked that in the
supersensibleno such sharp digtinctionsexist between diff erent sense-
spheres as are found in body-bound sense-perception. At the same
time we remembered that even in physical perception we are inclined
to attach acoustic attributes to colours and optica attributes to
tones. In fact, it was precisaly an instance of this kind of experience,
namely, our conception of tone-colour, which gave us our lead in
discussng the acoudtic spherein generd. Our picture of the particular
interaction of the two polar bodily systems in the acts of seeing and
hearing now enables us to understand more clearly how these two
spheres of perception overlap in man. For we have seen how the
systemwhichin seeingisthereceiving organ, worksin hearing asthe



responding one, and vice versa. As aresult, optical impressions are
accompanied by dim sensations of sound, and aural impressions by
dim sensations of colour.

What we are thus dimly aware of in physical sense activity, be-
comes definite experience when the supersensible part of the senses
concerned can work unfettered by the bodily organ. Clear testimony
of thisis again given to us by Traherne in a poem entitled Dumnesse.
This poem contains an account of Traherne's recollection of the
significant fact that the transition from the cosmic to the earthly
condition of his consciousness was caused by his learning to speak.
The following is a passage from the description of the impressions
which were his before his soul was overcome by this change:

‘Then did | dwell within a World of Light

Distinct and Seperatfrom all Mens Sght,

Where | didfeel strange Thoughts, and such Things see
That were, or seemd, only reveald to Me . . .

... A Pulpit in my Mind
A Temple, and a Teacher | didfind,
With a large Text to comment on. No Ear,
But Eysthem selvswere all the Hearers there.
And evry Stone, and Evry Star a Tongue,
And evry Gale of Wind a Curious Song."

*

We have obtained a sufficiently clear picture of the organization of
our sense of hearing to see where the way lies that leads from hearing
with the ears of the body to hearing with the ears of the spirit,
that is, to the inspirative perception of the astral world.

In the psycho-physical condition which is characteristic of our
present day-consciousness, the participation of our astral organiza
tionin any happenings of the outer astral world depends on our cor-
poreal motor system being stimulated by the acoustic motions of the
air, or of some other suitable medium contacting our body. For it is
only in this way that our astral organization is brought into the sym-
pathetic vibrations necessary for perceiving outer astral happenings.
In order that astral events other than those manifesting acoustically
may become accessible to our consciousness, our own astral being

! Compare dso the beginning of Traherne's poem Wonder, quoted in
Chapter VI (p. 110), where he says that everything he saw 'did with me talk'.



must become capable of vibrating in tunewith them, just asif we were
hearing them—that is, we must be ableto rouse our astral forces to an
activity smilar to that of hearing, yet without any physical stimulus.
The way to this consists in training ourselves to experience the deeds
and sufferings of nature as if they were the deeds and sufferings of a
beloved friend.

It is thus that we shdl learn to hear the soul of the universe directly
speaking to us, as Lorenzo divined it, when his love for Jessica made
him feel in love with al the world, and he exclaimed:

‘There's not the smallest orb which thou behold'st
But in hismotion like an angel sings,

Sill quiring to theyoung-eyed cherubim,—

But whilst this muddy vesture of decay

Doth grossly close it in, we cannot hear it.'

* *

*

() KEPLER AND THE 'MUSIC OF THE SPHERES

'One must choose one's saints .. . and so | have chosen mine, and
before al others, Kepler. In my ante-room he has ever a niche of his
own, with his bust in it.'

This opinion of Goethe's must surprise us in view of the fact that
Kepler was the discoverer of the three laws called after him, one of
which is supposed to have laid the foundation for Newton's mechan-
ical conception of the universe. In what follows it will be shown how
wrong it is to seein Kepler a forerunner of the mechanistic concep-
tion of the world; how near, in redlity, his world-pictureisto the one
to which we are led by working along Goetheanistic lines; and how
right therefore Goethe was in his judgment on Kepler.

Goethe possessed a sensitive organ for the historical appropriate-
ness of human ideas. As an illustration of this it may be mentioned
how he reacted when someone suggested to him that Joachim Jungius
—an outstanding German thinker, contemporary of Bacon, Van
Helmont, etc.—had anticipated his idea of the metamorphosis of the
plant. This remark worried Goethe, not because he could not endure
the thought of being anticipated (see his treatment of K. F. Wolff),
but because this would have run counter to the meaning of man's
historical development as he saw it. "'Why do | regard as essential the
question whether Jungius conceived the idea of metamorphosis as we



know it? My answer is, that it is most significant in the history of the
sciences, when a penetrating and vitalizing maxim comesto be uttered.
Thereforeit is not only of importance that Jungius has not expressed
this maxim; but it is of highest significance that he was positively
unable to express it—as we boldly assert.”

For the same reason Goethe knew it would be historically unjusti-
fied to expect that Kepler could have conceived an aspect of the uni-
verse implicit in his own conception of nature. Hence it did not dis-
turb him in his admiration for Kepler, that through him the Coper-
nican aspect of the universe had become finally established in the
modern mind—that is, an aspect which, as we have seen, isinvalid as
ameans of forming a truly dynamic conception of the world.

In forming his picture of the universe, it is true, Copernicus was
concerned with nothing but the spatial movements of the luminous
entities discernible in the sky, without any regard to their actual
nature and dynamic interrelationships. Hence his world-picture—as
befits the spectator-form of human consciousness which was coming
to birth in his own time—is a purely kinematic one. As such it has
validity for a certain sphere of human observation.

When Kepler, against the hopes of hisforerunner and friend, Tycho
Brahe, accepted the heliocentric standpoint and made it the basis of
his observations, he did so out of his understanding of what was the
truth for his own time. Kepler's ideal was to seek after knowledge
through pure observation. In this respect Goethe took him as his
model. Kepler's discoveries were a proof that man's searching mind
is given insight into great truths at any stage of its development, pro-
vided it keegps to the virtue of practising pure observation.

It has been the error of Newton and his successors up to our own
day, to try to conceive the world dynamically within the limits of
their spectator-consciousness and thus to form a dynamic interpreta-
tion of the universe based on its heliocentric aspect. This wasjust as
repellent to Goethe as Kepler's attitude was attractive.

But by so sharply distinguishing between Newton and Kepler, do
we not do injustice to the fact that, as the world believes, Kepler's
third law is the parent of Newton's law of gravitation? The following
will show that this belief is founded on an illusory conception of the
kind we met before. Aswe shall see, Kepler's discovery, when treated
in a Keplerian way, instead of leading to Newton, is found to be in

! For the particular reasons by which Goethe justifies his assertion, see his
essay Leben und Verdienste des Doktor Joachim Jungius.



full agreement with the very world-picture to which our own observa-
tions have led us.

*

It is an established conviction of the mathematical scientist that,
once an observed regularity in nature has been expressed as a
mathematical equation, this equation may be transformed in any
mathematically valid way, and the resulting formulawill sill apply to
some existing fact in the world. On innumerable occasions this prin-
ciple has been used in the expectation of providing further insight
into the secrets of nature. We came across atypical instance of thisin
discussing the basic theorem of kinematics and dynamics (Chapter
VII1). Another example is Newton's treatment of Kepler's third law,
or—more precisely—the way in which Newton's law of gravitation
has been held to confirm Kepler's observations, and vice versa,

It will be our task to analyse the Kepler-Newton case on the very
lines of our treatment of the two parallelogram theorems. This analy-
sgswill giveusinsight into atruth which we have to regard as one of
the basic maxims of the new science. It says that whether a given
formula, derived mathematically from one that was first read from
nature, till expresses some fact of nature, cannot be decided by pure
mathematical logic, but only by testing it against truly observable
phenomena.

Through Kepler'sthird law acertain relation is expressed between
the spatial dimensions of the different planetary spheres and the time
needed by the relevant planet to cirdle once round the circumference
of its own sphere. It says: "The squares of the periodic times of the
planets are aways in the same proportion as the cubes of their mean
distances from the sun.'

In mathematical symbolsthisrezads \

i n
We shall see later how Kepler arrived at this law. The point is that
there is nothing in it which is not accessble to pure observation.
Spatia distances and lengths of time are measured and the results
compared. Nothing, for instance, is said about the dynamic cause of
the movements. The assertion is restricted—and this is true aso of
the first and second law—to a purely kinematic content, and so pre-
cisdy to what the earthly onlooker can apprehend.

Now itis said that Kepler's third law is a necessary consequence of



Newton's law of gravitation, and that—since it is based on pure
obsarvation—it therefore establishes the truth of Newton's concep-
tion. In this assertion we encounter a misconception exactly like the
one in the statement that the theorem of the parallelogram of forces
follows by logical necessity from the theorem of the parallelogram of
velocities. For:

(@ The law of gravitation itself derives from Newton's formula
for the centripetal force acting at apoint which moves aong acircle,
this formula being itsdlf the result of an amplification of the formula
for centripetal acceleration by the factor 'mass (as if the latter were
apure number) :

¥

Centripetal acceleration: o —~dm? =

¥
Centripetal force: P —am =4m*m 7

(b) The formulafor centripetal acceleration—and the concept of
such acceleration itself—is the result of splitting circular movement
into two rectilinear movements, one in the direction of the tangent,
the other in the direction of the radius, and of regarding it—by a
mode of reasoning typical of spectator-thinking—as composed of
thetwo. This procedure, however, useful asit may befor the purpose
of calculation, is contrary to observation. For, as we have pointed
out earlier, observation tels us that dl origina movement—and
what can be more origina than the movements of the planetary
bodies—is curvilinear. No indght into the dynamic redlity of cosmic
movement, therefore, can ever be gained by handling it mathematic-
dly in this way.

(c) The transformation of Kepler's formulawhich is necessary in
order to giveit a form representing the nucleus of Newton's formula,
is one which, though mathematically justified, deprives Kepler'sfor-
mula of any dgnificance as expresson of an observed fact. The
following analysis will show this.
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and this again in the generdized form: —=c



Obviously, by each of these steps we diminish the reality-value ofthe
formula. In its original form, we find spatial extension compared
with spatial extension, and temporal extension with temporal exten-
sion. Each ofthe two comparisons is a fully concrete one, because we
compare entities of like nature, and only then test the ratios of the
two—that is, two pure numbers against each other—to find that they
are identical. To compare a spatial and a temporal magnitude, as is
done by the formula in its second form, requires already a certain
degree of abstraction. Still, it is all spectator's work, and for the
spectator time is conceivable and measurable only as a rate of spatial
displacement. Hence the constant number ¢, by representing the
ratio between the spatial extension of the realm inside a planet's orbit
and the time needed by it to perform one round on this orbit—a
ratio which is the same for all planets—represents a definite structural
element of our cosmic system.

By this last operation our equation has now achieved a form which
requires only one more transformation to bring it into line with
Newton's formula.

r!!
Instead of writing: ==
t
. r 1
we write: 7 =C =

All that now remains to be done amounts to an amplification of this
equation by the factor 47m, and a gathering of the constant product
47¢ under a new symbol, for which we choose the letter /. In this
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way we arrive at: 4r’m — = dmPc
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andfinally: P - .. = 5

which is the expression of the gravitational pull believed to be exerted
by the sun on the various planetary bodies.
Nothing can be said against this procedure from the point of view

r L
of mathematical logic. For the latter the equationt—2 = ;1—2 is still an

expression of Kepler's observation. Not so for a logic which tries to
keep in touch with concrete reality. For what meaning, relevant to
the phenomenal universe as it manifests in space and time to physical
perception, is there in stating—as the equation in this form does—



that: the ratio between a planet's distance from the sun and the
sguare of its period is always proportional to the reciprocal value of
the area lying inside its orbit?

*

Once we have rid ourselves of the false conception that Kepler's
law implies Newton's interpretation of the physica universe as a
dynamic entity ruled by gravity, and gravity done, we arefreeto ask
what thislaw can tell us about the nature of the universe if in examin-
ing it we try to remain true to Kepler's own approach.

To behavein a Keplerian (and thus in a Goethean) fashion regard-
ing a mathematical formula which expresses an observed fact of
nature, does not mean that to submit such a formula to agebraic
transformation is altogether impermissible. All we have to make sure
of is that the transformation is required by the observed facts them-
selves: for instance, by the need for an even clearer manifestation of
their ideal content. Such is indeed the case with the equation which
embodies Kepler's third law. We said that in its origina form this
equation contains a concrete statement because it expresses compari-
sons between spatial extensions, on the one hand, and between tem-
poral extensions, on the other. Now, in the form in which the spatial
magnitudes occur, they express something which is directly conceiv-
able. The third power of a spatial distance (r®) represents the measure
of a volume in three-dimensiona space. The same cannot be sad of
the temporal magnitudes on the other side of the equation (t). For
our conception of time forbids us to connect any concrete idea with
'squared time'. We are therefore caled upon to find out what form
we can give this sde of the equation so as to express the time-factor
in amanner which isin accord with our conception of time, that is, in
linear form.* This form readily suggests itsdlf if we consider that we
have here to do with a ratio of squares. For such a ratio may be
resolved into aratio of two simple ratios.

. ) "13 1,2
In this way the equation— iy’
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! The natural question why Kepler himself did not take this step, will be
answered later on.



Theright-hand side of the equation is now constituted by the double
ratio of the linear values of the periods of two planets, and this is
something with which we can connect a quite concrete idea.

To seethis, let us choose the periods of two definite planets—say,
Earth and Jupiter. For these the equation assumes the following
form (J and 'E' indicating 'Jupiter' and 'Earth' respectively):
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Let us now see what meaning we can attach to the two expressions
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During one rotation of Jupiter round the sun the earth circles 12
times round it. This we are wont to express by saying that Jupiter
needs 12 earth-years for one rotation; in symbols:

we must obvioudly form the concept 'Jupiter-year', which covers one
rotation of Jupiter, just as the concept 'earth-year' covers one rota-
tion of the earth (always round the sun). Measured in this time-scale,

the earth needs for one of her rotationsllzof a Jupiter-year.

With the help of these concepts we are now able to express the
doubleratio of the planetary periodsinthefollowing simplified way.
If we suppose the measuring of the two planetary periods to be car-
ried out not by the same time-scale, but each by the time-scale of the
other, the formula becomes:

s

7 _ t,/t, _ period of Jupiter measured in Earth-years
3
E

t/t,  period of Earth measured in Jupiter-years.

I"

Interpreted in this manner, Kepler's third law disdoses an intimate
interrel atedness of each planet to dl the others as co-members of the



same cosmic whole. For the equation now tdls us that the solar times
of the various planets are regulated in such away that for any two of
them the ratio of these times, measured in their mutual time-units, is
the same as the ratio of the gpaces swept out by their (solar) orbits.

Further, by having the various times of its members thus tuned to
one another, our cosmic system shows itsdlf to be ordered on a prin-
ciplewhich isessentially musical. To see this, we need only recall that
the musical value of a given tone is determined by its relation to
other tones, whether they sound together in a chord, or in successon
asmelody. A 'C aoneis musically undefined. It recelvesits character
from its interval-relation to some other tone, say, 'G', together with
which it forms a Fifth. As the lower tone of this intveral, 'C' bears a
definite character; and so does 'G' as the upper tone.

Now we know that each interval represents a definite ratio be-
tween the periodicities of its two tones. In the case of the Fifth the
ratio is 2 : 3 (in the natural scde). This means that the lower tone
recaives its character from being related to the upper tone by the
ratio 2 : 3. Similarly, the upper tone receives its character from the
ratio 3 : 2. The specific character of an interval arising out of the
merging of its two tones, therefore, is determined by the ratio of their
ratios. In the case of the Fifth thisis4 : 9. Itisthisratio, therefore,
which underlies our experience of a Fifth.

The cosmic factor corresponding to the periodicity of the single
tonein musicis the orbital period of the single planet. To the musica
interval formed by two tones corresponds the double ratio of the
periods of any two planets. Regarded thus, Kepler's law can be
expressed as follows: The spatial ordering of our planetary systemis
determined by the interval-relation in which the different planets stand
to each other.

By thus unlocking the ideal content hidden in Kepler's third law,
we are at the same time enabled to do justice to the way in which he
himself announced his discovery. In textbooks and encyclopaedias it
is usualy said that the discovery of the third law was the surprising
result of Kepler's fantastic attempt to prove by external observation
what was once taught in the school of Pythagoras, namely, that (in
Wordsworth's  language):

'‘By one pervading spirit
Of tones and numbers all things are controlled.’

Actualy, Kepler's great work, Harmonices Mundi, in thelast part of



which he announces his third law, is entirely devoted to proving the
truth of the Pythagorean doctrine that the universe is ordered accord-
ing to the laws of music. This doctrine sprang from the gift of spiri-
tual hearing still possessed by Pythagoras, by which he could perceive
the harmonies of the spheres. It was the aim of his school to keep this
faculty adive as long as possible, and with its aid to establish a com-
municable world-conception. The Pythagorean teaching became the
foundation of al later cosmological thinking, right up to the age
which was destined to bring to birth the spectator-relationship of
man's consciousness with theworld. Thusit wasleft to Copernicusto
give mankind the first truly non-Pythagorean picture of the universe.

When Kepler declared himsalf in favour of the heliocentric aspect,
as indicated by Copernicus, he acknowledged that the universe had
grown dumb for man's inner ear. Yet, besides his strong impulse to
meet the true needs of his time, there were inner voices telling him of
secrets that were hidden behind the veil woven by man's physical per-
ceptions. One of these secrets was the musical order of the world.
Such knowledge, however, could not induce him to turn to older
world-conceptions in his search for truth. He had no need of them,
because there was yet another voice in him which told him that the
spiritual order of theworld must somehow manifest itsalf in the body
of the world asitlay open to physical perception. Just asamusical in-
strument, if it is to be a perfect means of bringing forth music, must
bear in its build the very laws of music, so must the body of the uni-
verse, as the instrument on which the harmonies of the spheres play
their spiritual music, bear in its proportions a reflexion of these har-
monies. Kepler was sure that investigation of the world's body, pro-
vided it was carried out by means of pure observation, must needs
lead to a re-establishment of the ancient truth in a form appropriate
to the modern mind. Thus Kepler, guided by an ancient spiritua
conception of the world, could devote himself to confirming its truth
by the most up-to-date methods of research. That his search was not
in vain, our examination of the third law has shown.

One thing, however, remains surprising—that Kepler announced
his discovery in the form in which it has henceforth engraved itsdf in
the modern mind, while refraining from that analysis of it which we
have applied to it here. Yet, in this respect a'so Kepler provesto have
remained true to himself. There is, on the one hand, the form in
which Kepler pronounced his discovery; there is, on the other, the
context in which he made this pronouncement. We have already



pointed out that the third law forms part of Kepler's comprehensive
work, Harmonices Mundi. To the modern critic's understanding it
appears there like an erratic block. For Kepler this was different.
While publishing his discovery in precisely the form in which it is
conceived by amind bent on pure observation, he gave it a setting by
which he left no doubt as to his own conception of its ideal content.
And as a warning to the future reader not to overlook the message
conveyed by this arrangement, he introduced the section of his book
which contains the announcement of the law, with the mysterious
words about himself: 'l have stolen the golden vessels of the Egyp-
tians from which to furnish for my God a holy shrine far from
Egypt's confines.'



CHAPTER XXl
Know Thysalf

Our inquiries have led us to a picture of man as a sensible-super-
sengble organism composed of three dynamic aggregates—physicd,
etheric, astral. As three rungs of a spiritua ladder they point to a
fourth, which represents that particular power in man by which he
digtinguishes himsdf from al other beings in nature. For what makes
man differ from dl theseisthat heis not only fitted, asthey are, with
a once-for-all given mode of spiritual-physical existence peculiar to
himsdf, but that he is endowed with the posshility of transforming
his existence by dint of his free will—that indeed his manhood is
based on this capacity for self-willed Becoming.

To this fourth principle in man we can give no better name than
that which every human being can apply to himself alone and to no
other, and which no other can apply to him. Thisis the name, I. In
truth, we describe man in his entirety only if we ascribe to him, in
addition to aphysical, etheric and astral body, the possession of an |
(Ego).

Naturally, our previous studies have afforded many opportunities
for observing the nature and mode of activity of the I. Still, at the
conclusion of these studies it is not redundant to form a concise
picture of this part of man's being, with particular regard to how
it works within the three other principles asits sheaths. Forin modern
psychology, not excluding the branch of it where efforts are made to
penetrate into deeper regions of man's being, nothing is less well
understood than the true nature of man's egoity.

*

In order to recognize the peculiar function of the | in man, we must
first be clear as to how he differs from the other kingdoms of nature,
and how they differ from one another with respect to the mode of
action of the physical, etheric and astral forces.



The beings of dl the kingdoms of nature are endowed with an
aggregate of physical forcesin theform of amaterial body subject to
gravity. The same cannot be said of the etheric forces. Only where
life is present as an inherent principle—that is, in plant, animal and
man—is ether at work in the form of an individual etheric organiza-
tion, while the minera is formed by the universal ether from out-
side. Wherelife prevails, we are met by the phenomena of birth and
death. When a living organism comes to birth, an individual ether-
body is formed out of the general etheric substance of the universe
The death of such an organism consists in the separation of the
etheric from the physical body and the dissolution of both in their
respective mother-realms. So long as an organismisdive, itsformis
maintained by the ether-body present init.

Our studies have shown that the plant is not devoid of the opera-
tion of astral forces. In the plant's life-cycle this comes to clearest ex-
pressioninitsflorescence. Butitis aworking of the astral forcesfrom
outside, very much as the ether works on the mineral. As a symptom
of thisfact we may recall the dependence of the plant on the various
outer astronomical rhythms.

Itis only in animal and man that wefind the astral forces working
inthe form of separate astral bodies. This accountsfor their capacity
for sensation and volition. Besides the alternation of birth and death,
they experience the rhythm of deeping and waking. Sleep occurs
when the astral body leaves the physical and etheric bodies in order
to expand into its planetary mother-sphere, whence it gathers new
energy. During this time its action on the physical-etheric aggregate
remaining upon earth is similar to that of the astral cosmos upon the
plant.

Again, in the animal kingdom the ego-principle works as an ex-
ternal force in the form of various group-soul activities which con-
trol and regulate the life of the different animal species. Itisin the
group-ego of the species that we have to look for the source of the
wisdom-filled ingtincts which we meet in the single animals.

Only in man does the ego-principle enter as an individual entity

! The word 'body" is here used in a sense no different from our earlier use of it,
when in connexion with our study of combustion (Chapter XI) we referred to the
‘warmth-body' as a characteristic of the higher animals and man. Such a warmth-
body is nothing dse but the warmth-ether part of an ether-body. To use the word

for aggregations of etheric or astral forces is legitimate if one considers the
fact that the physical body also is redlly a purely dynamic entity, that is, a certain
aggregate of forces more or less self-contained.



into the single physico-etheric-astral organism. Here, however, the
succession of stages we have outlined comes to a conclusion. For with
the appearance of the | as an individual principle, the preceding
evolutionary process—or, more correctly, the involutionary process
—begins to be reversed. In moving up from one kingdom to the next,
we find always one more dynamic principle appearing in a state of
separation from its mother-sphere; this continues to the point where
the I, through uniting itself with a thus emancipated physico-etheric-
astral organism, arrives at the stage of self-consciousness. Once this
stage has been reached, however, it falls to the | to reverse the pro-
cess of isolation, temporarily sanctioned by the cosmos for the sake
of man.

That it is not in the nature of the | to leave its sheaths in the condi-
tion in which it finds them when entering them at the beginning of
life, can be seen from the activities it performs in them during the
first period after birth. Indeed, in man's early childhood we meet a
number of eventsin which we can perceive something like ur-deeds of
the I. They are the acquisition of the faculties of walking, speaking
and thinking. What we shall here say about them has, in essentials,
already been touched upon in earlier pages. Here, however, we are
putting it forward in a new light.

Once again we find our attention directed to the threefold structure
of man's physical organism. For the faculty of upright walking is a
result of the I's activity in the limb-system of the body; the acquisi-
tion of speech takes place in the rhythmic system; and thinking is a
faculty based on the nerve-system. Consequently, each of the three
achievements comes to pass a a different level of consciousness—
deeping, dreaming, waking. All through the struggle of erecting the
body against the pull of gravity, the child is entirely unaware of the
activities of his own |. In the course of acquiring speech he gains a
dim awareness, as though in dream, of his efforts. Some capacity of
thinking has to unfold before the first glimmer of true self-conscious-
ness is kindled. (Note that the word 'I' is the only one that is not
added to the child's vocabulary by way of imitation. Otherwise he
would, as some mentally inhibited children do, call dl other people
‘I' and himsdlf 'you'.)

This picture of the three ur-deeds of the | can now be amplified in
the following way. We know that the region of the bodily limbs is
that in which physical, etheric and astral forces interpenetrate most
deeply. Consequently, the | can here press forward most powerfully



into the physical body and on into the dynamic sphere to which the
body is subject. Here the | is active in a way that is 'magic' in the
highest degree. Moreover, there is no other action for which the |
receives <0 little stimulus from outside. For, in comparison, the acti-
vity that leads to the acquisition of speech is much more of the nature
of a reaction to stimuli coming from outside—the sounds reaching
the child from his environment. And it is aso with the first words of
the language that the first thoughts enter the child's mind. Nothing
of the kind happens at the first stage. On the contrary: everything
that confronts the | hereis of the nature of an obstacle that is to be
overcome.

Thereis no learning to speak without the hearing of uttered sounds.
As these sounds approach the human being they set the astral body
inmovement, aswe have seen. The movements of the astral body flow
towards the larynx, where they are seized by the I; through their help
the | imbues the larynx with the faculty of producing these sounds
itsdlf. Here, therefore, the | is active essentially within the astral body
which has received its stimulus from outside. In order to understand
what impels the | to such action, we must remember the role played
by speechin human life: without speech there would be no commun-
ity among human individuals on earth.

An illustration of what the | accomplishes as it enters upon the
third stage is provided by the following episode, actually observed.
Whilst dl the members of a family were sitting at table taking their
soup, the youngest member suddenly cried out: 'Daddy spoon . . .
mummy spoon. . . .' (everyonein turn spoon) '. . . all spoon!' At this
moment, from merely designating single objects by names learnt
through imitation, the child's consciousness had awakened to con-
nective thinking. That this achievement was a cause of inner satisfac-
tion could be heard in thejoyful crescendo with which these gacula-
tions were made.

We know that the presence of waking consciousness within the
nerves-and-senses organism rests upon the fact that the connexion
between physical body and etheric body is there the most external of
al. But precisdy because this is so, the etheric body is dominated
very strongly by theforcesto which the physical head owesitsforma-
tion. This, too, is not fundamentally new to us. What can now be
added is that, in consequence, the physical brain and the part of the
etheric body belonging to it—the etheric brain—assume a function
comparable with that of amirror, the physical organ representing the



reflecting mass and the etheric organ its metallic gloss. When, within
the head, the etheric body reflects back the impressions received from
the astral body, the | becomes aware of them in the form of mental
images (the 'ideas of the onlooker-philosopher). It is also by way of
such reflexion that the | first grows aware of itself—but as nothing
more than an image among images. Here, therefore, it is itsaf least
active.

If, once again, we compare the three happenings of learning to
walk, to spesk and to think, we find oursalves faced with the remark-
able fact that the progressive lighting up of consciousness from one
stage to the next, goes hand in hand with a retrogression in the acti-
vity of the | itsdf. At the first sage, where the | knows least of itsdlf,
it is divein the most direct sense out of its own being; at the second
stage, where it is in the dreaming state, it recelves the impetus of
action through the astral body; at the third stage, where the | wakens
to clear self-consciousness, it assumes merely the role of onlooker at
the pictures moving within the etheric body.

Compare with this the paths to higher faculties of knowledge,
Imagination and Inspiration, as we learnt to know them in our pre-
vious studies. The comparison shows that exactly the same forces
come into play at the beginning of life, when the | endeavours to
descend from its pre-earthly, cosmic environment to its earthly exist-
ence, as have to be made use of for the ascending of the | from
earthly to cosmic consciousness. Only, asis natural, the sequence of
stepsis reversed. For on the upward way thefirst deed of the | is that
which leads to awakening in the etheric world: it is alearning to st
in motion the etheric forces in the region of the head in such a way
that the usual isolation of this part of the etheric body is overcome.
Regarded thus, the activity of the | a this stage reveds a striking
similarity to the activity applied in the earliest period of childhood
at the opposite pole of the organism. To be capable of imaginative
sight actually means to be able to move about in etheric space by
means of the etheric limbs of the eyes just as one moves about in
physical space by means of the physical limbs.

Similarly, the acquisition of Inspiration is a resuming on a higher
levd of the activity exercised by the | with the help of the astral body
when learning to speak. And here, too, the functions are reversed.
For while the child is stimulated by the spoken sounds he hears to
bring his own organ of speech into corresponding movements, and so
gradually learns to produce speech, the acquisition of Inspiration, as



we have seen, depends on learning to bring the supersensibleforces of
the speech-organ into movement in such a way that these forces
become the organ for hearing the supersensible language of the
universe,

Our knowledge of the threefold structure of man's organism leads
us to seek, besides the stages of Imagination and Inspiration, a third
stage which is as much germinally present in the body's region of
movement, as the two others arein theregions of thought and speech.
After what we have learnt in regard to these three, we may assume
that the path leading to this third stage consists in producing a con-
dition of wide-awake, tranquil contemplation in the very region
where the | is wont to unfold its highest degree of initiative on the
lowest level of consciousness.

In an elementary manner this attitude of soul was practised by us
when, in our earlier studies, we endeavoured to become inner obser-
vers of the activity of our own limbs, with the aim of discovering the
origin of our concept of mass. It was in this way that aline of obser-
vation opened up to us which led to the recognition of the physical
substances of the earth as congealed spiritual functions or, we may
say, congedled utterances of cosmic will.

Cosmic Will, however, does not work into our existence only in
such away that, in theform of old and therefore rigid Will, it puts up
resistance against the young will-power of the I, so that in overcom-
ing this resistance the | may waken to sdf-activity. Cosmic Will is
also present in us in an active form. We point here to the penetration
by the higher powers of the universeinto the forming of the destiny of
humanity and of individual man. And here Rudolf Steiner has shown
that to a man who succeeds in becoming a completely objective ob-
server of his own existence while actively functioning within it (asin
an elementary way we endeavoured to become observers of our limb
actions while engaged in performing them) the world beginsto reveal
itself as an arena of the activities of divine-spiritual Beings, whose
reality and acts heis now able to apprehend through inner awareness.
Herewith a third stage of man's faculty of cognition is added to the
stages of Imagination and Inspiration. When Rudolf Steiner chose
for it the word Intuition he applied this word, also, in its truest
meaning.



While through Imagination man comes to know of his ether-body
as part of his make-up, and correspondingly through Inspiration of
his astral body, and thereby recognizes himself as participant in the
supersensible forces of the universe, it is through Intuition that he
grows into full awareness of his | as a spirit-being among spirit-
beings—

God-begotten, God-companioned,
for ever God-ward striving.
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Wordsworth, 107, 334

Radioactivity, 58, 229

Radium, 59, 193

Radius and Sphere, 217 seq., 273
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Reader (reading) in the Book of
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256, 266, 282, 313, 317
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Reduction, see Oxidization

Refraction, see Light

Reid, Thomas, 92 seq., 128, 258,
267, 270, 282, 315
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Repulsion, see Attraction

Resin, 224 seq.

Rest, 290

Retina, 260

Rheumatism, 201 seq.
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335, 342

Rickets, 201

Riemer, 249
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Rittelmeyer, Fr., 25 n.

Ritter, J. W., 225
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Salt, see Alchemy
Saturn, 340, 344
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Schelver, 82
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Schwartz, Berthold, 208
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Sensation, 100, 236, 335
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Solfatara, 165 seq., 179, 202
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Sound-figures, 323
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Spanish Moss, see Tillandsia
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Spectrum, 243, 281

Speech, 97, 367

Sphere, see Radius

Spinoza, 125

Spiral tendency, 83

Spiritual ladder, 182, 189, 314
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Spiritism, 55

Spiritus, 157
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Sulphur, 195 seq., 224

Sun, passim

Superphysical force, 169
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Systole (see also Contraction), 162,
264, 269, 335
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Thermal expansion, 176 seq.
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Thunderstorm, 167, 189, 349
Tides, 338
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Time, passm
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Tone colour, 347
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Tragedy, 37, 133
Traherne, 107 seq., 216, 315, 353
Transparency, 204, 207
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Tree, 81, 179
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Tribe, 249, thenpassim
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Velocity, formula, 140
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of light, see Light

Venus, 340, 344
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Volcanism, 162, 164, 181, 191, 202.
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Volition, see Will

Volta, 52, 227, 229, 236

Voltaic series, 227

Vowels, 347
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Waldorf School, 25, 26

Walsh, J.,, 49, 50, 236

Warm, see Cold

Warmth-body, 192, 365

Water power, 47
Wave-velacity, 285

Weaving, 320 seq.
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Weight, 151, 155, 194

Weimar, 77, 79, 84, 87, 129, 167
White, 268 seq.

Whitehead, A. N., 28, 60, 148
Will, 47, 96,143,145,187,202,236,

Wolff, K. F, 88 seq., 182, 34
Wood, 244
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Wordsworth, 107 seq., 334

X-rays, 43, 59

Yoga, 35, 157

Young (youthful) condition, etc.,
159, 165, 172, 185, 187

Zeeman, 305
Zero, 135, 330



Plate [

See page 40

Robert Hooke’s ‘proof” of the non-reality of human concepts: A needle
(‘point’) and the edge of a knife (‘line’), seen through the microscope



Plate 1T

See page 70

Leaf-metamorphosis showing a step-wise appearing of the basic
form of the leaf. After the achievement of the top leaf the plant
‘leaps’into thecalyx stage. (Compare with Plate 111, facing page 76)




Plate T1T

o

See page 70

Leaf-metamorphosis showing a gradual withdrawal of the basic form
after its full appearance in the first leaf. An instance of the plant’s ‘softly
stealing into the calyx stage’.



Plate IV

See page 123

Goethe’s sketch of a cloud-formation showing the entire scale of
Howard’s types in their order of succession, made after an actual
observation during a journey in Bohemia
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Plate VI

See page 204

he independence o al growth

ystals showi
field of the earth. (Note: the original

avitationa

A cluster of calcite ¢
from the gradient of the g
position of the base of the cluster need not have been the one shown here)




Plate VIT

After Schottelius See page 319

Various species of bacteria—illustrating the absence of form in unicellular
organisms that grow in the dark



Plate VITT

After Migula and Haeckel See page 319

Various species of fresh-water algae —illustrating the formative power
of light displayed in chlorophyll-bearing unicellular organisms. (The
green parts appear dark in this reproduction)



PLATE A

(1)
The coupling of levity and
gravity at the two poles of the
electrical polarity, revealed by
the vacuum-tube ‘and by their
distribution in the human
organism

(i)




PLATE B

Reproduction of
the spectrum in
its primal form

(i) !

as two indepen-
dent border-
phenomena

(i)

Goethe's representation of the
two polarically opposite spectral
phenomena (simplified) showin,
the emergence of green and peach
blossom respectively, where the two
interior colours merde

(iii)



PLATE C

it

©)

Emergence of the spectral colours
as a result of the occurrence of a
leap in the field conditions of
a light-realm with a transverse

field-gradient

Position of the two colour-bearing

areas in relation to the direction

of the undisturbed light-realm.

Note in both instances the difference

of angle on the side of the light-realm
and on the opposite side
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